DESCRI PTI ON VELD JO NT FORMED W TH STAI NLESS
STEEL- BASED WELD METAL FOR VELDI NG A Zr NC- BASED ALLOY
WELATRD48TEEL SHEET [ 0001] This application clBiTEr2006/319613
priority to Japanese Application Nos. JP 2005-28271 2,
.and JP 2006-1 36897, filed in Japan on Septenber 28,
2005, and May 16, 2006, respectively. The entire
contents of these applications are herein incorporated
by reference. Field of[hﬁﬁjﬁp¥ﬁ9ﬁion [OOOZ]_Che aspect
of the present inventionrelates to a weld joint for
zi nc-based all oy coated steel sheets. This weld joint
is formed with a stainless ¢
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Fesistance and Trqui.d-netal enbrittlenent (LME) crack
resi stance at the wel ded portion. Background of the ,
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as gruct ral. menbers. .Conventi onal.l in order to
Comer\‘ﬁ‘ﬁf‘ & 2P ézaﬁ%qbraé%b%ﬁ"‘ﬁ%‘;é)lr%o{%\tﬁ%& rezg‘?%'écre' non- coat ed
menbers are wel ded, the wel ded nmenbers-are dipped in a
~zinc-based alloy bath. This applies the zinc-based
Field ofithplpvegyionhe st eel nenber and the surface of the
[0002}(/\@19?\%6?95(! fhggyre \9411[' ﬁberﬁ%ﬂ%ﬁ?& GO OSH qBinl Fot! ShAHLEd 'iaﬁoy coated
e whol e wel ded structure. Thi.s nethod, however,
steel speavyi Tleis weddnioprt ol fremied imith asitaiclesscaert-baggd veedd metabend may be used
i bui R REEE it U R DR G Ta R BRGR EPrBon resisance
and lidid@hletd] k@Brittisheh (AME) c@kirkdigadraththe aretleti @auioned. | n
view of this, to manufacture a structural nmenber wth
good corrosion resistance and with high productivity,
BackofolRRIAOR 1WMASBn 21 NC- coated steel sheets are welded to

formihe welded structure has been enpl oyed. )
[0003]. Zinc-based alloy coated steel sheets are widely used as building materials and automobile

=d

materials because of their good corrosion resistance ‘as structural members. Conventi?nally, in
order to ilﬁprove the corrosion resistance, after non-coated members are welded, the welded
members are dipped in a zinc-based alloy bath. This applies the zinc-based alloy to' the steel
member and the surface of the welded portion, which secures corrosion resistance to the whole
welded structure. This method, however, provides low productivity since coating has to be
conducted after the welding process. This causes an increase in manufacturing costs since
additional facilities, such as a coating bath, are required. In view of this, to manufacture a
structural member with good corrosion resistance and with high productivity, a method where °

zinc-coated steel sheets are welded to form the welded structure has been employed.

[0004] JP2000-64061 discloses a zinc-base alloy coated steel sheet in which a zinc-based alloy,
such as a Zn-Al-Mg-Si based alloy, is coated. The Zn-Al-Mg-Si based alloy coating has

improved corrosion resistance compared to conventional zinc-coated steel sheets.



[ 0004] JP2000- 64061 di scl oses a zinc-base alloy coated
steel sheet in which a zinc-based alloy, such as a
wZroAb3y- Si based all oy, is coated. The Zn- Alpduir3006/319613

based al l oy coating has inproved corrosion resistance

conpared to conventional zinc-coated stee

sheets.[0005] In the case of manufacturing a structure

by wel ding a zinc-based all oy coated steel sheet,
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addi tional coating process |lowers productivity in the '
sprayingnlihiacadditional egatingepreeqssideweral Predudidty ipotoenamyaqging of the
structVBl Hi g of stainless steel structures where good

cor r03|on resistance is required, a stainless steel

wel ding material is used to forma welded metal with

cor r.osi s i stgnce at

10006 R i SERE pEpRS} Setafii dics ekl so BB BN apesls eavired.

stainldso¥@Maleldihf takdridl BlBES SRR la Wl mganwitepbal cdrﬁ)si@ﬁeé’snstance at
for welding zinc-base alloy coated steel sheet
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liquidwedtdledntpotiemaon. Ghistihdestuad mhes she zimeibagoatonerite! mré is welded,
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due totth@ine¢dwatimged al |l oy coating conponents remain nelted

on the steel sheet. This can break at the crystal
grai n boundary when the wel ded netal portionis
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contraction. This is the cause of the brittleness.
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coatmaln?tfséﬁgsn{) H:Hiog?g érr vance w'i\ Ehe zinc-Coa ed (Eee‘? sl?ee? s are welc?e% using a

stainless steel welding material.

[0008] A phenomenon similar to liquid—metal brittleness cracks occurs when different materials,
such as a stainless steel sheet and a zinc coated steel sheet, are welded. Therefore, there have
been few attempts at welding zinc-coated steel sheets or at welding zinc-coated and stainless -

steels using a stainless steel-based welding matenial.

[0009] JP09-267177A discloses a manufacturing method of a steel door with good corrosion
resistance. In this method, a stainless steel sheet and a zinc-coated steel sheet, both of which are
about 2mm thick, are butt-welded using filler wire with a relatively high Ni content. The Ni

content is such to keep the Ni equivalent of the weld metal of stainless steel-based components



such as a stainless steel sheet and a zinc coated
steel sheet, are welded. Therefore, there have been
wd mw/esuenpt s at wel di ng zi nc-coat ed steel shastBIRD06819613
wel di ng zi nc-coated and stainless steels using a
stai nl ess steel -based wel ding material. [0009]
JP09- 267 |1 77A di scl oses a manufacturing nmethod of a
steel door with good corrosion resistance. In this
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Ni content. The Ni content is such to keep the Ni
equi val ent of the weld netal of stainless steel-based
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-is welded on the condition that the thlckness of the
steel sheet is 2mm and the binding force at the
(001 1] uetrpdra zoa-basedneli. cophidsstedd esigett withaut taleying deggkment is butt-
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occur en the al nl ess stee
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that the thickness of the sheet is 3mmor nore and the
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{0013] When stainless steel sheets are butt-welded, delayed cracks may occur after welding.
"JP2001-9589A disclosed a method for preventing delayed cracks after welding when a high Cr -

content stainless steel is welded.

[0014] In view of above, it is understood that a method for manufacturing a welded structure,
having excellent corrosion resistance in the welded portion, is very difficult when a zinc-based

alloy coated steel sheet is welded using a stainless steel-based welding material.



tensile stress, caused by heat contraction of the weld
nmetal, also increases. This causes the zincbased all oy
wazathirgsrtonponents that remain nelted on the BUNIR0®/319613
to break easily at the crystal grain boundary of the
wel d netal. [0013] Wien stainless steel sheets are
butt-wel ded, del ayed cracks may occur after wel ding.
JP200I - 9589A di scl osed '‘a net hod for preventing del ayed
racks after welding when a high Cr content stainless
§wﬂm§¥§§#%#§l§§Paed. [00 14] In view of above, it is
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ase Ing materi a I's stalnless
coatedssteebshebias ectldadl di ng material is particularly suited
for welding a zinc-based all oy coated steel sheet and
results in excellent corrosion resistance and

[0016] TKHinderi®r dbvediipéritlyl @ERAthed iaElovERS t SIf aBE6sid rebid@nce of welded
~wel ded portion. This is acconplished by inhibiting
portions @Upﬂ%@épalgﬁ%rqtqeﬂ-pwmel@p&@p@‘er@ﬂ fomelding zinc-based alloy coated

i nl , . i NC- TR
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oy coated steel sheet s welded. 6]
liquid-imevad mmbrig lehmuecradKsicgesst by weddieastaindads stag moy@riaped gofnponents and
ﬂhan%FQﬁSiQPﬁEeSiStance'Of wel ded portions by using a

c-bgFd PP 8% el - based wel di ng material for wel ding
zi nc- based al l oy coated steel sheets. The inventors
- _have also diligently researched i nprovenent i.n th .
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[0018] The present invention is made based on the knowledge obtained above and the gist of

invention is described below.

[0019] One aspéc;t of the present invention relates to a stainless steel-based welding material
" composition and a weld joint made therefrom. The weld joint is for a zinc-based alloy coated -
steel sheet excellent in corrosion resistance and liquid-metal embrittlement crack resistance in
the welded portion. The weld joint comprises a welded portion of weld metal made of stainless
steel-based components, the weld metal comprising in mass percent (%):

C:0.01-0.1;
Si:0.1-1

Mn: 0.5-2.5;
Ni: 5-11; and



Li qui d-netal enbrittlement cracks can be inhibited by
adj usti ng conponent conpositions based on N i
wezuivzdent and C equi val ent in order to inhiliLJIP2006/319613
martensite formation in the weld netal and to
accelerate ferrite formation. [0018] The present
invention is made based on the know edge obt ai ned
above and the gist of invention is described bel ow
[Og e aspect of the present invention relates to
fal nfess steel -based wel ding material conposition
and thé@bdlarte being ijoaiand rdmﬂel itparigés, om The weld joint is for

a zinc-based all oy ed s eel sheet excellent in
whereigdhg gPUH‘greég'ieést'%fﬁé d”‘Fj "AMeEt al enbrittl ement

-0.81xEF BfkvAIGR 38 2R0Y équ.\tareat W'C)@er&flf\tfilé?]ﬂ glihe wehd j oi nt
conprises a welded portion of weld netal made of

Ni equstatiinhF 8 s ¥xeetQ-pdded 3@sNponents, the wel d net(dl

L b percent (%: C 0.01-0. 1 0.
Creq“ﬁgﬁg{)‘fimirg%%’- 2n§?§§Ni: 5-1 1; andCr : 17-25, ar@the

whereilnaslaaanENheG ngnj Nofir,avid and i dazmd:semm@unuenu (esa,ss herfeach component

owt Ng _eXPressions ). . (;2) and (3) are net;
e'ememéo%‘a'fﬁ‘b‘" ‘Q&gﬁa\?ﬁ%@ dz‘gveﬁlq'ﬁ[ 2lequi val ent < 0. 95xCr
eqU|vaIent-81(I)N| equi valent = N i +30IC
+0. 5xWh + 3OxN (2) C equivalent = C + Mo + 1.5
[0020]( 3 appiberepipeeladh tBE MXESENICINVERtIONy, thaslalﬂ)ﬁssaﬁ@elﬁased weld metal

descrltgegm)g%efrﬁhﬁercc%nﬁ)eQés if 9@ of each conponent el enent

cont al ne stain steel -based weld netal .
[/02@3-2t andanot her aspect of the present invention, the

s]{]a(l)&e)% st eel - based wel d net al

[OO2I] In another aspect of the present invention, the composition of the stainless steel-based
weld metal is adjusted by a solid wire or a flux-cored wire, wherein the solid wire or the tlux-
cored wire comprises the following metal components in mass (%) per total wire mass:

C: 0.01-0.05; |

Si:0.1-1;

Mn: 0.5- 3;

Ni: 7-12;

Cr: 24-30, and

at least one of Mo: not greater 2. or N: 0.17,

and the balance being iron and residual impurities.

[0022] In yet another aspect of the present invention, the flux-cored wire contains the
folldwings as slag components in mass (%) per total wire mass:

Ti0y: 0.5-2.5;

Si05: 1.5-3.5; and

Zr0;: 0.5-2.5,

wherein total amount of the slag components ranges from 6.5 to 9.5.



descri bed above further conprises in mass (%: Mo:
0.5-2; and N0 0.05-0.1 5. [002 1] In another aspect of
wa e7/p37esent i nvention, the conposition of thePCT/IP2006/319613

stai nl ess steel-based weld netal is adjusted by a

solid wire or a flux-cored wire, wherein the solid

wre or the fluxcored wire conprises the foll ow ng

netal conponents in nass (% per total wire nmass: C
[0023]249%6n0t|9e$é15[§ ggset]présem .'Xpew%n me?i’mcrl\ﬂéag%dezril CO(;[IRF comprises the
followthglin fyasaid), tlih thabamnee bbieg ngiciand resaiudl impsridesal

rrpigji es. [0022] In yet another aspect of the

invention, the flux-cored wire contains the

foMgom]r@ggncas sl ag conponents in mass (% per total

wire mass: TiO2: 0.5-2.5; Si2: 1.5-3.5; and ZrO 2:

0. 5u:9.08;2.wherei n total anount of the slag conponents

ranges from6.5 to 9.5.[0023] In another aspect of the

present invention, the zinc-based alloy coating
[0024]cohpyetsmsththapé@ldf okd pigsdnn invastson 49 thewdasehoft wedbwalzzmel@sed alloy

coaledls_tefgghegﬁggml?gnsqalmeess geeaflbaqegpuéldfn'g%?aterﬁ‘alls, 1t2|s poSsnlI)\{g to inhibit liquid-
metal embrittlement cracks of the weld metal of stainless-steel-based components. This provides
a weld joint excellent in corrosion resistance having a welded metal without crack defects.
Therefore, decay durability and/or safety of a building and/or an automobile can be iﬁproved by
applying the present weld joint for zinc-based alloy coated steel sheets to the welded member in

the building and/or automobile industries.

Brief Description of the Drawings

[0025] FIG.1 is an illustration of an example of a bead-on-plate welding test piece.
[0026] FIG.2 is an illustration of the configuration of a liquid-me.tal embrittlement crack.

[0027} FIG.3 is a graph showing an evaluation of liquid-metal embrittlement cracks.based on

Cr equivalent and Ni equivalent using a bead-on-plate welding test.
[0028]) FIG.4 shows a fillet weld joint test sample

"Detailed Description of the Invention

[0029] The details of the present invention are described below.

[0030] According to conventional knowledge, if a zinc-based alloy coated steel sheet is welded
using stainless steel-based welding wire, the sensitivity of brittleness cracks increases since the
weld metal has a stainless steel-based component composition. Therefore, it is expected that

liquid-metal embrittlement cracks of the weld metal caused by hot-dip zinc-based alloy coating



Si: 0.01-2. [0024] In yet another aspect of the

present invention, in the case of welding zinc-based
watdooy3rgaoat ed steel sheets using stainless stastwirasedioel3

wel ding materials, it is possible to inhibit

liquidmetal enbrittlenment cracks of the weld netal of

st ai nl ess- st eel -based conponents. This provides a weld

jOInt excellent in corrosion resistance having a

becom&a 'r%zrrr r[{ft agﬂ?ﬁetg?o it Cr g eiﬁ%lggf E ?@fl%:geagﬁg/%rggﬂnggs?ece‘rf%heets using
stannle@ytteﬂﬂbbédavaamgbﬁrelHﬁph@t\/@dn btyer@mai.yi ng the present

wel d joint for zinc-based alloy coated steel sheets to
t he wel ded nmenber in the building and/or autonobile

[003]]Fnd*H§t|H<—§§ors BravefdilRsay | Ridafihedfi niph@ve@feﬁWoFg;\%rrbggzwsmance of ~

is an illustration of an exanple of
welde@@adm@ﬁbm wing steihltbngteeldmsedypelding mowoal f@l@'élngglwmased alloy

coatedle erlf?%n{ ?%elﬂﬂe |R£entt(n'g hgfen%étgﬁf g r{é‘f}n@gﬂréﬁeé lll%l"ihﬂlbgﬁ)g\?ét rIllgqmd-metal

ment crac is a grap
embri@iomevtadrakks icansed byl thejuwedding béilmeerttufistdinlesvesndel-basad ksmponents and

zinc- bﬁgad)ﬂ{aggﬁqt%ggq%é\églﬁﬁgttqfagg rflz\lsi[eﬁrg UI Vai)%r]]cil B\r%g)cgurrence of liquid-
metal kinbliRfemRl Eratiai oYt (ht &edd HRIEPIE sQﬂ{léﬁslsQ@I BRs¢ chbRpbtsAdepends on
the I nvention [0029] The details of the present

~ solidifiqatiemimasphodesy dskseipichae Hdiviing[tho 3OPPRAREb FOMPRSities based on Ni
equwa(f&n zﬁﬁlat Eeetahlvglg&%éj]d%%'b'l th@ndzhag" Qﬁﬁbﬁqleﬁlebp)&a‘&@t efhis inhibits

i's usi ng stainl ess steel -based
mane:vseb dormgtion mathe vkl m@mlgmtilavceﬂeyatoff fepmtiefermeness cracks
i ncreases since the weld netal has a stainl ess
st eel - based conponent conposition. Therefore, it is

[0037}3ngﬁltftﬂsddhiﬂloy| &cﬂltﬂddstéﬁﬁsﬁiketemﬁai denk@drediin chaﬁkfg pihc tcbgted steel
nmetal caused by hot-dip zinc-based al

| |
sheets UG SRS DRAFABN 85 Zord DGR obyconaf gt dinfy-Me-based

alloy Qatedli AEaDASEdn 2 ILNAY- S‘P‘Bgsteﬂl'iﬂlo?tcgﬁgd §itb%%t ShH$i @ made by adding Al,
st ai nl ess- st eel - based ng wire has not been

Mg, Satotzérgptoedngs[iooalen jo lmeowenlwewms@nhwml i gently

' researched i nprovenent of corrosion resistance of

[0033] In order to invesligéte the cause efliquid-metal embrittlement cracks in a weld metal of
stainless steel-based components, the inventors carried out the welding of zinc-based alloy
“coating steel sheets using stainless steel-based wires of different component compositions. The .

inventors studied the relationship between the composition of components of welded material

formed on the welded portion and the configuration of liquid-metal embrittlement cracks.

"[0034] According to the present invention, a stainless steel-based welding material comprises: -
C: 0.04%, Si: 0.2%, Mn: 2.1%, Ni: 5-12%, Cr: 16-36%, Mo: 0-3%. A zinc-based alloy coating
steel sheet comprises a SS400 base steel sheet (6mm thick) containing C: 0.08%, Si: 0.02%, Mn:
1.2%, with an alloy coating of Zn: 85.8%; Al: 3%; Mg: 0.2%: Si thereon. For welding there is
used carbon dioxide gas arc-welding, a welding current of 100-150A, an arc voltage of 18-20V,

and a welding speed of 40cm/min bead on plate as shown in F1G.1



wel ded portions by using stainless steel-based wel di ng
material for welding zinc-based alloy coated stee
weheehs447The i nventors have al so diligently reseEsIRhesB19613
the inhibition of liquid-nmetal enbrittl enent cracks
caused by the wel ding of netal of stainless
st eel - based conponents and zi nc-based all oy coatings.
As a result of this research, it is found that the
oceur of u %l f
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shape 61 A€ kSint. FBi &ampl BdrhSarb@®iot L5181 \veldin@rjomt bé?ﬂ)rined ahRIIWehdration, a -
met al and accelerates ferrite formation.
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bindiné{}ér@%g’\@t w%i%%sl\iggel%vlewhlffgﬁé ())g%%er% gét (VYhtgfd; ffom%ead on-plate

weldidg"PIHY B Hebauis€ Qlihiols siat prasides aRtder I[)lQﬂﬁ@]foﬂcEl do¢ thethe bOldmg stress
investigate the cause of liquid-nmetal enbritt

gencragqdhin ks e shepIeePURAIEILD BFa! SRUPRIR S tog %'éfrc“%g@ag the welding line.
- conponents, the inventors carried out the welding of
zi nc-based all oy coating steel sheets using stainless
[0036)t &&b 2haweidiusiration obfhegphfigrainn of arpuiemetaconpodemens neack.
The inventors studied the relationship between the
conposition of conponents of wel ded material formed on
(0037} h@xswﬁb\dﬁé% E)kﬂ.’l i a0liy uddh the tah em b ol mg btr adidkano fathe welding bead 2 tormed
- liq rittl ement cracks. 034
on the, sjgia Eﬁ egﬁmst?eﬁé gt il gHns fowy B flas ef Lfte ‘é?'h'é'a fﬂ@?gl ﬁgd”eC"O”
almos%@%’éhcﬁbul&o@ﬁhéQ&eldlﬁ:g Head4¥e. Siherdd araeddially2 twé %ireional heat
16-36% Mo: 0-3% A zinc-based all oy
contraemuwgs@t alidr whldew. denpronbedion gseodisyen staigl thshwelding line
ont.al ni 8
(Iongl\&l_l\nﬁ[ﬁgl gﬁhg&:ﬁfl%@ %tga{:(fhﬁlggaﬁ ?nthg bn ngrpgé(%?:ul%lo gle \@Idmg line
(trans\Sirset ¢ren@atinn).Fas fwelnduuudgpettdriarebrntﬁeruseobrmborthdnmkdqdematenal of
stainIegggtesgq%{segglggh?oqnfgt_aszg%! grlac s€ehhd g]tbeocfaug'e%oas 15r(c):€ijll ap longitudinal

contraction and the binding force against the contraction from the area surrounding the welded

portion (non-melted part of base sheet).

[0038] Evaluation of weldability is also checked using a commercially available 309 type weld
"metal. In this evaluation, a sample of zinc-based alloy coated steel sheet has a crack and a sample -
of removed coating does not have a crack. In view of this, the evaluation is a proper one for the

evaluation of liquid-metal embrittlement cracks.

[0039] FIG.3 is a graph showing an evaluation of liquid-metal embrittlement cracks based on

Cr equivalent and Ni equivalent using a bead-on-plate welding test.



and a wel ding speed of 40cm m n bead on plate as shown
in FIG 1[0035] Bead-on-plate welding refers to the
wptmeiirgsof a wel di ng bead 2 on the surface ofpPGr/E2e@ 319613
sheet I , which is the nost basic nethod of eval uation
of weldability without using a real joint. As for
usual weld joints, the binding force working on the
wel ded portion depends on the shape of the joint. For
[0040]1‘ 3@%{% g}e?g%%{?ﬁgtlegwfnl c[acE\ of eciccii ! neQaIJo anc{%f' Rdd l?sirjrlln;%g g?)‘or-check
method &idui @perRaB@tihGlet @oh habod). thhﬁésehlsnhld: m}ef\’d’reGEa Crack h;evisible on
area surroundi ng the wel ded portion n nelte
the welded; ﬁ\éteﬂa%@ngr%éﬁerese'rﬁe%fcafee whege ?§ o'Elgﬂ’?f VtSﬂQ? on the welded
materiglf @cks occur nore easily in fillet welding. To
eval uate cracks in conditions closer to a high binding
force fillet-welding, a relatively thick (6m) base
sheet,. ( r Lat e, [
[OO4I]. ggé%raﬂls e(:fgr?%n?s ijo%?r g tlﬁc?gl?}?cﬁg P tlﬁel & |¥|\f‘3 sﬂ%t%@lbr@]s-gg v§eld meta|
generaflgml&ﬁe dieetwioogrotyss, k. ndien@nlstfbeﬁ.mng@ﬁteeeﬁ:re(b tms¢, I'Becfbasér Si, and

Mo; an(.ﬂ eg?{@e@%%?\?\%mngq@% IE])V h%n?tte[pgg%g%u% }alé éf,r&tlgﬁMdl rection

illustration of the configuration of a Iqu|d netal
enbrittlement crack. [0037] A s shown in
[0042]] | gonsidanee ahe eppiribrting ria ! cag klemest f?fh@rmmgdﬁhﬁgfeﬂéwhase or

austenﬁ%g%sgeg eqﬁ:!}%le\ﬁgpgﬁrﬁg l%f ghf%ll&tvﬁ\gl ex Fbgan I(’))rémisa Ur(émlwalenl

I rect’l1on
definedbpoist foﬂiewpgrtdupmstnam (3)oalte helcmtedl Agpingethd ehilimagentTdeta @s an index,
s S5 TR RSB R SRR e

equivaldn® @ i eeliell Ghdig dnidnBe (lroqgiet afdivaided el raaectmouaan andell as the
contraction in the direction_ perpendicular

relatioppiaenty teiMerapivp ISR e Crem Yokt prhlquigmeta sw%“"'emem cracks.

liquid-netal enbrittlenment cracks in the wel ded
material of stainless-steel-based conponents, the
[0043]cr adk theaesmofih doeivokns &d0.8ExGr aqeivalent 6332 Gagipe BdiimBIG 3: low Ni

equnvaieélﬁtlf)ac rI gq@l\%rlle%r# ?ﬁ%tbdﬂgérﬂ:qs& f’scfgdﬁ&aanﬁE \Jertfrgetél the hardness is

area surroun
increagddl dridahe (jmmﬂ)n‘ﬁ lde@daspdr Th |@ﬂeabaaﬁcr8d1<eeri dhe edDBBial.
Eval uation of weldability is also checked using a
commercially available 309 type weld netal. In this

[0044]evalwaie' QEe 0@N$&?}D¢a¢erﬁf> ebsclhanrdicat L ey geabed istrel3: high Ni
sheet has a crack and a sanple

equwalent low Cr equivalent), martensite formatnon is inhibited, and the ductility of welded

metal is maintained. However, the ferrite amount in the welded metal is reduced because of the

low Cr equivalent, and yet because of the high Ni equivalent, austenite grains grow up to form a

‘lot of coarse austenite. Therefore, the melted zinc coating easily breaks at the coarse austenite

grain boundary to form liquid-metal embrittlement cracks.

[0045] According to JP09-267177A, region Il in FIG.3 is supposed to be the region to avoid
cracks in the welded portion normally formed when a butt-weld joint of a stainless steel and
coated steel is subjected to bending. However, the inventors’ evaluation of a sample piece which
is made by welding a zinc-based alloy coated steel sheet using stainless-steel-based welding wire

shows that liquid—metal brittleness cracks occurred in the stainless-steel-based weld metal. This
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of renoved coating does not have a crack. In view of
this, the evaluation is a proper one for the
werabozmion of |iquid-netal enbrittl enent cracksI/JP2006/319613

[0039] FIG 3 is a graph show ng an eval uati on of

I'tquid-nmetal enmbrittlenent cracks based on Cr

equi valent and N i equival ent using a bead-on-plate

wel ding test.[0040] A liquid-nmetal enbrittlenent crack :
fact sl Eh bl PR IR S M g BF Qb SRRt b A saintess
steel aﬁdia eomh@meeladnsxﬂm& i $P0!)|—m7b|7§A cbmdiﬂe&nV\/&bd\eluhumMr&rdl ain,brittlemenl

resents th e where. cr i,S not vis
crackifi of e S EAIHRTE A0 [ ks 1 B i) TepSheh e present
inventRANM&hIWhNE it e Std WaEH IR Vf eduda i aieedseﬁ@e@tr@,elbn basRbw, (i.c., "
wel d netal, generally there are two groups, ‘
regnonémeﬁ{g}ﬁshlglbﬁr pqﬁlmlmj mpdiumgyi rqqp@(a*gnté @maggﬁ Hf g@gn@sne in the weld
| ¥, B BRI e frﬁsm DgL A RUREGRIhSe is formed i
metal |§ngg§i%éﬂ4?ﬁugtg KII ’ ﬁ Iénie 1S rmaitta 42] chnsﬁ?derlp m% ormed in
15% oc owire.i Bhus, Hg melted avdc emohg &l ;anmtedffmm focmmnlggnmhbe welded metal;
t.e ust n|te has Ni equival ent
which iE3at foa B B Pe She AT SR uPREE et o) Sand & O
equi val ent defined by the foll ow ng expression (3),
are cal cul ated. Using the equivalents data as an
[0046}i ndex, and based on Del ong equilibrium di agram the
-0. 81&‘?%&1%;{?!5}1@%‘&&8&. é(ﬁ'l?vaNnt Q@LUS\(@I' ?(mwaqaﬁi _ighe O (n
equi val ent of the wel ded netal and the structure of
Ni eqtm@llfdled Met HxCar®S¥udid®dN as wel | as the rel atioff)
en. th i val ent and the Cr equival ent d
Cr equ'vaﬁ \S/?drtr{&@lolﬂ n’g‘?élj't tlement cracks. [0043] In thé Cdase
where@f eaNh o€ L ae N, ¢, M. 8dISK praeut wel content@8is2 %) néeican
1 in FIG 3: ole ui val I Cr . equi val ent),
compogeysieTaant GRIHE SRS FANK ST Ser P??dt"ffgc\{v Ml metal, the
hardness is increased, and the ductility is decreased.
‘ This leads to cracks in the weld netal. [0044] In the
[0047]casésghonn abgya, vkl prgpens 1)/ eOBTPrexegts w5|demetal o stainless-steel-based
I )
compo('\'érﬁlg\t/”%%eltorin rh{laé:ll gggh?almngglglyﬁ?eﬁlgEMFEA F’Vﬂh r%JpQW tga weld joint for a
zinc-bidad auupkpéted ytealf shoel e thgne tvalded pormmnmadendch wleldvmmak of stainless

steel-b%ge af(gégogx%r?&sﬁgmflhe pLe@e%thFﬁv !oqe%qlrjr%tmetal Z2mb tqH:ment cracks of the
‘welded metal can be avoided by preparing a weld metal satisfying the expression (1) above and
through selecting the appropriate combination of zinc-based alloy coated steel sheet, welding

wire and welding flux, depending on the welding method.

[0048] In the present invention, the component composition of the weld metal is defined as -
follows. This is done in order to form a weld metal with better quality through securing strength
of the weld metal, restraining brittleness, and inhibiting welding defects, such as hot cracking
and blowholes. This is in addition to securely avoiding liquid-metal embrittlement cracks of the

welded material by satisfying expression (1) above.

[0049] The percentage % used herein means mass % unless otherwise defined.



| ow Cr equival ent, and yet because of the high N
equi val ent, austenite grains grow up to forma |ot of
wanarsg4gust enite. Therefore, the nelted zi nc BOBIR2NG/319613
easi |y breaks at.the coarse austenite grain boundary
to formliquid-netal enbrittlenent cracks. [0045]
According to JP09-2671 77A, region Il in FIG3 is
supposed to be the region to avoid cracks in the
| o)
000! SRR 128 BRLERL I L8007 ﬁ@?ggﬁ“'??%S%@t%fef'“m' s
preferhﬁﬂm mgntalHo(Tveuem arhbent i ol BEGIE%0res’ meneaouaké adlvszaga of this function.
ece i ch by wel din zin
Howe\élelrr@);he \Feeéjﬁ(gga/d F%é Cglfsgllwflgréﬁgk éelpwsr 1 té(fjernte phase
contenWﬁblﬂbWﬂIa%é@e& o\dﬁnétsuaetmﬂmmman pRtikd. brittleness :
cracks occurred in the stainless-steel-based weld
net al . Thlsfact suggests that the nmechani sm of
[OOSI]Cr a%klféag (glfg elprﬁglwfﬂrgfo%i tpé'?etm\é?hgﬁdanld%d?kmg as Qn antlomdant
stainless Steel and a coated steel disclosed in
with tdPeeld2edtal. 7R As ipsefanble e enmtaiﬁqujrinlamoﬁnmqjmnef QJ]% or more in the weld
metal ﬁ}e(f]gﬁ gév\xﬁggag* afﬁéclgoﬂbﬁgngveﬁ,a?ttlgrc%infenf%e per‘\(%e ?Plt % it nSjay cause
intermeAURNEINIdUndERNMB I icdd nicfal taRe teaSE:tareste tﬁ&@u@lhness Therefore, the
equi val ent neets the expression (1) below, (i,
_upper P@gﬁqfrﬁhq Siicqniends Peelergblyd “er  equi val ent, nedi um Ni'
~equi valent) -formation of martensite in the weld met al
is inhibited, the ductility of the weld netal is
[0052hai Masigarsse (3 is drecltmenti thay foheiies ias af epieddanh Wi dhopveld metal

and m esaﬁltu gg?'ﬁ%%b}%ﬁwlr‘gﬁ?geé ln:?e[t %at“i,ﬁ% n qn%ﬁéﬁﬁﬁé ?qur.‘[ﬂﬁh can be
harmfilrdnid b tdediot ofacking Uit i prefeedbleetoluontair Bimeintan aheakisof 0.5% or more in
the w%cpglggx ‘gbﬂﬁ%‘{yﬁ%ﬁ’:ﬁ% tln\éaﬂlu}el_c“ten j c%mzvegd{]{l eg&ﬁ%ﬁ{%{fw exzeeds 2.5%, it

may réfdee th®. f&XuM" Hasd Qohteh)wiEh @ty Mad e lliqmidherdl Mabritlement cracks.
1. 5xSi wﬁereln each of NI, C,_M, N Cr, M and

Therelfgye, r*@mp@gre'm\é of the NibABH I RFAEEDEY 2.5%0. each component

© elenment contained in the stainless steel-based weld

nmetal. [0047] As shown above, the present invention
[0053Jor eWNackes (WOl id ameinglortafit gJtmentl fos seairipel cobrasienl resistance of the weld

metal, for stabilizing the austenite phase of the weld metal, and for adjusting the balance between
the austenite phase and the ferrite phase.” This maintains the toughness of the weld metal. ftis
preferable to contain Ni in an amount of 5% or more in the weld metal to take advantage of these
functions. However, if the content of Ni exceeds | 1%, it reduces the ferrite phase content, which
leads to liquid-metal embrittlement cracks. Therefore, the upper limit of the Ni content is-

‘preferably 11%.

[0054] Chromium (Cr) is an element for securing corrosion resistance of the weld metal and
for forming the ferrite phase to avoid liquid-metal embrittlement cracks. In terms of securing
corrosion resistance, a Cr content of 13% or more is sufficient, but 17% or more is preferable for
avoiding liquid-metal embrittlement cracks. However, it the Cr content exceeds 25%, it may

cause intermetallic compounds in the weld metal and thus deteriorate the toughness.



conmponents fromformng liquid-nmetal enbrittlenment
cracks with respect to a weld joint for a zinc-based
watdooysment ed steel sheet having a wel ded por tRETIRZAEK319613

of a weld netal of stainless steel-based conponents.

In the present invention, liquid-nmetal enbrittlenment

cracks of the welded netal can be avoi ded by preparing

a weld nmetal satisfying the expression ( |I) above and :

t hrough sel ecting t oL onpi ' 0
100551 YRGS R LPebEFulRRICRI MG GG hBB) Hhalybgepum (v
and/or\MerolgengNf Intay be deeindiaddjtion td the abmlediasig corepdredts. [ 0048]

In the present invention, the conmponent conposition of

the weld nmetal "is defined as follows. This is done in
[0056]0T d&folfach@h IMo)WR! £h BRRRht Yért f'@rr’ﬁﬁ\tr;t @ faniad iph¥set dHdOREhsecuring -

securing strength of the weld netal, restrainin ) ‘
corrosbnircsﬁﬂtweys@eraﬁ@nﬁﬁhn\branrwgt %P%‘P&]U"H@fe&‘t'%we&ﬁ%ie gpscontain Mo
in an Ql%gurﬁr(ﬁc(lfb%goran'\%réjlmomoggﬁ mI | %o 'la‘f@'d?lvgrq & bPlhel Rinction above.

securely ‘avording l'itquia-netal enbrittlement cracks of
Howevdneamekated amabar ofaMobipcrsades shey stingpgex pf @esweld rfietd) and may cause

. .,abovye. [0049] The percentage..% used herein nmeans nmass 0
iquid G| Fist bt B s R BB GRS EaPEr e gl Eceeds 20,
liquid-®lceirembriftRmeht @hiKsinzdyn@ fbheedatibérefdid, ehenipperdidi of the Mo content is

~weld netal. It is preferable to contain Cin an anount
preterabfy &001% or nore to take advantage of this function

- However, if the content of C exceeds 0. 1% it may

cause hot cracks and | ower the ferrite phase content, ‘

[0057whi Nitrogey (Dausa tleaantdaeratably tekdorintftdre theratmesphietesin an amount of

Q5 11.Silico Si.). is an.elenment for formng the . . .
001-G & s ek SRR kTR Lu SRR ISt R Fisance. s
preferavpd @ daBtadl N id tin Asowt ef e10ak @ nidre OO aield iBetal to talke advantage of the

amount of 0. 1% or nore in _the weld E?é%l to ta

- ke . .
functiofApaiie-ARVIE" PRCECFUMBLTBR NHowEdRe Iqtc cRUCRIgRERE ligpid-metal

embritBmENCERAS. B exaplEBYF HAUS CoriMGH TRE akldl Ge@PERREURAS | 59, liquid-
the weld netal and thus deteriorate the toughness.

metal Thbritsfeotent cragks nppebe Firmied. Gherefoee, She cpprrekimiti f the N content is
‘ f bly 1% [0052] Manganese (M) is an el ement
pmﬂ”ﬁ%gﬁﬁgﬁhctions as an antioxidant wth the weld netal
and makes sul fur (S) harm ess by nerging thereto.
[0058]Sul fALlltrhOlIJ& l%g e err]nae\r/\?sI e%cbr!b%d Ia vuerz{rgz Yhetpr}%tcip%?gon?peonents to be contained
in a weld metal of the present invention, needless to say, other elements can be contained in the

weld metal unless the desired properties of the present weld metal are disturbed thereby.

[0059] - For e*ample, minute amounts of Nb, V, Ti and/or Al can be added to secure the
‘strength of base material of the zinc-based alloy coated steel sheet. These components can be -
mixed into the weld metal during. The upper limit of each of these elements is preferably 0.1%
to avoid the formation of intermetallic compounds in the weld metal, which would deteriorate

the toughness.

[0060] As a basic material for zinc-based alloy coated steel sheet, a structural steel of low
alloy steel may be used. Adjusting of components of weld metal is preterably made to include Ni,

C, Mn, N, Cr, Mo, and Si as alloy components, so that the balance can be iron and unavoidable
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har nful and cause hot cracking. It is preferable to
contain M in an anount of 0.5%or nore in the weld
woranah3uer t ake advantage of this function. HoWsYEIP2006/319613
the content of Mh exceeds 2.5% it may reduce the
ferrite phase content, which may lead to |iquid-netal
enbrittl enment cracks. Therefore, the upper limt of
the WMnh content is preferably 2.5% [0053] Nickel (Ni)
lmpurfu%s %nsﬁ&%%?mIﬁﬁérﬁgﬁgtoffb%l? SN A S lﬁaferd%kl‘er}n terials of the steel
resi stance for 'stabilizing 't the
sheet dursteenkldengplofis 6- 4@f"/ot Irtelsvve¢fdrah’@ttal prepanel tfeocoraptjnasts iofighe welding

materip P PR RO et i Il 7 AT o BESTARDEr o, e

vveld metal. It is preferableto contalan in an -
unt of 5% or nore in the weld netal to t
[006'bdvaﬁ§tf8§]§akﬂf€5% Pfé@é’aﬁ‘iﬂnW?'F‘tb‘ﬁsW"%Wé‘\ﬁé?Pd w'refa"?rﬂy *eGdevitre can be
used. Of N i exceeds 11% it reduces the ferrite phase
content, which leads to liquid-netal enbrittlenment -
- cracks. Therefore, the upper limt of the Ni content
[00671 2r %g)e% (»evrn%qls ni;g'(;;é%%ngHéA']é)gg; ;%g%g“%}ﬂ %{% F'u% (i%gede\b?‘pf&tlams metal
powde&lﬁdr ﬁd}[lstfn(grtm: ragoy benp@renistand pihasmatetalafodis@bilizing the arc inside the
ﬂ qﬁ |ttlement cracks. In terns of
Ou‘e'%h@ ?5156§F W!'f-esi stance, a Cr content of 13% or
-nmore i s suffl cient, but 17%or nore is preferable for
avoi di ng |iquid- metal embrittlement cracks. However
[0063] f tTHhe ﬂ%x -qonatsh wive |se§(ctp@@g§)f2|gty@nlytconﬁ9|h@gujge@(ructure and property of
nt I compoynds I d
the b I R e e o FrisP RFah 8 4Ble 10 improve
weldin gaggreeabdlitg aind qeoode a@oettwmneg béad Stepevehd apmtaednpe. Also flux forms

SO|ldl é&‘d]o%rétbgdtg)ﬁlﬁl % (iVb% a%g%rot é‘é’ 'tge ggﬂnﬁ \Af'?%ﬁj]e(dﬁelflce?@g%?eev%ntl ilgs oxidization.
This MNeY bdgnuim dechp 2 ABlaBiceddRittonf @E sLEhdE HY0tht heeldeRr it Bsimilar to
phase and for securing corrosion resistance under

zine-bayed oy eoasings. MaYiHERPY IBGE S MAlfeaint \gith a gqodappearance.
preferable to contain Mo in an anmount of 0.2% or nore
in the weld netal to take advantage of the function
[0064hboWgankHbie\ssrce sald exrealoss setdomt asblidibed sleg.absamsbetapplied to TIG

arc w%grirltr)\en H] aosinatarc W\N?(Ln a%J ﬂé:r \%ng %X fgﬁ%f'ﬁ% k}%% greﬁ t?!: ranges of

nent or “exanhpl e
compdri&n(tshem‘pﬁildormbﬂﬁlcoemme&dﬁa 2Md wire and/or a flux-cored wire.

[0065] Carbon (C) is an element for stabilizing the austenite phase. A carbon content of
0.01% or.more in the welding wire is preferable to achieve this function. However, if the content
ofC exceeds 0.05%, it increases the strength of the weld metal and may cause liquid-metal .
embrittlement cracks at the edge of the welded portion on a zinc-coated steel sheet. Therefore,

the C content in the welding wire is preferably 0.05% or less.

[0066] Silicon (Si) is an element working as an antioxidant with the weld metal. It is
preferable to contain Si in an amount of 0.1% or more in the welding wire to take advantage of

this function. However, if the Si content exceeds 1%, it may cause intermetallic compounds in



liquid-netal enbrittlenment cracks may be forned.
Therefore, the upper limt of the Mo content is
weemefesall y 2% [0057] Nitrogen (N) is an el ensin/JP2006/319613
inevitably taken in fromthe atnosphere in an anount
of 0.01-0.03% and is al so capable of stabilizing the
austenite to inprove corrosion resistance. It is
preferable to contain N in an anpbunt of 0.05% or nore
the we'l(gmte&?, vﬂﬁélpca“%?elnolla(?e {h@if&lgﬂgé@ntfﬁ%fo% tlﬁéqlﬁpr;;epnﬁ\'it' dt'the Si content
above. wever, an excess —amount
is prefe@blyi & content to cause |iquid- netal enbrittl ement
cracks. For exanple, i f the N content in the weld
metal exceeds 0.1 5% liquidmetal enbrittlenment cracks -
[0067TTRY N ghitserething Thet elemiesy whikéngugpar artioXidanofvith ke Neld metal and -
content is preferably 0, 15% h0058] Al t hough t he
makesgjulliye fd)shagedass |baséaerawwéer5&0e SUHR iSrdmninayqidalls ip@Hey Bat can be
hamf&IQVltﬂ?h&CU?ﬁc@d@th iRl dio®halin ffn hhe PERSEDE 0.5% or more in the
~ 1 nvention, need ess to say, other elenents can be
weldingoriraioriekt ddvanthee afehese fwtcaibnu lesseyet, hitthd esitegdf Mn exceeds 3%, it
ties of the pres t
may r?c{qué?g %/.cor['(é&ggjem 8Bceeof:%pl\\é\qh ?ﬁn%ﬁt 3@%‘?%%?%%% Iﬂ'n\/’ot the Mn
contenl id préfeehbbr3oh | can be added to secure the strength of
base nmaterial of the zinc-based alloy coated stee
‘ sheet. These conponents can be nixed into the weld
[0068Fﬁtcﬁ’el @y isng- lm-EBﬁadﬂ'Ql%‘?ﬁenl Td'ﬂstabﬂfznr%aﬁ@ a@é‘teﬁn}@%ﬁse of the weld metal
lements is preferably 0. 1%to avoid the formati on of
and for adiestingtthd balance bapsanids dustepitiophned andntbe Krritevithiageh 1ig prederable to
contm??\}l S !anogrﬁ lﬁntoP%’ cﬁ%@?ﬁﬁw a'Leq)(?ﬁgler%o ﬁakpgﬁva(ﬁt ?(He@% functions.
ased coat ed st eel sheet a st uctu
Howesdreeﬂ thefconhterw afl Noyxcsb@eﬁ"ma'y by tedeck thAdpwg!tnlewgofoﬂwe weld metal.

0 nents of 1s |y made to include
There'lchre,’ UPRE iRt wq\f\/bomﬁ?fdsgﬁe&é%ebl%lll?‘%y conmponents, SO
that the bal ance can be iron and
unavoi dabl ei npurities. Considering . a dilution ratio of
(0069 as iChroraivey (P is byrinspal slemsasios fortieg thel ferrig phase aaq dah avoiding

liquid= Wzﬁterrq#@thetn%ny\@ ey th@twel:kiométgl His p?etér%bl@ﬁ@%@ﬁ@hl@r IBQm amount
prepare the conponents of the welding material so

of 24% loe midre mqueldiak enite tardly ke @lvasgge vélheﬁbomfnn@@nseﬂowever if the

content 09%? in the wire exceeds 30%, it may form mtermelallnc compounds in the weld metal

and deteriorate the toughness. Therefore; the upper limit of the Cr content is-preferably 30%.

[0070]  Molybdenum (Mo) is an element for improving corrosion resistance of the weld metal.
However, an excess amount of Mo increases the strength of the weld metal and can cause liquid-
"metal embrittlement cracks. For example, if the Mo content in the welding wire exceeds 2%, -
liquid-metal embrittlement cracks may be formed. Therefore, the upper limit of the Mo content is

preferably 2%.

[0071] Nitrogen (N) is an element capable of stabilizing the austenite of the weld metal to
improve corrosion resistance. However, increasing the N content increases the strength of the

weld metal, which can cause liquid-metal embrittlement cracks. For example, if the N content in



[0061 ]| As for stainless-steel-based welding wre,
both solid wire and flux-cored wire can be used.
wQ 0068374801 id wire is conposed entirely of st araW/&2806/319613
steel wire. Flux-cored wire contains netal powder for
adj usting the alloy conponents and slag material for
stabilizing the arc inside the outer shell of the
stainless steel wire. [0063] The flux-cored wire is :
weldin W?@L@ce@és e %Og\g dml eﬁJblrl'tﬁEgnetnF@ra%IEsr H%}f gé %l‘?&q Therefore the
of t as well as so w re, but '
ummrdmacﬁdwﬂheoghmgsnmﬁmmﬂﬁD17%)also able to inprove
wel di ng-operability and provide a good wel di ng bead
shape and appearance. Also flux fornms solidified slag
[0072MPOA B! flisN2Eort® weRY Bk rifiRs sUsIi@edmsdnehtdRomBbdesh sLRI preferably -
and prevent its oxi di zation. This makes it possible to ‘
be defingdps beleMst al | i ¢ col or on the surface of the wel ded
metal simlar to zinc-based alloy coatings, which
provi des the welded joint wwth a good appearance.
[0073[ OOM]:mlmadmhldlee(Tl@z)nfoensdtmsd mdr@smwabigtsla‘gotomlablhze the arc.
Howev g I ﬁgtes (ﬁ%\ﬁeﬁgr Fegsn é’e%@%ﬁp%rk%gnéfocl:)rrl.rlg zﬁl? 8|1?A§|’ %nrt]eqn of 2.5%
or moﬁmw&s M\@ﬁfrﬁggﬁtﬁe na;ralggg)f e smagnwgmarfbﬁﬁs:@maﬁy Edlrﬂi&efoﬁthe welded
e.contained in a solid wire an r_a flux-cored w
portion giyfe] PRCAPRRFATAEY- T 8craiereeing Hight 04!3? TaPaHANG™ F3gCt Rig erably from
0.5 to @LS% e/[\‘é Fa@v RRRSAIs, ﬁ\e%ﬂ@x@ﬂm Q:‘ﬁﬁ‘tb@%e(Pﬁloge Bl &fmlm?aft%n' Futile, titan
ding wre is pref era le to achieve th ‘
slag, I'ﬂllmrvtel zmd litdotge sush as pptagshen mn@terﬁnd@pd@nemwé@s 0. 05%
it increases the strength of the weld netal and may -
cause liquid-nmetal enbrittlenment cracks at the edge of
[0074) he SWE:lodetﬂofidé t('S'(ﬂﬂz) CiEl aanzdesuaf}cmamﬁme&t eel foshemt encapsulated slag.

: Ther the C t he wel wireis .

Howerﬁretﬁ‘gpa{igy conigHos FS é% SWOI%%]caguFaltlggﬁarv@f 5eaf;léa éﬁffcnent level,

which %\@éf? Rinct &f Ih@i-A38di2diod Tod Wl HRI akd Hoesthbeproeidd aBbdhppearance.
is preferable to contain Si in an amount of 0.1% or

If the ﬁthcanﬁnt Becopds 3P g thei vag teady kra diamedlgllibe werkpis and the weld
slag lrIc%Qgés' Gﬁlerem\éet\ﬁ@rlvml f)f HhP&; @4 C&IQJM %F@erﬁ%?g :l:ré?n |.t_’> to 3.5%. As

may cause internetal l'ic conpounds i nt

for rawimatériatafor $eOgrsilonaned. tsheat woldgsheds. mﬁhemembagipmm§mnlkkkmn
uppser limt of the Si cont ent

may be use

[0075] Zirconium dioxide (ZrO,) provides the slag with fluidity. However, if the ZrO;
content is less than O 5%, the fluidity becomes insufficient. If the ZrO, content is more than 2.5%,
the slag becomes stn‘t peelability worsens and the weld slag increases. Therefore, the limit of the
'SiO; content preferably ranges from 0.5 to 2.5%. As for raw materials, zirconium oxide,

zirconium flower, and Zilcon sand may be used.

[0076] If the content of total slag components in the flux is less than 6.5%, the slag
encapsulation is not sufficient. If the content of total slag components in the flux is more than
9.5%, the weld slag increases and it become easy to have slag inclusions. Therefore, the total of

the slag components in the flux preferably ranges from 6.5 to 9.5%.



is preferably 1% [0067] Manganese (M) is an el enent
wor ki ng as an antioxidant with the weld netal and
wormlogesr@ul fur (S) harm ess by nergi ng thereto. PCAuUIH2006/319613
is an unavoi dabl.e inmpurity that can be harnful wth
hot cracking. It is preferable to contain Mi in an
amount of 0.5%or nore in the welding wire to take
advant age of these functions. However, if the content
of exceeds 3% _i. 0 [ .
10077 ¢ 18 FESERGR <A j& PR E Y Gk f S EPONEER AN g i coated steel
sheets) ZmAl-bafedt flyMoacganitedit sheas,pZiefdiMbrbysed%lof @OBBY steel sheets and

7Sl S AR ] SRR Sl R S o mre
per sufideUatdiB drheubial DG 68siBietcvBRRCd 4Rl BOSInEIrtiess pBasefadd th terms of -
the ferrite phase. It is preferable to contain Ni in

weldingrivegkahulity: of 7% or nore in the welding wire to take
advant age of these functions. However, if the content
of Ni exceeds 12% it may reduce the toughness of the
[0078 el dh orteado. makeen@t bighly tdisiopdese Waldjdintgfshediewith igreater corrosion

GO R PR A2 R0k 1 STl A e v

In such QkectY e A INGnlehOidi2dr9vBtthe MENdUnkdnt [SCIEOPh, BE 8¢ kdntén? id 0.61-2% and
weld metal. It is preferable to contain Cr in an,
the balgpgsisfnof 24% or nore in welding wire to fully take
advant age of the above functions. However, if the
content of Cr in the wire exceeds 30% it may form
[0079] nt én thetpadskntan cotpoledsilipn struveurglesitatlsase mlaindnesed as a basic material
deteriorate the toughness. [Therefore, the upper |imif:
for gf bfied 1o o SHE SRR AEFH500E it ot of REF L dintsfine he
compdnixy/compésiticl @A basicohaterigrod giohgzienbased hlduy doasi Steandeets unless
- of the weld netal. However, an excess,amunt of M .
the coEReRRLRERORUOR o BgVHIME DHENaleT 8THER i irelding Bdsqutside of

ranges deBHESPRIR! pr&ERY ih Vi@ REMLh 8 Gk g, e hrgamNedtion Eanf B€applied to
Mo content in the welding wire exceeds 2% :

a weld jogpiibgtwaso diffesprisrmateniasmeneh ey weldienmyinprbased capigd steel sheet and a
~ er af . per limt of the Mo content is
stain le-élr'] gtFeg rbgigﬁ%ystéfi}o%eglp

[0080] The present invention can be applied to any shape of weld joint, for example, a fillet
joint, a lap fillet joint or a butt joint. As‘described above, liquid-metal embrittlement cracking
occurs particularly when a binding force is applied to the welded portion.‘Therefore,' it is more
meaningful to apply the present invention to a fillet weld joint made by fillet welding of a
zinc-based alloy éoaled steel sheet having a thickness of 3mm or more where the binding force is

very strong.

[0081] As for welding the method, any of MIG arc welding, MAG arc welding and carbon
dioxide gas arc welding can be used. As for the welding conditions, there are no specific limited
conditions. However, melting the basic material of the steel sheet can change the
components/composition of the weld metal. Therefore, it is preferable to avoid unnecessary

increase in dilution by the melted basic material according to the following conditions: input heat



[0071] Nitrogen (N) is an el enent capabl e of
stabilizing the austenite of the weld netal to inprove
W@Zr/osMen resi stance. However, increasing thePdd/JP2006/319613
content increases the strength of the weld netal,
whi ch can cause liquid-netal enbrittlenent cracks. For
exanple, if the N content inwelding wire exceeds 0.
17% liquid-nmetal enbrittlenent cracks may be forned.
. - ef 0
is pretgrjragffivelroa JfC’m %rhlgs Qr&?? 6J6?0Wr£troo(§fflg€S?SNUI)%QIEL?Q%p\rla?efrgblytllq -40%. The
dilutiohamgﬁsftbé bashagatcmfpodﬁnledbs:fmlpwsr tion shoul d
ref, er be deLr ned as Ti,tani u

cituic 355 6 Ppls &P Pbr e WL L HMREIEy. el S8 e LGl (gech meled

compo‘hmttrrlmezaasrchﬁmam + OB RED c@th@t@@meemd.ag U)X 100% (1)
 ess does not work satisfactorily and_a Ti O content

of
The inpuislgap forpiding 481 b coniipbled ngréfe“ibr%b? / %Hrwréw theadjusting the
veldlr% c%grentv‘ﬂr'e J% U&ta% e BHATY v Q%e@f t he wel ded

ti'oh with a”poor appearance. Therefore the linmt of
the Ti O content ranges preferably from0.5 to 2.5% As

[0082][:&\'{[\/48“&25){%{58@ mYe&i i 8an {) %’%ﬁ |re]9focél an S\ev(ejld‘rjlnI ont%e {hari1 e welding,

um ni
by usikgd itﬁuﬁ&%@stea%@&daﬁelmﬁgas:elasrmltm\mnate and SOdI um
titanate. [0074] Silicon dioxide (SIQ2) is a necessary
conmponent to form an encapsul ated sl ag. However, if
Examjife Si G2 content is |ess than 1.5% the encapsul ation
cannot reach a sufficient |evel, which |lowers function
[0083bf dhe |\\ced;jqngj[r@mrpbtnseﬁmsq}g@mjrwminiag]qllqyo@gnn@@pnts is designated in

Table@rbglz;/}' d;fsﬁ%r)gfﬁg SRS gnrfgﬁgbaAdf d} h@ore% r@gs’lfe‘?ghat?a(&se(‘%d? (F10).
and the wel d sl ag increases. Therefore t he I [ mt of
[0084} o Tﬁgﬁuggg%ﬁﬂg gqenga?ﬁ al%)z’or Oélwlggegggf é(gnr?a)]ﬁe%tﬁ fios 05 P78, €0,: 2.5%

and za@l | 8 Jsz:mdta,w.z.s wEgR. gANYisanddipe v Shidriihelydspear may
be use [0075] Zirconiumdioxide (ZrO) provides the

slag with fluidity. However, if the ZrO content is

[00851 essfft)@nshgrv?%?e cto onénlt'é/aﬂnﬁ si*?%ﬁ gmzlﬁc 'b%H flb?%t@atsheellgto be used
ont ent nor e. he sl ag econes
and thstcofting yselghtabfbattcystwjrsbeensi\ asrwzmh@llwgbrdatgi sieel sheet, class 590MPa,

6mm rnqglcgnesse%oatelae eer HNe&r B Eshanrlr ! l\;Ig gr alroy coated steel sheet class- 400MPa,

3mm in thickness.

[0086] The fillet weld. joint shown .in F1G.4 is prepared using the welding material and
zinc-based alloy coated steel sheet described above. The joint is evaluated for liquid-metal

"embrittiement cracks and corrosion resistance of the stainless-steel-based weld metal.

[0087] The test sample shown in FIG.4 is prepared as follows. A zinc-based alloy coated
steel sheet 4 is vertically placed on a horizontally set zinc-based alloy coated steel sheet 1. Then
a fillet welding 5 is carried on using a stainless-steel based wire. After the welded portion is
cooled off, a fillet welding 6 is performed to complete the test sample. Fillet welds 5 and 6 have
similar penetration shape, which indicates that dilution ratios of basic material at Fillet welds 5

and 6 are substantially similar.



Si O content preferably ranges fromO0.5 to 2.5% As for
raw materials, zirconium oxide, zirconiumflower, and
wQzdoz/osr4sand nmay be used. [0076] If the cont emtCP2006/319613

total slag conponents in the flux is |ess than 6.5%

the slag encapsulation is not sufficient. If the

content of total slag conponents in the flux is nore

than 9.5% the weld slag increases and it becone easy

to have slag inclusions. Therefore, the total of the

sl ag conmponents in the flux preferably ranges from®6.5
[0088} o ghS%e[ldJ@g’Zﬂdeﬁm\Sm’feﬁsl@mweilmﬁeim“ietding sursgmt| 2AalA0A , tage voltage:
2520 S8 ShT 47 BAS Byt e Bef B SRR AR S EDE Sk B oo
(argonalr 120 o&Ph P Sieee|n ﬁlb&@ﬁéoﬁﬁltﬂnglﬂuﬂcoﬁ@ -\ire, Baseddadak @y (argon + -

oat ed steel sheets. The coatgng a unt is . preferably. ‘

20- SO%crgrtmnzd'@wd%ﬁeseﬂepr duthe£ass Phusing fhwc-eqred ddigr Fafgon dioxide gas is

used. Qﬂ{dép&%@\vgleag%ﬁm&sam & REBA 'ﬂ?ﬂloocff th@§§s,lool%ﬁteﬁhllrcflﬁ9@ welding is
internms o ding workability. [0078] In order to -
roughlyedeermined bhyityhkipdadrshigki gns. thee unek dargon it oggesp gs a shielding
gas, "‘Zné.'ﬁ\‘- f\\/gr%rogggsréé?ﬁ;éhnal i%ﬂé)t%egg‘got e\el\{h% Hé@?é@&%q + 70 50% carbon
dioxidpy, eheeditlioy rinto thdgeh. frdm 29u6 I353haeths catbbe dAdde:Og‘aiseﬁtio insthe mixed
- 2-19% the %% content is 1-10% the Si content is
gas changss fromy 2HQ VK bal ance is zn. ' [0079] In the present
~invention, lowalloy structural steels are nmainly used
as a basic material for zinc-based alloy coated stee
[0089k he &ivgluatisweisuid-ineta] embroitlemesesash 9f the vrdd mawlstipgerformed with

a cologgﬁgggg@ ()e%IQ{FPIR%g (?E)a%et“lﬁ IWQ%Fa%km o‘t)?elrvei%lfwﬁ“ﬁjﬁllg naked eye,

heet's unl ess
meevﬁompmnengﬁhﬁonp03|tlon of the meldlng material is
di.luted during welding to be outside of ranges defined
by the present invention. In this neaning, the present

[0090] nVEE'%Iu@lrbrC@ﬂc&ﬁ)sﬁﬂp}eh@dn&eons%e\ﬁﬁ)hﬂed Qitht a U’RS@&%Iﬂined mixed cycle
different materials, such as welding a zinc-base

corrosiapdend OPe st ic ShbEteshirsdode. fey: “saff‘ééﬁ%ﬂ*é%(éasmbép C, Zhours;
2) drﬁng%%lstﬂjgoﬁﬁ/l) g#)}g? Qﬁ(ﬁj??r%d kﬂ%%b&f‘tl&@@n(ﬁﬁrrﬁpﬁ%)e% t92hours. A

ape of joint, for exanple
total of 120 cycles are performed and red rust is checked every 20 cycles. If red rust is not

observed in the first 20 cycles, the evaluation of corrosion is “good”.

[0091] Table 3 shows the components/composition, the Cr equivalent and Ni equivalent, the
relation to expression (1), and evaluations of liquid-metal embrittlement cracks and corrosion

resistance of each weld metal test sample.

[0092] With respect to sample Nos. 1-8, these meet the upper and lower limits of Ni
equivalent. No liquid-metal embrittlement cracks are observed and the corrosion resistance is
good. Sample Nos. 1-2 using solid wire have weld spatters, but sample Nos.3-8 using flux-cored

wire have little weld spatter and good weldability.

[0093] Sample No. 7 is the sample to which Mo and N added. Red rust is observed in the

area around the welded metal at 40 cycles but no red rust is observed on the welded metal itself
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joint, alap fillet joint or a butt joint. As
descri bed above, liquid-netal enbrittlenent cracking
wonouns4parti cul arly when a binding force i s appi/jroo6t309613
the wel ded portion. Therefore, it is nore neani ngful
to apply the present invention to a fillet weld joint
made by fillet welding of a zinc-based alloy coated
steel sheet having a thickness of 3mm or nore where ‘
bi fo r . .
onit nfgh i 124 BRI LSRRI NUCY el e 1l ABRIC 1N R e hiah corrosion
resnstamlcﬁhli”mg Zm@kl&&g-ﬁomlldy onxmmllgdis ‘Hrese veahghlasgshoan ekeellent corrosion
itions, there no
res'stagﬁée?'f'ﬁ“eggmt@ M RE ‘ﬂ%(ﬁév%ihe iR ¢lghe Hele
basi c materi al of the steel sheet can change the
conponents/conp05|t|on of the weld netal. Therefore ‘
[0094) t Sampled¥as biSeare 60mPasIsAN GhHBRIES hat greiot PEHSdangs defined by the
n | .ac t
preser e e B, R b R b AT LS ) U timi
of Ni aquivadsis), ahall dhdwbiitlanesatiaokof Sanipde basil & hrmarecxcabs argount of Mo
dereferany 10-40% The dilution ratio of the basic
ad Nmaterial is defined as follows: dilution ratio of
basic material = (each nmelted conponent of the basic
erial.)/ (each nelted conponent of the basic nmateri

(0095 e§ewpmq5e%'8mﬁﬁbwéﬁ9n%f'mt h Ter efunglspht &0ialNy e%'va'em (lower
limit o*%q)/algégsea-hrfﬂ‘d@%b I l71¢/@tbui 86 nWethét 'ﬂgpé}qﬁ‘mp& IQpJEthn@Ji b§ehe present

referab OKJ/’cmor less, by adjusting the
inventige| dTh@‘ebm r(t:m;t: satnlp@svm d@tn@nv(ﬂu[ffag@tam@pmmeo rddfenghase in the

08 resent, invention can be applied to-
Weme?ﬁ?‘ P"%ﬂ“'%g “Bwssu?ﬂgr than arc wel ding, by using
stainl ess' steel - based wel ding wire as filler wire.

npl es 83], The wel di ng. materj used | s
Km96hﬁréaWBWt&Pnﬂﬁdkﬁfﬂﬁyrﬁﬁ %h@ﬁ?s |§“ﬂ§§Pﬁn ﬁég'lﬂwer“n"o and

brnttleﬂ-e@pk%c* iPEhRWeds Jampld Nod 32, and(13 ude) the AHe Seidted wRdHowever,

| ux-cored wire is designated as (F3) - (F 10). [0084]
samplerN@ 13, uhesorasbordlipwide dmesad 88 a shislding gaswhasgangingrgased penctration at

the we?cge%%ﬂmt @hlcﬁ: gﬁste.s :.!lrz é]o/ eé"l?é lelu%oﬁ%f ﬂ\réq)ag'é Q?a“ten]al 6a % s, the final

W Te is welding wre for ordinary
compogieselcomposition of the welded metal fall out of the range defined by the present

invention.

[0097] Sample Nos. 14 and 15 use a welding wire for ordinary steel. ‘Needless to say, the
weld metal is lacking in Crand Ni. Therefore, the corrosion resistance is poor and red rust forms
at an early stage. This weld metal has ferrite rich welding components of soft steel. Thus,

although the conditions of the present invention are not met, brittleness cracks do not occur.

[0098] Sample Nos. 3-11 and sample No. 13 use flux-cored wire as a welding material. In
these samples, solidified slag from welding covers the surface of the welded metal to inhibit

oxidization, which enables maintenance of a metallic luster.



[0085] Table 2 shows the conponents/conposition of

zi nc-based al |l oy steel
wazatnirgsmei ght s.

coat ed stee
Coat ed stee
st eel sheet,

Coat ed
sheet ,

st eel

sheet Bis a Zn-A -M-S

cl ass 400MPa,

3mm i n thickness.

sheets to be used and the
sheet A is a zimcr/a2b@ys19613
~class 590MPa, 6mm i n thickness.

al l oy coated

[ 0086]

The fillet weld joint shown in F1G 4 is prepared using

the wel ding nmateri al

and zi nc-based all oy coated stee

[009)sheet descri bed above. The joint is evaluated for
l'iquid-netal enbrittlenmentalslieacks and corrosion
Welding€St st ance of {ifee cshpbidness- st eel - bas=dsmgtgn5@kﬁg Remarks
Material 0087] (A8 dRHonSATDhE $ROWMI hidssl G 4| i HaPESRAINERE BS
fag “5..A,Z'nc Qased al oy coated st gg,@pggﬁm4mk§
\Y rttuclﬂlsxn[;l 5 ]SEJI wjh(EAAPI LM tal IN S,IEFL@ZT lgl(yd ZFQ .
(Sl)p ADLA 03 Ta T 88 Toeg ] U L Qo [T IELATRG S S Solid wire
(5D { eV baba ol 0 baT 2o 23k baOot F DU b iicy | ol ol ng gl Solid wire
(F3)is 82 tloPred 14 ¢obfl 01207t he O ek 0-Wanhi b7 Fid9 o M| |qfux-cored wire
(F4)5 |aB8!q Rave $inill & pettdt fatli oh OHape, Tohi chS | 1.6 | flux-cored wire
(F5)i ndD.62at|ed.3t hat .6di | 86i pr3%Sati ds pf0-Wési cl.imj ex-fal lah | flux-cored wire
(F6)Fill 0.62 |wel2dg 5.6and8.6 arxlsbbsfapt0.afl y kVm 1285 . [ 0088|] flux-cored wire
(F7) Theowel|dioreg [condijtiooms xR i lol ef ovalsd] 51.7s| vieb dj nigp | fux-cored wire
(F8) cUr o ent: 0200- 2204, 1ar ¢ Ml tage: | 20028, 1. ve| di.ng| speedilux-cored wire
FY AU REETT 13N [, 1SN1[eh% gagys TN ofNe ¢83€[ 0f.7USINGY BOlLE O flux-cored wire
(HOL'SOI Wﬂtﬁgf-ggn%ﬂ¥’?14”@@@'W7L>2@9;L6”fm»mmde
(SIU, CoRTIC o 1IN I TEBT T M o071 XY 95 P Solid wire
(S12)¢ Je 08¢ 938 ng PL-Soted w ,Zf’nguuﬁ°‘éﬁo§ a5 aha il Solid wire

usea Under these wel ding conditions, the dilution
rati o of the basic materi al
determi ned by the kind of shield gas.

[0100) ar gon + 2% oxygen) as a shi el di ng gas,
rati o of basic mmteri al

i dablbdut 15%

the dilution

When usi ng

duri ng meldlng i s roughly
When usi ng

Coate( af g@asit n2ler@leoropaisors di oxi d®pfing tremmhinkars (mmss) %t i o | Coating weight
Steelr anges fromaP %) 35% as| the carbon dioxide gas ratig persurface
Sheei N[t hee m Xed gas [changes| from 2D tal 50% #Q089] Si (g/m?

A Eval yafg om of.od 1 qui d-gretfal jgpnpr| ttl.ement cracks of.tHe 130

B el 0 g alls ¢ 5 PerTqred Wiy 1.0 3.0 0.2 90
[0101]




_ Table 3

a color check (liquid penetrant

a crack is not observed with the naked eye,
werab/ozuson i s "good”.
resistance is perfornmed with a JASO defi ned m xed

i nspection nethod). |
t he
[ 0090] Eval uati on of car@CUHI2006/319613

f

cycle corrgsion,test. e, cycle of the tesioLS 85,5~
foH-ows—(—H)—salt—ywat-er—(5% NaCl—spray;—35°C,
5 2hours; (Z)EQJEngQ;H%iSELge;—’S ggagg(g,;—’@hogrgggxg%g% 3«
£43) wet condid|Eens @dizst|drz 218G IE5| 2RoUs SRS 512 |22
< total of 120 d¢cllés|are 5erf rnigéd [ander ed ryst |Ps =[O o
ghecked every |20 cyt¢les.| |f [red rust|isjnot jobgeryed
SIS PN e e <£5) S vl Il R P (] ) PR ol g iy )
$38 e Tirst 20 Ad e |tie lovlbEEIDD ¢ ScaprdsiaM By 580 o
£ good”. [009H|sTaBlesd qBdsadis 3|8 5|2 2|8 3 S:iﬂ@é'é%;g%?é%
O sgignpenent s/|cSposEt of, |t Re [Orlequbvabent Jand 3 (S 52~ |2 -
eqtivatent;—the fretatof—tojexpgression H1—and
géeval uati onggof|sl | uwg-megal eﬁwrrtﬁél ‘tt;sul epent cr%ch§ and | 4
£ Zorrosion rlésiistdncesof (eachowgisd met 8l |Eest Ssqfpl g. |5 5
£10092] Wtherd€pegt [£o d8npl|€ NBs.[2148, [Thede nEet"the |2
vpper—and—Hower—Hm-t-s—agf—NH-equi-val-ent+—Ne
= §-’Equi digretgk embrit {4 emgat cladks |ar esolser Ved |andkt e e
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[0095] Sanple Nos. 9- 12 neet the condition: -0.7xCr
equivalent + 20 < N equivalent (lower limt of N)

walzwehsrged i n JP09- 267 | 77L, but do not mneet URPRIP2006/319613
Iinit of Ni- defined by the present invention.

{ore, t hese samﬁges.do not form sufficient
0102érmufh cifd £ BRIEPe BIRISANIGNS: t RPRENG e APREGALIONS. 3 fhd HRfgVisional
I S not
appllcfa%ﬁg r@f {I{ﬁtj 6(2 Ehteﬁgs zﬁ)é Qgé?grgsa%%ﬁgﬁﬂn ﬁ%%r@temr@ﬁf%@t@)
and brlttleness crack is observed. Sanple Nos. 4, 5

d 13 . th | e No. .
010373, Wiraecuiepshnbgarch v Houf xR R gy ARG 4R be varie
in ma %aﬁ@ S RENARIEEh RO BT Blbk QPaddedte dphikad TR tHeQRirit and scope

I C .

causes an increase of dilution of the basic
of therpaeseni mlventmm arochmlé sughhisodifipations @prponkshesoydensagiont skilled in the

ar ar o 0 AR Rloph o ol P s B QBRI 25" o

use a welding wire for ordinary steel. Needl ess to
say, the weld netal is lacking in C and N .
Therefore, the corrosion resistance is poor and red
rust fornms at an early stage. This weld netal has
ferrite rich welding conponents of soft steel. Thus,
al though the conditions of the present invention are
not met, brittleness cracks do not occur. [0098]

- Sanple Nos. - 3-1 1 and sanple No. 13 use flux-cored
wire as a welding material. In these sanples,
solidified slag fromwel ding covers the surface of the
wel'ded netal to inhibit oxidization, which enables
mai nt enance of a netallic luster.[0099] Table 1 [0100]
Table 2 [0101 ] Tabl e 3[0102] Al cited patents,
publ i cati ons, copendi ng applications, and provisiona
applications referred to in this application are
herei n i ncorporated by reference.



[0103] The invention being thus described, it will be
obvi ous that the sane nay be varied in many ways. Such
wo/2007/6374oNs are not to be regarded as a depar tROCBIF20@B19613
the spirit and scope of the present invention, and all
such nodi fications as woul d 2\? obvious to one skilled
in the art are intended td-Y&%¥ncl uded within the
scope of the followi ng clains. CLAIMS 1. A weld joint
for a zinc-based alloy coated steel sheet, conprising
a Ilwel deld jpon forarzind-baved dlloetmtednaté slfet, soaipnkiags welded portion
of wef,‘leyggtléhrpa«? edf s(t:%n egsng% %a¥hr}:§fnvl\3%agmi lltie welkﬂnetelngm yass. .percent
(%): Ni: 5-1 1; and Cr: 17-25, and the bal ance being iron
and residual i npurities, wherein the foll ow ng
expees8i-0ds (1), (2) and (3) are met; -0.8l xCr
qugiygl fslr]t +23.2 < Ni equivalent < 0.95xCr equival ent’
- @10k )y N equivalent = NI+ 30xC +0. 5xNMh + 30xN
...NR)oSr2equivalent = & + Mo + 1.5xSi ...(3) wherein
each of each of Ni, C, M, N, Cr, M and Si represents
cortiedt! I¢ aes % of each corrponent el enent cont ai ned
in the-stainless steel-based weld netal. 2. The weld
j Oi At accbrdl ng to claim1, wherein the stainless
and tittaeinc®bsiag ivokladd rsidakl lfntp’uhhef conpri ses in nmass (%

Mb: 0.5-2; and
wherein the following expressnons (1), (2) and (3) are met;

-0.81xCr equivalent +23.2 <Ni equivalent < 0.95xCr equivalent — 8.1 (D)
Ni equivalent = Ni + 30xC +0.5xMn + 30xN ...(2)'
Cr equwalent =Cr+ Mo + 1.5xS1 . ...(3)

wherein each of each of Ni, C, Mn, N, Cr, Mo and Si represents content (mass %) of

each component element contained in the stainless steel-based weld metal.

2. The weld joint according to claim 1, wherein the stainless steel-based weld metal
further comprises in mass (%):

Mo: 0.5-2;and

N:0.05-0.15,

wherein each of Mo and N represents content (mass %) ot each component element

contained in the stainless steel-based weld metal.

3. The weld joint according to claim 1 or 2, wherein the composition of the stainless
steel-based weld metal is adjusted by a solid wire or a flux-cored wire, wherein the solid wire
or the flux-cored wire comprises the following metal components in mass (%) per total wire
mass:

C:0.01-0.05;
Si: 0.1-1;
Mn: 0.5- 3;
Ni: 7-12;
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N: 0.05-0.1 5, wherein each of Mb and N represents
content (mass % of each conponent el enent contai ned

WO 200v/hg748t ai nl ess st eel -based weld netal. 3. Ther/smebeb/319613
joint according to claim1l or 2. wherein the
conposi tion of the stainless steel-based weld netal is
adj@wrs2&d0mnda solid wire or a flux-cored wire, wherein

th%lt fe%Lt oqle\Mfrl\/?ci Aot %@mﬁb%ﬁ%?ﬂ wire conprises the

onents in ndss (% per total wire
and lm&nc@elﬁg Gﬂm@nd)ﬁ:,sndﬁal infputitids ; Mh: 0.5- 3; Ni: 7- 12
24- 30; reat er

: | eas X t
Ot N G o Ml T P of cach
compbrﬁ‘gﬂ%l'dn'eﬁlscow:ﬁe%'lﬂ tl?caébhldqrtlré\l‘)r’thgﬂuMEOre@rwueS" Mo and N

represents.content (mass % each conponent el enent

contained in the SO|Id W|re or the flux-cored wire. 4.

The |nt accordin o | aiim 3 V\/n rein the .

1o B b i EG R 0l Pt eI REEL Fpd Jre comprises the
follovARERONEN L orh Porl¥BEH I el @i hg&smass: TiQ2:
o ngg? Si%)Z: 1.5- .é?@gnd Zr@2: 0.5-2.5, wherein

t ot BD2edhddny; of the slag conponent ranges from6.5 to

9. 5810 lérg g e d joint according to claim1, wherein

t he' e basd al l oy coating of the ,

Zr0;: 0.5-2.5,

wherein total amount of the slag component ranges from 6.5 t0 9.5.

5. The weld joint according to claim |, wherein the zinc-based alloy coating of the
’zinc-based alloy coated steel sheet comprises the following in mass (%) with the balance
being zinc and residual impurities: |

| Al: 2-19;
Mg: 1-10; and
Si: 0.01-2.

6. The weld joint according to claim 1, wherein the weld joint is suitable for
“welding zinc-based alloy coated steel sheets having a thickness of 3mm or more, wherein a

shape of the weld joint is a fillet weld joint.

7. A stainless steel-based weld metal composition comprising, in mass percent (%),
 the following: '
C:0.01-0.1;
Si; 0.1-1;
Mn: 0.5-2.5;
Ni: 5-11; and
Cr: 17-25,
and the balance being iron and residual impurities,

wherein the following expressions (1), (2) and (3) are met;



zi nc- based all oy coated steel sheet conprises the
followwng in mass (%9 wth the bal ance being zinc and

WO me7/03rad7 i mpurities: A 2-19; My: 1-10; and EITAJR0@G1319613
-2' 6. The wel d joint according to claim1l, wherein

I d t table f | di - based
0 81xgineayalsel B4 S EMIEENEBLS RIGRRECaHFcrbs of G or

Nneqm{lgnt J/\ﬂﬁligbpcaro@}mﬁ%xﬁhe wel d joint is afilley

7. A'stainless steel -based weld netal
Creqm@ﬂm&q@r@rM@@ﬁrﬁnSsl ng, |n mass percent (% t he..(3)

foll ow
whereis reagh il qNgy Cr FDZ8S GiniMErADd ST ATRE S FEPRHo st o) of cach
comp(grféﬁl Q%’ﬂl:nt' C@Hfé'ide?'lﬁ%e Mgk ﬂeetljbﬁsequlvélg%éi'ﬂ BKIPoSiHSHONS

are nmet;-0.8 1xCr equivalent +23.2 £
Ni equivalent < 0.95xCr equivalent - 8.1 . ..( 1) N
equi valent = N + 3OxC +0. 5xMh + 3OxN ... (2) Cr
equivalent = G + Mo + 1.5xSi ...(3) wherein, each of

Ni, C M, NN C, M and Si represents content (mass-
% of each conponent el enent contained in the
stai nl ess steel -based weld netal conposition.



