- 1 - SPECIFI CATION TI TLE OF THE | NVENTI ON:  MOLTEN ZN- AL ALLOY- PLATED
STEEL SHEET AND MANUFACTURI NG METHOD THEREOF S TECHNI CAL FI ELD

[ 0001] The present invention relates to a nolten Zn-Al all oy-plated
steel sheet, called also as a hot - gpprdpr@hTRINOY coat ed steel sheet,
herei nafter, that possesses excellent corrosion resistance and is
preferably used for various 10nmenbers, such as those used in

For mant act ¥k e P T ENdoRn AP BRI A LB LOR SR EATED ST L ">
al | oy coat edssfrel ANISSIAWUFAGrORAYGNIETENSD THAYR BEFI T Oved

wor kabi lity and corrosion resistance. BACKGROUND ART
15[ 0002] G®nventionally, hot-dip zinc or zinc alloy coated steel

sheet s t hat ' ious fields, such as construction, civil
engi neeri ng g%%ﬁﬁﬁggﬁtﬁﬁﬁg pliances, are required to have excell ent
corrosion resgyffdnCeThE AfesEX@NRE o fi ( L

hot -di p zi nc%or ii nc aF?oeif cog?e]gwsntljegle &?ﬁge@éﬁ%r?gn?gpﬁrr%cg@%ﬂteg@teel

pr edet er m neghshapdised aivd asedotakp ZnrAlcilloyadoaneindies] she@Olsarcihafier, tioof s,

wal I s or other structures. Such applications require excellent
corrosi on re8PECETTE EXSFIENE GHEPS O TRt AKBiane 48 Prefsiably diseh &S

excel | en, COLL QSO0 S(]%? h% h%@%%ééiﬁngc]o&&rﬁlﬁfégp&%li € Eineylgé and fusehold

corrosion resistance ing a rorned-portiron 1Is an

i npor tant faeppliarfcos actbt atethad fog nidnefbourady thietsymef arddnia paeti@lato a hot-
structural nepbers. Consequently, fromthe 25vi ewpoi nt of inproving
the durabi | i €ip r-Adtalleytcgrted Sﬁﬁ‘éirﬁﬂéﬁ% withyeeqating layes thawing ioeneyed f or

i npr ovenent i\»rsbhrﬁforifiﬂfsﬁn%g:o'}x%ﬁlo t‘%%&f’gg' hot-di p zinc or zinc alloy

coat ed steel eets used as nateria In this case, excellent

uni formty oBAPRERNE® ARA bl ackeni ng resi stance are required. As
used herein, blackening is a phenonenon where a part or the whole of
a coat ed18ur 18Rl s @P%‘%ﬂt@rﬂéBY:tlwte@lB@tﬂC%%iwlbWa%ﬂat?él speel shepts that are

addi t ' on, si Ne& ff'lO\;a'rl%;.lQ ﬁ[%.idgcs@crh azsic%%st?ﬁét%, Elgﬁte% m%%ﬁﬁé of Hg&{eﬁof&ave
superi or corrosion resis ante even under a’sever environnment, such

as in a coastppli@ices X pREadd t®hivdOék call el R sBadesiathahce.
concentrations, such hpt-di@_& zinc or zinc alloy - 2 - coated steel
sheets are ofPegxaBRlg. W thadigld ebeanstiygction hpkdip zine opzing gHay cowed stgel

00031 To_s2t gL, sSen oL inel o By B S SO PRHRRL 1)

descri bes a conti Auous ate

to the teghnigiteadiiostd, aagld or BtHRRE0EERC USEEH agplidatiohSreguitpegedichhat
a continuous hot- 5 dip Zn-Al -My coated steel sheet is provided that

has a coati n§olrasien resoytanas avd sapeiier wekability, radSuebermyegxcelend
coating | ayer ¢ aini.ng. Al : 4.0-10%. My: . 1.0-.4. 0% .and the bal.ance
consi sti g of SRV AR s dnie P Brtiores Minand KOy &Y froliing 2
COrrosion resiféddGeclafidgSUOHAEE paRRRAE ah G pOXart FREtbOTdridREriilEng the
cooling rate after gal vani zing at 0.5C/ sec or higher and providing

t he coating torayley ofithredevapt sirpdteras megdets: e GansediepHyt fremghemary Al
D 5 R B s b A VSBAAS TR
Docunment 2) des@hd BSindhr#@iment in corrosion resistance of hot-dip zinc or zinc alloy
coated steel sheets used as materials. In this case, excellent uniformity of
appearance and blackening resistance are required. As used herein, blackening
is a phenomenon where a part or the whole of a coated surface is discolored to a
30  blackish gray color.
In addition, since hot-dip zinc or zinc alloy coated steel sheets have superior
corrosion resistance even under a severe environment, such as in a coastal area

exposed to high airborne sea-salt concentrations, such hot-dip zinc or zinc alloy



dip Zn-A alloy coated steel sheet that has aesthetic surface
appearance wth netallic luster and excell"ent bl ackeni ng resistance.
According to the technique 15disclosed in Patent Document 2, it is
supposed t hatofedQleeitRedMndbitah Lo ﬁﬁﬁéﬁ%oﬁﬁﬁ?ln SRIRId bhadnshastion.
aesthetic surface appearance with nmetallic |uster and excell ent

bl ackeni ng r é8003] ancéoisstigfy dhdsdedqbyenkintpilRgB-8 1394H| (Patme Docntnenial )
hot-dip Zn-Al, alloy nolten bath ang pulling upg and cooling the steel
Cheet S0 as 6 HFNR ZoMGRRUoRA Aoy et sl SfecidGedaite
sheet sur f aCGehfliReAedcRida efiPhitnt DBtuhbi 295 8EhpSBE Blat AttohBudlA Hotom
the nolten bath 1's cooled at a cooling rate until 250C of 1Cto

15C/ sec, anddiphéndadtMgdicpafed-sidel ahdedys moatdeddhdtdpen coatmg@laysr foned bnG-
10% My: 0.2-1.0% percent; N : 0.005-0.1% and.the bal ance bein n
and i nci dent AFRSRHNDE piee! Shegiths eRMdingjayqrcop@inipg ek & RS Ma&g-&
techni que di 0@S, i %EE% gqﬁ{ G e } Qn of
Ni into an o&%‘d e/?’n%;ﬁtthgl?r gg&;g pofrljl i onZ %J@ﬁg@g@@%gﬁ@%@ ’ u({aﬁliat)%a
synergeti c ebiwatgoofl chyosiod rbdéisthycecant sueface agpdahence dgl dongollateethaf t er
gal vani zing within a specific range, Accor ding to the technique .

di scl osed i ncpRlinhiatpaiiergahranzing at @5 sl/sgppelizles Hik proKiingthg coglingy
coati ng ye .er ahbl - i . i

AL -z Myt S PR PHRIEOBAHR th SREK e /B s Qi mBled e base

t he cross- segidtaiul ¢hvid@tierepakiumngtit ayey strkdittehdrAl/ZmZhiMgt echni que
described in Patent Docunent 2, it is suggosed that a chem cal

conversi on t 1@4dent In addtionJPpAr3H98-13578p (BetantaDeasnent 23 describgy a het-
f d ' ) i cal
convers, on | CLEiEy Rty shlf o Rl Rt B0 AR Do R, o7
3 - using a mmedliodmted dnduixdelldratbldesinaetsigandal M @bfding tnheSecni @
a titanium or zirconium based treatnment |iquid. [0005] Next,

descri bed5i ndiplosedopBateouBeememitZe iiis perrpsehthag p hos dip FeAl adioy cpated
al | oy coated tseteﬁﬁleeﬂ}ﬁf}ﬁ st&%Ehelti@%lgﬁggeSé p%alggfgé gflt%rﬁ 'af[ﬂ_c 18k Pchfzg?ctTehQﬂ
5l ayer for med Gn>at I east one surrace or A Steél <shed ) and a strtace

treat ment coaldcRenihpraiftutideiehrdQieesly @ipgﬂlf&li%tfeélcﬂle@ﬁ intd@héw0dip AP Al
| ayer. According to the technique described in Patent Docunment 3, it

i s supposed tHay msyteprlbath andpuliinggp-aaf soghngthegteedghechse iamép foaryes hot-

t hat contai ns;. | SS.. % 2 1.0-10% . 0,2-.1.0% N.: .0 0050.1%
bnd t he bal atlkZBes oS eoaline fardt BE Ao g s arbligghe iR ¢
surface btpeakfgeniheepllldbuf frof thBaholteh B8 B o0 & aSddbliag eatefuntinesoeC
coating layer and has a surface treatnent conposition containi ng ﬁp
ndlor

particul ar tiof df denl édesed. aha ghalptednLn-Abailey, coftivgdhye sapausd
cobalt conpo .and orJ.ne-cont.ai ni oun t .a predeterm ned
proportion, g@%‘éwﬂ%‘ré% a %é’r?f%eﬁ?’rlgls{asqb%h@i P gngg{fegl?ﬂ%r&%ibﬁl%ﬁ%ﬂgti on

wi th opti m zahdi@nt@finifaeiteoat AngitibagOVROR shb?ébed‘@ﬁét'tﬂe ehaneedisclosed

reactivity is achieved due to the effect of the fluorine-containing
conpound so tih&ateat Bepsmentehbacilgates ggraeniratidn phdld indp an loutesmast sygtace

surface, ,and furthernore, high barrier properties_are o ed by the
sur f ace £ eaPREINn SLprRpEn i e e prveb e RS et pe M poL bf P cpBolme
resi stance i $hPEingdadte At BRVER AR wIRRENVENESI PARENT DEXdMaNTS the
[ 0006] Pat ent Docyme%t' 1 JF_’I-%“Sl 31729%1 Pat ent Docurregﬁl;r 2: ot
JP- A- 2008- 138a85iRatdsiodduRetent BocuiRest 200852 911350 25t BMVARY albpy
THE | NVENTI ON PE EM TO,.BE .SOLVED BY THE | I\l\/EI\I'I'll ON
coating layer preferably contains ternary eutectic alloys of an Al-Zn-Mg
intermetallic compound in an amount of 10 to 30 area % in the cross-section of
30  the coating layer. Further, in the technique described in Patent Document 2, it
1s supposed that a chemical conversion treatment layer, a primer layer and a resin
layer may be formed as upper layers on top of the coating layer, and as a

chemical conversion treatment layer, chromium-free treatment may be applied



[ 0007] However, the coated steel sheet manufactured using the

t echni que di scl osed in Patent Docunent 13cont ai ns | arge anounts of Al
and My, each having a higher oxidizability than Zn, in the coating
layer. If thes@patieshusbesiqR@sieabed Mscowt%hﬁﬁﬁdsm StofiRdivkl &
war ehouse for a long period of time in the formof coil or sheet, a
probl em ari s@gcmmam-laaSpéltltea@nelttﬂuaumol e of the coated surface will be

reduci ng. the (R0ATer ciaro s gioedin dhed BoBtact oy (P EeBREntd Fea hote

techni que - ﬂaznmls&ﬂo%%@temté%@%ﬁ&t EIQ@%UF?JHS éhBPH%Jazx{'%%nb 'E:Sﬁ%ng

amount of My in the coating layer, it also has a problemth

coat i ng | ayelayes fdrarcdemmed leasd ovansdacea for ek sheetparfdor sethcpdreairomt

whi ch accel erates orro red rust in the base materlal

under | yi ng t 83t tnh&l Sta%;g?rgﬂ%t%egiﬂmé RRPAE laYEc) dssarding to the
Pat ent DOCUMRRhn ROl bl ifPaitht DERLAYHIY

a Zn-Al - My- basegglgongogﬁl oln gont g&r%l{lng 1P S%ﬁgggggg?l gélq%%ﬁ?g Lhbt
However, in tiheZoadaloly c@aqmgtmnﬂraycwsmemm afasAbe: MINI 02 % Mg 013-em
ari ses that chem cal conversion treatnment reaction may result

i nsufficient Lt %05cﬂérﬁ @ad ﬂé%h%léw‘sq bring Za anddpaid %%ltlmwﬂtlﬁt ASon
f f f

Coat ng. Thyer i fRALE BairRif o ARERh ke HrdiEa SATRARIEL BRUR cchilfy

unstable. [ 0@@,&} Mact anve surfacm ttéaanbﬁodmmpwmoﬂl oatadsiag al partfall @nitanium-

Docunent 3, the coating Ia}/er is formed with a Zn- Al - My- based
conposi ti on EOMAHIRE AyIaRRs lignd, nigkel eqreprandyandior spbalf spmpeichi

Pt e S T R B i

ni ckel conmpobhdkenids @ésmammobta@wmatmdﬁmfo@asm opERiAaash @ff the coating
resi stance deteriagrates. Therefore, there remains an issue regarding
the diffil2ul cympasiEen whilpgnlsoeed toetvsy Brachieyed dun @eth&rﬁffe@r Qg‘lbénl ng
resi stance. t n t

probl ens in ?ﬁ‘gﬁg’? i%gétagiri?é 98188518%?% trh 8%’?@&&& a(lttl%g IdeZ e:a ethe
coated steel csftagt surfiat, sl t@xm&hﬁ@alhﬂgﬁ bbfr@&iiﬁ@pd%ﬁei ﬂ%loﬂe@é& ﬁi&d
corrosion resistance, and a nethod for manufacturing the sane MEANS
FOR SOLVI NG WMIEW[ @oliop fdmokicH se thifesuapdoecAIEnsia 158igtasps sct |

t he i nventor e present invention have nade various studies on
different fa {ors "hat affect bl ackeni ng 25resi stance and corrosion
resi stange OfPRIOR ART-DOPTUMENTSal | oy coated steel sheet. As a
result, the inventors have found that a coating |layer formed on the

surface of t RAIHNEDQREMENES provi ded with a Zn- Al - My- based
conposition ini in._an .ap anount, and then provi ded
with a surfai@ﬂ)ts ruc?%treglE Qﬁ%?lgelfal iFﬁ%*Zéﬁ)etry eutectic all oys exi st
in an anount of 1-50%)t Bobe@ané@tid: gp-Abenghygags30good chem cal
conversion treatnment coating filmmay be formed on a surface of the

coating | ayer havi ngPsigpePpewmenrtai ! Pvh2008201320 t he subsequent
chem cal ,con keni ng resi stance may be
i mproved $ §%@@%§§§§é@ﬁhﬁﬁﬁh&ﬁﬁggqéﬁﬁectiver suppressing the
occurrence OPRORBIKS TO BBNSOIoath MY THOINVERMeONand significantly
enhancing corrosion resistance in a formed portion. [0011] The

inventors of [RHY]pr eSlemtevenvienciated staslsha¢tgvantfacnred dismgfthe déchgiquaat

after formn oatin ayer with C osi t,jon

as descri bed%ésﬁgvgg ﬁ%ﬁ%?o‘f‘ﬁ? t gcogéalg#aﬂ%%@mf‘%@é[&iﬁn%ggg cs?lﬁ%t!tl ng
layer a Schephgiah a%?l’(&%%cﬂﬁa&h?y%ﬁﬁ 7, GP@EICOGkhg 1L ONF Bl Udated steel

nol ybdat e signifrcantly

30 sheet thus manufactured is stored in a warehouse for a long period of time in the

form of coil or sheet, a problem arises that a part or the whole of the coated
surface will be discolored to a blackish gray color (a blackening phenomenon),

reducing the commercial value of the product. In addition, since the technique



suppresses bl ackening in conbination with the conposition of the
coating |layer, and thus remarkably inpr oes bl ackeni ng resistance.
Based on these findings and further considerations, the present

i nvention hagifRRAJ AFBAEH b§&1ﬁﬂent-ﬁr@§nt£§s a iHge aMbLECIE Mgflf;i e &J‘aﬁhgg

(&
present invention is as 10follows: [1] ot-dip Zn-Al oy coat
st eel sheet é&xeelil el hana praddkmrihaighe esitstgdage iahdrdecoed asd causes a crack

resi stance conpr.ising: a hot-djip Zn-Al alloy coating. layer forned, on
at | east onelnglf?rgbeglgﬂﬁn?‘i‘rew}%‘tcbéweéﬁ@@ts;Cogﬁg‘og (Fﬁ‘ilé?’fg@é@%/}%?dﬁ\?%%ait‘?ﬂ?l
treat ment coahide.ifé ko ddak; ornmed as an upper |ayer on the

hot -di p Zn- Al a%éyécoa{#ﬁgg%gegyer, wherein the hot-dip Zn-Al all oy
coating |ayel0083 a ThepmbhiquerliwdesediinPagnt Doowasnt% mAlnly 3infks 4to
6.0 My: 0.2 to 1.0% 20Ni: 0,01 to . Q.10% and the_bal ance being. Zn
and i nci dent dPPIOYRE Plefleningrsistange tHEh ¢ 4Bt lnterbased compontion confaiming

structure copggy %%aﬁﬂgg‘%&w mh@%@éry %fﬂfeec%é &6¢ ?hhﬂ&%ahpsﬁt@en?g? rll-tMg{

1 to 50% by area rati o, erei n the chem cal *conver’sion treatne

coating fil mNiafi,aiprsblenl yrhdatieat cRahithl dheehddn tepmbnt Alacabh aayGeailed
steel sheet accqrding to item[1l] above, wherein the chem cal
conversi on t iksHthpRt te datm aghemical comteasian Hgatmany seeiing ks o asyEeragf

e g R S T e

resi stance amghdesy thesifest sfsipstanag hlddrenimgtupedbROconpri si ng:
imersing a steel sheet in a hot-dip Zn-A alloy nolten bath with a
conmposi tion ¢&MAi ni Mpreeveraigshedechniqug disslaeg ingatept Dogwnant@ygheni

Chen removi ngFAE: UG e fF ot AT BPeed iR Rios' BBbfibg Fhane.

steel sheet taditionaly awecidl furfdre treatifient obhtigd FilY i€ ARfleAAs |aﬁ¥19ﬁeﬂ@yé¥
surface of the steel sheet; and further subjecting the steel sheet to
cheni cal 12onvertBe erptingdayerdnimpes viedr sakanipigansistance orVersicsrastthe amosnt

coating film er |ayer.,on the,hot-dip.Zn-Al alloy coati.n
Caver | Swher a0hirfikel PREPowRiEo i fhhu it fflthssd oo SRt ey,
nol ten bath, deRiiogatés. COMtel&btd, figert bemiial afliRud Reghbdink liydifddi§nnbat h
at a tenperature within a range of 420 to 520C, and controlling the

steel sheet ®eehigeingher ewdosion raststanee adil plackemihg a¢diggnasol t en bat h at

a tenperature w,t.hi.n range .of 420 t.o 600C and e | to .or higher
Than The ¢ enpdl St e ar¢ PREH Jpeitignanion s e Rorran Gabh prioPad and
wherein the $¢ pRIviEERSt-dip ANAN aNlSYBYAEd EleeNiHebethBOk A bf]cfb irblaskdrPig
nol ten bath 10and subsequently cool ed at an average cooling rate

until 350C otedistenceGad/oomosion resiptascenfand aguethed frtrempdactiune thef sative

st eel sheet, i 1 cal version treatnent is
per f oi med usﬂ%%&%&\#@ﬁ%ﬁm?% ment |iquid containing
mol ybdate.  [daio] The TERILAAA (HOsbRUEEASHddr dU7et! ihe iR Rdntdts Bfé%‘;ﬁ"ese?&lt | oy

coated steel sheet 15according to item|[3] above, wherein the
cheni cal convevesiion hayemademaripusgiidehas dafepehtohctdrs thabafiEk BECKeORg

-rl)_gsEsil B’?/Ey{-’rg mﬁ%g@%%a@ﬁ%%gr%ls&)% r%&%st%gge 5f e %QE-dipn%I?-%lia?lg’y ciozgltegzl Steel sheet.
As a result, the inventors have found that a coating layer formed on the surface of
the steel sheet is provided with a Zn-Al-Mg-based composition containing Ni in
an appropriate amount, and then provided with a surface structure where Zn-Al-
Mg ternary eutectic alloys exist in an amount of 1-50% by area ratio, whereby a

30  good chemical conversion treatment coating film may be formed on a surface of
the coating layer having superior reactivity during the subsequent chemical

conversion treatment and blackening resistance may be improved in a steady

manner, while effectively suppressing the occurrence of cracks in the coating



hot-dip Zn-Al alloy coated steel sheet in an easy and i nexpensive way
t hat 20steadily exhibits excellent bl ackeri ng resistance, providing
industrially advant ageous effects. According to the present
invention, itayeadd &%mﬁ%ﬁtl?|eﬁh5&iﬂ?éﬂﬁ&%%e§is?anﬁ@iﬁ SRt oy
coated steel sheet that exhibits superior corrosion resistance after
form ng becal@¥1]by Vheimentfrs ofiffreqrestntomication have afo bhieinedat fimtjng

he. 25t 1 e of% A KA E A AR Y PREMsaRcToy Baheuibitoslion &
inhibited in ' : T NGS
10013] Fi G 10 o OB CoRe | Pt oF TRAORE Lot ur e

showi ng af exbkempical gorserdiacesthrent teatmgdiinacananinpgnbbpdateafgnaficantly
hot -di p Zn-Al 30al | Oélag at.ed. stee], sheet _according .to the present

i nvention; afdPREPEES CIHRE HheIHiEationRd Bh6omAgsitine o§ therepating layer,
di stribution - ' in the surface
structure of ai{? é@ggg@%ﬂ%{g} a@ﬁeé}egés(s l@g%llf‘egléﬂegg:e?%ﬁ{ag%ﬁ . - 7 - DETAILED
DESCRI PTI ON GfEsdd-m tHVENREONs (00 T Wer kohsidenatidns, Ahe pilek@it ig@atied hat eel
sheet of the_present invention (hereinafter, also referred to as "the
coat ed st eel b&Hbatcogmlished. prlwd i thegubiect sitter phthe pspseat invenden Hras
surface @f thejsteel sheet, a hot-dip Zn-A alloy coating |ayer
5containing in nass % A: 3.0to 6.0% M: 0.2 to 1.0% N: 0.01 to
0.1% and th¢lhahandd DeiAlqlldy canddistel sigset akcdlRptini Blh&@&nimn@sistance
further, as an upper |ayer thereon, a chem cal conversion treatnent
coating fil mAedReEPHITECHOIIASERMPIis|IED 2sPREdisEn-Alfdloyeaaing layey formed

limting the iti0 f S | .sheet, of, the present invention
w11 beexpl STyt Bbe bE e G st ofle LopcnluRiehF llon QSRR
3.0 to 6. 0% cbitiry filns ficthidr dbmed dshar Wighee Gt b thelyRLdip TnaR] AMBUating
|l ess than 3.0% a Fe-Al alloy layer is forned thick at an interface
bet ween dhe &¥8Hi ng | ayer and the base steel sheet, which results in
a deteriorati I: abi |t t he. other .hand, if Al is contained
" an amount "SR RS Ze XD, SRR rASE Comsbrfion i RRREH o1
Zn 15i s redueeds ¥and so are corrosion resistance and bl ackeni ng

resi stance. This also increases the formation of Zn-Al -M ternary
eutectic all éys3.0de$t@hi | i zes the chemical conversion treatmnment
properties angd .r c .he workability of the coating |ayer. Thus, Al
in the coatiﬁ%gﬁggﬁ%?ﬁgilinited within a range of 3.0 to 6.0%

preferabby 4N3: 0.01% 5%0920Hd016] <My: 0.2 to 1.0% My is contained in
the coating | ayer for inproved corrosion resistance. If My is

cont ai ned i ntheealenygtliomg Yayed inoydentaldmpuyritics,ess than 0.2% there is
| ess effect on _the. . nprovenent .of corrosion resistance

Al ter nat i vel /ST FS TUBE AT Raue S ol B LHE S INE Zact Y ity
the formati oBuRttiZAHMNs iNnt@AARE W 4b 80 By ARahiiD¥adi ncreases and
the workability of the coating |layer deteriorates. As such, My in the

coating | ayewhesein itld ehethivdltdenmeraiondngémoit ©ating Gilib.co%aipreblybditey
0.5 10, 0:8% OB, A R1.he, OIO0E ol s contal ned i coat
If N is contaieRgfl thdlcHhf cAQBhI AGidnaAY&mER RAtAFTBUAcoh838ing molybdate
has a coating weight per side of 0.05 to 1.5 g/m®.
[3] A method for manufacturing a hot-dip Zn-Al alloy coated steel sheet
excellent in blackening resistance and corrosion resistance, the method
30  comprising: immersing a steel sheet in a hot-dip Zn-Al alloy molten bath with a
composition containing in mass %: Al: 3 to 6%; Mg: 0.2 to 1.0%; Ni: 0.01
t00.10%, and the balance being Zn and incidental impurities; then removing the

steel sheet from the molten bath and cooling the steel sheet to form a hot-dip Zn-



than 0.01% there is |ess effect on the inprovenment of corrosion

resi stance and bl ackening resistance. Arfernatively, if N is
contained in | arge anobunts exceeding 0.10% a surface of the coating
ayer 1S excaysliyelyarfd lhyaldif dithce ofthe StBEGHRES ffP i1tk SEERLER) fhel O
corrosion, and furtherrore, white rust 1s nore kely to occur 1h th
early stage. stEblusheetNo cherntida comarsing tleayneent it fd:mma themiohl :tnmeancrrange
of 0.01 to 0,10% The bal ance other than thﬁ?ﬁbo e- defs‘*iﬁhbed

conponent s i HEMFES COHIENATEINER HRRRE AFYF RPURS PPedip AR-ASRURY BoswerdayEe
that the inp J i .

o N N st g GG imroed in thénddip M AT G1os ol batiy while
to 0. 01%5 r espeedllingkhe hc[tQﬁﬁ.%AdUmllG}OﬂﬂaItblybatﬂlhﬁ ade@pémagire aydin a range of
foiflied on the surface of the coated steel sheet of the ﬁres,ent

i nvention ha82¢ HeSHbhby and ertroliag thortpelshestda badmparsediin e hofedip Zn-Al
structure co | . t
o 5006 by B8 Mol SN ELARE YviBih Eitahec 8 U3, oo EA o 8

coating | ayehightr trhe thoamngratacdf thbast-df Zi-Ae aflogsedienivavgnt i on has
a surface structure where Zn-Al -Mj ternary eutectic alloys are

exposed 1 t o“@@%l%@eafi‘t%% shegtiipthsn fPfﬁl@V%derf’ﬁ’C@e Ipfréinéedd r@&l§y molten bath
(exposure) of gsa}s%gu ]Ty (-to'gl)?eq{ 2 IID%VEI L 40 11(1#‘{5&% url}‘g]h'atfv%t’e%rf% t%UItO%G&}s%C

al | oys on t he™sd e coat i'ng rayer € coating laye

to combi ne cof fepsk 0P akeshed @AGRraviteHWRE k@bl dhiebty and 0019] That i s, If
Zn-Al -My ternary eutectic alloys exist in an ampunt |ess than 1% by
area ratio i whefen §U3r(ﬂ@@‘eC@fCOﬂh@S@@étqaﬁgelﬁayéﬁrfoﬁh@@lﬁl&a cheygicak f ect
on the inprovenent. of ngigon [eS i.stanc § ernatively, if

Zn-Al - My ter ﬁ%‘?verilﬁ%tregﬁe Fi% 3%%“&“‘? “anount exceedi ng 50%

by area rati P4]|Thetﬁl@th@‘drff)ﬂﬁﬁnuﬂabﬂu%n%etﬁélhétsdﬂprZr[ -aduned céRa€ btevl dhgetof
chem cal conversion treatnment for the surface of the coating |ayer,

nmor e di f 5 cuke¢agdingrio dismailniahgvea vdworin ¢heeh asaitalcomy ersingreatment lratid
coating fil andgggzéfqae bl ackeni ng resi stance, and furthernore,
t he surface g |l ayer becones excessively hard and

t her ef or e noEpgr2ogusterHE DN ENorieracks during formng. Thus, Zn-A -M
ternary eutectic alloys in the surface structure of the coating |ayer

are linited WeIRNn aAcesrgengto the presBOnypntife fabpyssdble ¢o mwfabylraaea
ratio. [OOZOIf sgﬁul ent gtﬁﬂt an. ar ea rati,o of Zn-

ternary eute -gip 41 OHCP?‘FS § ?%H:eé B]fanc‘?PéY@BQt“i“ﬁ‘@eﬁl% %Y"‘W at

pr ef er abby d@ie@anq(] eﬂ%hy ex&@1@nt b13ORRSEY x‘é'sﬁ&mﬁ:@%révirdﬂ@gcﬁd%tnﬁﬂ?

coating layer with a scanning electron mcroscope (negnified about
1000x), i magiadpitigeovsefiace. sAcumtlinggodhe pmelttoatf¢m1g>nl Ayealsd possiklone

field f vi om nd t f
el d of vi eRieRTGRY a P Pt isoocatd g Shr bR e onetiesent
I nventi on, a'&orroagn re@é’thﬁé&r@&a‘r Gorag b@éaursg%ﬁ@l@@ero@tlﬁlgﬁ)vg@wrﬁﬁﬂhiy%f

t hese fi eI ds of viewis considered as an aréa ratio o
ternary eut ec¢hé coatingdyweri eracksearc patvientpd! fayre occlri@g id thd ¢amngé13@s ahthe

CHeTP! 4B R AU AL o e RelLIR LoteL o e ensted steel
eutectic manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a scanning electron microscope image of the structure

showing an exemplary surface structure of a coating layer of a hot-dip Zn-Al

30 alloy coated steel sheet according to the present invention; and
FIG. 2 is an analyzed image showing the surface distribution of Zn-
Al-Mg ternary eutectic alloys in the surface structure of the coating layer as

depicted in F1G. 1.



5all oys. Then, FIG 2 is an anal yzed image showi ng a result of

anal yzing the surface of the coating |ayeér showmn in FIG 1 for My
using EPMA as a surface distribution condition of the Zn-A -M
ternary eut e@iﬂﬂz@é@b@sdy@?@omﬁ THEGQVERRION S diagram an area
ratio of the Zn-Al-Mj ternary eutectic alloys in the surface may al so
be cal cul at eél]ﬂiyﬂa nﬁii’nﬂcﬁuﬁﬁm -&baller ¢catg sttém shtmgﬁ thop@sdit ackentioand
white i mage and ca%culﬁtlnlg e are ratl mthe rhestogram Bl.ack
areas are Zn [le AR IGCRIFH 4R @5 cf ICPBS‘? Stef 8ieet Phiherueeghinygnieny

sheet of theyp f
all oy coating {S)%S‘Etleajsp&gégédég‘{t&gro?ﬁtﬁﬁﬁéﬂggg%? gmd ZII% g?aggyg\!%at%%ﬁr
and is pregf ecaﬂnhyungautmam%nmessam 6100%; Ia[lgo(m tBCl 0%; RQ0.¢1 n20.ped:; and
side. If 15the coatlng wej ght of the coating layer is 30 g/ n2 or

hi gher, ther &5fal ﬁnq%dvtemfez% aﬂ‘éél@l‘iﬁm%iﬂm@léﬁ@% aiﬂﬁ fﬂ%’éereé%%n wgpqréw
and the desi 0 r
hand, if thehgeggoﬁll ngc?l\%g? 168&"&%@8%‘%}1 %éﬁt%g?&g%,ﬁlr?ﬁg?tg%é Pl%n‘%t geé an
excess of thij@kisgss Fﬂsﬂﬁﬁ:@:@ﬁiﬂsffgrhﬁmﬁ{g tacotipositioatofige $taylaheyd dfithe
not cone off 20100221In the coated steel sheet of the present
invention, pPEFFRdaYeicanvilbprexnlaped. oMash lﬁétmﬁlliyﬁloﬁfl&ﬂ YoNrgreinafesy-
coating I“?ye 1536t8%ed9§al conversion treatnent coating film

cont ai ni hg no ybdate fe chenical conversion treatnment coating film

which is formedl RScoatuitfiPRltht dY&ingdlayéhia Haaidung 1ds8YiRim R0%, Tt Al disoy
nmol ybdat e, inproves bl ackeni ng resistance and corrosion resi st ance

25wi th a conlaveats Amed thipk gt apinjerdkaedeiwesn @ﬁﬁmﬁn@aﬁf@rr&i@r%le dassetieslc

i mitoa and SRR BASUE by Boic Gl MRt e "ou T bl e s

during chem @aﬂxtaﬁféﬂ\lﬁiﬁﬁ iaflduht fRkaBAL.6.05% a8 & Bial H8i-6Rk-yREaE BediRY Zn
include a salt of ammoni um sodium and so on. Wthout limtation, the

nmol ybdat @5i s ispdaerdagedss bie eurmsaimesisiance hed bliekiniag ratcaseer Shisralso

treatnment coating filmin an appunt thin a ra %
1ol ybdenuni<edaey tiedihafih ShEt Ve el el Rl fs cidiblids g
corrosion r e%h&ﬁﬂﬁp&mv[e%?&{ilrlaﬂnﬁeﬂdBidp@ﬂletscanti hedurel YRORb&ab ¢ of the
chem cal conversion treatnent - coating filmmay further
contain a chp@aﬁrm lawld Thuphdk phthe eoatinglaybuisriniéedowithal 2 rapge 3f 3.020,
V, M, N, I|k lane conmpound, a netal chelator, an
aqueous resfzﬁ (9/2’1 goq fas%ér{aas a silica sol, and so on.

Mor eover zga q@@t@]ng wgf@‘tz Rer.osi>de of the chem cal conversion
treatnment coating 5filmmy be determ ned appropriately depending on
t he appli cat Mgis qm@alm@i mgthe lgastimplaybi for tmgravesd corroSiogredstancenpdeMg is
wher e blackenln t ance. and corrosion si st anc i, 11 not

deter i or at e; ANAnFIg S EaBPEIRuE 1n aR AreUrhie s hn i s et g Sfferta
formed will @l%mh;ﬁ@(r&ﬁ&ﬁ @%@nm@ﬁfraﬁétuﬁwg A8shatiely, iPRig ﬂsr&%hﬁ‘aﬁ% in
significantly. As such, it is preferable that a coating wei ght per

si de of the l0ghemiooals ee;ocndem@@%,ttheéamnpn@éimmlgl\/fg {emary e@teOBc t o
1.5 g/n2, _The preferred, met nuf ring,the coate el
sheet. of 28 he APECERSr e AT B R AR e B8 Eratie e BRI §g0a) A Rk
exanpl e, usi Rgg GOMMeIBHGYS 146t lsCiErﬁltg(Pw%iﬁ@F‘dr@erbg 0P RAU64, Bﬂsferabiyo 3 to
facilities, the steel sheet as the base platé is imersed in a

hot - di p Zn- Al0.8kl oy 15 nolten bath and then renoved therefrom and

cooled to for hot -dj. p oy coating |layer on a surface of

the steel é@ﬁlThe gllt"e%ﬁl §‘P19€® tsed as the base plate has no
ticul I

2] et onapph ik PAEERSE U RE 00 ARSI Qo RSB

sel ect ed appropri at st ee eets and
col d-r ol bed bl&kbmsgeeilﬂanimpeﬂﬂl\fmgs amtdihed aphkicoatinghyer in an amount less

than 0.01%, there is less effect on the improvement of corrosion resistance and
blackening resistance. Alternatively, if Ni is contained in large amounts

exceeding 0.10%, a surface of the coating layer is excessively activated and



20[ 0025] Firstly, the steel sheet as the base plate is heated to a
desired heating tenperature using, for eﬁarrpl e, continuous hot-dip
gal vani zing production facilities. The heating tenperature may be

det erm ned appédRdy @bR! NisERBNHNGDrRAidn 8nd FElerDBRE WwilRGHst iWhidrout
limtation, according to the present invention, the tenperature of
the steel shétly(tsheetr inehpeardy stagy. shious, i re theomwiatiop ladr fsdlimited within
25desi red terrperatcﬁre ﬁheg épe steel sheet is imersed in a nolten
bath, at |eadtaficH 48510 % 10ésired tenperature of the steel sheet
(sheet tenpe S - i i LRg the
steel sheet Fﬁggﬁﬁ%ﬁgﬁe g}a?.qﬁgﬁg%‘}zeg?%gggé% %@ﬁpéﬁeggstﬁ%%gte ﬁts‘i g@a

pr edet er n§ nedhdidapariatpuricies.s It sherid dd noredathhiothe dinpudtiestinchlde®y, @mlTien
bath maintained with_a éredeterm' ned conposition 30and at a

predet er mi ned’>5dt M Efplepat tr¥: ZHHE-AYE. #dsozefl Aackhpf wichgnaehe bat h

in which the Syl o/h - osition containing in
mass % Al : §§I§t§%§%§1@%tm{5ﬁ3{tg 1§'§§;)A’E€S.pg6t. O!F'to 0.10% and the
bal ance bei ng08] and Aidaitlcdh@iy athe icomtitid IalyeSforied @ddhé swfhcetdighe eadtéen

bath is to be at a bath tenperature of 420C to 520C, If the nolten
bath is at aStgt¥heeepi'be arereat Happpubmahe ehevadiscahchaempomtjopas well

artially,solidifi] i t I r. Ly |

G sabi 1 nd" 5 5 Slreb Bt B6faleGe 2R MESREIED UiRel IR TR mculior 1 o
the nol ten baoh lbﬁa@hrﬁi&irgﬁheihﬁﬁaﬁdiﬂﬂlérc@at@ig)l\égeﬁZOC, the nolten bath
is significantly oxidized and nore dross will be generated. Thus, the
nol t en bat h ildieiceatieg kyenoithe wortedptachshnetof theipresgnhinventombasahys fase

420C to 520C_, Furt he it i ref er abl hat, the nolte tho S.at_a
bath t emper atlraut Phore Zr-pINDE RoFgRutectiC Aot SeaBabin. Rt baed

the tenperat wite of it berfedecelTheRedentO(d3PobUTERS 5L BrddbtctMfed ARIheBf Zn-
bath (sheet tenperature) is controlled within a range of 420 to 600C

and equal5t o AdrMEiteRary siediic ey anhihe syrroeaf ghecetingHayarsllows that h.

| f the sheet Lgmerat ure Ofbit he0 st eel _sheet i nH)gr sg{% i§ bel ow 420C or
bel ow the bat Rt BBarap PR Rade ihbre e 3Rl y decr cases.
Consequent |y i[0(_11@6]? Vi gagsik! i L AL-NE: Ph4roRuRALID al1PGd £AKER adNGhAML less
operational failure will occur. On 15the other hand, if the sheet

t enper at ur e itRanabe\by aerEiotindhdsurfaceatpls eqating lagyadibatd i ledssékschonithe

the fixation.of galvapizing deteriorates,, Thu th e at ur e of

the stoal ShiBPrOVEmEar pEaBiali sPES mofLEMATUE FATCAr HaIBRTE: ur e)
is limtegd webfichic allsA@8stah at26hduat @%&ﬁg@o%ﬂ?!aréa(}aﬁé iRt daRks
the bath tenperature of the nolten bath. 20According to the present

i nvention, t hesulibovecdyeed raabdityrof cleamibalt doniversgonireatimeridfoatheasuptich of
tenperature within the above- ti,oned r.ange, and e t.enperature of
the st el shelt CehmEdSiiap Sl T Ren B B et SRkt CaRparatur e)
s al S0 cont fkincht Whidtigtian @AM AbIAZACK S EPRGstARE, A fLNBEMRIIE, the
the tenperature of the steel sheet to be imersed in the nolten bath

(sheet t enpesuatfaves)f the coBounlayel besdmse exbrasiviely iagd endidier¢foreomotd gher
than the_path te rature. of the _.nol.ten th,_ Thjs, causes dj ffusion .
of a1 | oy 281 e ARIFEERELE T FACKE ERTEE STBHD et @nl Vi SR ol a1oYS in
surface of the airfRL s&h&Gle oMMk cBafiRE bt %Q%iké@wftﬁfn@ltahgg 0Pl t850%,
Ni concentrated | ayer at an interface bétween the coating ayer and

t he steel sheetfefabhst tphdieby atda ratibél aw reachi ng the base plate

N < concent r a8l ay oft PR b&rd it gt s aiin of e A bME A EFEECHe
to formng, GALLORI BP shSLSIBNE BoifYe BLd i pPSFeBIPEALAGHed by, e.g.,
30  observing the surface of the coating layer with a scanning electron microscope
(magnified about 1000x), imaging the surface structure of the coating layer from
some fields of view randomly, and calculating the area ratio for each field of

view (image) using image processing software. In the present invention, an



[ 0028] The steel sheet immersed in the nolten bath is then renoved
fromthe nolten bath and cool ed. This cogring after the renoval is
performed at an - 12 - average cooling rate until 350C of 1 to

100C sec in LafiBetf mearSef tho Geea QDS bBaiHA iffthdsBFiehdses visheetonstderdde
average cooling rate until 350C is below 1C/ sec, it takes longer to
cool and t huss prethactiiyiof ¥nedel kg termare suteine alheysantes cordimg, laydr. t FEG. 1

steel sheet is rapidly cooled at. an avera cool i.ng.rate_.agbove
51000 sec,  ZATAIAHS PRI E SUERT HrUAHEYE R CuiRE [P6T Of et tedo,
of the surfaggedd¥sf MLttt ienhBh ChsiRAH Q:?}%tatilg'ﬁrer EAQINL ttéfnﬁ’l{y eutectic

chem cal conversion treatnent and the workability of the coating
| ayer. As5sualpys hellemooFiGhg? saneanahized imegostiowgng heesteal ansheeatg fhieom

the nolten bath is |jmted within a ra f.1 to 100(] sec,
preferably 2 SP%a%tétE%&9”81%“3&@8&@&*%&3&- 3%@%@%&%@8 pwdpce
sheet havi ng t1ng: ned reaf is:

Suby ect ot o AR AR O R M iy B B B b iy fid ke
conver si on t medysneiageant amgreh irhtio oBthe AL MS teamary @pectik ajleys mrthe he

coating |layer. The chem cal conversion treatnment liquid used in the
cheni cal convBiasegRay slsp bgiasmtatet by e disibod Bricnavertivg i imagedae beck s

such a | Lgui P b j t SOl ven

25 vt er "ond 5y SpbeifoBP ARl BEEuHp EU O ERIORERNFe bkl BjSHER,
noted that the ZhettiMaltermenvartsitanliaygat ment |iquid may contain, in
addition to nolybdate, any one, two, or nore of: a chromc acid, a
phosphate, a I@Qﬁdr i d&n the cpatedaicel gheayrf thg preggyt rvepiian, g qating veaght off
Ti, Zr, V, i r [ iq - t

chel at or, ag@%%%%éggwggngCgﬁ%%%%&gﬁwﬁgbég?ﬁgﬁ%ﬁ%g§8§&§P$?32§§§F?S
[0030] I n addiusi#inand it préferabhgbiuc abt waayarisy, abott FpfomOm g/hi” i sidbasifa
pH of 2 or higher, it has suitable solubility in the surface of the
coating MAyerheerptingsrraghtod|the sepravedrpe 18 P8 &1 we At highak thrge Milll mof ke a
formed norma VY . . i i i)y n [

rosi st ance, Gk RS i BRSeipE s iR iR ARl EhtoARS - EHERR Rl be
the stabilit yetafnetiheOphBebt@l head) LS coatitg ealdhend 300 gui’thr\ds| theed will
deteriorate and adhesion ability and corrosion resistance will not be
reduced. Thu&ot be ap exgesepbihagingss iahe chatinghianpicand the soeting leser will not

t r eat ment Iiggh%(ﬁ§ adjusted to a pHof 2 to 6, nore preferably 4 to
5. 30The above-descri bed chem cal conversion treatnent liquid is
applied to theogrf apethefcoattd CQAEha off #yeefreddnt MOVt ROPIREA LY BR upper
heated preferably to 60 to 120C as the tenperature of the steel
sheet, and t hefer @niteahetodip fooil-Me ahey seatingdeyargs f shemirat peresaen

conversion treat nent coatj filmas a er l.ayer on.the - 13 -
coat tng | ayer RTRGAITTY P sbhing mERBRe c AtsHendth s v odee any
conti nuous pPrRESEItRGatie! ARA, whidh i firR@drael:h u(pgartliay&mﬁﬂh@%ﬁﬁﬂg iapeer

and dip gas wiping, all of which are comonly-known application
met hods. | n addiconteins melgbdaty, improeasHdeckeningappbipnemyndo¢orspshut resistance

oven, electrically heated oven an i nd i 0 atin a%l.of whi ¢
o o corman v ERbtRoHERh B oY Bl G e Felraty shissr St o 1
(sheet thi ckRep&fd He-mdtddMhaOB1AINEE D noVattidtady BildaRd RhftR3ybdate
Each of the base plates was heated to a tenperature of the
may be used that can be dissolved state during chemical conversion treatment.
Examples of the molybdate may include a salt of ammonium, sodium and so on.
Without limitation, the molybdate is advantageously contained in the chemical
30  conversion treatment coating film in an amount within a range 0of 0.3 to 3 mass %
in molybdenum equivalent, in the light of blackening resistance and corrosion

resistance.

[0023] In addition to the molybdate, the chemical conversion treatment



10steel sheet (sheet tenperatures) at the tine of inmersion as shown
in Table 1, then inmrersed in a hot-dip“ZH]-Al all oy nolten bath having
the conposition and bath tenperature as shown in Table 1, renoved
from the batBoang ©aPhRY thehdUomtan Behrdhit £0t, Al ph%lsﬂaﬁ%)(e §PRNLRL ¢ BY &1t
havi ng the conposition and coating weight as showmn in Table 2 on a
surface of the&ThaseVpMat,&Ni, Opan thelbyal silbhe eamhotiak @ M&pl ciedgtor, he
base plate was cool ed at an_ av c00] | n%BLat until 350C as shown

: r age
Tn Tablo 1. [OREEST TRER ANPRIRI CHFD Eonoiuice Feh abd safRent 11 qui d
(liquid temp : gﬁd@n- ; [ ' : f
t he coating Fg/}éweg?fat e \é\gﬂfgtﬁﬁ% Sg&oéa%)ﬁétgé giti%néﬁggﬁdeﬂgtg,r&%u S@g‘fﬁ%ﬁt{‘: ;ﬁg
dried in & hfilmanay ovésteatin2? @apropriate] wéepmndimg dlhedpphieatioaubichati vgl
to chem cal conversion treatnment, to forma chem cal canversion .
treatment codb’ Ry limited fon 04 HppoeamBe. Bheye Plapkening reHganes e Gpstasipn

that the Chepés?%%nc%%};lg{ aitdgf%rito!%a‘%&teﬂ‘r?j”f.s lgi(]rgubldl%sy%rg\ﬁ{e PR P EG, Y

addi ng any one no zirconate titanate to the solvent
(water) in afilagterniedofilllibtingsadddnd mmagadtating coa vl oo ilvawsset he pH
as shown in Table 1. 25[0033] Each of the resulting hot-dip_Zn-A

al | oy coat edSgndantleefs siels it ispgefepide haba cpafing weight perctidg ef &e a

Cost ot Roa ot b AR UM AR SO B EPLR T e

structure of Thufageferadd hbfod dat magutheyieing the tRséd SPEGhBRILITtRE present
structural observation was coll ected fromeach of the 30resulting
hot - di p Zn- Alnvgnfipy wib besgsaited beddiget s, and was observed for the

structure of rfa f the coating. |ayer usi a.scannin | ectron
o e oscone (ARt 288 BlortdIS AR Lo BXER o Bk U B RSRARE DRLELRED

anal yze the sayifiaee tef stédl@heak itgbdsayeite ioimYbrsadth & Ret-di@SAi-ag allby
anal ysis were subjected to inage - 14 - analysis, where the imge

was convépt esnaligndap anckthan dempy edethierpdigen aied eenled fafoem hbotadiprdl i o
of Zn-Al-My t rpary. eut ect inc aIrI é)éésof{LQ N hSil hti stogram Then, each of
the resul ti n& ROt UNE 20A aaF‘fcf)y cgé e lt & sheets was subj ect ed

to a bl ackenimhg ste@$ blfdeB ISR ds@Ré bhse MA¥RIHASNS pattSculraGkRaidibon its type and
resi stance. The test 5nethod is as follows: [0034](2) Bl ackening

resi stance t&smppsitientangrocpaehe ¢¢leeted pppiverialy fosowalknogs hot-rolled
collected fraq ch, of the.r | ting, hot-dip.Zn-Al .allo oat ed st eel
Sheets, and NH Qi) eafedd bR e Yl anart o gulledias hel a
in a congpanfodFyPer girle 1A dteBLdHeEl dtht dhke FhtedshemRekath dedrekOfati80C
and a relative humdity of 95%for 24 hours. Then, lum nosity L of

t he surface d&fmperaturessinggiot cxamplgaconimasus bet-diefeshaniaiee pfodeetiehe
test and a difference. AL of lum nosity L eternmi ned to, eval uat
bl ackom ng. « eaBhECaHemsRling Fum ke e Y Rse Rty PRt Gty e e
eval uation cioh!tRé kel shek@elRd3: WAkhdu$ lighiRkioh R ofdthd b thetréRnt invention,

bl ackeni ng) 15- Grade 2: AL is greater than 8 but Tess than 15 (with
some bl ackenithglemp@raidree of:th@steplsshest (sheardespéraiure) shioglsi id canttolled to a

bl ackening) In .addition, each of the resulting hot-di n-Al_.all.o
coat ed stdel 9BHEE EpREuthTir ba e SRebiioereed ool Sodik b og B
af ter form ngucyhar 8R¥sited RHFBARRII AN MBS heUAL AL 8nf@htutd)Tan be
corrosion resistance. The test nethod is as follows:

accomplished at the time of immersing the steel sheet in a molten bath.

[0026] The steel sheet heated to a predetermined temperature is immersed in

a hot-dip Zn-Al alloy molten bath maintained with a predetermined composition

30 and at a predetermined bath temperature.
The hot-dip Zn-Al alloy molten bath in which the steel sheet is immersed has a
composition containing in mass %: Al: 3 to 6%; Mg: 0.2 to 1.0%; Ni: 0.01 to

0.10%; and the balance being Zn and incidental impurities. In addition, the



20[ 0035] (3) Corrosion resistance test of_ fornmed portion A bend test
speci men was collected fromeach of the Pesul ti ng hot-dip Zn-Al alloy
coated steel sheets, and was subjected to 180 bendi ng (inner radius:

1.6 mR) in aARhIANCR tWibkht d batiGedPtratdleatdane: té 9o @edrine Aofad bath
spray test under JIS Z 2371 standard. Salt spray conditions were as

fol | ows: 25 is dtiachatll teppagock below 42086, teswdltan mth ofaydedianhalibhs didiGed
- tenperature:; 35C, test tinme: 2000 h After the .test, sur.face of
Che t ot spesiibAT R LT aBE Sid temeele bylsoling pusrd gl o
determ ne a Lelahiufls REELE CORSHE BlHe? iR, §RtHAhbRdn BMh L4 AChigh
30processi ng,” whereby a formed portion was evaluated for its

corr osi on5 r esirspeaatues atewal X28f C pthewas tamdeheh ras gl fioantt shexiflodeti and mgpre
evaluation criterig:. Guade 3: no red ruyst ade 2: red rust
occurred, redrasstilieamPeide dsohEaaltn badh B Okt s empsratute
G ade 1: redyg ANy o egrr t:l. Q. d n
50% The obt alhﬁ%tdr\g%% tasﬁgg%ggﬁ%%%n a Ie?gﬁﬁe{’ ﬁ-lb ?Eéf?ra eﬁ%ﬂl}g

Present | nvenidlen batleseaint battvenigecatufereidkeinta dangeof 45hto FHEEent
| nvention Present |Invention Present |Invention Present |nvention

Conpar ati ve B e Ietditipntth eenpaanyreoichssicchelisss iakaipmersed in the

10  molten bath (sheet temperature) is controlled within a range of 420 to 600°C and
equal to or higher than the bath temperature of the molten bath. If the sheet
temperature of the steel sheet immersed is below 420°C or below the bath
temperature, the bath temperature gradually decreases. Consequently, the
viscosity of the molten bath increases and an operational failure will occur. On

15  the other hand, if the sheet temperature is above 600°C, the bath temperature
gradually rises and the fixation of galvanizing deteriorates. Thus, the
temperature of the steel sheet to be immersed in the molten bath (sheet
temperature) is limited within a range of 420 to 600°C and equal to or higher
than the bath temperature of the molten bath.

20  According to the present invention, the above-described molten bath is controlled
at a bath temperature within the above-mentioned range, and the temperature of
the steel sheet to be immersed in the molten bath (sheet temperature) is also
controlled within a range of 420 to 600°C, and furthermore, the temperature of
the steel sheet to be immersed in the molten bath (sheet temperature) is

25  controlled so that it is equal to or higher than the bath temperature of the molten
bath. This causes diffusion of alloy elements at an interface between the molten
bath and a surface of the steel sheet, which facilitates the formation of a Ni-
concentrated layer at an interface between the coating layer and the steel sheet
(base plate). If a flaw reaching the base plate occurs in the coating layer due to

30 the formation of a Ni-concentrated layer or if a crack occurs in the coating layer
due to forming, corrosion resistance may still be maintained.

[0028] The steel sheet immersed in the molten bath is then removed from the

molten bath and cooled. This cooling after the removal is performed at an



Conpar ati ve Exanpl e Conparative Exanpl e _ Conparative Exanpl e
Conpar ative Exanple p,,,0 0"' enal i..wl%-¢c7; "3 00 -2 .4- 0.. z O

0.4 G ade

10

i5

20

25

30

average cooling rate until 350°C of 1 to 100°C/sec in terms of a surface
temperature of the steel sheet. If the average cooling rate until 350°C is below
1°C/sec, 1t takes longer to cool and thus productivity deteriorates. On the other
hand, if the steel sheet is rapidly cooled at an average cooling rate above
100°C/sec, Zn-Al-Mg ternary eutectic alloys account for more than 50% of the
surface by area ratio, which reduces the reactivity of chemical conversion
treatment and the workability of the coating layer. As such, the cooling rate
after removing the steel sheet from the molten bath is limited within a range of 1
to 100°C/sec, preferably 2 to 70°C/sec, on average until 350°C.

[0029] The steel sheet having the coating layer formed on the surface thereof
is then subjected to chemical conversion treatment, whereby a chemical
conversion treatment coating film is formed as an upper layer on the coating
layer.

The chemical conversion treatment liquid used in the chemical conversion
treatment according to the present invention is such a liquid that is obtained by
adding molybdate to a solvent such as water and preferably adjusted to a pH of 2
to 6. It should be noted that the chemical conversion treatment liquid may
contain, in addition to molybdate, any one, two, or more of: a chromic acid, a
phosphate, a fluoride of Ti, Zr, V, Mn, Ni, Co or the like, a salt of Ti, Zr, V, Mn,
Ni, Co or the like, a silane compound, a metal chelator, an aqueous resin and an
oxide sol such as a silica sol.

[0030] In addition, if the chemical conversion treatment liquid has a pH of 2
or higher, it has suitable solubility in the surface of the coating layer and a
chemical conversion treatment coating film is formed normally, without loss of
fixation ability and corrosion resistance. On the other hand, if the liquid has a
pH of 6 or lower, the stability of the chemical conversion treatment liquid will
not deteriorate and adhesion ability and corrosion resistance will not be reduced.
Thus, it is preferable that the chemical conversion treatment liquid is adjusted to
a pH of 2 to 6, more preferably 4 to 5.

The above-described chemical conversion treatment liquid is applied to the
surface of the coating layer at normal temperature, heated preferably to 60 to
120°C as the temperature of the steel sheet, and then dried to vaporize the solvent

to form a chemical conversion treatment coating film as an upper layer on the
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coating layer. Without limitation, the application method may use any
continuous processing method, including roll coating, shower wringer and dip

gas wiping, all of which are commonly-known application methods. In addition,
the drying method may apply any of a hot air oven, electrically heated oven and

induction heating, all of which are commonly-known methods.

EXAMPLES

[0031] Cold-rolled steel sheets (sheet thickness: 0.8 mm, non-annealed) were
used as base plates. Each of the base plates was heated to a temperature of the
steel sheet (sheet temperatures) at the time of immersion as shown in Table 1,
then immersed in a hot-dip Zn-Al alloy molten bath having the composition and
bath temperature as shown in Table 1, removed from the bath and cooled to form
a hot-dip Zn-Al alloy coating layer having the composition and coating weight as
shown in Table 2 on a surface of the base plate. Upon removal of each base
plate, the base plate was cooled at an average cooling rate until 350°C as shown
in Table 1.

{0032] Then, a chemical conversion treatment liquid (liquid temperature:
25°C) was applied by roll coating to a surface of the coating layer of the resulting
coated steel sheet, subsequently dried in a hot air oven at 220°C for 3 seconds,
and then subjected to chemical conversion treatment to form a chemical
conversion treatment coating film in an amount of 0.6 g/m?. It should be noted
that the chemical conversion treatment liquids used were obtained by adding any
one of molybdate, zirconate and titanate to the solvent (water) in an amount of 10
mass % in mass ratio so as to have the pH as shown in Table 1.

[0033] Each of the resulting hot-dip Zn-Al alloy coated steel sheets was first
observed for the structure of a surface of the coating layer and subjected to a
corrosion test. The test method will be described below.

(1) Observation {or the structure of surfaces of the coating layers

A test specimen for structural observation was collected from each of the
resulting hot-dip Zn-Al alloy coated steel sheets, and was observed for the
structure of a surface of the coating layer using a scanning electron microscope
(magnified about 1000x). In addition, EPMA was used to analyze the surface of

the coating layer for Mg and the results of analysis were subjected to image
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analysis, where the image was converted to a black and white image to calculate
the area ratio of Zn-Al-Mg ternary eutectic alloys from the histogram.

Then, each of the resulting hot-dip Zn-Al alloy coated steel sheets was subjected
to a blackening resistance test to evaluate its blackening resistance. The test
method is as follows:

[0634] (2) Blackening resistance test

A test specimen (flat plate: 50 x 50 mm) was collected from each of the resulting
hot-dip Zn-Al alloy coated steel sheets, and was subjected to a test where the test
specimen was held in a constant temperature and humidity tank at a temperature
of 80°C and a relative humidity of 95% for 24 hours. Then, luminosity L of the
surface of the test specimen was measured before and after the test and a
difference AL of luminosity L was determined to evaluate blackening resistance.
Evaluation was made based on the following evaluation criteria;

— Grade 3: AL is 8 or less (with little blackening)

— Grade 2: AL is greater than 8 but less than 15 (with some blackening)

— Grade 1: AL is 15 or more (with significant blackening)

In addition, each of the resulting hot-dip Zn-Al alloy coated steel sheets was
subjected to a corrosion resistance test after forming, whereby a formed portion
was evaluated for its corrosion resistance. The test method is as follows:
[0035] (3) Corrosion resistance test of formed portion

A bend test specimen was collected from each of the resulting hot-dip Zn-Al
alloy coated steel sheets, and was subjected to 180° bending (inner radius: 1.6
mmR) in accordance with JIS G 3317 standard, followed by a salt spray test
under JIS Z 2371 standard. Salt spray conditions were as follows:

— liquid sprayed: a 5 mass % solution of sodium chloride

- temperature: 35°C

— test time: 2000 h

After the test, a surface of the test specimen was observed and imaged by a
digital camera to determine a red rust occurrence ratio {area ratio) by image
processing, whereby a formed portion was evaluated for its corrosion resistance.
Evaluation was made based on the following evaluation criteria:

— Grade 3: no red rust

— Grade 2: red rust occurred, red rust occurrence ratio is not more than 50%
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The obtained results are shown in Table 2.
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[0038] Each Example of the present invention represents a hot-dip Zn-Al
alloy coated steel sheet that possesses superior blackening resistance as well as
superior corrosion resistance in formed portions. In contrast, Comparative
Examples outside the scope of the present invention are inferior in one or both of

5 blackening resistance and corrosion resistance in formed portions.



S §9 80
100381Each Exanpl e of the present invent

Zn- Al

10

15

20

25

30

9

S S ci .- iq | 9LJrGOliillEI171-18-
oh represents a hot-dip

CLAIMS

1. Ahot-dip Zn-Al alloy coated steel sheet comprising: a hot-dip Zn-Al
alloy coating layer formed on at least one surface of the steel sheet; and further a
chemical conversion treatment coating film formed as an upper layer on the hot-
dip Zn-Al alloy coating layer,

wherein the hot-dip Zn-Al alloy coating layer has a composition containing
in mass %:

Al: 3.0 to 6.0%;

Mg: 0.2 to 1.0%;

Ni: 0.01 to 0.10%; and

the balance being Zn and incidental impurities,

wherein the coating layer has a surface structure containing a ternary
eutectic of Zn-Al-Mg in an amount of 1 to 50% in area ratio, and

wherein the chemical conversion treatment coating film contains molybdate.

2. The hot-dip Zn-Al alloy coated steel sheet according to claim 1,
wherein the chemical conversion treatment coating film containing molybdate

has a coating weight per side of 0.05 to 1.5 g/m”.

3. A method for manufacturing a hot-dip Zn-Al alloy coated steel sheet,
the method comprising: immersing a steel sheet in a hot-dip Zn-Al alloy molten
bath with a composition containing in mass %: Al: 3 to 6%; Mg: 0.2 to 1.0%; Ni:
0.01 to 0.10%; and the balance being Zn and incidental impurities; then removing
the steel sheet from the molten bath and cooling the steel sheet to form a hot-dip
Zn-Al alloy coating layer on a surface of the steel sheet; and further subjecting
the steel sheet to chemical conversion treatment to form a chemical conversion
treatment coating film as an upper layer on the hot-dip Zn-Al alloy coaling layer,

wherein the steel sheet is immersed in the hot-dip Zn-Al alloy molten bath,
while controlling the hot-dip Zn-Al alloy molten bath at a temperature within a
range of 420 to 520°C, and controlling the steel sheet to be immersed in the hot-
dip Zn-Al alloy molten bath at a temperature within a range of 420 to 600°C and
being equal to or higher than the temperature of the hot-dip Zn-Al alloy molten
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CLAI M5 | . Avhigreigil steel sheedlis thengempeed fomethedhedip doddrlloyng: a

hot -di p Zn- Al I coat i | ayer fo on at |east one suyrface.of
the steel  shautiendhaFt iR BHEY chBlsen oS Bufoes S ine it R0%C 811
coating fil md oooedsSin3BmiPRRd surfés terBPerhfie BPIedtdR] feefl ardl | OY
coating | ayer, wherein the hot-dip Zn-Al alloy coating | ayer has
a conposi §i on comthgiewn tip ¢hemieasotyersion tBabmens i6 peFprn@ivising®a 2h¢rical
1.0% N: 0.01 to .0.10% ani.tgg QELance bfhgg Zn and incidenta
impurities, SOPVEIHABMERT NS AT TIY "H/BP YREE®a surface structure
containing a ternary eutectic of Zn-Al-My in an anount of Ito 50%in
area ratio, and 15wherein the chem cal conversion treatnent coating
fil mcontains noBybdatenethod for2naniiietinang & hpt-dip-Al- Adlalloy coated sitckileet
sheet accordiqgﬁéo cla'ngﬁlé1 eneiﬂ t he chem cal . conversion tr atne?f
coating fil mAESHEERAP v\é@%‘flet & ShemicRRONNETSiE grmERE ligtid dags p
0.05 to %95 grhp, 620 3. A nethod for manufacturing a hot-dip
Zn-Al alloy coated steel sheet, the nethod conprising: inmersing a
steel sheet in a hot-dip Zn-Al alloy nolten bath with a conposition
containing in mass % Al: 3to 6% My: 0.2 to 1.0% N: 0.01 to
0.10% and the bal ance being Zn and incidental inpurities; then
renoving 25 the steel sheet fromthe nolten bath and cooling the
steel sheet to forma hot-dip Zn-Al alloy coating |l ayer on a surface
of the steel sheet; and further subjecting the steel sheet to

chem cal conversion treatnent to forma chem cal conversion treatnent
coating filmas an upper |ayer on the hot-dip Zn-Al alloy coating

| ayer, wherein the steel sheet is inmrersed in the hot-dip Zn-Al all oy
nol ten bath, 30 while controlling the hot-dip Zn-Al alloy nolten bath
at a tenperature within a range of 420 to 520C, and controlling the
steel sheet to be imrersed in the hot-dip Zn-Al alloy nolten bath at
a tenperature within a range of 420 to 600C and being equal to or

hi gher than the tenperature of the hot-dip Zn-Al alloy nolten - 20 -
bat h, wherein the steel sheet is then renoved fromthe hot-dip
Zn-Al alloy nolten bath and subsequently cool ed at an average cool i ng
rate until 350C of 1 to 100C/ sec in terns of a surface tenperature of
t he steel sheet, and 5wherein the chem cal conversion treatnent is
performed using a chem cal conversion treatnent |iquid containing

nol ybdat e. 4. The method for manufacturing a hot-dip Zn-Al

al l oy coated steel sheet according to claim3, wherein the chem ca
conversion treatnment |liquid has a pH 10of 2 to 6.



