NSC- V533 DESCRI PTI ON My- BASED ALLOY PLATED STEEL MATERI AL 5TECHNI CAL FI ELD
The present invention relates to an My-based all oy plated steel E&%&r&ﬁl
provided with a high My conposition all gyl(_l\_/g- based al | oy). 10§] D
ART As a hot dip netal plated steel nmaterial, a hot dip Zn plated
steel material is being used in a wide range of fields such as autonobiles,
buil di ng materials, househol d el ectr beaCrRappliognces, etc. In general, a

hi gh amount of 15deposition of plating is effective for the purpose of
securing a long-termrust-proofing effect. This is because with a Zn
plating, the rate of comMpSIABEDIALIG HIATRDY BB MATRHITAL s sl ower than
that of the iron netal of the steel material and even at 20l ocati ons where
the iron nmetal is exposed, the |low corrosion potential Zn exhibits a
sacrifibial corrosiEGHNrAOfFTRLRAbI ity with respect to the steel material.
These corrosion resistant_and cor i on- pr-oqf | effects .are obtal ned by
the consunption o?ﬁi%é)%ns,ergtg Jtrh‘é&g%gornea ee]Taq{%lsr]egcaorm%nntq\]i%f@gfne%earﬂuorﬁ?t ar ea,
the | onger theldtiare sthee coratostonl resiwitdad winth corlriogh dfy pragfd sig jefif ect
can be mai nt aj _ t her hand, if the ampbunt of deposition of
Zn becones graa{elra};3 r,(b’fl%eb%ns%}ﬁa%ﬁl )y', wel dabi lity, and ot her
30characteristics required for a steel material tend to deteriorate. For
this regson, in Zpyph@tddeyp iAgpPossi bl e, exhibition of a high corrosion
resi stance by a smaller anobunt of deposition is being sought. Further, in

recent years, the &fept dtdlorlie? o BErisoiit ext Haks el tohsiddidd dp

problem To radyce tde amuntndfe g ofs Bbirdh Pad 119 havidg @adidhor
corrosion resjstance by a | ow anount. of deposition is being sought.

2
To obtain a sufFitT et AT B AN Strarfe: KA 2P 1w Aot dowgustd i on
of Zn pl ati ng1 et alday @i@@@@ asided 10 gé}eerzam,plahﬂir@ L@ndm Qyﬁdt he
corrosipn resjstance. Up untjl now, . nunerous, attenpts have been made. In
actual L0y, ZEFOH G St s T T T AT 05t 1 atd hoe® dtEP%i® Hoi ng
wi dely used pardurinard yldroy-taatronmobdi-eosiering heefectzn- Al al | oy pl ati ngs

are al so being wdely used nost_ faor..huildn erials. In particular, to
further inprove tglgq%’sorlrsomeo%aﬁ%er ewslits aangzen igbnl - A a1f eoyra‘p‘f)eat?fngs, nmet hods

of addi ng My @rriSisiarre deitrite dela oped.aor exaadof el s thkeowdt oyhaot athang

| ayer of the ; [ (N r [ ' C i.s¢l i,n Japanese

Pat ent Publ i céa% ietg{ne ?lmﬁétz%]ozﬁégggf%o%?;?#s&%@ %@%ﬁ%ﬁéﬂi to 50% and
My: 0.40to 1520%tiRurs hererd el Zm Mpta ) oys prerdsrd dilet obed in Japanese
Pat ent Publ i cat.i, o0 (4 2% o 2005r 82834 e &ld oy Pl At Agh 1 ayer - &ontal ns, by

mass% 0.05 to 3% of , Whereby corrosion resistance s obtained. In this
prior 20art, RIRCMPEaitehttofiHe WAy taydreister! At b mass% 20%
or so. I n t hirfed@Ysodfod 16h PFd D sl dde &ONt &M 00fpMb sy been kept

|l ow. There are_nminly three reasons faor this: The,flr%% reason is that if
addi ng My i n Y BomRmIneT Y e POy of MrSiHy 13 tReting
poi nt 2§ the platiang drad haidwes @it hedr avent adtes, ptiaé i Dghgdhethe
possibility of, for rgati on of inter me.tatl | i.c compounds causi n%%get erioration

of the workabith% y-15 SEE TR adfei Ty MY ¢ He 2P Bbeh, Pt can
relatively 30easidty cirsSod veaiesenarp. t o, by mass% 3% or so. This is

because the added My fior s, MoZn2. (4 nt e et al L, compeund) o and: $hi se Myzn2
forns a eutectic conmposition W W' Zn &nd causes e el hg point to drop.
However, if adeionge Mypoeaere 3% thdevanountlofy 35ferdalbi bt pf MyZn2thecr eases
and resylt dewvi Q j oaposi td - el L int of

t he pl g?‘i ng b%%%a?%tp%%%@%%%@%%f?cﬁe Vi s%:oés? ef/l gr?a%%gl%fa éf%g %gt h 3

ri ses. Furt helgipreioidte hefanounts ofeatidition @f Mpe beeconest chposeiltbe 20%

t he added My s: J Nsol ubl t - duc i eases.
The My accunu %lre%l%lnr&gtcﬁ% %%ﬁ@gaégﬁ(g% at?%gl%g%ﬁéz‘t%?a%eﬁganigg i gh
concent r at i orRn@Ependi rderms ot W Sphier®, sePIRt i gnites at the bath
surface. Plating bacomes, di fiiCldnt years FUtdeiepidc 89ding My in a high
concentration of 10% or nore, internetallic conpounds and an alloy |ayer
are 10P8r med 195 QWFGRS dMuMech Cehel Ty pIRYPPAYCTayBP Bpfege the
solidificatioffsount of & i 5 ef et Ak | ) Lo COMPONDESHPr £SEDEN T Aot hes abl oy
plating layer and the alloy |layer forned at the boundary of the steel sheet
and plating IETFSE@REDIRN 3 nLPF aA1P e 5t SPRabi F10Y, 18 oPPENUsTRAGIAL -

pl ati ng bath composition containing My in a high concentration, a plating

| ayer poor in workability is formed and the problens of cracking of the

pl ati ng | ayer and peeling fromthe steel sheet becone remarkable. 20Due to
t he above conditions enabling formation of plating and the probl em of

wor kability of the plating |layer, up until now the anmobunt of My added has
been considered |imted to around a nmass% of around 20%



The second reason why the My content has been kept 25lowis that My i s poor
inreactivity with Fe. My does not forminternetallie conpounds with Fe and
does not dissolve Fe at all (for exanple, Journal of the Japan Institute of
Metals, vol. 59, no. 3 (1995), p. 284 to 289). 30Further, My easily
oxidizes. An oxide filmof My causes deterioration of the wettability with
Fe resulting in thecadhResiAnadgherielahtNgorrosionEyeni Wkhc&npbaah by
plating or Zn-My-Al allqy plating, the active anount of Zn or becones
smal | er 35dueaW8uPﬁeO§d@@HO®@tl?ﬁeofo?ﬁaPﬂéﬁlBB'aﬁnzﬁlﬁéyaﬁﬂﬁvepéyéﬁ or

A -Fe all oy IaMeédceattththnglaelagheelQmpbebeeenetherpbeibﬂg | ayer and Fe
is therefore suggressed - aresult, in Zn-My alloy plating,

t he hi gher thé&€ ﬁE@HF?atPBnuﬁFlkgnOVhenH%?EOH?fP?EEWPt?thﬁgetBe§€cure
adhesi o At hheeti me attuwearkipg, zhhriphatbngplayengeasihyrpeglsoof f etc.
It was therefoge onlg possi bl e to Sfabricate an Ilog Elaked steel materi al
inferior in nBt&Fiap pr8§8rt?e§ belng wifelyhipgdr BASHACHAT T tKet R cont ent
has been keptahommbblﬂbabteélhaﬂebeenzbehleMEdoyhplamhhbsaaﬁéa&ﬂBg

conposi tion cgntainjn oncentration he. 10corrosion

resi st ance be@%neg Bbg??g useg gg §?£e§ufkglggspﬁt Ny practical use
netals, so even w Th phtbycplak;ngomfththerh@mponventhatconroélannass@6of
50% or re, n. beli eyed t 3 uId |d|z a

corr05|gﬁ reS|s 2%g39§§uf5 é%c%geagggeo TSth% ac?lca i % ﬁglﬁg wgcklng
Due to these peaSdnsreabsiegl demeéopall. pFovi dedmpi &h ahhoalﬂop Zhapliagi ng
| ayer contain n h o] i r of
producti on an%Qgig?SFn%ﬁ%eég%%E ggsﬁ%%ggx?§t§§§rgg?8§ 9§Si§6i§%§fhod of
produci ng pl afédcspeed Sheé@p@ﬁ@SFdB@tﬂpthPebZhCN@lehl®9 pNati AgOPayer
contai ni ng 359938 % 9 APLE, OF Mea9¥°e|§§tr9p£et569 hiqdige! @sedcpn
Japanese Patent Publication’ (Ay . 86. Up until now, the nethods for
producﬁﬁg pIa@@H st eel 25nater|al prOV|ded with a Zn-My plating | ayer

containing My in thtghegan@ntﬁ@tzenmgaaeleyl bgenninet Ebcbeny mBt hods
such as el ectropl ati ng_net hods en salts_or nonaqueous solvents A

met hod of prodd ?P%ﬁeug?ﬁﬁnFh%ugib%ng?nef@?cN%nc?OHBTBa? 4p| BREngLheY hod
has not yet 3PbeeingropgsedcontainsfFupyhessstheorebhed 8¢ prodyci ng Zn- My
pl at ed st eel sheeg usi n? the v for degosition Lating nﬁthog utilizing the
Pow el ting pBi At BT GR=vaPor “BesSUre oF RG-RAGBeeh dr SEF oBEUOFN

"Ni sshikQ St eedrTechnecldy &epoets,oNotH8 B541988) 1af8r278. aficmosd| ngyto this
net hod of progduyction, OLt S gelleved possi bl e to produce plated steel sheet
provided with a pfa |ng ayer containing My in a high concentration, but
vapor deposition |ﬁnthelerdey,oinZhhemgr;oZnars,nébessanyentfoéowpahed with
the hot dip in t i i o] Lon.
Furt her, thep%%%%eﬁ?ggt?gﬁ o?ﬁigé %Pehﬁg% i?lﬁEL g?%?Q%?BE §8£N8H9%a ed
steel sheet producédebfirpe neepod bf preducfi edddngcMesed anhifisshin
Steel Fechni cabnEEROFLE:oNO. e ( §§§ib1ﬂ-§t 75£i 831410k 0chd AOMRS{YH A M- Zn
alloy plating | ayer contalnlng in a high concentration i s _not being
st udi ed and |?%l%Er@Brﬁ%ﬁc@l%Eén%o?aB@eﬁlﬂﬁ§cPB@eHhéi gren after The

concentratlonpp£tﬁ@gpftﬁ@epeéeibﬂgltgyef pbrikei bat odi pnpbaheda st eel
materi al s di scl osed gg t o now has been at nost, by mass% just 20%

Al rost al | reSEAPRHANTR ERARSTRY efat AEECHREHOT A t Bt Bofheb%éhﬁé BESRE - of
20% or | ess. Whlpnt 8daomy mettdi phel ahipgrepntakniggcMy ke1athi-ghy
concen atlon has. actual |y never even conme under study. 20Thergefore, the
properties of Sa°hoY ?%S%¥5 T ayRr E%nt%Yn?ﬁﬁs PA a'hfgh CBhtenfrati on
al so have nevieechesa charadfided up i@rmemMgih§ChQ&ﬂ%hé}éﬂ}fbIdﬁﬁﬂﬂﬂi@;25The
present inven has as,its. object the provision of a hot, neta al | oy
pl ated st eel éIl“?ei%rlua %rrﬁrlfsolr#gs a pﬁhgcteecgns? ST 5k e At %Q/ th a
hot di p My- Zncahtsey phatmagtiageponmntebndngpmg in a hlgh concentration and
achi eving both adhgsi, nd. €0 0 stanc The_inventors
studi ed the addltlgﬁ o? ﬁb lf ££ﬁ§ﬁﬁnmgné§% E foﬁh%sagoﬁggnsffor obt ai ni ng
a h|gh3éorrosf@nmae5©eteﬁcﬁg2mhPmncnhqﬁéﬁ1qﬂdﬂne&plﬁkﬁewxeﬁﬂﬂtfremmn
inventors dis t tting o] tien i.fi
range of Conﬁ%§?§§§%c|£§$%6%5§g§§ dégnt%? mg§£9ggtﬁgg§%tg?nF%§ %639?8
concentrationbath rappdssi bieesoahdwehet héscesityebfi hjeppilatiog bhehhot
dip plating bath to less than the ignition point of My and reduce both the
viscosity of the plating bath and anount of production of dross and
possible to produce a plated steel material provided with 5a hot dip

My- based alloy plating layer. Note that "Mj- based-zZn" will sonetines be
referred to bel ow as "My-2Zn". Further, the inventors investigated the
physi cal properties and cross-sectional structure of this Ng Zn aIon

o A~
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30present invention is superior to that of the conventional hot dip Zn
plating layer, but by incorporating an anorphous phase, the corrosion
resistance is inproved over a plating |ayer of the sane conposition, but
conprising only a crystal phase dependlng3on t he 35conditions of use.

Even if the plating |ayer is not an anorphous, but crystal phase, in part
of the range ofsconposition of the - 7 - present invention, it is possible
to freeze the high tenperature stable phase not existing the equilibrium
state at room tenpetatitt e @i st untht FHOMmt enbet A tirehy a I detFeHtS
cooling rate. cmettterzo%hetn@v;ﬁméu Mdli seaver Btk hatles plrad | nnge | ayer
containing this hi % erature stabl e phase has_an xtreneh¥ erjor
corrosi on resi$t¥Hhce’ S RFIH T %ﬁﬁ%ﬁ?rntﬁﬁ|$§;%ﬁﬁtt s O tan be
utilized as acHd gir &8 rOsi Ge rge&ts:traglcxeatamdsmwbel()sraca iHiqr al

corrosion-proofing abilijt at | ayer er, bef re e n, the ast .
The di :‘fl cgl tf/orlb‘f tolfl;‘?ll’trrlln ap er%értcﬂ]d‘q g%rt %n‘t‘%ﬂ‘%? XI% %‘oq}'é p

hi gh t enper atair ettsd &tﬂt& pshalsfeac@r ol et nd) anecibihd $ batimnqnmatse on the steel
sheet surface is 8 lo th t after h ot di n

necessary to cool e per Atih %@lertg alrllar ge % Qrpcgnt%% Jgdn

i nvent ors st udi etbtear gettiengnegasi1ic fccmmcnguas hootd darp a\@L@ Jad}i’@y aplt@tl ng

| ayer nt ai is 2 ce and
Sopar ating ¢ R RS b Bl A Ve B con T ha prony et SHe AT
result, they S@Jaxxhleﬂlctantel%rl es of heat processes of reheat | ng and rapidly

cool ing hot dip Mondn 2oal )y pi ot shesl shesto alhoved 1o natysal |y coo

after plating (beI ow, eatln d rapi sonet i mes bei ng

referred to &latmaﬁw rapi OF%OEH]H@Y )lam%afq>§/me<ﬂ faibl =ik ﬁ@ou@%hy
reheating a platad sieal; 30mmierd a hWdh ardotodh pipl@tdong bayer

containing Al or Zn, the Fe supplie from he pl ated steel material and the

A andtor zn SHEVHERRL Bt hg TRyl lf%trtﬁlatet%t%%%t%o%awtla?noy)

| ayers (bel owort#h snhed Ny spftretlm r@t@éée@rtelas algbma’ngg)taﬁét—bmever
the inventors discover gk t hat . reh /ra %%cool specific

t enperature JdUMtT o™i 1'f c- ‘Erp ?tfi”f)?'P erf“ h&-hot dip M- 2Zn
all oy plati ng:&a&y}eirn@fott henhresering m/@hér odpdipedBippssidh etli® sStppress Fe
and Al aIonir}g Fe and Zn al|l Aj&ng. That is, in a specific range of
conposi tion, ¥ %I}?e%?rhee ]befr%ﬁrl}haay @yer while suppressing alloying is

possi bke. If utilieegtd hitse mmammL@msiimalylm@tfcpmathen nof

rovi ded wit it i ible to
Pi rst perforkm1D %lte (i £+| ng ?eop%&girl cacé)e a&gllia ﬂt% ﬂl% eé?%?f%?ovi ded
with an equi Il«'t)yeiammm@pha@el hotw dilpe Mpdantl <I>6yM<y)Ia<t1<ﬂ¢@ hapemeenff |ine or
on line, reheal, @ﬂﬁie ﬁiﬂl@é’@lté §%§$aet xﬂ%gilat 1 PoREQAbGE. Pl at ed

steel sheet provi de a nonequi rium dip plating | ayer.
That is, by separ a’-tlr-agswemlavaserbdthngtlpﬁotéeseoqs%autl%db%m b®®%&i ning a

nonequgbl bri umphase.fomd hes Ko di P pLabbpgvpeytyith BecoM®saposshbte to
easily forma_nonequilibri um phase hot dip -Zn all gy plating |ayer

cont ai ni ng anf%rb%%%%m%%@%rcwmmt%%‘ét ?UF% %t“ab‘ﬁ‘ée%h%% on the steel
materi al . ZOT@es@ém@ntelweml opraasSe xadel basedupnat her abpyesdbsgovery and

material char MG TEED By BBrAbe pr6vi Ui T- ainbl S0P D M: badkatal | oy

plating layer28@p(2) An based all oy plated steel mat erial characterized

by bei provi ded ased.alloy platin ayer coptaini ng
Zn: ggt % to IesP\éVI t%‘aﬁrﬂ@%%t%gﬁ l\{?%)oﬁh tvﬁef)asze’g %ﬁ%% %t Te‘ag I{Léel

mat er| al 300haas1a$é§rdiateelrb<yrdmeidmg @f ovhededewnt tbiai hotwitlp Ny- basedtahloy
plating layer, r(1:0 ai nlkrlt trr%tp IIless than 45 atnfo and further

cont ai ni ng on&’ o %D?% I"e?r%n %le]telé“tle%i fioma group of elenents A Si,
Ti, C, Cu, Fe, NlEvém wiNbh M—M@nﬂlﬁgylplattngabroZnGM@SAitoaBlat/m)/o 35(4)

O L L L T L T

and M5 overd3s atnbhanddfedtfer Toat éonmagleneOﬁrarmZe Eteabhoy sel ected

fromthe grou e t t 03 to 15

at nto ?%? IAnJ)flgnEgai%galﬁ%y@Yate Q?gg?utﬂngr%B géh%%r gct erized by
bei ng provi dedewedn athet pHaping- baged ahfloyeplat thgreages evRPARAPAG-Zn:

15 atnPoor nore and My: over 35 atnPoand further containing one or nore

el ements selected fromthe group of elenents B: A, Ca, Y, and La (Bl1) in a
total of 0.03 to 15 atn? when My: 10over 55 atnband (B2) in a total of 2
to 15% when My: 55 atnPoor |ess. (6) An My-based alloy pl ated steel
material as set forth in (4) or (5), characterized in that said hot dip

Ng based aI I oy pI ati ng Iayer cont a| ns My: 85 at n% or 15I ess. (7) An

o o, o, o, o . r a AN - 7\



44.97 atn®g further containing one or nore elenents selected fromthe
conposite group of elenments of the 35 group of elenents A Si, Ti, C, Cu,
Fe, Ni, Zr, Nb, Mb, and Ag and the group of elenents B': Ca, VY, and La in a
total of elenments of the group of elementd A of 0.03to 5 - 10 - atnbeand
further a total of elenents of the group of elements B of 0.03 to 15 atnt
(where, when said #8tal résulessihhan-0y 03118y 5 Bt #¥hg Mt nOVEL gREr at & and
when 5 to 15 atn?g Zn: |ess t han 40 atn?9, and containing an %anorphous
phase in a vofthecpefebehtagel ofIsoble Hofe. difficulfny s §p- Hasedcal | oy

pl ated steel sakesiah.astsebeforhd A @@ykgﬂg,0ﬁhé1@1a@;ﬁ§)1§p@facterized_
in that said hot dip Ng—based alloy_platin ayer contains an internetallic
BReSd i

conpound Zn3M§ZSihY Fayttntehsi ty Yafi bRaBtt At F 0Bty dPPFF ARt T ohC peak
intensi by of ZagMidatexshudingydbiiragtsoscpeakrofigdifinastion phane
spaci ng of 0.233 nn% in the sumof all diffraction peak intensities
appearing at OFFFFacti BRCRFahESSpaci ng of 0.1089 to 1.766 nm (excl udi ng
diffracti on peak ofhditfitadtrensphaney 155pacd ngowt et 283s g dn oked0% or

nor e. 12). An -based all o | afed steel material characterized by
boi g provi et th S Pbts b R e b Pest prae TP hya SEhEEI i ng 7n:
20 at nto or nocemangi dpon S€omat ath tvg 7M8g atnfe high heoncent aahiog, oheeor nore
20el e ts se fro B: Al, Ca, Y, and Lain a
totalngp 0_03é§%£§%1%§ng%%g§%$%8§E%%£%§+§n§§%§I is 1to 12 atn®g containing
Al: 1 atn®oor norefg exddtons atiné ngaanesnt enoey aprict coapound ZaBdF,in a

requi red anoupt . ) AN - oy t | ascset
forth in any %%ee%%Aéﬁztfha%gyygégggg%%r?%gga%ﬁd¥ia§8é%€§{ﬁ%%9%?péﬁggbased
al | oy platingrdagerotontai s moronequi hadrpemn phasecvddarhed byehbodi ng
sai d plating |ayes &kidil&npesatyte-of -8sBhting; poifteofoting Mo-based
30allo% plating to (nelting point of -based all oy plating+100C) for 1

mi nut elor | esBOO¥ had repref ycebbiy ngontd be lackimg. on My- based al | oy
plated steel materpaé B85 S@EsEOrthsbis( 13) stebarasterizedpirsvifal satd
nonequi | i brium 35phase is onpe or both of an aporphous phase and
internetallicacgﬂgo WY Fh3vrting laveqssonpe Myt Baskd af'l ay pPated stee
materi al as sedtncéwtidtion (133 eoncddhscharactesi gedpradtbatosaaddrapi d
cooling is water cooling ordnist wat er coolén . (16) An My- based

al oy plated BEEEYTHAREY | A1) a3 etOF of FhoHH aﬁ@ bRe™BY (1) to (15)
charactéri zed i n thatethed 50 it erdacei bet meenegastdebdt sdept Myrbaseddal | oy

pl ati ng | ayer teel Lal i Vi i . | gt i ay

conpri sed of %%ggo$ %%r%gg%g%%%t%iégfégt%%§€¥g%$ﬁfgl§£$883% %$?£CD$£and Ag.
(17) An My- basede abf dyg ppatetesteeplantegi &b dsssbosedf ont hapanany one of
(1) to (16) CFQEQH{e%ﬁ%ggcégiéﬁaEAfaN hgt 1 ¢i pcMy-based al l oy plating |ayer
contains a balance o “and unavol dable inpurities. The present

i nvention (M- basedpP ahrbyl pravedtie eetthader far) pepdbfesgppoduedi 8heby t he
usual bhet di ppptating 1oPYP4ESwiER LSzRUNET hbOLt i AqgUNhVELESabhtYARdy
econony. Further, the hot dip My-Zn al oz pl ati ng | ayer of the
present invertly oh” chabl @’ GORBPRBERBACTeRPERante RBPRr LBRLt6CASRENVenNt i onal

hot dip Zn plaétREas ayeen Was | 81keepbplatony hbene@scepthat nenteh £A1t§o
contributes to 20t he saving of Zn resource er, the hot dip

S. Furth
My- based aIIo?rp?%??%ﬁe?%ﬁe?o%Ye?E%'p%e@%ﬁ?ogn@EnPFBﬁuF§l8QCBFF8ﬂttﬁ%t only
in corrosion seséstancerfbutentgondbd wopkabatihy, msohblenhpeesent yeavention
can be Bﬁdely used as a séructural menber or 25functional nmenber in
aut onoBll es, BUFTdPhgPH&ERri al s, and househol d el ectric appliances. BRIEF
DESCRI PTI ON OF THEFDRAWENGStkd Gnetho8 afvpewdshomgngntig pegied eteel

ition 3Qwhere the nelti int b 580C. or | to.th
addcion of A Ch i Sanaror “BDT eSS  FACA T gu' SHolehgorna"? e4F bRTf

conposi ti on wheeeldohenektinagppdnnt abécbimgs $20Croprekessrdueft Bat hes

addi tion of eeghdiéélgggéoinLaﬁi§§ﬁk%i5§Fé§ %8¥h§$é§90ﬁ%g%rEQ? [§9Lgn of
conposi tion ere an anor phous phase i's obtainéed. 4 1s a view show ng
a binaBy all oylphdse 18-22"- di agram of M- Zn. FIG 5 is a view
showi ng the region sition. 3MB7 . ined. . FlL 6is a

vi ew show ng the c%gé%gggggi%%a?ﬂﬁ§?§%§P§§eg%fpgédﬁg%;gﬂét%&)%§:5 at nto Ca
pl ati ng | ayerb¢tigsedl pphase}e to prodiEt& pYaitsdasteew shewitngroheded
cross-sectional structure of an My-25 atnfPo Zn-5 atnPo Ca plating | ayer
(amor phous phase). 10FIG 8 is a view showng an X-ray diffraction pattern
of an My-25 atnto Zn-5 atnPo Ca plating | ayer (anorphous phase).

FIG 9 is a view showing an FE-TEN i mage (bright field i mage) near the
interface of an My-25 atnfo Zn-5 15at nt6 Ca pl ating | ayer (anorphous phase).
FIG 10 is a view showng the results of elenental analysis by EDX at the

S - g—g— —— o o o o 1 o~ ~ 1 o~



i mge shown in FIG 9. FIG 12 is a view show ng an X-ray
diffraction pattern of an My-25 atnfo Zn-5 atnto Ca-4 atnto Al plating | ayer
of No. 16 in Table 9 (anorphous phase, Zn3Mg7) . 25FIG 13 is a view
showing an X-ray diffraction pattern of an’ My-27 atnP Zn-1 at nPo Ca-6 at nto
Al plating |ayer (Zn3Mg7) of No. 3 in Table 9. FIG 14 is a view
showi ng the Xwiay di birachonapatt epncafnangMig27nakniGén-1 at nt Ca-6 at nbo
Al plating 30 Iaéer of No. 3 in Table 9 gin t%e tiguEe, 10), the X-ray

di ffracti on pSPPEFRCERTARTMGP2Y HEHPF ZASROAL PP CaLB ALRICANCHI 8Eing | ayer
of No. 6 (in gAeHd gume.i slhbcddie X raf didddzacd on dpather mcef Aap M- 27
atno Zn-1 atnfo Ca-10 atnPo Al plating |ayer of No. 7 (in the figure, 12),
and the X- 35Pagtdngfrachpen phtieranoinghtigiontabathzd- 2fat nds Ca- 13 at nP4
Al platisng | agesa@ttNen .8 (in the figure, 13). FIG 15 is a view show ng
the node of a cycle - 13 - corrosion test. FIG 16 is a, view show ng
the appearances of Fe6FR8Ei ohPEncPReerEEaFtsnoPE el efcblfoBi8hifEst s
according to thgeknyenki on-ugsp1avber sabs1apdcconparatic¥e byeshematerials.
FIG 17 is a vieM/ghomjgg t he corraqsion nnrpholg%y in.the crgss-section of
the steel sheBETBPAtRE BHAPAFELPUedFeStORB et Nal Visshin Steel f G 18 js a
vi ew show ng trbenhaotrosreporesphboygy 10bnst he1grp$s8- seclionoof 3t he steel
sheet qf, the Co gra%ive_gest therLaL,Z. FIG% 19.is ﬁ vi.ew_show ng
the cortosi on“forphof oy 4P ¢heC¥rBsetLBe: FBKehf CPREACBIPEs'8n+Pr Bduct s of
t he I nventi onhTgst cbhtentabhtlofupst aoRlbeynbesyudib8l &nd20tks a vi ew

show ng the corr g%gg gnrgholog%hgt thg.cr ss-éec%igg of the corrosion
products of the" rAventon Test eFiaf I aPrer 921 c%éles to 56 cycles).
FIG 21 is a view ShewcogcéhergbioonsodnMgopphbhegplatihbeleyessosechieon of
t he corrosion oguct h ' est Lal 2. (u o]
cycles). hBélgggzélgéeg %F%§;gﬁgﬁ%%gg%%ea%gggégégnhﬁDF%th%g9§§t t he
cross-décti onbeent ae wBostoshbvnmpsotucivsof 20he Rhwenati ohlTessehuchrinl 2
(after 21 cyc£ﬁ§st9ié§dcafgge§%enﬂ§n-@éﬁ' %%Méewaﬁee%ggmghsg§§!a;' bs of
exami nation 250f the cross-sectlon of the corrosion products forned at 42
cycles of thel®h¥ention Test Material 1 by EPMA. FIG 24 is a view
showi ng the resul tgpofoexanl nabt ol pf pt heighossnegchi AR Af theacargasi on
products fornmed at 42 cycles of the Invention Test Material 2 b¥ EPNVA.
30FI G 25 is GOUFelfERbWPRGRAS phasea Ul Ugrakf ot SYRNAFOTRUAAFsyStudy.  F1 G
26 is aovi ew shewtngra, phbasepdbpgrameof oa £undy alipoylating layer FI G
27 is a vieM/shomﬁng.a p@ase diaﬁrag1of an Ei- 35My ?Ilox. - 14 -

Bel ow, the pre2Bhe THUEnt?oh™uil F1Ee EXPFafhEati R dalSPI PV RnBFERTIy, My is
a netal extrepeéy didtifuéd to deposwt on a steel material by the hot dip
pl ati ng 5method. This is due to the fact that (i) My does not react nuch at
all with Fe and, further, (ii) My does not dissolve nuch in Fe (even if

di ssol vi ng, about ROSPPpOFURENhQF TBE TREENGOONconpatibility of the el enents.
For thikg reason, c e it 1 i tidL t poor
conpat?%ility to ugggt%ggé¥%%I£%%§%??§ﬁ gégiégaégg b%béngpgﬁ material for
melting My. Thaevisionfofisingon dipehetetuelbbe" plokerebtiead mheekyalt he
roruci bl e i bbnpot s beqdampogdeand-Lbe FRLLEN2MOLCBD: BEaTRi Bhakngd, 15Due
to the above reasons and the property of the activity of My of easily
igniting at tRePB¥tiRgapbpPHtPletinaslaverbeentpossngl ¥ot énf ar hiigh My
plating layercoficanplating LayesicRiednnBasedqaakbkoyncantiabpi-pgsMinin a

hi gh cgncentratlpn (for exanple, an My-based-Zn alloy) on 20a steel
materidP by theShdtadFp: pl ating net hod. However, My is a netal with a
| ow corrosion potenhéalnasdtapsextienelytsdpealok isackicf bgi ah a high
corrosion-proofigg?effect for a steel nmaterj he i nventors took note of

al . T
this superior “PornEtant*2Bi A eRsTIRLY F%geahEﬁéHlPﬁeatE&HHi&8§r8F198rning a
plating | ayerrefianaMebasedoal oy hoplexanple, My-based-Zn all oy)
containing My in hi gh_concentration on _the surface of steel. material by
the hot dip p|atiﬁ%sn%tﬁ%a?fi6 éh?eéﬂV?Pt?HéyaaF§88€éF8d%Pﬁ§tl§0(x) | f
usi ng aspl ati sagtbatyh oheabvadly- bagpdsZoiahl oy eospecsedcotaMgei BEO which a
requi red amount of Zg.is added go_as tg_glatg Eteelbshget, 't.isago sible
to forman My-BERBEIZhO4I 13y PI BETRGSFAyEr BUBEFI8r PRh adRBSFOR /Pt st eel
sheet on the steel hsheetosuehaceti3bNote thapobelibwe thelbdaklkoyhpl ating
| ayer” and "plating |ayer”, unless otherw se particularly explained, nean
an "alloy plating |ayer conprised of a crystal - 15 - phase" and a
"plating |layer conprised of a crystal phase". In the nethod of formation of
an My-based alloy plating |layer of the present invention, the technique of
5adding Zn to My is enpl oyed based on the above discovery (x). That is, in
the present invention, the technique of "adding Zn to My" forns the basis

Y " o " o "



If trying to formthe Mj-based alloy plating | ayer 100of the present

i nvention by the conventional technique of adding high concentration Mj to
Zn, along with the increase in the anount of addition of My, as expl ai ned
above, the anmount of production of NbZnZ‘ﬁ%éTeases, the melting point of
the plating bath rises, and the 15viscosity of the plating rises.

Di ssol ution oheMyihgt poZAti s£NOHEORGEr APPSEiRE Engt atgeEbailBsgonggAt rati on.
The undi ssol ved remaining My ends up igniting in the atnosphere. On the
other hand, wh8f éﬁHFE@OananﬁgofiQ% ﬁP?hf?guFﬁebPEEhﬁbaugléFoéaHVtPén of

the present igaMenpiedingheashoyadmenbiabedr ppesaienopndeesdnetsanhge.
Adding Zn to Ng hag not been consideied up to gomn but &he i nyentors
engaged in i nPERSFHLEr EQeBFEHUGRdaBLatPEsBFEC i BebFEred BEPEEARAqUETDY

addi ng Zn to Mho25lipaddingséa h01My, pshbceg(Miye¥0 RbOR ZRat30Matn®) is a

eutectic conpositiop, , if. the anmount of addition of Zn increaseg, the,
viscosity of $ﬁ8e8|§?inﬁl%gtﬁoP8?FE?s be reigrﬁﬁgaFPo9§T8%h?BitMﬂQZBhase
di agrans sim | ar tbBuatpbasetdeagnasnobrZni Mgest heaeedr enanpByshMgaal | oy,

Cu- My 30al | oy n i -My_all gy, For reference, FIG 25 sh a.phase

i agram of A PRECSTTb5 R S enaakt a BRbe et I aaram 8T ShEa NG At oy, and
FIG 27 showsaadlphaséatingrhayef AhdMgsabl ogsuls diibtoberaddehstodd &rom
these fijgures; i fyaddi 3 - , . nt..o t atmy a
eutectig conp%g$t¥gng%?§% ﬁééﬁén§grﬁgnghﬁ%Hegfegg?g g%n%%é??igﬁ§%fffers in
atomic ratio ¥F€h ¢hetebbeting tonpbstingnaghesionewast hephyeZaedl | byt but
A, Qu, and Nrafg.eheuRgt s Pt vl dgdoti Lhnshit Lat s bHNCt Fons §

i nventors belleved? " ? T%e reasongmhy ?t was nét 'ossigﬁe ?ogg aégghigh
concentrati onl®f ty PoaZhnGipleehohowascehbeiat exhenti nehgoFeaddf tnensof

My, the interaesml the GQIPOUNHaMIZNZ1 WBS @ﬁ@dyﬁgginguaayertQﬁdpgﬁ§@més

i nvention, the technique of adding Zn to My was enployed to avoid the
productiPon of *RBEHEORANECt Aer 866 ESFor mati on of an My- based-Zn all oy plating

Layer contaiging N@uiﬂh?@ﬁbg@,C@H@?F@i@&%@gr@ﬂ ﬂﬂéhngéeghhaaisﬁ:?E sdrface
ecane possi e. 0 re s a nto , | ST, snmal anount
o e LS ased ez el b DL AL Ao o Sy at PR her oSt BepRats P
nmelted in thefatowsphenerandd Mif apdedbadiggal teappl eby addedet ptestr ease

the melted a nts so.as_15npt.to.greatly.deyviatge fromthe eutectic

conposi tion ?%E?eéow%Eﬁwé %%Eaéogégﬂwg% %ﬁe éﬁteg?fceg%hposition M- Zn
alloy A®lts near 3B@Lhsp, i thésipussible ddsavvededghhttoatopatrheolly
(ignition poi 5 e Lhg. e j 2 re.Ls.
acconpani ed mﬁ%% ?%%aﬁa%ge? o#gé?g%gﬁnégfFggsbgﬁégg§p?§§?§§§E$éolFtl?s
preferabl e toPPesibie &e huth as posspbbesi phamcargbh atpvsphérelor ot her

i nert atnosphgss) i KPWBNEE . ah e RIPUDE Phet BRoMIndlsabha¥et BEOSREd LS |arge,
so when it is not possible to prepare 25the entire targeted amount of M-Zn
alloy in an argbitathesphefege ofi 8% ppefBeant edebeehpl 69 PARIL EBANI que of
preparpag onl yciheisgedoaht 8YokNpall 8hgoanat ARsEReng bR the ghavenyay, then
alternately d and Zn in the atnosphere. 30Note that to_suppreSs the

ignition of ¥t THe ProduttroncBiabl atkeok? des, 1ntereetatiicient to add
Ca to the My edmpbensaneat i pe asppddssgdt he Zn. The reason why My
stabilizes due to the additjon of Ca is, gs one re sog, thgt Ca oxi di zes
nore easily than NBQI%%%ﬂe AGentBretosed it RECNGE BAsEdEl FBY BPAEPRGCBat h
prepared by theshetdwde obf addet Mgnbasetihgl pogsebitingentiven 86 ageto form

an Mg-hased allo atin ayer. - 17 -.on stee|l sheet and investigated
The CorPost on herBho! by ar S8R e praFeit SF obp Lhgk: 87 Fhe B BRERhBAL!

t hey conparedhdhediesihtslatithelayenyestigayi onsoandrahéngoanosi on

nmor phol ogy in i ho i n_all oy eel eet. They

subj ect ed theaéﬁgé%ﬁgéiﬁgg%?ioﬁhgn O%%%%%% i6§%€5§?8?%dl§t§§ r%ﬁ%éts to
cycle corrosioverestglavingvesyegavreé thensake Gomboshowsnt heuhndes of the
cycl e corrosi .10 cycli r Qsi re,.LS a corrosion
t est developé%&g%ﬁgél?% %£%¥h¥r%¥g??%£l§ﬁaggl&géénggﬁgapgs?g%e of corrosion
in genéPal expordielieestof Theedevel opnent was carried out by |lowering the
salt concentrationgin.t t p s of C 15 r osi on
test that had beezEzg?a%?igﬁ%dp§§£gxgo%$g§?oﬁgt8§? %%t%ﬁ?%gh§gfr &??h t he
actual state ©fYebr+oRhepest aheroftspéefheheenatopfagponobiitésn of theThe
inventors ran the cycle tests and as a result |earned that the corrosion
nor phol ogy in an My-based 20 alloy plated steel material of the present

i nvention substantively differs in the corrosion norphol ogy in conventional
hot dip Zn alloy plated steel material. Specifically, they |earned the

fol | owi ng: (y) In a plating layer with a sufficiently high My
25concentration, nost of the corrosion products are MJ(OH) 2. basic
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t hi ckness: 10 pm) (Invention Test Material 1) 5(2) Steel sheet provided
with a 68 atnto Myg-27 atnto Zn-5 atnto Ca all oy plating |ayer (crystalline,
| ayer thickness: 10 pm) (lInvention Test Material 2) (3) Steel sheet
provided with a hot dip Zn plating - fayer (layer thickness: 14 pm
(Conparative Test Material 101 (commrercially available material)) (4) Steel
sheet prOVlde@r@h%htathEn@thznlél1@@p@%%@%l@|@bl@gebéée%he|ﬁX%h
t hi ckness: n% g nparative Test Material 2 (connerC|aIIi avail abl e
mat eri al )) FI@Fm 6 §h8ﬁ§ FhePappBAraRcBS Cof%e6FHBSi GRSofIthe 1 P5 BBl ts of
cycl e corrosi gaatests a@@ardbmgetatbhe hevent LaniTesboMbtenpaksthrangy2 and
Conparative Test Materials 1 . I n Conparative Test Naterlay
at 28 cycles, @ rBﬁaFﬁéFaioFﬁﬁlbﬁgth@tgteel sheet surface and corrosion of
20t he ngn nﬁtal ahs@tneeurShelmnbeﬁgotbe81Eeabeﬁ?aethatsa bﬂ@t&F@LaCe is
covered by t corrosi r.o orrosion _of the jron petal does not
occur. ifygé 898%8§glpﬂ %% Béﬁﬁvae$8§Fa&ﬁFsr?59£%? ngsﬁugﬁsforns
on the steel aheektsemEagesaperOEroskﬁﬁsmbn25ehestaﬁnenehal al so occurs.
On the ot her hagg fl 5 Ee | nvention Tes Nhte# i ﬁg and 2 %ed rust does
not formon the steel'§ e89r§ﬁﬁt88epaﬁa the PO et aPCi §9Br 8Fect ed. From
these, it mnIhtbélaadeasteodlghatothesmon depi30hgcbased albby plating
layer qfy the Qéﬁgtgﬁckggeﬁékfg 3nL 986%§R§yaEHE§E&°E1591% conyentional  Zn
pl ati ng |ayer an n-allToy plating ayer gorrosioR Fesi St ande and
sacrificial cbﬁveeibﬁfpreoékhgtabgl&nythe past. Next, the inventors
exam ned the crosstggc t e t an Leal
m croscope to exantﬁg ? g@ég%%gglgg ﬁ%?% 5 ghﬁ§2§8 }Q¥ FF%?E§832H8W -
19 - the resupBsangrgnoyy ghads, thégbotemeeeﬁtnﬁepﬁ@abéy ahafhe eross-
section of thetﬁéeehoaeaetleﬁrthﬁ Sagpéreh'tﬁeTeeeemhgﬁébels&rﬁéeglged with
a hot dip Zn plating |ayer 5(layer” thickness: cycles, red
rust i <°f or med¥SFbPt hBE, f?FanFhE 2fbes- @@Et?éﬁ Bﬁaﬁin@ycPEslslt i s |earned
that after thﬁe&@éBBEyOﬂOOEobﬁdthHSblaEbﬁgl1Q9eﬂEb§|arﬂﬁkQEYCégﬂﬁﬁ es.
FIG 18 shows the corrosion norphology at the cross-10section of the steel
sheet of the €dhparative Test Material 2 provided with a hot dip Zn-Al - My
alloydplaaing IayeThéIayeénthkeEﬁﬁﬁaleaZt@ﬂyetﬁthQaeycyeﬁorm@ﬁgreshots
ormed. The cgrro ra a s.slow .but there is
little protec? ﬁ oﬁig?ythi Etgﬁ h@ygf Téﬁéafﬁéngoﬁﬁbgion product s.
Even i20corrosooaqptbdhctemfphaeethe thenstetadl sbheetodesface andFIG 19
shows the cor i p o u I h r -section of the
teel sheet of SERoCFRane onihesRihae S SHO1530 Bbrteanti FROLIEE at vt h- 27
20at no Zn-5 aph9s€asal | oy platlng | ayer (anorphous, |ayer thickness: 10
b . quhile FIG, 20nshguecLiie, corh05! PO, AREANPhOOKLIAM 23 f¥gkes Lo 56
cycl es. As shown I n cyc a snmall amount of the
corrosion pro@ﬁ%@gsﬁﬁﬁa@ffé?h@@tlm@t@ﬁdthﬁﬁldav £hel2Ber Bes- déptMonZat 21
cycl esgsthe 0911@§|eﬂaeéadg@éélBsteéaegltbtéaeteyngththelpreabthsfeetrOS'On
products A During this tinme, the advance of corrosion rate is fast
at the anDrph%h%tbh%sébehgwshBﬂhs he¢$€¥129 apgl pgpid cegéfBrg, where the
corrosion proﬁa@éelﬁéeeeebﬁa 20t pPrelineo 398! atbRgakangy rapda up becom ng
al nost conpl et gorrosion |ayer. Thi s does not nean that the
corrosion res?%?gh bf the anor phous plating |ayer rapidly changes. Part
OL t he cogrOSIFn ofsthelp| atfngléaye%,reaeheseheetshgeb §megédh§5eeereby
the sagpificial, corrosion ability acts.strong and the corrosion
rate o%bthe glatFhy? a§§?V$ gh %QEIgtBtBﬁa leh%VgasFﬂﬁt?hElBEatlng
| ayer thickness,orting aheoFeosspplEeﬁofﬂaMethhepmetedsseaeﬂeﬁaséamae at
the start of I sion_test, exc mever after this, the
corrosion std%£§ é%% K Qﬂﬁ? cyg %nahﬁ the ﬁ Sych the iron netal
does not corrD@eermetalIMMehompeuhﬁatahgoyayeayessambamnwphohssIhyéng time
is required f r f.the_ce oducts B with a high
protective ab? T%§?m 3 P@%é %gen% g%h %88% 8s?on products becone a
t wo- | ayer structur%owéV@he tb@rosvehtpreddcssoﬁeaﬁd thetcbyrosi on products
B and suppres o] r t he
result when 0%%%?%?%%5?%é8§éo£%QLE%$ % Qﬁ gﬁgﬁéoFsg Fgﬁggg%dég sgg§fned by
42 cycl es of IBthespeavehi¢onaTestofhterpasitioy EPMAheAhothdipi He-dh 42
cycles, the plating |layer of the Invention Test Material 1 becones the
two-| ayer state of the corrosion products A and the corrosion products B.
At the | ower |ayer corrosion products A the O 20concentration and O
concentration are high. On the other hand, the Zn concentration, M
concentration, and Ca concentration are average concentrations. On the
other hand at the upper Iayer corrosion products B, the C concentration, O

.



25extrenel y high. Fromthese results, the corrosion products A are
conprised of an oxide or chloride of Zn, My, and Ca. On the other hand, the
corrosion products B can be deduced to be conprised of My carbonate
conpounds. 30Therefore, the corrosion-proétlng effect of the My- based
alloy plating can be guessed to probably be due to the My carbonate
conmpounds. allobbpaatmag abytheopotnt pieééncy@heenthﬂnthetpﬁating | ayer,
corrosion front Egheﬁ t he interfgce bet ghe 35pl at i.ng Igyer and iron
metal , but tpﬁéé 8r n8d°thBt °Ad dFs88fu oﬁ PYE&Y90BEufFed"at “811. FIG
21 shows the edibgsngn nor phol ogy up to 21 - 21 - cycles in the
cross-section of tgg gteel sheet of t nventlo? Igﬁtogg erlal R ﬁ%lded
with a 68 atnt t (16 zZht' 5% at hivs 5IF89g8I3 in ayer fysFa Fi

| ayer 5 thhekpeasanOlpyyr whiilLle Ehﬁprézsshgmalﬂhelngrnesp0531b1e

5nor phol ogy f fter. Les 56.cycles |n | ayer
i's crystallin%?n{é?lggélééa%E th%%gng6§¥ongpPg 68 gyVﬁgggﬁggr % cover
the entire pIatbngdbdyeitbuthaCBSQeéesﬂpeycres)d goot hihg faqellthesboss of
t hi ckness by ¢oregs bout 0 0S|} te i as
the case of a E Eng8Qi%B%?a??ng ayePg?%%ﬁ%agg%%vgbggéﬁa B %ab?? §@ge
However, the @op&e§ednspeeaumaéeela&eprﬁwedeéteuyhf@nnedut&ehr@he corrosion
productig A (S?ﬁaéé aye! gs) M§5Q8b¥1589 EQEEFE?O“tHEntthE|?Rh@gotaXﬁr and
the iron 15ne I'S suppress er corrodes a little
at a time, butipf,tkeharédped tﬁ@létatpﬁ91|§§§8beee Bgbarieéd that of the
amor phous phaeeohexerpmeeée steé@keﬁegtnsreata&dthetQOéreeheau@teggehﬁ B
are form In sone cases, the_20corrosion | oss of the crystalline plating

| ayer may eveRDB8BoRELsHAPI BI2EERE 28VEjicles of FIG 22). As shown in
FIG 22, at 42 cyctpstand, 56yc¥epasatthg ehetkaglaayeblehgngeecebevst
conpletely to the corr S|onPEroducts A, but

anor phdus” pl af FAGL58HayerF, © @186P90§|89n§ﬂ8b2 %ﬁaUHog58PFo§F8ﬂ Bgethe i ron
metal occurs. hot dipFpGat24gshews,the besuhts pbsebseevableasmﬂytherm

cross-section_of the ¢ osion_products for 4 C of t

| nvention Test ﬂﬁ?ggpé? érhngBﬁﬁ?eTﬁ8%38pPa ngxla§e9¥oPE%h gnvghFFon
Test NhteriaICQntamnthg sanmempayhasst hbapkabirngibhyeemperaherensenbilen Test
Material 1, i r e corrosion products A and the
corrosion pro uc?%mg g¥§n$§%§5fwgg?gggllt wi |l be understood that C, O,
35Zn, MY, and Ca afbkespreaghy devevtédnfwem nhdecbreedi on phedabpyeA, and
C 0, and My gge detect QﬁdeQ?‘ ggeleerg%toeher@em%mﬁ - 22 - From
this, the corrosion products fornmed are believed be 6nes sinilar to the
corrosi on products ﬂgrnéa Ma- Pﬁ§@ﬁtPéhOYe§ﬂaNﬁﬁeﬁFaﬁllmaFﬁrﬁﬁé end, when
the plating |éMQEabﬁe%ﬁ%éHabylB@ln?tﬁgobhaBHyW@EﬁtQChbvedQQfMgsbaaerOdUCtS
B are inmediately forned at _a relatively early stage, so corrosion rate is
fast at the eé?ﬂ?ysPé@ElnBu%a¥?6ms in the middle stage of corrosion.
Final | g5 the gorr0$%?n gﬁoﬁgcbaseecemeOg p%etbayeteéasméuetmée of the f
corrosion products and the corrosion cts regs_gorrasion o
Che Lron ot s AGoER R AP oRY abBYES PREVEOFHoUTER RofBRoPoRy toAbeRES

My- based al | oylpbat pllastegl 1anter cahtafinthg pnesest ainmgenti apsacthahl y
differs frontgs %ogr05|on nmor phol ogy 15in the conventional hot dip Zn
alloy plated s e@f"fateri al . Next, that the reasons for |limting the
conposition of |ngﬂédleﬁhsMg%behedheﬁldyppmgtbdsedeaﬂlmytpkaaﬂng | ayer of
the present i xplain o] ure n the
pIatlng%layergégggstee ngt§§|g Ph ﬁ %%Vﬁégg %gg h 8§E % it
i S necessary ablﬁakelEEldgfﬁaserinonhelphaglﬁg Ié@eatm%otOtheesreason |t

i S necessary Lhehbu Zn. | e i I ng.b o be 15

at n?o or nore. ﬁ%Skb%e gﬁgt@ggﬁgép 8§ﬁgggh?ﬁ§ Fsgﬁa?%?gu%gspyﬁe%plalned

t he WbshomnngsﬁhecéeﬁpéepmléngrﬁEQn§faﬁkﬁmentS A:| piznTiis C&ssCuhahel5%
the activity @f Zp.i nybheypl athponBath becores brsuf bhiscignt, ;sHkficient Fe
di f fusi on does not occur, and sufficient adhesion cannot 30 be obtai ned

bet wees he pl ating4) ay8P MAdberedspéepynrieredl stPed fiétendadif f usi on,
soneti nes thecﬁ@rbét@?@%@ﬂ”%? baihBepenllaeqplatihng hexeel#pmbab%%eer so.
However, the diffused concentiration of Fe becones higher at the interface
between the pPRatPHgPlayérdahrdYehecdnspeBlNShéat . 1@he%mrhertWPé@ne§§ of the
plating layer is small, the diffused concentrati on of Fe becones higher.
Here, the 3% in the case of increasing the Fe - 23 - concentration is the
concentration when the thickness of the plating layer is 10 jimor so. To

i nprove the adhesion of the plating |ayer, diffusion of Fe, even slight, is
required, but the amount need only be 0.1%in a plating 5layer with a _
thlckness of about 10 Rn1 By haV|ng the N@ contaln Zn |n 15%to Iess t han
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I f Zn beconmes 45% or nore, the result ends up becomng far froma binary
eutectic conposition, the anount of production of MyZn2 increases, the
melting point of the plating bath rises, and the viscosity al so

20i ncreases. Further, if Zn is 45% or nnréa’the mel ting point of the
plating bath is liable to exceed the ignition point, so Zn has to be nade

I ess than 45%;q: overThe 89&50§h@”fﬁ%§h§kaﬂéﬁtgﬁnﬁhg Bat di-pmnMyzbased al | oy
pl ati ng | ayer of the present invention is superior_25to the corrosion

resi st ance of C4R6Rtai peZR°pPEt EdOTayEP aroaphet 8LpMZATHI &f eilst €8 sheet.

The corr05|onypobgatLall@fath@tggtoglp Wg- based athagy plating Iayer of t he
present inventionis -1, ous solui|on

Ag/ AgCl) . The sacriPi ci &N %@cB??%glBhlBVoB@PhﬁgeBFFF Yy ERRéspect to t he
steel materiathksaakseireqeblabkyngupebivoied with dhabti 8ipt hg-bBakedi p

-based allo | at . ayer of the present |nve 'o s far superior to
?ﬁe conventio%éﬁoho%TngnéniﬁVﬁfiﬁangﬁﬁﬁannkﬁgrEg;F Lr8§|§95%2§ngnd

35sacrificialmgorboerolSpaem%iagdabhkthyr Eonthheipyr paseocaf mbuet her
raising the co r05| n sistanpce of a h based. al .oy

pl ating, one &r° g nghﬁﬁtgdng8@tﬁ °f PO Be? ge@ﬁygi it l’T# &1zr, Mo,
Si, and/or NbY(gaodpLef(Eﬂenenta Aptaileo&dfed3t bot hé pta%lwgebaMb 5If

t hese Ienent eg d ol o r e oglLon-eurrent
denS|t3'near ?h%gcosrggﬁongﬁgtggéﬁaﬁg f F%e %o%a??zg |o§ cﬁgéé ggtalﬁed by
el ectrochen cakmifeasutesent begins to becone smaller. If the total amunt
of addition of the %POV 1Q Lg QEQ&Sai§o V? ap EE@eﬂehéteglﬁ a5 QEtthe
plating bath rises and econes Icult, so the tota anount of

t he el ements éprﬁhelgrééb @f 5eneﬁb§rAcéééeéedolﬂhehEFaﬁﬁhé bathdiig
preferably 5%gryhess. P08y ?lggﬁﬁgeh§9§9téoﬁ%é@ﬁ%eﬂgfrgg]ékmocar Y, and/or
15La (gtoup of "el enents B) also arée suitably added to the plating bath to

i nprove >t he cofFSsi on reS|stance | f adding a total of up to 10% the

nmel ting point and yiscoshtyqobatbe Rhabingihath takkl MhtbBraddi tkoBeof a
total of O. 0396or mpre, the 20 corrosion current. densjty near éhe corrosi on

potential of fREC BoFarlﬁétPBn clr veRBbesFREAZBY ePetfrbcRBAcAP tmEaBur enent
begins to beCMquseaaletlapdpthelﬁgrnegeencbesashanmg obst he pbating.l ayer
i s inproved, but |f he ot al . ano addi tign exceeds, 15% .the nel ting
point 250f the platf tﬁ 8Bﬁ§ hgﬁhepg %88tﬁ§ tgﬁtﬁﬁé%htaﬁfsﬁﬁdltlon
of thez2€l enentsroh nheagyoupeobfelemenbs addedatoetheeﬁlahlhgabaeblds
preferably 15%0 or %g i

and/ or La, thg %e?%? §9p8?ﬁ?d gi%p %%g??gg ? % ?%ﬁe? gktgéPaIPheso
even if Zn iso#bpoe ﬁbeeentheSﬁébttng ﬁ@pmttbé gheupleﬁiﬁgemenhsbécones

| ess than the hgnhalogrpogg P Z§20§5anﬁ ot heng h anrangecaf ¢
conposi tion where as oy pﬁatlng Inthe atnosp ere becones
possi bl e. Not 8- Pﬁaﬁodéeaﬁﬁ/the addition of Al, Ca, Y, and/or 35La, the

ignitionm point of tbe Nﬁnzﬂgabbgédrbiﬁéyt91@@@Hts@%@@ mEkErilishawscthe
regi on of conposition where't | ti ng point beconmes 580C or |ess

due to the addPEfFBnibfany, O@ﬁ O? éhdF@r ﬁé chareréeriigare 1n1thett G 1Bi nary

(MyMyZn2) eutﬁ@tlalglng -BAged hb31b eptetma@yle EQCbb@tbhﬂ% zhf: 28 b$ni5% or
more, My is over 35% and the tota anount, additio

and/or La is Booée?ﬁ §594 éﬁeagm§c8§ﬁt§OBFaﬂﬁé plafihgP QPﬁ anﬁ8wl§n8 t he
mel ting pOIntvb@ﬁm€E§e58@ﬁkQ§e|©$SS or moBg.further limting the region of

conposi.ti on shown i int can be nmade 520C or | ess.
10F|G.3§ shows the ?85 gh %? % §EF§ﬁ8§ &ﬁ@?@dtﬁeeﬁglpﬁgﬁrﬁé'nt becones
520C due to tbraaddttironeaf b)_Q\l beﬁ:ag iﬂroaﬁld/edr whah a hot HflpZMgi——Sal?é%tO

| ess t han 45@% hg oyer g he. totalZ WD# fga |on %

Y, and/or La f'& %opéé 89 @&QFhSOQ 84641y 26¢ §P§ti ﬁath r?nIOM/and
the nmelting péénb7betnfesfB208eor cbessining onBvem mbréneﬂsméﬁ%sor nore, if
My is over 359 e d n_qf /or La is
2 to 15% theé%?§§8%?t§gg% %Rgngﬁﬁﬁlngt% g%%hg gwﬁgﬁgeg% §6ﬁgﬁtlng poi nt
becomes5520C grohpssf Fhemeotal AanBdnt Tof &ddi CuonFef, the eélrendivt sMof, t he
group of el emapisaf LiqTede 0,08t 8-18eaknge bl T ebeli eved thatnear the
el ement concentratron of .5A§ Rere s a ternary eutect|c i ne fornmed by
the el ements 25tef pﬁeeéﬁmaptefoéléhen9§0lp v, edrdiepiZn2 Cifn OFI0G. t2, S5see
"2"), and the liquid state of the My-Zn all oy stabilizes near this ternary
eutectic conposition. For this reason, even if Zn is 45% or nore and
the plating is far froma binary eutectic conposition, it is 30possible to
approach a ternary eutectic line by the addition of elenments of the group
of elenents B and the liquid state of the My-Zn alloy stabili zes.

Fbmever |f addlng the elenents of the group of elenents Bin a total of

A N7z o, - - b T



5l onger a eutectic line. Even if adjusting the anmount of addition of the
group of elenents B, the anobunts of production of MyZn2, CaZn5, etc.

i ncrease, the nelting point of the platlnq bat h becones 520C or nore, and
My- based all oy plating becones difficulft. ?herefore, the 10l ower limt of

My becones over 35% In the case of an My-Zn alloy plating, if
raising the ceqhin@n@aﬁerwhekhe ramge off corpesitli oF QheZ@f@hﬁléﬂ?to | ess
151 f t pl ating

0
| ayer cont ai NS IATShSr PGS Shide ton Lin bbuntheBg  va e Sgefctage ‘6t t he
plating | ayer leofs 5%B®rOn@BetotBeaQQPrOMQQnowéilSBaQQQ,Obnﬁhﬁh@h35l&@ | ayer
IS supe[!or t S%h Qor%§f|3%5%$3 é%gg@eﬁgpﬁ %ibp% e {%Ep%féhhe saneh
conposition, r| n e e anor phous
phase i§3presemb;phomhepmbae|n@ bayeaumbheee@emmagenomoﬁenb&ahohecones nor e
e ot LA BFEYRERR O PRLsny 81 LR BLan! hg aen o Lhe sam
| ayer contalnioamhaaurphqusnphaie (iln BovdlY aehamargertiredcanr adiaan said

potential ris b red wi th the rrosion _potential of a
pl ati ng Iayer%§ ¥]h% 94éhe gggpggﬁggnﬁ%a% FgcengFstﬁétonps §n300rystal
phase. Furtheﬂntﬁh@eeeﬂﬂogl@nm@@mndnﬂnd®93|131an A cormriosi it ypotaenta al

al so begpnes snall;er r hO [ nce i a

nvi Torant - can be eval GAESE By et PR L s eIt B R P
cont ai ni ng andafBEpRGGSNpRasE pﬁ an Lamogit oof P3a3syebP#-endmote 0ag38 resul t
of the eva|Uathnlﬁa%hee%%mQEfaaqqrBQ%EQ@cEQ%% abakhenglast t9ksa cycle
corrosion test than a atln% ayer of the same composition, but - 27 -
conpri si ng onP?pﬁaéﬁ?§té¢ pR §éaCtlon PLRNEhEPBLATPENG £l Ay éP88okeailnd 64n

anor phous phasge i(BxanuarBdnti riey avek uie ppakcent agerrakthesshhae 5% the
platlngﬁgayer exhi,bits a cgrr05|on resistance equal to 5that of a plating

| ayer the SRAELRIPEsPr¥an, B énpPisPhg™eAfy a crystal phase (plating
| ayer cool ed by nltﬂQQERng&§ -phken phabiyngllated stethemaitseiafl the
corrosi on potenti al e corr SIO urrent density al so
becones 105ub§£§ﬁ?F§FF§Z§§UQV %ﬁﬁBQnBISWéQchHéﬁg hgﬂgcpgr%§ﬁﬁés can
be seen. The evadbyatbileniafy ﬂhge@ObbnsamnlhgsZstaaﬁeabm aoﬁymbeecah603|on
test was sim h gasaqns -wh Lhe corrosion _resistance is i roved 15i f
t he plating Igger gogféln§8a25an%rphoggrﬁhggecgpgaﬁgﬁnglegF Ogugg
bellevéﬂ)thate@amenhe arpepheds fphas éhies gaochpnodgeréensnstsr Bet Aie @eLh
neither crystal gpal @ab%nga%%w’e%r% bie 6l e9RALH55ARHEIAl GrlA oaig
internetal lic ¢onpoun el'ement’s i nprovi ng the corrosion resi stance
can be di ssol ¢e§ailnighé ﬁﬁtﬁ?xaﬁmasecgptﬁenﬂhé 8dl:utli ek pict mogrd, (c) an
anor phous phagggi %oﬁtﬁ@ﬂ@ﬂg' ghbahtegmeeé@lleoceheo%%f aeeuy s aftd vated and
a dense oxide filmis rapi formed. Furthernore, when formng a plating

| ayer contalnFﬁ§u25§ﬁ éWﬁPﬁhous phase if adding Ca, Y, and/or La (group of
el ementzs B'), the Qﬁﬁﬂpﬂﬁuﬂgpﬁa§@dfQ&ﬁb?gpiﬁtbﬁt%tgéﬂl%ﬁ@e&&@ﬁ‘%@eset
conposi tion of tgg Rlatln g layer. is |nproved ddi ng el enents of the

group of el emEAt Dr g% AGSt RE dhdr pRous) pﬁQ@éaFSFﬁﬁﬁ&daBPIF??ttéaﬂﬁe
?Oplating bathptlHlpSMgeBﬁBbHea%@o&Othalhqtlﬁy@rwbohaﬁﬁdsab|OK pl ating f
ayer containing an.anprphous ase a steel ,sheet easi The group o

el enents B' feagugglgggﬁ a4t 8 S@oﬁsg?éﬂeaigﬁ Eﬁggﬁagwﬁal ophéFéégthe

anor phous phaéey@ﬁfetnhngemDEkEtmrelbfls sef tiegepbihhabfatoes Myhbekewoul d
i nhi bi tzyTove ine of salidificatiaon ar |ncluded in the
all oy SO thatng?ao9 %é?gggta?e Melsdng Beilres a g %ﬁﬁﬁg 5 188ssi bl e.

As such atonmsplbBiaddibden) teofal nin@hd &2, 16€s, YbhedNdapt bey t€bBLhYeElY

| ar ge aton13|2§ | ant hani de el enents may be menti oned. These el enents are
considered to~5exhibit actions and effects simlar to the group of elements
B. Addi tion ofi4N rhsmetbestivelfiek baat@we@eee%ORateeleqrF@S%eﬂ

resi stance, S.no ion in i rOVI g.t annrp ous ase rmn
ability. 10Th?8rte 68||Z§éd £82p8ch Eé&@g ﬁﬂe BAthEPPY BP%FSPﬁéﬂ 6ﬁu8f

l'i quid3af Al mhehezms|5nposmtbwehabd Ah Bscaphelenpht swi tidproperties
different fromth e Ca, Y and/ or § 9jt£.negative l'iquid enthal py with Zn.

The conp05|t|ons glVlng gﬁ 588P8H8 S Bh 2e in a hot 15di p My- based al |l oy
plating layer are l(ifitad. Mg-baseBl G113yshowsed Bsegiedn maft ecapposist isen

gi vi ng an anor phous phase. A conposition giving an anorphous phase is
limted to specific conpositions due to the difference between the nelting
point and glass transition 20tenperature of the Mj-based all oy. Even
if the conposition of ingredients changes, the glass transition tenperature

wi |l not change that much, so an anorphous phase is usually easily forned
t he Iomer the neltlng p0|nt Therefore t he anDrphous phase form ng

~r 1 * o Y . o " re T



- 29 - alloy plating | ayer containing elenents of the group of elenents B
inatotal of less than 5% the plating becones far froma eutectic
conposition, the nelting point rises, and %he anor phous phase form ng
ability 5becones small er. As a resu} it becones difficult to form
an anor phous phase in a plating |layer by a plating process using water
cooling, so mﬁenthonnim@3anoanmnphousapaaserlm@di$nnaﬂatosend55&@1&0In t he
same way, if Zn Qecongg %gwggr re in anmalt ¥a Iatln gﬁéer cont ai ni ng

el enents of the° gro of "e neﬁ?s B9 h"a of 5@9 t he plating
becones far fron1a(éﬁteﬁnlwgebap66|aﬂbny phetaélstaglpmahernaieas and t he
anor phous pha rm.n b t sult, i ones
G TT culT fo foF By phots bnact Ta o ol ot H5T ayBe By & pf AFFngie
proceSSEUsingiméﬁéfa@@obEhgeesosam@nhbbrdlnganbaﬁﬁdpthQthéséinZn is made
| ess than 40% ge.o il f : t han 40%
and 20My: over %%56a?%e5te %lﬁgt%ggﬁ? Eec ﬁggﬂgggeﬁ%?ﬁagl§;?8&%§§§% or

| ess, so thislpdpgecofrebapdsPti onei srthere angeneonteoapbsrtedntconvini ent
for obtalnlngcgn gHDr@pou§ophg§ .pfurther, by including an anmorphous phase
in a hot 25dip My-based alToy plating |ayer containing el enents of the
group of elenents Al7 ?tA?sMﬁoééﬁﬁﬂeagéOYuP%ﬁé?d|ﬁ%?%%em@h@réé#ré§léﬁt

resi stance. forthL&hlaﬁyngnéhafefi¢0£00?15ﬂpéayaaaﬂér9£eah@ncgﬁaesIon

resi stance due to the addition of corrosion resistance 30i nproving el enents
and formati onS8tdaRchndtBndusPphadea i pYiBlpbsRPpiaYEH pPBHAEBSsReel sheet

provi ded withpalhetedbp Mg- @aaednabb@aaﬁlat1ﬂ§u£@y@ésrenarkably superior in

corrosion resistance. The hot di bas i ng er, of t
35present invention’ %nﬂr?ﬁ%nho%ng?%gk@nb2¥%a %8 gﬁ8¥|ﬁg ¥§9eﬁt882taining

an anor phous maasslale @hablag bay@ﬁStsupebyOthenuboam motkabplplytaﬁd
adhesi gn. An 5&0. 8 %{ i 1830, O¥ M tplg ngE o y
crystalllzat|8n and gra n ar%ﬂPﬁ %%} this Asoh; Pﬂ% pl ati ng

| ayer, by just sI|@hrtyeralShaghbhqupoMgﬁ@nraléQytpéatlygtahygraoﬁs
Seasi |y eroMenll DPLecip LhvbR PORSEBLEILO LeOUER LG OELLL ROLEL Sffect of
internetallic ounds poor asti ¢ def or mabi | on the workability
and adh¢3|on.SUPerlorft®ta|@Op@@Btbbeaithbtaip an Bh@ﬁph@uéaﬁﬁas@hhaving
an atom c StfHééﬁiﬁ oaoan'tﬂe'Qoﬁééhﬁra£b§n195n£§rng&aébherggaaggnéé are

el i m nated, so the workab fy and adhesion can be further inproved

In hot i p MytzA 5@Vb?gp95t3ﬁgreﬁﬁualﬁﬁtlon to the techni que of fornlng an

anor phous phase inpthendlattRg hayehipi figlBapogshbh gyt p1atthki ngly,i gprove
t he corrosion 15reS|stance by the presence_of an interpetallic conpound

phase of Zn3My7e presen§n3%5?nE2ﬂ9N@7 PECRkPPRESRAT a8 Y51 2n20T FAS $Be

papers, but iﬁegmgt@ﬁ@éenbueeagébpihonokhabim&tynt@bnehalbt@s@ﬁﬂpounds are
treated as the sangbsubstances and.are all 20exgressed aﬁ Zn3 is a high
[

tenperature stABFRUPRRSETAsPShBhASHH BFES 35 a STrughpref; gep §oﬁr i f
appl yi 8¢ sl owfeootiogaasmenban @hdaﬁabmoboled;pbphaﬁhﬁg peoeess)st heny and
Zn in the nol gn_state ngaéate intg phase and MgZn or My4zZn7. 25It
is not possib e'to ?eave ﬁb9 arr ﬁaB?ﬁ hary tenperature. However, in the
same way as form ng an anorphous phase, it is possible to | eave Zn3My7 by
rapi d cool ing f t C r mst cooling) right
after 30hot dip pIBaRIE{P BES€§§ﬁ§&§N©§@ ﬁﬁE B @?ﬁ%g even in a conposition
with a small anor phbus bhaSeaf@Lﬁanhabnhgtyhetha@lps okgcgnpakiioyopl ati ng

an 95 R zn A SR G b A ngOoTE RRTBRCRonr Prg A CRrhot 0l B pi'at i ng,

soneti nes an adoiphonsophase @ad Zn3&ga/areLa1xed ina plating |layer. - 31
FIG 5 sho th nge_of conpositi n i.$, obt ai ned
by hot dip plating, %he% %gt%rvﬁggl?ﬁ§Wl?ﬁe9$3n¥e$h co%p%gg PEATERBWN i n

FIG 5is thewhaﬁ@etl@é xa@m;)@ﬁgtp@mnmh@é@oﬁaélvgiowrblbel@@@duyed@csetg{e«,ed as

t he XRD 5peak géhg ractlon of t e plated steel sheet surface.

This range of @ b%?t? s the fangBi6Prcbiiposition where the X-ray
intensidty ratio (raefGo aflgléfva@WIgnopea& tAtensgtynobrZadhMpésiexehudi ng
10di ffraction peak of diffr ctlon | ane s gging 8f 0.233 nm in the sum of
all diffracti 6A°peak™i AT8HE ?P@spggﬁga??ng g 4Fffracti on pl ane spaci ngs of
0.1089 to 1.766 nnrichat is,adiriéwashbenngngl Bsn2ByoklbolyopBBBei N case of
di ffracti on neasurenent by Cu-Ka rays using an X- 15ray tube with Cu target
for the X-ray source (however, excluding diffraction peak of diffraction

pl ane spacing of 0.233 nm) is 10% or nore. The diffraction peak of a
diffraction plane spacing of 0.233 nmis preferably excluded since the
strongest 20line of My and the diffraction peak are close. Note that the
d|ffract|on peak of Zn3Ng7 is found by referrlng to the dlffractlon data
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be a total of 0.03 to 12% In the range of conposition where the Ca
concentration or Y and La concentration is high and the anorphous phase
formng ability is high, sonetinmes an aqo&ghgus phase is forned and Zn3My7
cannot 30be obtained. In particular, when~asing water cooling (water

i mrersion) as a rapid cooling nethod, only a certain cooling rate can be
obt ai ned, so oltaajrirng faMg3My7 phase is difficult. Even with a conposition
where an anor phous hase is generally  obtained, hy changing the rapid
G001 g ot hoR 1 ol o Jeodt TGV FOPTARIIrE. TGSt Lo COTERS LET S0 as
to reduce thewteals 1Ig;Fgt eigiokemireed.- 32 - the plating layer, it is
possible to partia%hX%o %gn avZn3Ng§ g]hase.t Bel ow,_ _unl ess ot herw se

i ndi cated, the casé of use of Watdr °c6 Hpﬁg 8§ Fﬁ@sfaﬁﬁ &Sgﬁing nmet hod is
assunmed.5 5Thepéfroccgurnsherf Ga, MY-2&ndtof Ua-éxeceed &at pflaltioky I%yert is
necessary to 11%ar. re and prevent the anorphous phase form ng
ability fronlgggﬁékﬁéiéé%sfgg much. Al is an elenent pronoting the
formati on of Zn3MgFILQ rorie ehanewhehamonghobs ghase-ssotiibnghe Al
concentration.l i r e pcent ration, ~Zn A easily
formed than tﬁ§§§%§%gﬁbﬁ§h%ﬁa¥§.2§aa%ﬁ° = ahé%%CaFéYﬁwggébgrqggggre a
total of not rererPhemsi®haselmati on of a small amount of anor phous phase
and 15fy mation of p2a3Mg7 j9cqur,isi,Mubbangaushy x b Za3MaT s seont ai ned in
the plating layer, the corrosion potential of the plating |ayer becones
about - 1.2V Peslterg/ RFCEN ME~-ao025WPNACT Saglieddusas olatiion. 1ves value is a
hi gh val ue conpakegnwulsh phRee20corrosion potential of -1.5 to -1.4V of a

pl ating |l ayer of the sanme conposition but not containing Zn3My7 %plating

|l ayer air cool ed aftlér pFl &6i Agylevhehgrhéatepnt hE-dMuAf@r ZRIVGMti n t he
plating | ayer fithe ckesen hkerceneoshesrpatentifalant @g—252%tmEhencarrosi on
current ensitﬁggeﬁé Zithe co&rosioR Botegtial ﬁf t he pol arization curve
starts to becBME sigl Péfting laveyehaMRIRNGHS PRGSFAyer where Zn3My7 is
detected by X-ray dirfsf.r act iena iviieMl shbw€agi shaddeduilnst be platiengahayer,

t he corrosion rrent density _becomes small. Wth 30. Al _of to 6% or so,
if the concen?gégygﬁsi% r§§§e§? %ﬁg ESPFSSPSﬁnEuFPeEPedgﬁ§F BEEGres

smal ler. |If addimwg Ca: FOG3 o 5% the corrosion current density becones
smal | er. When Si KikNng .t precipi preferentially over
t he anor phous phasg?%Allﬁsggdgegggﬁ éﬂgggﬁgaﬁgreﬁﬁ%ﬁ%ﬁntﬁgﬁ%Ca.

Zn3My7 4ermar kabffrpgitdées phétesnr asi bher espssapedngf inhahgl &E-AGM ayer, but
if present injashargecamoynt prh, v 33 - the plating layer, the workability
of the plating | ayer degrades and cracking easily occurs. - On the

ot her hand, an ann?ﬁ@ougzpﬁﬁsé H68Y ABPVRAGeaBs Xmycl of fdrastfiest of

i mprovenent obathereobroshoRgS2keskabangesastAR3MAZ, huksl a1herRgengous, so
is superior i morka?jlity i's superior in surface flatness, and has many
ot her advantagég?rlp d¥8i-1 itRg 1PoTpRAEI QullAaRPYPPRFEr PhESEr oéPaidtlesi st ance
to an a@tor phous phage.phatiiBgal ayew, shbwisgsuhf kKereRt die riraxt483My7 in the

pl ati ng | ayer, A platin ay containing_Zn3My7 has_ a superior .
sacrificial cB?%ggfgnpergfhﬁggzbﬁgpfy%ﬂfgha%@§p @f%tétgfe BHé&t "Gonpar ed
with a 55%Al - Zayplrat(ZngdgAl-clf0%&i. [ atn Mblet @. To neasure the sacrificial
corrosi on-proofing ability, it.is sufficient tq bend t hot .di p pl ated
steel sheet and figééfhg4c6¥rSsyéﬁwrggpgﬁgﬁcgkgf%tﬁgngﬁggéa %F?nby a salt
wat er spray tpstterncyc¢l enctigrgsi enmtedh-1l htak &kh-6y aphét @d sfleelingheet

t he pl aty ng | of. <t rked r S 0 rt _of .t.he el, sheet
20be002%g expgégg? kf5ggﬁgﬁ-§ﬁ g?géédgs?gglt?%egﬁgukffléa)Si%%%a%eéagtee
sheet, etc. withfaarbowosaprittiechabfcenr Hgi-8i- ptodf Zng labithidt Cah8vetméd r ust
formed at the part Ll icat;el y -af/ter e rt. of, -t he st,. .hut in
hot dip 25N@-%%D%Fggégasggggggggeﬁs'tﬁe(%§p8§§df%§§g%éf1€ﬁé $ ge% g%&et of
the worked paftfigariiedi apélkyraovér ed Hg-Kg oxindegn-doathé Fornht rdmof
red rust is gpeaphytdabaygder or noAN7TMI14N¢ @D':fglagllf%,pll‘%t)?da eehe x-
materi al , My-Zn anor phous- phase contai ni ng ated steel material, ané
BOZnBNQ?-contéPMiﬁ@f6F3?§60§tééFtﬁﬁﬂepﬁaEHaﬁQ‘éﬂeaﬁ@ﬁ dinp IMgLBas €4 -aBl oy

pl ated steel gaherhal g1havhpg1ngaequisl kbri ymphases. r3@udering)the process
of production, require at | east water coolin hi gh préssure m st cooling,
or other cooling mfgﬁ-aléePéth§P§wléP@@lggegb€c@O§ﬁ &dold rycle I'n
particular, a large cooling rate is required for increasing the anmount of

t he nonequilibriumphase - 34 - superior in corrosion resistance. Here, in
actuality, there are at | east two probl ens when produci ng a nonequilibrium
phase Mjy-Zn hot dip plated steel nmaterial. 50ne is that when introducing a
cooling facility with a large cooling effect in a plating process, setting
a cooling facility wwth a high cooling ability right after hot dip plating
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8- phase, or other internetallic conpound phase (that is, alloying occurs).
Hot di p gal vanneal ed steel sheet (GA), widely used in the autonobile field,
is Zn-Fe plated steel sheet 30deli beratel ﬁt#t_i lizing this nmetall urgical
phenomenon to inprove the weldability and e corrosion resistance after
pai nti ng. However, My and Ca are elenents poor in reactivity with Fe
and | ower the aotioditon afedfe and Zn, so if My 35and/or Ca is present in the
plating alloy in a certain .concentration .or re, internetallic conpounds
of zn and - 35 - I'—[gj‘%rargl ard % o fof rﬁhdmﬁ“r?g% aﬁpﬁ%a&qeﬁg.oéurt her, even
if nelting agaarmafdiem plratiheg,rdstleraretfaldyicd ec anpowsdooftedtrsand Fe are
hard to form _The e .of .composi ti.an _enabl.i ng ,suppr.ession of 5this.

al | oyi ng shoula(frbboerrafin he rtglr?gemaffeng&noﬁlo&etsltoﬁ(%s eoI\?J\ir?]TSn aﬁ%coﬂpaﬁ?a NS, it
is possible tdesuppregssiallsoying if a My-Zn hot dip plating |ayer
containing Zn: 15% r£,. : 9 r d : %or_ |less., OF

course, when in theE%er%eﬁofé\%oanLo%sdi) %{héjn%sr%ovﬁ% r?%%(fﬁ]s Onl,mqﬁﬁi Oolu(%%\'f de the
range of conpdsi thihen siesaTsartRioB oF drheFlsGedd, sdeat iaf d&hreegi on of

conposi ti on wWhesg, A NARRAUIJbR WO, Ahase is not nuch obtained, it is
possible to confirmthat the anount of the nonequilibrium phase rises,

t hough slightly, by onfli% disng By eBSEhoRENG Réel Syl oof moaathedradyc peaks
due to 1he inareasidng @fsdheanewnt ©of: Hhe neneqydddbigumy e Al'l oyi ng
can be suppressed when heating the alloy plated steel naterial froma

t enper at ur e néARHE I iTeG pdietedRlt e plating bath (melting point in
range of 20conposi titen shows ian vikG shofineBAEe0lcdres%)iont Rtfrdrs1 d

mel ti ng point, tQC a tenperature within (melting point+100C) and holding it
in a short tife (Aolt °PSmsRatteP? Wierr Mol SRt SarraPrefusitat &d dteel
material for am@sinengrparsed vateailbamer@pune raarcyidiegsrel ting point of the
pl atin ath or wh eating to_a nuch hi.gher tenperature than the nelting
poi nt , gle%/)en i f the%gghﬁp%sal tli%oﬁl It &M% § Neay & oS T8 e SIF SRS i n t he
range of conpedi tthensrsixewseiat iBinGofl,thal lcoyirg ioh Zroandt30ke aare occur.
Even i f makin | at i I r._thi,ck, s tines so Fe-Zn internetallic
conpounds ar egifné]}rg}‘?rrlet oﬁlegg%tthg%?ﬁtréﬁ alée (ﬁgtr{%écen%tﬁ Cpleast ?Cr?g%léafé’rdfnsd ‘st eel
sheet, but the Fe-ZAG.ntér st al Viiewe eimpouimds thiel lcomeweriogr ow g 1381 | oyi ng
wi || never praqgr i-ng -heat.| nd. r,i N ratur f. the alloy
pl ated steel %%eg:t%%_%S%eStreg%&!a?le%f?%rh%sg&frri%%glo?lhga gg‘ltsor?efo%ht e - 36
- plati4ly | ayenviestd o gesandlaie réf laBoutir0 tpo2dr cyeleBur-t her, the Fe which
can be contained i wridhe opl aki BY idYelsnds id Ml do aRkaut, %%rp@al%ot%ys
extent of anount of Fe al nbst never |eads to alloying wth Zn. 5Al I'oyi ng of
Fe and Zn rem@rkdbBy BrSGeS6Ed et 10% 60T SEONFOTLSuEE Rt &ifndde n t he
plating |ayer Inveden dheatestr eateenk 1heat(iaFg i oM R 1| g it Lf) the
plating bath to a %eﬁzcger ture within the %El %ng poi_nt +100C) and hal di ng
there for a short tine Cabdt 21 VAEHUEEPYitHe HiGadGVilty GOF E&aTH 'ate
falls &td al | ofi niheolcrbe sasecZiotioes nolke @etbsion prothetd lfRynk@ ef: Fe
and Zn is confirned by detecti i ntermetal | i onpoynds ., usi X-ray

di ffraction tﬁrzoﬁgﬁlte%e O§| gt anglvgyérl,ono S5y ga@t%gdr?ii#gqi e Ilic
15conmpounds usi ng &Iscagddi ng el edeworshpwdngs dhee rwistll tan oehesgynidiasdernrsi ve
X-ray spectrongt ( D . th rQss-section of the plating |ayer,
e Lot 1! BebsRRbcoh B (0% B A e e e o5 ¢ i s
possi bl e to udé avcdptsi odl thiecloyeope o20fle sex Maitee itfie 2plat ERYA.ayer - st eel
sheet iqgerface so toceasi Ly fi - Xi ce,.af - al | oy
| ayer. 7 To con i%r'm9t5hg§sﬁpg§gs%sisgln@wg?%2% ?ﬁé%%e%é%%%ﬁ&f?? @flf ective
to investigat &9t Rdlicwgr edi ents of the plating | ayer before and after
reheating. Usual lypqif ble;Ee_25¢ant ai i St | .at. r- i.s ess. than
0.5% Zn-Fe inter ngtIlaGl I i2r§ égrrgogﬁgg \%\nhlgﬁ’qéllgnrrgs %r?%\?e?l%g}éggbs/g)rfvgd.dﬁ ?@Fe
becomes 0.5% &ffdre, sone Fe-Zn intermetallic conpounds wi |l be produced
near the interfacera.the pkaki BYlaxehand St eelatheglg M Jf Jehgating
to a 3Qsuitable tenperature, the internetallic conmpounds wll not grow
during the ri &9 Pdlt&mperature and alloying will not progress. - The
ingredients in the plating | ayer may be anal yzed by preparing about 50 mi
of a plating layer dissolving 35solution by 10% hydrochloric acid etc. plus
an inhibitor, usin§=thi ¥ORFatPRg PEFE NG é%’gl vty LSYEGEION to pickle only
the plating | ayer, and analyzing the ingredients in - 37 - the dissolving
solution after pickling by an | CP nass spectronetry apparatus. The

advant age of reheating/rapid cooling lies in increasing the anount of the
nonequi | i bri um phase in 5addition to the independence of the rapid cooling
process. Wen producing a steel material provided with a Myg-Zn hot dip
plating | ayer containing a nonequilibriumphase, it is necessary to gas
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At the time of gas wiping perfornmed right after plating, if the drop in
tenperature of the plating layer is large, the plating |ayer crystallizes
before the rapid cooling and, after theﬂrg id cooling, no nonequilibrium
15phase of the anorphous phase is produced and the plating | ayer ends up
becom ng the same as the plating | ayer produced under equilibrium

conditions Be labt, aithcap rarenpghdus ephdse or 10t her expieduidd dm um
phase, kﬂyg{tant to cool the plating layer by a 20sufficiently |large
coollng rate roma tenperature right above the nelting point of the

pl ati ng bath. The tleimperatlye ﬁ@'uheaph&tmdge&&thmeiyx@xﬂﬂquﬂﬂ1in a
tenperature 1 0C _hi_g o I poi nt Iatlng al | oy
for the urpogg%b %gngﬁofi%% t%e%%ga ﬁgg?o&lQ% ﬁO% Pg% %Q%ngé% and st eel
mat eri al3 hoIdﬁﬁ@C@heT@u§tuﬁgdmathcstaeléacetehat ) Mowelwers, nmeki ng t he
temperature Ofche phakiag RGN, LUl her ah'dgh%rfc%rt N21350YR, RROSR & not
preferable in ternms of costs. Fur probl ens such as the”i ncrease

30t he product (9G¥ 6L vér ewshana ﬁ@nlﬁW@@ off N sekavacer pbous G0 wmmbased
al I oy platinggnare ;al seneaused. com atlkﬁlHQ LeMReLAkYLaiepk st.he plating
bat h becones further higher, the s material tenperature rises and the
cooling rate at théof 1§fr@@§PPngCP@Wﬁ§Seﬂﬂ 35paiti Pasgiblghé® usi ng

wat er qqollngutqulQQOEhegFonec@ﬁgﬁ@ﬁbqﬁle@OQ@Cheent@% %%%%El%ﬁ%et ahhe
heat capacity of the stee naterla increases, the cooling rate further -

38 - falls, afd tihe28nBunCroFiPhE nBREGHPILDFPETERELE Sh¥ombsadndisl er .
However , mnthlwhesh@@ d|et@@thc@behbu@"l&bermeﬁthh@ @he5ﬂ@t icheent i on,

even if the anDunt f e one | ibriumphase is small is possible to
use reheating 64 ﬁegﬁe wﬁighPogbb edﬁﬁégﬁglﬁpﬁgt§8lWPlGF“tﬁg SE&t PRy bat h,

melt the plat magnitayeedagain one tine to elimnate the crystal phase or

equi li um phase, then rapidly cool it to cause,the for t|o

anorph?ﬁ% 10phase gr otﬁe%gnonéqU|Ifﬁgfﬁﬁﬁpﬁﬁée%gg §§OP§ gagg %t he
anount of theapdaggduiyl olbr Mgmopheseily igniThat ks, thke meﬂmun@|poM@tbased

al oy plating;layel t a osition o r.ese ntlon

it is p055|blékt§%su9EFe§§eg ngsqgl %% %OEQ'Ee &gogﬁa%l%% ggg S|ble %o
reheat/rapldI?lééePgtﬂéYQKapﬁngnlMﬁebaWﬁﬁh@dﬂOalb@@ﬁﬁgnlng Mg Thea

reheat i ng/ r aphg ﬁo%h@%n't%a%%h' regofrorexaa@'l@,' yaﬁopﬂg' RQ s @qﬁogﬁp%at ure
ri ght above the neltlng poi nt of g ating bath, "so it is possible to
cool dch 20t & eﬁeeé|a§§ereaﬁshyléﬁet @ﬁe@&@u?éatnnﬁ gréhed-ime. This is a

cooling pattern sumb@ab@rfoMgo@gabnm@gaqanqgrghqg@ hot-dish opl at ed st eel
mat eri al . hat the conditions at the tine of reheatlng govern

t he progress BPtﬁpF69 ng HetRe&n LZRMGHY PEPCFf-Ofh&ag5ridA&atiing t enperat ure

is too high oeotrheshehdprgofing ks rkemg roreveRtaklanherperat urge mMmedi atel y
above the neltln%8%0|nt of thegﬁlatln .bath, even plating of the range of

conposi ti on of WHBTHFEsERPXi RYERt Pon ey SMPSY 1 OFh@OtMve grs studi ed the
reheat iadg condntkeansvang 3@aeaache@uhheleebhedqubabfafbemna@abu@eathbo

B T e
m nute. Furthedloyd soppressngl MgyingaohiBk andcEntrition 3bprékerable to
hold the.pl i LOgcLaer el 300, 0hotess, Wental BCEORIEL Lan s not et
39 - is unnec@§§épﬁlyAécﬁlvaﬁedtanﬁhéwldyﬁﬁqvegeﬁaéhhﬁtated The rate of
the rate of 1 emperatur et oe Bs pPoror ooy el on st b a2 g 18Y Ut
t enper at ur e oFOQPhéSSQaPﬁnﬁglayép a@léhwﬁowéqeéﬁ§ﬁaﬁm0@ﬁé ?@r@ﬁeﬁSto

Vs 70 8 Loy phat g aner P e sasurs Barealon botuean ¢ he

pl ating Iayeraﬁnﬁgspééﬁdshéeﬁléﬁe PdatR8Ipder e SEPEVILOY éﬂ»ﬁ@hﬁﬁdope 101 n

particul ar, wheant BecMi emBeenbhathensitschi gRectnanyBlati ng defects” easily
occur. %ecurlng adheS|on with the steel sheet also becones nore difficult,

but it s possi bl eNPbeusBathepPEpl &tengreChoB 186 18Gppress ™ skt pl ati ng

def ect s" and eg&etyngeﬁayéradh@ﬁ&@@stEBeEﬂﬁse5ﬁh%th%h%%ﬁy explaifed,
preplating la pl ati ng all oy. The

é nmust ime "m§ttablllty wtht

i nventors i nvB§ePgaled2thaYwe ?EhpglﬁﬁyﬁFtﬁoﬁﬁr&ﬁe§a§§dapFéﬂSﬁ@1alon for
various alloy elenents for securing adhesion between the plating | ayer and
steel 20sheet. As a result, it was learned that C, Co, N, Cu, Ag,
and/or Sn are suitable as preplating netal. The preplating |ayer may al so
be a plating layer of an alloy conbining a selection of two or nore of
these netals. 25This netal preplating |ayer is preferably forned by
electroplatlng or electroless platlng The thlckness of the preplatlng
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amounts of elenments diffused fromthe preplating |ayer are very small and

forma substitution type solid solution in the plating | ayer. The

"non-pl ati ng defects" can be easily confir rged S5visually. The nunber of the

"non-pl ating defects" present in a certai o range fromthe cent er of the

pl ated steel sheet is confirnmed visually and the extent of "non-plating

defects” judggthdne't henduThesl peimdiNidyar emmdiatsed it 4 heryuider of the

“non-plating dgqf ects of 10the steel sheet surface changes with the

i mer si on speét'f° t'he steel sheet in the plating bath, so when confirm ng

the effect of the prepltat |nng;hd'd df5 farefeariabl e ff Girimake-ddwed MmErsi on speed

of the steel s eet. in.the bat h cgnstant. .15The nmaterial. of t

steel material® eC]r‘ﬁgnglatyherp ﬁsqq%atpereosfert el i ﬁ%%t‘i ST ¥

mat eri al 5i s natdqiarg iZcultar IMg IJISmetrrq:d_ondd- lhalsleeﬁ st eﬁte ahdxrealcnwmza;retm,n

steel, high carhon . stee varl nsrle t.ee Cr st

Ni -Cr steel, e{)@.' c%hecbe Used: %ﬁ)e sst |r]1r13C rrent’ho sctercglr{fg]ﬂlul of”

steel, hot rol'ladeymetdod,o p’igﬂklﬁcrrgnsnmﬁpodhasa@l o fr gifg rpgfermritod etc. are

al so not partiquardy,, ] imted. For the plating nethod, the Sendimr

met hod, preplating et 0od, two-step hot dipping nethod, flux 25nethod, etc.

may be used. As théfpriepiiatd fp Hefr é:ftehé’lqvﬁlaaﬁcalaldgpypltdtatdgl%flatyr@@

presentq i nvent i : [ £ Gre tJLsequi fhe
19 dioendt e% rwglm%%tzi bI%{ Qi er of t eqpresent

steel material provi oy pIat|n y

invention is %mwmmwmwra Mgacipurror 5m:lr(?t wjdd) dthfosphere. As
the preplating hefQre tihe Wi 4hRld 0% Pl1ding Hf otf_h@rgor eseniydnventd on and
the first step di pping in two-step hot dipping, I"at i ng, Zn plating,
Sn-Zn pl ati ng,2RA%E- FEQEEd .o B3Pmad i ign l%fe&q {REIpRaESNgthEt h may

be produced i maadvianteoMitheut ey g AP ettt he 4l taler\ﬂ}fé nt of My if
rreltlng and Zn mxedqﬁttﬁ]egr?e%determned ratio in "cruci bl e"
t

with an'? nsi d&’ r¥&psdded J dads’St-c. DlSSOlUt'Ft‘Eé"r & ygar%coc &

nmet hod of uti liizzimy leoryer gicaldiplavaid able:menrcadnsditda Mn. 1Thd hi s
case, it is 5SUfJ'C'eﬂ} 0 mxrpred erm ed anmount.s, of th non-

conbusti bl e My and Zn ‘and e HHAEmM 1BVt on rbonbustl bl e My

somet i mes contaamnssptkdenmr Ca. Inthis case the plating bath will also

contain Al or Ca. i at

10concentration, i t IS possrhﬁqe }%na& %lreglssrqqﬁl%rgf or rna{{\(49 Mﬁpojfal]& %ntlé‘e al | oy
| ayer. #Hor t hithe dgsgmidue iof rm;tdarte@essa‘i yehteo rahcb Mt tioyveret igirat itige bat h
for the purposg Qfc-SHRRS al

formati on of a Zn eFe al Ilgj?/l%ldla er wt ég{(;odrgesa r1@:st| caéc%ef ﬁd&%ﬁ. ty% SO
causes powder iMg has mm@e%wmwmrqma%mme Pitatihyy Irafeatafise to

wor ki ng after digidded.i AN VisRased @ldaywdi alddGd ayefehont aliidg,Med n a
hi gh concentration of the present i nvention has the advantage of not

causi ng peel i iy ‘GCHEY &6 Rfdiderdn ZorRéYar di ng the addition of Fe, Cr,
Cu, Ag,2N, Ti, Zr,1fMadding and/y M, srlfncaeddrmﬁ sT@l d @i Sfatd )t o a
totaI of aroun.d 0.1% it is OSSI ble to intrqduce themlﬂto t he pl ating
bath by addi ng mét U ESSHhder LB lﬁr}itl]ﬁ}g R hd? di Rt He b atth there
in an inert 25at nosphere st tafeouﬂtdscﬁﬁﬂt@zﬁ (0353 &H@leariein@daalfh tiam.s Wen
addi ng the above t al a hi ncentra at rmspherl c furnace
etc. is used to prgbi rN% aaguaﬂ}is 35 1hte”¥%ld) Cglasgraaﬁ‘as Zit ot q%thda this
a: : oy is adfjlecbttaasa hoel oqg) vaetrd regf Hatmg I lrtttéme :ﬁ(}maparzaltﬁm;t aéj]tldmiolijaddﬁl ? i at
al | oy wel | ,_-since oi lin Mandd 1S Preferd nelted a
900C or§? ess. aﬁto@}: ﬁega?ﬁ‘l r@ %V!ogddlécilgnlpep% I}ﬁnceCa ! anbz/;phr V{a,a i f

addi ng t hem uphtepea digteiamfofarfouty 5941dyt, iBIGosst bileowso B85mgoduce t hem
into the plati t p r o] i and

hol di ng t he b i}ﬂaer e&?’naa% j.lg; rgell?lé*ngar aEtSIrréDsp%ter ekp%avt?§ agr]gmp‘%’t%ooc for a
| ong period ofdltaqmim Wie i gdtti n’:glltcrte above netals over 5% an atnospheric

furnace etc is usedd qqlptrlgr}a%]eﬂa%atl ng %;nhedaéjsd@d%%@g S laftcaiﬁcﬁﬁrpi My

and this alloy is added

pl ati ng3>wher e ida, On/ 19, Nﬁ(ﬁneﬁﬂaﬁmﬂkﬂﬁthrkﬁsﬁpt%% %ﬁmﬁphpusﬂphagei
formng abili tdondds i Rpseitl Gid O easblneoblald fusdgle phase. ofi A

anmor phous 10phase by hot dip plating, then cooling the plating |ayer by for
exanpl e mi st CHATHF etfe.aFUoR &t ios evidils tHiR e Wt el @ caBeTi ra e fof
about 10 to 1000C/ sec is obtained at the surface |ayer of the plating.

I n anot her My-Zn system where Ca, Y, La, etc. are 15not added and the

anor phous phase formng ability is small, it is possible to obtain a
cooling rate of about 1000 to 5000C/ sec at the surface |ayer of the plating
and to produce an anorphous hot dip plated steel sheet conprised of m xed
phases of fine crystals and an 20anDrphous phase by mater coollng pIated

o, 1. . Y T o o o, o, o,



30present invention, it is possible to obtain a plating |ayer containing an
anor phous phase of at least 5 vol % by nmaking the tenperature of the plating
| ayer substantially the sane as the nelti n% poi nt of the plating bath and
imrersing it in OC water. 35ln a system‘of1 ngredients to which Ca, Y, La,
etc. are not added and with a small anorphous phase formng - 43 -
ability, in ordes M AbLAIIL AN ADANoUs, Phase Nil tars desahle 4 vmake t he
anount of platin eposition sufficiently small (for exanple, nmaking the

pl ating Vﬂﬁgbk?fé@slaéf PGt 4 ss)Eo r\%’ke e itreifpdrctuRe Idfeviase Spl ating
llayer right before el ivhwatiewadibgirapdAinl d e sare Ahitdie el ting
point, imrerse it in OC water, and sufficiently increase the cooling rate
of the plati ng I 4301 Hedby DBtRid &FpIt& iy "afer-hedntedi Mty tame
arm\rAﬁhoEs phaser ofdd el MEr Qél@l&@&@k&fh e?c@lhm,id I'@:ﬁﬁhp%)(ﬁicﬁf Mc@hn,i gglrsedi ents
in ich Ca, Y, L efc. are added, the anorphous as ormng ability is
hi gh, so even Ejl]?o‘f%eeci'er?bgrdtrhr § RIS et W%Kﬁtjéﬁ"i%stie&?q Useorﬂeé\/nat
hi gher than t heldield i7ng tpoiMy wafs tdwe lplyatd ng katdi,d ithd rpessidilee: tor obtain
a plating 15| o rised of a single.phase of gn anorphgus ase by just
i mersion in %}f/ |nr7rar8£}rgt E%greggﬁfee%%ﬁgﬁlgn 3% aw@ﬁ‘gééFBrza f’lgtﬂoy

del i beratel y rmeducend heweal wme peirciert &ge iof at e gnmroploeus yehase, an st

cool ingyps Useh O d g Lemperaliure, | medialely, helore yater imersion is
20r ai sed. “The Tor mation of an amor rk))hous phase can ‘be confirmed by a
hal o pattern bei ng Tsbtinted impitvhedd rday tdi Mar,adtiimmt pat tsered lofantdventpl at i ng
| ayer. If a siqyl gq{ng{go@q]u @Qgﬂé , | tt (when ating

| ayer is 25t hidr}?kgqneti mes t Fe%d(_;i %yr%g'?riegﬂ lgle%% 0 g?)ﬁle stee %arge'ri al of
t he substrat e s détestted)s ite1dschiipedhe atmosphey e kedantsr pisug mease and

crystal phase AneMHxedy idadhe @mrRheus Phage noluie REFLRNY age ds | ow,
it is possible to use a differential scanning calorineter 30to detect the

exot herh? ¢ pedl©twiéh G5 Lo BIE e SpHESE dhpstealtlgtds Grpmg itHery | @ n
tenperature amd thereby corsfo ranrtshe presence of the anmorphous phase in the

plating layer. To fjnd the vaol une percentage of the anorphous 35phase, the
pl ated steel mat eriTI S S tERt1G W@“&p&st-lo%e’ﬁ"&? % Lo i alfd %et ched,

and the platingdoayesoof t he ﬁ@%%@%@ei go0hserMedghY taBnoBE €8k mLCroscope.
- 44 - At the part of the anorphous phase, no structure is observed
due to etching,idpittigm wedndarto05E) t héher pelalinphasetha ¥or dot the due to
crystaly@rai n Ropndard,&s i SR Qhadh Reundan] es, it 581G 1S
observed. 5Due to this, it is po salr}’b]] et o%_c ear Q{ag]fdfe?eroglﬁ%aat%ﬁ e region
of the anor phdug §shase! paml ogd@she Sceditort SofP TSt 4o pitdde idarts so it
is possible teued G e dita valiing rAlebh e dide 89 MBthad or

i mage anal ysis. 10Wen the structure is overly fine and nmeasurenment by an

optical nicroSdHPERPE TS f HOMEVET a HF Rpvede 9fs 11t Alavdd fldmdt he

clr 0ss-secti on tefrddtedliat ihlrebgtglee;y%rof m&&%mi@e%dtn%%lssaﬂlrea&Wp%%p@}e

el ectron. m crqgscope., .In the case of a transm ssjon ect,ron m croscope,

15it i s?%ossi 8%(? {20 o i A& SEh GRS 98t MECHAlY €10y Ya IRaltd B n of an

el ectron beamatifdspetdegn ipatitsergrdfie rablegiton ampares e tydatinirfiec T be

observed. In qghservation n optical .m crascope, when texture is ,not

observed over H1Hé%Enti% é)ng%’r% ce S@re(ﬁ/r?elmoyzdé\/éar? iF IR A GRS S wher e

t ext ur e cannotthee adlser wed,, tthere dls earrsusiivciaotd ofg keid@rcaar $the strain

free crystal %rt@(jor%jheilt is preferable to further obtain a thin piece for an

el ectron m croscop and ‘confirmthat there are no diffraction spots on the

el ectr o beam di f f Medts dna25pat tseyoprarsd tthat igyrhidl iempatft éfgn arsd abser ved so

a,S to confirm I]?)%C,Itqu%l IOSf %qa%rﬂ)roga%%,pqacsﬁs suffi ijetx{{ p:f(%)t %éﬁ{] C%pttlocal

m croscope and an el ectron mcroscope, It is preferaﬁe o fin he area

rate in 10 or thsr dadisftt dihentsafticeltdsiebye sc amplitner tiheade -prideessianpn 30y nd

the average ofyd he fQund Ar ea d alPsn AN S8 dhe  @spllils as, 4 heg yvol une rate.

For the detection of the Zn3My7 in the plating |ayer, the general X-ray

diffracti on méisPN s Erftedta vl Hgeexme Sasdn X-thayp dd fraction

appar atys using Qu-ia Hayemddrs Used tQ Jeaswa dhe didf r@%tﬂi% Rafdern and
ea

j udge presence by the presence of a Zn3Mg7 diffraction™p In this case,

for identificREHRISE e tARBMEEIR tHe addigg an xf fHhaigressetti on pattern,
it is preferabledibse dhedidd rastd om pRAk £fe 2010 1341 nHi S
because if over 30, it overlaps with the strongest |ine of the My
diffraction peak. 5Further, when the amount of the Zn3My7 phase is small,
judgnent by TEMEDX is also effective. The characteristic X-ray spectrum
obtained froma specific crystal phase may be used to identify the Zn3My7.
10EXAMPLES Next, exanples of the present invention will be explained.
The conditions of the exanples are exanples of conditions enployed for

Y T Y T



present invention can enploy various conditions so |ong as not departing
fromthe gist of the present invention and achieving the object of the
present invention. (Exanple 1) 20A surface _treated steel material was
prepared using a bath of each of the plétiﬁg"conpositions shown in Tables 1
to 6 and cold rolled steel sheet of a thickness of 0.8 mm equal angle

steel of a thigkress«efi Ehown and ankengtihped sinde ofrB@iem or hot rolled
steel sheet of 25a thickness of 10 rrmasta ubstrate. My, Zn, and

ot her necessafyYTRGHEdYertt PereRte \wer §T46 %0 a predeternined
conposi tion, then auitghdiegyenecy rdughiren ftitenacswas wsedhea el t them
in an Ar atnosphere .to agbtain -Zn allqy. 30Scraps were taken fromthe
b epar d al | oy HEd HBLRTEd By 41 COPRE ST ah WS Haddyed by | CP

(i nductively cougleed iphasmuypotmasp Ipeetinoyetolntice carkilr mhickat. t he prepared
al I oy matched with,l he conposition.shown in Tabl estl to 6., This alloy was
used as the 35pl ati'ngbath)CHE FOE 84 °SEEE 1INEE 1 hitlkhess of 0.8 mm)
was - 46 - cutontventO coredl®lamado sakicdi shadtestt picged.e Eoirsolsésh pieate was
pl ated by a batch .h di | ating test apparatus nade by Rhesca. The
bat h t enper at SPel&R%It%ﬁcég%ttepltaelglﬁg bath was nade 500C. Air w ping was used
to adjust 5the anodiG.ofl deposist ithe, mokles ©ift togervyds was rgsednt aesdol the
plating glown to of diaiy hameialiGon test FlfPHARA AL AN B A fipr phous
hot dip plated steel sheet containing an anorphous phase in a volune

per cent age of t5%todeyslepecthedplagt ¢ svdeh gisdett iwgd vl Oierreitded aavyved wat er

after hot dipgplald RF corrosikr iPr RALALIO0R QoA ANRIRN0YS N0t di p pl ated
steel sheet containing an anorphous "phase in a vol une percentage of |ess

than 5% the PFICACEPPECEE] Ysife S 1KES I Obite & Yoy C8iSTAVIN G s R LYSr essure ni st

froma close odicstanc@ion in thRe sequalspangl @r9eels Was seUlk @ 1532684 n
the long direction, while the hot rolled steel sheet was cut to a square of

10 cnx 1’ cm t 6O3BCFLR e st thitdcdadrivesn eehied ldd S5l éce A& RS 19

plated in a Zme%?bgtartdmin@g wtehs wathXl mtgh@@/tlﬁgln@ﬁ@t@w laﬂoerfo@ridra;alce to

gi ve an anount__of deposi tiqgn ut 1 . then was imersed in a

Zn-My al | oy b&CH C6¢ O&hét&e sé%te%%n&é)ﬁt iablgog\?ﬁﬁ&ﬁst'i on and, as needed,

cool ed by i nmer si omhien 10@enatoers. r2bhThéeplcgidirg tadhesizon was aevralsudtred, for

a cold rolled,steel sheet, bendi ng a plated.test .piece by.180 with the

pl ati ng | ayer l%ta(%%ﬁéisgﬁ‘tagi &g%ar(f rs?ﬁbc’jqé)& ?nr?é:p:%tOltogyantfmbgpdibr?gq’etdest. After

this, tde pl akildgyl @yertedf sthelbenttepdrtl wds theelpewsefift By vaditésinve t ape,

the cross- 30 %tslt%'?ltqfvetlgzed %r}tex%a.ritn %% %%WO%E_‘L%UU%%I h%ﬂo%fyt "%al
f the pl &

m croscope, and the rate eposition o ating yer the outer

ci r cunf er ence ConViehd 1ongds heodctdion Zof atlthe yoera tsar tstwes fededial. A
resi dual ratengectitﬁcgllqtyi,nghle@yqreaqffnte@r ke 4ast.35@f. 50 to 100% was

eval uated as "G (good)" and | ess than 50% as "P (poor)"”. No _plating |ayer

was indi cated by "-t¥) Imgp plating ggyefotvifdl |ed difd@icsfidet Ndiwd &sual

angle siel, thacenesstsest,i adbsef Jdhe nkerl RV oMeD rRIBtRe AdNdRy () ,,
optical mcroscope and the rate of deposition of the plating |ayer at the

outer circunf EPERCe GPRERE U8 ELPBEEE | GRDPUIE b FEAr T W&E TR A
test piece w mhialvatempiridepositt Mo .of the plating layer of 50 to 100% was
eval uated as "G (good) ..ang, | ess t.han 50% as "P ((paor)"”. Na depositjqn of
plating |ayer was iHdi cafed By FOSLOnTRE in@r}"@fy &?Wﬁdﬁ?ﬁg@g édr?ase of
the surface lechifhe pl deimgtirayerd < fjfudged by ugiarg iam X ayhediifdaract i on
appar at usin -Ka rays to.neasure the diffraction pattern _and judging
the pr e}ébche 0 tgli hefl%(]:r)n pﬁ)aqftetdterw nl@\/\ﬁé)ﬁ rtoﬁeloélﬁrr&wcglt% SRS and O@rpfﬁéﬁddphase
are 15m xed, ioff e anol urmapdradent agepafe stsh e reemoropheus. gphase riest lrowt a
differential %%%“'a?%e%a' qni Bt &4 eC%QaQﬁm ?ngetta‘i %ff{en o4 18, exqtherm c peak
when crystallizing from the anmorphous phase during He Tise im tenperature
so as to confipmwduled spresence of the anorphous phase. 20To quantitatively

find the volume peicenlage.of otéﬂechaewe%g%% RRsed oy ALl Aedslgel sheet

judged to have an anorphous phase, the plated ste heet was cut, its
Cr oss- s&ct i on bwas spainitsHe drd rétnehédie tharavee ypl @t)i rgd dyer dfsadvery
surface was exani nad ungders.an Qpidcal 25m croscope (x1000) . The area

rate of the amorphous phase was found for 10 or nore different fields by
conput er i mage prodeSs iy ca@®ncshéls@de & heatles opting iere fwiresgedt tte bt ai n
the volune rate. 30The corrosion resistance of the plated steel sheet was
eval uated by applying the nethod based on an autonotive standard (JASO
M609-91, 8 hours/cycle, wetting/drying tinme ratio 50% for 21 cycles. For
the salt water, 0.5% saline was used. The corrosion 35resi stance was

eval uated by the corrosion | oss calculated fromthe corrosion | oss and
density after the tests. - 48 - A corrosion loss of less than 0.5

) '~ f R L T] ~ -~ 1 a N a v ~
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materials for cycle corrosion tests:
(1) Steel sheet provided with a 68 atm% Mg-27 atm$

Zn-5 atm% Ca alloy plating layer (amorphous, layer

thickness: 10 upm) (Invention Test Material 1)
5 (2) Steel sheet provided with a 68 atm% Mg-27 atm$
Zn-5 atm% Ca alloy plating layer (crystalline, layer

thickness: 10 pum) (Invention Test Material 2)

(3) Steel sheet provided with a hot dip Zn plating

layer (layer thickness: 14 um) (Comparative Test Material
10 1 (commercially available material))

(4) Steel sheet provided with a hot dip Zn-Al-Mg

alloy plating layer (layer thickness: 12 um) (Comparative
Test Material 2 (commercially available material))
FIG. 16 shows the appearances of corrosion of the
15 results of cycle corrosion tests according to the
Invention Test Materials 1 and 2 and Comparative Test
Materials 1 and 2.
In Comparative Test Material 1, at 28 cycles, red
rust forms on the steel sheet surface and corrosion of
20 the iron metal also occurs. In the other test materials,
the surface is covered by the corrosion products and
corrosion of the iron metal does not occur. |
At 56 cycles, in Comparative Test Material 2, red
rust forms on the steel sheet surface and corrosion of
25 the iron metal also occcurs. On the other hand, in the
Invention Test Materials 1 and 2, red rust does not form
on the steel sheet surface and the iron metal is
protected.
From these, it will be understood that the hot dip
30 Mg-based alloy plating layer of the present invention is
remarkably superior to a conventional Zn plating layer
and Zn alloy plating layer in corrosion resistance and
sacrificial corrosion-proofing ability.
Next, the inventors examined the cross-section of
35 the plated steel sheet by an optical microscope to

examine the corrosion morphology. FIG. 17 to FIG. 20 show
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the results.
FIG. 17 shows the corrosion morphology at the cross-
section of the steel sheet of the Comparative Test

Material 1 provided with a hot dip Zn plating layer
(Layer thickness: 14 pum). At 14 cycles, red rust is

formed. Further, from the cross-section at 21 cycles, it
is learned that after the formation of red rust, the iron
metal rapidly corrodes.

FIG. 18 shows the corrosion morphology at the cross-
section of the steel sheet of the Comparative Test
Material 2 provided with a hot dip Zn-Al-Mg alloy plating
layer (layer thickness: 12 um). At 56 cycles, red rust is
formed. The corrosion rate of the plating layer is slow,
but there is little protective action of the iron metal
by the corrosion products. Even if corrosion products
form, the iron metal corrodes.

FIG. 19 shows the corrosion morphology up to 21
cycles at the cross-section of the steel sheet of the
Invention Test Material 1 provided with a 68 atm% Mg-27
atm% Zn-5 atm% Ca alloy plating layer (amorphous, layer
thickness: 10 um), while FIG. 20 shows the corrosion
morphology from 21 cycles to 56 cycles.

As shown in FIG. 19, at 14 cycles, a small amount of
the corrosion products A was formed. After this, at the
cross-section at 21 cycles, the corrosion products B
formed little by little from the corrosion products A.

During this time, the advance of corrosion rate is

fast at the amorphous phase. As shown in FIG. 20, at 28

cycles, where the corrosion products B reaches 20 um, the
plating layer ends up becoming almost completely a
corrosion layer.

This does not mean that the corrosion resistance of
the amorphous plating layer rapidly changes. Part of the
corrosion of the plating layer reaches the steel sheet,
whereby the sacrificial corrosion-proofing ability acts

strongly and the corrosion rate of the plating layer is
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accelerated. By increasing the plating layer thickness,
it is also possible to make the corrosion resistance at
the start of the cycle corrosion test excellent.

However, after this, the corrosion stops. Even by 42
cycles and the next 56 cycles, the iron metal does not
corrode.

When the plating layer is an amorphous layer, time
is required for the formation of the corrosion products B
with a high protective ability, but in the end, the
corrosion products become a two-layer structure of the
corrosion products A and the corrosion products B and
suppresses the corrosion of the iron metal.

FIG. 23 shows the result when observing the cross-
section of the corrosion products formed by 42 cycles of
the Invention Test Material 1 by EPMA. At the time of 42
cycles, the plating layer of the Invention Test Material
1 becomes the two-layer state of the corrosion products A
and the corrosion products B.

At the lower layer corrosion products A, the Cl
concentration and O concentration are high. On the other
hand, the Zn concentration, Mg concentration, and Ca
concentration are average concentrations. On the other
hand, at the upper layer corrosion products B, the C
concentration, O concentration, and Mg concentration are
extremely high.

From these results, the corrosion products A are
comprised of an oxide or chloride of Zn, Mg, and Ca. On
the other hand, the corrosion products B can be deduced
to be comprised of Mg carbonate compounds.

Therefore, the corrosion-proofing effect of the Mg-
based alloy plating can be guessed to probably be due to
the Mg carbonate compounds.

Note that at the point of 42 cycles, in the plating
layer, corrosion front reaches the interface between the
plating layer and iron metal, but it was learned that no
dissolution of Fe occurred at all.

FIG. 21 shows the corrosion morphology up to 21
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cycles in the cross-section of the steel sheet of the
Invention Test Material 2 provided with a 68 atm% Mg-27
atm% Zn-5 atm% Ca alloy plating layer (crystalline, layer

thickness: 10 um), while FIG. 22 shows the corrosion
morphology from after 21 cycles to 56 cycles.

When the plating layer is crystalline, at the start,
the corrosion products A are formed and cover the entire

plating layer surface (see 7 cycles). At this time, the

loss of thickness by corrosion is about 5 pum. This
corrosion rate is the same as the case of a hot dip Zn
plating layer (Comparative Test Material 1).

However, the corrosion products B are immediately
formed from the corrosion products A (see 14 cycles)
whereby the corrosion of the plating layer and the iron
metal is suppressed.

The plating layer corrodes a little at a time, but
in the middle, the plating loss become equal to that of
the amorphous phase layer where it takes time until the
corrosion products B are form. In some cases, the
corrosion loss of the crystalline plating layer may even
become smaller (see 28 cycles of FIG. 22).

As shown in FIG. 22, at 42 cycles and 56 cycles, the
plating layer changes almost completely to the corrosion
products A, but in the same way as the amorphous plating
layer, the corrosion stops and no corrosion of the iron
metal occurs.

FIG. 24 shows the results of observation of the
cross-section of the corrosion products formed by 42
cycles of the Invention Test Material 2 by EPMA. The
plating layer of the Invention Test Material 2, in the
same way as the plating layer of the Invention Test
Material 1, is a two layer state of the corrosion
products A and the corrosion products B.

From the figures, it will be understood that Cl, O,
Zn, Mg, and Ca are strongly detected from the corrosion
products A, and C, 0O, and Mg are detected from the

corrosion products B.
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From this, the corrosion products formed are
believed to be ones similar to the corrosion products
formed in Invention Test Material 1.

In the end, when the plating layer is crystalline,
the highly protective corrosion products B are
immediately formed at a relatively early stage, so
corrosion rate is fast at the early stage, but slows in
the middle stage of corrosion.

Finally, the corrosion products become a two-layer
structure of the corrosion products A and the corrosion
products B and suppress corrosion of the iron metal.

As explained above, the corrosion morphology in the
Mg-based alloy plated steel material of the present
invention actually differs from the corrosion morphology
in the conventional hot dip Zn alloy plated steel
material.

Next, that the reasons for limiting the composition
of ingredients of the hot dip Mg-based alloy plating
layer of the present invention will be explained.

To secure adhesion between the plating layer and
steel material in a hot dip Mg-Zn alloy plating layer, it
is necessary to make Fe diffuse in the plating layer. For
this reason, it is necessary to include Zn in the hot dip
plating bath. Zn has to be 15 atm% or more.

Note that below, unless the % is particularly
explained, the % showing the compositions means atm%.

If Zn is less than 15%, the activity of Zn in the
plating bath becomes insufficient, sufficient Fe
diffusion does not occur, and sufficient adhesion cannot
be obtained between the plating layer and the steel
material. Due to the diffusion, sometimes the Fe is
contained in the entire plating layer up to 3% or so.

However, the diffused concentration of Fe becomes
higher at the interface between the plating layer and the
steel sheet. When the thickness of the plating layer is
small, the diffused concentration of Fe becomes higher.

Here, the 3% in the case of increasing the Fe
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concentration is the concentration when the thickness of

the plating layer is 10 um or so. To improve the adhesion
of the plating layer, diffusion of Fe, even slight, is

required, but the amount need only be 0.1% in a plating

layer with a thickness of about 10 um.
By having the Mg contain Zn in 15% to less than 45%,

the melting point of Mg remarkably falls and becomes 520°C
or less. This is due to the fact that (Mg: 70%-Zn: 30%)
is a binary (Mg-MgZn;) eutectic composition.

The melting point of a eutectic composition is lower

than the ignition point of Mg, that is, about 520°C, so
even 1if performing Mg-based alloy plating in the
atmosphere, the Mg will not ignite. For this reason, a
binary (Mg-MgZn;) eutectic composition is the optimum
composition as a plating condition.

If 72n becomes 45% or more, the result ends up
becoming far from a binary eutectic composition, the
amount of production of MgZn, increases, the melting point
of the plating bath rises, and the viscosity also
increases. Further, if Zn is 45% or more, the melting
point of the plating bath is liable to exceed the
ignition point, so Zn has to be made less than 45%.

The corrosion resistance of the hot dip Mg-based
alloy plating layer of the present invention is superior
to the corrosion resistance of a hot dip Zn plated layer
of a hot dip Zn plated steel sheet. The corrosion
potential of the hot dip Mg-based alloy plating layer of
the present invention is -1.0 to -1.5V (in 0.5% NaCl
aqueous solution, vs. Ag/AgCl). The sacrificial
corrosion-proofing ability with respect to the steel
material is also remarkably superior.

That 1is, the hot dip Mg-based alloy plating layér of
the present invention is far superior to the conventional
hot dip Zn plating layer in corrosion resistance and
sacrificial corrosion-proofing ability.

For the purpose of further raising the corrosion
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resistance of a hot dip Mg-based alloy plating, one or
more elements selected from Fe, Cr, Cu, Ag, Ni, Ti, Zr,
Mo, Si, and/or Nb (group of elements A) are added to the
plating bath.

5 If these elements are added in a total of 0.03% or
more, the corrosion current density near the corrosion
potential of the polarization curve obtained by
electrochemical measurement begins to become smaller.

If the total amount of addition of the above
10 elements is over 5%, the melting point of the plating
bath rises and plating becomes difficult, so the total
amount of the elements of the group of elements A added
to the plating bath is preferably 5% or less.
One or more elements selected from Al, Ca, Y, and/or
15 La (group of elements B) also are suitably added to the
plating bath to improve the corrosion resistance. If
adding a total of up to 10%, the melting point and
viscosity of the plating bath fall.
With addition of a total of 0.03% or more, the
20 corrosion current density near the corrosion potential of
the polarization curve obtained by electrochemical
measurement begins to become smaller and the corrosion
resistance of the plating layer is improved, but if the
total amount of addition exceeds 15%, the melting point
25 of the plating bath becomes higher, so the total amount
of addition of the elements of the group of elements B
added to the plating bath is preferably 15% or less.
Further, due to the addition of Al, Ca, Y, and/or
La, the melting point and viscosity of the Mg-Zn alloy
30 fall, so even if Zn is 45% or more, the melting point of
the plating bath becomes less than the ignition point of
Mg of 520°C and there is a range of composition where Mg-
based alloy plating in the atmosphere becomes possible.
Note that due to the addition of Al, Ca, Y, and/or
35 La, the ignition point of the Mg-Zn alloy rises to about
580°C.

FIG. 1 shows the region of composition where the
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melting point becomes 580°C or less due to the addition of

Al, Ca, Y, and/or La. In the figure, 1 is the binary (Mg-

MgZn;) eutectic line and 2 is the ternary eutectic line.
If Zn is 15% or more, Mg is over 35%, and the total

amount of addition of Al, Ca, Y, and/or La is 0.03 to

15%, the viscosity of the plating bath is low and the

melting point becomes 580°C or less.

By further limiting the region of composition shown

in FIG. 1, the melting point can be made 520°C or less.

FIG. 2 shows the region of composition where the melting

point becomes 520°C due to the addition of Al, Ca, Y,
and/or La.

If Zn is 15% to less than 45%, Mg is over 35%, and
the total amount of addition of Al, Ca, Y, and/or La is
0.03 to 15%, the visceosity of the plating bath is low and
the melting point becomes 520°C or less.

Even if Zn is 45% or more, if Mg is over 35% and the
total amount of addition of Al, Ca, Y, and/or La is 2 to
15%, the viscosity of the plating bath is low and the

melting point becomes 520°C or less.

The total amount of addition of the elements of the
group of elements B is made 0.03 to 15% since it is
believed that near the element concentration of 7.5%,
there is a ternary eutectic line formed by the elements
of the group of elements B, Mg, and MgZn, (in FIG. 2, see
"2"), and the liquid state of the Mg-Zn alloy stabilizes
near this ternary eutectic composition.

For this reason, even if Zn is 45% or more and the
plating is far from a binary eutectic composition, it is
possible to approach a ternary eutectic line by the
addition of elements of the group of elements B and the
liquid state of the Mg-%n alloy stabilizes.

However, 1f adding the elements of the group of
elements B in a total of over 15%, the plating ends ﬁp
greatly deviating from the ternary eutectic line, the

melting point of the Mg-Zn alloy rises, and Mg-based
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alloy plating becomes difficult, so the upper limit of
the total amount of addition of the elements of the group
of elements B is preferably 15%.

Further, if Mg becomes 35% or less, there is soon no
longer a eutectic line. Even if adjusting the amount of
addition of the group of elements B, the amounts of

production of MgZn,, CaZns, etc. increase, the melting

point of the plating bath becomes 520°C or more, and Mg-
based alloy plating becomes difficult. Therefore, the
lower limit of Mg becomes over 35%.

In the case of an Mg-Zn alloy plating, i1f raising
the cooling rate in the fange of composition of Zn of 15%
to less than 45%, it is possible to obtain an amorphous
phase.

If the plating layer contains an amorphous phase in
an amount, by volume percentage of the plating layer, of
5% or more, the corrosion resistance of the plating layer
is superior to the corrosion resistance of a plating
layer of the same composition, but comprising only a
crystal phase.

If the amorphous phase is present in the plating
layer, the corrcsion potential becomes more noble
compared with the corrosion potential of a plating layer
of the same composition, but comprising only a crystal
phase.

If the plating layer contains an amorphous phase in
5 vol% or more, the corrosion potential rises by 0.01V or
more compared with the corrosion potential of a plating
layer of the same composition, but comprising only a
crystal phase. Further, the corrosion current density at
the corrosion potential also becomes smaller.

The corrosion resistance in an actual environment
can be evaluated by a cycle corrosion test. A plating
layer containing an amorphous phase in an amount of 5
vol% or more as a result of the evaluation has less of a
corrosion loss at the start of a cycle corrosion test

than a plating layer of the same composition, but
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comprising only a crystal phase.

If the plating layer contains an amorphous phase in
an amount, by volume percentage, of less than 5%, the
plating layer exhibits a corrosion resistance equal to
that of a plating layer of the same composition, but
comprising only a crystal phase (plating layer cooled by
nitrogen gas after plating).

The rise of the corrosion potential is less than
0.01V, the corrosion current density also becomes
substantially equal, and no clear change in
characteristics can be seen. The evaluation of the
corrosion resistance by a cycle corrosion test was
similar.

The reasons why the corrosion resistance is improved
if the plating layer contains an amorphous phase are not
clear, but it is believed that (a) the amorphous phase is
a homogeneous étructure with neither crystal grain
boundaries where the elements segregate nor intermetallic
compounds, (b) elements improving the corrosion
resistance can be dissolved in the matrix phase up to the
solution limit, and (c) an amorphous phase is a
nonequilibrium phase, so the surface is activated and a
dense oxide film is rapidly formed.

Furthermore, when forming a.plating layer containing
an amorphous phase, 1if adding Ca, Y, and/or La (group of
elements B'), the amorphous phase forming ability derived
from the composition of the plating layer is improved.

If adding elements of the group of elements B’
raising the amorphous phase forming ability to the
plating bath, it is possible to form a hot dip Mg-based
alloy plating layer containing an amorphous phase on a
steel sheet easily.

The group of elements B' feature giant atoms
compared with Zn and Mg. To raise the amorphous phase
forming ability, it is sufficient that atoms which would
inhibit movement of atoms at the time of solidification

are included in the alloy so that the liquid state

“H Z
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becomes as stable as possible.

As such atoms, in addition to Ca, Y, and La, Ce, Yb,
and other relatively large atom size lanthanide elements
may be mentioned. These elements are considered to

exhibit actions and effects similar to the group of

‘elements B.

Addition of Al is effective for improvement of the
corrosion resistance, but has no action in improving the
amorphous phase forming ability.

This is believed to be because the enthalpy of
formation of liquid of Al with Zn is positive and Al is
an element with properties different from the Ca, Y,
and/or La with negative liquid enthalpy with Zn.

The compositions giving an amorphous phase in a hot
dip Mg-based alloy plating layer are limited.

FIG. 3 shows a region of composition giving an
amorphous phase. A composition giving an amorphous phase
is limited to specific compositions due to the difference
between the melting point and glass transition
temperature of the Mg-based alloy.

Even if the composition of ingredients changes, the
glass transition temperature will not change that much,
so an amorphous phase i1s usually easily formed the lower
the melting point. Therefore, the amorphous phase forming
ability is closely related to the eutectic composition.

A eutectic composition Mg-based alloy has a low
melting point, so is a composition most easily
maintaining its liquid state down to the glass transition
temperature.

In a composition comprised of elements selected from
Mg, Zn, and the group of elements B', the eutectic line
cross point 3 (see "3" in FIG. 3) where the binary (Mg-
MgZn;) eutectic line and the ternary eutectic line cross
is the lowest in melting point. In the region of
composition near this cross point, the amorphous phase
forming ability becomes extremely high.

If Mg becomes 55% or less in a hot dip Mg-based
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alloy plating layer containing elements of the group of
elements B' in a total of less than 5%, the plating
becomes far from a eutectic composition, the melting
point rises, and the amorphous phase forming ability
becomes smaller. '

As a result, it becomes difficult to form an
amorphous phase in a plating layer by a plating process
using water cooling, so when forming an amorphous phase,
Mg is made over 55%. |

In the same way, if Zn becomes 40% or more in an
alloy plating layer containing elements of the group of
elements B' in a total of 5% or more, the plating becomes
far from a eutectic composition, the melting point rises,
and the amorphous phase forming ability becomes smaller.

As a result; it becomes difficult to form an
amorphous phase in a plating layer by a plating process
using water cooling, so when forming an amorphous phase,
Zn is made less than 40%.

In a range of composition of Zn: less than 40% and

Mg: over 55%, the melting point becomes a remarkably low

450°C or less, so this range of composition is the range
of composition convenient for obtaining an amorphous
phase.

Further, by including an amorphous phase in a hot
dip Mg-based alloy plating layer containing elements of
the group of elements A, it is possible to further
improve the corrosion resistance.

Utilizing the effect of improvement of the corrosion
resistance due to the addition of.corrosion resistance
improving elements and formation of an amorphous phase,
it is possible to produce steel sheet provided with a hot
dip Mg-based alloy plating layer remarkably superior in
corrosion resistance.

The hot dip Mg-based alloy plating layer of the
present invention and the hot dip Mg-based alloy plating
layer containing an amorphous phase are plating layers

superior in both workability and adhesion. An Mg-Zn alloy
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is an alloy with extremely slow crystallization and grain
growth.

For this reason, in the plating layer, by just
slightly raising the cooling rate, the crystal grains

5 easily become finer, so it is possible to reduce the
detrimental effect of intermetallic compounds poor in
plastic deformability on the workability and adhesion.

If it is possible to obtain an amorphous phase
having an atomic structure of a liquid state, the

10 intermetallic compounds are eliminated, so the
workability and adhesion can be further improved.

In hot dip Mg-Zn alloy plating, in addition to the
technique of forming an amorphous phase in the plating
layer, it is possible to strikingly improve the corrosion

15 resistance by the presence of an intermetallic compound
phase of ZnsMgs.

ZnzMgs; (ZnsMg; is expressed as MgsiZngy in some papers,
but in the present description the two intermetallic
compounds are treated as the same substances and are all

20 expressed as ZnsMgy) is a high temperature stable phase as
shown in FIG. 4.

For this reason, if applying slow cooling as in an
ordinary hot dip plating process, the Mg and Zn in the
molten state separate into an Mg phase and MgZn or Mg;Zng.

25 It is not possible to leave ZnsMg; at an ordinary
temperature.

However, in the same way as forming an amorphous
phase, it is possible to leave Zns;Mg; by rapid cooling
(for example, water cooling or mist cooling) right after

30 hot dip plating.

Zn3Mgy; can be formed even in a composition with a
small amorphous phase forming ability, that is, Mg-Zn
alloy plating or Mg-Zn-Al alloy plating.

In a composition with a high Ca concentration in an

35 Mg-Zn~-Al-Ca alloy plating, if water cooling after hot dip
plating, sometimes an amorphous phase and ZnsMg; are mixed

in a plating layer.
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FIG. 5 shows the range of composition by which Zn3Mgy
is obtained by hot dip plating, then water cooling. The
range of composition shown in FIG. 5 is the range of
composition where ZnsMg; can be easily detected as the XRD
5 peak by X-ray diffraction of the plated steel sheet
surface.
This range of composition is the range of
composition where the X-ray intensity ratio (ratio of
diffraction peak intensity of Zn3Mgy; (excluding
10 diffraction peak of diffraction plane spacing of 0.233
nm) in the sum of all diffraction peak intensities
appearing at diffraction plane spacings of 0.1089 to
1.766 nm, that is, diffraction angles 20 of 5 to 90° in

case of diffraction measurement by Cu-Ka rays using an X-

15 ray tube with Cu target for the X-ray source (however,
excluding diffraction peak of diffraction plane spacing
of 0.233 nm)) is 10% or more.

The diffraction peak of a diffraction plane spacing
of 0.233 nm is preferably excluded since the strongest

20 line of Mg and the diffraction peak are close. Note that
the diffraction peak of ZnsMg; is found by referring to
the diffraction data charts (JCPDS card no.: 08-0269).
To form ZnsMg;, it is necessary that Zn be 20% or
more, Mg be 50% to 75%, and the cne or more elements
25 selected from the group of elements B: Al, Ca, Y, and La
be a total of 0.03 to 12%. In the range of composition
where the Ca concentration or Y and La concentration is
high and the amorphous phase forming ability is high,
sometimes an amorphous phase is formed and Zn3Mgy cannot
30 be obtained.

In particular, when using water cooling (water
immersion) as a rapid cooling method, only a certain
cooling rate can be obtained, so obtaining a ZnsMg; phase
is difficult. Even with a composition where an amorphous

35 phase is generally obtained, by changing the rapid
cooling method from water cooling (for example, to mist

cooling etc.) so as to reduce the cooling rate given to
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the plating layer, it is possible to partially obtain a
Zns;Mg; phase. Below, unless otherwise indicated, the case
of use of water cooling as the rapid cooling method is
assumed.

Therefore, when Ca, Y, and/or La exceed a total of
1%, it 1is necessary to add Al: 1% or more and prevent the
amorphous phase forming ability from being raised too
much.

Al is an element promoting the formation of Zns;Mgy
more than the amorphous phase, so if the Al concentration
is higher than the Ca concentration, ZnsMg; is more easily
formed than the amorphous phase. _

When Ca, Y, and/or La are a total of not more than
1%, formation of a small amount of amorphous phase and
formation of ZnsMg; occur simultaneously.

If ZnsMgy is contained in the plating layer, the
corrosion potential of the plating layer becomes about -
1.2V (vs. Ag/AgCl) in a 0.5% NaCl aqueous solution.

This value is a high value compared with the
corrosion potential of -1.5 to -1.4V of a plating layer
of the same composition but not containing ZnsMg; (plating
layer air cooled after plating). The greater the amount
of ZnzMg; in the plating layer, the closer the corrosion
potential to -1.2V. The corrosion current density near
the corrosion potential of the polarization curve starts
to become smaller.

Even in a plating layer where Zns;Mg; is detected by
X-ray diffraction, if Al or Ca is added in the plating
layer, the corrosion current density becomes small. With
Al of 0 to 6% or so, if the concentration increases, the
corrosion current density becomes smaller. If adding Ca:
0.3 to 5%, the corrosion current density becomes smaller.

When desiring to make ZnsMg; precipitate
preferentially over the amorphous phase, Al is added in a
greater amount than Ca.

Zn3Mg; remarkably raises the corrosion resistance of

the plating layer, but if present in a large amount in
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the plating layer, the workability of the plating layer
degrades and cracking easily occurs.

On the other hand, an amorphous phase does not have
as much of an effect of improvement of the corrosion
resistance as ZnsMg;, but is homogeneous, so is superior
in workability, is superior in surface flatness, and has
many other advantages. If desiring to particularly impart
corrosion resistance to an amorphous phase plating layer,
it is sufficient to mix ZnsMgy; in the plating layer.

A plating layer containing ZnsMgy; has a superior
sacrificial corrosion-proofing ability with respect to
steel sheet compared with a 55%Al-Zn plating, Al-10%Si
plating, etc.

To measure the sacrificial corrosion-proofing
ability, it is sufficient to bend the hot dip plated
steel sheet and find the corrosion resistance of the
worked part by a salt water spray test or cycle corrosion
test. If an alloy plated steel sheet, the plating layer
of the worked part cracks, so part of the steel sheet
becomes exposed.

A 55% Al-Zn plated steel sheet, Al-10% Si plated
steel sheet, etc. with a low sacrificial corrosion-
proofing ability have red rust formed at the worked part
immediately after the start of the test, but in hot dip
Mg-Zn plated steel sheet, the exposed part of the steei
sheet of the worked part is immediately covered by Mg
oxides, so the formation of red rust is greatly delayed.

An Mg-Zn amorphous plated steel material, Mg-Zn
amorphous-phase containing plated steel material, and
ZnsMgy-containing plated steel material all are hot dip
Mg-based alloy plated steel materials having
nonequilibrium phases, so during the process of
production, require at least water cooling, high pressure
mist cooling, or other cooling with a relatively large
effect of cooling.

In particular, a large cooling rate is required for

increasing the amount of the nonequilibrium phase
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superior in corrosion resistance.

Here, in actuality, there are at least two problems
when producing a nonequilibrium phase Mg-Zn hot dip
plated steel material.

One is that when introducing a cooling facility with
a large cooling effect in a plating process, setting a
cooling facility with a high cooling ability right after
hot dip plating handling a high temperature hot dip
plating metal leads to a rise in costs.

The inventors studied the series of heat processes
of reheating and rapidly cooling a plating layer
(hereinafter referred to as "reheating/rapid cooling")
for the purpose of increasing the amount of the
nonequilibrium phase contained in the plating layer using
an equilibrium phase hot dip Mg-Zn alloy plating as a
starting point.

As a result, the inventors discovered that when Mg,
Zn, and Ca are in a specific range of composition and
applying reheating/rapid cooling of specific conditions
to a plating layer, the alloying of the Zn in the plating
layer and the Fe supplied from the steel material is
suppressed.

Usually, if holding a plating layer containing Zn at
400°C or more, the Zn in the plating layer and the Fe

supplied from the steel material react to form a I'-phase,

d-phase, or other intermetallic compound phase (that is,
alloying occurs).

Hot dip galvannealed steel sheet (GA), widely used
in the automobile field, is Zn-Fe plated steel sheet
deliberately utilizing this metallurgical phenomenon to
improve the weldability and the corrosion resistance
after painting.

However, Mg and Ca are elements poor in reactivity
with Fe and lower the activity of Fe and 7Zn, so if Mg
and/or Ca is present in the plating alloy in a certain

concentration or more, intermetallic compounds of Zn and
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Fe are hard to form during hot dip plating. Further, even
if melting again after plating, intermetallic compounds
of Zn and Fe are hard to form.

The range of composition enabling suppression of
this alloying should be in the range of composition shown
in FIG. 1. That is, it is possible to suppress alloying
if a Mg-Zn hot dip plating layer containing Zn: 15% or
more, Mg: 35% or more, and Ca: 15% or less.

Of course, when in the range of composition shown in
FIG. 1, but outside the range of composition shown in
FIG. 3 or FIG. 5, even in a region of composition where a
nonequilibrium phase is not much obtained, it is possible
to confirm that the amount of the nonequilibrium phase
rises, though slightly, by confirming by DSC that the
amount of exothermic peaks due to the increasing of the
amount of the nonequilibrium.

Alloying can be suppressed when heating the alloy
plated steel material from a temperature near the melting
point of the plating bath (melting point in range of
composition shown in FIG. 1 of 580°C or less), that is,

the melting point, to a temperature within (melting

point+100°C) and holding it in a short time (about 1
minute) .

When holding an alloy plated steel material for a
long period at a temperature near the melting point of
the plating bath or when heating to a much higher
temperature than the melting point, even if the
composition of the plating layer is-a composition in the
range of compositions shown in FIG. 1, alloying of Zn and
F'e can occur.

Even if making the plating layer thick, sometimes
some Fe-Zn intermetallic compounds are formed near the
interface between the plating layer and steel sheet, but
the Fe-Zn intermetallic compounds will never grow and
alloying will never progress during the heating and rise
in temperature of the alloy plated steel sheet.

The Fe required for securing the adhesion of the
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plating layer is a fine amount of about 0.1% or so.
Further, the Fe which can be contained in the plating
layer as a whole is about 3%, but this extent of amount
of Fe almost never leads to alloying with Zn.

Alloying of Fe and Zn remarkably progresses when 10%
or so of Fe is contained in the plating layer. Under heat

treatment heating from the melting point of the plating
bath to a temperature within the (melting point+100°C) and

holding there for a short time (about 1 minute), the
activity of Fe in the Mg falls and alloying of Fe and Zn
does not occur.

The alloying of Fe and Zn is confirmed by detecting
intermetallic compounds using X-ray diffraction through
the plating layer, or by detecting intermetallic
compounds using a scanning electron microscope with an
energy dispersive X-ray spectrometer (SEM-EDX) at the
cross—-section of the plating layer, etc.

Usually, a Zn-Fe alloy layer grows from the
interface, so it is possible to use an optical microscope
to examine the plating layer-steel sheet interface so as
to easily confirm the existence of a Zn-Fe alloy layer.

To confirm the suppression of Zn and Fe alloy, it is
effective to investigate the ingredients of the plating
layer before and after reheating. Usually, if the Fe
contained in the plating layer is less than 0.5%, Zn-Fe
intermetallic compounds will almost never be observed.

If Fe becomes 0.5% or more, some Fe~7Zn intermetallic
compounds will be produced near the interface of the
plating layer and steel sheet, but if reheating to a
suitable temperature, the intermetallic compounds will
not grow during the rise in temperature and alloying will
not progress.

The ingredients in the plating layer may be analyzed
by preparing about 50 ml of a plating layer dissolving
solution by 10% hydrochloric acid etc. plus an inhibitor,
using this plating layer dissolving solution to pickle

only the plating layer, and analyzing the ingredients in
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the dissolving solution after pickling by an ICP mass
spectrometry apparatus.

The advantage of reheating/rapid cooling lies in
increasing the amount of the nonequilibrium phase in
addition to the independence of the rapid cooling
process. When producing a steel material provided with a
Mg-Zn hot dip plating layer containing a nonequilibrium
phase, it 1is necessary to gas wipe the surface after
plating to adjust the plating layer to the target
thickness, then rapidly cool it.

At the time of gas wiping performed right after
plating, if the drop in temperature of the plating layer
is large, the plating layer crystallizes before the rapid
cooling and, after the rapid cooling, no nonequilibrium
phase of the amorphous phase is produced and the plating
layer ends up becoming the same as the plating layer
produced under equilibrium conditions.

To obtain an amorphous phase or other nonequilibrium
phase, it is important to cool the plating layer by a
sufficiently large cooling rate from a temperature right
above the melting point of the plating bath.

The temperature of the plating bath is usually set

to a temperature 10 to 100°C higher than the melting point
of the plating alloy for the purpose of improving the
adhesion of the plating layer and steel material, holding
the plating bath stable, etc.

However, making the temperature of the plating bath
further higher for the above purpose is not preferable in
terms of costs. Further, problems such as the increase of
the production of dross and ignition of Mg characteristic
of Mg-based alloy platings are also caused.

If the temperature of the plating bath becomes
further higher, the steel material temperature rises and
the cooling rate at the time of cooling falls. In
particular, when using water cooling for cooling, the
amount of production of steam due to the heat capacity of

the steel material increases, the cooling rate further

oz
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in Table 1 to 6, the hot dip My-Zn plated"steel material of the present

I nvention maintains sufficient performance in plating adhesion. The
corrosion resirstancesnaf thheagbeakscef thhenphegent ibnpvent ppasar eedahks

better than that of the hot dip Zn plated steel sheet (No. 6-1). The
pl at ed steel ﬁﬁ?é??ﬁrs containing Si, Ti, C, Cu, Fe, Ni, Zr, No, M, Ag,
A, Ca, Y, and/or Hawknethewpktatthg hayetspame-fur phecisgpeéaiyer bf the
corrosion 10rgsistance; ,AMp0g,these, the pLatgd stegk prLerials
5 nonequilibrium phase is small, it is possible to use
reheating to heat to right above the melting point of the
plating bath, melt the plating layer again one time to
eliminate the crystal phase or equilibrium phase, then
rapidly cool it to cause the formation of an amorphous
10 phase or other nonequilibrium phase so as to increase the
amount of the nonequilibrium phase.

That is, if a hot dip Mg-based alloy plating layer
of the range of composition of the present invention, it
is possible to suppress alloying of Zn and Fe, so it is

15 possible to reheat/rapidly cool the plating layer without
alloying.

The reheating/rapid cooling is cooling for rapidly
cooling from the temperature right above the melting
point of the plating bath, so it is possible to cool down

20 to the glass transition temperature in a short time. This
is a cooling pattern suitable for obtaining an amorphous
hot dip plated steel material.

Note that the conditions at the time of reheating
govern the progress of alloying between Zn and Fe. If the

25 reheating temperature is too high or the holding time is
long - even at a temperature immediately above the
melting point of the plating bath, even plating of the
range of composition of the present invention may alloy.

The inventors studied the reheating conditions and

30 as a result learned that a temperature 10 to 100°C higher
than the melting point of the plating bath is suitable as
the holding temperature and that the holding time is
preferably within 1 minute.

Further, to suppress alloying of Fe and Zn, it is

35 preferable to hold the plating layer at 500°C or less.

When this condition is not met, that is, when

excessively raising the temperature, the diffusion of Fe
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2575 rise is preferably slow so as to make the temperature of
5 the plating layer as a whole constant and further to
prevent overheating due to a rapid temperature rise.

In the hot dip Mg-Zn alloy plating layer, it is
difficult to secure adhesion between the plating layer
and steel sheet due to the poor reactivity of Mg and Fe.

10 In particular, when the Mg concentration is high,
"non-plating defects" easily occur. Securing adhesion
with the steel sheet also becomes more difficult, but it
is possible to use the preplating method to suppress
"non-plating defects" and easily secure adhesion with the

15 steel sheet.

A preplating layer must have "wettability" with the
plating alloy. The inventors investigated the wettability
with an Mg-based plating alloy for various alloy elements
for securing adhesion between the plating layer and steel

20 sheet.

As a result, it was learned that Cr, Co, Ni, Cu, Ag,
and/or Sn are suitable as preplating metal. The
preplating layer may also be a plating layer of an alloy
combining a selection of two or more of these metals.

25 This metal preplating layer is preferably formed by
electroplating or electroless plating. The thickness of
the preplating layer should be 0.1 to 1 um (deposition
amount of 1 to 10 g/mz).

After plating by ordinary Mg-Zn hot dip plating

30 conditions (bath temperature of 350 to 600°C), the
preplating layer sometimes remains.

If the preplating layer is too thin, the effect of
suppression of non-plating defects and the effect of
securing adhesion cannot be expected.

35 After the plating, the elements forming the
preplating layer diffuse inside the plating layer and are

included in the plating layer in amounts of 1% or so. The
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amounts of elements diffused from the preplating layer
are very small and form a substitution type solid
solution in the plating layer.

The "non-plating defects" can be easily confirmed

5 visually. The number of the "non-plating defects" present

in a certain range from the center of the plated steel
sheet is confirmed visually and the extent of "non-
plating defects" judged by the number per unit area.

Note that the number of the "non-plating defects"™ of

10 the steel sheet surface changes with the immersion speed
of the steel sheet in the plating bath, so when
confirming the effect of the preplating, it is preferable
to make the immersion speed of the steel sheet in the
plating bath constant.

15 The material of the steel material forming the
substrate of the present invention steel material is not
particularly limited. Al-killed steel, ultralow carbon
steel, high carbon steel, various high-tensile steel, Ni
steel, Cr steel, Ni-Cr steel, etc. can be used.

20 The steelmaking method, strength of the steel, hot
rolling method, pickling method, cold rolling method,
etc. are also not particularly limited.

For the plating method, the Sendimir method,
preplating method, two-step hot dipping method, flux

25 method, etc. may be used. As the preplating before the
Mg-Zn alloy plating of the present invention, Ni plating,
Sn-Zn plating, etc. may be used.

The steel material provided with an Mg-Zn alloy
plating layer of the present invention is preferably

30 produced by a vacuum or inert gas atmosphere. As the
preplating before the Mg-Zn alloy plating of the present
invention and the first step dipping in two-step hot
dipping, Ni plating, Zn plating, Sn-Zn plating, etc. may
be used.

35 The alloy used for the plating bath may be produced
in advance without worrying about the ignition point of

Mg if melting Mg and Zn mixed in a predetermined ratio in
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a "crucible" with an inside replaced with an inert gas
etc.

There is also the method of utilizing commercially
available non-combustible Mg. In this case, it is

5 sufficient to mix predetermined amounts of the non-

combustible Mg and Zn and melt them near 600°C. However,
non-combustible Mg sometimes contains Al or Ca. In this
case, the plating bath will also contain Al or Ca.

By having the plating bath contain Mg in a high

10 concentration, it is possible to suppress the formation
of a Zn~Fe alloy layer. For this reason, it is not
necessary to add Al to the plating bath for the purpose
of suppressing formation of a 4n-Fe alloy layer.

The formation of a Zn-Fe alloy layer with poor

15 plastic deformability also causes powdering, flaking, and
other peeling of the plating layer due to working after
plating. An Mg-based alloy plating layer containing Mg in
a high concentration of the present invention has the
advantage of not causing peeling of the plating layer.

20 Regarding the addition of Fe, Cr, Cu, Ag, Ni, Ti,
Zr, Mo, Si, and/or Nb, if adding small amounts of up to a
total of around 0.1%, it is possible to introduce them
into the plating bath by adding metal powders to the
plating bath and holding the bath there in an inert

25 atmosphere at around 600°C for a long period of time.

When adding the above metals in a high
concentration, an atmospheric furnace etc. is used to
prepare an alloy of the added metals and Zn or Mg and
this alloy is added to the plating bath. In the

30 preparation of this added alloy as well, since Zn has a

low boiling point, it is preferably melted at 900°C or
less.
Regarding the addition of Al, Ca, Y, and/or La, if
adding them up to a total of around 5%, it is possible to
35 introduce them into the plating bath by adding metal
powders to the plating bath and holding the bath there in



VG 2-7 C25 70 5 0 SG4-5 A25 70 5 100 VG 2-8 C
30 65 5 0 SG 4-6 A 30 65

- 472 -

an inert atmosphere at around 600°C for a long period of
time.

When adding the above metals over 5%, an atmospheric
furnace etc is used to prepare an alloy of the added

5 metals and Zn or Mg and this alloy is added to the
plating bath.

If an Mg-Zn alloy plating where Ca, Y, La, etc. are
added to raise the amorphous phase forming ability, it is
possible to easily obtain a single phase of an amorphous

10 phase by hot dip plating, then cooling the plating layer

by for example mist cooling etc. from a close distance

where a cooling rate of about 10 to 1000°C/sec is obtained
at the surface layer of the plating.
In another Mg-7n system where Ca, Y, La, etc. are
15 not added and the amorphous phase forming ability is

small, it is possible to obtain a cooling rate of about

1000 to 5000°C/sec at the surface layer of the plating and
to produce an amorphous hot dip plated steel sheet
comprised of mixed phases of fine crystals and an

20 amorphous phase by water cooling plated steel sheet after
hot dip plating or immersing the plated steel sheet in
water right after hot dip plating.

Furthermore, to increase the cooling rate, there are
the methods of making the substrate thinner, making the

25 plating layer thinner, using a sub-zero alcohol based
refrigerant, etc. »

The volume percentage of the amorphous phase depends
on the amorphous phase forming ability based on the
plating composition. If the plating composition of the

30 present invention, it is possible to obtain a plating
layer containing an amorphous phase of at least 5 vol% by
making the temperature of the plating layer substantially
the same as the melting point of the plating bath and

immersing it in 0°C water.
35 In a system of ingredients to which Ca, Y, La, etc.

are not added and with a small amorphous phase forming
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ability, in order to obtain an amorphous phase, it is
possible to make the amount of plating deposition

sufficiently small (for example, making the plating

thickness 6 um or less), make the temperature of the
plating layer right before immersion in water

substantially the same as the melting point, immerse it

in 0°C water, and sufficiently increase the cooling rate
of the plating layer to thereby obtain a plating layer
containing an amorphous phase of 5 vol% or more.

Conversely, in a system of ingredients in which Ca,
Y, La, etc. are added, the amorphous phase forming
ability is high, so even if the temperature right before
water immersion is somewhat higher than the melting point
of the plating bath, it is possible to obtain a plating
layer comprised of a single phase of an amorphous phase
by just immersion in ordinary temperature water.

When desiring to deliberately reduce the volume
percentage of the amorphous phase, mist cooling is used
or the temperature immediately before water immersion is
raised.

The formation of an amorphous phase can be confirmed
by a halo pattern being obtained in the X-ray diffraction
pattern of the plating layer. If a sihgle amorphous
phase, only a halo pattern (when the plating layei is
thin, sometimes the Fe diffraction peak of the steel
material of the substrate is detected) is obtained.

When the amorphous phase and crystal phase are
mixed, if the amorphous phase volume percentage is low,
it is possible to use a differential scanning calorimeter
to detect the exothermic peak when the amorphous phase
crystallizes during the rise in temperature and thereby
confirm the presence of the amorphbus phase in the
plating layer.

To find the volume percentage of the amorphous
phase, the plated steel material is cut, the cross-
section is polished and etched, and the plating layer of

the surface is observed by an optical microscope.
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At the part of the amorphous phase, no structure is
observed due to etching, but at the part of the crystal
phase, a structure due to crystal grain boundaries, sub-
grain boundaries, precipitates, etc. is observed.

Due to this, 1t is possible to clearly differentiate
the region of the amorphous phase part and the region of
the crystal phase part, so it is possible to calculate
the volume rate by the line segment method or image
analysis.

When the structure is overly fine and measurement by
an optical microscope is difficult, a thin piece is
obtained from the cross-section of the plating layer and
examined under a transmission electron microscope.

In the case of a transmission electron microscope,
it is possible to confirm an amorphous structure by a
halo pattern of an electron beam diffraction pattern in a
region where no structure can be observed.

In observation by an optical microscope, when
texture is not observed over the entire surface or when,
even if there are parts where texture cannot be observed,
there is a suspicion of being coarse, strain free crystal
grains, it is preferable to further obtain a thin piece
for an electron microscope and confirm that there are no
diffraction spots on the electron beam diffraction
pattern and that a halo pattern is observed so as to
confirm that this is an amorphous phase.

With both an optical microscope and an electron
microscope, it is preferable to find the area rate in 10
or more different fields by computer image processing,
find the average of the found area rates, and use the
result as the volume rate.

FPor the detection of the ZnsMg; in the plating layer,
the general X-ray diffraction method is effective. For
example, an X-ray diffraction apparatus using Cu-Ka rays
is used to measure the diffraction pattern and judge
presence by the presence of a ZnsMg; diffraction peak.

In this case, for identification of the ZnsMg; by the

4-9
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X-ray diffraction pattern, it is preferable to use the
diffraction peak of 20=10 to 30°. This is because if over

30°, it overlaps with the strongest line of the Mg
diffraction peak.

Further, when the amount of the Zni;Mg; phase is
small, judgment-by TEM-EDX is also effective. The
characteristic X-ray spectrum obtained from a specific

crystal phase may be used to identify the ZnsMg;.

EXAMPLES

Next, examples of the present invention will be
explained. The conditions of the examples are examples of
conditions employed for confirming the workability and
effects of the present invention. The present invention
is not limited to these examples of conditions. The
present invention can employ various conditions so long
as not departing from the gist of the present invention
and achieving the object of the present invention.

(Example 1)

A surface treated steel material was prepared using
a bath of each of the plating compositions shown in
Tables 1 to 6 and cold rolled steel sheet of a thickness
of 0.8 mm, equal angle steel of a thickness of 10 mm and
a length per side of 10 cm, or hot rolled steel sheet of
a thickness of 10 mm as a substrate.

Mg, Zn, and other necessary ingredient elements were
adjusted to a predetermined composition, then a high
frequency induction furnace was used to melt them in an
Ar atmosphere to obtain an Mg-Zn alloy.

Scraps were taken from the prepared alloy and
dissolved by acid. The solution was assayed by ICP
(inductively coupled plasma) mass spectrometry to confirm
that the prepared alloy matched with the composition
shown in Tables 1 to 6. This alloy was used as the
plating bath.

Cold rolled steel sheet (thickness of 0.8 mm) was
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cut to 10 cmx1l0 cm to obtain a test piece. This test
piece was plated by a batch type hot dip plating test
apparatus made by Rhesca. The bath temperature of the

plating bath was made 500°C. Air wiping was used to adjust
the amount of deposition, then nitrogen gas was used to
cool the plating down to ordinary temperature.

For preparation of an amorphous hot dip plated steel
sheet containing an amorphous phase in a volume

percentage of 5% or more, the plated‘steel sheet was

immersed in 0°C water after hot dip plating.

For preparation of an amorphous hot dip plated steel
sheet containing an amorphous phase in a volume
percentage of less than 5%, the plated steel sheet was
cooled by spraying high pressure mist from a close
distance.

The equal angle steel was cut to 10 cm in the long
direction, while the hot rolled steel sheet was cut to a
square of 10 cmx10 cm to obtain a test piece.

First, this cut piece was hot dip plated in a Zn
bath using the flux method using a crucible furnace to
give an amount of deposition of about 100 g/ﬁ@, then was

immersed in a Zn-Mg alloy bath of the present invention

composition and, as needed, cooled by immersion in 0°C
water.

The plating adhesion was evaluated, for a cold

rolled steel sheet, by bending a plated test piece by 180°
with the plating layer at the outside and subjecting it
to an 8T bending test. After this, the plating layer of
the bent part was peeled off by adhesive tape, the cross-
section of the bent part was examined under an optical
microscope, and the rate of deposition of the plating
layer at the outer circumference of the cross-section of
the bent part was found.

A residual rate of the plating layer after the test
of 50 to 100% was evaluated as "G (good)" and less than

50% as "P (poor)". No plating layer was indicated by "-".
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For hot rolled steel sheet and equal angle steel,
the cross-section of the bent part was examined under an
optical microscope and the rate of deposition of the
plating layer at the outer circumference of the cross-

5 section of the bent part was found. A test piece with a
rate of deposition of the plating layer of 50 to 100% was
evaluated as "G (good)" and less than 50% as "P (poor)"
No deposition of plating layer was indicated by "-".

The formation of an amorphous phase of the surface

10 of the plating layer is judged by using an X-ray
diffraction apparatus using Cu-Ka rays to measure the
diffraction pattern and judging the presence of a halo
pattern.

When the amorphous phase and crystal phase are

15 mixed, if the volume percentage of the amorphous phase is
low, a differential scanning calorimeter can be used to
detect the exothermic peak when crystallizing from the
amorphous phase during the rise in temperature so as to
confirm the presence of the amorphous phase.

20 To quantitatively find the volume percentage of the
amorphous phase for a plated steel sheet judged to have
an amorphous phase, the plated steel sheet was cut, its
cross-section was polished and etched, then the plating
layer of the surface was examined under an optical

25 microscope (x1000).

The area rate of the amorphous phase was found for
10 or more different fields by computer image processing
and the area rates found were averaged to obtain the
volume rate.

30 The corrosion resistance of the plated steel sheet
was evaluated by applying the method based on an
automotive standard (JASO M609-91, 8 hours/cycle,
wetting/drying time ratio 50%) for 21 cycles. For the
salt water, 0.5% saline was used. The corrosion

35 resistance was evaluated by the corrosion loss calculated

from the corrosion loss and density after the tests.
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A corrosion loss of less than 0.5 pum was evaluated
as "VG (very good)", 0.5 to 1 pum as "G (good)", 1 to 2 um
as "SG (somewhat good)", 2 to 3 um as "F (fair)", and 3

pm or more as "P (poor)". In Tables 1 to 6, test pieces

with plating adhesions evaluated as "P" were not

" 1y

evaluated for corrosion resistance, so "-" are shown.
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L-E ST 6-E OT-E LT -f7 TT- 81-p ZT-C T-S ET -E 2-g bT-E e-s ST-E | 9T-E ¢
-SLT-E 9-g 81-C | L-0 - 58 - FIG 6 shows the cross-section of the
Pl ated Steel Sheet No. 2-7 (anount of dep iltion 20 g/ n2) provided with a
My- 25 atnPo Zn-5 atnto Ca plating | ayer (cr§ tal phase). As can be judged
fromFIG 6, there are no cracks or 5peeling at the interface of the steel
sheet 5 and My-25 Agn&ﬁamnSlﬁtn&bE@ plasiag t@gemoﬁcdyﬁtmq phaseytdd |t

wi |l be understood th t at g gﬁeel sheet twgﬁz nn%Zn 5 at nt Ca

pl ating | ayer Sterysfa ﬁh%%e? 457 %ﬁ%ﬁe%ﬁh%%Y%% 187 BRI Hed And that an
My- Ztn a: I OK ct@ﬁfammgtlﬁéégf@mand%gtmcpm*emcgaehatimSc@rP ?fadagmoztdrqé)sgdt)at Ied
on steel shee e c S-section, o ate ee
Sheet No. 4- SI?iﬁﬁﬁﬁ?c%? ﬂngE?t¥% eg% %ng? o%%%?%%% y coo*%ng R% by

i mrersién in aﬁlebeandrfbmamngham M- 25 15at s Znz2n ptateCasptal | pigethyer
(anor phous phgﬁg P the steel sheet 5. FIG 8 shows the X-ray
diffraction p ern of "this plating layer. By the detection of a halo
pattern in the X-régedplétadtsonepareeenials centednied $hatTiheCMy- 25

amor phous. phass: o PREL B oML ue PORE BRRLE PRRSEL TRt onet Bl d §tmge)
near the |ntepiaben@fl@h@rbl@I@df@r©@$rsﬁ@@@rEQﬁpims@@réﬁs%%% steel sheet 9
formed w th af'eg/gsgén@é”p/?x@n? %&&g%@é%ﬁst@a Layer fanorphpys phase) 8.
FIG 10 shows the result of enental analysis by EDX at the cross point of
FE- TEMA of FIErogided with Béathder520v98S t ARt FEN189 e L3R nsi de the

plating layere1Eh&htdlaghonsnenigl g %téﬁﬁrﬁﬁéﬁéd hisastipa pattecm 30ay a
cross point of the FE-TEN inage, of A halo pattern is detected. It

will be under§P866195a%ntH%IN@S?%naf%@6§Ea%C%tn@bca pl ating | ayer
(anor phous phase) Bashewn kRdFr&p18 88s1a@waﬁnéph@slﬁlp@aée evehuaeasnt he
interf %g and |SF§?S|n | e annrghous hase. urface

treat ed st eel hatBFi GPTHASL B epaf £t E?%gC%mB Fﬁn%faﬁgﬁﬁh%?st%%€b$é Ying
conposi tions pham@dlﬁtaableheetSQnd pEaa@d sotdlrehtetd sfeehlgheeysobla

t hi ckness of a ubstrate. substr S, pr ed f :
prepl ati ng byp3F§3F| %%g?zggfngr%ﬂdTﬁlc?l?nﬁndT bﬁ? i %#éfgﬁgg %%ér was
formed by d|pphagtah&esthpmecphoUSapB@ﬁbaqueouBesohatloﬁ tloat adméng ni ckel

sul fate: 125 g u it 359 odiu sphate: 110
g/1 m xed togeﬁh gggggd?%éte%8%§ig%d?ﬁn$hyd§§g? eg¥ong¥§QP$§

prepl atiOng Iay@slﬂéénﬁerned by di pping a test 10piece in a 90C aqueous

sol ution containing cobalt sulfate: 15 ga, sodi um hypophosphate: 21 g/l,
sodiumcitrate: 60 g/l, and amonium sul fate: 65 g/ 1 m xed together and

adj ust ed by aqueous ammoniumto pH10. The Cu preplating | ayer was
fabricated by dipping a 15test piece in a 25C aqueous sol ution contai ni ng
copper sulfate: 2 g/1 and sulfuric acid: 30 g/1 m xed together. The Cu-Sn
preplating | ayer was fabricated by di pping a test piece in a 25C agueous
sol ution contai ni ng copper chloride: 3.2 g/l, stannous chloride: 5.0
g/l, and 20hydrochloric acid: 8 g/1 m xed together. The Ag prepl ating
| ayer was fabricated by electroplating in a solution of silver cyanide 2
g/ 1 and potassi um cyani de 80 g/1 m xed together and a tenperature of 30C by
a current density of 2A/dnR. 25The Cr preplating | ayer was fabricated by

el ectroplating in a solution of anhydrous chromc acid 250 g/1 and sulfuric
acid 2.5 g/1 m xed together and a tenperature of 50C by a current density
of 20A/ dnR.



Usi ng these plating baths, the dipping tinmes were 30adjusted to nake the
deposition anmounts 1 to 5 g/nR. The anmount of deposition of each preplating
was determ ned by dissolving the preplatiggpin nitric acid etc.,
guantitatively analyzing the solution by (i nductively coupled pl asm)
mass spectronetry, and converting the 35anmounts of dissolved elenents to
the amount of deposition. - 60 - TaMle Zn, and other necessary
el enents were—prepared-into a predeterm ned conposition  then a high
frequency i ndlict i bR |furnace was used to nelt it in an A@mﬁﬁﬁﬁgbﬁEﬁé%gdl
obtain an My-gn al Foy. Sc?éﬁ%kaﬂémﬁﬁﬁaFﬁﬁd forrem t he SpPepeREdIgl | 9y.and
di ssol ved in g acfd_The utiqn hen assayed hy |1 CP (&) ndugtd vely
coupl ed pl asmp) WB§EZ§Q&%&%%£%F Yo 1@ eQpbdsdft Bgﬁqbwwrepar ed alllayce
mat ched the cphnpaok®tli dn-|shbwh iin {Tablle Thi | byl was used as|the
pl ati ng bath. | 100pCd27|8b|l ed st eel] sheet| (1hijckness| 0J8{mm @as cut o 10
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def ects of op _,?J Iﬁg Wex 5 Pv-g—tHatiea—& VS VLA D UJUL +G &S 4
(good)", 5 tol-20 kP AP Y as>tEl(faile)l |andl1d of hote P (0oor}¥C The
diffraction p el 194100hellir lade If ok ng phase m‘ php cent ¥r part
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not obtained D WNENES|BHRTEEE O [a [CTyStal phgse made ) udgreent ifEiCL|t
was eval uat ed gl_;zgégﬁtbl) c Four-tfetTatestipiege V\Ii,ld.l.iféémtlon
peak of a hig4‘i§ g'é i' €S gbl' raserZ3vgi—detpeted—was—evatg4ated—as "E
(excel l ent)". —DBetegtHon—-of—a—peak” nga1s apn—X-ray i1t9ns¢$%?4€&44»§gfmio
of diffractiop>pak |3HB0) nt epld]t f _ZnBMy7 I(axcl udi hgldiffPactiqgn Yeak of
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appearing at diffreotabhopbane I'Rheswdl sodbfim0. 1688st bhé. 76blowinghat:i s,
diffraction a 0 t rement by
Cu- Ka rays us?%é€§g§n1§§?gyégﬂ§9985$hggu8n9$ Q£§%EQ§ ERQ raygsgurce
(however, excPbdthgodieyeacinehugéal o pram@rgpampnghgflsomasenn) of 10%
or nore. Further, a halo pattern was evaluated as "G (good)", while
observation of a diffraction peak of Zn3Mg7 as well 20was eval uated as "GE
(good-excellent)". FIG 12 shows an X-ray diffraction pattern of No. 16 in
Table 9. This is an exanple of observation of both a halo pattern and
Zn3Mg7. For the reheating and water cooling, after the 25plating, the
anount of deposition was adjusted by air wi ping, then the test pieces were
allowed to cool to ordinary tenperature. After being allowed to stand at
ordinary tenperature, the test pieces were reheated to raise themin
tenperature to the hot dip plating bath 30tenperature and held at this
tenperature for 10 seconds, then were water cool ed. The corrosion
resi stance of the plated steel sheet was eval uated by applying the nethod
based on an auto standard (JASO M609-91, 8 hours/cycle, wetting/drying 35
time ratio 50% for 21 cycles. For the salt water, 0.5%saline was used.
The corrosion resistance was eval uated by the corrosion | oss cal cul ated
fromthe corrosion loss - 62 - and density after the tests. A
corrosion |loss of less than 0.5 vun was evaluated as "VG (very good)", 0.5
to 1 pmas "G (good)”, 1 to 2 pmas "SG (sonewhat good)", 2 to 3 pmas "F
(fair)", and 3 5pmor nore as "P (poor)". FIG 13 shows the X-ray
diffraction pattern of My-27 atnfoZn-1 atnto Ca-6 atnP Al of No. 3 in Table
9. Fromthe X-ray diffraction pattern, only the diffraction |ine of Zn3My7
could be obtained. Ca and Al are believed to form 10substitution type solid
sol utions and exi st in those forns. FIG 14 shows the X—ray
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diffraction pattern of an My-27 atn Zn-1 atn? Ca-13 atn?o Al plating | ayer
(No. 8). Fromthe figure, it wll be understood that in No. 3, the
plating layer is a single Zn3My7 phase. Ag the Al 25 concentration becones
hi gher, the anount of the Zn3My7 phase be dnes smaller. In No. 8, it will
be understood that the Zn3Mg7 al nost conpletely di sappears. - 63 - Table 9
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3 Cu-Sn Water cooling 66 27 1 6 450 E 25 VG VG 4 None Water cooling

450 E 25 F VG 5 Cu-Sn Air cooling 450 F 25 VG SG 6 Cu-Sn Water
cooling 64 27 1 8 450 E 25 VG VG 7 Cu- Sn52\3/\ater cooling 62 27 1 10 450 E 25
VG G - B

FIG. 6 shows the cross-section of the Plated Steel
Sheet No. 2-7 (amount of deposition 20 g/m?) provided with
a Mg-25 atm% Zn-5 atm% Ca plating layer (crystal phase).

As can be judged from FIG. 6, there are no cracks or

5 peeling at the interface of the steel sheet 5 and Mg-25
atm% Zn-5 atm% Ca plating layer (crystal phase) 4. It
will be understood that at the steel sheet 5 and Mg-25
atm% Zn-5 atm% Ca plating layer (crystal phase) 4, a good
adhesion is obtained and that an Mg-Zn alloy containing

10 Mg in a high concentration can be hot dip plated on steel
sheet.

FIG. 7 shows the cross-section of the Plated Steel
Sheet No. 4-5 (amount of deposition 20 g/m?) obtained by
cooling Mg by immersion in water and forming an Mg-25

15 atm% Zn-5 atm% Ca plating layer (amorphous phase) 6 on
the steel sheet 5.

FIG. 8 shows the X-ray diffraction pattern of this
plating layer. By the detection of a halo pattern in the
X-ray diffraction pattern, it is learned that the Mg-25

20 atm% Zn-5 atm% Ca plating layer (amorphous phase) 6 shown
in FIG. 7 is an amorphous phase.

FIG. 8 shows an FE-TEM image (bright field image)
near the interface of the plated steel sheet comprised of
the steel sheet 9 formed with an Mg-25 atm% Zn-5 atm% Ca

25 plating layer (amorphous phase) 8.

FIG. 10 shows the result of elemental analysis by
EDX at the cross point of FE~-TEMA of FIG. 9. It will be
understood that Fe is diffused inside the plating layer.

FIG. 11 shows an electron beam diffraction pattern

30 at a cross point of the FE-TEM image of FIG. 9. A halo
pattern is detected. It will be understood that the Mg-25
atm% Zn-5 atm% Ca plating layer (amorphous phase) 8 shown
in FIG. 9 is an amorphous phase even near the interface
and 1s a single amorphous phase.

35 Example 2)

(
A surface treated steel material was prepared using
h

a bat
a Patil

O

f each ¢of the pla

ct



8 Cu-Sn Water cooling 59 27 1 13 500 F 25 VG SG 9 Cu-Sn Water cooling 63
30 1 6 450 E 25 VG VG 10 Cu-Sn Water cooling 58 35 1 6 500 E 25 VG G 11
Cu-Sn Water cooling 53 40 1 6 550 E 25 \_/65(93 12 Cu-Sn Water cooling 64 25 5
6 500 E 25 VG G

9 and cold rolled steel sheet of a thickness of 0.8 mm as
a substrate. The substrate was pretreated for preplating
by alkali degreasing and pickling.

The Ni preplating layer was formed by dipping a test

5 piece in a 30°C aqueous solution containing nickel
sulfate: 125 g/1, ammonium citrate: 135 g/l, and sodium
hypophosphate: 110 g/l mixed together and adjusted by
sodium hydroxide to pHI10.

The Co preplating layer was formed by dipping a test

10 piece in a 90°C aqueous solution containing cobalt
sulfate: 15 g/1, sodium hypophosphate: 21 g/l1, sodium
citrate: 60 g/l, and ammonium sulfate: 65 g/l mixed
together and adjusted by aqueous ammonium to pH10.

The Cu preplating layer was fabricated by dipping a

15 test piece in a 25°C aqueous solution containing copper
sulfate: 2 g/l and sulfuric acid: 30 g/1 mixed together.

The Cu-Sn preplating layer was fabricated by dipping
a test piece in a 25°C aqueous solution containing copper
chloride: 3.2 g/1, stannous chloride: 5.0 g/l, and

20 hydrochloric acid: 8 g/1 mixed together.

The Ag preplating layer was fabricated by
electroplating in a solution of silver cyanide 2 g/l and
potassium cyanide 80 g/l mixed together and a temperature
of 30°C by a current density of 2A/dm?.

25 The Cr preplating layer was fabricated by
electroplating in a solution of anhydrous chromic acid
250 g/1 and sulfuric acid 2.5 g/l mixed together and a
temperature of 50°C by a current density of 20A/dm?.

Using these plating baths, the dipping times were

30 adjusted to make the deposition amounts 1 to 5 g/m?. The
amount of deposition of each preplating was determined by
dissolving the preplating in nitric acid etc.,
quantitatively analyzing the solution by ICP (inductively
coupled plasma) mass spectrometry, and converting the

35 amounts of dissolved elements to the amount of

deposition.



13 N Reheating & water cooling 80 15 5 550 G30 VGG 14 N Reheating &
water cooling 75 20 5 500 G 30 VG VG 15 Ni Reheating & water cooling 70
25 5 450 G 30 VG VG 16 cN Reheating & \g/%ter cooling 66 25 5 4 450 GE 30
VG VG 17 o 1None Water cooling 70 25 5 -

Mg, Zn, and other necessary elements were prepared
into a predetermined composition, then a high frequency
induction furnace was used to melt it in an Ar atmosphere
to obtain an Mg-Zn alloy. Scraps were obtained from the

5 prepared alloy and dissolved in an acid. The solution was
then assayed by ICP (inductively coupled plasma) mass
spectrometry to confirm that the prepared alloy matched
the composition shown in Table 9. This alloy was used as
the plating bath.

10 Cold rolled steel sheet (thickness 0.8 mm) was cut

to 10 cmx20 cm for use as a test piece. This test piece
was plated by a batch type hot dip plating test apparatus
made by Rhesca.
For the cold rolled steel sheet, one which was
15 preplated and one in the original state were used. Each

was hot dip plated. The bath temperature of the plating

bath was made 400 to 600°C. The amount of deposition was
adjusted by air wiping.
The dipping rate of the steel sheet in the plating
20 bath was made 500 mm/sec. The sample was dipped for 3
second, adjusted in amount of deposition by air wiping,
then immediately reheated and water cooled by water ‘
cooling, air cooling, or a later explained technique.
After dipping, the number of "non-plating defects"
25 (visually discernable 1 mm or larger "non-plating
defects") at the center part of the plated steel sheet (5
cmx10 cm) was counted and converted to the number of
"non-plating defects” per 50 cm?®.

For each sample, the average was found for n=10. A

30 number of "non-plating defects" of one or less was
evaluated as "VG (very good)", 1 to 3 as "G (good)", 5 to
10 or more as "F (fair)", and 10 or more as "P (poor)".

The diffraction pattern of the surface forming phase

at the center part (20 mmx20 mm) of the prepared plated

35 steel sheet was measured by an X-ray diffraction

apparatus using Cu-Ka rays.



450 G 30 F VG 18 dNi Water cooling 450 G 30 VG VG 19 O Wwater cooling
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Using X-ray diffraction, the surface forming phase
was identified. One where a halo pattern was detected was
evaluated as "G {good)", while one where it could not
obtained or where mixture of a crystal phase made
judgment difficult was evaluated as "F (fair)".

Further, a test piece with a diffraction peak of a
high temperature stable phase Zn3Mg; detected was
evaluated as "E (excellent)". "Detection of a peak" means
an X-ray intensity ratio (ratio of diffraction peak
intensity of ZnsMg; (excluding diffraction peak of plane
spacing of 0.233 nm) in the sum of all diffraction peak

intensities appearing at diffraction plane intervals of
0.1089 to 1.766 nm, that is, diffraction angles 20 of 5 to

90° in case of diffraction measurement by Cu-Ka rays using
an X-ray tube with Cu target for the X-ray source
(however, excluding diffraction peak of plane spacing of
0.233 nm) of 10% or more.

Further, a halo pattern was evaluated as "G (good)",
while observation of a diffraction peak of ZnsMg; as well
was evaluated as "GE (good-excellent)". FIG. 12 shows an
X-ray diffraction pattern of No. 16 in Table 9. This is
an example of observation of both a halo pattern and
ZnsMgy.

For the reheating and water cooling, after the
plating, the amount of deposition was adjusted by air
wiping, then the test pieces were allowed to cool to
ordinary temperature. After being allowed to stand at
ordinary temperature, the test pieces were reheated to
raise them in temperature to the hot dip plating bath
temperature and held at this temperature for 10 seconds,
then were water cooled.

The corrosion resistance of the plated steel sheet
was evaluated by applying the method based on an auto
standard (JASO M609-91, 8 hours/cycle, wetting/drying
time ratio 50%) for 21 cycles. For the salt water, 0.5%
saline was used. The corrosion resistance was evaluated

by the corrosion loss calculated from the corrosion loss



450 VG G30 G 23 1 N e d Reheating & water cooling 65 30 5 450 G 30 VG
VG 24 N s Reheating & water cooling 62 30 5 3 450 GE 30 VG VG 25 tN e
Reheating & water cooling 60 35 5 500 G %9 VG VG 26 eNi 1 Reheating &
wat er cooling 55 40 1 4 500 E

and density after the tests.

A corrosion loss of less than 0.5 pum was evaluated
as "VG (very good)", 0.5 to 1 pum as "G (good)", 1 to 2 um
as "SG (somewhat good)", 2 to 3 um as "F (fair)", and 3

5 pm or more as "P (poor)".

FIG. 13 shows the X-ray diffraction pattern of Mg-27
atm% Zn-1 atm% Ca-6 atm% Al of No. 3 in Table 9. From the
X-ray diffraction pattern, only the diffraction line of
ZnsMg; could be obtained. Ca and Al are believed to form

10 substitution type solid solutions and exist in those
forms.

FIG. 14 shows the X-ray diffraction patterns of the
plated steel sheet surface forming phases of No. 3 and
No. 6 to No. 8 in Table 9.

15 10 shows the X-ray diffraction pattern of an Mg-27
atm®% Zn-1 atm% Ca-6 atm% Al plating layer (No. 3), 11
shows the X-ray diffraction pattern of an Mg-27 atm% Zn-1
atm% Ca-8 atm% Al plating layer (No. 6), 12 shows the X~
ray diffraction pattern of an Mg-27 atm% Zn-1 atm% Ca-10

20 atm% Al plating layer (No. 7), and 13 shows the X-ray
diffraction pattern of an Mg-27 atm% Zn-1 atm% Ca-13 atm%
Al plating layer (No. 8).

From the figure, it will be understood that in No.
3, the plating layer is a single ZnsMg; phase. As the Al

25 concentration becomes higher, the amount of the Zns;Mgy
phase becomes smaller. In No. 8, it will be understood

that the Zn3Mg; almost completely disappears.



30 VG G 27 Ni s Reheating & water cooling 50 45 1 4 550 E 30 VG G 28 hN e
Air cooling 550 F 30 VG SG 29 eNi t Reheating & water cooling 53.7 45
0.8 0.5 550 E30 VGG 30 N Air cooling 550 F 30 VG SG 31 Ni
Reheating & water cooling 53.5 - 63 -

Table 9
C S Plating .
. ) Plating : Non- |Corro
1 No t Preplat~| Plating post 1ngredﬁFnts bath ; giazéﬁg plating| sion
2 ' : ing treatment {atm?) temp. b é;on defects |resis
No. tance
N 1 Mg | 2n| ca | Al (No.)
1 Cu-Sn |Water cooling}73.712570.8]0.5 450 E 25 VG G
2 Cu-Sn |Water cooling} 73 | 20 1 6 450 E 25 VG G
3 Cu-Sn |(Water cooling 450 B 25 VG VG
4 None |Water cooling| 66 |27} 1 6 450 E 25 F VG
5 Cu-Sn Air cooling 450 F 25 VG SG
6 Cu-Sn |Water cooling| 64 | 27 1 8 450 E 25 VG VG
7 Cu-Sn |Water cooling| 62 | 27 1 10 450 B 25 VG G
8 Cu-Sn |Water cooling} 59 | 27 1 13 500 F 25 VG SG
9 Cu-5n |Water coolingj 63 | 30 1 6 450 B 25 VG VG
10 Cu-Sn |Water cooling} 58 | 35 1 6 500 B 25 VG G
11 Cu-Sn {Water cooling| 53 | 40 1 6 550 B 25 VG G
12 Cu-Sn |{Water cooling| 64 } 25 5 6 500 E 25 VG G
13 Ni Reheating & | g4 | 15| 5 550 G 30 el G
water cooling
14 Ni Reheating & | ;5 |50 5 500 | 30 ve | ve
water cooling
15 Ni Reheating & } .4 | ;5| 5 450 G 30 Ve VG
water cooling
6] ™ Reheating & | g6 los| s | a | 450 | e 30 vG VG
water cooling
17 i None Water cooling 450 G 30 F VG
18 |4 Ni Water cooling 450 G 30 VG VG
19 Cr Water cooling 70 | 25 5 450 G 30 G VG
20 |r Co Water cooling 450 G 30 G VG
21 {0 Cu Water cooling 450 G 30 G VG
22 i Ag Water cooling 450 G 30 G VG
n - -
vi23fe] M Reheating & | oo |39] 5 450 G 30 VG e
e a water cooling
n| o4 N1 Reheating & | ¢ f39) 5 | 3 450 GE 30 VG VG
t s water cooling
las it ™ Reheating & | ¢4 f 351 5 500 G 30 VG VG
[¢] e water cooling
n e : -
26y ™ Reheating & | o5 J40| 1 | 4 | so00 E 30 vG G
water cooling
Ni Reheating &
27 i water coolingl 50 |45] 1 4 550 E 30 Ve ¢
28 e Ni Air cooling 550 F 30 VG SG
Ni Reheating &
e
291 water cooling|53.7]45|o0.8]0.5]| 3°° B 30 ve G
30 Ni Air cooling 550 F 30 VG SG
Ni Reheating &
31 water cooling|53.5}4511.5 550 F 30 ve G
32 Ni Air cooling 550 P 30 VG SG
33 Ni Reheating & | 45 150 5 550 F 30 VG G
water cooling
34 N Reheating & | 9 olso| 2 |o.5] ss0 F 30 VG G
water cooling
35 i Reneating & 1,5 5150 1.5 550 F 30 VG G
water cooling
36 N Reheating & 143 5155 1.5 600 | F 30 VG G
water cooling
37 Ni Reheating & | 46 | 55| 5 550 F 30 VG G
water cooling
38 Ni Reheating & | 3¢5 159 5 600 F 30 e G
water cooling
39 i Reheating & | 75 |50 | 10 500 | G 30 vG G
water cooling
40 N1 Reheating & | 44 501 10 550 F 30 VG G
water cooling




45 1.5 550 F 30 VGG 32 N Ar cooling 550 F 30 VG SG 33 N
Reheating & water cooling 45 50 5 550 F 30 VG G 34 N Reheating & water
cooling 47.5 50 2 0.5 550 F 30 VG G 35 N| Reheati ng & water cooling 48.5
50 1.5 550 F 30 VG G 36 -

INDUSTRIAL APPLICABILITY

As explained above, the present invention (hot dip
Mg-Zn alloy plated steel material) enables production by
an ordinary hot dip plating process and is superior in

5 universality and economy.

Further, the hot dip Mg-Zn alloy plating layer of
the present invention keeps down the concentration of Zn
yet gives a corrosion resistance superior to that of a
conventional hot dip Zn plating layer, so contributes to

10 saving Zn resources.

Further, the hot dip Mg-Zn alloy plating layer of
the present invention i1s excellent in not only corrosion
resistance, but also workability, so the present
invention can be widely utilized as structural members

15 and functional members in the fields of automobiles,
building materials, and household electrical appliances.

Accordingly, the present invention contributes to
the development of the manufacturing industries by the
increase in life of structural parts used in the

20 automobile, building material, and household electrical
appliance fields and the reduction of labor in

maintenance.



N Reheating & water cooling 43.5 55 1.5 600 F 30 VG G 37 N Reheating &
water cooling 40 55 5 550 F 30 VG G 38 N Reheating & water cooling 36 59
5 600 F 30 VGG 39 N Reheating & water oling 70 20 10 500 G 30 VG G
40 N 40 Reheating & water cooling 50 10 "550

CLATIMS

5 1. An Mg-based alloy plated steel material
characterized by being provided with a hot dip Mg-based

alloy plating layer containing Zn: 15 atm% to less than

45 atms.
2. An Mg-based alloy plated steel material
10 characterized by being provided with a hot dip Mg-based

alloy plating layer containing Zn: 15 atm% to less than
45 atm% and further containing one or more elements
selected from a group of elements A: Si, Ti, Cr, Cu, Fe,
Ni, Zr, Nb, Mo, and Ag in a total of 0.03 to 5 atm%.

15 3. An Mg-based alloy plated steel material
characterized by being provided with a hot dip Mg-based
alloy plating layer containing Zn: 15 atm% or more and
Mg: over 35 atm% and further containing one or more

elements selected from the group of elements B: Al, Ca,

20 Y, and La in a total of 0.03 to 15 atm%.
4. An Mg-based alloy plated steel material

characterized by being provided with a hot dip Mg-based
alloy plating layer containing Zn: 15 atm% or more and
Mg: over 35 atm% and further containing one or more
25 elements selected from the group of elements B: Al, Ca,
Y, and La (Bl) in a total of 0.03 to 15 atm$% when Mg:
over 55 atm% and (B2) in a total of 2 to 15% when Mg: 55
atm% or less.
5. An Mg-based alloy plated steel material as set
30 forth in claim 3 or 4, characterized in that said hot dip
Mg-based alloy plating layer contains Mg: 85 atm% or
less.
6. An Mg-based alloy plated steel material as set
forth in claim 3 or 4, characterized in that said hot dip
35 Mg-based alloy plating layer contains Mg: 55 to 85 atm$.
7. An Mg-based alloy plated steel material as set

forth in any one of claims 3 to é characterized in that



F 30 VGG - 64 - |INDUSTRI AL APPLI CABI LI TY As expl ai ned above, the
present invention (hot dip MJ-Zn alloy plated steel naterial) enables
production by an ordinary hot dip plating ﬁo_cess and is superior in

5uni versality and econony. Furt her, e hot dip My-2Zn alloy plating

| ayer of the present invention keeps down the concentration of Zn yet gives
a corrosion rexsiigt dnee Gupéfd-dragad téhiatowfpla tciony drtyeanaluhdtedi p Zn

pl ati ng | ayer, ant r i hut i S Further, the
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group ofg ele B:. Al 0Y,. d in._a total, of 0.03 to, 15 nto
4. An l\/g5- basrer‘é&ltgﬁpo?fplealteg%nstt%ee' %gt’erliﬁél r&ézhatrcéllcft eFrel’zé\IgL’by rbeiN%)g ovi ded
with a hot di pnNgAbasad dhleoyrplat iodg ellayentsot'ai Giang YZn:antb Lat b @r nor e
and My: over 33:atnbpand further ai i r re 25el s .sel-ected
fromthe group of el ementes BEtEAIO,fC%lee nyog%d%ge?gﬂ@ﬁt% é?gfgﬁ%tgf t@. Crf3 to
15 at n% when R§Msofef 55Tr&N8M% andotB) oifn edemendgls off 2hteo g¥®Upwodn My: 55

atntoor |ess. elementsdn AR M- based Q%'%Xm%'%b%@r%ﬁe%%e%g%%ﬁbakc%%15§%

30forth in claim3 or 4, characterized in that said hot dip My-based all oy
pl ati ngY ayer 188ft &PAE N0 385 Catnie-ar | dgs. over 55 atmdgangh basée al | oy
plated steel mBtgthal, a8:SekskoihBnl BoClkaki3 ahadcophanagherixzed in that
said hot dip BSNE-Based glloy‘plating | ayer contains My: 55°to 85 atnth

1. An My- based®&PFB{CPFaPaadsst é8l 2ndPeMal PaSCsdlapsr A PR &y "OA€ -of cl ai ms
3 to 6 characterized.i nahhay-basél alSaiydpheked ptMi1based akhhoyspkati ng

| ayer further cogkains gne or mmre eLene&ts sqle ted fromthe group of

el enents A SEOTTR 18 an@ ONReOENCLaZRS i Eong, ChAGaRG TR 28% dPathst 0. 03
to 5 ali 58sAndMgeobased Ebl-bysphatedogt eehtiagenbgkrasosetiherth i n any
one of clainsi%tgom% cggtacterized ig t%at‘said ot _di p. Mb- based al | oy
plating | ayer ‘B6RTEFHELZAC T8 ROHPS 67p1ddT HhaR S Hrd Tont didfe Gan
anor phous phaseatnoaovotummErpetdent agekofinsened tyooe. zhe¥g, Areddi-lased

all oy plated L erial _characterized.by bein rovi.ded with hot dip
My- based alloéigf% ?ﬁ%g a?gﬁgcgﬁté?%?ﬁacgﬁpxlgﬁgpgwgp8cﬁggsO?Langﬁ.97
atn®g furthernmbniai hhagsomeodr ambr diélferentisnspkekt edtensttire conposite
gr oup ele he,.1 . el s_A. S i Fe, _Ni., Zr,
Nb, Nb?band 258%%%9§ﬂg gFogg%gFBg?gﬁgngggﬁéz8@3?§99 §ndOEgO§§UEOtgtag6of

el ements of the ¢ewvapudingl éathArschioh 063 b6 Bilafmiwandnf pikher a total

of elenents o rQdpno I t §¢B7pef Q- o 15 atnPo (where, when
said total isgg%?ggg ?ﬁag.%333ﬁ$2958£t%€6 ﬁg:g§5%f 55 atnPo and when 5 to 15
atnm zn: less thahl 40 ARy PangdcentavnPhgtad areephbasephase in a vol une
percent age of cBhY% QE+8PL€ed by belf {a\BoVQaQéSQQtPJ Loy, 0! @E?dmétsgkeﬂat erial
as set %orth i n_any one. of cralns ? 0 1 characterized in that 25said hot

di p MyBased attoy Bfating Layer eentaindndnZnnt éPnetafl PE BeEpoand Zn3Mg7
inan X-ray imyensotycnatie (pakt@sof rdi-thractbanapgakgi Bhensit yopf Zn3Mg7
(excluding diffractijon $§ak of diffraction plane sgacin% of 0.233 nm in
the sum of alF UFHrActToRCbeakiFrteh8ft PESUBOGPpBAFTRE At Bdi fihr aBRi on

pl ane spacing of 0.1089 to 1.766 nm (excluding diffraction peak of
diffraction plane spacing of 0.233 nn)) of 10% or nore. 11. An

My- based all oy plated steel materi al characteri zed by being
provided with a hot dip My-based 35all oy plating | ayer containing Zn: 20
atnor nore and My: 50 atnto 75 atnPq further containing one or nore

el enents selected fromthe group of elenents B: A, Ca, - 67 -



Y, and La in a total of 0.03 to 12 atn?o (where when said total is 1 to 12
atn?g containing Al: 1 atnfoor nore), and containing an internetallic
conmpound Zn3My7 in a required anount. 512..-An My- based al | oy pl ated st eel
material as set forth in any one of clains 1 to 1 characterized in that
said hot dip My-based alloy plating | ayer contains a nonequilibrium phase
obt ai ned by hdl.diamg dai drplaattiotgll ayfer0 .3 ao dfpartaidur(@hefrea wirdd i3 poi nt
of the My-bas al:l.o | at,in Q (nelting.paint of -hased all oy plating
+100C) for 1 %ﬁg%?elgrﬁlggé}zt%§#°fag%€lflgégﬁi%&'ig.ggm° °f3 "% 'My- based
al l oy plated ghéelcomdeaniialg an set efrowettlaliln cclcammoRndc iakkgs erh zed in t hat
sai d nonequi | i-BE}yPphage, i, one or both of an amorphous phase 15and
intermetal | i c conpound Zn3My7. pt. An My-based alloy pl ated steel

mat eri al® as set forfh i AncMarkesedopli®ycivdrderesitzed mateldn lsaisd seapi d
cooling is watek+60Qqhi 0 ' cqol.ing. - |1 _Qy

pl at ed st eel natgrigk ggysgpggggop?%g?ﬁ gngboneCo?rgégfggz%%fg%liha%
charact eri zedSPadt Rt A8 Marbpfaceabérweenasing Revedi pontjabased al | oy

pl ating | ayer nandqgsteebrighephakel sSppROVEEEd WhEH rephat g hayer

conpri sed of gne gr nor e ele%ents sel ected fyonFNF?éguseég,bg%Fléﬁ, and Ag.
25j . An M- bas8¥€4l PbyapltSPBETetBEr Rt &r PELLAEISBOINGI Of itheaMy-baeseof

clai ms 1D to 151cbgr pehet hgedoi Nmehat ngapdihet odi BgMaBased1abloy akating
| ayer contains_a bal ance of My and unavoi dable inpurities.
+100°C) for 1 minute or less, then rapidly cooling it.

13. BAn Mg-based alloy plated steel material as set
forth in claim 12, characterized in that said
nonequilibrium phase is one or both of an amorphous phase

15 and intermetallic compound Zns3Mg;.

14. An Mg-based alloy plated steel material as set
forth in claim 12 or I3 characterized in that said rapid
cooling is water cooling or mist water cooling.

15. An Mg-based alloy plated steel material as set

20 forth in any one of claims 1 to 1% characterized in that
the interface between said hot dip Mg-based alloy plating
layer and steel material is provided with a preplating
layer comprised of one or more elements selected from Ni,
Cu, Sn, Cr, Co, and Ag.

25 16. An Mg-based alloy plated steel material as set
forth in any one of claims 1 to 15 characterized in that
said hot dip Mg-based alloy plating layer contains a

balance of Mg and unavoidable impurities.



