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NSC- V533 - 1 DESCRI PTION M- BASED ALLOY PLATED
STEEL MATERI AL 5 TECHNI CAL FlI ELD The present
invention relates to an My-based alloy plated steel NSC-V533
material provided with a high-My conposition alloy
(My- based alloy). 10 BACKGROUND ART As a hot dip netal
pl ated steel material, | ated stee
material is being used |n gﬁ$$2§} Fﬁgﬁg of fields such
as autonobiles, building naterials, .household
el ectri cal app&gag&gED gLEQYIBLgEQSrngEﬁ ﬁér Bﬂgﬁunt
of 15 depo HOR—6H ‘|..n at+Hg—+S the
pur pose of securing a |ong-termrust- prooflng effect. |
This is Zn plating, the rate of |
corr03|o?E§$H?§AﬂnFEF?Rg | ayer itself is slower than {
t hat ofThﬁepreeﬁnhetaveotlohersl@e¢snaoeamaMgaM@S@de@lloy ‘
al B0atogablons PRagRL B ch Ss PO
mﬁ %orroé#%ﬁ %Qgéffép %néex |tsta %acr ? +£mb051tlon
cor?b%@bn(M@rb@$¢ﬂgabb©YPty mnth respect to the st ee
materi al. These corrosion resistant and
corrosion-&roofing ef fects are obtained by the
consunpt PARKGROYNE ZRT so the 25 greater the anount.

of Zn pessuai hofl&dp m@@ai%gﬂe&h&éémeﬁt@rgmr%lm dip
resi stant and cor 03|onFProo in ef fect can

be
mai #t PRECI REERe BRheF1AhntS Peitheuseduit dfvwide range of
depﬁseld@ns@éhzms @@t@meblgésatﬁmlldh@gw@akébiéléy household
meld b| 4 and ft er 30 charfcterlstl eh £
fora"$s ’éJe Tt Rt AP TR ToC et RriTrat e WFE Gnount. o
readeposinidn of aplaging f ipossidtie] ve ekdur bttlte aunfose of
hi g n 1l c . II r nt of
dep%%?‘?l%rﬁélés) I?%f%%ﬂgﬁ?gyl:%%%r} |%f$ee%yent years,
t he depl'.@u@nl@fb@wa@sen@’dmra:e&n haka thisey, comsideredh
pro r o 1 u
pl a?+ﬁ€6%a€?ng§u€ f%%fﬁ% P%%gérgégggénce %ﬁghef wan that
amoeht thee E@D@Sm@t@h 5 et ngtevugmteripl T&ﬁ@tﬁt‘a@m @t
SUfié@é@{En§%ﬁ@§é O eﬂéﬂa afmé‘f.?apyl@ é%s@@wﬁ%gf o

deposi tion of platin an all oy el enent a
to %lér%lwa@@‘%@wﬁeal P RN L £ 0F reRGpHEicial corrosion-

proofing ability with respect to the steel material.

These corrosion resistant and corrosion-proofing
effects are obtained by the consumption of the Zn, so the
greater the amount of Zn per unit area, the longer the
time the corrosion resistant and corrosion-proofing
effect can be maintained.

On the other hand, if the amount of deposition of Zn
becomes greater, the workability, weldability, and other
characteristics required for a steel material tend to
deteriorate. For this reason, in Zn plating, if possible,
exhibition of a high corrosion resistance by a smaller
amount of deposition is being sought.

Further, in recent years, the depletion of Zn
resources has been considered a problem. To reduce the
amount of use of Zn, Zn plating having a high corrosion

resistance by a low amount of deposition is being sought.




resistance. Up until now, numerous attenpts have been
5 made. In actuality, Zn-N alloy platings, Zn-Fe
alloy platings, etc. are being w dely used
particularly for autonobile ste2l-sheet. Zn-Al all oy
pl atings are also being wi dely used nost for building

Tt LS Sh B8 £ 8 AN 9 nce by 2 Low
met heootsurof cafﬂdiqu)d\zgalmr & Zamphehmgg,deazelaaldw eAement is
exarnpl &g 1 Ald O RAl 1, {800 d S tRBlrosion

superi of i 7 CorF | scl ose
Japmtﬁmmx Ru bintciak i rorw ( K)unmomwctm have been

gg%n@gt her, 1n tﬁw t%é' ﬂ?\%tl\%l rg;l81 e alloy

in scl osed in
Japmtélrm'erﬂt@ubﬂ%éﬁm (WSQ 'mygmu kaydy for

al | 03% @r&iﬂg dayer spndal g, -Ay a{_rlalstﬁ/@pl%fgfhdso a?ré Cglso

corrosi on reS|stance iIs obtained.” In th
pr i dreirmy a'fﬂtde]mélfl‘ﬁﬂ é%ﬁﬁterﬁoroquwlmgatmad&ﬂ%- i s

at nost, 1y pdmsN14970Y fi&tﬂeﬂ“ i ARY  tHeN dchﬁ:os1on
pri or art the cont ent_ of has been kept | ow. The

ar e TRIFILARSR e r%hs%]nsalf]d?y thhiab 1nggye MeThads &fs ding Mg

is tdwatsi fal?egcbéﬁg’l(f‘@ié\fél%ﬂ'écﬂh M Gone@illd attdien,altliyy plating
possij bi | i rising the neltin oi nt .of the

t
P a1 D b 11 S SR THRAT et RO (TR e
possdiddidgyedfird cnamne&re CEfaﬂdﬁteerilaldaulomonOMS 2002-
caus eterloratl of the rk b|||t Jise
add|¢1% B 4 H S tl?iasﬁ“rfev}%g (éalan r eEYa‘i i veqsﬁvlg 38ﬁ 1 to
easid0g/ di ssol ve there up to, by mass% 3% or so. This

S becaﬁﬁf-é aqg$ﬂﬁggéf 5ﬂ£€M§§g? é% fﬂdnafgélééed in

compound) 'hi's I C conposition
vmthJaZmImﬂ:E lemets Rtmalmttmrg @i Mo + HpP2834, the alloy

1,ng. VB LVET, dJlses s fo 3 of Mg,

for t| on of Zn2 1 ncreases "an Jul t deV| at es from

a ethexsby eonposian giesisgante g g igsicht O tHe prior

platdng, dhal g aRiflant IS RN G itdhs ng %@,%xt ViPlatd Mdst, by
plating bath -~ 3 - rises. Furthernore, t he anmount

of ARAIIorrTF My Becomes close to 20% the added My
forms insgl bﬂl}{l@vﬁﬁyd tie t}%TMOLOfade Oﬁ@r&dit@d: of Mg has

i Nncr.eases. e cumulates in 5t dross at
pl atk?&]‘rﬁd”l HRRE sjtﬁ'\‘{? e;rr? 256 dth‘:llrgtyn q,eaﬁe&f;ons rkeor this:

Dependi narign #ihestatremsgdreries tHuts difgrdddisg Mg in a high
concentration, the possibility of rising the melting
point of the plating bath rises and that even after
plating, the possibility of formation of intermetallic
compounds causing deterioration of the workability rises.

When adding Mg to the Zn bath, the Mg can relatively
easily dissolve there up to, by mass$%, 3% or so. This is
because the added Mg forms MgZn, (intermetallic compound)
and this MgZn, forms a eutectic composition with Zn and
causes the melting point to drop.

However, if adding Mg over 3%, the amount of
formation of MgZn, increases and result deviates from a
eutectic composition, so the melting point of the plating

bath rapidly rises and the viscosity of the plating bath
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at the bath surface. Plating beconmes difficult.

Further, if adding My in a high concentration of 10%

or nore, internetallic conpounds and an alloy |ayer

are 10 fornmed in large anounts 3n-the alloy plating

| ayer after solidification. The internetallic

corrg:%uréds present in the alloy plating |ayer and the

al | oys1 ayer fornmed at the boundary of the steel sheet

and pl at |Ehzgr’d}w,reror@r,e igodthe mmpluadt iof Egldition of Mg becomes

def QryRh 'ﬂot %055 ehh aéﬁi L 4 P! fRrn2g 1%5'111%9%0%@ QMe

contai ni ng ntration, plating |ayer
pooramqunkorqfakﬂﬂqq%/ produeaded nare ases pﬂ'@@l Mgs agfcumulates in

Cfact'ﬂengjh sd hg Ripd l;ﬁ%t' %@gﬁgaacrhd REFII i amrtile
st eel eet becone remark . 20 Due to the above , .
condIATICHTS: T@ s -n PeReNFETido PToft hep pdmase her@ t h81s ignites

pr olyiempef %}k%@ﬂﬂa@é 0fp 118 Y ¥dddthed AUEELicup tUnt i |
now t he anpunt of 1!\? added has ‘been_. consi dered

limted tod6und i fESSRDMAariduid B cpReegedahgon of 10%

I eagn nyne,t neltwn@&rathmc Remperenrikepid a2b adlawyl dayer are
t hat i S .po in react|V|t Wit h

. does naqt
f or FHATRESE gt AT GOIRIBANT e ed Loy bdgea ngod aver after
di sseliveliFfe it iadd. (for exan‘pl e, Jour nal of the Japan

I nstitut tals 1995),

oo 5ot S a0 Sl R B 78 o

My pilai:tSLE‘Bg detyerr @rat itdre efl lidye lwgtetralfidrmeyd it hhiee boundary
;ﬁs%g @%b IB ;hsngggféiﬁpﬁggﬁﬁﬁf f%yquar%Y%%dw H% plastic
act |dﬁefomnmhulldfy,2r$oonmlu$exgom$>l§rmmgeﬂoat®5 C@H@Oﬁétlon

the t:i E I Loyl lg Q%
e L A e ™ baraag Laver

the psioxt |ng Woggkab iddd e 5 squff@defaé)rde thep preddems ofy

As g aR8Uldg dM t%ré Mla%lllr@/ 1Rl RGhd tﬂ'é%lﬁ'r@h&froﬁrhethe steel

concentration of rmore difficult i's to
secuiheetadiresimn. reAtaIt]ﬁ.blﬁ ‘me of wor Ki ng, the plating

| ayer eanid M:CPQ;QJeS Mdveelconditt W tdreafieige f@’ﬂnﬁétlon of
PoSSILE 1 Sl Salzaan o) op MLALSd st o8 il
t he IMyeagntignturds been tieptamduwew i Miataddedhach shéern

beI | eved hat %aﬁﬂglttlag:?r}%%lgprg)%%stsloo% %r%tozsgllnrg nYs .

The second reason why the Mg content has been kept
low is that Mg is poor in reactivity with Fe. Mg does not
form intermetallic compounds with Fe and does not
dissolve Fe at all (for example, Journal of the Japan
Institute of Metals, vol. 59, no. 3 (1995), p. 284 to
289).

Further, Mg easily oxidizes. An oxide film of Mg
causes deterioration of the wettability with Fe resulting
in the adhesion deteriorating.

Even with Zn-Mg alloy plating or Zn-Mg-Al alloy
plating, the active amount of Zn or Al becomes smaller
due to the added Mg. The formation of an Zn-Fe alloy
layer or Al-Fe alloy layer contributing to adhesion

between the plating layer and Fe is therefore suppressed.
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10 corrosion resistance beconmes poor. My oxidizes the
easi est anong practical use netals, so even with

alloy plating with an My concentration of a mass% of
50% or nore, it had been believedl that the My would
oxi di ze and the corrosion resistance would becone 15

poor and cticalq.t d.be | j ng... tq.,th
reasons, ppsraa\ ; SZH erl:ég;ﬁn ia&éel(c?@vw o a%rﬁo%h(% gﬁ%ﬁler the
pl atqurg:elray@rtlmntqaﬁ Mang tl\bga imorg lhdidhficedicent s iton secure

has aﬁﬂ{écsefo'hs iy 19[Te RJ0 %%2469% a'%ﬁizh gﬁr PSS e r
and as not exi ste to now
pr oddEidy Festled os‘:‘tfe@ltq:,hé’ett wayso\Eihge@ £ omiet l@ndyzmlble to

al | gyl jatd g Ar?)équogpfﬂl%{t@d“%t%%l%%%ﬁ 1 e ArMin |

by el ectroplating is disclosed i n Japanese Patent
PubMad@ticd EXPMEti®s13186. Up until now, the methods

for produgieng mlat %a%to%elwhﬁfth@w 'cf%'ntl%'h‘%v Ihtz&%d P kept

z | at I t
ConGE iR (G hakbe T H5En HERGRrIeG: SHBL MitHods PddEHAT

as Jopgldsap!iain %rﬁﬁ%ﬁ"ﬂﬁ@ﬁ; MR A6 AOhieh $/lcent@ation, the
nonagueous sol vents. ng{hod of production using the

sup&EXTP SN GSSS S5t PRG et hod has not yet
30 been Mgomﬁeﬁ.ze%uﬁhféere,ashlé%tﬁahm@ pfrapradiadi Iﬂ@e metals,

| at ed .steel. . sheet u5|n r dep03|t
O 2t End Gt Had PuALo Ry =tiRe Faeh: Py SHORaR thAg 1on of a
h|gh@m&ﬁomfpﬁééswmem@&ewg1ha$adb®eandbedhesed ithat the Mg

1g[§§%u%-%&§%!z£egﬁﬁf%%4 %%Q% bnN%eé§ t%? %1%%%hd.become

ACCor di ing to et Ko I"on,
belE@m@dapdb@mbkélp@lpmwdwpalplQEedaskeab sheet

providedpye Wt Rpd gl Q%b@%n%ay%rs%g%ﬁahgkgglug EQO@ ded with

hi gh concentration, but vapor deposition in
of azZhotVgirzAn olasdagsdpyer cossapaiad Mot ﬁnt Re hﬁ@th

di p coblc@bitha tiBhheds idonice AR iiRekbirmisent bﬁ%@t95n5and
production. Further, the concentration of of

pl aPERGOTRAPSE 6R0ahes. petpraisdes: Bl tonsel - produced

by the neketoaf oFfr @%@Uc%gdgi@lt@aegtbal Nhee/hi Ebrov1ded
St eel, Technlcal ort &1998 18-27" is

to Y3tioangdsio Al YZH éltllb“;g e Fnrngopéﬁ‘éfllean?éu H‘F‘ﬁéﬁ or
M) mora offi gy egnegerltabipoatisgnak BeskgoskddiadJapdnese

1S pRENLOBTRIGE 3% ) PREN gLeghgged at all.

Up until now, the methods for producing plated steel
material provided with a Zn-Mg plating layer containing
Mg in a high concentration have all been inefficient
methods such as electroplating methods using molten salts
or nonaqueous solvents. A method of production using the
superior efficiency hot dip plating method has not yet
been proposed.

Further, the method of producing Zn-Mg plated steel
sheet using the vapor deposition plating method utilizing
the low melting point and high vapor pressure of Mg has
been disclosed in "Nisshin Steel Technical Reports, No.78
(1998), 18-27".

According to this method of production, it is

believed possible to produce plated steel sheet provided
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The concentration of My of the plating | ayer of the
hot dip plated steel materials disclosed up to now has
15 been at nost, by nass% just 20% Al nost all
research in this field has been binited to the range
of Mg of 20% or less. Up to now, hot dip plating

contal n in a-high co entratl n has ally
rh 4 '\patln dlerﬁ%s IR ]Zrbmlgnergefore %}J‘r?gl

never eveh ohe
pr opErriGegst i t orhotbudi pfamcat idepdsaysirorcant dile gy ddy iaf
a high concentration al so h never een_clarified

Up VO RO BT SEE CRORES TF I HEL T NVRRHT ERE 221 el ¢ digh@ip
[ nvqjﬂtét(llrhd’laﬁet&&d t sLmhjsecatn tiles £ fircversd e tdfoda dfot

di p _net aIon pl ated steel material conprising a

pl atpraocg‘iceli “Thaterial provided with a hot dip M-2Zn

al l oy pl aiuntgldza,ye:rha:mma:iemmtl\igm rofaMy gif the plating

con Jratd res N&C leavtle sbco%l asq{éors 2o o%n%eéi tbﬁl the

cor rosi on nce. i NVEN
addlmeterbeOﬂ\/gsmdlaztmcgh dlamgaﬂd aitrl dnVisess el neftrese If or
obt hi 0§ P r yan I% whQty digp

pl a?il’%mcaa a I?%)&Io&r en7| nv@f};tgo%}s %sczlgve(rledqtlh t%nll3
35 g@mad9hg A Mg at ralclmpmatﬁlcm ey s pegitiiaingndlg on a

conpﬁsd}{ | Qh ddh AL NP ASE droAN i id N RAY GOR aity ng

My in hi gh concentration, it 1s possible to | ower

t he per@rwqq AR EIH Refen 1o S550sdiDh a1 a@tlilng bat h to
| ess thamhd hedHtdan ROigH MY WD taRd p1eduery akfer of the

the vi scosnty of the plating bath and _anount of
pr odiftt iU SFladrss Stasd MASSHIRS W SreRece YR fcaf@y has
st edlegtnlRy lnaisﬂqrw e, t Iju%tazhx%t dulmd&g bﬂ&e(iesearch in

al | I Not th t Zn" W
SomttiRe LY SR st d IBUAR 40 S SN0 i MiepE 208 or
the liemeant ors i nvestigated the physical properties and
- I t t f .t al.l o | at
oSOk Wl Bl A A R 1 84 o
al | @ormmnag,lq%ormaat laortuefl ly Zreviee &viepy dosnpeungter. study.
COMTHAMNG | ) HIp0,AdU80Ian MG SR 2158 nd Yayer

inc In-a h concent
pr emtaumrtqwédqallat |an@ugéy@or10@na:r@émoan g lext dave nigger

Fe @é‘é‘w%qsarlfﬂ%ra nj%etrggatnroivx material to the plating
| ayer and enabl es 5 adhesion to be secured.

DISCLOSURE OF THE INVENTION

The present invention has as its object the
provision of a hot dip metal alloy plated steel material
comprising a plated steel material provided with a hot
dip Mg-Zn alloy plating layer containing Mg in a high
concentration and achieving both adhesion and corrosion
resistance.

The inventors studied the addition of Mg in a high
concentration as a means for obtaining a high corrosion
resistance in hot dip Zn plating.

As a result, the inventors discovered that if
setting the bath composition in a specific range of
composition in an Mg-based-Zn plating bath containing Mg

in a high concentration, it is possible to lower the
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Furthernore, they discovered that the adhesion of an
My- based-Zn alloy plating layer with a steel sheet is
further inproved if preplating is applied to the steel
sheet with a netal filmof N ,-Ch,-Sn, etc. 20
Further, the inventors discovered that at part of the

rangt?eollqcf corg)g]%lfﬁtl Yo r|to}}1h°ec Q:flg;ngarltaﬂ rﬁ;’gﬁ@) 4t¥td dsk than

posS an anor phous practica '
cooltihg ircatiec iaomd gdiatt idf tMye aanb meETnes pbl@a:sl'e theconeweapity of

voI rcent age .of £, d
:tt ar{%)l ngc p(ﬂaq%ast%ofa%pe nllgr%{ andﬁd?r ac g}f‘nd% s an
pI atparpidlayaro ambdure detpliatmd &t esflf @a@r@fal provided with

i nt I " _
the 1 ﬁtﬁtdorpc oqcscover e :tﬂ);llﬂ%ht%y%gr r osi on I\thré hﬁ{at Mg
r esitstzattd ot wide Mpmistsiew: salloy gfientasy HoaRal f ashe'Mg-zn”.

30 present, ﬂH@?“'ﬁHb'fhé%ﬂ%ﬁﬂé"iﬂ#ééﬂﬁﬁaﬂgatﬂHé physical
conventi ona hot dip Zn plating |ayer, but

| ncaRRSRIRP And RIS pivase, Stwwrreoﬁfoﬁhls Mg-Zn

resiStie & lat idPraMRst: Duerah ap|r@§1ﬂg: |oﬁ,\éﬁoxﬂ;‘réd1ezhat in a
sane COB%OSl ti on, but (0] risi ng onl a Cr tal

deperfif ke B tgHH 1 Y O atlﬁleoy Gyer
pl atétrtg Ic&yrﬁfrlmlﬂmig aro Wﬂh@%dl’mﬂlomm& adumhmed but

ok R AR5 SOSN8, o, 7 g resen
t fzn{mﬁf a:truar @Ht?bigs Jpn?ae tm)ta e)ersuamg d}#teare?urdhdarﬁ‘wrmffuses
s a room tenper a ure

O&l tgﬁ ggz} ahb L tIL:h latq}?'{qq 1%'{}%% Ay @nables

ntg € I'nventors
d| scmjkmfsecbrt had ke pﬂaiunfgi I ayer containing this high

t enper at uf h
e%{‘}rlnoereo qﬁgeyhsacr rer acfec'@ty HPedHsion of an

COr r OSi on reS| nce
cor tsisqt-dof ialglabinliatingdayar helthutd [Staad s&heet is

hi ghe AHOS1 O FRRAPLE IaiT (ﬁﬂ%ﬂ A 10 SRArdd ARlthe steel

corrosion-proofing ab plating layer never before
exi stherf ivitthe peasial ThHelwiaf |1\l:3ul G 0fSFordfi%y a

plating Iﬁyﬁh&pnt@wlﬂwemmﬁmmﬁaw@ part of
tenperature st abl e phase,. or other nonequil, bri

phasdoranae edomareitiqn e dhs PEs g lfoa{bt it is
t hatpc@é‘élejléwio dﬂc{krﬂola&t i rpiouss pmesessiaty & pratlical

{he BLLLNS Loy g, e e So0ung t e ol hecones o
volume percentage of 5% or more, defects forming the
starting points of peeling and cracking of the plating
layer and the detrimental effects of intermetallic
compounds can be suppressed.

Further, the inventors discovered that the corrosion
resistance of the Mg-based alloy plating layer of the
present invention is superior to that of the conventional
hot dip Zn plating layer, but by incorporating an
amorphous phase, the corrosion resistance is improved
over a plating layer of the same composition, but
comprising only a crystal phase depending on the
conditions of use.

Even if the plating layer is not an amorphous, but

crystal phase, in part of the range of composition of the
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dip My-Zn alloy plating |layer containing this 20
nonequi l i bri um phase on the steel sheet surface and
separating the hot dip plating process and cooling
process. As a result, they reaeh&d-the series of heat
processes of reheating and rapidly cooling hot dip

My- al | | ated steel sheet. allowed to .
nat a?%yn% onr? 4 le?n’pl A ilnsg Ei%sesfjok?/fe £ sgﬁleeer}zeeatﬁ}heg high
and temper oot ngtalslergthares el e Irsefierg ethd ee@silibrium

c ; ) g .I Cf .
renesct g 4t pfods AR e B S Yot b (e ture by
hot @ipraptai¢ay deglineoratdning A or Zn, the Fe

suppl i ed fﬁ%i@ep@@tfrﬂf &8s &AM reNhd Faiﬁilating

and/or Zn in the plating layer form interneta
CONPANRIC (PNAANIng ¢ilsl g el dw, tanperafaing stsdnks inhese has

ref el etk Qorfis] v AU N )eo 3 WP VRLs | dtih d1VERY OF S

di scovered that” by = reheating/rapid cooling by
speciFFel f el g o icofiing apddity .c sarfg &e
Conpasi 1i A8y 14k then i Hir M-l resi&taldOard #iigio

| ayer of, the present” invention, it is . possible to
supprESst B iy WA IRRRFWRT Mg AREATY Alakiing laver
ThaLneixaTr ibbﬁrlsaa@&ﬂsﬁirfgarﬁgﬁ tHe GRIRAOSI H on, re-melt

5 the p i ng, .| ayer ile s ressing .all.oyi I S .
possi bl e 19 Gty G IR Te 7 WIAFDE dedieRaspRtaining
pl atamgndrghaat pharsey,i deidyhM tdmpdta tiseals talider phapied or

cool i faciliti.es, .1t i ossible to. first perfaorm .
sl ov(\?gg%o innogm‘atqbu abrrilélg% g%az%’eploﬁ etj.‘estseteqe eereltaISI‘“:face 1S
pr ovwedavitthe drraquilatbrefiarl hgthakie pdta tding , Mj-tZi s

al | NG+ d ey offe W .Qr i r .
rap%%sg%do ttholts stlecetlhe %&‘llag ?o%yeﬁlro% ule %I%gee?&%lmg
st edlatgheet provided with a nonequilibrium phase hot

di p platimg |i%nto@@%ﬂ1§iiﬁé:?ﬁ%@t@ﬁ?%a@1@f #Mrhing a hot

cool j ng process =15 require btairmng a =

nonédi Mbrarurmldieds ® @ Hayefotcomitg igiiamg idpigart

It bRERS 19058 SHe@ L@ lthd @tBe1a SHRRQIWUHARIdURNG
phase hot dip -Zn alloy plating layer containing an
anorFRGTS tods & 16r hRitgKliPe mdSitdtgr PTocasISe angh£90 1dRg

the pxieeIsstaterial . 20 The present invention was nmade

based on _t he abov
As a result, they reached the series of heat

processes of reheating and rapidly cooling hot dip Mg-Zn
alloy plated steel sheet allowed to naturally cool after
plating (below, this reheating and rapid cooling
sometimes being referred to as "reheating/rapid
cooling").

Usually, if plating, then reheating a plated steel
material provided with a hot dip plating layer containing
Al or Zn, the Fe supplied from the plated steel material
and the Al and/or Zn in the plating layer form
intermetallic compound (alloy) layers (below, this being
sometimes referred to as "alloying").

However, the inventors discovered that by
reheating/rapid cooling by specific temperature control

in a specific range of composition in the hot dip Mg-Zn
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di scovery and has as its gist the following: . (1) An
My- based all oy plated steel material characterized by
bei ng provided with a hot dip My-based alloy plating
| ayer. 25 (2) An My-based all oy fl ated steel materi al

characterized by being provided with a hot dip

-b y_plati I t ai ni | t.o.
to 1asEY i td R 5 e TR i o s
st esbosmilete ato IDupee st Ee i el Ay el ol o deal and Hn

a ho.cr[]hggfi -based alloy plating |layer containing Zn:

15 atnto 'es§ than 45 atnPoand further containing

one or nofkAate|ehents a sstectied frammea Qf stgrsfsition, re-melt
el emgl S At Slg 1HyeCwhiGe Spprdisidd 2Ny AN ible.
Ag in asfipt_al_%f 0??03"%015 at%r 3581(4 .aAn l\},lgl-l\[{tq)gas%edcbo?Sl ©
al | oS_/f mfaﬂ_e?dZJsQ%eﬂthm_t. V) W‘Jdﬂhraébt széﬁjf}b_}Plk?éiW line not
provi&agh ydd he e haindips i baggd: AldQy Rlating dayerities,
containing Zn: 15 atnoor nore and -. 9 M. over 35

at nohtant® REIHER L IR & iy RHE DM oy gt fo fabricate
sel ectpxhfepraddiel giouerifl gl ey Riit .arCaquitimidim

Lain ataotal of 0.03 to 15 atn? (5 My- based |,

o1 P SARNGRA A Ho RHeh e A By i o on
pr ovi ites), viretzthaaetllgﬁtd %/apil\&k)b&&ﬁﬂ dtaiilsnysu@eﬂt im%éﬂfg to
contai ni.n ; at or_nore and . My: aver at 1
and B THARH T orane movey it e it 1 ibr i
fr ophdee graoupliqgl pdllaaniery sladerAl , Ca, Y, and La (Bl)

in a tot 0, 0 0. 15 at.nPo n .10 over. 55 at nP

and (B2) EE’flhn“’lqe;l Tt %3} of ]iaot %\/}?ﬁj}% r’:ég%?glop% Oelzitnr?%p%rorg)e SS

| essreque)resh vy dgediralripya plaatesrhisltideliumpdass faom the
set rih, i ). Or, ), s 5?&{11%[. j:n. st hat [

hot hcﬁig &J%g-%laétgiﬁlgglqag%’pl gétqi%ng ayéeﬁj%%grﬁ%éﬁé;gowae%%gy form
at nfd gronividsiriuny ohesgy -Hsds e Moy pladiley stledling layer

mat &4dila 35 fPlan TMdibHdbh Pha¥e OB hiPidriddrA8Ed Btable
that said hot™ dip -based "al l oy plati'ng | ayer
contRhia®e A} H® 585 #iwriEd)- An My- based al | oy

pl ated stlp! gmdemalimentaion 2R adde Pasy onehdf above

(4) to (7) characterized in that said _haqot dip
o, BHSSPTOR T A as dyer Tt AH G S ne  or

more el enEnt s rgelrsiRGdd aniidie Qradd oft ellemittes A1
characterized by being provided with a hot dip Mg-based
alloy plating layer.

(2) 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 atm%.

(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% 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%.

(4) An Mg-based alloy plated steel material
characterized by being provided with a hot dip Mg-based

alloy plating layer containing zZn: 15 atm% or more and
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15

20

Si, Ti, G, Cu, Fe, N, Zr, Nb, Mo, and Ag in a total
of 0.03to 5 atno 25 (9) An My-based al |l oy pl ated
steel material as set forth in any one of (1) to (8)
characterized in that said hot- & p My-based al | oy
plating |layer contains Zn: 15 atnf to | ess than 45

at n¥y takn Iy r

per Bt oo 2881 Suods e A8 PUELRSP BSR pinBagcdhd T more

pl at etemernts salertedl fromrbloeegroen of dbémenps o¥i deld, Ca,
wi t hya p b | oyqpl AL i er
contgl nfgﬁ& : lﬁ/g 1‘:Jlérrg/g %egsoghg{r)] o ég&; atnty
further cgﬁt ai hmnbggoh@se@l @rbl@YePbmsst%%l agpaeeirfabm

the eﬂgpgétéﬁlgé@ulpy%efﬁogr@%él@édw&@a gﬁ&dePﬂ; Mg-based

el enments A. S
Ag aRHleNeP YR bipg oiaﬁé@én%w%agun@azw 1%m%ltllla PR raore and

t ot aﬂq%ofo@é@r@at&x@% ihe ﬁlﬁ@y@epfc@ﬁ@aﬁﬁﬁgﬂo@é &r%%ore
to 5 10 atnPhand further a total of elenents of

gr oupl BFCNEP PRSI E BFOD. B1° 1§ A st hs ehRAeS oL, Ca,

sai dyf okmdl 1.8 me)sslﬁ han:&: 98 ¢ G.68 e M) atwerwiddn Mg:
at no and

and %%%?ag\g %U“&na%da %%SZB%%?? #af\r)% Lﬂ-r%t’ e mg:

perc&*ﬂhag@roieé% or nore. (11) An l\/g based al | oy

pl ated st tepial as, se n
to (8) chgr ac?%}i 2%3) %e(ilhaa l%%u ‘? aﬁ% ](,\)/gm%ta%%zaa]f as set
aI I o@optlatlrmg 4pyer Cont am}mzsrmtermahra’tattlham said hot dlp

St o R T T e o i 1

dlffl%ﬁzm on peak of diffracti on pl ane spacing of O 233

inth u fum f
appear| ng?7a)tS gﬁr?f ck%?%éné % ?p:lam n @ﬁ%%%ﬁlal as set
1. 768° T Yextt ude gl 2l £ f¢hﬁ1ta@?ﬁ ofn dilfd sxaidrhot dip
pl angy-1i5a SRAC ML 2o h 233 WQQePchrpcéﬂ{s Ry e.54 11.23 8051 atms.
My- based al | oy pl at ed steel_nmaterial _characterized

bei ng prold dedwi¥drResrd ah PP iaied Staqq]oy“%ﬁeaﬂah]g as set

| ayefoctomt &b Nimg e 20 ed nedr (mpren Akt dMliz&D Bt Phat said
to 75 at /o further. co tal ni ng one or nore 20 el enents

sel ek S TR slayrery fugther \gonggjins one
La idr andn&t aéle)ﬁerﬁsé)?sélbdt?ecatﬂ%n( Vﬂ}ﬁi &;ﬁ/&hq:n SRidlements A:

v ;ggl c'o’nt at nl(%g 2%at ﬁ/‘ge'r lf'c nﬁ{ﬁ; 7lr}mrge dtal of

25

30

35

requi @&l taordurdtm®5 (13) An My- based al | oy pl ated

steel mat gy alArPSMgs—%ased alloy plated steel material as set
forth in any one of (1) to (8) characterized in that said
hot dip Mg-based alloy plating layer contains Zn: 15 atm$
to less than 45 atm% and contains an amorphous phase in a
volume percentage of 5% or more.

(10) 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
44.97 atm%, further containing one or more elements
selected from the composite group of elements of the
group of elements A: Si, Ti, Cr, Cu, Fe, Ni, Zr, Nb, Mo,
and Ag and the group of elements B': Ca, Y, and La in a

total of elements of the group of elements A of 0.03 to 5
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forth in any one of (1) to (8) characterized in that
said hot dip My-based alloy plating | ayer contains a
nonequi | i bri um phase obtai ned by hol ding said plating
| ayer at a tenperature of a mettitig-point of the

My- based 30 alloy plating to (rreltlng poi nt of

N uagss allon it neoie] L alle e Tessions o

pl at ed:lemejaels Bhtefi @l 0OAsteel5 atmdh( whetas)when Sald total is
char agber Lrefl bloShat sald,ponagui bibr! U o a0, PAASEhSn 5 co

of “an” anor phols phasé an rnet a
conpbbnadt@a3MgZ: {¢8% Khaivydbaseds bl | @ydpngm@@llm@glan

nateghgk ﬁéu e%ha5ﬁ1%n £05$fuhgd§é§%e Eag&4%f 5% ?r more.

characte I ze sai d rapi coo0
cool i ng of1lin si\nv\kigebaégéliihboym@t%ﬁ wge%hslé@lt%H@Jy as set

platggrgﬁegh gr{eshal oas ?ﬁttof@é f hehBr2@¥e PPEe@f id What said
to )é characterized in at th 5 interface between
t

sai dhﬁ dippMappageda bl poyP prbi ndigl R ¥GEr CARER SR B RN

mat ef h@brhst I OYEdedmpbhind az RIRP! ahi Ba x-ay r1nten31ty ratio
conpri sed of one_or nore el enents sel ected

Qu, | §RatEp, OBodl ShEARGLOR 1953 At NESBALEY %fl%‘%”&at ggcluding
st eealﬂat@étabnage&mofl@lf@fadatmnapya@@espécm@ &9 0.233
(16) cgarac%en zed |

i1 o5 bl e Rt 8 OB ot P EESREr e ceEek TRE SR ties

unavapplabi:n‘engnatlrdifésacﬂ'h@nppbsm@tspmamngl@f] 0.1089 to 1.766

I I
(M BRoP,ELLaYeH ALes-2heely, LBLEIYR!Js PRELER prane
SO i spaapeyi of OnZ&ﬁlmerswftyO%\n@rec@n@ny Furt her,

the hot dip;M; %”Mg' %Qé’ecﬁ"a?‘iié‘feé RYELq Ofr ed L ESEDE

I nvention enab corrosion ance superior to
a coRbenacbenizadtoyipeimmg mmvn@edavbtthIm@t e pllgrgpased

do““aif@ycﬁfg€fﬁ§aié§@roéog%blﬁfh§oﬁﬁr'@Wt§§m¢(bri%bre and

t he savi ng Zn"resources. Further, the hot dip
I\/g b¥g ed> I@Eﬁ?’ pF@t??lga’FI&VerflélrtmheC%@*é%@mng rf%ﬁt@%ﬁ“ore

i's eéP.@ﬂnéx@ﬁ& 581 c OPLY fﬂozﬁ%lﬁé’%%‘u r@?'éiéﬁ’é:&ts bt a1, ca,
also in workability, so the (ﬁeesent i nvention can be

wi de¥y Redhasin %t?%’%@ur%f (b elro ok 2 Z%tIFUn(:‘I’}P%?%IWhen said
rrenbe@tan ﬁytpn@@ImSatxb%u | €brivgla R 105 i @1 6,1 adehm3 or more),

househ I ectric agpl I ances. EF DESCRI{T Igﬁl CF,
THE Frind AP afTTERr ahbie iRt o G in 2
Conpﬁsqmiﬁﬁd amount.

(13) An Mg-based alloy plated steel material as set
forth in any one of (1) to (8) characterized in that said
hot dip Mg-based alloy plating layer contains a
nonequilibrium phase obtained by holding said plating
layer at a temperature of a melting point of the Mg-based
alloy plating to (melting point of Mg-based alloy
plating+100°C) for 1 minute or less, then rapidly cooling
it. _

(14) An Mg-based alloy plated steel material as set
forth in (13), characterized in that said nonequilibrium
phase is one or both of an amorphous phase and
intermetallic compound ZnsMg;.

(15) An Mg-based alloy plated steel material as set
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30 where the nelting point beconmes 580C or |ess due to
the addition of Al, Ca, Y, and/or La. FIG 2 is a

vi ew showi ng the region of conposition where the

mel ti ng point beconmes 520C or tek% due to the

addition of Al, Ca, Y, and/or La. 35 FIG 3 is a view

sho he r n_of t1Lo V\,here an_.anor phous .
pha\évggigsflogrt1 ?959 |IQ: ggppgrgéﬁa?/?%ﬁv s%ovvl ngtl%l %%@ rapid
al | ogophane 19; wa‘d@&gca&inﬁg I\@ersFl&@térlso@lm@w

shomnng tbf6[eﬂ%oﬁgoéa§85p9f% %ﬁﬁla §r§tg@§NRJt%§lal as set

obtai ned. H G View s Cr oss-sectiona
5 st feEtlr&nodninong- 5 él}wxsczn(&htmwmmw@ in that the

|aye{ntéﬁf&é&aﬁe@ﬁ@éﬁ)saféchog &f%aM% Lieyw shoy é@%tlng

cross-secti onal structure 5 at n? Zn-
Ca ptarfhgarayskeet arh@ﬁ%hb@% bharegvided pfigh & jrreplating

view g @w ngﬁ@%aaaf WAL TS IhOFe PRIMEIESs e O 2Prom Ni,
at n% %o Ca pl at | ayer (anorphous phase).

FI G ‘9' |§na @?ev&z%ho@\ﬁ‘% @n FE- TEM i mage (bri ght
f' el d i rmgp’) ﬂZ@x@rMcﬁ-h@aé;éﬂ esfesp wlattdy '\Q:é’e'sl WA 4P as set

% I ati ncgn % éam)r phous hase FIG 10 i s
2 v E0F Ehotll Y Hee dSh {5 ofO of Kblerftha 2 dipA b4t By ¢
E:D)é ﬁigldi If:iieo(;crd)ﬂs Nop+ e s éb_&fﬁaﬂaﬁi\ﬂﬂqllwgﬁ{eﬁ|wb taifztbs a
is a,view an el ectron beam
di f 3T h %%tjl\f%reffl%tu%vojcc%wéf;eg oo it S%e FE- TEM
[ mage shditre iprddddt AnwriGid? (Mg-dbadeiv alow nglsred steel
X—r ct tter f 5 atn%Z at.no .
%}%‘) %r?{kflnegsa ;%reoé]ucac%or}\bb'\fp Sf‘laabll rhog: &lp plating

ayer o
(arrtﬂlmﬂﬁr%s Pphes el s ZngMgrer 25 ﬁirG.vellfisaJSLta/ \Argly economy .

show ng [ tter Vi
Zn-1 at n?%qh]?%}{é%t %%%AI%% ac?llrbng%alztgge#l?% %%‘%g 1%3@]9 of
37 i REe N @ vent jon @Ak S oAy A TX-Iregi stance

di f faaeddiiy Ratd fdhRin@anb M 26t
at n%‘%lgé ol at|ng 30 | ayer of .Ota d"?{S? %bljpéaagﬂ?@gﬁqa@er while

fig eeeplﬂg Ct% theg éﬁprtﬁqﬁtrré&%%h %%tztr\ar ﬁ%fcoawrwﬁmz:ﬁs to
at nmboran-shatmodia-#h atddburepl ating layer of No. 6

(in the ka'LgrLl:her,lj’c)He thhoei: )<<:1_1p %’Jg—based alloy plating layer of
the present invention is excellent not only in corrosion
resistance, but also in workability, so the present
invention can be widely used as a structural member or
functional member in automobiles, building materials, and

household electric appliances.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing the region of composition
where the melting point becomes 580°C or less due to the
addition of Al, Ca, Y, and/or La.

FIG. 2 is a view showing the region of composition
where the melting point becomes 520°C or less due to the
addition of Al, Ca, Y, and/or lLa.

FIG. 3 is a view showing the region of composition
where an amorphous phase is obtained. .

FIG. 4 is a view showing a binary alloy phase
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diffraction pattern of an My-27 atnfo Zn-i atnt Ca-10

atnto Al plating layer of No. 7 (in the figure, 12),

and the X 35 ray diffraction pattern of an My-27 atnt

Zn-1 atnto Ca-13 atn®h Al pl atinglPayer of No. 8 (in

the figure, 13). FIG 15 is a view show ng the node of

a cyahg %30f ﬁ§r283|on test. FIG 16 is a view

ShOMAng ke appearances of corrosion in the results

of cycle E&Bro8i A aeview abewidgngheore@éonngéncpmposition

test peterkalwgAnd camanay ve 5 test materials. FIG
1

71s aviews OMAng the corrosi on norphology in the
cross-secFilen 6f ifhe ¥iew| sBpwéngotheherossnpachienel

Test spRtigti:ak él)f EhQugl8si st@s VigWs shew n@atlbﬁatln% layer
corrosi on norp 10 in the cross-section of the

st eel(CEKEEEL0 Ph?ﬁﬁg Conpar ative Test Material 2. FIG

19 is a view.showsng trb@w0@1ﬁds@§h@ntnar@h@é@gyecaioﬁag
cross-section of the copfosiofl ggogucts of
2

t
S E Rt el Skuparuart el 208 S Uy Plating Laver
20 i samoypR¥shpiesg) t he corrosion nnrphology at the
cross-secg%g gf the corrosjon, $roduc
St

hoont  ont Taet Eniof s Sro0 ThPPEPE AR Cherey $hfggact ion
cyclpsyteFhGof2ani Mga2yi #umshbmt hgatihe Carpbstomg layer

nnrph oss-section of the corrosion
produc%gg%PoP% pgiﬁe nventlon Test Material 2 (up to

21 cycl esFIGFI & 122ai giew vieow ShowamgFEHEEM ofmage ofbright
nor p y h 0SSz S i e 0

or odicr Sorindhe) "Eedl eRe SEELOPRAde SH PRGN SFe 2n-s
cycl @smp oCaoptgting) laye G (2Worphouyiehasdibwi ng t he

resul ts ofrgxamhnaki 9ny; e Qﬁo&bﬁgCEQéSré§&it§ﬂoneI&ﬁéntal
corrosion products fornmed at 42 CTycles of the

| nveRRRbYS TashPy Mabér#tl the pgreppponig ingqthe BEvTRY image
showspgwh henresgl ts, of exam nation of the
Cross-section ff t he corr05|on roducts_formed at 42

cycles of F{fe Phveht? ot SBsThamtRyial Sl EpRbeaD

FI G d25f t ScBi¥h epa Stoih NGt at b asLosls ags et 0fn arhé\l FE-MEM

aIIo FIG, 26 is shomﬁng a phase di agram of a
a%?l%9owﬁlﬁ?a5¥é is’a view showi ng a phase

dlagran10FIGn N-185 Mgiak | slyowing an X-ray diffraction

pattern of an Mg-25 atm% Zn-5 atm% Ca-4 atm% Al plating
layer of No. 16 in Table 9 (amorphous phase, ZnsMgy).

FIG. 13 is a view showing an X-ray diffraction
pattern of an Mg-27 atm% Zn-1 atm% Ca-6 atm®% Al plating
layer (ZnsMg7) of No. 3 in Table 9.

FIG. 14 is a view showing the X~ray diffraction
pattern of an Mg-27 atm$% Zn-1 atm$ Ca-6 atm$ Al plating
layer of No. 3 in Table 9 (in the figure, 10), the X-ray
diffraction pattern of an Mg-27 atm% Zn-1 atﬁ% Ca-8 atm%
Al plating layer of No. 6 (in the figure, 11), the X-ray
diffraction pattern of an Mg-27 atm% Zn-1 atm% Ca-10 atm%
Al plating layer of No. 7 (in the figure, 12), and the X-
ray diffraction pattern of an Mg-27 atm$% Zn-1 atm% Ca-13
atm%)Al plating layer of No. 8 (in the figure, 13).

FIG. 15 is a view showing the mode of a cycle
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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 14 Bel ow,
the present invention will be explained in detail.

I nherently, My is a netal extrenely difficult to
deposit on a steel material by-th& hot dip plating 5
method. This is due to the fact that (i) My does not

reactopyshigh akktwith Fe and, further, (ii) My does
not dissolve nmuch in Fe (even i f dlssoIV|ng, about 10

ppn), thBIGisléthe povieconpevinglthy appedeances of
el enght$osFOH iH'@héeﬁéQ@ltgogﬁe?fgig céfré§1ﬁ£s§é§%

to 10 utilize the poor conpati to use t stee
mat eRFaPrdangi ko gkhe inyert bpr" tﬁﬁtemateriaﬂsrﬁnd|¢@pparatlve

N@ daat méteri§1§5|ng a steel "crucible" for nelting
the My, the "crucible" will not be danmaged and the

mol ten MyFt@n Hé 1%t ntE§hethoutniehe cq e kv enorphology

reasDﬂﬂSt}aéldct:i:dﬂ@spf@dt@ﬁIéﬂ <|§>1§ the s‘@é?e%il Véﬂét/etﬁfoﬁ/gtrt% .
easi nitin e melting point, it has not been
poss#%#%é%?ﬁ Mﬁaiﬁ%&?%gl1ayer or a plating

| ayer of BIGNQI&aS@ob asl'ié)/y SIOoW Bt l\@aﬁﬂ‘b@.orhllﬂikphology

t f b
20 o R BN FRYETATHYPT HEE HO® oy SUISRE (e HRE
I—lovve@@npalt\@tl‘se ar exett a\hat/mtira:a 20w corrosion potenti al
and an exgfel g £ Séjp%er‘} Corvlufnl. ¢l %{e r%qreﬁqsglen ﬂ?erphology

corrosi on-proofing fect” for
i nvedt orle toeks hrotectofort ik Tshﬁpemlmosplajmtpmdhcﬁ& of the

| nt ensi el Yorf eReq! lbastfc (éf:io Jﬁfl'g g a

plating |ayer of an ed a r-exa
My- based-EA&f- &0 yg aonien rﬂh\fg“N@ |trhea dﬂrgthDSlon morphology

CONGANIIIRAL | A ddi § S A DTe YA %@m&ls R the
the hot dip platin resu

i S OV rh e 330 VB0 45 sk ngh ot dbl ey e tsf S cycles) .

My- based-prG .ald10¥ s @mrévﬁ%dld%fld@ tHY @OMHS R morphology
reqU|reﬁ}anDunt of Zn is added so as to plate stee

sheétt iFHESBE Yo Forthe SPMPHeTe®radugtisopt the

pl atimgeritayer THHreMaMedikladhegipoo Wit kkyetiel) sheet

on t he st eet surf.ace. ;35 Note_ that belqw, the

"all oy pla |n§2 dyeP ATy SHAHG Fheayertosgederphology
ot hertwitde pardsscideartdiprexd aihredorm@amnaproahlcdy of the

pL?g&ﬁ% tﬁ%ﬁég%%gpﬂaied OH % C%%%%%g@£5cy%H%%eloa%% %ycles).
FIG. 23 is a view show1ng the results of examination
of the cross-section of the corrosion products formed at
42 cycles of the Invention Test Material 1 by EPMA.

FIG. 24 is a view showing the results of examination
of the cross-section of the corrosion products formed at
42 cycles of the Invention Test Material 2 by EPMA.

FIG. 25 is a view showing a phase diagram of an Al-
Mg alloy.

FIG. 26 is a view showing a phase diagram of a Cu-Mg
alloy.

FIG. 27 is a view showing a phase diagram of an Ni-
Mg alloy.

BEST MODE FOR CARRYING OUT THE INVENTION



phase". In the nmethod of formation of an My-based
alloy plating |ayer of the present invention, the
technique of 5 adding Zn to My is enpl oyed based on
the above discovery (x). That i'sl4im the present

i nvention, the technique of "adding Zn to My" forns

the bas'SB%ﬁo%hetﬂ%e?QQEenEnlﬁQEhQ@onl?1& ybggek 1595€H in
t he My- based | oy plating |ayer e pres

i nveR€itéd by the conventional techni que of addlng

hi gh COﬂCQ&h%%%hQGgNDMboléna akeng @k%?eh@@y H&%E@éﬁ@t to
in the ampunt of addition of N% as expl ained above,
Vg

the SRBQFE toPTprodheeiloRaberh nQY|ﬁB?e§§§sd1PhElatlng

mel tm@gh@@u ntI‘ths hl@edabattbngheatfectl s_ﬁat ang Mlaedéés not
Vi scosi t he plig rises. Dissolution of
Zn §3f P&ﬁ eftpd haFe aEQrtgPﬁt58ﬁceﬁﬂFétM8ndoes not

The dqub&S@Lﬁﬁdﬁreﬁaﬁﬁlmgvﬁh dealusoggmhglngbbattme ppm) ,
at no re t he ot her
Ko tRREn L1550 PRoBpBEn T HHE Lo LHER: PontBE EheepbSent

|nvent|onFothehlabmeasaantbonedrpbeyﬁnﬁﬁomsdpGSSmble to

o By 0E Uk or Mt 0et el oaRe! CELEALUR) facoricn

and as asregubt"drscmbéeédmaaeteahnfquemeitaddlMg Zhhat is,

to ggf %élhé ngteglzncE80§91e8|ES§ &Q?t%ﬁg @ngﬁﬁ :Fhe

a eutectic conposli tl
adduFPéHC@blGZnWﬂhéreatebe dh@aqeécasdtyhefmohéen Mg can be

plathggnggggeaalls As My al l oys exhibiting phase
diagrans simlar to a phase diagramof Zn-Mj, there

are an Al PN§ &Pl 6)e &hoXg rsasanfogndahlde Nprepestyogf the

For retevgngeorFU§ 02585906 agnphass Qtaeﬁénh@itfthSOlnt
aIIo¥FG£IG. 26 shoms a ghase diagram o

and as7nghokeey BRASEPLLRi bgr ﬂ?%faﬁmMﬂ@Pé$€b9g %@Yer or a
WA||pbstuﬁdelayéﬁdofr@ﬁ1M?esfsﬁggglgg% cénaﬂﬂnﬂ@g 8§ in a
0 0

St ot CaBhanbr P Loy P eef Gt o v MgTheeare; elloy) on
conpasstéeh mdtéteas bﬂ ahenhctr?{pOpM%t?n%Fme?gé@cthc

t t he -/ZN. a oV, , an
N ore ol BAERTEEprie: boe UPCRLarREN FancropResiEh
Zn, pheenhveht@nd @glésVedmeresmpasb@rmhqcfifﬂ@Sahot
possihl ot 0 dgra?ﬂrgg ?59381?”%59%0&8&1 M £ 9r £ UPrhe

to now was t
inventors took note of this superior point and

intensively researched the technique of forming a plating
layer of an Mg-based alloy (for example, Mg-based-Zn
alloy) containing Mg in a high concentration on‘the
surface of a steel material by the hot dip plating
method. As a result, they discovered that

(x) If using a plating bath of an Mg-based-Zn alloy
comprised of Mg into which a required amount of Zn is
added so as to plate steel sheet, it is possible to form
an Mg-based-Zn alloy plating layer superior in adhesion
with steel sheet on the steel sheet surface.

Note that below, the "alloy plating layer" and
"plating layer"”, unless otherwise particularly explained,

mean an "alloy plating layer comprised of a crystal
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5 of addition of My, the internetallic conpound MyZn2
was produced, but in the present invention, the
techni que of adding Zn to My was enployed to avoid
t he production of MZn2 and theiléfere formation of an
My- based-Zn alloy plating layer containing My in a
hi gh @n t|o t eel al_-sur
ecaRtigearBle  TELA 0TS ABry SHICTRCPY R, o PLetak
snal phasslnt of hrgh My-Zn ingot is prepared in an
argon atngﬁp@ etﬁgﬁsofnggkméﬁlgﬁlg?d hnM hﬁased alloy
at nosphere an Zn are ternatefl y adde
incre §§lﬂ§elﬁﬁﬁreéfaﬁbanpgeéenéslmBenbtoﬂo gheateghnique of
deV'QH@lEboﬁhthg ﬁgtﬁgtbﬁ ?82@85b5588 &Hgthe79b9§gwﬁlscovery
Zn: . utectlg osition My-Zn
nertéXhetha35eeq ;) tberereéeerbreve@tavardthgnrecbﬁlque of
of thsdmmn (zankbi A PebRhs56AE) badhs Bl £hadpebsthe

in the O at nosphere is acconpanied with tﬁe danger
of stBVERRGOFires and explosions, so it is preferable
to melt ltfaerymhghtasfaeﬁSthéemgnbaBearg@ﬂo9tﬁp§@bﬁ €layer
or ot eF inert atnp her Fg ver, the appunt_ of tE
My- ZR*a PSyPFEFSBFean QHFéP@ Ythﬁh%ﬂnV?nF§°ﬂ6% tec
pOSSEBHFFgohmgﬁpabﬁceﬁﬁréhﬁoﬁnMgrEotaﬁge&Edngn?ﬂﬂthﬁe

Zn_all oy i t refera .
to eﬁBF5§a¥ﬁelPe ﬂguag ng gggrg%anoﬂ%yMShea§e%ﬁpfalned
aIIoyboneanthegamoahﬂnsphpreduot1bheoﬁngEny%®ncﬁdEHES, the
alte n n h e
Chat "o elgoP et RS Pk prBRLET REtAnACPRe, and EhE
pr odutstoaivy bfatkeoplde$ng|tlsessubiseobntlom afdMfainto Zn
to the | a
roasin By RBSL BB T 3es Bhes S0 Ke a1 on ot g P
is, HB éﬁ§01V@dséﬁma%haﬁgG&goﬁn@$z@B horeteagi iy than
My. 8bmdBghipyentors used the My-based alloy plating
bath prepared by the nethod of addition of the
present PRvEREi 8khes Bando ¥oem addipyg barekio g ofike with

pl attRg tayrhidde 6N adaieebnsaﬁeth@ngrégaﬁﬁt1@aé@ﬂlon, the
t he corrosion oﬁ% 3 at sai d pl ated steel shg
Furtﬂ%?ﬁ%r%eth%9eg SHYRCRPR {Re%| R_t 7T1pgi rAdding Zn to
rnveﬂ@rgagrﬁas aedntbengpdé@édO@pnﬁ@pﬁ@wpgwutntﬁe inventors
convention at ed st ee

TheySRURPER: 0 theSRr ElenFoRiRENk | I ahl 2 coRvent | SHafovered

pl at edtsteeigsbeef sadldinycie torM@si on tests

e,
nigue of

If adding Zn to Mg, since (Mg: 70 atm%-Zn: 30 atm$)
is a eutectic composition, if the amount of addition of
Zn increases, the viscosity of the plating bath falls.

As Mg alloys exhibiting phase diagrams similar to a
phase diagram of Zn-Mg, there are an Al-Mg alloy, Cu-Mg
alloy, and Ni-Mg alloy. For referenee, FIG. 25 shows a
phase diagram of Al-Mg alloy, FIG. 26 shows a phase
diagram of a Cu-Mg alloy, and FIG. 27 shows a phase
diagram of Ni-Mg alloy.

As will be understood from these figures, if adding
Al, Cu, or Ni in an amount of 10 to 30 atm%, a eutectic
composition with Mg is formed. The eutectic composition

differs in atomic ratio with the eutectic composition of
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to investigate them FIG 15 shows the nodes of the
cycle corrosion test. 10 The cyclic corrosion test
used here is a corrosion test devel oped so as to
match relatively well the actuall6éstate of corrosion

i n general exposure test. The devel opnment was carried

out Pife! A¥eshNG1 188, SBUE AfONCENLALIOD AL feR@lls provided

spray process 0 accel’erated 15 corrosion
had beeh stmabaf shencaoms corrdsi ophe t Bsvemurichivglieved.

wel | wi t hyibe, agtyal ustale OfsCosf aSLom Bl Ale d o high

steel sheet for auto entors ran
cycl eongentrahbonsoh MesudtZn | warmedenaias hfé’lat at the time

CO”Qﬁ'Q@dI‘P{&H%PQM IncRe My based, 1 20 aé% oxﬂh@tmfznz was

steel material of th e present I nventi on substanti
di f fRFRIREedhebieorinstion pie PPl obfyvemnt 1 xbnidit |feﬁf3vnlque of

hot gi@idy @hloy Wb aesd shpbyd@i€sidoid Sﬁ?&'ﬁf&ﬂéﬂlon of

they learned, the followng: (y) In a plating

¢ WS RS ARy f W A G e P PaFe anger 8oy

t he ©Dat DS Olhﬁé@%@ﬁﬁaﬂﬁﬁlcﬁ\@ﬁ@'ﬁﬁz a }bﬁjﬂd Ccogiestdatiion on
car bgnat e corrosi orlb roducts inly

ot
conpY %e%lt%éa{]%atelsz“’} THE Y357 mai nl y
conpr i sedrofmddy sﬁxﬂnl;blatd@ ZrartcstMg),ng&rrsa:ffectsnﬁll amount
prot ecty i e iron net a rrpared
Cor 1S5 A st AT 5 CORPrTSet B Sh dafigh atmosphere.
r eneFikad| yngeippregee I thed fior nete cartrmcﬁsplmtef std Myemd Zn are

afte 11?&11%‘_% e}b acﬁﬁ%ﬁ o{@ é@éa %neilgcec ranrosdngcns so as

pr oduc the resu ts of
cor riest oo B%reajshs dendd teobfzémi e td@mhtscnmngpq%n)tlon (Mg:

and 1(51eagﬁgscoz/ I Y30 (g,%nilg/\;l Il be explained. The

i nventors use the f owi ng four types of test 18 -
mat er i al sTH®rewsrGtel @ oremg Hirt ks Mg -4 jalstase Imesifge tnear

Dl a1 i T ey S ot BRSCAE aye: Ve AR Oy OF  hets

pl ati ayer hous, Tayer
(1 nveidn ioni dresdo vt e3daec) 1) Tﬁe( Aplbiagl osheakt Pyovhdede

W|tha68 at mo, 27 atrr% 0Ca, allo at.in

| ay LTRSS | eaccfoéﬁpﬁnlﬁcﬂ “@Qﬁb% ’%dﬁ{/eﬁ’m ing
T_esthI\H&erarai @pxcﬁglcﬁiaelsshﬂetlaal];meﬁmwd htoantedit it as
di p aa§ éﬂ%es]tb ey rfl qy€ If%zhl Clﬁ:ness here ﬂnl? other inert

(Corrparatlv teria e Ci a
avaidtamsohenter itdwgver, the amount of the Mg- Zn alloy

targeted is large, so when it is not possible to prepare
the entire targeted amount of Mg-Zn alloy in an argon
atmosphere, it is preferable to employ the technique of
preparing only the seed alloy in an argon atmosphere in
the above way, then alternately add Mg and Zn in the
atmosphere.

Note that to suppress the ignition of Mg and the
production of black oxides, it is sufficient to add Ca to
the Mg at the same time as adding the Zn. The reason why
Mg stabilizes due to the addition of Ca is, as one
reason, that Ca oxidizes more easily than Mg.

The inventors used the Mg-based alloy plating bath
prepared by the method of addition of the present

invention so as to form an Mg-based alloy plating layer
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(4) Steel sheet provided with a hot dip Zn-Al -M
alloy plating layer (layer thickness: 12 gm
(Conparative Test Material 2 (conmmercially avail abl e
material)) FIG 16 shows the appédrances of corrosion
of the 15 results of cycle corrosion tests accor di ng

to thg , 'E%@%&'Qﬂe @sgnhhﬁﬁ5%§£§8;5@a Bgrro ion

Conpar ative Test npar ative
Test mpupBPlapylatasa2d pyeted, stedl Bhsetforns on the

st eel She?hr%HEEﬁS%ea”€R89fEﬁﬁ%QPeafth@oréQS}kéogﬁetheir

metal al so occurs e of test materrals, t
sur f ABEepsigatépad Bpdt hbeceprbesban pRotpkesoardin

corrggh9Bneiohhe hB@ndﬂgtﬂh g@féynﬁiagéﬁugte@i §§eet
cycles, in Conparafive Test Matefial 2, rust

forns on ?H@Ys€§§De§ﬁ@@tt%@rPé@%e%ﬁdleﬁﬁﬁbéP@na@¢ 25

the kppBeABishadl pRapEEUEBee ONshbEL Ot BEN chANE, chbPréhEon tests
I nventi on Test Materjals 1 and 2, red rusi does not

formFOonVREtLPREP ERBBt surface and the iron netal is
pr ot ect edrIEL ONGt BRE®S themmbaebeoﬂnﬂﬁéS&yeﬂetb@ir@@ﬁon test.

hot dip sed allo lating layer, of th

pr esent ﬁgghgygﬁ CoFEﬂ%?E%bF§sguB§¥$o?ef% ;S a corrosion
ConVEeBtodaVeZOpeﬁaBongs|agematamdrEMaaibéyprGIlnghe actual
Iayegtggecg%r8§|on [Fesi stance an sacrifici

corrosion- proofing abi |ty RekTT THEOTRTEN %?% The
exanﬁﬁ@dlopmentossssearrnadoéut35ythew©tam@dth¢ee¢lt

H . . et
Cor o oR R BhoT o0y T b TC R BRI Shoay 147 Affglerated
resuf@ErofFi @ tgsthbhat tihed corenstotalnbi phed ogy atceheosion

Cros@esﬁeﬁ£t8H1§§ Lbe1 st eel @ﬁ@eéﬁ@éaihgtgpgp ald¥fosion
Test Material 1 ffOVIded wi th ot dip Zn plating

| ayePtate| afeptent cRipess: fau aytomebikeycles, red

rust is fR&Medveftibtefan ftRMtfe1LrOsseseptdos & 2dsult
cycles, it is |learned that after the formation of red

r ust 1SR FReH r BRAT nEReI CPERPH 9N R FRIMRLOTY R Al Ngrdhwsed

t he @pl@pspp@t@@r@ﬁ@ézmne@éri£@ &f OSie ﬂéﬁi?ﬁﬁlxﬁwéﬁtlon
teria

br oV e AR L Rt B e Tl S 7Y B9° A Pha ey in

(I ayesntdmckoess: hd? @iy . zita Blog el £Sed retbdlishatsrial.

o TREERILOSLOR, PSRl e PLEE LR ARYer 1o

iron netaly) In a plating layer with a sufficiently high Mg
concentration, most of the corrosion products are Mg (OH),,
basic magnesium carbonate, and other "corrosion products
mainly comprised of Mg".

(z) The "corrosion products mainly comprised of Mg"
exhibit a far stronger effect of protection of the iron
metal compared with corrosion products mainly comprised
of Zn and remarkably suppress the formation of red rust
even after all of the plating metal changes to corrosion
products.

Here, part of the results of the cycle corrosion
tests until obtaining the discovery (y) and the discovery
(z) will be explained.

The inventors used the following four types of test
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15 by the corrosion products. Even if corrosion
products form the iron netal corrodes. FIG 19 shows
the corrosion norphology up to 21 cycles at the
cross-section of the steel sheet 18f -the Invention
Test Material 1 provided with a 68 atnPo My-27 20 at n

Zn-5 ald gy _pl.at.i r( hous, | ayer
thlcﬁhggghg?g éf? ﬁﬁfﬁé E%é#%§go§hg%§E?he corrosion
mor phol ogy(1fr oft2elcpbees pooSbédeyiclesh As68hetm%i Mg-27 atm$

FI G 7395 ggm14cgy§hz§%a§1§%§h dQHgFQt Qﬁﬁrgﬂs us, layer

corrosi on product ter
25 cmbsskﬂeesloﬁOaum21 cmvbas;othesormeseemaprmuucts

B f or med tl b fron1t corrosi oduct s o
A. Durlnéb§h|§t9|ne g REVXAdE on%Er?o§P0§£?§t gr¢’ atms

fastZaPSthEmanﬁaphémsypbaaelngslayemn cayEt&l12fe, alayer

28 S, orrosi on products B reaches 20

m t l§ nﬁ?étu § § ?IEHSthBnbE€6E1M@t%FhB%t

conpl etel Y3 soeedskhBetapebvidbiswioRsanpbtn@ap thaplating

the corrosion resistance of the annrphous | ating

| ayeta¥§pi dijYehaRBésknpapt &f pR: (corpasabhvefTene Material

p|atﬂngcbﬁM@Ecﬂ8§§99§vbm§aﬁlgehaﬁgﬁfél 85 whereby the
sacrifici corrosi on- groo i ng abl|lt¥ acts stron
2# h 3n Al-Mg

and the cof? osPbRetaPBeBE PH@Vbﬁﬁglﬂb a@e?oFsleZ
accehﬁiéyeﬂlagann§59@§'nQa&%Fegﬁﬁékﬂ seayfé um) O$Parat1ve

t hi ckness it iS5 also possi e t he corros
res.??athaS?rl@heZsﬁe@mmerCtﬁélzy@V@lb@bl@sm@hereel

exce||entFIGbmﬁgeéhoﬁét@ﬁetQbﬁeafgﬁc&9r693&89r§§9@§ of the
Even b cles and the next 56 cycles, the iron

netaFeéBeESnﬁfcgzﬁ}?oﬂ%rrV%eﬁnth%sb$a@?%@r¢%%%rt?st%%

anor phoestiayeTest i MBtetrsalequi 884 5 0ind NCoh4 Fdt 1 90 Test
of the corrfs! n?ﬁ gucts B with a high protective

abi | ?§,rbﬁ the 10 corrosion products
become a Imocomyerasivecrese MétéfmalcpxrdﬁiZHlcycles, red

pr od he corr03| roducts_B an
supp#gééeébﬁﬂe S g o f ?ﬁ Fr%ﬁF?ﬁﬁ?ﬂaniqqgrgﬁ?lon of
showshe heroeswétawhehsobsecwrsg Imetlos ostshesentstomaterials,

th 4 I f 5.th
| n\e/e%}tqlé g%ﬁ eegct:@'r\]‘g?u&g\§ E%ﬁ r@y}?é&}\/ﬁ« g%f é:%fdc’r% 9 rod1 ctfzeand
cycl @@rrefeon| af | e | byer ndtaheddew entt méﬁas.t

o e o PR L St il 2, rec
rust forms on the steel sheet surface and corrosion of
the iron metal also occurs. 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
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
the plated steel sheet by an optical microscope to

examine the corrosion morphology. FIG. 17 to FIG. 20 show
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At the lower |ayer corrosion products A the d 20
concentration and O concentration are high. On the
other hand, the Zn concentration, My concentration,
and Ca concentration are averagé&9cencentrations. On
the ot her hand, at the upper |ayer corrosion products
B, thg.C..6QRggNtration, 0 concentration, and My
concéntration are 25 extrenely high. Fromthese
results, Fhe.cdrrebPwa phedaersorianemorphpldgedabftihd cross-

Ox'd§e8£18H|8E'gﬁeogth Qgeegngfc%%ece %% %Qiggr%est

hand, the corrosion products can
conpMpsedial Mypeavbendt eitbnpobatisdiBoZThetetbre, laver

COTT?%E?QrDEEQEngngffgg I gglggbeygfgg allgyruib is

| at can be guéesséd oba ue to
carbﬁnamedcoﬁpoUhds, Kotm thatca@ssheepolom af 22 cycles, it

| h
SVe £8: 1bRchl8, BhaL ROrol VAL cHORLOBLRTOL P00 FEGENSthe iron
nmet ahetpyt rppiddy tearadest hat no dlssolutlon of Fe
occurred pggal hg Eﬁ&%sZEhéhe%frégfoﬁ9ﬁ£P§h8fo at the cross-

nmor phol ogy up to - es In e cross ection
of tHecEier| o5heke éFe?heSthﬁVe‘hfl Bie TeerPakd eyl Test

provirgedr ki h2ap68v 8% WMotk 72 ROAVLD- @hﬂiﬂﬂﬁé%bfdoQYplating
pl ating Iayer (crystalline, layer thickness: n,
whi | aFe G (Rayehobsickeessr rb3iwm) 5 Abrphotwglesr ored rust is

af t e, 2o Cfﬁé &8r§ﬁsf¥§l§§teV®ﬁntﬂge$P$@{ﬁ$glé Prls slow,

IS crysta |ne at the start e corrosion pr
A arkufobhereand tbvele throeeeiiee atbiomeot aykee iron metal

Surf§§etﬁéeéoZrS¥£oﬁsﬁro£ﬁcE§'SE&éﬁmhft$6%ro§¥6h(groducts
thlckness by corrosion is about his 10 corrosion

rat efPEMt h %ah%o%sm?%%lc%%%rQﬁe%.hot d|p Zn plating

I ayer (Conpal 319V§h3_tﬁ§tt}’1\@t@<5i:%sﬂon HOMSYSTogy N to 21
corrosi pn products are inmedi ately formed?romt he

cor r 0%F o pibd ?SCJAO“E%e%e‘iﬁl‘?:‘&/cq’fes‘}he vv?tte‘?ee]oyS}t?F‘et of the
cor fwm%nth@s@IthéBwrpmﬁdm Wit a 168 et Mg-27

gstlstjrigrgcr b%?eg I{‘]ﬁe(?%na%ljd?%' ﬁir cor odes @aél‘lttl e at layer

equathi@khdes: ofo e, Wmmpr@@%ﬂcﬁy§rtﬂ@%&cﬁ631on
takes tine untl%ﬁthe corrosi on products B are form

I n SBAEPRALREY 2B COFFIRT o | W L e

cryst aI | ime ghetn noh | BYES TRY £Ven HBREdEe, SBif£ll amount of

(see the cg§}§§1£g g%é%ué%g 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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As shown in FIG 22, at 42 cycles and 56 cycles, the

pl ati ng | ayer changes al nost conpletely to the

corrosion products A, but in the sane way as the

anor phous plating 25 | ayer, the 26rrosion stops and no
corrosion of the iron netal occurs. FIG 24 shows the
result f rvation of the 0ssssection_of the.

Cor 1 GEESteRac BVt Ghregany e, thg B3 by frder' PRickness,
| nventi as Fésb basenbak zobmaEBNnheThersespbattagistance at

| 2verndl oLhee! BeBhLon Tes! kBl eLigh Postnekhe: SA®
way as the platin nven es
Mat eri al ﬁoweyea,taétbayehlstatbeoﬁothesconrapra Even by 42

r od 0§f-0 B. o)
plgquE§e§ and Ehgeﬁ§%§e§§tgggigﬁ Eﬁf 1655 géE%f dRES not
and eﬁrépéestrongly det ect ed fron1the corrosi on

products fneandn& ant§H8 &/ggér:elgessc ﬁgr%ﬁeagthsyer, time

corrosion products B rrosion
prodti€t SeEBiKed &P tb@lﬁ@ﬁ@atiénb@fohbg SprFPatoprgproducts B

t he wethoglﬁmgarﬁgae&étl§@rasglhﬁylnwﬁatiﬂntHGSénd the
Material 1, In the en when t he pfatln

crysEFFPR&ON BrPﬂECFFgﬁﬁyoﬁ?o?eEVPv%aE%Fr%gFBﬁture of the

prOdUOESoBlaﬁEprbHﬁEdBaAethf@hgedoﬁfogléﬁ|ﬁib&@&ﬁs B and
early sta corrosion ratg ggﬁfast at thg early
5

e
st ag PPBE% §F8m§h?ncofﬁ85ﬁ?ad? gt OF BoFFosi on.

Finally, Flh6.cdBrshows pheduesslberbhar ebssbvinyethe lOross-

stru he, corrosion products, A and th

cor 1 SeUhEoR e batet LR Rna el Rr Heuts, PREred Ty #pecvetes of
|ronthetahveﬁsleinasneMaaenyel lhbchPMBsiBm the time of 42

nDrpQ?E?Q ' ?ﬂéhéla@9ﬁ$af$ge§|%9ytﬁé % {e%& ?est Material

mat er resen vent1oh ac
fronith@C@m¢$oéh@ntwgrbhméogytaﬁe|thhhec@@v3@$l@maproducts A

hot dig gﬂeaggpy?gigﬁeﬁrgaﬁg£8 gaterial. Next, that

t he reasons Imti e conposition of
i ngredi enk8 5$eth@wﬁét1@Y9rN@OEQQ%HOQJPEQdﬁﬁﬁﬁ|$g the C1

| ayetoRbchbLaPLE8CHAJ @Vgé‘ﬁé&@tf\é{iorbeaﬁé(pﬁ%ﬁ‘ed@n 2bhe other
To secure adhesi on between the plating ger and
e

steehaﬂﬁter%lZPnc%nﬁ%?tﬁﬁﬁl%ﬁnZﬁga$¢%®e B a3rd Ca

it tén@@ﬁ§§§@idnt@r@ﬁgﬁefﬁggiééﬁ@éhtfbﬁf@h§”Eﬁﬁrﬁhe other

| ayer. Eor S reason I S necessar i ncl ude Zn

in tRA&" ﬂbtaﬁlgh pT%??ﬁglﬁ%?ﬂ C?ﬁ??ﬁ&??(ﬁ%ﬁﬁﬁ% CSthmolhe C

nor econcentration, 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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25 Note that below, unless the %is particularly
expl ai ned, the % showi ng the conpositions neans atnt
If Zn is less than 15% the activity of Zn in the

pl ating bath becones insufficiengl sufficient Fe

di f fusi on does not occur, and sufficient adhesion

canngl, 130 be ohLaingd betucen:ihe Blal LogelAYELBds che

e"d°ff usron, “Sons
t he E@Vﬁ@tloonﬁasmeuatﬁrnhé énpirpgigedt wnghl ayéB apm%oMg—27

3% o Q. h f .cQn a
e onsnY, ZotBI R, cuNa 1l U e e b PaPRTEne, 1aver
Iayemhan&nehe 36 ameel whheet FIRhen2t BRowhi tkaessrobsion

t he pl at i S the.diffus

comcDephBlgedr Flel® acb iR o1 bifaES LEOSE cymesss i n

t he case WhennCheasﬂag1hge159e231sconyenhlalhen as the start,
conc r at.i n_th iCc ness e_platin :

Con R BB AR Pk e ERLOKNEE], Bhrnkl o R kaDTr | BKE entire

Iayeplauﬁﬁguéhgﬁrosuﬁéacevéaesl7ghy¢les réquthed tbme, the

th t d ly be 0.1% | at

o ChBRHeSE SR LGRBRES 18Y nFORGORAIR hES: EORE, olfha

in 15@&t0she55rhhanlég%he bhmggeﬁftng p@seto$fahﬁgt dlp Zn
Ly fal eCcones o) ess s is

auc. PAEbRar BayBrnAPoRRE R ITSuR R solp FETaL ol hary

(My- MpZn2iowavect i theoapososion. pt@dibes nBl aragipoediately

¢ | I

o ﬁgsg§@§©k90ﬁ0998855£g =10, B¥Bhyct 828 10! 9R! £ 0fes)

per f sharagyYMghBasedrasioy Qfathﬁgplﬁtth@ layemsandrehe iron

the Maewh !k snehp #QQEE@d For this reason, a binary
(Ng-NanZ%heutec i c conposition is the optinum 15

conposi t i 6Re §1atbpatlﬂﬁeéoﬂ@¥¥©@ﬁs aflzpt becewes ©@H9e, but

or mppeththgfifgsy) t tgad 1yﬁln§e§9§3nseéémeféQHAP to that of
bi nary eutectjc conmposition ampunt of production

of MyZR22RAEPRAEEsPNERR hRVernghpeenit brkehet Hratymgll the

Eathﬁbk56§1oﬁn§rbhﬁcﬂsSBO§réYf@£§0 20 sbké €38ESs, the
urt her

Z nor e e nmeltjn oj nt of
t he 5?5¥?ﬁboﬁa}ﬂs?s fﬁ5%?ecfﬁsE§£%%@et$Lag}@£ }3gpr may even
poi nbecsme ZsmAaket 0 (Hee nBglecy€ss t HANFASI 2TNe
corrosion reshstance

plating |&yer 8¥ thd %%Se h?%gg%g %g fased %a$%q¥y%%?3' the

to tpbatomgokapﬂrrebésgemc&lmésa.&mmprbtefyltbeﬂhﬁicorros1on

L eheollots L SUP £ PAEshSoE) Al oBle Mfiapous prating

pl atiagerayehe oforrosion 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, O, and Mg are detected from the

corrosion products B.
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the present inventionis -1.0 to -1.5V (in 0.5% NaCl
aqueous solution, vs. Ag/Agd ). The sacrificial 30
corrosion-proofing ability with respect to the stee
material is also remarkably supegRor. That .is, the hot

di p My-based aIon plating layer of the present

i nvention gupefior to t he_cony

Zn platlngkﬁayg%llh g%FrSEFE 8§|gf3§ Oﬁgeg are

sacr beileeakdcopr bsi onepr sdmi hgrabol thy. cénroshen products
pur pesenal Et‘lftﬁ%n'&gbﬁ' %s%hﬁaggf i"?” 24

resi stance of a hot dip My-based allToy plating, one or

mor e el emént §heeprdt edhénomhfeplarin@ulaygr Ne, ciystalline,
Zr, ¥R nShn1gngLer o bRy (rQrQH g% rgradded

to the pl gtlg 9bate 5 ESel(g{leﬁgﬁ?lgcé%ega dégd in

a totlameétaeeewé@rmeﬁo@e athel@b;tm%i/oﬁaehwemge, s
densibyr88abnt Pg 0L 5084 9P aQOEEQtéetlyfstgse
pol ari zation_curve obtai ned by el ectrochem cal
neasfRenBhtdbegPhadeoobecorEOSHMt er. |If the total

amount of radgdi1{yONtRE EHLrabye BPoLEFBMSchfe OY 8 wo-layer
5% the nelting_point of the plating bath rises and

pl at PhEubEEbRe dtlrlel eartose,%nt%o%%t A FRfinEhefceReesion
e:enﬁﬁbﬁ%cfitBea@60$@p9£e§égg?ﬁf&be@d&%gthé01i®@ metal.

pl ati ng th is prefer oor |ess e or re )

el ement s §%|%%?%51??§n$9$¥eca h%’C%ﬁﬁﬁ%ﬁon]ﬁptégktﬁ?Xu}n the
of eM@ﬁhmeedBalhb§0pBaEeGU$t@@1ymaxbkﬁblbetmhetﬁfééémk

bat h, v orro on resi stance.

ot at M RO EG L R LA REH S PR RS Fep 2 aa 1Bt ihoLogy
of the phet¢@@vem¢ipmedIhodeipeﬂhhallmycplatednsﬂeeﬁ
0.03%pL-p{e, the 20 corrosion current density near

the corrosion potential of the polarization curve
obt ai ned ¥§xtel ethaochien tedsomeatar ehimit t regi e teomposition

bec r .
Pt By e edtd SEIEETAOR Bk HEBRATR By Hiating
addi 1307 eRE iR RI9EeR el HESN iRp poi bt % @fptaﬂeﬁed

pl ating bgé hsdbegpiresand Shs  bSAddie did a;tlm&tjﬂlaﬁr and

addltlon of the el enents of the group of el enments

addett 3ot TP+ i et SiR r7el’blaylllc53%Rﬂrané§% layer, it

Fur therneskiesd oy the mdigh tron of e ﬁath\éiﬁl Hg 1l for. For
t he Jt|%%%§0|nt and viscosity of the n al | oy

fal It0%% Phf Yn 13 IRGIRNbIE th}FehtPé t4thg itk ot dip

of thkatpired i tbatin tecones Besls tdtan tde nard tion
poi nt of

but slows in

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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My of 520C and there is a range of conposition where
My- based alloy plating in the atnobsphere becones
possi bl e. Note that due to the addition of A, Ca, Y,
and/or 35 La, the ignition porng3of the My-Zn all oy
rises to about 580C. FIG 1 shows the region of

I int 0] 0
COTPaSLLAS-EHE 110478, GIRLLLRSPRLt BERCUES PRPCncs of
II_n t haef pQHtEngﬁla§ethESbﬂDaﬂM (a_k/gslo_l\/gi’aZ;;quxzibe@tﬂies adhesion
i ne_an e ternar ctic |linpe nis ° .
or "efetngybiatiia; TARer) (HEEREiPar oF Fe Legant SIS, 1o
additeqnlmédAlbuﬁath§ amodhor neadi snDyO0Bet 0. 1359 éhplating

viscosity of lating bath is low and the nelting
poi nt2BEEoHRE 580 oFkPEss. oByaPartht? ¥niting the

regi on of BgoRpOsShyi @ResNgWBontAifl &n in 192 B! 1489 than 45%
poi nt can be nade 520C or less. 10 FIG 2 shows the

regi bBRcoRetbipesPeinh Ahele rﬁ@aﬁbablﬁgf®blﬁta@@c@@%@mes 520°C
520C,duectg, tigi 3ddit 408 05 Me ERct Yeha ANGIOY #@i 2h: 30%

Zn is 15%to less than 45% My is over 35% and
t ot atSafobkbasy SddrMgdmelofeydiectds opmpatd/tdona is

15 0. 03 tondSfe1thegvpecasi Y Qf ctbecPlatiffpdathids is lower
| ow and the nelting point becomes 520C or |ess. Even

i f ZhhpB BBe, dgnkbren Peing ¢§ Mert%%mdlakb@utt@%%, SO
anDUQ%eﬁflﬁdgéEEQPmPﬁ Al 6?segvafgg¥ lé@#ﬁ%lgntﬁh
'S

15% the wscosnt% of thegatln and the
20 néFmPﬁ@hﬁéﬁntt Rc¥aewl Eborobrigrike - Ther tigrh$ reason, a

armumn@f%a@%w@ﬂngf dulte & iR i tiltd 1% QR Yptimum

el enent s is made 0.03 to 15%since it is believed
t hat SHBRPS 1 hioR| @feht PLIhERNt FRREBRHIQR- 7.5% there is
a ternaryIEUZ@Cbé@omé§e4$9f6£dn@WeIh@h@|ﬁ5@ﬁ4§ &dHfup
e, BEGHl B FLETERLe B L0, S A2 (0,15 2555,
Stabammuﬁﬁ oﬁe@rodﬁwsléfr@ﬁrmgzng(ﬂﬁdnéas@m90$mbl@@ltlng point
For even Jf _Zn 1s 45 nor e
i at%’ﬁfﬁls B 4nd 0o rifot 0.0 e iR o e
i's B@cm@s¢$)l eftotlzgpr caChzma 1er4ed yoreuteod,i ctHe maelying
the [ 0 f t

G Ftht | 08 Dle HEFEMS Heh U TR O & SIRNG e
I—Iovve%fplti@n aelel mgy e érllefmmtiso dfe tlifﬁed@rlﬁﬁps dfhan 45%.
el ement s 44 Nedr i Bhn Of e VS ard@ 00 NE P! N8 SIS B eq

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 is, 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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35 greatly deviating fromthe ternary eutectic |ine,
the nelting point of the My-Zn alloy rises, and

My- based 26 alloy plating becones difficult, so the
upper limt of the total anount2éf-addition of the
elenents of the group of elenents Bis preferably

ﬁg@b %Q%Bbe ong S%oﬁgﬁeﬁgg%esed gi% ﬁﬁgtlﬁﬂzogﬂe or

Ion er a eatec nrf-a ing
awoumprefelamemtsonedbcthd growpFef éten@ntsAB, Nhe Ti, Zr,

f t Z
oo, 8 SAOUE 0 BLCIBZOR, cCoADRcoht, ok LBBRR o cho
nnrepléﬁdnggbabésed al l oy plating becones difficult.

Thereforeift@ﬁeég EQ@ﬁEnkbnbEeogdﬁgdbﬁﬁo §09¥§r0§58603 or

In the case of an My-Zn al g ating rai si ng
coolmﬁgevaﬁéelﬁorﬁésﬁaﬁgéuﬁﬁe@ nﬁ@@ﬁ%tﬁnnéﬁrzﬁhéfCQSWQSlOH

to I@%%ehhaal46%bthb F§199§§hehsnteu9©éabst§mned by
anor phous phase. pl ati ng |l ayer contains an

anorﬁﬁssgrﬁﬁag@lpﬁl ﬁﬁaaﬁﬁaﬁ?9tbyegbnanﬁope?e@m?ag@ab%er-

the plating kﬂéetotéﬁ ah&uAt BEVQddiﬁEoﬁObfoﬁhénabove
ayer IS Su erlor to th

reS|siance of .t he g gLng b

corr GLPBRNFEsT St QXEE oF atPPalPhbiRdyRPLRFE ?ﬁetQ%nBlatlng
Conpbathl@msebuhndOmet$h§gbéﬁbMeﬁ dzﬁﬁgtu%tals@hase total
If the a se IS pres in the atin

| ayertobE Bor FBs BRERorERtPE ChecBhRePBF et hoRfRts A added
conpaoeﬂhanphathagcbathsusnppefenabhy b arplassng

| ayer OfQEQS %aHErgﬁgygﬁéﬁ#Q”sePg%t88nP£6ﬁ'EQ OEéy ¢, and/or

crystal ase. ayer contai hs
annrphpmgrphasefiﬁleﬁevbB@Bbrahaeeareheucbabb3|@dded to the
poteg&aeknglﬁsﬁhbx gg¥59 H@rsofPSEfsﬁd &%igtéﬁse
corrosion potentia ating

conp@dfiingna bgtaéoﬁﬁrus|hg bRy bhaomelysmqlpghggeand

Furtheseokhe cefreﬁéo§lgeiﬁ§nﬁagﬁn§aiy at _the
corrosi on _po entla becones smaller. The

corrosi onWi BB addibéonnofina aketial ehvd r O3keRt meEs, behe

eVa'é@EESSDMnaCQYEEﬁtC@éﬁ@ﬁt?”né@ﬁtth@*@&ﬁib@ﬂon'%&@éntlal of
cont a ? E%}an anor phous phase in an anpunt of

vol % RrigabivRsGrEvef O hR1RSAI b4t fbRChEQCheRECaHE
a Cméaéﬁfémeh635e§1n§h@oSb@éém@fsﬁaDy§feaﬁ@rtﬁ§l@@rr031on

Lﬁft ggggancgla% Qﬁe ¥§{igé fQ?e?afE ££p 83éé Qbut if the
total amount of addition exceeds 15%, the melting point
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
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
La, the ignition point of the Mg-Zn alloy rises to about
580°cC.

FIG. 1 shows the region of composition where the
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conprising only a crystal phase. |If the plating |ayer
contai ns an anor phous phase in an anount, by vol une
percentage, of less than 5% the plating |ayer
exhibits a corrosion resistance 2gual to 5 that of a
plating | ayer of the sane conposition, but conprising

only a_crystal ,phase (plat .l ayer_ cooled b .
o 1 BEef BasPat PErBEraRr R b0 1 Wt dime ke gt ton of

got enti, atlai, SYLeaﬁdybﬁnLaO- gﬁVthé hﬁ.liig@fé psi Icms Ctifié ebinary (Mg-
ensj.t so_becones 10 substanti equa and nq . .
C1 oal YRR T C o 0% L4 o i e iy ShheCtic line.

eval uati obfofint he 165®roosmone| eMgsianceeby3ss cyah@® the total
corrgsion,te

t Ss..simlar, The rgasons,why.the
corr%@?gﬂtrgiig&%ﬁ%éo?so%n%}bv @ ?5 ??g{%ﬁ Bratfny 03 to
| ayeil58pnthensiancanbypbbushphpset ang bath tbebow doud the
it is believed,.that (a) th rphous phase is a
hormBEReong BoHiby b eoupt nSRET 1 Kyt a or i n
boundar i eBywherehéhel eheteng StB€gregade #Orcomposition shown

intermetallic conmpounds, (b) elenments inprovin&)the
cor r 68i BRG201r eShet AALEIREANPOENHI G230 RR ANRHE t P (Fatdy X ess-

phaserdp P0shBRs €REULEGNOAT HEt comBls{ €10 NvidEPE PIYSrel ting
phase is a nonequilibrium phase, so the surface is

acti paiert badomes dede¥ chialdd ithe iasldidpiad wi dlneda, Y,
FurthggmgregaWhen forming a plating layer containing

25 an anorg ous phase, if adding Ca, Y, and/or La

(group of ITefRnept 558 §o iqes aiprphbus, PhAsks foVed ngPs, and

abi | thy €ethyesnohh©Mf heaaPrpesi &f o Ofcd hey platdf@r 1a is
layer is inproved. If adding elements of the group of

el enBn?d B 17%i sty YheCambrprotisthharbthrambrfFh 1s low and
abi | LAY hoLE D 300 PhElLEGREL Ms20dc 1ok RRsgibl e to form

a hot dip My-based alloy plating |ayer containing an

anmor phousEp®Rasef ofn als st 2| osHeeEe okt NG TheogBUp> Bfand the

el engst 81 Bamb@at U Sa@NE 184 0B aLon®ar ef, Wddy &P @dis 2 to
To rai se the anprphous phase 35 formng abilit

M. . . 1 : , Y,

it i $2%uf PR BhECoRhEY @ bk ewP tat A RRLR kg plqw and the
nmov . td f lidification are
inclelgﬁggn?(% I?%%Ergl oc_;/&ls?%st %T(t?ocfﬁés_lqléqs%i'd state 28 -

becones aBhetadtal aanewssidf eaddst bercohtigms,eiements of the

addi i::&ﬁ‘ﬁ)t@fc@leryen@é‘dB!-Ps ffde .03 e fdhedince it is
relatively | arge atomsize |anthani de el enents
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-Zn alloy stabilizes.

However, if 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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may be nentioned. These el enents are considered to 5
exhibit actions and effects simlar to the group of
elements B. Addition of Al is effective for

i nprovenent of the corrosion resgbstance, but has no
action in inproving t he anor phous phase form ng

abi | éﬁioy gllp eBSﬁE?ﬁgf%?fiQﬁ bi%@“t?l?% ‘%per limit of

ent hal py” o on o I qui
poSi theetahalAamosntaﬂfea@dgmow ¢oh phepelements of the group

diffggegieﬁéﬁggtge rgf?ﬁ %oi5ga with negative

[iquird ent gy W t ositions giving an
anmor phousFphBeri nig M@tbqum@$p My- paskeisal | Byere is soon no

p'atlBE?Eﬁygre§E§c£i811§ge Fhdn 1§h9&§u§t1§§'@me05mount of
CO”DOSl 1 oNn v n armrf ous hase. CO”DOSl t1on
S

gi Vi ﬁadaﬁlaﬂn%héﬁ@ PRadR © elriflﬁ‘?@’é%i Bo Ghecameents of

conppﬁbau@aﬁoﬂusftm?znﬁ, ddferesee. hatwegBel hehe melting
mel ting point and % ass transition 20 teqperature of

t he Rpinbsedl bBheoplaties Peth Heceonpesh20En agf more, and Mg-
i ngrSQé@&t§l§89n}[gﬁét1x§£ekﬁec%ﬁé§ &{ﬁf‘féﬁjh@” FIeORSE LN € he

wi | I not change SO0 an anorphous phase is
usual@‘yeéa%%miftf@f id baeomenerver had%el ting poi nt .

TherefOreInt@§e359§@hQPSa@h@§EZ$CHIH ﬁﬁ%@@%é'tﬂf'félslng
closely related to the eutectic conposition,

eut ebRF cCeBhpogi F76R My- B2 etPRI¢ oY H&@@P$%ﬁ@oﬁmﬂﬁl4ﬁ)°f 15%

POi Nto B&ssStRagOfPPsi it Ofs NBSEsBEEE | o S R W NBmorphous
|ts liquid state down to the glass transition

3t%re. 30 In a conposition conprised of el ements
sel ect ed ffothe Mlat@inganglydhec@itainofael ameidisod ,phase in

h | 3 "
wher gt (REOWE R Y (VAL ERE A5 Ctniads Tt the GiE i Yaver, of

tern@%yOEunQneictmeneorimﬂmpn|Ee$imxémnm%ﬁf|thenplatmpg layer

oIt s Aot o0 00T 35 SOMROSILLONNEAL 415 of g

poi nt, anor phous phase ormng a
ext rlefm@;/ of ghhe | samgy Genpeest 55% drut etssnpmsa;mtordhsp a

]?gggealloy pl ating | ayer containing
de S & rou elenments B' in a total of

| ess t hanI%%m h@nwmw\@ Plsdnes Fresqriomn dif alidteing
conposyd+ Ot hd Neo PR S 1 6 pPUM 1 1 SRSoord W IﬁJ!?e noble
annrphous phase formng abiljty 5 becones snmaller.
compared with the cCorrosion 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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As a result, it becomes difficult to forman

anor phous phase in a plating |layer by a plating

process using water cooling, so when form ng an

anor phous phase, M is nmade oveR755% 10 In the sane

way, if Zn becones 40%or nore in an alloy plating

Iayer t |n|n | ements pf.th roup of elenents B

in a ?ﬁgg 85 PgS gY nncrysgﬁe Eﬁﬁg?hg becones far

froma eufécthe pbapmsgtlayertbennainsngnpmmorph®8e5phase in

d h f |
e PAcaRRRRLLD, DURGe" EPLOLENL! ¥ REEOTERs0 ¢
an RABFphgusaphasexhnbatpl at cogroayen bgsaspaa¢engqual to
roc [ C S 0]
gmg ats8E, Qggm@e% PUL B0 £ S0 LNEln 0L fel?n but
of c@ﬁ’iﬁ@?;ilﬁil@ﬁ ehlyna teystahaphages aptat20g l\fgay@vwooled by

55@6n§g§o§ghtggg peLEL h gg@gﬁ& a remarkably |ow 450C
or less, So this range of conp05|t|on is the range of

conp03|t|8hecéh%%n9§nﬁh?o?o@b@%}%mn@oﬁﬁn%h®¢ph% ess than

phase, oﬂ%yr tn@rcobyosn&h Ugh RBe RN Q8RS PHPUS] PHASECbifle
ased allo%mplatlng | ayer cont ai ni ng

hot
el enéHIP§t6$t¥%% Yrodpior PematsIeariehardposiible to

furt blearacwwyelwec@@rb@sw@nr eﬁhét@f@ﬂaaﬂéﬂl | Zf Nghe
rovenent, of the corrosi on, resistance

ff
due £5tFRRL R EPLAL SRCEaPY od | OF FRor et BTk oSt Was

|nprsymngaelenents and formation of an anor phous

phase, i 0ssi bl roduce steel sheet provided
With a hotte rBERER DRy T GyO Rt ot 1oy et canee 18 inproved
remat Kabhg gh@érm@rlayercemmtﬁumslamﬁamnfphmus1ﬁhaésnare not

di p M Qﬁse]guf:"l %’Py Qlﬁ%if%@yt%a@f hetlr?’e5 ﬁ{nerfpehous phase is

i nvention’ and t based oy pla
| aye? komegemeeigs asit anot phe usl phaset tHrer pizatstm;l | GugeeiTs

Slljpeﬁélﬁ’l‘idéf‘lgé)t\bh ék@?é' 1m0 Fre M rmetallic

loy 30 is an a extrenme slow
crystamPeyuRds onl ké)noeé?%fhts gHRREQV L Fbrthehigoreedionm in

the ptalsifndayein BY diSdolwdd HH | thd a8l Nk tdiase up to the
cool|n§%rate the crystal gralns 5 easily becone

fi nefolebien Jrlsmjp‘bssﬁ“kﬂle o AR Ry ahaSfenisla
ef f esdbnadui Nier @t adhd ge, cosmmsslﬂomcé Nis Rl@stddred and a

deformability on_the workabj|lity an dhesion. If it
T RS AT X

Furthermore, when forming a plating layer containing
an amorphous phase, if 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
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havi ng an atom c structure of a liquid state, the 10
internmetallic conpounds are elimnated, so the

wor kabi lity and adhesion can be further inproved. In
hot dip MJj-Zn alloy plating, in a8dition to the

techni que of form ng an anorphous phase in the plating

| ayepechheks sR088LBA kbpgly inprove the

corrosion %5 reS|stancégbéB%Ee presence of an
i nt er met aRBi uebnpbomd, phasdddtign3mg7Cazndmgand La, Ce, Yb,

(Zn3MH4 bene¥Pressedyas, g%§} B20: LR S9%E Pgﬁﬁ*énldguélements

in the present descript e two internet
conpBakdsearentieaedd abeﬁﬁeeéam@ngabgrgn@@@saﬁ@rgﬁeto

al | 8Qh§59595§%Q0ﬁ§ ;H3N9¥feb§sashhgfaieﬂgefﬁéuéfoup of
stabl e phase as shown in FIG 4. For this reason, 1if

appl §LRHSBESWBeool ing as in an ordlnary hot dip

plating ppeeeesontbe My apde£RctitBerofDhRoPeméLL of the
separate into an ggsghase and MyZn or $g42n 25 It is

not PBEEPEIE"t 6SF ngHBNGTFE ?a%nn%r@ by in improving the

teﬂp&ﬂhatpheusl'bm&§QTfotmlﬁ@eaﬁﬁﬂ”ﬁty@y as formng an
anor phous hase,

' b to | Z
r api d coonga lffgéiﬁﬁgﬁglgos§%t§? %%%??%@eogn%@%}Py of
coolfogmatightoﬁflEQulaooﬁoAldwptmlamlﬂg p&@ﬁﬁgﬂecamd Al is
be f t
armor Shost TR aE e T f o oPanr 176y FRErSh s FRgh AP o4 oy
pl atéand/or ©My-@htiAl nadga‘oyveplhiqlmgd ¢émt za toyrpasth | Zm.

W h 2 T e BofigBEERLLRLT N1 Ng A, AR MARE AndEe in & hot

all oy plati er co
pl at ¢4, M@oh@@@de@lh@yambabh@@sl@h@seaamdLZmBng are

m xed lanGplﬂtéH&wé efe §3n/£%§éo£§5%¥Wfb%hfﬁé

of conposition by whic al ned
pl at PReTPRAER RRREP- c%o¢¢mgpsﬂ¢&9nrQﬂKRQQﬁanﬁmﬁﬁﬁhQQﬁ1phase

ShomﬂslDlﬁi@%d5tbSsé@@1f§@9@bﬁﬁos£¥&6%§“&ﬁé”k&wﬁﬁéfdlfference
Zn3 7 can be eaS|I detected as_the XRD 5 peak

CHF$ET abh® oA b LR heP PRk e%n‘%t%]e?s%hfe@ns%%#qlhce
Th|stém@@matmr§o@pogmé|Mgpbggé&uhl e of conp03|t|on

wner e Crsy IOpenaiiy aile Uatle ol SUNSEIISn o,

peakgbisdli ffamet t Don pt e spactagrofl h@A3Zhanye ithdhenuch,

sun1§g 5%'a£%£5ﬂ5¥§'p a é%%%ldg&% §Iea51ly 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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appearing at diffraction plane spacings of 0.1089 to
1.766 nm that is, diffraction angles 28 of 5 to 90 in
case of diffraction neasurenent by Cu-Ka rays using an
X 15 ray tube with Cu target fer20he X-ray source
(however, excluding diffraction peak of diffraction

pl angﬁtggchﬁgtig[gogagégi {E%g §1&8°/%9ém£f8£8 oghghefgroup of

di ffrac pea |on ane spaci ng
0. 23elﬁmen§SpBéfénablyoeaélgdeaessnteanhé°sttbagptatlng

that ERETGPr P LcETon Boak o SRaRRICrS. Fhunt bye ™o rins

ref ePPFﬁ‘g résepheanflf thacemenrdara Ehéfﬁ@sf@m@% ehidity

- bO8oREE9ma1Tarform Zn3My7, it is necessary that
Zn be 20% or nore, My be 50%to 75% and the one or

more el enBht 8 75SYetecibdberoes helff bawl bf tel Epentan
B: Ahmo&Bhods pREskainbg ﬁl&@iﬁb P§y9r0§yt9 g2 ihd process

the range of conposition e Ca concentration
or YuéﬁggL‘é{aEﬁﬁcéﬂP}éWonsPsWhﬁPgﬁoﬁlﬁﬁngh@na%‘?b%%‘és phase,

phasmgf @smnageabttit y5¢s hi gh, sonetinmes an anor phous
phase is &orgﬁd and Zn3Mg7, cannot 30 be @pt ained. In

particul a BnSAEF nfehat &f £BOPFRGIERat€f O more In an
' mreaﬂop) pastangapages Oﬁbﬂlﬂ@lﬂfﬁ@oéilerﬁléhht/s aof?eltlﬁ@I $roup of

COO|I an,be_o 9 obtaining a 7
phase |s %?fécuﬂl g%ﬁ f’] i cOhgBF§1 o ?vh% %@Jarhg becomes
anor paousroBba phasect sc georepas 1 yiait atm@dnebtylm@qm@imtg rises,

t he [ c t r I | n
exan% e,g{l% %ﬁé%ﬁﬁoﬁlﬁgs etgg%ﬁ{\%léga% uéc‘];e Opgy smaller.
cool i ng rAseagresnltp it ?JQeCtDrh@s mi:affnfg.llt;\yiew ,fotmian

0SS] I t ﬂ%&@? !
5n| e%IgJ)g%lPﬁael?%ma%}teé%d%/%a%e%i&%e cas k1'Ap ?l&i@qveprocess
cool PRnasvaher rapPHiedol $<hgwhm hoeirmisng aafs LRk pIsous phase,

Thergfof & myben &8s tha@Ngd9r La exceed a total of
1% it is_necessary to add Al; 1%or nore and prevent

t he armr%o%sr%‘h%%eofo??ﬁ@@“a%}%t‘i/ffoIbmJ:fe‘f%gt}Fadis”e(b% and

t 0o M@uc@vef\l 555, athée! LBt nresmit r&eé&h@eé‘&r@émﬁkéﬁly low
Zn3 10 more than the anor phous phase, so if the A

conc Qrcatqrorleslss I§iog i st ramden @ fCsopmesdntioat ilsnthe range
Zn3NBF ESmp®E L £3S1 ddnvdiofded fhandg: A 'TQ# FH}Pueﬁnorphous

phase Wen Ca, Y, and/or La are a total not nore
t harPPa%%- f or mati on of a small anount of anorphous

phase andrurther, 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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15 formation of Zn3Myg7 occur sinultaneously. |If Zn3My7

is contained in the plating |layer, the corrosion
potential of the plating | ayer beconmes about - 1.2V

(vs. Ag/AgC) in a 0.5% NaC aguébus solution. This

value is a high value conpared with the 20 corrosion

pot ent.i 1 4V _Q Iatln ﬁ%a

bane BonBodi P8 bl ARt mRlaTRERE Share T Ehrabioh o grain
| ayegrawtheool ed after platlng) The greater the

amount ~ 0foZn3H9S L0aLBR, PLALERG baXeing! DEyehosEy the:
corrosion “potentia - he corr st on curr
densbiyghtay 28ishegcbheosPohipot eateéal thee¢ ¢hestal grains
p0|aéh§§iyoﬂe88ﬁ¥ef§ﬁéftSsotth§§O s§f@l%efo FY&0cd Nche
a plating | ayer where Zn3 ec ed X-ray
dlffﬂaéfiﬁﬁn af ﬂﬁféﬁtcaflsnbgéﬁﬁt@hltﬁec®m9@m®@5 poor in

| ayepmkh%&@éf@%@ﬁﬁﬂf&e&tl deasiibykseoiey sH&! ddhesion.
to 6% or so, if the concentration

|ncreasesI thE l%oP?%%%%%ecE?r%%FaH%n%Pt%m%%%%ﬁ%% phase

smel hetingf anddt88i £ast r@cBut® 5§@atD§q@9dr§§é@Q the
current den5|ii&becones smal | er. _ VWhen q%ilrln

maketPh8MY9tH ?p??%?%u’ﬁ?éfﬁfﬁn?%hIFWaB r $Reth
ahrmrm(a:guswlgas% afd aihasiﬂ@@l t&n abe 3bu gt leat Eimp&fl@tlétﬂ

than Ca. Zn remayr ka, i ses. the corrosi

resi st anc %gttﬂ ? V%rpl%g%ngf éﬁht}?P to the

IargéeahnmquelofBBormhmgpémtamgrﬁhg@m pmimevtmktwmlplqmlng
ocourPEn thetocHEreHaRG, Careuhbr biBES pEsERgaule gprrosion

and, “an” anorp do€s™ no
havereasshache olby anhefpecsente| uf)rmvenetﬁrxmétah]em compound
corrgﬁégg éfrE§I ance as Zn3My7, but is honpgeneous,
SO is superior "1 workability, is superior in surface
fl at ness, Zlaﬁ’wmd@nsm;imﬁmrmta@gmslzmzodési EPRMg papers,

to p@uﬁ'fﬁléﬁéypf %ggffﬁffghr@ﬁésﬁﬁgufhéékﬁgkalllc

anor phous phase p atln ayer It I's surficient to
m x ZABRETREH PR Eﬁ%ﬁt%@ @%y@he 3TN prestanreayznd are all

Cont@kﬁtégsg@3§@7zﬁ§ﬁﬁ? $4P8r hehh %@ﬁbé?hﬁh@é stable phase as
corrosi on- rooflng ability with respect to stee

sheeth et Gi th- a 55%A - zn plating, Al -10%S
plating, Bbe. tHIBFEééﬁﬁﬁ the é@@l&iﬂ@iéﬂow cooling as in an

CO SRR L Wi L Wealdad S SIS S0 1n ne

cor rxsl Den r esatse aneEardté hﬁqtd\lomk@d; gﬂtdsebyarai MdAn or Mg.Zn;.

wat ©f ¢ SPL ar¥o11£ e;%s b]‘.:é/CI § fear\;eosﬁr%?dm at an ordinary
temperature.

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

ZnsMg; 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
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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test. If an alloy plated steel sheet, the plating
| ayer of the worked part cracks, so part of the steel
sheet 20 becones exposed. A 55% Al -Zn pl ated st eel
sheet, Al -10% Si plated steel-sBeet, etc. with a | ow
sacrifici al corrosi on- proofing ability have red rust

formed at e P Lmediatel v aft
of the tes?E but o?fl% pa3ENg nE o %?Jegl%? SwBln znsmMg,
sheets Dheaenpdsbsd pattdmp phetsm@elthsﬂnexeate@f tbeling. The

k I S I d
e F4r R b SobBIESLILE SO eI R WD RS gty o
anor ppopss pt aordwkerel ZnaMar icah, bwgeanlly detected as the XRD

h
S TRARR R Ea g o PR BhOL e AL oL ey By
dip Mrbased all oy plated steel materi aI s havi ng

nonequi | i Bri ynphasess égmg&éwgoﬁ hes eéérh?é of

production, require at |east water coo
pr es%‘alﬁléosh?%?nc%ﬁfﬁgth%rxoﬁﬁérl%‘b%wh"gyV\m’%l% (ratio of

rel a@iﬂ@kactﬁé@epé*@k ef heshs pfy cool z&@«gﬂ raeﬁé&ha%!t;af
a l ar{gggcool rate is required, fo I ncreasi ng

anoufit L BFa¢ heom oAyt PF bﬁ%ﬁ%%%@sm ang FRAGHIT ¢ 0.233
COr r&) Ofn T €i3é SE@ACEE BT edi f ir A6t 1 I;Sé'akthaf@n@i@@é

| east tmo robl e roduci ng a none UI| u

D actPEE PR € bt R B e s of Jiflo o
thatwfn@@ hift} r el 19, aa Loptd g dracddd1ds e fbfas &y @R 1
cooling effect in ag{l}atlng process, setting a

cool ¢aRe faki ditiradtion meapnramihdnfluiky raghtusing an X-
af't efay Nalpdlip; pl &l Nt df@éwlf&gal 'ﬂméf UL G Hlver,
dip plating netal sStoariseinc The

i nve??f%lr%dlsrﬂ%oqhe%ﬁénétls@r |E%albf0ﬁwehltfiﬁaﬁte1m@laﬁe spacing

rehest i @ 3ncthippi M4 y1 @PQb4 ngh.& pl ating |ayer
(hereinafter referred to as "reheating/rapid cooling")

for the pthpodetFashionisay ahe agfiqmelane spacing
nonaﬂﬂl 4283 um pi@%ﬁrémamlwe%xcmdd& %@Idé?&ﬂ@&éedrongest

o1 At T 42 4755408 111y Bk hec SR RRUIATE (oS- Note that

i nverﬁe)rc&ﬁﬁm/ﬁfre%éélatoﬁ/\ﬁmﬂmjg,ls Zﬂou@ﬂldbﬁar@f@ri:ﬂng to

* 290 deesonge of composiLion Ao eBlUl N, . oo poge).

pl ati ng |Tayefqrn Hnsdllgh pyi bgiof nédesZary nthdre ph abé P or
more, Mg be 50% to 75%, and the one or more elements
selected from the group of elements B: Al, Ca, Y, and lLa
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 ZnszMg; cannot
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
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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| ayer and the Fe supplied fromthe steel material is
suppressed. Usually, if holding a plating |ayer
containing Zn at 400C or nore, the Zn in the plating
| ayer and the Fe 25 supplied frod2the steel materi al
react to form,a |'-phase, 8-phase, or other

inte t ' 0 d a | S, ' :
oncE B Bl epoTROUR] BESRS AS0BLIS,co MU D0y pisain o
usedZniMg+ phaget oRebwe findeds pthZmwkeeplintiédatedel the case
sheet £3 el I j bk Z] [ I :
phen%ﬁeﬁ%% {;gbﬁé%fo%%y% lléém%?ggtﬁ%%ﬁgﬁ%éﬁ%g%ethOd s
cor rdgfBRefesi stance after painting. However, My and

Ca are el RBALSOPOOIwhEn IERCLY Vidyg/ ¢ Ul FE Kl | PWESta1 of
the activity of Fe and Zn, so if_ My 35 and/or Ca is

preseht th tHeNPrassHEY af? 39 Al ck¥ t@F frore and prevent the

CoNcgnb kb0 PHad®r LormINGrimi Bl ¢y Cf COHNRUHKS Qi 4dH too
and 35 Fe are hard to formduring hot dip plating.
FurtRef2- even if melting again after plating,

i ntermet ahl i s cafpoLEtient %r&ﬁb‘@ﬂﬁ%l:tﬁléifﬁ)ﬂ’iﬁ{ﬁdrp of Zns;Mg;
form The_ran of col[crpqgsiti n enablin SLi_g%r ssi on of )

5t HISESI FOSF P S I AP IHRES (PRARP 1 cifyet b Hib it ration
showhs higltdf£s tHan Ted G, coricarst ROSSID] EribigsUPPreSse easily
al loyin if. a -Zn hot dip pl.ating |ayer containing

Zn: %Boeo? th r%gglﬁ\/g?m%@/%% Sr\%}aes,e'and Ca: 15% or

l ess. O Woem Sy, Whermndy dhdla amge oft@oripasii tricdn more than
Sshow | ts] e f

combyt rromtaidn, Je P EnPth il oL Wlons phase ana

r egi Errodt conpokidndig wherer asimehegquebudly um phase is

not nuch pptal Red, 15t cbac RPRSHDL S tﬁe_ﬁpﬁiﬁgi%rﬁ henhe
anount of the noneqql% [ 1brium phase rises, thou

sl i gRTELSIRN RAfa Ay By HEC RIRfingd aps amaaamest about -
exotherym crpeaks/xie )t ot he J oy epsd NG Rleddie s ATRYYN .

of the nanequilibrium Alloying can be suppressed when
heating tHE-JIYRYe pisitdedidhedsia g gampaggdomidh the

t enpes et dl S et drite dEId A ng . Paidt-10favt kg Rl i@ ng layer
bat h [tin oint in range of 20 conposit,ion _shown ,
'n MG G GEmRos USSP Hifarqls CONa NG 4ighr (plating
poi nitayd0 it erquareat Wten tgliati(pl.lime R@aterl@de) amount
a0 JETALIR! !By SLSLiod B a0 Lot it ey e oo
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 Zn3Mg; 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 Zn3Mg; 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




10

15

20

25

30

35

25 long period at a tenperature near the nelting point
of the plating bath or when heating to a nuch hi gher
tenperature than the nelting point, even if the
conposition of the plating |ayer3Bs=a conposition in
the range of conpositions shown in FIG 1, alloying

of Zghénp%ﬁﬁgn QrOCEHE g%ﬁ&%ﬂil kbEQFE?FPg£@££891ayer

| ayer th some erne a
conpdaﬁéédaseaﬁdrﬁﬁdCheag easilynoectinee between the

pl ating |@MeEh@ngtﬁéfehaﬁaeegn T ﬁgﬁs %ZQ% does not have

intermetallic compounds wi [l never rOM/a
aIIo?ﬁn@uﬁﬁlanQVe?fﬁﬁéér@§sl@BF©ﬁ@m?hé peathagcanrgosion

ri serekNstgALEr a5UL R MY, t@%talﬁoﬁoRb@E%@o%% Eosﬁge%uperlor
The Fe required.for securing the adhésion of_ the -

pl at +AgWPRYBPII LY/ f { ReSBRBLHOT of N abBlit 202 15/&%*%11%%5, %and has

Furtieny bbReFeavbbfbagay. bercaesarigd t& paet Pb@ldPOy impart
| ayer as a,whole is about 3% but this extent of

anoufiPTTOF1RR BPfbSEaRETer©l 2RdRMOEPRP 1OyPIS i RHR g layer,

5 AlioyisgseffFeient Zo mexvrkah)yipr @géeis&aslwgemagz@%
or so of e s. contained in the Iat% Iaﬁ Under
Vg BAR

heat tre AtTR2atfHGT f FORT R HRI G aopUpfEior
pIatSagrlbathalocarreapemapnoefﬂmgrmbultmy(w&ﬁm|r¢ppect to

C hol di t.t
o here, ShREC 16ORRe HOf TR T R T W b T ah LoBsi
alloglagl@g,Fetand Zn does not occur. The alloying of
F d Z b
Fo and ok SnEBlEL TBAe DY dpL £ELL00 CAPSLIB AL de ng
| ayerbibithy Het @@tislm@flm@mtretcalb@r@d 1@1@@@@@@{3 plated

USi NGt e §CANBENTa£h CEL A QN L CLOSLODELNM f&f‘é‘% alfiE' Y the
di spersive X-ray spectroneter (SEM EDX) at

cr os¥ekkRd i BArofPY he PR bt i watenypravtiestyspial¢ycley corrosion

Zn- Feeat | oyt | ayes1 D6 V14 am dhee1 | s & f ACne sg@léttmgs layer
possi ple to use an optical m croscope 20 to exan

the Pt athhg eaye "RTbeI CLARKR . | i He OB NR Fipel sheet
eaSlb@b@mééléi@éiguEX|stence of a Zn-Fe alloy |ayer.

10,0011 U0 40 SHOpLespLen, o 20y AU Fe 2oy s 1ot
pIat$m@ellaw£$tbeétw£ewﬁmheﬁtxﬁwrsﬁmmﬁfimnalknnﬂﬂ@sldﬁ—
0. SRt FIS R LR T BBt S o iR part
be obwezdiaitely fﬁtébECﬁmESS@ﬁ.%ﬁ e efestonebFe-i4n hot dip
intqﬁffiﬁuﬁiéied steel sheet, the exposed part of the steel
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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conmpounds wi |l be produced near the interface of the
pl ating | ayer and steel sheet, but if reheating to a
30 suitable tenperature, the internetallic conpounds
will not grow during the rise i tenperature and

al | oyi ng will not progress The ingredients in the

pl at%@%e ?g’[el k) %( xbfoﬁ] esdls,pé/%cgs)g eparing about 50

ayer R OR ng solution by 10%
hydr ochl dﬁeax:e,acnd @ticuabius, atrhermlabtret cart lwmgtwmipsroblems

platy }E‘&n'&}’&cﬁu&’i %%VA Z ng t . Ingpr ﬂplﬂo%gﬁp

pl at' ng l-ayer, ana I'n -
t he @l%@%ﬂﬁt@ekdhmf?mﬁhﬂer p| ckling by an | CP mass

spect rongity ADPAYL iﬁrgf apfcooll g fac1llty with

reheating/rapid coo es In easl! ng ¥ e ‘amount
of ta]elmmﬁaqulmqlﬁﬁ el rp Eslaafepd}q iRPasPIhesetting a

i ndependanserofi 1 e, rapid &%dmgccwloﬁ?isabl%% rlght after
produm C? a stee|l nmaterial provid ot

di p MatdiRy pafeinedmnd hing & hfcq%bqiﬁmnem%e éwats@lp

it l;sm@pragss@éﬁ/ai q&ﬁﬁs V%d)%tﬁ%esl«hrrfa&%@ter pl ating

to adjustﬁhe | atin t(fthetarget Onéq}ﬁ

t hi cknesst 2§ R $7HH t{ENEASGIHE S | alygrocesses
W pi Gy mréaatri;r&ﬂharmglmalﬁfdlqr ccpd]@‘tngwg} plfattihﬁ;hderﬂ n

t enper at ur e t he plat .. i.s large, the o w

ol ab e it et e Tl E 4 B dtira R r ARigbiqagg Lna")
and, fcan‘ ttére tpuafpsc&pa cbﬁ:aaianfcggsmn; rdree guidurtyr iafmtie

phasn ggql%lhlelbawqmp eghcaonecalne{)cLOducc%d as%tt}qln% layer using

pl atin ayer ends onming sane

pl atarngquylelrbrlpnmdumia UrderdiggMd-izor ialmagopdiatiions .as a

To ahtai ekl hous phase or ot her noneqw ['ibrium

phase, |ﬂt1lr|?<js1 |n'pot$t ant to cool the plating er by a '
20 suffi dierd I5edWitge Weolinwpntass fdrl@moafet ghagttumdien Mg,

ri ghtn, aboyed haeférqrt w%&%ﬁtmofratr{@% Rlfatd A okgqttﬁon and

The tenperature of [Fat1 ng bath s usual Iﬂy set to

a t SHRRYENG éfeﬂsaqtomﬂ)’c;@mobwao%% athenadidileg qeedic 1ons
of tihe Pltdtich@lilapef, o He 1INWReRe I HHEPrRViing thke plating
25 adhesion of the Iatl ng | ayer and steel material,

hol did¥fr 3 dibg |Fr?g PR GhHREm dhe shGkdy drterdiging s
t he g@me;segeﬁe of the plating bath further hi gher

for the purp i.S not pr ef er.ab [ terns
cost . ISR S TS avas G g ing 7n at

thetﬂﬂﬁduéklﬁar@f dhasgnangd tH@'biﬁﬁlﬁB Miyer and the Fe
characteristic
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 Zn, 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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of My-based alloy platings are al so caused. If the
tenperature of the plating bath becones further

hi gher, the steel nmaterial tenperature rises and the
cooling rate at the tinme of cool3mg-falls. In 35
particul ar, when using water cooling for cooling, the

anmoupt of -productiop of steam due to.the heat capacit

of Pty caffutet oot FLFETL A (b LA o r REFAYE, even
furthBrm¢ltin® adalhsafoend phet ampuninioérndteallic compounds
noneqQi J 1 br j h Il er. However, with

t he ﬂgtﬂéi%Jh(kl/gn%-\%ngl%al??%grféy%?{% the present

i nvent i onTheveangé ohecemposmtt bdn témaldbl onesuppidssion of

pha : it b o : _
heaf&tl%ér%gﬁét)gl Ja%%vséﬁ?ﬁg&.rsr%;#ﬁg&g%ﬁ%%% ﬁgédn%agt&nlgon ?hown
bat Winnel€- the Pratihy | Hyeks agasdilobe t¢ mearrress alloying
el i nj pag eughe, cryst@lp %@é@i@ Fidsiumphason t e or
rapidly cool it to cause the formation of an anorphous

10 PSR I bthet ABMEQER4 i Brd UM phade &b S0

i ncrease ¢heco@BINtydn tie Nonehdd bit WBRSe: i dfahown in
is, if a hot dip My-based alloy plating |ayer, of the

rangel®f torpdsi P e mreemt i FRRATOnion (shqw in
possiht € 3 osUPRE £S5, adv&ayi 1 Hfrddi b &onfgbditidh where a

15 possible to reheat/rapidly cool th | ati ng |.ayer ,

wi t HOTRETR RIS B S chedi9n g adbiqP @idl g f's Lo Possible

cooltagodrofi rrapitthty tloeoamaght refn the riemperiEatibeium phase

ri ght, above_ it he nmelii oi.nt of the platin t S

TS SR T e B St i et e

t enpEra@inr eof rexotshermid ipemkdhdee i thedoldrgpsing of the

patt [ f el n anor phous hot dip

pl atagﬁd&ér?%e%ﬁ% eerr?cgﬁe.o@@t@%@ the conditions at the

time of rRheayimg cajoves rsuprr syt egwrofhedting ridie alloy

bet i r ' g d :
Vi@ﬁ‘ig‘gﬂ%t efﬁnaft!érlame.fl?gh aehleegargg&?aé@faoq{eagw thd Selting

too hig olding tine i1s . even at a
tenﬁ&ld%%r%fi%oﬁla%@l%dlﬁﬁe (el gl g iRRy-Poi it WMt

p| atc': @@f‘@l r?vfr{bvm altﬂ r‘EgIC?f lt & gﬁf"%eogf Iless), that is,
conposition ot the present” 1 nvention may al Foy.”” ‘The

i nvertome sting abite rieheattienpamatditd onishamd @6 ldsing

ool CBIR ak ARG Skt 10440 400G ShBte
as mnireatw) ding tenperature and that the holding tine
IS 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
Fe 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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preferably within 1 mnute. Further, to suppress
alloying of Fe and Zn, it is 35 preferable to hold
the plating | ayer at 500C or less. Wen this
condition is not nmet, that is,-v&n excessively
rai sing the tenperature, the diffusion of Fe 39 is

il tiwvated d alloving.is facilitated.
The RLREOH {ahsbria i e PToe by Hhat i TSy O erbatt 1"
is hotthpartitchd arfd ywhich tesh Writcdeairedd® iof the plating
t [ ' f bl .y, sl t k h
Lompeririree of Bk B GT0R | et i s I tarirount
and dUrfserlnegst prevent lexds heata ngp ey tvol th rZapi d

tenper at L PLEY B iof ned e, hody @&n%{ﬂe%haﬁ'%xgc%’%%eﬁé%%gﬂhen 10%

layer, it T1s ficult to secure adhesi o
pl atPhsd Berfe angl certdingrbein dilee tlatieipdayer. Under heat

react i ¥idneof WML+ Ferom 1ohd M@ il Lﬂéf;!;nt Vm‘_erﬂ{é‘%llyating

My concentration is high, "non-plating ects" easi
occuratiSetaura nigerapesiwre wiltthin hehest (@ 1 tsimeptpailrgor100°C)  and
bec (ffi t It .18 ssj.ble 1. t

pr ep: aiollir}ﬂ) ?rte}?%%% fé# s%p%%rgersﬂs tll%eoneagqogjtt{)nlg dlg}décieie)s’" he

and ausivit wezlirke adhehotMa fdl tsheand & lsltesing eetfe And Zn

prepiatd r}ﬁ# aé’&{l%f‘}‘St have "wettability" with the
pl ati ng all oy. e inventors investigated the _
wet t abi | iThe alkaviarg ME s and|Zt iimy eanigymfast by detecting

var | G dld o B Ceiisoud Bt \SEGHY G AAMAH G B8P rougn

the pl atéﬂ;&] ayer and steel 20 sheet.” aresult, i

was theamteh iatl arer coT Ny, dakeAdng dmd/esmedialdie

sui tadigo s Prening 0% dBifing Bk cti@Pdldrig dpewith an
may al so be_a platlng Igyer of an alloy conbining a

sel EQGTSW &L Vot F ot SRRESE mata s (SEMFlXd~ at the

et alrqyepait itgh @y ethd plpteafey akiyef, ol by

o ecty oPhaL g o1 SlEciolsse Payas e Wlgse

( deposidrfeTe armunitt dfs pdses ikl e/t )useAfarefoptliatdIngnileyroscope

or 0 Pk MR D RIS (e 5o 2

somgtd reess irlenaianf innf thee quigileatden@fl ayén-iFs taddoy layer.

(o (PSR RS oML 18 qhiy, it 1o

expedif@ftiz® A dmvasd isladts nde ting relddesvttss offortiienglating

thelayer 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-Zn 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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preplating |layer diffuse inside the plating | ayer and
are included in the plating layer in anmounts of 1% or
so. The 40 anounts of elenents diffused fromthe
preplating layer are very snatl37%nd forma

substitution type solid solution in the plating

| ay The -pl ating defects" can..be easi|y

co nfetl'r k}erreé]dl ) Cg/]fl)‘;s]lurgq iasyé ! e h uar% er ot (i]ﬁlel n'gﬁosor#- pﬂ rlat]:l CnPg mass
def et pomestort appRmtwertain range fromthe center

of the pl eedaq?x;aer%agpesrb%%éh}&%&%{%/ﬂ%%éc@@bﬂ%éﬁ%s in

t he extent of ™non- at'i ng dged .
nunbigrcyras iurd tthe emouxdt e f Hdte thaneauidebrgfun Iphase in

" nons 4y -at i fiapd " kL t 138G
chanrhgdéisl%vﬁ}ﬂ gcﬁe | ms%enrdgl?oen sé{e%g os%gﬂtehe _ tedeIst%;dlcﬁ_ee?J ,

i n tHeegR 3R i M nttEodw e @l mAteyritde pefavdgtedpfvith a

the \yep atdingyigd ;pliastjmgefleerﬁbﬂ &orltQ iRk tonequilibrium
i mrersi on speed of the steel” sheet in the plating
bat PTEIfot at 151 Nerfs Spatericaldast ke dhdesurdess after

forping iMe tS Wi &t giRe iESijler ML RN a5 iRe]
material is not articul.arl limted. A -killed

st ediNT G ovr P+ L Ye &9 hildh carbon steel ,

various HMygheHensinee ot epls WNipirsf @8irnf d@mest edlghtNiaf@er
steel, ,etc. C e used. .20 .The steel maki met hod,.

St BT o R IR S G 0 L GUAtipY laver
met hicd,laogied rtdld ipigtieidhddye retarysarad ldlzes hetfore the rapid
partjcul.arly limted. FEor the .p]ati net hod he 1.,
i e ansh = e tte rg iR R iRy, dPe gt Libriun
di pphegaratthdde fdamprphzéismgthace, ist provecede ansedheAplating

th ' f ; - I Lati
pr e42h R B LR Wi Lald P Bt 18eShel Taver
may Aeedisredl  Unidke 15 tespil 1 Iidrdimalcomdgdiged -wi t h an Mg- Zn

alloy  playidig digy &n AndrihiL$eMsd M@} ndnequilibrium
preferably 30 produced by a vacuumor inert gas

at e 1tA S REPIERtattion FAsef dhe Pretigazd ayeropy a

pl atdu¥r idfi drite yPreseRt dddMamly o taNG rohe of itefloeth@Rre right
di pping in_two-step hot | dipping, N_. plating, Zn

pl aFYE SRz ERIGo i Crmiye B Adad. P iThe

al | oy useathd aeripe aphatd RE Bath pray ibgy Paeducedusially set
advance w t hout worryi ng about the ignition point of

My i relREMRG T Uded 120 te X9 FnhaghredERarnthednehtipg point
In 4% 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
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a "crucible” wth an inside replaced with an inert gas
etc. There is also the nethod of utilizing
commercially available non-conbustible My. In this
case, it is 5 sufficient to nmx 3Fedeterm ned anounts
of the non- conbustible My and Zn and melt them near

000G Hotevgly OIS E Pl ife M ROIPLL 1B GRIHALES becomes

Case, e plating
contshal ¢ r or Ca By having the pI ating bath contain

My in a mlﬁwhex%% C%“f&?tﬁﬁ%'ﬁé‘rz Jr_pe aq%%ﬂ&ﬁ&&ayer of the

suppress t r'matT on ayer
t hi soresevh, lmvem@lmx evrit ek ayhe tamoundd o ttfoe t he

P! atﬁ&ge%?{ tFP{u Anads %:éee?mﬁls%pcprfss%cf% d%e

of a Zn ormetion of ‘a Zn-Fe oy
I ayelfef\’/@ftwfkﬂ)oﬁfo 115611)1} as? i &l ¢l crais 1Ghe I@Js’folllﬁalﬁ@sﬁt of the

POVgeTd ighg M A Nane BT h O1RES: ARE! I b 0fadditn Rl I1ithe o

| ayer. due 1o wor i ng after ~ plating M- based al | oy
pl at$higningie? %t%‘?ﬁ?@l NP3SE rﬁ‘{;}’rﬂ]c]d?@éﬁ‘é Ridssh then
of tigpideseriol ientd arlss tHe £ty Ofamorphous

ausi.n eelln of the plating |ayer. 20 Regardl t he
adde}}ag?é)oqr I'-% ﬁ’n@’e’é)%gl’lq%glurmp asfr sws § 1%crease the
and/aiold of awlrngaesq[&ihmnmmtmaﬁe up to a total

of around,0.1% it, 0SSi o.intr e th int

the plati bat$r aad %tg C??e? 54 Cfsa%tc]o gatlng Olayer

pl atomgﬁl’rmtﬂnragml d’lﬁ)lcnbmrg)s*.had:ratdf tithey @resant iimerentZon, it

ot Mosplgns Ah AOUnd, 900G S o A 9N0 PGl dd Mo it i

corcent rdt i-on,
an anmmﬂeentzp faeghesate/ sl dlis aseEd ttme Horegpare layer without
al | ay added nmetals and Zn or Mg and this alloy
'S adldledytothe pl at bath. In the 30 preparation of
this addé&l@lﬁ@}ﬁaetsm%?napm Mo IZmathdss e£odlgwmdbdian rrgapldly

poi i it f t
oo RIS S SR fd R pesing

addiRRETthet e Pl tigtaba arsudd 5% AassiPlsods mapl down

to 3D dHd rpdiee e tidh thendd @tdie bat h Bhadditighe. This
net al povvders to the epI ating bath and holding the bath

t her'd® i RPLIY RAk o Tar R FoRmprphous
| onthqrerdiqd pifatdd rm;eé/lhe[mt&ddialg the above netals

over 5% \BRLHIDIPNS CofHINACE o ¢ Y35 'k reneating
govern the progress of alloying between Zn and Fe. If the
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

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
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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5 netals and Zn or My and this alloy is added to the
plating bath. If an My-Zn alloy plating where Ca, Y,
La, etc. are added to raise the anorphous phase
formng ability, it is possibte33c easily obtain a
singl e phase of an anprphous'lo phase by hot dip

pl at) %lgum%gegsé:ool ec%thlev#)reaél A% laafleo%lrp% {9 fac lltated

exanrp Co0 | oma close ance
a cobhé npptatef of eraberd t e tol 40 0NC/ Hee tsn@miélmubatlng is

Cyst o b Sl Y Eind g P Yo L AR Tt e

amrph@@slprmeefémbﬁmgshkwlw ya$ sto gmlfe thet iemperature of

possi i ' C I t Yo}
5000 sg% %ﬂ%ai%@? aégg ayer o?ccﬁw atl ng andE r ko
pr odRiERVEIMt aoite PrRAISLMDtdER kPl atearid ei'efrmlfsqreﬁure rlse

conpri SedIertH@%Fﬁ‘Pﬁ —Oznfé%)]?r;yﬁéﬁ iy andan A4 s
anor phous phase by wat'er toolin ated steel “sheet

af t d1ERbEUHE pt I SRGWEE o‘%dh%mrsukﬁgtwe@ pihg Rl aftiey laver

sheeind Nst &&t eshddiuaftereiotpdid Madd NPty of Mg and Fe.
Furthernmore, to increase the cooling rate, there are

the met hot’s AL WeGHRF 1 UG A% GMTRETatadd ng high,

t:ﬂe ';]rzclﬁnﬂtpéﬁnggl@a/ﬁcﬁéﬂ %llw&jc{]@ﬁ ssé::l Vais e tof adhe81on
al cohp sed erant, etc. The vol une ce t.ag .
ot R e T A S e o et sput it
for rﬂm@c&tnibley tmsete orhd herepl stiny necoipebditd aupddess
the .pI ati conpo n .pf t e 30. present i nventi.on

is pospmgebtrl rrqo dseén Gh & p a}snlgl Iayceurrecon aelsnlloﬁig with the
an ameephalxeghase of at | east 5 vol % by nmaking the

t t t] th

s ag the T bl pRL AR AP with the
i el Tigh g tallrpsoci&m elrnVGSB:qlTﬁ alrsmtergaﬁed the wettability
' ngr&ﬂr‘?fﬁ& M- MH&P $iatihg Laailﬁ} CFor Hefriffs aafi(i%iz elements

and wth a smal anorphous p ase formng 43 abili

i n orderseB b hiafhes i itoeepidse pliating l@df@ lﬂﬂ@l steel
to mpkesi he anount of plating deposition sufficiently

snal | (for exanpl e, making the pl atdlng;%sa t hi ckness 6 m

or |ess) Aﬁreﬂ(er%sﬁ’eltt'enﬁer‘%ﬁ%rleead?nec DI @l Afer Cur A9y
ri ghincb/eflorfﬁl lalmfeer@ﬁhblre Ve %freﬁléﬁﬁrﬁjltme?ﬂé]y tme
sane as e neltin p0|nt se |t I n wat
S R T | A M S k3 Bt (G e Lasiet faf an alloy
pl at¢onpirairer 4 oseﬂhﬁtebm @B awd dplratdn@ i ayrise metals.

This metal preplating layer is preferably formed by

electroplating or electroless plating. The thickness of

the preplating layer should be 0.1 to 1 pm (deposition
amount of 1 to 10 g/m?)

After plating by ordinary Mg-Zn hot dip plating
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.

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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cont ai ni ng an anor phous phase of 5 vol%or nore. 10
Conversely, in a systemof ingredients in which Ca,

Y, La, etc. are added, the anorphous phase form ng
ability is high, so even if the 4@&nmperature right

before water imersion is somewhat higher than the

mel tin int. of the platj bat I t.1S i bl e

obt &t 104PEr 0 f Sl e P LB Qb e FREF LA Ml Graver
of aaranvephossalphased Hyrnj ustsubster Siohon nt yweli sakid

tenp e i{ing . to deliberately

r edu%éﬁ%ﬁ{e&\]/mn%he &?%%%??Zgieé%%t he anor phous phase,

m st cool Ty Tromrsetatbrg tdefeehplreanrke i emediatednyfirmed
bef oy £ Lo rs S o L The; £ o y@dd on of

an a.rmsr%\%%ﬁ% pl aseﬁﬁc@ﬁe eo%gﬁ?élrnrz%g %ly%%%l 0 patter resent
bei ngn obt @@ Rleln nram@e X rey the feertsoret pde platsrd steel

the phadi ngs | @Y®f i rhdd v 54 uH By A PARY S PIEASE 0 O M o
hal o fattern (when th_elé@liatlng | ayer 1s 25 thin,

someR 1 aesnNg e FRClR T £ 199 drPpedke JTupRr Refe|unit area.

material @dtd henstbsih& al@ndSr det e Mnds-Pi@iMedHefects" of
When t he anor phous phase and crystal phase are nix

ed,
i f tHee bt photRephader W P dttge the |gpergion speed
I S posstix est@e Ussheetli {1 eftlentp pd t SCABUETY, 8 arridret er
30 to detect the exotherm c.peak when the anorphous
PhaseoN Lr YA [ FHR S HRT G | HOS (RAER 1A difer ot U RERferable
t hertebyma konthe Minker 9f @s esweedfof hehamtrgaio ushgitasin the
int Lt Iatinﬁélg%g. To find the vol une percentage
of thie pk?f% %JEH}JI e, the plated steel nmateri al
is cut, tTee onaosseiskecti drhe sstpedl shetk @il efatmeichg dardee
t he ' r f [,S; Qbserved L ;
opt i%@ﬁrr{%%g%p%g g%éﬁ ]tarﬁger}o%lr ogei{le rgyr;corp aolusls not
phaseariiccwtapky ukianited obslerkiedl eflies tee lot ahitrpldyutcarbon

at theparty ofy thergdy sdale1 PRASE o HIHEIULE AUe dQel, Ni

crystal grain boundaries, sub- grain boundaries,
precitpielat €5t wieeli Notsersiqrls e tn M used, s

possi bl e 1 cdeadinadidd eftadat escddigtredond dthel, not
anor phous phase part an he regi on o t he crystal

ot g T oo S G & oL oG, diarhod:

rat eety. tdiee ld neo sepggs rtidIog- 10F 1iveigeed anal ysis. 10

then \Me FEISITS L SYGondd ne a4 depeur e, by
preplating method, two-step hot dipping method, flux
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
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.

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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obtained fromthe cross-section of the plating |ayer
and exam ned under a transm ssion el ectron

m croscope. In the case of a transm ssion el ectron

m croscope, 15 it is possible t4l confirman anorphous
structure by a halo pattern of an el ectron beam

di ffragtion. ler ruct ure

can o SHLSHYRH T RoRE AT e & frfert gas

mcrextsccope vvhen texture |s not observed over the

entire s £ o vitse% Vl—?cgd ({%ere & Zalre pcagl&gerually

wher e te ure canno serve R uspi cion
of berapl Boke sreqnmcvmustkae]ee dfystial tl'gtrsalme,l titi sis

pref%f‘lbi@ érgt fﬁgtl&%{ I‘FS)dIbCOH anltlﬁtat there are% non=

el ectron m croscope a no
di f feanbuon spotMdg and en edret tnalt besan diddr s610°an Abwever,

pattern a at attern i s bserv 0 t .
confi?tm cf‘?{g?u%ﬁ%f‘? g? OﬁJS aaslens %djt horbg(%h' glrt1 this
opt |©ea¢emtdte)s;mbq:tarapd>aarh ehelc]t rao]nso maresicoge, ant Gas.

pref erabl.g t ' e area rate . r :

di fferent i@?Jd%ﬁ]%yé%%r%lu%%g$#§agﬂempctloglcteae&sq @ %ﬁb i ihnlogh

t he @macrergteraﬁiqme foursl possible d5) supbuesss tthe formation
res Ror,.t i.on :of it

Zn3tl\%f7 ali”‘f]Zr% % paf)lalt%ﬁ aeerer Ecgrt ht!e}ﬁgég(ret}er a dﬁ))( rlg{/ {i%hot

di f freRITH ethad sl\JefthedthGV@laiolrng daditplfer dihe purpose

X- T aye difid ﬁ%s%mﬁlﬁl Ut NG Aell-pd J13065 3L§aye9r

used to nmeasure diffraction pattern and’judge

presence B tiRrednf G 2 ARNMA QY FRaved bt heger

I'n g;mass@f@eaeﬁ@fmakdﬂrhtw iL£add Baed R 7gbb)Eltah@Lng, and
- 4 X-ray diffr ern, it is refera

use ‘ttﬂeer ??]rjéb@tl%ét tﬁ‘@al@% Lk 1R Se 7 é”q ing after
becasiser irfg ovar MBHhsdd ammﬁ§eymhﬁmddtndyEﬁnddﬁuxxﬁlng Mg in

I | ne cﬁ the g{g gl ffractl eeak Sqel%tﬁrt .her, V\,hen hahse the

TEI\/I-aE:BbéntSa@i st Grfdtecrtaiu&ngﬂ}&aelmhfg' aIﬁ ejhestplcat)irrga)layer .

spectrum btal ed f.roma CIfIC hasge A .
be used th qacfenjtrtgt yt}tene ]%\}g ul\'le%‘%'nq\yl’ T,
exarEth,esMQ)f Sihe quceécentNh,n\aehtacth Istmatjel aaxpirdisnedf. up to a

The I&P“'}’q exa I

condi ti ons e%og{/ne%tt?olr C(I‘)Epéh r m%{togssﬁhm@ t%ialgiﬁrlotdyucfn(}hem
ef f didtte dthe Hel Prigxehatihentadshinarme rleanders to the

i nv tattotfhgl%at% NAlq IHdidiee tthd Res R 6% on inert

condi t1 ons.
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

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
introduce them into the plating bath by adding metal
powders to the plating bath and holding the bath there in
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present invention can enploy various conditions so

long as not departing fromthe gist of the present

i nvention and achieving the object of the present

invention. (Exanple 1) 20 A surfédte-treated stee

materi al was prepared using a bath of each of the

pl ati ng, conposi tions shown in Tables 1 to 6 and col d,

rol 18S9kt 3HRRIPRATS dhiditig 6P o fornm leggaperiod of
angleimé eel of a thickness of 10 mmand a |length per

si de of . hot_rolled steel sheet of_ 25 a

t hi ckness"%b REhe ahRts fAeLahyy, OB/E ird Bt rdmospheric

necessaiyce r@trcedwrus@j SR rsepwre arad Usd e Gcte added

pr edet ned, conposi tion, fregue

PG TR raiihel acid e (o T L identq AaHFd do the

at rrqsmmrregtmaﬁb.t ain an l\/g Zn all oy. 30 Scraps wer e

taken fr the ar a,nd i ssol ved acid

The. sol U] brivadl SHL R s by 1 Sl et SiFe- are
pl asajedrass et rmretanwﬁmlmmfphaae tﬁtanmtm_e ability, it is

pr e seéjlk?ie Wo ﬁé&ﬁ;{jlo‘%éﬁ hae ) os'é}ﬂ %5 SJ?Q%W anﬂ;rphous

Tabl e was use
bat tehag oy didtedlin edlatshe:et them cimdsnmgaftkﬁa avhﬂt)lng layer

Thi sAE{Sefsc?ﬁsjtep}%agncp;l Mat e fo@%éat c% type cﬁoesceeldﬁs’tance

pl atwhega estcoca]pnp‘ég atate rcH’rIeal:kqutRHﬂB(Ia) Mo °bdske is obtained
tenpaecr agth c? earstr%ttqh lv‘xﬁs raade 500C. Air

W pi ng Was use Rrount® of deposi ti on,
then nit rhgan@d&m@@g%dsystemomendwe?qol at,i rl@,d@m: are

to ' I | f
oSl P St P U Sl -

anoryifdus plrfasles M%EMQJ@ qbdradien taa o L ERer@t ererfe about
h o 0 0
;ffeﬁhﬁégﬁ)%&ﬁﬁic?gggt %@%h%rsgggg egagFr gfgﬁ%g Hlatlng and

hot tdi ppmidatcaj agt wlor;ﬁmeea: l'md]’ltdilp’llp’igitaiﬂi asrttaepih@lheet

phasg, t.aqe S %

pl at eéﬂ St ee IX%FH %%% é’%yﬂlsrs?r z%/]!lgﬁé;caﬁ‘lé)gﬁg&e an

pr esamOhAL ghac;m épytzlv@st@rismlstrm@é-at’aoﬂesé@@ sheet after

anglR, Steql Y8 Gy dot X 10 ihBheGBiiy 1R |ANG e Jidt@Gh Yheet in

while the hot rolle t eel sheet was ‘cut to a square
of IRtGEKITEh Bt ot dircesladiid@. First, this cut

pi ece wagiathdind A, atRf it @242 the cooling rate, there are
the methods of making the substrate thinner, making the
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
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.

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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20 bath using the flux nethod using a crucible furnace
to give an anount of deposition of about 100 g/ng,

then was imrersed in a Zn-Mj all oy bath of the

present invention conposition a48l,-as needed, cool ed
by imersion in 0C water 25 The pl ati ng adhesi on was
eval d, for ac rol |l ed, steel sheet, by bendlng

M R Y RS ca Ve AR Rt e R AR
t he possidee atd make eclié ngmotint tOF apsumlrbgarwhapstgsites&n
After the plating er_of - the bent S, .
peel st oL abt RabeBt Lo Y ot d o anSia B iing
t he bl@ﬁ&krﬁ)@éé 8 ExXAN] Sesl) prtﬁieelte alfhé)ﬂién@;?érature of the
n1cr0fcoP fnd the, rate of deposition of, the plating

| ayePlat 1R el VR er L e UNF ES ER CHTRR T H bRt i on

of shieshentiPEly tes $ancas Alemellging PBEimd, thinerse it
plating layer after the test 35 of 50 to 100% was

eval Hat@¢ ¥ates,(gosdputfi¢ieadd vt Hasresss é@e' pooling rate
(poosd "th%ﬁpé@iﬁé‘QlAfdﬁrtd‘%éf%f%kﬁ%lw a f)latlrﬂi layer

For hot ed steel sheet and equal angle steel
cr osSRRRAIT Y AR twmu%e&l}a%so%x%rﬁ‘ﬂeﬁ UndeeTen

optical nEsies anph tchesysai@n At deppsddiait Hfid Rghich ca,
platin Iayer at e r C|rcunference f the_ cross

5 sect| oft ‘fhealbeerﬂ %%Cf RRAFRNOUS (RIS G fygning
Wi t halad 1 1taf el ©fh dfposdd |émeroflﬁ hﬁa@ltaetmmg:la{tayﬁ hﬁfgkﬁﬂ before
to 100@6mas evaluated as ( e t :
as "B Poor eI SI@! de o%?’??”g}?%%]p# % fﬁé} 406 point
i ndichttge bg/la'ti'ng Itzet}f,ormtlsarpdn‘smearmr phidusi rphagelating
of t . 10, of - t j

usi n%’%an érgy 1%4 fgrfac |on ef%aat us us@%lg d&%qlorq}asy§hase
t o rvasitst tiwme i fdrr aiot |@d1pmn>ertrenamrqmu@a g ttehe

presence yHef J@él%lrﬁgat $£'dk1 1 yé%ftfeflﬁ; mmoﬁéom%me

and crystal phase are 15 m xe

per REHGRIE AT (He tiforptomhpiaghdse, MWt £ooling is used
di f for aifd alenif U IS CRYd MRIAY GRIFNR YRL L Qmmersion is

detect, t he exotherm c peak when cryst allizing fromthe
anorificiRd phase during the rise in tenperature so as

to Conf iTHE themResaneE Qn téﬁ%r@iﬂlf@%s‘@%@} 20 cBhfirmed
quantitatively find the vol une percent agce of th
t

amrPhSUL PR TG B e PG de S Hde laeuai;e*-@&t giffraction
havq)atarexafrtafﬂom gihkasieng tlhse/dad .atmed aStse._@ng%h%@dor\mﬁ)us

fﬁte r;‘iats’l n %SS S%%tllooqaa (Iw%hed t% pe.‘L (‘tqen%’ fa@%’l» 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 amorphous 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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| ayer of the surface was exam ned under an optical 25
m croscope (x1000). The area rate of the anorphous
phase was found for 10 or nore different fields by
conmput er i mage processing and-t4e area rates found
were averaged to obtain the volume rate. 30 The

corrosionyresstance of {he ol doéée%agé‘eeﬁo SBructure is
eval uat edA y appﬁ)yl ng he fret ho dsed oh anh

aut ovipt ¢ veedt dndarad €¢UASPOAMY1at Sthwwasttyef ethe crystal

wet tingldryl ”9@%}&3‘%{@“&& 5030 ¢ dfétr%% %ﬁ’&ir?%ofr?%%ffbes, sub-

sal t mater I ne was use ory03|on
resi @r@mebmd@nmmtm&@ypxmt@m refs¢ oni$ oygserved.

cal cul at f CO¥ I OSI f :
eIgue {Qn%ﬁf§ DL 03 ﬁggéﬁﬁﬁﬁess é%?ﬁ% &%ﬁ%éésntlate

the tests. corrosion | 0ss

eval%@@eﬁegson\qf(Qaﬁ)ﬁmﬁﬁgbous(pgaqq)g@*ﬁnqﬁg"qye region of
(goo@ae : cﬂyégaﬁ ms@spéils@ (S0 nemhad ible 2t<£ oce:%lcgmate

as "F (fair)", mor npre as "P (poor)".

Tabwe%e 1ve-bumpe Jf%ts% kae%fé% Bing t3eprent ﬁ@efalm%s%rﬂénage
evalaﬁﬁpﬁsm "P" were not eval uat ed for corrosion

resi st an?ﬁ -t are shownl 49 - do o (% qjgment b
0°0 0 0 0ViFD 6 PO D LD WL iy and ndsa y
rh ram répOi€at rmicfdsddpdvi Sad WMNMWIE U LHRL v gdd&e)is

UV Geandd Mot Ao o] S MAIMIS Vol ane
U U dkdhihdd utkder & tordhsri Mich RAed tbrz f)crdsdope.

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.

For the detection of the Zni;Mg; 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 Zns;Mg; by the
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Further, when the amount of the Zn3Mg; 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 Zns3Mgs.

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 indu;tion 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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(1) m-, orl yoouoocroccueoo (7.0

0 ~4CY erdo ¢l o tQ) okalin |3 Lest giegyy stblSN fwst
I rlbiede was ﬁ&aébd 5& d ©dddh MypdN Hot Mdip Bd1at@nd tést

- Pr-_0\0O
aégargté% hade 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/m?, 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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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
of the plating layer is judged by using an X-ray
diffraction apparatus using Cu-Ko rays to measure the
diffraction pattern and judging the presence of a halo
pattern.

When the amorphous phase and crystal phase are
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.

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

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.

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
resistance was evaluated by the corrosion loss calculated

from the corrosion loss and density after the tests.
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as "VG (very good)", 0.5 to 1 pm as "G (good)", 1 to 2 um

Ur-I O\QA &bf{ﬁéL%ﬁDl?éh $%I;%§é)tﬁﬁﬁi6)éldmkuasLéinuated

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

evaluated for corrosion resistance, so "-" are shown.
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15

20

P Anor phous Corro- h Plating conposition (atn®g
percentage No. a ($) Sion resis- s Zn Mg Al Ca La Y
S Ti & CuFe N Zr Nb Mo Ag tance 1-3 C25 75 0 F
4-1 A 2575 5 SG 1-4 C30 70 O-FB54-2 A 3070 5 SG 2-5
C 1580 51 1 0 SG 4-3 A 1580 5 10 G 2-6 C 2075 5 0 SG

100 Vo 28 TR TG B B S odae d9pdi e plated
3560s6e@l 3@‘2%‘:"3‘73% 36 B oOsaiG PaientG @0 ngOiriHlirls O

2070 T51E5 080 R 5o R Rod (b LA Ryiitn o the porrosion
45 Fesist@moesyoh goe STeald 1oA Q’W(Plfﬁth 1137-63'1@(30 are

% 57 Bk 4, e s R gt e
conpf¥@ed®o¥) only crystal phase and A: Plating Iayer

Iuanl lLJJdIUngI'@e/ ames Q%Qé@rﬂ?ss%orﬁgalrﬁ]ng Lélu l;_h_U Cr,

m m&is Bep 1‘9» 7E¥r> I\Lbr> MpmAg0ARko Ca 0 amob’q;r @ao ip the

0 0 MM&ting layers are further superior in corrosion
resistance. Among these, the plated steel materials
provided with plating layers containing the above
elements and containing amorphous phases are particularly
superior in corrosion resistance.

Table 7 and Table 8 show the results of evaluation
of the corrosion resistance comparing amorphous hot dip
plated steel sheet and plated steel sheet of only crystal
phases. As clear from Table 7 and Table 8, plated steel
sheet having amorphous phases in the case of the same
ingredients are superior in the point of corrosion

resistance.
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m ri Q 4 04 rowO0OMu) US56j-Sa 01 rI U U3

a~ 0 OEC 00O U 4-4 C.~ N N a) ~ 40 O

CDa~nn ri) 0. ro E (a % ro LOLOLO

u ~n LOIn 0 LOLOUn LOLO E@Jb@ LOU) u) Lo u)

r OJFCILO b) 00O0O0O0O0L) i) II) LO U )| bfabtfhdufa Corro—

L) HO LK) LO LOL&Yidd kohfbidtildd L&cmspwW percentage _; -
No.|a (%) resis-

Z ZnfMgjAl|CalLa] Y [Si|Ti|Cr|Cu|Fe|Ni|zx|Nb|MojAg tance

1-3 ] C|25]|75 0 F
4-1 | A {25]75 5 SG
1-4] C|30]70 0 F
4-2 | A 13070 5 SG
2-5]C|15}80 5 0 SG
4-3 | A 1580 5 10 G
2-6|C |20}75 5 0 SG
4-4 | A |20]75 5 90 VG
2-71C|25]70 5 0 SG
4-51 A |25]70 5 100 VG
2-8 1] C |30]65 5 0 SG
4-6 | A |30}|65 5 100 VG
2-91] C |35]60 5 0 SG
4-7 | A |35]60 5 90 VG
2-15| C |30]60 10 0 S5G
4-8 | A 13060 10 80 G
2-16] C |20]70 10 0 SG
4-91 A J20{70 10 50 G
2-18| C [25]60 15 0 SG
4-10] A |25]60 15 45 G
3-2| C|25|70 5 80 SG
4-111 A |25]70 5 80 G
3-3] C {30]60 10 0 SG
4-12| A |30]60 10 70 G
* Notations in "Phase" column means the following: C:

Plating layer comprised of only crystal phase and A:

Plating layer including 5% or more amorphous phase.
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near the interface of the plated steel sheet conprised
of the steel sheet 9 fornmed with an My-25 atnPo Zn-5
atnm’o Ca 25 plating |ayer (anorphous phase) 8. FIG 10
shows the result of elenental an® ysis by EDX at the
cross point of FE-TEMA of FIG 9. It will be

understoog &hag { oS Ohd Fuseds | éé&eﬁ|?§‘¥ {190 ted Steel

| ayer. 11° shows: an el €ctron beam di i'on
pat t%l‘mlet %Oat2a7 cfmurptolcnf dﬁﬁst’metJREa TE\/Ig/fngeparbmded with

FI G $ t I
unde?gogoﬁ%ﬁt ar® ¢ Egﬂ-i{é %ﬁf&{f‘ﬂ? #J %Stal phase) .
| ayer (am®? pPRusPphbsdged StmFIGn &l Q;heg:q S No Cracks or

anmorphous, phasec ey eth edfa dde rE}‘Fé fs"’\ﬁ%l a.ﬂgaéts F and Mg-25
si ngl e anor phous dohase 35 (Exanple 2) A surface

treat '@t stee? HeberGalPlalsing elpred (xiwiFala haselofd. It

eachy Of1 tihe phdd+ NSO MR tdionshes a1 nsnkah 95 %%d %g 25
and cold r ol ed steel sheet of a thickness of

as HRUFATAREMTHS Rbsting oL awss p@“é‘”t%séé’tled)hfa&e , a good
pr epicﬂtestgon bys adiked indtegreRSiHE and My - |a]goyTr¢Q>dsgamlng

pr e&]J at. ngaq] %ﬁr C\é\%}s%{r}o%e%{{ﬁdﬁ% ?ﬂ a test aft%de Ce o teel

125 gldet ammoni um ci t rat e: 135 g/l, and SOdI um

rypoanoznig oy 140, Al |t e fomether onc shuned B s

for rﬁrceetiy Nehh ppi+ig (aantcestt o]ﬂ) ompersatlmna E)O@/aﬁOJeol:ISalned by

sol yt eqaﬂéjquvre%gl sf'xu'vja & a]hS %/()7 C)dlann']Mg 25

hypop osp at I am c rate:
ameiimim L S st 6'5! g#llauﬂrbgedayteage(tah@rrp@wdlsa@ahwteed6 on

by agieisammpdimgo pH O The Cu preplating |ayer
was fabricated by dippi ng a 15 test piece in a 25C

aqueous St i%rfheeidt Fihe Ag reop et L ragtiisne PaZ tgrin gfdthis
sul farEtG REiItye30 @y tHeX R HR48ihelor The @ %%ttern in the

prepl ating |ayer was fabricated by dipping
pi e 5aY & aﬁd@&@owe&ﬂ'oﬁ%ﬁt &l%rﬁgdcéﬁlﬁér the Mg-25

chl ertntte :zn3-52 a@nls, Gt @lﬁ(tli%gcma@/relldqwm@r%h%% p#R€e206 shown

hydr, oc?_.]lg;r aC| d: 8 m xed .t ogether. The Ag

pr epl™ g |'ayér a\ﬁa§ Oga?t@&‘aﬁg el ectroplating in

a sol uti ancf Sishests @mamEG&Eﬂd gjfnlag@ndbrﬂqmﬁii@mf image)

cya d to n t enper at ur 0 .

SO T G A S £ S 2RiAnEY 26 OFfe Sopet cdmprised of

pre@hﬁnsmgdlawéeeWa§ ﬁ@hmedaM&dhbﬁn Mg-25 atm$% Zn-5 atm% Ca
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
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 is a single amorphous phase.

(Example 2)

A surface treated steel material was prepared using

a bath of each of the plating compositions shown in Table
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el ectroplating in a solution of anhydrous chromc acid
250 g/l and sulfuric acid 2.5 g/|I m xed together and a
tenperature of 50C by a current density of 20A/ dn2.
Usi ng these plating baths, the di9ping tinmes were 30
adj usted to make the deposition armunts 1to5 g/nt.
The ¢ yn %gﬁ) t f
determ nedé%fé |ss€$ véltgégE hsér?égérzgp atl ng |<£n]gnn| riocf 0.8 mm as
aci & e?lebStr@q@%mtTh%mW*yrmlvgﬁzs meretreatsidition gneplating
I CP {{, ndtict | v eh g r SOLBY 33':{@ ITpS spectronetry,

a unt dlss

and convertln the 35 ol ved el enents to

t he am)unTh%f 1 derriation lawyr wap Rrmethdwidi@rping a test

nec el e r.eRar n te d
Commosaty ot R, R o R B A PR gl a St iRt

vvas Puslefda‘ft@ g A1, mmprmrumtqmmt@re 135 opbit,aiancarsodium

re o
1 R e 1 AR I T RERRIREL oy
ass o Wy hsdrqudm w0 coupl ed pl asma) nass
spect r oneily d@ SUPIdBdata fdie vpc‘fse%ﬁ%(ﬁlﬂfhlpplng a test
mat ched the corrp05|t| on shown in Table 9. This oy
was Riseck aisn & gl atqmegubatsblu];@o@obdntehhedgsbeblalt
Sheegul(fﬂé;knleﬁs d‘?@% ho l'gaQ:e gc/? f%rodlum

use as a test pl ece |ec

bat chi tsadee hdt0 difpl ,plaa”td ragmltcegtunapspwfamﬁ; Gﬁadye/lbynlxed

t n S
A NS b e R g
Each wastHotCWHiRF it latddg ﬁr@e/q@ama& dparimaies &y Heping a
pl ating 4 0
depOSItlég'masWﬁ§ C g%yggug ggiuIESnTgBHgglggna copper
r at swffates @41 satmbtsuhfum@ picad:n@0 20 batixegagogether.
made 500 ol
adj ust ed I|ang am)unt of ep()y%"@%ﬁ;:ﬁ@%%r %bﬁl?ir?g,%%qp% dipping
i mreditatsd] )pzrmameda zﬂﬁfvavatIeeousolseﬁiubyowatentalnlng copper
cool Qr..a Iater xpl.ai ne ec |que
Af t dﬂgj ppl ng to%we(f Unbar 181 nor}ﬁp adleng%dteof anigy
(vi mnq/:kdlomelr matilds B mﬁlormnmogmg‘ermle—rpl ati ng
defect s"yrl r“e aecrl 1 LAS Ry %‘r% Sctﬁ%lel aﬁheet

r
(5 cnmxl 0 cm and converted tot
of m@awwéﬂba §Olp€6r1050 ofnsilrer eyemisengl ¢/1 and

t he pyueragemas faWd &0l N=1.xeA together and a temperature
of 30°C by a current density of 2A/dm?.

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
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
amounts of dissolved elements to the amount of

deposition.
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30 nunber of "non-plating defects" of one or |ess was
eval uated as "VG (very good)", 1 to 3 as "G (good)", 5
to 10 or nore as "F (fair)", and 10 or nore as "P
(poor)". The diffraction patterno®f-the surface
form ng phase at the center part (20 mMmx20 mm) of the
pr epar ed at 35 steel sheet was sured by an
X-ray di f[l?(]fI r|qon appareté usneu%elsnsga 2y arﬁ/ss %e_lre prepared
Usi ngnde raypnledét@nmr&ml ctdmacssu:rtfm, ftoren gy lplEsefrequency
vvas d _qf ’¥\lq§ I r et,ect
i%@zﬂ% (%lgdf%s (ggosgd}?s"é,@vﬁl %iotﬁeﬁv\h\l%?eaq} tﬁgoqﬁnc?“o’phere
not tobekiabe ar Nérefe i eww eSofaps ore/s atbtphigessl faden the
Qfe(ﬁi £I1 latn i \}d@#eﬂ}% a{:c1(<§ al.f})% ‘solution was

Furt a test ece vv|t fraction peak o

hi ghtf@%rhp@?%@m@ k@x abt® btm@ectzxm@w Qfétmlcqcb@mna mass

eval yad edrGfet & (XA &Nty "thaDaliRC i Ap He P NG, matched
means an X-ray intensity ratio (ratio of diffraction

peakt® FerResHtionisEMM (BRIUHA nd' i f3lday ofs used as

peakcd Wl AEng scgaq;ng of 0.233 nn) in the sumof all
di ffracti onJ‘fgeak [ ntenS| ties appearl ng at d| ffraction

pl ane i nte?VaICbFed Btem sheet 768 imnasmtl & mm) was cut
di ffgacto ammangl &s &5 Qfse'f_’ atso 3 gc%étn iR C”cThls test piece

di ffraction nmeasurenent rays using an

X- r 2T b vRd P tkzﬁfg-"ét ?me tlmat lrmplsadur% test apparatus

(howgyes b exeldling diffracti on peak of plane spacing
of 0.233 nm of 10% or rmre Further, a halo pattern

was eval FRedh8 @9 gided stafrl Shaster wig ofigh gas

di f fgeasiedpeaid anezm?d\/&keas»ﬂﬁjmaﬁosﬁ/ﬁs‘e ev\éaﬂeuaisesdi. Each
as "CE ( ood exc Ieeé#) FI.G, .12 shows an X-r
di ff“faasct é}F

e 15 th EIed A Urph e (e gating
exargy qiaéamé/a;omrt@femth anBabRopatt 6EndéPgsition was
Zn3Mg7. For the reheating and water cooling, er the

25 rﬁdallﬁ?fge e S htPd¥9 -deposi ti on was adj ust ed by
al rwpimg digiddediestoPiterestuie sHdanag tt%ecqmatlng

i RS eIl Y e N RS AR A pPed Tor 3

r ehe;aetceﬁld 0 adAaiste=d hﬁmambdrﬁmwr atdposs ittd drh@yheli rdiwd ping,

P 9, A L gperalure pnd held ar this oo cer

The czmﬂrms;,oralrremmﬂarmﬁ cafr tehd gqileat etkrdiadeleds heethnique.

was eval l'ﬁfteeqf Qyip%%lgy,i Iq:g}llet r}a%n{ﬂsetrh%qf b%%%q-pq.%t%%galéte%ects"
(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
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

steel sheet was measured by an X-ray diffraction

apparatus using Cu-Ka rays.
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standard (JASO M509-91, 8 hours/cycle, wetting/drying
35 tine ratio 50% for 21 cycles. For the salt water,
0.5% saline was used. The corrosion resistance was
eval uated by the corrosion |ossékatculated fromthe
corrosion Ioss - 62 - and density after the tests. A
corrosi ony }Qf Iesg%&]an 0, was_eva | uat

0

pm d_as
"VG (very goo%l) TO 5 a%jf]a%n Gt}(ego%%ls acq {e%n%lrb%phase
as "‘m(s@m’v\hme@oo@k)e wiket® aS Il apdtftdfrivdd datmetted was

i rrouSladbes 8 nC (PO, Wille (e IS 1 G B gpot
Al ofb@ingd | or Talkee %lﬂ@m tdnfe a Xerwstal fhast inmde
patte&g%“&%yd{%fﬁﬁr fas Zr@l\/ggafﬂul d be

obt ai are eI|eve to form10
substi t utferthgpe aoteet solene dv’ﬂstfarﬂj &fisrag¢tiathagsmk of a

for I r f | r of
| eS| Spidsfore St e vl 1/ ect) apcostia oy,

3 an%vahbatedt%S NE Eexeeliante 'b. "@tﬁﬁtslm«soﬁ He peaik" means

X-raa/nobtiﬂ Cim@éhmi eF it @Lﬂad\itb ot St ioRtgdhK
Ca- 6, at nPo platin g aye i 11 shows the

X- r P TRt P P RS e R 6 u%hn%deﬁfafﬁf%% geaktafoplane

Ca- &spddadfN o Pl @L23W dArdyein (¥ Sim o2 Shows tfesdtion peak
ray diffraction aPattern of an -27 atno Zn-1 at no

RN s ARRSAT IR |2y L TRGCEASR AP WHGwyals of

the @< 1390 b 1 rasd ign patderss Ofdlaﬂ“fﬂ\&t%%rﬁtal}%l?é?s be of 5 to
atn?o Ca- 13 atnto Al platlng Iayer (No. 8). Fromthe

fi gt®, int omiskel ofe dddderstion tnhatsurrammot by, Cuk&o rays using

pl at 1 r
concéerpn?(}a%%nt%ec?n%sm%&her t e am)unt ofttthes%fn

phaseh Msstitos Srludimg | Noagion peak dfe nimde soesdng of

t hato tdws 43Mir al sy GRigd etely di sappears - 63 -
Table 9 C S Plating Plating Non- Corro

i ngr edi et S0 ratd At % &5 ST TPIRS @g’wteﬁaﬁ? "G (good)",

pl atwHidl eSidlke By d¥d.ore dfnga tdl&%ﬁ'&'ttlo(rﬁtp@)@k t(ﬁnmn3ﬁg7 as well
deposi - defects eS| g D tion

t ancdB S YRR Wé’%‘e?‘cfél@“é: 5 FA%50 I§22)§hows an

VG &- r%ﬁﬂﬁfr\%iﬁforcqﬁ’dﬂ’eg:ﬂ%ﬁ@ol Q645.Ql E‘aZﬁeV(Q .GThis is

Cu- Sér}l Veaga(:f‘nrplceomf o%sA'eSera 1on % \éoth 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
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10 450 E 25 VG G 8 Cu-Sn Water €doting 59 27 1 13 500
F 25 VG SG 9 Cu-Sn Water cooling 63 30 1 6 450 E 25

VG Vo1 00ling 58 35 1 6 500 E 25 VG G
T GrSntsar Y 36 Fhof8S 4075 se0 £ 25 VG G 12
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6 O NGRSy s s UGN e and 3
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VG 2Uimd Lu-Wademe oot é ngebRIGC 30 N VG I’tLrQZI‘a]b]Z@ 9. From the
l 450. G 30 GVG. v 2 R . & 65,

587 GEB RN 4 Wi Bhof 1y g e Ehch Thne of

ReheatiMyy &082d3De5oBtdbfeGE GO MBIVEL &rs mateeved to form

cool ﬁ@sﬁlaﬁ%ormltﬁ?%ﬁllwéb% %35 a%otg e@'(:ltsq: V% \é%ose

0 e water coO
cool ¥omns5 40 1 4 500 E 30 VG G 27 Ni Reheatl ng & s

wat er co g
ool 1 ng S50 F 30 Bk VI P ST D Sty of che
VG ®lateghterecbothert 581t ars @iy Ihagespiaf No. 3 and

coolydg 559 k30 g\/qrsquabalje M Reheating & 550 F 30 VG
G water coolln 53. 32 Ni Air cooling 550 F

30 VG SG %?Nwa?ém@atx r@‘Y&dAFBffB@CB:J%D mREENyGaE an Mg-27
wat eftePAi-NY 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
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 Zn3Mg; phase. As the Al
concentration becomes higher, the amount of the Zns;Mgy
phase becomes smaller. In No. 8, it will be understood

that the ZnsMgy; almost completely disappears.
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5 2. An My-based alloy plated steel materi al
characterized by being provided with a hot dip

My- based alloy plating |ayer containing Zn: 15 atnfo
to less than 45 atnto 3. An My-bhsed al l oy pl ated
steel material 10 characterized by being provided with

a hot di Py j | ayer containing Zn:
15 at rr%tow%ss ﬁglé fgycz%)énﬁ/éiafn% further containing
one or noke expheimed aedest ethd rmmesenyr dupraxftion (hot dip

naTHELR LRy e 8 el g e dbcion oy
al | oyn phredienk sy efeq’t reitrerp bl tinghapemtess zedl bis beipgyior in
pr ovlhrgfpemﬁ 5 fa %;P%r I_r‘{t;ased all oy plating layer

containin re and My: over 35 atnt
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fromide, 9 iy of -l AR ﬁqpcdr

a total e%f 0.03 t% 15 at n%é%é).SA\IGIOVQfal tbase \ﬁaﬁ il of 2n
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pl atédnty Junari gt anerm)el\@ i85 tdtenthieyl dse o a'x’ltommblles,

|

cl alk}?nﬁQL%lqusq{ya‘%ar act érl glgid hrg%tst hﬁqu%ﬁﬁ%%&lc alg):?%lances'
My- based Paqqcm}dlmgdm,nghemmem aJDWDWQODS@OMEI&buteS to
at mhon B8.-qeie 1My n@&e%@y Cn%n%tf%%t%trq%lg TRl 't@llegsgy the

set forth in any one to 7 characterize
in tifgreasss lns,ehldfeh@tf @ ua-iyade ®aaltiso i sgicatinn g he

| ayerutoaidiare, %&tl%h% AR 31 10T @l %@%@te%oi%ll Q4@ rical
fromtflelﬁglrou el efments A Si', Ti Cu, Fe, N,

Cear#oleAgi% Rndy ther Aedyctdons Otfo 1gbgrngd 5 9.
An Miibasedndd.oy plated steel material as set forth
in any one of clains 1 to 8 characterized in that
said hot dip My-based alloy plating | ayer contains Zn:
15
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atnmto |l ess than 45 atnto and contai ns an anor phous
phase in a volune percentage of 5% or nore. 10 10. An
My- based all oy plated steel nmaterial characterized by
bei ng provided with a hot dip Mpghased alloy plating
| ayer containing Zn: 15 atnfoto less than 44.97 atn®g
further containing one or rmre%ﬁgfﬁnts sel ected from
t he conposite group of el enent he 15 group of

eI enents A SiAn Ng-lasedClglFey Nigtetd ,stidel Mxntermired

t ot Z!f\ga#§§tf emen%)d Og&f e‘%‘%ﬂ?% oru(g’lo e%lwelr;cehn?ag Ltgfd.igj. ggg-based

to &lmm@m@mmrlmra tot al of elements of the

group of eI e ?b g aecem
said tota ess t at over
at S%WWZ\-&%Q Py Jl®mm%rmd3®9§&m@ g iMg- based
an [
L0 A1 ! S@NW ROS, 4 %ﬂrﬂ’aaiélcg to less, than

percent age 0 nore. 11. An sed oy plated
steel® A% ial as set forth in any one of clainms 1 to

8 char aCt?ﬁ“ Zegh iMytditded 201580 HiRledidt - Basedial

allo Iat | ayer contains an internmetallic corrpoud
Zn3 +hes P heig Braaidest Wirtdt ido hat dip Mg-based
di ffafl&LQiy LAl | 1dyensidon tof i Ay «( XeClateigndo less than

dlff ctign k_of diffraction plane spacing of 0.233
m 4% A A GREHe IR oI SR A (1Egio8s S
appeaaa’llertg:aﬁ ﬂo‘nf raacgtmmp wz‘_’arﬁeﬁfmmsng :0f5iQ. 1I8§9dr9 cCu, Fe,

dj ffractio dlffractlon -
plane n2p%(m t)d? By & O€n9 ns.

My- based 4l | o;ArpIIVB_;t—et(bssioEeilJJmt @rljaa:led csl‘t&reacmma:e@hlby

bei ngruldlad i bg[%e%t Y Marbasady 25y %"%gapwg:g—based

pl ati ng ayer contai mn oor nore an
50 a&ligeyt @128 iatanthka yiewr tdqvertaa@lm mnng Ioneto® voY gIoTe and

o UL o8 3 4y A A S TR 5 o

(mh@rlemmécﬁ S8 lectest firoms the @rmlpatqmel@mmﬁnﬁngm Ca,

Ayl algepergy lqprae)totaqn@fcwto@,l Riong san dhfatermetal Iic
corrpound Zn3 ina required anount. 5 13. An

My- based 2al | o nlegt @@sﬁdeé‘llll?é{t &liekiedastesl mpserdailn
any c@iaea@‘teqjladeras by uoel&gc@ero&q&u Zadn B hbat digaMd-based

ot A Mbased by pleting Laver cqnalng & rorg and

| ayerg atovart ermertat%ueeldoffuatmielﬂ lc@@teemahgobnteher more

Ng azggngéfggh%%éﬁpngElngt%o g%h%ln% p?%%%n s 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.

6. An Mg-based alloy plated steel material as set
forth in claim 4 or 5, characterized in that said hot dip
Mg-based alloy plating layer contains Mg: 85 atm% or
less.

7. An Mg-based alloy plated steel material as set
forth in claim 4 or 5, characterized in that said hot dip
Mg-based alloy plating layer contains Mg: 55 to 85 atm%.

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

forth in any one of claims 4 to 7 characterized in that
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+100C) for 1 mnute or less, then rapidly cooling it.
14. An My-based alloy plated steel material as set
forth in claim13, characterized in that said
nonequi | i bri um phase i s one or-b® h- of an anor phous
phase 15 and internetallic conmpound Zn3My7. 15. An

-b al ] oy. pl.at ed_ st eel terjal. as set forth in
P ar s Bt Mgyl B &od an I S A e b
cool comgtasnsadee @oOhOrE @remersts vidlerctomblfimgn thee girpup of
M- b@fgrger?{é oﬁ(: pé:‘?‘,t eldj13t@]_§| t el':neI alNia.S Zsret .N};O l\)}qo,r tahnd Ag in

in any one of clarms 1" t6 15" chardcteri Zed in 't ha
t he & ntetd hoef betWeero saiakmot di p My- based al | oy

26100, PR A T ISP 2o soc
sel eteeeh fmmmy onet Splaims 0dio dhdbbaracirizedyin that
iy a5 gL 1A A L) 00 S LT o 1
hot Hp® MR bkt dtatbyd plaiih @iy tedmsials aporphous phase
bal ances ofo M sk BV gl € 9Ty idd RS

10. 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
44.97 atm%, further containing one or more elements
selected from the composite group of elements of the
group of elements A: Si, Ti, Cr, Cu, Fe, Ni, Zr, Nb, Mo,
and Ag and the group of elements B': Ca, Y, and La in a
total of elements of the group of elements A of 0.03 to 5
atm% and further a total of elements of the group of
elements B' of 0.03 to 15 atm% (where, when said total is
less than 0.03 to 5 atm%, Mg: over 55 atm% and when 5 to
15 atm%, Zn: less than 40 atm%), and containing an
amorphous phase in a volume percentage of 5% or more.

11. An Mg-based alloy plated steel material as set
forth in any one of claims 1 to 8 characterized in that
said hot dip Mg-based alloy plating layer contains an
intermetallic compound Zn3Mg; in an X-ray intensity ratio
(ratio of diffraction peak intensity of ZnsMg; (excluding
diffraction peak of diffraction plane spacing of 0.233
nm) in the sum of all diffraction peak intensities
appearing at diffraction plane spacing of 0.1089 to 1.766
nm (excluding diffraction peak of diffraction plane
spacing of 0.233 nm)) of 10% or more.

12. An Mg-based alloy plated steel material
characterized by being provided with a hot dip Mg-based
alloy plating layer containing Zn: 20 atm% or more and
Mg: 50 atm% to 75 atm%, further containing one or more

elements selected from the group of elements B: Al, Ca,
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Y; and La in a total of 0.03 to 12 atm% (where when said
total is 1 to 12 atm%, containing Al: 1 atm% or more),
and containing an intermetallic compound Zn3;Mg; in a
required amount.

13. An Mg-based alloy plated steel material as set
forth in any one of claims 1 fo 8 characterized in that
said hot dip Mg-based alloy plating layer contains a
nonequilibrium phase obtained by holding said plating
layer at a temperature of a melting point of the Mg-based
alloy plating to (melting point of Mg-based alloy plating
+100°C) for 1 minute or less, then rapidly cooling it.

14. An Mg-based alloy plated steel material as set
forth in claim 13, characterized in that said
nonequilibrium phase is one or both of an amorphous phase
and intermetallic compound Zns3Mg;.

15. An Mg-based alloy plated steel material as set
forth in claim 13 or 14 characterized in that said rapid
cooling is water cooling or mist water cooling.

16. An Mg-based alloy plated steel material as set
forth in any one of claims 1 to 15 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. ’

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

balance of Mg and unavoidable impurities.



