
[Document Type] 	Specification 

[Title of the Invention] Zn-Al-Mg-BASED PLATED STEEL SHEET 

[Technical Field of the Invention] 

[0001] 

The present invention relates to a Zn-Al-Mg-based plated steel sheet and 

particularly relates to a Zn-Al-Mg-based plated steel sheet having excellent corrosion 

resistance and workability. 

[Related Art] 

[0002] 

Conventionally, it is widely known to improve the corrosion resistance of a 

steel material by applying Zn plating to the surface of a steel material, and a steel 

material subjected to Zn plating is being mass-produced at present. However, in many 

applications, corrosion resistance may be insufficient with only Zn plating. Therefore, 

in recent years, a hot-dip Zn-Al alloy plated steel sheet (Galvalume Steel Sheet 

(registered trademark)) in which the corrosion resistance of the steel material is further 

improved than Zn plated steel sheet has been used. 

[0003] 

For example, a hot-dip Zn-Al plated steel sheet obtained by applying an alloy 

plating including Al at a content of 25 to 75 mass%, Si at a content of 0.5% or more of 

the Al content, and a balance substantially being Zn is disclosed in Patent Document 1. 

According to Patent Document 1, a hot-dip Zn-Al alloy plated layer not only being 

practically excellent in corrosion resistance but also having good adhesion to steel and 

good external appearance is obtained. However, in the plated steel sheet of Patent 

Document 1, the plated layer does not contain Mg, and the corrosion resistance is not 

sufficient. 

1 

[Document Type]Specincation

[17tleofmelnvention] Zn‐AI-Mg ‐BASEDPLATEDSTEELSHEET

[TechnicaIFieldofthelnvention]

[0001]

The present invention relzu;estoaZn ‐A1‐ハ4g‐basedpkuedsteel sheet and

paniculaurly・elatestoaZn ‐A1‐ハ4g‐basedplatedsteelsheethavingexcellent corrosion

resistanceandw orkability.

[RelatedAn]

[0002]

Conventionally,itiswidelyknowntoimprovethecorrosion resistance ofa

steelmmelimbyapplyingZnplatingtothesurfaceofasteel mmerial, and a steel

materialsu 明 ectedtoZnpl 砥ingisbeingmass ‐producedatpresent.However, in many

app.ic測[ions, coltosIon resistancemaybeinsu ぼicientwithonlyznpl 砥ing. ThereFore,

ln recent yems, ahot‐dip Zn‐A1alloyplatedsteelsheet(Galv 副umeSteeI Sheet

(registered 立ademark))inwhich 曲ーecorrosionresistanceofthesteel material is 6uu〔ther

improved than Zn plated steelsheethasbeenused.

[0003]

For exalnple,ahot ‐dipzn-A1platedsteelsheetobtainedbyapplying an alloy

plating includingA1 at a contentof25to75mass%,Siatacontentofo.5%ormore of

theA1 content, and a balance substantially being Zn is disclosedinPatentDocument1.

According to Patent Document l,ahot-dipZn-A1alloyplatedlayernot only being

ptactic副ly excellent in cottos1onresistancebut 副Lsohavinggoodadhesiontosteel and

good external appearanceisobt 宅uned. H:owever,intheplatedsteelsheetofPatent

Document l,山 eplated layerdoesnotcontainM[g,and 山 ecorrosion resistance is not

suaEicient.
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[0004] 

Patent Document 2 discloses that corrosion resistance is improved by adding 

Mg in a plated layer. 

However, in recent years, there has been an increasing demand for corrosion 

resistance compared to a conventional plated layer. As in Patent Document 2, by 

simply incorporating Mg in the plated layer, the corrosion resistance is not sufficient in 

a more severe environment (an environment where high corrosion resistance is 

required). 

[0005] 

Patent Document 3 discloses an Al-Zn-Si-Mg alloy coated strip in which fine 

spherical Mg2Si phase particles are dispersed in a coating by forced cooling the coating 

strip. In Patent Document 3, it is described that by changing the Mg2Si phase into fine 

spherical particles, the cracking of the coating is potentially reduced and the corrosion 

resistance of the coating is improved. 

Patent Document 4 discloses a hot-dip Al-Zn-Mg-based plated steel sheet in 

which the major axis of the precipitated phase in the plated layer is set to 0.5 j.tm or less 

by setting the average cooling rate to a predetermined range or more until the plated 

layer is solidified. 

However, as a result of investigations of the present inventors, it is found that 

as in Patent Documents 3 and 4, by simply refining the Mg2Si phase, sufficient 

corrosion resistance cannot be obtained in a severe corrosion environment. 

[0006] 

Patent Document 5 discloses a hot-dip Al-Zn-Mg-Si-based plated steel sheet 

containing Mg2Si. Patent Document 5 discloses that by cooling a steel sheet at a 

cooling rate lower than 10 °C/sec in a temperature range in which Mg2Si easily formed, 
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[0004]

Patent Document 2 discloses 中 atco【rosionresistanceis improvedbyadding

M[g in aplatedlayer.

However, in recentye 嶺 s,merehas beenallincreasingdemandFor corrosion

resistau1ce comp; 虹edtoaconventionalplatedlayer. AsinPatent Document 2, by

simplyincorporatingM[gintheplatedlayer, 山 ecorrosionresistaulceis not su住icient in

a more severeenvironment(anenvironmentwherehighcorrosion resistance is

required).

[0005]

Patent Document 3 discloses anAI ーZn-Si-ハ4galloycoateds せipinwhich 6ne

sphericaIM[g2SiphasepauliclesaredispersedinacoatingbyForcedcoolingthe coating

strip. ln Pm:ent Document3,itis describedthatbychanging 山 eハ4g2Siphase into行ne

sPherical pa」[ticles,tihecracking ofthecoatingispotentimlyreducedand 山ーe corrosion

resistanceof 山 ecomingisimproved.

Patent Document4 discloses ahot‐dipA1 ‐Zn‐ハ4g‐basedplatedsteel sheet in

which 山 emajoraxisof 山 eprecipit 紙edphaseintheplmedlayer is setto o.5 一morless

bysetting 山 eaveragecoolingratetoapredeterminedrangeormoreuntilthe plmed

layeris solidil丘ed.

However, as aresult ofinvestigations ofthe present inventors,itisFound mat

as in Patent Documents3 and4,bysimplyre 行ning 山 eハ4g2Siphase,su 日Eicient

corroslon resistance cannot be obtiuned in a severe corrosion environment.

[0006]

Patent Document 5 discloses ahot‐dipA1 ‐Zn‐ハ4g‐Si‐basedplatedsteel sheet

contiuning ハ4g2Si. PatentDocument5disclosesthatbycoolingasteel sheet at a

coolingrme lower 山 an loo.C/secinatemperaturerangeinwhich ハ4g2SieasilyFormed,
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Mg2Si is finely and uniformly dispersed in the entire plating main layer and processed 

portion corrosion resistance is improved. 

In addition, Patent Document 6 discloses that by cooling a steel sheet at a 

cooling rate lower than 10 °C/sec in a temperature range in which Mg2Si easily formed, 

Mg2Si is finely and uniformly dispersed in the entire plating main layer, further, by 

setting the oxygen concentration of a wiping gas to 10 vol% or more, the area fraction 

of Mg2Si in the surface of the plating main layer is increased to 10% or more, and the 

corrosion resistance of the flat sheet portion and the end portion is improved. 

However, as a result of the investigations of the present inventors, it is found 

that Mg2Si formed by gradually cooling the formation temperature range is not 

sufficiently refined. It is found that Mg2Si, which is not sufficiently refined, has a 

small contribution to corrosion resistance and in the hot-dip Al-Zn-Mg-Si plated steel 

sheets in Patent Documents 5 and 6, sufficient corrosion resistance cannot be obtained 

in a severe corrosion environment. 

[Prior Art Document] 

[Patent Document] 

[0007] 

[Patent Document 1] United States Patent No. 3343930 

[Patent Document 2] Japanese Unexamined Patent Application, First 

Publication No. S59-056570 

[Patent Document 3] Published Japanese Translation No. 2012-528244 of the 

PCT International Publication 

[Patent Document 4] Japanese Unexamined Patent Application, First 

Publication No. 2005-133151 

[Patent Document 5] Japanese Patent No. 6059408 
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ハ4g2Si is行nely anduniFor ・11lydisPersedin 山ーeentireP1atingmainlayerand Processed

ponion colros・onresistanceisimproved.

ln addition,PatentDocument6disclosesthatbycoolingasteel sheet at a

coolingrate lowerl 山an loOC/secinatemPeraturerangeinwhichM[g2SieasilyFormed,

M[g2Si is行nely and uniFormly disPersedin 山 eentireP1atingmainlayer,Gunher, by

settingthe oxygenconcen 立ationofawiPinggasto lovol%ormore,thea rea fraction

ofM[g2Si in the surface ofl山eP1atingmainlayeris increasedto lo%or more, alld山 e

corroslon resistau・ce ofl山e natsheetPonionandtheendPonionis imProved.

However, as aresult ofthe investigationsof 山 ePresent inventors,itisFound

that]Mg2SiFormedbygraduallycoolingtheFormationtemPeraturerange is not

suaEicientlyre6ned. ltisFoundthat ハ4g2Si,whichisnotsuaEicientlyre6ned, has a

small conbFibution to corrosion resistanceandin 山 ehot-diPAI-Zn- ハ4g-SiP1ated steel

sheets in Patent Documents5and6,sunEicientcorrosionresistancecannotbeobtained

ln a severe corrosionenvironn.ent.

[PriorAd Document]

[Patent Document]

[0007]

[Patent Document l] UnitedStatesPatentNo. 3343930

[PatentDocument2] JEやaneseUnexmninedpatentAPP1ication,First

Public測[ionNo.S59 ‐056570

[PatentDocument3] P I1blishedJaPanese 四[anslationNo.2012 ‐528244 ofthe

PCT1ntern 紙iona1Publication

[PatentDocument4] JEやaneseUnexmninedpatentAPP1ication,First

Public測[ionNo.2005 ‐133・51

[Patent Document 5] JEやanesepatent No.6059408
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[Patent Document 6] Japanese Unexamined Patent Application, First 

Publication No. 2016-166414 

[Disclosure of the Invention] 

[Problems to be Solved by the Invention] 

[0008] 

The present invention is made in consideration of the above circumstances. 

An object of the present invention is to provide a Zn-Al-Mg-based plated steel sheet 

having sufficient workability and excellent corrosion resistance. 

[Means for Solving the Problem] 

[0009] 

As a result of intensive investigations conducted by the present inventors, the 

present inventors have found that a Mg-Si phase (Mg2Si) formed in a plated layer is a 

structure effective for improving corrosion resistance, and it is important that the Mg-Si 

phase is intensively present on the surface side and the average equivalent circle 

diameter of the Mg-Si phase is controlled to be in a predetermined range in order to 

improve the corrosion resistance without lowering the workability. 

The present invention has been made based on the above finding and the gist 

thereof is as follows. 

[0010] 

(1) A Zn-Al-Mg-based plated steel sheet according to an aspect of the present 

invention including: a steel sheet; an alloy layer which is formed on a surface of the 

steel sheet and contains Fe and Si; and a plated layer which is formed on a surface of the 

alloy layer opposite to the steel sheet, in which an average composition of the plated 

layer and the alloy layer includes, in mass%, Al: 45.0 to 65.0%, Si: 0.50 to 5.00%, Mg: 

1.00 to 10.00%, and a balance of Zn, Fe, and impurities, the plated layer contains 0.1 to 
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[Patent Document 6] JEやaneseUne ×aminedPatentAPP1ication,First

Public測[ionNo.2016 ‐166414

[Disclosmeofthelnvention]

[Problems to be Solved by 山 elnvention]

[0008]

Thepresentinventionismadeinconsiderautionoftheabovecircumstances

Ano 覇 ectof 山 epresentinventionistoprovideaZn ‐A1‐Mg ‐basedplatedsteel sheet

having sunEicient w orkability and excellentcorrosionresistance.

[Means for solving 山 eProblem]

[0009]

As aresult ofintensive investigations conducted by 山 epresent inventors, the

present inventorshavefound 山 ataMg ‐Siphase(Mg2Si)formedinaplatedlayer is a

stlucture e1ぼective For improvingcorrosionresistance,anditisimpon 二ant 山 atthe ハ4g-Si

phase is intensivelypresenton 山 esurfacesideand 山 eaverageequivalent circle

diameterof 山 eハ4g-Siphaseis con立olledtobeinapredeterminedrangeinorder to

improve 山 e corrosion resistance withoutlowering 山 ew orkability.

The present invention has been made based on the above 行nding and 山 e gist

thereofisasfollows.

[0010]

(1)AZn ‐AI-Mg ‐based plated steel sheet accordingto an aspect ofl山e present

invention including:asteelsheet;analloylayerwhichisFormedonasurface ofthe

steel sheet and containsFeandsi;andaplatedlayerwhichisFormedonasurface ofthe

alloy layer oppositeto 山 esteelsheet,inwhichanaveragecompositionof 山 e plated

layer and the 副L1oylayerincludes,inmass%,AI:45. ○to65. ○%,Si: ○.5○to5.○○%, ハ4g:

1.oo to lo.00%, and ab 副LanceofZn,Fe,andimpurities, 山 eplz紙;edlayer contains o.l to
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20.0% of a Mg-Si phase in terms of volume fraction, in a case where a 1µm range from 

a surface of the plated layer in a thickness direction of the plated layer is defined as a 

surface layer area of the plated layer, an average equivalent circle diameter of the Mg-Si 

phase in the surface layer area in a direction in which the plated layer is overserved in a 

plane view is obtained is 0.1 to 15.0 dim, and in a case where a 1/2 thickness position of 

the plated layer from the surface of the plated layer to an interface between the plated 

layer and the alloy layer is defined as a thickness center of the plated layer and a Si 

content is measured over the entire thickness of the plated layer, an integrated value of 

the Si content from the surface of the plated layer to the thickness center of the plated 

layer is 0.55 times or more of an integrated value of the Si content from the surface of 

the plated layer to the interface. 

[0011] 

(2) In the Zn-Al-Mg-based plated steel sheet according to (1), the integrated 

value of the Si content from the surface of the plated layer to the thickness center of the 

plated layer may be 0.60 times or more of the integrated value of the Si content from the 

surface of the plated layer to the interface. 

[0012] 

(3) In the Zn-Al-Mg-based plated steel sheet according to (1), the average 

composition of the plated layer and the alloy layer may further include 0.01 to 1.00% in 

total of one or more of the group consisting of Cr, Ca, Sr, and Ni. 

[Effects of the Invention] 

[0013] 

According to the present invention, it is possible to provide a Zn-Al-Mg-based 

plated steel sheet having sufficient workability and excellent corrosion resistance. In 

addition, the Zn-Al-Mg-based plated steel sheet according to the present invention is 

20.0% ofaD4g ‐Si Phase in termsofvolume 丘action,inacasewhere a 1 一mrange 丘om

asurfaceof 山 eP1atedlayerina せlicknessdirectionoftheP1atedlayer is de行ned as a

surfacelayer 組reaoftheP1atedlayer,anaverageequiv 副Lentcircle dialneter of 山 eハ4g‐Si

phasein 中 esmfacelayerareainadirectioninwhichtheplatedlayeris overserved in a

P1ane viewisobtainediso.l to15. ○ rim,andinacasew herea l/2せlickness Position of

the P1ated layer 丘om 山 esurfaceof 山 eP1atedlayertoaninterfacebetween 山 e P1ated

layer and the alloy layerisde 行nedasathicknesscenterof 山 eP1atedlayer and a si

content is meast 虹edovermeentire 山 icknessoftheP1atedlayer,anintegrated value of

the si contentfrommesur 鍋 ceoftheP1atedlayertome 故 icblesscenteroflmeP1ated

layeris o.55 times ormore ofim integratedvalueofl 山esicontentfromthe surface of

the P1atedlayerto 山 einterface.

[0011]

(2)ln 山 eZn ‐AI-Mg ‐based P1ated steel sheet according to(1), 山 eintel帥ated

valueoflmesicontentfrommesmfaceoflmeP1atedlayertomemicbless center oflme

P1ated layer maybe o.60timesormoreoftheintegratedvalueof 中 esicontent from me

surface ofmeplatedlayerto 山 einterface.

[0012]

(3)ln 山 eZn ‐AI-Mg ‐based plated steel sheet accordingto(1),the average

comPosition of山 e P1zu;edlayerandthemL1oylayermay6u 【her include o・O1 to l.00% in

tot≧u ofone or more ofthegrouPconsisting 。fc ca,Sr,and ト丁i.

[EfFects ofthe lnvention]

[0013]

Accordingto me Present invention,itisPossibletoProvideaZn ‐A1‐M[g‐based

P1ated steel sheethaving sunEicient workability andexcellentcon 「osion resistance. ln

addition,theZn ‐A1‐ハ4g‐basedP1atedsteelsheetaccordingtothePresent invention is
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suitable for building materials, automobiles and home electric appliances. 

[Brief Description of the Drawings] 

[0014] 

FIG. 1 shows results obtained by measuring a Si content and a Fe content using 

GDS from the surface of a plated layer in the thickness direction of the plated layer in 

Production No. 3 (Invention Example) and Production No. 23 (Comparative Example) 

in Examples. 

FIG. 2A shows an EPMA analysis result of the surface layer area of the plated 

layer measured from the surface side of the plated layer of Production No. 3 (Invention 

Example) in Examples. 

FIG. 2B shows an EPMA analysis result of the surface layer area of the plated 

layer measure from the surface side of the plated layer of Production No. 23 

(Comparative Example) in Examples. 

FIG. 3A shows an EPMA analysis result of the cross section of the plated layer 

of Production No. 3 (Invention Example) in Examples. 

FIG. 3B shows an EPMA analysis result of the cross section of the plated layer 

of Production No. 23 (Comparative Example) in Examples. 

[Embodiments of the Invention] 

[0015] 

A steel sheet which is an original steel sheet for plating is immersed in a hot 

dip plating bath containing Al, Si, Mg, and Zn to form a plated layer including these 

elements on a steel sheet surface. The present inventors have confirmed that Mg2Si 

which is a compound of Mg and Si is formed as a Mg-Si phase in the plated layer by 

adjusting the composition of the plating bath. By allowing Mg2Si to be present in the 

plated layer, the corrosion resistance of the plated layer is improved. 
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S1uitableFor building mm;eri副 S,automobileS andhomeelecl ぱicapplianceS.

[BriefDeScription 。f山 eDrawings]

[0014]

FIG. ・ShowsresultsobtainedbymeasuringasicontentandaFecontentusing

GDS 丘omthe Surface ofaplated layer in the thickness directionofthepl を鶏;edlayer in

ProductionNo. 3 (lnventionExample mdProductionNo.23(comp; 虹ativeExample)

in Examples.

FIG. 2AShows ianEPIMAanalysis result ofl山eSurfacelayerarea 。fl山e plated

layer measured fromthest 虹魚 cesideof 山 eplatedlayerofProductionNo.3(lnvention

Exmnple)inExamples.

FIG. 2B Shows ianEPI組Aallalysisresultofl 山esmfacelayerareaofthe plated

layermeasurefrom 山 est虹faceSideofl 山eplatedlayerofProduction No.23

(Compar 砥iveExample)inExamples.

FIG. 3AShows ianEPI班Aallalysisresultofl 山ecross Sectionofl 山e plated layer

ofProductionNo.3(1nventionExalnp1e)inExamp1es.

FIG. 3B Shows ianEPI班Aallalysisresultofl 山ecross Sectionofl 山e plated layer

ofProductionNo.23(comp; 鶏rativeExamp1e)inExalnp1es.

[EmbodimentS ofthe lnvention]

[0015]

ASteeISheetwhichiS auQoriginaISteeISheetForplatingisimmersed in ahot

dip plating bmhcontainingA1,Si, ハ4g,andZntoFormaplz 紙;edlayer includingthese

elements onaSteeISheetSurface. ThepresentinventorShavecon6rmed 山 atハ4g2Si

which is acompoundof ハ4gandsiisFormedasa ハ4g‐Siphaseintheplatedlayerby

adjusting 山 ecompositionof 山 eplatingbath.ByallowingMg2Sitobepresent in山 e

plated layer,山 ecorrosionresistanceof 山 eplatedlayerisimproved.
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[0016] 

As a result of further investigations, the present inventors have found that by 

distributing a large amount of Mg2Si on a side closer to the surface of the plated layer 

(the surface opposite to the surface in contact with the alloy layer), the corrosion 

resistance of the plated layer can be further improved. However, it has been found that 

it is not preferable to simply increase the number of Mg-Si phases since the workability 

is lowered in a case where the volume fraction of the Mg-Si phase in the plated layer is 

excessively increased. 

Here, the present inventors have found that by controlling the Mg-Si phase so 

as to distribute a large amount of Mg2Si on the surface side of the plated layer and 

reducing the size (average equivalent circle diameter) of Mg2Si present at a position 

close to the surface of the plated layer to a predetermined range, the corrosion resistance 

can be further improved while sufficient workability is secured. 

Hereinafter, a Zn-Al-Mg-based plated steel sheet (hereinafter, sometimes 

referred to as a plated steel sheet according to an embodiment) according to an 

embodiment of the present invention will be described. 

[0017] 

The plated steel sheet according to the embodiment has a steel sheet, an alloy 

layer which is formed on the surface of the steel sheet and contains Fe and Si, and a 

plated layer which is formed on a surface of the alloy layer opposite to the steel sheet. 

The average composition of the plated layer and the alloy layer includes, in 

mass%, Al: 45.0 to 65.0%, Si: 0.50 to 5.00%, Mg: 1.00 to 10.00%, optionally 0.01 to 

1.00% in total of one or more of the group consisting of Cr, Ca, Sr, and Ni, and a 

balance of Zn, Fe, and impurities. 

In addition, the plated layer includes 0.1 to 20 vol% of the Mg-Si phase in 

-7 

[0016]

As aresult of6u 貫herinvestigmions, 山ーePresentinventors have Found 由ーat by

distributing a lzurgealnountof ハ4g2Sionasidecloserto 山 esuurfaceof 山 eP1zu;edlayer

(the sur魚 ceoppositetothesur 魚 ceincontactwi 山 the 副loylayer), 山 ecorrosion

resistance of 山 eplatedlayercanbe6u 【herimproved. However,ithas beenFound that

itis not prel民}rabletosilnーplyincreasethenumberof ハ4g-Siphases since 山 eworkability

is lowered in a case wherethevolume 丘actionof 山 eハ4g-Siphasein 山 eplatedlayer is

excessively increased.

Here, 山 e present inventors have Found 山 atbycon 立olling山 eハ4g-Siphase so

as to dis1ばibutealaurgeamountof ハ4g2Sionthesurfacesideoftheplatedlayerand

reducing 山 e size (averageequivalentcirclediameter)ofMg2Sipresentataposition

close to the surface ofthe plated layer to apredeterminedrange, 山 ecorrosionresistance

can be 6unher improved while sunEicient workability is secuured.

Hereinaaer,aZn-AJ-Mg ‐based platedsteelsheet(hereinaaer,sometimes

reIR}rredto as aplated steel sheet according to an embodiment)according to an

embodiment ofthe present invention willbedescribed.

[0017]

Theplmedsteelsheetaccordingtotheembodimenthas asteel sheet, an alloy

layerwhichisFormedon 山 esuurfaceof 山 esteelsheetandcontains Fe and Si, and a

plated layer which is Formedonasurfaceof 山 ealloylayeroppositeto 山 esteelsheet.

Theaveragecompositionoftheplatedlayerandthealloylayer includes, in

mass%,AI:45.oto65.0%,Si:0.50to5.00%,M[g:1.ooto lo.00%,optionally o.0l to

l.00% in total ofoneormoreof 山 egroupconsistingofCr,Ca,Sr,and Ni, and a

balanceofzn,Fe,andimp ーmities.

ln addition, 山 e plated layerincludes o.l to20VOI%ofl 山e:Mg-Siphase in
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terms of volume fraction, and the average equivalent circle diameter of the Mg-Si phase 

in the surface layer area of the plated layer is 0.1 to 15.0 gm. 

In a case where the Si content is measured over the entire thickness of the 

plated layer from the surface of the plated layer to the interface between the plated layer 

and the alloy layer in the plated layer, an integrated value of the Si content from the 

surface of the plated layer to the thickness center of the plated layer is 0.55 times or 

more of an integrated value of the Si content of the entire thickness of the plated layer. 

That is, a larger amount of Si is present in an upper layer portion of the plated layer 

which is the surface side of the plated layer from the 1/2 thickness position than in a 

lower region which is the steel sheet side from the 1/2 thickness position of the plated 

layer. 

The plated layer and the alloy layer may be formed on one surface or both 

surfaces of the steel sheet. 

[0018] 

<Steel Sheet> 

The steel sheet which becomes an original steel sheet for plating may be either 

a hot-rolled steel sheet or a cold-rolled steel sheet and is not particularly limited. The 

material thereof is not particularly limited and any of normal steel, Al killed steel, high 

alloy steel, and the like can be applied. 

By applying a hotdip plating method to the steel sheet which becomes an 

original steel sheet for plating, the plated steel sheet according to the embodiment can 

be obtained. 

[0019] 

Regarding the sheet thickness of the steel sheet, the sheet thickness is not 

particularly limited as long as the sheet thickness is in a range in which the steel sheet is 

- 8 - 

terms ofvolume fraction, and the average equivalentcircledimneterofl 山e:Mg-Si Phase

in山 e smface layerareaofl 山eplatedlayeriso.l to15.0 一m.

ln acase where 山 e si contentismeas 皿 edoverl 山eentire 山 ickness ofl山e

P1ated layer from 山 e surfaceoftheP1atedlayerto 山 einterfacebetween 山 e P1ated layer

and 山 e 副loylayerin 山 eP1atedlayer,a llintegratedv 副ueofthesicontent from 山 e

surfaceof 山 eP1atedlayerto 山 e山 icknesscenterof 山 eP1atedlayeris o.55times or

more ofan integratedvalueof 山 esicontentoftheentire 山 icknessof 山 eP1atedlayer.

That is,a larger amount ofsi is Present in an uPPer layerPonionof 山 e P1ated layer

which is山 e smface side oftheP1atedlayerfromthe l/2thickness Position 山 allin a

lowerregion which is thesteelsheetsidefromthe l/2山 icblessPositionofl 山e P1ated

layer ・

The P1ated layer and 山 ealloylayermaybeFormedononesmface or both

surfaces of 山 esteel sheet

[0018]

<SteeI Sheet>

The steel sheet which becomes an original steel sheet For PI砥ingmay be either

ahot‐rolled steel sheetoracold ‐rolledsteelsheetandisnotPa 」rticulaurlylimited. The

material 山 ereofis not PalticulをUrlylimitedandanyofnormalsteel,A1killed steel,high

alloy steel,andthelikecanbeaPP1ied.

By apP1ying ahotdiP P1ating me 山 odto 山 esteelsheetwhich becomes an

origin副 steel sheetForP1ating, 山 eP1atedsteelsheetaccordingto 山 eembodiment czm

beobtained.

[0019]

Regarding 山 e sheetthickness of山 esteelsheet, 山 esheetthickness is not

Paulicularlylimitedaslongasl 山esheetl 山ickness isinaramgeinwhich 山 esteel sheet is
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allowed to pass through continuous hot dip plating equipment, but from the viewpoint 

of stable production, a large sheet thickness is preferable. In a case where the sheet 

thickness is large, the amount of heat held by the steel sheet during plating formation is 

large and the temperature decrease behavior of the steel sheet becomes slow. 

Therefore, it is advantageous to cool the molten metal of the plating bath adhering to the 

steel sheet so that solidification proceeds in one direction from the surface side to the 

steel sheet side. 

[0020] 

<Plated Layer> 

(Average Composition of Plated Layer and Alloy Layer) 

In a case where the steel sheet is immersed in the plating bath, the plated layer 

is formed on the steel sheet and a part of the plated layer is alloyed to form an alloy 

layer between the plated layer and the steel sheet. 

The average composition of the plated layer and the alloy layer formed on the 

steel sheet includes Al: 45.0 to 65.0%, Si: 0.50 to 5.00%, Mg: 1.00 to 10.00%, and a 

balance of Zn, Fe, and impurities. If required, the average composition may further 

contain 0.01 to 1.0% in total of Cr, Ca, Sr, and Ni. The unit of the average 

composition is mass%. In the following description, the unit is simply expressed as %. 

The average composition of the plated layer and the alloy layer can be 

measured by dissolving the plated layer and the alloy layer from the plated steel sheet 

according to the embodiment in which the plated layer and the alloy layer are formed 

using hydrochloric acid or the like, and analyzing the composition of the separated 

plated layer and alloy layer by ICP analysis. Specifically, the plating composition can 

be obtained using the mass of the plated layer and the alloy layer dissolved in 

hydrochloric acid as a denominator, and using the mass of the element quantitatively 

_9 

allowed to pass 山 rough continuous hot dip platingequipment,butfrom 山 eviewpoint

ofstable production, a largesheetthickness ispreferable. lnacasewhere 山 e sheet

thickness islarge, 山 eamountofheatheldby 山 esteelsheetduringplatingFormation is

large and 山 e temperatmedecreasebehaviorofl 山e steelsheetbecomes slow.

ThereFore, itis advzmtageoustocooll 山emoltenmet 副 ofl山eplatingbath adheringto 山 e

steel sheetsothatsolidi 行cationproceeds inonedirectionfromthesurface side to the

steelsheetside.

[0020]

<P1ated Layer>

(Average Composition ofP1ated Layer andAI1oy Layer)

ln a case where 山 e steel sheet is immersedinthep 夏江ingballl,the plated layer

is Formedon 山 esteelsheetandapa 」[tof 山 eplatedlayerisalloyedtoForm an alloy

layer between the platedlayerand 山 esteelsheet.

The average composition of山 eplatedlayerand 山 ealloylayer Formedonthe

steelsheetincludesAI:45.oto65.0%,Si: ○.50to5.00%, ハ4g:1.ooto lo.00%, and a

balanceofZn,Fe,andimpl 虹ities. lfrequired, 山 eaveragecomposition may 6uldler

containo.0l to l.0%intotalofCr,Ca,Sr,a lldNi. Theunitofl 山eaverage

composition is mass%. ln山 eFollowingdescription, 山 eunitis simplyexpressedas %

The average composition ofl山eplatedlayer 嶺ld山 ealloy layer can be

meast 虹ed by dissolvingtheplatedlayerandthe 副loylayerfromtheplatedsteel sheet

according to山 e embodiment in whichtheplatedlayerandthe 副loylayera re Formed

using hydrochloricacidorl 山elike,a lldanalyzing 山 ecompositionofthe sepi虹ated

plated layer and alloy layer by ICP analysis. Speci 行cally,山 eplatingcomposition can

be obtained usingthemassofl 山eplatedlayer 嶺ldthealloylayer dissolved in

hydrochloric acidas adenominator,andusing 山 emassof 山 eelement quantitatively

‐ 9 ‐



determined by ICP as a numerator. 

Hereinafter, the reason for limitation of each component will be described. 

[0021] 

(Al: 45.0 to 65.0%) 

In a case where the Al content is less than 45.0%, the corrosion resistance of 

the flat portion of the plated layer is not sufficient. Therefore, the Al content is set to 

45.0% or more. Preferably, the Al content is 50.0% or more. 

On the other hand, in a case where the Al content is more than 65.0%, the 

corrosion resistance of the cut end surface of the plated layer is lowered. In addition, 

in a case where the Al content is more than 65.0%, it is required that the temperature of 

the plating bath is maintained at a high temperature and thus there is a problem that the 

production cost increases. Accordingly, the Al content is set to 65.0% or less. A 

more preferable range is 60.0% or less. 

In addition, regarding the corrosion resistance, in a case where the effect of 

improving the barrier properties of the plated layer by Al is the main factor rather than 

the effect of sacrificial protection by Zn, it is preferable that the Al content is set to be 

higher than the Zn content. 

[0022] 

(Si: 0.50 to 5.00%) 

Si is an element that forms a compound with Mg to contribute the corrosion 

resistance. In addition, when the plated layer is formed on the steel sheet, Si is an 

element having effects of suppressing formation of an excessively thick alloy layer to be 

formed between the steel sheet surface and the plated layer and improving adhesion 

between the steel sheet and the plated layer. 

In a case where the Si content is less than 0.50%, these effects cannot be 
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determinedbyICPasanumerator

Hereina 負er,the reason For limitationofeachcor][IPonentwillbedescribed.

[0021]

(AI:45.oto65.0%)

ln a case where 山 eA1 contentisless 山 an45.0%, 山 ecorrosion resistamce of

the nat ponionof 山 eplatedlayerisnotsufficient. ThereFore,theA1 content is setto

45.0% or more. Pre 化 rabl ヌ 山 eA1contentis50.0%ormore.

on 山 e otherhand,inacasewheretheA1contentis more 山 an 65.0%, 山 e

corros・onresistamceofl 山ecutendsurfaceofl 山eP1atedlayeris lowered. lnaddition,

in a case where 山 eA1 content ismore 山 an65.0%,itisrequiredthat 山 etemperature of

the plating bath is maintained at ahigh temperatureand 山 us 山 ereisaproblemthat 山 e

production costincreases. Accordingly,theA1contentis setto65.0% or less. A

more preferablerangeis 60.0%orless.

ln addition, regafdingthe corrosionresistance,inacasewhere the efFect of

improvingthe barrierpropenies ofthe platedlayerbyA1is 山 emain factorra 値 er山 an

thee ぼectofsacri 行cialprotectionbyZn,itispre 免rablethat 山 eAl content is setto be

higherthz 紅lthezncontent.

[0022]

(Si:0.50to 5.00%)

Si is im element l山at Forms acompoundwi 山 M[gtocontribute 山 ecorrosion

resistance. ln addition,whentheplatedlayeris Formedon 山 esteel sheet, Si is an

element having e]日当ects of suppressingFormationofanexcessively せlickalloy layerto be

Formedbetween 山 esteelsheetsurfaceandtheplatedlayerand improving adhesion

betweenthesteelsheetand 山ーepl 砥edlayer.

ln a case where 山 e sicontentis less山 ano.50%,theseefFectscannot be

lo -



sufficiently obtained. Therefore, the Si content is set to 0.50% or more. Preferably, 

the Si content is 1.00% or more. 

On the other hand, in a case where the Si content is more than 5.00%, an 

excessive amount of Si in the plated layer is precipitated, the corrosion resistance is 

lowered, and the workability of the plated layer is also lowered. Accordingly, the Si 

content is set to 5.00% or less. From the viewpoint of workability, the Si content is 

preferably set to 3.00% or less. A more preferable range of the Si content is 2.00% or 

less. 

[0023] 

(Mg: 1.00 to 10.00%) 

Mg is an element having an effect of improving the corrosion resistance of the 

plated layer. In a case where the Mg content is less than 1.00%, Mg2Si is not suitably 

formed and thus the corrosion resistance is not significantly improved. Therefore, the 

Mg content is set to 1.00% or more. Preferably, the Mg content is 1.50% or more. 

On the other hand, in a case where the Mg content is more than 10.00%, the 

effect of improving the corrosion resistance is saturated and the workability of the 

plated layer is lowered. In addition, there arises a production problem such as an 

increase in the amount of dross generated in the plating bath. Therefore, the Mg 

content is set to 10.00% or less. From the viewpoint of productivity, it is more 

preferable that the Mg content is set to 3.50% or less. More preferably, the Mg content 

is 3.00% or less. 

[0024] 

Basically, the plated layer and the alloy layer of the plated steel sheet according 

to the embodiment contains the above elements and the balance includes Zn, Fe, and 

impurities. However, in order to further improve the corrosion resistance of the plated 

sufficiently obtained. ThereFore, 山 esicontentis settoo.50%olmole. Pre免rably,

the Si content is l.00%ormore.

on 山 e otherhand,inacasewherethesicontentis more 山 an5.00%, an

excessive amount ofSi in the plated layer is precipitated, 山 ecorrosion resistance is

lowered, and the workability oftheplatedlayerisalsolowered.Accordingly, 山 e si

content is set to5.00%orless. From 山 eviewpointofworkability, 山 esicontent is

pre定rablysetto3.00%orless. Amorepre 定rableraulgeofl 山esicontent is 2.00%or

less.

[0023]

(Mg:1.oo to lo.00%)

N[g is i知Lelementhaving anLel節ectofimproving 山 ecorrosion resistance ofthe

platedlayer. lnacasewhere 山 e:Mgcontentislessthan l.00%,M[g2Siisnotsuitably

Formed alld山 us l山e corrosion resistanceis notsigni6cm ・tlyimproved.ThereFore, 山 e

M[g contentis setto l.00%ormore. Pre 定 rably,the:Mgcontentis l.50%ormore.

on 山 e otherhand, inacasewherethe:Mgcontentismore 中 anL10.00%, 山 e

e1"「ect ofimproving 山 ecorroslonresistanceis s砥uuratedandtheworkability of山 e

plated layerislowered. lnaddition, 山 ere流rises aproductionproblem such as an

lncrease in山 eamountofdkossgeneratedin 山 ep 夏江ingballl. ThereFore,the ハ4g

content is set to lo.00%orless. From 山 eviewpointofproductivit: 男 itis more

preIR}rablethat 山 eハ4gcontentis setto3.50%orless. Adorepreferably,the ハ4gcontent

is 3.00%orless.

[0024]

Basic 副ly,山 e plated layerand 山 ealloylayerofthepl を紅;edsteelsheet according

to 山 e embodimentcontains 山 eaboveelements andthebalanceincludes Zn, Fe, and

lmpurities. However,inorderto6u ばtherimprovethecorrosionresistanceofthe plated
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layer, if required, alkaline earth metals such as Sr and Ca and Cr or Ni may be contained 

therein. Since these elements are not necessarily required to be included and the lower 

limit is 0%. 

Further, the impurities mean elements which are unavoidably incorporated into 

steel during a process of plating of Pb, Sb, Sn, Cd, Mn, Cu, Ti, and the like. As long 

as the total amount of these impurities is 1.0% or less, these impurities may be included 

since these impurities do not adversely affect properties. 

[0025] 

(Total of Cr, Ca, Sr, and Ni: 0 to 1.00%) 

These elements are not necessarily required to be contained and the lower limit 

is 0%. In a case where the total content of Cr, Ca, Sr, and Ni is less than 0.01%, a 

sufficient effect of improving the corrosion resistance is exhibited. Therefore, in a 

case where the effect of improving the corrosion resistance is obtained, it is preferable 

that one or two or more of these elements are contained in a total of 0.01% or more. 

More preferably, the total amount of these elements is 0.05% or more. 

On the other hand, in a case where the total amount of Cr, Ca, Sr, and Ni is 

more than 1.00%, the effect of improving the corrosion resistance may be saturated and 

the amount of dross generated in the plating bath may also exceed the allowable range. 

Therefore, even in a case where Sr, Ca, Cr and/or Ni is contained, the total 

amount is preferably set to 1.00% or less. A more preferable upper limit is 0.20% and 

a still more preferable upper limit is 0.10%. 

[0026] 

(Volume Fraction of Mg-Si Phase in plated Layer) 

By setting the volume fraction of the Mg-Si phase in the plated layer to 0.1% 

or more, the corrosion resistance of the plated layer can be improved. Therefore, the 
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layer, ifrequired, 副kalineea 広thmetals suchasSrandCaandCroINimaybecontained

therein. Since 山 eseelements arenotnecessarilyrequiredtobeincluded and 山 elower

limitis o%.

Furdler, 山 eimpurities meanelementswhichareunavoidablyincorporated into

steel during aprocessofplatingofpb,Sb,Sn,Cd,M[n,Cu,Ti,andthe like. As long

as the tot副 amountoftheseimpuritiesis l.0%orless, 山 eseimpl 虹itiesmay be included

since 山 eseimpl 虹itiesdonotadverselya ぼectpropenies.

[0025]

(Total of C r,Ca,Sr,andNi:otol.00%)

Theseelementsarenotnecessarilyrequiredtobecontainedandthe lower limit

is o%. ln a casewherethetot 副 contentofCr,Ca,Sr,and Niisless than o.01%, a

sufficient efFect ofimprovingthe corrosionresistanceise ×hibited.ThereFore, in a

casewherethee 爺ectofimprovingthecorrosionresistanceisobtained,itis pre免rable

that one ortwoormoreof 山 eseelements arecontainedinatot 副 ofo.01% ormore.

M[ore pre定rably,山 etotalau]nountofl 山eseelementsis o.05%ormore.

on 山 e otherhand, in a casewherethetot 副 amountofCr,Ca,Sr,and Ni is

more 山 an l.00%, the e爺ect ofimproving 山 ecorrosionresistancemay be saturated and

the amount of 山 oss generated intheplatingbalhmayalsoexceed 山 e 副lowableraulge.

ThereFore, even in a casewhereSr,Ca,Crand/or トTiiscontained, 山 etotal

amountispre 免rablysetto l.00%orless. Amorepre 免rableupperlimit is o.20% and

a stillmorepre 免rableupperlimitiso.10%.

[0026]

(uolume Fraction ofMg-SiPhaseinplated 以 lyer)

By setting山 e volume fractionofl 山e:Mg-Siphasein 山 eplatedlayertoo.1%

or more, the corrosionresistanceof 山 eplatedlayercanbeimproved.ThereFore, 山 e
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volume fraction of the Mg-Si phase is set to 0.1% or more. The volume fraction is 

preferably 1.0% or more, more preferably 2.0% or more, still more preferably 5.0% or 

more, and still even more preferably 10.0% or more. 

On the other hand, in a case where the volume fraction of the Mg-Si phase is 

more than 20.0%, the workability is lowered. Therefore, the volume fraction of the 

Mg-Si phase is set to 20.0% or less. The volume fraction is preferably 18.0% or less, 

more preferably 15.0% or less, still more preferably 10.0% or less, and still even more 

preferably 5.0% or less. 

[0027] 

The volume fraction of each phase constituting the plated layer is equal to the 

area fraction of each phase exposed at the cross section of the plated layer. Thus, by 

mapping the element distribution using SEM-EDS, and obtaining the area fraction of 

each phase of the cross section of the plated layer (cross section area fraction), the 

volume fraction can be specified. 

[0028] 

(Average Equivalent Circle Diameter of Mg-Si Phase in Surface Layer Area) 

In a case where a 1 gm range from the surface of the plated layer in the 

thickness direction of the plated layer is defined as the surface layer area of the plated 

layer, the average equivalent circle diameter of the Mg-Si phase of the surface layer area 

in a direction, in which the plated layer is observed in the plane view, is 0.1 to 15.0 gm. 

In a case where the average equivalent circle diameter is less than 0.1 gm, the 

corrosion resistance of the plated layer is lowered. Therefore, the average equivalent 

circle diameter of the Mg-Si phase of the surface layer area of the plated layer is set to 

0.1 gm or more. On the other hand, in a case where the average equivalent circle 

diameter of the Mg-Si phase is more than 15.0 gm, the plated layer itself is brittle and 
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volume fraction ofthe:Mg-SiPhaseis settoo.1%ormore. Thevolume fraction is

Pre免rably l.0%ormore,molePre 免rably2.0%ormole,stillmorePre 免rably5.0% ○【

more, and stilleven more Pre 免 rablylo.0%ormole.

on 山 e otherhand, in acasewhere 山 evolumefractionofthe:Mg-Siphase is

more 中 an 20.0%, the workability islowered. ThereFore, 山 evolume fraction of 山 e

NIg-SiPhaseis setto20.0%orless. ThevolumefractionisPrel たrably18.0%orless,

more Preferably 15.0%orless,stillmorePre 免rably lo.0%orless,andstill even more

Pre免rably5.0%orless.

[0027]

The volume 丘action ofeachPhasecons 誼tutingtheP1zu;edlayerisequalto 山 e

m ea 丘action ofeachPhasee ×Posedatthecross sectionof 山 eP1atedlayer.Thus, by

maPPing 山 e element disbFibutionusingSE ハ4-EDS,andobtainingthemrea 丘action of

ea(中 Phase oflme cross section ofthe P1atedlayer(crosssectiona reafraction), 山 e

volume 丘actioncanbesPecil 丘ed.

[0028]

(Average Equivalent Circle Diameter ofMg ‐SiPhaseinsur 鍋 ceLayerArea)

ln a case where a 1一mrange 丘om 街 esurfaceof 山 eP1atedlayer in山 e

thickness direction ofthe P1ated layerisde 行nedas 山 esur 鍋celayerareaofmeP1ated

layer,山 e average equivalent circlediameterofl 山e:Mg-SiPhaseofl 山esmface layer area

in a direction, in which 山 e P1atedlayerisobservedintheP1aneview,is o.l to15.0 一m.

ln a case where 山 e average equivalent circle diameterisless 値 an o.l wm, 故 e

corroslon resistau・ceofl 山 eP1atedlayeris lowered. ThereFore,the average equiv 副 ent

circle diameterofthe ハ4g-SiPhaseofthesurfacelayer 嶺 eaof 山 eP1zu;edlayeris set to

o.1 一mormore. 0n 山 eo 値 erhand,inacasewheretheaverageequivalent circle

diameter of山 eハ4g-SiPhaseis morethan15. ○ -m,theP1atedlayeritselfisbrittle and
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 the workability is lowered.  Therefore, the average equivalent circle diameter of the 

Mg-Si phase in the surface layer area is set to 15.0 μm or less. 

 [0029] 

 The average equivalent circle diameter according to the embodiment can be 

measured using the following method. 

 In a visual field of 500 × 500 μm or greater from the surface side of the plated 

layer (from the direction in which the plane view of the surface of the plated layer is 

obtained), the distribution of Si of the surface layer area of the plated layer (a range at a 

position at a depth of about 1 μm from the surface of the plated layer) is measured using 

EPMA.  In the plated layer of the plated steel sheet according to the embodiment, as 

described later, Si is present substantially as the Mg-Si phase.  Thus, the area of the 

phase including the measured Si is calculated, and the diameter of a circle having an 

area equivalent to the area thereof is equivalent to the circle diameter of the Mg-Si 

phase.  The average equivalent circle diameter is obtained by averaging the equivalent 

circle diameter of the Mg-Si phase measured in the visual field. 

 FIGS. 2A and 2B show examples of the Si distribution measured using the 

method described above. 

 [0030] 

 (Distribution State of Mg-Si Phase in Plated Layer) 

 In the plated layer of the plated steel sheet according to the embodiment, the 

Mg-Si phase is distributed such that a larger number of Mg-Si phases are present on the 

surface side of the plated layer than on the steel sheet side when the center of the plated 

layer in the thickness direction is set as the reference.  Thus, excellent corrosion 

resistance can be obtained without deteriorating the workability. 

 Here, as can be seen from the EPMA analysis result of the cross section of the  



plated layer shown in FIG. 3A, in the plated layer of the plated steel sheet according to 

the embodiment, Si is present at the same position as Mg. That is, Si is considered to 

be present as the Mg-Si phase (Mg2Si). 

Therefore, in a case where in the plated layer of the plated steel sheet according 

to the embodiment, a 1/2 thickness position of the plated layer from the surface of the 

plated layer in the thickness direction of the plated layer (hereinafter, sometimes 

referred to as the thickness center of the plated layer) is used as a reference, as long as 

Si is distributed such that a large amount of Si is present on the surface side from the 

thickness center of the plated layer compared to the steel sheet side from the thickness 

center of the plated layer, it can be determined that a large number of Mg-Si phases are 

present on the surface side of the plated layer than on the steel sheet of the plated layer 

when the center of the plated layer in the thickness direction is set as the reference. 

Hereinafter, based on the thickness center of the plated layer, the steel sheet 

side from the thickness center of the plated layer is sometimes referred to as a lower 

portion of the plated layer, and the surface side from the thickness center of the plated 

layer is sometimes referred to as an upper layer portion of the plated layer. 

[0031] 

In the plated steel sheet according to the embodiment, it can be determined that 

"a larger number of Mg-Si phases are present in the upper layer portion of the plated 

layer than in the lower layer portion of the plated layer" in the following case. 

[0032] 

Specifically, using a glow discharge optical emission spectroscopic analyzer 

(GDS), the Si content is continuously measured by setting the measurement diameter to 

4 mm and performing element analysis while digging a sample by sputtering to the 

interface between the plated layer and the alloy layer from the surface of the plated 
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plated layer show ninFIG.3A,intheplatedlayeroftheplatedsteelsheet according to

theembodiment,Siispresentatthesa 】mepositionas ハ4g. Thatis,Siisconsidered to

bepresentas 山 eMg ‐Siphase(Mg2Si).

ThereFore,inacasew herein 山 eplz紙;edlayeroftheplatedsteelsheet according

to山 e embodiment,a l/2せlicknesspositionof 山 eplatedlayer 丘om 山 e suurfaceof山 e

plated layer in山 e山 icknessdirectionoftheplatedlayer(hereinaaer,sometimes

re化rred to as the thickness center ofthe platedlayer)isusedasare たrence, as long as

Si is distributedsuchthatala ばgeamount 。fSiispresentonthesurface side 丘omthe

thickness centerofthepl をu:edlayercompm edtothesteelsheetside 丘om 山 eせlickness

center of山 e plated layer, itcan bedeterminedthatalaurgenumberof ハ4g-Siphases m e

present on the surfacesideof 山 eplatedlayer 山 anonthesteelsheet ofthe plをu;ed layer

w hen 山 e center ofthepl を紙;edlayerinthethicknessdirectionis setas 山 ereIR}rence.

Hereinaaer, based on the thickness centerofthep 夏江edlayer,the steel sheet

side fromthe thickness center ofthe plated layeris sometimesre 免rred t。as a lower

ponion ofl山eplatedlayer,a lld山 esurfacesidefrom 山 e山 icknesscenterofthe plated

layer is sometimesreferredt 。asanupperlayerponionof 山 eplatedlayer.

[0031]

ln the plated steel sheet accordingto 山 eembodiment,itcanbedetermined 山 at

“a larger number of]M[g-Si phases are presentintheupperlayerponionofl 山e plated

layer 山 an in山 e lower layerponionof 山 eplatedlayer'in 山 eFollowingcase.

[0032]

Specil丘caJL1y,using a glowdischa 工geopticaJemissionspectr 。scopicanalyzer

(GDS), 山 esi contentis continuouslymeasuredbysetting 山 emeasurementdiameterto

4mmal ーdperFormingelementanalysiswhilediggingasamplebysputtering t。the

interface between the plated layerandthe 副loylayerfrom 山 esurfaceof 山 e plated
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layer in the thickness direction. Regarding the obtained measured value, the Si content 

from the surface of the plated layer to the thickness center of the plated layer is 

integrated and the integrated value (Si content integrated value on the surface side) is 

calculated. In addition, the Si content is integrated over the entire thickness of the 

plated layer (from the plated layer surface to the interface between the plated layer and 

the alloy layer) and the integrated value (Si content integrated value over the entire 

thickness) is calculated. 

In a case where the Si content integrated value on the surface side is 0.55 times 

or more of the Si content integrated value on the surface side, that is, (Si content 

integrated value on the surface side)/(Si content integrated value over the entire 

thickness) > 0.55, apparently, it is determined that a larger amount of Si is present on the 

upper layer portion of the plated layer than on the lower layer portion of the plated 

layer. 

From the viewpoint of corrosion resistance, it is preferable that (Si content 

integrated value on the surface side)/(Si content integrated value over the entire 

thickness) > 0.60. 

[0033] 

FIG. 1 is a view of a graph of results of performing measurement of the Si 

content of a plated steel sheet according to the embodiment (Production No. 3 in 

Examples described later) and a comparative plated steel sheet (Production No. 23 in 

Examples described later) in the thickness direction using GDS. 

In FIG. 1, the left side of the graph represents the surface of the plated layer 

and the horizontal axis represents a distance from the surface of the plated layer. In 

addition, the vertical axis represents the detection intensity of Si or Fe. 

In the embodiment, a position where the detection intensity of Fe is 50% of the 
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layer in the thickness direction. Regmding 山ーeobtainedmeasuu 「edvalue,theSicontent

丘omーthe surfaceof 山 eP1atedlayerto 山 eせlicknesscenteroftheP1atedlayer is

integrated 嶺ld山 e integratedv 副ue(Sicontentintegratedvalueon 山 esur 魚 ce side) is

calculを辻ed. lnaddition, 山 eSicontentisintegri 紙;edover 山 eentire thickness of山 e

platedlayer( 丘om 山 eplatedlayers 皿鍋ceto 山 einter魚 cebetween 山 eplatedlayer and

the alloy layer)and 山 eintegratedvalue(Sicontentintegratedvalueoverthe entire

thickness)iscalculated.

ln a case where 山 e Si contentintegri 紙;edvalueon 山 esuurface side is o.55 times

or more of 山 e si contentintegratedvalueonthesur 鍋ceside,thatis,(Sicontent

integrated value on 山 esur 魚 ceside)/(Sicontentintegratedv 副ueover 山 eentire

thickness) ≧ 0.55,apparently,itisdetermined 山 atalargeramountofsiispresent on the

upper layerpod[ionof 山 eplatedlayer 山 anon 山 elowerlayerpod[ionof 山 e plated

layer ・

From 山 e viewpoint ofcorrosion resistance,itispre 免rable 山 at(Sicontent

integrated value on 山 esur 魚 ceside)/(Sicontentintegratedv 副ueover 山 eentire

thickness) ≧ 0.60.

[0033]

FIG.l isaviewofagraphofresults ofperForming measurement of山 e si

content ofaplated steelsheetaccordingto 山 eembodiment(Production No. 3 in

Exaunples describedlater mdacomp; 虹ativeplatedsteelsheet(Production No. 23 in

E×aunples describedlater)in 山 e山 icknessdirectionusingGDS.

ln FIG.1,theleasideofthegraphrepresentsthesurfaceofthe plated layer

and 山 e horizontal axis represents a distance fromtheslurfaceofl 山eplatedlayer. ln

addition, the venical axisrepresents 山 edetectionintensityofsiorFe.

ln the embodiment, aposition where 山 edetectionintensityofFeis 50%ofthe
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maximum detection intensity is determined as the interface between the steel sheet and 

the alloy layer, and a position where the detection intensity of Fe is 25% of the 

maximum detection intensity is determined as the interface between the alloy layer and 

the plated layer. Then, the position of half the distance from the surface of the plated 

layer to the interface between the plated layer and the alloy layer is defined as the 

thickness center of the plated layer. 

That is, taking Production No. 3 in FIG. 1 as an example, a position in the 

thickness direction where the detection intensity of Fe is 50% of the maximum detection 

intensity (A position) is determined as the interface between the steel sheet and the alloy 

layer, and a position in the thickness direction where the detection intensity of Fe is 

25% of the maximum detection intensity (B position) is determined as the interface 

between the plated layer and the alloy layer. Then, the position (C position) of half the 

distance from the surface of the plated layer to the B position is set to the thickness 

center of the plated layer. 

[0034] 

From FIG. 1, it is found that in the plated layer of the plated steel sheet 

according to the embodiment, a large amount of Si is present on the surface side. On 

the other hand, in a steel corresponding to a conventional steel, a large amount of Si is 

present on the steel sheet side. 

[0035] 

(Composition of Plated Layer) 

The plated layer includes at least a Mg-Si phase and a phase containing Al and 

Zn as a composition. 

The phase containing Al and Zn is mainly constituted of a dendritic a-Al phase 

and a ZnAIMg eutectic phase. In the phase containing Al and Zn, according to the 
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maxlmum detection intensity is determined as 山 einterfacebetween 山 esteel sheet and

the alloylayer,andapositionwhere 山 edetection intensity ofFe is 25% of山 e

maximum detectionintensityis determinedas 山 einterfacebetween 山 e 副loylayer and

the plated layer. Then, thepositionofhalfthedista ばlcefrom 山 esurfaceofl 山e plated

layerto the interface between the plated layerand 山 ealloylayer is de行ned as山 e

thickness center oftheplatedlayer.

That is,taking ProductionNo.3 inFIG.l asanexalnP1e,aPosition in山 e

thickness directionwhere 山 edetectionintensityofFeis50%ofthema1 【imumdetection

intensity(Aposition)isdeterminedas 山 einter魚 cebetween 山 esteelsheetand the alloy

layer, and apositionin 山 e山 icknessdirectionwhere 山 edetection intensity ofFe is

25% ofl山e maximumdetectionintensity(Bposition)isdeterminedastheinter 魚 ce

between the plated layerimd 山 ealloylayer. Then,theposition position)ofh 副f山 e

distaulcefrom 山 esmfaceoftheplatedlayerto 山 eBposition is setto 山 e山 icbless

centerof 山 eplatedlayer.

[0034]

FromFIG. 1, itis Foundthatin 山 eplatedlayerof 山 eplatedsteel sheet

according to 山 e embodiment,alaurgeamountofSiisPresenton 山 esuurface side. 0n

the o山 erhand, in a steel corresPondingtoaconventionalsteel,al をurgea lnount ofSi is

present on the steelsheetside.

[0035]

(composition ofP1 紙edLayer)

The plmed layer includes at least aハ4g‐Siphaseandaphase containingA1 and

Znas acom ーposition.

The phase containingA1 and Zn is mainly constituted ofa dendritic α‐A1 phase

and aZnAD 虹g eutectic phase. lnthephasecontainingA1andZn,according to the
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average composition of the plated layer, a MgZn2  phase, a Si phase and/or a FeAI phase 

may be contained. 

[0036] 

The Mg-Si phase is a phase constituted of Mg2Si which is an intermetallic 

compound of Si and Mg. The Mg-Si phase is precipitated between arms of the u-Al 

phase. 

In the plated steel sheet according to the embodiment, in a case where the steel 

sheet is pulled up from the plating bath and then the molten metal is solidified under 

predetermined conditions, the temperature of the molten metal is preferentially lowered 

from the surface side of the molten metal, and in this case, the Mg-Si phase is 

precipitated as a primary phase. After the Mg-Si phase is precipitated, the remaining 

molten metal is solidified to form a phase containing Al and Zn. Particularly, in a case 

where the phase containing Al and Zn is formed, the Mg-Si phase previously formed on 

the surface layer side of the molten metal is sandwiched between the arms of the u-Al 

phase. 

[0037] 

A part of the Mg-Si phase formed on the surface layer side of the plated layer 

may be exposed at the surface of the plated layer. The exposed Mg-Si phase is 

observed in an island shape. 

In a case where a part of the Mg-Si phase (for example, 1.0% or more) is 

exposed at the surface of the plated layer, spangles are prevented from being formed on 

the surface. Therefore, the external appearance of the plated steel sheet according to 

the embodiment greatly differs from Galvalume Steel Sheet (registered trademark) or 

the like in which spangles are actively formed on the surface. 

[0038] 
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average comーPositionof 山ーeP1atedlayer,a ハ4gZn2Phase,aSiPhase and/or aFeAIPhase

maybecontained.

[0036]

The ハ4g-Si phase is aphase constituted ofハ4g2Siwhichisanintermet 副1ic

compoundofSial ーdM[g. The:Mg-Siphaseisprecipitatedbetweena rms ofthe α-A1

phase ・

ln the plated steel sheet according to the embodiment,inacasewhere 山 e steel

sheet ispulledupfrom 山 eplatingbathalld 山 en 山 emoltenmetalissolidi 行ed under

predeterminedconditions,thetemperatmeofl 山emoltenmetalispre 免 rentiallylowered

fromthe surfacesideofl 山emoltenmetal,a lldinthiscase, 山 e:Mg-Siphase is

precipitated as aprimary phase. A 負erl山e:Mg-Siphaseisprecipitated, 山 eremaining

molten metal is solidi6edto Form aphase containingA1andZn. Pmticularly, in a case

where 山 e phase containingA1andZnisFormed,the:Mg-Siphasepreviously Fornled on

thesurfacelayersideofl 山emoltenmetalis saはldwichedbetween 山 earmsofl 山eα‐A1

phase ・

[0037]

APE 旧 ofl山e:Mg-Si phase Formed on the surface layer side ofl山e plated layer

maybeexposedatl 山esurfaceofl 山eplatedlayer. TheexposedN[g-Siphase is

observed in an islandshape.

ln a case where apam ofl山eMg-Siphase(for example, 1.0% ormore) is

exposedatthesurfaceof 山 eplatedlayer,spangles m eprevented 丘ombeing Formed on

thesurface. ThereFore, 山 eextern 副 appez虹anceoftheplatedsteelsheet according to

theembodimentgre 砥lydi爺ersfromG ‐副valumeSteeISheet(registeredtrademmrk)or

thelikeinwhich spanglesmreactivelyFormedon 山 esurface.

[0038]
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(Adhesion Amount of Plated Layer) 

The adhesion amount of the plated layer is not particularly limited. However, 

in a case where the adhesion amount is excessively small, the effect of improving the 

corrosion resistance in the plated layer is small. On the other hand, in a case where the 

adhesion amount is excessively large, the bending workability of the plated layer is 

lowered and problems such as cracking easily arise. Therefore, the adhesion amount is 

preferably 40 to 250 g/m2. 

[0039] 

<Alloy Layer> 

In a case where the steel sheet is subjected to hot dip plating, an alloy layer 

(interface alloy layer) is formed between the steel sheet and the plated layer. The alloy 

layer contains Fe and Si or Fe, Si, and Al. The thickness is 10 gm or less, preferably 5 

gm or less, and more preferably 3 gm or less. 

[0040] 

<Mg Oxide Film> 

On the surface layer of the plated layer, a Mg oxide film having a thickness of 

5 nm or more and 100 nm or less may be further formed. By providing the Mg oxide 

film having a thickness of 5 nm or more, the corrosion resistance can be further 

improved. On the other hand, even in a case where the Mg oxide film is formed, when 

the thickness is more than 100 nm, the workability is significantly lowered and thus the 

upper limit of the thickness is set to 100 nm. 

[0041] 

As long as the plated steel sheet according to the embodiment has the above 

constitution, regardless of the production method, the effects can be obtained. 

However, for example, according to the following production method, the plated layer 
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(A証lesionAmount ofP1ated Layer)

The adhesion amount ofl山e plated layer is notpaulicularlylimited. However,

in a case where 山 e a(辻lesion amount is excessivelysmall,thee 爺ectofimproving 山 e

corroslon resistamcein 山 eplatedlayeris small. on 山 eol山erhand,inacasewhere 山 e

adhesion amount is excessivelylarge, 山 ebendingworkabilityof 山 eplatedlayer is

lowered alーd problems such as crackingeasilyarise. ThereFore,theadhesionamount is

pre免rably40to250g/m2.

[0039]

くAI1oy Layer>

ln acase where 山 e steel sheetissu 覇 ectedtohotdipplming,analloylayer

(interfacealloylayer)is formedbetweenthesteelsheetandtheplatedlayer.The alloy

layer contains Fe andSiorFe,Si,andAI. Thethickness is lo-morless,pre 免rably 5

一morless,andmorepre 免 rably3 一morless.

[0(MO]

dMg oxide Film>

on 山 e smface layer ofl山eplatedlayer,a:Mgoxide 行lmhavingathickness of

5 nm or more and loo nm orlessmaybe6u ばtherFormed. Byproviding 山 e :Mg oxide

行lmhavinga 山 ickness of5nmormore, 山 ecorrosionresistamce czm be 6u貫her

improved. on 山 eotherhand,eveninacasewhere 山 e:Mgoxide61misFormed, when

the thickness ismore 山 an loonm, 山 eworkabilityis signi行cantlylowered alld山 us the

upperlimitof 中 emicknessis setto loonm.

[o(し11]

As long as the pla直edsteelsheetaccordingtotheembodimenthas the above

constitution, regardlessof 山 eproductionme 山 od, 山 ee 爺ectscanbeobtained.

However, For exmnple, accordingto 山 eFollowingproductionmelhod, 山 e plated layer
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according to the embodiment can be obtained. 

[0042] 

First, it is preferable that the steel sheet is pulled up from the plating bath is 

rapidly cooled to a temperature range in which the Mg-Si phase (Mg2Si) is precipitated. 

Since the driving force for precipitation is increased by rapid cooling, the Mg-Si phase 

can be finely precipitated as a primary phase. In a case of slow cooling, there is a 

concern that the Mg-Si phase is not refined. 

[0043] 

After rapid cooling, the steel sheet to which the molten metal is adhered by 

immersion in the plating bath is retained in a temperature range in which the Mg-Si 

phase is precipitated and other phases are not precipitated. Although this temperature 

range varies depending on the components of the plated layer, in the case of the plated 

steel sheet according to the embodiment, for example, the temperature range is 400°C to 

450°C. 

In a case of rapid cooling, compared to the steel sheet side (inner portion) of 

the molten metal, the temperature of the surface side of the molten metal is decreased in 

advance. Accordingly, the Mg-Si phase is preferentially precipitated on the surface 

side. In a case where the Mg-Si phase is precipitated on the surface side of the molten 

metal, the concentration of Mg and the Si is lower on the surface side than on the steel 

sheet side, and a concentration gradient is generated. However, in the retention 

temperature range, portions other than the Mg-Si phase are in a molten state, and thus 

Mg and Si move in the plated layer from the steel sheet side to the surface side so as to 

eliminate the concentration gradient. As a result, a larger number of the Mg-Si phases 

are precipitated on the surface side of the plated layer than on the steel sheet side. 

In a case where the retention temperature is low or the retention time is short, 
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according to山 eembodimentczmbeobtained

[0(M2]

First,itis pre免rable 山 at the steelsheetispulledupfrom 山 eplatingbath is

rapidly cooled to atemperatme range inwhich 山 eMg-Siphase(Mg2Si)isprecipitated.

Since 山 e dkiving Force Forprecipit 紙ionisincreasedbyrapidcooling,the ハ4g-Si phase

can be 行nelyprecipit 紙edasaprimmryphase. lnacaseofslowcooling,there is a

concern 山 atthe ハ4g‐Siphaseis notre6ned.

[0(M3]

ARerrapid cooling,thesteelsheettowhichthemoltenmetalisadhered by

immersion in山 e plating balh isretainedinatemperat 皿 eraは1geinwhich 山 e :Mg-Si

phase is precipitated alldol山erphases arenotprecipitated. A1though 山 istemperature

range varies dependingon 山 ecomponentsoftheplatedlayer,in 山 ecaseof 山 e plated

steel sheet according to the embodiment,Forexample, 山 etemperaturerange is 4000C to

450oC.

ln a case ofrapid cooling,comparedto 山 esteelsheetside(innerponion)of

themoltenmetal, 山 etemperatureofthesurfacesideof 山 emoltenmet 副 isdecreased in

advance. Accordingly,the:Mg-Siphaseispre 化rentiallyprecipitatedon 山 esurface

side. ln a case where 山 e :Mg-Siphaseisprecipitatedon 山 esurfacesideofl 山emolten

metal, 山 e concentrationof]M[galld 山 eSiisloweron 山 esurface side 山 an on 山 e steel

sheet side, and aconcentrationgradientis generated. However,in 山 e retention

temperat 田 e raは1ge, ponionsol 山 er 山 allthe:Mg-Siphaseareinamoltenstate,and 山 us

M[g alld Si move in山 eplatedlayerfrom 山 esteelsheetsidetothesurface side so as to

eliminate 山 econcen 立ationgradient. As aresult,alargernumberofthe:Mg-Siphases

are precipitated on the surface sideofl 山eplatedlayer 山 anon 山 esteelsheetside.

ln a case where 山 e retentiontemperat 田 eislowor 山 eretentiontimeis shon,
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before Mg and Si are concentrated on the surface side in the molten metal, the molten 

metal is solidified and as a result, a large number of Mg-Si phases may not be present 

on the surface side. 

In a case of obtaining the above effects, it is preferable that the retention time 

is, for example, 5 seconds or longer in the retention temperature range. On the other 

hand, even in a case where the retention time is longer than 60 seconds, the effects are 

saturated and the productivity is lowered. Thus, this case is not preferable. 

The retention in the embodiment means that the steel sheet temperature is 

retained in the retention temperature range for a predetermined period of time, and in 

the retention temperature range, the temperature is not limited to isothermal holding and 

may be changed. 

[0044] 

Since the Mg-Si phase precipitated on the surface side is fixed after retention, it 

is preferable that the steel sheet is rapidly cooled to the solidification temperature of the 

plated layer or lower. 

[0045] 

As described above, the plated steel sheet according to the embodiment can be 

produced. 

[Examples] 

[0046] 

Hereinafter, examples of the present invention will be described. However, 

the conditions of Examples are only a conditional example employed to check the 

applicability and effects of the present invention, and the present invention is not limited 

to the conditional example. The present invention can employ various conditions 

without departing from the spirit of the present invention as long as the object of the 
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beFo【e :Mg and si are concentrated on 山 esurfacesideinthemoltenmetal, 山 emolten

metal is solidi6edalーdasaresult,alargenumberof]Mg-Siphasesmaynotbepresent

on 山 e surfaceside.

ln acase ofobtaining 山 eabovee 爺ects,itispre 免rable 山 attheretention time

is, For example,5 seconds orlongerin 山 eretentiontemperaturerange. on 山 eo 山 er

hand, even in a case where the retention time is longerthan 60 seconds, 山 e eぼects are

saturated alld山 eproductivityis lowered. Thus,thiscaseisnotpre 免rable.

The retention in山 e embodimentmezmsthatl 山esteelsheet temperature is

retained in山 e retention temperature range Forapredeterminedperiodoftime,a lld in

the retention temperat 田 eraは1ge,山 etemperat 田 eis notlimitedtoisol 山ermalholding and

maybechanged.

[0(M4]

Since 山 eハ4g-Si phase precipit紙edon 山 esuurface sideis 行xeda6terretention, it

is prel民;rable山 atthe steelsheetisraPidlycooledto 山 esolidil日cation temperature of山 e

platedlayerorlower.

[0(M5]

As described above, 山 e plated steelsheetaccordingto 山 eembodiment can be

produced.

[ExamQples]

[0(M6]

Hereinaaer, examples ofl山e present inventionwillbedescribed. However,

the conditions ofExamples m eonlyacondition 副 exampleemployedtocheckthe

applicabilityandeln 当ectsof 山 epresentinvention,and 山 epresentinventionisnotlimited

to 山 e condition 副 exalnple. Thepresentinventioncanemployvmriousconditions

wi山 out depz旧 ing from 山 e spiritofthepresentinventionaslongas 山 eo ect of山 e
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present invention is accomplished. 

[0047] 

A predetermined amount of pure metal ingots were used to have the plating 

bath compositions shown in Table 1 and thus plating baths were made. A plated steel 

sheet was obtained from an original steel sheet for plating was formed into using a batch 

type hot dipping apparatus containing the plating bath. The plating bath temperature 

was set to 605°C. 

As the original steel sheet for plating, a cold-rolled steel sheet having a sheet 

thickness of 0.8 mm defined according to JIS G3141 was cut into a size of vertical 100 

mm x horizontal 200 mm and used. 

[0048] 

In Examples, an apparatus having a structure in which a hot dip line was 

assumed was used. Specifically, the apparatus has a plating original sheet heating unit, 

a snout unit, a hot dip plating bath unit, a wiping unit, and a heating cooling device. In 

addition, in this apparatus, all steps up to plating can be performed under a N2-5%H2 

environment. 

[0049] 

First, before plating bath immersion, the original steel sheet for plating surface 

was retained in an atmosphere of a N2-5%H2  gas with a dew point of -40°C and a 

temperature of 800°C for 1 minute and reduced. Then, after the steel sheet (original 

steel sheet for plating) was air-cooled by a N2 gas and the steel sheet temperature 

reached 620°C, the steel sheet was immersed at an immersion rate of 500 mm/sec and 

retained in the plating bath for about 3 seconds. 

After plating bath immersion, the steel sheet was pulled up at a pulling rate of 

150 mm/sec. At the time of pulling-up, the plating adhesion amount of wiping gas 
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presentinvention is accomーplished

[0(M7]

Apredetermined amount ofpme metal ingots were used to have 山 e plating

ba山 compositions shown in Table l and thus platingba 山 sweremade. Aplated steel

sheetwasobtainedfromanoriginalsteelsheetForplatingwas Formedinto using a batch

type hot dipping apparatuscontaining 山 eplatingba 山 . Theplatingba 山 temperature

was setto605oC.

As 山 eorigin 副 steel sheetForplating,acold-rolledsteelsheethaving a sheet

thickness ofo.8mmde6nedaccordingtoJIS G‐3141was cutinto a size ofvenical loo

mmxhorizont 副 200mmandused.

[0(M8]

ln Exaunples, anLapp;嶺atushavingas ローuctureinwhich ahot dip line was

assumed wasused. Specilncally, 山 eapp 嶺 atushas ap 夏江ingoriginalsheetheatingunit,

a snout unit, ahotdippl 測tingba1hunit,awipingunit,andaheatingcooling device. ln

addition,in 山 isappmratus,allstepsuptoplatingcanbeperFormed under a N2-5%H2

environlrlent.

[0(M9]

First,beFore p夏江ingbalhimmersion, 山 eoriginalsteelsheetForplatingsurface

was retained in an atmosphereofaN 5% 日2gas withadewpoint of-40 c and a

temperat 田 e of 8000Cforlminuteandreduced. Then,aaer 山 esteelsheet(original

steel sheetforpl 砥ing)wasaircooledbyaN2gasandthesteelsheet temperature

reached 620O.C, the steel sheetwas immersedatanimmersionri 紙eof500ml1 ンsec and

retained in山 e platingb 欲:hForabout3 seconds.

A 負erplating bmh immersion,thesteelsheetwaspulledupatapulling rate of

150 mm ゾsec. Atl山etimeofpulling-up, 山 eplatingadhesion をunount ofwiping gas
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(N2) was adjusted to 40 to 250 g/m2. The oxygen concentration in the snout in contact 

with the plating bath was set to 20 ppm or less. 

The cooling conditions after plating adhesion amount adjustment were as 

shown in Table 2. For cooling, a N2 gas was used. In this manner, various plated 

steel sheets were produced. The steel sheet temperature at the time of hot dip plating 

is the surface temperature at the center of the plated plate. 

[0050] 

[Table 1] 

Plating 
bath 

Plating bath component (mass%) 
Zn Al Mg Si Cr Sr Ca Ni 

1 Bal. 55 2.0 1.6 - - - - 
2 Bal. 55 2.0 1.6 0.10 - - - 
3 Bal. 55 2.0 1.6 0.05 - - - 
4 Bal. 55 2.0 1.6 0.01 - - - 
5 Bal. 55 2.0 1.6 0.10 0.05 - - 
6 Bal. 55 2.0 1.6 0.10 - 0.02 - 
7 Bal. 55 2.0 1.6 0.10 - - 0.1 
8 Bal. 55 2.0 1.6 - 0.10 - - 
9 Bal. 55 2.0 1.6 - - 0.01 - 

10 Bal. 55 2.0 1.6 - - - 0.1 
11 Bal. 55 10.0 1.6 - - - - 
12 Bal. 55 3.0 1.6 - - - - 
13 Bal. 55 1.0 1.6 - - - - 
14 Bal. 55 2.0 5.0 - - - - 
15 Bal. 55 2.0 3.0 - - - - 
16 Bal. 55 2.0 0.5 - - - - 
17 Bal. 65 2.0 1.6 - - - - 
18 Bal. 45 2.0 1.6 - - - - 
19 Bal. 70 2.0 1.6 - - - - 
20 Bal. 40 2.0 1.6 - - - - 
21 Bal. 55 11.0 1.6 - - - - 
22 Bal. 55 0.5 1.6 - - - - 
23 Bal. 55 2.0 6.0 - - - - 
24 Bal. 55 2.0 0.4 - - - - 
25 Bal. 55 0.0 1.6 - - - - 
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2)wasadjustedt04ot0250g/m2.Theoxygenconcen 立ationinthesnoutincontact

wi山 中 e plating ba山 was setto20ppmolless.

The cooling conditions a賃erP1atingadhesionamounta ustmentwereas

show ninTable2. Forcooling,aN2gaswasused. ln 山 is manner,v 測riousP1ated

steel sheets were Produced. ThesteelsheettemPeri 紅uureat山ーetimeofhotdiPPlating

is山 e surface temPerature atthe centerof 山 eP1atedP1ate.

[0050]

[Tablel]

P1ating
bal山

P1ating ba山 component(mass%)

Zn AI Mg Si Cr Sr Ca Ni
1
1
ー

Bal. 55 2.O 1.6

2 Bal. 55 2.O 1.6 0.10
3 Bal. 55 2.O 1.6 0.05
4 Bal. 55 2.O 1.6 0.01
5 Bal. 55 2.O 1.6 0.10 0.05
6 Bal. 55 2.O 1.6 0.10 0.02
7 Bal. 55 2.O 1.6 0.10 0.1

8 Bal. 55 2.O 1.6 0.10

9 Bal. 55 2.O 1.6 0.01
10 Bal. 55 2.O 1.6 0.1

11 Bal. 55 10.O 1.6

12 Bal. 55 3.O 1.6

13 Bal. 55 1.O 1.6

14 Bal. 55 2.O 5.O

15 Bal. 55 2.O 3.O

16 Bal. 55 2.O 0.5

17 Bal. 65 2.O 1.6

18 Bal. 45 2.O 1.6

19 Bal. 70 2.O 1.6

20 Bal. 40 2.O 1.6

21 Bal. 55 11.O 1.6

22 Bal. 55 0.5 1.6

23 Bal. 55 2.O 6.O

24 Bal. 55 2.O 0.4

25 Bal. 55 0.O 1.6
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[0051] 

[Table 2] 

Production 
condition 

Steel sheet after 
plating bath 

immersion CC) 

Cooling - rate  °C/sec 

Cooling stop 
temperature 

°C 

Retention 
temperature 

°C 

Retention 
time 
sec 

Cooling 
rate 

°C/sec 

Cooling stop 
temperature 

°C 

A 605°C 8 - - - - < 200°C 

B 605°C 30 - - - - < 200°C 

C 605°C 8 455 - - 30 < 200°C 

D1 605°C 30 450 450 to 400 10 30 < 200°C 

D2 605°C 30 450 450 to 400 5 30 < 200°C 

D3 605°C 30 450 450 to 400 20 30 < 200°C 

[0052] 

Regarding the obtained plated steel sheet, the average composition of the 

plated layer and the alloy layer, the volume fraction of the Mg-Si phase in the plated 

layer (cross section area fraction), the average equivalent circle diameter of the Mg-Si 

phase of the surface layer area, and (Si content integrated value on the surface side)/(Si 

content integrated value over the entire thickness) were obtained by the following 

methods. 

In addition, the corrosion resistance and the workability were evaluated. 

[0053] 

(Average Composition of Plated Layer and Alloy Layer) 

Regarding the average composition of the plated layer and the alloy layer, the 

plating composition can be obtained by dissolving and separating the plated layer and 

the alloy layer from the plated steel sheet on which the plated layer and the alloy layer 

are formed using hydrochloric acid, using the mass of the plated layer and the alloy 

layer dissolved in the hydrochloric acid as a denominator, and using the mass of the 

element quantitatively determined by ICP for the separated plated layer and alloy layer 

as a numerator. 

[0054] 
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[0051]

[Table2]

Producdon
condi 恒on

Steelsheetafber

pladngbath
immersion(oC)

Cooliローgralに
oc/seC

Coolingstop
te]mIPerature
oC

Re ndon

tellIPeratlu〔e
oC

Re ndon

ロ:me
SeC

Cooling
ralに
oc/seC

Coolingstop
m1peratt 虹 e
oC

A 605oC 8 <2000・C

B 605oC 30 <2000.C

C 605oC 8 455 30 <2000.C

DI 605oC 30 450 450to400 10 30 <2000.C

D2 605oC 30 450 450to400 5 30 <2000.C

D3 605oC 30 450 450to400 20 30 <2000.C

[0052]

Regarding 山 e obtained plated steelsheet, 山 eaveragecomposition of山 e

P1ated layer andthealloylayer,thevolume 丘actionof 山 eハ4g-SiPhasein 山 e P1ated

layer(cross sectionareafraction), 山 eaverageequivalentcircle diameter ofl山e Mg-Si

phaseofthesur 魚 celayerarea,and(Sicontentintegratedv 副ueon 山 esur 魚 ce side)/(Si

contentintegratedvalueover 山 eentirethickness)wereobtainedby 山 ef ollowing

melhods.

ln addition, 山 e corrosion resistanceand 山 eworkabilitywereev 副uated.

[0053]

(Average Composition ofP1ated Layer andAI1oy Layer)

Regi虹ding 山 e average composition ofl山eplatedlayer 嶺ld山 ealloy layer,山 e

plating composition can be obtained by dissolvinga11dsep; 嶺atingtheplatedlayer and

thealloylayerfromtheplatedsteelsheetonwhichtheplatedlayerand the 副loy layer

areFormedusinghy( 北ochloricacid,using 山 emassofl 山eplatedlayer 嶺ld the alloy

layer dissolved in山 ehydrochloricacidasadenominator,a lldusingthe mass ofl山e

element quantitatively determinedbyICPFor 山 esepi虹atedplatedlayer 嶺ldalloy layer

as anurnerator.

[0054]
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(Volume Fraction of Mg-Si Phase in Plated Layer) 

The volume fraction of the Mg-Si phase was obtained by mapping the element 

distribution using SEM-EDS and obtaining the area fraction (cross-sectional area 

fraction) of each phase in the cross section of the plated layer. 

[0055] 

(Average Equivalent Circle Diameter of Mg-Si Phase of Surface Layer Area) 

A Si distribution in a range of 500 x 500 µm (visual field) in the surface layer 

area of the plated layer (a range at a position from the surface of the plated layer to a 

depth of about 1µ.m) from the surface side of the plated layer was measured using 

EPMA. An area including the phase containing the Si measured was calculated and 

the diameter of a circle with the same area as the area was used as the equivalent circle 

diameter of the Mg-Si phase. In addition, the obtained equivalent circle diameters of 

the Mg-Si phases were averaged to obtain an average equivalent circle diameter. 

[0056] 

(Si Content Integrated Value on Surface Side)/(Si Content Integrated Value 

over Entire Thickness) 

The Si content was continuously measured using a Markus type high frequency 

glow discharge optical emission spectroscopic apparatus (GD-Profiler2: manufactured 

by Horiba, Ltd.) by setting the measurement diameter to 4 mm, and performing element 

analysis while digging a sample by Ar sputtering from the surface of the plated layer to 

the interface between the plated layer and the alloy layer in the thickness direction. 

The measured values of the Si content obtained from the surface of the plated layer to 

the thickness center of the plated layer were integrated and the integrated value (Si 

content integrated value on the surface side) was calculated. In addition, the Si content 

over the entire thickness of the plated layer (from the surface of the plated layer to the 
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(uolume Fraction ofMg-SiPhaseinP1atedLayer)

The volume fraction oflme:Mg-SiPhasewasobtainedbymaPPingthe element

distribution using SEM-EDsandobtainingthemreafraction(cross ‐section;副鑓 ea

丘action)ofeachPhasein 山 ecrosssectionoftheP1atedlayer.

[0055]

(Ayerage Equiva1ent circ1e Diameter ofMg-SiPhaseofSImrfaceLayerArea)

ASi distribution in arange of500 × 500 一m(visual 賃eld)in 化lesurface layer

area of山 e platedlayer(arangeatapositionfrom 山 esur 鍋ceoftheP1atedlayerto a

depth ofabout1 一m)from 山 es皿魚 cesideof 山 eplatedlayerwas measured using

EPハ4A. Anmreaincluding 山 ephasecontmningtheSimeasuredwas calculated and

the diameterofacirclewi 山 thesamealeaasmeareawasusedastheequivalent circle

diameterof 山 eハ4g-Siphase. lnaddition,theobtainedequivalentcircle diameters of

theハ4g‐Si phases were averaged to obtain an average equivalentcirclediameter.

[0056]

(Si Conもel紙 lmegratedValueonsl 皿魚 ceside)/(SiContent lntegrated Value

overEntireThickness)

The Si content was continuously measured using aハ4徳kus type high 丘equency

glowdischmgeopticale ロ亘ssionspecl ぱoscopicapPaiatus(GD-Promer2:manufactured

byHoriba,Ltd.)by settingthemeasuUrementdiameterto4mm,andper β〔)rmingelement

an副ysis w hile digging a sa1nP1ebyAJsputtering 丘om 山 esuurfaceof 山 eplatedlayer to

the interface between the plated layer and the alloylayerin 山 eせlicknessdirection.

The measu ぱed values of山 eSicontentobtained 丘omthesurfaceoftheP1atedlayerto

thethicknesscenterofmeplatedlayerwereintegratedandthe integrated v副ue (Si

contentintegratedvalueonthesur 魚 ceside)wascalculated. lnaddition,thesicontent

over 中 e entire mickness ofthe platedlayer(from 中 es皿魚 ceof 山 eplatedlayerto the
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interface between the plated layer and the alloy layer) was integrated and the integrated 

value (Si content integrated value over the entire thickness) was calculated. 

Then, (Si content integrated value on the surface side) was divided by (Si 

content integrated value over the entire thickness) to obtain a value of (Si content 

integrated value on the surface side)/(Si content integrated value over the entire 

thickness). 

[0057] 

(Corrosion Resistance) 

For the evaluation of corrosion resistance, the plated steel sheet was exposed in 

the shade for 1 year in Miyakojima, Okinawa, and then corrosion weight loss (steel 

sheet weight before test - steel sheet weight after test) was obtained. The corrosion 

weight loss was evaluated based on the following standards and a grade "G" or higher 

was evaluated as excellent corrosion resistance. The results are shown in Table 4. 

EX: The corrosion weight loss was less than 5 g/m2. 

VG: The corrosion weight loss was 5 g/m2  or more and less than 10 g/m2. 

G: The corrosion weight loss was 10 g/m2  or more and less than 20 g/m2. 

F: The corrosion weight loss was 20 g/m2  or more and less than 25 g/m2. 

B: The corrosion weight loss was 25 g/m2  or more. 

[0058] 

Here, the test place in Miyakojima, Okinawa, where the corrosion resistance 

evaluation is performed, is an exposure place with a coast 2 km south of an island 

having an area of about 160 km2, which is located slightly to the north of the Tropic of 

Cancer and located in the East China Sea, and the environment is an environment with 

many natural degradation factors such as high temperature and humidity, solar radiation, 

and sea salt particles in a subtropical climate. 
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inter魚 ce between the P1ated layer andthe 副loylayer)wasintegrated 瀧ldtheintegrated

value (Si contentintegratedvi 副ueoverl 山eentirethickness)wasc 副culated.

Then,(Si content integrated v副ueon 山 es皿鍋ceside)was dividedby(Si

contentintegratedvalueover 山 eentirethickness)toobtainavalueof(Sicontent

integrated value on 山 esur 鍋 ceside)/(Sicontentintegratedv 副ueover 山 eentire

thickness).

[0057]

(Corrosion Resistance)

Forl山eevi副uation ofcorrosion resistance, 山 eP1atedsteelsheetwasexPosed in

the shade for l yearinMiyakqiima,ohnawa,and 山 encorrosionweightloss (steel

sheetweightbeforetest-steelsheetweighta 賃ertest)wasobtained.The corrosion

weight loss was evaluatedbasedon 山 eFollowingsta はldi狂dsandagrade"G ‐“orhigher

was evi副uated as excellent corrosionresistance. Theresults areshowninTable4.

EX:The corrosion weight loss was less than 5 g/m2.

VG:The corrosion weight loss was 5 g/m2or]moreandlessman log/,1,2.

G:The corrosion weight loss was lo g/1.・2ormoreandlessthan20g/. エー2.

F: The corrosion weight loss was 2o g/III2ormoreandlessman25g/m2.

B: The corrosion weight loss was 25 g/m2ormore.

[oo58]

Here, 山 etestplaceinMiy2kqiima,okinawa,where 山 ecorrosionresistance

ev副uation is perFormed, is an exposure placewithacoast2kIDsou 山 ofanisland

having an 鑓 eaofabout160km2,whichisloci 紙edslightlyto 山 eno 【hoftheTropic of

C;皿 cer and locatedin 山 eEastChinaSea,a lld山 eenvironmentis i知Lenvironment wi山

many natural degradation factors such as high temperatureandhumidity,solarradiation,

and sea saltpmlicles in a subtropical climate.
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[0059] 

(Workability) 

For the evaluation of workability, a bending test was performed on the plated 

steel sheet under the condition of a bend radius R = 2 mm. The presence or absence of 

cracks and peeling was visually observed, and the results were evaluated as follows. 

VG: There is no cracks and peeling. 

G: There are cracks and peeling occurs. 

B: Peeling occurs. 

The results are shown in Table 4. 
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[0059]

(Wolkability)

For 山ーe ev副uation ofw orkabilit:男 abendingtestwasPerFormedon 山ーe P1ated

steel sheetunderthe condition ofa bendradiusR=2mm. ThePresenceorabsence of

cracks and Peelingwas visu副L1yobserved,and 山 eresultswereev 副uatedas Follows.

VG‐:Thereisnocracks and Peeling

G:TherearecracksandPeeling occurs

B:Peeling occurs

Theresu1tsm eshown in Tab1e 4
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[0060] 

[Table 3] 

Production 
No. 

Kind of 
Average composition of plated layer and alloy layer (mass%) 

Balance Zn, Fe and impurities Cooling 
condition plating Al Mg Si Cr Sr Ca Ni 

1 1 56.1 1.95 1.62 - - - D1 
-1 1 55.8 2.02 1.45 - - - - D2 
3 1 56.2 1.98 1.38 - - - - D3 
4 2 56.0 1.99 1.42 0.09 - - - D1 
5 2 55.8 2.05 1.40 0.10 - - - D2 
6 2 56.2 1.98 1.39 0.08 - - - D3 
7 3 56.1 2.00 1.42 0.05 - - - D1 
8 4 56.0 1.99 1.35 0.01 - - - D1 
9 5 56.2 2.01 1.60 0.09 0.05 - - D1 

10 6 55.9 1.98 1.60 0.09 0.02 - D1 
11 7 56.0 2.05 1.45 0.09 - - 0.09 D1 
12 8 56.0 2.08 1.60 0.10 - - D1 
13 9 56.2 2.00 1.60 - 0.01 - D1 
14 10 55.9 1.99 1.50 - - 0.10 D1 
15 11 56.1 9.98 1.60 - - - D1 
16 12 55.6 2.99 1.62 - - D1 
17 13 55.0 1.01 1.60 - - - D1 
18 14 55.0 2.00 4.95 - - - D1 
19 15 55.0 2.01 2.94 - D1 
20 16 55.0 1.97 0.51 - - - - D1 
21 17 65.0 1.93 1.32 - D1 
22 18 45.0 2.01 1.65 - - - D1 
23 1 56.5 1.95 1.45 - - - - A 
24 1 56.2 1.98 1.51 - - B 
25 1 56.3 1.98 1.50 - - - - C 
26 19 70.0 2.00 1.60 D1 
27 20 40.0 2.00 1.60 - - D1 
28 21 55.0 11.00 1.60 - - D1 
29 22 55.0 0.50 1.60 - D1 
30 23 55.0 2.00 6.00 - - - D1 
31 24 55.0 2.00 0.40 - - - D1 
32 25 55.0 0.00 1.60 - - - - D1 
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[0061] 

[Table 4] 

Production 
No. 

Area fraction of 
cross section of 
Mg-Si phase in 
plated layer (%) 

Average 
equivalent circle 

diameter of Mg-Si 
phase in surface 
layer area (p.m) 

(Si content integrated 
value on surface 
side)/(Si content 

integrated value over 
entire thickness) 

Corrosion  
resistance 

Workability Remarks 

1 12.0 4.9 0.63 VG VG 

Invention 
Example 

2 10.0 0.8 0.60 VG VG 
3 8.0 14.5 0.65 VG VG 
4 10.0 4.5 0.63 EX VG 
5 10.0 1.0 0.60 EX VG 
6 10.0 13.5 0.65 EX VG 
7 10.0 1.0 0.62 EX VG 
8 8.0 1.0 0.63 EX VG 
9 12.0 1.0 0.63 EX VG 
10 12.0 1.0 0.62 EX VG 
11 12.0 1.0 0.60 EX VG 
12 12.0 1.0 0.60 VG VG 
13 12.0 1.0 0.60 VG VG 
14 11.0 1.0 0.61 VG VG 
15 12.0 1.0 0.75 G G 
16 12.0 1.0 0.60 VG VG 
17 12.0 1.0 0.56 G VG 
18 20.0 6.5 0.70 VG G 
19 15.0 4.5 0.60 VG VG 
20 4.0 0.2 0.56 G VG 
21 7.0 0.9 0.60 VG VG 
22 12.0 1.0 0.62 G VG 
23 8.0 - 0.20 F B 

Comparative 
Example 

24 11.0 - 0.50 F B 
25 12.0 21.0 0.70 G B 
26 12.0 1.0 0.60 B G 
27 12.0 1.0 0.60 B G 
28 12.0 1.0 0.75 F B 
29 12.0 0.9 0.60 B VG 
30 30.0 5.5 0.70 F B 
31 5.0 1.0 0.34 B VG 
32 - - 0.60 B VG 

[0062] 

As shown in Tables 1 to 4, in Production Nos. 1 to 22 in which the average 

composition of the plated layer and the alloy layer, the volume fraction of the Mg-Si 

phase in the plated layer, the average equivalent circle diameter of the Mg-Si phase of 

the surface layer area of the plated layer, and Si content integrated value on the surface 

side)/(Si content integrated value over the entire thickness) are in the range of the 

present invention, the corrosion resistance and the workability are excellent. 

On the other hand, in Production Nos. 23 to 32 in which any of the conditions 
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[0061]

[Table4]

Producdon

No.

Adea 丘 acdoll of

crosssecdoI I o f

ハイ[g-Siphai;ein

plaled layer(%)

Average

equivalentcircle

dialneter ofハ4g-Si

ph 滋;einsurface

layeralea( 匹n)

(SicOntentintegra 土ed

valueollsurface

side)/(Sicontent
integraledvalue over

entirethickゴロess)

Co ロ OS1on

resistaulce
uねrkabi1ity Remalks

1ーー
12.O 4.9 0.63 VG VG

lnvendon

Exalnp1e

2 10.0 0.8 0.60 VG VG
3 8.O 14.5 0.65 VG VG
4 10.0 4.5 0.63 EX VG
5 10.0 1.0 0.60 EX VG
6 10.0 13.5 0.65 EX VG
7 10.0 1.0 0.62 EX VG
8 8.O 1.0 0.63 EX VG
9 12.O 1.0 0.63 EX VG
10 12.O 1.0 0.62 EX VG
11 12.O 1.0 0.60 EX VG
12 12.O 1.0 0.60 VG VG
13 12.O 1.0 0.60 VG VG
14 11.0 1.0 0.61 VG VG
15 12.O 1.0 0.75 G G
16 12.O 1.0 0.60 VG VG
17 12.O 1.0 0.56 G VG
18 20.O 6.5 0.70 VG G
19 15.O 4.5 0.60 VG VG
20 4.O 0.2 0.56 G VG
21 7.0 0.9 0.60 VG VG
22 12.O 1.0 0.62 G VG
23 8.O ー 0.20 F B

Compalative

Examople

24 11.0 ー 0.50 F B
25 12.O 21.O 0.70 G B
26 12.O 1.0 0.60 B G
27 12.O 1.0 0.60 B G
28 12.O 1.0 0.75 F B
29 12.O 0.9 0.60 B VG
30 30.O 5.5 0.70 F B
31 5.O 1.0 0.34 B VG
32 ー ー 0.60 B VG

[0062]

As show n in Tables l to4,inProductionNos.l to22inw hich 山ーeaverage

comーPositionof 山 eP 夏江edlayerandthe 副L1oylayer, 山 evolume 丘action of山 eハ4g-Si

Phase in山 eP 夏江edlayer, 山 eaverageequiv 副Lentcircledialneterof 山 eハ4g-SiPhase of

the surface layer 組reaofthePI 紙edlayer,andSicontentintegratedv 副Lueon 山 esurface

side)/(Si contentintegratedvalueovertheentire 山 icbless);紅ein 山 e raは1ge ofthe

Present invention,thecorrosionresistanceand 山 ew orkability 嶺 ee ×cellent.

0n 山 e otherhand, inProductionNos.23to32inw hichanyof 山 econditions
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is out of the range of the present invention, either the workability or the corrosion 

resistance is deteriorated. 

As described above, it is presumed that there is a difference in corrosion 

resistance and workability between Examples and Comparative Examples due to the 

difference in the composition of the plated layer and the segregation state of the Mg-Si 

phase. 

[Industrial Applicability] 

[0063] 

According to the embodiment of the present invention, it is possible to provide 

a Zn-Al-Mg-based plated steel sheet having excellent corrosion resistance and 

workability. The Zn-Al-Mg-based plated steel sheet is suitable for building materials, 

automobiles and home appliances, and has high industrial utility value. 
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is out of 山 e range of 山 e presentinvention,ei 山 er山 eworkabilityor 山 ecorrosion

resistamce is deteriorated.

As described above,itispreslur.ledthatthereisadifferenceincorrosion

resistance andw orkabilitybetweenExam ーples andCom ーpar紙ive Exa】mーples duetothe

differencein 山 ecomPositionoftheP 夏江edlayerand 山 esegregationstate ofthe ハ4g-Si

phase ・

[lndustriaIApplicability]

[0063]

Accordingto 山 e elnーbodilrlentof 山 epresentinvention,itispossibletoprovide

aZn ‐A1‐ハ4g‐basedplatedsteelsheethavingexcellentcorrosion resistance and

workability. The Zn‐A1‐ハ4g‐based platedsteelsheetis suitableForbuildingmmerials,

automobiles and home appliances,andhashighindus1 ばialutilityvalue.
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[DOCUMENT TYPE]   CLAIMS 

What is claimed is:  

 

1. A Zn—Al—Mg-based plated steel sheet comprising:  

a steel sheet;  

an alloy layer which is formed on a surface of the steel sheet and contains Fe and Si; 

and  

a plated layer which is formed on a surface of the alloy layer opposite to the steel 

sheet,  

wherein an average composition of the plated layer and the alloy layer includes, in 

mass %,  

Al: 45.0 to 65.0%,  

Si: 0.50 to 5.00%,  

Mg: 1.00 to 10.00%, and  

a balance of Zn, Fe, and impurities,  

the plated layer contains 0.1 to 20.0% of a Mg—Si phase in terms of volume fraction,  

in a case where a 1 µm range from a surface of the plated layer in a thickness 

direction of the plated layer is defined as a surface layer area of the plated layer, an average 

equivalent circle diameter of the Mg—Si phase in the surface layer area in a direction in 

which the plated layer is observed in a plan view of the surface layer area is 0.1 to 15.0 µm, 

and  

in a case where a ½ thickness position of the plated layer from the surface of the 

plated layer to an interface between the plated layer and the alloy layer is defined as a 

thickness center of the plated layer and a Si content is measured over the entire thickness of 

the plated layer in mass %, an integrated value of the Si content from the surface of the plated 

layer to the thickness center of the plated layer is 0.55 times or more of an integrated value of 

the Si content from the surface of the plated layer to the interface.  
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2. The Zn—Al—Mg-based plated steel sheet according to claim 1,  

wherein the integrated value of the Si content from the surface of the plated layer to 

the thickness center of the plated layer is 0.60 times or more of the integrated value of the Si 

content from the surface of the plated layer to the interface.  

 

3. The Zn—Al—Mg-based plated steel sheet according to claim 2,  

wherein the average composition of the plated layer and the alloy layer further 

includes 0.01 to 1.00% in total of one or more of the group consisting of Cr, Ca, Sr, and Ni.  

 

4. The Zn—Al—Mg-based plated steel sheet according to claim 1,  

wherein the average composition of the plated layer and the alloy layer further 

includes 0.01 to 1.00% in total of one or more of the group consisting of Cr, Ca, Sr, and Ni. 

 

 


