-1 - SPECIFICATION HOT DIP :n-Al BASED ALLOY PLATED STEEL PRODUCT
EXCELLENT IN BENDING WORKABILITY AND METHOD FOR PRODUCTION THEREOF
TECHNICAL FIELD The present invention relates to ahot-dlip-plated steel material used for
building materials, automobiles and home.. appliances. More specifically, the present 10

invention relates to a hot-dip Zn--Al alloy-plated steekmatesiairhaying high
corrosion--resisting ability required ma i-nly in the field of usage for building materials and

ensuring excellent bending workability of- the plating layer, and also relates to a production
method thereof. 15 BAEKGROUND MFER Rddbde® hRTaBioTE Wil HRGRWET (ERIIDLENTE TN
corrosion restStan.*.e o S8 HARHEY APPIVIND ZHENTAGRy FOhePSteBIET 168t al $URA0E.

St'l at preseqt, 20 a steel material app.]-J.e.d with Zn plating is being produced and used in a
large amount. However, in many uses, there arises a case that sufficiently high corrosion
resistance is not obt&iREN 6RRIbyZRPRating. In order to enhance the corrosion resistance of

the 25 plating layer, a hot- drpezwaa%pia{e@ﬁq%@hgetla(@@&a&@rls stegl-shesth1ated
produced by addlngs@ u;sne For xamgge }:n th of hot- d| Zn-Al alloy plating
disclosed in Japanése | xammed PatentPablica |or‘1=tt &G‘)QN’Ba £58748; aﬁ'éﬁ8§}‘°blles
comprising Al in an3tPamelift GiaBl TR Afassland SimeahHmeuntof 0t5%% % oe saote of

the Al content with thevealanembeiua substastialynér isiplated,and :hereby 999doyosiaL )
resistance is obtalnfggl H}gwei/eh more enha cement of corrosion resistance is_35 recently

demanded mainly in the fisld of Usage Jor biildingThaterals ARG i orife? 16 gkt thisTeaiired
requirement, the pfesEnt ivéhtorshafe previedsly srvelobed andi2 distipsetta Zh=Als-Gnd
allay-plated steel matefiatilhg excellent bending workability of the plating

layer, and also relates to a production method thereof.
15
BACKGROUND ART
It has been heretofore widely known to improve the
corrosion resistance of a steel material by applying Zn
plating to the steel material surface. Still at present,
20 'a steel material applied with Zn plating is being
produced and used in a large amount. However, in many
uses, there arises a case that sufficiently high
corrosion resistance is not obtained only by Zn plating.
In order to enhance the corrosion resistance of the
25 plating layer, a hot-dip Zn-Al alloy-plated steel sheet
(Galvalume steel sheet) produced by adding Al is used.
For example, in the case of hot-dip Zn-Al alloy plating-
disclosed in Japanese Examined Patent Publication
(Kokoku) No. 61-28748, an alloy comprising Al in an
30 amount of 25 to 75 mass% and Si in an amount of 0.5% or
more of the Al content with the balance being
substantially Zn is plated and thereby good corrosion
resistance is obtained.
However, more enhancement of corrosion resistance is
35 recently demanded mainly in the field of usage for
building materials and in order to meet this requirement,

the present inventors have previously developed and



Japanese Unexamined Patent Publication (Koka | ) No. 2002-- 356759, where an.alloy plating
layer is applied by adding Cr. and furthermore Mg to a Zn-Al plating layer to obtain high
corrosion resistance surpassing the conventional hot-dip Zn=":| alloy p!ated steel shec_at
(Galvalume steel sheet). However, when this plated steel mat_erial as-is or after coating
receives bending defosmatienda Qrmeﬁ%g@@ | '%m%ﬂ’s%q%g@Pgégir%ﬁ?:ﬁgﬁi?%‘igrm
sometimes caused,.such as generation of cracks in the plating layer or im airment of )
appearance of the be %pﬁgr%egnp%ﬁ%lc%%?diﬁ@iﬁe&l—r o%pjjé?:][ b?ﬁféﬁféséﬁ??ﬁ%é?}tlé}?ls 4§02
solve the above-dedéibed probiems inthe:Zh<Al--C115 atioy-tplated steebmateriatiang adding
provide a hot--dip Z:rrAg@oyﬂ&@gﬁ%@@g@rl%egs%m%ﬁlgglcg{rlc}%onl ég%l?tagge c%ncdag "
cellent bending workabijlity of the Iatir;? layer, and a production method thereof. 20 .
DISCLOSURE OF ||\‘f\?|§ﬁ?f£ﬁnr ee6Fe%%ﬁ?ﬁﬁeﬁfb‘?@%@ér}ﬁa&é@aﬁ&ﬁy%\fels%@}hons
on the plating layerstfuctire (ﬂ‘razlh-mllé‘ldny-plhi_aeréslteetHmleriai@émqld;asﬁﬁpf@éiwﬂ@@l
conditions and the brading workahilbof the:RAING,23 layer asagesul 1has been found
that when the techniquef isclosed below is applied, a Zn--Al alloy- plated steel matéria
excellent in the bending ‘wérkability of the Si&fry’ %?/epﬁﬂﬁlapﬁro@%gﬁéﬁlﬁﬂﬁﬁd tRerettichen
be obtained. The pgéSéimm\ﬁehﬁientthancmﬁp&ﬁmbbasﬁd ek s finding. (1) A
hot-tip Znecal aloysalatecstes! material wilh excallent hending, warksbiliy. heyind;a plating
layer comprising, in erms of mass%, from, 25 tg 85% of Al., from 0.0_5 to 5% of one or both of
Cr and Me, and Si35n hrﬁgal:j;Sé’ﬁtrofcifS 189846 Btk Afcoitémr: withithé "Balafice Beirierzn
and unavoidable inysuitiesowhedeipndheé .average spangle §ize on the plating surfgce is 0.5
»m or more (2) The hot-dip£p-4iallpys-plaigd sierl matgrial, with excellent bending ; 5 o

VW”kabmn/anenggeggigg the above-described problems in the Zn-Al-Cr
15 alloy-plated steel material and provide a hot-dip Zn-Al

alloy-plated steel material ensuring high corrosion
resistance and excellent bending workability of the

plating layer, and a production method thereof.

20 DISCLOSURE OF THE INVENTION
The present inventors have made various
investigations on the plating layer structure of a Zn-Al
alloy-plated steel material as well as the production
conditions and the bending workability of the plating
25 layer, as a result, it has been found ‘that when the
technique disclosed below is applied, a Zn-Al alloy-
plated steel material excellent in the bending
workability of the plating layer and a production method
thereof can be obtained. The present invention has been
30 accomplished based on this finding. |
(1) A hot-dip Zn-Al alloy-plated steel material
with excellent bending workability, having a plating
layer comprising, in terms of mass$%, from 25 to 85% of
Al, from 0.05 to 5% of one or both of Cr and Mn, and Si
35 in an amount of 0.5 to 10% of the Al content, with the
balance being Zn and unavoidable impurities, wherein the

average spangle size on the plating surface is 0.5 mm or



wherein the plating layer comprises from more than 0.1 5 mass% to 5 of Cr_ (3) The hot-dip
Zn-Al alloy-plated. steel material with excellent bending workability as described in (1) or (2),
wherein the plating layer further comprises from 0.1 to-5 mass% of Mg. 10 (4) The hot--dip
Zn-Al alloy-plated steel material with excellent bending workability as described in any one of
(1) to (3), which hag an alloyed layer containing one or both of Cr and Mn at the interface
between the plating layer and the steel material. 15 (5) The hot--dip Zn-Al alloy-plated steel
material with excellent beheling Wofkability @skiederibed mlany oHebrd) 36 ¢4)L wietkeinithe
average spangle sizetan the-plating sudage 1:Q;mm ok amare: {6) The hekdipiZ-dAlin (1),
alloy-plated steel material. 20 with excellent bending workability as described in (5), wherein
the average spangle g%% on tF\llé%Ift%agtslur}%cﬁea%eg.ocn%ﬁ?grlr%%?e.cIi(]??I,B\ ﬁgﬁ%dﬁ%‘?n Sel
producing a hot-dif"Z2AsAl aliey-plagestFsteefnfaterial with excellent bending workability, 25
whic;h Ls the hot-dip ﬁn-AI aﬂg)y--ptl?éedgatfle&%pteﬁ}alﬁﬁsﬁﬂh%‘?/%aﬁf@Heéﬁéla)ltorr(ﬁ%e?ﬁal
method comprising  dipping and there ot-dip plating a steel material in a_plating bat
comprising, in terr%slggfngg(s%zgtfrgrrﬁtzg teon(%qsr-{)%f }&f]fr%ogrrl?b,?dg 0 5% 6f 6ive 6IP oth OF dlléné? r
Mn, 30 and Si in arf Amourt8f e Btotio%s ok #ie Alcomtent, wWith the bafareebeing ZAamd 0. 1
unavoidable impurities scaelings therplated steel material at a cooling rate of 20C/ ec or less

to a temperature of complefing splidification of the _plating layer, and theymally insulating th
steel. 35 r%@terial after soI?c%ﬂca?%lneur%c?eér tﬁé%ogaitigril gp@é)lﬁeé) E%ﬁé{ fosl?%%/veirig %arsr;rﬁ%é? ):
y'7.5x109xt V- (1) 49WHeréin e prisenta temperaturedor thermally idsalatingehe pratedy

steel material at 1(hte 250C,1gnd: o7 represemis enthesmakinsuletiondime A containing
one or both of Cr and Mn at the interface between the
plating layer and the steel material.

15 (5) The hot-dip Zn-Al alloy-plated steel material
with excellent bending workability as described in any
one of (1) to (4), wherein the average spangle size on
the plating surface is 1.0 mm or more.

(6) The hot-dip Zn-Al alloy-plated steel material

20 with excellent bending workability as described in (5),

wherein the average spangle size on the plating surface

is 3.0 mm or more.
(7) A method for producing a hot-dip Zn-Al alloy-
plated steel material with excellent bending workability,
25 which is the hot-dip Zn-Al alloy-plated steel material
described in any one of (1) to (6), the method comprising

dipping and thereby hot-dip plating a steel material in a

plating bath comprising, in terms of mass%, from 25 to

85% of Al, from 0.05 to 5% of one or both of Cr and Mn,

30 and Si in an amount of 0.5 to 10% of the Al content, with

the balance being Zn and unavoidable impurities, cooling
the plated steel material at a cooling rate of 20°C/sec or
less to a temperature of completing solidification of the
plating layer, and thermally insulating the steel
35 material after solidification under the condition
specified by the following formula (1):
y>7.5%x10%t 7.3 (1)



(8) The method for producing a lot--din to--Al alloy ! 1 plated steel material with excellent

bending workability as described in (7), wherein the plating bath further comprise: from 0.1 5
mass% of Mqg. (9) The method for ";roducing, a hot-dip Z'n4-At alloy plated .steel material with
excellent bending workabilit'y' 10 as described in or (8) wherein the cooling rate of the plated

steel material is 15 $gg OF less. g@ggg@ggﬁgPglqgn%@gg@pg@gw%@%mg glj%ws the
e be

relationship between the thermal 15 insulation condition after plating and ndin
workability of the plafify 4yer i BEST MOBE PORTARRYINGOUTITHE INVENTIONTHe, and

present invention isydesesibed 4. <detait helows 120 The hot-dip, Zp:Alallpysplated steel
material with excellent cor(g§ion1r§gisr%%r]ccr?og t?e presen invention js characterized in that
the plating layer has at composition comprising rom 25 1675 Mids$ cﬁ%‘—ﬁi&rﬂ 6054 521 loy-

mass% of one or bBth?GTC drick Mh, BatESiin anv 25 ansourt bf €8 tdo 20 diass % of thebAll 1 t v

content, with the balance-beipgZarand unaygidahle impyritigs. El%e%iagb@yﬁr ¢orppQsition
preferably further cgg\rﬁ)ri§§% gomfg.ol t% 51:Hass‘ of Mg. Here, the steel material to be plated
is an iron or steel matefal such as stéel sHeet stael"30Hip& anti%teel wire. Out of the plating
layer composition, Al is froff 25 10175 nsdds94. If At igless! tham25 massto,die conreaibnalloy

resistance decreasgs whereasdtit exeaadsi &3 massy the, COTTOsion resistance ofdhe oit 15«
edge decregses oré[lge ggszalllg%]g(laaéingrtbaﬁg must be kept at a high temperature and this
causes a problem stich as high production’dostZAISS) out'SIthe Hhatinifia§erddmpogias, ore
or both of :'r and Mhtronp Da05etd st ess%niftoneien both CsandMn less thansQ,.r:.5 mass%,
the effect of enhancing the corrosion resistance insufficient, whereas i it exceeds 5 ,, there
arises a problem "-? such as increase in the amount of dross generated in the plating bath. in

view of corrosion re@?&t@ﬁc@%&?ﬂm} OF THE DRAWING
Fig. 1 shows the relationship between the thermal

15 insulation condition after plating and the bending

workability of the plating layer.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention is described in detail below.
20 The hot-dip Zn-Al alloy-plated steel material with
excellent corrosion resistance of the present invention
is characterized in that the plating layer has a
composition comprising from 25 to 75 mass% of Al, from
0.05 to 5 mass% of one or both of Cr and Mn, and Si in an
25 amount of 0.5 to 10 mass% of the Al content, with the
balance being Zn and unavoidable impurities. The plating
layer composition preferably further comprises from 0.1
to 5 mass% of Mg. Here, the steel material to be plated
is an iron or steel material such as steel sheet, steel
30 pipe and steel wire.

Out of the plating layer composition, Al is from 25
to 75 mass%. If Al is less than 25 mass%, the corrosion
resistance decreases, whereas if it exceeds 75 mass%, the
corrosion resistance of the cut edge decreases or the

35 alloy plating bath must be kept at a high temperature and
this causes a problem such as high production cost.

Also, out of the plating layer composition, one or both



.__both of Cr and M n is preferably contained in excess of 0.1 mass.. Cr is more preferably
from more than 0.1 mass" to s%, still more preferably from 0.2to S 'fO . ~: mass %. Out of
the placing layer composition, Si is added i:n. an amount®f0.5% or more of the Al content,
because it helps to prevent excessive growth of the }Ye--Al alloy layer formed at steel/plating

interface, and thus @nhance: 45 the adhesiphofdhe platl, 5 .guerts the steglnsurface, oShis, ¢
contained in excess, of 10% of the Al.content, the affect: suppressing the formation of an

Fe- Al'. alloyed Ia?err i§ r§g?[uierqfélte%jSanlae :itsth)%tll?é?négjl tiﬁ]%,‘ﬂ‘?i fdy inictr KebGctioin the
workability of the pkatingtayerg 20t Fherefore sthenupper lintin h0% ofthenAlnddntenenWhen

the workability of the.plating layer is-important. the yppeslimitjpreferably 5% of AL the.gontent.
As for the sEt)ructure of tgéeglatin layer, the average spangle size is 0.5 mm or more. The
i u

spangle sizé 25 is MeasUTEd bl DbsBRing the- Platify Sdffacs thidtgR P spticat hicrostobée
In the solidificationstraitiung, Ala tdendrite cellsareodbserved sanchthecdistanee detweer. or

centers of dendriteicells is,measuredihipugh,observaton, genetally.hy, ag opficalmicrascope

at an about 2".; fold to 30 00-fold magnification. If the average spangle size is less than 0.5
mm, when the platifg fay&t5§ BunglzorRedO hrarkFSratks BreY gérctatdtP afd theBeldihg
workability decreases Furthermore,sthé spanglelpattera gsra Ghasddtgristiowm...0 eR.stii~Sof
the platedisfeel matgrial 9f 35 the present invention cannot be recognized with an eye and
the outer appearance is impaired. In the case where bending workability in a higher IErie..- is

required, the average spangie Size [&'freferably’d . B2HfF of M8 Shot” pretérably 3¢ 1n
or more. The upperlimitropthe-spandle Stzeois not rearticulaty spécified,tleuttf theespangte it

size becomes coarse; the eutep appearanceds sather impaiiediand the rFe-al alloy

layer formed at steel/plating interface, and thus enhance

15 the adhesion of the plating layer to the steel surface.
If Si is contained in excess of 10% of the Al content,
the effect of suppressing the formation of an Fe-Al
alloyed layer is saturated and at the same time, this may
incur reduction in the workability of the plating layer.

20 Therefore, the upper limit is 10% of the Al content.
When the workability of the plating layer is important,
the upper limit is preferably 5% of the Al content.

As for the structure of the plating layer, the

average spangle size is 0.5 mm or more. The spangle size

25 is measured by observing the plating surface through an
optical microscope. In the solidification structure, Al
dendrite cells are observed, and the distance between
centers of dendrite cells is measured through observation
generally by an optical microscope at an about 20-fold to

30 50-fold magnification. If the average spangle size is
less than 0.5 mm, when the plating layer is bend-worked,
many cracks are generated and the bending workability
decreases. Furthermore, the spangle pattern as a
characteristic feature of the plated steel material of

35 the present invention cannot be recognized with an eye
and the outer appearance is impaired. In the case where

bending workability in a higher level is required, the



therefore, the preferred spangle size is usually 10 mm or less. The reason why the spangle
size arffct:s the workability of the plating layer is not clearly known at 10 present but is
considered as follows: in the case where the cooling rate gntil the completion of solidification
of the plating layer after hot-dip plating is high or where thermal insulation is not performed

under the condition specified by Jammula (1) atter.solidiicalion, 45 hey spandle sigs becomes
fine and the same time, the hardness of the plating layer Is e e\Yated, as a resulfr,1 mahy
cracks are generat@&?rfﬁf@ﬁéﬂn&té&e‘?‘%p@ﬁ FE¢eRing bending deformation. When the

plating layer composition fuithenspmprises ig 20fram .t bnass%of hi.s higﬁergcorrosion
resistance can be i I IS j amount.af less than 0.1 mass%, the
addition cannot pro@?d%g%qéﬁégggorﬁgigggr% %?é erﬁﬁgnégmgﬁf of goarpo(.illc?n fels%s anc(?‘_ec,omes
whereas if the amdifit Adfed EREe&US™S nadans ahaeffect 25 61 Bhhanéing ahe edrresion

resistance is saturated anddatethetsame time: there isgahighpossibility of causing @ problems
such as increase i .amount of dross generated in the plating bath. In the structure of the
plating layer, the Fe-Al 30 alloyed layer formed at the interface between the plating layer and
the base steel material préfeabl§ oAt Ené her I5GthTs! Cr anieMne Biaditise bhthe

passivation of Cr and thersariifigiabgoreosion pratestion 8fMn, the %ta&qmggnd@ﬂ@@# g+
the Fe-1~;l alloyed onsidered tq exert an_effect reventing corrosion of the
base steel gateria g‘rﬁé gqﬁ{r?a::%ﬁcg the é:&.rrrltnssllgr? F?é%i?t%r%%%%es prolc%sg%é?t'hceéﬁl%tlﬁaér <
layer being dissolveBaISiRPthEsrogress oftbirbsiorrareampart i the base sleel ifaterislion

surface being expasedtfibe pilayed layer gentaining Crrand-Mocambe qonfirrsed byhe, -
EPMA or GDS analysis of hergss: 5 3eqtipn,af dhe plating,-layer: The film thicknegg  ~ of -
the condition specified by formula (1) after solidification,
15 the spangle size becomes fine and at the same time, the
hardness of the plating layer is elevated, as a result,
many cracks are generated in the plating layer upon
receiving bending deformation.
When the plating layer composition further comprises
20 from 0.1 to 5 mass$% of Mg, higher corrosion resistance
can be obtained. If Mg is added in an amount of less
than 0.1 mass%, the addition cannot provide an effect
contributing the enhancement of corrosion resistance,
whereas if the amount added exceeds 5 mass$%, the effect
25 of enhancing the corrosion resistance is saturated and at
the same time, there is a high possibility of causing a
problem such as increase in the amount of dross generated
in the plating -bath.
In the structure of the plating layer, the Fe-Al
30 alloyed layer formed at the interface between the plating
layer and the base steel material preferably contains one
or both of Cr and Mn. By virtue of the passivation of Cr
and the sacrificial corrosion protection of Mn, the Cr
and Mn condensed in the Fe-Al alloyed layer are
35 considered to exert an effect of preventing corrosion of
the base steel material and enhancirig the corrosion

resistance in the process of the plating layer being



alloye.;, layer is not particularly limited but the effect by the formation of the alloyed layer is
obtained when, the thickness 0.05 Lit' or more. ..he thickness is too large, the bending
workability of the plating layer ~ 10 decreases and this-not preferred. The thickness is
preferably 3 um or less, The formation of the alloyed layer starts immediately after the dipping
of a steel material gL St;)éa oql%ce&j ia'?l% rrlmot :&jﬁfeplatig atn and fthereafter, rocee%s until
solidification of the pfatlng 15 layeris (%mp eted a Séste%pe(:rgﬁjrrg ot the Sfé ed F&dImat
__.:I drops to about2B0'c6Fless cAScardingly athethickaess bethedalfoyeddaykr can be
control .ed by adjusting, fonexampleythe temperatusg ©f plating kath, the dipping.time of
steel material to be plated, or the 20 cooli e aft.e, plating...in order to obtain an average
spangle size of O.5Cr%r%%?%%?eeba%d%&%%@éo&%ﬁ;d%g 9\7%?’&351&@ ocffhé? afifg’f&yer, the
steel material after Sefidificationimbltbe thermalyinstlated undeetheidondificrespesified 25 he

by the following foramula :Bcy165%¥h0%%: 4d3) Ja fwherein tiepresentsaitemperatute forrq -+
thermally insulating th Ieatefd stee ,materi%l- ;oclixlloo 0 250"C; and y represents a thermal

2 heft b St Aibtsial [ Having & plathg IEar

insulation time (h.r) )30 Fig. | shows the redults
thickness of 15 ?iXtvehich walsn pkated by @niploying @platine . compositiontaf 55k Ak H5%s
ii-U.2% Cr Mg-balapge of 7; gndgggleg tarate of o /sec, was subjected to a
heat/thermal insulation 35 t%atr'nent: ande ?ﬁe re ati%gr)lsff}ﬁ%%ojf? é: %e%gin%hv?/o&a%?ﬁ%yn%f %ﬁé] er

plating layet with tHEShERREFRsERAtlon BL ferh ferafireRaitARd Bfstmal Tsuldtivhalme svast s
examined, Here, indhe bendingwarkaRility test of the plgting Jayer: afigr JE bend .9 MiRG.eq
length: portion c th(i . : o F
ayer starts immediately after the dipping of a steel
material to be plated in a hot-dip plating bath and
thereafter, proceeds until solidification of the plating

15 layer is completed and the temperature of the plated

steel material drops to about 400°C or less. Accordingly,

the thickness of the alloyed layer can be controlled by

adjusting, for example, the temperature of plating bath,

the dipping time of steel material to be plated, or the
20 cooling rate after plating.

In order to obtain an average spangle size of 0.5 mm
or more and ensure good bending workability of the
plating layer, the steel material after solidification
must be thermally insulated under the condition specified

25 by the following formula (1):
y>7.5x10%t 7.5 (1)
(wherein t represents a temperature for thermally
insulating the plated steel material at 100 to 250°C, and
y represents a thermal insulation time (hr)).

30 Fig. 1 shows the results when a plated material

having a plating layer thickness of 15 um, which was
plated by employing a plating composition of 55% Al-1.5%
Si-0.2% Cr-1% Mg-balance of 7Zn and cooled at a rate of
15°C/sec, was subjected to a heat/thermal insulation

315 treatment and the relationship of the bending workability
of the plating layer with the thermal insulation



bend-workedtop part was observed a microscope and rated according to the following criteria
,3". bend working, means bending a plate having a thickness T by which a dummy plate
hating a thickness of 3T is sandwiched at the bending pogtion; therefore bending is severer
in the order of UT, 27, 3T): 10 A no bending crack (a rautarkable improvement: effect as

compared with the mateyial not subjegted to. thermal Hgﬁyi%l@féh%e%tit&?eatwae?t>exs f oM tos

bending cracks (there is an improvement feet as compared with the material not, .
subjected thermal Hstfation™ hER treREREADY: oMk a k10 bEnle Fack f(ohte Bameliadel
as the material not sebjected:totthermal insulation/heah dreatment, If dhethermat-insulation the

._mper.t.ure IS '?S%&?@—%Q;IJQQ&C’G&%?E'Q?@”% Igtig%gig‘@vig Jec sga%fg(rg oosbé%iﬂglg trrllg
effect: of |m§rovmg the bending workability and this causes a problem of reduction’in Me

productivity; where&§ BGén 5 exeedds 50Cahidier Limpravement eféat i$ #ibt BBfghed. 25
The formula abovevis detenmineskbys exporentially approxinatingtheetatiopshiphetwesn
thermal insulation tempefatyre;and thermal insulation time for. th conditiotn giving the
effect of improving the bending %voépe?%%%eoﬁ%ﬁ?%mwchaplg%ﬁﬁ élfesr,s~'ot_~§)$t_ is %btajned o
in the test and 30 SHOWHYiHBIGATRAE ré&SorP RS Wsrkailityl 8nthe: pfatinglagemprE ng is
improved by the heat vthesmal. ninshlationdeeatment is, presymed toyely-on the following

mechanism. When the plated material produced in that state as-is, many fine precipitate
particles are present 35 inthe p%ﬂn%%@e]rp?hg ﬁﬁg,ﬁprfe%iﬁﬁ?@ﬁgﬂﬁﬁin}ﬁﬁ?@‘mﬂ}%’ﬁ%fer

of transition the berdifg 9t,..aE~<rhmawred~wi th:. the thetptating' -eye:. and decreasesor
workability of the platinglayeri By @PRYIRG @heat treatment),
O: from 1 to 5 bending cracks (there is an
improvement effect as compared with the material not

15 subjected to thermal insulation/heat treatment),

A from 6 to 10 bending cracks (on the same level
as the material not subjected to thermal insulation/heat
treatment) .

If the thermal insulation temperature is less than

20 100°C, a long thermal insulation time is necessary for
obtaining the effec£ of improving the bending workability
and this causes a problem of reduction in the
productivity, whereas even if it exceeds 250°C, a higher
improvement effect is not obtained.

25 The formula above is determined by exponentially
approximating the relationship between thermal insulation
temperature and thermal insulation time for the condition
of giving the effect of improving the bending workability
of the plating layer, which is obtained in the test and

30 shown in Fig. 1. The reason why workability of the
plating layer is more improved by the heat/thermal
insulation treatment is presumed to rely on the following
mechanism. When the plated material produced is in that
state as-is, many fine precipitate particles are present

35 in the plating layer. The fine precipitate particle

inhibits the transfer of transition at the bending



heat/thermal insulation treatment, the fine precipitate particles are coarsened and the
workability of the r. .., plating layer ...5 improved. incidentally, if a thermal insulat.ion,rtei.._
treatment exceeding 250'C is applied, the coarse precipitate-particle itself is melted in the
plating layer and when the plated . material is cooled., fine precipitate :articles are again

;produced as _, 10 result, the effect of improving the workability of the, plating layer is not
obtained. _n the plgtlen%golg?gfcég%pgzgltign,eth%Tb%aﬁér?ge,gﬁgtelfs,?ﬁlés cgﬁ%)%%)%%gsnfesgotﬁ}els than Al,
Cr, Mn and Si, cofpfises zihtlahdounduidable imptiriies.Sthe 15 vunavoidabledmpurity as

used herein meansman elementunavoidably mingled:n the preduction proeessefa plating o

allay raw material, suci‘k Pb, S b, Sn,Cd, Fe, Ni,Cu %n(%}'ll'l and an e.Iiment difs-ﬁh%ed out

from the steel mat&fial olr% aetlsngaﬁc?t. rcn%%gr?éélnaen% r%?ngled in the" plla iﬁa%a?h. Se

unavoidable impurifiés fidydbd ontained imatotat donteht apdent miass, Thé phatinge rmal
thickness is not partiguaily iiesh J! - (3L e PIaNGIDIL e o8R0 Stuall g o fec

. the
of enhancing the corrosion resistance by the plating layer 25 is insufficient, whereas it Is too

large, the bending WBKaBRitY 6EheIatinG |8/eF teldastsitifa problemt SdcH As the
generation of crackslis teadilylcapsed anﬁtwr@ﬁgWh&q;plaﬁ@gthig%ﬁqlreﬁai&lyém p to
o the plating Thckabes 1 Sletaaly 18 por 1sae h ine orod o method o & larod stee
material. of.r the présétieprésent® LipvEntdn, ‘dsteel teridl to Hepiated Listdippdd e
plating bath comprisingt, imtermsof 5s;. 5. ZNews2640n2d7 3 mi, 85% of Al, 05 t~ - from m 1.i;
.._ . 5% of one-Or In the plating layer composition, the balance, that
is, the components other than Al, Cr, Mn and Si,
comprises zinc and unavoidable impurities. The
15 unavoidable impurity as used herein means an element
unavoidably mingled in the production process of a
plating alloy raw material, such as Pb, Sb, Sn, Cd, Fe,
Ni, Cu and Ti, and an element dissolved out from the
steel material or plating pot material and mingled in the
20 plating bath. These ‘unavoidable impurities may be
contained in a total content up to 1 mass%.

The plating thickness is not particularly limited,
but if the plating thickness is too small, the effect of
enhancing the corrosion resistance by the plating layer

25 is insufficient, whereas if it is too large, the bending
workability of the plating layer decreases and a problem
such as generation of cracks is readily caused.

Accordingly, the plating thickness is preferably from 5

to 40 pm. 1In the case where particularly good bending

30 workability is required, the upper limit of the plating
thickness is preferably 15 um or less.

In the production method of a plated steel material
of the present invention, a steel material to be plated
is dipped in a plating bath comprising, in terms of

35 mass%, from 25 to 85% of Al, from 0.05 to 5% of one or
both of Cr and Mn, and Si in an amount of 0.5 to 10% of



both of Cr and Mn, and Si in an amount of 0..5 to 10% of the Al content, and containing, if
desired, from 0,1 to 5 massy of Mg, with the balance being Zn and unavoidable impurities,

and the plat_:d steel material is cooled to a temperature 1 bmpie, ing solidification of the >Ist
ng -, layer at a cooling rate of 20C%, _ec or less, preferably 15'C/sec or less, more preferably
W(t;.' 58::dor less, ﬁ(@iﬁg& dippingrindhe platind, %@htﬁk@ﬁl. tegl, - mﬁt%@éﬂ;}&ﬁ P'ﬁi@i‘nmfﬁ)%)%o 5
subjected to an alkali degreasing treatment pickling treatment for the purpose o
improving the platin%i a}?:se%tal(o)i?.. E)’/, mg%%g ggﬁe%lgg %?C% elike" Asfor the mlé&aoxﬁodfﬁg&ﬁg

a steel material to B&pieted 1& fnethod of Bentinuotsly pérferming stepsidf is cooled to a

_-e._luction-'annealing steelmateyial to he lated yingder 2heatinghyusing anes oxidation
furnace-*reductlon furnace system o entire reduction furnace, dipping dt in a placing bath,

pulling up the plated Y&l midteRalC AR Hier €8RfoMig %%Fgﬁ&nﬂﬁeé%%m@ﬁﬁ:%&?lby

a gas -wiping systensocoaliag the steel materalkmay he20.4sed. 4 piating-methad.atapplying
a :lux treatment to éh%{%l%gaccgofasteel matg}r?lalt be,platig msm zinc chloride;
other chericats Gnd® th dff)%%%% 8&matdifal & pladhiytSdthahay ©

ammonium chloride 0
also he used. 25 A8 forithe preharatior enethbd of agpfating batha dkadlioyderevioushynprepared

to a composition within the.dange specifigd i the,preseptinyention nay e heat- melted, or a
method oflrbeat-mel.tir:{g; respective. metal. el,ementart'}/ l%),stances or_two or more alloys in 30
I

T4 predetermined cdmpbsittn ﬁl% Hdd Be u3aTHRE nakfietity fay

ccnSinat ion t.0 obtd
be performed by a thethbdlef directly melting the plating alloy in a plating bath or by a
method of previously melting tin-plating alloyrip& %@-@fgiﬁgﬁfgrr@@t@&trﬁ\eﬁémwh@o be
melt 35to a platingmpki_aa'l[te.e'g'heamg(te %o%f uos]ém%g trci:‘-melting urnace is advantageous, for
example, that impufrities << nuously performing steps of
reduction-annealing a steel material to be plated under

15 heating by using a non-oxidation furnace—reduction
furnace system or an entire reduction furnace, dipping it
in a plating bath, pulling up the plated steel material
and after controlling a predetermined plating thickness
by a gas-wiping system, cooling the steel material may be

20 used. A plating method of applying a flux treatment to
the surface of a steel material to be plated by using
zinc chloride, ammonium chloride or other chemicals, and
then dipping the steel material in a plating bath may
also be used.

25 As for the preparation method of a plating bath, an
alloy previously prepared to a composition within the
range specified in the present invention may be heat-
melted, or a méthod of heat-melting respective metal
elementary substances or two or more alloys in

30 combination to obtain a predetermined composition may
also be used. The heat-melting may be performed by a
method of directly melting the plating alloy in a plating
bath or by a method of previously melting the plating
alloy in a pre-melting furnace and transferring the melt

35 to a plating bath. The method of using a pre-melting

furnace is advantageous, for example, in that impurities



such as dross iiener"at:ei at the m"."..t::-u of a plating alloy are easily removed or the
temperaturecontrol of the ;plating bath is facilitated, though the cost for equipment
installation is high. The surface of the plating bath may_-be covered with a heat-resistant
material such as ceramic, glass and wool so as to reduce the amount of oxide-type dross

generated resulting frqnm contact of th(({éjé;latingcgzé\ithascurfafe Wiﬂi air. Thelg %00"5[]% trate until

cooling and solidification 10 of the Hot |61%Fa?ing ayer se %020 éccl:%? léss and the thermia Loy

insulation is perforrméd undiet ihe eondition of foriila {Eafkersolidification rwherebytite
average spangle siga becomes D=8 M of mare angkaeod wwerkahilibhis obtainedJf the
cooling rate exceeds the is above--d%sci?eg.range, ﬂ}?'s angle size becomes fine and not
only the bending Wg&%bﬁﬁlf/e %F the 2 -at: :?ayle?ndét%riorl es Out also { surface appearance

rr: iced. if the thermal ins@ilation whéerthecdoriditiorrdffoimalaod thisot dagriesbogtyed with

spangles with the desjred:size-isi 20 not oRtainad: ThecpalingJate-ottheplated steel.matesiah 1
after hot-dip plating is controlled i%the intﬁrval between gvithdr%\%/al of the plated steel
[

material from the ha£dip° platingBath and the {BMpletion of SotidfticatiBi of e 25 PitngR ted
layer. As for the spee€ific héthad fthercooting arate cdn beccantrotied dykadjistingrthece with

atmosphere .. i_:7133)nis istinik 'EJB tehe pedpheryfithe plated steel, mateyial Ly-adiysting
the relative velocity of wiml blown the plated steel material or, if desired, by 30 using an

induction h8ating of EombRistieh-Tyhe’h&atitlgt BeirietY Th 1codlity" Featé ITHE prated stésls
material can be calculatedda t by measuringuta i 3are. irc.paftecthesplaiedsieeldnalt..r eal is

withdrawn from the&g{tzﬁig ﬂ) in(gfba%% 5#}@!& éhe( jct;?lidé{f'%aet@tons%‘]]ﬂﬂg {@%-g'éncgé@itinw H%%%mizd

completed. Here, the comp et?in of solidification of the hot-dip plating layer can be con

by 0 ?serving the EhEhgeViRTRE QUAEEE Stdte MithcarP8ye ™ five ime @itil or more and good

workability is obtained. 1If the cooling rate exceeds the
15 above-described range, the spangle size becomes fine and

not only the bending workability of the plating layer

deteriorates but also the surface appearance is impaired.

If the thermal insulation under the condition of formula

(1) is not carried out, spangles with the desired size is
20 not obtained.

The cooling rate of the plated steel material after
hot-dip plating is controlled in the interval between
withdrawal of the plated steel material from the hot-dip
pléting bath and the completion of solidification of the

25 plating layer. As for the specific method, the cooling
rate can be controlled by adjusting the atmosphere
temperature in the periphery of the plated steel
material, by adjusting the relative velocity of wind
blown to the plated steel material or, if desired, by

30 using an induction heating or combustion-type heating
burner. The cooling rate of the plated steel material
can be calculated by measuring the time after the plated
steel material is withdrawn from the hot-dip plating bath
until the solidification of the hot-dip plating layer is

35 completed. Here, the completion of solidification of the
hot-dip plating layer can be confirmed by observing the

change in the surface state with an eye. The time until



solidification can be determined by dividing the distance to the completion of solidification of
the plating layer, by the production rate. The cooling rate the plated steal material after 1 the
completion of solidification of the plating layer not particutarly-specified, but the plated steel
material 3. preferably cooled oe, at a rate of 304/sec or more, because the effect of

improving the bending; yerkahilty of e plating layer mare enhanged. However nhe g |
present invention, the plated steal Ostial after solidification ..must be further thiermally

insulated under thé-Eordiffori Rttt By theoabawa fotintiier el Fonthet ptifgoselsftabtainimy e
good bending workakilityref the qelating sayers 15 As for the t_hermal ?nsulation me. ho , for
example, method of, the cﬁpélngggﬁglot--dlg Iat%a%r}tghgu%%q%nde@klsng up , Iea Ig};%daitegeéﬁer

(S .
material while keeping it at a temperatrﬁ?e Jfﬂug er e temperature condition specifi

=

the presentfnventior} andl tRErkedIC20 %uiﬁtﬂqbqhé#ﬁ@tééi@t?eé}fné;tbﬁapé@?_islm@mr is
used. Inthe case. wheresthetplatet-steal rmpteriat aftar tf&lgoﬁﬁ{&q&%@@dd%@?ﬂgg}ate}ria1
production is cooled to a_temperature lower than the temperature condition specified in t:: e
present invention, foFeXdrmpler aM&thoasos ﬁéatﬁwgrﬁ%tk%ﬁmaﬁy%sﬁﬂﬁtlr‘?& tHePplated

stew. material by usingpar beatingand flrermaily insglating nwpxt be theslikel of awnethostiafi ty

once unwinding the platee teel malgrial, (2:shaaling 1o & preretermine) fomperatuye by,

ction heating device or a 30 continuous heating furnace, and then taking up an

using an indu _
thermally ﬁm(éulatingpfﬁgsp?é‘éd St Hdtehal My Bl abpied tafe st dithe Hot2dip
Zn-Al alloy--plated steél indteralofdhepuesenténventionemay be subjected, fet aay:35under

example, to coating-with a£oatipg satetial sych-ag RAESIEr BSIVYPE 3G ST WPEy - the

t:lucr.'oresin type, . 5D
yp purpose of obtaining good bending workability of the

plating layer.

15 As for the thermal insulation method, for example, a
method of, at the continuous hot-dip plating production,
taking up the plated steel material while keeping it at a
temperature higher than the temperature condition
specified in the present invention, and thermally

20 insulating the plated steel material as—-is may be used.
In the case where the plated steel material after the
continuous hot-dip plating production is cooled to a
temperature lower than the temperature condition
specified in the present invention, for example, a method

25 of heating and thermally insulating the plated steel
material by using a heating and thermally insulating box
or the like, or a method of once unwinding the plated
steel material, re-heating it to a predetermined
temperature by using an induction heating device or a

30 continuous heating furnace, and then taking up and
thermally insulating the plated steel material may be
applied.

The surface of the hot-dip Zn-Al alloy-plated steel
material of the present invention may be subjected, for

35 example, to coating with a coating material such as
polyester resin type, acryl resin type, fluororesin type,

vinyl chloride resin type, urethane resin type and epoxy



vinyl. chloride resin type, urethane. :resin type and epoxy. 13 resin type by roll coating, spray
coating, curtain Elov,, coating dip coating, or to film lamination of laminating a plastic film
such eery) resin film. When a ?tin) formed on the plating Myer in this way, exce. lent:
corrosion resistance can be exerted the fiat surface part, cut edge part and bend-worked part

in a corrosive atmqg;@ngp.@&%ngEig lli-nc'lgpaecmg&,eng%gygg;tigg <iﬂscq%%c’ribCe&I]ng ogreatef .,
detail below, A steel material to be plated is dipped in"a bath_containing a hot-dip plating
metal having a compdsitiondsHowi BR Tt 7 &nd Wert tebiddiurddHtha ‘chhlitidhs 15
(elating composition,2cooling rate te pfellfzc afurkerofscompletingcsolidification the platingwhen

aye.,, and temperatureand time far tf‘@%éh_W%%t@%ﬁ'éeﬁiﬁg'icﬂ(%‘;?ef&oni fo praduce.an

ailoyS--plated steel material in invention Example Nos.”__ to 197and 20 Comparative

Example NOs.. 20 t5°57 Alicdid-rSiftbE a8 shéet iaviig 4 thigknéss PE8LEH wids IFaR flat
--deare ased beforewfdting; redudtioneannealed yndet” heating:toi800QC kadanpN2+1004 1a).2
atmosphere and after £ogl; 10,28017,, dippeddn a hot-dip plating bath for 2 seconds to form an
25 alloy plating layer on the surface. The plating film, thickness was controlled to 10 to 15

pm. The temperature of the hot.-dip plating bath was set to 5600 in invention Example No. 9,
to 640C in inventiom EXdRTHeS No. 10, and to. 6054 in others. Then the cooling and thermal 30

nsulation upder the : ondikiians a5 shawn in Jable Jwer.Carried, o Than the, pagng I,

was dissolved and the composition of each of the plating portion and th oy layer at
interface with the P?a?i]rﬁ)‘“base was examined 35 by chemical analysis, ,he plating thickness
was examined by compa#dng theaweightshefoie andiaftep tissetvididt dipped in a bath

containing a hot-dip plating metal having a composition
shown in Table 1 and then treated under the conditions

15 (plating composition, cooling rate to a temperature of
completing solidification of the plating layer, and
temperature and time for thermal insulation after
solidification) to produce an alloy-plated steel
material. In Invention Example Nos. 1 to 19 and

20 Comparative Example Nos. 20 to 22, a cold-rolled steel

sheet having a thickness of 0.8 mm was alkali-degreased
before plating, reduction-annealed under heating to 800°C
in an N-10% H, atmosphere and after cooling to 580°C,
dipped in a hot-dip plating bath for 2 seconds to form an

25 alloy plating layer on the surface. The plating film
thickness was controlled to 10 to 15 pum. The temperature
of the hot-dip plating bath was set to 560°C in Invention
Example No. 9, to 640°C in Invention Example No. 10, and
to 605°C in others. Then the cooling and thermal

30 insulation under the conditions as shown in Table 1 were
carried out. '
Then the plating layer was dissolved and the
composition of each of the plating portion and the alloy
layer at the interface with the plating base was examined
35 by chemical analysis. The plating thickness was examined

by comparing the weights before and after dissolving.



Also, the surface was observed by an optical microscope to examine the spangle size
(average) At the same time, the bend workability and corrosion resistance were evalu_ated by
the following methods. 5 (Bend Workability test) An alloy-plated steel material was cut into a
size of 30 mm 40 mm and the bend working test. of the plating layer was performed. In t_he
bend workabilty test ofhe piinaayers ST.pendwordng was,performediand then s 40.mm
length portion of the bend worked top part was_observed through a microscope angju geo‘_)
according to the foltGWwiigEritdlia. REingR Bt ALE wersjulgia 2l passed: A: NG beAdingt ime,
crack. 15 B: From t¢ Bebermling sracksb Fiomyb tnt0 beadingicracks: sO:stemoeemose dending
cracks. (Corrosion ResistancT89) fsAll-WaES SPRAYIRA 151 S the alloy-plated steel 20
material was performed for 20 days. As for the method of measuring the plating corrosion
weight Ioss,g[he materll btk The Rdrd&idntestiwas dipped in a treating bath containing 200
g/L of CrO3 at a temperatiére of B0G/fas Ba minutessad Hﬁemﬁ%iomawd@@twﬁﬁlﬂis@héﬁ%e
and 25 removed. Th ing_corrosjon weight loss associated with corrosion was measured,

in terms of the masgj%'lr')r?és (%rrlroéio%brenélflstgqﬁ’ée WS (& SREITHING thGRE followity PLating
evaluation criteria ah@@tings 6f RantoBmaste julget las passadwad KaPldting/caressiont the

weight loss 0f59/n131QfﬂQ$1|$; aal%?@ﬁog%pr@%m )N%éﬁlaiz Svlpjézn%rgﬂ?%%rﬁt,eg{n”gﬁaols%%/ﬁ“%
Q Plating corrosion.weight loss of more than m2 to 20 g/w.2. 35 p: Plating corr
weight Iosg%rf moreltlﬁjéllntﬂfé1 %?rﬁzp%f)%elf?‘ﬁilf‘ig %&i?l%ﬂ%;‘)‘q_%%gdj@p PESSE Hes

observed through a microscope and judged according to the

following criteria. Ratings of A-C were judged as

passed.
A: No bending crack.
15 B: From 1 to 5 bending cracks.
C: From 6 to 10 bending cracks.
DE Ten or more bending cracks.

(Corrosion Besistance Test)
A salt.water spraying test of the alloy-plated steel
20 material was performed for 20 days. As for the method of
measuring the plating corrosion weight loss, the material

after the corrosion test was dipped in a treating bath

containing 200 g/L of CrO3 at a temperature of 80°C for 3
minutes and the corrosion product was dissolved and

25 removed. The plating corrosion weight loss associated
with corrosion was measured in terms of the mass. The
corrosion resistance was judged according to the
following evaluation criteria and ratings of A and B were

judged as passed.

30 A: Plating corrosion weight loss of 5 g/m? or less.
B: Plating corrosion weight loss of more than
5 g/m® to 10 g/m?.
G Plating corrosion weight loss of more than

10 g/m® to 20 g/m?.
35 - D: Plating corrosion weight loss of more than
20 g/m?.



Pla’_a.ng asnosicYOn R a+is, 1 7eg "c Interface of '~ . -0 nox v ~,massS) iPlan,ISa:>e _c, ". -...ki's c,..-- r,;;ist- ?Na.} (null) tee Mater'al. 1,11
p~.4 V,?2icr,'n1SilvCg ,'n". ------mmm = = cmmmmemeeee - =4C."60aa_911.25Cr 0760hb,al2.9111.0Ca,

anca

3Dexzl1cbh5016bal290Fe,Si,25-5550.50ba72.1.0Fe, AL.Cr,S'y

."Nbal291
--1160ba7+79110B 91.1.0 Fe. Al, Mn,
810Ue0 AlCss-35918n-in-520ba.l2500eA1C,2 A:al.291Fe,K,Cr,Si,150f~

QT

Table 1
; [Cooling Rate =
Plating Composition ;;Qi gfzzgle ?iiiﬁfiiﬁeifat after Hot-  |Thermal ﬁeni_ ston —
No. (mass%) (%) (mm) Plating/BaS('a Dip Plating |Insulation agirlity Resist- [FCMarKS
Steel Material |(°C/sec) ance
Al|Cr |Mn |Si |Mg |Zn TR Time
ature
1 |55/0.5|~|1.6| 0 |bal| 2.91 0.5 Fe, Al, Cr, Si 19 120 4 C-B B
2 |55{0.5/-|1.6| 0 |bal| 2.91 1.0 Fe, Al, Cr, Si 15 100 10 B B
3 |[55|0.5|~-]1.6| 0 |bal| 2.91 3.0 Fe, Al, Cr, Si 10 150 5 A B
4 |55(0.1] - |1.6| 0 |bal| 2.91 1.0 Fe, Al, Cr, Si 15 120 5 B B
5 |55/0.5|-(1.6| 0 |bal| 2.91 1.0 Fe, Al, Cr, Si 15 150 3 B B
6 |55 - | 1[1.6] 0 |bal| 2.91 1.0 Fe, Al, Mn, Si 15 170 1.5 B B
7 |55|0.5 1.6 0 |bal| 2.91 1.0 Fe, Al, Cr, 15 110 6 B B
Mn, Si
8 [30{0.5|-]0.3| 0 [bal| 1.00 1.0 Fe, BAl, Cr, Si 14 130 3.5 B B
9 |80/0.5|-| 2 | 0 |bal| 2.50 1.0 Fe, Al, Cr, Si 15 160 2 B A Invention
10 [55[0.5| - |1.610.1|bal| 2.91 1.1 Fe, Al, Cr, Si 14 1516 1.5 B B Example
11 |55[/0.5| - {1.6| 1 |bal| 2.91 0.5 Fe, -Al, Cr, Si 19 100 8 G A
12 |55/0.5| -~ |1.6]| 1 |ball| 2.91 1.0 Fe, Al, Cr, Si 14 160 ] C-B A
13 [55/0.5| - |1.6| 1 |bal| 2.91 3.0 Fe, Al, Cr, Si 9 150 10 B A
14 [55(0.5| - |1.6]| 4 |bal| 2.91 1.0 Fe, Al, Cr, Si 13 260 1 C A
15 |55/0.5| - |[1.6] 0 |bal| 2.91 1.0 Fe, Al, Cr, Si 15 240 1 a B
16 |55/0.5| - [1.6| 0 |bal]| 2.91 3.0 Fe, Al, Cr, Si 15 240 5 a B
17 [55|0.5| - [1.6| 0 |bal| 2.91 Y Fe, Al, Cr, Si 15 190 1.5 A B
18 [55/0.5| - |1.6| 0 |bal| 2.91 1.0 Fe, Al, Cr, Si 15 190 5 A B
19 |55 - | 1{1.6| 0 |[bal| 2.91 1.5 Fe, Al, Mn, Si 15 150 10 a B
20 [55(0.5| -|1.6| 0 |ball| 2.91 0.3 Fe, Al, Cr, Si 30 B - D B Compar~
21 |55/0.5| - |1.6| 1 |bal| 2.91 0.2 Fe, Al, Cr, Si 30 - - D B ative
22 |55] - |- [1.6] 0 |pal| 2.01 | 0.2 Fe, AL, Si 30 C < D g |-ranple




------------ 1.6--2.;x0,..Fe,nCA 121 C5161kal71100Fe,1,ux5ia_ ,90e51.6 1
tal2,13,0Fe, Al,Cr,ai---1455051-16...bai>1.12,911.0Fe,, Cr, Si
-------------------- -15550U:ba2911.CFe,Al,Cr,Unal2313.0Fe,A,CrS_,AS 17
550.5 6 CO aal 2.97 1. Al, Cr, -----====m-m-m-=- 550,5,6fjbal29i1.0F.,,C1,A bat2,1,15

255515602129 13 M dCamard on B FeS1 11 LORTo Plyorydift Al Cr. 31 -
..p,Zva 22551 C%::I I b? 2910.2Fe,AlLSIi 0OC amolP G apparent from Table 1, in all
ahe

of invention Exampl&’ ©10'2* the' b&fiding work&nili Y, tHe Behlimgwdrkablitfarid the

corrosion resistance @re edion the_srtls&ralnmml, érreﬁ:@npgnati\xerEmmpleﬂ‘ﬂm Zﬁ)atﬂoQ,Z Ssince
the cooling rate > afier iaiing js highiapd thesnandle sizs sall e bend workeblfty s ngt ..
food. In Corgparative Example No, 22, since Cr and Mn are not contained in the plating
layer, the corrosion‘resfstarntbds slficient 46 IRDUSTRIAPAPPL HCABR T Tﬁ@an]dt ~diphe
Zn-Al alloy--'platedsteel matetaldflthe ypresentinventiah has goodiheadingiwerkakiliapotthes .
plating laver and camybe suitably used ip thgfield of usage for building materials, automobiles
and tome 15 appliances, where bending work of a steel material is o

layer, the corrosion resistance is insufficient.

10 INDUSTRIAL APPLICABILITY
The hot-dip Zn-Al alloy-plated steel material of the

present invention has good bending workability of the
plating layer and can be suitably used in the field of
usage for building materials, automobiles and home

15 appliances, where bending work of a steel material is
often required, and the industrial utility value thereof
is very high. Furthermore, in the production method of a
plated steel material of the present invention, the
existing hot-dip plating equipment can be used as-is and

20 a plated steel material can be easily and efficiently

produced without causing great increase of the production

cost.



often _egu:ired, and the industrial utility value thereof is very in high. Furthermore, i; the
production method of a pi.ated steel material invention, of _...c. present invention, :: , the e
list:Lng hot'--dip plating equipment can be used as-is an.l’20 a. plated steel material can be
easily and efficiently produced without causing great increase of the production cost, 1 7r ___
.aE3.i.'9s 1, h.o:.-dip Zn-Al alloy-plated steel material with gxgellent bending et liai. ility,

having a plating layer comprising, in terms of mass%o, - 21: from 25 to,65',.one both, of Cr and
Moo from 0.05 to %, and Si: fror%; O?g)%o f?%%?ﬂhe%%%%f%@vﬁ%ﬁ?e Sglgﬁecl;e%ae?neg'r ﬁiaLand
unavoidable impurities: hwh&reid iinaverage ispangiecdizeidn- the plating sdrface® LB s mm

or More, 2. The tot-idipZn-laisnalleyplated steekmateriab withexcellent bending workability as
claimed in q%aim 1, wherei s_aic%PIatin?5la¥er B mp_|...es from more than 0.1, mass% to 5

r:?,3ss% of . 15 .. The Dot-dip -Rnélloy-p ate 5sféel rat er_al, withex:.I. __bending

workability as claimed in cfai® Porl2o WheréinCsaid piading lalepfurthed comprises from 0.1

to 5 ma s% of Fi _. The latdip £ _® 5 leyspaied steel matgrial 20 with-excellent bending

workability as claimed.i one_of claims _.to 3 which has an allgyed layer, containing one
or both of Cr and . rv{}%?’ s fa RS &9, nplgﬁlng |%§}8r" é’ﬁ&?ﬁi)efgteﬁ“ﬁ]%rtéﬁ?a_s‘s.

the interface betwadn i
The hot-dip ".n.--Fthalfoyeplatedhste@Maattial sSR5witiEexcellentiberiding Workabilitysasr face
described imany one of claims 140 mwherein the average spangle size on the plating
surface Is 1.0 mm or .marg.. /. 1,;53 mI1E e hot-dlip r3y 7Y alloyplatgd steel material , .,
with excellent bending workability as claimed in claim 1,
wherein said plating layer comprises from more than 0.1
mass% to 5 mass% of Cr.
15 3. The hot-dip Zn-Al alloy-plated steel material
with excellent bending workability as claimed in claim 1
or 2, wherein said plating layer further comprises from
0.1 to 5 mass$% of Mg.
4. The hot-dip Zn-Al alloy-plated steel material
20 with excellent bending workability as claimed in any one
of claims 1 to 3, which has an alloyed layer containing
one or both of Cr and Mn at the interface between said
plating layer and the steel material.
5. The hot-dip Zn-Al alloy-plated steel material
25 with excellent bending workability as described in any
one of claims 1 to 4, wherein the average spangle size on
the plating surface is 1.0 mm or more.
6. The hot-dip Zn-Al alloy-plated steel material
with excellent bending workability as described in claim
30 5, wherein the average spangle size on the plating
surface is 3.0 mm or more.
7. A method for producing a hot-dip Zn-Al alloy-
plated steel material which is the hot-dip Zn-Al alloy-
plated steel material as claimed in any one of claims 1
35 to 6, said method comprising dipping and thereby hot-dip
plating a steel material in a plating bath comprising, in
terms of mass$%, from 25 to 85% of Al, from 0.05 to 5% of



with e.aceilent bending :r:_...: inability as described in claim 30 5, wherein the average
spangle size on the plating surface is 3.0 “m or more. 7.. method for producing a hot-dip

,-.N-2l alloy- plated steel material which is the hot-dip Zn-ABaloy- :ilaat:ed steel material , s
claimed any one of claims 1 35 to 6, said method comprising dipping and thereby hot-dip
plating a st-ses majgaln &,8lating batf.conpy 91, I 48mas of Mass%, fam 2542 85% of o

Al, from 0..05 5% of one both of Cr and Mn:,,. and. §i in an amount of 0.5to 10°-

content, with the bal3fic€ BeﬁﬁezﬁénﬁomﬁaMé%pﬁﬁﬁe§%%ﬁﬁ§ tﬁ@bl‘é@edzﬁeépd
material. at a coolingaratel 020'€/ separlessde a temperatyre o0& gomapleting sekidifieatiosmafa 1
the plating layer, and thermally.insulating th aterial aft r_solidification under the
condition specmedab%y the® %ﬂ(i)m orr%%la %)gﬁws’?}?t O e_sLﬁ (\R/‘ﬁef"elﬁ ??‘é’perﬁgécﬁtge O
temperature for th@mﬂtelhsu@tlﬁglh@pmgmﬂl nwﬁeﬂéﬂeatﬁb@tmrﬁﬁol@m yand

represents a thermah insylation time (): 8ndhemaethed proguging pfotdip Zp-:-al allay-
plated steel material %ﬁéa ed |n claim 7, wherein said 15 plating bath further comprises

from 0.1 to -aass% Of e reindd bt pro@Tcing A hbtaip ZRAFhhod DlSted el
material with excellent bending Workability &%)described in claim 7 or [<.r wherein the cooling
rate of the plated steel material &;2'75.%4\?.?69)9{1@,35. (1)

10 (wherein t represents a temperature for thermally

insulating the plated steel material at 100 to 250°C, and

y represents a thermal insulation time (hr)).

8. The method producing a hot-dip Zn-Al alloy-
plated steel material as claimed in claim 7, wherein said
15 plating bath further comprises from 0.1 to 5 mass% of Mg.
9. The method for producing a hot-dip Zn-Al alloy

plated steel material with excellent bending workability

as described in claim 7 or 8, wherein the cooling rate of

the plated steel material is 15°C/sec or less.



