- 1 - SPECIFI CATION HOT-DI P Zn- Al ALLOY- PLATED STEEL

MATERI AL W TH EXCELLENT BENDI NG WORKABI LI TY AND
PRODUCTI ON METHOD THERECOF 5 TECHNI CAL FI ELD The
present invention relates to a hot-dip plated stee
mat eri al used for building material s; autonobiles and
home appliances. Moire specifically, the present 10

~invention relates to a hot-dig:GRIr3ldpy- pl at ed

steel material having high corrosion-resisting
ability required mainly in the field of usage for
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Wi th the bal ance being substantially Zn is plated and
t her encIOEOUErA @S on  resi stance i s obtai ned.

However, 33%%2%%%1 nt of corrosion resistance is
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evelope P
a_steel materlal 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
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
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
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



di sclosed a Zn-Al -Cr alloy-plated steel material in
Japanese Unexam ned Patent Publication (Kokai) No.
2002- 356759, where an alloy plating layer is applied
by adding C and furthernore My to a Zn-Al plating
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to 85%of A, fromO0.05 to 5% of one or both of Cr
and Mn, and Si 35 in an amount of 0.5 to 10% of the Al
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investigations oh 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
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
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
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



(2) The hot-dip Zn-A alloy-plated steel nmateri al

w th excell ent bending workability as described in

(1), wherein the plating |ayer conprises fromnore

than 0.1 5 mass%to 5 mass% of C. (3) The hot-dip

Zn-Al alloy-plated steel material 3 @ th excellent

bendi ng workability as described in (1) or (2),
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is 3.0 mm or more.

(7) A method for producing a hot-dip Zn-Al alloy-
plated steel material with excellent bending workability,
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,
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
material after solidification under the condition

specified by the following formula (1):
y27.5%x10%%t™9-3 (1)



insulating the plated steel material at 100 to 250C,

and y represents a thermal insulation tinme (hr)). (8)

The nmethod for producing a hot-dip Zn-Al alloy- 5

plated steel material wth excell ent bendi ng

workability as described in (7, 4wherein the plating

bath further conprises fromO0.1 to 5 mass% of My. (9)
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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 compesition 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



whereas if it exceeds 5 mass% there arises a problem
5 such as increase in the anount of dross generated in
the plating bath. In view of corrosion resistance,

one or both of Cr and Wnh is preferably contained in
excess of 0.1 mass% Cr is nore gréferably from nore
than 0.1 mass%to 5 nmass% still nore preferably from
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average spangle size is 0.5 mm or more. The spangle size

25 is measured by observing the plating surface through an
cptical microscoﬁe. 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



particularly specified, but if the spangle size
becones, 5 coarse, the outer appearance is rather

i mpaired and therefore, the preferred spangle size is
usually 10 mmor |ess. The reason why the spangle
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not clearly known at 10 present but is considered as
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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 enhancing the corrosion
resistance in the process of the plating layer being
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confirmed by the EPMA or GDS analysis of the cross 5
section of the plating |ayer. The filmthickness of
the alloyed layer is not particularly limted but the
effect by the formation of the alloyed |ayer is
obt ai ned when the thickness is-0705 pmor nore. If
the thickness is too large, the bending workability
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ther e iipfidld Aink Jerlat WA aNGt R R plated, or the
insulatiaon tinme was exam.ned. Here, in the bending
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plating layer, the steel material after solidification
must be thermally insulated under the condition specified
‘by the following formula (1): .
y27.5%10%xt 4.3 (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)).

Fig. 1 shows the results when a plated material
having a plating layer thickness of 15 pm, which was
plated by employing a plating composition of 55% Al-1.5%
$i-0.2% Cr-1% Mg-balance of Zn and cooled at a rate of
15°C/sec, was subjected to a heat/thermal insulation
treatment and the relationship of the bending workability
of the plating layer with the thermal insulation
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whi ch a dummy pl ate having a thickness of 3T is

sandwi ched at the bending portion; therefore bending
is severer in the order of OT, 7I¥ 2T, 3T): 10 OO no
bendi ng crack (a remarkabl e i nprovenent effect as

corrpawﬁb@\ﬁﬂui:@eaﬁ@t@méﬁhanqnwm@ﬁé@dtir@e M@réﬁémmed

i nsul ation/ heat treatngent), roml to 5 bendin
cr ackﬁ;l ¥&het® tReFrending o‘@%?ﬂéfi‘%ﬂe*‘fbéc"te%% %rfi)%‘? elﬂlatmg
Wi th Izhpemt@ft@i IDtbedd wbkmg,edatgmﬁhm ortion of the

i nsul.ati on/ heat .treatnment) from6 to 10

crackE R RES ‘%a‘ifépl%%"r W%% %e%?%rl?%laﬁﬁcrosgope and
5subj erdtest tactded g tmsuheatf@mdswﬁg ¢ eed et )3T | hend
the thermal insul at,i on

10005 K% TRE el ST BT TOH LT e e oLy TR T BY
obt aivhih tdedwffeqplafe i hogor vy neg thisclhersk ngt 3T is

wor kahj | i Jy chdl Sa{ hﬁvﬁe%&%%ﬁéf@ic{e@e%%éexg%dﬁ%?eﬁ@mg is

the TPpro reas ev
hi ghe?revem olJ@n‘Ehft @fdectof OHotl Dbt netll} 25 The

fornulaa ve i s determ ned b onenti.al.ly
appr oxi mat ﬁg t'he d? 1OnsHt bé‘f\ﬁéeé‘}?]f]??&]rﬁllmprovement
i nsuleat et &ser‘qmﬁpﬁMcE vailich tites medtedmisall atdtorsﬁbjmcted to

for t |I|o the ef f i mprovi ng

t he bég]n %agdv\%oﬁ(% tilﬁr?/h %e%qr%%rietﬁg | ayer, which

i's obtai nd@:i n £hen tlesto B berd StpWrddkdi g:helre e an

reason why wor a%éé'tqv of the lating.la I S rmjreJS

i mpr oVERF BYFRHY 9Tt heforR ath eeé‘tarFeerﬁl not
15pr esuws dat el o arhdheaf old vty oriviiehianitsrea tilkait )t he

pl at ed rratégrial roduced is in that state as-is,

fine precifi'tatiFPark i@ e KPS | (pn Hdie Sarte level

pl at izxg 'dlrﬂé/%ateTﬂfhﬁ e esiditat &dad@la diiRitSon/heat
the transfer of transition at the bending 9

def oA SHYH the plating |ayer and decreases the

wor kabi | i tif afhd hehadnedl nghdayariorByt pRIndtided is less than
heat/th rmal insulation treatnment, the fine
20 pr ecitfi Poyoa BERgi Ehesmale ipgulatien amet he necessary fox

wor kamﬂaltmmj drhe & A 190 Ingelviiny ithY ®&dling workability

InC|den [ i f a thernmal
&E% hi's 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



i nsul ati on/ heat treatnment exceeding 250C is applied,
the coarse precipitate particle itself is nelted in
the plating |ayer and when the. plated material is
cooled, fine precipitate particles are again
produced, as a 10 result, the efféct of inproving the
wor kability of the plating |layer is not. obtained. In

the nt@féﬂsatﬂa@roﬁwsgbtamgtt@@@lmedeéf@éses Sthe
t he conponents ot her than Al

nd
conpri@esabiht vt uWé“i’/di’Joaatb’rréJHﬁ)\(ﬁlftl e?sv dpRplying a
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bl 2t HAE ATLE 1k A TrIaTed Gt RS M DGPLL Y §ff the

5Fe, Nat{ug arglydi , i anthgiowd @ITentn i sl amady OUt £ T4 ofermal
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the steel nmaterial or plating pot naterial 'and

ni nglEER RN Jre gt direrturnth exgreding abddls @pplied, the

| MpUrddd e MBYe O i GHE dadi 41 & ddd GOMENedPid Cthe
1 mass. The platlng t hi ckness i s not Eartlculaﬂ

i mi tRPEItLaYe ] R s Thdheni nafegd st | cooled,
the eﬁlfrﬁﬁtpﬁécuﬁm|;5&rﬂ1ftﬁlé§)rdﬁ§la(§’hlrrﬁ§jﬁmpyas a

the pl at i er |s insufficient, whereas if it is
too EYHE, 1S ATRATYR G109 KOTRARYHEY OF the

Iayerp]cmm:e@s]eaymdua o bdkeya i redth as generation of
cracks is ily used. Accordln t he Iati
Chi cknes 15 Hib TRl nayiis Skt oy e nalhnce, that
wher el partthe ut@uponaoos digred rtglasﬂ Algr Kahi IMrt yarids Si,
requi ckn IS
pr ef eér&%f Ef'lbgs ;%Jnﬂg# 4ried;]sgna\q;031%% (trff)n]% on" rret hod" of
a pl atreiy%twlmatmumlty afs tuﬁeeqort@s@m MPAAH i2on,element
St ee'ud@ﬁdaﬁdl;} Qi Q‘ﬁ;{l@cﬁtﬁp tHeS HRRRY 5idh %f?c@éQ%f a

bath conprisin erns of 35 nmss, fro
of A|plaftrﬂdrﬁ Gt St F Byt edialor susdt RsofPher Shd 9, Cd, Fe,

and $ij, mamnmount Hid G d1emk% ofi sk 1-ihe oﬂt from the

content and contalnlnggilf de3|red fromO0.1
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: o RALE B SYILS el e gn g he

prefer abI yThel&ﬂas:amg)rthﬂmestmn.e pxroetf @ea:hzln_ycu]l&@]s,edlmited,

or l@ﬁﬁ:if the plating thickness is too small, the effect of
enhancing the corrosion resistance by the plating layer
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 um. In the case where particularly good bending
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
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



Before dipping in the plating bath, the steel nmaterial

to be plated nay be subjected to an al kali degreasing
treatment and a pickling treatnent for the purpose of

10 inproving the plating vvettab_iﬁl'#&y, pl ati ng adhesi on

‘or the like. As for the method of-“plating a steel

material to be plated, a nmethod of continuously .
perfOttIﬁﬁ; r@ls&@pselaﬂf, il@(ﬁig@@ﬂl@@iﬁﬂﬁ@miﬂg{i@sfi‘éﬁj from 0.1 to 5
material fo ated under. 1 eat,ing by using a .

non- dERE ok Whr natn  FAS R3TaRCE Pthe et At i vaabte
ent i ranpedirci eon &nd nelee, pHappid ngté4l haterphhtismgecooled to a
bat h, i up the plated ste terial. an r .
cont refTrn Sub b ePne ek 3 et MaTH il cfhel g rAE prating

50as- W ydry S Sh eBdoLDRY i Fgté hef stewl/ @t &y alesmy fieferably
20 used. A plating method of applying a Qlux t reat nent
to tht@wesacy dess stedle mradqmablo WEChpate@rbyess.

USi NGRe £ PC &g&)ﬁiﬂaﬁein APMONL LR £HG b4 A, OFhOtdele]l material to
chem cals, and.” then dipping the steel_material in a
pl at iBRy B kedagay 2Pl eckrd ©3 28 3bralipedegreasing
pr ep&h@éi&ﬂﬁ‘etﬁ“@tmd@{p:@cmdﬁﬁé‘ n@r%’éﬁrﬁen’éﬁqﬁ' t{.lﬁé/ purpose of
previ ous repared 1o a conposition w n fhe range
10 gpeci FIRALTHNT HEDprRERING RrEFionL Hal ol HeHid adhesion or
nmel t ethe orilke net hod of heat-nelting respective netal
el ement ary, supstances or, t r re alloys in 30 .
Combi nat | G 1 ESBETAT TSR L Rt P FFTERS cHrbeR 1 B RypL to be
al so e tusdd. a Thet edto fretdn tnnuays be per fermidy byteps of
nmet h | rec [ n e plating. af | '
o at T el AR AR A e L BRI R Bl vncer
15pl at igat bhd Oyy i s Bngpr£-mdh 4 bpdd i e cRudmwkbe—» reduction
transferring the nelt 35 to a. plati bat h. . The method . .
of L HPAEE VRERT o o aiEe ek i T o pping it
exanpire,a iplathitg i wepth | tpwekl ind lup stioh pkatkedssteel material
gener h | t9 f ' y. .
easi Iafﬁcr?garrﬁl%% (g?ﬁfﬂcgei{%n%ear %%cgé%on ]?}%) &oql ngg thickness
pl at ity dagdstwipibng | stsited, tdoligphg titee coste) graterial may be

zoerl I, | BRIy ISy 08,01 s o
mat erikg WEkPes ekramieelimaenial odlbe slafked Py using
reducs ddecrI®tie Of ardid it YRELSF 088 Gen € themicals, 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 method 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




resulting fromcontact of the plating bath surface

‘with air. The cooling rate until cooling and

solidification 10 of the hot-dip plating |ayer is set

to 20C/sec or less and the thernmal insulationis

performed under the conditionofl¥ormula (1) after
solidification, whereby the average spangle size

becongg:f).a3 HRLY e Ao £ 5&‘&1 ild Y%or S i

obtai ned. |f the co |ng rate excee h% & O plating alloy
abovéffe serSided remned tHe %ﬁgﬂr@@aztem%mfetsrﬂ mef the

and et 190y bdihe ikendi g wordeabi M dHe At g

| ayer deteriorates but also the surface appearance is

i npaiSRdPment tifs tadddtdion dsultetgion under t he

5condi tion mofe fsiimAdce dfl)tHeS gIdit iR W2t @iy pPag8%d with
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with the desired size |s 20 .not obtai ned. The coollng

r at e P e HRsHdRd: M4 s iSHCTa A% Ce TG [Flass and wool
pl at iskg alss tQDI’rtddﬁideﬁd:Hd’l dn’(lﬁmﬂ’ltcﬁ_’f \badldé@-tt\y@fél'l dross generated

\r/]\noi I_ﬁ%ire%u Of t l at g }ﬁ%oe“ fg:)%rgtthh%urface with
sol i @iifr. Catﬁhen dmfoltﬂnfg Zﬁtrd atritnig lepdringAsinidorsdibeli fication
speci t he coolln% rate can be caontrol | ed

hod
by a&}fuéehen& otrd i RSiHd% L avstpdsattite ton 4008/ sec or less
peri pher thef thiempliatiet Sleglon Mal SeirForma agides! ivhe

St eeFoRRiaieR O Torfuidas il aflpTaGatdcig g tioR, whereby
inducheoavb&a@en@pamgd@nbuska@ﬁkaﬂe loe st mag o rbwioies .and good
ol o SRty e adrte Bl T A8 SheePorid gl ZR6G Skceeds the
st eekboreedesk riid e KH@Q&WHtheompahglbobldepbpbwmeﬁgfine and
thgPo%nB th%eS%%hgi%ﬁg%E&%% gﬁég o%okhgig%gkﬁhbngayer

sol i é‘?ﬁﬁéapﬁéﬁ%f bujge aliget i@lepsmréﬁmg appgeravgs be impaired.

ConfEE”%ﬂeth%§§§&Vhﬁ@uﬁ%@loﬁh@ﬂ@%r'@hEhEo§H%E?%% of formula
state_with an eye. The tine until - sol i i cation

can Bé)dé€ePﬁFn§ér6}e&|Pu&vnépﬁﬁéléﬁsﬂéﬁéethﬁod@ﬁérEd size is

conmpheti ept@fingal.i dification of the plating |ayer by
t he produgtion r te The coaqli te of the plate
i O e b

st eel FaFOS £8f r3teneics pbRdppteel Prdt8Tial atter

solidbthdaplpmaﬂﬁngh&spbahtm@lﬂaweﬁnlShen@hterval between

P20 SEAE Lo TPBE) Lttt 1R ShEP BT elBEEND noe-as
plating bath and the completion of solidification of the
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
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
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



because the effect of inproving the bending
workability of the plating |ayer is nore enhanced.
However, in the 10 present invention, the plated
steel material after solidification nust be further
thermal |y insulated under the tohditions as stated by
the above fornmula (1) for the purpose of obtaining
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for the thermal insulation neth exa
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produg§|@me ptakhbgi&R theepl ated steel material while
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O3 ke, Rk Omn Gt grateeiakiakier
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tenp rature usi ng an_ . tio eat.i n Vi ce or
30 cgcn e C?‘/%le%rf? f?fr#a by, ‘?eak‘fe h@ for the
t her rrahtgosmscuﬁ atb tregi v drey mcaicbdaestcaeig rmjﬂtalailhm/ d® the
apM|§%%té%§a +g£¢ce of the hot-dip Zn-Al all oy- plated

ia

st eel the present invention may be
15 subj ect ed A% ofor Itheexdrpie 1 tio gt imp \metﬁhcaﬂ,coﬁaar regample, a
mat er, a tyne,

Idé\!ho%‘qlf Sahpodl'Yee%cﬁ{t 11‘:1‘1%1.{%1 rycpt.edﬂeeg? SI al ﬁ‘?y%gproductlon,

type, fiuororesin type, I ori

ur et et e sim Q%@%%@Qﬁh@amm‘t tWfgel hykgenting it at a

coat Iﬁagn e%ﬁiﬁyréQ?ﬁdH&a tHE aine fﬂé&@e%f@%&{dﬂﬁn
filmlamnation of am natin
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excell e corrosiagn i Sta can be .exerted at the
f1at f ace"”spearq'l ceut h@dé’ %ﬁdt steelh &Rt fifgg the

in acqnhmnunuﬁahnvm&ghgﬂatlng productlon is cooled to a
temperature lower than the temperature condition
specified in the present invention, for example, a method
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
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
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 EpPOXY



EXAMPLES 10 The present invention is described in
greater detail below A steel nmaterial to be plated
is dipped in a bath containing a hot-dip plating
metal having a conposition shown %n_TabIe 1 and then
treated under the conditions 15 (% ating conposition,
cooling rate to a tenperature of conpleting
sol i diréstat tppeobyt helpl abehfinyaysprapndoat Enperatytein flow
and t] ermal insulation after, solidifjcation)
to pr%%%%%ggnggl?g§-6?3?3585tégl Ong%%?i ?Wl?%klon 8%
| nventaohn&Ekanpl 2 pbastict 6il® andh28s Coopal atéven film. When
Exanpl e in@0;L0 I ol . sk.e heet . .
havi ng %S$ %% né%sf§$?8&88ﬁn?%%s$%$€%ﬁé-g% ?%aggdthls way,
Shef orexpehi¢ny, cebdosippnranhebiede uparrbdeaxéngedoat the flat
800C 5 Pr2be N33 109 ERr AL DS PHELE 2R L -' i
58OC;SUdip§%3B?n a ot-d?g Bﬁat?ng %é?%£§d¥&§9%%c %%g e
to foFPYEPSD%e aptmysphareng | ayer on the surface. The
plating film thickness was controlled to 10 to 15 pm
The tenperature of the hot-dip plating bath was set
to 56 |%L$%vention Exanple No. 9, to 640C in
10l nventi on FxanpresdNot dfverlon t s 688 Th &M hef Sgrddedr detail
the cooling and thermal 30 insulation under the
condi TTOWE as shown in Table 1 were carried out. Then
the plati iy syel naserlsbotyase apthtd® ioased i DN a bath
of each of.the plating,portjon and th lloy layer at ., .
the ITRETEEG T MY HE R #1351 A dee trk Tt Gangigs it ion
chem sfadwraniah yEalsle Theapd athery i e atked amdeas thamaoeditions
by co i t ' be . ' Vi Ng.
i5 ;
14 AR My e IS PR REEUBISHE Fo g dbure of
m cr osdepeet ing el dref drt Spanyf et zel {targy alggyer Atand
the SaffR,did®ure tiey bend varkaid ity and |
resi stance vver]iee eval uat e\gpiy%éeﬁé%]l I owﬁ%{#ﬂg‘i&?e%

( BendF Sv¥ddebit 3t ionlesty mrpdidyan|allay-tladedmtaell

vas Gitdrial A St ern®intSbrimamid dMeNd 1 hg, bending
wor ki ng test of the platin uﬁﬁer was perforned. In
t

g
20t he LeTRP3GHIAET 15 HaMR ke (N3 - tq) %4 g Godyrrolged steel
bend sirdd Ngawiasy perdloidrae anthbt e am 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 um. 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.



10 I'mm |l ength portion of the bend worked top part was
observed through a m croscope and judged according to
the following criteria. Ratings of A-C were judged as
passed. A: No bending crack. 15 B; From1l to 5 bending
cracks. C From6 to 10 bending ¢fatks. D: Ten or
nore bendi ng cracks. (Corrosion Resistance Test) A

salt matel speayip@atesiasf obberdbhoyyPhAt 68t $E88!I midPoscope
mat erj al vvas,gerformsd for 20,days or the

ys. As f net hod ,

of neRsEFFRYPEhENEI SPRRGLR0PLB.] ARAVEERYRL - | 0B, thReSame time,
mat er tak gaﬁﬁethhebimitysggg t?ﬁto?\@@ngié@@egthﬂc@ were
treatin a ont ai ni.n 0. at a
terrpe?%‘?]ck‘%]&(ﬁj‘fi éééﬁ%rkgglﬂﬁqﬁﬁge@e%ﬂ% he corrosion

5pr odu¢BemdsWdrksbk Vetyabnds®b renoved. The plating
corrosion [ |.0S ssocjated wWth corrosion wa 4
neasur ed i%ﬁt%?%%YBPE?ﬁ%Sn%é%?fT%%te%%?fdg?%ncu ifito a size
res: S6ANBE WASx | 40/ged .—gxxwoml_dé rl@eﬂic]g) i@ﬁk%ﬁ%i@ﬂ:r@f the plating
evaluation criterig and.ratjings o nd re.
j udget® B8 p‘é%%eﬂ?rg%r%‘?dt?l ath n@%o‘?‘?%@i%‘?}r%\%&gﬁtlf okgst of the
0; 5 plating lgﬁ?fﬁg Br }E’%ﬂtﬁiﬂgrbiéﬁq Q;@é@rpé\ﬁf@hﬁedi%ﬁd then a
of nore than to 1 .. C..Plating corrosion

10uei ghj;mrf1 oJ;%n%?h %%?’étf?lrénOf 1679/ end o"“ilf)kegcﬁJ ngOP AL was
Pl at | vlgs eovedstonowgh ghtml osss ofpetaied t hadge20agtaPding to the

x paolleiiglbh et | Rerindedt A1 ulonn o fhdedyas

r.C Glaseed)y' Q FC P4 fAPUWP P7C U 4C(0b

A: No bending crack.

15 B: From 1 to 5 bending cracks.
C: From 6 to 10 bending cracks.
b: Ten or more bending cracks.

(Corrosion $esistance 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 CrO; 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 judgéd according to.the
following evaluation criteria and ratingé cf 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®.
C: 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?.
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corrosi on resi stance are d. On the "ot her in
Conp&&iive Badiah anbSamey Fwtabdihdsachd e ddig dgteld of

rat eusage 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.



5 after plating is high and the spangle size is snmall

the bend workability is not good. In Conparative

Exanple No. 22, since & and Mi are not contained in

the plating |ayer, the corrosionEiFS|stance IS
insufficient. 10 | NDUSTRI AL APPLI'CABI LI TY The hot-dip
Zn-Al alloy-plated steel material of the present

i nvention has good bending wor KalAINMEy of the plating
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be used as-is and 20 a plated steel materi can
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10conprisihgs mm dermdroOf Mass% from25 to 85%
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1 or 2, wherein said plrati ng er conprises
from@-0. £q o TRk ghbMay. 4. The hot -di p Zn- Al '

al | oy- pl ated stmgl Hﬁi—&fﬂpﬁ'i’.n—%@ Wit exoeld &ntsthandiiterial

wor kahi it cl ai
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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
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
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
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



of clainms 1 to 3, which has an alloyed | ayer _

containing one or both of & and Mh at the interface
between said .plating |ayer and the steel material. 5.
The hot-dip Zn-Al alloy-plated steel material 25 with
excel | ent bendi ng workability as Hescribed in any one
of clains 1 to 4, wherein the average spangle size on
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t enp&'atGde S5l Meteniial asnsdiadmedy ithelpiim du sthegrein said
15 mat eplak igly HGH Fudier 2RhpnL JRPEEIRNS 18 e MRlsss of Mg.
|nsulat|o% t|n§ gpr )., 8. _The met hod producing a .
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