
HOT DTP Zn-A]- BASED ALLOY PLATED STEEL
BENDTNG VüORKAB]LITY AND METHOD FOR

TECHNICAL FTELD

The present invention relates to a hot-dip pl_ated
steel materj-ar used for buiÌding materials, automobires
and home appJ-iances. More specif icaJ-ì_y, the present
invention relates to a hot-dip Zn-Al alroy-plated steel
material having hiqh corrosion-resisting abiì_ity required
mainJ-y in the field of usage for buir-ding material_s and
ensuring excellent bending workability of the plating
ì-ayer, and al-so relates to a production method thereof .

BACKGROUND ART

rt has been heretofore wideì-y known to improve the
corrosion resistance of a steel- material- by appJ-ying zn
pJ-ating to the steel- materiar surface. stil_l at present,
a steel- material_ appJ_ied with Zn plating is being
produced and used in a J-arge amount. However, in many
uses, there arises a case that sufficientì-y hiqh
corrosion resistance is not obtained only by zn pJ-ating.
ïn order to enhance the corrosion resistance of the
plating Ìayer, a hot-dip Zn-Al- arroy-plated steel_ sheet
(Galvalume steel- sheet) produced by addíng AJ_ is used.
For exampl-e, in the case of hot-dip Zn-At alloy plating-
discl-osed in Japanese Examined patent publication
(Kokoku) No - 67-28148r ârì a]-J-oy comprising Ar in an
amount of 25 to 75 masså and si in an amount of 0.5å or
more of the A1 content with the balance being
substantially Zn is prated and thereby good corrosion
resistance is obtained.

However, more enhancement of corrosion resistance is
recently demanded mainJ-y in the field of usage for
buil-ding materials and in order to meet this requirement,
the present inventors have previousry developed and
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- 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-dip plated  steel material used for
building materials, automobiles  and home.. appliances. More specifically, the present 10
invention relates to a hot-dip Zn--AI alloy-plated steel  material having 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 BACKGROUND ART 1 has been heretofore widely known to improve the
corrosion restStan.^.e of a steel materia by applying Zn plating to the steel r.1, serial surface.
St'l at present,  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 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  (Galva].urle 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 :hereby 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 2 disclosed a Zn-Al--Cr
allay-plated steel material in  



a
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disclosed a Zn-Al--cr arroy-plated steel material- in
Japanese unexamined patent pubrication (Kokai) No. 2oo2-
356759, where an arì-oy plating rayer is appJ_ied by adding
cr and furthermore Mg to a Zn-Ar prating ì_ayer to obtain
hiqh corrosion resistance surpassing the conventionar
hot-dip Zn-Al alloy plated steer sheet (Galvalume steef
sheet) . However, when this pJ-ated steel material- as-is
or after coating receives bending deformation, a problem
giving ri-se to reduction of corrosion resistance is
sometimes caused, such as generation of cracks in the
plating layer or impairment of outer appearance of the
bend-worked part.

AccordingJ-y, an object of the present i-nvention is
to sol-ve the above-described problems in the Zn-AÌ-cr
alloy-plated steel material and provide a hot-dip Zn-Al-
alloy-plated steel material- ensuring hiqh corrosion
resistance and excel-lent bending workabirity of the
pJ-ating layer, and a production method thereof.

DISCLOSURE OF THE INVENTION

The present inventors have made various
investigati-ons on the plating layer structure of a Zn-Al
alroy-prated steer materiar as wetl .l the producti_on
condi-tions and the bending workabil_ity of the prating
layer, as a result, it has been found,that when the
technique disclosed bel-ow is applied, a zn-Al_ alloy-
plaLed steel- material_ excell_ent in the bending
workabirity of the plating l-ayer and a production method
thereof can be obtained. The present invention has been
accomplished based on this finding.

(r) A hot-dip Zn-41 arroy-pr-ated steer materiar-
with excell-ent bending workability, having a plating
ì-ayer comprising, in terms of mass?, from 25 to g5? of
Af, from 0.05 to 5å of one or both of cr and Mn, and si
in an amount of 0.5 to 10å of the At content, with the
balance being zn and unavoidabl-e impurities, wherein the
average spangle síze on the pJ-ating surface is 0.5 mm or
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Japanese Unexamined Patent Publication (Koka l ) 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-":l alloy plated steel sheet
(Galvalume steel  sheet). However, when this plated steel material as-is  or after coating
receives bending deformation. a problem  giving rise to reduction of corrosion resistance is 10
sometimes caused, such as generation of cracks in the  plating layer or impairment of outer
appearance of the  bens-worked part, Accordingly, an object of the present invention is  to
solve the above-described problems in the Zn-Al--C 15 alloy--plated steel material and
provide a hot--dip Zn-Ai  alloy-plated steel material ensuring high corrosion  resistance and e
cellent 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-.tip 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 Me, 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
;:;m or more (2) The hot-dip Zn-Al alloy--plated steel material  with excellent bending
workability as described in (1)  
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more.
(2) The hot-dip Zn-AI al_loy-plated steel_ material-

with excelfent bending workability as described in (1),
wherein the plating layer comprises from more than 0.1
mass% to 5 mass% of Cr-

(3) The hot-dip Zn-AI alloy-plated steel material_
with excell-ent bending workabiJ-ity as described in (1) or
(2) , wherein the pì-ating layer further comprises from 0.1
to 5 mass% of Mg.

(4) The hot-dip Zn-Al- alJ_oy-plated steef material_
with excel-lent bending workabil_ity as described in any
one of (f ) to (3), which has an alJ_oyed layer containing
one or both of Cr and Mn at the interface between the
plating layer and the steel material-.

(5) The hot-dip Zn-Al_ alÌoy-plated steel- material
with excel-lent 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-Af aJ-loy-plated steel_ materiaf
with excefl-ent bending workabitity as described in (5),
wherein the average spangre size on the prating surface
is 3.0 mm or more.

(1) A method f or producing a hot-dip Zn-AI al_Ioy-
prated steel- materiar with excerl-ent bending workabirity,
which is the hot-dip Zn-Al- alloy-plated steel material_
described in any one of (1) to (G), the method comprising
dipping and thereby hot-dip plating a steel material in a
plating bath comprising, in terms of mass%, from 25 to
854 of 41, from 0.05 to 5% of one or both of Cr and Mn,

and si in an amount of 0.5 to 10å of the Ar- content, with
the barance being zn and unavoidabl-e impurities, cooling
the pJ-ated steel- material at a cooÌing rate of 2Ooclsec or
l-ess to a temperature of compl-eting soridification of the
pì-ating Iayer, and thermaJ_J_y insul_ating the steel_
material after solidification under the condition
speci-fied by the foì_lowing formul_a (1):

y>7.5x10ext-4.s (1)
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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 has 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-AI 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 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 mkt 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 20C/ ec 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'7.5xl09xt V- (1) 4 (wherein t represents a temperature for thermally  insulating the plated
steel material at 100 to 250C, and.  7 represents a thermal insulation time (hr)), 
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(wherein t. represents a temperature for thermaJ_Iy
insul-ating the prated steer materiar at 100 to 2so"c, and
y represents a thermal_ insulation time (hr) ) .

(B) The method for producing a hot-dip Zn-AI alloy_
prated steef material- with exceÌl-ent bending workabiJ_ity
as described in (1), wherein the plating bath further
comprises from 0.1 to 5 mass% of Mg.

(9) The method for producing a hot-dip Zn-Al alJ_oy
plated steer materiar with excer-r-ent bending workability
as described in (1) or (B), wherein the cooling rate of
the plated steel_ material is IS"C/ sec or less.
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BRTEF DESCRIPTION OF THE DRAV\JING

Fig. 1 shows the refationship between the thermal_
j-nsulation condition after plating and the bending
workabj-Iity of the ptating layer.

20

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention i-s described in detail- below.
The hot-dip Zn-Al alloy-pÌated steel material- with

excerlent corrosion resistance of the present invention
is characterized in that the plating layer has a

compositi-on comprising from 25 to 75 masså of Al-, from
0.05 to 5 masså of one or both of cr and Mn, and si ín an
amount of 0-5 to 10 mass% of the Ar content, with the
bal-ance being Zn and unavoidabre impurities. The pJ_ating
layer composition preferabl-y further comprises from 0.1
to 5 masså of Mg. Here, the steer materiar to be plated
is an iron or steel material- such as steer sheet, steel
pipe and steel wire.

Out of the plating layer composition, Al_ is from 25
to 75 mass%. rf Al is less than 25 masså, the corrosion
resistance decreases, whereas if it exceeds 75 masså, the
corrosion resistance of the cut edge decreases or the
al-loy pJ-ating bath must be kept at a high temperature and
this causes a problem such as high production cost.
Also, out of the prating layer conposition, one or both
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(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 Mq. (9) The method for ';roducing, a hot-dip Z'n--A! 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 sec or less. BRIEF DESCRIPTION OF THE DRAWING Fig. -l shows the
relationship between the thermal  15 insulation condition after plating and the bending
workability of the plating "yer. BEST MODE POR CARRYING OUT THE INVENTION The
present invention is described i.:n. 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 at composition comprising from 25 to 75 mass- of Al, from  005 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 :Hass` 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 of :'r and Mn from 0.05 to y . _ss%, If one on both  Cr and Mn less than 0,.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 resistance, one or 
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of Cr and Mn is from 0.05 to 5 masså. If one or both of
Cr and Mn is fess than 0.05 masså, the effect of
enhancing the corrosion resistance is insufficient,
whereas if it exceeds 5 mass%, there arises a problem
such as increase in the amount of dross generated in the
plating bath. In vj-ew of corrosion resistance, one or
both of Cr and Mn is preferably contained in excess of
0.1 masså. Cr is more preferably from more than 0.1
mass% to 5 masså, stj-lJ- more preferably from 0.2 to 5

mass%.

Out of the plating layer compositíon, Si is added in
an amount of 0.5% or more of the AI content, because it
helps to prevent excessive growth of the Fe-Al- alloy
layer formed at steel/pJ_ating interface, and thus enhance
the adhesion of the plating layer to the steel- surface.
If Si is contained in excess of 10å of the A1 content,
the effect of suppressì-ng the formation of an Fe-Al-
alJ-oyed l-ayer is saturated and at the same time, this may

incur reduction in the workability of the plating J-ayer.
Therefore, the upper l-imit is 10? of the At content.
When the workability of the plating layer is important,
the upper l-imit is pref erabfy 5å of the Al_ content.

As for the structure of the plating layer, the
average spangle sj-ze is 0.5 mm or more. The spangle size
is measured by observing the pl-ating surface through an
optj-cal microscope. In the sol-idification structure, AI
dendrite cell-s are observed, and the distance between
centers of dendrite cells is measured through observation
generally by an optical microscope at an about 2O-fold to
SO-fold magnification. If the average spangle size is
less than 0.5 mm, when the plating J-ayer is bend-worked,
many cracks are generated and the bending workabiJ_ity
decreases. Furthermore, the spangJ-e pattern as a
characteristic feature of the plated steel material of
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
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._ 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 0.2 to S  'f0 . ~: mass %. Out of
the placing layer composition, Si is added i:n.  an amount of 0.5% 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 enhance 15 the adhesion of the plati. _ _.ever to the steel. surface,  Si is
contained in excess of 10% of the A! content,  the affect: suppressing the formation of an
Fe-_Al'.  alloyed layer is saturated and at the same time, this may incur Keduction in the
workability of the plating layer.  20 Therefore, the upper limit 10% of the Al. content.  When
the workability of the plating layer is important,  the upper limit preferably 5% of Al the 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 2`.; fold to 30 00-fold magnification. If the average spangle size is  less than 0.5
mm, when the plating layer is bung}-'worked,  many cracks are generated and the bending
workability  decreases. Furthermore, the spangle pattern as a  characteristic u.... er.s~:ti~ 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 lErie..- is
required, the average spangle size is preferably ._. 0 :mU or more, morre  preferably 3.0 mm
or more. The upper limit of the spangle size is not  particularly specified, but if the spangle
size becomes  coarse, the outer appearance is rather impaired and  
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average spangl-e size is preferabJ-y 1.0 mm or more, rnore
pref erably 3. 0 nìm or more.

The upper limit of the spangle size is not
particuJ-arly specified, but if the spangJ_e size becomes
coarse, the outer appearance is rather impaired and
therefore, the preferred spangle size is usually 10 mm or
l-ess.

The reason why the spangJ_e size affects the
workability of the prating J-ayer is not crear]y known at
present but is considered as fol-rows: in the case where
the cooling rate until- the completion of sor-idification
of the pJ-ating J-ayer after hot-dip pJ-ating is high or
where thermal- lnsulation is not performed under the
condi-tion specified by formul-a (1) after sol-idification,
the spangJ-e size becomes flne and at the same time, the
hardness of the pJ-at.ing layer is el-evated¡ âs a result,
many cracks are generated in the pJ_ating layer upon
receiving bending deformation.

vùhen the plating layer composition further compri-ses
from 0.1 to 5 masså of Mg, higher corrosion resistance
can be obtained. If Mg is added in an amount of less
than 0.1 masså, the addition cannot provide an effect
contributing the enhancement of corrosj-on resistance,
whereas if the amount added exceeds 5 masså, the effect
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 pJ-ating-bath.

In the structure of the plating l-ayer, the Fe-Al
alloyed J-ayer formed at the interface between the pJ-ating
layer and the base steel- material preferabr-y 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- all-oyed layer are
considered to exert an effect of preventing corrosion of
the base steel materiar and enhancirig the corrosion
resistance j-n the process of the plating layer being
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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 until 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 formula (1) after solidification, 15 the spangle size becomes
fine and 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  g 20 from 0.1 to 5 mass% of h'. , 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-1~,l 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 dissolved along the progress of corrosion and a par`.:  the base steel material
surface being exposed. The alloyed layer containing Cr and Mn can be  confirmed by he
EPMA or GDS analysis of the cross. 5 section of the plating -.layer. The film thickness _ ~ of -
the  
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dissolved along the progress of corrosion and a part of
the base steel material- surface being exposed.

The alloyed J-ayer containing Cr and Mn can be

confirmed by the EPMA or GDS analysis of the cross
section of the plating layer. The film thickness of the
aJ-J-oyed layer is not particurarJ-y l-imited but the effect
by the formation of the alloyed J_ayer is obtained when

the thickness is 0.05 pm or more. If the thickness is
too large, the bending workabil_ity of the plating l_ayer
decreases and this is not preferred. The thickness is
preferably 3 pm or less. The formatj_on of the alloyed
J-ayer starts immediat.ely after the dipping of a steel_
material to be plated in a hot-dip plating bath and
thereafter, proceeds until- solidification of the plating
layer is completed and the temperature of the plated
steel material- drops to about 400'C or l_ess. AccordingJ_y,
the thickness of the alloyed layer can be control_Ied by
adjusting, for example, the temperature of plating bath,
the dipping time of steel_ material to be plated, or the
cooling rate after plating.

fn order to obtain an average spangle size of 0.5 mm

or more and ensure good bending workability of the
plating layer, the stêel_ material_ after sol_idification
must be thermarly insul-ated under the condition specified
by the following formula (1):

y>T.5xl0ext-4.5 (1)
(wherein t represents a temperature for thermally
insulating the plated steel material_ at 100 to 250.C, and
y represents a thermal_ insul_ation tj_me (hr)).

Fig. 1 shows the resul-ts when a plated material
having a plating layer thickness of 15 Fm, which was

plated by employing a plating composition of 55å Al_-1.5%
Si-0.23 Cr-1% Mg-balance of Zn and cool-ed at a rate of
15"C/sec, bras subjected to a heat/thermal insulation
treatment and the rerationship of the bending workabirity
of the pJ-ating layer with the thermal insulation
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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 al. be placed in a hot 'dip plating atn and  thereafter, proceeds until
solidification of the plating 15 layer is completed and the temperature of the plated  steel mat
__ .:l drops to about 400'C or less. Accordingly,  the thickness of the alloyed layer can be
control .ed by  adjusting, for example, the temperature of plating bath,  the dipping time of
steel material to be plated, or the 20 cooling rate aft.e, plating.. in order to obtain an average
spangle size of 0.5 mm  or more and ensure goodbending workability of the  plating layer, the
steel material after solidification mu be thermally insulated under the condition specified  25 _
by the following formula (.i); y17.5xl.09x : 4' (1)  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 (h.r) )30 Fig. I shows the results when a plated material  having a plating layer
thickness of 15 ?iXt, which was  plated by employing a platin`_. composition of 55' Al--I.5%
ii-U.2% Cr Mg-balance of 7-n and cooled at a rate of  _o'C/sec, was subjected to a
heat/thermal insulation 35 treatment: and the relationship of the bending workability  of the
plating layer with the thermal insulation 8  temperature an and thermal insulation time was
examined, Here, in the bending workability test of the plating  layer, after JT bend ,or ring, .
length: portion c the  
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temperature and thermal insulation time was examj_ned.

Here, in the bending workability test of the plating
J-ayer, after 3T bend working, a 1mm J_ength portion of the
bend-worked top part was observed by a microscope and
rated according to the folfowing criterla (3T bend
working means bending a plate having a thickness T by
which a dummy pJ-ate having a thickness of 3T is
sandwiched at the bending portion; therefore bending is
severer in the order of 0T, 1T, 2T, 3T) :

@, no bending crack (a remarkable improvement
effe.ct as compared with the material not subjected to
thermal insul-ation/heat treatment),

O: from 1 to 5 bending cracks (there is an

improvement effect as compared with the material not
subjected to thermaf insul_ation/heat treatment),

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

If the thermal insul_ation temperature is l-ess than
100"C, a J-ong thermal insulation time is necessary for
obtainl-ng the effect of improving the bending workability
and this causes a probl-em of reduction in the
productivi-ty, whereas even if it exceeds 25OoC, a higher
improvement effect is not obtained.

The formula above is determined by exponentialJ-y
approximating the relationship between thermal- j-nsul-ation
temperature and thermal- insulation time for the condition
of giving the effect of improving the bending workabirity
of the plating layer, whj_ch is obtained in the test and
shown j-n Fig. 1. The reason why workability of the
plating layer is more improved by the heat/thermal
insuration treatment is presumed to rery on the fol]owing
mechanism. vühen the plated material- produced is in that
state as-is, many fine precipitate particles are present
in the pJ-ating layer. The fine precipitate particle
inhibits the transfer of transition at the bending
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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 portion; therefore bending is  severer
in the order of UT, 27, 3T): 10 A no bending crack (a rautarkable improvement:  effect as
compared with the material not subjected to  thermal insulation/heat treatment), _t: from 1 to 5
bending cracks (there is an  improvement feet as compared with the material not,  15
subjected thermal _nsulation; hea treatment), : from ., to 10 bend_ rack; (on the same level
as the material not subjected to thermal insulation/heat  treatment!, If the thermal insulation
.._mper.t.ure is less than  20 100'C, t thermal insulation time is necessary for  obtaining the
effect: of improving the bending workability  and this causes a problem of reduction in Me
productivity, whereas even if in exceeds 50C, 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 woKkability  of the which plating layer, ~"t_~_t_ is obtained ..
in the test and  30 shown in Fig. The reason why workability/ of the  plating layer more
improved by the heat, :thermal.  insulation treatment is presumed to rely on the following
mechanism. When the plated material produced 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 the bending 9 ,..~:E~ri._av: .. c~ of ::L:. the  the plating ' -eye:. and decreases r
workability of the plating layer. By applying a  
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deformation of the plating l-ayer and decreases the
workabil-ity of the plating J-ayer. By applying a

heat/thermal insulation treatment, the fine precipitate
particÌes are coarsened and the workabiJ-ity of the
plating layer is improved. Incj-dentalIy, if a thermal
insulation/heat 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 particl-es are again produced, âs a

result, the effect of improving the workability of the
pl-ati-ng Iayer is not obtained.

In the plating layer composition, the bal-ance, that
is, the components other than AJ-, Ct, Mn and Si,
comprises zinc and unavoidable impurities. The

unavoidabl-e impurity as used herein means an element
unavoidably mingled in the production process of a

plating alloy raw material, such as Pb, Sb, Sri, Cd, Fe,

Ni, Cu and Ti, and an el-ement dissolved out from the
steel- material or plating pot materj-al- and mingled in the
plating bath. These unavoidabl-e impurities may be
contained in a total- content up to 1 mass%.

The pJ-ating thickness is not particuJ-arÌy l-imited,
but if the plating thickness is too small, the effect of
enhancing the corrosion resistance by the plating l-ayer
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 readij-y caused.
Accordingly, the plating thickness is preferably from 5

to 40 pm. In the case where particuJ-arly good bending
workability is required, the upper tímit of the plating
thickness is preferabJ-y 15 Fr.m or less.

In the production method of a plated steel- material
of the present invention, a steel material to be pJ-ated

is dipped 1n a plating bath comprising, in terms of
masså, from 25 to 85å of 41, from 0.05 to 5% of one or
both of Cr and Mn, and Si in an amount of 0.5 to 10% of
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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 plating layer composition, the balance, that  is, the components other than Al,
C r, 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
allay raw material, such. Pb, S b, Sn, C d, 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 ... mass, The plating
thickness is not particularly limited,  but . :31 if the plating thir,;ile=,.,. is too small, the r^.ifec:`.
of  enhancing the corrosion resistance by the plating layer  25 is insufficient, whereas 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 preferably from 5  to
40 gm. in the case where particularly good bending 30 workability is required, the upper limit
of the plating  thickness is _ eferably 1:5 p or less. in the production method of a plated steel
material.  of .r the present epresent . ~ invention, a steel material to be plated  is dipped in a
plating bath comprising, in terms of 5s;. ;.Z New; 25 to ,1..7 3 mi, 85% of Al, 05 t~ - from m 1.i;
.. ._ . 5% of one Or 
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the Al content, and containj-ng, if desired, from 0.1 to 5

mass% of Mg, with the balance being Zn and unavoidabl-e
impuritl-es, and the plated stee1 material is cooled to a

temperature of compJ-eting sol_idificatj_on of the plating
l-ayer at a cooling rate of 2)oC/sec or less, preferably
15"C/sec or fess, more preferably lOoC/sec or less.
Before dipping in the pì-ating bath, the steel materj_al_ to
be plated may be subjected to an alkali degreasing
treatment and a pickJ_ing treatment for the purpose of
j-mproving the plating wettabiì-ity, pl-ating adhesion or
the like.

As for the method of plating a steel_ material_ to be
plated, a method of continuously performing steps of
reducti-on-annealing a steel material_ to be plated under
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
used. A plating method of appJ_ying a flux treatment to
the surface of a steel_ materiaL to be plated by using
zínc chÌoride, ammonium chloride or other chemicals, and
then dipping the steel material in a plating bath may

also be used.
As for the preparation method of a plating bath, an

aIloy previ-ously prepared to a composition within the
range specified in the present invention may be heat-
melted t ot . 

^àtftod of heat-meJ-ting respective metal-
elementary substances or two or more aIloys in
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
aJ-roy in a pre-mel-ting furnace and transferring the mert
to a plating bath. The method of using a pre-mel_ting
furnace is advantageous, for example, in that impurities
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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 ._ompie, ing solidification of the >lst
ng -`, layer at a cooling rate of 20C%, _ec or less, preferably 15'C/sec or less, more preferably
W(:. 58:: or less, Before dipping in the platin", bath, the steel - material to  be plated may be
subjected to an alkali degreasing treatment and a pickling treatment for the purpose of  IG
improving the platin_, ,:ettabi.... fLy, plating adhesion or  the like. As for the method of plating
a steel material to be  plated, a method of continuously performing steps of
_.e._1uction-'annealing a steel material to he plated under 2 heating by using a nor -oxidation
furnace-*reductlon  furnace system o entire reduction furnace, dipping dt  in a placing bath,
pulling up the plated steel material  and after controlling a predetermined plating thickness  by
a gas -wiping system, cooling the steel material may he 20 used. A plating method of applying
a :lux treatment to  the surface of a steel material to be plated by using  zinc chloride;
ammonium chloride other chemicals, and  then dipping the steel material in a plating bath may
also he 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
ccnSinat ion t.0 obtain a predetermined composition may also be used. The beat-melting may
be performed by a  method of directly melting the plating alloy in a plating  bath or by a
method of previously melting tin plating  alloy in a pre-melting furnace and transferring the
melt 35 to a plating bath. 'S'he method of using a pre-melting  furnace is advantageous, for
example, that impurities 
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such as dross generated at the melting of a pì-at.ing aÌloy
are easiJ-y removed or the temperature control- of the
platíng bath is facifitated, though the cost for
equipment i-nstaÌlation is high.

The surface of the pJ-ating 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
resuJ-ting from contact of the plating bath surface with
air. The cooling rate until- cooJ-ing and sol-idification
of the hot-dip pJ-ating J-ayer is set to 2}"C/sec or less
and the thermal- insufatj-on is performed under the
condition of formul-a (1) after solidification, whereby
the average spangle stze becomes 0.5 mm or more and good

workabilit.y is obtained. If the cooì-ing rate exceeds the
above-described range, the spangle size becomes fine and
not only the bending workabifity of the plating J-ayer

deteriorates b,ut al-so the surface appearance is impaired.
If the thermal- insul-ation under the condition of formul_a
(1) is not carried out, spangles with the desired size is
not obtained.

The cooling rate of the pJ-ated steel- material after
hot-dip pJ-ating j-s control-l-ed 1n the interval- between
withdrawal- of the pÌated steel- material from the hot-dip
plating bath and the completion of solidífication of the
plating l-ayer. As for the specific method, the cooling
rate can be controll-ed 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 ot, 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- j-s withdrawn from the hot-dip ptating bath
until- the solidification of the hot-dip plating layer is
completed. Here, the compÌetion of solidification of the
hot-dip pJ-ating layer can be confirmed by observing the
change in the surface state wi-th an eye. The time until
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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 from contact of the plating bath surface with  air. Thee cooling rate until
cooling and solidification 10 of the hot-dip plating layer set to 20 ec: or less  and the thermal
insulation is performed under the  condition of formula (1) after solidification, whereby  the
average spangle sire becomes 0..5 _m or more and good  workability is obtained. If the
cooling rate exceeds the is above--described range, the spangle size becomes fine and  not
only the bending workability of the 2 -at: t: layer  deteriorates Out also { surface appearance
rr: iced.  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  plating bath and the completion of solidification of the 25 plating
layer. As for the specific method, the coolinq  rate can be controlled by adjusting the
atmosphere .: i_:71'::) .is is t. ii r'E in 'tehe periphery of the plated steel  material, by adjusting
the relative velocity of wiml  blown the plated steel material or, if desired, by 30 using an
induction heating or combustion-type heating  burner.. Th : cooling" mate of the plated steel
material  can be calculated ta : by measuring r~:.T3a e. Inc. .after the plated steel malt..r eal is
withdrawn from the hot-dip plating bath  until the solidification of the hot-dip p.la.tin., :layer is
completed. Here, the completion of solidification of the  hot-dip plating layer can be confirmed
by o ?serving the  change in the surface state with an eye. The time until 
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soridification can be determined by dividing the distance
to the completion of solidification of the plating layer
by the production rate.

The cooling rate of the plated steel material after
the compJ-etion of solidification of the plating J_ayer is
not particularJ-y specified, but the plated steel- materiar
is preferably cooJ-ed at a rate of 3O"C/sec or more,
because the effect of improving the bending workabiJ_ity
of the pJ-ating layer is more enhance.d. However, in the
present invention, the plated steel materíal- after
solidificatj-on must be further thermalJ-y insul-ated under
the conditions as stated by the above formula (1) for the
purpose of obtaining good bending workability of the
pl-at ing Iayer .

As for the thermal- insul_ation method, for example, a

method of ,. at the continuous hot-dip pJ_ating production,
taking up the pJ-ated steel materiaf while keeping it at a

temperature higher than the temperature condition
specified in the present invention, and t.hermally
insulating the plated steel material as-is may be used-
In the case where the plated steel material after the
continuous hot-dip pJ_ating production is cooled to a

temperature l-ower than the temperature condition
specified in the present invention, for exampl_e, a method
of heating and thermal-Iy insul-ating the plated steel
materiar by using a heating and thermally insu]-ating box
or the like t ot 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 heatj-ng furnace, and then taking up and
thermal-ly insulating the plated steel materlal_ may be
appJ-ied.

The surface of the hot-dip Zn-Al alloy-plated steel
material- of the present invention may be subjected, for
exampl-e, to coatj-ng with a coating material such as
poì-yester resin type, acryl resin type, fluororesin type,
vinyÌ chÌoride resin type, urethane resin type and epoxy
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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 particularly 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: workability of the plating layer more enhanced. However. in the  10
present invention, the plated steal Ostia! after  solidification ..must be further thermally
insulated under  the conditions stated by the above formula (1) for the  purpose of obtaining
good bending workability of the  plating sayer, 15 As for the thermal insulation me. ho , for
example,  method of, the continuous hot--dip plating production,  taking up ,`le plated steel
material while keeping it at a  temperature higher Man the temperature condition  specified in
the present invention, and thermally 20 insulating the plated steel material as--_s may be
used.  In the case. where the plated steal material after the  continuous hot--dip plating
production is cooled to a  temperature lower than the temperature condition  specified in t::}':e
present invention, for example, a method 25 of heating and thermally insulating the plated
stew.  material by using a heating and thermally insulating _:ox  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  may 35
example, to coating with a coating material such as  polyester resin type, acryl resin type,
t:lucr.'oresin type,  
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resin type by rol-l coating, spray coating, curtaj_n flow
coating or dip coating, or to fitm .l_amination of
J-aminating a plastic fil-m such as acryl resin fil_m. When

a coating is formed on the plating Ìayer in this wây,
excel-l-ent corrosion resistance can be exerted at the ftat
surface part, cut edge part and bend-worked part in a

corrosive atmosphere.

EXAMPLES

The present invention is described in greater detail
below.

A steel- materj-al- to be pJ_ated is dipped in a bath
containing a hot-dip pJ-ating metal having a composition
shown in Tabfe 1 and then treated under the conditions
(pì-ating composition, cooling rate to a temperat.ure of
completing solidification of the plating layer, and
temperature and time for thermal insul-ation after
sol-idification) to produce an al-Ioy-pJ_ated steel-
material-. fn Invention Example Nos. 1 to 19 and
Comparative Example Nos. 20 to 22, a col_d-rolled steel
sheet having a thickness of 0. B nm b/as al_kal_i-degreased
before plating, reductj-on-annealed under heating to B0OoC

in an N2-10? H2 atmosphere and after cooling to SBO.C,

dipped in a hot-dip plating bath for 2 seconds to form an
aÌloy plating layer on the surf ace. The pJ_ating f i1m,

thickness hras controlred to 10 to 15 Frn. The temperature
of the hot-dip prating bath was set to 560"c in rnvention
Exampl-e No. 9, to 640oC in Invention Example No. 10, and

to 605oC in others. Then the cooling and thermal_
insurati-on under the conditions as shown in Table 1 were
carried out.

Then the pJ-ating layer was dissolved and the
composition of each of the pJ_ating portion and the alloy
layer at the interface with the plating base was examined
by chemicar analysis. Th". prating thickness was examined
by comparing the weights before and after dissolving.
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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 atmosphere. EXAMPLE'S  1-n The present invention is described in greater
detail below, A steel material to be plated is dipped in a bath  containing a hot-dip plating
metal having a composition  shown an Table _. and then treated under the conditions 15
(elating composition, cooling rate to a tell[:>=._ature of  completing solidification the plating
aye.,, and  temperature and time for thermal _ insulation alter  solidification) to produce an
ailoyS--plated steel  material in invention Example Nos. __ to 19 and 20 Comparative
Example Nos.. 20 to 22, a cold-rolled ' Stee  sheet having a thickness of 0.8 ,..iii was li ali
--deare ased  before plating, reduction- annealed under" heating to 800C  in an N2-10% 1-).2
atmosphere and after cool. to 58012,  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
pm. The temperature  of the hot.-dip plating bath was set to 5600 in invention  Example No. 9,
to 640C in invention Example No. 10, and  to. 6054 in others. Then the cooling and thermal 30
insulation under the : ond:Ltions as shown in Table 1 wer  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, ,he plating thickness
was examined  by comparing the weights before and after dissolvini tt  
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Also, the surface was observed by an optical microscope
to examine the spangl-e sj-ze (average). At the same time,
the bend workabiJ-ity and corrosion resistance \^rere

evaluated by the foll_owing methods.
(Bend Workability test)

An al-Ioy-plated steel_ material was cut into a size
of 30 mm x 40 mm and the bend working test of the p]-ating
layer was performed. rn the bend workability test of the
plating J-ayer, 3T bend working was performed and then a

lmm J-ength portion of the bend worked top part was

observed through a microscope and judged according to the
foll-owing criteria. Rati_ngs of A-C v¡ere judged as
passed.

A: No bending crack.
B: From 1 to 5 bending cracks.
C: From 6 to 10 bending crãcks-
D: Ten or more bending cracks.

(Corrosion Resistance Test)
A saft water spraying test of the al-roy-prated steel-

material vras performed r.or 20 days. As for the me-uhod of
measuring the plating corrosion weight l-oss, the material
after the corrosion test was dipped in a treating bath
containing 200 g/t of cro3 at a temperature of BOoc for 3

mi-nutes and the corrosion product was dissorved and
removed. The plating corrosion weight loss associ_ated
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with corrosion was measured in terms of the mass. The
corrosion resistance hras judged according to the
foJ-lowing evaluation criteria and ratings of A and B Ì^rere
judged as passed.

A: Plating corrosion weight ross of 5 g/m2 or l-ess.
B: Pl-atj-ng corrosion weight loss of more than

5 g/m2 to 10 g/mz.
C: Plating corrosion weight l_oss of more than

10 g/m2 to 20 g/mz.
'D: PJ-ating corrosiòn weight loss of more than

20 g/m2.

30

35

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  evaluated 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 the
bend workability test of the  plating layer; 3T bend working was performed and then a 10 imm
length portion of the bend worked top part was  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 to 5 bending cracks.  From 6 to 10 beading cracks.  0: Ten or more bending
cracks.  (Corrosion Resistance 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 80C 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/n2 or less,  B: Plating corrosion weight loss of more than 5 g/m` to 10 g/m2.
Q Plating corrosion weight loss of more than  10 g/m2 to 20 g/w.2. 35 p: Plating corrosion
weight loss of more than  20 g/m2. "able i.`iliF7.  pail 1 EP. loy' Layer dT  



Table 1

No.

Plating Composition
(masst )

Si/A}
Ratio
(r)

SpangJ-e
Si ze
(run)

A1loy Layer at
ïnterface of
Plating,/Bas e
Steel Material

CooÌing Rate
after Hot-
Dip Plating
loc / oon\\ v/ evv/

Thermal
Insulation

Bend
Work-
ability

Corro-
sion
Resist-
ance

Remarks

A] Cr fn Si Mg Zn Temper-
ature Iime

1 55 0.5 1.6 0 bal- 2.91 0.5 F€, 41, Cr, Si 19 r20 4 ar-Þ B

Invention
ExampÌe

2 55 0.5 1.6 0 bal 2 .9r 1.0 Fê, Af, Cr, Si 15 100 10 B B
3 55 0.5 1.6 0 bal 2.91 3.0 Fe, Af, Cr, Si 10 t-50 5 A B
4 55 0.1 1.6 0 bal 2 .91 1.0 Fe, Af, Cr, Si 15 t20 5 B B

55 0.5 1.6 0 bal- 2 .9r 1.0 Fe, Af, Cr, Si 15 150 3 B B
6 55 1 1.6 0 bal 2 .9t 1.0 Fe, Af, MD, Si 15 170 1Cl.J B B
1 55 0.5 2 1.6 0 bal 2.9t 1.0 Fe, Al, Cr,

Mn, Si
15 110 6 B B

o 30 0.5 0.3 0 bal 1. 00 1.0 tra 
^l 

1r eì I4 130 ?tr B B
9 80 0.5 2 0 baL 2.50 1.0 Fe, Af, Cr, Si 15 160 2 B A
10 55 0.5 r.6 0.1 baL 2 .91 1.1 Fe, A1, Cr, Si I4 150 1.5 B B

11 55 0.5 1.6 1 bal- 2 .9r 0.5 Fe, Al, Cx, Si 19 100 Õ A

L2 55 0.5 1.6 1 bal 2 .97 1.0 Fê, Al, Cr, Si 74 160 t c-B A
13 55 0.5 1.6 1 bal- 2.9r 3.0 Fe, .A,1, Cr, Si 9 150 10 B A

14 55 0.5 r.6 4 bal 2 .9r 1.0 Fe, Af, Cr, Si 13 260 1 a ¡\
15 55 0.5 t_.6 0 bal 2 .97 1.0 Fe, Al-, Cr, Si 15 240 1 A B

16 55 0.5 1.6 0 bal- 2.9L 3.0 F€, .A'1, Cr, Si 15 240 ( A B

I1 55 0.5 1.6 0 bal 2 .9r 1.0 Fe, Af, Cr, Si 15 r90 1.5 B

18 55 0.5 r.6 0 baÌ 2.9r 1.0 Fê, Af, Cr, Si 15 190 q A B

19 55 1 r.6 0 bal 2 .9r 1.5 Fe, Af, Mn, Si 15 150 10 A B

20 55 0.5 7.6 0 baI 2 .9r 0.3 Fe, 41, Cr, Si 30 D B Compar-
ative
Example

2). 55 0.5 1.6 1 bal 2 .91 0.2 Fe, 41, Cr, Si 30 D B

22 55 1.6 0 bal 2.97 0.2 Fe, Af, Si 30 D

I

P(,
I

Pla`_a.ng asnosicYOn R a+ is , 1 7eg "c Interface of '~ .  -0 l nox v ~,massS) iPlan,ISa:>e _ c, `. -..:k:s  c ,..-- r,:;ist- ?Na.} (null) tee Mater' a1. 1,1 1
anca  ---------- - - ---- ----- p ~.4  V,? icr ,'n 1Si 1vCg ,'n ''.  --------- - -  -------------- - =4 C. " 6 0 aa_ 91 1. 2 5 Cr  0 7 6 0 b,al 2.91 1 1.0 Ca,  . ^ bal 2 91
3 D e xz1 c 55'0 1 6 bal 2 9 0 Fe, Si , 2 5 - 5 55 0.5 0 ba7 2. 1.0 Fe, Al. Cr, S' y  -------------  -------------- 1 1.6 0 ba7 + ^ 91 1 0 B  91. 1 . 0 Fe. Al, Mn,
---- - - - - ---- ------------ ------ - ------- ------------- 8 1.0 U'e o' AlCs s - 3.5  9 !8n-in-.5 2 0 ba.l 2.50 0 e A1 C, 2  A,:a1. 2.91 Fe, K, Cr, Si , 150 f ~  
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As apparent f rom Tabl_e I, in all_ of Invention
Example Nos. I to 19, the bending workability and the
corrosion resistance are good. On the other hand, in
comparati-ve Exampre Nos. 20 Lo 22, since the cooring rate
after plating is high and the spangre size is smar-r-, the
bend workabiJ-ity is not good. rn comparative Example No.
22, since Cr and Mn are not contained in the plating
layer, the corrosion resistance is insufficient.

INDUSTRTAL APPLICAB TLITY
The hot-dip Zn-41 arloy-plated steer material- of the

present invention has good bending workability of the
plating layer and can be suitabJ_y used in'the fiel_d of
usage for buil-ding materials, automobiles and home

appliances, where bending work of a steel material_ is
often required, and the industriaf utility val-ue thereof
is very high. Furthermore, in the production method of a
pJ-ated steef material of the present ì_nvention, the
existing hot-dip plating equipment can be used as-j-s and
a plated steel material- can be easj-ly and efficiently
produced without causing great increase of the production
cost.
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------------ 1.6 -- 2. ;x 0,.. Fe, n C A  12 1  C 5 1 6 1 kal 7 1 100Fe, 1, ux 5i a _  `', 9 0 e 5 1. 6  1
t a 1 2 ,1 3, 0 Fe, Al, C r, a i --- 14 550.51 - 1.6 .... ba i>1. 1 2, 91 1. 0 Fe, , Cr, Si
-------------------- - 15 55 0 U : ba 2.91 1. C Fe, Al, Cr, U 'nal 2 31 3 . 0 Fe, A., Cr S_ , A S  17
550.5 6 C0 aal 2.97 1. Al, Cr, -----------------  55 0 , 5 , 6 f j bal 2.9i 1 . 0 F.,, C1, A  bat 2, 1, 1 5
2S SS j5 6 0 a.1 2.9" f 3 Al, 1..r, al Canpar 2 ...  7 55 C,.S 1 1 . 6 1 ba7. .91. ..:. Ee, Al, Cr, 3i ..
.. p , Z va  22 551 G :I I) ba 2 91 0.2 Fe, Al, Si _ 0 C ::amoIP G  apparent from Table 1, in all
of invention Example Nos. _ to 1', the bending workability 19, the bending workability and the
corrosion resistance are ed. On the other hand, in  Comparative Example Nos. 20 to 22, since
the cooling rate  `> after plating is high and the spangle size small, the bend workability is not
food. In Comparative Example No,  22, since Cr and Mn are not contained in the plating
layer, the corrosion resistance is insufficient, 10 INDUSTRIAL APPLHCABILITY The hot -dip
Zn-Al alloy--'plated steel material of the  present invention has good bending workability of the
plating laver and can be suitably used in the field of  usage for building materials, automobiles
and tome 15 appliances, where bending work of a steel material is  
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CLAIMS

1. A hot-dip Zn-AÌ alJ-oy-plated steel material
with excel-fent bending workabj-l-ity, having a pJ-ating
l-ayer comprisj-ng, in terms of mass?,

Al: from 25 to 85å,

one or both of Cr and Mn: from 0.05 to 5ro, and

Si: from 0.5 to 10å of the Al- content,
with the balance being Zn and unavoidabl-e impuriti-es,
wherein the average spangle size on the plating surface
is 0.5 mm or more.

2. The hot-dip Zn-Al- al-Ioy-plated steel- material_
with excel-lent bending workability as claimed in cl-aim L,
wherein said plating J-ayer comprises from more than 0.1
mass% to 5 masså of Cr.

3. The hot-dip Zn-AI alloy-ptated steel_ material
with excel-l-ent 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-AI alloy-plated steel- material
with excel-l-ent bending workabiJ-ity as cl-aimed in any one
of cl-aims 1 to 3, which has an al-Ioyed layer containj_ng
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-pJ_ated 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 excerlent bending workability as described in claim
5, wherein the average spangJ_e size on the pJ_ating
surface is 3.0 mm or more.

1. A method for producing a hot-dip Zn-AI alloy-
pJ-ated steel- material- v¡hich is the hot-dip Zn-41 al_loy-
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 5å of

10

15

20

25

30

35

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 7 r __
.aE3.i.'9s  1, h.o:.-dip Zn-Al alloy-plated steel material with excellent bending et liai. ility,
having a plating  layer comprising, in terms of mass%, ` 21: from 25 to 65' one both of Cr and
Moo from 0.05 to %, and  Si: from 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  10 is 5 mm
or More, 2. The tot--dip Zn-lair alloy-plated steel material  with excellent bending workability as
claimed in claim 1,  wherein said plating layer c..mp_l.:.es from more than 0.1,  mass% to 5
r:?,3ss% of . 15 _.. The Dot-dip ' -A alloy-plated steel rat er_al,  with ex :.l . _ _bending
workability as claimed in claim 1  or 2, wherein said placing layer further comprises from  0.1
to 5 ma s% of Fi _. The 1ot-dip Zn-Al _a__loy-p ated steel material  20 with excellent bending
workability as claimed in any one  of claims _ to 3 which has an alloyed layer containing  one
or both of Cr and . n.. at the interface between said  plating layer and the steel ma tari.a_ 5.
The hot-dip ''.n.--Ftl alloy-plated steel material.  25 with excellent bending workability as
described in any  one of claims 1 to `, wherein the average spangle size on  the plating
surface is 1.0 mm or .mare.. /' . 1 -S3 m11E The hot-dip r3!.-Al alloy-plated steel material 
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one or both of Cr and Mn, and Si in an amount of 0.5 to
10å of the Al- content, with the balance being Zn and

unavoidable impurities, cooÌing the pJ-ated steel- material
at a cooling rate of 2OoC/sec or less to a temperature of
completing solidifÍcat.ion of the plating layer, and

thermal-l-y i-nsulating the steel mat.erial- after
solidification under the condition specified by the
following formul-a (1) :

y>7.5x10ext-4.s (1)
(wherein t represents a temperature for thermally
insulating the plated steel- materj-al at 100 to 250oC, and
y represents a thermal- insulation tj-me (hr) ) .

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

9. The method for producing a hot-dip Zn-Al_ al-J_oy

plated steel- material- with excellent bending workabiJ_ity
as described in claim 7 or 8, wherein the coolíng rate of
the plated steel materj-al- is I5"C/ sec or l_ess.
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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-Al alloy- :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 material in a plating bath conpr si q, in  terms of mass%, from 25 to 85% of
Al, from 0..05 5% of one both of Cr and Mn:,,. and. Si in an amount of 0.5 to  10`- o.'`. 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) Y`-'".i. 5X t,''xt ' :j. 10 (wherein t represents a
temperature for thermally  insulating the plated steel material at 100 to 250'Q mm'  y
represents a thermal insulation time (hr)). 8, The method producing a hot-dip Zn-:-al allay-
plated steel material as claimed in claim 7, wherein said  15 plating bath further comprises
from 0.1 to -aass% of Mg. 9. The method for producing a. hot-dip Zn-Al ahoy  plated steel
material with excellent bending workability  as described in claim 7 or [<.r wherein the cooling
rate of  the plated steel material is ' 5C/sec. or less. 


