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DESCRIPTION 

 

Title of Invention 

HOT-DIP ZINC-ALUMINUM ALLOY COATED STEEL SHEET HAVI NG HIGH 

CORROSION RESISTANCE AND FORMABILITY AND METHOD FOR 

PRODUCING THE SAME 

 

Technical Field 

 The present invention relates to a hot-dip Zn-Al a lloy 

coated steel sheet suitable for use in construction , civil 

engineering, household electric appliances, etc., a nd a 

method for producing the sheet.  In particular, it relates 

to improvements in formability and corrosion resist ance of 

formed portions. 

Background Art 

 In the fields of building materials, household ele ctric 

appliances, automobiles, etc., hot-dip galvanized s teel 

sheets have been widely used.  Hot-dip Zn coated st eel 

sheets applied to such usages are mainly required t o exhibit 

high corrosion resistance.  However, for example, i n the 

field of construction, hot-dip galvanized steel she ets are 

formed into particular shapes and used as parts of roofs, 

walls, structures, etc., and thus hot-dip galvanize d steel 

sheets for such usages are required to exhibit not only high 

corrosion resistance but also high formability and,  
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furthermore, high corrosion resistance in formed po rtions.  

In the fields of building materials and household e lectric 

appliances, for example, the sheets are frequently used 

unpainted and are thus required to excel also in un iformity 

of appearance and blackening resistance. 

 To meet such requirements, for example, Patent 

Literature 1 proposes a hot-dip Zn-Al alloy coated steel 

sheet that has good coating appearance with metalli c luster 

and high blackening resistance.  In the technique d escribed 

in Patent Literature 1, a steel sheet is immersed i nto a 

hot-dip Zn-Al alloy coating bath, withdrawn from th e coating 

bath, and cooled at a cooling rate of 1 to 15°C/s t o 250°C 

so as to form a hot-dip Zn-Al alloy coating layer c omposed 

of Al: 1.0 to 10%, Mg: 0.2 to 1.0%, Ni: 0.005 to 0. 1%, and 

the balance being Zn and unavoidable impurities on surfaces 

of the steel sheet, thereby producing a hot-dip Zn- Al alloy 

coated steel sheet having good coating appearance w ith 

metallic luster and high blackening resistance.  In  the 

technique described in Patent Literature 1, the coo ling rate 

after coating is controlled to be within the aforem entioned 

particular range to accelerate condensation of Ni i n the 

outermost surface portion of the coating due to a s ynergetic 

effect of Mg and Ni. 

 Patent Literature 2 describes a technique related to a 

hot-dip galvanized steel sheet having high corrosio n 
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resistance.  A coated steel sheet described in Pate nt 

Literature 2 has, on surfaces of a steel sheet, a h ot-dip 

Zn-Al alloy coating layer composed of, in terms of mass%, 

Al: 1.0 to 10%, Mg: 0.2 to 1.0%, Ni: 0.005 to 0.2%,  and the 

balance being Zn and unavoidable impurities, and a Ni-rich 

layer at the interface between the coating layer an d the 

base steel sheet.  According to this technique, the  coating 

layer exhibits high formability, cracking in formed  portions 

is suppressed, and thus corrosion of the base steel  sheet is 

suppressed, thereby producing a coated steel sheet having 

high corrosion resistance in formed portions. 

Citation List 

Patent Literature 

 PTL 1: Japanese Unexamined Patent Application 

Publication No. 2008-138285 

 PTL 2: Japanese Unexamined Patent Application 

Publication No. 2010-255084 

Summary of Invention 

Technical Problem 

 In the technique described in Patent Literature 1,  a 

Zn-Al-Mg coating layer containing Ni is used to mai nly 

improve the blackening resistance.  However, Patent  

Literature 1 makes no mention as to the amount of F e in the 

coating layer.  For example, when Fe contained in t he 

coating bath is excessively incorporated into the c oating 
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layer and a thick alloy phase is formed between the  coating 

layer and the substrate, the coating layer becomes 

susceptible to cracks on forming such as bending.  The 

coating layer becomes thin in cracked portions and exposure 

of the base steel sheet may sometimes result.  Acco rdingly, 

a coated steel sheet produced by the technique desc ribed in 

Patent Literature 1 has suffered from low formabili ty and 

low corrosion resistance in formed portions as a na tural 

consequence. 

 In the technique described in Patent Literature 2,  a 

coated steel sheet having high formability and high  

corrosion resistance in formed portions is obtained .  

However, Patent Literature 2 makes no mention as to  the 

amount of Fe in the coating layer.  Accordingly, as  with the 

coated steel sheet produced by the technique descri bed in 

Patent Literature 1, there has been a problem in th at when 

Fe in the coating bath is excessively incorporated into the 

coating layer and the steel sheet is subjected to f orming 

such as bending, cracks readily occur in the coatin g layer, 

resulting in low formability and low corrosion resi stance in 

formed portions. 

 Patent Literature 2 merely describes that the shee t 

immersing temperature of the steel sheet upon immer sing into 

the coating bath is appropriately controlled to be within 

the range of 450°C to 600°C and the coating bath te mperature 
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is appropriately controlled to be within the range of 400°C 

to 550°C both on the basis of the sheet thickness a nd the 

line speed, and makes no mention of a clear and spe cific 

production process.  Moreover, in Patent Literature  2, no 

confirmation is made on effects achieved by the pro duction 

method. 

 An object of the present invention is to provide a  hot-

dip Zn-Al alloy coated steel sheet having both high  

corrosion resistance and high formability and a met hod for 

producing the sheet. 

Solution to Problem 

 The inventors of the invention of the subject 

application have carried out extensive studies on v arious 

factors that affect the corrosion resistance and fo rmability 

of a hot-dip Zn-Al alloy coated steel sheet to achi eve the 

object described above.  As a result, the inventors  have 

found that in order to improve coating adherence, c orrosion 

resistance, and corrosion resistance after forming,  it is 

preferable to use a coating bath having a Zn-Al-Mg alloy 

coating composition containing an adequate amount o f Ni, 

adjust the bath temperature of the coating bath to a 

temperature within an adequate range, and adjust th e 

temperature of a steel sheet (sheet temperature), w hich 

serves as a substrate, upon immersing into the coat ing bath 

to be within an adequate range but not less than th e bath 
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temperature of the coating bath.  The inventors hav e found 

that, in this manner, a Ni-rich layer having an ade quate 

thickness can be formed at the interface between th e coating 

layer and the substrate, i.e., the steel sheet (bas e steel 

sheet). 

 The inventors have also found that in order to sta bly 

improve the formability of the coating layer, the F e content 

in the coating layer must be adjusted to 2.0 g/m 2 or less 

per unit area of the coating layer.  The inventors have 

found that Fe contained in the coating layer is inc orporated 

therein by solidification of Fe in the coating bath  and that 

in order to adjust the Fe content in the coating la yer to a 

desired value or less, the Fe concentration in the coating 

bath may be adjusted to an adequate level, in parti cular, 

0.05% or less in terms of mass%. 

 The present invention has been made based on these  

findings and further studies.  The present inventio n is 

summarized as follows. 

(1) A method for producing a hot-dip Zn-Al alloy co ated 

steel sheet having high corrosion resistance and hi gh 

formability, the method including introducing a ste el sheet 

serving as a substrate into a hot-dip Zn-Al alloy c oating 

bath having a composition of Al: 3 to 6%, Mg: 0.2 t o 1.0%, 

Ni: 0.01 to 0.10%, and the balance being Zn and una voidable 

impurities in terms of percent by mass, withdrawing  the 



- 7 - 

steel sheet therefrom, and cooling the steel sheet to form a 

hot-dip Zn-Al alloy coating layer on a surface of t he steel 

sheet.  The hot-dip Zn-Al alloy coating bath has an  Fe 

content adjusted to 0.10% or less, a temperature of  the hot-

dip Zn-Al alloy coating bath is adjusted to be with in a 

range of 420°C to 520°C, and a temperature of the s teel 

sheet upon immersing into the hot-dip Zn-Al alloy c oating 

bath is adjusted to be within a range of 420°C to 6 00°C but 

not less than the temperature of the hot-dip Zn-Al alloy 

coating bath. 

(2) A hot-dip Zn-Al alloy coated steel sheet having  high 

corrosion resistance and high formability, includin g a steel 

sheet serving as a substrate and a hot-dip Zn-Al al loy 

coating layer having a composition of Al: 3 to 6%, Mg: 0.2 

to 1.0%, Ni: 0.01 to 0.10%, and the balance being Z n and 

unavoidable impurities in terms of percent by mass,  the hot-

dip Zn-Al alloy coating layer being formed on at le ast one 

surface of the steel sheet.  The hot-dip Zn-Al allo y coating 

layer has an Fe content adjusted to 2.0 g/m 2 or less and a 

Ni-rich layer having a thickness of 0.05 to 1.0 µm lies at 

the interface between the hot-dip Zn-Al alloy coati ng layer 

and the steel sheet. 

Advantageous Effects of Invention 

 According to the present invention, formability as  well 

as corrosion resistance is improved and thus the pr esent 
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invention has an advantageous effect that a hot-dip  Zn-Al 

alloy coated steel sheet having both high corrosion  

resistance and high formability can be easily produ ced at 

low cost.  Another advantageous effect of the prese nt 

invention is that the adherence of the coating laye r is 

improved. 

Description of Embodiments 

 First, a method for producing a hot-dip Zn-Al allo y 

coated steel sheet of the present invention (herein after may 

be referred to as "coated steel sheet of the invent ion") is 

described. 

 A steel sheet used as a substrate is, for example,  

immersed into a hot-dip Zn-Al alloy coating bath by  using a 

continuous galvanizing line, withdrawn therefrom, a nd cooled 

to form a hot-dip Zn-Al alloy coating layer on surf aces of 

the steel sheet. 

 The type and composition of the steel sheet used a s the 

substrate need not be limited and may be appropriat ely 

selected from known hot-rolled steel sheets and col d-rolled 

steel sheets according to the intended use. 

 The steel sheet serving as the substrate is, for 

example, first heated to a desired heating temperat ure by 

using a continuous galvanizing line.  The heating 

temperature may be appropriately determined accordi ng to the 

steel sheet used and is not particularly limited.  However, 
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in the present invention, at the time the steel she et is 

immersed into the coating bath, the steel sheet tem perature 

(sheet temperature) must be adjusted to a particula r desired 

temperature.  In this regard, the heating temperatu re must 

at least be a temperature with which a desired stee l sheet 

temperature (sheet temperature) can be achieved upo n 

immersing of the steel sheet into the coating bath.  

 The steel sheet heated to a particular temperature  is 

immersed into a hot-dip Zn-Al alloy coating bath ha ving a 

particular composition maintained at a particular b ath 

temperature to form a hot-dip Zn-Al alloy coating l ayer on 

surfaces of the steel sheet. 

 The composition of the hot-dip Zn-Al alloy coating  bath 

into which the steel sheet is immersed contains, in  terms of 

mass%, Al: 3 to 6%, Mg: 0.2 to 1.0%, Ni: 0.01 to 0. 10%, and 

the balance being Zn and unavoidable impurities.  I n the 

present invention, the coating bath has an Fe conte nt 

adjusted to 0.10% or less. 

 The reasons for the limitations on the composition  of 

the coating bath are as follows.  Note that % used in 

describing the composition denotes mass%. 

Al: 3 to 6% 

 When the Al content in the coating bath is less th an 3%, 

a thick Fe-Al alloy layer is likely to be formed at  the 

interface between the coating layer to be formed an d the 
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base steel sheet (substrate), resulting in degradat ion of 

formability of the coating layer.  At an Al content  

exceeding 6%, the sacrificial protection effect of Zn on the 

coating layer is reduced and the corrosion resistan ce of the 

coated steel sheet end surface portions and the lik e is 

degraded.  When the Al content in the coating bath exceeds 

6%, top dross mainly composed of Al tends to occur and the 

appearance of the resulting coating layer is degrad ed.  

Furthermore, the blackening resistance of the resul ting 

coating layer is degraded, formation of the Zn-Al-M g ternary 

eutectic is enhanced, and the formability of the co ating 

layer is degraded.  Thus, the Al content in the coa ting bath 

is limited to a range of 3 to 6%. 

Mg: 0.2 to 1.0% 

 In order to improve the corrosion resistance, in 

particular, the blackening resistance, of the coati ng layer 

to be formed, Mg is added to the coating bath.  Whe n the Mg 

content in the coating bath is less than 0.2%, the effect of 

improving the corrosion resistance of the coating l ayer to 

be formed is small.  In contrast, at an Mg content exceeding 

1.0%, an excessively large amount of Zn-Al-Mg terna ry 

eutectic is formed in the resulting coating layer a nd the 

formability of the coating layer is degraded.  Thus , the Mg 

content in the coating bath is limited to a range o f 0.2 to 

1.0%. 
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Ni: 0.01 to 0.10% 

 Nickel is added to the coating bath in order to im prove 

the corrosion resistance of the coating layer to be  formed.  

At a Ni content less than 0.01%, the effect of impr oving the 

corrosion resistance is small.  In contrast, at a N i content 

exceeding 0.10%, the surface of the coating layer t o be 

obtained will be excessively activated and become 

susceptible to corrosion, leading to formation of w hite rust 

at an early stage.  Thus, the Ni content in the coa ting bath 

is limited to a range of 0.01 to 0.10%. 

 The balance is composed of Zn and unavoidable 

impurities. 

 The coating bath used in the present invention has  an 

Fe content adjusted to 0.10% or less in terms of ma ss%.  

Iron is not intentionally added to the coating bath .  

However, during the coating treatment, Fe is dissol ved from 

the steel sheet immersed into the coating bath and stays in 

the coating bath.  Iron in the coating bath becomes  

incorporated into the coating layer as the coating solution 

adhering to the surfaces of the steel sheet solidif ies and 

forms a coating layer.  When a large amount of Fe i s 

incorporated into the coating layer, a thick alloy phase is 

formed and thus the formability of the coating laye r is 

degraded.  According to studies carried out by the inventors, 

the Fe content in the coating layer needs to be adj usted to 
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a particular value (2.0 g/m 2) or less in order to suppress 

degradation of the formability of the coating layer .  In 

order to control the Fe content in the coating laye r to a 

particular value or less, it is important that the Fe 

concentration in the coating bath be appropriately 

controlled to 0.10% or less.  Note that since the F e content 

in the coating layer is dependent on the coating la yer 

thickness, the Fe content herein is expressed as co ntent per 

unit area (g/m 2). 

 In the present invention, the temperature of the 

coating bath adjusted to produce the above-describe d 

composition is adjusted to be within a range of 420 °C to 

520°C.  If the temperature of the coating bath is l ess than 

420°C, the viscosity of the coating bath increases due to 

the excessively low bath temperature and the desire d coating 

treatment cannot be carried out.  In contrast, when  the 

temperature exceeds 520°C, the coating bath is exce ssively 

oxidized and extensive dross formation occurs.  Thu s, the 

temperature of the coating bath is limited to a ran ge of 

420°C to 520°C. 

 A steel sheet serving as a substrate is immersed i nto a 

coating bath adjusted to have such a composition an d a bath 

temperature. 

 In the present invention, the temperature of the s teel 

sheet (sheet temperature) upon immersing into the c oating 
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bath is adjusted to be within a range of 420°C to 6 00°C but 

not lower than the bath temperature of the coating bath.  If 

the sheet temperature of the steel sheet upon immer sing is 

lower than the temperature of the coating bath, the  

temperature of the coating bath will decrease gradu ally, 

thereby causing the viscosity of the coating bath t o 

increase and obstructing the operation.  In contras t, at a 

temperature exceeding 600°C, the temperature of the  coating 

bath will gradually increase.  Thus the temperature  of the 

steel sheet (sheet temperature) upon immersing into  the 

coating bath is limited to a range of 420°C to 600° C but not 

lower than the temperature of the coating bath. 

 In the present invention, the coating bath having the 

aforementioned composition is adjusted to a tempera ture 

within the range described above and the temperatur e of the 

steel sheet (sheet temperature) upon immersing into  the 

coating bath is adjusted to be within a range of 42 0°C to 

600°C but not lower than the temperature of the coa ting bath.  

As a result, alloying elements diffuse at the inter face 

between the coating bath and the steel sheet surfac e and 

formation of an adequate Ni-rich layer is accelerat ed at the 

interface between the coating layer and the steel s heet 

(substrate).  Since the Ni-rich layer is formed, th e 

corrosion resistance can be improved even when dama ge 

reaching the substrate occurs in the coating layer or cracks 
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occur in the coating layer due to forming.  The thi ckness of 

the Ni-rich layer can be controlled to be within an  adequate 

range of 0.05 to 1 µm by adjusting the coating bath 

composition, the bath temperature, and the sheet te mperature 

of the steel sheet upon immersing to be within the 

aforementioned ranges. 

 The steel sheet having been immersed into the coat ing 

bath is then withdrawn from the coating bath and co oled. 

 A coated steel sheet of the invention produced by the 

process described above is a hot-dip Zn-Al alloy co ated 

steel sheet having a hot-dip Zn-Al alloy coating la yer 

constituting at least one surface thereof, the laye r 

containing, in terms of mass%, Al: 3.0 to 6.0%, Mg:  0.2 to 

1.0%, Ni: 0.01 to 0.10%, 2.0 g/m 2 or less of Fe, and the 

balance being Zn and unavoidable impurities; and a Ni-rich 

layer having a thickness of 0.05 to 1 µm at the interface 

between the coating layer and a steel sheet. 

 The reasons for the limitations on the composition  of 

the hot-dip Zn-Al alloy coating layer are the same as the 

reasons for the limitations on the coating bath des cribed 

above and description thereof is omitted.  The coat ing 

weight of the hot-dip Zn-Al alloy coating layer may  be set 

according to the intended use as usual and no limit ation is 

imposed thereon.  However, the coating weight of th e hot-dip 

Zn-Al alloy coating layer is preferably about 30 to  300 g/m 2 
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per side.  When the coating weight is less than 30 g/m 2, the 

thickness of the coating layer is insufficient and the 

desired corrosion resistance cannot be maintained.  When the 

coating weight exceeds 300 g/m 2, the thickness of the 

coating layer increases excessively and peeling off  of the 

coating layer easily occurs. 

 The coated steel sheet of the invention includes a  Ni-

rich layer at the interface between the coating lay er and 

the base steel sheet (substrate).  As a result, the  

corrosion resistance of the coating layer can be ma intained 

even when damage reaching the base steel sheet (sub strate) 

occurs in the coating layer or cracks occur in the coating 

layer due to forming.  The thickness of the Ni-rich  layer is 

to be within a range of 0.05 to 1.0 µm.  When the thickness 

of the Ni-rich layer is less than 0.05 µm, the reaction 

between the coating layer and the base steel sheet 

(substrate) is insufficient and thus the coating ad herence 

is insufficient.  In contrast, when the thickness e xceeds 

1.0 µm, the formability of the coating layer is degraded .  

Accordingly, the thickness of the Ni-rich layer for med at 

the interface between the coating layer and the bas e steel 

sheet (substrate) is limited to be within a range o f 0.05 to 

1.0 µm. 

 The Ni-rich layer is formed by an alloying reactio n 

between Ni in the coating bath and Fe on a steel sh eet 
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surface.  The thickness of the Ni-rich layer can be  adjusted 

to be within a particular range by appropriately co ntrolling 

the coating bath temperature, the steel sheet, and the sheet 

immersing temperature as described above. 

[EXAMPLES] 

 A cold-rolled steel sheet (sheet thickness: 0.5 mm , 

unannealed) was used as the substrate.  The substra te was 

heated so that the substrate would have a sheet imm ersing 

temperature (sheet temperature) shown in Table 1 up on 

immersing into the coating bath, immersed into a ho t-dip Zn-

Al alloy coating bath having various compositions a nd bath 

temperatures shown in Table 1, withdrawn therefrom,  and 

cooled to form a hot-dip Zn-Al alloy coating layer having a 

coating weight shown in Table 2. 

 The coating layer of the resulting hot-dip Zn-Al a lloy 

coated steel sheet was melted and the composition o f the 

coating layer was analyzed by a common method.  Usi ng the 

resulting hot-dip Zn-Al alloy coated steel sheet, 

observation of the microstructure in a cross-sectio n of the 

coating layer, a formability test, and a corrosion test of 

bended portions were conducted.  The test methods w ere as 

follows. 

(1) Observation of microstructure in cross-section of 

coating layer 

 A test specimen for microstructural observation wa s 
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taken from the resulting hot-dip Zn-Al alloy coated  steel 

sheet.  A section taken in the sheet thickness dire ction was 

polished and the microstructure of the section of t he 

coating layer was observed in 10 or more observatio n areas 

using a scanning electron microscope (2000x magnifi cation) 

to analyze Ni.  Whether the Ni-rich layer was prese nt and 

the thicknesses of the Ni-rich layer were determine d and the 

average thicknesses were calculated.  Note that the  term 

"Ni-rich layer" refers to a region where a peak att ributable 

to Ni is detected with an energy-dispersive X-ray 

spectrometer of a scanning electron microscope. 

(2) Formability test 

 A JIS No. 5 tensile test specimen was taken from t he 

resulting hot-dip Zn-Al alloy coated steel sheet an d 

subjected to a tensile test.  During the test, the surface 

of the coating layer was observed with the naked ey e, the 

amount of strain at which cracks are identifiable i n the 

coating layer surface (crack-generating strain amou nt) was 

determined, and the formability of the coated steel  sheet 

was evaluated.  The evaluation standard was as foll ows. 

Rating AA: The crack-generating strain amount was 2 0% or 

more. 

Rating A: The crack-generating strain amount was 10 % or more 

and less than 20%. 

Rating B: The crack-generating strain amount was 5%  or more 
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and less than 10%. 

Rating C: The crack-generating strain amount was le ss than 

5%. 

(3) Corrosion resistance test on bended portions 

 The resulting hot-dip Zn-Al alloy coated steel she et 

was subjected to 1R-180° bending and a salt spray t est was 

carried out in accordance with JIS Z 2371.  Salt sp ray 

conditions were as follows: spray solution: 5% NaCl  solution, 

temperature: 35°C, testing hours: 1000 h.  After th e test, 

the surface of the specimen was observed with the n aked eye 

and the red rust generation ratio (area fraction) w as 

determined to evaluate the corrosion resistance of the 

bended portions.  The standard of the evaluation wa s as 

follows. 

Rating A: No red rust 

Rating B: Red rust generation ratio of 1 to 50% 

Rating C: Red rust generation ratio of 51% or more 

 The results are shown in Table 2. 
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[Table 1] 
Coating bath 

Composition (mass%) Steel 
sheet 
No. 

Sheet 
temperature 
(upon 

immersing 
into coating 
bath) (°C) 

Bath 
temperature 

(°C) Al Mg Ni Fe Zn 

(Sheet temperature) 
- (bath temperature) 

(°C) 
Remarks 

1 420 430 4.5 0.5 0.05 0.02 Balance -10 Comparative Example 
2 460 430 4.5 0.5 0.05 0.02 Balance 30 Invention Example 
3 470 450 4.5 0.5 0.05 0.02 Balance 20 Invention Example 
4 480 460 4.5 0.5 0.05 0.02 Balance 20 Invention Example 
5 500 480 4.5 0.5 0.05 0.02 Balance 20 Invention Example 
6 530 500 4.5 0.5 0.05 0.02 Balance 30 Invention Example 
7 540 510 4.5 0.5 0.05 0.02 Balance 30 Invention Example 
8 570 510 4.5 0.5 0.05 0.02 Balance 60 Invention Example 
9 560 530 4.5 0.5 0.05 0.02 Balance 30 Comparative Example 
10 540 500 4.5 0.5 0.05 0.41 Balance 40 Comparative Example 
11 480 460 2.5 0.5 0.05 0.02 Balance 20 Comparative Example 
12 480 460 6.5 0.5 0.05 0.02 Balance 20 Comparative Example 
13 480 460 4.5 0.1 0.05 0.02 Balance 20 Comparative Example 
14 480 460 4.5 1.2 0.05 0.02 Balance 20 Comparative Example 
15 480 460 4.5 0.5 - 0.02 Balance 20 Comparative Example 
16 480 460 4.5 0.5 0.12 0.02 Balance 20 Comparative Example 
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[Table 2] 

Coating layer 
Microstructure in cross-
section of coating layer 

Formability 
Corrosion 
resistance of 

bended portions 
Composition (mass%) (g/m2) 

Steel 
sheet 
No. 

Al Mg Ni Zn Fe 

Coating 
weight 
(g/m2) 

Thickness of Ni-rich layer 
(µm) Rating Rating 

Remarks 

1 4.5 0.5 0.05 Balance 0.05 90 0.03 B A Comparative Example 
2 4.5 0.5 0.05 Balance 0.15 90 0.10 AA A Invention Example 
3 4.5 0.5 0.05 Balance 0.27 90 0.15 AA A Invention Example 
4 4.5 0.5 0.05 Balance 0.32 90 0.20 AA A Invention Example 
5 4.5 0.5 0.05 Balance 0.51 90 0.30 AA A Invention Example 
6 4.5 0.5 0.05 Balance 0.78 90 0.40 AA A Invention Example 
7 4.5 0.5 0.05 Balance 0.89 90 0.60 A A Invention Example 
8 4.5 0.5 0.05 Balance 1.43 90 0.70 A A Invention Example 
9 4.5 0.5 0.05 Balance 2.12 90 1.10 C B Comparative Example 
10 4.5 0.5 0.05 Balance 2.25 90 0.45 C C Comparative Example 
11 2.9 0.5 0.05 Balance 2.45 90 1.25 C C Comparative Example 
12 6.5 0.5 0.05 Balance 0.55 90 0.35 B B Comparative Example 
13 4.5 0.1 0.05 Balance 0.43 90 0.25 A B Comparative Example 
14 4.5 1.2 0.05 Balance 0.39 90 0.25 C A Comparative Example 
15 4.5 0.5 - Balance 0.34 90 - A B Comparative Example 
16 4.5 0.5 0.12 Balance 0.29 90 0.35 A C Comparative Example 
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 In all of the invention examples, hot-dip Zn-Al al loy 

coated steel sheets having high formability and cor rosion 

resistance at formed portions were obtained.  In co ntrast, 

Comparative Examples outside the range of the prese nt 

invention exhibited low formability or low corrosio n 

resistance in formed portions or both. 
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CLAIMS 

[Claim 1] 

 A method for producing a hot-dip Zn-Al alloy coate d 

steel sheet having high corrosion resistance and hi gh 

formability, the method comprising introducing a st eel sheet 

serving as a substrate into a hot-dip Zn-Al alloy c oating 

bath having a composition of Al: 3 to 6%, Mg: 0.2 t o 1.0%, 

Ni: 0.01 to 0.10%, and the balance being Zn and una voidable 

impurities in terms of percent by mass, withdrawing  the 

steel sheet therefrom, and cooling the steel sheet to form a 

hot-dip Zn-Al alloy coating layer on a surface of t he steel 

sheet, 

 wherein the hot-dip Zn-Al alloy coating bath has a n Fe 

content adjusted to 0.1% or less, a temperature of the hot-

dip Zn-Al alloy coating bath is adjusted to be with in a 

range of 420°C to 520°C, and a temperature of the s teel 

sheet upon immersing into the hot-dip Zn-Al alloy c oating 

bath is adjusted to be within a range of 420°C to 6 00°C but 

not less than the temperature of the hot-dip Zn-Al alloy 

coating bath. 

[Claim 2] 

 A hot-dip Zn-Al alloy coated steel sheet having hi gh 

corrosion resistance and high formability, comprisi ng a 

steel sheet serving as a substrate and a hot-dip Zn -Al alloy 

coating layer having a composition of Al: 3 to 6%, Mg: 0.2 
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to 1.0%, Ni: 0.01 to 0.10%, and the balance being Z n and 

unavoidable impurities in terms of percent by mass,  the hot-

dip Zn-Al alloy coating layer being formed on at le ast one 

surface of the steel sheet, 

 wherein the hot-dip Zn-Al alloy coating layer has an Fe 

content adjusted to 2.0 g/m 2 or less and a Ni-rich layer 

having a thickness of 0.05 to 1.0 µm lies at the interface 

between the hot-dip Zn-Al alloy coating layer and t he steel 

sheet. 


