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(57) Abstract: [Problem] To provide an Al-coated steel sheet having improved total reflection properties and corrosion resistance 
and also having improved appearance when the Al-coated steel sheet is subjected to an anodic oxidation treatment. [Solution] A 

f4 steel sheet which comprises a base steel sheet and an Al coating layer arranged on the surface of the base steel sheet with an Al-Fe
Si-based alloy layer interposed therebetween and having an average thickness of 7 ptm or more, wherein the average Si concentration 
in a surface layer part that extends from the surface of the Al coating layer to a depth of 3 pum is 2.0 mass% or less, preferably 1.3 

o mass% or less, and the area ratio of an Al-Fe-based intermetallic compound phase in the surface of the Al coating layer is 10% or 
less.  
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DESCRIPTION 

Title of Invention: Al-COATED STEEL SHEET HAVING EXCELLENT 

TOTAL REFLECTION CHARACTERISTICS AND CORROSION RESISTANCE, AND 

METHOD FOR MANUFACTURING SAME 

5 

Technical Field 

[0001] 

The present invention relates to an Al-coated steel sheet 

capable of being obtained by modifying a plated layer of a hot

10 dip Al based alloy plated steel sheet through a heat treatment, 

and particularly relates to the Al-coated steel sheet that 

exhibits a high total reflectivity and exhibits good corrosion 

resistance.  

15 Background Art 

[0001A] 

A reference herein to a patent document or any other 

matter identified as prior art, is not to be taken as an 

admission that the document or other matter was known or that 

20 the information it contains was part of the common general 

knowledge as at the priority date of any of the claims.  

[0001B] 

Throughout the description and claims of the 

specification, the word "comprise" and variations of the word, 

25 such as "comprising" and "comprises", is not intended to 

exclude other additives, components, integers or steps.  

[0002] 

A hot-dip Al based alloy plated steel sheet is being 

widely used mainly for purposes requiring heat resistance.  

30 Many of hot-dip Al based alloy plated steel sheets having been 

subjected to practical use are manufactured by using an Al 

based alloy plating bath containing Si. The presence of Si 
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contained may decrease the plating bath temperature, and also 

may decrease the thickness of the brittle alloy layer (i.e., 

the initial thickness of the alloy layer) formed between the 

base steel sheet (i.e., the base sheet for plating) and the Al 

5 based 
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alloy plated layer in the process of hot-dip plating.  

[00031 

The alloy layer may grow in some cases in the use of the 

hot-dip Al based alloy plated steel sheet for purposes 

requiring heat resistance. In the case where the durability 

at a high temperature is to be particularly enhanced, such a 

measure is employed that a heat treatment is performed after 

the hot-dip plating (i.e., a post heat treatment), so as to 

form a barrier layer of AiN between the base steel sheet and 

the alloy layer. In this case, a base steel sheet containing 

N in such an amount that satisfy the formation of the AIN barrier 

layer is applied.  

[0004] 

A plating bath composition containing approximately 

from 7 to 12% by mass of Si is effective from the standpoint 

of the reduction of the bath temperature of the Al based alloy 

plating bath, and many of the hot-dip Al based alloy plated 

steel sheets contains 7% by mass or more of Si in the plated 

layer. However, some of PTLs disclose examples where a post 

heat treatment is applied with the use of a plating bath having 

a relatively low Si content of 6% or less (see PTLs 1 to 9) 

Citation List 

Patent Literatures 

[0005] 

PTL 1: JP-A-61-124558 
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PTL 2: JP-A-3-104848 

PTL 3: JP-A-6-207262 

PTL 4: JP-A-6-330274 

PTL 5: Japanese Patent No. 3,383,119 

5 PTL 6: JP-A-8-319549 

PTL 7: Japanese Patent No. 3,398,810 

PTL 8: Japanese Patent No. 3,485,410 

PTL 9: JP-A-2000-290764 

[00061 

10 A hot-dip Al based alloy plated steel sheet is demanded to 

have good heat reflection characteristics due to the 

aforementioned purposes requiring heat resistance. In the 

application thereof to a building material of a tunnel wall or 

the like, a reflective plate of a lighting equipment, and the 

15 like, it is demanded to have good reflection characteristics 

with small light absorption. The reflection capabilities of 

heat and light roughly depend on the total reflectivity.  

Accordingly, in consideration of the application thereof to 

purposes requiring heat resistance and purposes utilizing light 

20 reflection capability, it is advantageous to have high total 

reflection characteristics. In the description herein, the 

fact that an article has high total reflection characteristics 

is expressed that the article is "having excellent total 

reflection characteristics".  

25 [0007] 

Good corrosion resistance is demanded in purposes of a 

building material and the like. However, a hot-dip Al based 

alloy plated steel sheet that is manufactured with a plating 

bath containing Si has a tendency of decreasing the corrosion 

30 resistance, as compared to one manufactured with a pure Al 

based alloy plating bath. Furthermore, it may be assumed that 

an Al based alloy plated steel sheet is used after subjecting 

to an anodizing treatment, as similar to an Al alloy material.  

3



However, an ordinary Al based alloy plated sheet has a defect 

that the appearance thereof becomes blackish after an anodizing 

treatment, and an anodized surface having good design quality 

is difficult to achieve.  

5 [00081 

It would therefore be desirable to provide an Al-coated 

steel sheet that is excellent in total reflection 

characteristics, corrosion resistance, and appearance after 

subjecting to an anodizing treatment, as compared to an 

10 ordinary hot-dip Al based alloy plated steel sheet.  

Summary of the Invention 

[00091 

A first aspect of the present invention provides an Al

15 coated steel sheet having excellent total reflection 

characteristics and corrosion resistance, comprising a base 

steel sheet having on a surface thereof an Al-coated layer 

which contains an Al-Fe based intermetallic compound phase and 

a Si phase, having an average thickness of 7 pm or more with an 

20 Al-Fe-Si based alloy layer intervening therebetween, a surface 

layer portion of the Al-coated layer extending from the surface 

thereof to a depth of 3 pm having an average Si concentration 

of 1.3% by mass or less, which is obtained by energy dispersive 

X-ray spectrometry analysis for the rectangular area having a 

25 dimension of 3 pm x 20 pm with the edge having a length of 3 pm 

in the thickness direction of the Al-coated layer in the cross 

sectional surface in parallel to the thickness direction of the 

Al-coated layer, and an area ratio of an Al-Fe based 

intermetallic compound phase occupying the surface of the Al

30 coated layer being 10% or less.  

The Al-coated layer may be obtained by modifying a hot-dip 

Al based alloy plated layer containing Si through a heat 

treatment. At this time, the Si content of the hot-dip plating 
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bath is preferably 1.5% by mass or more and 6.0% by mass or 

less, and more effectively 1.5% by mass or more and 3.0% by 

mass or less, and may be controlled to a range of 1.5% by mass 

or more and less than 3.0' by mass.  

5 [0010] 

The Al-coated layer herein is a layer that has an Al phase 

as a matrix. The Al-coated layer may contain an Al-Fe based 

intermetallic compound phase and a Si phase.  

[0011] 

10 The average Si concentration of the surface layer portion 

of the Al-coated layer extending from the surface thereof to a 

depth of 3 pm may be obtained by performing EDX analysis 

(energy dispersive X-ray spectrometry analysis) for the cross 

sectional surface in parallel to the thickness direction of 

5



the Al-coated layer. Specifically, in an SEM observation 

field of the cross sectional surface with a magnification of 

5,000, a rectangular area having a dimension of 3 ptm x 20 pm 

with the edge having a length of 3 jpm in the thickness direction 

of the Al-coated layer (i.e., the thickness direction of the 

steel sheet) is assumed. The rectangular area that entirely 

overlaps the Al-coated layer (i.e., the rectangular area does 

not deviate from the Al-coated layer) and has the edge having 

a length of 20 im being in contact with at least a part of the 

outermost surface of the Al-coated layer is set as a measurement 

area. The measurement area is measured for the average Si 

concentration (conversion value in terms of percentage by 

mass) by EDX analysis. The measurement operation above is 

performed for five or more fields having been randomly selected, 

and the average value of the average Si concentration values 

of the measurement areas may be designated as the "average Si 

concentration of the surface layer portion of the Al-coated 

layer extending from the surface thereof to a depth of 3 ptm".  

[0012] 

The area ratio of an Al-Fe based intermetallic compound 

phase occupying the surface of the Al-coated layer means the 

ratio of the area of the portion having the Al-Fe based 

intermetallic compound phase present therein with respect to 

the projected area of the observed area obtained by viewing 

the surface of the Al-coated layer in the thickness direction.  

6



The Al-Fe based intermetallic compound phase that is exposed to 

the surface of the Al-coated layer may be identified as a phase 

having an Fe content in terms of percentage by mass that is the 

second highest next to Al.  

5 [0013] 

A second aspect of the present invention also provides, a 

method for manufacturing an Al-coated steel sheet having 

excellent total reflection characteristics and corrosion 

resistance according to claim 1, comprising: 

10 a step of manufacturing a hot-dip Al based alloy plated 

steel sheet having a plated layer having an average thickness 

of 7 pm or more, by using a hot-dip Al based alloy plating bath 

having a Si content of 1.5% by mass or more and less than 3.0% 

by mass, Fe content of 3% or less and optionally one or more of 

15 Ti of 1.0% or less, B of 1.0% or less, Zr of 1.0% or less, Sr 

of 1.0% or less and Mg of 5.0%, all in terms of percentage by 

mass with the balance of Al and unavoidable impurities; and 

a step of modifying the plated layer to an Al-coated 

layer having a surface layer portion extending from the surface 

20 thereof to a depth of 3 pm that has an average Si concentration 

of 1.3% by mass or less, by heating and retaining the hot-dip 

Al based alloy plated steel sheet to a temperature of from 380 

to 4600C for at least 5 hours or more to progress diffusion of 

Si and to reduce the Si phase in the plated layer.  

25 [0014] 

As a measure for further improving the total reflection 

characteristics and the corrosion resistance, the invention 

also provides a manufacturing method containing: 

a step of manufacturing a hot-dip Al based alloy plated 

30 
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steel sheet having a plated layer having an average thickness 

of 7 pnm or more, by using a hot--dip Al based alloy plating bath 

having a Si content of 1.3% by mass or more and 3.0% by mass 

or less; and 

a step of modifying the plated layer to an Al-coated layer 

having a surface layer portion extending from the surface 

thereof to a depth of 3 um that has an average Si concentration 

of 1.3% by mass or less, by heating and retaining the hot-dip 

Al based alloy plated steel sheet to a temperature of from 300 

to 460'C to progress diffusion of Si in the plated layer. In 

this case, the Si content of the hot-dip Al based alloy plating 

bath may be controlled to 1.5% by mass or more and less than 

3.0% by mass.  

Advantageous Effects of Invention 

[0015] 

According to the invention, an Al-coated steel sheet may 

be provided that has a high total reflectivity, good corrosion 

resistance, and an excellent appearance after subjecting to 

an anodizing treatment, as compared to an ordinary hot-dip Al.  

based alloy plated steel sheet. The Al-coated steel sheet is 

particularly excellent in heat reflection characteristics and 

light reflection characteristics due to the high total 

reflectivity thereof, and thus is considerably useful for 

purposes requiring heat resistance and purposes utilizing 

light reflection capability. The Al-coated steel sheet may 
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be obtained by subjecting a hot-dip Al based alloy plated steel 

sheet capable of being manufactured with an ordinary hot-dip 

plating line, as a base material, to a post heat treatment.  

Accordingly, the invention contributes to the enhancement of 

the purposes of a hot-dip Al based alloy plated steel sheet.  

Brief Description of Drawings 

[0016] 

[Fig. 1] Fig. 1 is an illustration schematically showing 

the cross sectional structure of the ordinary hot-dip Al based 

alloy plated steel sheet manufactured by using an Al based alloy 

plating bath having a high Si content, intact after plating.  

[Fig. 2] Fig. 2 is an illustration schematically showing 

the cross sectional structure of the plated steel sheet of Fig.  

1, after subjecting to a post heat treatment.  

[Fig. 3] Fig. 3 is an illustration schematically showing 

the cross sectional structure of the hot-dip Al based alloy 

plated steel sheet manufactured by using an Al based alloy 

plating bath having a low Si content, intact after plating.  

[Fig. 4] Fig. 4 is an illustration schematically showing 

the cross sectional structure according to the invention of 

the plated steel sheet of Fig. 3, after subjecting to a post 

heat treatment.  

[Fig. 5] Fig. 5 is an illustration schematically showing 

the cross sectional structure of the hot-dip Al based alloy 

plated steel sheet manuf actured by using a pure Al plating bath.  

9



[Fig. 6] Fig. 6 is a graph exemplifying the relationship 

between the heating temperature and the heating time required 

for making an average Si concentration of 2. 0% by mass or less 

for the surface layer portion of the Al-coated layer extending 

from the surface thereof to a depth of 3 pm.  

[Fig. 7] Fig. 7 is a micrograph showing the cross 

sectional structure of the hot-dip Al based alloy plated steel 

sheet manufactured by using a hot-dip Al based alloy plating 

bath having a Si content of 9% by mass, intact after plating.  

[Fig. 8] Fig. 8 is a micrograph showing the cross 

sectional structure of the Al-coated steel sheet obtained by 

subjecting the hot-dip Al based alloy plated steel sheet 

manufactured by using a hot-dip Al based alloy plating bath 

having a Si content of 9% by mass to a post heat treatment in 

the air at 450'C for 24 hours.  

[Fig. 9] Fig. 9 is a micrograph showing the cross 

sectional structure of the hot-dip Al based alloy plated steel 

sheet manufactured by using a hot-dip Al based alloy plating 

bath having a Si content of 2.5% by mass, intact after plating.  

[Fig. 10] Fig. 10 is a micrograph showing the cross 

sectional structure of the Al-coated steel sheet obtained by 

subjecting the hot-dip Al based alloy plated steel sheet 

manufactured by using a hot-dip Al based alloy plating bath 

having a Si content of 2. 5% by mass to a post heat treatment 

in the air at 450'C for 24 hours.  
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[Fig. 11] Fig. 11 is an SEM micrograph of the alloy layer 

portion on the cross section of the hot-dip A! based alloy 

plated steel sheet manufactured by using a hot-dip Al based 

alloy plating bath having a Si content of 2.5% by mass, intact 

after plating.  

[Fig. 12] Fig. 12 is an SEM micrograph of the alloy layer 

portion on the cross section of the Al-coated steel sheet 

obtained by subjecting the hot-dip Al based alloy pl ated steel 

sheet manufactured by using a hot-dip Al based alloy plating 

bath having a Si content of 2.5% by mass to a post heat treatment 

in the air at 450C for 24 hours.  

Description of Embodiments 

[0017] 

The Al-coated steel sheet of the invention can be 

achieved by modifying a plated layer of a hot-dip Al based alloy 

plated steel sheet manufactured by using an Al based alloy 

plating bath containing Si, through a post heat treatment. It 

is important herein that the post heat treatment largely 

enhances the diffusion of Si in the plated layer, as compared 

to a post heat treatment having been ordinarily performed, and 

thereby the Si concentration of the surface layer portion of 

the plated layer is reduced. Furthermore, for reducing the 

Si concentration of the surface layer portion of the plated 

layer, it is considerably effective to use a hot-dip Al based 

alloy plating bath having a relatively low Si content.  
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[0018] 

Fig. 1 schematically shows a cross sectional structure 

of an ordinary hot-dip Al based alloy plated steel sheet 

manufactured by using an Al based alloy plating bath containing 

Si in an amount of approximately from 7 to 10% by mass, intact 

after plating. The Al based alloy plated layer 3 is formed 

on the surface of the base steel sheet 1 as a base sheet for 

plating with the alloy layer 2 intervening therebetween. The 

alloy layer 2 is an "Al-Fe-Si based alloy layer" containing 

mainly an intermetallic compound containing Al, Fe and Si as 

components. The Al based alloy plated layer 3 contains an 

Al-Fe based intermetallic compound phase 5 and a Si phase 6 

present in an Al phase 4 as a matrix. The Al-Fe based 

intermetallic compound phase 5 is present in a relatively large 

amount on the side close to the alloy layer 2, and the Si phase 

6 is present in a relatively large amount on the side close 

to the surface 10.  

[0019] 

Fig. 2 schematically shows the cross sectional structure 

of the plated steel sheet of Fig. 1, after subjecting to a post 

heat treatment at a temperature of approximately 45 0 'C. The 

alloy layer 2 is slightly increased in thickness. The Si phase 

6 present in the plated layer 3 in Fig. 1 is formed into a 

spherical shape and is present in a large amount in the Al phase 

4. The Al-Fe based intermetallic compound phase 5 also tends 

12



to be a spherical shape slightly. The Al-coated layer thus 

derived from the plated layer after subjecting to the post heat 

treatment is shown by a numeral 30 in the figure.  

0020] 

Even in the case where a hot-dip Al based alloy plated 

steel sheet manufactured by using an ordinary hot-dip Al based 

alloy plating bath containing Si in an amount, for example, 

of 7% by mass or more is subjected to a post heat treatment 

for a certainly long period of time, the Si phase 6 remains 

in a large amount in the Al-coated layer 30, as shown in Fig.  

2. It has been confirmed that the Al-coated steel sheet having 

this structure state as substantially not improved in total 

reflection characteristics, corrosion resistance, and 

appearance after subjecting to an anodizing treatment. That 

is, an ordinary hot-dip Al based alloy plated steel sheet is 

substantially incapable of providing the improvement effect 

for the aforementioned characteristics through a post heat 

treatment.  

[0021] 

Fig. 3 schematically shows a cross sectional structure 

of a hot-dip Al based alloy plated steel sheet manufactured 

by using an Al based alloy plating bath having a low Si content 

of approximately from 1. 5 to 6. 0% by mass, intact after plating.  

The alloy layer 2 present on the surface of the base steel sheet 

tends to be slightly thicker than the ordinary hot-dip Al 

13



based alloy p ated steel sheet manufactured by using a hot-dip 

Al based alloy plating bath having a high Si content (Fig. 1) , 

but the deterioration of the characteristics, such as the 

workability, caused thereby does not make a problem in normal 

use. The alloy layer 2 contains mainly an Al-Fe based 

intermetallic compound and an Al-Fe-Si based intermetallic 

compound as described later. In the plated layer 3, an Al-Fe 

based intermetallic compound phase 5 and a small amount of a 

Si phase 6 are observed in an Al phase 4. The amount of the 

Si phase 6 present varies depending on the Si content in the 

plating bath. The Al-Fe based intermetallic compound phase 

5 is present in a large amount on the side close to the al loy 

layer 2 and in a small amount on the side close to the surface 

10. The Si phase 6 is present mainly on the side close to the 

surface 10.  

[0022] 

The hot-dip Al based alloy plated steel sheet obtained 

by using a hot-dip Al based alloy plating bath having a 

relatively small Si content is different in structure state 

of the plated layer 3 from the ordinary hot-dip Al based alloy 

plated steel sheet (Fig. 1) in such a point that the amount 

of the Si phase 6 present is small. According to the 

investigation by the present inventors, however, only the use 

of this structure state cannot provide a sufficient 

improvement effect for total reflection characteristics, 

14



corrosion resistance, and appearance after subjecting to an 

anodizing treatment.  

[ 0023] 

Fig. 4 schematically shows the cross sectional structure 

that is obtained by subjecting the plated steel sheet shown 

in Fig. 3 to a post heat treatment at a temperature of 

approximately 450'C for a relatively long period of time of 

approximately 24 hours. There is no conspicuous growth of the 

alloy layer 2. There is substantially -no presence of a Si phase 

observed in the Al-coated layer 30 derived from the plated layer 

3 in Fig. 3. On the other hand, the Al-Fe based intermetallic 

compound phase 5 is not largely changed in shape. The average 

thickness of the Al-coated layer 30 per one surface of the steel 

sheet is necessarily 7 pm or more in order that the heat 

resistance and corrosion resistance inherent to the A! based 

alloy plated layer are sufficiently exhibited, and is more 

preferably 20 pm or more. The upper limit of the average 

thickness is not particularly determined, and the average 

thickness may be generally in a range of 50 pm or less, and 

may be controlled to 40 pm or less.  

0024] 

According to the detailed investigations by the 

inventors, it has been found that in the case where the plated 

steel sheet manufactured by using a hot-dip Al based alloy 

plating bath having a small Si content as in Fig. 3 is subjected 

15



to a post heat treatment, Si in the plated layer 3 is diffused 

to the region having a relatively low Si concentration close 

to the alloy layer 2 and is incorporated in the alloy layer 

2, and in other words, Si present in the plated layer 3 is used 

for the reaction that changes the alloy layer 2 to an Al-Fe-Si 

based alloy layer containing mainly an intermetallic compound 

having a higher Si content. The Si concentration of the 

surface layer portion of the Al-coated layer 30 close to the 

surface 10 thereof can be reduced by utilizing this phenomenon.  

In the Al based alloy plated steel sheet shown in Fig. 1 

manufactured by using a plating bath having a high Si content, 

the alloy layer 2 is originally an alloy layer containing mainly 

an intermetallic compound having a higher Si content.  

Therefore, the phenomenon that Si in the plated layer 3 is 

incorporated in the alloy layer 2 through the post heat 

treatment may not largely occur.  

[0025] 

In the Al-coated layer 30 that has no Si phase observed 

therein or has an extremely small content of the remaining Si 

phase, as shown in Fig. 4, it has been found that the total 

reflectivity and the corrosion resistance due to the Al-coated 

layer may be enhanced particularly in the case where the Si 

concentration of the surface layer portion thereof close to 

the surface 10 is sufficiently reduced. The reduction of the 

Si concentration of the surface layer portion is also important 

16



for improving the appearance after an anodizing treatment.  

Specifically, the total reflection characteristics and the 

corrosion resistance may be considerably improved in the case 

where the average Si concentration of the surface layer portion 

extending from the surface thereof to a depth of 3 Pm is 2.0% 

by mass or less. The total reflection characteristics and the 

corrosion resistance may be further considerably improved 

stably in the case where the average Si concentration of the 

surface layer portion is 1. 3% by mass or less. The lower limit 

of the average Si concentration of the surface layer portion 

of the Al-coated layer extending from the surface thereof to 

a depth of 3 pm is not necessarily determined and may be reduced 

to 0% by mass, but in consideration of the load in the post 

heat treatment process, the lower limit thereof may be in a 

range of 0.5% by mass or more.  

[00261 

it is considered that the total reflection 

characteristics are improved by reducing the Si concentration 

of the surface layer portion since the Al purity of the surface 

layer portion of the plated layer is increased, and the 

reflection characteristics that are closer to pure Al may be 

imparted thereto.  

[0027] 

On the surface 10 of the Al-coated layer 30, a portion 

where the Al-Fe based intermetallic compound phase 5 is exposed 
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is formed. it has been found that the Al-Fe based 

intermetallic compound phase 5 present on the surface may 

deteriorate the appearance after subjecting to an anodizing 

treatment. The exposed Al-Fe based intermetallic compound 

phase 5 may also be a factor of deteriorating the total 

reflection characteristics and the corrosion resistance.  

However, in the case where a hot-dip Al based alloy plating 

bath containing Si in an amount of 1.5% by mass or more is used, 

the Al-Fe based intermetallic compound phase 5 is liable to 

be formed on the side close to the alloy layer 2, and the amount 

of the Al-Fe based intermetallic compound phase 5 formed on 

the side close to the surface 10 is small. As a result of 

various investigations, in the case where the area ratio of 

the Al-Fe based intermetallic compound phase occupying the 

surface 10 of the Al-coated layer 30 is suppressed to 10% or 

less, coupled with the reduction of the Si concentration in 

the surface layer portion described above, the appearance 

after subjecting to an anodizing treatment may be considerably 

improved. The heat reflection characteristics and the 

corrosion resistance may also be improved. The condition that 

the area ratio of the Al-Fe based intermetallic compound phase 

is suppressed to 10% or less may be controlled by using a hot-dip 

Al based alloy plating bath having a Si content of 1.5% by mass 

or more.  

[0028) 
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Fig. 5 schematical ly shows the cross sectional structure 

of the hot-dip Al based alloy plated steel sheet manufactured 

by using a pure Al plating bath. The alloy layer 2 formed 

between the base steel sheet 1 and the plated layer 3 is 

increased in thickness as compared to the hot-dip Al based alloy 

plated steel sheets using a Si-containing plating bath shown 

in Figs. 1 and 3, assuming that the base steel sheets 1 (i.e., 

the base sheets for plating) have the same steel composition.  

The Al-Fe based intermetallic compound phase 5 formed in the 

Al-phase 4 as a matrix of the plated layer 3 is formed in a 

large amount on the side close to the surface 10, which is 

different from the cases of Figs. I and 3. Even after 

subjecting to a post heat treatment, the cross sectional 

structure undergoes no large apparent change. Accordingly, 

a numeral 30, which corresponds to the Al-coated layer after 

subjecting to a post heat treatment, is also shown :in Fig. 5.  

[0029] 

in the hot-dip Al based alloy plated steel sheet having 

the cross sectional structure shown in Fig. 5 manufactured by 

using a pure Al plating bath, a large amount of the Al-F(e based 

intermetallic compound phase 5 is exposed to the surface of 

the plated layer 3. This structure state is similarly 

maintained even after subjecting to a post heat treatment. The 

Al-Fe based intermetallic compound phase 5 that is present on 

the surface may be a factor of deteriorating the appearance



after subjecting to an anodizing treatment and the corrosion 

resistance, as described above. For improving the appearance 

after subjecting to an anodizing treatment and the corrosion 

resistance, it is considerably effective to use a hot-dip Al 

based alloy plating bath having a Si content of 1.5% by mass 

or more.  

0030] 

Fig. 6 exemplifies the relationship between the heating 

temperature and the heating time required for making an average 

Si. concentration of 2.0% by mass or less for the surface layer 

portion of the Al-coated layer extending from the surface 

thereof to a depth of 3 tm in the case where a hot-dip Al based 

alloy plated steel sheet manufactured by using a hot-dip Al 

based alloy plating bath having a Si content of 2.5% by mass 

is subjected to a post heat treatment. A post heat treatment 

of a hot-dip Al based alloy plated steel sheet has been 

ordinarily known, as described above. However, the ordinary 

post heat treatment is difficult to reduce sufficiently the 

Si concentration of the surface layer portion of the Al-coated 

layer, as described above. For improving the total reflection 

characteristics, it is necessary to diffuse Si more thoroughly, 

as described, for example, in Fig. 6.  

[0031] 

Figs. 7 to 10 exemplify micrographs of the cross 

sectional structures after a post heat treatment.  
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Fig. 7 is a micrograph showing the cross sectional 

structure of the hot-dip Al based alloy plated steel sheet 

manufactured by using a hot-dip Al based alloy plating bath 

having a Si content of 9% by mass, intact after plating. In 

the plated layer, the Al-Fe based intermetallic compound phase 

looking light gray and the Si phase looking blackish are 

dispersed in the A! phase looking white.  

Fig. 8 is a micrograph showing the cross sectional 

structure of the Al-coated steel sheet obtained by subjecting 

the hot-dip Al based alloy plated steel sheet manufactured by 

using a hot-dip Al based alloy plating bath having a Si content 

of 9% by mass to a. post heat treatment in the air at 450'C for 

24 hours. In the Al-coated layer derived from the plated layer, 

the Al-Fe based intermetallic compound phase looking light 

gray and the Si phase looking blackish are dispersed in the 

Al phase looking white. The phases are formed into a spherical 

shape due to the application of heat.  

[0032] 

Fig. 9 is a micrograph showing the cross sectional 

structure of the hot-dip Al based alloy plated steel sheet 

manufactured by using a hot-dip Al based alloy plating bath 

having a Si content of 2.5% by nass, intact after plating. In 

the plated layer, the Al-Fe based intermetallic compound phase 

looking light gray is dispersed in the Al phase looking white.  

The Si phase looking blackish is also present. The amount of



the Si phase is considerably decreased, as compared to the case 

shown in Fig. 7.  

Fig. 10 is a micrograph showing the cross sectional 

structure of the Al-coated steel sheet obtained by subjecting 

the hot-dip Al based alloy plated steel sheet manufactured by 

using a hot-dip Al based alloy plating bath having a Si content 

of 2.5% by mass to a post heat treatment in the air at 450C 

for 24 hours. In the A-coated layer derived from the plated 

layer, the Al-Fe based intermetallic compound phase looking 

light gray is dispersed in the Al phase looking white. The 

presence of a Si phase cannot be confirmed from the micrograph.  

:00331 

Fig. 11 exemplifies an SEM micrograph of the alloy layer 

portion on the cross section of the hot-dip Al based alloy 

plated steel sheet manufactured by using a hot-dip Al based 

alloy plating bath having a Si content of 2.5% by mass, intact 

after plating. The alloy layer shows a two-layer structure 

constituted by an upper layer shown by a numeral 21 and a lower 

layer shown by a numeral 22. What is found under the lower 

layer is the base steel sheet. In the micrograph, four 

analysis positions are shown by symbols a to d. The 

measurement results of EDX quantitative analysis of the four 

positions are shown in Table 1 below.  

[0034] 

22



Table i 

Analysis position Analysis value (% by mass) Estimated major 
---- - -intermetallic 

Layer Symbol Al Si Fe compound phase 
a 622 22 5.6 

Intat after upper layer b 4 2 511 AlaFe4(O) 
hot-dip plating -------------- W 4-2545- ~ ~C 52.4 25 4.  (see Fig. 11) lower layer d Al5Fe2m) d 05.3 2.4 j 42.3 

[0035] 

Both the upper layer and the lower layer have a Si 

concentration of less than 3.0% by mass intact after plating, 

and the major intermetallic compound constituting the phases 

is estimated as an Al-Fe based intermetallic compound, as shown 

in Table 1.  

[0036] 

Fig. 12 shows an SEM micrograph of the alloy layer portion 

on the cross section of the Al-coated steel sheet obtained by 

subjecting the hot-dip Al based alloy plated steel sheet 

manufactured by using a hot-dip Al based alloy plating bath 

having a Si content of 2. 5% by mass to a post heat treatment 

in the air at 450 0 C for 24 hours. In the micrograph, four 

analysis positions are shown by symbols e to n. The 

measurement results of EDX quantitative analysis of the four 

positions are shown in Table 2 below.  

[0037] 
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Table 2 

Analysis position Analysis value (% by mass) Estimated major 
__________ - ntermetallic 

Layer Symbol Al Si Fe compound phase ~~~~~~-----------------------I -------. 1 _____ ______ ______________ 

e 62 1 8 6 29 3 
After heating at upper layer -AlFe2Si(15) 

f 60.0 8.3 31.7 
450 0C for 24 hours ------ ---- 3-

(see Fig. 12) lower layer : 2 3 3Fe 4(0) 

[00381 

It is understood that the Si content of the upper layer 

is greatly increased through the post heat treatment. Such 

a phenomenon may be observed that Si present in the plated layer 

is incorporated in the upper layer, and the upper layer is 

changed to the structure containing mainly an Al-Fe-Si based 

intermetallic compound.  

[0039] 

Base Steel Sheet 

The base steel sheet as the base sheet for plating applied 

to the invention may be various steel species that have been 

applied to hot-dip Al based alloy plated steel sheets. For 

purposes requiring heat resistance, a steel having a N content 

of from 0. 04 to 0. 015% by mass is preferably used for preventing 

the alloy layer from growing. Specific examples of the 

contents of the steel components comprise from 0.001 to 0.06% 

of C, 0.5% or less of Si, 1.0% or less of Mn, 0.016% or less 

of P, 0.00% or less of S, 0.012% or less of Al, 0.015% or less 

of N, and from 0 to 0.03% of Ti (all in terms percentage by 

mass), with the balance of Fe and unavoidable impurities.  
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The thickness of the base sheet for plating may be in 

a range of from 0.1 to 3.5 mm, and may be controlled to a range 

of from 0.2 to 1.6 mn.  

[0040] 

Al Plating 

The hot-dip Al based alloy plated steel sheet that is 

applied to the invention may be manufactured with an ordinary 

hot-dip plating line. The plating bath composition is 

preferably an Al based alloy plating bath having a Si content 

of 1.5% by mass or more and 6.0% by mass or less. When the 

Si content of the bath is too large, it may be difficult to 

reduce sufficiently the Si concentration of the surface layer 

portion through the post heat treatment as the subsequent 

process step. When the Si content is too small, the structure 

of the plated layer becomes close to pure Al plating to enhance 

the tendency that the Al-Fe based intermetallic compound phase 

5 is formed on the side close to the surface 10 as shown in 

Fig. 5, whereby it may be difficult to reduce sufficiently the 

area ratio of the Al-Fe based intermetallic compound phase.  

The Si content of the bath is more effectively 1.5% by mass 

or more and 3.0% by mass or less. The upper limit of the Si 

content of the bath may be strictly controlled to less than 

3.0% by mass.  

[00411 

Fe is generally incorporated in the bath. The Fe content 
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is preferably controlled 3.I0% by mass or less, and more 

preferably 2. 5% by mass or less. As other elements in the bath, 

the bath may contain at least one of 1.0% by mass or less of 

Ti, 1.0% by mass or less of B, 1.0% by mass or less of Zr, 1.0% 

by mass or less of Sr, and 5.0% by mass or less of Mg. Ti, 

B and Zr are effective for enhancing the surface appearance 

through miniaturization of the spangle size, Sr is effective 

for miniaturizing the Si phase, and Mg is effective for 

enhancing the corrosion resistance. The balance of the 

aforementioned elements may be Al and unavoidable impurities.  

[0042] 

The plating deposition amount is preferably 7 pm or more, 

and more preferably 20 pm or more, in terms of the thickness 

of the plated layer per one surface (exclusive of the alloy 

layer) . The upper limit thereof i. not particularly 

determined, and in general, the average thickness may be in 

range of 50 prm or less, and may be controlled to 40 ptm or 

less.  

[0043] 

Post Heat Treatment 

The hot-dip Al based alloy plated steel sheet is 

subjected to a heat treatment for providing the Al-coated layer 

having a low Si concentration through modification of the Al 

based alloy plated layer. The heat treatment is performed 

after the hot-dip plating, and thus is referred to as a "post 
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heat treatment" in the description herein. For improving the 

total reflection characteristics and the like, the Al based 

alloy plated layer is preferably modified to the Al-coated 

layer having an average Si concentration of the surface layer 

portion extending from the surface thereof to a depth of 3 pm 

of 2.0% by mass or less, and more preferably 1.3% by mass or 

less.  

[ 0044] 

As a result of various investigations, in the case where 

an Al-coated layer having an average Si concentration of the 

surface layer portion extending from the surface thereof to 

a depth of 3 tm of 2. 0% by mass or less is to be obtained through 

the modification, a hot-dip Al based alloy plated steel sheet 

manufactured by using a hot-dip Al based alloy plating bath 

having a Si content of 2. 0% by mass or more and 6. 0% by mass 

or less may be used. It may be controlled to use a hot-dip 

Al based alloy plated steel sheet manufactured by using a 

hot-dip Al based alloy plating bath having a Si content of more 

than 2.0% by mass and 6.0% by mass or less.  

[0045] 

In the case where an Al-coated layer having an average 

Si concentration of the surface layer portion extending from 

the surface thereof to a depth of 3 pm of 1.3% by mass or less 

as a preferred embodiment is to be obtained through the 

modification, it is effective to use a hot-dip Al based alloy 
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plated steel sheet manufactured by using a hot-dip Al based 

alloy plating bath having a Si content of 1. 5% by mass or more 

and 3. 0% by mass or less. It may be controlled to use a hot-dip 

Al based alloy plated steel sheet manufactured by using a 

hot-dip Al based alloy plating bath having a Si content of 1. 5% 

by mass or more and less than 3.0% by mass.  

[0046] 

The heating temperature of the post heat treatment may 

be set in a range of from 300 to 460'C, and more effectively 

in a range of from 380 to 4600C. When the heating temperature 

is too low, the Si concentration of the surface layer portion 

of the plated layer may be difficult to reduce. When the 

heating temperature is too high, the alloy layer may 

excessively grow. The atmosphere of the post heat treatment 

may be in the air.  

[0047] 

The Si phase formed in the plated layer tends to be 

distributed on the side close to the surface. In the post heat 

treatment, the Si phase is consumed for the reaction of 

increasing the Si content of the alloy layer, and thereby the 

Si concentration of the surface layer portion of the plated 

layer is reduced. It is important to determine the heating 

time for sufficiently progressing the diffusion of Si in the 

plated layer and the reaction of increasing the Si content of 

the alloy layer. The suitable heating time may be determined 
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by comprehending in advance the relationship between the 

heating temperature and the heating time that are sufficient 

for reducing the Si concentration of the surface layer portion 

of the plated layer (see Fig. 6) . Even in the case where the 

Si content of the plating bath is, for example, approximately 

2. 0% by mass, the average Si concentration of the surface layer 

portion of the Al-coated layer extending from the surface 

thereof to a depth of 3 tm intact after plating (i.e., before 

subjecting to the post heat treatment) is generally as large 

as approximately 2.5% by mass. Accordingly, it is 

insufficient to reduce only the Si content of the plating bath, 

and the target Al-coated steel sheet having a surface layer 

portion with a reduced Si concentration may be obtained by 

performing the post heat treatment thoroughly.  

Example 

[0048] 

As a base steel sheet, a cold-rolled annealed steel sheet 

having the following chemical composition having a thickness 

of 0.8 um was prepared.  

Chemical Composition of Base Steel Sheet 

0.0033% of C, less than 0.01% of Si, 0.23% of Mn, less 

than 0.01% of P, 0.013% of S, 0.01% of Al, 0.0027% of 0, and 

0.0025% of N, with the balance of Fe and unavoidable impurities 

[0049] 

By using the base steel sheet was used as a base sheet 
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for plating, hot-dip Al based alloy plated steel sheets having 

an average thickness of the plated layer (exclusive of the alloy 

layer) in a range approximately from 30 to 50 tim were 

manufactured.  

Plating Condition 

Si content in Al bath: shown in Tables 3 and 4 

Fe content in Al bath: approximately 2% by mass 

Contents of additional elements other than Si and Fe in Al bath: 

shown in Tables 3 and 4 

Components in bath other than above: Al and unavoidable 

impurities 

Plating bath temperature: 66 0 'C 

Plating bath dipping time: 2 seconds 

Average cooling rate until complete solidification of plated 

layer: 13C per second 

[0050] 

The resulting hot-dip Al based alloy plated steel sheet 

was subjected to a post heat treatment at the heating 

temperature for the heating time shown in Tables 3 and 4 to 

prepare a specimen, which was then investigated as follows.  

The atmosphere of the post heat treatment was in the air. For 

comparison, a specimen that was not subjected to a post heat 

treatment was prepared.  

[00511 

Measurement of Average Si Concentration of Surface Layer 
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extending to Depth of 3 pmn of Al-coated Layer 

EDX analysis was performed for the cross sectional 

surface in parallel to the thickness direction of the specimen.  

Tn an SEM observation field with a magnification of 5, 000, a 

rectangular area having a dimension of 3 pim x 20 pm with the 

edge having a length of 3 tm in the thickness direction of the 

Al-coated layer was assumed. The rectangular area that 

entirely overlapped the Al-coated layer and had the edge having 

a length of 20 pm being in contact with at least a part of the 

outermost surface of the Al-coated layer was set as a 

measurement area. The measurement area was measured for the 

average Si concentration (conversion value in terms of 

percentage by mass) by EDX analysis. The measurement 

operation above was performed for five fields having been 

randomly selected, and the average value of the average Si 

concentration values of the measurement areas was designated 

as the average Si concentration of the surface layer por-ion 

of the Al--coated layer extending from the surface thereof to 

a depth of 3 pim.  

[0052] 

Measurement of Area Ratio of Al-Fe Based Intermetallic 

Compound Phase occupying Surface 

The surface of the Al-coated layer of the specimen was 

observed with SEM in the thickness direction thereof, and the 

area ratIo of the Al-Fe based intermetallic compound phase



occupying the projected area of the observed area obtained by 

viewing the surface of the Al-coated layer in the thickness 

direction was obtained. The Al-Fe based intermetallic 

compound phase exposed to the surface may be identified by EDX 

analysis. The area ratio was measured for five fields having 

been randomly selected, and the average value thereof was 

designated as the area ratio (%) of the Al-Fe based 

intermetallic compound phase occupying the surface.  

[00531 

Measurement of Average Thickness of Alloy Layer 

The average thickness of the alloy layer was measured 

by observing the cross section of the specimen in parallel to 

the thickness direction with SEM. The alloy layer exhibited 

a multi-phase structure including an upper layer and a lower 

layer, except for some instances using a plating bath having 

a high Si content.  

[0054] 

Measurement of Average Si Concentration of Upper Layer of Alloy 

Layer 

On the cross sectional surface in parallel to the 

thickness direction of the specimen, ten measurement points 

having been randomly selected in the vicinity of the center 

in the thickness direction of the upper layer, as similar to 

the measurement points e and f shown in Fig. 12, were measured 

for the Si concentration by EDX analysis, and the average value 
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thereof was designated as the average Si concentration of the 

upper layer of the aloy layer. For the specimen having an 

alloy layer having a single layer structure, the average Si 

concentration in the vicinity of the center in the thickness 

direction thereof was obtained as a reference value.  

[0055] 

Evaluation of Total Reflection Characteristics 

The surface of the Al-coated layer of the specimen was 

measured for total reflectivity. The measurement was 

performed with MCP 3100, produced by Shimadzu Corporation, 

under conditions of a reflection angle of 8' and a measurement 

wavelength of 550 nm, and the total reflection characteristics 

were evaluated by the following standard. The evaluation ofE 

o or better was Judged as passed.  

@: total reflectivity of 75% or more 

0: total reflectivity of 70% or more and less than 75% 

A: total reflectivitv of 65% or more and less than 70% 

X: total reflectivity of less than 65% 

[0056] 

Evaluation of Corrosion Resistance 

The specimen was subjected to a humidity test of 

retaining in an environment of a temperature ot 90*C and a 

relative humidity of 95% for 500 hours, and the rust formation 

ratio was measured From the area where rust was formed on the 

surface, and evaluated for the corrosion resistance by the



following standard. The evaluation of 0 or better was judged 

as passed.  

@: rust formation ratio of less than 10% 

0: rust formation ratio of 10% or more and less than 20% 

A: rust formation ratio of 20% or more and less than 50% 

X: rust formation ratio of 50% or more 

[00571 

Evaluation of Appearance after subjecting to Anodizing 

Treatment 

The specimen was subjected to an anodizing treatment, 

and the resulting anodized surface was measured for L value 

(luminosity). The anodizing treatment conditions were a 

treatment solution containing 150 g/L of sulfuric acid and 5 

g/L of aluminum sulfate, a treatment temperature of 25'C, an 

electric current density of 5 A/dm2 , and a treating time of 

10 minutes. The appearance after subjecting to the anodizing 

treatment was evaluated, and the evaluation of 0 or better 

was judged as passed.  

K: L value of 90 or more 

0: L value of 88 or more and less than 90 

A: L value of 85 or more and less than 88 

X: L value of less than 85 

[0058] 

Evaluation of Workability 

The specimen was subjected to a cylinder drawing process, 
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and the vertical wall portion of the processed article was 

evaluated for peeled off state of the Al-coated layer. The 

cylinder drawing conditions were a drawing ratio of 2.0, a blank 

diameter of 80 mm, a die diameter of 42 mm, a die corner radius 

of 5 mm, a punch diameter of 40 mm, and a punch corner radius 

of 5 mm. The workability was evaluated by the following 

standard, and the evaluation of 0 or better was judged as 

passed.  

0: no peel-off of Al-coated layer found 

X: peel-off of Al-coated layer found 

[0059] 

Evaluation of Surface Appearance 

The surface of the Al-coated layer of the specimen was 

evaluated for refinement of the spangle in terms of the spangle 

density. The evaluation of O or better was judged as passed.  

@: spangle density of 200 per cm 2 or more 

0: spangle density of 50 per cm2 or more and less than 200 per 

cm2 

X : spangle density of less than 50 per cm 2 

The result is shown in Fig. 3 and 4.  
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[0062] 

The specimens according to the invention were improved 

in total reflection characteristics, corrosion resistance, 

and appearance after subjecting to an anodizing treatment, and 

also were good in workability and surface appearance. In 

particular, the specimens having an average Si concentration 

of the surface layer extending to a depth of 3 pm of the 

Al-coated layer of 1. 3% by mass or less were considerably 

excellent in total reflection characteristics, corrosion 

resistance, and appearance after subjecting to an anodizing 

treatment.  

[0063] 

On the other hand, Nos. 31 and 32 as comparative examples 

were manufactured by using a pure Al plating bath, in which 

a large amount of an Al-Fe based intermetallic compound phase 

was formed in the vicinity of the surface of the plated layer.  

The Al-Fe based intermetallic compound phase remained 

substantially unchanged after subjecting to the post heat 

treatment (No. 32) . These specimens had no Si present in the 

surface layer portion of the Al-coated layer, but were not 

improved in total reflection characteristics and corrosion 

resistance and were inferior in appearance after subjecting 

to an anodizing treatment, due to the large area ratio of the 

Al-Fe based intermetallic compound phase occupying the surface.  

The specimens were also inferior in workability due to the alloy 
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layer formed to have a large thickness.  

No. 33 maintained the tendency that a large amount of 

an Al-Fe: based intermetallic compound phase was formed in the 

vicinity of the surface of the plated layer, due to the too 

small Si content in the plating bath. Accordingly, the 

specimen was inferior in various characters stics as similar 

to the specimens using a pure Al bath. This specimen was not 

subjected to a post heat treatment. However, it is difficult 

to reduce the area ratio of the Al-Fe based intermetallic 

compound phase occupying the surface through a post heat 

treatment.  

Nos. 34, 37, 38 and 41 had a high average Si concentration 

of the surface layer portion of the Al-coated layer since a 

post heat treatment was not performed, and the heating 

conditions were not proper, although the plating bath had the 

appropriate Si content. As a result, the specimens were 

inferior in total reflection characteristics and appearance 

after subject- ing to an anodizing treatment and were 

nsufficiet i n improvement of corrosion resistance.  

Nos. 35 and 39 were hot-dip Al based alloy plated steel 

sheets manufactured by using a plating bath having a high Si 

content-, and were inferior in total reflection characteristics, 

corrosion resistance, and appearance after subjecting to an 

anodizing treatment due to the large average Si concentration 

in the surface layer portion of the Al-coated layer (the 
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Al-coated layers in these specimens were the Al based alloy 

plated layers intact after plating).  

Nos. 36 and 40 were obtained by subjecting a hot-dip Al 

based alloy plated steel sheet manufactured by using a plating 

bath having a high Si content to a post heat treatment, but 

the average Si concentration of the surface layer portion of 

the Al-coated layer did not sufficiently reduced, and thus the 

specimens were not improved in total reflection 

characteristics, corrosion resistance, and appearance after 

subjecting to an anodizing treatment.  

Reference Sign List 

[0064] 

1 base steel sheet 

2 alloy layer 

3 Al based alloy plated layer 

4 Al phase 

5 Al-Fe based intermetallic compound phase 

6 Si phase 

10 surface 

30 Al-coated layer 

40



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

[Claim 1] 

An Al-coated steel sheet having excellent total reflection 

5 characteristics and corrosion resistance, comprising a base 

steel sheet having on a surface thereof an Al-coated layer 

which contains an Al-Fe based intermetallic compound phase and 

a Si phase, having an average thickness of 7 pm or more with an 

Al-Fe-Si based alloy layer intervening therebetween, a surface 

10 layer portion of the Al-coated layer extending from the surface 

thereof to a depth of 3 pm having an average Si concentration 

of 1.3% by mass or less, which is obtained by energy dispersive 

X-ray spectrometry analysis for the rectangular area having a 

dimension of 3 pm x 20 pm with the edge having a length of 3 pm 

15 in the thickness direction of the Al-coated layer in the cross 

sectional surface in parallel to the thickness direction of the 

Al-coated layer, and an area ratio of an Al-Fe based 

intermetallic compound phase occupying the surface of the Al

coated layer being 10% or less.  

20 

[Claim 2] 

A method for manufacturing an Al-coated steel sheet having 

excellent total reflection characteristics and corrosion 

resistance according to claim 1, comprising: 

25 a step of manufacturing a hot-dip Al based alloy plated 

steel sheet having a plated layer having an average thickness 

of 7 pm or more, by using a hot-dip Al based alloy plating bath 

having a Si content of 1.5% by mass or more and less than 3.0% 

by mass, Fe content of 3% or less and optionally one or more of 

30 Ti of 1.0% or less, B of 1.0% or less, Zr of 1.0% or less, Sr 

of 1.0% or less and Mg of 5.0%, all in terms of percentage by 

mass with the balance of Al and unavoidable impurities; and 
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a step of modifying the plated layer to an Al-coated layer 

having a surface layer portion extending from the surface 

thereof to a depth of 3 pm that has an average Si concentration 

of 1.3% by mass or less, by heating and retaining the hot-dip 

5 Al based alloy plated steel sheet to a temperature of from 380 

to 4600C for at least 5 hours or more to progress diffusion of 

Si and to reduce the Si phase in the plated layer.  
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