(12) STANDARD PATENT (11) Application No. AU 2014307526 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Al-coated steel sheet having excellent total reflection properties and corrosion res-
istance, and method for manufacturing same

International Patent Classification(s)

C23C 2/12 (2006.01) C23C 2/28 (2006.01)
C22C 21/02 (2006.01) C23C 2/40 (2006.01)
Application No: 2014307526 (22) Date of Filing:  2014.07.07

WIPO No: WO15/022821

Priority Data

Number (32) Date (33) Country
2013-168478 2013.08.14 JP
Publication Date: 2015.02.19

Accepted Journal Date: 2018.10.18

Applicant(s)
Nisshin Steel Co., Ltd.

Inventor(s)
Furukawa, Shinya;Hattori, Yasunori

Agent / Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, Collins Street West, VIC, 8007, AU

Related Art
JP 2000-256816 A




wo 2015/022821 A1 ]IV 00 A

12) FEFBAENICE DV T AR S -ERERE

(19) 1 5 A4 AT A HE AR > U0 ) O O O O O 0
EEE S =
; 10) ERAHES
S aan = WO 2015/022821 A1
2015 % 2 A 19 H(19.02.2015) WIPO | PCT
61 EERYSHS5E: (74) KB A /M2 B (KOMATSU Takashi); T 1030002
C23C 2/12 (2006.01) C23C 2/28 (2006.01) RRBHRXAXEBEERIT2—2-12 KR
C22C 21/02 (2006.01) C23C 2/40 (2006.01) BITYEJ 78 Tokyo (JP).
1) ERHBES: PCT/IP2014/068035 (81) IEEE (RTDHEWRY ., ETOREREOERNRF
, EMTETHE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
(22) EEHREER: 2014 £ 7 A 7 H(07.07.2014) BB, BG, BIL BN, BR. BW, BY. BZ CA. CH. CL. CN.
25 ERHEDSE. A AE CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
N e = FL GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
6) EEARDOEE: HARE IR, IS, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
30) BEIEF—4. LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
4588 2013-168478 2013 £ 8 B 14 H(14.08.2013)  JP MY, MZ, NA, NG, NI NO, NZ, OM, PA, PE, PG, PH,
’ PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
(71 HEE A BHFEFHE %R £ 11 (NISSHIN STEEL CO., SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
LTD.) [JP/JP]; T 1008366 R FKERILDOA= UG, US, UZ, VC, VN, ZA, ZM, ZW.
TEA4FE1S Tokyo (P). 84 EEE ETROHWRY, 2 TOBED LR
(72) B E: w1 (FURUKAWA Shinya); T FE AV [ AE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
5928332 KIRAFRTHEERAEFEAT 5 Hith B MZ, NA, RW, SD, SL, SZ, TZ, UG, ZM, ZW), 1—3F &
FIA%K RN Osaka JP). IRER  {RIEHATTORI 7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), 3—H v /%
Yasunori), T 5928332 KR ATHEREGEBETS (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL FR,
i BFEMBEKXEHA Osaka JP). GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT,

NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI

[(fEH]

(54) Title: AL-COATED STEEL SHEET HAVING EXCELLENT TOTAL REFLECTION PROPERTIES AND CORROSION
RESISTANCE, AND METHOD FOR MANUFACTURING SAME

G4 HADEH  ERIFHELTEEICEN-A | HEBEHRKRS K UVZ0ORIEX

(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
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 um 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 pm is 2.0 mass% or less, preferably 1.3
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.

6 EH: [FE] £REHE, MEMES L UHERIELELEZEONEREHRE LA | HEHKRERA
35, [BRFE] EHEROREA|I—Fe—S i RELEBENLTEHNES7 ymULEDA | HE
BEAETHHBETHoT, L&A | HEROREN SRS 3 umETOREBEICE THFYS i REMN2.
OHEWLUTHELLIE1 SHERUTTHY., HF%A | HERORAIZEDHSHA | —F e REEHILS
VHEDOEREES10%UTTHDHA | HWEHR.



WO 2015/022821 A1 IIWAIT 00N VAT 0RO 0

(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM, ML, #&{{ARELE:

MR, NE, SN, TD, TG). — ERRETHE (S5 50)
HRAN417 IZFRET HHEIT:

— HXHEFTHDSIEDOHIT FRE 4.17Gv)




13 Sep 2018

($)]

2014307526

N
o

15

20

25

30

DESCRIPTION
Title of Invention: Al-COATED STEEL SHEET HAVING EXCELLENT
TOTAL REFLECTION CHARACTERISTICS AND CORROSION RESISTANCE, AND
METHOD FOR MANUFACTURING SAME

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-
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.

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
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,
such as “comprising” and “comprises”, 1is 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.
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

based

la



alloy plated layer in the process of hot-dip plating.
100631
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 ALN between the base steel sheet and
the alloy layer. 1In this case, a base steel sheet containing
N in such an amount that satisfy the formation of the AlN barrier

layer is applied.

16004

[—

A plating bath composition containing approximately

£

i

129

w

om 7t

O

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).

PTL 1: JP-A “rj"1Z4J58
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PTL JP-A-3-104848
JP-A-6-207262

JP-A-6-330274

PTL
PTL
PTL Japanese Patent No. 3,383,119
PTL Japanese Patent No. 3,398,810
PTL Japanese Patent No. 3,485,410

PTL

2
3
4
5
PTL 6: JP-A-8-319549
7
8
9: JP-A-2000-250764
6

[0006]

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
like, 1t 1s demanded to have good reflection characteristics
with small 1light absorption. The reflection capabilities of
heat and 1light roughly depend on the total reflectivity.
Accordingly, in consideration of the application thereof to
purposes requiring heat resistance and purposes utilizing light
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 1s "having excellent total
reflection characteristics™.

[0007]

Good corrosion resistance is demanded in purposes of a
building material and the 1like. However, a hot-dip Al based
alloy plated steel sheet that 1is manufactured with a plating
bath containing Si has a tendency of decreasing the corrosion
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
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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.

[0008]

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

ordinary hot-dip Al based alloy plated steel sheet.

Summary of the Invention
[0009]

A first aspect of the present invention provides an Al-
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 S1i phase, having an average thickness of 7 pm or more with an
Al-Fe-S1 based alloy layer intervening therebetween, a surface
layer portion of the Al-coated layer extending from the surface
thereof to a depth of 3 um 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 um x 20 um with the edge having a length of 3 um
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 vratio of an Al-Fe Dbased
intermetallic compound phase occupying the surface of the Al-
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

4
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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.

[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]

The average Si concentration of the surface layer portion
of the Al-coated layer extending from the surface thereof to a
depth of 3 um 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



the Al-coated laver. 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 um x 20 um
with the edge having a length of 3 pm 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 um being in contact with at least a part of the
outermost surface of the Al-coated layer is set as ameasurement

s

area. The measurement area iz measured for the average 5i
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

concentration of the surface layer portion of the Al-coated
layer extending from the surface thereof to a depth of 3 um”.

[0012]

The area ratio of an Al-Fe based intermetallic compound
phase occupying the surface of the Al-coated layer means the
ratic of the area of the portion having the Al-Fe based
intermetallic compound phase present therein with respect to

the projected area of the observe

Q.

srea obtained by viewing

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

o)
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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.

[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:

a step of manufacturing a hot-dip Al based alloy plated
steel sheet having a plated layer having an average thickness
of 7 pym 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
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
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 380
to 460°C for at least 5 hours or more to progress diffusion of
Si and to reduce the Si phase in the plated layer.

[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



steel sheet having a plated layer having an average thickness
of 7 um 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 modi

ying 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 8i 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

ot

otal 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

purpcses requiring heat resistance and purposes utilizing

ight z

!'3

}..J
=

eflection capability. The Al-coated steel sheet may



be obtained by subjecting a hot-dip Al based alloy plated steel

jon

sheet capable of being manufactured with an ordinary hot-dip

plating line, as base material, to a post heat treatment.
Accordingly, the invention contributes to th nhancement of

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

Brief Description of Drawings

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

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

-

alloyplated steel sheet manufactured by using an Al based aliocy

!..i -

plating kath having a high 3i content, intact after plating.

-

[Fig. 2] Fig. 2 is an illustration schematically showing
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tructure 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 8i content, intact after plating.

5
H
L

[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 treatmwent.

[Fig. 5] Fig. 5 is an illustration schematically showing
the cross sectional structure of the hot-dip Al based alloy

i

plated steel sheet manufactured by using apure Al plating bath.

O



[Fig. €] Fig. 6 is a graph exemplifying the relationship
between the heating temperature and the heating time required

v

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 um.

g

iFig. 7] g. 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 5i content of 9% by mass, intact after plating.

fFig. 8] PFig. 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

&
=
o
i
[o1)
Q
~
o

¢

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

having a 31 content of 9% by mass to a post heat treatment in

[he

the air at 450°C for 24 hours

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

.

secticnal 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 st heat treatment

6]
o8
@]

o)

in the air at 450°C for 24 hours.
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ig. 11} Fig. 11 is 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
atter plating.

[Fig. 12] Fig. 12 is an SEM nicrograph of the alloy layer
bortion 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°C for 24 hours.

Description of Embodiments

The Al-coated steel sheet of the invention can be
achlievedbymodifying 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 81 in the plated layer, as compared
Lo a post heat treatment having been ordinarily performed, and
thereby the 5i concentration cf 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.

-t
el



[00181
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

Pl

[
3

in a

[
[

amount of approximately from 7 to 10% by mass, intact
after plating. The Al based alloy plated layer 3 is formed

the base steel sheet 1 as a base sheet for

i

on the surface o
plating with the alloy layer 2 intervening therebetween. The

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

mainly an intermetallic compound containing Al, Fe and S1 as
components. The Al based alloy plated layer 3 contains an
Al-Fe based intermetallic compound phase 5 and a Si phase &

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 3i phase

(&)

is present in a relatively large amount on the side close

-

Fig. Z 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 450°C. The
alloy layer 2 is slightly increased in thick ness. The Si phase
& 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.

100207

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 5i 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

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

It has been confirmed that the Al-ceated steel sheet having
this structure state is 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
tially incapable of providing the improvement effect

for the aforementicned characteristics through a post heat

treatment.

[0021

[a—

shows a cross sectional structure

of a hot-dip Al based alloy plated szteel sheet manufactured
by using an Al based alloy plating bath having a low Si content

of approxinately from 1.5 to 6.0% by mas:

152

;, intact after plating.

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

1 tends to be slightly thicker than the cordinary hot-dip Al



bazed alloy plated 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 norma
use. The alloy layer 2 contains mainly an Al-Fe based
intermetallic compound and an Al-Fe-3Si 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

P 3

S1 phase © are observed in an Al phase 4., The amount of the

fa
.

51 phase € present varies depending on the 51 content in the
plating bath. The Al-Fe based intermetallic compound phase

the

)

loy

)

5 is present in a large amount or close Lo the a

o

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

v

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

¢

surface 10.

[002

3
™D

]

The hot-dip Al based alloy plated steel sheelt obtained

by using a hot-dip Al based allioy 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

fmmad

plated steel sheet {(¥Fig. in such a point that the amount

S
[

of the S1 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,

Y
s



corrosion resistance, and appearance after subjecting to an
anodizing treatment.

[0023]

rz

ig. 4 schematically shows the cross sectional structure

O

that is obtained by subijecting the plated steel sheet shown
in Fig. 3 to a post heat treatment at a tempezatgre of
approximately 450°C for a relatively long period of time of
approximately 24 hours. There is no consplcuous growth of the
alloy layer 2. There is substantially no presence of a 51 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 nct largely changed in shape. The average

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

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

"i
m
p...l
w
oF
oy
3
3
0}
w
i
Q.
O
C
=
H

osion resistance inherent to the Al based
alloy plated layer are sufficiently exhibited, and is more

a}

referably 20 pum or more. The upper limit of the average

T
b

thickness is not particularly determined, and the average

thickness may be generally in a range of 50 pym or

et
[
0n
6]
EE
(o3

A

may be controlled to 40 um or less.

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 subljected



to a post heat treatment, 51 in the plated layer 3 is difix

L

ed
» region having a relatively low 51 concentration close
to the alloy layer 2

7 and is incorporated in the alloy layer
2, and in other words, $i present in th

e plated layer 3 is used
for the reaction that changes the alloy layer 2 to an Al-Fe-5i
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 co
the alloy laver 2 isoriginallyanalloy layer containi
an intermetallic

compound having a h

C 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.

~coated layer 30 that h

s no Si phase cbserved
therein or h

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 resi

stance due to the Al-coated
layer may be enhanced particularly in the case where the Si
concentration of the surfac

e layer portion therecof close to
s sufficiently reduced.

The reduction of the

}..J

tion of the surface laver portion i

»
o
5...1
&2}
G

important

-t
[0)



for improving the appearance after an anodi
Specifically,

izing treatment
the total reflection characterist and
corrosion resistance

nay be considerably improved in the case
e the average

extend

Si concentration of the surface layer portion
iing from the surface thereof to a depth of 3 um is 2.0%
by mass or less. The total reflecticn characteristics and the
corrosion resistance may be further considerably improved
stably in the case where the average Si
surface layer po

oncentration of the
on ig 1.3% by mass or less.
of the average Si concentr
of

The lower limit
ation of the su
the Al-coated layer extending from the
depth of 3 ym

rface layer portion
a4

£
1

ot

surface thereofl to
ot necessarily determined and may be reduced
o 0% by mass, but i

in consideration
heat treatment

of the load in the post
process, the lower limit thereof may be in a
range of 0.5% by mass or more,.
[0026]
It is considered that the total
characteristics

reflection
are improved by reduci

ng the Si conce
of the surface layer portion since the Al purity of the

s,.__l

ntration
> surface

sver portion of the plated layer is increased

reflection characteristics

impart

and the

that are closer to pure Al may be
ed thereto.

~

[0

P

327 ]

On the surface

10 of
where the AL-F

the Al

ed intermetallic compound phas

b 1s exposed

-2
—~J



is ormed. It has been found that the Al-Fe based
intermetallic compound phase 5 present on the surface may

deteriorate the appearance after subijecting 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

1

iowever, in the case where a hot-dip Al based :

i

1

et

-

oy plating

2

1

by mass or more is used,

bath containing 81 in an amount of 1.5%
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 tco 10% or
less, coupled with the reduction of the Si concentration in

r oy

the surface layer portion described above, the appearance

N

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 lessmay be contreoiled by using a hot-dip

1

- based alloy plating bath having a 31 content of 1

=
-

5% by mass

oY more.

[0028]

[
[ee]



schematically shows the ¢

N

oss sectional structuy
by using a pure Al plating bath

il e
LG L

E}

between the

. The alloy layer 2 formed

base steel sheet 1 and the plated layer 3 is
increased in thickn as compared to the
plated ste

hot-dip A 1ioy
el sheets using a Si-containing plating bath
and 3

I~

, assuming that the base

shown

steel sheets 1 (i.e.,
sheets for plating) have the same steel composition.
The Al~Fe based intermetallic «

compound phase
Al-phase 4 as a

5 formed in the
matrix of the plated layer 3 is formed in a
large amount on the side close to the surface 106, which is
different from the cases of Figs. 1 and 3. Even after
subjecting to a post heat treatment, the cross sectional
structure undergoes no large apparent change. Accor
a numeral 30, which corresponds

rdingly,
subjecting to a

to the A

}._4

-~cpated layer after
post heat treatment,
(00297

is also shown in Fi
Iin

ct

ig. 5.
P .

the hot-dip Al b:
the cros:

sed alloy plate
sectional st

. Cra
UQ':

D L

]
Poe]

d steel sheet havi

ing
cture shown in Fig

5

manufactured by
intermetallic

of the AL~F
ompound phase 5 3

o+

"

Fe bas

sed
the plated

exposed to the surface of
2d  layer 3. This structure state 1s similarly
maintained even after subjecting to a pos

Al-Fe based intermetallic compound phas

ot

at heat treatm
ne s

nent. The
30
may be a

5 that is present on
a factor of

~at i

deterior

ing the appearance

‘_._
O



after subjecting tce an anodizing treatment and the corrosion

-~
o
([‘\
et
9
3
@
1}

as described above. For improving the appearance
after subjecting to an anodizing treatment and the corrosion
resistance, 1t is considerably effective to use a hot-~dip Al

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

-

Fig. 6 exemplifies the relationship between the heating
temperature and the heating time required for making an average
31 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 pum in the case where a hot-dip Al based

alloy plated steel sheet manufactured by using a hot-dip

N

based alloy plating bath having a Si content of 2.5

o¢

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

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

,._,
g‘

layer, as described above. For improving the total reflection
characteristics, it is necessary to diffuse Si more thoroughly,

ag described, for example, in Fig. 6.

Figs. 7 to 10 exemplify micrographs of the cross

sectional structures after a post heat treatment.



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 Al phase locking white.

Fig. 8 is a micrograph showing the cross sectional
structure of the Al-ccated 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 3i 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 3i 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.

Fig. 9 is a micrograph wwing 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. In
the plated layer, the Al-Fe based intermetallic compound phase

1

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

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

]

2



the 31 phase is co 7 decreased, as compared to the case

)
jond
n
!..l
Q.
®
=

13
o
!...5

|

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 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 is dispersed in the Al phase locking white. The

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

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
onstituted 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 ositions are shown by symbols a to d. The
measurement results of EDX guantitative analysis of the four

positions are shown in Table 1 below.

,....‘
[
<
(o8]

ey



Table

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

Intact aff upper layer 2 622 22 356
fpoateivalil Bl 634 25 34.1

AhsFeq6)

AlsFean}

hiot-dip plating 2
! 5
{seeFig. 11} | lower layer g g%g 22 j;;

[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 maior intermetallic compcound constituting the phases
is estimated as an Al-Fe based intermetallic compound, as shown
in Table 1.

[0036]

Fig. 12 shows an SEMmicrograph 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°C for 24 hours. In the micrograph, four
analysis positions are shown by symbols e to h. The
measurement results of EDX quantitative analysis of the four
positions are shown in Table 2 below.

(00371



I Analysis position Analysis value (% by mass) Estimated major
™ intermetallic

e 62.1 8.8 29.3
60.0 8.3 317

After healing at | upper layer AlgFeoSi(h)

450°C for 24 hours
{see Fig. 12) lower layer

f
g 814 20 35
h

60.3 23 37.3 AlysFeq(0)

[0038]

It is understood that the $i 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.
(003973
Base Steel Sheet

The base steel sheet as the baze sheet for platingapplied
te 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 from0.04 to 0.018

e

byvmass 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 8i, 1.0% or less of Mn, 0.016% or less
of P, 0.007% 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.




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 £.2 to 1.6 mm,.

[ —

(00407
Al Plating
The hot-dip Al based alloy plated steel sheet that is

applied to the invention may be manufactured with an cordinary

hot-dip plating line. The plating bath composition 1is

o

preferably an Al based alloy plating bath having a Si content

r

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

k<
-

31 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 subseguent

process step. When the 51 content is teo small, the structure

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

3

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 cont less than

K
o
}._.
}...)
o
o
-+
O

-

3.0% by mass.
[0041]

Fe is generally incorporated in the bath. The Fe content

[N
(@21



is preferably controlled 3.0% by mass or less, and more

sreferably 2.5% by mass or less. As other elements in the bath,

i}
ot
.
S
Y

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

-

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

fumt

by mass or

[0}
6]
193]

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 1is effective for

enhancing the corrosion resistance. The balance of the

aforementioned elements may be Al and unavoidable impurities.

The plating deposition amount is preferably 7 ym or more,
and more preferably 20 um or more, in terms of the thickness

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

-

layer

——

. The upper imit thereof 18 not particularly
determined, and in general, the average thickness may be in

a range of 50 um or less, and may be controlled to 40 um or

[0043]

Fost Heat Treatment
The hot-dip Al based alloy plated steel sheet is

subjected o a heat treatment for providing the Al-coated laver

having a low 5i 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

[
N



heat treatment®™ in the description herein. For improving the
total reflecticon characteristics and the like, the Al based
alloy plated layer is preferably modified to the Al-coated

layer having an average S5i concentration of the surface layer

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

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

o

As & result of various investigations, in the case where
an Al-coated laver having an average Si concentration of the
surface laver portion extending from the surface thereof to
a depth of 3 umof 2.0% by mass or less is to be obtained through

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

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.

10045}

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

w

i 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 1is to be obtained through the

modification, it is effective to use a hot-dip Al based alloy



1
H

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

at

D

zteel sheet manufactured by using a

b...l

Al based alloy p

hot-dip Al based alloy plating bath having a Si content of 1.5%

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 460°C. When the heating temperature
is too low, the 5i concentration of the surface layer portion
of the plated layer may be difficult te reduce. When the
heating temperature 1s too high, the alloy layer may
excessively grow. The atmosphere of the post heat treatment

may be in the air,

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 351 phase is consumed for the reaction of

increasing the Si content of the alloy layer, and thereby the
Si concentration of the surface laver port 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

(o]



by comprehending in

heating temperature and the heati

a4

adva

nce

the relati

ing time that are

O T

nzhip between the

C’ b
P

=

>

»..r .

nn.

4
1
L

\,.;.

for reducing the Si concentration of the surface layer portion
of the plated layer (see Fig. 6). FEven in the case where the
Si content of the plating bath is, for example, approximately
2.0% by mass, the average 531 concentration of the surface layer
portion of the Al-coated layer extending from the surface

-

werecf to a

ct
.

subjecting to -

depth of 3 um 1

the post heat treatme

act after

plating {(i.e., before

t) is generally as large

as approximately 2.5% by mass. Accordingly, it is
insufficient to reduce only the Si content of the pilating bath,
and the target Al-coated steel sheet having a surface layer

rtion with a

jale] a reduced Si concentration may be obtained by
performing the post heat treatment thoroughly.

ample
(00487

<3

As a base steel

having the foll

of 0.8 mm was prepared,

Chemical Composition
G.0033% of C, less
than 0.01% of P, 0.013%

0.0025% of
[0049]

By usin

sheet, a col

owing chemical

cf Base

than 0

[

ad-

g the base steel sheet was used as

compo

Steel

olled annealed steel sheet

sition having a thic

)
)~<’

Sheet
of 5i, 0.23% of Mn, less
of Al, 0.0027% of ©, and

a base sheet



for plating, hot-di

naverage thickn

sheets having
s of theplated layer {exclusive of the alloy
layer) 1in a range approximately from 30 to 50 um were
manufactured.
Plating Condition
3i 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 5i and F
shown in Tablesz 3 and 4

Components in

impurities

Flating bath temperature:
FPlating batt

1 dipping time:

Average cooling rate
layer:

13°C per second

PP,
[0050

']

th other

until complete solidification

Al based alloy plated stee

e in Al bath

than above: Al nd unavoid able
06 {°C

P

2 second:

of plated

The resulting hot-dip Al based alloy plated steel sheet
was subjected to a post heat treatment at ti heating
temperature for the heat

préepare a specimen,

which wa
The atmosphere of

comparil

20N

L

e
t
[

prepared.
[005

Jet

]

Measureme

f Average Si Concen

]

UL R

ng time shown in Tables 3 and 4 to

the post heat treatment wa

in the air.
a specimen that was not subjected to a
reatment was

hen investigated :

a3

follows.

For

T

urface Laver



extending to Depth of 3 pm of Al-coated Layer
nalysis was performed for

kS
;._

the cross sectional
in parallel to the thickness

s directic

n of the specimen.

in an SEM cbservation field with a magnification of 5,000, a

ectangular area having a dimension of pm x 20 wm with the

edge having a length of 3 pum in the thickness direction of the
Al-coated layer was assumed. The rectangular
entirely overl

lar area that
apped the Al~coated layer and had the edge having
a length of 20 pm being in contact with

h at least a part of the
nwost surface of the Al-coated layer was set as a
measurement area. The measur

surement

£ area was measured for th
average Si concentration (conversion value in
percentage Dby mass) by EDX analysis.

The measurement
operation above was performed for

five fields having been
randomly selected, and the average value
concentration

Feg 4=
oL n
n

2 average Si

values of the measurement areas was designated
as the av

exr

age Si co

wentration of the surface layer portion
of the Al-coated layer extending from the surface therecof to
a depth of 3 um.
[0052]
Measurement of Area Ratio of Al-Fe Based Intermetallic
Compound Phase cccupying Surface
The surface of the Al-coated layer of the specimen was
observed with SEM in the thi

ickness direction thereof, and the
the Al‘“?@ bac‘n ermet;

tallic compound phase

-

L



o
¥

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

[«3]
ot

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 ococcupying the surface

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

T

the thickness direction with SEM, The alloy layer exhiblted

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

layer, except for some instances using a plating bath having

’l"

a high $Si content.
[0054)]

Measurement of Average Si Concentration of Upper Layer of Alloy

Layer
On the cross =ectional surface 1in parallel to the
thickness direction ¢f the specimen, ten measurement points

M .

having been randomly selected in the wvicinity of the center

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

9]

h

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

-]

for the Si concentration by EDX analysis, and the average value

32



thereof was designated as the average Si concentration of th

upper laver of the alloy 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.

2

0

63

[ 5]
Evaluation of Total Reflection Characteristic

Ti

ey

e surface of the Al-coated layver 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 of
O or better was judged as passed.

®: total reflectivity of 75%

o)
K

more

O: total reflectivity of 70% cr more and le

9]
W
o+
oy
€3]
=
~J
s
o

i

e

Az total reflectivity of 65% or more and less than 70%

X1 total reflectivity of less than 65%

Evaluation of Corrcsion Resistance

The specimen was subjected to a

f—
-

umidity test of
retaining in an environment of a temperature of 90°C and a
relative humidity of 95% for 500 hours, and the rust formation

14

ratio was measure

Q.
=ty
I
O
=
ct
g
&)
W
I
®
5
=
o
0]
=
®
=
o
U
ct
£
&
v}
—h
o)
=
=
@
O,
Q
o

the

surface, and evaluated for the corrosion resistance by the

33



®: rust formation ratio of less than 1

oe

}
J

¢

3
!.__l
e

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

[
&
o\

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

X rust formation ratio of 50% or more

Evaluation of Appearance after subjecting to Anodizing
Treatment

The specimen was subjected te an anodizing treatment,
and the resulting anodized surface was measured for L value

uminosity). The anodizing treatment conditions were a

i

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/dm?, and a treating time of
10 minutes. The appearance after subjecting to the anocdizing
treatment was evaluated, and the evaluation of O or better

was judged as passed.

®: L value of 90 or more

O: L value of €8 or more and less than 90
AN: L value of 85 or more and less than 838
*: L value of less than 85

—
]
<
&
9]

Jo—

m

The specimen was subjected to a cylinder drawing process,



and the vertical wall portion of article was

ct
::3'
e
)
Q
D
95}
0]
]
9]

evaluated for peeled off state of the Al-cocated layer. The
cylinder drawing conditions were a drawing ratiocof 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 O or better was Jjudged as

O: no peel-off of Al-cocated layer found

h

Al

-

X: peel-off of ~coated layer found

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 © or better was judged as passed.
®: spangle density of 200 per cm? or more
O: spangle density of 50 per cm? or more and less than 200 pexr

cm?

X: spangle density of les

\J.I

s than 50 per cm?

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

The speci

in

1

mens according to the invention were improved
total reflection

characteristics
and appearanc

s, corrosion resistance,
e after
alsc were good in

kabili

subjecting to an anodizing treatment, and
V'\Y
partic

lity and surface appearance. In
1lar, the specimens having an average Si concentration
of the surface layer extending to & depth of 3 um of the
Al-coated layer of 1.3% by mass or less were considerably
excellent in total reflection characteristics, rrosion
resistance, and appearance after subjecting to an anodizing
catment.
[0063]

On the other hand, Nos. 31 and 32 as comparative examples
were manufactured by using a pure Al

a large amount

plating bath, in which
t of an Al-Fe based intermetallic compound phase
wag formed in the vicinity of the surface of the plated laver.
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 lavyer portion of the Al-coated
improved in total

but were
reflection ci teristics

laver,
nd corros
resistance and were infericr in appearance after subjecting

3

6
t

ion
to an anodizing treatment

=nt, due
Al-Fe based i

o the large area ratio of the
intermetallic

compound phase occupying the surfe
The specimens were also inferior

inworkabi

Ace

feet

ity due

ue

tothealloy

Lar
a0



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 kath. Accordingly, the
specimen was inferior in various characteristics as similar

t¢ the specimens using a pure Al bath. This specimen was not
subijected to a post heat treatment. However, 1t i1s difficult
to reduce the area ratio of the Al-Fe based intermetallic
compound phase occupying the surface through a post heat
treatment.

Nosg. 34, 37, 38 and 41 had a high average 5i concentration

th

of the ~ion of the Al-coated la ¥ since a

i...(
.
o
s

urface

3]
,«

Y port
post heat treatment was not performed, and the heating
conditions were not proper, although the plating bath had the
appropriate &8i content. As a result, the specimens were
inferior in total reflection characteristics and appearan
after subjecting to an anodizing treatment and wer
insufficient in 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

corresion resistance, and appearance after subjecting to an

anodizing treatment due to the large average 51 concentration
in the surface layer portion of the Al-coated layer (the



Al-coated lavers 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 3Si content to a post heat treatment, but

the average Si concentration of the surface layer portion of

et
-

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

1 base steel sheet

2 alloy laver

3 Al based alloy plated layer

4 Al phase

5 Al-Fe based intermetallic compound phase
& 51 phase

10 surface

36 Al-coated layver
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

[Claim 1]

An Al-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 S1 phase, having an average thickness of 7 pm or more with an
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 um 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 um x 20 um with the edge having a length of 3 um
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 Dbased
intermetallic compound phase occupying the surface of the Al-

coated layer being 10% or less.

[Claim 2]

A method for manufacturing an Al-coated steel sheet having
excellent total reflection <characteristics and corrosion
resistance according to claim 1, comprising:

a step of manufacturing a hot-dip Al based alloy plated
steel sheet having a plated layer having an average thickness
of 7 pym 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
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

41
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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 pum 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 460°C 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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