
- 1 - DESCRIPTION  HOT-DIP Zn-Al ALLOY COATED STEEL SHEET AND
PRODUCING METHOD THEREFOR 5FIELD OF THE INVENTION      The present
invention relates to a hot-dip Zn-Al alloy coated steel sheet, which
is used in fields of architecture, civil engineering, household
electrical appliance, and the like and which has an excellent coating
appearance and 10 excellent blackening resistance, and a method for
manufacturing the hot-dip Zn-Al alloy coated steel sheet. DESCRIPTION
OF THE RELATED ARTS Hot-dip Zn-Al alloy coated steel sheets have been
15 previously widely used as so-called precoated steel sheets having
painted surfaces in fields of automobile, architecture, civil
engineering, household electrical appliance, and the like. Hot-dip
galvanized steel sheets having Al contents of 0.2 percent by mass or
less in coating 20 layers (hereafter referred to as GI), Galfan
having an Al content of about 5 percent by mass in a coating layer
(hereafter referred to as GE'), and Galvalume steel sheets having Al
contents of about 55 percent by mass in coating layers (hereafter
referred to as GL) are mainly used as the 25 hot-dip Zn-Al alloy
coated steel sheet. In particular, in  -2-. the field of
architecture, civil engineering, and the like, GF is used frequently
on the ground that, for example, the cost is lower than the cost of
GL and the corrosion resistance is superior to the corrosion
resistance of GI. 5However, GE' has the following problems. (i)
Coating appearance Hexagonal patterned spangles are formed. The form
of the spangle is different depending on coating conditions (for
example, annealing before coating and components of a 10 bath),
cooling conditions after coating (for example, cooling rate), and the
like. Therefore, the appearance may be impaired in the case where the
spangles are used without being covered. In the case where painting
is performed and a color steel sheet is produced, spangles may come
to a 15 painting surface so as to impair the appearance after the
painting. Consequently, in recent years, demands for GE' having a
beautiful coating layer with metallic luster and no spangle have
increased. (ii) Blackening resistance 20A so-called blackening
phenomenon, in which a coating surface is discolored charcoal gray
locally, may occur depending on a corrosive environment so as to
impair a commercial value significantly. It is believed that the
blackening occurs due to conversion of zinc oxide of the 25 coating
surface to oxygen-deficient zinc oxide in the case  - 3 - where the
coating surface is placed in a high-temperature high-humidity
environment or the like after coating. Relatively few problems occur
in the case where a chemical conversion treatment and painting are
performed just after 5 coating. However, in many practical cases,
packing is performed in the state of a coil after coating and the
chemical conversion treatment and the painting are performed after
some period of time. Therefore, blackening occurs during the
above-described period of time. In this case, 10 the chemical
conversion treatment may become faulty afterward. As a result, the
adhesion of the painting film after the painting, the workability,
the corrosion resistance, and the like may deteriorate and, thereby,
the commercial value may be impaired significantly. 15For the purpose
of improving the blackening resistance and the like of the hot-dip
Zn-Al alloy coated steel sheet having a GF composition, for example,
the following proposals have been made previously. Patent Document 1
discloses that more than 2 percent by 20 mass to 10 percent by mass
of Mg is added to a Zn-Al alloy coating layer containing 0.5 to 20



alloy coating layer containing 2 to 15 percent by mass of Al, a
chromate treatment is performed with a specific chromate treatment
solution to allow concentrated Ni and/or Ti to 10 present in an
outermost surface portion of the coating layer, and the resulting Ni
and/or Ti concentration portion and the interface of a chromate layer
are integrated for the purpose of improving the blackening resistance
and the corrosion resistance. 15Patent Document 3 discloses that
regarding a Zn-Al  alloy coating layer containing 4.0 to 7.0 percent
by mass of Al, the Pb content is specified to be 0.01 percent by mass
or less and the Sn content is specified to be 0.005 percent by mass
or less, 0.005 to 3.0 percent by mass of Ni and 20 0.005 to 3.0
percent by mass of Cu are added, and a skin pass treatment and a
chromate treatment are performed after the coating for the purpose of
improving the blackening resistance.           Although the purpose
is other than the improvement of 25 the blackening resistance, Patent
Document 4 discloses that  -5-  0.1  to 10 percent by mass of Mg is
added to a Zn-Al alloy coating layer containing 0.1 to 40 percent by
mass of Al so as to constitute a texture, in which Mg based
intermetallic compound phases having a predetermined size are
dispersed, 5 for the purpose of improving the workability.
Furthermore, it is disclosed that at least one of Ni, Ti, Sb, and the
like is added, if necessary, for the purpose of improving the sliding
resistance. [Patent Document 1] 10Japanese Unexamined Patent
Application Publication No. 2001-329354 [Patent Document 2]
Japanese Unexamined Patent Application Publication No. 2003-183800
15[Patent Document 3]      Japanese Unexamined Patent Application
Publication No. 4-297562 [Patent Document 4]           Japanese
Unexamined Patent Application Publication No. 20 2001-64759
However, according to the study of the inventors of the present
invention, it was made clear that the above- described known
technology had the following problems. 25Regarding the coated steel
sheet of Patent Document 1,  - 6 - even when the blackening
resistance can be improved to some extent, poor appearance of coating
easily occurs due to degradation of color tone and dross adhesion.
Furthermore, cracking easily occurs in the coating layer and,
thereby, 5 the workability easily deteriorates. If the Mg content
increases, the blackening resistance also deteriorates..
Regarding the chromate-treated coated steel sheets of Patent
Documents 2 and 3, the effect of improving the blackening resistance
is unsatisfactory. Furthermore, poor 10 appearance of a coated steel
sheet or a painted steel sheet easily occurs because spangles are
formed as in common GF. Regarding Patent Document 2, the chromate
treatment by using a specific chromate treatment solution is
required. Regarding the coated steel sheet of Patent Document 4, 15
one of problems, e.g., deterioration of the blackening resistance,
poor appearance of coating due to degradation of  color tone and
dross adhesion, or poor appearance due to .formation of spangles,
occurs. 20SUMMARY OF THE INVENTION      It is an object of the
present invention to provide a hot-dip Zn-Al alloy coated steel sheet
exhibiting a beautiful coating appearance with metallic luster, in
which no spangle or very fine spangles are formed, and having 25
excellent blackening resistance and a method for  - 7 - 



manufacturing the hot-dip Zn-Al alloy coated steel sheet.      In
order to solve the above-described problems, the inventors of the
present invention conducted intensive research on an optimum coating
composition and a structure 5 as well as a coating treatment process.
As a result, regarding the hot-dip Zn-Al alloy coating composition,
it was found that a hot-dip Zn-Al alloy coated steel sheet exhibiting
a beautiful coating appearance with metallic luster, in which no
-spangle or very fine spangles were 10 formed, and having excellent
blackening resistance was able to be produced by adopting an Al
concentration in a general GF as a base and allowing this to contain
appropriate amounts of Mg and Ni. Furthermore, it was found that
further excellent blackening resistance was able to be 15 obtained by
controlling the cooling rate. after coating within a specific range
so as to facilitate concentration of Ni into an outermost surface
portion of a coating layer due to a synergetic effect of Mg and Ni.
The present invention has been made on the basis of 20 such findings,
and the gist thereof is as described below. [1] A hot-dip Zn-Al alloy
coated steel sheet characterized by including a hot-dip Zn-Al alloy
coating layer containing 1.0 to 10 percent by mass of Al, 0.2 to 1.0
percent by mass of Mg, 0.005 to 0.1 percent by mass of Ni, and the
balance 25 being Zn and incidental impurities on at least one surface
- 8 - of a steel sheet.  [2] The hot-dip Zn-Al alloy coated steel
sheet according to the above-described item [1], characterized in
that Ni is concentrated in an outermost surface layer portion of the
5 hot-dip Zn-Al alloy coating layer.  [3] The hot-dip Zn-Al alloy
coated steel sheet according to the above-described item [1] or item
[2], characterized in that the hot-dip Zn-Al alloy coating layer
includes binary eutectic of Zn-Al and ternary eutectic of Al-Zn-Mg 10
intermetallic compound.  [4] The hot-dip Zn-Al alloy coated steel
sheet according to the above-described item [3], characterized in
that the Mg intermetallic compound is MgZn2.  [5] The hot-dip Zn-Al
alloy coated steel sheet according to 15 the above-described item [3]
or item [4], characterized in that the hot-dip Zn-Al alloy coating
layer includes 10 to 30 percent by area of ternary eutectic of
Al-Zn-Mg intermetallic compound on a cross-section of the coating
layer basis. 20 [6] The hot-dip Zn-Al alloy coated steel sheet
according to any one of the above-described items [3] to [5],
characterized in that the average major diameter of the binary
eutectic of Zn-Al is 10 pm or less.      [7] A method for
manufacturing a hot-dip Zn-Al alloy coated 25 steel sheet, comprising
the steps of dipping a steel sheet  - 9 - into a hot-dip Zn-Al alloy
coating bath and pulling up and cooling the steel sheet so as to form
a hot-dip Zn-Al alloy coating layer on a steel sheet surface,
characterized in that the steel sheet pulled up from the
above-described. 5 coating bath is cooled to 250C at a cooling rate
of 1C to 15C/sec, and the hot-dip Zn-Al alloy coating layer contains
1.0 to 10 percent by mass of Al, 0.2 to 1.0 percent by mass of Mg,
0.005 to 0.1 percent by mass of Ni, and the balance being Zn and
incidental impurities. 10The hot-dip Zn-Al alloy coated steel sheet
according to an aspect of the present invention exhibits a beautiful
coating appearance with metallic luster, in which no spangle or very
fine spangles are formed, and has excellent blackening resistance
while excellent workability specific 15 to GF is maintained.      A
hot-dip Zn-Al alloy coated steel sheet exhibiting a beautiful coating
appearance with metallic luster, in which no spangle or very fine



the coating layer, and a coated steel sheet containing Mg and Ni in
the coating layer, the coating layers being hot- dip Zn-Al alloy
coated steel sheets with the CF compositions. Fig. 3 is a SEM
photograph of a cross-section of 15 coating layer of a hot-dip Zn-Al
alloy coated steel sheet according to an aspect of the present
invention. Fig. 4 is a diagram showing the result of X-ray
diffraction of a coating layer of a hot-dip Zn-Al alloy coated steel
sheet according to an aspect of the present 20 invention.      Fig. 5
includes drawings showing the results of EDX analyses of
cross-sections of coating layers of hot-dip ZnAl alloy coated steel
sheets according to an aspect of the present invention. 25Fig. 6
includes drawings showing the results of EDX  analyses of surfaces of
coating layers of hot-dip Zn-Al alloy coated steel sheets according
to an aspect of the present invention. Fig. 7 includes drawings
showing the results of EDX 5 analyses of cross-sections of coating
layers of common GE'.      Fig. 8 includes drawings showing the
results of EDX analyses of surfaces of coating layers of common GE'.
Fig. 9 is an explanatory diagram showing the definition of a major
diameter of binary eutectic of Zn-Al. 10 EMBODIMENT FOR CARRYING OUT
THE INVENTION      A hot-dip Zn-Al alloy coated steel sheet according
to an aspect of the present invention (hereafter referred to as an
"invention coated steel sheet ") includes a hot-dip Zn-Al 15 alloy
coating layer containing 1.0 to 10 percent by mass of Al, 0.2 to 1.0
percent by mass of Mg, 0.005 to 0.1 percent by mass of Ni, and the
remainder composed of Zn and incidental impurities on at least one
surface of a steel sheet. 20In the invention coated steel sheet, Mg
is added to the hot-dip Zn-Al alloy coating layer mainly for the
purpose of obtaining a beautiful coating appearance with metallic
luster, in which no spangle or very fine spangles are formed, and Ni
is added to the above-described coating layer mainly 25 for the
purpose of improving the blackening resistance.  - 12 - Concentration
of Ni into an outermost surface portion of the coating layer due to
coexistence of an appropriate amount of Mg is required for the
improvement of the blackening resistance through addition of Ni.
Furthermore, the 5 concentration of Ni into the outermost surface
portion of the coating layer can be effected more appropriately by
controlling the cooling rate after coating within an appropriate
range. Reasons for the limitations of the component 10 composition of
the hot-dip Zn-Al alloy coating layer (hereafter referred to as a
"coating layer" simply) included in the invention coated steel sheet
will be described below.       If the Al content in the coating layer
is less than 1.0 percent by mass, a thick Fe-Zn alloy layer is formed
at the 15 interface between the coating layer and a substrate so as
to deteriorate the workability. On the other hand, if the Al content
exceeds 10 percent by mass, an eutectic texture of Zn and Al is not
obtained, and an Al-rich layer increases so as to deteriorate the
sacrificial protection function. 20 Consequently, the corrosion
resistance of an end surface portion becomes poor. Moreover, when it
is intended to obtain a coating layer having an Al content exceeding
10 percent by mass, top dross primarily containing Al easily occurs
in a coating bath and, thereby, a problem occurs in 25 that the
coating appearance is impaired. For the above-  - 13 - described
reasons, the Al content in the coating layer is specified to be 1.0
to 10 percent by mass, and preferably 3 to 7 percent by mass. One of
objects of the present invention is to eliminate 5 a spangle (achieve



Merely Mg was added to a hot-dip Zn-Al alloy coating bath containing
Al of GE composition (4 to 5 percent by mass) and merely Ni is added
to another coating bath. Steel 15 sheets were subjected to hot-dip
Zn-Al alloy coating with these coating baths. The coating appearance
(in particular, the spangle size, the degree of dross adhesion, the
color tone, and the gloss) of each of the resulting coated steel
sheet was observed visually. As a result, regarding the 20 coating
layer containing Ni, no change was observed in the coating appearance
in the range of experiment conducted by the inventors of the present
invention, and the coating appearance was almost equal to that of
common GE. However, regarding the coating layer containing Mg, the
spangle size, 25 the color tone, and the gloss were changed depending
on the  - 14 - amount of addition of Mg.      A steel sheet was
plated by using a hot-dip Zn-Al alloy coating bath prepared by adding
0 to 3 percent by mass of Mg to the hot-dip Zn-Al alloy coating bath
(total content of Ce 5 and La as a misch metal was 0.008 percent by
mass) containing 4 to 5 percent by mass of Al and 0.03 percent by
mass of Ni. The relationship between the Mg content in the coating
layer and the coating appearance (the spangle size, the degree of
dross adhesion, and the color tone) was 10 examined. The results
thereof are shown in Fig. 1. According to this, the spangle size
begins to become finer as the Mg content'becomes 0.1 percent by mass
or more. The spangle is almost eliminated and the color tone becomes
a tinge of white with metallic luster as the Mg content 15 becomes
0.2 percent by mass or more. If the Mg content is less than 0.2
percent by mass, the blackening resistance also deteriorates. This is
because, as described later, concentration of Ni into the outermost
surface layer portion of the coating layer does not occur when the
content of Mg 20 coexistent with Ni in the coating layer is less than
0.2 percent by mass and, as a result, the blackening resistance
deteriorates. On the other hand, if the Mg content exceeds 1.0
percent by mass, the color tone changes to grayish white and to gray
sequentially, and dross adhesion increases. 25 Furthermore, if the Mg
content exceeds 1.0 percent by mass,  - 15 - there are problems in
that cracking easily occurs in the coating layer and the workability
deteriorates. If the Mg content is too large, the blackening
resistance deteriorates. Therefore, the lower limit of the Mg content
in the 5 coating layer is specified to be 0.2 percent by mass to
obtain a beautiful coating appearance and excellent blackening
resistance, and the upper limit is specified to be 1.0 percent by
mass from the viewpoint of preventing dross adhesion and
deterioration of color tone and 10 furthermore, preventing
deterioration of workability.      As described above, regarding the
coating composition, Mg mainly contributes to improvement of the
coating appearance and Ni mainly contributes to improvement of the
blackening resistance. As a result of the study of the 15 inventors
of the present invention, it was found that for Ni, the coexistence
with Mg was indispensable to exert the effect of improving the
blackening resistance. That is, it was found that Mg had a function
of forming a beautiful coating appearance and, in addition, Mg
facilitated 20 indirectly the effect of improving the blackening
resistance through coexistence with Ni. This was able to be made
clear by analyzing the coating layers in the depth direction by using
glow discharge optical emission spectroscopy (GDS) regarding coated
steel sheets having different blackening 25 resistance. An example of



15 coating surface. Therefore, portions from the outermost surface to
the depth of about 200 nm (2,000 A) of samples (coated steel sheets)
of the above-described items (1) to  (3) were analyzed intensively.
The results thereof are shown in Fig. 2. In this analysis of coating
component 20 elements, a GDS analyzer was used, and the analysis was
performed by discharging in the depth direction at an anode diameter
of 4 mm and a current of 20 mA for 30 seconds.      As is shown in
Fig. 2, each of the samples of the above-described items (1) to (3)
exhibits a peak of each 25 concentrated coating component in the
vicinity of the  - 17 - coating surface. It is clear that the
concentration form of each element is subtly different from one
sample to another. Regarding the coating layer of the sample (1)
containing merely Mg and exhibiting poor blackening 5 resistance, the
peak of concentrated Mg is observed at nearly the same position as
that of Zn of the outermost layer portion (outermost surface), and
the peak of concentrated Al is observed on the side (basis material
side) inner than the peaks of concentrated Zn and Mg. 10Regarding the
concentration peaks of the coating layer of the sample (2) containing
merely Ni and exhibiting poor blackening resistance, Al is observed
following Zn of the outermost layer portion, and the peak of
concentrated Ni is observed on the side (basis material side) inner
than the 15 peak of concentrated Al. On the other hand, regarding the
coating layer of the sample (3) containing Mg and Ni and exhibiting
excellent blackening resistance, the peak of concentrated Ni is
observed in the outermost surface layer portion similarly to 20 Zn,
and each of the peaks of concentrated Mg and Al is observed on the
side (basis material side) inner than the peak of concentrated Ni.
Although not shown in Fig. 2, a coated steel sheet, in which Mg and
Ni coexist in the coating layer in the same 25 amount as those in the
sample (3), which was produced at the  - 18 - rate of cooling to 250C
after the coating of 30C/sec, and which did not exert significant
effect on the blackening resistance, was similarly analyzed. It was
found that concentration of Ni into the outermost surface layer
portion 5 of the coating layer was less than the concentration of Ni
in the sample (3).      From the above-described analytical results,
it was found that Ni was concentrated into the outermost layer
portion of the coating layer exhibiting excellent blackening 10
resistance and the coexistence of Mg is required for the
concentration of Ni into the outermost layer portion.  Furthermore,
it was found that the concentration of Ni is influenced by the
cooling rate after the coating. From the above-described results of
analysis with 15 fluorescent X-rays, it is estimated that the
concentration of Ni is present between the outermost surface of the
coating and a position at a depth of about 30 nm (300 A). In general,
from the viewpoint of the standard energy of oxide generation, Al and
Mg have a strong property of 20 being oxidized as compared with that
of Zn. Conversely, Ni is an element having a weak property of being
oxidized. It is assumed that a coating component element having a
strong property of being oxidized diffuses (moves and concentrates)
to the outermost surface of the coating layer and takes away 25 a
part of oxygen of zinc oxide which have been generated on 



- 19 - the outermost surface of the coating layer so as to convert
zinc oxide to oxygen-deficient zinc oxide and, thereby, blackening
occurs. Therefore, it is believed that Mg concentrated into the
outermost layer portion takes away 5 oxygen of zinc oxide in the
coating layer of the sample (1) exhibiting poor blackening resistance
so as to convert zinc oxide to oxygen-deficient zinc oxide. Likewise,
Al having a strong property of being oxidized takes away oxygen of
zinc oxide in the coating layer of the sample (2) exhibiting poor 10
blackening resistance so as to convert zinc oxide to oxygen-deficient
zinc oxide because Al is concentrated on the side nearer to the
surface layer than is Ni.      On the other hand, it is believed that
Ni having a weak property of being oxidized is concentrated into the
15 outermost surface layer portion of the coating layer of the sample
(3) exhibiting excellent blackening resistance, this serves as a
barrier layer so as to suppress diffusion (movement and
concentration) of coexisting Mg and Al into the outermost surface
layer portion and, thereby, the 20 blackening resistance is improved.
That is, the improvement of blackening resistance requires that Ni is
concentrated into the outermost surface layer portion of the coating
layer so as to serve as some barrier layer. The concentration of Ni
into the outermost 25 surface layer portion of the coating layer is
believed to  - 20 - occur by coexistence of Mg. However, the
mechanism of the movement and concentration of Ni into the outermost
surface layer portion of the coating layer due to coexistence with Mg
is not completely certain under the present circumstances. 5If the Ni
content in the coating layer is less than 0.005 percent by mass, the
degree of concentration of Ni into the outermost surface layer
portion of the coating layer is low even when Mg is present together,
so that an effect of improving the blackening resistance is not
exerted. 10 Conversely, even when the Ni content is 0.005 percent by
mass or more, if the Mg content is less than 0.2 percent by mass,
concentration of Ni into the outermost surface layer portion does not
occur. If the Ni content exceeds 0.1 percent by mass, although 15 the
effect of improving the blackening resistance is exerted, Al-Mg dross
containing Ni occurs in the coating bath, and the coating appearance
is impaired due to dross adhesion unfavorably. For the
above-described reasons, in the present 20 invention, the Ni content
in the coating layer is specified to be 0.005 to 0.1 percent by mass
and, as described above, the Mg content is specified to be 0.2 to 1.0
percent by mass.      In this manner, a hot-dip Zn-Al alloy coated
steel sheet exhibiting a beautiful coating appearance with 25
metallic luster, in which no spangle or very fine spangles  - 21 -
are formed, and having excellent blackening resistance can be
produced by allowing the coating layer having a GF composition to
contain appropriate amounts of Mg and Ni. The coating layer of the
invention coated steel sheet 5 can include a misch metal containing
Ce and/or La. This misch metal containing Ce and/or La has no effect
on achievement of zero-spangle but performs the functions of
increasing the fluidity of the coating bath, preventing occurrence of
a fine defective-coating-like pinhole, and 10 smoothing the coating
surface.      If the misch metal content is less than 0.005 percent
by mass in total of Ce and La, the effect of suppressing occurrence
of pinhole is exerted insufficiently, and no effect is exerted on
smoothing of the surface. On the other 15 hand, if the total content
of Ce and La exceeds 0.05 percent by mass, they are present in the



- 22 - described SEM photograph, fine-grained charcoal gray
precipitates were interspersed in pro-utectic Zn (white portion), and
grayish white precipitates with a banded pattern were observed along
charcoal gray precipitates. 5 This coating layer was subjected to
X-ray diffraction from a surface and was subjected to element
analysis by EDX from a cross-section and a surface. Fig. 4 shows the
result of X-ray diffraction. Fig. 5 shows the results of EDX analyses
of cross-sections of coating layers (EDX element mapping and 10 EDX
spectrum, mapping data type: net count, magnification: 3,000 times,
acceleration voltage: 5.0 kV). Fig. 6 shows the results of EDX
analyses of surfaces of coating layers (EDX element mapping and EDX
spectrum, mapping data type: net count, magnification: 3,000 times,
acceleration voltage: 1510.0 kV).      From these results, MgZn2 was
identified as intermetallic compound in the coating layer of the
invention coated steel sheet. The fine-grained charcoal gray
precipitates were estimated to be Zn-Al binary eutectic 20 primarily
containing Al, and were interspersed throughout the coating layer. It
was estimated that the grayish white banded pattern was ternary
eutectic of MgZn2, Zn, and Al (hereafter referred to as Zn-Al-MgZn2
ternary eutectic) primarily containing MgZn2 identified as the
intermetallic 25 compound. This ternary eutectic spread into the
shape of a  - 23 - network particularly in the vicinity of the
coating layer surface, and the fine-grained An-Al binary eutectic was
interspersed in this network. For purposes of comparison, a
cross-section and a 5 surface of the coating layer of common GF (Al:
4.3 percent by mass, the remainder: Zn) were subjected to EDX
analysis. Fig. 7 shows the results of EDX analyses of cross-sections
of coating layers (EDX element mapping and EDX spectrum, mapping data
type: net count, magnification: 3,000 times, 10 acceleration voltage:
5.0 kV). Fig. 8 shows the results of EDX analyses of surfaces of
coating layers (EDX element mapping and EDX spectrum, mapping data
type: net count, magnification: 3,000 times, acceleration voltage:
10.0 kV). The coating layer of this GF is composed of white pro- 15
eutectic Zn.and charcoal gray Zn-Al binary eutectic. This binary
eutectic presents on the coating layer surface and in the vicinity of
the interface continuously and is large significantly as compared
with the Zn-Al binary eutectic of the invention coated steel sheet.
20Although the data is not provided, Zn-Al binary eutectic was
present in the center portion of the hexagonal pattern. Therefore, it
was believed that the Zn-Al binary eutectic serves as a core for
forming the hexagonal pattern. Consequently, regarding the Zn-Al
binary eutectic and 25 the Zn-Al-MgZn2 ternary eutectic in the
coating layer of the  -24 - invention coated steel sheet, particle
diameters, fractions of eutectic phases, and the like were examined
in detail. As a result, it was found that in the invention coated
steel sheet, the fraction of eutectic phase of the Zn-Al-MgZn2 5
ternary eutectic was 10 to 30 percent by area in terms of an area
percentage in a coating layer cross-section, and a beautiful coating
appearance without hexagonal pattern was able to be obtained at such
a fraction of eutectic phase. This mechanism is not completely
certain in detail but is 10 estimated as described below from the
above-described analytical results. If it is assumed that the Zn-Al
binary eutectic serves as a core of the hexagonal pattern of GF,
continuous large Zn-Al binary eutectic is formed in common GF and,
thereby, a state in which few cores are present is 15 brought about,



layer were observed with an optical microscope. When the 25 bending
was performed at 2T or more, the degree of  - 25 - occurrence of
cracking was nearly equal to that of GE'. Therefore, it was
determined that the workability in common bending was nearly equal to
the workability of GF. The fraction of eutectic phase of the
Zn-Al-MgZn2 5 ternary eutectic (area percentage in a coating layer
cross-section of the Zn-Al-MgZn2 ternary eutectic and, hereafter, the
same holds true) becomes less than 10 percent by area in the case
where the Mg content in the coating layer is less than 2 percent by
mass. Since formation of Zn-Al-MgZn2 10 ternary eutectic is at a low
level, the Zn-Al binary eutectic is fine-grained insufficiently, and
spangles are formed. On the other hand, the fraction of eutectic
phase of the Zn-Al-MgZn2 ternary eutectic exceeds 30 percent by area
in the case where the Mg content in the coating layer 15 exceeds 1.0
percent by mass. The coating appearance is beautiful. However, the
hardness of the coating layer increases as the content of MgZn2
increases. Consequently, large cracking easily occurs during bending,
and the workability deteriorates. 20The particle diameter of the
Zn-Al binary eutectic is affected by the fraction of eutectic phase
of the Zn-AlMgZn2 ternary eutectic. If this fraction of eutectic
phase of the Zn-Al-MgZn2 ternary eutectic is within the range of 10
to 30 percent by area, the average major diameter becomes 25 10 p.m
or less. The major diameter of the Zn-Al binary  - 26 - eutectic
exceeds 10 pm in the case where the Mg content in the coating layer
is less than 2 percent by mass. The Zn-Al binary eutectic is
fine-grained insufficiently, and formation of fine hexagonal patterns
is started, so that a 5 beautiful coating appearance with metallic
luster is not obtained. Here, the fraction of eutectic phase of the
Zn-Al-MgZn2 ternary eutectic and the particle diameter (average major
diameter) of the Zn-Al binary eutectic are measured as 10 described
below. At least eight objects are randomly selected from a SEM
photograph (for example, magnification is 3,000 times) of a
cross-section of the coating layer. Regarding each object, the area
of the entire coating layer is determined. Subsequently, the area of
the Zn-Al-MgZn2 15 ternary eutectic is determined and a proportion of
the area in the entire coating layer is calculated on an object
basis. The average value of them is taken as the fraction of eutectic
phase. Regarding an object of a similar SEM photograph of a
cross-section, the maximum length of each 20 Zn-Al binary eutectic
(refer to Fig. 9) is measured as the major diameter, and the average
value of them is taken as the average major diameter.        . A
method for manufacturing the, invention coated steel 25 sheet will be
described below.  - 27 -      The steel sheet to be used as a
substrate steel sheet in the present invention may be selected
appropriately from known steel sheets in accordance with the use and
is not specifically limited. For example, it is preferable that a 5
low carbon aluminum killed steel sheet or an ultra low carbon steel
sheet is used from the viewpoint of a .coating operation. In the
method for manufacturing the invention coated steel sheet, a steel
sheet (substrate steel sheet) is dipped 10 in a hot-dip Zn-Al alloy
coating bath, hot-dip (melt) coating is performed and, thereafter,
the steel sheet is pulled up from the above-described coating bath
and is cooled, so that a hot-dip Zn-Al alloy coating layer is formed
on a steel sheet surface. The resulting coating 15 layer contains 1.0
to 10 percent by mass of Al, 0.2 to 1.0 percent by mass of Mg, 0.005



5 that the coexistence of Mg with Ni was indispensable for improving
the blackening resistance, that is, concentration of Ni into the
outermost surface layer portion of the coating layer, as described
above, and this concentration of Ni was also influenced significantly
by the rate of cooling 10 to 250C after coating.      It is known
that metals e.g., Al, Mg, and Ni, in the hot-dip Zn-Al alloy coating
layer gradually diffuse toward the outermost surface of the coating
layer during the time period until the metals are solidified and
reach ambient 15 temperature after the coating. In particular, it was
found that the concentration of Ni into the odtermost surface of the
coating layer, to which attention was given by the inventors of the
present invention in the experiment, was influenced significantly by
the rate of cooling to 250C 20 after the coating. On the other hand,
the cooling rate in the range lower than 250C had almost no influence
on the concentration of Mg and Ni. Specifically, it was found that
the concentration of Ni      into the outermost surface layer portion
of the coating 25 layer was able to be facilitated more effectively
by  - 29 - controlling the rate of cooling of the coated steel sheet
pulled up from the hot-dip Zn-Al alloy coating bath to 250C at 1C to
15C/sec, and preferably 2C to 10C/sec. If the rate of cooling of the
coated steel sheet pulled up from the 5 coating bath to 250C is less
than 1C/sec, although Ni is concentrated into the outermost surface
layer portion of the coating layer, an alloy layer grows in the
coating layer, hexagonal patterns are formed so as to impair the
appearance and cause deterioration of workability. On the other hand,
10 if the cooling rate exceeds 15C/sec, concentration of Ni into the
outermost surface layer portion of the coating layer is reduced even
when the Mg content is within the range of.0.2 to 1.0 percent by mass
and the Ni content is within the range of 0.005 to 0.1 percent by
mass in the 15 coating layer, and a significant effect is not exerted
on the blackening resistance. If the rate of cooling to 250C exceeds
15C/sec, the fraction of eutectic phase of the ZnAl-MgZn2 ternary
eutectic in the coating layer may become less than 10%, and fine
hexagonal patterns may be formed. 20 Consequently, it is preferable
that the rate of cooling of the coated steel sheet pulled up from the
hot-dip Zn-Al alloy coating bath to 250C is specified to be 1C to
15C/sec, and desirably 2C to 10C/sec.            Preferably, the
coating bath temperature is specified 25 to be within the range of
390C to 500C. If the coating  - 30 - bath temperature is lower than
390C, the viscosity of the coating bath increases and the coating
surface easily becomes uneven. On the other hand, if the temperature
exceeds 500C, the dross in the coating bath easily 5 increases.
The coating layer surface (in the case where both 'surfaces are
provided with coating layers, the surface of at least one coating
layer) of the invention coated steel sheet may be coated with a
resin, so that a resin-coated steel 10 sheet may be produced. This
resin-coated steel sheet is usually produced by forming
chemical-conversion-treated layer on the coating layer surface, and
forming a resin layer thereon. If necessary, a primer layer may be
disposed between the chemical-conversion-treated layer and the resin
15 layer.     The chemical-conversion-treated layer, the primer
layer, and the resin layer to be applied may be those adopted for a
common precoated steel sheet. For the formation of the
above-described chemical- 20 conversion-treated layer, a chromate
treatment with a common treatment solution containing chromic acid,



15 silicone resin paint. The film thickness of the resin layer and
the application method (spray coating, roll coating, brush coating,
or the like) may be the same as those for a common precoated steel
sheet.           The baking (drying) condition in formation of the 20
above-described chemical-conversion-treated layer, the  primer layer,
and the resin layer may be a generally adopted condition of 50C to
280C x 30 seconds or more. EXAMPLES 25In a continuous hot-dip Zn-Al
alloy coating facility,  - 32 - an unannealed Al killed steel sheet
having a sheet thickness of 0.5 mm and a sheet width of 1,500 mm was
hot-dip plated so as to produce a hot-dip Zn-Al alloy coated steel
sheet. The coating appearance and the blackening resistance of the 5
resulting coated steel sheet were evaluated. The results thereof are
shown in Table 1 and Table 2 together with the coating composition
(average composition), the presence or absence and the degree of
concentration of Ni into the outermost surface layer portion of the
coating layer, and 10 the coating treatment condition (coating bath
temperature, time of dipping in bath, rate of cooling to 250C after
coating) of each coated steel sheet. The fraction of eutectic phase
of the Zn-Al-MgZn2 ternary eutectic (area percentage in a coating
layer cross- 15 section of the Zn-Al-MgZn2 ternary eutectic) and the
particle diameter (average major diameter) of the Zn-Al binary
eutectic were measured by the above-described method.      The
presence or absence and the degree of concentration of Ni into the
outermost surface layer portion of the 20 coating layer was evaluated
by the above-described GDS analysis on the basis of the following
criteria. 0: the peak of concentrated Ni appears at nearly the same
position as that of the peak of concentrated Zn A: the peak of
concentrated Ni appears on the side 25 (basis material side) somewhat
inner than the peak of  - 33 - concentrated Zn      x: the peak of
concentrated Ni appears on the side (basis material side) inner than
the peaks of concentrated Al and Mg 5The coating appearance and the
blackening resistance were evaluated by the following evaluation
methods. (1) Coating appearance (1-1) Foreign matter (dross) adhesion
The number of foreign matters (dross) adhered to a 10 predetermined
area (70 mm x 100 mm) of surface of the hot-dip Zn-Al alloy coated
steel sheet was counted visually, and evaluation was performed on the
basis of the following five criteria. Grade 4 or better was evaluated
as "good". Grade 5: no foreign matter adhered 15Grade 4: 1 foreign
matter adhered Grade 3: 2 to 3 foreign matters adhered Grade 2: 4 to
6 foreign matters adhered Grade 1: 7 or more foreign matters adhered
(1-2) Spangle size 20The surface spangle form of the hot-dip Zn-Al
alloy coated steel sheet was photographed with a stereo microscope
(magnification of 10 times). The number of spangle cores in a
predetermined area (70 mm x 100 mm) was counted. The spangle
equivalent circle diameter (spangle size) was 25 determined on the
basis of the following equation, and  - 34 - 



evaluation was performed on the basis of the following five criteria.
Grade 4 or better was evaluated as "good" in surface appearance
because spangles were significantly fine in visual observation.
5[measurement area]/[the number of spangle cores] = where d: spangle
equivalent circle diameter n: the circular constant Grade 5: no
spangle 10Grade 4: spangle size is 0.2 mm or less      Grade 3:
spangle size is more than 0.2 mm, and 1.0 mm or less      Grade 2:
spangle size is more than 1.0 mm, and 2.0 mm or less 15Grade 1:
spangle size is more than 2.0 mm (1-3) Color tone and gloss The color
tone of the hot-dip Zn-Al alloy coated steel sheet was observed
visually and, in addition, the glossiness (60 degree specular gloss)
was measured with a gloss meter. 20 Evaluation was performed on the
basis of the following five criteria. Grade 4 or better was evaluated
as "good". Color toneGlossiness Grade 5: tinge of white100 to 200
Grade 4: tinge of grayish white201 to 250 25Grade 3: tinge of gray251
to 300  - 35 - Grade 2: tinge of silver gray301 to 350 Grade 1: tinge
of silver mirror color351 or more (2) Blackening resistance Test
pieces (50 mm x 70 mm) were taken from the hot-dip 5 Zn-Al alloy
coated steel sheet, and the test pieces were mutually laminated. A
test (blackening test), in which the test pieces were stood for 10
days in a wet atmosphere  (relative humidity: 95% or more,
temperature: 49C), was performed. Thereafter, the L value (luminance
level) of the 10 test piece surface was measured with a color
difference meter on the basis of JIB-Z-8722 specifications, and the
change in L value (AL) between before and after the blackening test
was determined. The blackening resistance was evaluated on the basis
of the following five criteria. 15 Grade 3 or better was effective,
and among them, Grade 4 or better was evaluated as "good". Grade 5:
AL = 0 Grade 4: AL = 1 to 3 Grade 3: AL = 4 to 8 20Grade 2: AL= 9 to
12 Grade 1: AL = 13 or more      In Table 1 and Table 2, *1 to *5
indicate the following matters. 25*1 X: Area percentage of ternary
eutectic of Zn-Al-Mg  - 36 - intermetallic compound in the coating
layer *2 Y: Average major diameter of Zn-Al binary eutectic      *3
Symbols 0 to x indicate the evaluation described in the specification
of the invention 
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I0.9 1971 I "  9-17  1 09  6-E Z'L I e.g  3.9I I I 997 I I 97  101.
-Xi AJLIJUL)  Z1. -Xi UU.tuu_i 1E1, -)( 1 in XJ -ULULT3 1 I Au' pl.
-)( -AU1 91, -xd -AU1 91.. -Xi -AU1 - 91. ->ca -nut 6 OZ 1..Z -X3
-AU1 33 -)(a -A1.11 EZ "xd -AU1 t7Z ' 93 'Xa 'All1       The hot-dip
Zn-Al alloy coated steel sheet produced as described above was
subjected to a chemical conversion treatment, and application of a
primer was performed, if necessary. Subsequently, topcoat (resin) was
applied so as to produce a resin-coated steel sheet. Regarding the
resulting resin-coated steel sheet, the painting appearance, the
painting film adhesion (Erichsen cupping), bending workability (1T
bending), and the like were evaluated.      In the production of the
resin-coated steel sheet, there are relatively few cases in which the
chemical conversion treatment is performed just after the coating.
Therefore, separately from the steel sheet Produced by performing the
chemical conversion treatment, the application of the primer, and the
application of the topcoat (resin) just after the coating, a few tens
of samples cut after the coating were laminated, packed and,
subsequently, stood for 60 days in a coil shed of an indoor coating
line until the chemical conversion treatment was performed. Regarding
the resulting steel sheet, the state of occurrence of blackening and
the like of the coating surface were examined, and the chemical
conversion treatment, the application of the primer, and the
application of the topcoat (resin) were performed. For the treatment
agent of the chemical conversion treatment, "ZM3360H" (trade name,
produced by Nihon Parkerizing Co., Ltd.) was used in the  



- 40 - chromate treatment, and "CT-E320" (trade name, produced by
Nihon Parkerizing Co., Ltd.) was used in the chromium-free treatment.
For the primer, "JT250" (trade name, produced by NIPPON FINE
COATINGS, Inc.), which was an epoxy paint, was used. For the
polyester topcoat paint, "KP1500" (trade name, produced by Kansai
Paint Co., Ltd.) was used, and for fluororesin topcoat, "Precolor NO
8800" (trade name, produced by BASF Japan Ltd.) was used.      Table
3 and Table 4 show the appearance after painting, the painting film
adhesion, and the bending workability of each product and the
blackening resistance of the sample stood for 60 days before the
chemical conversion treatment, as well as each type of the
chemical-conversion-treated layer, the primer layer, and the topcoat
(resin) layer.      Regarding the blackening resistance of the test
piece stood for 60 days before the chemical conversion treatment, the
L value (luminance level) of the test piece surface was measured with
a color difference meter on the basis of JISZ-8722 specifications.
The change in L value (AL) between before and after the standing was
determined, and evaluation was performed on the basis of the five
criteria as in the above-described "(2) Blackening resistance".
The appearance after painting, the painting film adhesion, and the
bending workability were evaluated by the following evaluation
methods.  - 41 - . (3) Appearance after painting      The surface of
the resin-coated steel sheet was observed visually, and evaluation
was performed on the basis of the following three criteria.    Grade
3: there is no lack of hiding of spangle pattern Grade 2: there is a
little lack of hiding of spangle pattern Grade 1: there is lack of
hiding of spangle pattern (4) Painting film adhesion      The test
piece surface of the resin-coated steel sheet was cut to have 100
pieces of cross-cut (squares), an adhesive tape was adhered and
peeled off, and evaluation was performed on the basis of the number
of peeled squares, as described in the following five criteria. Grade
5: no peeling Grade 4: the number of peeled squares is 1 to 5 pieces
Grade 3: the number of peeled squares is 6 to 15 pieces Grade 2: the
number of peeled squares is 16 to 35 pieces Grade 1: the number of
peeled squares is 36 pieces or more (5) Bending workability      The
test piece of the resin-coated steel sheet was subjected to 1T
bending (180-degree-bending was performed in such a way as to
sandwich one tabular sheet having the same  - 42 - thickness as that
of the test piece) and, thereafter an adhesive tape was adhered and
peeled off. The state of the painting was observed, and evaluation
was performed on the basis of the following five criteria.      Grade
5: almost no cracking occurred, and no peeling occurred      Grade 4:
cracking occurred slightly, and no peeling occurred      Grade 3:
cracking occurred frequently, and peeling occurred in a part of the
sample (area percentage of less than 10%) Grade 2: area percentage of
peeling of 11% to 50% Grade 1: area percentage of peeling of 51% or
more      In Table 3 and Table 4, *1 indicates the following matter.
*1 Numbers indicate the grade described in the .specification of the
invention  -93- Bending workability  1  11LC)  LO LC) LO 
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C1 x2 -dwoo .dwoo el, .x3 .ALII  nial  1_1 .fl Alll 91, .x3 4/11./1
POJI ' tip A/Hai 0nUi  03 'X3 'AUI CC. 11/4in41  12AUI  I In' Iv*,
Ex. -2; IInv. Ex. 24  Inv. Ex. 25  - 45 - What is claimed is:  1. A
hot-dip Zn-Al alloy coated steel sheet characterized by comprising a
hot-dip Zn-Al alloy coating layer containing 1.0 to 10 percent by
mass of Al, 0.2 to 1.0 percent by mass of Mg, 0.005 to 0.1 percent by
mass of Ni, and the balance being Zn and incidental impurities on at
least one surface of a steel sheet.  2. The hot-dip Zn-Al alloy
coated steel sheet according to Claim 1, characterized in that Ni is
concentrated in an outermost surface layer portion of the hot-dip
Zn-Al alloy coating layer.  3. The hot-dip Zn-Al alloy coated steel
sheet according to Claim 1 or Claim 2, characterized in that the
hot-dip ZnAl alloy coating layer comprises binary eutectic of Zn-Al
and ternary eutectic of Al-Zn-Mg intermetallic compound.  4. The
hot-dip Zn-Al alloy coated steel sheet according to Claim 3,
characterized in that the Mg intermetallic compound is MgZn2.  5. The
hot-dip Zn-Al alloy coated steel sheet according  - 46 - Al alloy
coating layer includes 10 to 30 percent by area of ternary eutectic
of Al-Zn-Mg intermetallic compound on a cross-section of the coating
layer basis. 6.A method for manufacturing a hot-dip Zn-Al alloy
coated steel sheet, comprising the steps of dipping a steel. sheet
into a hot-dip Zn-Al alloy coating bath and pulling up and cooling
the steel sheet so as to form a hot-dip Zn-Al alloy coating layer on
a steel sheet surface, characterized in that       the steel sheet
pulled up from the coating bath is cooled to 250C at a cooling rate
of 1C to 15C/sec, and      the hot-dip Zn-Al alloy coating layer
contains 1.0 to 10 percent by mass of Al, 0.2 to 1.0 percent by mass
of Mg, 0.005 to 0.1 percent by mass of Ni, and the balance being Zn
and incidental impurities. 


