
DESCRIPTION 

Title of Invention 

METHOD FOR MANUFACTURING HOT-DIP ZN ALLOY-PLATED STEEL SHEET 

5 Technical Field 

[0001] The present invention relates to a method for producing a hot-dip Zn alloy-plated 

steel sheet having excellent blackening resistance. 

Background Art 

10 [0002] Known plated steel sheets that exhibit excellent corrosion resistance include 

hot-dip Zn alloy-plated steel sheets each having a hot-dip Zn alloy plating layer containing 

A1 and Mg formed on a surface of a base steel sheet. The plating layer of the hot-dip Zn 

alloy-plated steel sheet has a composition of, for example, 4.0 to 15.0% by mass of Al, 1.0 

to 4.0% by mass of Mg, 0.002 to 0.1% by mass of Ti, 0.001 to 0.045% by mass of B with 

15 the balance of Zn and unavoidable impurities. Such a hot-dip Zn alloy-plated steel sheet 

has a plating layer made of a metal structure in which both a [primary crystal Al phase] and 

a [Zn single phase] are present in a matrix of an [Al/Zn/Zn2Mg ternary eutectic structure], 

and shows corrosion resistance and surface appearance sufficiently good as an industrial 

product. 

20 [0003] The hot-dip Zn alloy-plated steel sheet can be continuously produced by the 

following method. First, a base steel sheet (steel strip) having passed through a furnace is 

immersed in a hot-dip Zn alloy plating bath containing Al and Mg, and thereafter, the 

amount of molten metal coating the surface of the base steel sheet is adjusted to a 

predetermined amount by, for example, passing the base steel sheet through a gas wiping 

25 apparatus. Subsequently, the steel strip coated with the predetermined amount of molten 

metal is passed through an air jet cooler and a mist cooling region, so that the molten metal 

1 



can be cooled to form a hot-dip Zn alloy plating layer. Furthermore, the steel strip having 

the hot-dip Zn alloy plating layer formed thereon is passed through a water quenching zone 

to contact with cooling water, whereby a hot-dip Zn alloy-plated steel sheet is obtained. 

[0004] In the hot-dip Zn alloy-plated steel sheet thus produced, however, the surface of 

5 the plating layer is partly blackened over time in some cases. The blackening of the 

plating layer surface occurs 2 to 3 days after the production at the earliest, and may occur 

in 4 to 7 days after production depending upon the production conditions. Thus, the 

appearance of the hot-dip Zn alloy-plated steel sheet is spoiled. 

[0005] As a method for preventing the blackening, a method has been proposed in which 

10 the surface temperature of a plating layer in a water quenching zone is adjusted (see, for 

example, PTL 1). According to the invention disclosed in PTL 1, the blackening of the 

plating layer surface is prevented by setting the surface temperature of the plating layer to 

be less than 105°C when contacting the plating layer with cooling water in a water 

quenching zone. Instead of setting the surface temperature of the plating layer to be less 

15 than 105°C, the blackening of the plating layer surface can be prevented also by adding a 

readily oxidizable element (rare earth element, Y, Zr, or Si) to a plating bath and setting the 

surface temperature of the plating layer to 105 to 300°C. 

Citation List 

20 Patent Literature 

[0006] 

PTL 1 

Japanese Patent Application Laid-Open No. 2002-226958 

25 Summary of Invention 

Technical Problem 
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[0007] In the invention disclosed by PTL 1, since it is necessary to cooi the surface of the 

plating layer to a predetermined temperature before passing it through a water quenching 

zone, the production of hot-dip Zn alloy-plated steel sheets is restricted in some cases. 

For example, when producing a thick plated steel sheet, it is necessary to cool it to a 

5 predetermined temperature with a lowered feed rate of the plated steel sheet, which 

unavoidably lowers the productivity. Furthermore, when a readily oxidizable element is 

added to a plating bath, the readily oxidizable element easily forms a dross, and it is 

troublesome to control the concentration of the readily oxidizable element, which 

disadvantageous^ complicates the production process. 

10 [0008] An object of the present invention is to provide a method for producing a hot-dip 

Zn alloy-plated steel sheet, which can easily suppress blackening of a surface of a plating 

layer without lowering the productivity and without performing complicated component 

control of a plating bath. 

15 Solution to Problem 

[0009] The present inventors have found that the aforementioned problem can be solved 

by adding a predetermined concentration of a predetermined polyatomic ion to cooling 

water to be contacted with a hot-dip Zn alloy plating layer after the plating layer is formed, 

and have made further examinations to accomplish the present invention. 

20 [0010] Specifically, the present invention relates to the following methods for producing 

a hot-dip Zn alloy-plated steel sheet. 

[1] A method for producing a hot-dip Zn alloy-plated steel sheet including the steps 

of: forming a hot-dip Zn alloy plating layer on a surface of a base steel sheet by immersing 

the base steel sheet in a hot-dip Zn alloy plating bath containing Al and Mg; and contacting 

25 an aqueous solution with a surface of the hot-dip Zn alloy plating layer, the aqueous 

solution containing one of or two or more of polyatomic ions selected from the group 
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consisting of a polyatomic ion including V5+, a polyatomic ion including Si4+, and a 

polyatomic ion including Cr6+, in which the aqueous solution contains the polyatomic ion 

in a concentration of 0.01 g/L or more in terms of one of or two or more of atoms selected 

from the group consisting of V, Si, and Cr. 

5 [2] The method for producing a hot-dip Zn alloy-plated steel sheet according to [1], 

in which a temperature of the surface of the hot-dip Zn alloy plating layer obtained when 

the aqueous solution is contacted with the surface of the hot-dip Zn alloy plating layer is 

100°C or above and equal to or less than a solidifying point of the plating layer. 

[3] The method for producing a hot-dip Zn alloy-plated steel sheet according to [1] 

10 or [2], in which the hot-dip Zn alloy plating layer contains 1.0 to 22.0% by mass of Al, 0.1 

to 10.0% by mass of Mg with the balance of Zn and unavoidable impurities. 

[4] The method for producing a hot-dip Zn alloy-plated steel sheet according to [3], 

in which the hot-dip Zn alloy plating layer further contains 0.001 to 2.0% by mass of Si. 

[5] The method for producing a hot-dip Zn alloy-plated steel sheet according to [3] 

15 or [4], in which the hot-dip Zn alloy plating layer further contains 0.001 to 0.1% by mass 

• ofTi. 

[6] The method for producing a hot-dip Zn alloy-plated steel sheet according to any 

one of [3] to [5], in which the hot-dip Zn alloy plating layer further contains 0.001 to 

0.045% by mass of B. 

20 One aspect of the present disclosure relates to a method for producing a hot-dip Zn 

alloy-plated steel sheet comprising: forming a hot-dip Zn alloy plating layer on a surface of 

a base steel sheet by immersing the base steel sheet in a hot-dip Zn alloy plating bath 

containing Al and Mg; and contacting an aqueous solution containing a polyatomic ion 

including V5+ with a surface of the hot-dip Zn alloy plating layer, to thereby cool the 

25 substrate steel sheet and the hot-dip Zn alloy plating layer whose temperatures have been 

increased through formation of the hot-dip Zn alloy plating layer wherein the aqueous 



solution contains the polyatomic ion in a concentration of 0.01 g/L or more in terms of 

atom of V, and a surface temperature of the hot-dip Zn alloy plating layer when the 

aqueous solution is contacted with the surface of the hot-dip Zn alloy plating layer is 

100 °C or above and equal to or less than a solidifying point of the plated layer. 

5 Another aspect relates to a method for producing a hot-dip Zn alloy-plated steel 

sheet comprising: forming a hot-dip Zn alloy plating layer on a surface of a base steel 

sheet by immersing the base steel sheet in a hot-dip Zn alloy plating bath containing Al and 

Mg; and contacting an aqueous solution with a surface of the hot-dip Zn alloy plating layer, 

the aqueous solution containing one of or two or more of polyatomic ions selected from the 

10 group consisting of a polyatomic ion including Si4" and a polyatomic ion including Cr6\ to 

thereby cool the substrate steel sheet and the hot-dip Zn alloy plating layer whose 

temperatures have been increased through formation of the hot-dip Zn alloy plating layer, 

removing all the aqueous solution coating the surface of the hot-dip Zn alloy plating layer, 

with a squeeze roller, wherein the aqueous solution contains the polyatomic ion in a 

15 concentration of 0.01 g/L or more in terms of one of or two or more of atoms selected from 

the group consisting of Si and Cr, and, a surface temperature of the hot-dip Zn alloy plating 

layer when the aqueous solution is contacted with the surface of the hot-dip Zn alloy 

plating layer is 100 °C or above and equal to or less than a solidifying point of the plated 

layer. 

20 Advantageous Effects of Invention 

[0011] According to the present invention, a hot-dip Zn alloy-plated steel sheet having 

excellent blackening resistance can be easily produced with high productivity. 

Brief Description of Drawings 

25 [0012] 
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FIGS. 1A and IB illustrate examples of a method for contacting a cooling aqueous 

solution with a surface of a hot-dip Zn alloy plating layer; 

FIGS. 2A and 2B are diagrams of intensity profiles of chemical binding energy 

corresponding to the 2p orbitals of Zn obtained when a hot-dip Zn alloy plating layer is 

5 cooled by using water as cooling water with a water film temporarily formed; 

FIGS. 3A and 3B are diagrams of intensity profiles of chemical binding energy 

corresponding to the 2p orbitals of Al when a hot-dip Zn alloy plating layer is cooled by 

using water as cooling water with a water film temporarily formed; 

FIGS. 4A and 4B are diagrams of intensity profiles of chemical binding energy 

10 corresponding to the 2p orbitals of Mg when a hot-dip Zn alloy plating layer is cooled by 

using water as cooling water with a water film temporarily formed; 

FIG. 5 is a diagram of an intensity profile of chemical binding energy corresponding 

to the 2p orbitals of Zn when a hot-dip Zn alloy plating layer is cooled by using water as 

cooling water without forming a water film; 

15 FIG. 6 is a diagram of an intensity profile of chemical binding energy corresponding 

to the 2p orbitals of Zn when a hot-dip Zn alloy plating layer is cooled by using a cooling 

aqueous solution containing V5+ with a water film temporarily formed; and 

FIG 7 is a schematic diagram illustrating the structure of a part of a production line 

for hot-dip Zn alloy-plated steel sheets. 

20 

Description of Embodiments 

[0013] A method for producing a hot-dip Zn alloy-plated steel sheet (hereinafter may 

simply referred to as a "plated steel sheet") of the present invention includes: (1) a first step 

of forming a hot-dip Zn alloy plating layer (hereinafter may simply referred to as a "plating 

25 layer") on a surface of a base steel sheet; and (2) a second step of contacting a cooling 

aqueous solution containing a polyatomic ion with a surface of the hot-dip Zn alloy plating 
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layer. One characteristics of the production method of the present invention is that 

blackening of a hot-dip Zn alloy plating layer is suppressed by contacting, after formation 

of the plating layer, a predetermined cooling aqueous solution with the surface of the 

plating layer. 

5 [0014] (1) First step 

In the first step, a base steel sheet is immersed in a hot-dip Zn alloy plating bath 

containing Al and Mg, so as to form a hot-dip Zn alloy plating layer on a surface of the 

base steel sheet. 

[0015] [Base steel sheet] 

10 The type of base steel sheet is not especially limited. As the base steel sheet, for 

example, a steel sheet made of low-carbon steel, medium-carbon steel, high-carbon steel, 

alloy steel, or the like can be used. When good press formability is required, a steel sheet 

for deep drawing made of low-carbon Ti-added steel, low-carbon Nb-added steel, or the 

like is suitably used as the base steel sheet. Alternatively, a high-strength steel sheet 

15 containing P, Si, Mn, or the like may be used. 

[0016] [Formation of Plating Layer] 

First, the base steel sheet is immersed in a hot-dip Zn alloy plating bath containing 

Al and Mg and gas wiping or the like is employed so that a predetermined amount of 

molten metal coats the surface of the base steel sheet. 

20 [0017] The plating bath may have a composition of, for example, 1.0 to 22.0% by mass 

of Al and 0.1 to 10.0% by mass of Mg with the balance of Zn and unavoidable impurities. 

The plating bath may further contain 0.001 to 2.0% by mass of Si. The plating bath may 

still further contain 0.001 to 0.1% by mass of Ti and 0.001 to 0.045% by mass of B. As 

described in PTL 1, blackening of a plating layer can be suppressed by adding Si, but when 

25 the production method of the present invention is employed for producing a plated steel 

sheet, the blackening of a plating layer can be suppressed even without adding Si. 



[0018] Subsequently, the molten metal that coats the surface of the base steel sheet is 

cooled and solidified, and thus, a plated steel sheet having, on the surface of the base steel 

sheet, a plating layer of substantially the same composition as the plating bath can be 

produced. 

5 [0019] The hot-dip Zn alloy plating layer having the aforementioned composition 

includes an [Al/Zn/Zn2Mg ternary eutectic structure]. When a cross section of the hot-dip 

Zn alloy plating layer is observed, it is found that respective phases of Al, Zn, and Z^Mg 

are finely lamellarly distributed in the [Al/Zn/Z^Mg ternary eutectic structure]. Even 

when the [Al/Zn/Z^Mg ternary eutectic structure] appears on the surface of the plating 

10 layer, the respective phases of Al, Zn, and ZiijMg are finely distributed. 

[0020] Although not especially illustrated, an area ratio occupied by the [Al/Zn/Zii2Mg 

ternary eutectic structure] in the observed cross section depends upon the plating 

composition. In a Zn-Al-Mg ternary system, a composition containing around 4% by 

mass of Al and 3% by mass of Mg with the balance of Zn would be an eutectic 

15 composition. Therefore, when the plating composition is close to the ternary eutectic 

composition, the [Al/Zn/Zii2Mg ternary eutectic structure] accounts for about 80% of the 

area of the cross section, and thus the [Al/Zn/Zn2Mg ternary eutectic structure] is a phase 

has the largest area ratio in the cross section of the plating layer. As the composition of 

the plating layer is more deviated from the ternary eutectic composition, however, the area 

20 ratio of the [Al/Zn/Zn2Mg ternary eutectic structure] is reduced, and a phase other than the 

[Al/Zn/ZmMg ternary eutectic structure] may have the largest area ratio. 

[0021] The hot-dip Zn alloy plating layer having the aforementioned composition may 

include, in addition to the [Al/Zn/Zii2Mg ternary eutectic structure], an Al phase, a Zn 

phase, or a Zi^Mg phase as primary crystal depending upon the plating composition, or 

25 may include a Mg2Si phase if the plating composition contains Si. 

[0022] An oxide film containing Al, Zn, and Mg is also formed on the surface of the 



plating layer. When the plating hath contains a predetermined amount of Si, Si may he 

contained in the oxide film. 

[0023] A coating amount of the hot-dip Zn alloy plating layer is not especially limited. 

The coating amount of the hot-dip Zn alloy plating layer is, for example, about 60 to 500 

5 g/m2. 

[0024] (2) Second Step 

In the second step, an aqueous solution containing a predetermined polyatomic ion 

(i.e., cooling aqueous solution) is contacted with the surface of the hot-dip Zn alloy plating 

layer. From the viewpoint of productivity, the second step is preferably performed as a 

10 water quenching (water cooling) step. In this case, a surface temperature of the hot-dip 

Zn alloy plating layer when the cooling aqueous solution is contacted with the surface of 

the hot-dip Zn alloy plating layer is 100°C or above, and approximately equal to or less 

than a solidifying point of the plating layer. 

[0025] The polyatomic ion contained in the cooling aqueous solution is selected from the 

15 group consisting of a polyatomic ion including V5+, a polyatomic ion including Si4+, and a 

polyatomic ion including Cr6+. These polyatomic ions can suppress the blackening of the 

surface of the plating layer. These polyatomic ions may be singly or in combination. 

[0026] A method for preparing the cooling aqueous solution containing the polyatomic 

ion is not especially limited. When a cooling aqueous solution containing, for example, a 

20 polyatomic ion including V5+ is prepared, a predetermined compound (a V compound, a Si 

compound, or a Cr compound; hereinafter also referred to as an "additive"), and a 

dissolution promoter if necessary, are dissolved in water (a solvent). Preferable examples 

of the V compound include acetylacetone vanadyl, vanadium acetylacetonate, vanadium 

oxysulfate, vanadium pentoxide, and ammonium vanadate. Preferable examples of the Si 

25 compound include sodium silicate. Preferable examples of the Cr compound include 

ammonium chromate and potassium chromate. 
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[0027] The concentration of the polyatomic ion including V3*, the polyatomic ion 

including Si4+, or the polyatomic ion including Cr6+ is preferably 0.01 g/L or more in terms 

of V, Si, or Cr. When two or more of the compounds are used in combination, the total 

concentration in terms of V, Si, and Cr can be 0.01 g/L or more. When the concentration 

5 of such a polyatomic ion is less than 0.01 g/L in terms of V, Si, or Cr, blackening of the 

surface of the plating layer may not be sufficiently suppressed. 

[0028] When a dissolution promoter is blended, the amount of the dissolution promoter 

to be blended is not especially limited. The dissolution promoter can be blended., for 

example, in 90 to 130 parts by mass based on 100 parts by mass of the additive. When 

10 the amount of the dissolution promoter is too small, the additive may not be sufficiently 

dissolved. On the other hand, when the amount of the dissolution promoter is too large, 

its promoting effect is saturated, which is disadvantageous in cost. 

[0029] Examples of the dissolution promoter include 2-aminoethanol, tetraethyl 

ammonium hydroxide, ethylene diamine, 2,2'-iminodiethanol, and l-amino-2-propanoi. 

15 [0030] A method for contacting a cooling aqueous solution with the surface of a hot-dip 

Zn alloy plating layer is not especially limited. Examples of the method for contacting 

the cooling aqueous solution with the surface of a hot-dip Zn alloy plating layer include 

spraying and immersion. 

[0031] FIGS. 1A and IB illustrate examples of the method for contacting a cooling 

20 aqueous solution with the surface of a hot-dip Zn alloy plating layer. FIG. 1A illustrates 

an example of the method for contacting a cooling aqueous solution with the surface of a 

hot-dip Zn alloy plating layer by spraying. FIG. IB illustrates an example of the method 

for contacting a cooling aqueous solution with the surface of a hot-dip Zn alloy plating 

layer by the immersion method. 

25 [0032] As illustrated in FIG. 1A, cooling apparatus 100 used for water spray cooling 

includes a plurality of spray nozzles 110, squeeze rollers 120 disposed downstream of 



spray nozzles 110 with respect to the feed direction of steel strip S, and housing 130 

covering these components. Spray nozzles 110 are disposed to face both sides of steel 

strip S. In housing 130, steel strip S is cooled with cooling water supplied from spray 

nozzles 110 in an amount sufficient to temporarily form a water film on the surface of the 

5 plating layer. Thereafter, the cooling water is removed by squeeze rollers 120. 

[0033] Alternatively, as illustrated in FIG. IB, cooling apparatus 200 used in the 

immersion method includes immersion tank 210 storing therein cooling water, immersion 

roll 220 disposed in immersion tank 210, and squeeze rollers 230 disposed on the 

downstream side from immersion roll 220 along the feed direction of steel strip S, for 

1.0 removing excessive cooling water coating steel strip S. Steel strip S is immersed in 

immersion tank 210, and then drawn upward with its feed direction changed by rotating 

immersion roll 220 while being in contact with the cooling water, and then the cooling 

water is removed by squeeze rollers 230. 

[0034] The reason why blackening occurring over time in part of a surface of a plating 

15 layer of a hot-dip Zn alloy-plated steel sheet can be suppressed by the production method 

of the present invention is not certain. Now, a presumed mechanism of blackening in a 

hot-dip Zn alloy plating layer will be described, and thereafter, a presumed, mechanism of 

suppression of the blackening by the production method of the present invention will be 

described. The mechanism of the suppression of the blackening is, however, not limited 

20 to the following assumption. 

[0035] (Blackening Mechanism) 

First, how the present inventors arrived at the presumed mechanism of blackening 

and the presumed blackening suppression mechanism on the surface of a plating layer will 

be described. The present inventors produced a hot-dip Zn alloy-plated steel sheet as 

25 follows: A hot-dip Zn alloy plating layer having a plating composition of 6% by mass of 

Al, 3% by mass of Mg, 0.024% by mass of Si, 0.05% by mass of Ti, 0.003% by mass of B 



with the balance of Zn was formed on a surface of a base steel sheet, and the resulting steel 

sheet was cooled by passing it through a spray water quenching zone with a water film of 

cooling water (factory water; pH 7.6, 20°C) temporarily formed thereon. By "temporarily 

form a water film" is meant a status where a water film in contact with the surface of the 

5 hot-dip Zn alloy-plated steel sheet can be visually observed for 1 second or more. Here, 

the surface temperature of the hot-dip Zn alloy-plated steel sheet obtained immediately 

before forming a water film of the cooling water was estimated as about 160°C. 

[0036] The thus produced hot-dip Zn alloy-plated steel sheet was stored for 1 week 

within a room (at a temperature of 20°C and a relative humidity of 60%). After 1 week 

10 storage, the surface of the hot-dip Zn alloy-plated steel sheet was visually observed, and 

found that there were dark portions (blackened portions) less bright than surrounding 

portions on the surface of the hot-dip Zn alloy-plated steel sheet. 

[0037] Furthermore, chemical bonding states of Zn, Al, and Mg were analyzed by XPS 

(X-ray Photoelectron Spectroscopy) analysis in randomly selected thirty positions on a 

15 hot-dip Zn alloy-plated steel sheet immediately after production. Thereafter, the analyzed 

hot-dip Zn alloy-plated steel sheet was stored for 1 week within a room (at a temperature of 

20°C and a relative humidity of 60%). After 1 week storage, the surface of the hot-dip Zn 

alloy-plated steel sheet was visually observed, resulting in the finding that dark portions 

(blackened portions) had been formed in some parts of the hot-dip Zn alloy-piated steel 

20 sheet. Therefore, a part having a dark portion (blackened portion) formed therein and a 

part having no dark portion formed therein (a normal portion) were compared in the results 

of the XPS analysis performed immediately after the production of the hot-dip Zn 

alloy-plated steel sheet. 

[0038] FIGS. 2A, 2B, 3A, 3B, 4A, and 4B are graphs illustrating the results of the XPS 

25 analysis performed in normal and blackened portions immediately after producing the 

hot-dip Zn alloy-plated steel sheet. FIG 2A illustrates an intensity profile, in a normal 
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portion, of chemical binding energy corresponding to the 2p orbitals of Zn. FIG. 2B 

illustrates an intensity profile, in a blackened portion, of the chemical binding energy 

corresponding to the 2p orbitals of Zn. FIG. 3 A illustrates an intensity profile, in a normal 

portion, of chemical binding energy corresponding to the 2p orbitals of Al. FIG. 3B 

5 illustrates an intensity profile, in a blackened portion, of the chemical binding energy 

corresponding to the 2p orbitals of Al. FIG 4A illustrates an intensity profile, in a normal 

portion, of chemical binding energy corresponding to the 2p orbitals of Mg. FIG. 4B 

illustrates an intensity profile, in a blackened portion, of the chemical binding energy 

corresponding to the 2p orbitals of Mg. 

10 [0039] As illustrated in FIG 2A, in the analysis of Zn in the normal portion, a peak 

assigned to metal Zn at a binding energy of about 1,020 eV and a peak assigned to 

Zn(OFI)2 at a binding energy of about 1,022 eV having lower intensity than the peak 

assigned to metal Zn were observed. It is understood from the analysis results that Zn is 

present in the normal portion not only in pure form (metal Zn) but also as hydroxide 

15 (Zn(OH)2). It is understood, on the basis of an intensity ratio between Zn and Zn(OIi)2, 

that Zn is present in a larger amount than Zn(OIi)2 in the normal portion. 

[0040] As illustrated in FIG. 2B, also in the analysis of Zn in the blackened portion, a 

peak assigned to metal Zn at a binding energy of about 1,020 eV and a peak assigned to 

Zn(OH)2 at a binding energy of about 1,022 eV having higher intensity than the peak 

20 assigned to metal Zn were observed. It is understood from the analysis results that Zn is 

present in the blackened portion not only in pure form (metal Zn) but also as hydroxide 

(Zn(OH)2), as with the normal portion. It is understood, on the basis of the intensity ratio 

between Zn and Zn(OH)2, that Zn(OH)2 is present in a larger amount than Zn in the 

blackened portion. 

25 [0041] As illustrated in FIGS. 3A and 3B, in the analysis of Al in the normal portion and 

the blackened portion, a peak assigned to metal Al at a binding energy of about 72 eV and a 
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peak assigned to AI2O3 at a binding energy of about 74 eV having lower intensity than the 

peak assigned to metal Al were observed in either portion. It is understood from the 

analysis results that Al is present both in the normal and blackened portions not only in 

pure form (metal Al) but also as oxide (AI2O3). In either of the normal portion and the 

5 blackened portion, AI2O3 was present in a larger amount than AL and the ratio between Al 

and AI2O3 was not largely different between the normal portion and the blackened portion. 

[0042] As illustrated in FIGS. 4A and 4B, in the analysis of Mg in the normal portion and 

the blackened portion, peaks respectively assigned to metal Mg, Mg(OH)2 and MgO at a 

binding energy of about 49 to 50 eV were observed. It is understood from the analysis 

10 results that Mg is present in the normal and blackened portions in the form of metal Mg, 

oxide (MgO), and hydroxide (Mg(OH)2). The ratio among metal Mg, Mg(OH)2, and 

MgO was not largely different between the normal portion and the blackened portion. 

[0043] The foregoing results suggest that the bonding state of Zn affects the formation of 

a blackened portion, and that a possible cause of the blackened portion is an increase in the 

15 ratio of Zn(OH)2. 

[0044] Subsequently, the present inventors produced a hot-dip Z11 alloy-plated steel sheet 

by contacting factory water (cooling water) with a surface of a hot-dip Zn alloy plating 

layer without forming a water film by using a mist cooling apparatus. The thus produced 

hot-dip Zn alloy-plated steel sheet was stored for 1 week within a room (at a temperature of 

20 20°C and a relative humidity of 60%). Then, the surface of the hot-dip Zn alloy-plated 

steel sheet thus stored for 1 week was visually observed, resulting in the finding that the 

hot-dip Z11 alloy-plated steel sheet had uniform surface brightness, and that no dark portion 

(blackened portion) was formed. Furthermore, the degree of brightness of the surface of 

the plating layer was substantially equal to that of the normal portion of the hot-dip Zn 

25 alloy-plated steel sheet produced with a water film temporarily formed. 

[0045] Next, the hot-dip Zn alloy-plated steel sheet was analyzed by the XPS analysis 
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immediately after production without forming a water film. FIG. 5 illustrates an intensity 

profile of chemical binding energy corresponding to the 2p orbitals of Zn. Intensity 

profiles of Al and Mg are omitted. As illustrated in FIG. 5, also in the case where cooling 

water is contacted without forming a water film, a peak assigned to metal Zn at a binding 

5 energy of about 1,020 eV and a peak assigned to Zn(OH)2 at a binding energy of 1,022 eV 

were observed. It is understood, based on the intensity ratio between Zn and Zn(OH)2, 

that Zn is present in a larger amount than. Zn(OPI)2. On the basis of this finding, it is 

presumed that formation of Zn(OH)2 is not promoted even when the cooling water comes 

into contact with the plating layer unless a water film is formed. 

10 [0046] The foregoing results suggest that the formation of Zn(OH)2 is affected by the 

formation of a water film in the cooling process. It is presumed that when a water film is 

not formed, Zn(OH)2 is not easily formed and hence the blackening is suppressed. 

[0047] As described above, the present inventors have found, with respect to the 

blackening of a plating layer of a hot-dip Zn alloy-plated steel sheet, that 1) Zn(OH)2 may 

15 be formed on the surface of the plating layer depending upon production conditions (such 

as conditions for water quenching), and that 2) blackening easily occurs on the surface of 

the plating layer especially in a region where Zn(OH)2 has been formed. Accordingly, the 

present inventors have presumed the mechanism of blackening in a plating layer as 

described below. 

20 [0048] First, when cooling water comes into contact with the surface of a plating layer of 

a high temperature (e.g., about I60°C), Zn is partially eiuted from an oxide film formed on 

the surface of the plating layer or a Zn phase of the plating layer. 

Zn —> Zn2+ + 2e~ ... (1) 

2_|_ [0049] The resultant Zn binds to OH present in the cooling water to form Zn(OH)2 on 

25 the surface of the plating layer. 

Zn2+ + 20H~ -> Zn(OH)2 ... (2) 

14 



[0050] Thereafter, as the time elapses, a part of the Zn(OH)2 present on the surface of the 

plating layer is changed to ZnO through a dehydration reaction. 

Zn(OH)2 ZnO + H20 ... (3) 

[0051] Subsequently, a part of the ZnO is robbed of O by Al and Mg contained, in the 

5 plating layer, and changed into ZnOj.x. This ZnOj.x works as a color center and a 

corresponding portion visually looks black. 

[0052] (Blackening Suppression Mechanism) 

Next, the present inventors produced a hot-dip Zn alloy-plated steel sheet by using, 

instead of the factory water, a cooling aqueous solution containing a polyatomic ion 

10 including V5-r in a concentration of 1.0 g/L, and by employing a spray water quenching 

zone with a water film temporarily formed on the surface of a plating layer. Here, the 

surface temperature of the hot-dip Zn alloy-plated steel sheet obtained immediately before 

being in contact with the cooling aqueous solution was estimated as about 160°C. 

[0053] The thus produced hot-dip Zn alloy-plated steel sheet was stored for 1 week 

15 within a room (at a temperature of 20°C and a relative humidity of 60%). After 1 week 

storage, the hot-dip Zn alloy-plated steel sheet was visually observed, and found that the 

hot-dip Zn alloy-plated steel sheet had substantially uniform surface brightness, and that no 

dark portion (blackened portion) was formed. Furthermore, the degree of brightness of 

the steel sheet was substantially equal to that of the normal portion of the hot-dip Zn 

20 alloy-plated steel sheet produced by using the factory water with a water film temporarily 

formed. 

[0054] Next, the hot-dip Zn alloy-plated steel sheet was analyzed by the XPS analysis 

immediately after production, by using the cooling aqueous solution containing V5+ with a 

water film temporarily formed. FIG. 6 illustrates an intensity profile, in a normal portion, 

25 of chemical binding energy corresponding to the 2p orbitals of Zn obtained in using the 

cooling aqueous solution containing V5+. Intensity profiles of Al and Mg are omitted. 
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As illustrated, in FIG. 6, also in tlie case where the cooling aqueous solution containing V 

was used, a peak assigned to metal Zn at a binding energy of about 1,020 eV and a peak 

assigned to Zn(OFT)2 at a binding energy of about 1,022 eV were observed. It was found, 

based on the intensity ratio between Zn and Zn(OH)2, that Zn was present in a larger 

5 amount than Zn(OH)2- On the basis of the finding, it is presumed that formation of 

Zn(OH)2 is not promoted when using the cooling aqueous solution containing V5'4' even 

when a water film is temporarily formed. 

[0055] A presumed mechanism of suppression of blackening in the case where an 

aqueous solution containing a polyatomic ion including V5T, Si4+, or Cr6+ is used as the 

10 cooling water will now be described by exemplifying use of V3+. When a cooling 

aqueous solution containing, for example, a polyatomic ion including V5+ is used, the Vs+ 

is reduced to form a dense passivation film between an oxide film formed on a surface of a 

plating layer and the cooling aqueous solution. Therefore, the elution of Zn from the 

oxide film to the cooling aqueous solution is suppressed. Accordingly, formation of 

15 Zn(OH)2 is suppressed, thus suppressing the blackening of the plating layer. 

[0056] The aforementioned, method for producing a hot-dip Zn alloy-plated steel sheet of 

the present invention can be practiced on, for example, the following production line. 

[0057] FIG. 7 is a schematic diagram illustrating a part of production line 300 for hot-dip 

Zn alloy-plated steel sheets. Production line 300 can continuously produce hot-dip Zn 

20 alloy-plated steel sheets by forming a plating layer on a surface of a base steel sheet (steel 

strip). Production line 300 can also continuously produce chemical conversion coated 

steel sheets by further forming a chemical conversion coating on. a surface of the plating 

layer as necessary. 

[0058] As illustrated in FIG. 7, production line 300 includes furnace 310, plating bath 

25 320, air jet cooler 340, mist cooling zone 350, water quenching zone 360, skin pass mill 

370, and tension leveler 380. 



[0059] Steel strip S drawn out from a supply reel not shown is heated in furnace 310 after 

a predetermined process. Steel strip S thus heated is immersed in plating bath 320, so that 

a molten metal coats both sides of steel strip S. Subsequently, an excessive portion of the 

molten metal is removed by a wiping apparatus having wiping nozzles 330, so that a 

5 predetermined amount of molten metal coats the surface of steel strip S. 

[0060] Steel strip S coated with the predetermined amount of molten metal is cooled in 

air jet cooler 340 and mist cooling zone 350 to a temperature equal to or less than a 

solidifying point of the molten metal. Air jet cooler 340 is equipment provided for 

purpose of cooling steel strip S by blowing air. Also, mist cooling zone 350 is equipment 

10 provided for purpose of cooling steel strip S by blowing a mist of a fluid (such as cooling 

water) and a gas. Thus, the molten metal is solidified, so that a hot-dip Zn alloy plating 

layer can be formed on the surface of steel strip S. When steel strip S is cooled in mist 

cooling zone 350, no water film is formed on a surface of the plating layer. The 

temperature after cooling is not especially limited, and is, for example, 100 to 250°C. 

15 [0061] The hot-dip Zn alloy-plated steel sheet having been cooled to a predetermined 

temperature is further cooled in water quenching zone 360. Water quenching zone 360 is 

equipment provided for purpose of cooling steel strip S through a contact with cooling 

water in a larger amount than in mist cooling zone 350, and supplies water in an amount 

sufficient for temporarily forming a water film on the surface of the plating layer, hi 

20 water quenching zone 360, for example, seven rows of headers, each having ten flat spray 

nozzles arranged at an interval of 150 mm along the widthwise direction of steel strip S, are 

disposed along the feed direction of base steel sheet S. In water quenching zone 360, an 

aqueous solution containing, in a total amount of 0.01 g/L or more in terms of atom, one of 

or two or more of polyatomic ions selected from the group consisting of a polyatomic ion 

25 including V5+, a polyatomic ion including Si4+. and a polyatomic ion including Cr6+ is used 

as a cooling aqueous solution. Steel strip S is cooled in this water quenching zone 360 
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while being supplied with the cooling water in an amount sufficient to temporarily form a 

water film on the surface of the plating layer. The cooling aqueous solution has, for 

example, a temperature of about 20°C, a pressure of about 2.5 kgf/cm2, and a flow rate of 

about 150 m /h. By "temporarily form a water film" is meant a status where water in 

5 contact with the hot-dip Zn alloy-plated steel sheet can be visually observed for about 1 

second or longer. 

[0062] The hot-dip Zn alloy-plated steel sheet thus cooled with water is temper-rolled by 

skin pass mill 370 and leveled by tension leveler 380, and then wound around tension reel 

390. 

10 [0063] In the case where a chemical conversion coating is to be further formed on the 

surface of die plating layer, a predetermined chemical conversion treatment liquid is 

applied by roll coater 400 on the surface of the hot-dip Zn alloy-plated steel sheet leveled 

by tension leveler 380. The hot-dip Zn alloy-plated steel sheet subjected to the chemical 

conversion treatment is dried in drying zone 410 and cooled in air cooling zone 420, and 

15 then wound around tension reel 390. 

[0064] As described so far, according to the method for producing a hot-dip Zn 

alloy-plated steel sheet of the present invention, a hot-dip Zn alloy-plated, steel sheet 

having excellent blackening resistance can be easily produced with high productivity 

merely by contacting an aqueous solution containing a predetermined polyatomic ion with 

20 the surface of a hot-dip Zn alloy plating layer. 

[Examples] 

[0065] (Experiment 1) 

In Experiment 1, blackening resistance of a hot-dip Zn alloy plating layer was 

evaluated for a hot-dip Zn alloy-plated steel sheet cooled with cooling water not containing 

25 a polyatomic ion. 

[0066] 1. Production of Hot-dip Zn Alloy-plated Steel Sheet 



A hot-dip Zn alloy-plated steel sheet was produced by using production line 300 

illustrated in FIG. 7. As base steel sheet (steel strip) S, hot-rolled steel strips with a 

thickness of 2.3 mm were provided. Eight different hot-dip Zn alloy-plated steel sheets 

with plating layers having different compositions were produced by plating the base steel 

5 sheets using plating bath compositions and plating conditions shown in Table 1. It is 

noted that the composition of the plating bath substantially accords with the composition of 

the resulting plating layer. Although not especially illustrated, an [Al/Zn/Zii2Mg ternary 

eutectic structure] was found, through observation of a cross section of the plating layer, in 

each of the hot-dip Zn alloy-plated steel sheets. 

10 
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[0067] 

[Table 1] 

Plating 

No. 

Plating bath composition (with balance of Zn) 

(% by mass) 
Plating conditions 

Plating 

No. 
Al Mg Si Ti B 

Bath 

temperature 
(°C) 

Coating 

amount 

(g/m2) 

Passing 

speed 

(m/min) 

1 1.5 1.5 - - - 430 90 80 

2 2.5 3.0 - - - 430 90 80 

3 2.5 3.0 0.040 - - 430 90 80 

4 6.0 3.0 - 0.050 0.003 430 90 80 

5 6.0 3.0 0.020 0.050 0.003 430 90 80 

6 11.0 3.0 - - - 450 90 80 

7 11.0 3.0 0.200 - - 450 90 80 

8 18.0 8.0 - - - 470 90 80 

[0068] In the production of the hot-dip Zn alloy-plated steel sheets, the cooling 

conditions employed in air jet cooler 340 and mist cooling zone 350 were changed, so that 

5 the temperature of the steel sheet (plating layer surface) immediately before entering water 

quenching zone 360 could be adjusted to 100°C, 120°C, 160°C, 200°C, or 250°C. In a 

spray apparatus used in water quenching zone 360, seven rows of headers, each having ten 

flat spray nozzles arranged at an interval of 150 mm along the widthwise direction, were 

disposed along the feed direction of base steel sheet S. The cooling conditions employed 

10 in water quenching zone 360 were: water (of pH 7.6 and a temperature of 20°C) used as 

2. 3 cooling water, a water pressure of 2.5 kgf/cm , and a flow rate of 150 m /h. 

[0069] 2. Evaluation of Hot-dip Zn Alloy-plated Steel Sheets 

(1) Brightness Degradation Accelerating Process 

A test piece was cut out from each of the produced hot-dip Zn alloy-plated steel 

15 sheets. With each test piece put in a thermo-hygrostat (LHU-113; ESPEC CORP.), a 

process for accelerating brightness degradation was performed under each of conditions 
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shown in Table 2. In the test conditions No. 2, the processing time is longer than in the 

test conditions No. 1, and hence, the test conditions No. 2 are severer than the test 

conditions No. 1. 

[0070] 

5 [Table 2] 

Brightness degradation 

accelerating conditions No. 
Temperature (°C) Relative humidity (%) Processing time(h) 

1 60 90 20 

2 60 90 40 

(2) Measurement of Blackening Degree 

In each of the hot-dip Zn alloy-plated steel sheets, lightness (L* value) of a surface 

of the plating layer was measured before and after the brightness degradation accelerating 

process. The lightness (L* value) of the surface of the plating layer was measured by 

10 using a spectroscopic color difference meter (TC-1800; Tokyo Denshoku Co., Ltd.) by a 

spectroscopic reflection measurement method according to JIS K 5600. The 

measurement conditions were as follows: 

Optical condition: d/8° method (double-beam optical system) 

Visual angle: 2 degrees 

15 Measurement method: reflectometry 

Standard light source: C 

Color system: CIELAB 

Measurement wavelength: 380 to 780 nm 

Measurement wavelength interval: 5 nm 

20 Spectrometer: diffraction grating 1,200/mm 

Light source: halogen lamp (with a rated voltage of 12 V, rated power of 50 W, and a 

rated life of 2,000 hrs.) 

Measurement area: 7.25 mm diameter 
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Sensor: photomultiplier (R928; Hamamatsu Photonics K.K.) 

Reflectance: 0-150% 

Measurement temperature: 23°C 

Standard plate: white 

[0071] Each of the plated steel sheets was evaluated as "A" when a difference in the L* 

value (AL*) caused through the brightness degradation accelerating process was less than 

0.5, evaluated as "B" when the difference was 0.5 or more and less than 3, or evaluated as 

"C" when the difference was 3 or more. It can be determined that a plated steel sheet 

evaluated as "A" has blackening resistance. 

[0072] (3) Evaluation Results 

With respect to each of the plated steel sheets, the relationships among the 

brightness degradation accelerating conditions, the temperature of the steel sheet (the 

surface of the plating layer) immediately before cooling in water quenching zone 360 and 

the evaluation result for the blackening degree are shown in Table 3. 
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[0073] 

[Table 3] 

Test piece No. 
Plating 

No. 

Brightness 

degradation 

accelerating 

conditions 

No. 

Surface temperature of plated steel sheet immediately 

before cooling in water quenching zone (°C) 

Remark Test piece No. 
Plating 

No. 

Brightness 

degradation 

accelerating 

conditions 

No. 

100 120 160 200 250 

Remark 

A-l 1 1 A B C C C Comparative Example 

A-2 2 1 A B c C C Comparative Example 

A-3 3 1 A A A A A Comparative Example 

A-4 4 1 A B C C C Comparative Example 

A-5 5 1 A A A A A Comparative Example 

A-6 6 1 A B C C C Comparative Example 

A-7 7 1 A A A A A Comparative Example 

A-8 8 1 A B C C C Comparative Example 

B-l 1 2 C C C C C Comparative Example 

B-2 2 2 C C C c C Comparative Example 

B-3 A 
3 2 A A B c C Comparative Example 

B-4 4 2 C C C c C Comparative Example 

B-5 5 2 A B C c C Comparative Example 

B-6 6 2 C C c c C Comparative Example 

B-7 7 2 A A B c C Comparative Example 

B-8 8 2 C C C c C Comparative Example 

[0074] In the case where the brightness degradation accelerating process was performed 

under the conditions No. 1, test pieces having plating layers containing Si (plating Nos. 3, 

5 5, and 7) had good blackening resistance even when the temperature of the steel sheets 

immediately before cooling in water quenching zone 360 was 25Q°C. On the other hand, 

test pieces having plating layers not containing Si (plating Nos. 1, 2, 4, 6, and 8) were 

blackened when the temperature of the steel sheets immediately before cooling in water 

quenching zone 360 was 120°C or more. 

10 [0075] On the other hand, in the case where the brightness degradation accelerating 

process was performed under the conditions No. 2, even a test piece having a plating layer 
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containing Si was blackened when the temperature of the steel sheet immediately before 

cooling in water quenching zone 360 was 120°C or above. A test piece having a plating 

layer not containing Si was blackened even when the temperature of the steel sheet 

immediately before cooling in water quenching zone 360 was 100°C. 

5 [0076] It is understood, based on the aforementioned results, that when Si is not 

contained in the plating layer, blackening cannot be prevented unless the temperature of a 

steel sheet immediately before cooling in water quenching zone 360 is sufficiently lowered. 

It is also understood that even when a plating layer contains Si, blackening cannot be 

completely prevented in employing the severer conditions unless the temperature of a steel 

10 sheet immediately before cooling in water quenching zone 360 is sufficiently lowered. 

[0077] (Experiment 2) 

In Experiment 2, blackening resistance of a hot-dip Zn alloy plating layer was 

examined for a hot-dip Zn alloy-plated steel sheet cooled with a cooling aqueous solution 

containing a polyatomic ion was examined. In this experiment, the blackening resistance 

15 attained in performing the brightness degradation accelerating process under the conditions 

No. 1 was examined. 

[0078] 1. Production of Hot-dip Zn Alloy-plated Steel Sheets 

In the same manner as in Experiment 1, eight different hot-dip Zn alloy-plated steel 

sheets with plating layers having different compositions were produced by plating base 

20 steel sheets using plating bath compositions and plating conditions shown in. Table 1. 

[0079] In the production of the hot-dip Zn alloy-plated steel sheets, the cooling 

conditions employed in air jet cooler 340 were changed, so that the temperature of the steel 

sheet (plating layer surface) immediately before entering water quenching zone 360 could 

be adjusted to 100°C, 120°C, 160°C, 200°C, or 250°C. In water quenching zone 360, any 

25 one of the aqueous solutions shown in Table 4 was used as the cooling aqueous solution. 

Each cooling aqueous solution was prepared by dissolving an additive shown in Table 4, 
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and a dissolution promoter if necessary, in water of pH 7.6 in a predetermined ratio, and 

adjusting the temperature of the resulting solution to 20°C. Each cooling aqueous 

solution was supplied, in water quenching zone 360, under conditions of a water pressure 

2 3 of 2.5 kgf/cm and a flow rate of 150 m /h. As the concentration of the polyatomic ion in 

5 each aqueous solution, five concentrations, in terms of atom used as ionic species, as 

shown in Table 5 were prepared. 
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[0080] 

[Table 4] 

Cooling aqueous 

solution No. 
Additive Dissolution promoter 

Ratio in addition amount 

(dissolution promoter/additive) 

Ionic 

species 

1 Magnesium sulfate - Mg2* 

2 Aluminum chloride - AI3+ 

3 Sodium silicate - - Si4+ 

4 Calcium formate - Ca2+ 

5 Calcium gluconate - - Ca2i" 

6 Calcium acetate - - Ca2+ 

7 Calcium lactate - - Ca* 

8 Vanadium acetylacetonate V3+ 

9 Acetylacetone vanadyl - - V4+ 

10 Vanadium oxysulfate - - v44 

11 Vanadium pentoxide 2-Aminoethanol 1.2 v5+ 

12 Vanadium pentoxide 
Tetraethyl ammonium 

hydroxide 
1.3 V54 

13 Vanadium pentoxide 2,2'-Iminodiethanol 1.2 Vi+ 

14 Vanadium acetylacetonate Ethylene diamine 1.0 V5"1" 

15 Acetylacetone vanadyl Ethylene diamine 1.1 v5+ 

16 Vanadium oxysulfate 2-Aminoethanol 1.2 V5+ 

17 Ammonium chromate - - Cr6+ 

18 Potassium chromate - - Cr* 

19 Chromium nitrate - - Cr3f 

20 Chromium sulfate - - Cr3+ 

21 _J Manganese sulfate - - Mn2" 

22 Potassium permanganate - - Mn7+ 

23 Iron chloride - -

Mn7+ 

24 Cobalt sulfate - - Co2+ 

25 Nickel nitrate - - Ni2+ 

26 Copper chloride - - Cu2+ 

27 Zinc peroxide - - Zn2+ 

28 Zinc oxide - - Zns+ 

29 Zinc fluoride - - Zn2"' 

30 Zirconium sulfate - - Zr"+ 

11 3 i Ammonium zirconium carbonate - - Zr4+ 
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[0081] 

[Table 5] 

Sign Concentration of polyatomic ion (g/L) 

a 0.001 

b 0.01 

c 0.1 

d. 1.0 

e 10.0 

[0082] 2. Evaluation of Hot-dip Zn Alloy-plated Steel Sheets 

(1) Brightness Degradation Accelerating Process and Measurement of Blackening 

5 Degree 

Each of the hot-dip Zn alloy-plated steel sheets was subjected to the brightness 

degradation accelerating process under the conditions No. 1 shown in Table 2. 

Furthermore, the lightness (L* value) of the surface of the plating layer of each hot-dip Zn 

alloy-plated steel sheet was measured before and after the brightness degradation 

10 accelerating process in the same manner as in Experiment 1. 

[0083] A correspondence between the plating No. of each of the evaluated hot-dip Zn 

alloy-plated steel sheet and the concentrations) of the additive in the used cooling aqueous 

solution is shown in Table 6. The results are shown in tables listed in Table 6. 
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[0084] 

[Table 6] 

Plating No. 
Concentration of polyatomic ion (in terms of atom; g/L) 

Plating No. 
0.001 0.01 0.1 1.0 10 

1 - Table 7 - - -

2 - Table 8 - - -

3 - Table 9 - -

4 Table 10 Table 11 Table 12 Table 13 Table 14 

5 - Table 15 - - -

6 - Table 16 - - -

7 - Table 17 - - -

8 - Table 18 - - -

[0085] (2) Evaluation Results 

With respect to each of the plated steel sheets, the relationships among the kind of 

5 cooling aqueous solution used, the temperature of the steel sheet (plating layer surface) 

immediately before cooling in water quenching zone 360 and the evaluation result of the 

blackening degree are shown in Tables 7 to 18. 

[0086] It is noted that "Test piece No." shown in each of these tables is defined in 

accordance with the following rule so that the experiment contents can be easily 

10 understood: Each test piece No. is determined as "(the brightness degradation 

accelerating conditions No.; see Table 2) - (the plating No.; see Table 1) - (the cooling 

aqueous solution No. and the sign for the concentration of a polyatomic ion; see Tables 4 

and 5)." 
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[0087] 

[Table 7] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Suiface teraperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-1-lb 1 A A B C C Comparative Example 

l-l-2b 2 A B C C C Comparative Example 

1-l-3b 3 A A A A A Example 

1-1-4b 4 A A B C C Comparative Example 

1-1-5b 5 A A B C c. Comparative Example 

1-1 -6b 6 A A B C C Comparative Example 

l-l-7b 7 A A B C C Comparative Example 

l-l-8b 8 A B C C C Comparative Example 

l-l-9b 9 A B C C C Comparative Example 

1-1-1Ob 30 A B C C C Comparative Example 

1-1-llb 11 A A A A A Example 

]-l-12b 12 A A A A A Example 

1-1-13b 13 A A A A A Example 

1-1-14b 14 A A A A A Example 

l-l-15b 1.5 A A A A A Example 

1-1-16b 16 A A A A Example 

l-l-17b 17 A A A A A Example 

1-1-18b 18 A A A A A Example 

l-l-19b 19 A B C C C Comparative Example 

1-1-20b 20 A B C C C Comparative Example 

l-1-2lb 21 A A B C C Comparative Example 

l-l-22b 22 A B C C C Comparative Example 

1-1 -23b 23 A B C C C Comparative Example 

1-1-24b 24 A B C C C Comparative Example 

l-l-25b 25 A B C C C Comparative Example 

1-1-26b 26 A B C C C Comparative Example 

1-i -27b 27 A A B C C Comparative Example 

l-l-28b 28 A A B C C Comparative Example 

l-l-29b 29 A A B C C Comparative Example 

1-1-3 Ob 30 A B C C C Comparative Example 

1-1-3 lb 31 A B C C C Comparative Example 
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[0088] 

[Table 8] 

Test piece No. 

Cooling aqueous 

solution 

Suiface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark 

No. 
100 120 160 200 250 

1-2-lb 1 A A B c. C Comparative Example 

l-2-2b 2 A B C C C Comparative Example 

l-2-3b 3 A A A A A Example 

t-2-4b 4 A A B C C Comparative Example 

l-2-5b 5 A A B C C Comparative Example 

l-2-6b 6 A A B c C Comparative Example 

1-2-7b 7 A A B c C Comparative Example 

I-2-8b 8 A B C c C Comparative Example 

l-2-9b 9 A B C c C Comparative Example 

1-2-iOb 10 A B C c C Comparative Example 

1-2-J lb 11 A A A A A Example 

1-2-12b 12 A A A A A Example 

i-2~13b 13 A A A A A Example 

1-2-14b 14 A A A A A Example 

l-2-15b 15 A A A A A Example 

1-2-16b 16 A A A A A Example 

1-2-17b 17 A A A A A Example 

l-2-18b 18 A A A A A Example 

1-2-19b 59 A B C C C Comparative Example 

l-2-20b 20 A B C c C Comparative Example 

l-2-21b 21 A A B c c Comparative Example 

l-2-22b 22 A B C c c Comparative Example 

l-2-23b 23 A B C c c Comparative Example 

i-2~24b 24 A B C c c Comparative Example 

t-2-25b 25 A B C c c Comparative Example 

l-2-26b 26 A B C c c Comparative Example 

l-2~27b 27 A A B c c Comparative Example 

l-2-28b 28 A A B c c Comparative Example 

l-2-29b 29 A A B c c Comparative Example 

1-2-3 Ob 30 A B C c c Comparative Example 

l-2-31b 31 A B C c c Comparative Example 

30 



[0089] 

[Table 9] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Suiface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-3-lb 1 A A A A A Comparative Example 

l-3-2b 2 A A A A A Comparative Example 

l-3-3b 3 A A A A A Example 

l-3-4b 4 A A A A A Comparative Example 

l-3-5b 5 A A A A A Comparative Example 

l-3-6b 6 A A A A A Comparative Example 

l-3-7b 7 A A A A A Comparative Example 

l-3-8b 8 A A A A A Comparative Example 

l-3-9b 9 A A A A A Comparative Example 

l-3-10b 10 A A A A A Comparative Example 

1-3-1 lb 11 A A A A A Example 

l-3-12b 12 A A A A A Example 

]-3-13b 13 A A A A A Example 

1 -3-14b 14 A A A A A Example 

i-3-15b 15 A A A A A Example 

l-3-l6b 16 A A A A A Example 

l-3-17b 17 A A A A A Example 

l-3-i8b 18 A A A A A Example 

i-3-19b 19 A A A A A Comparative Example 

l-3-20b 20 A A A A A Comparative Example 

l-3-2Ib 21 A A A A A Comparative Example 

l-3-22b 22 A A A A A Comparative Example 

]-3-23b 23 A A A A A Comparative Example 

l-3-24b 24 A A A A A Comparative Example 

i-3-25b 25 A A A A A Comparative Example 

l-3-26b 26 A A A A A Comparative Example 

]-3-27b 27 A A A A A Comparative Example 

l-3-28b 28 A A A A A Comparative Example 

1-3-2% 29 A A A A A Comparative Example 

!-3-30b 30 A A A A A Comparative Example 

l-3-31b 3! A A A A A Comparative Example 
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[0090] 

[Table 10] 

Test piece No. 

Cooling aqueous 

solution 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark 

No. 
100 120 160 200 250 

144a 1 A B C C c Comparative Example 

l-4-2a 2 A B C C c Comparative Example 

i-4-3a 3 A B C C c Comparative Example 

l-4-4a 4 A B C C c Comparative Example 

l-4-5a 5 A B C c c Comparative Example 

l-4-6a 6 A B C c c Comparative Example 

l-4-7a 7 A B C c c Comparative Example 

]-4-Sa 8 A B C c c Comparative Example 

l-4~9a 9 A B C c c Comparative Example 

1-4-1Oa 10 A B C c c Comparative Example 

1-4-1 la 11 A B C c c Comparative Example 

l-4-12a 12 A B C c c Comparative Example 

1-4-13a 13 A B C c c Comparative Example 

14-14a 14 A B C c c Comparative Example 

l-4-i5a 15 A B C c c Comparative Example 

I-4-16a 16 A B C c c Comparative Example 

i-4-17a 17 A B C c c Comparative Example 

1-44 8a 18 A B C c c Comparative Example 

1449a 19 A B C c c Comparative Example 

1 -4-20a 20 A B C c c Comparative Example 

]-4-21a 21 A B C c c Comparative Example 

1 -4-22a 22 A B C c c Comparative Example 

l-4-23a 23 A B C c c Comparative Example 

1-4-2 4a 24 A B C c c Comparative Example 

l-4-25a 25 A B C c c Comparative Example 

l-4-26a 26 A B C c c Comparative Example 

l-4~27a 27 A B C c c Comparative Example 

l-4~28a 28 A B C c c Comparative Example 

l-4-29a 29 A B C c c Comparative Example 

l-4-30a 30 A B C c c Comparative Example 

1-4-3 la 31 A B C c c Comparative Example 
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[0091] 

[Table 11] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Suiface temperature of plated steel sheet 

immedialeiy before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-4-lb 1 A A B c. c Comparative Example 

l-4-2b 2 A B C C c Comparative Example 

l-4-3b 3 A A A A A Example 

l-4-4b 4 A A B C c Comparative Example 

l-4-5b 5 A A B C c Comparative Example 

l-4~6b 6 A A B C c Comparative Example 

14-7b 7 A A B C c Comparative Example 

l-4-8b 8 A B C c c Comparative Example 

l-4-9b 9 A B C c c Comparative Example 

1-4-1 Ob 10 A B C c c Comparative Example 

1-4-1ib 11 A A A A A Example 

1442b 12 A A A A A Example 

1-4-13b 13 A A A A A Example 

M-14b 14 A A A A A Example 

1-4-15b 15 A A A A A Example 

1-4- 16b 16 A A A A A Example 

1-4-17b 17 A A A A A Example 

1-4-18b 18 A A A A A Example 

1-4-19b 19 A B C c c Comparative Example 

l-4-20b 20 A B C c c Comparative Example 

1-4-2 lb 21 A A B c c Comparative Example 

l-4-22b 22 A B C c c Comparative Example 

l-4-23b 23 A B C c c Comparative Example 

l-4-24b 24 A B C c c Comparative Example 

l-4-25b 25 A B C c c Comparative Example 

l-4-26b 26 A B C c c Comparative Example 

l-4-27b 27 A A B c c Comparative Example 

l-4-28b 28 A A B c c Comparative Example 

l-4-29b 29 A A B c c Comparative Example 

14-30b 30 A B C c c Comparative Example 

14-3 lb 31 A B C c C Comparative Example 
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[0092] 

[Table 12] 

Test piece No. 

Cooling aqueous 

solution 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark 

No. 
100 120 160 200 250 

1-4-ic I A A B C C Comparative Example 

l-4-2c 2 A B C C C Comparative Example 

l-4-3c 3 A A A A A Example 

l-4-4c 4 A A B C C Comparative Example 

1-4-5 c 5 A A B C C Comparative Example 

l-4-6c 6 A A B C C Comparative Example 

l-4-7c 7 A A B C C Comparative Example 

l-4-8c 8 A B C C c Comparative Example 

14.9c 9 A B C C c Comparative Example 

1-4-10c 10 A B C C c Comparative Example 

1-4-llc 11 A A A A A Example 

l-4-S2c 12 A A A A A Example 

l-4-13c 13 A A A A A Example 

l-4-14c 14 A A A A A Example 

l-4-15c 15 A A A A A Example 

1-4-16C 16 A A A A A Example 

l-4-17c 17 A A A A A Example 

1-4-18c 18 A A A A A Example 

l-4-19c 19 A B C C c Comparative Example 

l-4-20c 20 A B C C c Comparative Example 

I-4-21 c 21 A A B C c Comparative Example 

l-4-22c 22 A B C C c Comparative Example 

l-4-23c 23 A B C C c Comparative Example 

l-4-24c 24 A B c C c Comparative Example 

1-4-25C 25 A B c C c Comparative Example 

1-4-26C 26 A B c C c Comparative Example 

l-4-27c 27 A A B C C Comparative Example 

l-4-28c 28 A A B C C Comparative Example 

l-4-29c 29 A A B C C Comparative Example 

1-4-30c 30 A B C C C Comparative Example 

1-4-31c 31 A B C C C Comparative Example 
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[0093] 

[Table 13] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface teraperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-4-ld 1 A A B C C Comparative Example 

l-4-2d 2 A B C C C Comparative Example 

]-4-3d 3 A A A A A Example 

l-4-4d 4 A A B C C Comparative Example 

l-4-5d 5 A A B C C Comparative Example 

I -4-6d 6 A A B C C Comparative Example 

l-4-7d 7 A A B C C Comparative Example 

l-4-8d 8 A B C C C Comparative Example 

l-4-9d 9 A B C C C Comparative Example 

1-4-IOd 10 A B C C C Comparative Example 

1-4-1 Id 11 A A A A A Example 

1-4-12d 12 A A A A A Example 

l-4-13d 13 A A A A A Example 

l-4-14d 14 A A A A A Example 

l-4-15d 15 A A A A A Example 

l-4-16d 16 A A A A A Example 

l-4-17d 17 A A A A A Example 

l-4-18d 18 A A A A A Example 

l-4-19d 19 A B C C C Comparative Example 

l-4-20d 20 A B C C C Comparative Example 

l-4-21d 21 A B B C C Comparative Example 

1-4 -22d 22 A B C C C Comparative Example 

l-4-23d 23 A B C C C Comparative Example 

l-4-24d 24 A B C C C Comparative Example 

l-4-25d 25 A B C C C Comparative Example 

l-4-26d 26 A B C C C Comparative Example 

l-4-27d 27 A A B C C Comparative Example 

l-4-28d 28 A A B C C Comparative Example 

l-4-29d 29 A A B C C Comparative Example 

I-4-30d 30 A B C C C Comparative Example 

1-4-3 Id 31 A B C C C Comparative Example 
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[0094] 

[Table 14] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-4-1e 1 A A B C C Comparative Example 

l-4-2e 2 A B C C C Comparative Example 

l-4-3e 3 A A A A A Example 

1 -4-4e 4 A A B C C Comparative Example 

l-4-5e 5 A A B C C Comparative Example 

l-4-6e 6 A A B C C Comparative Example 

l-4-7e 7 A A B C C Comparative Example 

I-4-8e 8 A B C C c Comparative Example 

l-4-9e 9 A B C C c Comparative Example 

l-4-10e 10 A B C C c Comparative Example 

1-4-lIe 11 A A A A A Example 

l-4-12e 12 A A A A A Example 

l~4~13e 13 A A A A A Example 

1-4-14e 14 A A A A A Example 

l-4-15e 15 A A A A A Example 

1-4-16e 16 A A A A A Example 

l-4-17e 17 A A A A A Example 

l-4-18e 18 A A A A A Example 

l-4-19e 19 A B C C c Comparative Example 

l-4-20e 20 A B C C c Comparative Example 

l-4-21e 21 A B B C c Comparative Example 

1 -4-22e 22 A B C C C Comparative Example 

l-4-23e 23 A B C C C Comparative Example 

l-4-24e 24 A B C C C Comparative Example 

l-4-25e 25 A B C C C Comparative Example 

l-4-26e 26 A B C C C Comparative Example 

l-4-27e 27 A A B C C Comparative Example 

l~4~28e 28 A A B C C Comparative Example 

l-4-29e 29 A A B C C Comparative Example 

l-4-30e 30 A B C C C Comparative Example 

1-4-3 le 31 A B C C C Comparative Example 
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[0095] 

[Table 15] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Suiface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-5-lb 1 A A A A A Comparative Example 

l-5-2b 2 A A A A A Comparative Example 

l-5-3b 3 A A A A A Example 

l-5-4b 4 A A A A A Comparative Example 

]-5-5b 5 A A A A A Comparative Example 

l-5-6b 6 A A A A A Comparative Example 

l-5-7b 7 A A A A A Comparative Example 

l-5-8b 8 A A A A A Comparative Example 

l-5-9b 9 A A A A A Comparative Example 

l-5-10b 10 A A A A A Comparative Example 

1-5-1 lb 11 A A A A A Example 

l-5-12b 12 A A A A A Example 

I-5-13b 13 A A A A A Example 

l~5~14b 14 A A A A A Example 

l-5-15b 15 A A A A A Example 

1-5-16b 16 A A A A A Example 

l-5-17b 17 A A A A A Example 

1-5-18b 18 A A A A A Example 

I-5-19b 19 A A A A A Comparative Example 

i-5-20b 20 A A A A A Comparative Example 

l-5-21b 21 A A A A A Comparative Example 

1-5-22b 22 A A A A A Comparative Example 

l-5-23b 23 A A A A A Comparative Example 

1-5-24b 24 A A A A A Comparative Example 

l-5-25b 25 A A A A A Comparative Example 

l-5-26b 26 A A A A A Comparative Example 

l-5-27b 27 A A A A A Comparative Example 

l-5-28b 28 A A A A A Comparative Example 

l~5-29b 29 A A A A A Comparative Example 

l-5-30b 30 A A A A A Comparative Example 

l-5-31b 31 A A A A A Comparative Example 
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[0096] 

[Table 16] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-6-lb 1 A A B c C Comparative Example 

]-6-2b 2 A B C c c Comparative Example 

l-6-3b 3 A A A A A Example 

l-6-4b 4 A A B C C Comparative Example 

l-6-5b 5 A A B C c Comparative Example 

l-6-6b 6 A A B c c Comparative Example 

l-6-7b 7 A A B c c Comparative Example 

]-6-8b 8 A B C c c Comparative Example 

l-6-9b 9 A B C c c Comparative Example 

l-6-10b 10 A B C c c Comparative Example 

1-6-1 lb 11 A A A A A Example 

1-6-12b 12 A A A A A Example 

l-6-13b 13 A A A A A Example 

l-6-14b 14 A A A A A Example 

1-6-15b 15 A A A A A Example 

l-6-16b 16 A A A A A Example 

1-6-17b 17 A A A A A Example 

1-6-18b 18 A A A A A Example 

l-6-l9b 19 A B C c c Comparative Example 

l-6~20b 20 A B C c C Comparative Example 

l-6-21b 21 A B B C C Comparative Example 

1 -6-22b 22 A B C C C Comparative Example 

l-6-23b 23 A B c C C Comparative Example 

l-6-24b 24 A B c C C Comparative Example 

I-6-25b 25 A B c C C Comparative Example 

l-6-26b 26 A B c C C Comparative Example 

I-6-27b 27 A A B C C Comparative Example 

l-6-28b 28 A A B C C Comparative Example 

l-6-29b 29 A A B C C Comparative Example 

I-6-30b 30 A B c C C Comparative Example 

l-6-31b 31 A B c C C Comparative Example 
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[0097] 

[Table 17] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-7-lb 1 A A A A A Comparative Example 

l-7-2b 2 A A A A A Comparative Example 

l-7-3b 3 A A A A A Example 

l-7-4b 4 A A A A A Comparative Example 

l-7-5b 5 A A A A A Comparative Example 

l-7-6b 6 A A A A A Comparative Example 

l-7-7b 7 A A A A A Comparative Example 

l-7-8b 8 A A A A A Comparative Example 

l-7-9b 9 A A A A A Comparative Example 

1-7-lOb 10 A A A A A Comparative Example 

i-7-iib 11 A A A A A Example 

1-7-12b 12 A A A A A Example 

1-7-13b 13 A A A A A Example 

1-7-14b 14 A A A A A Example 

i-7-15b 15 A A A A A Example 

1-7-16b 16 A A A A A Example 

—
J 

cr
 

17 A A A A A Example 

l-7-18b 18 A A A A A Example 

1-7-19b 19 A A A A A Comparative Example 

1-7-20b 20 A A A A A Comparative Example 

l-7-21b 21 A A A A A Comparative Example 

l-7-22b 22 A A A A A Comparative Example 

I-7-23b 23 A A A A A Comparative Example 

l-7-24b 24 A A A A A Comparative Example 

I-7-25b 25 A A A A A Comparative Example 

l-7-26b 26 A A A A A Comparative Example 

l-7-27b 27 A A A A A Comparative Example 

l-7-28b 28 A A A A A Comparative Example 

I-7-29b 29 A A A A A Comparative Example 

l-7-30b 30 A A A A A Comparative Example 

1-7-3 lb 31 A A A A A Comparative Example 
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[0098] 

[Table 18] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-8-lb 1 A A B C C Comparative Example 

l-8-2b 2 A B C C C Comparative Example 

l-8-3b 3 A A A A A Example 

l-8-4b 4 A A B C C Comparative Example 

I-8-5b 5 A A B C C Comparative Example 

l-8-6b 6 A A B C C Comparative Example 

l-8-7b 7 A A B C C Comparative Example 

!-8-8b 8 A B C C C Comparative Example 

1 -8-9b 9 A B C C C Comparative Example 

1-8-iOb 10 A B C C C Comparative Example 

1-8-llb 11 A A A A A Example 

1-8-12b 12 A A A A A Example 

l-8-13b 13 A A A A A Example 

]-8-14b 14 A A A A A Example 

1-8-15b 15 A A A A A Example 

l-846b 16 A A A A A Example 

l-8-17b 17 A A A A A Example 

l-8-18b 18 A A A A A Example 

l-8-19b 19 A B C C C Comparative Example 

l-8-20b 20 A B C C C Comparative Example 

l-8-21b 21 A B B C C Comparative Example 

l-8-22b 22 A B C C C Comparative Example 

l-8-23b 23 A B C C C Comparative Example 

1-8-24b 24 A B C C C Comparative Example 

l-8-25b 25 A B C C C Comparative Example 

l-8-26b 26 A B C C C Comparative Example 

l-8-27b 27 A A B C C Comparative Example 

1 -8-28b 28 A A B C C Comparative Example 

I-8-29b 29 A A B C C Comparative Example 

l-8~30b 30 A B C C C Comparative Example 

l-8-31b 31 A B C c C Comparative Example 
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[0099] As shown in Tables 7, 8, 11 to 14, 16 and 18, test pieces having plating layers 

containing Al and Mg within predetermined concentration ranges and not containing Si had 

good blackening resistance independently of the temperature of the steel sheet immediately 

before cooling in water quenching zone 360 as long as an aqueous solution containing a 

5 polyatomic ion including V5+, Si4+, or Cr6+ in a concentration, in terms of atom, of 0.01 g/L 

or more was used for the cooling. 

[0100] As shown in Table 10, even when a test piece had a plating layer containing Al 

and Mg within predetermined concentration ranges and not containing Si and an aqueous 

solution containing a polyatomic ion including V5+, Si4+, or Cr6+ was used, the blackening 

10 could not be sufficiently suppressed when the concentration, in terms of atom, of the 

polyatomic ion was 0.001 g/L. 

[0101] As shown in Tables 9, 15, and 17, test pieces having plating layers containing Al 

and Mg within predetermined concentration ranges and containing Si had good blackening 

resistance independently of the presence of an additive and the temperature of the steel 

15 sheet immediately before cooling in water quenching zone 360. 

[0102] It is understood., from these results, that the blackening can be sufficiently 

suppressed independently of the temperature of a steel sheet immediately before cooling in 

water quenching zone 360 when an aqueous solution containing a polyatomic ion including 

V5+, Si4+, or Cr6+ in a concentration, in terms of atom, of 0.01 g/L or more is used for the 

20 cooling. 

[0103] As shown in Tables 10 to 14, test pieces cooled by using an aqueous solution 

containing a polyatomic ion including Mn , Ca , Mg , or Zn" had rather good 

blackening resistance when the concentration of the polyatomic ion in terms of atom is 

0.01 g/L or more. 

25 [0104] (Experiments) 

In Experiment 3, blackening resistance was examined for the hot-dip Zn alloy-plated 
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steel sheets produced in Experiment 2 subjected to the brightness degradation accelerating 

process under the conditions No. 2 of Table 2, and evaluated in the same manner as in 

Experiment 1. 

[0105] A correspondence between the plating No. of each of the evaluated hot-dip Zn 

5 alloy-plated steel sheets and the concentration of an additive in the used cooling aqueous 

solution is shown in Table 19. The results are shown in tables listed in Table 19. 

[0106] 

[Table 19] 

Plating No. 
Concentration of polyatomic ion (in terras of atom; g/L) 

Plating No. 
0.001 0.01 0.1 1.0 10 

i - Table 20 - -

2 - Table 21 - - -

3 - Table 22 - - -

4 Table 23 Table 24 Table 25 Table 26 Table 27 

5 - Table 28 - -

6 - Table 29 - - -

7 Table 30 Table 31 - -

8 - Table 32 - -

[0107] With respect to each of the plated steel sheets, the relationships among the cooling 

10 aqueous solution used, the temperature of the steel sheet (plating layer surface) 

immediately before cooling in water quenching zone 360 and an evaluation result of the 

blackening degree are shown in Tables 20 to 32. 
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[0108] 

[Table 20] 

Test piece No. 

Cooling aqueous 

solution 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark 

No. 
100 120 160 200 250 

2-1-lb 1 C C c c. C Comparative Example 

2-l-2b 2 C C c c C Comparative Example 

2-l-3b 3 A A A A A Example 

2-1-4b 4 C C C c C Comparative Example 

2-1-5b 5 C C C c C Comparative Example 

2-1-6b 6 C C C c C Comparative Example 

2-l-7b 7 C C C c C Comparative Example 

2-l-8b 8 C C C c C Comparative Example 

2-1-9b 9 C C c c C Comparative Example 

2-i-10b 10 C C c c c Comparative Example 

2-1-llb 11 A A A A A Example 

2-1-12b 12 A A A A A Example 

2-1 -13b 13 A A A A A Example 

2-l-14b 14 A A A A A Example 

2-I-15b 15 A A A A A Example 

2-l-16b 16 A A A A A Example 

2-1 -17b 17 A A A A A Example 

2-1 -18b 18 A A A A A Example 

2-1-19b 19 C C C c c Comparative Example 

2-l-20b 20 C C C c c Comparative Example 

2-l-2Ib 21 C c C c c Comparative Example 

2-l-22b 22 C c C c c Comparative Example 

2-l-23b 23 C c C C c Comparative Example 

2-1-24b 24 C c C C c Comparative Example 

2-i-25b 25 C c C C c Comparative Example 

2-l-26b 26 C c c C c Comparative Example 

2-1-27b 27 C c c C c Comparative Example 

2-1-28b 28 C c c C c Comparative Example 

2-l-29b 29 C c c C c Comparative Example 

2-l-30b 30 C c c C c Comparative Example 

2-l-31b 31 C c c C c Comparative Example 
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[0109] 

[Table 21] 

Test piece No. 

Cooling aqueous 

solution 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark 

No. 
100 120 160 200 250 

2-2-lb 1 C C c c C Comparative Example 

2-2-2b 2 C C c c C Comparative Example 

2-2-3b 3 A A A A A Example 

2-2-4b 4 C c c C C Comparative Example 

2-2-5b 5 C c C C C Comparative Example 

2-2-6b 6 C c C C C Comparative Example 

2-2-7b 7 C c C C C Comparative Example 

2-2-8b 8 C c C C C Comparative Example 

2-2-9b 9 C c C C C Comparative Example 

2-2-10b 10 C c C C C Comparative Example 

2-2-llb 11 A A A A A Example 

2-2-12b 12 A A A A A Example 

2-2-13b 13 A A A A A Example 

2-2-14b 14 A A A A A Example 

2-2-15b 15 A A A A A Example 

2-2-16b 16 A A A A A Example 

2-2-17b 17 A A A A A Example 

2-2-18b 18 A A A A A Example 

2-2-19b 19 C C C C C Comparative Example 

2-2-20b 20 C C C C C Comparative Example 

2-2-2lb 21 C c c C C Comparative Example 

2-2-22b 22 C c c C C Comparative Example 

2-2-23b 23 C c c C C Comparative Example 

2-2-24b 24 C c c C C Comparative Example 

2-2-25b 25 C c c C C Comparative Example 

2-2-26b 26 C c c C C Comparative Example 

2-2-27b 27 C c c C C Comparative Example 

2-2~28b 28 C c c C C Comparative Example 

2-2-29b 29 C c c C C Comparative Example 

2-2-30b 30 C c c C C Comparative Example 

2-2-3 lb 31 C c c C C Comparative Example 

44 



[0110] 

[Table 22] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Suiface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-3-1b 1 A A A B C Comparative Example 

2~3~2b 2 A A B C C Comparative Example 

2-3-3b 3 A A A A A Example 

2-3-4b 4 A A A B C Comparative Example 

2-3-5b 5 A A A B C Comparative Example 

2-3-6b 6 A A A B C Comparative Example 

2-3-7b 7 A A A B C Comparative Example 

2-3-8b 8 A A B C c Comparative Example 

2-3-9b 9 A A B C c Comparative Example 

2-3-iOb 10 A A B C c Comparative Example 

2-3-llb 11 A A A A A Example 

2-3-12b 12 A A A A A Example 

2-3-13b 13 A A A A A Example 

2-3-14b 14 A A A A A Example 

2-3-15b 15 A A A A A Example 

2-3-l6b 16 A A A A A Example 

2-3-17b 17 A A A A A Example 

2-3-lSb 18 A A A A A Example 

2-3-19b 19 A A B C c Comparative Example 

2-3-20b 20 A A B C c Comparative Example 

2-3-2 lb 21 A A B B c Comparative Example 

2-3-22b 22 A A B C c Comparative Example 

2-3-23b 23 A A B C C Comparative Example 

2~3-24b 24 A A B C C Comparative Example 

2-3-25b 25 A A B C C Comparative Example 

2-3-26b 26 A A B C C Comparative Example 

2-3-27b 27 A A A B C Comparative Example 

2-3~28b 28 A A A B C Comparative Example 

2-3-29b 29 A A A B C Comparative Example 

2-3-3 Ob 30 A A B C C Comparative Example 

2-3-3 lb 31 A A B C C Comparative Example 
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[0111] 

[Table 23] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-4-la 1 C C c c c Comparative Example 

2-4-2a 2 C C c c c Comparative Example 

2-4-3a 3 C C c c c Comparative Example 

2-4-4a 4 C C c c c Comparative Example 

2-4-5a 5 C c c c c Comparative Example 

2-4-6a 6 C c c c c Comparative Example 

2-4-7a 7 C c c c c Comparative Example 

2-4-8a 8 C c c c c Comparative Example 

2-4-9a 9 C c c c c Comparative Example 

2-4-10a 10 C c c c c Comparative Example 

2-4-1 la 11 C c c c c Comparative Example 

2-4-12a 12 C c c c c Comparative Example 

2-4-13a 13 C c c c c Comparative Example 

2-4-I4a 14 C c c c c Comparative Example 

2-4-15a 15 C c c c c Comparative Example 

2-4-16a 16 C c c c c Comparative Example 

2-4-17a 17 C c c c c Comparative Example 

2-4-18a 18 C c c c c Comparative Example 

2-4-19a 19 C c c c c Comparative Example 

2-4-20a 20 C c c c c Comparative Example 

2-4-2 la 21 C c c c c Comparative Example 

2-4-22a 22 C c c c c Comparative Example 

2-4-23a 23 C c c c c Comparative Example 

2-4-24a 24 C c c c c Comparative Example 

2-4-25a 25 C c c c c Comparative Example 

2-4-26a 26 C c c c c Comparative Example 

2-4-27a 27 C c c c c Comparative Example 

2-4-28a 28 C c c c c Comparative Example 

2-4-29a 29 C c c c c Comparative Example 

2~4-30a 30 c c c c c Comparative Example 

2-4-3 la 31 C c c c c Comparative Example 
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[0112] 

[Table 24] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-4-ib 1 C c C C C Comparative Example 

2-4-2b 2 C c C C C Comparative Example 

2-4-3b 3 A A A A A Example 

2-4-4b 4 C c C C C Comparative Example 

2~4-5b 5 C c C C C Comparative Example 

2-4-6b 6 C c C C C 

c 
Comparative Example 

2-4-7b 7 C c C C 

C 

c Comparative Example 

2-4-8b 8 C c C C c Comparative Example 

2-4-9b 9 C c C C c Comparative Example 

2-4-10b 10 C c C C c Comparative Example 

2-4-1 lb 11 A A A A A Example 

2-4-12b 12 A A A A A Example 

2-4-13b 13 A A A A A Example 

2-4-14b 14 A A A A A Example 

2-4-15b 15 A A A A A Example 

2-4-16b 16 A A A A A Example 

2-4-17b 17 A A A A A Example 

2-4-18b 18 A A A A A Example 

2-4-!9b 19 C c C C ' c Comparative Example 

2-4~20b 20 C C C C C Comparative Example 

2-4-2 lb 21 C C C C C Comparative Example 

2-4-22b 22 C C C C C Comparative Example 

2-4-23b 23 C C C C c Comparative Example 

2-4-24b 24 c C C C c Comparative Example 

2~4~25b 25 c C C C c Comparative Example 

2-4-26b 26 c C C C c Comparative Example 

2-4-27b 27 c C C C c Comparative Example 

2-4-28b 28 c C C C c Comparative Example 

2-4-29b 29 c C C C c Comparative Example 

2-4-30b 30 c C C C c Comparative Example 

2-4-3 lb 31 c C C C c Comparative Example 
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[0113] 

[Table 25] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-4-lc i C c c C c Comparative Example 

2-4-2c 2 C c c C c Comparative Example 

2-4-3c 3 A A A A A Example 

2-4-4c 4 C C c C c Comparative Example 

2-4-5c 5 C c c C c Comparative Example 

2-4-6c 6 C c c C c Comparative Example 

2-4-7c 7 C c c C C Comparative Example 

2-4-8c 8 C c c C C Comparative Example 

2,4-9c 9 C c c C C Comparative Example 

2-4-10c 10 C c c C C Comparative Example 

2-4-1 lc 11 A A A A A Example 

2-4-12c 12 A A A A A Example 

2-4-Oc 13 A A A A A Example 

2-4-14c 14 A A A A A Example 

2-4-15c 15 A A A A A Example 

2-4-16C 16 A A A A A Example 

2-4-17C 17 A A A A A Example 

2-4-18c 38 A A A A A Example 

2-4-19c 19 C c c C C Comparative Example 

2-4-20c 20 C C c C C Comparative Example 

2-4-2 lc 21 c C c C C Comparative Example 

2-4-22c 22 c C C C C Comparative Example 

2-4-23c 23 c C C C C Comparative Example 

2-4-24c 24 c C C c C Comparative Example 

2-4-25c 25 c c C c C Comparative Example 

2-4-26c 26 c c C c C Comparative Example 

2-4-27c 27 c c C c C Comparative Example 

2-4-28c 28 c c C c c Comparative Example 

24-29c 29 c c C c c Comparative Example 

2-4-30C 30 c c C c c Comparative Example 

2-4-3lc 31 c c C c c Comparative Example 
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[0114] 

[Table 26] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface teraperature of plated steel sheet 

immedialeiy before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-4-ld 1 C c C C C Comparative Example 

2-4-2d 2 C c C C C Comparative Example 

2-4-3d 3 A A A A A Example 

2-4-4d 4 C C C C C Comparative Example 

2-4-5d 5 C C C C C Comparative Example 

24-6d 6 C C C C C Comparative Example 

2-4-7d 7 C C C C C Comparative Example 

2-4-8d 8 C C C C C Comparative Example 

2-4-9d 9 C C C C C Comparative Example 

2-4-10d 10 C C C C C Comparative Example 

24-11 d 11 A A A A A Example 

24-12d 12 A A A A A Example 

24-13d 13 A A A A A Example 

2444d 14 A A A A A Example 

2445d 15 A A A A A Example 

24-16d 16 A A A A A Example 

2447d 17 A A A A A Example 

24-18d 18 A A A A A Example 

2-4-19d 19 C C C C C Comparative Example 

24-20d 20 C C C C C Comparative Example 

2-4-2 Id 21 c C C C C Comparative Example 

2-4-22d 22 c C C C C Comparative Example 

24-23d 23 c C C C C Comparative Example 

2-4-24d 24 c C C C C Comparative Example 

2-4-25d 25 c C C C C Comparative Example 

24-26d 26 c C C C C Comparative Example 

24-27d 27 c C C C C Comparative Example 

2-4-28d 28 c C C C C Comparative Example 

2-4-29d 29 c C C C C Comparative Example 

2-4-30d 30 c C C C C Comparative Example 

24-3 Id 31 c c C C C Comparative Example 
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[0115] 

[Table 27] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

24-ie I C C c C C Comparative Example 

2-4-2e 2 C C c C C Comparative Example 

2-4-3e 3 A A A A A Example 

2-4-4e 4 C C c C C Comparative Example 

2-4-5e 5 C C c C C Comparative Example 

2-4-6e 6 C C c C C Comparative Example 

2-4-7e 7 C C c C C Comparative Example 

2-4-8e 8 C C c C C Comparative Example 

2~4-9e 9 C C c C C Comparative Example 

2-4-lOe 10 C C c C C Comparative Example 

2-4-11e 11 A A A A A Example 

2-4-12e 12 A A A A A Example 

2-4-13e 13 A A A A A Example 

2-4-14e 14 A A A A A Example 

2-4-15e 15 A A A A A Example 

2-4-16e 16 A A A A A Example 

2-4-17e 17 A A A A A Example 

244 8e 18 A A A A A Example 

2449e 19 C C C C C Comparative Example 

2-4-20e 20 C C C C C Comparative Example 

2-4-2le 21 C C C C C Comparative Example 

2-4-22e 22 C C C C C Comparative Example 

24-23e 23 C C C C C Comparative Example 

24-24e 24 C C C C C Comparative Example 

2-4-25e 25 C C C C C Comparative Example 

24-26e 26 C C C C C Comparative Example 

24-27e 27 C C C c C Comparative Example 

24-28e 28 c C C c C Comparative Example 

2-4-29e 29 c c C c C Comparative Example 

2-4-30e 30 c c c c C Comparative Example 

2-4-3le 31 c c c c C Comparative Example 
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[0116] 

[Table 28] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-5-Ib A A B C C Comparative Example 

2-5-2b 2 A B C C C Comparative Example 

2-5~3b 3 A A A A A Example 

2-5-4b 4 A A B C C Comparative Example 

2-5-5b 5 A A B C C Comparative Example 

2-5-6b 6 A A B C C Comparative Example 

2-5-7b 7 A A B C C Comparative Example 

2-5-8b 8 A B C C C Comparative Example 

2-5-9b 9 A B C C C Comparative Example 

2-5-10b 10 A B C C C Comparative Example 

2-5-llb 11 A A A A A Example 

2-5-12b 12 A A A A A Example 

2-5-13b 13 A A A A A Example 

2-5-14b 14 A A A A A Example 

2-5-15b 15 A A A A A Example 

2-5-16b 16 A A A A A Example 

2-5-17b 17 A A A A A Example 

2-5-18b 18 A A A A A Example 

2-5-19b 19 A B C C C Comparative Example 

2-5-20b 20 A B C C C Comparative Example 

2-5-21b 21 A B B C C Comparative Example 

2-5-22b 22 A B C C C Comparative Example 

2-5-23b 23 A B C C C Comparative Example 

2-5-24b 24 A B C C C Comparative Example 

2-5-25b 25 A B C C C Comparative Example 

2-5-26b 26 A B C C C Comparative Example 

2-5-27b 27 A A B C C Comparative Example 

2-5-28b 28 A A B C C Comparative Example 

2-5-29b 29 A A B C C Comparative Example 

2-5-30b 30 A B C C C Comparative Example 

2-5-3 lb 31 A B C c C Comparative Example 
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[0117] 

[Table 29] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface tempei'ature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-6-lb 1 C c C C c Comparative Example 

2-6-2b 2 C c C C c Comparative Example 

2-6-3b 3 A A A A A Example 

2-6-4b 4 C c C C C Comparative Example 

2-6-5b 5 C C C C C Comparative Example 

2-6-6b 6 C C C C C Comparative Example 

2-6-7b 7 C C C C C Comparative Example 

2-6-8b 8 C C C C C Comparative Example 

2-6-9b 9 C C C C C Comparative Example 

2-6-10b 10 C c C C C Comparative Example 

2-6-llb 11 A A A A A Example 

2-6-12b 12 A A A A A Example 

2-6-13b 13 A A A A A Example 

2-6-14b 14 A A A A A Example 

2-6-15b 15 A A A A A Example 

2-6-16b 16 A A A A A Example 

2-6-17b 17 A A A A A Example 

2-6-lSb 18 A A A A A Example 

2-6-19b 19 C c C C C Comparative Example 

2-6-20b 20 C C C C C Comparative Example 

2-6-2 lb 21 c C C c C Comparative Example 

2-6-22b 22 c C C c C Comparative Example 

2-6-23b 23 c C C c C Comparative Example 

2-6-24b 24 c C C c C Comparative Example 

2-6-25b 25 c C C c C Comparative Example 

2-6-26b 26 c C C c C Comparative Example 

2-6-27b 27 c C C c C Comparative Example 

2-6-28b 28 c C C c C Comparative Example 

2-6-29b 29 c C C c C Comparative Example 

2-6-30b 30 c C C c c Comparative Example 

2-6-3 lb 31 c C C c c Comparative Example 
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[0118] 

[Table 30] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Suiface temperature of plated steel sheet 
immediately before cooling in water 

quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-7-1 a 1 A A B C C Comparative Example 

2-7-2a 2 A A B C C Comparative Example 

2-7-3a 3 A A B C c Comparative Example 

2-7-4a 4 A A B C c Comparative Example 

2-7-5a 5 A A B C c Comparative Example 

2~7~6a 6 A A B C c Comparative Example 

2-7-7a 7 A A B C c Comparative Example 

2-7-8a S A A B C c Comparative Example 

2-7-9a 9 A A B C c Comparative Example 

2-7-10a 10 A A B C c Comparative Example 

2-7-lia 11 A A B C c Comparative Example 

2-7-12a 12 A A B C c Comparative Example 

2-7-13a 13 A A B C c Comparative Example 

2-7-14a 14 A A B C c Comparative Example 

2-7-15a 15 A A B C c Comparative Example 

2-7-16a 16 A A B C c Comparative Example 

2-7-17a 17 A A B C c Comparative Example 

2-7-18a 18 A A B C c Comparative Example 

2-7-19a 19 A A B C c Comparative Example 

2-7-20a 20 A A B c c Comparative Example 

2-7-2 la 21 A A B c c Comparative Example 

2-7-22a 22 A A B c c Comparative Example 

2-7-23a 23 A A B c c Comparative Example 

2-7-24a 24 A A B c c Comparative Example 

2-7-25a 25 A A B c c Comparative Example 

2-7-26a 26 A A B c c Comparative Example 

2-7-27a 27 A A B c c Comparative Example 

2-7-28a 28 A A B c c Comparative Example 

2-7-29a 29 A A B c c Comparative Example 

2-7-30a 30 A A B c c Comparative Example 

2-7-3 la 31 A A B c c Comparative Example 
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[0119] 

[Table 31] 

Test piece No. 

Cooling aqueous 

solution 

Surface temperature of plated steei sheet 

immediately before cooling in water 
quenching zone (°C) Remark 

No. 
100 120 160 200 250 

2-7-lb 1 A A A B C Comparative Example 

2-7-2b 2 r___ A B C C Comparative Example 

2-7-3b 3 A A A A A Example 

2-7-4b 4 A A A B C Comparative Example 

2-7-5b 5 A A A B C Comparative Example 

2~7-6b 6 A A A B C Comparative Example 

2-1-lb 7 A A A B C Comparative Example 

2-7-8b 8 A A B C C Comparative Example 

2-7-9b 9 A A B C C Comparative Example 

2-7-10b 10 A A B C C Comparative Example 

2-7-13b 11 A A A A A Example 

2-7-12b 12 A A A A A Example 

2-7-13b 33 A A A A A Example 

2-7-14b 14 A A A A A Example 

2-7-15b 15 A A A A A Example 

2-7-16b 36 A A A A A Example 

2-7-17b 17 A A A A A Example 

2-7-18b 18 A A A A A Example 

2-7-I9b . 19 A A B C C Comparative Example 

2-7-20b 20 A A B C C Comparative Example 

2-7-2 lb 21 A A B B c Comparative Example 

2-7-22b 22 A A B C c Comparative Example 

2-7-23b 23 A A B C c Comparative Example 

2-7-24b 24 A A B C c Comparative Example 

2-7-25b 25 A A B C c Comparative Example 

2~7~26b 26 A A B C c Comparative Example 

2-7-2 7b 27 A A A B c Comparative Example 

2-7-28b 28 A A A B c Comparative Example 

2-7-29b1 29 A A A B c Comparative Example 

2~7-30b 30 A A B C c Comparative Example 

2-7-3 lb 31 A A B C c Comparative Example 
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[0120] 

[Table 32] 

Test piece No. 
Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-8-lb 1 C C C c c Comparative Example 

2-8-2b 2 C C C c c Comparative Example 

2-8-3b 3 A A A A A Example 

2-8-4b 4 C C C C C Comparative Example 

2-8-5b 5 C C C C C Comparative Example 

2-8-6b 6 C C C C C Comparative Example 

2-S-7b 7 C C C C C Comparative Example 

2-8-8b 8 C C C C C Comparative Example 

2-8-9b 9 C C C C C Comparative Example 

2-8-10b 10 C C C C C Comparative Example 

2-8-1 lb 11 A A A A A Example 

2-8-12b 12 A A A A A Example 

2-8-13b 13 A A A A A Example 

2-8-14b 14 A A A A A Example 

2-8-I5b 15 A A A A A Example 

2-8-16b 16 A A A A A Example 

2-8-17b 17 A A A A A Example 

2-8-18b 18 A A A A A Example 

2-8-19b 19 C C C C C Comparative Example 

2-8-20b 20 C C C C C Comparative Example 

2-8-2lb 21 C C c C c Comparative Example 

2-8-22b 22 C C c C c Comparative Example 

2-8-23b 23 C C c C c Comparative Example 

2-8-24b 24 C C c C c Comparative Example 

2-8-25b 25 C C c C c Comparative Example 

2-8-26b 26 C C c C c Comparative Example 

2-8~27b 27 C C c C c Comparative Example 

2-8-28b 28 C C c C c Comparative Example 

2-8-29b 29 C C c C c Comparative Example 

2-8-30b 30 C C c C c Comparative Example 

2-8-3 lb 31 C C c c c Comparative Example 
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[0121] As shown in Tables 20, 21, 24 to 27, 29 and 32, test pieces having plating layers 

containing Al and Mg within predetermined concentration ranges and not containing Si had 

good blackening resistance independently of the temperature of the steel sheet immediately 

before cooling in water quenching zone 360 when an aqueous solution containing a 

5 polyatomic ion including V5+, Si4+, or Cr6+ in a concentration, in terms of atom, of 0.01 g/L 

or more was used for the cooling. 

[0122] On the other hand, as shown in Table 23, even in a test piece having a plating 

layer containing Al and Mg within predetermined concentration, ranges and not containing 

Si, even when a cooling aqueous solution containing a polyatomic ion including V5+, Si4+, 

10 or Cr6+ was used for the cooling, the blackening resistance was poor when the 

concentration, in terms of atom, of the polyatomic ion was 0.001 g/L. 

[0123] As shown in Tables 22, 28, 30, and 31, test pieces having plating layers containing 

Al and Mg within predetermined concentration ranges and containing Si had good 

blackening resistance independently of the temperature of the steel sheet immediately 

15 before cooling in water quenching zone 360 when an aqueous solution containing a 

polyatomic ion including V5+, Si4+, or Cr6* in a concentration, in terms of atom, of 0.01 g/L 

or more was used for the cooling. In this case, when the cooling aqueous solution 

contained none of V3+, Si4+, and Cr6^, the blackening resistance was not improved. 

[0124] As described above, the brightness degradation accelerating process was 

20 performed under the conditions No. 1 in Experiment 2. In this case, when the 

concentrations of Al and Mg in a plating layer fell in predetermined concentration ranges 

and the plating layer contained Si, the blackening resistance was good independently of the 

temperature of the steel sheet immediately before cooling in water quenching zone 360. 

On the other hand, in Experiment 3, the brightness degradation accelerating process was 

25 performed under the conditions No. 2 severer than the conditions No. 1. It was revealed, 

by Experiment 3, that even when a plating layer contains Si, the blackening cannot be 
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suppressed independently of the temperature of a steel sheet immediately before cooling in 

water quenching zone 360 unless the cooling is performed by using a cooling aqueous 

solution containing a polyatomic ion including V5+, Si4+, or Cr6+ in a concentration, in 

terms of atom, of 0.01 g/L or more. In other words, according to the method for 

5 producing a hot-dip Zn alloy-plated steel sheet of the present invention, the blackening can 

be suppressed independently of the presence of Si in a plating layer and independently of 

the temperature of a steel sheet immediately before cooling in water quenching zone 360 

when the concentrations of Al and Mg in the plating layer fall in predetermined 

concentration ranges, and a cooling aqueous solution containing a polyatomic ion including 

10 V5+, Si44, or Cr6! in a concentration, in terms of atom, of 0.01 g/L or more is used for the 

cooling. 

[0125] (Experiment 4) 

In Experiment 4, seven different hot-dip Zn alloy-plated steel sheets with plating 

layers having different compositions were produced by plating a base steel sheet using 

15 plating bath compositions (Nos. 1 to 7) and plating conditions shown in Table 1. In the 

production of each of the hot-dip Zn alloy-plated steel sheets, any one of the cooling 

aqueous solutions containing a polyatomic ion including V5+, Si44, or Cr6+ shown in Table 

4 was used for the cooling in water quenching zone 360. Furthermore, each test piece 

was subjected to a chemical conversion treatment performed under chemical conversion 

20 conditions A, B, or C described below. Subsequently, blackening resistance attained 

when the brightness degradation accelerating process was performed under the conditions 

No. 2 of Table 2 in the same manner as in Experiment 3 was examined, so as to evaluate a 

blackening degree. 

[0126] In the chemical conversion conditions A, Zinchrom 3387N (with a chromium 

25 concentration of 10 g/L, Nihon Parkerizing Co., Ltd.) was used as a chemical conversion 

treatment liquid. The chemical conversion treatment liquid was applied by a spray 
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2 ringer-rol] method to attain a coating amount of chromium of 10 mg/m . 

[0127] In the chemical conversion conditions B, an aqueous solution of 50 g/L of 

magnesium phosphate, 10 g/L of potassium titanium fluoride, and 3 g/L of an organic acid 

was used as a chemical conversion treatment liquid. The chemical conversion treatment 

5 liquid was applied by a roll coating method to attain a coating amount of metal components 

of 50 mg/m2. 

[0128] In the chemical conversion conditions C, an aqueous solution of 20 g/L of a 

urethane resin, 3 g/L of ammonium dihydrogen phosphate, and 1 g/L of vanadium 

pentoxide was used as a chemical conversion treatment liquid. The chemical conversion 

10 treatment liquid was applied by the roll coating method to attain a dried film thickness of 2 

|im. 

[0129] With respect to each of the plated steel sheets, the relationships among the kind of 

cooling aqueous solution used, the temperature of the steel sheet (the surface of the plating 

layer) immediately before cooling in water quenching zone 360 and the evaluation result 

15 for blackening degree are shown in Table 33. It is noted that "Test Piece No." shown in 

Table 33 is defined in accordance with the following rule so that the experiment contents 

can be easily understood: Each test piece No. is determined as "(the plating No.; see 

Table 1) - (the cooling aqueous solution No. and the sign for the concentration of a 

polyatomic ion; see Tables 4 and 5)." 
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[0130] 

[Table 33] 

Chemical Surface temperature of plated steel sheet immediately 

Test No. 
Test piece 

conversion before cooling in water quenching zone (°C) 
No. 

conditions 100 120 160 200 250 Remark 

A A A A A A Example 

1 2-3b B A A A A A Example 

C A A A A A Example 

A C C C C C Comparative Example 

2 l-12a B c C C C C Comparative Example 

C c c C C c Comparative Example 

A A A A A A Example 

3 6-17b B A A A A A Example 

C A A A A A. Example 

A A A A A A Example 

4 4-16e B A A A A A Example 

C A A A A A Example 

A A A A A A Example 

5 4-llb B A A A A A Example 

C A A A A A Example 

A A A B C c Comparative Example 

6 7-18a B A A B C c Comparative Example 

C A A B c c Comparative Example 

A A A A A A Example 

7 3-3b B A A A A A Example 

C A A A A A Example 

A c C C c c Comparative Example 

8 l-24b B C C C c c Comparative Example 

C C C C c c Comparative Example 

A A B C c c Comparative Example 

9 5-3 lb B A B C c c Comparative Example 

C A B C C c Comparative Example 

[0131] As shown as Test Nos. 1 to 5 in Table 33, even when a test piece having a plating 

layer containing Al and Mg and not containing Si was subjected to the chemical conversion 
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treatment under any of the conditions, the blackening resistance was good when an 

aqueous solution containing a polyatomic ion in a concentration, in terms of atom, of 0.01 

g/L or more was used for the cooling. 

[0132] Furthermore, as shown as Test Nos. 6 and 7, even when a test piece having a 

5 plating layer containing Al and Mg and also containing Si was subjected to the chemical 

conversion treatment under any of the conditions, the blackening resistance was good when 

an aqueous solution containing a polyatomic ion in a concentration, in terms of atom, of 

0.01 g/L or more was used for the cooling. 

[0133] By contrast, as shown as Test No. 8, even when a test piece having a plating layer 

10 containing Al and Mg and not containing Si was subjected to the chemical conversion 

treatment under any of the conditions, the blackening could not be suppressed when a 

cooling aqueous solution containing none of V3*, Si4', and Cr6+ was used. 

[0134] As shown as Test No. 9, even when a test piece having a plating layer containing 

Al and Mg within predetermined concentration ranges and also containing Si was subjected 

15 to the chemical conversion treatment under any of the conditions, the blackening could not 

be suppressed when a cooling aqueous solution containing none of V5+, Si4"5", and Cr6+ was 

used. 

[0135] As described so far, a hot-dip Zn alloy-plated steel sheet obtained by the 

production method of the present invention shows good, blackening resistance 

20 independently of the type of chemical conversion treatment. 

[0136] (Experiment 5) 

In Experiment 5, two different hot-dip Zn alloy-plated steel sheets with plating 

layers having different compositions were produced by forming a plating layer on a 

hot-rolled steel sheet with a thickness of 2.3 mm used as a base steel sheet (steel strip S) 

25 using plating bath compositions (No. 9 or 10) and plating conditions shown in Table 34. 

In the production of the hot-dip Zn alloy-plated steel sheets, the same cooling method as 
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that employed in Experiment 1 (see paragraph 0068) or Experiment 2 (see paragraph 0079) 

was employed. Subsequently, the blackening resistance attained when the brightness 

degradation accelerating process was performed under the conditions No. 1 and No. 2 of 

Table 2 was examined in the same manner as in Experiment 1, so as to evaluate a 

5 blackening degree. An [Al/Zn/Zn2Mg ternary eutectic structure] was found, through 

observation of a cross section of the plating layer, in both the hot-dip Zn alloy-plated steel 

sheets. 

[0137] 

[Table 34 

Plating 

No. 

Plating bath composition (with balance of Zn) 

(% by mass) 
Plating conditions 

Plating 

No. 
Al Mg Si Ti B 

Bath 

temperature 

CC) 

Coating 

amount 

(g/ra2) 

Passing 

speed 

(m/min) 

9 6.0 3.0 - 0.008 - 430 90 80 

10 11.0 3.0 0.200 0.080 - 450 90 80 

10 [0138] First, the evaluation results for blackening degrees of the hot-dip Zn alloy-plated 

steel sheets produced using the same cooling conditions as in Experiment 1 are shown in 

Table 35. 
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[0139] 

Table 35] 

Test 

piece No. 

Plating 

No. 

Brightness 

degradation 

accelerating 

conditions No. 

Surface temperature of piated steel sheet immedialeiy before 

cooling in water quenching zone (°C) 
Remark 

Test 

piece No. 

Plating 

No. 

Brightness 

degradation 

accelerating 

conditions No. 
100 120 160 200 250 

Remark 

A-9 9 1 A B C C C 
Comparative 

Example 

A-10 10 1 A A A A A 
Comparative 

Example 

B-9 9 2 C C C C C 
Comparative 

Example 

B-10 10 2 A A B C C 
Comparative 

Example 

[0140] As shown in Table 35, a test piece having a plating layer not containing Si (Test 

piece No. A-9) was blackened when subjected to the brightness degradation accelerating 

5 process under the conditions No. 1 unless the surface temperature of the steel sheet 

immediately before cooling in water quenching zone 360 was lowered to 100°C. A test 

piece subjected to the brightness degradation accelerating process under the conditions No. 

2 (Test piece No. B-9) was blackened even when the surface temperature of the steel sheet 

was lowered to 100°C. 

10 [0141 ] On the other hand, a test piece having a plating layer containing Si (Test piece No. 

A-10) was not blackened and showed good blackening resistance even when the surface 

temperature of the steel sheet immediately before cooling in water quenching zone 360 was 

250°C when the brightness degradation accelerating process was performed under the 

conditions No. 1. A test piece subjected to the brightness degradation accelerating 

1.5 process under the conditions No. 2 (Test piece No. B-10), however, was blackened unless 

the surface temperature of the steel sheet immediately before cooling in water quenching 

zone 360 was lowered to 120°C. 
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[0142] (Experiment 6) 

Next, the two different hot-dip Zn alloy-plates steel sheets produced in Experiment 5 

were cooled under the same conditions as in Experiment 2 and subjected to the brightness 

degradation accelerating process under the conditions No. 1, and the blackening resistance 

5 attained in this case was examined and evaluated in the same manner as in Experiment 1. 

[0143] A correspondence between the plating No. of an evaluated hot-dip Zn alloy-plated 

steel sheet and the concentration of an additive in a used cooling aqueous solution is shown 

in Table 36. The results are shown in tables listed in Table 36. 

[0144] 

10 [Table 36] 

Plating No. 
Concentration of polyatomic ion (in terms of atom; g/L) 

Plating No. 
0.001 0.01 0.1 i.O 10 

9 Table 37 Table 38 - - -

10 - Table 39 - - -

[0145] With respect to each of the plated steel sheets, the relationships among the kind of 

cooling aqueous solution used, the temperature of the steel sheet (plating layer surface) 

immediately before cooling in water quenching zone 360 and the evaluation result for 

blackening degree are shown in Tables 37 to 39. 
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[0146] 

[Table 37] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature of plated steel sheet 

immediately before cooling in water quenching 
zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

1-9-la 1 A B C c c Comparative Example 

l-9-2a 2 A B C c c Comparative Example 

1-9-3 a 3 A B c c c Comparative Example 

l-9-4a 4 A B C c c Comparative Example 

l-9-5a 5 A B c c c Comparative Example 

l-9-6a 6 A B C c c Comparative Example 

l-9-7a 7 A B C c c Comparative Example 

1-9-Sa 8 A B C c c Comparative Example 

l-9-9a 9 A B c c c Comparative Example 

l-9-10a 10 A B C c c Comparative Example 

1-9-lla 11 A B C c c Comparative Example 

1-9-12a 12 A B C c c Comparative Example 

1-9-13a 13 A B C c c Comparative Example 

]-9-14a 14 A B C c c Comparative Example 

l-9-15a 15 A B C c c Comparative Example 

l-9-16a 16 A B C c c Comparative Example 

l-9-17a 17 A B C c c Comparative Example 

l-9-18a 18 A B C c c Comparative Example 

1-9-19a 39 A B c c c Comparative Example 

l-9-20a 20 A B c c c Comparative Example 

1-9-2 la 21 A B c c c Comparative Example 

l-9-22a 22 A B c c c Comparative Example 

l-9-23a 23 A B c c c Comparative Example 

1-9-24a 24 A B c c c Comparative Example 

l-9-25a 25 A B c c c Comparative Example 

i-9-26a 26 A B c c c Comparative Example 

l-9-27a 27 A B c c c Comparative Example 

l-9-28a 28 A B c c c Comparative Example 

l-9-29a 29 A B c c c Comparative Example 

I-9-30a 30 A B c c c Comparative Example 

l-9-31a 31 A B c c c Comparative Example 
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[0147] 

[Table 38] 

Surface temperature of plated steel sheet 

Test piece No. 
Cooling aqueous 

solution No. 

immediately before cooling 
zone (°C) 

n water quenching 
Remark 

100 120 160 200 250 

j -9- ] b 1 A A B C C Comparative Example 

l-9-2b 2 A B C C C j Comparative Example 

]-9-3b 3 A A A A A Example 

l-9-4b 4 A A B C C Comparative Example 

l-9-5b 5 A A B C C Comparative Example 

I-9-6b 6 A A B C C Comparative Example 

l-9-7b 7 A A B C C Comparative Example 

l-9-8b 8 A B C C C Comparative Example 

I-9-9b 9 A B C C C Comparative Example 

1-9-10b 10 A B c C C Comparative Example 

1-9-1 lb 11 A A A A A Example 

l-9-12b 12 A A A A A Example 

1-9-13b 13 A A A A A Example 

l-9-14b 14 A A A A A Example 

I-9-15b 15 A A A A A Example 

I-9-16b 16 A A A A A Example 

1-9-37b 17 A A A A A Example 

l-9-18b 18 A A A A A Example 

l-9-19b 19 A B C C C Comparative Example 

l-9-20b 20 A B C C C Comparative Example 

1-9-2 lb 21 A A B C C Comparative Example 

l-9-22b 22 A B C C C Comparative Example 

l-9-23b 23 A B C C C Comparative Example 

l-9-24b 24 A B C C C Comparative Example 

l-9-25b 25 A B C C C Comparative Example 

l-9-26b 26 A B C C c Comparative Example 

l-9-27b 27 A A B C c Comparative Example 

l-9-28b 28 A A B C c Comparative Example 

l-9-29b 29 A A B C c Comparative Example 

l-9-30b 30 A B C C c Comparative Example 

1-9-3 lb 31 A B C C c Comparative Example 
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[0148] 

[Table 39] 

Surface temperature of plated steel sheet 

Test piece No. 
Cooling aqueous immediately before cooling in water 

Remark Test piece No. 
solution No. quenching zone (°C) Remark 

100 120 160 200 250 

1-IO-lb 1 A A A A A Comparative Example 

!-10-2b 2 A A A A A Comparative Example 

l-10-3b 3 A A A A A Example 

l-!0-4b 4 A A A A A Comparative Example 

1-I0-5b 5 A A A A A Comparative Example 

l-10-6b 6 A A A A A Comparative Example 

]-10-7b 7 A A A A A Comparative Example 

1-10-Sb 8 A A A A A Comparative Example 

1-10-9b 9 A A A A A Comparative Example 

l-10-10b 10 A A A A A Comparative Example 

1-10-Ub 11 A A A A A Example 

i-10-12b 12 A A A A A Example 

1-10-13b 13 A A A A A Example 

l-10-14b 14 A A A A A Example 

1-10-15b 15 A A A A A Example 

1-10-16b 16 A A A A A Example 

l-10-17b 17 A A A A A Example 

1-10-18b 18 A A A A A Example 

l-10-19b 19 A A A A A Comparative Example 

l-10-20b 20 A A A A A Comparative Example 

l-10-21b 21 A A A A A Comparative Example 

l-10-22b 22 A A A A A Comparative Example 

l-10-23b 23 A A A A A Comparative Example 

l-10-24b 24 A A A A A Comparative Example 

l-10-25b 25 A A A A A Comparative Example 

l-10-26b 26 A A A A A Comparative Example 

l-10-27b 27 A A A A A Comparative Example 

l-10-28b 28 A A A A A Comparative Example 

1-10-2% 29 A A A A A Comparative Example 

l-10-30b 30 A A A A A Comparative Example 

l-10-31b 31 A A A A A Comparative Example 
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[0149] As shown in Table 37, in a test piece cooled by using a cooling aqueous solution 

containing a polyatomic ion including V34", Si4+, or Cr6+ in a concentration, in terms of 

atom, of 0.001 g/L, the blackening could not be suppressed. 

[0150] As shown in Table 38, when a cooling aqueous solution containing a polyatomic 

5 ion including V5+, Si4+, or Cr6r in a concentration, in terms of atom, of 0.01 g/L was used 

for the cooling, good blackening resistance was attained independently of the surface 

temperature of the plated steel sheet immediately before cooling in water quenching zone 

360. 

[0151] On the other hand, as shown, in Table 39, when a test piece having a plating layer 

10 containing Al and Mg within predetermined concentration ranges and also containing Si 

was cooled by using a cooling aqueous solution containing a polyatomic ion including V5+, 

Si4H~, or Cr6+ in a concentration, in terms of atom, of 0.01 g/L, good blackening resistance 

was attained independently of the surface temperature of the plated steel sheet immediately 

before cooling in water quenching zone 360. 

15 [0152] (Experiment 7) 

Next, the two different hot-dip Zn alloy-plated steel sheets were produced in the 

same manner as in Experiment 6, and the blackening resistance attained when the 

brightness degradation accelerating process was performed under the conditions No. 2 in 

the same manner as in Experiment 3 was examined and evaluated in the same manner as in 

20 Experiment 1. 

[0153] A correspondence between the plating No. of an evaluated hot-dip Zn alloy-plated 

steel sheet and the concentration of an additive in a used cooling aqueous solution is shown 

in Table 40. The results are shown in tables listed in Table 40. 
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[0154] 

[Table 40] 

Plating No. 
Concentration of polyatomic ion (in terms of atom ; g/L) 

Plating No. 
0.001 0.01 0.1 1.0 10 

9 Table 41 Table 42 - - -

10 Table 43 Table 44 - - -
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[0155] 

[Table 41] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature ofplated steel sheet 
immediately before cooling in water 

quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-9-la 1 C c c c c Comparative Example 

2-9-2a 2 C c c c c Comparative Example 

2~9~3a 3 C c c c c Comparative Example 

2-9-4a 4 C c c c c Comparative Example 

2-9-5a 5 C c c c c Comparative Example 

2-9-6a 6 C c c c c Comparative Example 

2-9-7a 7 C c c c c Comparative Example 

2-9-8a 8 C c c c c Comparative Example 

2-9-9a 9 C c c c c Comparative Example 

2-9-lOa 10 C c c c c Comparative Example 

2-9-1 la 11 C c c c c Comparative Example 

2-9-12a 12 C c c c c Comparative Example 

2-9-13a 13 C c c c c Comparative Example 

2-9-14a 14 C c c c c Comparative Example 

2-9-15a 15 C c c c c Comparative Example 

2-9-16a 16 C c c c c Comparative Example 

2-9-17a 17 C c c c c Comparative Example 

2-9-18a 18 C c c c c Comparative Example 

2-9-19a 19 C c c c c Comparative Example 

2-9-20a 20 C c c c c Comparative Example 

2-9-21a 21 C c c c c Comparative Example 

2-9-22a 22 c c c c c Comparative Example 

2-9-23a 23 c c c c c Comparative Example 

2-9-24a 24 c c c c c Comparative Example 

2-9-25a 25 c c c c c Comparative Example 

2-9-26a 26 c c c c c Comparative Example 

2-9-27a 27 c c c c c Comparative Example 

2~9~28a 28 c c c c c Comparative Example 

2-9-29a 29 c c c c c Comparative Example 

2-9-30a 30 c c c c c Comparative Example 

2-9-31a 31 c c c c c Comparative Example 
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[0156] 

[Table 42] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature ofplated steel sheet 

immediately before cooling in water 
quenching zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-9-lb C c C c C Comparative Example 

2-9-2b 2 C c c C C Comparative Example 

2-9-3b 3 A A A A A Example 

2-94b 4 C c C C C Comparative Example 

2-9-5b 5 C c C C C Comparative Example 

2-9-6b 6 C c C C C Comparative Example 

2-9-7b 7 C c C C C Comparative Example 

2-9-8b 8 C c C C C Comparative Example 

2-9-9b 9 C c C C C Comparative Example 

2-9-10b 10 C C c C C Comparative Example 

2-9-1 lb 11 A A A A A Example 

2-9-12b 12 A A A A A Example 

2-9-13b 13 A A A A A Example 

ro
 

4*
. 

cr
 

14 A A A A A Example 

2-9-15b 15 A A A A A Example 

2-9-16h 16 A A A A A Example 

2-9-17b 17 A A A A A Example 

2-9-18b 18 A A A A A Example 

2-9-19b 19 C C c C C Comparative Example 

2-9-20b 20 C C c C C Comparative Example 

2-9-21b 21 C C c C C Comparative Example 

2-9-22b 22 C C c C C Comparative Example 

2-9-23b 23 C C c C C Comparative Example 

2-9-24b 24 C C c C C Comparative Example 

2-9-25b 25 C C c C C Comparative Example 

2-9-26b 26 C C c C C Comparative Example 

2-9-27b 27 C C c C C Comparative Example 

2-9-28b 28 C C c C C Comparative Example 

2-9-29b 29 C C c C C Comparative Example 

2-9-30b 30 C C c C C Comparative Example 

2-9-3 lb 31 c C c C C Comparative Example 

70 



rni j \J i ^ / j 

[Table 43] 

Test piece No. 

Cooling aqueous 

solution 

No. 

Surface temperature ofplated steel sheet 
immediately before cooling in water quenching 

zone (°C) Remark Test piece No. 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-10-la A A B C c Comparative Example 

2-i0-2a 2 j A A B C c Comparative Example 

2-10-3a 3 A A B C c Comparative Example 

2-10-4a 4 A A B C c Comparative Example 

2-10-5a 5 A A B C c Comparative Example 

2-10-6a 6 A A B C c Comparative Example 

2-10-7a 7 A A B C c Comparative Example 

2-10-8a 8 A A B C c Comparative Example 

2-10-9a 9 A A B C c Comparative Example 

2-10-10a 10 A A B C c Comparative Example 

2-10-1 la il A A B C c Comparative Example 

2-10-12a 12 A A B C c Comparative Example 

2-10-13a 13 A A B C c Comparative Example 

2-10-14a 14 A A B c c Comparative Example 

2-10-15a 15 A A B c c Comparative Example 

2-10-16a 16 A A B c c Comparative Example 

2-10-l7a 17 A A B c c Comparative Example 

2-I0-18a 18 A A B c c Comparative Example 

2-10-19a 19 A A B c c Comparative Example 

2-10-20a 20 A A B c c Comparative Example 

2-10-21a 21 A A B c c Comparative Example 

2-10-22a 22 A A B c c Comparative Example 

2-10-23a 23 A A B c c Comparative Example 

2-10-24a 24 A A B c c Comparative Example 

2-10-25a 25 A A B c c Comparative Example 

2-10-26a 26 A A B c c Comparative Example 

2-10-27a 27 A A B c c Comparative Example 

2-10-28a 28 A A B c c Comparative Example 

2-10-29a 29 A A B c c Comparative Example 

2-10-30a 30 A A B c c Comparative Example 

2-10-31a 31 A A B c c Comparative Example 
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[0158] 

[Table 44] 

Test piece No, 

Cooling aqueous 

solution 

No. 

Surface temperature ofplated steel sheet 

immediately before cooling in water quenching 
zone (°C) Remark Test piece No, 

Cooling aqueous 

solution 

No. 
100 120 160 200 250 

Remark 

2-10-lb A A A B C Comparative Example 

2-!0-2b 2 A A B C C Comparative Example 

2-10-3b 3 A A A A A Example 

2-10-4b 4 A A A B C Comparative Example 

2-10-5b 5 A A A B C Comparative Example 

2-10-6b 6 A A A B C Comparative Example 

2-10-7b 7 A A A B C Comparative Example 

2~10~8b 8 A A B C C Comparative Example 

2-10-9b 9 A A B C C Comparative Example 

2-10-10b 10 A A B C C Comparative Example 

2-10-llb 11 A A A A A Example 

2-10-12b 12 A A A A A Example 

2-10-13b 13 A A A A A Example 

2-10-14b 14 A A A A A Example 

2-10-15b 15 A A A A A Example 

2-10-16b 16 A A A A A Example 

2-10-17b 17 A A A A A Example 

2-10-1Sb 18 A A A A A Example 

2-10-19b 19 A A B C C Comparative Example 

2-10-20b 20 A A B C C Comparative Example 

2-10-21b 21 A A B B C Comparative Example 

2-10-22b 22 A A B C C Comparative Example 

2-10-23b 23 A A B C C Comparative Example 

2-10-24b 24 A A B c C Comparative Example 

2-10-25b 25 A A B c C Comparative Example 

2-10-26b 26 A A B c C Comparative Example 

2-10-27b 27 A A A B C Comparative Example 

2-10-28b 28 A A A B c Comparative Example 

2-10-29b 29 A A A B c Comparative Example 

2-10-30b 30 A A B c c Comparative Example 

2-10-31b 31 A A B c c Comparative Example 
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[0)59] As shown in Tables 41 and 43, even when a plating layer contained Al and Mg 

within predetermined concentration ranges and the cooling was performed by using a 

cooling aqueous solution containing a polyatomic ion including V5+, Si4+, or Cr6*, the 

blackening resistance could not be improved when the concentration of the polyatomic ion, 

5 in terms of atom, was 0.001 g/L. 

[0160] As shown in Table 42, in a test piece having a plating layer containing Al and Mg 

within predetermined concentration ranges and also containing Ti, the blackening 

resistance was good independently of the surface temperature of the plated steel sheet 

immediately before cooling in water quenching zone 360 as long as a cooling aqueous 

10 solution containing a polyatomic ion including V5*, Si4+, or Cr6+ in a concentration, in 

terms of atom, of 0.01 g/L was used for the cooling. 

[0161] As shown in Table 44, in a test piece having a plating layer containing Al and Mg 

within predetermined concentration ranges and also containing Si and Ti, the blackening 

resistance was good independently of the surface temperature of the plated steel sheet 

15 immediately before cooling in water quenching zone 360 as long as a cooling aqueous 

solution containing a polyatomic ion including V5+, Si4+, or Cr6+ in a concentration, in 

terms of atom, of 0.01 g/L was used for the cooling. In Tables 42 and 44, the blackening 

resistance was not improved in test pieces cooled by using a cooling aqueous solution 

containing none of V5+, Si4+, and Cr6+. 

20 

Industrial Applicability 

[0162] A hot-dip Zn alloy-plated steel sheet obtained by the production method of the 

present invention is excellent in blackening resistance, and hence is useful as a plated steel 

sheet for roofing materials or facade cladding materials, home electrical appliances, 

25 automobiles, for example. 

[0163] The present application is based upon and claims the benefit of priority of the 
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prior Japanese Patent Application No. 2012-258582, filed on November 27, 2012, and 

Japanese Patent Application No. 2013-019275, filed on February 4, 2013, the entire 

contents of which are incorporated herein by reference. 

5 Reference Signs List 

[0164] 

100, 200 cooling apparatus 

110 spray nozzle 

120, 230 squeeze roller 

10 130 housing 

210 immersion tank 

220 immersion roll 

300 production line 

310 furnace 

15 320 plating bath 

330 wiping nozzle 

340 air jet cooler 

350 mist cooling zone 

360 water quenching zone 

20 370 skin pass mill 

380 tension leveler 

390 tension reel 

400 roll coater 

410 drying zone 

25 420 air cooling zone 

S steel strip 
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CLAIMS 

Claim 1 A method for producing a hot-dip Zn alloy-plated steel sheet comprising: 

forming a hot-dip Zn alloy plating layer on a surface of a base steel sheet by 

immersing the base steel sheet in a hot-dip Zn alloy plating bath containing Al and Mg; and 

5 contacting an aqueous solution containing a polyatomic ion including V5" with a 

surface of the hot-dip Zn alloy plating layer, to thereby cool the substrate steel sheet and 

the hot-dip Zn alloy plating layer whose temperatures have been increased through 

formation of the hot-dip Zn alloy plating layer 

wherein the aqueous solution contains the polyatomic ion in a concentration of 0.01 

10 g/L or more in terms of atom of V, and 

a surface temperature of the hot-dip Zn alloy plating layer when the aqueous 

solution is contacted with the surface of the hot-dip Zn alloy plating layer is 100 °C or 

above and equal to or less than a solidifying point of the plated layer. 

15 Claim 2 A method for producing a hot-dip Zn alloy-plated steel sheet comprising: 

forming a hot-dip Zn alloy plating layer on a surface of a base steel sheet by 

immersing the base steel sheet in a hot-dip Zn alloy plating bath containing Al and Mg; and 

contacting an aqueous solution with a surface of the hot-dip Zn alloy plating layer, 

the aqueous solution containing one of or two or more of polyatomic ions selected from the 

20 group consisting of a polyatomic ion including Si4+ and a polyatomic ion including Cr6+, to 

thereby cool the substrate steel sheet and the hot-dip Zn alloy plating layer whose 

temperatures have been increased through formation of the hot-dip Zn alloy plating layer, 

removing all the aqueous solution coating the surface of the hot-dip Zn alloy plating 
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layer, with a squeeze roller, 

wherein the aqueous solution contains the polyatomic ion in a concentration of 0.01 

g/L or more in terms of one of or two or more of atoms selected from the group consisting 

of Si and Cr, and, 

a surface temperature of the hot-dip Zn alloy plating layer when the aqueous 

solution is contacted with the surface of the hot-dip Zn alloy plating layer is 100 °C or 

above and equal to or less than a solidifying point of the plated layer. 

Claim 3 The method for producing a hot-dip Zn alloy-plated steel sheet according to 

claim 1 or 2, wherein the hot-dip Zn alloy plating layer contains 1.0 to 22.0% by mass of 

Al, 0.1 to 10.0% by mass of Mg with the balance of Zn and unavoidable impurities. 

Claim 4 The method for producing a hot-dip Zn alloy-plated steel sheet according to 

claim 3, wherein the hot-dip Zn alloy plating layer further contains 0.001 to 2.0% by mass 

of Si. 

Claim 5 The method for producing a hot-dip Zn alloy-plated steel sheet according to 
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claim 3 or 4, wherein the hot-dip Zn alloy plating layer further contains 0.001 to 0.1 /o by 

mass of Ti. 

Claim 6 The method for producing a hot-dip Zn alloy-plated steel sheet according to 

5 any one of claims 3 to 5, wherein the hot-dip Zn alloy plating layer further contains 0.001 

to 0.045% by mass of B. 
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ABSTRACT 

A hot-dip Zn alloy plating layer is formed on a surface of a base steel sheet by 

immersing the base steel sheet in a hot-dip Zn alloy plating bath containing Al and Mg. 

An aqueous solution containing one of or two or more of polyatomic ions selected from the 

5 group consisting of a polyatomic ion including V5+, a polyatomic ion including Si4+, and a 

polyatomic ion including Cr6+ is then contacted with a surface of the hot-dip Zn alloy 

plating layer. The aqueous solution contains the polyatomic ion in a concentration of 0.01 

g/L or more in terms of one of or two or more of atoms selected from the group consisting 

of V, Si, and Cr. 
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