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(57) ABSTRACT 
The present invention relates to a high-strength plated steel 
sheet having a plated layer on a surface of a base steel sheet, 
contains predetermined steel compositions, and includes, in 
order from a base steel sheet side of an interface between the 
base steel sheet and the plated layer: a soft layer having a 
Vickers hardness of 90% or less of a Vickers hardness of a t/4 
portion of the base steel sheet, where t is a thickness of the 
base steel sheet, and a hard layer having a structure containing 
martensite and bainite as main components. The Soft layer has 
an average depth D of 20 um or more, an internal oxide layer 
has an average depth d of 4 um or more and less than D. 
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HIGH-STRENGTH PLATED STEEL SHEET 
HAVING SUPERIOR PLATING PROPERTIES, 
WORKABILITY. AND DELAYED FRACTURE 

RESISTANCE, AND METHOD FOR 
PRODUCING SAME 

TECHNICAL FIELD 

0001. The present invention relates to a high-strength 
plated steel sheet having a tensile strength of 980 MPa or 
more and excellent in plating properties, workability includ 
ing both bending workability and hole expandability, and 
delayed fracture resistance, and to a method for producing the 
high-strength plated steel sheet. The plated steel sheets 
according to the present invention include a hot-dip galva 
nized steel sheet and an alloyed hot-dip galvanized Steel 
sheet. 

BACKGROUND ART 

0002. A hot-dip galvanized steel sheet and an alloyed hot 
dip galvanized steel sheet, which are generally used for vari 
ous fields including automobiles and aircrafts, are required of 
having high strength and being excellent in workability 
including bending workability and hole expandability 
(stretch flange formability), and delayed fracture resistance. 
These sheets are also required of being excellent in shock 
absorption. 
0003) To obtain high strength and excellent workability, it 

is effective to add a large amount of a strengthening element 
such as Si or Mn to steel. However, Si and Mn are easily 
oxidized, and a Sioxide or a Mn oxide, for example, formed 
in a surface significantly degrades wettability of hot-dip gal 
Vanizing, leading to problems such as unplating. 
0004 To solve such problems, a various techniques have 
been proposed for enhancing workability and other properties 
of a plated Steel sheet containing a large amount of Si or Mn. 
0005 Patent Document 1, for example, discloses a hot-dip 
galvanized steel sheet having a tensile strength or 590 MPa or 
more and excellent in bendability and corrosion resistance of 
a processed portion. Specifically, in Patent Document 1, a 
decarburization layer is grown much faster than an internal 
oxide layer to Suppress occurrence of flex crack and damage 
of a plated coating due to formation of the internal oxide layer 
grown on a steel sheet side of an interface between the steel 
sheet and the plated layer. Patent Document 1 also discloses a 
near-surface structure controlled to have a reduced thickness 
of the internal oxide layer in a ferrite region formed by decar 
burization. 

0006 Patent Document 2 discloses a hot-dip galvanized 
steel sheet having a tensile strength of 770 MPa or more and 
excellent in fatigue durability, hydrogen embrittlement resis 
tance (equivalent to delayed fracture resistance), and bend 
ability. More specifically, in Patent Document 2, a steel sheet 
portion has a structure including a soft layer that directly 
adjoins an interface with a plated layer and a soft layer having 
a structure in which a ferrite structure has a maximum area 
ratio. Patent Document 2 also discloses a hot-dip galvanized 
steel sheet in which a thickness D of the soft layer and a depth 
d of an oxide present in a surface layer of the steel sheet and 
including at least one of Sior Mn from a plate/ferrite interface 
satisfy a relationship of d/4sDs.2d. 
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SUMMARY OF THE INVENTION 

Technical Problem 

0009. As described above, various techniques have been 
proposed to enhance workability and other properties of 
plated Steel sheets including large amounts of Si and Mn. 
However, further techniques are demanded for providing all 
the various properties required for Such plated Steel sheets, 
i.e., a high strength of 980 MPa or more, excellent plating 
properties, excellent workability including bending work 
ability and hole expandability, high delayed fracture resis 
tance, and excellent shock absorption. 
0010. The present invention has been made in view of the 
foregoing problems, and has an object of providing a hot-dip 
galvanized steel sheet and an alloyed hot-dip galvanized steel 
sheet each having a tensile strength of 980 MPa or more, 
excellent in plating properties, workability including bending 
workability and hole expandability, delayed fracture resis 
tance, and shock absorption, and a method for producing 
these plated steel sheets. 

Means for Solving the Problems 
0011. A high-strength plated steel sheet having a tensile 
strength of 980 MPa or more according to the present inven 
tion that has solved the problems described above is a plated 
steel sheet having a hot-dip galvanized layer or an alloyed 
hot-dip galvanized layer on a surface of a base steel sheet, and 
has features in which (1) the base steel sheet contains, by mass 
%, C: 0.05 to 0.25%, Si: 0.5 to 2.5%, Mn: 2.0 to 4%, P: greater 
than 0% and less than or equal to 0.1%, S: greater than 0% and 
less than or equal to 0.05%, Al: 0.01 to 0.1%, and N: greater 
than 0% and less than or equal to 0.01%, a balance of the base 
steel sheet consisting of an iron and inevitable impurities, (2) 
the base steel sheet includes, in order from a base steel sheet 
side of an interface between the base steel sheet and the plated 
layer, an internal oxide layer including at least an oxide 
selected from the group consisting of Si and Mn, a Soft layer 
including the internal oxide layer and having a Vickers hard 
ness of 90% or less of a Vickers hardness of a t/4 portion of the 
base steel sheet, where t is a thickness of the base steel sheet, 
and a hard layer having a structure containing martensite and 
bainite as main components, the soft layer has an average 
depth D of 20 um or more, the internal oxide layer has an 
average depth d of 4 um or more and less than D. 
0012. In a preferred embodiment of the present invention, 
the base steel sheet further contains, by mass %, at least a 
material selected from the group consisting of Cr: greater 
than 0% and less than or equal to 1%. Mo: greater than 0% and 
less than or equal to 1%, and B: greater than 0% and less than 
or equal to 0.01%. 
0013. In a preferred embodiment of the present invention, 
the base steel sheet further contains, by mass %, at least a 
material selected from the group consisting of Ti: greater than 
0% and less than or equal to 0.2%, Nb: greater than 0% and 
less than or equal to 0.2%, and V: greater than 0% and less 
than or equal to 0.2%. 
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0014. In a preferred embodiment of the present invention, 
the base steel sheet further contains, by mass %, at least a 
material selected from the group consisting of Cu: less than or 
equal to 1%, and Ni: less than or equal to 1%. 
0015. In a preferred embodiment of the present invention, 
the average depth d of the internal oxide layer and the average 
depth D of the soft layer satisfy a relationship of D2d. 
0016 A production method according to the present 
invention that can solve the problems described above is a 
method for producing one of the high-strength plated Steel 
sheets described above, and has a feature in including: a hot 
rolling step of coiling a steel sheet to be hot rolled satisfying 
the steel compositions described above in the base steel sheet 
at 600° C. or more; a step of pickling and cold rolling the steel 
sheet to cause a remaining internal oxide layer to have an 
average depth d of 4 um or more; a step of oxidizing the steel 
sheet at an air-fuel ratio of 0.9 to 1.4 in an oxidizing Zone; and 
a step of soaking the steel sheet in a range from point Ac to 
point Act-100°C. in a reducing Zone, wherein these steps are 
performed in this order. 
0017. A production method according to the present 
invention that has solved the problems described above is a 
method for producing one of the high-strength plated Steel 
sheets described above, and has a feature in including: a hot 
rolling step of coiling a steel sheet to be hot rolled satisfying 
the steel compositions described above in the base steel sheet 
at 500° C. or more; a step of keeping a temperature of the steel 
sheet at 500° C. or more for 80 minutes or longer; a step of 
pickling and cold rolling the steel sheet to cause a remaining 
internal oxide layer to have an average depth d of 4 um or 
more; a step of oxidizing the steel sheet at an air-fuel ratio of 
0.9 to 1.4 in an oxidizing Zone; and a step of soaking the steel 
sheet in a range from point Ac to point Ac-100° C. in a 
reducing Zone, wherein these steps are performed in this 
order. 

Advantages of the Invention 

0018. The plated steel sheet according to the present 
invention includes, from the base steel sheet side of the inter 
face between the plated layer and the base steel sheet: an 
internal oxide layer containing at least an oxide selected from 
the group consisting of Si and Mn; a soft layer including a 
region of the internal oxide layer, and a hard layer other than 
the soft layer and containing martensite and bainite as main 
components. In particular, the internal oxide layer is con 
trolled to have a large average depth d of 4 um or more and is 
used as a hydrogen trap site. Thus, a high-strength plated Steel 
sheet having a tensile strength of 980 MPa or more, capable of 
effectively suppressing hydrogen embrittlement, and excel 
lent in workability such as bending workability and hole 
expandability, and delayed fracture resistance. Preferably, a 
relationship between the average depth d of the internal oxide 
layer and the average depth D of the soft layer including the 
internal oxide layer is appropriately controlled. Thus, espe 
cially bending workability and delayed fracture resistance 
can be further reduced. 

BRIEF DESCRIPTION OF DRAWINGS 

0019 FIG. 1 schematically illustrates a layer structure of a 
plated Steel sheet according to the present invention formed 
onabase steel sheet side of an interface between a plated layer 
and a base steel sheet. 
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0020 FIG. 2 is a graph showing measurement of an aver 
age depth d of an internal oxide layer in the plated Steel sheet 
of the present invention. 
0021 FIG.3 illustrates locations of measurement of Vick 
ers hardnesses used for determining an average depth D of a 
soft layer. 

DESCRIPTION OF EMBODIMENTS 

0022. To provide a high-strength plated steel sheet having 
a high strength of 980 MPa or more and excellent in plating 
properties, workability, delayed fracture resistance, and 
shock absorption in a base steel sheet containing large 
amounts of Si and Mn, inventors of the present invention has 
investigated a layer structure, especially a structure on a base 
steel sheet side of an interface between a plated layer and a 
base steel sheet. Consequently, as illustrated in a schematic 
view of FIG.1 described later, desired objects can be achieved 
because the internal oxide layer is allowed to function as a 
hydrogen trap site and hydrogen embrittlement can be effec 
tively suppressed by (I) forming a layer structure on the base 
steel sheet side of the interface between the plated layer and 
the base steel sheet in such a manner that the layer structure 
includes a soft layer including an internal oxide layer con 
taining at least an oxide selected from the group consisting of 
Si and Mn and a hard layer other than the soft layer and 
containing martensite and bainite as main components and 
(II) controlling an average depth d of the internal oxide layer 
to 4 um or more. (III) Preferably, a relationship between the 
average depth d of the internal oxide layer and an average 
depth D of a soft layer including a region of the internal oxide 
layer is appropriately controlled. Then, especially bending 
workability and delayed fracture resistance can be further 
enhanced. Thus, the present invention has been completed. 
0023 Definition of a plated steel sheet herein includes 
both a hot-dip galvanized steel sheet and an alloyed hot-dip 
galvanized steel sheet. A base steel sheet herein refers to a 
steel sheet before a hot-dip galvanized layer or an alloyed 
hot-dip galvanized layer are formed, and is distinguished 
from the plated steel sheet. 
0024 High strength herein refers to a tensile strength of 
980 MPa or more. 

(0025. The term “excellent in workability” herein refers to 
excellent in both bending workability and hole expandability. 
Properties satisfying acceptable standards of examples 
described later when being measured by methods described 
in the examples will be referred to as properties “that are 
excellent in workability.” 
0026. As described above, a plated steel sheet according to 
the present invention includes a hot-dip galvanized layer oran 
alloyed hot-dip galvanized layer (which will be sometimes 
represented by a plated layer) in a Surface of a base steel sheet. 
The present invention is characterized by including the fol 
lowing layer structures (A) to (C) disposed in this order on the 
base steel sheet side of the interface between the base steel 
sheet and the plated layer. 
0027 (A) Internal oxide layer: a layer including at least an 
oxide selected from the group consisting of Si and Mn. An 
internal oxide layer 3 has an average depth d of 4 um or 
more and less than an average depth D of a soft layer 
described in (B). 

0028 (B) Soft layer: a soft layer including the internal 
oxide layer and having a Vickers hardness of 90% or less of 
a Vickers hardness of a t/4 portion of the base steel sheet, 
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where t is a thickness of the base steel sheet. The soft layer 
has an average depth D of 20 um or more. 

0029 (C) Hard layer: a hard layer has a structure contain 
ing martensite and bainite as main components. The term 
“main components' herein means that a total area ratio of 
bainite and martensite is 80 area 96 or more and an area 
ratio of ferrite is greater than or equal to 0 area % and less 
than or equal to 5 area 96 when measuring fractions of the 
structure in a method described in the examples later. 

0030 Referring now to FIG. 1, the layer structures (A) to 
(C), which are features of the present invention, will be spe 
cifically described in order. As illustrated in FIG. 1, as layer 
structures of a base steel sheet 2 of a plated steel sheet accord 
ing to the present invention, a soft layer 4 described in (B) and 
a hard layer 5 described in (C), located in an inner portion 6 of 
the base steel sheet 2, and closer to the inside of the base steel 
sheet 2 than the soft layer 4 are disposed in this order in the 
base steel sheet 2 from an interface between the plated layer 
1 and the base steel sheet 2. Here, the soft layer 4 described in 
(B) includes an internal oxide layer 3 described in (A). The 
hard layer 5 only needs to be present in the inner portion 6. 
and the form of the inner portion 6 is not specifically limited 
as long as requirements for the hard layer 5 described later are 
satisfied. Thus, the soft layer 4 and the hard layer 5 may be 
continuous or discontinuous. 
0031 (A) Internal Oxide Layer 
0032 First, the internal oxide layer 3 having an average 
depth d of 4 um or more is formed in a portion directly in 
contact with the interface between the plated layer 1 and the 
base steel sheet 2. The average depth herein refers to an 
average depth from the interface, and a specific method for 
measuring the depth will be described in the examples 
described later with reference to FIG. 2. 

0033. The internal oxide layer 3 includes an oxide con 
taining at least one of Si and Mn and a depletion layer of Si 
and Minaround which small amounts of a Si solid solution and 
a Mn solid solution are present because of formation of an 
oxide by Si and/or Mn. 
0034. A principal feature of the present invention is in 
controlling the average depth d of the internal oxide layer 3 to 
4 um or more. With this feature, the internal oxide layer can be 
used as a hydrogen trap site so that hydrogen embrittlement 
can be suppressed and bending workability, hole expandabil 
ity, and delayed fracture resistance can be enhanced. 
0035. In a base steel sheet including a large amount of 
easily oxidizable elements, such as Si and Mn, as that accord 
ing to the present invention, a composite oxide film of Si and 
Mn is easily formed in a surface of the base steel sheet in 
annealing (an oxidation and reduction step in a continuous 
galvanizing line described later), and degrades plating prop 
erties. In a known method for preventing the degradation, the 
surface of the base steel sheet is oxidized in an oxidation 
atmosphere to form an Fe oxide film, and then annealing 
(reduction annealing) is performed in an atmosphere contain 
ing hydrogen. In another known method, formation of an 
oxide film in a surface of a base steel sheet containing easily 
oxidizable elements is prevented by controlling a furnace 
atmosphere to fix the easily oxidizable elements as an oxide in 
the surface layer of the base steel sheet and, thereby, reducing 
the amount of easily oxidizable elements forming a solid 
solution in the surface layer of the base steel sheet. 
0036 Results of investigation by the inventors, however, 
shows that in an oxidation reduction method generally 
employed for plating a base steel sheet including large 
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amounts of Si and Mn, the use of at least an oxide selected 
from the group consisting of Si and Mn is effective for 
improving degradation of bendability and hole expandability 
due to hydrogen embrittlement caused by entering of hydro 
gen into the base steel sheet in an hydrogen atmosphere in 
reduction. Specifically, the use of the oxide is effective as a 
hydrogen trap site that can prevent hydrogen from entering 
the inside of the base steel sheet in reduction and can improve 
bendability, hole expandability, and delayed fracture resis 
tance. To effectively obtain this advantage, it is necessary to 
increase the average depth d of the internal oxide layer con 
taining the oxide to 4 um or more. 
0037. In the present invention, the maximum average 
depth d of the internal oxide layer is at least less than the 
average depth D of the soft layer described in (B) described 
later. The maximum d is preferably less than or equal to 30 
um. To increase the thickness of the internal oxide layer, the 
internal oxide layer needs to be held at high temperatures for 
a long time after hot rolling and coiling, and the above 
described preferable range is determined under constraints of 
productivity and facilities. The thickness t is more preferably 
less than or equal to 18 um, and much more preferably less 
than or equal to 16 Jum. The depth d is preferably greater than 
or equal to 6 um and more preferably greater than or equal to 
8 um. 
0038. In the present invention, the average depth d of the 
internal oxide layer is preferably controlled to satisfy D-2d in 
a relationship with the average depth D of the soft layer 
described in (B). In this manner, bending workability and 
delayed fracture resistance, especially bending workability, 
can be further enhanced. On the other hand, Patent Document 
2 described above discloses a hot-dip galvanized steel sheet 
satisfying d/4sDs.2d for a depth d in which the oxide is 
present and a thickness D of a soft layer, Substantially corre 
sponding to the average depth d of the internal oxide layer and 
the average depth D of the soft layer of the present invention. 
The relationship satisfied in Patent Document 2 is totally 
different in direction of control from the relationship (D2d) 
defined in the present invention. Patent Document 2 basically 
describes that the range of the depth d in which the oxide is 
present with the above-described relationship d/4sDs2d 
being satisfied, and does not have any basic concept of con 
trolling the average depth d of the internal oxide layer to 4 um 
or more, unlike the present invention. Of course, Patent Docu 
ment 2 fails to describe advantages of the present invention, 
i.e., an effective function as a hydrogen trap site and enhance 
ment of bending workability, hole expandability, and delayed 
fracture resistance. 

0039. In the present invention, to control the average depth 
dof the internal oxide layer to 4 um or more, the average depth 
of the internal oxide layer in the cold-rolled steel sheet before 
being threaded in the continuous galvanizing line needs to be 
controlled to 4 um or more. This will be more specifically 
described in the section of a producing method. Specifically, 
as described in the examples later, the internal oxide layer 
after pickling and cold rolling is taken over to an final internal 
oxide layer in a plated steel sheet finally obtained after plating 
line threading. 
0040 (B) Soft Layer 
0041. In the present invention, as illustrated in FIG. 1, the 
Soft layer 4 is a layer including a region of the internal oxide 
layer 3 described in (A), and has a Vickers hardness of 90% or 
less of a Vickers hardness of a t/4 portion of the base steel 
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sheet 2. A specific method for measuring the Vickers hardness 
will be described in the examples later. 
0042. The soft layer has a soft structure having a Vickers 
hardness lower than that of the hard layer described in (C) 
described later, and has excellent deformability, and thus, 
especially provides an enhanced bending workability. That is, 
in a bending process, cracks occur from a Surface layer por 
tion of the base steel sheet, and a predetermined soft layer 
formed in a surface of the base steel sheet as described in the 
present invention can especially enhance bending workabil 
ity. In addition, the formation of the soft layer can prevent the 
oxide in (A) from serving as an origin of cracks in the bending 
process, and only advantages as the hydrogen trap site 
described above can be obtained. As a result, delayed fracture 
resistance as well as bending workability can be further 
enhanced. 

0043. To effectively obtain advantages by formation of 
such a soft layer, the average depth D of the soft layer is 20 um 
or more. The thickness T is preferably greater than or equal to 
22 um, and more preferably 24 um or more. On the other 
hand, an excessively large average depth D of the soft layer 
will reduce the strength of the plated steel sheet itself. Thus, 
the maximum average depth D is preferably less than or equal 
to 100 um. The depth D is more preferably less than or equal 
to 60 lum. 
0044) (C) Hard Layer 
0045. In the present invention, as illustrated in FIG. 1, the 
hard layer is formed on the side of the soft layer 4 described 
in (B) facing the inner side of the base steel sheet 2 and has a 
structure containing martensite and bainite as main compo 
nents. Martensite in the hard layer 5 may be tempered. The 
term “main components' herein means that a total area ratio 
of bainite and martensite is 80 area 96 or more and an area 
ratio offerrite is greater than or equal to 0 area 96 and less than 
or equal to 5 area % with respect to the total structure when 
measuring fractions of the structure with a method described 
in the examples described later. The total area ratio of bainite 
and martensite in the hard layer is preferably as high as 
possible, and is preferably greater than or equal to 93 area 96. 
On the other hand, the area ratio offerrite is preferably as low 
as possible, is preferably less than or equal to 5 area 96, more 
preferably less than or equal to 3 area 96, and most preferably 
O area 96. 

0046. In addition to the above-described structure, the 
hard layer may further contain possible elements inevitably 
contained in fabrication, Such as residual Y and pearlite, 
within a range not impairing advantages of the present inven 
tion. The amount of these elements is less than or equal to 15 
area 96 at most, and is preferably as Small as possible. The 
elements are indicated as “Others' in Table 2 below. 

0047. The formation of the hard layer enhances bending 
workability and hole expandability. Specifically, flex cracks 
and cracks caused by hole expansion are generally due to 
stress concentrated at an interface between a soft phase Such 
as ferrite and a hard phase such as martensite and bainite. 
Thus, to suppress occurrence of the cracks, it is necessary to 
reduce a difference inhardness between the soft phase and the 
hard phase. In view of this, according to the present invention, 
the content of soft ferrite in the structure of the base steel sheet 
is reduced to 5 area % or less at most so that the hard layer 
contains bainite and martensite as main components. Since 
the content of ferrite in the hard layer is reduced, a yield ratio 
(YR) increases and, thus, shock absorption is enhanced. 
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0048. The hard layer according to the present invention 
only needs to contain bainite and martensite as main compo 
nents, and the contents of bainite and martensite are not 
specifically limited. This is because the advantages described 
above obtained by forming the hard layer can be achieved as 
long as the above-described requirements are satisfied in the 
present invention. Thus, the hard layer can satisfy all the 
relationships: bainited-martensite: bainite-martensite; and 
bainite<martensite as long as the above-described require 
ments are satisfied. The scope of the present invention 
includes both a case where the hard layer is made of bainite 
only and does not contain martensite and an opposite case 
where the hard layer is made of martensite only and does not 
contain bainite. In view of the foregoing, in the examples 
below, bainite and martensite are not distinguished from each 
other in observation, and only a total area of bainite and 
martensite is measured. Results of the measurement are 
shown in Table 3. 
0049. The layer structure formed on the base steel sheet 
side of the interface between the plated layer and the base 
steel sheet has been described as a principal feature of the 
present invention. 
0050 Steel compositions employed in the present inven 
tion will now be described. 
0051. The plated steel sheet of the present invention 
includes C: 0.05 to 0.25%, Si: 0.5 to 2.5%, Mn: 2.0 to 4%, P: 
greater than 0% and less than or equal to 0.1%, S: greater than 
0% and less than or equal to 0.05%, Al: 0.01 to 0.1%, and N: 
greater than 0% andless than or equal to 0.01%, and a balance 
consists of an iron and inevitable impurities. 
0.052 C: 0.05 to 0.25% 
0053 C is an element that enhances quenching and is 
important for strengthening Steel because of an effect of hard 
ening by martensite. To effectively obtain such an effect, the 
lower limit of the C content is greater than or equal to 0.05%. 
The lower limit of the C content is preferably greater than or 
equal to 0.08%, and more preferably greater than or equal to 
0.10%. However, an addition of an excessively large amount 
of C will increases a difference in hardness between the soft 
phase and the hard phase to degrade workability and delayed 
fracture resistance. Thus, the upper limit of the C content is 
0.25%. The upper limit of the C content is preferably less than 
or equal to 0.2%, and more preferably less than or equal to 
O.18%. 
0054 Si: 0.5 to 2.5% 
0055 Si is an element that enhances strength of steel 
because of Solid solution strengthening and is also effective 
for workability. In addition, Si constitutes the internal oxide 
layer and suppresses hydrogen embrittlement. To effectively 
obtain such effects, the lower limit of the Si content is greater 
than or equal to 0.5%. The lower limit of the Si content is 
preferably greater than or equal to 0.75%, and more prefer 
ably greater than or equal to 1%. However, Si is a ferrite 
forming element, and an excessive addition of Si cannot 
Suppress generation of ferrite, increases a difference in hard 
ness between the Soft phase and the hard phase to degrade 
workability. In addition, plating properties are also degraded. 
Thus, the upper limit of the Sicontentis 2.5%. The upper limit 
of the Si content is preferably less than or equal to 2%, and 
more preferably less than or equal to 1.8%. 
0056 Mn: 2.0 to 4% 
0057 Mn is a quenching-enhancing element, reduces fer 
rite and bainite, and generates martensite, thereby contribut 
ing strengthening. To effectively obtain Such effects, the 
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lower limit of the Mn content is greater than or equal to 2.0%. 
The lower limit of the Mn content is preferably greater than or 
equal to 2.3%, and more preferably greater than or equal to 
2.5%. However, an excessive addition of Mn will degrade 
plating properties and cause serious segregation. In addition, 
particle boundary segregation of P might be promoted. In 
view of these, the upper limit of the Mn content is 4%. The 
upper limit of the Mn content is preferably less than or equal 
to 3.5%. 
0058 P: greater than 0% and less than or equal to 0.1% 
0059 P is a solid solution strengthening element and is 
effective for strengthening steel. To effectively obtain such an 
effect, the lower limit of the P content is greater than 0%. 
However, an excessive addition of P might degrade weldabil 
ity and toughness as well as workability. In view of this, the 
upper limit of the P content is less than or equal to 0.1%. The 
P content is preferably as low as possible, is preferably less 
than or equal to 0.03%, and more preferably less than or equal 
to OO15%. 
0060 S: greater than 0% and less than or equal to 0.05% 
0061 S is an inevitably contained element, and might 
form a Sulfide Such as MnS, serve as an origin of cracks, and 
degrade workability. In view of these, the upper limit of the S 
content is less than or equal to 0.05%. The S content is 
preferably as low as possible, is preferably less than or equal 
to 0.01%, and more preferably less than or equal to 0.008%. 
0062 Al: 0.01 to 0.1% 
0063 Al serves as a deoxidizer agent. Al is combined with 
N to form AlN, and size reduction of austenite particles 
enhances workability and delayed fracture resistance. To 
effectively obtain such advantages, the lower limit of the Al 
content is greater than or equal to 0.01%. The lower limit of 
the Al content is preferably greater than or equal to 0.02%, 
and more preferably greater than or equal to 0.03%. However, 
an excessive addition of Al will increase an inclusion Such as 
alumina to degrade workability, and also degrade toughness. 
In view of these, the upper limit of the Al content is 0.1%. The 
upper limit of the Al content is preferably less than or equal to 
0.08%, and more preferably less than or equal to 0.05%. 
0064 N: greater than 0% and less than or equal to 0.01% 
0065 N and inevitably contained element, and an exces 
sively high N content will degrade workability. In the case of 
adding B (boron) to steel, a BN deposit is generated so that 
quenching enhancement achieved by B is hindered. Thus, the 
N content is preferably as low as possible. In view of these, 
the upper limit of the N content is less than or equal to 0.01%. 
The upper limit of the N content is preferably less than or 
equal to 0.008%, and more preferably less than or equal to 
O.OO5%. 
0066. The plated steel sheet according to the present 
invention contains the compositions described above, and the 
balance consists of an iron and inevitable impurities. 
0067. In addition, according to the present invention, the 
steel sheet may contain the following optional elements: 
0068. At least one element selected from the group con 
sisting of Cr: greater than 0% and less than or equal to 1%. 
Mo: greeter than 0% and less than or equal to 1%, and B: 
greeter than 0% and less than or equal to 0.01%. 
0069. These elements are effective for strengthening the 
steel sheet. These elements may be added solely or two or 
more of these elements may be added in combination. 
0070 Specifically, Crenhances a quenching property, and 
contributes to strengthening. In addition, Cr Suppresses gen 
eration and growth of cementite, and contributes to enhance 
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ment of bending workability. To effectively obtain such 
advantages, the lower limit of the Cr content is preferably 
greater than or equal to 0.01%. However, an excessive addi 
tion of Cr will degrade plating properties. In addition, Cr 
carbide is excessively generated, resulting in degradation of 
workability. In view of this, the upper limit of the Cr content 
is preferably less than or equal to 1%. The upper limit of the 
Cr content is more preferably less than or equal to 0.7%, and 
much more preferably less than or equal to 0.4%. 
0071 Mo is effective for strengthening, and thus, the 
lower limit of the Mo content is greater than or equal to 
0.01%. However, an excessive addition of Mo will cause 
saturation of the advantages described above and leads to an 
increase in cost. Thus, the upper limit of the Mo content is less 
than or equal to 1%. The Mo content is more preferably less 
than or equal to 0.5%, and much more preferably less than or 
equal to 0.3%. 
0072. In a manner similar to Mn, B is an element effective 
for quenching, Suppresses generation of ferrite and bainite, 
and produces martensite, and contributes to strengthening. To 
effectively obtain such effects, the lower limit of the B content 
is preferably 0.0002%. The lower limit of the B content is 
more preferably greater than or equal to 0.0010%. However, 
an excessively high B content will degrade hot workability. In 
view of this, the upper limit of the B content is preferably less 
than or equal to 0.01%. The B content is more preferably less 
than or equal to 0.0070%, and much more preferably less than 
or equal to 0.0050%. 
0073. At least one element selected from the group con 
sisting of Ti: greater than 0% and less than or equal to 0.2%, 
Nb: greater than 0% and less than or equal to 0.2%, and V: 
greater than 0% and less than or equal to 0.2% 
0074 These elements are effective for enhancing work 
ability and delayed fracture resistance due to size reduction of 
the structure. These elements may be added solely or two or 
more of these elements may be added in combination. 
0075 To effectively obtain the advantages described 
above, the lower limit of each of Ti,Nb, and V is greater than 
or equal to 0.01%. However, excessively high contents of 
these elements will generate ferrite, and degrade workability. 
Thus, the upper limit of each element is preferably less than or 
equal to 0.2%. The content of each of these elements is more 
preferably less than or equal to 0.15%, and much more pref 
erably less than or equal to 0.10%. 
0076. At least one element selected from the group con 
sisting of Cu: greater than 0% and less than or equal to 1% and 
Ni: greater than 0% and less than or equal to 1% 
0077 Cu and Ni are elements effective for strengthening. 
These elements may be added solely or two or more of these 
elements may be added in combination. 
0078. To effectively obtain the advantages described 
above, the lower limit of each of Cu and Ni is preferably 
greater than or equal to 0.01%. However, excessively high 
contents of these elements will degrade hot workability. Thus, 
the upper limit of each of these elements is preferably 1% or 
less. The content of each of the elements is more preferably 
less than or equal to 0.8%, and much more preferably less 
than or equal to 0.5%. 
007.9 The steel compositions of the present invention have 
been described above. 
0080. Then, a method for producing a plated steel sheet 
according to the present invention will be described. The 
production method of the present invention includes a first 
process of performing pickling without keeping temperature 
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immediately after hot rolling and coiling and a second pro 
cess of performing pickling with keeping temperature after 
hot rolling and coiling. The lower limit of the temperature in 
hot rolling and coiling differs between the first process (with 
out temperature keeping) and the second process (with tem 
perature keeping) because of the presence of temperature 
keeping, but the other part of the processes are the same. This 
will be specifically described below. 
I0081 First Production Process (Without Temperature 
Keeping) 
0082. The first production process according to the present 
invention is generally classified into a hot rolling step, an 
pickling and cold rolling step, an oxidation step in a continu 
ous calvanizing line (CGL), a reduction step, and a plating 
step. The present invention has a feature in including, in this 
order, a hot rolling step of coiling a steel sheet satisfying the 
steel compositions described above at 600° C. or more to, 
thereby, obtain a hot-rolled steel sheet including an internal 
oxide layer, a step of pickling and cold rolling the steel sheet 
to cause the remaining internal oxide layer to have an average 
depth d of 4 um or more, a step of oxidizing the Steel sheet at 
an air-fuel ratio of 0.9 to 1.4 in an oxidizing Zone, and a step 
of soaking the steel sheet in a range from a point Ac to a point 
Ac-100° C. in a reducing Zone. 
0083 
0084 First, a hot-rolled steel sheet satisfying the steel 
compositions is prepared. The hot rolling may be performed 
according to an ordinary method, and the heating temperature 
is preferably about 1150 to 1300° C. to prevent coarsening of 
austenite particles, for example. The temperature of finish 
rolling is preferably controlled to about 850 to 950° C. 
0085. In the present invention, it is important to control a 
temperature of coiling after hot rolling to 600° C. or more. In 
this manner, an internal oxide layer can beformed in a Surface 
of the base steel sheet. If the coiling temperature is less than 
600°C., the internal oxide layer is not sufficiently formed. In 
addition, the strength of the hot-rolled steel sheet increases so 
that cold rollability decreases. The coiling temperature is 
preferably greater than or equal to 620°C., and more prefer 
ably greater than or equal to 640°C. However, an excessively 
high coiling temperature causes an excessive growth of a mill 
scale, which cannot be dissolved by pickling. Thus, the upper 
limit of the coiling temperature is preferably less than or equal 
to 750° C. 

0.086 Next, the thus-obtained hot-rolled steel sheet is sub 
jected to pickling and cold rolling in Such a manner that the 
remaining internal oxide layer has an average depth d of 4 um 
or more. It is already known to control the thickness of the 
internal oxide layer by controlling pickling conditions. Spe 
cifically, the temperature and time, for example, of pickling 
are appropriately controlled to obtain a desired thickness of 
the internal oxide layer depending on the type and concentra 
tion of a pickling solution to be used. 
0087. For example, as the pickling solution, mineral acid 
Such as hydrochloric acid, Sulfuric acid, and nitric acid may 
be used. 

0088 An internal oxide layer tends to be dissolved and 
become thin as the concentration and temperature of a pick 
ling Solution increase and a pickling time is prolonged. In 
contrast, as the concentration and temperature of a pickling 
Solution decrease and a pickling time is shortened, a mill scale 
layer is insufficiently removed by pickling. Thus, in the case 
ofusing hydrochloric acid, for example, it is recommended to 

The steps will be described in order. 
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control a concentration to about 3 to 20%, a temperature to 60 
to 90° C., and time to about 35 to 200 seconds. 
I0089. The number of pickling baths is not specifically 
limited, and a plurality of pickling baths may be used. To the 
pickling solution, a pickling inhibitor Such as amine, i.e., an 
inhibitor, or a pickling accelerating agent may be added, for 
example. 
0090. After the pickling, cold rolling is performed in such 
a manner that the remaining internal oxide layer has an aver 
age depth d of 4 um or more. The cold rolling conditions are 
preferably controlled in Such a manner that a cold rolling 
percentage is in the range from about 20 to 70%. 
0091. Then, oxidation and reduction are performed. 
0092 Specifically, first, oxidation is performed at an air 
fuel ratio of 0.9 to 1.4 in an oxidizing Zone. The air-fuel ratio 
refers to a flow rate ratio between a combustion gas and air. In 
examples described below, an CO gas is used. The oxidation 
is performed in an atmosphere in which the air-fuel ratio is in 
the range so that a Fe oxide film can beformed in a Surface and 
formation of a composite oxide film of Si and Mn, which is 
harmful to plating properties, can be reduced. In addition, 
decarburization also occurs so that a desired soft layer is 
formed and bending workability is enhanced. If the air-fuel 
ratio is less than 0.9, the Fe oxide film is insufficiently formed. 
Thus, the formation of the composite oxide film cannot be 
Suppressed sot that plating properties are degraded. In addi 
tion, decarburization insufficiently occurs and a sufficient soft 
layer is not formed. Consequently, bending workability is 
degraded. On the other hand, if the air-fuel ratio is as high as 
exceeding 1.4, an oxide film is excessively formed, and can 
not be sufficiently reduced in a next reduction furnace so that 
plating properties are hindered. Thus, the air-fuel ratio is 
preferably controlled to be greater than or equal to 1.0 andless 
than or equal to 1.2. 
0093. In the oxidizing Zone described above, it is espe 
cially important to control the air-fuel ratio, and other condi 
tions may be obtained by ordinary methods. For example, the 
lower limit of the oxidation temperature is preferably greater 
than or equal to 500° C., and more preferably greater than or 
equal to 750°C. The upper limit of the oxidation temperature 
is preferably less than or equal to 900° C., and more prefer 
ably less than or equal to 850° C. 
0094. Thereafter, the oxide film is reduced in a hydrogen 
atmosphere in a reducing Zone. In the present invention, to 
obtain a desired hard layer by reducing the amount of ferrite, 
heating is performed in an austenite single-phase range, and 
soaking is performed in the range from point Ac to point 
Ac-100° C. If the soaking temperature is below the point 
Ac, ferrite becomes excessive. On the other hand, if the 
soaking temperature exceeds point Act-100° C., austenite 
becomes coarse, and workability is degraded. The soaking 
temperature is preferably greater than or equal to point Ach 
15° C. and less than or equal to point Ac--85°C. 
0095. In the present invention, the point Ac is calculated 
based on Equation (i): 

Acs (C.)=910-203x|C'?-15.2x|Ni+44.7x|Si+ 
104XVI+31.5x Mo+13.1xW-30x|Mn+11x 

where represents a content (mass %) of each element. This 
equation is described in “The Physical Metallurgy of Steels' 
(William C. Leslie, MARUZEN Co. Ltd., p. 273). 
0096. In the reduction furnace, it is important to control 
especially the soaking temperature, and other conditions may 
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be obtained by ordinary methods. For example, the atmo 
sphere of the reducing Zone is preferably controlled to contain 
hydrogen and nitrogen, and have a hydrogen concentration 
ranging from about 5 to 25 volume 96. A dew point is prefer 
ably controlled to -30 to -60° C. 
0097. The retention time of soaking is not specifically 
limited, and is preferably controlled to about 10 to 100 sec 
onds, and more preferably about 10 to 80 seconds. 
0098. Then, cooling is performed. An average cooling 
speed in this cooling is preferably controlled to 5°C/sec or 
more to Suppress generation of ferrite. The average cooling 
speed is more preferably 8°C./sec or more. The upper limit of 
the average cooling speed is not specifically limited, and is 
preferably controlled to about 100° C.7sec in consideration of 
controllability of the base steel sheet temperature and facility 
cost. The average cooling speed is preferably 50° C./sec or 
less, and more preferably 30° C.7sec or less. 
0099. The cooling stop temperature only needs to be in a 
range where no ferrite is generated, and cooling is preferably 
performed to 550° C. or less, for example. The lower limit of 
the cooling stop temperature is preferably greater than or 
equal to 450° C., more preferably greater than or equal to 460° 
C., and much more preferably greater than or equal to 470° C. 
0100. The cooling method is not limited to that described 
above. For example, in the case of heating to a plating bath 
temperature in hot-dip galvanizing after cooling, cooling may 
be performed to temperatures below the preferred ranges of 
the cooling stop temperature described above. See, for 
example, No. 11 of Table 1 below. Alternatively, after cooling 
to a predetermined temperature, water cooling may be per 
formed. See No. 12 in Table 1 below. 
0101 Subsequently, in accordance with an ordinary 
method, hot-dip galvanizing is performed. The method of 
hot-dip galvanizing is not specifically limited, and the lower 
limit of the plating bath temperature is preferably greater than 
or equal to 400°C., and more preferably greater than or equal 
to 440°C. The upper limit of the plating bath temperature is 
preferably less than or equal to 500° C., and more preferably 
less than or equal to 470° C. A composition of the plating bath 
is not specifically limited, and a known hot-dip galvanizing 
bath may be used. Cooling conditions after hot-dip galvaniz 
ing are not specifically limited. For example, an average 
cooling speed to an ordinary temperature is preferably con 
trolled to greater than or equal to about 1° C./sec, and more 
preferably greater than or equal to 5°C./sec. The upper limit 
of the average cooling speed is not specifically limited, but is 
preferably controlled to be less than or equal to about 50° 
C./sec in consideration of controllability of the base steel 
sheet temperature and facility cost. The average cooling 
speed is preferably less than or equal to 40°C./sec, and more 
preferably 30° C./sec. 
0102. In addition, alloying treatment may be performed by 
an ordinary method when necessary so that an alloyed hot-dip 
galvanized steel sheet is obtained. Conditions for the alloying 
treatment are not specifically limited. For example, after hot 
dip galvanizing has been performed in the conditions 
described above, the alloying treatment is preferably per 
formed by retaining the steel sheet at about 500 to 600° C. 
especially about 530 to 580° C. for about 5 to 30 seconds, 
especially about 10 to 25 seconds. Below the range, alloying 
is insufficient, whereas above the range, alloying excessively 
proceeds so that the plated layer might be peeled off. In 
addition, ferrite is easily generated. The alloying treatment 
only needs to be performed with, for example, a heating 
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furnace, direct flame, or an infrared ray heating furnace. A 
heating means is not specifically limited, and typical means 
Such as gas heating, heating with an induction heater, i.e., 
heating with a high frequency induction heater, may be 
employed. 
0103. After the alloying treatment, cooling is performed 
according to an ordinary method, thereby obtaining an 
alloyed hot-dip galvanized steel sheet. The average cooling 
speed to an ordinary temperature is controlled to about 1° 
C./sec or more. 

0104 Second Production Process (With Temperature 
Keeping) 
0105. The second production process according to the 
present invention includes, in this order, a hot rolling step of 
coiling a hot-rolled Steel sheet satisfying the steel composi 
tions described above at 500° C. or more, a step ofkeeping the 
temperature of the steel sheet at 500° C. or more for 80 
minutes or longer, a step of pickling and cold rolling the Steel 
sheet to cause the remaining internal oxide layer to have an 
average depth d of 4 um or more, a step of oxidizing the steel 
sheet at an air-fuel ratio of 0.9 to 1.4 in an oxidizing Zone, and 
a step of soaking the steel sheet in a range from point Ac to 
point Ac+100°C. in a reducing Zone. As compared to the first 
production process described above, the second production 
process is different from the first production process in two 
aspects in which: the lower limit of the coiling temperature 
after hot rolling is 500° C. or more; and the temperature 
keeping step is performed after the hot rolling step. These two 
aspects will be described below. The steps already described 
in the first production process shall be understood with ref 
erence to the first production process. 
0106 The temperature keeping step is performed as 
described above for the purpose of enabling a long-time 
retention of the steel sheet in a temperature range where 
oxidation can be performed with the temperature keeping so 
that the lower limit of the coiling temperature range where a 
desired internal oxide layer can be obtained can be lowered. 
In addition, it is possible to enhance uniformity of the base 
steel sheet by reducing the temperature difference between 
the surface layer of the base steel sheet and an inner portion 
thereof. 

0107. In the second production process, first, the coiling 
temperature after hot rolling is controlled to 500° C. or more. 
As described later, in the second production process, since the 
temperature keeping step is provided after the step of control 
ling the coiling temperature, the coiling temperature can be 
set attemperatures below 600°C., which is the lower limit of 
the coiling temperature in the first production process 
described above. The coiling temperature is preferably 
greater than or equal to 540°C., and more preferably greater 
than or equal to 570° C. A preferred upper limit of the coiling 
temperature is the same as that in the first production process, 
and is preferably less than or equal to 750° C. 
0108. The thus-obtained hot-rolled steel sheet is then kept 
at 500° C. or more for 80 minutes or longer. In this manner, a 
desired internal oxide layer can be obtained. To effectively 
obtain the advantages described above by utilizing tempera 
ture keeping, the temperature of the hot-rolled steel sheet is 
preferably kept by placing the hot-rolled steel sheet in a 
thermally insulating device, for example. This device used in 
the present invention is not specifically limited as long as the 
device is made of a thermally insulating material, which is 
preferably ceramic fibers, for example. 
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0109 To effectively obtain the advantages described 
above, the temperature needs to be kept at 500° C. or more for 
80 minutes or longer. The temperature is preferably greater 
than or equal to 540°C., and more preferably greater than or 
equal to 560°C. The time for temperature keeping is prefer 
ably greater than or equal to 100 minutes, and more prefer 
ably greater than or equal to 120 minutes. In consideration of 
pickling ability and productivity, for example, the upper lim 
its of the temperature and time are preferably controlled to 
about 700° C. or less and 500 minutes or less, respectively. 
0110. The first and second production processes according 

to the present invention have been described above. 
0111. The plated steel sheet obtained by the production 
method according to the present invention may be addition 
ally subjected to various coatings and a prime coating treat 
ment, e.g., a chemical conversion treatment Such as a phos 
phate treatment and an organic coating treatment such as 
formation of an organic coating of for example, a film lami 
nate. 

0112 Examples of paint used for the coatings include 
known resins such as an epoxy resin, a fluorocarbon resin, a 
silicon acrylic resin, a polyurethane resin, an acrylic resin, a 
polyester resin, a phenol resin, an alkyd resin, and a melamine 
resin. In view of corrosion resistance, the epoxy resin, the 
fluorocarbon resin, and the silicon acrylic resin are prefer 
able. In addition to the resin, a curing agent may be used. The 
paint may include a known additive, such as coloring pig 
ment, a coupling agent, a levelling agent, an intensifier, an 
oxidation inhibitor, an ultraviolet ray stabilizer, or a fire retar 
dant, for example. 
0113. In the present invention, the paint form is not spe 
cifically limited, and the paint may be in various forms. Such 
as solvent-based paint, water-based paint, water-dispersed 
paint, powdery paint, and electrodeposition paint. The 
method for coating is not specifically limited, and may be 
dipping, roll coater, spraying, curtain flow coater, or elec 
trodeposition coating, for example. The thicknesses of the 
coating layers such as the plated layer, the organic coating, the 
chemical conversion treatment coating film, and the paint film 
are appropriately adjusted in accordance with application. 
0114. The high-strength plated steel sheet according to the 
present invention has an ultra-high strength and excellent in 
workability (bending workability and hole expandability) 
and delayed fracture resistance, and thus, is applicable to 
automobile reinforcing parts, e.g., automobile construction 
members including side members of front and rear parts, 
colliding parts such as crush boxes, pillars such as center 
pillar reinforces, roof rail reinforces, side sills, floor mem 
bers, and kick parts. 
0115 Although the present invention will be more specifi 
cally described by way of examples hereinafter, the present 
invention is not limited to the examples, and various modifi 
cations may be added within the range applicable to the 
foregoing and following description. These modifications are 
included in the technical range of the present invention. 
0116. This application is based on Japanese Patent Appli 
cations No. 2013-147031 filed in Japan Patent Office on Jul. 
12, 2013 and No. 2014-068539 filed in Japan Patent Office on 
Mar. 28, 2014, the contents of which are hereby incorporated 
by reference. 

EXAMPLES 

0117. A slab having a composition shown in Table 1 below 
with a balance of iron and inevitable impurities was heated to 
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1250°C., subjected to hot rolling at a finish rolling tempera 
ture of 900° C. to 2.4 mm, and then wound at a temperature 
shown in Table 2. 
0118 For some examples Nos. 26 to 28, the slab was 
placed in a thermal insulating device of ceramic fibers, and 
the temperature was kept under conditions shown in Table 2. 
The time in which the temperature was kept at 500° C. or 
more was measured with a thermocouple attached to an outer 
circumferential portion of a coil. 
0119 Then, the thus-obtained hot-rolled steel sheet was 
pickled under conditions described below, and then cold 
rolled at a cold rolling percentage of 50%. The thickness after 
the cold rolling was 1.2 mm. 
I0120 Pickling solution: 10% hydrochloric acid, Tempera 

ture: 82° C. 
I0121 Pickling time: shown in Table 2. 
0.122 Thereafter, in a continuous calvanizing line, anneal 
ing (oxidation and reduction) and cooling were performed 
under conditions shown in Table 2. Here, the temperature of 
an oxidation furnace placed in the continuous calvanizing line 
was controlled to 800° C., the hydrogen concentration in a 
reduction furnace was controlled to 20 volume 96, the balance 
was nitrogen and inevitable impurities, and the dew point was 
controlled to -45° C. All the retention times at soaking tem 
peratures shown in Table 2 were 50 seconds. 
I0123 Subsequently, except for Nos. 10 and 11, the steel 
sheet was immersed in a galvanization bath at 460° C. for 
about 50 seconds, and then cooled to room temperature at an 
average cooling speed of 10° C./sec, thereby obtaining a 
hot-dip galvanized steel sheet (GI) (No. 23). An alloyed hot 
dip galvanized steel sheet (GA) was immersed in the galva 
nization bath to be subjected to hot-dip galvanizing, heated to 
500° C. and retained at 500° C. for 20 seconds, subjected to 
alloying, and then cooled to room temperature at an average 
cooling speed of 10°C./sec (see Nos. 1 to 9, 12 to 22, 24, and 
25 to 28). 
0.124. In No. 10, the steel sheet was cooled to a cooling 
stop temperature of 200° C. shown in Table 2, heated to 460° 
C., and then immersed in a galvanization bath, thereby 
obtaining a GA steel sheet in a manner similar to those 
described above. In No. 11, as shown in Table 2, the steel 
sheet was cooled to 600° C. at an average cooling speed of 10° 
C./sec. subjected to water quenching (WQ), then heated to 
460° C., and immersed in a galvanization bath, thereby 
obtaining a GA steel sheet in a manner similar to those 
described above. 
0.125 Properties of the thus-obtained plated steel sheets, 

i.e., GI and GA, were evaluated. As described later, an aver 
age depth of an internal oxide layer was measured not only for 
a plated steel sheet but also for a base steel sheet after pickling 
and cold rolling for reference. This is for the purpose of 
confirming that a desired average depth of an internal oxide 
layer has been already obtained by controlling a coiling tem 
perature and pickling conditions after hot rolling in a cold 
rolled steel sheet before annealing. 
0.126 (1) Measurement of Average Depth d of Internal 
Oxide layer in Plated Steel Sheet 
I0127. A test piece having a size of 50 mmx50mm (where 
W is a sheet width of a plated steel sheet) was taken from a 
W/4 portion, and an O content, a Fe content, and a ZN content 
in a Surface of a plated layer were analyzed and quantified 
with glow discharge-optical emission spectroscopy (GD 
OES). Specifically, with a GD-OES system, GD-PRO 
FILER2 series GDA750 produced by HORIBA, Ltd., high 
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frequency spattering was performed on a surface of the test 
piece within an Arglow discharge range, and emission lines 
of each of O, Fe, and Zn elements in Arplasma to be spattered 
were continuously dispersed for spectroscopy, thereby ana 
lyzing a profile of each element contentina depth direction of 
a base steel sheet. Spattering was performed in the following 
conditions. A measurement region was from the Surface of the 
plated layer to a depth of 50 lum. 
0128 (Spattering Conditions) 
0129. Pulse spattering frequency: 50 Hz 
0130. Anode diameter (area for analysis): diameter of 6 

0131 Discharge power: 30 W 
0132 Argas pressure: 2.5 hPa 
0.133 FIG. 2 shows results of the analysis. As shown FIG. 
2, a depth from the surface of the plated layer 1 at which the 
ZN content and the Fe content are equal to each other was 
defined as an interface between the plated layer 1 and the base 
steel sheet 2. An average value of the O content at each 
measurement location at a depth of 40 to 50 m from the 
Surface of the plated layer was defined as an average value of 
the O content in bulk. A range higher than the average value 
of the O content by 0.02%, i.e., O contente(an average value 
of Ocontent in bulk--0.02%), was defined as an internal oxide 
layer. A maximum depth of the internal oxide layer was 
defined as a depth of the internal oxide layer. Similar tests 
were performed using three test pieces, and an average of 
these test pieces was defined as an average depth d of an 
internal oxide layer. 
0134 (2) Measurement of Depth of Internal Oxide layer 
after Pickling and Cold Rolling (for Reference) 
0135 Steps similar to those in above-mentioned (1) except 
that a base steel sheet after pickling and cold rolling was used 
were performed, and an average depth of an internal oxide 
layer was calculated. 
0.136 (3) Measurement of Average Depth d of SoftLayer 
0.137 AW/4 portion, which is a section perpendicular to a 
direction of a sheet width W of the plated steel sheet, was 
exposed, and a test piece having a size of 20 mmx20mm was 
taken, and buried in a resin. Then, a Vickers hardness was 
measured from the interface between the plated layer and the 
base steel sheet toward the inside along a thickness t of the 
base steel sheet. The measurement was performed with a 
Vickers hardness meter under a load of 3 gf. Specifically, as 
shown in FIG. 3, measurement was performed at a pitch of 5 
um from a measurement locationata thickness internal depth 
of 10 um from the interface between the plated layer and the 
base material toward an inner portion along the thickness to 
measure a Vickers hardness to a depth of 100 Lum. A distance 
between measurement points, i.e., the distance between X and 
X in FIG. 3 was 15 um at least. A Vickers hardness was 
measured at each depth by n-1, thereby investigating a hard 
ness distribution in the inward direction along the thickness. 
Similarly, a Vickers hardness in a t/4 portion of the base steel 
sheet was measured. As compared to the t/4 portion, a region 
having a Vickers hardness of 90% or less was defined as a soft 
layer, and a depth of the soft layer was calculated. Similar 
processes were performed at three locations in the same test 
piece, and an average thereof was defined as an average depth 
D of the soft layer. 
0138 (4) Method for Measuring Fractions of Structure of 
Plated Steel Sheet 
0139 AW/4 portion, which is a section perpendicular to a 
direction of a sheet width W of the plated steel sheet, was 
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exposed, and this section was polished, then electro-polished, 
and etched. The resulting portion was observed with a scan 
ning electron microscope (SEM). The observation was per 
formed ata t/4 location (where t is a thickness of the base steel 
sheet) with a magnification of 2000 in a region of 40 umx40 
um. A metal structure photograph taken with the SEM was 
Subjected to an image analysis, thereby measuring an area 
ratio of martensite and bainite (not distinguished from each 
other) and an area ratio offerrite. In Table 3, a refers to ferrite, 
and (B+M) refers to (bainite+martensite). In Table 3, area 
fractions of a structure shown in “Other were calculated by 
Subtracting area ratios of martensite and bainite, and ferrite 
from 100 area 96. The observation was performed on optional 
three visual fields, and an average value thereof was calcu 
lated. 
(O140 (5) Method for Measuring in Tensile Test 
0.141. A JIS #13 B tensile test piece was taken in such a 
manner that a longitudinal direction of the test piece is in 
parallel with a direction perpendicular to a rolling direction of 
the plated steel sheet, and a tensile strength (TS) and a yield 
stress (YS) in a direction C were measured according to JIS 
Z2241. From TS and YS, a yield ratio YR (YS/TS) was 
calculated. 
0142. In this example, tensile strengths TS greater than or 
equal to 980 MPa were defined as high strength (acceptable). 
In addition, a test piece having a yield stress YR of 60% or 
more was evaluated as a test piece excellent in shock absorp 
tion (acceptable). 
0143 (6) Bending Process Test 
0144. A test piece of 20 mmx70mm was cut out from the 
plated Steel sheet in Such a manner that a direction perpen 
dicular to a rolling direction of the plated steel sheet was in 
parallel with a longitudinal direction of the test piece, and a 
90° V-bending test was performed with a bending ridge being 
oriented in the longitudinal direction. The test was conducted 
with a bend radius R being appropriately varied, thereby 
obtaining a minimum bending radius Rimin with which a 
bending process can be performed without occurrence of 
cracks in the test piece. 
0145 Based on Rimin/t obtained by dividing Rimin by a 
thickness t of the base steel sheet, bending workability was 
evaluated for each tensile strength TS. This will be specifi 
cally described below. The bending workability was not 
evaluated for pieces whose TS did not satisfy a tensile 
strength of 980 MPa or more, which is an acceptable standard 
(represented as “-” in Table 3). 
0146 In a case where TS is greater than or equal to 980 
MPa and less than 1080 MPa, Rmin?t<1.0 is acceptable 

0.147. In a case where TS is greater than or equal to 1080 
MPa and less than 1180 MPa, Rmin?t<1.5 is acceptable 

0.148. In a case where TS is greater than or equal to 1180 
MPa, Rimin/t<2.50 is acceptable. 

0149 (7) Delayed Fracture Resistance Test 
0150 AW/4 portion, which is a section perpendicular to a 
direction of a sheet width W of the plated steel sheet, was 
exposed, and a test piece of 150 mm (W)x30 mm (L) was cut 
out, and a U-bending process was performed thereon by using 
a minimum bending radius. Then, the test piece was fastened 
with a bolt, and a tensile stress of 1000 MPa was applied to an 
outer surface of a U-bending test piece. The tensile stress was 
measured by bonding a distortion gauge to an outer Surface of 
the U-bending test piece and converted distortion to tensile 
stress. Thereafter, an edge portion of the U-bending test piece 
was masked, and electrochemically charged with hydrogen. 
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The hydrogen charging was performed under conditions that 
the test piece was immersed in a mixed solution of 0.1M 
HSO (pH-3) and 0.01 M-KSCN at room temperature with a 
constant current of 100 LA/mm. 
0151. From results of the hydrogen charging test, it was 
evaluated that a test piece showing no occurrence of cracks 
for 24 hours was acceptable, i.e., was excellent in delayed 
fracture resistance. 

Jun. 9, 2016 

limit of crack occurrence was measured. From an equation 
below, a critical hole expansion ratio (%) was obtained. If 
w is 25% or more, the test piece was evaluated to be accept 
able, i.e., excellent in hole expandability. 

critical hole expansion ratio (%)={(Df-DO)/DO}x 
100 

where Df is a diameter (mm) of a hole at a limit of occurrence 
of cracks, and D0 is a diameter (mm) of an initial hole. 0152 (8) Hole Expansion Test 

0153. According to Japan Iron and Steel Federation Stan- 0154 (9) Plating Appearance 
dard JFST 1001, a hole expansion test was conducted, and W. 0.155. An appearance of the plated steel sheet was visually 
was measured. Specifically, a hole having a diameter of 10 
mm was punched in the plated steel sheet, and a 60° conical 
punch was inserted into the hole with the vicinity thereof 

observed. If unplating was not observed, the test piece was 
evaluated to be acceptable, i.e., excellent in plating proper 
ties. 

being constrained. In this state, a diameter of the hole at a 0156 These results are shown in Table 2 and Table 3. 
TABLE 1 

Steel Component (mass % Ac3 

No. type C Si Min P S Al N Cr Mo B Ti Nb V Cu Ni ( C.) 

1 A. O.13 0.82 245 O.O11 O O.O41 OOO39 824 
2 B O.11 1.21 245 0.010 O O.O37 O.OO38 0.30 842 
3 C O.10 1.07 2.75 0.009 O O.O4S O.OO3S O.2 842 
4 D O.14 17O 2.20 OO11 O O.O41 OOO37 O.OO3O 868 
5 E O.O8 1.24 2.20 O.O10 O O.O38 O.OO37 O.O7 892 
6 F O.17 1.53 2.10 O.O12 O O.O36 O.OO38 O.10 854 
7 G O.12 1.82 2SO 0.008 O O.O38 O.OO3S O.1 876 
8 H O.18 1.26 2.56 0.009 O O.O31 O.OO31 O.15 819 
9 I O.12 1.3S 2.08 O.O14 O O.O36 O.OO38 O.1S 860 
10 J O.24 14O 24O O.O90 O. O.042 OOO51 O.OO3O 881 
11 K. O.17 1.35 2.05 O.O O 0.044 0.0042 O.OO3O O.O2 858 
12 L O.26 110 210 O.O O 0.042 OOO32 817 
13 M O.1 1 0.40 2.35 (O.O O 0.042 OOO32 815 
14 N O.1O 18O 1.80 OO15 O O.O41 OOOS1 O.20 O.04 913 
15 P O.15 1.OO 2.OO O.O O O.O43 O.OO36 841 
16 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
17 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
18 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
19 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
2O A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
21 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
22 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
23 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
24 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
25 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
26 A. O.13 0.82 245 O.O11 O O.O41 O.OO39 824 
27 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 
28 A. O.13 0.82 245 O.O O O.O)41 OOO39 824 

TABLE 2 

Temper- Average Average 
Coiling ature depth Depth Depth 
Temper- Keeping (Lm) of Oxi- Average Cooling (Lm) of (Lm) of 
ature Time at Internal Oxide dation Soaking Cooling Stop Internal Soft 

after Hot Temper- 500° C. Pickling Layer after Furnace Temper- Speed Temper- Oxide layer 
Steel Rolling ature Oi Oile Time Pickling and Air-fuel ature (o C./ ature Layer after after 

No. Type (C.) Keeping (min.) (sec.) Cold Rolling Ratio (° C.) Sec.) (° C.) Plating Plating D, 2d 

1 A. 660 Not 45 10 1.1 900 10 450 11 24 1.09 
Performed 

2 B 660 Not 45 12 1.1 900 10 450 12 26 1.08 
Performed 

3 C 660 Not 45 11 1.1 900 10 450 11 22 1.00 
Performed 

4 D 660 Not 45 13 1.1 900 10 450 13 30 1.15 
Performed 

5 E 660 Not 45 11 1.1 900 10 450 12 32 1.33 
Performed 

6 F 660 Not 45 9 1.1 900 10 450 11 28 1.27 
Performed 
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TABLE 2-continued 

Temper- Average Average 
Coiling ature depth Depth Depth 
Temper- Keeping (Lm) of Oxi- Average Cooling (Lm) of (Lm) of 
ature Time at Internal Oxide dation Soaking Cooling Stop Internal Soft 

after Hot Temper- 500° C. Pickling Layer after Furnace Temper- Speed Temper- Oxide layer 
Steel Rolling ature O. O. Time Pickling and Air-fuel ature (° C./ ature Layer after after 

No. Type (C.) Keeping (min.) (sec.) Cold Rolling Ratio (° C.) sec.) (° C.) Plating Plating D, 2d 

7 G 660 No 45 2 900 O 450 2 28 17 
Performe 

8 H 660 No 45 1 900 O 450 1 26 18 
Performe 

9 I 660 No 45 3 900 O 450 4 24 O.86 
Performe 

O J 660 No 45 2 900 O 2OO 3 30 1S 
Performe 

1 K 660 No 45 1 900 O(*) WQ 1 24 O9 
Performe 

2 L 660 No 45 3 900 O 450 4 36 29 
Performe 

3 M 660 No 45 2 900 O 450 3 2O 3.33 
Performe 

4 N 660 No 45 3 925 O 450 4 34 .21 
Performe 

5 P 660 No 45 O 900 4 450 1 26 18 
Performe 

6 A. S80 No 45 2 900 O 450 3 17 2.83 
Performe 

7 A. S90 No 45 3 900 O 450 3 18 3.00 
Performe 

8 A. 720 No 45 15 900 O 450 16 40 1.25 
Performe 

9 A. 660 No 45 10 O.8 900 O 450 10 12 O.6O 
Performe 

2O A. 660 No 45 10 O.9 900 O 450 11 2O O.91 
Performe 

21 A. 660 No 45 10 1.1 800 O 450 11 24 1.09 
Performe 

22 A. 660 No 45 10 1.1 900 2 450 11 25 1.14 
Performe 

23 A. 660 No 45 10 1.1 900 O 450 11 24 1.09 
Performe 

24 A. 660 No 250 O 1.1 900 O 450 2 13 3.25 
Performe 

25 A. 620 No 45 7 1.1 900 O 450 8 22 1.38 
Performe 

26 A. 470 Performe 18O 45 1 1.1 900 O 450 1 16 8.OO 
27 A. 570 Performe 18O 45 12 1.1 900 O 450 13 32 1.23 
28 A. 570 Performe 60 45 3 1.1 900 O 450 3 18 3.00 

(*)Water quenching after cooling to 600° C. at 10°C.sec. 

TABLE 3 

Structure (area %) Bending Delaye 
Steel of Hard Layer YS TS YR w Workability Fracture Plating Plating 

No. Type C B + M. Others (MPa) (MPa) (%) (%) Rmin?t Evaluation Resistance Properties Type 

1 A. O 99 1 834 2O1 69 36 1.67 acceptable acceptable acceptable GA 
2 B O 100 O 910 284 71 42 1.67 acceptable acceptable acceptable GA 
3 C O 99 1 830 210 69 S4 1.25 acceptable acceptable acceptable GA 
4 D O 98 2 871 282 68 32 2.08 acceptable acceptable acceptable GA 
5 E 4 93 3 632 981 64 29 O.42 acceptable acceptable acceptable GA 
6 F O 99 1 960 321 73 31 2.08 acceptable acceptable acceptable GA 
7 G O 99 1 867 312 66 39 1.67 acceptable acceptable acceptable GA 
8 H O 100 O 1032 472 70 36 2.08 acceptable acceptable acceptable GA 
9 I 3 95 2 735 O87 68 36 1.25 acceptable acceptable acceptable GA 
10 J O 96 4 1026 245 82 43 1.25 acceptable acceptable acceptable GA 
11 K O 100 O 855 O32 83 65 O.42 acceptable acceptable acceptable GA 
12 L O 94 6 11 OS 632 68 22 3.33 unacceptable unacceptable acceptable GA 
13 M O 100 O 646 O12 64 24 2.50 unacceptable unacceptable acceptable GA 
14 N 35 62 3 557 963 58 23 O.83 acceptable acceptable GA 
15 P 42 58 O 537 935 57 18 O.83 acceptable acceptable GA 
16 A. O 99 1 840 2O6 70 26 2.50 unacceptable unacceptable unacceptable GA 
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TABLE 3-continued 

Structure (area %) Bending Delaye 
Steel of Hard Layer YS TS YR w Workability Fracture Plating Plating 

No. Type C B + M. Others (MPa) (MPa) (%) (%) Rmin?t Evaluation Resistance Properties Type 

17 A. O 99 1 839 1205 70 27 2.50 unacceptable unacceptable unacceptable GA 
18 A. O 99 1 829 1189 70 34 1.25 acceptable acceptable acceptable GA 
19 A. O 99 1 840 1208 70 34 2.50 unacceptable unacceptable unacceptable GA 
2O A. O 99 1 841 1204 70 30 2.29 acceptable acceptable acceptable GA 
21 A 20 77 3 655 1130 58 14 2.92 unacceptable unacceptable acceptable GA 
22 A 15 83 2 674 1145 59 18 2.92 unacceptable unacceptable acceptable GA 
23 A. O 99 1 830 1199 69 37 1.67 acceptable acceptable acceptable GI 
24 A. O 99 1 845 1211 70 26 2.92 unacceptable unacceptable unacceptable GA 
25 A. O 99 1 840 1209 69 38 1.67 acceptable acceptable acceptable GA 
26 A. O 100 O 832 1220 68 27 2.50 unacceptable unacceptable unacceptable GA 
27 A. O 99 1 813 1,195 68 30 1.25 acceptable acceptable acceptable GA 
28 A. O 99 1 830 1219 68 28 2.50 unacceptable unacceptable unacceptable GA 

0157. As shown in the tables, the following consideration 0166 No. 21 is an example in which the soaking tempera 
was obtained. ture was low, two-phase range annealing was performed, 
0158 First, Nos. 1 to 11, 18, 20, 23, 25, and 27 are ferrite was excessively generated, the total amount of (B+M) 
examples satisfying requirements of the present invention, 
and excellent in all the aspects of strength, workability (bend 
ing workability and hole expandability ( )), delayed fracture 
resistance, shock properties, and plating properties. In par 
ticular, in No. 1 (D-2d=1.09) in which the average depth d of 
the internal oxide layer and the average depth D of the soft 
layer satisfy a relationship of D-2d (i.e., the value of “D-2d 
in Table 2 exceeds 1), bending workability was enhanced as 
compared to No. 20 (D->2d=0.91) not satisfying the relation 
ship. In addition, w increased. 
0159. On the other hand, in No. 12, the C content was high, 
and bending workability, W, and delayed fracture resistance 
were degraded. 
0160 No. 13 is an example in which the Si content was 
low, the internal oxide layer was insufficiently formed, and 
bending workability, k, and delayed fracture resistance were 
degraded. 
0161 No. 14 is an example in which the Mn content was 
low and a quenching property was poor so that ferrite was 
excessively generated and the total amount of (B+M) was 
small. Consequently, TS and YR decreased, and also 
decreased. 
0162 No. 15 is an example in which an average cooling 
speed after soaking was slow, and ferrite was excessively 
generated during cooling so that the total amount of (B+M) 
was Small and a desired hard layer was not obtained. Conse 
quently, TS and YR decreased, and W, decreased. 
0163) No. 22 was an example in which the average cooling 
speed after soaking was low, ferrite was excessively gener 
ated during cooling so that YR decreased, and W, bending 
workability, and delayed fracture resistance were degraded. 
0164. Nos. 16 and 17 were examples in each of which a 
coiling temperature in hot rolling was low, and an average 
depth of the internal oxide layer after pickling and cold rolling 
was small so that the average depth d of the internal oxide 
layer after plating and the average depth D of the soft layer 
were Small. Consequently, bending workability, delayed frac 
ture resistance, and plating properties were degraded. 
0165. In No. 19, the air-fuel ratio in an oxidation furnace 
was low, and an iron oxide film was insufficiently formed so 
that plating properties were degraded. The soft layer was also 
insufficiently formed, and bending workability and delayed 
fracture resistance were degraded. 

was Small, and a desired hard layer was not obtained. Thus, 
YR decreased, and v, bending workability, and delayed frac 
ture resistance were degraded. 
0.167 No. 24 is an example in which the pickling time was 
long, the internal oxide layer was dissolved, and a desired 
average depth d of the internal oxide layer and a desired 
average depth D of the soft layer were not obtained, that is, the 
internal oxide layer and the soft layer were thin. Conse 
quently, bending workability, delayed fracture resistance, and 
plating properties were degraded. 
0168 No. 26 is an example in which the coiling tempera 
ture in hot rolling was low, and the average depth of the 
internal oxide layer after pickling and cold rolling was Small 
so that the average depth d of the internal oxide layer after 
plating and the average depth D of the soft layer were also 
Small. Consequently, bending workability, delayed fracture 
resistance, and plating properties were degraded. 
0169. No. 28 is an example in which the temperaturekeep 
ing time was insufficient and the average depth of the internal 
oxide layer after pickling and cold rolling was Small so that 
the average depth d of the internal oxide layer after plating 
and the average depth D of the soft layer were also small. 
Consequently, bending workability, delayed fracture resis 
tance, and plating properties were degraded. 

REFERENCE SIGN LIST 

(0170 1 plated layer 
(0171 2 base steel sheet 
(0172. 3 internal oxide layer 
(0173 4 soft layer 
(0174) 5 hard layer 
(0175 6 inner portion 

1. A high-strength plated Steel sheet having a hot-dip gal 
Vanized layer or an alloyed hot-dip galvanized layer on a 
surface of a base steel sheet, wherein 

(1) the base Steel sheet contains, by mass %, 
C: 0.05 to 0.25%, 
Si: 0.5 to 2.5%, 
Mn: 2.0 to 4%, 
P: greater than 0% and less than or equal to 0.1%, 
S: greater than 0% and less than or equal to 0.05%, 
Al: 0.01 to 0.1%, and 
N: greater than 0% and less than or equal to 0.01%, 
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a balance of the base steel sheet consists of an iron and 
inevitable impurities, 

(2) the base steel sheet includes, in order from a base steel 
sheet side of an interface between the base steel sheet 
and the plated layer, 
an internal oxide layer containing at least an oxide 

selected from the group consisting of Si and Mn, 
a soft layer including the internal oxide layer and having 

a Vickers hardness of 90% or less of a Vickers hard 
ness of a t/4 portion of the base steel sheet, where t is 
a thickness of the base steel sheet, and 

a hard layer having a structure containing martensite and 
bainite as main components, wherein 

the Soft layer has an average depth D of 20 Lum or more, 
the internal oxide layer has an average depth d of 4 um or 
more and less than D, and 

the plated steel sheet has a tensile strength of 980 MPa or 
O. 

2. A high-strength plated Steel sheet according to claim 1, 
wherein 

the base steel sheet further contains, by mass %, at least a 
material selected from the group consisting of 
Cr: greater than 0% and less than or equal to 1%. 
Mo: greater than 0% and less than or equal to 1%. 
B: greater than 0% and less than or equal to 0.01%. 
Ti: greater than 0% and less than or equal to 0.2%, 
Nb: greater than 0% and less than or equal to 0.2%, 
V: greater than 0% and less than or equal to 0.2%, 
Cu: greater than 0% and less than or equal to 1%, and 
Ni: greater than 0% and less than or equal to 1%. 
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3. A high-strength plated Steel sheet according to claim 1, 
wherein the average depth d of the internal oxide layer and the 
average depth D of the soft layer satisfy a relationship of 
D>2d. 

4. A method for producing the high-strength plated Steel 
sheet according to claim 1, the method comprising: 

a hot rolling step of coiling a steel sheet satisfying steel 
compositions in said base steel sheet at 600° C. or more; 

a step of pickling and cold rolling the steel sheet to cause a 
remaining internal oxide layer to have an average depth 
d of 4 um or more; 

a step of oxidizing the steel sheet at an air-fuel ratio of 0.9 
to 1.4 in an oxidizing Zone; and 

a step of soaking the steel sheet in a range from point Act 
to point Act-100° C. in a reducing Zone, 

wherein these steps are performed in this order. 
5. A method for producing the high-strength plated steel 

sheet according to claim 1, the method comprising: 
a hot rolling step of coiling a steel sheet satisfying steel 

compositions in said base steel sheet at 500° C. or more; 
a step of keeping a temperature of the steel sheet at 500°C. 

or more for 80 minutes or longer; 
a step of pickling and cold rolling the steel sheet to cause a 

remaining internal oxide layer to have an average depth 
d of 4 um or more; 

a step of oxidizing the steel sheet at an air-fuel ratio of 0.9 
to 1.4 in an oxidizing Zone; and 

a step of soaking the steel sheet in a range from point Act 
to point Act-100° C. in a reducing Zone, 

wherein these steps are performed in this order. 
k k k k k 


