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(57)  Provided are: a steel that is for a die and that
enables production of a die being for hot working and
having both high hardness and high thermal conductivity;
a die for hot working; and a manufacturing method for
the same. The steel for a hot working die has a compo-
sitional makeup containing, in mass%, 0.45-0.65% of C,
0.1-0.6% of Si, 0.1-2.5% of Mn, 1.0-6.0% of Cr, 1.2-3.5%
of (Mo+1/2W) where Mo and W are contained independ-
ently or in combination, 0.1-0.5% of V, 0.15-0.6% of Ni,
0.1-0.6% of Cu, and 0.1-0.6% of Al, the balance being
Fe andinevitable impurities. Further, this die for hot work-
ing has said compositional makeup, and this manufac-
turing method is for manufacturing said die for hot work-

ing.
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Description
[Technical Field]

[0001] The presentinvention relates to a steel for a hot working die, a die for hot working and a manufacturing method
for the same.

[Background Art]

[0002] In recent years, for the purpose of weight reduction and collision safety improvement of cars, a need for an
ultrahigh strength steel sheet having a tensile strength of higher than 1 GPa has been intensifying. However, when an
attempt is made to form a steel sheet having a tensile strength of 1.2 GPa or higher by hot pressing, an increase in the
forming load or spring back and a problem with formability or the like are caused. Therefore, recently, a hot stamping
(also referred to as hot pressing or hot stamping) method has been gaining attention. In the hot stamping method, a
steel sheet is heated to an austenite temperature or higher and then pressed, a die is held at the bottom dead center,
and the steel sheet is rapidly cooled and quenched.

[0003] An advantage of the hot stamping method is that a formed product of an ultrahigh strength steel sheet having
a tensile strength of approximately 1.5 GPa can be obtained by quenching through die quenching where the steel sheet
is rapidly cooled in a die. In addition, another advantage is that the formability is so excellent that spring back rarely occurs.
[0004] However, the hot stamping method has a problem of poor productivity. That is, time is required to hold the
bottom dead center for die quenching or the like, and thus the productivity becomes poor. As a measure for this, a die
having high thermal conductivity is in demand. This is because, during die quenching, heat from a steel sheet is absorbed
into a die; however, as the thermal conductivity of the die becomes higher, the time taken to hold the die at the bottom
dead center becomes shorter, and the productivity becomes more favorable. In addition, dies for hot stamping are
required to have high hardness in order to enhance wear resistance, and steels for hot stamping dies are required to
have both high hardness and high thermal conductivity when made into dies.

[0005] In the fields of hot forging or die casting as well, there is a tendency that steels for dies having both high thermal
conductivity and high hardness as described above are required to achieve the extension of the service lives of dies or
additional improvementin production efficiency. Ordinarily, the amount of an alloy in a steel for a die needs to be increased
to obtain a die having high hardness, but an increase in the amount of an alloy leads to a problem of a decrease in the
thermal conductivity of the die, and hardness and thermal conductivity have a trade-off relationship. Therefore, studies
are underway to obtain an optimal compositional makeup by controlling the amount of an alloy. For example, in Patent
Literature 1 and Patent Literature 2, a compositional makeup of a steel for a die having both hardness and thermal
conductivity has been proposed. In addition, Patent Literature 3 and Patent Literature 4 also disclose hot work tool steels
that are useful as a material for dies that are used in warm and hot pressing, die casting, warm and hot forging and the
like, have excellent thermal conductivity and also have excellent wear resistance.

[Citation List]
[Patent Literature]
[0006]

[Patent Literature 1]

Japanese Patent Laid-Open No. 2017-43814
[Patent Literature 2]

Japanese Patent Laid-Open No. 2018-24931
[Patent Literature 3]

Japanese Patent No. 5744300

[Patent Literature 4]

Japanese Patent Laid-Open No. 2017-53023

[Summary of Invention]
[Technical Problem]

[0007] The steels for a die of Patent Literature 1 and 2 and the hot work tool steels of Patent Literature 3 and 4 are
useful inventions that enable hardness and thermal conductivity to be increased. However, when the quenching and
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tempering characteristics of steels for dies or hot work tool steels, the fact that the work surface of a die for hot stamping
orthe like is used after a nitriding treatment and the like are taken into account, there have been cases where conventional
steels for a die or hot work tool steels lack hardness. Specifically, in recent years, there has been a demand for a steel
for a die capable of achieving a high hardness of 52 HRC or higher as a die for hot stamping or the like, but a high
hardness of 52 HRC or higher cannot be stably obtained with Patent Literature 1-3. In addition, since the tempering
temperature where the highest hardness of a steel for a die can be obtained is ordinarily near 575°C, if the highest
hardness of a steel for a die does not reach 52 HRC, the hardness of a die further decreases from lower than 52 HRC
due to the nitriding treatment or an increase in temperature during use.

[0008] An objective of the present invention is to provide a steel for a hot working die having both higher hardness
and higher thermal conductivity than ever and enabling the production of a die where the hardness is maintained, a die
for hot working and a manufacturing method for the same.

[Solution to Problem]

[0009] In consideration of such circumstances, the present inventor found a compositional makeup that allows the
control of the amount of an alloy, is capable of achieving high hardness and high thermal conductivity and is capable of
maintaining the achieved high hardness (that is, the softening resistance is large) and reached a steel for hot working
die of the present invention. In addition, the present inventor found a die for hot working capable of achieving high
hardness and high thermal conductivity and also having excellent softening resistance by the use of the steel for a die
and a manufacturing method for the same.

[0010] That is, an aspect of the present invention is a steel for a hot working die having a compositional makeup
containing, in mass%, 0.45-0.65% of C, 0.1-0.6% of Si, 0.1-2.5% of Mn, 1.0-6.0% of Cr, 1.2-3.5% of (Mo+1/2W) where
Mo and W are contained independently or in combination, 0.1-0.5% of V, 0.15-0.6% of Ni, 0.1-0.6% of Cu, and 0.1-0.6%
of Al or less, a balance being Fe and inevitable impurities.

[0011] Preferably, when the steel has been tempered at 575°C, a hardness is 52 HRC or higher.

[0012] Another aspect of the present invention is a die for hot working having a compositional makeup containing, in
mass%, 0.45-0.65% of C, 0.1-0.6% of Si, 0.1-2.5% of Mn, 1.0-6.0% of Cr, 1.2-3.5% of (Mo+1/2W) where Mo and W are
contained independently or in combination, 0.1-0.5% of V, 0.15-0.6% of Ni, 0.1-0.6% of Cu, and 0.1-0.6% of Al or less,
a balance being Fe and inevitable impurities.

[0013] Preferably, a hardness is 52 HRC or higher, and a thermal conductivity is 25 W/(m-K) or higher. Preferably,
the die for hot working has a nitrided layer on a work surface.

[0014] Still another aspect of the present invention is a manufacturing method for a die for hot working, in which the
steel for a hot working die is quenched at a quenching temperature of 1020-1080°C and tempered at a tempering
temperature of 540-620°C.

[0015] Preferably, after the quenching and the tempering, a nitriding treatment is further carried out on a work surface.

[Advantageous Effects of Invention]

[0016] According to the present invention, a steel for a die optimal for hot working can be obtained. In addition, the
use of this steel for a die makes it possible to provide a die for hot working having both high hardness and high thermal
conductivity and maintaining the high hardness and a manufacturing method for the same.

[Brief Description of Drawings]
[0017]

Fig. 1 is a graph figure showing hardness at each tempering temperature of a steel for a die of each of the present
invention examples and comparative examples quenched and then tempered at 500-650°C.

Fig. 2 is a graph figure showing thermal conductivity of the steel for a die of each of the present invention examples
and the comparative examples quenched and then tempered to hardness of 45-52 HRC.

[Description of Embodiments]

[0018] A feature of the presentinvention is that it was found that there is a compositional makeup of a steel for a die
optimal for achieving high hardness and high thermal conductivity of a die for hot working at the same time when the
fact that a die for hot working is produced by quenching and tempering a steel for a die or by carrying out a nitriding
treatment on a work surface thereof is taken into account. In particular, the feature is that it was found that there is an
optimal makeup for achieving a high hardness of 52 HRC or higher and high thermal conductivity of 25 W/(m-K) or higher
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at the same time.

[0019] In addition, the feature is that optimal quenching and tempering conditions for achieving high hardness and
high thermal conductivity at the same time in this optimal compositional makeup of a steel for a die was found. In
particular, the feature is that, when the tempering temperature is set within a temperature range of 540-620°C (preferably
to near 575°C), a steel for a die of the present invention having the optimal compositional makeup is capable of achieving
a high hardness of 52 HRC or higher, and thus a die is not easily softened (the degree of softening is small) in spite of
a subsequent nitriding treatment or a temperature-rising environment during use.

[0020] A die for hot working of the present invention can be applied to, for example, a die for hot forging, a die for die
casting, a hot extrusion die and a die for hot stamping and is preferably applied to, in particular, a die for hot stamping.
Hereinafter, each configuration condition of the present invention will be described.

[0021] The steel for a hot working die of the present invention has a compositional makeup containing, in mass%
(hereinafter, simply expressed as "%"), 0.45-0.65% of C, 0.1-0.6% of Si, 0.1-2.5% of Mn, 1.0-6.0% of Cr, 1.2-3.5% of
(Mo+1/2W) where Mo and W are contained independently or in combination, 0.1-0.5% of V, 0.15-0.6% of Ni, 0.1-0.6%
of Cu, and 0.1-0.6% of Al, a balance being Fe and inevitable impurities.

- C: 0.45-0.65%

[0022] C is an element that forms a solid solution in a basis material (matrix) by quenching to improve the hardness
of dies. In addition, C is an element that forms a carbide with a carbide-forming element such as Cr, Mo or V, which will
be described below, to improve the hardness of dies. However, when the amount of C is too large, the toughness of
dies deteriorates due to the coarsening of a primary carbide or the like. Therefore, the amount of C is set to 0.45-0.65%.
The amount of C is preferably 0.47% or more. The amount of C is more preferably 0.49% or more. In addition, the
amount of C is preferably 0.63% or less. The amount of C is more preferably 0.60% or less. The amount of C is still
more preferably 0.58% or less.

+ Si: 0.1-0.6%

[0023] Siis used as a deoxidizing agent in a smelting step. In addition, Si is an element that forms a solid solution in
the basis material to improve the hardness of dies. However, when Siis too large, after smelting, a segregation tendency
in steel becomes strong, and a solidified structure also becomes coarse, which leads to the toughness deterioration of
dies. In addition, Si is an element that significantly decreases the thermal conductivity of dies after quenching and
tempering. Therefore, the amount of Si is set to 0.1-0.6%. The amount of Si is preferably 0.14% or more. The amount
of Si is more preferably 0.17% or more. In addition, the amount of Si is preferably 0.45% or less and more preferably
0.4% or less. The amount of Si is still more preferably 0.35% or less. The amount of Siis far still more preferably 0.3%
or less.

*Mn: 0.1-2.5%

[0024] Mnis used as a deoxidizing agent or a desulfurization agent in the smelting step. In addition, Mn is an element
that contributes to the strengthening of the basis material and improvementin hardenability and toughness after quenching
and tempering. However, when Mn is too large, the thermal conductivity of dies significantly decreases. Therefore, the
amount of Mn is set to 0.1-2.5%. The amount of Mn is preferably 0.15% or more. In addition, the amount of Mn is
preferably 1.0% or less. The amount of Mn is more preferably 0.35% or less. The amount of Mn is still more preferably
0.32% or less. The amount of Mn is far still more preferably 0.3% or less.

-Cr: 1.0-6.0%

[0025] Cris an element that forms a solid solution in the basis material to increase hardness. In addition, Cr is an
element that increases hardness by forming a carbide and an element that, similar to Mo and V, which will be described
below, contributes to secondary curing during tempering. Particularly, Cr is an element capable of increasing tempering
softening resistance (capable of decreasing the decrease rate of hardness obtained by secondary curing even when
the tempering temperature is set to be high) compared with Mo and V. Normally, dies are adjusted to operation hardness
by carrying out quenching and tempering on a steel for the dies, and thus an increase in the tempering temperature is
effective for increasing the thermal conductivity of dies for hot working. In addition, in the present invention, when the
Cr content is set to 1.0% or more, hardness of 52 HRC or higher can be achieved even in a case where the tempering
temperature is high, and a die for hot working having thermal conductivity of 25 W/(m-K) or higher can be obtained. In
addition, it is also possible to obtain a die for hot working that maintains the above-described hardness and, furthermore,
improves in thermal conductivity up to 28 W/(m-K) or higher. The hardness and thermal conductivity are values measured
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at room temperature (normal temperature).

[0026] In addition, when the Cr content is set to be large, since the nitriding characteristics of the steel for a die can
be improved, it is possible to improve the wear resistance of dies (hardness of work surfaces) while maintaining the
hardness of the dies due to the improvement in the softening resistance by, for example, further carrying out a nitriding
treatment on the work surfaces of the quenched and tempered dies.

[0027] However, when the Cr content is too large, it becomes difficult to increase the thermal conductivity of dies due
to the fact itself that the amount of an alloy in the steel for a die becomes large. Therefore, the amount of Cr is set to
1.0-6.0%. The amount of Cr is preferably 1.5% or more. The amount of Cr is more preferably 2.0% or more. In addition,
the amount of Cr is preferably 5.5% or less, more preferably 4.8% or less and still more preferably less than 4.5%. In
addition, in a case where emphasis needs to be placed on improvement in, particularly, the thermal conductivity, the
amount of Cr can also be set to 4.0% or less or 3.5 or less.

* (Mo+1/2W) where Mo and W are contained independently or in combination: 1.2-3.5%

[0028] Mo and W are, similar to Cr, elements that form a solid solution in the basis material to increase hardness, in
addition, elements that increase hardness by forming a carbide and elements that contribute to secondary curing during
tempering. In addition, Mo and W are elements that improve hardenability. Since W is approximately twice the atomic
weight of Mo, can be regulated as (Mo+1/2W) (it is needless to say that only any one may be added or both can be
added). However, when the Mo or W content is too large, the thermal conductivity of dies become low due to the fact
itself that the amount of an alloy in the steel for a die becomes large. Therefore, Mo and W are set to 1.2-3.5% in terms
of the Mo-equivalent relational formula of (Mo+1/2W). The amount of Mo and W is preferably 1.5% or more. The amount
of Mo and W is more preferably 1.7% or more. The amount of Mo and W is still more preferably 1.9% or more. In addition,
the amount of Mo and W is preferably 3.4% or less. The amount of Mo and W is more preferably 3.2% or less.

[0029] In the case of the present invention, since W is an expensive element, it is possible to replace all of W with Mo.
At this time, Mo: 1.2-3.5% is satisfied (which is also true for the preferable ranges). However, W can be contained as
an impurity.

*V:0.1-0.5%

[0030] V is, similar to Cr, an element that increases hardness by forming a carbide and an element that contributes
to secondary curing during tempering. However, when the amount of V is too large, the thermal conductivity of dies
become low due to the fact itself that the amount of an alloy in the steel for a die becomes large. Particularly, in the
present embodiment, since the thermal conductivity tends to become low due to an influence of Ni, Cu and Al added to
improve the strength characteristics of dies as described below, it is important to limit V to 0.1-0.5% to satisfy both high
thermal conductivity and a high hardness characteristic. The amount of V is preferably 0.2% or more. In addition, the
amount of V is preferably 0.45% or less and more preferably 0.4% or less.

* Ni: 0.15-0.6%

[0031] Niis an element that contributes to toughness improvement of dies. In addition, in the present embodiment, Ni
bonds to Al to form and precipitate a Ni-Al-based intermetallic compound and is capable of improving the strength
characteristic of the steel for a die by secondary curing. However, when the amount of Ni is too large, since there is a
possibility that the thermal conductivity may become significantly low due to an increase in the amount of an alloy in the
steel for a die, the amount of Ni is setto 0.15-0.6%. The amount of Ni is preferably 0.2% or more. In addition, the amount
of Ni is preferably 0.5% or less and more preferably 0.45% or less.

* Cu: 0.1-0.6%

[0032] Cu is also an element that, similar to Ni, bonds to Al to form and precipitate an intermetallic compound and is
capable of improving the strength characteristic of the steel for a die by secondary curing. However, when the amount
of Cu is too large, similar to Ni, the thermal conductivity of dies become low due to the fact itself that the amount of an
alloy in the steel for a die becomes large. Therefore, the amount of Cu is set to 0.1-0.6%. The amount of Cu is preferably
0.2% or more. In addition, the amount of Cu is preferably 0.5% or less and more preferably 0.45% or less.

- Al: 0.1-0.6% or less

[0033] Asdescribed above, Al bonds to Ni or Cu to form an intermetallic compound. When this Al content is too small,
since the intermetallic compound is not sufficiently formed, the strength improvement effect cannot be obtained, and,
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on the other hand, when the Al content is too large, there is a possibility that the thermal conductivity of dies may
significantly decrease. Therefore, the amount of Al is set to 0.1-0.6%. The amount of Al is preferably 0.2% or more. In
addition, the amount of Al is preferably 0.5% or less and more preferably 0.4% or less.

[0034] Furthermore, in the present embodiment, in order to form and precipitate the intermetallic compound in appro-
priate quantities, Ni/Al is preferably 1.0-2.0. A more preferably upper limit of Ni/Al is 1.7, and a still more preferable upper
limit is 1.5.

[0035] Alternatively, furthermore, inthe presentembodiment, in orderto form and precipitate the intermetallic compound
in appropriate quantities, Cu/Al is preferably 1.0-2.0. A more preferably upper limit of Cu/Al is 1.7, and a still more
preferable upper limit is 1.5.

+ Balance being Fe and inevitable impurities

[0036] When the factthat anincrease in the amount of an alloy in the steel for a die decreases the thermal conductivity
of dies is taken into account, it is preferable that the balance other than the above-described elemental species is
substantially Fe. Elemental species that are not clearly mentioned here (for example, elemental species such as P, S,
Ca, Mg, O (oxygen) and N (nitrogen)) are elements that possibly remain in steel inevitably, and these elements are
allowed to be contained as impurities. At this time, when P is too large, P is segregated in prior austenite grain boundaries
during a heat treatment such as tempering, and the toughness of dies deteriorates. Therefore, the amount of P is
preferably regulated to be 0.05% or less. The amount of P is more preferably regulated to be 0.03% or less. In addition,
when S is too large, hot workability deteriorates at the time of blooming an ingot or the like. Therefore, S is preferably
regulated to be 0.01% or less. The amount of S is more preferably regulated to be 0.008% or less.

[0037] When a steel for a die having the above-described compositional makeup is quenched and tempered, it is
possible to obtain the die for hot working of the present invention that is excellent in terms of hardness and thermal
conductivity. The hardness of the die for hot working of the present invention is a value measured at room temperature
(normal temperature), and it is possible to achieve sufficient hardness, for example, 52 HRC or higher and to impart
excellent wear resistance to the die. In addition, the hardness of the die can be preferably set to 53 HRC or higher by
adjusting the tempering temperature.

[0038] In the presentinvention, there is no need to regulate the upper limit of the hardness of the die. However, in the
case of steels for a die having the above-described compositional makeup, the upper limit is, realistically, approximately
60 HRC based on the peak hardness of secondary curing (roughly within a tempering temperature range of 540-620°C).
In addition, regardless of the fact that the peak hardness of secondary curing is approximately 60 HRC, the upper limit
of this hardness is preferably set to 58 HRC or lower since, that is, the tempering temperature can be raised beyond the
peak hardness (that is, the thermal conductivity can be increased).

[0039] Inaddition, when a steel for a die having the above-described compositional makeup is quenched and tempered
to adjust the hardness of a die to 52 HRC, the thermal conductivity of the die of the present embodiment is 25 W/(m-K)
or higher. This thermal conductivity is a value measured at room temperature (normal temperature). The thermal con-
ductivity is preferably 28 W/(m-K) or higher. In a case where it is necessary to further increase the thermal conductivity
of the die of the present invention having the above-described thermal conductivity, the thermal conductivity can be
further increased by setting the hardness to less than 52 HRC. In addition, it is also possible to adjust the hardness of
the die to higher than 52 HRC once the die has sufficient thermal conductivity. Specifically, when the hardness of the
die is 45 HRC or higher and 48 HRC or lower, the thermal conductivity is preferably 30 W/(m-K) or higher, more preferably
32 W/(m. K) or higher and still more preferably 34 W/(m-K) or higher. In addition, when the hardness of the die is 53
HRC or higher and 55 HRC or lower, the thermal conductivity is preferably 25 W/(m-K) or higher and more preferably
27 W/(m-K) or higher.

[0040] Such a die can be achieved with a steel for a die having a heat treatment characteristic that exhibits hardness
of 52 HRC or higher when tempered at 575°C. At the time of confirming this heat treatment characteristic, the quenching
temperature before tempering can be set to, for example, 1030°C. In addition, the steel for a die of the present invention
has the above-described heat treatment characteristic. Therefore, in dies that are being used in, for example, the hot
stamping method (for example, 100-400°C), it is possible to maintain high hardness, and it is also possible to maintain
high thermal conductivity.

[0041] In the case of the present invention, there is no need to specify the upper limit of the thermal conductivity of
the die. However, when the fact that the hardness of the die is decreased by increasing the tempering temperature (for
example, adjusting the tempering temperature to a temperature of higher than 600°C) is taken into account, the upper
limit is, realistically, approximately 50 W/(m-K). The upper limitis preferably 47 W/(m-K) or lower. The upper limit is more
preferably 45 W/(m-K) or lower. In addition, when the hardness of the die is maintained at 52 HRC or higher, the upper
limit of the thermal conductivity is, realistically, approximately 40 W/(m-K). The upper limit is preferably 38 W/(m-K) or
higher.

[0042] The die for hot working of the present invention preferably has a nitrided layer on a work surface.
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[0043] As described above, the die for hot working of the present invention has both high hardness and high thermal
conductivity. In addition, when this die further has a nitrided layer on the work surface, it is possible to further improve
the wear resistance of the die (the hardness of the work surface). In addition, it is also possible to suppress a decrease
in the hardness of the die main body at the time of a nitriding treatment due to the quenching and tempering characteristics
of the steel for a die of the present invention. The work surface refers to a surface of the die that comes into contact with
a workpiece during hot working.

[0044] In a manufacturing method for a die for hot working of the present invention, the steel for a die is quenched
and tempered.

[0045] When the steel for a die having the above-described compositional makeup is quenched and tempered, the
quenching temperature varies with the target hardness or the like and can be set to, for example, approximately
1020-1080°C. The quenching temperature is preferably 1050°C or lower.

[0046] In addition, the steel for a die quenched at this quenching temperature is tempered at a tempering temperature
of, for example, 540-620°C, whereby it is possible to obtain a die having thermal conductivity of 25 W/(m-K) or higher
while stably achieving hardness of 52 HRC or higher. At this time, the upper limit of the tempering temperature is
preferably set to approximately 600°C on the condition that hardness of 52 HRC or higher is maintained. The upper limit
is more preferably 595°C or lower. The upper limit is still more preferably 590°C or lower. In addition, the lower limit of
the tempering temperature is preferably set to approximately 550°C. The lower limit is more preferably 555°C or higher.
The lower limit is still more preferably 560°C or higher.

[0047] When a heat treatment characteristic enabling hardness of 52 HRC or higher to be achieved at a tempering
temperature near 575°C, at which the peak hardness of secondary curing is exhibited, is regarded as a standard, the
steel for a die of the present invention satisfying this standard of the heat treatment characteristic is capable of maintaining
hardness of 45 HRC or higher even in a broad tempering temperature range of 540-620°C. In addition, when the above-
described peak hardness is higher than 52 HRC, for example, 53 HRC or higher, 54 HRC or higher or 55 HRC or higher,
it is possible to maintain hardness of 52 HRC or higher in a broad tempering temperature range. In addition, it is possible
to obtain thermal conductivity of 25 W/(m-K) or higher in a broad tempering temperature, which makes it possible to
improve the thermal conductivity at tempering temperatures of, particularly, 575°C or higher.

[0048] The steel for a die of the present invention can be made into a die for hot working having predetermined
hardness by quenching and tempering. In addition, during these processes, the steel for a die can be made into a shape
of the die for hot working by a variety of machining such as cutting or perforation. Regarding the timing of this machining,
the machining can be carried out in a state where the hardness is low before quenching and tempering (that is, in an
annealed state). In addition, in this case, finishing may also be carried out after quenching and tempering. In addition,
depending on the situation, the above-described machining may be carried out together with the finishing in a pre-
hardened state after quenching and tempering.

[0049] In the manufacturing method for a die for hot working of the present invention, preferably, a nitriding treatment
is further carried out on the work surface of the die on which the above-described quenching and tempering have been
carried out.

[0050] As described above, when the steel for a die having the above-described compositional makeup is quenched
and tempered, it is possible to obtain a die having thermal conductivity of 25 W/(m-K) or higher when, for example, the
hardness has been adjusted to 52 HRC. In addition, since the steel for a die having the above-described compositional
makeup is also excellent in terms of a nitriding characteristic, when a nitriding treatment is further carried out on the
work surface of the die that has been quenched and tempered as described above, it is possible to improve the wear
resistance of the die (the hardness of the work surface). In addition, it is also possible to suppress a decrease in the
hardness of the die main body at the time of the nitriding treatment due to the quenching and tempering characteristics
of the steel for a die of the present invention. At this time, as the conditions for the nitriding treatment, for example,
conditions for a variety of known nitriding treatments such as a gas nitriding treatment or a salt bath nitriding treatment
can be applied.

Example 1

[0051] Ten-kilogram ingots having a compositional makeup in Table 1 were smelted. In addition, these ingots were
heated to 1160°C, cogged with a hammer and then left to be cooled, an annealing treatment was carried out on these
cooled steel materials at 870°C, thereby producing steels Nos. 1-6 that were present invention examples and steels
Nos. 7-9 that were comparative examples.
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[Table 1]
SpecimenNo.| C Si Mn Cr Mo \% Ni Cu Al Fe* Note

No. 1 0.55|0.20 | 0.35|2.10 | 3.20 | 040 | 045 | 0.30 | 0.34 | Bal.

No. 2 0.55|0.20 | 0.35|2.10 | 3.20 | 040 | 0.30 | 0.30 | 0.25 | Bal.

No. 3 0.55|0.20 | 0.35|2.10|3.20 | 040 | 0.15 | 0.13 | 0.11 | Bal.

No. 4 0.60 | 0.25 | 0.25 | 1.70 | 2.00 | 0.40 | 0.30 | 0.30 | 0.25 | Bal. Present Invention Example
No. 5 0.55|0.25|0.25|1.70 | 3.20 | 040 | 0.30 | 0.30 | 0.25 | Bal.

No. 6 0.60 | 0.25 | 0.25 | 1.70 | 3.20 | 040 | 0.30 | 0.30 | 0.25 | Bal.

No.7 0.55(0.20 | 0.35 | 2.10 | 3.20 | 0.40 | <0.10 | <0.10 | <0.10 | Bal.

No. 8 0.55|0.25|0.25|1.70 | 2.00 | 0.40 | <0.10 | <0.10 | <0.10 | Bal. Comparative Example
No. 9 0.55|0.25 | 0.25 | 1.70 | 3.20 | 0.40 | <0.10 | <0.10 | <0.10 | Bal.

* P<0.05%, S<0.01%

<Evaluation of tempered hardness>

[0052] The steels for a die Nos. 1-9 were quenched at a quenching temperature of 1030°C. At this time, as cooling
conditions, cooling rates when the steels for a die, which are referred to as present invention steels and comparative
steels, were as large as an actual die for hot stamping were assumed, and the half cooling time was set to 40 minutes
(the half cooling time refers to a time required to cool a workpiece from the quenching temperature to a temperature of
(quenching temperature + room temperature)/2). In addition, the quenched steels for a die were tempered at tempering
temperatures of 500-650°C. The tempering was carried out twice, and the steels were held at each temperature for two
hours. The tempering temperatures were set to a total of seven conditions at 25°C intervals. In addition, for each of Nos.
1-9, Rockwell hardness (C scale) of the central part at room temperature was measured at each tempering temperature.
The results are shown in Fig. 1 to Fig. 3.

[0053] Nos. 1-7, which were the present invention examples, achieved the tempered hardness of 52 HRC or higher
within a tempering temperature range of 550-600°C. In contrast, Nos. 7-9, which were the comparative examples, all
had tempered hardness of lower than 52 HRC within a tempering temperature range of 500-650°C.

<Evaluation of thermal conductivity>

[0054] Subsequently, the thermal conductivity of Nos. 1-9 was measured. The tempered hardness values of specimens
at the time of measuring the thermal conductivity were 52 HRC for Nos. 1 to 6, which were the present invention examples,
and 51 HRC, 50 HRC and 45 HRC for Nos. 7, 8 and 9, which were the comparative examples, respectively. Regarding
the measurement procedure, first, dies were worked into test pieces having a disc shape that was 10 mm in diameter
and 2 mm in thickness, and the thermal diffusivity and specific heat of these test pieces were measured by the laser
flash method. In addition, the thermal conductivity at room temperature was calculated from the following formula using
the values of the measured thermal diffusivity and specific heat. The results are shown in Fig. 2.

Thermal conductivity A (W/(m-K)) =p-a-C,

(p: density at room temperature, a: heat diffusivity, C,: specific heat)

[0055] From the results of Fig. 2, it was confirmed that Nos. 1 to 6, which were the present invention examples,
achieved thermal conductivity of 25 W/(m-K) or higher. On the other hand, Nos. 7 to 9, which were the comparative
examples, had the same level of thermal conductivity as the present invention, but originally had peak hardness that
did not reach 52 HRC. Therefore, when thermal conductivity is adjusted (specifically, when the tempering temperature
is increased to increase thermal conductivity) in steels for a die like the comparative examples, hardness further de-
creases, and it is not possible to cope with dies with a variety of required characteristics. In contrast, it was possible to
confirm that the steels for a die of the present invention examples had not only sufficient peak hardness but also excellent
tempering softening resistance and thus the present invention examples having both high thermal conductivity and a
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high hardness characteristic had advantageous characteristics in uses for dies for hot working.

Claims

1. A steel for a hot working die having a compositional makeup containing, in mass%, 0.45-0.65% of C, 0.1-0.6% of
Si, 0.1-2.5% of Mn, 1.0-6.0% of Cr, 1.2-3.5% of (Mo+1/2W) where Mo and W are contained independently or in
combination, 0.1-0.5% of V, 0.15-0.6% of Ni, 0.1-0.6% of Cu, and 0.1-0.6% of Al, a balance being Fe and inevitable
impurities.

2. The steel for a hot working die according to Claim 1,
wherein, when the steel has been tempered at 575°C, a hardness is 52 HRC or higher.

3. A die for hot working having a compositional makeup containing, in mass%, 0.45-0.65% of C, 0.1-0.6% of Si,
0.1-2.5% of Mn, 1.0-6.0% of Cr, 1.2-3.5% of (Mo+1/2W) where Mo and W are contained independently or in com-
bination, 0.1-0.5% of V, 0.15-0.6% of Ni, 0.1-0.6% of Cu, and 0.1-0.6% of Al, a balance being Fe and inevitable
impurities.

4. The die for hot working according to Claim 3,
wherein a hardness is 52 HRC or higher, and a thermal conductivity is 25 W/(m-K) or higher.

5. The die for hot working according to Claim 3 or 4, comprising:
a nitrided layer on a work surface.

6. A manufacturing method for a die for hot working,
wherein the steel for a hot working die according to Claim 1 or 2 is quenched at a quenching temperature of
1020-1080°C and tempered at a tempering temperature of 540-620°C.

7. The manufacturing method for a die for hot working according to Claim 6,
wherein, after the quenching and the tempering, a nitriding treatment is further carried out on a work surface.
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