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Description
[Technical Field]

[0001] The present invention relates to a rolled steel and a drawn wire rod to be used as structural steel, and more
specifically, to a rolled steel and a drawn wire rod with excellent toughness, in which even if a heating step is omitted,
a de-generated pearlite structure can be secured in the microstructure of the rolled steel and the drawn wire rod by
controlling the content of Mn and the cooling conditions thereof. In addition, the present invention relates to a method
for manufacturing the rolled steel and the drawn wire rod.

[Background Art]

[0002] Moststructural steels are quenched and tempered steels that are realized by increasing toughness and strength
through reheating, quenching, and tempering after hot working. On the contrary, a non-heat treated steel is a steel that
does not undergo heat treatment after hot working, i.e., a steel having a similar toughness and strength to quality of the
material to be heated (heat treated) can be obtained. The name of steel that can be used without heat treatment is a
non-heat treated steel also known as micro-alloyed steel, in which the quality of the material is achieved by adding a
very small alloy. Hereinafter, the steel having the properties as mentioned above will be known as a non-heat treated
steel in the present invention.

[0003] Generally, a wire rod is produced as a final product by using the following steps. The final product of the wire
rod can be produced in the order of Rolling Rod — Cold Drawing — Spheroidization Heat treatment — Cold Drawing
— Cold Forging — Quenching and Tempering — Product. However, the non-heat treated steel is produced in order of
Hot Rolling Rod — Cold Drawing — Cold Forging — Product. Therefore, the non-heat treated steel can be produced as
an economical product without heat treatment process. At the same time, a final quenching and tempering steps are
not performed. Therefore, the non-heat treated steel has been applied in many products due to the securing of linearity
caused by not generating a heating deflection, i.e., a defect caused during the heating.

[0004] However, when the steps are processed, the strength of the product is further increased, while the toughness
is continuously decreased, because the heat treatment process is omitted and cold working is continuously applied.
Therefore, domestic and foreign manufacturers of a wire rod have been focused on the technology for manufacturing a
non-heat treated steel with excellent toughness that has improved the toughness of non-heat treated steel. The methods
for manufacturing the non-heat treated steel are methods for refining a steel grain by using a precipitate, a method for
securing a composite microstructure by adding alloy elements, and the like.

[0005] Japanese PatentLaid-Open Publication No. 1995-054040 discloses a method for providing a non-heat treatment
steel wire rod with 750~950 MPa of tension by hot rolling the alloy steel that is composed of C: 0.1~0.2 %, Si: 0.05~0.5
%, Mn: 1.0~2.0 %, Cr: 0.05~0.3 %, Mo: 0.1 % or less, V: 0.05~0.2 %, Nb: 0.005~0.03 %, and the remainder Fe, as a
percentage by weight, cooling the alloy steel within 60 sec between 800~600 °C for a cooling step, and heating at
450~600 °C, or cooling the alloy steel after continuously maintaining it for at least 20 minutes at a temperature of between
600~450 °C, and then cold working. However, the product is hot-rolled through a process, known as controlled rolling,
and expensive components such as Cr, Mo, V, and the like are added in the method as mentioned above, so that it is
uneconomical in use.

[0006] In addition, Japanese Patent Laid-Open Publication No. 1998-008209 relates to non-heat treated steel with
excellent strength after hot working, and excellent cold formability and a method for manufacturing the same, and a
method for preparing a forging member by using a non-heat treated steel, and also relates to non-heat treated steel with
excellent cold formability, in which a volume of a ferrite phase is at least 40 %, and a hardness is 90 HRB or less, for
the steel having a controlled contents of C, Si, Mn, Cr, V, P, O, S, Te, Pb, Bi, and Ca. Specifically, the document relates
to a method for continuously cooling to a temperature of A1 point or less at cooling rate of 120 °C or less per minute
immediately after hot-rolling to be 800~950 °C during a final working temperature, a method for cooling a hot rolled steel
material in the air after heating for at least 10 minutes at 800~950 °C, and also a method for preparing a structural
member with 20~35 HRB of hardness by cold working or warm working at a temperature of 600 °C or less, preparing a
preform, and cooling at the air after hot-forging the preform at 1000 °C~1250 °C. However, the technology is limited to
specific steel containing elements that are usually not used, and is not applied to cold forging.

[0007] In addition, Japanese Patent Laid-Open Publication No. 2006-118014 provides a method for manufacturing
case-hardened steel that is suitable for a bolt, and the like, which suppresses grain coarsening after heat treatment,
even if cold formability is excellent and also the working with a high cut rate of expanded line is performed. The method
as mentioned above uses the steel material that is composed of C: 0.10~0.25 %, Si: 0.5 % or less (except 0 %), Mn:
0.3~1.0 %, P: 0.03 % or less (except 0 %), S: 0.03 % or less (except 0 %), Cr: 0.3~1.5 %, Al: 0.02~0.1 %, N: 0.005~0.02
%, the remainder Fe, and other inevitable impurities, as a percentage by weight, and the method for manufacturing non-
heat treated wire rod with excellent toughness is achieved by performing hot finish rolling or hot finish forging at 700~850



10

15

20

25

30

35

40

45

50

55

EP 2 462 252 B9

°C, then cooling by up to 600 °C at a cooling rate of 0.5 °C/sec or less, and suppressing below 20 % of cut rate of
expanded line by cooling to room temperature. The technology as mentioned above is uneconomical due to the use of
expensive Cr.

[0008] WO 2008/072 873 discloses a weathering steel which has a high strength and good formability.

[Disclosure]
[Technical Problem]

[0009] An aspect of the present invention provides a rolled steel, a drawn wire rod, and a method for manufacturing
the same, and more specifically, a rolled steel with excellent toughness and a drawn wire rod with excellent toughness,
and a method for manufacturing the same by securing a de-generated pearlite structure in the rolled steel through the
suppression of carbon diffusion by controlling the content of Mn among components and the cooling conditions thereof,
even if a heating step is omitted.

[Technical Solution]

[0010] According to an embodiment of the present invention, there is provided a non-heat treated steel with excellent
toughness including C: 0.15~0.30 %, Si: 0.1~0.2 %, Mn: 1.8~3.0 %, P: 0.035 % or less, S: 0.040 % or less, the remainder
Fe, and other inevitable impurites, as a percentage by weight, in which their microstructure is composed of a pearlite
and ferrite.

[0011] The microstructure of the rolled steel is preferably composed of 40~60 % of the pearlite and the remainder ferrite.
[0012] The pearlite preferably includes a cementite with 150 nm or less of its thickness.

[0013] The aspect ratio (width:thickness) of the cementite included in the pearlite is preferably 30:1 or less.

[0014] The cementite included in the pearlite preferably has a discontinuous form.

[0015] The pearlite preferably is de-generated pearlite.

[0016] The rolled steel preferably has 650~750 MPa of a tensile strength and 60~70 % of a reduction in area (RA).
[0017] According to another embodiment of the present invention, there is provided a drawn wire rod that is cold-
drawn from the rolled steel and has 800~900 MPa of tensile strength.

[0018] According to another embodiment of the present invention, there is provided a method for manufacturing a
non-heat treated rolled steel with excellent toughness, including heating a billet that includes C: 0.15~0.30 %, Si: 0.1~0.2
%, Mn: 1.8~3.0 %, P: 0.035 % or less, S: 0.040 % or less, the remainder Fe, and other inevitable impurites, as a
percentage by weight, to the range of A;3+150 °C~A,3+250 °C; primarily cooling the heated billet to the range of A 3+50
°C~Ag3+100 °C; manufacturing a rolled steel by rolling the cooled billet at Agz+50 °C~A,3+100 °C ; and secondarily
cooling the rolled steel up to a temperature of 600 °C or less.

[0019] The heating of the billet in the heating step is preferably performed for 30 minutes to 1 and a half hours.
[0020] The cooling rate in the primary cooling step preferably is in the range of 5~15°C/s.

[0021] The cooling rate in the secondary cooling step preferably is in the range of 0.5~1.5 °C/s.

[0022] According to another embodiment of the present invention, there is provided a method for manufacturing a
non-heat treated rolled steel with excellent toughness including cold drawing the rolled steel.

[Advantageous Effects]

[0023] As set forth above, according to exemplary embodiments of the present invention, the present invention can
provide a non-heat treated rolled steel and a drawn wire rod that can secure excellent excellent toughness and cold
forgeability, even if a heating step is omitted by preparing a de-generated pearlite in the microstructure of the rolled steel
and a drawn wire rod by controlling a cooling rate and increasing the content of Mn without the addition of expensive
alloy elements.

[Description of Drawings]
[0024]

FIG. 1 is a SEM photograph showing the microstructure of Inventive Example 1;

FIG. 2 is a SEM photograph showing the microstructure of general pearlite and ferrite;

FIG. 3 is a SEM photograph showing the microstructure of Comparative Example 9, in which a content of Mn exceeds
the range that is limited in the present invention; and

FIG. 4 is a SEM photograph showing the microstructure of Comparative Example 1.
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[Best Mode]

[0025] A non-heattreated rolled steel is economical because the method for manufacturing the non-heat treated rolled
steel does not include a heat treatment process, such as spheroidization heat treatment, and quenching and tempering
after manufacturing a hot rolled steel. Specifically, the present invention provides a method for securing excellent tough-
ness by adding a low price Mn without expensive alloy elements, combined with a proper air-cooled step.

[0026] The present invention relates to the non-heat treated rolled steel, the drawn wire rod, and the method for
manufacturing the same, and more specifically, the non-heat treated rolled steel, the drawn wire rod, and the method
for manufacturing the same, in which Mn content in the present invention is greater than the Mn content in the existing
non-heat treated steel, and a cooling rate is controlled to maximize the effect of C diffusion control according to the Mn
content. The de-generated pearlite is different from the existing pearlite in the rolled steel due to the application of the
method as mentioned above, so that the toughness (or impact toughness) of the product can be improved.

[0027] The rolled steel according to the present invention means a material after rolling billet, and the drawn wire rod
means a material after cold drawing.

[0028] The de-generated pearlite does not have a lamellar structure, but a mixed phase of ferrite and cementite,
different from general pearlite, and includes discontinuous and thin cementite. The impact toughness thereof can be
increased by forming the de-generated lamellar cementite instead of a lamellar cemetite, which is the cause of toughness
degradation.

[0029] Generally, strength and impact toughness tend to be in inverse proportion to each other. For the rolled steel
and the drawn wire rode according to the present invention, strength and impact toughness can be improved at the
same time by the de-generated pearlite as mentioned above.

[0030] Hereinafter, the components and composition range of the rolled steel and the drawn wire rode according to
the present invention will be described in greater detail.

C (Carbon): 0.15~0.30 wt%

[0031] C is an element improving the strength of the rolled steel. In the case that C content is below 0.15 wt%, the
tensile strength of the rolled steel cannot be sufficiently secured after hot rolling. On the other hand, when C content
exceeds 0.30 wt%, tendency of forming of ferrite and pearlite microstructure is also increased. Accordingly, more strength
than is required is secured, thereby degrading the toughness. Therefore, the C content is limited to 0.15~0.30 wt%.

Si (silicon): 0.1~0.2 wt%

[0032] In the case that Si content is below 0.1 wt%, there is a problem that the strength level that is required for hot
rolled steel and the final product cannot be reached. In the case that Si content exceeds 0.2 wt%, formability is deteriorated
because of sharply increasing a work-hardening during cold drawing and forging. Therefore, the Si content is limited to
0.1~0.2 wt%.

Mn (Manganese): 1.8~3.0 wt%

[0033] Mn is an element for solid solution strengthening that forms substitutional solid solutions in a matrix. For this
reason, Mn is a useful element as it is able to secure strength without any deterioration of toughness. The present
invention is characterized by an increase of Mn content as compared to general non-heat treated steel. When Mn content
is below 1.8 wt%, there is little effect on the segregation region due to the segregation of Mn, but it is hard to expect the
effects of the strength securing and the toughness improving by solid solution strengthening. When Mn content exceeds
3.0 wt%, there is a harmful effect on product properties due to Mn segregation, rather than the effect of solid solution
strengthening.

[0034] Macro-segregation and micro-segregation can easily occur according to segregation mechanism when solid-
ifying steel. Mn segregation promotes a segregation region due to a relatively low diffusion coefficient as compared to
other elements, thereby improving hardenability, which is a major cause of forming a core martensite. For this reason
as listed above, the core martensite occurs. In this case, the tensile strength is very increased while toughness is sharply
decreased.

P (phosphorus): 0.035 wt% or less
[0035] P is an inevitable element present when manufacturing the product. Since it is a major cause of toughness

deterioration by segregating into grain boundaries, it is preferable to control the P content to be as low as possible. In
theory, it is possible to limit the P content to 0 %, but P is only necessarily added when manufacturing the product. It is
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important to control the upper limit, and the upper limit of P content is limited to 0.035 wt%.
S (sulfur): 0.040 wt% or less

[0036] S is an inevitable element present when manufacturing the product. Since there is a harmful effect on the
properties of stress relaxation and delayed fracture resistance due to the formation of sulphide and decreasing the
toughness by segregating into grain boundaries as a low melting point element, it is preferable to control S content to
be as low as possible. In theory, it is possible to limit the S content to 0 %, but S is only necessarily added when
manufacturing the product. It is important to control the situation, and the upper limit of S content is limited to 0.040 wt%.
[0037] The microstructure of the rolled steel of the present invention is pearlite and ferrite, and a phase fraction of
pearlite is 40~60 % and the remainder is ferrite. The pearlite is the de-generated pearlite as mentioned above, and the
de-generated pearlite is composed of cementite and ferrite, and is arranged between cementite and ferrite in parallel,
but the cementite is discontinuously composed, different from a general pearlite. FIG. 1 is a SEM photograph showing
the microstructure of Inventive Example 1 among the Examples of the present invention, and the discontinuous cementite
form can be confirmed from FIG. 1.

[0038] Generally, pearlite may define the structure as an interlamella spacing, i.e., lamella spacing. Preferably, pearlite
(de-generated pearlite) in the present invention has 150 nm or less of cementite thickness (interlamella spacing), and
30:1 or less of the mean aspect ratio (width:thickness) of cementite.

[0039] For the rolled steel with the components, the range of composition, and microstructure as mentioned above,
preferably, the intended tensile strength of the rolled steel in the present invention is in the range of 650~750 MPa, and
the reduction in area (RA) is 60~70 %. In addition, the drawn wire rod manufactured by cold drawing the rolled steel
preferably has 800~900 MPa of tensile strength.

[0040] Hereinafter, the method for manufacturing the rolled steel and the drawn wire rode according to the present
invention will be described in greater detail.

Heating of Billet: Ag3+150 °C~Ag3+250 °C

[0041] By heating billet within the temperature range mentioned above, austenite single phase can be maintained,
austenite grain coarsening can be prevented, and a remained segregation, carbide, and inclusion can be effectively
dissolved. When the heating temperature of the billet exceeds A_3+250 °C, the austenite grain is largely coarened, so
that the wire rod with a high strength and excellent toughness cannot be achieved because the final microstructure
formed after cooling has a strong tendency to be coarsened. On the other hand, when a heating temperature of billet is
below Ag3+150 °C, the effect occurring heating cannot be achieved.

[0042] When the heating time is below 30 minutes, there is a problem that the overall temperature is not even; when
the heating time exceeds 1 and a half hours, the austenite grain is coarsened, and productivity is significally decreased.

Cooling (Primary): Cooling to Ag3+50 °C~A43+100 °C at 5~15 °C/s.

[0043] The cooling rate is limited with the object of minimzing the transformation of microstructure in the cooling step
before hot rolling. When the cooling rate before hot rolling is below 5 °C/s, the productivity thereof is reduced, and
additional equipment is needed in order to maintain air-cooling. In addition, as in the case of maintaining the heating
time for a long period, the strength and toughness of the rolled steel after completing hot rolling can be deteriorated. On
the other hand, when the cooling rate exceeds 15 °C/s, the possibility of new microstructures being formed during rolling
is increased by increasing the driving force of the transformation of the billet before rolling, and serious problems can
be caused, i.e., the rolling temperature should be reset to a lower temperature.

Rolling: Agz3+50 °C~A,3+100 °C

[0044] When the rolling is performed within the range of A 3+50 °C~A43+100 °C, the appearance of microstructures
due to transformation during rolling is suppressed, re-crystallization does not occur, and only sizing rolling is possible.
When the rolling temperature is below Az 3+50 °C, the intended microstructures in the present invention are difficult to
acquire because the rolling temperature is close to the dynamic re-crystallization temperature, and the possiblity of
securing a general soft ferrite is very high. On the other hand, when the rolling temperature exceeds A,3+100 °C, there
is a problem that re-heating is needed after cooling.

Cooling (Secondary): Cooling to 600 °C or less at 0.5~1.5 °C/s.

[0045] The cooling rate means a cooling rate that can very effectively produce the de-generated pearlite and prevent
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C diffusion by adding Mn. When the cooling rate is below 0.5 °C/s, since the cooling rate is too slow, the lamella or de-
generated pearlite cannot be produced, and cementite with a spheroidized form is produced, so that the strength thereof
is sharply decreased. In this case, since the toughness becomes very high, it can be effectively applied to other products,
but it is not intended for the present invention. However, when the cooling rate exceeds 1.5 °C/s, a low temperature
structure, such as martensite/bainite can occur because ferrite/pearlite transformation is delayed due to the improvement
of the hardenability by adding Mn.

[0046] After the cooling (Secondary), the drawn wire rod can be produced through general cold drawing.

[0047] Hereinafter, the present invention will be described in detail with reference to the following Examples.

(Example)

[0048] Rolled steels were produced with Steel Types 1 to 9 as described in the following Table 1, according to the
manufacturing condition as described in the following Table 2. Steel Types 1-3, Steel Types 8 and 9 were not satisfied
with the components and the composition range that were controlled according to the present invention, and Steel types
4-7 were satisfied with the components and the composition range that were controlled according to the present invention.
[0049] Inaddition, Agz (°C) in each Steel Type were shown in Table 1, and the tensile strength and V-impact toughness
of the rolled steel produced according to the manufacturing condition were measured, and then shown in the followng
Table 2.

[0050] And, SEM phoptographs of microstructures of Inventive Example 1, Comparative Example 1, and Comparative
Example 7 were shown in figures.

[Table 1]

STEEL TYPE | C(WT%) | Si(WT%) | Mn(WT%) | P(WT%) | S(WT%) | Aes(°C)
STEEL TYPE1 | 0.14 0.11 1.9 0.031 0.023 863
STEEL TYPE2 | 0.22 0.05 1.8 0.030 0.032 855
STEEL TYPE3 | 0.21 0.10 1.5 0.031 0.039 851
STEEL TYPE4 | 0.20 0.10 1.8 0.035 0.040 842
STEEL TYPE5 | 0.20 0.15 1.9 0.031 0.031 838
STEEL TYPE6 | 0.26 0.14 2.0 0.021 0.022 836
STEEL TYPE7 | 0.30 0.20 3.0 0.027 0.039 835
STEEL TYPES | 0.31 0.20 3.4 0.029 0.034 833
STEEL TYPE9 | 0.35 0.19 2.6 0.029 0.028 829
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[0051] In Comparative Examples 1 and 3, the de-generated pearlite could not be produced because the cooling rate
after rolling was low, and cementite with a spheroidized form was produced, thereby decreasing strength. In addition,
the photograph of the microstructure of the Comparative Example 1 was shown in FIG. 4, and the spheroidized cementite
could be confirmed through FIG. 4. In Comparative Examples 2, 4 and 5, the cooling rate after rolling was high, so that
the low temperature structure could occur, thereby deteriorating toughness.

[0052] In Comparative Example 6, the tensile strength after rolling could not be sufficiently secured because the C
content was low. In Comparative Example 7, sufficient strength could not be secured because the Si content was low.
In Comparative Example 8, the improvement of the strength by solid-solution strengthening was difficult because Mn
content was low. It could be confirmed that the low temperature structure could occur due to a high Mn content, so that
the toughness was sharply decreased in Comparative Example 9. The low temperature structure could be confirmed
through FIG. 3. In Comparative Example 10, the C content was high, and the formation of a general ferrite and pearlite
microstructure was strong, so that the strength was improved, but the toughness was reduced.

[0053] On the other hand, in Inventive Examples 1 to 9, the tensile strength of the rolled steel was in the range of
650~750 MPa, and V-impact toughness value, the impact toughness was 221-261J, and it could be confirmed that the
tensile strength and toughness were excellent. For this reason, the proper tensile strength and excellent toughness
could be secured by controlling the components, the composition range, and the manufacturing conditions.

Claims

1. A non-heat treated rolled steel with excellent toughness, comprising C: 0.15~0.30 %, Si: 0.1~0.2 %, Mn: 1.8~3.0
%, P: 0.035 % or less, S: 0.040 % or less, the remainder Fe, and other inevitable impurites, as a percentage of
weight, wherein microstuctures in the non-heat treated rolled steel are composed of pearlite and ferrite.

2. The non-heat treated rolled steel with excellent toughness of claim 1, wherein the microstructures of the rolled steel
are composed of 40~60 % of pearlite and the remainder ferrite.

3. The non-heat treated rolled steel with excellent toughness of claim 1, wherein the pearlite includes cementite with
150 nm or less of thickness.

4. The non-heat treated rolled steel with excellent toughness of claim 1, wherein an aspect ratio (width:thickness) of
the cementite included in the pearlite is 30:1 or less.

5. The non-heat treated rolled steel with excellent toughness of claim 1, wherein the cementite included in the pearlite
has a discontinuous form.

6. The non-heat treated rolled steel with excellent toughness of claim 1, wherein the pearlite is a de-generated pearlite.

7. The non-heat treated rolled steel with excellent toughness of claim 1, wherein the rolled steel has 650~750 MPa of
a tensile strength and 60~70 % of a reduction in area (RA).

8. A non-heat treated drawn wire rod with excellent toughness produced by cold drawing the rolled steel of any one
of claims 1 to 7, wherein the drawn wire rod has 800~900 MPa of a tensile strength.

9. A method for manufacturing a non-heat treated rolled steel with excellent toughness, comprising:

heating a billet that includes C: 0.15~0.30 %, Si: 0.1~0.2 %, Mn: 1.8~3.0 %, P: 0.035 % or less, S: 0.040 % or
less, the remainder Fe, and other inevitable impurites, as a percentage of weight, to the range of A 3+150
°C~Ag3+250 °C;

primarily cooling the heated billet to the range of A 3+50 °C~A,3+100 °C;

manufacturing the rolled steel by rolling the cooled billet at A;3+50 °C~A,3+100 °C; and

secondarily cooling the rolled steel to a temperature of 600 °C or less.

10. The method for manufacturing a non-heat treated rolled steel with excellent toughness of claim 9, wherein the
heating of the billet in the heating step is performed for 30 minutes to 1 and a half hours.

11. The method for manufacturing a non-heat treated rolled steel with excellent toughness of claim 9, wherein the cooling
rate in the first cooling step is in the range of 5~15 °C/s.
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The method for manufacturing a non-heat treated rolled steel with excellent toughness of claim 9, wherein the cooling
rate in the secondary cooling step is in the range of 0.5~1.5 °C/s.

A method for manufacturing a non-heat treated drawn wire rod with excellent toughness, comprising: cold drawing
the rolled steel of any one of claims 9 to 12.

Patentanspriiche

1.

10.

1.

12.

13.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit, der C: 0,15 ~ 0,30%, Si: 0,1 ~ 0,2%, Mn: 1,8 ~
3,0%, P 0,035% oder weniger, S: 0,040% oder weniger, den Rest Fe und andere unvermeidbare Fremdstoffe als
Gewichtsprozent umfasst, wobei sich Mikrostrukturen im nicht warmebehandelten Walzstahl aus Perlit und Ferrit
zusammensetzen.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit nach Anspruch 1, wobei sich die Mikrostrukturen
des Walzstahls aus 40 ~ 60% Perlit zusammensetzen und der Rest Ferrit ist.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit nach Anspruch 1, wobei der Perlit Zementit mit
einer Dicke von 150 nm oder weniger enthalt.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit nach Anspruch 1, wobei ein Seitenverhaltnis
(Breite:Dicke) des im Perlit enthaltenen Zementits 30:1 oder weniger betragt.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit nach Anspruch 1, wobei der im Perlit enthaltene
Zementit eine diskontinuierliche Form hat.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit nach Anspruch 1, wobei es sich bei dem Perlit
um einen degenerierten Perlit handelt.

Nicht warmebehandelter Walzstahl mit ausgezeichneter Zahigkeit nach Anspruch 1, wobei der Walzstahl eine Zug-
festigkeit von 650 ~ 750 MPa und eine Flachenreduktion (RA, reduction in area) von 60 ~ 70% hat.

Nicht warmebehandelter, gezogener Walzdraht mit ausgezeichneter Zahigkeit, der durch Kaltziehen des Walzstahls
nach einem der Anspriiche 1 bis 7 hergestellt ist, wobei der gezogene Walzdraht eine Zugfestigkeit von 800 ~ 900
MPa hat.

Verfahren zum Herstellen eines nicht warmebehandelten Walzstahls mit ausgezeichneter Zahigkeit, Folgendes
umfassend:

Erhitzen eines Vorblocks, der C: 0,15 ~ 0,30%, Si: 0,1 ~ 0,2%, Mn: 1,8 ~ 3,0%, P 0,035% oder weniger, S:
0,040% oder weniger, den Rest Fe und andere unvermeidbare Fremdstoffe als Gewichtsprozent umfasst, auf
einen Bereich von A_3+150°C ~ A_3+250°C;

priméares Abkihlen des erhitzten Vorblocks auf einen Bereich von A 3+50°C ~ A,3+100°C;

Herstellen des Walzstahls durch Walzen des abgekiihlten Vorblocks bei A 3+50°C ~ Ag3+100°C; und
sekundares Abkiihlen des Walzstahls auf eine Temperatur von 600°C oder weniger.

Verfahren zum Herstellen eines nicht warmebehandelten Walzstahls mit ausgezeichneter Zahigkeit nach Anspruch
9, wobei das Erhitzen des Vorblocks im Erhitzungsschritt 30 Minuten bis 1 1/, Stunden lang erfolgt.

Verfahren zum Herstellen eines nicht warmebehandelten Walzstahls mit ausgezeichneter Zahigkeit, nach Anspruch
9, wobei die Abkuhlrate im ersten Abkuhlschritt im Bereich von 5 ~ 15°C/s liegt.

Verfahren zum Herstellen eines nicht warmebehandelten Walzstahls mit ausgezeichneter Zahigkeit, nach Anspruch
9, wobei die Abkuhlrate im sekundaren Abkuhlschritt im Bereich von 0,5 ~ 1,5°C/s liegt.

Verfahren zum Herstellen eines nicht warmebehandelten, gezogenen Walzdrahts mit ausgezeichneter Zahigkeit,
Folgendes umfassend: Kaltziehen des Walzstahls nach einem der Anspriiche 9 bis 12.
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Revendications

10.

1.

12.

13.

Acier laminé non traité thermiquement doté d’'une excellente ténacité, comprenant du C : 0,15 ~ 0,30 %, du Si: 0,1
~0,2%,duMn:1,8~3,0%, duP :0,035 % ou moins, du S : 0,040 % ou moins, le reste de Fe, et d’autres impuretés
inévitables, en pourcentage de poids, sachant que des microstructures dans I'acier laminé non traité thermiquement
sont composées de perlite et de ferrite.

L’acier laminé non traité thermiquement doté d’'une excellente ténacité de la revendication 1, dans lequel les mi-
crostructures de I'acier laminé sont composées de 40 ~ 60 % de perlite et le reste de ferrite.

L’acier laminé non traité thermiquement doté d’une excellente ténacité de la revendication 1, dans lequel la perlite
comprend de la cémentite de 150 nm d’épaisseur ou moins.

L’acier laminé non traité thermiquement doté d’une excellente ténacité de la revendication 1, dans lequel un rapport
d’aspect (largeur:épaisseur) de la cémentite comprise dans la perlite est de 30:1 ou moins.

L’acierlaminé non traité thermiquement doté d’'une excellente ténacité de larevendication 1, dans lequel la cémentite
comprise dans la perlite a une forme discontinue.

L’acier laminé non traité thermiquement doté d’une excellente ténacité de la revendication 1, dans lequel la perlite
est une perlite dégénérée.

L’acier laminé non traité thermiquement doté d’'une excellente ténacité de la revendication 1, dans lequel I'acier
laminé a 650 ~ 750 MPa de résistance a la traction et 60 ~ 70 % de réduction de surface (RA, reduction in area).

Fil machine étiré non traité thermiquement doté d’une excellente ténacité, produit par étirage a froid de I'acier laminé
de I'une quelconque des revendications 1 a 7, dans lequel le fil machine étiré présente une résistance a la traction
de 800 ~ 900 MPa.

Procédeé de fabrication d’'un acier laminé non traité thermiquement doté d’une excellente ténacité, comprenant :

le chauffage d'une billette comprenant du C : 0,15 ~ 0,30 %, du Si: 0,1 ~0,2 %, duMn: 1,8 ~3,0 %, duP:
0,035 % ou moins, du S : 0,040 % ou moins, le reste de Fe, et d’autres impuretés inévitables, en pourcentage
de poids, a la plage de A 3+150 °C ~ A3+250 °C ;

le refroidissement primaire de la billette chauffée a la plage de A 3+50 °C ~ A 3+100 °C ;

la fabrication de I'acier laminé par laminage de la billette refroidie & A 3+50 °C ~ A_3+100 °C ; et

le refroidissement secondaire de I'acier laminé a une température de 600 °C ou moins.

Le procédé de fabrication d’'un acier laminé non traité thermiquement doté d’'une excellente ténacité de la revendi-
cation 9, dans lequel le chauffage de la billette a I'étape de chauffage est effectué pendant une période de 30
minutes a 1 heure et demie.

Le procédé de fabrication d’'un acier laminé non traité thermiquement doté d’'une excellente ténacité de la revendi-
cation 9, dans lequel le taux de refroidissement a la premiére étape de refroidissement est situé dans la plage de
5~15 °C/s.

Le procédé de fabrication d’'un acier laminé non traité thermiquement doté d’'une excellente ténacité de la revendi-
cation 9, dans lequel le taux de refroidissement a I'étape de refroidissement secondaire est situé dans la plage de

0,5~1,5°C/s.

Procédé de fabrication d’un fil machine étiré non traité thermiquement doté d’une excellente ténacité, comprenant :
I'étirage a froid de I'acier laminé de I'une quelconque des revendications 9 a 12.

1"



EP 2 462 252 B9

12

[Fig. 1]

p

v .
r.!.

0 .f/

AN

D LN AR

[Fig. 2]



EP 2 462 252 B9

AR S
W @YTS:
j '.tf" b AN T
S st

SR

13



EP 2 462 252 B9
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 7054040 A [0005]  JP 2006118014 A [0007]
* JP 10008209 A [0006] « WO 2008072873 A [0008]

14



	bibliography
	description
	claims
	drawings
	cited references

