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Description

[Technical Field]

[0001] The present disclosure relates to a wire rod used for automobile engine bolts and the like, and more particularly,
to a wire rod having improved hydrogen delayed fracture resistance, a method for manufacturing the same, a high
strength bolt using the same, and a method for manufacturing the bolt.

[Background Art]

[0002] In accordance with the recent trend for weight reductions and high functionalization in automobiles, requirements
for driving parts, in particular, engine parts such as bolts and the like, to have high strength, have increased in order to
reduce energy consumption. Currently used high strength bolts are manufactured to have a tensile strength of 1200
MPa through quenching and tempering processes, using alloyed steels such as SCM435, SCM440, and the like. However,
in the bolts having a tensile strength of 1200 MPa or greater, since delayed fractures may be easily caused due to
hydrogen, the uses of wire rods for manufacturing ultrahigh strength bolts remain inadequate.
[0003] According to a bolt manufacturing process, after performing wire drawing intended for sizing, through low
temperature annealing, the drawn wire may be subjected to spheroidizing heat treatment, bolt-forming, quenching and
tempering processes to finally obtain a steel having a single-phase structure composed of tempered martensite. Thus,
strength of the bolt may be determined depending on composing, quenching, tempering and heat treatment processes
performed thereon. However, the wire rod as a raw material needs to have as little strength as possible in order to
facilitate bolt-forming.
[0004] In order to highly strengthen a steel having a single-phase structure composed of tempered martensite, the
addition of alloying elements, in particular, carbon elements, has been known as the most effective method; however,
the addition of carbon may rapidly increase a ductile to brittle transition temperature (DBTT) of a wire rod as well as
increasing strength of the wire rod, and remarkably deteriorate hydrogen delayed fracture resistance. In addition thereto,
work hardening may be increased, causing disadvantages in bolt-forming and a separate softening heat treatment may
be required.
[0005] Bolts manufactured as described above may generally have a tempered martensite structure in which carbide
precipitates are distributed in grain boundaries or grains and the basic material thereof has precipitates distributed in
lath martensite. A main factor hindering the high strengthening of the basic material may be a degradation in delayed
fracture resistance due to the introduction of hydrogen, and it has been known because the introduced hydrogen may
deteriorate the strength of grain boundaries. In order to use existing tempered martensite in steel for high strength bolts,
an operation for improving delayed fracture resistance may be required.
[0006] Thus, in order to achieve the high strengthening of bolts, improvements in delayed fracture resistance may be
unavoidably required to increase critical delayed fracture strength, and to this end, a method of generating precipitates
capable of trapping diffusible hydrogen or controlling a microstructure by adding certain elements while maximally
suppressing phosphorus (P) and sulfur (S) brominating austenitic grain boundaries, and the like may be present.
[0007] The related art technologies for improving hydrogen delayed fracture resistance may include 1) corrosion
suppression in steel, 2) minimization of an amount of introduced hydrogen, 3) suppression of diffusible hydrogen con-
tributing to delayed fracture, 4) the use of steel having a high concentration of limited diffusible hydrogen contained
therein, 5) minimization of tensile stress, 6) stress concentration reduction, 7) miniaturization of austenite grain boundary
size, and the like. As a method of achieving improvements in hydrogen delayed fracture resistance, a method of imple-
menting a high degree of alloying, or a surface coating method or a plating method for preventing the introduction of
external hydrogen has been mainly used.
[0008] However, most inventions created domestically and internationally may have disadvantages such as high
manufacturing costs and complex processes required therefor, and require excessively precise rolling and cooling
conditions at the time of manufacturing steel. By way of example, in order to improve delayed fracture characteristics
of a high strength wire rod having a tensile strength of 1600 MPa, technologies of adding 0.5 wt% of titanium (Ti), niobium
(Nb), and vanadium (V), which are grain refinement elements, and then, adding corrosion resistance elements such as
molybdenum (Mo), nickel (Ni), copper (Cu), cobalt (Co), and the like and carbide elements are present, but production
costs required therefor may be significantly high. Furthermore, a method of improving hydrogen brittleness using ferrite
structures extracted from grain boundaries is present, but the method does not include a chemical combination, and a
product manufacturing cost may also increase due to the addition of a considerable amount of molybdenum (Mo).
[0009] In addition, a technology of improving delayed fracture characteristics of a high strength wire rod having a
tensile strength of 1600 MPa or greater, using complete pearlite is present. However, in such a technology, 0.2 wt% or
more of chromium needs to be added in order to improve tensile strength through wire drawing and to secure drawability
during wire drawing intended for sizing after the production of a wire rod, and lead patenting for isothermal transformation
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may necessarily be required. Thus, such a technology may have disadvantages such as high manufacturing costs and
complex processes and have limitations such as the requirement for excessively precise rolling and cooling conditions
at the time of manufacturing steel.
[0010] Moreover, through a technology of finally securing a tensile strength of 1200 to 1500 MPa using a ferrite-pearlite
dual phase microstructure, the tensile strength may be secured without a final heat treatment, unlike in other technologies.
However, since the technology basically aims at improving hydrogen delayed fracture resistance by adding a great
quantity of molybdenum (Mo), it may be disadvantageous in terms of high manufacturing costs.
[0011] As described above, limitations to a decrease in hydrogen delayed fracture resistance as compared to an
improvement in tensile strength in heat-treated and non heat-treated carbon steels having a tensile strength of 1200
MPa or greater have not yet been overcome, the securing of price competitiveness may not be available due to the
addition of expensive alloying elements, and in particular, the stable securing of data regarding delayed fracture char-
acteristics due to hydrogen may be defective. Document JP55884960 A relates to a high strength bolt having a tensile
strength ≥ 120 kg/mm2 and superior delayed rupture resistance.

[Disclosure]

[Technical Problem]

[0012] An aspect of the present disclosure provides a wire rod having superior hydrogen delayed fracture resistance
while securing ultrahigh strength through a heat treatment, and a method for manufacturing the same.
[0013] An aspect of the present disclosure also provides a high strength bolt having superior hydrogen delayed fracture
resistance using the wire rod, and a method for manufacturing the same.

[Technical Solution]

[0014] According to an aspect of the present disclosure, there is provided a wire rod according to claim 1 having
superior hydrogen delayed fracture resistance and having a composition consisting of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0
wt%, Mn: 0.7 to 1.5 wt%, La: 30 to 70ppm, Ni : 0.01 to 0.1%, the balance being Fe and inevitable impurities.
[0015] According to another aspect of the present disclosure, there is provided a method for manufacturing a wire rod
having superior hydrogen delayed fracture resistance, according to claim 4 the method including: heating a steel having
a composition consisting of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%, La: 30 to 70ppm, Ni: 0.01 to 0.1%,
the balance being Fe and inevitable impurities to a temperature of Ae3+150°C to Ae3+250°C; cooling the heated steel
at a rate of 5 to 15°C/s and rolling the steel at a temperature of Ae3+50°C to Ae3+150°C to manufacture a wire rod; and
cooling the rolled wire rod to 600 °C or less at a rate of 0.5 to 3°C/s.
[0016] According to another aspect of the present disclosure, there is provided a bolt having a composition consisting
of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%, La: 30 to 70ppm, Ni: 0.01 to 0.1%, the balance being Fe
and inevitable impurities, and having a tensile strength of 1200 MPa or greater and superior hydrogen delayed fracture
resistance, as defined in claim 6.
[0017] According to another aspect of the present disclosure, there is provided a method for manufacturing a bolt
having superior hydrogen delayed fracture resistance, according to claim 9 the method including: heating a steel having
a composition consisting of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%, La: 30 to 70ppm, Ni : 0.01 to
0.1%, the balance being Fe and inevitable impurities to a temperature of Ae3+150°C to Ae3+250°C; cooling the heated
steel at a rate of 5 to 15°C/s and rolling the steel at a temperature of Ae3+50°C to Ae3+150°C to manufacture a wire
rod; cooling the rolled wire rod to 600°C or less at a rate of 0.5 to 3°C/s; and bolt-forming using the cooled wire rod;
performing a heat treatment on the formed bolt at a temperature of 850 to 950°C; and performing quenching after the
heat treatment, and then performing tempering at a temperature of 300 to 500°C.

[Advantageous Effects]

[0018] The wire rod according to the present disclosure may be a high strength wire rod used for the coupling of
automobile components or used in such automobile components, and the method of manufacturing the wire rod may
be advantageous in that a wire rod having high strength of 1200 MPa to 2000 MPa and superior hydrogen delayed
fracture resistance, even in a case in which a tiny amount of lanthanum and nickel is added or even in a case in which
a martensite microstructure is present after the final heat treatment, may be manufactured with low manufacturing costs.
[0019] In accordance with the development of a wire rod for bolts having superior hydrogen delayed fracture resistance
and high strength, the stability of a steel structure may be increased due to a reinforcement of coupling force and a
reduction of vacancies in a coupling part at the time of coupling the bolts, and an amount of steel used may be reduced
due to a decrease in the number of coupled bolts. In addition, in terms of automobile components, the development of
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the wire rod for bolts as described above may contribute to lightening of the automobile components. Due to the lightening
of automobile components, various automobile assembling device designs may be enabled and compactness of auto-
mobile assembling devices may be allowed.

[Description of Drawings]

[0020]

FIG. 1 is a schematic view illustrating a microstructure of a wire rod according to an exemplary embodiment of the
present disclosure.
FIG. 2 is a schematic view illustrating hydrogen trapping of a molybdenum (Mo) precipitate in the case of the addition
of Mo according to the related art.
FIG. 3 is a schematic view illustrating hydrogen trapping of a precipitate contained in the wire rod according to the
exemplary embodiment of the present disclosure.
FIG. 4 is a view illustrating a crystal structure of the precipitate of FIG. 3.

[Best Mode]

[0021] Hereinafter, exemplary embodiments of the present disclosure will be described in detail.
[0022] First, a wire rod according to an exemplary embodiment of the present disclosure will be described in detail.
Here, a compositional range of the wire rod according to the exemplary embodiment of the present disclosure will be
described (hereinafter, referred to as weight percentage (wt%)).
[0023] Carbon (C) is included in the wire rod in an amount of 0.3 to 0.7 wt%. When carbon (C) is included in an amount
exceeding 0.7 wt%, although the wire rod may be frequently used in the form of a high carbon wire rod formed using
common cold wire drawing, in a case in which the wire rod is subjected to a heat treatment suggested in the exemplary
embodiment of the present disclosure, film shaped carbides may be frequently eluted in austenite grain boundaries to
thereby deteriorate hydrogen delayed fracture resistance. Thus, an amount of carbon (C) exceeding 0.7 wt% is not
preferable. Meanwhile, when carbon (C) is included in an amount less than 0.3 wt%, since tensile strength of a bolt may
be insufficiently secured through quenching and tempering heat treatments, carbon (C) is added in an amount of 0.3
wt% or greater in order to secure a sufficient degree of strength.
[0024] Silicon (Si) is included in the wire rod in an amount of 0.05 to 2.0 wt%. When silicon (Si) is included in an amount
exceeding 2.0 wt%, a work hardening phenomenon may be rapidly generated during a cold forging process for manu-
facturing bolts to deteriorate processability. When silicon (Si) is included in an amount less than 0.05 wt%, a sufficient
degree of strength may not be secured and spheroidization of cementite may also be adversely affected.
[0025] Manganese (Mn) is included in the wire rod in an amount of 0.7 to 1.5 wt%. Manganese (Mn), an element
forming a substitutional solid solution in a base structure to perform solid solution reinforcement, may be very useful in
high tension bolt characteristics. When manganese (Mn) is included in an amount exceeding 1.5 wt%, a heterogeneous
structure caused by manganese segregation may have a negative influence on bolt characteristics, rather than having
solid solution reinforcement effects. That is, during the coagulation of steel, macroscopic and microscopic segregation
may be easily generated according to a segregating device, and manganese (Mn) may aggravate a segregation area
due to the diffusion coefficient thereof relatively being lower than that of other elements and the consequent hardenability
improvements may be a main factor generating a core low temperature structure (for example, core martensite). That
is, an increase in local quenching properties and the formation of a segregation area caused by manganese segregation
during casting may intensify dual phase properties of the structure.
[0026] Meanwhile, when manganese (Mn) is included in an amount less than 0.7 wt%, the segregation area may be
barely affected by the manganese segregation, but tensile strength of a final product may not be secured through solid
solution reinforcement. That is, when manganese (Mn) is included in an amount less than 0.7 wt%, improvements in
quenching and permanent deformation resistance may be insufficient due to insufficient solid solution reinforcement.
[0027] Nickel (Ni) is included in the wire rod in an amount of 0.01 to 0.1 wt%. Nickel (Ni) may be a very important
element forming a compound within a grain boundary, together with lanthanum (La). Thus, when nickel (Ni) is included
in an amount less than 0.01 wt%, an effective compound, in particular, precipitates, may not be completely generated,
thereby leading to an inability to improve hydrogen delayed fracture resistance. When nickel (Ni) is included in an amount
exceeding 0.1 wt%, the amount of the remaining austenite may be increased to degrade impact toughness and manu-
facturing costs may be increased due to an excessive amount of nickel.
[0028] Lanthanum (La) is included in the wire rod in an amount of 30 to 70 ppm. Lanthanum (La) may be a very
important element forming a compound within a grain boundary, together with Nickel (Ni) and decreasing phosphorous
and sulfur segregated in the grain boundary. Thus, when lanthanum (La) is included in an amount less than 30ppm, the
compound may not be effectively formed and the removal of phosphorus and sulfur segregated in the grain boundary
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may not be facilitated. Thus, the securing of tensile strength may be enabled but superior hydrogen delayed fracture
resistance may not be expected. On the other hand, when lanthanum (La) is included in an amount exceeding 70ppm,
since manufacturing costs may be increased and the hydrogen delayed fracture resistance may not be improved due
to an excessive amount of lanthanum, the upper limit of the amount of added lanthanum may be 70ppm.
[0029] The balance of the composition is iron (Fe) and inevitable impurities.
[0030] The wire rod according to the exemplary embodiment of the present invention includes a lanthanum (La)-based,
a nickel (Ni)-based, or a LaNi-based precipitate. Types of the precipitate are not particularly limited, and examples thereof
may include LaNi5, LaPO4, La2O2S. The precipitate may be formed in a grain or a grain boundary of a microstructure
and trap hydrogen introduced into the grain or the grain boundary to prevent the introduced hydrogen from deteriorating
strength of the grain boundary, thereby improving hydrogen delayed fracture resistance.
[0031] FIG. 1 schematically illustrates a state in which precipitates are distributed by observing the microstructure of
the wire rod according to the exemplary embodiment of the present disclosure. As illustrated in FIG. 1, it may be confirmed
that precipitates of LaNi5, LaPO4, and La2O2S are distributed in a grain or a grain boundary of the microstructure, and
a compound of LaNi5H6 is present due to the trapping of hydrogen.
[0032] Meanwhile, hydrogen trapping effects due to the precipitates according to the exemplary embodiment of the
present disclosure may be significantly superior, as compared to the related art technology intended to improve hydrogen
delayed fracture resistance through molybdenum (Mo). FIG. 2 schematically illustrates hydrogen trapping effects using
a molybdenum (Mo) precipitate according to the related art, and the molybdenum (Mo) precipitate may be intended to
trap introduced hydrogen within an interface between the precipitate and a grain to thereby improve hydrogen delayed
fracture resistance. However, in FIG. 3, schematically illustrating hydrogen trapping effects due to the precipitate ac-
cording to the exemplary embodiment of the present disclosure, the precipitate according to the exemplary embodiment
of the present disclosure may allow for the formation of a compound (for example, LaNi5H6) including introduced hydrogen,
rather than confining the hydrogen to a surface of the precipitate, such that hydrogen present in steel may be completely
confined to thereby improve hydrogen delayed fracture resistance. Thus, in the case of FIG. 2, a defect in which hydrogen
is separated from the surface of the precipitate may be present, but such a defect may be fundamentally extinct, such
that superior hydrogen delayed fracture resistance may be obtained, in the embodiment of the present disclosure. FIG.
4 illustrates a crystal structure of LaNi5H6 of FIG. 3, and it can be confirmed that the compound of LaNi5H6 may have a
structure capable of storing a considerable amount of hydrogen therein.
[0033] The aspect ratio of the precipitate is 1.2 to 2.0. When the aspect ratio of the precipitate is less than 1.2, the
securing of the compound may rarely be allowed due to the crystal structure. When the aspect ratio of the precipitate
exceeds 2.0, the precipitate may be easily broken. In a case in which the precipitate is broken in a material, continuity
thereof with a base may be deficient and micro-voids may be generated, thereby causing defects. Thus, breakage of
the wire rod may be caused and expected hydrogen delayed fracture resistance may not be secured.
[0034] Meanwhile, in terms of a size of the precipitate, a circular-equivalent diameter of the precipitate may be 100 to
400nm. When the diameter is less than 100nm, the size of the precipitate may be excessively small, an amount of
hydrogen trapped in the precipitate may be reduced, whereby effective hydrogen trapping effects may not be secured.
When the diameter exceeds 400nm, and is significantly large, since the number of precipitates distributed per unit area
may be reduced, a decrease in a surface area of the precipitates in the overall steel may result, thereby reducing hydrogen
trapping effects, the upper limit of the diameter of the precipitate may be 400 nm.
[0035] Hereinafter, a method for manufacturing a wire rod according to an exemplary embodiment of the present
disclosure will be described in detail.
[0036] In order to manufacture the wire rod according to the exemplary embodiment of the present disclosure, steel
satisfying the composition described above is heated to a temperature of Ae3+150°C to Ae3+250°C. The heating to the
temperature may be intended to maintain an austenite single phase, and in a range of the temperature, austenite grain
coarsening may not be generated and the remaining segregation, carbides and inclusions may be effectively dissolved.
When the temperature exceeds Ae3+250°C, an austenite grain may be significantly coarse, such that a final microstruc-
ture formed after cooling may be highly coarse, resulting in an inability to secure a high strength wire rod having a high
degree of toughness. Meanwhile, when the heating temperature is less than Ae3+150°C, heating effects may not be
obtained and consequently, the heating temperature is Ae3+150°C to Ae3+250°C.
[0037] The heating may be undertaken for 30 minutes to one and a half hours. When the heating is performed for less
than 30 minutes, the entire temperature may not be uniform. When the heating is performed for more than one and a
half hours, possibility that the austenite grain may be coarse may be higher and productivity may be significantly reduced.
[0038] The heated steel is cooled and is subjected to hot rolling. The cooling is performed at a cooling rate of 5 to
15°C/s and the rolling is performed at a temperature of Ae3+50°C to Ae3+150°C, to thereby manufacture a wire rod.
[0039] The cooling may be intended to perform controlling aiming at minimizing the transformation of the microstructure.
When the cooling rate is less than 5°C/s before the rolling, productivity may be decreased, an additional device may be
required in order to maintain a slow cooling rate, and further, strength and toughness of the wire rod may be deteriorated
after the hot rolling, similarly to the case in which the heating is maintained for long hours. On the other hand, when the
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cooling rate exceeds 15°C/s, since driving force of the transformation in steel before the rolling may be increased, the
possibility that a new microstructure may emerge during the rolling may be increased, such that a lower rolling temperature
may need to be reset.
[0040] In addition, the rolling temperature may be a temperature at which the emergence of a microstructure caused
by the transformation during the rolling may be inhibited, recrystallization may not be generated, and only sizing rolling
may be enabled. When the rolling temperature is less than Ae3+50°C, it may be close to the dynamic recrystallization
temperature, such that the securing of the microstructure may be unavailable and general soft ferrite may be highly
secured. Meanwhile, when the rolling temperature is greater than Ae3+150°C, since reheating may be required after
the cooling, the upper limit of the rolling temperature may be set as described above.
[0041] The wire rod manufactured through the rolling as described above is cooled to 600 °C or less at a cooling rate
of 0.5 to 3°C/s. The cooling rate may refer to a cooling rate at which the diffusion of carbon may be suppressed by the
addition of manganese, and the wire rod may be effectively generated while pearlite is incompletely generated and a
sufficient area fraction is secured. When the cooling rate is less than 0.5°C/s, the cooling rate may be extremely low,
thereby degrading productivity to a degree to which actual work becomes infeasible. When the cooling rate exceeds
3°C/s, hardenability may be improved due to overlapping effects of the added elements, such that ferrite-pearlite trans-
formation may be delayed and a low temperature structure such as martensite or bainite may be generated.
[0042] Hereinafter, a bolt according to an exemplary embodiment of the present disclosure and a method for manu-
facturing the same will be described in detail.
[0043] The bolt manufactured using the wire rod according to the embodiment of the present disclosure may have
ultrahigh strength and at the same time, may have superior hydrogen delayed fracture resistance due to the precipitate.
The bolt according to the exemplary embodiment of the present disclosure has an ultrahigh strength of 1200 MPa or
greater and at the same time, α superior hydrogen delayed fracture resistance.
[0044] The manufacturing method of a wire rod having tensile strength of 1200 MPa or greater may be performed
according to the following operations. First, bolt-forming is performed using the wire rod according to the embodiment
of the present disclosure, and a heat treatment is performed on the formed bolt at a temperature of 850 to 950°C. The
heat treatment may be intended to achieve homogenization of the structure through austenizing. When the temperature
is less than 850°C, a sufficient amount of homogenization may not be performed, while when the temperature is greater
than 950°C, no further effects derived from an increase in temperature may be secured and ductility may be deteriorated
due to the coarsening of grains. Thus, the upper limit of the temperature is 950°C.
[0045] After the heat treatment, quenching is performed and tempering is undertaken at a temperature of 300 to 500°C.
The structure homogenized through rapid cooling may form a low temperature transformation structure such as a mar-
tensite structure to thereby improve strength of the bolt.
[0046] The tempering is intended to control strength and improve brittleness by removing residual stress generated
due to the rapid cooling. When the temperature is less than 300°C, sufficient removal of residual stress may be difficult
and rather, brittleness may be generated as a temper brittleness phenomenon. Thus, the temperature is 300°C or greater.
When the temperature exceeds 500°C, the strength may be reduced due to an excessive heat treatment, thereby leading
to an inability to secure a required level of strength. Thus, the tempering is undertaken at a temperature of 300 to 500°C.
[0047] The method for manufacturing the bolt may be intended to secure a required level of strength by applying a
common heat treatment thereto. The common heat treatment may be applied by controlling time and temperature in
order to secure strength required by a person having ordinary skill in the art and the present disclosure is not particularly
limited thereto.

[Mode for Disclosure]

[0048] Hereinafter, examples will be described in detail.

(Example 1)

[0049] Steels having compositions of Table 1 and Ae3 temperature were manufactured and then, wire rods were
manufactured using the steels under conditions of Table 2. Bolts were manufactured using the wire rods manufactured
as above. In this case, heat treatment conditions in a manufacturing process of the bolts were described in Table 2.
[0050] Tensile strength and hydrogen delayed fracture resistance of the respective bolts manufactured above were
measured and the results thereof are shown in Table 3. The hydrogen delayed fracture resistance of the respective
bolts were measured in such a manner that tensile strengths corresponding to about 0.9 times those of tensile strength
of the respective bolts, measured in a state in which the respective bolts were immersed in a test solution having an
acidity of about 2 and configured of H2O: 2000cc, CH3COOH: 80ml, and NaCl: 100g were imparted to the bolts and
then, hours after which the respective specimens were broken, were measured. Through the test, in a case in which the
specimen was maintained unbroken for 100 hours or more, it was estimated that resistance to hydrogen delayed fracture
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was excellent.

Table 1

Classification C Si Mn La Ni Remainder Ae3 temperature

Comparative Example 1 0.01 0.02 0.55 0.001 0.06 - 886

Comparative Example 2 0.82 0.5 1.2 0.05 0.06 - 856

Comparative Example 3 0.37 0.02 0.50 - - Mo 0.27 810

Comparative Example 4 0.35 0.03 0.52 - - Mo 0.64 826

Comparative Example 5 0.40 0.02 0.55 - - Mo 0.85 823

Comparative Example 6 0.39 0.18 0.78 - 0.09 - 820

Comparative Example 7 0.44 0.55 1.16 0.004 - - 825

Comparative Example 8 0.45 0.42 1.18 0.001 0.06 - 824

Comparative Example 9 0.38 0.02 0.56 0.01 0.06 - 811

Comparative Example 10 0.46 0.51 1.2 0.007 0.005 - 821

Comparative Example 11 0.45 0.52 1.2 0.007 0.15 - 824

Reference Example 1 0.38 0.05 0.7 0.005 0.06 - 820

Reference Example 2 0.45 0.5 1.2 0.007 0.04 - 821

Reference Example 3 0.62 0.5 0.83 0.004 8 0.06 - 785

Table 2

Classification Wire rod manufacturing process Bolt processing conditions

Steel heating 
temperature and 
hour (°C, Minutes)

Cooling 
Rate (°C 
/s)

Rolling 
Temperature 
(°C)

Cooling 
Rate after 
rolling 
(°C/s)

Heating 
Temperature 
(°C )

Tempering 
temperature 
(°C )

Comparative 
Example 1

1082, 80 9.7 989 1.3 870 350

Comparative 
Example 2

1090, 62 13.2 956 0.2 870 350

Comparative 
Example 3

1067, 72 11.8 969 2.1 870 350

Comparative 
Example 4

1081, 81 12.6 975 2.2 870 350

Comparative 
Example 5

1078, 69 13.3 958 1.9 870 450

Comparative 
Example 6

1015, 71 11.9 978 0.5 870 350

Comparative 
Example 7

1065, 65 10.2 988 0.9 870 450

Comparative 
Example 8

1111, 88 9.6 990 1.5 870 450

Comparative 
Example 9

1093, 78 13.9 991 2.3 870 350
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[0051] Comparative examples 9 and 11 have sufficient strength and hydrogen delayed fracture resistance, but are
not preferable in terms of economical feasibility due to the addition of an excessive amount of La and Ni, respectively.
[0052] Meanwhile, in a case in which carbon (C) was included in an excessively low amount as in comparative example
1, it could be confirmed that a sufficient amount of strength was not secured, and in a case in which carbon (C) was
included in an excessively high amount as in comparative example 2, it could be confirmed that hydrogen delayed
fracture resistance was significantly low. In the cases of comparative examples 3 to 5 having molybdenum (Mo) added
therein, it could be confirmed that breakage occurred before 100 hours, the securing of sufficient hydrogen delayed
fracture resistance was difficult. In the case in which only one of La and Ni was added, as in comparative examples 6
and 7, sufficient hydrogen delayed fracture resistance was not secured.

(continued)

Classification Wire rod manufacturing process Bolt processing conditions

Steel heating 
temperature and 
hour (°C, Minutes)

Cooling 
Rate (°C 
/s)

Rolling 
Temperature 
(°C)

Cooling 
Rate after 
rolling 
(°C/s)

Heating 
Temperature 
(°C )

Tempering 
temperature 
(°C )

Comparative 
Example 10

1038, 79 10.2 972 0.8 870 450

Comparative 
Example 11

1082, 82 11.7 965 0.3 870 450

Reference 
Example 1

1053, 82 12.4 978 0.6 870 450

Reference 
Example 2

1065, 89 10.2 981 1.1 870 450

Reference 
Example 3

1071, 79 9.1 980 1.7 870 450

Table 3

Classification Tensile strength (MPa) Breaking time (H)

10 20 30 40 50 60 70 80 90 100 200 300

Comparative Example 1 1012 3 3 3 3 3 3 3 3 3 3 s -

Comparative Example 2 1760 s - - - - - - - - - - -

Comparative Example 3 1390 3 3 3 s - - - - - - - -

Comparative Example 4 1420 3 3 3 3 3 s - - - - - -

Comparative Example 5 1435 3 3 3 3 3 3 3 3 s - - -

Comparative Example 6 1320 3 3 3 3 3 3 s - - - - -

Comparative Example 7 1290 3 3 3 3 3 3 3 s - - - -

Comparative Example 8 1360 3 3 3 3 3 3 3 3 s - - -

Comparative Example 9 1590 3 3 3 3 3 3 3 3 3 3 3 3

Comparative Example 10 1365 3 3 3 3 3 s - - - - - -

Comparative Example 11 1610 3 3 3 3 3 3 3 3 3 3 3 3

Reference Example 1 1250 3 3 3 3 3 3 3 3 3 3 3 3

Reference Example 2 1680 3 3 3 3 3 3 3 3 3 3 3 3

Reference Example 3 2019 3 3 3 3 3 3 3 3 3 3 3 3

s: Breakage Occurrence, x: Breakage Non-Occurrence
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[0053] In a case in which the addition of La does not reach a set range of the present disclosure, as in comparative
examples 8 and 9, it could be confirmed that sufficient hydrogen delayed fracture resistance was not secured.

(Example 2)

[0054] In order to determine hydrogen delayed fracture resistance depending on a size and an aspect ratio of a
lanthanum (La)-based, a nickel (Ni)-based, or a LaNi-based precipitate, the size and the aspect ratio of the precipitate
were varied through a heat treatment in the cases of Reference examples 1 to 3.
[0055] After the size and the aspect ratio of the precipitate were varied as described above, hydrogen delayed fracture
resistance was measured in the same manner as that of the foregoing example 1 and the results thereof were shown
in Table 4.
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[0056] As can be seen in Table 4, it could be confirmed that when the aspect ratio of the precipitate was outside the
range of the present disclosure, hydrogen delayed fracture resistance was low.

Claims

1. A wire rod having superior hydrogen delayed fracture resistance and having a composition consisting of C: 0.3 to
0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%, La: 30 to 70ppm, Ni: 0.01 to 0.1%, the balance being Fe and
inevitable impurities,
wherein the wire rod includes a lanthanum (La)-based, a nickel (Ni)-based, or a LaNi-based precipitate,
wherein the aspect ratio of the precipitate is 1.2 to 2.0.

2. The wire rod of claim 1, wherein an average circular-equivalent diameter of the precipitate is 100 to 400nm.

3. The wire rod of claim 1 or 2, wherein the precipitate is at least one of LaNi5, LaPO4 and La2O2S.

4. A method for manufacturing a wire rod having superior hydrogen delayed fracture resistance, the method comprising:

heating a steel having a composition consisting of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%,
La: 30 to 70ppm, Ni: 0.01 to 0.1%, the balance being Fe and inevitable impurities to a temperature of Ae3+150°C
to Ae3+250°C;
cooling the heated steel at a rate of 5 to 15°C/s and rolling the steel at a temperature of Ae3+50°C to Ae3+150°C
to manufacture a wire rod; and
cooling the rolled wire rod to 600 °C or less at a rate of 0.5 to 3°C/s, wherein a Lanthanum (La)-based, a nickel
(Ni based, or a LaNi-based precipitate is formed, wherein the aspect ratio of the precipitate is 1.2 to 2.0.

5. The method of claim 4, wherein the heating is performed for 30 minutes to one and a half hours.

6. A bolt having a composition consisting of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%, La: 30 to 70ppm,
Ni: 0.01 to 0.1%, the balance being Fe and inevitable impurities, and having a tensile strength of 1200 MPa or
greater and superior hydrogen delayed fracture resistance,
wherein a microstructure of the bolt includes a lanthanum (La)-based, a nickel (Ni)-based, or a LaNi-based precipitate
having an aspect ratio of 1.2 to 2.0.

7. The bolt of claim 6, wherein an average circular-equivalent diameter of the precipitate is 100 to 400nm.

8. The bolt of claim 6 or 7, wherein the precipitate is at least one of LaNi5, LaPO4 and La2O2S.

9. A method for manufacturing a bolt having a tensile strength of 1200 MPa or greater and superior hydrogen delayed
fracture resistance, the method comprising:

heating a steel having a composition consisting of C: 0.3 to 0.7 wt%, Si: 0.05 to 2.0 wt%, Mn: 0.7 to 1.5 wt%,
La: 30 to 70ppm, Ni: 0.01 to 0.1%, the balance being Fe and inevitable impurities to a temperature of Ae3+150°C
to Ae3+250°C;
cooling the heated steel at a rate of 5 to 15°C/s and rolling the steel at a temperature of Ae3+50°C to Ae3+150°C
to manufacture a wire rod;
cooling the rolled wire rod to 600 °C or less at a rate of 0.5 to 3°C/s wherein a Lanthanum (La)-based, a nickel
(Ni based, or a LaNi-based precipitate having an aspect ratio of 1.2 to 2.0 is formed; and
bolt-forming using the cooled wire rod;
performing a heat treatment on the formed bolt at a temperature of 850 to 950°C; and
performing quenching after the heat treatment, and then performing tempering at a temperature of 300 to 500°C.

10. The method of claim 9, wherein the heating is performed for 30 minutes to one and a half hours.

Patentansprüche

1. Walzdraht mit hervorragender wasserstoffverzögerter Bruchfestigkeit und mit einer Zusammensetzung bestehend
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aus C: 0,3 bis 0,7 Gew.-%, Si: 0,05 bis 2,0 Gew.-%, Mn: 0,7 bis 1,5 Gew.-%, La: 30 bis 70 ppm, Ni: 0,01 bis 0,1%,
wobei es sich bei dem Rest um Fe und unvermeidbare Verunreinigungen handelt,
wobei der Walzdraht ein Präzipitat auf Lanthan-(La)-Basis, Nickel-(Ni)-Basis oder LaNi-Basis enthält,
wobei das Seitenverhältnis des Präzipitats 1,2 zu 2,0 beträgt.

2. Walzdraht nach Anspruch 1, wobei ein mittlerer kreisformäquivalenter Durchmesser des Präzipitats 100 bis 400 nm
beträgt.

3. Walzdraht nach Anspruch 1 oder 2, wobei es sich bei dem Präzipitat um LaNi5 und/oder LaPO4 und/oder La2O2S
handelt.

4. Verfahren zum Herstellen eines Walzdrahts mit hervorragender wasserstoffverzögerter Bruchfestigkeit, wobei das
Verfahren umfasst:

Erhitzen eines Stahls, der eine Zusammensetzung hat, die aus C: 0,3 bis 0,7 Gew.-%, Si: 0,05 bis 2,0 Gew.-
%, Mn: 0,7 bis 1,5 Gew.-%, La: 30 bis 70 ppm, Ni: 0,01 bis 0,1% besteht, wobei es sich bei dem Rest um Fe
und unvermeidbare Verunreinigungen handelt, auf eine Temperatur von Ae3+150°C bis Ae3+250°C;
Abkühlen des erhitzten Stahls mit einer Rate von 5 bis 15°C/s, und Walzen des Stahls bei einer Temperatur
von Ae3+50°C bis Ae3+150°C, um einen Walzdraht herzustellen; und
Abkühlen des gewalzten Walzdrahts auf 600°C oder darunter mit einer Rate von 0,5 bis 3°C/s, wobei sich ein
Präzipitat auf Lanthan-(La)-Basis, Nickel-(Ni)-Basis oder LaNi-Basis bildet, wobei das Seitenverhältnis des
Präzipitats 1,2 zu 2,0 beträgt.

5. Verfahren nach Anspruch 4, wobei das Erhitzen 30 Minuten bis eineinhalb Stunden lang erfolgt.

6. Schraube, die eine Zusammensetzung, die aus C: 0,3 bis 0,7 Gew.-%, Si: 0,05 bis 2,0 Gew.-%, Mn: 0,7 bis 1,5
Gew.-%, La: 30 bis 70 ppm, Ni: 0,01 bis 0,1% besteht, wobei es sich bei dem Rest um Fe und unvermeidbare
Verunreinigungen handelt, und eine Zugfestigkeit von 1200 MPa oder höher und eine hervorragende wasserstoff-
verzögerte Bruchfestigkeit hat,
wobei eine Mikrostruktur der Schraube ein Präzipitat auf Lanthan-(La)-Basis, Nickel-(Ni)-Basis oder LaNi-Basis mit
einem Seitenverhältnis von 1,2 zu 2,0 enthält.

7. Schraube nach Anspruch 6, wobei ein mittlerer kreisformäquivalenter Durchmesser des Präzipitats 100 bis 400 nm
beträgt.

8. Schraube nach Anspruch 6 oder 7, wobei es sich bei dem Präzipitat um LaNi5 und/oder LaP04 und/oder La2O2S
handelt.

9. Verfahren zum Herstellen einer Schraube mit einer Zugfestigkeit von 1200 MPa oder höher und einer hervorragenden
wasserstoffverzögerten Bruchfestigkeit, wobei das Verfahren umfasst:

Erhitzen eines Stahls, der eine Zusammensetzung hat, die aus C: 0,3 bis 0,7 Gew.-%, Si: 0,05 bis 2,0 Gew.-
%, Mn: 0,7 bis 1,5 Gew.-%, La: 30 bis 70 ppm, Ni: 0,01 bis 0,1% besteht, wobei es sich bei dem Rest um Fe
und unvermeidbare Verunreinigungen handelt, auf eine Temperatur von Ae3+150°C bis Ae3+250°C;
Abkühlen des erhitzten Stahls mit einer Rate von 5 bis 15°C/s, und Walzen des Stahls bei einer Temperatur
von Ae3+50°C bis Ae3+150°C, um einen Walzdraht herzustellen; und
Abkühlen des gewalzten Walzdrahts auf 600°C oder darunter mit einer Rate von 0,5 bis 3°C/s, wobei sich ein
Präzipitat auf Lanthan-(La)-Basis, Nickel-(Ni)-Basis oder LaNi-Basis mit einem Seitenverhältnis von 1,2 zu 2,0
bildet; und
Ausbilden der Schraube unter Verwendung des abgekühlten Walzdrahts; Durchführen einer Hitzebehandlung
an der ausgebildeten Schraube bei einer Temperatur von 850 bis 950°C; und
Durchführen einer Abschreckung nach der Wärmebehandlung, und dann durchführen einer Temperung bei
einer Temperatur von 300 bis 500°C.

10. Verfahren nach Anspruch 9, wobei das Erhitzen 30 Minuten bis eineinhalb Stunden lang erfolgt.
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Revendications

1. Fil machine présentant une résistance à la rupture supérieure différée par hydrogène et ayant une composition
constituée par C : 0,3 à 0,7 % en poids, Si : 0,05 à 2,0 % en poids, Mn : 0,7 à 1,5 % en poids, La : 30 à 70 ppm,
Ni : 0,01 à 0,1 %, le solde étant du Fe et des impuretés inévitables,
sachant que le fil machine inclut un précipité à base de lanthane (La), à base de nickel (Ni), ou à base de LaNi,
sachant que le rapport d’aspect du précipité est de 1,2 sur 2,0.

2. Le fil machine de la revendication 1, sachant qu’un diamètre équivalent circulaire moyen du précipité est de 100 à
400 nm.

3. Le fil machine de la revendication 1 ou 2, sachant que le précipité est au moins l’un de LaNi5, LaPO4 et La202S.

4. Procédé de fabrication d’un fil machine présentant une résistance à la rupture supérieure différée par hydrogène,
le procédé comprenant :

le chauffage d’un acier ayant une composition constituée par C : 0,3 à 0,7 % en poids, Si : 0,05 à 2,0 % en
poids, Mn : 0,7 à 1,5 % en poids, La : 30 à 70 ppm, Ni : 0,01 à 0,1 %, le solde étant du Fe et des impuretés
inévitables, à une température de Ae3+150°C à Ae3+250°C ;
le refroidissement de l’acier chauffé à une cadence de 5 à 15°C/s et le laminage de l’acier à une température
de Ae3+50°C à Ae3+150°C pour fabriquer un fil machine ; et
le refroidissement du fil machine laminé à 600°C ou moins à une cadence de 0,5 à 3°C/s, sachant qu’un précipité
à base de lanthane (La), à base de nickel (Ni), ou à base de LaNi est formé, sachant que le rapport d’aspect
du précipité est de 1,2 sur 2,0.

5. Le procédé de la revendication 4, sachant que le chauffage est effectué pendant 30 minutes à une heure et demie.

6. Boulon ayant une composition constituée par C : 0,3 à 0,7 % en poids, Si : 0,05 à 2,0 % en poids, Mn : 0,7 à 1,5 %
en poids, La : 30 à 70 ppm, Ni : 0,01 à 0,1 %, le solde étant du Fe et des impuretés inévitables, et présentant une
résistance à la traction de 1200 MPa ou plus et une résistance à la rupture supérieure différée par hydrogène,
sachant qu’une microstructure du boulon inclut un précipité à base de lanthane (La), à base de nickel (Ni), ou à
base de LaNi ayant un rapport d’aspect de 1,2 sur 2,0.

7. Le boulon de la revendication 6, sachant qu’un diamètre équivalent circulaire moyen du précipité est de 100 à 400 nm.

8. Le boulon de la revendication 6 ou 7, sachant que le précipité est au moins l’un de LaNi5, LaPO4 et La2O2S.

9. Procédé de fabrication d’un boulon présentant une résistance à la traction de 1200 MPa ou plus et une résistance
à la rupture supérieure différée par hydrogène, le procédé comprenant :

le chauffage d’un acier ayant une composition constituée par C : 0,3 à 0,7 % en poids, Si : 0,05 à 2,0 % en
poids, Mn : 0,7 à 1,5 % en poids, La : 30 à 70 ppm, Ni : 0,01 à 0,1 %, le solde étant du Fe et des impuretés
inévitables, à une température de Ae3+150°C à Ae3+250°C ;
le refroidissement de l’acier chauffé à une cadence de 5 à 15°C/s et le laminage de l’acier à une température
de Ae3+50°C à Ae3+150°C pour fabriquer un fil machine ; et
le refroidissement du fil machine laminé à 600°C ou moins à une cadence de 0,5 à 3°C/s, sachant qu’un précipité
à base de lanthane (La), à base de nickel (Ni), ou à base de LaNi ayant un rapport d’aspect de 1,2 sur 2,0 est
formé ; et
le formage de boulon au moyen du fil machine laminé ;
l’exécution d’un traitement thermique sur le boulon formé à une température de 850 à 950°C ; et
l’exécution d’une trempe après le traitement thermique, puis l’exécution d’un revenu à une température de 300
à 500°C.

10. Le procédé de la revendication 9, sachant que le chauffage est effectué pendant 30 minutes à une heure et demie.
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