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(54) WIRE ROD FOR COLD WORKING WITH IMPROVED STRESS CORROSION RESISTANCE 
CHARACTERISTICS, STEEL WIRE, AND METHOD FOR MANUFACTURING SAME

(57) Disclosed are a wire rod for cold working with
improved stress corrosion resistance characteristics, a
steel wire, and a method for manufacturing same. The
wire rod for cold working with improved stress corrosion
resistance characteristics, according to the present in-
vention, comprises, by weight%, 0.3-0.6% of C, 0.5-1.0%

of Mn, 0.6-2.0% of Si, 0.2-0.6% of Cr, and the remainder
of Fe and inevitable impurities, wherein the thickness of
an area where the ferrite fraction of a surface layer is
90% or more is 30 mm or more, and the internal micro-
structure includes 50% or more of pearlite.
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Description

[Technical Field]

[0001] The present invention relates to a wire rod for cold working with improved stress corrosion resistance, a steel
wire, and a method of manufacturing the same, and more specifically, to a wire rod for cold working, which is able to be
manufactured into a steel wire or bar that supports the load of a transport pipe in a CO2-rich corrosive environment of
the deep sea, and a steel wire with improved stress corrosion resistance.

[Background Art]

[0002] Recently, a technique for transporting carbon dioxide (CO2) to the deep sea has become important to store
CO2, which is generated on the ground, on the seabed. In this regard, the use of a steel wire or bar that supports the
load of a transport pipe has also been increased to inject CO2 gas collected on the ground into a transport pipe and then
transport it to the seabed. In addition, as a place where CO2 is stored moves to the deep sea, the length of a transport
pipe gradually becomes longer, and accordingly, the strength of a steel wire or bar that supports the load of a transport
pipe is gradually increasing.
[0003] Meanwhile, the solubility of CO2 increases at high water pressure in the deep sea, and thus the CO2 content
in seawater increases. In this case, a load-bearing steel wire may be applied and installed on a CO2 transport pipe to
avoid direct exposure of a material to seawater at the beginning of field application. When the coating layer is peeled
off during actual use in the above situation and the material is directly exposed to seawater, problems occur. In this
case, the material is exposed to an environment in which stress corrosion cracking may occur by coming in contact with
a CO2-rich seawater under stress. Moreover, since stress corrosion cracking is more likely to occur in high-strength
materials, this has been a major constraint in the development of a load-bearing steel wire whose strength has been
increased. In other words, stress corrosion cracking in the load-bearing steel wire of the CO2 transport pipe is a problem
that needs to be solved.
[0004] Korean Laid-Open Patent Publication No. 10-2019-0064898 discloses a technique for improving the corrosion
resistance of a steel wire that supports a deep-sea transport pipe. However, this technique is intended to suppress
sulfide stress cracking (SSC) or hydrogen induced cracking (HIC) rather than CO2 stress corrosion cracking, and research
on a technique capable of suppressing CO2 stress corrosion cracking of a steel wire that supports a deep-sea transport
pipe is still insufficient. Therefore, there is a need for the development of a technique for a wire rod and a steel wire or
bar capable of ensuring high strength and suppressing CO2 stress corrosion cracking in a CO2-rich environment of the
deep sea.

[Disclosure]

[Technical Problem]

[0005] The present invention is directed to providing a wire rod for cold working, which has improved stress corrosion
resistance in a CO2-rich environment of the deep sea, and a steel wire

[Technical Solution]

[0006] A wire rod for cold working with improved stress corrosion resistance according to one embodiment of the
present invention includes, in % by weight, 0.3 to 0.6% of C, 0.5 to 1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of Cr, a
balance of Fe, and unavoidable impurities, wherein a region of a surface layer in which a ferrite fraction is 90% or more
has a thickness of 30 mm or more, and an internal microstructure includes pearlite in an amount of 50% or more.
[0007] In addition, the wire rod may further include one or more selected from the group consisting of more than 0
and 0.3% or less of Cu, more than 0 and 0.3% or less of Ni, and 0.02 to 0.1% of V.
[0008] Additionally, a ferrite particle size in the surface layer may be 8 to 50 mm.
[0009] In addition, an interlayer spacing of the pearlite may be 450 nm or less.
[0010] A method of manufacturing a wire rod for cold working with improved stress corrosion resistance according to
another embodiment of the present invention includes: heating a billet including, in % by weight, 0.3 to 0.6% of C, 0.5
to 1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of Cr, a balance of Fe, and unavoidable impurities; hot-rolling the heated
billet to prepare a wire rod; cooling the rolled wire rod at 5 °C/s or less in a range of 700 to 830 °C (first cooling); and
cooling the wire rod after the first cooling at 2 °C/s to 25∗(1-Ceq) °C/s in a range of 400 to 700 °C (second cooling),
wherein Ceq = [C] + [Si]/24 + [Mn]/6 + [Ni]/40 + [Cr]/5 + [V]/14 (here, [C], [Si], [Mn], [Ni], [Cr], and [V] refer to the weight
percent of respective alloying elements).
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[0011] The billet may further include one or more selected from the group consisting of more than 0 and 0.3% or less
of Cu, more than 0 and 0.3% or less of Ni, and 0.02 to 0.1% of V.

[Advantageous Effects]

[0012] When manufactured into a load-bearing steel wire or bar, a wire rod for cold working with improved stress
corrosion resistance according to an embodiment of the present invention can have improved stress corrosion resistance
in a CO2-rich corrosive environment of the deep sea by controlling the ferrite fraction and thickness of a surface layer.

[Modes of the Invention]

[0013] A wire rod for cold working with improved stress corrosion resistance according to an embodiment of the present
invention includes, in % by weight, 0.3 to 0.6% of C, 0.5 to 1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of Cr, a balance
of Fe, and unavoidable impurities, wherein a region of a surface layer in which a ferrite fraction is 90% or more has a
thickness of 30 mm or more, and an internal microstructure includes pearlite in an amount of 50% or more.
[0014] Not all details of embodiments of the present disclosure are described herein, and general descriptions in the
art to which the present invention pertains or overlapping descriptions between embodiments are omitted.
[0015] In addition, a certain part "including" a certain element signifies that the certain part may further include another
element instead of excluding the other element unless particularly indicated otherwise.
[0016] A singular expression includes a plural expression unless clearly indicated otherwise in the context.
[0017] Hereinafter, the present invention will be described in detail.
[0018] The inventors of the present invention have studied a method to suppress stress corrosion cracking in a CO2-rich
corrosive environment of the deep sea, and found that, when the structure of a surface layer consists of ferrite, and the
thickness and particle size of the surficial ferrite layer are controlled, the surface layer has a uniform microstructure and
low hardness, and as a result, stress corrosion cracking is suppressed.
[0019] In addition, the inventors have found that the control of a cooling rate in the phase transformation section of
austenite is desirable in ferrite formation in a surface layer, and accordingly, proposed the present invention.
[0020] The wire rod for cold working with improved stress corrosion resistance according to an embodiment of the
present invention includes, in % by weight, 0.3 to 0.6% of C, 0.5 to 1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of Cr, a
balance of Fe, and unavoidable impurities.
[0021] In addition, the wire rod may further include one or more selected from the group consisting of more than 0
and 0.3% or less of Cu, more than 0 and 0.3% or less of Ni, and 0.02 to 0.1% of V.
[0022] Hereinafter, the reason for the numerical limitation of alloying element contents in an embodiment of the present
invention will be described. Hereinafter, units are % by weight unless otherwise specified.
[0023] A C content is 0.3 to 0.6%.
[0024] C is an element favorable for improving the strength of a steel wire. When a C content is less than 0.3%, strength
is degraded, and thus it is difficult to use the resulting wire rod as a load-bearing reinforcing material, and when a C
content exceeds 0.6%, strength is improved, but ductility may decrease. In particular, as the C content increases, the
corrosion resistance of a steel wire tends to decrease. Therefore, in the present invention, it is preferable to control the
C content to 0.3 to 0.6% to ensure the strength and corrosion resistance of a steel wire.
[0025] A Mn content is 0.5 to 1.0%.
[0026] Mn is an element favorable for improving the hardenability of a steel wire and ensuring a microstructure desired
in the present invention. When a Mn content is less than 0.5%, it is difficult to ensure hardenability, and thus the
microstructure and strength desired in the present invention may not be ensured, and when a Mn content exceeds 1.0%,
centerline segregation is promoted, and thus ductility may be substantially degraded. Therefore, in the present invention,
it is preferable to control the Mn content to 0.5 to 1.0%.
[0027] A Si content is 0.6 to 2.0%.
[0028] Si is an element that greatly affects ferrite formation in a surface layer with a microstructure according to the
present invention. A high Si content is desirable in ferrite formation in a surface layer, but when a Si content exceeds
2.0%, centerline segregation is promoted, and thus ductility may be substantially degraded. Therefore, in the present
invention, it is preferable to control the Si content to 0.6 to 2.0%.
[0029] A Cr content is 0.2 to 0.6%.
[0030] Cr is an element that contributes to an improvement in corrosion resistance of a material by forming an oxide
film on a surface layer. When a Cr content is less than 0.2, the above-described effect may not be exhibited, and when
a Cr content exceeds 0.6%, hardenability is substantially increased to increase a thermal treatment time in a steel wire
manufacturing process, and thus productivity may be degraded, and it may be disadvantageous in terms of alloy costs
due to its high price. Therefore, in the present invention, it is preferable to control the Cr content to 0.2 to 0.6%.
[0031] Cu and Ni are elements that may be optionally added, and when Cu or Ni is added, its content is limited to
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more than 0 and 0.3% or less. Cu and Ni are elements that contribute to an improvement in corrosion resistance of a
ferrite structure. When Cu is added alone, there is a risk of high-temperature brittleness, and therefore, it is preferable
to add Cu along with Ni capable of suppressing high-temperature brittleness. However, since Cu and Ni are expensive
elements, the upper limits of Cu and Ni contents are limited to 0.3% in the present invention.
[0032] V is an element that may be optionally added, and when V is added, a V content is limited to 0.02 to 0.1%. Like
Si, V is an element having an effect of forming ferrite in a surface layer. When a V content is less than 0.02%, the above-
described effect may not be exhibited, and when a V content exceeds 0.1%, a low-temperature structure may be caused
at a centerline segregation portion, and it may be disadvantageous in terms of alloy costs. Therefore, in the present
invention, when V is added, it is preferable to control the V content to 0.02 to 0.1%.
[0033] In addition to the alloying composition components, Fe is included as the remainder. The wire rod for cold
working with improved stress corrosion resistance according to the present invention may include other impurities that
may be included in an industrial production process of typical steel. Since descriptions of the impurities are known by
those skilled in the art to which the present invention belongs, the type and content thereof are not particularly limited
in the present invention.
[0034] In the case of the wire rod for cold working with improved stress corrosion resistance according to an embodiment
of the present invention, a region of a surface layer in which a ferrite fraction is 90% or more may have a thickness of
30 mm or more.
[0035] As the microstructure of a surface layer is more uniform and less hard, stress corrosion cracking in a CO2-rich
corrosive environment of the deep sea is suppressed. In order to satisfy the above-described conditions, when the
structure of a surface layer is controlled to have a ferrite fraction of 90% or more, it is effective in terms of hardness and
uniformity of the microstructure.
[0036] In addition, for a ferrite layer to be effective in suppressing stress corrosion even after cold working, the ferrite
region of the wire rod needs to have a thickness of 30 mm or more before cold working.
[0037] In the case of the wire rod for cold working with improved stress corrosion resistance according to an embodiment
of the present invention, a ferrite particle size in the surface layer may be 8 to 50 mm.
[0038] A ferrite particle size in the surface layer of the wire rod before cold working affects the hardness of a surface
layer of a final steel wire or bar after cold working and, accordingly, is involved in the occurrence of stress corrosion
cracking.
[0039] When a ferrite particle size of the wire rod before cold working is small, a hardening rate according to hardness
and workability is increased, and thus hardness is increased after cold working. Accordingly, stress corrosion cracking
may be more likely to occur. Therefore, by controlling the ferrite particle size of the wire rod to 8 mm or more in the
present invention, the hardness of a surface layer after cold working can be lowered, and resistance to stress corrosion
cracking can be ensured. However, when a ferrite particle size exceeds 50 mm, the interlayer spacing of pearlite exceeds
300 nm, and thus workability and a work hardening amount may be degraded. Therefore, in the present invention, the
ferrite particle size is limited to 8 to 50 mm. In order to control the ferrite particle size according to the present invention
to a large size, a long cooling time in a range of 700 to 830 °C is required in a cooling process after hot rolling of the
wire rod. This will be described in detail in a method of manufacturing a wire rod for cold working with improved stress
corrosion resistance, which is to be described below.
[0040] The wire rod for cold working with improved stress corrosion resistance according to an embodiment of the
present invention includes pearlite in an amount of 50% or more as an internal microstructure, and the interlayer spacing
of pearlite may be 450 nm or less.
[0041] Since a steel wire or bar for supporting the load of a transport pipe is manufactured by subjecting the hot-rolled
wire rod to cold working, both the workability of a wire rod before working and the strength of a final material need to be
ensured. Therefore, a matrix of the wire rod for cold working according to the present invention needs to include pearlite
whose workability and work hardening amount are excellent and have a pearlite fraction of 50% or more.
[0042] In addition, the workability and work hardening amount of pearlite strongly depend on an interlayer spacing,
and in the present invention, when the interlayer spacing of pearlite is 300 nm or less, workability and a work hardening
amount may be ensured.
[0043] Next, a method of manufacturing a wire rod for cold working with improved stress corrosion resistance according
to another embodiment of the present invention will be described.
[0044] The wire rod for cold working with improved stress corrosion resistance according to the present invention may
be manufactured by various methods, and the manufacturing method is not particularly limited. However, as an example,
manufacturing may be made by the following method.
[0045] For example, the wire rod for cold working with improved stress corrosion resistance according to the present
invention may be manufactured by heating a billet having the above-described alloying composition, hot-rolling the
heated billet to obtain a wire rod, and then cooling the hot-rolled wire rod.
[0046] The method of manufacturing the wire rod for cold working with improved stress corrosion resistance according
to an embodiment of the present invention includes: heating a billet including, in % by weight, 0.3 to 0.6% of C, 0.5 to
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1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of Cr, a balance of Fe, and unavoidable impurities; hot-rolling the heated billet
to prepare a wire rod; cooling the rolled wire rod at a cooling rate of 5 °C/s or less in a range of 700 to 830 °C (first
cooling); and cooling the wire rod after the first cooling at a cooling rate of 2 °C/s to 25*(1-Ceq) °C/s defined by the
following equation in a range of 400 to 700 °C (second cooling), wherein Ceq = [C] + [Si]/24 + [Mn]/6 + [Ni]/40 + [Cr]/5
+ [V]/14 (here, [C], [Si], [Mn], [Ni], [Cr], and [V] refer to the weight percent of respective alloying elements).
[0047] In addition, the billet may further include one or more selected from the group consisting of more than 0 and
0.3% or less of Cu, more than 0 and 0.3% or less of Ni, and 0.02 to 0.1% of V.
[0048] Hereinafter, the method of manufacturing the wire rod for cold working with improved stress corrosion resistance
according to an embodiment of the present invention will be described in detail.
[0049] First, a billet satisfying the above-described alloying composition is heated at 1,000 °C to 1,100 °C.
[0050] Afterward, the heated billet is hot-rolled at 950 °C to 1,050 °C to obtain a wire rod.
[0051] Subsequently, as first cooling, the hot-rolled wire rod is cooled at a cooling rate of 5 °C/s or less in a range of
700 to 830 °C. A lower cooling rate of the hot-rolled wire rod is desirable for ferrite formation in a surface layer according
to the present invention. Typically, ferrite in a surface layer is known to be formed by cooling a surface layer structure
in an austenite state immediately after hot rolling and subjecting the resultant to phase transformation. Particularly, it is
confirmed that a cooling rate in a phase transformation section of 700 to 830 °C is associated with the phase transformation
behavior, and as the cooling is made in the phase transformation section for a long time, ferrite formation in a surface
layer is promoted. Therefore, in the present invention, a cooling rate in a range of 700 to 830 °C is limited to 5 °C/s or less.
[0052] As second cooling after the first cooling, the resulting wire rod is cooled at a cooling rate of 2 °C/s to 25∗(1-
Ceq) °C/s in a range of 400 to 700 °C. In this case, Ceq = [C] + [Si]/24 + [Mn]/6 + [Ni]/40 + [Cr]/5 + [V]/14 (here, [C], [Si],
[Mn], [Ni], [Cr], and [V] refer to the weight percent of respective alloying elements).
[0053] A cooling rate in a range of 400 to 700 °C is important in forming a pearlite microstructure according to the
present invention. In order to ensure high strength and cold workability, a microstructure needs to consist of pearlite
having a fine interlayer spacing. In order to ensure pearlite having a fine interlayer spacing, a cooling rate in this range
needs to be 2 °C/s or more. However, when a cooling rate exceeds 25∗(1-Ceq) °C/s, that is, cooling is excessively rapidly
made, bainite, martensite, and the like are produced, and thus workability may be rather degraded. Therefore, in the
present invention, a cooling rate in a range of 400 to 700 °C is limited to 2 °C/s or more and 25∗(1-Ceq) °C/s.
[0054] The wire rod for cold working with improved stress corrosion resistance, which is manufactured according to
the present invention, is cold-drawn at a reduction ratio of 40 to 80% to ensure a size reduction and strength, cold-rolled
according to the shape of a final product as necessary, and then thermally treated in a range of 400 to 600 °C to remove
dislocations formed in the internal structure through cold working, thereby being finally manufactured into a steel wire
or bar that supports the load of a transport pipe.
[0055] Hereinafter, the present invention will be described in further detail with reference to examples. However, the
following examples are merely presented to exemplify the present invention, and the present invention is not limited to
the following examples. This is because the scope of the present invention is determined by the matters described in
the claims and the matters reasonably inferred therefrom.

Examples

[0056] Each billet having an alloying composition shown in the following Table 1 was heated at 1,050 °C, hot-rolled
at 1,000 °C so that a diameter became 15 mm, and then subjected to first cooling and second cooling under cooling
rate conditions shown in the following Table 2.

[Table 1]

Classification
Alloying composition component system (% bv weight)

C Si Mn Cr Cu Ni V

Inventive Example 1 0.3 0.6 1 0.6 0.1 0.02 0.1

Inventive Example 2 0.4 1 0.5 0.25 0.02 0.02 0.02

Inventive Example 3 0.3 1 1 0.2 0.1 0.1 0.07

Inventive Example 4 0.5 2 0.9 0.25 0.2 0.3 0.03

Inventive Example 5 0.6 1.5 0.9 0.6 0.3 0.2 0.03

Inventive Example 6 0.4 2 0.5 0.4 0.2 0.2 0.1

Inventive Example 7 0.5 1.5 0.7 0.4 0.02 0.1 0.07
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(continued)

Classification
Alloying composition component system (% bv weight)

C Si Mn Cr Cu Ni V

Inventive Example 8 0.6 0.6 0.7 0.2 0.3 0.3 0.02

Inventive Example 9 0.3 1 1 0.2 0 0.1 0.07

Inventive Example 10 0.5 2 0.9 0.25 0.2 0 0.03

Inventive Example 11 0.6 1.5 0.9 0.6 0.3 0.2 0

Comparative Example 1 0.3 1 1 0.2 0.1 0.1 0.07

Comparative Example 2 0.5 2 0.9 0.25 0.2 0.3 0.03

Comparative Example 3 0.4 1 0.5 0.25 0.02 0.02 0.02

Comparative Example 4 0.3 1 1 0.2 0.1 0.1 0.07

Comparative Example 5 0.5 2 0.9 0.25 0.2 0.3 0.03

Comparative Example 6 0.6 1.5 0.9 0.6 0.3 0.2 0.03

[Table 2]

Classification
Cooling rate (°C/s)

First cooling range (700 °C to 830 
°C)

25∗(1-Ceq) °C/s 
value

Second cooling range (400 °C to 
700 °C)

Inventive Example 1 4 10 8

Inventive Example 2 3 11 10

Inventive Example 3 3 11 11

Inventive Example 4 4 5 4

Inventive Example 5 5 2 2

Inventive Example 6 3 9 8

Inventive Example 7 4 6 5

Inventive Example 8 5 5 5

Inventive Example 9 4 11 6

Inventive Example 
10

4 7 5

Inventive Example 
11

3 4 4

Comparative 
Example 1

6 11 10

Comparative 
Example 2

6 5 5

Comparative 
Example 3

3 11 12

Comparative 
Example 4

3 11 12

Comparative 
Example 5

4 5 1
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[0057] Afterward, the pearlite fraction, interlayer spacing of pearlite, ferrite fraction of a surface layer, thickness of a
ferrite layer of a surface layer, and ferrite particle size in a surface layer of each wire rod according to Examples and
Comparative Examples were measured, and results thereof are shown in Table 3 below.
[0058] Subsequently, the wire rod cooled after the hot rolling was cold-drawn at a reduction ratio of 60% and cold-
rolled at a reduction ratio of 40% to be manufactured into a final cold working product. The degree of stress corrosion
cracking of each sample of Examples and Comparative Examples was measured, and results thereof are shown in
Table 3 below.
[0059] The resistance of each product of Examples and Comparative Examples to stress corrosion cracking in a CO2
corrosive environment was evaluated by the following method. First, to simulate a CO2 corrosive environment, 83 g of
NaHCO3 with a purity of 99% or more and 105 g of Na2CO3 with a purity of 99% or more were dissolved in 1 L of a 3.5
wt% NaCl solution to prepare a corrosion solution. Afterward, a steel wire for cold working was cut into a length of 400
mm, the middle portion (200 mm) was completely immersed in the prepared corrosion solution and then sealed, and
both sides were exposed to the outside. Afterward, while maintaining the temperature of the solution at 60 °C, the sample
was repeatedly subjected to stress at a frequency of 1310-3 Hz for 15 days by applying loads of 100% and 70% based
on yield strength. After 15 days, the product samples of Examples and Comparative Examples were taken out to obtain
cross sections of the center including the cold rolling direction and the reduction direction. Generated cracks were
observed from the reduced surface in the cross section of the center, the number of cracks generated per unit length in
the rolling direction was measured, and the degrees of stress corrosion cracking according to Examples and Comparative
Examples were compared.

(continued)

Classification
Cooling rate (°C/s)

First cooling range (700 °C to 830 
°C)

25∗(1-Ceq) °C/s 
value

Second cooling range (400 °C to 
700 °C)

Comparative 
Example 6 5 2 1

[Table 3]

Classification

Internal pearlite structure Surficial ferrite structure Stress corrosion cracking

Fraction 
(%)

Interlayer 
spacing 

(nm)

Fraction 
(%)

Thickness 
(mm)

Particle 
size 
(mm)

# of cracks per unit length 
(1/mm)

Inventive 
Example 1

50 330 94 34 42 25

Inventive 
Example 2

64 310 95 35 45 23

Inventive 
Example 3

57 300 95 35 50 25

Inventive 
Example 4

97 430 94 34 35 15

Inventive 
Example 5

90 450 92 32 25 10

Inventive 
Example 6

78 320 95 35 50 22

Inventive 
Example 7

97 430 94 34 15 27

Inventive 
Example 8

97 440 90 30 8 16

Inventive 
Example 9

63 350 95 35 48 24
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[0060] In the case of Inventive Examples 1 to 11 satisfying the alloying composition and manufacturing conditions of
the present invention, a pearlite fraction of 50% or more and an interlayer spacing of pearlite of 450 nm or less were
satisfied as an internal structure, and a surficial ferrite fraction of 90% or more, a surficial ferrite thickness of 30 mm or
more, and a ferrite particle size of 8 to 50 mm were satisfied. As a result, 27 or less cracks per unit length were shown
in a manufactured steel wire, and thus stress corrosion cracking resistance could be ensured.
[0061] Meanwhile, in the case of Comparative Examples 1 to 6 which satisfied the alloying composition of the present
invention, but did not satisfy the cooling condition of the present invention, 28 or more cracks per unit length were shown
in a manufactured steel wire, and thus a stress corrosion cracking resistance inferior to that of Examples was confirmed.
[0062] Specifically, in the case of Comparative Examples 1 and 2 in which a cooling rate in a range of 700 to 830 °C
exceeded 5 °C/s, a surficial ferrite fraction did not reach 90% which is the lower limit of a ferrite fraction, a ferrite thickness
did not reach 30 mm which is the lower limit of a ferrite thickness, and a ferrite particle size did not reach 8 mm which is
the lower limit of a ferrite particle size. As a result, 31 and 32 cracks per unit length were shown, respectively, and thus
poor stress corrosion cracking resistance was confirmed.
[0063] In the case of Comparative Examples 3 and 4 in which the alloying composition of the present invention was
satisfied, but a cooling rate in a range of 400 to 700 °C exceeded a 25∗(1-Ceq) °C/s value, an internal pearlite fraction
did not reach 50% which is the lower limit of a pearlite fraction. As a result, 28 and 30 cracks per unit length were shown,
respectively, and thus poor stress corrosion cracking resistance was confirmed.
[0064] In the case of Comparative Examples 5 and 6 in which a cooling rate in a range of 400 to 700 °C was less than
a 25∗(1-Ceq) °C value, an interlayer spacing of internal pearlite exceeded 450 nm which is the upper limit thereof, 29
and 28 cracks per unit length were shown, respectively, and thus poor stress corrosion cracking resistance was confirmed.
[0065] While exemplary embodiments of the present invention have been described above, the present invention is
not limited thereto, and it may be understood by those skilled in the art that various modifications and alterations may
be made without departing from the concept and scope of the following claims.

[Industrial Applicability]

[0066] According to an embodiment of the present invention, the wire rod for cold working, which has improved stress
corrosion resistance in a CO2-rich environment of the deep sea, and a steel wire can be provided.

(continued)

Classification

Internal pearlite structure Surficial ferrite structure Stress corrosion cracking

Fraction 
(%)

Interlayer 
spacing 

(nm)

Fraction 
(%)

Thickness 
(mm)

Particle 
size 
(mm)

# of cracks per unit length 
(1/mm)

Inventive 
Example 10 94 440 94 34 36 16

Inventive 
Example 11 93 450 92 32 28 13

Comparative 
Example 1 57 310 89 29 7 31

Comparative 
Example 2 97 440 89 29 7 32

Comparative 
Example 3 49 290 93 33 38 28

Comparative 
Example 4 49 300 94 34 40 30

Comparative 
Example 5 97 455 95 36 35 29

Comparative 
Example 6 90 460 94 33 33 28
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Claims

1. A wire rod for cold working with improved stress corrosion resistance, the wire rod comprising, in % by weight, 0.3
to 0.6% of C, 0.5 to 1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of Cr, a balance of Fe, and unavoidable impurities,

wherein a region of a surface layer in which a ferrite fraction is 90% or more has a thickness of 30 mm or more, and
an internal microstructure includes pearlite in an amount of 50% or more.

2. The wire rod of claim 1, further comprising one or more selected from the group consisting of more than 0 and 0.3%
or less of Cu, more than 0 and 0.3% or less of Ni, and 0.02 to 0.1% of V.

3. The wire rod of claim 1, wherein a ferrite particle size in the surface layer is 8 to 50 mm.

4. The wire rod of claim 1, wherein an interlayer spacing of the pearlite is 450 nm or less.

5. A method of manufacturing a wire rod for cold working with improved stress corrosion resistance, the method
comprising:

heating a billet including, in % by weight, 0.3 to 0.6% of C, 0.5 to 1.0% of Mn, 0.6 to 2.0% of Si, 0.2 to 0.6% of
Cr, a balance of Fe, and unavoidable impurities;
hot-rolling the heated billet to prepare a wire rod;
cooling the rolled wire rod at 5 °C/s or less in a range of 700 to 830 °C (first cooling); and
cooling the wire rod after the first cooling at 2 °C/s to 25∗(1-Ceq) °C/s in a range of 400 to 700 °C (second cooling),
wherein Ceq = [C] + [Si]/24 + [Mn]/6 + [Ni]/40 + [Cr]/5 + [V]/14 (here, [C], [Si], [Mn], [Ni], [Cr], and [V] refer to the
weight percent of respective alloying elements).

6. The method of claim 5, wherein the billet further includes one or more selected from the group consisting of more
than 0 and 0.3% or less of Cu, more than 0 and 0.3% or less of Ni, and 0.02 to 0.1% of V.
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