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Description
[Technical Field]

[0001] The presentdisclosure relates to a bearing wire rod and a manufacturing method therefor, and more particularly,
to a bearing wire rod applicable to automotive and construction parts by shortening and omitting a subsequent softening
heat treatment and a manufacturing method therefor.

[Background Art]

[0002] As the content of carbon increases in a wire rod, strength of the wire rod rapidly increases, and thus it is difficult
to directly form and process the wire rod and ductility or toughness of the wire rod rapidly deteriorates due to proeutectoid
cementite precipitated along grain boundaries of prior austenite during cooling.

[0003] To soften a wire rod, spheroidizing heat treatment is generally performed. Spheroidizing heat treatment sphe-
roidizes cementite and induces uniform distribution of grains to enhance cold workability during cold forming. In addition,
hardness of a material being processed may be lowered to increase the lifespan of processing dies thereby.

[0004] Meanwhile, cold heading quality (CHQ) wire is first subjected to drawing for spheroidization acceleration, but
a problem of breakage caused by an internal defect may occur in a wire rod for bearings including a relatively high C
content in the case where the drawing process is first introduced.

[0005] In general, in order to process wire rods for bearings into steel wires, softening heat treatment is conducted at
least once. Subsequently, drawing and heat treatment processes are additional performed in order to improve cold
forgeability, and cold forgeability may be obtained by tensile strength and spheroidal ratio after the softening heat
treatment.

[0006] However, softening of a wire rod for bearings is performed at a high temperature of 700 to 800 °C for a long
time of 30 hours or more, and thus manufacturing costs increase due to high heat treatment costs and long production
time. Therefore, there is a need to develop a wire rod for bearings manufactured by shortening and omitting an additional
softening heat treatment process, and a manufacturing method therefor.

[Disclosure]
[Technical Problem]

[0007] Provided is a bearing wire rod manufactured by shortening or omitting a softening heat treatment during cold
working of automotive or construction parts and a manufacturing method therefor.

[Technical Solution]

[0008] In accordance with an aspect of the present disclosure, a bearing wire rod includes, in percent by weight (wt%),
0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to 0.6% of Mn, 1.0 to 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or less (exclusive
of 0) of N, and the balance of Fe and inevitable impurities, wherein a prior austenite grain size of a microstructure is
from 3 to 10 wm, and a sum of lengths of high angle grain boundaries having a misorientation angle of 15° or more per
unit area is from 1,000 to 4,000 mm/mm?.

[0009] Inaddition, according to an embodiment of the present disclosure, a sum of lengths of low angle grain boundaries
having a misorientation angle of 15° or less per unit area may be from 250 to 800 mm/mm?2, and a ratio of grain boundaries
having a misorientation angle of 5° or less to the low angle grain boundaries may be from 40 to 80%.

[0010] In addition, according to an embodiment of the present disclosure, the microstructure may include reticulated
proeutectoid cementite in grain boundaries and pearlite in grains.

[0011] In addition, according to an embodiment of the present disclosure, an interlamellar spacing in the pearlite may
be from 0.05 to 0.2 um.

[0012] In addition, according to an embodiment of the present disclosure, a tensile strength may be 1,200 MPa or
more and a reduction in area (RA) may be 20% or more.

[0013] In addition, according to an embodiment of the present disclosure, an average aspect ratio of cementite may
be 2.5 or less after performing softening heat treatment once.

[0014] In addition, according to an embodiment of the present disclosure, a tensile strength may be 750 MPa or less
after performing softening heat treatment once.

[0015] In accordance with another aspect of the present disclosure, a method for manufacturing a bearing wire rod
includes: heating a billet including, in percent by weight (wt%), 0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to 0.6% of Mn,
1.0t0 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or less (exclusive of 0) of N, and the balance of Fe and inevitable impurities,
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in a temperature range of 950 to 1,050 °C; preparing a wire rod by finish hot rolling the billet in a temperature range of
Ae1 to Acm °C with a critical deformation, represented by Expression (1) below, or more; and cooling the wire rod to a
temperature range of 500 to 600 °C at a rate of 3 °C/sec or more, and cooling the wire rod at a rate of 1 °C/sec or less:

Expression (1): -1.6Ceq” + 3.11Ceq - 0.48

wherein Ceq = C + Mn/6 + Cr/5, and C, Mn, and Cr denote wt% of respective elements.
[0016] Inaddition, according to an embodiment of the present disclosure, the wire rod may satisfy Expression (2) below.

Expression (2): Tpe - Te < 50 °C

wherein Tpf is an average surface temperature of the wire rod before the finish hot rolling, and T; is an average surface
temperature of the wire rod after the finish hot rolling.

[0017] In addition, according to an embodiment of the present disclosure, a heating time may be 90 minutes or less.
[0018] Inaddition, according to an embodiment of the present disclosure, an average austenite grain size (AGS) before
the finish hot rolling may be from 5 to 20 pum.

[0019] In addition, according to an embodiment of the present disclosure, the method may further include performing
softening heat treatment by heating the wire rod to a temperature range of Ae1 to Ae1+40 °C after the cooling and
maintaining the temperature for 5 to 8 hours.

[0020] In addition, according to an embodiment of the present disclosure, the method may further include cooling the
wire rod to 660 °C at a rate of 20 °C/hr or less after the softening heat treatment.

[Advantageous Effects]

[0021] Accordingto the bearing wire rod and the manufacturing method therefor of the present disclosure, the softening
heat treatment time may be shortened or the softening heat treatment may be omitted, and therefore manufacturing
costs may be reduced.

[Description of Drawings]

[0022] FIGS. 1 and 2 are images of microstructures of wire rods prepared according to Example 1 of the present
disclosure and Comparative Example 1 obtained before finish hot rolling using an optical microscope (OM).

[0023] FIGS. 3 and 4 are images of microstructures of wire rods prepared according to Example 1 of the present
disclosure and Comparative Example 1 obtained after finish hot rolling and cooling using a scanning electron microscope
(SEM).

[0024] FIGS. 5 and 6 are images of wire rods prepared according to Example 1 of the present disclosure and Com-
parative Example 1 showing grain boundary characteristics after finish hot rolling and cooling observed by SEM-EBSD.
[0025] FIGS. 7 and 8 are images of microstructures of wire rods prepared according to Example 1 of the present
disclosure and Comparative Example 1 obtained after spheroidizing heat treatment using a scanning electron microscope
(SEM).

[Best Mode]

[0026] Provided is a bearing wire rod according to an embodiment of the present disclosure including, in percent by
weight (Wwt%), 0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to 0.6% of Mn, 1.0 to 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or
less (exclusive of 0) of N, and the balance of Fe and inevitable impurities, wherein a prior austenite grain size of a
microstructure is from 3 to 10 wm, and a sum of lengths of high angle grain boundaries having a misorientation angle
of 15° or more per unit area is from 1,000 to 4,000 mm/mm?2,

[Modes of the Invention]
[0027] Hereinafter, embodiments of the present disclosure will be described in detail with reference to the accompa-

nying drawings. The following embodiments are provided to fully convey the spirit of the present disclosure to a person
having ordinary skill in the art to which the present disclosure belongs. The present disclosure is not limited to the
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embodiments shown herein but may be embodied in other forms. In the drawings, parts unrelated to the descriptions
are omitted for clear description of the disclosure and sizes of elements may be exaggerated for clarity.

[0028] Throughout the specification, the term "include" an element does not preclude other elements but may further
include another element, unless otherwise stated.

[0029] As used herein, the singular forms are intended to include the plural forms as well, unless the context clearly
indicates otherwise.

[0030] Hereinafter, embodiments of the present disclosure will be described in detail with reference to the accompa-
nying drawings.

[0031] Spheroidizing heat treatment may be performed on wire rods for bearing to obtain workability. Because the
spheroidizing heat treatment is an additional process, heat treatment costs and time increase, resulting in an increase
in manufacturing costs.

[0032] The presentinventors have conducted deep studies on methods of shortening or omitting spheroidizing, sof-
tening heat treatment in preparation of wire rods for bearings. As a result, the present inventors have confirmed that
softening heat treatment may be shortened or omitted by deriving desired characteristics of grains boundaries by opti-
mizing a composition of alloying elements and manufacturing conditions, thereby completing the present disclosure.
[0033] A bearing wire rod according to an embodiment of the present disclosure includes, in percent by weight (wt%),
0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to 0.6% of Mn, 1.0 to 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or less (exclusive
of 0) of N, and the balance of Fe and inevitable impurities.

[0034] Hereinafter, roles and contents of alloying elements contained in the bearing wire rod according to the present
disclosure will be described. The % for each alloying element refers to wt %.

[0035] The content of C is from 0.8 to 1.2%.

[0036] Carbon (C)is an element added to obtain strength of products. When the C content is less than 0.8%, sufficient
strength cannot be obtained after quenching and tempering heat treatment performed after softening heat treatment
and forging process due to a decrease in strength of a base material. However, an excess of C may form new precipitates
such as M;C,, and thus central segregation may occur during solidification of slabs such as blooms or billets. Therefore,
an upper limit of the C content may be controlled to 1.2%. Preferably, the C content may be from 0.8 to 1.1%.

[0037] The content of Siis from 0.01 to 0.6%.

[0038] Silicon (Si), as a representative substitutional element, is advantageous to obtain strength by solid solution
strengthening. When the Si content is less than 0.01%, it is difficult to obtain strength and sufficient quenchability of a
wire rod. However, an excess of Si may increase strength during forging after softening heat treatment making it difficult
to obtain cold forgeability. Therefore, an upper limit of the Si content may be controlled to 0.6%.

[0039] The content of Mn is from 0.1 to 0.6%.

[0040] Manganese (Mn), as an element forming a substitutional solid solution in a matrix structure to enhance sold
solution strengthening, is an austenite-forming element and added to obtain desired strength without reduction in ductility.
When the Mn content is less than 0.1%, it is difficult to obtain strength and toughness due to solid solution strengthening
of a wire rod. However, when the content of Mn, as an austenite-forming element, is excessive, a cold Acm transformation
point is lowered during forging after softening heat treatment and central segregation occurs, thereby forming a non-
uniform structure of the wire rod. Therefore, an upper limit of the Mn content may be controlled to 0.6%.

[0041] The content of Cris from 1.0 to 2.0%.

[0042] Chromium (Cr), like Mn, is an element advantageous to obtain a martensite structure by improving quenchability
of a wire rod. When the Cr content is less than 1.0%, it is difficult to obtain a martensite microstructure by quenching
and tempering heat treatment performed after the softening heat treatment and forging process. However, when the Cr
content is excessive, central segregation may occur to form a low-temperature structure in the wire rod in a large quantity.
Therefore, an upper limit of the Cr content may be controlled to 2.0%.

[0043] The content of Al is from 0.01 to 0.06%.

[0044] Aluminum (Al) is added in an amount of 0.01% or more not only to obtain deoxidization effect, but also inhibit
the growth of austenite grains by precipitating an Al-based carbonitride and obtain a fraction of proeutectoid ferrite to
be close to an equilibrium phase. However, when the Al content is excessive, formation of hard inclusions such as Al,O4
increases, and particularly nozzle clogging may occur during casting. Therefore, an upper limit of the Al content may be
controlled to 0.06%.

[0045] The content of N is 0.02% or less (exclusive of 0).

[0046] Although nitrogen (N) has a solid solution strengthening effect, an excess of N may deteriorate toughness and
ductility of a material due to solute nitrogen not forming a nitride. Thus, N is controlled as an impurity in the present
disclosure, and an upper limit of the N content may be controlled to 0.02%.

[0047] The remaining component of the composition of the present disclosure is iron (Fe). However, the composition
may include unintended impurities inevitably incorporated from raw materials or surrounding environments, and thus
addition of other alloy components is not excluded. Examples of the inevitable impurities may include phosphorus (P)
and sulfur (S). These impurities are known to any person skilled in the art of manufacturing and details thereof are not
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specifically mentioned in the present disclosure.

[0048] Meanwhile, in the microstructure of the bearing wire rod according to an embodiment of the present disclosure,
reticulated proeutectoid cementite is present in grain boundaries along grains of prior austenite and pearlite is present
in the grains.

[0049] Inaddition, according to an embodiment of the present disclosure, the microstructure may have a prior austenite
grain size of 3 to 10 pm.

[0050] During the softening heat treatment, the cementite in the pearlite structure is changed from a plate shape to a
spherical shape and strength of the wire rod decreases in accordance with a progression degree of spheroidization.
[0051] During the softening heat treatment, metal atoms migrate in various diffusion paths through defect space in a
material. The metal atoms are diffused via vacancies that are atomic defects and via dislocation or pipe and grain
boundaries which are line defects. High-speed diffusion is possible via dislocation and grain boundaries due to relatively
wider spaces compared to atomic defects.

[0052] Meanwhile, in the softening heat treatment, a heat treatment time is determined by a diffusion rate of each
atom, and the most important factor of the diffusion rate is grain boundaries.

[0053] In the present disclosure, grain boundaries of a grain boundary structure are classified into high angle grain
boundaries and low angle grain boundaries based on misorientation between grain boundaries and attempts are made
to control distribution of each of the grain boundaries. Specifically, a relation with neighboring grains was quantified as
a misorientation angle value, and the grain boundaries were divided, based on the angle 15°, into high angle grain
boundaries having an angle of 15° or more and low angle grain boundaries having an angle of 15° or less. The distribution
of the grain boundaries defined in the present disclosure is applied to the entire area of the wire rod from the surface
area to the central area.

[0054] In order to effectively shorten the softening heat treatment time, it is ideal to obtain a large amount of high angle
grain boundaries by increasing a relative area of grain boundaries by maximizing grain refinement. However, for grain
refinement, a load of a rolling operation increases, thereby causing problems of shortening the lifespan of a facility and
reducing productivity.

[0055] Therefore, in the present disclosure, attempts have been made to control a total length of high angle grain
boundaries having a misorientation angle of 15° or more per unit area while controlling the grain size of prior austenite.
Specifically, a prior austenite grain size (AGS) of the bearing wire rod according to an embodiment is from 3 to 10 um,
a sum of lengths of high angle grain boundaries having a misorientation angle of 15° or more per unit area is from 1,000
to 4,000 mm/mm2.

[0056] Meanwhile, the low angle grain boundaries having a misorientation angle of 15° or less distributed in the high
angle grain boundaries, as a place where dislocations generated by deformation during hot rolling gather, may assist a
spheroidization behavior during softening heat treatment to improve cold forgeability. In the present disclosure, a sum
of the lengths of the low angle grain boundaries having a misorientation angle of 15° or less per unit area is from 250
to 800 mm/mm2,

[0057] When the length distribution of the low angle grain boundaries is less than 250 mm/mm2, the effect on shortening
the softening heat treatment time is insignificant. When the length distribution of the low angle grain boundary is greater
than 800 mm/mm2, dislocation density increases during rolling and thus recrystallization partially occurs to decrease
dislocation density or the grains may develop into a bimodal form of different sizes without having a uniform grain size.
[0058] Meanwhile, a smaller misorientation angle indicates a larger dislocation. In the present disclosure, a ratio of
grain boundaries having a misorientation angle of 5° or less to the low angle grain boundary is from 40 to 80%.

[0059] Then, a method for manufacturing a bearing wire rod according to another embodiment of the present disclosure
will be described in detail.

[0060] The wire rod of the present disclosure may be manufactured by preparing a billet having the above-described
composition of alloying elements, and performing a process of reheating-wire rod rolling-multi-stage cooling.

[0061] Specifically, a method for manufacturing a bearing wire rod according to another embodiment of the present
disclosure includes heating a billet including, in percent by weight (wt%), 0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to
0.6% of Mn, 1.0 to 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or less (exclusive of 0) of N, and the balance of Fe and
inevitable impurities, in a temperature range of 950 to 1,050 °C; preparing a wire rod by finish hot rolling the billet in a
temperature range of Ae1 to Acm °C with a critical deformation, represented by Expression (1) below, or more; and
cooling the wire rod to a temperature range of 500 to 600 °C at a rate of 3 °C/sec or more and cooling the wire rod at a
rate of 1 °C/sec or less.

Expression (1): -1.6Ceq” + 3.11Ceq - 0.48

[0062] Here, Ceq=C + Mn/6 + Cr/5, and C, Mn, and Cr denote wt% of respective elements.
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[0063] The reasons for the numerical limitation of the contents of the alloying elements are as described above.
[0064] First, according to the present disclosure, a step of heating the billet having the above-described composition
in the temperature range of 950 to 1,050 °C is performed.

[0065] When the heating temperature is below 950 °C, aload applied to a rolling mill increases, and thus a replacement
cycle thereof may be shortened. On the contrary, when the heating temperature exceeds 1,050 °C, rapid cooling is
required for rolling, and thus it difficult to control the cooling and obtain high-quality product due to occurrence of cracks
or the like.

[0066] In addition, the heating may be performed for 90 minutes or less. When the heating is performed for more than
90 minutes, a depth of a decarburized layer increases on the surface of the wire rod, and thus the decarburized layer
remains after the rolling process is completed.

[0067] The heated billetis subjected to hot rolling sequentially consisting of rough rolling, intermediate rough rolling/fin-
ish rolling, and finish rolling to prepare a wire rod. The hot rolling may be groove rolling to process the billet into the
shape of the wire rod, specifically, the billet is subjected to finish hot rolling with a deformation of not less than a critical
deformation represented by Expression (1) below in the temperature range of Ae1 to Acm °C to prepare the wire rod.
[0068] The preparation of the wire rod corresponds to a dynamic recrystallization region due to a high rolling speed.
In the dynamic recrystallization region, the austenite grain size (AGS) depends only on a deformation rate and a defor-
mation temperature. In the present disclosure, attempts have been made to refine grains by dynamic recrystallization
occurring during rolling and to maintain the grains obtained during the rolling to room temperature by cooling at a high
speed.

[0069] For refinement of grains during a final finish rolling, an interpassing time between two rolls is controlled within
1 minute to obtain an austenite grain size (AGS) of 5 to 20 wm immediately before the finish rolling, and then the finish
rolling temperature may be controlled in the temperature range of Ae1 to Acm °C during the finish rolling.

[0070] When the temperature of the finish hot rolling is below Ae1 °C, there is a problem that a rolling load increases
and the lifespan of a facility is shortened. On the contrary, when the temperature of the finish hot rolling exceeds Acm
°C, a time until phase transformation is completed increases due to the high temperature despite rapid cooling, thereby
significantly deteriorating the grain refinement effect intended to obtain in the present disclosure.

[0071] In addition, the deformation of the hot rolling in the above-described temperature range may be controlled to
be not less than critical deformation represented by Expression (1) below.

Expression (1): -1.6Ceq” + 3.11Ceq - 0.48

[0072] Here, Ceq=C + Mn/6 + Cr/5, and C, Mn, and Cr denote wt% of respective elements.

[0073] The present inventors have derived critical deformation represented by Expression (1) in consideration of
relationship between Ceq and deformation.

[0074] Deformation is defined as -In(1-RA). In this regard, RA is a reduction (RA<1) by rolling pass. When the defor-
mation is less than the critical deformation, it is difficult to sufficiently refine grains in the central area of the wire rod due
to insufficient rolling reduction, and thus a spheroidization behavior of the wire rod is adversely affected thereby during
softening heat treatment.

[0075] Meanwhile, the wire rod satisfies Expression (2) below during hot rolling.

Expression (2): Tpe - Tr <50 °C

[0076] Here, Tpf is an average surface temperature of the wire rod before the finish hot rolling, and T; is an average
surface temperature of the wire rod after the finish hot rolling.

[0077] When the T - T value exceeds 50 °C, a deviation of wire rod microstructures increases failing to obtain a
uniform microstructure and the surface of the wire rod is supercooled to form a hard phase or coarse grains.

[0078] After the hot rolling in the above-described temperature range, the wire rod is cooled to a temperature range
of 500 to 600 °C at a rate of 3 °C/sec or more and cooled at a rate of 1 °C/sec or less, thereby obtaining the bearing
wire rod according to the present disclosure.

[0079] The above-described cooling step is a process necessary to obtain distribution of fine grains. According to the
present disclosure, attempts have been made to obtain a microstructure manufactured by shortening the heat treatment
via diffusion acceleration by adjusting a cooling termination temperature and a cooling rate.

[0080] In the case where the cooling rate to the temperature range of 500 to 600 °C is less than 3 °C/sec, it is difficult
to maintain fine grains obtained by the hot rolling to a temperature below a transformation point, and there is a problem
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of a significant decrease in a fraction of the low angle grain boundaries having a misorientation angle of 15° or less.
Meanwhile, when the cooling rate exceeds 1 °C/sec after the temperature reaches the range of 500 to 600 °C, a low-
temperature structure such as bainite is formed, and thus softening is not sufficiently performed despite the spheroidizing
heat treatment.

[0081] Subsequently, the method may further include coiling the cooled wire rod and performing softening heat treat-
ment.

[0082] Various heattreatment patterns may be applied to the softening heat treatment process according to the degree
of softening the wire rod required at a temperature of about Ae1 °C. In the present disclosure, the softening heat treatment
was performed by heating the wire rod to a temperature range of Ae1 to Ae1+40 °C after cooling and maintaining the
temperature for 5 to 8 hours.

[0083] When the heating temperature is below Ae1 °C, a problem of increasing a softening heat treatment time occurs.
On the contrary, when the heating temperature exceed Ae1+40 °C, spheroidized carbide seeds decrease making it
difficult to sufficiently obtain the effects of softening heat treatment. In addition, the heating may be performed for 5 hours
to 8 hours. When the heating time exceeds 8 hours, a problem of increasing manufacturing costs may occur. On the
contrary, when the heating time is less than 5 hours, heat treatment is not sufficiently performed, thereby increasing the
aspect ratio of cementite.

[0084] After the softening heat treatment, a cooling process to 660 °C at a rate of 20 °C/hr or lower is performed. In
this regard, when the cooling rate exceeds 20 °C/hr, a problems of re-forming pearlite due to the excessively high cooling
rate.

[0085] After performing the softening heat treatment, a tensile strength of the wire rod may be 750 MPa or less, and
an average aspect ratio of cementite in the wire rod may be 2.5 or less. Specifically, a carbide having an average aspect
ratio of cementite of 2.5 or less may be obtained by 80% or more over the entire area not only in the surface area of the
wire rod but also the central area.

[0086] According to the present disclosure, the tensile strength of the wire rod may be controlled at a low level as 740
MPa by performing the softening heat treatment only once, and thus cold heading or cold forging may be easily performed
to manufacture final products. Accordingly, the spheroidizing heat treatment, which is an additional process after man-
ufacturing the wire rod, may be shortened or omitted, and thus manufacturing costs may be reduced.

[0087] Hereinafter, the present disclosure will be described in more detail with reference to the following examples.
However, the following examples are merely presented to exemplify the present disclosure, and the scope of the present
disclosure is not limited thereto.

Examples

[0088] Billets were prepared by casting steel materials having the compositions shown in Table 1 below, and then
hot-rolled and cooled under the conditions shown in Table 2 below to prepare wire rods having a diameter of 10 mm. In
Table 2, average austenite grain sizes (hereinafter, referred to as '"AGS’) before finish rolling were measured by cropping
performed before finish hot rolling. In addition, T is an average surface temperature of the wire rod before finish hot
rolling, and Ty is an average surface temperature of the wire rod after the finish hot rolling.

Table 1
Alloying elements Expression (1)
Steel type
C Si Mn Cr Al N -1.6Ceq2+3.11Ceq-0.48
Inventive Steel 1 0.98 | 032 | 0.45 | 145 | 0.035 | 0.015 0.81
Inventive Steel 2 105 | 0.24 | 0.51 | 1.50 | 0.023 | 0.001 0.69
Inventive Steel 3 0.98 | 025 | 0.45 | 1.43 | 0.035 | 0.015 0.81
Comparative Steel1 | 1.20 | 0.25 | 0.75 | 2.00 | 0.005 | 0.005 0.12
Comparative Steel2 | 0.93 | 0.25 | 0.33 | 1.22 | 0.005 | 0.005 0.93
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Table 2
Heating Average F|n.|sh Cooling Cooling
rolling Defo | Ty-
Steel tvpe temperature AGS before temper | rmati _FI’_ rate to rate after
yp (°C)heating | finish rolling atufe on | ¢ cf:) 500°C | 500 °C
time (min) (m) °C) (°Cls) (°Cls)
Example 1 Inventive 950/90 7 760 12 | 40 5 05
Steel 1
Inventive
Example 2 Steel 2 1,000/80 11 750 0.8 38 4 1
Example 3 Inventive 1,020/90 9 730 | 095 | 43 6 07
Steel 3
Comparative | Comparative 1,000/90 15 780 01 44 9 3
Example 1 Steel 1
Comparative | Comparative
Example 2 Steel 2 950/80 11 850 0.6 63 4 2
Comparative | Inventive 1,100/90 24 880 | 085 | 85 1 1
Example 3 Steel 1
Comparative Inventive
Example 4 Steel 2 1,000/90 13 770 0.32 55 3 2
[0089] Then, microstructures manufactured according to the examples and comparative examples and grain boundary

characteristics and mechanical properties (tensile strength and reduction in area) thereof were measured and shown in
Table 3 below.

[0090] Tensile strength was measured by processing the hot-rolled wire rods into samples for a tensile test in accord-
ance with the ASTM E8 standard, preparing steel wires according to the above-described manufacturing method, and
performing the tensile test thereon.

[0091] Reduction in area (RA) referring to a reduction ratio is a change in cross-sectional area of a tensile test sample
at fracture numerically expressing ductility of a material.

[0092] Average austenite grain size (AGS) was measured using the ASTM E112 method. After preparing the wire rod
by hot rolling, a not-water cooled part was removed and grain sizes of a collected sample were randomly measured at
3 points, i.e., a point of the surface, a 1/4 point in diameter, and a 1/2 point in diameter, and an average thereof was
obtained.

[0093] Grain boundary characteristics were measured by collecting samples in the same manner as in the method
used to measure grain size (AGS), measuring areas of 130 X 130 um?2 by SEM-EBSD at x700 magnification with a 0.1
wm step-size at a point of the surface, a 1/4 point in diameter, and a 1/2 point in diameter, of each specimen, and
obtaining an average thereof. An average of Confidence Index was not less than 0.57.

Table 3
. . . Mechanical
Microstructure and grain boundary characteristics .
properties
Distribution of | Distributio n of Ratio of . .
lamellar R R <5°grain Tensile Reducti
AGS . length of >15 length of <15 .
(um) spacing rain boundar rain bounda boundary to strength onin
w @m) |9 i) y 9 s /mmz)ry <15°grain (MPa) | area (%)
boundary (%)
Example 1 4 0.12 2500 420 60 1250 25
Example 2 5.5 0.11 3500 650 55 1260 32
Example 3 5 0.15 3700 550 63 1210 27
Comparative |, 0.21 2150 210 35 1020 13
Example 1
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(continued)
Microstructure and grain boundary characteristics Mechan.lcal
properties
Distribution of | Distributio n of Ratio of . .
lamellar R R <5°grain Tensile Reducti
AGS . length of >15 length of <15 .
(um) spacing rain boundar rain bounda boundary to strength onin
b @m) |9 i) y 9 s /mmz)ry <15°grain (MPa) | area (%)
boundary (%)
Comparative |, 0.22 850 120 17 980 11
Example 2
Comparative | 5 0.29 1450 150 22 1020 14
Example 3
Comparative | 5 0.21 1200 160 25 1030 13
Example 4
[0094] Meanwhile, after performing spheroidizing heat treatment once on the wire rods of the examples and compar-

ative examples under the conditions of Table 4 below, average aspect ratios and tensile strength of cementite were
measured and the results are shown in Table 4 below. In this case, the spheroidizing heat treatment was conducted by
performing primary softening treatment on the prepared wire rod without a primary drawing process, and spheroidization
was evaluated.

[0095] In this regard, after spheroidizing heat treatment, the average aspect ratio of cementite of the wire rod was
measured by obtaining images of 3 visual fields from 1/4 area to 1/2 area in the diameter direction of the wire rod using
an x 3000 SEM, automatically measuring major axis/minor axis of cementite in the visual fields using an image meas-
urement program, and performing statistical processing.

[0096] Spheroidization was evaluated by randomly obtaining 10 or more SEM images. When a share of spheroidized
carbides having an aspect ratio 2.5 or less is 80% or more among all carbides observed in a X5,000 visual field, it was
determined that spheroidization has been made.

Table 4
Heat . . .
Heat treatment Cooling rate | Average aspectratio | Tensile strength
Ael treatme o .
Example °C) temperat ure nt time to 660 °C of cementite after after heat
(°C) (Hr) (°C/Hr) heat treatment treatment (MPa)
Example 1 743.6 765 8 15 1.6 720
Example 2 741.6 780 7 17 21 733
Example 3 739.7 770 6 10 1.5 730
Comparative | 744 700 7 30 8.5 820
Example 1
Comparative | 24, o 740 10 20 6.2 790
Example 2
Comparative | 2, , 800 75 15 75 810
Example 3
Comparative | 2, , 765 4 25 55 770
Example 4

[0097] Although Comparative Examples 1 to 4 satisfy the composition of alloying elements suggested by the present
disclosure, the following manufacturing conditions are out of those suggested by the present disclosure, and thus the
steel types thereof are marked as comparative steels.

[0098] FIGS. 1 and 2 are images of microstructures of wire rods prepared according to Example 1 of the present
disclosure and Comparative Example 1 obtained before finish hot rolling using an optical microscope (OM). FIGS. 3 and
4 are images of microstructures of wire rods prepared according to Example 1 of the present disclosure and Comparative
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Example 1 obtained after finish hot rolling and cooling using a scanning electron microscope (SEM).

[0099] Referringto FIGS. 1to 4, the prior austenite grain size (AGS) of Example 1 before finish hot rolling was relatively
small compared to Comparative Example 1, and thus it may be confirmed that fine grains were obtained even after finish
hot rolling and cooling.

[0100] Referringto Table 3, inthe wire rods according to Examples 1 to 3 satisfying the composition of alloying elements
and manufacturing conditions suggested by the present disclosure, the prior austenite grain size (AGS) was from 3 to
10 wm, and distribution of lengths of high angle grain boundaries having a misorientation angle of 15° or more was
observed in the range of 1,000 to 4,000 mm/mm?Z, indicating that fine grains were obtained. In addition, the wire rods
according to Examples 1 to 3 had higher tensile strength not less than 1,200 MPa and higher reduction in area not less
than 20% compared to those of Comparative Examples 1 to 4.

[0101] FIGS. 5 and 6 are images of wire rods prepared according to Example 1 of the present disclosure and Com-
parative Example 1 showing grain boundary characteristics after finish hot rolling and cooling observed by SEM-EBSD.
[0102] Referring to FIGS. 5 and 6, it may be confirmed that the low angle grain boundaries having a misorientation
angle of 15° or less, marked in green and red, are distributed in Example 1 more than Comparative Example 1.
[0103] Referring to Table 4, the wire rods according to Examples 1 to 3, which satisfy the composition of alloying
elements and manufacturing conditions suggested by the present disclosure, may not only have a low tensile strength
of 740 MPa or less after performing softening heat treatment once but also include spheroidized cementite having an
average aspect ratio of 2.5 or less by obtaining fine grains via the spheroidizing heat treatment performed for a shorter
period of time than a conventional heat treatment time of 30 hours or more.

[0104] FIGS. 7 and 8 are images of microstructures of wire rods prepared according to Example 1 of the present
disclosure and Comparative Example 1 obtained after spheroidizing heat treatment using a scanning electron microscope
(SEM).

[0105] Referring to FIGS. 7 and 8, spherical cementite is more uniformly distributed in Example 1 compared to Com-
parative Example 1, and thus it may be confirmed that spheroidization rapidly occurred.

[0106] Inthe case of Comparative Example 1, the Mn content was excessive to increase the Acm transformation point,
and thus grain refinement was not sufficiently performed during rolling. Accordingly, because the average aspect ratio
of cementite was 8.5 even after softening heat treatment, a spherical structure could not be obtained and a high tensile
strength of 820 MPa was obtained.

[0107] In the case of Comparative Example 2, the finish hot rolling temperature was 850 °C, which exceeds the Acm
°C transformation point, and a cooling time until the phase transformation is terminated increased, and thus the grain
refinement effect was significantly reduced. Accordingly, the average aspect ratio of cementite was 6.2 even after
softening heat treatment failing to obtain a spherical structure and a high tensile strength of 790 MPa was obtained.
[0108] In the case of Comparative Example 3, although the composition range suggested by the present disclosure
was satisfied, the Tpf - T; value was 85 °C, far greater than 50 °C, and thus a coarse microstructure having an average
grain size of 15 um was obtained in the central area due to an increased internal/external temperature difference during
rolling. Accordingly, the average aspect ratio of cementite was 7.5 even after softening heat treatment, failing to obtain
a spherical structure and a high tensile strength of 810 MPa was obtained.

[0109] In the case of Comparative Example 4, although the composition range suggested by the present disclosure
was satisfied, the deformation was 0.32, far less than the critical deformation of 0.69, failing to obtain a sufficient rolling
reduction, and thus grain refinement was not sufficiently performed. Accordingly, the average aspect ratio of cementite
was 5.5 even after softening heat treatment failing to obtain a spherical structure and a high tensile strength of 770 MPa
was obtained.

[0110] As described above, according to the embodiments of the present disclosure, fine grains were distributed by
controlling the alloying elements and the manufacturing method therefor. Therefore, the spheroidizing heat treatment,
performed for softening of wire rods after preparing the wire rods, may be shortened or omitted, and therefore price
competitiveness of products may be obtained.

[0111] While the present disclosure has been particularly described with reference to exemplary embodiments, it
should be understood by those of skilled in the art that various changes in form and details may be made without departing
from the spirit and scope of the present disclosure.

[Industrial Applicability]
[0112] According to the bearing wire rod, and the manufacturing method therefor according to the present disclosure,

the softening heat treatment time may be shortened or the softening heat treatment may be omitted, and therefore
manufacturing costs may be reduced.

10
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Claims

10.

1.

12.

A bearing wire rod comprising, in percent by weight (wt%), 0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to 0.6% of Mn,
1.0 to 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or less (exclusive of 0) of N, and the balance of Fe and inevitable
impurities,

wherein a prior austenite grain size of a microstructure is from 3 to 10 um, and
a sum of lengths of high angle grain boundaries having a misorientation angle of 15° or more per unit area is
from 1,000 to 4,000 mm/mm?2.
The bearing wire rod according to claim 1, wherein a sum of lengths of low angle grain boundaries having a miso-
rientation angle of 15° or less per unit area is from 250 to 800 mm/mm2, and a ratio of grain boundaries having a

misorientation angle of 5° or less to the low angle grain boundaries is from 40 to 80%.

The bearing wire rod according to claim 1, wherein the microstructure comprises reticulated proeutectoid cementite
in grain boundaries and pearlite in grains.

The bearing wire rod according to claim 3, wherein an interlamellar spacing in the pearlite is from 0.05 to 0.2 um.

The bearing wire rod according to claim 1, wherein a tensile strength is 1,200 MPa or more and a reduction in area
(RA) is 20% or more.

The bearing wire rod according to claim 1, wherein an average aspect ratio of cementite is 2.5 or less after performing
softening heat treatment once.

The bearing wire rod according to claim 1, wherein a tensile strength is 750 MPa or less after performing softening
heat treatment once.

A method for manufacturing a bearing wire rod, the method comprising:
heating a billet comprising, in percent by weight (wt%), 0.8 to 1.2% of C, 0.01 to 0.6% of Si, 0.1 to 0.6% of Mn,
1.0 t0 2.0% of Cr, 0.01 to 0.06% of Al, 0.02% or less (exclusive of 0) of N, and the balance of Fe and inevitable
impurities, in a temperature range of 950 to 1,050 °C;
preparing a wire rod by finish hot rolling the billet in a temperature range of Ae1 to Acm °C with a critical
deformation, represented by Expression (1) below, or more; and

cooling the wire rod to a temperature range of 500 to 600 °C at a rate of 3 °C/sec or more, and cooling the wire
rod at a rate of 1 °C/sec or less:

Expression (1): -1.6Ceq® + 3.11Ceq - 0.48

(wherein Ceq = C + Mn/6 + Cr/5, and C, Mn, and Cr denote wt% of respective elements).

The method according to claim 8, wherein the wire rod satisfies Expression (2) below:

Expression (2): Tpe - Tr <50 °C

(wherein Ty is an average surface temperature of the wire rod before the finish hot rolling, and T; is an average
surface temperature of the wire rod after the finish hot rolling).

The method according to claim 8, wherein a heating time is 90 minutes or less.

The method according to claim 8, wherein an average austenite grain size (AGS) before the finish hot rolling is from
510 20 pm.

The method according to claim 8, further comprising performing softening heat treatment by heating the wire rod to
a temperature range of Ae1 to Ae1+40 °C after the cooling and maintaining the temperature for 5 to 8 hours.
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13. The method according to claim 12, further comprising cooling the wire rod to 660 °C at a rate of 20 °C/hr or less

after the softening heat treatment.
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