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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
manufacturing a machine component, more particularly,
amethod of manufacturing a machine component having
a nitrogen-enriched layer at a surface layer.

BACKGROUND ART

[0002] For the purpose of improving the fatigue
strength and/or wear resistance of a machine compo-
nent, a nitrogen-enriched layer having a high nitrogen
concentration as compared to the interior may be formed
at the surface layer of the machine component by means
of carbonitriding or the like. In a general carbonitriding
process, atmosphere gas is often used, which is based
on producing carrier gas by mixing propane, butane or
city gas with air at a high temperature greater than or
equal to 1000°C (endothermic converted gas; hereinaf-
ter, referred to RX gas), having a small amount of pro-
pane, butane, and ammonia added. By heating a work-
piece in this atmosphere gas, a nitrogen-enriched layer
is formed at the surface layer of the workpiece. During a
carbonitriding process using RX gas as the carrier gas,
a nitriding response occurs by undecomposed ammonia
(for example, refer to "Improvement of Wear Resistance
by Heat Treatment for Carburizing Steel" by Nobuyuki
Mouri et al., NTN TECHNICAL REVIEW, 2008, No. 76,
pp. 17-22 (NPD 1)).

CITATION LIST
NON PATENT DOCUMENT

[0003] NPD 1: "Improvement of Wear Resistance by
Heat Treatment for Carburizing Steel" by Nobuyuki Mouri
et al., NTN TECHNICAL REVIEW, 2008, No. 76, pp.
17-22

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] Decomposition of ammonia gas generally pro-
ceeds as the temperature becomes higher. Therefore,
the nitriding process by undecomposed ammonia is not
often executed at a temperature region not lower than
900°C. As a result, it was difficult to increase the treat-
ment temperature to shorten the carbonitriding time even
in the case of treating a product that requires a thick ni-
tride layer. There was a problem that the processing time
is lengthened. The carbonitriding process using ammo-
nia gas also had the problem that the facility maintenance
management cost is increased due to the requirement
of installing a facility to introduce ammonia gas into the
heat treatment furnace and rapid consumption of com-

10

15

20

25

30

35

40

45

50

55

ponents employed in the heat treatment furnace (for ex-
ample, the basket for product transportation).

[0005] The present invention was made to solve the
problems as described above, and an object thereof is
to provide a machine component manufacturing method
allowing a machine component having a nitrogen en-
riched layer at a surface layer to be manufactured by
rapid heat treatment not using ammonia gas.

SOLUTION TO PROBLEM

[0006] A method of manufacturing a machine compo-
nentaccording to the presentinventionincludes the steps
of preparing a member made of steel, forming a film con-
taining vanadium at a surface of the member, and forming
a nitrogen-enriched layer by heating the member having
the film formed in an atmosphere of heat treatment gas
containing nitrogen gas and absent of ammonia gas. In
the step of preparing a member, a member made of steel
containing 0.1 mass % or more of vanadium is prepared.
In the step of forming a film, the member is heated to and
oxidized in a temperature range not lower than 500°C
and lower than A, transformation point of the steel.
[0007] During various studies in association with heat
treatment of steel, the inventors found out that, by forming
a film containing vanadium at the surface of a member
made of steel, followed by heating in an atmosphere in-
cluding nitrogen gas, a nitrogen-enriched layer is formed
atthe surface layer of the member even if the atmosphere
is absent of ammonia gas, thus conceiving of the present
invention. In the method of manufacturing a machine
component in the present invention, a member made of
steel, having a film containing vanadium formed at the
surface, is heated in an atmosphere including nitrogen
gas and absent of ammonia gas, leading to formation of
a nitrogen-enriched layer at the surface layer of the ma-
chine component. Since the formation of a nitrogen-en-
riched layeris notadvanced by undecomposed ammonia
in the present manufacturing method, heat treatment at
a higher temperature is allowed. Accordingly, the period
of time for heat treatment can be shortened. Moreover,
since ammonia is not used in the manufacturing method,
consumption of the components employed in the heat
treatment furnace can be suppressed to reduce the fa-
cility maintenance management cost. According to the
machine component manufacturing method of the
present invention, a machine component having a nitro-
gen-enriched layer at a surface layer can be manufac-
tured by rapid heat treatment not using ammonia gas.
[0008] By adopting steel containing 0.1 mass % or
more of vanadium as steel making up a machine com-
ponent and subjecting the steel to oxidation, a film con-
taining vanadium can readily be formed. Here, by per-
forming oxidation in a temperature range lower than the
A, transformation point of steel, phase transformation
does not occur during oxidation and change in dimension
or deformation due to heat treatment can be suppressed.
In addition, by performing oxidation in a temperature
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range lower than the A, transformation point of steel, a
mother phase of steel is maintained in a ferrite state in
which a solid solubility limit of carbon is low, and occur-
rence of decarburization can be suppressed.

[0009] Heattreatment gas absent of ammonia gas im-
plies not including ammonia gas substantially, and does
not exclude the mixture of ammonia gas at the impurity
level.

[0010] In the step of forming a film in the method of
manufacturing a machine component set forth above,
the member may be forged.

[0011] When the manufacturing process of a machine
component includes a forging step, a film containing va-
nadium can be formed efficiently by subjecting the ma-
chine component to oxidation in the forging step.
[0012] Inthe method of manufacturing a machine com-
ponent set forth above, the heat treatment gas may in-
clude endothermic converted gas. Accordingly, forma-
tion of a nitrogen-enriched layer can be achieved while
readily adjusting the carbon potential in the atmosphere.
[0013] Inthe method of manufacturing a machine com-
ponent set forth above, the heat treatment gas may be
a gas mixture of the nitrogen gas and reducing gas.
[0014] Thus, a nitrogen-enriched layer can be formed
with reducing heat treatment gas containing nitrogen
which is inexpensive and readily available as a nitrogen
supply source. Consequently, cost for heattreatmentcan
be reduced. For example, hydrogen gas, methane gas,
propane gas, butane gas, or carbon monoxide gas can
be adopted for the reducing gas.

[0015] Inthe method of manufacturing a machine com-
ponent set forth above, the heat treatment gas may in-
clude the nitrogen gas and have an oxygen partial pres-
sure less than or equal to 10-16 Pa.

[0016] Thus, heat treatment gas containing nitrogen
which is inexpensive and readily available as a nitrogen
supply source and having oxidizing capability sup-
pressed to a low level can be employed. Consequently,
cost for heat treatment can be reduced.

[0017] Inthe method of manufacturing a machine com-
ponent set forth above, the heat treatment gas may in-
clude reducing gas so that it has the oxygen partial pres-
sure less than or equal to 10-16 Pa. By adopting the heat
treatment gas containing the reducing gas, the oxygen
partial pressure canreadily be lowered to 10-16 Pa orless.
[0018] Inthe method of manufacturing a machine com-
ponent set forth above, the reducing gas may be hydro-
gen gas. The hydrogen gas which is readily available is
suitable as the reducing gas.

[0019] The method of manufacturing a machine com-
ponent set forth above may further include the step of
quench-hardening the member by cooling the member
having a nitrogen-enriched layer formed from a temper-
ature greater than or equal to A, transformation point to
atemperature less than or equal to Mg point. Accordingly,
a machine component of high durability, having a nitro-
gen-enriched layer formed and quench-hardened, can
be readily manufactured.
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[0020] Inthe method of manufacturing a machine com-
ponent set forth above, the step of forming a nitrogen-
enriched layer may be performed such that the member
heated to the temperature range is not cooled to a room
temperature in the step of forming a film. By doing so,
energy required for heat treatment can be lowered and
a time period for heat treatment can be shortened.
[0021] Inthe method of manufacturing a machine com-
ponent set forth above, in the step of forming a film, the
member may be heated in a heat treatment chamber of
an oxidative atmosphere, and in the step of forming a
nitrogen-enriched layer, an atmosphere in the heat treat-
ment chamber may be replaced with the heat treatment
gas and then the member may be heated in the heat
treatment chamber to thereby form the nitrogen-enriched
layer. By doing so, a nitrogen-enriched layer can effi-
ciently be formed on a machine component with the use
of a batch furnace.

[0022] The method of manufacturing a machine com-
ponent set forth above may further include the step of
quench-hardening the member by cooling the member
having a nitrogen-enriched layer formed from a temper-
ature greater than or equal to the A, transformation point
down to a temperature less than or equal to Mg point. In
the step of forming a film, the film may be formed as the
member is oxidized in an oxidation apparatus. In the step
of forming a nitrogen-enriched layer, the member having
the film formed may be conveyed by a conveyance ap-
paratus into a nitrogen-enriched layer formation appara-
tus connected to the oxidation apparatus with the con-
veyance apparatus being interposed, and then the nitro-
gen-enriched layer may be formed in the nitrogen-en-
riched layer formation apparatus. In the step of quench-
hardening the member, the member may be quench-
hardened in a quenching apparatus connected to the ni-
trogen-enriched layer formation apparatus. By doing so,
a nitrogen-enriched layer can efficiently be formed on a
machine component with the use of a continuous furnace
and the machine component can be quench-hardened.
[0023] Inthe method of manufacturing a machine com-
ponent set forth above, the machine component may be
a component constituting a rolling bearing.

[0024] A component such as a bearing ring and a roll-
ing element constituting a rolling bearing is often required
to have high fatigue strength and wear resistance. There-
fore, the method of manufacturing a machine component
of the present invention in which a nitrogen-enriched lay-
er is formed is suitable for a method of manufacturing a
component constituting a rolling bearing.

ADVANTAGEOUS EFFECTS OF INVENTION

[0025] As is clear from the description above, accord-
ing to the method of manufacturing a machine compo-
nentinthe presentinvention, a machine component hav-
ing a nitrogen-enriched layer at a surface layer can be
manufactured by rapid heattreatment not usingammonia
gas.
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BRIEF DESCRIPTION OF DRAWINGS
[0026]

Fig. 1 is a flowchart showing overview of a method
of manufacturing a machine component in a first em-
bodiment.

Fig. 2 is a schematic diagram for illustrating one ex-
ample of the method of manufacturing a machine
component.

Fig. 3 is a schematic diagram for illustrating another
example of the method of manufacturing a machine
component.

Fig. 4 is a flowchart showing overview of a method
of manufacturing a machine componentin a second
embodiment.

Fig. 5 represents concentration distribution of nitro-
gen in a nitrogen-enriched layer when a vanadium-
containing film is formed at different oxidation tem-
peratures.

Fig. 6 represents concentration distribution of nitro-
genin anitrogen-enriched layer formed without cool-
ing to a room temperature after oxidation.

DESCRIPTION OF EMBODIMENTS

[0027] Embodiments of the present invention will be
described hereinafter with reference to the drawings. In
the drawings below, the same or corresponding elements
have the same reference characters allotted, and de-
scription thereof will not be repeated.

(First Embodiment)

[0028] A first embodiment that is one embodiment of
the present invention will initially be described. Referring
to Fig. 1, in a method of manufacturing a machine com-
ponent according to the first embodiment, a steel mem-
ber preparation step is performed as a step (S10). At this
step (S10), a steel member that is a member made of
steel and formed in substantially the shape of a machine
componentis prepared. Specifically, for example, a steel
material of AMS2315 that is steel containing vanadium
greater than or equal to 0.1 mass % or a steel material
having such composition that 0.1 mass % or more of
vanadium has been added to SUJ2 complying with JIS
is prepared and subjected to working such as forging,
turning, and the like to produce a steel member.

[0029] Then, an oxidation step is performed as a step
S20. At this step (S20), the steel member prepared at
the step (S10) is subjected to oxidation. Specifically, the
steel member is heated at a temperature range greater
than or equal to 500°C and lower than A transformation
point of steel making up the steel member in an oxidative
atmosphere such as in the air, whereby the surface layer
ofthe steel member is oxidized. At this stage, the reaction
of vanadium in the steel with carbon in the steel and ni-
trogen in the atmosphere causes a film containing vana-
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dium to be formed at the surface of the steel member.
Specifically, this film is a V (vanadium)-N (nitrogen) film,
a V-C (carbon) film, a V-C-N film, or the like.

[0030] Then, a carbonitriding step is performed as a
step (S30). At this step (S30), the steel member subjected
to oxidation at the step (S20) is subjected to carbonitrid-
ing. Specifically, in an atmosphere adjusted to the de-
sired carbon potential by adding propane gas or the like
as enrich gas into RX gas that is endothermic converted
gas obtained by mixing propane gas and airin areforming
furnace and heating to a temperature greater than or
equal to 1000°C under the presence of a catalyst, the
steel member is heated at a temperature range greater
than or equal to A; transformation point. At this stage,
ammonia gas is not added to the atmosphere. Accord-
ingly, an amount of carbon at the surface layer of the
steel member attains to a value corresponding to carbon
potential in the atmosphere. Since the surface of the steel
member has a film containing vanadium formed at the
step (S20) and the nitrogen gas in the air is included in
the RX gas, nitrogen invades the surface layer of the
steel member. As a result, the steel member is carboni-
trided, forming a nitrogen-enriched layer at the surface
layer of the steel member.

[0031] Then, aquench-hardening step is performed as
a step (S40). At this step (S40), the steel member sub-
jected to carbonitriding at the step (S30) is quench-hard-
ened. Specifically, the steel member subjected to car-
bonitriding at the temperature range greater than or equal
to A, transformation point at the step (S30) is quench-
hardened by being cooled down to the temperature range
less than or equal to Mg point from the temperature range
greater than or equal to A, transformation point. Accord-
ingly, the entire steel member including the nitrogen-en-
riched layer is quench-hardened, thus providing high fa-
tigue strength and wear resistance to the steel member.
[0032] Then, a tempering step is performed as a step
(S50). At this step (S50), the steel member subjected to
quench-hardening at the step (S40) is tempered. Specif-
ically, at the step (S50), the steel member subjected to
quench-hardening at the step (S40) is heated to a tem-
perature less than or equal to A; transformation point,
and then cooled for the tempering process.

[0033] Then, a finishing step is performed as a step
(S60). At this step (S60), the steel member obtained by
performing the steps (S10) to (S50) is subjected to a fin-
ishing work to complete a machine component such as
a bearing component. Specifically, at the step (S60), the
tempered steel member is polished and the like for the
completion of a machine component. By the process set
forth above, the method of manufacturing a machine
component of the present embodiment is completed to
produce a completed machine component.

[0034] Inthe method of manufacturing a machine com-
ponent of the present embodiment, a steel member hav-
ing a film containing vanadium formed at the surface is
heated in an atmosphere containing nitrogen gas and
absent of ammonia gas to manufacture a machine com-
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ponent having a nitrogen-enriched layer. In the method
of manufacturing a machine component of the present
embodiment, the formation of a nitrogen-enriched layer
is not advanced by undecomposed ammonia. Therefore,
heat treatment at high temperature is allowed without
having to take into account the decomposition of ammo-
nia. As a result, in the method of manufacturing a ma-
chine component of the present embodiment, the proc-
ess of forming a nitrogen-enriched layer is performed at
high temperature, allowing the period of time for the heat
treatment to be shortened. Furthermore, since ammonia
is not used in the manufacturing method, consumption
of components employed in the heat treatment furnace
is suppressed to allow the facility maintenance manage-
ment cost to be reduced. Thus, according to the method
of manufacturing a machine component of the present
embodiment, a machine component having a nitrogen-
enriched layer at the surface layer can be manufactured
by rapid heat treatment not using ammonia gas.

[0035] By preparing a steel member made of steel con-
taining 0.1 mass % or more of vanadium in the step (S10)
and subjecting the steel member to oxidation in the step
(820), afilm containing vanadium can readily be formed.
Here, by performing oxidation in a temperature range
lower than the A transformation point, phase transfor-
mation does not occur during oxidation and change in
dimension or deformation due to heat treatment can be
suppressed. In addition, by performing oxidationin a tem-
perature range lower than the A, transformation point of
steel, a mother phase of steel is maintained in a ferrite
state in which a solid solubility limit of carbon is low, and
occurrence of decarburization can be suppressed. By
performing oxidation at 500°C or higher, a film containing
vanadium can efficiently be formed. In order to further
efficiently form a film containing vanadium, a temperature
for oxidation in the step (S20) may be set to 600°C or
higher or to 650°C or higher.

[0036] Here,theheattreatmentgasadopted inthe step
(S30) may be a gas mixture of nitrogen gas and reducing
gas. Thus, a nitrogen-enriched layer can be formed with
reducing heat treatment gas containing nitrogen which
is inexpensive and readily available as a nitrogen supply
source. Consequently, cost for heat treatment can be
reduced.

[0037] The heat treatment gas adopted in the step
(S30) may contain nitrogen gas and may have an oxygen
partial pressure less than or equal to 10-16 Pa. The heat
treatment gas may have an oxygen partial pressure less
than or equal to 10-16 Pa by containing reducing gas. For
example, hydrogen gas can be adopted as the reducing
gas. Thus, heat treatment gas containing nitrogen which
is inexpensive and readily available as a nitrogen supply
source and having oxidizing capability suppressed to a
low level can be employed. Consequently, cost for heat
treatment can be reduced.

[0038] One example of a specific procedure for per-
forming the steps (S20) to (S40) will now be described
with reference to Fig. 2. Referring to Fig. 2, a batch fur-
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nace 1 includes a heat treatment chamber 11, a carrier
portion 12 installed on a bottom wall of heat treatment
chamber 11, and an inlet port 13 and an exhaust port 14
disposed in a wall surface of the heat treatment chamber.
Inlet port 13 can be connected to a gas supply source
(notshown) and an atmosphere gas can be supplied into
heat treatment chamber 11 through inlet port 13 as the
inlet port is connected to a desired gas supply source.
Exhaust port 14 can be connected to an exhaust appa-
ratus (not shown) and the atmosphere gas in a heat treat-
ment furnace can be exhausted through exhaust port 14.
The steps (S20) to (S40) can be performed as below,
with the use of this batch furnace 1.

[0039] Initially, at the step (S20), a steel member 90
prepared at the step (S10) is arranged on carrier portion
12 in heat treatment chamber 11. Then, the interior in
heat treatment chamber 11 is adjusted to an oxidative
atmosphere. Here, gas in heat treatment chamber 11
may be discharged through exhaust port 14 and then
oxidative gas may be supplied through inlet port 13, so
that the interior in heat treatment chamber 11 is adjusted
to an oxidative atmosphere, or the interior in heat treat-
ment chamber 11 may be adjusted to an oxidative at-
mosphere as inlet port 13 and exhaust port 14 are opened
into the air. Then, in heat treatment chamber 11 adjusted
to the oxidative atmosphere, steel member 90 is heated
to and oxidized in a temperature range not lower than
500°C and lower than the A, transformation point of steel
making up steel member 90. Thus, a film containing va-
nadium is formed in a region including a surface of steel
member 90.

[0040] As the step (S20) is completed, the step (S30)
is performed in succession. At the step (S30), initially,
the atmosphere in heattreatment chamber 11isreplaced
with heat treatment gas. Specifically, the atmosphere gas
in heat treatment chamber 11 is exhausted through ex-
haust port 14 and heat treatment gas (for example, a gas
mixture of nitrogen gas and reducing gas) is supplied
through inlet port 13, so that the interior in heat treatment
chamber 11 is replaced with the heat treatment gas.
Then, steel member 90 is heated in heat treatment cham-
ber 11, for example, to a temperature range not lower
than 750°C and not higher than 1000°C and preferably
to a temperature range not lower than 850°C and not
higher than 950°C, which are temperature ranges not
lowerthan the A, transformation point, so that a nitrogen-
enriched layer is formed at the surface layer of steel mem-
ber 90. Here, after the step (S20) is completed and before
the step (S30) is performed, steel member 90 may be
cooled to a room temperature. After the step (S20) is
completed, however, the step (S30) is performed suc-
cessively without cooling steel member 90 to a room tem-
perature, so that energy required for heat treatment can
be lowered and a time period for heat treatment can be
shortened.

[0041] When the step (S30) is completed, the step
(S40) is performed in succession. At the step (S40), steel
member 90 having the nitrogen-enriched layer formed is
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taken out of batch furnace 1 and quench-hardened, for
example, by being immersed in an oil bath. Through the
procedure above, the steps (S20) to (S40) can efficiently
be performed with the use of batch furnace 1.

[0042] Alternatively, the steps (S20) to (S40) above
may be performed with the use of a continuous furnace
as below. Referring to Fig. 3, a continuous furnace 2 in-
cludes an oxidation furnace 21 serving as an oxidation
apparatus, a nitriding furnace 22 serving as a nitrogen-
enriched layer formation apparatus connected to oxida-
tion furnace 21 with conveyors 24 and 25 serving as a
conveyance apparatus being interposed, and a quench-
ing oil bath 23 which serves as a quenching apparatus
connected to nitriding furnace 22 and holds a quenching
oil. In quenching oil bath 23, a conveyor 26 carrying out
a workpiece in quenching oil bath 23 is disposed. The
steps (S20) to (S40) can be performed as below, with
the use of this continuous furnace 2.

[0043] Initially, at the step (S20), steel member 90 pre-
pared at the step (S10) is placed on conveyor 24. Thus,
steel member 90 is conveyed by conveyor 24 and enters
oxidation furnace 21. Since the interior in oxidation fur-
nace 21 opens, for example, into the air, it is set to an air
atmosphere. In oxidation furnace 21, steel member 90
is heated to and oxidized in atemperature range not lower
than 500°C and lower than the A, transformation point
of steel making up steel member 90. Thus, a film con-
taining vanadium is formed in a region including a surface
of steel member 90.

[0044] Then, atthe step (S30), steel member 90 is con-
veyed along an arrow o on conveyors 24 and 25 and
enters nitriding furnace 22. Here, steel member 90 may
enter nitriding furnace 22 without being cooled to a room
temperature. The interior in nitriding furnace 22 is adjust-
ed to an atmosphere of a gas mixture of nitrogen gas and
reducing gas, such as an atmosphere of nitrogen gas
and hydrogen gas as mixed. Then, steel member 90 is
heated in nitriding furnace 22 to a temperature range not
lower than the A, transformation point. Thus, a nitrogen-
enriched layeris formed at the surface layer of steel mem-
ber 90.

[0045] Then, steel member 90 having the nitrogen-en-
riched layer formed is conveyed on conveyor 25, so that
it falls into quenching oil bath 23 along an arrow B. Thus,
steelmember 90 is rapidly cooled and quench-hardened.
Then, quench-hardened steel member 90 is carried out
of quenching oil bath 23 on conveyor 26. Through the
procedure above, the steps (S20) to (S40) with the use
of continuous furnace 2 are completed. By thus using
continuous furnace 2, the steps (S20) to (S40) can effi-
ciently be performed and efficiency in production of ma-
chine components can be improved.

(Second Embodiment)
[0046] A second embodiment that is another embodi-

ment of the present invention will now be described r with
reference to Fig. 4. The method of manufacturing a ma-
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chine component according to the second embodiment
is carried out in a manner basically similar to that of the
firstembodiment. However, the method of manufacturing
a machine component of the second embodiment differs
from that of the first embodiment in including a hot forging
step.

[0047] Inthe method of manufacturing a machine com-
ponent according to the second embodiment, steel con-
taining vanadium greater than or equal to 0.1 mass % is
prepared at the step (S10), likewise with the first embod-
iment. A steel member is produced by forming to a shape
that allows hot forging in a step (S21) that will be de-
scribed below.

[0048] Next, a hot forging step is performed as a step
(S21). At this step (S21), the steel member is hot forged.
Specifically, the steel member is shaped by hot forging
in the air, for example. At this stage, the surface layer of
the steel member is oxidized by the oxygen in the air. As
a result, the reaction of vanadium in the steel with the
carbon in the steel and nitrogen in the atmosphere caus-
es formation of a film containing vanadium at the surface
of the steel member, specifically a V-N film, a V-C film,
a V-C-N film, or the like.

[0049] Then,the step(S20)is skipped, and steps (S30)
to (S60) are performed, likewise with the first embodi-
ment, to complete a machine component.

[0050] Inthe method of manufacturing a machine com-
ponent of the present embodiment, oxidation of the steel
member is performed taking advantage of the hot forging
step in the manufacturing process. Therefore, the meth-
od of manufacturing a machine component of the present
invention can be carried out while suppressing increase
in the manufacturing steps.

EXAMPLES
(Example 1)

[0051] Experiments were carried out to confirm that,
by forming a film containing vanadium through oxidation
in a temperature range lower than A, transformation
point, formation of a nitrogen-enriched layer is allowed
by subsequent heating in a heat treatment gas atmos-
phere containing nitrogen gas and absent of ammonia
gas. A procedure in the experiments is as follows.

[0052] Steel composed of 1.00 mass % of carbon, 0.31
mass % of silicon, 0.46 mass % of manganese, 1.51
mass % of chromium, and 1.02 mass % of vanadium as
well as remainder iron and impurities (such steel that
1.02 mass % of vanadium had been added to SUJ2 com-
plying with JIS) was prepared and worked to a prescribed
shape. The obtained test piece was subjected to oxida-
tion for 10 hours as being heated to 700°C in the air,
which was a temperature lower than the A, transforma-
tion point. For comparison, a similar test piece was sub-
jected to oxidation for 1.5 hour as being heated to 950°C
in the air, which was a temperature not lower than the A,
transformation point. These test pieces were heated to
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950°C in a gas mixture containing 50 volume % of nitro-
gen gas and 50 volume % of hydrogen gas and held for
12 hours. Nitrogen concentration distribution at the sur-
face layer of the obtained test pieces was analyzed with
an electron probe micro analyser (EPMA). Fig. 5 shows
results of analysis. In Fig. 5, the abscissa represents a
depth (a distance) from a surface and the ordinate rep-
resents nitrogen concentration. In Fig. 5, a thin line cor-
responds to a sample subjected to oxidation at 950°C
and a bold line corresponds to a sample subjected to
oxidation at 700°C.

[0053] Referring to Fig. 5, even when oxidation is per-
formed at 700°C which is a temperature lower than the
A, transformation point, sufficient nitrogen concentration
distribution comparable to that at the time when oxidation
is performed at 950°C which is a temperature not lower
than the A; transformation point is obtained. Thus, by
performing oxidation at a temperature lower than the A,
transformation point, change in dimension and deforma-
tion due to heat treatment of a machine component as
well as occurrence of decarburization can be suppressed
while a nitrogen-enriched layer having appropriate nitro-
gen concentration distribution is formed.

(Example 2)

[0054] An experiment for confirming whether or not
cooling to a room temperature is necessary after a film
containing vanadium was formed through oxidation and
before nitriding was performed was conducted.

[0055] Initially, a test piece was produced from a steel
material (such a steel material that 1.02 mass % of va-
nadium had been added to SUJ2 complying with JIS)
similartothatin Example 1. This test piece was subjected
to oxidation as being heated to 700°C in the air, which
was a temperature lower than the A, transformation
point, and thereafter, successively without cooling, the
test piece was heated to 950°C and held for 6 hours in
a gas mixture atmosphere containing 50 volume % of
nitrogen gas and 50 volume % of hydrogen gas. There-
after, nitrogen concentration distribution at the surface
layer of the test piece was examined with the EPMA as
in Example 1. Fig. 6 shows results of examination. In Fig.
6, the abscissa represents a depth (a distance) from a
surface and the ordinate represents nitrogen concentra-
tion.

[0056] Referring to Fig. 6, even when nitriding is suc-
cessively performed with a cooling step of cooling steel
after oxidation being intentionally omitted, a nitrogen-en-
riched layer having sufficient nitrogen concentration dis-
tribution is obtained. Thus, by performing a nitriding step
without performing the cooling step after oxidation, en-
ergy required for heat treatment can be lowered and a
time period for heat treatment can be shortened. Such a
heat treatment process can be performed, for example,
with the use of the batch furnace or the continuous fur-
nace described in the embodiments above.

[0057] It should be understood that the embodiments
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and examples disclosed herein are illustrative and non-
restrictive in every respect. The scope of the present in-
vention is defined by the terms of the claims, rather than
the description above, and is intended to include any
modification within the scope and meaning equivalent to
the terms of the claims.

INDUSTRIAL APPLICABILITY

[0058] The method of manufacturing a machine com-
ponent of the present invention can particularly be ap-
plied advantageously to the method of manufacturing a
machine component having a nitrogen-enriched layer at
the surface layer.

REFERENCE SIGNS LIST

[0059] 1 batch furnace; 2 continuous furnace; 11 heat
treatment chamber; 12 carrier portion; 13 inlet port; 14
exhaust port; 21 oxidation furnace; 22 nitriding furnace;
23 quenching oil bath; 24, 25, 26 conveyor; and 90 steel
member.

Claims

1. A method of manufacturing a machine component
comprising the steps of:

preparing a member made of steel;

forming a film containing vanadium at a surface
of said member; and

forming a nitrogen-enriched layer by heating
said member having said film formed in an at-
mosphere of heat treatment gas containing ni-
trogen gas and absent of ammonia gas,

in said step of preparing a member, a member
made of steel containing 0.1 mass % or more of
vanadium being prepared, and

in said step of forming a film, said member being
heated to and oxidized in a temperature range
not lower than 500°C and lower than A, trans-
formation point of said steel.

2. Themethod of manufacturing a machine component
according to claim 1, wherein
said heat treatment gas includes endothermic con-
verted gas.

3. The method of manufacturing a machine component
according to claim 1, wherein
said heat treatment gas is a gas mixture of the nitro-
gen gas and reducing gas.

4. The method of manufacturing a machine component
according to claim 1, wherein
said heat treatment gas includes the nitrogen gas
and has an oxygen partial pressure less than orequal
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to 10-16 Pa.

The method of manufacturing a machine component
according to claim 4, wherein

said heat treatment gas includes reducing gas so
that it has the oxygen partial pressure less than or
equal to 10-16 Pa.

The method of manufacturing a machine component
according to claim 5, wherein
said reducing gas is hydrogen gas.

The method of manufacturing a machine component
according to any one of claims 1 to 6, wherein

said step of forming a nitrogen-enriched layer is per-
formed such that said member heated to said tem-
perature range is not cooled to a room temperature
in said step of forming a film.

The method of manufacturing a machine component
according to any one of claims 1 to 7, wherein

in said step of forming a film, said member is heated
in a heat treatment chamber of an oxidative atmos-
phere, and

in said step of forming a nitrogen-enriched layer, an
atmosphere in said heat treatment chamber is re-
placed with said heat treatment gas and then said
member is heated in said heat treatment chamber
to thereby form the nitrogen-enriched layer.

The method of manufacturing a machine component
according to any one of claims 1 to 7, further com-
prising the step of quench-hardening said member
by cooling said member having a nitrogen-enriched
layer formed from a temperature greater than or
equal to the A, transformation point down to a tem-
perature less than or equal to Mg point, wherein

in said step of forming a film, said film is formed as
said member is oxidized in an oxidation apparatus,
in said step of forming a nitrogen-enriched layer, said
member having said film. formed is conveyed by a
conveyance apparatus into a nitrogen-enriched lay-
er formation apparatus connected to said oxidation
apparatus with said conveyance apparatus being in-
terposed and then said nitrogen-enriched layer is
formed in said nitrogen-enriched layer formation ap-
paratus, and

in said step of quench-hardening said member, said
member is quench-hardened in a quenching appa-
ratus connected to said nitrogen-enriched layer for-
mation apparatus.

The method of manufacturing a machine component
according to any one of claims 1 to 9, wherein

said machine component is a component constitut-
ing a rolling bearing.
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