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(57) ABSTRACT

A cast-iron friction member is manufactured by: performing
a nitrocarburizing treatment on a cast workpiece at a treat-
ment temperature of 500° C. to 600° C. to thus form a nitrogen
compound layer on a surface of the workpiece; and exposing
the workpiece to an atmosphere when a temperature becomes
400° C. t0 480° C. after the nitrocarburizing treatment so as to
cool the workpiece to a room temperature while keeping a
contact state with oxygen to thus form an iron oxide layer
including Fe; O, on a surface of the nitrogen compound layer.
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MANUFACTURING METHOD OF CAST-IRON
FRICTION MEMBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a manufacturing method of a cast-
iron friction member.

2. Related Art

A frictional surface of a cast-iron friction member that is
used for a vehicular disc brake rotor, a brake drum, a sliding
part of a machine tool or the like is required to have high
corrosion resistance and high wear resistance. Therefore, the
surface of the cast-iron friction member has been formed with
a coating film or zinc phosphate coating. However, the coat-
ing film or coating is worn or delaminated over long time, so
that it is difficult to secure a sufficient corrosion resistance and
wear resistance.

Compared to the above, a technology of performing a
nitrocarburizing treatment on the frictional surface of the
cast-iron friction member has been studied and utilized. The
nitrocarburizing treatment is a surface treatment of enabling
interstitial diffusion of nitrogen and carbon at the same time at
atreatment temperature of Al transformation point (727° C.)
or lower, typically 550° C. to 580° C. In the nitrocarburizing
treatment, since a hard layer of a nitrogen compound is
formed on the outermost surface, it is possible to improve the
corrosion resistance and wear resistance of the cast-iron fric-
tion member. Also, since a phase transformation is not
accompanied in the nitrocarburizing treatment, the strain is
less caused, compared to a carburization treatment and the
like. As the nitrocarburizing treatment, a salt-bath nitrocar-
burizing treatment, a gas nitrocarburizing treatment, a plasma
nitriding treatment and the like may be exemplified.

For example, JP-A-H06-307471 and JP-A-2010-053926
disclose performing a nitrocarburizing treatment on a surface
of'a cast-iron disc brake rotor so as to form a Fe—C—N based
compound layer on the surface by the salt-bath nitrocarbur-
izing treatment, thereby improving the corrosion resistance
and wear resistance. However, the salt-bath nitrocarburizing
treatment has a problem in terms of safety and environmental
burden because harmful cyanide is used. Also, the salt-bath
nitrocarburizing treatment has a problem that a porous layer is
apt to be formed on an outermost surface of the formed
compound layer.

JP-B2-3303741 discloses a gas nitrocarburizing treatment
in which nitrocarburizing treatment processes under nitriding
atmosphere of 200 Torr or lower including ammonia gas at a
treatment temperature of 450° C. to 560° C. are performed
two times interposing a diffusion treatment process therebe-
tween. In this method, the harmful cyanide is not used, and the
compound layer to be formed on the surface of the cast-iron
friction member can be made to be dense. Also, since it is
possible to suppress a thickness of the compound layer from
being excessively increased, it is possible to improve the
surface durability.

However, when the cast-iron friction member having the
nitrogen compound layer formed on the surface thereof by the
above method is exposed to outside environments over a long
period, red rust (Fe,O5) may be formed on the surface due to
influences of temperature and humidity. Even when the sur-
face of the vehicular disc brake rotor is subject to the nitro-
carburizing treatment, if the surface is eroded by the red rust
(Fe,0,;), vibration may occur or a braking force may be
lowered upon braking. Also, in recent years, an aluminum
alloy wheel having a high design property has been much
utilized. Regarding this, when the red rust (Fe,O;) is present
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on a surface of the rotor, it can be securely seen even from the
outside with naked eyes, so that an outward appearance of a
vehicle is deteriorated.

Regarding the above problems, it is efficient to further form
aniron oxide layer having Fe; O, as a main component, which
is referred to as black rust, on the surface of the nitrogen
compound layer obtained by the nitrocarburizing treatment.
Since the iron oxide layer is uniform and dense, it can effec-
tively prevent the red rust (Fe,O;) from being formed on the
surface of the iron-cast friction member.

As disclosed in JP-A-H03-285058, the iron oxide layer is
formed by a method referred to as homo-treatment in which a
target product is exposed to vapor of 400° C. to 500° C. for 1
to 1.5 hours. However, it is difficult to set conditions of the
homo-treatment. That is, when the temperature is too high or
the treatment time is too long, the red rust (Fe,O5) may be
formed. Therefore, it is very difficult to form a uniform and
dense black iron oxide layer over the entire frictional surface
of the iron-cast friction member.

As a method replacing the homo-treatment, JP-B-S53-
000371 discloses a method of treating a steel material in a
mixed gas of a nitriding gas and a carburizing gas at 500° C.
to 600° C. for 0.5 to 3 hours, taking out the steel material from
afurnace at the treatment temperature, holding the same in air
for 60 to 120 seconds to thus form a Fe;O, film and then
cooling the steel material having the film formed thereonto a
room temperature in oil. According to this method, it is pos-
sible to continuously perform the nitrocarburizing treatment,
the iron oxide layer formation and the cooling treatment, so
that itis possible to form the iron oxide layer of'a good quality
on the surface of the steel material.

Patent Document 1: JP-A-H06-307471

Patent Document 2: JP-A-2010-053926

Patent Document 3: JP-B2-3303741

Patent Document 4: JP-A-H03-285058

Patent Document 5: JP-B-S53-000371

However, according to the method disclosed in JP-B-S53-
000371, after the nitrocarburizing treatment is performed, the
target product is taken out from the furnace, as it is with being
heated, the iron oxide layer is thus formed and then the target
product is rapidly cooled (oil cooling). Thereby, a crack may
be formed in the nitrogen compound layer or the iron oxide
layer including Fe;O,.

SUMMARY OF THE INVENTION

One or more embodiments provide a manufacturing
method of a cast-iron friction member capable of forming an
iron oxide layer including Fe,;O, with a simple method on a
surface of a nitrocarburized cast-iron friction member,
thereby improving corrosion resistance and wear resistance
of'the member and suppressing crack formation due to manu-
facturing process.

In accordance with embodiments, a cast-iron friction
member may be manufactured by: performing a nitrocarbur-
izing treatment on a cast workpiece at a treatment temperature
0of'500° C. to 600° C. to thus form a nitrogen compound layer
on a surface of the workpiece; and after performing the nitro-
carburizing treatment and when a temperature becomes 400°
C. 1o 480° C., exposing the workpiece to an atmosphere and
cooling the workpiece to a room temperature while keeping a
contact state with oxygen to thus form an iron oxide layer
including Fe; O, on a surface of the nitrogen compound layer.

In the above method, the nitrocarburizing treatment may
include a gas nitrocarburizing treatment.

Inthe above method, the nitrocarburizing treatment may be
performed under conditions that holding time at the treatment
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temperature is 0.5 to 4 hours. In the nitrocarburizing treat-
ment, NH; may be used as a nitrogen supply source and a
carburizing gas is used as a carbon supply source.

In the above method, the cast-iron friction member may be
a vehicular disc brake rotor.

According to embodiments, it is possible to manufacture
an cast-iron friction member having excellent corrosion resis-
tance and wear resistance and having little crack in a nitrogen
compound layer or iron oxide layer at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in an example
1. FIG. 1B shows an X-ray diffraction analysis result of the
vehicular disc brake rotor obtained in the example 1.

FIG. 2A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in an example
2. FIG. 2B shows an X-ray diffraction analysis result of the
vehicular disc brake rotor obtained in the example 2.

FIG. 3A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in an example
3. FIG. 3B shows an X-ray diffraction analysis result of the
vehicular disc brake rotor obtained in the example 3.

FIG. 4A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in a compara-
tive example 1. FIG. 4B shows an X-ray diffraction analysis
result of the vehicular disc brake rotor obtained in the com-
parative example 1.

FIG. 5A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in a compara-
tive example 2. FIG. 5B shows an X-ray diffraction analysis
result of the vehicular disc brake rotor obtained in the com-
parative example 2.

FIG. 6A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in a compara-
tive example 4. FIG. 6B shows an X-ray diffraction analysis
result of the vehicular disc brake rotor obtained in the com-
parative example 4.

FIG. 7A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in a compara-
tive example 5. FIG. 7B shows an X-ray diffraction analysis
result of the vehicular disc brake rotor obtained in the com-
parative example 5.

FIG. 8A shows a section photograph in a vicinity of a
surface of a vehicular disc brake rotor obtained in a compara-
tive example 6. FIG. 8B shows an X-ray diffraction analysis
result of the vehicular disc brake rotor obtained in the com-
parative example 6.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

According to exemplary embodiments, a manufacturing
method of a cast-iron friction member includes a process
(hereinafter, referred to as a nitrocarburizing treatment pro-
cess) of performing a nitrocarburizing treatment on a cast
workpiece, at a treatment temperature of 500° C. to 600° C. to
thus form a nitrogen compound layer on a surface of the
workpiece and a process (hereinafter, referred to as an iron
oxide layer forming process) of, when a temperature becomes
400° C. to 480° C. after the nitrocarburizing process, eXxpos-
ing the workpiece to an atmosphere and cooling the work-
piece to a room temperature under oxygen to thus form an
iron oxide layer including Fe O, on a surface of the nitrogen
compound layer.
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The invention may be appropriately applied to an cast-iron
friction member that is formed by cast-molding gray cast iron
or ductile cast iron such as FC200, FC250, FCD450 and the
like. The cast-iron friction member may be a vehicular disc
brake rotor, a brake drum, a machine tool and the like, which
are required to have high wear resistance and high corrosion
resistance. Among them, the invention can be suitably applied
to the vehicular disc brake rotor. Thus, in the below descrip-
tions, as exemplary embodiments of the invention, a case in
which a nitrogen compound layer and an iron oxide layer
having Fe; O, as a main component are formed on the vehicu-
lar disc brake rotor is described. Since a casting process, a
deburring process and the like can be similar to those of the
related art, detailed descriptions thereof are omitted.

(1) Nitrocarburizing Treatment Process

According to exemplary embodiments, as the nitrocarbur-
izing treatment method, a salt-bath nitrocarburizing treat-
ment method, a gas nitrocarburizing treatment method, a
plasma nitriding treatment method and the like may be used.
The gas nitrocarburizing treatment method would be prefer-
able from standpoints of safety and stable formation of a
nitrogen compound layer of a good quality.

When performing the nitrocarburizing treatment by the gas
nitrocarburizing treatment method, a gas nitriding furnace
can be used. As for nitriding treatment conditions, for
example, when performing the nitrocarburizing treatment for
the vehicular disc brake rotor, the treatment temperature may
be set to be 500° C. to 600° C., preferably 530° C. to 590° C.
When the treatment temperature is lower than 500° C., it is
not possible to form a nitrogen compound layer having a
sufficient thickness. On the other hand, when the treatment
temperature exceeds 600° C., the nitrogen compound layer is
embrittled, so that a crack and the like may be formed.

The treatment temperature may be held preferably for 0.5
to 4 hours, more preferably 1 to 3 hours. When the treatment
time is less than 0.5 hour, it is not possible to form a nitrogen
compound layer having a sufficient thickness. On the other
hand, even when the treatment time exceeds 4 hours, the
nitrogen compound layer does not substantially grow any
more, so that the productivity is lowered.

As anitrogen supply source, NH; that is a nitriding gas may
be used. In the meantime, a carbon supply source is not
particularly limited insomuch as it is a carburizing gas, for
example, hydrocarbon containing alcohol such as CH;OH or
CO, CO, and the like may be used. In particular, it is prefer-
able to supply nitrogen and carbon by a mixed gas of NH; and
CH,OH from a standpoint of effectively forming the nitrogen
compound layer at low cost. In this case, a flow rate of NH; is
preferably 4.5 m*/h to 5.5 m*/h and a flow rate of CH,OH is
preferably 3.0x107°> m*/h to 1.0x10™* m3/h.

A pressure in the gas nitriding furnace is preferably
adjusted to be higher than the atmospheric pressure by 0.2
kPa to 1.0 kPa, typically 0.5 kPa to 0.7 kPa, like the general
gas nitrocarburizing treatment.

The nitrocarburizing treatment is performed based on the
above conditions, so that a nitrogen compound layer consist-
ing of Fe;N and the like is formed on a surface of the vehicular
disc brake rotor. A thickness of the nitrogen compound layer
is appropriately selected depending on the utility thereof and
the like. For the vehicular disc brake rotor, the thickness is 5
pm to 25 pum, preferably 10 pm to 20 um. According to
exemplary embodiments, the nitrocarburizing treatment is
performed based on the above conditions, so that it is possible
to easily form the nitrogen compound layer having the thick-
ness.
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(2) Iron Oxide Layer Forming Process

According to exemplary embodiment, after the nitrocar-
burizing treatment process, an iron oxide layer having Fe O,
as a main component is formed on a surface of the obtained
nitrogen compound layer. Since the iron oxide layer is very
uniform and dense, it is possible to reduce influences of
humidity and temperature, compared to a configuration
where only the nitrocarburizing treatment is performed.
Thereby, it is possible to keep the corrosion resistance and
wear resistance of the vehicular disc brake rotor at high levels
for a long period. Particularly, according to exemplary
embodiments, since it is possible to form the iron oxide layer
without using a special apparatus and without using a com-
plex process, it is possible to suppress the deterioration of the
productivity and the cost increase, which are accompanied as
the iron oxide layer is formed, to the minimum, so that the
industrial meaning thereof is very great.

Specifically, after the nitrocarburizing treatment, when the
temperature in the furnace becomes 400° C. to 480° C., pref-
erably 410° C. 10 470° C., more preferably 420° C. t0 460° C.,
the vehicular disc brake rotor is taken out from the gas nitrid-
ing furnace, is thus exposed to the atmosphere and is then
cooled to a room temperature (20° C. to 25° C.) while keeping
the contact state with oxygen in the atmosphere. The vehicu-
lar disc brake rotor is taken out from the gas nitriding furnace
within the above temperature range, so that it is possible to
form a uniform and dense iron oxide layer having Fe;O, as a
main component on a surface of the nitrogen compound layer.

When the temperature at which the vehicular disc brake
rotor is taken out is lower than 400° C., oxidizing progress of
the nitrogen compound layer is decreased, so that it is not
possible to obtain a uniform and dense iron oxide layer having
Fe 0, as a main component. On the other hand, when the
temperature exceeds 480° C., a proportion of Fe,O; in the
iron oxide layer is increased, and a crack is caused in the
nitrogen compound layer by thermal shock due to rapid oxi-
dation and a temperature difference.

According to exemplary embodiments, atter the vehicular
disc brake rotor is taken out from the gas nitriding furnace, the
rotor is continuously exposed to the atmosphere until it is
cooled to the room temperature. As described in JP-B-53-
000371, when the workpiece is kept in the air for predeter-
mined time and is then oil-cooled with being isolated from the
air contact, the oil may remain in a plurality of holes formed
on the surface of the iron oxide layer, which has an influence
on friction characteristics. Thus, the method of JP-B-53-
000371 is not suitable for manufacturing a cast-iron friction
member that is used for a sliding part of a vehicular disc brake
rotor and the like. Compared to this, according to exemplary
embodiment, since the rotor is slowly cooled to the room
temperature with being contacted to the oxygen, the above
problems are not caused.

The cooling rate from the exposure of the vehicular disc
brake rotor to the atmosphere to the room temperature is
preferably 1° C./min to 10° C./min, more preferably 2°
C./min to 8° C./min. When the cooling rate is less than 1°
C./min, the productivity is deteriorated, and when the cooling
rate exceeds 10° C./min, a crack may be formed in the nitro-
gen compound layer or iron oxide layer. Typically, when the
vehicular disc brake rotor is kept with being exposed to the
atmosphere, it is cooled at the above cooling rate.

According to exemplary embodiment, a film thickness of
the iron oxide layer is 2 pm to 7 um, preferably 3 um to 6 um.
When the film thickness of the iron oxide layer is less than 2
um, it is not possible to secure the sufficient corrosion resis-
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tance and wear resistance. On the other hand, even when the
film thickness exceeds 7 um, it is not possible to expect
further improved effect.

EXAMPLES
Example 1

The cast iron material (equivalent to FC200) was used as
the material to cast a vehicular disc brake rotor having a
diameter of 355 mm and a thickness of 32 mm and unneces-
sary parts (sprue, burr and the like) were removed. Then, the
obtained vehicular disc brake rotor was degreased by an alco-
hol-based cleaning agent. After that, the vehicular disc brake
rotor was put into a gas nitrocarburizing furnace (Fujikoshi
Corp., EQ-6S type) and the nitrocarburizing treatment was
then performed in which the treatment temperature was set to
be 570° C. (controlling range: 565° C. to 575° C.) and the
holding time at the treatment temperature was set to be 100
minutes (controlling range: 95 minutes to 105 minutes). At
this time, ammonia of 5.0 m*/h (controlling range: 4.5 m>/h to
5.5 m>/h) was used as the nitrogen supply source and metha-
nol of 0.05 L/h (controlling range: 0.03 L/h to 0.10 L/h) was
used as the carbon supply source.

After the nitriding treatment was over, the rotor was cooled
in the gas nitrocarburizing furnace and was then taken out
from the furnace and thus exposed to the atmosphere when
the temperature in the furnace became 440° C. Then, the
vehicular disc brake rotor was cooled to the room temperature
(25° C.) in the atmosphere over 2 hours.

A section in the vicinity of a surface of the obtained vehicu-
lar disc brake rotor was observed with a SEM (Nihon Denshi
Co., Ltd., JSM-5800 LV). The SEM photograph is shown in
FIG. 1A and an analysis result of a composition of the surface,
which was obtained by an X-ray diffraction using an X-ray
diffraction apparatus (Shimadzu Corporation, XRD6100), is
shown in FIG. 1B. From the views, it was confirmed in the
Example 1 that a uniform and dense iron oxide layer 1 having
Fe,O, as a main component was formed on a nitrogen com-
pound layer 2.

After that, a 5% salt spray test (JIS Z2371) was performed
by spraying a brine of 5% to the rotor for 72 hours using a salt
spray test apparatus (Suga Test Instruments Co., Ltd., com-
plex cycle test machine CY90) and then drying the same for
96 hours. As a result, it was confirmed in the Example 1 that
red rust (Fe,O,) was formed on a part (an area ratio: about
20%) of the surface.

Example 2

A vehicular disc brake rotor was obtained under similar
conditions as the Example 1, except that the rotor was taken
out from the furnace and thus exposed to the atmosphere
when the temperature in the furnace became 400° C. Similar
to the Example 1, the SEM observation and the X-ray diffrac-
tion analysis were performed for the vehicular disc brake
rotor. As a result, it was confirmed that a uniform and dense
iron oxide layer 1 having Fe;O, as a main component was
formed on a nitrogen compound layer 2 (refer to FIGS. 2A
and 2B).

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O;)
was formed on a part (an area ratio: about 20%) of the surface.

Example 3

A vehicular disc brake rotor was obtained under similar
conditions as the Example 1, except that the rotor was taken
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out from the furnace and thus exposed to the atmosphere
when the temperature in the furnace became 480° C. Similar
to the Example 1, the SEM observation and the X-ray diffrac-
tion analysis were performed for the vehicular disc brake
rotor. As a result, it was confirmed that a uniform and dense
iron oxide layer 1 having Fe;O, as a main component was
formed on a nitrogen compound layer 2 (refer to FIGS. 3A
and 3B).

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O5)
was formed on a part (an area ratio: about 20%) of the surface.

Comparative Example 1

A vehicular disc brake rotor was obtained under similar
conditions as the Example 1, except that the rotor was cooled
to the room temperature in the furnace after the nitrocarbur-
izing treatment. Similar to the Example 1, the section obser-
vation in the vicinity of the surface and the X-ray diffraction
analysis were performed for the vehicular disc brake rotor. As
a result, a nitrogen compound layer 2 was seen on the surface
of the rotor but an iron oxide layer having Fe O, as a main
component was not confirmed (refer to FIGS. 4A and 4B).

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O5)
was formed on a part (an area ratio: about 40%) of the surface.

Comparative Example 2

A vehicular disc brake rotor was obtained under similar
conditions as the Example 1, except that the rotor was cooled
to the room temperature in the furnace after the nitrocarbur-
izing treatment and then the homo treatment was performed
by enabling the vehicular disc brake rotor to pass through the
overheated vapor, which was heated to 500° C. (controlling
range: 495° C. 10 505° C.), for 40 minutes (controlling range:
35 minutes to 45 minutes). Similar to the Example 1, the SEM
observation and the X-ray diffraction analysis were per-
formed for the vehicular disc brake rotor. As a result, it was
confirmed that a uniform and dense iron oxide layer 4 having
Fe,0, as a main component was formed on a nitrogen com-
pound layer 2 (refer to FIGS. 5A and 5B).

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O5)
was formed on a part (an area ratio: about 20%) of the surface.

Further, in the homo treatment, the controlling ranges of
the respective parameters were stricter than those of the
Example 1. Thus, when the treatment temperature or treat-
ment time was too high or too long and was thus deviated
from the controlling range, it was confirmed that red rust
(Fe,O,) was formed on the surface of the vehicular disc brake
rotor during the homo treatment.

Comparative Example 3

Similar to the Example 1, the 5% salt spray test was per-
formed for a vehicular disc brake rotor that was not subject to
the surface treatment such as nitrocarburizing treatment. As a
result, it was confirmed that red rust (Fe,O;) was formed on
the entire surface (an area ratio: about 100%).

Comparative Example 4

A vehicular disc brake rotor was obtained under the similar
condition as the Example 1, except that the rotor was cooled
to 300° C. in the furnace after the nitrocarburizing treatment
and then exposed to the atmosphere. Similar to the Example
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1, the SEM observation and the X-ray diffraction analysis
were performed for the vehicular disc brake rotor. As a result,
a nitrogen compound layer 2 was seen on the surface of the
rotor but an iron oxide layer having Fe;O, as a main compo-
nent was not confirmed (refer to FIGS. 6A and 6B).

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O;)
was formed on a part (an area ratio: about 40%) of the surface.

Comparative Example 5

A vehicular disc brake rotor was obtained under similar
conditions as the Example 1, except that the rotor was taken
out from the furnace and thus exposed to the atmosphere
when the temperature in the furnace became 500° C. Similar
to the Example 1, the SEM observation and the X-ray diffrac-
tion analysis were performed for the vehicular disc brake
rotor. As a result, it was confirmed that a uniform and dense
iron oxide layer 1 having Fe;O, as a main component was
formed on a nitrogen compound layer 2 (refer to FIGS. 7A
and 7B). However, it was also confirmed that while a peak of
Fe, 0, was stronger than that of the Example 1, a peak of iron
nitride was reduced. The reason would be as follows. Since
the rotor was exposed to the atmosphere at higher tempera-
ture, so that a decomposition reaction of iron nitride by an
oxidation action was accelerated. Also, in the comparative
example 5, it was confirmed that a plurality of cracks was
formed in the nitrogen compound layer 2. That is, since the
rotor was taken out at the higher temperature, an internal
structure was influenced by thermal shock due to rapid oxi-
dation and temperature difference.

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O;)
was formed on a part (an area ratio: about 45%) of the surface.
The reason would be as follows. Since the brine used in the
salt spray test passed through the cracks formed in the nitro-
gen compound layer 2 and reached an internal nitrogen dif-
fusionlayer 3, further a cast-iron base, the effect of preventing
the formation of red rust (Fe,0;) was lowered.

Comparative Example 6

A vehicular disc brake rotor was obtained under similar
conditions as the Example 1, except that the rotor was imme-
diately exposed to the atmosphere after the nitrocarburizing
treatment. Similar to the Example 1, the SEM observation and
the X-ray diffraction analysis were performed for the vehicu-
lar disc brake rotor. As a result, it was confirmed that a
uniform and dense iron oxide layer 1 having Fe,O, as a main
component was formed on a nitrogen compound layer 2 (refer
to FIGS. 8A and 8B). However, it was confirmed in the
comparative example 6 that a plurality of cracks was formed
in the nitrogen compound layer 2 and an iron oxide layer 1
was partially peeled off. The reason would be as follows.
Since the rotor was taken out at the higher temperature, an
internal structure was influenced by thermal shock due to
rapid oxidation and temperature difference.

Also, similar to the Example 1, the 5% salt spray test was
performed. As a result, it was confirmed that red rust (Fe,O;)
was formed on a part (an area ratio: about 50%) of the surface.
The reason may be as follows. Like the comparative example
5, since the brine used in the salt spray test reached an internal
nitrogen diffusion layer 3, the effect of preventing the forma-
tion of red rust (Fe,O;) was remarkably lowered.

The results of the respective tests in the examples 1to 3 and
the comparative examples 1 to 6 are shown in a table 1. Also,
the compositions of the surfaces of the vehicular disc brake
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rotors obtained in the examples 1 to 3 and the comparative
examples 1 to 6 were analyzed by a fluorescent X-ray analysis
apparatus (Nihon Denshi Co., Ltd., EDS Super Helicon) and
are shown in a table 2.

TABLE 1
Fe,05
taking out Fe;0, area ratio
Treatment method temperature (° C.) peak (%)
Example 1 nitrocarburizing + 440 yes 20
exposure to atmosphere
Example 2 nitrocarburizing + 400 yes 20
exposure to atmosphere
Example 3  nitrocarburizing + 480 yes 20
exposure to atmosphere
comparative  nitrocarburizing — no 40
example 1
comparative  nitrocarburizing + — yes 20
example 2 homo treatment
comparative 1o treatment — no 100
example 3
comparative  nitrocarburizing + 300 no 40
example 4 exposure to atmosphere
comparative  nitrocarburizing + 500 yes 45
example 5 exposure to atmosphere
comparative  nitrocarburizing + 570 yes 50
example 6 exposure to atmosphere
TABLE 2
N (wt %) O (wt %) Fe (wt %)
Example 1 0.5 36.5 59.0
Example 2 9.5 18.0 69.0
Example 3 0.5 37.0 58.0
comparative 14.5 3.5 77.0
example 1
comparative 0.5 37.0 59.0
example 2
comparative 13.0 9.0 74.0
example 4
comparative 0.3 37.0 59.0
example 5
comparative 0.3 37.5 60.0
example 6
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This application claims foreign priority from Japanese
Patent Application No. 2012-192619 filed on Aug. 31, 2012,
the entire contents of which are hereby incorporated by ref-
erence.

DESCRIPTION OF REFERENCE NUMERALS

1 Iron oxide layer (Fe;O, layer)

2 Nitrogen compound layer by nitrocarburizing treatment
3 Diffusion layer by nitrocarburizing treatment

4 Iron oxide layer (Fe;O, layer) by homo treatment

What is claimed is:

1. A manufacturing method of a cast-iron friction member,
the method comprising:

performing a nitrocarburizing treatment on a cast work-

piece at a treatment temperature of 500° C. to 600° C. in
a furnace to thus form a nitrogen compound layer on a
surface of the workpiece;

keeping the workpiece in the furnace until a temperature

becomes 400° C. to 480° C. after performing the nitro-
carburizing treatment; and

when the temperature becomes 400° C. to 480° C. after

performing the nitrocarburizing treatment, exposing the
workpiece to air and cooling the workpiece to a room
temperature while keeping a contact state with oxygen
to thus form an iron oxide layer including Fe;O, on a
surface of the nitrogen compound layer.

2. The method according to claim 1, wherein performing
the nitrocarburizing treatment includes performing a gas
nitrocarburizing treatment.

3. The method according to claim 2, wherein the nitrocar-
burizing treatment is performed under conditions that holding
time at the treatment temperature is 0.5 to 4 hours, and

wherein, in the nitrocarburizing treatment, NH; is used as

anitrogen supply source and a carburizing gas is used as
a carbon supply source.

4. The method according to claim 1, wherein the cast-iron
friction member is a vehicular disc brake rotor.

5. The method according to claim 2, wherein the cast-iron
friction member is a vehicular disc brake rotor.

6. The method according to claim 3, wherein the cast-iron
friction member is a vehicular disc brake rotor.
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