
1  SPECIFICATION  TITLE OF THE INVENTION
Electrical-discharge surface-treatment method  5
TECHNICAL FIELD The present Invention relates to a
technology for  electrical-discharge surface treatment
using a green compact obtained  by compression-molding
a metallic powder or a metallic compound 10 powder as
an electrode, and a pulse-like electrical discharge
caused  between the electrode and a workplace.
BACKGROUND ART In a surface treatment technology for
forming a coat on a 15' workplace through a pulse-like
electrical discharge from an electrode,  which is a
green compact obtained by compression-molding a powder
material, a technology for forming, at temperature
close to the normal  temperature, a thin hard coat
containing ceramics as a main constituent  is
established (see, for example, patent literature 1).
20 In the technique disclosed In patent literature 1,
a hard ceramic  coat is formed on a surface of a
workplace by controlling supply of an  electrode
material by electrical discharge while keeping an
electrode  hard to some extent and melting the
supplied material sufficiently.  However, thickness of
a coat, which can be formed by the method, is 25
limited to as thin as about 10 micrometers. 2  



Examples of a technology for forming a thick film
through the electrical-discharge surface treatment
include a technology for forming  a coat containing
carbide as a main constituent on a surface of
aluminum (see, for example, patent literature 2), a
technology for 5 forming a coat containing carbide as
a main constituent (see, for  example, patent
literature 3), and a technology for forming a thick
film  having thickness of about 100 micrometers by
extending an  electrical-discharge pulse width to
about 32 microseconds (see, for  example, patent
literature 4). 10 Patent literature 1: International
Publication Number WO  99/58744) Patent literature 2:
Japanese Patent Application Laid-Open No.  H7-70761
Patent literature 3: Japanese Patent Application
Laid-Open No.  15 H7-197275 Patent literature 4:
Japanese Patent Application Laid-Open No.  H11-827
However, In all the technologies disclosed in the
above patent  literatures, although a thick film is
formed, the main constituent of the  20 thick film is
carbide. In other words, according to the above
technologies, a dense thick film cannot be formed.
Therefore, In the  technologies disclosed in patent
literatures 2 and 3, it Is necessary to  perform a
remelting process using an electrode with less wear
after  forming a porous thick film. 25 For. example,
in the technology disclosed in patent. literature 3, 



3  even when a coat that looks dense is successfully
formed at first glance,  the coat is porous when the
coat is checked fully. In the technology  disclosed in
patent literature 4, a thick film can also be formed
when an  electrode of hydride is used for forming a
coat. However, the coat is 5 dense only near a surface
of a workpiece where a workpiece material  and a coat
material are melted. A part A of a coat formed thick
as  shown in Fig. 13 is porous. In recent years, there
is a demand for a dense and relatively thick  coat
(especially a thick film with thickness of about 100
micrometers or  1o more) in, for example, applications
in which strength and lubricity under  a
high-temperature environment are required. Examples of
a technology for forming a coat thick include welding
for welding to  deposit a material of a welding rod on
a workpiece through electrical  discharge between the
workpiece and the welding rod (building-up 15 welding)
and thermal spraying for spraying a melted metallic
material  on a workpiece. However, since both the
methods require manual skilled  operations, it is
difficult to perform the operations on a production
line,  disadvantageously leading to an increase in
cost. In particular, when 20 the welding, which is a
method in which heat enters a workpiece  intensively,
is applied to a thin material or a fragile material
like a  unidirectionally-solidified alloy such as a
monocrystal alloy and a  directionally-controlled
alloy, weld crack is prone to occur, thereby
disadvantageously reducing yield. 



25 Therefore, it has been earnestly desired to
establish a 4  technology for forming a thick film
having strength and lubricity under a
high-temperature environment using an
electrical-discharge  surface-treatment technology
that can perform operations on a  production line
while eliminating manual operations as much as 5
possible and prevents intensive heat input in a
workpiece.  The present invention has been devised in
view of the  circumstances and it is an object of the
present invention to provide an  electrical-discharge
surface-treatment method for forming a dense thick
film on a workpiece without using the technologies
such as welding and  1o thermal spraying. DISCLOSURE
OF THE INVENTION An electrical-discharge
surface-treatment method according to  the present
invention is an electrical-discharge surface-treatment
of  15 forming a coat on a surface of a workpiece with
energy of a pulse-like electrical discharge caused
between an electrode and the workpiece in  a working
fluid or in an air. The electrode is a green compact
obtained  by compression-molding a metallic powder or
a metallic compound  powder. The coat is formed with a
material constituting the electrode 20 or a substance
that is generated by a reaction of the material due to
the  energy of the pulse-like electrical discharge. In
the  electrical-discharge surface-treatment method,
building-up of a material  containing metal as a main
constituent is performed, using an electrode  obtained
by mixing and compression-molding a metallic 



25 powder or a metallic compound powder having an
average grain 5  diameter of 6 micrometers to 10
micrometers, under working conditions  that a pulse
width is 50 microseconds to 500 microseconds and a
peak  current value is 30 amperes or less. It has been
found by researches performed by the inventors that,
5 in forming a dense thick film through the
electrical-discharge surface  treatment, there Is a
strong correlation among a grain diameter of  powder
of an electrode material forming an electrode, a peak
current  value, and a pulse width. j Therefore,
according to the present invention, it is possible to
10 form a dense thick film by performing the
electrical-discharge surface  treatment under
appropriate electrical-discharge surface treatment
conditions corresponding to an average grain diameter
of an electrode  material forming an electrode for the
electrical-discharge surface  treatment. 15 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic for
illustrating a method of manufacturing  an electrode
for electrical-discharge surface treatment according
to a  first embodiment of the present invention; Fig.
2 Is a characteristic 20 chart of a state in which
easiness to forma thick film changes as a  content of
Co in an electrode Is changed; Fig. 3A is a
characteristic  chart of a voltage waveform when
electrical-discharge surface  treatment is performed;
Fig. 3B Is a characteristic chart of a current  



waveform corresponding to the voltage waveform in Fig.
3A; Fig. 4 is a 25 characteristic chart of a formation
of a coat with respect to treatment 6  time when an
electrode contains no material that is less likely to
form  carbide; Fig. 5 is a photograph of a coat that
is formed when the  electrode contains 70 volume % of
Co; Fig. 6 is a schematic for  illustrating a method
of manufacturing an electrode according to a third 5
embodiment of the present. invention; Fig. 7A is a
schematic for  illustrating a method of measuring an
electric resistance of the  electrode conveniently;
Fig. 7B is a schematic for Illustrating a method  of
measuring the electric resistance of the electrode
more conveniently; 1 Fig. 8 is a characteristic chart
of a relation between a heating 10 temperature and an
electric resistance; Fig. 9 is a schematic of a state
in which electrical-discharge surface treatment is
performed in working  fluid; Fig. 10 We photograph of
a formed coat; Fig. 11 is a schematic  for
illustrating a method of manufacturing an electrode;
Fig. 12 is a  table of a result obtained by performing
coat formation while changing 15 an average grain
diameter of an electrode material and a pulse width;
and Fig. 13 is a microscopic photograph of a coat
formed by the  conventional electrode. BEST MODE FOR
CARRYING OUT THE INVENTION 20 Exemplary embodiments of
the present Invention are explained  in detail below
with reference to the accompanying drawings.. The
present invention is not limited to the following
description, and may be  modified appropriately
without departing from a scope of the present  



invention. Moreover, In the accompanying drawings, a
scale of each 25 member may differ for a purpose of
easy understanding. 7  First embodiment A concept for
forming a dense thick film through
electrical-discharge surface treatment according to
the present  invention is explained. In the
conventional electrical-discharge 5 surface treatment,
an electrode material like titanium (Ti) is chemically
reacted in oil through electrical discharge to form a
hard carbide coat  like titanium carbide (TIC).
Therefore, the electrode used for the
electrical-discharge surface treatment includes.a
large quantity of a  material that is likely to form
carbide. 10 As a result, for example, when the
electrical-discharge surface  treatment is applied to
steel, as the electrical-discharge surface  treatment
proceeds, a material on a surface of a workplace
changes  from steel to TIC, which is ceramics.
Accordingly, characteristics like a  thermal
conductivity and a melting point change. 15 Through
experiments performed by the Inventors, it has been
found that, in such a coat formation process, by
adding a material less  likely to be carbonized to
constituents of the electrode material, it is
possible to form a coat containing metal as a main
constituent and form  a thick coat. This is. because
addition of the material less likely to be 20
carbonized to the electrode increase an amount of
materials that  remain on the coat keeping a metal
state without becoming carbide.  This has an important
significance in forming a coat thick. 



A process for manufacturing an. electrode for
electrical-discharge surface treatment is explained
with reference to Fig.  25 1. Fig. I is a schematic
for illustrating a method of manufacturing an 8
electrode for electrical-discharge surface treatment
(hereinafter simply  referred to as electrode)
according to a first embodiment of the present
invention. First, a chrome (Cr) powder 1, a material
that is likely to  form carbide, and a cobalt (Co)
powder 2, a material that is less likely 5 to form
carbide, are mixed at a predetermined ratio (e.g., Cr:
25  weight %, Co: 75 weight %). The mixed powder of
the Cr powder 1 and the Co powder 2 is  filled In a
space surrounded by a mold upper punch 3, a mold lower
punch 4, and mold dies 5.. Then,. the mixed powder is
10 compression-molded by the upper punch 3 and the
lower punch 4 to  form a green compact of a
predetermined shape. In the  electrical-discharge
surface treatment, this green compact is used as  the
electrode. Note that, in the first embodiment, the Cr
powder I and  the Co powder 2 have an average grain
diameter of about 6 15 micrometers to 10 micrometers.
Wax like paraffin mixed in the mixed. powder can
facilitate  transmission of a pressure to the Inside
of the mixed powder in the  compression molding, and
can improve moldability of the mixed powder.  However,
if a large amount of the wax remains in the electrode,
an 20 electric resistance of the electrode Increases
since the wax is an  insulating substance, thereby
degrading an electrical discharge  



property. Thus, when wax is mixed In the mixed powder,
it is preferable to  remove the wax. Wax can be
removed by putting the green compact  25 electrode in
a vacuum furnace and heating the green compact. In 9
addition, by heating the green compact electrode,
other effects are  obtained. For example, it is
possible to decrease an electric  resistance of the
green compact electrode and to increase strength of
the green compact electrode. Therefore, even when wax
is not mixed, 5 heating after compression molding is
meaningful. Incidentally, the electrical-discharge
surface treatment was  performed using the electrode
manufactured in the manner described  above to form a
coat. As pulse conditions for electrical discharge, a
peak current value ie was set to 10 amperes, an
electrical-discharge  10 duration (an
electrical-discharge pulse width) to was.set to 64
microseconds, and a quiescent time was set to 128
microseconds. It  was. found that, in forming a dense
thick film through the  electrical-discharge surface
treatment, a grain diameter of powder  forming an
electrode, a peak current value, and a pulse width
have a 15 strong relation.. An outline of the relation
Is described below. When the electrical-discharge
surface treatment Is performed  using an electrode
formed of a powder having a certain average grain
diameter, it is possible to form a dense thick film
when the  electrical-discharge surface treatment is
performed according to an 20 electrical condition In
an appropriate pulse width. However, when a  



pulse width is shorter than the appropriate range and
when a pulse  width is longer than the appropriate
range, a formed coat is porous.  Moreover, when a
pulse width is short, although an electrode material
deposits on a workplace, the deposited electrode
material has no 25 strength to make the coat coarse.
10  It is considered that this is because, when a
pulse width at the time of electrical-discharge
surface treatment deviates from the.  appropriate
pulse width and decreases, this makes electrical
discharge  energy insufficient and makes it impossible
to melt the powder of the 5 grain diameter, thereby
making the coat porous. It is considered that  this is
also because, when a pulse width at the time of
electrical-discharge surface treatment deviates from
the appropriate  pulse width and increases,
conversely, this makes electrical discharge  energy
excessive to collapse the electrode significantly and
supplies a 10 large quantity of powder between poles,
that is, between the electrode  and the workplace,
thereby making it difficult to melt the powder
entirely with an electrical discharge pulse. Note that
it has also been found through experiments performed
by the inventors that a range of the appropriate pulse
width changes to  15 some extent according toa peak
current value and increases as a grain  diameter of
powder of an electrode material increases. When
conditions of a certain pulse width are used as
electrical  discharge pulse conditions, it is possible
to form a dense coat if the  electrical-discharge
surface treatment is performed using an electrode 



20 formed of powder in an appropriate grain diameter
range corresponding  to the pulse width. However, even
if a condition of a certain pulse  width Is used, when
the electrical-discharge surface treatment is
performed using an electrode form of powder having a
grain diameter  larger than the appropriate range and
when the electrical-discharge 25 surface treatment is
performed using an electrode formed of powder 11
having a grain diameter smaller than the appropriate
range, a formed  coat is porous. When the
electrical-discharge surface treatment is  performed
using an electrode formed of powder with a larger
grain  diameter, although an electrode material
deposits on a workplace, the 5 electrode material has
no strength to make the coat coarse. Note that a
relation between powder forming an electrode and a
pulse width is affected by hardness of the electrode
that is determined  by heating temperature and the
like of the electrode. The higher the  hardness of the
electrode is, the longer the pulse width appropriate
for 10 the electrical-discharge surface treatment
becomes. The lower the  hardness of the electrode is,
the shorter the. pulse width appropriate for  the
electrical-discharge surface treatment becomes. The
correlation  between a hardness of the electrode and
the coat formation has been  found through experiments
performed by the inventors. 15 Concerning the peak
current value of the electric pulse  conditions, an
extremely small peak current value causes pulse
breakage of an electrical discharge and cannot melt
powder of an  electrode material. . However,. when the
peak current value is equal to  



or lower than 30 amperes, it is possible to form a
satisfactory coat if the 20 appropriate pulse width is
selected. According to the experiments performed by
the inventors, the.  peak current value of 2 amperes
or more is required to prevent pulse  breakage. On the
other hand, when the peak current value exceeds  30
amperes, the electrode is damaged by a shock wave
caused by 25 energy of an electrical discharge pulse
and collapses locally to supply a 12  powder material
to the workpiece excessively. As a result, the coat is
also made porous. According to the first embodiment, a
dense thick film was  successfully formed by using the
electrode formed of the Cr powder 1 5 and the Co
powder 2 having a grain diameter of about 6
micrometers to  10 micrometers and using an electrical
discharge pulse having a pulse  width of 5
microseconds to 500 microseconds. Thus, it is possible
to  build up a material densely, and form a dense
thick film having sufficient  strength even under a
high-temperature environment by performing ,o working
(electrical-discharge surface treatment) under working
conditions (discharge pulse conditions) most suitable
for a grain  diameter of powder forming the electrode.
Among metallic substances, Cr is a material that forms
oxide at  high temperature and shows lubricity.
Therefore, it is possible to form  15 a thick film
having lubricity under a high-temperature environment
by performing the electrical-discharge surface
treatment using an  electrode containing Cr. 



Therefore, it becomes possible to form a thick film
having  strength and lubricity under a
high-temperature environment using a  20 technology
for electrical-discharge surface treatment that is
capable of performing operations on a production line
while eliminating manual  operations as much as
possible and prevents intensive heat input in a
workpiece. Note that, "dense" in "dense thick film"
described here means a  25 state in which a coat does
not peel off easily even if the coat is filed 13
(although, naturally, the coat is slightly removed by
filing) and acquires  a metal gloss through polishing.
In addition, the electrical-discharge surface
treatment may be  performed in a working fluid or in
the air. 5 Second embodiment Next, a second embodiment
of the present invention is  explained with reference
to the drawings. Fig. 2 illustrates a state in  which,
when electrical-discharge surface treatment is
performed using  an electrode manufactured by
compression-molding and heating a 10. mixed powder of
Cr3C2 (chromium carbide: grain diameter 3
micrometers) and Co (cobalt: grain diameter 2
micrometers), easiness  of formation of a thick film
changes by changing a content of Co. The base material
of the electrode is Cr3C2. A content of the  Co, which
is a material that is less likely to form carbide, is
40 15 volume % or more and a heating temperature after
the compression  molding of the mixed powder is about
900C. 



The. electrical-discharge surface treatment was
performed using  a green compact electrode (having an
area of 15 millimeters x 15  millimeters) manufactured
under such conditions to form a coat. Figs. 20 3A and
313 Illustrates examples of electrical discharge pulse
conditions  in performing the electrical-discharge
surface treatment. Fig. 3A  illustrates a voltage
waveform applied between an electrode and a  workplace
at the time of electrical discharge and Fig. 3B
Illustrates a  current waveform of an electric current
flowing at. the time of electrical 25 discharge. As
shown in Fig. 3A, a no-load voltage ui is applied 14
between both poles at time t0. An electric current
starts flowing  between both the poles at time t1
after elapse of discharge delay time  td and
electrical discharge starts. A voltage at this point
is a discharge  voltage ue and an electric current
flowing at this point is a peak current 5 value ie.
Then, when the supply of a voltage between both the
poles  is stopped at time t2, the electric current
stops flowing. The time period between t1 and t2
indicates a pulse width te. A voltage waveform between
time t0 and t2 is applied between both the  poles
repeatedly at Intervals of quiescent time to. In other
words, a  10 pulse-like voltage as shown In Fig. 3A is
applied between the electrode  and the workplace. In
the second embodiment, as the electrical discharge
pulse  conditions, the peak current value ie is set to
10 amperes, the  electrical-discharge duration (an
electrical-discharge pulse width) to is 15 set to 64
microseconds, and the quiescent time to is set to 128



microseconds. Note that a treatment time Is 15
minutes. As shown In Fig. 2, when the content of Co In
the electrode is  0%, that is, when the content of
Cr3C2 in the electrode Is 100%, about  10 micrometers
is a limit of thickness of a coat that can be formed.
20 The coat is made of a material containing Cr3C2 as
a main constituent  and a base material. Fig. 4
illustrates a formation of a coat with respect to
treatment  time when the electrode contains no
material that is less likely to form  carbide. As
shown in Fig. 4, in an initial period of the 25
.electrical-discharge surface treatment, the coat
grows as time passes 15  and thickness of the coat
saturates in a certain time (about 5  minutes/cm2).
Thereafter, the coat does not grow for a while. When
the  electrical-discharge surface treatment is
continued for more than a  5 certain time (about 20
minutes/cm2), the thickness of the coat starts
decreasing. Finally, the thickness changes to minus,
that is, the  workplace is dug. However, the coat is
still present even in the dug  state and the thickness
thereof is about 10 micrometers. This is  almost the
same as thickness of the coat formed in an appropriate
time. 10 Referring back to Fig. 2, it has been found
that the coat can be  formed thick as the content of
Co, which is less likely to be carbonized,  in the
electrode is increased. Specifically, when the content
of Co in  the electrode exceeds 20 volume %, the
thickness of the formed coat  starts increasing, and
when the content exceeds 40 volume %, the 



15 thickness stabilizes, making it easy to form a
thick film. By increasing.  a quantity of materials
remaining in the coat as metal, it is possible to
form the coat containing a metal component, which has
not changed to  carbide, making it easy to form a
thick film stably. Co is considered to  play a role of
a binder in the coat. 20 Note that volume % in this
context means a ratio of values  obtained by dividing
weights of mixed powders by densities of the
respective materials and indicates a rate of a volume
occupied by a  material in a volume of materials of
all powders. For example, in the case of volume % of a
Co powder, 25 "volume % of Co powder - volume of Co
powder/(volume of Cr3C2 16  powder + volume of Co
powder) x 100'. A volume of powder is not an apparent
volume (a volume as  powder) but a substantial volume
of the powder material. For example,  "volume of Co
powder - weight of Co powder/density of Co powder". 5
It is preferable that a rate of the material, which is
less likely to  be carbonized, contained in the
electrode is equal to or higher than 40  volume %. As
shown in Fig. 2, when the peak current value ie is set
to 1 OA, the electrical-discharge duration (the
electrical-discharge pulse  width) to is set to 64
microseconds, and the quiescent time to is set to 10
128 microseconds as the electrical discharge pulse
conditions, it is  possible to form a coat with
thickness of about 10 micrometers even if  the rate of
the material, which is less likely to be carbonized,
is equal to  or lower than 40 volume %. However, pulse
conditions have to be set  



appropriately to form a dense thick film. For example,
although it is 15 possible to build up a material
densely even if the rate of the material,  which is
less likely to be carbonized, contained in the
electrode is about  30 volume %, a range of the
conditions is extremely narrow. For example, when an
excessively large quantity of a material,  which forms
carbide, is contained in the electrode, when electric
20 conditions are not appropriate, or when a state of
the electrode is bad,  although build-up of the
material is formed, it is easily removed or a  metal
gloss is not acquired even if the film is polished.
However, in  the second embodiment, the working
(electrical-discharge surface  treatment) is performed
under the working conditions (electrical 17  discharge
pulse conditions) most suitable for a grain diameter
of  powder forming the electrode. This makes it
possible to build up a  material densely because metal
in the formed coat functions as binding  and form a
coat having sufficient strength. 5 A photograph of a
coat, which is formed when a content of Co in  an
electrode is 70 volume %, is shown in Fig. 5. In the
photograph  shown in Fig. 5, a thick film having a
thickness of about 2 millimeters is  formed. This coat
is formed with treatment time of 15 minutes under  the
conditions described above. However, it is possible to
form a 1o thicker coat by increasing the treatment
time. Thus, the electrode containing 40 volume % or
more of the  material, which is less likely to be
carbonized, such as Co in the  electrode is used and
the working (electrical-discharge surface  



treatment) is performed under the working conditions
(electrical 15 discharge pulse conditions) most
suitable for a grain diameter of  powder forming the
electrode. Consequently, it is possible to form a
coat, which is stably dense and thick, on a surface of
a workpiece by  the electrical-discharge surface
treatment. Third embodiment 20 Next, a third
embodiment of the present invention will be  explained
with reference to the drawings. Fig. 6 is a schematic
for  illustrating a method of manufacturing an
electrode according to the  third embodiment. A Co
powder 11 having a grain diameter of about 1
micrometer  25 is filled in a space surrounded by a
mold upper punch 12, a mold lower 18  punch 13, and
mold dies 14. The Co powder 11 is  compression-molded
by the upper punch 12 and the lower punch 13 to  form
a green compact of a predetermined shape. In the
electrical-discharge surface treatment, this green
compact is used as  5 the electrode. A predetermined
press pressure is applied to the powder to  harden the
powder and change the powder to a green compact.
However, the green compact cannot be used as the
electrode as it is  since it has a high electric
resistance. The electric resistance of the 10
electrode can be roughly estimated, for example, as
shown in Fig. 7A,  by nipping an electrode 21 with
metallic plates 22 and bringing  electrode terminals
24 of a tester 23 into contact with the metallic  



plates 22. Alternatively, as shown in Fig. 7B, the
electric resistance can be  15 estimated by a simpler
method of bringing electrode terminals 34 of a  tester
33 into contact with both ends of an electrode 31. In
the third embodiment, Co used as the electrode
material has  a melting point exceeding 10000C.
However, the researches of the  inventor made it clear
that, when an electrode was observed fully, a .20 part
of the material (Co) melted even at temperature of
about 200C to  lower an electric resistance of the
electrode. When the Co powder having a grain diameter
of about 1  micrometer shown in Fig. 6 was molded into
a green compact having a  diameter of about 18
millimeters and a length of about 30 millimeters, 25
an electric resistance measured by the measuring
method shown in Fig. 19  7A indicated several ohms to
several tens ohms at the point when the  powder was
compression-molded. Fig. 8 illustrates a relation
between  an electric resistance and a heating
temperature when the green  compact was heated in a
predetermined time in a vacuum furnace and 5 then held
at a predetermined temperature for one hour to two
hours.  When the heating temperature for the green
compact was low  (100C or less), the electric
resistance of the green compact hardly fell.  However,
when the green compact was heated in a temperature
range  T of about 200C shown in Fig. 8, the electric
resistance of the green 10 compact fell to almost 0
ohm. For the green compact formed of the  material
described above, temperature of about 200C to 250C was



optimum. When the heating temperature exceeded 300C,
it was  difficult to form a thick film since the
electrode becomes too hard and  therefore an amount of
the electrode material supplied between poles 15 by
electrical discharge decreased. Fig. 9 illustrates a
state in which electrical-discharge surface  treatment
is performed by an electrical-discharge
surface-treatment  apparatus using the electrode
manufactured in the process described  above. In the
state shown In Fig. 9, a pulse-like electrical
discharge 20 occurs. A photograph of a coat formed by
the electrical-discharge  surface treatment is shown
in Fig. 10. In the photograph shown in Fig.  10, a
thick film having thickness of about 1 millimeter is
formed. The electrical-discharge surface treatment
apparatus shown in  Fig. 9 includes an electrode for
electrical-discharge surface treatment  25 41
(hereinafter simply referred to as electrode 41), a
working. fluid 43, 20  .and a power supply for
electrical-discharge surface treatment 45. The
electrode 41 is the electrode described above and made
of a green  compact obtained by compression-molding
and heating the Co powder  11 having a grain diameter
of about 1 micrometer. The power supply 5 for
electrical-discharge surface treatment 45 applies a
voltage between  the electrode 41 and a workpiece 42
to generate a pulse-like electrical  discharge (an arc
column) 44. A servo mechanism for controlling an
interpole distance (that is, a distance between the
electrode 41 and the  workpiece 42), a reservoir tank
for storing the working fluid 43, and the 10 like are
not shown in Fig. 9, because these components are not
directly  



related to the present invention. To form a coat on a
surface of a workplace using the  electrical-discharge
surface treatment apparatus, the electrode 41 and  the
workpiece 42 are arranged to be opposed to each other
in the 15 working fluid 43. In the working fluid 43, a
pulse-like electrical  discharge Is caused between the
electrode 41 and the workpiece 42  using the power
supply for electrical-discharge surface treatment 45.
Specifically, a voltage Is applied between the
electrode 41 and the  workpiece 42 to cause electrical
discharge. As shown in Fig. 9, the 20 ark column 44 of
electrical discharge is caused between the electrode
41 and the workpiece 42. A coat is formed on a surface
of the workpiece by energy of the  electrical
discharge caused between the electrode 41 and the
workpiece 42. Alternatively, a coat of a substance,
which is generated 25 by a reaction of an electrode
material due to the electrical discharge 21  energy,
is formed on the surface of the workpiece. The
electrode 41  has a negative polarity and the
workplace 42 has a positive polarity.  An electric
current I at the time of electrical discharge flows in
a  direction from the electrode 41 to the power supply
for 5 electrical-discharge surface treatment 45. As
conditions for an electrical discharge pulse in the
electrical-discharge surface treatment, a peak current
value is set to 10  amperes, an electrical-discharge
duration (an electrical-discharge pulse  width) is set
to 8 microseconds, and a quiescent time is set to 16 



10 microseconds. In the third embodiment, a coat
having thickness of  about 1 millimeter is formed by
treatment for five minutes. In the first embodiment
described above, since the electrode  made of the
mixed powder of the Cr powder I and the Co powder
having a grain diameter of about 6 micrometers to 10
micrometers is 15 used, a formed thick film is
distorted and irregular. In the first.  embodiment, a
dense coat is formed using an electrical discharge
pulse  having a pulse width of 50 microseconds to 500
microseconds.  However, it is possible to form a dense
coat by reducing a grain  diameter of powder to reduce
the pulse width. 20 . This is because, when a grain
diameter of powder of an  electrode material forming
an electrode is reduced, it is possible to melt  the
powder of the electrode material sufficiently even
under conditions  that a pulse width is small and
energy is small and form a coat by  stacking craters
with small electrical discharge. Thus, it is possible
to  25 form a dense coat. 22  In the third embodiment,
when the grain diameter of the Co powder is about 1
micrometer, a dense coat was successfully formed  with
a pulse width of 50 microseconds or less. When the
pulse width  exceeds 50 microseconds, a coat is made
porous because an electrode  5 is collapsed
significantly because of electrical discharge. Harness
of an electrode is explained. When the grain diameter
was small and the electrode was hard, hardness of the
electrode was  measured using Rockwell hardness or the
like. When a grain diameter  



was large and the electrode is soft, hardness of the
electrode was 10 measured using the pencil scratch
test for film coating specified in  Japanese
Industrial Standard (JIS) K 5600-5-4. Although the
standard  is originally used for evaluation of a
coated film, It has been found that  the standard Is
suitable for evaluation of a material with low
hardness.  This pencil scratch test for film coating
and other hardness evaluation 15 methods are
convertible to each other. Therefore, the other
methods  may be used as indices. When the grain
diameter is about 5 to 6 micrometers, a state of  a
coat is the best and a dense thick film can be formed
when hardness  of the electrode is about 4B to 76.
However, even if the hardness 20 deviates from this
range slightly, a thick film can be still formed. When
the hardness is increased, it is possible to form a
thick film until the  electrode becomes as hard as B.
When the hardness is decreased, it  is possible to
form a thick film until the electrode becomes as soft
as  86. 25 However, formation speed of a coat tends to
fall as hardness of 23  an electrode increases. With
the hardness of about B, it is relatively  difficult
to form a thick film. When the hardness of the
electrode  further increases, a thick film cannot be
formed. As the hardness of  the electrode even more
increases, a workpiece is removed 5 undesirably. When
hardness of an electrode is decreased, it is possible
to  form a thick film until the electrode becomes as
soft as 8B. However,  



an analysis of a construction of a formed thick film
has revealed that  holes gradually increase In the
thick film.. When the electrode 10 becomes softer than
about 9B, an electrode constituent deposits on the
workplace while not melting sufficiently. Note that
this relation  between hardness of an electrode and a
state of a coat also changes  slightly depending on
electrical discharge pulse conditions. When
appropriate electrical discharge pulse conditions are
used, it is also 15 possible to expand a range of
hardness of an electrode in which a  relatively
satisfactory coat can be formed. In the third
embodiment described above, since the powder  having a
grain diameter of about 5 micrometers was used, the
hardness  of an electrode described above was an
optimum value. However, the 20 optimum value is
significantly. influenced by a grain diameter of
powder  forming the electrode. A reason for this is as
described below.  Binding strength of powder forming
the electrode determines whether  an electrode
material is discharged from the electrode by
electrical  discharge. When the binding strength is
high, the powder is 25 discharged less easily by
energy of electrical discharge. On the other 24  hand,
when the binding strength is low, the powder is
discharged easily  by energy of electrical discharge.
When the grain diameter of powder forming the
electrode is  large, the number of points where
powders join in the electrode 5 decreases to make
electrode strength low. On the other hand, when  the
gain diameter of powder forming the electrode is
small, the number  



of points where powders join in the electrode
increases to make  electrode strength high. As
explained above, in the third embodiment, it is
possible to 1o build up a material densely and form a
coat having sufficient strength by  performing working
under working conditions most suitable for a grain
diameter of powder forming an electrode and hardness
of the  electrode. When powder of Co, which is a
material that is less likely to 15 form carbon, is
used as an electrode material, it is possible to form
a  thick coat by adopting conditions that an
electrical-discharge pulse  width is 50 micrometers or
less and a peak current value is about 10  amperes. In
addition, through experiments performed by the
inventors,  it has been found that it is possible to
form a thick coat (of only Mo) 20 with an electrode
containing molybdenum (Mo) having a grain diameter  of
0.7 micrometers. Since Mo is a material that is likely
to form carbide, it was  effective for forming a dense
coat to use a condition that an  electrical-discharge
pulse width was relatively long at 60 microseconds 25
or more and 70 micrometers or less and supply an
electrode material, 25  which was not melted
completely by an electrode discharge pulse, to a
workpiece. In the case of a material that is likely to
form carbide, such  as Mo, when the material is
supplied to a workpiece in a state in which  the
material is completely melted by an electrical
discharge pulse, the 5 material supplied to the
workpiece is carbonized to be molybdenum  



carbide to make it difficult to form a thick film.
However, it is possible  to form a dense coat by
adjusting an electrical-discharge pulse width  and
supply the material, which is not completely melted by
an electrical ) discharge pulse, to a workpiece as
described above.  10 Fourth embodiment Next, a fourth
embodiment of the present invention is explained  with
reference to the drawings. Fig. 11 is a schematic for
illustrating a  method of manufacturing an electrode
according to the fourth  embodiment. A Co alloy powder
51 having a grain diameter of about I 15 micrometer is
filled in a space surrounded by a mold upper punch 52,
a  mold lower punch 53, and mold dies 54. The Co alloy
powder 51 is  compression-molded by the upper punch 52
and the lower punch 53 to  form a green compact of a
predetermined shape. In the  electrical-discharge
surface treatment, this green compact Is used as  20
the electrode. Note that, in the fourth embodiment, an
alloy of a Co base  containing chrome (Cr), nickel
(Ni), tungsten (W), and the like (Cr: 20  weight %,
Ni: 10 weight %, W: 15 weight %, Co: the rest) is used
as the  Co alloy powder 51. An average grain diameter
of the alloy is about 1  25 micrometer. 26  However,
the green compact cannot be used as the electrode as
it is since it has a high electric resistance.
Furthermore, it is difficult to harden the Co alloy
powder 51 by  press because the Co alloy powder 51 is
a hard alloy. Therefore, it is.  



5 necessary to add wax such as paraffin to the Co
alloy powder 51 for improvement of moldability.
However, electric conductivity at the time  of
electrical-discharge surface treatment falls as a
residual amount of  the wax in an electrode increases.
Therefore, it is preferable to  remove the wax in a
later process. 10 Thus, to remove the wax and decrease
the electric resistance of  the electrode, the green
compact Is put in a vacuum furnace. After  temperature
rise for a.predetermined time, the green compact is
kept at  a predetermined temperature for one hour to
two hours. When an electrode was molded using the Co
powder having a  15 grain diameter of 1 micrometer as
described in the third embodiment,  200C to 250C was
optimum as the heating temperature. On the  other
hand, when an electrode was molded using the Co alloy
powder  51, an optimum heating temperature at which
the electric resistance fell  was high at 800C to
900C. However, If the electrode Is heated to 20 800C
at a time, the wax is carbonized to remain in the
electrode as  impurities.. Therefore, it Is necessary
to remove the wax at low  temperature once. . When the
heating temperature was 200C and 300C, the  electrode
according to the third embodiment was in a coarse
state,  25 which made it impossible to form a coat.
When the heating 27 temperature was 1000C, hardness of
the electrode increased, which  made it impossible to
form a coat. Next, conditions for making it possible
to form a dense coat  



were checked with an average grain diameter of the Co
alloy powder 51  5 as a parameter. A peak current
value was set to 10 amperes and a pulse width was
changed variously. Electrodes used in performing
electrical-discharge surface treatment were molded to
"appropriate  hardness", which means that the
electrodes have conditions for making  it possible to
form a dense coat. 10 It is difficult to form a dense
thick film unless hardness of an  electrode is not
appropriate. When hardness of the electrode is too
high, a thick film cannot be formed. When hardness of
the electrode is  too low, although a built-up film
can be formed, the film is made porous  and not dense.
15 Conditions for making it possible to form a dense
coat with an  average grain diameter of the Co alloy
powder 51 as a parameter is  shown in Fig. 12. There
are parts where a range in which a coat is  formed
dense and a range in which a coat is not formed dense
(for  example, the coat is porous) overlap. This is
because the ranges 20 fluctuate to some extent
depending on hardness of an electrode or the  like.
Optimum hardness of an electrode varies depending on a
grain  diameter of powder of an electrode material.
For example, as for a  hard electrode made of an
electrode material having an average grain 25 diameter
of 2 micrometers to 6 micrometers, it is possible to
form a 28  dense coat even at a pulse width of about
10 microseconds. On the  other hand, when hardness of
an electrode is rather low, a coat is made  



porous even at a pulse width of about 40 microseconds.
Therefore,  the comparison shown in Fig. 12 was
performed at hardness at which a 5 dense coat can be
formed for each grain diameter. A condition of a pulse
width for making a coat dense differs  depending on a
condition of hardness of an electrode or the like.
However, there are conditions for making it possible
to form a dense  thick film in the ranges shown in
Fig. 12. 10 In the fourth embodiment, the material
obtained by pulverizing  the alloy with an alloy ratio
of "Cr: 20 weight %, Ni: 10 weight %, W: 15  weight %,
Co: the rest" was used. However, an alloy to be
pulverized  maybe an alloy with other formulations.
For example, it is possible to  use an alloy with an
alloy ratio of "Cr: 25 weight %, Ni: 10 weight %, W:
15 7 weight %, Co: the rest". It is also possible to
use alloys with the  following alloy ratios:
"molybdenum (Mo): 28 weight %, chrome (Cr): 17  weight
%, silicon (Si): 3 weight %, cobalt (Co): the rest","
chrome (Cr):  15 weight %, iron (Fe): 8 weight %,
nickel (Ni): the rest", "chrome (Cr):  21 weight %,
molybdenum (Mo): 9 weight %, tantalum (Ta): 4 weight
%, 20 nickel (Ni): the rest", and "chrome (Cr): 19
weight %, nickel (Ni): 53  weight %, molybdenum (Mo):
3 weight %, columbium (Nb) + tantalum  (Ta): 5 weight
%, titanium (Ti): 0.8 weight %, aluminum (Al): 0.6
weight  %, iron (Fe): the rest". However, if an alloy
ratio of an alloy differs,  characteristics such as
hardness of materials differ. Thus, 25 slight
differences are caused in moldability of an electrode
and a state 29  of a coat. 



In the fourth embodiment, the Co alloy powder 51
containing Co  as a main constituent is used as the
electrode material. This is  because, as described
above, the Co alloy powder is effective in 5
increasing thickness of a coat. In
electrical-discharge surface  treatment using an
electrode containing only a material that is likely to
form carbide, a formed coat is formed of a carbide
ceramics. Thus,  thermal conductivity is deteriorated
and removal of the coat tends to  advance through
electrical discharge. 10 Therefore, Co, which is a
material that is less likely to form  carbide, is
mixed as a constituent of the electrode material. This
prevents thermal conductivity of the coat from being
deteriorated and  makes it possible to increase
thickness of the coat. As materials  having the same
effect as Co, there are Ni, Fe, and the like. 15 In
the fourth embodiment, a peak current value of
conditions for  electrical discharge is set to 10
amperes. However, it is possible to  obtain a dense
thick film substantially in the same range if the peak
current value is about 30 amperes or less. When the
peak current  value increases to 30 amperes or more,
problems occur. For example, 20 an electrode is
collapsed unnecessarily severely by an impact of
electrical discharge or hardness of the electrode
increases because  heat input increases. According to
the fourth embodiment, it is possible to build up a
material densely and form a dense thick film having
sufficient strength  25 by performing working
(electrical-discharge surface treatment) 30  



under working conditions (discharge pulse conditions)
most suitable for  a grain diameter of powder forming
an electrode and hardness of the  electrode. 5
INDUSTRIAL APPLICABILITY As described above, the
electrical-discharge surface-treatment  method
according to the present invention is useful in
industries in  which a dense and relatively thick coat
is required. Particularly, the  method is useful in an
application in which strength and lubricity under 10 a
high-temperature environment are required 31  CLAIMS
1. An electrical-discharge surface-treatment method by
forming a  coat on a surface of a workpiece using a
pulse-like electrical discharge  caused between an
electrode and the workpiece, the coat being formed  5
with a material constituting the electrode or a
substance that is generated by a reaction of the
material due to the pulse-like electrical  discharge,
wherein E, the electrode is formed with a metallic
powder or a metallic  compound powder having an
average grain diameter of 6 micrometers  10 to 10
micrometers and containing a metal less likely to be
carbonized,  and the coat containing the metallic
powder or the metallic  compound powder as a main
constituent is built up under conditions of  a width
of a current pulse for the pulse-like electrical
discharge in a 



15 range of 50 microseconds to 500 microseconds and a
peak of the  current pulse in a range of 2 amperes to
30 amperes. 2. An electrical-discharge
surface-treatment method by forming a  coat on a
surface of a workpiece using a pulse-like electrical
discharge  20 caused between an electrode and the
workpiece, the coat being formed  with a material
constituting the electrode or a substance that is
generated by a reaction of the material due to the
pulse-like electrical  discharge, wherein the
electrode is formed with a metallic powder or a
metallic 25 compound powder having an average grain
diameter of 3 micrometers 32  or less and containing
40 volume % or more of a metal less likely to be
carbonized, and the coat containing the metallic
powder or the metallic  compound powder as a main
constituent is built up under conditions of  5 a width
of a current pulse for the pulse-like electrical
discharge less than or equal to 70 microseconds and a
peak of the current pulse in a  range of 2 amperes to
30 amperes. 3. An electrical-discharge
surface-treatment method by forming a  10 coat on a
surface of a workpiece using a pulse-like electrical
discharge  caused between an electrode and the
workpiece, the coat being formed  with a material
constituting the electrode or a substance that is
generated by a reaction of the material due to the
pulse-like electrical  discharge, wherein 15 the
electrode is formed with a metallic powder or a
metallic  



compound powder having an average grain diameter of 1
micrometer or  less and containing a metal less likely
to be carbonized, and the coat containing the metallic
powder or the metallic  compound powder as a main
constituent is built up under conditions of  20 a
width of a current pulse for the pulse-like electrical
discharge in a range of 8 microseconds to 50
microseconds and a peak of the current  pulse in a
range of 2 amperes to 30 amperes. 4. An
electrical-discharge surface-treatment method by
forming a  25 coat on a surface of a workpiece using a
pulse-like electrical discharge 33  caused between an
electrode and the workplace, the coat being formed
with a material constituting the electrode or a
substance that is  generated by a reaction of the
material due to the pulse-like electrical  discharge,
wherein 5 the electrode is formed with a metallic
powder or a metallic  compound powder having an
average grain diameter of 2 micrometers  to 6
micrometers and containing a metal less likely to be
carbonized,  o and the coat containing the metallic
powder or the metallic 10 compound powder as a main
constituent is built up under conditions of  a width
of a current pulse for the pulse-like electrical
discharge in a  range of 5 microseconds to 100
microseconds and a peak of the  current pulse in a
range of 2 amperes to 30 amperes. 15 5. The
electrical-discharge surface-treatment method
according to  any one of claims I to 4, wherein the
electrode contains the metal,  



which is any one of cobalt, nickel, and iron, and
another metal that is  harder than the metal. 20 6.
The electrical-discharge surface-treatment method
according to  any one of claims 1 to 4, wherein the
metallic powder or the metallic  compound powder have
any one of compositions of 20 weight % of chrome, 10
weight % of nickel, 15 weight % of  tungsten, and rest
of cobalt; 25 25 weight % of chrome, 10 weight % of
nickel, 7 weight % of 34  tungsten, and rest of
cobalt; 28 weight % of molybdenum, 17 weight % of
chrome, 3  weight % of silicon, and cobalt; 15 weight
% of chrome, 8 weight % of iron, and rest of nickel; 5
21 weight % of chrome, 9 weight % of molybdenum, 4
weight %  of tantalum, and rest of nickel; and 19
weight % of chrome, 53 weight % of nickel, 3 weight %
of  molybdenum, 5 weight % of columbium + tantalum,
0.8 weight % of  titanium, 0.6 weight % of aluminum,
and rest of iron. 


