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(54) PLASMA REACTOR ELECTRODE

(57) [Object] To provide a plasma reactor electrode
capable of effectively removing PM (particulate matter)
while suppressing increase of an exhaust pressure of an
exhaust gas.

[SolutionMeans] A plasma reactor electrode in-
stalled in a plasma reactor P, disposed in an exhaust gas
flow path H through which an exhaust gas passes, in-
cludes at least a low specific surface area region 1a in
the exhaust gas flow path H and a high specific surface
arearegion 1b, having a specific surface area higher than
the specific surface area of the low specific surface area
region.
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Description
Technical Field

[0001] The presentinvention relates to a plasma reac-
tor electrode used in an apparatus, etc., for removing
components contained in a smoke exhaust discharged
from a factory, plant, internal combustion engine, etc.,
and having an adverse effect on an environment.

Background Art

[0002] Asconventional methods for reducing emission
amounts of CO (carbonmonoxide), HC (hydrocarbons),
NOx (nitrogen oxides), and PM (particulate matter) con-
tained in an exhaust gas discharged, for example, from
an automobile engine and particularly from a diesel en-
gine, generally, a catalyst (including an SCR) is used for
CO, HC, and NOx, and a DPF (diesel particulate filter)
is used for PM. However, with a DPF, as a collection rate
of PM increases, a state of poor flow of exhaust gas, that
is, a state of high exhaust pressure occurs and causes
lowering of engine output. To avoid this, a method of
forcibly combusting and removing the accumulated PM
by increasing a temperature of the exhaust gas (forced
combustion) is used with a DPF. Because generally to
increase the temperature of the exhaust gas, fuel is in-
tentionally fed to the catalyst by post injection or injector
injection and a reaction heat generated in this process
is used, excess fuel besides that used for engine com-
bustion is necessary and consequently, degradation of
fuel consumption occurs.

[0003] As a system capable of avoiding the above is-
sue seen with DPFs, there is known a configuration using
a plasma reactor in an exhaust gas purifying apparatus
including a catalyst. For example, a plasma reactor de-
scribed in Patent Document 1 has a plasma inducer that
generates plasma. After putting the plasma in contact
with an exhaust gas, the exhaust gas is passed through
a filter to make soot particles, in other words, the PM in
the exhaust gas be retained in the filter and the PM is
combusted by the plasma.

[0004] Meanwhile, there also has been developed an
art employing a porous electrode having a porous struc-
ture and exhibiting both an action of generating plasma
inside the pores to combust the PM by the plasma and
an action of improving combustion by increasing a reten-
tion time of the PM by detour of the exhaust gas inside
the porous structure and capture of the PM inside the
pores (for example, Japanese Patent Application No.
2005-292998 Specification).

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2002-339731
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Disclosure of the Invention
Problems to be Solved by the Invention

[0005] When afilter with a porous structure is disposed
adj acent an electrode or a porous electrode having a
porous structure is employed as in the abovementioned
documents, although an area of contact with the PM can
be increased to facilitate capture of the PM and combus-
tion of the PM, in a case where the plasma generated by
the electrode does not act adequately on the PM, the PM
is not removed and becomes clogged inside the reactor
or is discharged as it is.

[0006] Although to improve the PM capturing perform-
ance, use of a filter or porous electrode of smaller pore
diameter, in other words, a higher specific surface area
can be considered, when a porous structure with a shape
of high specific surface area is selected, an issue of in-
creased exhaust pressure of the exhaust gas arises. In
addition, the PM remains captured inside the pores of
the filter or the porous electrode, causing clogging of the
filter and further increase of the exhaust pressure.
[0007] An object of the present invention is to provide
a plasma reactor electrode capable of effectively remov-
ing PM (particulate matter) while suppressing increase
of exhaust pressure of an exhaust gas.

Means for Solving the Problems

[0008] To achieve the above object, the presentinven-
tion provides the following. That is, a plasma reactor elec-
trode according to a first aspect of the present invention
is installed in a plasma reactor, disposed in an exhaust
gas flow path through which an exhaust gas passes, and
includes: afirst region, having a first specific surface area
(low specific surface area region) ; and a second region,
having a second specific surface area (high specific sur-
face area region) higher than the first specific surface
area.

[0009] Here, the presentinventors have confirmed that
the lower the specific surface area of the electrode, the
higher the light emission luminance (FIG. 5). In addition,
the present inventors found that the higher the light emis-
sion luminance in a process of plasma generation from
the electrode, the greater a difference of PM removal rate
between a plasma generating state and a plasma non-
generating state (FIG. 5).

Thus with the plasma reactor electrode according to the
first aspect of the present invention, the low specific sur-
face area region is preferably positioned upstream the
high specific surface area region in the exhaust gas flow
path.

[0010] With the plasma reactor electrode with the
above configuration, by disposing the low specific sur-
face area region at the upstream side in the exhaust gas
flow path, a large amount of plasma can be generated
at the upstream side, the PM can be captured reliably by
disposing the high specific surface area region of high
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PM capturing performance at the downstream side, and
the PM can be oxidized, in other words, combusted fa-
vorably by an action of the plasma generated in the high
specific surface area region and the plasma or a plasma-
activated exhaust gas component generated at the low
specific surface area region at the upstream side and
moving along with the exhaust gas to the downstream
side.

[0011] Here, the present invention is not limited to a
mode where the low specific surface area region and the
high specific surface area region are disposed integrally,
and these regions may respectively be separate bodies.
Also, the low specific surface area region and the high
specific surface area region may be disposed apart from
each other.

[0012] It has been confirmed that the light emission
luminance of the plasma is significantly high in a region
with a specific surface area of no more than 1000m2/m3,
and by disposing the region with the specific surface area
of no more than 1000m2/m3 as the low specific surface
arearegionpositioned at the upstream side in the exhaust
gas flow path, the plasma exhibiting the high light emis-
sion luminance can be made to act on the PM not only
in the low specific surface area region but also in the high
specific surface area region at the downstream side to
which the plasma moves along the exhaust gas flowpath.
Aconfiguration is thus realized where the plasma can be
made to act favorably in the high specific surface area
capable of adequately capturing the PM.

[0013] A plasma reactor electrode according to a sec-
ond aspect of the present invention includes a region
having a specific surface area of no more than
1000m2/m3 and region differing from the aforemen-
tioned region and having a specific surface area of no
less than 1000m2/m3.

[0014] With this arrangement, by the region having the
specific surface area of no more than 1000m2/m3, the
PM removal performance can be improved effectively by
the plasma exhibiting the high light emission luminance
as described above, and by the region having the specific
surface area of no less than 1000m2/m3, the PM captur-
ing performance can be improved effectively, thereby re-
alizing an electrode enabling capture of the PM at a high
probability while enabling the plasma generated in a state
of high lightemission luminance to react with the captured
plasma.

[0015] Preferably, aregion constituting a porous struc-
ture is included to further facilitate the capture of the PM.
[0016] Furthermore preferably, as a configuration for
increasing the light emission luminance of the plasma, a
region, having a structure where a plurality of protrusions,
at which charges concentrate, are formed on a surface,
may be included.

Effects of the Invention

[0017] With the first aspect of the present invention
including, in the exhaust gas flowpath, the low specific
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surface area region and the high specific surface area
region, having the specific surface area higher than the
specific surface area of the low specific surface area re-
gion, while capturing the PM at a high probability by sig-
nificant improvement of the PM capturing performance
by the provision of the high specific surface area region,
increase of the exhaust pressure of the exhaust gas can
be suppressed by the provision of the low specific surface
area region.

Also, by disposing the high specific surface area region
at the downstream side of the low specific surface area
region in the exhaust gas flow path, a large amount of
plasma can be generated at the upstream side, the PM
can be captured reliably by the high specific surface area
region of high PM capturing performance disposed at the
downstream side, and the PM can be oxidized, in other
words, combusted favorably by the action of the plasma,
generated in the high specific surface area region, and
the plasma, moving to the downstream side along with
the exhaust gas that has passed through the plasma field
generated by the low specific surface area region at the
upstream side.

[0018] Withthe second aspect of the presentinvention
including the region having the specific surface area of
no more than 1000m2/m3 and the region having the spe-
cific surface area of no less than 1000m2/m3, while cap-
turing the PM at a high probability by significant improve-
ment of the PM capturing performance by the provision
of the region having the specific surface area of no less
than 1000m2/m3, increase of the exhaust pressure of
the exhaust gas can be suppressed by the provision of
the region having the specific surface area of no more
than 1000m2/m3.

[0019] A plasma reactor electrode capable of effec-
tively removing PM (particulate matter) while suppress-
ing increase of an exhaust pressure of an exhaust gas
can thus be provided.

Brief Description of the Drawings
[0020]

FIG. 1 is a schematic view of a plasma reactor ac-
cording to an embodiment of the present invention.
FIG. 2is an explanatory diagram of principal portions
of the same embodiment.

FIG. 3 is an explanatory diagram of a configuration
of an electrode of a modification example of the same
embodiment.

FIG. 4 is an explanatory diagram of a configuration
of an electrode of another modification example of
the same embodiment.

FIG. 5 is a diagram of a relationship of a specific
surface area of an electrode and a radiation lumi-
nance by plasma.

FIG. 6 is a diagram of a relationship of the specific
surface area of the electrode and a PM removal rate.
FIG. 7 shows photographs taken during plasma light
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emission from a porous electrode and a wave foil
electrode.

FIG. 8 is a diagram of a relationship of the specific
surface area of the electrode, the PM removal rate,
and a maximum exhaust pressure.

Best Modes for Carrying Out the Invention

[0021] Anembodimentaccording to the presentinven-
tion shall now be described with reference to the draw-
ings.

[0022] Asshownin FIGS. 1 and 2, a plasma reactor P

according to the present embodiment is installed in an
exhaust gas flow path H through which an exhaust gas
discharged, for example, from a diesel engine or other
internal combustion engine E passes, and has a structure
where electrodes 1 and dielectrics 2 are laminated alter-
nately in an interior of a casing P1 of the plasma reactor
P. The exhaust gas passes through along a direction
indicated by arrows in which the electrodes 1 and the
dielectrics 2 extend. In FIG. 2, particulate matter PM,
indicated by PM, is illustrated schematically.

[0023] Eachdielectric 2is disposedbetween two of the
electrodes 1 as shown in FIG. 2, and although in the
present embodiment, a plate material composed of alu-
mina is employed, the present invention is not limited by
this configuration of the dielectrics 2 and dielectrics of
various shapes may be employed.

[0024] Here, each plasma reactor electrode 1 accord-
ing to the present embodiment is installed in the plasma
reactor P disposed in the exhaust gas flow path H through
which the exhaust gas passes and is characterized in
including at least a low specific surface area region (first
region) 1a positioned at an upstream side in the exhaust
gas flow path H and a high specific surface area region
(second region) 1b having a higher specific surface area
than the low specific surface area region 1a.

[0025] The electrode 1 according to the present em-
bodiment is characterized in including a region in which
the specific surface area is no more than 1000m2/m3,
that is, the low specific surface area region 1a having
openings of pore diameter noless than a fixed dimension,
and a region in which the specific surface area is no less
than 1000m2/m3, that is, the high specific surface area
region 1b having openings of pore diameter no more than
the fixed dimension.

The specific surface area can be measured in compli-
ance with ISO 9277.

[0026] A specific configuration of the electrode 1 shall
now be described specifically.

[0027] In the present embodiment, the electrode 1 is
composed, for example, of nickel or copper. As shown
in FIG. 2, the low specific surface area region 1a and the
high specific surface area region 1b are configured as
porous structures. Although unillustrated, in the present
embodiment, the low specific surface area region 1a and
the high specific surface area region 1b are connected,
for example, by brazing, and for the connection, any of
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various conductive materials having heat resistance may
be employed and a method for connection is not restrict-
ed to brazing and any of various existing connection
methods may be employed.

[0028] The electrode 1 has the porous structure shown
specifically in FIG. 2 in likewise manner in both the low
specific surface area region 1a and the high specific sur-
face arearegion 1b. Thatis, the respective surfaces have
shapes with practically no flat portions and have a plu-
rality of penetrating pores 10a and 10b penetrating
through at least from one surface to another surface, a
plurality of recesses 11a and 11b that are depressed at
the respective surfaces but do not penetrate through, and
a plurality of protrusions 12a and 12b. The respective
surfaces have uneven shapes and have height differenc-
es formed across substantially the entireties, and the pro-
trusions 12a and 12b become portions at which charges
concentrate when a voltage is applied to the electrodes
1 and contribute to improving efficiency of plasma dis-
charge. The recesses 11a and 11b are not necessarily
required and may be formed as portions lower than the
protrusions 12a and 12b by the forming of the protrusions
12a and 12b. The penetrating pores 10a and 10b do not
necessarily have to penetrate directly through from one
surface to another surface. It suffices that upon installa-
tion in the plasma reactor P, the exhaust gas can pass
through from an upstream side to a downstream side. In
this case, the penetrating pores 10a and 10b do not nec-
essarily have to be straight and may be bent or branched
in a forked or triple forked manner, etc. The penetrating
pores 10a and 10b have, at inner walls thereof, uneven
shapes similar to the shapes of the surfaces, and in re-
cessed portions thereof or between the inner walls, ef-
fectively obstruct movement of the particulate matter PM
and other matter contained in the exhaust gas and in
some cases temporarily capture the particulate matter
PM so that a time taken for the particulate matter PM to
pass through the electrode 1 exceeds a time required for
the plasma to combust the particulate matter.

[0029] As shown in FIG. 2, the low specific surface
area region 1a has the specific surface area no more
than 1000m2/m3 and includes the penetrating pores 10a
that open at no less than fixed dimension and is thereby
set to make a light emission luminance of the plasma
high and enabled to make the exhaust gas in the low
specific surface area region 1a be activated, that is, have
a high energy. In the present embodiment, a low specific
surface area region exhibiting, for example, a specific
surface area of 500m2/m3 and having openings of ap-
proximately 1.9mm diameter is employed.

[0030] The specific surface area of the high specific
surface area region 1b is set higher than that of the low
specific surface area region 1a to improve the particulate
matter PM capturing performance. In the present embod-
iment, the high specific surface area region has, for ex-
ample, a specific surface area of 1250m2/m3 and has
penetrating pores 10b with openings of approximately
0.9mm diameter. By the specific surface area being no
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less than 1000m2/m3 and the openings being no more
than afixed dimension, an inner diameter or inner dimen-
sion of the penetrating pores 10b can be set to a dimen-
sion that makes the penetrating pores 3 in the high spe-
cific surface area region 1b particularly difficult to pass
through. The particulate matter PM can thereby be low-
ered in speed of passage through the penetrating pores
10b and be retained inside the electrode 1 for no less
than a predetermined time in which the particulate matter
PM can be combusted by the plasma. However, because
of not being closed alternately as in a DPF, a pressure
loss can be made low. Although the recesses 11b are
not limited in size and shape, a size enabling the partic-
ulate matter PM to be adsorbed readily by a diffusion
mechanism is preferable.

[0031] With this configuration, the exhaust gas flows
into the penetrating pores 10a of the low specific surface
area region 1a from the upstream side, passes through
the penetrating pores 10a, and moves into the penetrat-
ingpores 10b of the high specific surface area region 1b
at the downstream side as shown in FIG. 2.

[0032] Whenthe exhaustgas passes throughthe elec-
trode 1, substantially all of the particulate matter PM con-
tained in the exhaust gas flows downstream along the
interiors of the penetrating pores 10a and 10b of the re-
spective electrodes 1 while being impeded in movement
and being detoured by being temporarily captured, etc.,
in some cases. Each electrode 1 thus also functions as
afilter with respect to the particulate matter PM. Because
carbon particles constitute a main element of the partic-
ulate matter PM, the captured particulate matter PM also
functions as a portion of the electrodes 1. Thus, when a
voltage is applied to the electrodes 1, electrons 1 are
discharged from the electrode 1 itself as well as from the
captured particulate matter PM and plasma discharge is
thereby started. Thus, even if the particulate matter PM
are collected, the plasma can be generated without low-
ering of discharge efficiency.

[0033] In particular, because while the plasma is gen-
erated in a state of high light emission luminance from
the low specific surface area region 1a having the pen-
etrating pores 10a with openings of 1.9mm diameter so
that the specific surface area is nomore than 1000m2/m3
to make the exhaust gas inside the plasma reactor P
have a high energy so that a state enabling removal of
the particulate matter PM at a high proportion is attained,
the particulate matter PM retention time can be secured
reliably by the high specific surface area region 1b having
the penetrating pores 10b with openings of 0.9mm diam-
eter so that the specific surface area is no less than
1000m2/m3, the particulate matter PM captured in the
penetrating pores 10a and 10b are successively com-
busted from surfaces thereof and made small in diameter
and finally removed by being oxidized completely as
schematically shown in FIG. 2. The penetrating pores.
10a and 10b thus do not become clogged and even if the
exhaust gas is supplied to the plasma reactor P contin-
uously, the exhaust pressure at the electrode 1 does not
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rise. Increase of the exhaust pressure, such as that oc-
curring in a DPF, due to clogging of the penetrating pores
10a and 10b can thus be prevented, and upon employ-
ment in a diesel engine, degradation of fuel consumption
and lowering of output can be prevented effectively.

As a method for preparing a porous body, a known meth-
od, such as a method disclosed in Japanese Unexam-
ined Patent Application Publication No. S53-65206, Jap-
anese Unexamined Patent Application Publication No.
S62-263974, or Japanese Unexamined Patent Applica-
tion Publication No. H11-217602 may be used.

<Modification Example>

[0034] A modification example related to the present
embodiment shall now be described with reference to
FIG. 3. Portions of the present modification example hav-
ing the same configuration as those of the embodiment
described above shall be provided with the same sym-
bols and detailed description thereof shall be omitted.
[0035] A plasma reactor electrode A1 according to the
modification example of the present embodiment em-
ploys a metal plate A1 having, as the low specific surface
arearegion 1a, a structure with a plurality of cut surfaces
A14 formed on a surface as charge-concentrating pro-
trusions.

[0036] As the metal plate A1, that composed of a metal
such as nickel, copper, iron, stainless steel, tungsten,
etc., can be cited as an example. A thickness of the elec-
trode A1 is for example 200 10-6m (meters) and is not
limited to this value as long as a strength adequate for
maintaining the substantially wave-like shape mentioned
above can be obtained.

[0037] AsshowninFIG. 3, the metal plate A1 includes
raised portions A11 and depressed portions A12in acon-
tinuous, alternating manner in a lateral direction. The
metal plate A1 also has the raised portions A11 and the
depressed portions A12in a continuous, alternating man-
ner in a longitudinal direction.

Here, the longitudinal direction is a direction in which the
exhaust gas flows (direction indicated by arrows in FIG.
3). Meanwhile, the lateral direction is a direction substan-
tially orthogonal to the longitudinal direction. The specific
surface area of the metal plate A1 is no more than
1000m2/m3 as in the embodiment described above.
[0038] By the depressed portion A12 continuing alter-
nately between the raised portion A11 and the depressed
portion A12 in the longitudinal direction of the metal plate
A1, a plurality of, that is, several cut surfaces A14 ex-
posed toward the longitudinal direction are formed at the
boundaries of the raised portions A11 and the depressed
portions A12 in the same manner as at an end surface
A13 of the metal plate A1 in the longitudinal direction. An
opening of 5mm diameter is formed by each cut surface
A14. The cut surfaces A14, which are portions where
charges generated upon application of voltage to the
electrode 1 concentrate, may be formed, for example, by
cutting a raised portion A11 that is continuous in the lon-



9 EP 2 022 953 A1 10

gitudinal direction to depress the raised portion A11 at
predetermined intervals. The present modification exam-
ple has a shape where, in the lateral direction, the raised
portions A11 and the depressed portions A12 continue
alternately at portions and the raised portions A11 and
the depressed portions A12 are continuous at other por-
tions, and the present invention includes such a shape,
and although not illustrated, the present invention obvi-
ously alsoincludes a structure where raised portions A11
and depressed portions A12 of the same length continue
alternately in the lateral direction.

[0039] Such a metal plate A1 can be manufactured for
example by passing a metal plate material between two
rotating bodies, having recesses and protrusions, while
pressing the metal plate material. Thus, by continuously
processing metal plate materials of a predetermined
width, the metal plates A1 of the same shape can be
manufactured readily, thereby enabling reduction of
manufacturing cost. Moreover, by using a metal plate
material of thinplate thickness as in the first embodiment,
lightweightness and reduction of pressure loss can be
achieved.

<Another Modification Example>

[0040] In another modification example, a metal plate
B1, having a plurality of charge-concentrating portions
formed by cutting and raising so as to protrude from one
surface of a flat metal plate material, is employed as
shown in FIG. 4 as the low specific surface area region
1a in a manner similar to the above-described modifica-
tion example. Thatis, with the metal plate B1, protrusions
B10, each having a triangular pyramidal shape formed
by cutting and raising, are separated at predetermined
distances, in other words, disposed at predetermined
pitches in a longitudinal direction and a lateral direction.
The longitudinal direction and the lateral direction are the
same as those of the above-described modification ex-
ample. As with the above-described embodiment and
modification example, the specific surface area of the
metal plate B1 is set to no more than 1000m2/m3.
[0041] With each protrusion B10, a bottom surface of
the triangular pyramidal shape is made a penetrating
pore and side surfaces B11 are formed so as to cover
the penetrating pore. The two side surfaces B11 are sep-
arated at a front side in the longitudinal direction and are
joined at a rear side in the longitudinal direction. An open-
ing B12 of triangular shape is thereby formed at the front
side in the longitudinal direction of the protrusion B10
and a cut surface B13 substantially equal to a plate thick-
ness of the metal plate material is formed at a periphery
of the opening B12. In the present embodiment, each
protrusion B10 is disposed at an intermediate position
between protrusions B10 in a front column so as not to
overlap with a protrusion B10 in the front column. That
is, the respective protrusions B10 are positioned so as
to be centered at respective apexes of a triangular net-
work.
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[0042] With each protrusion B10, a ridge B14, formed
by the respective side surfaces B11, and an apex B15,
positioned above the opening B12, take on sharp shapes,
and these, together with an edge forming the cut surface
B13, cause the concentration of charges to be significant.
[0043] Even with the metal plate B1 of the above con-
figuration, because a plurality of cut surfaces B13 are
disposedprotrudingly, the same effects as those of the
above-described embodiment are exhibited.

[0044] The protrusions B10 do not necessarily have
to be disposed at predetermined pitches and may re-
spectively be positioned randomly or arbitrarily. With the
protrusions B10, although it is easy to manufacture those
of the same height when a cutting and raising process is
performed, the protrusions do not necessarily have to be
made the same in height and it suffices that the protru-
sions have a clear cut surface B13 and a sharp apex B15.
[0045] As described above, with the electrodes 1 for
the plasma reactor P according to the present embodi-
ment, by including both the low specific surface area re-
gion 1a, having the specific surface area of no more than
1000m2/m3 and openings with the pore diameter of no
less than the fixed dimension and being high in radiation
luminance by plasma, that is, being high in particulate
matter PM removal performance by the plasma, and the
high specific surface area region 1b, having the specific
surface area of no less than 1000m2/m3 and openings
with the pore diameter of no more than the fixed dimen-
sion and being high in the particulate matter PM capture
rate, the particulate matter PM removal performance by
the plasma is made high by activation of the exhaust gas
by the electrodes 1 as a whole and the time in which the
particulate matter PM is retained inside the electrodes 1
and made to react with the plasma can be secured ef-
fectively. Moreover, the exhaust gas containing the par-
ticulate matter PM can be retained or temporarily cap-
tured for an adequate time by the high specific surface
area region 1b upon the exhaust gas being put in a state
of high energy by plasma being generated at high lumi-
nance in the low specific surface area region 1a. The
plasma can thus be made to react favorably at an ade-
quate activity and for an adequate reaction time with the
particulate matter PM.

[0046] Because each electrode 1includes the low spe-
cific surface area region 1a positioned at the upstream
side in the exhaust gas flow path H and the high specific
surface arearegion 1b positioned at the downstream side
and having the specific surface area higher than that of
the low specific surface area region 1a, the plasma is
generated at the state of high light emission luminance
at the upstream side, and by disposing the high specific
surface arearegion 1b of high particulate matter PM pas-
sage inhibiting performance at the downstream side, the
particulate matter PM can be oxidized, in other words,
combusted favorably by action of the plasma, generated
in the high specific surface area region 1b, and the plas-
ma, generated at the low specific surface area region 1a
at the upstream side and moving along with the activated



11 EP 2 022 953 A1 12

exhaust gas to the downstream side, while securing the
particulate matter PM inside the electrode 1 reliably for
an adequate time.

[0047] By positioning the region having the specific
surface area of no more than 1000m2/m3 at which the
radiation luminance by plasma is high in the low specific
surface area region 1a positioned at the upstream side
to activate the exhaust gas by the plasma exhibiting the
high light emission luminance and by activating the ex-
haust gas by the plasma further while retaining it for a
fixed time in the high specific surface area region 1b at
the downstream side when the exhaust gas moves along
the exhaust gas flow path H, the particulate matter PM
can be positioned and oxidized/combusted in the exhaust
gas that has been activated for an adequate time. The
plasma can thus be made to act for an adequate time in
the state where the exhaust gas is activated by the plas-
ma in the high specific surface area capable of adequate-
ly retaining the particulate matter PM.

[0048] With the above-described embodiment, be-
cause the low specific surface area region 1a and the
high specific surface area region 1b are configured as
porous structures, the role of the electrode 1 can be
served while retaining or temporarily capturing the par-
ticulate matter PM favorably.

[0049] Furthermore, with the respective modification
examples described above, the low specific surface area
region 1a is made to have a structure having the plurality
of cut surfaces A14 or cut surfaces B13, which are
charge-concentratingprotrusions, formed on the surface
to make high the light emission luminance of the plasma
favorably, readily activate the exhaust gas, and further
improve the particulate matter PM removal performance
by the plasma.

[0050] Although an embodiment of the present inven-
tion has been described above, specific configurations
of the respective portions are not limited to those of the
above-described embodiment and various modifications
are possible within a range not deviating from the gist of
the present invention.

[0051] For example, although in the embodiment de-
scribed above, the low specific surface area region and
the high specific surface area region are disposed along
the direction of extension of the exhaust gas flow path,
that is, the direction in which the exhaust gas flows, the
low specific surface area region and the high specific
surface area region may instead be disposed in a direc-
tion orthogonal to the direction in which the exhaust gas
flows. Specifically, the specific surface areamaybe varied
in the direction orthogonal to the direction of flow of the
exhaust gas by respectively laminating electrodes having
mutually different uniform specific surface areas, or the
specific surface area may be varied in the orthogonal
direction in a single electrode.

[0052] Furthermore, in consideration that when the
exhaust gas flows through the plasma generator, the ex-
haust gas tends to concentrate at a central portion in the
exhaust gas flow path, electrodes respectively differing
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in specific surface area may be positioned so that the
plasma can be generated with priority at the center of the
exhaust gas flow path. Or, electrodes respectively differ-
ing in specific surface areamaybepositioned so that the
exhaust gas flows uniformly inside the exhaust gas flow
path.

[0053] Although the low specific surface area region
and the high specific surface area region are configured
by an electrode having two types of specific surface ar-
eas, the present invention is not limited to this configu-
ration. That is, the electrode configuration may be con-
stituted of three or more regions having different specific
surface areas and, for example, a structure, with which
the specific surface area increases in multiple steps from
the upstream side to the downstream side, may be em-
ployed.

[0054] Besides the above, the specific configurations
of the respective portions are not restricted to those of
the embodiment described above and various modifica-
tions are possible within a range not deviating from the
gist of the present invention.

Examples

[0055] Although an example according to the present
invention shall now be described, the present invention
is not restricted to this example.

1. Plasma radiation luminance measurement test of po-
rous electrodes

[0056] Measurement of the radiation luminance by
plasma was performed on porous electrodes having four
types of specific surface areas.

1.1 <Test Materials>

[0057] The following porous electrodes were tested:
#5: Porous electrode having a specific surface area
of 500m2/m3 (pore diameter: approximately 1.9mm)
#8: Porous electrode having a specific surface area
of 860m2/m3 (pore diameter: approximately 1.3mm)
#12: Porous electrode having a specific surface area
of 1250m2/m3 (pore diameter: approximately
0.9mm)

#58 : Porous electrode having a specific surface ar-
ea of 5800m2/m3 (pore diameter: approximately
0.45mm)

1.2 <Test Method>

[0058] Using a high-voltage pulse power supply with
a 600Hz primary voltage being set to 100V to 300V, a
600Hz boosted secondary voltage of 2 to 6kV was ap-
plied to each electrode and the light emission luminance
upon light emission due to plasma generation was meas-
ured. The power supply for plasma generation is config-
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ured of the two stages of a primary power supply boosting
up to 500V DC and a pulse power supply boosting up to
10kV.

1.3 <Test Results>

[0059] Test results are shown in a graph in FIG. 5. As
shown in this figure, it was found that the lower the spe-
cific surface area, in other words, the larger the pore di-
ameter, the higher the light emission luminance of the
plasma. It was found that the radiation luminance by plas-
ma is especially high with #5 and #8, with which the spe-
cific surface area is no more than 1000m2/m3.

2. PM removal rate measurement test of porous elec-
trodes

[0060] The porous electrodes tested in the plasma ra-
diation luminance measurement test were subject to a
mode evaluation using a dynamometer. The respective
PM removal rates in cases of employing the respective
electrodes were measured.

2.1 <Test Materials>

[0061] The same porous electrodes as those tested in
the plasma radiation luminance measurement test of po-
rous electrodes were tested.

2.2 <Test Method>

[0062] In evaluating the PM removal rate in 10- and
15-mode evaluations using the dynamometer, the high-
voltage pulse power supply set to a 600Hz primary volt-
age of 400V was used to apply a 600Hz boosted sec-
ondary voltage of 8kV to each electrode, and the PM
removal rate during plasma generation (plasma on) and
the PM removal rate when the voltage was not applied
(plasma off) were measured respectively.

2.3 <Test Results>

[0063] The test results are shown in a graph in FIG. 6.
In the figure, each arrow schematically indicates a differ-
ence between voltage application and non-application
states for the same electrode. As shown in the figure,
regardless of application and non-application of voltage,
the PM becomes more readily trapped and the PM re-
moval rate thus tends to increase as the specific surface
area increases. However, the difference of PM removal
rate due to current application in each electrode is higher
the lower the specific surface area, in other words, the
higher the light emission luminance in the plasma radia-
tion luminance measurement test.

[0064] Thus, from these results, it canbe said that the
radiation luminance by plasma and the PM removal rate
due to the plasma are highly correlated. That is, it was
found that with #5 and #8, with which the specific surface
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area is nomore than 1000m2/m3, the PM removal rate
difference between the plasma generating state and the
plasma non-generating state is large and PM removal by
plasma can be performed effectively. It was found that
with #12 and #58, with which the specific surface area is
no less than 1000m2/m3, the PM removal rate is espe-
cially high.

3. Comparative plasma radiation luminance measure-
ment test between the metal plate according to the mod-
ification example and the porous electrode

3.1 <Test Materials>

[0065] The porous electrode according to FIG. 2 em-
ployed as the low specific surface area region in the em-
bodiment described above and a metal plate having the
same configuration as the metal plate A1 shown in FIG.
3 employed in the modification example of the embodi-
ment (referred to hereinafter and in the drawing as the
"wave foil electrode") were tested. The wave foil elec-
trode is made to have openings with a diameter of ap-
proximately 5mm.

3.2 <Test Method>

[0066] Using the high-voltage pulse power supply with
a 600Hz primary voltage set to 100V to 300V, a 600Hz
boosted secondary voltage of 2 to 6kV was applied to
each electrode and the light emission luminance upon
light emission due to plasma generation was measured.

3.3 <Test Results>

[0067] Plasma light emissions by the respective elec-
trodes are shown in photographs in FIG. 7. As indicated
at the lower right of each photograph in the figure, where-
as the porous electrode (#5) indicated a relative value of
58.1, the wave foil electrode, having an even lower spe-
cific surface area and larger openings, exhibited a rela-
tive value of 73.3, thus showing that the wave foil elec-
trode is higher in radiation luminance by plasma.

4. PM removal rate and exhaust pressure measurement
test of porous electrodes

[0068] Plasma radiation luminance of three types of
electrodes were measured.

4.1 <Test Materials>

[0069] The following porous electrodes were tested:
#5: Porous electrode having a specific surface area
of 500m2/m3 (pore diameter: approximately 1.9mm)
#12: Porous electrode having a specific surface area
of 1250m2/m3 (pore diameter: approximately
0.9mm)
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#5+#12: Electrode having the porous electrode #5
at the upstream side of the exhaust gas flow path
and the porous electrode #12 atthe downstream side
(referred to hereinafter and in the drawing as the
"multi-stage electrode.")

4.2 <Test Method>

[0070] In evaluating the PM removal rate and the ex-
haust pressure in the 10- and 15-mode evaluations using
the dynamometer, the high-voltage pulse power supply
setto a 200Hz primary voltage of 400V was used to apply
a 200Hz boosted secondary voltage of 8kV to each elec-
trode, and the PM removal rate in the state of plasma
generation and the maximum exhaust pressure at the
respective electrodes during the mode tests were meas-
ured respectively.

4.3 <Test Results>

[0071] The test results are shown in graphs in FIG. 8.
As can be seen from FIG. 8A, the multi-stage electrode
according to the present invention indicated a high re-
moval rate similar to that of #12. Meanwhile, as can be
seen from FIG. 8B, it was found that the multi-stage elec-
trode according to the present invention, although exhib-
iting @ maximum exhaust pressure higher than #5, ex-
hibits a significantly lower maximum exhaust pressure in
comparison to #12 that exhibits practically the same PM
removal rate.

These results thus show that with the multi-stage elec-
trode according to the present invention, increase of the
exhaust pressure of the exhaust gas can be suppressed
while maintaining a high PM removal rate.

Industrial Applicability

[0072] The plasma reactor electrode according to the
present invention is used in an apparatus, etc., for re-
moving components contained in a smoke exhaust dis-
charged from a factory, plant, internal combustion en-
gine, etc., and having an adverse effect on an environ-
ment.

Claims

1. A plasma reactor electrode installed in a plasma re-
actor that is disposed in an exhaust gas flow path
through which an exhaust gas passes, the plasma
reactor electrode comprising:

a first region having a first specific surface area;
and

a second region having a second specific sur-
face area that is higher than the first specific
surface area.
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2.

The plasma reactor electrode according to Claim 1,
wherein

the first region is positionedmore upstreamin the ex-
haust gas flow path than the second region.

The plasma reactor electrode according to Claim 1,
wherein

the specific surface area of the first region is no more
than 1000m2/m3.

The plasma reactor electrode according to Claim 1,
wherein the second region has a porous structure.

The plasma reactor electrode according to Claim 1,
wherein the first regionhas a structure having a plu-
rality of protrusions, at which charges concentrate,
formed on a surface.

A plasma reactor electrode installed in a plasma re-
actor that is disposed in an exhaust gas flow path
through which an exhaust gas passes, the plasma
reactor electrode comprising:

a region having a specific surface area of no
more than 1000m2/m3; and

aregion thatis different from the aforementioned
region and having a specific surface area of no
less than 1000m2/m3.

The plasma reactor electrode according to Claim 6,
further comprising:

a region having a porous structure.

The plasma reactor electrode according to Claim 6,
further comprising:

a region with a structure having a plurality of
protrusions, at which charges concentrate,
formed on a surface.
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Fig. 3
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Fig. 4
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Fig. 5
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Fig. 6
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