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Description

This invention relates to a powder charging
apparatus for charging a powdered coating material
to be used in electrostatic powder coating, and to
an electrostatic powder coating apparatus for coat-
ing a substrate with a powdered coating material
which has been charged by the powder charging
apparatus just described.

In the prior art, there are various powder charg-
ing apparatuses for the electrostatic powder coat-
ing and various electrostatic powder coating ap-
paratuses provided with such powder charging ap-
paratuses. First as in Figure 17 of the accompany-
ing drawings a powder charging apparatus with a
ring-formed electrode arranged along the inside
peripheral surface of a conduit for conveying a
powder by gas, a corona discharge electrode ar-
ranged that its tip is placed along the axis of the
conduit, an ionic current is made to flow from the
corona discharge electrode to the inside circular
surface of the ring-formed electrode, and the pow-
der flowing in the conduit is charged when the
powder passes across the ionic current.

In another prior art arrangement shown in Fig-
ure 18 of the drawings herein, a powder charging
apparatus has a ring-formed slit with an opening
directed downstream arranged to skirt the up-
stream circular edge of the inner surface of the
ring-formed elecirode, and a clean gas at high
speed blown out of said slit sweeps over the inner
peripheral surface of the ring-formed electrode to
keep always the surface clean.

Other known powder charging apparatus (not
shown) have the ring-formed electrode as those in
the above referred to apparatuses and shaped to
have a cylindrical inside surface with a concave
section broadening downstream, and a ring-formed
slit having an opening directed upstream arranged
at the downsiream edge of the concave inside
surface of the ring~formed cylindrical electrode.

In the first and second apparatuses mentioned
above, the powder flowing in the conduit is charged
at the place where the powder traverses a radiate
ionic current. In general, a powder flowing in a
conduit is subject to influences of gravity, bendings
of upsiream pipe line, and tends to flow on one
side of inside surface of conduit. Moreover, as the
above-mentioned radiate ionic current approaches
the inside peripheral surface of conduit from its
axis, the charge density of ionic current decreases.
Thus, the powder of coating material is liable to
traverse a part of low charge density. Accordingly,
a high charging efficiency cannot be expected.

On the other hand, since a clean air is blown
out downstream at high speed from the ring-formed
slit, the flow speed of powder increases and the
residence time of powder in the conduit decreases.
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Thus the charging efficiency lowers. When these
powder charging apparatuses are employed in a
gun of an electrostatic coating apparatus, the de-
positing efficiency on a substrate could be lowered
as the speed of jet blown out of the tip of the gun
is too high.

In the third apparatus of the prior art, the
charging efficiency is made to increase by prevent-
ing the powder coating material from traversing an
area of low charge density and by causing the
powder to pass through an area of high charge
density. In addition, the speed of the powder flow-
ing in conduit is decreased by a clean air at high
speed which is blown out of the ring- formed slit,
whereby the charging efficiency is increased.
When the third powder charging apparatus is em-
ployed in a gun of an electrostatic powder coating
apparatus, the speed of powder blown out of the tip
of the gun is not increased. Consequently, the
depositing efficiency of powder coating material on
a substrate will be increased. The clean air blown
out of the opening of the ring-formed slit flows
along the concave inside surface of the cylindrical
electrode from a part having a larger diameter to a
part having a smalier diameter, as said opening is
directed upstream. Thereafter, the clean air im-
pinges on the powder flowing downstream in the
part of conduit which associates with said part
having a smaller diameter to incorporate with car-
rier gas. Then, the powder traverses the ionic cur-
rent which flows radiately from the corona dis-
charge electrode toward the inside surface of the
cylindrical electrode. In the course of these flows,
the flowing direction of clean air is gradually
changed from the upstream direction to the direc-
tion toward the axis of conduit as the clean air
proceeds along the concave inside surface from a
part having a larger diameter to a part having a
smaller diameter. This flow of clean air causes the
powder flowing downstream in the conduit to ap-
proach the axis from the peripheral part of conduit.
In the meantime, the clean air impinges and in-
tensely agitates the powder being conveyed to
disperse finely. In addition, as the flow speed of
powder is decreased by a speed component in the
direction opposite to the direction of the speed
which the powder carrying gas has, the residence
time of the powder in the area where corona dis-
charge is being generated is extended.

As a result, the powder flowing in conduit tends
to converge foward the axis of conduit, and the
powder in a converged state traverses the central
area of the radiate ionic current. That is to say, the
powder passes through the area of the highest
jonic current density and the highest electric field
intensity to charge.

The common feature among the powder charg-
ing apparatuses of the prior art enumerated above
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consists in that the plasma is generated only at a
corona discharge elecirode and a unipolar ionic
current derived from the plasma flows o a ring-
formed or cylindrical electrode in normal operation.
Under these conditions, the powder is passed
through the space between both electrodes.

The common problem in these apparatuses of
the prior art is that the powder adheres to and is
accumulated on the surface of ring-formed or cylin-
drical electrode in the course of operating the ap-
paratus. Due to a backward dissociation caused on
such an electrode, an ionic current in a large
amount of opposite polarity begins to flow toward
the corona discharge electrode, and thereby
charges on powder given by the corona discharge
current are neutralized. Charging of the powder is
labilized and eventually impossible.

Another prior art example is in DE-A-2646798
where a relatively simple cylindrical conduit is used
with axially spaced electrodes which are both ex-
posed to the full powder flow, and hence powder
may accumulate in the same way.

It is a primary object of this invention to solve
these problems in the prior art.

According to the invention, means are provided
for causing the powder to flow away from the
relevant electrode, so that the powder build up on
that electrode simply does not occur.

In the apparatus in accordance with this inven-
tion, an electrode couple of a plasma electrode of
required polarity and a plasma electrode of op-
posite polarity is employed, in place of the elec-
trode couple of a corona discharge electrode and a
ring-formed electrode or the couple of a corona
discharge electrode and a cylindrical electrode in
the aforementioned apparatuses of the prior art.
When a high voltage is applied between both elec-
trodes, plasma is generated at the tip of each of
electrodes and a positive and a negative ionic
current are drawn from plasma. A powder which
has been preliminarily dispersed to a large extent
is arranged fo pass through an area wherein mere-
ly the ionic current having the polarity of which
charges on the powder are desired (hereinafter,
abridged as "required polarity") exists. Thereafter,
the powder is discharged. The apparatus of this
invention is provided with means for making the
charging performance of ionic current of required
polarity larger than that of ionic current of opposite
polarity. In addition, the apparatus of the present
invention can be provided with means for keeping
the powder aloof from an area wherein ions of
opposite polarity reside and means for preventing
the powder from adhering to plasma electrodes, if
necessary. Either of both corona discharge elec-
trodes is earthed, depending on the object of ap-
plication.

Particles of powder existing near both plasma
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elecirodes are charged by the plasma generated at
the tip of plasma electrodes, and are repelled due
fo effects of plasma, uneven electric field, ionic
current derived from electrode, electric wind, DC
repulsive force, and centrifugal repulsive force of
uneven AGC field, always in operation. As both plas-
ma electrodes have these charging and repelling
actions, both electrodes do not subjected to adhe-
sion and accumulation of powder particles. Thus,
the performance of both electrodes do not change
and a stable operation is possible for a long time.
The attachment of adhesion-preventing means 1o a
corona discharge electrode is primarily for prevent-
ing the adhesion of powder during the transient
state when the starting of operation is stopped.

in these apparatuses, there is always an ionic
current of opposite polarity together with an ionic
current of required polarity.

The provision of means for keeping the powder
aloof from the area wherein primarily an ionic cur-
rent of opposite polarity exist and/or making the
volt-ampere characteristic of corona discharge
electrode of opposite polarity as smaller as possi-
ble than that of corona discharge electrode of re-
quired polarity, are for minimizing the neutralization
of charges on powder by ionic current of opposite
polarity, whereby the final amount of charges of
required polarity on the powder is made sufficiently
large for practical use.

As the powder entering the area of ionic cur-
rent of required polarity is in the state of finely
dispersed, charging of powder is very efficiently
achieved.

To arrange a powder charging apparatus ac-
cording to the present invention in a conduit, a
plasma electrode of required polarity is disposed
downstream in the conduit made of insulating ma-
terial and a plasma electrode of opposite polarity is
disposed upstream. As a result, the powder having
charges of required polarity is obtained from the
outlet of the conduit.

When the plasma elecirode of required polarity
is earthed and arranged downstream near the out-
let of the conduit made of insulating material, and
the plasma electrode of opposite polarity is ar-
ranged upstream, a charged powder is obtained
without an external electric field. By spraying thus-
obtained powder onto a substrate, an electrostatic
powder coating can be achieved with good throw-
ing powder.

When the plasma electrode of required polarity
is arranged downstream near the outlet of the con-
duit made of insulating material, and the plasma
electrode of opposite polarity is arranged upstream
and connected to the earthed side, the charged
powder can be sprayed onto a substrate without
external electric current though an external electric
field is present. By this procedure, an electrostatic
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powder coating can be practiced to obtain a thick
coating.

The plasma electrode of required polarity is
disposed downstream near the outlet of the conduit
with being separated from and confronting a sub-
strate. Additionally, a high voltage is applied So
that an ionic current may flow outward from the
plasma electrode of required polarity. The corona
discharge electrode of opposite polarity is arranged
upstream and connected to the earthed side. By
this arrangement of charging apparatus, the powder
which has been charged within the charging ap-
paratus is again charged in the presence of an
external electric field and an external ionic current.
Consequently the electrostatic powder coating is
performed with a good depositing efficiency and a
remarkably excellent throwing powder.

Above-mentioned and other features and ob-
jects of this invention will become more apparent
by reference to the following description taken in
conjunction with the accompanying drawings, in
which:

Figure 1 shows a longitudinal section of a pow-

der charging apparatus as an embodiment of
this invention;

Figure 2 shows a section taken along the line II-

Il of Figure 1;

Figures 3 to 6 represent longitudinal sections of

other embodiments of this invention, respec-
tively;

Figure 7 is a sectional view taken along the line
VII-VIl of Figure 6;

Figures 8 to 12 represent longitudinal sections
of still other embodiments of this invention, re-
spectively,

Figures 13 to 16 show longitudinal sections of

electrostatic powder coating apparatuses as em-
bodiments of this invention, respectively, and

Figures 17 and 18 show longitudinal sections of

powder charging apparatuses of the prior art.

DESCRIPTION OF PREFERRED EMBODIMENTS

In a powder charging apparatus of one embodi-
ment of this invention as shown in Figures 1 and 2,
a plasma electrode 3 of required polarity is formed
of a needle having a tip of small curvature radius,
and a plasma electrode 4 of opposite polarity is
formed of a needle having a tip of large curvature
radius. A high voltage from a DC power source 5 is
applied between electrode 3 and elecirode 5. As a
result, a corona discharge of both polarities are
generated between two electrodes. A plasma is
formed at each of the tips of two electrodes. In this
case, as the curvature radius of the electrode 3 of
required polarity is smaller, the intensity of an ionic
current 6 of required polarity is higher than that of
a current 7 of opposite polarity which is derived
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from the plasma electrode 4 of opposite polarity. In
addition, the current 6 exists in a broad and long
area. A powder 8 being carried by a gas as shown
by arrow is agitated by a restriction 10 and a
dispersing gas 11a issuing from a jet 11 of dispers-
ing gas provided at the restriction 10 to disperse
finely. Thus-obtained finely dispersed powder 12 is
electrically charged during passing through a
space 13 wherein mainly ions of required polarity
exist. Thus, the charged powder 9 is obtained.

In this case, the charge on the powder given
by ionic current 6 of required polarity is scarcely
neutralized by the ionic current 7 of opposite polar-
ity, because the space 14 where mainly ions of
opposite polarity exist is substantially separated
from the conduit 2 by means 15 for keeping pow-
der aloof from space 14, as shown by Figures 1
and 2. Moreover, these conditions are ensured by
an adhesion-preventing gas 19 blown out from a jet
18 of gas provided around the plasma electrode 4
of opposite polarity. In the powder charging ap-
paratus according to this invention, the used elec-
trodes are corona discharge electrodes which gen-
erate plasma at their fips. Plasmas generated at
tips of both corona discharge electrodes and ionic
currents derived from the electrodes by electric
field, together with electric wind and DC repulsing
force, give effects that the plasma electrodes
charge particles around electrodes during operation
and repulse the resulting charged particles from
the electrodes. Accordingly, the particles of powder
cannot adhere to the electrode to accumulate and
the performance of electrodes does not vary. Thus,
the apparatus can be operated stably for a long
time.

On the other hand, a ring-formed jet 16 of gas
is provided also around the plasma electrode 3 of
required polarity, through which an adhesion- pre-
venting gas 17 is blown out at high speed. Both
adhesion-preventing gases 17 and 19 are princi-
pally for inhibiting any adhering of powder to tips of
electrodes during the transient state when the start-
ing of torch operation is stopped. When a large
capacity of the powder charging apparatus of the
type shown in Figure 1 is required, al plurality of
paired electrodes are arranged along the direction
of conduit to mest the requirement.

The embodiment shown in Figure 3 is com-
posed of a cylindrical body 1, made of insulating
material, having circular section in which is formed
a conduit 2 for conveying the powder 8 being
carried by gas. A thin corona discharge electrode
as plasma electrode 3 of required polarity is dis-
posed along the axis of conduit 2, and thick corona
discharge electrodes as plasma electrode 4 of op-
posite polarity are arranged on the peripheral wall
of conduit 2 so as to confront the electrode of
required polarity. In this case, the inner wall of
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conduit 2 in the part provided with plasma elec-
trodes 4 converges upstream to associate with a
restriction 10. A dispersing gas shown by arrow
11a is blown out of a ring-formed jet 11 for dispers-
ing gas which is provided downstream, and main-
tains the tips of plasma electrodes of opposite
polarity to be clean. The dispersing gas traverses
the conduits 2, and agitates the powder to disperse
finely. The resulting finely dispersed powder 12 is
blown into a space 13 wherein mainly the ionic
current 6 of required polarity derived from the tip of
plasma electrodes 3 of required polarity exists, and
is electrically charged. In this case, the ionic cur-
rent 7 of opposite polarity derived from the plasma
electrode 4 of opposite polarity is small in itself
since the curvature radius of tip of electrode 4 is
large. Further, the restriction 10 is so constructed
that the powder may be kept aloof from the space
7 wherein mainly ions of opposite polarity reside.
Consequently, the neutralization of charges of re-
quired polarity on the powder with charges of op-
posite polarity is suppressed. The total charging
efficiency can be eventually increased.

In Figure 3, reference numeral 5 designated a
DC pcwer source for applying a DC voltage be-
tween both electrodes. Reference numeral 5a des-
ignates a high frequency power supply for feeding
the power source 5. The adhesion-preventing gas
17 which has blown at high speed out of a jet 16
arranged around the tip of the plasma elecirode of
required polarity plays an important role in prevent-
ing the attachment of powder to the tip of the
plasma electrode 3 of required polarity, especially
in the transient state when the starting is stopped.

Figure 4 shows an embodiment wherein plas-
ma electrodes 3 of required polarity are arranged
on the inner wall of the conduit 2 formed by a
cylindrical body 1. In this embodiment, the powder
8 carried by a gas is introduced tangentially in the
conduit 2 upstream from the plasma elecirodes 3
of required polarity by way of a powder-introducing
conduit 1a. An adhesion-preventing gas 19 is ad-
mitted into the conduit through a jet 18 of gas
formed around the plasma electrode 8 of opposite
polarity. When a high DC voltage is applied be-
tween the earthed plasma electrode 4 of opposite
polarity and the plasma electrode 3 of required
polarity by means of a DC power source, a corona
discharge is generated between both electrodes
and an ionic current & of required polarity derived
from the electrode 3 of required polarity forms an
area 13 containing mainly ions of required polarity
along the inner wall of conduit 2. The powder which
has been introduced into conduit 2 through a pow-
der inlet 24 revolves at high speed along the wall
of conduit to form a finely dispersed powder 12. As
the obtained finely dispersed powder 12 passes
through the area 13 in which mainly ions of re-

10

15

20

25

30

35

40

45

50

55

quired polarity reside, the highly charged powder 9
can be obtained. In this case, the powder 8 does
not substantially pass to the space 14 wherein
mainly an ionic current 7 of opposite polarity exist.
Such as passing course of charged powder 9 is
facilitated by an adhesion-preventing gas 19. Thus,
charges on the powder given by ionic current 6 of
required polarity are scarcely neutralized with ionic
current 7 of opposite polarity. An adhesion-prevent-
ing gas can be blown out around the plasma elec-
trode 3 of required polarity, if necessary. In many
cases, the strong revolving motion of powder-carry-
ing gas by itself can inhibit any attachment of
powder to the plasma electrode 3 of required polar-
ity in the arrangement of the embodiment shown in
Figure 4.

Figure 5 shows a conduit 2 for conveying a
powder 8 carried by gas, which is formed in the
interior of a cylindrical body 1 made of insulating
material having circular section. The plasma elec-
trode 3 of required polarity which is composed of a
needle electrode having a tip of small curvature
radius is disposed along the axis of conduit 2, and
a plasma electrode 4 of opposite polarity having a
tip of large curvature radius is arranged along the
axis, the latter electrode confronting the former. A
DC high voltage is intended to be applied between
both electrodes by means of a multi-stage booster
circuit 5 and a high frequency power supply 5a. In
addition, a ring- formed jet 11 of dispersing gas is
arranged somewhat upstream from the midpoint. A
dispersing gas t1a is blown into conduit 2 through
the jet 11.

In a usual powder charging apparatus to be
used in an electrostatic powder coating apparatus,
conveying of powder in the conduit is rarely re-
quired to be performed at high speed in many
cases. When this is the case, the powder flows
unevenly as shown in Figure 5. Consequently,
when most of powder flow passes under an area
14 wherein mainly ions of opposite polarity reside,
the powder is scarcely charged in substance in
many cases. The powder having passed through or
under the area 14 is immediately subjected to an
agitating action of a dispersing gas 11a forcibly
blown out of a jet 11 to disperse, and then the
powder 12 in finely dispersed state passes through
an area 13 in which mainly ions of required polarity
exist. Thus, neutralization of charges on the powder
with charges of opposite polarity can be substan-
tially avoided and the powder is practically sub-
jected only to charging by ions of required polarity,
whereby the charged powder 9 stable for a long
time is obtained. Whereas, in the other embodi-
ments of this invention (refer to Figures 1, 4, 6 and
8), special means only for keeping the powder
aloof from the area 14 wherein mainly ions of
opposite polarity exist is provided, such special
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means is not provided in the case of the embodi-
ment shown in Figure 5. However, it does not
mean that the prevention of powder passing
through the area 14 is not contemplated in the
embodiment of Figure 5.

In an embodiment shown by Figures 6 and 7, a
conduit 2 for conveying a powder 8 carried by gas
is formed in the interior of a cylindrical body 1
made of insulating material having circular section.
A needle electrode having a tip of large curvature
radius as plasma electrode 4 of opposite polarity is
arranged upstream inside the conduit 2 along its
axis. A cone-shaped means 15 for keeping powder
aloof from electrode 4 is provided immediately
upstream from the electrode 4. A plasma electrode
Ja of required polarity is arranged to confront the
elecirode 3a. In this embodiment, the electrode 3a
of required polarity is composed of two electrodes
3a-1 and 3a-2 which are adjacent to each other.
Each of electrodes 3a-1 and 3a-2 is fed with its
respective high DC voltage from its respective po-
sition of a DC power source via its respective
protective resistance 31-1R or 3a-2R. The DC pow-
er source and two protective resistances are em-
bedded in the cylindrical body. Due to the dif-
ference in DC voltage between electrodes 3a-1 and
3a-2, a plasma is always generated by a minute
spark discharge. Whereby, a sufficient amount of
ionic current of required polarity is always ex-
tracted from the plasma of the plasma elecirode 4
of opposite polarity and proceeds toward the elec-
trode 4 to form an area 13 wherein mainly ions of
required polarity exist. Reference numeral 5a des-
ignates a high frequency power supply for feeding
the DC power source 5. In the middle between the
plasma electrode of required polarity and the plas-
ma electrode of opposite polarity, a plurality of jets
11 for blowing out revolving current of gas are
formed to open into the conduit 2. A dispersing gas
11a is fed through jets 11 to agitate the powder 8
in the conduits 2. The powder 8 is finely dispersed
by agitation approaches the conduit wall and
passes through the space 13 wherein mainly ions
of required polarity exist. Thus, a powder 9 having
charges of the same polarity is obtained.

In this embodiment, the powder approaches
hardly the area 14 whersin mainly ions of opposite
polarity exist by virtue of both functions of means
15 for keeping powder aloof from plasma electrode
4 of opposite polarity and of jets 11 for blowing out
revolving current of dispersing gas. Accordingly,
any neutralization of ions of opposite polarity ca be
substantially prevented. The charging of a powder
can be stably performed with a high efficiency for a
long period of time.

In an embodiment shown by Figure 8, a con-
duit 2 for conveying a powder 8 by gas is formed
in a cylindrical body 1 made of insulating material
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having circular section. A needle slecirode having a
tip of small curvature radius as plasma elecirode 3
of required polarity is disposed along the outlet
side of axis of the conduit 2. A high voltage from a
power source 5 is applied thereto, and an
adhesion-preventing gas 17 is arranged to blow out
of a jet 16 provided around the plasma electrode 3
of required polarity. A needle electrode 4 having a
tip of large curvature radius as plasma electrode 4
of opposite polarity is disposed to confront the
needle electrode 3. Around the plasma electrode 4,
a hollow cone 15 is arranged for keeping the pow-
der remote from the plasma of opposite polarity.
An adhesion-preventing gas 19 is arranged to blow
around the electrode 4 of opposite polarity through
a jet 18.

in this embodiment, the powder passes
through the part of plasma electrode of opposiie
polarity of conduit 2 without entering the area 4
wherein mainly ions of opposite polarity exist, and,
thereafter, is agitated to finely disperse by a dis-
persing gas 11a blown out of a ring-formed jet 11
for dispersing gas. The finely dispersed powder is
collected in the axial part of conduit 2 by the same
dispersing gas, and enters the area 13 in which
mainly ions of required polarity exist. Consequent-
ly, charging of powder is very efficiently performed
without a substantial neutralization by charges from
plasma electrode 4 of opposite polarity. Thus, a
sufficiently charged powder 9 can be obtained.

Generally in the case of the powder charging
apparatus in accordance with this invention, when
the volt-ampere characteristic of the plasma slec-
trode of required polarity is set to be larger than
that of the plasma electrode of opposite polarity, a
higher efficiency is liable to be obtained. However,
when a special means for keeping the powder aloof
from the space 14 wherein mainly ions of opposite
polarity exist is provided as in the embodiments
shown by Figures 1, 3, 4, 5, 6 and 8, a difference
in the volt-ampere characteristic between two plas-
ma electrodes is not always required.

In the embodiment shown by Figure 9, a con-
duit 2 for conveying a powder 8 carried by gas is
formed within a cylindrical body 1 made of insulai-
ing material having circular section. A plasma elec-
trode 3 of required polarity having a tip of very
small curvature radius is arranged on the inside
surface of conduit 2. Confronting said electrode, a
plasma elecirode 4 of opposite polarity having a tip
of large curvature radius is disposed also on the
inside surface of conduit 2. A DC voltage from a
DC power source 5 is arranged to apply between
them. In this embodiment as well as in other em-
bodiments, the earthing of one of electrodes is not
always required, if necessary. The case wherein a
voltage derived from a midway point of the powder
source 5 is applied to one of electrodes as in this
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embodiment is also included in the scope of this
invention.

Further to this embodiment, a jet 11 is pro-
vided on the inner surface of conduit 2 for blowing
a dispersing gas 11a tangentially into the conduit.
Whereby, the powder is finely dispersed near the
wall, passes first through an area 14, formed near
the plasma electrode of opposite polarity, wherein
mainly ions of opposite polarity exist, and then
passes through an area 13 wherein mainly ions of
required polarity exist. However, as the curvature
radius of tip of electrode is far different between
both electrodes and the area 13 wherein mainly
ions of required polarity exist is broader and more
intense than the area 14 wherein mainly ions of
opposite polarity exist, the powder as a whole
acquires sufficient charges of required polarity. The
obtained charged powder 9 is discharged out of
the apparatus. In this embodiment when the pow-
der which has been finely dispersed enters the
conduit 2, the provision of means 11 for dispersing
powder and of a dispersing gas may not necessar-
ily be required. Such a variation of this embodi-
ment is also included in the scope of this invention.

Figure 10 illustrates a powder charging appara-
tus as an embodiment of this invention, which is
preferably employed when a powder charging of
high efficiency and large capacity is intended by
increasing the plasma-generating performance of
the plasma electrode of required polarity.

In the embodiment shown in Figure 10 also, a
conduit 2 for transferring a powder 8 carried by gas
is formed within a cylindrical body 1, made of
insulating material, having circular section. A
plasma-generating electrode of AC driving type as
plasma electrode 3 of required polarity is disposed
along the axis of conduit 2. This plasma electrode
3 of required polarity is composed of a thin tubular
insulation 3Y made of ceramics efc. having the
forward end closed into which a core electrode 3Z
is inserted, the outside of said tubular insulation
being wrapped with a coiled surface electrode 3X.
A high AC voitage is applied between the core
electrode 3Z and the surface electrode 3X by an
AC power source 26 by way of a transformer. In
addition, a DC voltage from a DC power source is
applied thereto.

Confronting the electrode 3, a corona dis-
charge electrode 4 having a tip of large curvature
radius is usually disposed as plasma electrode of
opposite polarity. An adhesion-preventing gas 19
can be blown out of jet 18 which is arranged
around the corona discharge electrode 4 to prevent
the powder from adhesion to the tip of electrode 4,
if necessary. The corona discharge electrode 4 is
earthed. Further, a dispersing gas 11a is arranged
to blow out of a ring-formed jet 11 which opens
midway between both electrodes. Whereby, the
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powder transferred there is finely dispersed.

In the case of the plasma electrode of required
polarity employed in this embodiment, a very in-
tense AC plasma is generated around the surface
electrode 3X because of a high AC voltage applied
between the surface electrode 3X and the core
electrode 3Z. A sufficiently large amount of ions of
required polarity can be drawn from said plasma
and an intense area 13 wherein mainly ions of
required polarity exist is formed. Thus, this em-
bodiment is preferred to realise a powder charging
apparatus of high intensity and large capacity in
accordance with this invention.

On the other hand, particles of powder cannot
approach near the plasma electrode 3 of required
polarity because of a very intense uneven alternat-
ing electric field generated around said electrode.
Accordingly, no special means for preventing adhe-
sion is required in many cases. However, to pre-
vent the adhering of powder at the time of stop-
page or starting, an adhesion-preventing gas may
be introduced around the electrode. Reference nu-
merals which have not been explained in the de-
scription of Figure 10 mean the same as in other
figures. The system for applying an AC -voltage
between both plasma generating electrodes is not
always limited to the method where the voltage is
applied by way of a transformer as in this embodi-
ment. A ripple voltage overlapped with a DC volt-
age may be ulilised by selecting suitably the num-
ber of stage of a high voltage generating circuit or
its circuit constants.

Figure 11 illustrates one embodiment accord-
ing to this invention wherein a conduit 2 for con-
veying a powder 8 carried by gas is formed in a
cylindrical body 1 made of insulating material hav-
ing circular section. This embodiment as a powder
charging apparatus of this invention is characteris-
ed by being constructed by arranging a ring-
formed AC plasma generating electrode for gen-
erating intense ions of required polarity along the
interior surface of conduit 2 and arranging a plas-
ma electrode 4 of opposite polarity which has a tip
of large curvature radius and confronts said ring-
formed electrode. In Figure 11, a ring-formed in-
sulation 3Y usually made of ceramic is provided
along the inside surface of conduit 2. A surface
electrode 3X composed of thin wire is arranged
along the inner surface of insulation 3X. A ring
electrode 3Z of broad ribbon form is arranged
along the back surface of insulation 3X. An AC
power source 26 is so connected that an AC high
voltage is applied between electrodes 3Y and 3Z
by way of a transformer 26. To raise the potential
as a whole of both electrodes impressed with AC
voltage, a DC power source 5 is connected. The
plasma electrode 4 of opposite polarity is earthed
via a conductor 21. An adhesion- preventing gas 19
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is arranged to blow out of a jet 18 provided around
the plasma electrode 4 of opposite polarity. On the
other hand, a dispersing gas 11a is arranged to
blow out midway between both electrodes by
means of a jet 11 for injecting dispersing gas.
Whereby, the powder is finely dispersed and
passes near the inside wall of conduit. In this
embodiment, a very intense AC plasma is gen-
erated around the electrode 3X by an action of a
high AV voltage applied between electrodes 3X
and 3Z. A very large amount of ion of required
polarity is continuously drawn from the AC plasma
fo go toward the plasma elecirode of opposite
polarity, by virtue of a DC electric field directed
toward the plasma electrode of opposite polarity,
which is generated by the DC power source 5.
Thus, the finely dispersed powder which ap-
proaches the conduit wall and passes near the
electrode can be electrically charged to be dis-
charged outside as a very intensely charged pow-
der 9. This system constitutes an embodiment of
this invention, which can be advantageously em-
ployed when a large amount of powder having a
high charge density is desired to obtain.

In the embodiments of Figures 1 to 11 detailed
above, a corona discharge electrode having a tip of
small curvature radius or an AC plasma generating
electrode is primarily employed as plasma elec-
trode of required polarity, and a corona discharge
needle electrode having a tip of relatively large
curvature radius is employed as plasma electrode
of opposite polarity. Further, a restriction in conduit,
a dispersing gas, or a revolving gas flow is em-
ployed as means for dispersing the powder. A
baffle also may be used. As for means for keeping
the powder aloof from area wherein principally ions
of opposite polarity are present, a space in which a
gas for carrying the powder does not flow, a cone,
a change in diameter of conduit in the longitudinal
direction, or a baffle device as that shown in Figure
6 is employed. In so far as the object of this
invention can be achieved, any combination of
these means is possible. After selecting each of
means from their respective groups depending on
the object, the combination thereof may be utilised.

Means for preventing the adhesion and the
accumulation of the powder on both electrodes can
be selected from the group consisting of a system
of blowing out of gas for enveloping the electrode,
a system of utilising of a plasma generating elec-
trode of AC driving type, or a combination thereof
to apply, depending on the object.

Figure 12 illustrates one embodiment accord-
ing to the present invention wherein a conduit 2 for
transferring a powder 8 carried by gas is formed in
a cylindrical body 1 made of insulating material
having circular section. In the conduit 2, a needle
electrode 3 surrounded by jet 16 for blowing out an
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adhesion-preventing gas 17 is arranged along the
axis of conduit as plasma electrode of required
polarity. With confronting said needle electrode 3, a
plasma electrode 4 of opposite polarity which is
surrounded by jet 18 for blowing out an adhesion-
preventing gas 19 is arranged along the axis. A
high DC voltage is arranged to apply between
these electrodes by means of a multistage booster
circuit 5 and a high frequency power supply 5a. In
addition, a ring-formed jet 11 is disposed some-
what upsfream from the midpoint between both
electrodes and a dispersing gas 11a is arranged to
blow out of said jet 11 into said conduit 2.

In a usual powder charging apparatus to be
used in an electrostatic powder coating apparatus,
conveying of powder in the conduit is rarely re-
quired to be performed at high speed in many
cases. Accordingly, in usual cases, the powder
flows unevenly as shown by reference numerai 25.
Although a part of powder passes an area 14,
formed around the tip of the plasma electrode 4 of
opposite polarity, wherein primarily ions of opposite
polarity exist, most of the powder is not subjected
to charging in substance, in many cases. The pow-
der which has passed the zone of plasma electrode
4 is finely dispersed by an intense dispersing gas
11a blown out of jet 11 arranged immediately
downstream from the area 14. The obtained finely
dispersed powder 12 passes through an area 13
wherein mainly ions of required polarity exist. By
this process, the powder can be charged substan-
tially only by ions of required polarity with prevent-
ing the neutralization of charges on powder with
ions of opposite polarity. Thus-obtained charged
powder 9 is stable for a long time. Whereas, in the
other embodiments (refer to Figures 1, 4, 6 and 8),
special means merely for keeping the powder aloof
from the area wherein ions of opposite polarity
exist is provided, such special means is not pro-
vided in the case of the embodiment shown in
Figure 13. However, it does not mean that the
prevention of powder passing through area 14 is
not contemplated in the embodiment of Figure 12.

In the following embodiments, the use of the
powder charging apparatus according to this inven-
tion in an electrostatic powder coating apparatus is
explained in detail. In these embodiments also, the
essential constituents of this invention, such as
plasma electrodes, means for dispersing the pow-
der and means for keeping the powder aloof from
the area wherein mainly ions of opposite polarity
exist, can be suitably selected and combined to
employ, depending on the object of application.

Figure 13 shows an embodiment wherein a
powder charging apparatus according to this inven-
tion is employed to construct an electrostatic pow-
der coating apparatus with excellent throwing pow-
er. A conduit 2 for conveying a powder 8 carried
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by gas is formed in a cylindrical body 1 made of
insulating material having a circular section. A nee-
dle electrode having a tip of small curvature radius
as plasma electrode 3 of required polarity is dis-
posed near the forward end of conduit 2. Confront-
ing the needle electrode, a needle-formed corona
discharge electrode having a tip of large curvature
radius is disposed as plasma electrode 4 of op-
posite polarity. A high DC voltage is applied be-
tween both electrodes by means of a DC power
source 5 and said plasma slectrode 3 of required
polarity is earthed via a conductor 20. Reference
numeral 5a designates a high frequency power
supply for feeding the DC power source 5. To
disperse finely the powder, a restriction 10, for
example, can be provided upstream from the plas-
ma electrode 4 of opposite polarity, if necessary.
Thereby, the powder in finely dispersed state
passes first through a space wherein mainly ions of
opposite polarity exist. Thereafter, the powder
passes through a space wherein mainly ions of
required polarity are present, and is discharged as
intensely charged powder 9 from the outlet at the
forward end of conduit. A distributing plate 28 is
provided for modifying the pattern of distribution of
discharged powder, whereby the pattern of dis-
tribution can have a suitable spread. When limiting
of said spread is desired, a pattern-modifying gas
shown by arrow 30 is made to blow out of a jet 29
for blowing out pattern-modifying gas. Thus, the
pattern of distribution is modified. Reference nu-
meral 31 designates a substrate. As the end of
thus constructed electrostatic powder coating ap-
paratus of this invention is maintained to be ear-
thed by a wire 20, no electric field is generated
between said end and the substrate. When the
powder 9 blown out of the forward end of electro-
static powder coating apparatus is sprayed onto
the substrate, no so- called Faraday cage effect
arises, in contrast to the common electrostatic pow-
der coating apparatus wherein due to the eifect of
electric field being directed from the tip of gun to
the substrate, the deposition of coating material is
concentrated to places of intense electric field and
is scarcely performed at depressed areas. In accor-
dance with this invention, as the powder sprayed
onto the substrate is deposited thereon by a space-
charge field effect derived of charges of the pow-
der themselves only when the powder approaches
the substrate, an electrostatic powder coating can
be conducted with excellent throwing power. Fur-
ther, when the powder is charged in excess and
the forward end of gun has no electric charge, the
powder is distributed too broadly, due to the mu-
tual repulsion of charged particles, to enter narrow
spaces. When this is the case, the wire 20 is
connected to a terminal of the power source 5
having a suitably high DC potential to generate a
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weak electric field between the gun and the sub-
strate. Thus arranged electrostatic powder coating
apparatus in which the coating is conducted with
sufficiently high and efficient throwing power is also
included in the scope of this invention.

In addition, to prevent adhering of powder to
the tips of electrodes in the transient state when
the starting is stopped, adhesion-preventing gases
17 and 19 are used, as in the case of other
embodied electrostatic powder coating apparatus
mentioned above.

Figure 14 illustrates an electrostatic powder
coating apparatus implemented with a powder
charging apparatus of this invention, which is pre-
ferred when an electrostatic powder coating is in-
tended to obtain a thick coating. A conduit 2 for
conveying a powder 8 carried by gas is formed in
a cylindrical body 1 made of insulating material
having circular section. A short conduit 22 including
device 29 for modifying the pattern of distribution
of powder is attached to the forward end of conduit
2 so that the axis of short conduit maybe in align-
ment with the axis of conduit 2. A corona discharge
electrode 3 having a tip of very small curvature
radius as plasma electrode of required polarity is
disposed upstream from said short conduit 22.
Confronting the electrode 3, a plasma electrode 4
of opposite polarity having a tip of relatively large
curvature radius is disposed and is earthed. A high
DC voltage from a DC power source 5 is applied to
the plasma electrode 3 of required polarity. Refer-
ence numeral 5a designates a high frequency pow-
er supply for feeding the high DC power source 5,
Further, means for dispersing the powder, such as
restriction 10, is arranged between electrode 3 and
electrode 4, as detailed hereinbefore. To modify
the pattern of distribution of charged powder 9, the
flow rate of a pattern-modifying gas shown by
arrow 30 is regulated. Reference numerals 31 and
16 designate a substrate and a jet for blowing out
an adhesion-preventing gas 17, respectively. The
adhesion-preventing gas is for preventing adhering
of powder to the tip of plasma electrode of required
polarity. In thus-constructed electrostatic powder
coating apparatus according to this invention, the
finely dispersed powder is sufficiently charged be-
tween the plasma electrode of required polarity and
the plasma electrode of opposite polarity as de-
tailed herein before, and is sprayed onto a sub-
strate through the short conduit 22. As the plasma
electrode of required polarity to which a high volt-
age is applied is near the discharging outlet, an
intense DC field being directed to the substrate is
generated, the charged powder proceeds to sub-
strate by the action of this eleciric field to deposit.
In this case, as the current which flows from the
plasma electrode of required polarity to the sub-
strate is suppressed sufficiently in substance by
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the existence of short conduit 22, an ionic current
being directed from the forward end of the electro-
static powder coating apparatus to substrate do not
exist at the surface of substrate. Accordingly, a
backward ionization can hardly arise and only the
electric field exists. Therefore, the depositing effi-
ciency can be maintained to be high. Thus, the
electrostatic powder coating can be practiced to
obtain a thick coating, without backward ionization.
Figure 15 shows an electrostatic powder coat-
ing apparatus of high performance, as one embodi-
ment of this invention, which is constructed by
employing a powder charging apparatus according
to this invention wherein the electrostatic powder
coating can be performed with very high depositing
efficiency and excellent throwing powder. Referring
to Figure 15, a conduit 2 for conveying a powder 8
carried by gas is formed within a cylindrical body 1
made of insulating material having circular section.
A plasma electrode 3 of required polarity is ar-
ranged along the axis of conduit 2 near the outlet
thereof and a high voltage from a power source 5
is applied to the electrode. A substrate-confronting
corona electrode 23 which is connected to the
electrode 3 is arranged to be directed toward the
outlet. In addition, a corona discharge electrode 4
having a tip of relatively large curvature radius as
plasma electrode 4 of opposite polarity is disposed
as can be seen in the drawing and is earthed by a
conductor 21. Reference numeral 5a designates a
high frequency power supply for feeding the DC
power source 5. An adhesion-preventing gas shown
by arrow 17 is used for preventing the tip of
plasma elecirode of required polarity and that of
substrate-confronting corona electrode 23 from ad-
hering of powder. A patiern modifying gas shown
by arrow 30 is blown out of jet of the device 29 for
modifying the pattern of distribution of powder,
which opens near the end of conduit 2, to form a
revolving flow. The pattern of distribution of the
charged powder 9 which is blown out of the elec-
trostatic powder coating apparatus can be regu-
lated by modifying the amount of the gas blown out
of jet of the device 29. In this embodiment, the
powder is intensely charged between the plasma
electrode 3 of required polarity and the plasma
electrode 4 of opposite polarity to have the same
polarity with that of the plasma elecirode 3 due to
the powder charging mechanism detailed herein-
before. In addition to the discharged powder having
been intensely charged, the powder is again
charged by corona discharge as well as the intense
field which is generated to be directed from the tip
of the substrate-confronting corona electrode 23 to
the substrate. By virtue of large amount of charges
on powder and the intense electric field being
directed from the forward end of the electrostatic
powder coating apparatus to the substrate, the
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electrostatic powder coating can be performed with
very high efficiency and high throwing power.
Thus, an electrostatic powder coating apparatus
having a high performance is obtained in accor-
dance with this invention.

In the electrostatic powder coating system in
this embodiment, the essential constituents de-
tailed above of the powder charging apparatus of
this invention can be suitably selected as practical
means and combined to employ, depending on the
object of application. Besides the above-mentioned
methods for forming of pattern of distribution and
modifying thereof, all commoniy known means and
methods can be applied. These situations are en-
countered in embodiments shown in Figures 13
and 14.

Figure 16 illustrates an electrostatic powder
coating apparatus, wherein the electrostatic powder
coating can be conducted with the depositing effi-
ciency in harmony with the throwing power. In
Figure 16, a conduit 2 for conveying a powder 8
carried by gas is formed in a cylindrical body 1
made of insulating material having circular section.
A substrate-confronting corona electrode 23 which
is directed to and confronts a substrate 31 is dis-
posed along the axis of conduit near the outlet
thereof. A plasma electrode 3 of required polarity is
arranged upstream and somewhat distant from the
clectrode 23. The highest voltage of a power
source 5 is applied to the elecirode 3 and an
intermediate voltage is applied to the substrate-
confronting corona electrode 23. A plasma elec-
trode 4 of opposite poiarity which is disposed the
most upstream is earthed.

In this embodiment, charging of the powder is
conducted between the electrode 4 and the elec-
trode 3 as in other embodiments. Furthermore, the
intermediate voltage applied to the electrode 23 is
selected to generate an electric field in such a
degree as to promote suitably the running of pow-
der 9 toward the substrate without deteriorating the
throwing power of charged powder flow 9. As a
result, it is provided an electrostatic powder coating
apparatus with an intermediate throwing power in
harmony with depositing efficiency.

In the descriptions above, needle electrodes or
plasma generating electrodes of AC driving type
are employed as plasma generating electrode of
required or opposite polarity, for illustrating. How-
ever, other electrode capable of generating plasma,
such as thin wire of knife edge form, can be used.
Further, an electrode of AC driving type is em-
ployed as the electrode of opposite polarity of this
invention.

The apparatus and the system of this invention
are. as mentioned above. As each of electrode
couple employed for charging the powder is a
needle electrode, a knife edge electrode, a wire
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electrode, or a plasma generating electrode of AC
driving type, which always repel intensely the pow-
der in operation, no powder adheres to and accu-
mulates on each elecirode in operation. A stable
operation of the apparatus can be secured amidst
powder for a long time. For the purpose of charg-
ing a powdered coating material, a high and stable
performance of the apparatus can be maintained
irrespective of material properties of the powder.
By combining the powder charging apparatus of
this invention in which an intensely charged powder
is produced with an external electric field, an exter-
nal ionic current and means for modifying the pat-
tern of powder distribution, novei electrostatic pow-
der coating apparatuses which are remarkably ex-
cellent in throwing power, depositing efficiency and
performance for obtaining thick coating can be
completed. Even when the apparatus is without
applied external electric field and external ionic
current, the aforementioned electrostatic powder
coating apparatus is also very useful. It is consid-
ered almost impossible in the prior art that such an
electrostatic powder coating apparatus is stably
operated for a long time with high efficiency, ir-
respective of material properties of powdered coat-
ing material.

Figures 17 and 18 are included to illustrate the
prior art. In contrast to the powder charging ap-
paratus according to this invention, one electrode
of electrode couple used for charging the powder
is a corona discharge eleotrode 43 as shown in
Figures 17 and 18, and the other electrode is a
substantially smooth cylindrical electrode 44. In the
operating state, a high voltage is applied between
both electrodes and only a unipolar ionic current of
required polarity flows from the corona discharge
electrode 43 to the cylindrical electrode 44. Ac-
cordingly, particles of powder essentially tend to
adhere to and accumulate on the surface of cylin-
drical electrode 44. Once particles of powder ad-
here even if in minute amouni, they cause the
backward ionization from which an ionic current of
opposite polarity flows backward to the corona dis-
charge electrode 43 to neutralize ions or charges of
required polarity. Therefore, the charging capability
of the electrode rapidly lowers with increasing
amount of adhering and accumulating particles of
powder. Thus, a long-term operation is difficult.
These phenomena are remarkable especially in the
case of charging a powdered coating material hav-
ing a low melting point and a high adhesion. An
actual stable operation for more than some hours is
impossible to realise, even if counter-measures,
such as selection of material, shape and surface
fabrication of cylindrical electrode 44 and regula-
tion of amount and blowing out speed of clean air
58, are taken.
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Claims

1. Powder charging apparatus comprising an in-
sulated conduit (1), means for delivering to the
conduit a conveying gas and the powder to be
charged (8), a pair of plasma electrodes (3,4)
for respectively generating plasma of required
polarity and plasma of opposite polarity, said
plasma electrodes being connected so that the
field therebetween extends in said conduit and
the apparatus being arranged so that the said
powder flows in a dispersed state in said gas
through an area of said field (12) where mainly
ions of required polarity exist, one of said pair
of plasma electrodes which is to generate plas-
ma of opposite polarity being a needle-like
electrode, characterised in that
the location of said needie-like electrode (4)
relative to the powder flow is such that powder
in the dispersed state does not flow through
the area (14) of the field where mainly ions of
said opposite polarity exist.

2. Powder charging means as claimed in Claim 1
and characterised in that
said conduit is formed with a lateral extension
(15) housing one of said electrodes (4) which
is associated with ions mainly of the opposite
polarity so that they exist in said extension,
and ions mainly of the required polarity exist in
the conduit adjacent said extension, whereby
the powder flow does not travel through the
area containing said ions mainly of the op-
posite polarity.

3. Powder charging means as claimed in Claim 1
and characterised in that
said conduit is formed with a constriction (10)
upstream of said electrodes and one of said
electrodes (4) is disposed immediately down-
stream of said restriction and radially outwardiy
of the restriction whereby the area where said
ions mainly of opposite polarity exist is outside
the main area of powder flow from the con-
striction downstream of the conduit.

4. Powder charging means as claimed in Claim 1

and characterised in that

said pair of electrodes are axially spaced along
the conduit so that areas containing ions main-
ly of different polarities are also axially spaced
along the conduit, and wherein said means
(8,24) for delivery to the conduit of the convey-
ing gas and the powder open between said
electrodes and so that the gas and powder
flows only downstream through the area where
ions of the required polarity exist. :
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Powder charging means as claimed in Claim 1
and characterised in that

said pair of electrodes is axially spaced along
the conduit and at least the electrode (4) asso-
ciated with ions mainly of the opposite polarity
is axially located in the conduit, and in that
further gas dispersion means (11) open into
the conduit between the electrodes whereby
powder may remain aloof from the electrode
tip (4) in passing said electrode (4) and be
further dispersed before entering the zone of
ions mainly of the required polarity.

Powder charging means as claimed in Claim 1

and characterised in that

said pair of elecirodes is axially spaced apart
along the conduit, the upsiream one of the
electrodes (4) which is associated with ions
mainly of the opposite polarity is shielded (18)
so that powder flows about it and said shield is
supplied with further dispersion gas (19).

Powder charging means as claimed in Claim 1

and characterised in that

said pair of electrodes if axially spaced apart
along the conduit, a restriction (10) is provided
between the electrodes, and said electrode (4)
associated with mainly ions of the opposite
polarity is shielded from the powder flow.

Revendications

Appareil pour le chargement de poudre com-
prenant un conduit (1) isolé, un moyen pour
introduire dans le conduit un gaz porteur et la
poudre a charger (8), une pair d'électrodes a
plasma (3, 4) pour créer respectivement un
plasma de la polarité souhaitée et un plasma
de la polarité opposée , lesdites électrodes &
plasma étant conneciées de fagon que le
champ existant entre elles se prolonge dans
ledit conduit et I'appareil étant agencé pour
que ladite poudre s'écoule dans un état disper-
sé dans ledit gaz par une zone dudit champ
(12) dans laquelle existent principalement des
ions de la polarité voulue, celle desdites élec-
trodes & plasma de la paire qui crée un pla-
sma de polarité opposée étant une électrode
en forme d'aiguille, caractérisé en ce que I'em-
placement de ladite électrode (4) en forme
d'aiguille par rapport & I'écoulement de la pou-
dre est tel que la poudre & ['état dispersé ne
s'écoule pas dans la zone (14) du champ dans
laquelle se trouvent principalement des ions de
ladite polarité opposée.

Moyen pour le chargement de poudre selon la
revendication 1, caractérisé en ce que ledit
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conduit comporte un prolongement latéral (15)
logeant l'une desdites électrodes (4) qui est
associé principalement 2 des ions de polarité
opposée de fagon que ces derniers se trou-
vent dans ledit prolongement, et que les ions
ayant principalement la polarité voulue existent
dans le conduit adjacent audit prolongement,
de maniére que la poudre ne s'écoule pas par
la zone conienant principalement des ions de
polarité opposée.

Moyen de chargement selon la revendication
1, caractérisé en ce que ledit conduit est
constitué avec un étranglement (10) en amont
desdites électrodes et en ce que I'une desdi-
tes électrodes (4) est placée immédiatement
en aval dudit étranglement et orientée radiale-
ment vers I'extérieur de I'étranglement de telle
sorte que la zone dans laquelle existent princi-
palement des ions de polarité opposée soit &
I'extérieur de la zone principale d'écoulement
de la poudre & partir dudit étranglement et en
aval du conduit.

Moyen de chargement de poudre selon la re-
vendication 1, caractérisé en ce que lesdites
électrodes de la paire sont espacées dans la
direction axiale le long du conduit afin que les
zones contenant principalement des ions de
polarités différentes soient aussi espacées
dans la direction axiale le long du conduit, et
dans lequel ledit moyen (8, 24) pour appliquer
le gaz porteur et la poudre au conduit s'ouvre
entre lesdites électrodes et de maniére que le
gaz et la poudre s'écoulent uniquement vers
l'aval par la zone dans laquelle se trouvent des
ions de la polarité voulue.

Moyen de chargement de poudre selon la re-
vendication 1, caractérisé en ce que lesdites
électrodes de la paire sont espacées dans la
direction axiale le fong du conduit et en ce
qu'au moins I'électrode (4) associée & des ions
ayant principalement la polarité opposée soit
située dans la direction axiale du conduit, et en
ce qu'un autre moyen de dispersion du gaz
(11) s'ouvre dans le conduit entre les électro-
des de maniére que la poudre reste & I'écart
de l'extrémité de I'électrode (4) en passant
devant ladite élecirode (4) et soit encore dis-
persée avant de pénétrer dans la zone ol les
ions ont principalement la polarité souhaitée.

Moyen de chargement de poudre selon la re-
vendication 1, caractérisé en ce que lesdites
électrodes de la paire sont espacées dans la
direction axiale le long du conduit, I'électrode
en amont (4) qui est associée aux ions princi-
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palement de polarité opposée est blindée (18)
de fagon que la poudre s'écoule autour et en
ce que ledit blindage regoit en outre du gaz de
dispersion (19).

Moyen de chargement de poudre selon la re-
vendication 1, caractérisé en ce que si les
électrodes de ladite paire sont espacées dans
la direction axiale le long du conduit, un étran-
glement {10) est prévu entre les électrodes et
en ce que I'électrode (4) associée avec des
ions ayant principalement la polarité opposée
est blindée par rapport & I'écoulement de la
poudre.

Patentanspriiche

1.

Pulverbeschichtungsapparat, enthaltend eine
isolierte Leitung (1), Mittel zum Zufiihren von
Fordergas und aufzuladendem Pulver (8) zur
Leitung, ein Paar Plasma-Elektroden (3, 4), um
in entsprechender Weise Plasma erforderlicher
Polaritdt und Plasma entgegengesetzter Polari-
tdt zu erzeugen, wobei diese Plasma-Elektro-
den so verbunden sind, daB das Feld zwischen
ihnen sich in die Leitung erstreckt, und wobei
der Apparat so ausgebildet ist, daB das ge-
nannte Pulver in dispergiertem Zustand in dem
Gas durch einen Bersich des genannten Fel-
des (12) strdmt, in dem hauptsdchlich lonen
mit der erforderlichen Polaritdt vorhanden sind,
wobei eine der beiden Plasma-Elekiroden, die
zur Erzeugung von Plasma entgegengesetzier
Polaritdt bestimmt ist, eine nadelartige Elekiro-
de ist,

dadurch gekennzeichnet;

daB die Anordnung dieser nadelartigen Elekiro-
de (4) relativ zur Pulverstrdmung derart ist,
daB Pulver im dispergierten Zustand nicht
durch den Bereich des Feldes strdmt, in dem
hauptsdchlich lonen mit entgegengesetzter Po-
laritdt vorhanden sind.

Pulverbeschichtungsapparat nach Anspruch 1,
dadurch gekennzeichnet, daB die genannte
Leitung mit einer seitlichen Erweiterung (15)
ausgebildet ist, in der eine der Elekiroden (4)
untergebracht ist, die mit lonen mit hauptsédch-
lich entgegengesetzter Polaritdt in Verbindung
steht, so daB sie in dieser Erweiterung vorhan-
den sind, wobei lonen mit hauptsdchlich der
erforderlichen Polaritét in der NZhe dieser Er-
weiterung in der Leitung vorhanden sind, wo-
durch die Pulverstromung nicht durch den Be-
reich wandert, der die lonen mit hauptséchlich
entgegengesstzter Polaritdt enthilt.
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Pulverbeschichtungsapparat nach Anspruch 1,
dadurch gekennzeichnet, daB die genannte
Leitung zustrdmseitig der Elektroden mit einer
Einschnlirung (10) ausgebildet und eine dieser
Elektroden (4) unmittelbar abstromssitig dieser
Einschniirung sowie radial auswérts der Ein-
schniirung angeordnet ist, wodurch der Be-
reich, in dem die lonen mit hauptséchlich ent-
gegengesetzter Polaritdt vorhanden sind, au-
Berhalb des Hauptbereiches der Pulverstro-
mung von der Einschniirung abstromseitig der
Leitung liegt.

Pulverbeschichtungsapparat nach Anspruch 1,
dadurch gekennzeichnet, daB die beiden Elek-
troden entlang der Leitung in axialer Richtung
mit Abstand angeordnet sind, so daB Bereiche,
die lonen mit haupts&dchlich unterschiedlichen
Polaritdten enthalten, ebenfalls in axialer Rich-
tung mit Abstand entlang der Leitung angeord-
net sind, wobei die genannten Mittel (8, 24)
zum Zufiihren von F&rdergas und Pulver zur
Leitung zwischen den genannten Elektroden
ausmiinden, so daB Gas und Pulver nur ab-
strdmseitig durch den Bereich strdmen, in
dem lonen mit der erforderlichen Polaritét vor-
handen sind.

Pulverbeschichtungsapparat nach Anspruch 1,
dadurch gekennzeichnet, daB die beiden Elek-
troden entlang der Leitung in axialer Richtung
mit Abstand angeordnet sind und wenigstens
die Elekirode (4), die mit lonen mit hauptsdch-
lich entgegengesetzter Polaritdt verbunden ist,
in axialer Richtung in der Leitung angeordnet
ist, und daB ferner Gasdispersionsmittel (11)
zwischen den Elektroden in die Leitung ein-
miinden, wodurch Pulver beim Passieren der
genannten Elektrode (4) von der Elekiroden-
spitze (4) ferngehalten werden kann und weiter
dispergiert wird, bevor es in die Zone der
lonen mit hauptsédchlich der erforderlichen Po-
laritdt eintritt.

Pulverbeschichtungsapparat nach Anspruch 1,
dadurch gekennzeichnet, daf die beiden Elek-
troden in axialer Richtung mit Abstand vonein-
ander entlang der Leitung angeordnet sind und
die zustrdmseitige Elektrode (4), die mit den
lonen mit hauptséchlich entgegengesetzter Po-
laritdt in Verbindung steht, abgeschirmt ist, so
daB Pulver daherumstrdmt, wobei diese Ab-
schirmung mit weiterem Dispersionsgas (19)
gespeist wird.

Pulverbeschichtungsapparat nach Anspruch 1,
dadurch gekennzeichnet, da8, falls die beiden
Elektroden in axialer Richtung mit Abstand ent-
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lang der Leitung angeordnet sind, eine Veren-
gung (10) zwischen den Elekiroden vorgese-
hen ist, und daB die Elekirode (4), die mit
lonen mit hauptséchlich entgegengesetzter Po-
laritdt verbunden ist, von der Pulverstrémung
abgeschirmt ist.
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