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This invention relates to apparatus for impart-
ing an electrical charge to partreles of a pul-
verulent material suspended in a. gaseous medmm
and is more particularly conoerned Wlth appa—-
ratus of the character mdloated adapted for pro-
viding electrified particles for agrlcultural and
industrial powder spraying, for example the
spray dusting of plants.

Various devices have heretofore been proposed
for produomg eleetr1ﬁed powder partloles and
direct the particles to the surfaoe to be covered
These prior devices have been used for the dust-—
ing of plant 11fe and for varlous mdustrlal pur |
poses.

- The known devices make use of a dlreet cur-
rent of very h1gh Voltage between eleotrodes of
the dewees generally of the order of 25,000 to
100, 000 volts The handlmg of suoh hr:rh voltages
presents varlous serious pract;teal problems
These high voltages have heretofore been con-
sidered essent1a1 however for the reason that
known eleetrlfymg apparatus d1d not prowde sat-
1sfactory results Wlth loW Voltages and the high

Voltage pe1 mltted the settmg up ‘of an eleetrloal :

ﬁeld around the plants or surfaces to be dusted
as a result of .the arrangement of the eleotrodes
and the transmission of ions through the eleo-—
trodes. .The cloud of electrified powder may eon-
_trrbute to the’ produotmn of the electrical ﬁeld
but in minor and relatwely 1n51gn1 1oant degree

It is the principal object of the present inven-
tion to provide apparatus for effectively eleotn-
fying particles of pulverulent material by means
of relatwely low voltages

The apparatus of my invention, in contrast to
‘such prior ‘devices, permits’ the electrification of
powdeér partrcles with lower voltages of the order
af 3,000 volts, for example and perrmts the elec-
trlﬁoatlon to' be effected in stch’ manner that the
cloud of dust. partlcles is efl’eotwe m itself to pro-
duce a strong electrical ﬂeld Tn My apparatus
the necessary voltage may be prowded by easﬂy

11111

electrode as m the prlor dewoes the ﬁeld has 1ts
greatest effect upon ‘the surfaoe of the artrele to
be dusted that is nearest the electrode and as a
-result the opp051te S1de of the art1cle 1s not ade—
quately dusted In contrast the electrlcal field
whlch is set up by the cloud of electrical partlcles
passes around the vanous artlcles in a much more
efficient manner and effects a better dlstrlbutlon
of the part1oles on the surfaces treated Further-

more When charged electrodes are used for 1onlz-
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ing the gas surroundmg the artlcles to be dusted,
if the artlcles are msulated or of an 1nsu1at1ng na-
ture they become eleetrzﬁed and repel the elec-
trif 1ed powder partloles When using the appa-
ratus of the 1r1ventlon however Wherem the elec-
trleal field is set up solely by the cloud of elec-
trified partlcles even insulating surfaces may be

dusted

If E represents the electrical field surroundmg
the article to be dusted and Q the charge of an
electrified partlole the force Wthh directs the
partlele toward the article to be dusted is EQ
When' the field is produced solely by the cloud of
electrified particles, the strength of the ﬁeld E
is obv1ously in proportion to the oharge Q of each
partlcle The 1ntenS1ty of the force d1reotmg the
particles is then in proportion to Q2 and it 1s ot
advantage to have the value of Q as high as pos-
sible. I have found that a very high charge Q
may be obtained by employing relatively low volt-
ages, 1. e. Voltages of the order of 2 500 to 8 000
volts., |

In aooordanee Wlth the Invention, I provide
apparatus comprising a live electrodeé in the form
of ‘a wire or tip, i.e. having a tapering pornted
end, to produce an electrical discharge "and” a
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second electrode having a larger surface di sposed

- adjacent the first electrode and more Or less sur-

- rounding it.
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The second electrode is grounded
and acts as a receiver of the ions from the live
electrode.” The distance between the two’ elec-
trodes is proportional to the voltage employed
and the powder particles aie eleotrlﬁed by being
passed through the gap betweén the two “eléc-
trodes. For this purpose I prowde a flow chan—
nel for the particle carrymg gas stream to d1rect
it through the eleetrode gap. =

-IThe charge Q of the powder partroles may not

exceed a 11m1t1ng value determmed by the equa-
tlon o

Q PEO&Z

Where Pis & eoeﬂior.ent a 1s the radius of the
powder partmle and Eo is the electncal ﬁeld be-
tween the two eleetrodes It 1s advantageous.
therefore to make Eo- as large as pos51ble 1. e.
to prowde a maximum voltage between the eleo-
trodes. The Voltage however gwes rise to the
phenomenon of sparkmg between the electrpdes
which occurs when the potentlal dlﬂerence ap-
proximates 1000 volts per mllllmeter of dlstance
However, it i§ well known that high voltages glye
longer sparks than do relatlvely low voltages AR
1on1z1ng or eleotr1fy1ng apparatus of small size
usmg a voltage of the order of 3,000 volts 15 less
subJect to sparkmg than a large apparatus em-
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ploying high voltages which may, for example,
carry voltages of the order of 1,500 to 2,000 volts
per millimeter of distance between electrodes.

It is a feature of the invention that full ad-
vantage may be taken of low voltage operation.
In my apparatus, the sparking hazard may be
lessened by the provision of a high resistance
in the feed circuit positioned just ahead of the
discharge electrode. Such a resistance not only
serves to prevent sparking but prevents glowing
discharges that may either damage the electrode
or ignite the powder particles. Furthermore, my
apparatus is advantageously provided with sev~
eral nozzles, each nozzle being provided with a
resistance, this arrangement thus serving to di-
vide the discharge of the generator between the
various nozzles and to reduce the risk of injury
should an operator touch one of the nozzles.

I also advantageously reduce sparking by im-
parting a high speed to the current of particle-
carrying gas conducted through the electrifying
zone between the electrodes. Alternately I pro-
vide means for operating my apparatus at a super-
atmospheric gas pressure. For a given voltage,
the sparking length is inversely proportional to
the pressure. A small size ionizer in accordance
with the invention is particularly adapted for
taking advantage of the aforementioned condi-
tions which are conducive to efficient electrifica~
tion. Furthermore, in an ionizer in which there
is a relatively small clearance between the elec-
trodes, the time required for the charging of a
powder particle is proportionately small. In fact,
the time required for obtaining a given propor-
tion of the maximum charge is inversely propor-
tional to the concentration P of the charges in
the ionized gas. Thus, the formuls

K

P:m‘ier

shows that the concentration is proportional to
the field E and in inverse proportion to the dis-
tance R to the electrode.

In apparatus according to the invention, E may
reach a value three times as great as that pPos-
s1b1e in heretofore known ionizers and R may be
ten times less, e. g. two millimeters instead of
twenty millimeters. Thus, a charging period sixty
times smaller is possible and the length of the
ionizer may, accordingly, be reduced. In view of
this fact, it has been possible in accordance with
the invention to replace the standard fine wire
electrode by a tip, an arrangement which has
not been satisfactory in known ionizers of larger
size. On the other hand, the high value of the
charge on the particles enables the ionizer to be
fed with gas that is more heavily charged with
powder particles without damage of clogging the
apparatus. I have found that in addition to the
above mentioned measures taken for avoiding
sparking, certain other precautionary measures
should also be taken. In a small ionizer, such as
an apparatus made in accordance with the inven-
tion, the two electrodes are more symmetrical
than in larger ionizers. Consequently, the strong
field that prevails between the electrodes has a
tendency to cause eddy currents to appear on the
electrode of larger surface. These electrical dis-
charges of opposite polarity discharge the powder
and they are created if the electrode becomes
covered with powder, particularly if the powder is
of an-insulating nature. In practice, the strong
field which is set up by the ionizer has a tendency

to create a strongly attractive deposit that even a

rapld current of gas is not effective to prevent.

10

15

20

25

o0

40

60

65

70

}

4

Accordingly, one of the features of the apparatus
of the invention is the prevention of the forma-
tion of such deposits on the electrodes., There are
several means for advantageously preventing
these deposits.

One means comprises the addition to the pow-
der to be electrified of an abrasive such as alumina
or quartz, In addition, the nozzle of the ionizer
may be shaped to facilitate the cleaning process
by insuring that no portion of the surface is
sheltered from impacts of the flowing gas. The
above mentioned means are particulariy effective
for insuring that the smaller electrode will be kept
clean. Other means are particularly suitable for
cleaning the large surface electrode. Thus, in
one embodiment of the invention, the larger sur-
face electrode may be arranged to slide in such a
way that its inner surface is cleaned by a fixed
surface or the larger electrode may take the form
of a revolving member which is cleaned by a fixed
brush, constantly in engagement with its surface.
The cleaning means is located out of the space
between the closest portions of the electrodes so
that they do not cause arc-overs,

In order to increase the electrical field in the
apparatus and to provide the particles with a
higher charge, it is advantageous to cause the
charge to take place in the.presence of compressed
gas. In accordance with one embodiment of the
invention, therefore, means are provided for feed-
ing the apparatus with gas at a pressure up to
several atmospheres, the larger surface electrode
being advantageously formed in such manner that
the pressure is maintained during the movement
ol the particle carrying gas through the electrical
field. Por creating high gas pressures, I advan-
tageously provide compressors, diaphragm pumps
and the like in place of the fan blades which
have been used in prior ionizer apparatus.

‘The objects, characteristics and advantages of
the invention will be more fully understood from
the following description and claims in conjunc-
tion with the accompanying drawings, in which:

PFig. 1 is g longitudinal section of an ionizer in
accordance with the invention in which an end
portion of the nozzle is slidable relative to a fixed

portion to keep the nozzle clean during operation
of the apparatus.

Fig. 2 is a side elevation, partially in section, of
an ionizer in which the larger surface electrode 15
formed by rotating members.

Pig. 3 is g front view of the arra,ngement shown
in Fig. 2.

The apparatus illustrated in Fig. 1 comprises
a central electrode 10 which is shown as a
pointed wire electrode having a sharp point i1.

The pointed electrode (0 is connected through a
high resistance R to g direct current voltage
supply HT the voltage of which is preferably in
the range of 3,000 to 6,000 volts. A second elec-
trode 12 surrounds the tip portion i1 of the
central electrode 10 and comprises a section of
tubing that is coaxial with the central electrode.
‘The tubing section 12 is telescopically slidable on
the end portion of a fixed tube 13 through which
a stream of air or other gas carrying the particles
of pulverulent material to be charged is supplied.’
The tubing 12, 13 is connected to ground, as
indicated at G. Thus, an electric field is pro-
duced between the tip portion of the central
electrode 10 and the inner surface of the tubing
section 12 forming the outer electrode. This
Inner surface may thus be referred to as the ac-
tive surface of the electrode 12. The stream of

- gas carrying the pulverulent material to Dbe
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charged flows through the tubing 142, 13 in the

direction indicated by the arrow and thus flows
through the field between the electrodes Iﬂ and
12, being thereupon dlscharged into the atmos-
- phere, ‘The discharge end of the tubing 12 is
preferebly flared outwardly, as indicated at 22.

In order to clean the active inner surface of the
tubular electrode 12 during operation of the
apparatus and thereby keep ‘it clear of particles
of the material being .charged, provision is made
for reciprocating the movable -tubing section .12
relative .to the fixed tubing 43. For example,
as illustrated in -the drawings, the tubing sec-
tion 12 ‘is reciprocated by a flexible .egble or
Bowden wire 14. As the tubing section 12 is
reciprocated, its inner surface rubs on the outer
end :23 .of the fixed tube 13 50 as-to dislodge . any
material that may have collected on ‘the inner
surface .of the tubing .section 2. It will be seen
that the end .edge 23 of -the tubing 13 which
eonstitutes cleaning means for the inner surface
of the tubular electrode 12 is disposed.cutside .of
the .direct field between the closest portions of
the .electrode 12 .and the .central electrode 9.
Hence, the cleaning means .does not reduce the
gap ‘between the electrodes or tend to .cause any
-erc-over ‘between the electrodes.

‘In Figs. 2 and 3, there is shown g preferred
form of apparatus ‘in  accordance .with the in-

vention in which the outer .electrode comprises o

two grooved pulleys A5 and {6 rotatable about
spaced -parallel -axes so that the peripheries of
the pulleys are close:to one another. The grooves
in the -peripheries of the pulleys 19, [6 are ap-

proximately -semi-circular in cross -section so as oo

to -provide a space 280 -of approximately ecircular
Cross -section between the two-pulleys. A pointed
central -electrode 19 projects into, and is concen-
tric with, this circular. -Space S0 a8 to be at least
partially surrounded by -the -outer electrode com-
posed of -the grooved pulleys <15, |86. As in -the
foregomg embodiment, the centrel electrode 19
is-connected through a resistance R Wlth a-direct
current -high voltage source to prowde an elec-
tric:-field between-the pulleys 18, +6.-and the point-
ed central electrode 19. A -tube 21 blows .g
powder-loaded air stream :through the-space 20

between ‘the pulleys 45, 16 and thus through the
above mentioned electrical ﬁeld

During operation-of the apparatus, the grooved -

pulleys 15 and I8 -are rotated in the directions
indicated by the arrows by any suitable driving
means. .Contact brushes T and (8 engage the
grooved DEI‘IDhEI‘lES of the pulleys and keep the
grooves clean -as the pulleys are rotated. The
pulleys 45, 16, contact brushes {1, 18 and supply
tube 20 are:;grounded as indicated at G.

AAs a-modification, a smgle pulley may - be used
msteedrof two, this. pulley being -cleaned in simi-
ler manner by a grounded contact brush.

It will be:seen that, in the embodiment of Figs.
2-and 3, asin that of Flg 1, the-outer electrode is
movable relative to fixed cleaning means to keep
the active surface of said electrode clean during
aoperation. of the apparatus. By thus keeping this
surface clean, much closer spacing of the elec-
trodes can be used than would otherwise he
possible. Since the cleaning means is located
outside the direct field between the closest por-
tions of the inner and outer electrodes, it does
not in any way interfere with the desirable small
electrode gap.

In addition to keeping the active surface of the
outer electrode clean, as described above, it is
also important to keep the central electrode clean.

by |
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Best results ‘have been obtained by havmg the
central electrode point in g direction oppos:.te
to that.of the flow of the gaseous current In this
way, the central electrode is kept cleen and. there
nas also been found to be a more de51reb1e dls-
tribution of the ions in gradually chergmg the
powder during the short length of time it tekes
to pass -through the ‘ionizer. Cleemng of the
central electrode is .also improved by drawmg
out :the tip to a very fine point and by using a
hard non-oxidizable metal .such as tungsten
nickel, chremium, ete.

It is also absolutely necessary to protect the
poiny against .sparking between the -point and
the surface of the outer electrode. Such sparking
is inhibited by the use of a resistance between
the central .electrode and the voltage supply.

- In .order to .assure the satisfactory working
oI the apparatus, it is desirable for the air cur-
rent to travel at a high speed. This is achieved
by supplying ‘the -ionizer with air compressed . to
g suitanie pressure For example, it has: been
found that good results are obtained .with Jpres-
sures of 20 to 40 grams per square centimeter.
£revious devices-employing a fan or -blower have
operated with only 1 to -5 grams per square
centimeter pressure. With a view to increasing

| the voltage of the electrical field :in the ionizer
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nd thereby transmit to the powders & higher
chel ge, devices in accordance with the invention
may operate with an air compressed. up to several
atmospheres, the discharge opening or -nozzle be-
ing restricted so as to provide superetmospherlc
pressure at the point where electrification - takes
place,

Apparatus in accordance -with the present in-
vention preferably uses direct current with .a
Voltege of the order of 3, ;000 to 6, 000 volts .and
an output per unit of e,bout 100 microamperes.
The required voltage may be supplied by g, smell
generator. ‘Especially suitable are induction coﬂ
or trensformel generators provided with elec-
tromc copper oxide or rotating commutetor rec-
tlﬁers the primary current bemg S'LlpplIEd by a
small elternetor or by a ‘battery. In this way,
dustmg equipment is obtained thet is easy to
carry and is especially suitable for agricultural
purposes. ‘The weight; of the eleotrlc generetor
requlred is of the order of one kllogrem and the
electrrc power requlrement is less than one watt

Tt will be understocd thet the epperetus shown
in the drewmgs is merely by way of example and
that the invention is not 11m1ted to the spec1ﬁc

apparatus herein pert1culer1y ‘shown and de-
seribed.

In the claims:

1. In eppera,tus for pro;;ectmg ‘highly electrl-
fied pertlclee of pulverulent meterlel an outer
electrode .comprising a pair of grooved pulleys
rotatable about spaced axes end hamng their
peripheries .close to .one another perlpherel
grooves in said pulleys formmg a Space of .ap-
prox1mete1y circular cross—sectmn between seld
pulleys, an inner electrode compnsmg a pomted
wire dlSDOSEd between said pulleys and meens for
dlrectmg a jet of gas carrying said partlcles
around said inner electrode and between said

-grooved pulleys.

2. In apparatus for projecting highly electri-
fied particles of pulverulent material, an outer
electrode comprising g pair of grooved pulleys
rotatable about spaced axes and having their
peripheries close to one another, peripheral
grooves in said pulleys forming g space of ap-
proximately circular cross-section between said
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pulleys, an inner €lectrode comprising a pointed
wire disposed between said pulleys, means for di-
recting a jet of gas carrying said particles around
said inner electrode and between said grooved
pulleys and means for cleaning the grooved
peripheries of said pulleys as they rotate.

3. Apparatus for projecting highly electrified
particles of pulverulent material into the atmos-
phere, comprising a pointed wire electrode and
a second electrode having an active surface of
materially large area facing and at least partially
surrounding the pointed electrode, the distance
between the electrodes being of the order of a
few millimeters, means for producing an electric
field between the pointed electrode and said
active surface of the large-surface electrode, the
potential between said electrodes being of the
order of 2500 to 8000 volts, means for directing
a stream of gas carrying said particles through
the electric field between said electrodes and
into the atmosphere, and fixed rubbing means
engaging said active surface of said large-sur-
face electrode, said large-surface electrode being
movable relative to said fixed rubbing means
during the electrification and projection of said
particles to bring substantially the entire area
of said active surface into engagement with said
rubbing means and thereby keep said active sur-
face clear of said particles, said rubbing means
being disposed out of the direct electric field be-
tween the closest portions of said electrodes.

4, Apparatus according to claim 3, in which
said pointed wire electrode points in a direction
opposite to the direction of flow of said stream
of gas.

5. Apparatus for projecting highly electrified
particles of pulverulent material into the atmos-
phere, comprising a pointed wire electrode and a
second electrode having an active surface of
substantially larger area facing and at least par-
tially surrounding said pointed electrode, said
active surface being a surface of revolution and
the distance between said electrodes being of the
order of a few millimeters, means for producing
an electric fleld between the pointed electrode
and said active surface of the large surface elec~
trode, the potential between said electrodes being
of the order of 2500 to 8000 volts, means for di-
recting a stream of gas carrying said particles

through the electric field between said electrodes .

and into the atmosphere, and means for clean-
ing particles of material from said active sur-
face said large-surface electrode being rotatable
about the axis of said surface of revolution dur-
ing the electrification and projection of said par-
ticles to bring substantially the entire area of
said active surface progressively into engagement
with said cleaning means to keep said surface
clear of said particles, said cleaning means being
disposed out of the space bhetween the closest
portions of said electrodes.

6. Apparatus for projecting highly electrified
particles of pulverulent material into the atmos-
phere, comprising a pointed wire electrode and &
second electrode comprising a pair of rotatable
members having active surfaces of substantially
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Jarger area facing and at 'least partially sur- .

rounding said pointed electrode, said active
surfaces being surfaces of revolution and the
distance between said surfaces and the pointed
electrode being of the order of a few millimeters,
means for producing an electric field between
the pointed electrode and said active sur-
faces of said second electrode, the potential
between. said electrodes being of the order of
2500 to 8000 volts, means for directing a
stream of gas carrving said particles through
the electric field between said electrodes and into
the atmosphere, and means for cleaning particles
of material from said active surfaces, said rotat-
able members being rotated during the electri-
fication and projection of said particles to bring
substantially the entire area of said active sur-
faces progressively into engagement with said
cleaning means to keep said surfaces clear of
said particles, said cleaning means being dis-
posed out of the space between the closest por-
tions of said electrodes.

7. Apparatus for projecting highly electrified
particles of pulverulent material into the atmos-
phere, comprising a pointed wire electrode and a
second electrode having an active surface of
substantially larger area facing and at least par-
tially surrcunding the pointed electrode, the dis-
tance between the electrodes being of the order
of a few millimeters, means for producing an
electric field between the pointed electrode and
said active surface of the large-surface elec-
trode, the potential between said electrodes being
of the order of 2500 to 8000 volts, means for di-
recting a stream of gas carrying said particles
through the electric field between said electrodes
and into the atmosphere, means for cleaning
particles of material from said active surface,
said second electrode being reciprocable relative
to the pointed electrode and said cleaning means,
and means for reciprocating said second elec-
trode during the electrification and projection of
said particles to bring substantially the entire
area of said active surface into engagement with
said cleaning means to keep said surface clear
of said particles, said cleaning means being
spaced from said pointed elecirode in the direc-
tion of reciprocation of said second electrode so
as to be disposed out of the space bhetween the
closest portions of sald electrodes.

PIERRE HAMPE.
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