
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

0 
81

8 
24

6
B

1
*EP000818246B1*
(11) EP 0 818 246 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
02.05.2002 Bulletin 2002/18

(21) Application number: 97111148.9

(22) Date of filing: 03.07.1997

(51) Int Cl.7: B05B 7/14, B05B 3/02,
B05B 5/047, B05B 5/04,
B05B 5/057

(54) Powder atomizer

Pulverzerstäuber

Atomiseur de poudre

(84) Designated Contracting States:
AT BE CH DE DK ES FI FR GB GR IE IT LI LU NL
PT SE
Designated Extension States:
RO

(30) Priority: 10.07.1996 US 680243
12.06.1997 US 873929

(43) Date of publication of application:
14.01.1998 Bulletin 1998/03

(73) Proprietor: Material Sciences Corporation
Elk Grove Village, Illinois 60007-5995 (US)

(72) Inventors:
• Alexander, George R.

Frankton, Indiana 46044 (US)
• Escallon, Eduardo C.

Elwood, Indiana 46036 (US)

(74) Representative: Paul, Dieter-Alfred, Dipl.-Ing. et al
Paul & Albrecht
Patentanwaltssozietät
Hellersbergstrasse 18
41460 Neuss (DE)

(56) References cited:
CH-A- 180 010 US-A- 3 299 853
US-A- 5 314 090



EP 0 818 246 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a powder at-
omizer according to the preamble of claim 1. Such a
powder atomizer is known from US Patent No
5,314,090.
[0002] In the past powders have been atomized in a
number of ways. Hoppers have been used to feed pow-
ders to flowing air streams. Hoppers, however have
been unsatisfactory in feeding powder because of the
bridging of the powder or the electrostatic forces which
are present between the particulate of the powder. The
rate of flow can also be affected by such variables as
humidity, particle size, particle shape, density, material
cohesiveness, chemical composition, hopper configura-
tion and electrostatic forces between the particulate
powder. Additional problems are encountered when
precisely measured amounts of powder need to be dis-
pensed, at instantaneously uniform rates of flow and
when the powder dispensed tends to agglomerate.
[0003] Therefore it is highly desirable to provide an
improved powder atomizer, an improved powder feeder
atomizer combination and an improved powder feeder
atomizer deagglomerator combination. It is also highly
desirable to provide an improved powder atomizer, an
improved powder feeder atomizer combination and an
improved powder feeder atomizer deagglomerator com-
bination which can deliver precisely measured amounts
of powder to controllably uniform flowing air streams.
[0004] Hoppers even when supplemented with vibra-
tors are notoriously non-uniform in metering powder in
precisely measured amounts in coating operations. Ad-
ditional problems are encountered with coating wide
substrates when powder fed by a hopper is attempted
to be atomized into a flowing air stream inasmuch as the
air used to atomize the powder is more or less two di-
mensional, i.e., longitudinally and in one lateral dimen-
sion. For wide web applications, this air stream is gen-
erally planar and of relatively low velocity. As such it
does not apply the locally high velocity shear forces re-
quired to deagglomerate the powder from the feeder,
and consequently, the cloud may include over sized ag-
glomerated particles and heavy streams of non-uniform
particulate concentrations which are undesirable in
many processes. It is therefore highly desirable to pro-
vide an improved powder atomizer and an improved
powder atomizer feeder combination and an improved
powder atomizer feeder deagglomerator combination
for wide web coating operations which can produce
clouds of relatively uniform sized deagglomerated par-
ticulate material which are relatively uniform both trans-
versely and longitudinal of the web.
[0005] Recently, accurately measured amounts of
powder material can be metered into air streams and
atomized utilizing material feeders such as disclosed in
U.S. Patent No. 5,314,090, and the size of the particu-
late in the cloud can be made more uniform by utilizing
a deagglomerator such as disclosed in U.S. Patent No.

5,035,364. While the combination of such a material
feeder and deagglomerator is capable of producing uni-
form particulate clouds being uniform both in particulate
size and distribution and both transversely and longitu-
dinally of the cloud, the combination does not produce
uniform clouds of particulate material in wide web appli-
cations such as powder coating of coiled metal sheets,
and conveyors with closely grouped articles to be coat-
ed. The grouping of a plurality of material feeders and
deagglomerator combinations side by side produces a
cloud which may be uniform in particulate size longitu-
dinally of the cloud flow. However, nonuniformity is still
present transversely of the cloud because of overlap-
ping and streaking. It is therefore highly desirable to pro-
duce an improved powder atomizer and powder atom-
izer feeder combination and an improved powder feeder
deagglomerator atomizer combination which is capable
of producing clouds of particulate material which are rel-
atively uniform both longitudinally and transversely of
the cloud and which contain particulate material of rel-
atively uniform particulate size relatively uniformly dis-
tributed throughout the cloud over large areas such as
encountered in wide web coating applications.
[0006] Recently, the precise metering of accurate
amounts of powder can be accomplished utilizing the
material feeder disclosed in U.S. Patent No. 5,314,090
by utilizing an elongated brush which has an axial length
larger than the width of the web being coated. Utilizing
such an apparatus, accurate amounts of powder may
be fed but not atomized or completely deagglomerated.
Webs may be horizontally disposed and the top or bot-
tom or both may need to be coated or may be vertically
disposed and one or both sides may need to be coated.
It is therefore the object of the present invention to pro-
vide an improved powder atomizer, which produces a
particulate cloud which is highly uniform in both trans-
verse and longitudinal directions and in particulate size
and particulate size distribution.
[0007] This object is solved by an atomizer of the
above mentioned kind comprising the features of the
characterizing portion of claim 1.
[0008] The above-mentioned and other features and
objects of the invention and the manner of attaining
them will become more apparent and the invention itself
will be better understood by reference to the following
description of an embodiment of the invention taken in
conjunction with the accompanying drawings wherein:

Figure 1 is a perspective and fragmentary view of
the improved atomizer of the invention mounted be-
neath a conventional hopper in a wide web top sur-
face powder coating process with one end removed
to facilitate viewing;
Figure 2 is a cross-sectional view of the apparatus
shown in Fig. 1 taken essentially along the section
line 2-2 of Fig. 1;
Figure 3 is a perspective and fragmentary view of
the improved atomizer of the invention like Fig. 1,
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mounted below a conventional hopper feeder in a
wide web bottom surface powder coating appara-
tus;
Figure 4 is a cross-sectional view of the apparatus
illustrated in Fig. 3 taken essentially along the sec-
tion line 4-4 of Fig. 3;
Figure 5 is a perspective and fragmentary view of
the improved atomizer of the invention like Figs. 1
and 3, mounted beneath a powder feeder in a wide
web left side powder coating process where the
web or substrate is vertically transported;
Figure 6 is a perspective and fragmentary view like
Figs. 1, and 5, of apparatus similar to that shown in
Fig. 5 for coating the right side of the same web.
Figure 7 is a side planar view of the powder feeder
and atomizer of the invention similar to those shown
in Fig. 5 for coating generally vertically disposed
and generally horizontally transported substrates in
which the powder atomizer is angularly disposed
with respect to the substrate, the powder chute is
segmented, and the wing is generally cylindrical;
Figure 8 is a view of an apparatus like Fig. 7 of still
another version of the powder feeder and atomizer
of the invention shown in Figs. 5-7 in which the pow-
der atomizer is generally horizontal and the sub-
strate is generally vertical disposed and horizontally
transposed, but the wing spirally extends from the
atomizer upwardly;
Figure 9 is a fragmentary and perspective view of
the atomizer brush and wing disassembled from the
apparatus shown in Fig. 8; and
Figure 10 is a fragmentary cross-sectional view like
Fig. 2 of still another version of the improved atom-
izer of the invention mounted top surface powder
coating process with one end removed to facilitate
viewing.

Description Of A Specific Embodiment

[0009] Referring to Figs. 1 and 2, there is shown the
improved powder atomizer 10 of the invention as a part
of a wide web powder coating apparatus 12 mounted
over a wide web substrate 14 for coating the top side 16
of the substrate 14. The apparatus 12 includes a powder
feeder 18 and an atomizer 10. The powder feeder 18 is
shown as a conventional powder hopper 20 which may
be provided with a vibrator 22, if desired. Hopper 20 has
a bottom opening 24 through which powder is dropped
onto the atomizer 10 therebelow. In other specific em-
bodiments, powder feeder 18 may be an elongated
feeder.
[0010] The powder atomizer 10 is shown to comprise
a pan 26, a wing 50 and a generally cylindrical atomizing
element 28 journaled for rotation about a generally hor-
izontal axis 30 in the direction of arrow 31. Pan 26 is
also generally cylindrical in shape. Pan 26 and element
28 are mounted coaxially of each other. Pan 26 partially
surrounds element 28. Element 28 and pan 26 are

spaced apart so as to define a cylindrical venturi 32 ther-
ebetween into which powder is fed from the feeder 18.
Venturi 32 has an inlet 34 directly below the exit opening
24 of the feeder 18. Venturi 32 also has an outlet 38
radially spaced from the inlet 34 of the atomizer.
[0011] Wing 50 is mounted adjacent the brush 28 and
extends from venturi outlet 38 toward the region to which
the agglomerated particulate cloud is to be directed.
[0012] The hopper 20, the pan 26, atomizing element
28, venturi 32, inlet 34, outlet 38 and wing 50 may be all
elongated so as to extend over the entire width or trans-
verse dimension of the substrate 14, what ever the
transverse dimension may be. In specific embodiments,
this transverse dimension has been over 6 feet. No rea-
son is known why this transverse dimension could not
be tens of feet or match the transverse dimension of the
largest substrate that can be handled, in a specific em-
bodiment.
[0013] The atomizer element 28 is secured to motor
shaft 40 through transmission 42 and operatively con-
nected to motor 44. Motor 44 and transmission 42 rotate
shaft 40 and element 28 in the direction of arrow 31 at
a speed in excess of the speed required to throw powder
from the element by centrifugal force. The speed of the
element 28 draws air through the venturi 32 at a signif-
icantly fast rate of speed to disburse the powder into air,
to mix the air and powder into a homogeneous mixture,
and to deagglomerate the particles by particle to bristle
and particle to wall collision to produce particles of rel-
atively uniform size.
[0014] The speed of element 28 also may charge the
particles of the resultant homogeneous cloud, each with
a charge of the same polarity. By choosing the bristle
material of element 28 to be nonconductive and the par-
ticulate material to be nonconductive, a charge of similar
polarity can be placed on each of the particles of the
particular cloud as it leaves the atomizer of the invention
by the process commonly known as the triboelectrifica-
tion effect. This particulate charge is useful inasmuch
as it assists in the dispersion of the uniform cloud, both
longitudinally and laterally thereof as it leaves the atom-
izer of the invention. This charge also expands the target
area over which the cloud is completely uniform in par-
ticle size distribution, particle size and particle density.
[0015] This triboelectrification effect also has its draw-
backs when pan 26 and wing 50 are made of conductive
materials as the electrical charge on the particles induc-
es an opposite electrical charge on the pan 26 and the
wing 50 such that the particulate is attracted to the pan
26 and the wing 50 and in time produces agglomerates
thereon. Depending on the conductivity of the particu-
late material, the particulate may accumulate and ag-
glomerate on the tip 91 of the pan 26 or the wing 50 to
an extent that the agglomerated particulate material
may fall off either tip 91 onto the substrate below being
coated. Generally, such agglomeration cannot be toler-
ated when coating the top surface of a web, as that par-
ticulate material which agglomerates sooner or later will
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fall off onto the surface being coated causing imperfec-
tions in the coated surface.
[0016] Agglomeration at the tips 91 can be minimized
by manufacturing the pan 26 and the wing 50 of non-
conductive material. However, at times, the pan 26 and
wing 50 are desirably made of conductive material as
will be mentioned hereinafter.
[0017] In the specific embodiment illustrated in Figs.
1 and 2, the pan 26 and wing 50 are made of noncon-
ductive material. In a specific embodiment, this noncon-
ductive material is materials such as polycarbonate,
acrylic, or acetal materials. In this specific embodiment,
powder does not agglomerate thereon and pan 26 and
wing 50 do not become charged by induction sufficiently
for agglomeration of powder to occur thereon. Experi-
ments indicate that any material having a conductivity
in the range of about 1010 to about 1016 would be
deemed a nonconductive material within the scope of
this invention.
[0018] In another specific embodiment such as in
Figs. 1 and 2 illustrated, pan 26 and wing 50 are made
of conductive materials such as metal because of both
the structural strength required in the pan 26 and the
surfaces 93, 94 required. In a specific embodiment, sur-
face 93 is free from inconsistencies and polished to
about a 125 rms. surface. Similarly, wing surface 94 is
polished to about a 125 rms. surface.
[0019] In the specific embodiment illustrated in Fig.
10, pan 26 for the most part is made of conductive metal
such as stainless steel for strength and durability and
tip 91 is made of nonconductive material such as poly-
carbonate, acrylic, acetal or polyethylene as structural
strength is provided by the metal of portion 95. Thus,
pan 26 has a conductive portion 95 and a nonconductive
portion 96. Nonconductive portion 96 extends from tip
91 away from tip 91 to at least the lowest point 98 on
pan 26 as shown. Portions 95, 96 may be joined togeth-
er in any fashion known to the prior art. Fig. 10 shows
pan portions 95 and 96 being joined with a tongue and
groove 99 such that pan portion 96 can be inserted at
the end of pan portion 94 and slid into position. In this
fashion, surface 92 of pan 26 can be made continuous.
In a specific embodiment, surface 92 is polished to
about a 125 rms. surface.
[0020] Wing 50 has an aerodynamic surface 94 ex-
tending from element 28 outwardly thereof, an end sur-
face 102 remote from element 28, a near end surface
104 closely spaced to element 28 and a backside sur-
face 106. As shown in Figs. 1 and 10, aerodynamic sur-
face 94 can either be curved or planar. Surface 94 is
positioned closely adjacent to element 28 and extends
outwardly away from element 28 to direct the cloud out-
wardly away from the cloud emanating from venturi out-
let 38. End 104 may be planar or curved as shown in
Figs. 1 and 10. In Fig. 10 end surface 104 is curved with
a slightly greater radius than element 28 and is cylindri-
cal in shape. Both backside surface 106 and opposite
end surface 102 may be planar or curved as desired. In

a specific embodiment shown in Fig. 10, each of these
surfaces are planar and have an angle of repose de-
signed to prevent powder build up thereon, and recycle
or direct powder collecting thereon away from the sur-
face being coated. Powder is kept from accumulating
on surface 94 by both the lack of induced charge and
the velocity of air moving pass the surface 94. End sur-
face 102 on the other hand has little air moving past its
surface. Thus, surface 102 has an angle with respect to
the horizontal in most embodiments from about 80° to
about 100°. In most applications, the powder angle of
repose is 80°. Backside surface 106, like surface 102,
has little air flowing against the surface. Thus, backside
--surface 106 will collect powder thereon if the angle of
repose is not maximized. However, the powder collect-
ing on backside surface 106 if angled with respect to the
horizontal greater than the angle of repose for the pow-
der always will be recycled after it collects on the surface
by falling towards surface 104 and into the spinning el-
ement 28. In a specific embodiment, surface 106 has
an angle with respect to the horizontal from about 45°
to about 70° with the horizontal.
[0021] Referring to Figs. 1 and 2, surface 94 is shown
to be curved. Surface 102 extends from the curved sur-
face generally perpendicularly thereof. Backside surfac-
es 106 extends from the hopper 18 to the wing 50 in a
slope with recycle openings 110 therein. Figs. 3, 4, 5
and 6 similarly have surface 94, backside surfaces 106
and generally perpendicular surfaces 78 as shown. Re-
cycle openings 110 are positioned in surface 78 as
shown.
[0022] The element 28 functions both as a blower ro-
tor with pan 26 to direct air and powder entrained therein
through venturi 32 and as a powder carrier.
[0023] The speed of rotation of the element 28 and
the spacing of the element 28 from the pan 26 have a
relationship which both moves the required air through
the venturi 28 sufficiently fast to atomize the powder be-
ing fed into venturi inlet 34 and uniformly disperses the
powder into a cloud exiting from the venturi outlet 38. In
specific embodiments, the atomizer outlet 28 is a brush.
[0024] Brush 28 can be any cylindrical element having
a hub and radially extending bristles of any type. The
bristles may be densely packed or spaced apart, ar-
ranged in a pattern or randomly arranged, long or short,
thin or thick, relatively rigid or relatively flexible, and
made of materials ranging from metals to plastics to nat-
ural filaments. The diametral size of the hub and the
length of the bristles can also vary. The choice bristles
depends upon the function of the brush and the powder
type being atomized.
[0025] If the atomizer is being used to disperse large
amounts of powder into a small amount of air, the brush
may have to carry some powder between the bristles
before atomization. In these instances, the bristle length
should be longer than usual to increase the powder car-
rying capacity of the brush between the bristles.
[0026] When the powder used tends to agglomerate
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or not flow readily in the atomizer, flexible bristles have
the advantage inasmuch as flexing of the bristles will
assist in adding motion and deagglomerating the pow-
der.
[0027] If particulate size reduction is desired, a brush
with stiff bristles is required. The length and material of
the bristles will determine the length of life of the brush
in any particular application.
[0028] The charge on the individual particles of the
particulate cloud leaving the atomizer 10 of the invention
will generally increase upon an increase in speed of ro-
tation of the element 28, upon the decrease of the con-
ductivity of the bristle material, and upon a decrease of
the conductivity of the particulate material. In most ap-
plications, the performance of the brush element 28 can
also be altered and finally adjusted by varying the speed
at which the atomizer element 28 is rotated.
[0029] In specific embodiments in which deagglomer-
ation and particle size reduction are required, brush 28
is chosen with bristles of specific materials, having a
particular transverse diameter and a particular longitu-
dinal length. Bristles may be circular in cross-section or
rectangular in cross-section. When rectangular in cross-
section, the resilient flexibility of the bristle in the direc-
tion of rotation and the direction transverse thereto can
be varied. Such is important as both deagglomeration
and particle reduction is believed to be dependent upon
particle to bristle collisions in which the bristle impacts
upon the particle and then is moved aside, transversely
of the direction of motion, to allow the particle to impact
upon another bristle. Thus, the more densely packed the
bristles, the more particle to bristle collisions occur. The
length to transverse dimension in the direction of the ro-
tation ratio and the rotational speed of the brush deter-
mines the magnitude of the impact between the particle
and the bristle. The length to the dimension transverse
of the direction of rotation ratio and the density of the
bristles and the rotational speed of the brush determines
the number of impacts between the particles and the
bristles that will occur.
[0030] In specific embodiments, bristles may include
natural bristles, synthetic polymer bristles and metallic
bristles. The bristle lengths range from relatively short
to extremely long bristles. The bristle transverse dimen-
sions range from about 2 to 3 times the size of the par-
ticles being atomized to transverse dimensions of fifty
(50) times the largest transverse dimension of the par-
ticles being atomized. This in a practical sense the bris-
tles are limited to those having the largest transverse
dimension from about 4 to about 15,000 µm, and length
from a few inches to a number of feet.
[0031] Whereas the effect of the longitudinal length to
transverse dimension of the bristles ratio on the particle
size reduction and deagglomeration ability of the ele-
ment 28 is well established, the overall diameter of the
brush 28 seems to have less effect on the deagglomer-
ation and the particle size reduction. By choosing ele-
ments 28 of larger diameters, the longitudinal length of

the venturi in the direction of the air flow is increased,
and thus the number of collisions between particles and
bristles are increased. However, the impact force be-
tween the bristles and the particles colliding is deter-
mined by the hardness of the bristle and the longitudinal
length and the transverse dimension ratio of the bristle
as above-mentioned. Thus increasing the diameter of
the element 28 and maintaining the same length to
transverse dimension ratio of the bristles merely in-
creases the number of particle collisions, not the type of
collisions occurring. Thus, the focus in most applications
is on the length to transverse dimension ratio of the bris-
tles and the bristle material properties, rather than the
diameter of the brush 28.
[0032] In specific embodiments, however, the length
to transverse dimension ratio of the bristles varies from
about 200 to 1 to about 800 to 1, the bristle length varies
from about one half inch to about 5 inches, the bristle
transverse dimensions in the direction of rotation range
from about 0.0254 mm (0.001 inch) to about 1.575mm
(0.062 inch), the bristle transverse dimensions in direc-
tions transverse to the direction of rotation range from
about 0.0254 mm (0.001 inch) to about 1.575 mm (0.062
inch), and the bristle length to transverse dimension ra-
tio ranges from about 200 to 1 to about 800 to 1.
[0033] In specific embodiments, the pan 26 and the
element 28 and the wing 50 may be elongated for wide
web coating processes or may have length to diameter
of element 28 ratios of less than 1, as desired. In specific
embodiments, the thickness of the venturi or the dis-
tance between the element 28 and the pan 26 is from
about 0.0254 to about 2.54 mm (0.001 to about 0.100
inch) and the element 28 is driven at speeds from about
700 to about 4,000 RPM depending upon the diametral
size of the rotor and the rate in pounds per minute that
powder is desirably atomized by the improved atomizer
of the invention. Additionally in those embodiments, the
element 28 is spaced from pan ends which are removed
from the figures to enhance the view of the rotor element
28 and the venturi 32 and is spaced from the wing 50 a
distance of from about 0.0254 to about 0.508 mm (0.001
to about 0.020 inch). In these specific embodiments,
powder having a particulate size from about 2 to about
300 µm may be atomized into a uniform cloud of partic-
ulate material having a relatively uniform particulate size
uniformly distributed throughout the cloud in both the di-
rection of flow and directions transverse thereof.
[0034] The hopper 20 may be any conventional hop-
per for use with powdered material. Hopper 20 may be
geometrical as shown in Figs. 1 and 2 or may be asym-
metrical having for example a vertical wall and a wall
angular to both the vertical and horizontal. It is highly
preferable that the walls of the hopper 20 both have an
angle with the horizontal greater than the angle of re-
pose with respect to both the material of the hopper
walls and the powder material being fed. The hopper 20
is mounted independently of the powder atomizer 10
and may be mounted on springs (not shown) and pro-
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vided with a vibrator 22 as above mentioned.
[0035] Bottom opening 24 of hopper 20 is shown to
be located over venturi inlet 32. Venturi inlet 32 in a spe-
cific embodiment may be converging so as to capture
essentially all of the powder dropping from the hopper
20 into the atomizer 10. The outlet 38 of the venturi 32
and wing 50 are directed and aimed to deliver a flowing
cloud of particulate material homogeneously dispersed
throughout its air volume into the area of entrance 46 of
a conventional electrostatic coater 48. The directing or
aiming of the cloud toward the target is accomplished
by utilizing the wing 50 and conventional gas flow tech-
niques of the Coanda effect. Wing 50 may also serve
the purpose of enclosing the upper region atomizer el-
ement so as to maintain the atmosphere around the at-
omizer as dust free as possible.
[0036] Totally surprisingly, the cloud leaving venturi
outlet 38 is not thrown from the rapidly spinning element
28 as one would expect. In stark contrast, the homoge-
neous cloud of aspirated particulate material appears to
follow the arcuate surface of the element 28 circumfer-
entially around the element at least for 90° to as much
as 360°. Thus, it is necessary to provide a wing to strip
the cloud from following the element 28.
[0037] The wing functions to not only strip the cloud
from the element 28, but also to direct the cloud as de-
sired towards a desired region. Thus, in all embodi-
ments, the leading edge of the wing needs to be virtually
adjacent to the circumference of the element 28. In prac-
tical experience, element 28 appears to function well be-
ing spaced from the brush distances generally as close
as possible.
[0038] A totally surprising event in the operation of the
atomizer 10 is that the area between the powder atom-
izer 10 and the coating machine 48 need not be totally
enclosed as the particulate cloud emanating from the
venturi will generally follow first the arcuate path of the
rotation of the element 28 and then the second the sur-
face of the wing 94 and will not disperse throughout the
room surrounding the atomizer in an uncontrolled con-
dition as experienced with other powder atomizer de-
signs. The atomizer 10 appears to impart a significant
velocity to the cloud such that the Coanda effect domi-
nates the effect that substantially stagnant ambient air
has on the particulate cloud.
[0039] Once the cloud is directed into the area of the
entrance 46 of an electrostatic coating machine 48 the
cloud will be under the influence of the electrical field
and ionization of the electrodes 52 of the coating ma-
chine and the flow of the carrier gas of the cloud through
the coating machine 48.
[0040] In a specific embodiment, the wing 50 may be
secured to either the hopper 20 and vibrated therewith
so as to minimize the accumulation of powder thereon,
or independently supported or secured to the pan 26.
[0041] Referring to Figs. 3 and 4, there is shown an
atomizer 10 and a apparatus 12 for use in coating the
bottom side 53 of a substrate 14. The powder feeder 18

is also in the form of a hopper 20. In Figs. 3 and 4 the
hopper 20 is shown without the vibrator 22 and with a
conveyance device 54 operatively positioned with re-
gard to the hopper 20 to maintain the hopper 20 full of
powder. Similarly, in other embodiments, the embodi-
ment of Figs. 1 and 2 may be provided with a conveyor
54 and used with or without vibrator 22. The speed at
which the conveyor 54 is run must be coordinated with
the speed with which the atomizer 10 is run such that
continuous and adequate powder flow from the convey-
or 54 through the hopper 20 and through the atomizer
10 and into the coating apparatus 48 is maintained.
[0042] In this embodiment, the hopper 20 and the at-
omizer 10 may be identical as above described. How-
ever, the wing 50 is positioned adjacent the exit 38 so
as to span between the pan 26 to the area of entrance
46 of the coating machine 48. The wing 50 may be both
shaped and positioned in accordance with conventional
gas flow technology. The cloud of particulate material
homogeneously disbursed throughout is stripped from
the element 28 and fed into the entrance 46 of the coat-
ing machine 48 at which time the cloud will be under the
influence of the electrical field of the machine 48, the
movement of the cloud through the machine 48 is also
controlled by the machine exhaust and gravity as is con-
ventional.
[0043] Surprisingly, very little powder was not deag-
glomerated by the atomizer to a powder size in which
the powder would be fully air borne. Essentially all of the
powder fed to the atomizer 10 by the powder feeder 18
was fully deagglomerated to a desired particulate size
and atomized and essentially no powder was not air
borne and exited through the powder drain 56 at the low-
er edge thereof. Thus in most embodiments, powder
drain 56 to remove large size particles which cannot be
maintained air borne in the cloud exiting from the atom-
izer 10 is believed to be unnecessary and superfluous
as regards to the atomizer 10 structure.
[0044] In all applications, the substrate 14 is moved
via conveyor techniques relative to the atomizer 10,
powder feeder 18 and coating machine 48. The direction
of travel of the substrate i.e. whether the bare substrate
is moved away from the atomizer 10 or toward the at-
omizer 10 depends upon the coating process. As with
other electrostatic coating processes, it may be more
desirable to impact the bare substrate 14 with the more
concentrated cloud directly emanating from the atomiz-
er 10 of the invention. In other coating processes, it may
be advantageous to have the powder concentration of
the cloud increase as the coated substrate 14 approach-
es the atomizer 10.
[0045] There is generally no concern as to the con-
ductivity of the pan 20 and the wing 50 in the embodi-
ment illustrated in Figs. 3 and 4 as the embodiment is
shown adapted for coating the bottom surface of a sub-
strate. Since all of the apparatus is located below the
surface to be coated, any agglomeration falling off the
apparatus would not affect the surface coating.
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[0046] Referring to Figs. 5 and 6, the hopper 20 is
shown substituted with the powder feeder 60. The pow-
der feeder 60 is able to feed reproducibly and accurately
metered amounts of powder to the atomizer 10 of the
invention. Thus, the powder feeder 60 may be used
where control of the powder fed to the atomizer is more
critical to the process and more control is required than
possible utilizing a hopper 20 as above described.
[0047] Powder feeder 60 is fed by a hopper 62 which
functions as a powder reservoir for the powder feeder
60. The hopper 62 may in a specific embodiment, be
identical to the hopper 20 and be equipped with or used
without a vibrator 22. As shown the hopper 62 has a
bottom opening 24 which empties into a housing 64 in
which a resiliently deformable element or brush 66 is
journaled for rotation in the direction of arrow 67. Ele-
ment 66 is secured to a shaft 68 which is journaled in
opposite walls (not shown) of the housing 64. One end
of the shaft 68 is connected to a variable speed motor
70. Housing 64 has a ventral portion 72, a bottom portion
74, a top portion 76, and a pair of side portions 78. Hous-
ing 64 fully encloses element 66.
[0048] Element 66 is generally cylindrical. Housing 64
can be made of plastic or any other suitable non-con-
ductive material. Other embodiments have housing 64
made of transparent plastic material or having an ac-
cess door in housing 64 (not shown) so that during op-
erations observations and adjustments can be made.
Element 66 is positioned in housing 64 so as to occlude
hopper opening 24.
[0049] In most specific embodiments, element 66 is
preferably a brush having a plurality of bristles 80 ar-
ranged with uniform density around hub 81 to extend
radially therefrom. Bristles 80 can be naturally occurring
filaments or filaments of any suitable material so that
brush 66 is capable of "holding back" powder from flow-
ing from hopper 20 through bottom opening 24. Bristles
80 must be of a suitable length and dimension where
upon a selected speed of rotation, brush 66 permits
powder from the hopper 20 to penetrate bristles 80 in a
precise fashion, be carried by the brush 66 as it rotates,
and to be delivered in a measured amount through exit
port 82 in bottom 74 to the atomizer 10 of the invention.
The speed at which element 66 is driven is always below
that necessary to throw powder material from the ele-
ment 66 by centrifugal force.
[0050] The flow rate of the powder from the hopper
20 through the exit port 82 is controlled by, among other
things, the rate of speed that brush 66 is rotated in the
direction of arrow 67, the diameter of brush 66, the pow-
der capacity of brush 66 and the size of the opening 24.
The powder carrying capacity of brush 66 is controlled
by the length and density of the bristles 80. The flow rate
of powder from the hopper 20 through the feeder 60 both
contribute to the over all powder flow rate to the atomizer
10.
[0051] The exit port 82 of the feeder 60 is positioned
so that the powder exiting drops into the inlet 34 of the

venturi 32 in the same manner as above described with
regard to the positioning of the bottom opening 24 of the
hopper 20 as shown in Figs. 1-4. As shown in Figs. 5
and 6, housing 64 may be provided in combination with
pan 26 and wing 50 so as to form a common housing
for both element 66 and element 28. Such a housing
would extend the pan 26 upwardly to engage the hopper
62 of the material feeder 60 and the wing 50 to enclose
the element 66 and to define with the pan 26 both the
exit ports 34, 82 so as to segregate the elements 66, 28,
and to properly define the inlet 34 and the exit 38 of the
venturi 32.
[0052] In both Figs. 5 and 6, substrate 44 can be
moved either toward or away from the atomizer 10. Fur-
thermore, the exit 38 of the atomizer 10 and the cloud
of particulate material may be deflected downwardly as
shown in Figs. 5 and 6 or upwardly as desired. This
choice usually depends on the particle size and particle
size distribution of the cloud and whether or not it is pref-
erable to have gravity assist in the deposition of the larg-
er particles onto the substrate.
[0053] It is generally no concern as to the conductivity
of the pan 20 and the wing 50 in the embodiment illus-
trated in Figs. 5 and 6 as the embodiment is shown
adapted for coating a vertically disposed substrate.
Since all of the apparatus is located to one side of the
surface to be coated, an agglomeration falling off the
apparatus would not affect the surface coating.
[0054] In the embodiments shown in Figs. 1-6, vari-
ous variables are present in the structure. The pan 26
and the element 28 can be of any diametral size. The
amount of powder that can be atomized by the atomizer
10 is greater, the larger the element 28 and pan 26, the
larger the venturi 32, and the greater the volume of air
into which powder can be atomized.
[0055] Whenever the element 28 is a brush, the length
of the bristles becomes a variable. However, as the
brush 28 rotates at speed above that speed which pow-
der will leave the atomizer due to centrifugal force, the
length of bristles is not critical.
[0056] The distance between the brush and pan how-
ever is critical and a function of the element 28 and the
speed at which it travels. In a specific embodiment, this
distance ranges from about 0.127 to about 2.54 mm
(0.005 to about 0.100 of an inch). The element 28
traveling at a speed sufficient to throw the particles be-
ing atomized from the element 28 by centrifugal force
must be sufficient to give the air in the venturi sufficient
turbulence and speed to atomize the powder into the air.
Thus, the distance between the element 28 and the pan
26 can be larger if the speed of the element 28 is larger
and vice versa. In specific embodiments, element 28 is
preferably 2 inches or more in diameter or larger and
driven at speeds from about 700 to 4,000 rpm.
[0057] The vertical distance from bottom hopper
opening 24 and the venturi entrance or inlet 34 may also
vary. This distance may be any distance which powder
can drop and efficiently be fed to the venturi. In specific
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embodiments, this distance has ranged between an
inch to 6 feet or more.
[0058] The radial positions between the venturi inlet
34 and the venturi outlet or exit 38 may also vary. In spe-
cific embodiments, this distance has been from about
180° to about 45°. In the embodiments illustrated in
Figs. 5 and 6, in which the atomizer 10 of the invention
is combined with a material feeder of, the ratio of the
diameters between the element 66 and the element 28
can be any number, in most specific embodiments, the
ratio is equal to or greater than 1, similarly, the ratio of
speeds is best kept as high as possible. The distance
between the axes of the elements 28 and 66 measured
shaft to shaft is usually just over one diameter, but may
be anywhere from about a few inches to 6 feet or more.
[0059] In all of the embodiments of the invention, the
powder exiting from venturi 32 follows the contour of the
wing 50 and is thereby directed at a target. Powder
passing through the venturi is deagglomerated, atom-
ized, and triboelectrified if the brush bristles are non-
conductive such that when it exits venturi 32, the powder
is charged with each of the particulate of the powder has
a like charge. In this fashion, powder exiting from the
venturi 32 is forced to disperse uniformly both trans-
versely and longitudinally of the substrate by both the
turbulent flow of the air in which the particulate is atom-
ized and by the repellent forces of the similarly charged
particles.
[0060] The particulate cloud follows the curvature of
the wing 50 due to the velocity of the cloud against the
wing. In specific embodiments, in which the powder at-
omizer is positioned from about 101.6 to 152.4 mm (4
to 6 inches) from a substrate, it has been observed that
the particulate cloud can be directed at the substrate
relatively uniformly over about a 50.8 to 152.4 mm (2 to
6 inch) wide pattern, uniformly both longitudinally and
transversely of the substrate. At positions outside of the
peripheral margins of that pattern, the uniformity in par-
ticulate concentration of the cloud falls off dramatically.
The above pattern in the embodiments illustrated in
Figs. 1 and 2 where the particulate cloud is directed at
a target below the atomizer where gravity works with the
flow of the cloud to distribute the atomized particulate
on the target, the 2 to 6 inch pattern above described
may expand to about a 101.6 to 254 mm (4 to 10 inch)
pattern. Similarly, when the gravitational forces on the
particulate cloud oppose the movement of the particu-
late cloud exiting from the venturi 32 as in the embodi-
ments illustrated in Figs. 3 and 4, the 50.8 to 152.4 mm
(2 to 6 inch) pattern above described may decrease to
about a 25.4 to about 76.2 mm (1 to about 3) inch pat-
tern.
[0061] In any event, because of this phenomena,
there becomes a problem in uniformly coating vertically
disposed substrates which are at distances beyond
101.6 to 152.4 mm (4 to 6 inches) from the atomizer of
the invention. For example, uniformly coating a vertically
disposed substrate 354.8 mm (12 inches) in height mov-

ing horizontally utilizing the atomizer of the invention lo-
cated adjacent the lower boundary thereof would coat
only about the lower 101.6 to 152.4 mm (4 to 6 inches)
of the substrate uniformly and the powder deposition on
the top 152.4 mm (6 inches) of the substrate would be
significantly less than the powder deposition on the bot-
tom 152.4 mm (6 inches) of the substrate.
[0062] Referring to Fig. 7, a powder feeder atomizer
combination is shown for coating generally vertically dis-
posed horizontally transported substrates of transverse
dimensions greater than about 50.8 to 101.6 mm (2 to
4 inches). As shown in Fig. 7, a powder feeder 60 having
all of the structure of the powder feeder 60 above de-
scribed is mounted higher than the substrate 84. Posi-
tioned beneath the feeder 60 is the atomizer 10 of the
invention with the element 28 mounted in a spaced apart
relationship to the substrate 84, but angularly disposed
to both the vertical and horizontal as shown. A powder
chute 86 extends from the bottom opening 82 to the ven-
turi inlet 34 through which the powder drops from the
powder feeder 60 to the venturi 32 formed by the pan
26 surrounding the brush element 28. The wing 50 ex-
tends from the venturi exit 38 towards the substrate 84.
The wing 50 and the pan 26 and the element 28 are
each uniformly spaced from the substrate 84 with the
distance between the venturi exit 38 and the substrate
84, in a specific embodiment being between about 4 to
about 6 inches over the entire axial length of the atom-
izer 10.
[0063] Inasmuch as the powder feeder 60 and the at-
omizer 10 can be of any axial length, the embodiment
illustrated in Fig. 7 can be utilized to coat vertically dis-
posed horizontally transported sheet material or an ar-
ray of parts hanging from a vertically extending convey-
or transported horizontally of any transverse or height
dimension.
[0064] It is generally no concern as to the conductivity
of the pan 20 and the wing 50 in the embodiment illus-
trated in Fig. 7 as the embodiment is shown adapted for
coating vertically disposed substrate. Since all of the ap-
paratus is located to one side of the surface to be coat-
ed, an agglomeration falling off the apparatus would not
affect the surface coating.
[0065] Referring to Figs. 8 and 9, another version of
the improved powder feeder atomizer deagglomerator
combination of the invention is shown for use with ver-
tically disposed and horizontally transported substrates
of the type above-described. In this embodiment, the
feeder 60 is shown to be positioned over the atomizer
10, a powder chute 86 extends between the exit port 82
of the feeder 60 and inlet 34 of the venturi 32, and the
atomizer 10 is equipped with a wing 50 which is spirally
shaped, having a spirally shaped leading edge 88 to
strip the particulate cloud from the element 28, a cylin-
drical shape in cross-section, and a spirally shaped dis-
tal edge 90 which across its entire length is positioned
from about 101.6 to about 152.4 mm (4 to about 6 inch-
es) from the substrate to be coated. This embodiment
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is useful only for substrates having transverse dimen-
sions or a vertical height less than the vertical height of
the spirally shaped wing 50 plus or minus about 1 to
about 6 inches.
[0066] While in specific embodiments, the feeder 60
can be over the substrate 84 or to one side of the sub-
strate 84, the atomizer 10 must always be located adja-
cent the lower edge 92 of the substrate 84 and the spi-
rally shaped wing 50 must extend over the entire vertical
dimension of the substrate 84 as shown.
[0067] Fig. 9 is a perspective view of the pan 26, brush
element 28 and the spirally shaped wing 50 of the at-
omizer 10 illustrated in Fig. 8 to better show the shape
of the wing 50 and its relationship with the venturi exit
38 and the, venturi inlet 34.
[0068] Powder chute 86 is illustrated in Fig. 7 to be a
segmented chute, having spaced apart and generally
parallel, generally vertical walls. In Fig. 8, chute 86 is
illustrated to be an unsegmented chute, having no par-
titions or walls between the opposite ends. These
chutes are interchangeable depending upon the dimen-
sions of the substrate and the properties of the powder
being atomized.
[0069] It is generally no concern as to the conductivity
of the pan 20 and the wing 50 in the embodiment illus-
trated in Figs. 8 and 9 as the embodiment is shown
adapted for coating vertically disposed substrates.
Since all of the apparatus is located to one side of the
surface to be coated, an agglomeration falling off the
apparatus would not affect the surface coating.
[0070] In operation, powder in the hopper 20 is fed
through the bottom opening 24 into the inlet 34 of venturi
32 in the embodiments illustrated in Figs. 1-4. The flow
of the powder into the venturi 32 may be controlled by
selectively choosing bottom opening 24 to be of a spe-
cific size or controlling the action of vibrator 22. As the
powder enters the venturi 32, the element 28 draws car-
rier gas through the venturi at a relatively fast speed in
a turbulent manner. Element 28 atomizes all of the pow-
der coming in contact with the element as element 28 is
being rotated at a speed in excess of that necessary to
throw the powder therefrom by centrifugal force. De-
pending upon the particulate material and the rigidity of
the bristles 80 of the element 28, the particulate size
also may be reduced in the atomizer 10 by varying the
speed of the brush, as desired. Powder dispersed in the
carrier gas in the form of a cloud is exited from venturi
exit 38. This cloud is generally homogeneous in the
amount of powder per unit of volume of carrier gas, but
also in particle size distribution, and in particle distribu-
tion both in the direction of gas flow and in directions
transverse thereof. Furthermore, particle size distribu-
tion is generally uniform throughout the cloud as the tur-
bulence of the carrier gas within the venturi is sufficient
to deagglomerate the powder. In any event, by the prop-
er choice of element speed, powder of relatively uniform
size can be relatively uniformly distributed throughout
the cloud in both particle density and particle size distri-

bution.
[0071] Very little mechanical work is done on the pow-
der employing the aspirator 10 of the invention by the
element 28 or gravitational forces. When the powder
feeder 60 is utilized with the aspirator 10 of the invention,
precise amounts of powder may be metered into the as-
pirator 10. By controlling the flow of powder from the
hopper 62 into the feeder by conventional means and
controlling the speed of the element 66, precisely meas-
ured amounts of powder can be fed into the aspirator
10. Vibration and gravity move the powder from the hop-
per 62 into the element 66 which carries the powder to
the exit port 82 with very little mechanical work done on
the powder. In the specific embodiments in which the
element is a brush, the powder is fed into the bristles
80, the brush rotates and releases the powder by gravity
through exit port 82. Therefore by selecting a vibration
rate (if a vibrator 22 is used), a housing having an exit
opening 24 of a specific size, a brush 66 and a rotational
speed, precise amounts of powder can be delivered to
the aspirator 10 of the invention.
[0072] As the brush element 66 rotates, the element
is exposed to the powder in hopper 62 and is filled with
powder between the bristles and is rotated over exit port
82 through which the element 66 discharges the powder
carried by the element. Once the powder is discharged
from the powder feeder 18 or 60 into the aspirator 10,
powder enters the venturi 32 by the venturi inlet 34 and
is engaged with fast moving carrier gas is drawn through
the venturi by the element 28. Element 28 throws all of
the powder into the carrier gas by centrifugal force and
moves the carrier gas in a turbulent fashion through the
venturi 32 towards the venturi exit 38. Once the powder
leaves the venturi exit 38, the uniform particulate cloud
follows the curvature of the element 28 until it is stripped
from the element 28 by the wing 50, and is guided by
the wing 50 in accordance with conventional gas flow
principles towards the entrance 46 of the coating ma-
chine 48. As shown in Figs. 1 and 2, the cloud from the
exit 38 can be directed downwardly by the aspirator 10
of the invention to coat the top side of the substrate. As
shown in Figs. 3 and 4 the aspirator 10 may direct the
particulate cloud from the venturi exit 38 upwardly so as
to coat the bottom side of a substrate. Substrates can
be coated on both sides, whether orientated horizontally
or vertically as shown in Figs. 1-4, Figs. 5 and 6 and
Figs. 7-9, respectively.
[0073] The powder throughput of the atomizer 10 of
the invention in all embodiments is controlled by the rate
of powder being fed into the venturi 32 by the powder
feeder 20 or 60. The particulate density of the cloud gen-
erated by the atomizer 10 of the invention is a function
of the amount of powder fed into the atomizer 10 and
the amount of carrier gas drawn through the venturi. In
most practical applications, the amount of carrier gas
drawn through the venturi is controlled by the distance
between pan 26 and element 28 and the speed of rota-
tion of the element 28. The smaller the distance the less
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carrier gas, the larger the distance the more carrier gas.
Similarly, the amount of powder fed into the venturi 32
by the powder feeder is primarily, in the case of hopper
20 a function of the size of the bottom opening 24 and
the flow of powder therethrough, or in the case of feeder
60, the speed of rotation and capacity of the element 66.
[0074] The improved atomizer of the invention pro-
duces a relatively uniform cloud of particulate material
and directs that cloud into a electrostatic coater either
in an upwardly direction or a downwardly direction as
desired. By the invention, an improved powder atomizer
and an improved powder feeder atomizer combination
and an improved powder feeder atomizer deagglomer-
ator combination is provided for all powder coating op-
erations.
[0075] The improved powder atomizer of the inven-
tion is particularly useful for wide web coating operations
as it can produce clouds of relatively uniform size par-
ticulate material in cross-sections taken longitudinally of
the web and transversely thereof which can be highly
uniform both in particulate size and particulate size dis-
tribution. By utilizing a particulate feeder, highly accu-
rately metered amounts of particulate material can be
atomized and placed upon substrates of any transverse
dimension, whether disposed horizontally, vertically or
at an angle therebetween by the improved atomizer,
feeder atomizer combinations and feeder atomizer
deagglomerator combinations of the invention.
[0076] The improved powder atomizer, improved
powder feeder atomizer combination and powder feeder
atomizer deagglomerator of the invention can be utilized
to coat both the top and bottom sides of horizontally dis-
posed webs and both sides of vertically disposed webs.
The improved powder atomizer, feeder atomizer and
feeder atomizer deagglomerator of the invention can be
utilized to feed powder coating apparatus at a reasona-
ble installation and maintenance cost. Finally, the im-
proved atomizer, feeder atomizer and feeder atomizer
deagglomerator of the invention can be provided in a
form which has all of the above desired features.
[0077] While a specific embodiment of the invention
has been shown and described herein for purposes of
illustration, the protection afforded by any patent which
may issue upon this application is not strictly limited to
the disclosed embodiment; but rather extends to all
structures and arrangements which fall fairly within the
scope of the claims which are appended hereto:

Claims

1. A powder atomizer comprising a cylindrical element
(28), which is journaled for rotation about an axis,
a cylindrical pan (26), which is positioned coaxial of
said element (28) and partially surrounds said cy-
lindrical element (28), and means (40, 42, 44) for
rotating said cylindrical element (28) within said pan
(26) at speeds in excess of the speed required to

throw powder from said cylindrical element (28) by
centrifugal forces, characterized in that the pan
(26) and the cylindrical element (28) define a cylin-
drical venturi (32) therebetween, into which powder
is fed, and said venturi (32) having an inlet (34) and
an outlet (38) radially spaced apart and said ele-
ment (28) drawing gas through said venturi (32) and
atomizing powder fed into said inlet (34) to produce
a uniform cloud of particulate material.

2. A powder atomizer according to claim 1, character-
ized in that means are provided for minimizing the
electrical charge on said pan (26) and the resulting
agglomeration of powder at said outlet (28).

3. A powder atomizer according to claim 1 or 2, char-
acterized in that said pan (26) adjacent to said out-
let (38) is made of non-conductive material.

4. A powder atomizer according to claim 3, character-
ized in that said non-conductive material has a
conductivity of about 1010 to about 1016 ohm cen-
timeters.

5. A powder atomizer according to claim 3 or 4, char-
acterized in that said non-conductive material is
chosen from the group of materials consisting of
structural polymeric materials.

6. A powder atomizer according to claim 5, character-
ized in that said polymeric material is a polycar-
bonate, acrylic, acetal or a polyethylene.

7. A powder atomizer according to claims 3 to 6, char-
acterized in that said pan (26) is made of non-con-
ductive material from said outlet (38) to at least the
lowest point of said venturi (32).

8. A powder atomizer according to any preceding
claim, characterized in that said pan (26) adjacent
said outlet (38) defines a tip (91).

9. A powder atomizer according to any preceding
claim, characterized in that the inlet (34) and/or
the outlet (38) of the venturi (32) is diverging.

10. A powder atomizer according to any preceding
claim, characterized in that said venturi (32) has
a uniform thickness between said inlet (32) and said
outlet (34) from about 0.001 to about 0.020 inches.

11. A powder atomizer according to any preceding
claim, characterized in that the cylindrical element
(28) has a diameter greater than about 50.8 mm (2
inches).

12. A powder atomizer according to any preceding
claim characterized in that said cylindrical ele-
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ment (28) is a brush having bristles, said bristles
being chosen with a transverse dimension and
length and physical properties together with the
physical properties of the powder being fed to said
venturi (32) to deagglomerate and reduce the par-
ticle size of the powder.

13. A powder atomizer according to claim 12, charac-
terized in that the bristles of said brush (28) are
resilient and said bristles resiliently flex upon colli-
sion between said bristles and said particles, there-
by increasing the deagglomeration and reduction in
particle size of the powder.

14. A powder atomizer according to claim 12 or 13,
characterized in that said bristles are essentially
cylindrical having a length to diameter ratio from
about 10 to 1 to about 5,000 to 1.

15. A powder atomizer according to claim 12 or 13,
characterized in that the bristles generally have
the shape of a parallelogram in cross-section and
transverse length to longitudinal length ratio from
about 2000 to 1 to about 800 to 1.

16. A powder atomizer according to claim 12, 13 or 15,
characterized in that that the bristles have a par-
allelogram cross-section and in the direction of ro-
tation are thicker than in directions transverse
thereto, and that said bristles have more rigidity and
less flexibility in the direction of rotation than in the
direction transverse thereto.

17. A powder atomizer according to any of claims 12 to
16, characterized in that the bristles have an
length from about 12.7 mm (one half inch) to about
127 mm (5 inches).

18. A powder atomizer according to any of claims 12 to
17, characterized in that the bristles have a trans-
verse dimension ranging form about 0.0254 mm
(0.001 inch) to about 1.575 mm (0.062 inch).

19. A powder atomizer according to any of claims 12 to
18, characterized in that the transverse dimension
of said bristles range from twice the size of said par-
ticulate material to about 50 times to the size of said
particulate material.

20. A powder atomizer according to any of claims 12 to
19, characterized in that the bristles are chosen
from the group of bristles consisting of natural fiber
bristles, synthetic polymer bristles and metallic bris-
tles.

21. A powder atomizer according to any preceding
claim, characterized in that the powder is chosen
from the group of powders consisting of thermoset

and thermoplastic organic polymers, organic mate-
rials and combinations thereof.

22. A powder atomizer according to any preceding
claim, characterized in that said cloud is a rela-
tively uniformly triboelectrified cloud of powder par-
ticulates uniformly dispersed into a slow moving
stream of carrier gas.

23. A powder atomizer according to any preceding
claim, characterized by a wing (50) spaced from
said cylindrical element (28) from about 0.0254 to
about 5.08 mm (0.001 to about 0.20 inches).

24. A powder atomizer according to claim 23, charac-
terized in that the wing (50) has a surface (94) ex-
tending from said cylindrical element (28) upwardly
away from said element (28), said surface (94) be-
ing aerodynamically smooth and has an angle with
respect to the horizontal, and that said wing (50) has
an end surface spaced (102) from said cylindrical
element (28) having an angle with respect to the
horizontal surface greater than the angle of repose,
and that said wing (50) has a backside surface (106)
having an angle with respect to the horizontal great-
er than the angle of repose.

25. A powder atomizer according to claim 23 or claim
24, characterized in that said wing (50) is made of
non-conductive material having a conductivity from
about 1010 to about 1016 centimeters.

26. A powder atomizer according to claim 24 or 25,
characterized in that said angle of said aerody-
namically smooth surface (94) is about or less than
90°, in particular 45° to about 70°.

27. A powder atomizer according to any of claims 24 to
26, characterized in that the aerodynamic surface
(94) is planar or curved.

28. A powder atomizer according to any of claims 23 to
27, characterized in that the wing (50) further com-
prises a target spaced from the wing (50) from about
25.4 to about 152.4 mm (1 to about 6 inches) toward
which said cloud is directed.

29. A powder atomizer according to claim 28, charac-
terized in that the target is elongated and said cy-
lindrical element (28) and pan (26) extend trans-
versely of said target.

30. A powder atomizer according to claim 29 or 30,
characterized in that the target is radially dis-
placed from said inlet (32) from about 45° to about
240°.

31. A powder atomizer according to any of claims 28 to
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30, characterized in that said target is elongated,
said cylindrical element (28) and pan (26) are par-
allel to the elongation of the target, said wing (50)
having edges which are spirally shaped so as to ex-
tend the full transverse width of said target.

32. A powder atomizer according to any of claims 23 to
31, characterized in that the wing (50) has a cy-
lindrically shaped surface adjacent to said cylindri-
cal element (28), said surface being minimized.

33. A powder atomizer according to any preceding
claim, characterized in that the pan (26) and cy-
lindrical element (28) both have a length to diameter
ratio greater than 1.

Patentansprüche

1. Ein Pulverzerstäuber mit einem zylindrischen Ele-
ment (28), das für eine Rotation um eine Achse ge-
lagert ist, einer zylindrischen Pfanne (26), die ko-
axial zu dem Element (28) positioniert ist und teil-
weise das zylindrische Element (28) umgibt, und
Mitteln (40, 42, 44), um das zylindrische Element
(28) innerhalb der Pfanne (26) mit Geschwindigkei-
ten zu drehen, die größer sind als die Geschwindig-
keit, welche erforderlich ist, um Pulver durch Zen-
trifugalkräfte von dem zylindrischen Element (28)
zu werfen, dadurch gekennzeichnet, daß die
Pfanne (26) und das zylindrische Element (28) zwi-
schen sich einen zylindrischen Venturikanal (32)
definieren, in welchen Pulver zugeführt wird, wobei
der Venturikanal (32) radial beabstandet einen Ein-
laß (34) und einen Auslaß (38) aufweist und das
Element (28) Gas und Zerstäubungspulver, das in
den Einlaß (34) zugeführt wird, durch den Venturi-
kanal (32) zieht, um eine gleichförmige Wolke von
partikelförmigem Material zu erzeugen.

2. Ein Pulverzerstäuber nach Anspruch 1, dadurch
gekennzeichnet, daß Mittel vorgesehen sind, um
die elektrische Ladung an der Pfanne (26) und die
daraus resultierende Agglomeration von Pulver an
dem Auslaß (28) zu minimieren.

3. Ein Pulverzerstäuber nach Anspruch 1 oder 2, da-
durch gekennzeichnet, daß die Pfanne (26) ne-
ben dem Auslaß (38) aus einem nicht leitenden Ma-
terial hergestellt ist.

4. Ein Pulverzerstäuber nach Anspruch 3, dadurch
gekennzeichnet, daß das nicht leitende Material
eine Leitfähigkeit von etwa 1010 bis etwa 1016 Ohm
Zentimeter besitzt.

5. Ein Pulverzerstäuber nach Anspruch 3 oder 4, da-
durch gekennzeichnet, daß das nicht leitende Ma-

terial aus der Gruppe von Materialien, die aus struk-
turellen polymeren Materialien besteht, gewählt ist.

6. Ein Pulverzerstäuber nach Anspruch 5, dadurch
gekennzeichnet, daß das polymere Material ein
Polycarbonat, Acryl, Acetal oder ein Polyethylen ist.

7. Ein Pulverzerstäuber nach den Ansprüchen 3 bis 6,
dadurch gekennzeichnet, daß die Pfanne (26)
aus einem nicht leitenden Material vom Auslaß (38)
bis zu wenigstens dem niedrigsten Punkt des Ven-
turikanals (32) hergestellt ist.

8. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß die
Pfanne (26) neben dem Auslaß (38) eine Spitze
(91) definiert.

9. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß der
Einlaß (34) und/oder der Auslaß (38) des Venturi-
kanals (32) divergiert.

10. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß der
Venturikanal (32) eine gleichförmige Dicke zwi-
schen dem Einlaß (32) und dem Auslaß (34) von
etwa 0,001 bis etwa 0,020 Inches besitzt.

11. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß das
zylindrische Element (28) einen Durchmesser be-
sitzt, der größer als etwa 50,8 mm (2 Inches) ist.

12. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß das
zylindrische Element (28) eine Bürste mit Borsten
ist, wobei die Borsten mit einer Querdimension und
Länge und physikalischen Eigenschaften zusam-
men mit den physikalischen Eigenschaften des
dem Venturikanal (32) zugeführten Pulvers gewählt
sind, um das Pulver zu deagglomerieren und die
Partikelgröße zu reduzieren.

13. Ein Pulverzerstäuber nach Anspruch 12, dadurch
gekennzeichnet, daß die Borsten der Bürste (28)
elastisch sind und die Borsten bei einer Kollision
zwischen den Borsten und den Partikeln elastisch
nachgeben, wodurch die Deagglomeration und Ver-
ringerung der Partikelgröße des Pulvers erhöht
wird.

14. Ein Pulverzerstäuber nach Anspruch 12 oder 13,
dadurch gekennzeichnet, daß die Borsten im we-
sentlichen zylindrisch sind und ein Länge zu Durch-
messerverhältnis von etwa 10 zu 1 bis etwa 5000
zu 1 besitzen.
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15. Ein Pulverzerstäuber nach Anspruch 12 oder 13,
dadurch gekennzeichnet, daß die Borsten im
Querschnitt die Grundform eines Parallelogramms
und ein Querlängen-zu-Längslängen-Verhältnis
von etwa 2000 zu 1 bis etwa 800 zu 1 besitzen.

16. Ein Pulverzerstäuber nach Anspruch 12, 13 oder
15, dadurch gekennzeichnet, daß die Borsten ei-
nen parallelogrammförmigen Querschnitt besitzen
und in der Drehrichtung dicker sind als in Richtun-
gen quer dazu, und daß die Borsten eine höhere
Steifigkeit und eine geringere Flexibilität in der
Drehrichtung als in der Richtung quer dazu haben.

17. Ein Pulverzerstäuber nach einem der Ansprüche 12
bis 16, dadurch gekennzeichnet, daß die Borsten
eine Länge von etwa 12,7 mm (υ Inch) bis etwa 127
mm (5 Inches) besitzen.

18. Ein Pulverzerstäuber nach einem der Ansprüche 12
bis 17, dadurch gekennzeichnet, daß die Borsten
eine Querdimension haben, die von etwa 0,0254
mm (0,001 Inch) bis etwa 1,575 mm (0,062 Inch)
reicht.

19. Ein Pulverzerstäuber nach einem der Ansprüche 12
bis 18, dadurch gekennzeichnet, daß die Querdi-
mension der Borsten in dem Bereich von dem Dop-
pelten der Größe des partikelförmigen Materials bis
etwa zum 50-fachen der Größe des partikelförmi-
gen Materials liegt.

20. Ein Pulverzerstäuber nach einem der Ansprüche 12
bis 19, dadurch gekennzeichnet, daß die Borsten
aus der Gruppe von Borsten, die aus natürlichen
Faserborsten, synthetischen Polymerborsten und
Metallborsten besteht, gewählt sind.

21. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß das
Pulver aus der Gruppe von Pulvern, die aus thermo-
fixierten und thermoplastischen Polymeren, organi-
schen Materialien und Kombinationen daraus be-
steht, gewählt ist.

22. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß die
Wolke eine relativ gleichförmige triboelektrofizierte
Wolke von Pulverpartikeln, welche gleichförmig in
einem sich langsam bewegenden Strom eines Trä-
gergases verteilt sind, ist.

23. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, gekennzeichnet durch einen Flügel
(50), der von dem zylindrischen Element (28) um
etwa 0,0254 bis etwa 5,08 mm (0,001 bis etwa 0,20
Inch) beabstandet ist.

24. Ein Pulverzerstäuber nach Anspruch 23, dadurch
gekennzeichnet, daß der Flügel (50) eine Oberflä-
che (94) hat, die sich von dem zylindrischen Ele-
ment (28) nach oben weg von dem Element (28)
erstreckt, wobei die Oberfläche (94) aerodyna-
misch glatt ist und einen Winkel bezüglich der Ho-
rizontalen hat, und daß der Flügel (50) eine Endflä-
che (102) hat, die von dem zylindrischen Element
(28) beabstandet ist und bezüglich der Horizontal-
fläche einen Winkel hat, der größer als der Schütt-
winkel ist, und daß der Flügel (50) eine rückseitige
Oberfläche (106) hat, die einen Winkel bezüglich
der Horizontalen einnimmt, der größer als der
Schüttwinkel ist.

25. Ein Pulverzerstäuber nach Anspruch 24 oder 25,
dadurch gekennzeichnet, daß der Flügel (50) aus
einem nicht leitenden Material mit einer Leitfähig-
keit von etwa 1010 bis etwa 1016 Ohm Zentimeter
besitzt.

26. Ein Pulverzerstäuber nach Anspruch 24 oder 25,
dadurch gekennzeichnet, daß der Winkel der ae-
rodynamischen glatten Oberfläche (94) etwa 90°
oder weniger, insbesondere 45° bis 70° beträgt.

27. Ein Pulverzerstäuber nach einem der Ansprüche 24
bis 26, dadurch gekennzeichnet, daß die aerody-
namische Oberfläche (94) eben oder gekrümmt ist.

28. Ein Pulverzerstäuber nach einem der Ansprüche 23
bis 27, dadurch gekennzeichnet, daß der Flügel
(50) weiterhin ein Target besitzt, das von dem Flü-
gel (50) um etwa 25,4 bis etwa 152,4 mm (1 bis 6
Inches) beabstandet ist, gegen welches die Wolke
gerichtet ist.

29. Ein Pulverzerstäuber nach Anspruch 28, dadurch
gekennzeichnet, daß das Target länglich ist und
das zylindrische Element und die Pfanne (26) sich
quer zu dem Traget erstrecken.

30. Ein Pulverzerstäuber nach einem der Ansprüche 29
oder 30, dadurch gekennzeichnet, daß das Target
radial von dem Einlaß (32) um etwa 45° bis etwa
240° versetzt ist.

31. Ein Pulverzerstäuber nach einem der Ansprüche 28
bis 30, dadurch gekennzeichnet, daß das Target
länglich ist, das zylindrische Element (28) und die
Pfanne (26) parallel zu der Längsrichtung des Tar-
gets liegen, wobei der Flügel (50) Kanten hat, die
spiralförmig sind, um die volle Querbreite des Tar-
gets zu verlängern.

32. Ein Pulverzerstäuber nach einem der Ansprüche 23
bis 31, dadurch gekennzeichnet, daß der Flügel
(50) eine zylindrisch geformte Oberfläche neben
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dem zylindrischen Element (28) hat, und wobei die
Oberfläche minimiert ist.

33. Ein Pulverzerstäuber nach einem der vorherigen
Ansprüche, dadurch gekennzeichnet, daß die
Pfanne (26) und das zylindrische Element (28) bei-
de ein Länge-zu-Durchmesser-Verhältnis von grö-
ßer als 1 besitzen.

Revendications

1. Atomiseur de poudre comprenant un élément cylin-
drique (28), qui est tourillonné pour la rotation d'un
axe, un capot cylindrique (26), qui est placé coaxia-
lement audit élément (28) et entoure partiellement
ledit élément cylindrique (28) et des moyens (40,
42, 44) pour entraîner en rotation ledit élément cy-
lindrique (28) à l'intérieur dudit capot (26) aux vites-
ses supérieures à la vitesse exigée pour projeter la
poudre dudit élément cylindrique (28) par des for-
ces centrifuges, caractérisé en ce que le capot
(26) et l'élément cylindrique (28) définissent un ven-
turi cylindrique (32) entre eux, dans lequel la poudre
est alimentée et ledit venturi (32) ayant une admis-
sion (34) et une sortie (38) radialement espacés l'un
de l'autre et ledit élément (28) entraînant des gaz
par ledit venturi (32) et pulvérisant la poudre alimen-
tée dans ladite admission (34) pour produire un
nuage uniforme de matière particulaire.

2. Atomiseur de poudre selon la revendication 1, ca-
ractérisé en ce que des moyens sont fournis pour
minimiser la charge électrique sur ledit capot (26)
et l'agglomération résultante de poudre dans ladite
sortie (28).

3. Atomiseur de poudre selon la revendication 1 ou 2,
caractérisé en ce que ledit capot (26) adjacent à
ladite sortie (38) est fait de matériau non-conduc-
teur.

4. Atomiseur de poudre selon la revendication 3, ca-
ractérisé en ce que ledit matériau non-conducteur
a une conductibilité d'environ 10 puissance 10 à en-
viron de 10 puissance 16 Ohm centimètres.

5. Atomiseur de poudre selon la revendication 3 ou 4,
caractérisé en ce que ledit matériau non-conduc-
teur est choisi dans le groupe de matériaux consis-
tant en matériaux à structure polymère.

6. Atomiseur de poudre selon la revendication 5, ca-
ractérisé en ce que ledit matériau polymère est un
polycarbonate, acrylique, acétal ou un polyéthylè-
ne.

7. Atomiseur de poudre selon les revendications 3 à

6, caractérisé en ce que ledit capot (26) est fait de
matériau non-conducteur depuis ladite sortie (38)
pour au moins le point le plus bas dudit venturi (32).

8. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que ledit capot (26) adjacent à ladite sortie (38) dé-
finit un bord (91).

9. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que l'admission (34) et/ou la sortie (38) du venturi
(32) est divergente.

10. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que ledit venturi (32) a une épaisseur uniforme en-
tre ladite admission (32) et ladite sortie (34) d'envi-
ron 0,001 à environ 0,020 pouces.

11. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que l'élément cylindrique (28) a un diamètre plus
grand qu'environ 50,8 mm (2 pouces).

12. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que ledit élément cylindrique (28) est une brosse
ayant des crins lesdits crins étant choisis avec une
dimension transversale et longueur et des proprié-
tés physiques communes avec les propriétés phy-
siques de la poudre alimentant ledit venturi (32)
pour désagglomérer et réduire la taille de la parti-
cule de poudre.

13. Atomiseur de poudre selon la revendication 12, ca-
ractérisé en ce que les crins de ladite brosse (28)
sont des crins élastiques et lesquels fléchissent
élastiquement sous le choc entre lesdits crins et les-
dites particules, ce qui augmentation la désagglo-
mération et la réduction de la taille de particule de
la poudre.

14. Atomiseur de poudre selon la revendication 12 ou
13, caractérisé en ce que lesdits crins sont essen-
tiellement cylindrique ayant une longueur de diamè-
tre de proportion d'environ 10 à 1 à environ 5,000
à 1.

15. Atomiseur de poudre selon la revendication 12 ou
13, caractérisé en ce que lesdits crins ont géné-
ralement en coupe la forme d'un parallélogramme
et de la longueur transversale à la longueur longi-
tudinale une proportion d'environ 2000 à 1 à environ
800 à 1.

16. Atomiseur de poudre selon la revendication 12, 13
ou 15, caractérisé en ce que les crins ont une cou-

25 26



EP 0 818 246 B1

15

5

10

15

20

25

30

35

40

45

50

55

pe en parallélogramme et dans la direction de la ro-
tation sont plus épais que dans des directions trans-
versales et que lesdits crins ont plus de rigidité et
moins de flexibilité dans la direction de la rotation
que dans la direction transversale.

17. Atomiseur de poudre selon l'une quelconque des
revendications 12 à 16, caractérisé en ce que les
crins ont une longueur d'environ 12,7 mm (un demi-
pouce) à environ 127 mm (5 pouces).

18. Atomiseur de poudre selon l'une quelconque des
revendications 12 à 17, caractérisé en ce que les
crins ont une dimension transversale s'étendant de-
puis environ 0,0254 mm (0,001 pouce) à environ
1,575 mm (0,062 pouce).

19. Atomiseur de poudre selon l'une quelconque des
revendications 12 à 18, caractérisé en ce que la
dimension transversale lesdits crins s'étend depuis
deux fois ladite taille de matière particulaire à envi-
ron 50 fois la taille de ladite matière particulaire.

20. Atomiseur de poudre selon l'une quelconque des
revendications 12 à 19, caractérisé en ce que les
crins sont choisies du groupe de crins consistant de
crins de fibre naturelles, des crins de polymère syn-
thétiques et des crins métalliques.

21. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que la poudre est choisie dans le groupe de pou-
dres consistant en polymères organiques thermo-
plastique et thermodurcis, des matériaux organi-
ques et des combinaisons de ceux-ci.

22. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que ledit nuage est un nuage relativement unifor-
mément triboélectrifié de particules de poudre uni-
formément dispersées dans un courant de dépla-
cement lent de gaz support.

23. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé par une
aile (50) éloigné dudit élément cylindrique (28) d'en-
viron 0,0254 à environ 5,08 mm (0,001 à environ
0,20 pouces).

24. Atomiseur de poudre selon la revendication 23, ca-
ractérisé en ce que l'aile (50) a une surface (94)
s'étendant depuis ledit élément cylindrique (29)
vers le haut en s'éloignant dudit élément (28), ladite
surface (94) étant aérodynamiquement lisse et a un
angle par rapport à l'horizontal et que ladite aile (50)
a une surface d'extrémité espacée (102) dudit élé-
ment cylindrique (28) ayant un angle par rapport à
la surface horizontale plus grand que l'angle

d'éboulement et que ladite aile (50) a une surface
arrière (106) ayant un angle par rapport à l'horizon-
tal plus grand que l'angle d'éboulement.

25. Atomiseur de poudre selon la revendication 23 ou
la revendication 24, caractérisé en ce que ladite
aile (50) est faite de matériau non-conducteur ayant
une conductibilité d'environ 10 puissance 10 à de
10 puissance 16 centimètres.

26. Atomiseur de poudre selon la revendication 24 ou
25, caractérisé en ce que ledit angle de ladite sur-
face aérodynamiquement lisse (94) est d'environ ou
moins de 90 °, en particulier 45 ° à environ 70 °.

27. Atomiseur de poudre selon l'une quelconque des
revendications 24 à 26, caractérisé en ce que la
surface aérodynamique (94) est plate ou recour-
bée.

28. Atomiseur de poudre selon l'une quelconque des
revendications 23 à 27, caractérisé en ce que l'aile
(50) en outre comprend un collecteur espacé de
l'aile (50) d'environ 25,4 à environ 152,4 mm (1 à
environ 6 pouces) vers lequel ledit nuage est dirigé.

29. Atomiseur de poudre selon la revendication 28, ca-
ractérisé en ce que le collecteur est allongé et ledit
élément cylindrique (28) et le capot (26) s'étend
transversalement audit collecteur.

30. Atomiseur de poudre selon la revendication 29 ou
30, caractérisé en ce que le collecteur est radia-
lement déplacée depuis ladite admission (32) d'en-
viron 45° à environ 240 °.

31. Atomiseur de poudre selon l'une quelconque des
revendications 28 à 30, caractérisé en ce que ledit
collecteur allongé, ledit élément cylindrique (28) et
le capot (26) sont parallèles à la longueur du col-
lecteur, ladite aile (50) ayant des bords qui sont for-
més en spirales afin de prolonger la pleine largeur
transversale dudit collecteur.

32. Atomiseur de poudre selon l'une quelconque des
revendications 23 à 31, caractérisé en ce que l'aile
(50) a une surface formée en cylindre adjacente
audit élément cylindrique (28), ladite surface étant
réduite au minimum.

33. Atomiseur de poudre selon l'une quelconque des
revendications précédentes, caractérisé en ce
que le capot (26) et l'élément cylindrique (28) tous
deux ont une longueur de diamètre sensiblement
supérieure à 1.
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