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filed July 10, 1996.
Background Of The Invention

The present invention Irelates to devices used for delivering a measured
frolume of powder from a hoppei'_E to an air stream, and more particularly pertains to
a powder atomizer which can be combined with a feeder deagglomerator to deliver
measured amounts of atomized powder into an air stream in the form of a moving
pé.rticulate cloud. |

In the past powders have been atomized in a number of ways. Hoppers
have been used to feed powders 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 affe&éd by such variables as humidity, particle size,
particle shape, density, material cohesiveness, chemical. composition, hopper
configuration and electrostatic forces between the particulate powder. Additional
problems are encountered when precisely measured amounts of powder need to be
dispensed, at instantaneously unifonﬁ rates of flow and when the powder dispensed
tends to agglomerate.

Therefore it is highly desirable to provide an improved powder atomizer, an
improved powder feeder atomizef combination and an improved powder. feeder
atomizer deagglomerator ®mbimtion. It is also highly desirable to provide an

improved powder atomizer, an improved powder feeder atomizer combination and
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an improved powder feeder atomizer deagglomerator combination which can
deliver precisely measured amounts of powder to controllably uniform flowing air
streams.

Hoppers even when supplemented with vibrators are notoriously non-
uniform in métering powder in precisely measured amounts in coating operations.
Additional probk_ems 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 dimensional, i.e.,
longitudinally and in one lateral dimension. For wide wet.)-applicati.ons, this air
stream is generally planar and of relatively low velocity. As such it does not apply
the locally high velocity shear forces required to deagglomerate the powder from |
the feeder, and consequently, the cloud may include over sjzed agglomeré,ted
particles and heavy streams of non-uniform particulate concgntrations which are

undesirable in many processes. It is therefore highly desirable to provide an

improved powder atomizer and an improved powder atomizer feeder combination

and an iniproved powder atomizer feeder deagglomerator combination for wide
web coating operations which can produce clouds of relatively uniform sized
deagglomerated particulate material which are relatively uniform both transversely
and longitudinal of the web. |
Recently, accurately measure;l 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 particulate in the cloud can be made more
uniform by utilizing a deagglomerator such-as disclosed in U.S. Patent No.
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5,035,364. While the combination of such a material feeder and deagglomerator is

capable of producing uniform particulate clouds Being uniform both in particulate
size and distribution and both transversely and longitudinally of the cloud, the
combination does not produce uniform clouds of particulate material in wide web
applications such as powder coating of coiled metal sheets, and conveyors with
cfosely grouped articles to be coated. The grouping of a plurality of material
feeders and deagglomerator combinations side by side produces a cloud which may
bg urﬁform in:;;axticulate size longitudinally of the cloud flow. However, non-
unifonnity is still present transversely of the cloud because of overlapping and
streaking. It is therefore highly desirable to produée an improved powder atomizer
and_ powder atomizer feeder combination and an improved powder feeder
deagglomerator atomizer combination wﬁich is capable of producing clouds of
particulate material which are relatively uniform both longitudinally and
transversely of the cloud and thch contain particulate material of relatively
uniform particulate size relatively uniformly distributed throughout the cloud over
large areas such as encountered in wide web coating applications.

Recently, the precise metering of accurate amounts of powder can be
accomplished utilizing thg 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. Utili}.ing such an apparatus, accurate amounts of powder
may be fed but not atomized 6r completely deagglomerated. Webs may t;e
horizontally disposed and the top or bottom 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
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highly desirable to provide an improved powder atomizer, an improved powder

feeder atomizer deagglomerator combination and an improved powder atomizer
feeder combination for use in both horizontal and vertical powder coating
api;l;cations which produces a particulate cloud which is highly uniform in both
transverse and longitudinal directions and in particulate size and particulate size
distribution. It is also highly desirable to provide an improved powder atomizer,
improved powder atomizer feeder combination and an improved powder feeder
atomizer deagglomerator combination which can be utilized to direct a particulate

cloud which is uniform both in transverse and longitudinal directions and both in

. particle size and particle size distribution to both the upper side of horizontally

disposed webs located below the atomizer and the underside of horizontally
disposed webs located over the atomizer or to the opposite sides of vertically
disposed webs.

To provide uniformity and versatility, it is also highly desirable to provide
an improved powder atomizer and an improved powder atomizer feeder
combination and an improved atomizer feeder deagglomerator combination for
such uses in a variety of applications at a reasonable cost.

Finally it is highly desirable to provide an improved powder atomizer, an
improved powder atomizer feeder combination, and an improved powder feedef |

atomizer deagglomerator combination which has all of the above desired features.

Summg_xy Of The Invention

It is therefore an object of the invention to provide an improved powder
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atomizer, an improved powder feeder atomizer combination and an improved
powder feeder atomizer deagglomerator combination.

R isl also an object of the invention to provide an improved powder
atomizer, an improved powder feeder atomizer combination and an improved
powder feeder atomizer deagglomerator combination which can deliver precisely
rﬁeasured amounts of powder to uniformly controlled flowing air streams.

It is also an object of the invention to provide an improved powder atomizer
and an improved powder atomizer feeder combination and an improved powder
atomizer feeder deagglomerator combination for wide We;b coating operations
which can produce clouds of relatively uniform sized deagglorﬁerated particulate
material in cross-sections which aré relatively uniform both transversely and
lqngitudinal of the web.

It is also an object of the invention to produce an improved powder
atomizer and an improved powder feeder atomizer combination and an improved
powder feeder, atomizer, deagglomerafor combination which are capable of
producing particulate clouds which are highly uniform in both transverse and
longitudinal directions in both particulate size and pa&iculate size distribution.

Itis also an ébject of the invention to provide an improved powder feeder -
atomizer deagglomerator combination and an irrllprox._red atomizer and an improveci .
deagglomerator for use in both hori'iontal and Qertical powdgr coating applications
which produces a particulate cloud which is highly uniform in both, trans?erse and
longitudinal directions in both particulate size and particulate size distribution.

1t is also an object of the invention to provide an improved powder
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atomizer, an improved powder feeder atomizer combination, and an improved

powder feeder atomizer deagglomerator corﬁbination which can be utilized to
direct a particulate cloud which is uniform both in transverse and longitudinal
directiéns and both in particie size and particle size distribution to both the upper
side of horizontally disposed webs located below the atomizer and the underside of
hc;rizontally disposed webs located over the atomizer or combination, or to the
opposite sides of vertically disposed webs.or parts arranged in a vertical display.

It is also an object of the invention to provide an improved powder atomizer
and an improved powder atomizer feeder combination, and an improved powder
atomizer feeder deagglomerator combination for such uses in a variety of .
applications at a reasonable cost.

It is finally an object of the invention to provide an improved powder
atomizer and an imbroved powder atomizer feeder combination and an improved
powder feeder atomizer deagglomerator combination which has all of the above
desired features.

In the broader aspects of the invention there is provided an improved
powder atomizer comprising a cylindrical pan, a cylindrical resiliently deformable
element, which is journaled for rotation about an axis within the pan. The pan is
mounted coaxially of the element. The element and pan define a cylindrically -
shaped venturi therebetween into. which powder is fed. The venturi has an inlet
and outlet radially spaced apart. Means is provided for rotatiﬁg the elemeﬁt within
the pan at speeds in excess of that required to throw the powder from the element

by centrifugal force. The element draws ambient air through the venturi and
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atomizes and deagglomerates powder fed into the venturi inlet thereby forming a
uniformly flowing cloud of particulate material which is uniform both
longitudinally and lateraily of saxd axis. The invention also provides an atomizer
feeder and an atomizer feeder comBinatio’n deagglomerator combination with a
feeder such a disclqsed in U.S. P#tent' No. 5,314,090 which is particularly useful in
wide web coating applications to produce a particulate cloud which is uniform both
laterally and longitudinally of the web and uniform in both particulate distribution

and particulate size throughout the uniformly flowing cloud.

Brief Description Of The DraWi_ngs

The above-mentioned and o£her fea’gure's anci objects of the invention and
the manner of attaiﬁing them will become more apparent and the invention iisc_alf
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 improve& atomizer of
the invention moﬁnted beneath a conventional hopper in a wide web top surface
powder coating process with one end removed to facilitate viewing;

Figure 2 is a cross-sectional ﬁew of the apparatﬁs 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, mounted below a conventional hopper feeder in a wide
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Figure 4 is a cross-sectional view of the apparatus illustrated in Fig. 3 taken

web bottom surface powder coating apparatus;
essentially along the section line 4-4 of Fig. 3;

FigureSisa perspecﬁve and fragmentary view of the improved atomizer of
the invention like Figs. 1 and 3, mounted beneath a powder feeder such as
disclosed in U.S. Patent No. 5,314,090 in a wide web left side powder coating
process where the web or substrate is verticélly transported,

Figure 6 is a p'erspective and fragmentary view like Figs. 1, 3 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 viev;r 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 segmepted,
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
powder atomizer is generally horizontal and the substrate 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 atomizer of the invention mounted top surface powdér
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coating process with one end removed to facilitate viewing.
Description Of A Specific Embodiment

Referring to Figs. 1 and 2, there is shown the improved powder atomizer 10
of the invention as a part of a wide web powdef 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 1s shoWh as a conventional powder hopper 20 which may be provided with a
vibrator 22, if desired. Hopper 20 has a bottom opening 24 through vulrhich powder
is dropped onto the atomizer 10 therebelow. In other specific embodiments,
'po_Qder feeder 18 may be an elongated feeder such as disclosed in U.S. Patent No.
5,314,090 as shown in Figs.. 5 and 6 and will be described in defail hereafter. The
entire disclosure of the specification of U.S. Patent No. 5,314,090 is incorporated
herein as if it were transcribed herein word by word. |

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
lhorizontal axis 30 in the direction of arrow 31. Pan 26 is also generally cylindrical
in shape. Pan 26 and element 28 are mounted coaxially §f each other. Pan 26
partially surrounds element 28. Element 28 and pan 26 are spaced apart so as to
define a c&lindrical ventufi 32 therebetweén 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.

Wing 50 is mounted adjacent the brush 28 and extends from venturi outlet
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38 toward the region to which the agglomerated particulate cloud is to be directed.

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 exténd over the entire width or
transverse dimension of the substrate 14, what ever the transverse dimension may
be. In specific embodiments, this transverse dimension has been over 6 feet. No
reason 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
embodiment.

The atomizer elemenf 28 is secured to tr}otér shaft 40 through transmission
42 anci operatively connected to motor 44. Motor 44 and transmission 42 rotate
shaft 40 and element 28 in the direction of arrow 3 1. 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 significantly fast rate of

speed to disburse the powder into air, to mix the air and powder into 2

homogeneous mixture, and to deagglomerate the particles by particle to bristle and

particle to wall collision to produce particles of relatively uniform size.

" 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
brisﬂe ‘material of element 28 to be nonconductive and the particulate material to Be
nonéonductive, a charge of similar pblarity can be placed on each of the particles of
the particular cloud as it leaves the atomizer of the invention by the procéss
commonly known as the triboelectriﬂcation effect. This particulate charge is useful

inasmuch as it assists in the dispersion of the uniform cloud, both longitudinally
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and laterally thereof as it leaves the atomizer of the invention. This charge also

expands the target area over which the cloud is c;)mpletely uniform in particle size
distribution, particle size and particle density.

This triboelectrification effect also has its drawbacks when pan 26 and wing
50 are made of conductive matérials as the electﬁcai charge on the pérticles
induces 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 particulate material,

the particulate may accumulate and agglomerate 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 tolerated when coating the fop surface of a web, as that particulate
material whiéh agglomeratés sooner or later will fall off onto the surface being
coated causing imperfections in the coated surface.

Agglomeration at the tips 91 can be minimized by manufacturing the pan 26
and the wing 50 of nonconductive ﬁlaterial. However, at times, fhe 'éan 26 and
wing 50 are desirably made of conductive material as will be mentioned
hereinafter.

1In the specific embodiment illustrated in Figs. 1 and 2, the pan 26 and winé
50 are made of nonconductive material. In a specific embodimenf, this
nonconductive material is materials such as polycarbonate, acrylic, or ac&al
materials. In this specific embodiment, powder does not agglomerate thereon and

pan 26 and wing 50 do not become charged by induction sufficiently for
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agglomeration of powder to occur thereon. Experiments indicate that any material
having a conductivity in the range of about 10" to about 10" would be deemed a
nonconductive material within the scope of this invention.

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
sﬁuctural strength required in the pan 26 and the surfaces 93, 94 required. Ina
specific embodiment, surface 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.

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 polycarbonate, acrylic, acetal or
polyethylene as structural strength is provided by the metal of portidn 95. Thus,

pan 26 has a conductive portion 95 and a nonconducti-—-ve 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 together in any
fashion known to the prior art. Fig. 10 shows pan portions 95. and 96 being joined
with a tongue and. groové 99 suéh 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 bel
made continuous. In a specific embodiment, surface 92 is polished to about a 125
rms. surface.

Wing 50 has an aerodynamic surface 94 extending from element 28

outwardly thereof, an end surface 102 remote from element 28, a near end surface
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104 closely spaced to element 28 and a backside surface 106. As shown in Figs. 1

i

énd 10, acrodynamic surface 94 can either be curved or planair. Surféce 94 is
pésitioned closely adjacent to element 28 and extends outwardly away from
element 28 to direct the cloud outwardly away from the cloud emanating from
venturi outlet 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 greatexl' radius than element 28 and
is cylindrical 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 designed to prevent

. powder build up thereon, and recycle or direct powder collecting thereon away

from the surface 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 surface 102 on the 6ther 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 collecting on bé,ckside surface 106 if angled
with respect to the horizontal greater than the angle of repose for the powder
always will be recycled after it collects on the surface by falling towards surface
104 and into the spinning element 28. Ina spéciﬁc embodiment, surface -1-06 has
an angle with respect to the horizontal from about 45° to aﬁout 70° with the |
horizontal.
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Referring to Figs. 1 aﬁd 2, surface 94 is shown to be curved. Surface 102
extends from the curved surface generally perpendicularly thereof. ~.Backside
surfaces 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. Recycle openings
110 are positioned in surface 78 as shown.

The element 28 functions both as a blower rotor with pan 26 to direct air
and powder entrained thgrein through venturi 32 and as a powder carrier as
disclosed in U.S. Patent No. 5,314,090.

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 béing fed into venturi inlet 34 and
uniformly disperses the powder into a cloud exiting from the venturi outlet 38. In
specific embodiments, the atc';mizer outlet 28 1s a brush such as disclosed in U.S.
Patent No. 5,314,090.

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, arranged
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 naturé;l _
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 bruéh and the powdér type
being atomized.

| If the atomizer is being used to disperse large arﬁounts of powder into a

15



10

15

20

This Sheet Has Been Relilaced

IR AR

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 incrgase the powder carrying capacity of the brush between the bristles.

When the powder used ten&s to agglomerate or not flow readily in the
atomizer, flexible bristles have the advantage inasmuch as flexing of the bristles
wﬂl assist in adding motion and deagglomerating the powder.

If particulate size reduction is desired, a brush with stiff bristles is required.
The length and material of the bristles v'vill determine the length of life of the brush
in any particular application.

The charge on the individual particles of the particulate cloud leaving the
atomizer 10 of the inventioh will generally increase upon an increase in speed of
rotation of the element 28, upon the decrease of the cohductivity of the bristle
material, and upon a decrease of the conductivity of the particﬁlate material.. In
rhost applications, 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.
| In specific embodiments in which deagglomeration and particle size
reduction are required, brush 28 is chosen with bristles of specific materials, having
a particular transverse diameter and a particular longitudinal 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 direction 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 Whic._h the bristle impacts upon the particle and then is moved
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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

rotation ratio and the rotational speed of the brush determines the magnitude of the

impact bet\'wé‘en.ﬂthe 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 paﬁicles and the
bristles that will occur.

In specific embodiments, bristles maj'( include natural bristles, synthetic
polymer bristles and metallic bristles. The bristle lengths range from relatively
short to extremely long bristles. The bristle transverse dimensions range from
about 2 to 3 times the size of the particles being atomized.-to transverse dimensions
of fifty (50) times the largest transverse dimension .of the particles being atomized.
This in a practical sense the bristles are limited to those having the largest
transverse dimension from about 4 to about 15,000 microns, and length from a few
inchesto a pumber of feet.

. 'Whereas the effect of the longitudinal length to transverse dimension of the
bristles ratio on the particle size reduction and deagglomeration ability of the
element 28 is well established, the overall diameter of the brush 28 seems to have
less effect on the deagglomeration and the particle size reduction. By choosing
elements 28 of larger diameters, the longitudinal lengfh of the venturi in tﬁe
direction of the air flow is increased, and thus the number of collisions between

particles and bristles are increased. However, the impact force between the bristles
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and the particles colliding is determined 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 increases 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 bristles
and the bristle mé,terial properties, ;ath_er than the diameter of the brush 28.

In specific embodiments, However, the length to transverse dimension ratio
of the bristles varies from about 200 to l 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 fro.m about 0.001 inch to about 0.062 inch, the bristle
transverse dimensions in directions transverse to the direction of rotation range

from about 0.001 inch to about 0.062 inch, and the bristle length to transverse

dimension ratio ranges from about 200 to 1 to about 800 to 1.

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 distance between the element 28 and the pan 26 is
from about 0.001 to about 0.100 inch and the element 28 is driven at speeds from |
about 700 to anut 4,000 RPM depending upon the diametral size of the rotor and
the raté in pounds per minute that powder is desirablf atomized by the imﬁroved
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
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the rotor element 28 and the venturi 32 and is spaced from the wing 50 a distance

of from about 0.001 to about 0.020 inch. In these specific embodiments, powder -
having a particulate size from about 2 to about 300 microns may be atomized into a
uniform cloud of particulate material having a relatively uniform particulate size
uniformly distributed throughout the cloud in both the direction of flow and
dif_ections transverse thereof.

The hopper 20 may be any conventional hopper for use with powdered
material. Hopper 20 may be géometrical as shown in Figs. 1 and 2 or may be
asymmetrical having for example a vertical wall and a wall angular to both the
vertical and horizontal. It ig highly preferable that the walls of the hopper 20 both
have an angle with the horizontal greater than the angle of repose with respect to
both the material of the hopper walls and the powder mate;ial being fed. The
hopper 20 1s mounfed independer;tly of the powder atomizer 10 and may be
mounted on springs (not shown) and provided with a vibrator 22 as above
mentioned.

Bottom openin’g 24 of hopper 20 is shown to be located ovér venturi inlet
32. Venturi inlet 32 in a specific 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 éimed 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 ﬁrget is accomplished by utilizing the

wing 50 and conventional gas flow techniques of the Coanda effect. Wing 50 may
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also serve the purpose of enclosing the upper region atomizer element so as to
maintain the atmosphere around the atomizer as dust free as poséible.

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
homogeneous cloud of aspirated particulate material appears to folléw the arcuate
sﬁrface of the element 28 circumferéntially around the element at least for 900 to as
much as 360c. Thus, it is necessary to provide a wing to strip the cloud from
following the element 28.

The wing functions to not only strip the cloud from the element 28, but also
to direct the cloud as desired towards a desired region. Thus, in all embodiments,
the leading edge of the wing needs to be virtually adjacent to the circumference of
the element 28. In practical experience, element 28 appears to function well being
spaced from the brush distances generally as close as possible.

A totally surprising event in the operation of the atomizer 10 is that the area

between the powder atomizer 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 tﬁe
surface of the wing 94 and will not disperse throughout the room surrounding the
atomizer in an uncontrolled condition as experienced with other powder atomizer
designs . The atomizer 10 appears to impart a signiﬁcant velocity to the cloud such
that the Coanda effect dominates the effect that substantiallj stagnant amBient air
has on the particulate cloud.

Once the cloud is directed into the area of the entrance 46 of an electrostatic
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coating machine 48 the cloud will be under the influence of the electrical field and

ionization of the elecfrodeslSZ of the coating machine and the flow of the carrier
gas of the cloud through the coating machine 48. In a specific embodiment,
coating machine 48 can be any on of those disclosed in US Patent No. 5,279,863,
the disclosure of the specification of which is incorporated herein by reference as if
it were reproduced herein word by word. |

In a specific embodiment, the wing S0 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.

Ref"erring to Figs. 3 and 4, there is shown an atomizer 10 and a apparatus 12
for ﬁse in coating the bottom side 53 of a sﬁbstrate 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 regard

to the hopper 20 to maintain the hopper 20 full of powder. Similarly, in other

embodiments, the embodiment of Figs. 1 and 2 may be provided with a conveyor
l54 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 conveyor 54 thréugh the hopper 20
and through the atomizer 10 and into the coating apparétus 48 is maintained.

In this embodiment, the hoppér 20 and the atomizer 10 may be identical as
above described. HOWCVGI;, the wing 50 is positioned adjacent the exit 38 50 as to
span between the pan 26 to the area of entrance 46 of the coating machine 48. The
wing 50 tﬁay be both shaped and positioned in accordance with conventional gas
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flow technology. The cloud of particulate material_homogeneously disbursed
throughout is stripped from the element 28 and fed into the entrance 46 of the
coating machiﬁe 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 conventional.

- Surprisingly, very littlé powder was not deagglomerated by the atomizer to a
powder size in which the powder would be fully air bofne. 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 esséntia]ly no powder was not air
borne and exited through the powder drain 56 ét the lower _edge thereof. Thus in
most embodiments, powder drain 56 to r;emove large size particles which cannot be
maintained air borne in the cloud exiting from the atomizer 10 is believed to be
unnecessary and superfluous as regards to the atomizer 10 Structure.

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 atomizer 10 depends upon the coating process.
As with other electrostatic éoating processes, it may be more desirable to impact
the bare substrate 14 with the more concentrated cloud directly emanating from the
atomizer 10 of the invention. In other coating processes, it may be advantageous to
have the powder concentration of thé clqud increase as the coated substrate 14
approaches the atomizer 10.

There is generally no concern as to the conductivity of the pan 20 and the
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‘wing 50 in the embodiment illustrated in Figs. 3 and 4 as the embodiment is shown

adapted for coating the bottom surface of a substrate. Since all of the apparatus is
located belpw the surface to be coated, any agglomeration falling off the apparatus
would not affect the surface coating.

Referring to Figs. 5 and 6, the hopper 20 is shown substituted with the
ﬁowder feeder 60 disclosed in U.S. Patent No. 5,314,090. The powder feeder 60
of this patent as shown is able to feed repfoducibly and accurately metered amounts
of powder to the' atomizer 10 of the invention. Thus, the powder feeder 60 fnay be
used where control of the powder fed to the afomizer 1s more critical to the process

and more control is required than possible utilizing a hopper 20 as above described.

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. Elen;ent 66 is secured to a shaﬁ 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 portidn 72, a bottom
portion 74, a top portion 76, and a_péir of side portions 78. Housing 64 fully
encloses element 66. |

Element 66 is éenerally cylindrical. Housing 64 can be made of plastic or

any other suitable non-conductive material. Other embodiments have housing 64
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made of ;ransparent plastic material or having an access door in housing 64 (not
shown) so that during operations observations and adjustments can be made.
Element 66 is positioned in housing 64 so as to occlude hopper opening 24.

In most specific embodiments, element 66 is preferably a brush having a
plurality of bristles 80 arranged 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
flowing from hopper 20 through bottom opening 24. Bristles 80 must be of a -
suitable length and dimension where upon a selected speed of rotz}tion, 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. As disclosed
in U.S. Patent No. ~5.,3 14,090, the speed at which elemeni 66 1s driven is always
below that necessary to throw powder material from the element 66 by centrifugal
force.

The flow rate of the powder from the hopper 20 through the exit port 82 is
cont;'olled 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 powder capacity of brush 66
and the size of the openiﬁg 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.

The exit port 82 of the feeder 60 is positioned so that the powder exiting
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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
éngage 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 eléments 66, 28, and to properly define the inlet 34 and the exit 38 of
the venturi 32.

In both Figs. 5 and 6, substrate 44 can be :ﬁoved.either toward or away from
the atomizer 10. Furthermore, the exit 38 of the atomizer 10 and the cloud of
p:_:u’ticulate m_aterial 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 preferable to have gravity

assist in the deposition of the larger particles onto the substrate.

It is generally no concern as to the conductivity of the pan 20 and the wing
50 in the embodiment illusfrated 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 surfaée coating,

Iﬁ the embodiments shown in Figs. 1-6, various variables are pres;ant 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
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element 28 and pan 26, the larger the venturi 32, and the greater the volume of air

into which powder can be atomized.

Whgnever _the element281isa brush, the length of the bristles becomes a
variable. However, as the brush 28 rotates at speed above that speed which poWder
will leave the atomizer due to centrifugal force, the length of bristles is not critical.

The distance between the brush and pan however is critical and a function |
of the eler-nent 28 and the speed at which it travels. In a specific embodiment, this
distance ranges from about 0.005 to about 0.100 of an inch The element 28
traveling at a speed suff_'lcient to throw the particles being atomized from the
element 28 by centrifugal force must be sufficient td 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 émBodiments, element 28 is
preferably 2 inches or more in diameter or larger and driven ;at speeds frpm about
700 to 4,000 rpm..

The vertical distance from bottom hopper opening 24 and the venturi
entrance or inlet 34 may also vé.ry. This distance may be any distance which
powder can drop and efficiently be fed fo the venturi. In specific embodiments,
this distance has ranged between an inch to 6 feet or more.

The radial positions between the venturi inlet 34 and the venturi outlet or
exit 38 may also vary. In specific embodiments, this distance has been frc.)m about
180° to about 45°. In the embo_diments illustrated in Figs. S and 6, in which the

atomizer 10 of the invention is combined with the material feeder of U.S. Patent
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No. 5,314,090, the ratio of the diameters between the 'element. 66 and the element |
28 can be any number, in most speéiﬁc 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.

In all of the embodiments of the invéntion, 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 deagglc;merated, atomized, 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 ventu;i 32 is forced to disperse uniformly both
transversely and longitudinally of the substrate by both the turbulent flow of the air
in which the particulate is atomized and by the repelient forces of the similarly
.charged particles.

The particulate cloud follows the curvature Qf the wing 50 due to the
velocity of the cloud against the wing. In specific embodiments, in which the
powder atomizer is positioned from about 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 2 to 6 inch wide pattern, uniformly both longitudinally and
transversely of the substrate. At positions outside of tﬁe peripheral margi;rs of that
pattern, the uniformity in particulate concentration of the cloud falls off

dramatically. The above pattern in the embodiments illustrated in Figs. 1 and 2
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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 4 to 10 inch pattern.
Sirhilarly, when the gravitational forces on the particulate cloud oppose the
merment of the particulate cloud exiting from the venturi 32 as in the
embodiments illustrated in Figs. 3 and 4, the 2 to 6 inch pattern above described
may decrease fo about a 1 to about 3 inch patiern.

In any event, because of this phenomena, there becomes a problem in
uniformly coating vertically disposed substrates which are at distances beyond 4 to
6 inches frongll the atomizer of the in{rention. For example, uniformly coating a
vertically: disposed substrate 12 inches in height moving horizontally utilizing the
atomizer of the invention located adjacent the lower boundary thereof would coat
only about the lower 4. to 6 inches of the substrate uniformlsy and the powder
deposition on the top 6 inches of the substrate would be significantly less than the
powder deposition on the bottom 6 inches of the substrate. |

Referring to Fig. 7, a powder feeder atomizer combination is shown for
coating generally vertically disposed horizontally transported substrates of
traxisverse dimensions greatér than about 2 to 4 inches. As shown inFig. 7, a
powder feeder 60 having all of fhe structure of the powder feeder 60 above
described is mounted higher than the éubstrate 84. Positioned beneath the feeder
60 is the atomizer 10 of the invention with the element 28 mdunted ina s;;aced
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
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the venturi 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 extends from the venturi exit 38 towards the substrate 84. The wing 50 and the
pan 26 and the elerﬁent 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 betweep about 4 to about 6 iﬁches over the entire axial length of the atomizer
10.

Inasmuch as the quder feeder 60 and the atomizer 10 can be of any axial

length, the embodiment illustrated in Fig. 7 can be utilized to coat vertically

: disposed horizontally transported. sheet material or an array of parts hanging from a

vertically extending conveyor transported horizontally of any transverse or height
dimension.
It is generally no concern as to the conductivity of the pan 20 and the wing .

50 in the embodiment illustrated in Fig. 7 as the embodiment is shown adapted for

| coating 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,

Referring to Figs. 8 and 9, another version of the improved powder feeder
atomizer deagglomerator combination of the invention is shown for use with
vertically disposed and horizontally fransported substrates of the type above-
described. In this embodiment, the feeder 60 is shown to be positioned o;rer 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
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which is spirally shaped, having a spirally shaped leading edge 88 to strip the
particulate cloud from the element 28, a cylindrical shape in cross-section, and a

spirally shaped distal edge 90 which across its entire length is positioned from

about 4 to about 6 inches from the substrate to be coated. This embodiment is

useful only for substrates having transverse dimensions or a vertical height less
than the vertical height of the spirally shaped wing S0 plus or minus about 1 to
about 6 inches.

While in specific embodiments, the feeder 60 can be over the substrate 84
or to one side of the substrate 84, the atomizer 10 must always be located adjacent
the lower edge 92 of the substrate 84 and the spirally shaped wing 50 must extend.
over the entire vertical dimension of the substrate 84 as shown.

Fig.9isa pérspective view of the pan 26, brush element 28 and the spirally
shaped wing 50 of the atomizer 10 illush;ated in Fig, 8 to béﬁer show the shape of
the wing 50 and its relationship with the venturi exit 38 and the, venturi inlet 34. -

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 partitions or walls between the
opposite ends. These chutes are interchangeable depending upon the dimensions
of the substrate and the properties of the powder being atomized.

It is generally no concern as té the conductivity of the pan 20 and the wing
50 in the embodiment.illustrated in Figs. 8 and 9 as the embodiment is sh(I)wn
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
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In operation, powder in the hopper 20 is fed through the bottom opening 24

apparatus would not affect the surface coating,

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 ct;ntrolled by selectively choosing bottom
opening 24-to be of a specific size or controlling the action of vibrator 22. As the
po.wder enters the venturi 32, the element 28 draws carrier gas through the venturi
at a relatively fast speed in a turbulent manner. Element 28 atomizes all of the
powder 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. Depending 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 di;persed 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 distribution both in the direction of gas

- flow and in directions transverse thereof. Furthermore, particle size distribution is

generally uniform throughout the cloud as the turbulence of the carrier gas within
the venturi is sufficient to deagglomerate the powder. In any event, by the proper
choice of element speed, powder of relatively uniform size can be relatively
uniformly distributed throughout the cloud in both particle density and particle size
distribution. | |

Véry little mechanical work is done on the powder employing the aspirator
10 of the invention by the element 28 or gravitational forces. When the pov;ider
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feeder 60 is utilized with the aspirator 10 of the invention, precise amounts of
powder may be metered into the éspirator 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 measured amounts of p.owder can be fed into the
aspirator 10. Vibration and gravity move the powder from the hopper 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 fgd into the bristles 80, the brush rotates and releases the
powder by gravity through exit port 82. Therefore by selec'ting_a vibrat'ion rate (if a
vibrator 22 is used), a housing having an exit opening 24 qf a specific size, a Brush-
66 and a rotational speed, precise amounts of powder can be delivered to the
aspirator 10 of the invention.

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 throqgh the venturi by the element 28,
Element 28 throws all of the powder into the carriér gas by centrifugal force and |
moves the carrier gas in a turbulent .fa..shion through the venturi 32 towards the
venturi exit 38. Once the powder leaves the venturi exit 38, the uniform p-articulate
cloud follows the curvature of the elemént 28 until it is stripped from the element

28 by the wing 50, and is guided by the wing 50 in accordance with conventional
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gas flow principles towards the entrance 46 of the coating machine 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
béth sides, whether orientated horizontally or vertically as shown in Figs. 1-4, Figs.
5 and 6 and Figs. 7-9, respectively.

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 éloud generated by the
atomizer 10 of the invention is a function of the amount of po@der fed into the
atqmizer 10 and the amount of carrier gas drawn through the venturi. In most
practical appiications, the amount of carrier gas drawn through the venturi is
controlled by the distance between pan 26 and element 28 and the speed of rotation

of the element 28. The smaller the distance the less 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 tﬁe case of
feeder 60, the speed of rotation and capacity of the element 66.

The improved atémizer of the .inventionlproduc'es a relatively uniform cloud
of particulate matérial and directs that cloud into a electrostatic coater eitﬁer in an
upwardly direction or a downwardly direction as desired. By the invention, an
improved powder atomizer and an improved pbwdér feeder atomizer combination
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and an improved powder feeder atomizer deagglomerator combination is provided
for all powder coating operations.

The improved powder atomizer of the invention is particularly useful for
wide web coating operations as it can produce clouds of relatively uniform size
particulate material in cross-sections taken longitudinally of the web and
traﬁsversely thereof which can be highly uniform both in particulate size and
particulate size distribution. By utilizing a particulate feeder such as displosed in
US. Patént Nd. 5,314,090, highly accuré.tely metered amounts of particulate
material can be atomized and placed upon substrates of any transverse dimension,
whether disposed horizbntglly, vertically or at an angle therebetween by the
improved atomizer, feeder atomizer combinations and feeder atomizer deaggiom- .
erator combinations of the invention.

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 disposed 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 reasonable iﬁstallation and maintenance cost.
Finally, the improved atomizer, feeder atomizer and feeder atomizer
deagglomerator of the invention can be provided in a form which has all of the
above desired features.

While a specific embodiment of the.inventidn has been shown and

described herein for purposes of illustration, the protection afforded by any patent
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embodiment; but rather extends to all structures and arrangements which fall fairly

within the scope of the claims which are appended hereto:
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1. A powder atomizer comprisiﬁg a pan, a cylindrical element, said
element being journaled for rotation about an axis, said pan being cylindrical and
positioned coaxial of said element, said pan partially surrounding said element, said
element and pan defining a cylindrical venturi therebetween into which powdef is
fed, said venturi having an iplet and an outlet radially spaced apart, means for
rotatihg said element vﬁthin said pan at speeds in excess of the speed required to
throw powder from said element by centrifugal force, said element drawing gas

through said venture and atomizing powder fed into said inlet to produce a uniform

cloud of particulate material, and means for minimizing the electrical charge on

said pan and the resulting agglomeration of powder at said outlet.
2. A powder atomizer comprising a pan, a cylindrical element, said
element being journaled for rotation about an axis, said pan being cylindrical and

positioned coaxial of said element, said pan partially surrounding said element, said

"element and pan defining a cylindrical venturi therebetween into which powder is

fed, said venturi having an inlet and an outlet radially spaced apart, means for
rotating said element within said pan at speeds in excess of the speed required to
throw powder from said element by centrifugal force, said element drawing gas

through said venture and atomizing powder fed into said inlet to produce a uniform

_cloud of particulate material, said pan adjacent to said outlet being made of

nonconductive material.

3. The atomizer of Claim 2 wherein said nonconductive material has a

R 0
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4.  The atomizer of Claim 2 wherein said nonconductive material is

conductivity from about 10" to about 10" ohm centimeters.

chosen from the group of materials consisting of structural polymeric materials.

5.  The atomizer of Claim 2 wherein said nonconductive material is
chosen from the group of structural polymeric materials consisting of
polycarbonates, acrylics, acetals and polyethylenes.

6. The atomizer of Claim 2 wherein said pan adjacent said outlet is
pointed, thereby defining an edge adjacent said element, said pan having a surface
depending from said edge. |

7. The atomizer of Claim 6 wherein said surface depending from said

edge is generally perpendicular.

8. The atomizer of Claim 2 wherein said pan is made of nonconductive
material from said outlet to at least the lowest point of said venturi.
9. The atomizer of Claim 1 or 2 further comprising a wing spaced from

said element from about .001 to about 0.020 inches, said wing having a surface

extending from said element upwardly away from said element, said surface being

aerodynamically srﬁooth, said sufface having an angle with respect to thé
horizontal, said wing having an end surface spaced from said element having an
angle with respect to the horizontal- surface greater than the angle éf repose, said
wing having a backside surface having an angle with respect to the horizontal
éreater than the angle of repose.

10.  The atomizer of Claim 9 wherein said nonconductive material of

said wing has a conductivity from about 10 to about 10 ohm centimeters.

* c L L} S *
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11.  The atomizer of Claim 9 wherein said angle of said aerodynamically

smooth surface and said backside surface is less than 90°, said aerodynamically
smooth surface is shaped and spaced to direct said cloud away from said element,
and further ¢omprising a target' spaced from said wing ﬁom about 1 to about 6
inches, said aerodynamically smooth surface directing said cloud toward said
target.

12. The atomizer of Claim 9 wh&ein said angle of said aerodynamicélly
smooth surface is less than 90°.

13.  The atomizer of Claim 9 wherein said angle of said surface spaced
from said element is. about 90°.

| 14.  The atomizer of Claim 9 wherein said angle of said backside surface

causes any powder accumulation thereon to fall from said wing toward said
element and thereby be recycled.

15.  The atomizer of Claim 9 wherein said ahgle of said backside surface
is from about 45° to about 70°.

16.  The atomizer of Claim 9 wherein said angle of said aerodynamically
smooth surface is from about 45° to about 70°.

17.  The atomizer of Claim 9 wherein said wing has a cylindrically
shaped surface adjacent to said element, said surface being minimized.

18.  The atomizer of Claim 9 or 40 wherein said target is elongated, said.- |
element and pan are parallel to the elongatioﬁ of said target, said wing having
edges which are spirally shaped so as to extend the full transverse width of said

target.
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19.  The atomizer of Claim 9 or 40 wherein said target is elongated, said
element, pan and wing extend transversely of said target.

20.  The atomizer of Claim 1 or 2 or 31 wherein said inlet is diverging,.

21.  The atomizer of Claim 1 or 2 or 31 wherein said outlet is diverging.

22, The atomizer of Claim 1 or 2 or 31 wherein said element is rotated
at a speed from about 700 to about 4,060 rpm.

23.  The atomizer of Claim 1 or 2 or 31 wherein said venturi has a
uniform thickness between said inlet and said outlet from about 0.001 to about
0.020 inches. |

24.  The atomizer of Claim 1 or 2 or 31 wherein said element has a
diameter éreater than aboﬁt 2 inches.

25.  The atomizer of Claim 1 or 2 or 31 wherein said powder particulate

. size ranges from about 2 to about 300 microns.

26. - Thé étomizer of Claim 1 or 2 or 31 wherein said element is a brush.

27.  The atomizer of Claim 1 or 2 or 31 wherein said powder being fed

into said venturi has a size larger than said powder existing said venturi.

28.  The atomizer of Claim 1 or 2 or 31 wherein said powder is chosen
from the group of powders consisting of thermoset and them;noplastic organic
polymers, organic materials, and combinations thereof.

29.  The atomizer of Claim 1 or 2 or 31 wherein said cloﬁd is a relatively
uniformly triboelectrified cloud of p;)wder. pérticulates uniformly dispersed into a
slow moving stream of carrier gas.

30.  The atomizer of Claim 1 or 2 or 31 wherein said target is radially
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31. A powder atomizer comprising a pan, a cylindrical element, said

displaced from said inlet from about 45° to about 240°.

element being journaled for rotation about an axis, said pan being cylindrical and
positioned coaxxal of said element, said-pan partially surrounding said element, said
element and pan defining a cylindrical venturi therebetween into which powder is
fed, said venturi having an inlet and outlet radially spaced apart, means for rotating
said element within said pan at speeds in excess of the speed required to throw
powder from said element by centrifugal force, said element drawing gas through
said ventuﬁ and atomizing powder fed into said inlet to prbduce a uniform cloud of
particulate material, said element being chosen to maximize particle to particle and
parﬁcle to element collisions thereby to deagglomerate and }educe the particle size
of the powder being fed into said venturi.

32. The atomizer of Claim 31 wherein said element 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 to deagglomerate and reduce the particle size of said powder.

33. Tl;lxe atomizer of Claim 32 wherein the bristles of said brush are
resilient, said bristles resiliently flex upon collision between said bristles and said

particles, thereby increasing the deagglomeration and reduction in particle size of |

. said powder.

34.  The atomizer of Claim 31 wherein said bristles are essentially
cylindrical having a length to diameter ratio from about 10 to 1 to about 5,000 to 1.

35.  The atomizer of Claitn 31 wherein said bristles are generally have

* c L "M S *
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the shape of a parallelogram in cross-section and wherein said bristles have a

transverse length to longitudinal length ratio from about 200 to 1 to about 800 to 1.

36. The atomizer of Claim 3 1. wherein said bristles have a parallelogram
crossf-sectioh which in the direction of rotation the bristles are thicker than in
directions transverse thereto said bristles having more rigidity and less flexibility in
the direction of rotation than in directions transverse thereto.

37.  The atomizer of Claim 31 whérein said bristles have a length from
about one half inch to ébout 5 inches.

38. The atomizer.of Claim 31 wherein said pan and element both have a
length to diameter ratio greater than 1.

39. The atomizer of Cléim 3i further comprising a §ving spéced from
said element from about 0.001 to about 0.20 inches and further comprising a target
spaced from said wing from about 1 to about 6 inches toward which said cloud is
directed.

40.  The atomizer of Claim 39 or 9 wherein said target is elongated and

said element and pan are angularly disposed to said target.

41.  The atomizer of Clajm 39 or 9 wherein said wing is cylindrically
shaped in cross-section.

42.  The atomizer of Claim 39 or 9 wherein said wing has an
aerodynamic surface thereon, said surface being planar.

43.  The atomizer of Claim 39 or 9 wherein said target is elongated, said
element and pan are parallel to the elongation of said target, and said wing has

edges which are spirally shaped so as to extend the full transverse width of said

.
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44.  The atomizer of Claim 32 wherein the bristles are chosen from the

target.

group of bristles consisting of natural fiber bristles, synthetic polymer bristles, and
metallic bristles. |

45.  The atomizer of Clgim 32 wherein the transverse dimension of said
bristles range from twice the size of said particulate material to about 50 times the
size of said particulate material.

46, | The atomizer of Claim 32 whgrein said bristles have a transverse
dimension ranging from about 0.001 inch to about 0.062 inch.

47.  The atomizer of Claim 32 wherein said bristles have a length to
transverse dimension ratio from abbut 10to 1 to about 5,000 to 1.

48-. The atomizer of Claim 32 wherein said bristles have a dimension in
the direction of rotation ranging from about 0.001 inch to about 0.062 inch.

49.  The atomizer of Claim 31 wherein said bristles have a dimension
transverse to the direction of rotation ranging fror.n about 0.001 inch to about 0.062
inch.

50.  The atomizer of Claim 31 wherein said bristles have a bristle length |

to transverse dimension ratio ranging from about 200 to 1 to about 800 to 1.

2 | A -
* c L ] S *



