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Background Of The Invention
5 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
peniculate cloud. |
10 . 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 aft‘eeféd by such variables as humidity, particle size,
15 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
diepensed, at instantaneously unifoen rates of flow and when the powder dispensed
tends to agglomerate.
20 Therefore it is highly desirable to provide an improved powder atomizer, an
improved powder feeder atomizef combination and an improved powder. feeder
atomizer deagglomerator eombination. It is also highly desirable to provide an

improved powder atomizer, an improved powder feeder atomizer combination and
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atom-zer deaggl omerator conbination. It is also higth—de&UuﬂﬂéLl%ﬁELg¥Lde
ar i nproved powder atomizer, an inproved powder feeder atonizer conbina

and an i nmproved powder feeder atom zer deaggl oner at E§bmhmﬁg&m il

can del'i ver preci sely nmeasured anounts of powder to cont

flowing air streans. Hoppers even when supplenented\mt
notoriously non- uniformin netering powder in preC|ser neasu nts

in coating operations. Additional problens are encountered with coating
wi de subst r atgSinyiievedp¥iaer 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-

5 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

10 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
undesffable in many processes. It is therefore highly desirable to provide an

15 improved powder atomizer and an imprdved 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. |

20 . 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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fed by a -hepper is attenpted to be atom zed—into-a flowng air stream

i nasmuch as the air used to atomi ze the powder is nore or |ess two

di mensional , "i.e., longitudinally and in onelts ¢nRepleéedn. For wi de
web applications, this air streamis general IH f relatively | ow
vellocity. As such it does not apply the |ocal ' ty shear forces
required to deaggl onerate the powder fromthe feeder, and consequently, the
cl oud may include over sized agglonerated particles and heavy streans of

non- uni f or m pRO85 384 ANPhilE tHeCddnibihtisiSofduch A rAskterial Téeddrantl| dedglldébhtor is
processes. It is therefore highly desirable to provide an inproved powder

atom zer and an jjmprove owder, atom.zer feeder, conbi nati on,.and ap i.,nmproved
powder at on ZPePlERIAroRe EoiTaf PRt AL pAREP R R elies A
operations which can produce clouds of relatively uniformsized

size and distribution and both transversely and longitudinally of the cloud, the

combination does not produce uniform clouds of particulate material in wide web
5 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
10 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
15 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 |
20 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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deaggl omerat ed particul ate material which are rel atively uniform both
transversely and. | ongit udi N e&ﬁgmﬁgﬁgent |y, accurately neasured

am)unts of powder material ca nto air streans and atom zed
ut4I|2|ng material feeders su H d in US. Patent No. 5, 314, 090,

and the size of the partlcula can be made -nore uniform by
utilizing a deaggl onerator such as disclosed in U S. Patent No.
5,035, 364. Wile the conbination of such a material feeder and

deaggl oner at diighly desirableeo pfovid@a irhpeved pbaider antizeramimpoved gewder ng
uniformboth in particul ate
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
‘5 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 longitudinai directions and both in
10 _ ... 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
15 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 |

20 ' 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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si ze -and -di-st+ibuti-en—and-both transversely and longitudinally of the
cl’oud, .t he .conbi nati on does not produce uniformclouds of particulate

mat er i al i nThig pe agedt i ons such as powder coating of coiled netal
sheets, and H H -cl osely grouped articles to be coated. The
groupi ng of materi al feeders and deaggl onmerator conbi nations

side by side produces a cloud which may be uniformin particulate size
| ongitudinally of the cloud flow However, non- uniformty is still present

transversely foniib&, &h BHfrdved podepfecadCitbmpit @GmbIitthtidh a@idlanlithpréved S
therefore highly desirable to produce an inproved powder atom zer and
powder atom zer

deaggl oner at oquagﬁéé?rcﬁ%%ﬁgﬁ%‘g@gﬁagﬁ c:oi%élgaég%r gogge[)r Lgﬁgﬁlg cl ouds of
particulate mater! ?tl is\gTsioCar; (?br'eectro?thaé iin\\/rgrllt}/onutgi frg\rrizine ggtir?n lro(irrégi totdgciie?al 'y and
s J P p P
atomizer, an improved powder feeder atomizer combination and an improved
5 - 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

10 . 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

15 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 irﬁprm%ed atomizer and an improved
20 _ 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.
Itis also an object of the invention to provide an improved powder
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transversely of the cloud and which contain particulate material of
rel atively unifor rTl‘kﬁk'G’ShEdtHhHBb‘éxﬁRﬁﬁaZﬁ relatively uniformy distributed

t hroughout the clou eas such as encountered in w de web
e preci se netering of accurate amounts of
'’Zing. the material feeder disclosed in U S.

cq?tl ng application

powder can be acco

Patent No. 5,314,090 by utili ZI ng an el ongated brush which has an axi al

| ength.larger than the width of the web being coated. Utilizing such an
apparatus, agafmisér ad ilaprived powdenfeadenapniizerfcathbindtiono tnd o imnpesvedr

conpl etely deaggl onerated. Webs may be horizontally di sposed and the top or

bot t om or i;g};@?y%egﬁgrdﬁxa&o i deggéégﬂ.eﬁmf@aﬁx Gatléd Whidhl dat 1 @insadoand one

or both side € co erefore

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

5 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

10 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

- 15 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 -

20 - 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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4 highly desirable to provide an inproved powder atomizer, an inproved
powder feeder atom zer deaggl oner at or conbi nati on and an |nproved powder
atonlzer f eeder conblnatlonhksmwusarkmm gdhori zontal and vertical powder
coatlng appl i cati ons which p |culate cl oud which is highly
udiformin both transverse a directions and in particul ate
size and particul ate size dIS u |on Is also highly desirable to
provi de an i nproved powder atonlzer |nproved powder atoni zer feeder

combi nati on g@ghiads AMIPAAEEHNNGRRS bow@ﬁi f&d mteeARhtueEiatd |tﬁ’éf€bﬁf&fmng a
conbi natlon which can be utilized to direct a particulate

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

5 feeder such a disclqsed in US. 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.

10 | | 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

15 - 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

20 - 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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cl oud" which is uniformboth in transverse and | ongitudinal directions and
both in particle.size and particle size distribution tﬁ~beLh—Lh&JﬂHKﬂ_§%ﬂe
of hori zontatly di sposed webs | ocated bel ow the atonlze{ and t he undersi de
of . horizontal | y di sposed webs | ocated over the at oni zer B Gt e
sides of vertically disposed webs. To provide uniformty ty,
it is also highly desirable to provide an inproved powde an

i nproved powder atom zer- feeder conbination and an inproved atom zer T eeder

deaggl oner at oweb bohtomasurfade powdeticdatingappatans; vari ety of applications at a
reasonabl e cost.« Finally it is highly desirable to provide an inproved

e o omicr” ¢ Rigf4 9¥ & G OVRonl WS thk S5HEAnS AR i8Fig 3 thicdh

essentially along the section line 4-4 of Fig. 3;
FigureSisa perspecﬁve and fragmentary view of the improved atomizer of
5 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 6is 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.

10 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
aqd 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,

15 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,

.20 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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atom zer deaggl onerator conbi nati on which has all of the above desired

features. Summary OF The Invention It is therefore an obj ect—ofthe

i nvention to-provide an inproved powder atom zer, an |rrproved owder
f eeder ‘atom zer conbination and an i nproved powder f eeder a aSBeenR 1a°ed
de&ggl onerator conbination. It is also an object of the inve

provi de an inproved powder atom zer, an inproved powder feed

conbi nati on and an i nproved powder feeder atom zer deaggl omerator

conbi nat i on wvatihg proceds withesnepenelreamived 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
5 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,

10 'po_vu}der 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

15 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

20 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

10



nmeasured ampunts of powder to uniformy controlted ffowngair streans. |t
I s also an object, of the invention to prox{ﬁ#gs -I'iasnBroiéeqachﬁ;l)\der atom zer

and an i nproved powder atom zer feeder co ﬂlﬂmﬂe@ﬂ

roved powder
at qmi zer feeder deaggl onerator conbination j )ati ng operations
whi‘ch-can produce clouds of relatively unif | oner at ed
particulate material .in cross-sections which are relatively uniform both
transversely and | ongitudinal of the web. It is also an object of the

i nvention to BRRGWaR] M refidh @y SFhidiPiNéaiggRinéraid pattivihl e clowdriotoelst dioseled.
feeder atom zer conbination and an inproved powder feeder, atom zer,

deagal omer e o coT iRkl 8 ol S5 ABFRe SR AP o8 e
' 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
5 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
10 42 anci operatively connected to motor 44. Mc.>tor.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
15 homogeneous mixture, and to deagglomerate the particles by pa&icle 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
20 ' 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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| ongi-tudinal directions in both—particulate size and particul ate size

di'stribution. It is also an object of the invention to provide an inproved

powder feeder atom zer deagglo F j fOn and an i nproved atom zer
and an ‘i nproved deaggl oner at or f ﬁ ” hori zontal and verti cal
powder coating applications whi articul-ate cloud which is

highly uniformin both transverse and | ongitudinal directions in both
particul ate size and particulate size distribution. It is also an object of
t he inventi onaidlaperally thereof as itleaves dhgatotdzer of the mvieaton. Thisiahprgevalsb powder
feeder atom zer conbination, and an inproved
expands the target area over which the cloud is completely uniform in particle size
distribution, particle size and particle density.
This triboelectrification effect also has its drawbacks when pan 26 and wing
5 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
10 ‘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.
15 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
- 20 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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povvder f eeder at onrzer—deaggloenerator conbi nati on which can be utilized to

direct a partlcul & I d mhlch is uniformboth in transverse and
| ongi t udi nal -direc %ﬁ particle size and particle size
distribltion to bot de of horizontally disposed webs | ocated
belfow t he atom zer de of horizontally disposed webs | ocated

over the atom zer or conbl natlon or. to the opposite sides of vertically
di sposed webs or parts arranged in a vertical di splay. It is also an object

of the invent jgglohmerationvefisovaderitRtouatereon Bxpeérients didicatd tikd ahyiriztareal
powder atom zer feeder conbi natlon and an inproved povvder atom zer feeder

reagonabl ¢ colFringa eadupRdb i Bk FRadIIAER R it PR be BbkRd a0
I nproved powder :
nonconductive material within the scope of this invention.
In another specific embodiment such as in Figs. 1 and 2 illustrated, pan 26
5 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.
10 - Inthe 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.
15 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
20 . 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

13



atom zer and an inproved powder atom zer feeder conbination ard—an—+nAproved -~ -
povvder feeder ataqm zer deaggl onerator conbi nation which has all. of the

above desired features. In the broader aspects of the inventi n&mh%ﬂ
prOV|ded an i nproved powder atom zer conprising a cylindrical

cylindrical resiliently deformable el enent, which isjournaled f

about an axis within the pan. The pan is nnunted coaxially of the elenent

The el enent and pan define a cylindrically shaped venturi therebetween into

whi ch powder ijg4fd ely d%gc%ﬁ?{btéléﬁlet | ngﬁahd %ﬁl&%ﬁdﬁé@ 168, Agdhéivh Yn FRACEM

apart. Means is pro rota ment within the pan at Speeds
I N excess of t hat reqw red to the er fr el
centri fugal gé 0, a¢rad Eaé‘?l‘ﬁﬁ’t‘ B@mge&}"rve mfgr?gﬁf-t ﬁg&g‘&ﬁ%ﬁi and

positioned closely adjacent to element 28 and extends outwardly away from

element 28 to direct the cloud outwardly away from the cloud emanating from
5 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 r.epose designed to prevent

10 .. powder build up thereon, and recycle or direct powder collecting thereon away
from the surface being coated. Powderﬂ 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 embodi‘rﬁents from

15 ~ 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

éo 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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7 atom zes .and deaggl onerates powder fed into the venturi inlet thereby
formng a uniformy flowi ng cloud of particulate material which is uniform
both longitudinally and laterally of said axis. Tl?hBShavHatB &Q@ provides
an_atoni zer feeder and an ‘atomi zer feeder conbi nat ator

corfhi nation wth a feeder such a disclosed in U S 314 090
which is particularly useful in wide web coating ap a |ons TO produce a
particul ate cloud which is uniformboth laterally and Iong|tud| nally of the

web and uni form i n Reférfinga6 Figd. 1aind 2]isaifaédo4 isshown 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

5 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.

10 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.

15 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 _

20 ' 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
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and particul ate size t hroughout ~the—uniformy fTow ng cloud. Brief

Descri ption O The Drawi ngs The allﬁ%\éﬁee{ﬁﬁ QNG apd other features and
obj ects of the invention and the m!n ning themw || beconme nore

apparent and the invention itself understood by reference to
thé follow ng description of an e e I nvention taken in
conjunction with the acconpanyi ng draw ngs wherein: Figure 1 is a
perspective and fragnentary view of the inproved atom zer of the invention
nmount ed beneagrhalb amoantsf ainthe biushpeay havedo wadhe sovab poegdesbetiveen theobwistles -
coat.ing process with one end renoved to facilitate viewng; Figure 2 is a

cross-secti ongle,id Shmifatiod® 1AM ThEncRE M bir3ié ledgthlsHolEBe 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
5 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.

10 _ 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

15 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

20 _ cross-section, the resilient flexibility of the bristle in the directioﬁ of .rotation and
the direction transverse thereto can be varied. Such is important as both |
deaggloxﬁeration and particle reduction is believed to be dependent upén particle to

bristle collisions in Whic._h the bristle impacts upon the particle and then is moved
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essentially along the sectiomtine—2-2 of Fig. 1, Figure 3 is a perspective

and fragnentary vi ewnRkpdol5 h roved atom zer of the invention like Fig. 1,
mount ed bel ow a conveljpp! ced ceder in a wde 8 web bottom
surface powder coatiaym igure 4 is a cross-sectional view of the
apparatus illustrated . en essentially along the section |line

4-4 of Fig. 3; Figure 5 is a perspective and fragnentary view of the
i mproved atom zer of

aside, transversgly 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 t!le rotational speed ;)f the brush détermir;es the magnitude of the
5 | 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
10 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
15 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

20 less effect on the deagglom_eration 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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the invention like Figs. 1 and 3T_r:mum—e-d—beﬁeat-h——a—pov\der feeder such as
di'sclosed in U'S. Patent No. 5, 314 090. in a b | eft side powder

coating process where the web or caI |y transport ed;
Figure '6 is a perspective and frag ke Figs. 1, 3 and 5, of
apparatus simlar to that shown in ting the rlght side of the

sane web. Figure 7 is a side planar view of the powder feeder and atom zer
of the invention simlar to those shown in Fig. 5 for coating generally

vertically digndahepattiviesossiiidiag iy deerrmined belthy hardassyst the dristidand thees i n
whi ch the powder atom zer is angularly disposed with respect to the

cyl i nori oal ; PTG 13kt oS BRRERE ok Yo fhe B 3F aBble

anot her version of the
mentioned. Thus increasing the diameter of the element 28 and maintaining the

same length to transverse dimension ratio of the bristles merely increases the
5 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
10 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 0.00i 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.
15. In specific embodiments, the pan 26 and th_e element 28 and the wing 50 |
: ﬁay be elongated for wide web coating processes or may have lerigth 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 |
20 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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powder feeder andatomzer of the Tnvention shown in Figs. 5-7 in which the
powder atom zer is .ge ilzage. tal and the substrate is generally

ral . h
vertical disposed ang ee?has&ﬁen ransposed, but the wing spirally
extends fromthe ato HUI - Figure 9 is a fragnentary and
perspective view of ush and wi ng di sassenbled fromthe
apparatus shown in Fig. 8; and Figure 10 is a fragnentary cross-sectional

view | ike Fig. 2 of still another version of the inproved atonizer of the
i nventi on nMOURE kot BRnTeHt 28 GRJIRA¥WESturi 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

5 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

10 _ 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

15 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

20 ' 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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9 ,coating process with one end renpved to facilitate view ng. Description
& A Spenis $tieer HasBefiRefeed Referring to Figs. | and 2, there is shown the

|nproved r 10 of the invention as a part of a wi de web powder
coating unted over a wide web substrate 14 for coating the
top side trate 14. The apparatus 12 includes a powder feeder
18 and an atom zer 10 The powder feeder 18 is shown as a conventi onal
powder hopper 20 which may be provided with a vibrator 22, if desired.
Hopper 20 haalsa sefleithepafise o6 eadosihg theybppetiregion avahtizer eled'reﬁt)ﬁ@ds wto the
atom zer 10 therebelow. In other specific enbodi nents, powder feeder 18 may

be an el ongal g, fceely UG herS abui RS SniiDerths SusPALER pdRible.

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
5 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
10 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
15 between the powder atomizer 10 and the coating machine 48 need not be totally
. énclosed as the particulate cldud emanating from the venturi will generally follow
first the arcuate path of the rotation of fhe 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
20 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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5,314; 090
hereafter.
5, 314, 090
word. The
genheral ly
generally
general ly

as shown in Figs. 5 and 6—and w1 be described in detail

..Thga entire discl osure of . %S éte)ﬁ%llsgl c%’tellg:@d pf U S. Patent No.
i s*incorporated herein as i k

_ Cri bed herein word by
powder atom zer 10 is shown M| E pan 26, a wing 50 and a
cylindrical atom zing el enen for rotation about a
horizontal axis 30 in the direction of arrow 31. Pan 26 is al so
cylindrical in shape. Pan 26 and el enent 28 are nounted coaxially

of each ot hercodfing rR&chime 48 the glowdiwilb be daded thennfluedge ofthenalectried feeldiapdn 26
are.spaced apart so as to define. a cylindrical venturi 32 therebetween into

whi ch powder i'oai{aﬁenfoffﬂgeéléxgg&ﬁeg%geoef fe célégﬁn%&ch%?e BRGtHRTdW of theddhrier €Ct 1y

bel ow t he exit openi ng

nturi 32 al so has an outl et

38 radially spaced fromthe iplet 34, of t
ﬁ)u plt

10

15

20

gas of the cloud through the coating macqgne 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 hopper 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 may be both shaped and positioned in accordance with conventional gas
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atonizer. Wng 50 'S nounted—adj-acent—the brush 28 and extends from venturi

out |l et 10 38 to d Beré regi on to which the agglonerated particul ate
cloud is to be direct ce®(0, the pan 26, atom zing el enent 28,
venturi® 32, inlet 34, II I wing 50 may be all elongated so as to

extend over the entir nsverse di nensi on of the substrate 14,
what ever ‘the transverse di nension may be. In specific enbodinents, this
transverse di nensi on has been over 6 feet. No

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
5 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

10 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

15 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

20 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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reason is known why this transverse dinension could not be tens of feet or
rmateh the transverse dimension of the largest substrate that can be

handl ed, in a speC|f|c enmbodi nent . Thqzhlaslﬁmmgneeﬁek e 28 is secured to
mat or Shaft 40 t hrough transm ssion 42 y connected to notor
44+ NMbtor 44 and transm ssion 42 rot atg ﬂm mn el ement 28 in the
direction of arrow 31 at a speed in ex ed required to throw
powder fromthe elenment by centrifugal force. The speed of the el enent 28

draws air throug \Ag sbh twee&husam?e%t ﬂtusa»at%ugﬂ ipfgsC 9%&)4 dsaRé e,h%emsém PR ©

di sburse the po Into alr, to mx th e alr and wder 1 nto a honogeneous
m xture, and t Iomarate artlcle istle and
particle to ‘g?  qatine the %‘P‘%ﬂfgé ‘?f%?‘é’égﬁtle ﬁéchtqtlwlﬁtbe APRFBIURIS | ze.

located below the surface to be coated, any agglomeration falling off the apparatus

would not affect the surface coating.

5 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

10 . . . 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
1.5‘ .+ 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
20 ~ encloses element 66. |
Element 66 is éeneraily cylindrical. Housing 64 can be made of plastic or

any other suitable non-conductive material. Other embodiments have housing 64
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The speed of el enment 28 also may charge the particles of the resultant
Honogeneous cl oud, each with a charge of the sane polarity. By choosing the
bristle material ofhis BegiReplgcede nonconductive and the particul ate

mat eri al to be nonc harge of simlar polarity can be placed on
edch of the particl Icular cloud as it | eaves the atom zer of
the invention by the process commonly known as the triboelectrification
effect. This particulate charge is useful inasmuch as it assists in the

di sper sion ofy ﬁ%&gﬁe@lﬁwﬂ» mBekill érANidgsh Arlesy/door iR RdusiAg S4ahby

thereof as it leaves t om zer of the invention. This charge also

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
5 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

10 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

15 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

20 controlled by the length and density of the bristles 80. The flow rate of powder
from the hopper 20 through the feeder 66 both contribute to the over all p;)wder
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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expands the target area over which the cloud is conpletely uniformin
particle size distribution, particle size and particle densi ty. This
triboelectrification effect also has its drawbacks when H@mSIE&HmHe
are made of conductive materials as the electrical char ge
I nduces an opposite electrical charge on the pan 26 and t
that the particulate is attracted to the pan 26 and the w ng
produces aggl onerates thereon. Dependi ng on the conductivit y of t he
particul ate i ale ﬂﬁﬂ%!l A8 on the
tip 91 of the p§é1§§%° ﬁﬁ,@*}&?&ﬁﬂa mqg%lex en eta!hﬁ't'ﬁﬁ{}he ag orre?iggd _
particul ate nmateri al mayfall off either tip 91 onto t ubstrate hel ow
bei ng coat ed. WilhEegard ip thspesitiogH) e bPEAMQREANE 5ok e dopperi? %ﬁeﬁwwn
coating the top surface of a web, as that particulate
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
5 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 eléments 66, 28, and to properly define the inlet 34 and the exit 38 of
the venturi 32.
10 In both Figs. 5 and 6, substrate 44 can be moved either toward or away from
the atomizer 10. Furthermore, 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 preferable to have gravity
15 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 illustrated 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
20 apparatus would not affect the surface coating,
In the embodiments shown in Figs. 1-6, various 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
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met.erial which aggl onerates sooner orlater will fall-—eff onto the surface
bei ng coated causing inperfections in the coated surface. Aggloneration at

the tips 91 can be mnininized by nanuf aby a ceds and the wing 50 of
nonconductive material. However, at ti and wing 50 are
desirably nade of conductive material a oned hereinafter. In

the specific enbodinent illustrated in Figs. 1 and 2, the pan 26 and w ng
50 are nmade of nonconductive material. In a specific enbodinment, this
nonconduct i veelendent 28 land pan@6ethedhzes thiewensurps2,yandithe greater tlecvollime of @ir
acetal materials. In this specific enbodi nent, powder does not aggl onerate

t hereon and p-?xﬁo%ﬁxi&pﬂomgﬂcélobéj&oﬁﬁk&ecom charged by induction
or

sufficiently

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

5 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

10 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

15 700 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.

20 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 cqmbined with the material feeder of U.S. Patent
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12 aggl oner ati on of _powder te-eeeur—ttereon. Experinents indicate that any

rat eri al having a conductivity i he 4" ange of about 10[err] to about
10[err] woul-d be deeﬂbﬂs ve material within the scope of this
i nvention. |In another nent such as in Figs. 1 and 2

i I'lustrated, pan 26 an de of conductive materials such as

net al because of both the structural strength required in the pan 26 and
the surfaces 93, 94 reqU|red. In a specific enbodiment, surface 93 is free

frominconsi gje %E’.* 099! @ RltoSHGHe HANARGY between the element 66 and the element

28 can be any number, in most speeiﬁc 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

5 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 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 deagglemerated, atomized, and triboelectrified if the

.10 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

15 .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 |

20 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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a 425'rms. .surface. Simlarly, wing surface 94 is polished to about a 125

rms. surface. In.the specific enbodinent illustrated in Fig. 10, pan 26 for
fhe nost part is nade of conductive nmetal such as stainl es’ﬂnﬁhe&HaJB%nR laced
strength and durablllty and tip 91 is nade of nonconductlve

as pol ycarbonate, acrylic, acetal or polyethylene as struct

provi ded by the netal of portion 95. Thus, pan 26 has a conduc

95 and a nonconducti----ve portion 96. Nonconductive portion 96 extends

fromtip 91 GiRYe %\E?Jé}ﬁd@a@ Lidud 1@3198@(3&515 gét tROAB i AR vier® W%Pa\a as

shown. Portions 9 be jolrned together in any f ashl on kno to“t he
prior art. Fig. 10 |0ns 95 .and 96 Dbei, n 0]. n d wth a tongue
and groove 99’051&?:W‘ QBFP%‘F“QG" ﬁ“tﬁéhq ﬂggﬁ’? a&’l‘c‘l A fedprget,

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
5 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
10 - 6 inches frorr'l‘ 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
15 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
transverse 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
20 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 snaced
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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pan portion 94 and slid into positi In this fashion, surface 92 of pan
26 can be made continuous. In a specific enbodinent surface 92 is polished

to about a 125 rms. surface. Wng gam ¢ surface 94
ext endi nhg from el enent 28 outwardly d surface 102 renote from
el enent 28, a near end surface ed to element 28 and a
backsi de surface 106. As shown in F| gs aerodynam c surface 94
can either be curved or planar. Surface 94 |s p05|t|oned cl osely adj acent

to e_.l ement 28,304, I 3 4RHEMRR WicRYRY pdw@EP 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
5 distance between the venturi exit 38 and the substrate 84, in a specific embodiment
being between about 4 to about 6 iﬁches over the entire axial length of the atomizer
10.
Inasmuch as the powder feeder 60 and the atomizer 10 can be of any axial
length, the embodiment illustrated in Fig. 7 can be utilized to coat vertically
.10 . : disposed horizontally transported. sheet material or an array of parts hanging from a
| vertically extending conveyor transported horizontally of any transverse or height
dimenston. |
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
15 | lcoati_ng vertically dispos_ed 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
20. 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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element 28-to direct the cloud outwardly away fromthe cloud emanating from
venturi outlet 38. End 104 nay be planar or curved as shown in Figs. | and

10. In Fig. 10 enThisSheéMaeBebfedimecUr ved With a slightly greater radius

t han el ement 28 an i el in shape. Bot h backsi de surface 106 and

opposite end surfa?"!ﬂ%ﬂ"ﬂﬁmﬁ EI anar or curved as desired. In a specific

enbodi nent shown in FiQ. , of these surfaces are planar and have an

angl e of repose designed to preventi powder build up thereon, and recycle or

di rect powdep 1€ ;r%ng ' : n%c&] ' . Powder

I's kept fromkgg‘%{uiﬁl?ﬁa | Sﬁ%ﬁﬂgﬁ%ﬁ%’g@ﬁﬂ@?@gt@%%g acg}l%%ci);pa isﬁgﬁg%g char ge

and the velocity i)f I'r :}Dvi\rt}? ass t{ae Suiif ce,94. End surface 102 on the

other hand hgarticulate gloyd fram %ée‘ﬁﬁg*t -acylinfrcyl shapgypcrosssection, has an

angle with respect to the horizontal in nost enbodi nents from :
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

5 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

ic - 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. -

15 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.
20 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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about* 80[err] to about 100[err]. In nost appli cations, the powder angle of
repose is 80[err]. Backside surface 106, like surface ; ' Ir

fl owi ng against the surface, Thus, backside --surfaceﬁl}s Il _collect
powder thereon if the angle of repose is not naximze ?}Wﬁm cdowder

col l ecting on backside surface 106 if angled with resp zont al
greater than the angle of repose for the powder always | ed
after it collects on the surface by falling towards surface 104 and into

the spi nni ngaghAERE wolltd nbiaffedt REE Silrtdce yment, surface 106 has an angle
Wi th respect to the horizontal from about 45 to about 70 with the

hori-zontal . 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 ct;ntrolled by selectively choosing bottom
5 ) 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
10 .. . . .. 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
i5 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
20 uniformly distributed throughout the doud 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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14. Referring to Figs. 1 and 2, surface 94 is shown to be curved. Surface
102 extends fromthe curved surface generally perpendicularly thereof.

Backsi de surfaces 106 extends from t hlds BéfRepiacédhe Wi ng 50 in a sl ope

with recycle openings 110 therein. Fi : 6 simlarly have

sufface 94, backside surfaces 106 and I endi cul ar surfaces 78
e The

as shown. Recycl e openings 110 are position I'n surface 78 as shown.
el enent 28 functions both as a blower rotor with pan 26 to direct air and

8?;\2 |e {) S ggt Ir ﬁif%ec%r %ﬁg{ gﬁl?z%vrvﬁg %;pléllsepgég{r' 10302f thE ﬂ'nv%ﬁti&,%%\a §& afBlhlsSr 2S

powder may be metered into the aspirator 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
5 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
10 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

15 port 82 through which the element 66 discharges the powder carried by the -

" element. Once the powder is discharged from the powder fegder 18 or 60 into the
éspirator 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 |

20 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 particulate
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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The speed of rotation of the elenment 28 and the spacing of the el enment 28
fromthe pan 26 have a rel ationship which both noves the required air
t'hrough t he veTtisSheet B8s Beerf Réplaeadnt |y fast to atom ze the powder being fed
into venturi inl ormy disperses the powder into a cloud
exiting fromth [ t 38. In specific enbodinents, the atom zer
outlet 28 is a brush such as disclosed in U S, Patent No. 5,314, 090. Brush
28 can be any cylindrical elenent having a hub and radially extending

bristles of gayfbWRinciples Rividris B iinb46 8P ER! doalAs kRthiHe 452A8IhGWA" ¢ -
arranged in a pattern or randomy arranged, |long or Short, thin or thick,

relatively rigid or rel.ativel | exl bl e nd de o terial angi ng from
retal s to pi UEFfasc ad gafha cipdd froibe ekie SFandRidieedled Ririuingly BRRE.D anc
the length of the bristles can also vary. )

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
5 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
10 . 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
15 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.
20 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 powder feeder atomizer combination
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The choice. bristles depends upon the function of the brush—anrd-the powder
type being atomi zed. If the atom zer is being used to disperse |arge

anounts of powder into a smal | amount of air, the brushMhjsshechHasBeenReplaced
carry sone powder between the bristles before atom zati on. i
t

i nstances, the bristle length should be | onger than usual
powder carrying capacity of the brush between the bristles. Wen the powder
used tends to agglonmerate or not flowreadily in the atom zer, flexible

bristles havgnd B iMPicveHFder F6e84f btoRtizdr doakPdnkatbl EorRbinatibf $s 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
5 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 c":f particulate
material can be atomized and placed upon substrates of any transverse dimension,
1o . whether disposed horiiontglly, 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
15 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
20 - 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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wid | assi.st in adding notion and deaggl onerating the powder. If particulate
size reduction is desired, a brush with stiff bristles is required. The
length and material of the bristles will determne the length of life of
the brush in any particular application. The charge on the individual
particles of the particulate cloud | eaving the atom zer 10 of the invention
w Il generally increase upon an increase in speed of rotation of the

el enent 28, upon the decrease of the conductivity of the bristle material,

e Jopo Lo i .t o i) ial .. |
and upon a %,@ﬁ%ﬁﬂ&su‘égﬁoﬁ%@r@ghg&ftwﬁ 8ot &ﬁc@ﬁfxﬂlﬁ&tt@%l% %fgﬁﬁéﬁdzo . n

nost applications, The perform the brush ‘el enen

altered and finall dj ust ed by varyi the speed at which the alonizer

el enent 28 i &M 8%.' lo%ragﬁé F}I‘Yq“gs g‘?‘rglg aﬁr‘ﬁ‘gﬂ’feg ang ATANZFMENUS, ‘?J?Té?lg'llafr and

particle size :
within the scope of the claims which are appended hereto:

-
eet Has Been Replaced

"y
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reduction are required, brush 28 is chosen with bristles of specific
materials, having a particular transverse dianeter and a particular

longi tydinal length. Bristles may be circular in cross-section or
regtangul ar i-n cross-section. Wen rectangul ar in crosspgegtd 8 gkl
resilient flexibility of the bristle in the direction Ofl nﬁem e

direction transverse thereto can be varied. Such is |npo

deaggl oner at i (WHATISELAIMEDI8duction is believed to be

particle to bristle collisions in which the bristle |npacts upon the
particle and then is noved 16

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

5 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

10  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 c;ylin_drical 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

15 - "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 éowder fed into said inlet to produce a uniform

20 R cloud of particulate material, said pan adjacent to said outlét being made of
nonconductive material. | | |

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

R 0
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asi de, transversely of the direction of notion, to allow the—partieleto——
i mpact upon another bristle. Thus, the nore densely packed‘_ﬁhe bristles,

the nore particle to bristle collisions occur. The |ength t&5p4 eplaced
dimensi‘on in the direction of the rotation ratio and the rot l

of "the brush determ nes the magnitude of the inpact between

and the bristle. The length to the dinension transverse of the direction of
rotation raticondoctivityefromrabouy 10 to heoutli0¥t dhms centimethss. r ot at i onal speed of
t he brush determ nes the nunber of inpacts between the particles and the

bristles that willgocc ehﬁnﬂ:%ﬁé@n‘?@@ﬁ&@ﬁ n&{éoﬁah&@eﬂﬁ ehigfisude
natural bristles, synthetic polymnmer bristles and netallic bristles. The

bristle lengths range fromrel ative short, to_extrenely long brist]es. The
bristle tr a%s‘gmsg%ﬁgmw@ﬁﬁfﬁ% of 5\4&514% q@msisting of structura] polymenié materials -

5.  The atomizer of Claim 2 wherein said nonconductive material is

5 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. |

10 7. The atomizer of Claim 6 wherein said surface depending from said
edgé is generally perpéndiculér. |
8. The atomizer of Claim 2 wherein said pan is made of nonconductive
material from said outlet to at lgast the lowest point of said venturi.
- 9. The atomizer of élaim 1 or 2 further comprising a wing spaced from
15 said element from about .001 to about-0.020 inches, said wing having a surface
extending from said element upwardly away from said e}ement, 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
20 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.

T
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about' 2 to-3 tinmes the size of the particles being atom zed to transverse
di mensi ons of fifty (5Chsishd¥PSasiBaé Repligest -t ransverse di mension of the

particles being atoni zed actical sense the bristles are
limted to those having U
about 15,000 m crons, an

ansver se di mension fromabout 4 to
a fewinches to a nunber of feet.
Wereas the effect of the longitudinal length to transverse di nension of
the bristles ratiolbn tTheptrhizet 6f Claira O wHerein said anyle o€ said laerodyaarnically
ability of the elenent 28 is well established, the overall dianeter of the

L 2 R ik AT B ok R RS Oty 1

| ongi tudinal length of the venturi in the direction of the air flowis
i ncreased, ansmeothsurfnee inshsped and spaced to disectisaidypleyd away from said element,

and further ¢omprising a target' spaced from said wing ﬁom about 1 to about 6
5 inches, said aerodynamically smooth surface directing said cloud toward said
target.
12. The atomizer of Claim 9 wherein said angle of said aerodynamicélly
smooth surface is less than 90°.
13.  The atomizer of Claim 9 wherein said angle of said surface spaced
10 from said element is. about 90°.
| 1.4. 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
15 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.
20 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 wi.dth of said

target.
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particles and bristles are increased. However, the ipgpagt force between the
bristles 17 and the particles colliding is determ ess of
the bristle and the longitudinal |length and the trans n ratio

of “the bristle as above- mentioned. Thus increasing t t he
el ement 28 and maintaining the same |length to transverse dinension ratio of
the bristles nerely increases the nunber of particle collisions, not the

type of collisions j@ccurrigweomizedof Cliith 9 0€ 40 whtréih $hidamiget Badlonased, Saidn
the length to transverse dinension ratio of the bristles
i 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.
5 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. |

10 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 .i or 2 or 31 wherein said powder particulate

. size ranges .from about. 2 to about 300 microns.
26. - The étomizer of Claim 1 or 2 or 31 wherein said element is a brush.
15 27.  The atomizer of Claim lor2 o;' 31 wherein said powder being fed
into said venturi has a ;ize large'r 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.

20 : 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

W




and the bristle material properties, rather than the dianeter of the brush
28. "I n specific enbodi ments, however, the length to transverse di nensi on

ratio of the ‘bristles varies fromabout 200 to 1 to about 800 to 1, the
bristle length varies from about one half inch to about 5 Immmmﬁ“d

bri'stl e transverse dinensions in the direction of rotation r
0.001 inch to about 0.062 inch, the bristle transverse di nen
directions t raﬁﬁla%é&&ohps&@méd fr&ﬁtdb%ﬁt £4° foQibdlii 240 ange fro

inch to about ‘0.062 inch, and the bristle length to transverse di nensi on

cembodi mens. ¢ LZ”LQE"EEéﬁ%wéw&tg%&%ﬁ%ggﬁ%fwiw 3" pleept seidbngat o
for wide web coating processes or may have length to dianmeter of el enent 28
rati os of | eselemeatbdingjeurtaledferirotatrorsgheut &i exisnsand pam beisg cyhindrical and
positioned coaxxal of said element, said-pan partially surrounding said element, said
5 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
10 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

15 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 |

20 . said powder.
. 34. | The atomizer of Claim 31 wherein said bristles are e§sentiaﬂy
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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thickness of the venturi or the distance between the el ement 28 and the pan -
26 i's from about .0.001 to about 0.100 i ncHis ¢l 28 is driven at
speeds from about 700 to about 4,000 RPM d [ﬁ' he dianmetral size
of "t he fotor and the rate in pounds per m r is desirably
atom zed by the inproved atom zer of theinvention. Additionally in those
enbodi nents, the elenent 28 is spaced from pan ends which are renoved from

the figures t%@éﬂ&ﬁ@%ﬁa?ﬁﬁaﬂéi@mﬁﬁn croséBedtivh arl wherelresuidbridtfesdase ahe
venturi 32 and is spaced fromthe wing 50 a distance

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
5 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
10  Iength 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.
15 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 étomizer 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
20 - 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

.




of - from about 0.001 to about 0.020 inch. In these specific enbodinents,
powder having a particulate size fromabout 2 to about 300 mcrons may be
atom zed into a uniformcloud of particulate materi al hﬁysmgmslaehae laced y

uni form particulate size uniforny distributed througho mg [! both

the direction of flow and directions transverse thereof

be-any conventional hopper for use wth powdered material™ may be
geonetrical agggbown in Figs. 1 and 2 or nmay be asymmetri cal haV| ng for
exanpl e a vertical wall and a wall angul ar to both the vertical and

have an angl e i th e 1OIH Sumidr of Claifta? vhgth 18 Rieh s HBRGL AN PR,

respect to both the rraterl al of the hopper vvaI | s and the powder nmateri al

being fed. Thegroup of bristles consisting of naturaf fiber bristles, synthetxc polymer bristles, and
metallic bristles.

5 ' 45.  The atomizer of Ctaim 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.
10 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
15 transverse to the direction of rotation ranging frorh 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.
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hopper 20 is mounted independently of the powder atom zer 10 and may be
mourit ed on springs (not shown) and provided with a vibrator 22 as above
menti oned. Bottom opening 24 of hopper 20 is shown to be | ocated over
vehturi® inlet 32. Venturi inlet 32 in a specific enbodi nent may be
converging so as to capture essentially all of the powder dropping fromthe
hopper 20 into the atom zer 10. The outlet 38 of the venturi 32 and w ng 50

are directed agpktAichOf The Disélbsige a flowi ng cloud of particulate nateri al
honbgeneousl y dr spersed throughout its air volume into the area of entrance

46 of a conventional electrostatic coater 48. The directing or aimng of
the cloud toward the target is acconplished by utilizing the wing 50 and
conventional gas flow techniques of the Coanda effect. Wng 50 nay

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
5 a cylindrically shaped venturi therebetween into which powder is fed. The venturi
has an inlet and outlet radially spaced apart. Means is provided for rotating the
element within the pan at speeds in excess of that required to throw the powder
from the element by centl'iﬁxgal force. The element draws ambient air through the
venturi and atomizes and deagglomerates powder fed into the venturi inlet thereby
10 ~ forming a uniformly flowing cloud of particulate material which is uniform both
longitudinally and laterally of said axis. The invention also provides an atomizer
feeder and an atomizer feeder combination déagglomerator combination with a
feeder such a disclosed in U.S. Patent No. 5,314,090 which is particularly useful in
wide web coating applications to produce a particulate cloud which is uniform both
15 . 'léterally and longitudinally of the web and uniform in both'particulate distribution

and particulate size throughout the uniformly flowing cloud..
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19 al so serve the purpose of enclosing the upper region atonizer el ement so
as to maintain the atnosphere around the atom zer as dust free as possible.
Totally surprisi ngl,g thg.cloud | eawtrNg ventyri outlet 38 is not thrown
fromthe rapidly sprnn  Wwoubg expect. In stark
contrast, the honbgeneouy it particetl dte materi al appears
to follow the arcuate . [ nferential | ¥ around

t he el enent at lé(%?St ' TM IS ~ .
o " - e

necessary to pr
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follow ng the el enent 28. The wing functions to not only strip the cl oud
fromthe el enent 28, but also to direct the cloud as desired towards a
deSired region. Thus, in all enbodinents, the |eading edge.of the wing -
needs to be vi rtuaIIy adj acent to the ci rcumc erence of the elenent 28. In
practical experience, elenent 28 appears to function well being spaced from
the brush di stances generally as close as possible. Atotally surprising
event in the operation of the atom zer 10 is that the area between the

powder atom zer 10 and the coating nmachi ne 48 need/no;t_ be totally encl osed

as the particulate cloud emanati g t{.&ﬂﬁ ~eqturd W lJ cgeperal I_yvfted-{-qw-\——ﬁ
first the-arcwuate, path of the rotatron o6 e-el ement 28 and {hen the -
second the 3urface of fhe WI ng 94 and wi I4—,~r'rot > di sperse throughout the= room
surroundlf\g t he o :

\ =~ - . 7 7 ¢ s '. LS -.".

]
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atcom zer in an uncontrolled condition as experienced with other powder

at ori zer designs. The atom zer 10 appears to inpart a significant velocity
to the cloud such that the Coanda effect dom nates the effect that
substanti ally stagnant anbient air has on the particulate cloud. Once the
cloud”is directed into the area of the entrance 46 of an electrostatic
coating nmachine 48 the cloud will be under the influence of the electrical
field and ionization of the electrodes 52 of the coating machine and the
flow of the carrier gas of the cloud through the coating machine 48. In a
speci fic enbodi nent,

e
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coat'il ng#fractine 48 can be any on of those disclosed in U S._Patent No.
5,279,863, the disclosure of the specification of whi chd./'-mcorporat ed
herein by reference as if it Were reproduced herein word by word. In a

speci fic enbodi nent, the wing.50 may be secured to either the hopper 20 and.
vibrated therewith so as to rfinimze the accumul ati on of powder thereon, or

i ndependent.|y s\llj\ﬁporied__orj cured. .to._t_h.e_pa.n_Z.B.._.Ref_e.Lu_ngi.Lo Eigs.__3 and__

4, there i3 sho an dt omi zer's and & apparatts 12 for use.-i7r coating the
bott om si d¢ 53 of a substrate 14 XFqe povR:Ie[ fe/eﬂer 18 is_ also in the form

of a hoppefi 20. i.n Fi gs. 3 per 2P _is shown Wi t hout the '

vi br at or Z'i and wth a conve

regardtol’fhe hogper 20 to main
Simlarly, zi : N

w4 pperatlvel y posit+dned W—I—h-s—-—
oppgr 20 full of povvder

Tl
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. LTINS E e
‘enbodi nents, the enbodi nent 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 nust be coordinated with the speed with which the
asorti zer 10 is run such that continuous and adequate powder flow fromthe
*conveyor 54 through the hopper 20 and through the atonizer 10 and into the
coating apparatus 48 is nmaintained, In this enbodi nent, the hopper 20 and
the atom zer 10 may be identical as above described. However, the w ng 50
I's 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 convepéionangas ' '

78~ Ny
FIGURE 10 7/
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21. f1 0w t echnol ogy. The cloud of particul ate -8
di sbursed throughout is stripped fromthe el émenREEBA &
entrance 46 of the coating nachine 48 at whi ¢hIHDé¥eri ' b be d
the influence of the electrical field of ther-;lt {’tﬂﬁl e rRaged 6%3
the cloud through the machine 48 is al sh.con ral iR Pagedhal

and gravity agmmmmnm ZBRI . Surprisinglyj “’éﬁ{ ‘?I é’a rto\mse(hﬁ

deaggl oner at € y the atom zer to a powder |ze I'n i ch P& e\ﬁmmag@rbu'f’d
be fully air pPesdacRefEfehB ok eted! Applicatibe O\Qg fed to the-atom zer 10 By
the powder, fe€der 18 was Tully aeaggi omer at OF REGEIPTaL.L IS0 B e site

and atoni zed and eﬁ?sr}ts 'aaéothmu%tlgﬁ) \fd %artv&ﬁ)eﬂc? lhg%&)f)hcatlon Serial No. 08/680,243]

filed July 10, 1996.

Background Of The Invention

The present invention relates to devices used for delivering a measured
volume of powder from a hopper 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 stteam in the form of a moving
particulate 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 affected 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 uniform rates of flow and when the powder dispensed
tends to agglomerate.

Therefore it is highly desirable tb provide an improved powder atoiﬁizer, 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
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borne and exited through the powder drain-56 at the | ower edge thereof.
Thus in nost enbodi nents, powder drain 56 to renpbve |arge size particles
whi ch cannot be maintained air borne in the cloud exiting fromthe atom zer
‘10 is believed to be unnecessary and superfluous as regards to the atom zer
10 structure. In all applications, the Zibstrate 14 is noved via conveyor
techniques relative to the atom zer 10, powder feeder 18 -and coati ng
machi ne 48. The direction of travel of the substrate i.e. whether t he bare

substrate 1S gRYRErR bW bdiee Q%m&?ea%ghmerﬁtﬁié‘%ﬂbﬁgﬁ 10

depends upon g process. r ost |c coa I ng
processes, it may be nore desi rabl e toi ac t he bar ubs%ﬁ; 14 with
the more concéﬁlt‘YQItPé%Fl%qlY)mfaﬂ‘FfF @map to F%‘Fﬁ'? TRLHOWHNERMT t he
invention. In other coating processes, |t rray be advant ageous to

streams. ' .

Hoppers even when supplemented with vibrators are notoriously non-
uniform in metering powder in precisely measured amounts in coating operations.

. Additional 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 dimensional, i.e.,
longitudinally and in one lateral dimension. For wide web applications, 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 sized agglomerated
particles and heavy streams of non-uniform particulate concentrations which are
undesifable in many processes. It is therefore highly desirable to provide 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 particulate material which are relatively uniform both transversely
and longitudinal of the web.

Recently, accurately measured amounts of powder material can be metered
into air streams and atomized utilizing material feeders such as disclosed ;'n 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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have the powder concentration of the cloud increase as the coated substrate
14 approaches the atom zer 10. There is generally no concern as to the
conductivity of the pan 20 and the 22 wing 50 in the enbodi nent
illustrated in Figs. 3 and 4 as the enbodi nent is shown adapted for coating
the bottom surface of a substrate. Sinc8-all of the apparatus is |ocated
bel ow the surface to be coated, any aggloneration falling off the apparatus
woul d not affect the surface coating.

5,035,364. While the combination of such a material feeder and deagglomerator is
capable of producing uniform particulafe clouds being uniform both in particulate
size and distribution and both transversely and longitudinally of the cloud, the
combination does not prod‘uce uniform clouds of particulate material in wide web
applications such as powder coating of coiled metal sheets, and conveyors with
closely grouped articles to be coated. The grouping of a plurality of material
feeders and deagglomerator combinations side by side produces a cloud which may
be uniform in particulate size longitudinall)} of the cloud flow. However, non-
uniformity is still present transversely of the cloud because of overlapping and
streaking. It is therefore highly desirable to produce an improved powder atomizer
and powder atomizer feeder combination and an improved powder. feeder
deagglomerator atomizer combination which is capable of producing clouds of
particulate material which are relatively uniform both longitudinally and
transversely of the cloud and which 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 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 Se
horizontally disposed and the top or bottom or both may need to bé coated or may

be vertically disposed and one or both sides may need to be coated. It is therefore
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Referring to Figs. 5 and 6, the hopper 20 is shown substituted with the
powder feeder 60 disclosed in U S. Patent No. 5,314,090. The powder feeder
60 of this patent as shown is able to feed reproducibly and accurately

nmet ered anounts of powder to the atom zer 10 of the invention. Thus, the
powder feeder 60 may be used where contr4l of the powder fed to the

atom zer is nore critical to the process and nore control is required than
possi bl e utilizing a hopper 20 as above descri bed. Powder feeder 60 is fed

o0, “The. hoppe il fekreil R anmBRANa nerkfe alhiess, i itfo R ifkter 0L T

20 and be equi pped with or used w thout a vibrator 22. As shown the hopper
62 has a bot t feedepatemizeraleagglomeratapcombination and B ireprayed powderatomizer
resiliently deformable el ement or brush 66 is journaled for rotation in

feeder combination for use in both horizontal and vertical powder coating
applications 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 combiﬁation 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 feeder

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

Summary Of The Invention

It is therefore an object of the invention to provide an improved powder
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the direction of arrow 67. Elenment 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 notor 70. Housing 64 has a
ventral portion 72, a bottomportion 74, a top portion 76, and a pair of
side portions 78. Housing 64 fully enclBses elenent 66. Elenent 66 is
generally cylindrical. Housing 64 can be nade of plastic or any other
sui t abl e non-conductive material. O her -enbodi ments have housi ng 64 23

atomizer, an improved powder feeder atomizer combination and an improved
powder feeder atomizer deagglomerator combination.

It is 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
measured 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 web coating operations
which can produce clouds of relatively uniform sized deagglomerated particulate
material in cross-sections which are relatively uniform both transversely and
longitudinal 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, deagglomerator combination which are capable of
producing particulate clouds which are highly uniform in both transverse and
longitudinal directions in both particulate size and particulate size distribution.

It is also an object of the invention to provide an improved powder feeder
atomizer deagglomerator combination and an improved atomizer and an improved
deagglomerator for use in both horizontal and vertical powder coating applications
which produces a particulate cloud which is highly uniform in both transx;erse and
longitudinal directions in both particulate size and particulate size distribution.

It is also an object of the invention to provide an improved powder
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made of transparent plastic material or having an access door in housing 64
(not shown) so that during operations observations and adjustnents can be
made. El enent 66 is positioned in housing 64 so as to occlude hopper
opening 24. In nost specific enbodinents, elenent 66 is preferably a brush
having a plurality of bristles 80 arrangad with uniformdensity around hub
8l to extend radially therefrom Bristles 80 can be naturally occurring
filaments or filanents of any suitable naterial so that brush 66 is capable

of "hol ding_ ekt B aMirastid BT BBPOSHbRORAUAA Biboa openi ng

24. Bristles mist™ be "o urtab engt di nrensi on ere upon a
sel ected speed of rotation, brush 66 permts

penetrate briPoMdes fegder atomizer, agélmﬂpbﬁ?mbg’%\é\gg E’Ylfgéﬁgq?& Bgép‘gg‘g&rﬁ’ 53(6) :[512
it rotates, and to be delivered in a nmeasured anount
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 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 improved 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 fof 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
This is the roplacement sheel

13 SEP 1897
Date:



through exit port 82 in bottom 74 to the atom zer 10 of the invention. As
disclosed in U S. Patent No. 5,314,090, the speed at which elenent 66 is
driven is always bel ow that necessary to throw powder material fromthe
el ement 66 by centrifugal force. The flow rate of the powder fromthe
hopper 20 through the exit port 82 is c@ntrolled by, anong other things,
the rate of speed that brush 66 is rotated in the direction of arrow 67,
the di anmeter of brush 66, the powder capacity of brush 66 and the size of
the opening 24. The powder carrying capacity of brush 66 is controlled by
the | ength aggmieRaind\deagglohrerites powder fid. intothe fventririatet thefrelpofostening aom t he
hopper 20 through the feeder 60 both contribute to the over all powder flow
rate to the SHifdhAy howng cloud of particulate material which is uniform both

longitudinally and laterally of said axis. The invention also provides an atomizer

feeder and an atomizer feeder combination deagglomerator combination with a

feeder such a disclosed in U.S. Patent 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 Drawings

The above-mentioned and other featurés anci 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 beneath a conventional hopper in a wide web top surface
powder coating proéess 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 sectién line 2-2 of Fig,. 1,

Figure 3 is a perspective and fragmgntary view of the improvéd atomizer of

the invention like Fig. 1, mounted below a conventional hopper feeder in a wide
' This is the replacement sheet
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The exit port 82 of the feeder 60 is positioned so that the powder exiting
24 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 conbination with pan 26 a&d wing 50 so as to forma conmobn
housing for both el enent 66 and el enent 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 englgse bl surface powder coating apparatus;

‘ Figure 4 is a cross-sectional view of the apparatus illustrated in Fig. 3 taken
essentially along the section 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 such as
disclosed in U.S. Patent No. 5,314,090 in a wide web left side pow&er coating
process where the web or substrate is vertically transported;

Figure 6 is a perspective 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 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
ahgularly 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
powder atomizer is generally horizontal and the substrate is generally Qertical
disposed and horizontally transposed, but tli¢ 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 crolss-sectional view like Fig. 2 of still another

version of the improved atomizer of the invention mounted top surface powder
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el ement 66 and to define with the pan 26 both the exit ports 34, 82 so as
to segregate the elenents 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
noved either toward or away fromthe atom zer 10. Furthernore, the exit 38
of the atomi zer 10 and the cloud of partfculate nmaterial nmay be deflected
downwardly as shown in Figs. 5 and 6 or upwardly as desired. This choice
usual | y depends on the particle size and particle size distribution of the
cl oud and whe ty assist in the
deposition oféﬁhg%o%% v%glrdt“?ec es eg{ndta}ce)ht wxnﬁst rlg{vgﬁg I's generally no
concern as to the conduct|V| of. the pan_20 . 50 in the

. . . o £ A = 4 me
enbodi nent illustrated in Fi g2escapiomOs SHBRQAINE is shown

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 embodiments,
powder feedef 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
horizontal 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 therebetween into which powder is fed from the
feeder 18. Venturi 32 has an inlet 34 directly below the exit épening 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
This ie the replacement sheet
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adapted for coating a vertically disposed substrate. Since all of the
apparatus is located to one side of the surface to be coated, an

aggl oneration falling off the apparatus would not affect the surface
coating. In the enbodi nents shown in Figs. 1-6, various variables are
present in the structure. The pan 26 ad@_the el enent 28 can be of any

di anetral size. The anount of powder that can be atom zed by the atom zer
10 is greater, the larger the 25 el enment 28 and pan 26, the larger the

venturi 32_’ aﬁ]éitc}vpaew %e xaetg%n {ohvevhi\éﬁltf’i'gggélgm%i{ted 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 extend 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 element 28 is secured to motbr shaft 40 through transmission
42 and operatively connected to motor 44. Motor 44 and transmission 42 rotate
shaft 40 and element 28 in the direction of arrow 3 1' ét 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 a
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
bristle material of element 28 to be nonconductive and the particulate 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 procéss
commonly known as the triboelectrification effect. This particulate charge is useful

inasmuch as it assists in the dispersion of the uniform cloud, both longitudinally
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i nto which powder can be atom zed. \Wenever the elenent 28 is a brush, the
| ength of the bristles becones a variable. However, as the brush 28 rotates
at speed above that speed which powder will |eave the atom zer due to
centrifugal force, the length of bristles is not critical. The distance

bet ween the brush and pan however is criiical and a function of the el enent
28 and the speed at which it travels. In a specific enbodinent, this

di stance ranges from about 0.005 to about 0.100 of an inch The el enent 28

travel ing at anépﬁaqufkﬁefré&iﬁ%ng leﬁ?estthé‘ai’&r%i%r FBthE i entioR e This g8 a4 from

the el ement 28 by centrifugal force nust be sufficient to give the arr in
i Thus,  t nExeAnds S tereR RAVeT REEh B3 SHTpIEtely Yl D IToRATu e S gor
i f the speed of the

distribution, particle size and particle density.

This triboelectrification effect also has its drawbacks when pan 26 and wing
50 are made of conductive materials as the electrical charge on the particles
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 which agglomerates 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 material. However, at times, the pan 26 and-
wing 50 are desirably made of conductive material as will be mentioned
hereinafter.

In the specific embodiment illustrated in Figs. 1 and 2, the pan 26 and wing
50 are made of nonconductive material. In a specific embodiment, this
nonconductive material is materials such as polycarbonate, acrylic, or acétal

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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element 28 is larger and vice versa. In specific enbodinents, element 28 is
preferably 2 inches or nore in dianeter or larger and driven at speeds from
about 700 to 4,000 rpm The vertical distance from bottom hopper opening 24
and the venturi entrance or inlet 34 may al so vary. This distance may be
any di stance whi ch powder can drop and &8ficiently be fed to the venturi.

In specific enbodinents, this distance has ranged between an inch to 6 feet
or nore. The radial positions between the venturi inlet 34 and the venturi

been 11 om abotag aagekeR otRe Wil i Olbut ARtk CERRRRRAE oo sl pfl aBRT "

Figs. 5 and 6, in which the atomzer 10 of the invention is conbined with
the materi al havega condugtivitypn thewrange of about 10" to about 10°° would be deemed a

nonconductive material within the scope of this invention.

In another specific embodiment such asin 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. 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 condﬁctive metal such as stainless steel for strength and durability and tip
91 1s 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 fongue 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.

~ 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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No. 5,314,090, the ratio of the dianmeters between the el enent 66 and the
el emrent 28 can be any nunber, in nost specific enbodinents, the ratio is
equal to or greater than 1, simlarly, the ratio of speeds is best kept as
hi gh as possible. The di stance between the axes of the elenents 28 and 66
nmeasured shaft to shaft is usually justldver one dianeter, but may be
anywhere from about a fewinches to 6 feet or nore. In all -of the

enbodi mrents of the invention, the powder exiting fron1venturi 32 foll ows

the contour Otloi r<1:Fos\<£.\‘lyns%ac"l;)eczi t%ne erhesnt earnﬁtyba%i(gigg ts ace 1036 LRL SR ownl 01\9%5 1

and 10, aerodynamic surface 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 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 greater 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
ffom 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 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 80o.
Backside surface 106, like surfacé 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 backside 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. In a specific embodiment, surface .1-06 has
an angle with respect to the horizontal from about 45° to about 70° with the

horizontal.
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passi ng through the venturi is deaggl onerated, atom zed, 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 fromthe ventur
32 is forced to disperse uniformy bothl#ransversely and | ongitudinally of
the substrate by both the turbulent flow of the air in which the
particulate is atom zed and by the repellent forces of the simlarly

charged particl es. . eyl I f Q- r%TQF Wi ng
50 due to the vel olc{lz{égmgél{({E@gb?%ﬁﬁﬁagg%?aﬁsegﬂlggﬁ%bﬁg? B?%mg}ﬁgbi |€c£ 162
enbodi nents, in which the powder atom zer is posjtioned fromabout 4-to 6

i nches from £xensisiframdhe purved surfaesgenesally paspendigulanhp theesat; Backsidec| oud
can be directed at the substrate relatively

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 therein 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 being 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 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 natural
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 powdér type
being atomized.

If the atomizer is being used to disperse large amounts of powder into a
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uniformy over about a 2 to 6 inch wide pattern, uniformy both

| ongi tudinally and transversely of the substrate. At positions outside of

t he peripheral margins of that pattern, the uniformty in particulate
concentration of the cloud falls off dramatically. The above pattern in the
enbodi ments illustrated in Figs. 1 andis 27 where the particul ate cl oud
Is directed at a target below the atom zer where gravity works with the
flow of the cloud to distribute the atom zed particulate on the target, the

2 108N BaLh ShibuAPOY Sir B Tl i flay Rive TR ARY bt iMler Befivdeh hEbHR
before atomization. In these instances, the bristle length should be longer than
usual to increase the powder carrying capacity of the brush between the bristles.

When the powder used tends to agglomerate 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 powder.

If particulate size reduction is desired, a brush with stiff bristles is required.
The length and material of the bristles \;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 invention will generally increase upon an increase in speed of
rotation of the element 28, upon the decrease of the conductivity of the bristle
material, and upon a decrease of the conductivity of the particulate material.. In
most 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 deagglomerati'on 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 d.irection transverse thereto can be varied. Such is important as both |
deagglomeration and particle reduction is believed to be dependént upon particle to

bristle collisions in which the bristle impacts upon the particle and then is moved
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Simlarly, when the gravitational forces on the particul ate cl oud oppose

t he. novenent of the particulate cloud exiting fromthe venturi 32 as in the
enbodi ments illustrated in Figs. 3 and 4, the 2 to 6 inch pattern above
descri bed may decrease to about a 1 to about 3 inch pattern. In any event,
because of this phenonmena, there becongkéa problemin uniformy coating
vertically disposed substrates which are at distances beyond 4 to 6 inches
fromthe atom zer of the invention. For exanple, unlforn1y coating a

vertically dla%p‘fsg.gng}épsiwﬁﬁejd%eb@ 6F oﬂoneﬂogﬂto“ﬁﬁ’i‘é ﬁfd Whhoundary

utilizing th om Zer nven | on ocated adj ac

t hereof would coat only about the | oqwer 4 t ches of the substrate
uni forml y ancenother bsister Thap dhe mose depselyea gﬁﬁ’ Fﬁt,lﬁé-stLﬁfnqrﬁé’agl?ﬁ)%Pr ate

woul d be significantly less than the
bristle collisions occur. The length to transverse dimension in the direction of the

rotation ratio and the rotational speed of the brush determines the magnitud;e 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.

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 dimensions range from
about 2 to 3 times the size of the particles being atomiz¢<i to transverse dimensions
of fifty (50) times thie 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 leﬁgth 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 -

This i& the replacement sheet

13 SEP W9

Daté:



powder deposition on the bottom 6 inches of the substrate. Referring to
Fig. 7, a powder feeder atom zer conbination is shown for coating generally
vertically disposed horizontally transported substrates of transverse

di mensi ons greater than about 2 to 4 inches. As shown in Fig. 7, a powder
feeder 60 having all of the structure gk7the powder feeder 60 above

descri bed is nounted higher than the substrate 84. Positioned beneath the
feeder 60 is the atom zer 10 of the invention with the el ement 28 nounted

i d At i-n t S i d
to both t he cothe bt YRl iPakBRREL B fardfces W tr OO SIS e

fromthe bottom opgni 82 t . . . .
longitu%(lanal qgngtﬁ an8 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 material properties, rather 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 1 to about 800 to 1, the bristle length varies
from about one half inch to about S inches, the bristle transverse dimensions in the
direction of rotation range fro'm about 0.001 inch to about 0.062 inch,. the bristle
traﬁsverse 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 about 4,000 RPM depending upon the diametral size of the rotor and
the raté in pounds pef minute that powder is desirabiy atomized by the im.proved
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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28 the venturi inlet 34 through which the powder drops fromthe powder
feeder 60 to the venturi 32 fornmed by the pan 26 surrounding the brush
el ement 28. The wing 50 extends fromthe venturi exit 38 towards the
substrate 84. The wing 50 and the pan 26 and the el enent 28 are each
uni formy spaced fromthe substrate 84 W8th the di stance between the
venturi exit 38 and the substrate 84, in a specific enbodi nent being
bet ween about 4 to about 6 inches over the entire axial | engt h of the

oM et 10 Sy R o SR 5 T 4,
coat verticall 8/ 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
directions transverse thereof.

The hopper 20 may be any conventional hopper for use with powdered
material. Hopper 20 may be geometrical 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 is highly preferable that the walls of the hopper 20 both
have an angle with the horizontai greater than the angle of repose with respect to
both the material of the hopper walls and the powder material being fed. The
hopper 20 is mounted 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 over 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 aimed to deliver a
flowing cloud of particulate material homogeneously dispersed throughout its air
volume into the area of entrance 46 of a conventional electrostatié coater.48. The
directing or aiming of the cloud toward the ;carget is accomplished by utilizing the

wing 50 and conventional gas flow techniques of the Coanda effect. Wing 50 may
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di sposed horizontally transported sheet material or an array of parts
hanging froma vertically extendi ng conveyor transported horizontal I'y of
any transverse or height dinension. It is generally no concern as to the
conductivity of the pan 20 and the wing 50 in the enbodinent illustrated in
Fig. 7 as the enbodi nent is shown adapt®®l_for coating vertically disposed
substrate. Since all of the apparatus is |located to one side of the surface
to be coated, an aggloneration falling off the apparatus woul d not affect

the surfacewéps%t%e hg?ixfpc{sér&eh oEfn She ﬁp@%ﬂe@i’on |na f Té?ﬂ agi the

I mproved po om zéer |"one I on ihventi on
Is shown for use wwth vertically d| sgosed .and horl%ont ally transported
substrat es ofmaiptain theatmesphere around the atomizer as dust free as possible.

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 follow the arcuate
surface of the element 28 circumferentially around the element at least for 90e to as
much as 3600. 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 e_manating from the venturi will generally follow
first the arcuate path of the rotation of the element 28 and then the second the
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 substantially stagnant amp-ient 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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described. In this enbodi nent, the feeder 60 is shown to be positioned over
the atom zer 10, a powder chute 86 extends between the exit port 82 of the
feeder 60 and inlet 34 of the venturi 32, and the atom zer 10 i s equi pped
with a wing 50 29 which is spirally shaped, having a spirally shaped

| eadi ng edge 88 to strip the particul at@9cloud fromthe el enment 28, a
cylindrical shape in cross-section, and a spirally shaped distal edge 90
which across its entire length is positioned fromabout 4 to about 6 inches

from the subsifghg mddhitfe £PMeoud Wilfbé TRAL tHE Hfluehce of the electrical field and

ionization of the electrodes 52 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 U.S. Patent No. 5,279,863,
the dis-closure of the spécification of which is incorporated herein by reference as if
it were reproduced herein word by word.

In a specific embodiment, the wing 50 may be secured to either the hopper
20 and vibrated thergwith 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 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 operaﬁvely positioned with regard
to the hopper 20 to maintain the hopper 20 fﬁll of powder. Similarly, in other
embodiments, the embodiment 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 conveyor 54 through the hopper 20
and through the atomizer 10 and into the coating apparatus 48 is maintained.

In this embodiment, the hopper 20 and the atomizer 10 may be identical as
above described. However, the wing 50 is positioned adjacent the exit 3850 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
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useful only for substrates having transverse di nensions or a vertical

hei ght |l ess than the vertical height of the spirally shaped wing 50 plus or
m nus about 1 to about 6 inches. Wile in specific enbodi ments, the feeder
60 can be over the substrate 84 or to one side of the substrate 84, the
atom zer 10 nust al ways be | ocated adj azEnt the | ower edge 92 of the
substrate 84 and the spirally shaped wing 50 nust extend over the entire
vertical dinmension of the substrate 84 as shown. Fig. 9 is a perspective

2t om 2er 10 {OR ERpqlol The B pr b R b ot e ng 50
Pouder " chut o tBBUBEoWTS H5ppad Bam feriement 25 Aoded o dhe MG Ea e fayi ng
coating 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 conventional.

Surprisingly, very little powder was not deagglomerated 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 lower 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 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 coating 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 the cloud 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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spaced apart and generally parallel, generally vertical walls. In Fig. 8,

chute 86 is illustrated to be an unsegnented chute, having no partitions or
wal | s between the opposite ends. These chutes are interchangeabl e dependi ng
upon the dinmensions of the substrate and the properties of the powder being

atom zed.

It is generally no concern as220 the conductivity of the pan 20

and the wing 50 in the enbodinent illustrated in Figs. 8 and 9 as the

enbodi nent
Si nce all

is shown adapted for coating vertically di sposed substrates.

d f t rface to be
coat ed anoggwgﬂgﬁggr%g‘?‘abﬁ | OC iqstrla%;g ?gsSIIi a%d04 ast eemlll)odﬁnent is shown

adapted for coating the bottom surface of a substrate. 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,.

Referring to Figs. 5 and 6, the hopper 20 is shown subst&uted with the
powder feeder 60 disclosed in U.S. Patent No. 5,314,090. The powder feeder 60
of this patent as shown is able to feed reproducibly and accurately metered amounts
of powder to the atomizer 10 of the invention. Thus, tﬁe 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.

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. Element 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, Housing 64 fully
encloses element 66. |

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

any other suitable non-conductive material. Other embodxments have housin
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30 apparatus would not affect the surface coating. In operation, powder in
the hopper 20 is fed through the bottom opening 24 into the inlet 34 of
venturi 32 in the enbodinments illustrated in Figs. 1-4. The flow of the
powder into the venturi 32 nay be controlled by selectively choosing bottom
opening 24 to be of a specific size or Zontrolling the action of vibrator
22. As the powder enters the venturi 32, the elenent 28 draws carrier gas
through the venturi at a relatively fast speed in a turbul ent manner.

ol ement 28 | SN HranERPRL AT ATaiSBELT TR UL A oG SR AR SATSD t hr ow
t he povvder therefrom by centrifugal force. Dependi ng upon the particul ate
mat eri al and shbem) @ttt during opératibns chsenstidns ard adjustments can be made.

Element 66 is positioned in housing 64 so as to occlude hopper opening 24.

Iﬂ most specific embodiments, element 66 is preferably a brush having a
plurality of bristles 80 arranged V;Iith 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 rotg.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..5,314,090, the speed at which element 66 is 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
con&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 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 péwdef

flow rate to the atomizer 10.

The exit port 82 of the feeder 60 is positioned so that the powder exiting

This is the replacement sheet

Date: 1 3 SEP ‘qﬁ



the el enment 28, the particulate size also may be reduced in the atom zer 10
by varying the speed of the brush, as desired. Powder dispersed in the
carrier gas in the formof a cloud is exited fromventuri exit 38. This
cloud is generally honogeneous in the anount of powder per unit of vol une
of carrier gas, but also in particle si2# distribution, and in particle
distribution both in the direction of gas flow and in directions transverse
thereof: Furthernore, particle size distribution is generally uniform

t hroughout the cloudtgs the tu ulence f.the carrier gas thin t

venturi is suffoRsiiae t[ ? \ﬁamemweawa@”%qﬁ%% ed he
proper choi ce of elenent speed pomder of relatively uni form si ze can be

rel atively uniwith reigiirdtiothé pbsitieningvf thgbottsm obeniag @dcbfi the hopper24x dsi shoen

density and particle size distribution.
in Figs. 1-4. As shown in Figs. 5 and 6, housing 64 may be provided in
gombination 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.

In bofh Figs. 5 and 6, substrate 44 can be moved either toward or away from
the atomizer 10. Furthermore, 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 parti.cle 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 substr.ate.

It is generally no concern as to the conductivity of the pan 20 and the wing
50 in the embodiment illustrated in Figs. 5 and 6 as the embodiment is shown
adapted for coating a vertically disposed substrate. Since all of the apparatus is
locatea to one side of the surface to be coated, an agglomeration falling off the
apparatus would not affect the surface coating,

In the embodiments shown in Figs. 1-6, various variables are presént 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
: This i8 the replacement sheet
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Very little mechanical work is done on the powder enploying the aspirator
10 of the invention by the elenent 28 or gravitational forces. Wen the
powder feeder 60 is utilized with the aspirator 10 of the invention,
preci se anounts of powder may be netered into the aspirator 10. By
controlling the flow of powder fromthg@%opper 62 into the feeder by
conventional neans and controlling the speed of the el enment 66, precisely
measur ed anmounts of powder can be fed into the aspirator 10. V'bration and

JRMACIOTI T E ARG R RN R
into which powder can be atomized.

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 powder
will leave the atomizer due to centrifugal force, the length of bristles is not critical.

The distance between the bruéh and pan however is critical and a function
of the elexﬁent 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 sufficient to throw the particles being 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..

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 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 embodiments illustrated in Figs. 5 and 6, in which the

atomizer 10 of the invention is combined with the material feeder of U.S. Patent
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wor k done on the powder. In the specific enbodinents in which the el enent
Is a brush, the powder is fed into the bristles 80, the brush rotates and
rel eases 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 brush2® and a rotational speed, precise
anounts of powder can be delivered to the aspirator 10 of the invention. As
the brush elenent 66 rotates, the elenent is exposed to the pomder in

h 62 and_is filled wi wder . b h |
over exit poMie. 3 M Hghe it hh dimhermeruEnhe IR SR Shae B slfcient

carried by the elenent. Once the powder is di scharged fromthe powder
feeder 18 or 28Qanrtecariylrtinatsde] inahost specificembadiraentsythe rateo iseaqual fo 82 by t he

venturi inlet 34 and i s engaged
greater than 1, similarly, the ratio of speeds is best kept as high as possible. The
distax;ce between the axes of the elernents 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 embodirnents 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, 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 venturi 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 repellent forces of the similarly
charged particles.

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 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 'p'attern, uniformly both longitudinally and
transversely of tﬁe substrate. At positions outside of tﬁe peripheral margit.'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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with fast noving carrier gas is drawn through the venturi by the el enent
28. Elenent 28 throws all of the powder into the carrier gas by centrifugal
force and noves the carrier gas in a turbulent fashion through the venturi
32 towards the venturi exit 38. Once the powder |eaves the venturi exit 38,
the uniformparticulate cloud follows tR8 curvature of the elenent 28 until
it is stripped fromthe elenent 28 by the wing 50, and is guided by the

wi ng 50 in accordance with conventi onal 32 gas flow principles towards

the entrance 46 of the,coating machi ne 48. As sh?wn . .
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.
Similarly, when the gravitational forces on the particulate cloud oppose the
movement 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 to abouta 1 to 'ébout 3 inch pattern.

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 frorr} the atomizer of the invention. 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 uniformly 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
transverse dimensions greater than about 2 to 4 inches. As shown in Fig. 7, a
powder feeder 60 having all of the structure of the powder feeder 60 above
described is mounted higher than the substrate 84. Positioned beneath the feeder
60 is the atomizer 10 of the invention with the element 28 mounted in a 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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in Figs. | and 2, the cloud fromthe 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 nmay direct the particulate cloud
fromthe venturi exit 38 upwardly so as to coat the bottom side of a
substrate. Substrates can be coated on [2& h sides, whether orientated

hori zontally or vertically as shown in Figs. 1-4, Figs. 5 and 6 and Fi gs.
7-9, respectively. The powder throughput of the atom zer 10 of the
invention in all enbodinents is controlled by the rate of powder being fed
into the venttheived@irbipleti3d thooughrwhich dee pe@dendreps fromethgpowden ifegder 681t t y
of the cloud generated by the atom zer 10 of the invention is a function of

the amount of (aQHRIT 32 formitdoby e pah%l shffouddingne bASh@HEt 28 TS wirlf gas
drawn through the venturi. 1n nost
50 extends 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 atomizer
10.

Inasmuch as the powder 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 dispos_ed 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 deagglomeraior cbmbination of the invention is shown for use with
vertically .disposed and horizontally tran'sf:orted substrates of the type above-
described. In this embodiment, the feeder 60 is shown to be positioned ow-ler 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
' This is the replacement sheet
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practical applications, the anpunt of carrier gas drawn through the venturi
Is controlled by the distance between pan 26 and el enent 28 and the speed
of rotation of the elenment 28. The smaller the distance the |ess carrier
gas, the larger the distance the nore carrier gas. Simlarly, the anount of
powder fed into the venturi 32 by the ppswer 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 elenment 66. The inproved atom zer of the

i nvention pr ehictes spiralty shdped) lyaving & spiralty shapedieaging edge|&8tte stin tei al  and
directs that cloud into a electrostatic coater either in an upwardly

di rection or %ﬁlﬁ%&’@mmﬁ% HRELEARNESE, GESAin8Hcal Biapd i drovsesuction, andra

I npr oved powger atom zer and an I nproved powder feeder atom zer conbination

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 50 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. 9 is a perspective view of the pan 26, brush element 28 and the spirally
shaped wing 50 of the atomizer 10 illustr,ated 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.

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.i
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 to th'e.conductivity of the pan 20 and the wing
50 in the embodiment illustrated in Figs. 8 and 9 as the embodiment is sh;)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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33 and an i nproved powder feeder atom zer deaggl omerator conbination is
provided for all powder coating operations. The inproved powder atom zer of
the invention is particularly useful for w de web coating operations as it
can produce clouds of relatively uniformsize particulate material in
cross-sections taken longitudinally of 3he web and transversely thereof
which can be highly uniformboth in particulate size and particul ate size
distribution. By utilizing a particulate feeder such as disclosed in

apparatus would not affect the surface coating,

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 cc';ntrolled by selectively choosing bottom
opening 24-to be of a specific size or controlling the action of vibrator 22. As the
powder enters the venturi 32, the element 28 draws carrier gas through the venturi -
at a relatively fast speed in a'furbulent manner. Element 28 atomizes all o_f the
powder coming in contact with the elerﬁent 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 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 alsp
in particle size distribution, and in particle distribution both in the direction of gas
flow and in directions transverse théreof. 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. |

Very little mechanical work is done on the powder employing the aspirator

10 of the invention by the element 28 or gravitational forces. When the powder
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U S. Patent No. 5,314,090, highly accurately netered anpbunts of particul ate
mat erial can be atom zed and pl aced upon substrates of any transverse

di mensi on, whet her disposed horizontally, vertically or at an angle

t her ebet ween by the inproved atom zer, feeder atom zer conbinations and
feeder atom zer deaggl om erator conbi n@&lons of the invention. The

| mproved powder atom zer, inproved powder feeder atom zer conbination and
powder feeder atom zer deaggl onerator of the invention can be utilized to
coat both the top and bottom sides of horizontally disposed webs and both
si des of ver tfeedsri6f isiuthzsbwithihe aspitator khofithe inyeotide, praciserameuntsiafeder .
atom zer and feeder atom zer deaggl onerator of the invention can be

utilized to fRQleP A Ye MeRIéEItG HRAsBIrtRr 2D, By KaseNat Beiflid of badviden and

mai nt enance cost.
from the hopper 62 into the feeder by conventional means and controlling the speed
of the element 66, precisely measured amounts of powder can be fed into the
aspirator 10. Vibration and gravity move the powder from the hopper 62 into the
element 66 which carries the péwder to the exit port 82 with very little mechanical
work done on the powder. Iﬁ 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 Erush
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 discharéed 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 fasf]ioh 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 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
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Finally, the inproved atom zer, feeder atom zer and feeder atom zer

deaggl onerator of the invention can be provided in a formwhich has all of
t he above desired features. Wile a specific enbodi nent of the invention
has been shown and descri bed herein for purposes of illustration, the
protection afforded by any patent 343@hi ch may issue upon this
application is not strictly limted to the discl osed. enbodi nent; but rather
extends to all structures and arrangenents . which fall fairly

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
both sides, whether orientated horizontally or vertically as shown in Figs. 1-4, Figs.
5 and 6 and Figs. 7-9, reépecfively.

The powder throughput of fhe 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 generated by the
atomizer 10 of the invention is a function of the amount of powaer 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 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 ventuiri
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.

The improved atomizer of the invention produces a relatively uniform cloud
of particulate material and directs that cloud into a electrostatic coater eith;er in an
upwardly direction or a downwardly direction as desired. By the invention, an

improved powder atomizer and an improved powder feeder atomizer combination
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wi thin the scope of the clains which are appended hereto: 35 What is

clained is:

1. A powder atom zer, conprising a pan, an el enent journaled

for rotation about an axis, said pan partially surrounding said el enent and
therewith defining a venturi into which powder is fed, said venturi having
an inlet into which powder is fed and a3gpaced outlet, a notor rotating

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-sectiorié taken longitudinally of the web and
transversely thereof which can be highly uniform both in particulate size and
particulate size distribution. 'By utilizing a particulate feeder such as disclosed in
U.S. Patent No. 5,314,090, highly accurately 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 deagglom-
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 caﬁ be utilized to
feed powder coating apparatus at a reasonable installation and maintenance cost.
Finally, the improved atomizer, feeder atomizer and feeder atomizer
deagglomerator of the invention can be pfovided in a form which has all of the
above desired features.

While a specific embodiment of the invention has been shown and

described herein for purposes of illustration, the protection afforded by any patent
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said elenent within said pan in excess of the speed required to throw
powder fromsaid el enment by centrifugal force and drawi ng gas through said
venturi so that powder fed into said inlet is atom zed and produces a
uniformcloud of particulate material, and neans minimzing the electrical
charge on said pan and thereby the resuls4 ng aggl onerati on of particulate
material at said outlet. 2. A powder atom zer, conprising a pan, a
cylindrical elenment journaled for rotation about an axis, said pan being
coaxial of and partially surrounding said elenent for there- with defining
a venturi i ntwhighinay ig8igoenon; thisrapglicatigndgsnehstrictly 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:
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having an inlet and a radially spaced outlet, a notor rotating said el enent

I n excess of the speed required to throw powder from said el enent by
centrifugal force and drawi ng gas through said venturi for thereby
atom zi ng powder fed into said inlet to produce a uniformcl OlIdls(SﬁeetHasBeenReiaced

particulate material, and said pan adja
THIS! SHEETHAS BEEN

noncon- ductive rraterl al. 3. The atom zer -
f fr QEPRACED 10 4rr
1. A powder atomizer comprising a pan, a cylindrical element, said

nonconduct i vemgﬁmducﬂ vity
10[err] ohmc = "atom zer sal d

nonconducti ve

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 fnlet 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, and means for minimizing the electrical charge on
said pan and ﬁe resulting agglomeration of powder at said outlet.

2. A powder atomizer comprising a pan, a éylindrical 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 siaaced 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
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mat eri al is—chosenfromthe—group consisting of structural polyneric

materials. 5. The atom zer of claim2 wherein said nonconductive nmaterial

is chosen fr

sai d outl et

€]

T8 $i st ng of pol ycart acetal s
and pol yet hyl : [ toni zer of claim2 ggfé;égk yI%o!:"aE‘:}lsadj acent
]

[ [ _ reby definingéan egge a sal.d k| enrent, and

sai d pan having a surface depending fromsaid edge. 7. The atom zer of

cl ai m 6 wher gl piivily B 366t R ol Yo B S@itnéigiae s generally

per pendi cul a

4, The atomizer of Claim 2 wherein said nonconductive material is
chosen from the group of materials consisting of structural polymeric materials.

S. 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
matérial 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 smooth, said surface having an angle with respect to the
horizontal, said wing having an end surface spaced from said element having an
angle with respect to the horizontal surface greater than the angle of 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.
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of nonconductive

e said pan is _
l} east the |owe W'SWEE?HA bnturi. 9.

8. The atom zer

material from sa:ﬁ; eat

The atom zer of cl m m | rther conpri si Fom sai d
elenent, said win ace 36 axte.' y fromsaid

el ement, said surface being aerodynam ca‘VI y snoot h and having an angle with

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 comprising a target spaced from said wing from about 1 to about 6
inches, said aerodynamically smooth surfacé directing said cloud toward said
target.

12. The atomize;_of Claim 9 wher-ein said angle of said aerodynamically
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 theréby be recycled.

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

16.  The atomizer of Claim 9 wherein said angle of said aerodynamica!ly
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 elongation of said target, said wing having
edges which are spirally shaped so as to extend the full transverse width of said

target.

* This Is the replace‘rhent sheet
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0 the hori zontal , said w ng having an end surface spaced from said
as\,geagk Rcangl e vmth respect to the ] E aee greater than
e and said wi ng having a ba?ﬁ&zi F@S&; |ng an angl e

mﬂ‘x e horizontal greater than Lhe._a ﬁP gEDrepos 10. The
ato I'm 9 wherein said noncongigicti ve material of sard wing has a

conductivity from about 10[err] to about 1 10[err] ohmcentineters. 11. The
atom zer of claim

wherein said aer odynam cal 0
surface and said bi%ksi eétﬂ“?‘éﬁ’&f‘ggf%? ft‘ﬁg}‘(ﬂ%{%ﬁ‘ﬁ‘,‘a'%%ﬁ ;gelaﬁgiiéﬁ, tdia
aerodynam cal ly snmooth surface is

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 4,000 rpm.

23. The atomiier_ 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 greater than about 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. - The atomizer 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 largef than said powder existing said venturi.

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

29.  The atomizer of Claim 1 ér 2 or 31 wherein said cloud is a relatively
uniformly triboelectrified cloud of powdex; particulates 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

This is the replacement sheet
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shaped to direct the cloud avvay fromsaid el ement, and further conprising a
arget spaced from sa‘hnsISlm Bdin odynam cal |y snoot h -

the cloud toward sai d e atom zer of
angl e of said aerodyn surface is | l‘\é‘ ‘
atom zer of claim9 V\/nereln sald angle sai d su}face'Spaee rom said
el ement is about 90[err]. 14. The atom=<z®r of clafrm9 wherein said angle of
sai d backsi de surface causes any powder accumul ation thereon to fall from

sai d Wi ng t odplacedifebn® k&idaAket from about 45° to about 240°.

31. A powder atomizer comprising a pan, a cylindrical element, said
element being joumaled'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 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 elément by centrifugal force, said element drawing gas through
said venturi and atomizing powder fed into said inlet to produce a uniform cloud of
particulate material, said element being chosen to maximize particle to particle and
particle to element collisions thereby to deagglomerate ana reduce 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. foe atomizer of Claim 32 wherein the bristles of said brush are
resilient, said bristles resiliently flex upon collision between said bristles aﬁd said
particles, thereby increasing the deagglomeration and reduction in particle size of
said éowder.

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 Claim 31 wherein sald bristles are generally have

This is the reptacement sheet

L



15. im9 wherein said angl e jqf ‘gaL_d;hm‘kSi de.surface is
from . rrl, Lo about 70[err]. 16. The atjoTtiiSc3HEET HASBEEN {wher ein
sai d Zr?@ hect aLEeen ﬂﬁ?‘gdynam’ cally smooth surfgce i sREPDAGEDDOUt 45 to about

70[err]} I-zer of claim9 wherein s 'ndrically
shaped nt to said elenent 4018. The atom zer of claim 11
wherein said target is elongated, said elenent and pan are parallel to the

AR 8 IR EME RO AR T R
transverse length to longitudinal length ratio from about 200 to 1 to about 800 to 1.

36.  The atomizer of Claim 31 wherein said bristles have a parallelogram
cross-section which in the direction of rotation the bristles are thicker than in
directions transverse thereto said bristles Eaving more rigidity and less flexibility in
the direction of rotation than in directions transverse thereto.

37. The atomizer. of Claim 31 wherein said bristles have a length from |
about one half inch to about 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 Claim 31 further comprising a wing spaced 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 Claim 39 or 9 wherein said wing 1s cylindrically.
shaped in cross-section.

42.  The atomizer of Claim 39 or 9 wherein said wing has an
aerodynamic surface thereon, said surfac_:e 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

p\acement sheet
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target. 19. The atomizer of claim 11 wherein said target is elongated, and
said elenent, pan and wi ng extend trans- versely of said target. 20. The

atom zer of claim 1l wherein said target is radiﬂw—aee&eﬁ-e'm said
inlet fromabout 45[err] to about 240[err]. 3j7THIS SHEET HAS BEEN
41 ' REPLACED

target.

44,  The atomizer of Claim 32 Wherein the bristles are chosen from the
group of bristles consisting of natural fiber bristles, synthetic polymer bristles, and
metallic bristles.

45.  The atomizer of Claim 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 mate;ial.

46.  The atomizer of Claim 32 wherein 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 about 10 to 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 lenéth

to transverse dimension ratio ranging from about 200 to 1 to about 800 to 1.
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21. The atom zer of claim1l, wherein: said elenment is a cylindrical brush.
22. The atom zer of claim1, wherein: said neans mnimzing the electrical
charge extends out- wardly fromsaid pan. 23. The atom zer of claim 22,

wher ei n:
said venturi .
the electrical

said neans mnimzing the electrical charge forns a portion of

24. The atom zer of claimgd. wherein: said neans m nim zing
charge term nates bel ow sai d axis.

Abstract Of The Disclosure ' THI S“ SHEET H AS BEEF\
POWDER ATOMIZER L REPLAGED

An improved powder atomizer comprising a cylindrical pan, a cylindrical
resiliently deformable element, which is journaled for rotation about an axis within
the par.l. 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 i'adia_lly spaced apart. Means is provided for rotating the
element 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 atomizes and deagglomerates powder fed into the venturi inlet thereby
forming a uniférmly flowing cloud of particulate material which is uniform both
longitudinally and laterally of said axis. The invention also provides an atomizer
feeder and an atomizer feeder combination deagglomerator combination with a
feeder such a disclosed in U.S. Patent No. 5,314,090 which is particularly useful in
wide web coating applications to produce a particulate cloud which is uniform both
léterally and longitudinally of the web and uniform in both-particulate distribution
and particulate size throughout the uniformly flowing cloud.

FIG. 1.

isllslliifltliiilrmlllefim
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25. The atom zer of claim 24, wherein: said axis is disposed internedi ate
said inlet and said outlet. 26. The atom zer of claim1l, wherein: said
means mnimzing the electrical charge i's formed froma material selected
fromthe group consisting of polycarbonates, acrylics, acetals, and

pol yet hyl enes. 27. The atom zer of claim11, further conprising: a powder
hopper having an outlet, said hopper ouglet communicating with said inlet.
28. The atom zer of claim1l, wherein sard neans m ni -
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m zing the electrical charge is bonded to said pan. 29. A powder atom zer
conprising a pan, a cylindrical elenent, said el enment being journaled for
rotation about an axis, said pan being cylindrical and-positioned coaxi al

of said elenent, said pan partially surrounding said el enent, said el enent
and pan defining a cylindrical venturi therebe- tween into which powder is
fed, said venturi having an inlet and o:én_I et radially spaced apart, means
for rotating said elenent within said p at speeds in excess of the speed
required to throw_powder from said-.gl er(eqt\-hy-cngrL’fggQ\ forgg sgl d

el enment draw ng gas—thro"ugh sald vent uri and : e,

—
-
>l
-
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atom zing powder fed into said inlet to produce a uniformcloud of
particul ate material, said el enent -being chosen to maxi m ze particle to
particle and particle to elenment colli- sions thereby to deaggl onerate and
reduce the particle size of the powder being fed into said venturi. 38
30. The atom zer of claim29 wherein said elenent is a brush having
bristles, said bristles being chosen Y&fh a

This is the repiace

ment sheet

4 3 SEP 1997

‘Dates



transverse dinension and | ength and physical properties together with the
physi cal properties of the powder being fed to said venturi to

deaggl onerate and reduce the particle size of said powder. 31. The atom zer
of claim30 wherein the bristles of said brush are resilient, said bristles
resiliently flex upon collision between said bristles and sald particles,

t hereby increasing the deaggl oneration gnd reduction in particle size of
said powder. 32. The atom zer of claim wherein the bristles are chosen
fromthe group consi'sting of natural fiber bristles; . ,
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synthetic polyner bristles, and netallic bristles. 33. The atom zer of
claim 30 wherein the transverse dinension of said bristles ranges from
twice the size of said particulate material to about 50 tinmes the size of
said particulate material. 34. The atom zer of claim 30 wherein said

- bristles have a transverse di nension ranging from about 0.001 inch to about
0.062 inch. 35. The atom zer of clain13g wherein said bristles have a

|l ength to transverse dinmension ratio o<<from about 10 to 1 to about 5, 000
to 1.
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. epacyT SHEST © o THIS SHEET HAS REEN o ~
36. The e‘t §rr$zef,_ Lx: Am \}yherel n saig w«ﬁﬁ hhve a di mension i Al
direction joff rotation randing frdmabeut i-npeh to about 0.062 inch.Ypf¢ls

-37. The atlo | ZB K} gsﬁfCCiE%mZ wherein said bristles are essentially
cyllndrlc | thaving a lengtlhito dianeter ratio from ghout—10-tolto—pdout

5,000 to -1 ‘38— Tne atom zer; of clai m 2% wherein saildREPiIAGENes are
general |y g he shape of a padall el ogram+1r cross-secti (W‘&ﬂd’V\ﬂHﬁSﬂe&}&aBénReﬂlaced

bristles have a transverse length to | ongitudinal |gng atio mnmnﬂﬂlﬂ II I

200 to 1 to WHATISCLAIMELBIS: The atom zer of cl ailm|29! Ysbr ei
1. A powder atomizer comprising a pan, a cylindrical element, said

bristl es have a

Vd

element being journaled for rotation about an axis,_ said pan being cylindrjcal 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 veﬁturi having an inlet and an outlet radially spaced apart, means for
rotating said element within said pan at spéeds in excess of the speed required-to-
throw powder from said element by centrifugal force, said elément drawing gas
through said venture and atomizing powde:; fed into said inlet to produée a uniform
cloud of particulate material, and means for minimizing the electrical charge on
said pan and the resulting agglomeraﬁon of powder at said outlet.
2. A powder atomizer comprising a pan, a .c.ylir.ldrical element, said

. | élement being journaled for rotation about an axis, said pan being cylindrical and
positioned coaxial of said element, Qaid 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 raaialls; spaced apart, means for
rotating said element within said pan at speeds in exﬁess of .th'e speed required to
throw powder from said element by centrifugal force,.saié'element drawing gés '
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
nonconductivé material. - |

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

TR O LN




par al | el og aPrEEir%ﬁHtH’écﬁHFﬁiﬁ W\,hl ¢ THIS SHEET diasestapp of ratas ot |
bristles agefthrcker_thamjnjdifecti om@LtAr[\gstersa t her dt BEBWWEEKI\

~bristles havin _ gl d|'ty afmdtess—HH-extbity in the Ellrect '
rotation than i%ngﬁﬁeidtﬁon [ ransverse thereto. -39 44. {The ato Been Rez!s
cl ai m 29 wheterA—sad-brist | s have a I3%ngth of from abqu one ha ” "”,”m

about 5 inghes. 74

4, The atomizer of Claim 2 wherein said nonconductive material is

v)

conductivity from about 10' to about 10'¢ ohm centimeters.

chosen from the grdup of materials consisting of structural polymeric materials.
5. The atomizer of Claim 2 wherein said nonconduétive material is
chosen from the group of structufal polymeric materials consisting of
~ polycarbonates, acrylics, acetals and polyethylenes.
6. The atomizer of Claim 2 wherein said pan adjadent said outlet is
( pointec_i; thereby defining an edge adjacent said element, said pan having a suljfa_ce
depénding 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 ventﬁri.

9. The atomizer of Claim.l 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 smooth, said surface having an angle with respect to the
horizontal, said wing having an end surface spaced from said element having an
angle with respect to the horizontal surface greater than the angle of repose, said
wing having a backside surface having an angle with respect to the horizontal
greater 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' ochm centimeters.

* [ L M S *




41. The atom zer pm]\ﬁgsm_far ' - ment t llavc a—
| ength to dianet e(rHEPEA@ tik a‘“ﬂg S%Tq’ g'a% ' - %ﬁ

further conprisiin - flijom saREP A nt_fdom gbdut Been Re la"e"
about 0. 20 |nche n@&@gghés rrsing a target spaced|f oms ” I, I,
fromabout 1 to ut _6_inches to I i i

The atom zer of Cl aim 42 wherein

and pan are angu
wherein said w ng lils

sal d el enent
om zer of claim 4F

The atomizer of Cla:m 9 whcrem said angle of said aerodynamxcally

smooth surface and said backside surface is less than 90°, said acrodynamically
smooth surface is shaped and spaced to direct said cloud away from said element,
and further comprising a target spaced from said wing from about 1 to about 6
inches, said aerodyﬁamically smooth surface directing said cloud toward said

target.

12. The atomizer of Claim 9 wherein said angle of said aerodynamically
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 angle 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°. | H!““c‘ mllj “l.!‘ “l‘sl “ ‘!l‘

17. The atomizer of Claim 9 wherein said wing has a cylindrically

shaped surface adjacent to said element, said surface being minimized.

18. 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



cylindrically hﬁp dw— tion . - Rfp cl aim erein
said wi ng has Fbﬁmoc%@r ace t K %HEE%&AQ@E age- b e@lﬂagwenR laced

46. The atom z r of claim42 whefein .n at SdfT Mmﬂmm
an

and pan are pajall 8 0D&ED 1998e! pnha- tion o
edges which are gpirally shaped po as to extend the-fuII transvers

of said targetj 47. The atom zerjof claim?29 wherein sai g:bl’l stl es have g
dimensiontran verse to the direction of roB&tion rangp :
inch to about 62 ipch.

wh1c powder is fed, said venturi havxng 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
elemeﬁt drawing gas through said venturi and atomizing powder fed into said
inlet to produce a uniform cloud of particulate fnaterial, said element being
chosen to maximize particle to particle and particle to element collisions thereby
to deagglomerate and reduce the particle size of the powder being fed into said
venturi,

19. The atomizer of Claim 18 wherein said element is a brush héving'. -
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 deagglorﬂerate and reduce the particle size of said powder.

20. The atomizer of Claim 19 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.

21. The atomizer of Claim 18 wherein said bristles are essentially
cylindrical having a length to diameter ratio from about 10 to 1 to about 5,000 to-
L - . .

22. The atomizer of Claim 18 wherein said bristles generally have 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

L ) R )
* [ L M 1 *

23. The atomizer of Claim 18 wherein said bristles have a parallelogram
cross-section which in the direction of rotation the bristles are thicker than in

directions transverse thereto said bristles having more rigidity and less flexibility



S ol et o }: REPLACEMENT, SHeEL T+
48. The at oni 1e f na . Br el et ve a Qjri, S t
transverse di'fe REQ‘%%' NWQ‘%E‘:S ng | fiTeenSAEETtHASOBEEN | 1 t 0 about 800 to 1.
49. The &t oni: er of cI aim1, br|2, {or 29RERMAEFBIi n sald inl eﬁhlk%eélmiaﬁiﬁlaced

50. The atomi el &NAOES Fﬁ%, bri{ 2, or .29, wherertsal d outl et
51. The atom Zef of claiml1l, br]2, or 29, wherein said el erre

at a speed of {from about 700 to]about 4, 0003_2RPM

in the direction of rotation than in directions transverse thereto.

24. The atomizer of Claim 18 wherein said bristles have a length from
about one half inch to about 5 inches.

25. The atomizer of Claim 18 wherein said pan and element both have a

length to diameter ratio greater than 1.

26 The atomizer of Claim 18 further compnsmg a wing spaced from Sald
elernent 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.

27. The atomizer of Claim 26 or 9 wherein said target is elongated and

sa1d element and pan are angularly disposed to said target.

28. The atomizer of Claim 26 or 9 wherein said wing is cylindrically

shaped in cross-section.

23. The atomizer of Claim 26 or 9 wherein said wing has an
aerodynamic surface thereon, said surface being planar.

30. The atomizer of Claim 26 or 9 wherein said target is clongated, said
clement 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
target.

31. The atomizer of Claim 19 wherein the bristles are chbsen from the

group of bristles consisting of natural fiber bnstlcs, synthetic polymcr bristles,

* [4 L M H *

and metallic bristles.



46 52. The at oni zBEPWF&iuﬂTrﬁWEET 2, or 29, wherein saifkP
unrformthrcknes‘ﬁ”’t"‘""’"’nsardrn et and said outl et ' r
about 0. 020 incHeq. :2 zer of claiml1, or 2,
el enent has a dijarfeter greater han about 2 inches. 54
claiml1, or 2, dr 29—wheretrnmsaid powder ranges in sifz

about 300 microns. 55. The atonmi zdr of .claim1, or 2,
- 40 /

lé{Has Bee ﬁ] ced

29 vr/nere_r n sai d

32. The atomizer of Claim 19 whercin the transverse dimensiéri of said
bristles range from twice the size of said particulate material to about 50 times

the size of said particulatc material. THIS SHEET HAS BEEN
REPLACED |

33. The atomizer of Claim 19 wherein said bristles have a transverse

dimension ranging from about 0.001 inch to about 0.062 inch.

34. The atomizer of Claim 19 wherein said bristles have a length to

transverse dimension ratio from about [0to 1 to about 5,000 to 1.

35. The atomizer of Claim 19 wherein said bristles have a dimension in

the direction of rotation ranging from about 0.001 inch to about 0.062 inch.

36. The atomizer of Claim 18 wherein said bristles have a dimension
transverse to the direction of rotation ranging from about 0.001 inch to about
0.062 inch.

37. The atomizer of Claim 18 wherein said bristles have a bristle length
 to transverse dimension ratio ranging from about 200 to 1 to about 800 to 1.

38. The atomizer of Claim 9 or 27 wherein said target is elongated, said
element and pan are parallel to the elongation of said target, said wing having
edges which are spirally shaped so as to extend the full transverse width of said
target.

39. The atomizer of Claim 9 or 27 wherein said target is clongated, said

clement, pan and wing extend transversely of said target.

40. The atomizer of Claim 1 or 2 or 18 wherein said inletis diverging.

JLELA



el errent

mat eri al

exiting sa The atom zer of clajfmfl,
wherein said powder @M#‘?ﬁ om { he group consisting pf thet
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58. The atom zer of claimi, or l?]%l'or 29,

t her eof .

‘relatively unifor

is a brus' RQQACEMENWSMEE?N of. cl ai.m 1, or 2,°
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displaced from said inlet from about 45° to about 240°,
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t h@hio ket Has Bedn®eplaced

m

evein said cloud i
ed . cl oud” of partfTcul ates.

41. The atomizér of Claim 1 or 2 or 18 wherein said outlet is diverging.

42. The atomizer of Claim 1 or 2 or 18 wherein said element is rotated at

a speed from about 700 to about 4,000 rpm. THIS iHEET HAS BEEN
CREFLALTD :

43. The atomizer of Claim 1 or 2 or 18 wherein said venturi has a
uniform thickness between said inlet and said outlet from about 0.001 to about
0.020 inches.

44, The atomizer of Claim 1 or 2 or 18 wherein said element has a

diameter greater than about 2 inches.

45, The atomizer of Claim 1 or 2 or 18 wherein said powder particulate

size ranges from about 2 to about 300 microns.
46. The at_omizer of Claim 1 or 2 or 18 wherein said element is a brush;

47. The atomizer of Claim 1 or 2 or 18 wherein said powder being fed

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

48. The atomizer of Claim 1 or 2 or 18 wherein said powder is chosen
from the group of powders consisting of thermoset and thermoplastic organic

polymers, organic materials, and combinations thereof.
49. The atomizer of Claim 1 or 2 or 18 wherein said cloud is a relatively
uniformly triboelectrified cloud of powder particulates uniformly dispersed into

a slow moving stream of carrier gas.

50. The atomizer of Claim 1 or 2 or 18 wherein said target is radially

(LT
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What is claimed is: -
1. A powder atomizer, comprising a pan, an_element

journaled for rotation about an axis, said pan partially -

surrounding said element and therewith defining a venturi
mto which powder is fed, said venturi having an inlet into
' ed an aced outlet, a motor rotating
said element within said pan in excess of the speed required
to throw powder from said element by centrifugal force and
drawing gas through said venturi so that powder fed into said
inlet is atomized and produces a uniform cloud of particulate
material, and means minimizing the electrical charge on said
pan and thereby the resulting agglomcrauon of paruculate
material at said outlet.

2. A powder atomizer, compnsmg a pan, a cylindrical
element journaled for rotation about an axis, said pan being
mmm‘pm surrounding said element for there-
with defining a venturi into which powder is fed, said venturi

~ having an inlet and a radially spaced outlet, a motor rotating
said element in excess of the speed required to throw powder
from sajd element by centrifugal force and drawing gas
through said venturi for thereby atomizing powder fed into

* said inlet to produce a uniform cloud of partlculate material,
and said pan adjacent to said outlet gg_r_nm'_xsx_ng__noncon-
ductive material.

3. The atomizer of claim 2 wherein said nonconductive
material has a conductivity of from about 10'° to about 10'¢
ohm centiméters.

4. The atomizer of claim 2 wherein said nonconductive
material is chosen from the group consisting of structural
polymeric materials.

5. The atomizer of claim 2 wherein said nonconductive
material is chosen from the group 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
elemenit, and said pan having a surface depending from said
edge.

- 7. The atomizer of claim 6 wherein said surface depend-

ing 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 g¢lement, said wing having a surface

410 14 Ve ';oc'f
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gxtending upwardly away from said element, said surface
being aerodynamically smooth and having an angle with
respect to the horizontal, said wing having an end surface
spaced from said element having an angle with respect to the
horizontal surface greater than the angle of repose and said
wing having a backside surface baving an angle with respect
to the horizontal greater 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'S ohm centimeters. -

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 to direct the cloud away from said element, and

comprising a target spaced from said wing, said
acrodynamically smooth surface directing the cloud toward
said target. :

12. The atomizer of claim 9 wherein said angle of said
aerodynamically 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.

15. The atomizer of claim 9 wherein said angle 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.

18. The atomizer of claim 11 wherein said target is
elongated, said element and pan are parallel to the elonga-
tion of said target, said wing having edges which are spirally
shaped so as to extend the full transverse width of said
target. |

-19. The atomizer of claim 11 wherein said target is
elongated, and said element, pan and wing extend trans-
versely of said target.

20. The atomizer of claim 11 wherein said target is
radially displaced from said inlet from about 45° to about
240°, :
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22. mezg_qtm 1, wherem

said means mini e C exte -

- .portion of said venturi.
~ 24, The atomizer of claim 23, wherein:
' said means minimizing the glecg:gcal charge terminates
bel id axi
25. The atomizer of clatm 24, wherein: '
.said_axiu&_dmpnsed_thmm;g_ga_ld_mlia_nLng__
outlet. -
26. The atomizer of claim 1, wherein: :
said means minimizing the electrical charge is formed
from a material selected from the group consisting of
polycarbonates, acrylics, acetals, and pélyethylenes.
27. The atomizer of claim 1, further comprising:
-a_powder hopper having an outlet, said hopper outlet
communicating with said inlet.
28. The atomizer of claim 1. wherein said means mini-
mmmmmmzmw ‘
—29. A powder atomizer comprising a pan, a cyﬁndncal
element, said element being journaled for rotation about an

axis, smd pan being cylmdncal and positioned coaxial of
said element, said pan partially surrounding said element,
said element and pan defining a cylindrical venturi therebe-
tween 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 venturi and
atomizing powder fed into said inlet to produce a uniform
cloud of particulate material, said element being chosen to
maximize particle to particle and particle to element colli-
sions thereby to deagglomerate and reduce the particle size
of the powder being fed into said venturi.

O
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_30. The atomizer of claim 29 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.

_31. The atomizer of claim_30 wherein the bristles of said
brush are resilient, said bristles resiliently flex upon collision
between said bristles and said pamdes, thereby i mcreasmg
the deagglomeration and reduction in particle size of said
powder. :

32, The atomizer of claim 30 wherein the bristles are
chosen from the group consisting of natural fiber bristles,
synthetic polymer bristles, and metallic bristles. -

33. The atomizer of claim ;__wherem the transverse
dimension of said bristles ranges from twice the size of said .
particulate material to about 50 times the size of said
particulate material. :

.34. The atomizer of claim 30 wherein said bnstles have a
transverse dimension ranging ng from about 0.001 inch to
about 0.062 inch.

35, The atomizer of claim 30 wherein szud bristles have a
length to transverse dimension 1z rauo of from about 10to 1 to
about 5,000 to 1. -

36, The atomizer of clmm_&wherem sald bnstles have a
dunensmn in the direction of rotation ranging from about
0.001.inch to about 0.062 inch. _

- 37. The atomizer of claim 29 wherein said bristles are
:ssentially cylindrical having a length to diameter ratio from
About 10 to 1 to about 5,000 to 1.

38, The atomizer of claim 29 wherein said bristles are

generally 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.

.39. The atomizer of claim 29 wherein said bristles have a
‘parallelogram cross-section which in the direction of rota-
tion the bristles are thicker than in directions transverse -
thereto and said bristles having more rigidity and less
flexibility in the direction of rotation than in directions
transverse thereto.
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.40, The atomizer of claim 29 wherein said bristles have a
length of from about one half inch to about 5 inches.

41, The atomizer of claim 29 wherein said pan and
element both have a length to diameter ratio greater than 1.

-42. The atomizer of claim 29 further comprising a wing .
spaced 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. _

A3. The atomizer of claim 42 wherein said target is
elongated and said element and pan are angularly disposed
to said target.

44. The atomizer of claim 42 wherein said wing is

pupap, 5

..ynnuncauy shaped in cross-section.

45. The atomizer of claim 42 wherein said wing has an
aerodynamic surface thereon, said surface being planar.

46, The atomizer of claim 42 wherein said target is
elongated, said element and pan are parallel to the elonga-
tion of said target, and said wing has edges which are
spirally shaped so as to extend the full transverse width of
said target.

_47. The atomizer of claim 29 wherein said bristles have a
dimension transverse to the direction of rotation ranging
from about 0.001 inch to about 0.062 inch. _

_48. The atomizer of claim 29 wherein said bristles have a
bristle length to transverse ‘dimension ratio ranging from
about 200 to 1 to about 800 to 1.

_49. The atomizer of claim 1, or 2, or 29, wherein said mlet
- is dlvergmg.

_50. The atomizer of claim 1, or 2, or 29, wherem said
outlet is diverging.

_51. The atomizer of claim 1, or 2, or 29, wherein said
element is rotated at a speed of from about 700 to about
4,000 RPM.
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_52. The atomizer of claim 1, or 2, or 29, wherein said
venturi has a uniform thickness between said inlet and said
ocutlet of from about 0.001 to about 0.020 inches.

53. The atomizer of claim_1, or 2, or 29, wherein said
element has a diameter greater than about 2 inches.

54, The atomizer of claim 1, or 2, or 29, wherein said
powder ranges in size from about 2 to about 300 microns.

_5§. The atomizer of claim 1, or 2, or 29, wherein said
element is a brush.

_56. The atomizer of claim 1, or 2, or 29, wherein said
powder being fed into said venturi has a size larger than the
particulate material exiting said venturi. '
" 57. The atomizer of claim 1, or 2, or 29, wherein said
powder is chosen from the group consisting of thermoses
and thermoplastic organic polymers, orgamc materials, and
combinations thereof.

_58. The atomizer of claim 1, or 2, or 29, wherein said
cloud is a relatively uniformly triboelectrified cloud of
particulates,
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Abstract Of The Disclosure

POWDER ATOMIZER

An improved powd‘er atomizer comprising a cylindrical pan, a cylindrical
resiliently deformable element, whiéh is journaled for rotation about an axis \:vithin' -
the par;. The pan is mounted coaxially of the element. The element and pan define
a cylindricélly shaped venturi therebetween into which powder is fed. The ventuni
has an inlet and outlet radia}ly spaced apart. Means is provided for rotating the
element 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 atomizes and deagglomgrates powder fed into the venturi inlet the{eby
forming a uniformly flowing cloud of particulate material which is uniform both
longitudinally and laterally of said axis. The invention also provides an atomizer
feeder and an atomizer feeder combination deagglomerator combination with a
feeder such a disclos_ed in U.S. Patent No. 5,314,090 which is particularly useful in
wide web coating applications to produce a particulate cloud which is uniform both
léterally and longitudinally of the web and unifénn in both .particu]ate distribution
and particulate size throughout the uniformly flowing cloud. .

FIG. 1
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