-1 - CONDUCTI VE BEAD ACTI VE FI ELD POLARI ZED MEDI A Al R
CLEANER Fi el d of Invention The present invention

rel ates generally to air cleaning systens and is
particularly directed to air cleaners of the type that
use an electrostatic field to polarize a nedia and to
pol ari ze particles to increase the particle collection
ef ficiency on the nedia. Background of the invention
The principal of electrostatic attraction has been
used for many years to enhance the renoval of
contamnants fromair streamns. There are three primry
categories -of air electrostatic cl eaners:

el ectrostatic precipitators, passive electrostatic
filters and active field polarized nmedia air cleaners,
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capture them on oppositely charged and/or grounded
col l ection pl ates.

Field of Invention

The present invention relates generally to air cleaning systems and is particularly directed
to air cleaners of the type that use an electrostatic field to polarize a media and to polarize

particles to increase the particle collection efficiency on the media.

Background of the invention

The principal of electrostatic attraction has been used for many years to enhance the
removal of contaminants from air streams. There are three primary categories of air
electrostatic cleaners: electrostatic precipitators, passive electrostatic filters and active field

polarized media air cleaners, which are sometimes known under different terms.

Electrostatic precipitators charge particles and then capture them on oppositely charged

and/or grounded collection plates.

A passive clectrostatic filter (also known as an clectret) cmploys a media (or combination
of different media) that through some combination of treatment and/or inherent properties
has an electrostatic charge. Particles entering the filter media that have an electrostatic
charge are atfracted to the charged media filter materials that have the opposite

electrostatic charge.



A passive electrostatic filter (also known as an

el ectret) enploys a nedia (or conbination of different
nmedi a) that through sone conbi nati on of treatnment

and/ or inherent properties has an electrostatic
charge. Particles entering the filter nedia that have
an el ectrostatic charge are attracted to the charged
nmedia filter materials that have the opposite

el ectrostatic charge. -2- An active field polarized
medi a air cleaner uses an electrostatic field created
by a voltage differential beiween two el ectrodes. A
dielectric filter nedia i's placed in the electrostatic
field between the two el ectrodes. The el ectrostatic
field polarizes both the nedia fibers and the
particles that enter, thereby increasing t he
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véichyr disnerbitcetangudar cartidgetis efneatéd ta gdigh wolirgagomet supply. The
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field between the inner center screen and the two conductive outer screens that are kept at

an opposite or ground potential. The high voltage electrostatic field polarizes the fibers of

the two dielectric layers.

Plcated filters arc also well known. A pleated filter is formed from a shect of filter media
folded into a series of pleats. One type of pleated filter, known as a mini-pleat filter, has
smaller more closely spaced pleats. The peaks between adjacent pleats of a mini-pleat filter

are spaced no more than 20 mm apart and typically range from 5.0 mm to 7.0 mm apart.



-3- Mni-pleat air filters typically utilize 7/8 to 1
1/4 inch deep pleats with very narrow air spaces (1/8

i nch) between, meking it possible to pack nore filter
paper into a standard frane than can be done with
traditional deep, corrugated pleats. The abutting
folds of a mni-pleat filter are separated and held in
pl ace by glue beads, threads, ribbons, tapes, strips

of medium or a continuous piece of glass f oam or
plastic spaced wthin the writt h of the medi um
Mni-pleat filters contain alnost twice as nuch filter
paper as deeply pleated filters or corrugated

Minpieat air filfers typicslhottilizg 14 to fl 1&hmcldecp pleghs with eyt narrow air
2,908,348 to Rivers shows the use of conductive

spaq:e's ()h(& ingpheitweckn; making it passibie towdclombrriiligepapeniniawstandard
el ectrostatic fields. The stripes serve to create an
fedracthamnehdeidond with traditiédal deeph@rmppaed pdatf.iTht ebuttismgifohls of a
US patent 6,497,754 to Joannou shows a pleated filter
miini-pleaiditdtiare issaratd and@gslddh predigdglhobdads threaisefitdess, &pds,
bott om edges (peaks) of the pleated folds. Applying a
dhdiyglof velifuag er pedutintiouslpidsebiEes, ol ot plastibpade@twithin the width of
peaks of the pleated folds generates an electrostatic

thé leiui Mivitldah H1tek eaitaifl alndst ©hice B nfich Fllter AP BIR rd&‘ep%f pleated
the invention The present invention is enbodied in

filtehd GHlcofFBEited separiibt flferS ONAUATHMR sheads arc used to

support and/or hold together the nedia and generate an
el ectrostatic field within the nedia.

US patent 2,908,348 to Rivers shows the use of conductive stripes applied to a pleated
media for generating electrostatic fields. The stripes serve to create an electrostatic field

within the pleated filter media.

US patent 6,497,754 to Joannou shows a pleated filter with conductive strings attached to
the top edges and bottom edges (peaks) of the pleated folds. Applying a high voltage
potential between the top and bottom peaks of the pleated folds generates an electrostatic

field within the pleated filter material.

Summary of the invention

The present invention is cmbodicd in a filter media in which conductive beads arc used to

support and/or hold together the media and generate an electrostatic field within the media.

The present invention is further embodied in a pleated filter media in which conductive

beads or members are used to support the media, space the pleated surfaces apart, add



-4- strength to the overall assenbly, in a nulti-I|ayer
medi a, hold | ayers together and in all cases generate
an electrostatic field within the nedia. In accordance
with the present invention, an electrostatic field is
created within the nedia by applying a high voltage
differential between adjacent conductive beads,
thereby increasing the efficiency of the filter. Brief
description of the drawings Figure 1 is a mni-pleat
filter containing conductive beads in accordance wth
the present invention. Figutge 2A is an isonetric

drawi ng, partially in schematic form of a m ni-pleat
filter containing conductive beads in accordance wth
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In accordance with the present invention, an electrostatic field is created within the media
by applying a high voliage differential between adjacent conductive beads, thereby

increasing the efficiency of the filter.
Brief description of the drawings

Figure 1 is a mini-pleat filter containing conductive beads in accordance with the present

invention.

Figure 2A is an isometric drawing, partially in schematic form, of a mini-pleat filter

containing conductive beads in accordance with the present invention.

Figure 2B is an isometric drawing, partially in schematic form, of a non-pleated filter

containing conductive beads in accordance with the present invention.

Figure 3 is a cross-sectional view of the filter media and conductive beads of the filter

shown in figurc 2B in accordance with the present invention.

Figure 4 illustrates a first embodiment for applying an electrostatic field to a filter media in

accordance with the present invention.



Figure 3 is a cross-sectional view of the filter nedia
and conductive beads of the filter shown in figure 2B
in accordance with the present invention. -5- Figure
5 illustrates a second enbodi nent for applying an
electrostatic field to a filter nedia in accordance
wWth the present invention. Figure 6 illustrates a
third enbodi ment for applying an electrostatic field
to afilter nedia in accordance with the present
invention. Figure 7 is a crdss-sectional view of the
filter nmedia and conductive beads of the filter shown
in figure 2A in accordance with the present invention.
Fira$ hdiraessoerqnd eprpodiment for applying an electrostatic field to a filter media

in accordance with the present invention.

Figure 6 illustrates a third embodiment for applying an electrostatic field to a filter media

in accordance with the present invention.

Figure 7 is a cross-sectional view of the filter media and conductive beads of the filter

shown in figure 2A in accordance with the present invention.

Detailed description

A pleated filter 10 shown in figure 1 includes a rigid frame 12 of typically plastic or metal
that encloses pleated filter material 14. The filter illustrated is a mini-pleat filter with
parallel conductive beads holding the pleats of the mini-pleat filter in place. In particular,
substantially parallel conductive beads 16 and 18 are illustrated in figure 1. Depending
upon the size of the mini-pleat filter configuration, there may be one, two or many parallel

_ conductive beads holding the pleated filter material 14 in place..

As shown in figure 2A, pleated filter media 14 is held in place by a top conductive bead
16A and a bottom conductive bead 16B that arc respectively above and below the pleated
filter media 14. Parallel to conductive beads 16A and 16B is an adjacent pair of rows of
conductive beads, namely top conductive bead 18A and bottom conducted bead 18B.
Typically, parallel rows of conductive beads are spaced one half to three quarters of an

inch apart on each side of the filter media 14,



A pleated filter 10 shown in figure 1 includes a rigid
frame 12 of typically plastic or netal that encl oses
pleated filter material 14. The filter illustrated is
a mni-pleat filter with parallel conductive beads

hol ding the pleats of the mni-pleat filter in place.
In particular, substantially parallel conductive beads
16 and 18 are illustrated in figure 1. Dependi ng upon
the size of the mni-pleat filter configuration, there
may be one, two or many parallel conductive beads

hol ding the pleated filter paterial 14 in place. As
shown in figure 2A, pleated filter nmedia 14 is held in
pl ace by a top conductive bead 16A and a bottom
conductive bead 16B that arc respectively above and
bel ow the pleated filter nedia 14. Parallel to

égfvl\)géi%%ché{fal bl%@do%tﬂeﬁ@f g&édéﬁz&d b@dﬁggfg%g%fﬁgwg% ﬁ@h&geasdshown in

conductive name

B oIRGB
anélelf)} (gpegﬂca/&fgrc Ziﬁt%r ?ciné Icf' %qa ttﬁ‘e t,rofv c?ﬁd%ctwe bead
fea dgfotfp e '%lﬁdlﬁiﬁes} @f”&ﬁéﬁ%ﬁ\%bﬁﬁ i i st 168.

the top and bottom conducti ve beads 16A and 16B.
Specifically, the filter nedia 14 is held in place by

t op ctive bead 16A. Addit ly, the filter
Atghosn %?fg wire e g teimnab ot el sellde ppye Suboly 108
bead 16B. in both figure 2A %nd figure 4
is 6Pyt C@Pd%ﬂﬁ? aw%ﬁfxaa@é 168 nerthe tapntythe medip éﬂfeblf‘pﬂéls other
to conductive beads 16A and 16B.on the top of .the
temeinal ofjthe high veltagerpowsr isarplY dP%risngomplee te igandyctiye beads 18A and
volta% power supply 108 is coupled to conductive
Eaesthe dattem of themnedia filke oln ene cotbodineeniydle Bigh volfage applied to

~ 14. I n one enbodinent, the high voltage applied to the

the nondcut:ﬂnwebd@éean@vmnbwmelmmostam Gtldcenging oinc3-BY &vgm in the
ranging from3-30 kv/cmin the filter material 14. The
filpaciategabkt ween conducti ve beads and the vol tage
applied thereto nmay be sel ected appropriately so as to
generate the desired field strength for the particular
filter media. It has been found that when conductive
TiRaghacikg bewapp bomidetive eatomidnihk W dpplipd thatetd map beaelected
and an electrostatic field was established, filter
pfopfibte l?(‘s)b adtto Qerbrdtt GeQdesipal fidl€ bigengilzfor RParticuinfitiddmedia. It
to 59% (a 90% i ncrease).
has been found that when conductive beads were applied to a nominal MERV 11 pleated

media and an electrostatic field was established, filter efficiency at 0.3-micron particle size

went from 31% to 59% (a 90% increase).

Conductive beads of the present invention may also be applicd to filters of different form
factors such as a bag or stock filter. Furthermore, the conductive beads of the present
invention may also be applied to filters of different filter media. For example, the filter

media 14 can be composed the fibers from different portions of the triboelectric scale



Conductive beads of the present invention may al so be
applied to filters of different formfactors such as a
bag or stock filter. Furthernore, the conductive beads
of the present invention nay also be applied to
filters of different filter nedia. For exanple, the
filter media 14 can be conposed the fibers from

di fferent portions of the triboelectric scale -7-
(electret). The filter nmedig 14 nmay be essentially of
one filter material or layers of different filter
materials. As used herein the term "bead" neans any

eri-al such as.glue, threa i bb ' .
(Pt T ARG edR R gt e sty of e s LBl o bl o cifern
fr %g¥h?ther material that adheres to the surface of
g1 ana8S%r media or is made to adhere to the surface
of the filter nmedia upon which it rests and provides
some mechani cal support to such filter nedia. Figure
218 and figure 3 prgvide an illustration of the use of
Ag dlﬁ%ﬂmrmég%é%{@s hepd't Pgansrany dpgterial iach £ ﬁﬁFn&’fead» tibbos, tape,
substantially flat filter media_20. In, partig%gar, a.
stipp @ oroRtRouG Pigse A 2ass, AR Rl PSS Y Y ket aafgrial that
22B that are above and below the flat_filter nedia 20
adherns de ther ugfece off the filtsmedia opis madedp|adhere & therytfage qf dhe filter
beads 22A and 22B is an adjacent pair of rows of )
mediagnen whish Baetisand pronddsp seme gchepiral upparbiosaehfiber medisg
a bottom conductive bead 24B that al so support fl at
filter nmedia 20. One term nal of a high voltage power
supply 108 is coupled to conductive beads 22A and
FRRRP2B onl figuee 3 povik antidustretitineofitiid use of pandudtivg beadsei the present
term nal of the high voltage power supply 108 is
inventfanedn sitatantialyuitt filter inedial 20.d4 partinala 4 Bopepnitneivo beaddiRA and
of the media filter 20.
a bottom conductive bead 22B that are above and below the flat filter media 20 support flat

filter media 20. Parallel to conductive beads 22A and 22B is an adjacent pair of rows of
conductive beads, namely a top conductive bead 24A and a bottom conductive bead 24B

that also support flat filter media 20.

One terminal of a high voltage power supply 108 is coupled to conductive beads 22A and
'22B.on the top of the media filter 20. The other terminal of the high voltage power supply

108 is coupled to conductive beads 24A and 24B on the bottom of the media filter 20.

Alicrnate ways of connccting the high voltage power supply 108 to the conductive beads
on top and bottom of the filter media are shown in figures 5 and 6. In figure 5, one terminal
of the high voltage power supply 108 is connected to a first conductive bead 16B below
the filter media 14. The other terminal of the high voltage power supply 108 is connected

to a second conductive bead 18A above the filter media 14. Applying a high voltage



Al ternate ways of connecting the high voltage power

supply 108 to the conductive beads on top and bottom

of the filter nedia are shown in figures 5 and 6. In

figure 5, one termnal of the high voltage power

supply 108 is connected to a first conductive bead

1613 below the filter nedia 14. The other term nal of

the high voltage power supply 108 is connected to a

second conductive bead 18A above the filter nmedia 14.

Applying a high voltage -88- potential to conductors

on alternate sides of the filter nmedia 14 forces the

el ectrostatic field to pass through the filter nedia
polehtialitd comdnciorsow aliernatessides nfjthe filtemediad4 &irpes the eléafrostatic field

within the interior of the filter media 14. In figure
to@assttheuginthe fitenmedit 1498nd hey progide uctronggeelpawetatic fighd wsithin the

108 is connected to a first conductive bead 16A. The
intetitvesf theefiltdr meeldiadf4. t he hi gh vol t age power supply 108 is

connected to a second conductive bead 18A, which is on

the sane side of the filter nedia 14 as the first

conductive bead 16A. Applying a high voltage potentia
IntfueO6) b€ by Rrrhifalt dTehs Bigk veltdhe potvef klppBr 1086 icanntdtedy a first

provi de easi er connections to the power supply 108.
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i nstance, one term nal of the high voltage power
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to manufacture and therefore nore economcal to
pur chase. Although the conductive beads of present
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media 14 and the other terminal of the high voltage power supply 108 connected to a

single conductor, either on top or on bottom of filter media 14.

Use of the present invention promises to make active field polarized media air cleaners
easier to manufacture and therefore more economical to purchase. Although the conductive
beads of present invention could be applied to either flat or pleated media, it is particularly
advantageous as an integral part of the mini-pleat filter configuration with conductive glue

beads.

The invention(s) disclosed above could be used in variety of ways, including, but not
limited to, use in HVAC systems, self-contained filter/fan units, and industrial air cleaning

systems, and dust collectors. While the above embodiments primarily describe flat filter



The invention(s) disclosed above could be used in
variety of ways, including, but not limted to, use in
HVAC systens, self-contained filter/fan units, and

i ndustrial air cleaning systens, and dust collectors.
Wil e the above enbodi nents primarily describe flat
filter -9- configurations, the inventions could be
adapted to other configurations as well: including but
not limted to V-bank groupings of multiple flat
panel s, interconnected groupings of panel and V-Bank
units, cylindrical filters f@r dust collection
systens, etc. ‘Further, any and all of these could be
coupled with ionizing or polarizing arrays upstream or

&Qﬁ@lﬁ‘ﬁﬁ&@ rfh@fnv&tﬁﬁ’mﬁj @dﬂl&ﬁ‘e dRptelRY AN& cBhfid1#tRAS ¥s well: including
C al ns | ter Con”prl Si ng.

but not limited to V-ban.k groupings of multiple flat panels, interconnected groupings of
panel and V-Bank units, cylindrical filters for dust collection systems, etc. Further, any

and all of these could be coupled with ionizing or polarizing arrays upstream or

downstream of the device to improve efficiency.



a sheet of filter material; a first conductive
bead applied to the sheet of filter material and
provi di ng support for the filter nmaterial; a
second conductive bead substantially parallel to the
first conductive bead applied to the sheet of filter
mat eri al and providing support for the filter materi al
wherein the first and second conductive beads are
applied to opposite sides of the sheet of filter
mat eri al ; and a vol tage power supply that
Chaiens des a voltage differential between the first
conductive bead and the second conductive bead to
produce an electrostatic field that passes through the
filter nedia. 2. Afilter in accordance with
cl ai 1,‘Xﬁ§{ein the.sheet of filter material is a
ninig}eat EPEPIISINE 3 A filter in accordance
wth claiml, wherein the sheet of filter material is
an e shegteaf filtarapatariali t h i nherent properties that
have an el ectrostatic charge.
a first conductive bead applied to the sheet of filter material and

providing support for the filter material;

a second conductive bead substantially parallel to the first conductive
bead applied to the sheet of filter material and providing support for the filter
material wherein the first and second conductive beads are applied to opposite
sides of the sheet of filter material; and

a voltage power supply that provides a voltage differential between the
first conductive bead and the second conductive bead to produce an

electrostatic field that passes through the filter media.

2. A filter in accordance with claim 1, wherein the sheet of filter

material is a minipleat material.

3. A filter in accordance with claim 1, wherein the sheet of filter
material is an electret material with inherent properties that have an

electrostatic charge.
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4. A filter in accordance with claim1, wherein said
sheet of filter material is an electret nmateri al
conposed of fibers fromdifferent portions of the
triboelectric scale. 5. Afilter in accordance
with claim1l1l, wherein one of the first conductive bead
and the second conductive beads is substantially
conposed of one of the group of glue, thread, ribbon,
tape, strips, glass, foamor plastic. 6. A
filter in accordance with claim1l, wherein one of the
firsg, condugltéyin herddame with deeondwirmdincididahbenebfilter
is substantially conposed of a conductive nateri al

mb P2 PENG gﬁcﬁ%?ﬁﬁeﬁtﬁi EaGaBodd %(h%l?eﬁg Q%mqiffgi.‘érft%fortions of

mat eri al upon rests an ovi des sone

ﬂgaggﬁghgﬁkfg%ﬁgort for the sheet of filter material

n accordance with claim1, wherein the
sheet of filter material is pleated but not a
m ni - pl eat. 8. The filter in accordance with
claim1l1l, wherein the sheet of filter material is
subsi.ant i Al filtef iintaccordstreei withhasimul,t wheeeihayer ef the first

conductive bead and the second conductive beads is substantially composed of

one of the group of glue, thread, ribbon, tape, strips, glass, foam or plastic.

6. A filter in accordance with claim 1, wherein one of the first
conductive bead and the second conductive beads is substantially composed of a
conductive material that adheres to the surface of the sheet of filter material
upon which it rests and provides some mechanical support for the sheet of

filter material.

7. The filter in accordance with claim 1, wherein the sheet of filter

material is pleated but not a mini-pleat.

8. The filter in accordance with claim 1, wherein the sheet of filter

material is substantially flat.

11 -~



10. A filter conprising: a pleated sheet of filter
materi al having a top side and a bottom si de; a
first conductive bead applied to the top side of the
pl eated sheet of filter material and providi ng support
for the pleated sheet of filter material; and a
second conducti ve bead substantially parallel to the
first conductive bead applied to the bottom side of
the pleated sheet of filter material and providing
support for the pleated sheet of filter material;

a thgrd cohdyittdria deeadanpe witltliclhimtl)evHeppirsihdeshebt dhilter
pl eat ed sheet of filter material and providing support

Lot PheALER 1S of filter material; and a
n%%d?%% %ongﬁ%ﬁgwepgggd substantially parallel to the

first conductive bead applied to the bottom si de of

the pleated sheet of filter material and providing
support for_the pleated sheet of filter material;

a vol@ ageAdihies compiising: hat provi des a vol t age
differential between the first conductive bead and the
secangleated slddt\of fiiadnaterthlthweyind artdp codedand avettveadide;
and fourth conductive bead, to produce an ~
el ect fest &rductive!fballhaiplRAS&LEhe fp0siaB of RBe fplédted sheet of

medi a
filter material and providing support for the pleated sheet of filter material;
and

a second conductive bead substantially parallel to the first conductive
bead applied to the bottom side of the pleated sheet of filter material and
providing support for the pleated sheet of filter material;

a third conductive bead abplied to the top side of the pleated sheet of
filter material and providing support for the pleated sheet of filter material;
and

a fourth conductive bead substantially parallel to the first conductive
bead applied to the bottom side of the pleated sheet of filter material and
providing support for the pleated sheet of filter material;

a voltage power supply that provides a voltage differential between the
first conductive bead and the second conductive bead, and the third conductive

bead and fourth conductive bead, to produce an electrostatic field that passes

through the filter media.
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11. Afilter in accordance with claim 10, wherein the

pl eated sheet of filter material is an el ectret

material with inherent properties that have an

el ectrostati c charge. 12. Afilter in

accordance with claim210, wherein the pleated sheet of
filter material is an electret material conposed of
fibers fromdifferent portions of the triboelectric

scal e. 13. Afilter in accordance with claim

10, wherein one of the first, second, third and fourth
condytt i ve hieass dcofddet aAth alahin 100RPRseith the pagedEheet of
the group of glue, thread, ribbon, tape, strips,
ﬁﬁ%@ﬁa&egﬁ?[ﬁ 8{1 dAsd ﬁﬁ&eri%with]i%heﬁeﬁt' élto?[arﬂi that have an
accordance w th clarm 10, erein one o he first,
éecond,.third and fourth conductive beads is :
elegioptatici Harge-conposed of a conductive material that
adheres to the surface of said pleated sheet of filter
mat eri al upon which it rests and provi des sone

nmechani cal support for the pleated sheet of filter

mat er2.al . A filter in dkbordBinee fatith elaimr Oaedhereiarthe pléated sheet of
claim 14, wherein the sheet of filter material is a

filtePhiaRbAal is an electret material composed of fibers from different portions

of the triboelectric scale.

13. A filter in accordance with claim 10, wherein one of the first,
second, third and fourth conductive beads is substantially composed of one of

the group of glue, thread, ribbon, tape, strips, glass, foam or plastic.

14. A filter in accordance with claim 10, wherein one of the first,
second, third and fourth conductive beads is substantially composed of a
conductive material that adheres to the surface of said pleated sheet of filter
material upon which it rests and provides some mechanical support for the

pleated sheet of filter material.

15. The filter in accordance with claim 14, wherein the sheet of filter

material is a mini-pleat.
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material is a not a mni-pleat. 17. The filter
in accordance with claim 14, wherein the sheet of

filter material has nmultiple |ayers. 18. A
filter conprising: a bag filter; a first
conductive bead applied to the bag filter and
provi di ng support for the bag filter; a second

conductive bead substantially parallel to the first
conductive bead applied to the bag filter and
provi di ng support for the bag filter wherein the first

and ggcongthe @it Gh h¥@rigactswiheclaipp 14 edhéeio ppopletted filter
sides of the bag filter; and a vol tage power

]ngﬁgg#y?%$ggt£gﬁ§¥?§%ta vol tage differential between

con ve bead and the second conductive
bead to produce an electrostatic field that passes
through the bag filter.

17. The filter in accordance with claim 14, wherein the sheet of filter

material has multiple layers.

18. A filter comprising:

a bag filter;

a first conductive bead applied to the bag filter and providing support for
the bag filter;

a second conductive bead substantially parallel to the first conductive
bead applied to the bag filter and providing support for the bag filter wherein
the first and second conductive beads are applied to opposite sides of the bag
filter; and

a voltage power supply that provides a voltage differential between the
first conductive bead and the second conductive bead to produce an

electrostatic field that passes through the bag filter.
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