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

wo edoanassyeneral ly to air cleani ng systens andP@BUS2006/062765
particularly directed to air cleaners of the type that
use an electrostatic field to polarize a nedia and to
pol arize 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 enhatice the renoval of
contamnants fromair streans. There are three primry
categories of air electrostatic cl eaners:
electrostatic precipitators, passive electrostatic’

ers and active field polarized nedia air cleaners,

CONW&‘HTW% BESIRACHRYEHBLR ROLARIZED MEBR. AIBIGISEANER
El ectrostatic precipitators charge particles and then
capture them on oppositely charged and/or grounded
collection plates. A passive electrostatic filter

Fieldadfdavdakiomn as an clcctrct) enploys a nmedia (or
conmbi nation of different nedia) that through sone
conmbi nation of treatnment and/ or inherent properties
has an electrostatic charge. Particles entering the
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to air c\feangrgeof %P oS 'Ehat 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 attracted to the charged media filter materials that have the opposite

electrostatic charge.



el ectrostatic charge. An active field polarized nedi a
air cleaner uses an electrostatic field created by a
woelwwayssyi fferential between two el ectrodes. BCT/US2006/062765
dielectric filter media is 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 the
efficiency of the nedia and the air cleaner. A
dielectric material is an electrical insulator or a
substance that is highly resistant to electric current
that can also store electrical energy. A dielectric
material tends to concentrate an applied electric
field within itself and is thus an efficient supporter
of .el rostatjc fields. A further electr atic air
Anghefife g 28] Goge Gl Ay T e FLAE Ao creRisd Dy a voltage
.1, 272,453, in which a disposable rectangul ar cartridge
diffezentigihréweadwoslectiodgn A diclesis fHtonmedinis plaged frrtbe electrostatic
cartridge consists of a conductive inner center
fielddetreaen thehivahelegroslan Fhicchetioktetindeld polanizeslyasth sheahedia fibers and
dielectric fibrous material (either plastic or glass).
the Pagticlesahaticatee,ahéreby inryRkidg MiccefficRndstbMthe HetaN@H the air cleaner. A
sandwi ched between two outer screens of conductive
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A further electrostatic air filter design is disclosed in Canadian Patent No. 1,272,453, in
which a disposable rectangular cartridge is connected to a high voltage power supply. The
cartridge consists of a conductive inner center screen, which is sandwiched between two
layers of a dielectric fibrous material (either plastic or glass). The two dielectric layers are,
in turn, further sandwiched between two outer screens of conductive material. The
conductive inner center screen is raised to a high voltage, thereby creating an electrostatic
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.

Plcatcd filters arc also well known. A plcated 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.



Pleated filters arc also well known. A pleated filter

is formed froma sheet of filter nedia folded into a
w@en7e%563 pleats. One type of pleated filter, PRIOBIVOEB62765

a mni-pleat filter, has smaller nore closely spaced

pl eats. The peaks between adjacent pleats of a

mni-pleat filter are spaced no nore than 20 nm apart

and typically range from5.0 nmto 7.0 mm

apart.Mni-pleat air filteré'typi cally utilize 7/8 to

1 1/4 inch deep pleats with very narrow air spaces

(1/8 inch) between, making it possible to pack nore
Mifi-plegrairgdinss typivally atilra84e d 114 mok dedpopletawitheredomerow air

with traditional deep, corrugated pleats. The abutting
spdced (£8 mbh)Ebetivedn, plakite it pbdsidie t@rpacis apas Altedapboinked sahdard

pl ace by gl ue beads, threads, ribbons, tapes, strips

frafie thRMaH e dBhe %itﬁ%ﬁitﬁiﬁ@%eﬁijc%%g%d %le@ﬁs? Thé QR folds of a

pl astic spaced within the wdth of the nedium
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separator filters of equal.frame size. US patent. . .
strip$ BEBSH. P pOTEROUS P0G S DaTior: TSR aRAGeq &ithin the width of

stripes applied to a pleated nedia for generating
thegpediurp i tnleat diligrspontay elmost vpessassaveheliltes peperas sleeply pleated

el ectrostatic field within the pleated filter nedia.
filtess op aomwgatds] s¢pFraB filters afegmaldenstsimes a pl eated filter

wi th conductive strings attached to the top edges and

bott om edges (peaks) of the pleated folds. Applying a

hi gh vol tage potential between the top and bottom
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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 uscd 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



field wwthin the pleated filter material. Summary of
the invention The present invention is enbodied in a

w0 pdoveresaedi a i n whi ch conducti ve beads arc usedI/US2006/062765
support and/or hold together the nedia and generate an
electrostatic field within the nmedia. The present
invention is further enbodied in a pleated filter
medi a in which conductive beads or nenbers are used to
support the nedia, space the pleated surfaces apart,
add- Astrength to the overal l4g.assenbly, in a
multi-layer nedia, hold |ayers together and in al
cases generate an electrostatic field within the

I.n with t e ntion n .
s B st FRERES Sh o mlRa PG RR My bobd Thkerd Boasfier end in an
pl yi n gh vol e.di ere tial between adjacent
Caségﬁ?i{?&tge%eg@%%aﬁcté?i‘?@@glqt EF¥E% ng the efficiency of
the filter. Brief description of the drawings Figure 1
iIs amni-pleat filter containing conductive beads in
accordance with the present invention. Figure 2A is an
In acvordahce oitt rthevpregent pavention,| ap dlectiostadodicl dCisfopsated withia the media
mni-pleat filter containing conductive beads in
by a&HOFRANC Bigh bBltddie dIFRSRAl UeRVQMt b@Bcent 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 accordancc 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 2B is an isonetric drawing, partially in
schematic form of a non-pleated filter containing
w@oenwdurdssye beads in accordance with the presePtT/US2006/062765
invention. Figure 3 is a cross-sectional view of the
filter nmedia and conductive beads of the filter shown
in figure 2B in accordance with the present invention.
Figure 4 illustrates a first enbodi nent for applying
an electrostatic field to a>filter nedia in accordance
with the present invention.Figure 5 illustrates a
second enbodi nent for applying an electrostatic field
Figure milluptrates a saedidiembodiveot haapEyingtah eldetogtrisBeit to a filter media
invention. Figure 6 illustrates a third enbodi nent for
in dp@dyhdegviginihe lpesthitdatation. 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

. acc 1.4 t .invention. .Detail .
FieffCEHARRGE, ¥its bOBafRRF PL bR EH Al er TRl el tp o filtor media
. includes a rigid frame 12 of typically plastic or
in aegergpnceralh (R AFSeRnpEAed 111 er muterial 14. The
filter illustrated is a mni-pleat filter with
paral |l el conductive beads hol ding the pleats of the
mni-pleat filter in place. In particular,

Figareh3 timptdredstsgctmaabiviest of dredfiltdri medibeadscohbudtivd tk8dsofthe filter
illustrated in figure 1. Depending

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.



upon the size of the mni-pleat filter configuration,
there may be one, two or many parallel conductive
whewd®7dsed di ng the pleated filter material 14 PCT/phR0€062765
As shown in figure 2A, pleated filter nmedia 14 is held
in place by a top conductive bead 16A and a bottom
conductive bead 16B that arc respectively above and
bel ow the pleated filter nmedia 14. Parallel to
conductive beads 16A and 16B is an adjacent pair of
rows of conductive beads, ngrely top conductive bead
18A and bottom conduct ed bead 18B. Typically, paralle
rows of conductive beads are spaced one half to three
quarters of an inch apart on each side of the filter
medi a 14. A cross-sectional view of the filter nedia
and conductjve bea fromfigure 2A i.s shown |n figure i
A cyosspReHana} YigW ahdbs gﬁ%ﬂ?ﬁ@ snheridu e advigen fisves %lg;ss shown in
and bottom conductive beads 16A and 16B. Specifically,
figerRd. fThet f@ltermaatiia 14 15 sandwiched betwiskmths thy andbottesp conductive beads
conductive bead 16A. Additionally, the filter nedia 14
16A anthébH. iSpeqifieadly, khe fillxer dxalid davisclohdlincplascebsbihadod 6ehdubve bead
shown in both figure 2A and figure 4, one termnal of
168. Rd@hov@ly! e FilReWRHaSIURE hyld 10 Blaks bf et oRdnt @nductive bead 16B.
conductive beads 16A and 16B on the top of the nedia
filter 14. The other term nal of the high voltage
power supply 108 is coupled to conductive beads 18A

and 18 he bptt of the dia fiplter 14. In one
As itnirrdth SR Rt g oL gt e bi¥bnatoes Bulfivmpty 108
. beads provides for_an electrostatic field ranging from
is epuplgd ko cenductive heads 16A and 16B on the top of the media filter 14. The other
terminal of the high voltage power supply 108 is coupled to conductive beads 18A and
18B on the bottom of the media filter 14. In one embodiment, the high voltage applied to

the conductive beads provides for an electrostatic field ranging from 3-30 kv/cm in the

filter material 14.

The spacing between conductive beads and the voltage applied thereto may be selected
appropriately so as to generate the desired field strength for the particular filter media. It
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



filter material 14. The spaci ng between conductive
beads and the voltage applied thereto may be sel ected
wappropissately so as to generate the desired fPEr/US2006/062765

strength for the particular filter nmedia. It has been
found that when conductive beads were applied to a

nom nal MERV 11 pleated nedia and an el ectrostatic

field was established, filter efficiency at 0.3-mcron
particle size went from31%to 59% (a 90% i ncrease).
Conductive beads of the present invention nay al so be

i d filt of . different for fac ch _as
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of the present invention nmay al so be applled to
filter magegials- of different filter nedia. For exanple, the
filter media 14 can be conposed the fibers from
di fferent portions of the triboelectric
scale(electret). The filter nedia 14 may be
As @szieindreial thy tafm Gbead’ihtar amptreatedbl aichl 8ydos thfead, ribbon, tape,
different filter materials. As used herein the term

smpsb%a%onﬂmﬁﬁ Bde BRtofish, Aoaml Ghet@S ol bStic o ra%@dother material that
bbon, tape, strlps or continuous piece of gl ass,

adhgxgﬁ% tl{ge%tfi’facﬁ bf Ble lttérCchPa §ﬂ¥s @5{@{0 JRIeR 1Pfhe! s'ﬂﬁﬁce 0 the filter

eres e sur ace o nedia or 1s nma
adhere. to the surface of the f||
medif piip WhichaGet BRI BF adoe biRaihit RinePEap Sgﬁﬁﬁﬁ?@%daa
such filter nedia. Figure 2B and figure 3 provide an
illustration of the use of conductive beads of the
present
Figure 2B and figure 3 provide an illustration of the use of conductive beads of the present

invention in substantially flat filter media 20. In particular, a top conductive bead 22A and
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.

Altcrnate 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



invention in substantially flat filter nedia 20. In
particular, a top conductive bead 22A and a bottom
w@onndurdssye bead 22B that are above and bel ow p¢EURL086/062765
filter nmedia 20 support flat filter nmedia 20. Parall el
to conductive beads 22A and 22B is an adj acent pair of
rows of conductive beads, nanely a top conductive bead
24A and a bottom conductive bead 24B that al so support
flat filter nedia 20. One t&rninal of a hi gh vol t age
power supply 108 is coupled to conductive beads 22A
and 22B on the top of the nedia filter 20. The ot her
potetrizal id nerducfors ome altgrgte vivles aljhe fidtaemediapld fprckd ghd dectrostatic field
coupl ed to conductive beads 24A and 24B on the bottom
to pab thirbegtmddifitef etiRr1420hd ridyt BoidkQ st Ser@icctoRBRes fitldGvithin the
the high voltage power supply 108 to the conductive
intetA§2$h Ot PNy bot t om of the filter nedia are shown
in figures 5 and 6. In figure 5 one termnal of the
hi gh vol tage power supply 108 is connected to a first
conductive bead 16B below the filter nedia 14. The
ot he ermpal .o e high vol tage power pply 108 .is
Tn 5% S 00% B8 o e 16 dolliEei 55 SOPRIB ADK B 6umopad 1  first
filter nmedia 14. Applying a high vol tagepotential to )
condustivribeat sl0dn Bhe etheatterminaest dhe thigh moltege pawet supply 108 is
forces the electrostatic field to pass through the
conrfectetldo arsechnd chddacitverbeyd p8Aywhiezhds eh tloengpete side of the filter media
el ectrostatic field within the interior of the filter

14 agrg@i farstlebndhdlivie l@bd €68, A ?in@%&liglﬁ%ﬂdg@ lpof¥ntibing cBhdlfetors on the
vol t age power supply 108 I1s connected to a first

same side of filter media 14 may provide easier connections to the power supply 108.

Other combinations of connections are possible. For instance, one terminal of the high
voltage power supply 108 could be connected to conductors on top and bottom of filter
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



conductive bead 16A. The other term nal of the high
vol tage power supply 108 is connected to a second
w@onndodssye bead 18A, which is on the sane si deCDUS100€062765
filter nmedia 14 as the first conductive bead 16A.
Applying a high voltage potential to conductors on the
sane side of filter nedia 14 may provide easier
connections to the power supply 108. O her
conbi nati ons of connections are possible. For
i nstance, one term nal of the high voltage power
supply 108 coul d be connected to conductors on top and
bottom of filter nedia 14 and the other termnal of

coﬁfféﬁl {)[ig%g ot}r({guct Aifo %?{ﬁl betl n{)t)éd ?oogt%l&g&[ﬁgg‘tnt%ﬂoﬁso%s%el 1nclud1ng
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to mapufacture and therefore nore economcal to
pangh path YsBankynitsoeidmdripal fligrdor dush eoleetian sytterpy. etce further, any
i nvention could be applied to either flat or pleated
andreldi pEthese caudd pracauipbad with ipneivgor i ting asayanpsirdaegoral
part of the mni-pleat filter configuration with
downstebaat ofithe déwes odagsove Bificientyent i on(s) di scl osed
above could be used in variety of ways, including, but
not limted to, use in HVAC systens, self-contained
filter/fan units, and industrial air cleaning systens,
and dust collectors. Wile the above enbodi nents
primarily describe flat filterconfigurations, the
i nventions could be adapted to other configurations as
wel | : i ncluding



but not limted to V-bank groupings of nultiple flat
panel s, interconnected groupings of panel and V-Bank
w7656y 1 i ndrical filters for dust coll ecti oPCT/US2006/062765
systens, etc. Further, any and all of these could be
coupled with ionizing or polarizing arrays upstream or
downstream of the device to inprove efficiency.Wat is
claimed is: 1. Afilter conprising: a sheet of filter
material; a first conductive bead applied to said
sheet of filter material anggprovidi ng support for
said filter material; and a second conductive bead
substantially parallel to said first conductive bead
Vn@pgkhﬁgwggxsaid sheet of filter material and providing
support ftor said filter material. 2. Afilter in
accordance with claim1l, wherein said sheet of filter
material is a pleated sheet of filter material.

1. A filter comprising:
a sheet of filter material;

a first conductive bead applied to said sheet of filter material and providing support for

said filter material; and

a second conductive bead substantially parallel to said first conductive bead applied to said

sheet of filter material and providing support for said filter material.

2. A filter in accordance with claim 1, wherein said sheet of filter material is a pleated

sheet of filter material.



