| MPROVED FI LTER MEDI A ACTI VE FI ELD POLARI ZED MEDI A Al R
CLEANER Fi el d of Invention The present invention

wo edoanassgeneral |y to air cl eani ng systens andP@BUS2006/062764
particularly directed to filter nedia for air cleaners
of the type that use an electrostatic field to
polarize a nmedia and to polarize particles to increase
the particle collection efficiency on the nedia.
Background of the invention The principal of
el ectrostatic attraction hag_been used for many years
to enhance the renoval of contam nants fromair
streans. There are three primary categories of air
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pol ari zed nedia air cleaners, which are sonetines
known under different terns. Electrostatic
. precipitators charge particles and then capture them
Iﬁ%ﬁ9€$£%§PPely charged and/ or grounded col | ection
pl ates. A passive electrostatic filter (also know as
an electret) enploys a nedia (or conbination of
di fferent nedia) that through sone conbination of
The preaenvemientiondyetates generadlptto pir olvening epstérasamhis particularly directed
el ectrostatic charge. Particles entering the filter
to fiiletingedidipk alt@leanas oetiRaypobbaise an ehRtrggatdd Beldtd poletifda media
to the charged nedia filter materials that have the
anPPRIriz8 peHR s 1@ HopdabSthe hartlie Aeasdd ci‘eh%l &h the media.
polari zed nmedia air cleaner uses an electrdstatic
field created by a voltage differential between two
el ectrodes. A dielectric filter nedia is placed in the
atic field between the two el ectrodes. The

| ect
Ba%giqiqr&%ﬁléetmgeqqo& d pol arizes both the media fibers

and

L

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 electrostatic filter (also know as an electret) employs 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.



the particles that enter, thereby increasing the
efficiency of the nedia and the air cleaner. A
wale@reodssi ¢ material is an electrical insul at oPCDUSH06/062764
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 electrostatic fields. A further electrostatic air
filter design is disclosed inn Canadi an Patent No.
1,272,453, in which a disposable rectangul ar cartridge
i's connected to a hlgh vol tage power supply. The
artrldge CONSj conductlve |nner:§ nter
AngetiveHeld palagige @ei@ AlEEE %58 helBrTeRE é@%ﬁ@afsfi by a voltage
dielectric fibrous material (either plastic or glass).
differentinliestaben tost el¢atrodes &y dickeetic filter medin is placedhisrthe electrostatic
sandw ched between two outer screens of conductive
ficlddicavécalthe fiveel earudiss tTheeldcirostaticBeitl @olasieeelanth il medis @lers and
to a high voltage, thereby creating an electrostatic

thefpaﬁi&eshﬁét\@ﬁ&a th&8by ﬁfé%asfﬁg B LETISIEhBLEY B8 thetiBent MRk air cleaner. A
conductive outer screens that are Kept at an opposite

‘ dlegzr 'chkr d)ﬂ gﬁ%lﬁg %rg glte ealfll;[%gartgll (%?a %ﬁ%ktﬁ?&Qh% i§ ﬁfé@l@ﬁlteglgfaﬁt to electric
. i st al |
cu%ﬁﬁ‘ ?@i%ﬂ?oaﬁbr&ﬁi%ia T e SRR RnHeR it §pndgRintic an
eating, ventilating, and air conditioning (HV/AC) system
apIdWé eiqqfc’]rsq figld migiettselfrangds thyg pe plliciang g@yﬁﬁr‘e%eleqtrﬁstaﬂc Fields.

smal |l er HVAC systens (e.g. residential and |ight
commercial), the air cleaner panels are often
installed in a flat configuration (perpendicular to

A fuhtkersdledidostadic air filter addidreid disclobal intCamalian Patent HoggR72,453, in
systens, banks of air filters are typicallyarranged in

wheth'\s Hgi¥satae Rick-4i gﬁ@? b%d’g&% @oriﬁ%t%di R @h%ﬁ%[t@éeﬁp&v&érfsﬁﬁpﬁy The
are positioned to forma Z- d filter "perpendicul ar

cal{r?dgte anﬁg,% 3r & onﬁllu {1476 Wher 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.

The air cleaners may be installed in a variety of configurations and situations, both as part
of a heating ventilating and air conditioning (HVAC) systcm and in standalonc air
moving/cleaning systems. In smaller HVAC systems (e.g. residential and light
commercial), the air cleaner panels are often installed in a flat configuration (perpendicular

to the airflow) or in angled filter tracks. In larger systems, banks of air filters are typically



Summary of the invention The invention is enbodied in
several individual inprovenents to filter nmedia for
w@eairwessst el d pol ari zed nedia air cl eaners andPCT/US2006/062764
conbi nati ons thereof. The individual features of the
present invention are as follows: 1. In particular,
the filter nedia of the present invention includes two
| ayers of fibrous di el ect rft materi al (such as
pol yester) with a higher resistance air perneable
material (such as a fiberglass screen) sandw ched
arranggst inaeyr-behle condigaratioe svietamobipth ebeatd filter pelpssisiossd to form a
| ayers. 2. In another enbodi nent of the present
Z-fold fitterperpendidung té tHetagis dfa@iidwi ncl udes a | ayer of
fibrous dielectric material formng a m xed fiber
| ayer having fibers fromdifferent ends of the
triboelectric series of materials (triboelectric
Cal f. se in an active field polarized nedia air
Sunm%mggﬁgﬁ}Rgaﬁﬁﬁ yet anot her enbodi nment of the present
invention, the filter nedia includes a | ayer of
relatively higher density dielectric material (such as
fibrous polyester), followed by a |ayer of relatively
The ipyspEion de gaibodicdan sevent! ipdividvahtmprosemetgn se filtebneds for active
pol yester). Brief description of the draw ngs-AFigure
field polanszed medis sir skahérenad coinbigaadnsafierbbf. TRk iNEHdaal features of the
i ncorporating a higher resistance air perneabl e screen
preseitdhweR€on bidusGuBowads of dielectric material having a
relatively |lower resistance in accordance with the
present invention.

1. In particular, the filter media of the present invention includes two layers of fibrous
dielectric material (such as polyester) with a higher resistance air permeable material (such
as a fiberglass screen) sandwiched between the lower resistance dielectric (polyester)

layers.

2. In another embodiment of the present invention, the filter media includes a layer of
fibrous dielectric material forming a mixed fiber layer having fibers from different ends of
the triboelectric series of materials (triboelectric scale) for use in an active field polarized

media air cleaner.
3. In yct another ecmbodiment of the present invention, the filter media includes a layer of
relatively higher density dielectric material (such as fibrous polyester), followed by a layer

of relatively lower density material (such as less dense fibrous polyester).

Brief description of the drawings



Figure 2 is a cross-sectional diagramof filter nedia
i ncorporating a fibrous pad of dielectric material and
w2007 0851 | ber | ayer having fibers from differpel/Us0de062764
of the triboelectric scale in accordance with the
present invention. Figure 3 is a cross-sectiona
diagram of filter media incorporating features from
figures 1 and 2 in accordafice with the pr esent
invention. Figure 4 is a cross-sectional diagram of
filter media incorporating a |ayer of higher density
dielectric material followed by a | ower density
dielectric material in accordance with the present
Figure VRN b108s-sdctiont] &lidbrinf of fﬂfe@%&d%ﬁ*cb@ﬁ?iﬁng!aaﬁig% Rfistance air
filter nmedia incorporating features fromfigures 1
Ao : ' . g
permédbi& H&Q%n bbtlvedf q%rgﬂqgfds%ft &Ffe C%gi%ﬁglf h%\ﬁf? grﬂe??gaf?lg lower

Fi gure IS a cross-sectiona lagram o

. Incorporating f. ures fromfigures 1 and 5 in
reSlStg%cgéP&8?95‘<ia1\&9t“ﬁ&ltath%pﬁtgg§éthvten{l ention. Figure 7 is a
cross-sectional diagramof a filter nedia
incorporating features fromfigures 3 and 6 in
~accordance with the present invention.Figure 8 is a
Figurerdgs -a erass-oendionali diggam of filidrt medinsideerpomatiog pofitdusgpad of
a mxed fiber layer having fibers fromdifferent ends

dieledfic trthetetisli baklaeatixddc fibealaget hatiag ofiskan deon diffefehe ends of the
present invention. Detail ed description An enbodi nent

triboddéct@ s @Al ineRedrighd wARl BE hZRehtTBFingoRI I Cl eaner in
accordance with the present invention is shown in

figure 1. In figure 1 (as in figures 2-7) airflow
t hrough the

Figure 3 is a cross-sectional diagram of filter media incorporating features from figures 1

and 2 in accordance with the present invention.

Figure 4 is a cross-sectional diagram of filter media incorporating a layer of higher density
dielectric material followed by a lower density dielectric material in accordance with the

present invention.

Figure 5 is a cross-sectional diagram of filter media incorporating features from figures 1

through 4 in accordance with the present invention.

Figurc 6 is a cross-scctional diagram of filter mcdia incorporating featurcs from figurcs 1

and 5 in accordance with the present invention.

Figure 7 is a cross-sectional diagram of a filter media incorporating features from figures 3

and 6 in accordance with the present invention.



filter is dowmmward fromthe top of the diagramto the
bottom of the diagram The filter consists of a frane
wo bav/ohsbzis the filter nmedia. I n one enbodi meneCDUS100€062764
invention, the filter nmedia itself consists of a
di el ectric nmedia support frame 120, a first pad of
fibrous dielectric material 16A, fiberglass nesh
screen 14A, a second pad of-5Fi brous dielectric
material 16B, a center screen 13, a third pad of
fibrous dielectric material 16C, another fiberglass
FigRS i§ 6" @6d3-sbdfora AirdA Wrt Midade B ifiRpaslind & hi
gﬁgterial 16D. The fi%%er frane that héﬁ%s tﬁ% #%F%g?ﬂmrlamr
. A . ' g L di
hadRCH P AR B o bf 36 SORSHELS KEITE, ebBgh AR ghe present
iIWs%cond conductive holding frane 116B wth a second
@W8uctive outer screen 12B. Wiile for the sake of
clarity, the sanme basic configuration using the nedia
frame 120 and hol ding frames 116A5B arc used for
drawi ngs, these arc but one possi bl e enbodi nent. The
Detaiderbduseriptionl enment s of the current invention are the
various configurations of nedia between two el ectrodes
in a polarized nedia air cleaner. While there are
certain advantages to the specific enbodi nents

An G888 dffart B&ivel Hi41at SR Smedid &iC BRERY ifx%@&fdaﬁh%e%h the

not go all the way to t'he edge, nor have a frane

pre%lhp tidn ﬁ;},ﬂp eﬁn .eal.l ]I%yq%ie Tr@s I | fi%l};]rgg 3?730{1rr§18w through the

electric eria s atta

di.electric di uppart frame 12 nd/ or e center
e 5 555 s Ry a0 AP AS! abPEFSBAS! the e

material 121A or ultrasonic welding. The fourth pad of
congfsts|og & fjame thitiholds theyfilier media6D i s attached to the

di el ectric nmedia support frame 120 by a suitable

means, such as adhesive material 12 IB or ultrasonic

wel ding. In enbodiments with no nedia support frane,
In drideerviidirBei of the invention, the filter media itself consists of a dielectric media
support frame 120, a first pad of fibrous dielectric material 16A, fiberglass mesh screen
14A, a second pad of fibrous diclectric material 16B, a center screen 13, a third pad of
fibrous dielectric material 16C, another fiberglass mesh screen 14B and a fourth pad of
dielectric filter material 16D. The filter frame that holds the filter media consists of a first
conductive holding frame 116A with a first conductive outer screen 12A, and a second
conductive holding frame 116B with a second conductive outer screen 12B. While for the
sake of clarity, the same basic configuration using the media frame 120 and holding frames
116A,B, arc uscd for drawings, thesc arc but onc possiblc cmbodiment. The cssential
elements of the current invention are the various configurations of media between two
electrodes in a polarized media air cleaner. While there are certain advantages to the

specific embodiments disclosed in the illustrations, the center screen need not go all the

way to the edge, nor have a frame around it and the media layers.



| ayers of nedia 16A-D and 14A and B and center screen
13 would be typically be attached together by a
wa@iovamnse2 neans such as adhesi ves, ul trasoni c MeT/UB2096/062764
sew ng or clanping. The first conductive outer screen
12A is held in place by a first conductive hol ding
frame 116A. The second conductive outer screen 12B is
hel d in place by a second conductive hol ding framne
116B. I n operation, one tetdmi nal of a hi gh vol t age
power supply 108 is connected to center screen 13. The
other term nal of the high-voltage power supply 108 is
coupled to the first conductive outer screen 12A and
t he second conductive outer screen 12B, which is held

The fyspipadldfydigibctale G nR@drRN I 6Al is aﬁ@éﬁe‘d%ecﬁe ldib1dddc media support
incomng air passing through dielectric filter

framé“i@@ ra'nﬁ}or ]EﬁcAéen]c@rBele&l%ﬁe ai@db}lg Qm?{iblé Bfa Qg hotes 0%1 giv% &naterial

pol ari zed dia air cleaner’ of are

e c fiel her | ected
1214%; ifshye @g&da% 158 fGuy Baf ol 4Bt %ﬂrqr I?anléh ijattached to
h d}%AS .16B5..16C and I 6D. Filter media of the present
© JIglGHE iB7lis strnedleame 129y er @ witehle yresus, siich| ascadhiegive material

material with a higher resistance air perneable

121Byg¢ shtyagpnig aredding hbdebodimentst wigh moweedia support frame, the various
resi stancedi el ectric layers. Wile other materi al

layers ftrnedit i bAs Damel pdAsidd B, @decdnidrCattdey, 13 Rvoul@BE Gydicdlly be
fi berglass screen 14A i s sandw ched between pol yester

attach@ty ®igetheA Bnd sBRIBIS sicBhs kdhess élfﬁl%SlVéM] 'uﬁpasbﬁlc%ﬁﬁfﬁﬁegemng or

above the center screen 13. Siml arl bel ow t

clamf Qi%gt ¢he $EECERIGiveSofted ééigeé ﬁ%% lrde n]%l%cef QS an Wlé %Qn&iucﬁve

bet'ween pol yester 1ayer olr'yes

holdlhé Ifrome ]ﬂ%?&n Fﬁ):élgc%)g%i rég{)]q]ucrﬁgg 81?"@? gcggelélt 2%]1301&1({? ! elarlcleaby a second

conductive holding frame 116B.

In operation, one terminal of a high voltage power supply 108 is connected to center screen
13. The other terminal of the high-voltage power supply 108 is coupled to the first
conductive outer screen 12A and the second conductive outer screen 12B, which is held

typically at ground potential.

Particles in the incoming air passing through dielectric filter material 16A, 16B, 16C and
16D of the active field polarized media air cleaner of figure 1 are polarized by the electric
ficld thercin and collected on the first and sccond pads of diclectric filter matcrial 16A,

16B, 16C and 16D.

Filter media of the present invention include two layers of fibrous dielectric material with a

higher resistance air permeable material sandwiched between the lower resistance



voltage differential between the el ectrodes. This
i ncreases particle renoval efficiencies as higher

wao lovagsseans hi gher field strength and ther ePOF/ES2006/062764
hi gher efficiencies. Specifically, it has been found
t he above disposition of materials allows for up to a
25% hi gher vol tage w thout arcing and sprayi ng between
el ectrodes. Filter nmedia of the present invention
include a mxed fiber layer in an active field
pol ari zed nmedi a air cleaner,7.said m xed fiber |ayer
having fibers fromdifferent parts of the
triboelectric series of materials. Mst materials wll

r . tr| ity. The ca [ .of
die Eﬁf“é&%ﬁe@s Wll%%t’ﬂérené%%e&o%l U %%%g’ﬁﬁ%mﬁ"ﬁ‘cehée@gure 1a
fib {lnes ere it on th tr| oel ectric scal
R AR Sk L IR RS T6A gndpplyestcr layer 16B,
electricity Some materials create nore static
whighdg dispesadyaboma thepedndersseresh lde Simidarlye belowc thei asitey sersen 13 is a
the collection of electrically charged particles on
fiberplesswrdeaddBandwitht&bétaken palyésardayent 6Ciaal polyaster layer 16D.
tendency of either giving up el ectrons and becom ng
positive (+) in charge or attracting electrons and
becom ng negative (-) in charge. The triboelectric

It BSHeES fhhd® Lxﬂ s s %@ﬁ(ﬁf b?hﬁterﬁﬁoémo[\%) gltﬁ&ﬁ zﬁldﬁmore stable

greater ten ency tO conme positive (

volfgt 4G of BRERY el e dE o R Eresrreowh rm%r gfipayed oftctencies s
reate the st s jc electricit For illustration
hightr Voagssmedis e irsaerand acralbie biphyradfivences. Specifically, it
accordi ng hom1me|| they create static electricity when
has hgm deung tha aheva Hispositianeef mbterials alloivs fasumibmt 25B@higher voltage
the material will possess. The list is not an
witleot aresig arel dprgtingbedwesteglyctrodeeri al fits somewhere is

Filter media of the present invention include a mixed fiber layer in an active field polarized
media air cleaner, said mixed fiber layer having fibers from different parts of the
triboelectric series of materials. Most materials will generate and stove some static
electricity. The capacity of the material to generate and store an electric charge defines

where it belongs on the triboelectric scale.

Triboelectric series of materials causing static electricity

Some materials create more static electricity than others. Since static electricity is the
collection of clectrically charged particles on the surface of a material, various matcrials
have a tendency of either giving up electrons and becoming positive (+) in charge, or
attracting electrons and becoming negative (-) in charge. The triboelectric series is a list of

materials, showing which have a greater tendency to become positive (+) and which have a



the positive or negative triboelectric scale. _
Mat erials that becone positive in charge The foll ow ng
woradoenieabs will tend to give up el ectrons whenP@F/O8NE/062764

in contact with other materials. They are |isted from
those with the greatest tendency to give electrons to
those that barely give up electrons. Coments Dry

human skin \ Greatest tendency to giving up electrons

| and becom ng highly posi#tve (+) ini charge Jj

Leat her Rabbit fur Fur is often used to create static
electricity i Gass i The glass on your TV screen gets

greatér ©H@n@e % BRGDnfeOl o8V eS(-H Ut 11U BRA R Hetgﬁi}{@Wch( +. binations

is a good exanpl e of having a noderate positive

Ofmﬁgﬁ’%lggregbé'tl?é”m}%}%katﬂc%?e%tﬁdﬁy?“r prise that | ead woul d
col l'ect as

For illustration purposes, some common materials are listed below according how well
they create static electricity when rubbed with another material, as well as what charge the
material will possess. The list is not an exhaustive list and every material fits somewhere is

the positive or negative triboelectric scale.

Materials that become positive in charge

The following materials will tend to give up electrons when brought in contact with other
materials. They are listed from those with the greatest tendency to give electrons to those

that barely give up electrons.

Comments
: Dry human skin Greatest tendency to giving up electron
: : and becoming highly positive (+) in
charge
i Leather
: Rabbit fur Fur is often used to create static
j i electricity
: Glass i The glass on your TV screen gets
f : charged and collects dust
i Human hair 5 "Flyaway hair" is a good example of
: i having a moderate positive (+) charge
{ Nylon
i Wool
i Lead | A surprise that lead would collect as
: ¢ much static electricity as cat fur
i Cat fur




i much static electricity as cat furSilk i Al um num

G ves up sone el ectrons JPaper Materials that are
woemrnassThere are very few materials that do POI/USENE062764

to readily attract or give up electrons when brought

in contact or rubbed with other materials. Coments

Cotton Best for non-static clothes Steel Not useful

for static electricity Mat eél al s that beconme negative

in charge The following matérials will tend to attract

el ectrons when brought in contact with other

mat er.i.als...Jhey..are.listed. from.those. with. the.l.east
tend=smy to attract ¢l ectrons to those that readily
attr “el-eet+-ons—Corment-s-Wod-At-traets-Some

el eci ﬁbh%mtbm i s al pEdesipuromg elegiosr ] Hard rubber
Sone; STErETTEde o THAr d T UBber T T NTEKET Cdp“p”é”r I
Copper..nrushes.. used..in. W.nshur.st. .

Materials that are neutral

There are very few materials that do not tend to readily attract or give up electrons when

brought in contact or rubbed with other materials.

.......................... Comments N
Cotton Best for non- -static clothes
Steel : Not useful for static electricity

Materials that become negative in charge

The following materials will tend to attract electrons when brought in contact with other
materials. They are listed from those with the least tendency to attract electrons to those

that readily attract electrons.

Comments
: Wood { Attracts some electrons, but is almost
i neutral
: Amber
Hard rubber : Some combs are made of hard rubber
Nickel, Copper Copper brush.es used in Wimshurst

i electrostatic generator

: Brass, Silver

i Gold, Platinum i It is surprising that these metals attract
; : electrons almost as much as polyester

i Polyester Clothes have static cling

: Styrene Packing material seems to stick to

i (Styrofoam) i everything

saran Wrap VA ran cea haw Qaran Wran will ctirly tn




| electrostatic generator Brass, Silver Gold, Platinum

I It is surprising that these netals attract i
we@b@coresss al nost as nuch as pol yester i Pol yeBCBDS1006/062764

Cl ot hes have static cling |IStyrene i Packing materi al

seens to stick to ; (Styrofoam everything Saran Wap

j Vni i an coo hniM Caran Wran uiill cHr-L"things

Pol yur et hane ; Pol yethyl ene (like Pull Scotch Tape off

surface and it will Scotch Tape) becone charged

Pol ypropyl ene |Vinyl (PVC) Many electrons will collect

on PVC surface 1Silicon |ITeflon G eatest tendency of

gathering electrons j on its surface and becom ng

hi ghlyy-tnegat-i-ve-f-yut-p--chargeFhe-best-conbi-nati-ons

of materials to creatighkigatic electricity woul d be pne

fr omi "r(])?yu rethane

Polyethylene (like i Pull Scotch Tape off surface and it will
Scotch Tape) become charged

Polypropylene

Vinyl (PVC) { Many electrons will collect on PVC
; surface
: Silicon ;
Teflon Greatest tendency of gathering electrons

on its surface and becoming highly
i negative (-) in charge

The best combinations of materials to create static electricity would be one from the
positive charge list and one from the negative charge list. However, a moderate amount of
static electricity can be created from two materials on the positive charge list or two
materials on the negative charge list. For example, when two materials that tend to give up
electrons are rubbed together, the one with the greatest tendency will moderately become
positive (+) in charge. Likewise, when two materials that tend to attract electrons are
rubbed together, the one with the greatest tendency will moderately become negative (-) in

charge.

A filter media of the present invention for use in an active field polarized media air cleaner
using a mix of fibers from different parts and/or preferably different sides of the
triboelectric scale is shown in figure 2. Specifically, filter layer 15A contains a mix of
fibers from different sides of the triboelectric scale (mixed triboelectric filter layer). The
different fibers of filter layer 15A may be interwoven and mixed together throughout filter

layer 15A, or in the alternative, the different fibers of filter layer 15A may be first and



positive charge |list and one fromthe negative charge
list. However, a noderate anount of static electricity

w@aw7®ms562 eated fromtwo materials on the posiPCTES2006/062764
charge list or two materials on the negative charge
list. For exanple, when two materials that tend to
give up electrons are rubbed together, the one with
the greatest tendency will noderately becone positive
(+) in charge. Likew se, when two materials that tend
to attract electrons are rupbed together, the one with
the greatest tendency will noderately becone negative
(-) in charge. Afilter nmedia of the present invention
f

or use.in a ive field.polarized nedia air, cleaner
seop@d sepaSat, Pl kel Faatertal iR P cact itk cach oty That s, a first
preé rably different sides of the triboelectric scale
shegl0 %Qﬁhmaﬁﬂ@l gurede of dihery frpmapney side jof ithe tiibpplgctricsgcale and a
contains a mx of fibers fromdifferent sides of the
secord Blaget of tfilier mgeriad iy made dftfiticbo&bmcthei ahdri dideof the triboelectric
| ayer). The different fibers of filter |ayer 15A may

scalze The fiest wod esvond dhevtxeffiltegedtbied] atdplaskghnawonfabd w2E each other to
| ayer 15A, or in the alternative, the different fibers

for@fthé initrtribe&dtrid BeiByertg Al i r st andsecond separate
sheets of filter material placed in contact with each

other. That is, a first sheet of filter material is
made of fibers fromone side of the triboelectric

.scal nd .a .second et of. filter terjal.i de of
Mo R E Hen 15D ap st 0 Hved Rogeleaicr Fistdiir doA. The
. The first and second sheets of filter material are
imporrtgniigature lgnixing together @3 dnteorarametas brisgingtinie aenteet) fibers from

_triboelectric filter layer 15A. M xed triboelectric
diffeient sides of/the tib®letris iserld &rthatotheinxistire of kol flodrs poduces sits of
filter layer 15A. The inportant feature of m xing
reldtivg globiive (aby nepiterenetayiagn dic Hbéd Giifln isBEP nEQNE Bbbllectric fiber

fibers from
layers 15A, 15B. Such integrated materials are available are available from, among others,
Alhstrom Air Media who’s HP series of material is a mix of modacrylic and polypropylene

and Hollingsworth and Vose who's Technostat materials are a mix of acrylic and

polypropylene.

It is well known in the manufacture and design of passive electrostatic filters that
the proper mix of materials from different sides of the tribo-electric scale will boost the
efficiency of the media beyond what would be anticipated solely from the density of the
media, i.e. from the passive mechanisms of the media. Other types of passive electrostatic
filters have charges imposcd on the media by a varicty of techniques. Onc issuc with
passive electrostatic filters is that the initial efficiencies due to electrostatic attraction
actually decline as the fibers become covered with contaminants and/or gradually

discharge due to a variety of factors (humidity, chemicals, and temperature).



different sides of the triboelectric scale is that the
m xture of such fibers produces sits of relative

w@omiH76s62 and negative charge on the fibers w PCI/OISHO€O062764
m xed triboelectric fiber [ayers 15A, 15B. Such
integrated materials are avail able are available from
anong ot hers, Alhstrom Air Media who's HP series of
material is a mx of nodacrylic and pol ypropyl ene and
Hol I i ngsworth and Vose who's Technostat materials are
a mx of acrylic and polypropylene. It is well known
in the manufacture and desi gn of passive electrostatic
filters that the proper m x of materials from

di fHeE j h [4:ho- el ectri.c scal i 1| boost .
©he VHE g Sherd AP RS o8 et o Bl b TheRERse their
£ anti cipated sol.el %%élféfr gm the density of the nedia, i.e.
effigiepey: (8 15 Baymiwersally Hhs pasts o fack meanyagssive clepigostatipaedia show
of passive electrostatic filters have charges i nposed
10 BRProYRaNeHs @F actpgilyapsrfarmewgrsef Howeten, it basbee@feun dsthaeputting tribo-
W th passive electrostatic filters is that the initial
cleafi¢ itypeeltctst duediat in @l peluriciag afidld dieh riagird e it8Céfftativohess and
decline as the fibers beconme covered with contanm nants

clinsinate aliic gffiaidney bip tButSE RRAIRItE ¥ehsb Br UR ALY ol RO Ber layer
(hum dity, chem cals, and tenperature).\Wile putting

bt . . . ti , o .
e The Lt hetE S b SRRV, ey RS 8Ps yocd ome or
t ny passive el.ectrostatjc .nedia show ., )
mott3afers kel L. BRSPS Bsioh R s B aatrammeasy Le. with
hhas een found that putting friboelectric type
other iy ?’é‘tateﬁ‘@t%ipé’sﬁtlﬁn%fi bither oF Pfhpides af oes i nprove its
effectiveness and elimnate the efficiency dip that is
seen (cite reasons for the mxed triboelectric filter
| ayer here) The tribo-electric |ayer tends to be
In anethat embbddinteht of thetprevayt inherthpsoveans segkd RibOBIEHE filter layer

15A is a relatively sparse fibrous layer 16E. The filter media structure above the center
screen 13 is repeated below the center screen 13, namely a second relatively sparse fibrous
layer 16F above a second mixed triboelectric filter layer 15B. The relatively sparse layers

could be a variety of materials or different materials from each other.

A filter media of the present invention for use in an active field polarized media air cleaner
which combines both a fiberglass center screen 14A, 14B and a mix of fibers from
different sides of the triboelectric scale is shown in figure 3. The filter media in figure 3 is

a combination of the filter media shown in figures 1 and 2.

This combination combines the benefits of each embodiment, allowing for the for

maximum system efficiency.



nore | ayers ,together or separate, at various

positions within the air cleaner nedia, i.e. with
wordwe7¢sezii a material s positioned on either orP@DUR2006/062764

sides of it. In another enbodi ment of the present

i nvention, above the mxed triboelectric filter |ayer

15A is a relatively sparse fibrous |ayer 16E. The

filter nedia structure abovesthe center screen 13 is

repeated bel ow the center screen 13, nanely a second

rel atively sparse fibrous | ayer 16F above a second

A 01k P BBl s of Rl Pl e B o by eyer
of oW BEURIECH R /BHER1S RBPAISQIEFe rf s iy anefiachigom n Hgure 4 i

. polarized nedia air cleaner which conbines both a

similaphér Hlab gkover in Egursc?.ddoweagnin fighreahrmaadditionsl filtet tayer 25A of
fromdifferent sides of the triboelectric scale is

relaivolynlower degrityemateridlnid dispobel afierdiiléerilaych i 1GE! e/hdch 8 of relatively
conbi nation of the filter nedia shown in figures 1 and

higgerd'ghgig,ﬁgﬁﬁhpati on conbi nes the benefits of each
enbodi nent, allowing for the for maxi mnum system

efficiency. Afilter nmedia incorporating a | ayer of
hi gher density dielectric material followed by |ayer

of | density dielectric erial, is sk An figur .
Anfhet B RAR ilcoocfati el St ot enshy Uit Pagerl Sliowing o
that. .shown in figure 2. However in figure 4, an . .
laygro%‘i highss density diglecirigyraaterial As ghowip matigure|Sy The fidier media shown in
density material is disposed after filter layer 16E,
figwhiSch similagfto et showre iny figiirg Be Hodeweri, inyfigrae Sranaddditional filter layer
Another filter nedia incorporating a | ayer of | ower
25 Al efis¢lbtyvedy ddse clenisecmatetiel is gositiohddufiarcfileer [1ayeer1 68Bf Additionally, in

hi gher density dielectric material is shown in figure

figire 5TH8edoht tBhodIBHi@ fHBPMYer DSB of relatively less dense material is placed
after filter layer 16D at the end of the airflow through the active field polarized media air
cleaner.

The benefit of these embodiments is a reduction in resistance to airflow. The densest layer
of media will have the highest resistance to airflow. If the densest layer is against one of
the electrodes, its area will be effectively reduced by that of the electrode. This would
increase the air velocity through the remaining area and increase the resistance to airflow.
By putting a less dense layer between the electrode and the densest layer, it increases the

air speed through the less dense material instead of the denser material thereby reducing

resistance to airflow significantly.

In figure 6, the portion of the filter media above the center screen 13 is the same as that
shown in figure 1; the portion of the filter media below the center screen 13 is the same as

that shown in figure 5.



figure 5is simlar to that shown in figure 3.
However, in figure 5 an additional filter |ayer 25A of

w0 edoaniesst y | ess dense material is positioned PET/ER2006/062764
filter layer 16B. Additionally, in figure 5 a second
triboelectric filter layer 25B of relatively |ess
dense material is placed after filter layer 16D at the
end of the airflow through_#b_e active field polarized
medi a air cleaner. The benefit of these enbodinents is
a reduction in resistance to airflow The densest
| ayer of nedia will have the highest resistance to
airflow If the densest |ayer is against one of the
electrodes, its area will be effectively reduced by

Thig hespbasimente pesivides r sperio Hosling wheractedstéas Bt heptaiing the larger
vel ocity through the renmai ning area and i ncrease the

partieles et pnicled of laivet Hawity Bid/oHlowen oindn@ESs, GIEINS Qeds AéRde upstream
between the el ectrode and the densest |ayer, it

layérB.CHhE 3898 dbhR 1&)ers a@%sﬂbéchﬁfate{g%%ﬁ &ndl 8752 @'Ebsg?}mct primarily the

materi al instead of the dens teriral there
' LSk -airflow significantly. |
sl REHR, Watef BB G ok Rishet oM Pt A stBrhave o longer
cent.er .screen 13 is the sane as that. shown in figure
serd 8 if, THE Y U 4w @ PBoeeau dOBRMDNR Oh @i trough the
scregn 13 is the sane as that shown in figure 5. TMVs
volumg ghthe@rdidr ovi des superior | oading characteristics.
By capturing the larger particles or particles of

| ower density and/or | ower nonmentum on the |ess dense
upstream | ayers, the nore dense |ayers do not becone

In figupg Getheqiatiar of fbl filtsr dneeid higsve tBE oM d¥ednB BMBE kfhe as that
(i.e., higher density and/or higher nomentum

shoRlih ifieiRS3; adpdri6h 8 F BleSriIRa iR dth AR gﬁe ?G%E%is&%el!l hi ?s the same as
[ istri 0

The nedi a thus all ows a honbgenous ution

thatRBbh G HBLEs 5 BF guah the

In figure 8, the filter media 15C, 15D above the center screen 13 is a mixed fiber layer
having fibers from different ends of the triboelectric scale in accordance with the present

invention.

In a further embodiment of the invention, one of the outer most layers of media could be
treated with a photocatalytic material. The air cleaner could then be coupled with a UV
ligﬁt for the breakdown of gas phase contaminants. The photocatalytic layer would ideally
be the furthest downstrcam layer. This would kecp it substantially free of particle

contamination.

In a further embodiment of the invention, the external screen/electrode of the filter frame is

treated with the photo catalyst.



volume of the nedia. In figure 7, the portion of the
filter nmedia above the center screen 13 is the sanme as
wo baw/osdsexn in figure 3; the portion of the fiPCEIS2006/062764
medi a bel ow the center screen 13 is the sane as that
shown in figures 5 or 6. In figure 8, the filter nedia
15C, 15D above the center screen 13 is a m xed fiber
| ayer having fibers from diffsterent ends of the
triboelectric scale in accordance with the present
invention. In a further enbodi nent of the invention,
one of the outer nost |ayers of nedia could be treated
with a photocatalytic material. The air cleaner could

t ' I' ht for the br down, of )
fn a ﬁ%ﬁg%‘é%é%*ﬁ ol biehipQentin ol spis? horary meutf B 43 pbaorbing
e furt hest wnstream | ayer. This woul d
P IOH% |8 ﬁ‘%h‘é}ﬁ% PaRe ?%Pfegll%t?g%a@forﬁ%?sbn cl e contami nation.
In a further enbodi nent of the invention, the externa
screen/ el ectrode of the filter frane is treated Wi th
the photo catalyst.In a further enbodi nent of the
The jdoyaxtream leyrs afelover deosiee materidl doiRl be atbatedaRiB Diciglyst for
properties, such as a carbon inpregnated foam or nesh.

brealiing dowmsY O dthyte Feadfivd QS pHESN ThhimiRingY 'aﬁé/g%?%o‘ﬁe and/or

be treated with a catal yst for breaki ng down

bioléit Cofit@@Gianiée gas phase contam nants and/or Ozone
and/ or biol ogi cal contam nants. At |east one of the

external screens and/or a layer of nedia can be
treated with a

At least one of the external screens and/or a layer of media can be treated with a
photocatalyst that tends to destroy gaseous impurities such as VOC’s and biological
contaminants in the presence of light, typically UV light. The latter configuration could be
coupled with one or more UV sources in close proximity to thereby bring about the
photocatalytic effect. The resulting integration of components would significantly reduce
the cost of applying photocatalysis to the air stream. The catalyst may be applied to either
the upstream or the downstream screen. The system may include central UV lights to shine
on treated screens both upstream and downstream of the treated screens. In the case of
applying the photocatalyst to a layer of media, the preferred embodiment would be to have
it be the most downstream layer, as this layer would be less likely to be fouled by

contaminants.

While the inventions described above have made reference to various embodiments,
modifications can be made to the structure and elements of the invention without departing
from the spirit and scope of the invention as a whole. In particular, various layers or

elements could be combined or repeated to achieve various effects. For example, while



phot ocat al yst that tends to destroy gaseous inpurities
such as VOCs and bi ol ogical contam nants in the
wee@senss2 of |ight, typically UV [ight. The | ap@BUS2006/062764
configuration could be coupled wth one or nore W
sources in close proximty to thereby bring about the
phot ocatal ytic effect. The resulting integration of
conmponents woul d significantly reduce the cost of
appl yi ng photocatalysis to the air stream The
catal yst may be applied to gkt her the upstreamor the
downstream screen. The system may i nclude central W
lights to shine on treated screens both upstream and
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to _be foul ed by contam nants. Wil e the inventions
beegshewn 38 genmswe iﬂYﬁ@v bvoraigmoresdicthe rlagensd magbieqombined into a single
enbodi nents, nodifications can be nade to the
layertaraeateniad. and el ements of the invention without
departing fromthe spirit and scope of the invention
as a whole. In particular, various |layers or elenents
coul d be conbi ned or repeated to achi eve vari ous

Th@fﬁv%ﬁﬁ&x(sf@i’scl@@”%&e Maid 88 LG 6 z%&g hovfswlq%h 11?&3‘&13{;, but not

concept of the air cleaner, figure

: t a ed

im0, B0 E A R, b SortenGERGHeS il 2hd Byl fir cleaning

sysidigy e U epledos &&Lﬁ%h%%%pae smipighcers piyastilsrdescribe flat fle
material. The invention(s) discl osed above coul d be

configuigtipns, g inveytions oaaldshe adapteddp regher tsonfioatidnsrrstvedl, including
to, use in HVAC systens, self-contained filter/fan

but mot lisyitedrtd V-beuis prduaingaiof nodlépleiffug panels, interconnected groupings of

panel and V-Bank units and cylindrical filters for dust collection systems.



systens, and dust collectors. Wile the above

enbodi ments primarily describe flat filter
weonfiogssat i ons, the inventions coul d be adaptBCI/U82006/062764

ot her configurations as well, including but not

limted to V-bank groupings of nultiple flat panels,

i nt erconnected groupi ngs of panel and V-Bank units and

cylindrical filters for dust collection systens. Wat

is clained is: 1.Afilter nmedia for an active field

pol ari zed nmedi a air cleanerltonprising: a first pad of

filter material; a second pad of filter material; and

an air perneabl e screen di sposed between said first

Whaedd cfiméd ist er material and said second pad of filter
material, the resistivity of said air perneable screen
being greater than the resistivity of said first pad

' erj.al d the resistivity of said second
1 Bt st b Sl ppolabod BpiiPrnbiclenbiar sommising:
accordance with claim11, wherein said first pad of
filter material and said second pad of filter materi al
is fibrous polyester. 3. Afilter nedia in accordance
a figstppd of Bitenmatesigler ei n said air permeable screen is a
fiberglass screen.

a second pad of filter material; and

an air permeable screen disposed between said first pad of filter material and said second
pad of filter material, the resistivity of said air permeable screen being greater than the

resistivity of said first pad of filter material and the resistivity of said second pad of filter

material.

2. A filter media in accordance with claim 1, wherein said first pad of filter material and

said second pad of filter material is fibrous polyester.

3. A filter media in accordance with claim I, wherein said air permeable screen is a

fiberglass screen.



