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I nvention The present invention relates generally to air cleaning systens
and is particularly directed to filter nmedia for air cleaners of the type
that use an electrostatic field to polarize a nmedia and to pol ari ze
particles to increase the particle collection efficiency on the nedia.
Background of the invention The principal of electrostatic attraction has
been used for many years to enhance the renoval of contam nants fromair
streans. There are three primary categories of air electrostatic cleaners:
el ectrostatic precipitators, passive electrostatic filters and active field
pol arized nedia air cleaners, which ard  soneti mes known under different
terms. Electrostatic precipitators charge particles and then capture them

on oppositely charged and/or grounded collection plates. A passive
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conbi nation of different nedia) that through sone conbi nation of treatnent
and/or inherent properties has an electrostatic charge. Particles entering
t he flltergggﬂ#??khat have an el ectrostatic charge are attracted to the

charged ne 8%t erials that have the opposite el ectrostatic charge.
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The present invention relates generally to air cleaning systems and is particularly directed
to filter media for 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 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.



An active field polarized nedia air cleaner uses an electrostatic field
created by a voltage differential between two el ectrodes. A dielectric
filter media is placed in the electrostatic field between the two

el ectrodes. The electrostatic field polarizes both the nmedia 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 hilily resistant to electric current that can al so store
electrical energy. A dielectric material tends to concentrate an applied
electric field within itself and is thus an efficient supporter of

el ectrostatic fields. A further electrdstatic air filter design is

di scl osed in Canadi an Patent No. 1,272,453, in which a disposable
rectangul ar cartridge is connected to a high voltage power supply. The
cartri dge Anasivstisldgolasizedmeldie tir vlearienness ax elattmstatic fieldrvreateidiby la vokagsandwi ched
between two | ayers of a dielelLtiic fibrous material (either plastic or

gl ass) . Thdfferamial betveat twiocldcaydassA dictsctricilterimadia iuplbded in thanBeirastatid bet ween
two outer screens of conductive material. The conductive inner center
screen is figld B&dedndthatvl décinoatst Tesledtlostabdficld palatizes Gothrthemedii fibgs add ¢ fiel d
bet ween the inner center screen and the two conductive outer screens that

are kept ahe paicloPBst cher,Ahiergfyaticidasppitpdiéffiaiency bfehehth@ha Ml thogeclednea A ost at i ¢
field polarizes the fibers of the two dielectric layers. The air cleaners

may be i nsdigbdt@ElmbiRridl iy A é16dticad insEiRiaf biohiguBbthiRR Shad chigH1Y HRistaRIS cleb@ich as
part of a heating ventilating and air conditioning (HVAC) systemand in
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residential and |ight commercial) e air cleaner panels are often
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angled filter tracks. arger systens, banks }f) air lters are typically
-3- arranged in a V-bank configuration where multiple separate filters are
positioned to forma Z-fold filter perpendicular to the axis of airflow,
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in turn, further sandwiched between two outer screens of conductive material. The
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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 patt
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



2. In another enbodi nent of the present invention, the filter nedia
includes a layer of fibrous dielectric material formng a m xed fiber |ayer
having fibers fromdifferent ends of the triboelecttic series of materials
(triboelectric scale) for use in an active field polarized nedia air
cleaner. 3. In yet another enbodi nent of the present invention, the filter
nmedi a i ncludes a layer of relatively higher density dielectric nmateri al
(such as fibrous polyester), followed by a |ayer of relatively |ower
density material (such as |ess dense fibrous polyester). Figure 1 is a
cross-sectional diagramof filter nedia incorporating a higher resistance
air perng £ }mﬂﬂ i ctric.material having a
rel ativel 5@1%3%3\2?5 ?’25;&}15 1? %ﬁf?%gﬁfl{)lﬁ glg‘(%g?n a cise&/\gn];rta% fﬁjﬁgs atﬁér %Sét}l neﬁ?{?\}g’ﬁ? fon.
Figure 24 5 [ ' . f filter media incorporating a
fibrous Sﬁﬁkﬁ?ﬁﬁpéﬁgﬁﬁﬁ?%%ﬁé%g?$§?&§§%9a m xed fiber |layer having fibers
fromdifferent ends of the triboelectric scale in accordance with the
present invention. Figure 3 is a cross-sectional diagramof filter nedia

i ncor por at | ures . fromfigures 1 and 2 in accordance with the present
inventio%ﬁﬁ£§k%ﬁﬁﬁfgp?%m% cross-sectional diagramof filter nedia

i ncorporating a |ayer of higher density dielectric material followed by a

| ower density dielectric material in accordance with the present invention.

Figure 54js.a Cross-s c&iﬁnal diﬁgran1of_filter medi a i ncorporating

f eat ur es P SHFFIOGUP ST0diEE, ihiryRral dividnal Srprayreeents torfilton anqdiacise Aetivenvent i on.
Fi gure GﬁHﬁ ﬁ1cro s-sectional diagramaof filter media incorporating

f eat ur esf F &M a gir gleaners and combiatiensdheront; Bhe ndivisuekaitres nf/that i on.

present invention are as follows:

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 cmbodiment of the present invention, the filter media includes a laycr 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



-5- Figure 8 is a cross-sectional diagramof filter nmedia incorporating a
m xed fiber |ayer having fibers fromdifferent ends of the triboelectric
scale in accordance with the present invention. Detail ed description An
enbodi ment of an active field polarized nedia air cleaner in accordance
with the present invention is shown in figure 1. In figure 1 (as in figures
2-7) airflow through the filter is downward fromthe top of the diagramto
the bottom of the diagram The filtetq.consists of a flame that holds the
filter media. In one enbodinent of the invention, the filter nedia itself
consists of a dielectric nedia support frame 120, a first pad of fibrous
dielectric material 16A, fiberglass nesh screen 14A, a second pad of
fibrous dielectric nmaterial 16B, a center screen 13, a third pad of fibrous

di el ectrimg, t ek balo10% el b . n.,14 fourth
pad of die ectrlgc hs tgegé}noﬁﬂh% a Eggﬁ)&%ﬁ(?#? Ii’grra ?Z% gg%ght%ﬂ%ﬂﬁg‘f%séthe
filter i I LISt i | di frame 116A with a first
conduct {r&gfnge& fegpﬁg%%gjgﬁ%fgébr%uﬁscp aggggédgeﬁlégﬁ%ongtﬁgél?%& ot 8‘%‘%‘5 © rlg?ér’iear 116B
with as nd nduct.i ve outer screen 12B. Wiile for the sake of clarity,

t he sane?%%g?%g%5ﬁ¥?8ﬁFﬁp? ﬁﬁ%gFﬁﬁ ?ﬁ%&WEUia frame 120 and hol di ng franes
116A, B, arc used for drawi ngs, these are but one possi bl e enbodi nent. The
essential elenments of the current invention are the various configurations
of nedi a between two el e 1r§d$s in %_ glariégd media air ¢leaner. Wile
there aré @& taln? LLFERATEGRE P88t He” sg Ti FPa JREBRATHES & TSI Bde®f i n t he
illustrations, the center screepn need t.go_ all the way to the edge, nor
have a f (RS BUFES A1 AqmiRE Hhed 8VeF dhpeing. fberss Fom, gitfrvad eningf ghe
dielectric fjlter nmaterial 16A.is attached to the dielectric nedia support
frame 120008tseisic sealemasprdsnce péhhegaesentinysptian.syi t abl e neans such as
adhesive material 121A or ultrasonic welding. The fourth pad of dielectric
filter material 16D is attached to the dielectric nedia support frane 120

by a suitable nmeans, such as adhesive materi al
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 figures 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.



121B or ultrasonic welding. In enbodinments with no nedia support franme, the
various | ayers of nedia 16A-D and 14A and B and center screen 13 woul d be
typically be attached together by a suitable neans such as adhesi ves,
ultrasonic wel ding, sewing or clanping. The first conductive outer screen
12A is held in place by a first conductive holding frane 116A. The second
conductive outer screen 12B is held in place by a second conductive hol di ng
frame 116B. In operation, one termnalc of a high voltage 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 secondg,; uctive outer reen which.is held typical t ground
pot enti al ché%?% i %Iae%rg?sfﬁefthoélaf ﬁl(?%nné’tzgﬁt? rﬂ%‘ﬁ% M&Wﬁﬁaﬁﬁhﬁmegﬂﬁé ?ﬁyﬁlgf ilter
materi al 16A B, -16C..and 16D of. the active fjeld polarized nedia air

cl eaner oflﬁaYlf’% ﬁgfs front @%%@Pé?q%f &4 thsyriperlechctepleiip apqopdages weh drepraseat
collected.on the first and second pads of dielectric filter material 16A,
16B, 16C dNE™M¥b. -.7- dielectric layers. Wile other material

conbi nati ons are possible, specifically, in figure 1 a fiberglass screen
14A i s sandw ched between pol yester |ayer 16A and pol yester |ayer 16B,

whi ch is di sposed above the center screen 13. Simlarly, below the center
screen 13Hekillgd fesgaptipnass screen 14B sandwi ched between pol yester |ayer 16C
and pol yester |ayer 16D. It has been found that this disposition of
materials allows for a higher and nore stable voltage differential between
the electrodes. This increases particle renoval efficiencies as higher

vol t age mé@ngnbadihent ofjag| attive rﬁeﬁigpcriam;md métky eff wlanéri ghascomdfde cvign thees .
Specifically, it has been found the above disposition of materials allows
for up toPEsesdpvisiiidneis shavnt iglguee f hinufiguae & i(asgindipires (- Bydinfigwhitongle the

el ectrodes. Filter nedia of the present invention include a m xed fi ber

| ayer in &Hemaistdowawhidefram tied tpi ofeble diegiam tai the bbianer thesdiagtami Thalfiftérber

| ayer having fibers fromdifferent parts of the triboelectric series of

mat er i al sconybststof peitaeeitiadt Bolds the fermedis.e and Nic=r;- sone static
electricity. The capacity of the material to generate and store an elethic
charge defines where it belongs on the triboelectric scale. Triboelectric
series of materials causing static electricity Some materials create nore

static el Rros @ntiodirhdnans tleHevtioBi the gltat BEdif itedleednkisBidry difledth€ne@al ecti on
of electrically charged particles on the surface of a material, various

mat eri al ssuppwe famkerrden gyst bd oF FibRus Aickdch Mited QG PiBSoBRIMBELQMAY
positive (+) in charge, or attracting el ectrons and becom ng negative (-)

i n char ge14 A hesdcéi | sFaitrdus ARIdcBR thitedal 168! 2 QbntEBIREh 3B Sa ﬂﬁttaf;b’xidr]ﬂ whi ch
have a greater tendency to become positive (+) and which have

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 possible 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.



-8- greater tendency to become negative (-). The list is used to determ ne
whi ch conbinations of materials create the nost static electricity. For
iIlustration purposes, some commpn naterials are |isted bel ow accordi ng how
well they create static electricity when rubbed with another material, as
wel | as what charge the material will possess. The list is not an
exhaustive list and every material fits sonewhere is the positive or
negative triboelectric scale. Materials that become positive in charge The
following materials will tend to givesup el ectrons when brought in contact
with other materials. They are listed fromthose with the greatest tendency
to give electrons to those that barely give up electrons. Coments Dry

human skin Leat her
The first pad of dielectric filter material 16A is attached to the dielectric media support
frame 120 and/or the center electrode 13 by a suitable means such as adhesive material
121A or ultrasonic welding. The fourth pad of dielectric filter material 16D is attached to
the dielectric media support frame 120 by a suitable means, such as adhesive material
121B or ultrasonic welding. In embodiments with no media support frame, the various
layers of media 16A-D and 14A and B and center screen 13 would be typically be
attached together by a suitable means such as adhesives, ultrasonic welding, sewing or
clamping. The first conductive outer screen 12A is held in place by a first conductive
holding frame 116A. The second conductive outer screen 12B is held in place by 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 therein 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



Greatest tendency to giving up el ectrons and becom ng highly positive (+)
in charge Rabbit furl Fur is often used to create static electricity |

The glass on your TV screen gets charged and coll ects dust
is a good exanple of having a noderate positive (-0 charge

"Fl yaway hair"
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dielectric layers. While other material combinations are possible, specifically, in figure 1 a
fiberglass screen 14A is sandwiched between polyester layer 16A and polyester layer 16B,
which is disposed above the center screen 13. Similarly, below the center screen 13 is a

fiberglass screen 14B sandwiched between polyester layer 16C and polyester layer 16D.

It has been found that this disposition of materials allows for a higher and more stable
voltage differential between the electrodes. This increases particle removal efficiencies as
higher voltage means higher field strength and therefore higher efficiencies. Specifically, it
has been found the above disposition of materials allows for up to a 25% higher voltage

without arcing and spraying between electrodes.

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 materials
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



A surprise that read would collect as nmuch static electricity as cat fur
Silk Alum num Paper L-- Materials that are neutral There are very few
materials that do not tend to readily attract or give up el ectrons when
brought in contact or rubbed with other materials. Coments Best for

non-static clothes
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greater tendency to become negative (-). The list is used to determine which combinations

of materials create the most static electricity.

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-electrons
i and becoming highly positive (+) in
i charge
Leather
Rabbit fur : Fur is often used to create static
i electricity
Glass i The glass on your TV screen gets
i charged and collects dust
Human hair i "Flyaway hair” is a good example of
: having a moderate positive (+) charge
i Nylon
Wool
Lead A surprise that lead would collect as
i much static electricity as cat fur
: Cat fur




Not useful for static electricity Cotton r- ; Steel Mat eri al s t hat
becone negative in charge The following naterials will tend to attract
el ectrons when brought in contact with other nmaterials. They are |isted
fromthose with the | east tendency to attract electrons to those that
readily attract el ectrons.
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Silk
i Aluminum Gives up some electrons
{ Paper

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.

. GO I NS o —
{ Cotton Best for non-static clothes
i 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.

v — Comments ——
Wood Attracts some electrons, but is almost
neutral
: Amber
Hard rubber Some combs are made of hard rubber
Nickel, Copper Copper brushes used in Wimshurst

electrostatic generator

i Brass, Silver

Gold, Platinum It is surprising that these metals attract

t electrons almost as much as polyester
; Polyester Clothes have static cling
g
: Styrene i packing material seems to stick to
: (Styrofoam) everything

Saran Wrap ; Vst ran eaa hnma Qaran \Weran will cticls +n




t It is surprising that these netals attract 1 electrons alnost as nuch as
pol yester Polyesterd othes have static cling -" Styrenei Packing materi al
seens to stick to (Styrofoan)l everything Saran Wapvncoon hni st Caran

1A/ rantn -10-
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things

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

Polypropylene

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

on its surface and becoming highly
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



Pol yur et hane Pol yet hyl ene (1ike Pull

Scot ch Tape) becone charged ",," Pol ypropylene ' Vinyl (PVC) | Silicon

Tef | on
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second separate sheets of filter material placed in contact with each other. That is, a first
sheet of filter material is made of fibers from one side of the triboelectric scale and a
second sheet of filter material is made of fibers from the other side of the triboelectric
scale. The first and second sheets of filter material are placed in contact with each other to

form the mixed triboelectric filter layer 15A.

Mixed triboelectric filter layer 15B is similar to mixed triboelectric filter layer 15A. The
important feature of mixing together (by interweaving or bringing into contact) fibers from
different sides of the triboelectric scale is that fhe mixture of such fibers produces sits of
relative positive and negative charge on the fibers within such mixed triboelectric fiber
layers 15A, 15B. Such integrated materials are available are available from, among others,
Alhstrom Air Media who’s HP series of material is 2 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 tcchniques. 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).

Scotch Tape off surface and it wll



" Many electrons will collect on PVC surface ; Greatest tendency of
gathering electrons on its surface and becom ng highly negative (-) in

char ge
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While putting many filter medias in an electrostatic field can increase their
efficiency, this is not universally the case. In fact, many passive electrostatic media show
no improvement or actually perform worse. However, it has been found that putting tribo-
electric type electret media in a polarizing field does improve its effectiveness and
eliminate the efficiency dip that is seen. (cite reasons for the mixed triboelectric filter layer
here) The tribo-electric layer tends to be relatively thin, it may therefore be used in one or
more layers ,together or separate, at various positions within the air cleaner media, i.e. with

other media materials positioned on either or both sides of it.

In another embodiment of the present invention, above the mixed triboelectric 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.



The best conbinations of materials to create static electricity would be
one fromthe positive charge |ist and one fromthe negative charge |ist.
However, a noderate anount of static electricity can be created fromtwo
materials on the positive charge list or two materials on the negative
charge list. For exanple, when two nmaterials that tend to give up el ectrons
are rubbed together, the one with the greatest tendency will noderately
beconme positive (+) in charge. Likew se, when two materials that tend to
attract electrons are rubbed togethers13the one with the greatest tendency
wi || noderately becone negative (-) in charge. Afilter nedia of the
present invention for use in an active field polarized nedia air cleaner

usi ng a mi4 fitr medie insofporating i fldysr efhitighra density deplestriqonatbual d¢llopvediby flareent
sides of the triboelectric scale is shown in figure 2. Specifically, filter
| ayer 15A afdew déensgy dictuciticaatdériabasrshown onfigiird 4. &ihe ifiltesinelis stwfwntih@gurei4boel ecni c
scale (mxed triboelectric filter layer). The different fibers of filter

| ayer 15A gimifariie thattshewmuefigan@. fowedertiodptuzet, anhadditighad filtef ldybe?5A @afer 15A,
or in the alternative, the different fibers of filter |ayer 15A may be
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each other. That is, a first sheet of filter material is made of fibers
from one shiger 8énsithmaterinboel ectric scal e and a second sheet of filter
material is nmade of fibers fromthe other side of the triboelectric scale.
The first and second sheets of filter material are placed in contact with
each other to formthe m xed triboelectric filter |ayer 15A. M xed
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bringi ng i1Bfep of figh&ehsity diBIESHiE hfBridl &Tshdwin BhAES. Ble £1RL nldilDBBKRGAT T C

scale is that the m xture of such fibers produces sits of relative positive
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| ayers 15A,” 15B. Such i ntegrate terials are avail able are avail’abl e
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materials e ?a%g)nggg?%ez%gccﬁ@qaﬁp b¥$ rgg?%%tg{%git less (fkinﬁ }nrateh?lhigf‘p!le{c anown In

t he manuf acture an passi've e I'C ers e proper

' f ' f [ id f.th i.ho- ' I AR
poost t o Pt RIAEANES 1o 4 WE i BeufPR o st hae et ol o1

fromthe dznsity of the nmedia, i.e. fromthe passive nechani sns of the
nmedi a. O He

"¥ypes of passive electrostatic filters have charges inposed on

t he medi a a variety of. technigues, One issue with passive electrostatic
fTtors §otbne abeh roptieR £R St oS bl trRat s foat ks on
actually decline as the fi.bers beconme coyered with contani nants and/or

o adual | y ety Do e B O ey Aerat: B8 SRSt VeSS SEHERPRAPE. and
tenperature). -12- VWile putting many filter nedias, in an

el ect r ost 4k elestfodesy isaiea Wil b sHeqtyely redioed g’b’éh@)ﬁf theyplectradenbbis yrpwdr sal |y
the case. In fact, nany_ passive_ electrostatic nedia show no inprovenment or
actual | y pesreass Hievir eiocitpbiavaly the remaiag pree And wgisasetthatesistines tagirtlow.
ttiboelectric type electret media in a polarizing field does inprove its
ef f ect | verysaitiiede ey danpalagen hebweonfthe plegitoge @ng thetvigpsepislageeih increapasdhe easons
for the mxed triboelectric filter |layer here) The tribo-electric |ayer
tends to k& speddathfopgh yhet lassndenpe mpdgyialt ingteastt afrthe Densersmalteiial therebyoredwaing | ayer s
,together or separate, at various positions within the air cleaner nedia,
i.e. W throisrece mediflewegneiidaatlys positi oned on either or both sides of it.

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 3.



I n anot her enbodi nent of the present invention, above the m xed
triboelectric filter layer 15A is a relatively sparse fibrous |ayer 16E.
The filter media structure above the center screen 13 is repeated bel ow t he
center screen 13, nanmely a second relatively sparse fibrous |ayer 16F above
a second m xed triboelectric filter |ayer 15B. The relatively sparse |ayers
could be a variety of materials or different materials fa each other. A
filter media of the present invention for use in an active field polarized
medi a air cl eaner which conbi nes bot hl4- fi bergl ass center screen 14A, 14B
and a mx of fibers fromdifferent sides of the triboelectric scale is
shown in figure 3. The filter nmedia in figure 3 is a conbination of the
filter media shown in figures 1 and 2 -13- Afilter media incorporating a
| ayer of higher density dielectric material followed by |ayer of |ow
density diBlieembbdiment eroviles i sspatvedadig fohatitteridics. TB9 EdphkRE ﬂﬁedlh%eﬁ hown in
figure 4 is simlar to that shown in figure 2. However in figure 4,

addi t i onalpafticles ef pdréisiey ofAbwerodensis) Aoy Bdwer AREHEE & ithd/le SRRl Bktrdatn
di sposed after filter layer 16E, which is of relatively higher "density

mat eri al . 1iyetsh e rhdrk Hedse MBtsadd ﬁtﬁ%mea&w%gd @nd 8%6h10h chOWRhrifieRs thy
dielectric material followng a | ayer of higher density dielectric nmateri al

s shown ismaflirGué thifher A8t bhd/6ihifReBnRRNY phiolol Y prefothatp Tl LO L hat

shown in figure 3 wever, in figure 5 an a d|t|o ter [ayer 25A of
rel ati vel YekRs Sifsemhs endi 846 AliovsSa RS & S
Additionally, in figure 5 a sé%on% trF% ec?r?% éﬁéﬁ g%er %%E%

rel ativel yohgeordensgisaterial is placed after filter layer 16D at the end
of the airflow through the active field polarized nedia air cleaner. The
benefit of these enbodinents is a reduction in resistance to airflow The

densest |ayer of nedia wll have t he highest resistance to airflow If the
cf focti vely ™ eﬂaﬁcﬁﬂ%afk’%‘ihmﬁe teriaf of °th=“[ Sge%ﬁaalsér%vé‘ﬁf?f Phismeliutthe o
By putt] ng e 55%2%?% R (R iR R Fotie e e Mo meets | ayer.
denser ea?ﬂ%??hé’?%t“ﬂ*‘ SRR Fuci ng rest st 'aﬁii o ai rfiow s gnificantly. In

figure 6, the portion of the filter nedia above the center screen 13 is the
sane as that shown in figure 1; the portion of the filter nedia bel ow the

center screen 1 t hat shown in figure 5. -14-
I Egure% !che f}ltlcl,r megla 15%S 15D above the center scregen 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
light for the breakdown of gas phase contaminants. The photocatalytic layer would ideally
be the furthest downstrcam layer. This would keep 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.



Thi s enbodi nent provi des superior |oading characteristics. By capturing the
| arger particles or particles of |ower density and/or | ower nonmentum on
the | ess dense upstream | ayers, the nore dense | ayers do not becone cl ogged
and are able to collect primarily the smaller (i.e., higher density and/or
hi gher nonentun) particles and therefore have a |onger service life. The
medi a thus all ows a honbgenous distribution of particulate through the
volune of the nmedia. 1In figure 7, thﬁ;portion of the filter nedia above
the center screen 13 is the same as frnmat shown in figure 3; the portion of
the filter media below the center screen 13 is the same as that shown in
figures 5 or 6. In figure 8, the filter nmedia 15C, 15D above the center
screen 13 is a mxed fiber layer having fibers fromdifferent ends of the
triboeleciri cal e i accorgance with the present invention. In a further
embodi nent® %gmﬁ‘ﬁ% ef“h?/@ﬂ‘?’i‘to‘?ﬁt prvegtion the csuipe pereppsyould pave odtr absdtbiagcoul d be
treated with g ho%ocatalytje material. The air cleaner could then be

coupl ed wP¥¢P¢F4ﬁvw 28R fAp Yy mprpeenated Segovimash. gas phase contani nants. The
ph.otocatal ytic |ayer would ideally bc the furthest downstream | ayer. This
woul d kccp it substantially free of particle contamnation. -15- In a
further enbodi ment of the invention the center screen would have odor

absor bi ngllsr dpyersireen layen of lawen densith ametérisp cogd dice tledt@nmithra weslyst fofhe
downstream | ayer of |ower density material could be treated with a catal yst
for breakirrkitgodpwOOE s, otitee rresatiae t daw ephgses cophi@sinanto nindfok rwhs addt or Ozone
and/ or bi ol ogi cal contam nants. At |east one of the external screens
and/ or a Welpgicalshntamitiantscan be treated with a photocatal yst that tends to
destroy gaseous inpurities such as VOC s and bi ol ogi cal contam nants in the
presence of light, typically UV light. The latter configuration could be
coupled with one or nore -UV sources in close proximty to thereby bring
about t heAtpkettomat afl thei extefidl eteensTard/oe s Ubfdr NeF inBie WadtbeOBeREd GREPONENT S
woul d significantly reduce the cost of applying photocatalysis to the air

stream Thetocaitipstythtt tengs ke degoolyi @Bedu® iRiplu@Ss bR HPSOCEAMP biold¥al
downstream screen. The system may include central UV |lights to shine on

treated sonemimnioot me@mEﬂ@@migggwgwm@m.%eﬁ%r bt Btos ChfERnsS. In the

case of applying the photocatalyst to a | ayer of media, the preferred

embodi merbuplerd! kathbehet & MBNEUWL sdieek N8 RS Lpr b Q\ﬁ}ﬂ-}‘t}}gﬁﬁ% aBout 4 S | ayer

woul d be less likely to be foul ed by contam nants. I nventi ons

descr | beghalbaxayaR.oTade rE &l SR Eralith YPLMRTAIRANIED SanlPHl L oAt T OnS

can be made to the structure and elfenents o e inventton wthou

departi ngpd Jo@ﬂﬁfﬁaﬁﬁyﬁ? ipﬁ&t&ca@ﬁ%i%%aipgﬁegﬁel 'Q&%\écgi&ygﬁ%ﬁﬁge 229 l(oeeétg,lﬁrg dto

particular, various l'ayers or elenents cou dorrep
achi eve VR iptdnBHREiGmsh&m S e sym{nl tfiay 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



-16- figure 7a shows the basic concept of the air cleaner, figure 7b shows
the configuration of one type of assenbled system Wile for the sake of
clarity, the various elenents have been shown as separate |ayers, two or
nore of the "layers"” may be conbined into a single layer or material. The

i nvention(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 industrial air cleaning systens, and dust collectors. Wile the above
enbodi ments primarily describe flat filter configurations, the inventions
coul d be adapted to other configuratiqgns as well, including but not limted
to V-bank groupings of nmultiple flat pdnels, interconnected groupings of
panel and V-Bank units and cylindrical filters for dust collection systens.
17 What is.claimed is; 1. Afilter_ nedia for an active field polarized nedia
air cl eandi® o AhFHoYs iR basicropedpt phie i deapgrefiga e shagys the C@éjé@wé%aﬁ of
filter material; a first air pernmeable screen di sposed between said first
pad of fi |M&AYRFpksssearbleth system. JVhike tor dhgrendre of clerityt, de verious elgments thave
resistivity of said air perneable screen being greater than the resistivity
of said fileet shosm aspenarate layerseipverar alorapidhe Flesersr mahbmeanttinaddstostsingld y  of
said second pad of filter material; a conductive center screen disposed

adj acent tl@yeE gy @atgEdlond pad

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
configurations, the inventions could be adapted to other configurations as well, including
but not limited to V-bank groupings of multiple flat panels, interconnected groupings of

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



of filter

filter matgphals c@imad

material; a third pad of filter material disposed adjacent to
sai d conductive center screen; a fourth pad of filter material; a second
air perneabl e screen di sposed between said third pad of filter
said fourth pad of filter material, the resistivity of said second air
per meabl e screen being greater than the resistivity
filter material and greater than the resistivity of said fourth pad of

;of mxed triboelectric material conprising fibers

fromdifferent parts o# t he trlboelectrlc scal e; sald pad of m xed
tri boelectric teri belng osed adj id fourth ad of filter
di o ¢ B bolabined

mat eri al ;

and a-fif ftéﬁIB A1 AGHY

mat eri al

of said third pad of

and

dms[é}aaegn%l #8e%5ai d pad

of m xed triboelectric material, wherein said fifth pad of filter materi al
i s | ess denswriding: sdirdt pad offilterxedtenialh eclesend padrmftfdi¢mmatengl a

first 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 greater than the resistivity of said second pad of filter
material; a conductive center screen disposed adjacent to said second pad
of filter material; a third pad of filter material disposed adjacent to said
conductive center screen; a fourth pad of filter material; a second air
permeable screen disposed between said third pad of filter material and
said fourth pad of filter material, the resistivity of said second air
permeable screen being greater than the resistivity of said third pad of
filter material and greater than the resistivity of said fourth pad of filter
material; a pad of mixed triboelectric material comprising fibers from
different parts of the triboelectric scale; said pad of mixed triboelectric
material being disposed adjacent to said fourth pad of filter material; and
a fifth pad of filter material disposed adjacent to said pad of mixed
triboelectric material, wherein said fifth pad of filter material is less

dense than said pad of mixed triboelectric material.



2. Afilter nedia in accordance with claim1, wherein said first pad of
filter material and said second pad of filter material is fibrous

pol yester. 3. Afilter nedia in accordance with claim1l, wherein
said first an perneable screen is a fiberglass screen. 4. Afilter
media in accordance with claiml, mheregg said third pad of filter materi al
and said fourth pad of filter material i's fibrous polyester. 5 A
filter media in accol faase dhblinh@oRigned RielAIRA, dyBERAdaR firgier Teabl o
screen is a fiberglass screen. . Afilter nmedia in accordance with
claim1l, wherein said pad of mxed tribqgelectrigc materjal .co ises a first
| ayer of P# e?’é'%ﬂqeéﬂlég%rlﬁgﬁpgo?al hePRALBR é)étﬁ]itﬁr %%ﬁe&ala]ﬁgﬁ '%¥cond

| ayer of fibers froma different part of the triboelectric scale. 7.
A filter ipolystardance with claim 1, wherein said pad of m xed
triboelectric material conprises a blend of first and second fibers, 19
said first fibers being fromone part of the triboelectric scale and said
second fiber being froma different part of the triboelectric scale.

8. Afil f ive field polarized rmedia. al ' d
wth claim 1, dhererhiihrane ErCR R TS Apfloch FFARE shfl A6 e

ter“Rateri‘a
pol yester.

air permeable screen is a fiberglass screen.

4, A filter media in accordance with claim 1, wherein said
third pad of filter material and said fourth pad of filter material is

fibrous polyester.

5. A filter media in accordance with claim 1, wherein said

second air permeable screen is a fiberglass screen.

6. A filter media in accordance with claim 1, wherein said pad
of mixed triboelectric material comprises a first layer of fibers from one
part of the triboelectric scale, and a second layer of fibers from a different

part of the triboelectric scale.

7. A filter in accordance with claim 1, wherein said pad of

mixed triboelectric material comprises a blend of first and second fibers,



9. Afilter nedia for an active field polarized nedia air cleaner in
accordance with claim1l, wherein one of said first pad of filter material,
said second pad of filter material, said first air perneable screen, said
conductive center screen, said third pad of filter material, said fourth
pad of filter material, said second ain9perneabl e screen, said pad of m xed
triboelectric material and said fifth pad of filter material is treated

W th a photog ﬁr%bie?% %&ﬁ“é At G pheP I8 the ST rRASEW SddTRA ties in

t he presence 0O

-second fiber being from a different part of the triboelectric scale.

8. A filter for an active field polarized media air cleaner in
accordance with claim 1, wherein said fifth pad of filter material is

fibrous polyester.

9. A filter media for an active field polarized media air cleaner
in accordance with claim 1, wherein one of said first pad of filter
material, said second pad of filter material, said first air permeable
screen, said conductive center screen, said third pad of filter material,
said fourth pad of filter material, said second air permeable screen, said
pad of mixed triboelectric material and said fifth pad of filter material is
treated with a photocatalytic material that tends to destroy gaseous

impurities in the presence of UV light.



