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FILTER MEDIA 1()R ACTIVE FIELD 
POLARIZED MEDIA AIR CLEANER 

This application liereby claims priority from U.S. provi­
sional patent application No. 60/754,805, filed Dec. 2S>, 2005. 

FIELD OF INVENTION 

The present invention relates generally to air cleaning sys­
tems 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 I I IE 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 fil­
ters and active field polarized media air cleaners, which are 
sometimes known under different terms. 

Electrostatic precipitators charge particles and then cap­
ture 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 prop­
erties 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 electro­
static charge. 

An active field polarized media air cleaner uses an electro­
static field created by a voltage differential between two elec­
trodes. A dielectric filter media is placed in the electrostatic 
field between the two electrodes. The electrostatic field polar­
izes both the media fibers and the particles that enter, thereby 
increasing the efficiency of the media 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 elec­
trical 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 in Cana­
dian Patent No. f ,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 mate­
rial (either plastic or glass). The two dielectric layers are, in 
turn, further sandwiched between two outer screens of con­
ductive material. The conductive inner center screen is raised 
to a high voltage, thereby creating an electrostatic field 
between the inner center screen and the twc > 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. 

lite air cleaners may be installed in a variety of configu­
rations and situations, both as part of a heating ventilating and 
air conditioning (HVAC) system and in standalone air mov­
ing/cleaning systems. In smaller HVAC systems (e.g. resi­
dential and light commercial), the air cleaner panels are often 
installed in a flat configuration (perpendicular to the air flow) 
or in angled filter tracks. In larger systems, banks of air filters 
are typically arranged in a V-bank configuration where mul­
tiple separate filters are positioned to form a I^-fold filter 
perpendicular to the axis of ai rllow. 
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SUMMARY OF TFIE INVENTION 

Tlie invention is embodied in several individual improve­
ments to filter media ±or active field polarized media air 
cleaners and combinations thereof. "Tire individual features of 
the present invention are as follows: 
I . 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 form­
ing a mixed fiber layer having fibers from different ends of 
the triboelectric series of materials (triboelectric scale) 1V > r 
use in an active field polarized media air cleaner. 

3. In yet another embodiment 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 T FIE DRAWINGS 

FIG. 1 is a cross-sectional diagram of filter media incorpo­
rating a higher resistance air permeable screen between 
fibrous pads of dielectric material having a relatively lower 
resistance in accordance with the present invention. 

FIG. 2 is a cross-sectional diagram of filter media incorpo­
rating a fibrous pad of dielectric material and a mixed fiber 
layer having fibers from different ends of the triboelectric 
scale in accordance with the present invention. 

FIG. 3 is a cross-sectional diagram o f filter media incorpo­
rating features from FIGS. 1 and 2 in accordance with the 
present invention. 

FIG. 4 is a cross-sectional diagram of filter media incorpo­
rating a layer of liigjier density dielectric material followed by 
a lower density dielectric material in accordance with the 
present invention. 

FIG. 5 is a cross-sectional diagram of filter media incorpo­
rating features from FIGS. I through 4 in accordance with the 
present invention. 

FIG. 6 is a cross-sectional diagram of filter media incorpo­
rating features Iron) FIGS. 1 and 5 in accordance with the 
present invention. 

FIG. 7 is a cross-sectional diagram of a filter media incor­
porating features from FIGS. 3 and 6 in accordance with the 
present invention. 

FIG. ft is a cross-sectional diagram of filter media incorpo­
rating a mixed fiber layer having fibers from different ends of 
the triboelectric scale in accordance with the present inven-
ti on. 

DETAILED DESCRIPTION 

A_n embodiment of an active field polarized media air 
cleaner ixi accordance with the present invention is s 1 low n in 
FIG. 1. In FIG. 1 (as in FIGS. 2-7) airflow through the filter is 
downward from the top of the diagram to the bottom of the 
diagram- The filter consists of a frame that holds the filter 
medi a. 

In one embodiment 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 dielectric material 1 (i 1}, a center screen 
13, a third pad of fibrous dielectric material 16C, another 
fiberglass mesh screen 141-5 and a pad of ciieleotjric filter" 
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material 16D. The filter frame that holds the filter media 
consists of"a first conductive holding frame 1 1 6/\ with a first 
conductive outer screen 12A, and a second conductive hold­
ing 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, are 
used for drawings, these are but one possible embodiment. 
The essential elements of the current invention are the various 
configurations of media between two electrodes in a polar­
ized 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. 

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 1 6F> is attached to the dielectric media support frame 
120 by a suitable means, such as adhesive material 12113 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 clampi ng. The first conductive outer screen 12A is held in 
place by a first conductive holding frame 116A. The second 
conductive outer screen 1213 is held in place by a second 
conductive holding frame 116B. 

In operation, one terminal of a high voltage po-wer supply 
108 i s connected to center screen 13 . The other terminal of the 
high-voltage power supply 108 is coupled to the first conduc­
tive 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 1<>D of the active field 
polarized media air cleaner of FIG. 1 are polarized by the 
electric field therein and collected on the first and second pads 
of dielectric filter material 16A, 16B, 16C and 16D. 

Filt er media of the present invention include two layers of 
fibrous dielectric material with a higher resistance air perme­
able material sandwiched between the lower resistance 
dielectric layers. 'While other material combinations are pos­
sible, specifically, in FIG. 1 a fiberglass screen 14A is sand­
wiched between polyester layer 1 6A and polyester layer 16B, 
which is disposed above the center screen 13. Similarly, 
below the center screen 13 is a fiberglass screen 14B sand­
wiched 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 triboelec­
tric series of materials. Most materials will generate and store 
some static electricity. The capacity of the material to gener­
ate and store an electric charge defines where it belongs on the 
triboelectric scale. 

Triboelectric Series of TVlaterials Causing Static Rlectricity 
Some materials create more static electricity than others. 

Since static electricity is the collection of electrically 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 



C—) in charge. The triboelectric series is a list of materials, 
showing wliich have a greater tendency to become positive 
(-H) and which have a greater tendency to become negative (—). 
The list is used to determine "which combinations of materials 
create the most static electricity. 

For illustratioxa 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 tri­
boelectric scale. 

IVTaterials 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. 

C omments 

Dry human skin 

Leather 
Rabbit flu* 

Glass 

Hu man hair 

Islylou 
Wool 
Lead 

Oat fur 
Si 11c 
Aluminum 
Paper 

Greatest tendency to giving up electrons 
and becoming highly positive (-+-) in 
charge 

Fur is often used to create static 
electricity 
The glass on your I V screen gets 
charged and collects dust 
"Flyaway hair" is a good example of* 
having a moderate positive (-+-) charge 

A surprise that lead would collect as 
much static electricity as cat fur 

Gives up some electrons 

IVTaterials that are ISTeutral 
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 

Cotton Best for non-static clothes 
Steel Not useful for static electricity 

IVTaterials 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 

AITI ber 
1*1 ard ru b b er 
"Nie_ke-h Copper 

Brass, Silver 
Gold. PI ati num 

^Vttracts some electrons, 
n eutral 

but is almost 

Some combs are made of hard rubber 
Copper brushes used in Wimshiu-st 
electrostatic generator 

It is surprising that these metals attract 
electrons almost as much as polyester 
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-con till Liecl 

C omments 

Polyester Clothes have static cling 
Styrene Packing material seems to stick to 
(S tyro foam) ev eryth i TI g 
Sai*aii Wrap You can see how Saran Wrap will stick to 

things 
PolyLirethane 
Polyethylene (like Piall Scotch Tape off surface and it will 
Scotch Tape) become charged 
Polypropylene 
Vinyl (PVO) Many electrons "will collect on P"VC 

sm'face 
Silicon 
Teflon Greatest tendency of gathering; electrons 

on its surface and becoming highly 
negative (—) in charge 

The best combinations ofmaterials to create static electric­
ity -would be one from the positive charge list and one from the 
negative charge list. However, a moderate a mount 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 mod­
erately 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 nega­
tive (—) 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 tri­
boelectric scale is shown in FIG. 2. Specifically, filter layer 
ISA contains a mix of fibers from different sides of the 
triboelectric scale (mixed triboelectric filter layer). The dif­
ferent fibers of filter layer ISA may be interwoven and mixed 
together throughout filter layer 15A, or in the alternative, the 
different fibers of filter layer ISA may be first and second 
separate sheets of filter material placed in contact -with each 
other. That is, a first sheet of filter materia] 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 mate­
rial are placed in contact -with each other to form the mixed 
triboelectric filter layer ISA. 

Mixed triboelectric filter layer JLSJE? is similar to mixed 
triboelectric filter layer ISA. The important feature of mixing 
together (by interweaving or bringing into contact) fibers 
from different sides of the triboelectric scale is that the mix­
ture of such fibers produces sits of relative positive and nega­
tive charge on the fibers -within such mixed triboelectric f ibet-
layers ISA, 15B. Such integrated materials are available are 
available from, among others, Alhstrom Air IVfedia who's I II5 

series of material is a mix of modacrylic and polypropylene 
and Hollingswortli andVose 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 effi­
ciency of the media beyond -what would be anticipated solely 
from the density of the media, i.e. from the passive mecha­
nisms of the media. Other types of passive electrostatic filters 
have charges imposed on the media by a variety of techniques. 
One issue -with passive electrostatic filters is that the initial 
efficiencies due to electrostatic attraction actually decline as 



11 ic fibers become covered with co 11 la m i n a 11 t s a 11 cl /o r gradu­
ally discharge due to a variety of factors (humidity, chemicals, 
and temperature). 

Wl:iile putting many filter medias in an electrostatic field 
can increase their efficiency, this is not universally the case. Tn 
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) 'ille tribo-electric layer tends to be relatively thin, 
it may therefore be used in one or more layers together or 
separate, at variou s posit iotas within the air cleaner media, i.e. 
~with other media materials positioned on either or both sides 
of it. 

Tn another embodiment of the present invention, above the 
mixed triboelectric filter layer ISA. 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 fiber­
glass center screen 14A, I 4 15 and a mix of fibers from differ­
ent sides of the triboelectric scale is shown in FIG. 3. The filter 
media in FIG. 3 is a combination of the filter media shown in 
FIGS. 1 and 2. 

This combination combines the benefits of each embodi­
ment, allowing for the for maximum system efficiency. 

A. filter media incorporating a layer of higher density 
dielectric material followed by layer of low density dielectric 
material is shown in FIG. 4. The filter media shown in FIG. 4 
is sim ilar to that shown in FIG. 2. Flow ever in FIG. 4, an 
additional filter layer 25A of relatively lower density material 
is disposed after filter layer 16E, which is of relatively higher 
density material. 

Another filter media incorporating a layer of lower density 
dielectric material following a layer of higher density dielec­
tric material is shown in FIG. 5. The filter media shown in 
FIG. S is similar to that shown in FIG. 3. However, in FIG. 5 
an additional filter layer 25A of relatively less dense material 
is positioned after filter layer 16B. Additionally, in FIG. 5 a 
second triboelectric filter layer 25F5 of relatively less dense 
material is placed after filter layer 1 6D at the end of the 
airflow through the active field polarized media air cleaner. 

The benefit of these embodiments is a reduction in resis­
tance to airflow. The densest layer of media will have the 
highest resistance to airflow. Tfthe 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. FJy 
putting a less dense layer between the electrode and the dens­
est layer, it increases the air speed through tine less dense 
material instead of the denser material thereby reducing resis­
tance to airflow significantly. 

Tn FIG". 6, the portion of the filter media above the center 
screen 13 is the same as that shown in FIG. 1 ; the portion of 
the filter media below the center screen 1 3 is the same as that 
shown in FTG. 5. 

This embodiment' provides superior loading characteris­
tics. By capturing the larger particles or particles of lower 
density and/or lower momentum, on the less dense upstream 
layers, the more dense layers do not become clogged and are 
able to collect primarily the smaller (i.e., higher density and/ 
or higher momentum) particles and therefore have a longer 
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service life. Tliemedia thus allows a homogenous distribution 
of particulate through the volume of the media. 

In FIG. 7, the portion of the filter media above the center 
screen 13 is the same as that shown in FIG. 3; the portion of 
the filter media below the center screen 13 is the same as that 
shown in FIGS. 5 or 6. 

In FIG. 8, the filter media ISC, 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 inven­
tion. 

In a further embodiment of the invention, one of the outer 
most layers of media could be treated with a photocatalytic 
ma tori a 1. The air cleaner could then be coupled with a IJ V 
light for the breakdown of gas phase contaminants. The pho­
tocatalytic layer "would ideally be the furthest downstream 
layer. This would keep it substantially free of particle con­
tamination. 

In a further embodiment of the invention, the external 
screen/electrode of the filter frame is treated with the photo 
catalyst. 

In a further embodiment of the invention the center screen 
would have odor absorbing properties, such as a carbon 
impregnated foam or mesh. 

'I lie downstream layer of lower density material could be 
treated with a catalyst for breaking down VOC's, other reac­
tive gas phase contaminants and/or Ozone and/or biological 
contaminants. 

At least one of the external screens and/or a layer of media 
can be treated with a photocatalyst that tends to destroy gas­
eous impurities such as VOC's and biological contaminants 
in the presence of light, typically IJ V light. The latter con­
figuration 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 signifi­
cantly 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 I J V 
lights to shine on treated screens both upstream and down­
stream of the treated screens. In the case of applying the 
photocatalyst to a layer of media, the preferred embodiment 
wouldbe 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 FIG. 
7a shows the basic concept of the air cleaner, FIG. lb shows 
the configuration of one type of assembled system. While for 
the sake of clarity, the various elements have been shown as 
separate layers, two or more of the "layers" may be combined 
into a single layer or material. 

The invention(s) disclosed above could be used in variety 
of ways, including, but not limited to, use in IIVAC systems, 
self-contained filter/fan units, and industrial air cleaning sys­
tems, and dust collectors. While the above embodiments pri­
marily 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, intercon­
nected groupings of panel and V-Bank units and cylindrical 
filters for dust collection systems. 



What is claimed is: 
1. A filter media for an active field polarized media air 

cleaner comprising: 
a first pad of filter material; 
a second pad of filter material; 
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 di sposed adj acent 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 mate­
rial, 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 tri­
boelectric 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 1, wherein said 
first 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, said first fibers being from one part of the 
triboelectric scale and said 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 mate­
rial 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 airpermeable screen, said pad of mixed triboelec­
tric material and said fi fth pad of fil ter material is treated with 
a photocatalytic material that tends to destroy gaseous impu­
rities in the presence of UV light. 


