FILTER MEDIA FORACTIVE FIELD POLARIZED MEDIA AIR CLEANER

FIELD OF THE INVENTION

[0001] The present invention relates generdly to ar 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

[0004] The principa of electrostatic attraction has been used for many years to enhance

the remova 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.

[0005] Electrostatic precipitators charge particles and then capture them on oppositely
charged and/or grounded collection plates.

[0006] A passive eectrostatic 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.

[0007] An active field polarized media air cleaner uses an electrostatic field created by
a voltage differential between two electrodes. A didectric filter media is placed in the
electrostatic field between the two electrodes. The electrostatic field polarizes 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 electrical energy. A dielectric material tends to concentrate
an applied electric field within itself and is thus an efficient supporter of electrostatic fields.
[0008] A further electrostatic air filter design is disclosed in Canadian Patent No.
1,272,453, in which a disposable rectangular cartridge is connected to a high voltage power
supply. The cartridge consists of a conductive inner center screen, which is sandwiched

between two layers of a dielectric fibrous material (either plastic or glass). The two dielectric



layers are, in turn, further sandwiched between two outer screens of conductive materia. 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.

[0009] The air cleaners may be installed in a variety of configurations and situations,
both as part of a heating ventilating and air conditioning (HVAC) system and in standalone air
moving/cleaning systems. In smaller HVYAC systems (e.g. residential and light commercia),
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 arranged in a V-bank
configuration where multiple separate filters are positioned to form a Z-fold filter

perpendicular to the axis of airflow.

SUMMARY OF THE INVENTION

[0010] The invention is embodied in several individual improvements to filter media

for active field polarized media air cleaners and combinations thereof. The individua
features of the present invention are as follows:

[0011] 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.

[0012] 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.

[0013] 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 alayer of relatively lower density material (such as less dense fibrous polyester).

BRIEF DESCRIPTION OF THE DRAWINGS




[0014] Figure 1 is a cross-sectional diagram of filter media incorporating a higher
resistance air permeable screen between fibrous pads of dielectric material having a relatively
lower resistance in accordance with the present invention.

[0015] Figure 2 is a cross-sectional diagram of filter media incorporating a fibrous pad
of dielectric material and a mixed fiber layer having fibers from different ends of the
triboel ectric scale in accordance with the present invention.

[0016] Figure 3 is a cross-sectional diagram of filter media incorporating features from
figures 1 and 2 in accordance with the present invention.

[0017] Figure 4 is a cross-sectional diagram of filter media incorporating a layer of
higher density dielectric material followed by alower density dielectric materia in accordance
with the present invention.

[0018] Figure 5 is a cross-sectional diagram of filter media incorporating features from
figures 1 through 4 in accordance with the present invention.

[0019] Figure 6 is a cross-sectional diagram of filter media incorporating features from
figures 1 and 5 in accordance with the present invention.

[0020] Figure 7 is a cross-sectional diagram of a filter media incorporating features
from figures 3 and 6 in accordance with the present invention.

[0021] Figure 8 is a cross-sectional diagram of filter media incorporating a mixed fiber
layer having fibers from different ends of the triboel ectric scale in accordance with the present

invention.

DETAIL DESCRIPTION

[0022] An embodiment of an active field polarized media 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 from the top of the diagram to the bottom of the diagram. The filter
consists of aframe that holds the filter media.

[0023] 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 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,
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 polarized
media air cleaner. While there are certain advantages to the specific embodiments disclosed in
theillustrations, the center screen need not go all the way to the edge, nor have a frame around-
it and the media layers.

[0024] 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 typicaly 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 1213 is held in place by a second conductive holding frame 116B.
[0025] 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.

[0026] 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 field therein and collected on the first and second pads of dielectric filter material 16A,
16B, 16C and 16D.

[0027] 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 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.

[0028] 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.

[0029] 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 store some static
electricity. The capacity of the material to generate and store an electric charge defines where
it belongs on the triboelectric scale.

[0030] Triboel ectric series of materials causing static electricity

[0031] 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 (-) in charge. The triboelectric seriesis
alist of materials, showing which have a greater tendency to become positive (+) and which
have a greater tendency to become negative (-). The list is used to determine which
combinations of materials create the most static electricity.

[0032] 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 materia fits
somewhere is the positive or negative triboelectric scale.

[0033] Materials that become positive in charge

[0034] 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 eectrons to
those that barely give up electrons.

Comments



Dry human skin Greatest tendency to giving up electrons and
becoming highly positive (+) in charge
Leather
Rabbit fur Fur is often used to create static electricity
Glass The glass on your TV screen gets charged
and collects dust
Nylon
Wool
Lead A surprise that lead would collect as much
static electricity as cat fur
Cat fur
Silk
Aluminum Gives up some electrons
Paper
[0035] Materials that are neutral
[0036] 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
[0037] Materials that become negative in charge
[0038] 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 e ectrons to
those that readily attract electrons.



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
el ectrostatic generator

Brass, Silver

Gold, Platinum It issurprising that these metals attract
electrons almost as much as polyester

Polyester Clothes have static cling

Styrene Packing material seems to stick to everything

(Styrofoam)

Saran Wrap Y ou can se how Saran Wrap will stick to
things

Polyurethane

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

Polypropylene

Vinyl (PVC) Many electrons will collect on PV C surface

Silicon

Teflon Greatest tendency of gathering electrons on
its surface and becoming highly negative (-)
in charge

[0039] 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.
[0040] 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. Specificaly, 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 second
separate sheets of filter materia placed in contact with each other. That is, afirst sheet of filter
material is made of fibers from one side of the triboelectric scale and a second sheet of filter
materia 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.

[0041] 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 the 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 materias 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 V ose who's Technostat materials are a mix of acrylic and polypropylene.
[0042] It is well known in the manufacture and design of passive electrostatic filters
that the proper mix of materias from different sides of the triboelectric 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 imposed on the media by a variety of technigues. One issue with passive electrostatic
filtersis 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).

[0043] While putting many filter medias in an eectrostatic fiedld can increase their



efficiency, this is not universaly the case. In fact, many passive eectrostatic media show no
improvement or actually perform worse. However, it has been found that putting triboelectric type
electret mediain a polarizing field does improve its effectiveness and diminate the efficiency dip
that is seen. (cite reasons for the mixed triboelectric filter layer here) The triboel ectric layer tendsto
be rdatively 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 ether or both
Sdesof it.

[0044] In another embodiment of the present invention, above the mixed triboelectric filter
layer 15A isardativey sparsefibrous 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 rlatively sparse layers could be a variety
of materials or different materias from each other.

[0045] 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 amix of fibers from different
sides of the triboelectric scale is shown in figure 3. The filter mediain figure 3 is a combination of
the filter mediashowninfigures 1 and 2.

[0046] This combination combines the benefits of each embodiment, alowing for the for
maximum system efficiency.

[0047] A filter media incorporating a layer of higher density dielectric material
followed by layer of low density dielectric material is shown in figure 4. The filter media
shown in figure 4 is similar to that shown in figure 2. However in figure 4, an additiona
filter layer 25A of relatively lower density material is disposed after filter layer 16E, which is
of relatively higher density material.

[0048] Another filter media incorporating a layer of lower density dielectric material
following a layer of higher density dielectric material is shown in figure 5. The filter media
shown in figure 5 is similar to that shown in figure 3. However, in figure 5 an additiona
filter layer 25A of relatively less dense materia is positioned after filter layer 16B.
Additionally, in figure 5 a second triboelectric filter layer 25B 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.

[0049] 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.

[0050] 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.

[0051] This embodiment provides superior loading characteristics. 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 alonger
service life. The media thus allows a homogenous distribution of particulate through the
volume of the media

[0052] In figure 7, the portion of the filter media above the center screen 13 is the same
as that shown in figure 3; the portion of the filter media below the center screen 13 is the same
asthat shown in figures 5 or 6.

[0053] 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.

[0054] In a further embodiment of the invention, one of the outer most layers of media
could be treated with a photocata ytic 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 downstream layer. This would keep it substantially free of particle
contamination.

[0055] In a further embodiment of the invention, the external screen/electrode of the
filter frameistreated with the photo catalyst.

[0056] In a further embodiment of the invention the center screen would have odor

absorbing properties, such as a carbon impregnated foam or mesh.
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[0057] The downstream layer of lower density material could be treated with a catalyst
for breaking down VOC's, other reactive gas phase contaminants and/or Ozone and/or
biological contaminants.

[0058] At least one of the external screens and/or alayer 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
photocatal ytic 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 alayer 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.

[0059] 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 figure 7a shows the basic concept of the air cleaner, figure 7b 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.

[0060] 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.
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What isclaimed is:

1. An activefield polarized media air cleaner comprising:

afirst conductive outer screen;

a second conductive screen substantially parallel to said first conductive outer screen;

a pad of mixed triboelectric material comprising fibers from different parts of the
triboelectric scale; said pad of mixed triboelectric material being disposed between said first
conductive outer screen and said second conductive screen; and

a high-voltage power supply having first and second terminals, said first terminal of
said high voltage power supply being connected to said second conductive screen, said
second terminal of said high-voltage power supply being coupled to said first conductive

outer screen.

2. An active field polarized media air cleaner in accordance with claim 1, wherein
said pad of mixed triboelectric material comprises afirst layer of fibers from one part of the

triboelectric scale, and a second layer fibers from a different part of the triboel ectric scale.

3. An active field polarized media air cleaner 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.

4. A filter mediafor an active field polarized media air cleaner comprising:

an air permeable filter material that includes a photocatalyst; and

first and second electrodes located on either side of the material that provide a
polarizing field through the photocatal yst-treated air permeable filter material.

5. A filter mediain accordance with claim 4, wherein the material is fibrous polyester.

6. A filter mediain accordance with claim 4, wherein the material isfiberglass.

12



7. A filter media in accordance with claim 4, wherein the material is a non-woven
material.

8. A filter media in accordance with claim 4, wherein the materia is subject to UV
light.

9. A filter media in accordance with claim 4, wherein the material comprises multiple
layers, wherein at least one of the layersis not treated by the photocatal yst.

10. A filter media in accordance with claim 9, wherein at least one of the layersis a
different material from the other layer.

11. A filter mediafor an active field polarized media air cleaner comprising:

an air permeable filter material that has been contains a photocatalyst, wherein in the
presence of ultraviolet light, the filter rel eases agents that react with contaminants; and

first and second electrodes located on either side of the material that provide a
polarizing field through the air permeable filter material.

12. A filter mediain accordance with claim 8, wherein the material is fibrous polyester.

13. A filter mediain accordance with claim 8, wherein the material isfiberglass.

14. A filter media in accordance with claim 8, wherein the material is a non-woven
material.

15. A filter media in accordance with claim 8, wherein the material is subject to UV
light.

16. A filter media in accordance with claim 8, wherein the material comprises multiple
layers, wherein at least one of the layersis not treated by the photocatal yst.

13



17. A filter media in accordance with claim 13, wherein at least one of the layersis a

different material from the other layer.
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