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[57] ABSTRACT

An air cleaner comprises a cleaning element having a
three-dimensional visco-elastic matrix of material for
adsorbing airborne particulate matter and for absorbing
volatile liquids and a variety of noxious gases. The three-
dimensional visco-elastic matrix of material adsorbs par-
ticulate matter of many types and sizes and advantageously
draws the particulate matter below the surface of the mate-
rial. To enhance the cleaning properties of the material, the
three-dimensional visco-elastic matrix of material may addi-
tionally comprise a zeolite to improve the absorption of
gases and a metallic additive, such as copper sulfate, to
inhibit biological activity. The material forming the three-
dimensional visco-elastic matrix may be acrylamide, silox-
ane, acrylate, or a cellulosic material and may be in the form
of fibers or particles.

23 Claims, 5 Drawing Sheets
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AIR CLEANER HAVING A THREE
DIMENSIONAL VISCO-ELASTIC MATRIX
OF MATERIAL

FIELD OF INVENTION

This invention generally relates to an apparatus for clean-
ing air and, more particularly, to an air cleaner having a
three-dimensional visco-elastic matrix for efficiently and
optimally cleaning air.

BACKGROUND OF THE INVENTION

The air which we breath typically contains a number of
pollutants, such as particulate matter, volatile liquids, gases,
and vapors. Because these pollutants, to varying degrees,
can be harmful when inhaled, air cleaners in the industry
have been designed to remove at least some of them.

One commonly used air cleaner in the industry is
designed primarily to filter out the particulate matter from
the air. This filter removes the particulate matter from the air
by forcing the air through a filter medium or septum, which
blocks the particulate matter. The filter medium may be
comprised of a variety of materials, such as glass fibers, wire
screens, steel wool, animal hair or hemp fibers. This type of
air filter can remove such particulate matter as dust or pollen
as long as the particulate matter is larger than the openings
in the filter medium or septum and thus is effectively
blocked by the medium while the air passes therethrough.

Most air filters in the industry are limited in the types of
particulate matter that can be removed by the physical
dimensions of the filter medium. The size of the openings in
the filter medium must be large enough to allow air to
circulate and pass through yet small enough to obstruct the
particulate matter. Thus, if the openings are made smaller
than a minimum opening size, the air flow is too restricted
and the air filter becomes inoperable.

Also, because the typical air filter in the industry operates
by obstructing the particulate matter, the proper operation of
the air filter is limited in the amount of particulate matter that
can be removed from a volume of air. Once the air filter
obstructs that limited amount of particulate matter it
becomes blocked and any further blockage by collected
particulate matter will restrict or block the flow of air
through the air filter and thereby render the air filter inop-
erable.

Another type of air filter in the industry is the active
carbon filter. The active carbon filter contains activated
carbon, which has a relatively high adsorption power and is
therefore rather effective at removing certain gases from the
air. The active carbon filter is also effective in removing
certain odors from the air in addition to removing airborne
particulate matter. The active carbon filter is commonly used
to remove gaseous pollutants, such as those generated by
cooking, body, and tobacco odors.

The active carbon filter, however, has several disadvan-
tages. For instance, the activated carbon particles have a
tendency to break down and form fine particles, which can
then become dislodged from the filter element. The activated
carbon particles can also shift in location and form open
passageways through the filter where the air does not contact
the activated carbon particles. Further, active carbon filters
generally remove only certain odors from the air and leave
many other odors and harmful gases unfiltered. Even for
those gases which the active carbon filter can adsorb, the
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gases may become re-released from the filter into the air
after the passage of time if the carbon filter is not cleaned.

An air filter disclosed in U.S. Pat. No. 4,604,110 of
Frazier or in U.S. Pat. No. 4,534,775 of Frazier comprises a
mixture of silica gel, activated carbon, and zeolite. The
disclosed air filter may additionally comprise a liquid for
inhibiting the growth of microorganisms. Thus, while the
Frazier air filter still operates on the principle of obstruction
it is able to trap a broader range of pollutants than previous
air filters.

With the mixture of elements in the Frazier filter, the
activated carbon is effective against non-polar compounds
such as chlorinated hydrocarbons, aromatic compounds, and
general organic compounds and is very effective against
carbon tetrachloride, benzene, and toluene. The zeolite, or
molecular sieve, has a relative small pore size and is
effective against such compounds as hydrogen sulfide, alco-
hols, ester, and aldehydes. The silica gel has larger pores
than the activated carbon and zeolite and is effective in
removing long carbon chain compounds, such as organic
acids.

FIG. 1 illustrates an embodiment of the filter in U.S. Pat.
No. 4,604,110 to Frazier. In this figure, a filter element 10
having a bottom portion 22 and a top portion 24 comprises
a dry mixture of activated carbon particles 12, silica gel 14,
and zeolite particles 16. The filter element 10 has a top layer
18 of high efficiency particulate removal paper and a bottom
layer 20 of polyurethane foam. Air passes through ports 26
of the top and bottom portions. Frazier states that a liquid
may be added to the mixture in order to inhibit the growth
of microorganisms.

The filters disclosed in the patents to Frazier operate
primarily by obstructing the particulate matter and therefore
have the same disadvantages as air filters in general.
Namely, such air filters are limited in the amounts and size
of particulate matter that can be filtered out of the air since
the filters must maintain a flow of air through the filter
element. The air filters are also limited in the types of
pollutants that can be removed from the air and are prone to
the re-release of the pollutants back into the air.

SUMMARY OF THE INVENTION

It is a general object of the invention to overcome the
disadvantages of the prior art air cleaners, as noted above
and as generally known in the industry.

It is an object of the present invention to efficiently and
effectively remove particulate matter from air.

It is an object of the present invention to remove particu-
late matter of a wide range of sizes from the air.

It is another object of the present invention to remove a
broad range of gases and vapors from the air.

It is yet another object of the present invention to remove
biological contaminants from the air and to inhibit biological
growth from the removed contaminants.

It is a further object of the present invention to remove
pollutants from the air without risk that the pollutants will be
re-released back into the air.

The advantages and novel features of the invention are set
forth in the description which follows, and will become
readily apparent to those skilled in the art. To achieve the
foregoing and other objects, in accordance with the present
invention, in a preferred embodiment thereof, an air cleaner
according to the present invention comprises a cleaning
element that has a three-dimensional visco-elastic matrix
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which is preferably formed of acrylamide. The three-dimen-
sional visco-elastic matrix cleans the air by adsorbing air-
borne particulate matter and absorbing select gases and
volatile liquids.

Preferably, the three-dimensional visco-elastic matrix
comprises additives to enhance the cleaning properties of the
three-dimensional visco-elastic matrix. These additives may
comprise, for example, a zeolite to absorb gases and a
metallic additive to inhibit biological activity.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in,
and form a part of, the specification, illustrate a preferred
embodiment of the present invention and, together with the
description, serve to illustrate and explain the principles of
the invention. The drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the
principles of the invention. In the drawings:

FIG. 1is a cross-sectional view of a prior art filter element
such as disclosed in the Frazier patents;

FIG. 2 is an elevation view of an air cleaner according to
one embodiment of the invention;

FIG. 3 is a cross-sectional elevation view of the air
cleaner of FIG. 2;

FIG. 4(A) is a top view of a cleaning element according
to one embodiment of the invention;

FIG. 4(B) is a cross-sectional view of a cleaning element
according to a second embodiment of the invention;

FIGS. 5(A), 5(B) and 5(C) represent the travel of a
particulate matter into a three-dimensional visco-elastic
matrix of material; and

FIG. 6 is a cross-sectional view of a system for testing the
performance of the three-dimensional visco-elastic matrix of
material.

DETAILED DESCRIPTION

Reference will now be made in detail to the preferred
embodiment of the invention, which is illustrated in the
accompanying drawings. With reference to FIGS. 2 and 3,
an air cleaner according to an exemplary embodiment of the
invention comprises a portable apparatus 30 having a hous-
ing 32. A fan 36 is suitably supported within the housing 32
to draw air from openings 34 in a lower portion 44 of the
apparatus 30, through a cleaning element 38, and to direct
the clean air out through openings 46 in an upper portion of
the housing 32. As can best be seen in FIG. 3, lower portion
or base member 44 contains a plurality of openings 34 in the
form of slots arranged around the periphery thereof. Base
member 44 has a reduced diameter upper portion 42 upon
which cleaning element 38 rests. Upper portion 32 is
designed to fit over reduced portion 42 and has an internal
flange 41, the bottom edge of which bears against cleaning
element 38 and the upper edge of which supports fan 36, as
seen in FIG. 3. While the apparatus 30 is shown as including
a power cord 40, the apparatus 30 may alternatively or
additionally comprise one or more batteries for powering the
fan 36.

The cleaning element 38 has a three-dimensional visco-
elastic matrix of material for cleaning the air. The preferred
three-dimensional visco-elastic matrix of material is a cross-
linked water soluble polymer swelled with water or glycerol.
The cross-linked structure prevents the three-dimensional
visco-elastic matrix of material from totally dissolving or
flowing but allows water to swell the gel structure between
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cross-linked segments. The surface energy of the three-
dimensional visco-clastic matrix of material is very hydro-
philic and is capable of wetting the surfaces of most airborne
particles. The three-dimensional visco-elastic matrix of
material is advantageously non-toxic and non-flammable.
The cleaning element 38 having the three-dimensional
visco-elastic matrix of material is very effective in removing
airborne particulate matter, such as dust, pollen, and tobacco
smoke particles. The surface of the three-dimensional visco-
elastic matrix of material is highly adhesive and removes
any particulate matter that comes in contact with it via the
adhesive property of the material. Because the cleaning
element 38 does not physically obstruct the particulate
matter but instead relies upon adhesion to remove the
particulate matter from the air, the cleaning element 38 is
capable of removing particulate matter of many sizes.

An additional advantage over the air filter in the industry
is that the cleaning element 38 with the three-dimensional
visco-elastic matrix of material can easily maintain an
adequate flow of air through the cleaning element 38. As
shown in FIG. 4(A), an embodiment of a cleaning element
38 comprises fibers 53 of the three-dimensional visco-elastic
matrix of material placed between layers of screen mesh 54,
While a screen mesh 54 has been showed, other types of
suitable supports, such as sheets of porous plastic, may
alternatively be used.

With the cleaning element of FIG. 4(A), the fibers 53 of
the three-dimensional visco-elastic matrix of material are
dispersed within the cleaning element 38 at sufficient dis-
tances so that the removal of airborne particles does not
result in a reduced air flow through the cleaning element 38.
The cleaning element 38, which removes particulate matter
by adhesion, is in contrast to the art filter element in the
industry which removed airborne particles by blocking the
particles in passageways formed through the filter element.
Thus, unlike the air filter in the industry which would restrict
the air flow as more airbome particles became blocked in the
filter, the cleaning element 38 having the three-dimensional
visco-elastic matrix of material does not significantly reduce
the flow of air with the removal of more pollutants.

While the three-dimensional visco-elastic matrix of mate-
rial can clean the air without obstructing the particulate
matter, the three-dimensional visco-elastic matrix of mate-
rial may be placed on the cleaning element 38 so as to
additionally obstruct particulate matter. For instance, as
shown in FIG. 4(B), the cleaning element 38 may comprise
a lower portion 57 and an upper portion 59. The cleaning
element 38' may contain particles 56 of the three-dimen-
sional visco-elastic matrix of material placed between two
air permeable support structures 58. A plurality of air
passages are formed through the particles 56 for blocking
particulate matter in the air.

The support structures 58 maintain the particles 56 within
the upper 59 and lower 57 portions and may additionally
filter out part of the particulate matter. The support structures
58 may comprise a screen mesh, porous plastic, coarse
paper, or other suitable material. The lower support structure
58 may advantageously be formed of polyurethane foam and
the upper support structure 58 may be- formed of a high
efficiency particulate removal paper.

Another advantage of the cleaning element 38 having the
three-dimensional visco-elastic matrix of material is that
after airborne particles have become adhered to the surface
of the material, the airborne particles become absorbed into
the matrix of material. FIGS. 5(A) to 5(C) depict the process
in which an airborne particle 50 becomes adhered to the












