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AR PURIFICATION DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of application 
Ser. No. 1 1/830,556 filed Jul. 30, 2007, which is a Continu 
ation of PCT Application No. PCT/US2006/048088 filed 
Dec. 14, 2006 and claims priority of Provisional Application 
No. 60/836,895 filed Aug. 9, 2006, all of which are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present inventions generally relate to air purifi 
cation reactors and electrostatic filters. 
0003. There are currently a wide range of technologies 
that are used to purify and/or filter air. One such technology is 
the electrostatic filter. Generally electrostatic filters include a 
porous dielectric material that is positioned between a pair of 
electrodes. A fluid stream (e.g., air) is arranged to pass 
through the dielectric material. In an active electrostatic filter, 
a significant potential difference is applied across the elec 
trodes in order to induce an electrostatic field in the dielectric 
material that is sufficient to cause particulates within the air 
stream passing through the filter to adhere to the dielectric. 
0004 More recently, ion enhanced electrostatic filters 
have been developed. An ion enhanced electrostatic filter 
contemplates placing an ion source in front of the electro 
static filter to impart an electric charge to some of the particu 
lates carried by air passing through the filter. The charges 
imparted to the particulates by the ionizer tend to help their 
collection within the dielectric. 

0005 U.S. Pat. No. 5,474,600, which is owned by the 
assignee of the present application, discloses an apparatus for 
the biological purification and filtration of air. Generally, the 
600 patent discloses a system which utilizes a course elec 

trostatic filter 1, a cylindrical or polygonal ionizer 5 and a fine 
electrostatic filter 10 that are all arranged in series. In some of 
the described embodiments, a pair of ionizers that impart 
opposite charges are arranged in series between the course 
and fine electrostatic filters. The system is arranged to inac 
tivate (i.e. kill) biological objects (e.g., microorganisms and 
viruses) that are carried in the air stream and to filter particu 
lates from the stream. 

0006 Commercial embodiments of this type of air purifi 
cation and filtration system have been Successfully used in the 
MIR space station and in hospitals to purify, filter and decon 
taminate air. A representative commercial embodiment of 
Such a system is diagrammatically illustrated in FIG. 1. As 
seen therein, the system 20 include an electrostatic pre-filter 
22, a positive plasma generator 24 that is arranged in series 
with a negative plasma generator 26 and a series of four 
electrostatic filters 28 that are arranged downstream of the 
negative plasma generator 26. Each D.C. plasma generator 
24, 26 is composed of a plurality of cylindrical plasma cyl 
inders (e.g., 6 cells) arranged in parallel. Each cell has a 
needle type ionizing electrode that is Surrounded by a cylin 
drical electrode chamber. One of the electrodes is grounded 
while a D.C. potential of either 4000 or 7600 volts is applied 
to the opposing electrode. The electrostatic filters may be 
formed as described in U.S. Pat. No. 5,474,600 or 6,805,732 
and plasma generator may beformed as described in U.S. Pat. 
No. 5,474,600 or U.S. Published Application No. 2005/ 
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0098040. All of these patents and patent applications are 
incorporated herein by reference. 
0007 Although the described system works well, there are 
continuing efforts to provide improved and/or more cost 
effective purification and/or filtering devices that can meet the 
needs of various applications. 

SUMMARY OF THE INVENTIONS 

0008. In one aspect of the invention, an air purification 
device is described that includes an ionizer, an electrostatic 
filter, a photocatalyst, and a UV light source that is distinct 
from the ionizer. The ionizer is arranged to introduce ions into 
a gaseous fluid stream passing through the air purification 
device. The electrostatic filter is located downstream of the 
ionizer and is arranged to electrostatically filterparticles from 
the fluid stream. The UV light source is positioned to subject 
the photocatalyst to ultraviolet light and may be arranged 
upstream, downstream, or intermediate the electrostatic filter. 
With this arrangement, the ultraviolet light that impinges on 
the photocatalyst causes a photocatalytic oxidative reaction to 
occur at the photocatalyst that is capable of reducing Volatile 
organic compounds carried in the fluid stream. 
0009. In some embodiments, the photocatalyst is titanium 
oxide (TiO). In still other embodiments, a mixture of tita 
nium oxide (TiO) and a reducing catalyst (such as Manga 
nese Dioxide (MnO)) may be used as the photocatalyst. In 
many embodiments the photocatalyst is applied to a porous 
structure that is configured to receive the fluid stream there 
through. The photocatalyst may be a distinct component or 
applied to one or more of the components of the purification 
device (such as an electrode or dielectric of the electrostatic 
filter). 
0010 A variety of wavelengths of UV light may be used to 
activate the photocatalyst. By way of example, ultraviolet 
radiation having a wavelength in the range of approximately 
150 to 380 nm works well. Germicidal ultraviolet radiation 
(UV radiation having a wavelength of approximately 254 nm) 
has a number of side benefits that make it particularly desir 
able in many applications. 
0011. The air purification device may take the form of a 
plasma reactor. In Such embodiments, the ionizer takes the 
form of one or more plasma chambers that preferably gener 
ate a cold plasma that has a Sufficiently high concentration of 
reactive species to treat at least some of the particulates pass 
ing there through. The plasma reactor may have a variety of 
other components as well including prefilters, additional 
electrostatic filters, additional oxidizing and reducing cata 
lysts, etc. 
0012. In some embodiments, a second catalyst is located 
downstream of the photocatalyst. The second catalyst is 
arranged to significantly reduce the concentration of reactive 
species that are contained in the fluid stream before the fluid 
stream emerges from the plasma reactor. 
0013. In another aspect, an air purification device is 
described that includes a reactor having an ionizer or plasma 
generator, an electrostatic filter and an absorber. The absorber 
is arranged to absorb Volatile organic compounds carried in 
the fluid stream and to facilitate oxidation of the volatile 
organic compounds at least in part by exposing the absorbed 
Volatile organic compounds to reactive species in the fluid 
stream that are generated by the plasma chamber. In some 
embodiments, the absorptive material is carried on a porous 
block that is configured to receive the fluid stream there 
through. The absorptive material may be applied as a coating 
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to a component of the reactor, such as a component of the 
electrostatic filter, or it may be a separate component. In some 
embodiments it is desirable to place the absorber on an elec 
trode. 
0014. In yet another aspect, an air purification device is 
described that includes a reactor having an ionizer or plasma 
generator, an oxidation catalyst located downstream of the 
plasma chamber and a reduction catalyst located downstream 
of the oxidation catalyst. The plasma generator is arranged to 
Subject particulates carried in the fluid stream to a cold plasma 
that has a high ion concentration. The oxidation catalyst is 
arranged to produce more oxidation species within the reac 
tor. The reduction catalyst is located downstream of the oxi 
dation catalyst and configured to receive the fluid stream there 
through. The reduction catalyst is arranged to significantly 
enhance the conversion of oxidation species that are con 
tained in the fluid stream. In some embodiments, the oxida 
tion catalyst includes a material selected from the group con 
sisting of Barium Titanium Oxide (BaTiO) and Titanium 
oxide (TiO). 
00.15 Generally, the various aspects of the invention may 
be used separately or in combination with one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The invention, together with further objects and 
advantages thereof, may best be understood by reference to 
the following description taken in conjunction with the 
accompanying drawings in which: 
0017 FIG. 1 diagrammatically illustrates an existing 
plasma based air purification and filtering system; 
0018 FIG. 2 diagrammatically illustrates a plasma based 
air purification and filtering system in accordance with an 
embodiment of the present invention; 
0019 FIG. 3a is a diagrammatic end view of a plasma 
generator that is composed of a plurality of adjacent hexago 
nal plasma chambers arranged in parallel; 
0020 FIG. 3b is a diagrammatic end view of a plasma 
generator that is composed of a plurality of adjacent cylindri 
cal plasma chambers arranged in parallel; 
0021 FIG. 4 diagrammatically illustrates a high porosity, 
non-woven fabric mat that may be used to form the dielectric 
of an electrostatic filter in accordance with one embodiment 
of a first aspect of the invention; 
0022 FIGS. 5(a)-5(h) diagrammatically illustrates cross 
sectional geometries of a few different fibers that are suitable 
for use as the dielectric in an electrostatic filter; 
0023 FIG. 6 is a diagrammatic illustration of a metallized 
insulated electrostatic filter electrode design suitable for use 
in accordance with an embodiment of another aspect of the 
present invention; 
0024 FIGS. 7(a) and 7(b) are cross sectional views of a 
couple different metallized insulated electrode designs; 
0025 FIG. 8 is a diagrammatic illustration demonstrating 
one Suitable arrangement for electrically connecting the met 
allization layers of a plurality of electrostatic filter electrode: 
0026 FIG. 9 is a diagrammatic illustration of a catalyst 
Suitable for use in a plasma reactorinaccordance with another 
aspect of the invention; 
0027 FIG. 10 is a diagrammatic illustration of an alterna 

tive catalyst arrangement; and 
0028 FIG. 11 is a diagrammatic representation of another 
reactor design that includes an oxidation catalyst. 
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0029 FIG. 12 is a diagrammatic representation of another 
reactor design that includes an ultraviolet VOCs removal 
system. 
0030. It is to be understood that, in the drawings, like 
reference numerals designate like structural elements. It 
should also be understood that the depictions in the figures are 
diagrammatic and not to scale. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0031. The present invention relates generally to fluid 
decontamination, filtering and/or purification devices. The 
plasma reactor described above and illustrated in FIG. 1 is 
different than traditional ion enhanced electrostatic filters in 
part because its ionizers (plasma generating chambers 26) 
provide significantly higher ionization levels than traditional 
ion enhanced electrostatic filters. By way of example, tradi 
tional ion enhanced electrostatic filters may utilize current 
densities on the order of 2 microAmperes/cm and generate a 
composite (average) electron density on the order of 10' 
electrons/m. In contrast, the plasma generating chambers 26 
described above may utilize current densities on the order of 
3.5 microAmperes/cm and generate a composite electron 
density on the order of 10" electrons/m, which improves the 
electron concentration (and thus the ion concentration) by 
about an order of magnitude. Such devices have been used 
commercially in Europe and Russia and have been observed 
to have significant advantages over traditional air purifying 
and/or filtering systems. Although the illustrated system 
works well, there have been continuing efforts to further 
improve the design. 
0032. It is noted that the ionizing chambers (e.g., the cylin 
drical or polygonal ionizing chambers 26, 140, 150) are fre 
quently referred to as plasma generating chambers herein. 
This is because the plasma Zone created around the ionizing 
electrode and the corresponding ion concentration within the 
chamber are generally Substantially larger than those pro 
duced by the ionizers used in conventional ion enhanced 
electrostatic filters. As will be described in more detail, 
increasing the intensity of the ionization within the air puri 
fication and filtering device (reactor) can have a number of 
positive impacts on the efficacy and efficiency of the reactor. 
0033. The plasmas that are generated in the described 
plasma generators are commonly referred to as “non-ther 
mal' or "cold plasmas. That is, the plasma are generated at 
temperatures that are generally in the vicinity of ambient air 
temperatures in the environment that the devices are being 
used in and the electrons are at greatly elevated temperatures. 
This is as opposed to “thermal' or “hot” plasmas where both 
the ions and electrons coexist at elevated temperatures. 
0034 Referring to FIG. 2, a plasma reactor in accordance 
with one embodiment of the present invention will be 
described. In this embodiment, the plasma reactor 100 
includes a pre-filter 122, a positive plasma generator 124, a 
negative plasma generator 126, a series of active electrostatic 
filters 128 and a catalyst 130 that operates as a catalytic 
converter. These components are all arranged in series so that 
a gaseous fluid (e.g. air) enters the pre-filter 122 and sequen 
tially passes through the plasma generators 124, 126, the 
electrostatic filter 128 and the catalyst 130. 
0035. The pre-filter 122 is generally intended to trap large 
particles. The pre-filter can be any type of filter including 
electrostatic filters and simple replaceable mechanical filters. 
In the illustrated embodiment, a simple replaceable mechani 
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cal non-woven mat type pre-filter is used. However, in other 
embodiments, active or passive electrostatic pre-filters may 
be used. One advantage to using an active electrostatic pre 
filter is that it applies a dipole to particles entering the reactor 
thereby making them even more Susceptible to the plasma 
chamber. 

The Plasma Generators 

0036. The positive plasma generator 124 is arranged to 
generate a positively charged cold plasma. In the embodiment 
shown, the plasma generator is composed of a plurality of 
adjacent plasma chambers that are arranged in parallel, as 
illustrated in FIGS. 3(a) and 3(b). Suitable plasma generator 
arrangements are described in the aforementioned 600 
patent and co-pending U.S. application Ser. No. 10/4450,565, 
which are incorporated herein by reference. Each chamber 
140 includes a needle type positive discharge electrode 141, 
chamber walls 144 and a receptor electrode 147. The chamber 
walls 144 are also configured to operate as a receptor. When 
the pre-filter is an active electrostatic pre-filter, the receptor 
electrode 147 may optionally also be used as one of the 
electrodes in the pre-filter. In order to generate a cold plasma, 
a high potential difference is applied between the discharge 
electrode 141 and the receptor electrode 147. By way of 
example, voltage differentials on the order of 4,000 to 20,000 
Volts (or higher) work well in many applications. A Suitable 
Voltage differential can be created by applying a high positive 
D.C. potential to the positive discharge electrode 141 while a 
ground potential is applied to both the receptor electrode 147 
and the chamber walls 144. In other embodiments, a positive 
D.C. potential may be applied to the positive discharge elec 
trode 141 while a negative potential is applied to the receptor 
electrode and the chamber walls. Generally, it is the potential 
difference, rather than the absolute values of the respective 
potentials that is most important to the creation of the plasma. 
0037. The discharge (or corona) electrode 141 is prefer 
ably arranged substantially co-axially with the chamber walls 
144, substantially in parallel to the direction of the net gas 
flow through the chamber. The cross sectional shape of the 
chambers may vary somewhat. 
0038. The negative plasma generator 126 is constructed 
similarly to the positive plasma generator 126, with the pri 
mary difference being that a negative potential (or ground) is 
applied to the negative discharge electrode 151 in each cham 
ber 150, while a positive charge is applied to the receptor 
electrode 157 and the chamber walls 154. Of course, as is the 
case with the positive plasma generator 124, both electrodes 
could have the same polarity, so long as the potential differ 
ence between them is sufficient to generate the desired cold 
plasma. However, Such embodiments are generally signifi 
cantly less preferred. 
0039. In the diagrammatic illustration of FIG. 2, a single 
chamber is shown to represent the positive plasma generator 
and another single chamber is shown to represent the negative 
plasma generator. However, in most implementations it is 
desirable to provide a plurality of plasma chambers arranged 
in parallel for each plasma generator. The number of plasma 
chambers used for each plasma generator will depend on a 
number of factors including the size of the generators and the 
amount of airflow that the plasma reactor is designed to 
accommodate. By way of example, FIG. 3(a) diagrammati 
cally illustrates a plasma generator composed of 12 adjacent 
plasma chambers arranged in parallel, with each plasma 
chamber 150(a) having a hexagonal cross section with co 
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axial needle type discharge electrode. FIG.3(b) diagrammati 
cally illustrates an alternative plasma generator composed of 
12 adjacent plasma chambers 150(b) arranged in parallel, 
with each plasma chamber having a circular cross section 
with co-axial needle type discharge electrode. However, the 
cross sectional shape of the chambers may be any of a variety 
of other appropriate shapes (e.g., octagonal, or other polygo 
nal shapes). These chambers are generally elongated in the 
direction of the airflow with the discharge electrodes extend 
ing Substantially parallel to the airflow and generally co 
axially with the chamber walls. These types of plasma cham 
bers are generally referred to herein as co-axial plasma 
chambers. 
0040. In one particular implementation, the chamber walls 
144, 154 are cylindrical and have an internal diameter in the 
range of 0.5 to 10 cm (as for example 5 cm). The discharge 
electrodes 141, 151 are positioned co-axially with the cham 
bers. In another particular implementation, the chamber walls 
are hexagonal and have minimum chamber widths in the 
range of 0.5 to 10 cm (as for example 5 cm). 
0041. In the primary described embodiment, a pair of 
plasma generators (i.e., a positive plasma generator 124 and a 
negative plasma generator 126). However, in many applica 
tions only a single plasma generator would be desirable or 
necessary. The single plasma chamber could be either a posi 
tive plasma generator or a negative plasma generator. 
0042. Although, the described co-axial plasma chambers 
work very well and can be constructed at a relatively modest 
cost, it should be appreciated that a variety of other ion gen 
erating technologies may be used to create the desired plas 
mas or ionization zones. For example, RF, microwave, UV or 
other D.C. ion generators could be used in place of the co 
axial plasma chambers in various embodiments. In other 
applications it will be desirable to combine different types of 
ion/plasma generators in the same reactor. For example, it 
may be desirable to combine a UV ion generator in combi 
nation with the described co-axial D.C. ion generators. These 
types of arrangements are believed to have particularly inter 
esting applications in Some of the catalyst-enhanced reactors 
described below. 
0043. One advantage of the described ion generators is 
that they only require the use of relatively simple D.C. power 
Supplies, which today are generally significantly cheaper than 
corresponding A.C. power Supplies. However, as the cost of 
power Supplies at the required potentials decrease, this advan 
tage may mitigate somewhat. The co-axial plasma chambers 
are also well Suited for creating the non-thermal (cold) plas 
mas that are used in the described plasma reactors. 
0044. In the commercial implementation described above 
with respect to FIG. 1, one of the ionizing electrodes was 
grounded whilea D.C. potential of either 4000 was applied to 
the opposing electrode. At these Voltage levels, oZone is not 
generated in significant Volumes and therefore, the reactor 
can be run for extended periods of time without an accompa 
nying buildup of oZone in the room where the device is being 
used. The device also had a boost mode where a D.C. poten 
tial of 7600 volts was applied. In the boost mode, the amount 
of ozone generated was slightly less than 50 ppb. Many gov 
ernments have rules or guidelines regarding the oZone con 
centration levels that humans may be safely exposed to. By 
way of example, the U.S. Occupational Safety and Health 
Administration (OSHA) has promulgated guidelines that 
mandate that humans should not be exposed to oZone con 
centrations above 50 parts per billion (ppb) for extended 
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periods of time (e.g. 8 hours). Thus, operation of the reactorin 
the boost mode for and extended period of time could have the 
undesirable effect of injecting an undesirably high level of 
oZone into the room. 
0045. As will be described in more detail below, the 
embodiment illustrated in FIG. 2 includes a catalyst 130. The 
catalyst provides a number of potential benefits, one of which 
is that it can significantly reduce (or Substantially eliminate) 
ozone from the purified air stream that leaves the reactor. 
Because of the ozone reduction, the described reactors can 
readily be run at higher potential differences between the 
discharge and receptors electrodes in the plasma chambers. 
By way of example, plasma generating chambers 124, 126 
described above operating at a potential difference on the 
order of 8,300 volts may utilize current densities of 5 micro 
Amperes/cm (or greater) and generate a composite electron 
density on the order of 10" electrons/m. Such an electron 
concentration (and thus the ion concentration) is about an 
order of magnitude higher than the plasmas generated by the 
plasma generators described with reference to FIG. 1 and two 
orders of magnitude higher than more conventional ion 
enhanced electrostatic filters. Higher potential differences 
can even further increase the intensity of the plasma that is 
generated. The higher ionization levels within the reactor 
improve the efficiency and efficacy of the reactor in several 
respects. 
0046 Even with the ozone reduction, there are a number 
of other practical limits on the magnitude of the potential 
difference that can be utilized within the plasma chambers. 
Most notably arcing within the plasma chambers is highly 
undesirable and therefore the voltage differential cannot be 
increased so much that arcing begins to occur. 
0047. In one particular implementation, the chamber walls 
144, 154 are cylindrical and have an internal diameter of 5 cm. 
The discharge electrodes 141, 151 are positioned co-axially 
with the chambers. In Such a design, arcing may begin to 
occur within the plasma chambers if the potential difference 
between the electrodes is on the order of 13,000 to 20,000 
volts. This limits the voltage differential that can be applied in 
Such a chamber. However, since the geometry of the plasma 
chamber is particularly efficient, plasmas having high ion 
concentrations can readily be generated. Of course the break 
down (arcing) Voltage for a particular reactor design may vary 
significantly with the size, geometry and design of the plasma 
chamber. 

The Electrostatic Filters 

0.048. The electrostatic filters 128 are located downstream 
of the plasma generators 124, 126. The electrostatic filters 
128 are arranged in series and the number of electrostatic 
filters provided may be varied to meet the needs of aparticular 
application. Typically, between one and five electrostatic fil 
ters are used. Each electrostatic filter 128 includes porous 
positive and negative electrodes 162, 165 that are separated 
by a suitable porous dielectric material 168. The electrodes 
162,165 are porous so that air passing through the reactor can 
pass through the electrodes. A relatively high potential dif 
ference is applied across the dielectric material. By way of 
example, potential differences of 4-40,000 volts or greater are 
preferred. Generally it is desired (but not required) to gener 
ate a field having a strength of at least 1000 V/cm. In some 
designs, the potential difference between the electrostatic 
filters electrodes is the same as the potential difference 
between the discharge and receptor electrodes in the plasma 
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generators. However, this is not a requirement, and often it 
may be desirable to utilize higher potential differences for the 
filter electrodes. By way of example, such an arrangement is 
illustrated in the embodiment of FIG. 2. 
0049. The electrodes may be formed from a variety of 
different materials. By way of example, metals, conductive 
polymers or other conductive materials can be used to form 
the electrodes. In one specific embodiment, metallized open 
cell foams as described in U.S. Pat. No. 6,805,732 are used to 
form the electrodes. Other suitable electrodes are described 
below. The dielectric 168 can also be formed from a variety of 
different materials. One suitable dielectric material is 
described in the 732 patent. 

Non-Woven Electrostatic Filter Dielectric 

0050. An improved dielectric material for use in electro 
Static filters will be described with reference to FIG. 4. The 
figure is a photo that illustrates a small segment of the dielec 
tric. In this embodiment, a high porosity, non-woven fabric 
mat is used to form the dielectric. A variety of different 
dielectric materials can be used to form the mats. By way of 
example, polyester, polyurethane, polypropylene and other 
polymeric dielectric materials work well. Alternatively, other 
extrudable dielectrics including ceramics (e.g. silicon glass) 
could be used. Typically hydrophobic materials (such as 
polyester, or polypropylene) are preferred. 
0051 Preferably the dielectric mat has a high void frac 
tion. That is, the vast majority of the mat is composed of pores 
as opposed to threads. By way of example, mats having avoid 
fraction of at least 97% and more preferably more than 99% 
work well. Generally, the fibers should have a length to maxi 
mum thickness ratio of greater than 10 although substantially 
higher length to thickness ratios (e.g. ratios on the order of 
100,000 or greater) would be typical for mats formed from 
Small diameter polyester threads. The mats can be made using 
a variety of conventional non-woven matt fabrication pro 
cesses. By way of example, conventional melt blowing and 
spin bond manufacturing techniques may be used to form 
appropriate mats from extruded threads. After formation, the 
mats can be cut to a desired size. One advantage of Such an 
approach is that the resultant mats have pores that are statis 
tically Substantially equally sized and open in three dimen 
sions. When the dielectric mats are placed into the electro 
static filter, they are preferably not significantly compressed. 
Therefore, when the filters are in use, the dielectric layers 
have a very high void fraction (e.g., preferably at least 97% 
and more preferably more than 99%). The high void fraction 
means that the filters impart relatively minimal drag to the 
airflow passing through the filter and they have a lot of space 
(i.e., the Voids) for collecting particles. 
0052. As will be appreciated by those familiar with the art, 
the tortuosity of a mat is the ratio of the effective channel 
length to the thickness of the dielectric. The effective channel 
length is the distance a typical air particle will travel as is 
passes through the dielectric. The thickness is the straight line 
path through the mat in the direction of the air flow. It should 
be appreciated that the fluid passing through the dielectric 
will be diverted somewhat (and sometimes extensively) by 
the fibers. The mats preferably have a tortuosity of at least 1.2 
which would require that the average (mean) air particle 
travel at least 20% further within the dielectric than it would 
if it followed a straight line through the dielectric. More 
preferably the tortuosity would be more than 1.7 (a 70% 
increase) or more than 2.0 (a 100% increase) and still more 
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preferably at least 5 (a 400% increase). It should be appreci 
ated that higher tortuosity causes more deflection of particles 
passing through the dielectric thus providing a higher prob 
ability that the particles will interact with mats fibers. 
0053. It has been determined that the field strength within 
the electrostatic filter is enhanced when the diameter of the 
threads 160 that form the mat are reduced. An enhanced field 
strength within the dielectric tends to increase the collection 
efficiency of the electrostatic filter. Accordingly, in order to 
enhance the strength of the field generated within the filter, it 
is desirable to utilize small diameter threads to form the 
dielectric. By way of example, threads having a cross sec 
tional diameterofless than approximately 100 microns, as for 
example, threads having a cross sectional diameter in the 
range of approximately 0.1 to approximately 50 microns are 
preferred. In one specific embodiment, polyester threads hav 
ing a diameter of 35 microns or less are used. Threads having 
a diameter of less than 10 microns work even better. It is 
believed that smaller diameter threads work better because 
their smaller transverse radius of curvature effectively makes 
sharper “points' which serve as focal points that enhance the 
electrostatic field. 

0054. It is believed that the radius of curvature of features 
in the dielectric material has a significant impact on the 
strength of the field created within the electrostatic filter 128. 
However, the effect is not necessarily dependant on the diam 
eter of the thread as a whole. Rather, features along the 
perimeter of a thread that have a smaller local radius can be 
used to further improve the nature of the electrostatic field 
generated within the dielectric. 
0055 Most commercially available polymer threads have 
a Substantially circular cross sectional shape. However, 
threads having alternative cross sectional geometries, which 
have Smaller local radii along their perimeters, can be used to 
further improve the strength of the electrostatic field gener 
ated within the dielectric. Referring next to FIGS. 5(a) to 5(h) 
a variety of cross sectional shapes for the fiber threads that 
would be suitable to create the electrostatic filter are illus 
trated. Each of the threads illustrated in FIGS. 5(b) to 5(h) 
have cross sectional shapes that have multiple regions of 
Small transversal radius of curvature along its perimeter. 
0056 FIG. 5(a) illustrates a thread 171 having a circular 
cross sectional shape. The thread 172 in FIG. 5(b) has a 
rectangular (in this case Substantially square) cross sectional 
shape. Each of the corners of the rectangular cross section 
constitutes a localized region 180 of small transversal radius 
of curvature along the perimeter of the thread. Thus, in this 
embodiment, there are four such regions 180 along the perim 
eter of the thread 172. The thread 173 in FIG. 5(c) has a 
triangular cross sectional shape. The thread 174 in FIG. 5(d) 
has a hexagonal cross sectional shape. FIG. 5(e) illustrates a 
thread 175 having an oval cross sectional shape. FIG. 5(f) 
illustrates a thread 176 having a star polygon shaped cross 
sectional profile. FIG. 5(g) illustrates a thread 177 having a 
star shaped cross section. FIG. 5(h) illustrates a thread 177 
having a bulbous cross sectional shape. Each of these thread 
geometries have localized regions 180 having a small trans 
versal radius of curvature along their perimeter. The radius of 
curvature of the localized regions 180 can be significantly 
smaller than the radius of curvature of even small diameter 
circular cross sectional threads. Accordingly, they work well 
to enhance the electrostatic field within the dielectric. In other 
respects, these threads can be used to create dielectric mats 
having similar void fractions, tortuosities, cross sectional 

Nov. 10, 2011 

thread widths (diameters) etc. similar to the circular cross 
section threads discussed above. Of course, a variety of other 
thread geometries that have Small localized transverse radius 
of curvature can be used advantageously as well. 

Hydrophobic Dielectric Based Ozone Generation 
0057. As pointed out above, hydrophobic materials are 
generally preferred for use as the dielectric material in at least 
some of the electrostatic filters. There are some significant 
and somewhat Surprising advantages of using hydrophobic 
dielectrics. Specifically, when a hydrophobic material is used 
as the dielectric threads in a non-woven mat type dielectric, 
water droplets tend to accumulate on the surface of the dielec 
tric. This effect is amplified in humid environments. In the 
presence of a strong electrostatic field (e.g. the fields that are 
generated in the dielectric under the influence of potential 
differences on the order of 5,000 volts thereby generating a 
field strength on the order of 5,000 volts/cm or more in the 
described electrostatic filters), the water droplets tend to act 
as Small ionizers. These water dropletionizers create a variety 
of reactive species, but are particularly effective at generating 
oZone which Subsequently creates hydroxol ions (OH- ) and 
peroxide (H02) due to close proximity of the ozone to water. 
Therefore, the ozone, hydroxol and peroxide concentration 
within the electrostatic filter(s), all of which are species that 
efficiently oxidize organic material can be significantly 
increased by the use of hydrophobic threads as the dielectric 
within the electrostatic filter. These benefits can be noticed in 
applications that include a plasma generator (such as the 
generator 24 illustrated in FIG. 2), in applications that utilize 
weaker ionizers, and/or inapplications that do not include any 
ionizers. In all of these applications, the hydrophobic threads 
can be used to increase the level of reactive species within the 
electrostatic filter(s). 
0.058 As will be appreciated by those familiar with the art, 
ozone hydroxol ions (OH- ) and peroxide (H0) are 
extremely effective biocides. Therefore, the ozone generated 
by the water dropletionizers speeds the rate at which biologi 
cal objects captured by the electrostatic filter are inactivated. 
As described in more detail below, the ozone may have other 
beneficial effects within the reactor as well. 
0059 Generally, it is believed that the more hydrophobic 
the threads are, the better they will act as ionizers/ozone 
generators. In practice, threads formed from polypropylene 
have been found to generate oZone quite well. It is expected 
that other, more hydrophobic materials such as silicone and a 
variety of fluorinated polymeric materials (which are gener 
ally known to by highly hydrophobic) will generate even 
more oZone under the same conditions within the electrostatic 
filter. 
0060. As discussed with reference to FIG. 2, in many 
applications it will be desirable to utilize multiple electro 
static filters downstream of the plasma chambers. In some 
embodiments, all of the electrostatic filters might use rela 
tively highly hydrophobic materials (e.g., materials that are at 
least as hydrophobic as polypropylene). However, in some 
situations, this may create more oZone than is desired for a 
particular application. In Such applications, it may be desir 
able for an upstream electrostatic filter (e.g., the first electro 
static filter 128) to utilize a polypropylene dielectric material, 
while one or more of the more downstream electrostatic filters 
use a less hydrophobic dielectric material Such as polyester. 
Of course, the relative placement and number of polypropy 
lene (or other highly hydrophobic) thread based electrostatic 
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filters verses the non- or less hydrophobic electrostatic filters 
can be widely varied to meet the needs of a particular system. 
0061. It should be appreciated that the intensity of the 
ozone generation within the electrostatic filter will be a func 
tion of a number of factors, including the hydrophobicity of 
the dielectric threads, the field strength within the dielectric 
and the relative humidity of the ambient air. In experiments on 
polypropylene based non-woven mat based electrostatic fil 
ters constructed as described above, Substantial oZone is gen 
erated under the influence of an electrostatic field strength of 
only 5,000 volts/cm under conditions of 30% relative humid 
ity which is considered very good. This is because most 
operational environments will have a relative humidity that is 
high enough to cause oZone generation in a polypropylene 
thread dielectric based electrostatic filter under the opera 
tional conditions described above. In contrast, in similar 
experiments on filters using polyester thread based dielec 
trics, significant oZone generation did not begin until relative 
humilities of 60-70 percent under a field strength of 5,000 
volts/cm. The principle difference between the two described 
tests was that polyester is less hydrophobic than polypropy 
lene. 
0062 One of the defining characteristics of hydrophobic 
materials is the contact angle that water droplets formed on 
the surface of the material exhibit. Generally, contact angles 
may vary between Zero and 180 degrees, with Zero being the 
most hydrophilic and 180 being the most hydrophobic. In the 
context of the invention, contact angles above 60 or 65 
degrees are preferred and contact angles above 80 or 90 
degrees (e.g., in the range of 80 to 180 degrees) are more 
preferred. 

Insulated Electrostatic Filter Electrodes 

0063. When the plasma reactor 100 is in use, dust and 
other airborne particles collect within the filters 128. As the 
dust collects, it tends to cake on the dielectric, and to some 
extent on the electrodes themselves. As the amount of dust 
within the filter increases through extended use, the dust cake 
can build up sufficiently to form a continuous dust “path’ 
between the electrodes. The dust is generally an electrical 
insulator. However, if the accumulated dust gets very moist, 
water carried by the dust can make the dust cake sufficiently 
conductive to cause arcing (shorting) between the electrodes. 
This problem is amplified in humid environments since the 
humidity in the air tends to moisturize the dust, thereby mak 
ing the dust cake more conductive. 
0064. A variety of different approaches can be used to deal 
with the problem. One approach is to simply change or clean 
the electrostatic filter periodically. In most medical and resi 
dential applications, changing or cleaning the electrostatic 
filters on an annual basis is sufficient to prevent arcing. How 
ever, such an approach requires a periodic maintenance pro 
gram. 
0065. The shorting problem has been observed in many 
active electrostatic filter applications and therefore attempts 
have been made to address the problem. One proposed 
approach contemplated insulating the electrodes. See, e.g., 
the 1983 Lawrence Livermore National Laboratory manu 
script entitled “Electric Air Filtration: Theory, Laboratory 
Studies, Hardware Development, and Field Evaluations.” 
Insulating the electrodes eliminates the shorting, however, 
charges having a polarity opposite to the polarity of the insu 
lated electrode tend to accumulate on the surface of the insu 
lation. That is, the insulation itself, or the dust layer on an 
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insulated electrode tends to accumulate a charge that is oppo 
site the polarity of the adjacent electrode. This opposite 
charge is attracted by the strong charge on the adjacent elec 
trode. In practice, this buildup of charge is relatively slow and 
the actual amount of opposing charge that accumulates on the 
adjacent dust may be relatively small. However, it tends to 
drastically reduce the field within the dielectric 168 thereby 
significantly reducing the effectiveness of the electrostatic 
filter. In many systems, this type of degradation may occur 
over a period of several days. 
0066 U.S. Pat. No. 5,549,735 describes a system that 
attempts to address the problem by insulating only one of the 
two electrodes in an electrostatic filter. An ionizer is posi 
tioned adjacent the insulated electrode upstream of the filter. 
The ionizer precharges the air passing through the filter to the 
same polarity as the insulated electrode. Therefore, any 
charge that seeks to accumulate on the Surface of the insulated 
electrode is quickly neutralized by charges from the ionized 
air passing thereby. Although this type of approach can work 
well in many applications, it leaves the second electrode 
uninsulated and it is not an ideal Solution for devices having 
a series of electrostatic filters. Also, if a portion of the insu 
lated electrode is blocked so that it is relatively far away from 
the ionized air stream, the ionized air may not adequately 
dissipate the opposing charge buildup in that region of the 
filter, which tends to reduce the filter's efficiency. 
0067. In the following description, a variety of arrange 
ments (charge distribution grids) are described that can be 
used to distribute, mitigate or prevent the local accumulation 
of opposing charges on the Surface of an insulated electrode. 
Referring next to FIG. 6, an electrode design in accordance 
with one embodiment of the present invention will be 
described. In the illustrated embodiment, a simple grid 190 is 
used as the electrode. However, in alternative embodiments, 
other porous electrode designs (such as the metallized open 
cell foam based electrodes described above) may be used. 
Both of the electrodes are electrically insulated. As best seen 
in FIG. 7, a metallization layer 193 is applied over the insu 
lation 196, which covers the electrode 199. The metallization 
layer 193 acts as a charge distribution grid and can be formed 
in a wide variety of manners. For example, the metal layer 
may be deposited over the insulation or may be part of a 
metallized paint or other coating that is applied to the insu 
lated electrode as illustrated in FIG. 7(a). Alternatively, the 
charge distribution grid may take the form of a separate metal 
grid that is placed adjacent and in contact with, adhered to or 
bound to the insulated electrode as illustrated in FIG. 7(b). 
With any of these arrangements, any opposing charge buildup 
on an insulated electrode tends to distribute throughout the 
metallic distribution gird thus preventing local charge 
buildup, for example in regions where the electrode may be 
blocked from a flow of neutralizing ions. 
0068. In order to neutralize such an opposing charge 
buildup, the charge distribution grid is exposed to a charge 
Source having the same polarity as the electrode. There are a 
variety of mechanisms that may be used to apply the neutral 
izing charge to the charge distribution grid. In the embodi 
ment illustrated in FIG. 6, an electrostatic filter 200 has an 
upstream electrode 202 and a downstream electrode 204 that 
sandwich a dielectric 168. Both of the electrodes 202,204 are 
insulated and have an external metallization layer that serves 
as a charge distribution grid. When one of the electrodes in the 
filter is located adjacent to a similarly charged ion source, 
then the ion source may serve as the charge source for the 
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electrode much as described in the 735 patent. Electrodes 
that are not located adjacent Such an ion source can be con 
nected to an alternative Suitable charge source. In the illus 
trated embodiment, an ion Source 206 having the same polar 
ity as the upstream electrode 202 is positioned upstream of the 
first electrode. With this arrangement, the ion source serves as 
the charge source that neutralizes any opposing charges that 
accumulate on the insulated upstream electrode. By way of 
example, in a plasma reactor Such as the reactor illustrated in 
FIG. 2, an ion source (i.e., the second plasma generator 126) 
is readily available at least to the upstream electrode on the 
first electrostatic filter. Therefore, the second plasma genera 
tor 126 can be used as the ion source for the upstream elec 
trode for the first electrostatic filter. 

0069. If the entire surface of an insulated electrode is 
exposed well to the ion source, then the charge distribution 
grid could be eliminated since any opposing charges that are 
drawn towards the insulation would relatively quickly be 
neutralized by a passing ion. However, in many implementa 
tions it may not be practical to expose the entire Surface of an 
electrode to the ion source. That is, there may be sections of 
the electrode that are not well exposed to the ion source. By 
way of example, if the ion Source is a plasma generator having 
a plurality of cylindrical plasma chambers as illustrated in 
FIG. 3(b), then there may be certain dead spots on the filter 
that are not located directly behind a plasma generator cylin 
der. In such dead spots, opposing charges can accumulate on 
the insulation in localized regions even if other regions of the 
electrode are exposed to an ion source. Left alone on an 
insulated electrode, these charges would tend to decrease the 
field within the dielectric, thereby reducing the collection 
efficiency of the filter. However, the metallization layer sub 
stantially eliminates this problem. Specifically, in this case, 
the metallization layer also serves to distribute charges across 
the insulated electrode so that even opposing charges that 
would seek to accumulate in dead regions are neutralized. 
0070. In the embodiment illustrated in FIG. 6, the down 
stream electrode 204 is also insulated. The polarity of the 
downstream electrode is opposite to the polarity of the 
upstream electrode. Therefore, the ion source 206 does not 
operate to neutralize opposing charges that begin to accumu 
late on the downstream electrode (rather, if anything it would 
augment the charge buildup). Accordingly, another mecha 
nism must be provided to neutralize charge buildup on the 
downstream electrode. If the downstream electrode is at 
ground potential, then the opposing charge buildup can be 
neutralized by simply grounding the metal layer on the down 
stream electrode. On the other hand, if the downstream elec 
trode is charged positively or negatively, then another appro 
priate source Such as charge pump 207 may be used to 
neutralize the undesirable opposing charges. 
0071. It should be appreciated that the voltage applied to 
the metallization layers does not need to be large and there is 
no need to try to match the voltage of the electrodes since the 
purpose of the metallization layers is not to generate a field 
within the dielectric. Rather, its purpose is primarily to miti 
gate or eliminate the buildup of parasitic opposing charges on 
the insulated electrodes. Indeed, if large potentials from Sig 
nificant current sources were constantly applied to the metal 
layers, an undesirable short could theoretically develop 
between the metal layers. Thus, in many applications it would 
be preferable to use relatively small charge/current sources. 
0072 The buildup of parasitic charges on the insulating 
layers tend to be quite slow. Therefore, in many applications 
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it may be desirable to only periodically apply neutralizing 
charges to the metallization layers. The period between appli 
cations of the neutralizing charges to the metallization layers 
can vary significantly. By way of example, applying the neu 
tralizing charges to the metallization at the frequency of only 
once an hour or once a day would likely be sufficient in most 
applications. Accordingly, the frequency at which the neu 
tralizing charges are applied can be widely varied from peri 
ods of seconds, to minutes, to hours, or even days. When 
desired, the neutralizing charges can be applied to the positive 
and negative electrodes at different time to further reduce the 
risk of shorting. This allows relatively short high potential 
charges to be applied to the metallization layers. If a relatively 
high charge is applied to the metallization layer and retained 
under a capacitive effect, that charge tends to augment the 
field in the dielectric which can further increase the filter's 
efficiency, while it neutralizes any potential opposing charge 
buildup that would otherwise occur on the insulated elec 
trode. 

0073. The described electrostatic filters can be used in a 
wide variety of electrostatic filter applications and are not in 
any way limited to use in the plasma reactors described above. 
Since the electrodes 202, 204 are both insulated, the filter is 
not susceptible to shorting between the electrodes or between 
an individual electrode and an adjacent component, even in 
the presence of a large buildup of very wet dust within the 
dielectric. The insulation also allows the (optional) use of 
higher potentials than might otherwise be desirable in certain 
applications. 
0074 The nature of the charge source used to drain oppos 
ing charges from specific insulated electrodes may be widely 
varied based on the nature of the application. When available, 
ion sources may be used as the charge source for any elec 
trode. If both positive and negative ion sources are available, 
then both electrodes may be a neutralized by appropriate ion 
Sources. When ion sources are not available, other structures, 
Such as charge pumps may be used to apply the desired charge 
to the electrodes. 

0075. In still other systems, it might be expected that the 
charges that accumulate on the positive electrode may Sub 
stantially balance the charges that accumulate on the negative 
electrode. In Such a system, the opposing charges may be 
drained simply by electrically coupling the charge distribu 
tion grids together so that their accumulated charges effec 
tively neutralize one another. Typically this would be done 
only on a periodic basis so that the connection between the 
charge distribution grids does not adversely affect the perfor 
mance of the reactor. In situations where the electrostatic 
filter is used in a larger system (such as the plasma reactor 
illustrated in FIG. 2), parasitic charges from other locations in 
the system may be used to neutralize or drain the metalliza 
tion layers. 
0076 Another way to mitigate the buildup of charges on 
the insulated electrodes would be to periodically reverse the 
polarity of the electrostatic filters (or potentially all of the 
components within a plasma reactor) when the electrostatic 
filters are used within a plasma reactor. This can readily be 
done simply by Switching the potentials that are applied to the 
opposing electrodes. In this situation, any charges that had 
built up on the insulation before a polarity reversal would 
enhance the induced electrostatic field in the polarity reversed 
filter, at least until that charge buildup had been mitigated 
through migration in the opposite direction. 
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0077 Referring next to FIG. 8 another embodiment will 
be described. In this embodiment a series of three electro 
static filters is provided. Each electrostatic filter 210 includes 
metallized insulated positive and negative electrodes 211, 
213, with the polarity of the electrostatic filters being alter 
nated Such that any particularintermediate electrode serves as 
an electrode for two adjacent electrostatic filters. The metal 
lization layers for the negative electrodes are all electrically 
coupled and the metallization layers for the positive elec 
trodes are all electrically coupled. The negative electrode in 
the first (i.e., upstream) electrostatic filter 210(a) is positioned 
adjacent a negative ion source which acts as the charge Source 
for the metallization layer associated with the negative elec 
trode in the first electrostatic filter. Since the metallization 
layers for the negative electrodes are all electrically con 
nected, the ion source 215 adjacent the first electrostatic filter 
210(a) acts as the charge source for the metallization layers 
associated with all of the negative electrodes. Similarly, the 
metallization layer associated with the positive electrodes are 
all electrically connected together and therefore, a single 
charge pump 217 (or other Suitable charge Source) may be 
used to feed all of the positive electrodes. Of course, charge 
pumps, ion sources or other Suitable charge sources could be 
used for both the positive and negative electrodes or for any 
appropriate combination. 

Promiscuous Insulation 

0078. There area wide variety of insulation materials that 
are generally available and the insulating ability of such mate 
rials tend to depend in large part on the properties of materi 
als, the thickness of the materials used, and the uniformity of 
the application of the insulation. Therefore, if a relatively 
poor insulator (sometimes referred to hereinas a promiscuous 
insulation) is used on a high Voltage electrode, some accu 
mulated opposing charges will tend to migrate through the 
insulator to the electrode. If designed properly, this feature 
may be used to help reduce the buildup of opposing charges 
on the insulating layer. As indicated above, the buildup of 
opposing charge on the insulation layers is relatively slow. 
Therefore, if the thickness of an insulation material is chosen 
properly, then the insulator may “leak enough charge to 
mitigate the buildup of opposing charges on the Surface of an 
insulated electrode. At the same time, the thickness of the 
promiscuous insulation can be selected so that the insulation 
prevents shorting between the electrodes or between a par 
ticular electrode and an adjacent component. Such promiscu 
ous insulation can be used together with or without the met 
allization layer described above. For example, in some 
embodiments, a high quality insulation with a metallization 
layer may be applied to one electrode, while a relatively 
promiscuous insulation may be applied to the other. In still 
other applications, both electrodes may be covered with pro 
miscuous insulation. In some Such embodiments, the metal 
lization layer may still be provided on one or both of the 
insulated electrodes, while in others, the metallization layer 
may be eliminated. The promiscuous insulations may be used 
as the sole mechanism for draining opposing charges from 
one or both electrodes, or may be used in combination with 
other opposing charge neutralization mechanisms such as 
some of those described above. 

The Catalyst 
0079. In specific commercial implementations of the 
plasma reactors described above with respect to FIG. 1, the 
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plasma generators operated at a D.C. potential difference of 
4000 volts, which could be boosted to 7600 volts for short 
time periods. As pointed out above, at a 4000 volts potential 
difference, the described device did not generate any signifi 
cant amount of OZone. In the boost mode, Some oZone is 
generated. Therefore if such a device is used in a closed space 
for a period of time in the boost mode, the ozone level within 
the room may built up to an undesirably high level because the 
half life of ozone in air is on the order of 20 minutes. As 
described above, one way to improve the performance of the 
reactor is to increase the intensity of the plasmas generated 
within the plasma generators. The intensity of ionization 
within a plasma can be increased by increasing the Voltage 
differential used between the electrodes within the plasma 
generators. Increasing the ionization intensity significantly 
increases the levels of ozone (and other highly reactive gases 
such as nitric oxides (NO)) that are generated within the 
plasma reactor. This increased ionization helps improve the 
efficiency of the electrostatic filters 128 and helps improve the 
efficiency of the deactivation of biological agents that pass 
through the reactor. However, not all of the ozone and other 
reactive gases that can be generated within the plasma cham 
bers may be consumed within the reactor. 
0080. There are a number of mechanism that can be used 
to reduce the concentration of reactive species in general and 
ozone levels in particular. In the reactor illustrated in FIG. 2, 
a perforated manganese dioxide (MnO) block 170 is used as 
a catalyst 130 that substantially eliminates ozone (and other 
reactive gases such as NO) from the air stream emerging 
from the reactor 100. There are a variety of manufactures of 
manganese dioxide catalyst blocks including Kocat, Inc of 
Korea, Nikki Universal of Tokyo, Japan, Nichias of Tokyo, 
Japan, Engelhard of New Jersey and Toyob from Osaka 
Japan. 
I0081 Referring next to FIG. 9, a suitable porous manga 
nese oxide block 170 will be described. The block 170 is 
shaped to conform to the fluid flow channel within the reactor. 
Thus, in the illustrated embodiment, the block is generally 
rectangular. A large number of Small diameter holes or pas 
sages 172 are formed in the block 170 so that the block does 
not impart a significant amount of aerodynamic drag to the air 
passing there through. In FIG. 9 the passages 172 are shown 
diagrammatically and it should be appreciated that far more 
passages would be provided than are shown. Additionally, 
there is no need for the passages to be straight. There are a 
variety of manufacturing techniques that may be used to 
produce the manganese dioxide blocks. In most cases pow 
dered manganese dioxide is applied to a frame (such as a 
honeycomb support). The frame may be made of any Suitable 
material including various metallic or ceramic materials. 
I0082. The thickness of the block may be widely varied to 
meet the needs of a particular application. The effectiveness 
of the block will generally be a function of the amount of 
exposed Surface area since, as will be appreciated by those 
familiar with the use of catalysts generally, the more Surface 
area a catalyst has and/or the more exposure the catalyst has 
to the working fluid, the better it will generally perform. By 
way of example, block thicknesses on the order of 5 to 100 
mm work well to eliminate oZone and other reactive gases. In 
one particular application, use of a high Surface area 15 mm 
thick block works well to eliminate ozone from the purified 
air that leaves the reactor to a level that was not measurable 
(i.e., less than 1 part per billion (ppb)). 
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0083. The use of the described catalyst allows the higher 
intensity plasmas to be used within the plasma generators. It 
should be appreciated that increasing the intensity of the 
plasma within the plasma chambers has a number of advan 
tages. Initially, increasing the plasma concentration increases 
the efficiency of deactivation within the plasma chambers. 
Additionally, the enhanced ion concentration imparts a stron 
ger charge to particles passing through the plasma generators, 
which makes the particles more likely to agglomerate, and 
more susceptible to being trapped by the electrostatic filters. 
Still further, increased ion concentration tends to result in 
increased oZone production, which results in increased oZone 
concentrations within the region of the electrostatic filters. 
The increased ozone level within the electrostatic filters 
improves the deactivation of biological entities caught by the 
filters. 

0084. The use of the catalyst also means that the reactor 
can actually reduce the amount of ambient oZone. This works 
because any ambient oZone in air that enters the reactor and 
remains free as it passes through the plasma chamber and 
electrostatic filters will be eliminated by the catalyst block 
170. One environment where ambient ozone is a significant 
problem (in addition to biological deactivation) is in high 
altitude aircraft applications (such as airline, business jet, 
passenger jet, military and other such aircraft applications) 
because the ambient oZone level is significantly higher at the 
altitudes that are commonly used by modern aircraft. The 
described reactor can readily be sized for use in aircraft appli 
cations. In addition to purifying the air circulated within the 
aircraft, such a reactor can also be used to Substantially elimi 
nate oZone from outside air that is introduced into the cabin. 

I0085 Ambient ozone and NO, are also significant com 
ponents of Smog, which can be harmful for patients with 
certain respiratory problems. Thus, the described reactors can 
be used to purify outside air in a variety of residential, com 
mercial, and medical applications by Substantially eliminat 
ing the reactive species from the air. 
I0086. In addition to reactive species, there are a number of 
other contaminants that might be in ambient air. Generally, 
other air contaminants are grouped in three major categories. 
That is, particulates, biological contaminants and Volatile 
organic components (which are generally gases). The elec 
trostatic filters described above are generally very effective at 
removing particulates, including biological contaminants. 
The described reactor is also very effective at deactivating 
biological contaminants. There are several mechanisms 
within the reactor that are used to deactivate the biological 
contaminants. Initially, it is believed that at least some of the 
biological contaminants are deactivated within the plasma 
chambers. Biological contaminants that Survive the plasma 
chambers are caught in the electrostatic filters located 
between the plasma generators 124, 126 and the catalyst 130. 
When the plasma generators are run at Voltages that generate 
significant quantities of ozone, the region between the plasma 
generators 124, 126 and the catalyst 130 will be subjected to 
relatively high ozone concentrations. This high ozone region 
can be used advantageously to deactivate any biological enti 
ties that Survive the plasma chambers. More specifically, any 
Surviving biological entities (e.g., viruses, bacteria, spores, 
etc.) that are caught by the filters downstream of the plasma 
chambers will be deactivated over a relatively short time 
period by the relatively high ozone concentration level that is 
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maintained in the region of the electrostatic filters. That is, 
such entities are deactivated under a "catch and burn' type 
scenario. 
I0087. The use of a catalyst has several advantages over 
various oZone absorption technologies because the catalyst is 
not consumed as it eliminates reactive species from the air 
stream. In contrast, ozone absorbertype products would typi 
cally be consumed somewhat during use, and therefore would 
generally require the absorber to be changed periodically. 
0088. As mentioned above, another class of contaminant 
found in many environments is Volatile organic compounds 
(VOCs). Generally, electrostatic filters and enhanced electro 
static filters are not effective to remove volatile organic com 
pounds because they are gases that will not be trapped by the 
filters. The plasma reactors illustrated in FIG. 1 may have 
Some (relatively small) impact on volatile organic com 
pounds due to the increased level of ionization within the 
plasma generating chambers 26, however they do not effec 
tively remove most VOCs. Another property of magnesium 
dioxide is that it also acts as a catalyst for eliminating VOCs. 
However, magnesium dioxide tends to be more efficient at 
reducing ozone and NO, than it is at reducing VOCs. As 
discussed above with respect to ozone and NO, the effective 
ness of the catalyst block 130 will generally be a function of 
the Surface area that is exposed to the air stream. However, as 
will be described below, several enhancements have been 
made to improve the efficiency of the catalyst 130. 
I0089. It should be appreciated that the by the time an air 
stream passing through the reactor enters the catalyst block 
130 will typically have very few particulates (since it has 
passed through the electrostatic filters) but it will typically 
have a number of charged ions. In another aspect of the 
invention, in order to further improve the efficiency of the 
catalyst, the catalyst may be subjected to an electrostatic field 
and/or be turned into an electrode. Such a catalyst electrode 
tends to draw charged entities (e.g., oZone, NO, and certain 
charged VOCs) towards the catalyst material, which increases 
the probability that the charged entities will come into contact 
with the catalyst materialso that they can be reduced, thereby 
increasing the efficiency of the catalyst. 
(0090. In the embodiment illustrated in FIG. 2, the catalyst 
block 130 is not electrically charged. However, in an alterna 
tive embodiment (shown in dashed lines in FIG. 2), the cata 
lyst block 130 may be turned into an electrode. Although 
magnesium dioxide itself is a dielectric material, the catalyst 
block 130 can readily be formed as electrode by using a metal 
(or other conductive) material as the frame for the catalyst and 
then electrically connecting the frame to an appropriate elec 
trical source. As described above, magnesium dioxide cata 
lysts are typically made by applying powdered manganese 
dioxide to support frames. Metal is often used as the frame 
material today so an appropriate electrode can easily be made 
by simply using a metal frame and providing access terminals 
on the metal frame. Of course, the catalyst electrode may be 
formed by a wide variety of other processes as well. A wide 
variety of metals may be used as the frame. By way of 
example, Aluminum works well. 
(0091. The catalyst 130 is electrically connected in the 
reactor 100 to form an electrode. The catalyst may be used as 
a positive electrode, a negative electrode, or a ground elec 
trode. In the embodiment illustrated in FIG. 2, the catalyst 
130 is the last exposed element in the reactor. Therefore, for 
potential safety issues, if that catalyst is used as an electrode, 
it may be grounded so that it becomes a ground electrode. 
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However, in other embodiments, the catalyst electrode 130 
may be positively or negatively charged. 
0092. The catalyst electrode tends to draw charged and 
polarized entities (e.g., ozone, NO, and certain charged 
VOCs) towards the catalyst material, which increases the 
probability that the these entities will come into contact with 
the catalyst material so that they can be reduced, thereby 
increasing the efficiency of the catalyst. This lateral move 
ment of the charged entities also tends to promote mixing 
(and in some cases possibly even turbulence) within the chan 
nels 172, which again, improves the probability that entities 
that may not be charged (Such as neutral Volatile organic 
compounds like benzene, toluene, hexane, ethanol, etc. . . . ) 
will come into contact with the catalyst Surface thereby again 
increasing the efficacy of the catalyst. In these embodiments, 
the catalyst electrode draws particles and gas-phase mol 
ecules to its Surface via electrostatic forces. These forces can 
be columbic if the molecules/particles are charged or dipolar 
if the molecules/particles are neutral. 
0093. The effectiveness of the catalyst electrode is 
enhanced when it is used in conjunction with an electrode 
having the opposite polarity in order to effectively form a 
catalytic electrical sandwich. This can readily be accom 
plished by adding another (opposing polarity) electrode that 
cooperates with the catalyst electrode. Alternatively, the cata 
lyst electrode can be used as one of the electrodes (preferably 
the last electrode) in the electrostatic filter block. When the 
catalyst electrode is integrated with an electrode of opposing 
polarity, the electrostatic forces that draw charged gas phase 
molecules towards the catalyst Surface are significantly stron 
ger. 

0094. As mentioned above, one common way of fabricat 
ing catalyst blocks is to apply powdered manganese dioxide 
to a honeycomb type frame. The effectiveness of the catalyst 
as an electrode can be increased by selecting a metal (e.g., 
aluminum) frame that has a number of sharp points in it. The 
advantage of the use of sharp points in an electrode is 
described in some detail in the above referenced U.S. Pat. No. 
6,805,732 which is incorporated herein by reference. Thus, in 
one particular arrangement, the catalyst block may beformed 
on a metal honeycomb frame having, sharp points distributed 
(preferably relatively evenly distributed) throughout the 
frame. 

0095 Referring next to FIG. 10, another embodiment of 
the catalyst will be described. In this embodiment, a pair of 
catalyst blocks 230 are separated in space from each other. In 
the illustrated embodiment a mixing plate 234 is positioned 
between the catalyst blocks. The mixing plate 234 is designed 
to impart lateral movement to the fluid flow to again increase 
the probability that VOCs and reactive species within the air 
stream will come into contact with the catalyst walls. Even if 
the mixing plate is eliminated, providing a gap between the 
catalysts blocks 230 will promote some mixing (albeit less 
than is provided by the mixing plate). By way of example 
gaps on the order of between 0.5 to 5 cm work well and would 
be typical, although other spacings may be used as well. 
0096. Of course, more than two catalyst blocks can be 
provided and appropriate gaps, mixing plates or other struc 
tures can be introduced before or between the catalyst in order 
to promote better interaction between the air stream and the 
catalyst. The better interaction, in turn, tends in increase the 
efficacy of the catalyst. Some or all of the catalyst blocks may 
optionally be used as electrodes to even further promote the 
air/catalyst interaction. When two (or more) electrodes 
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blocks are used, the polarity of the blocks may be alternated 
in order to further improve the efficiency of the catalyst. 
0097. In the embodiments described above, the catalyst(s) 
are shown as separate blocks that are located downstream of 
the electrostatic filters. However, one or more catalysts may 
be positioned at a variety of other locations within the reactor. 
For example, the catalyst may be applied as a coating on 
virtually any of the other components of the plasma reactor 
including various components of the electrostatic filters and 
the plasma generators. For example, within the plasma gen 
erators, the chamber walls 144 and/or the receptor electrodes 
147 may be coated with a photocatalyst. Similarly, the pho 
tocatalyst may coat the electrodes in the electrostatic filters or 
may coat the dielectric used in the electrostatic filters. For the 
most part, each of these applications will enhance the effi 
ciency of the reactor. 

Oxidation Catalysts 
0.098 Referring next to FIG.11 another reactor design will 
be described. This reactor design is quite similar to the design 
of the reactor illustrated in FIG. 2, except that an oxidation 
catalyst 242 is added upstream of at least Some of the elec 
trostatic filters. Additionally, the number of various compo 
nents provided are changed somewhat in an effort to illustrate 
some of the flexibility of the described system. In the illus 
trated embodiment, the oxidation catalyst 242 is positioned 
downstream of the plasma generator between the plasma 
generator 126 and the electrostatic filter 128. However, it 
should be appreciated that the oxidation catalyst can be pro 
vided at a variety of alternative locations within the reactor, 
although when it is susceptible to producing oZone as a 
byproduct, it should be placed upstream of the reducing cata 
lyst 130. 
0099. There are a handful of known oxidation catalysts. 
By way of example, Barium Titanium Oxide (BaTiO), and 
Titanium oxide (TiO) work well at low (i.e. normal ambient) 
temperatures. Such catalysts are preferably located down 
stream of at least one of the plasma generators because the 
catalysts generally produce more oxidation species (e.g. 
oZone) in environments having higher ion concentrations. 
0100. The oxidation catalysts can increase the ozone con 
centration level within the electrostatic filter, which further 
improves the deactivation efficacy of any biological entities 
that are trapped within the electrostatic filter. The oxidation 
catalysts are practical primarily because the reducing catalyst 
130 is so effective at eliminating surplus oxidative species 
(e.g. oZone) from the fluid stream after is passes through the 
electrostatic filters. In addition to producing oZone, the oxi 
dation catalyst 242 also oxidizes various Volatile organic 
compounds (VOCs) and therefore can be quite helpful in 
reducing the VOCs concentrations within the fluid stream. 
0101. In the embodiment illustrated in FIG. 11, a pair of 
spaced apart reducing catalyst electrodes 170 are provided in 
place of a single reducing catalyst 130. The catalyst elec 
trodes are subjected to charges of opposite polarity, thereby 
forming an electrostatic catalytic sandwich, which further 
improves the efficiency of the catalysts as described above. 
The embodiment illustrated in FIG. 11 also includes just one 
plasma generator (in this case negative plasma generator 
126—although of course any other Suitable plasma generator 
could be used). It also includes a series of three electrostatic 
filters. 
0102. As pointed out above, both the oxidizing and the 
reducing catalysts also have the benefit of destroying volatile 
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organic compounds. However, their efficiency at eliminating 
VOCs is not as great as their ability to generate or eliminate 
oxidative species. In the various catalyst embodiments 
described above the systems are designed in large part to 
control the amount of reactive species within the reactor 
and/or the effluent stream. However, in Some applications, 
VOCs may be of greater concern and therefore it may be 
desirable to design the reactor in a manner that is better 
arranged to destroy VOCs. This may be accomplished in a 
variety of manners. Virtually any of the components of the 
reactor may be coated with a catalyst in order to further 
improve the reactors VOC elimination efficiency. Specifi 
cally, various components of the electrostatic filters and the 
plasma generators may be coated with catalysts to improve 
the reactor's efficiency. For example, within the plasma gen 
erators, the chamber walls 144 and/or the receptor electrodes 
147 may be coated with a catalyst Such as manganese dioxide 
(MnO), Barium Titanium Oxide (BaTiO), and Titanium 
oxide (TiO). Similarly, Such catalysts may be used as the 
insulator for the electrodes in the electrostatic filters or may 
coat the dielectric used in the electrostatic filters. For the most 
part, each of these applications will enhance the VOC elimi 
nation efficiency of the reactor. It should be appreciated that 
the use of manganese dioxide within the plasma chamber may 
reduce the ozone level within the generator and downstream 
of the generator. For a fixed potential difference between the 
discharge electrode and the receptor electrode, this may 
reduce the amount of ozone that is available to "catch and 
burn’ biological entities within the downstream electrostatic 
filters. However, this is often not a problem because the reac 
tor can be run at potential differences that would insure an 
excess Supply of oZone and the prolonged oZone exposures 
applied to biological entities trapped within the electrostatic 
filter will be sufficient to deactivate the biological entities. 
Additionally, in Some situations the use of a catalyst chamber 
wall coating may permit the plasma chamber to be operated at 
higher potential difference, which further increases the ion 
ization level within the chamber and hence increases the 
efficiency of the overall reactor. 
0103) In some applications, it may be desirable to blend 
catalysts to obtain the benefits of both. By way of example, an 
oxidative catalyst such as TiO, may be blended with a reduc 
ing catalyst such as MnO, to obtain the benefits of both. In 
this example, the desired blend will be a function of the 
relative levels of VOCs reduction and ozone elimination that 
are desired for a particular application. 
0104. In a specific example, coating the walls of a plasma 
chamber with TiO2 works quite well at cutting VOCs, par 
ticularly when exposed to UV radiation, however it is not 
particularly effective at cutting ozone. MnO, works well at 
reducing oZone and has some efficacy at reducing VOCs, but 
is not always as effective as the TiO, particularly when the 
later is exposed to UV radiation. A blend of TiO, and MnO, 
can be used to obtain the benefits of both. As previously 
mentioned, the desired blend will be a function of the relative 
levels of VOCs reduction and ozone elimination that are 
desired for a particular application. 

Photocatalytic Oxidation 
0105. The effect of some catalysts (notably titanium 
oxide—(TiO)) on Volatile organic compounds (VOCs) can 
be increased significantly by exposing the catalyst to ultra 
violet radiation. That is, exposure to ultraviolet radiation 
causes a photocatalytic oxidative reaction to occur at the 
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surface of TiO. More specifically, the UV exposed TiO is 
understood to generate OH, oxygen and peroxide (H2O) 
radicals all of which are very effective at oxidizing organic 
species including microorganisms, VOCs and the like. 
Accordingly, in still other embodiments, a source of ultravio 
let radiation may be introduced in combination with an oxi 
dative photocatalyst into the reactor in order to further 
improve the efficiency of the reactor. 
0106. One such arrangement is illustrated in FIG. 12. In 
this embodiment, the combination of a UV light source 262 
and a photocatalyst 265 is added to the reactor. In the illus 
trated embodiment, the UV light source 262 is positioned 
downstream of the electrostatic filter stack 128 and upstream 
of the catalyst 130. The last (downstream most) electrode 165 
in the electrostatic filter stack 128 is coated with a photocata 
lyst 265 such as titanium oxide. A separate perforated photo 
catalyst block 268 is also positioned downstream of the UV 
light source and upstream of the catalyst 130. The UV light 
source 262 is positioned such that the photocatalysts 265 and 
268 are exposed to UV light generated by the source 262. 
0107. In other embodiments, the UV light source may be 
located at other locations in the plasma reactor or multiple UV 
sources may be provided at different locations within the 
reactor. By way of example, the UV source may alternatively 
(or additionally) be located before the plasma chamber(s), in 
the plasma chamber(s), before the electrostatic filter stack or 
intermediate the electrostatic filter stack (e.g. as a component 
positioned between electrostatic filters, or at least partially 
integrated with the electrostatic filters). In still other embodi 
ments, the UV light source(s) may flood UV radiation 
throughout the reactor. 
0108. As with the other described catalysts, the photocata 
lyst may be applied as a coating on virtually any of the other 
components of the plasma reactor including various compo 
nents of the electrostatic filters and the plasma generators. For 
example, within the plasma generators, the chamber walls 
144 and/or the receptor electrodes 147 may be coated with a 
photocatalyst. Similarly, the photocatalyst may coat the elec 
trodes in the electrostatic filters or may coat the dielectric 
used in the electrostatic filters. For the most part, each of these 
applications will enhance the VOC elimination efficiency of 
the reactor. 
0109. In another embodiment (not shown) the UV light 
Source is positioned downstream of the plasma generator 126 
and upstream of the electrostatic filter stack 128. The first 
(upstream most) electrode 165 in the electrostatic filter stack 
128 is coated with the photocatalyst 265. Although this 
arrangement has the advantage of generating additional oxi 
dative species before the electrostatic filter, the first electrode 
tends to get covered with dust relatively quickly and therefore 
typically would need to be cleaned relatively often. 
0110. The photocatalyst can be carried by a separate struc 
ture (e.g., a perforated block Such as photocatalyst 268 or as 
described above with respect to catalyst 170) or it may be 
applied to the surface of one of the other structures within the 
reactor that is exposed to the UV light. For example, in the 
embodiment illustrated in FIG. 12, the photocatalyst is also 
coated onto the downstream most electrode 165 in the elec 
trostatic filter stack. Additionally or alternatively, first cata 
lyst block 130 (or at least the upstream surface of the first 
catalyst block) may be coated with or otherwise take the form 
of a photocatalyst. 
0111. It should be appreciated that the oxidative photo 
catalysts (like the oxidative catalysts described above) may 
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increase the concentration of oxidative species within the 
fluid stream. For example, at Some UV wavelengths, (e.g. 254 
nm) the UV source may actually reduce excess OZone while at 
other UV wavelengths (e.g. 380 nm) additional ozone maybe 
generated. Therefore, in many applications, it will be impor 
tant to include a reducing catalyst downstream of the photo 
catalyst in order to remove excess oxidative species from the 
fluid stream before it is discharged from the reactor. Accord 
ingly, in many embodiments, the oxidative photocatalyst is 
placed upstream of the reducing catalyst. In some embodi 
ments, the oxidative photocatalyst may be placed just 
upstream of the reducing catalyst while in other embodiments 
it may be positioned well upstream of the reducing catalyst. 
0112. In still other embodiments, it may be desirable to 
mix an oxidative photocatalyst with a reducing catalyst. For 
example, it may be desirable to utilize a mixture of titanium 
oxide (TiO) and manganese dioxide (MnO) as a composite 
photocatalyst. It is believed that in such a mixture, the tita 
nium oxide is the only material that generates a photocatalytic 
effect. However, for substantially the same reasons described 
above in the more general discussion of mixing oxidative and 
reducing catalysts, there appear to be some potential advan 
tages of using mixtures in a photocatalyst to both reduce 
VOCs and maintain a lower level of oxidative species within 
the fluid stream. 
0113. The UV light source 262 may emit light at any of a 
variety of UV wavelengths that are known to induce a pho 
tocatalytic effect in the catalyst. By way of example, when 
titanium oxide is used as the photocatalyst, UV wavelengths 
in the range of 150 to 380 nm work well. By way of example, 
ultraviolet lamps that emit radiation at 254 or 380 nm are 
among the most common commercially available UV light 
sources and both work well to induce the photocatalytic 
effect. 
0114 Ultraviolet light having a wavelength of approxi 
mately 254 nm (sometimes referred to as germicidal UV) has 
the effect of nuetralizing biological organisms. It also has the 
effect of reducing (converting oZone). Therefore, using a UV 
light source that emits germicidal UV having a wavelength of 
approximately 254 nm has a number of additional benefits in 
addition to simply causing the desired photocatalytic oxida 
tion at the catalyst. Accordingly, in many embodiments it is 
desirable to utilize a UV light source that emits germicidal 
UV having a wavelength of approximately 254 nm. 
0115. Any suitable UV light sources may be used as light 
Source 262. By way of example, UV lamps, light emitting 
diodes (LEDs), and optical fibers (e.g. quartz fiber optic 
cables) can readily be used as the UV light source. 

Other Coatings 
0116. A few specific catalysts have been identified in the 
descriptions of the various embodiments set forth above. 
These catalysts work very well to perform their described 
functions, which potentially include: reducing (or increasing) 
the concentration of reactive species at specific locations 
within the reactor; eliminating VOCs; etc. There area number 
of other materials that may advantageously be used within the 
reactor to provide similar or other desired effects on the air 
stream passing through the reactor. Indeed, there are a variety 
of other catalysts and a number of absorbent materials that 
have particular benefits and may be successfully used within 
the reactor to help eliminate various VOCs. For example, 
certain magnesium silicates and potassium permanganates 
that have the ability to eliminate or absorb certain VOCs. One 
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such use is articulated in U.S. Pat. No. 5,955,004 which 
describes the use of these materials to absorb ethylene (which 
is a particular VOC) in a fruit packaging application. These 
materials may be utilized in the reactor to further improve its 
VOCs removal abilities. As with the catalysts described 
above, the magnesium silicates and potassium permangan 
ates can be provided as a separate absorbing component, or 
may be coated onto one or more of the existing reactor com 
ponents in order to achieve the desired results. For example, 
these materials may be coated on components such as the 
electrodes or the dielectric of the electrostatic filter alone or in 
combination with other catalysts or absorptive coatings. In 
other embodiments, they may be mixed with one or more of 
the catalysts (e.g., catalyst 130). In still other embodiments, 
they may be applied to a separate porous block that receives 
the fluid stream, much like some of the previously described 
catalysts. 
0117 The physical mechanism that is used to eliminate 
the VOCs is not fully understood. It is suspected that these 
materials cause the oxidation (and thus the elimination) of the 
VOCs. It appears that these materials have the catalytic effect 
of inducing oxidation, although it is believed that the efficacy 
of the oxidation is significantly improved in the environment 
of the reactor, which has a very high concentration of ions and 
reactive species. When the materials are coated on electrodes 
within the reactors or on dielectric collectors, their efficacy 
can be further increased by electrostatic attraction. 
0118. There are a number of other known absorptive mate 
rials that can also be used within the reactor in order to help 
eliminate VOCs (or other specific agents). For example, Zeo 
lites, activated carbon and aluminum oxide (alumina) are all 
known to absorb VOCs. It is believed that the performance of 
all of these compounds will be enhanced by their usage within 
the reactor due to the high concentration of ions and reactive 
species within the reactor and that the fact that electrostatic 
attraction can be used to draw the VOCs towards that absorb 
ers. Therefore, like the previously described catalysts and 
absorbers, these absorptive materials can be provided as a 
separate absorbing component, or may be coated onto one or 
more of the existing reactor components in order to achieve 
the desired results. For example, these materials may be 
coated on components such as the electrodes or the dielectric 
of the electrostatic filter alone or in combination with cata 
lysts or other absorptive coatings. In other embodiments, they 
may be applied alone or in combination with other absorbers 
or catalysts to a separate porous block that receives the fluid 
Stream. 

Applications 

0119 The described reactors may be used to decontami 
nate, purify and/or filter air (or other gaseous fluids) in a very 
wide variety of applications. By way of example, one appli 
cation is in air purification and decontamination systems for 
hospital and/or other health care environments. In hospital 
environments nosocomial (i.e., hospital acquired) infections 
are well understood as a significant problem. Most notably, 
immune deficient patients can be very Susceptible to infection 
and a significant percentage of complications and hospital 
related deaths are due to nosocomial infections. Therefore, 
one desirable feature for air purification systems intended for 
use in heath care environments is the complete deactivation of 
airborne biological agents that pass through the filters. The 
described reactors are well suited for such deactivation. 



US 2011/0274588 A1 

0120 Another application described above is in aircraft 
filtering systems. In Such applications, biological decontami 
nation, filtering, ozone removal and VOCs removal are all 
desirable features and again, the described reactors are well 
Suited for use in Such applications. Another application is the 
filtering of air in commercial and residential building appli 
cations. In some environments, filtering and/or the removal of 
VOCs are considered particularly important. In others, bio 
logical decontamination is most important. In still other 
applications it may also be desirable to remove reactive spe 
cies (e.g. oZone and NOx) from the environment. 
0121. In many applications, a desirable feature is the 
removal of a very high percentage of the airborne particles 
from the air passing through the filters. One widely used 
standard is referred to as a HEPA (High Efficiency Particle Air 
Filtration) filter. By definition, a HEPA filter must be able to 
remove at least 99.97% of the 0.3-micron airborne particles 
that pass through the filter. The described reactor can readily 
be designed to attain HEPA filter efficiencies. 
0122) Another large application is in the residential and 
commercial air handling markets where often it may be desir 
able to filter, decontaminate and/or purify air. In some appli 
cations the reactors may be incorporated into the heating 
ventilation and/or air conditioning (HVAC) systems within 
the buildings while in other situations they may be incorpo 
rated into devices intended to operate in local room or work 
Space areas. 
0123. As discussed above, the photocatalytic surface 
effect in titanium oxide caused by exposure to UV radiation is 
very effective at eliminating VOCs. Accordingly, the UV light 
Source and photocatalyst combination is particularly useful in 
applications that require improved VOCs removal. VOCs are 
considered problematic in a wide variety of air purification 
and filtering applications, including, for example: residential 
and commercial heating, ventilation and air conditioning 
(HVAC) application; aircraft and other vehicle air recycling 
systems; and a variety of medical applications. 
0.124. It should be apparent that the components of a reac 
tor (e.g., the number, size and type of the ion or plasma 
generators, the number and type of electrostatic filters, the 
catalysts used—if any—, etc.) can be selected to meet the 
needs of virtually any particular application. 
0.125. The physical housing for the reactor may be widely 
varied as well. In many applications it may be desirable to 
provide a modular housing so that components may be readily 
added or Subtracted from the reactor design and/or replace 
ment or maintenance of reactor components may be readily 
performed. In particular, it may be necessary or desirable to 
periodically cleanor replace the filters. The other components 
may need to be cleaned or maintained on a periodic basis as 
well, but typically, the filters would be cleaned or replaced 
most often. One suitable frame for housing the reactor is 
described in co-pending U.S. application Ser. No. 1 1/445,087 
which is incorporated herein by reference. 
0126 Although only a few embodiments of the invention 
have been described in detail, it should be appreciated that the 
invention may be implemented in many other forms without 
departing from the spirit or scope of the invention. The inven 
tions have been described primarily in conjunction with their 
integration into a plasma reactor based air decontamination, 
filtering and purification system. However, it should be appre 
ciated that the majority of the inventions described hereincan 
be used in a wide variety of other applications as well. For 
example, the electrostatic filter related inventions, may be 
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used in any electrostatic filter application and they are not in 
any way limited to use in plasma reactors based decontami 
nation and/or purification systems. Similarly, many of the 
catalyst related inventions can be used in a variety of different 
ion enhanced filtering applications. Thus, it should be appar 
ent that the various described inventions can be used together 
or separately and they may be integrated as part of a plasma 
reactor or used in other filtering systems. 
0127. In the foregoing descriptions, the plasma generators 
and the various electrodes have been described as having 
potentials applied thereto. In some cases the applied potential 
is a ground potential. In other cases the applied potential may 
be a positive potential or a negative potential. In the descrip 
tion of the insulated electrodes, charge Sources were applied 
to a charge distribution grid in certain embodiments. It should 
be apparent that at times, the charge source could simply be a 
ground as opposed to a source of positive or negative charges. 
Therefore, the present embodiments are to be considered as 
illustrative and not restrictive and the invention is not to be 
limited to the details given herein, but may be modified within 
the scope and equivalents of the appended claims. 
What is claimed is: 
1. An air purification reactor arranged to treat aerosol par 

ticulates carried in a fluid stream passing through the reactor, 
the reactor comprising: 

an ionizer arranged to ionize the fluid stream passing 
through the reactor to thereby electrically charge par 
ticulates and Volatile organic compounds carried in the 
fluid stream; 

an electrostatic filter located downstream of the plasma 
chamber for electrostatically filtering particles from the 
fluid stream; and 

an absorptive material located downstream of the electro 
static filter, the absorptive material being arranged to 
absorb Volatile organic compounds carried in the fluid 
stream and facilitate oxidation of the Volatile organic 
compounds at least in part by exposing the absorbed 
Volatile organic compounds to reactive species in the 
fluid stream that are generated by the ionizer; and 

wherein the absorptive material is subjected to an electric 
field arranged to draw electrically charged volatile 
organic compounds towards the absorptive material to 
enhance the absorption of Volatile organic compounds 
carried in the fluid stream. 

2. An air purification reactor as recited in claim 1 further 
comprising an electrode located downstream of the electro 
static filter that is arranged to help subject the absorptive 
material to the electric field, wherein the absorptive material 
is coated on the electrode. 

3. An air purification reactor as recited in claim 1 further 
comprising a pair of electrodes located downstream of the 
electrostatic filter that are arranged to help subject the absorp 
tive material to the electric field. 

4. An air purification reactor as recited in claim 2 wherein 
the electrostatic filter includes a dielectric and wherein the 
electrode is also arranged to help Subject the dielectric to an 
electric field. 

5. An air purification reactor as recited in claim 1 wherein 
the absorptive material is arranged on a porous structure 
configured to receive the fluid stream there through. 

6. An air purification reactor as recited in claim 1 wherein 
the electric field that the absorptive material is subjected to is 
selected from the group consisting of an applied electric field 
and an induced electric field. 
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7. An air purification reactor as recited in claim 1 further 
comprising a catalyst located downstream of the absorptive 
material, the catalyst being arranged to significantly reduce 
the concentration of reactive species that are contained in the 
fluid stream before the fluid stream emerges from the reactor. 

8. An air purification device that includes the air purifica 
tion reactor recited in claim 1. 

9. An air purification reactor as recited in claim 1 further 
comprising: 

a photocatalyst exposed to the fluid stream; 
a UV light source distinct from the ionizer that is arranged 

to subject the photocatalyst to ultraviolet light, whereby 
the ultraviolet light that impinges on the photocatalyst 
causes a photocatalytic oxidative reaction to occurat the 
photocatalyst that is capable of reducing Volatile organic 
compounds carried in the fluid stream; and 

at least one porous electrostatic filter located downstream 
of the ionizer for electrostatically filtering particles from 
the fluid stream. 

10. An air purification device as recited in claim 9 wherein 
the photocatalyst includes titanium oxide (TiO). 

11. An air purification reactor as recited in claim 1 further 
comprising a catalyst located downstream of the absorptive 
material, the catalyst being arranged to significantly reduce 
the concentration of reactive species that are contained in the 
fluid stream before the fluid stream emerges from the reactor. 

12. An air purification reactor arranged to treat aerosol 
particulates carried in a fluid stream passing through the 
reactor, the reactor comprising: 

an ionizer arranged to ionize the fluid stream passing 
through the reactor to generate reactive species in the 
fluid stream to thereby electrically charge volatile 
organic compounds carried in the fluid stream; 

an absorptive material positioned within the reactor and 
exposed to the fluid stream, the absorptive material 
being arranged to absorb Volatile organic compounds 
carried in the fluid stream and to expose the absorbed 
Volatile organic compounds to reactive species in the 
fluid stream; and 

at least one electrode arranged to Subject the absorptive 
material to an electric field, wherein the electric field that 
the absorptive material is subjected to is selected from 
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the group consisting of an applied electric field and an 
induced electric field and the electric field is arranged to 
draw electrically charged volatile organic compounds 
towards the absorptive material. 

13. An air purification reactor as recited in claim 12 
wherein the absorptive material is carried on a selected one of 
the electrodes, whereby during use a potential may be applied 
to the selected electrode to attract charged species towards the 
absorptive material. 

14. An air purification reactor as recited in claim 12 
wherein the absorptive material is sandwiched between a pair 
of electrodes that cooperate to generate the electric field. 

15. An air purification reactor as recited in claim 12 
wherein the absorptive material includes a magnesium sili 
Cate. 

16. An air purification reactor as recited in claim 12 
wherein the absorptive material includes a potassium per 
mangante. 

17. An air purification reactor as recited in claim 12 
wherein the absorptive material is selected from the group 
consisting of Zeolites, activated carbon and alumina. 

18. A reactor as recited in claim 13 wherein the absorptive 
material electrode includes a metal frame that serves as the 
conductive electrode and the absorptive material is applied to 
the metal frame. 

19. A reactor as recited in claim 18 wherein the metal frame 
has a honeycomb structure with sharp points. 

20. An airpurification reactor as recited in claim 12 further 
comprising an electrostatic filter located downstream of the 
ionizer and upstream of the absorber. 

21. An airpurification reactor as recited in claim 12 further 
comprising a catalyst located downstream of the absorptive 
material, the catalyst being arranged to significantly reduce 
the concentration of reactive species that are contained in the 
fluid stream before the fluid stream emerges from the reactor. 

22. An airpurification reactor as recited in claim 21 further 
comprising an electrostatic filter located downstream of the 
ionizer and upstream of the absorber. 
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