
(19) United States 
US 20150343456A1 

(12) Patent Application Publication (10) Pub. No.: US 2015/0343456A1 
Deane et al. (43) Pub. Date: Dec. 3, 2015 

(54) AIR TREATMENT DEVICE HAVINGA 
PLASMA COIL ELECTROSTATC 
PRECIPITATOR ASSEMBLY 

(71) Applicant: Novaerus Patents Limited, Dublin (IE) 

(72) Inventors: Graham Deane, Dublin (IE); Kevin 
Maughan, Dublin (IE): Felipe Soberon, 
Dublin (IE); Niall O'Connor, Dublin 
(IE) 

(21) Appl. No.: 14/724,151 

(22) Filed: May 28, 2015 

(30) Foreign Application Priority Data 

May 30, 2014 (GB) ................................... 1409674.7 

Publication Classification 

(51) Int. Cl. 
BO3Cl3/4I (2006.01) 
BO3Cl3/82 (2006.01) 
BO3Cl3/45 (2006.01) 
BO3Cl3/70 (2006.01) 

(52) U.S. Cl. 
CPC. B03C 3/41 (2013.01); B03C3/70 (2013.01); 

B03C3/82 (2013.01); B03C 3/45 (2013.01); 
B03C 220I/04 (2013.01) 

(57) ABSTRACT 

An air treatment device having a plasma generator electro 
static precipitator assembly, is provided. The assembly 
includes an electrostatic precipitator configured to charge 
airborne particles in the vicinity of the electrostatic precipi 
tator to provide charged airborne particles, and a plasma 
generator positioned in proximity to the electrostatic precipi 
tator and configured for cooperation with the electrostatic 
precipitator. The plasma generator is configured to discharge 
plasma and provide an inactivation Zone in the region of the 
plasma generator operable to inactivate airborne particles. 
The air treatment device includes means for directing the 
charged airborne particles generated by the electrostatic pre 
cipitator into the inactivation Zone Such that the air treatment 
device is adapted to generate charged airborne particles and 
then immediately, to direct the charged airborne particles into 
the inactivation Zone so as to expose the charged airborne 
particles to plasma in the inactivation Zone. 
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AIR TREATMENT DEVICE HAVING A 
PLASMA COIL ELECTROSTATC 

PRECIPITATOR ASSEMBLY 

FIELD OF THE INVENTION 

0001. The present invention relates to an air treatment 
method and device. More specifically, the invention relates to 
an air treatment device comprising a plasma coil electrostatic 
precipitator assembly for air disinfection and pollution con 
trol. 
0002 The plasma generator electrostatic precipitator 
assembly preferably comprises a plasma coil electrostatic 
assembly and can be used for capturing airborne particles and 
inactivating pathogens and pollutants present in the particles. 
An atmospheric plasma discharge is used for providing an 
inactivation Zone in which the pathogens and pollutants are 
inactivated. 

BACKGROUND OF THE INVENTION 

0003 Health threatening airborne pollutants may be sub 
divided into three groups: (a) airborne pathogens comprising 
any organism that causes disease that spreads throughout the 
environment via the air; (b) airborne allergens comprising 
any Substance that, when ingested, inhaled, or touched, 
causes an allergic reaction and, (c) airborne Volatile organic 
compounds (VOC) comprising any product that is designed 
to be sprayed at high pressure in the form of tiny particles that 
remain suspended in the air. The last category includes many 
cleaning chemicals, hair spray, various types of primer, and 
fuels such as gasoline and kerosene, as well as other house 
hold, beauty, or hobby products. Some fabrics, particularly 
those recently manufactured, also contribute to indoor air 
borne VOCs when they outgas, or leak out chemicals in 
gaseous form, over time. 
0004 Airborne pollutants can build up significantly in 
indoor environments with the result that the air that we 
breathe may become contaminated. Considering that on aver 
age humans spend approximately 90% of their time in an 
indoor environment, it will be appreciated that the removal of 
pollutants from indoor air is of importance to reduce allergies 
and prevent infection transmission, such as sick building Syn 
drome. 
0005 Existing state of the art technologies for the control 
of airborne pathogens can be categorized as: (a) airborne 
trapping systems or filters, (b) airborne inactivation systems 
and, (c) Some combination of the above. 
0006 Existing airborne inactivation technologies also 
include those that make use of chemicals, UV radiation and 
plasma discharge by-products. 
0007 Examples of chemical inactivation include the use 
of antimicrobial vaporizers, typically oZone or hydrogen per 
oxide. While these systems are effective, they are also disrup 
tive, requiring the evacuation of indoor space to be treated and 
therefore are not suitable for use under normal living circum 
Stances. 

0008 Alternative systems for the purification of air 
include using ultra violet light (UV) emission to kill airborne 
bacteria. For example, international publication No. WO 
03/092751 describes a device in which a fluid (e.g. air) is 
passed through an array of UV lamps. In this solution the one 
and only inactivation mechanism is via UV radiation. 
0009 Prior art also includes the use of plasma radicals for 
sterilisation of air filter medium; see for example U.S. publi 
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cation No. 2004/0184972. In this document, it is proposed 
that an upstream plasma discharge can generate active radi 
cals which flow upstream to a medium filter and kill any 
bacteria or virus trapped by the filter. However, the use of a 
filter medium to capture pathogens may still act as an infec 
tion reservoir and may also affect air flow stream as it gets 
clogged. 
0010. It is also known to use a plasma discharge which 
releases anti-pathogenic agents which inactivate pathogens in 
the air. Prior art includes methods and apparatuses for air 
treatment using a plasma discharge in which air is drawn 
around an electrode coil assembly. The plasma discharge 
inactivates any airborne pathogens flowing in the vicinity of 
the discharge. It is appreciated that the efficacy of Such a 
device depends on the time period the pathogens and airborne 
pollutants are exposed to the plasma discharge and the anti 
pathogenic agents generated by said device. 

SUMMARY 

0011. Accordingly, a first embodiment of the present 
invention provides an air treatment apparatus in accordance 
with appended claim 1. Advantageous embodiments are pro 
vided in the dependent claims. The application also provides 
other aspects which are set out in an air treatment apparatus as 
detailed in claims 34, 35 and 40. Other features will be appar 
ent from the description. 
0012. In one aspect, the present invention provides air 
treatment apparatus comprising: an electrostatic precipitator 
configured to charge airborne particles in the vicinity of the 
electrostatic precipitator to provide charged airborne par 
ticles; and a plasma generator positioned in proximity to but 
at a pre-determined distance from the electrostatic precipita 
tor and configured for cooperation with the electrostatic pre 
cipitator, the plasma generator configured to create an inac 
tivation Zone in the region of the plasma generator, and 
wherein the air treatment device comprises means for direct 
ing the charged airborne particles generated by the electro 
static precipitator into the inactivation Zone such that the air 
treatment device is adapted to generate charged airborne par 
ticles and then immediately, to direct the charged airborne 
particles into the inactivation Zone so as to expose the charged 
airborne particles to plasma in the inactivation Zone. 
0013 The means for directing the charged airborne par 
ticles generated by the electrostatic precipitator into the inac 
tivation Zone may comprise a Voltage applied between the 
electrostatic precipitator and the plasma generator Such that 
the air treatment device is adapted to generate charged air 
borne particles and, at the same time, to direct the generated 
charged particles, by attracting said charged airborne par 
ticles towards the plasma generator, into the inactivation Zone 
So as to expose the charged airborne particles to plasma in the 
inactivation Zone. 
0014. The inactivation Zone is a Zone in which plasma is 
released and is effective to inactivate airborne pollutant mate 
rial including pathogens. Such airborne pollutant material 
(i.e. airborne pollutants), which can be health threatening, 
may be Subdivided into three groups: (a) airborne pathogens 
comprising any organism that causes disease that spreads 
throughout the environment via the air; (b) airborne allergens 
comprising any Substance that, when ingested, inhaled, or 
touched, causes an allergic reaction and, (c) airborne Volatile 
organic compounds (VOC) comprising any product that is 
designed to be sprayed at high pressure in the form of tiny 
particles that remain Suspended in the air. The plasma gener 
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ated by the plasma generator in the air treatment apparatus of 
the present invention is effective to inactivate any of the 
airborne pollutant materials as defined in Subdivisions (a) to 
(c). 
0015 Thus, the air treatment apparatus is configured to 
attract the charged airborne particles into the inactivation 
Zone; this is not the same as trying to attract all the charged 
particles onto the Surface of the plasma generator as in fact, 
such would be undesirable as it could interfere with the effec 
tive operation of the plasma generator if all the charged par 
ticles were on the Surface of the plasma generator. 
0016. The air treatment apparatus of the present invention 
comprises a plasma generator, preferably a plasma coil 
assembly, which is configured to operate at a power density 
less than 1 W/cm2 to operably generate a plasma discharge. 
0017. In the preferred embodiment, the plasma generator 

is a coil assembly, most preferably, a generally cylindrical 
coil assembly, which is configured to operate at a power 
density less than 1 W/cm2 to operably generate a plasma 
discharge circumferentially about a longitudinal axis of the 
coil assembly. 
0018 Most preferably, the plasma generator is configured 

to be operated at a power density in the range from 0.1 to 0.5 
W/cm2. This is a relatively low power density for plasma 
generation and is effective for creating an inactivation Zone 
about the plasma generator. This low power density of opera 
tion of the plasma generator of the present invention is in 
complete contrast to the relatively high level of power density 
that is required for conventional use of plasma generators for 
purification of exhaust gases such as in the automotive indus 
try. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The present application will now be described with 
reference to the accompanying drawings in which: 
0020 FIG. 1 is a perspective view of the plasma coil 
electrostatic precipitator assembly in accordance with the 
present teachings; 
0021 FIG. 2 is a perspective view of the coil assembly of 
FIG. 1: 
0022 FIG.3 is a perspective view of the electrostatic wire 
electrode assembly of FIG. 1; 
0023 FIG. 4 is a different view of the electrostatic wire 
electrode assembly of FIG. 3; 
0024 FIG. 5 is an expanded view of the coil assembly of 
FIG. 1 as well as a high Voltage power Supply: 
0025 FIG. 6 is a view of the cylindrical coil of FIG. 5: 
0026 FIG. 7 is an expanded view of the cylindrical coil of 
FIG. 6; 
0027 FIG. 8 is an expanded view of an alternative 
embodiment of the coil assembly shown in expanded view in 
FIGS. 5 to 7: 
0028 FIG. 9 is a cross sectional view of the coil assembly 
shown in FIG.8 with the coil assembly inserted in the insu 
lating stands provided at each end of the coil assembly and 
showing the electrical contacts located through the slots pro 
vided in the insulating stands; and configured for connection 
to a power source; 
0029 FIG.10 is a side view of the plasma coil electrostatic 
precipitator assembly of FIG. 1 as air flows past it; 
0030 FIG. 11 is a flow chart diagram of the pathogen 
inactivation method in accordance with the present teachings; 
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0031 FIG. 12 is a perspective view of another embodi 
ment of the plasma coil electrostatic precipitator assembly in 
accordance with the present teachings; 
0032 FIG. 13 is a perspective view of a further embodi 
ment of the plasma coil electrostatic precipitator assembly in 
accordance with the present teachings; 
0033 FIG. 14 is a plan view of the coil assembly of FIG. 
13 showing the arrangement of the array of needles of the 
electrode: 
0034 FIG. 15 is a perspective view of the coil assembly of 
FIGS. 13 and 14; and 
0035 FIG.16 is a schematic diagram showing the connec 
tion for power supply to the inner mesh and the outer mesh of 
the coil assembly. 

DETAILED DESCRIPTION 

0036. The present teaching is based on an understanding 
by the inventors that the efficacy of treatment of airborne 
pathogens can be improved by combining a plasma discharge 
apparatus with an electrostatic precipitator. While electro 
static precipitators are known, heretofore they have been used 
exclusively as highly efficient filtration devices that remove 
fine particles, like dust and Smoke, from a flowing gas using 
the force of an induced electrostatic charge minimally imped 
ing the flow of gases through the unit. The present inventors 
have realised that by using functionality provided by an elec 
trostatic precipitator in combination with a plasma generator 
that it is possible to improve the efficiency of treatment of 
airborne pathogens. A synergistic effect is provided by an 
apparatus that combines functions of two known techniques 
that heretofore have not been considered usefully employed 
together or compatible. 
0037 Known electrostatic precipitators consist of two sets 
of electrodes, the first with very thin and sharp edges is 
typically biased negatively with respect to a second electrode 
or plate of larger area. The negative, sharp, electrode Supplies 
electrons to nearby airborne particles, charging them nega 
tively. The positive plates or electrodes attract electrostati 
cally and collect the charged particles, thereby removing 
them from the air. For example, see U.S. publication No. 
2013/0233172 which discloses an air cleaner with a built in 
electrostatic precipitator. 
0038. It is appreciated that electrostatic precipitators are 
efficient at airborne particle removal. However, these devices 
do not inactivate pathogens captured by their electrodes. It is 
to be noted that some pathogens may survive in unfavourable 
conditions for periods of time up to months; for instance in the 
case of spores. Such pathogens may lead to disease transmis 
sion as over time, Some of the captured particles may be 
released back into the environment. 
0039. The present inventors have realised that by combin 
ing an electrostatic precipitator with a plasma discharge gen 
erator that it possible to effectively trap and destroy pathogens 
in a fashion which was not previously considered possible. 
The present teaching will now be described with reference to 
a number of embodiments of exemplary plasma coil electro 
static precipitator assemblies. It will be understood that these 
exemplary assemblies are provided to assist in an understand 
ing of the present teaching and are not to be construed as 
limiting in any fashion. Furthermore, elements or compo 
nents that are described with reference to any one figure may 
be interchanged with those of other figures without departing 
from the spirit and scope of the present invention. It will be 
appreciated that for simplicity and clarity of illustration, 
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where considered appropriate, reference numerals may be 
repeated among the figures to indicate corresponding or 
analogous elements. 
0040. The plasma coil electrostatic precipitator assembly 
in accordance with the present teachings captures airborne 
contaminants and generates a plasma discharge field to effec 
tively sterilise said air contaminants, including micro-organ 
isms or pathogens or to oxidise organic airborne material and 
particles. 
0041. The configuration of the plasma coil electrostatic 
precipitator assembly 100 is described with reference to FIG. 
1, which shows a first embodiment in accordance with the 
present invention. A plasma coil assembly 201 is shown adja 
cent an electrostatic wire electrode assembly 301. As will be 
explained in more detail hereinafter, air is forced to flow, in 
the direction of arrow A shown in FIGS. 1 and 4, through the 
electrode assembly 301 and past the plasma coil assembly 
201. It is to be noted that the air flow is over and under the 
plasma coil assembly 201; it is important to note that the air 
flow is not through the plasma coil assembly 201. The elec 
trostatic wire electrode assembly 301 places a charge on 
airborne particles in the air flow. The charged particles are 
attracted to the coil 101 of the plasma coil assembly 201 and 
are collected on the coil 101. The coil 101 is configured to 
discharge plasma. Pathogens present in the charged particles 
collected on the coil 101 are exposed to this plasma discharge 
and are thereby inactivated. 
0042 FIG. 2 is a perspective view of the coil assembly 201 
of FIG. 1, shown without the electrostatic wire electrode 
assembly 301, for the purpose of clarity of explanation. It can 
be appreciated that the coil 101 is supported and held, in a 
position that enables air flow above and underneath the coil 
101, by insulating stands 204, one insulating stand 204 being 
provided at each end of the longitudinal axis of the coil 101. 
Dielectric retainers 202 are used to secure the cylindrical coil 
101 in place on the insulating stands 204. Dielectric insulator 
caps 203 are also provided at each end of the cylindrical coil 
101 to further insulate the coil 101 from the insulated stands 
204. The combination of insulator caps 203 and insulated 
stands 204 ensures that the cylindrical coil 101 is insulated 
from any surface that the coil assembly 201 may be mounted 
upon. The insulator caps 203 have a further function in that 
they hold the various cylindrical elements of the cylindrical 
coil 101 together as will be further described hereinafter. 
0.043 FIG.3 shows the electrostatic wire electrode assem 
bly 301 of FIG. 1 without the coil assembly 201, again for 
clarity of explanation. An insulating Support 302 holds a wire 
electrode 303. The electrode 303 includes a single wire 
looped and oriented in the vertical direction. Electrical con 
tacts 304 are attached to each end of the wire and terminate 
the wire electrode 303. These contacts 304 provide suitable 
electrical connections for a power Supply (not shown). The 
power supply provides power to the wire electrode 303 which 
operably provides an electrical charge Surrounding the elec 
trode 303. The wire electrode 303 may be considered a dis 
charge electrode as it emits charging current and provides 
voltage that generates an electrical field between the wire 
electrode 303 and the cylindrical coil 101. The electrical field 
forces particles in the air to migrate toward the plasma gen 
erator cylindrical coil 101. Thus the charged airborne par 
ticles generated by the wire electrode 303 are attracted into 
the inactivation Zone that is about the plasma generator and 
specifically, in the case of the cylindrical coil 101, the inac 
tivation Zone extends outwardly circumferentially about the 

Dec. 3, 2015 

cylindrical coil 101. The inactivation Zone extends outwardly 
from the outer surface of the cylindrical coil 101 by a distance 
of about 1-2 cm. Once the airborne particles enter into the 
inactivation Zone, then they are rendered harmless as the 
plasma discharge destroys all pathogens and inactivates all 
undesirable airborne particles. It is to be understood that some 
of the airborne particles will then precipitate onto the coil 
101. However, it is not essential that all airborne particles 
precipitate onto the plasma generator cylindrical coil 101 for 
the plasma coil electrostatic precipitator assembly 100 to 
operate effectively to remove undesirable airborne particles 
from the airflow that is flowing by the assembly 100. Indeed, 
it is to be understood that it is not desirable that all airborne 
particles precipitate onto the plasma generator cylindrical 
coil 101. All that is required is that the airborne particles are 
attracted into the inactivation Zone for the plasma coil elec 
trostatic precipitator assembly 100 to operate effectively. 
0044) The insulating support 302 ensures that power is not 
provided to a surface on which the electrostatic wire electrode 
assembly 301 is mounted. 
0045. The wire of the wire electrode 303 is of a suitably 
thin wiring gauge so that the Surface area of the wire electrode 
303 is minimal. For example, an America wire gauge (AWG) 
value of 38 (0.1 mm diameter) or higher (<0.1 mm diameter) 
has been found to be suitable. It will be appreciated by those 
skilled in the art that a wire of any gauge may be used pro 
vided it does not significantly impede air flow there through. 
For a larger scale electrostatic wire electrode assembly 301, a 
larger gauge wire would be necessary. 
0046 FIG. 4 shows the electrostatic wire electrode assem 
bly 301 from the opposite side as shown in FIG.3. The looped 
arrangement of the wire to form the wire electrode 303 on the 
support 302 can be better appreciated from this view. The 
wire is looped between opposite sides of the insulating Sup 
port 302. A grid arrangement for the wire electrode 303 is 
shown with vertical wire sections that are parallel to each 
other. However, a grid arrangement wherein further wire sec 
tions intersect each other may also be used. Alternatively, a 
grid arrangement wherein the wire segments of FIG. 4 are 
arranged horizontally may be employed. As will be appreci 
ated by those skilled in the art, any arrangement that places 
Sufficient charge on air particles passing through the wire 
electrode 303 without unduly impeding airflow may be used 
in the electrostatic wire electrode assembly 301 of the present 
teachings. The direction of the air flow is indicated by the 
arrow 'A'. 

0047. Further details and features of the coil assembly 201 
are now described with reference to FIGS. 5, 6 and 7. As 
shown in FIG. 5, the plasma coil assembly 201 requires a high 
Voltage power Supply 501 to operate. The plasma coil assem 
bly 201 is configured to operate at a power density less than 1 
W/cm2 to operably generate a plasma discharge. 
0048. In the preferred embodiment, the plasma generator 
comprises a generally cylindrical coil assembly, which is 
configured to operate at a power density less than 1 W/cm2 to 
operably generate a plasma discharge circumferentially about 
a longitudinal axis of the coil assembly. Most preferably, the 
plasma generator is configured to be operated at a power 
density in the range from 0.1 to 0.5 W/cm2. This is a rela 
tively low power density for plasma generation and is effec 
tive for creating an inactivation Zone about the plasma gen 
erator. Electrical contacts 502, which in the embodiment 
shown in FIGS. 5 to 7, are provided on the insulated stands 
204, are used for applying high Voltage to the plasma gener 
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ating cylindrical coil 101. As can be appreciated from FIG. 5, 
the insulated stands 204 act as a set of support holders and the 
cylindrical coil 101 is detachable from the insulating stands 
204. The cylindrical coil 101 is removably engageable with 
the insulated stands 204 which function as as support holders 
for the cylindrical coil 101. In particular, the insulator caps 
203 of the cylindrical coil 101 are adapted to engage with the 
insulating stands 204 as the dimensions of the insulator caps 
203 and the dimensions of the insulating stands 204 are con 
figured to correspond such that the insulator caps 203 can be 
engaged with the insulating stands 204 in a tight fit engage 
ment by pushing each insulator cap 203 into its respective 
insulating stand 204. Particularly, the width of the insulator 
caps 203 are the same as the width of the insulating stands 204 
so as to provide a tight fit between the insulating stands 204 
and the insulator caps 203. Furthermore, the insulating stands 
204 are provided with an arcuate ledge 205 against which the 
insulator caps 203 abut when the insulator caps 203 are 
inserted in the insulating stands 204. The arcuate Support 
ledge 205 acts as a stop against the insulator caps 203 being 
pushed any further down into the insulating stands 204 and 
the arcuate support ledge 205 also supports the cylindrical 
coil 201 in position so that it is optimally located to allow air 
flow above and below the cylindrical coil 101. It will be 
appreciated that the cylindrical coil 101 can be easily 
removed and replaced in the embodiment presented herein. 
This involves simply retracting the dielectric retainers 202 
from contact with the insulator caps 203 and lifting the cylin 
drical coil 101 in the direction of the arrows shown. 
0049. It should be appreciated that one of the main advan 
tages of the plasma coil assembly 201 of the present teaching 
is that cylindrical coil 101 can be easily replaced like chang 
ing a battery or a light bulb. 
0050. It will also be understood by those skilled in the art 
that power is provided from the power supply 501 to the 
electrical contacts 502. The exact nature of the connection 
(e.g., wiring) between the contacts 502 and the power Supply 
can be chosen as appropriate and it is not necessary that the 
power supply 501 and the coil assembly 201 be collocated. 
The power from the power supply 501 is then passed through 
contacts 502 on the insulated stands 204 to the electrical 
contacts 503 of the cylindrical coil 101. As indicated above, 
the plasma coil assembly 201 is configured to operate at a 
power density less than 1 W/cm2 to operably generate a 
plasma discharge. Most preferably, the plasma generator is 
configured to be operated at a power density in the range from 
0.1 to 0.5 W/cm2. 

0051 A transformer (not shown) may also be used 
between the power supply and the contacts 503 to provide 
high-voltage alternating current. The power Supply 501 may 
also be used to provide power to the electrostatic wire elec 
trode assembly 301 of the present teachings. Again the spe 
cific wiring configuration can be chosen as appropriate by 
those skilled in the art. 
0052 FIG. 6 is a perspective view of the cylindrical coil 
101 when removed from the insulating stands 204. It can be 
seen that the cylindrical coil includes a dielectric insulator 
tube 601 and an outer mesh electrode 602. A first electrical 
contact 603 is also provided, which will be explained in more 
detail. 
0053 FIG. 7 is a perspective view of the cylindrical coil of 
FIG. 6 with the outer mesh electrode 602 offset such that it is 
only partially overlapping the dielectric insulator tube 601. In 
addition, an inner mesh coil acting as an inner electrode 701 
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is also shown extending from within the insulator tube 601 for 
ease of viewing. Operably, the inner mesh coil 701 is fully 
enclosed within the dielectric insulator tube 601. It can also 
be appreciated that the first electrical contact 603 is directly 
attached to the inner electrode 701 such that power is supplied 
directly to the mesh coil of this electrode 701. Another elec 
trical contact 702 is attached to the outer electrode 602. 

0054 The inner and outer wire meshes, which act as inner 
701 and outer electrodes 602, maintain direct contact around 
their respective total surface areas with the dielectric tube 
601. This ensures that there are no air pockets around the 
cylindrical coil where elevated levels of plasma can build up 
during generation of plasma. 
0055 Plasma discharge is generated at the coil 101 by 
applying power to the pair of electrodes, that is, the inner 
electrode 701 and the outer electrode 602. The applied power 
Sustains either a DC or an AC discharge between, around 
and/or on the surface of said electrode pair. 
0056. The plasma generation in the present teachings is of 
a dielectric barrier discharge (DBD) type with an inner wire 
mesh cylinder 701 insulated by a dielectric glass tube 601. 
The cylindrical shape of the coil 101 ensures that the outer 
mesh 602 extends completely circumferentially around the 
cylindrical coil and that plasma is discharged evenly in all 
directions from the cylindrical coil. 
0057 Dielectric-barrier discharge (DBD) is an electrical 
discharge between two electrodes separated by an insulating 
dielectric barrier. Known DBD devices are typically planar, 
using parallel plates separated by a dielectric or cylindrical, 
using coaxial plates with a dielectric tube between them. In 
one coaxial configuration, the dielectric is shaped in the same 
form as common fluorescent tubing. It is filled at atmospheric 
pressure with either a rare gas or rare gas-halide mix, with the 
glass walls acting as the dielectric barrier. Due to the atmo 
spheric pressure level. Such processes require high energy 
levels to Sustain. Common dielectric materials include glass, 
quartz, ceramics and polymers. 
0058 FIGS. 8 and 9 show an alternative embodiment of 
the plasma generator cylindrical coil indicated generally by 
reference numeral 801. Like numerals indicate like features 
between FIGS.5 to 7 and FIGS. 8 to 9. Similarly to described 
above with reference to FIGS. 5 to 7, the cylindrical coil 801 
is removably engageable with the insulated stands 814 which 
function as support holders for the cylindrical coil 801. In 
particular, the insulator caps 813 of the cylindrical coil 801 
are adapted to engage with the insulating stands 814 as the 
dimensions of the insulator caps 813 and the dimensions of 
the insulating stands 814 are configured to correspond Such 
that the insulator caps 813 can be engaged with the insulating 
stands 4 in a tight fit engagement by pushing each insulator 
cap 813 into its respective insulating stand 814. Particularly, 
the width of the insulator caps 813 are the same as the width 
of the insulating stands 814so as to provide a tight fit between 
the insulating stands 814 and the insulator caps 813. Further 
more, the insulating stands 814 are provided with an arcuate 
ledge 815 against which the insulator caps 203 abut when the 
insulator caps 813 are inserted in the insulating stands 814. It 
will be noted that in this embodiment, each arcuate support 
ledge 815 comprises a slot 816. The arcuate support ledge 215 
acts as a stop against the insulator caps 813 being pushed any 
further down into the insulating stands 814 and the arcuate 
support ledge 215 also supports the cylindrical coil 801 in 
position so that it is optimally located to allow airflow above 
and below the cylindrical coil 801. It will be appreciated that 
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the cylindrical coil 801 can be easily removed and replaced in 
the embodiment presented herein. This involves simply 
retracting the dielectric retainers 802 from contact with the 
insulator caps 813 and lifting the cylindrical coil 801 in the 
direction of the arrows shown. 

0059 An alternative embodiment of the cylindrical coil 
801 shown in FIGS. 8 and 9 comprises an alternative arrange 
ment of the electrical contacts 803, 803 for the cylindrical 
coil 801, in particular, the arrangement of the electrical con 
tacts for power supply to the inner mesh 820 and outer mesh 
822 of the plasma generating cylindrical coil 801. Note that, 
purely for simplicity, the inner mesh 820 and the outer mesh 
822 are shown in FIGS. 8 and 9 as cylinders; however, it is to 
be understood that the inner mesh 820 and outer mesh 822 of 
FIGS. 8 and 9 comprise the same mesh structures as indicated 
by reference numerals 701, 602 respectively, shown in FIGS. 
5 to 7. The operation of the plasma coil electrostatic precipi 
tator assembly 100 is the same when comprising either the 
cylindrical coil 101 shown in FIGS. 5 to 7; or the cylindrical 
coil 801 shown in FIGS. 8 and 9. FIG. 8 is a perspective view 
of the cylindrical coil 801 when removed from the insulating 
stands 814. The cylindrical coil 801 includes a dielectric 
insulator tube and an outer mesh electrode as in cylindrical 
coil 101. In this embodiment, electrical contacts 803,803' are 
also provided, as will be explained in more detail below. 
0060 Referring now to FIG. 9, there is shown a cross 
sectional view of the cylindrical coil 801 of FIG.8 with the 
outer mesh electrode 822 offset such that it is only partially 
overlapping the dielectric insulator tube 821. The coil assem 
bly 801 comprises an inner mesh coil 820 to function as an 
inner electrode 820. Operably, the inner mesh coil 820 is fully 
enclosed within the dielectric insulator tube 821. It can also 
be seen from FIG. 9 that the first electrical contact 803 is 
directly attached to the outer electrode 822 such that power is 
supplied directly to the mesh coil of this electrode 822. 
Another electrical contact 803' is attached to the inner elec 
trode 820. Each electrical contact 803, 803' comprises a first 
limb 804, 804 and a second limb 805, 805'. In this way, each 
electrical contact 803, 803' is generally in the form of an 
L-shaped member comprised of the two limbs 804, 804'; 
805,805, respectively. As can be seen in FIG.9, the first limb 
804 is directly in contact with the inner electrode 820 and the 
second limb 805'' is, in use, inserted through the slot 816 
provided on the arcuate support ledge 815 of the insulating 
stand 814 so that the second limb 805 extends downwardly 
from below the arcuate support ledge 815 and is available 
within the lower section of the insulating stand 814, for con 
nection to a power source. Also as shown in FIG. 9, the 
electrical contact 803 is attached to the outer electrode 822 
with the first limb 804 of electrical contact 803 being directly 
in contact with the outer electrode 822 and the second limb 
805 is, in use, inserted through the slot 816 of the insulating 
stand814 and the second limb 805 is available within the open 
section of the insulating stand 814, for connection to a power 
SOUC. 

0061. The inner wire mesh 820 and outer wire mesh 822, 
which act as inner electrode 820 and outer electrode 822, 
maintain direct contact around their respective total Surface 
areas with the dielectric tube 821. This ensures that there are 
no air pockets around the cylindrical coil where elevated 
levels of plasma can build up during generation of plasma. 
0062. It will be understood that the plasma generation in 
the present teachings is of a dielectric barrier discharge 
(DBD) type with the inner wire mesh cylindrical electrode 
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701,820 insulated by a dielectric glass tube 601, 821. The 
cylindrical shape of the coil 101, 801 ensures that the outer 
mesh 602,822 extends completely circumferentially around 
the cylindrical coil plasma generator 101,801 and that plasma 
is discharged evenly in all directions from the cylindrical coil 
101,801. 
0063 Plasma discharge is generated at the coil 801 by 
applying power to the pair of electrodes, that is, the inner 
electrode 820 and the outer electrode 822. The applied power 
Sustains either a DC or an AC discharge between, around 
and/or on the surface of the electrode pair comprised of the 
inner electrode 820 and the outer electrode 822. It is to be 
understood that the arrangement shown in FIG.16 shows only 
one embodiment of the arrangement for the cylindrical coil 
801 and also for the cylindrical coil 101 which is shown as 
being an AC voltage supply to the inner electrode 820 and the 
outer electrode 822. As also shown in FIG. 16, in this particu 
lar embodiment, a DC voltage such as in the range of between 
1,000 V and 10,000 V (1 kV to 10kV); preferably in the range 
of between 2,000 and 9,000 volts; more preferably in the 
range of between 3,000 and 8,000 volts; most preferably in 
the range of between 4,000 and 7,000 volts; and ideally, is at 
a voltage of about 5,000 volts, is applied between the elec 
trostatic precipitator Such as the wire electrode, cylindrical 
electrode or the needle electrode array; and the outer mesh of 
the cylindrical coil plasma generator 101,801. 
0064. It will be appreciated that the Voltage and current 
parameters required to achieve a dielectric barrier discharge 
will depend principally on the nature of the dielectric used. In 
general, operating Voltages below 1 kV are not practical, and 
preferably, an operating Voltage in the range from 1 to 6 kV is 
provided between the inner and outer mesh electrodes, most 
desirably, a voltage of from 3 to 5 kV is provided between the 
inner and outer mesh electrodes, for example about 4 kV. It 
will be appreciated that the current required to maintain the 
dielectric barrier discharge is significantly less than that 
required to initiate it. The current (and hence the power) of 
plasma generator units is normally expressed in terms of the 
starting current. There should be used a (starting) current in 
the range from 1 to 101 mA, preferably at least 3 mA. The 
power of the plasma generator will, of course, depend on the 
Voltage and current combination. The power should generally 
be not more than 50 watts, and is preferably at least 4 watts. 
Typically, the power is in the range from 10 to 40 watts. These 
power levels have in particular been found to be convenient 
where the plasma generator is used as part of an apparatus unit 
having a conduit volume of the order of 0.02 to 1.0 m3. 
0065 Having explained each of the individual compo 
nents of the plasma coil electrostatic precipitator assembly 
100, the operation of the assembly 100 i.e., the interaction of 
these components and the cooperation between the plasma 
coil assembly 201 and the electrostatic precipitator 301, will 
now be described. 

0.066 Turning to FIG. 10, a side view of the plasma coil 
electrostatic precipitator assembly 100 is shown. It can be 
seen that the coil assembly 201 is positioned adjacent the 
electrostatic wire electrode assembly 301. 
0067. High DC voltage bias is applied between the elec 
trostatic wire electrode 303 of the electrode assembly 301 and 
the outer wire mesh electrode 602 of the coil assembly 201. 
The aforementioned high voltage power supply 501 in con 
junction with a transformer(s) may be used to apply the Volt 
age. The polarity of the Voltage applied is such that the wire 
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electrode 303 is negatively biased with respect to the outer 
wire mesh electrode 602 of the coil 101. 

0068. It should be appreciated that the surface area of the 
wire electrode 303 is significantly smaller than that of the 
outer wire mesh electrode 602 in order to allow for the correct 
operation of an electrostatic device between said electrodes 
303 and 602. As is known to those skilled in the art, the 
negatively biased wire electrode 303 should be pointed i.e., it 
should have a small area to enhance the electric field around 
it and promote the emission of electrons. On the other side, for 
the coil 101, the function is to collect the charged particles 
(not electron emission), therefore the Surface area does not 
have to be small as that of the wire electrode 303, where an 
enhanced electric field is not needed. 

0069. Furthermore, the distance between the wire elec 
trode 303 and the outer wire mesh electrode 613 is chosen to 
allow for the correct operation of an electrostatic device 
between said electrodes. The distance should be optimized 
for a given high Voltage bias applied between said electrodes. 
If these are too close, there will be arcing between them that 
releases too many electrons, causing damage to the electrodes 
and generating too many anti-pathogenic agents. On the other 
hand if they are too distant from each other, the electric field 
on the wire electrode may not be high enough resulting in low 
electron emission and poor particle charging performance. 
0070 Airborne particles in the airflow 901, carrying pol 
lutants and pathogens, are electrostatically charged by the 
wire electrode 303. Specifically, airborne particles collect 
electrons emitted by the wire electrode 303 which is nega 
tively biased with respect to the outer wire mesh electrode 
602. The charged airborne particles are then attracted to and 
collected by the outer wire mesh electrode 602, effectively 
removing them from the air flow 901. The flow of airborne 
particles and contaminants in the air flow 901 towards the 
outer wire meshassembly 602 is shown by arrows 902 in FIG. 
10. 

0071. The generation of plasma by the coil 101 creates an 
inactivation Zone around the coil 101. An inactivation Zone is 
a Zone in which plasma is released and is effective to inacti 
vate airborne pollutant material including pathogens, col 
lected on the electrode 602 and entrained in the air flow 901. 
Such airborne pollutant material (airborne pollutants), which 
can be health threatening, may be subdivided into three 
groups: (a) airborne pathogens comprising any organism that 
causes disease that spreads throughout the environment via 
the air; (b) airborne allergens comprising any Substance that, 
when ingested, inhaled, or touched, causes an allergic reac 
tion and, (c) airborne Volatile organic compounds (VOC) 
comprising any product that is designed to be sprayed at high 
pressure in the form of tiny particles that remain Suspended in 
the air. The plasma generated by the coil 101 is effective to 
inactivate any of the airborne pollutant materials as defined in 
Subdivisions (a) to (c). 
0072. It can also be seen from FIG. 10 that the insulating 
stands 204 acting as Support holders raise or elevate the cylin 
drical coil 101 above any surface to which the coil assembly 
201 may be attached. Such a raised configuration of the coil 
101 allows air circulation above and below the coil 101 as 
shown by the air flow 901. Specifically, by having the elec 
trode assembly raised, an inactivation Zone extends circum 
ferentially around the cylindrical coil; and air can pass both 
above and below the cylindrical coil 101 while being sub 
jected to the same level of plasma. The airflows in a direction 
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that is perpendicular to the orientation of the coil 101 ensuring 
air exposure to said coil is maximized. 
0073 FIG. 11 details the main steps in the operation of the 
plasma coil electrostatic precipitator assembly 100 of the 
present invention. An impeller, such as a fan, forces air flow 
throughan air treatment device or ducting housing the plasma 
coil electrostatic precipitator assembly 100 (step 901). The air 
flow generated forces air and airborne particles and contami 
nants through the electrostatic electrode wire assembly 301 
(step 902). The airborne particles and contaminants are 
brought to the vicinity of the wire electrode 303 which emits 
electrons and charges said particles and contaminants with a 
negative charge (step 903). The air flow forces the charged 
particles and contaminants towards the vicinity of the coil 101 
(step 904). The outer electrode 602 of the coil 101 has a 
positive charge and therefore the negatively charged airborne 
particles and contaminants are attracted and collected by the 
outer wire mesh electrode 602 (step 905). Finally, pathogens 
present in the collected airborne particles and contaminants 
are exposed to the plasma discharge for extended periods of 
time resulting in continuous degradation ensuring total inac 
tivation (step 906). In addition, any particles or pathogens 
which remain airborne i.e., not collected by the coil 101 but 
which are in the aforementioned inactivation Zone are inacti 
vated by the plasma discharge from the coil 101. 
0074. It should be appreciated that while the plasma con 
centration in the aforementioned inactivating Zone, created 
by the coil assembly 201, is sufficient to effectively inactivate 
airborne pollutant material entrained in the airflow as well as 
in the collected particles it is desirable to maintain the con 
centration of plasma Sufficiently low so that the concentration 
any anti-pathogenic agents created by the plasma discharge in 
the inactivating Zone is at a physiologically acceptable level 
in the cleaned air expelled by the air treatment apparatus. The 
electrostatic precipitation feature of the present teaching is 
designed to attract airborne particles and contaminants into 
the inactivation Zone created by the plasma discharge Zone 
about the plasma generator, and allows for a reduction in the 
output of anti-pathogenic by-products from an air treatment 
device having the plasma coil electrostatic precipitator 
assembly 100 therein. This reduction is achieved by safely 
reducing the Supply of power that Sustains the plasma dis 
charge at the coil 101 while retaining a high inactivation 
efficacy. It is to be understood that attracting the airborne 
particles and contaminants into the inactivation Zone created 
by the plasma discharge Zone about the plasma generator 
inactivates all the airborne particles and contaminants while 
resulting in some, but not, necessarily or desirably, all of those 
airborne particles and contaminants precipitating and collect 
ing on the coil 101. 
0075. The plasma coil electrostatic precipitator assembly 
100 of the present invention may also be employed within a 
ducting system or conduit. In Such a configuration, air is 
directed or forced around the plasma discharge from the coil 
101 through a ducting system. The ducting system is designed 
to ensure that all airflow about the plasma discharge is within 
1 centimeter of the discharge. It is appreciated said ducting 
improves the particle and contaminant collection by the outer 
wire mesh electrode 602. Furthermore, said ducting may 
comprise electrostatically charged electrodes on its internal 
Surface, negatively charged, to repel negatively charge air 
borne particles and contaminants to improve collection by the 
outer wire mesh electrode 602. Specifically, particles that are 
negatively charged by the electrode assembly 301 are repelled 
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by the (negatively charged) internal Surfaces of the ducting 
and attracted to the positively charged mesh electrode 602. 
0076 FIG. 12 shows another embodiment of the plasma 
coil electrostatic precipitator assembly of the present inven 
tion. In the configuration of FIG. 12, the plasma coil electro 
static precipitator assembly 1000 uses the same coil assembly 
201 as the previous embodiment. However the electrode 
assembly 1001 is different. In particular, the vertical wire 
electrode 303 of the previous embodiment is replaced by a 
concentric wire electrode 1002 held in place by an insulating 
support 1003. 
0077. As in the previous embodiment, the concentric wire 
electrode 1002 is negatively charged with respect to the outer 
wire mesh electrode 602 and air flow is forced through the 
concentric wire electrode 1002. Particles in the air are nega 
tively charged by the wire electrode 1002 and attracted to the 
positively charged mesh electrode 602. The particles subse 
quently collect on the mesh electrode 602 and are exposed to 
plasma generated by the coil assembly 201. 
0078. It will be appreciated that the advantage of the con 
figuration of the electrode assembly 1001 is that by having the 
wire electrode 1002 concentric to the outer wire mesh elec 
trode 601, the distance between both electrodes is constant 
resulting in optimized performance of the plasma coil elec 
trostatic precipitator assembly. 
0079 FIG. 13 shows a preferred embodiment of the 
plasma coil electrostatic precipitator assembly of the present 
invention. In this embodiment, the vertical wire electrode 303 
is replaced by a linear needle electrode 1101 which is held in 
place by an insulating support 1102. It can be seen from FIG. 
13 that the insulating stands 814 function to raise or elevate 
the cylindrical coil 801 above any surface to which the coil 
assembly 801 may be attached. Such a raised configuration of 
the coil 801 allows air to flow above and below the coil 801 in 
the same way as shown in FIG. 10. Specifically, by having the 
electrode assembly comprising the inner electrode 820 and 
the outer electrode 822 raised, an inactivation Zone extends 
completely around the cylindrical coil 801 and air can pass 
both above and below the cylindrical coil 801 while being 
subjected to the same level of plasma. The air flows in a 
direction that is perpendicular to the orientation of the coil 
801, thus ensuring that charged airborne pollutant material in 
that airflow after the air has passed the linear needle electrode 
array 1101, is attracted into the inactivation Zone. The inac 
tivation Zone extends outwardly from the plasma generator by 
approximately 1 cm to 2 cm; in the embodiment shown in 
which the plasma generator comprises a cylindrical coil 
assembly, the inactivation Zone extends outwardly from the 
cylindrical coil by approximately 1 cm to 2cm, circumferen 
tially about the cylindrical coil. 
0080. The linear needle electrode array 1101 comprises a 
plurality of needle electrodes 1105 having a sharp tip 1106. 
The linear needle electrode array1101 may be considered as 
a single linear array of needle electrodes and although only 
one line of electrodes is shown in FIG. 11, in an alternative 
embodiment, a plurality of rows of needle electrodes 1105 
may be provided, for instance in parallel to each other, on the 
needle electrode. For instance, a plurality of parallel linear 
needle electrode arrays may be provided on the electrode. 
Other arrangements of needle electrode arrays may also be 
provided. 
0081. As shown in FIGS. 14 and 15, the electrode 1101 is 
located at a pre-determined distance from the electrostatic 
precipitator 801 (or the electrostatic precipitator 101). The 
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pre-determined distance is measured as the distance from the 
electrode, be it a wire electrode or tip of a needle electrode or 
other form of electrode: to the closest point on the outer 
surface of the outer mesh electrode 602. For instance, as 
shown in FIG. 14, the distance from each needle tip 1106 of 
each needle electrode 1105 to the outer surface of the outer 
mesh electrode 822 is indicated by the lettera. This predeter 
mined distance 'a' is configured to prevent arcing between 
the needle electrode 1101 and the electrostatic precipitator 
801 (or 101) while at the same time, allowing cooperation 
between the needle electrode electrostatic precipitator and the 
plasma generator Such that the charged airborne particles, 
charged by the needle electrode electrostatic precipitator are 
attracted into the inactivation Zone about the plasma genera 
tor. This predetermined distance is in the range of from 0.5 cm 
to 2 cm; and preferably the distance is approximately lcm. 
I0082. As in the previously described embodiments, high 
DC voltage bias is applied between the needles 1105 of the 
needle electrode array1101 and the outer wire mesh electrode 
822 of the coil assembly 801. The aforementioned high volt 
age power Supply 501 in conjunction with a transformer(s) 
may be used to apply the Voltage. The polarity of the Voltage 
applied is such that the needle electrode array 1101 is nega 
tively biased with respect to the outer wire mesh electrode 
822 of the plasma generating coil assembly 801. The voltage 
is set to ensure that the negatively charged airborne particles 
in the air flow from the needle electrode array 1101 are 
attracted towards the outer wiremesh electrode 822 of the coil 
assembly 801. The voltage is set at a level so as to attract the 
charged airborne particles including charged airborne pollut 
ant materials comprising pathogens into the inactivation Zone 
so that the airborne pollutant materials are rendered inactive 
and harmless. The inactivation Zone extends outwardly from 
the cylindrical coil by approximately 1 cm to 2cm circumfer 
entially around the cylindrical coil. The voltage between the 
needle electrode array1101 and the outer wire mesh electrode 
822 of the coil assembly 801 is in the range of between of 
between 1,000 and 10,000 volts; preferably in the range of 
between 2,000 and 9,000; more preferably in the range of 
between 3,000 and 8,000 volts; most preferably in the range 
of between 4,000 and 7,000 volts; and ideally, at about 5,000 
volts. 

I0083. Thus the needle electrode array 1101 is negatively 
charged with respect to the outer wire mesh electrode 602. Air 
flow is forced past the needle electrode 1101 and towards the 
electrostatic precipitator 801. It will be appreciated that the 
advantage of the needle electrode array1101 is that the sharp 
tips 1106 of the needle electrodes 1105 result in higher elec 
tron emission by the needle electrodes 1105 of the needle 
electrode array1101 resulting in optimized electrostatic pre 
cipitation performance. Said advantage may be also used to 
reduce the DC high voltage difference between the electro 
static precipitator electrode 1101 and the coil 101 which 
contributes to lower emission of anti-pathogenic by products 
by the plasma discharge while maintaining inactivation effi 
cacy. 

I0084. It will be appreciated that the present teachings pro 
vide an air treatment device to attract airborne pathogens to 
the vicinity of the plasma discharge and to keep them exposed 
to the plasma discharge and the anti-pathogenic by-products 
generated by the device for as long as possible. Furthermore, 
device captures said airborne pathogens on the Surface of an 
electrode assembly on to which said plasma discharge is 
generated to optimize inactivation efficacy. 
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0085. It will also be understood that the above description 
of a plasma coil electrostatic precipitator assembly with ref 
erence to separate embodiments is not intended to convey the 
limitation that features or components that are described with 
reference to one embodiment cannot be used or interchanged 
for those described with reference to a second embodiment. 
The words comprises/comprising when used in this specifi 
cation are to specify the presence of stated features, integers, 
steps or components but does not preclude the presence or 
addition of one or more other features, integers, steps, com 
ponents or groups thereof. 

I claim: 
1. An air treatment device comprising a plasma generator 

electrostatic precipitator assembly comprising: 
an electrostatic precipitator configured to charge airborne 

particles in the vicinity of the electrostatic precipitator to 
provide charged airborne particles; and 

a plasma generator positioned in proximity to the electro 
static precipitator and configured for cooperation with 
the electrostatic precipitator, the plasma generator con 
figured to discharge plasma and provide an inactivation 
Zone in the region of the plasma generator operable to 
inactivate airborne particles; and wherein the air treat 
ment device comprises means for directing the charged 
airborne particles generated by the electrostatic precipi 
tator into the inactivation Zone such that the air treatment 
device is adapted to generate charged airborne particles 
and to direct the charged airborne particles into the inac 
tivation Zone so as to expose the charged airborne par 
ticles to plasma in the inactivation Zone. 

2. The air treatment device of claim 1 wherein each of the 
plasma generator and the electrostatic precipitator includes 
charge components. 

3. The air treatment device of claim 1 wherein the charge 
components of the plasma generator are shared with the elec 
trostatic precipitator. 

4. The air treatment device of claim 1 wherein the plasma 
generator includes a coil assembly; 

and optionally, at least a portion of the coil assembly forms 
part of the electrostatic precipitator. 

5. The air treatment device of claim 1 wherein the electro 
static precipitator comprises an electrode held by an insulat 
ing Support. 

6. The air treatment device of claim 5 wherein the electrode 
comprises a wire electrode; 

preferably including a single wire looped and oriented in 
the vertical direction. 

7. The air treatment device of claim 6 wherein the wire is 
looped between opposite sides of the insulating Support. 

8. The air treatment device of claim 5 wherein the insulat 
ing Support comprises an opening configured to allow air to 
flow therethrough and the wire of the wire electrode forms a 
grid over the opening. 

9. The air treatment device of claim 6 wherein the wire of 
the wire electrode includes an electrical contact attached to 
each end of the wire. 

10. The air treatment device of claim 9 wherein the elec 
trical contact is configured for connection with a power 
source for supply of power to the wire electrode. 

11. The air treatment device of claim 5 wherein the elec 
trostatic wire electrode is anarcuate electrode, the coil assem 
bly is a cylindrical electrode, and the arcuate electrode and the 
cylindrical coil assembly are concentric to each other. 
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12. The air treatment device of claim 5 wherein the elec 
trostatic wire electrode comprises a linear array of needle 
electrodes 

13. The air treatment device of claim 4 wherein the coil 
assembly comprises a cylindrical coil having a cylindrical 
inner mesh, a cylindrical outer mesh, and a cylindrical dielec 
tric separating the inner and outer meshes. 

14. The air treatment device of claim 4 wherein the coil 
assembly includes an insulating stand at each of the first and 
second end of the cylindrical coil configured for mounting the 
cylindrical coil in an elevated position. 

15. The air treatment device of claim 14 wherein the coil 
assembly is removably engageable with each insulating 
stand. 

16. The air treatment device of claim 13 wherein a supply 
of Voltage to the inner and outer meshes generates plasma 
which is discharged from the outer mesh. 

17. The air treatment device of claim 14 further comprising 
electrical contacts on the insulated Stands for applying power 
to the inner and outer meshes. 

18. The air treatment device of claim 13 further comprising 
insulator caps at each end of the cylindrical coil. 

19. The air treatment device of claim 14 wherein the insu 
lating stand functions as a Support platform to elevate the coil 
assembly above any surface on which the coil assembly is 
located wherein such a raised position of the cylindrical coil 
allows air circulation above and below the cylindrical coil 
whereby, by having the electrode assembly raised, the inac 
tivation Zone extends circumferentially around the cylindrical 
coil and air can pass both above and below the coil assembly 
while being subjected to a uniform level of plasma. 

20. The air treatment device of claim 4 wherein the airflow 
is in a direction that is perpendicular to the orientation of the 
coil assembly, ensuring air exposure to the cylindrical coil is 
maximized. 

21. The air treatment device of claim 13 wherein the cylin 
drical coil comprises electrical contacts provided on the inner 
and outer meshes of the coil assembly and the electrical 
contacts comprise a first limb which is in the plane of the inner 
and outer meshes and having a second limb which is perpen 
dicular to the plane of the inner and outer meshes. 

22. The air treatment device of claim 21 wherein the elec 
trical contacts are generally in the form of an L-shaped elec 
trical contact. 

23. The air treatment device of claim 14 wherein the or 
eachinsulating standis provided with a slot adapted to receive 
the second limb of the electrical contacts whereby in use, 
when the second limb of the electrical contacts is inserted into 
the slot in the or each insulating stand, the electrical contact is 
configured for connection to a power source so as to Supply 
power to the inner and outer meshes when the coil assembly 
is located in the insulating stands. 

24. The air treatment device of claim 4 wherein the plasma 
generator is configured to operate at a power density less than 
1 W/cm to operably generate a plasma discharge circumfer 
entially about a longitudinal axis of the coil assembly. 

25. The air treatment device of claim 24 wherein the coil 
assembly is operated at a power density in the range from 0.1 
to 0.5 W/cm. 

26. The air treatment device of claim 1 wherein the means 
for directing the charged airborne particles generated by the 
electrostatic precipitator into the inactivation Zone comprises 
a Voltage applied between the electrostatic precipitator and 
the plasma generator Such that the air treatment device is 
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adapted to generate charged airborne particles and at the same 
time, to direct the generated charged particles, by attracting 
said charged airborne particles towards the plasma generator, 
into the inactivation Zone so as to expose the charged airborne 
particles to plasma in the inactivation Zone. 

27. The air treatment device as claimed in claim 1 wherein 
the Voltage applied between the electrostatic precipitator and 
the plasma generator is in the range of between 1,000 and 
10,000 volts; preferably in the range of between 2,000 and 
9,000; more preferably in the range of between 3,000 and 
8,000 volts; most preferably in the range of between 4,000 
and 7,000 volts; and ideally, is at a voltage of about 5,000 
volts. 

28. The air treatment device as claimed in claim 1 wherein 
the means for directing the charged airborne particles gener 
ated by the electrostatic precipitator into the inactivation Zone 
comprises a baffle for directing the air flow towards the 
plasma generator. 

29. The air treatment device as claimed in claim 1 wherein 
the plasma generator is positioned in proximity to but at a 
pre-determined distance from the electrostatic precipitator 
Such that arcing is avoided while at the same time, allowing 
cooperation between the plasma generator and the electro 
static precipitator. 

30. The air treatment device as claimed inclaim 29 wherein 
the pre-determined distance between the electrostatic precipi 
tator and the plasma generator is a distance in the range of 
from 0.5 cm to 2 cm. 

31. The air treatment device as claimed inclaim30 wherein 
the pre-determined distance is about lcm. 

32. A conduit comprising the air treatment device as 
claimed in claim 1. 

33. The conduit of claim 32 comprising electrostatically 
charged electrodes on its internal Surface which operably 
repel the charged airborne particles. 

34. An air treatment device comprising: 
anarcuate electrostatic wire electrode configured to charge 

airborne particles in the vicinity of the electrode; and 
a cylindrical coil assembly positioned adjacent to the arcu 

ate wire electrode, the coil assembly configured to 
attract the charged airborne particles thereto and to dis 
charge plasma; 

wherein the arcuate electrode and the cylindrical coil 
assembly are concentric to each other. 

35. An air treatment device comprising: 
a linear array of needle electrodes configured to charge 

airborne particles in the vicinity of the electrode; and 
a coil assembly positioned adjacent to the array of linear 

electrodes, the coil assembly configured to attract the 
charged airborne particles thereto and to discharge 
plasma. 

36. An air treatment device as claimed in claim35 wherein 
the voltage between the needle electrode array and the coil 
assembly is in the range of between 1,000 and 10,000 volts: 
preferably in the range of between 2,000 and 9,000; more 
preferably in the range of between 3,000 and 8,000 volts: 
most preferably in the range of between 4,000 and 7,000 
volts; and ideally, is at a voltage of about 5,000 volts. 

37. The air treatment device as claimed inclaim35 wherein 
the coil assembly is positioned in proximity to but at a pre 
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determined distance from the linear array of needle electrodes 
Such that arcing is avoided while at the same time, enabling 
cooperation between the coil assembly and the needle elec 
trodes so as to charge the airborne particles in the vicinity of 
the electrode and at the same time, attract the charged air 
borne particles towards the coil assembly. 

38. The air treatment device as claimed inclaim37 wherein 
the pre-determined distance between the electrostatic precipi 
tator and the plasma generator is a distance in the range of 
from 0.5 cm to 2 cm. 

39. The air treatment device as claimed inclaim38 wherein 
the pre-determined distance is about 1 cm. 

40. An air treatment device comprising a plasma generator 
comprising an insulating stand adapted for engaging with the 
plasma generator wherein the insulating stand functions as a 
Support platform to elevate the plasma generator above any 
Surface on which the plasma generator is located wherein 
Such a raised position of the plasma generator allows air 
circulation above and below the plasma generator whereby, 
by having the plasma generator raised, an inactivation Zone 
extends around the plasma generator and air can pass both 
above and below the plasma generator while being Subjected 
to a uniform level of plasma. 

41. The air treatment device of claim 40 wherein the air 
flows in a direction that is perpendicular to the orientation of 
the plasma generator ensuring air exposure to the plasma 
generator is maximized. 

42. The air treatment device of claim 40 wherein the 
plasma generator comprises a coil assembly comprising an 
inner mesh electrode and an outer mesh electrode and com 
prising electrical contacts provided on the inner mesh and 
outer mesh of the coil assembly. 

43. The air treatment device of claim 42 wherein the elec 
trical contacts comprise a first limb which co-planar with the 
inner and outer meshes and having a second limb which is 
perpendicular to the plane of the inner and outer meshes. 

44. The air treatment device of claim 42 wherein the elec 
trical contacts are generally in the form of an L-shaped elec 
trical contact. 

45. The air treatment device of claim 40 wherein the or 
eachinsulating standis provided with a slot adapted to receive 
the second limb of the electrical contacts whereby in use, 
when the second limb of the electrical contacts is inserted into 
the slot in the or each insulating stand, the electrical contact is 
configured for connection to a power source so as to Supply 
power to the inner and outer meshes when the coil assembly 
is located in the insulating stands. 

46. The air treatment device of claim 40 wherein the insu 
lating stand comprises a Support ledge against which the coil 
assembly abuts when the coil assembly is engaged with the 
insulating stand. 

47. The air treatment device of claim 46 wherein the Sup 
port ledge comprises the slot through which the second limb 
of the electrical can be inserted. 

48. The air treatment device of claim 40 wherein the insu 
lating stand is adapted for removably engaging with the 
plasma generator. 


