
Title: METHOD AND APPARATUS FOR IMPROVING THE AIR QUALITY WITHIN A BUILDING
OR ENCLOSED  SPACE (57) Abstract: The present invention  provides a method
and apparatus  for improving air quality within  an enclosed space. The
apparatus  provides molecular sieve that  preferably contains zeolite to
treat  the air to remove toxins such as  suspended particles, carbon
dioxide,  carbon monoxide, nitrogen dioxide,  



bacteria, formaldehyde, total volatile  organic compounds, radon and
organic odour causing compounds.  An apparatus having plurality to
molecular sieves able to operate  sequentially is disclosed and can he
incorporated into air-conditioning for  fitment in new or existing
installations  or stand independently. 2 June 2006 WO 02/12796 METHOD AND
APPARATUS FOR IMPROVING THE AIR  QUALITY WITHIN A BUILDING OR ENCLOSED
SPACE FIELD OF THE INVENTION This invention relates to a method and
apparatus for improving the air quality within  a building or enclosed
space and, in particular, a multi-room building with an air circulation
system. However, the invention may also apply to a single room of a
building or to a vehicle  such as an aeroplane, train, bus or car, for
example. 10 BACKGROUND TO THE INVENTION In most urban environments, there
is a decreasing quality of air available in  the general atmosphere. This
reduction in air quality is repeated within buildings and,  in some
instances, can even be worse. Smoking within an enclosed building is
harmful not only in respect of passive smoking but also due to the
reduction in oxygen  



15 content and general impurities provided into the air aside from nicotine
or tar. The decrease in air quality is not only due to a decrease in oxygen
content but  also a corresponding increase in a number of potentially
harmful constituents or  pollutants. These include an increase in suspended
particles, carbon dioxide; carbon 20 monoxide, nitrogen dioxide, bacteria,
formaldehyde, total volatile organic compounds  (TVOCs), radon and organic
odour causing compounds. Health problems associated with long term exposure
to poor air quality are  well documented. In addition, poor air quality can
have an immediate effect on 25 productivity of a workforce by leading to
lethargy. This can set in very quickly upon WO 02/12796 PCT/IB01/01399
Traditional forms of manipulating the atmosphere within a building utilize
air  conditioning for temperature control. Although the air conditioning
units may be  provided with some filtration, these filters are generally an
after-thought merely to  preclude coarse particles from going through the
air conditioning system. Regardless,  these filters are generally static
filters in each of the air inlets or outlets throughout the  building and
quickly become clogged with particulate matter. This requires regular
maintenance to clean and replace the filters. Failure to do so can quickly
turn the  filters into a breeding ground for harmful organisms rather than
any attempt to  improve air quality. 10 In general, air conditioning units
tend to circulate the problems throughout the  building rather than
actually remove them. Such consequences lead to sick building  syndrome or
building related illnesses that get steadily worse over time. 



15 It is already known to partially improve the air quality through
increasing the  oxygen percentage within the atmosphere. Such techniques
are already employed in  some buildings such as casinos to provide some
refreshment to patrons and encourage  them to stay longer than intended.
However, such systems generally supplement the  air stream with additional
oxygen and exhaust air from the building to the outside. 20 They do not
endeavour to treat the air within the building or address specific problems
of impurities. Other apparatus seeks to improve air quality only in a
controlled and highly localized environment through such apparatus as
oxygen ventilators. Such ventilators  25 are provided with face masks or
similar to improve the air quality to a single user. WO 02/12796
PCT/IB01/01399  However, such ventilators are not generally suitable or
adapted for use in a larger  environment. Although there are some methods
of providing artificial room environments,  5 the production and control of
physiological room environments has only been partly solved. To produce a
room environment in closed spaces that is biologically and  physiologically
bearable to a certain extent requires large technical expenditure and  only
succeeds because the complexity of the atmosphere is "reduced" to a few
parameters that can be technically implemented. On top of that come
parameters that 10 arise additionally in the rooms. These are essentially
emissions of gases from  technical equipment and electrical and
electromagnetic fields that are not calculable  but which can best be
summarized under the term "electrosmog" and whose mode of  action on the
human organism we are only just beginning to realize. The parameters  



than can be regulated through most air conditioning systems are humidity
15 temperature, dust content and air speed. Other parameters can be
regulated by air conditioning systems only with great  difficulty or even
not, at all. These may include the composition of the air (mostly
dependent on the point of intake) and the regional atmosphere (especially
in big  20 cities). Hygiene represents a large problem with air.
conditioners. Because of the optimal conditions within the piping system
(damp and warm air, filter), an optimal environment for fungigi and
bacteria is provided here. Settlements of Legionella 25 pneumophilia are
known to be a trigger of legionnaire's disease, a severe 2 June 2006  WO
02/12796 PCT/IBOl/01399 10 inflammation of the lungs with a high fatality
among the elderly and those with a  weakened immune system. What causes
more problems are settlements of fund from  the group aspergillus,
penicillium and stachobotrys. Fungal spores breathed in lead to  the
manifestation of allergic alveolitis (or air conditioner lung as it is also
called, an  occupational disease among air conditioning engineers), to
changes in domestic  households in the immunoglobulines 1gE and 1gM or, in
people with weakened  immune systems, also to a severe inflammation of the,
lungs. Regular replacement of  filters and cleaning of the pipe
installations can stem this problem but never eliminate it. A further
problem with air conditioners is the problem of the preparation of  



the air taken in, to the effect that harmful chemicals from the air (e.g.
aldehyde) are  caught and enriched in the filters and thus fed into the
ventilation system in clearly  higher concentrations. Thus in 1993 Rumel et
al. of the University of Sao Paolo 15 (Department of Epidemiology) were
able to prove a statistically significant  connection between myocardial
infarcts, the carbon monoxide load and a higher  ambient temperature, a
connection that may well also be of importance for artificial  room
environments in conurbations with high carbon monoxide loads. 20 The
biggest problem with air conditioned rooms, however, is unambiguously the
monotony of the artificial room environment and the addition of non
physiological 25 substances, but also the addition of physiological
emissions of the people working  there. It is known that a person gives out
approximately 2,000 chemically defined substances through the skin. The
evaporation through the skin amounts during normal  physical activity and
room temperature to approximately 1-1.5 litres a day. These 2 June 2006 WO
02/12796 PCT/IB01/01399  substances have to be continually removed through
an efficient exhaust system.  Unfortunately there have been no studies on
this theme. It is to be assumed, however,  that in open-plan offices, for
example, enormously high concentrations of these  emissions are present.
These substances are detected by certain receptors in the nose 5 and
processed unconsciously. As substances such as oestrogen, testosterone and
so- called pheromones are among these, it can easily be imagined that
patterns of  behaviour such as aggression, "territoriality", sexual
advertising are concealed in an  



uncontrolled way or break out openly. The mood in an office can also be
very  significantly defined by this, without anyone in the room being aware
of it. But then, 10 in turn, the conscious abilities suffer from this such
as discipline, concentration,  creativity, decision-making power. The task
of an air conditioner should therefore be  to record this spectrum and also
to create "cleaner air". Under stress, clearly higher "stress substances"
are given out than in a relaxed 15 atmosphere. A further task of air
conditioners should be to take care that no charging of the  air with or
pathogens takes place, which can only be solved indirectly if the air is
not  to be sterile. 20 The factors described above and their effects are
today incorporated under a  specialist medical term, "sick building
syndrome" (SBS). This term brings together  disruptions in the
psychosomatic, physical area into a complex clinical picture that  only
appears during work in an artificial room environment and fades away when
that 25 same environment is left. It is to be taken into consideration that
upon chronic 2 June 2006 PCT/IB01/01399 exposure it is absolutely possible
for injuries to affect the body which then become  independent after the
artificial room environment is left and which can lead to chronic  illness,
and even to lasting invalidity. Thus it also becomes very clear that for
medical, socio-medical and economic reasons, preventive measures to avoid
SBS are  urgently called for and that existing solutions are not
sufficient. 



OBJECT OF THE INVENTION It is an object of the present invention to provide
a method and apparatus for  improving the air quality within a building
that overcomes some of the disadvantages  10 of the prior art by increasing
usable oxygen levels to humans and decreasing percentage of harmful
constituents and pollutants throughout a room or, through the air
circulation system, an entire building or other enclosed space such as a
vehicle. It  is at least an object of the present invention to provide the
public with a useful choice. 15 steps of. SUMMARY OF THE INVENTION
Accordingly, in the first aspect, the invention may broadly be said to
consist in  a method of improving the air quality within an enclosed space
comprising the drawing air from within said enclosed space; passing said
drawn air through at least a first filter to remove at least some
particulates; directing filtered air to and retaining within at least a
first molecular sieve containing nitrogen and/or carbon dioxide and/or
carbon 2 June 2006 WO 02/12796 - allowing air of greater oxygen content to
be drawn from said molecular  sieve and directed to an outlet within said
enclosed space; and flushing said molecular sieve to remove at least some
nitrogen and  other gases from said molecular sieve while containing or
caging 



carbon from carbon containing gases; characterized in that at least a
portion of nitrogen and other gases resulting from the removal of carbon
are flushed from said molecular sieve and returned and combined with said
air of  higher usable oxygen content. Preferably said method includes the
provision of at least two molecular sieves  operating in the alternative
such that at least one sieve is operating while a first sieve  is flushed:
15 Preferably said method includes the use of three molecular sieves such
that  one is being filled, a further is retaining drawn air for a period of
time and a third is  being flushed. 20, Preferably said method, includes
drawing said air' from an air circulation  system within a building and
returning said air of higher usable oxygen content and  reduced pollutants
to said circulation system Alternatively said method includes the provision
of a free standing unit within a room of a building with an air inlet, an
outlet for higher usable oxygen containing: 2 June 2006 WO 02/12796 air and
reduced pollutants and said exhaust are all provided on said unit within
said  room. Preferably this method involves reducing pollutants or harmful
constituents  including suspended particles, carbon dioxide, carbon
monoxide, nitrogen dioxide,  bacteria, formaldehyde, total volatile organic
compounds, radon and organic odour 



causing compounds. Accordingly, in a second aspect, the invention may
broadly be said to consist  10 in an apparatus for improving the air
quality within an enclosed space comprising: an air inlet to draw air from
within said enclosed space;  at least a first filter to remove at least
some particulates; at least a first molecular sieve containing nitrogen
and/or carbon  dioxide and/or carbon monoxide absorbing material to receive
said  15 filtered air and retain in contact with said nitrogen and/or
carbon  dioxide and/or carbon monoxide absorbing material; an outlet from
said molecular sieve. for air having a higher usable  oxygen content and
reduced pollutants to be drawn and returned to the  enclosed space;
characterised in that the apparatus further comprises means to flush said
molecular sieve combined with outlet. exhausts into the enclosed space.
Preferably said apparatus comprises a.free standing unit having an air
inlet, an  outlet for higher usable oxygen containing air and an exhaust
all within a. room 2 June 2006  PCT/IBO1/01399 Alternatively said apparatus
comprises a unit connected or connectable to an  air circulation system
within a building or enclosed space to treat air throughout said  building
or enclosed space. Preferably said molecular sieves are operated under a
pressure greater than  atmospheric. 



Preferably said apparatus includes at least three molecular sieves such
that one  molecular sieve may draw air in while a further molecular sieve
is retaining a 10 previously drawn quantity of air and a third molecular
sieve is being flushed having  completed its cycle of operation. Preferably
said apparatus reduces pollutants including suspended particles,  carbon
dioxide, carbon monoxide, nitrogen dioxide, bacteria, formaldehyde, total
15 volatile organic compounds, radon and organic odour causing compounds.
Further aspects of this invention may become apparent to those skilled in
the  art upon reading the following description. Preferred embodiments of
the invention will now be described with reference BRIEF DESCRIPTION OF THE
DRAWINGS .to the following drawings in which: Fig. 1 shows a schematic
diagram of an apparatus forming part of a preferred embodiment of the
invention; 10 2 June 2006  PCT/IBOI/01399 Fig. 2 provides graphical results
following test operation of a preferred  embodiment of the apparatus
showing total suspended particles, carbon  dioxide and carbon monoxide
against time; Fig. 3 shows graphical results of the levels of nitrogen
dioxide in the  same test as in Fig. 2; Fig. 4 shows a further graphical
representation of results of a further  



test showing the results for carbon dioxide and carbon monoxide; Fig. 5
shows a graphical results of the tests detailed in Fig. 4 in terms  of
suspended particulates and nitrogen dioxide; and Fig. 6 shows a schematic
diagram of one possible positioning of an  apparatus in air circulation
system of a building. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS The
invention relates to a method and apparatus for improving the air quality
15 within a building or other enclosed space including transport vehicles
such as planes,  trains, etc. Referring to the drawings, a fast embodiment
of an apparatus to improve  air quality is shown. This diagram shows a
portion of the apparatus that may be incorporated to act within an air
circulation system in a building or provided as a  freestanding unit in a
single room or any other controlled environment. It should be appreciated
that the apparatus 1 in Fig. 1 provides a number of  separable components
and these components can be provided as a single communication with each
other as desired. Furthermore, the apparatus 1 may be comprehensive
apparatus within a single housing or separately provided in 2 June 2006  WO
02/12796 PCTIIBOI/01399  included within a larger installation in a
building air circulation system other than a  separate apparatus fitted to
the circulation system. In the endeavour to provide better treatment or
conversion of the air within an  5 enclosed space, the present invention
looks towards the use of zeolites as attenuators  for the air. 



The requirement upon the filtration or treatment system should be that it
can  absorb harmful chemicals such as carbon dioxide, carbon monoxide,
ozone, sulphur  dioxide, nitro gases, ammonia, hydrocarbons, human
emissions such as pheromones, 10 emissions from electronics dust particles,
bacteria or fungal spores, formaldehyde and  radon. Aside from this, the
environment within the enclosed space can be altered to  affect humidity,
temperature to optimize the circulation. crystal lattice being a regular
system of channels with defined pore sizes. Generally  embedded in the
hollows of the lattice are relatively free-moving alkalis and alkali  earth
ions such as sodium, potassium, magnesium and calcium which can be Zeolites
are minerals with a relatively high porosity and where the pores are  15
channels at a molecular and atomic level. They are alkali aluminium
silicates with the common formula M(yj")[AIO2)X(SiO2)y] * z FI20. The
zeolites form a 3-dimensional 20 exchanged for other ions or charged
particles without a large expenditure of energy  and without destruction of
the crystal lattice. The result of this is that the zeolite is particularly
suitable as an ion exchanger,  catalytic converter and detoxification
agent. 2 June 2006 10 15 WO 02/12796 PCT/IBO1/01399  In employing zeolites
in the present invention, the zeolites may be used in 



molecular sieves. The relatively open structure of the zeolites creates
apertures of  molecular dimensions. A molecular sieve is so named due to
the observation that they may absorb  molecules that are smaller than the
aperture dimensions and so can be used to separate  molecules of different
sizes. Within the range of molecular sieves, those using  zeolites provide
both a cage structure or tunnel structure to trap molecules as well as
providing ion exchange. Careful selection of the zeolite for a particular
molecular sieve and use can  allow the tailoring of the molecular sieve to
target particular molecular sizes and,  hence, particular pollutants.
Although, it is noted that larger molecules may also be  trapped. Referring
to Fig. 1, the apparatus 1 may provide some initial filtration to  remove
particulate matter. This initial filtration performed by an initial filter
2 may  comprise a plurality of different graded filters for different
purposes. As. detailed in  this preferred embodiment, the initial
filtration 2 may comprise a dust filter 3 adjacent 20 an inlet 4 receiving
air from within the room or building. This may be followed by a fine filter
5 and/or a bacteria filter to further reduce particulate matter and a sound
absorber 6 that may include some further filtration. 2 June 2006  WO
02/12796 PCT/IBO1/01399 Overall, the filtration provided by a single or
series of filters forming the initial filtration 2 is intended to remove
coarse particulate matter, fine particulates and preferably bacteria
although does not seek to increase oxygen content. 



5 A compressor 7 is provided to assist in drawing air into the inlet 4 and
through  the initial filtration 2. Furthermore, the compressor seeks to
pressurize the air passing  through at least one molecular sieve 8
downstream of the compressor 7. It will be  readily appreciated that the
compressor may be replaced by alternative air circulating  devices and may
be redundant if incorporated within an existing or larger air  10
circulating system that already provides some pressurization of the passing
air. Following the initial filtration, the air is passed through at least
one molecular  sieve 8. The molecular sieve 8 will generally operate at
greater than atmospheric  pressure and contain nitrogen and/or carbon
dioxide and/or carbon monoxide 15 absorbing materials or materials that can
break the bonds of these compounds to  release oxygen. Typically, a
molecular sieve will be charged with a quantity of air that is then
retained in contact with the nitrogen and/or carbon dioxide and/or carbon
monoxide  20 absorbing or altering material. Air of greater oxygen content
having progressed through the molecular sieve may be drawn off through an
outlet 9 and eventually to an  outlet 10 for distribution throughout the
building or enclosed space. The molecular  sieve may then be reverse
flushed to release some of the nitrogen-enriched by products through an
outlet 11. As shown in this preferred example, a further sound  absorber 12
may be provided on the outlet to reduce noise and the materials are then  2
June 2006  



WO 02/12796 PCT/11001/01399 returned through a further outlet 13, again to
the building environment or exhausted  externally. Although it may appear
that the building is being recharged with the  impurities if exhausted into
the building, this does not prove to be the case. 5 The building is not
recharged with the impurities due to the particular function  of the
preferred use of zeolites in the molecular sieve. The zeolites can trap
impurities  in the cage light structures as well as breaking the bonds of
these compounds to  release oxygen and retain the carbon molecules. The
action of this air light is such as  to not only remove impurities but
change some of those impurities into increased  10 oxygen contact to be
returned to the enclosed space. In a preferred form, the apparatus includes
more than one molecular sieve.  Due to the cyclic nature of the processing
of a molecular sieve requiring charging,  retention and flushing, at least
two and preferably three molecular sieves 8, 14 and 15 15 are provided. The
provision of three such sieves allows one molecular sieve to be  charged
with incoming air while a further sieve is locked and a yet further sieve
flushed. As shown in this embodiment, each of the molecular sieves is
provided with  20 an inlet 16, 17, and 18 having an associated inlet valve
19, 20 and 21. Valves 22, 23 and 24 are also provided on the outlet for the
oxygen enriched air and valves 25, 26  and 27 on the further outlet for
rinsing or flushing of the molecular sieves. Control of these valves allows
independent operation of the molecular sieves such that the  molecular,
sieves may cycle out of phase with one and other and provide a
substantially continuous flow of air through the apparatus 1 as a whole. 



WO 02/12796 PCT/IBO1/01399 A pressure regulator 28 may be provided on the
outlet to regulate outlet  pressure as well as non-return valves 29 and 31
on either side of a bacterial filter 30.  The bacterial filter 30 is
already acting upon highly processed air and can be a very  fine filter to
remove final constituents. With regard to the molecular sieve, a variety of
materials may be utilized that  are capable of attracting nitrogen and/or
carbon dioxide and/or carbon monoxide  containing molecules while allowing
oxygen molecules to pass. In this preferred 10 form, each of the molecular
sieves is identical as they are operated alternately. The  molecular sieves
may contain constituents substantially as provided by the proprietary
product `OXYSIEVE 5' as manufactured in Europe. The proprietary product
mentioned in the previous paragraph is one particular  15 product
containing zeolites which, as a class of materials, is referred from
molecular sieves in this apparatus. Molecular sieves containing aluminium
silicate or, more  preferably, zeolites of specific molecular construction
can provide containment and/or molecular breakdown of selected elements
and/or compounds which will normally be  the pollutants in the enclosed
space. 20 A power supply 32 is also provided in the apparatus 1. The power
supply may  comprise an inlet for mains single phase or three-phase power
as desired with suitable  control and current and voltage manipulation to
run the compressor 7 and drive such  other apparatus as may be required
within the overall unit. 



WO 02/12796 PCT/IBOI/01399  Additionally, a control means 33 is provided to
control individual operations of the valves, running of the compressor and
monitor pressures, outputs, etc. In at  least one preferred form, the
invention may include some form of sensor on the outlet  air to note a
reduction in the quality of the outlet air and alert operators to a
potential  problem or the need to clean filters, etc. generally shown in
Fig. 1 was performed in a room of volume approximately 30 cubic  meters.
The apparatus as shown in Fig. 1 had a total air inlet of 90 litres per
minute The flow through the unit depends on the size and power of the unit
although  it is far from necessary for the unit to process all the air
passing through an air  circulation system. As the unit can operate
substantially continuously if desired, only 10 a small percentage of air
within a building or passing through an air circulation  system needs to be
processed at any particular time. This will lead to a gradual  increase in
the air quality throughout the area of circulation. First Experiment 15 A
first experiment utilizing an apparatus in accordance with the embodiment
20 and an oxygen outlet was set at 4 litres per minute. The room in which
the experiment was performed had its own air ventilation  system switched
off and the apparatus was run in the room such that the inlet, the  higher
oxygen output and the exhaust from the flusbings of the molecular sieve all



WO 02/12796 PCT/1B01/01399  occurred in the same environment. There was no
need to exhaust the nitrogen and  pollutant enriched exhaust to the
outside. A number of cigarettes were burnt in the room prior to the test to
increase  pollutant levels and the levels of suspended particles, carbon
dioxide, carbon  monoxide and nitrogen oxide were monitored before
commencement of the apparatus  and subsequently at 2, 4 and 26 hours after
the apparatus was started. The results of this experiment within a
close-room environment are shown  10 graphically in Fig. 2 in respect of
total suspended particulates, carbon dioxide and  carbon monoxide and in
Fig. 3 for nitrogen dioxide. It can be seen from Figs. 2 and 3 that the
method and apparatus was capable of  causing large reductions in each of
these parameters. Furthermore, at least in respect 15 of some of these
parameters, the results are highly surprising. The apparatus provides
filtration on its inlet that could realistically be  expected to reduce
total suspended particulates and cause a reduction such as that  shown in
the upper portionof Fig. 2. However, the molecular sieves containing 20
nitrogen and/or carbon dioxide and/or carbon monoxide absorbing granules
seek to  allow oxygen to pass while retaining the nitrogen and other gases.
This is 25 subsequently flushed using a portion of the. oxygen-enriched
output and returned to the same room. Therefore, although it can be
expected to see a reduction in nitrogen dioxide or other pollutants in the
outlet air, the return of the exhaust to the same room  environment would
suggest that no such total reduction in the room should be 



17 2 June 2006  PCT/IB01/01399 observed. Furthermore, the corresponding
reductions in carbon dioxide and carbon  monoxide are significant yet
either should pass through with the oxygen or be  returned to the room
environment through the exhaust. As shown in this experiment,  the
apparatus and the method successfully provides reductions in all such
pollutants  5 within the room environment. Second Experiment 10 In a second
experiment, the apparatus was connected to the ventilation system  of a
building. The ventilation system had a fresh air inlet only with no
re-circulation  and no forced exhaust. The ventilation system operated
between 8:00 a.m. and 6:00  p.m. each day and at an inlet flow of
approximately 80 cubic meters per minute. 15 The air intake of the building
is located in a room open to outside air. An  apparatus generally in
accordance with Fig. 1 was placed next to the air-intake unit  with the
oxygen enriched outlet being fed by a line directly into the air intake of
the  ventilation system.., The exhaust from the apparatus was exhausted
into the room and  could also enter the intake system with the general
airflow for the ventilation system.. 20 The apparatus was left to run
continuously rather than only during set time periods. The apparatus
generally in accordance with Fig. 1 had a total air inlet of 320 litres per
minute. The outlet oxygen enriched air is set at 13 litres per minute. 2
June 2006  PCT/1BO1/01399 



A series of air quality measurements were made within the building over an
extended period during which the apparatus was in operation or out of
operation as desired to note the changes. The results of this test in terms
of carbon dioxide and carbon monoxide level is shown in Fig. 4 with the
suspended particulates and nitrogen dioxide data in Fig. 5. The test
commenced on 11 January with the apparatus being turned on and left  to
continue until 28 January. After testing on that day, the apparatus was
switched off 10 to consider the effect return of pollutants to the
building. The apparatus was then  returned to an operative state on 17
February. As shown in the results in Figs. 4 and 5, there is a general
reduction in the  pollutants of carbon dioxide, carbon monoxide and
suspended particulates during the 15 periods of operation of the apparatus.
The nitrogen dioxide reading increased  significantly when the apparatus
was switched off. It is noted that there is a rise in pollutant levels just
at the end of the first  period of operation between 25 and 28 January.
This use between those dates may be 20 due to environmental factors such as
particularly heavy pollution in the surrounding  environment on those
dates. The apparatus 1 as shown in Fig. 1 is only providing fractional
input to the air ventilation system. In fact, the output of the apparatus 1
is only about 0.1% of the 2 June 2006  WO 02/12796 PCT/IBOl/01399  volume
of air passing through the air ventilation system. Regardless, significant



reductions are shown. It should be noted that the apparatus 1 was left
running overnight in these tests  while the air ventilation system was
switched off. It could realistically be expected  that the apparatus 1
improved the air quality in the air inlet room significantly to boost
levels upon start up in the next morning. However, again, with the exhaust
from the  apparatus 1 also being in the same room and such a boost upon
start up being only a  temporary measure, the reduction in pollutants is
still considered surprising. 10 Building Installations Referring to Fig. 6,
a typical building installation is shown with alternative  placements for a
consolidated apparatus in accordance with Fig. 1 to be placed in a  15
typical building ventilation system. As shown in Fig. 6, a typical building
ventilation system may comprise a  primary air intake 40 to draw in outdoor
air and this may be ducted by a conduit 41 to  one or more air-handling
units 42 within a control room. The air-handling unit 42  20 may then pass
air to the specific office ventilation system 43. As shown in this drawing,
a series of alternative placements for an apparatus are shown being
placements 51, 52, 53 and 54. 2 June 2006 WO 02/12796 PCT/IBO1/01399  At
placement 51, the apparatus 1 is placed with the primary air intake to
produce a direct flow of oxygen enriched and pollutant reduced air. In
placement 52,  the apparatus maybe within the conduit 41 or in
communication with that conduit and  



downstream of the primary air intake 40. In an alternative placement 53,
the apparatus is said to operate with the air- handling unit within a
suitable control environment. The final alternative placement  54 is
generally within the office environment itself. 10 In the preferred form of
this invention, placements 53 or 54 may be desirable  as they are more
capable of treating returned air being part of the overall circulation
system. In contrast, placements 51 and 52 will provide oxygen enriched and
pollutant  reduced air to the intake air although were not necessarily in a
position to treat any  exhaust and in recirculation of the atmosphere. 15
It should be noted that, in relation to Fig. 6, the placements assume that
the  apparatus as shown in Fig. 1 is provided as a single unit. As
described previously, the  method does not require the apparatus to be
provided as a single standalone unit and could comprise a series of units
operating in communication with each other at  20 different placements
throughout the ventilation system or the building environment in  general.
WO 02/12796 2 June 2006  PCTAB01/01399 It has been noted that zeolite
molecular sieve performance is somewhat similar  to dialysis clearance in
renal replacement therapy. As such, selection of appropriate  apparatus has
some calculatable support. In dialysis formula, the clearance C is
determined by C = bloodflow (ml/hiin)  



x [Cin - Cut]/Cot where C, and Co.t are the concentrations of toxins in and
out of the  apparatus. Generally, the index for efficiency, Kt/V is such
that the concentration C at  10 time t (Q) is Ct = C. x e Where K =
clearance  t = time V volume of distribution, Q, = concentration at the
start  Ct concentration at time t 15 e is Eulers constant. Similar formula
can be built for the apparatus of the present invention where  the zeohte
clearance Z can be considered for each pollutant. The zeohte clearance for
a single gas may be: 4as = gasflow x [C gn-j. - C gu,.t ) / C g.,t. In
dealing with a typical room environment a number of toxins are present  and
the zeolite clearance overall will be a function of its clearance of each
of these  toxins. If we take Z = gasflow (m/d) x Pn - Coud /C,.t; Qc = [Cin
- C,,t] /C,,t, then  the integrated zeolite clearance for a number of gases
is Z~t = gasflow x [ Q1 x Q2 x WO 02/12796 When contemplating the apparatus
necessary for a particular room, a formula can be utilized to bring the
environment up to a suitable standard such as that dictated  by the World
Health Organization (WHO). In doing so, the appropriate formula could  5
be: 



Ct=Co- {Co-Cwao}x a xvns ...where CwHo equals the-recommended concentration
for toxic gases for an  indoor environment by the World Health Organization
h = the height of the rooms  10 s = the area of the rooms h x s = volume of
the rooms. The present invention can provide different models of machine
having  different gas flow rates and different quantities of zeolite to
cope with different 15 environments. From experimentation on the preferred
embodiment of the apparatus, a model containing a zeolite mess of 1,650
grams has a gas flow of 129.6 m3/24h. Experiment has shown that the zeolite
clearances for such a machine can be shown in the following Table 1 for a
30-m2 room. 20 Table 1. ZQ CO583.2 ..4.5. CO214.950.1154 NOX129.61.0
RSP9,266.471.5 2 June 2006 WO 02/12796 PCT/IB01/01399 An integrated
clearance factor Q can be expressed as Q = [Qco x Qco2 x Q nox x Q rsp ]
'/, (value :2,468). This can be used as a calculation for this particular
machine as to how many 



such machines maybe necessary for a specific installation. In the preferred
form of this invention, utilizing zeolite molecular sieve also  provides
significant reductions in radon and its first degradation products. Radon
is a 10 particular problem in many countries as it is caged in natural
minerals like granite. If  granite powder is used as an additive in
concrete, a high evaporation of radon gas may  be started. The building
will continue to emit radon gas into the atmosphere and has  been related
to building related illness. The ability of zeolite molecular sieves to
provide clearance of radon is particularly useful in the preferred
embodiment. 15 Thus it can be seen that the invention provides a method and
an apparatus for  improving indoor air quality that appears to cause
significant reductions in important  pollutants whether the exhaust from
the apparatus is directed outside of the building  or, returned to the
environment for continuous recirculation. Although maintenance, 20 cleaning
and even replacement of materials within the molecular sieves may be
required at intervals, the apparatus as described in the preferred form can
operate substantially continuously without manual monitoring and
potentially address a 2 June 2006 WO 02/12796 PCT/1B01/01399  The present
invention, in providing a method and apparatus that treats and purifies
existing air and provides substantial advantages in building construction
and  ongoing costs for both buildings and other enclosed environment such
as aeroplanes,  etc. 5 



Major cost in the construction of a building is the ducting of outside air
through the building in a form of air-conditioning. Although the present
invention  may continue to use ducting throughout the building; the present
invention's ability to  treat air within the building avoids the need for
air to be ducted to outside the 10 building. Furthermore, it is easier to
place installations in smaller areas throughout  the building other than
relying on a large central air-conditioning system. The airflows themselves
may be significantly reduced as current air-conditioning technology relies
on complete flushing of the air within the building to try and minimize the
built-up of toxins. 15 A further advantage of the present invention is
that, in the use of outside air to  flush the building, the outside air
itself often requires significant filtration in highly polluted cities. 20
An even more significant saving can be made in relation to power costs. To
remove the toxins, current air-conditioning systems rely on removal of the
air from  within the building and the return of filtered air from outside
the building. Of course,  in many climates, the differential between the
ideal temperature within the building  and the current air temperature
outside is relatively large. Humidity is also a major  25 factor in many
cities. Current systems require a large portion of the air to be drawn 2
June 2006  WO 02/12796 PCTIIB01/01399  from outside the building and this
temperature differential needs to be accommodated  



by the air-conditioning system itself. By being able to treat the air
within the  building, the present invention allows air that is already
close to the ideal temperature  from within the building to be treated and
returned to the building and hence 5 minimizing the need to further
condition the air. This occurs both in hotter and colder  climates if the
air is either cooled or heated from outside using the current technology. A
yet further advantage of the present invention is noted in the potential
reduction of greenhouse gases. It is significant that air-conditioning can
account for 10 up to 70% of energy used in industrialized cities. The
significant reductions in the  requirement for air-conditioning that may be
gained by the present invention not only  provide savings to the building
owner but also on a nation-wide basis, significantly  reducing power usage.
This may reduce greenhouse emissions from power plants  currently used.
Even in countries with relatively clean sources of electrical energy 15
such as hydropower, there is often a use of power stations that emit
greenhouse gases  during peak load seasons. The energy saving potential of
the present invention may  reduce the need for these additional power
sources as variation in seasonal power  usage may be reduced. 20 A yet
further reduction in greenhouse reducing gases is obtained by the
elimination of the exhaust of pollutants from buildings. With current
air-conditioning systems seeking to expel the pollutants into the
surrounding atmosphere, the buildings  themselves can significantly
deteriorate the environmental conditions within a city.  Treatment of the
air rather than exhaust of the pollutants can provide major benefits in WO
02/12796 2 June 2006 



This invention has generally been described with reference to preferred
embodiments  that should not be considered limiting to the scope of the
invention, which is set forth in the  appended claims. 10 1. CLAIMS 2 June
2006 PCT1 l01l01399 A method of improving the air quality within an
enclosed space comprising the steps of drawing air from within said
enclosed space; passing said drawn air through at least a first filter to
remove at least  some particulates; directing filtered air to and retaining
within at least a first molecular  sieve containing nitrogen and/or carbon
dioxide. and/or carbon monoxide absorbing material; allowing air of greater
usable oxygen content to be drawn from said  molecular sieve and directed
to an outlet within said enclosed space; and  flushing said molecular sieve
to remove at least some nitrogen and other  gases from said molecular sieve
while containing or caging carbon from  carbon containing gases;
characterised in that at least a portion of nitrogen and other gases
resulting from the removal of carbon are flushed from said molecular sieve
and returned and combined with  



said air of higher usable oxygen content. A method of improving the air
quality within an enclosed space as claimed in claim 1 wherein the at least
a first molecular sieve includes an aluminium silicate.  WO 02/12796 2 June
2006 3. A method of improving the air quality within an enclosed space as
claimed in  claim I wherein said molecular sieve contains zeolite. 4. A
method of improving the air quality within an enclosed space as claimed in
any  preceding claim wherein said method includes the provision of at least
two molecular  sieves operating in the alternative such that at least one
sieve is operating while a first  sieve is flushed. 5. A method of
improving the air quality within an enclosed space as claimed in claim 4
wherein said method includes the use of three molecular sieves such that
one is  being filled, a further is retaining drawn air for a period of time
and a third is being  flushed. 6. A method of improving the air quality
within an enclosed space as claimed in any  preceding claim wherein said
method includes drawing said air from an air  circulation system within
said enclosed space and returning said air of higher usable  oxygen content
and reduced pollutants to said circulation system. 7. A method of improving
the air quality within an enclosed space as claimed in any  preceding claim
wherein said method includes the provision of a free standing unit  



within a room of a building with an air inlet, an outlet for higher usable
oxygen and  reduced pollutant containing air and said exhaust are all
provided on said unit within  said room. 2 June 2006 WO 02/12796 8. An
apparatus for improving the air quality within an enclosed space
comprising: an air inlet to draw air from within said enclosed space;  at
least a first filter to remove at least some particulates; 5 - at least a
first molecular sieve containing. nitrogen and/or carbon dioxide and/or
carbon monoxide absorbing material to receive said  filtered air and retain
in contact with said nitrogen and/or carbon  dioxide and/or carbon monoxide
absorbing material; an outlet from said molecular sieve for air having a
higher usable oxygen  content and reduced pollutants to be drawn and
returned to the enclosed  space; characterised in that the apparatus
further comprises means to flush said molecular sieve combined with outlet
exhaust into the enclosed space. 9. An apparatus for improving the air
quality within an enclosed space as claimed in  claim 8 wherein the at
least a first molecular sieve includes an aluminium silicate. 10. An
apparatus for improving the air quality within an enclosed space as claimed
in claim 8 wherein said molecular sieve contains zeolite. 11. An apparatus
for improving the air quality within an enclosed space as claimed in any  



of claims 8 to 10 wherein said apparatus comprises a free-standing unit
having an air  inlet, an outlet for higher usable oxygen and reduced
pollutant containing air and an  exhaust all within a room environment. WO
02/12796 2 June 2006 12. An apparatus for improving the air quality within
an enclosed space as claimed in any  of claims 8 to 1 I wherein said
apparatus comprises a unit connected or connectable to  an air circulation
system within space to treat air throughout said enclosed space. 13. An
apparatus for improving the air quality within an enclosed space as claimed
in any  of claims 8 to 12 wherein said at least a first molecular sieve is
operated under a  pressure greater than atmospheric. 14. An apparatus for
improving the air quality within an enclosed space as claimed in any  of
claims 8 to 13 wherein said apparatus includes at least three molecular
sieves such  that one molecular sieve may draw air in while a further
molecular sieve is retaining a  previously drawn quantity of air and a
third molecular sieve is being flushed having  completed its cycle of
operation. 


