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‘bacteria, formaldehyde, total volatile organic conpounds,?/#iotP%8nd
or gani ¢ o¥W®@oR/1208Usi ng conpounds. - An apparatus having plurality.-to
‘ol ecul ar sieves able to operate sequentially is disclosed and can he
~incorporated in | olaleIQ A Mely] or__fitment in new or_ existing
i nstal | ations ?‘E LHENe f-’ OR JYHROWINGAEHEAIB 796 METHOD AND
APPARATUS FOR | WPRREANE UDINYG QR SR SBAKKE. OR. ENCLOSED
SPACE FI ELD OF THE I NVENTION This invention relates to a nmethod and
apparatus for inproving the air quality within a building or enclosed
space and, in particul ar, &pDOE THEINMWENTIg W th an air circul ation
system However, the invention nmay also apply to a single roomof a
bui | di ng or t oTlds neétitioh elat&Us A nAShaddRnd 6 il L &kn, o bus or. car,. for
exanpl e. 10 BACKGROUND TO THE | NVENTI *%%“%rgg‘i“”ﬁf‘b‘%“# BHYT AENHERED { her e
is a decrzlasiding ofeadlisty sfabe idl it AP Endiflrod N BugNer 3l _atnosphere. This
reduction in air quality is repeated Wit l|Iln r%%?ﬁ%'lﬂﬁm W’glhﬁr} ar F‘HP“?(‘)‘H’%
I nst ancessystearH@wstr, if inVehS®: maydid NG LA | ps. buil ding .is
harnful not only in respect of passdiﬁgg smi?glﬁgg%lﬁtgg%ﬁ%lgp”ﬁfét?ﬁvqh‘ée
- reduct i oruéhrsenygeplane, train, bus or car, for example. ‘

10 . BACKGROUND TOTHE INVENTION

In most urban eﬁvironments, there is a decreasing quality of air available in
the general atmosphere. This reduction in air quality is repeated within buildings and,
in some mstances, can even be worse. Sﬁiolﬁng w:tthm an encléséd building is
barmful not only in respéct of passive sméldng but also due o the reduction in oxygen

15 k:ont‘egt and general impurities provided into the air aside from nicotine or tar.

The decrease in air 'quality ig notonly ducio a decreésé n oxygen content but
also a 6orresponding increase in a number of potentially harmful censtituents or
pollutants, These include an increase in susﬁended particles, carbon dioxi&e‘, 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. - Tn addition, poor air qualityA can have an iﬁ::mediate-eﬁ‘ect on

. 25 ptodqcﬁyity of a workforce by leading to lethargy. This can set in very quickly upon .

S _"'X"P;C.’:S_“’fqiﬁpoorairqﬁaﬁiyj .




15 content -and general inpurities provided into the air asfd¥%2®® nicotine
or tar. T, ase in air quality is not only due to a laN Oxygen
cont ent. 'bﬂ?ﬁgﬁ?ga correspondi ng i ncrease in a nunber of gﬁ{g@%ﬂ?’ﬁ% y -
harnful constituents or pollutants. These include an increase. in,suspended
particles, carbeditighaypaes ofzapmpwlating thsridmpspherenvithis gmidingdtlze 8act eri a,

f ormal dehyde, total volatile organic conpounds (TVOCs), radon and organic
odour caushdifionmgpfonielaperkitad tdntmi.obhklimmgh sthe airateditiunfiy hoitgmagrbe exposur e
to poor air quality are well docunented. In addition, poor air quality can:

have an ipiyRdbd@atheidn®s HitQfoR SthREOHHES Ia¥d bindpdllyaanefikivbeghierBe@i ng to
| et hargy. This can set in very quickly upon WO'02/ 12796 PCT/|B01/01399

Traditio f ' ' PRSP - VLN gjaﬂifl g utilize
air con&?‘%ﬁh(g)%ér%mgéjraﬁgéﬁp%ng%@g tﬁéjéﬁ rol. @?ﬁ@‘&éﬁ%‘%ﬁ%‘”’% ?&H on (f'&t’i oni ng .
“units_may, be rovided with some filtratign, .these filters are neral l'y an
af ter 5t hoheRElRE P goresalivortets s wosrd of s el tEleBeoraPdRE BrR R fBugh ¢ he
air conditioning system Regardless, these filters are generally static
filters ibnildimerngiquickdy peomaneloggedowith petiisulate mebeighblis regwares pegilali ng and
qui ckly becone clogged with particulate matter. This requires regul ar

“mai nt enamednicoenck ¢acl@andndapplace thehfltdrs.| Failere tbadd s eart quidklystoricéhe qui ckly
turn the filters into a breeding ground for harnful organisns rather than
any att efers futo | dBFRURgAEroustl @ hirmfhD okfimGianiefAber @bfi RQNGidmENong units
tend to circulate the probl ens throughout the building rather than

actual ly. . them Such consequences lead to sick building syndronme or
091 ai n SPEERY S oty "
' .1

d sses that get steadily worse over tine.

0 .

In general, air conditioning units tend to circulate the problems thronghout the
| building rather than aétuaily remove them. Such consequences lead to sick building

. syndrome or building i‘elated illnesses that get steadily worse over time.

15 It is already known to lﬁartially improve the air quality through increasing the
oxygen perceﬁtage within the atmosphere. Such tecimiques are already employed in
_; ) g | some buildings such as casinos to provide some refreshmentrto patrons and éncourage
" them to stay longer than intended. Hoﬁrever, such systems generally supplement the '. B
air stream with additi'oﬁal oxygen and exhéust air froh; the building to the outside.
. 20 _“ .. They do not endeavéur_ to treat the air within t']ie.bui‘lding or ad&ess specific problems .

of impurities.

- Other apparatus Vse.eks to iniprove air quality only 111 a controlled and highly
o localized enirironﬁ;ent through such apparatus as oxygen ventilafors._ Suqh ventilators

e 25 f-'5"',11‘6' pféﬁda'd_ wﬁ'h facemasks or 'sin_ﬁlar_ to impfq'vé the au' quahty to a single user. - o




15 It is al ready Known to partially inprove the air quaht%*‘Wﬁ%ﬁ?&h
~.increasin Xygen percentage within the atnosphere. fﬁ% chni ques
~are al reag‘gldﬁeh?rlpf!%yed in sone buildings such as casinos t§8 q}ﬁa:éggsone _
refreshment to patrons and encourage themto stay |onger than intended.
‘However , %I%’ﬁv%y%rf@ngbﬁ@s &rg yotsgaperaliremitahlp@r adppted forousn Wi @ fergeidi ti onal -
oxygen and exhaust air fromthe building to the outside. 20 They do not

~ endeavourenvgommesft the air within the building or address specific problens

of inmpurities. Qther apparatus seeks to inprove air quality only in a
controlled and highly | ocalized environnment through such apparatus as
; oxygen ventilators. Such ventilators 25 are provi ded vm'th face masks or

simlar to i ”% %er@'aﬁ‘e g#lqéventb Figoﬁ %@nﬁ%?a%l e or

PCT/IBOl/01399 ver alofs ar o g%ﬁer%| y sul

~adapted f eiln a iron Al t hou ere _are sone nethods
of prgw (}Bé 3?“-?9%‘} ‘fon%i?i)ﬂfﬁﬁ(ﬁql‘bg’rﬁﬁ?%m CnEirg Bwy&ﬁe%ﬁﬂﬂ@fontrol of
physi ol oglﬁ( room envi ronments has only been partly sol ved, To produce a

r oom enviSPffkento Predeee 8 aqospryirenmpel inf dossidotpeerisciabt is bintpgigly endl ogi cal | y

‘bearable to a certain extent requires |arge technical expenditure and only

- succeeds physielogiealiy bearaiip| tei deytainf exttére raquins irgs eechsicik egiaditiiretaada f ew
parameters that can be technically inplenented. On top of that come

- par anet eoalyt htceddd Bdche® BRdédmhmIBaty ¥f ithe RBospRAESIs FRBRRAAMS £386 ntially
~em ssi ons of gases from technical "equi pnent and el ectrical and

sjn;[a; |Oz d un%gsr ﬁéfg{ e?éﬁ]%lé‘%hgt@%eﬁ.ﬁgkﬁu'cﬁpﬁgg %‘%}rﬁ% %ﬁa%geg?gg}?rt on the
hU@ib or asr:]a' acintlona?lryemo B)ey T o%asst ti%%lsen gll'en stegharﬂ%alaﬁnzsglon;r hoef B Ses t pS
- technical equipment and electrical and electromagnetic fields that are not calculable
| but wh,lch can best be summarized under the term ¢ “elecirosmog” and whose mode of
action on the human organism we are only Just beginning to realize. The parameters
than can be regulated throngh most air conditioning _systems are humidity -

15 temperature, dust content and air speed.

| ) i Other parameters can be regulated by air conditioning systems only with great
-difficulty or even not at all. These may _i'nchide the composition of the air {mostly
dependent on the point of intake) and the fcgional atmosphére (especially in big

20 cities).

Hygiene represents a large problem with air. conditioners. Because of the
| 6ptima1 conditions within the piping system (damp and warm air, filter), an optimal
-_ 'lenvnonment for fung1 a:nd bactena is prowded here Settlements of Leg:lonella -

25f:_ pneu.mophlha 31‘6 kﬂOWIl o be a tngger of leglonnau'es d.lsease, a severe S




t han can be regul at ed t hrough nost ai r'-(':__ondi tioni ng _systen%JWQQGm di ty" |
15 tenper gigifzogust content and air speed. Q her par amtf?f/ﬂﬁﬂ)ﬂlﬁ@ '
regul ated by air conditioning systens only with great- difficulty or. even
not, -at all. These may jnclude the conposition of the air (nost)
dependentRfanpzion of the Bpgs ki ehinataline apeng di pldgiysed é"(‘ggﬁecially
inbig .20 cities). Hygiene represents a |large problemwth air.
condi t i ori@eaken@domume sy$temh Vg chwset mooriobleossrakdttiémenthel fhgi figmsyst em
(danmp and warmair, filter), an optinmal environment for fungigi and
bacteri a the group vipted s henicBeih hedenii®bolyd. StingakspotesHrefinalindgiditbi a are
known to be a trigger of legionnaire's disease, a severe 2 June 2006 WO
02/ 12796 {RCHLBCk 433 %11ERid '%ﬁm%} & cBhaitiBier IHRDEs Wil Bisd chl@h zhat al i ty
anong the elderly and tho%é %t a vveal?ened&?e%‘ruﬁél% sys}tem Whaf causes
nmor e prob| -ar ettlenents .of fund from.the,group aspergill ‘
poni cP1 | RoREa Db atrys. P RgSHouRE, BemsERky Kot mRer dadi Rt e
mani festation of allergic alyeolitis_(or_ air conditioner |ung as it is also
cal | ed, %ﬂsege@adatﬁheﬂénmwg gﬁnﬁnﬁﬁgmadﬂgl\ffoﬁailﬁ B?ﬂ%“@ﬁgﬂ%%é, to
changes in donmestic households in the i munogl obulines 1gE and 1gMor, in
- peopl e wilmme aiséawes alsp tenasevesy itflemenatioh of theolvags eRegwlal 1eplagament 0bn of t he,
| ungs. Regul ar replacenent of filters and cl eaning of the pipe
~inst al | affilierssnd alvasing o the sipPinehlienomtin sexehistroblefiebe neter elinfitute her
- problemwi th air conditioners is the problemof the preparation of

IO

10

| A further problem with air conditioners is the problem of the preparation of
the air taken in, to the effect that harmﬁll chemicals ﬂom the air (e; g aldehjrde) 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 Bpidemiology) were able to pr-ove a statistically significant
dqnﬁectioﬁ between myocardial infarcts, the carbon monoxide load and a higher .
| ambient temperature, a connection that may Wéll also be of importance for a;ﬁﬁcial

* T0Om environments in conurbations with high carbon monoxide loads.

20 - The biggest problem with air con&itioned rooms, however, is unambigubusly.
' .ther monotony of the artificial robm environméﬁt and the addition of non-physiological

- substances, bﬁt alsQ the ad.ditioﬁ of physiologiqal emissions of the people working

_' : there‘._ It is known that a ﬁerS'on gives out approximately 2,000- chemically defined
- - gub'sténgés fhrough the skm The evaporatidn_ th_rbt’l_gh the skin amouﬁts_duﬁﬁg_ norrmal

S 25 physmal activity and room t_e_l:tipefaturé_'tb ?;ppfd;iiﬁ;ately 1-1511tresaday These .




the air taken in, to the effect that harnful chemicals frof¢nee2086r (e. g.

al dehyde) ght and enriched in the filters and thug f i t he

ventil ati gﬁd@ﬁsz{i% in clearly higher concentrations. Thui’cﬁiﬁﬁlﬂfgjggggmnel et.

al. of the University of Sao Paolo 15 (Departnent of Epidem ol ogy) were

abl e to pFisengesshayeitor be soninusily emioweth throggh m@c@fﬁ@wnb@m@ehsyﬁgmar di al

~infarcts, the carbon nonoxide | oad and a higher anbient tenperature, a
connect i obnfonatatalyythere hhveaban tostulicsionpihistiasiee ftds todet dsfineddahowe@om '

environments in conurbations wth high carbon nonoxide |oads. 20 The

bi ggest pth@tbhﬁlaip&ﬂ-%)ﬁn%ﬁc@s?rl@f ek OHISK, LA RousRORBHCEonchRrAidasTRF gHaus! y the

Snmonotony of the artificial roomenvironnent and the addition of non

physi ol ogl G '1%55& n t i Lion i.ologi cal

em ssi ons o?glct) e %g%%%%&%?ﬁ? %égmﬁ%g%?_ ‘El?%?&fgdsjbiﬁ%\%g%%cgﬂ%gs lgé%g%(%%gi ves out

“approxi mately 2,000 chem cal ly, defined substances through the skin. The
ovaporat | B HRCSEGTEERBS Gl D EncRs Y 21 SFHRECTRYSTEERe 204 74 1y and
roomtenperature to approximately 1-1.5 litres a day. These 2 June 2006 WO

02/ 12796 92897 IPBErPRIRESD e FuIRE hesss thase aasilp dechpadinndathay peemyef t hr ough
an efficient exhaust system Unfortunately there have been no studies on

‘thi s therbehaviduri sech as beggrassionyethrritotuktyer sexuilhaiveitidingpee cphenled fifi ianes, for

. exanpl e, enornmously high concentrations of these enissions are present.

These subgtaiRfed M4 S bR%KS DheRIGr  Bhd RRICR! 8 Dk EHLaBOIR wergnd
- processed unconsci ously. As substances such as oestrogen, testosterone and

ook t o ns PR RERTBARRASH Sl B Rk 58 h i B0 PRb il deJF Bl ™

'adve%i Sii]:?%lr?]j%l conceal ed, i.n. a ‘

. an . . e .
e 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 fqrther task of air conditioners should be to take care that no charging of the
\ -air with or pathogens takes place, which §an only be solved indiréctly 1f the air is not
to be sterile. | |
- 20
The factors described above and fﬁeir eﬂ“ects are today incorporated under a
specialist medical term, “sick building Syndrome” (SBS). This term brings together
| _disruptioﬁs in the psychosomatic,. jphysi‘cal aréa into a coniplex clinicai picture ﬂ.lat‘
only appears dqﬁng W(_)rk_in an artlﬁclal ifc#om_ environment and fades VaWay when_that- ' -

. 25 ‘same environment is left. It is to be taken into consideration that upor chromic = |




‘uncontrol led way or break out openly. The nmood in an OffIC%JWQQﬁSO be
very |y defined.by this; wthout anyone in t ng. awar e -
g\% ohﬁ%fslo in turn, the conscious abilities suf]bgr ror??“t% is such -
as d| SCI pline, concentration, creativit ‘deci si on- maki ng. po The task
of an ai rexpemH It|1®ﬁb$011§hlde§51b1¢efoéﬁ1§ﬂlée ' affest thecendy WWP%%%%eQﬁCP% and al so"
to create "cleaner air". Under stress, clearly higher "stress substances"”
are gi vemndnpbndelnaﬁﬁermheaarhﬁbﬁkﬁﬂnﬂ&waﬁompﬁm left atl Which loeu lead ¢k clopnigi r
conditioners should be to take care that no charging of the air with or

~ pat hogenﬂﬁé&%&%@éﬁeﬁo vhiisd i6AMaRR! YTRE §OlMeYedonttisr ReY | dedrfthitheorai r i's
"not to be sterile. 20 The fTactors descri bed above and their effects are

today in o g
syndy ome A OB s 8?&%%9%%%*@%%{@%@ srlﬁ%ﬁﬂéﬁ? alofiHshe
psychosomat i ysical, area.into | ex cli al picture that- only
appeafs ﬁ&CMOF?P atgrigting sp 0?50 g nt and fades away when
that 25 same environment is left. It is to be taken i nto consideration that
upon chronic 2 June 2006 PCT/1B01/ 01399 exposure it is absolutely possible
for injuries to affect the body which then becone independent after the
artificial room envi ronmenOBIECTEDF THEINWENKI@EN | ead to chronic - il ness,
and even to lasting invalidity. Thus it al so becones very clear that for

medi cal , soci g-jgadigh t@Pﬁae‘iﬁ@é’éﬁfﬂn@reﬁtﬁﬁst@rﬁ@waéﬁ\f@éihédlﬁndlmm’cﬁ@f&o avoi d
SBS are urgently ca led for and that existing solutions are not

' \E)f fici eﬂltlprowng the air quality within a building that overcomes some of the disadvantages

10 of the prior art by increasing usable -oxjfgen levels to humans and decreasing
Ijercentage of harmful constituents and pollutants throughout a room or, through the -
‘air 'circﬁlation system, an entire building or other enclosed spaée such as a vehicle. K

is at least an object of the present invention to provide the public with a useful choice.

5 SUMMARY OF THE INVENTION

.- Accordingly, in the first aspect, the jnvcntion may broaf:lly be said to consist in
T ) L . amethod of improving the air quality within an enclosed space comprising the
- : _ _
~ steps of: |
o dramg air from Wlthm said enclosed space;
= . 20 _ g - passing said drawn air through at least a first ﬁlter to remove at Ieast '
‘some particulates;
B '_-d1rectmg filtered air to and retammg within at least a first molecular
| s1eve containing mtrogen and/or carbon d10x1de and/or carbon.

: m_onoxide absorbmg ma‘terial;




OBJECT OF THE INVENTION It is an object of the present i nvelt%#P%o provide
- a met ho'd‘gﬂdméﬁ?ératus for inproving the air quality within a building -
- that overcones sone of the disadvantages 10 of the prior art by increasing

usabl e oxygen-I eve hﬁoﬁﬁgﬁﬁ'@%?ea@é}q)xg%éif &RPPE, T%et{rgwievﬁ?%g%gﬁg% ﬁlg)?e;rrpl{ay l'

constituents and pol |l utants throughdtt a room or,

circulation system; AN e ui | di ar. .ot her encl osed space such as a
‘vehicle. It is at lI'eeast_ Q%fﬁg%g?%ﬁo%trgﬁﬁ@%‘? OsphRAGEI BW to provide the

public with a usefé choi c(g. 5 steps of . SUWMARY OF THE | NVENTI ON
Accordingly, in th ushingssar %Iﬁé‘é(i laty figve oy eamedverat nteast omadbifrogem s@i d t o
consist in  a nmethod of inproving the air quality within an encl osed space
conprising the dr fHHgeaes  fewnsaul tholecidai diced ehiis ecbnsNaing; orP@geighg sai d
drawn air through at least a first filter to renbve at |east sone

particul ates; di r €etHOR oM carben eehtaiiting paseanithracetiaddThige Wi t hi n at | east a
first nolecul ar sieve containing nitrogen and/ or carbon di oxi de and/ or
carbon 2 June 2006 WeFG2POrionod nitregeh o neragatesabsufn@atdt tHRXYARA] gﬁntent to
be drawn from sgid nol ecul ar sieve and directed to an outlet wthin said
encl osePpRAE: lushed From spidroolsculad sivnt eaditeanneli 4 &okBine€ WA Sadl o) gast sone

nit rogen. %nd ot her gases from said nol ecul ar sieve while containing or
cagi ng gher usable oxygen content.

Preferably said method includes the provision of at least two molecular sieves |
‘opetating in the alternative such that at least one sieve 1s 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 2 third is
 being flushed.
B 2Q, | Prgférab_ly said method inc'lu‘des‘ drawing said air from an au' circulation
system within a building _and returning said air of higher usable oxygen content and

- reduced pollutants to said circulation system. .

. Alteryatively seid method includes the provision of a frec standing writ within

25 " aroom of a building with an air inlet, ani Gutlet for highor usablé oxygén-containings




tarbon from carbon containing gases: characterized in t hat? 4N 2098t a
“portion oYOPVE¥¥gen and ot her gases resulting fromthe renoval of car bon
are flushed fromsaid nmol ecul ar sieve and returned and conbined with said
air of ik ghereddSRDpSINRHISAT SAD LER st 5&%&1@151%91&%&%3'3%{%? ghgdes the

- provision of at |east two nol ecular sieves "operating I1n the alternative
such that,,gt | east- one sieve is operating while a first sieve is flushed:

- 15 Preferably said nethod includes the use of three nol ecul ar 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 nmethod, includes
draw ng said al r' froman air circulation systemwthin a bui I di ng and
returning saifdefggablofhinmetiod ms{@lb'ber@iuygxgnp@ihmmmorémﬂnﬁﬂ@du@Mqu)I | utants
to said circulation systemAlternatively said nmethod includes the provision,
of ~ &5 f r eecleding dispgnded particled)i cartor glRide] cabBiithehdddde)idiftogsn d@bkidenl et, an
outl et for higher usable oxygen containing 2 June 2006 02/ 12796 air and
r educ edbpeibiid) tfamhAd eS W thin
said-- room %r ef er a%?? t%:ug met ho?gg nvo éorgg’ufcagﬁg "‘g‘% a(n;égb'%)rr har nf ul
consti t USRS F‘ng suspended parti cI es, carbon dioxi de, car bon

nonoxi de, nit rogen di oxi de, bacteria, formal dehyde, total volatile organic

~conpounds, radon and organi c odour

) ‘ © - Accordingly, in a second asp-ect,'the mvention may broadly be said to consist
10  inan apparatus for improving the air quality within an enclosed space comprising:
- au air inlef to draw air from within said enclosed space;
- at least a first filter to remiove at least some partiéulates;
- at least a,- first molecular sieve containing nitrogen andfor carbon
dioxide and/or ¢arbon 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 ouilet from sgid méle_culaf sieve for air having a higher usable
oxygen content and reduqed pollutants to be drawn Iand‘ returned to the
enc;losed space; characterised in that the apparatus further comprises

- means to flush said molecular sieve combined with outlet.

exhausts into the enclosed space.

Prcfcrably said apparaius compnses a ﬁ:ee standmg unit having an air mlet, an
outlet for mgher usable oxygen contammg air and an exhaust all w1th1n 2. Toom

RS enmonment




causi ng conpounds. Accordingly, in a second aspect, the |n3/él|'ﬂei%ﬂ96rray

broadl y b%’(ﬁ@i/fﬁﬁé’ consist 10 in an apparatus for. |rrprOV|P;(~5q. .
gquality within an enclosed space conprising:: an air inlet to raw alr from
wi thin said enc¢losed Slf at |l east .a first fllter tore a,ﬁ at | east
sone parti cul at-demaliyely saf taPHarFT“Fé‘PmﬁﬁFﬁc%W&F cQggied OF RPBRSSE geiﬁ’i?’%ogen

and/ or carbon dioxide and/or carbon nonoxi de absorbing material to receive

said 15 #F pirepléipnagystegnwithiat abuilding eomctosed spack te trbat ani thravgbeutaatd or

carbon. dioxi de and/ or carbon nonoxi de absorbing naterial; an outlet from
sai d nol dmilding sricevlesed gacai r havi ng a hi gher usable oxygen content and .

“reduced pol lutants to be drawn and returned to the enclosed space;

characterised in that the apparatus further conprises nmeans to flush said
nol ecul ar sieve conbined with outlet. exhausts into the encl osed space.

Prefesabl y SalutoRBR A SnERIRAI 565 0L | 88-AANGRY HBLb-BAg ) o

inlet” an outlée usabl e oxyg n contai ni an exhaust
al | mnthl room 2 June 2006 PCT/1BOL/ 01399 AIternatlver sai d appar at us
conpri sed hﬁ %ﬁ?? ‘connected or- connectable to an air circulation system
within a building or enclosed space to treat air throughout said building
or encl osed space. Preferably said nol ecul ar sieves are operated under a

. pressure greater than atnospheric.

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 rednces pollutants including suspended particles,
~cathon dioxide, carbon monoxide, nitrogen dioxide, bacteria, formaldehyde, total

15 ..Volatile organic compounds, radon and organic odour ¢ausing compounds.

) | _ Further aspects of thls invention may become apparent to those sk:dled in the

~ art upon readmg the follomng description.

20  BRIEF DESCRIPTION OF THE DRAWINGS
| ‘Preferred embodiments of the invention will now be deséri‘bed with reference
1o the following drawings in which:
- - Fig. 1 shows a schematic dlagram of an apparatus formmg part of a

preferred embodunent of the mventlon, 7




Pr eferabl y sal d appar atus incl udes at | east three nol ecul aHrJlmee'&ﬂ@@ such

t hat one zgar sieve may draw air in while a further ﬁwtﬁ o Sieve
is retaini ng A6 previously dravvn quantity of air and a P m) ecul ar
sieve is being flushed having onpleted its cycle of qperatio Preferably

sai d apparat us” r edJtigs? providgs a?whlcﬁlnr@s%.fﬁgog'@gﬁéﬁ&a@ra}}aw gpederrede or hon
di oxi de, carbon nonoxi de, nitrogen dioxide, bacteria, fornal dehyde t ot al

15 vol atil e organi (Bnﬂmdpmmdfthera@pmahmmhowmgamabsmﬂmdled@ammleﬁg:a&ﬂﬁpounds

Further aspects of this invention may becone apparent to those skilled in
the art upon readigekiidignd QkbRAMhOhxERSEEInRE i@, Preferred enbodi ments of
the invention will now be described with reference BRI EF DESCRI PTI ON OF THE -

DRAWNGS .to the fgl aé ﬁ%sd#%ﬂl@ﬁsreé ‘Mi“tﬁé'lv%ls% dﬁtrﬁ%éﬂ%oﬁdéﬁbﬁ{@t'c

S di agram of an appar part a pre erre di rent of the )
I.nvent.ion; 10 2 June Zg ? IBO|/01399 Fig. 2 provides graphical results
“folloWing test oper&dLfin ?Ff ®eferred enbodi ment of the apparat us

showi ng total suspended parti cI es, carbon dioxide and carb poxi de -
agai nst time; -Fi g. Fiz.<hehesvsgr Apthies graphicsl repsessntatipn of avulty ogfl #')t.l‘?rogen
dioxide in the sane test as in Fig. 2; Fig. 4 shows a further graphical
‘representation of tessshdvangtheaedulis fivararbon dioxide and carbon monoxide;

- Fig. 5 shows a graphical results of the tests detailed in Fig. 4 in terms
J : of susioended particulates and nitrogen dioxide; and
10 - - Fig. 6 shows a schematic diagram of one possible positioning of an

apparatus in air circulation system of a building.

DETAILED DES CRIPTION OF PREFERRED EMBODIMENTS

The invention relates to 2 method and apparatus for improving the air quality

15 - mthm a .building or other enclosed space inclﬁding transport.vehiéles such as planes,
trains, etc. Referring to the drawings, a first 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

o ﬁ'eestanding uﬁt in a-single room or any other 6ontrolled environment._
. . . _ .

. " It should be éppreci_ated that the apparatus 1 in Fig. 1 provides a number of
| separable components and these componeﬁts can be provided as a single .

comprehensive apparéf:us Wlthm a single ﬁousing or separately Iﬁrovided in

communication withr-e:«ich other as desireﬂ. __'Fu_rth_emorg,‘ the apparatus 1 may be




test showing the results for- carbon dioxide and carbon nond%ige2006ig. -5

- .shows a g 59'[/ results of the tests detailed in Fig. 4.in terns of
suspended par “éfl ates and nitrogen di oxide; and Fig. 6 sRGRBY YRt i ¢
di agram of one possi bl e positioning of an apparatus in air .circulation

- syst em of ingiufded wihinga 14DEFAhdtEDtDESCRI Rl OF cirRERERREBCEVBDBD ENTES The

i nvention relates to a nethod and apparatus for inproving the air quality
15 Wi t hi neeparbitel dpgaraghs Mite@td @k cabelbesedspace i ncl udi ng transport vehicles
such as planes, trains, etc. Referring to the drawi ngs, a fast enbodi nent
of an apparatus to inprove air quality is shown. This diagramshows a
Sportion of the apparatus that may be incorporated to act within an air

circulation systemin a building.or, provided as a .freestandi unit in a
Singl e room of IRy SRR S RRT AT Belier AR A e rron RE Becit e i at ed
“that the apparatus 1 in Fig. 1 provides a nunber of separable conponents
and tﬁeséﬂ&%ﬁe&mﬁﬁséh%msq;g I_Iafe@g?w?éwka@wéﬁ thgiuse of AerlHeTaR AHEAIAPEL each
other as desired. Furthernore, the apparatus 1 may be conprehensive
‘appar at udomhe hirtn a si ngl e housi ng or separately provided in 2 June 2006 WO
02/ 12796 PCTIIBA /01399 included within a larger installation in a

buil ding air dqhectdwicn@ht Syt 8 fHrhkin d@ektAentSSBRPERURPPAhAL isahi tted to
the circulation system In the endeavour to provide better treatnent or

fgzxi‘fg&‘%ﬁé’% h}_a@gfugggeﬂg@m Dot ca'i\b&i"g{ogﬁi% c&B&?%&ofnbgﬁepB%Q,@ulﬁHﬁYeht ion

zeoll1tes as entiat or’s or the air.

4) : 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.

Zeolites are minerals with a relafively high porosity and where the pores are
15 . channels at a molecular and atomié level. They are alkali aluminium silicates with the
: .common formula M(}gn)[AIOz)x(SiOZ)Y] * 7z H,O. The zeolites form a 3-dimensional -
) crystal lattice being a regular system of channels with deﬁned pore sizes. Generally ;
._ embedded in the hollowsj- of the laftibe are relativeiy free-moving alkalis and a]kah |
'ea_ﬁ.h. ions such as .SOdil.JIn, pdtassiﬁ:ﬁn, magnesium aﬁd_ ca;_lcium which can be R
20 = exchanged for other ions or éha:géd parﬁcles 'withOut .a large _éxpenditure .of .energy '.

and without destruction of the crystal lattice.

The result of this is that the zeolite is particularly suitable as an ion exchanger,
| cafglytic_ converter and detoxification agent.

25




. _The requi rement upon the fi Itration or treat ment system sh%ﬂH"lﬂ’%?@Gt hat it

~ can - absowp #ammdsul chenical s such as carbon di oxi de, car pegBRRAXdede,
ozone, " sul phur dioxide nitro gases, anmmoni a, hydrocarbons hunman _ :
em Ssi ons suc her orm %g} em ssions f.rom el ecironics, dust, particles,
bacteria or UACETDISRAR CSObEtinredBRyH: SAOR S Fooet e Potris, the
envi ronnment. wi_thin the encl gsed space can be altered to affect humdity,

t enper at UPlepanievesi ZEhe relativplyceneat staature pf sheareolitast greateensiiyrad dlegul ar
system of channels with defined pore sizes. Generally enbedded in the

hol | ows aholetidar dimtngensare rel atively free-noving alkalis and alkali earth

ions such as sodi um  potassi um nagnesi um and cal ci um whi ch can be Zeolites
are minerals with a relatively high porosity and where the pores are 15
channel s at a nol ecul ar and atomc level. They are al kali alum nium

silicates wit f.or ] I The
- zeol i tes for mf)%i]% :a%e?r%}gﬁglsggéﬁ &/(dﬁang[éﬂ? %e%%atﬁh%%foﬂﬁ Ela]}:’ a%ar Bed
~particles ar diture and wtho t destruction of

-~ Phe or ystatequlibtiasdre Shedler BB tmettinn SimeGoning fiven B etiosERaRL | cul ar y
~suitable as-an ion exchanger cata tic converter and detoxification .

agent .~ 2 nyperalles oufp diffrens Si995 0 2 Withiro ¢hernee B moleulr sieveanihoss ufiggzeol i t es

in the present invention, the zeolites may be used in
zeolites provide both a cage structure or tunnel structure to trap molecules as well as

| , ,\) . providing ion exchange.
10
Careful selection of the zeolite for a particular molecular sieve and use can
allow the tailoring of the molecular sieve fo target partieular molecular sizes and,
hence, particular pollutants. Although, it is noted that larger molecules may also be
trapped. |
15
Referring to Fig. 1, the appéfeﬁls 1 may provide some initial filtration to
3 ) o remove particulate matter, This initial ﬁltraﬁen performed 'by an initial filter 2 may
: 'coinprise a plura]ity of different graded ﬁlters for diffe;ent purposes As detailed in
* this preferred embodiment, the initial filtration 2 may compnse a dust filter 3 adjacent
- I_ 20 , an inlet 4 recelvmg air from within the room or building. This may be followed by a
fine filter 5 and/or a bactena ﬁlter tfo ﬁr.rther reduce paruculate matter and a sound

| absorber 6 that may include some further filtration.




mol ecul ar sieves. The relatively open structure of the zeot 1820 at es

apertures ecul ar di mensions. A nolecular sieve i's ggue to

t he observ'a_t(f orglg?hat they may absorb nolecules that are gﬁg)lﬂl?(g‘ﬁ’q% an the
aperture di nengi ons and_so _can be used to separate. nolecul es of different
si zes. ‘Wt hi n Prallathgelilgnrtion pravidedr by iaesingle arhwssies ofifiligrs famiing & provi de
both a cage structure or tunnel structure to trap nolecules as well as
provi di nginitmhfilivation 2ge int€alkeé tatens vk eotrse particulateematen) firfeepattivulaespardt i cul ar
nmol ecul ar sieve and use can allow the tailoring of the nolecular sieve to

target parblefablFhactRia@tibadh &ed RSt RBE o IBRAS oxyRRS bdrsitar pol I utants.
S Although, it is noted that |arger nolecules nmay "also be trapped. Referring

to Fig. 1, the apparatus 1 may provide sone initial filtration to renove
particulate matter. This initial filtration performed by an initial filter

"2 may_.-conprisg a plurali.ty of, different_ graded filters for different

our poSea R, estaPrest s BioRidedn exbist PLardir Rt inenibS i o e
filtration 2 may conprise a dust filter 3 adjacent 20 an inlet 4 receiving
air fromths inifiah Hitretioncs Husthersaore.dhe gommressorsasksite pressurigash 2iypassigne filter
5.and/or a bacteria filter to further reduce particulate matter and a sound
absor ber throtgiatt keast dueahoidenisosieve &idbivastrdan bf giel @mpressdtifie 0GB beWO
- 02/12796 PCT/1BOL/ 01399 COverall, the filtration provided by a single or

seri es ofedlily TaFﬁ:%ci%fbﬁrthétg;hé Bistmprisol ayfte! r%ﬁﬁéécﬂgv AtdrSative EGRMALAiAgT enove
coarse particulate matter, fine partiCul ates and preferably bacteria

: filj hough 4dags i mde et &dﬁﬂﬁﬁ? 3 ?n(%)fff&gﬂgdc\?/ﬂﬁl%n r.Eufl existing or larger air

- 10 . circulating system that already provides some pressurization of the passing air.

Followil;'g the initial filtration, the air is passed through at least one molecular
sieve 8. The molecular sieve 8 will generally operate at greater tﬁan atmospheric
pressure and contain nitrogen and/or carbon dioxide and/or carbon monoxide

15 = dbsorbing ina_iterié.ls or materials that can break the bonds of these compounds to

release oxygen.

T&pica]ly, a molecular sieve w1]1 be charged with a quantity of air that is then l.
. R _.retained in contact with the nitrogen _ahd/of carbon dioxide and/or carbon monoxide
- 20 absorbing or altering .Iﬁaterié.l.' Air of greater éxygen cohfg:nt having progreséed
- through the molecular sieve majr be drawn off through an outlet 9 and eventually to an -
outlet 10 for distributioﬁ thfoughout the building or enclbs’ed space. The molecular
| éieve may then be revér_se flushed to release éome of the i:itrogen—enﬁched by-
E ) prqdﬁcts through an Qpﬂét 1 1..7 Asl_.shqwn in this pfeferred exgmiile, a ﬁ;rt]_:tef sound )

25 : . 3bsoiber 12 may be prcwlded on the Qﬁtlét to reduce nt)_iSe and ﬂié materials are then " N

AR




5 A-compressor 7 is provided to .assi'st in drawing air into?¢d¥e309et 4 and

t hr ough ,&,B 2)'19.}99 al filtration 2. Furthernore, the cor'rprgéfﬂémﬁﬁ%gs to
" pressurize the arr passing through at |east one nolecul ar Sieve S

downstream of the conpressor 7. It will be_ readily appreciated that the
“conpr essdpiuRed theough 5 arher Bylchlcrgein jovibe uidiag eavirermeng or g&he and may
be redundant if incorporated within an existing or larger air 10 - -

ci rcul at ieatprmallyt eAdthbregh @l meadypqar diratdbs baddagps deingr rezbargeh voth thee passi ng
air. Following the initial filtration, the air is passed through at |east

one nol egupafitiesSt SxtRuSed H6 tHEHAcathiSdRY oBrvtd fo bgahetak] y operate at
greater than atnospheric pressure and contain nitrogen and/or carbon

di oxi de and/ or carbon nonoxi de 15 absorbing materials or materials that can
break the bonds of these conpounds to release oxygen. Typically, a

nol ecul ar sie M L1, be charged wi t. uantity, of air that i hen
fotarhed in cdie g S fetinhyl Refipdiccstin in st Rler B8 car bon
nonoxi de 20 absorbing or altering material. Air of greater_ oxygen content
havi ng prétcesefeded Hicorfgrokitgeinbe aalecatar sicss e Thageolites gAntAP BRPUIHEough an
outlet 9 and eventually to an outlet 10 for distribution throughout the
bui'l di ngimtheecageckgid sieiness Fhwelldscloadlang tiss barels nafythesre notbpoweygose ‘
flushed to rel ease sone of the nitrogen-enriched by products through an
outl et liglesds oS imidtetill the BABbE Midcbuts aMbk Qetich dfuhisher ligRinshchabsor ber 12
may be provided on the outlet to reduce noise and the materials are then 2
' ‘]\uj]e 2008, pot only remove impurities bui change some of those impurities into increased

- 10 oxygen contact to be refurned to the enclosed space.

In a preferred form, the apparatus includes more than one molecular sieve.

Due to the cyclic nature of the proceééing 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 siéves allows one molecular sieve to be
charged with incoming air while a further sieve is lockéd and a yet further sieve

)  flushed.

As shown in this embodiment, each of thie molecular 'sieVgs is provided with
20 aninlet 16, 17, and 18 having an associated .inlet valve 19, 20 and 21. Valves 22, 23
| and 24 are alst_) pfovicied on the outlet -for. tiie oxygen enriched air and valves 25, 26 -
and 27 on the further outlet for rinsing or ﬂus].ning.qf the mole?:ular sieves. | Control of
these valveé allows independent _opération ofr the molecular sieves such that the
o 'mo.lecul_ar. sieve:_s ‘may cjcie out. _éf | phase- W1th éne_: an_d-_: of_:her'..énd' providé_‘_ a

25 . sﬁbstai;ﬁaﬂy ccjntinﬁoﬁs flow of air through fhé'-_éﬁpa:atus 1 as awhole. .




WO 02/ 12796 PCT/ 11001/ 01399 returned through a further out?é¢neZp06again to .
t he bui | di ' i ronment or- exhausted externally. Althou it nRy appear

t hat the WP@%%& s being recharged with the inpuri ti'es%&%%@égt ed into
the building, this does not. prove to be the case. 5 The building is not
recharged with the inpurities due to the particular function of the
preferred use of zeolites in the nolecular sieve. The zeolites can trap
inmpurities inAtjressafgesgulght 28 trhzsc beresvidal welthe amtler enkégnipts atlsonds of
"these conmpounds to release oxygen and retain the carbon nol ecul es. The

action of prlefiue Al well bORdn+IuPUalc@99 2h@ 3Nh ARLYsiAEHPY Badi il il 89, but

- change sonme of those inpurities into increased oxygen contact to be

10
~~ returned - S L pr ef. f -1 : i ncl udes
- nore thaHh%%%ﬂﬁ%ﬁggggiﬁggﬁ%%%ﬁyaﬂﬁggwgmﬁ%gEgég‘?g&ﬁg u&giggﬂgag&p ocessi ng
of a nol ecul ieve requjring charging, retention and flushing, at |east
t wo agg pﬁ‘éef@ieégqﬁfmcoﬁle%ajrﬂné WPl sieves 8, 14 and 15 15 are provided. The
provi sion of three such si-eves allows one nolecul ar sieve to be charged
with incoming air while a further sieve is |ocked and a yet further sieve
flushed. As shown in this enbodi ment, each of the nol ecul ar sieves is
- provided w t h WzRregard w0l #it ndeculat, sisvach d8idnavi mgteainlsassobs afleddithitet val ve
19, 20 and 21. Valves 22, 23 and 24 are also provided on the outlet for the

| -oxygen enkd ¢heBlabf aRREHNS NBSzeROandiR B ibxRR ddforl sHrbliEmapkiget for

rinsing or flushing of .thé nol'ecul ar sieves. Control of these valves all ows

pees nedtsSRRLARPRE A RAR bslhe S R GRAE B o R R 2
SOt X SO0 IO O e W S BBt e ©

molecular sieves may contain constituents substantially as provided By the proprietary

product ‘OXYSIEVE 5’ as ménufactured in Europe.

The proprietary product mentioned in the previous paragraph is one particular
: 15  product containing zeoﬁtes which; as a class of ﬁaaterials, is referred from molecular
‘ _.s-ieves in this. apparatus. Molecular sieves containing aluminiuvm silicate or, moré
preferably, zeolites of spééiﬁc molecular _.const.ruction can provide containment andlpr
molecular breakdown of selected elements and/or compqunds_which Wﬂl normally be |
the poliutants in'the .enélosed sﬁace. |
20 | ) _ |
A powér'supply 32 is also provided in the apparatus 1. The power supply may
comprise an inlet for mains single phase or fhree—phase i:-ower as desir_ed with suitable
coﬁtrol and cﬁlrént and Vol’gage mani_pulatioﬁ. to'fun the Compressor 7 andl drive ;uCh

other apparatus as may be reqmred w1th1n the overall unit.




WO 02/ 12796 PCT/ I BOL/ 01399 A pressure regul ator 28 nmay be Dou 2096 on the .
.- outlet to,le te outlet . pressure as well as non-return and 31 -

~ on eit herwrgl(g&%% a bacterial filter 30. The bacterial fﬂé?@ﬁ%g%%s .

al ready acting upon highly processed air and can be a very fine filter to
‘renove final tanalizng sontinl mieans §aris prayidedetorsngelindividiab pperaioRsar i ety of
materials may be utilized that are .capable of attracting nitrogen and/or

car bon diafxhelealaex) ramicgobdie commEisde and anndion pregsured, eatputs etehi Ineatal | owi ng.
oxygen nol ecules to pass. In this preferred 10 form each of the nolecul ar
Si eves | Jedsflof prefitred FornllGe ANVENRRORA) 8L SEMRAbRA ¥f schB6r o MERBtAr Sieves

~may contain constituents ‘'substantially as provided by the proprietary
product I ' r i . e i oduct
 hent T oned™ & il 5 e ARL AT o e PR B L opRRRE ) Bleuphioc
contaiLnin eolites ich, as a class of materials, is referred from ‘
mol-ecll aﬂ’g@%@@@%&%‘aﬁlgf”\@%aﬁf’&p@% s7%- Mol ecul ar si eves contai ni ng al uni ni um
silicate or, nore preferably, zeolites of specific nolecular construction
can provi de contai nnment and/or nol ecul ar breakdown of selected el enents
~and/ or - conmpounds which will normally be the pollutants in the encl osed
space. 20 A paueflosuihpdugh3Be wsit désmdpon vheddek and pdveeragiphe atitislthougihe power
supply may conprise an inlet for mains single phase or three-phase power
- as: desi r glisWat Rrofit/ nb@BkRy 160 M Rhit 3 Drédstd 8N tha Nk YA IfwrdiRA Akt On to

~run the conpressor 7 and drive such “other apparatus as may be required
' V\\‘)t hin tgﬁ?cu%’tﬁil%%teﬂlmﬁs the unit can operate snbstantially 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
- generally shown in Fig. 1 was performed in a room of volume approximately 30 cubic

'meters. _

The apparatus‘ as shown in Fig.'_l ]iad a total air inlet of 90 litres per minute

2'07 ~and an Qxygenrou_ﬂét was set at 4 litres pet 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 -

' ,_ ]:;_ighéf oxygen-. output and the exhau_s't from the _ﬂushings_ of .fhe ﬁmlegu‘lar_ sieve all




WD .02/ 12796 PCT/ I BOI /01399 Additionally, a control neans 33unes?q¥ovi ded to
control iQdiyi operations of the valves, running of t] ] sor and
noni-t or p?@sgﬁﬁgg outputs, etc. In at |east one preferrggrr%ig'?lllzc[lg he '
invention may include some formof sensor on the outlet air to note a '
reduct i oredchrTef dn Hreasaimeyenyiirontento uThere vens roamadd 4b exhavsh Srcanipgen anda
potential problemor the need to clean filters, etc. generally shown in
Fig. 1 wasoiluedrdtenrfighddieghaust 0ahe oftside! ume approxi mately 30 cubic neters.
- The apparatus as shown in Fig. 1 had a total air inlet of 90 litres per

m nute The flow through the unit depends on the size and power of the unit
salthough it is far fromnecessary for the unit to process all the air

passi ng throug Lalr . circulation system As the unit o} e
ot ant | i |y SaRPR s sfiprits Heo? Pul ShFR refip pBG M ERVOREEBSE,
~ *within a byilding qQr passing through an_ajr cjircul ation . system.needs to be
. opr ocegse@oﬁiﬂa&ﬁ&e}ﬂg‘? t”rﬂguﬁ@r ?@cVPEE?P'FHFI?n@\?‘i [Pafticies, (C3Theng b CHB ease in
the air quality throughout the area of circulation. First Experiment 15 A
first expeenozes and ritirogenryidawenp meomifiors] hafore commtanerpentiof the appazafsodi ment
20 and an oxygen outlet was set at 4 litres per mnute. The roomin which

t he expekhdenbscgashtlyes b0t aRIAashrs dfferaNdappafatibeidsi statddon  syst em swit ched
of f and the apparatus was run in the roomsuch that the inlet, the higher
- -oxygen out put and the exhaust fromthe .flusbings of the nol ecul ar sieve all

¥ \-) . The results of this experiment within a close-room environment are shown
10 ‘graphically in Fig. 2 in respect of total suspended partibulates, 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 respecf

15 of some of these parameters, the results are highly surprising.

The appal.;atus' provides filtration on ité infet -that‘ could realistically be

. expected io reduce total suspended partidulétés and cause a reduction such as that -
shown in the uppéi' portion of Fig; 2. However,' the .molecular sieves containing

e 20 nitrogen and/or cﬁrbon'dio}iide'and/or carbon monoxide absdrbihg'granﬁbs seek to
allow oxygen .to pass while retainjng' the nitrogen and. other gases. This is
subsequently ﬂuéhed using a portion of the oxygen-enriched output and returned to
the séme TOOI. Thérefore, altﬁough it can be expected 'to see a redlic;ﬁon in nitrdgen
dioxide or other .p'ﬁ]lutaﬁ'ts m the outlet air, the return of ’thg é:iha_mt to the same rdbm

s ':__enVi_ropment' ;wmﬂdéii'géest_‘that fo such total '_redu‘(‘:ﬁqﬁ'_::in'the fdolii should be




WD 02/ 12796 ‘PCT/ 1B01/ 01399 occurred in the same envir onnmehdune@®e was no
need to eWcma&tzm‘she. nitrogen and ~ pol lutant enriched exhagetmk@at®
out si de. A nunber "of ci garette's were burnt in the room prior to'the test to

i ncrease obgajvle&'t %ﬂ}therﬁ'y &J—Jéstg% g@)%n&ﬁv?ecﬁlc ong Hlsga?bcglelgjl 198 Ee?ﬁ’ carbon

- di oxi de, carbon ﬁDnOXI rogeh oXxi de wer & non

comencenent of the a ratus e uen I 4 and 26 hqurs after

“the appar&tif& P&ﬁ%gﬁl YWe’ﬁ@%d%P@a HLg%ﬁﬁnﬁﬁbﬁ%ﬁﬁmmﬁ?hPﬁ%

- ¢l ose- roon1enV|ronnent are shown 10 graphically in Fig. 2 in respect of

total suspEmeddo g oputiesmestibimgh dreositdestars showniip thisrgxpsxing@tand i n

Fig. 3 for nitrogen dioxide. It can be seen fromFigs. 2 and 3 that the

net hod aribe agpeeated aRl desnehpdbiecaiullycmosideg réducgensriadilicvich pelintanisach of

t hese paraneters. Furthernore, at least in respect 15 of sone of these

par angt ergithid IR rb&sEhiSohénthi ghly surprising. The apparatus provides

filtration on its inlet that could realistically be expected to reduce

total suspended particul ates and cause a reduction such as that ‘shown in

t he upper portionof Fig. 2. However, the nol ecul ar sieves contalning 20

ni trogen and/ or carbon di oxi de and/or car bon nonoxi de absor bi ng granul es

seek to allow oxygen to pass while retaining the nitrogen and ot her 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
| et aBecontl Bxpedihetitn of t he exhaust to the sanme room environnment woul d
gest that no such total reduction in the room shoul d be

10 In a second experiment, the apparatus was connected to the ventilation system

ofa buiiding. 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
' aﬁparatﬂs generally in accordance with Fig. 1 was placed next to the air-intake umt
with the oxygen enriched outlet beiﬁg 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 contmuously rather than only during set time periods.

The apparatus generally in accordance W1ﬂ1F1cr 1 had a total air inlet of 320

htres per mmute ‘The outlet oxygen ennehed air is set at 13 htres per minute.




el ther shou

17 2 June 2006 PCT/|B01/.01399 observed.” Furthermore, the £é#Mec296ndi ng
reduct.i on%qé}/ﬁ%ﬂ;bon di oxi de and carbon - nonoxi de are si ggbjf{;ﬁ@@ts et

pass through with the oxygen or be returne oom

- environnent through the exhaust. As shown in this experinent, the

- apparatus and 4 kerigseeihat qealiy ssssreingntp weve dude vathire thednslding exer a8uch

~pollutants 5 within the roomenvironnment. Second Experinent 10 In a second
‘exper i nerdxjentibkpapphdatngswiirh the apeeitadwa it bpertint of aiti cfropsystioans of - a
building. The ventilation systemhad a fresh air inlet only wwth no -

re- ci r cul Rir&Mo naRdnAehdREced exhaust. The ventil ation system operated

" betineen 8:00 a.m -and 6: 00 p.m each day and at an inlet flow of

‘approxi mately 80 cubic neters per minute. 15 The air intake of the building
is located in.a roomopen to outside air. An apparatus generally in

accordance w Fig, 1. was placed next to the. air-intake unit. wth the
oxyg_eg enrich eaﬁﬁ%ﬂfétof%@ﬁﬁ%tmefar%@o cqhefe ?‘%dééﬂﬂya’i&’ﬁ{léﬂ‘%’%?é’ld&ilﬁ"? nt ake of
the ventilation system., The exhaust fromthe apparatus was exhausted
i nt'o t he iy Somndn ig. dowitlithelssspendadararitwdatesanglastregestdionids d#a hdggéner al
airflow for the ventilation system. 20 The apparatus was left to run

~continuously rather than only during set tinme periods. The apparatus
generally in accordance with Fig. 1 had a total air inlet of 320 litres per

mnute. The oghb gt BifGERte8dhi18 N8EhaRY fith $hé Fpadhustbtild fRA dMemd AUt e. 2
June 2006 PCT/ 1BOL/ 01399

x ) - to continue until 28 January. After testing on that day, the apparatus was switched off

10  to consider the effect return of poﬂutdnts to the buildjng.- 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 p(_eriods of operation of the apparatus. The nitrogen dioxide reading increased

signiﬁcantly Wl_lén 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 Jamuary. This rise between those dates may be
20 'V.I'dure to environmental factors such as pafr_ﬁdﬂaﬂy heavy pollution in the surroﬁnding

environment on those dates.

" The apparatus 1 as shown in Fig. 1is only proxridjng fractional input to the air -

= - -vén_tilation__system.' In fact, -ihe 'output '_q'f ,thé_'apparatuS'l is only _ab_oﬁt 0.1% of the




A series of air quality neasurenents were nade wi-thin the %di"l‘%l?(?f{? over .an -

: 'extended'%‘;zglg-,guri ng which the apparatus was in operati QET%M%%”Qf o

- operation as desired to note the changes. The results of this test in termns
of carbon di oxi de .and carhon nonoxide | evel is shown in Fig..4.wmth the

suspendedPEPE i AR PRSIgNdrenah, Byt JrallpiRn autey nRegagdless, S%Hﬁgﬁ%fst

commenced on 11 January with the apparatus being turned on and left to

conti nue tgfedtionpgreshoemry. After -testing on that day, the apparatus was

switched off 10 to consider the effect return of pollutants to the

‘bui I ding. 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

creduction in tigauRebd Hiai: @k ﬁgﬁ&%ﬁl%ﬁ L PmbAl DR IERNRHAE 1

suspended particulates during the 15 periods of operation of the apparatus.

vas o t GO Bt {opel B e e e SHE T PERoa R bt BN s

at the end of the first perjod of operation between 25 and 28 January.
Thi's use tﬁ%%@@%ﬁﬁ&%%?@%@ﬂé&%%ﬂ@w&m% FedO8Fs such as

particularly heavy pollution in the surrounding environnent on those

dates. THevehpponatarsup imthegientmormingi Foweversagainywith the ekhaest fioat theonal

i'nput to the air ventilation system In fact, the output of the apparatus 1

is only apguritud1koteiigin Be duthe ot &nd WRHOLbAAT oSk BBetpIdiP 2 vol ume.
~of air passing through the air ventilation system Regardless, significant
o \) temporary measure, the rednction in poliutants 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, 2 typibéi building ventilation system may comprise a
primary air intake 40 to draw in‘;outdooi' 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 7

are shown being placements 51, 52,53 and 54.




* “consol i dat ed apparatus in accordance with Fig. 1 to be placed in a 15

~ reductions are shown. It should be noted that the apparat usJuneddél ef t
runni ng o gkt in these tests. while the air ventilati t Jas
. switched éﬁ%ﬁ%ﬁcoul d realistically be expected that thg%gg%glrl@?aﬁs 1
“inproved the air quality in the air inlet_room.si %ni ficantly.to boost
‘1 evel s upon st &f Plaggmenf §hethgapparpisn} i Placeh ey hepyamary #if iHakh® exhaust
~.fromthe. apparatus 1 also being in the sanme room and such a boost upon
- start up bednes adirget flowt efinxygen gnrivhad endpolitiant redheed pion I plapshdnitdtant s i's
~still considered surprising. 10 Building Installations Referring to Fig. 6,
a typi cal iheuppathtdgniapbleatithah tHebohsuis ADBNinWohlimaliétibh atifhivBat hagearht s for a

- typical bﬂm&ﬁ?ﬂﬁiﬁ%ﬁwﬁ@m. As shown in Fig. 6, a typical building

ventilation system na rrse a primary air intake 40 to draw i n outdoor

air argd this may be ducted by a conduit 41 to -one or nore air-handling

~units™2 wthin a control room The air-handling unit 42 20 may then pass
air to the specific offjce_ventilation system43. As shown jn this draw ng,

a series of al'Detnaltcrrative piacement 33.11be apparalp iy saidido ap@atenvith Moy

pl acements 51, 52, 53 and 54. 2 June 2006 WO 02/12796 PCT/1BOL/ 01399 At
“pl acenenthaddiing tmit withir asuitable ¢anipl evdbmienh The fipel atempatig placamgiie t o
produce a direct flow of oxygen enriched and pollutant reduced air. In

pl acement5458 gencrAlBy wigia i oFiceayiRnMdntitéel he conduit 41 or in
communi cation with that conduit and '

¥ _
3
RN

10 In the preferred form of this invention, placements 53 or 54 may be desirable
as they are more capable of treating returned air béing 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 m recifculation of the atmosphere. |

15

Tt should be noted that, in relation to Fig. 6, the placements assume that the
apparatus as shown m Fig. 1isprovided as a sing.lelunit As described previously, the
method does not require the apparatus to be proVided as ai singie standalone unit and
could 'mmpﬁse a .series of units operating in commﬁﬁicatioﬁ with each other at
20 different placements thrdughout the veﬁﬁ]étibn system or the buﬂdmg environment in

general.

' Theoreﬁcal Performance -




"~ downstream of the primary air intake 40. In.an alternatlvez]btl'%%nt 53,
- the appaermsa/llzmssal dto oper at e with the air- handling umcimmfmggg a
- suitable control environnment. The final al ternatl ve pl acement: 54 is
generally wt t.he Offl Lron i.tself n_.the f d form of
TRe frvent | ont st el B §A 8 Rl PSR rortnd s 3SR SRS o
capabl e of treating returned air being part of the veraII circul ation
system IR dvEs %15%"3‘1?9 %ﬁ@ﬁ?@a@p%glwwaﬁ S %?ﬁ@oﬁﬁﬁwogﬁ?fiec hed and
pol | ut ant reduced air to the intake air although were not necessarily in a
posi t i on apparetuehas sme caloulieieide seppdrti n recircul ation of the atnosphere. 15
It should be noted that, in relation to Fig. 6, the placenents assune that
the apparatus as shown in Fig. 1 is provided as a single unit. As
described previously, the nethod does not require the apparatus to be

provi ded as aﬁ%ﬂ% ARG eachcaﬂ‘&eféﬂﬂn@dg)g@gb‘iéocﬁlo%?&hﬁ%ﬂf uni ts

operating in co Icatiton wt ot her different placenents

t hr oughayt;~t h entilatio m or, the buil.din vl .o general
W0 02 15995ms CrifGe Bt GeiiEber o b et p B KR WA b bEe T e

mol ecul ar si eve performance is sonmewhat simlar to dialysis clearance in
renal repP%tE nt therapy. As such, selection of appropriate apparatus has -
some cal cul atabl e support. In dialysis for mJI a, the clearance Cis

det er m ned- by C = bl oodfl ow (m /hiin)

J

Generally, the index for efficiency, Kt/V is such that the concentration C at
10 timet(C)is C=Cox e W,
Where K =clearance
_ t=.time
'V = yolume of dlstnbutzon, Co= concenh‘atlon at the start
C; concentration af time t
15 ¢ is Eulers constant.
 Similar formula can be built for the apparatus of fhe present invention where
the zeolite clearance Z can be considered for each pollutant. 'I‘he zeolite clearance for
a singl'e.. gas may be:
Zgpe = gastlow X [C gioin—C gt 1 /€ -
. 2 _ o :
In dea]iilg with a typical room environment, a number of toxins are present
_ e.nd the zeolite clearance overall will be a function of its elearance of each of these .
~ toxins. Ifwe take Z gasﬂow (m3/d) x [Cm Coutl 1Cou; Qo= [Cm Cout] /Cout, then |
| the mtegrated zeohte clearance for a number of gases 1is Z,m gasﬂow X [ Ql X Q2 x. o

X QII ]Iln




X [Cin - Cut]/Cot where C, and Co.t are the concentrations? #e2dfns in and -
~out -of thavoeppapatus. Generally, the index for efficiencycriiénis® such
that the concentration Cat 10 tinet (Q is @ =C x e Were K =
clearance t = tinme V volune of distribution, Q = concentration at the
start. = C concentration at tinet 15 e is Eulers constant. Sim'lar formul a
can be built f the a 3 r.a of the present_inventipon where zeoht e
.clearance Z canBcg %glq‘@rl’m@%ﬁ?eﬁ?ﬁSWtf%ﬁp aié‘bcﬁ%ea nce for
asmglegasrra be: 4as-gasf|owx[anJ - Caqu,.t )/ t. In
.deal i ng viraprbegtitized todhringdberFevivanmsninghto msmtabbatandardtmh ﬁ%fbatélcﬁat@sent and
“the zeolite clearance overall will be a function of its clearance of each
of these byt thziWmld HéaliheOrzakieation(VIAE).| hyvdding &b, the Gpropriaafdrh@la.conldx = [Cin
.- C,t] /C ,t, then the integrated zeolite clearance for a nunber of gases
i's Z~t5 =wgasflow x [ QL x Q2 x WO 02/12796 When contenpl ati ng the apparat us
necessary for a particular room a fornula can be utilized to bring the
envi ronnent u | e, stamdard such as that dictated by the Wrld
RS- e vkt

Heal th O gani z doi ng so, the appropriate formula could 5
be:
Sl ~-where Cwgo equals the-recommended concentration for toxic gases for an - -
indoor environment by the Wozld Health Organization
oy ) : h =the height of the rooms

10 - 5= 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 Withl different
15 . enmonments. From expenmentatlon on the preferred embodiment of the apparatus, a
| model contalmng a zeolite mess of 1,650 grams has a gas flow of 129.6 m*/24h.
- Experiment has shown that the zeolite clearances for such a machine can be shown in

the foﬂowing Table 1 for a 30-m? room.

- 20 Tablel

Z Q

co 1 T332 .|, 45

o, | 1495 01154

NOX | 12__9._6-_ N R 0
TR [ o [ 75




Ct =Co- {Co- Q/vao}x a xvns ...where Oao equal s the-recomrerdédnec¥l¥€ent r ati on
. for t OXi a ndoor environnment by the Wrld ni zat.i on
- h =the. (h‘glg’g the roons 10 s = the area of the room?sﬁjrﬁﬁbl%% '
' the roons. The present i nvention can provide different nodels of machine:
having different gas flowrates and different quantities of zeolite to

- cope wth-different 15 environments. From experinentation on the preferred
enmbodi nent of Amhintegrptad aleasince fanbeled e hesxprasspdaas@ 6t [Qer we3920% Q1, 650°
grans has a gas flow of 129.6 n8/24h. Experinent has shown that the zeolite
cl ear ancemxfxad r ?chi (aalﬁ@cfgma@ can be shown in the following Table 1 for -
30-m2 room 20 . ZQ C0583.2 ..4.5. COR14.950. 1154 NOX129.61.0

“RSP9, 266.471.5 2 June 2006 WD 02/ 12796 PCT/ | BO1/ 01399 An i nt egrated

~cl earance factor Q can be expressed ‘as Q = [Qo x o2 x Qnox x Qrsp ]

- ( al ue T o8 ThlllssedCa%r;]l ca?cu'lleshon or thls I(J:z?rltlgt'ijllarattr_\lac e?ls t(g Ho»% :Rﬁlryt i cul ar

" machite as to

such machines may be necessary for a specific installation.

In the preferred form of this invéntion,‘ utﬂizing zeolite molecular sieve also
_provides significant reductions in rztdon and its first degradation products. Radon is a
10  particular problem in many countries as it is caged in natural minerals like granite. It
granite powder is used as an additiv_e in concrete, a high evaporation of radon g_as 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 useﬁﬂ 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 aﬁﬁeatfs to cause significant reduetions in important
pollutents Whether.the. exhaust ﬁ"ohl_thé apparatus is directed outside of the building _-
or, returned to the environment for .co.nﬁnuous' recirculation.. Although maintenance,
_20 _ cleamng and even repIacement of matenals ‘within the molecular sieves may be
.: required at Ihtervals the apparatus as described in the preferred form can operate

'substanuaﬂy conhnuously w1thout ‘manual momtonng and potentxally address a

number of harmful constltuents

= vol ume of = - |




~such machi nes maybe necessary for .a specific installation.2dwna¥6preferred
formof this. i tion, utilizing zeolite nolecular sieve_also .provides -
~signi fi c-a%é?iéﬁﬁ%]
“is a 10 pariticular problemin many countries as it is caged in natural
- mineral s |ike Heapicsent ihventignain pevislingl e méthodigetl aparains dlehd itteatseandn
" concrete, a high evaporation of radon gas may be started. The building -
wi | I contpumifies re@isagg hirf2ad @hoids subktantidl @dadniaaed iehEland chaticthmemdr el at ed
to building related illness. The ability of zeolite nolecular sieves to
. provide : ] | ; | r :
enbodi mﬁ‘%ﬂ%@l% Tﬁﬁg&[ ?@%%ﬁhlgégggé%b@%g?ﬁ% Sgali%ﬁ%ﬂr?ﬁ%ﬁ%%@o%i %gﬁﬁ%n%fgfet hod and
an appar agus for inproving indoor air quality that appears to cause '
si-gnifican‘f' reductions in inmportant pollutants whether the exhaust from
“the apparatus is directed outside of -the building or, returned to the
envi rénnent for continuous recirculation. Al though mai ntenance, 20 cleaning
and even replacenment of materials within the nolecul ar sieves may be
required at i ddsjovabst, int the amptanctionsofas tadldmgi isettie i ductihg ofrefiside et f or m can
~operate substantially continuously wthout manual nonitoring and
pot ent i akthrpugtd dieehiilding in) ¥ F6rn2 00 Gir\onBifioAi £ O 6A TR R BRd EkRSinvdhienpr esent

~_invention; in providing a nethod and apparatus that treats and purifies
- exi stiNg p@hA codRBudiosk: & &"I%L*Ef&'%ﬂ itdhe AESed I 6L Lruction
and ongoi ?gcocost sof or Eot- ul %\tgse gﬁrilly_ her gérlegfgis&g%@dépn%?ro ment such

{S) aer Op_ltr%&egﬂ_ Wi%_:l[ilg the5 building avoids the need for air to be ducted to outside the

SN

10  building. Furthermore, it is easier to place installations in smaller areas throughouf
the building other than relying on a large cenﬁ‘al qir—conditioning system. The
airflows themselves ﬁay 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
o J 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 cosis. To

remove the toxins, current air—condiﬁbning systems rely on removal of the air from
wﬂhm the building and .ﬂle‘ return b_f filtered air from outside tﬁe building. Of course,
in many cihﬁates, the 'diﬁ'erential between the ideal tempe_l‘aturé within the building
and the c;i__m:n_t’ air temperature outside is :_rel'aﬁvély 1ér§e. Hmmdlty is .al_so amajor

25 factor mmanycmes _Cuxrén_t_ systems requ.tre a large:portib_ii of the air to be drawn o

ions in radon and its first degradationPprSBEUE® Radon =




Maj or cost in the construction of a building is the ductingJéie #¥side air
t hrough t e @ubbedi ng in a formof air-conditioning. Al thoyghmkbiapoesent _
i nvention - may continue to use ducting throughout the building; the present

I nventi ony biljt 0...Lreaf.air within,the bujldin voi ds t eed for

ar to. ben el binghe et 18 febarrhni ool piaf T PE et ielc e | o
place installations_in smaller areas throughout the building other than
relying o #e aFrsendidpnipg sysrm- teshdi H0RPRg e te featiiee fir Pibstbehensel ves
may be significantly reduced as current air-conditioning technology relies
on conpl éugding hkipngpent invérdioniatiows tithmt idwdrebdy citisatp the idea) tamperatimi ni ze the
built-up of toxins. 15 A further advantage of the present invention is
that, in fidee wisten Othe OMIRIIE tAbe fr&uted labid RefultRdbty kil BdildinBeardUh&icgde air
itself often requires significant filtration in highly pof’l uted cities. 20
An_even EBensithe AGAND Rl Dohdilh BE aTP4id RohBl A ARYEIaLOSt s T

S, ndi ns re of the

renmove the toxi current alr-co I onl ng syste y on renoval

air from_,within,the.buildin nd t return.of filtered ajr, from outside
the bui 1 Gttt 87 i pieihe o et R st it o ¢ he
| deal tenperature within the building and the current air tenperature
. outside is relatively large. Humdity is also a major 25 factor in many
cities. Current systens require a large portion of the air to be drawn 2
. June 2006 WOADg¢t Birer RAETAntH3e 16 {08 YResaht dnmentivs iis eotddeirb tiiel potentiahnd t hi s
tenperature differential needs to be accommodat ed
: J . 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 saﬁngs to the building owner but also on a nation-wide basis, significantly
redﬂciné power usége. This may redﬁce greenhouse emissions from power plants
currently used. Even in counfries with relatively clean sources of electrical energy

15 _suéh as hydrﬁpower, there is often a use of power stations that emit greenhouse gases
during peak load seasons. The energy saving ﬁofentiai of the present invention may

_reduce the néed for these additional power soﬁrces as variation in sg¢asonal power

© usage may be reduced.

- 20 ] A yet. further reduction in greenhouse reducing gases is obtained by the
: _eﬁminatioﬁ of the exhaust of pollutanis from bﬁildings. With carrent air-conditioning
g}rstems seeking to expel the pollutants into the surrounding atmosphere, the. buildings
themselves can 'sigﬁj_ﬁcanﬂy deteriorate the enﬁronmental conditions ‘Wlthlll a city.
V;I‘_reannen:t of the air rather than-eihaﬁst bf 'thdpo]lutanté can proﬁde major benefits 111 -

.25 thisrespect. .




By the air-conditioning systemitself. By being able to tred¢na?¥6,;
within thé"OB¥i378 ng, the present invention allows air. that is already _
close to the ideal tenperature fromw thin the building.to be treated and
returned to the building and hence 5 mnimzing the need to further
condition the air. This occurs both in hotter and colder climtes if the
air is either cooled or heated from outside using the current technology. A
yet further adwantagtofas Bl ' | is.noted in the potentia
reduction of greenhouse g§ses.9?§§?%$g@§%9?bg%ﬁ?%Fﬁélegv?fggﬁﬁﬁgﬁghing can
account fier stoRiduRt b cordidered i |24l Jlakized ci.ties.. The :
significant reductions i.n tﬁgﬂg%gﬁggﬁg eﬁ?tegg%§%§5§%%:f%%%ﬁFﬁﬂnf%ht may be
gai ned bypgehg:dpéigiggnt i nvention not only provide savings:--to the building
owner but also on a nation-w de basis, significantly reducing power usage.
This may reduce greenhouse em ssions 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 emt
greenhouse gases during peak | oad seasons. The energy saving potential of
the present invention may reduce the need for these additional power
sources as variation in seasonal power usage nay be reduced. 20 A yet
further reduction in greenhouse reduci ng gases i s obtained by the
elimnation of the exhaust of pollutants from buildings. Wth current

~air-conditioning systenms seeking to expel the pollutants into the

surroundi ng at nosphere, the buildings thenselves can significantly
deteriorate the environnental conditions within a city. Treatnment of the
air rather than exhaust of the pollutants can provide najor benefits in WO
02/ 12796 2 June 2006




This invention has general ly been described with ref erencezt"df‘ep?(@per red
enbodi ments - that should not be considered limting to the scope of the
invention, which is set forth in the appended clains. 10 1. CLAIMS 2 June

2006 PCT1 101101399 A nethod of inproving the air quality within an

encl osed space conprising the steps of drawing air fromw thin said

- -encl osed space; passing said drawn air through at least a first filter to -

renove awd@agtre some particul ates; directing filtered aipcrmonedss et ai ni ng
-Wthin at least a first nol ecular sieve containing nitrogen and/or carbon

di oxi de. and/ or carbon nonoxi de a o(fN§9 nmaterial; allowi ng air of greater
usabl e oxygen content to be drawn aid nolecular sieve and directed

to an outlet within said enclosed space; and fl.ushing sai-d nol ecul ar sieve
to renove at -l east sone nitrogen and other gases from said nol ecul ar sieve

whi | e cgntainjng or_cagi ng carbon  from carbon containing gases;.
. char act dri sed methadel wRPToERS the ajs spalipyrwishin g guslpsad SAALCHRMRRLITRE s

‘resulting fromthe renoval of carbon are flushed from sai d nol ecul ar sieve
and r et ur ned thersflepsaxfbi ned wit h
5 - drawing air from within said enclosed space;
- paésing 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

10 _ 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 frem.the removal of
carbon are flushed from said molecular sieve and returned ;nd combined with

said air of higher usable oxygen content.

2. Amethod of improving the air quality within an enclosed space as claimed in
claim 1 wherein the at least a first molecular sieve includes an aluminivm

silicate.
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"~ said air of higher usable oxygen content. A nethod of |rrpr%\}lﬂﬂ?gzqoﬁe air
qual-ity wWhezizz8s encl osed space as clained in claim1l wherein the at 1east
a first nolecular sieve includes an al um ni um sili cate WO 02/ 12796 2 June

2006 3. A_net hQeh, e-air uaI W t an encl osed space as
claimed in clai rr(fn!lcIOd ergl ﬂgﬁ&%ma gq,gn Wgép%@ééﬁmﬁ‘ém4 A

met hod of i nprg he- ai ity wt h| n _an enclosed space as claimed in
any preceding c : ai m %?&Sé’fq'lg@g P aisevssaniaied wekite t he provision of at |east

two nol ecul ar sieves operating in the alternative such that at |east one
sieve is operating while a first sieve is flushed. 5. A nmethod of
inproving the air qual i ty W thin an encl osed space as clainmed in claim4
wherein gaid rxfemlf"} c udes the use of three nol ecul ar si-eves such t hat

one is bel ng lglpf‘i}’r"i% f air Quplity éi‘ilﬁl?{I‘r@ Helenid wiee dsorlaimedaranyd of time
and a third ig _bein d of inproving the air quality
within an enc osegCl g%ba ulheéenéfaé‘iﬁlﬁﬁtﬁ ‘{Tﬁcﬁgﬁf therﬂ”é‘é%’éﬂ Pt gﬁ%i‘m mhlsewdirn sai d
met hod i ncl udgg eggaé/\n ng @Fd air "b?g] an air circulation systemwthin
sai d encl osed”Space ahg "t ﬁlttfﬁ’i“’ﬁ‘@'e§ dhahtrleast ongisighies operatinzevhilxyfigen cont ent
and reduced p IIutﬁlh&il to said circulation system 7. A nethod of inproving

the air quall VY "an encl osed space as clainmed in any preceding claim
wherein said nethod i ncl udes the provision of a free standing unit

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
.L»:;vf\

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.




‘within a roomof a building with an air inlet, an outlet fédung M usable
oxygen anwo gaagmsged pol | utant containing air and said exhaust are all
provi ded on said unit within said room 2 June 2006 WD 02/12796 8. An

apparatus, for ,jnproving the.air qualjty w thin an_encl osed space .

conpri si ﬁ_‘g: an'tai¥?P 91 PR rdl? r%%ailﬁi R 2R neolsEd Wa%te;  at

|l east a first filter to renove at |east sone particulates; 5 - at |east a
first nol ecul &PMMBIIEYH- cont ai ning. nitrogen and/ or carbon di oxi de and/ or _
carbon nonoxi de absorbing material to receive said filtered air and retain
. in contact w th saamlairitledigpeirawad/fom edahinaaid dicdodedepargd/ or car bon nmonoxi de
absorbing material; an outlet fromsaid nolecular sieve for air having a

hi gher usabl e. oxygaicast QrsHIter MR GEMRablndbARIiLdigs; e drawn and
returned to the enclosed space; characterised i'n that the apparatus

further conprises ,0 33 e k?g [ Fped.d th outl et
exhaust into the e%g oste(%" g{)%é%&%‘m%ﬁgg%p%%a usgf%}{r%g%%\%(ggc%&ghair
quality within an enclosed, space as clainmed in. claim§g wherein t at
Foast 3 firet ot SaRd SGReS fof huiotl honthing meaial oo giida,
.apparatus for inproving the air quality within an encl osed space as cl ai med
in claim8 wherei flé#Epd ¥ pad Jeln & opptagiomidi pud Zaispeenr and/er GaFPOBppar at us

for inmproving the air quality within an encl osed space as clained in any
' ' 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,

1. 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 ﬁnit having an air

inl_et, an outlet for higher usable oxygen and reduced pollatant containing air and an

exhaust all within a room environment.




-of clain§V5%id%ﬂ%O wherein said apparatus conprises a free-%#%ﬂﬁﬂQQﬁ uni t
having an alfr™""1nlet, an outlet for higher usable oxygen and reduced
“pollutant containing air and an exhaust all within a room environnment. WO
02/ 12796 2 June 2006 12. An apparatus for inproving the air quality within
an encl osed space as clained in any of clains 8 to 1 I wherein said
apparatus conprises a unit connected or connectable to an air circulation
systemw thin space to treat air throughout said enclosed space. 13. An
appar at ud?f or Amppeeiunber impodng the pia kiiliyy witimimerahsanpicsedaiaRaatangs cl ai med
inany of clains 8 to 12 wherein said at least a first nolecular sieve is
oper at ed underof glaingsr8g 4 U mbergineait eppatdnacompriss pner ¢odnecisd or Ashnagbad at us f or
improving the air quality within an enclosed space as clainmed in any of
claims 8 to 13nwhekailation systtmapifen sactsto itreatlairdesughbut|sgid shcldsed gacerol ecul ar

si eves such that one nolecular sieve may draw air in while a further

nol ecul ar sieve is retaining a previously drawn quantity of air and a
third nol ecul ar sieve is being flushed having conpleted its cycle of
operatio A3. 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 inchudes 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.
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