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METHOD AND APPARATUS FOR | MPROVI NG THE Al R QUALI TY
W THI N AN ENCLOSED SPACE FIELD OF THE | NVENTI ON
This invention relates to a nmethod and apparatus for

inmproving the air quality within an encl ose :
. 3004
WO e ul ar dPCSIP(?I%%gf:’OO

al though not necessarily sole
a standal one device for inproving air quality in a
dom cile such as a hone, apartnment or simlar.
However, the invention may also apply to a vehicle
such as an aeropl ane, 10Otrain, bus, car, etc.
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reduction in air quality is repeated within buildings
and, in sone inst € 2! B YQr se. Snoki ng
within an encl.os a6 5 gt not. only in
respect of passive snoking but also due to the
r edpat AR . Alr ilFPVihd HRSair quali
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provided into t nicotine or tar.

~ withheadewleadephee and, iqpatticulerj dthooph ant yeassarily salely, a stand-

decrease i n oxygen content, buE] also a orreﬁgondi n .
alopg, deeige 4oy FRroviialr Walonch PRIy sigh @@ bome, apartment or
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total volatile organic 25 conpounds (TVOCs), ozone,

radon, toxic noulds, ammoni a, sul phur dioxide and -

or gani ¢ odour > OGP > _
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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 smokihg but also due to the reduction in

oxygen 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

monoxide, nitrogen dioxide, bacteria, formaldehyde, total volatile organic
compounds (TVOCs), ozone, radon, toxic moulds, ammonia, sulphur dioxide and -

organic odour causing compounds.
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Traditional foils of manipulating the atnosphere

wWthin a roomutilize air conditioning for

tenperature control and, either integrally or

se ely, air filtration units that seek t

cﬁgggﬁﬁﬁgrticulate mat eri al,. Al though the algbﬂéﬂﬁwﬁmmm4

conditioning units nmay be prOV|ded W th sone
~filtration, these filters are generally an after- 5

t hought nerely to preclude coarse particles from

goi ng through the air conditioning system

5 Ielgta %ﬂeﬁﬁa‘;tﬁ@ﬁﬁgﬂfﬁéﬁr@p g”‘f 3 gl%g)qsph%ﬁ |gﬁ§m a room utilize air

 chbaigsaheUbr tdieh Mt Slbatra add ek kot HERH TR ssliagaaegfd air filtration

with particulate matter. Thi's requires regular
mﬁs iﬂte’é rsamic@ temateclangeapdrirosplte ostetd. fAKbeizh. theair amnditioning

can i.ckl turnéﬁgefil ers toabreeq ngn )
ugi% KR R L r ARG SHEation, Hipse rsmreaaipem after-
LRl FRANE, St fom g Mo ondiioning
shiltBA. fRdghetlsssathesafisiorskare wenerkdyenmes ﬁltbfm&&:aﬁlﬁ bEthy air inlets or
seek to filter Barticul ate materials and do not

ot senghowithe Pridagcadsmickly brcane clegged riapatiogate matter.

Tl Rdefed Rl ﬁ%@ﬁgﬁnﬁo g an iRl R iR Syt o do so

: ch@ gRickBegin® e filkaeito o lﬁt@,@&iﬁ? %wﬁm P PafAhl s;rgéméns rather than

oxygen ventilators. Such ven ators are provid
apy aHemplle impske air qualityl ar to | nprove the air quality
to a single user. However, such ventilators are not
-generally suitable or adapt ed for use 20 in a larger :
envi FOMAGHLsRUEBESCANsRARE Hﬁrﬁl‘nﬂ? éii’tﬁlm@'fﬁEPA filters are
sol ution towar the | mprovenent of | ndoor al
atpaddniotwn. hEowesen thtseeadyelbeerk wefilteri ltmdcu]iate matenals and do not
I nternatjonal Publicatiaon No. WD 02/ 127%{
ITBioRP &F AkeT ihe Germesition ditherir eassing HRYs f@st SRt of
air wwthin an entire building although does 25 appl y
in principle to single roomenvironnents al so.
Howe@éier dppatanes seke t®improve air quality only in a controlied and highly

localized environment through such apparatus as oxygen ventilators. Such
ventilators are provided with face masks or similar to improve the air quality to a

single user. However, such ventilators are not generally suitable or adapted for use

in a larger enwronment such as an apartment or similar.

One solution towards the improvement of indoor air quality has been already
been described in International Publication No. WO 02/12796. This apparatus is
generally directed to the treatment of air within an entire building although does

~apply in principle to single room environments also. However, in the case of

domestic appliances in particular, matters of cost are of paramount importance

perhaps requiring some simplification of the apparatus. Furthermore, it is important



donmestic appliances in particular, matters of cost

are of paranount inportance perhaps requiring sone

sinplification of the apparatus. Furthernore, it is

important 3 to reduce the Eaintenance and service

requi renents of the apparatus as nuch as possible to

bring these within the scope and capabilities of a
o rea SR A URNTE, A ORipch 0, R RNE AE R B BgBIc o tring
these witdn Hreessentt andripeatftish op & dypife hﬁmﬁélts?’{ dJatb ﬁfng‘a‘éﬁlbﬁf%ef‘ﬁ%"ed service
technidig@r i nmproving the air quality within an enclosed

space that overcones sone of the disadvantages of the

prior art b roviding a sinplified apparatus having
QBﬂﬂ%ﬂﬁﬁﬂE@ﬂEﬂi%ﬁﬁﬂﬁenance requirements suitable for a
Embod#Qémisi the pRfthi AlGion FrRiidiameatal ofl abfueatr fos eimroving the air quality -

within §UIW}%?-§$8 a:_ap el.&ié{ g8 Loh %%Qé kﬁté}%ﬁdﬁ Qdﬁnttd%e@folf:}he%lr G- bg Cprovndmg a

simplifgeid apheratpy bavénst mmmf@ﬁt%ﬁenapﬁ‘eweulre@wms é%’w&@dfoaaﬁiewﬁ%la appliance.

Emboddhedtd@MiVirentliM@ninprépddd the public tkh 2 u%fule;hﬁll:@ sed
- space, the method conprising the steps of:- (a)
drawing air fromw thin the encl osed space; (b)

SUMMYSRY ORI HIBNVENRANai r t hrough at | east one filter to
Accor(f Vaeﬁr§tt ash@8Sft the fé@enp ﬂfv&ﬂtfbh&il tﬂér@Ss pro@ifledda metibd BYimproving the air

alr, tot sigves.in the
quahtyf‘HFhI“bW ‘?’?ﬁlofﬁgﬁi’\a@? er‘B?}P ch ‘ﬁ’éﬂ pzlil Slél % e tsge}%st (i%al |y continuous
(a)operdatvwingaii fnerh withngheamclabad spapgobi | e ret ention period

(b)fS IO ' pad tltf@(irﬁ?@ryilﬁﬂlroﬁ @Mﬂeasﬁﬁl% mnef o kdagovt B 168t ssalegattcaktes;
eves

a seco
(C)ContdgFWnﬁ 11?%:61' :imf éo ﬁ,ﬂé?e molelezr:&% Sleves 1n A rl?eh goq]g)gc%qglamer growdmg a
of -tshisstantialbyeconiveoy breratioh encslitesimar mpedile o Fatvasipr erieg for each
teaC R EDBF 5B, Q&H%’F 'rt]ﬂesthfee (olectiaf 86k lﬂgvuﬁg 4 Fiesk egll @dra second end
RS St N At LR T
di spleingiimgceaneiteda eabhoget bngpndwitsanount  of ai r '

pr e\ﬂgo uglréfctﬁ% FiRdBy élpteo al fir5tSne BPIhE %Jze@ﬁol@duﬁly Siete rtlﬁb‘@ﬂ the first end
the Conduits' to a cond one, o | ecu

he
S oves ahiechop RS Sie O R D A5 SRR Bhapgm of ai
reta|nedmmumﬁynmhheh$ﬁmbmdbn®MEmwbarm8$éwéxmﬁn@@@h8ﬂmndOneof

the firgl tg.l%g nﬁ)ﬁechllalesév%g QH@' dﬁ?ﬂa&ﬁ}y b@lorsdiR¥ighgl £ ABviously retained

outlet, si nmul usly .retainin
subst anf“il'%ﬂlq e P %CWD( HEYS t gmlugh ﬁ]ﬂailgﬁeengfof ttlf?esecond molecular
t hree rTBie&Cllolaﬁrouﬂet,ea\tlds:mﬁldtanmslaIrﬂftalnlngaig isthstangllyriminohile within a

i od;
perio }{nldl C%F]g ﬁﬁ)?f%%lizch%r LRCeAbF ak Méb@le rr@ﬁeﬁ%'p@ﬁod

perlod or t ecul ar si eve,
fil @l eéuba?queletowt He aieldBpip! ﬁﬂF‘@Etﬂﬂ“ali’e”QS dhreteridy giplecular sieve,
the fir gtreing fibretl @ to the second molecular sieve through the first end of the

second molecular sieve while displacing and/or directing the amount of air
previously within the second molecular sieve through the conduits to the third
molecular sieve and displacing and/or directing air previously retained within the
third molecular sieve through the first end of the third molecular sieve to the outlet,
and simultaneously retaining air substantially immobile within the first molecular
sieve for an air immobile retention period,

(iii) subsequent to the air immobile retention period for the first molecular sieve,

“directing filtered air to the third molecular sieve through the first end of the



second nol ecul ar sieve whil e displacing and/or

directing the anount of air previously within the

second nol ecul ar sieve through the conduits to the

third nol ecul ar sieve and displ aci ng and/ or directing

air previously retained wi thin the third nol ecul ar

si eve -thkoughcilhsidvi mdile dispadfg arider tindctial e kwowit af air previously
si eve t\%‘tﬁt{]ﬁze%ltdl rﬁc&leﬁuﬁap Qe t%’u%@tﬂ@@dﬁﬁtjﬂé th ﬁlte@i'rﬂ info@cAkbf sieve and

subst an ? fo g AIT PERV 2|1 = rggu q rat molecular sieve
si eve f&splagigaangd fﬁ%ﬂt%é PEVIMEY SRR thei ity
subsequ@luglt hetfite ead of ekt théequit eintd tonthep eutleg dmcli eimultancously
the first;aml g0 " G6fih B8 ddnl YA uBE LielOr
t he t h r%,lllr}ﬁ air g.‘ ar SI gv\ﬁgm{) ;60\85 : eS Il]r ot eﬁd Olfe or an air
the 4 mmﬁﬁdeﬁﬂﬁé@BPﬁﬂﬁsleve whi | e di spl aci ng and/ or

Gv§li rect d’&Gseﬁqﬁl@tt & dir Ofimebik plesicnoeabd fox thé isecobd @wolecular sieve,
third nole r Si S to the
first nBcE %n the steos é(ugatqdp@%qn {i Dcﬁlttﬁtﬁ)ﬂgt#g;

acin or dlreé% ng
(ai r vhesby @mwgmoatene@f 45 PHTRR ORI (5 FhoreE dregnola, and afie
Si eV&ahig Qh’egmr tstl'b@tafntﬁa'[@tlmﬁlﬂﬁﬂﬂﬁvlﬂﬁlh an¥ biieSf tho et:uhiar sieves, the air

sieve to t Ut et

sub gietgﬁ?d wit 19 the oIy Bﬁe m(r_'}l CL?ZH’ SI V(% ﬁrtr%&%l(ﬂu)ﬁ dﬁ)ﬁﬂtﬁdtg nlrtge Ak bre broken 7
Si eveto fsmrphanorm:rorlentm% iheo F]@tt@ﬁﬁeii B lsp‘é‘FHl%?ﬂd and/or dtrected from the
(1 V)i tb?r@ AHQBulal QicvB Qo ahé oD hibkentlaB¥ eflt thersixmee icogkponents are

for t ond a ev o
(i ) a}uﬁtj; %ﬂl&g \({ﬁ? % ezﬁed{;lalco% ﬁ“r‘e agﬁgﬂ’e%ol%]:glar %]856\?\?%89&% yy through
thetmmygemdoﬁhtenﬂneﬁmﬁwnhtﬁwedgﬁePW@tcondurts is

above a threshold and after retalnlng the air

In the ghtuﬂ?zg%}ae Ee é{/ggg& llﬁ éetgr?vtd %E}Ig?% rg be M { Eess tthFth seconds In the above
methodmiteemuhlambde eicetiorsperipdmpp be bﬁﬁ‘deepélah@rt%ﬁt?@ldﬁ rin tlﬁé %‘iermeth‘)d the

air muﬁ)tgb%e l?eft%%ﬁ] pér[bﬁ%a?'b%!:t%e&pmm&ﬁlds fle WS B nlet@d, the air immobile
treated air évyrﬁceg g/or directed fromthe any
retentiggLReTig K i BEEvesm S EE Y RE Bt | et, substantially all
the sinple conponents are exhausted along with the

The ablo{‘reer?&ﬁgd Iﬁ]layr fufth@ Tk e%@éém%@l?e ARG 1Bbughl a8 Bpressor before directing
usi ve the first end of the any .one

[ ou
mef“ﬁﬁ@é%ﬁﬂ%?ﬁﬁﬁévemP%r?ﬂ@SoutIet In the above nethod,

the air immobile retention period may be not |ess
In the alﬂ% #eth6E Otﬂéjﬁrreé Hlotel?tﬁaraggs)ég ot RO6beratdd€undbr a IpfBIRHA kRater than

retention period be between 2 and 10 seconds. In
atmosRhgEC- above net hod, the air inmobile retention period

may be betmeen 3 and 5 seconds. In the above net hod,
In the &b%@e %I 0 Cﬁeﬁve%;ﬁ hRE QR oﬂﬁ[ﬁltc@ GhdTRY 0Pt @@B@?ﬁé@s&z&l

secon e above nethod may further

conprlse passing the filtered air through a .

In the GOORS MSIEQT, (Deftatep @) (ipdirihag sdnkieg fand terredingithe oxygetheontent of air

throug{r E]regcgn % %oléi}a e tl’?rles%\oﬁs (br)rgpst%'t@) (ﬂpﬂ%ﬁer%fsﬁg dnd &d?l@ro]lmg the oxygen

ecul ar sie er at
T o o it s

contro@b RGxydch @ortrt oD4it tveeih theeomduith dast the)thfesflmlﬂt er and
the outlet nmay be pressurized. In the above nethod,
- (a) at ste ) further sensin and control |
In the ghvee Ry @nfecféwwiﬁ maf beaerveen "B ghd Pive I8 e it treshold
may bd 1185 {TH 1R SBGleGiet(da) thathrashelp nfag be §2%) further sensing
and controlling the oxygen content of air through the
conduits above the threshold; md (c) at step (c)
(iii) further sensing and controlling t he oxygen

content of air through the conduits above the
t hr eshol d.



In the above nethod, the threshold may be between 70%
and 80% In the above nethod, the threshold may be
72% I n the above nethod, the threshold nmay be 82%
According to a second aspect of the present
invention, there is provid an apparatus for
i rrpr ovi ng the air quality within an encl osed space, .
Accordi dloeco Bcon da%ct oqqiﬁg ﬂrggeﬂtqweﬂg?lose ggﬁ%‘}e{&?g‘?gggﬂﬁgiﬁf improving
the air gyjafityj thét an e(ﬂEalPseétSPElCéé%% 2pHats FPPRS@onnect ed to t he
(a)' nl et dhang RBON @ &hwlhR@sh SidiRthpanddsed patehronficn dihinke
con %tclgz%sg %Pesﬁlt%y c%%ne%:?eﬂttgthg Iug% é :ee%#é ?t 1%@’1[5%51% ggmcu]a{es
(c)l eagecomelepTHT Bevesn eRERN HE0 64 magehighcappediqeint igFadg! to each other
mﬁl e&%@f%@ hﬂg@s owhea gncarf butkt, epmcbfaindtheee Setenids sads having a
t he con nds_of .t : :
i BPEGARE TG bt B rarorRy g i Ihy Gt elaP dives being
pl urraﬁtrcqnye@dtvafw@ﬁlet@’%nﬁlé@t fI ow fromthe at | east
S (d)one, fp'ldr&lﬁj? of Qalddtyio AectOowt Femtthé eeleimd o€ ltarto e vwes pf the three

t he ek et WP o b e o, ey SLEY it Buter and fow
si ebewetthotgle mdksulboiiess thsough iy coaduits@atdr ol neans
(e)f Or GRRE Mk 'f&@oht'&ﬂlu@ tHé Bludativy Ffvanal s&txﬂﬁthsuﬂ’fbrddhﬁtfrom the at least

I Iol tggeF ﬁ?eg ?sl d&'ﬁ%te(g}o atiﬂ%t oPf, P%cﬁe ! egng% cular gleve\s} ltehS Ol%h tl%cﬁxﬁ%nd of the
t he fifs msflecelad sigfe, taheanfounts of mlpeqymuslv vslrh@v éhe Gt @ﬁmﬁfﬂ sieve is
OT aisﬁla&ﬁ%\ﬁﬂﬂy ﬁiré’ctéM ﬁﬂ"blugh tHeecchitifitto MkeGM| @b of iteViirde Snolecular

IR i R TR
pr evirausl tyrongit ti fied evd ¢ftthmsectrsl meleawnd sivet ©dbd aitleangiair within a
'S ﬂ{n%@né‘&eﬂe ﬁﬂgy r%lec,QI'la'} e ed 1st§i}ﬁ19t!19$bu§;lljl @etglhédssfubsﬁzﬂﬁalw immobile

t he second ul ar _ si eve to

i ¢ i o H PG G B IR G REEET S RG] U yolyes such that
Si maichandeus sieve paigressts swbsoafbituosd £ygle tﬂmblll the WS ghreceiving

ai 1 gy 5? Q{r tﬁroﬁ%]t ﬁ]@tﬁrgr]eng%ér&q frd theS WP KBS UMB L itdr, retammg the air
cont ro val. ves such that ?elﬂal'%h nol ecul.a

or o HELEE; MU HETHL Bl S MeE FEm g SEIgH T Re] Aioen receiving
of mecahminngffbl theset thé rcotdite ufgdm tanethér rnsteméitrdswve while being
- they grﬂlfectga{ 2Mnb %Ftl@twﬂe%?%e%kggéd Aoﬁ%ﬁt of raﬁttﬁbﬁlghr‘[ﬁe td¥uits is above

ai r substanti al i myobf | érein bﬂ f th
i mmﬂlme@m%%taéﬁtaﬁsrnre&@?%&eaﬂa ST%@H“E}HEY;C‘&WH § "ihip any one of the
anouilecotbr &kvest Mieatighetdided wittiolubd smyf ponmaleotliresieve is treated and
ol ﬁ&ﬁﬂtﬁ]{t%ﬁll the %r"édiu i)l%ké?lelln{&gm 9@%&1&)&@1}@5%&@\%&%& &k s displaced

oxygen content of air 9{ q}i v all |
Soneul e gy RP&BASFY2 st mathf 8k g gtapiafly all the simple
the c&h]bonsmbsieaﬁhmateﬂwdnmm the twittdain fmmythoney ofie thlecular sieve
ol g)%c lsfa\frﬁ:]yS thr%ﬁ%is the tflﬁ? erﬂi (gf ee n loﬂg ﬁol%ﬁll.ﬂj dibvk IEBath@QlYt]ePHﬁh that the

- ol é utants |n the air bil

ar e abrEKEnPIoNides & wﬁ@nt@aw@wwgs ORFIALYh &1 “FH’@ g i immobile

i s ditsmbas@tbdandhat micedetsiede.f rom t he any one

nmol ecul ar sieve to the outlet, substantiall y aI | the

si npl e conmponents are exhaust ed along with_t
In the ghopagpparagisy the eeriol MeansPpsuBereberdl dppiile rgﬁe%tv)@ Peﬂod may be not less
than 2 666hd4SInviB Ybdvb raﬁ;b@lui e bhtdtmaandeairet the arynmohide retention period
may beﬁk}vmﬁ egrrld lsd seevoe dts q{lt( bgv%tagﬁ%rat%y cfll;E oﬂl%l n]iéal?s APRA AL MPimmobile

a su Uous operati on
retentignrpstiodinay bfahetwﬁfrn j mﬂoftﬁep@ldﬁelfé?ﬁ ghee ﬁ@?ﬁ% the ponggLeans ensures
the air [Fth&ld k@éntiSh Batedd hdy teBErwaBoY.s ajppakabus, the contro

nmeans ensures the air imopbile retention period nay
be not |ess than 2 seconds. In the above apparatus,
the control neans ensures the air imobile retention
peri od may be between 2 and 10 seconds. In the above
apparatus, the control neans ensures the air immobile
retention .period may be between 3 and 5 seconds. In-
t he above apparatus, the control neans ensures the
air inmmobile retention period my be between 3.5 and




In the above .apparatus, the control neans ensures the

air between the at |east one filter and the outl et

may be pressurized. In the above apparatus, the

control nmeans may include a_sensing unit for sensing

and controlllng t he oxygen @ontent of air t hrough the

conduits above the threshold. In the above apparatus,
The aboge at%p Q&agl% hol d furgt?gr %O%p?%tr *ﬁrﬁg lgéQJ%ﬁ@G@f@f%b&x{éﬂa‘p Sratus may further
compra@mvzéte@p@waavwma HeordifBERIPRIHEY be 82% Furt her

aspects of this invention may becone apparent to

1 e RS B b, P A5 2 AR R BB AP

atmosgiemd.er r ed enbodi ments of the invention will now be
described W th reference to the followng drawi ng in

The abgﬁi)%ﬁpgliaﬂlg nay Ifr%tl'ﬁaé “%‘EWSS a fsensmﬁ%lrr?}ﬁrtge%&s@%ﬁr@(ﬁqﬂ%ce%@ tl}e at least one
filter 4ukeani indieatinigoneanDET AlertED URESCREFTIAEN OF UrRprfoRpgtse beyond a pre-
determEMBERHMVENTS  The invention relates to a nmethod and
apparatus for inproving the air quality within an
encl osed space including transport vehicles such as
The atphaappsratus may Aigtheetamprifed empresgerconepied brggrn iy, at deast one flter and
mﬂﬂn&hhggmﬁgp@g%nent of an apparatus to inprove air
quality i1s shown. This diagram shows a portion of the
-apparatus that may be incorporated to act - within an
In the sbave eppacitilsatie omtey stamensures theudil kgtwegn ghe apfeay ot gndythe outlet
nmybé%%gﬁ&ﬁﬁdlng unit WO 2007/020397PCT/G82006/003004 7 :
a single roomor any other controlled environnent.
Al t hough the preferred enbodi ment- may be described in :
‘In the bigvEBp@fate, St andrdhess mynedtdec wppng woicier sengipg and controlhng the
oxygeﬁgc&galﬁ%flﬁﬁ‘ tﬁﬁyghadrégongﬁts DGR rekbIEXT Sting air
' ng, nmoving or conditioning apparatus. For
exanpl e, such apparatus may be incorporated into or
In the GbHREPhatu thd thaeshalid rmayordietvaeni 7@l andi 0%. dn dredebgvd apparatus, the
0 My be 82%. | N the
areshJREEY bl 208 RS Aof Pl BRECALR be 827 onver ai on
of the air mnthln an -encl osed space, -the present _
Furthek aspem bDhid ieedesion amuaRbdsntehgpurse tofhaediiilidely thsart upon reading the
Lt rs for the air. Such an apparatus is
ﬁﬂb“ﬂl gbgﬁ in International Publication WO

BRIEF DESCRIPTION OF THE DRAWINGS _
Preferred embodiments of the invention will now be described with reference to the following

drawing in which: -

- Fig. 1 shows a schematic diagram of an apparatus forming part of a preferred embodiment of the

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention relates to a method and apparatus for improving the air quality within an enclosed

space including transport vehicles such as planes, trains, etc. Referring to the drawing, 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 freestanding unit
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10 02/ 12796, the disclosure of which is incorporated
herein by reference. The apparatus as shown in
Fig. 1 is intended as a donestic appliance although
it wll be appreciated that it may al so be used for
WQP&@FOZﬁHTtS installed in a@]r conditioning i fFCT/GEB2006/003004
desired. As such, the sinplicity of the device and

. ease of -15 mai nt enance are of consi derabl e

i mportance. Referring to Fig. 1, the appliance 1 is

shown. Polluted air, or at |least air drawn from

wi thi.n the encl osed space is_drawn into the unit :
End 1o3h dOPRK PLEAY cothet gontrollgchgnvirupeie édthouglerthe preferred

' Ve . 0 ve air through the
GRboiiloHL Ry BRecrliRl B BHEN o PRUG Rbe ofpiGristnce, e
apparmie g Alke beaineludeg -ihi difhny S RAn@Bnd NBTALESr conditioning
stage filfers 2, 3 and 4 being a coarse dust filter,
FpBIaiss t I dri pepley suciHEPpRrf ik ey Besinstuparmtedsutd o connected with

nderstood.in the art,. these.are arranged i n sequence
ALY wind SrBhds o Socifs Rt fidomaamear.
filter, etc. The purpose-of these pre-filters is to
renove as nuch particulate material as possible from

t he 4 thestadeavour Fherevits bejtariteaapaearoaicosvatieortle air within an .

wor k on the_ conpounds that. are constituents within
ﬂ&é?ﬁ@gwﬂﬁgdﬁg ?%ﬁp@f@@f@?mb@g@mwards the use of zeolites as attenuators

for the air. Such an apparatus is disclosed in International Publication WO

02/12796, the disclosure of which is incorporated herein by reference.

The apparatus -as shown in Fig. 1 is intended as a domestic appliance
although it will be appreciated that it may also be nsed for larger units installed in air
conditioning if desired. As such, the simplicity of the device and ease _éf.

maintenance are of considerable importance.

Referring to Fig. 1, the appliance 1 is shown. Polluted air, or at least air
drawn from within the enclosed space is drawn into the unit under the influence of a
fan, turbine or other air driving means (not shown) to move air through the

apparatus.

Initially, the air is drawn through one or more particulate pre-filters such as

the three stage filters 2, 3 and 4 being a coarse dust filter, {ine dust filter and HEPA

filter as shown. As is understood in the art, these are arranged in sequence such that
the finer filter follows the coarser filter, etc. The purpose of these pre-filters is to
remove as much particulate material as possible from the air stream. The

subsequent apparatus seeks to work on the compounds that are constituents within
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the air streamand particulate material entering into
t he subsequent optional air conpressor and nol ecul ar
-sieves is undesirable for perfornance.
hi s apparatus uses three stages of

xﬂ)%@?}gg{}%}n al ternative nunpers 5 could be uSEHEBA006/003004
provided sone particulate pre-filtration is provided
to keep such materials fromthe sieves. ~The air

may al so be passed through an optional conpressor 5

and, if the conpressor is provided, cooling unit 6 to

ondition the tenperature of the.air. 10 Simlarly, . i
fﬁ% UaP oty epﬂ@g}‘% Biolest e e dhte gubtpagont bptionsl air
BefrERer LERBIRLHE Sic NS %Eéiﬁa%‘i Qncdf ter
p?gtessing. Th% aquFE t eﬁ3p§§§§§ﬂ?%M?he

nmol ecul ar sieves as shown in Fig. 1. The apparatus
cohta{af aﬁ Lfast three sieves 7, 8 and 9, containing

zeol FHEopgh dhis AppatatusrysescHires stpaes af SHationgd gMermiize numbers

' ' e or._Aa. c - to 90 nP .. each

BRR, pEEE, rBYiB0d Yenc” buficB R Guc RliiBa § Aoyifeg, B suen
gelialk gromtlRrsicdes, I n the preferred form

approximately 2.2 kgs of nmaterial are evenly provided

over the three sieves. ' It should be noted that

a mnpimum of three sieve re provided jo operate.in ., .
20t S Tl A0 hoRves soneh e ppna] Coqpresepos and, if the
cORpQES: {h3lovddd, e@olﬁﬁ”ﬁ&ﬁf TRy cQﬁdiH&EdcthtefﬁgE]}QhﬁQ of the air.
vol umes dependi ng on the control of the operations.
Stindady che sir7ma bata@daretbomiecileded to pdestddeemperature range
gﬁtvsésq%n an i,nlet 10.into which the air is first drawn

SR e sttt PESSi B ugh whi ch cl eaned air nmay be
exhausted. 25 WO 2007/020397PCT/ GB2006/ 003004

Furt hernore, each of the sieves is interconnected to

eachThe hedr it trepughssed rtduht Sndlkculée sRYEd ak Ghowh iSFig. 1. The
al so provided in association with the conduits 22 so

apRATRIYS ritraRs PF dsaptirthrognéiertse dd Ssefe ofcoptaining rzeolite material.

i . At ~sensing device.a 2
T9RA oL P SEH IS E RS e O S 651696 g, oo
of (et sieles MRANSonkBnuHke&l 8.50p@Er Ak BN Sedlite ter¥A! I8 $he preferred

and regul ator to achieve the desired processing )
foray approzimatsly DR digs of oraterialtareccahit providedarver IR three sieves.
initially passes air into one of the '

1t should be nqted that a mintmum of three sieves are provided to operate in
the manner as soon to be described. It will be obvious that a great number may be

used of varying volumes depending on the control of the operations.

The sieves 7, § and 9 are comnected in parallel between an inlet 10 into which

the air is first drawn and the outlet 20 through which cleaned air may be exhausted.

Each of the sieves is individually connected to the Vinlet through controlled
valves 11, 12 and 13 and to the outlet through controlled valves 14, 15 and 16.
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10 sieves such as the first sieve 7. As air passes

into the sieve, it will be appreciated that the air

contained within the sieve is displaced. This air is
ously directed to the second sieve

V? gﬁkﬂﬁgﬁe 02 and free N2 npve through the Zggpb?gmmmmmm

nmedi a faster than other constituents hence the air

within sieve 1 is mxed with some of the faster

" noving oxygen and free nitrogen into sieve 2. The air

within sieve 2 is 15 sinultaneously displaced tomards

out | et O Thr.oughout this he th [
Fygﬁgmmem 108 theplgvys wHat eamﬁﬁf@ﬁ?% e%“tt‘i’b sv bduits 22,

_ /} ?@ﬂ&ﬁl? is also FRLYEM P, ogﬁglogﬁﬁtﬂﬁe tﬁnﬁgfté 98 ol e[Eei:o reduce

e alr to remarn i Mmo _ sieve 9,
ptdisur¢ ahd dgeadinsboie gitlat f passinc tmbughl thedohduitdioea tdmding device-
air once_again In 20 this phase, valves 11 and 13 are
anl peiep] sireuiidPvie Vil hesdasedbed et hat i ncoming air s
directed into the second sieve 8. The air within
sieve 8 is directed towards the third sieve 9 which
i t selfodnBrof aRASE I 8dohRokshperiiiohe bf B valkesepantidank to achieve
val ve 16. The first sieve'is |ocked throughout this
thredestad prooesstting sequisaca@i r within. 25In the third phase
of the operation, incomng air is directed through
valve 13 with both valves 11 and 12 closed, air is
pass¢g, f TH 118 into <
o ohite PEBBRCYT B8 LOLRIIREHS (5 F5RaBy Phsis? diP into one of the
stdeacendht ascthn fost sieen 7t hAs air Eests intothe oy, et 'e’iéll be sappreciated

et S a0t AR iy s Bntncou
dﬂ'ggfgﬁ rté as{%%ﬁc?@i%@e Qr Iﬂtfﬁueur ﬂe@%} aa!nh%éeq@ motv lﬂ'ffrou%h the zeohte
preferre heed o clean, epl ace oOr

n@idiefastes Ehanndiaed ctﬁsuhimmmmoatth@ Bir &fitHim Qleﬁfﬁ l16ie whiaed with some
sieves. The integrity of the sieves is inpartant and

o therfapial mogienes asewnd fﬁ@ Iuéryéwu igo AiSTeral Tﬁ@rﬁér waign sieve 2 is

ven | i nsta
sy G ERu D PilleaPReRds Pl Sl APn BR8N Byphase, the tird
sﬂan 9 i3 lockBd BN (ROHP Nﬁftﬁn Eﬁ&@z&ﬁﬁlﬂ?(j’mﬁ{o‘tﬁﬂée air
t hrough the sieves such that no residue builds up in

t he nol ecul ar si eves or exhausted as har nf ul

Phe. HowRsc SRPuGE TFenlth i b A shiagt mfiobile n the

- SRFQRES oo vd &S%H%gﬁ 101838 eBRbbIRd o bvatR diPeeagain. In

the apparatus, a naxi
this phase, valves 11 and 13 are closed and valve 12 opened such that incoming a1r

is directed into the second sieve 8. The air within sieve § is directed towards the
third sieve 9 which itself is connected to the outlet by the opening of valve 16. The

first sieve is locked throughout this period to retain the air within.

In the third phase of the operation, incoming air is directed through valve 13
with both valves 11 and 12 closed, air is passed from sieve 9 into sieve 7 and sieve 8
is locked. | "
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15 10 seconds. More preferably the retention tine is
in the range of 3 to 5 seconds or even nore
preferably, between 3.5 and 4.5 seconds. An

te time of 4 seconds may be used. | 6003004
V%?%%? |%g such a retentiong,the zeolite nedlgcﬂggm?ﬁe
opportunity to act on 20 relatively imobile
compounds trapped within. A catalytic action may take
pl ace using the electron field and van der Vaals
forces within the nedia to break the val ence bondi ng
in the pollutant conmpounds. By ensuring the retention
time is sufficient, not only is oxygen released from
0T € FQTIR i Karf BEROMN 5 AN RRk lSelis 46 M ASnGRIANE period of
COQ2 but each of the pollutants nma roken into
siempbr of Shecaimpadpolistant®in thegzeblits medisequent phase in
which the sieve is flushed fromthe top by air being
di spl aced frontanother sieve al | the constituents

o uldd?)gn\gaé tho e re e g]tlceea% O{HS{ 3y P{%med o

Car bon orm 0 catr

ROHA2 030 HRET /t@Bﬂ@zﬁﬁ/ @Qﬁ@@%r%tﬁ@hﬁﬁes nﬁélﬁ’ﬁptaﬂle%raﬁon of the

which itself is a rel atively harm ess materi al
Iﬁ@kﬂ@ul@f steyes. ndther titegsity | af ohaesigves tih ampottarht mdhauélt mamtenance

t he ar at and fall to.th Lt
bt O ed B AR Fo BB Dent rrieh b aties il perwould require a
SEAGEYIBbREhCObr GHIRE WhiStntheadbpathie floor in the o
surrounding area or re-circulated through the

appar atus and caught in 5the pre-filters.

To ensure complete processing of the air through the sieves such that no
residue builds up in the molecular sieves or exhausted as harmful pollutants after
processing, the retention time for the air in each sieve is set to a minimum of 2
seconds and, to obtain a reasonable flow rate though the apparatus, a maximum of
10 seconds. More preferably the refention time is in the range of 3 to 5 seconds or
evert more preférablyB between 3.5 and 4.5 seconds. An approximate time of 4

seconds may be used.

In providing such a retention, the zeolite media has the opportunity to act on
relatively immobile compounds trapped within, A. catalytic action may take lplace
using the electron field and van der Vaals forces within the media to break the

“valence bonding in the pollutant compounds. By ensuring the retention time is

sufficient, not only. is oxygen released from imore complex compounds and
poltutants such as CO and CO, but each of the pollutants may be broken into‘ simple
components. During the subsequent phase in which the sieve is flushed from the top
by air being displaced from another sieve, all the constituents, including carbon, may

be released from the media. Carbon tends to be released in the form of carbon
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 fisdrieckddng siever 14eiZeolEonatsiaheushis,

The advant age of exhausting these carbon and ot her
materials is that the sieve itself retains little or
not hi ng from each usage. 10Further, such processing
Xh nitrogen whi.ch forns a natural par tp@fciobsoo3o0s
“§§m€ﬁ%&§éolite has broken {jhe bonds of nol ecul es such
as NO and NO2 by an adsorption process. The
adsorption process is-inportant in also ensuring
there is no collection in the nolecul ar sieves. The
adsorption occurs when air fromthe inlet is first
irected to si,eve. e zeolite terial catches.th
RogEh o TS HTh 118 TRt BCUP SRl HL A6 of the
' I ' Qﬁﬁl?BﬁKﬂﬂhQH b9k A e &N Ibor in the
n%@%ﬁ%ﬁ?“@&g%ﬁiﬁgﬁsgﬁge at the outlg% fromthe sieve .
forgn epémed Tawil] aientpaldps begerhovs tpm vavutimahg b1 bthergise cleaning
through an alternative sieve is ssed into the 5 )
thej flecs 1n threswrrodgrs #587 A8 é%glr@éhﬁeg glﬁé@g]éﬁé@ PR W caught in
Thi S 4 s opposed to traditional filters that absorb
ﬂﬁﬁ?ﬁ#ﬁﬁxﬂaterials in the existing formand retain
these until the filter is 20 cleaned or repl aced.

Even upon extensive running for a period of twelve . '
mont ke advantegexqfexhausiingithecagehonaansh ether matrials is that the sieve

it h S GHES LS T8 0B Fur ther nor e, Cher ¢ was

no need noticeable drop in 25 -performnce of the

sieve. WO 2007/ 020397PCT/ GB2006/ 003004 12 Hence -
- t he Emmlaarasuch pocessilg exhduststitiregerawhinh foeps comrtimal part of air

to operate in a_donmpstjc or other setting w,thout

ot 2 Roohp BiinoRaneerB of iy dGesidifadHi6 e N by an

i | NaPSr A Gn 981 GRutibd fere is

oSERRIFEARLS, PN oy e 25 MBS do8 GRlid e s no
ctieti@ppatiad uelealarafisesb & hregsotptioproevindevizersan Siongthe inlet is

and control circuit. This circuit may be used to oy
e Wigpgppyeompounds with

d t f 1 i i . . : .
t_l%elox\é\%,geg{a {%ﬁ]g téugﬁoln?%l@?&ééﬁfé{efaiélﬁ{ng%’ése{arg ‘tffh@%ﬂn ?ﬁgﬁg‘lﬁ% F:etentlon
pbiibd. WG BRRANA! MSthe baiBEAONEMR| 2g8ead opehdt! and air passing from

particulate material over tine and may require .
thel wabinlnGlios thepighcamalematipneigse is Pessed il phe sieve, the smaller

-filt I i-n . th ' '
e £OBPOPE Hecu e e CHEdb o TR REMA PR oafs Trers tht
aBél}iFg hﬁaazxg‘rf‘ﬂﬂt Riaferide 18 XRE Chking oA Rl r&RRI HRBE emtil the filter is
ol%aned or 1'cpiaced. | '

Even upon extensive rumning for a period of twelve months in an

exf:eﬁmental stage, a sieve was inspected and there was no noticeable build up of

* contaminants within the sieve. Furthermore, there was no need noticeable drop in

performance of the sieve.
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In this preferred enbodi nent, the sensing unit 18

seeks to sense pressure or S|n1lar to determne if

the performance or flow, through the filters has
sufficiently to indicate that mainy

%}?ﬂtﬁﬁg}g(g}?l lters is required. The sensing uni 'tt@ﬁ?d}&%mosom

connected to a control circuit and indicating means

(not shown) such that a light or simlar is

illum nated on the device. This may al so be

acconpani ed by shutti ng down of the apparatus either

I mredj teI 0 urt er radatlo of .

por  orate e Prpi et Rt b <R s A Tl dp cperate in o

H&ﬁl@éﬂoabr Bﬁ}ér E&uﬁgtvhﬂ[&&t Ak hbeoRghy ?%aﬁ’téntaﬁéesaﬁﬁ‘% sieves for a

entering the sieves. This protects the sieves

avrsodezatde pengd bfitmesperbat the dbéign lifis obiho ugparatis itsbl.

need to attend to pre-filter maintenance. In addition

to sensing and control on pressure or flowrate, the

it or oS SRR Ak 1L B Bt RS AP RE e R provide o sensing
uek pomsel tiocdt heThipaiRIRL QRS . beFﬁéedeKﬁ%Hs@ a tcR8racteristic such as
machi ne tenperature may be nonitored to check for-

Bierdie poihermdovasiscan from |the @adicularefiiersuchnkike tthe sieves, the
ﬁ%gl:%l?% ;% f%l %% ggilga Wa&r@tlzeg{nt&?%{ turl]se, d%ul?ecouye cﬂogged with

particulate material over time and may require cleamng of replacement. However,

~ as such pre-filters are easily washed in the case of the dust filters or rcplabed in the

case of the HEPA filters, this is within the expectdtions of an appliance purchaser.

In this preferred embodiment, the sensing unit 18 seeks to sense pressure or -

similar to determine if the performance or flow. through the filters has reduced

| sufficiently to indicate that maintenance of those filters is required. The sensing unit

- may be connected to a control circuit and indicating means (not shown) such that a

Iight or similar is illuminated on the device. This may also be accompanied by
shutting down of the apparatus either immediately, or only upon further degradation ’
of performance to the point where too much particulate material may be getting
through the filters and entering the sieves. This protects the sieves while also

ensuring the users attention is brought to the need to attend to pre-filter maintenance.

In addltlon to sensing and control on pressure or flow rate, the sensing and
control circuit can additionally or alternatively sense and control the apparatus in
response ‘to other parameters. For example, the machine temperature may be
monitored to check for errors in functions or failure of items such as the cooling unit

and compressor. Further, the guality of the air being passed from one sieve to
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W)20071020397PCT/ GB2006/ 003004 13 another in the
process through conduits 22 as bled off by the
regul ator 17 may be checked by sensing the % of

~providing a warning if this falls W _
‘?ﬁ%@gﬁ%‘ggﬁof, for exanple, ;§0% or nore. Pref g?i{g%};ﬂﬂ%mosom
the threshold for such a warning is set at about 82%
Further, if the oxygen percentage continues to fall

below a 5 | ower threshold, the control circuit may
stop operation of the apparatus 1. Such a | ower

BB5R"13:06 PROecf gSiyl RhndymsChlne DIpco b 1 Gosmlyohd7 may be
Pro P SRy EX O Bhdeh AEHERIL AT ETLASIARR ol below

thivshaldpe] firesanmple, B0V beigwotarpPreieably ndodiedtiold faldH ¥ warming -
ng_the need for maintenance to only the

~ while mnimzi
1ﬁa9Pl 2t a%%tg%ﬁr%@ t Bpghersghiiergyaan nerentgei sntinuents Slbbelow a

ya.he, | on those fil.ter 0 ensure :
e PR nBTohlE! HESCIL Ay’ 985 Sothalivho? b rBlRg 1. Sucb a
lapeattatsheldmay il olweam o Md S0 anl PECRfbH, rabemai%%.y

that, as a mninmum renove or reduce to acceptable

| evel s for human occupation, the nine pollutants

descrj bed .by .t he rl d. Health Or.gani i.on and -
rega 813“%%10%“8 -abgerbep 49 may %%ﬁ@?@ %@&pig}agat to reduce
ﬂﬁkmﬂﬁgﬁ@@gﬁaﬁﬁg@bgﬁh& These pollutants are 20 o

es,

suspended parti cl carbon di oxi de, carbon nonoxi de,

ni trogen di oxi de, bacteria, formaldehyde, total
vol atjl e O{gani C corrptglgn s, radon and ozone. _ _ :
Thi s "THERAt Foh BPaiegelal e Jrnseans deascprayéde winpteved indoor air

. . . i e dj shoul d_not :
GEAET G50 LA EChe IoBTAOCHIRRLRLER) FOHHT pRRulE: s
SSpaog fihd mditagey seaef @10 @bl hhy be gftbded Behose filters to ensure

descri ption are deenmed to incorporate knpmm

A6 ZpanesediRsreelhppr opri at e.

The method and apparatus provide a control over indoor air quality that, ais &a

minimum, remove or reduce to acceptable levels for human occupation, the nine

- pollutants described by the World Health Organisation and regarded WorIdWi_de, as

the main problems associated with indoor air quality. These pollutants are
suspended particles, carbon dioxide, carbon monoxide, nitrogen dioxide, bacteria,

formaldehyde, total volatile organic compounds, radon and ozone. -

This invention has generally been described with reference to preferred
embodiments that should not be considered limiting to the scope of the invention.
Specific integers refeired to throughout the description are deemed to incorporate

known equivalents where appropriate.



14 CLAIMS A nethod of inproving the air quality

W thin an encl osed space, said nmethod conprising the

steps of- (a) drawing air fromw thin said encl osed

space; (b) passing said drawn air through at | east

one filter to renpve at |east some particulates; (c)

directing filtered air to Qree nol ecul ar sieves in

the foll owi ng manner provi |ng a substantially
CLAIS@Nt i nuous operation including an air immobile

~ retention period for each nol ecul ar sieve, each of

said three nol ecul ar sieves having a first end a .o
1. secaadodatimprsing dretaiiquility wibis|ap ceclgiad apreapal H‘@‘illg‘?ﬁo‘npr'smg the
s@ld second ends of said three nol ecul ar sieves being
rmterconnected to each other by conduits:- (i)
@i r edmiving afrifioperigin ¢ enclosed PiFst one of the three

%l € &H,Luﬁé said @Y OSait ﬂh'f‘(ﬁl@@ ht 1bdaeorfeifllist to emebve fat lsast sbnfe pagiculates;
| ecul ar siev

nd/.or Gt di
(QAnpufdirecHps glit?re(g Fllé\}f) 6}35? )}mpec?l%.r ng\éeg Ig l?e ﬁog%)&ﬁl r{ée[glgclalgf_r?row ing a
Si eveubkiafielg Iaor&ﬁudlsmperdmmt iscldingars@t @m@ol@iﬁere@pﬁqq@rlod for each

three l.ecul ar | el B%haANLA BFst end and a second end
dir eB’tOPD‘a arr e?%voefoglg ﬂ??@?ﬁ?ﬁ%d Wit hi ngsajS
il

nol eend mltagmg\@ohth noteghl heranf saidstecnd gndy ofssaﬁdc}hrgeégltgﬁaular sieves
rml e%é’il‘n%{nte%oﬁl‘{e%teh@o &Bh Sutd l:?ytcomﬁlﬁ‘ﬁi si mul t aneousl y

one bt %{n{rg %}gaggggz?}g%tﬂa@!rs’y e, élée t#“(?? mole cu{z]ut s1eves ItILSIII\gh the first
retenti oggnsshiaGirst (rhdlgcuid bﬁesqwblm dmpd:acmgl aaid/a»r rhrectmg an amount of

i mobile retention. erl i o : + seoond
si eve, dif gr@txlphséy pithup é?lg girst Mo chg atg%{%\% t@gc%p%ﬁp&ln@tf ts to a seco

nol ecul apnesifate hrder oelghular h@vtﬁs andtdisphgingfand/an direstirgoRfgpreviously

mol ecul ar S| gwﬂh%&a (Fseg&ﬁi%?gélﬁg sﬁ:@éj{h%uﬁﬂ Il fﬁl@ of said second
sai d amolmt" F evl ous hi n sai d second

mol ecul amOEpldve SltSYPr @U@h YA %énﬂlﬂiﬂf‘%‘e(tué Vs Befagp e jaff gsubstantially
mol ecul aFmtﬁ&l:ﬁl\-’:QNl@ﬁHja diigRine G g BRehdlecdlhr ety ainrair immobile
previously retalned within said third nol ecul ar sieve

t hrough fdtaties patodend of said third nol ecul ar sieve

t obs alif @lkﬂlsﬁ::cfﬂtent taRgld Sirrmiiobike cusitign pertoditii srad Hiitd molecular sieve,
substant a ! I irst end of said
si eve foﬂ“ﬁﬂx%ﬁﬂgg€ﬁ5g Fg§%é éﬁ@?gﬁﬁhgﬁp%ﬁﬂgllﬁéw
subsequesécond nsdicalampievd mirbidisplagiag é‘ﬁ@/% Airgsaipe é&‘df%‘?oum of air
said first Msard! doflat i@ thibhidredaRiccoadits t®@said third
sai d th|P§WHB¥§ %ﬁw§ﬁ§¥§dpﬂ?ough t.he . fléﬁﬁ end of

sai d thi md)qu@lhleeeqﬂeapd drrydna MYl dci ng and/ or

directi ngreg,ﬁ,lug ampdtwiedin adid thipt @wleulat giexw thioiigh thaficht end of said

third m)lecular sieve thr saldc b cubstantiall
first notaeingscular sigye tgl’?a]%d)%giﬁ ae{lg SH” 95 g))ﬁl? %ﬁmﬁ% ig su stantially
ai r previjamshile Wiﬁiiragahﬁﬁkswmdﬂmuﬁnrs@vqfof 4rregltlmrmbé% uq:tg}{lon period;

si eve_thr h the fl ISt f g HS(P\% rEQideﬁ?rbkl ®blecular sieve,
si evdlipg Soléf‘? ottt {9y said AL it %ﬂ?mr t{%]g[r?e 1 0rret al NG end of said
ai r substdimttinglfilipreil mtmﬂgl Slaé tird WPQ*P“’S]&W ae‘see@mﬁ*ah the st end of sai

ol ecul ary, & Gfech@F R0 Bltfilc! FRRIgCalRlemtdoti padiotunt of air

steps ©

previousty within said third molecular sieve through said conduits to said first
molecular sieve and displacing and/or directing air prev1ously retained within said
first molecular sieve through the first end of said first molecular sieve to said
outlet, and simultaneously retaining air substantially immobile within said second

molecular sieve for an air immobile retention period,



2.

(iv) subsequent to said air imobile retention period
for said second nol ecul ar sieve, operating the steps
(i), (ii) and (iii) in a continuous cycle; (d)whereby
t he oxygen content of air through said conduits is
above a threshold, and after retaining the air
substantially i mmobile mﬁtqh? any one of the

nol ecul ar sieves, the air retained within said any
one nDIecuIar sieve is treated and pollutants in the

al r uﬁagelaﬁé}lt ygagz] A ﬁ%‘uﬁnl@ %ﬁ@@ Pdrivd f@ndidwheind imdfecular sieve,

t r eat’ aced for directed from said
any one WWH@Oaﬂﬁﬁwﬁﬁ@kéﬂﬁﬂj@%@néﬁ@ﬁﬁ?mm§ﬂﬁ%tant|aIIy

((ﬂl | $ALAbSihiBL Rk COMaR Sfliuﬁth&ﬁ@h eah a(uﬁtneﬁsaﬂ)cﬁfng thwiedhinid, and after

92§| tét;l%‘ég g}le?ahgsa{j%%mg emﬂl(%)nlg Wéﬁa] ol ngc:: ngt%a I;]ﬁ% e%ﬁ(l%’ sieves, the air

ol equlial Siiei Saian e autdeok s2ieTh reed fodl pofutants in the air arc
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w t hin an encl osed space i med , 1,
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wherdn 8418 2ip irse6eIe Aentiob periddas me idyothan? sdcorplsovi ng the air

guality within an encl osed space as clained in claim
1, wherein said air imovbile retention period is
between 3.5 and 4.5 seconds. The net hod of
inmproving the air quality within an encl osed space as
clainmed in any one of the preceding clains, further
conprises passing the filtered air through a
conpressor before directing the filtered air to the

t hree nol ecul ar sieves. 7.The nmethod of inproving the
air quality wthin an encl osed space as clained in
any one of the preceding clains, wherein the three
nol ecul ar sieves are operated under a pressure
greater than atnospheric. 8.The method of inproving
the air quality within an encl osed space as cl ai ned
in any one of



the preceding clainms, wherein the air between the at -

| east- one filter and the outlet is pressurized. 9.The

nmet hod of inproving the air quality within an

encl osed space as clainmed in any one of the preceding

claims, wherein:- (a) at step (c) (i) further sensing

and controlling the oxygen  content of air through

sai d conduits above said threshold; (b) at step (c)

(ii) further sensing and controlling the oxygen
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of inmproving the air quality within an encl osed space

as clainmed in any one of clains 1 to 9, wherein th
5.t hihesiohod dfSmF@9%ng the air quality within an enclosed space as c]aime?l in claim 1,

wherein said air immobile retention period is between 3.5 and 4.5 seconds.

6. The method of improving the air quality within an enclosed space as claimed in any one of
the preceding claims, further comprises passing the filtered air through  a compressor before

directing the filtered air to the three molecular sieves.

7. The method of improving the air quality within an enclosed space as claimed in any one of
the preceding claims, wherein the three molecular sieves are operated under a pressure greater than

atmospheric.

8. The method of improving the air quality within an enclosed space as claimed in any one of

the preceding claims, wherein the air between the at least one filter and the outlet is pressurized.

9. The method of improving the air quality within an enclosed space as claimed in any one of

the preceding claims, wherein:-

(a) at step () (i) further sensing and controlling the oxygen content of air through said conduits

above said threshold;
(b) at step (c) (ii) further sensing and controlling the oxygen content of air through said conduits

above said threshold; and
(c) at step (c) (iii) further sensing and controlling the oxygen content of air through said

conduits above said threshold. _

10. The method of improving the air quality within an enclosed space as claimed in any one of

' the preceding claims, wherein the threshold is between 70% and 80%.

11. The method of improving the air quality within an enclosed space as claimed in any one of

claims 1 to 9, wherein the threshold is 72%.
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apparatus for inproving the air quality within an

encl osed space, said apparatus conprising:- (a) air
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end of said first molecular sieve, an .
amount of air previously within said first molecular sieve is displaced and/or directed
through said conduits to a second one of the three molecular sieves, air previously
retained within said second molecular sieve is displaced and/or directed through the first
end of said second molecular sieve to said outlet and air within a third one of the three
molecular sieves is simultaneously retained substantially immobile for an air immobile

retention period, and



subsequently controlling said val ves such that each
nmol ecul ar si eve progresses in a continuous cycle
through the stages of receiving filtered air through
the first end thereof fromsaid at |east one filter,
retaining said air substantially inmmobile therein for
~an air inmmobile retention pﬁ{lod and then receiving
said anount of air through said-conduits from anot her
nol ecul ar sieve while being connected to said outlet,
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apparatus for inproving the air quality within an

encl osed space as-cl Qne 1 claim
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roving the air quality within an encl osed space as
Sam%ﬁgined in any one of claims 13 to 19, wherein said
three nol ecul ar sieves are operated under a pressure
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23. The apparatus for inproving the air quality
within an encl osed space as clained in any one of
clainms 13 to 22, wherein said control nmeans ensures
the air between said at |east one filter and said
outlet is pressurized. 24. The apparatus for
improving the air quality MAghln an encl osed space as
claimed in any one of clalns 13 to 23, wherein said
control means includes a sensing unit for sensing and
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22, The apparatus for improving the air quality within an enclosed space as claimed in any one
of claims 13 to 21, further comprising a compressor connected between said at least one filter and

said three molecular sieves.

23. The apparatus for improving the air quality within an enclosed space as claimed in any one

of claims 13 to 22, wherein said control means ensures the air between said at least one filter and

said outlet is pressurized.

24, The apparatus for improving the air quality within an enclosed space as claimed in any one
of claims 13 to 23, wherein said control means includes a sensing unit for sensing and controlling

the oxygen content of air through said conduits above said threshold.

25. The apparatus for improving the air quality within an enclosed space as claimed in any one

of claims 13 to 24, wherein the threshold is between 70% and 80%.

26. The apparatus for improving the air quality within an enclosed space as claimed in any one

of claims 13 to 24, wherein the threshold is 72%.

27. The apparatus for improving the air quality within an enclosed space as claimed in any one

of claims 13 to 24, wherein fhe threshold is 82%.



