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METHOD AND APPARATUS FOR | MPROVI NG THE Al R QUALI TY
W THI N AN ENCLOSED SPACE FI ELD OF THE | NVENTI ON Thi s
w0 naenkizen rel ates to a nmethod and appar at us fBECT/GB2006/003004
inmproving the air quality within an encl osed space
and, in particular, although not necessarily solely, a
stand al one device for inproving air quality in a
dom cile such as a hone, apartnment or simlar.
However, the invention may al so apply to a vehicle
FUSTHGD ANPEAPP ARATUS FOR IMPRPAINGETHE ﬁ&g@@%ﬂﬁY
TO THE INVENTICWI t gy s, there is
a decreasing ¢ i i he genera
at nosphere. This reduction in air quality is repeated
wi thin buil di ngs afsh i Ehaiig ' NSRS, can even be
wor se. Snoki ng w 4%#342F9ncrg§g%§bUIluing is harnfu
not only in respect of passive snoking but also due to
t NTHISHNEhtiON réBted ) & Bleflap PRt G RG iR prbPIRE th hfiSuali
provi ded ?ntort%e airqggﬁge%ﬁxg nﬁ%%f?%é &?btag.l%hg%m ity
witlde eneastosed space qudl intparticulagtaltholiyh doentcessartlowobedsgea stand-
i n_oxygen content but also_a corresponding increase in
along ¢rfes forofmpreving pll qualitainfaudomisilstsuchest & home, apartment or
. pollutants. These include an increase in suspended
simfigh  HoPley3r. Jhp G Fertiiiadiigg, S PBigh HronbHaE ST o Aeroplane,
traifliRx] Og, efeacteria, formal dehyde, total volatile
' organ%%’%onpounds (TVQCs), ozone, radon, toxic noulds,
amoni a, sul phur di oxi de and organi ¢ odour causing

conpounds. Tradi ti onal forns of nmanipul ati ng the
at mospher e wi BAAGKSRQUMNINQ TFH mEENTIO

)

In most urban environments, there is a decreasing quality of air available in
the general atmosphere. This reduction in air quality is repeated within buildings
and, in some instances, can even be worse. Smoking within an enclosed building is
harmful not only in respect of passive smoking but also due to the reduction in
oxygen 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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conditioning for tenperature control and, either
integrally or separately, air filtration units that
W@ e@Rk/0239T enove | arger particulate naterial. APCTIGBIV6/003004
the air conditioning units 2ray be provided with sone
filtration, these filters are generally an
af terthought nerely to preclude coarse particles from
goi ng through the air conditioning system Regardl ess,
these filters are generally static filters in each of
t he BiaHitidHapt i I ilize ai
qui ckly beggé€n§$éggggﬁ ﬁ?ﬁﬂggﬁg?§ﬁ$g%@§ﬁ§¥#%€{Q%H?@Puuhzeau
condefiinieg foreiguiperatie: ooerenmd, thhel aaprad of Ssjaasels, Af filtration
filters. Failure to do so _can quickly turn the filters
urjiisi tgagseskeodicmyp vgr lotgrd Hasticwatrerateriat.g Aditerghrtht lér conditioning

t.hap _a attenpt, to,inprove air qualit For donestic
uné%pﬁag%%gzmg 4 ith' Stpe fifltwatin; dresarfikters e geneiglly an after-
t b, - ver .. se el e
HEEEE eI R Or S BRIl B hoin ARRSERThE ot conditioning
sybtent. oRegaxdleab ] @esd flteROBoShEi0y @ftid ﬁﬁi@'iﬁ cREPBF 1} air inlets or
through the filter. Oher "apparatus seeks to Inprove
ougliets ueughopt dne huilding andnquicklyestcantt Hoghdd withcpdrtizeldte matter.
envi r annent lt hr ough such agﬁgr atus as ox

en
TR fequegs Jeaulas meaiiiraanss & slean and Iiﬁpwwég filtery Fadure to do so

i ' gve. the air lity.to a.
call 309 bl e Bhert Syt R Bplrifof SRyt edhismas racher than
ang@ﬂﬁt%ﬁi}it'tdiﬁpfd@biiﬁqﬁéli@dapt ed for use in a |arger
envi ronnent such as an"apartnent or simlar. One
solution towards the inprovenent of indoor air quality
has been al ready been described in International
Pub o8 gomsstingpPinas) seprgse alnfilératipp amits wilisng HEPA filters are

IR HOUPRG Tk dntn fuceet ip iy P e prienel and do not
in$E&e 6r A1IRIThEBYLBEIRA'CT (R 37 pabANE YEoughthd Rfiefase of

Other apparatus seeks to improve air quality only in a controlled 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 environment 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

pethaps requiring some simplification of the apparatus. Furthermore, it is important
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donmestic appliances in particular, matters of cost are

of paranount i nportance perhaps requiring sone
wa@reploed3ptati on of the apparatus. Furthernor e, PCT/GB2006/003004

i mportantto reduce the mai M enance and service

requi renents of the apparatus as nuch as possible to

bring these within the scope and capabilities of a

typi cal honme user rather than an experienced service

technician. OBJECT OF THE INVENTION It is an object of

o0, SRR S0 HE YR T D s o i o

possibleoiestiparee tAttin AESRHBRRITapEbiBtict BEa typi
di sadvantlgg;es of the prior art bgﬁgr oSi di %gy%lcalhomeuserrather

than apekpéreancegdperacaechaiciang si npl i fi ed mai nt enance
requi renents suitable for a donestic appliance. It is
at | east an object of the present invention to provide
the public with ammw THE
I NVENTI ON Accor di = t, the
i nvention may broadly be said to consist in a nethod
of inmproving the air quality within an encl osed space
comit issamngbjebieos theppresdrit-intentich @progidd 4 nidthed Whil Rpparatus for
. said encl osed space; (b) passing said drawn air
ImpEYGog Hhet air éh@flth Wwithist arf jenckosed spresthad avercemss some of the
.saonme parti gyl ates: directing.filtered air tpo g . )
aipATERBEE REMCHTS o Bt e Acpimeliicd eppatadns frving simplified
' ' - [ I i1 hi i d fir.st .
il gt PRt SRy so% dbtlehf PG 1t Lot obiect
of e pieseti inustjorimd HrioRrideathe paBEERAH®LSSRH Bhoisbeve to
e

an outl et and sinultaneously retaining air inmnobil
within athird

SUMMARY OF THE INVENTION

Accordingly, in the first aspect, the invention may broadly be said to consist
in a method of improving the air quality within an enclosed space comprising the
steps of:-

()  drawing air from within said enclosed space;

(b)  passing said drawn air through at least a first filter to remove at least some
particulates;

(c)  directing filtered air to a first molecular sieve containing zeolite material
while directing air previously within said first molecular sieve to a second
molecular sieve, directing air previously within said second molecular
sieve to an outlet and simultaneously retaining air immobile within a third
molecular sieve for a period of time not less than 2 seconds;

(d)  subsequently to said retention period of not less than 2 seconds for said

third sieve, directing filtered air to said second molecular sieve while
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nol ecul ar sieve for a period of tinme not |less than 2
seconds; (d) subsequently to said retention period of

wmoio7/ozis87 t han 2 seconds for said third sieve, PCT/GB2006/003004

directing filtered air to said second nol ecul ar sieve
whi | epassing air previously within said second sieve
to said third sieve, passing air previously within
said third sieve to said outlet and retaining air
within said first sieve for a period of not |ess than
2 seco : ) ; ' t [ I . .
o e SBASin B USSPl QBT ALEI g RPIRFsBle, pusin
di r ect air@révibhisivedithin sai @ 1Al Seldid shidRuBethRd r&hRYSs air within
whil e passing air previously within said third sieve
t o sai spiflifirst sisveefiog,a perssd ofnatilessgheny Ragsbydsyi t hi n
\?\fidfirst sieve tpo said outlet and retaining air )

Dhi nSubseauanidemaidsressntiongperiodyel nefdesst thast? sesends Ferrsaid first
2 seco : - th sai d th rovi de. a . . )
s ubet oS Ui oSt PR o e Shiah iege while passing air
ret ent hRRIARY QAtHiR saldBid! | fohY iRl i i i
Pr ef ergk_)l y sajly d rrét ﬁ%ld %ﬁ@lsz%%s&? agﬁeﬁﬁ? f%)r‘? ’ égsrsll%a%ip reviously
bet weewithimnaid1 firss atord. sdibroatlpt ehé rafaining aihg Wik @did second

i ncludes a _retention period of between 3 and
second¥evefeta praedphineklessiban Pesceonds;ncl udes a

r ntion period.of. between 3.5 and 4.5 seconds, )
A0 bl stid i ehod, i BiSpide; o ehBstRalY | eentipus operation
breagiy kil LRriBAMS} e diPp i PBRA GLyS T or
i npr o&i%g%?%ghg??%%gﬁﬁ 9{6\/&{1{1 [ nlrgg&glnsgf#oe;ed space
conprising:- (a) air driving neans to draw air from
wi thin said enclosed space through an

Preferably said method includes a retention period of between 2 and 10

seconds.

More preferably said method includes a retention period of between 3 and 5

seconds.

Most preferably said method includes a retention period of between 3.5 and

4.5 seconds.

Accordingly, in a second aspect, the invention may broadly be said to consist

in an apparatus for improving the air quality within an enclosed space comprising:-

(a)  air driving means to draw air from within said enclosed space through an
air inlet;
(b)  at least a first filter connected to said inlet to remove at least some

particulates;
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air inlet; (b) at least a first filter connected to
said inlet to renove at | east sone particul ates;(c) at

wo e@3n2a3bT ee nol ecul ar si eves contai ni ng zeol | PET/GB2006/003004

mat eri al connected in paraliel to each other between
said first filter and an outlet; (d) a plurality of
valves to direct flow fromsaid first filter to any
one of said three sieves, fromsaid sieves to said
outl et and between said sieves; and (e) control neans

7 o e B S LA, ol

d first te

ai r frparaliel foi dhchajthler bdtbers sAMTEBN 1D LP6hEd: to a
second sieve, air fromwthin said second sieve may be

d{dect eplureliaofivalyes ¢o dandt fow fabmhiand firsthiiltet toi @meone of said
may be_si nmul t aneously, retained for a period of not

| ess t HARE Sic¥es SFR8 saidsievasde gawheutiet eadbeby eamepid sieges; and
valves hat  each sigeve.progresses throu he :
sfégges_c%#{;(ﬂel_{ggsﬁ ﬁog captro f‘adﬂjfg'éﬁ%ﬁﬁ i0 s‘iaﬁ‘qulst ,tthat air from said
ret ai ning My beBlecdRS 4 ?ﬂgosfie\%)taix{ ﬁ‘aﬁl 138 %aid first sieve
seconds and then recelving alr fromanother sieve

whi | e beyrig diosiedted seoohsievt) &t from! &HithilahiPfcdnd sieve may
appar at us _my (Er ovide a substantially continuous
oper at Pondire@dedidingsaad r eudeft iamd per i withitora t thirdaisieve may be

ensur CUTRTRRERRY o iged o of T5BOReBh Totalsed 1 2 sceonds and
e g e gl LA TTRSRIP KR o
through the stages of receiving air from said first filter, retaining said air
for a period of not less than 2 seconds and then receiving air from another
sieve while being connected to an outlet, such that said apparatus may

provide a substantially continuous operation including a retention period

for the air within each sieve.

Preferably said control means ensures a retention period of between 2 and 10

seconds.

More preferably said control means ensures a retention period of between 3

and 5 seconds.

Most preferably said control means ensures a retention period of between 3.5

and 4.5 seconds.

Preferably said apparatus comprises a free standing unit.
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Most preferably said control neans ensures a retention
peri od of between 3.5 and 4.5 seconds. Preferably said
wa@ppanaBes conprises a free standing unit. Al t ePCEHGB@6§03004

said apparatus is incorporaited into an alternative air
novi ng or conditioning apparatus. Preferably said

nol ecul ar sieves are operated under a pressure greater

t han at nospheric. Preferably said apparatus further

i ncludes a sensing nmeans to sense performance of said

firs L] & .hdicating neans.to alert a.user .

to adsnaifs s AueRlerF b RERCERBE R af Tetn VeSS moving or
coﬁﬂ'ﬁfoqllgfggzag@eﬁ}gﬁsl imt. Further aspects of this

i nvention may becone apparent to those skilled in the

art upon reading the follow ng description. BRI EF

DESCRI PTI. ON OF THE DRAW NGS Preferred enbodi nents of

t he Brefgeshly saidvmolepdar sisvae ete opendted thdered ressure preater than

the.followng drawing in which:- - Fig. 1 shows a
attgeﬁgﬁltc'rc di agram of an apparatus formng part of a

preferred enbodi nent of the invention. DETAILED

DESCRI PTI ON OF PREFERRED EMBODI MENTS The i nventi on

r el @referdtdy asat RpPasnes appdent HRIRE 'a”@&ﬁé_ihggn‘ié&%s to sense

air quality within an encl osed space includin
petformenes of seadifubefilteuatd as imlieatisg meams tsglerttacuser to degradation

eferring to.the gravvi ng, a _ first enbodi ment of an

Ofgb%a‘?fé?%’gal}cs Beygp @&ISTq%tfeman@d Umis shown. This

di agram shows a portion of the apparatus that may be

i ncor por at ed

Further aspects of this invention may become apparent to those skilled in the

art upon reading the following description.

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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to act within an air circulation systemin a building

or provided as a freestanding unitin a single room or
w@ey7o2d3er controlled environnent. Although thBCT/GB2006/003004

preferred enbodi nent may be’ described in terns of a

stand al one donestic appliance, the apparatus may al so

be included in existing air handling, noving or

condi ti oni ng apparatus. For exanple, such apparatus

may be incorporated into or connected with an air
in CPReHJIE ABbRY o?‘ n”él%yh oEndat-difla SREETh d%t‘.:g lﬁlg(#ug%f t¥ breferred

t enper at ur e. e endeavour to provi

entiiozhitnRBN inar be aeefibédin AbrohOf & Etaidd tdldkk ABnfRRGE Oa‘i')?ﬁance, the
space, the present invention |ooks towards the use”0f

appeisiis ewyaslsathe mduded if existing air rhan8linp, arovapgp aradoslitioning
IS %Lﬁsglléo_sed [ q I nternational Publjcation WO 02/12796, )

APPREVH SCPOSHAURPLE SUGh; AParaus AeaT orgomerateddnie eryconnected with
r e, .appar.at as shown in Fig. 1is

et SR A Rl iy BT el b PP e e

appreciated that it may al so be used for larger units
installed in air conditioning if desired. As such, the

si nphitied eydeaotihtd plewidebatd tRasBedf oMRINFERIGD L tHY Ar within an
of considerable inmportance. Referring to Fi g 1, the
engloseqd space, the presensunverin looks tesvards dhe use dEzadlited as attenuators

r fro ithin the enclosed space is drawn jnto the
ol R ik oS uEhett REHES 51 RCIOSH oy FeHEAoRablicaton WO
i (EAYA -1 h the
L Ly B ol
nore particulate pre-filters such as the three stage

filters 2, 3 and 4 being a coarse dust filter, fine
dusflhei ppreva@mdaHmbawhi o eFigasl shantendad as audderestioosbpliance

in the art, these are arranged in sequence such that o
althuey 1 0L b SRRIPIPGIA thALItaMey sa e aiecd Fok lagger amits inwalled in air

coRditiBARfy 9F dAGRE. Pr&s Thldher fe! Siniflicity of the device and ease of

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, fine 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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renove as much particulate material as possible from
the air stream The subsequent apparatus seeks to work
woroorlozo3gbnpounds that are constituents w thi nPEIEGBR606/003004
stream and particulate matef¥ial entering into the
subsequent optional air conpressor and nol ecul ar
sieves is undesirable for performance. Although this
apparatus uses three stages of filtration, alternative
nunbers coul d be used provided sone particul ate
I a \Y% h
o Sl b Pk e bR B0 JHE I 3RS 6B nal ai

conpressoabnd emgie@gs0sicbesain dmdbélretﬁl@ fGOpRFQsRAte] S
provi ded, cooling unit 6 to condition the tenperature

of the air. Simlarly, the air may be heated or
oth se a tered to a desired tenperature ran

ei t 3pp%rfa{1§r uiﬁso@é%f’s Stages ph ellligagions aﬁﬁ@‘%ﬁ"e numbers

a S . as ... The
002@‘;,2?;@ OO S5 oS S OO 8 gl W
n]gﬁ@ﬁﬁ]@lffbrﬁghé{ﬁ@{;ég.e material. Typically for a snall
domestic appliance, intended for a space for up to 90

nQ, each of the sieves may contain between 0.5 and 1
%f zeolite rraterlal Inthe preferred form
appr &% HEIBRY s b Rg%asaqs itosgh san apﬁomlemmpmssm Beand, if the

coffbE¥sshls iBtbfiRied So6ne it oI GonGiso G5k éripetiye, of the air
Snﬂﬁﬁﬂ?rﬂﬁsans?&igu @h@zﬁe@%?%hé}%% ]#er\%ltl) .ab&sﬁké?i'tgf@erature range

hat “a grea nber may be ided varying vol une
eithepeafdiengr aftertpreceseitigr ol of the operations. The sieves
7, 8 and 9 are connected in parallel between an inlet
10 into which the air is first drawn and the outlet 20

thr h .whi ch cl ean ai be, exhaust ed. Each of
t he 18 @BdS tgelil rﬂﬁswﬂa%ﬂfl? TBBlRRIE XS #hahpwhen Fig. 1. The

appAtaRIIBoRRRST & &St three sieves 7, 8 and 9, containing zeolite material.
Typically for a small domestic appliance, intended for a space for up to 90 m?, each
of the sieves may contain between 0.5 and 1 kg of zeolite material. In the preferred

form, approximately 2.2 kgs of material are evenly provided over the three sieves.

It should be noted that a minimum 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, 8 and 9 are connected in paralle]l 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 inlet through controlled
valves 11, 12 and 13 and to the outlet through controlled valves 14, 15 and 16.
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val ves 11, 12 and 13 and to the outl et through

controll ed val ves 14, 15 and 16. Furthernore, each of
w0 b@7829es i s i nterconnected to each other thrpCUGB2006/003004

conduits 22. A regulator 1Pis also provided in

association with the conduits 22 so as to reduce

pressure and bl eed sone of the air passing through the

conduits to a sensing device and control circuit 18 as

will be described later. A control neans 18 controls

1.0 val v |at o ' t .

A0t et b e R RRCo RS R h SRR Huies 22

A egnflatel 1mEigngsolBrdvilldd &l hisoRasRASwah the RbAIGIRE 29 sot f€to reduce
7. As air passes into

sieves such as the first sieve 7.
presseresinsl/bleed tsonid 6f the @ippassingtiadughslie thedudisrio a sensing device

ontained within the sieve is displaced. This air is
and icRpirpaeisalik L § agiivil hedeseabeditaterecond sieve 8. In

fact, free Oand free N2 nove through the zeolite

medi a faster than other constituents hence the air

Wit D BorftiURednd B8 | |8 achi

oxyie OB e £ Btttk TR S Bho e 334 R TR 10 achiove
thesdewnedrosessingdcdqaseedis! y di spl aced towards the outl et

20. Throughout this phase, the third sieve 9 is | ocked

to retain the air within substantially imobbile.

Fol Lowi ng a.designated retention tine.for the air to

el STRFBHTE Of et pRutEali mgans é%énﬁ}aﬂmaaﬁawérsn&ﬁdone of the
: l e [ r..onc Ln. .
il BSUH  Y SSURLILY! o8 L S LS oL RS AEbD goprecaced
thak 2thepginasbnsalabd thahin f&ORIRY Bi dishRced." EPhRaik Nk OsihRftaneously
.second sieve 8. The air within sieve 8 is directed
direelgdrtd she hecanidi sidvesB evr factyfiiee D, askefrée N5 movmdunbegh tie zeolite

1e .outl et by the opening of valve 16.. The first sieve

t o. . I :
media fasiqrdhan oty fensttuentsshenseithe airgvithingsieva hds mixed with some

of \g%lér ﬂl:sgé'r &l:l(?kél%?i(@(%’gh{l %Bg H‘ra%:ql%&gtixg td ps?évaeti.o%he ia?rcv%%ﬂlgsieve 2is
simultaneously displaced towards the outlet 20. Throughout this phase, the third

sieve 9 is locked to retain the air within substantially immobile.

Following a designated retention time for the air to remain immobile in the
third sieve 9, the valves and regulator are controlled to move the air once again. In
this phase, valves 11 and 13 are closed and valve 12 opened such that incoming air
is directed into the second sieve 8. The air within sieve 8 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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with both valves 11 and 12 closed, air is passed from

sieve 9 into sieve 7 and sieve 8 is | ocked. Hence it
w@a7loez03geen that a continuous cycle exists the€T/GB2006/003004

includes a period of retenttbon of the air and

pol lutants in the zeolite nedia. To provide a donestic

appliance or other installation, it is preferred to

m nimze any need to clean, replace or otherw se

interrupt the operation of the nolecul ar sieves. The

integrity of the sieves is inportant and such

mai nt enance woul d be beyond a nornmal hone user or even

i n otfbege itnahdld 8donomst aWRMtiHubRABYJIE o&istE It GBcludes a period of

contract or simlar for continued operation. To ensureP
reggtionetfdhe avcesigiolntadts i éheaiaolithmedigh t he si eves such

that no residue builds up in the nol ecul ar sieves or

exhausted as harnful pollutants after processing, the

ret [ i for the air. in each,sieve js.set.tp a

m i nororids B s plionl 6 opheh Traialdicin € f Guwfomed to
mirdfgzd ﬁﬁ?‘gﬁbeﬁhﬁ) %ﬁﬁﬁr 3bHBice brBehePRE Aht e&%n%era?ion of the

More preferably the fetention time isin e ran 0
ma@lecolas sewsndFherintegeity rofr the Wi BT @binporkek We@Nsihomaintenance

and 4.5 seconds. An approxinmate tine of 4 seconds may
wojgld heebeyand pnenmali yne user er evaneintathex instadlaiens,i weuld require a

' as .the.opportunity to act .on relatively
Se%%?ﬁ%acéé)ﬁﬁﬂﬁﬂ%éfqrrcgﬁb WCHPPHRAHODA catal ytic action
may take place using the electron field and van der
Vaal s forces within the nedia to break the val ence

bondiaignsuret bempltd Wracdssmenppandair BYo@ss Yhe régenvteg Such that no

retention time is sufficient, not only i's oxyg
reyidpe dudlds fupoin ey exddenphesicvespo enbsusied! apdlarmifanpsilutants after
such. as O and .CO2, but_ each of the po]lutants may be,
PIRGESRIS, ithe 56@}1%11 dime for the air in each sieve is set to 4 minimum of 2
seconds and, to obtain a reasonable flow rate though the apparatus, a maximum of
10 seconds. More preferably the retention time is in the range of 3 to 5 seconds or
even more preferably, 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 place
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 more complex compounds and
pollutants 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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conmponents. During the subsequent phase in which the
sieve is flushed fromthe top by air being displaced
wo c@moz030t her sieve, all the constituents, i ncP@MGB06/003004
carbon, may be rel eased frdimthe nmedia. Carbon tends
to be released in the formof carbonclusters such as C
6 which itself is a relatively harnml ess naterial and
part of the natural environnent, that will exhaust out
of the apparatus and fall to the floor in the form of

) i ; ..b D
e b B S0 Yt P A0 AN T of e
na@iral €nviidrindiat 8t AT a8 RudtRfit JPRIKL %R?Zatﬁg %nﬁffth'% kS thdfloor in the

the pre-filters. The advantage of usting ese
forardfatustintt wilheventnalty balrsmovet hontiaeusingve of biedrfvise cleaning

retains little qr nothing fromeach usage. Further, ]
the gl@ﬁr Bt beevsioygdmenaiga s Terciicalyéerd thapegh theranpazatus and caught in

ural part of air as the zeolite has broken the

thgg}neagﬁ%]fs' 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

si eVidr. advhstagd pfleRhh@NingCBidsScaben aall lothidrafihferials ishdt the sieve
.is first directed to a sieve. The zeolite materi al
itsglfretains litHe oninotliggdran epdunsageni th the material and

the bonds between the el enents are broken during the

retention period. Wien the valve at the outlet from

t he ggi ' . | PSS N . he initia .

(11 ror o SRS Srh B SR 4 h Bt ot of i
astthe zdotite hakherokeR! ther bhads"beShokeAROWIEH & NO and NO, by an

exhausted. This is as opposed to traditional filters
adsorationipsoedss hdihef adsorpticer paicess 18 itdpertaxt &t hlsg dhenringiittre is no

etain these untjl the filter is cleaned or replaced. )

COE%%%%W%%P §1a& S166Ani g adserpiigrepeds gthenwidr fom the inlet is

firSOR&%ed B @'ieve. The zeolite material catches the nitrogen compounds with

C

the material and the bonds between the elements are broken during the retention
period. When the valve at the outlet from the sieve is opened and air passing from
the initial filters through an alternative sieve is passed into the sieve, the smaller
harmless compounds are exhausted. This is as opposed to traditional filters that
absorb harmful materials in the existing form and retain these until the filter is

cleaned or replaced.

Even upon extensive running for a period of twelve months in an
experimental 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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experinmental stage, a sieve was inspected and there
was no noticeable build up of contam nants within the
W@ 2@vm203Fur t hernore, there was no need noti ceaPCEGHBR@H/003004
in performance of the sievd2Hence the apparatus
controlled in this manner may continue to operate in a
donestic or other setting wi thout the need for any
mai nt enance of the sieves for a considerable period of
time, perhaps the design life of the apparatus itself.
Ref elei OB hr Bing - : .
Seer T oURU Ay Coroliod BN g BB AhGP @ Bperate in o
dahestisi or other bettingedithous #esgecd fFA3CHaTHteidnee SCte a%eves for a
pressure, perhaps downstream fromthe particul ar
cansidesrtie pexipfl lod tinke poirleapsshe tihsigpaife of teadppapates ftkelér s
as in any simlar filtering apparatus, do becone
clogged with particulate material over time and may

0 . - | t. Ho , h . .
SRS 1% FPURSHI e (RLEKG D G0 B8 i o senime
arld bogksl efrcuigP! TRRAciuit HaF aRCudd t18%chlbPd Ehdrh&ESstic such as
this is within the expectations of an appliance

prpspuedap@hapd Wovhissrepmefient ¢hie eabiodilare filterd. ha@igERs RY sieves, the
upit. 18 seﬁ;s to sense pressure or simlar to _
Pagdewats pre-filters ms ipemosimike diltarig epparstusudh bebeme clogged with
i: S . keduced sufficiently tqg indicate that
papl Rl PO S rd pTiauie o o rrelegemengHowever,
Wach preufilRe HleCHl -
B e Thior “aanE £ o ol B g replaced in the

cas¢ of ther HER Al filtewsi ties edwithirt fhe edpubtaBonsTHi sn aBYlidce Pulhaser.
acconpani ed by shutting down of the apparatus either
i mredi ately, or only upon further degradation of
e too nmuch pari{i cul ate

Pneatr LIO irt }Snﬁz:}%#rgeéi gg@gghﬁgqtmgjﬁqps%%umtﬂ@eﬁ@ k@ sense pressure or
S 0 5 o R B UL B8 s recuce
suffesicntlp t@iidécide titat Bhgintdnhh€s offBioRt FRACR required. The sensing unit
may be connected to a control circuit and indicating means (not shown) such that a
light 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 addition 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 quality of the air being passed from one sieve to
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In addition to sensing and control on pressure or flow

rate, the sensing and control circuit can additionally
worooaloe@pnati vel y sense and control the appar ap€BEGBR006/003004

response to other paraneten8. For exanple, the machine

tenperature nmay be nonitored to check for errors in

functions or failure of itens such as the cooling unit

and conpressor. Further, the quality of the air being

passed from one sieve toanother in the process through
aroAREHUint btlhﬁql f :

checll':igd@l&?/p7r gg%ssi ng t%?le&%f%’fl{sg%yéggwgéﬁ;?%\%%?é{%&gm 17 may be
cheeked by sehsini the %l dfSobgleavirml be’v@cﬁhg@w@fﬁin Q¥ this falls below a

exgnPl e, 80%or nore. Preferably the threshol'd for
thegshaldofudpneragpls, 8e% artmateo Rreaeblyrthe tresholidffor bech a warning

bel ow a | ower

B N T A K N,
oh3e PR U Loy Sy S SO ST BFET such o
losetifitrestasi@ MY bd Belien R Aﬁapé%%%dgﬁeféi@ol%g@{ﬁt72@g

€ appa nce |

reduce noi se em ssions fromt rat us:

can be seen that the apparatus nmay provide inproved

indoor air quality while mnimzing the need for

mai PRHoBat 8oyl pbserberdPtinen ba endludade py. theeerdiansgt to reduce

| ndi ' ans _and controls may be included on
no?%gesﬂelﬁgh%?tg%roggttfggmg%st hey are mai ntai ned as well.
The net hod and apparatus provide a control over indoor
air quality that, as a mninum renpve or reduce to
accdipimbl ¥ daavet sefwrthituiiena aﬂ&éitrhﬁ’%ﬂ proVleNiniroved indoor air
pﬁl | utants described by the rld Heal th Organisation
qQuahty Megler merimameditiedacedagon maintenancer wbbelysthe particulate filters.
| ese_polJutants

SR RO Birtling 408 Roe ol b ncded Bnibpee Bters to ensure
théPaheBtainkd ho9eN, di oxi de, bacteri a,

The method and apparatus provide a control over indoor air quality that, as a
minimum, remove or reduce to acceptable levels for human occupation, the nine
pollutants described by the World Health Organisation and regarded worldwide, 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 referred to throughout the description are deemed to Incorporate

known equivalents where appropriate.
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formal dehyde, total volatile organic conpounds, radon
and ozone. This invention has generally been described

wowvaoh/oesher ence to preferred enbodi nents that BODGBA06/003004

not be considered limtingl#o the scope of the
invention. Specific integers referred to throughout
the description are deened to incorporate known
equi val ents where appropriate. CLAIMS 1. A nethod of
improving the air quality wi thin an encl osed space
conprising the steps of:- Ephrdfewi ng air fromwthin
sai d encl osed space; (b) p‘§§Tﬁg‘sald drawn air
through at least a first filter to renpbve at | east
sonme, particul ates; (c) directing filtered air to a

Lfir SA mefhed Wfampspeing theriminalily within e enelosed apace comprising

irecting air previously within said first

thﬁﬁ# 888 ar sieve to a second nol ecul ar sieve, directing

aﬁ{) fﬁ"ﬂﬂﬁg’@. rrlltﬁ’l ﬁhﬁlaéa‘f' %ﬁ‘& %})aﬁgcul ar sieve to

outl et a taneous air i nmmobile

Wi npassiny $41d dpdvwee dirahirdi (%%Vzﬁ léz?s"t a%@?ﬁlt@ﬂto‘){en{dx}@a’t least some

not | ess than 2 seconds; subsequent to said
retentpmmlcpkam&;)d of not Iess than 2 seconds for said

L&l Jeve, |rect|n%flltered air to said second

) ecufipctiige iliergd; aie T aslish gnalpeular sigve wonipiningtrenlite material

o evi oULHY HRERIE o Pidhehahibist vt bR st o verfg  second
ret ai Njgogecildr Wel b leééﬁ fahr gI' IORYE fthin?sH8" {R8n8f molecular

not |less than 2 seconds; seq ent to sard
r et ent sieve pean odtlef axrd)mﬂlﬂfaﬁebm;z rétaigs @ adsini@bbB@mdthin a third

first molecular sieve for a period of time not less than 2 seconds;

(d  subsequent to said retention period of not less than 2 seconds for said third
sieve, directing filtered air to said second molecular sieve while passing
air previously within said second sieve to said third sieve, passing air
previously within said third sieve to said outlet and retaining air within
said first sieve for a period of not less than 2 seconds;

(¢)  subsequent to said retention period of not less than 2 seconds for said first
sieve, directing filtered air to said third molecular sieve while passing air
previously within said third sieve to said first sieve, passing air previously
within said first sieve to said outlet and retaining air within said second

sieve for a period of not less than 2 seconds;

such that said method may provide a substantially continuous operation including a

retention period for the air within each sieve.
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sieve, directing filtered air to said third nol ecul ar
sieve while passing air previously within said third
WO 2@vm2397 sai d first sieve, passing air previ oRGT/$B2006/003004

within said first sieve tol8aid outlet and retaining

air wwthin said second sieve for a period of not |ess
than 2 seconds; such that said nethod nay provide a
substantially continuous operation including a

retention period for the air within each sieve.2. A

2.met hg Qn&floﬂ P LB (S’Iﬂn% Qﬁe Hr 1qu% gl %‘%Iﬁ%ﬂ& gh&o?egi %&% S Whimed in

Space as cl alrre rern sa

claine | ludbsreinisdid aichod Qﬂclﬁﬂés @ﬁdofetéiﬁidﬂeﬁéhé’d dfbetReen 2 and 10
seconds. 3. A nethod of inproving the air quality

se@pids.n an encl osed space as clainmed in claim1 wherein
said nethod includes said retention period of between
3 and 5 seconds. 4. A nethod of inproving the air

I g I d I d i | ai . .
3 anor il ¢t RuBRy iR % B LR06 w huf af erSRedlatish Bicteimed in
cldied ieQereiR g dethod eiﬁ@%%s s%ld ‘?&eﬁ@&?r}ﬁhﬁg SPbetween 3 and 5
improving the air quality wthin an encl'osed space
secamdst i sing:- (a) air driving means to draw air from

wi thin said encl osed space through an air inlet; (b)
at least a first filter connected to said inlet to

re some part. cul t t hree
4ot indod BE Bhntie B s G Bh Rt e Bho1afh thase ot pimed in
cléufh 1 wherein said method includes said retention period of between 3.5 and 4.5

seconds.

5. An apparatus for improving the air quality within an enclosed space
comprising:-
(@)  air driving means to draw air from within said enclosed space through an
air inlet;
(b) at least a first filter connected to said inlet to remove at least some
particulates;
(c)  at least three molecular sieves containing zeolite material connected in
parallel to each other between said first filter and an outlet;
(d)  aplurality of valves to direct flow from said first filter to any one of said
three sieves, from said sieves to said outlet and between said sieves; and
(e)  control means to control said plurality of valves such that air from said
first filter may be directed to a first sieve, air from within said first sieve
may be directed to a second sieve, air from within said second sieve may
be directed to said outlet and air within a third sieve may be

simultaneously retained for a period of not less than 2 seconds and
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parall el to each other between said first filter and
an outlet; (d) a plurality of valves to direct flow

wo eamozsdd first filter to any one of said thrR€I/GB2006/003004
sieves, fromsaid sieves tdésaid outlet and between
said sieves; and (e) control means to control said
plurality of valves such that air fromsaid first
filter may be directed to a first sieve, air from
within said first sieve may be directed to a second
si eve, g@lhde - sal d .
di rected tgﬁglg%vugljlﬁdggﬁgn%l(gﬁ%@%t ﬁ?ﬁygh{iﬁéP gﬁssllee‘(/ee progresses
may betlgbugh theetagss vf redetvinghif GontsHdrfi@e fidter,Yetaining said air
| ess than 2 seconds andsubsequently controlling said
val ves¥igReH ok ol agtless thane? pecomde snd sherhrapanhing bir from another
stages_qf receiying air fromsaid first filter,
retai nPnge Svgll%ge &e].n%f EPIBECHRG {Q @noPutiphs sychs that ipaifl apparatus may
second eh Vi aj not.her .si eve . .
ohi 1o Daade RslaBely ARuflbe] bBTHERR TSt Ferention period
appar aforsheair within ¢dehaisubst anti al Iy conti nuous
operation including a retention period for the air
wi thin each sieve. 6. An apparatus for inproving the

6 air guali téﬂ\é\ﬂ%t in an encl osed space as clainmed in
‘¢l ai‘tft SPRA oL dmprevingr the aBaAvaléfswithin sai énclosed space as
: N - ekl 3 tyween 2. and 10 seconds. 7. An .
Cla[a{g{pegr a gg‘l@o? &ﬁ%l%fé% %ﬁﬁy\?ﬂgﬁ% FRCH0S | §OsYreR; $adl retgmtion period of
beenedrod afld Ipaeom. Cl ained in claim5 wherein said
control neans ensures said retention period of between
3 and 5 seconds. 8. An apparatus for inproving the air
qualjty within an enclosed space as clained in claim5
7. wher'st riPpaTaius o iIpresagstheneir eealigyi withist emt eoclosed space as

110 . . :
clRfEHOR 8fa1m 5 wherein said control means ensures said retention period of

between 3 and 5 seconds.

8. An apparatus for improving the air quality within an enclosed space as
claimed in claim 5 wherein said control means ensures said retention period of

between 3.5 and 4.5 seconds.

9. An apparatus for improving the air quality within an enclosed space as

claimed in claim 5 wherein said apparatus comprises a free standing unit.

10.  An apparatus for improving the air quality within an enclosed space as
claimed in claim 5 wherein said apparatus is incorporated into an alternative air

moving or conditioning apparatus.



between 3.5 and 4.5 seconds. 9. An apparatus for

inproving the air quality within an encl osed space as
web@oe39T n claim5 wherein said apparat us conpeT/e82008/003004

free standing unit. 10. Anlapparatus for inproving the

air quality within an encl osed space as clained in

claimb5 wherein said apparatus is incorporated into an

alternative air noving or conditioning apparatus. 11.

An apparatus for inproving the air quality within an

liencloseghpaRass 88 iﬁiéﬁ%\?p‘igl {3 Eiraglg%lﬁng?ﬁlﬁ{ S @ﬁaose%de space as

nmol ecul ar si eves ar ated un pressure grea

claitved ai clasmhérwherel? saillnnbeaiat sisvéoard l@?éﬁ&éd‘ @ntiBe a pressure
air quality within an encl osed space as clained in

greatey hes afmesrhaticsai d apparatus further includes a
sensi ng neans to sense performance of said first
filter and an indicating nmeans to alert a user to

12??%@?19 HpaPt®d P §nPFOTIRE AC G PN RiRES A LEUTLAE %pace as
claimed in claim 5 wherein said apparatus further includes a sensing means to sense
performance of said first filter and an indicating means to alert a user to degradation

of the performance beyond a pre-determined limit.



