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TECHNI CAL FI ELD . PCT/ AU0O1/ 00339 This invention relates to air - dpadiSEPorMiy
systens and nore particularly to a nmethod of, and conposition for,

reduct i owo ow/passhogens associated with the filters in sucB-2QRYs4848- The
i nventi on has been devel oped primarily for use in air-conditioning
(including air cooling and air heating)jsystens, and will be descri bed
hereinafter with reference to this field of use. However, it will be
appreciated that it is not limted to that particul ar use BACKGROUND ART 25
Al r conditioning systens such as are commonly provided in office,
residential, health care and ot her buildings incorporate air filters. An
exanpl e of such a filter enploys non-woven pol yester fibres as nedia to

« filter airborne particulates in excess of about 10 microns in size fromthe
air; but filters are made froma w de variety of materials, in many
differgnt constructions and grades. The function of the filter is to trap

- 30 dust and particulate contam nants. This trapped natter (the "filtrate")
provi des a haven for the grow h of pathogens such as fungi, bacteria,
viruses, allergens, yeasts, and noulds. Conditions for the gromh of such
organi sns are especially favourabl e during periods of high humdity such as

may occur when the systemis off, for exanple at night, ..1 5 SEP 2004 WO
01/ 733106 2 PCT/ AU01/ 00339 but also arise during normal operation. The
presence of organisnms is highly undesirable because they can cause ill ness

or death in humans and animals, create odours and can damage or destroy a
‘wi'de variety of materials. OF particular concern in terns of human health

‘and safety are endotoxins and 5#@6%% ' ..oh are breakdown conponents
of fungal and bacterial cell walls aﬁgfggfgﬁﬂgge known human respiratory

allergens. In sone individuals they can trigger asthma attacks, and in all
cases havim% cause i mune response. Over a period of exposure
this redu "of the inmmuune systemto respond to antagonists
and | eaves thg subject nore prone to infection by bacteria, viruses, etc..
Al so 10 of cohBigiveaten falatenio aimenndsioning systadnz arglpooegativkldiabear i a. The
prevention of spore germ nation and mcrobial survival in air filtration
devi ces weethgdief| apdcetiposition fory fedkctivfn inlpatiegentBodiXBE WEBNES HitkistY such

reactions. It would also -
20 systems. The invention has been developed primarily for use in air-conditioning
(including air cooling and air heating) systems, and will be described hereinafter with

reference_: to this field of use. quever, it will be appreciated ﬁlat it is not limited to that

particular use -

BACKGROUND ART

25 Air conditioning systems such-as are commonly provided in office, residential,
health care and other buildings incorporate air filters. An example of such a filter .
employs non-woven polyester fibres as'media to fllter airborne particulates in excess of
abopt 10 microns in size from the air, but filters are made from a wide variety of
mateﬁgls, m maﬁy different constructions and grades. The finction of the filter 1s -to tr.ap

30 dust and particulate congalnmmlts. This trapped matter (the "filtrate") provides a haven
for the growtt.l of pathogens such as fungi, bacteria, v.iruses, allergens, yeasts, and
moulds. Conditions for ‘fhe growth of such organisms are especially favourable during

periods of high humidity such as may occur when the system is off, for example at night,



increase the useful life of the filtration devices. Mcrobial activit
shortens the |ife of the filter itself because the increase in bi o}rﬁséEBnmu!*
and in the filter can clog pores, |lessen air 15 flow and i ncrease back
pressur e“imglt/—hg,@ystem In some cases, air filters are prggfler%gU{mg%n or

i nclude natural materials such as cel I ulose and in that case are rapidly
degraded under noist conditions by certain fungi. It is a major concern in
health care facilities such as hospitals and nursing hones that dangerous

i nfectious di seases nay be spread by a wi de variety of mcro-organisns. 20
The problem is exacerbated in such facilities because many of the patients

are’ in a bebdsnatsechiidistioanaliiRrdtiont ek fna@éﬂdé‘%ff)br%%@nﬁ{?é ﬁﬁ%&)ﬁ&%@ﬁm

M cro-organi sns that would not be a major threat person can be

fatal to i fendt nsel yves from
i nfecti onﬁeﬁgéglgglc\ﬁ%t:%st@éﬁﬁﬁl iﬂs&ﬁ nqﬁpr%&:‘%tﬁéd% Sfff\ilet'ﬁ‘fte USHPP CEhnent s

such as p D si.nce if t hogeni ¢ m croorganisns find their
way via cg%h%%‘n%eg&%gwd S Varjetyo 2‘8@4 WO 01/ 7335G -3 PCT/ AUO / 00339
ventilation s fts nto a building they can be rapidly circulated .

t hr oughout th lQEW’rCHiaﬁQO‘E‘P?Q% Bbigrgy @@t‘i@ﬂfh hrellbasd safetytace endotdxitzomd of t he
spread of infection and di sease. One proposed solution to this problem has
been t & cawcopkinseyhigh arertiredkslowntchmpohimed Bifanganp badteiiarell Thas hioci des
have been bound onto or into the filter fibres for U5 exanple by inclusion

Wi t hi n polwinbrase known htmaexdspliaioalfesodns! ti€5orhid Qfdﬁsldua-@ﬁeg b&PR{Ye NVentor

has di scovered that such so-called "anti m crobi al [ters are

bi ost at a t f d tinl bi al "
il Ter mar e e NPy U SR8 Ao Bt PR PO B Rt 1

t he | abor t C rogressively ineffective with
passage o?é ﬂc%lr%f& Sé%'?ﬁ% I‘e@?gesth elffhg' ﬁEEHBW%PP %X#%t%w%tow

Consequent ltX Ei Aa t% be frequently renoved for cleaning and

r et r eat mefit PSR ARG eaYes the S sht mage prse ty ifprtionrydreetsningyituses) eteerAtso of

| abour  required and downtinme, as well as being potentially hazardous, while
r et r edPmefk caBFeEse ﬁm&b?wlﬁssbw@mhspares arflfipictemial y the filters are only
renoved when the airfl ow resistance becones unacceptabl e. Any di scussion of

the prior artThhpmuglhttut ofisperesgemirationbhOmisboml lenanﬁ Nt orl devices
consi dered as an adm ssion that such prior art is w dely known-or forms

part of tﬁ@ul@(}fﬂﬁ)&dﬁ@é\ﬂl@ﬂsklﬁ@ﬂm&éj% i efslgﬁm{lir%} l%actﬁf}ns' 3t @ 1& ﬁgect of t hé

present invention to overcone or anel’ rate east one 0
def i ci encir@fead thkMEeMl i ofthé filtioh AePEQY 16 Sl a%I#fty Aofnr S}elh\%g of the

filter itself because the increase in biomass on and in the filter can clog pores, lessen air-
15 flow and increase back pressure m the system. In some cases, air ﬁlters are prepared (.

s

from or include natural materials such as cellulose and in that case are rapidly degraded
under moist conditiops by certain fungi.

It is a major concern in health care facilitie's such as hospitals and nursing homes
that dangerous infectious diseases may be _spread by a wide variety of mic.ro-organisms.

20 The problem is exacerbated in such facilities because many of the patients are in a

weakeﬁed condition due to their primary health care problem. Micro-organisms that
would not [?e a major threat to a healthy person can be fatal to a patient with a diminished
capacity to defend themselves from hﬁecﬁon. _

Increasing attention is also being paid to other environments such as public

25 buildings, since if pathogenic microorganisms find their way via conditioned air or



Many regions of the world enploy heated filtered air in buildings as a
means of 20 central heating. It will be understood that the furnag§eSpPd2(i4
other filters of such systens contribute to the sane hazards as descri bed
above forwait/7sseaditioning filters and the invention is n im to any
particular kind of filter or airflow system It wll alsoggghﬁﬁ%éﬁg?ood
that the invention is equally applicabléto filters of different kinds and
grades, for exanple to hepafilters.  PCT/AU01/ 00339 Received 2g-May 2002 1
5 SEP 2004 -4 BRI EF DESCRI PTI ON OF THE | NVENTI ON According to a first

aspect, t j: i L. OYi air filter, treated with a conposition,

sa?d comggfl%lpgﬁﬂ%%%ﬁu&tﬁébgl 1|n§s eé(ﬁaEE%}apb‘ih%&}faaﬁteg&gﬁﬁgm%%éi Ugmg agent
i dapt t i te th i | | ati i th

tirrer” et erady fordetadh: RS heF herpGsLobnrbaned distbeact | og 1

reduction in cfu s/gramof clean filter material in conparison with an
untreated fil t@ie Rinpesed splutien tethérableindrs bedioto coniefilesremderials tvithhi ost atic -
or biocidal agent is selected to have bacteriostatic and/or fungistatic
proper t i ediocitd cpapbsitivh.aThks biosidas hyvedeenbolrdtditd Hr hayBE F1RPHbi €I OSt ati ¢
or biocidal agent of the invention mgrates through the layer to the

out si des suskRpR: HydutiBioh widith aé@niefﬁﬁ{cfr%&é‘ﬁtm%%n\'&a 1 fHARN ‘txﬁe Bgets&ﬁf' woul d
e

otherwise multiply. In filters according to the Invention I'ocide is

not bound i} i18ak | For S 1.0 1 grate. t hr.ough the

accumul at i ng dust gﬁg%eéﬁglfgﬁﬁqg{lggr%ftl{ﬂer%g@%&t%%éalf ifﬁ{e r?‘eﬁh"ﬁ{%ﬁ@ s in the

layer. becone coated w th biocide or hiostat. It will be understood that it

‘i's suffici% spliftion s 3P@%%ﬁt“‘?%ﬂdbéﬁf&f&wr%%laﬁ%r Brtepahiginaculated witls That

is to say, it is sufficient that the treating agent stops colonisation on

the filterP2Figfipand/phEwmer) qontamypepdnn Hiedahomatarye biichatdbel fifted haspmetowever

bi oci dal conpositions may be used. According to -a second aspect, the

i nvent i on progrvssiiely metfortpesiith passigerofapp in@atuaDibetin af irabhdiibhinglsystem.

including: - a water soluble biocidal or biostatic agent, 20 - -and a

sui t abie IComeequantly tianflteMibngi Be HequaRFROSHHddO0r El%éﬁﬁh%ﬁn@fefg%ﬁh{e\ﬁff%: ' n
al or

service, for peri.ods of 6 nonths or nore whereby the DI oci lostatic

O TR A TR0y U B3 A B i °

as well as being potentially hazardous, while retreatment or replacement is expensive.
Typically the filters are only removed when the airflow resistance becomes unacceptable.
Any discussion of the prior art throughout the specification should in no way be
15 cc;nsidergd as an adn;issio‘n that such prior art is widely known or forms part of the
common getieral knowledge in the field. |
| It is an obj ect of the présent invention to overcome or ameliorate at least one of the
. deficiencies of the prior art, or to provide a useful altemétive.
Many regions of the world employ heated filtered air in buildings as ameans of
20 central heating. It will be understood that the farnace and other ﬁﬁers of such systems
coniribute to the same hazards as described above for aﬁr conditioning filters and the
invention is not limited to -any particular kind of filter or ail'ﬂow system. It wﬂI aléo be
understood that the invention is gqqally applicable to filters of different kinds and grades,

for example to hepafilters.-



PCT/ AU01/ 00339 Received 24 May 2002 -4a 15 SEP 2uu4 - It is hi ghk,é
“prefeerred that the conposition further includes a surfactant and AP aH00339
~a fluorosurfactant. - In highly preferred enbodinents the cor‘r%‘?&ei“te @rdrMalY 002
i ncl udes one or nore rheol ogi cal additives f~ , .

SEP 2004 WO 01/73356 -5 PCT/ AU01/ 00339 Accordi ng to a th| rd aspect1_5 tE’rEP 20[]1,
i nvention provides a nethod of treating4a filtrate on a filter including

the step of adding to the filter or to the filtrate a biocidal or biostatic

agent  adapEgROESCRAEAION OFonah frvenNibir ate According to a fourth aspect,
the invention provides a method of reducing airborne 5 contam nants in air

i ncluding the ste t t|n f.i r-with ccordi.ng t

second aspect gcﬁagdsnlléﬂto %ﬁrrS?%sﬁr ou&’h "?‘ﬁe@%?? Pfovtlde\mgragﬁ@ great(?gﬁ"ﬂﬁ‘l cfoénpom ion,
contam nants as a filtrate on the filter and allowi ng the biocide to
mgrate i feig compositiop ingluding g bgsfatic oolz@ena‘iabqgwaprew@ewmpmgo migeie
phot om crograph (x 100) of a new untreated air conditioning dust filter
prior to tlepglrpgrti2ulates acpnutlaimginage ap the(filedOgndshigvh afieremunths ah@thal ibd er
simlar to that of Pig 1 after 11 nonths in use in a building air

condi t i ©nipAgHRY¥S 4GRSt lop fieﬁuéldnﬁn%ﬁpygﬁaﬁ%ﬁél%f fpd} thatd®)in é&ﬁwn@vlﬁfﬁ@t ed

filter simlar to that of Pig 1 after 11 nonths in use in a building air

condi ti oning. Sg%&%?g} rﬁg%gtﬂésgmécbr?dx o aph conparing the nunber of col ony

form ng uni ramor afilter treated in accordance with the

invention wt ntreated filter asafunctlon of time in use over 11
mont hs 20 BES o cge the ongs brggidal Reenity solpotad to gee bapbestsiAbAeBA/ET t he
invention will now be nore particularly described by

fungistatic properties. The particulates usually accumulate in layers and the biostatic or biocidal
agent of the invention migrates through the layer to- the outside surface (air/particuléte interface)
10  where organic matter would otherwise multiply.

In filters according to the invention the biocide is not bound to the filter surface but is
adapted to migrate through the accumulating dust and particulate matter on the filter. Particles in
the layer become coated with biocide or biostat.

It will be understood that it is sufficient that the treatment is bacteriostatic or fungistatic.

15 That is to say, it is sufficient that the treating agent stops colonisation on the filter rather than
kills organisms in a colonised filter. However biocidal compositions mziy be used.

According to a second aspect, the invention provides a composition for apélication to an
air filter including:

- a water soluble biocidal or biostatic agent,
20 - -and a suitable humectant, and wherein the composition remains effective, in service, for
periods of 6 months or more
whereby the biocidal or biostatic agent is adapted to migrate through a ﬁltraté accumulating, in
use, on a surface of the air filter; .
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way of exanple only and with reference to the figures. The present inventor
has di scovered that the application of biocides to filter fibres SQTW%UPW@0339
past is relatively ineffective because; while this treatment cRercpreddriviay 2002
fungal and 25 biocidal activity directly on the filter fibres thensel ves,

as dust accunulate on the filter, 1 5 SEP 2004 WO O/733iG-6 1§ SEP 2054
PCT/ AU01/ 00339 the outer surface of theddust becones renoved fromthe

bi oci de bound to the filter fibres and pathogeirs then grow on the outside

of this dust it {safptdyprefdrhaltthithd SorggokitiRPRAAESH e CMlrhR R 95 é&iﬂai’:ﬁ@aﬁ ed
fibres). Thus, as the filter clogs, the biocidal activity reduces. This

expl ai ns mhyig£§§&$ﬁéﬁmgs can be obtained in tests applying an i nnoculumto
the 5 prior art filters in the |laboratory but w thout good results being

obtained in gctual installed gontinuous use, In contrast, the present

i nvention pr 39?‘&?2%3’ Bfeg‘“ifﬁéiea’g%% f?l@ FEALSINGT HEtydge oBg aF meifctheplofigal additives
periods, if not over the useful life of the filter by providing a biocidal

prepar ati on deaptaawle o thickgningegeity o gefhing hgent,ayervisnositayexdifian i
filtrate on the filter towards the surface (air/particulate interface)
where the 10 . micro-organisns tend to colonise, Surprisingly this can
achi eved despite the higher velocity of air at the surface of such resydue.

W thout wishing to be bound by theory, it is believed that conpositions
according to the invention are effective because the hunectant dra in
‘water which acts as a vehicle for the solution and transport of bigstat or
bi oci de (or of a conbination of biostats 15 and/or of biocides). ¥n
preferred enbodi nents of the invention the surface tension of t ( .
.vehicle is effectively | owered by the one or nore surface actiye agents. As
the filtrate accunul ates on the filter, and the hunectant dra in water,

t he bi ocidal conposition is permtted to mgrate to the outernost surface
by the aqueous vehicle, maintaining its efficacy agai nst pathogenic

organi snms, which otherwi se would grow on the surface of tle 20 particul ate
| ayer and in gaps in the particulate residue. Preferably/the biocide wets
the exterior surface of individual particles as well as/the exterior
surface of the particulate |ayer. Exanple 1 In a prefefred enbodi nent of
the invention, an air filter is coated with a solutign 25 containing the
di spersion or solution of biocide and hunectant in solvent. In the

pr esent 1 5 SEP 2004 W 01/ 73356 PCT/ AUO1/ 00339 £xanple an air
conditioning filter according to Australian grade "FS' was treated . The
filter was made from a needl ed non-woven pol yesyer fibre fabric and had a
total surface area of about 3.5 square netres./The filter thickness was
10-12 ntmand its density was about 280-300 ans per square netre (gsm. A
typical fibre dianeter would be in the 5 rapge of 6-15 denier. The f Iter
was treated by spraying with a solution haying a '
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formul ati on as shown itl exanple 2. Exanple 2 A basic fornmulation of a
treating solution is as follows: Calciumchloride (hunectant) 5-25% 1o

| Cat hon 886MW (bi ostat) 0.04% Fluorad FCL129 (surfactant) 0.01% \Wa} Br SEB 2004
100% Not gy gati3ey 886MVis a preservative obtainable fromy %Ptlﬂ) gfog?as
Cotp. Fiuorad FC 129 is a fluorosurfactant available from DR3P 5
Exam ne 3 A prefetTed formulation for the treating solution is as foll ows:
Cal cium chloride (hunlectant) |Cathon 886 MV (biostat) Fluorad FC129
(surfactant) 20 Vinyl ether/maleic at~lrydride copolyner* (viscosity

nodi fier) Water gqs 14 -18% 0.04% 0.01% 0.s% | 00% *Gantrez avail able from

| SP Cotp. It is desirable to incorporate one or nore Theol ogi cal additives
(e.g. viscosi tAcconlipg i« third sspegkithe imyentpanireyidehi xothcdpifaraagent siledte bhe
-like) into the treatnment. These control 1 5 SEP 2004 WD 01/73356 _.8

PCT/ AU01/ GORIBS indheding Brasiptof adfinghe theelics o td MemMaX@LiEding hRRleES of
di ssol ved treating agent frombeing blown fromthe filter by the vigorous

- passage ofagaﬁtra’daﬁ@djtéﬁiﬁﬁ%it%uéwtl{egfﬁ.hd&i ng the solution on the filter. The
type and quantity of rheol ogical a Cil ti've can be selected having regards to

condi ti ons of . rred. treatnment is very straon hydr Qscopi c,
taking in noi s‘*%?lédug @nglD goﬁiétﬁg% pregtbtgéeslpﬁglﬁf%lﬁﬂﬁﬂeﬁ %@4&%%&%&%@’8@%9 a
liquid. _TInS li.quids penetration intQ an accunulating filtrate layer is
furthers.er?ﬁﬁ?w’é%a“wntaﬁré“&ﬁé’&gﬁ%?%ﬁ& in the treatnent of a surface active
agent which ensures penetration against the air flow by virtue of |ow
surface t drfditgha fitpewith ar pgrsd aggerding t4 hesatandiaspedy e wat er- sol ubl e or
‘partly water soluble 10 and therefore mgrate into and through the filtrate
| dyer as ppassingRirttheugls detfitentwhefdblyes aatiivlge icogaeMhR & IY-akn the
incorporated into the fornulation for perneation tlirough the filtrate, for
exanpl e fiffler(atdardants, airflow pronoters or viscosity reducing .

allowing the biocide to migrate into the filtrate.

10  BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 is a photomicrograph (x 100) of a new untreated air -conditioning dust filter prior to
use;
Fig 2 is a photomicrograph (x100) showing an untreated filter similar to that of Fi gl
afer 11 months in use in a building air conditioning system;

15 Figlisa ﬁhptomicrograph (xiOO) showing a treated filter similar to that of Fig 1 after 11
months in use in a building air conditioning system; and |
,F ig 4 is a graph comparing the number of colony formiing units ("cfu's") per gram of a
filter treated in accordance with the invention with an untreated filter as a function of
time in use over 11 months

20 BEST MODES OF PERFORMING THE INVENTION

Various embodiments of the invention will now be Lﬁore particularly described by
-way of example only and with reference to the figures.

The present inventor has discovered that the application of biocides to filter fibres
és m the past is relatively ineffective because; while this treatment can prevent fungal and

25 biocidal activity directly on the filter fibres themselves, as dust accumulate on the filter,



agents, deodorisers and so forth. Exanple 4 15 A filter according tb
exanple 1 was heated by spraying with a solution according to]éiqﬂgi? & to
a level of 230 m of treating solution per square neter. The treated p ?ter
was thenwioemssssi ng dry air. It will be understood that gQﬁHthk&ﬁ9could
be coated by di pping or any ot her convenient nethod and dried using heat,
vacuum of by any other suitable means of -conbination of nmeans. Tlie dried
~filter was then placed into a seal ed 20 contai ner, such as a sealed plastic
bag, until ready for use. Wien the filter was to be used, it was renoved

fromits al ed cont ai per, d placed in its operational position in au

ai r - condi t?l ?eoﬁﬁ?{ggug &Y 8&%eldiu$ﬂ{?§‘g‘?e% e A% Setniie bioside bauntlde therfdteafibeksi n

accor dance (\{vith the jnvention will begin to absorb water fromthe

envi r onneARd PatRpgens ey gorom ibe puisiead thik dustygesidue (thas iQeaybspatutdl

saturated solution of 25 the biocide forns in whicli the concentration

depends ofouhiieibidcids weatedifibis) YTk, dsithe fitér clogsl tif B8 A 0 L3356

PCT/ AU01/ 00339 -9 During the |iquefaction process, the biocidal conponents

are parti hlsexplaimonhy gbed Msﬁi’t%ﬁ'b\é%tdiﬂbdtiHQesl?é‘ﬁﬂ?gyfiﬁgtan?ﬁ#%éfugﬂto@ong W th
u a

. the surfactants. The resulting liquid treatnent on ?renely

| ow sursf aggot SPE1OR ' | meking, it .an ideal .penehant. As the
filter prgg?lessiﬁlfg[{g;ﬁra%nlgeggtogfgﬂ\%#%g%%%{eﬁﬁ%t%%%?%o%}@ﬂ Al ate as a

filhate .l r | reat t progressively penetrates and encapsul ates the
contaninaﬁ%g%%géwgﬁ%§PS?ﬁgﬁgﬁ@§é§gﬂﬁ?Pﬁﬁmﬁéﬁ%¥¥ﬁﬂPﬁ§“®$édvﬁ@d@“Mhhch
contains an effigacious | evel of biocide not only kills micro-organisns
carried off"iHR HIGHYF RECIIBRtRINNEEReriofy if mityeeths useal tifeatf trofilter by f
m crobi ol ogical activity takes place in the layer of filtrate itself. 10 In
humi d ai r providingp bimcidab prepaction adapetitonaighag ensuiisthaaiyeal layelg! i er tlian
in dry air. Thus, the present invention provides greater biocidal activity
when it i scoonsdatingefiledie dn Be fitter toRGirdsit e? WWE o Ty Be TR Y, ucegd. |
bi oci dal activit?gnay be a consequencemgéng%fE?SE?$@Hﬁ%ﬁ%%%$m{f%h%§fﬂe

" OC! ! Livat.: : h of | i dur i n d
anti citpat gierblor@dnidihereny @3’@61:)181%@! %rgigglﬁggfnﬂ ! ,?cltaglr],?gg? ggm&[ﬁqlsgq e @E%&p@é%s| on

conditions would not be so h
of the 15,81 Qg . life-ti.riie of the filter. The present invention is not
di rect ed ¥%Qg§3§@%%%H%$§%§ﬁFPgﬂ“%ﬂeﬂﬁwbging of the filter by preventing
grom h of th goﬁgss .but rather is directed to controlling colonisation
by organi sms ONTPH Wishirgde bgrhgundh by Heeos duimblelieved dhat esingusitiomchoabidinmat el y
to produce air which - s reduced in pathogens. 2~ Exanple 5 Filters treated
accor di ngotthe Ewaniipeang offsetiveleseed thahseeatimelraws inewitbeab afisht §rs ~were
found to be effective in service for periods of six nonths or nore. At the

end of sivehidafdrhe sdietiéi hidanspsrt HEFRYREor lﬁb@i@@gdi"of%%n{b%lgf{tﬁﬁto?gio\é‘ia}sh'
fl esh conposition according to exanple 1. |zi conducting these experinents

ST S PR B 0"
‘ vehicle is effectively lowered by the one or more surface active agents. As the filtrate
accumulates on the filter, and the humectant draws in water, the biocidal composition is
| permitted to mi grate to the outenn(.Jst surface by the agueous vehicle, maintaini.né its
efﬁcacy against pathogenic organisms, which otherwise would grow on the surface of the
20 particulate layer and in gaps in the particulate residue.

Preferably the biocide wets the exterior surface of individual particles as well as the

exterior surface of the particulate layer.
Example 1
In a preferred embodiment of the invention, an air filter is coated with a solution

25  containing the dispersion or solution of biocide and humectant in a solvent. In the present

Lo
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1 5 SEP 2004 WO 01/7335G PCT/ AU01/ 00339 -10 the air streamand also tend to
be nore resistant to biocide when dry. Spore formng materials put a | oad
on the human inmmune system of those breathing the air. Dead cel l{sh $EP tZigy
becone aiwdot/msse cause asthnma in those susceptible. A fur%%fﬂﬁ)?%@ﬁgage of
the present invention is that the hmectant naintains a | evel of noisture
at the filtrate 5 surface which reduces7spore and cell refluidization.
Figures 1-3 are photom crographs at x100 magni fication showi ng the effect
of treatnment after 11 nonths in use (fig 3) conpared to untreated filter
material before use (f g 1) and after 11 nonths use (fig 2). A conparison
of the usc?&alﬁ}ﬂfgraéla?ﬂjé@“égf?ﬂ% folferfaceprdingite hustialianrarsded RS mpk ereatbd f Tge 1 shows
that use results in significant growth of fungal 10 filanments (which appear
-as fine tHillsavey madediont heeddirdyem-woemeicdyester libes fabiibbRShadiick ARGk I t
and dust particles are also visible after use. In contrast, the treated
filter of afdagrf3bstidis sqeusingntd, 68 Hite (L1 95, ] f 11

- mont hs exposure alt houdgﬁ1 entrapped di ??ﬁﬁlgsﬁ?{ﬁcggﬁlﬁP‘gdsqtsz(g%sﬁg%ﬁé ally
clearly vigghil 0- : i of ;.. dentical. new filters re taken
i D0vs SESO IR0 FOHIRLE pe bt %ﬁ%ﬁét}’ﬁ%’?ﬁb S Beteh R o 1B s f
exanpl e: 3. r-ermh Nj: N0 ~-80% 0of the serjes were |left untreated. The treated
and un{% r eg’tmgg%ff & @%ﬁ%@eﬁ&m At ﬁﬁ*ﬁ@%%ﬁ&%lﬁﬁﬂﬂﬁtr@ haygean  such t hat
the treated filters re.alternated with untreated filters. On a nonthly
basi s sang?%?l%&l’easts\!ﬁ@ﬁww%?h a treated and an adjacent untreated
filter and the nunber of 20 viable fungal and bacterial species were
‘counted.' The results (expressed as Exdmg 2f orming units ("cfu's")/gram of
filter are shown itt fig 4 as a function of time in nonths. The rate of

col oni sati on d@f bashefonaalatidn bf & trestingB® IIRG iShampibivgant |y different fromthat
of the untreated filter during the first nonth. However thereafter the

cfu' s/ gr amathwmRarhride (jlﬁhlgdg,‘gﬁfs of Log 6 organisns _Bg gramof clean filter
material, whilst the correspondi ng PCT/ AUO1/ 003359 gcei ved 24 May 2002 1

5 SEP 00 ! 'gw,e( the treated filter substantially stabilised

W t hi n%?vkﬂ){aﬂ%%tgﬁlsﬁ at 'b[?gﬁatt) Log Z cfu's/ gram of cloe(gof’f-i lter material - a
dramati ca i result. Suitable biocides for use in the invention

i ncl ude, Eh%ér%ﬁ&%fgf”if%t?@& to, 2-bromo 2-nitroprbPdae- 1, 3- di ol

( Bronopol w | sot hi azol i nes such as nethyl, or chloronethyl 5

i sot hi azoMY#&n8S (Kat hon 886 WO, Met hyl or propyl @%utyl

par ahydr oxybenzoat es; sorbic acid, benzoic acid and salts of these acids,
phenoxy etotmBlathonrS86MW¥ana petiseivativnsbisingble HoaPRER & Blags b di ne

gl uconat e, orthophenyl phenol; benzal koni um hal i des; and ot hér quaternary

bi oci des BlioRa{RD2y) R 860 ALPRIER ohailaBidliRdh s Sstpdi Pheny! ethers. A

preferred humectant for use in the invention is calciumchloride. Exanples
of 10 @t her humectants are glycerol,zsor it30I, et hyl ene glycol, PEG

‘propyl ene glycol, 1,3 butylene glycots? (2-Pyrrolidone-5-carboxylic

-acid), sodium,sul pha s@di um hydroxi,de, lactic acid and derivatives,
sodi um chl ori é@r&lﬁge{l ﬁ@l’r‘ﬁ?%@?lr?%é@éméwg sdgtiomisppéollgws: wi | | have no
difficul t{y: in selecting suitable hunectants having regard to the
const r uct FAIUWAEiPTIde umectand system and the conpddi-1§%n of the filter
based on the 15 di scl osure herein contai ned. Thus sodi um hydroxide is
unsui t abl Bathen 886 &IW (biestaty s wi th nost filter materdsls, and because it
rapidly fornms a non-hunmectant carbonate under the dry air conditions
encount erEmofaﬂfatmgq@ﬁ\ﬂthlﬁpi ng systens and so ceasfs,to be effective in

20  Vinyl ether/maleic anhydride copolymer® 0.8%
(viscosity modifier)
Water gs ' | 100%
*Gantrez available from ISP Corp.
It is desirable to iﬁcorpo.rate one of more theological additives (e.g. viscosity

25 modifiers, gelling agents, thixotropic ageits or the like) into the treatment. These control



e ]

a very short tinme while sorbitol is unsuitable because it acts as a

bi onutrient. Calciumchloride exenplifies those hunectants Wni]tqﬁ @{pizg ngCh
probl enms. Sone hunectants 20 al so act as surfactants. One exanple is % ium
di octyl sovpbosassei nate. A preferred surfactant class for ysg ifhihhSo
invention is fiuoro surfactants, such as Fluorad FC129. These are preferred
because they have a profound ability togreduce surface tension. However

ot her surfactants can be enployed. By way of exanple only, the surfactant
may be non-ionic (e.g. ethoxyl ates, propoxylates and bl ock co-pol yners of
AMENDED SHEET | PEAI AU  PCT/ AU01/ 00339 Received 24 May 2002 1 5 SEP 2004 -

| I a these thawipcosénioBtiecschitld BOraRhSHifSHEHcRSo IR - : ;

dodecyl benzenesul phonat e, sod%m di octyl igul phﬁ%lé%eﬁegfm%%%ﬁnbgogla T of

sul phonat athvas 5644 BB ] ' t ' L .propoxyl at.es),. cationic
sur1Ico actants (such %sﬂéﬁf%?ﬁm‘%ﬁ%g%%gf%?’ a@ﬁé‘ﬁéé&g&%’&%ﬂﬂﬁ be palptiony,

and quat er, g ! I:, BV hoteric surfactants. (such WO
01/ 73356 3@% %’EB‘%’LI/ 8‘82@@'6?@1}&8@%%@%5%&(: fecapbesplesics srviap reggedn s

whi ch may, be incl uded are sodi um car boxynet hyl cel | ul ose;

hydr oxyet FYF 1??ﬂsd§'é‘?e'hydr oxypropyl cel 1 ul ose; pol yet hyl ene gl ycol s;

pol ypropyl eneg%::yqol s; pol yvinyl al cohol; polyvinyl acetate, .

pol yvi r§ | pyrr sepferrethigeatinpal iy ney strofigly hgdwscdpid taiyp fopylstay &om Hant han
‘gum 5 chitosan, acrylated copol ynmers, polyacrylic polymers (carbopols) and

the I'i ke. aldpaesieg thoaigh the Fikter Mﬁﬂﬁﬁmﬁi@hlillicﬁicp.OTMHﬁElﬁid‘g?Hh&rz{?i%an%ﬁWé}ar| y

advant ageous. Al t hough the conposition in the exanpl was ap to the

advant ageons Lo pary he punera RS (@ ncblosHRor AP AR | o

-advant ageous to apply the humectant a brost

froma no : h_f ositions are 10 within_ the scope of

the i nven'?lil %%é%ﬁﬁewé%yﬁgk}}%gglrrg#g%a&%%}ilta B i géié’wfﬂgwt o the

i nvention_can _he appljed.to.filters of any nmaterial. Tests have been

conduct ed S‘g\ﬁ%ﬁ?cﬁt%?l}sfcﬁjg rthetc)l?ocﬁgff% F@p@ﬁ%‘i”l@?‘%?@d’&é@,scl‘@@ﬁﬁ partly Matapsoluble and -

gl ass fibre, However the principle of operation herein described is

adapt atfi e 2B therqtersmaisptte minand teaughithd Eltmtedapdr aspheiof tonséatuetti on ( such as

for exanple 15 woven, non-woven, spunbond, neltblown, |am nates and the

like). It wi.l Ptles agtideingtedizdtstthat bd iheorpoeedd iRt 6 SR YorLIP bAYndd gy OF nmore

bi oci des ‘and may be fornmul ated based on t-he principles hereih taught in a

variety offubuib altansor AubSie rbfardsfsPLEAR pshnd BRUSALER Sl er s, a
ittl ¥ r(?ldna £o the

. u or & 3
filter may be tteated in situ by admtting a conposition acc
i nvent i onagsntd dSRIcAkedana st kgam of the filter or by direct

Example 4
15 - A filter according 6 example 1 was treated by spraying with a solution according k
to e_xamplé Jtoalevel of 230 ml of treatiné solution per squaré meter. The treated filter -
was then driéd using dry air. It will be understood that the filter could be coated by
dipping or any other convenient method and dried using heat, a vacuum or by any othe;'
suitable means or combination of means. The dried filter was then placed into .a sealed
20 container, such as a sealed plastic bag, until ready for use.
When the filter was to be used, it was removed from its sealed container, and
placed in ifs ope‘rationallpqsition i1 an air-conditioning systen1. In use, the humectant in
a filter prepared in accordance with the in.ventiOn will begin to absorb water fro_m the
environment. This absorption continues through to a étage where a saturated solution of

25  the biocide forms in which the concentration depends on the relative humidity of the air.



20 application (continuously or intermttently) of a biostat onto the
filtrate layer of a filter in . service, or prior to renoval,. Tst[_x tzl[}l@atment
may al so be reapplied to a filter renoved fromservice, w Hrbr i tthout
removal &fobiftsbs@ate. Al though the invention has been dESCH: ﬁgm%qtgp
reference to specific exanples, it will_be appreciated by those s |?Ied in
the art that the invention may be enbodl &d in other 25 forns.

PCT/ AU01/ 00339 Received 24 May 2002 1 5 SEP 2004 -13 THE CLAI M5 OF THE

| NVENTI ON ARE AS FOLLOWS An air filter treated with a conposition, said

conposi ti | ' igstatjc.or.biocidal ent wherein the agent is
adapt ed t;ﬁh%hggﬂééfj%ﬁl{%cgﬁgﬁmﬁgﬁ %h&ylmﬂ C%B?Hﬁ?l?%%rﬂ?éﬁi“ﬁyﬁééoﬁﬁlef% filter,
and which after. 3 ths in nor.nmal use,Produces at least log 1 5 reduction
cin cfu's AhRYNTGR tggg‘é]ﬁe?tﬁttsélﬂm%?]é’ﬂgél‘fl bj the ewfasdanitson with an untreated
filter under the sane conditions. 2. An air filter according to claiml
wher ei n t he bibaegultiogdiquidi traindent solgtion hisaseihentedyldwsirdice hatiemdost at i ¢
and/or fungistatic properties. 3. A conposition for application to an air

filter, shighosmofuisy tiabingiitem idedl Penetitt. an WeHeST e} ProHIER i PRdfiRks OF
bi ostatic agent, - and a suitable hunectant whereby the biocidal or

bi ost atsi C apgEHE cérﬁaxﬁﬁﬁﬁ@s@ﬂﬁékpadauﬁﬁ%@as;%ﬁ% afer! ihlhg ﬁ%&eﬁféﬁ?&é:s_‘s%egng! in

use, on a surface of the air filter, a erein e comnpo o] i ns
effective,cldh 80Nl & ri f ths..or nore. 15 4. A conposition
accor di ng’to- g&aiaﬁn% lﬁcﬁp%‘ﬁgetre?i&lﬁgﬁlﬁérlnﬁgngp %&F%c?ﬁ?ﬁf’maﬁs‘éﬁ%ﬁﬂﬁrmlgaccor di ng
‘to claim3 furt eh?'bncl udi nrcl; fl.uorosurfactant. 6. A conposition according
to any ond°¥PCR} ¥ cqnias st pfficagigps iexel af drordorat oaly kidls aniptvenranimsl
additives. 7. A conposition according to claim®6 wherein a rheol ogi cal
addi ti ve PaTigd oihaaitiony cotaagemt, bus algelehiures thglemt miaobialogict asivity
nodi fier. 8. A conposition according to any one of clains 3 to 7 wherein
t he bi oci tikkks plecdindbe Byeicofdjeatk isslf.sel ect ed fi om
2- brono- 2-ni tropropane- 1, 3-diol, isothiazolines, nmethyl or propyl or butyl
par ahydr oxybenziaahidsir, #@/dbwtAfT-cteRE AP AhEGNE 1AM SR il 1hh§S &y

air. Thus, the present invention provides greater biocidal activity when it is most needed,

i.e. during times of high humidity. Reduced biocidal activity may be a consequence of

drier air, however it is anticipated that the number and growth of pathogens during such

dry conditions would not be so Iligh. These conditions result in an extension of the

15  biocidal life-time of the filter.

Tﬁe present invention is not di_rected towards the prevention of clogging of the
filter by preventing growth of the biomass, but rather is directed to controlling
colonisation by organisms on the filter and in the accumulating residue and ultimately to
produce air which is reduced in pathogens.

20 Example 5

Filters treated according to example 4 were placed in service. The treated filters
were found to be effective in service for periods of six momnths or more. At the end of six
months, the filter was removed, cleaned, and retreated with fresh composition according

to example 1. In conducting these experiments it was noted that spore formiﬁg materials

25 1f allowed to dry out on the filter tended easily to become airbome and redistributed in



aci ds, phenoxy ethanol; triclosan; diclosan; dichlorophen; chlorhexidine
gl uconat e, AMENDED SHEET | PEA/ AU PCT/AU01/00339 Recei ved 24 Nﬁysépqgnq 5
SEP 2004 -14 orthophenyl phenol ; quaternary biocides,

or t hobenx parsashl or ophenol , and substituted dlphenyl et hgls Iﬁnm@n9
conposition according to any one of clains 3 to 8 wherein the agent
2-brono 2-nitropropane-1,3-diol. 5 10.- W conposition according to any one
of claims 3 to 9 wherein the hunmectant is selected from cal ci um chl ori de,
glycerol sorbitol, ethylene glycol, PEG propylene glycol, 1,3 butylene
gl ycol , dlun1sul hat sodlun1chlor|de and sodlun1d|octylsulphosu00|nate
11. A co WA §5R ¥ 58d tobampromeisiant ol kipeide $/hen dio Spberfeioinghe
hunmectant is 10 calciumchloride. 12. A conposition according to claim6

wher ei n amarslayitedpachenthcihnenandmonmesystony of thasaNRedting Gheat. efedd @, s0di um

car boxynet hyl cel I ul ose; hydroxyet hyl-cel | ul ose; hydroxypropylcellulose

pol yet hyl &itheygberonlesirbpaiey propystame 1ﬂlmaa@k§scemth%hhﬁ£ @9&&5 e %(V' nyl
acetate, polyvinylpyrrolidone and copol yners of these y ropyl guar,

15 xant ha regamm\feﬂhb@%atﬂattﬁemh@ ek mer s
(carb?po:g) an%{mater sol ubl é po ynéﬁ%ﬂ%g%fgkd;ﬁggg%? % gﬁ@?ﬁ :Eg }o ?ny
one of . rein ical additive is vinyl ether/maleic
anhydr i deglgﬁ%gl ;ﬁn(glr[]ea‘i%% °“’oar‘?§8§ﬁ%ﬂ%a%b%¥d| ng to any one of claims 3 to
13 substantlakg% gereln 20, described. 15. A filter when treated with a
conposi ti on at@drdi g AePheimisreraths ¢f 5] ¢hmagnificatinn sbowing e toloct off
treating a filtrate on a filter including the step of adding to the filter _

or to thelredmepigaterd 1 movheial uso(fipBpetmpared aganicatdailtee thatialBams @k a (

suitable hunectant to migrate through the filtrate. AVENDED SHEE1l | PEAf AU
PCT/ AU01/ (itBB%mRedier Ve thahsMay (2998 AlcdmSERoR 08 therlssd I eﬁe?@ﬁrﬂﬁl@ Pg

reduci ng airborne contamnants in air including the steps o
2 with the unused sample of fig 1 shows that use results in significant growth of fungal
10 filaments (which appeat as fine threads) about the larger diameter filter fibres. Entrépped
dirt and dust particles are also visible after use. In contrast, the treated filter of fig3
shows no significant growth of micro;organisms after 1 1 months exposure although
entrapped ditt and dust particles are'naturally clearly visible.
Example 6
15 A series of identical new filters were taken and 20% of them were treatcd asin . (
‘ éxample 4 with the composition of example 3. The 113-1'11&.1.injng 80% of the series were left
untreated.. The t;eated' and untreated filters were put into the same air handling system,
such that the treated filters were alternated with untreated filters. On a monthly basis
samples were taken from both a treated and an adjacent untfeated -ﬁIter and the number of
20  viable fungal and bacterial species were counted.” The results (expressed as coloﬁy
forming units ("cfu's™)/gram of filter are shown in fig 4 as a function of time in months. -
' The rate of colon'is-ation.of the trgated filter was not significantly different from that of

the untreated filter during the first month. However thereafter the cfu's/gram climbed to

in excess of Log 6 organisms per gram of clean filter material, whilst the corresponding



treating a filter with a conposition according to any one of clainms 3 to
' 14° -passing air through the filter whereby to accunul ate contanm B&AtAUR$/08339
filtrate on the filter; and 5 allowing the biocide to nlgrateRﬂnmwdQHdWhyzooz
- filtrate. 18. A nmethod of reducing airborne contamnants in air including
the step of: treating a filter with a biocidal or biostatic agenf JargEPa 2004
sui tabl e hunectant; passing air throughithe filter whereby to accunul ate
contam nants as a filtrate on the filter; and 10 allowi ng the biocide to

mgrate tl Pie tféaﬁedfﬂl ok 5@s t&ﬁy sﬁblmédfg% o Br&ﬂ?seétqabgﬂtyld oy Cl ai m

16 to 18 and substantially as reln escri th reference to any one of

t he exanpl es. SHEET .1 P
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5 Cocamidopropylene Betaine).
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#10% 1 & ( bhitckés,; REALBAIBFATIRE Jyacrylic polymers (carbopols) and the like. However

many other wate:r soluble polymers would be similarly adﬂfantageous.
Although the composition in the examples was applied to the filter from an aqueous {
“solution or suspension, it may be possible and acélvantageous to -apply the humectant and
 biostat to the filter as a solid or from a non aqueoué solvent and such compositions are
10  within the scope of the invention.

It will be understood that compositions according to the iﬁvention can be applied to
filters of any material. Tests have been conducted with filters of polypropylene, viscoss,
rayon, cellulosics, and glass fibre. Howéver the principle of operation herein described is
adaptable to filters of other materials and of other construction ( such as for example

15 woven, non-woven, spunbond, meltblown, laminates and the like). (k ;

It will be understood that the treating agent méy employ one or more biocides and J
may be formulated based on the principles herein taught in a variety of formulations.

'Although it is preferred to pre-treat filters, a ﬁlw;.er may be treated in situ by admitting a
éoﬁposiﬁon according to the invention as a spray downstream of the filter or by direct

20  application (continuously or intermittently) of a biostat onto the filtrate layer of a filter in .
service, or prior to removal. The treatment may also be reapplied to a ﬂl_ter removed
from service, with or without removal of filtrate. |

Although the invention has been déscribed with reference to specific examples, it
will be appreciated by those skilled in the art that the invention may be embodied in other

25 forms.
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under the same conditions.

2. An air filter according to claim 1 wherein the biostatic or biocidal agent is selected
_ to have bacteriostatic and/or fungistatic properties.
3. A composition for application to an air filter, said composition including:
10 . - awater soluble biocidal or biostatic agent,
- and a suitable humectant
whereby the biocidal or biostatic agent is adapted to migrate through a filtrate
accumulating, in use, on a surface of the air filter, and wherein the composition remains
effective, in service, for periods of 6 months or more.
15 4. A composition according to claim3 further including a surfactant.
3. A composition according to claim 3 further including a fluorosurfactant.
6. A composition according to any one of claims 4 to 5 further including one or more
rheological additives.
7. A composition according to claim 6 wherein a rheological additive is a thickening
20 agent, a gelling agent, or a viscosity modifier.
8. A composition according to any one of claims 3 to 7 wherein the biocidal or
biostatic agent is selected from 2-bromo-2-nitropropane-1,3-diol, isothiazoiiﬁes, methyl
or propyl or butyl parahydroxybenzoates; sorbic acid, benzoic acid and salts of these

acids, phenoxy ethanol; triclosan; diclosan; dichlorophen; chlorhexidine gluconate,
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I1. A composition according to any one of claims 3 to 10 wherein the humectant is
10  calcium chloride.
12. A composition according to claim 6 wherein a rheological additive is one or more
compound selected from sodium carboxymethylcellulose; hydroxyethylcellulose;
hydroxypropylcellulose; polyethylene glycols; polypropylene glycols; polyvinyl alcohol;
polyvinyl acetate, polyvinylpyrrolidone and copolymers of these, hydroxypropyl guar,
15  xanthan gum, chitosan, acrylated copelymers, polyacrylic polymers (carbopols) and water
soluble polymers
13. A composition according to any one of claims 3 to 12 wherein a rheological
additive is vinyl ether/maleic anhydride copolymer.
14. A composition according to any one of claims 3 to 13 substantially as herein
20 described,
15. A filter when treated with a composition according to any one of claims 3 to 14.
16. A method of treating a filtrate on a filter including the step of adding 'to the filter

or to the filtrate a biocidal or biostatic agent adapted by means of a suitable humectant to

migrate through the filtrate.
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passing air through the filter whereby to accumulate contaminants as a filtrate on
the filter; and
10 allowing the biocide.to migrate throughout the filtrate.

19. A method according to any one of claim 16 to 18 and substahtially as herein

described with reference to any one of the examples.
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