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This invention relates to air-conditioning systens and nore particularly to
a nethowobi/7seel conposition for, reduction in pathogenspapavei/ai3ad w th
the filters in such 20 systens. The ‘invention has been devel oped primarily
for use in air-conditioning (including-akr cooling and air heating)

systens, and will be described 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 Air conditioning systenms such as are
commonly provided in office, residential, health care and other buil di ngs

incorporate air filters. An exanple of such a filter enploys non-woven
pol yester fibres as nedia to filter airborne particulates in excess of
about 10 mcrons in size fromthe air,' but filters are made froma w de
varietysof materials, in many different constructions and grades. The
function of the filter is to trap 30 dust and particul ate contam nants.
This trapped matter (the "filtrate") provides a haven for the growth of
pat hogens such as fungi, bacteria, viruses, allergens, yeasts, and noul ds.
Conditions for the growh of such organisns are especially favourable
during periods of high humdity such as may occur when the systemis off,
for ex#hple at night, WO 01/73356 PCT/ AU0O1/ 00339 -2 but also arise during
normal operation. The presence of organisns is highly undesirable

"BIOSTATIC FILTER"
15
TECHNICAL FIELD
This invention relatés to air-conditioning systems and more particularly to a
method of, and cbmposjtion for, reduction in pathogens associated with the filters in such
20 systemé. The invention has been developed primarily for use in airfconditio'ning
(including air cooling and air heating) systems, and will be described hereinaffer with
refei'ence; to this field of use. However, it will be appreciated that it is not limited to that
particular use

BACKGROUND ART

25 Air conditioning systems such-as are pommonly 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 filter airborne particulates in excess of
about 10 microns in size from the air, but filters are made from a wide variety of
materigls, in manly different constructions and grades. The function of the filter is ;co trap

30 dust and‘ particulate contaminants. This trapped matter (the "filtrate™) provides a haveg
for the growth of pathogens such as fungi, bacteria, viruses, allergens, yeasts, and
moulds. Conditions for ’Ehe 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,



because they can cause illness or death in humans and ani mals, create
odours and can damage or destroy a wde variety of materials. O

particul avooomsesn in terns of human health and safety arpCEAdot/@8sns and

5 nycotoxi ns which are breakdown conponents of fungal and bacterial cel
wal | s and which are known human respirdtory allergens. In sone individuals
they can trigger asthma attacks, and in all cases have been shown to cause
i mmune response. Over a period of exposure this reduces the ability of the
i mmune systemto respond to antagonists and | eaves the subject nore prone

t o i nf ect iteh alsy atisecdwirigaormak epsesioneflbe paissure of @rgenisnonis ighlyanelekivabie|
spores, bacterial spores and bacteria. The prevention of spore germ nation

and ni cr oleauss ey caalcaisd ilhdss bi ddarlain i Ahe whe BSimale) blcdtehRibirsragduge t he
risk of illness and hypersensitivity reactions. It would also increase the

usef ul 'if&m&%ebp&mhb&%RﬁHE9aﬁaﬁﬁfﬁﬁ&ﬂaﬂ!CrObia| activity shortens the life
. ! If .

of the filter itse because the i ncrease in biomss on and in the filter

can clog pores,.lessen air 15 flow and increase.back pressure in.the -
system In so%f%agi%l ar copeere M {e F%og‘li‘%n% éeﬁgﬁéﬂd sq%gtgr‘??%?nq%ﬁ%ﬁ%o?éldnat ur al
materials such as cellulose and in that case are rapidly degraded under
moi st condNYGoERIN,Yyhish areraakdgigi componends af fwaparand bacteri# oeH widlarad care
facilities such as hospitals and nursing hones that dangerous infectious
di seases ndyicheredpowadiubpnacspirdory alfdrgens. & sorhe inkiadgnthsyrsan triz@eiThe
problemis exacerbated in such facilities because many of the patients are

in a weakesgehLandkd, aedinlEcdses liave beerdhiofarty chgrlifninedésppheb IR a
M cro-organisns that would not be a nmajor threat to a healthy person can

be fatal t{gdBabiRREreWhisRedhctl ik %i?ﬁggf tBS ahacht X}asfté?n ﬂ?ﬁeﬁ%%dttge msel ves from

infection.” Increasing attention iIs el ng paid to other environnents
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10  of concern are fungal spores, bacterial spores and bacteria. '

The prevention of spore germination and microbial survival in air filtration devices
would help reduce the risk of illness and hypersensitivity reactions. It would also
increase the useful life of the filtration devices. Microbial activity shortens the life of the
filter itself because the increase in biomass on and in the filter can clog pores, lessen air-

~ 15 flowand increasé back pressure in the system. In some cases, air ﬁltérs are prepared
from or include natural materials such as cellulose and in that case are rapidljr degraded
under moist conditions by certain fungi.

It is a major concern in health care facilities such as hospitals and nursing homes
that dangerous infectious diseases may be spread by a wide variety of micro-organisms.

20  The problem is exacerbated in such facilities because many of the patients are in a
weakened condition due to their primary health care problem. Micro-organisms that
would not be a major threat to a healthy person can be fatal to a patient with a diminished
capacity to defend th‘emselves from in.fection. _

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



ventilation shafts, into a building they can be rapidly circul ated

t hroughout the building thereby greatly increasing the |ikelihood of the
spread ofwonf/zssé on and di sease. One proposed sol ution t oP€HATIHIGEY em has
been to coat filter materials with a bgocidal conposition. The biocides
have been bound onto or into the filter fibres for 5 exanple by inclusion
within polynmers prior to extrusion as filter fibres. The present inventor
has di scovered that such so-called "antimcrobial" filters are

bi ost at i calehiati6h bigdhsi 6o MEMiLDGes ¢hd BERpRIly BRcHRNESE ﬁg’o @Mt e ®uAling! *
filter material 1s inoculated with™ bacteria and/ or fungal contam nant in

the | abor QB%F%Egl%gttly Q%&Fl&lg%e llliethEBOCpgf;tﬂ O]?'Irgl c?&ogfe%ﬁgn XI?C{ XlSéaggf fective wth

passage of "R -act an a

Consequently the filter shquld equ r enov for cl i and
retreatnent orOn&RERPosed aouﬁgﬁsvgwrﬁgb %éaﬁacph H Stk Hggerns of

| abour uired and downtine, as well as bei ng potentially hazardous

whi l e ret ﬂemuﬂﬁmvmpﬁsm@pl Thebiesidey lavebpembound ontorgipintsathe filtengbies farer s ar e
only renoved when the airflow resi stance becones unacceptable. Any:

di scusss orexafinpleltey ipclusion avithid polomgisquior thextapai ifitiat fibress Mhelpgksém no way
be 15 considered as an adm ssion that such prior art is widely known or

forms par tin@dnidiis d&EHTEREN BENRLR ko kR "%ﬂ@lﬁldr(ﬁblﬁlh @iltfefseilgblolsﬁtlbzﬁlyan obj ect
of the present |nvent|on to overcome or aneliorate at |east one of the

def i ci enc'e?fef;' Ve Jvﬁ?nd rfac%r Fran O lclfst ﬁ "F]%‘cﬂl\{ g)%lfﬁ" Hﬁ&f gllteﬁ%lt grlrpo%ﬁfaf/e% witfRny

regi ons of héhre ered arr a nmeans of
il ters ofbasahaayer éwg““ C@BF%ISF%ES@ LA tH%tth\ hﬁg‘é@c‘é‘ﬁgﬁf bed above
for air conditioning filters and the |nvent|on isnot [imted to any
parti cul arpragmebively mieffeestveorittapassigsvof sipstinmetupl usgiin pn airsondidoning dpstenood
that the invention is equally applicable to filters of different kinds and
grades;jo f@onsequeaty ehe filtdrehaild bt EreguenidrOh6velIoO clPERin AL feDeB3Rnt ord
replaced. Removalis costly and inconvenient in terms of labour required and downtime,
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;nsidered as én admission that such prior art is widely known or forms part of the
common general 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 alternative. |
Many regions of the world employ heated filtered air in buildihgs as a means of
20 central heating. It will be understood that the furnace and other ﬁl"cers of such systems
confribute to the same hazards as described above for air conditioning filters and the
invention is not limited to any particular kind of filter or ai1‘ﬁow system. It will also be

understood that the invention is equally applicable to filters of different kinds and grades,

for example to hepafilters.



BRI EF DESCRI PTI ON OF THE | NVENTI ON According to a first aspect, the

i nvention provides an air filter including a conposition, said conposition
i ncl udi ngv@ob7ssé ati ¢ or bi oci dal agent wherein the agent PCFAUaO@38%€d t O

m grate through particul ates accunulating in use on the filter. 5 For
preference, the biostatic or biocidal agent is selected to have
bacteriostatic and/or fungistatic properties. The particul ates usually
accurrul ate in layers and the biostatic or biocidal agent of the invention
m grates through the layer to the outside surface (air/particulate

i nt er f ace)BRIBH RESCRAMIONTOFTEHE WIVENTOONer wi se nul tiply. In filters
according to the invention the biocide is not bound to the filter surface

but 10 is adaemc@féhﬁgbtora ﬂlrsaas%eéthﬂle%%nﬁ&@pﬁcafdéguﬁ afriffi@r el particul ate
matter on the filter. Particles in the layer beconme coated wth b|0C|de or

bi ost at . f t he treat IS
bact eri ost" an‘ig'gs%gk? %"30:% ﬁ%ﬂ 1}1%25 {léEi]smt%%)a%ft’jaybmcfdgl eé‘ﬁ?@“éi“ h? EHat® t he
treating a ent ops col onisati.on on the fjilter rather _than kills

or gani sns @b@&%é‘&%@h%ﬁc Ininesrumuitipgiaue Ao ddieti ons 15 maybe
used. Accordlng to a second aspect, the invention provides a conposition
for apphi cati dioer prederamceathe bigstatigror |bmudﬁbagfglt is-sefectedtie hawdiagtsriestbiioci dal or
bi ostatic agent, - -and a hunectant 20 whereby the biocidal or biostatic
agent is agdfot @thgisatit gopdried Mhopghicalafes hivadly @cciaodu@ih dyesgndiilie use, on a
surface of the air filter; It is highly preferred that the conposition
further i nglddRsor %m%auaﬁ %géﬁ@?tlﬁ@fﬂvéﬁﬁéh hﬂ?‘abés %roﬁ%lilﬂh'é@@& {PGER0kide I D

hi ghly preferred enbodi nents the conposition I ncludes ‘one or nore

ol 01l AN BB S N0 9B ). 10 200t

In filters according to the invention the biocide is not bound to the filter surface but

10  is adapted to migrate through the aécumulating 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. That is to say, it is sufficient that the treating agent stops colonisation on the
'ﬁlter rather than 1((i113 organisms in a colonised filter. However biocidal compositions

15 ’may be used.
According to a second aspect, thé invention provides a composition for application
to an air filter including;
- awater soluble biocidal or biostatic agent,
- -and a humectant
20 whereby the biocidél or biostatic agent is adapted to migrate through a filtrate
accumulating, in use, on a surface of the air filter;
- Ttis highly preferred that the composition further includes a surfactant and desirably a
fluorosurfactant.
- Inhighly preferred embodiments the composition includes one or more rheological

25 additives for example a tliickening agent, a gelling agent, ora viscosity modifier.



-5 According to a third aspect, the invention provides a nmethod of treating
a filtrate on a filter including the step of adding to the filter or to
the filtmvade1/z8366 oci dal or biostatic agent adapted to m pewagot/én3sugh t he
filtrate According to a fourth aspect, the invention provides a nethod of
reducing airborne 5 contamnants in air including the step of. treating a
filter wth an agent according to the s&cond aspect, passing air through
the filter whereby to accunul ate contamnants as a filtrate on the filter,
and allowing the biocide to mgrate into the filtrate. 10 BRIEF

DESCRI PTI ON OF, THE.. W Fi i.S_a . photom.crograph (x 100) of new
untreated air 2SR "%?@rﬁ *ﬂgﬁ&ﬂ%@t’#’?ﬁ PREnomPIovIdes a’%’@@‘,"g @%86@%)3@1 @tra&: on

phot om crogr aph (1x100 showi ng an untreated filter simlar to that of Fig 1
after 11 rfofdfsidnglydipg 1eisﬁﬁpapfw3ﬂmait%§1eaﬁh‘:er ebladhe fifrate g bipgidebej biegalit g 3 is a
phot om crograph (x100) showing a treated filter simlar to that of Fig 1
after 11 agemtddgpied tarmegrate tirobgh thdifiigatai r condi tioni ng system and Fig 4 is
a graph conparing the nunber of colony formng units. ("cfu's") per gram of

a filter treaf®erdifly ROCPUARRGRMIRIINTERICPYGREE MBhbA oﬁfbduah%@%&ﬂefi | ter
as a function of tine in use over 11 nonths 20 BEST MODES OF PERFORM NG

THE | Nva%%g‘\e{‘Z%d}f%Z%ﬁgg‘%{?g‘}Hﬁeﬁft he invention will now be nore

particularly exanple only and with reference to the
figures. The vent or _has,.di §c§éer ed .t hat the application of
YR

ta'ffre Qt i'ﬂ a acCoT econd :
bi oci des tUFaF1% £ Lfter Wi a8 a8l apee £590428ebi vel y i neffective
because; while this treatnent can prevent fungal and 25 biocidal activity
directly opPsging aftitioggh thefilics vihgechy do gecymulide spfeminetisnapdlcatepnile filter,
filter , and
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 kconditioning dust filter prior to
use;
Fig 2 is a photomicrograph (x100) showing an untreated filter similar to that of Fig 1
after 11 months in use in a building air conditioning system;

15 Fig 3 is a photomicrograph (x100) showing a treated filter similar to that of Fig 1 after 11
months in use in a building air conditioning system; and |
Fig 4 is a graph comparing the number of colony forming 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 Iﬁore 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
as iﬁ 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,



WD 01/ 73356 PCT/ AU01/ 00339 -6 the outer surface of the dust becones
renoved fromthe biocide bound to the filter fibres and pathogens then
grow on tWweouout3sé de of this dusty residue (that is to sayPERpEpHeEBsd from
the biocide treated fibres). Thus, as the filter clogs, the biocidal
activity reduces. This explains why good results can be obtained in tests
applying an innoculumto the 5 prior art filters in the |aboratory but

wi t hout good results being obtained in act uaI i nstall ed continuous use. In

over  mich DORYBRTRER: ot @E TR oo RED e R BE bR 1 B R afehy

rovi di ng a bi oci dal preparation adapted to m grate _through the Iayer or
Ipayer s of adg Tg‘ﬁ%‘?"étﬂil%gff’}”l @y the eu*é#eﬂﬁéhl% (NS PSRt i en3sap Araise ~
(air/particulate interface) where the 10 mcro-organisnms tend to col onise,
Sur pri si ndiopm theibdocdmtrentechiibries dthudesphe Bltertrdogsi Gladiocidadbdbiityyrediceai r  at
the surface of such residue. Wthout wishing to be bound by theory, it is

bel i eved (T expteiiposhy ponbreasiad ibe @btainedtih eestswphin®i RnBcidhhas thev e
because the hunectant draws in water which acts as a vehicle for the

sol uti on ?m r bt %ﬂ%ﬂqﬁ&lﬂf&b&h@ Bt Wiihdkt 86djf%s1§1% r%aﬁcﬁ St SRRl ]fra%hh?“ of

bi ostats and/ or of biocid I n pre erred ments o e invention

the surfa |s effecti e one or
nor e ‘sur f glgsetélgegt B{Plll%uérglf % In,&é) tet% P ¥e|§€§{ténve§}é%ﬁ{ﬂvb¥w§ 69101%/%‘@ i ter, and
the hunectant, drgws. in water, the bioci dta conposition is _ permtted to
mgrate t&CPHES BERIVRO¥ET 1§H?¥]é28%erti’5?nf’§r% Rl e¥ersthe asaliel lfe ofliedilist Ay ng its
effi cacy against pat hoc]Jenl c organi snms, which otherw se would grow on the
surface ofpreidinge bienidd @(ﬁpataéionaﬁ@ﬁﬂhmnigmatgapsug}rthb teyepar leyarsibfit e resi due.
Preferably the biocide wets the exterior surface of individual particles as
vel | as t hecuneMitid Bhtrateo e €iltef totaedsaBe Sur€iek @di Fi!llﬂylﬂﬁte i PARY) vhbrd the @

preferred enbodi nent of the invention, an air filter is coated with a
sol uti @ micro-organisms tend to colonise, Surprisingly this can be achieved despite the higher
velocity of air at the surface of such residue.
Withoﬁt wishing to be bound by theory, it is believed that compositions according
t‘0 the invention are effective because the hum‘ectant draws in water which acts as a
vehicle for the solution and transport of biostat or biocide (or of a combination of biostats
15  and/or of biocides). In preferred embodiments of the invention the surface tension of the
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 migrate to the outerrml)st surface by the aqueous vehicle, maintaining its
efficacy against pathogenic organisms, which otherwise would grow on the surface of the
20 particulate layer and in gaps in ﬁhe particulate residue.
Prefefably the biocide wets the exterior surface of individual particles as well as the
extgn'or 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



25 containing the dispersion or solution of biocide and hunectant in a
solvent. In the present WO 01/ 73356 PCT/ AU01/00339 -7 exanple an air

condi ti oweg@1/fisbé er according to Australian grade "F5" waBCT/A®at/@339 The
filter was nmade from a needl ed non-moveg pol yester fibre fabric and had a
total surface area of about 3.5 'squaré netres. The filter thickness was
10-12 mmand its density was about 280-300 grans per square netre (gsm. A
typical fibre dianeter would be in the 5 range of 6-15 denier. The filter
was treated by, spraying.with a soluti.on having a fornulLation as shown in
exanpl o 2 XEPRISPELoR YRS FlsF AFOsTPE P AHSETAR SIPNGS SBRUTFEH | Withs
follows: Calciumchloride (hunectant) 5-25% 10 Kathon 886NMV§biostat)

0. 04% FI udHigawrempde fiony # aradipdtnongvovenpoligsier fibrs falgioenddiad:a trial HEFRCB86MN i s
a preservative obtainable from Rohm & Haas Corp. Fluorad FC 129 is a

f 1 uor osur fasstcfraboeh\dab bqakembirenrilBb/Afitter thickhéss aartpt i Bmlardriafdensigdwas
formulation for the treating solution is as follows: Calciumchloride

(hunect antaboﬂt42801ﬁ%2grlﬁﬁ§ panq8se ndtve((Biasp Maty%])icﬁl B%didehter Réutfr 68 Z9the
(surfactant) 0.01% 20 Vinyl ether/maleic anhydride copolynmer* 0.8%

(viscosjt Xaﬂ’gécgf%i-ﬂiraen%.t Gthe BRtel RO ﬁ'ea*t% §fréyifty @‘ith%%ﬁuifoh%%h@% Cor p.

formulation as shown in example 2.

Example 2

A basic formulation of a treating solution is as follows:

~ Calcium chloride (humectant) 5-25%

10 Kathon 886MW (biostat) 0.04%
Fluorad FC129 (surfactant) 0.01%
Water gs 100%

Note: Kathon 886MW is a preservative obtainable from Rohm & Haas Corp.

Fluorad FC 129 is a fluorosurfactant available from 3M corp.

15 ‘ Example 3

A preferred formulation for the treating solution is as follows:

Calcium chloride (humectant) 14 -18%

Kathon 856 MW (biostat) 0.04%

Fluorad FC129 (surfactant) 0.01%
20 Vinyl ether/maleic anhydride copolymer* 0.8%

(viscosity modifier)

Water gs ' 100%

*QGantrez available from ISP Corp.
It is desirable to incorporate one or more rheological additives (e.g. viscosity

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



It is desirable to incorporate one or nore rheol ogical additives (e.g.
viscosity 25 nodifiers, gelling agents, thixotropic agents or the |like)
into thewoertasent. These control WO 01/ 73356 PCT/ AUO1/ O0BGBAUeBOU3BE
viscosity of the vehicle to prevent fine droplets of dissolved treating
agent frombeing blown fromthe filter8by the vigorous passage of air, and
to assist in retaining the solution on the filter. The type and quantity
of Theol ogi cal additive can be sel ected having regards to conditions of
use. 5 The preferred treatnment is very strongly hydroscopic, taking in

noi st ur e fthonsedsdy ofithe yehsdd tegreventlmgrhdropletsfafldissolvad treltagporgeniofran bepgi d.
This liquids penetration into an accunulating filtrate layer is further

enhanced Wowh&omnherifer Bt ihevidotodshrsdageaf 4fEnhd & akdist SiMctacfe aftsoMBiongent
whi ch ensures penetration against the air flow by.virtue of %OM/ surface

t ensi on. G I : STaTa g - wat er
ol bl 6 10" ang Khes 55 0P8 An uaorM HEbRicR! ARk Rin BE w6 BhiRPickants
part of trtle trdetat mar%t. Q her active ingredients may be incorporated into
the fornmulatPEA TS J&% meati on through the filtrate, for exanple fire
retardants, airflow pronoters or viscosity reducing, agents, deodorisers
and so Forth. 1 g@rgdeseditraatmpntis very strapgly hydiescopts, é@%@mﬁyménqmmﬁ‘@mém ed by
spraying with a solution according to exanple 3 to a |level of 230-m of
treating swlpassiogthperghdhe fifter andtbecomifige liqueht Bids fifgtitle penetation memawr i ed
using dry air. It will be understood that the filter could be coated by

di ppi ng ofacamyuleidefilteepRiiefitherédhascedy tHE inRrpditidd il BRttreaindAGHEM OF by
any other suitable nmeans or conbination of nmeans. The dried filter was

e Poc . seal oo e A S0, LS oo, o
el o o Rt S50 bl RRROE PR BRSSPk Bc se
10  and therefore migrate into and through the filtrate layer as part of the treatment.

. Other active ingredients may be incorporéted into the formulation for permeation
tlj:Oqgil the filtrate, for example fire retardants, airflow promoters or viscosity reducing
égeﬁts, deodorisers and so forth.

Example 4
15 A filter according to example 1 was treated by spraying with a solution according
to qxamplé 3 to'alevel 0f 230 ml of treating solution per square meter. The treated filter
was then dried 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 meané 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 its opérational position in an air-conditioning system. In use, the humectant in
a filter prepared in accordance with the inlvention will begin to absorb water from the

environment. This absorption continues through to a stage where a saturated solution of

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



a filter prepared in accordance with the invention will begin to absorb
water fromthe environnent. This absorption continues through to a stage
where a seoor/2d386 sol ution of 25 the biocide fornms in whi POT/ANE1/00339
concentration depends on the relative hgnmdity of the air. WO 01/73356

PCT/ AU01/ 00339 -9 During the liquefaction process, the biocidal conponents
are partially or conpletely dissolved in the hunectant solution along with
the surfactants. The resulting liquid treatnent solution has an extrenely

l'ow surf agqfgnad H@@E@iyﬂ?ﬁ%s& miééihéﬂéoﬁghﬁﬁs ﬁlre_paﬂiaﬁlg%@lcolﬂﬁ@?etl}'; ant. As

the filter progressive enoves 5 alrbor contam nants which accunul ate

as a filtrate. |l aye this, treatnmen rogr gssi vel penetrates and

encapsul atdzsggltvﬁ(gync%lﬁthgﬂ]ieﬁ%% S"g%'{’roﬁai‘i“%s"?’&rﬁ‘& S&’r{%%{%%tﬁl ating penetrating
treatment which contains an efficacious_|evel of biocide not only kills

mi cro- or gani s e IeHHPEdHIihireatenti SOBRion dag sk EHFRRANn oW piffacstesiogi@dr es t hat
no nicrobiological activity takes place in the layer of filtrate itself.
10 | n humnihéghagsmolalliy mpkowt ihawideblapenelring.  As thebltdrpgegrsssiwlnmmovas | y hi gher
than in dry air. Thus, the present invention provides greater biocidal
activi ty \whbernkecontamimsits wieieh ecbumulate as glfitiabglayenyets REathiethprbpabai dly .
Reduced biocidal activity may be a consequence of drier air, however it is

ot 1 PO nd o RO Gl ke R QSEOR ARG SR Y
JIREIUE oY NES S XA PR i Yt T AR R

growm h of the biomass, but rather js directed to controlling. colonisation
by or gani $Awicdenihgairhorpeeonidaman, b alspcasues et pyriasbigingichactiiyi mat el y
to produce air which is reduced in pathogens. 20' Exanple 5 Filters
treat ed addwss glangin thedsymnpf Bltrpteitscl. pl aced in service. The treated filters
10 In humid air, the growth of bacteria and pathogens is naturally higher than in dry
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 high. These conditions result in an extension of the
15  biocidal life-time of the filter.
The present invention is not directed 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 ultima‘cely 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 months 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 forming materials

25 if allowed to dry out on the filter tended easily to become airborne and redistributed in



were found to be effective in service for periods of six nonths or nore. At
the end of six nonths, the filter was renoved, cleaned, and retreated with
fresh compoei/tizem according to exanple 1. In conducting POPAEOES38Y | meNt S
it was noted that spore form ng rraterlf}ls 25 if allowed to dry out on the
filter tended easily to becone airborni Uind redistributed in WO 01/ 73356
PCT/ AU01/ 00339 -10 the air streamand also tend to be nore resistant to
bi oci de when dry. Spore formng naterials put a |oad on the human i mune

system of thase breathing the air. cells, ..if_th econe airborne,
cause ast m%& alf F\tr‘?al%%‘gp ‘élﬂgt?&gf‘? g‘? @Oleﬁe?lﬁtﬁ?%rbl%fﬁqﬁamlﬂb‘gg' g PYREOTHRS s ent
invention is that the hunectant maintains a | evel of noisture at the
filtrate Snaeislape alppepn thedwerss imyoine sustemedthose bfdatliing thetairoMeatticgls es 1- 3
are phot om crographs at x100 magnifi'cati on showi ng the effect of treatnent

after 11 nbthehbedomesichofid, gaBy astbnpan éos¢ susoeitivdat Adufthdrtadvam@earfilad before
use (fig 1) and after 11 nonths use (fig 2). A conparison of the used

unt r eat ed psexed iy @ftiohii@thathwihtihetb gt HMUBAMH SRR nRfistidelatkhs RAMEe t hat use
results in significant growth of fungal 10 filaments (which appear as fine

Lhreads)  Anke e L ARER e hARLE! digaudy ros, Entrapped dirt and dust

particles are also n contrast, the treated filter of

fig 3 shows no ficant rovvth of ro-or.ganj s afte nont hs
exposur e alth%' esgghtat‘% e W?&‘aﬁﬁ&tﬂ mﬁ%ﬁf?@"é‘@%?’élgﬁé?&& toy clearly
visible. Exanple. 6 15 A series of identical new filters were taken and 20%
of them wdicatmangafierd lagonths neysgips 8) qompared tonmtsated ddier meteriel bafsusmet e 3.

The remai ning 80% of the series were left’ untreated. The treated and

unt r eat ed (fig [1) endsafiwerlé nputths wedfig B /s eorepaison bétidhisad wysitedsamgeohfighat

the treated filters were alternated with untreated filters.. On a nonthly

basis  samni@stheRn8sddadsaipld &M b@ﬁdwsachatr@etr&m@ﬁﬂ sfgﬂlffk%tagasmh StuheAat ed

filter and the nunber of 20 viable fungal and bacterial species were

countety HignLis t{)lrﬁﬁh g}?ﬁ%glt gssﬁl?edthiae%dét)oalbﬁg{{'t%he larger diameter filter fibres. Entrapped

dirt and dust particles are also visible after use. In contrast, the treated filter of fig 3
shows no significant growth of micro%rganisms after 11 months exposure although
entrapped dirt and dust particles are'naturally clearly visible.
Example 6
15 A series of identical new filters were taken and 20% of them were treated as in .
example 4 with the composition of example 3. The remaining 80% of the series were left
untreated. The treafed 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 untreated filter 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.
p The fate of colorﬁsétion of the treated 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



formng units ("cfu' s")/gramof filter are shown in fig 4 as a function of
time in nonths. The rate of colonisation of the treated filter was not
significamoby7sd ferent fromthat of the untreated filtepPCOAaUDHE3she first
nont h. However thereafter the cfu s/gramclinbed to in excess of Log 6
organi sms per gramof clean filter matetlal, whilst the correspondi ng WO
01/ 73356 PCT/ AU01/00339 -11 figure for the treated filter substantially
stabilised within two nonths at about Log 2 cfu's/ gramof clean filter
material -_a dramaticall nproved result. Suitable biocides for use in the
i nvent i on figyee fadhe teatedy 1\r[ léerrﬁ@bstantmllb'éérbtltsed withirotvee months et dprbpese. 1, 3 di ol
(Bronopol); Isothiazolines such as nethyl, or chloronethyl 5

i sot hi azoldfwergrarhkKdichean fR86mafial -I\Aadﬂa;datmeﬂlyprrqm(y\redabsxﬂwt yl

par ahydr oxybenzoates; sorbic acid, benzoic acid and salts of these acids,

phenoxy et handlyitableitid &R Tor tNeGh mavemza&hqﬁ&r@d@raﬁﬁa}e n6HiRftBew, diiémo-
gl uconat e ort hophenyl phenol ; benzal koni um hal i des; and ot her quat er nary

bi oci des or.tpREREYL g%r@rshg&s&qda AomSUARK Lih el RN el SLREES A

preferred I'nthé i nvention |s calcr'umc or

of 10 ther hu ctants_ ar orbrt e col , PEG
propyl € e 1A noile tﬂ?&???@%‘?’gr 1\38%‘Vforl5@fﬁp¥ ot b}‘}ﬁyrl g?‘iag%q{g é’e%‘?%ﬁxyl ic
acid), SOdI um sul phate, sodium_ hydroxide, lactic acid and derivatives,
sodi um chissryiglacidrengeis apidead saitafdhesiapidscplienoxshethangly trigosen; igfesano
difficulty in selecting suitable humectants having regard to the

const r uct idchlompher; ahkrhaxidiheglsystatanogthophehglpbemyipisinizalkoniom Hahided; iahd er
based on the 15 disclosure herein contained. Sone hunectants al so act as

sur f act antother @igtefaaTBlotides ortishhitipAhaténshBatop RABMR A dlReny) ciiepd er r ed
surfactant class for use in the invention is fluoro surfactants, such as

Fl uor ad FCL29.5 TRESE ANt Rihed) Bl RYaNAKE cAlople Ek“&g@l@?bf' ty to

rﬁ[ﬂg
reduce surface tenS| on V\BVGI’ ot SUI’ act ants can

g]; ore))c())e(ly the élgerr” HwBrI ur f a.g EtO]OP Pene gPyco ?’%ICS p(ropylgne ﬁycoqugat €s,
butylene glycol, PCA (2-Pyrrolidone-5-carboxylic a01d), sodium sulphate, sodium
hydroxide, lactic acid and derivatives, sodium chloride and the like. Those skilled in the
art will have no difficulty in selecﬁng suitable humectants having regard to the
construction materials in the system and the composition of the filter based on the

15  disclosure herein contained. Some humectants also act as surfactants. One example is
sodium dioctylsulphosuccinate.

A preferred surfactant class for use in the invention is fluoro surfactants, such as

Fluorad FC129. These are preferred because they have a profound ability to reduce
surface tension. However other surfactants can be employed. By way of example only,

20 the surfactant may be non-ionic ( e.g. ethoxylates, propoxylates and block co-polymers of
these two), anionic surfactants (such as sodium dodecylbenzenesulphonate, sodium
dioctylsulphosuccinate, sodium salts of sulphonated or sulphated organic ethoxylates or
propoxylates), cationic surfactants (such as Cetrimonium Chloride or srlch as secondary,
tertiary and quaternary organoamines) or even amphoteric surfactants (such

25 Cocamidopropylene Betaine) .



these two), anionic surfactants (such as sodi um dodecyl benzenesul phonat e,
sodi um di octyl sul phosucci nate, sodium salts of sul phonated or sul phated
organi c avdokyd3sd es or propoxyl ates), cationic surfactanPeT/ATOT633%5
Cetri noni um Chl ori de or such as secondgié, tertiary and quaternary

or ganoam nes) or even anphoteric surfactants (such 25 Cocami dopropyl ene
Betaine) . WO 01/ 73356 PCT/ AU01/00339 -12 Exanples of rheol ogi cal agents
whi ch may be included are sodium carboxynethyl cell ul ose;

hyd t hyl | ul ) | cel | ul ' | yet hyl I | s;
ool o opyl ene BRI B GOREERY iR HaPBF o RRH Bl O °
| yvi nyl lid d I th .. hyd I , th
Gum 5. & eI A e BOpD RISl BER Fadios) PIPBIGF PHEsc PO BISHEI <) andl

the |ike. However nmany other water soluble polyners would be simlarly
advant ageaglgcolpipphwuepy ereeglyaty pslyvinyh aicahalheolpxiappbicstitasas appl i ed to the
filter froman agqueous solution or suspension, it may be possible and

advant agegisyinylpppdlyddneend vomdimarls o fitbse, hydaixgpbrdp9] e, fantHaarcuas a sol id
or froma non aqueous solvent and such conpositions are 10 within the scope

of the knvgmnbiHn acrI/faltéﬁI dgb?igﬁqe?gijgsrﬁ&&ﬁg pmg{er@@mgysj NP GRO! AbRevd0 the

i nvention can be applie térs of any materi Tests have been
conducted W th I/IIeI [ Q r Vi.SCNS rayon, cellulosics, and
ol ass 11 iRV ES sl B RS e B B s cr bed 1 s
adaptable to fjlters of other. materials and of ofher construction ( such as
for exanpl e | SAVERIER £ AR ViSH, n b FHBBIREES WP@@PBII%ﬁm,th? BlieriEvesn AAteotie
like). It will be understood that the treating agent- may enploy one or nore
bi oci des aethtionmy sewenvemit meebe basséde and adventpeeavsitp ey e lsinrectantighd i n a
variety of formulations. Although it is preferred to pre-treat filters, a
filter mayibwattts eatficerian asblidiobfroradimantagneod sotvenpasl sutk dorapasitictisage t 0 t he
invention as a spray downstream of the filter or by direct
10 within the scope of the invention.
It will be understood that compositions according to the invention can be applied to
filters of any material. Tests have been conducted with filters of polypropylene, viscose,
rayon, cellulosics, and glass fibre. However 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).
It will be understood that the treating agent maIy employ one or more biocides and
may be formulated based on the principles herein taught in a variety of formulations.
Although it is preferred to pre-treat filters, a filter may be treated in situ by admitting a
composition 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 ﬁIter removed
from service, with or without removal of filtrate.
Although the invention has been described 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.



20 application (continuously or intermttently) of a biostat onto the
filtrate layer of a filter in service, or prior to renoval. The treatnent
may al soweoreapplied to a filter renmoved from service, WMT/AUON0048% hout
removal of filtrate. Although the invention has been described with
reference to specific exanples, it w F 3 be appreci ated by those skilled in
the art that the invention may be enbodied in other 25 forns. WO 01/ 73356
PCT/ AU01/ 00339 -13 THE CLAI M5 OF THE | NVENTI ON ARE AS FOLLOAS 1. An air
filterincui&m&gs' i lsi (tion _including a biostatic or
bi oci dal agent , = PS5 ate through particul ates
accunulating in use on the filter. 5 2. An air filter according to claiml
wher ei n t hb bi detaan filkeranclpding egampagition, spisl coginesitiod indladihgadidstasiceri ost at i ¢
and/or fungistatic properties. 3. An air filter according to claiml or 2
whi ch af t esioddaizigtitsvheeinalisrdentiseadpytod ticigratatthroegls partioglates begmailatory i n
cfu's /gramof clean filter material in conparison with an untreated
filter undgrst Bgasamerconditions. 10 4. A conposition for application to an

air filter, said conposition including: - a water soluble biocidal or
bi ostatiLc qgenf., - h { r@gr [,OC] .06 _Di I gent
i's adapjti edf to }ﬁ‘lnalrr g{eég?cfa]cro BU%&a&&ﬁ raelgegytaht:e@gonsut? “at‘irﬁ’g‘%‘“‘?a% agésngist %trl]écgeda

surface of the air filter. 15 5. A conposj.tion according to claim4 further
i ncl udi ng tﬁthéﬁ‘?g%?&?%ta%w@pd/lr W}ctﬂqg??r%gcor ding to claim4 further
including a fluorosurfactant. 7. A congosi,ti on according to any one of
clainms 4 th 6 Aweir fidier aoverdiag ierclomel of 2 Miieh aften 8 sharghial nogmal usepeeduces

at least log 1 reduction in cfu's /gram of clean filter material in comparison with an
untreated filter under the same conditions. |
10 4. A composition for application to an air ﬁlter, said composition including:
- awater soluble biocidal or biostatic agent,
- and a humectant
whereby the biocidal or biostatic agent is adépted to migrate through a filtrate
accumulating, in use, on a surface of thé air filter.
15 5. A composition according to claim 4 further incluciing a surfactant.
6. A composition éccording to claim 4 further including a fluorosurfactant.
7. A composition according to any one of claims 4 to 6 further including one or more
rheological additives.
8. A com;;osition according to claim 7 wherein a rheological additive is a thickening
20 ageﬁt, a gelling agent, or a viscosity modifier.
9. A composition according to any one of claims 4 to 8 wherein the biocidal or
biostatic agent is selected from 2-bromo-2-nitropropane;1,3-diol, isothiazolines, methyl
or propyl or butyl parahydrOX}‘/benzoates; sorbic acid, benzoic acid and salts of these

acids, phenoxy ethanol; triclosan; diclosan; dichlorophen; chlorhexidine gluconate,



8. A conposition according to claim7 wherein a rheol ogical additive is a
thi ckening 20 agent, a gelling agent, or a viscosity nodifier. 9. ' A
conposi t ivod 0eTIses di ng to any one of clains 4 to 8 wherei np€hvaubi/@ssdal or

bi ostatic agent is selected from 2-bronmp; 2-nitropropane-1, 3-diol,

i sothiazolines, nethyl or propyl or butyl parahydroxybenzoates; sorbic
acid, benzoic acid and salts of these acids, phenoxy ethanol; triclosan;

di cl osan; di chl orophen; chl orhexi di ne gl uconate, WO 01/ 73356 PCT/ AU01/ 00339

OB E . UL SRS R S BOREIEL B3 B B {%5322 of

clains 4t ein the agent is 2-brono- 2-nitropropane-1, 3 -diol.
11. A conﬁggliletn\é\’/g?f[lﬁrécordi ng to any one of clainms 4 to 10 wherein the

humectant is selected fromcalciumchloride, glycerol, sorbitol, ethylene
glycol, PEG phepybesidon gloprding to @y@nb@tfyla@n%‘lgb adiereiP(hk agent is 2-bromo-
(2-Pyrrolidone-5-carboxylic acid), sodiumsul phate, sodi um hydroxi de,

| acti c aciXnaogropend-¥3tdives thereof, sodium chloride and sodium

di octyl sul phosuccinate. 10 12. A conposition according to any one of clains

4 to 1lswhar ei Q) chhpofioRsad-afiing & arﬁf%n%'o? Blafiid 214 8 whirkin e GMREShE KON

according to claim7 wherein a theological additive I's one or nore

conpound S L ul ose
hng oxyet haegfeéh%&nggéei%ﬁ%&gr oxygl{ﬁgﬁ qh%# ogqé'lelbe(ﬁiﬁdotl f%ﬁ%’rpéo@flﬂol S;

ol ypropyl ol pol yyi ny] acet at e,
Bol ge. n;F/)IyFﬁi é?gll %gﬁt@f‘%‘ﬁﬁ? gawg ‘{ql?éééc lPR]é’X‘S)@%‘&? o“ﬁfﬁ%ﬂ’éﬁ’hatesxant han
gum chitosan, acrylated copol yners, poI yacrylic polymers (carbopols) and
wat er sol bftianpeydyexide, lactic a&l(t@m'll\’ﬂil‘(ﬂﬁ thereefs @hdhlgntcgloaldy aptheoditmc| ai s 4

to 13 wherein a rheol ogi cal
dioctylsulphosuccinate.

10 12. A composition according to any one of claims 4 to 11 wherein tﬁé humectant is
calcium chloride.
13. A composition according to claim 7 wherein a rheological additive is one or more
compound selected from sodium carboxymethylcellulose; hydroxyethylcellulose;
hydroxypropylcellulose; polyethylene glycols; polypropylene glycols; polyvinyl alcohol;

15  polyvinyl acetate, polyvinylpyrrolidone and copolymers of these, hydroxypropyl guar,
xanthan gum, chitosan, .acrylated copolymers, polyacrylic polymers (carbopols) and
water soluble polymers
14. A comﬁosition according to any one of claims 4 to 13 wherein a rheological
additive is vinyl ether/maleic anhydride copolymer. |

20 15. A composition according to any one of claims 4 to' 14 substantially as herein
described. |
16. A filter when treated with a composition according to any one of claims 4 to 15
17.. A method of treating a filtrate on a filter including the step of a(iding to the filter
or to the filtrate a biocidal or biostatic agent adapted to migrate through the filtrate.

25 18. A method of reducing airborne contaminants in air including the steps of:



additive is vinyl ether/maleic anhydride copolynmer. 20 15. A conposition
according to any one of clains 4 to 14 substantially as herein described.
16. A filweni/wsen treated with a conposition accordi ng toramauonessd cl ai ns
4 to 15 17. A nethod of treating a fil fate on a filter including the step
of adding to the filter or to the filtrate a biocidal or biostatic agent
adapted to mgrate through the filtrate. 25 18. A nethod of reducing

ai rborne contaminants in air including the steps of: WO 01/ 73356

PCT/ AU01/ 00339 . - 15 tr i fi AV Lt accardi:ng to any
one of clains Jr@é%%ﬁ%%%@%aﬁc& ) |°%&]toﬁ\rg8%%%ﬁ§%§g?f§%ée¢t% lg}se t§?qt5<‘.)

accunul ate contani.nants as a fltltraileegn the filter; and allow.ng the

bi oci de to mi grRfS¥E A shioHgh fhe filfen pvhereRy face 16 SRR R RAYTHP PBor ne
contam nants in air including the step of: treating a filter with an

bi oci dal or bi obe&ilte% aadent; passing air through the filter whereby to -
accunul ate contamnants as a filtrate on the filter; and allow ng the

bi oci de to m gralosvihdthebgdudd totrhrgrdte ifte diecfiltrd®@. 20. A net hod according to
any one of claim17s to 19 and substantially as herein described with

referenge o any nfiHi‘lﬂ)d)cﬁf refgiSX APRIr@&Scontaminants in air including the step of:

treating a filter with an biocidal or biostatic agent;
passing air through the filter whereby to accumulate contaminants as a filtrate on
the filter; and
allowing the biocide to migrate throughout the filtrate.
10 20. A method according to ;'my one of claim 17s to 19 and substantially as herein

described with reference to any one of the examples.



