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| MPROVED AERCSOL FI ELD OF | NVENTI ON Thi s i nvention
relates to an i nproved nethod for disinfection or
weoenerridi#4dat i on of medi cal instrunents. The reqBRCTAROMGHO1113
for sterilizing nmedical instruments are exacting and
the invention wll be here]rn described with particul ar
reference to that applicatton, but it will be
understood that the invention is also applicable for
sterilizing other articles or apparatus in need of
di sinfection or sterilization such as used in
IMPRRMEDAERQSORI rdressing, and the like. It will also be
understood that while the invention is capable of
neeting the requirenments for sterilizing nedical

FIELDIQF INVIENTION t can al so be used for |ess denanding
tasks such as di si nf ectl on. The |nvent| on aI so reI ates
to novel apparatus use in the

This iyrpiiRy felaiesto gp lrner@\f%m@%ﬁa fRstl Sr'f@‘e‘ftﬁ’@ %éﬁeﬁwﬂon of medical

instriASKSROUND OF THE | NVENTION Prior to the late 1960's
medi cal instrunments were sterilized by autocl aving, by
liquid sterilization systens such as gl utaral dehyde,

The fquit¥muste fefsteilifiny sraicaknstiments érb @xheting aditl e iagerdin will

B AL T AN R T

that thednventibn sedsceapplicapienigr sterilizsgl otisar stteles an@ppardesdh ogastof
bl SRR A0 ST Y 25500 o
alsorpedindeistdodshat winde the la\remmtlganstqapahlapf pegingdheiresuteraenys far
sterili ré(n%@ltcélqlgst umgﬁ{ésit "Taiﬁdalébctg L‘r’éé@qoﬂéssr%%dﬁﬁrtg%%ch as

aer osol systens soon gave way to vapour
disirdentiop! Hmama@realsgmtew RAVECAPPARAtES f§hk%ﬁmntt® Hethpg.sangto

com?@éftldmro? uéd fn%fmél%%né e méRbd.! 1 zing mated surfaces,

unmens and occl uded” surfaces, al.though Iiquid phase
systens continued to be used. Chemical sterilizing

BAGRGROUNDW®YF THEURVERTIOIWadl y classified into three
categorres: (1) i quid systens enpl oying a biocidal
agent in the liquid phase, (2) Aerosol systens in

PriobMdi th8 |ate POETS Madic#l gfrumientsavdré qtu'rm:ken mgmtdcmvmgpbwmw
ens 0 ets

sterfzes P amS arg T BRE B oy R Tt SRl T fece

SIx’ugﬁSlﬁDelaly Jelatien stenilizatiap syatemd melylng' lerasbls ofllefy apuaxious

steriq.péﬁ\g re rPgﬁo 8‘? eagg%écrﬂ%res% ?)93' ‘ﬁ %[%Poso tewss\kgrg%eveloped for

or vapou erlc pressure or
use a‘othe@,acleagmgtlmls&y ( Hnwemaﬁgnsglaswqm a@trﬁi)@ towngat the

requirements for sterilizing medical instruments and particularly were unsuccessful in

treating lumens and occluded or mated surfaces. Consequently aerosol systems soon
gave way to vapour and plasma based systems which were shown to be faster and more
effective for sterilizing mated surfaces, lumens and occluded surfaces, although liquid
phase systems continued to be used.

Chemical sterilizing systems may thus be broadly classified into three categories:

(1) Liquid systems employing a biocidal agent in the liquid phase,

(2) Aerosol systems in which a biocidal agent in a liquid phase is employed as a finely
divided suspension of droplets in a gas, and
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operate at sub-atnospheric pressure. Each of the above
categories of process has had di sadvantages for

w0 e@abi43gs medi cal i nstruments. The i nadequaci eBCDAU2006/001113
known techni ques for sterilization becone particularly
evi dent when attenpts are n?de to sterilize an
endoscope. Endoscopes have narrow | unens of snal

(3) YravE pYsiems §Mployiginagenkin a gasgova plasmanei @pewahase.0
nmeters in length. Many of their parts such as the

ted surfaces, or occluded

Thedfifd @(@88”&?%89&5%?{ w@%‘%faﬂbq'm%'fa@rsaﬁf@@smoy'ng the gas or

vaps@ret latm(ﬁphﬁﬂct ﬁlrelsalrs ofisbvi NN tAbeulirttluditiy d2e peeia8fiwhich
It would be desirable to be able to

Ope%?erl |f%HQﬁp@ﬂﬁd§§§B@3 and have it inmmediately ready

for use (i.e. sterile, dry and at bel ow 450C), in the
o e b B S OB RS T

mstwme@tSe The nl);addquawetsroé knwwretetthMUQSﬁortsitéwélsattom beeothe partiaularly
evncﬂﬁﬂﬁﬁéw& gﬂﬂf A8 IR MizP%n gr?tﬁsggde 'E?ndtogc,e %Ravennz%rrow

diti ona oscopes consequen
'um?wfﬁn@&@ﬁmqetﬁw &itexamplet! lnlasarmbmabb@ mop@mgn BIGameters in

Ieng@{ ERERY ofth&it Bhitd §RAGs 1l é’ontr%ﬁ'fe%d‘? iﬁ&’r@d shRRLY, dr%rccluded

use 1.n |l ess than about 20 m nutes. rior
S””P‘r"“&ume b?%&@@@@ ipcopRorales Reat Sag%weemt@ﬂaﬁanq* theg éhOUld not be

heai&dtz®bve WbdL 78°C. aUﬂquﬂﬁEH désirﬁl&e@cﬁ bé QEC)IS@J 518Rlize@h dnBB&tOHE,
terile rin our systens

and D B TR kPP 1k AP BHBY 5% it time
that fitrtalEseto®ohduct Be eRIBXPSEE pRBER e Vdal/ hvﬂﬁm%%ﬁpﬂﬂﬁln@féss Because

in 0 St |I| ted surfaces, su
encfR80eEt s ShaliRedn Feime franhblss S aprEfnapiEstsaiaroe
amdvat/ofrogipitdl istetbub padtitiona pddascsmesatonsdrpieptly rRbuiedd.
support of instrunents in a sterilization chanber.
Unl ess the sterilizing agent can penetrate nated

Priostsprtha@e&entihmntipaitthaaﬁotueen possilsle b prsartt aisteritisqapdry, eate
endb&oﬁ)é‘ereédﬁolr %L‘é@ thgﬁ%S’&HPomi%& °)’\|98‘Bh§r'£‘ﬁ I@ﬂd the

I nstrunent w
PFOW%ﬁSdaYeWh%WSEﬂ|em§rrtahénq@dvaierswdm ag aﬁgmwt ntmktofatfecmhe or

requir@Ster®d risHRAtR Skhh@ GagoLE &St rebiif®a MUmﬁm wnth attendant

conpl exity. Although the present 1nvention'is
d'safjm%ﬂféd aerosol system the process has advant ages
over prlor art liquid and prior art vapour
n s stens and con uently each of those

terili

S'mi@ BrRiEio eAenasfwith ep ?@Pm&ewfm gfempting to

stenﬁztaemaieidﬁut‘fgcéﬁg eindhsasAlcctvab gtank lrrﬂédlic‘él |ﬁ§tﬂfr11ént§ |f6}gax§ﬂ19réttﬁose
en._u ears for sterilizing artjicles

navig§ e B i cane dre B e e R s ag et

charbe. Uritess theeterilitingragehtdzmpeinaigate mated surfaces, that part of the

surface which is supported in the sterilizer may harbour micro-organisms and the

instrument will not be sterile. This can only be avoided by shifting the points of support

but at the cost of doubling the treatment time and added complexity.

Although the present invention is an improved aerosol system, the process has
advantages over prior art liquid and prior art vapour sterilization systems and
consequently each of those systems will also be briefly reviewed.
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research over many decades to solve the probl ens

i nvol ved, the use of bulk liquid sterilants still
wagado7et433 rom a nunber of di sadvantages. |t i SPCT/AU2006/001113

i nportant that a disinfection process has the ability

to kill all mcro-organisnmsy; and not nmerely one cl ass,

as is the case wwth many |li'quid agents. A major

di sadvantage of liquid sterilizing systens such as are
Liouwith stegitidgyadepd for sterilizing nmedical instrunents is

that they enploy particularly hazardous chem cals the

use of which are increasingly causing occupational
AltHoegth ndumtstemamsagantsume béen wgetilfeh makyhplarslios sdMiPdfdies

such 35 gl TSRS SockhAE S el Ko P
reseanelT gyer magy }demd:lescbo solisthg pestidnys hedﬂmce the s of bﬁlkolqulan

r
sterﬂéﬁté Qllillesu &@ f%é’n % ﬂurql5¥r dftdls%\tla%'{arg;éts elglﬁ, u!n??iliae[ﬁﬂ%aﬁ ion

use. orequiri
prO%ﬁ$§ hgg ihena@lhm toddll allmaiiaro-dranisnas, sing init matew @Teeclmr as)mthee
r
sk A VA8 ST o SEEATRSE ) Bl L APSAAR oo
are gyrggntly jusechigr slgeliring wegiealinsgaments is thet ihavremploytmdrcelamay
hazBRlods Efedhic th%rhsé%@%béh %?é lh&‘reéﬁﬁ%§ EQs ind oo ubgf%nal health

instrunent is jntroduced into a

conggrB® afOHH%thea&f@r (7iherdjsaduantaans m@'ﬂq@rlpng ﬁﬁeﬁézaag@mclam@gh

matBgals boxts; ds Ofell as Eh&ts léSQ)ci%ftecf WifStBe WRteQind! é'hng‘V rBquired to
uces agﬁg%(?ﬁ ct| on but is | esser evil

S“b§%"é‘ﬁ”’?>?{8”‘8¥% PW“&” ‘i/?@l/?f %P E'Wr'b%féftr stsilizatjog gngl peor to
user eqadmtmteefumngnarrgetaeawaémmmema@ afyirdy thess nfa@.s: liguitafeRiants

oe R el PRGBS0k RSt Somtenymrigtios
If exslssits nagidyal stegilitisg agert isdpfban &elsstiufamnt hlseregnemret @hdkeof an
anagﬁ lﬁﬁ’ié lréaY: |5r?¥vf?&%%qnstr§ﬁ1%ﬁﬁg ln%gu%erd lg’{gloazllgoddysctaslliy, an& { a%md

eric pressur
thatnoasabltltv Cﬁ'ﬁéﬁ uaystel\uapmﬁgeet renstlbie ziasecoff. dhenediof hse water in turn

mtrdd'ﬂléésr é’ﬂﬁ{gf%f@@%n et fs%rlggs%hmuttn?rﬂhgga % Mﬁt&%ff c%%%%rrgactlon

usual y I n autocl aves at
Alsqhe seqyiremendpirinsevegien Impg%asém@éw awatet hydrbnandodraidage

BAMGHIBE S
e 483%%@3@%%@%2@%?0%%2@%ngg%?gngh%heae &

P'U’%‘H%E RVATES RS APRPTadSTEQS Reing pereabiser essilyirigratidghl y
toxic gases has been largely discontinued in nany

258 \ LS ragl dly discontinued in others
SES ALV qnodzed sterlizing 20 pat Ampsnere Bressie B8y apour s

was ploneered in the packaglng |ndustry, mhere |t has
roxi des for_use as

Traé?!fogmrgllfl VAl Oﬁj 9 C%ﬂ I&??lon EI@'EF%%% H%EW%‘%PE& e]sserfBHg?q:ﬂé“rﬂéﬁteam
(wateayariogs susaatly in@ntoctaveoai high fempeeniraaing Presslich Mdrbyddehty
gasdXaiias ElHyRbORe MO0 BB\ be ol BInetpa s sbolP B G 5. us

4 41&4‘9@5 [bh’élﬁ Vewnféstueasupationaldwaltiyantt eplirehmental dondems, the use
of sGEhHIGHIPIoxi@ L Sesthas been largely discontinued in many countries and is bemg

rapidly discontinued in others around the world.

The use of hydrogen peroxide vapours was pioneered in the packaging industry, where
it has been practiced to “gasify” peroxides for use as a sterilizing agent. Hydrogen
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surface heated at 140-1800C whereby the liquid is
vaporized and then swept by a carrier gas to be
wal2oogoi«aas at a surface to be sterilized (eg USPCT/AU2006/001113
4,797,255, Hatanaka) or by injecting the droplets into
a pre-heated gas stream at, above 140 0C. Hydrogen
peroxi de boils at 151.40C at 760 nm Figure 1 taken.
peroide s Ag8sidergd napEEsSSHGVRON(COITPHES I8) CORPRIISHEVELIYIRRP oXide,
chlor?@! Bior%tan@tdfﬂe? BARE emPldyes U Stefifants. WedyBFogBR bewixide can be
m Xture changes wth concentrat| on 8\)&5&8 B how
vapofired giaimesnhsEs PresaHe b igRgeg. droplets of 213 'am??eé
surfé%@ 'h%§te§tat m@@%twrﬁfdb??tlﬁ@ﬁﬂwdlls%ﬁ@&uﬂ @nd kHeni @veﬁt/b;d@ narner

gas (BRcHRaRA o SWEPCS 3p bR AP o o ThBT T FRERRY 6PY

injecBidP2RIAGILS inftd & peticaited gasiatrean al@bvep®™d Cpr ocesses at
at nospheric pressure, it is essential that the
hydrogen peroxi de vapour be kept at substantially

Hydr’ab@’v perokige Beils #Pd5n4°q at %0 rhml Gigure $ taBan dost VDA, 7197 #PP)

0
ol RS 5 B Sl Py et
mixtreyohiangds| withatoosantrat@o@)d @aeyet) @nwﬂhea@Spmp@xi@n chages. As
is sho@lheﬁurgmtér%gﬁg ét%mosé{%?m@é&\%ﬁé PRIsHAl 'It$§ é!w@élﬁ’ from Flg 1

irenents for asep packagi ng of fo ont ai
that tih csncerdiation eFSiEagEn §9@P$'dﬁl"'g1’ﬁ‘etVé‘%‘€@éP9‘P\é’s1 00t rapaaidle at

atmc%E‘BE& g&@é devi ces such as those enpl oyi ng
er-optics, power tools, endoscopes etc are

sensitive to heat and cannot be treated by vapour
In p&@ﬁ@é’ v deE ﬁﬁ)‘é@§se§ 'ébdatﬁfé%ﬁiﬁbrfccpréswl’e &h%éﬂtﬁal that the hydrogen

perogpgaqgrgg&r&e%ﬁybetaagﬂa%@ﬁ%%%g(%@g:ge ngft (e %Ib' nt éXtura’uon
lelgf’dﬂﬁﬁgﬂcﬁlt thbrbn{ir%ﬁrﬁodﬂsg rigsuatly thie t{abiSpott di6i9 nﬁeﬂ?@d araj51gn|f|cantly

oS b Gt ot e U o A

requiyedl Ie 53 élshui)rfoncessea satisfyntbe r@pmemeeilsrfqnmem racksagieedf foed a

seal ed, .packa -
conB BB T ST Eebnkduh RER PR, Hov BB AR nsdesl
deviBgs StmmchsdhcosegemmmﬂMWQOQMePOWémﬁnenév@PP¢$ slgereepnsitive
to h&%‘%nﬁ%@ﬂﬁ&t odl%a26 tﬁg %?éﬁ&r'bgsé)bopl{aeeségs Qﬂjﬁ}éﬂt&ﬁo sﬁlb'ﬁ elevated

zation cou be achi eved | ess

6
temperatirem spththereforp rCé%@qy P@ efficieptly HWTB@@VWW%OX'%‘@Q? at

atmﬁ§ h\éﬁgg%sﬁg'stems using acceptable sterilants such as
)Prog n peroxide have been sufficiently effective at
at mospheric pressure and bel ow 7C0C and to be

In 1§7¥§Tﬂ%6f‘e' e%ltal gl 69, 129) @hd |Fbi’sabhﬂ(m80¢ 16@14yahowed that hydrogen
- Instrunents sses oLi zed ng
per PO oG AL e ST L P Dy Bk
Spo%@@tlrilos ivatepladed ivagedled padkage ofth stseralllaaroust ta‘thyd@bemlperomde
soluti%)(a:hd 'ﬁ'gé’@é{ &{ above 60°C for 24 hrs. By conducting the tests under vacuum,
sterilization was reportedly achieved in 30 to 60 minutes, but sterilization could not be

achieved in less than 6 hrs at atmospheric pressure at belew 80°C.

To date, no gas or vapour systems using acceptable sterilants such as hydrogen
peroxide have been sufficiently effective at atmospheric pressure and below 70°C and to
be commercialised for sterilization of medical instruments.
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processes which operate at reduced pressure suffer
fromthe general disadvantage that vacuum punps,
w@e@seues vessel s, vacuum seal s and such |i ke BCBAU2006/001113

required in the design of the equipnment used. This

reduces reliability and aqgs greatly to capital and

mai nt enance costs, to energy and other running costs,

as well as to cycle time. Conmercially avail abl e
Gasst8ANEMm AN nP L AIBe SHSHIBIR JHBME. & rEdRictdtese@Rl T angi ng

rom abou , or a rtre unit to about

US$180, 000 for a 200 litre unit. In such systens the

VacutiRMdYysRfeh drbamy féé?ﬁwﬂerﬂ@éjvafpbhzéﬂéﬁw Bieridairat b@lowl‘P@°C However
requi red vacuum i zati o

and _for s
procafegs e PPERR R SBIHESY .Pgesavréasyﬁ%r o ot gy antage that
vacuﬁmmdlhﬁfs prﬁéﬁ@e wégserst mhm setah@anbl sddcm(é Pe espireed in the detign

I f th
of th€ giifatenl Refaits AlGa LY ok Tty RSB L neat h
mamm‘nghdsewsltem éhafgyeardmmrpennnamdosdm Iay vmiﬂ@stto Eydsdirhe.e
)
comRATR Gl LB, S5 i

about Uﬁﬁwﬁzﬂe@lfom ad‘:@rhtre eidit teabouit @§§1ﬁ%0006fnﬂa 800 titrrowril, Imaueh
syst{:ﬁg) hg%gﬁﬁﬁ%d\ﬁ?%gg reﬁ%rl &ﬁmlﬂe}gb erghtmﬁé‘r Iﬁlrrégﬂg\ggecﬁuugtnd
sterilizafieruang f@@@bg@@e@tdm@ﬂmfmow% ifr@reatlydp Gyeesp g5 yyminutes.
Moreslﬁ‘@BHEhtEﬁfHeqed&reg 362 |§ﬁ&ddé afblatvith @?ﬂ%xlﬂl@@ﬁiéﬁ@

described in for exanp atents t?]
becaysggfihg saaled aispsge befwgen tl”@ Ig@gn f ths opfef s@ggh of the'flexible

endo'éc%?e5 ak@ 3y shorffiid &hdostofed ApA8 30 ;crbin Sarytbafibe treated with
0530* ; 5 733,503* ; 5,869,000* ; 5,906, 794;
vacugMsygieftse: 5. 804, 139 ; 5, 980, 825* ; 6, 010, 662 :

6 030 579* ; 6,068, 815* ; 6, 589,481* 6, 132, 680* ;

19,480 * , 6,656, 426* th
wosebh By B B R el R B )
many emphy deep ratiech. Stollbaing she word orﬂanesarrob"Ecnfstrdm a great deal of

B e
sterilizatien bmaswmm&dw r@meql pnegswetare desstbrebint loaexanzD Ys
patth%rMde%ssﬁ'g% 98 - (LHoteD Qtdé%ggfs%% A0egl f5 4@1‘3 7@b*f

roxi de toncentrdtions refeéerr herei'n

5 49@@17 2% ﬁt@@’ BO%y; SASOANY | STEOERRT: ey IR0 ¥ @§§%P@O*s<§ 906,49

5,508 %b@Oé BUEI30 V@@wm@ w@%g apdad, bw ,ca,aossem as 88%,b81*

pero er is renoved uI? h(
6 13@% mfip’ﬂ %SOWQSQ%U@WW&%(@% %W% gp gsiGfigigclgim
to hJVe%cé‘éé@Gr@Qt%ﬁl@ideGm@lﬁs &Qﬁﬁéd Q@fao‘éb nam d&lhﬁlémts end diiificulty

|mataentovagor|se B? water is Sobeet
that [heig SYSFRIBS FRROBRSEE &8 st AosoheI e Bt Tl biBhessie i hes
resup€ 2@0@ &&nmﬁ@us@bmtgmg w¢m BXBNtdniatedinBO % perogide eplusent

a ngerdurin ans and handl | n_at 0

(5 R R P BHred e e SoPaiete s elpropdd Feret arg poentage
by weight), reducing the pressure so as to selectively vaporise water, and thus
concentrate the remaining peroxide. Water is removed through the vacuum pump. The
vapour process needs to start with a high concentration of peroxide, since otherwise the
time taken to vaporise and pump out the water is too long. The processes can’t start with

more concentrated peroxide because higher concentrations would represent a danger
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speci al packaging to protect users. The nost
successful of the sub atnospheric pressure, |ow

WO eoweIaBire, sterilization processes involve POT/AUR®6/001113
pl asmas fromthe vapour, eg hydrogen peroxi de pl asnas.
Plasma systems avoid the uge of high tenperatures by

operati sub- at nospheric pressures. Typically
d””?ﬁ@%*’&&%”aﬁ?@ %b‘@r &V8N 8t 543 FRNFetrafionghydrogai nesoxideasaires
spetialpackeyirahoanstagauseat t he peroxi de sol uti on used nay

be in concentrations of as |low as 1-6% by wei ght, in

comercial practice the starting solution of peroxide
Theingosy BlﬂEEesfuItdﬁH‘rel ﬁib%tmOspmed@ ﬁ@sﬂ}t& lSw&érﬁ@erat-ﬂFB %terlhzatlon

recaut i st or age and

ok AL B B P B0kl 20 B ol e

P lasamﬁy@temseaw the sise ef high ekiperatures by eperatirig attsabia‘&noéﬁhbh@
pres%ér@sa"l*?p QQLyQH\és%r s%ﬁﬁg&gg% 4 RALES, 3ttorgh\‘7§[r]1 e g'ﬁs@ﬂgﬁﬁ{h?s

necess % ) eric pressur
advaqitagathaliihe geroxideselution gseeianawbet ioreghdentrationmsadtetow ad 1-68

by \A)é@h@ bin bRt BrachBdtnt S es%lJtlBﬁ oH?e%ﬁge L aggﬁte 3§ % to

seal S, /vacuum punps, press re vesse
reduge Cyclerfraey J&ﬁuliﬂ\&ﬁ@ﬁtspe@@l PC%»‘@U‘LQﬂSelqahlmfem\tstcga@arhqmandlmg,

sincé pEteSiEE cobRtdnirBtibns of Sﬁ%darid%f)@@é%st:oﬁ@g{lé & sk‘ﬂ'}%rJ erdhants

conpl exi t The pl asna process
Wh"%rg{if’é@@? iaei}w W@FP@%T“?“@ soiRE hé{?%'ﬁ fhapeeessity f@bﬁls&t atmespheric
presalanS & ars@irmoud bleacﬁ/—EEB Binba ﬁ'gﬁb%ﬂ?léﬁbﬁ’féﬁ§ FebtthefPRRd Gflich

nmoi, st ure i,s m | evel S. The vast
s 00 y &“F {§AYPs H%eo‘i'sé’ %Igﬁgﬁ?%‘ggﬁ%s VAGHUM, PP PEIRTEISEESES,
spediai rvalIversr\ta’cl::e’ﬁl’pHsneqtuIUEISrﬁerﬂI1’t§)l vatieim écﬁhprﬁérﬂrglrédﬂ??éddégs reli@¥ility and

e S8 PRI SRRy 58, PR ot vy

ineffegtive wheh ede tréicaseof srtaigtirk | |asaapreﬁsmt —AlTneEBI\ERRAIg'E' pREma process
ysteps_ i s.that

e A L e —
that arpgPerspmendrs for lowiteraperatusmansbchesnical e@rilidation dor dxampreed

| e rocesses
enddt(sgbeéﬁsft&gé 'ﬂ%gﬁﬁ" r&%fﬂ?y Pé’seg @Lc Liy dn{ﬁglatb t%%g;?%rﬁzd\é %%ggla SPa
when ghey yege B’@e‘ﬁas{hﬁ’é bﬁf%ﬁ Sté'ﬂlfsé't'ﬁﬂ vén fdvantageaafivaguumasiestbms over
hqumSsts’hﬁ‘@lS iR GF doHH@%%tldm&ﬁ‘h@ﬁQtllléﬁ%l tﬁ? ’#’%&@eﬁ%b LObided. the

tlﬁ |snota Ilca e for long f enoscoé
sterligpie f8m°"e%\él L%%H’e\/ﬂe?ﬁfquﬁ'ﬁﬁﬁé up to about 25- SOcm
in | engt h. Aer osol Processes. The present process is

n i ved aeroso roce Wi | e aerosol s have been
Attnefin 77 WS BoP oS braBeeies Fonsial ehd incperaie Nty ecimnas
processes be\tmtormesbéﬂrﬁthé lmousafeamgecrsoﬂrem?h%l@d Mfabé@éﬁd lumens

e an e not been

Whefg%%?ééqug ]ﬁ‘zor\l\?egl é&hlf F)%st% Is not apg}lca&e ?or?ongaf\llemble endoscopes
and can only be used with lumens up to about 25-30cm in length.

Aerosol Processes.

The present process is an improved aerosol process. While aerosols have been used to
sterilize packaging materials, to date it has not been possible to use aerosol systems to
treat endoscopes and the like, and aerosols have not been adopted for sterilizing

medical instruments. Although an aerosol of ethyl alcohol was proposed for disinfecting
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medi cal instrunents. Although an aerosol of ethyl
al cohol was proposed for disinfectingbreathing
wappanaes as early as 1965 (Rosdahl GB 128245pCT/AD2106/001113
method is not suitable for sterilizing nedical
instruments, anong other reasons because it does not
b tﬁ ve thegProb gm of mated surfaces, and because et hyl
redfiNgRBPaTRLS A5 2l BF | ePEIosIatl BB TRE2AB thak sethnd i etrsuitable

for admmrgdnmmsmmérhty Aeey dtﬁerb@és%gs kBEWMefitfoek AL dbive the
er ox ge nebu n the prior art are

r n
proM & i DS P, Bio BPoa)SR iril H5onebisinabhpriviih (st metoe
hassnoz beampadptis oomnmmany despite being knoremefoigyealeen
enpl oyed to treat substrates that were fully exposed.
Hoshi no (US 4, 296, 068) described a process for
Knogineneroxige mﬂyumwdn terprir agese infhevuima h)f a nﬂtt@enéfally havmg a

mea‘ﬁ Sridid &8 Qp\P@ng bFét?)%ag % HE% Tg%s I$§(n) 2] oved ang treat

havi nt% a dianeter o
subgtratesihabere fullyiexperast dtbshino30s 4, @GGEB) Hmd:ﬂbed a process for

ster(llﬂmé %d]c%ﬁi)am‘ém \iich é'lm%t Bt %;‘QFU%)“P Z)%ﬁﬁfes &? gc ron

Iets i n conbi nati on ¥|ng
“°Z§'ﬁ%eﬁ”dr'i‘ét"69 A Sfameter Qi@ﬁew ?@e@:mlcm @re@etrememﬂm aiicheztas! to 50

- SOP(aVIKUQemﬁBBG |12 &)fnb?nes a%uﬁ’ﬂléi’ bbess hé\n%qgﬁw ébmhpﬁef‘egs fil

"‘% {) C'{A@%P describ process in wh .

combuiatiP Wt ﬁ%‘f“@ﬁ!anfa ?atmﬂéhﬁ%eﬁ%ﬂ%wmwﬂa@ﬂbﬁsaperoxnde

aerasohbavirgf paptitiesi of 2 -a5 midrémct ant i s recycl ed through a
nebul i zer and through a sterilization chanber w thout

i ntroduction of an external carrier gas. Although that
In 199D ISHitgler wices. (eammmg@/an‘soamsewerdga brogess if ewtktﬁtal buht B

] 60 d '
conitipichrim"loh ) & BOfMaein oS foh il £ e B Steene
throyglt & nﬁl@twmrta@d tlhreu@w a steela:tahdn t:hmhbetrlm&thpnmmCmsOf an
oxeifEhel o e LSS 00 B serioratensprion
B. S@B,t&lp @lep@bgut(ﬁo(f@p@xjs dmeKposecorpen surfatass and teapitd the initial
prorAisé, @uﬁ%({elﬁnﬂﬂﬁk‘ répléggafﬁg redHIGANS! the EH% % \Wfs oc?ﬂ %ntaég

treat erilize renove re

aCh'&Yﬁ?éP@é@ ictignsel SeAre %Omlluﬁm7mamwbe§frﬁﬁlRﬁD®

Cyclesoge blolo'éféélﬁﬁﬂl@é't@r ViRicss @ﬁé?lciﬁﬁﬁmﬂ%% oM %@H‘gﬁrtféée'svﬁﬂo\%otvgr
va for sterilizing |unmens an

the ¥ fbn b feek lesties. drnengrepeeepigraisncghided ayfaces)mated

surfqumsabx iutheene @515 dlbléé@ptélblyt |66y P Ut Sre thi€ PRIERLs Whs Wo?r{betltlve
An advant age

dd
with o0 Sl et S ol R 5t a8y inelrioitaess. | Woraatas thasproress
left hlgfe(amglmm3<)j perekide residtlialiach the SoMaRNishidviaPst whidh f3RAEr@kided to

rockESS hydrogen peroxide in the starting materi al
P \M% Eiﬁ']';vvas consi dered safe to handl e. However no
aerosol sterilization systens devel oped to date have

An aQ@%'ﬁ gﬁaéf' hzgh%ﬁél? b¥rokiat a2tk éygt%}ngg.lsgg deal tn Lhaf

nebulised had a concentration off 35% or less of hydrogen peroxide in the startmg
material which was considered safe to handle. However no aerosol sterilization systems
developed to date have been satisfactory for sterilizing medical instruments and all have
suffered from the following disadvantages:-
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suffered fromthe foll ow ng di sadvantages:-Firstly,

aerosol s have been unable to penetrate | unens and
whedmoen3dat ed surfaces of articles or into ocetTrdeehos/001113

areas of sterilization chanber in an acceptable tine

i.e. the tine required forgaerosols to achieve

sterilization with |unens and mated surfaces

Firstl cAagesol3 R DGR HabiE (oRERBiHaIP M EIRARSUERAE Tl SultBces of
article® Eﬂlhgoe&:ch@e@&*éb@&ﬁsttéﬁlt@éﬁdnl clﬁh’ib@l‘lm(dn) ai;ceptablé gne i.e. the time
reduction in concentration of spores
requifest o8 BRRESHF (Y 3PNt e alsT & REoR iy AR e Sifafed ek much
long&rtthad @ssirel. Baci | | us St ear ot her nophi | us such as the
ATCC 7953 strain), was nuch |onger than desired.

Thirdly, when hydrogen peroxide is present in the form
Secoplllysthel dveehll cipleeédquired p:r aghdele stérilizatiomni.ea by 6medlm>libr$i®d

coreben R5oHELL) PUERO2 BB SPIEROY o A RISt o

straipeesfBdcilias S&aaotlpmmepmllualsum abtherATOR aQ%@tralmswammm longer
ackagi ng and other disinfected itens need to be
thand%%?eeag dry to avoid recontam nation. Al so surgical
i nstruments nust not contain residual peroxide at

Thlrdlf\(lmgﬁarpbt%g P(érjaﬁae ik Hi‘éé‘ern@’ﬁlrtﬁ@'*orﬁoof an'élI dRpletd RpidyBdl

Is very diff

Ultraggnicadly nepdRed glamine paitiies Ba!ﬁtwn@ﬁ%%ig §8€‘P3§t9éodf°¥°‘e‘s on

surfé?:%@ Bh& e REBYA RyeF o ﬁékcﬁ@dé3§ Qcﬂ)otéhtlﬁlop’iﬁlﬁélhl WrédWat iRstruments,
qui d systens, prol ong g % &H erature

fOOdWKWQ(Wﬁ @Pﬁrﬁéﬁ‘ﬁﬁ?“é?%'l ST ?ﬁﬁ{@ é?rﬁ?orﬁ%lg P RY¥S "Gr i si ng

contémméh&asmsk slirgichlingd®inrints thasv npt csrtsis résemaembme;t levels
ui res _use

Wiz it SR s e
requitbs eithe? adhiag waich mtrloelscasfth@ rasbd)(&ated wdblemme‘wemlyjmaq:ussed
in cchggmﬁv;qg{dzsy%gws Sf&loH%«%?otdg of F\ gﬁt%ﬁﬁre\/zﬂﬁ%’ mlhlch
completaly hégadd amradvesthgetsarisingrfeom fagt law tinpabh@lowspresfser el y
tempe%fu? %ﬂ'e%ruﬁe; e d?tcgtrala!sé 2t Bige ﬁ}@@él Rk 'Edjé?cﬂhﬁ')os@?d

espeC| a sensitive ones. artl cul ar |
peratiedwhish ptub@eslgeslmnq)é@hwmsb stsiatescd Se(rief of BrﬁbieEtSéNlth the

mens i n under 20
residlf EherhiBal A b hstTRIeRE) B R e (1) whi |0

yielding a dry ready-to-use product or surface (iv)

In Sl‘.ﬂ‘nﬁ‘laﬁﬁ ft caf Bé’ BQH kR Abnd\Gahd &eﬁlﬁzaﬂ&*/ mfeﬂﬁﬂg alipéntl9 @Oﬁﬁbnﬁs
reover comre avai | abl e R/roc

et S0P aFioBHPT M D M AL P RS sl R Eaarive
one§. aﬁl@r@ﬁarﬁ@ﬂéﬂyrto&ﬁﬁb in) [ﬁﬁlﬁsmﬂa@mﬁ c@p%mﬂ @) doeghlaté i on

sl e A TS B 2B i LA SRR oo

70°Gt (8i Whilgyiseling fai dry reatptpiuse prgdsg ec sarfacpdivkaiffiau oegugational
health or environmental concerns. Moreover, the best commercially available processes
suffer from major additional disadvantages. In the case of vapour and plasma systems
pressure reduction is required, and commercial systems utilise hydrogen peroxide at
concentrations of 50% or more as a starting material, requiring special packaging and
handling. In the case of liquid systems a final rinse is required. Surveys of health
professionals have repeatedly shown that the combination of achievement of criteria (i)
to (iv) without either pressure reduction or rinsing would be highly desirable. Similar
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handling. In the case of liquid systens a final rinse
is required. Surveys of health professionals have

WO epeaiads y shown that the conbinati on of achi POPABRI06/001113

of criteria (i) to (iv) wthout either pressure

reduction or rinsing would _be highly desirable.

Simlarconsiderations apply to sterilization of other
consﬁdérrétaamszppmw steflilzearusfethet dudddes wheredpressusé regluetiop and

even racticable. Any discussion of the
"ns'?ﬁ ?r(?rOﬁgPteV?'ﬁ % B%Sﬁ?a%lehe specification should in no

way be considered as an adm ssion that such prior art

' I
iy g e e S
consmr@cbja@em admission ghwé auch pige At isomdely kpewy pefermas past ¢ie@mston
gen&%ﬁ(ﬂo%&?% "pme\ﬁg ch avoids or aneliorates at |east

some e dlsa vantages of the prior art. It is an
obj ect of preferred enbodi nents to provide an inproved

opJeeied ek IfveNtf@et i on or sterilization that can be
conducted w thout reduction in pressure, wthout the

need for rinsing, and without requiring an article
It is HA @BJ%&QhQ gréséﬁaﬁ@ﬂén tfonr&@deh@ aiettbdtod sebiinato®®WAICh avsids or

st el 107 G O GATERBE OB APt on on (e

surface of an article undergoing sterilization within
. 20 t :
i B BP0 8yl BB B BLEELRS o
steritization that icambe lsomiug@dwithattoredwdiien lrt messmre; mithowtdae hegesfor
rmsﬂé darﬁi' |fﬁ%hf|%ﬁgﬁw\§lﬁinﬁlg%agrgﬁMpft@?ﬁ%m e hdhté o above

oscope er o erre
60°@ rAnalchif mhtysor@‘ﬁrrechembw@ﬁntrsé%amewe@ |QQ Sirpdusgien irmicro-

orga?’llis%;]1 kbice tré‘tfbn&}{ntthéktﬁfa%ﬁ o@é@ﬁ@l’%ﬂnﬁ@rg@h@%%th&tléﬁ Cithin 20

out eavi ng n i cant residual | evel s of
mingiesr Bmf%@eb@m@é Oglﬁgfalh ereéﬁrfqd&néboglf%%m aftee invantionddl y

achl@(l@%ﬁ‘éﬁl@? 69ERRALARMIS 20 hihAEd wWherpihe PRIEIOS? ney ark BRuated
ke instrunent is sterilized, it is an object to have

bet"'(??é‘ ‘MR HBRES” iy aMBNGASSRRP HBelise within 20 mi nutes.

is a further obJect of the |nvent|on to prOV|de an

ved st e.t e I pv.e

Anom%@pgbof s FOPRuRERTS! LPdrerots R & rpTige on
artidid d’e&tmbambrrc Ipaetssuma mHMhpmtdyamlgmﬁmnt rgidsal dvets afised
hydléog:?ﬁtg?{eogl - § %S‘ |E:I'ﬁ’2°, ﬁ%ﬁ Iugﬁjli[ %I’é?%r?e%t %n%dirﬁ]er}ts in WhICh an
endascbpeton dre lke nrfﬁcmsnt iantgriiaed, i isranaabisst tsot eye thehlaﬁrltlw% dry
and%acﬁ}ﬁg'u%@wnhﬂ%rr}ﬁﬁ&t@%Sunl ess the context clearly

res ot herw se hroughout t he descrlptlon and the
clalns the words 'conprise', 'conprising' , and the

it is'd {Rh&H BjdcPoflfe %Qéﬁtfoh“ﬂ@gro'vﬂe%ﬂ imPVES s RZFRNRRNL.

While the invention is directed primarily towards sterilization, it will be understood that it
also provides advantages when used for the less exacting goal of disinfection in
comparison with other methods, for treatment of open and other surfaces, and for
surfaces other than those of medical instruments



10

15

20

25

30

35

as opposed to an exclusive or exhaustive sense; that
is to say, in the sense of "including, but not limted
wo 0007/0BRBEF STATEMENT OF | NVENTI ON Accor di ng tPCEHADR006001113
aspect the present invention provides a nethod for
di sinfecting or ster|I|Z|ng a surface conprising the.
steps of ? nebul i sin %Iutlon conprising a
Unlegsdhe Fontexi gleage rrauiras athsorises throughoubthe deseréiah and thefclaims,
the foRBl'dbnthrigd: d%@nﬁﬁ&hg Cér?cﬁthgfllké he %E%BthFhe'd'?n 4n %Elswe sense

stream said solution including a solvent havi
as PRRASPI B AN RYCIHYVRtort HihAustiNe seneei thakiis o sgenin %'(62)361’136 of
“‘inchitling stk hBdintikk teebul ant to energy of a kind and for a
duration sufficient to vaporize solvent in preference
to sterilizing agent, whereby to increase the
BRIEBISTATEMENTOOFANVENFIGNent in the nebul ant particl es;
(3) renoving solvent vaporized in step 2 fromthe gas
stream at or above atnospheric pressure and, if
Accominggs arfiyst aspadt iegpredeat medntioamrovideskzaheivod (0 Gisirfevting 4)
d i bul ant fromstep 3 for a
ster@%ﬁﬁ@gggg?c%%%rﬂsﬁé[ngég sétrg'lgﬁ (%ge the surface. As herein
(1) nebglisinde seletion Congbisingrat sterifieisg mpbrisn disolpérits fonh d riepulai of
flnelg'dnﬁ‘dc-:d]c jaRieles & itnd &%iloh %rg%flpgs Q? h‘\ %EII%SQOIU%QH n%’ugﬂg g8 s%lvent
r'op

eam A system o ets en
havigg ghewvridgiling paingthenitie %terllrzmemsoﬂ ". In a highly

) Bl @hg % IR FRHer B of Bhéhd dn4GBL é QiaticH dyrfidit & \%B%lhze

areé conducted at at rmsp eric pressure or aoove
solvaglip Brgferencedpirtiging agent QNW%F?ngé'?Pr%edB@ Q@ca@,tractlne of the

ageﬁttlmnelnebuggt @@—ﬁ(ﬂés In the first step a 35% sol uti on of
de solution in water is nebulised, for

dr oge er oxi
 BEREREOBH! VasaiiEoDh slo AHar Rt fmecrenR i algkve diessheri
presseuke_lﬁndzmhemgady ﬁmllh@tlﬁihebaiéhﬂ t6 |b@ﬁ>mﬂif0(;@0éﬂél i on
avin n erage di_aneter
@ pRhifefad e G rbedtopth FEnR ol HATGHE sbieaine
surfddee gas streammay initially be unfi I tered, untreated
air which is drawn fromthe sterilization charrber and
subsequently recirculated by a fan or punp, the air
As hegsino b$erghe tarmi nebulantt tescpbescregets|ofiliquid (i sefirahddigtiepliquid
r I 0
partele) R QRaE el A afe@i o LB Gl B SFevgnoea
in a gaaisianga@Pedtent , whi ch transfers sufficient energy to
the solution particles to vaporize water fromthe
dro ,ol ets. The energ %/ input is controlled to ensurethat
In apige VerRipgsd aRbadiment ofy h&t inkeniionAlidhe sieps preseonficiecalt t o
atmésph8se rassuié @pblﬁiveta%w AEIDE it dnducted using hydrogen peroxide

as the sterilizing agent. In the first step a 35% solution of hydrogen peroxide solution in

water is nebulised, for example, by means of an ultrasonic transducer driven nebulizer

- which entrains particles of solution (“micro-droplets”) having an average diameter of

greater than, for example 2 microns in a gas stream. The gas stream may initially be
unfiltered, untreated air which is drawn from the sterilization chamber and subsequently
recirculated by a fan or pump, the air becoming sterile in the process. In the second step
the micro droplets in the aerosol issuing from the nebuliser are heated, for example, by
passage over a heating element, which transfers sufficient energy to the solutioh
particles to vaporize water from the droplets. The energy input is controlled to ensure
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the boiling point of the peroxide. Consequently water
vapour is flashed off in preference to hydrogen
w@eroxides As a result the hydrogen peroxide PCT/AU2006/001113
concentration in the nebulant mcro droplets increases
to about 60%to 80% whil e tie particles shrink to an
aver age di aneter of |ess tﬁ m cron (preferably
thaj thg gnergy Acyirgd Ry Eheghppletads tnévfﬁqnemtéo raisa the idrapldtiteneparature to

the @b‘ﬁh@ﬁ&ntﬂﬂ!ﬁé p‘ér@&dé @o‘h@éqijeﬁw \9§@P vaﬂé@f“@ flﬁéﬁég &t |ﬁ ref@ence

| lectivel nano- nebul ant

{eggn Q%TBHG%/ NS ARy thr@Hﬁntﬂ?éo%C%‘F?@W&tn fb? nebulant
mlcﬂbmﬁle&tnﬁﬁbédbﬁg ko §bd@ft 86%UbH %D%ﬁ:ﬂﬂle@ﬁ@ﬁﬁh&e@%riﬁﬁ t'8n 8verage

cul a r desiccant, a
SR TSR & PR SRR SgTIRGH vieder Bgvasing
finelyatividedogzetictds in trad aarbselboar ;ﬁi‘cmpbﬁédlléctﬂé@%s‘ﬂéﬁo néMlJlérfF

|
AR D5 BBy B3GR EE SRR e S
pregraise, iqrresampleﬁymsmgré @lebtram ab'eolettLHHrlsievEeddeélaranE)aan'pl e

e A R o RSl o P
atmgsipifeiie prassureovkitledeavingtbetnaro quarticiesdsud micporefaeticledof
con@&“&@éd@&ﬁdeséémfoﬁgﬂ)gagﬁé?gloﬁli'ﬁ {h%§§ sH?Xrﬁ L?E% g&lrf?ce to bF o

sterilized m nut es expo
sterligegh o5 exampiertli e grgdicah thsivement. is theansessdriodhis oam - nebulant in

a stéﬁll%éhdri aRehbét fohh ‘ﬁn’ﬂe%umc@rﬁ st&liRo ﬁ%rs%rfgééreln tp(’éf@rtr@d

le tinme 15 - 20 mnutes), I n each
erni %@Bﬁ@ﬁp@ %@@%eﬁﬁ%facqﬁh%/eéqe?wf@”%dumﬁm@we& eXppeure
time @ﬁw(ﬂyelé tlmetdﬂilmmaﬂltég) aHd ﬁﬁltéd&ﬁ’fblgé%v@ 'beER Q@hﬁz‘e‘a%tﬂ% 10

in % rennval st ep does not
m'“a‘%%sr‘fefé EGQ*BT'? rﬁtg 9 Pyi%bm a8 MREPY. P Gagh srse Fatmospheric
pressaro Thslzllbwsiin Psirameiitdo 86 Recyele@Withidl 20MeinGtee fricludgat | on
ant rom

s preferred that ano- nebu e
pre B g olvboP EERATN refibueh e AR Trigh Bfgoting T may
be deshaitlé erooths nand-eebuant priveidladmidsionao thamstilbaticxdshamber.
but in other enbodi nents the nano-nebul ant may sinply
be vented, or nore preferably is passed through a
It 'S@éﬁf%lr%ﬂtthét the nandaegbutand tremghe chanavepiscretyubedfyain dgathamber to

the H@élﬂi‘ér@%s MidtSha FRs RASHAH mcﬁg%%oe[d‘ala@ Bt B &héﬁ'ee%‘g)%‘alm%nts the

aspec the I nventl on provi Focess accor
nan@mbtﬁ'ﬁmtgmaya%rpelmbem@ﬁeé; of nagre psaiqerfablozes passed thaough a catalytlc or

oth&t Prdc6€£t0TEmBvé tEBRdRIBEN Yi@l%&i@b'ﬁn@r 8 vbRhg! €duction in

m cro-organismload in a mated surface sterlllzatlon
test (as herein defined) or a lunen sterilization test

Accbithghe ektoriedsbegtdie inSe@BAI p?d(%s\@f Brbdds 28cdrhiRY k& Me Tirst
i nventjon consists In

According to.a third a
asn Gt Hestaa caifted Siage " S IR U BHeripdgereduston
in nﬂmomgadsnﬂuammmiadteu I%uffdad&té’nhdéﬂdnd@d (mdremhrrigdd) of e
hav ﬂ (5cent ration, of %rl(re]attegr t han 60

g =R b e et iR e nf 2

According to a third aspect the invention consists in a novel nebulant comprising a
solution of hydrogen peroxide suspended in finely divided form wherein the liquid
particles have concentration of greater than 60 wt% of hydrogen peroxide, and an
average diameter of less than 1.0 micron. Preferably the droplets have an average
diameter of less than 0.8 microns. It will be appreciated that in prior art aerosol systems
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average dianeter of less than 1.0 mcron. Preferably

the droplets have an average di aneter of |ess than 0.8
wo@rons3s It will be appreciated that in priorP@r/av2006/001113

aer osol systensthe peroxide liquid particles have had

a concentration of less thap 35%w of hydrogen

ge nd an average di aneter in excess of 2
the Br?ré’?()éﬁ q“@ﬁ%”'?'@? Bavyeohask# ponsentiation opless then 854 \zteofélydrogen

percbddd andedmetaged arﬁ’étért |h &iBSssidn 2 M crdfs. OB relafio between
reduction in particle arreter

pa”& e%{%‘? ?P‘ﬁ%@}@a@@ﬁ Bﬁ@ﬁ'@'ﬁm YhePsahis rrowma@r ard FO agmall
reduation egsrtinge dibmeteo hrdatip cfeases Qispandidn tBEiIitg as el QY 'IrQ:reasmg

rab ebul ant according to the
the Oh%gg&aspaé%%)gﬁg%gﬁs/%déﬂ’%%&% CYensity (grams of hydrogen
peroxide/litre of aerosol) nuch greater than the
' t just belaw its
DoBERXEFEARR fonaT WAARH e ' BSOS Wy s o
hydiegap aetoyidefitiel plaerosod| rpuqﬁmeatav@ham theqenoddet demslty)bf afapour at
xi de
e PR g Sl o RS
hum dities ("RH') is shown in Table 1. The maX| mum

Indl@e@lKl@l? e rﬂé*nﬂUmQ:fonge"}ﬂ/Paﬁgﬁ QP‘H)/aﬁ‘og\éﬁ @Mty écg}ge? i¢ 0 &er

itre. e concen ratlon er cu

<perﬂ>@?%aer(s&@rﬁ§ ng'g}’)“%?mﬁ?é%@%?ﬂqdé%w Bemigiies §BH")0$ slndnnm in
Tablenvention at 400C is preferably greater than 20

bly greater than 45 ny/liter

at a reI atlve humdity (" RH) of for exarrple above 40%

Alox BT . her i | c pre g F)reoference
rB 8?‘ geafp H%%%“‘i JUREpR "étngd"rt@ a‘%ﬁ'\rb%aﬁﬁuapwmﬂ/hter)
| 60%—tn—hi-ghly_—preferred enbodinents of the
Tehq "’%t”arﬁ /gd/f er at ur ARY t h huﬁ‘?@ﬁ"if arle 80%RH
stideted w‘vh.. . thc ar-ea—-ngdi-cat-ed ac “reduciing a
bici.g-:biji’d’lﬂ byb1QZg 6" lin| 9 thar 91,6\2.” es lin f0gl4
106 ef—at abfdu'] 40% 60 ‘Sh A400C fn26§t | east 1@3
rri-Iittes—Li-t ¥ be—apprebr3tedthat i%hlthe prior 26
aerosol processes the gas streamhas generally had a

The Ridxipiun® GonctBiBStion wif B5% peromdiapmpburpétqgﬁls sﬁusm% RHRE .66 R§/
litre. Gllélgignéeql gt(8n er%ﬁg’?our?rﬁ rﬁggn HV@H?? aﬁrosol of the
inveptiamt 463 larprefgpbl[y@tremerdbarpﬁﬂ) mlgmgerland aomrbpreftralingreatt) than
45 NPT ARARhE hrRIDRALT B By B Bhoy BB o A rgagpetc

Presgye. sol uti on conprising a solute and a solvent; (2)
means for supplying suffici ent energy to the nebul ant

For prefeR@ice #id 48b6! 55@@%3@@ ket al £Adtive ‘ﬂm?uoq)c of ﬁﬁ‘n 5181%\/ %BEA) In
as a vapour, where he Concentrat I on

hlghlﬁé)ﬁj?ré embodiments of the nebulant, the temperature and the humldlty are

selected within the area indicated as “reducing a bio-burden by log 6” in less than 20

minutes in fig 10, eg. at above 40% - 60% at 40°C for at least 14 minutes. It will be

appreciated that in the prior art aerosol processes the gas stream has generally had a

RH of 90 -100%, while in vapour processes the RH is as close to 0% as possible and

generally below 20%
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particles is increased; and (3) neans to separate

sol vent vapour fromthe nebulant after step 3 at
w@eowospdass i c pressure, and if necessary then chPOI/ADRN06/001113

the nebulant to below 7Q0C (4) neans for exposing a

surface to be sterilized tqsthe nebulant fromstep 4.

A ‘?dHPr ef e EIS enbodi nents of "t he apparatus, neans are
cc8 OIS} aR6HE S NSO RrOVidRe AR RPRAIBIYE cempligingsine p
con*(bB)atlbnr ensure that soI vent is vaporised in preference

t tively little of the solute is
M F\')g%’isr @aé)ge"atﬂ?r &9 81" PBL1 FOBtr s sy AVided PARICIB & @ polution
suspebmiedmvaias dhe sdlltnsonipesiag ta@obm Sie4 !;d)l\!/éh@d | S t he

jcal or d i nstr
@) A ey T cPL e b Bhg el i Sre el el = foast
somg af thecsolvent bsirwapar, eheneliyettie sordeatration eblugyih neb@sntmay

partpfes% MoRsbd Agsterilization chanber which is provided
one or nore access ports which nmay be sealed from

(3) mﬁ@SsterSﬁ@@mtﬂ olyent vapoptieane theorebutayt dfter steprdi dtiatmeekpheric
presétid)! laﬁd # ndbSRATA nec ﬁ%ﬁ%rne%laﬁtftg%@%m ge@sset te which

may al so optiona orage contai ner for
(4) 'T‘ﬁ%’ssff"é?’fﬂoﬁ'f'éa S&FfFCFQ:‘lOé’elﬁ*ﬁr [lized foghe e&hulam &GomBtep et hod
of the invention can be conducted under static or
| nam ¢ conditions. The invention will now be npre
" pf Fidsmeadneniz siihe BRRArB S BGANSFare REaYsied fasspptralingrthe
enefggfsap@ieden b@pIDac thépe 81096l A wapBRdEM B%%&?Ttbgp\
rom

d t f f
ana B, YA IEE iifolenBubepiiicue &) how the botling

poi nt of a water/peroxide m xture changes with

In p%?é?%%%@o 'irﬁéhtér’lgf tﬁé ? e gﬁ'& gﬁdg en Sugﬁ? gunr% fggoulgevseteltlg zed is

gas conp
the %theﬁaf @ medlmgwrabntaf instrdrerst} oreﬂkmdipm&mbe oif arﬂﬂéainatrhléy

TG L M STl SRR S e
in a giefiligation Fhayofhes wiulqhss proyidhe mith i |00e di mgresanceds @onts which may be
seal@@ﬁ@ﬂ'tﬁ@ Q&rrcﬂfndﬂ@ l%%bscpﬁére o?"(ﬂb g gfetl z%rd%twnoé%tgpho%tﬁalg

gur e scheé Fagramo
Cha'ﬁ%&ﬂ TPHS? 'G&PS@ﬁsd\rfmhugasa@lé@pmqmgllx Terveas 4 stomgeicontainer for

the Stergue@ aflicleundl iRGRe®I ¢ di agram of a variation of a
third enbodi nent of apparatus according to the

i nvention, being a variation of the second enbodi nent.
The method of the invention can be conducted under static or dynamic conditions.

The invention will now be more particularly described by way of example only with
reference to specific embodiments.
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Figure 7 is a schematic diagram of an enbodi nent of a
novel solvent renoval unit for use in the invention.
wor@anes38 and 8A are schematic di agrans show PQI/AUY®b/001113

packages for use in the invention in vertical
cross-section. Figure 9 is 3 graph show ng how
relative humdity changes & er a disinfection cycle in
one enbodi nent of apparatus according to the invention

BR["E;Cng{f@Cm@»ﬁ@N@pjﬁqgrmV@m@g.ng t he boundary conditions

_of tenperature, exposure tine and relative humdity to
Fig dtis arepredustion phafigus fromi Rt 91,259 whigh ghesh (cutveil) gwahe
boillr trit 6N %@r@@b&%%im%rﬂﬁe&bﬂ SMe¥ntrdtish AXbiRspheric

del'i ver%/ rate, and aerosol flow velocity. Figure 12 is
Pressuiy ath(CYRERIHgWANE GpeqraRpshicop chedféen bi oci dal
Fig@rf2 is agghamnatidBagrinds aditt eMBbiment & appBdiudeREbiimg o the
. wer supply. Figure 13 is a graph showi ng a
'"V%P?ﬂti onshi p between bi ocidal efficacy and peroxide

Figate|3i iy arsgherastiz, dizgrdmrsabwing siebulidet § offigthe2 infh@rardetali4 i s
o 88 Ao 3 e BRo hBSaa0S P s rom e

of fig& oxi de concentration. Fig 15 is a graph show ng how

: =tk Gl ' ' [ ' C i t erature
rioR it & SEn A Aupi SRRk of ShreFIRE AN to the
invesiem of the enbodi ments described with reference to
i P . : X . s
PO & St R AR SRR S D L RhorBr bbaPld
accpgifierta the inESErRn AR\ GFiaREFERREEFOENBOIIOVENTS. A fir st
Figlte &Ti€ b lserkbrRatRAhdrBR or 8h emBEdimaMES r%_el"!oll\)eppr%moval unit for
descri bed in which a solution consisting of 35% of
useqly HiedgeRtidRr oxi de in water as the sol vent, is _
Figire®8laha 84 dré seicpiatic laghis sHovinghdvBEpd Ryt QARe iY¥heh
. rtgference Eo flg % there is shown apparatus conprising
Inventiap I Medical CIoRS-89FUPR- seal ed from the at mosphere and is
Figyre Qvé d gehphi shibwingehow rellmv&hlﬂﬁiditwa&ﬂaag%d@wéi a c%n{f%&ioﬁ feycle in
ot her. openings (not illustrated in figure y neans
oneo%mf%% ghapgaﬂrétgf 8°¢% 'T%togﬁ%\ni"?ri‘tygd 2 can be placed
Figurat10 ic# diageam Shovihgitilediouddang crditionsl ettewipelatire gagosure time
a“d?g'%ﬁ‘%ﬁ]dgﬁ“ﬁ,@’stt°%ﬂi“ ?ﬁeﬁm it port 4. Desirably chanber

atically cgn rolled, at for exanple 450C,
Figuig 1idsd graph shoyinglegelationshipeeiwéan tionidal efficasyt parbeid@ delivery

rate2BH aQbsd ol NVRIERY).| Y i nsul at ed.

Figure 12 is a graph showing a relationship between biocidal efficacy and peroxide

delivery rate, and nebuliser power supply.

Figure 13 is a graph showing a relationship between biocidal efficacy and peroxide
delivery rate, and nebuliser duty cycle.

Figure 14 is a graph showing a relationship between biocidal efficacy and peroxide
delivery rate, and initial peroxide concentration.

Fig 15 is a graph showing how particle size distribution changes with temperature during
step (2) of the method of the invention.

In each of the embodiments described with reference to figures 2-8, parts corresponding
in function to parts shown in fig 2 are identified with the same numerals.
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Chanber 1 can be selectively connected with a
nebuliser circuit, a drying circuit, or a catalytic

wae®touwass on circuit as her ei nafter descri bed. P¢TYAUR®6/001113

enbodi ment of figure 2 a "nebuliser circuit” includes
a nebuliser 5 having a gas s streaminlet 6, aliquid
|nIet 7 and a nebulant outlet 8. In the present
i ; ‘ Yd=; AENT$+ r asoni ¢ nebul i ser
|ncorporat|ng an uItrasonlc transducer having a
resonant frequency o 4 MHz drjven by conventiona
A firsg grefersad @mbedimentyor (hﬁedreveinmwﬂlrb&td@awbsﬁdn Waichgyselution
cons%ﬁ%ﬁw%w NydiSsehr Jehsehic s hatenab tey soNenk is Rébulised ih §&pI1)
wever ot her neans for nebulisation may be
for ugsim tBg Byenti@®bul i ser 5 is adapted to receive a liquid
sterilant solution 9 (in this exanple 35% hydrogen
.. peroxide jn_yater oma reservoir. 10 via a feed line
witnfefefafcs fufiha 1l spend S ebuniie AP R o ol Rt fifpul8died
fromlthejatntbspindretand is progasd witir @anor rsord seslablevdoarsf portsl@ ofrest
Line 14 t tre Ie N
opentig o iiETpEEe F LS Al Ofls Hiom g T po g 22an
be plsited intacttantbel dd Qhamberbusmwmde@ thi‘ea bamgirebnliniet pert 3804 exit
0 I t S
port §0 Db Alanfbedh AORBRIAEL Ao BolR B toPOIdIL4SB5 0y
means$ of a jaoked pe thetlike inai dbsiratedr al/ geisdhermedy isulatedos ol of
finely divided particles (droplets) of 35% hydrogen
per oxi de sol ution suspended as a mst in the air
Chamgberehpgh iheelegively ganngiciegwiitra gbulises sirguils asiryipggreuit, or a
catagﬁé gsQluclidpbreLRBs heinafidi@icBeiiedl zer outlet is
esirably in the range of 2-10 microns. The aeroso
fromnebuliser outlet 8 is fan driven via line 15 to

In the lRén Ho?ilniﬁnt &ﬁﬁg@fre 2 ta E@éﬂuﬁger @frct:lhle Rl ug;@ baatagﬁrseﬁf_i' hﬁ&r{gé@ gas
an, et. e prese i men eat er.
suedtp sty § indd et ndi e el SuRE R P AR eset PSP o

nebligat 5 i&ganajltﬁmntcme()mlsbr intdrperiating adiltrabosetravsducpr havingat

IS .adjusted.i spons N [ :
eso AL B B o Barb PR SR B Ay
and sansrersticulzdy described Hereinafiérntwithgettodigs 3, Auhliodeyer other means
- as w1l be hereinafter discussed.
forn%@ﬂ‘lfs%g&n@%m;g% IO(ﬁlovvs t hrough heater 17 conditions
(flowrate, contact tine, tenperature) are controlled

Nebél 3" had ad%ré:ﬂr to Qe‘!é%@%@“q%ﬁl Jidr ARt SBEHAES 08 Bhis BRI HIEBER,

oxi de 1 n the droplets beconmes concentrated.
hydrAQ%‘bWrﬁé'd%VbW%F@@ fioRY feserois il Miacpefepd ia 41 fnslugigg awalve 12

commuﬁfcgﬂwgﬁﬂ% ﬁékﬁﬁl@éréﬁablhi if& 7bel %é’! reBrits @Fl@élﬁwa tdmat3 drdl lhe 14
m.cro droplets in t

l‘g[as stream eCﬁ"r‘r%I nano

to Qasr%{ﬁé‘ﬂh'ﬁiet gobpeRuiser Stderdnahbylposiie BIESpUPoX] HE Preyent
exahpie stritdn® 9 el rieBLIliseRF viagiae me is/4) 381 %olutionof IBydrogen peroxide
in water and the gas stream admitted to inlet 6 via fan 13 and line 14 is air. In operation

nebuliser 5 generates an aerosol of finely divided particles (droplets) of 35% hydrogen
peroxide solution suspended as a mist in the air stream. The average diameter of
droplets of the aerosol (nebulant) at the nebulizer outlet is desirably in the range of 2-10
microns.
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The gas stream emanating from heater 17 at outlet 18

containing smaller droplets of nore concentrated
w@eoooxi14ss | i qui d, and al so contai ning water vapoOIfAU2006/001113

driven fromthe droplets, is directed from heater

outlet 18 via line 19 to th inlet 20 of sol vent

renoval device 2 1. In the gresent exanpl e the water
Theraatesphfromagbulisepoutief 8 isfar diiventvialing 16 intthe Inlaivd 6 of a heater or
hea‘l’@%’éﬁgéﬂ?@%@ g%%@g@tr’l@ I'nstré Bl’é@gﬁ%n%é)d%éﬁ rhe%?erﬁ? consists of

I qui d” anal I sposal . The co
oneea(amﬁsﬁ ESTaNG Plﬁitécaé r@ﬁtaﬁC@ hegiing demerys fedh |l||§%téat@®dvh0ﬁg

enek Ui Qd]&sté&ﬁtﬂ%oﬁéepﬂ@ s‘id}ﬁls‘?@nﬁivéﬁcﬁ‘:@ sbheym thé?rﬁplgs

ate rature bel ow referably

temB@waMP 58 é'ewca’fe BB Fher@ﬁmnd%aﬁ% Sensers; vam gpnsors

or NG\ Bs WRINBMidreifdfteAHRDSRBE! A t@r%ﬁ&léh?ﬂd%&hhﬁgh heater 17
e CO as er

conggEs SbBIStorriaiagh Sne; PEBRAHOR 4508 GIPH 4o b water evaporates

fronn &feCaenesall bartitles reid l&he{j [ﬁﬂmm\ﬂié @rbpremdbmé B6fehiratet OAlso
L . {
oo 9 PR A5 e W 0o

micfst that ik éo say; theomicmi dilepl @8 irothe fyas stt&arh beb@me panior-aebuared
0 I o
crobygls” 188 gBFNGRGH orpercER e bR HoplBhEhal BERHRE p-s0% o
moligydr ogen per oxi de concentration, particle density, and
| evel of noisture reduction. These | evel s are
di scussed hereinafter. Once the desired gas stream
ThecgrvciiRemMANBIatinaECD denten thateuiiet 1dcantaining Bupller |dmj>le’fs of

mor‘é‘ Joﬁb%ﬁtratéd}?er&n&‘é lidulc? | h:ﬁ’cﬂal%‘ é&ﬂ%ﬁhmbﬁva@érq}é%ﬂr dPi0er 18 the -
GHGUISIn circuit IS to sa val ves 24

droplgtsr 'éé’é’?d% frgm fteatea Pyist t18t\'ﬁémﬁ|18vtp thei iplehed ?th@'VﬁB‘i remgya

devl’o;éfmvﬁi thd ?b@s@ﬁt ekarhpler tﬁéTWQtét' Féh‘iovaﬁdé\ﬁbe@flsls |arHo%Ittra% iRfvhich
erilizati

watd} Hpopt E So0esSH BRLE ot Ui £2 fo i GRavHS Rtflspogals
Theoedld ®4p thay Sopdaalt, utlize araitivr datito aMhtéWech@hngu'Dﬁd iR¥bulant

issu&?gf%rﬁ fejc_t)ﬁqraa?iwn}B%Rl%g% %ﬂ]l anntgm%%{é&zetoggéleb Iq!éé ﬂ—ﬁ pre‘?erably
at bafow adoait 25°Co Himvestre piher meansidsfopweter oasduy resha@eat | n

atm%EgﬂgPlE g n%ss%qn% e %@gﬁ%}g lfc‘?r%ﬁé g‘qf/’m ftr%nﬁ @sthg%lr?atﬁ Q&%

er w now e ng
recirculated by fan 3 via the nebuliser 5 heater 17

Th@%@ éﬁ%%ﬁr OB AindBRMEnG-ndbulddt ahﬁ a Jga’&i:,reh%ert\@?&ﬂt e

eartlcebeln sterillze erature
congiMEation @Eits uagr removﬂéiewg%aﬂ ghoutlek 23 arﬁ@lsmt@lw directed wia

val\ﬂa%\Q4C§5 3nc§-b3t)p%s§tm@26 RIS R ?d@fzs e ABBMredreliGted

he case if a cold trap is not used for

whi
thrq(}dah @Fblﬂ'@ﬁb%eﬁtef dhan¢walenramayal devaqe 1suniibihe gag elpram reaches

a d&BRA hydroge® peroRiad bé\ﬂ:ehﬂﬁﬁloﬂe;béﬂlééﬁelﬁ)f ty Odindt 18ved BE histufe

steriljzat| o chap he requi red. The nebul ant
red%?“bkh?%ecfe\’ ?‘ﬁ%d'l?&fvi"ﬁeérl l'i zation chanber 1 in

‘on-|ine node" as
Once the desired gas stream concentration has been achieved in the nebulizing circuit,
the sterilizing chamber is brought on line with the nebulising circuit. That is to say valves
24 is reset so as to divert the flow exiting the moisture removal device 21 from outlet 23
to gas inlet 3 of sterilization chamber 1 and valve 25 is then or simultaneously reset so
that sterilization chamber gas outlet 4 is placed in communication with the suction side 4
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descri bed above for a period sufficient to achieve
sterilization, or after a short tinme sufficient to
whiodi144ps a desired concentration in the chanbeeT/AUb®6/001113
chanber containing the nebulant may be isolated for a
period, by redirecting valves 24, 25 to re-establish
the nebuliser circuit in b}jpass node, | eaving the
of farhtiviBypassdined istherehy isplatet (Ghambee d ls/rmmulﬁemmb mode

Assﬁﬁ%n@%ﬂ ég’%lé 9'?? Eg s@ﬂ% %@m i us'lwvl\na?eglﬂré ghqngﬁe Ieinpl\}léef y

cham@pmiedfrpm thﬁeetmwemtﬂielcsamaerewl nod de fllisired with nebulant
belr@rrégﬁil%l'téﬂ W@g%e\ﬁé fﬁgﬂeb(ﬁfsg% P@%@SI n?r? teFrl%Bnrovglane(:e{n%rbt1 It

to achi eve €SI T €( evel
is imogtant toyets 1hat if brariste beingvetgrilisad is tﬁmoe@ttye sensitiveeand if the

nebf}_lahtseﬂfﬁﬁg v@erafﬁmo@e“ QevibS b NG A astgl’ﬂﬁél%{tfe Fféﬂoog 88&[' %Wd ﬂ/vhlch

I NVOIl VI N raMAn In alr via
may, ke ‘B? %ﬁé cgfd ff?@d% Bpt used fof ptey| r?@evalh gnd eertpiniy if it h?eabove

70°Cli édrisea7t foflcsolihg tehebMahtSsFRY & SHIY) 16 Sfekifddfbn H%n‘?’&e% $nay be
condensati on of peroxide condensation fromth

FeAWSPf ace. Alternativel y, drying can be achi eved
utilizing elenments of the nebulizer circuit by

The%'e[sﬁlghﬁar%%%% o C%ﬁg}f@hmgl ligtpogfﬁlgggiagla Ellr %'-KQ%%%%%: as
des@iped gbevenfyy atpedodalifidiert &r adhievAfsteilization adriagtbpg blﬁ&rt/tlme

s B16k 1 KIES SgES 45 Dy SBATRE el 5 e
nengwemay beiselatedlifor aperiad, by pdfretttlng evapesasg (R5eo naysthiglish the
neb@i@@ titcef |ﬁ/ E)yapésrél n%de?’ @a\gﬂ% 'iﬁecéh%%alep ee}l (&? éreéﬁ\élrrﬁgg

return val ve
volupe %ﬂdtf‘@ﬁc?iﬁ'ieaszn a@wpmﬁo@lﬁam elsolatedtnmlef foris Iperigpl, -or thier

chatﬁﬂértnﬁ@ﬁbé §\9|mhgé$ep5éﬂﬁ\}ew bedREdn Gh-RR ABadLid %glgl%ﬁ\‘rﬁo%eg for
to a catalyti'c destruction unit
pre"@%&'ﬁ‘ﬁ]e g R5EPYXi de is converted into water and oxygen
and thus any residual hydrogen peroxide is rendered
osal in the environnent. The

TR R C O R T
chamleai T ey att ioto dr;hmgaujmglt:re Tines raay beé M&Hlﬁ\/&?@h@{atééba@té Jirylng

i scaonpl ete. c,. destruction
cre R BT AV (o ke T e paer 37, and
dlretmag vaeomeajmﬂecaedjsurfme thenevplaay eshidual mvisiure Ehdensation of
pero%ﬁlg%ﬁﬁ&éi%gtﬁMm tHa éﬁ?‘fgcé hﬁlg%ri%lve&]a%mﬁ g%l)( B% ﬁ?l%%\{%pg{ﬂngir?g

stream i1 s recircul
elemeiits qféinm nebudizeraivouithy girgllating drg sy amnnougu thel heshier 07 - water

rem&lfapﬁrlnﬁiﬁ 228 chi@ber 1hﬁr§@5?€§§?ﬁe@' Bb%ew a‘@ eé)g%%\gﬂ After

onpri seé nano partic reviod
a saﬁga???'&/ﬂ%"ebpfcﬁﬂ”ﬁ% is gnhievendhe vharalps lqaldaGGdNnehnswte thné bibcide

dispBE BiF RHS IPGELYantifE HRBaferct Sy mpggogflvev\?éfﬁruré/ RBYBE abRitted
ki g enoved will al so become progr

via inlet 36, directed into chamber 1 via non retum valve 31 at chamber gas inlet port 3

and used to flush peroxide from chamber 1, the flushing - air emitted from gas outlet port

4 being directed via a valve 38 to a catalytic destruction unit 39 where for example

peroxide is converted into water and oxygen and thus any residual hydrogen peroxide is

rendered suitable for harmless disposal in the environment. The catalytic destruction

circuit may involve recirculation through the catalytic converter till destruction is
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The invention will now be further described by way of
exanple only with reference to specific exanples.
WOEBCRIART3 ON OF PREFERRED EMBODI MENTS OF THE | NVEAURGOBI001113
A first enbodi ment of a nebulizer for use in the
apparatus of fig 2 wll novlvgbe descri bed schematically
wth reference to figure 3, "wherein parts having a
complpie Paﬁlyéeﬁ?%wﬁwupf?rgrdtqsep aeroxide fs welbkrverand any suitable

meth6@ Bt ddpafuddan eempBfedlUmeral s. Figure 3 shows a
nebul i zer indicated generally at 5 and conprising a

chanber defined by nebulizer walls 51, 52, floor 53,
It witlive uﬁh&ér’stoﬂl tﬁi\‘frn r:’r’seélﬁé shdibfts e@d*’daﬂfr@ Bife. VX?é {he‘rgas 'stre\ﬁrh i

ant | erces .. Bo
recicyl> g%d“ anep ﬂ%ﬂlﬁrg ﬁf‘tebﬁfhﬁ Seblizerandeatrging f@ﬁhlrr amaaat% Bicro -
dropléte sul iz theesticbanT exitihg thé ﬁéﬁwferaﬁlﬂcmrse rhaﬁb @‘éﬁrbl@@ i8R

pre s AT Y Pt DR it e P i gl A
progressivebl dectedse. Thaaswunteof walerivapaue t@b@inyovesawilt S bdcome

i g ans to floor 53. A preferred transducer is
pro%&!%%%rg%ﬁl |y avail able from APC I nternational Ltd

which is a 2.4 MHz crystal/stainless steel faced

\ 1
TRABSH ol ANl PSS T s
SPegiig exagiiPshavi ng an expected |ife of about 10,000 hrs

use. Utrasonic transducer 55 is driven by a suitable
d |ver circuit and enerorzed b a surtable power
PION OF PREEFRRER EVR Y

detector is used to nnnrtor the transducer ul t rasound
whi ch can be used as a

ut,.andg pro nal
A BB o PebAIGPARo< D MaoAHPPERS HochulHonian depcrbed
schérhaticallyt W|ﬂS?ferénder tamg ?ﬂﬁ@? Whter'Ehﬂﬁ“:ﬁtsQiat@i% raqﬂhcﬁloﬁ 'cbﬁéﬂfpbﬁdrng
e. ven e ar SUr nica
o ol B8 R e e b B A e e Henas pasBiier
lndlttat@rmrewdaly abBdng eomprﬁsrmg)a chanest defmed! b’yﬁ%ﬁhﬂf aRlles s 52,

ﬂoo'f% Ehd‘g? H%?r om ?%Seltnpe ra s %elc‘,sg'\lat" ?YVB "T B%%‘H?'?tﬁéﬂ?tgrpd%rf’es

Wa”@?o @IO@‘ttbe broindt@nd geluiant autte drificestane sr&lateograéar #ier BT end of
the mer A% Rby @e&ﬁglbc@ﬂ flt%@l i Sﬁnne’&%ﬂ{ Q oF a%led gpsses

solution to own as and
(not sheawm | te fasiitate pernestion te the gircuiich piendetetricivansduce 55 is

remb\reﬂbw rﬂotfrﬁ&ﬂbypﬁﬁltable mddng4s flodt 5§ h Q\Vﬁe@rrég frgﬂ%hu@gﬂgg' ment

nebu] | Zer wherein parts havin
°°mEk?f?aé'§&8ﬁ'!ﬂbr?g‘f% ARSr 'P?”?%HO'F@' @f@raﬁren%ﬁﬂ\wzr eriistalistainiess
steebfab®d trﬁahm[r@éri‘prodeil@g Qﬂ@ibl latAQEath rith @f éprgkfééérc%gfr I'aﬁim)perable

t t
at 4%‘?‘? é’o‘y ?’HH% Wt %“dd“ai'%gsalz‘ eXé?@g%@‘\é I@f 2w 1P 9RO hrsoise.

Ultra{'sﬁnrctr’aesdimarbﬂiﬂ?rs\ml/érﬁb)bﬁ Blﬂl@b%{bﬁﬁ@rdcn[%gﬁléﬁd ehérngBéi By a suitable
ot her ultras

poui SRE ELiuf PRbPmB0 oL Pedfe s debeinisaiteg ta pagisting
transducer ultrasound output and provides a signal which can be used as a feedback
control signal to control the operation of the ultrasonic transducer. These electronic
circuits are conventional in the art. A frustroconical baffle 58 is mounted from ceiling 54
above the ultrasonic transducer and serves to direct any larger droplets falling back into
the liquid to do so radially outwardly from the transducer while preventing larger droplets

from being entrained in the air gas stream entering at 6 and exiting at 8. Hydrogen
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transducer 55 and a nenbrane 59 nounted to inner floor
58. A second enbodi nent of apparatus for conducting
wo b@7/e4Bod of the invention is shown in fig 5Srpe@ivaU2ion/001113
parts corresponding in function to parts shown in fig
2 are identified with the §gme nunmeral s. The circuit
of figb5bis simlar to that”“of fig 2, but units are
pere igarie by netytirrdtissbpen ian 56 and ewy vertexamhle bei injectiet in a

pre@éi&hitedMdsB vRIRuid B8k Port hUS, 1n the enbodi ment of
fig 5, one or nore fans 13 drive a recircul ati ng gas

streamin a mani fold 40. Each of Nebuli zer 5 sol vent

Figutaaashbws brsgcdmeun%odwent%@b\ﬁemluzéﬁzﬂ%ﬂéun g“%k}fn
and opt i onal COO can

eri|l
corBaPTgRg AR PatF 1013 A e Mtﬁeﬁﬁmgaymﬁﬁlssemee“@)?uwer B fig
4 differsifoml tHat40 figure 3dathab® id ﬁr@blaé&\dutwﬁéudlé \naleaynﬁé@wé%m 52,

al |
o AObE e, AT 8o el B Lot gt L edpgiment o
waterdtmﬂvai otloeri wtragoanoamhsnh@atdreﬂundleoha@ nsaemtalfaéd béélv\)é@h GivaSaHR
ot ig or it is
tran%%lgcseﬁgff éﬁl?gﬂ%g'{/béérﬁee ul ,Og'if an'ﬂ?ﬁfe}ks’gr Ir remover 2 1
isolated and to circulate a gas streamthrough t he

A seﬂ:%ﬁ@l 8fpddi m@ﬂldof%??%ﬁfé far éoﬂﬁutqﬁémvagtﬁ @of tﬁ% Tni/%{g%{n% shown

hrough heate vapour r
in flgjﬁwhﬁ@lrpleﬁrkscf@érgsmwgon fwnctlcm towdiarts shewruindigr2sire aténtifieat with

the SAME Rurh&Y8IsAPRAE AW BF flé‘?ﬁg éfl’ﬁﬁad'lfoc'ﬁ]afgf fﬁ J, %Ef l{n‘l‘tg la?é ! ng <o

or aerosol streamth
'“degén%ﬁ"i“bﬁ%@%ahledﬁ BRfiesswit b cisayit andor mtlanmeeumas s hovvn
for exanple in fig 6, wherein units performng the
urh?tlon aLfe identified wth the same nuneral s as
eyt Grii S

Thu% ﬁ TER J1ore fang 13 diive g refirsyatingdyas stream in
a mmtcramarﬁamﬁ oﬂﬁbbﬂ;:izér? s'é{vehtlﬂal pSUrRGRy He'é%r?rgrébﬁféhf %\%?Ht?aupe
V\/ltteseljz i on chanber off stream
rembf LE. el b b g5 etof ool 2ecrodmcarednd
line ( ﬂ_rﬂ’ple t@asay ie serdes) mﬂtblmalﬂbldWOdah@ﬁrbégmété& b@l‘healﬂdvd\@ser
achi eyed, t
kBB SV hRCIRIP, RECRuRILBISH ot Salg Loolls, -
solvept|remeya gniba! amtichrastbmod in Iaettesumwblondasﬁthegrrhmrﬁwit Rdimilar

to thtéuggs e elslt B %‘Z-‘BIQ &@ﬁ%u?%ﬁ’%na %%é %rﬁéleﬁgz lsola?ed and
to cigcylsde %\aes %trqam ravghthmbeeaiel 17, arurchamaerm fof erymgtpurposes,

and/BEMHRIGR Peatdt 1 NINEVapRl Mtbval GHR48br &r@ﬂgghrpggec ue(r] 155 ' §h

qui ckl'y than sol vent vapori sation ough
step 4 cannot commence until sufficient solvent vapour

It wilhiss urﬁt&@é’toécﬁtﬁﬁt\/ﬁﬁbe thé a%érbtug%v!dﬁ}g§ [ Godeki }ﬂatihg gas or

rovided with sensors for
aem?@r??{&?’ﬁ?*ﬁﬁ der (?fg%%m'@ M3y e e erged ma@aer sealiendese For
exanmple; adi shywn mreaamﬁle iV &@GU\K/hé‘r@mQﬂrﬂé béﬁdrlﬂfhg HREE M ﬁ'ﬁctlon are

ters and
|den{|fl~I gl{mtg\ A@ogacn%eg Fuﬁn%teraps asaf% 5, ?he solvent renlo %;Iaum 2% is disposed

upstream of nebuliser 5, but since the aerosol can be recirculated with the sterilization

chamber off stream until a desired nano-particle solution concentration, temperature,
aerosol peroxide concentration and water vapour reduction have been achieved, the
same results can be achieved as with the arrangement of Fig 2. It will also be
understood that in conducting the method the steps need not be performed sequentially
and at least steps (1), (2), and (3) may be performed substantially simultaneously, or in
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i nclude automatic feedback and control circuits It
Wi || be understood that the apparatus can be varied in
wWorwy/onays W t hout departing fromthe inventi oPChaD2i06/001113
di scl osed. In the enbodi nents descri bed above the
sterillizing agent was a sokﬁtion of hydrogen peroxide
.and was a 35 wt % sol ution wat er which acted as the
a diffigrentsrauentrealipagiesqivant ssinamaheaningt oasgemaietquigklyrtban selvent
va cbrrsa’tf@{ &dcursV\BhE L de
P | s at aboveéli@%b%gctegﬁ %a?uﬂ%t?pﬁ‘ﬂbélr%e u¥@sgﬁ'§%np%1\%ﬂ
Vap%lhééﬁ?e'&@modeﬁ'or exanpl e be an aqueous or non aqueous
al cohol chosen in conmbination with the sterilizing
Itwi@ﬁent to b(g f@d The addition to water of ethyl
¢ Jhdsrstrad thef e appaatus At fos &6 B RSRTaYdSNite BSOS
tempdnetutu)lpkesalgrep@wcnlah@f spded, ﬁéllitV@hbmmﬁ pehdx§icap Bhresht he
eratures than
condiflifior BeBfidp LT 85 subrtgrEnd sRER s seraromiciserokiese may
lnCIUdE@@tqanIC(ﬁe@QQMandvmnlrdl dreuviequal | y beneficial. The use
of azeotropes to facilitate the renoval of solvent
fromthe nebul ant solution particles is within the
It wilslee) pedagstoedhibat the @pparetus cah besader/ingeang dvayh alithbutrdep QiiRg
fromqh@mvg%nq@%,@glgagé@ sol vents or a conbination of
suitabl e sol vents could be enployed. In the case of
hydrogen peroxi de, as the water flashes off, the

In the @RbRAIcAld RRciMedldbBve Erférétéﬁhéhg %g@&%nv Ot ﬁ{tlgﬁ%? S

35% per oxi de solution 1Is use on the
hydrogery RErOPER RAHYaSR B2 WiterReluienin wajerwticinagted as/ thesglvent. The

preferr%ﬁmoaﬂenﬁheﬁge With per&a¥@isavAaN SORLF Bdilk 301 (ﬂf Cf\/\?hr le %?%Béﬁ

eroiglgél o Th|1$‘ithe advant age that t start
peroxide Bpist abg 2P aimAsPhICHTPSRIS, Tarsopnt eavi for example
be ac anosnis roahomaqmw é&oﬁkbl fchBé]antlh CobRERTHSwithtHe Ei&ﬁﬁzmg agent

d to handl e t
o e B Shah D5 ABuDLBORE R o 5 b yhic
lowersettie deiting pdn&t aﬁthersmlmbarhcatmts frables @fheasatemonfeefl@éhéa’doff at
lowePfgprﬁJ%mts%alﬁEWd otﬁ%mesq dl amﬁLen Ii’Be id ?cﬁfcgfﬁﬂwefﬁéeotroplc

mor e era
agengsywpyld balenuajlyé)esefml r'[élEuJSeS)f Brediropes i fﬁllﬁﬂb&he removal of

solve?HﬁQr%Qﬁé RSk BollesH |529f| % %\{ﬁhﬁwlthg% 83 r O\é;n %r? ée}s

1 gn ficant 1 ncrease In
e“"'%i‘ﬂ@@’fha&fﬂﬂ sphe piaciden ngh agernsie rspivamts ons cmﬁbmatlon of suitable

solvénté}éﬂuﬂﬁﬁ@émb@i{éd per litre of nebulant. The inventors
bel i eve that there may be a higher concentration of

peroxi de nol ecul es at the gas/liquid interface in

In thé meafrhamg@ﬁpérbﬁb@ SstthalWaRes f4dhes bff, e E6teRRidnr 8t
ons of wer or reater Concent ration than 35%

Ste”"c?%‘ﬁ a@S”UE‘EBané <J:\f &P PRI IReOkEPAIS usAdindhe Bvprtian the micro
neburaasaﬂtars*.hehman@emwet& aam@l réldhé\}%l beeps QUPRYS S LBNdHGation of

for e%g%ﬁl'é E& F %% ‘lff\% s gvan\{vege th& ’chéNI sttagms (r)r!altjetr:acl)cr:]asn t?e handled
relatively safely, that concentration occurs during the process and that thereafter there is
no further need to handle the peroxide. Also, the average particle size is greatly
reduced, the micro nebulant particles in preferred embodiments having a mean diameter
of less than 1 micron, more preferably less than 0.1 micron. The small particle size
results in a very stable suspension with negligible settling out, provides a significant
increase in the liquid /gas interfacial area, and in very high concentrations of liquid
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taken to achieve a satisfactory result with mated or

occl uded surfaces was | ess than optinmumw th peroxide
weonweon4sat i ons bel ow 30 % and handl i ng i ssueRCT/apadob/001113

in a preference for concentrations of below 35% While

preferred enbodi nents desc;?bed have enpl oyed aqueous

sol utions of hydrogen peroXide as the sterilizing

sterigyd Rer "t'é.eocrflﬂepwﬁ@t Blﬂe bV ensers pelieygithrishera thaydreoxlyigher
con@&ﬁ@ﬂ%éﬁp&@ﬂd@ﬁo%@@b@éﬁﬁ’e gss/ikeild m%?faéé), B%%ngfpanlcles

X qplexes (incl uding non wat er so
fha'f;’ g gic gucropagiclpsniSeubins,i frlayer osiaeraten conprytragemihen 35%
can (bbhﬁéd &8 arﬂstamﬁigmﬁbt@ﬁél B excHI8Rt riguIdFRde b@eﬁ Slﬁamed with

hdnvent on, r]lg out limtation
valogue Bhedlde SO oo % oot el anuith Seiataia 40y but the time
takendonachiewtsa aatisfaxtdre reskin ayn rrbltém:brdﬁﬁludé&! Ml'fa%B@WQQ Ids8ttfain

: i t h t t fo.
optii I ifh roRh K R8s Bk b mrs cebiiauss e Serme e
preferehog fon nomaentrlamorproébelowed"/oe nbbile prsiénjeddhisddiménts tesoiped

v S 504 05 DA 5 8 TR 0t
solufieny ef othes ipgreixides and Par@mamrawndé cqm bé emplegedabadi axnt s
solu@ibnd &%e%d?&%@ﬁ%p%&eﬂf&?ucﬁ{ g 1o d@t% ﬂfbe M?ﬁﬁfe% grggamf:h o

require a source o alr
solvenisk Stsriang aoans ethebthan aevoxides mew risodedised iy ﬂ)mlnvleetlon

mcltﬁi@r WItHollﬁﬁmi@éﬂloﬁ fh@f&’%%hpo@{b@ Sieolid | btlﬁ‘ﬁ dJndyHall gn phenolic

culatin i n use. However,
Comﬁg |6@dfq’thqr%p%\an Riorides with aBETOEHﬁP@V@'Ge offsaiveghs st r eam
is not necessarily air, and could for exanple be an
en, or argon; or could be

. o .

The'&?g%%ﬁ a?f%ﬁeg%%fasf?&lr']%'fﬁselﬁfwnt(ﬁé%.har@ N BRropide imagpous

solutiersiarthdo pekfariedhent tm‘deﬁ@m)amdmarewmgdzm tg@ sb%anaﬂg B}tﬂﬁe?f
erst oo a

ne et LERARAS ' BB i ok o ) SRR e 12
signifieéntladyantsge gfi peefortadembodimeants of tlhé&lﬁ\&,ntl@ndveﬁs pabr dri 8t they

I T
Ste“l@eﬁbmﬂqf&é?e serligation Cdirambarg endisteriizedr whife reeissilatiha it nriuﬁhe
HowBl & B BReréish, 595, icRR&GLE E?Q&}fd l)g éﬁm o&?@ 'I%eraa% 888 i %ot

described 1n r co-pendi ng
necgsperity Augmdmgt!ﬁéyr exgirald b-.erarpaertt ga$ e@crwmlﬂmeobomrgmu oby

could BE lodgendbrazeny f act ant for exanple an al cohol, in the
sterilant solution when using ultrasonic nebul i zat i on.
It is not necessary for an ultrasonic nebuliser to be

Althdugh m@rmt/emmuﬁab)bearm edcAbdd WitiEretEn &S %@biﬁfzaﬁo% R mEAKS of
an “hn ention .t eanth ser is swtched on and

S?S?”'%E? Yhizere s wilthe ynderstapddpat |°Fheémﬁan§)‘°rt5@PW§aﬂqmn¢lb¢lng
spragx aetmlebulabm,upnezﬁele@wmua@&r ami Buttelike HABURRSENeFRhg MRY

| an op,a continuous or
dev@e%gé?}%%@ﬁlg?t %SIraEly tRe suspende dropletsnlssumg from the nebuliser

have an average diameter of less than 10 microns and more preferably less than 5
microns. As described in our co-pending application (PCT/AU99/00505), smaller
particles can be obtained by including a surfactant for example an alcohol, in the

sterilant solution when using ultrasonic nebulization.. It is not necessary for an ultrasonic
nebuliser to be run continuously and in preferred embodiments of the invention the
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froma bulk supply, e.g. while maintaining a
predetermned liquid level in the nebuliser, or nmay be
w@e@viogaas with a single shot dosing system f or PErRADRI6/001113
a cartridge providing sufficient solution for one or a
plurality of sterilization ?ycles Al ternatively, a
sterilant solution may be OV|ded pre-packed in a

nebglises i switghed on Aeg) ofb eyqbpail&e(er atriregulardetpivels) heibarirder example

aboliN20 sdcBRISpRITHhEtel S i N contact with the ultrasonic
transducer of the nebuliser. In this case neans are

provided for piercing the capsule so that it is able
Thetrizbulle ﬁ&@ beligd &Mh BfetiRAt @futien BR Qlﬂoﬁmuoue Br ﬁ\ﬂégh feht basis

fro n‘g@ lﬂ the sterile solution my provi In a

L3 Bt gl oiEiEiERg = Ripdet R apio R e nebuiser, or
mayslcaprioeided aithe siyss gics Gdsn\g @siéﬂﬂioﬁ@ké?nrﬁéb%ﬁﬁhd(}ﬂa 6r9\'i|§]’iH§lh
stk SO 0 S5 A e RS o
solu:tlgn ey baqhnmwdadqo're{packdden atcapsuld whith may(bbfméb‘eﬂ in &médaé)ted

v B9 et e TABLAE T ch Ao NI Bl IR Rl P e
In trg@mjse@meqm@rg pioyigiet fcﬁrrpamu:uhd@eaaapsm@ko hat It iscdbdsto relBagdide

soluﬁHPQQ!a 'ﬁ@ﬂ&lar‘?teﬁfﬁ LhARS %{r}‘ﬁﬁoﬁmﬁe‘?\ft ﬁ{ees@&rﬁe §8ud on%a%e growdeélc' in a

achi eved by passi ng over
capsidahavieg an @?ﬁ&*ﬁ'f&"tr%ﬁﬂlé trangglyicérerdapted ¢o he en¢rgisadlvia contacts

extdh@ﬁhb iteugl ﬁ@%@bsulé Ral Hlﬁérp@lek?:ﬁbsdpﬁ n#éeﬂfb& ﬁpthIa?leB@{sgg ¢

elements or the like. In such cases era
and heat exchange characteristics of the heatlng

AfteEtRITBIYN i @b%t&ﬁ pﬁ&gﬂt@ §<ﬁm|‘éklbﬁ‘ td A8 sBRfizdiloR Wh@hBer, the
he aerosol stream so as

aerqsgl BRURAET 1o FHePLt earby S i andiod mestin ceiension
vaparézeat reaambnwchfshaldswaitifrﬁm\/thé Q@r@&eﬂl ‘béﬁi_?_ﬁ‘s Zil@e @Mbodiment

0 e i de is is
ces A FERlenBE R I 3 b S apien iy Pesried ieciecossboranape or
more heatmleletmerns,fve‘ncrt may heas,atamt/emmnalafetatmd €8mieht, ifdRiding but

erature to

rot BT op R BRmEh o Mgl R ok Bses 4 SupPisirBgahbesut
exchange @hqragtpnsﬂcs ohthedwehbiimeleménttare selectedlgbtbecdit thek@s flow-
rateft@&'pler‘ahﬁ‘e &Hd Rdmidi éﬂ of’ff\ Yefts glasftregllﬁr g@gsgto%[agﬁ ﬁfﬂaesjgolév%itn Mthe

'S expose e carrier gas
exam P'§ Vﬁ"ﬁi ef§a M*’f‘ﬁ?ﬂUd éﬂd pmsﬁarwallyam@ogt woenangi amhsigmitidaat ameunt

of theq)%amuet hrhhs eBcdlIghed A RELY Shedihg ﬁérf‘dutﬁ)ﬂ§ &d tl{fﬁ tBhae
as partlcle I nterfdce

tra“?f?&f’é'?% ﬁu HORSHi RS theereseso| gisep Hﬁfélﬂdfl@ﬂfterﬂwerﬁﬁutmfe a point
belowahel bd)llllﬁﬁpcﬂﬁrdf e sﬂéﬂllzg%n%éﬁtso@gbmﬁﬁ% tI%VsQJIve‘ﬂt but it is
belid cer h E%&g/tg enent, é% conventional heating

élfe% fﬂ? (BB yeTVSireat uTass reR, Ofr sORPR wiichds exiesed to
the ddniies ge9 bi/ megﬁqutdrlﬁli’ts fipsly Qldldé@ phrfieulaarstdie gﬁ&trﬁ}fel‘é%l\r@éase

Wi t hout radi ation for

with DS peipal IR LS en ol o 1

frequencies, mcrowave, RF or other radiation;

| han and. o ,

A T S T
by means of passage over a ceramic heating element, any conventional heating element
may be used, or the energy required to achieve this could be transferred to the particles
by other means including, without limitation, radiation for example infra red or laser
radiation of suitable frequencies, microwave, RF or other radiation; induction; contact
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mechani cal energy transfer nmeans. Although the m st
particles may be instantaneously exposed to .

Wo erperEsir es above 60C for extrenely short pePCDAB2006/001113
for exanple during flow past any form of heating
el ement at 7000C- 10000C -Zghe flow rate is such that

the bulk of the aerosol as™a whole is either
withyhgahexahaegprsitang othaR e e of heatingdfalyding sondettion, dBUation, or

medh@anialkmergyehbiér fRghed to such tenperature by neans of
a cooling device or heat exchanger prior to being

brought into contact with the surface to be

AlthstlgﬁﬁhbInilﬁd))artlc}éﬁelﬁ\a)h@mﬁdntah@&ls@ré%ﬁbgostoQémﬂ@rgﬁblr bove

t he nak ye as a mst or cloud

s0ch i ety Fhshperfoct Tor Sxamine uision RembaHopa et heaties
elerherd lat 7G05@t 1G00P@ g tieaflovd eats RasucHArRN th BulkOdFithd 88854 Bs a whole

= o B A el e R esere MR i Ty bty gooles

to sp@h tnmpenfatung dy ogens pia codlide damceaﬁrrmpéb&ihiaﬁgé?fpﬁaﬁﬂéfb%mg

I I
bro@ﬂ?gﬁ)ﬁé&ﬁ as e gée%%ﬁgcep n\r/ I%éélt%ﬁlze(gu &V YAl F?dd h&dqr%lﬁgts (gf
nebglp@trwhupryarg yistgetorthe nakedotyeas\eapistior, clduddyechae énvisile tothe
nak&e&R élt‘%ﬁ‘ér{ ;%i"tlcflé’l g?}ﬁ s@atte?lﬁg 99@?& Egéne\ﬁhen aT P t%e?r% fis shone

i nevitab uant | per ox
throggh fheifige mﬁh WPWHVth%S 1h|eq@m@|eram lhéhEpdTarmhﬂr eswebiUtelmmthe

boiliR® hEINSEF h&&@@eﬂ"pér‘&xn@é 'apétnﬁ)rsbhé?ﬁ s%UFe LSS
IZI gent

rizing solvent in preferen to steri
pero[xwé '3 BRSOt R ¥rRour Bh'%sé?r risdbe InM'Stbl?eSU@amlC@tnrObmhﬂalobng
sterMizibdlagdh® are0wt & Vabbe! thé? hQ\fé’lher&ﬁrbEéﬁ Pe@érrethB%s%ohé{r%‘t
t hen renmove om t he "nano-nebul ant” at

part R i s g R E A a1 AT AR ERE G A Pram i the

liquitt $n the partiples biarth MyrepRSthbmith Peoreat Habelangdstemd h t he
nano- nebul ant and sol vent vapour through a cold trap
wher eby the sol vent vapour is condensed and renoved

Aftef yaporizing sgjesnt it prefenenckrto stedlizingeageht therBdM’@nWbﬂohﬁ‘ls carried in

ne 8 s 19 05 5T A UL RASD, PSR L o e

rem%@gér,om,tapdnﬁnorr@bgl@ntj @hstespherEtpegssird. emvthe gn’ibbemgaaSOf fig 2
i, cr.o

B BN e iy S BRI M

vapayr fpough a,egibliab waershwthecselvent wapowds condeneed end reyoved from

the @isheafie @rﬂﬁﬁe'eﬁéhld@lﬁ‘GIhchtﬁé‘éﬁ{ﬁtloh g@nb%belﬁed l?é’hﬁﬁc?@%'nng

as thr agent esi ccant
per°§@?frg Rigr, ﬁ‘Bﬁ? é’%fﬂr é(PP%Hr he‘i‘reﬁm%ﬂea% thewaies yepays is
condehsenig Bt 33lééhtuﬁg ﬂﬁ%sfsﬁéarﬂﬁﬁﬁlnﬁwgaé‘s@drﬁﬂo%dsusp nsion of

centrfu% 8L ﬁ& neans of a suitab yclonic
micrg AElant 8? iclgp °Fﬁ% 45( droggnuegiorides Tat"%:%tﬁra Oi \fa@sur  rgmeuel can
also beedrriad otitigy otagransarsamaidiid withbt Ilﬁ‘ﬁ}z(tlckhteﬁi]‘ ﬁéﬁst‘ﬁﬁﬁré! %Q
n articleto

thro@?\oé dr&.ﬂ& aSér{t & ! EC%S‘HE‘ gr tlhroug w?abPeol%olegular s(?eves membranes, by
passage through a centrifuge for example an adapted centrifugal fan, or by means of a
suitable cyclonic separator, or the like. However if a cold trap is not used as the vapour
separator, it may be necessary to cool the air stream prior to exposing the article to be
sterilized to the air stream to ensure that the nano-nebulant is below a temperature at
which an article in the sterilization chamber might be damaged.
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sterilized to the air streamto ensure that the
nano- nebul ant is below a tenperature at which an
w@eao7okaa3s n the sterilization chanber m ght bePCT/AU2006/001113
damaged. Anot her preferred nmet hod of sol vent separation
Is shown in fig 7. In fig z there is shown in
ross-secti on an apparat us %0 conprising a first tube
Anotney peefipfind rapther of SrORfset seRBratipn is showntinfie 7 valfiy 728ereds shown

in crob9k&ctioh aR %Egarﬁt@@?r’b lcBmbRsng 'é‘?i[)@t ﬁm’é%%h%'nﬁm@ 'a‘ﬂlfbé Wall 72.

ut no

r o) sol vent vapour
The ke ¥ sy hole Qrpast %onafmmtwatem vehighds 8prous to the

solventnrtaabrnh Bug nStao eheldidibl ﬁérﬁ‘cﬂe;ﬁ?& e&@h}éf@ﬁMﬁ%@t@Tg lﬁ?r%}rorsgh]

hrou irst direc
°°“*5'r‘i‘|'”e"t '%?ﬁ Fiag'cl?ﬁtaf‘gt”'vant VBRI fignp fhroughttybmi &in 2 {18} diection for
exargplefflooninié673 ® @sleedd. i shed in a concentric tube 75
whi ch assists in renoval of solvent vapour diffusing
through wall 72. In the present use, which is novel,
DesimmﬁaNQDOE@uﬁmbalﬁbw 25 i esthblished épacaicniteti@ie XAPKILH

assidts ‘i’rme%%apcﬁr g%erg?/a Lﬁtdn‘faaﬁ%g :jilgrt{)rz%{ﬁt %f‘}%nﬁs pheri c

pressure, can be use e cold trap of
figures 2- 6 or can be used in conjunction with a

In thé?)@ééeﬂgl.[r)é.(er wﬁfcn‘?srnd(@lt ﬁfM(F@RQWTM FRIRYAlsHRA0S fepﬁlr%ﬁwageﬁ Yapour

ayer non woven po
fromythe pgroxigg rn?'%t dirtrn'%ﬁ dleaimpephalis@ressure, ars cantad usstanstéaa of the

cold lﬂ@bro'f furéop- GVMr BB usd BARoRUA oA Nith Y Bb fﬁ@ or%?lY%r%%?ér It

etrable to m Cro-organi sns.

"ap‘Wy mn@VQFWSH”Qr AHMEARDY i MH@WWQYQ@ podymiopylene fibre
fabriSHtAKIdARDNUsBlas iaterdiihdl @félrrlé KHr 98 VWE peFitep i ich %Qtsﬁr%rcal

need not e a woven fabric
dovieel, {15 JRR0STH) i misro-rgf fisie CYemtisseier Bibasbrgagsdor
exanvpie TNVEKEY bid SPENGUARD™e Fmetﬁﬂabl@fgré&@s@ﬁbay}/ﬁe duBstrieh G?r
e ns. and nebul ant particles.
KIM Lr]gﬁrbab?@aggg ?lr%g(]s tg:ﬁ %Pr'cp"h nay, ke Fyaihersuitable
semipgingaablet eembrang whrchtfarcmmmé themeinbeal peRstet whle beapt the

rmpehﬁéé5|?g¥ﬁ4,§g% nis %%gulﬁ%t ngtl,c?es-rumt and into and

out |za ron c he sterilization
chanber may be a sinpl e chanber, nay be jacketed or

Desita®R ietstbfe féF?{Hr {'ngeig ’us@tgg) mﬁla% eag‘iJ é%ﬁ“ éhe

supports for a ster
nebulizRiPash i hepting elsmam hewatergameral uam a@darus @og eutoof the
sterilebti®f $Hapdbedi rect fl ow of the nanonebul ant through one
or nore lunmens. The sterilization chanber may be in
any suitable formfor exanple may be a pouch, a

The ﬂaﬂ&eﬁdhrfcha&r b@]?mbﬁl bg Qrs:Tn% ;s?l(e_j %hﬁﬁ%@r mafbé E&El@f’re@ br feﬁ‘g) ekl
contrg@1 ({' ﬁ(fl Q'éa %%rg,{p%%g %ﬁtsggpﬁg{?s fghgrgggs t%rbe sterilized or special

couplings, for example to connect an endoscope or otherwise direct flow of the nano-
nebulant through one or more lumens.

The sterilization chamber may be in any suitable form for example may be a pouch, a
cassette, a container, a chamber, a room, or the like.

In highly preferred embodiments an article to be sterilized may be contained in a
disposable pou.ch or cassette into which the nano-nebulant can be directed for example
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di sposabl e pouch or cassette into which the
nano- nebul ant can be directed for exanplethrough a
W@ e@labi4es port but which is porous to vapour aPCDAMPY6/001113
the article to be dried in the package and
subsequently stored in the gackage in asterile
condition. A materi al suit% le for this is

thropghesspatalle pprt bytwiEdy isrpprousito SRINGRINRIN the dntide btteatried in

the Y&kE8e BRd Q&’d"seﬂ@éﬂﬁl? sBF4H iR %@F&%&éex @%I‘%iéfﬂ@?énéﬁ?&ﬁc% lagtenal

| ustrates an

su't%lﬁ {Ogﬁ{'g'sf'@i\’%%@ﬂs@\éw PsPRGNE H bhlavthalgwwen or non
wovéh eéﬁmhbleﬁnéﬁilé m%m%rdﬁeg%ag/rbg%lﬂ&@ﬁa%ﬁﬂra@%n él’ﬂ@@l i

q 2 seal able at 83 hy seal or in
pac'ﬁ@&ﬁ”ﬁ% o) °ri'?i§ USR FREPPIIS{Rpnush r’ﬂ%ﬁ‘é a figxibie walt § ekge from
KIMGDJIA&EIDTE!@th HaiaMg g n‘ﬂlét(p‘vbrtd&jséﬁléb\b & afm/ Het S84 oMﬂHlYé?on I'n

ded wit
I AU TSR A
non (mwrms&aiweom dtbersentiodianits tﬁé phclageinmdyuss ﬁr@h&éﬂ \Wﬁh f)d)’tg%n inlet

he sterilizati
and 2 3uldt oBy136 et By B 1o bRt Thehaeah vastbain
Pbce@fﬂ@ﬁﬂﬂwkﬁxmnmUMDemsound probe or endoscope) is
contained within a seal abl e reusabl e cassette which
has one or nore openings covered wwth a fabric such as

In hmpmg@g ,ﬁnbomn@nt,sag@mcte toebe sterilipéccied exmm;ﬂe an altrasound
probétdi? 'éhhés%@bé)qg c&hﬁﬂ@f\ﬁnﬂfﬁ [T Erc % %Dl?eas one or

r'emova e cassette
morq ﬂ%e 198 ‘Eﬂ"@reﬂé"f‘rtﬁlﬁfgb"é%%!cbés NH‘@GUARD% Eas smseue wiay bien

placéchﬁntﬁh %Tsltérﬂlzgﬁb‘hldhﬁll?qﬁa*"(%ud{'{‘éé éhaHF)%r ok fh§b % 6|562ﬂr @m&%gval of

tte is exenpliftied enmati c
the RfetE iR BieCaERD fhe TGI8 FROWAINS FPAScBgos Betcaspette within the
sterllemamgnlémrunﬁlhﬁél’@rﬁble Erehved ibr USDEA HBsHRkE lé’\@Jel‘rﬁ)hﬁe%

Iv ts 86, 87. A sheet of
S°“GMM f?":é, ms—f% S SERR s -SHieh @TRegnaarshamber
84 havingingfermbaltb ewallSd5, vaned gm%n&m@ pRRE 8BYsA A §tﬁ'€é\t’ 8\b| e

heet 8
S ORSE S Gt S)5% o o SRR 1 BB o e
placejy A rerdovabde frémee 89 whersb)VBWARBE islarBBedtpldee apd pPesien

attach%aeﬂ\;\} lﬁqg@ Qagés:cﬁ é@rcgot ﬁlngr Ifto%g dédgtlégﬁé?/eq é?ﬁﬂ\ﬁ%@{xgﬁ h E%Fnat be

SUPPaipgh BY tauneg‘owam pateenthe II&@O\p@slndvm indlss datving) boda scrietn or
grid 99 Hay Be p?(ﬂ@dé%cfblaétﬁ orrtlh%‘fns L'ﬂn%mg aﬂé1 eJhe g5§3ett8 808 all!)nelg %-

ng TYVEK ave peen used
2D &Blef gt ina PP CoRBREISEmRQNGENNEH Frapddne e s hgor
useng’yS(1 Péeéﬁﬁ@ aH |%1rtfcl'eQﬁeErEfr‘le?1 éHlﬁTtﬁr@rstérmEﬂy %Qs BP\%&J@E rﬁﬂ%

terior

exter':ﬂr 6Ii1r8@h {Jllﬁén%l?{@%{o the @Fﬁrﬁohg‘\négli‘;’t{g) weieg @em%ﬁbﬁ‘m
protechihe cohtenpfaerk &@@e%lﬂf chr@-l@@éﬁgmshﬂottﬁé ﬁmadka%@m’tt1 Qaeneglhn

cle i.s the cont ai ner

i NP 1S e PE6SY b o Eeira oh e nasyehdeak asaited
to the gcpnt@&ero)@) theatarand Uor pesoxilel vapedt i alloedtto kiefidrh ife container

lnterlgpm}oql'gﬂ?ﬁe membrane to the container exterior at atmospheric pressure, and
thereafter micro-organisms are prevented from ingress. In other embodiments the
cassette may be substituted for the sterilization chamber. Or the cassette may be

adapted to act both as a water removal stage and as a sterilizing chamber/storage
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interior through the nenbrane to the container
exterior at atnospheric pressure, and thereafter
wor@roiasyani sms are prevented fromingress. |PCDADZ06/001113
enbodi nents the cassette may be substituted for the
sterilization chanber. ge cassette may be adapted
to act both as a water re val stage and as a
contgingr by icompigingrfastuies/of therdgyiee desaibae with yeferenteé fui figg? with that
of fig@at ures of the device described with reference to fig
7 with that of fig 8. The surface to be treated is
exposed to the nano-nebul ant particles fromstep 3 for

Theesuﬁlad?é?tosbd;‘ tféa@écﬁlﬁtexb@seatt@ﬂiddaﬁ@-n&ﬁﬁal&tﬂaﬁﬁ:fe% fronr step 3 for a

it has been found that 't res
tme S arE b et tle Atocan By PHORGY e Shapn damddbates Bxuling
nanpiniebulaairié natejmsmb& rapidly efib&Re |tt%nmr@>h bt a@f’JsSl%t H)l)t%lsatls highly
occ

f at i
oo BB bR R S e e ookt urtes et aranor
direpityt expbsat. Witilg ittisihst dlear sy this tsrsaylt bay bBahata Vesy i IhUé}’fslty of

on 5860 O RO ol R et oot o

Volumﬂ ofiifee gerilizatiorsehanider while atnhe:km@enne\mtaré & lntle e m
con&ér@ﬁtl&m&{ ﬁte sﬁrfééet i r&'ﬁg ﬂgbtﬂgﬁttﬁghic %%9 I q?%etgrnsut ace

surf ace. nano neb
areqyptdhg gas @w'flwter@pe thaatthe mgl@émldrb InquulahE partickssfaad @re

&gntfi&@ﬁtlytéﬁfe"@f lhgilel'h?éteﬁbﬁ(ﬁ Qodsgﬁ’lﬁgnﬂ\? terPdth ‘stésﬂeﬂae%g m%{:ﬁ longer

|gn| cant in diane conse
peridsn/Vihg %%%BP hedhou N ’fheert'gtéte mewtt)asphcwts heliave that the

naanthtbl@Q nft@né@orbﬂié@dlrf&\/e ét"éﬁﬁéé‘ter ﬁé&eﬁéﬁﬁﬁ@ﬁ‘theﬁﬁ% b ﬂ'Pérg

hat the nano-particles i i nge on e surtace

e T o R EROSE Tk  respe o I

compamstotncmmqqnoaald ab@éel p&bde@é@eéurfa%és d@él@& bl 'tHHﬁn@éhttBﬁﬁtay be
npari son wt

ranify B8 Gy S0P ERBR Bttty e ot dubanreses
lumemv@pretanredﬂlyattum luaeh Gbley:onhecmdt talﬁébeafe% flew eftthy BéBllant

eldu X When treating a
orollfEOUNAR B8t o Syl et R Beo e e
nebwleﬁenthecaambewrmassete nebul ant through the | unen.

Desirably, the external and mated surfaces are also

ex osed to the nebulant in the chanber or cassette.
LES Unl ess otherw se specified the test nethods

UnIe%@bth@Hﬁls@%&WeW@teQﬁﬁgthb& dh Su%}gt[vgﬁ LY%%P (frbthe%%r%mfes

obi ol ogy: The species teste
WhngQQWbthernnphllus (ATCC 7953) which has been

indicated to be the nbost resistant to the peroxi de and

Micrgblgltogybased di si nfecti on processes.

The species tested was Bacillus stearothermophilus (ATCC 7953) which has been
indicated to be the most resistant to the peroxide and heat based disinfection processes.
Bacillus Stearothermophilus spores were grown according to the “Schmidt method”
using Nutrient Agar Plus 5 ppm MnSO, as described in Pflug (1999). Growth conditions
ensured that the spore count relative to the vegetative form was almost 100%.

Potency testing on mated surface and other Carriers:
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Baci | | us St earot her nophi | us spores were grown

according to the "Schm dt nethod" using Nutrient Agar
WERW3/0544pHm MNSO4 as described in Pflug (1999)PCT2AUMOL/001113

conditions ensured that the spore count relative to

t he vegetative formwas al npst 100% Potency testing

on mated surface and ot her rriers: Sterile open
StetlgoppR FATIG digeqPEE RRSEIAIN RENiCYiBAErsESiPedthesAQBC pparicidae

metACH\C6® D s Gl 2k ﬂaﬁéd?f%@eé’@ﬁ/a%g _I;Y&Itl!on 33 sIr}uﬂ%tﬁ éhe mt':lteg

I ng conposi t'l on. mul"a

ﬁsurface% of var¥
Suriggy ASREPHCSRIRBAMIRLOHA Sgﬁﬂt&@ad@ﬁﬁoae fihesarders used vetsosierile
staiblass stesiwashérs b estying dfin&isfink lieat Slepd ;Blb@e%%r%tcﬁ/%h;pﬁ@ﬁk%‘iﬁer

dj. mensi ons that were placed one ove
W'thtoths\!'%‘t%@n R IRCHHR 2PPogiiagy, HURss Stharvise spgeiiad the washers were
selegfoioi thatdine mblebeafacy hreawWas@55Ma%i fi ed the washers
were selected so that the mated surface area was 85

m2. Penicylinders were inoculated as per the AOCAC
Peninytinders Were imeulatedl 266r G A(IJAC@pd@crdatl meﬂid&jbé%tcﬁl Fdrber to

.sim l?ﬁ/?ggk‘raﬁ%o?/a ?gr(%é' Eé.%ﬁ-har%f‘&oo A%,rbarwg tyvgg H}?Br%’fﬂ%‘? in the
inocyllury. Ibe yvaghkers and other alﬂrfad;eswvel'e ibo@datéd with D@Yinl of test
susSeHERAMH %n%guv.?]rn QHed ftir 94 rE‘oglrs lr‘? g dfe$ E%a%oﬁ 'E%cé ¢arti riar \gasa

desi ccat or carri er was nocu
inocyiFtRcRiPFIdecHcaniarRinatism lgves »fi 1 -551 B fcfu grecaciar. rIchthe frated

surféd‘t!% t@éih@ AnstHEl ey vaS bfa@@d @F&H{' Sﬁed'%ﬂﬁéulgﬂ%cﬂae@%gher

|rec over he i nocul at ed
WhenigeeH a&%/% deli 'f‘?i‘é‘ 4 iscsAndiched beiwaan d1edeweresuieesoft the upper

washeverid uppei aecedbf thl vepRRshdasher and upper surface of
the | ower washer, Recovery of spore survivors: On

conpl etion of the disinfection cycle the carriers were
Recagsgpdi spotd surtivagsferred into 10m tubes of tryptone

On 3 o e oot 2 le 614 detiass Prvscblionlh frangare ociomi
tubeg reétrvmmma bﬁﬂlﬁ) (TSER reoibCMI 13t eBastingsoas, Urliel Kingdbmand
cons oA 2oLl oW Mool bl e
Belgmﬂ)mdhwbgted Béﬁ% prha-t’lﬂ(days)ﬂ rolaof theeTSB was! plBhel in tryptone
soyd éﬁé?léhéqn%gbéi@cfét'é%ﬁﬁz\f@rsﬁ e asonl iin 10 m TSB and

sonicated In a ‘c bath for 5 m nutes.
0.1m of the suspension was added to 9.9 m of TSB to

DejngQnéqﬁﬂmﬁ%QQagl|ut|0n 1mM and 0.1 m of the 10 3
ated in tryPtone soya agar and

n was
The foetlilet e Bt Wam oL WEoPERE Bt sprilortedimaribute @irasonic bath
for 5anihatey. d. OIG! i siRbESsiNMTasIBIRET BIRE TsBA6 GVE": in 1000

dilution. 1 ml and 0.1 ml of the 10 dilution was plated in tryptone soya agar and

incubated at 55°C for 48-72 hours. The number of colony forming units was determined
per carrier.

Determination of Log,, reduction

The number of colony forming units was determined in all plates. The counts were
transformed to log 1, value and the difference between the initial count of the carrier and
the number of survivors after treatment was determined.

The positive growth in was also determined for each treatment.
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Determ nation of Log reduction The nunber of col ony
formng units was determned in all plates. The counts
wowrre/oi4uansf ormed to | og 10 val ue and the diffRCEATUR006/001113

between the initial count of the carrier and the

nunber of survivors after I'zgeat ment was determ ned.

The positive growh in was“dl so determ ned for each

treatment. Mated surface sterilization test References
Mata@ saiscd Herflizativplied surface sterilization test" are
Rfrefwmst in which an 85 mM®? nated surface
CIRIZNFeLerPia 1 A gnaled swdacetstestizatipn tg%ioarégeﬂefenae@toaa fest in which
an 82maV efed Qﬁfﬂ:cé ba&ribog mb@ulé%éluﬁééteﬂ‘ dpBresan c?\?gred and

uni sresutln fromt etrgatma

the Fogp@)n %gldc%ozl hhe BUMpernf cogpo E‘lﬁ'{“ﬁlgl Hits r%s‘yljmg fromcthe segtment is
reparterl. (THeadanter dsodiition, isperd raboxs), efl. iRt ﬁjdéé&@oéde%wé)g

on Medi cal devices - Endoscopes The pur pose of
method is to determne the efficacy of the process on

__E@tﬁmbmg_eslnumdéﬁedmrﬁéwmseznsoémbs ons. In a number of
bl nos es were used.
e el oS e B PRy af P PEseTho Eopcmaones
undgionstieasa siteatigns sinreamuibreg of tests Paerfﬁa)&r5ndméxﬂd1§colaﬁb%copes
wer UE@J NBlese Ra8 RAlens Pin rgﬁ@e\ %)é& nocu@da ted
ar ser a L

th test organi sm pre
'enaﬁ'ﬁ r@ngiag &pm 225- ﬁ+5gmpta@n§heyntgmatmnnespf iha@oddaawpamere

mocDTa%lﬁM@rﬁte%r?ﬁhlsﬁ‘ﬁ bRWArIGS Qy’esreYlﬁrﬂfana 506 p[?_ﬁw%a&:f \%QeF I;l\ehlgh

tjym? rior Toinitiation of
dengj testaocyiun Kas @ﬁpéﬂ@awﬂm@lk@m%eqowewmf at @"‘opfu from the

Iumdzmmmlt@tnitréﬂoroéf thaleki. TRé BiopR YubhA 4Rl acnf Ner Jh%ﬁlhels were
inoc pggcl umwas diluted to a |evel that a owed
e ery of >106 cfu fromthe channel prior to
initiation of the test. The internal surface of the

S..] ocula ed via the suction port with 1m
Inocuielibi' ot Sigsar)y with 50 ml air filled syringe

The gt Inbiclilgoh weds dilntedant ldvehpet allowes trﬁ@rec&iérﬁbwtoeéfu from the

h
chaﬁrﬁ?&%r&f% |nﬂﬁg§|£ fﬁfr}% {Ae,a\égtrﬁ gg%{%g'gﬁ\,\ﬁf’%ﬂ rqmeﬂ qu)sw(oculated via

the sustigry perywith 1l t@@ten@duwm floshacheit SOmmhaipfiliearsytitge and dried at

ambient id geTp e ) The air and water channels
vverenl?dr?l(r)cueatre m&%§0 25m test Inoculum flushed
with 50 mi air filled syringe and dried at anbi ent

|nocu|gﬁ@e5@.m§e,f@,5m$@sm nutes. The endoscope was exposed

gr ocess and the survivors were recovered by
A hlgh denchy t the test inoculum was prepared which will allow recovery of >10° cfu

from the lumen prior to initiation of the test. The air and water channels were inoculated
with 0.25ml test Inoculum, flushed with 50 mi air filled syringe and dried at ambient
temperature for 30 minutes.

The endoscope was exposed to the process and the survivors were recovered by
washing the channels with 100 mi elution fluid (Sterile Distilled Water + 0.1ml catalase)
and collected in a sterile container. The collection fluid was mixed thoroughly and filtered
through a sterile 0.22 ym membrane filter. The membrane filter was aseptically removed
and placed in tryptone soya agar plate and incubated at 55°C for 2 days.
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washi ng the channels with 100 m elution fluid
(Sterile Distilled Water + 0.1m catal ase) and

w@eodorees4esl in a sterile container. The col | ect POATURMObA01113
was m xed thoroughly and filtered through a sterile
0.22 mm nenbrane filter. The nenbrane filter was
aseptically renoved and pl gded in tryptone soya agar

_etgnr_ranﬁ_oamﬂ_m@g]fmm 550C for 2 days. Determ nation
e G310 R KRR ] B G o
coll@@iecﬂ t§kﬁ %tarlle @oatagnee The eoliestierafluid was Tiineddodrbegty amd fiilersdd
erol SIS QU (6K T W Pl b e,

2mm menbr ane
cut E‘E%E'?F%s&ﬁ"}s 3 glptip sealipe @nd trangfemedintos1Aneli TS (A0S tidutioheand

Vortesad o %Bgorfcfsaﬂﬁf of §d 1bmd@utﬂf>9'ﬂlas-|?§§}é' leﬂ.ﬁétigmltd §575B to

u‘%[ texed for 20 secondas
aiveg ] HES i and PrlifBhof tha Ut sliufign waspletetin dupticate uging e
trypfoheIogk bgdri The platds \iete plhcdd Hto 8ktdrdlR bRtamhed bh&%%t%%tes

1 in duplicate using tryptone soya agar.
a"55‘§°ég8ﬂ8vfé pl aced into a storage contai ner and

i ncubate plates at 55C for 48 hours. Lunen
L steri%iiatuo test References herein to a "lunen
d i i test" are to a test in which a 1 nm
Refetiencast lereih tiora fluian b?gluzgitnbrgtwt lafreofo tebt lﬁ%@h% 1 ﬁ1m diameter
S cified.abov or_an._a
b BEES G oBr Betere o Be pbrsardlabove i vk chene
treatede slirgigors0f anydue tieterminey, tahe theuaraethe m‘g 1oakouwtyioh 07 the AUmber
j ' : reported.
of et B e B T e AR rRed ol sed i m ¢ e
apparatus previously described with reference to
Exafiglene 2 and with the sterilization chanber on Iine.
Junless otherw se specified the system paraneters used
35% hydspgenaiesmilectaseanslisaddn e anperatis previowsly desdriloasiwith
refeﬂ#h’b@)(d ﬁ’gijré Q a‘ﬁ@tm@tﬁ the QiR PHABeF O e, %Ié@s%}heﬁﬂééem

qL% . Nebul i ser delivery rate:
Speﬂ‘gﬁ R S)@B'E?IHaé%‘?etﬁﬁt%e%%q"@xa@@%é\@f% n Power supply;
Nebaerd/solﬁoﬁg/ M n Aeiy@ogkn berowde #f ated- 5 +/-0.3 nl's

0,
Feed Perox%e She ﬂb3%rmgum dity 20% RH

System volume: 0.04 m®.
Nebuliser delivery rate: 8 +/-1.5 mg/min
Nebuliser duty cycle: 20 sec/min

Power supply; 27 +/- 2 mé/min
Aerosol flow rate: 1.5 +/-0.3 m/s
Initial chamber humidity 20% RH
Chamber temperature: 45°C

In example 1 the system parameters were as described above, except that the nebuliser
delivery rate was 10mg/l/min and the applied energy in heater 17 was 1.5KJ/min. Water
removal was by means of a cold trap 17 utilizing a Peltier device to achieve cooling. The
nebulant issued from the cold trap from outlet 23 at a temperature of 45°C. Appended
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Chanber tenperature: 450C In exanple 1 the system

paraneters were as described above, except that the
woedaloi«es delivery rate was 10ng/ |1/ mn and t heCEppkaoedo1113

energy in heater 17 was 1.5KJ/ mn. Water renoval was

by means of a cold trap 17 utilizing a Peltier device
to_achieve cooling. The neBEI ant issued fromthe cold

Tabie Zanct F'@W\e&ﬁmoé'tthﬁ BelattVeahUmiu én thewhambér af3igGe 1 over a 15

minfteRgsgedTabl e 2 and Figure 9 show the relative
humdity in the chanber of figure 1 over a 15 mnute
cycle. As shown in figure 9 the relative humdity rose

As showa lrofigird © Had feiadive hUMEH ?o%e@@gbé\}éqo%‘ tfgﬂ{@[@é/ﬂ@gf

en 400$ nd about 55 pr oxXi mat e

b
therGge P PNGULA0 PrOARR S0y ARATOHIT A iy ZtZrﬁeg/Uy@ﬂ vegter
weré rentdved &ibsithe eystém\mhﬁg th(efwmi alin EH%eabfsehég 6f‘6€at&%ﬂ16‘vé’i Yhe

i R ST Bde FOL eniisot 0

wnthmb’aumu@snwoﬂd afmi:h\m% it abeutedaine aBs Wolld B ¥hoRe @5%fbyttlh@end
ofth@ég!:l In this experinment the article to be sterilized
exposed to the nano-nebul ant dynamcally - that is
to say during the whole of the cycle. In those

i - f ect d th
In th?s’ éxfgﬁﬁéﬁgﬁféﬁ“f‘% t(‘f{"béls eh@zr o s% fgseglaa W'Fe]r %arqroﬁ%lbaﬂﬁét t h:n
dynaoqrwﬁqi"w-éhat s torsan d@mtéredvhamthesctyatel i tbesedéitcumstntas if Wig be
dlSlrifB"liléll' merRULFAK tha if ﬁe §tbﬁ’lgs fi @ﬁ%ﬁ@? é%e% rq?gewe%nd R artice is

ih Berl ments were perf
e”a?&‘ ovediung e"t%attor@r‘ﬁ’é'f)%ltosfh? hanoenabuiant for eviedad| y
descri bed bei ng placed in sterilization chanber 1.

Exausk}g the enbodi nent of figure 2. The paraneters were
ally as for exanple 1, except that tenperature,

A numbkrofi expertrianits weye p&fimes Wﬂﬁ Hzfed dUMBc¥CA& oMM B%he mated
boundary condi ti on ?]

S””%E&esgﬁ%q%ﬁlg ﬁ'?gﬁftl?ﬁg%%a @HC@@ iny %eralﬁe%ﬂnrphambsg1 gising the
embeditanttdaf figurer?. ar Hei pmrdimgtél&n/vew gBmarel, S é@aﬁﬁplé@ ' é?(geﬁt Rt

W
BB, LSRR LU R Ve e AR
showsribe beitnglary cmnmtugna@f Rlﬂ%tasldd!@npéTaereilreqalred faebthda log|6d

f

redubRAEFE bRTBUIGED & F RStk K fcts s SRR ifec S arioeina
giveryime oA lagod muctmdn ibip biden was edaifiedwithib the ar8$indiCated i in fig
10. él?ts@@@maﬁaﬂaaa%e%% F‘éd@lEﬁo\ﬁ%e{%qggsdth%_J;/ 6. iB@seﬁ':\AFe% R0 30%d be

not shown 1 n

Ste”'ﬁﬁi{gmmwteﬁﬁépet&’eﬁﬁ g5 @nd d8Gcandont 3034Q‘Y®RHaem evidirhieutes
from wbéUi3B °C &b 47 BT 85 ata r@zfa‘ﬁ@é RimitiR5r AR FRYERP8ER nd

ratures_bel ow 700C
Althougl’?ﬁgt %own in'Fig 10, it is- noteworthy that a log 6 reduction is not achievable
within 20 minutes at greater than about 70%-80%RH and temperatures below 70°C.at
atmospheric pressure.

Example 3

In this example a variety of different endoscopes were sterilized according to the
invention over a 10 minute sterilization period. The endoscopes were inoculated as
previously described and then placed in a sterilization chamber 1 of apparatus according
to figure 2. The apparatus was controlled and operated in accordance with the invention,
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at nospheric pressure. Exanple 3 In this exanple a
variety of different endoscopes were sterilized
w@e@ondi4ayy to the invention over a 10 mi nute PCT/AU2006/001113
sterilization period. The endoscopes were inocul at ed
as previously described anq then placed in a
sterilization chanber 1 of épparatus according to
the pargiaters beimg as Bypampleut exeept gospaciiet e tinderdhe pwmefh in

con@lﬁ@ﬁ’é’ ﬁ@ﬁlﬁ@sd Yhé Rabdimist Qe %Hl&ﬁ:l%dttg ﬁ"ne%%dﬁlggth?lrc%a%%e

exanpl e 'l _except as spe
m'"H i §1 ‘?m‘ﬁr%?iag'ﬁ'@ﬁ@aﬁhﬁfdh%tr@@fmenh\éaﬁmnomaasurewaﬁwe

reSlﬂtinaré tépdrtéd)lntdbﬁelﬁie%rtéﬂ)lé %att 'ch'i‘ b& Q@émﬁéﬁjtf]é’ Ere;'t%em \W?é gﬁectlve

|ns€ E he n1crobJoIo%{caI ef ficac treatnen
NG HTE]F EF9ng o e te & ramdn P'@B‘@qu agd up tappem uhédngth
withiraibd mirBitesl t can be seen that the treatnent was
effective in sterilizing |unens ranging fromlmmto 4
mmin dianeter and up to 3.5 min length within 10
By mmazftoempawnmpnmammmmnt 6f8%5% aydgbgé?fpe?é)gd@hﬁbtszé%d ok
100?@(%'?%@)@8 ?@}reg\?/%rﬁ@aﬂmﬁﬁe anleto a%?gvg% ri Ol(ﬁ lnuam 1 mlmt glameter
lumen gk 2.5 metars engthnn andem®0dniasliceso Withnenmath ae&smah of peroxide

soluti§Roh thel éﬂjﬁHéBjtﬁét r%gwfgng@rts fé ?el%%dyrérp%vg?grﬁ %rg@g exjenged the

. deposition of peroxide so on on
cyclp g\gite entatisdn espel@lmineteseviishalerandmdreydially ieptaeticed
the cycle tine to periods in excess of 60 m nutes
which were comrercially inpractical. Exanple 4 In this
agﬁﬁﬁﬁle mat ed surface assenblies conprising stainless

In thid @eimprasbe %u#édefbsgérﬂbhe%%oﬁ?ﬁl@ﬁ Qtafriicds! SYed) (as exs, with flat

sur SRR St ) P Gty e oA R e reculsiseresiresusly
deswibed. THeanatdd Bmﬁae%é%mﬂ)lleéaﬁér@BIa@élfnﬁ’%egterﬁiEa%tQ%%ﬁtbggof
appar at us was controll e

o Rk InG f 1ot it Bae CRETING and Pomratesin h
accagancatvithdhepiavantioh avith @&rﬁtﬁ@aﬁa@?ﬁeﬁs% o‘%fi@ﬂﬂéh@or%xﬁ?ﬁﬁ%pf

a nder. t he equi
e%c%? ab P‘IQIC%%E? tahl‘&l ‘{a g ageréling eﬂﬂﬁg gn%‘f@ﬂpl@{egdthp@appre
mistgyasrgdpiitiegtto the steriindtion dhambaOfoor 0 a>51 SinimutedSanddine t he
mlcerlSIBBIIEéI@ﬁﬁgﬁfﬁlthc,?{r%étﬁ%ﬁ’y w8 th‘éﬂ %rsu?rgg{%eiemﬁéﬁ ?ﬁ@qnded

nmeasur ed ts 1n ap
Table deshpwithal steglizagien ﬁﬁﬂé@dﬁuﬁamn barvblaneobica) rattably er 40
mindt&d.i ably in 10 m nutes. Exanple 5 The experinent of
exanpl e 4 was repeated using mated surface assenblies
of
Example 5

The experiment of example 4 was repeated using mated surface assemblies of
increasing mated surface area up to 450mm> The results are reported in appended
table 5 showing that the method is also effective on larger mated areas.

Example 6

Example 4 was repeated with open (as distinct from mated) surfaces but in wet, dry, and
freshly inoculated condition. The results are given in appended table 6 and show that on
an open exposed surface, a log 6 reduction in bio burden can be achieved within 3
minutes in each case.
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increasing mated surface area up to 450m2. The
results are reported in appended table 5 show ng that
wo b@7me4Bdd i s al so effective on | arger nated B€PAB2006/001113
Exanpl e 6 Exanple 4 was repeated with open (as
di stinct from mated) surfaggs but in wet, dry, and
freshly inoculated condition. The results are given in
appended table 6 and show that on an open exposed
Exafigléace, a log 6 reduction in bio burden can be
achieved within 3 mnutes in each case. Exanple 7 In
In this,example asteslization process,aacPisingde deeiovention weadiapplisddo straces

of diff@kéﬁﬂtﬂaf&ﬂlav\wmp%ﬂﬂbh Bl tHeOn&tHbd 8RS er/EnﬁH afs% ﬁlrét\nous sxamples.
on b the nmet hod of vent

The; Sﬁ‘”\tﬁ’i‘*ﬁ?%@&?&ﬂ?ﬁr‘ gurfacesof Qe eam aean: erlevceﬁsLétS@p:ﬁsmven in

appenieidasids 7thlc2{bhbw8@1afm%rﬁ@pen'@9@o§&$éﬂrfb§e H16g Q'ré/o%@tlémm
on_an openh exposed

vio GRBES G be A ed Wbl i PBRSTor s mitatsim bedhesering i
requiretliop siiidone ariui meoBreme muistes, dnar1 OMAinG WaB F&fuirad sn p@lg&reméﬁé

[ ne ru
and 2yh 130 nanEC S SR B RRSS e etFietRaainders 1 veiom
parameiers aereas inrexguiplecd ekeept as apatifiesls st eel and _
penni cylinders The system paraneters were as in
nple 1, except as specified. It is noteworthy that
Itis §‘Pt§WPlth)2@?i Periligationad isisintess staeb eperopetaceswascteainmbls at 25°C
undétth@téritlons 3howyPO0C under the condi ti ons shown. Exanple
8 This exanpl e shows the advantages of a rrpt hod
enpl oying steps 2 and 3 of the invention (i. a
Exal@ii 8ng step in conbination with a water rem)val st ep)
In table 5 of our earlier

Tris 3R PSP Madiivagieass i PN PerploNDSSHBSTB aftd ne

inveatich (.e.ga texting tiep M €miSiNaioR ith d Wetéh%?‘no@é!%?ep?m an aerosol
tillis which is much easier to kill than’B.

procg ear ot her mophi |l us (ATCC 7953) -with 1% peroxide in 60
sees on an open surface. At the end of 60 sees, there

It 'sCorBRE e Pl (A Sl 2T Lo B0 Piekisi n deS
redua’rmn AfsporgsBin tbateas@Bhwbw:plwhhamss andh t8Sente klmmaifs

t Za
stea:%‘i‘i%ﬁl‘n?%lérﬁt% r(,[?fb(*l:' : tv{ﬂﬁl %gpo%l%l%u . gegﬁqog%ﬂec!fpgﬂtsugzﬁce At
the e@gro(gﬁp §8CcH qugﬁ]wgr,g@pr% PP mgeof e xiteasIthe dlags plates @8ed (5

mg/cREgonds as

In Example 8, experiment A was repeated but using B. stearothermophilus and 10%
peroxide. Sterilization using the mated surface sterilization test required longer than 60
minutes. The weight of peroxide on an open surface was measured after 60 seconds as
shown in appended Table 8. In other prior art, a peroxide nebulant has been heated. In
experiment B, a 35% peroxide nebulant was circulated in apparatus according to fig 1
and heated to 40°C, without removal of water, prior to the samples béing exposed to the
nebulant. In experiment C the sample was both heated to 40°C and water was removed
in accordance with the invention. Experiment C was the same as experiment B except
that water vapour was removed in experiment C until the peroxide concentration would
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shown in appended Table 8. In other prior art, a

per oxi de nebul ant has been heated. In experinent B, a
w7 pensxi de nebul ant was circul ated i n apparB€T/IaU2006/001113

according to fig 1 and heated to 400C, w thout renoval

of water, prior to the san‘ghes bei ng exposed to the
nebul ant. I n experi nent e sanple was both heated
have gxoreged §A% indhecdroplats, anshibe eelative haotditycrescisomi Ihhaxbélﬁnent D

a 60% pervideRoluksPRas ABMlizEd YRPhd& %@P@) \ﬁac'tere\%gser[elmﬁgé

except that water vapour was rernp I N -exper
until the peroxide concentration woul dhave exceeded

Whlﬁz(H’bemelﬁrhéntd ideptifdaSin NS bbtfeVeRl fdrl |I|¥é?|0 Wﬂhﬁin' 1 %lnv@nsexposed

D a 60% peroxi de solution

opey gw&?qefetﬁe QWeﬁ%Q{flaﬂmvﬁndtonrﬁexnﬁ&ﬂeﬂt %@Seﬂémfeanﬂy\ma e

peraxide, enpesulteiins Jrégytrediced résl'UJaﬂQﬂnSurﬁ oA Gk ﬁ)f'%g? a'l;:héss is

ion wthin 1 exposed _open sur
&gnif%%t "Ir‘ t%dgélsg glfyn?gntgne W@Eﬁxfcdﬁﬂ( @gﬁg ,sigﬁ@ﬁqnﬂ@nqgg @gonomlcal
Furtlgergmré iexperirhgnt|Gessopiingos ititkeinvermidn @eﬁéiléoe%]ﬁlﬂ&aﬁtl%%t' Iy
nt _on
trea{n?é?\lﬂﬁﬁgwaﬁeﬁf‘é%@%sé f(’f}gg%ﬁ%enmey srfg § olrng) ‘%E?ﬁed?ﬂ'ﬂ‘is(,shi;‘fvéfp@t the
ben%ffl‘ﬁj of tye givgnlicn arandl simpiy mériedtatsie m maieaséwdehﬁddéﬂfoﬂcentratlon
experiment C according to the invention achieved

nificantly faster treatnent on mated surfaces than
Exa@?fﬁs Pinents A B, or D. These results show that the

In th%&é’i@ﬁ‘lp‘éth@feﬁkﬁé‘y SINERA o%b@faﬁt é}gg?rgb gp!:c%()i( ﬁé,pq t\éubgﬂtv%ﬁtlloen

i ncrease in erOXI concen
was chmQ ared Yk aaPqr %d%WHOéhWebfhetsamamdltmm Uwaridentical sets of

carriprsafpsre @thcag fothd isReilizafoh Bﬁ’arhﬁléf%ﬁﬁé@@ 2 h cﬂ{eﬁgea\% h
e va our under the same conditio

Pre""’ag'MtdFE%{ ed i} accgrdange Y"|ﬂéTh§ iegntion | 5@6’@1 S‘Ptrﬁ"aﬂ inoculated

penisyliedérsiandlrioanlatidandted st@fnlefse gté%ﬁwﬁsﬁé‘?é c bn?’%ﬁt \)%%eﬁlaée%qnsnde
ous S n accordance w

a TV B R it on aiembdi b i s emnsewaseidside e

TYVEKBt béglbut éhside thel carabat] &8s sett viitlin N HAG ns IR ?Sst»ed"’@s

hyar Bl i Pouk s ol flea®38e 6 e Tns Bebrientiaist which does
not pewsiEate tTP@/EKaTg‘ Fine timesif eiepdshfe whsaﬂ‘nﬁiutesThﬂEs stvn\h Bbdhded
tabletd"% RAigh Y}%ﬁwénla%bﬁléﬁﬁsq 3?50?1 Xg'rn%l %teﬁggﬁ%%e f‘ ﬁ]faé h

was not accessi Re han
m°reo?f?§“YR)fha'b8We\ﬁpatlrealqnﬁ/EK (tn). The time of exposure
was 2 minutes. As shown in appended table 9 in which
E t he 1r?)ano nebul ant is described as "m st", the nano
xamplg i0ant was far more effective than the vapour al one.

Tablﬁ@(ﬁﬂd&:oﬂrasﬁomlr@ f@@ 162d 18N a)esmne% F%#;Eﬁ&ﬁn 33?@ OPLi’r?fen b7

%f uction in bio-b
ma"eg‘&%‘ 3%9&4“8%\%"09%\??%@"% shenarstionof gppaspius aetandingfo fig 2.

apparatus according to fig 2.
Fig 11 shows that aerosol flow velocity should be chosen to provide a peroxide delivery
rate above about 8 mg/L/min at a temperature of 45°C and a relative humidity in the
range of 40-50% in apparatus according to figure 2 to achieve a log 6 reduction in
spores in 10 minutes.

Figures 12 and 13 show that the nebulization conditions can be selected over a range of
suitable power outputs and duty cycles to obtain a sufficient delivery rate. Surprisingly it
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Fig 11 shows that aerosol flow velocity should be
chosen to provide a peroxide delivery rate above about
w@200g/k4463 N at a tenperature of 450C and a rel BAT/%E2006/001113
hum dity in the range of 40-50% i n apparatus according
to figure 2 to achieve a Igg 6 reduction in spores in
10 m nutes. Figures 12 and-13 show that the
wasrfawis thatdiffesing detydiycleshed calativbly littlel effettarh thy degrae bANge

sterifatdiid 8B} i Wi o_obtain.
ufle 3 9iven RN 3%@Ffé&t%ﬁ?%%ﬁ%ﬁ@@??ﬂé?e%'ﬂﬁaes'd%a's-
Tabf% lshawve the tesgtsdar tune yieing & chssette slmaiter tacthst ihifity BAecontaining a
prot&f tb @etstepilizdd) Fhél 85ERBe Was PlaREd ihFd drRbleP 1353 & S@ctel &
dife but | nclfl cant effect on drying tinme and per grdéd
! ef'@%f‘%ﬁ@?%. Uspiciess 1 heiipalsclatie h@“ﬂ%tﬁ'@ﬂf&ﬁassﬁtﬁwaasi ng a
signifiasrstiytdifereritirltes diFferiidiadbuliser tlg fles B fﬁg%&lﬂ:ﬁgn pr obe
biobhﬁde%va?tseﬁétl 'tzﬁd' T etcassett_e was placed Inside
chanper 1-ogNE"% GB¥¥ed to differing nebuliser duty
The dydriogen pefbieidé i/ai}?:lur g_&d;?tﬁr&t%nhl?l%lﬂlgﬂrhmmaﬁﬁthg neBESRYA fe
] v di fferent fq e differin
chatfi3 FeRiertf 85 bud wPlie it romdhe tetiets dferme Shnsusiden
hydriggien prrp¥deiintthacassettondibassaledthe hydr ogen per oxi de
vapour concentration in equilibriumwth the nebul ant
. in the chanber also differed as one woul d expect from
Figupn 4 showig|thatiier the brraniateys disnssisey anfinitiyihean@ie spamiexi de
condeRtrkt o/ o Fi 14 .shows .t hat for
8 o 86WR 1 oM 8H ﬁ?%t@%ctoﬂ 1{%}"5 I’Ililzgp%l‘;( ?% é ane, 9{)

o, Lhe paraneters di scussed an | ralp on
60%&5h ¢ intevalt GasRenfatignssown oo and BOVEpPsS 1 %ath dbastdf jonber

times t&1 bé iok4tb®0r ficidRS otRéisa Gr dRH. However
down&ﬁ) 6%Saﬂgp§8r 1aps 1% can be used

it concg}r%l rat%ogi_ ( L :
apP?arf Llélra . greccgﬁmggr PRéiMeFpeanditigns ’g@faqh(ﬁventeyiliz_ation in
betwesin Bi20insieutbaTINGKEL ddiiveRRRBR Srolf@mgfinth Gl mBreldrhbuide at
ani tﬁgf\%@ernt%itl rgmp c%régl _t3| ons to achieve sterilization n
el WEERMEM98 R ylire< 1PNt 8 champerdpipperatuse of aboutate
*+-3. Tith Materiremoval Hbafa &fltéfto mgrng?m !3[2\8 OD@Fnich a% Bélb\iv%b%. The optimum
af . of fro 0 - o and at a chanber o
parefi8RE Rt bfoutyeRlan (1ERaERe ca repdTipe Aeiavioe P frosaskitad i
the a5t hagekon therteqating reréihe humi dity at bel ow 60% The
opti mum paraneters for differing design of chanber can

readily be determ ned by those skilled in the art
Exampledd on the teaching herein. Exanple 11 In the

. i i 3 q fig. h
0 BRSO by s

“ebug%tPH%ﬁt Ploydingihehae aivavesage pedidls siteeofsibpet Hiicatrsut aEnrt])ient
g from diameters
around 1 micron up to above 8 microns, but with most particle diameters being in the 3-7
micron range. The particle sizes were then estimated in an experiment which simulated
the particle size at heat exchanger outlet 18, with heater 17 operating at differing energy
inputs. When the nebulant is heated to 60°C, the particle size distribution peaks at about
0.8 microns and about half of the particles have a diameter smaller than 0.8 microns.
The diffusion coefficient of aerosol particles increases exponentially at below about 1
micron. It is believed that if water is not removed from the system, the particles will re-

equilibrate with water and return to their original size in a short time. The measurements
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nebuliser (i.e. in the absence of heat) have a broad

di stribution extending fromdianeters around 1 m cron
wapooro1aBdve 8 mcrons, but with nost particl ePCT/AU2006/001113

dianeters being in the 3-7 micron range. The particle

Si zes were then estimated 9 an experinment which

sinmul ated the particle si z&%at heat exchanger outl et
werg gnadgiwith an Malvern Mastersiziea 2000, faam Malvieer Insureass QWalvern, UK
whitH & Blowdh@dledtiBR iRRRFbIMhicisheat ed to 6Q0C, the

particle size distribution peaks at about 0.8 microns

and about half of the particles have a di ameter

In ssrﬁﬂiakyaf cdnid sedn8ndtititd iR Géntion Provillek & H%’ceﬁhnﬂ\” EEA E?%Igmel
snm@ {3 tﬁ»,?'&% Clbles i ner eases exponenti a
638 lP o yRPIeMs of § eﬂlﬁ'n%me@m'Hfﬁltrurnentﬁatneludms healt
sens;lmrmamldscfdpemaﬁmmeﬂ(étlﬁdﬂesﬂ%@ré&@ﬁé h@/b@lﬁmw}a] ystem and it doe not
return to their orig nal

br at &
reqL&'%gagH%’sﬁli 9 <Ypi5M °1f ?’H%"e ﬁ‘ﬁ@afﬁe <loes Bt eavies e wsaef bighin a
concaviirbted hydrivgsi permaz!e Bs a(ﬁhﬁhng &é@ﬁhl"ﬁk Y& &chl eﬂ/%tsﬁém%ﬁkﬁ within

20 AL Sl 9 o VB SA L el s S
exarg pl@s« digedssagh slemmthahstealizaaord(e‘rleé eddugtdnyin 5ld@n§én§iﬁétiﬂn) &4hin

t medi cal instrunments,
fact 12 Ay o8 PRUETE ohuss B iAol pveravibPrarcsar
OPe@BQ%Qﬁ@ﬂWF%@Uﬁﬁ@ﬂEUVEOQandH@EKEth&& it does not
require a washing systemto renove sterilant. It does
not require the use of highly concentrated hydrogen
For %gF c”bl'ifa gtegizajon eharahargontmust reathremtaurmdhmm/aeperoxude

chestidnii tZEHel 8 b 0 '
con nii rBRgabildBbo2d) @n%@%ﬁﬁ%%@%%ﬁ % rcgr?cen{rgﬁq,nqn the nano

h
pa”'é'%f" 5{ ?t\c(‘??syﬁig" gi‘%ﬂ%ﬂ?%@"ﬂi“éb%§@@b% 8646 @ hielus/minus 3C° and a

steritidation tyciatim®6f Hebwedros LRIIRG Fiifed 41 BRI ﬁ@ rgﬁ‘éé 0%
and éraePe fac%,t 43 @@h' eved within 15 m nutes
s p%%??g reS8ur e, over a w de range of oper ating

conditions, with both |lunens and nmated surfaces. For a

The flertolst oV € 1P ey o e faiodd 7 BRiaibish ray teatipasigd mid
chami®gyas @ r@BomMebulaniean bb akihighras . oiheeThitabh 68 cbr‘hpér‘é@ Wlth
e rat.ur

0 % t
R 2R 8. B Pl 58 0 e d TREL AL
25 thnﬁ\élo%f Rig é@\@géqassat Aighen@mperatires orttunhidity) did risiag ka2 b/l at

0% Hufidlg o 94.6006/PRBORE efehighky, above 40% RH. The

i nventors have found that concentrations of biocide
whi ch may be introduced into a chanber as a

The deta of Shigleay deﬁﬁéhs%te@%hii't@ %?ﬁ el fdhé‘ic{/ fie g?&%%ce &

ared with maxi nuns ac I ev

pem’&@%i’%ﬁ%@ in the absence of evacuation) of O 9 ny/l at

250§: and 40% RH (even |l ess at higher tenperatures or
Althoqg_ %I t\ye?nt and s 2?%8 ﬁt@g@g_fhe cont%gd of%(é)ogrgms%rts%erﬁlrzm
medical instruments and in relation to a sterilization chamber it will be understood that
the same principles can be applied to disinfection of chambers and ducts of all sizes. It
will be understood that the invention is suitable for sterilizing an operating theatre room,
a silo or other large volume chambers. In those cases the nebulizer system, heating
system and water vapour removal system, will need to be scaled up to an appropriate

extent and appropriate monitoring and control systems employed, but since no vacuum
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The data of exanple 10 denonstrates that the efficacy
is not due to the presence of peroxide vapour.
w@\donoughs t he i nventi on has been descri bed i n P&EAU2006/001113
context of apparatus for sterilizing nmedica
instruments and in relation to a sterilization chanber
it will be understood that 30he sane princi ples can be
is reqyred edd the adnsentiatians afmeafsocdrambesdesang, checd arleo ekial
1S er, h he 1 nven S
dlffl%blﬁgél slcél%ng'ulpt ?rorqlgs% rﬁfffﬁc:ﬁe%é%vergyépoar remova ‘(éar} >m a
aCCQTnIPbSh?d with teepilabler gjecandltionisg sheteer s. | n those cases
the nebulizer system heating system and water vapour
renoval system wll need to be scaled up to an

It isf19h Elgpr What the erethastof ednwgijtion jsrsoanechmoeretafiidieny trandrapour
sysfeity It thﬁb@ﬁ e a§WB{e9M‘%%cu|%§tare°'l'idP|$& g\@? gﬁ@%é‘ P than peroxide

t he concentrations o are

Vap@%'grée'gw}%s ”ﬁ%{é‘?@' terhdock PasgRge) o pergiifle veraur imalequies into lumens

andS@ashtéﬁngh@néHﬁdbU@ﬁﬁﬁeﬁtlcl&léﬁ ihelofHak h&‘ﬁ’& &e NeBRPI comparison
e, acconplished with avail abl e

Wit Y BRISFE PO TGP ey By Pt MPBSHY Alseate iy Raficls
posmblyh'mie aflorigeerdsiaened fir@ oh Suatedh IWhl'ﬂhr‘[ﬁeyeff'ﬁc pi rS‘g'eQﬁ'én \‘iatb%ﬂr

h
T L T LT e
partini¢ssio @hesrosblhey beqmavidenl iblaqghlenpaksighanis dbeditatiewith vapour

ma B e ot pieck Wil R S LS Pl Arces an

abl'@bﬁ@p@“ﬁ%@iﬂ nydtechsurtates antblumens ebichhds haivaeeviowsty lgseenaitlehwable
deb@E b

o TRREo VT e G100 SIS Sk e st
|np|nge t han vapour nol ecules. Certainly the fact that

As WM BB UALEBRbI B visE 's%ﬁed)lﬁ'n tpgéﬁﬁ'b&ﬁhé 8&!31’?? EQ.TeB? ﬁ:ig W\/@Hﬁ)on

ﬁartlcles i n an aerosol can
ma

B emBOdiethin manyderms: 4. restipd W(ﬁ%ﬁ%[ﬁtuww be parfepraaddw

con‘lbhnﬁ‘gpﬁ'pﬁfdt)séfrdlﬁérém uBft bQéraﬂ@)%Llh @&%bﬁéﬂ%@ﬂ"beﬁ&hﬁhe novel
an abi | goto penetrate mated

mebey feeubou, T BURRERUTSRIN Bt 3rbcoutibi AP rt Gt o pessass based

on thé traentivelpeincipids Hereth discio¥et hwillbuPdshktingffromgrai srcaﬁ@hérézéﬁ
residue on the surface of the treated article. As w

be understood by those skilled in the art fromthe
teachi ng hereof the invention nay be enbodied in many
forms. The nethod and apparatus nmay be perfornmed by
conbining a variety of different unit operations in
conbi nation to performthe novel nethod described. A
person skilled in the art could further optin se the
process based on the inventive principles herein

di scl osed, w thout departing fromthe scope
hereof . CLAIMS 1. A nebul ant conprising finely divided
liquid droplets suspended in a gas, said droplets
including a solute and a solvent, wherein the droplets
have a concentration of
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greater than 60 wt % of solute and an average di aneter
of less than 1.0 mcron. 2. A nebulant according to
w@b@rm4ussnherein the solute is a biocide. 3. Araphub@nno1113
according to claim1 or claim2 wherein the solute is
sel ected fromthe group consisting of hydrogen
per oxi de, peracetic acid, a&id m xtures thereof. 4. A
nebul ant according to any one of the preceding clains
rein the solvent is, or includes, water. 5. A
CLﬁQ@ﬁlant according to any one of t he precedi ng cl ai ns
wherein the droplets have ari average di aneter of |ess
than 0.8 mcrons. 6. A nebulant according to claim3
having a hydrogen peroxide density (granms of hydrogen

1. pefmﬁbﬂﬁé#t ctbl[n@rlﬁﬁ%ﬁr‘?eﬁfélgilde? %ﬁ?&@,ﬁle% g% dh§ 5%%% dsgld

densi ur at I O mt
droaletsan@whmga@ p@lm ang & @twt athgrain thediréplets iave/a cahcentration of

greQ@ptHaﬁgte) \Ag%cé?rsglh@aﬁoo%r? A& é{m&&eéfq%éasﬁﬁ?g?f d /'rﬂg%P

per oxi ensity at 4 IS greater t
relative humdity of greater than 40% and at .

2. at rmaeméntec@crreiﬁgweam& wheRGPHE 3BiLitcAS 6 ¥idtideg to claim
7 wherein the hydrogen peroxide density at 400C is

greater than 45ng/|l at a relative humdity of greater
3. tham né&ﬂ’arﬂ@dccﬁﬂlng‘td@élﬁhﬁ 6t Slaify 2@5%@1 th8 solbteN®sd166ted Pém the

di si nf ctl or steriljz sur ri sing the
arofp e of B ineurereidey P SediciAi A S BRBITES Iage

sterilizing agent in a solvent to fornta nebulant of

fingel ticles the s | ution in a gas .
4. o PR el oBERGREH B Tt ind REca g Sioli b fE Sgventis,
or ihcuss, waliet.i ng point than the sterilizing agent; (2)

subj ecting the nebulant to energy of a kind and for a

duration sufficient to vaporize solvent in preference
5. t o Anebulant aceqyding énany ateeofdipyprecedingcelainsovhiehain

thegmﬁe@waaé LRV %ge BEnResk ekt éﬁh% mt&% nt particles;

renovi ng sol vent vaporized 1n step “fromthe gas
stream at or above atnospheric pressure and, if

6. necﬁﬁélﬁﬂé’nt a@&:%lh@% EIQI?n @ﬁg\ﬁrltgaé‘h% rgge?'%é?&lc?é)d&gtt){ ?dﬂét"ns of

Céi%w 05|n% sai d surface to nebulant of concentrated

hydéq .He deditrg g Aeropelbarestes frag the)pergxide Aansily of a ¥aRayr atigst

bel&W @8 batliz€or MAit St E@€podding RniPRINIGE pemRRGHiHY to claim
9 wherein steps (1) to (4) are conducted at

at nospheric pressure or above,
7. A nebulant according to claim 6 wherein the hydrogen peroxide density at 40°C is

greater than 20mg/l at a relative humidity of greater than 40% and at atmospheric
pressure.

8. A nebulant according to claim 7 wherein the hydrogen peroxide density at 40°C is
greater than 45mg/l at a relative humidity of greater than 40% and at atmospheric
pressure.

9. A method for disinfecting or sterilizing a surface comprising the steps of:

(1) nebulising a solution comprising a sterilizing agent in a solvent to form a
nebulant of finely divided particles of the solution in a gas stream, said solution including
a solvent having a lower boiling point than the sterilizing agent;
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11. A nmethod according to claim9 or claim10 wherein

the sterilizing agent is selected fromthe group
weongiost4Bhg of hydrogen peroxi de, peracetic acPdi/Aa2m6/001113

m xtures thereof 12. A nethod according to anyone of

claims 9 to 11 wherein the solvent is, or includes,

water. 13. A method accordi3¥g to claim 12 wherein the

sol (@) bubjedting Feaeblilansto3Higgyrof bRl dnddorageurafn@t sufiigkat ton

g Etin e SBHBA G ARl §r3hy W Brec L pestibon
of the agent of thanebllémtpedities; t r ansducer. 15. A net hod

i Ng.: / | A 9- ' t 2
PR N peipd BREP AR it RSl B R
atrfospherichpessateiands  ne¢essaityegoa(idg theGebilanted rebwat ), dndtg
¢ e ) .
0.0 BB S LRl e U Ao e
3 faygtimesusiipiend testegilize ¢ha siufagel uti on particles to
vaporize water fromthe droplets. 17. A nethod

according to any one of clains 9-16 wherein liquid

10.c ont E1RthoRacsprding te Blaing Srytherain stepe 1o taird prectandpeied ebses
atnidepREiopr&ssBR%r\ebbl€ the particles shrink to an average
di ameter of less than 1 mcron.18. A nethod accordi ng
to any one of clains 9-16 wherein liquid concentration
11.1 N ARheetitelickaaingto elaim 9ropplaki $0 vRelefathe Stz SadrPis8 0%

i the particles shrink to an average diangter of
selpfed for e §34 hinsiing Ohbriodeapfolienbaralar srampures
theosoé of clains 9-1 8 wherein water vapour is renoved

fromthe gas stream at or above atnospheric pressure
in the third step by nmeans of a cold trap or
12.c ontl eredied, acgondinigde ahyamesif glaen® tadtkwicareintthe solvent is, or
incR85d Retdreabl e menbrane device, or other water renoval
means operabl e at or above atnospheric pressure, while
| eaving the sub mcron particles of concentrated

13.2e F R¥| ARS8 o Rint Y8 %@r%ji%? IsBIulidHeIn@8sh B 83 18

met hod according to any one of clalins 9-19 wherein a
hydsegenReEoXds ipwatareri | i zed i s exposed to nebul ant from
step 3 for a tinme sufficient to sterilize the surface.
hod accordi n% to any one of clains 10-

2 1. A ) ) ( 0- 20 ,
14,06 ATFIRH BTG CAY S8 S HAEHE S0 MaBiETdRe ASpliFid chnige 1 s
continetee b nizafs biogh Uilgakudid Pdhstiticd Cr o-organismload in a

mat ed
15. A method according to anyone of the claims 9-14 wherein step 2 includes heating

the droplets in the aerosol issuing from the nebuliser in step (1)

16. A method according to claim 15 wherein the droplets are heated during passage
over a heating element, which transfers sufficient energy to the solution particles to
vaporize water from the droplets.

17. A method according to any one of claims 9-16 wherein liquid concentration in the
nebulant micro droplets increases to 60% to 80% while the particles shrink to an average
diameter of less than 1 micron.
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surface sterilization test (as herein defined) or a

lumen sterilization test (as herein defined) is
wa@ehrevaads wi t hin 20 m nutes exposure tine to tPEI/AU2006/001113

nebul ant fromstep 3 at atnospheric pressure, 22. A

met hod according to 2 1 wherein a 6 |og reduction in

m cro-organismload in a nd2ed surface sterilization

18. t et mbRsd BEEREIAg @c?&rﬁﬁ?r@of bFém%CélH@%QréM § mmccmememaﬁ fthe
exp osure tine to th lant fro

nebal@m'ﬁw&rpeleﬁﬁm%ﬁee © Q%% t%ﬁ%/am'%ﬂ ?%%fwgk fan average

diarf&t8bofMaxsitgdh 0.6 hlicl¥hans adapt ed to produce a nebul ant
conprising finely divided particles of a solution
suspended in a gas, the solution conprising a solute

19. anch methol ‘aemrdlné ) aME@’@Sof Ehrmﬁupa Wi'emy\ walfef 'va:pcmmts removed

b
ront B2 s 8 ot e bt fe PSRyl Bufe Al Sihatly s ofa
cold:tmpcmrnbnd&nsen aoﬁolecﬂlaﬂsaeve ror dedicdanint spanifarmbalge nembrane

dev‘pn nCl S %at%qggéfgl ni\é%ﬂg§%%r8blé ng}f a%tose 5%@[4&8’&8&% while

romthe ne at nos
leavingetbs sule micion pamclneoémmryratadmr@w $qh§lonh@smbu$lqmn the
gaskﬂegﬂ'9“'70 0C (4) Means for exposing a surface to be
sterilized to the nebulant fromstep 4.24. Apparatus
according to claim23 further conprising neans for

20. COT fn@inbt 28cdrbifg & Qﬁygé(nesd! RRihEO 1! 9 WhafeiPa Gakadeo ST ifized
that solvent is vaporised in ﬁre erence to solute and

is em&fed F%m%hui%frymﬁtq&wraftmeﬁé Ssntiestarize Kisoifaet. 25.

Appar atus according to claim24 wherein the neans for

21, g1 o P EBHATSIE 1019 25l R 2B G Sigoc foq mated
surféeé)uﬂ 3 mﬁfealaaaﬂdvﬂér@ﬁ l@@ la?:T.edual;herbmﬁdrd-efgﬁnlsepleaditmmated
ont,i nuo cli : . ar.at
sur PRt i epen st o apund BB En 6 B e
definéd) is gcHievedIWithin Zominatesiexpagid time tanthe nebdilant. fropvstep 3 at
mnﬁ%a1 ?ggé?a%cordlng to claim26 wherein the nebuliser

or about 15-25 seconds per m nute. 28.
Appar atus according to any one of clainms 24-27 wherein

22. St e/p m%tHoﬁ a%Q&GM(rﬁttf ?g %S c@%&%nsﬁuf fhf2H8- Qr‘éﬁﬁlgt‘rﬁgoad ina

enment neans B m Cr owa .
maf@ti lseFfagecipriiEation tget(as herein giew§ achieued it TRewipitag

expBE@Emels file FALLRANAGH SR W atiOUPHERE hrRBsUFBANS;
convection neans; or mechani cal energy transfer neans.

29. Apparatus accordlng to any one of clains 23-28
23, Whegiaratideorfiringdh chiaBRbton:

(1) Means adapted to produce a nebulant comprising finely divided particles of a
solution suspended in a gas, the solution comprising a solute and a solvent;

(2) Means for supplying sufficient energy to the nebulant to selectively flash off at
least some of the solvent as a vapour,'whereby the concentration of solute in nebulant
particles is increased; and

(3) Means to separate solvent vapour from the nebulant after step 3 at
atmospheric pressure, and if necessary then cooling the nebulant to below 70 °C

(4) Means for exposing a surface to be sterilized to the nebulant from step 4.
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removal is carried out by nmeans sel ected from neans
for passing the gas through a drying agent, desiccant,
worooritg@ayh suitabl e nol ecul ar sieves, nmenbr anPGT/AT2ENS01113
for passage through a centrifuge, neans of a suitable
cyclonic separator, or the like. 30. A nebul ant
substantially as herein dekcribed with reference to

24. anXpé‘;raﬁJQ @céording k@élalnﬁélfuﬂﬁeﬁﬁ%mbﬂgmé ﬂ{eaﬂé %r%ﬁ)ﬁt%l!nfggh@r

sterilizing a surface substantj al

energ sERRIBRN PR (@) fe U At 3veRhly vanrﬁ%e nREfRPISS to gglute
and Blaerdidtivaigtiitierst arIas kSapastiant i al |y as herein

described with reference to any of the exanpl es.
25, Apparatus according to claim 24 wherein the means for nebulization used in step
1 are selected from the group comprising ulirasonic nebulizers, sprays, jet nebulizers
and piezoelectric nebulizers, operated continuously or cyclically.

26. Apparatus according to claim 25 wherein the nebulisers are switched on and off
cyclically, (or at irregular intervals).

27. Apparatus according to claim 26 wherein the nebuliser operates for about 15-25
seconds per minute.

28. Apparatus according to any one of claims 24-27 wherein step 2 is conducted by
means selected from heating element means, infra red, laser, microwave, RF or other
radiation generating means; induction heating means; heat exchanger means;

conduction means; convection means; or mechanical energy transfer means.

29. Apparatus according to any one of claims 23-28 wherein the step of vapour
removal is carried out by means selected from means for passing the gas through a
drying agent, desiccant, or through suitable molecular sieves, membranes, means for
passage through a centrifuge, means of a suitable cyclonic separator, or the like.

30. A nebulant substantially as herein described with reference to any of the
examples.

31. A method for disinfecting or sterilizing a surface substantially as herein described
with reference to any of the examples.

32. Sterilization apparatus substantially as herein described with reference to any of
the examples.



