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The present invention relates in general to an

apparatus and nmethod for sierilizing nedical and

| aboratory instrunment and devices. Mire particularly,

the invention relates to an apparatus and nethod for

NETHADARD AWEPARATTRFOR STERIEIZING MEDRAIARIAND

and | aboratory instrunment and devices. Background of

the I nvEABORADORY INSETRUMEBNTSNABID PPEVICES

procedures are performed every year on patients in
hospitals and nedical facilities all over the world.

Thi s does not include the other several mllion

procedur es perfor medFipld dethe dhveptiof essi onal s on their
patients. A mgjor risk in all such invasive

procedures is that of introducing infection. One of

t hgpotfoThe possamn invayoro frelates rivggenéraigto afi exppamtusi snd meethod for
failure to praoperly and suffici entlg sterilize the
suttgfilizing madieal e Atborgprygingirement gulgdgvicesh ddere particularly, the
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bei ng packed into thelr steril e packagi ngs. [004]
Several sterilization technol ogi es have been devel oped
and are currently i nBaskgoiund of thainvehtorof systens all
over the world. One of the nobst popul ar and
traditional nethods of sterilization is known as

aut ocl team sterilizat nsi der ed
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proc ernore I'S easl e an

pr @%ﬁﬁnlﬁ@n HARGSIRY PelPHmRIIOAL G Tal 36fials bA%heir patients. A

limtations of autoclave steam WO 2004/ 103417

PGhajoezis 3 fl08dcdinvasive procedures is that of introducing infection. One of
the most common ways of introducing infection is the failure to properly and

sufficiently sterilize the surgical instruments or devices used in these procedures.

[003] Use of disposal medical instruments have been viewed to be an essential step
in this prevention of infection. However, even disposal medical instruments must

first be sterilized before being packed into their sterile packagings.

[004] Several sterilization technologies have been developed and are currently in
use in a variety of systems all over the world. One of the most popular and
traditional methods of sterilization is known as autoclave steam sterilization. It is
considered highly effective, economical and does not present a source of danger to
humans during the sterilization process. Furthermore, it is easily controllable and

produces no dangerous by-products. However, the limitations of autoclave steam



2 sterilization lie in its use of steam which exposes

the devices being sterilized to high tenperatures in
wez@eas34of 100C as well as the introduction of PCT/SG2003/000122

noi sture. In situations where nmedical instruments are

not made to good specificatZons, exposure to this

hi gh tenperature and noi sture may well cause themto
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USRS 00O it LRSI EANGEEGANAPL o i

OXfeBPeMBifes i rekbdsg af | WO Coamellradihat inddduction of moisture. In

sterilization, and hydrogen peroxide gas plasm

st étuatiomavhaamefimehinsgtfurhéres eresioe malle r@po@hspecifications, exposure

technol ogi es have their own Ilimtations that prevent

t Heithis\ighdemperatie arbmaistire ey yedhesnse bemdgtdsteriaraie or to even

st ea{n sterilization. [006] Ethylene oxide gas

st 1ization is costly and by-products and residues

are toxic and require additional systens for their

safe renovals. Gamma radiation sterilization is also

CORbs)y oaRd tbdhBolobRE WRHElofHP 5T UdiRh t Perllpdtiad iRiBpdses alr§ @thylene

dangerous to hunans and may potentially cause danage

t ooxidee gayesderd adatiom Sganmive ridsationHytelriliapeion p end hiy degega peroxide gas

plasma is also costly and requires speci al packagingl.

anelasmed retegilization: r gach P diKse Asteréligatign degdmologies have their own

sterilizatjon technol.o uses Ozone . gas as a, powerful

o XHTBFHODS (At B QAT PAHeCPPERAONNG ) TORLMPRRAAL DhFioRlave steam

ars@eljﬂiiz%%ﬁ reacti ve and capabl e of destroying

m‘croor gani sms. However, the reactive nature of Ozone

gas prevents its wde spread use as it poses a risk

in degradation of the materials of the instrunments

befoog] Eilgicnkioxiid. gaf GRBllizdliar & ¢ty haisl Bt-prydesgnindresidues are

glaring lack for an apparatus and nethod for

stlekic| andj meguitsf additioned | systans| fisotheir cafe remeavialsne flagnem gadiation

ons of costs, safety and

devices without the limtati )
byS'gilzatien & algfprordtyancotha fieapes cspowR o bigisben is Also dangerous
to humans and may potentially cause damage to the medical instruments.

Hydrogen peroxide gas plasma is also costly and requires special packaging and

container trays.

[007] A new type of sterilization technology uses Ozone gas as a powerful oxidant
to decompose into secondary oxidants which are highly reactive and capable of
destroying microorganisms. However, the reactive nature of Ozone gas prevents its
wide spread use as it poses a risk in degradation of the materials of the instruments

being sterilized.

[008] There is thus at present a glaring lack for an apparatus and method for
sterilizing of medical and laboratory instruments and devices without the limitations

of costs, safety and by-products.



3 Summary of the Invention [009] The present invention
seeks to provide a nethod and apparatus for

wa@t@nrilbiszi ng of nedi cal and | aboratory i nstrunket/SGz08/000122
devi ces. [0010] Accordingly, in one aspect, the
present invention provides,3a met hod for sterilizing
nmedi cal devices, conprising the steps: producing a
plurality of hydro@ammayrofdednmentid di ffusion flane;
exposing the plurality of hydrogen surface-m xed
diffusion flame to the nedical devices for a
predsgt Theri prestnpeinvadionf séekseto gnevidexpasdthed tand apparatus for
medi cal devices to the plurality of hydrogen
s uitérilizingwimeetlichl pdilabergtory nstramants ang dedesser mi ned
di stance; wherein the hydrogen surface m xed diffusion
flame further produces free radicals for further
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chanber "havi ng pl acenent neans and a plurality o

bwunRte-mixzd| diffusiew fiames exygsingethst glpalityrafriyidaggen surface-mixed
instrunments on the placenent neans within the
stdiffubipn dtaivertoctharbedical idgmices fior & eegstermandd; peradd of time; and
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gur a hydr ogen” surface-m xed
di ffusi on flane for a predeterm ned period of tineg;
and exposing the nedical devices to the plurality of
c 0jo61 1 ulnadnloéheh ysipeot ehe prastutcimventioneprodides, us imethod fomesterilizing
at a pr edet erm ned_di stance., [0012] In a further
asipediral deﬁ@ewwtqﬁﬂlzaw@mnbw T dresmenmensp ardie plurality of

faor ster i 2|n medi
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?rlgﬁn‘g{iﬁdegé‘ hakAIgy YRGB RYaBle 'HyASel stEblccdinfxkd Hifision flame into
the sterilization chamber; controlling the plurality of configurable hydrogen surface
mixed-diffusion flame; exposing the medical devices to the plurality of configurable
hydrogen surface-mixed diffusion flame for a predetermined period of time; and

exposing the medical devices to the plurality of configurable hydrogen surface-

mixed diffusion flame at a predetermined distance.

[0012] In a further aspect, the present invention provides, an apparatus for
sterilizing medical devices comprising : a sterilizing chamber; a placement means for
placing of the medical devices in the sterilizing chamber; and a plurality of burner
nozzles for producing a plurality of configurable hydrogen surface-mixed diffusion

flame.



WO 2004/ 103417 PCT/ S&003/ 000122 4 Brief Description

of the Drawi ngs [0013] A preferred enbodi nent of the
w@e@gam41T nvention will now be nore fully deseei/bezho3/000122

with reference to the drawi ngs of which: [0014] FIG 1

illustrates an apparatus in4accordance with the

present invention; [0015] FIG2 illustrates an
al ternative pl acepRphesBRAsn of the!HPawingsand [0016]
FIG3 illustrates a flowhart of a matgnod in

accordance with the present invention. Detailed

demoidiPil pRfedfed ldnfbolmait RFhd BEELéRt InRedttinSwill now be more fully
description, an apparatus and nmethod for sterilizing
medkscabedg ndth refzbmcatoothy drasdbhgswfevitich:and devi ces. In

the follow ng description, details are provided to
describe the preferred enbodinent. It shall be

appar en one skilled in.the art, however that the
OB B Jaliselts rn ebruets® i eivotanss b g BEreSt RGO
of the details may not be described at |length so as

not to obscure the invention. [0018] Referring to

rgggkl Pmem&mteganfa@éméﬁx%rpgaéemeagm%@! FAGandnd

ratory i1nstrunents and devices is illustrated.

The apparatus 10 conprises of a sterilizing chanber,

a vacuum punp, a placenent neans, and a plurality of
buloges]l FBz3| dssteaes phlosichbim @l miethod|intagcayflance with the present
confi gurabl e hydrogen surface-m xed diffusion flane
22WMVeRRN. n| acement neans and the plurality of burner
nozzl es are disposed in the sterilizing chanber. The
vacuum punp i s used to keep the pressure inside the

sterilizing Cha'ﬁ%@iﬂehﬁ@&:ﬁgﬁ?@ﬂf&@?ra@fn t nospheric

pressure and serves as a ty feature to carry away

unburnt gases. The vacuum punp al so serves to carry

away any debris or by-products fromthe sterilization

of [oohy e this alesaiptiohafmorppaatps ands methodnfos serdizing medical and

devi ces. WD 2004/ 103417 PCT/ SG2003/ 000122 L. i
laboratory instruments and devices. In the following description, details are
provided to describe the preferred embodiment. It shall be apparent to one skilled
in the art, however that the invention may be practiced without such details. Some

of the details may not be described at length so as not to obscure the invention.

[0018] Referring to FIG.1, an apparatus for sterilizing medical and laboratory
instruments and devices is illustrated. The apparatus 10 comprises of a sterilizing
chamber, a vacuum pump, a placement means, and a plurality of burner nozzles 20
producing a plurality of configurable hydrogen surface-mixed diffusion flame 22.
The placement means and the plurality of burner nozzles are disposed in the
sterilizing chamber. The vacuum pump is used to keep the pressure inside the
sterilizing chamber lower than that of atmospheric pressure and serves as a safety
feature to carry away unburnt gases. The vacuum pump also serves to carry away
any debris or by-products from the sterilization of the medical and laboratory

instruments and devices.



5 [0019] During operation, nedical, |aboratory

instrunents and devices (hereafter referred to as
wore@iaed41devi ces 30) are placed on placenent nREIFSG2003/000122

inside the sterilizing chanber. The plurality of

burner nozzles 20 are ignitéd to generate a plurality

of configurabl e hydrogen surface-m xed diffusion

flames (CHSMDFs) 22. The flames produced fromthese

burner nozzl es 20 can be described to be gentle,

" cmohd] Buengl@eration) Ried@al, Tiwrgbrr Mstriuyhedts &HSNBHCR?(hereafter
are produced by burning pure hydrogen in either pure
oxieferedoto s riddicali cbmceswwh ao¢ phicedoort pd,ao;zgxent means inside the

rogen an gen are not
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ej ecting hydrogen gas. \Wen the urner nozz 20is In
opetaRl’t /1l cledysifitigen ToapliralifesMOHSMDE ©d aé bfodabed by burning
envel ope of oxygen gas surrounding it. Wen this
hypwegbydrggen irs eitigari pwd, oxygel Lornpurdiddy amt witheor witioupeoxygen
of the hydrogen gas and_  oxygen gas interface. This
pr Sfipbewnh  HoyyRer dhe hyér@g@rb ala@, ORYEEH AP gl@F @Eﬂ-@uxed before being
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t egpe rﬂ% 05518 %ﬁhﬁé %Q@@m& Qeceﬁﬁ’ﬁvlﬁﬁﬂeg}?@htloned inside the

pre- n1xe anes er nozzles na

NegRESAbIAY cfetilg Rjdrétnt gast hwhbn e bikner hf)iz@@ 206§ ii8Mperation,
and may al so conprise a slot type burner nozzle.

[ ObGpgdingasishuing ¢ectyd witk an entulxsgel afroxpgert gee shyroaiygnit. When

gas, an excess of owg gen is jected fromthe burner
nothis lexdrogen ggs e tgniteds 1bens prlbf #ghe wavdepe abthe élydrogen gas and
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fuels are sinply too "dirty” for reliable use in

St Biifnkt A@tzled May e acissRsily bolimésd tootha kubieliA BESicyvdedigh and may
produce soot
also comprise a slot type burner nozzle.

[0020] To ensure complete combustion of the hydrogen gas, an excess of oxygen is
ejected from the burner nozzles 20. Since the sterilizing chamber 12 is operating at
about below atmospheric pressure, there is no opportunity for unburnt gases to

accumulate and pose a danger.

[0021] Using flames for the sterilization of medical devices 30 is by no means new.
However, conventional flames using hydrocarbon fuels are simply too “dirty” for
reliable use in sterilization procedures. Conventional flames would produce soot

that would contaminate the medical devices 30. Further, the high temperatures



that woul d contam nate the nedi cal devices 30.
Further, the high tenperatures WO 2004/ 103417

wEOMSE0D3/ 000122 6 produced by conventi onal P€T/86HE®3/000122

may not be suitable for certain nedical devices 30

that are not nade of netal. 6Ch|y t he hydrogen surface

m xed diffusion flane is "cool" enough to be used to

st sloldliéde vékﬁﬁmowanﬁes%@oﬁ&%Isﬁﬁ@ol@mr%éﬁﬁnrméul@aHevmes 30
devi ces 3 The cl ean-burning of hydrogen flanmes does
nothap arecot ensleif metaka Oldn thep Ay drogére surfath aniabd difsionf flame is
soot durlng conbustion al so significantly reduces
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radi cal s are capable of interacting with essentia

cell conponents (e.g. enzynes and nucleic acids) and

t her eby bol j I sps or

coBaneh Thry Fhet %&”Ert FEi, i DERIDEEE OGPy pSE® cxtremely
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|2|ng cha erring
@dré erPAf &&%&phfseﬁ)elﬁgﬁmﬁlt 36 NRNEorRBAGE irlt§ tRese free radlcals
hangi ng frame for hangi ng the nedi cal devices

t oTh&esﬁcwﬂaﬂlbzledrd tepiable dfhiatesdcing [vith egsentislndel rcom]aanents (e.g
The hanging frame 16 can be a plurality of overhanging

r aétaynws and fmueleie agids handnthesby glisrphthesnethbalisrhologrenganisms
| oops for _ the hangi ng of th medlcai%dew es 30. @h
haﬁ@?%@ltﬂlchwtﬁ éheﬁ%v%lﬁ gﬁfaveéag Proigdesie msais Qfgterilizing

ces back .and .f.or redet ermi ned manner,
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medl caI devices 30 sterilizing themwth the flanes
and also with the free radicals produced by the

CHobRE] Réferrihd ®IFIGLT, 0@t ¥xarhple off @tgplagenidnd iaddisrdlanging frame

remain stationery whi [ e the CHSMDF 22 are noved an§ln

swifpfordmeging the mesliiat dévicks\BOctesbe sterilized inside the sterilizing chamber
12. The hanging frame 16 can be a plurality of overhanging rails or a frame with
hanging means such as hooks and loops for the hanging of the medical devices 30.
The hanging frame 16 is movable and by moving the medical devices back and forth
or in a predetermined manner, allows the CHSMDF 22 to “gently” sweep over the
medical devices 30 sterilizing them with the flames and also with the free radicals
produced by the CHSMDF 22. Alternatively, the hanging frame 16 may remain
stationery while the CHSMDF 22 are moved and swept over the medical devices

30 instead.

[0024] Referring to FIG.2, an alternative placement means can be a placement

conveyor 18 made of metal mesh allowing direct access to the medical devices 30



30 instead. [0024] Referring to FIG 2, an alternative

pl acenment neans can be a placenent conveyor 18 nade
wotomeorl7 nesh al l owi ng direct access to the nedi/s6t003/000122

devi ces 30 WD 2004/ 103417 PCT/ S&2003/ 000122 7 pl aced

on the placenent rack 18 frédm bot h above and bel ow.

The pl acenent conveyor 18 allows the nedi cal devices

30placedden MY plicdrher taelc K 8afroimf bsth habivwt idd, beldvwusThe placement
all owi ng the CHSVMDF 22 to "gently" sweep over the
meehinyayorddallows tgomertical dpeices Hrorhemovsdrin @yhaek agd forth motion,

[ 0025] Alternatijyvel he placepent nmeans_su

haligs Rdovingrtae f@%‘ﬂﬁFt to reRtlEsweer avered Bmeg%gf@?’l%é 30 on
bi,l e and t he I rality of burner nozzles 20 may

bgﬁﬁﬁygﬁanﬁ%@U%’ ng t he sweeping notions for the

CHSMDF 22. [0026]- Yet another alternative would be

t he conmbi nati on of both the burner nozzles 20 and the

pl pogsieAlitefRaNdy Pdk placedeabeand Q2B 7ds 16k Nanging frame 16 and the
alternatives to the placenent neans nmay be netal racks

al plevément cpheyendtmayf bergminokile ded ithwe plugdity roft ieneramiezles 20
where the CHSMDF 22 will have access ij—} h th top
antay fhe npyebleproyiding dhepreping radiansder e EE] Many

nmedi cal devices are invariably nade of stainless stee
or nmetal and have a high tol erance for heat and nmay

be 0 i

relfP28 Ve sl ia RE MR pnatc AR e SR poveles
tOQ@EM@gfa%merh@@dansMﬁﬁ%"m@eﬂﬂb.ng with Such nedi cal

devi ces 30 having |l ow tol erances for heat, the

plurality of CHSMDF 22 produced by the burner nozzles

have to be contraolled or configured. The flame_ throw

of [00RA Prher aliemptives oHtwpplapeme @ﬁ@st@ﬁﬁéd? uietal reeks allowing

ThpEchRe s tentost Spdes 30 pbdBe Zpdk waere By STSVY 227w have
i PRRS] B3ty 3036 uddul B5uh 8k bld LAG cheReso whi ch

0€S no cone Irect con e plurality
of CHSMDF 22. Thus the tenperature

[0028] Many medical devices are invariably made of stainless steel or metal and
have a high tolerance for heat and may be exposed directly to the CHSMDF 22.
However, some medical devices 30 are not made of metal and have low tolerance for
heat. When dealing with such medical devices 30 having low tolerances for heat, the
plurality of CHSMDF 22 produced by the burner nozzles have to be controlled or
configured. The flame throw of the plurality of CHSMDF 22 is shortened until a
deadspace 25 is formed in the sterilizing chamber 12. This deadspace 25 is a
predetermined three dimensional space in the sterilizing chamber which does not
come into direct contact with the plurality of CHSMDF 22. Thus the temperature
in this deadspace 25 is relatively lower than that of the CHSMDF 22. However,
the deadspace 25 is still highly concentrated with free radicals produced by the
CHSMDF 22. Thus, medical devices 30 that have low temperature tolerances can

still be sterilized by placing them in this deadspace 25



in this deadspace 25 is relatively |ower than that of

t he CHSMDF 22. However, the deadspace 25 is still
whe@hlig3seoncentrated with free radi cal s produckdr/bg2006@00122

CHSMDF 22. Thus, nedi cal deyices 30 that have | ow

tenperature tol erances can 8still be sterilized by

placing themin this deadspace 25 WO 2004/ 103417

PCT/ SG2003/ 000122 8 [0029] Referring to FIG 3, the

met hod 300 in accordance with the present invention

f oi0029]eRefeiringnty MG L athei msthadndAP sinaecaidarice ewith sthe present
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plurality of MDF 22 are introduced 315 and the

pl thoahted y¥ntofth Skl Rine IBoinglgl fedin Baskston hhetigg lveps.aNext, the
shorten the flame throw. This is to create or form
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tol erance for heat may_ still ughderg[o sterjlization.
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The nedi cal devi ces 25 to t

CHEMW e 2Rnfeqhrofy cadicd detoetirgtn@etfeewith theoheditdlRleaites 30 when the
predeterm ned di stance(i.e. direct contact or

denddipalateyicdePrbringsferiivet hevalsdh tadraunteto bes: t ol er ance
for heat. The plurality of CHSMDF 22 may be swept
gently onto the nedical devices 30 in a predeterm ned
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enhaiIsHde PilepRAdihg bARhO ncARAL dvites’MoRERICE foH Ied€l The plurality of
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The apparatus 10 of the present invention can .
manner to further enhance the exposure of the flames to the medical devices 30.

[0031] The production of free radicals by hydrogen combustion which is important
to the present invention can further be enhanced by addition of certain
predetermined chemical agents or modifiers. Examples of such chemical agents are
ozone gas and hydrogen peroxide. The apparatus 10 of the present invention can -
further comprise a plurality of gas nozzles and a plurality of spray nozzles for the
introduction of ozone gas or hydrogen peroxide into the sterilizing chamber to

enhance the production of free radicals.

[0032] Hydrogen peroxide is introduced into the sterilizing chamber in the from of

a fine mist by a plurality of spray nozzles. The spray nozzles are preferably



further conprise a plurality of gas nozzles and a
plurality of spray nozzles for the introduction of

wWo@2@aaolas or hydrogen peroxide into the steriPCwBGLN03/000122

chanber to enhance the production of free radicals.
[ 0032] Hydrogen peroxide is9 ntroduced into the
sterilizing chanber in the fromof a fine mst by a

Pl located ¥arhe piraltyNOZ Blr@sr nd2¥esSPY aid d@id#tee Sueh €hat the spray
preferably WO 2004/ 103417 PCT/ S&003/000122 9 | ocated

nenozddserppaintig atythe fmdsiinahdevices 29l teing2@erdivmtdo ﬂl“herﬂpeary nozzles
such that the spray . nozzles are pointing at th
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devi ces I ng sterl I e resu

r apr6ilde dhebdigted @idOtha Sheah gemaécp g§ rthe EHOMIIEe 22, Any water
di ssoci ates due to the heat generated by the CHSMDF

2 2fortay avvatresult dfotheetissasiation ef uhd hpdrogére peliosilods abiwarted into

of the hydrﬁ_l eroxide is converted into steamby
t hete@pdyohe %h/i%f‘r dmavéeerpgvediy thaciaenpiwpip. Correspondingly,
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fi 86viddsS0. afhidWedyIResr MY Mist dE hPGeprSp&biHb L8RS Yhitaneously
wth the sterilization of nedical devices 30 using the

CH@lRh2&erili2083 bf edioal dpakces 30 usihg debuCIEEMDTR 22.t he
sterilizing chanber to enhance the performance of the
present invention. The . ozone gas is introduced into

t he rilizing chanber vjia a_ plurality as
noB9pEs Orames Zgnds ﬂgg&? disth dhpesterizing orf i@ nenbgace the

o PUPorERtte REGRE pFlahCMRERoh " mE S e it ifRadtRed into the
St &Eﬁﬁiﬁ? Ehbel Yial {G1utAMIT gdlno 8. Tt%[ FRUGEEs WERNEDe sited

di ssociates to form oxygen radl cal s and oxygen gas.
Thesey fifoad tieaCEISMDF f bitt difskcted ntotvaRisethe thetidal @Bvieés 3Myifter the

remai ni ng contam nants on the nedical
medical devices 30 have undergone the sterilization by the CHSMDF 22. The
introduced ozone dissociates to form oxygen radicals and oxygen gas. These
radicals aid further in the elimination of any remaining contaminants on the medical
devices 30. Furthermore, the method 300 in accordance to the present invention

would further comprise an additional step of directing ozone gas at the medical

devices 30.

[0034] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.



devi ces 30. Furthernore, the nethod 300 in accordance
to the present invention would further conprise an
w@odaitiommal step of directing ozone gas at thePOESG@B/000122
devices 30. [0034] It will be appreciated that various
modi fi cations and i nprovenelts can be nmde by a
person skilled in the art wi thout departing fromthe
scope of the present invepingn. WO 2004/ 103417
PCT/ S&003/ 000122 10 Cains 1. A nethod for
sterilizing nmedical devices, conprising the steps : a.
producing a plurality_ of hydrogen surface-m xed
1. g fmeh f0F|5§ﬁh,zmamdeﬁal BSpersi IS ising the SRt i ty of
hydr ogen sur.face: m.xed.di ffusion. flame .to..said )
mett oo PraabregE BREYIE Sy bl e BrRE g anc
wherein L; r ; f ] i [ : :
Pt her 3P ohe Cus! ey YRt K LS RO e to sad
sterili glefigalafevizas for AR deRImERY ipeR&d ofZimd;he net hod
according to claim1, wherein said nethod is perforned
whetein said Agdrogen suface anixed tdiffissionT lemaefiittbel anclocel fige tradicals for
claim1, wherein said plurality of hydrogen
furtheysterilizingehieaid mefligal deviess- f| anme is configurable. 4. The
met hod according to claim3, further conprising the
step: c. exposing said plurality of hydrogen surface
o : Com . - : . _
2. oo EEE P Mok Wik Sifein TR Ghed BRI & vaoum
envifondleft. 4 Wherein said predeterm ned di stance depends on
heat tol erance of said nedical devices. 6. The nethod
according to claim1, wherein said hydrogen
surface-m xed diffusion flanme is produced b%‘burning

3. puike mythod geaording felainb ky whereini saisopiurabitie ofrhxdegen surface-mixed
diffusion flame is configurable.

4. The method according to claim 3, further comprising the step:
C. exposing said plurality of hydrogen surface mixed diffusion flame to said

medical devices at a predetermined distance. -

5. The method according to claim 4 wherein said predetermined distance depends on

heat tolerance of said medical devices.

6. The method according to claim 1, wherein said hydrogen surface-mixed diffusion

flame is produced by burning pure hydrogen in pure oxygen without pre-mixing.

7. The method according to claim 6, wherein said pure oxygen is in excess of said pure

hydrogen.



7. The nmethod according to claim®6, wherein said pure
oxygen is in excess of said pure hydrogen. WO
wQoe4nan34a17 PCT/ SG2003/ 000122 11 8. The net hpdI/SG2003/000122

according to claim4, further conprising the step: d.
spraying a fine m st of hyolrlogen per oxi de towards said
hydr ogen surface- m xed diffusion flane and said

8. neDheratthdduccosding & cldine4, fetthedompeisingd ithegsté ¢l ai m 4,
further conprising the step: e. directing ozone gas
atd-sai SPEYERE alfingayist ebhydrogenspaietidod dpwasds seidr hydrogengsurface-
medi cal deyices.in a sterilizati chanber havi ng
pl acerrerﬁ’cxegﬂgﬁﬁ?ng]ﬁﬂleaim |S%H15filq%{ %?mﬁﬁlr ner nozzl es,
conprising the steps a. nounting instrunents on said
pl acement nmeans within said sterilization chanber; b.

9. | OMhd hBBo8 aédrdhg tRdlhiny 4 FHirtR&HOBIpriddE Zhested:0 | ntroduce
a plurality of configurable hydrogen surface-mn xed
di .f usi direcfihgomne ghoatsaiddnslicai dédvieat i on chanber; c.
controlling said plurality of configurable hydrogen
surface m xed-diffusion flame; and d. exposing said

medi cal devices .to sgid pluralit f confjgurabl e
10, yeyesgaad 108 pPrligine mestical dAviceain otferizafien Fhgmbet having placement
r t . ne i ' ‘o The .met hod accordi ng
mea:{%oa%g%énﬁrn%& 0(}\}#%6@?1&222%’ g&g@ﬁ%% tI}eSJEe ar f or med ina
vaguum mepnbOfigRRhentd 2on $418 fIEdREL 35HAE Hiftn (sQidC kRtiMzation
10, further conprising the step: e. exposing said
medi cal cldsibeiges to said plurality of configurable
hydrogen surface-m xed diffusion flame at a )
priedet eignitingdsaitl gtlenabity. of 3burmbie nogzlpo doadmddcanip turality of

claim 12, wherein said predeterm ned, distance depfnds, L
on configurable hydrogen surface-mixed diffusion flame into said sterilization
chamber;

c. controlling said plurality of configurable hydrogen surface mixed-diffusion
flame; and
d. exposing said medical devices to said plurality of configurable hydrogen

surface-mixed diffusion flame for a predetermined period of time.

11.  The method according to claim 10, wherein said method is performed in a vacuum

environment,

12.  The method according to claim 10, further comprising the step:
e. exposing said medical devices to said plurality of configurable hydrogen

surface-mixed diffusion flame at a predetermined distance.

13.  The method according to claim 12, wherein said predetermined distance depends on

heat tolerance of said medical devices.



heat tol erance of said nedical devices. WO 2004/ 103417
PCT/ S&003/ 000122 12 14. The nethod according to
w@b@iumoud? wherein said configurabl e hydrogen BCF/SGu®3/000122
m xed diffusion flame is produced by burning pure
hydrogen in pure oxygen wi tidout pre- mixing. 15. The
nmet hod according to claim 14, wherein said pure oxygen
14. i sThenedodssccoddingaiodclaipuin @, Wherebpesid dobfigiiable etdiegdn surface-
according to claim 10, wherein said plurality of
mixef) difﬁJ@ionri%mq ie rapduced byHwirning pare hydsegeni ieure ogeashgrithout pre-
..17. The nmethod according to claim 12, further
MXMEonpri sing the step: f. spraying a fine mst of
hydr ogen peroxi de towards said plurality of
confi gurabl e hydrogen surface-m xed diffusion flanme

15. 4 nﬂheS RlethotBRb&aing 16 W¥iAa3; W:l‘lgreﬁ‘le B&d 'ﬁﬁ“@ %Qy&‘ﬁcl@ rif| e&gesﬁ @f said

claim 12, further conprising t step: g. directing
pure bzddgergas at - sai d nmedi cal devices. 19. An appar at us

for sterilizing nmedical devices conprising : a

sterilizing chanber a placenent neans for placing of

said V|ces in said steril zi ng anber ;
SU ?C‘%S)F B g b Fyhiscin sid phisliido ﬁgu%wr hézld e of the

ur Iit of configurable hydrogen surface-m xed
tube& f@ W)ﬁ *t4%me. 20. The apparatus in accordance wth
claim 19, wherein said sterilizing chanber operates
bel ow at nospheric pressure. WO 2004/103417

17. PCTihex2B03a66¥0didg to digim 12, further comprising the step:
f. spraying a fine mist of hydrogen peroxide towards said plurality of
configurable hydrogen surface-mixed diffusion flame and said medical

devices.

18.  The method according to claim 12, further comprising the step:

g directing ozone gas at said medical devices.

19.  An apparatus for sterilizing medical devices comprising :
a sterilizing chamber;
a placement means for placing of said medical devices in said sterilizing chamber;
and
a plurality of burner nozzles for producing a plurality of configurable hydrogen

surface-mixed diffusion flame.

20.  The apparatus in accordance with claim 19, wherein said sterilizing chamber

operates below atmospheric pressure.



21. The apparatus in accordance with claim19, wherein

said plurality of burner nozzles are capable of
w@ominad4ied novenent in a predeterm ned fashi oPCT/2Q2003/000122

The apparatus in accor dancelg th claim19, wherein

sai d configurabl e hydrogen urface-m xed di ffusion

flame is produced by burning pure hydrogen in pure

21. oxJHe appaptus Braccprdenes witlnefaine 39, Wieseiaspidrdunalityi of burner nozzles
accordanc ith claim, 22, erein_sajd pure oxygen is
are qaﬁaﬁﬁieﬁ‘é@%&m LQVeMERiiRa HV#\Q@ ed ga&i.mi?he apparatus in

accordance with claim 19, wherein said plurality of
burner nozzles are of the tube in orifice design. 25.

22. ThehaRPasRtusSin AcBRBRIRNE laht 10, Ghidrdh 18id THhfidelble hydrogen
conprising a plurality of spray nozzles for spraying

Surfacephived ldififysiadf fllinaels rpreduced By duade pper bxddeend degds oxygen
_said plurality of configurable hydrogen surface-m xed
withgptrrersiismer | ame and said nedical devices. 26. The
apparatus in accordance with claim 19, further
conprising a plurality of gas nozzles for directing

23. 928Hi€ a&?a?at% insa%icgrdgl?c%i \5’1%1' clgi?ﬁ/.ﬁf, Stierein said pure oxygen is in excess of
said pure hydrogen.

24.  The apparatus in accordance with claim 19, wherein said plurality of burner nozzles

are of the tube in orifice design.

25.  The apparatus in accordance with claim 19, further comprising a plurality of spray
nozzles for spraying a plurality of fine mist of hydrogen peroxide towards said plurality

of configurable hydrogen surface-mixed diffusion flame and said medical devices.

26.  The apparatus in accordance with claim 19, further comprising a plurality of gas

nozzles for directing ozone gas at said medical devices.



