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APPARATUS FOR STERI LI ZI NG MEDI CAL AND LABORATORY
WRIPRLENTS AND DEVI CES Fi el d of the | nventi oPqIsHEP03/000122
The present invention relat e]: in general to an

apparatus and net hod for rilizing nedical and

| aboratory instrunment and devices. Mire particularly,

the invention relates to an apparatus and nethod for

QeiBIGHOI2 AONDIPARATISROR 08 TERIEIVIING M ERIT AR AND

and | aboratory i nstrunent and devi ces. Background of
the | nvehARA RYSEWSTR UMEN % ANy DEVICES

procedures are performed every year on patients in
hospitals and nedical facilities all over the world.
This does not include_ the other several mllion
procedur es performed H§ldpdik %ﬁwﬁmﬁﬂb33|onals on their
patients. A mgjor risk in all such invasive

procedures is that of introducing infection. of
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have been viewed 't an essenti a

pr ewegiliing medical zﬁfdelﬁlbdr@mry irereient ang@ devicedi sposal
medi cal 1 nstrunments nust first be sterilized before

bei ng packed into their sterile packagings. [004]
Several sterilization technologles have been devel oped
and are currently in Bepkegrqupd of thgdpeanfionf systens al
over the world. One of the nobst popul ar and
traditional nethods of sterilization is known as
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process. Furthernore, it is easily controllable and

pr scherad mikthion gaogdures ;:etfyrmﬁd)hbu demstal plofesvienals oheheir patients. A
limtations of autoclave steam
major risk in all such invasive 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 controliable and

produces no dangerous by-products. However, the limifations of autoclave steam
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in its use of steam which exposes the devices bein
VWQHP#19338d to high tenperatures in excess of PEI(G28e3/000122

wel |l as the introduction of noisture. In situations

where nedical instruments ar%e not made to good

specifications, exposure to this high tenperature and

noisrilivationdie itk bsecallstan whlthiegpshes theideridbebeiig b@rilyeinto high

rust. [005] O her technol ogi es devel oped for such

st demperatardsot peesosled 08T astwrll endghe dxtrafictiers of moisture. In

steriljzation, ga radi ation sterjlization, and

hy GHERORS Bide %ﬁ%ﬁ%%mﬁe Betapade;to Hope speqtiieations, exposure

thesg.st.erilization technal ogi es have t.hei wn.

157 g high e e Ay B e e 8% G5 it Bt o to even

rephjacenment of autoclave steam sterilization. [006]

Et hyl ene oxi de gas sterilization is costly and

by- products and residues are toxic and require

addi tional systens for their safe renovals. Gamma

r afios] iher wthmoldgiesaddveloped fail sachcsistilizetiandpurpeses are ethylene

frequent expgsure to radiation is_also dangerous to |

huRBiHe gan storizations esmna, rpqiatien sterilizatioge and q})ﬁ@g@@om;@pde gas

i nstrunments,. . .Hydr n _peroxi de .gas. pl as i s also .
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I nkigrigggeadary oxi dants which are highly reactive and

capabl e of destroying m croorgani sns. However, the

reactive nature of Ozone gas prevents its w de spread

use as it poses a risk_in degradation of the materials
of [00fle Etiydencuprider a5 sbasilivgtien &y rostiyeand poosjdurtie prd iresidues are

olRiscrrbeTE en T g mn ot (i Sk SRABa; g radinion
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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 capablé of
destroying microorganisms, However, the reactive nature of Ozone gas preven{s its
wide spread use as it poses & 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.
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PCT/ S&003/ 000122 3 Summary of the Invention [009]
WhWohilEB4ENt i nvention seeks to provide a met hACTAGP003/000122
apparatus for sterilizing medi cal and | aboratory

i nstrunments and devi ces. [0010] Accordingly, in one

aspect, the present invention provides, a nethod for
sterilizing nmedi cal Suewacesfthedmpntisnng t he steps:
producing a plurality of hydrogen surface-m xed

di ffusion flame; exposing the plurality of hydrogen

su®est elhei pestentdiififenonrsetkarie providee anpgthed| and\dppawtus for
for a_predetermne eriod of time; and ,exposing the

me deEikiging n@é&caf%l%tl Oy st ymensy aneldavisgen

surface-m xed diffusion flanme at a predeterm ned

di stance; wherein the hydrogen surface m xed diffusion

fl e ' for:

st TP} B QEE BohR g YR Infegfioh P pIeks, 5 pathod for
as peeilizing hedRabdsives, co@riting thepitepst Pesducgrieploeditf of hydrogen
sterilizing mnedical devices in a sterilization

c h awttase-nhizied difusioaciares) texposimg then gluwality uofhydrpgesf surface-mixed

conprjsing. the steps: nounting

bur ner  nozzl es, ! . .

i nétf?tw@nﬂgn%rp thee msigelefienices f9e anpredptermincd meriod of time; and

ou Pt RRAEIEVERS o BANE OF aBotieth s mixed diffusion
¥ e S f ot Ly | o
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pl Ak ifiyhed brod@edsifBserradibAs R do@ee Btefiirihae€the medical devices.

m xed-di ffusion flame; exposing the nmedical devices to

the plurality of configurable hydrogen surface-m xed
diffusion flame for a predeterm ned period of tine,; .
anP018x hoeraibertaspedielie daesegk inveation providesph urethed Jorogterilizing
conf i bl e hydrogen.surface- m xedq diffusion fla ]
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St Rlebntd %ithid tBOHERBLatiR dﬂaﬁ%@ﬂ%ﬁﬂﬁ@ %;hf.rﬁﬁty of burner nozzles to
introduce a plurality of configurable hydrogen surface-mixed diffusion 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.



pl aci ng of the nedical devices in the sterilizing
chanber; and a plurality of burner nozzles for

WO HOHERAY a plurality of configurabl e hydr oge®CT/SG2603/000122
surface-m xed di ffusion flame. WO 2004/ 103417
PCT/ SG2003/ 000122 4 Brief Descri ption of the Draw ngs
[0013] A preferred enbodi nent of the present invention
wi Il now be nore Bitf Descripéar éflibel Dravwins r ef erence to
the drawi ngs of which: [0014] FIG 1 illustrates an
apparatus in accordance with the present invention;
[ 0q0&43] FA GuéXeirbd emboditnest afthel presomd tihveatiph ailinew be more fully
means of FIG 1; and [0016] FIG 3 illustrates a
f | slredsihed, with zefersndede thedrawings abwbishni t h t he present
invention. Detail ed description of the Drawi ngs [0017]
In this description, an apparatus and nethod for

A R e e R R R S B

provi ded to describe the preferred enbodi nent. It

shall be apparent to one skilled in the art, however
t hqeo1sh FIGR/ Hinbiraics aveattetmiipe platémed mydahih of FIGs Licamd
details. Some of the details may not be described at

| ength so as not to obscure the invention. [0018]
Referri to. FIG 1, apparatus for steriljzing,
reditisl HAd F]EHB“Ffﬁf 1P HRE ol g ALoch FioksETERRS Witk the present
il .at ed. The apparatus 10 conprises of a
steri11zing chanber, a vacuum punp, a pl acenent

nmeans, and a plurality of burner nozzles 20 producing
a plurality of configurable hydrogen surface-m xed

di ffusion fl ame RéailedGescriptiva ot De®ans and t he
plurality of burner nozzles are disposed in the
sterilizing chanber. The vacuum punp is used to keep
the pressure inside the sterilizing chanber | ower

t hERP1Thdn this deserindioneAn @rpreBisuped aidhoge foresferilizing medical and

sai

a%tcﬁ(atory 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 withont such details. Some

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

[0018] Refemhg 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 fo carry away
any debris or by-products from the sterilization of the medical and laboratory .

instruments and devices.



feature to carry away unburnt gases. The vacuum punp
al so serves to carry away any debris or by-products

WQ W8/103& st eri | i zati on of the nedical and | ab&CASE&2(03/000122
instruments and devices. WO 2004/ 103417
PCT/ S&G2003/ 000122 5 [0019] Dur i ng operation, nedical,
| aboratory instrunments and devi ces (hereafter
referred to as nedi cal devices 30) are placed on
pl acement neans inside the sterilizing chanber. The
pl Upenalt hurig bperaiéen, mocdidabslaboratory ingnicherds tand glswisea (ereafter
a urality of _canfigur e hydrogen surface-m xed , .
di ff?f?yﬂ@@f%wgém%cﬂﬁ%ﬂﬁ%bd)zaﬁe plepal PP aplacenisnb queady inside the
fr e er 2 an_be descy{ bed 1.0 b
g e%t%}&eﬂ,}%cg'%h%ﬁb&? a'ﬁ%é) @ﬁ%@ﬁy bo(u%r I?HI ng. TS adu it qu?lgedoﬁ% generate 2
CHIMRER 20 AR AR 680 Bih Q&fag RtxedP$fihisiBY %ﬁl@ﬁgCHBMDFs) 22,
ei ther pure oxygen or purified air wth or w thout
ox yldenflaresyr produnsed trontkhesy Blirnet HezAAIDERNbA AhcHND BN be pentle,
are not pre-m xed before being ignited. Instead, the
bur‘aeel” aog zlean baningy The Whralityt of EHIMDFi 22 ae pdedicgdh by buming
That is to say, .a main nozzle ejecting, oxygen gas,

andVEe i'é(ﬁ{qgsal 1} F336% PRGs PEYSSHetr ipHYfied aith avithngr without oxygen

L0 b 60 S5 A58 50Ge H  Eg re n
W §dhiRd. SRNSIIone b%e?ﬁﬂ&féﬁ@ﬁ%y S oF 2 Ubih Grifibe d%é?%{.‘ That is to

this hydrogen gas 1s ignited, it burns only at

enysy, epmaldif ndzRl RN oeyreddas,and a @witaleRoLRS positioned inside the
interface. This produces a flane referred to as a

confdiy nozdlt ejesting’ hydrogem gasd Wikkeh ubké borrkt anezlé QASNVOIR) operation,
22, |t can be described as a "cool" burning flanme_ as
i t BYgrogpegasis bang eicoed with snspvelepaofiaxgeaneasstrpourding it. When

e CuSbTbRg 68 5 TemE A Ut Bl Bt SRvOpie P dudrogen g and
[oUBBEt st LRGEE A Bofieed AP RIS LR EOamble surfice

gamixed ifsies Hadb (ONSNEIF) 2, [E¢RYeRilsdrtRi s Hecdil® BRfing flame
nozzles 20. Since the sterilizing chanber 12 is

opas ik itegpadature is much lower than the conventional pre-mixed flames, The

_bumer nozzles may not necessarily be limited to the tube in orifice desigh and may

also comprise a slot type burner nozzle,

[0020] To ensure complete combustion of the hydrogen gas, an excess of oxygen is
¢jected from the burner nozzies 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



about bel ow at nospheric pressure, there is no

E}ortunlty for unburnt gases to accunul ate and pose

8 WAHYBALT [ 0021] Using flames for the steril i P&ES6iZ003{000122

madl cal devices 30 is by no peans new. However,
convent| onal flames using hy@lrocar bon fuels are sinply
too "dirty" for reliable use in sterilization
pr arediwed by chioventdodal dases frlag mesbewuitadlefon ciitain mwodital devices 30
that woul d contam nate the nedi cal devices 30.

Furthafeqre nph eafy gh meisdp PRl (he P geo Garfagamixed difﬁlsion flame is
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St Qhitidle A @8RhdOUl To6l AaFiA@HopiBushdh Seh sighicemdly reduces
devi ces 30. The cl ean-burni ng of hydrogen fl anmes does

notradiatbebiicat spase o hydrodeanlanpgrthis eking The “edod’eflame.0The main
soot during conbustion al so significantly reduces

r a@y azrpwt%@attbwéy eepgen Bypmpyawege and freqmsdicelsus maki ng

it.a "cool™ flame. The main by-product fromthis

hydrogen flanme is water and free radicals. [0022]
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of the hydrogén and oxygen gases bei ng burnt wl
c ohydyopes andbxygeh gaes beiag buadiwidll Se conMessd ifto ethese free radicals.
radl cals are capable of interacting with essenti al
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FI ﬁeheﬂéﬁd@%@%@qu@jeﬁl el %ﬁ%gﬁ% pfEans i s a hanging

frame 16 for hanging t evices 30 to be
sterilized inside the ster|I|2|ng chanber 12. The

hangi ng frane 16 can be a plurality of overhangi ng

r af0l083JoReferfinmiod (i &, lone example of the placement means is a hanging frame

16 for hanging the medical devices 30 to be sterilized inside the sterilizing chamber
12. The hanging frame 16 can bé 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
orina 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



hangi ng nmeans such as hooks and | oops for the hanging

of the nedical devices 30. The hanging frane 16 is
WRAHIB4ENd by noving the medi cal devi ces bacPCIfg2003/000122
forth or in a predeterm ned7manner al  ows t he CHSNDF

22 to "gently" sweep over the nedical devices 30
sterilizing themwith the flames and also wth the

fr qéaqedohmgiesplaqgmum B frome boHiSebeve2and below. The placement

Alternativ t he frame 16 may_ re .
st FOPYHOF g@ﬁw H?aéggﬁ%mﬁé‘)é? Be mevedy 'Tga (forth motion,
30 _i.nst ead ryf N
0 e AlIEE BRI 22 197 2ehfi?t SRGp dieP Bl mBBLg WElil& 30 on
pI afg@?ﬁeémerﬁg BYRY6f 1618 made of netal nesh allow ng
direct access to the nedical devices 30 WO 2004/ 103417

PCT/ S&003/ 000122 7 placed on the placenent rack 18
from both above and bel ow. The placenent conveyor 18

al |[6AR5] tAdéernasivielya thedpledaraant 30eans sheh ap thedhdnging ﬂ:mmdts and the
andforth notion, thusg allow.ng th
gé’ilﬁqe?’en%%%‘éf@’%\)@r may be i vtﬁe @éurggtpyoﬂtz b'elﬁer nozzles 20
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placenent conveyor 18 may be |nnDb|Ie and the
plurality of burner nozzles 20 may be novabl e

pr goo2g] Nt bithewRemiatice WolilkddeIhd esmbifstida$3Veth &2 .burner nozzles

[ 00261 Yet another alternative would be the
cobiandtheqiacemettondans heinpuraveblenozzl es 20 and t he

pl acenment neans bei ng novable. [0027] O her
alternatives to the pl acenent means may be netal racks
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[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 CHSMDY 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



However, sonme nedical devices 30 are not nmade of netal
and have | ow tol erance for heat. Wen dealing with

WO HE#i7cal devi ces 30 having | ow t ol er ances PEESG2003/000122
heat, the plurality of CHS 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 fornmed in the

sterilizi .Chanb 2.. This d space 25.is a .
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ctorilizi ha . i\ ; e
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than that of the CHS 22. However, the deadspace 25

i s nseahd. | Whegthe placamestmhaaat &ch hanping e Icathe aaddical devices 30 are

produced by the CHSMDF 22. Thus, nedical devices 30
t haountedeniode hengies e by hulgingiters doekarr henging lanps. Next, the
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| o bS5 10 RA Sy AARRATIE, M0 h 58k or om
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t he nmount'ing 310 of the nedical devices 30 on t

pl andsp@niterilimios. Thequlutaliey pf GEISMEDF 22eRBE alsé & controlled such
hangi ng frame 16, the nedical devices 30 are nounted
onthat thedlamerbiovgedmesintoplirchbengitasty with ¢ mediksl dswices 30 when the
hangi_ng | oops. Next, the plurality of CHSMDF 22 are

i nEedi oy 50 bipe steralizer hiayg high tol¢raggadi/brato

controlled 320 to | engthen and shorten the flame

throw This is to create or form the deadspace 25 so

th . . it

by 0308 PP Bhedh UG 30 e e Bbd:) 30316 Rm, RUSEIF 22 for o
CHSVEEteAine@ Perddd 6f Hife 20 bf alpr&lttermaled diftdicelile dirb@@ntact or
throw cones into direct contact with the nedi cal
dedtadgmc8dephrding or therasiical dedes’dekraide fei iegt. The plurality of
sterilized have high tolerance to heat., [0030] The .
nedHEMDY % maydezuvent gentlyamtethssuedicad devicgs SAdn @Hesstermined

22m];.r(1)1{er % 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



predeterm ned period of tinme and at a predeterm ned

di stance(i.e. direct contact or deadspace) dependi ng
Vh2Q0W03EDi cal devices' tolerance for heat. THET/SG2003/000122
plurality of CHSMDF 22 nmay be swept gently onto the

nmedi cal devices 30 in a predéterm ned manner to

further enhance the exposure of the flanes to the

nediocaitd dew ite phddity f008Adr nilaelepra@darat oxkemtat sdobethat the spray

radi cal s by hydro%en conpustion which is inportant to
t helqgeles éthq .tb%m@éwalfctﬁvtcﬁ% B0 theing steaiticed Bhe spray nozzles
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present 1 nvention can se a p of
gasdetRez B@Beiaf stedliRbyEsalts meie BRTANAOBANE forhied al ﬂx% hydrogen -
i ntroduction of ozone gas or hydrogen peroxide into

t hepesadd dissoiciapsaherthehe heat genbradebyt e CHSMIOF 221 @y water
free radicals. [0032] Fwdrogen peroxide is introduced

| nt fgmpedeassa et jof ithey disproiasion Q frthe ey dtagsm mroxx@p isi grawverted into

ﬂg'gbléﬁge gmgﬁyﬁ@g ay Zl esw;ac-lrlggﬂ. 51? mp. Correspondmgly, |

P d.ne ¢
R LS bl R e fompiss
nozalgsnarsepiisplay i Hfind MGt %ﬁy&@keﬁﬁé&bﬁ% dREctBE b he medical
sterilized. The spray nozzles <tcould al so be arranged

sucleviceai(. t Tids spaping odfint adstafdydmgax ipatoxide debers simultaneously
plurality of burner nozzles 20. The fine m st of

hy ditihe siselizgtionof medicel deyices 30meingdl CHSMIAE2ces 30

being sterilized results in nore free radicals being
formed as the hydrogen ' peroxi de dissociates due to

;2@3?@ B8 G cinlbatds, b oo, pecianl, aiphler, © efce tho
Eg%&fagbé oA bRl iAo SRR Rohd! %#%ﬂ&%eanﬂm the

e vdcuum punp. rrespon

ﬁebfhﬁﬂzaﬁ@@harﬂbail@@aoﬁ gRpdlgy Witgds hbf1dy eTR kasd ibzeRE ivddild be sited
further conprises an additional step of spraying a
f i awayrifiom dlie RJEENBEnbediteciedetosiardscthedmedicdl Fdevivesi B alfter the

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 fo 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.



devices 30. This spraying of fine m st of hydrogen
peroxi de occurs sinultaneously wth the sterilization
of nedi cal devices 30 using the CHSMDF 22. [0033]
Ozone gas is introduced into the sterilizing chanber
to enhance the performance t he present invention.
The ozone gas is introduced into the sterilizing
chanber via a plurality of gas nozzles. The gas
nozzl es woul d be sited amﬁ§m¥$on1the CHSMDF but
directed towards the nedical devices 30 after the
nmedi cal devi ces 30 have undergone the sterilization by
1. t he AOHSIVDE f@gten“ﬁlzmg nattigabderded, mnp”re;h@ the; stelbsat es to

f orm oxy radi c n gen ad cal s

i df ur { RBRUFRE ARG %‘Wﬁ‘?h&fg%ﬁ’?% BgfyI ames; and
congani n

avem ne gk RRe bt ﬁ%ggﬁt&ff%@éﬂ;?.ﬁ@ss o s

woul d f untclieal dovigesifsea @redatédmtnedrl:&hodtoﬁpmﬂaf, whhictoixe ffica gadicals
ozone ga atg%?gﬂgpdlcal devi ces, 30. [0034] It wl|
be appre gsRaPi 36 Mivel difiision dlanegqge for sterlizing said

| mpr ovengRhs. made by a person skilled in the
art w thout %epartlng fromthe scope of the present

whereire I:l‘tel prdetdthingd péritel ofltimA igRlch@thifedrbyst @sletangé fgheat of said
dj devi ces, conprising the steps: a. producing a
ngea¢ VIC$ of hydrogen surface-m xed di ffusion flanes;
and b. exposing said plurality of hydrogen
surface-m xed diffusion flanes to said nedica
2. devihesndthod ac@rdidgt ©r olaimedl, pehéroih 64idt inbiod Weescefoimed in an
free radicals fromsaid hydrogen surface m xed
environpgas Rl pamasghaticaressirest eri i zi ng said  nedi cal
devi ces; wherein the predeterm ned period of tinme is
determ ned by a tolerance to heat of said nedica
3. devikemethod according to claim 1, wherein said plurality of hydrogen surface-mixed

diffusion flames are configurable by lengthening and shortening a flame throw of said

plurality df hydrogen surface-mixed diffusion flames.

4. The method according to any one of claims 2 or 3, further comprising the step:

c. exposing said plurality of hydrogen surface mixed diffusion flames to said medical
devices at a predetermined distance, wherein the predetermined distance ranges from direct
contact with said medical devices to a predetermined three dimensional space in the

environment.

5. The method according to claim 1, wherein each of said plurality of hydrogen
surface-mixed diffusion flames is produced by buming pure hydrogen in pure oxygen

without pre-mixing.

6. The method according to claim 5, wherein said pure oxygen is in excess of said

_pure hydrogen.



2. The method according to claim1, wherein said
nmet hod is perfornmed in an environnent bel ow
at nospheric pressure. 3. The nethod according to claim
1, wherein said plurality of hydrogen surface-mn xed
diffusion flames are configuabl e by |engthening and
shortening a flame throw of said plurality of
hydrogen surface- m xed. diffusion flames. 4. The net hod
7. PRk AR g S ) e e e e s
COMRQL i Si Bfka}ifle a Fn8 Miistof hSHPES fGosiaé thvrdl @ld firalfy of hydrogen
hydr ogen surface m xed diffusion flanes to said
medi cal seifaceauiseddifBision ddetee nnd sredindiistlaleeEes. wher ei n
t he predeterm ned di stance ranges fromdirect contact
with said nedical devices to a predeterm ned three
di [WoXa Ty [ ' &ﬂﬁg@ e met hod
8'acgnging Fgégﬁgﬁﬁqumﬁﬁg?gﬁﬁaéac o{gggfﬁg%lurality
of lkydr odeectingwzdrecges at seddimddicilukvmes.f | anes i s
produced by burning pure hydrogen in pure oxygen
W t hout pre-m xing. 6. The nethod according to claim
0.5 Wer&hdd 38 dicBHLRg 0?%%1%%’1 lg8vitds SXCGPShrihaRl dhar¥rChaving
hydrogen. 11 7. The nmethod according to claim4,
platemerit@rcacoagrd ginadtit dfdbusice pozaes, spnaydimgtha sfepne m st
of hydrogen peroxide towards said plurality of . .
hy df-0gentOSH & HSUHIGREY o Faflﬁsi?l%i?ﬁmre}“aﬁ’éénsaﬁ’d&%ﬁﬁd sterilization
medi cal gdeyifeps. 8. The nethod according to claim4,
further conpri'sing the step: e. directing ozone gas
at Bai d ipailingakaideplucatisy & bdrnoetdvedes o &itexdutd zi porality of
nmedi cal devices, in a sterilization chanmber having, L
pl acenen‘t”*%ﬁéﬁﬁglea}ﬁ’éf%e’b ISW%ETWV%ﬂlfﬁﬁ}qﬂé}amf‘ézlﬂoéél,d sterilization
conprisigg. ke steps a. nounting instrunments on said
pl acenent nearis within said sterilization chanber;
c. controlling said plurality of configurable hydrogen surface mixed-diffusion

flames; and
d. exposing said medical devices to said plurality of configurable hydrogen
surface-mixed diffusion flames for a predetermined period of time;
wherein the predetermined period of time is determined by a tolerance to heat of said

medical devices.

10.  The method according to claim 9, wherein said method is performed in an

environment below atmospheric pressure.

11.  The method according to claim 9, further comprising the step:
€. exposing said medical devices to said plurality of configurable hydrogen
surface-mixed diffusion flames at a predetermined distance, wherein said
| predetermined distance ranges from direct contact with said medical devices

to a predetermined three dimensional space in the environment.



b. igniting said plurality of burner nozzles to
introduce a plurality of configurable hydrogen
surface-m xed diffusion flanes into said sterilization
chanber; c. controlling said plurality of configurable
hydrogen surface mxed-diffusion flanes; and d.
exposing sai d nedi cal devices to said plurality of

o AR AR ST S s

ogéiﬁﬁﬁfd&ﬂﬁi‘ﬁe@ AttRBnOflarhds"B Iir§d19:%$1 & BuRGdg }ﬁﬁreah)_rlc_lrogen in pure
erance to heat of said nedical dévices.

oxpenhwithoat pordixigg. t o ctaim 9, wherein said nmethod is
performed in an environnment bel ow at nospheric
pressure. 11. The nethod according to claim?9, further

13COMhE $heibd AT o Gainf XD %lﬁé?? Ssﬁ!dgpdi‘@ Bk fiRh 198V EERSs of said

to said plurality of confidurab rogen
pusahytengen.ni xed di ffusion flanes at a predeternined

di stance, wherein said predeterm ned di stance ranges

fromdirect contact wwth said nedical devices to a

14Pr eqgt ﬁfemoﬂed@cérﬁfn % SiafiR @S{vﬁ gl %ggglrﬁréailiﬁ/g&ﬂtr\glmeir nozzleé ’are of the

envi ronnent . . The cl aim
uﬂmhmoeﬁanaabhgmf sald plurallty of confi gurable

hydr ogen surface-m xed diffusion flanes is produced by

burning pure hydrogen in pure oxygen w thout

15P7 eTHé fﬂefh%dg,é dihB % JBL{PH BGEL i gﬂm g | @ipm 12,

wherein said pure”oxygen I’'S i n excess sard pure
hydf. Ogensprﬂ.ying Teh dinee tiiwd dof dg drogdem (pekxidd aowards SMiBrpﬂa.lrllity of
said pluralj rner nqgzzle are_of the tube

y f b
orifice FORLgE B‘ﬂ yaregenTrETacempsel differion Hames apd aﬁa’fﬁ medical
11, furtfgg.conprising the step:

16.  'The method according to claim 11, further comprising the step:

g directing ozone gas at said medical devices.

17.  An apparatus for sterilizing medical devices comprising:
a sterilizing chamber at a predetermined pressure;
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 flames.

18.  The apparatus in accordance with claim 17, wherein the predetermined pressure is

below atmospheric pressure.

'19.  The apparatus in accordance with claim 17, wherein said plurality of burner nozzles

is movable to provide a sweeping motion of the plurality of burner nozzles.



f. spraying a fine mst of hydrogen peroxide towards
said plurality of configurable hydrogen surface-m xed
di ffusion flanes and said nmedical devices. 16. The
met hod according to claim 11, further conprising the
step: g. directing ozone gag at said nedical devices.
17. An apparatus for sterilizing nedical devices

co ising:. a sterilizing,chanb at a.predeterm.ned .
200 o8t P s inC i hen e L IR 7 e eogap s Bidrality of
coRfRirAad hﬁﬁa¢eﬁ%§rfh&.ﬁﬁdeé dfhRIdn flAhddds FE PG xed, and a

plurality of burner nozzles for producing a plurality

of configurabl e hydrogen surface-m xed diffusion

flages., 18. The apparatus in accordance with claim17,
21yper B AP PAGECTRMSE TOI GBS eren Sgshiagtpid plusdicy of burner
no A0S BIYRE nthelh BABLE &esighd- The apparatus in accordance

with claim17, wherein said plurality of burner

nozzles 1is novable to provide a sweeping notion of

the plurality, of burner nozz|e 3. 20. The appar at us
227 " TRG SRR GPHOERoS: Wih Sy SrheeRpTBinehp gty o spray

AL iy At 9P HAD L A€ f5vH i i
OB TOL R 4 pREAI BEERV i AR, PHOLBESAIESd pluelity of
configumbbdrydarpes swifide-aixad diffiidiontaaresiand eAd medicaldeivites.

plurality of burner nozzles is of the tube in orifice

design. 22. The apparatus in accordance with claim 17,
23furg 5@{9{&%9&&% | YoordpPR -

spr a{;/?np a plur a(F:i Ify of ;t?ndg{l% g{ %ﬁﬁ‘ﬁy°8ffg’8‘§ﬁ1g§‘§?%§“‘?1 eOf 5as
nozzivedisrdBresnglojng gad attsyidafiedieabdévigasr abl e hydr ogen

surface-m xed diffusion flanes and sai d nedica

devi ces. 23. The apparatus in accordance with claim

17, further conprising a plurality of gas nozzles for

directing ozone gas at said nedical devices.



