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SALTS AND SYNT THEREOF Background of the I'nvention Field of ﬂﬁé)CTZUUZ
| nvent i o\m\g wm ention relates to a method of synthesizing inorganic
hydr ogen conpl exes and to certain inorgani c hydrogen peroxide
conpl exes. Des®¥? ption of the Related Art Medical instruments have
traditionally been sterilized using either heat, such as is provided by
steam) or a chem cal, such as formal dehyde or ethylene oxide in 10 the gas
or vapor state. Each of these nethods has drawbacks. Many nedi cal devi ces,

such as f m Iw"mmm;w ces, endoscopes, power tools, etc. are sensitive to
heat , ll mmlﬂm Formal dehyde and et hyl ene oxide are both toxic
gases that posgqi@~potential hazard to heal thcare workers. Problens with
et hyl ene oxide are particularly severe ) because its use requires |ong
aeration times to renove the gas 15 fromarticles that have been
sterilized. This nakes the sterilization cycle time undesirably long. In
addi tion) boHYDROGENEBROXIDE COMPEPXESXOFINGRGANIC BALTS AN e of a
substanti al anmount of noisture_in the system Thus; devices to be
sterilized nust be hunidified YENSHESINTHEREQR| is introduced or the
chem cal and noi sture nmust be introduced simnmultaneously. Misture plays a
role in sterilization 20 with a variety of other chemcals in the gas or
vapor state, in addition to ethylene oxide and fornmal dehyde, as shown in

Tabl e 1. 0 3 OGI' ~4~~ 2 Table 1 5 10 1 0 25 30 35 Relative Hum dity
Requi rement sLi t er at ur eCheni cah%%éu%&-éﬂﬁ%ﬂ&yl?ef er enceEt hyl ene

oxi de25-50 %Propyl ene oxi de25- mﬁh %2For mal dehyde> 75

%4 G ut ar al dehyde80-90 93Chl orin yélMet hyl  br om de40- 70
%.B- Pr op§ ol adihishénvenifiofidéElatesaeta method detOsydfthe¥izing inorganic hydrogen peroxide

complexes and to certain inorganic hydrogen peroxide complexes.

Description of the Related Art
Medical instruments have traditionally been sterilized using either heat, such

as is provided by steam, or a chemical, such as formaldehyde or ethylene oxide in
10 the gas or vapor state. Each of these methods has drawbacks. Many medical
devices, such as fiber optic devices, endoscopes, power tools, etc. are sensitive to
heat, moisture, or both. Formaldehyde and ethylene oxide are both toxic gases that
pose a potential hazard to healthcare workers. Problems with ethylene oxide are
particularly severe, because its use requires long aeration times to remove the gas
15 from articles that have been sterilized. This makes the sterilization cycle time
undesirably long. In addition, both formaldehyde and ethylene oxide require the
presence of a substantial amount of moisture in the system. Thus; devices to be
sterilized must be humidified before the chemical is introduced or the chemical and
moisture must be introduced simultaneously. Moisture plays a role in sterilization
20 with a variety of other chemicals in the gas or vapor state, in addition to ethylene
oxide and formaldehyde, as shown in
Table 1.
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Aci d Vapor) Appli ed M cr ob%ﬁ@%%%%%?%‘%@%@gw) Steri h?t§ﬁa1ﬁ?8n usi ng
hydrogen per @iefificalapor has bedor Obgial Emdaaye sorre advant ageferéncer ot her
chemical sterilization processes (see, e, , . Pat. Nos. 4,169,123
and 4, 169, 12A8thylgpgioxide conbi nati on of25 ogen per OXI de with a plasma
provi des5 addigrbpfiate geiM@nt ages, as disglgpgd in U S Pat. 4, 643, 876. In
these disclosures the hydrogen peroxide vapor is generated from an aqueous
sol ution of gen peroxi de, which stes that there is noi ure pr esent
in the systerforhiRIBRydd SCl osures, togetheys®ith those summarized in Table
1, teach that IS reqU|red for,h ogen peroxide in the vapor phase
to be effect qu&yﬁa%lrg%gxhl bit its nax@r?ﬁ%c%pori cidal activity. wever, the
use of aqueoﬁﬂmmdlomm of hydrogen m80%de to generate hydraogen peroxide
vapor de st% Je MRY cause pro Oez@? At hi gher pressures, such as

at nospheric pressur eh? excess water in system can cause condensati on.

0 3 0 CT 2Q#Pepilagonene nust reduce tthé%el ative huridity inl a
sterilizatiopsenelioseige before introdug gyt he aqueous hydrogens peroxi de
vapor. The sterilization of articles containing diffusion-restricted areas,
such as long narrow | unens, presents a special challenge for hydrogen

per oxi de vapqr, thgmbgsco Wemsélﬁﬁeﬁt@ﬂil%uﬁﬁOHhﬁmRE\QUMWébtélb'gytIMSJQQ

hydr ogen, per oxi de, ﬁ@l ause: 1. Water has a hi gher vapor pressure than

hydr oge]*r5 per oxi de (é wi || vaporize faster than hydrogen peroxide from an
aqueous sol utd.on. Jﬁnssh’iﬁte[o st and Qobieiddr| cPMarOvevight of hEthyletdr ayade

00" Because of |t hi SAtqrpive.wEakRkioh SButibken BrPRlEruadiop LB = ¢ ¢
vapori zed, ti3 watBavalivachds tind | Apass tB bRurfacerDdcontanhirfatingt Agtibni nofhi gher
concent rati on. - ThosNBLARLKARCH HRCCR! AefsbP Prile! ARARS' i B hmbNgl O0Cn

per oxi de vapor into nrestric ar eas, suchr as small crevices and
| ong na?Q ow | umenMicrebiplegrg 1244 (Aumn97Rk aqueous sol ution and using nore

concentrat ed 4hydr piP. E)eét(al“dﬁom{%hdéa&@d dasedus Qiéﬁlatni’ Megicaphéligd ng
nature of the soltr#;lgl i’éq égg 5 and 4, 744, 951 attenpt to
sol ve this proble ﬁ%“qu? “SWS% L {Sente ng small increments of a
hydrogen per &i de Poatret,l mM)nirﬂhﬁolﬂmﬁnGCRmrS potitidad Eﬂcﬁuaﬁ %I&aﬁetﬁaﬁlmdh
increnent is vapor t e t hough this
hel ps to eli m nat e\kfpﬁg 'gﬁ?z?gelgfféébl?ﬁg’ﬁ ﬁ«t}qﬁggﬁ%ﬁﬁﬁre and 20 volatility
bet weenZhydr ogen peroxi de and water, it does not address the fact that

water diffuses fasqgalhgh ugpﬁgrrga@eﬁ% ﬂeevﬁ{})étﬂag b¥AP Howt B fgve Wind At t €7

pat ent descri bes a process rogen peroxi
relatively dualduamawlmr@m@fchhmmabg@rmpa;m@meesmd(mmg ,adB.sRPaspNpsng t he
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sol ution and prowdes additional advantages, as disclosed in U.S. Pat. 4,643,876. In these

30 disclosures the hydrogen peroxide vapor is generated from an aqueous solution of
hydrogen peroxide, which ensures that there is moisture present in the system.
These disclosures, together with those summarized in Table 1, teach that moisture
is required for hydrogen peroxide in the vapor phase to be effective or to exhibit its
maximum sporicidal activity. However, the use of aqueous solutions of hydrogen

35 peroxide to generate hydrogen peroxide vapor for sterilization may cause problems.
At higher pressures, such as atmospheric pressure, excess water in the system can
cause condensation.



removi ng the water vapor produced before injecting the concentrated

hydr ogen peroxi de vapor into the sterilization chanber. 0 3 0 CT0Z0%x 2402
The preferred range for the concentrated hydrogen peroxide solution is 50 %
to 80 % by weight. This process has the dgsadvant age of working with
solutions that are in the hazardous range; i e. , greater than 65 %

hydr ogen per ox.de, ~.an : 311 of vapor
ot at oo S poc anre ol RRuELER. MAbGEIRKRIS ) £ uditRali Shebhil eRtie]
first, diffusmtfodstiap thanghecvaahydrbfen pdroxide tvapdre sterilized first. This
effect wwll be especially prongunced in |ong narrow | unens. U.S. Pat.

4,943, 414 di scl os e?hastswﬁ%aé% of artiglgscopniginjpsdiffusiopresyioted greas.swah ps Wagunt

: . S . . . _ th
Steri|ant. vapirow otebh, drEChts HincERl thitRfe! Rr BB bk bl WiRE Mg A 1 1R
pressuresi s lBesneghnetedfiomnan ddueosd solutidzef hyalnogancieeoxiddi isecaysst em has t he

advant age that the water_and hydr_ogen peroxi de vapor are pulled throu_ﬁh t he
lunen by the presshre dWatekastd bighemyapop pressige thanchyliagengparpreide and wi

sterilization f i i t hat the vessel
needs to be a{’%@%ﬁgﬁ {t%lj %{gigﬁ%rgg%ﬁ]p{aﬁgx e%§§@59%q§€%¥%ﬁhﬁ%§di tion, water is
vapori zed faster apd pr&sedmstliewbynokgelar weighkihde hydyogen pérogidé and el

lumen. U.S. Pat, Nao. 5,008,106 discloses that a substantially anhydrous
conpl ex of PvEitfse fageyhanshydragen pergxide dnthe Yapor Sdteni cr obi al ~ cont ent of
surfaces,y The conp | f o] ' I1ti6n POV, ' o;.form
antimi c?l({))bi al sol utblﬁ%a#gé n%ffa:ags’ g‘fﬂr%né%?sc{u%@gscmﬁlg%an a?é%)gglz %%gﬂfléedlst o
gauze, cottonvapuizad, 2he spaagesached thtieitdmkeo Hehestdr?iz@d i Brst edndase chighgon

contact with water &rleseq{ on the sthr?f ces caont ai ni ng, thg m cr obes. Thus,
this method t BYCERERHe sTHeRAE: YADOR EISTH PIE S LT PEngtERtign s iy drogen peroxide on.

Certain inorggmf iy &@&@feh%?eaggagm},%gaaﬁe%%}c@?%ga BB AafrE 1‘3&9},&@ ng
exanples within the followng classes: alkali netal and a nium 25

car bonat es, aRkmovingewatbr fival tht agyueals kalutiomanhd usipp osgrb abesentratel dlydrogenal
pyrophosphates, f|luorides and hydroxides. U S. S. R patent docunment No. SU
851560 B kopeRays ap e herroges, g e dii Pz ieauet i sHlidbcont ant nat od,
al though not necesggagi bxteﬁt_fsqr,sziz,z@ﬂandm,wa@,gam&hpmédwar uﬁseglwe%.omhér ate

(NH4AFH202) . However, this i1 norganic peroxide conplex provide _
decont ani nat i tormenidjscluiseshinateting s@@llinergmapis ofw hydmgen peraxéder sodejonodntq @8- 86C.

0 3 ocr zaoz Even within thi ange, decontam nati,on.ti nes [e quite
ong. T equi ri REFESH Syrbisg o Pyt Sk ERBARGIEROA FPRSt et TRLOTR Avptt HEreHeRroni um
fluoride decogppries. tAR hAps t¥Eth RhteUhs dETREAE iAtthd %ﬂ@grpﬁésbﬁ@smabove

fi '
40 C . Due to its toxi ciu?p and reactivity, hydrofluoric acidis
undesi r 28 e i Molatilty batween hydrogamnperpsiderand Waiele ot dpes BotNiddodss Khgy Sace tthag| |
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Thus, it appears tTat latdrantat detdiives tanprocdsy dbo geiteniting BRirogen p&pRidei bl e
for the decontam nation noted. Hydrogen peroxide is capable of formng

conpl exes wi t FroBb felatyan diutgfalution;ol dwdenser pewwistsad svatdhandosupalyieg the

t hese conpl ex j rd r; [ A I HhGh
functi onal grgﬁggﬁyﬁkﬁﬁgag%%gﬂéigﬂégégﬁ%gﬂﬁgﬂg%gggﬁgﬁgggg%?§§&ﬁ§§?ogg%. The
conpl exex hav grdvesninvedds ivapeduing acmajor grodtiom dfi shier water ofpghi thatsolwniensandh as
bl eachi ng agents, disinfectants, sterilizing agents, oxidizing reagents in
organi ¢ synt h&apaving {he Wate| Yanos Rreduced defors dintegting ﬁ%e@%ﬁeam%émdf%&%n 15
reactions. CeneraldoyabPG6 theResiiAliofi AmAkgds have been prepared by the
crystallization o t%g conplex Troman aqueous sol ution. For exanple, urea
hydr ogen peroxi de conpl ex was prepared by Lu et al. (J. Am Chem Soc. 63
(1) :1507-1513 ( 1941 )) in the liquid phase by adding a solution of urea
to a 20 solution of hydrogen peroxide and allow ng the conplex to
crystallize under the proper conditions. U S. Pat. No. 2,986, 448 descri bes
t he preparation of sodium carbonate hydrogen peroxi de conplex by treating a
saturated aqueous solution of Na2C03 with a solution of 50 to 90% H202 in a
closed cyclic systemat 0 to 5Cfor 4 to 12 hours. Mrre recently, U S. Pat.
No. 3,870, 783 di scl oses the preparation 25 of sodi um carbonate hydrogen

per oxi de conpl ex by reacting aqueous sol utions of hydrogen peroxide and
sodi um carbonate in a batch or continuous crystallizer. The crystals are
separated by filtration or centrifugation and the liquors used to produce
nore sodi um carbonate solution. Titova et al. (Zhurnal Neorg. Khim

30: 2222 2227, 1985) describe the synthesis of potassium carbonate

per oxyhydrate 30 (KzZC03 3H202) by reaction of solid potassium carbonate

wi th an aqueous sol ution of hydrogen peroxide at |ow tenperature foll owed

oy -, = Y b1 o —yr r




03 0CT 2002 US. Pat. Nos. 3,376,110 and 3, 480,557 di scl ose the
preparation of a conplex of hydrogen peroxide with a polymeric 03 0CT200
N-vi nyl het erocyclic conpound (PVP) from aqueous solution. The resultant
conpl exes contai ned vari abl e amounts of h){dr ogen peroxi de and substanti al
amounts of water. U S. Pat. No. 5,008,093 5 teaches that free-fl ow ng,
stabl e, substep hakdYeddaRYIFR WS & t%&f YR : ai ned
by reacting a sugper{sei on %ﬁg P\'ﬂ/% angma SO }Ll}galfr%ér? gf%ég%?%ldgﬁygg%%rggl%
organi ¢ sol veby weighe &hisyprocasethad the didadeamtageasftworking. With Belutioddothattar® 7y, 047
descri bes a C&Fnrerci al process for pr dugi%ghthe PVP- hydr ogen per oxi de
product by add@ABZardpRy n&?;vﬁ-?ietgrﬁfedﬁ-ﬁ@% 5 Grhysregsnoperexigsy apdiplsadaegmot
aqueous 10 so i i t fok v, di . R
i mtai ned a e @MELt Y AGERARPLD Lipr 8 Site VAE 00 BlestiTn the
found to5be asolutidyl, @t willilvaparidei fitst,ydiéfiakey thstensand reaeh theowemg top bederilised h a
hydr ogen peroxi de _conc ntra#i on of ,éS to 24% U. S. Pat. No. 5,030, 380
descri bes theflﬁF'eE sa‘?f"(?ﬁ‘%lbﬁ eSB! lypE)"PWI"B}CF‘_?: iy bong| EFOMH[WRGRE- conpl ex wi th
hydrogen per oxi de Byg fidisd oh91th AfkcReGAloEs ifl wIMEAHS oS Rbiaixl A0l hen
drying the reaction product under vacuum or by spray drylng at ow enough
t enper at ure tamawvmiaf 4 heporehbldegruad ateritemt gblutibe ipatiabhed .toTd tumvem, end ahe
(Russ. J. Inorg. Chem , 40:384-387, 1995) forned Na4P207 3H202 conpl ex
byt xi g NaaPHaIT RPOFRS Y B SSedy DI B Gl AT AoiTE RSy
vacuum dgpyi ng 16 RzasnvRd | Bdsl th , Fiatel=

0 redddiy &?{)HI% tté‘sféﬂ zf (;%?' His ﬁgfefrd Rld the g@%;ﬂﬁ@?ﬂat Ater

i sot herm ¢ exposure wo hours 120C a 140C. All of “these previous
net hods of prapahydrpghy dreogede papoxiate pudlep thxeghuthe Bmhant byntheoprebynde ogen

peroxide. Either the conplex i,s formed in a.sqlution containing,hydrogen
et oxi de or HGISTErE! BRE BxRd i GgER e 3P L EH oL angs. S5 i Bhto o
fluidized beddx?idvtaﬁﬁgé BRE R WestE nBEdsTh be \RAMedRD 5 RAENIBDRARAB 83T T ONS
are well known syntheésis nethods. For exanple, U 'S Pat. No. 2,812,244
di scl oses a salditiomyawater sowpsrifask fasted agd EELedE0the hydiegen pg@nalei apor triver mal
cracki ng, and dgrret hanation. Fujinmoto et al . (J. Catalysis, 133:370-382
(1992)) descr {6 Hmﬁnvapor-phase carboxyl ation of methanol. Zellers et al.
(Anal. Chem , 62: y282pdt2R4. §,0894Dk di%bﬁ@é’sftﬁ@tch @E@taﬁm@tarﬂwd&hs sbnprRRr vapor
ex

w th a squar e-gl annar_or ganopl at i num conp ese prior art vapor- and 5

gas- phase reaBVPomsl HhOwdy awsefuldor redycings the mistobinlnrontentogh suifeaesxi dhe

conpl exes. Su r.y. of the vent | oF . as of. e t. .0V i.on
relates to a g%g?léxwé‘% ﬁged f%#n r’?rm}k%l ﬁf&mmﬂ%oﬁo a&ne’lr’c lsséllp?d- Eé/??)grge%dngﬂeﬁg%;;age
conpl ex. Thi ssoiigidiRd geR¢ loiddenishetd ollt e Ao SteeRsHlield ab %dwzé,ngottdiﬁs@QiSE with
sufficient water for a time sufficient to forma soft 10 paste, (b) m Xxing
t he past?® wi t $pongesadfifelhadikpy drheddO.pe rdsased upel cantash With WaishrpPeeserfdndlen

per oxi de- cont gj_Rj : . Iy e | d i_Ri ng
Paste. The safirtieafchRiiy AP hibbher M5, WELE R LR e BRARLEF,
phosphat e or goixtassedifptiosqiliigosalt. Preferred cations in the salt

i ncl ude sodi um potassium, cal ¢cium_ or magnesjum Thus, a greferred salt is

Na4P20,, especi al | yCEHaighdpagate hesegen; pgroxisiep remplsses thase dreeppreported
nol ecul es of : : g SRR BS - a
conpl ex of KSE%%nggg%P@?? 5@} “ﬁgﬂ%?gng‘f"é‘)?gg%gﬁ Itoar\}\lgjlgﬁﬁe?r%r e m’ngi?tﬂlgg of
HZOz, s@Sh asciBoiM&H?AKkaliOietml poxdlaes,edhlkalor mani c phedphstes,ncdlbale siectalcat e

salts, especially where the cation |s,sodium_ T a preferred npl.ex is
a conpl ex of M@B“‘ﬁ@,‘e‘at@%p Bor; qsyar&hby]drgy E%rrp?&gaz-vmt%‘toéﬂ?uﬁ’iﬁnh&%e i

nmol ecul es of ' ' p bly
nas- & concent o] Uy EE L T RAE R PSR B W AR RRGRER |

st ep can i nvohatenacassarity stedlized, avieg aimomigm Aroidegrerashedtato{NH{IeeH,0y)ent i on
relates to a hydrate method of makin 4P207 . 3H202. Thi s.net hod.i ncl udes
M xi ng sodi umPOYESEh G RFEMiFREIRYAF Sormblss PEide dgdntpripaion erlt & 1LH B 1 o
of "hydrogen pe&Qiffow aigedatireCAREEBE naigko0, of | ess than 30 %, and drying
the m xture. Thé peroxide concentration is preferably about 12% . The
invention also relates to a nunber of conpositions of matter, including

t hose which incorporate any of the follow ng: KZHPO4~I 1HZQO2 0 3 OCT 200 8




(preferably where n=3), KHZPO4 nH2Q2 (preferably where n=1), CaZPEQEg;H@?ﬁ
MyzP20, nH2Q2, NazSO4 nH2O2, K2SAAnHZQ2, Na2Si 03nHzOZOr Na2Si 30, nH20z.” “Bri
Description of the Drawings 5 FIGURE 1 is a schematic of a vapor
sterilization apparatus of the present inglention. FIGURE 2 is a schematic
of a vapor sterilization apparatus of the present invention which includes

an el ectrode L.CR:od ti I r . ﬁglmé | S a

schemati c of %Oé eglltggl i I%aﬁ@%,aé]ééggﬁﬁg%agﬁg g@qﬁe‘g{nﬁnﬁh%ggg%’r%bl e c%%%szxes.
FI GURE 3B i s v hbemnat iAclditforallpy éf Br kesvic olinit aineonibar flootide rgcdmigospertoxi de
source for sterilization according to the present invention. FIGJRE 4 is a

graph depi ct i #H§mEpia and hydrodlugric aoigab ramperaviss pbrvehbr Pydie its tonisityand
unst abl e non- ' | ' ] . El is a
schemt | o of SAARAY: hSFuDR BATICEARERRRE (iR oMM ity Rrbfeoter,
cal ori meser (NZOC)iskageet dlodideloss thandespytd ticeymieape 0HQD Geoff #d kaiveger peroxide
deconposi tion properties of I norganfi c .peroxide conpl exes accqrding to the

present i nventti 8. Cr NRE Q.5 15, TReHERSHYE S wisRenianaingiiqne Of  griages saly s on

hyd ' | . i . ox i th
one. smal | hot Eriiereiite] S TBASS i RASRRRCNATSS WG ek} ApAE TSI SREBUEK X' e\,

of a bell ows fegporsible fuiuthe dgcqyeaminktien Napdr i nto a chanber in accordance
with the present invention before introduction of the peroxide vapor. 25
FIGURE 7B is a schByaiogen peroidsris capablsopl fyming cqmplekes with botdaragnia 2apdat ed

D et 10°07 M Sy ETE T SAIBLSS SUE IO S0l ()RR 1= =
i norgani ¢ hydbagkng beweei decttanpik fewtiofd] @oRkpsinithe aompleemgtdompousdvand  a
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applications such as bleaching agents, disinfectants, sterilizing agents, oxidizing
reagents in organic synthesis, and catalysts for free-radical-induced polymerization
15 reactions.

Generally, these types of compounds have been prepared by the
crystallization of the complex from an aqueous solution. For example, urea
hydrogen peroxide complex was prepared by Lu et al. (J. Am. Chem. Soc.
63(1):1507-1513 (1941)) in the liquid phase by adding a solution of urea to a

20 solution of hydrogen peroxide and allowing the complex to crystallize under the
proper conditions. U.S. Pat. No. 2,986,448 describes the preparation of sodium
carbonate hydrogen peroxide complex by treating a saturated aqueous solution of
Na,CO, with a solution of 50 to 90% H,0, in a closed cyclic system at O to 5°C for
4 to 12 hours. More recently, U.S. Pat. No. 3,870,783 discloses the preparation

25 of sodium carbonate hydrogen peroxide complex by reacting aqueous solutions of
hydrogen peroxide and sodium carbonate in a batch or continuous crystallizer. The
crystals are separated by filtration or centrifugation and the liquors used to produce
more sodium carbonate solution. Titova et al. (Zhurnal Neorg. Khim., 30:2222-
2227, 1985) describe the synthesis of potassium carbonate peroxyhydrate

30 (K,CO0,-3H,0,) by reaction of solid potassium carbonate with an aqueous solution
of hydrogen peroxide at low temperature followed by crystallization of the complex
from ethanol. These methods work well for peroxide complexes that form stable,

crystalline free-flowing products from aqueous solution.



T

9 FIGURE 10 shows the effect of an open alum num pan and a pan with two
holes on a lid covering the conplex on the DSC curves of KZCZO4~H37(§2 @tZOﬂZ
at nospheric pressure. FIGURE 11A is a DSC profile of Na4P207~2H20 aQ1
Na4P207~3H20z at 5 760 torr. FIGURE 11B ig a DSC profile of Na4P20~~4H202
at 760 torr. FIGURE 12 is a DSC profile of Na3P04~5Hz02 at 760 torr, 7 torr

and 0.35 torr. FI S of |4 f ! ~1H2
NaZHP04~2Hz02 10 %63;3?0&?&5&5 b&*‘%ﬁi“&@@%@@%?%#ﬁ g’z??%c’“ of a
Nas P30, 0~H202¢@hpléR Qoft Bydrogdnl fikidé Swith QWsolfmeBE Nvayilheterotydiid ugdH202

at 760 torr, 7 torr and 1 torr. FIGURE 16 is a DSC profile of K ~P20~ 7H202
at 760 torr afVR) fremraquesspplotre: The gespliantropmieyss eonthined vanableamonnts 5H202

760 torr . F1 R gl Bibridk st Spe Rl fBuRs SRR st 4 ot B 97

at 7 torns. 20tehtKddRbar fresiiiowing doible, psubbtahial§f arbyafole cdnipidAe0 df FHVF G@dt orr.
FIGURE 21 is a DSC profile of MyzP20~4. 60H202 at 760 torr and 7 torr.

FI GURE 22 is H:@seolld bejobtaingd hyareagiingia sespeiesionael B¥B and arsolytiomgReEl e ips a

DSC profile o k.0 E i Il & of
NazSi 032. 15Hz%‘kb§§ﬁ’%}§856 t%crnga?‘?c géli’%“?ﬁ‘ktgn%ﬁgﬁﬁ%ﬁt Ol\r%ér_e %ﬁc@ﬁ@c‘ig iofﬁsd‘a SC
profile of Na2@73(040.de8didRz a ssmifridlpidcesdFot piodecinPee®VPhyddgei pdrbgide

I nvention This application contains certain disclosure from Applicants'

co- pendi ng Appladsst byrdiisg foelis dtyidegsdropletseef ©30dbée 80% wowsight wgueous
di scl osyge of s WiG{of ﬁyd%ggerﬁ%’ef@éfdé BGHREA 65 BpVE I’rﬁﬁlﬁﬁﬁgd at a temperature

of ambient to 60°C. The resultant product was found to be a stable, substantially
anhydrous, free flowing powder with a hydrogen peroxide concentration of 15 to
24%.
U.S. Pat. No. 5,030,380 describes the preparation of a solid polymeric
15 electrolytic complex with hydrogen peroxide by first forming a complex in aqueous
solution and then drying the reaction product under vacuum or by spray drying at
a low enough temperature to avoid thermal degradation of the product.

Titova et al. (Russ. J. Inorg. Chem., 40:384-387, 1995) formed a

Na,P,0,3H,0, complex by mixing Na,P,0,-10 H,O with a 30-90% H,O, solution
20 followed by vacuum drying. The complex was observed to partially decompose
under isothermic exposure for two hours at 120°C and 140°C.

All of these previous methods of preparing hydrogen peroxide complexes use
solutions of hydrogen peroxide. Either the complex is formed in a solution
containing hydrogen peroxide or droplets of a hydrogen peroxide solution are

25 sprayed onto a fluidized bed of the reactant material.
Vapor phase and gas phase reactions are well known synthesis methods.

For example, U.S. Pat. No. 2,812,244 discloses a solid-gas process for



0 ~0¢c T zoos to Hydrogen peroxide sterilizers that have been used in the
past invariably used an aqueous sol ution of hydrogen peroxi de as thqjlf]UCT 2002
source of sterilant. These sterilizers have di sadvantages caused by the
presence of water in the system At hi ghez pressure, such as atnospheric
pressure, the excess water in the system Can 5 cause condensation. This

requires that tra.ste p r 0 e the relative humdity of
t he at mspher%&}?’rq?%ﬁn%ﬁ@’ o{sflﬁggalt g{a%@ngf cej‘jltnl I Eé‘gg}{%@t%ﬂ' aclf:{lélﬁrfoé%l @ Pfenv_g];'_
before the aqueesid)ud83Jer38REIMme)iRsmitara vapot-phise tufRslylafibg oemettRnbl. | zers
al so have drawbacks caused % the facts that water, having a higher vapor

pressure, vapdtllerest lodnajulCbrny RhZA2H23T7 dHRAV) pdisanssedehe restiom ofbsfhrenas
solution; and_10 vva} er, havi pagma | ower l%EDI ecul ar, Weié[q}ht di ffgses fas(tier
than hydr ogen"JRSF S%HER STURER AARCRERIGPIAIpT, Eorgplex y, JHiepg pripratl YAPYYs 4Bd 1y 4
sterilizar, tpHa-pHaké rektisise hbwedr, Whdtnot 8346 Forn By HEYdLer iiaérbéthlehasdr ogen
peroxi de source is diluted in conparison to the concentration of the
source. The dilute sterilant canSummarkofthenvention eril ant that arrives

|ater, particularly if th ice bein teril,ized is . an article, .such a
e E erdtsoone -t Dub ashel of Fie fErelP iEnaoE fensb L it Rl ellod SBE GR o
hydr ogen per oiioggan@s silnBy&ropére ﬁeﬂoﬁid@%o@ﬁﬁl@imtTﬁiQ RS itkudel @R fellwiacks

is unsatisfactory, because such solutions are hazardous. In the present
i nvention, th&epHofd) dpiingghe galt Kl wffdciearysy & astime ispitictans tofornha spiti or

art are .gverc ' tia - 0, P - 0

Subst antital | yD Rty STeRE B P SR st el R o b 1 m
subst anti al | yhydrogaflusesaddvetitdigrg paiioxiade WIPpefyind nhe Widebgn Pdroxide-
enbodi ment, the substantially non-agueous hydrogen peroxide vapor is
produced di r eeQt3iningpast. shbe salheambe gnyoh aoiasistysofhipgrgsgicnsalisr eelugdng a
conpl ex. Howe j - i .apor can
56 be gener BEosae S nRhERshBonticnal PRIERUTcil BPER SAELRRIESoiBRE
vaporization peagsiimy eal¢@irglor Bapabsiad. UTHeY, avipreferied shhius NaP@,¢ egiecllyieous
hydr ogen peroxi de conplex is used, the aqueous conplex can be converted to
a subst dRt i al Meigo e dEBing Ko@plsgeRas) dVexpidaneis nioleculshi ¢fe FoQer yR6y 3 ut

t he process ofj,t Nt Al i P , i .

non- aqueous hfja?ﬂ(%gégr?}%gﬁbx‘ﬁhé%%gh%ﬁégegs E%ﬁlt% j<:§iq%1¥il %@?i&?%&%t @%JSX{%UX\M er,
nor e pr ef er abivied@omplexad ewitth awo adrombrel GhSteonddsesf, Hs®j, | duchaseKr@,p2Ha®).y no

nore than about. 5 % wat er,, Q 3.0,CT.2002 11 and nost_ preferably, no nore
than about 2 ématpé?féﬁag i eapp stsnclife slcHe spiterespcitily e fpagliongs
water in the syfghanthad |y pRGeraflueapRx Y €8s 1&6&%%@0&%&9&&&?}5 wigd in
the present invention, as provided above, the nost preferted hydrogen

per oxi d20conptenrplaxed with qnerarxnate moleayes ofgds2y allxlaqueonsehydyngenr peroxide

Pt i ol R A S AR BRSBTS,
derive from t hgcefc OTROSHIAL e EalbRBSACHRH BXi/GR oven figfiRg. Wat er and oxygen

as byproducts and sone hydrogen binding of this water to the conplex can
occur. 10 The ef f ednodfer spest ofathe nipeeniioadrelatesatas er hysksatef methed sof miakinga

sterilization i gt ain t iQus.relative humdities. .Te

condi ti ons mﬁéﬁgﬁg‘ggzq&?ﬁsg‘ggﬂpi llﬁlﬁ?ﬁl@xfg iggfu(%’pywp Sp&%%r% algrﬁ%tgr ted
on stairisess sdlREWithan)agheadaslution MMydrozee privkileraig Sé@REnttIBANT. lesds
shown in Table 2, under the test conditions, 5 %relative humdity has no
ef fect on ef f headp %uandidrymertbe aixtee. hlihe peroyidesoneentratienis praterably about
sterilizati Onl? te. This exanple shows that small anounts of npisture can
be allowed in"ffé systemwi th the hydrogen peroxi de generated fromthe

nonaqueous per oxi dghe aineyn aRE rélkes BF & anber of comp®itiond of Atatsy,Sihellingn be
overcone by increasing the exposure tinme. Table 2 20 Effects of Relative

Humi dity on Efffose djchsmeprpaspse any oBhe fellgping: IGHRALAE.G: f f usi on Ti me
Sterility Results (Positivel/ Sanpl es) 25



19%:H 59%RH 109%RH 5 0/3 0/3 3/3 10 0/3 013 213 15 013 013 013 30 30 013 013
0/3 030CT 2002 12 Aprimary criterion for the conposition of)3 D& 2007
hydrogen peroxide source is the rel ati onship between its stability and
hydr ogen peroxi de evaporation rate as a fgmch on of tenperature and
pressure. Depending on the paraneters of he sterilization process-e.

: g.
s TR SR, RO R e, =
requi red. TheVp®eO,¥nbl,OhdatSMenHIO, KQS@PhH{OQNaSSiOp‘rﬂKO@WSQOQ‘hHZUE vapor

pressure of the conplex. Sone peroxide conpl exes have a sufficiently high
vapor pressure that a significant amount of hydrogen peroxide vapor can be

rel eased wit hout heating the %gllgp:iéﬁcri Eti%n%?rlﬁé ﬂrawgggt' ng the conpl ex
increases the vapor 10 pressu and accel erates the
rel ease ®f peroxi FIGURINIt Rer auhBibex of IoJapbpytedeamode@thisyomﬂhefpresent
evaporation rate, the source should preferably have arge surface area.

Thus the sourlﬁﬁemﬂﬁ? be a fine powder or a coatl ng on a nmaterial that has a

| arge surface areag G%m?%“{ssaeschﬁﬁxfaﬁ& ¥ ?ﬁg)éﬁ Frghiliattl\ép eﬁg%aﬁﬁséf @k rpé h L from

material are alsoinmporta crite ase o rogen pe

hydrogen per divelgionavitieeides b cletade Whick s Optigapily ekédiengeneryd plasta.
glycine anhydride, and 1, 3 dinethyl urea were eval uated. The conpl exes of

hydr ogen per oxi de FHGURE r3 is [30$C§391inﬁ\)¢ 9% rér BeYier Fehich gar ke gused far diegtingne

anhydri de ¢, 3 dinethyl urea peroxide conplex is a |iquid.
The egC|ne ghﬁydéeg%n%% %ydrogen peroxi de conplex is a | ess stable conpl ex

under reduced presEIGURE BBris h kehenidtie of @ pigfeRsE somyiabfor @dldiggthe pataridesacuum
condi tions, nost of t he _hydrogen peroxi de can be released fromthe conpl ex
without the riEBEFeFigF StﬁHH?athBr?éForﬁH&t‘PrfBe Prosent IRYEti®Ben peroxi de conplex is

e ot o KO ST Bl Dy ol R Rl
al so known as vaceamparstbledson-igueoegglycipe nokydtelepeeakidooqmhpbex. per oxi de urea,
Per hydr e, - and TGRS o orberbiticadt aguassHE oTOl Heeinep i Griegenta
peroxi de” encamaass elidtihtetd (DBE) FREEIR' BltetrfinE BhydrofbnS plrokidE #90%e Lok
decomposition properties of inorganic peroxide complexes according to the present
invention.
FIGURE 6 is a graph showing the effect of pressure on hydrogen peroxide
20 release from potassium oxalate peroxide complex with one small hole on a lid
covering the complex.
FIGURE 7A is a schematic view of a bellows for introducing peroxide vapor
into a chamber in accordance with the present invention before introduction of the
peroxide vapor.
25 FIGURE 7B is a schematic view of the bellows of FIGURE 7A showing a
heated plate in contact with a peroxide complex during introduction.
FIGURE 8 is a schematic view of a sterilization chamber and heating
appratus for inorganic hydrogen peroxide complexes.
FIGURE 9 is a schematic view of a diffuse packaged layer of hydrogen

30 peroxide complex for use in vapor sterilization.



The pol yvi nyl pyrroli done- hydrogen peroxi de conpl ex (PVP-H202) can be
prepared by the nethod disclosed in_International Application Pub. %08@002
92/ 17158. Alternatively, the conplexes with PVP, with nylon-6, wt )

di met hyl urea and with glyci ne anhydride, as well as with other organic and
5 i norgani c conpounds can be prepared by the nethod disclosed in detail

bel ow. Achi evi ng s e rat | rat f anhydrous r oxi de..vapor

fromthe source m@%@?glgl ﬁﬁlgglgtteedé@gcté’?égipgrbaﬁemﬁ%@lftaﬂragg aeﬁ?&/%llthf Yuced

pressure. Thusolesoieatl®l ch@irirghehePeo18)let Cord Y ES@NEUrods Bf VIQQ%@DH tto
es

evacuate the sterilization chanber are preferably a part of 't erilizer.
Preferably, tatmosplgriedressuiovered 10 with a | ayer of gas perneabl e

material, such as ",Anen ol.yet . ic v

pol ypr opy! ene suc hﬂ-@@dﬁ@lﬁ?\éﬁxge I%Ph%i #Wé&zﬁhéﬂﬁhﬁﬁd m%7 ‘3@%91 #5 the
per oxi desvapoye(t @rRass but not the peroxide conplexing material. Perforated
al um num or other suitable perforated material could also be used as a

cover. 15 FI GURE 3WGUREL 1B igaiee mofilernitNaBO 98,05 ati 76@ tareasur e rel ease
of hydrogen peroxi f hydr N, per oxi oxpl-ex r L
tenperature condit ‘%ﬁﬁ{{? 1}(%@@@gﬁ@&o@fﬁ%@ﬁﬁﬁrﬁ%ggﬁqgﬁ, i’/i@réoe\?}gﬁ)e%s wth

a gas perneabbe.l ayer 92, such as a layer of nedical grade TYVEKTM The pan
90 is placed on top of a heating_pad 94 which is placed in a rex pan 96.
A t her mocoupl e t heFKIWBEGS SvGaDE profisscl NuHRS:3ELO: ad Afa,HRG, BEHO50
appr oxi %Btel Y. 376%ngofrr omthe bottomthereof. In a preferred enbodi nent,

al um num-pan I's lc-)pen to the atnosphere to allow greater rel ease of the

postassi um oxal at eFIRBAashp®E AXDEE a@ﬂﬁlcﬁmﬁpmgﬂg@pbﬂwmﬁessur e. A
preferred container 99 for holding the peroxide source is illustrated in 25

FI GURE 3B. The conFHKFBRE 1§shewsplixe srofileef KiPQu3adeHAbmt 760 tosr, Bprapidn num
plate, with a ol tional attached heater used to heat the solid peroxide
conpl ex. A tenperature nonitor 101, such as a thernoneter, can be placed on
the plate 100 to nBIGURE lichie at BSQqrafileraf. K, Ph@, 1109 it F60 camning X fosr. pl aced
directly on the plate 100. Alternatively, in _order_to_provide even heating
of all tlAe peroxi dEIGERE lexshomsea @@CpB‘PO%‘JG aE Keldhgs -4 581, A7) treand st ween
one or nore a i.num screens 102, 104 placed on top of the plate 100. The
al um num screens 102, 104 provide greater 0 30CT 2002 14 surface area
and even heati ng oFIGUREc@nshows aDSE prafilgeot RO\, Oyfat 760 atirde conpl ex are
bei ng used. The pe j onpl ex, _aor the scree r reens 102, 104, are
then covered with gﬁéggﬁdg)r%%lael)ggy@togﬁ%{ ﬁ%mlagﬁe@l 190 tgfr ?@d?tcgl
grade TYVEKt nd,.or SPUNGUARDT' ", so that the hydrogen peroxide rel eased from

the 5 conpl ex passes through the covering 106 before diffusing into the
rest of 20he chanbeFIGURESX shoasedDECurrofilenafflaP£,28932HsOpptt 7T@htrt.y pl aced

on top of the TYVEKI.. . ar, SPU RDT.. |l.aye Q royi ressyre to
keep the conpl ex Fﬁir%%ﬁtga@tls\ﬁ tmgf‘]ﬁeoz;%é{&)b(ﬁﬁ?eéo% zéhz&ffﬁéﬁ%@:’&%en
heating of the per pyURECONRIERSCHRofiReofdey 506w 1. 268H,Cle8 760 h@d, provi des even
heating of the conplex, which results in an increased anount of hydrogen

per oxi de vapor bei R5VBE&Rsied PEEmrofils qfdi 50 tb62Zi 26X/60RPBURE 1 depicts a
oresent i nventi on. FRRIREGEH 5 BScaa8tle of fRSIQ TR RO T IaE Llopt B

sterili2gd ang swatch, for convenience, is placed on shelf 14. Door 16
provi des access to the interior of chanmber 10. A non-aqueous source of

hydr ogen peroxi de FHOVREdSpisct B§Carrobilst ofoNalbi:Retdk @FH L1 at AP ¢orti s control | ed
by tenperature controller 22'Dé'£5§?e;p55§§: ggnggg%%%gwnon can be nonitored
by optional nonitor 24. If d ; evacuat ed usi ng punp
26; however, steri fThigaipplidatioancéilaial serthia @scosmp ifedie dAgilicantipeppendia
pressure. The container that holds the articles to be sterilized can be a

conventi onal ApBHe¢ationNe.oR8/éARABSy filegPetabers2 i attla disglosyre ofaywhish ia

cont ai ngy, (or .G pressure. The tine required to
sterili ?’g thehé;rf{)fﬁ%ﬁaetg%gg?%g&{cﬁé nat ure, nunber and 25 packagi ng of

the articles and their placenent in the chanber. Alternatively, it nmay be

t he chanber itself (or an entire roon) that is being sterilized. In any
case, optimumsterilization tinmes can be determned enpirically. The use of
pressure pulsing to enhance the penetration and antim crobial activity of
sterilant gases, which is well known in the sterilization art, can al so be
30 applied to the non-aqueous hydrogen peroxi de process. One exenpl ary
process of 0 30CT 2002 15 pressure pul sing, which can be adapted for
use in connection with the nethods and apparatuses described herein, is
described in U S. Patent No. 5,527,508, the disclosure of which is hereby

i ncorporated by reference. As described in additional detail hereinbel ow,

o o N M o - N - -



15 It may be desirable to isolate the peroxide source fromthe sterilizer
after the peroxide vapor is released to avoid reabsorption of the vagd oryg;
when a plasma is used, to avoid exposing the source to the plasna.

I solation is al so advant ageous when t he qﬁnplex used i s not stable under
vacuum | sol ation can be acconplished using val ves or other isolating
devices wel |l knowng . i ‘ ]

hydr ogen peroxi de EPQ%%EEB@@?FF%ggﬁ#%%%gﬁg?gﬁg%ﬁaﬁﬁg“ﬁ%@?gﬁbbﬁ%@éhﬁﬁgﬁ_

Sterilizati onarcaqudnms asohitipmedf Wydiogen perdxideuts tthedr wowrcofofphtadimt. Thgspl asma
can be used to enhance the sporicidal activity of the peroxide vapor,

and/ or to renB¢ializess havesdigadyiantages eayssd P ths pigsence i watelgito e ystesx e At i zed
articles. 25 j L i i L.ed. i i i s a
door or - openi MBEoPieRALe, Ach s GAAGpREtic Blesie. P 8 e hros G o 6 AR

i ntroducgd. Timse loandeasatidd. i Thisudgeirasnthatin extradtep beaparfugihied tpusgucsd Ghe
t hrough whi ch the chanber can be evacuated. The outlet 34 contains a valve

38 to isol at erelativedmandisy of the aimewheredn amepelrpire do b pleritipedioan agenipble
i ncl ud i pl.et | , i st
hydr ogen por o eetdreht 36ty vie gl QeSR i RHOFis ifbdBeal Melt BRafilly

that all ows esled havwerdrawBadke chesed H9lthd Badtsftharwdtdre haviaghdiighef Repctpeédstidezat i on
system al so contajns an inlet 41 which connects the encl osure 42 and the
vacuum punp 3¥RPORREST MAse siuiskhs than, Bydragemperpikids f9m: amagpeaysssoliiion; and

si mul tag%ous GURE VRN 2 AbwiP lé%ﬂ&'r%éi%rﬁéﬂﬁ’gﬂgﬁ féﬁﬁggggrﬁ hg%og%\ﬁl Eﬁb‘i‘tﬂ%

i ndependent evacuat1 or” of either encl ostur or c cuation is
control | ed byWhee aapatitdlgenind o€ thedikeds eficldded in alsteediz&8 thelihitiAR@driddht thhs Wi | |

be apparent to one having qrdinary skill in the art, two punps, one for
each chanber, re@%‘&ﬂsdh%lﬂ%g%%%ﬂ}%%’é‘aogeﬁ‘ Reppxdde aures s qif'}Ee‘EHbF%Eﬂ’f $0R 30

contains an offlBAGnuREA 6f tk@%oﬁ%c& aqgl%fhilhfé s@erﬁlﬁxﬁ&gﬁ Bk ‘elrb%r&é} tB%F]&TrirLﬁh (ltj}ﬁlli 46
to control the tenperature of the hydrogen peroxide conplex. The hydrogen
per oxi de conpamives dater partitulanty iif thehdewicepbeing tseridizedins e articlet swahdadgn an

optional, peroxide nonitor, 48. The interiagr, of the chanper, containg a radio
£requends ( RESTAOSRPEr G hap HaprgWmasns; sUSIE AcPRIReRmiE cRRAER 0ot NAFESB2 and

an RF power SH&BkMe%é’f_the’%oﬁ%\flﬁ%%&Embpforﬂvfe%on{e'”tﬁes%'c&%ﬁé&@ id §ns§ti§f§‘crt&9[ at ed
cylinder, 15 surrounding the sanples and open at both end. The general

oper ati on of bévauger sshsolupions arcshazardaws.f ol | ows: 1. The articles 56 to be
sterilized are plaged in the.chapber.30. 2. The chanper 30 may be .at

at mospheric pressuﬁb&&rgre%”f@}vﬁﬁﬁ}bém,Sh(?fﬁcfnﬂl_égse@y P& Qe&ozpé. isﬁeflﬁgﬁré
penetration opf the psk QeenrdesR¥doie Y5V asiagt hofubstandNACkRARuesiRe di. bY
openi ng val ve 38 and turning on vacuum punp 36. Alternatively, both the

chanber 2890 anshbsthatialhicamydraisysouses ofifey deqgsa pstaxidenyhish aeleargs ¢ shbssantighy and
44, and/or 43_ 3, T a ' tg t m
e o oo e A AR eI BSRD RSB BB,
Hydr ogen per oxbileqidouy aparoges pediide vagbri Rt grodivedidirecl9 froam tshisstdiyidiipgen
per oxi de source, which may i )
nonaqueous hydrogen peroxide complex. However, the substantially non-aqueous
hydrogen peroxide vapor can also be generated from an aqueous complex which is
25 processed during vaporization to remove water, such as under vacuum. Thus,
where an aqueous hydrogen peroxide complex is used, the aqueous complex can be
converted to a substantially non-aqueous hydrogen peroxide complex while carrying
out the process of the present invention. Preferably, the substantially non-aqueous
hydrogen peroxide complexes contain less than about 20% water, more preferably

30 no more than about 10% water, still more preferably no more than about 5% water,



be heated to facilitate the rel ease of the hydrogen peroxi de vapor.
Optionally, air or an inert gas may al so be added. 4. The articlea ?9% tﬁ) be
sterilized are either treated with peroxide vapor until sterilize 3T 2002
pretreated with peroxide vapor in the chggber 30 before plasnma 30 with
sufficient power to sterilize is generated. If necessary, chanber 30 may be

evacuat ed at éng.[ﬁogti fe%zﬁ)é’\t %(rélerb&ﬁ%a% gﬁﬂfgg}tiﬂ@rof t he pl asna. 030CT

00z 17 The duration ‘o plrasma’ ho ng period depends on the type of
package used, the Aatusgspadeit fronvies pefericdepdicdntages of watdr| in2Be sutbthtialte
pl acement of the itens in the chanber. Optinmumtinmes can be determ ned
enpirical | y. #n-agweody thydragensperaxide sepsjdencacused i pheaPriesenly irysplign.ngs power

genorate the BESCHA hfP st Ml BofrBFeL bRl hEOeR omhi M BRI 1°

the pl asga f ovapar Rehérakdt MeRFfoat hreC QibRagtiAlys Watek Ificeat NevergeWs§r ad & s8HOVE
resi dual hydrogen peroxide. |In certain enbodinents, 5 to 30 m nutes of

pl asma i s usetPPargihEeRt thessofigyram semeneaterpanihe paesest i the sy stami Sp@glof yhis 10
When used in sen il ' . ' . "Rl " kS
intended to |‘E¥t§ﬁ% ﬁﬁ{éﬁaﬁgﬁﬁgﬁ?ﬁﬁ\e %@B@ﬁgmgéa}go@ﬁdvra e&rﬁ‘{}ﬁ’g?gg%qrg} %g{é? and

el ectrons, i ofgigehaebypdiashsd sethe ﬁ?@bgérﬁl@ﬁndm?/dfrthi@w&r&d thé EdFBplex can

nol ecul es produced as a result of an applied electric field, including any
acconpanyi ng ?&#f.ati on that m ght be produced. The applied field nmay cover
a broad fy equency §ANgecPGHEL wad 1 adiia fifl SUUSRE e 1o 0T il F QURYERR' ©
commonl y "'used. The non-aqueous hydr cgen peroxi de delivery systemdisclosed
i n the presenghanibéenhiinnimednatabavubaclages hwiiditigy. asTes corligomt adrddyhdsbe

met hod di sclosed in the previously nentioned U S. Pat. 4,643, 876,

Al t er nat i vel ydesckibedpin Brampled. DeleW. withSprrss spperted o sfainless SteebaiSa hlades
5,115,166 or &, 1 i LGN iclg.t : AN 1 cated
in a chanber ?hg%;* &c&?&éa}?@lg&f ?%%eltuﬁ{eeh%l a§?rn§ﬁ(s)§8r@?ﬁllﬁez ’Jlen\%/ilggethjé l&éss?
descri bed i s qmditions) 5% rglatide Amhalite has nowffect o iefficapy bai0de ral atyzl lesnadity hat
are not stable under vacuum . There are at |east t 0ssi bl e net hods t hat
can be dsed t%HEFAIFHENG Stef aW%@‘%f%@%%ﬁ%%&?&n&“@ﬂm%ﬂ% BAIEm
stage. First, i d, 25
e sl | enciior Sied SAERGlaR R e AR T RAREAR Kb B |
chanber at aldqueGmepesoxide normpkklasd Herpresguenowater oxthe systomphreke bsergbpei ne
anhydri deperoxi de. Thi s _conpound .rel eases hydrogen peroxi de vapor when

pl aced under %B?fﬁ"rﬂsmlgl%ﬁgg%uf%t"&egraph illustrating the rel ease of

hydr ogen peroxi de vapor 30 from gl yci nergyphydri de- peroxi de conpl ex under
vacuumd 2Of0 3 OET 2?02 18 The procedure used to rel ease the( hg/drggen

peroxi de fromthe gl ycine | J : (1) The main
chanmber 30 was evacuat ed W{iggéw{fﬁ%ﬁg‘%;%ﬁ?%g:gg ﬁs:gﬁ a?%";) The chanber
contai ni ng the hydrogen per ﬁ@ %gﬁb X @ed with val ves 38
and 44 cl osed_and valye 43 open. (3) Valve 43 was 5 c|osed and val ve 44 was
opened and hy xi de vapor wasSteriligyResults (Pasitiy. Slchanber 30.
As show?5by the graph, hydrogen peroxide vapor is released fromthe conpl ex
as the pressure is reduced, even witholfeRHiditi ob%RHeati nH0%RH i | | ustrat ed
in FIGURE 4, rel ease of peroxide vapor i®3signifiodBtly incré#sed by
heating the 10 co ex to a higher tenperature. Thus, even unstable

per oxi de conpl exersr?ére useful in the sted”gl i zati orp/gret hod of Ef%e pr esent
invention. The pregent invention providggzat |eastyfour advapypges over

earlier hydrogen peroxide sterilization systens:
30 30 0/3 0/3 0/3




1. The use of concentrated, potentially hazardous hydrogen peroxide 15
solutions is circunvented. 2. The need to reduce beforehand the rgl afcTvien
humidity of areas to be sterilized in order to prevent condensati r‘Tf S
elimnated. 3. Water is substantially eliyyinated fromthe system so that
there is little conpetition between water“and hydrogen peroxide for
diffusion into |lon r . ] t . special.
vessel to deliver gté??l n%rﬁé%éélggﬂ% :lﬁ? S&ngﬁﬁ%rg(?f%\?v}&g%%@%ggﬁl%f %@%&blé

el i mi nated. Tihetrekitienstip datween isastatiikityedridelctdeckenspeangxitiy dvaoenioneraox age
vapor in the substantjal absence of noisture is one of the surgori Si n&

di scoveries ofuncHan fetemperainre ﬁO‘grﬂrF%Hr.e- ThRERFIHIE SRt the cRHRBSICIH H TRe

s ofuIEHEN e SEmETa Adi HGE 4R e cphes!
Vapor state srerip D gsEEe Brdblte UEyRkRl LETM WP oF AN olRE o

subst ant i5al | yewdporitioatrae ma@t s pieferrad; hrd Byssingthe pérokide k@sot tdiyior mhashar
nore efficient and effective sterilization. The sterilization efficacy of
vari ous non- abti&syaredy dFsgrasdder Bsating ofohe peiorideccomplex deneadnphde yapor

described bel %%P%]d?%% ?tg%«l:eoglﬁdéi.d' Sma;e %e%x%cc%:?pggxe% }ag Q@R&fﬁ%&éx{lgal{iétg?%r dat a

was obt ai ned eroxi de“vapor r ase om su

anhydrous ur eprepsirexhatea cipmifiext usiongt BAdiytitogen pebdxidd sapoarcan(be geledsedpor es
in nmetal and TEFLONT" ' plastic |unens as the biological challenge. 5 A
Test Procedur &dtheut heating %?OWE’F-”S? grRerels heatingibg CHSPBL%g‘B?F%@F gk&‘? 4#PUr ea

adduct t;abl et @gﬁ% I : , r b @
al um nun@pan B%Eédélgao escr |%§dp§:ﬁh§f &B@gﬁgﬁ%eth%l%% ﬁg&%g?%%&\}lva@e
covered with camdpleal grade TYVEKT ~ 92 10 (a breathabl e spunbond

pol yet hyl ene fabric) so that_ anpy hydrogen peroxide rel eased fromthe
conpl ex woul d need TPPIPYEE 2t4esH Vn%t‘%fbg 0 Talg o sy SAMECL OB IPIESTRRIY | ng

into the restpof. ézbﬁéﬁggggﬁgrareghghgg W %‘dgaepﬁﬁ'y ggfa"% é}%v@&?%rq%cﬁtiﬂg%hi ng

pad 94 in a pyrex ocated In the bottom of an ‘al um num

sterilizati onaahmedidthdtdae a FargeREfdce)area. TR coume, $afetps avarlakiliyiaed costhifch
had an proximate 15 volunme.of 173 ljters, also confained: A hydrogen

per oxi dgl%m)ni thsr mF@Pﬁhﬁ%Fsﬁlﬁ? ﬁ‘@pﬂﬁ}ﬂgc?é‘é‘?fl%errr&ﬁirﬁlgasl?oﬂ%cg‘r'f{}f’%‘ﬂ B?‘fo}((ﬁiet &y apor
phase. A tenmpgy@bpée perikideOtdBplek@r wBNires) %él?ﬁn&lﬁ)?rrbﬁd@ﬁt afyWires Oklyche
heating pad. An injection gor_t t hrough whic i qui d hydrogen peroxide could
be injected 2enhydrdet had dhddiwethylaureat wgresemaluatedn e clomplgres of i lydrogey

Cont a1 19 | Rl e e, RO BB DAE e
tenmperature afnhd5) € giwlekiid (rBg RidHi¢aeymbRXt isn@9iquid. The glycine anhydride
20 hydrogen peroxide complex is a less stable complex under reduced pressure than the
other complexes evaluated, and under vacuum conditions, most of the hydrogen
peroxide can be released from the complex without the need for additional heating.
Urea hydrogen peroxide complex is available in tablet form from Fluka
Chemical Corp., Ronkonkoma, NY and in powder form from Aldrich Chemical
25 Co., Milwaukee, WI. This complex is also known as urea peroxide, hydrogen
peroxide urea complex, peroxide urea, peroxide urea adduct, urea peroxide adduct,
percarbamide, carbamide perhydrate, and carbamide peroxide. As used herein, the

term "urea peroxide" encompasses all of the foregoing terms.



25 2. Biological Challenge and Test To evaluate the efficacy of the

non- agueous peroxi de delivery system a biological challenge consLU:ét (2|92[]ﬁ)2f
1.04 x 106 B. subtilis var. (niger) spores on a stainless steel @

bl ade was pl aced equally distant from eag@ end of the stainless 03o0crtr
zooz 20 steel lumens of dinensions 3nmID x 40cmlength, 3mmID x SCcm

| ength, and | nun | lt[\fﬂ? h p. for
nmetal | unmens used ﬁl Pﬂeg {:ﬁglp?lg[%vl?%nes ﬁ%n eﬁr%gi? cbﬁ?fé& a)the b%? #a%algqf each
| umen that coitpdrad oyt e bredhaiidisaloséd st Ipieeniohald AppkcationePsh.oNe. | WdM | D x
7.6cmlength. In the 5 biological testing wth netal |unens, a total of 9

| umens were %Al li2ded 63?“1@@%@(13’, ﬂﬁe§8mp}?é%d’é’éh FY Rt nyBRr@adhthofl,3 he 3
di fferent Setcﬁm%fhycv.gazfla?ﬁd tﬁnglg axfbh is S gé" ﬁl?s(%lﬁlr}"?f nftORGHCt ed

wi th a biol oglica enge co | ng’ o var .

(ni ger) Spor eaoanie qoapoundd canpbe(p‘mpamd zbm”th&/\hwthmlrm#ﬂosw in keaitdetgy aphy
paper) |ocated equally distant fromthe ends of , TEFLONT"' | unens_ of

di mensi ons | nm | D &chieyipg spitabis,gaporatigprates of enhydreys neEpdds vanoromthe 3

met er | ength, r t t hese
| umens t hat conqu' é}”ﬁb% %Cﬁgﬁm ?!:eg}i esl?peﬁgtggeg‘%?%ﬁ rﬁﬁﬂgﬁ %eér?glﬁgnsﬁ{ug’nm | D
X 7.6cm | engtaheaksr foh ehelpepdxide Srﬁlkcetaﬁﬁtt/cbmgvammim pIEELﬂ\évad:wmﬂﬁ steailizatied of
12 1 S lunens were eval uated per te nﬁ) om eagh of the 4
different | erfdRHDCRES Prehirably preart aﬁéwsst%lmeal rﬁfr@ Fépwpd%meé%q
sanpl es re I wR s in
t he st erlpel Za\?iltlg%elg%érg%fagrag p?rﬁrﬁ Letaé}gbeérntaggs})l?%mgs'r t hen g@fggg\éé?g%(g?&ﬁ?l@ anber
evacuat ed to fabéc,mmwoperpslypepylendisieh20 SPHNGIIARDT or Sitnélaainaterialiwlpein

contai ning the hydr eroxi de urea adduct was then heated.to 80 t 81 C
for a period RAES R Re88Ai0s SaReiot, pats BY 50k HEr PEDHRICOMAIR Mo ARl aced

on the side vxﬂérkorﬁ{edtah\ﬁnﬁahmmﬁérpﬁntaeepge?f&ﬂ@d Bla¥erihl eHuIH"AMD bd18seACkst LM Of
the pan. During this tine the concentration of hydrogen per oxide in the
chanber increawed to 6ng/L as rreasured by the 25 perOX| de nonitor. The

bi ol ogi ¢al test d.to.the h d
peri ods 1t 5 10. HRIOBE"SA SRR invicesd a6 o F R athots Bhen
per oxi de Vapot'iydré%ﬁ ﬁer@klaglfﬁﬁah hg@:%g& Bk RRe d&i;ﬁem %ﬂ&érc@drio)ﬁs i Bpshard ed

into | SnL of ?~~? 2 i case soy broth containing 277 units
of catal ase t@ndamnsalhnzthlsaigvmydn@gmnp@rm isreoyeredawish ahgas peameabdemi n

observed Tor VG soEh AP TRl LBk AN O el ARD R e eRb 2 so

% aqueous sol ¢ftd Réating Phd Dy WHAGER pReEDH zﬂﬁyféﬁ@aﬂl 96 .64 t1egmosduplé thermometer
sterilization chanber and vaporized froma heated injector (a heated netal

surface@0 Thed% dy plaeebpPnrhe oyipids ?feﬂ@xP@e%@PHl’@iXWt?le e 6me frOpY HgubitPy
vapor phase c t gty A t ns
and bi ol ogi ca %ggt Igangageg;egs o%ﬁﬁ g@ﬁphﬁﬁﬁ&g@gﬂl hg%;{(??la at Osélﬁ:g%e
used in the nmnalaqugmmermedara@@emmepmasdemt esdlae hytwgbampdioxide dénplex tahe
bi ol ogi cal test sanples after exposure to the hydrogen peroxide was al so
i dentical . B.atmMOSPheRCRIPISYICThe results of these tests with stainless steel
and TEFLONT" | umegs e%?fe%h? indt &P 881 fflaind @ Pefokide %)[ﬁg%f: is fIRSRAE iy el Y.
illustrate the advan ages of the non 15 aqu&ous “per oxi elivery system
wi th bot2 net EIGERE 3Bn-Thet edntdinere9s coﬂipnsads &indetal gflate HOObady. el allimsipon es

was achi eved thin 5 mnutes with the non-aq rooxi de dellvery system
for the smi 1 B! Y IopIORHROAT st hEATRTONG B4 AL euPIO T ORIES COMEEET o

total kill n@%}aﬁg%smﬁﬁ 191 eEhcﬁfaE %rth&’éndﬁéiw esn B pAbdd b iRpIhkBOMGt N

the 50 % hydrog peroxi de sol ution. 0 cr zo0z
monitor the temperature. The peroxxde complex is placed directly on the plate 100.

=

Alternatively, in order to provide even heating of all the peroxide complex, the
30 peroxide complex can be placed between one or more aluminum screens 102, 104

placed on top of the plate 100. The aluminum screens 102, 104 provide greater



22 Tabl e 3 Aqueousl Non- Aqueous Efficacy Conparison SS Bl ades in SS WQMS
STERI LI TY RESULTS ( POSI Tl VEI SAMPLES), SOURCE OF DI FFUSI ONPEROXI DE Tp

(M N) 3nm x3mm x1nm x40cnb0cnb0cnb3l 33/ 331 310 1001 321 33/ 350% SOLUTI ON

1511 31/ 311 3200/ 301 31 /32501 301 31 /3 501 34%301 315 1001 30/ 301 3UREA PEROXI DE
1501 301 301 32001301 301 32501 30/3013 20 03 0 C T 2002 23 Table 4

Aqueous| NomAqyeeiis JEEd hadeYeCARRRI! épﬂleﬁéame)émneﬁg%%er %MohH%iLfSY %%E iNTM
| umens 5 STERILITY RESULTS (POSI TI'I I ELSAMPLES) SOU O~ DI FFUSI Xl DE

TIME (MN) 1neompléxmatenaing @sedliFhexpedmidenenmpldmds thd Er&dnorAcBeld 302,01080 31 3
313 313 313 50% go.un 15 013 113 1|b%1§|3 f;(? 013 013 113 %13 25 013 013
013 1 J3 5 o1¥cdhen gaveres witha gasmArmenbip; byen F0q suchpsa fayeprf prediegl grade o) 3

013 01 3 20 013yRAK®1L3 HINEDAIB™0LS tAh3Ind R ddfed Hard ) I 86,
sterilization caﬁe acconpl i s‘ﬁ%d irsl tﬁ% ags@nc eopﬁgu)@g% ééltp?sg? arm&g%s of
wat er i s3Ssur pearsplay,passes | thopughathe t doeerfiag 106 hatforendisfusing inecs thpe nest aif| the been

present during chem cal s/ vapqr phase steril,ization by various sterilants
other than hy frp rB&?ﬁéﬁegﬁqﬂ@B‘%Bwe ghgs‘% Ofgoﬁldr é’@%"?ﬁ}r B%rtBRiQf_ethe
sterilizati onTgxgiies, bPU?JG@RﬁIﬁ%?&Uﬁ)GS@' Hi@é‘ﬁre@éuré‘?&?k@@etﬁe E&'hﬁiéhgﬁ’

t here has been noisture present in those systens as we o testt
sterilizati oncaftdat caitly thé heated quisteotMderndao ensute evenpheakieg,oft the pearbkided ng
experinments were perforned. 30 Exanples 2, 3 and 4 The apparatus of Exanple
1 was used to“YBRtXthe efficacy of polyvinyl pyrrolidone-hydrogen peroxide

conpl ex j0Exanpl e 2rpe A¥|ied jERYREAURE RBVRIES d0erf 8RIngXofl F¥aRhi), whitl 1. 3
di met hyl urea hydrogen peroxi de conpl ex (Exanple 4). These conpounds were

synt hesi zed reBulds i 4@ iic2okEd vount ob hylimgen perokide vepdrdeting midasskfiomethew i n
Examples 12 and 13. Testparaneters were as foll ows: Exanpl e2 3 45Chanber
Tenp. 45C 45CABCPRCE I8 PB essure0. 2 Torr 1.0 Torr 1.0TorrW. % of

per oxi del7% 10. 5W&Pﬂ§uﬁ%’?ﬁ@€ﬁb@% SRAANE oRlal RREENLpRORIAL- GBIl riliAtion
conpl ex used8g 18g 69&&; cycl el5Tenp to rel ease peroxi dell0C 110C80CI n each

case, spore s¥mamiesodedresent invantiamaphambarbid) heldean antisleakd whidhuisde de and
st o5t echefiatnd BoFhei EaRenhat B R an PERCLST ot ol
PVP, nyl on 6, adtdsslioXhéiinteidtydfitaadesSTERIAhdi¥aiedl- IcaréLeBhydryEniSpéybkids) W t h
> Mnutes EXp(1)88 liJsr gep-irc\t(deonO(:)pt%nzallzhg:terLg(l)\,/E \!\l\lhil&llJ?/sEclz\(l)%tr%ﬁgg%ly eter121perature controller
22. The peroxide concentration can be monitored by optional monitor 24. If
desired, chamber 10 can be evacuated using pump 26; however, sterilization can
20 also be accomplished at atmospheric pressure.

The container that holds the articles to be sterilized can be a conventional
sterilization chamber, which is evacuated, or it can be a container (or a room) at
atmospheric pressure.

The time required to sterilize the articles depends on the nature, number and

25 packaging of the articles and their placement in the chamber. Alternatively, it may
be the chamber itself (or an entire room) that is being sterilized. In any case,
optimum sterilization times can be determined empirically.

The use of pressure pulsing to enhance the penetration and antimicrobial
activity of sterilant gases, which is well known in the sterilization art, can also be

30 applied to the non-aqueous hydrogen peroxide process. One exemplary process of



Exanpl e 3 Exanple 430 1mm x 1nDI 30 301 31 mm x 2n0l 30l 3013TEFLO\|T2651;
3nD130/3013' 1 nm.. il mmipniznia 0 30CT 2002 25 The result Bmm ng
in Table 5 show that each of the tested hydrogen peroxi de conpl exes

gener ate peroxide vapor which provides efficient sterilization after only
five mnutes exposure. The tenperature required to rel ease the hydrogen
peroxi de vap e i i | I

t enperature rgs;’sbl?éegur'igiix}ﬁéwp er%lﬁc%gl?g}@é% ‘&Prlfr%grlr%? %@Pﬁ@é?@g\{g%h?h@agﬁ?%i de
of the al um nappapausespiesaibedahekin, lis cdaséritah {rh&/.BotRacem dfio.t 520508, Fhe t her
testing using, a.ther ter, such as a fluoroptic thernoneter, placed_ on
the inside botifGaTuss O ﬁilcg\aﬁhﬁway SCOMPrated by referengsyp s sdesrribed dn adtions t om

of the pan . - i i 5
bel ow Thus, et pERBIREN e S bR Rt el BRRIIGBEAVE WEEFYE )
pan was appr opeimoataksiddald) - 115C when the thernocoupl e thernoneter read 80C,

and the tenperature at the bottgm of the pan was approxi mately 140 -145C
when the t her mocouft Brergoackipivptad the sigrlization PraosseexGesy BYdIogen RREOEARTCAHR t he

tenperature t . ) i . ol:}. d
per oxi de corrgllt) ee%h?%‘%? |fté§$1§§€’%°%p?ﬁg?‘ étIrr‘z)grré\eyfl gi}rficl){ﬁ sﬁfggrggﬁtegﬂ?%%hlgnréﬁ%é&b%t tom
of the al um nimeqneaet with (RaRIGRItHS. t Mhisneaohepiceombisthrdrt flowingswalnaaecdven t he
out si de of the gieu.m' num pan approximately 20 1 cm f ror‘q)t he bottom of the

pan. Three di Ff&CYISES Fith HIRNAEH U0k B FYASHYING: Yo k8RB ¢taken. Each tine the
pan was jpeated to l&e%ﬁa'ieﬁiav%eﬁ%@fo%%lwﬁee‘n”%ﬁﬂie%d b?yeﬁrﬁaguﬁehﬁf ’Eggﬁ;?@ﬁ
al | one he t o0 the

pl aced on the side of the pan, to cool, and re- hea
desired t enpepabxide.vapbremay cadsodbel ekpospé ta tthe plasraa do [rembed rdséduaivhy&ogde np.

at Tenp. at bottom of pan (~ side of aan 1st 2nd 3rd ay~¢, 80C 11Q.9 110.6
110.6 1107 J0FeBde el Teavi somein 9B (e 150K, ~ JingSothe FYGIES RSTRE ibsui t s

show that the { -thk 1S @MaBEing e PldsHaNHEa Ry terilized
appr oxi mat el yd%ga@g%:&h?{{éﬁe@ht %aﬁ I?fﬁeﬁcﬁenpenrl%t ur ? alléfr?gl t:llatte ,;’/Yﬁ?hseerl ze
t her mocoupl e arielesmmat b uded cveitleait die nded for aley additidral ptaps. Furt her testing

was perfqrmed to c are the effica ata obgained 5 usin n aqueous and
non-gquégus sourceﬁ aypl?eer‘i?ﬂrﬂl eit(r’llsﬁﬁ?}/%'g‘ﬁﬂ?e'(oﬁ Spﬂﬁﬁﬁo%ﬁsg‘?’fﬁlz?ﬁgﬁle” €
experiments ap&ofiae %{:iﬁg rél_@as{é@tt_@iaboiﬁetl:ﬂwlorpﬁéﬁfm|t1‘i>e Gapba@r aRB&d Q;plh%nﬁfis

Exanple 1 was used Wt bi ol ogi cal chal lenge that consisted of 6.8 x 105
B. subtilis vesed(f geoijl expories thensar@nia the phasimat r {splationgs alspadvaniagepus

gas. por moabl oWPEbAR SR Brd JongEre B AT es B g AL e
pol yester mat gfih@hdlvedackioeohitial @8Vie& well known in the art.

20 FIGURE 2 depicts a schematic of a hydrogen peroxide plasma sterilization
system of the present invention. Sterilization can be achieved with or without the
use of plasma. The plasma can be used to enhance the sporicidal activity of the
peroxide vapor, and/or to remove any residual hydrogen peroxide remaining on the
sterilized articles.

25 Sterilization is carried out in chamber 30, which includes a door or opening
32 through which articles to be sterilized can be introduced. The chamber 30
includes an outlet 34 to a vacuum pump 36, through which the chamber can be
evacuated. The outlet 34 contains a valve 38 to isolate the chamber from the
vacuum pump 36. The chamber 30 also includes an inlet 40 attached to an

30 enclosure 42 that contains the hydrogen peroxide complex.



chal  enge strips were placed in the front, mddl e and back of a

pol yphenyl ene oxide tray that contained a flexible fiberoptic

si gnoi doscope. 15 The tray was placed in a pol yphenyl ene oxide con 5062002
that had one port in the top and two port,s in the bottomto allow for

di ffusion. The four-inch dianmeter ports re covered with a breathable

pol ypropyl en C v t

W ap, Kinber Ielﬁﬁ) % ﬁ%bﬂ%ar{pﬁ Wal@xz)h( ?@ywu n {s‘ﬁ?e ﬁ? % ?fe %Oﬂt%& tfﬁ(% ctggt ents
of the cont ai ¢tambef.t eThe?Brefiligdtioni fateiroalso Ebﬁtamruzﬁimamu\@mmﬁ agredcts thé he
apparatus of Exanple 1 and the pressure in the chanber was reduced to 0.2
Torr. The al u%cm;mep% ae@ﬁ%waﬁwgl puigp s VaHcIhgentaigea wdveodd defhis exstesmiduct
(Fl uka Chem CQLO“QO{};Q s)im\ﬁ‘ﬁa%fe%ﬁsegv&ﬁ?tﬁ doi‘B tﬁoe tcl%s t{ze i ¢ -moerrﬁfj J?ythé‘

t her nocoupl e thernoneter place e out mn

appr oxi mat el yindesamndexi é\lfa@mttdimb@itham:ﬁﬁlostuhe 4a| urnchamb@aeo fEWachatimmuﬁ es to
provi de 3ngl L of hydrogen peroxi de vapor in the chanber. The bi ol ogl cal

test sanples wled pysbe qpsning 2y dpsiRg At ther ¥alvese38aftbrand 3. pdysi Wik bef 5
d 10 t t. |
hay as vere ¢ frnafint 5 pfE REHE Grdidy WERTIRAR R Blo U rfgfde*@c?“?@% ot ed

I n which a 5080ad|uRo b gﬁgj]uysdom thfs spmemogen peroxi de was injected into the
sterilization chamber and vaporized froma heated injector. The vol une of

hydr ogen per oxi de §B% gnglespre 4@ conEing @Qﬁ@“@bh@tﬂrﬁ%é&t%@‘bFQJ@LF@@HCYQW%por
phase cqpcent [ of

t he bi 0|q(;09| ca ﬁg(ﬂ{t%@t@ t ggr%g%g}s‘&"l th %Ihgah%ﬁ%:a? Ir%%uﬁﬁbgéh %‘%rg?ogl ca %txzas? He
sanpl es af t erhgdrpgenpezoxide eorablex icdsuehiratiin inah¢ hame staseechn be homitarehbpaneous

hydr ogen peroxi de tests, The results of these tests resent ed |n Tabl e
6. Table 6 Aq%mgf REPPXIFU SSPLOES; céﬂv L ﬁar@b@ncw@%rﬁ radio

(Non- Lunmen Tegt ey f Vi
Results ~m nl |%po§/ \)2‘? anpeggjg‘gla&l ﬁt%algged%ﬁ% Clhh% neg\‘/?g Urzgﬁld élﬁglj(l de 5
113 10 013 Thpaowersmpplsy 4. t Aasavimatt Sorhe fon dier elearddeeis gr pafemtedf dyliodery of

t he non
15 surrounding the samples and open at both end. The general operation of the present

process is as follows:
1. The articles 56 to be sterilized are placed in the chamber 30.
2, The chamber 30 may be at atmospheric pressure or, alternatively,
may be evacuated to facilitate penetration of the hydrogen peroxide. Evacuation is
20 accomplished by opening valve 38 and turning on vacuum pump 36. Alternatively,
both the chamber 30 and the enclosure 42 may be evacuated by opening valves 38
and 44, and/or 43.
3. The valves 38 and 43 are closed to isolate the vacuum pump 36 from
the chamber 30 and enclosure 42, and the valve 44 is opened. Hydrogen peroxide
25 vapor is delivered into chamber 30 from the hydrogen peroxide source, which may
be heated to facilitate the release of the hydrogen peroxide vapor. Optionally, air
or an inert gas may also be added.
4, The articles 56 to be sterilized are either treated with peroxide vapor
until sterilized or pretreated with peroxide vapor in the chamber 30 before plasma
30 with sufficient power to sterilize is generated. If necessary, chamber 30 may be

evacuated at this time to facilitate generation of the plasma.



25 30 aqueous when conpared with the aqueous hydrogen peroxide process in
an "open" systemin which the biological sanple was not placed in I

Again, it was surprisingly discovered that a non-aqueouspsystem prg\ﬁi [ﬁg‘éﬂm
superior sterilization even when diffusi of hydrogen peroxide into a | ong
and narrow lumen is not required. This suggests that the node of action of
Furt hor 't ot | H Gurafor ot R SRNEn bl bRl B ey ot e b BOMLIER S,

per oxi de vapahe ahtup®ambhumbert of ke dbe stedRzad; and T platedsdnt g thesitelas & | ed
bel ow. Exanple 7 Efficacy tests were conducted with the hydrogen peroxide
vapor 35 rel ¢he&bambeym Ppdmumctimpeeandedeteratnedmpiiicaly.open syst em at

at nospheric pressuye. | i the. hi gl oqi ] 106
B. Subfilis var. (i ger egggjél?lgéggtﬁretJrg‘gje?{egitﬁ?é’(sf%h‘s?tﬁéeqpbgﬂﬁg%ég‘g?gfﬁﬁ?’ﬁéées ver e
packaged5i n &R YK bppty ARTMtenNRE| sdperod P80k dfiedRBienkpgiwsad t€ gaddranghe

bl ades were 0 30C.T 200x 28 pl.aced on the front, mddle, and back of a
pol ypheny! endlgsimaimay g pulsedeor opinyans. nThe aricles Yonsmesp iy thegdasma BSighpl e 1
and the cha : qEhe. al um (] f urea
peroxi de- (71 deopRg brisERofigfal teriifiod ol WIS SR M it Bty 11 2
5 t hernocouplla depmimembodimentsadewd I ndidneessofiplastha tiasedl, uliomegnen aptimum
approximately, 1 cmfromthe bottom of the pan, for the duration of the
test. The bi df@@ﬁ@@lbqg@?n%lﬁ%F@ElrWéﬁ% exposed to the hydrogen peroxide
sanpl esther o hand SaeRpseEin 8t BRRcHSpPLRLARR: ot LemE ROHAR RISt

't hese 10 t estinteadsl foriaclede eny portidabf the gasodvapemtdns tomiias ¢lber@fsf iomacfreof t he
non aqueous per,oxi de, process i n an,open system at_ atnospheric pressure.
Table 7 Effi cadifalse dis e aedler 5’&1&95@&@ PoBIlecues g ?‘gﬁ%f‘éﬁ?"i of an

at mospher i ¢ PisasdbRerie AN iRAudhg BRY RXbAP.Ant Afuldi RN iigndn fdftdar
tests were conducted to determ ne the approxi nate anmount 30 013 30 35 of
per oxi de r el €Bzeapplied ficldhmalycdveage broad frequereyuasge; domsiery aandipairequescy
terrperaigres. This testi né; i s _de crlged in Exanple 8. Diffusion Sterility

Ti me Restl ts ThHTHFLNAYES L CPPRO88s) 5 313 10 113 20 013 Exanple 8 Urea

per oxi de powder, @ﬁ@ﬁdiﬁﬁ’q&eb@ﬂﬁrggéﬁiﬁé%)ﬁ&@d&ﬁ@f?@@{eﬁi divcl6eéaiih 8l (redenb! et s
(Fluka Chemical Corp.), was placed between two al um num screens in an
appar at us acciovetitiog qap alioCuREscgBvitla plasgasigenenaicd by the methos disclosed iprthe The

al um num pl atﬁe%ﬁsl%; hrggntpo%%& e[ﬁi.Sz.ir}%t.t J{n’%‘é,%%_e rgﬁtgrrn(a?ltively, it may be used with

plasmas described in U.S. Patent 5,115,166 or 5,087,418, in which the article to

20 be sterilized is located in a chamber that is separated from the plasma source.

The device just described is particularly advantageous when using peroxide
complexes that are not stable under vacuum. There are at least two possible
methods that can be used to minimize the loss of hydrogen peroxide during the
vacuum stage. First, the small chamber can be evacuated independently. Second,

25 if a small enough chamber is used, there is no need to evacuate the small chamber
at all.

One such unstable non-aqueous peroxide complex is glycine anhydride-
peroxide. This compound releases hydrogen peroxide vapor when placed under
vacuum. FIGURE 4 is a graph illustrating the release of hydrogen peroxide vapor

30 from glycine anhydride-peroxide complex under vacuum.



0 30CT 2002 29 5 was nonitored using a thernoneter |ocated near a corner
of the alum numplate. Table 8 lists the approximate percent of per@xigden
rel eased at various tenperatures after heating for five mnutes. The data
show t hat approxi mately 100% of the peroxpde is released fromthe conpl ex
at a tenperature of 140C. Lesser percentdages of peroxide are rel eased at

tenper at r o5 1 Fse RS Gef (TRIERE ey OBHEOLSRIE MR Shefls 4Rb4AME
Rel eased ~25%ontfié4 isq8¥oH®@00 (10 dHe IiaiR Ohazhbbed B03kasRencuatatiewitl vplvex 43 atdivi ng
the ability to rel ease h)édr ogen per oxi . de vapor at room tenperature and

at mospheri ¢ pHeslossd, QLdhe shampyr ¢angainins b ihydrogenperskidecomplsX (42eWds o be

effective for i r i L) i jCad i ) t Y42C t hey
e used i n ¢ RSP WBLYRNS 5 Gd b CRERIRRANGCES oBHE. QL VERENICER Lo
above, the caipwednssl eilvé hid puespaied mukehydroperc poroxideovipor used alowgabnd of
self-sterili zi,nﬂg p_ackalglgi ng materials, or applied onto supports such as
gauze, spongelifftes ingychameri39e | i ke. The conpounds allow for sterilization
of seal ed packages,at u I t d are
particul arly usef u'f‘gfsgéwﬁhrﬂéi gﬁgg{aﬁb’zgﬁ ?‘g’ﬁe‘gﬁpeg‘iﬁ‘?ﬁ%g@“n@% g%?éd;?%&rtgcal
products. Pardongpléxass thegsessiiretih eeduoedyayen svithbut dddlitipraBReating N\aenillusirated e
described in the exarrpzlloes whi c{; foll.ow. The pergxide conplex used in the

0 3 0 C T 2002 BHEYRE 4 irlsascediapgspride WaBOL,iSee '&acs&liyc}ecm edhy hesting dhe 5

t abl et | uk } ¢cal, o, et h r f : '

crushi ngEt heactog:t@f1 g% g@ aEgtgfrlf%I Q(Een@%r sgl f‘_f‘lslﬂ;léére{ﬂe?gnﬁgﬂ%‘éﬁe?&x@\gtscﬂg@g’%ﬁg?éé% as
foll ows: A swsgfuldh tlecstbyiliatibn haerhotgof3th8 preseftinBentgmbt i ii s var. ni ger
spores on its surface was placed in g steril etri_dish. The dish was

o aced in a I arger THCRFRCH YRTGQTBY Hes SFachiont BAMABES Hisr G i96 PGB ox | n
ei ther tabl et o5, powde;fioymnyathe. | arger petri dish was then inserted into
a pouch formsp 0)1S TYVEKTM MYLART"" (gas perneable, Table 9),

MYLAR M MYLARTM ( nbn- gathgesarefibbrcentratod e paontially harafebope hyNhigaRTidr¢xjds

per neabl ? Tabl e, 10).. The pouch was then seal ed. Each pouch was exposed to
vari ous 1 enpet’ ttﬂ“és}SFE?m\}‘éﬁnf us tinme periods, as shown in Tables 9 and 10
bel ow. The biologigal tesd ne&anel @udtehdoRUMIREaEIatiof nikflily bZAehOR BS
described in Exanple 1. The results are included in Tables™9 and 10, with a
"+" sign indidenlized ibacdesrtogireygnbogndensebiondpelemda®dl f - Steri |l i zi ng Pouches

Wth Breathabl e Bag n erw&%ﬁ?@lﬁé&%%ﬁﬂiﬂ&m%@ from the system, so that there is

little competition between water and hydrogen peroxide for diffusion into long
20 narrow lumens.
4. The need to attach a special vessel to deliver sterilant gases into long
narrow lumens can often be eliminated.
That sterilization can be effected using hydrogen peroxide vapor in the
substantial absence of moisture is one of the surprising discoveries of the present
25 invention. The prior art teaches that the presence of water is required to achieve
sterilization in chemical gas or vapor state sterilization processes. Advantageously,
the present invention substantially eliminates water from the system, which results
in faster, more efficient and effective sterilization.
The sterilization efficacy of various non-aqueous hydrogen peroxide

30 complexes was determined as described below in Examples 1-4.



Tenper at ur ePer oxi de Typel hr.2 hr.3 hr.4

hr . 23Cpowder +- - -t abl et ++- - 40Cpowder----t abl et----60Cpowder----tablet----
Table 10 lists the efficacy data for self-sterilizing pouches witH 28T 200
(Paper/ M\Y\LARTM and wi t hout ( MYLARTM MrL M a breathable barrier. The
pouches were assenbl ed as descri bed above,; however the peroxide vapor
source was urea peroxide in powder fokg @Ehey% 0 30CTr 2002 31 Table 10
Self-Sterilizing Pouches Wth & Wtho hable Barrier 5

Tenper at ur ePackagiEfgicddspe@awasdobtained with hydrogen peroxide vapor released from
hr . 23CMYLAR/ MYLAR- - Paper | MYLAR+- 40CMYLAR/ MYLAR- - Paper | MYLAR- - 60CMYLARI MYLAR

- - Paper | MYLARubstamiatiz sanhydrops grpat prrexide Somplex g Bacslius: sudrilis aar.p@igsrl de
conpl ex of the present i i b i ifh.a i t hout a
br eat habl e baP?ﬁ%érl ﬁ?%?/li a&é?@?@& i@%sl{{éﬁgglf:ﬁsl gsa{?'lgt)f)%&?%\fcélln(:hgﬂg?g\g e inside

t he pouch in Ahe ahsePesedlresroi Sture at roomtenperature and at nospheric
pressure after only 2 to 3 hours. At higher tenperatures, sterilizationis
effected after onlly ondE@dipments To determine the efficacy of the

terilizati t f ' t ' | h
Fol | ow ng. exper | mdur s PUAR B ol Rl bk Jafic RER (PR CHBRIt 27
was assenbl edC@p, Runkoioma) NYRivtre placeti 68l arsS MRRRMIm hari 9y R ddseribed th x 105
B. subtiiis var. ni ores on its 20 surface (Table 11 ) or having 9.2 Xx

er s
105 B. subti |I?I§3U&E%Aqi Gbe toppdithe pan 99 was soveared withagslieal ppade THRYEK"a%ed

s d ¥ | . ; | - ! .
ts surf9ce. GREAMB TaBBGredtBhe RRIELR B JPIFAtEn IRt BE. "
with either aforai thet ¢qhplet apoul®medd gaspRertheagh etht AYEVERM™ SoLdWHARTord CSR
Wap). Also included in the larger vial was 25 a_second PE vial, also

havi ng 20 holdifuging ipto the rgstzef) the rhamber, Fhgcadumimym pan 0 wanplaceb@nia gm

urea peroxidsg,.l I . Lnaelhther a
SPUNGUARDTM ?5%@2“%%&;;?‘{ 6‘?%%&&%1 ég@ﬁ%ﬁéa I’P%ggog&g ° zgglg’ﬁbgﬂ gégﬁﬁkc‘%&nlfai ner
was exposed tohambder (s¢s RIGURE a).ulThe sterilization ohmntier mevhiphr haddsy agosihmven i n
Tabl es 11 and 12 bel qw. .The hi ol ogi,cal test sanples
15 volume of 173 liters, also contained:
° A hydrogen peroxide monitor for measuring hydrogen peroxide concentration

in the vapor phase.

° A temperature controller for controlling the temperature of the heating pad.

] An injection port through which liquid hydrogen peroxide could be injected
20 into the chamber.

° A metal shelf on which a plastic tray containing lumen devices were placed

for testing.
] Electrical resistance heaters on the exterior of the chamber walls, which
maintained the chamber temperature at 45°C during the efficacy testings.
25 2. Biological Challenge and Test
To evaluate the efficacy of the non-aqueous peroxide delivery system, a
biological challenge consisting of 1.04 X 10°% B. subtilis var. (niger) spores on a

stainless steel scalpel blade was placed equally distant from each end of the stainless



were evaluated for sterilization as described in Exanple 1. The results are
included in Tables 11 and 12, with a "+" sign indicating bacterial growh.
S Table 11 Self-Sterilizing Containers Wthout Breathable Wndow 1§ é]ZT%hZ
Tenper at ur ePackagi ng Type2 hr.6 hr. Unpac?gged t abl et +- 23CC/ C* pack é

t abl et +- ¢ C packaged powder +- Unpackaged bl et--40CC/ C packaged tablet--C C

ackaged powd - - cka ed
Dovdor -~ o SeEL MRS SRAer e i 2 bR IR S35 Rosoe BT SRECT
Sterilizing Q}ﬂﬁlaIlDW% 5000 1dngr, eBkdialiDes {adRethepw t 1&&1 ﬂaﬁm%ihl lumens used
Tenper at ur ePackagi ng TypeO. g 1.0 hr.1.5 hr.2.0 hr. 4.0

hr . Unpackagedintmediea 4d€¥wn$>aalhag3@mpptimetr inithe mmtdl?s"ofmclk éaga@l thabentained- 23 C

pondler 1+ onpalh 0B abicH: bicce 1l dus BERISRBR Rt TD K 7-paidRH; IR tne
tabl et +- 5- 40 Kiological testing with metal lumens, a total of 9 lumens were evaluated per test.
These included 3 lumens from each of the 3 different sets of ID’s and lengths
available.
Similar tests were conducted with a biological challenge consisting of 4.1 X
10° B. subtilis var. (niger) spores on a paper strip (6mm X 4mm Whatman #1
10 chromatography paper) located equally distant from the ends of TEFLON™ lumens
of dimensions 1lmm ID X 1 meter length, Imm ID X 2 meter length, lmm ID X
3 meter length, and Imm ID X 4 meter length. The center compartment of these
lumens that contained the biological test piece had the dimensions 15mm ID X
7.6cm length. In the biological testing with TEFLON™ lumens, a total of 12
15 lumens were evaluated per test, 3 lumens from each of the 4 different lengths
available.
The lumens containing the biological test samples were placed in a plastic
tray that was then placed on the shelf in the sterilization chamber. The chamber
door was then closed and the chamber evacuated to 0.2 Torr pressure with a
20 vacuum pump. The aluminum pan containing the hydrogen peroxide urea adduct
was then heated to 80 to 81°C for a period of 5 minutes, as measured by a
thermocouple thermometer placed on the side wall of the aluminum pan
approximately 1 cm from the bottom of the pan. During this time the concentration
of hydrogen peroxide in the chamber increased to 6mg/L as measured by the
25 peroxide monitor.
The biological test samples were exposed to the hydrogen peroxide vapor for
periods of 5, 10, 15, 20, and 25 minutes. After exposure to the hydrogen peroxide

vapor, the biological test samples were aseptically transferred into 15mL of



TI T packaged powder - - - -CIC packaged tabl et~-~-Cl C packaged
powder - ~- - Unpackaged t abl et - - ~- Unpackaged powder~--- TIT packaged )
tablet--~-60 C TIT packaged powder - - - -ClIC packaged tablet----Cl 83 0CT 2007
packaged powder~--- pouch farnmed from TYVEKT"'" "" - pouch formed from CSR
wap 25 Results fromthis testing show thht the non- aqueous urea peroxi de

conplex included in a container, Wt nd. Wi £ hout a breathable barrier

o ovi des. of 1 ABEiSEsS 0T PIOL SPRBIRR T DU BhSURLES (6 TeRER eGPy MEraEour s
At hi gher t emags3ddiFe8Riuals (IRl mMdyzeihRbd e & QGIH. aAl 8imARs Weld iButdgesone
hal f hour. The non-aqueous perOxi de conpl exes which rel ease peroxi de vapor

30 have been foolinidys ot 32’ (iand abservedt foe gedvethi | i zati on of articles at room
t enperature, and re effectivyely, at higher te ratures. These D030C
T Z0p- 34 compl exdeRATBE PhdiELierarisp HONCHCd S8 kG 0 A HBE O BBIn o
any areas Capao@'h?giﬁ{geﬁ?éﬂ%ﬂicﬁ%sqﬂjfc%@‘ﬁﬁ@tﬁe*k?éfil:&ﬁii&?@l?anﬁﬁ? Qxd ¢ o‘fﬁ@cf[f’{c‘)roi’i'f" ch

effectively stefilize i cles. The conpl exes can be heated

the artic
facilitate thehestdagectof (vdpated metdl swigsebviThe solemel of Aydmwgen petoxide ti nme

than that 5 required, for, rogmtenperatyre sterilizatipon. The conpounds of
the present ISAULDIBIFCER PIORKEdrOV BRI CoRFenrodn of Bydmsch BPoRA ohs
where steril |G /LON The. {eSluns a2ld BioYogl reés@c‘shﬂ@;efsh@sesthege tedtsawegal ed

area containing an article or articles to be sterilized, sterilization can
be achi eved. ifnticehtor these vietlhinpgh¢ opn-aqueonehydragen peroxiseitestho Tie ddndling

contact yith | sture 1 rovide 10.activation of .the hydrogen peroxide. To
cont 1 rnibhar Cres HPDEER R SRR aP e SO s oa e Pk A
conpl exes in jh&sirafi me at | ower pressures, the follow ng experinent was

performed. Exanple 11 15 A self-sterilizing container was assenbl ed as
foll ows: A st nl ebsst Beswdls support having 9.2 x 105 B. subtilis var. niger

it f insi. |1 . PE, vi ing 20 hol
(50167 T si 2oy i it e AL BER el NS AR el el TERT.ON A e o RS
whi ch was covgg peesshied i THBRs Beinden et @vedy, idhisttavR i /ivahrREaNEUARBN) -

Also included in the 20 larger vial was a second PE vi ale al'so having 20
hol es (3916" adquequsAmgyoxide delyesusyseaewitlrhpth metal andornaneteblumegsn detbkill

e e S e 0 e RS

sterilizati onjetinafysyktey foa tHe/ Snallest HY hhd drtlogiesclhiadheevalbted ganlicdanss was
exposed to 100 torr 25 pressure and 23C tféggerajt ure for 2 hours, as shown

in Table 13. tFA® iofadkalyiwag not ashicvdnsycaafige 2e raipgies of ctiffugion §mer with 288 i on

ggogeggri bed 5(11% %mkﬁpérox}_&esoﬁlﬁﬁ)‘ﬂl.ts are included in Table 13. 0 3 OCT

20



Table 13 Self-Sterilizing Containers Wth Breathable Wndow I n Reduced
Pressure Conditions 5 10 Tenper at urePackagi ng Type4.5 L chanber173 L
chanber Unpackaged powder ~-23' CT! T packaged powder~- C1C packaged pOWeUUT‘ZUDZ
These results show that non-aqueous urea,peroxide conplex included ina
container with a breathable barrier pr ov?ges effective sterilization at 100
tort and roomtenperature after only 2.h s These results, when conpared
with the results in Table 12, denonstr at the peroxide 15 conpl exes of
t he present invention prgvi de sterilizatiop.at reduced pressures in |ess
time than that required Buﬁ?qﬂ;ﬁ?"wf’ﬂﬁzégl"@ﬁy °’BP%§%eri C pressure.
Thus, the hydrogen peroxide conptRrAdessin$R LYmensn: i nvention can provide
effective sterilization in significantly shorter periods of tinme. In
addition, as discussed above, plasma can al so bgreRAdTYORESDARSE t he 20
sterilization activity of the hydrogen peroxi de(PC?Q?fVEIQrEWIPWIEtS'gC' es to be
sterilized are subjected to a plasnma af f r,
and remain i n SRGERFa for RIFPYUBIAN of tinme sufficient to effect conplet
sterilizationPER®XIPEs that HiNEe(MINEn Sremi ki zed Bmmaxposur e tnamhydr ogen
per oxi de 25 vapor can be exposed to a pl4sma to rerf@em any reBodunl

hydr ogen per enal ni ng € articl es, Because the residual _nydrogen
peroxi de i s deconposed into non- t®xi ¢ produé’@s during % pl asma #13eat nent ,
the stefgplized articles are readygfor use fgj3 owing treat ment, w ghout the
need for any additional steps. 30 Non-aqueous peroxi de conpl exes are useful
in a variety &0%pBELUIIONons, indbBudi ng as #3conponent 168f self-st#Silizing
packagi ng. In addition, the conplgxes are s )'3t abl e for pse in variﬁ%us

met hods for vapor sterilization articl es?

such as tRe met hod di'scl osed
in US Patent No. 4,943,414. Thi2$ patent dogcl oses a pr3ocess in wd ch a

vessel contaiﬁ'mﬂ_?mmmﬁgmw
solution is attached to a | unen) 5 030 C %3002 36 al the sterPfant

vaporizgs and flows directly intqgthe [umenggf the arthg e as thegpressure
is reduced during the sterilization cycle. The nethod disclosed in the

pat ent can be URKAfREROXE | ow fidr use of &/3non-aqueol8 per oxi deO0Bonpound.
The conpound is placed in a vessﬁ0 and conn %t ed to ths | unen ob/?;t he
article to be sterilized. The article is th pl aced WI{ in a contal ner and
t he contai ner evacuated, The |lum@g of the aotd cl e and Dlee exteriop/of the
article are i

non- aqueous conpound. A plasma can optionally be generated and used to

enhanceZ@terilization and/or to renmove any residual hydrogen



10 peroxide formthe article. Use of non-aqueous peroxide conplexes in the
system just described overcomes the disadvantage that the water in gngeT 00
aqueous solution is vaporized faster and precedes the hydrogen peroxide
vapor into the |unen. Thus, nore effectizs sterilization is achieved and
less tinme is required to effect steriliz&ation. Hydrogen peroxide conpl exes
such 15 as gl yci ne anhydride are especi]ahlley4 advant ageous since they rel ease
a significant amount of hydrogen peroxi'c?e—at reduced pressure w thout the
need for additional heating % th cgﬁ{gl Xen S~rnt hesi s of Non- Aqueous

Hydr ogen Per oxi de Comal exes @“5‘?@% Dqsryﬁzé’lﬁ%yl M"Tﬁ?"t her provides a
process for preparing non20 SHLE4MD Faues skigdn x'Y€"compl exes that are
useful as the source in a hydrogen peroxide vapor sterilizer, or as a
conmponent of self-sterilizing packagi ng, as was @efgfy Refi pove. O course,
the hydrogen peroxide conpl exes can be used for (@isiffgSRipLisgat i ons, such as
for bl eaching agents, contact |ens solutions, catal ysts, and ot her
applications SPIRCEORi | | bAdIRMSIDN25 known by those having ordinary skill in
the art. The BEROXHE procdthdk MiBlor pimwparimg e <hdmir odem xp3m oxiluw x 4m
conpl exes of this invention 1s_as fo1I0\t9@: (1) Pl.gce the reactant terial
in the chanber. The material td be react® with tHe hydroa n peroxi‘de can
be a solpd 30 in various fornspy (e.qg., pgwder, cmpgstal, fgmetc,, 33
preferably having high surface area to increase the reaction rate). The
reactant mat eW"/agmé’Jﬂ]Nal so 0% 0 c T 8802 37 bdl3present ds a sol i on in
wat er or another solvent, if syfficient ofai nme is @)3I owed t qzevapor ah@ t he
solvent after the pressure is reduced in the chanber. The naterial nmay al so
be a |iquid whose boiling poirh is highéB than tldt of hyé@Bogen perSxi de
(150C). Sincereaction rates afe taster gt 5 ele @ted te grature, }he
chanber is preferably heated ether bef8re or affer the Plactant 03
conposi g5on i great roduced. Howgver, thepgenperat gpe shoul giznot be g@ hi gh
that the reactant boils or vaporizes. The reactant conposition nmay be

cont ai ned in BERPXH¥nt ai ner tha® provi de§Baccess 08 the pefdxide vafbr. If
it is in the formof a powder r 10 othgp formthat may bgpgbl own aBgut when
t he chanber is evacuated, then the reactant may be retai neg in a pernmeabl e
cont ai ner, which allows hydrodg®#n peroxi 88 to di ff0ldse i nt o0Bhe cont &i3ner.

(2) Evacuate The chanber. I'n certarn enbodi nents, the chanber 1s evacuated
to a pregsure 15 bel ow atnospheric pressure, such as a pressure that is

bel ow the vapor prephgtstdhat (id sRiRARTPEAPEELROMBISH HPEIS SN S
concentration and tenperature), 1n order to assure that all of the peroxide
is in the vapafrsybistesdial aheourdp of waterds sueprising, dadight ofi thi factdhatmioigjure

o Tre 56, o olih EFREH BheH sk B0 ShaRialehe oS iRE AL BBy e
t enper at ur e WagigusbisesHlants aiawe-thé@)h@%gé@t Peldxiie0geBiHter &pde piewey . The
r

hydr ogen peroxi de vapor can be ?ener ated om a hydrogen peroxide solution

or frond subtdingeal psroxidey gteslizatinnd syslemp Hayri dred 8aueaPS solutians Pht t er

i ther the miapaPn RErBERC thiteihs BRBRImObHE; psRei Bisie Spesies
formed i s hygyegcopi c. Anot her advantage of generating the hydrogen

per oxi de vapor froma substantially water-free conplex is that the percent
of hydrogen peroxi e test thasterdizgtien efigasy afommeysiadher perexidena@mptexes. t he

vapor i s genefat fflohifTbaBeANUAR eRe putioffed! 202 This is probably 0 3

30 Examples 2, 3 and 4

The apparatus of Example 1 was used to test the efficacy of
polyvinylpyrrolidone-hydrogen peroxide complex (Example 2), nylon 6-
hydrogen peroxide complex (Example 3), and 1,3 dimethylurea hydrogen

peroxide complex (Example 4). These compounds were synthesized



38 due to the conpetition between water nol ecules and H202 nol ecul es for
bondi ng sites on the conpl ex when an aqueous solution is used to geB&rdda00?
the Hz02 vapor. The peroxi de vapor can be generated within the sane chanber
that 5 houses the reactant material or in another chanmber separated fromit
by a vacuum val ve. (4) React the react ant4nmaterial with hydr ogen per oxi de.
The tine required, for the reggctio epends, of. course, on.the reaction rate
of the react aHCAFA IR %ﬁﬁﬁ‘érc&aage.d fhel%\%dnblgx%{ersi 421304 { -dé—lﬁépm ned
by noni tori nghdendteRsS Mere asVBil6Rsdecr eases during the binding of peroxide
to the reactant material. Typically, the reaction tine is about 530

m nutes. The concentration of vaporized hydrogen peroxExempld t he wei ght of
the starting material determ ne the wei ght percegtage of peroxide in,the
final reaction product. As the weight ratio of rfactant to2hydrogen 45

per oxi des| ncr@ﬁgﬁgertﬁ@nﬂyei ght percent age of hydgh'(pgen pejmd de in the

conpl ex decreases. The reaction can be repeated nultiple tines to increase
t he concentr a4%4h of hydrogen peroxide in the conplex. (5) Evacuate the
chanber agiain.. At_the end of the reaction perj t he er is further
evacuat ed 20 M8i@EEESWeTorr to remove any uré'ggﬂqréd hyﬁBo h peroxi-He. (6)
Vent the chanpgy and retrieve the hydrogen peroxide conplex. The mechani sm
by which the hydrogen peroxide forms a conplex with the reactant materi al
is not conpl e\l % ofiperaxidend. The formation of 17%#e conpl&d%s believed to

i nvol ve Bydr %Efond formati on between the 25 hydrogen peroxi de and

el ectron?ri cHf4-8¥tt i onal groups contai ni ng oxygen and/or nitrogen on the
reactant mat epérixidd tohSentfitionnown if this isgphgionly of bi ndi ng;
however, materials with a wi de range of functional groups have been found
to form conpl@xgd-wi th hydrogen peroxide. The advantages of the vapor phase
reacti on over,,garlier t hods of 30 hydrogen pegoxi de conplex for ion

i ncl ude: 0 Oot:‘:qmﬁ[%Zuﬁl. The rati o of hydtogen peﬁ@gi de tomri%%ct ant
material can h& @gsierately controlled by varying the amount of hydrogen
peroxide present in the vapor state or the anmount of reactant naterial
exposed1fo t hkemgplerreleaserperaxited to renove sdilPeat fromlPRe reacti on
product is 5 §6Jéﬂ nat ed. 3. Peroxide conpl exes can be forned that are
liquid or solids, such as powders, crystals, filns, etc.

In each case, spore supports were 6mm x 4mm paper substrates in
plastic lumens and stainless steel blades in stainless steel lumens. The
20 results of this efficacy testing appear below in Table 5.
Table 5

Efficacy of Complexes with PVP,
nylon 6, and 1,3-dimethylurea

25
STERILITY RESULTS (POSITIVE/SAMPLES)
With 5 Minutes Exposure
TYPE OF SIZE OF
LUMEN LUMENS Example 2 Example 3 Example 4
30 1tmm x 1m 0/3 0/3 0/3
1mm x 2m 0/3 0/3 0/3
TEFLON™ tmm x 3m 0/3 0/3 0/3

1mm x 4m 0/3 0/3 0/3




4. Peroxi de conpl exes of hygroscopic materials can be prepared. The
synthesis of the non-aqueous peroxide conpl exes according to 10 the @5@§éﬁ%2
invention is further described in the follow ng exanples. Many of these
conpounds have utility as catalysts, in addition to having the utilities
described in greater detail herein, as wiZPl be readily appre0|ated by those
havi ng ordinary s

h t Th t t f th
conmposi tions and kh&%e@% Sg?&ir%'nign?/éefﬁg‘g g&hrotw)hgsen ?%%efgﬁfﬁCES vvas

intended to | g@ga r G
per oxi de corrpr{B%%H ??/@?E% g&’mﬂ é£ sr%rgegare é&?’a#%ff\’c‘)’ﬁ%éﬂ R 7 %)esgr am
sanpl e of gl yeflidentsterdizatien (aﬁedronty]fi@bemmubas &pgsure] waukee, W) was

|l aced in an alumpumitray in a 173 |liter chanb O, maintai ned at a
P emmerat ur o of - 45C e HEMPERAFS TRASILSd 1P TeTRASR o eARL 05D, Berada, ARIETH

nonwovensf abrg. t%'é&d%&ﬂﬁ@&%n&ﬁ?s th\ﬁh%o%hé’ﬂﬁé g-ﬁgéér%ﬁ@n“eo e'&@uf}é&fb
the tray Wne e pressure 1n e chanber was reduce t was reat | e
and di d not dnsartlmenmwhmwmmmmeter |adeded loartbe outhide oflhe asluosrdmarah t he

i th h d.to 0 T b
P hanber i 1 SOR/GR TR Totm el BB, Ot fel Paby iy Fesyingrusing
ng/liter was {reRAbRTLIEY s%\éﬁrh%r@ﬂu&@gﬂ& tﬁé‘rnﬁ’&ﬁéfé‘?rblﬁb Wh'tﬁ@‘?nélﬁe%o?tgrﬁ

aqueous sol ution of hydrogen peroxi Phl adel phia, PA) Into
t he chanber. dhthehpdnoigdicapad dlxatdthe/mpeMlsrerrat e boston rofctb\et pan wwsh t he

l yci hydri de f O.m ..30 At ;th iod, th
Ohanber 1 oxstmsropeatelnallb EoRiendp, 4% dretiteenin Rl B ok natihe c
pressure.  Thangersyiw Rhaisie, e {e‘PrﬁWé’r@ﬁJrErafntH@%&Wbe tﬁ@dpaﬁ%aged

for wei ght percent hydrogen C T 2002 40 peroxide by the follow ng

i odonetric tlapmoxmnateb'aéﬂﬁ)eh‘bﬁ O—MEnxhertInermoemte thermaometar %eaQBOﬂC+ 2H20
| Z + 2Na2S203 - > Na2s406 .+ | A.starch indicator

i odi ne-sodi un‘?mm%‘?r@ﬂr?tﬁgﬁ élﬁﬁ%mr%fj@?Péﬂ W& Wgﬁ%g%ﬁ'el‘lgﬁryf& ange
at the end pojpén th8ehEEHESIIPME eh&imaratdt read ferRgen peroxi de was
calculated by the follow ng equation: wt% H202 = [(m of

Na2S203)5(normal ity of Na2S203) *1. 7]E_l£§mﬂ:lf_éwe| ght in grans) The weight

Pouna 1o be 2a. 3o, T BamaEne; 48rldnboRedie Bt B SRR bt clEMRIF b G,

variety of orgasy fo@aﬁtamh@wu@ pPOFL XM piek © afflLRPap RS thisthitmétee was
procedure of Exanple 12. In each case, the reaction conditions were the

same as thosetapﬁdli%th@llrés'd_@bOﬂIQ”bQU@QtaMmLUﬁmnofA@QEhe%%thﬂm"tQﬁ?@UNe

conpounds pr eggnt ehdid, TAR!Gadd SR tndI3GRIAT oPIRSSuRIn FhRT Spatelle O

3or, r
20 1 cm from the bottom of the pan. Three different readings of the

thermometers were taken. Each time the pan was heated to the desired
temperature indicated by the thermometer placed on the side of the pan,
allowed to cool, and then re-heated to the desired temperature. The
recorded temperatures are listed below:

25 Temp. at Temp. at bottom of pan (°C)
side of pan 1st 2nd 3rd avg
80°C 110.9 110.6 110.6 110.7
30

100°C 131.5 132.6 132.0 132.0



10 15 20 25 30 35 COVPOUNDS EVALUATED AND VEI GHT PERCENT HYDROGEN PEROXI DE
PRESENT | N COVPLEXES FORMED BY VAPOR PHASE SYNTHESI S PROCESSW % 03 0CT 2002
Af t er Chemi cal Chem cal Per oxi deNanmeSt r uct ur eTr eat nent Pol yvi nyl

al cohol ) [ - CH2CH( OH) - ] ~18. 9%Pol yvi nyl net 2 I
et her) [ . CHZCH( OCH~) - ] ~22. 0%Pol yvi nyl Ket one) [ . CH2

(000N 20. 704 TRer e ekt e ‘%ﬁ%ﬁﬁﬁ%@u o 8 TR ¢ )
[ - CHZCH( OCOCHgas ]afpfao)amﬁ@élyuiﬁ@-% ackighee tigndithana@hperate friidabessy My fate,

sodi um sal t Pol Vi nyl‘gyrl di ne) Hi stam ne Propi onam de U rea

1, 3- di net hyl Jhéemepwme §W§B1Q}¢fa|ﬂ°at@¢ét§hﬂ ﬁlp*epgfrﬁhm P&bne Nyl on 6 Nyl on

Rubi di um car bonat of Ceh GRRg B FertCrafl (R afeo s el Pabe BRtbfhe

%g&agosshat eusifg ¥ dduddas dnd%hdn-ahaébiiP scbrte B peraddd8%h an apéiNiiebh- |

(NH ) 13. 294 CAH)endNEEM 8of e Kxpenmentsy/are dpspidedHircagiad 10eloyHzZN) CO( NH) CO( N
HZ) 13, 7% - CH2CH( CONH2) - ] ~30. 1[ - OFKCH(g o

i (OFx) 3i 0) - 1 n29. . 9% - NH( OHz) 5C0- ] ~17. SSRIAHL & ») 6NHCD( OHz) 4C0- ] ~16. 6% - RHNC
OOR -] The apparatus of Example 1 was used with a biological challenge that

~9. 59Na2C0314. 3%ZC0333; 9%0200337. 0%Ca( OH) 223. 49NaHC0310. 79Ma4P20, 18. 9%

Cat eaorv Al cotisistefcdf G@toAl” Reisubiili Yoy (iger) ARPFRS AR a6 er 4051 strip

potyam 48 pol SRt o iEIBlIG AR, a5l ek RAKEATAREL,

I norgani ¢ | noggasioge.| NOTOVEKE isher gasi serffeabis dfablic wadp! ok |y‘ethyt§ﬁ|ecover
the follow ng range of functional groups that are capabhle of formn

hydr ogen bond¥ YA if/anegedap BPoRPaRe RAIKRTEI Materid r?acke@%@;&plow@abs
am no aci ds, gsheh g ert bﬁ/eﬁé" bPaFﬁam i Sthe %ﬁesmg&gygﬂpd%%ﬁ( of a

polyurethanes e € i norganic

conpl exes | ncﬁmlgiph@m@ww&ﬁ u\ay l’ha‘i@dntahedaatfb&iblelIﬂbewpﬂicrm@]hdldmbcpéi ons,
as well as so_gl um bi carb nat e, |on t he hydrogen peroxide co Iexes

d
of cal ci 19m hy b tiayewas @ Q‘i-ﬁq Hb%dqclbfﬁ l%‘ﬁo@ﬁ'ﬁﬁt niRiner hathag epar The
starting mat e @eStopsd two P orsdinvinecoeSaljiw for @ifilisbn! al'rhgefrour-lnch

diameter ports were covered with a breathable polypropylene packaging
material (SPUNGUARD™ Heavy Duty Sterilization Wrap, Kimberly-Clark,

Dallas, TX) to maintain the sterility of the contents of the container after

20 sterilization. The container was placed in the apparatus of Example 1 and
the pressure in the chamber was reduced to 0.2 Torr. The aluminum pan
containing 2 grams of hydrogen peroxide urea adduct (Fluka Chemical
Corp.) was then heated to 80 to 81°C, as measured by a thermocouple
thermometer placed on the outside of the aluminum pan approximately 1 cm

25 from the bottom of the aluminum pan, for 5 minutes to provide 3mg/L of
hydrogen peroxide vapor in the chamber. The biological test samples were
exposed to the hydrogen peroxide vapor for periods of 5 and 10 minutes.
After exposure the test samples were handled in the same way as were
those in Example 1.

30 Comparative studies were also conducted in which a 50% aqueous
solution of hydrogen peroxide was injected into the sterilization chamber and

vaporized from a heated injector. The volume of hydrogen peroxide solution



5 crystalline materials, except for nylon 6,6, which was processed as 3
filmwth a thickness of 0.12 mm and pol yvinyl nethyl ether, which (& 4CH002
50% by wei ght aqueous sol ution. The hydrogen peroxi de conpl exes obt ai ned
with these materials under the test conditions were solids, except for

pol yvi nyl pyrrolidone, 10 histam ne, pol y\zi nyl methyl ether), polyvinyl

hyl k i 1 de, d 1, 3-di hyl . Th 3- di hyl d
br op) onar de PIFHES e RLPBS de VaBAbIRIASE. EFESTFRIoN | G/l qulte esbr -
were easily hasifigedatidh,t e \GPRB oGS Cofs Y fbg@n'b?icarT ﬁggﬁ%an%léﬁea'ﬁﬁ #d vent

needed to be renbved to obtain the final produc i stam ne,
pol yvi nyl pyr rivandlingeof isl biplagical-Bstraamplescafier Expesite pueses athydentieahyd

ket one) conplexes werge. mat eri al s, that were no s .easy, to_handl e.
Exanpl b5 14" AREoSE SR T H neeRqyestn niSgPoP i ie, S75/51 niMb S Uls Bone
under di &f er epesBrtas@SHeCHRBEhtct ! TapRPEai n the peroxi de conplex as a free
flowi ng solid product. 20 Exanple 14 Hydrogen peroxi de conplexes with

pol yvi nyl pyrrol i done were prepared i n Wabbh6t he percent hydrogen peroxide

in the polyvinyl pyrrolidone zogﬁlex;ﬂ?s Karied aﬁgchanging the ratio of the
wei ght of pol yvinyl pyrrolido o hydr ogen peroxide in

the vapor 25 state. The condi tGQRRarigon kLOPERBYSIAMe | dentical to those
in Exanpl e 12, except the weight ofNgribumeryiast) ol i done was i ncreased from

1.0 grarfto 3.0 grams to 5.0 grans. In all tests, the concentration of
hydrogen per o8odecev@$ hel d constant at DFfusionl | iter ofSteriitper vol ume. The
results of theerxidets are presented in Taphe 15. 30 ResulisC T 2002 43

Exanpl e 15 A hydrogen peroxi de conpl ex of (i was ppesRiveisampidd)ch the
hydr ogen peroxi de was delivered froma conpl ex of hydrogen peroxide with

ur ea. V\Vign hygd%\?\g&é'?ﬁ’f)d de is delivered 'fn t hi s manner, /i3t IS

substantially"s ee. Inthis test, granms of PVP }\g@s placed in the
reaction chanber and 10 ng H20211liter of chanber vol une delivered into
t he reaction chamber by heating about 7 grans of a 35% conpl ex of H202 with
urea to a tenggaP@rexiste about 110C for approximately 5 rﬁn/gut es. The rest
of the conditions in this test were the sat@® as those in ®3anple 12. The
per cent &3e hydrogen peroxide in the PVP conplex and the physical state of

h | i n.Tabl 5., Tablg 15, EFFECT OF.RATI O.OF
PCLYVI NYLPYRROLI DORES 15 HIRLAARERF st eomRibiefeniR gresaicnxet lennop-
HYDROGEN. PERGHY BNy AGNPLo N EASHEquSHATEN Ao FERTAIT ! ibkel 1 H2C2

Physical State PVP in Conpl ex of Product 14 9 'Soft gummy product 3
23.5 Hard gunay “epesdsystenin which ghe bioingica) saonpld veas Bet plased ine.lgmenece

flow ng solid resul t o S t tra t a.hree flow ng
solid can be %gjé'@r ﬁte\gg%\ﬁ%ﬁ&{'ﬂé&%\fﬁséﬁﬁ! %ﬂ;gﬁgggj‘(%ﬁ'%@u%o P\g‘(te%s Eoé)ﬁ(ﬁl%l ling
the ratiog of &yRrioy digdixgen eesrowned diffusiba ofaprirogémtperexide into a long
alternatively, by usi nP 25 a substantially water-free hydrogen peroxide
vapor sour ce.and harrow fumen is not required. This suggests that the mode of action of
hydrogen peroxide is not the same for systems with and without water.
Further testing was performed to determine the efficacy a non-
aqueous peroxide vapor at normal, not reduced, pressure. This testing is
30 detailed below.
Example 7
Efficacy tests were conducted with the hydrogen peroxide vapor
released from the urea peroxide complex in an open system at atmospheric
pressure. In this test the biological challenge of 1.04 x 10° B. subtilis var.
35 (niger) spores on the stainless steel surgical blades were packaged in a

TYVEK"/MYLAR™ envelope. Packaged biological challenge blades were



| NORGANI C HYDROGEN PEROXI DE COVPLEXES | nor gani ¢ hydrogen peroxi de conpl exes
are also suitable for use as sterilants as described in detail hergi'ig@@ﬁ/ﬁ
for organi c hydrogen peroxi de conpl exes. Peroxi de vapor can be rel 002
fromthese inorganic 30 conpl exes at at nggpheri C pressure and room
tenperature. However, as described in grédter detail below substantial

"horgani ¢ peratet CrbfPEbAE rigdle’ el hasit B A ey e e e, B o R, O
tenperature upsleivalosiBced THIapparadin of EXaffsle PI 888 #ié chhmber dRJor tvfas

effectively rel'ease h%/dr ogen peroxide frominorganic peroxide, the heating
rate of the i¢lesemhni theealbminmcpampleontaining 9.(rom cofabitep perexidet(Fidar n;

enet "50cs m roHetmiag! nEdpyy dvds A8 101 B4 Eta Bl Boin Rt
represensat i WaetrhsédifleOthém@sifieied OpBRBUC oPEIRXi £lge cefrnhgxammiﬁaﬁh theh

wei ght percent hydrogen peroxide, is presented in Table 16. Preferred
i norgani ¢ corgRreReimaiely fl e &ophthehbeidomorf the qwmp derctheddyration of el testal i ¢

possi bl o 1o pgy plaoabal ot Ranifes BB iERsER b e VISR L BER e bl 6 de
vapor. Such gofipstibts ¢fam & 20 aRAYF0 AdhutesXt AREr ekpodite et test Sainbrisent
pre- prepared peroxide conpl exes are physically m xed, or a 15 "chem cal

m xture" in Wieghhandledohgosarne way aaé[x@%erﬂn agde . xébe pepults ©f these

pr epar atjon qf _pe i | .ex refr i tl r ure used
o tot ol ne AE" B she>S RN Pyt e AohbeRale i stted dE A bBpi e

i n Exanpl e 12quasisuperside pedcesslfdrt opph @ysims putebapherid peeeddreka
Chem cal Corp. The vapor-phase 20 synthesis procedure used for synthesizing
the inorgani c peroxi de conpl exes was tHab as that disclosed in Exanple
12, with the excepgd L d i I.C le,lnstead of
1-5g, and two rea M‘%ﬁc&?ﬁ‘?&ggggéﬁggﬁ '%%‘géjrg ?ggga"'?%%%#e'ﬂle 25 The
reaction procedure for |iquid-pAh@8ENOFRARES BI&ESURor gani ¢ hydr ogen

per oxi déSCorrpI exes was essentially as descripbed by Jones et al. (J. Chem
Soc., Dalton,Saeurees9f-2532 1980). Bri ePiffusiofor gani ¢ seridity were first

di ssol ved i n Re®pdglaqueous sol ution of hybmgen peroxi dReswtsmke a
saturated solution, followed by dropw s@middes) on ¢@positiversdamples) t he 3o
pot assi um oxal ate and rubi di um carbonate conpl exes, the white peroxide
preci pi bgtes W forned as the amobunt of ethanol added was gradually

i ncreased. FopgRali@ssi um carbonate, potassisum pyrophosphaj/g and sodium fl
3 OC T 200Z 45 5 10 15 20 pyrophosphate, the saturated sol utions were

i ncubated at -10C for several hours to facj|6itate crystal1/'5ne per oxi de
conplex formation. The conpl exes were separated fromthe I'fquid by vacuum
filtratigon, washed with ethanol at |east three tinmes and i ed by vacuum
Tabl e 18° COVPOUNDS EVALUATED AND VAEI GHT P NT HYDROGEN ROXI DE PRESENT
I N COWLEXES Chemi cal Chem cal W % H202NaneFor mul ai n Conpl exes' Pur chased?2
Uapar 3Li qui d3Sodi um Car bonat eNa200327. 35Po8@ssi um 0/3

Car bonat eKZC037. 4322. 70Robi di um Car bonat eRb2C0320. 3126. 7BPot assi um

Oxal at eKZCz0416. 1316. 42Sodi um Pyr ophosphat eNa4Pz0~11. 4823. 49Pot assi um

Pyr ophogphat eK4Pz OF dfih &0ty fepdlicanti Grtebophdste raineNmeRaddroxrétet amourm

Ot hophosphat eK3P0416. 11 ) )
of peroxide released from the hydrogen peroxide urea complex at various

temperatures. This testing is described in Example 8.
Example 8
Urea peroxide powder, obtained from crushing the commercially
35 available tablets (Fluka Chemical Corp.), was placed between two aluminum
screens in an apparatus according to FIGURE 3B having dimensions 12.7
cm x 12.7 cm. The aluminum plate was then heated and the temperature



1. The titration procedure enployed to determ ne the weight percent of HzZQZ
in the conplexes is the sane as the one stated herei nabove. 25 2'0%%%¢§ﬁ2
car bonat e hydrogen peroxi de conpl ex was purchased from Fl uka Chem ca p.
3. The vapor and liquid phase procedures Qere used for synthesizing the

i norgani c peroxide. A differential scannffng calorinmeter (DSC) (Mdel PDSC

et e m ne. 120 Lol S St Ef odsP3 s RS e B Firdilum,
per oxi de conlgeesTabioes v approximatedpdeaht bPpsXieofelddeddavaislat a
tenperature range of between 30C and 220C. under both atnospheric and

varyi ng vacudfinpesaies aBadi heafing fref Byei minwes: t o Thradta sshewe thec o

oressur ¢ contboRyIA 6, 1803 ¥ (B PESREl, Fofereg SRl Mitaihl fatbe A
transducer 1iénpRMaRes est 1H0EC . Priessuer pardetagsd bof poroxides apeirelcidedeafl16 is
connected to a controller 118 which is, in turn, connected to a pressure

control val vdowel t@mpgraiufgsessure transducer 114 is in fluid comunication
wi th pressure control valve 120 and mﬁgghgggp 122. Pot assi um oxal ate

hydr ogen peroxi de conpl ex synt hesi zed cri bed herei nabove was pl aced
in a DSC and subj Reléfsd 0f hotrhflLESLS peraXideNat\RFOUS téMperaturégper at ure
range of 50C to 170C. As can be seen in FIGJRE 6, under these DSC
conditigps with one hole on the lid of the sanple pan) greater release of

H202, an endot herm c proggnggég;agg_gggéflomer R I I he

exot herm ¢ deconposition i sh{der ed at h&?ﬁ%&zﬁﬁ%gggké§g£+bmever,
as shown in FIGURE 10, parti al éﬁ%§ase of peroxi de may aég& occur at

at nospheri c pressure when the s 15 experinment was repéat®ed w thout any
cover on the pan (i.e. open pan). Thus, for certain hydrogen peroxide
conpl exé§, a nore open system d0@°0r reduced pressure cafid¥acilitate

rel ease of H202 fromthe conplex. In the use of the inorganic peroxide
conpl exes for sterilization, it{208Ccritical to conplex sgBaty |ity that
heati ng occur rapidly which may be effected 20 by preheating the al um num
plate prior to contacting wth qggeci norgani c peroxide cogggsition. In the
use of ae i norgani ¢ peroxi de conpounds, it is also preferred that the
tenperature be higher than 86C. di scussed above, it ifbd%eﬁerred t hat

t he i norgani c hydrogen peroxi de Comnpl ex be heated rapidly,”T.e. as rapidly
as 1000C/ m nute or 25 nore. This can be acconplished by contacting the
peroxide with a pre heated heating plate. A preferred enbodi nent for
acconpl i shing suc k [ i LRl Rifen . i ng
to FI GURE 7A, theﬁé@‘ﬁgﬁmﬁ%p@aﬁ@%@b Py R ] %e?t“?ﬁg’gﬁg‘r %éﬁjx?e\r/apor
into a &feri |vapari atnracmartbepetdture raral atreshgyms ptéssure, Taech rasr theeniicea

oRO15 Lot e ands (RS BRAGR Bee LGS el o
powder and al a4p |REfbAS! |Ndi%‘lyﬁgaﬁ"itﬁé}/dl99|u¥86Q@Yﬁ@gféfiﬁ(zaat%rﬁagpé}a-fuggf%éw The

disk 132 is heat sealed around its edge to retain t er oxi de conpl ex

powder. The peesghtimventian desciikehbevel thademeirsdsaofitbe rsesertdnegniiamum

D42 SThe di siéaatehe 1681 5¢ Rafttaeivantingy kRO Al RIS T8 ol To 5
i ntrodugpi on @toRRIpPSHESUCARE galKed sgbﬁgé,h@dfﬁﬁf, and theaiked ThleLedripdumdat en

134 is apart fromthe peroxide disk 132 and is attached to an al um num
plate 136. A alow foy sterdizatinnvafsealedhpackages tiroeny tegwetiaiuse of igéelgvated 136

198 i s al so conmpbnes Al Eathlen TR el eMBR, SEpabRiodf ™"

separating a pedwdl &t duegieasprediemer 152 from passageways 158. The
apparatus is held in place and attached to a sterilization chanber 131 by

bol ts 144, 146, 15Ragdlarseserepbihie eprmpomdsur¥ e nrasentdérvendiopr g t he
pl at en 4 up t. th | | 1 . LS. { ed.
nce t ndspr ecdrierBRdgihe BRIt Hich, KRl [T phBickbompicised i B EU
propeling the heated al um num pl aten 134 agai nst the peroxide disk 132. In
a preferred enbodi ment, the alum num platen 134 is pre-heated to 175C;
however other tenperatures can be used. Peroxide vapor is then rel eased
fromthe powder through the CSR | ayers, passes through the pertorations 160
in the 20 perforated alum num plate 130, and enters the peroxide rel ease
chanmber 152. The upward novenent of the heated al um num pl aten 134 al so
opens the peroxide rel ease chanber 152, allow ng peroxide vapor to enter
passageways 158 which are in fluid communication with the sterilization
chanber. 25 Referring nowto FIGURE 8, there is illustrated a sterilization
chanber 170 containing a plurality of glass rods 172 orthogonally arranged

~ 0 o . A A e~ - .



An apparatus 178 conprises a pyrex bow 180 at the bottom of chanber 170. A
pyrex dish 182 is di sposed on top of the pyrex bow 180. An alum nojzmgl[ ?ﬂrﬂf
184 with a heating pad 186 is placed on top of the pyrex dish 182.

per oxi de conplex is placed on the alum ng plate 184. A s power cord 188 is
attached to the heating pad 186 and a théFnocouple 190 is attached to the

al um num pl ate, 184. Scal pel bl ades 174 are é)lac d two iniphe% b v% t he
al umi num pl at81qeEo S3nthies WAL Ea RERVCIS Rt dPEReRl ForBREbdF il exes
are provi ded whdmida| @&59%% fhePRPMOSTH sowpef bb‘ﬂaﬂwéoOHVEFUs‘F%gr% ibidist he

container in which the article to be sterilized 1s |ocated. “The pressures
Wi thin the enclosure and the contai neexampléd® t he sanme or different. A

positive pressure difference in the encl osur ill. facilitate. npvenment of
Phe per oxt de. vaporselSientng Bateth e ited arpldis; ASIALS B s ur o
Into theSCO”tI?é\fl‘I% 3.8u%ctoPBSEdntNe Mr?ﬁ@é??\ﬁﬁ%! &h 8 shipfakbb QAR placetsiafa]
where the ~s container is |arge, such as enit is an entire room In

anot her pr ef esterle peftiodishenthe dish was plackd roatarger ipetnh ciake together ivdth
applied to an, adhesi ve surface. Preferred ad ive surfaces include high
Cnperat ure. gl LEH QST DKOB APl R S To L e Wde i e Thep EEogr
Corp., M nneZﬂnHLi'oﬁsh W théRGSSerRRy b & &Sﬁmo?%eBWV@RTMWLRFQWa@;@S' ve

tapes are th eated to effect peroxide rel ease therefromusing t
appar at us shquerniegblé,oT aleleddip MY LARGMRASARA, (noA-gaslpermeabler Mable 10) &t GURE

9, high. e at ur, adhesi ve t 0 Vi er gxi de conpl e owder
202 | o apenndeapeiL A (GET BRMBabED Table 1Bf. ThR REI WaR PaReEede e

| ayered on top of pafepoueh iR ekpiesd 26 vaPBus tBhiperatuPs) SO DariG@NtikRKe t he
formof individual sheets of material, or a roll can be fornmed fromthe

mat eri al . ThePeriasisg&si shen dxTablasodmnek 48 betawi iTheehigingies) test sa@PEs t o

determne th rQxl . S t.erd ) i ion f re
pot assi um pyr S arauBled B Bl als & en B EXAATR . 2T B0 1pSAR 2l
(K2C2041H202:inBddedntl Palsles ™ ad HON&iith &Na2eRlindiddting: ba&sterial gowahocr ~~~~
5 10 15 20 25 49 Exanple 17 Rel ease of Peroxide from SC, PO and PP The

i deal téfperature at which H202 was rell@blg8 from SC, PO and PP was

determ ned by DSC. The actual a t . sed from2 g of each of

t hese conpl exes was determ ned a Bﬁ'-St8F|I|£ﬁ ZP(;"%h% res using a 75 liter
chanmber and the appar at upWisih Srgathable Sdiiss (MA\EFII"/FBYLAR®) anount of H202

rel eased from PP at 175C was greater than for SC and PO Al though SC
rel eased the | east anpunt of H202 at 175C, significantly nore rel ease was

seen when t hg—arpuRrt—ef—sghpte—was—+reregset—Fapte—7+—REEEASE—G—PERS4 DE
IN 75 LI TER CHANBberature. |t (PerekidasEyp®02 (bnr.DSC) 2Mit.h P @ hns [sadpire At
125C At 150C|[At 175C Wth {3 grans sanple!At 175CIW1th 4 hrans s
175C SC,50 PR 170G4kp0C 130C Op%W&/ LO. 8|ngl k1. 0| no/L1. 2| ng/L2. 0] ng/L1.§
ng/L1.8 ng/L4.5 nmg/L3.4 ng/L 2.3 ng[L
tablet + + - -
40°C powder - - - -
tablet - - - -
60°C powder - - - -
tablet - - - -

Table 10 lists the efficacy data for self-sterilizing pouches with
25 (Paper/MYLAR™) and without (MYLAR™/MYLAR™) a breathable barrier. The
pouches were assembled as described above, however the peroxide vapor

source was urea peroxide in powder form only.



2.9 ng/L 0 30CT 2002 50 Exanple 18 Efficacy tests using SC, PO 3:bqu§g
510 15 20 25 2 x 106 8. subtilis var. niger spores were inocul at ed? !
bl ade. Three inocul ated bl ades were first placed in the front, m ddle and
back positions of a Spunguard w apped 10%.x 21 "x 3.5" pol yphenyl ene oxi de
tray. The wapped tray was then placed inla 75 liter vacuum chanber havi ng
an initial vacuum pressure of 0.2 torrT 50" peroxide disk was nade by
heat seal i ng the SC, SO or PP inorgani cjpﬁgﬁléde powder s between three
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phosphat e or condepsgsii-slefifaRgt Sorftained Was REEEMLIR] Wl follbR8: Adstainless
steel support having either 3.8 x 10° B. subtilis var. niger spores on its

U

no| gr ow hr bf spgres

20 surface (Table 11) or having 9.2 x 10° B. subtilis var. niger spores on its
surface (Table 12), was placed inside a small polyethylene (PE) vial having
20 holes (3/16" in size) in its surface. The vial was placed in a larger PE
vial, which was covered with either an air tight cap, or a gas permeable
layer of SPUNGUARD® (CSR Wrap). Also included in the larger vial was

25 a second PE vial, also having 20 holes (3/16" in size) in its surface. This
vial contained 1 gm urea peroxide in either powder or tablet form, and was
sealed in either a SPUNGUARD™ (CSR wrap) or TYVEK™ pouch.
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Results from this testing show that the non-aqueous urea peroxide

complex included in a container with and without a breathable barrier

provides effective sterilization at room temperature after only 3-4 hours. At

higher temperatures, sterilization is effected after as little as one half hour.

The non-aqueous peroxide complexes which release peroxide vapor

have been found to be useful in the sterilization of articles at room

temperature, and more effectively, at higher temperatures. These
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article or articles to be sterilized, sterilization can be achieved. By contrast

with prior art methods, there is no need for contact with moisture to provide
10 activation of the hydrogen peroxide.

To confirm that sterilization can be effected using non-aqueous
peroxide complexes in less time at lower pressures, the following
experiment was performed.

Example 11

15 A self-sterilizing container was assembled as follows: A stainless
steel support having 9.2 x 10° B. subtilis var. niger spores on its surface
was placed inside a small PE vial having 20 holes (3/16" in size) in its
surface. The vial was placed in a larger PE vial, which was covered with a
gas permeable layer of CSR wrap (SPUNGUARD™). Also included in the

20 larger vial was a second PE vial, also having 20 holes (3/16" in size) in its
surface. This vial contained 1 gm urea peroxide in either powder or tablet
form. The vial was then sealed in a CSR wrap or TYVEK™ pouch.

The large vials were placed in either a 4.5 L sterilization chamber or
a 173 L sterilization chamber. Each container was exposed to 100 torr

25 pressure and 23°C temperature for 2 hours, as shown in Table 13. The
biological test samples were evaluated for sterilization as described in
Example 1. The results are included in Table 13.
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These results show that non-aqueous urea peroxide complex included
in a container with a breathable barrier provides effective sterilization at 100
torr and room temperature after only 2 hours. These results, when
compared with the results in Table 12, demonstrate that the peroxide
complexes of the present invention provide sterilization at reduced pressures
in less time than that required to effect sterilization at atmospheric pressure.

Thus, the hydrogen peroxide complexes of the present invention can
provide effective sterilization in significantly shorter periods of time. |In
addition, as discussed above, plasma can also be used to enhance the
sterilization activity of the hydrogen peroxide vapor. The articles to be
sterilized are subjected to a plasma after exposure to the peroxide vapor,
and remain in the plasma for a period of time sufficient to effect complete
sterilization.

Articles that have been sterilized by exposure to hydrogen peroxide
vapor can be exposed to a plasma to remove any residual hydrogen
peroxide remaining on the articles. Because the residual hydrogen peroxide
is decomposed into non-toxic products during the plasma treatment, the
sterilized articles are ready for use following treatment, without the need for
any additional steps.

Non-aqueous peroxide complexes are useful in a variety of
applications, including as a component of self-sterilizing packaging. In
addition, the complexes are suitable for use in various methods for vapor
sterilization of articles, such as the method disclosed in U.S. Patent No.
4,943,414, This patent discloses a process in which a vessel containing a

small amount of a vaporizable liquid sterilant solution is attached to a lumen,

S

1, 2 and

stablllty study I n Exarrple

by



dry at 45C(g)(g)(hrs)(C4 h2
h1083, 721027. 811084. 222526. 8125275. 01. 54526. 072532. 56. 01. 54527. 23 0

C
T 200z 5s Exanple 26 Effect of H202 concentration H202 sol ution havizglhg%{f 2%2
di fferent concentrations was added to sodi um pyrophosphate (Al drich, 98%
dropwi se. The m xture was incubated at 5365C for 2 hours, then vacuumdried
at 25C for 4 hoyrs, followed hy ove ryin 60C for 15 hours with the
exception of & {'l%ﬁjﬁlr'bq?ﬂapﬂﬁ?%éf'grfg\)y%g'gch@l iptothe W%Oﬁﬁ@ %}ﬁﬁe'&lﬁﬁ dried
at 25C for 4 {hHr8ssiirdas rey@e iy He 48 'iié%iron%?)b%!r?h hb8 e
summari zed in Tg‘{)l e 26 and i ndi car?ﬁeb t hat hi gher oncent?gf?ons%cﬁél%seﬂxi de
are required indhegkatent pen be nwdified topllew foawsagpfa HRO2AqUEER petoxide at i o
of about 1:3. Table 26 20 Start'nsq ?or’repoundsCo IexedsSvat of HZO%hHZOZ
conc. Hz021SP SRNBPURD;: i iGmPeynd is’ plac d in a vessel and connected to the

H202Conpgsi ti S . . " 40 arti i ithi

1. 46H20§101%QM@%%@%%EP%,B§~%&§&%ZHOZ10112?5?%5%.%%’?\!&8@%%? within 2

~2. 67Hz0z 1085aMtZREr EBidather contaires HAGTLAGKD 4 THesluasa oP20e article and the

2. 89H2021012905. 627. 16NadP20. 2. 92H2021012905. 634, 44* Na4P20, 4.11 Hz02 25 *
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aqueous solution is vaporized faster and precedes the hydrogen peroxide
vapor into the lumen. Thus, more effective sterilization is achieved and less
time is required to effect sterilization. Hydrogen peroxide complexes such
15 as glycine anhydride are especially advantageous since they release a
significant amount of hydrogen peroxide at reduced pressure without the
need for additional heating of the complex.

Synthesis of Non-Aqueous Hydrogen Peroxide Complexes

The present invention further provides a process for preparing non-
20 aqueous hydrogen peroxide complexes that are useful as the source in a
hydrogen peroxide vapor sterilizer, or as a component of self-sterilizing
packaging, as was described above. Of course, the hydrogen peroxide
complexes can be used for other applications, such as for bleaching agents,
contact lens solutions, catalysts, and other applications which will be well
25 known by those having ordinary skill in the art.
The general procedure for preparing the hydrogen peroxide
complexes of this invention is as follows:
(1)  Place the reactant material in the chamber.
The material to be reacted with the hydrogen peroxide can be a solid
30 in various forms, (e.g., powder, crystal, film etc., preferably having high

surface area to increase the reaction rate). The reactant material can also
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paste. The nishamkerashe ipatesiebmayoalse br arliguid wimse boiling weintum higherd at

25C. Th ' ' 8o R8. «:. 0 0,.C T 20 6 bleg 28 5
T starting. chRBRAGePAIBERA HebRed 50 Clo Singh B RE TRl e 2ol o
rati oWei ght %slZaega iraiuee (e ehdribosit ©28dabl. HOM_dROHether before or
~5.16H20z517, 6591052. 23Na3P04 5. 27H202514. 8701048. 81Na3P04 4. 60H202 Exanpl e

29 Liqui d syrafiessthe egactaitHromppsition aisdinNadured ~Hpweyesothieutarppersiist e,

Sol ut i on and 115U (BLkece blsE el e RedReht Rlle Be FAPFRMR ner Vacuom ar
25C. The resul ti ngrie edactant@dntpaditlonhavdy peacdidined4in-dAy dataipepithabout
1:2. Further drying of the gel resulted in a powder having a Na2HP04/ H202

rati o of aboulrotides aggespdeuihesperioxidsukaren zEdt isninTtg Ermoof agowderson C T
2002 10 other form that may be blown about when the chamber is evacuated, then
the reactant may be retained in a permeable container, which allows
hydrogen peroxide to diffuse into the container.
(2) Evacuate the chamber.
In certain embodiments, the chamber is evacuated to a pressure
15 below atmospheric pressure, such as a pressure that is below the vapor
pressure of the hydrogen peroxide (which depends on its concentration and
temperature), in order to assure that all of the peroxide is in the vapor
phase. The vapor pressure increases with increasing temperature and
decreases with increasing peroxide concentration. For most of the
20 experiments, the chamber was evacuated to about 0.2 Torr and the
temperature was ambient or above.
(3) Generate hydrogen peroxide vapor.
The hydrogen peroxide vapor can be generated from a hydrogen
peroxide solution or from a substantially anhydrous hydrogen peroxide
25 complex. The latter yields dry hydrogen peroxide in the vapor state, which
is an advantage if either the material to be reacted with the vapor or the
complex to be formed is hygroscopic. Another advantage of generating the
hydrogen peroxide vapor from a substantially water-free complex is that the
percent of hydrogen peroxide in the complex being formed is higher than if
30 the vapor is generated from an aqueous solution of H,0,. This is probably



61 Table 29 5 10 Starting ConpoundsConpl exesNa2HPO4wt

of H202H2021Wei ght Conposi t i onWei ght Conposi ti onH202conc, Na2HP04% H2028 0CT 2002
H202nol arratio(g)(g) (%9 i ngel form n powder

fornbl2. 0303. 020. 37Na2HP041. 07H202519. 8305. 033. 72Na2HP0423. 01Na2HP042. 12H20
2~ 1. 25H 20256. 1593 027. 88Na2HP0422. 28 P041. 61 H202~

1. 20H202510. 2595, 035. 33Na2g{P04 85Na2HP042. 28H202
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Concentrat ed hydrogen peroxi de solution was sprayed onto sodi um

tri pol yphospkiae &,0858@poAl dri ch) (STP) dropvm se. The m xture was i ncubated
at 25C for 1 hour L, vacuum C,..and .t hen.ov dried at BOC, Results
re shown i n Tabl INEcreraudaL i anBs geBRtated SR 3in Gabth s RimBeRaatso
of H202H202 @eQsesi#hE tedRBRBMatamAlasr ihainoWé SRdmber separated from it by a
H202Conposition(g) (g) (% 1013. 0305. 010. 58Na5P30

~1. 40H202106v66@l5n0\1$v%8Na5P30 ~ 1. 62H202105. 6705 013. 40Na5P30 1. 73H202

030CT20 _‘-_
at roomterrpg%a Reaghdne s

(97% Al drich). Th‘hettﬁﬁ@?é%ﬁlk&?fd?fthé ﬂ@hd’u@ﬁ‘ﬁép@hd@ éféﬁlﬁsé GWth-ﬁﬂeatcHGn
spraying clinbed to about paste m xture was dried under vacuum for

4 hours. Therafesunftmearrgastamrawitlzebydwgeablp@rqmdand itneartape empiricaliy
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of peroxide to the reactant material. Typically, the reaction time is about 5-

30 minutes. The concentration of vaporized hydrogen peroxide and the

weight of the starting material determine the weight percentage of peroxide

in the final reaction product. As the weight ratio of reactant to hydrogen
15 peroxide increases, the weight percentage of hydrogen peroxide in the

complex decreases. The reaction can be repeated multiple times to

increase the concentration of hydrogen peroxide in the complex.

(5) Evacuate the chamber again.

At the end of the reaction period, the chamber is further evacuated

20 to about 2 Torr to remove any unreacted hydrogen peroxide.

(6) Vent the chamber and retrieve the hydrogen peroxide complex.

The mechanism by which the hydrogen peroxide forms a complex
with the reactant material is not completely understood. The formation of
the complex is believed to involve hydrogen bond formation between the

25 hydrogen peroxide and electron-rich functional groups containing oxygen
and/or nitrogen on the reactant material. It is not known if this is the only
mode of binding; however, materials with a wide range of functional groups
have been found to form complexes with hydrogen peroxide.

The advantages of the vapor phase reaction over earlier methods of

30 hydrogen peroxide complex formation include:



H202H202 conc. H202/ K3P04 nol ar rati oWei ght %

H202Conposi tion(g) (g) (9% 15108593. 00. 34K3P04~0. 02Hz02 Exanpl e 32 03 0CT 2002
Li qui d-spray synthesis of K4P207 ~nH202 20 Aqueous hydrogen peroxi de

sol ution having a concentration of 59% or,. 70% was sprayed onto potassium
pyrophosphate (PP) (97% Aldrich) to fornfa paste, the tenperature of which

was about 30C to 35C dugin r yin The m xt.urg was . i ncubate 5C for
2 hours, then drieb undE? 33@@% 98! pﬁﬁ@’“ﬂ@sfﬂ {esac(;?é} E’Uﬁ?ﬁ%ﬁql Q@B%

Table 32. 25 gocirde oﬁ@&%@gﬁz%%%ﬁﬁeirﬁ&rﬁt@ I‘iyd?@%en perpxide present
CompoundsConpl exeskK4P20~wt  of conc. HZQZ/ "K4AP rati1 oWei ght
% HZOZCorrposnn|tbe(\l@pog)s(82@m&hemowﬁ&f‘.rewﬂant)maﬂegal exposed to the vapor.
HzOz109. 5595. 433. Z}gK4P ~ ~4, 74H2021011 05? 43 P20~

5, 67H2021017. 55910%1. 64 K76 1e JEPHEy $p1UeH8 17501 4{99@19” product is

~6. 99Hz 021014 i ARRAR. BOKAP20~ ~7. 26Hz021017. 6 1 70~12 |41. 11 | K4Pz0,

6. 78H202 Exanpl e 33 15 Liquid-spray synthesis of K2HP04~3H202 Concentr at ed
hydr ogen peroxi de 3ol utPermxides compigxes oan be2formedathat iare Higdid gersotiissphat e

(o0 oL ol PR bR 5ol Syl o, v | noubated at 298 for 1 hour
4. Peroxide complexes of hygroscopic materials can be prepared.
The synthesis of the non-aqueous peroxide complexes according to
10 the present invention is further described in the following examples. Many
of these compounds have utility as catalysts, in addition to having the
utilities described in greater detail herein, as will be readily appreciated by
those having ordinary skill in the art. The examples represent embodiments
of the compositions and processes of the invention, but they are not in any
15 way intended to limit the scope of the invention.
Example 12
A hydrogen peroxide complex of glycine anhydride was prepared as
follows: A 1.0 gram sample of glycine anhydride (Aldrich Chemical Co.,
Milwaukee, WI) was placed in an aluminum tray in a 173 liter chamber
20 maintained at a temperature of 45°C. The top of the aluminum tray was
covered with TYVEK™ nonwoven fabric, which prevented the glycine
anhydride from coming out of the tray when the pressure in the chamber
was reduced but was breathable and did not absorb hydrogen peroxide.
The chamber door was closed and the pressure in the chamber was
25 reduced to 0.2 Torr by evacuating the chamber with a vacuum pump. A
hydrogen peroxide concentration of 10 mg/liter was created by evaporation
of an appropriate volume of a 70% aqueous solution of hydrogen peroxide
(FMC Corp., Philadelphia, PA) into the chamber. The hydrogen peroxide
vapor was maintained in contact with the glycine anhydride for 20 minutes.
30 At the end of the reaction period, the chamber pressure was reduced to 2
Torr and then returned to atmospheric pressure. The reaction product was
removed from the chamber and analyzed for weight percent hydrogen



Starting ConpoundsConpl exKzHPO4wt of HzOzH202 conc. HZOzI KZHPO4 nol ar

rati oWei ght % H202Conposi tion25(g) (9g) (%9 54. 97593. 038. 04KZHPO4~3. 15HPORLT 2
3 OCT 2002 64 Exanple 34 Liquid-spray synthesis of KH2P04 ~Hz02

Concentrat ed hydrogen peroxi de sol ution S sprayed onto potassium

di hydr ogen phosphate (98% Al drich) (PDHP) dropw se. The 5 m xture was

n Tanl o a4 PR PRt REHREE B oAt “of “oozie0e
conc. H2021 KH2P0O4 AR ZIQIH-QZZ‘?@M--% I, + K,SO, + 2H,0
H202Conposi ti onl10(g (gh(@‘@%. 593, 020.18KA2P04~H202 Exampl e 35

Li qui d- Spray Synt hles éNasS o263 NmB202 +BN8by aqueous hydrogen per oxi de

i xtur e vae | noubdeetRbrnarald e A RAEIOIRE R Ml e
results are spgaeash 26 @nhand@lhe cdfor chablge &hetard pddt. The percentage by
ConmpoundsConpl ex20Ca2P20, wt of H202H202 "conc. H2021 Ca2P20~ nol ar

rati oVei ght oweightof fydsogaropemxidy wassaalsgigtesh by . the datkmriog~aquetiano 2
wt% H,0, = [(ml of Na,S,0,)*(normality of Na,S,0,) *1.7]/(sample
weight in grams)
The weight percentage of hydrogen peroxide in the glycine anhydride
10 complex was found to be 24.3%.
Example 13
The hydrogen peroxide complexes of a wide variety of organic and
inorganic complexes were prepared using the procedure of Example 12. In
each case, the reaction conditions were the same as those in Example 12,
15 except 1.0 gram of each one of the compounds presented in Table 14 was
used in place of glycine anhydride.



Exanmpl e 36 25 Liquid-Spray Synthesis of My2P20., 4. 60H 20z 59% aqueous
hydr ogen peroxi de sol uti on was sprayed onto solid nmagnesi um pyrthosphate
(Aldrich). The mixture was incubated for 1 hour at 25C, then vacUdf(dpiped
at 25C. The results are sumarized in Ta%e 36. 30 03 0cr taaz 65
Table 36 5 Starting ConpoundsConpl exMg2P20, wt of H202H202 conc. H202/
My2P20, nol ar rati oWei ght %

H202Conposi t i on(g) (g) (% 510597. 7241. 28N§SPEH, ~4. 601202 Al though several

phosphat e per oxi V, ! - 0d of
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exot herndc reaction. The heat produced by this exot hermVﬂ%rMactl on can
result in decdhpueilti on of the hydrChemieal per oxi de. As a rPemyille , t he conpl ex
may be unstablMameor nay have a | owditruetaei o of peroxi de t_ge_gijg_sphatecinnm

when & Tar 82"5"99“““”‘33‘*"”"*’” e conpi ex NS Tad. “Paate q“?éhyl L
to control gma( k épygﬁf tfled by 38%?@&6@9 hydr ogen pe & fde sol utih with
t he phoé@hatePdv(wm/bmdha/lhléme)phosphat[éHzCWQUNBM,e 20 devel ogdd%a vari et Ketood

synt hesi s net h:@[?(%, yiORg) such met hod egcmeddu)t he "paste” mpghod becauggy a
paste is init

for ned fromthe or condens hosphat e Wth
water. This p I iquid synthetic mgwgr i nor gani c rogen pe‘} TwiAgE
conpl exes com:Lﬂ'i’lSQd!@ m xi ng the desi lNe%l*NF%FbC&‘PﬁHé BoPBUrid- W t h wat ehming Acid
forma soft p ste is all ol, and eous hyd
per oxi de_sol uﬁﬂyﬁwqyga%é% d to the |W %&gﬁ The rg@/ytul ting méﬁ(?%re is
dried t&reno\Relyigseercetdd el di ng t he i nor gani ¢ hydrogen P&k de confpiteix.
The mai n advarBodye afinatei s synthetic scheme is that whil2g.7¢he reactOganioBalt
i norgani ¢ connesesditenat er is exothermc, very little heat is so
gener at ed durisggiumogaiati on of the inorganic peroxide conploex, thus @xehiéisas

the degradati %g%{}/'n% r@gg)n per oxi g%meﬁ<Prtg té@e] synt hesi gy 0 3 0 ;&;O;Ea&o%ne

66 ThIS s a si npr ovene bus net hods | n whi

signifié nt artiiArge of heat are gen r%gﬂi'ghlcgﬁﬂdgﬁ’l)ade P hydroge"f\"”'ne
peroxi de. The gig5 (H,L idag crystals ofg 5?3 r gani ¢ per oxizq@oeconpl ex ahfe

}‘lo\r,l\g and mor g, St St e t han t hose prﬂ accor ding to ot7}§e/r procedyres and
1,3-dimethylurea (H,C) HNCONH (CH,) 31.7% Urea
Biuret (H,N)CO(NH)CO(NH,) 13.7% Biuret
25 Polyacrylamide [-CH,CH(CONH,)-1, 30.1% Polyamide
Polyvinylpyrrolidone [-CH,CH (-N (CH,)3C0) -1, 29.9% Polyamide
Nylon 6 [-NH(CH,);CO-], 17.1% Polyamide
Nylon 6,6 film [-NH(CH,)iNHCO(CH,),CO-}, 16.6% Polyamide
Polyetherpolyurethane {-RHNCOOR’-], 9.5% Polyurethane
30 Sodium carbonate Na,CO, 14.3% Inorganic
Potassium carbonate K,CO, 33.9% Inorganic
Rubidium carbonate Rb,CO, 37.0% Inorganic
Calcium hydroxide Ca(OH), 23.4% Inorganic
Sodium bicarbonate NaHCO, 10.7% Inorganic
35 Tetrasodium pyrophosphate Na,P,0, 18.9% Inorganic

The organic complexes formed cover the following range of functional
groups that are capable of forming hydrogen bonds with hydrogen peroxide:
alcohols, ethers, ketones, acids, amino acids, esters, organic salts, amines,

amides, polyamides, polyurethanes, ureas, and biuret. The inorganic



5 concentrations of H202 can al so be used. Wthout w shing to be bound by
any particular theory or mechani smof action, we believe that a Iﬂéd@ﬁfﬁ
initially fornmed upon formation of the paste, and that the water 2UrZese
hydrates is then replaced wth peroxide tg,formthe inorganic peroxide
conpl exes. Exanpl es 37 and 38 prow de exerﬁgl ary nmethods for the production
of two different 5& rox 37 15 Past |(|1'ﬂqu'd
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reaction is exoomnp}eades oftdaécmmslmedm@eaand)mwspd|mmyromospdnarte aveperaisair e.

20 Agueous H202 sol u di ff.erent on trations

G th ne. past ePrar e Bp aTHAS mitebEsiNere e SVRERP At es Ry Frd8Dac e
at 25C fer 1 h@r%talﬁr’f@%é&éﬁé‘lﬁme’éibéﬁtdfoﬁ‘tnﬂé:’r% g, hﬁh%ﬂ%é@ﬁbb@é&eﬂaﬁﬁ'aeﬁw’ere
further oven dried at 60C to renpve any remaining water. The results are
sumari zed i n Withlathdokness of @13 ronr;anzlqmﬂyﬁrzylmmwl Fther, which avas ad0%
OorrpoundsOorrpI XesS of H20wt H202H202 conc. H202/ SP nol ar rati oWei ght
% H202Conposi t )Sr‘{(edm\%?%‘(ﬁ?% 80500150 626 60Na4P20,

2. 84H202559. 8304. 627hg2 n SerdRide eempldhaR? oblain é@Nﬁi‘iﬁ’Ztﬂese materials
1. 62H202553. 0592. 819. 67 4P o 1. 92H202553. 2593. 224. 43Na4P20

2. 53H202554593under, Glzmawstoqonditlonwm&sa@da GQmamI\Imerolymelpyrrohdone
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39. Table 37 shpysi §f€3‘1ﬁ5iéﬁriyllﬁ@éan‘l'ﬁ§eﬁ3Qf|mtehﬁlltm%§t snaqsrbgi@nfaﬁﬁdé h&/drogen
preparation of hydrogen peéroxi de conpl exes: 1. The startin
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obtain the final product. The histamine, polyvinylpyrrolidone, poly(vinyi
15 methyl ether), and poly(vinyl methyl ketone) complexes were gummy
materials that were not as easy to handle.

Examples 14 and 15 describe additional studies with
polyvinylpyrrolidone under different process conditions to obtain the peroxide
complex as a free flowing solid product.

20 Example 14

Hydrogen peroxide complexes with polyvinylpyrrolidone were
prepared in which the percent hydrogen peroxide in the polyvinylpyrrolidone
complex was varied by changing the ratio of the weight of
polyvinylpyrrolidone to the concentration of hydrogen peroxide in the vapor

25 state. The conditions in these tests were identical to those in Example 12,
except the weight of polyvinylpyrrolidone was increased from 1.0 gram to
3.0 grams to 5.0 grams. In all tests, the concentration of hydrogen peroxide
was held constant at 10.0 mg/liter of chamber volume. The results of these
tests are presented in Table 15.

30



2. Na4P20, 3H202 coul d be successfully prepared using |larger z5 quantities
of starting materials (e.g. 200 g SP), because no tenperature in@i3eHIg00?
occurred during m xing of H202 solution with SP-water paste. 3. Peroxide
conpl exes having different conpositions c%g easily be prepared by
controlling the H202 to SP nolar ratio inthe starting mxture. 30 0 30
C T 2002 68 Exanple 38 Paste-liquid synthesjs,pf K3P04~nH202 Pot assi um
phosphate, tribasic (97% Al drich) (Pé§§luBgL4§xed wi t h dei oni zed wat er and
slowy stirred, resylfydiggen petormel @dsmgfexaoﬁwp RS grépén/@ucm_ Wakhatieoved
to cool to roomtenperature. Aqueous H202 solution (59% was mxed with the
paste. No tenpeydrogee penexidasvasaglivebed froatia complex of bydroges pertoxidatwith at

R = N P P R U R e
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phosphat e- per oxi de conpl ex syntheSes. \Wen a hydrogen peroxi de sol ution was
sprayed ont o sahd dOpotgaskOufitarhoflsphamber vhiume was deliveredf inthdéhe gaactiam

| Xt li mbed_to abput, 80C. " This high t t ikely. I{s |
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clearly superior to the liquid spray nmethod for the preparation of the

K3P04~3H22 coogiditionsTab| thisgegio wese Sthar same @sntlmsed SiCoxAreri€3 R@4wt T hef
H20wt of ' H202H202 conc. H202/ K3P04 | ar..rati,gVei ght % .
202Comtsi 1 oRTGPOLE (91coss. esiox R weBUB EerdBex ng the phypigalzgiate
Thermal st abi | pft theOforVpER28reBHe2RAtdY RPTBBRE ¥5i ng spray nethod and paste
met hod Approximately 0.3 g conplex sanple was stored in a 5 m plastic 30

bottle which was either left unscrewed JalentScondition 1 ) or tightly
capped

EFFECT OF RATIO OF POLYVINYLPYRROLIDONE TO HYDROGEN
15 PEROXIDE IN THE VAPOR STATE ON % HYDROGEN PEROXIDE
IN COMPLEX AND PHYSICAL STATE OF PRODUCT

Weight Wt% H,0, Physical State
PVP (g) in Complex of Product
Ex. 14 1 29.9 Soft gummy product
3 23.5 Hard gummy product
5 17.7 Free flowing solid
20 Ex. 15 5 19.7 Free flowing solid

The results of these tests demonstrate that a free flowing solid can be
obtained with the PVP hydrogen peroxide complex by controlling the ratio
of PVP to hydrogen peroxide in the vapor state and, alternatively, by using
25 a substantially water-free hydrogen peroxide vapor source.
INORGANIC HYDROGEN PEROXIDE COMPLEXES
Inorganic hydrogen peroxide complexes are also suitable for use as
sterilants as described in detail hereinabove for organic hydrogen peroxide
complexes. Peroxide vapor can be released from these inorganic
30 complexes at atmospheric pressure and room temperature. However, as
described in greater detail below, substantial amounts of hydrogen peroxide



(seal ed, 03 QCT 2002 69 5 10 15 20 condition 2). The open and seal ed
bottles were placed in a 23C, 50%relative humdity (RH) incubator or a 60C
oven. The Hz02 content of the conplex was then determ ned. The re@.ﬁulﬂﬁsz@fe
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hydrogen per oxgifferest pré-preparedulparexidé ocorhflexas brairplafsiciE, mlk@dn vacagum

dried at 25C. The results are summarized in Table 40. Thus, this conpl ex
can be pbepar ecchanpigal B¥EUi IR wijoh the compounds in the complex are mixed prior

to preparation of peroxide complexes therefrom.
The titration procedure used to determine the weight percent of H,0,
in the complexes was as described in Example 12. Sodium carbonate H,0,
complex was purchased from Fluka Chemical Corp. The vapor-phase
20 synthesis procedure used for synthesizing the inorganic peroxide complexes
was the same as that disclosed in Example 12, with the exceptions that 10g
of the solid inorganic sample instead of 1-5g, and two reaction cycles versus
one, were employed.
Example 16
25 The reaction procedure for liquid-phase synthesis of inorganic
hydrogen peroxide complexes was essentially as described by Jones et al.
(J. Chem. Soc., Dalfon, 12:2526-2532, 1980). Briefly, inorganic solids were
first dissolved in a 30% aqueous solution of hydrogen peroxide to make a
saturated solution, followed by dropwise addition of ethanol. For the
30 potassium oxalate and rubidium carbonate complexes, the white peroxide
precipitates were formed as the amount of ethanol added was gradually

increased. For potassium carbonate, potassium pyrophosphate and sodium



hydr ogen peroxi de solution. Table 40 15 Starting
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was i ncubat ed rat . then mdried at 25C. The results are
sunmari zed in l%’%%tl tiurg%f%é”‘gaéggr@td.lﬁéaéé\fwmbl e 41 5 Starting

Compounds Conpl exNa2S04wt of H20H202 conc. H202/ Na2S04 nol ar rati oWei ght %
H202Conposi tion(g) (g) (%9 1010592. 4623. 47Na2S04~1. 28H202 Exanpl e 42

Li qui d- Spray Synt hesis of KzS040.62H 2dabled8queous hydr ogen peroxi de

sol ution was sp A t [ Ao ' . The
m xture was i nc@lﬁg&ﬂ? %@i}‘@&i@g%@;ﬁ&%ﬁﬁﬁggﬁ&ﬂg PaltYﬁlégéZGEFLe

results are summari zed in

10 Chemical Chemical Wt % H,0,
Name Formula in Complexes'
Purchased? Vapor® Liquid®
Sodium Carbonate Na,CO, 27.35
Potassium Carbanate K,C0, 7.43 22.70
15 Robidium Carbonate Rb,CO, 20.31 26.78
Potassium Oxalate K,C,0, 16.13 16.42
Sodium Pyrophosphate Na,P,0, 11.48 23.48
Potassium Pyrophosphate K,P,0, 20.90 32.76
Sodium Orthophosphate Na,P0, 15.67
20 Potassium Orthophosphate K4PO, 16.11

1. The titration procedure employed to determine the weight percent of H,0, in the complexes is the
same as the one stated hereinabove.

25 2. Sodium carbonate hydrogen peroxide complex was purchased from Fluka Chemical Corp.

3. The vapor and liquid phase procedures were used for synthesizing the inorganic peroxide.

A differential scanning calorimeter (DSC) (Model PDSC 2920, TA and
Mettler-Toledo Model DSC 27HP instruments) was used to determine H,0,
30 release or decomposition properties of the inorganic peroxide complexes.
The DSC was run at a heating ramp of 10°C/min and at a temperature
range of between 30°C and 220°C. under both atmospheric and varying
vacuum pressure conditions. Referring now to FIGURE 5, the DSC



Starting ConpoundsConpl ex15KZS04wt of H20H202 conc. H202/ KZS04 nol ar

rati oVei ght % H202Conposition(g)(g) (% 107592. 1210. 82KZS04~0. 62HZ CT 20m
Synthesis of Silicate Peroxide Conpl exes 20 W have al so synt hesi zéé)
hydr ogen peroxi de conpl exes of silicate s I6ts for use in connection with
the sterilization nmethods described herein.” Exanples 43 and 44 provide
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Al drich) was ngysesimwiTHe Fws@me cOroltgy_terh rtohfpriseti Dpredsufe fahbdnest £14
whi ch was al | owed to cool to roomtenperature. Aqueous hydrwgen per oxi de

sol ution (12%cqna@ciﬁd<é@a\mre$\sqrﬁeg%@9tb16 T'lﬁaetpmmmuee sranmectddki ng

i ed a osc B ophithfier Y18 iR i R G, | kel fp, 8 réglorel Sl SR
Tabl e 4355 St at20, nqﬁ@rm@ugmwamm Mlﬁsﬂﬂ\ﬂu@tohﬁ%ﬁnc&io#&ﬂ%&%wra
conc. H202/ Na2Si 03 nol ar rati oWej g %

H202Conposi t | SHMNl gaive (12 sEekwith pump 227 4NazSi 03~1. 18H2025534. 83123. 037.

yninesis of Nass: JOBSEEooRg HIRESHEH, Barclis “odfpBRa b RS s ©
sprayed onto sdeddfibeddhev@inatovel waetptaded b DI SObjsttdd, torh ddrtidllar The
m xture was i ncubated for 1 hour at 25C, then vacuum dr| ed at 25C. The

resul ts are 15VARURIATOSITEOVRAIR teraperalus| @nge o3RG #y 170°C. As can be
Conpoungls Conpl exag S ROURE¥6 TEW¥r Rbse DSC conditions with one hole on the lid of

the sample pan, greater release of H,0,, an endothermic process, occurred
at lower pressures, while the exothermic decomposition of H,0, was favored
at higher pressures. However, as shown in FIGURE 10, partial release of
peroxide may also occur at atmospheric pressure when the same
15 experiment was repeated without any cover on the pan (i.e. open pan).
Thus, for certain hydrogen peroxide complexes, a more open system and/or
reduced pressure can facilitate release of H,0, from the complex.
In the use of the inorganic peroxide complexes for sterilization, it is
critical to complex stability that heating occur rapidly which may be effected
20 by preheating the aluminum plate prior to contacting with the inorganic
peroxide composition. In the use of the inorganic peroxide compounds, it
is also preferred that the temperature be higher than 86°C.
As discussed above, it is preferred that the inorganic hydrogen
peroxide complex be heated rapidly, i.e. as rapidly as 1000°C/minute or
25 more. This can be accomplished by contacting the peroxide with a pre-
heated heating plate. A preferred embodiment for accomplishing such rapid
heating is shown in FIGURES 7A and 7B. Referring to FIGURE 7A, there
is shown an apparatus 125 for injecting peroxide vapor into a sterilization
chamber 131 in a closed position. The inorganic hydrogen peroxide
30 complex is incorporated into a peroxide disk 132. The disk 132 comprises
five layers: three layers of CSR wrap, peroxide complex powder and

aluminum foil coated with polypropylene.



H202H202 conc. H202/ Na2Si 30, nol ar rati oWei ght %

H202Conposi ti on20(g) (9) (% 54. 76594. 08. 73Na2Si 30, 0. 68H202 Thus, we have
shown that hydrogen peroxide conplexes of a wide variety of inorQamcggalts
can be produced. W believe that successflziz 25 rel ease of H202 in
connection wth the sterilization nethods 'di scl osed herein can be achieved
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i ndi cat ed partTigé apphrsas i9hekRiPplaée ahe geacheastoop eterilizatidn Baber 131
endot herm ¢ peak followed by a |arge exotherm c peak indicated that some

rel ease, but nRsPPYs déds é&ﬁ?i@ﬂ,a #®ccurred when the pan had a lid with
two holes. In view ﬁfafetrnﬁ%;t%jmpl(%@Rﬁf 7B} 3PS e?)‘l“:'ttot BAhg &ha! 8@;&? f@ﬁwu?wc\é

of H202 rel ease coul d occ an open pan not~ usi n
hol es,. we 25 caontdetcthedpdrbrideadisk nd2; thefbellow 1881s ventedl. rhethe plespareoxi de

by ornr L gsdhe e seat S hEIBY o y s e e oBaind T e
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powder through the CSR layers, passes through the perforations 160 in the

20 perforated aluminum plate 130, and enters the peroxide release chamber
152. The upward movement of the heated aluminum platen 134 alsc opens
the peroxide release chamber 152, allowing peroxide vapor to enter
passageways 158 which are in fluid communication with the sterilization
chamber.

25 Referring now to FIGURE 8, there is illustrated a sterilization chamber
170 containing a plurality of glass rods 172 orthogonally arranged therein.
Stainless steel scalpel blades 174 and 176 placed at the top and bottom,
respectively, of chamber 170 contain Bacillus stearothermophilus inoculated
thereon. Contained within the sterilization chamber 170 and shown to the

30 right thereof is an apparatus 178 used for heating the hydrogen peroxide
complexes, which for exemplary purposes were sodium pyrophosphate
(Na,P,0,-3H,0,) and potassium oxalate (K,C,0,H,0,) hydrogen peroxide

complexes.



i ndi cating that near conplete rel ease had occurred. 03 0CT 2002 74
FIGURE 11 Bis a DSC profile of Na4P20, ~4H202 at 760 tort. As can be seen,
two endot herm ¢ peaks were observed) indicating near conplete gfb@?m
occurred. FIGQURE 12 is a DSC profil e of NggPM 5H202 at 760 tort, tort
and s 0.35 tort. The conpl ex was synthesi Zed using the |iquid-spray

procedure. As e ndot herm ¢ peaks f by, small exot herm c
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FIGURE 24 is a DSC Eroflle of Na2Si 032. 15H202 at 760 tort, 1 tort and 0.5
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DSC prof il e of Nazo H-l008BRECREoR SR Bl e RS d Y FehftlEs LG SR e
that nost of thstelfafhe Basl afleaMINEISEarotitée Felohs® ipldestedili Ratisis effcacyalbre 45

bel ow summari zes the thernmal behavior of peroxide so conpl exes in DSC
st udi es. 0 3Ppabassipon2 pyrophosphate  (K,P,0,¢3H,0,: PP), potassium oxalate

30 (K,C,0,¢1H,0,: PO) and sodium carbonate (Na,CO,*1.5 H,O,: SC).



76 Table 45 5 10 15 20 Conpl exThermal behavi orin DSCFigure No.at 1

at nosphere (760 torr)under vacuunkKzC204~1Hz02endo+exoendolONa4Pz0~| g;ﬁ:ﬂ%m
n=2, 3, 4,endoendollA and 11 BNaSP04~5H202endo+exoend012NazHPO4~an —1,
2endoendo13Na5P30, o~ nH202 n=1-2endoendol4K3P04~

3. 34H202exo0endo+ex015K4P20, ~7H202endo+exoendo16KzHP04~3. 15Hz02endo+exoendol
7TKHZPO4~ 1

Hz Ozendoendo18Naz C031. 5H202exoendo+ex et GE¥BbY 3 421p02endoendo20My2P20~4. 6
OHZCOZendo+exoendo21Na2S04Release of Peroxide from SC, PO and PP

1. 28H202endoendo22Kz S040. 62Hz02endoendo23NazSi 032. 15H202exoex024NazSi 30~0. 6
8H20zexo | exol 25 EFhe ides) teraperatersuat whishdviQuiwasxelepsed fram $C,BBQmMsIces 17
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and el esgwher eq ofélsdh yRtheseconipiétdsonas determind at varitrreigethiréd asinghose
i norgani ¢ conpl exes were capable of providing sterilization under

at nospheri ¢ cohdbtlitemehameet apd dae appasatus ishowa inonl GYRESa ¢4 astd BBndiiser of

conpounds. Ex I spbt.§ J9kop| il A Q
occurred at oﬁ%ﬂéﬁﬂﬁgﬁlﬁ@éqé&ésgg\%@@rrlg%ra;t1L7r:‘-)e\ef(]hég6 %%tﬁ)ﬁ‘a& *c?i%q; earx}‘qm th
an endot her m cPQeaktugh $C refasad thedegstramolet & HOpaml 2545 Bighifivardlys t he
results in which the sterilization occurred at one atnosphere and | ow

t enperat ure ( 'BEULJElEase yanHrpeRWHAN theparuehabeaBR wasincesaseler ni ¢
peaks ipn, DSC at one 35 at nosphere. Exa provides the results in

whi ch t 0e sterilization occurred at one%—#%é@ghere and | ow tenperature
(s60C) for a conpl ex WRELEASE3OF FEROXIDE HN 78XDITEER GHANMBERONl y in DSC
at one atnosphere. Exanple 47 provides the results in which the
sterilization occurred at one atnosphere and the conpl ex was heated using a
conplex with an only endothermic peak in DSC€ at one atBfsphere. BExBHpl e 48
provides the results in vvhich tﬁe 5 sterilization occurred at one

at nosphere and th e'BBmS?JQ Nices égﬂed using a conplex with both endothermc
and exogdherm c peaks alphopst mosphere. As7geen bel owsgerer thesgoec
conditions, efficacious 'sterilization could be achieved at one atnosphere
pressure using these conpl exes, even for a conplex having only an

exot herm ¢ peak i &S% As di scussed above, it is believed that in certain
i nst ances an endo i 9raI3183MPPasked in DSC by an exot hermi ¢ peak
occurring within the saggogegperature rapgemgaccountdgomgfr the effrhgaci ous
sterilization seen using conplexes exhibiting only an exotherm c peak on
DSC. Exanl ol e 46A ~5 SP&MiBI0PEat i on usi ng1RHIBA4~H2022.0eM@ili de conplreg/l( 1

atm ang, | ow tenperat upg)i75oc 1.8 mg/L 2.5 mg/L 3.4 mg/L

With 3 grams sample
At 175°C 2.3 mg/L

25 With 4 grams sample
At 175°C 2.9 mg/L



A self-sterilizing pouch was assenbled as follows: A stainless steel blade
having 7.7 x 105 B. stearofhernophilus spores in its surface was pI aced in
a sterile petri dish (60 x 15 mm). 2 grans of KH2P04 H202 20 cor’re eq Qw,der
(containing 20.31 %w of H202 was pl aced bn anot her petri dish. é ﬂ

di shes were inserted together into a 100 20250 nm pouch forned of

TYVEKTM MYLART"". The pouch was seal ed_and ,expgsed to roomtenperature
(approx. 23C), 40C (in an incubator) gMn an oven) for different
time periods. The sterility gfﬁghcg}gy{st gsﬁﬁgewrp@réﬂ@q:pn Tabl e 25 46A.

0 30CT 2002 78 Table 46A 5 10 osure errperatureExposure Ti me

(posi tivesl sanpl es)2xht0° rﬂ.hsm‘mza/an OIQE)'%poresw.(eFe ino@dated on aESthﬂBdeAGB

Cempor ot ur c) A HERT MOPURTY AAGebarn (st FIReEha dpe dofoMaRie SROckafil oss

steel blsade h | " e face
was pl acsgd | nngsg?) erﬁ ?f:a ggta Bléuﬁds\ﬁl“%ﬁgejd ) '5'(82“1 X8, 9 bogﬁgégﬁeﬁg&%ie ﬁggz

conpl ex powderTHaewnapped trgy mas then paced mao?zs h’uaayapw:mmambembawﬂg eni‘et ri

20 di sh. Both .d. t t t 10 250

Formed of L ARYEL PRl iproS SR ot o T, ach of Befafes ahes B2 s BdEH: n an
i ncubat or) andselfiirg (the S, scaaﬂ)PFb morgaﬁ‘cqseeakndbl pBwdEs| ween RRred BBl LY
test results are summarized in Table 46B. 25 Table 46B Exposur e

Tenper at ur eExpd Spungriane andoyie Iav@so%@lumlma‘ndsnmﬁmm phbyproydene Almu A +

?
+60C+—1f>- 35 Thoe %e%(lde v(\)/as rgle%)éggptl)ye cggt%cting the disk for 2 minutes with an

aluminum plate which had been preheated to 175°C, followed by an
additional diffusion time of 8 minutes for a total exposure time of 10 minutes.
After treatment, the three blades were separately placed in Trypticase Soy
Broth (TSB) at 32°C for 7 days and scored for bacterial growth. The results

15 are summarized in Table 18.
Table 18
EFFICACY TEST RESULTS
Peroxide Weight of Peroxide Sterility
20 Complex Complex Conc. (+/all)
PP 2 grams 3.4 mgl/l 0/3
PO 2 grams 2.5 mg/l 0/3
SC 2 grams 1.8 mg/l 113
SC 3 grams 2.3 mg/l 0/3
25 SC 4 grams 2.9 mgl/l 0/3

As can be seen in Table 18, no growth of spores was observed with
the exception of 2 g SC (1/3). However, when the amount of SC subjected
to vaporization was increased to 3 grams, no bacterial growth was

30 observed. These results underscore the efficacy of sterilizatton using
inorganic hydrogen peroxide complexes.



Sterilization using Na2C03 ~1.5Hz02 peroxide conplex (1 atm and | ow
tenperature) A self-sterilizing pouch was assenbl ed as foll ows: A[]Sf,t[ﬂﬁ%ﬁss
steel s blade having 1.34 x 106 B. subfilis var. niger spores on it's
surface was placed in a sterile petri dislg (60 x 15 nm. 2 grams of
Na2C03~1. 5H202 conpl ex powder (contai ning 57.78%wt of H202, Fluka) was

R 250 rm pouch 1 or LSRR bAERS% RRISHEE e pfle3c i SR abe LBt ™
exposed to 60Gn{d theastesitigalorf rockdures deisciibe® Hepeinabsve Theodhettion twitH est
results are summari zed in Table 46C. Table 46C 15Exposure

Tenper at ur eExpyganiE PEFAXIde GoMRloxes. s 15| ¥Rl dRaTgRBITCEOMplRXesx aap e 47

compl ex heat i ML ISTREGHe] Y08 Hapootp SEBRI Rebga ShtuBefiiifh, (e

sterilization ApRISEHRZIAYOBACIbSUrE! GLHBEe8per'5|StRi§ti@@ld)Wl?airéI@Qsétﬁrf%}’ﬂt fHes
were as follows: size of chanber = 6.25" x 6.25" x 7" (4.5 Ilters_%; )
t enper at ur e ofcahpigKe Similady; inpiganineamplexen Hapaisabe gsed it the stedtizatipn

was used as 1Y SRR Mavo FaEBAJERET PELISEY @ Sesed DolnRE B MerdaRk L
478 /S evi dengsdvias dahbiex’EonneDieUeloaelarich, 7Rl adHi, bleesarhaeing

bl ades | ocated two i nches above the heating apparatus was achi eved with
just 0.01 g ofofithe veerpreleased frophinosganic pegoxidexcommiexessean Reteaployed.

inoculates |lo b m - > 2% Was
requi rei]dafor g@){rp%qe%ré@g?i i@gtlﬁ%{]p? %ggﬁg%@p%égigoggt%{“g?ﬁ |ty'ﬁ)rbeesul ts
(posi ti ves| sargpeaeniid dne Aapihgortinaat ekill & trabant @pbhaeferanesd topthat médkendf
Conpl ex21 10 cycl e*21 15 cycl e2l 30 cycl'e0. 0 g2l 221221 20. 01 g0120120I 20. 03
g0120120120. O5RFWIMEGHIL012 * : Cycle Time - Heating tinme (min.)ltotal
exposure time {inelis TabbRodRIS Sl Ebhie 9] blYBse 2
sanpl es | ocat & bot T O 0 2 OT _COMpTEX21 10 Tytre
c%glzgilzggzcycl e0. 0I Saﬁf‘é?b%gﬁ?tf- gad ?ﬁnaéheéd Zghlzfslp?éltéxié@xﬂeg@irat APIL%84,20. ;3
g * o cle Tine - ating tinme (mn, 0 exposure tinme (mn.
Exanpl e'%8 st 909 2¥ith oW°G§fjH@SKﬁzﬁE"Hﬁﬁéthﬁé'ﬁoi?M?%r’r‘ﬂ)ltg‘i‘ lctﬁraéwﬁ,a%@
el evated conpl §xnReREE%4nSFARE 39U R)general, these complexes can be synthesized

by mixing the phosphate salts with agueous hydrogen peroxide solution

(either adding solid to peroxide solution or adding the peroxide solution to
the solid): Since the heat generated by the reaction may result in

20 decomposition of hydrogen peroxide, attempts have been made to control
the reaction temperature by slowly mixing solid with the peroxide solution or
using cooled peroxide solution (e.g., 0°C). Peroxide compiexes have also
been formed by dissolving the hydrate of phosphate or condensed
phosphate salts in peroxide solution.

25



25 KZC2X4 H202 (wt % = 16.3% was used in the sterilization apparatus shown
in FIGURE 8. The sterilization paraneters were as outlined in Exanple 47,

wi th the exception that the heating tenperature was 155160C. In tHj$(CT 2002
experinment, inocul ated scal pel bl ades vvergzpl aced only above the heating
plate. The results are sunmarized in Tabl €°48. 0 3 DCT ?11~? Table 48 5
10 Sterility results (positivesl sanpl esﬁ%mi tﬁ sanpl es | ocated 2" above the
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d 3 CT 02 luidized bed at 40-50°C, then
Q @ drylng in the bed. n<1
10 K;PO, 7H,0O 65-70% | dissolving K,PO, 7H,0 to H,0, sol | K,PO,nH,0, 6
at 0°C , maintaining temp. below n=1, 2, 4
70°C.
K4P,0, 80-90% | adding K,P,0, slowly to H,0, sol | K,P,0,.nH,0, 7

to maintain temp. below 50°C. The {n=5.35, 7
results showed that no complex
was formed using this procedure
when large quantity of staring solid
(e.g.174g)was employed.
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Spray _method
Procedures similar to those previously described in the literature were

N =

o0h®

performed to determine the ease and limitations of the procedures for
25 preparing phosphate and condensed phosphate complexes. In general,
complexes were prepared by spraying peroxide solution onto evenly spread

solid salts, followed
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wherei n said salt-hydrogen peroxi de conplex is a conpl ex of K3P04. 8. The
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Na,PO, |[30-70% |spraying H,0, sol. Na,PO,-5H,0, 28
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15 Na,HPO, |30-70% | spraying H,O, sol. Na,HPO,'nH,0, 29
onto Na,HPO, n=1, 2
Na,P,0,, | 30-70% | spraying H,0, sol. NasP,0,,,nH,0, 30
onto Na,P,0,, n=1-2
K,PO, 59% |spraying H,0, sol. no complex formed 31
onto K,PO,
K,P,0, 59-70% | spraying H,O, sol. K,P,0,-nH,0, 32
onto K,P,0, n=4-7
K,HPO, 59% |spraying H,O, sol. K,HPQO,-3.15H,0, 33
onto K,HPO,
20 KH,PO, 59% |spraying H,0, sol. KH,PO, 1H,0, 34
onto KH,PO,
Ca,P,0, 59% |spraying H,O, sol. Ca,P,0,¢3.42H,0, 35
onto Ca,P,0,
Mg,P.O, 59% |spraying H,O, sol. Mg,P,0,*4.60H,0, 36

onto Mg,P.,O,
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Example 24 shows the reaction time effect with vacuum drying at
20 25°C. The results indicate that a one hour reaction period is sufficient for
forming a 1:3 ratio of sodium pyrophosphate to H,0O, in the complex.

Example 25 shows the reaction temperature effect on peroxide
complex formation. The results indicate that the complex with about a 1:3
ratio could still be formed at a temperature below 45°C when a small

25 quantity of starting materials was employed.

Example 26 shows the effect of hydrogen peroxide concentration on
the composition of the resulting peroxide complex using liquid-spray
synthesis. As indicated in Table 26, when 30% H,O, was sprayed onto
sodium pyrophosphate solid, even at a starting H,O, to SP molar ratio of

30 4:1, the resulting complex, Na,P,0,-1.64H,0,, had a H,0, to SP ratio of
less than 2:1 (bis-peroxyhydrate). The tris-peroxyhydrate (Na,P,0,-3H,0,)
could be formed when the concentration of H,0, was greater than 45%,
preferably greater than 50%.
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H,O, (59%) was mixed with sodium pyrophosphate at a solid to liquid
ratio of 1:0.8, 1:0.9 and 1:1.1 by weight, incubated at 25°C for 2 hours and
dried under vacuum at 60°C for 4 hours. The results are summarized in

Table 22.
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complexes are described in Examples 28-34 below.

Example 28
Liquid-spray synthesis of Na,PO,5H,0,

Aqueous hydrogen peroxide solutions having hydrogen peroxide
concentrations of 30%, 59% and 70% were sprayed onto solid sodium
orthophosphate, tribasic (SPT; 96%, Aldrich) to form a paste. The mixture
was incubated for 2 hours at 25°C, then vacuum dried at 25°C. The results
are summarized in Table 28.
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Liquid synthesis of Na,HPO,H,0, and Na,HPO, 2H,0,
Sodium phosphate, dibasic solid (99.95%, Aldrich) was dissolved in

aqueous hydrogen peroxide solution and incubated at 25°C for 1 hour, then

15 dried under vacuum at 25°C. The resulting product was a gel having a
Na,HPO,/H,0O, ratio of about 1:2. Further drying of the gel resulted in a
powder having a Na,HPO,H,O, ratio of about 1:1. The results are
summarized in Table 29.
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was incubated at 25°C for 1 hour and vacuum dried at 25°C. The results

are shown in Table 33.

20
Table 33
Starting Compounds Complex
K,HPO, wt of H,0, H,O,/ Weight Composition
H,0, conc. K,HPO, | % H,0,
molar ratio
25 C)) C)] (%)
5 4.97 59 3.0 38.04 K,HPO,3.15H,0,
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Concentrated hydrogen peroxide solution was sprayed onto
potassium dihydrogen phosphate (98%, Aldrich) (PDHP) dropwise. The
5 mixture was incubated at 25°C for 1 hour and vacuum dried at 25°C. The

results are shown in Table 34.

Table 34
Starting Compounds Complex
KH,PO,| wt of H,0, H,O,/ Weight Composition
H,0, conc. KH,PO, | % H,0,
molar ratio
10 (9) (9) (%)
5 6.23 59 3.0 20.18 KH,PO,-H,0,
Example 35
Liquid-Spray Synthesis of Ca,P,0,¢3.42H,0,
15 59% aqueous hydrogen peroxide solution was sprayed onto solid

calcium pyrophosphate (Aldrich). The mixture was incubated for 1 hour at
25°C, then vacuum dried at 25°C. The results are summarized in Table 35.

Table 35
Starting Compounds Complex
20 Ca,P,0,| wtof H,0, H,O,/ Weight Composition
H,O, conc. Ca,P,0, | % H,0O,
molar ratio
(9) (9) (%)
5 10 59 8.82 31.41 Ca,P,0,:3.42H,0,
Example 36
25 Liquid-Spray Synthesis of Mg,P,0,°4.60H,0,

59% aqueous hydrogen peroxide solution was sprayed onto solid
magnesium pyrophosphate (Aldrich). The mixture was incubated for 1 hour
at 25°C, then vacuum dried at 25°C. The results are summarized in Table
36.
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* This sample was used for the thermal stability study in Example 39.

Table 37 shows several advantages of the paste method for the

preparation of hydrogen peroxide complexes:

1.

The starting concentration of H,O, was not restricted to greater

than 50% in order to prepare sodium pyrophosphate tris-peroxyhydrate

(Na,P,0, 3H,0,).

The complex could be prepared when as low as 12%

H,O, solution was employed.

2. Na,P,0,-3H,0, could be successfully prepared using larger

quantities of starting materials (e.g. 200 g SP), because no temperature

increase occurred during mixing of H,0, solution with SP-water paste.

3. Peroxide complexes having different compositions can easily be

prepared by controlling the H,0, to SP molar ratio in the starting mixture.
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Example 38
Paste-liquid synthesis of K,PO,:nH,0,

Potassium phosphate, tribasic (97%, Aldrich) (PPT) was mixed with
deionized water and slowly stirred, resulting in formation of a soft paste
which was allowed to cool to room temperature. Aqueous H,O, solution
(59%) was mixed with the paste. No temperature increase was observed.
The mixture was incubated at 25°C for 2 hours and dried under vacuum at
25°C. The results are summarized in Table 38. Potassium phosphate
peroxide could not be formed by the liquid-spray procedure (as shown in
Example 31) which is used for most phosphate-peroxide complex syntheses.
When a hydrogen peroxide solution was sprayed onto solid potassium
phosphate, the temperature of the reaction mixture climbed to about 80°C.
This high temperature most likely results in the decomposition of hydrogen
peroxide so that minimal incorporation of hydrogen peroxide into potassium
phosphate occurred. The paste method is clearly superior to the liquid-
spray method for the preparation of the K,PO,-3H,0, complex.

Table 38
Starting Compounds Complex
K;PO, | wt of | wt of | H,0O, H,O,/ Weight % Composition
H,O0 | H,0, | conc. K,PO, H,0,

molar ratio

(9) @ | (@ | (%)

5 2 6.6 59 5.0 34.57 K,PO, -3.34H,0,
Example 39

Thermal stability of Na,P,0,-3H,0,
prepared using spray method and paste method
Approximately 0.3 g complex sample was stored in a 5 ml plastic
bottle which was either left unscrewed (open, condition 1) or tightly capped
(sealed,



1098& ()- 109$& ()-dD+5WO 1096& ()- 10%$& ()- 1096& ()- 109B& () -
1098& ()- 1098& ()-nmM+5 1098& ()- 1098& ()- 109$& ()- 109%& ()-5WO

10968 ()-i M+5 10%& ()- 1098& ()-5WO 10%& ()- 10%8& () -

03 0CT 2002

e ()

1098& ()-_) +5WO  10%& () - 1098& () - 10‘V§§< ()- 10%8& ()- 10%8& ()-O0;
Va@5WO 1098& ()- GHLOME ()- 31098& ()P y109& ()- ' 1094 () -
igé?/g&(%))%smbln\d@onv\ﬁ)o‘ 'Ijhoe/&c;)%epargd sea/%% E)?)ttles v(\)/g/%&pgcedo/%oga;fé"@ 50%
1098&' () - LMV

1098 () LI BB SHAHA) (KMclhaiod BRa0C dIBLrhY 11 EPBS e of

& ()-_7+

SVEW 1098& () CoDOSBE was thm/ﬁeie(rmnad)%’&e( r)esuns)m s(u)nmaﬂm i )il BV 1096
& ()-1' 10988 ()-' 1098& ()-5W6" 1098& ()-' 1098& ()-1-+5' 1098& ()-5W6' 10988

0)-' 10%5& ()-'1098& ()-' 1098& ()

1098&' ()5

-_C+5' 10968 109%8& ()-' 1096& ()-' 1098& () -’
(10988 () " 10988 () -] J*+5' 1095y 3gl0%BE () - 109%8& () -' 10968 () -

1096& () 5W08 M +5' 1096& () - 1006& () - 10%&() 5W6 ' 1096& ()-' 10988 () -

ML+5' 1096& ()-5W6' 10%8& ()-' 1096& ()-' 1096& ()-' 10%& () -

% . 256<cC+5’ 10%5

10968 ()-' 109%& () =" 10%H& ()-"' 100B& () -' 10048 () -' 100H8 () - <=>? v
10988 ()- & F108gsthesis 10IStOGIRS' 1o%astmgsw)ﬁ SMPIV| [ W% HOBE () -
sla(l)oo/;g&'(g)-log/g:@gn@hooLgf&@mm*( cﬁfn@tllmoﬁ) ()- @O0%& ()-v|\ @5

() - A O o & = %S& T SR 6w <
10%&'(@/@1(%& () - 109 P ) - 109 (&_);100 VW {72 W _[TRw | ew
10968 ()2 10964 () - 1096 () oge 33°Co68% RiL fhes (37.04 | 26.10 | 26.38 | N/A
'F g igoo/ng?)lo;/%L g) 1098& () - /(I1<)10‘V$ 10, 109 () 25.064&4(57 P268388;31.22 | N/A

r 1076 1) T )

@aM °_/ F5/ K149 /gﬁ‘(‘?ﬁo% (%y 10%%? é DL ie}.%o %26}?@ Wois 2 Lakocr 2
()-1098& ()-10%& () - 10%B& (T1 1009 in QuaRk: | ¥0-1§425 -40%8&1(Y910%
$E&) () ség;/}ﬂ;foc% :&1(();’/&5%0(% 8/ E()s SiFOS/é; é DRBE, (DY BUBEDE B5 1 0aas | 6 TBYRE 63 | DEDBYBE
"()-s () - der & 0%
$&' () -/ KLOY$&'|() - 1098&’ ( A &?Qé? %& 5 UG &
()-1098& ()-! $(/ ARSTES/ KLOYBS: ()-1@)@&5@%&%@?-0?-@% 9BOpRRY 2%@‘3 F9
/ K10"94.0794.0"% , / #1096 9@ () -(2b/ #1DBOIC, & byer / {1108 |(I7-74 | 26.17 | 26.10
6+#10% % () - TO9B& U XacH T SFOr R TOYRY& ()~ Lt 109 - 109%KY& () -
L0V ()-* " 108Kl danafodl OAKHECWed G GRRR ko) tlym W S8phad b|awe%¢satae(> |
10948 () - ! 10%<0/& ) -1 TO%KUE () - 10%<0/&() I qUSSFO/ ~ 10YKYE: (
109KIE %?I 109KIE () | 1090 () - |5V\&Tq_ 109K9%& ()-!i M SF9 10%<%& ()-!
1OYKIR () -! &SVETQ. ~LQUKUR' ( }ie 09 F
109K ()-! 10%K%&! ?)%’Wﬁ'%((% 9@%&&%‘3‘{' i p 9§‘§ SR s ()-!
109K%&' ()-! 1096PBlek) prodliBekyss ¢r)e spAatithdd Wasllewmamlp at BOWBYRAI the

NR209 10%KY&' (

25

30

) |

¢complex prep

109KY&

an- \!/ia tr?e

%ézgte(%wetholcp Aﬁ(yﬁe\%r ‘the (‘%)I/ y(a?t 2358&&%'

50% relative humidity was roughly comparable. Thus, the paste method

offers unexpected stability under adverse storage conditions, such as

commonly occur during shipping.

Hydrate Method

As discussed above, we believe that the paste method initially

produces a hydrate of the phosphate or condensed phosphate. For many

phosphate or condensed phosphate compounds, hydrates can either be

readily produced using techniques well known to those having ordinary skill

in the art, or are commercially available. Thus, we tried a hydrate method

of synthesis for
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Sodium pyrophosphate decahydrate solid (99%, Aldrich) was mixed

with 12%, 30% or 59% aqueous hydrogen peroxide solution, incubated for

10 one hour at 25°C, then vacuum dried at 25°C. The results are summarized
in Table 40. Thus, this complex can be prepared with less than 30%

hydrogen peroxide solution.

Table 40
15
Starting Compounds Complex
Na,P,0,10H,0| wt of H,0, H,0,/ Weight Composition
H,O, | conc. Na,P,0, | % H,O,
ratio
(9) (9) (%)
8.4 24.5 12 4.6 25.87 Na,P,0, 2.78H,0,
20 8.4 10.0 30 4.6 28.04 Na,P,0, -3.05H,0,
200 120 59 4.6 27.57 Na,P,0, -2.97H,0,
Synthesis of Sulfate Peroxide Complexes
We have also synthesized hydrogen peroxide complexes of sulfate
25 salts for use in connection with the sterilization methods described herein.
Examples 41 and 42 provide synthetic details for two exemplary sulfate salt
complexes.
Example 41
Liquid-Spray Synthesis of Na,SO,*1.28H,0,
30 59% aqueous hydrogen peroxide solution was sprayed onto solid

sodium sulfate (99%+, Aldrich). The mixture was incubated for 1 hour at

25°C, then vacuum dried at 25°C. The results are summarized in Table 41.
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25 Paste-Liquid Synthesis of Na,SiO,enH,0,
Solid sodium metasilicate (Na,SiO,, Aldrich) was mixed with water,

| DD! 109004 () -
09884& () - - VW[

resulting in formation of a soft paste, which was allowed to cool to room
temperature. Aqueous hydrogen peroxide solution (12%) was mixed with
the paste. The temperature during the mixing was 30-35°C. The mixture
30 was incubated for 1 hour at 25°C, then vacuum dried at 25°C. The results

are summarized in Table 43.
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Starting Compounds Complexes
Na,SiO, | wtof | wtof | H,O, | H,0,/ | Weight Composition
H,O | H,0, | conc. | Na,SiO,; | % H,0,
molar
ratio
5 (9) (9) (@ | (%)
5 5 2322 12 2.0 2474 | Na,SiO,1.18H,0,
5 5 3483 12 3.0 37.45 | Na,SiO,-2.15H,0,
5 5 4645} 12 4.0 37.64 | Na,Si0,-2.17H,0,
10 Example 44

Hydrate Synthesis of Na,Si,0,¢0.68H,0,

59% aqueous hydrogen peroxide solution was sprayed onto solid
sodium trisilicate hydrate (Na,Si,O,¢xH,O, Aldrich). The mixture was
incubated for 1 hour at 25°C, then vacuum dried at 25°C. The results are

15 summarized in Table 44.
Table 44

Starting Compounds Complex
Na,Si,O, | wt of | H,O, H,O,/ Weight % Composition
exH,0 | H,0, | conc. | Na,Si,0, H,O,
molar ratio

20 (9) @) | (%)
5 476 | 59 4.0 873 | Na,Si,0,#0.68H,0,

Thus, we have shown that hydrogen peroxide complexes of a wide

variety of inorganic salts can be produced. We believe that successful

25 release of H,O, in connection with the sterilization methods disclosed herein
can be achieved using a large number of salts of anions capable of
hydrogen bonding, such as those that include at least one oxygen and/or

nitrogen atom. See, Table 14, supra, for examples of organic complexes
and additional inorganic
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endothermic peaks were observed, indicating near total release occurred
under atmospheric pressure.

FIGURE 19 shows a DSC profite of Na,C0O,1.5H,0, at both 760 torr

5 and at 7 torr. The endothermic peak at 90-100°C is believed to be release
of H,0O under both atmospheric and vacuum conditions. The exothermic

peak at approximately 150°C under atmospheric pressure indicated mostly

H,O, decomposition. However, the exothermic peak became endothermic
followed by a small exothermic peak under vacuum conditions, indicating

10 that most H,0, was released.

FIGURE 20 shows a DSC profile of Ca,P,0,¢3.42H,0, at 760 torr.
An endothermic peak indicated near complete release of H,0, had occurred.
FIGURE 21 is a DSC profile of Mg,P,0,¢4.60H,0, at 760 torr and 7
torr. An endothermic peak followed by an exothermic peak indicated partial

15 release of H,O, occurred at atmospheric pressure, but a large endothermic
peak observed under vacuum indicated near total release under vacuum.

FIGURE 22 is a DSC profile of Na,SO,#1.28H,0, at 760 torr. An
endothermic peak indicated that near complete release had occurred under
atmospheric conditions.

20 FIGURE 23 is a DSC profile of K,SO,¢0.62H,0, at 760 torr. An
endothermic peak indicated that near complete release occurred under
atmospheric conditions.

FIGURE 24 is a DSC profile of Na,SiO,*2.15H,0, at 760 torr, 1 torr
and 0.5 torr. Exothermic peaks under atmospheric and reduced pressure

25 indicated that most of the H,0, had decomposed under these conditions.

FIGURE 25 is a DSC profile of Na,Si,0,20.68H,0, at 760 torr. An
exothermic peak indicated that most of the H,O, had decomposed under
atmospheric pressure.

Table 45 below summarizes the thermal behavior of peroxide

30 complexes in DSC studies.
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for different time periods. The sterility test results are summarized in Table
25 46A.
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blade having 1.34 x 10° B. subtilis var. niger spores on its surface was

2 grams of K,C,0,H,0,

complex powder (containing 14.21% wt of H,0O,) was placed in another petri

UAW -

)-[?v

placed in a sterile petri dish (60 x 15 mm).

20 dish. Both dishes were inserted together into a 100 x 250 mm pouch
formed of MYLAR™MYLAR™. The pouch was sealed and exposed to
40°C (in an incubator) and 60°C (in an oven) for different time periods. The
sterility test results are summarized in Table 46B.

25 Table 46B

Exposure Exposure Time (positives/samples)
Temperature
8h 16h 24h 48h 72h
30
40°C N/A N/A + + -
60°C + - - - -

35
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Example 46C

Sterilization using Na,CO,-1.5H,0, peroxide complex

(1 atm and low temperature)

A self-sterilizing pouch was assembled as follows: A stainless steel
blade having 1.34 x 10° B. subtilis var. niger spores on its surface was
placed in a sterile petri dish (60 x 15 mm). 2 grams of Na,CO,1.5H,0,
complex powder (containing 27.78% wt of H,0,, Fluka) was placed in
another petri dish. Both dishes were inserted together into a 100 x 250 mm
pouch formed of MYLAR ™/MYLAR™. The pouch was sealed and exposed
to 60°C (in an oven) for different time periods. The sterility test results are
summarized in Table 46C.

Table 46C
Exposure Exposure Time (positives/samples)
Temperature
24h 48h 72h
60°C + - .
Example 47

Sterilization using Na,P,0,:3H,0, peroxide complex
(1 atm and elevated complex heating temperature)

Na,P,0, 3H,0, (wt % = 27%) was used in the sterilization apparatus
shown in FIGURE 8. The sterilization parameters were as follows: size of
chamber = 6.25" x 6.25" x 7" (4.5 liters); temperature of chamber = 40°C;
pressure of chamber = 760 torr; heating temperature = 175-180°C. B.
stearothermophilus (1.5 x 10%/scalpel blade) was used as the inoculant. The
results are summarized in Tables 47A and 47B. As evidenced by Table
47A, complete sterilization of the scalpel blades located two inches above
the heating apparatus was achieved with just 0.01 g of the complex. In
contrast,
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* : Cycle Time = Heating time (min.}/total exposure time {min.)
Table 47B
Sterility results (positives/samples)
with samples located on the bottom of the chamber
Wt. of Complex 2/10 cycle* 2115 cycle 2/30 cycle
15 00g 212 2{2 212
0.1¢ 212 22 2/2
0.2 ¢ 112 12 112
039 0/2 0/12 012
05¢g 0/2 0/2 0/2
20
* : Cycle Time = Heating time (min.)/total exposure time (min.)
Example 48
Sterilization using K,C,0,H,0, peroxide complex
(1 atm and elevated complex heating emperature)
25 K,C,0,H,0, (wt % = 16.3%) was used in the sterilization apparatus

shown in FIGURE 8. The sterilization parameters were as outlined in
Example 47, with the exception that the heating temperature was 155-
160°C. In this experiment, inoculated scalpel blades were placed only
above the heating plate. The results are summarized in Table 48.
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With the potassium oxalate complex, complete sterilization occurred
using 0.01 g with 30 minutes exposure. Complete sterilization was seen
with 0.03 g of the complex in all three cycles.

15 In summary, H,0, can be released from the complex at a pressure
of one atmosphere and at room temperature. This release can be facilitated
with elevated temperature and reduced pressure.

System for Release of Vapor from Hydrogen Peroxide Complexes

The apparatus discussed above in connection with FIGURES 7A and

20 7B can be used in a system for the release of hydrogen peroxide vapor from
hydrogen peroxide complexes. Such an apparatus can be used in
connection with peroxide complexes formed into disks. Nevertheless, we
have found that vapor can be more thoroughly and efficiently released when
used in powdered form. Powder can be placed into the apparatus using the

25 same mechanism described above in connection with FIGURES 7A and 7B.
However, another method of introduction of powder is accomplished by
initially applying the powder to a high temperature adhesive tape. For
example, the 3M Corporation manufactures high temperature tape 9469
which makes use of their adhesive A10. The powder can be dusted onto

30 the adhesive and the tape introduced into the chamber for release of

hydrogen peroxide vapor. Another exemplary
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WE CLAIM:
1. A paste method of making an inorganic salt-hydrogen peroxide
complex, comprising the following steps:
(a) mixing said salt with sufficient water for a time sufficient to
form a soft paste;
(b) mixing said paste with an agueous hydrogen peroxide
solution to form a hydrogen peroxide-coniaining pasie; and
(c) drying said hydrogen peroxide-containing paste.
2. The method of Claim 1, wherein said salt is 2 phosphate or
condensed phosphate salt.
3. The method of Claim 2, wherein said salt is a phosphate or
condensed phosphate salt of sodium, potassium, calcium, or magnesium.
4, The method of Claim 3, wherein said salt-hydrogen peroxide
complex is a complex of Na,P,0O,.
5. The method of Claim 4, wherein said Na,P,0O, is complexed
with two or more molecules of H,0,.
6. The method of Claim 5, wherein said complex is
Na,P,0,°3H,0,.
7. The method of Claim 3, wherein said salt-hydrogen peroxide
complex is a complex of K,PO,.
8. The method of Claim 7, wherein said K,PO, is complexed with
two or more molecules of H,0..
9. The method of Claim 8, wherein said complex is K;PO,*3H,0,.
10. The method of Claim 1, wherein said salt is a silicate salt.
11.  The method of Claim 10, wherein said salt is a silicate salt of
sodium.
12.  The method of Claim 11, wherein said salt-hydrogen peroxide
complex is a completx of Na,SiO,.
13.  The method of Claim 12, wherein said Na_SiO, is complexed
with one or more molecules of H,0,.
14. The method of Claim 1, wherein said aqueous hydrogen
peroxide solution has a concentration of between aboul 12 and about 80

percent.
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15.  The method of Claim 1, wherein said drying step comprises

vacuum drying.

16.  The method of Claim 1, wherein said drying step comprises

oven drying.



