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This application is a continuation-in-part of U.S. patent application Serial
No. 08/369,786, filed January 8, 1995, which is a eontunuahon-ln-pan of Serial
No. 08/234,738, filed April 28, 1994.

Background of the invention

This invention relates to an apparatus and process for using hydrogen
peroxide vapor to sterilize articles such as medical instruments, and more
particularly to the use of an inorganic hydrogen peroxide eompléx for such a
process. :
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 fofmaldehyde or ethylene
oxide in the gas or vapor state. Each of these methods has drawbacks. Many
medical devicés. such as fiber optic devices, endosoopes. 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 from articles that have been sterilized. This makes the
sterilization cycle time undesirabiy long. In addition, both formaldehyde and
ethylene oxide require the presence of a substahtial 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 with a variety of other chemicals in the gas
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‘oxide in the gas or vapor state. Each of these nethods has drawbacks. Many
pEdicaI devi ces, such as fiber optic devices, endoscopes, power tools, etc.
}are sensitive to heat, noisture, or both. Formal dehyde and et hyl ene oxi de
-are both toxic gases that pose a potential hazard to healthcare workers.
‘Préblent with 20 et hyl ene oxi de are partlcularly severe, because its
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I n addition, boTableotal dehyde and et hyl ene OXIde require the presence of a
substantial.anDunt of noisture in the system Thus, devices to be

sterilized nust be hunidified before the chenlcal 25 IS introduced or
‘'t he chem cal and noi sture must be introduc | taneously. Misture plays
arole inssterilization with a variety of chemi cals in the gas
Relative Humidity Requirements Literature
~ Ethylene oxide . 25-50% 1
10 Propylene oxide 25-50% 1
Ozone 75-80% 2
Formalkiehyde >75% 1
Glutaraldehyde 80-90% 3
' Chiorine dioxide 60-80% 4
15 Methy! bromide 40-70% 1
B-Propiolactone >75% 1
Peracetic acid 40-80% S

20 1. Bruch, C. W. Gaseous Sterilization, Ann. Rev. Microbiology 15:245-262
(1961). :
2. Janssen, D. W. and Schneider, P.M. Overvnew of Ethylene Oxide
Alternative Sterilization Technologies, Zentralsterilisation 1:16-32 (1993).
3. Bovallius, A. and Anas, P. Surface-Decontaminating Action of
Giutaraldehyde in the Gas-Aerosol Phase. Applied and Environmental
25 Microbiology, 128-134 (Aug. 1977).
4. Knapp, J. E. et al. Chiorine Dioxide As a Gaseous Sterilant, Medical
Device & Diagnostic industry, 48-51 (Sept. 1886).
5. Portner, D.M. and Hoffman, R.K. Sporicidal Effect of Peracetic Acid
a0 Vapor, Applied Microbiology 16:1782-1785 (1968).

Sterilization using hydrogen peroxide vapor has been shown to have

some advantages over other chemical sterilization processes (see, e.g., U.S.

Pat. Nos. 4,169,123 and 4,169,124), and the combination of hydrogen peroxide

35  with a plasma provides additional advantages, as disclosed in U.S. Pat.

4,643,876. Inthese disclosufes 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

40 phase to be effective or to exhibit its maximum sporicidal activity. However, the
//.
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= 2- or vapor state, In addition to ethylene oxide and forml dehyde, as

shown in Table 1. Table | Relative Hum dity Requirenents Literature
Cheni cal for Optimal Efficacy Ref er ence Et hyl ene oxi de
25-50% { 110 Propyl ene oxi de - 25-50%

2L Gzone’ 75-90% 2 For mal dehyde

>75% 1 d utral dehyde 80-90%

3 Chlorine di oxuge ofaq7ueous sofutidfscof hydrogen peroxlde togederh’ﬁe hydrdgér peroxide
brom de - 0% err]' | ol act one

>75% vapor for sterilization may cause problems pressures. such as

atmosp!_\enc pressure, excess water in the system can cause condensation. -
Thus, one must reduce the relative humidity in a sterilization enciosure before
5 inroducing the aqueous hydrogen peroxide vapor.

The sterilization of articles containing diffusion-restricted areas, such as
long narrow lumens, presents a special challenge for hydrogen peroxide vapor
that has been generated from an aqueous solution of hydrogen peroxide,
because:

10 1.  Water has a higher vapor pressure than hydrogen peroxide and
will vaporize faster than hydrogen peroxide from an aqueous solution.

2. Water has a lower molecular weight than hydrogen peroxide and
will diffuse faster than hydrogen peroxide in the vapor state.

Because of this, when an aqueous solution of hydrogen peroxide is

15 vaporized, the water reaches the items to be sterilized first and in higher
' concentration. The water vapor therefore becomes a barrier to the penetration

of hydrogen peroxide vapor into diffusion restricted areas, such as small
crevices and long narrow lumens. One cannot solve the problem by removing

water from the aqueous solution and using more concentrated hydrogen

20 peroxide, since concentrated solutions of hydrogen peroxide, i.e., greater than
65% by weight, can be hazardous, due to the oxidizing nature of the solution.

U.S. Patents 4,642,165 and 4,744,851 attempt to solve this problem.
The former discloses metering small increments of a hydrogen peroxide
solution onto a heated surface to ensure that each increment is vaporized

25 before the next increment is added. Although this helps to eliminate the

| " difference in the vapor pressure and volatility between hydrogen peroxide and
water, It does not address the fact that water diffuses faster than hydrogen
peroxide in the vapor state. |

The latter patent describes a process for concentrating hydrogen

30 peroxide from a relatively dilute solution of hydrogen peroxide and water and
supplying the concentrated hydrogen peroxide in vapor form to a sterilization
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preéféfredyidngedor the concentratéd hydrogeh petoxide solitior is/50% to 80%
by weight. This process has the disadvantage of working with solutions that
are in the hazardous range; i.e., greater than 65% hydrogen peroxide, and also
does not remove all of the water from the vapor state. Since water is still
present in the solution, it will vaporize first, diffuse faster, and reach the items
to be sterilized first. This effect will be especially pronounced in long narrow
lumens.

~ U.S. Pat. 4,943 414 discioses a process in which a vessel containing a
small amount of a vaporizable liquid sterilant solution is attached to a lumen,

and the sterilant vaporizes and flows directly into the lumen of the article as the

15

20

25

30

pressure is reduced during the sterilization cycle. This system has the
advantage that the water and hydrogen peroxide vapor are pulled through the
lumen by the pressure differential that exists, increasing the sterilization rate for
lumens, but it has the disadvantage that the vessel needs to be attached to
each lumen to be sterilized. In addition, water is vaporized faster and precedes
the hydrogen peroxide vapor into the lumen.

U.S. Pat. No. 5,008,108 discloses that a substantially anhydrous
complex of PVP and H,0, is useful for reducing the microbial content of
surfaces. The complex, in the form of a fine white powder, is used to form
antimicrobial solutions, gels, ointments, etc. It can also be applied to gauze,
cofton swabs, sponges and the like. The H,0, is released upon contact with
water present on the surfaces containing the microbes. Thus, this method too
requires the presence of moisture to effect sterilization. |

Certain inorganic hydrogen peroxide complexes have been reported
including examples within the following classes: alkali metal and ammonium
carbonates, alkali metal oxalates, akali metal phosphates, alkali metal

- pyrophosphates, fluorides and hydroxides. U.S.S.R. patent document No. SU

1681860 (Nikolskaya et hl.) discloses that surfaces can be decontaminated,
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" some advant ages over other chenmical sterilization processes (see, e.g.,
_U S Pat Nos. 4,169, 123 and 4, 169, 124), and the conbi nati on of hydrogen
* peroxi de 35 with a plasma provides additional advantages, as disclosed
in US, Pat. 4,643, 876. {In these disclosures the hydrogen peroxide vapor is
-gener at ed fron1an aqueous sol ution of hydrogen perOX|de whi ch ensures that

:Eg;: IsamnTngsiggﬁl Tgﬁenﬁg!h that ol st re I'S reqU| re??g‘a’ﬁ%dw%%%

per oxi de in f[héNHaEﬂrI,OJ Howaver,t othis: dndnganic, c peroxide c>domplexi tprovndes
v ogen per o AREOREbHtan oaR) Wi, 1€ very, nagmoW Serfpefiiie Fangs iof 188" ﬁay
cause probl ens Evgh hltﬁhem@i'ﬁifé”d&orﬂ&?ﬁha’h‘bn times were quite long, requiring at .
5 least two hours. Additionally, it is known that ammonium fluoride decomposes
to ammonia and hydrofluoric acid at temperatures above 40°C. Due to its |
toxicity and reactivity, hydrofluoric acid is undesirable in most sterilization
systems. Moreover, Nikoiskaya et al. disclose that despite the release of 90%
of its hydrogen peroxide at 60°C, NH,FeH,0, is ineffective at decontamination
10 of surfaces at this temperature. Thus, it appears that a factor other than
hydrogen peroxide is responsible for the decontamination noted.

Hydrogen peroxide is capable of forming complexes with- both organic
and inorganic compounds. The binding in these complexes is attributed to
hydrogen bonding between electron rich functional groups in the complexing

15 compound and the peroxide hydrogen. The complexes have been used in
commercial and industrial applications such as bleaching agents, disinfectants,
sterilizing agents, oxidizing reagents in organic synthesis, and eatalysts for free-
radical-induced polymerization reactions.

Generally, these types of compounds have been prepared by the

20 crystaliization 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
solution of hydrogen peroxide and allowing the complex to crystallize under the
proper conditions. U.S. Pat. No. 2,988,448 describes the preparation of sodium

25 carbonate hydrogen peroxide complex by treating a saturated aqueous solution
of Na,CO, with a solution of 50 to 90% H,O, in a closed cyclic system at 0 to
§°C for 4 to 12 hours. More recently, U.S. Pat. No. 3,870,783 discloses the
preparation of sodium carbonate hydrogen peroxide complex by reacting
aqueous solutions of hydrogen peroxide and sodium carbonate in a batch or

30 continuous crystallizer. The crystals are separated by filtration or centrifugation
and the liquors used to produce more sodium carbonate solution. Titova et al.
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-at nospheri c pressure, excess water in the system can cause condensati on.
Thus, one nust reduce the relative humdity in a sterilization enclosure

sbefore 5 i ntroduci ng the aqueous hydrogen peroxi de vapor. The
sterlllzatlon of articleg containing diffusion-restricted areas, such as
Iong narrow | unens, presents a special challenge for hydrogen perOX|de
“vapor that has been generated from an agueous sol uti on of hydrogen

per oxi de, becauf&hurngl 1986)c deseribe ﬂ'ﬁesﬂmﬂ!e&laanf
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per oxi de_and wi phtabsiinScarbaRAte withcen lacgiens Teolation iofehydiogéIr percte sk liow

Because of this, when an ?éueous sol ution of hydrogen peroxide is 15

vapori zed, the temperature csystallization sif-the complex from gthanah These
concent ragi on.  fhgnugl ok AW M&Wm thétfornCitable, t&'ﬁstalllne free-

penet rati on
flowing products from aqueous solution.
U.S. Pat. Nos. 3,376,110 and 3,480,557 disclose the preparation of a
complex of hydrogen peroxide with a polymeric N-vinylheterocyclic compound
. (PVP) from aqueous solution. The resultant complexes contained variable

10 amounts of hydrogen peroxide and substantial amounts of water. U.S. Pat. No.
5,008,093 teaches that free-flowing, stable, substantially anhydrous complexes
of PVP and H,0, could be obtained by reacting a suspension of PVP and a

~solution of H,O, in an anhydrous organic solvent like ethyl acetate. More
recently, U.S. Pat. No. 5,077,047 describes a commercial process for producing

15 the PVP-hydrogen peroxide product by adding finely divided droplets of a 30%
to 80% by weight aqueous solution of hydrogen peroxide to a fluidized bed of
PVP maintained 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%.

20 U.S. Pat. No. 5,030,380 describes the preparation of a solid polymeric-

' 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.

25 All of these prevnous methods of preparing hydrogen peroxide compiexes
use solutions of hydrogen peroxide. Either the complex is formed in a solution
containing hydrogen peroxide or droplets of a hydrogen peroxide solution are
sprayed onto a fluidized bed of the reactant material.

Vapor phase and gas phase reactions are well known synthesis

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

' for dehydrogenation, thermal cracking, and demethanation. Fujimoto et al. (J.

6
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of hydrogen peroxide vapor into diffusion restricted areas, such as snall
crevices and |long narrow | unens. One cannot solve the probl em by renoving
wat er from the aqueous sol ution and using nore concentrated hydrogen 20
perOX|de since concentrated sol utions of hydrogen peroxide, i.e., greater
than 6596by wei ght, can be hazardous, due to the oxidizing nature of the

oo feEn” Tﬁlesf pfﬁq%%%si n%iiavlzéér oo sasimac 3 hwesconess covbgivaton o
Vaporizea 25 Tsiafor PR of Bl GfpL EnBRY. 8517020227 (1990 Wslnsen e

el imnate the di fémicoflsiymhe vapor witlhe & sqaare plannartorgahgplatinune complex.

hydr ogen peroxi de_ and ter, it does not address the f ct that water

6l 11uses faster THER® L Yaperoad Ge Rewes® (ot used 1o
patent deseribes po"a% “W gié* hydrogen 30 peroxi de from
a relatlvePy dilu g@ﬁ on o ydrogen proxi de and water and

Summary of the Invention

One aspect of the present invention relates to an apparatus for hydrogen
peroxide sterilization of an article. This apparatus includes a container for

holding the articie to be sterilized at a pressure of less than 50 torr. Preferably,

10 the pressure is less than 20 torr, and more preferably less than 10 torr. The
apparatus also includes a source of hydrogen peroxide vapor in fluid
communication with the container. The source includes an inorganic hydrogen

peroxide complex at a temperature greater than 86°C, and is configured so that

the peroxide vapor can contact the article to effect sterilization. The source can

15 be located within the container, or altematively, the apparatus can include an
enclosure disposed outside of the container in which the complex is located,

and an inlet providing fluid communication betweeen the container and the
enclosure, such that vapor released from the complex travels along the inlet

and into the container to effect sterilization. The inorganic hydrogen peroxide

20 complex can be a complex of sodium carbonate, potassium pyrophosphate or
potassium oxalate. Preferably, the apparatus, also includes a heater located

" within the container, whereby the complex is blaoed on the heater and heated

to facilitate the release of the vapor from the complex. Such a heater can be

heated prior to contacting with the complex. The apparatus can also include

25 - avacuum pump in fluid communication with the container for evacuating the
container. in some embodiments, the apparatus includes an electrode
adapated to generate a plasma around the article. Such an electrode can be

inside the container, or can be spaced apart from the container and adapated

‘to flow plasma generated thereby towards and around the article. In a

30 preferred embodiment, the complex is in a solid phase.

-7- .
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“suppl yi ng the.éoncentrated hydr ogen peroxide in vapor formto a

sterilization

4- chanber. The process involves vaporizing a major

“portion of the water fromthe solution and renoving the water vapor
produced before injectirg the concentrated hydrogen peroxide vapor into the
;sterilization chanber. The preferred range for the concentrated hydrogen
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i.e., greater tphqbxide’vaper ststiizaton ofden atticie?! misdmawtinaeaeyq:laéahg%e
the water fromthe vapor state. Since water is still present in

sol ution, it waricieainte & containar, and contacting ithe, article withca me@mmudee
sterilized Tirjanldi raieilsed froml ah iRSigBRRydYogén PEraRiie" Emplex BY hetingtite
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complex at a rate of at least 5°C/minute to contact and sterilize the article.
Preferably, the heating rate is at least 10°C/minute, more preferably, at least
50°C/minute, and still more preferably at least 1000°C/minute. The complex
preferably has less than 10% water. The complex can be heated, preferably
to a temperature greater than 86°C to facilitate the release of the vapor from
the complex. The container can be evacuated before introducing the vapor into
the container at a pressure of less than 50 torr, more preferably less than 20
torr, and still more preferably less than 10 torr. Optionally, a plasma can be
generated around the article after introducing the vapor into the container. The
plasma can be generated either inside or outside of the container. The present
invention also includes a method for hydrogen peroxide vapor sterilization of
an article in which the inorganic hydrogen peroxide complex used is one which
does not decompose to release a hydrohalic acid.

Yet another aspect of the present invention relates to a method for
hydrogen peroxide sterilization of an article using a self-éterilizing enclosure.
In this method, the article is placed in a enclosure containing an inorganic
hydrogen peroxide complex, the enciosure is sealed, and the enclosure aliowed
to stand at a temperature below 70°C for a time sufficient to release hydrogen
peroxide vapor from the complex and effect sterilization of the article. Although
not necessary, the enclosure can be allowed to stand at a pressure less than
atmospheric pressure or at a temperature above room temperature (23°C).
Thus, the enclosure can be allowed to stand at a temperature below about

40°C. Any of a variety of enclosures can be used, e.g. a pouch, a container,

a chamber or a room. Preferably, the hydrogen peroxide complex is in the
form of a powder or tablet. The sealing step can include sealing the enclosure
with a gas permeable material, such as TYVEK™, CSR wrap, or paper.

-8-
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10 |l umens. U.S. Pat. 4,943,414 discloses a process in which a vessel
containing a small amunt of a vaporizable liquid sterilant solution is
‘attached to a lumen, and the sterilant vaporizes and flows directly into
the lumen of the articleas the pressure is reduced during the
&terlllzatlon cycle. This system has the 15 advant age that the water

“and hydr ogen peroxi de_vapor are puILed ro the lunen by the pressure
differential that exi B H&%(égpﬁ 2isealed, enclosure santaining @

to be sterili sediote- Bodit *aﬁm hofgarlc Hdsbien padxds) “Compiehe Capabi o
hydr ogen per oxi deleasing hiydrogennhpetoxidevapor U.S. Pat No. 5,008,108
L sel 0ses Lt 2 ol i e iSRS o8 i & o RSP propfiosehate
o ntnent o5 et c. dregeR geRiide o 0 O TS, M eronial solutions. gels,

A further aspect of the invention relates to a method for hydrogen
peroxide sterilization of an article having an exterior and a narrow lumen
therein. This method involves connecting a vessel containing an inorganic
peroxide complex to the iumen of the article, placing the article within a

10 container, whereby the vessel remains connected to the lumen, reducing the
pressure within the container, and contacting the lumen of the article with
hydrogen peroxide vapor released from the inorganic peroxide complex at a
temperature less than 70°C.

Brief Descripti f the Drawi

15 FIGURE 1 is a schematic of a vapor sterilization apparatus of the
present invention.

FIGURE 2 is a schematic of a vapor sterilization apparatus of the
present invention which includes an electrode which is optionally used to
generate plasma. '

20 FIGURE 3A is a schematic of a device which can be used for heating
peroxide complexes.

FIGURE 3B is a schematic of a preferred container for holding the
peroxide source for sterilization according to the present invention.

FIGURE 4 is a graph depicting the release of hydrogen peroxide vapor

25 from a vacuum unstable non-aqueous hydrogen peroxide complex. |

FIGURE 5 is a schematic of a pressure control system of a differential
scanning calorimeter (DSC) used to determine hydrogen peroxide release or
decomposition properties of inorganic peroxide complexes according to the
present invention. '

30 .FIGURE 6 is a graph showing the effect of pressure on hydrogen

' peroxide release from potassium oxalate peroxide complex.

-9-
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totton swabs, sponges and the like. The Herr]O[err] is released upon
contact with 25 water present on the surfaces containing the mcrobes.
Thus, this nethod too requires the presence of noisture to effect
Sterilization. Certain igporganic hydrogen peroxide conpl exes have ‘been
reported I ncl udi ng exanples wthin the follow ng classes: alkali netal and
ammoni um car bonat es, al kali metal oxal ates, alkali metal phosphates, alkali
nmetal 30 pyrophommnfiﬂwmrwem&rmm fodirfje&ing persidéivapor
docunent No. SU 1681860 (N kol skaya et al.) discloses that surfaces can be
decont ami nat ed, into 1@‘@%6\%@“@%&@%&“@%@5““% before igjestion ofthe

fluoride peroxoﬁgﬁsﬂ %err] F[er(rj] Herr]O[err]). However, this
i norganic pero co provi des :
FIGURE 7B is a schematic view of the bellows of FIGURE 7A showing
5 aheabdplateinoontactmmaperoxrdecomplexdunngmjechon

Hydrogen peroxnde sterilizers that have been used in the past invariably
used an aqueous solution of hydrogen peroxide as their source of sterilant.
These sterilizers have disadvantages caused by the presence of water in the
10 system. At higher pressure, such as atmospheric pressure, the excess water
in the system can cause condensation. This requires that an extra step be
~ performed to reduce the relative humidity of the atmosphere in an enclosure to
be sterilized to an acceptable level before the aqueous hydrogen peroxide
vapor is introduced. These sterilizers also have drawbacks caused by the facts
15  that water, having a higher vapor pressure, vaporizes more quickly than
hydrogen peroxide from an aqueous ‘solution; and water, having a lower
molecular weight, diffuses faster than hydrogen peroxide. When a medical
device or the like is enclosed in a sterilizer, the initial sterilant that reaches the
device from the hydrogen peroxide source is diluted in comparison to the
20 concentration of the source. The dilute sterilant can be a barrier to sterilant
that arrives later, particularly if the device being sterilized is an article, such as
an endoscope, that has narrow lumens. Using a concentrated solution of
hydrogen peroxide as the source in an attempt to overcome these drawbacks

is unsatisfactory, because such solutions are hazardous.
25 in the present invention; the shortcomings of hydrogen peroxide
- sterilizers of the prior art are overcome by using a substantially non-aqueous
(i.e., substantially anhydrous) source of hydrogen peroxide which releases a
substantially non-aqueous hydrogen peroxide vapor. In a preferred
embodiment, the substantially non-aqueous hydrogen peroxide vapor is
30 produced directly from a substantially nonaqueous hydrogen peroxide complex.
However, the substantially non-aqueous hydrogen peroxide vapor can aiso be

eet Has Been RTlaced -10-
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decontam nation only within the very narrow tenperature range of
70-86[err]C. Even within this range, decontam nation tines were quite |ong,
Yequiring at 5 | east two hours. Additionally, it is known that ammoni um
fl ugri de, deconposes to anmoni a and hydrof] uoric acid.at t enperat ures above
40[err]C Due to its toxicity and reactivity, hydrofluoric acid is

e oet bt " @erated rob Al ibe3yis 3 Role V6 h arbbkBH oG fborzation

60[ err] C, NH[ er rtbfriemiovie Water] SUch ab uridervaiclant.| Thus! wiere ahcaguetiusohydidgen

of surfaces at this tenperature. Thus, it appears that a factor other than
hydr ogen per oxi dﬁmm vspd,; the aqueaus complex, can: de. cppm@génto a

Comounds, - The. Arubasell" fork ot Hiiodin Befigide SoRes VIS caRWARTLG the

bet ween el&ct rorpl'ooeh fnlrthelpreséntglmenﬁon n Prieferably,|thei sybstantially nonaguedus

?Rgu;{];ai gfar g.)[;lpflﬁ i;dr ogen. ThE %I exes have, b@dﬁ:md MOM %vgerand
preferably no more than about 10% water, still more preferably no more than
about 5% water, and most preferably no more than about 2% water.

As is apparent from the preferred percentages of water in the

10 substaritially non-aqueous hydrogen peroxide complexes used in the present
invention, as provided above, the most preferred hydrogen peroxide complex
and the peroxide vapor generated there_from are substantially water-free.
Nevertheless, as is also apparent from these figures, some water can be
present in the system. Some of this water may derive from the decomposition

15 of hydrogen peroxide to form water and oxygen as byproducts and some
hydrogen binding of this water to the complex can occur.

The effect of water was measured in a series of tests, with a sterilization
chamber maintained at various relative humidities. Test conditions were those
described in Example 1, below, with spores supported on stainless steel (SS)

20 blades in 3mm x 50cm stainless steel lumens. As shown in Table 2, under the
test conditions, 5% relative humidity has no effect on efficacy but 10% relative
humidity decreases the sterilization rate. This example shows that small
amounts of moisture can be allowed in the system with the hydrogen peroxide
generated from the non-aqueous peroxide complex and the presence of water

25 in the system can be overcome by increasing the exposure time.

-
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*sterilizing agents, oxidizing reagents in organic synthesis, and catal ysts
for free- radical-induced polynerization reactions. Cenerally, these types
«of conmpounds have been prepared by the 20 crystallization of the
‘conpl ex from an aqueous [sol ution. For exanple, urea.hydrogen peroxide
conpl ex'was prepared by Lu et al. (J. Am Chei. Soc. 63(1):1507-1513
(1941)) in the liquid phase by adding a solution of urea to a solution of
hydr ogen peroxi de and allow ng the conpl exlable@ ystallize under the proper

condi ti ons.

U.S. Pat. No. 2,986, 448 describes the preparati on of sodi um 25

carbonat e hydrogen peroxi de cB xoffjelative Hurgidityson Eficaey aqueous
solution of Na[err]COerr] wt® thMianmfxmm@&DIlmrr] Jerr] in a
cl osed cyillc systemat 0 to 5[err]Cfor 4 to 12 hours Nbre recently, U.S.

Pat No.

3,870, 7Riftusion Times t he prepar at 8¢

per oxi de conplex by reacting aqueous solutfons of hydrogen pefox{de and
sodi um carbonate in a batch or 30 cof¥RM ous CMEI lizer. Thi0%RH!t al s

are separated by fittation or centrifugOi on

10

15

20

25

10 . - on
15 o3
30 - o3

8888
8888

A primary criterion for the composition of the hydrogen peroxide source
is the relationship between its stability and hydrogen peroxide evaporation rate
as a function of temperature and pressure. Depending on the parameters of
the sterilization process—e.g. pressure, temperature, etc.—a higher or lower
peroxide evaporation rate may be preferred, and heating the peroxide source
may or may. not be required. The need for heating of the peroxide complex
depends on the vapor pressure of the complex. Some peroxide complexes
have a sufficiently high vapor pressure that a significant amount of hydrogen
peroxide vapof can be released without heating the complex. In general,
heating the complex increases the vapor pressure of hydrogen peroxide and
accelerates the release of peroxide from the cpmplex.

To provide a desirably high evaporation rate, the source should
preferably have a large surface area. Thus the source may be a fine powder
or a coating on a material that has a large surface area. Of course, safety,
availability, and cost of the material are also important criteria. The release of
hydrogen peroxide from hydrogen peroxide complexes with urea,
polyvinyipyrrolidone, nylon-8, glycine anhydride, and 1,3 dimethyl urea were
evaluated. The complexes of hydrogen peroxide with urea,
polyvinylpyrrolidone, nyion-8, and glycine anhydride are solids. The 1,3
dimethyl urea peroxide complex is a liquid. The glycine anhydride hydrogen

~ peroxide complex is a less stable complex under reduced pressure than the

I —
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and the liquors used to produce nore sodi um carbonate solution. Titova et
al . - 6- (Zhumal Neorg. Khim, 30:2222-2227, 1985) describe the

Synt hesi s of potassi um carbonate peroxyhydrate

(Klerr] Cderr].3Herr]¢rr]) by reactian of solid potassium carbonate W th
ah aqueous sol ution of hydrogen peroxide at |ow tenperature foll owed by
trystal lization of the conplex fromethanol. These 5 nmet hods work wel |

‘for peroxide cootherxcomplexes: ®valuated, -andrundex| vaeuum: eonditions; rmost efuthes

or opar at on of TRt Peripid e Be miekgén 9nf Hie Sofitiex Jitibu 18 Hedd Yor
N-vi nyl het er ocy aldditionahesating.( PVP) from aqueous sol ution. The resultant

conpl exes cont ai ned varlable
Urea hydrogen peroxide complex is available in tablet form from Fluka

S Chemical Corp., Ronkonkoma, NY and in powder form from Aldrich Chemical
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.

10 The polyvinyipyrrolidone-hydrogen peroxide complex (PVP-H,0,) canbe
prepared by the method disclosed in international Application Pub. No. WO
82/17158. Alternatively, the complexes with PVP, with nylon-8, with 1,3
dimethylurea and with glycine anhydride, as well as with other organic and
inorganic compounds can be prepared by the method disclosed in detail below.

15 Achieving suitable evaporation rates of anhydrous peroxide vapor from
the source may be facilitated by elevated temperatures and/or reduced
pressure. Thus, a heater for the peroxide source and/or a vacuum pump fo
evacuate the sterilization chamber are preferably a part of the sterilizer.
Preferably, the source is covered with a layer of gas permeable material, such

20 as TYVEK™ nonwoven polyethylene fabric, nonwoven polypropylene such as
SPUNGUARD™, or similar material, which permits the peroxide vapor to pass
but not the peroxide complexing material. Perforated aluminum or other
suitable perforated material could also be used as a cover.

FIGURE 3A shiows a device 80 that can be used to measure release of

25 hydrogen peroxide from hydrogen peroxlde complexes under various

* temperature conditions. In this device, an aluminum pan 80 is covered with a
gas permeable layer 92, such as a layer of medical grade TYVEK™. The pan
90 is placed on top of a heating pad 94 which is placed in a pyrex pan 96. A
thermocouple thermometer 88 is placed on the outside of the pan 90
30 approximately 1 cm from the bottom thereof.

This Sheet Has Been Repl -13- .
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‘10 anounts of hydrogen peroxide and substantial anmounts of water. U S
Pat. No. 5,008,093 teaches that free-flowi ng, stable, substantially
°anhydrous conpl exes of PVP and Herr]Jerr] could be obtained by reacting a
'suspensi on of PVP and a ¢olution of ‘Herr]Jerr] in an anhydrous organic
§0I vent ‘like ethyl acetate. Mre recently, U S. Pat No. 5,077,047 describes
*a commercial process for producing 15 t he PVP-hydrogen peroxi de product

by adding finely diviad Mﬁgﬂ%ﬁé “%PW strated
sol ution of hydrogen p@rom etoartlu 3&0 t) d of mal nt ai ne?ﬁ'a in

t enper at ure of EIGURESB) Tiee contaiher98:comprises ametal plate mnsef.@.tmulalmnimm

st abl e, subst ant| dr.pus r ee ow n r W,th h dr ogen

per ox! de. concenP 1Wany 'eﬁeﬁ%ﬁﬁf%ﬁ‘%ﬁg@% @@m@a'e&

descri bes the P At ﬂ%mmwb& e and%bme
|

hydr ogen per oxi de b f| r st form ng a Wx I N aqueous sol
drying th reacnmmmmmmm roxide compiex Mdireoﬂyenndgq

temperature to gk digq!eABmatRaly. 43 drdar 8 priide even heating of all the peroxide
compiex, the 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 surface area and even heating of the complex when larger
10 amounts of peroxide complex are being used. The peroxide complex, or the
" screen or screens 102, 104, are then covered with a gas permeable layer 106,
such as a layer of medical grade TYVEK™ or SPUNGUARD™, so that the
hydrogen peroxide released from the complex passes through the covering 106
before diffusing into the rest of the chamber. A perforated aluminum plate 108
15 is optionally placed on top of the TYVEK™ or SPUNGUARD™ layer 106 to
provide pressure to keep the complex in contact with the heated plate 100 and
to ensure even heating of the peroxide complex.
The device just described provides even heating of the complex, which
results in an increased amount of hydrogen peroxide vapor being released from
20 ‘the peroxide complex.
FIGURE 1 depicts a schematic of a hydrogen peroxide vapor sterilization
apparatus of the present invention. Chamber 10 holds an article 12 which is
to be sterilized and which, for convenience, is placed on shelf 14. Door 16
provides access to the interior of chamber 10. A non-aqueous source of
25 - hydrogen peroxide 18 is depicted on optional heater 20, which is controlied by
" temperature 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 also be accomplished at atmospheric: préssure.
_ The container that holds the articles to be sterilized can be a
30 conventional sterilization chamber, which is evacuated, or it can be a container

(or a room) at atmospheric pressure.
S et
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" product 25 Al'l of these previous nethods of preparing hydrogen
per oxi de conpl exes use sol utions of hydrogen peroxide. Either the conplex
s formed in a solution containing hydrogen peroxide or droplets of a
“hydrogen peroxide solutifon are sprayed onto a fluidjzed bed of the reactant
_Jraterial. Vapor phase and gas phase reactions are well known synthesis 30
" met hods. For exanple, U S. Pat. No. 2,812,244 discloses a solid-gas process
f or dehydr ogenat i on Thehlimedequired to sterilize theiarticlessdepends orthe ehumber

eyt a1 S o ki 81 P, 3000 o bR B3PS, shamber.
(1990)) di scusyggrhdtively, it may be the chamber itself (or an entire room) that is being.
sterilized. In any case, optimum sterilization times can be determined
5§  empirically. _ | _
The use of pressure puising to enhance the penetration and antimicrobial
 activity of sterilant gases, which is well known in the sterilization art, can also
be applied to the non-aqueous hydrogen peroxide process. As described in
additional detail hereinbelow, plasma can also be used to further enhance

10 activity. .

At the conclusion of the sterilization process excess hydrogen peroxide
can be removed from devices that have an affinity for peroxide by exchanging
the air in contact with the devices. This can be accomplished by flowing warm
air over the devices for an extended time or by evacuating the chamber.

15 Articles that have previously been sterilized by exposure to hydrogen
peroxide vapor may also be exposed to the plasma to remove residual
hydrogen peroxide that may remain on the articles. Since the hydrogen
peroxide is decomposed into non-toxic products during the plasma treatment,
the sterilized articles may be used without the need for any additional steps.

20  Itmay be desirable to isolate the peroxide source from the sterilizer after

- the peroxide vapor is released to avoid reabsorption of the vapor or, when a
plasma is used, to avoid exposing the source to the plasma. Isolation is also
advantageous when the compiex used is not stable under vacuum. lIsolation
can be accomplished using valves or other isolating devices well known in the

25 art. - _

: 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
30 hydrogen peroxide remaining on the sterilized articles.

-15- |
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feaction of styrene vapor with a square-plannar organopl ati num conpl ex.
These prior art vapor- and gas-phase reactions, however, were not used to 5
Tbrn1hydrogen per oxi de conpl exes. Summary of the Invention One aspect of
the present invention relfates to an apparatus for hydrogen peroxide
sterilization of an article. This apparatus includes a container for
‘hol di ng t he artlcle to be sterilized at a pressure of less than 50 torr.

lees than 10 torr.  TRIHEARSA Tl SarB ol chhrilr, 07 WPh pflied 8°tdor or

per oxi de vapor opehing G2cthraagh wmcmramcleb tohbe stetiliiede tan The mwdaead The

i ncl udes an i norganic d[o rox e conplex at a te r at

than 86[err]C GHamber utﬂam S ACHT PUHH 16, throughh which the
article to effe ﬁ#ﬁlddhz

the container, or a ternatlaéleqaa %%a appara us Cﬁqﬁw%&ﬁgn#&éﬁggm

di sposed But si dehalhbahmmmvmumrpum 38. (The chambenx 30 alsoincludas an inlet 40
attached to an enclosure 42 that contains the hydrogen peroxide complex. Iniet
40 contains a valve 44 that allows enclosure 42 to be isolated from the
chamber. The sterilization system also contains an inlet 41 which connects the
enclosure 42 and the vacuum pump 36, which contains a valve 43. This

10 . system allows the simultaneous evacuation of both enclosure 42 and chamber

| 30, or the independent evacuation of either enclosure 42 or chamber 30.
Evacuation is controlied by the opening and closing of the valves 38, 44,
and 43. As will be apparent to one having ordinary skill in the art, two pumps,
one for each chamber, could also be employed in this system.

15 The enclosure 42 contsins an optional heater 49 attached to a
temperature controlier 48 to control the temperature of the hydrogen peroxide
complex. The hydrogen peroxide complex concentration in the vapor state can
be monitored by an optional peroxide monitor 48. The interior of the chamber
contains a radio frequency (RF) electrode 50, to which is attached a matching

20 network 52 and an RF power supply 54. A convenient form for the electrode
is a perforated cylinder, 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, alterhatively.
25 may be evacusted to faciltate penetration of the hydrogen peroxide.
~ Evacuation is accomplished by opening valve 38 and tuming 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

30 from the chamber 30 and enclosure 42, and the valve 44 is opened. Hydrogen

peroxide vapor is delivered into chamber 30 from the hydrogen peroxide -

\. : -16-
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and an inlet providing fluid comunication betweeen the container and the
encl osure, such that vapor released fromthe conplex travels along the
inlet and into the container to effect sterilization. The inorganic
hydrogen peroxide 20 - ({canplex can be a conpl ex of- sodi um carbonat e,

Jot assi um pyrophosphate or potassi um oxal ate. Preferably, the apparatus,

al so includes a heater located within the container, whereby the conplex is

pl aced on the hmm. whichhmayche heateddofacilitate the release of thé hydrogempperdxiden

conpl ex’ The ap fuéﬁw@a%PﬁnBﬁﬁééﬂﬁu' may.Alsd b, RS 'e&% Mg

gﬁgggrhgﬁ:gontﬁgtgpégsafaghPHgﬁﬁﬁ%s an e ectfgggaqgepate to gengﬁgfgaﬁhada

pl asma around t veperunti steriliged ior pretesated with-peroxide-vapor indhe chamber 30 before

O e 5B b g ! BT BT 18 SiniRd 8GR0 bR 8RR Tnamber

enbodi ment the 307maybe evacuated @t tiis tié o facilitate generation of the plasma. The
duration of the pre-plasma holding period depends on the type of package
used, the nature and number of items to be sterilized, and the placement of the
items in the chamber. Optimum times can be determined empirically.

10 5.  The articles 56 are subjected to a plasma by applying power from
the RF power supply 54 to the RF electrode 50. The RF energy used to
generate the plasma may be pulsed or continuous. The articles 56 remain in
the plasma for a period to effect complete sterilization and/or to remove
residual hydrogen peroxide. In certain embodiments, 5 to 30 minutes of

15 plasma is used. However, optimum times can be determined empirically.

When used in the present specification and claims, the term "plasma” is
intended to include any portion of the gas or vapor that contains electrons, ions,
free radicals, dissociated and/or excited atoms or molecules produced as a
result of an applied electric field, including any accompanying radiation that

20 might be produced. The applied field may cover a broad frequency range;
however, a radio frequency or microwaves are commonly used.

The non-aqueous hydrogen peroxide delivery system disciosed in the
present invention can also be used with plasmas generated by the method
disciosed in the previously mentioned U.S. Pat. 4,643,876. Alternatively, it may

25 be used with plasmas described in U.S. Patent 5,115,166 or 5,087,418, in

" which the article to be sterilized is located in a chamber that is separated from
the plasma source.

The device just described is particularly advantageous when using
peroxide compiexes that are not stable under vacuum. There are at least two

30 possible methods that can be used to minimize the loss of hydrogen peroxide
during the vacuum stage. First, the small chamber can be evacuated

mlsISITileltliIr IBeen Rei
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- 8- Anot her aspect of the present invention relates to a nethod for
hydrogen peroxide vapor sterilization of an article. This method includes
*placing the article into a container, and contacting the article with a
hydrogen peroxi de vapor {rel eased froman i nor gani ¢ hydrogen peroxi de
conpl ex by heating the 5 conplex at a rate of at least 5[err]C mnute
to contact and sterilize the article. Preferably, the heating rate is at

| east 10[ ert r] Ghdependentiyor8eqond, df alsmall moughsnham;mis]mbdi. tivere isonol need

still nore preferabl E&t | east 1800!!err nute. The conpl ex preferably -
has | ess than 8 heat ed, preferably to a

FoRio ", m@ﬁ“&%ﬁ*ﬁbﬁwﬂﬁwﬁv@%ﬂmw s
t he vapor.’ i nt o peroxide. This compound releases hydrogen peroxide vapor when placed
] under vacuum. FIGURE 4 is a graph illustrating the release of hydrogen
peroxide vapor from glycine anhydride-peroxide complex under vacuum. The
procedure used to release the hydrogen peroxide from the glycine anhydride
complex is as follows: (1) The main chamber 30 was evacuated with valves
43 and 44 closed. (2) The chamber containing the hydrogen peroxide complex
10 42 was evacuated with vaives 38 and 44 closed and vaive 43 open. (3) Valve
43 was closed and valve 44 was opened and hydrogen peroxide vapor was
allowed to diffuse into chamber 30.
As shown by the graph, hydrogen peroxide vapor is released from the
complex as the pressure is reduced, even without additional heating. As
15 illustrated in FIGURE 4, release of peroxide vapor is significantly increased by
heating the complex to a higher temperature. Thus, even unstable peroxide
complexes are useful in the sterilization method of the present invention.
The present invention provides at least four advantages over earlier
hydrogen peroxide sterilization systems:
20 1.  Theuse of concentrated, potentially hazardous hydrogen peroxide
‘ solutions is circumvented.
2. The need to reduce beforehand the relative humidity of areas to
be sterilized in order to prevent condensation is eliminated.
3.  Wateris substantially eliminated from the system, so that there is
25 little competition between water and hydrogen peroxide for diffusion into long
" narrow lumens.
4. Theneedtoattaeh 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
30 substantial absence of moisture is one of the surprising discoveries of the
present invention. The prior art teaches that the presence of water is required

-18-
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‘the container at a pressure of less than 50 torr, nore preferably | ess than
20 torr, and still nore preferably less than 10 torr. Optionally, a plasma
*can be generated around the article after introducing the vapor into the
contalner The plasna cap be generated either inside:or outside of the

Econtalner The present 15 i nvention also includes a nethod for hydrogen
per oxi de vapor sterlllzatlon of an article in which the inorganic hydrogen
per oxi de conpl exo@achievesstenlizalion: in ghemical gas-erovanporcstate sta processes.

method for_ nyor ARRGERAAH, plrehedt iivefitic SEEanpAy BityihS W@ foinne

sel f-sterilizi ngygterhOowhich redults in faster,imdreeffivient and effettive sterllizatioacd i n
a encl osure contalnlna an |norae£|c hydregen per oxi de conpl ex, .the

encl osure is seal ed NATPUS, NON-aquesus - hydragen, perexide

[rom the chpl e FOmPleRtd M Sotefinfies, pB eSABed paich 1 Bahipipy £3, 70"

necessary, the enclosure can be allowed tExginplel 4ot a pressure |ess than
Efficacy data was obtained with hydrogen peroxide vapor released from
substantially anhydrous urea peroxide complex using Bacillus subtilis var.
~ (niger) spores in metal and TEFLON™ plastic lumens as the biological
10 challenge. '
A.  Test Procedures
1. Equipment .
Four grams of crushed hydrogen peroxide urea adduct tablet (Fluka
Chemical Corp, Ronkonkoma, NY) were placed in an aluminum pan 80, as
15 described in FIGURE 3A. The top of the pan 80 was covered with medical
grade TYVEK™ 92 (a breathable spunbond polyethylene fabric) so that any
hydrogen peroxide released from the complex would need to pass through the
TYVEK™ covering before diffusing into the rest of the chamber. The aluminum
pan 80 was placed on a heating pad 94 in a pyrex dish 96 located in the
20 bottom of an aluminum sterilization chamber (see FIGURE 1). The steriiization
chamber which had an approximate volume of 173 liters, also contained:
. A hydrogen peroxide monitor for measunng hydrogen peroxide
concentration in the vapor phase.
. A temperature controller for controlling the temperature of the heating
25 pad.
T e An injection port through which liquid hydrogen peroxide couid be
injected into the chamber. |
. A metal shelf on which a plastic tray containing lumen devices were
placed for testing.

This Sheet Has Been Reﬂlaced «19-
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25 at nospheric pressure or at a tenperature above room tenperature
(23[err]C. Thus, the enclosure can be allowed to stand at a tenperature
*bel ow about 40[err]C. Any of a variety of enclosures can be used, e.g. a
pouch, a container, a cHanber or a room Preferably, the hydrogen peroxide
_conplex is in the formof a powder or tablet The sealing step can included
“seal ing the enclosure 30 wth a gas perneable material, such as

TYVEK[ err], CSR wr apElectriahpesistance- mammﬂlsexleribnoém chambep walls awhich

hydr ogen per oxi de. coERINGY, 19 oamBer Beipmsatipn 8455 At e, smcacy

I ncl uded within the foslags!t | nvention is also a potassi um pyrophosphate
2. Biological Challenge and Test

5 " 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 steel lumens of dimensions 3mm ID x 40cm length, 3mm ID x 50cm

length, and 1mm ID x 50cm length. These ID's and lengths are typical for

10 - metal lumens used in medical devices. The compartment in the middie of each
lumen that contained the biological test piece had the dimensions 13mm ID x
7.6cm length. In the biological 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.

15 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
chromatography paper) located equally distant from the ends of TEFLON™
lumens of dimensions 1mm ID x 1 meter length, 1mm ID x 2 meter length,
imm ID x 3 meter length, and imm ID x 4 meter length. The center

20 compartment of these lumens that contained the biological test piece had the
dimensions 15mm ID x 7.6cm lehgth. In the biological testing with TEFLON™
lumens, a total of 12 lumens were evaluated per test, 3 lumens from each of
the 4 different iengths available.

The iumens containing the biological test samples were placed in a

25  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 vacuum pump. The aluminum pan eontaining 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

30 aluminum pan approximately 1 cm from the bottom of the pan. During this time

-20-
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5 hydr ogen peroxi de conpl ex. A further aspect of the invention rel ates
to_a nethod for hydrogen peroxide sterilization of an article having an
exterior and a narrow | umen therein. This nethod invol ves connecting a
vessel containing an inorgénic peroxide conplex to thei |umen of the
atticle, placing the article within a 10 - cont ai ner, whereby the vessel
remai ns connected to the |lunen, reducing the pressure within the container,

and contacting thghg wn@emaﬁdrﬁoﬁnw@benwmsdﬁw&hamliﬁ&eammo 8mgiL as
rel eased fromthe inorganic E&;OXIde conplex at a tenperature less th

70[err]C. Brief Dmessuseddy FIGUREllsa
FIGRE 2.1 5 a sohonmt | I8 mwwtﬁéﬁ a5peeaif 58 e ioush pepoxide
i nvention which i yapoeter periods of 5,040, 45,C20] andr25 rinutes. U After! @xposure to the
5 hydrogen ' peroxide vapor, the biological test samples were aseptically
transferred into 15mL of trypticase soy broth containing 277 units of catalase
to neutralize any hydrogen peroxide residuals that may remain on the test
samples. All samples were incubated for 7 days at 32°C and observed for
growth, |
10 Comparative studies were aiso conducted in which a 50% aqueous
solution of hydrogen peroxide was injected into the sterilization chamber and
vaporized from a heated injector (a heated metal surface). The volume of
hydrogen peroxide solution injected produced a vapor phase concentration of
hydrogen peroxide of 6mg/l.. The test lumens and biological test samples used
15 in these tests were identical to those used in the non-aqueous hydrogen
peroxide tests. The handiing of the biological test samples after exposure to
the hydrogen peroxide was also identical.
B. JYest Resuls '
The results of these tests with stainless steel and TEFLON™ lumens,
20 which are presented in Tables 3 and 4, respectively, illustrate the advantages
of the non-aqueous peroxide delivery system with both metal and non-metal
lumens. Total kill of the bacterial spores was achieved within 5 minutes with
the non-aqueous peroxide delivery system for the smallest ID and the longest
lumens evaluated. At the same time, total kill was not achieved even after 25
25 minutes of diffusion time with the 50% hydrogen peroxide solution.

i



* generate plasma. 20 FIGURE 3A is a schematic of a device which can
be used for heating peroxide conplexes. FIGURE 3B is a schematic of a
*"preferred contai ner for hol ding the peroxide source for sterilization
“according to the preseift invention. FIGURE 4 is a graph depicting the
release of hydrogen peroxide vapor 25 from a vacuum unst abl e non- aqueous
hydr ogen peroxi de conplex. FIGURE 5 is a schematic of a pressure control
systemof a differential scanning calori (DSC) used to determ ne

hydr ogen peroxi de rel ease or deconposition properties of inorganic peroxide
cofpl exes according to the ﬂ'BhGJRE 6is a
graph show ng the effect o ressusg gﬁ%ﬁ XI de rel ease from

pot assi Ugn oxal at e peroxi de conpl e

STERILITY RESULTS

(POSITIVE/SAMPLES)
SOURCE OF -~ DIFFUSION
PEROXIDE TIME (MIN) 3mm x .3mm x imm x
40cm S0cm s0cm
] 33 33 Py
10 10 o o >
$50% SOLUTION 15 3 n "
20 o3 o3 "
25 0/3 o3 i
5 o3 o3 Py
15 10 o o s
' UREA PEROXIDE 15 o o3 o
2° ‘03 o3 o
25 . 03 o3 or3
20
-
il



-10- FIGURE 7A is a schematic view of a bellows for injecting peroxide
vapor into a chanber in accordance with the present invention before
Tnjectlon of the peroxide vapor. FIGURE 78 is a schematic view of the
bel | ows of . Fl GURE 7A showing 5 a heated plate in contact with a
perOX|de conpl ex during injection. Detail-ed Descriptioh of the Invention
Hydr ogen peroxide sterilizers that have be%E “ gd In the past invariably
used an aqueous sol ution of hydrogen per oxi their source of sterilant
These sterilizers -have di sadvaptages nce of water in the
10 system At higher pressi!l *[’4“‘[ : Pesclire, the excess
water in tgie system can’ cause ‘condensat iy at an extra
step be

STERILITY RESULTS

(POSITIVE/SAMPLES)
SOURCE OF  DIFFUSION
PEROXIDE TME(MIN) 1mm xtim fmmx2m imm x3m imm x 4m
5 s a3 a3 a3
10 10 a3 3 a3 a3
50% SOLUTION 15 o3 3 ”n ‘213
20 o3 03 T ”
25 o3 o3 o3 113
,_ 5 o3 on o3 or3
15 UREA 10 o3 o8 o/ o/3
PEROXIDE - 15 o3 or3 o3 o3
20 073 o3 o3 /3
25 o3 or3 or3 or3

20 '
The fact that rapid sterilization can be accomplished in the absence of

substantial amounts of water is surprising, in light of the fact that moisture has
generally been present during chemical gas/vapor phase sterilization by various
sterilants other than hydrogen peroxide. Since vapor phase hydrogen peroxide

25 sterilization systems have used aqueous solutions of hydrogen peroxide, there
has been moisture present in those systems as well.

To test the sterilization efficacy of various other peroxide complexes, the
following experiments were performed.
Examples 2. J and 4 '

30 The apparatus of Example 1 was used to test the efficacy of
polyvinylpyrrolidone-hydrogen peroxide complex (Example 2), nylon 8-hydrogen
peroxide complex (Example 3), and 1,3 dimethylurea hydrogen peroxide
complex (Example 4). These compounds were synthesized according to the
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perforned to reduce the relative humdity of the atnosphere in an encl osure
to be sterilized to an acceptable | evel before the agqueous hydrogen
Peroxi de vapor is introduced. These sterilizers also have drawbacks caused
by the facts 15 t hat water, having a higher vapor. pressure, vaporizes
more qui'ckly than hydrogen peroxide from an aqueous solution; and water,
%aV|ng a | ower nol ecul ar melght di ffuses faster than hydrogen per oxi.de.
Wien a nedical  grthed di&ﬂ |beétow! in Efﬁhgﬁ%daﬁhrﬁi ?SerTbktzéérarﬁQFeré.’W&fé"hs
sterilant that reaches the device fromt rogen peroxide source is
diluted in conpfoliows: to the 20 concentration of the source. The dilute
sterilant can be a barrier to sterilant that arrives late articularly if
the device being sterilized is an-article, such as an endgggaﬂﬂl-that has
narrow | unens. Using a concentrated solution of hydrogen peroxide as th

source in _an.attenpt to _overcone these drawbacks i S unsatisfacCtory, bec use
such sol ui ons Shamber.Temps. 25 In the 48®€sent | AGRG i on, t48°C
short com ngs of 'Mpwup;r oxi de 0.2 Torr 1.0 Torr 1.0 Torr
WL. % of peroxide 17% 10.5% 26.6%
Peroxide concentration 6mg/L 6mg/L 6mg/L
WL of complex used 8g 18g 6g.
10 per cycle | ,
Temp to release peroxide | 110°C 110°C 80°C

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

Table §
. Efficacy of Complexes with PVP,
20 nyion 6, and 1,3-dimethylurea
STERILITY RESULTS (POSITIVE/SAMPLES)
With § Minutes Exposure
TYPE OF SIZE OF _
LUMEN LUMENS Example 2 Example 3 Example 4
25 imm x 1m 03 0/3 0/3
- 1mm.x 2m 03 03 03
TEFLON™ 1imm x 3m 073 o3 0/3
1mm x 4m 03 03 0/3
3mm x 40cm 03 0l 03
30 STAINLESS 3mm x 50cm on o3 073
073 03 0/3

STEEL 1mm x 50cm

[
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sterilizers of the prior art are overcone by using a substantially
non-aqueous (i.e.. substantially anhydrous) source of hydrogen peroxide

Whi ch rel eases a substantially non-aqueous hydrogen peroxide vapor. 1In a
preferred enbodi ment, thé substantially . non-aqueous hydrogen peroxi de vapor
is 30 produced directly froma substantially nonaqueous hydrogen

peroxi de conpl ex. However, the substantially non-aqueous hydrogen peroxide

vapor can al so be Uﬁé%ﬂil@hﬁﬁéﬂﬁngninaﬁéﬁﬁlﬁsm&%dm 6ftheteBteif Agafshen

during vaporization to renove water, such as under vacuum_ Thus, where an

aqueous hydr ogenp@soxide deomplexes x generated parnxideqapet whigh c providesc efficient
Corv ot our © noHBERT i 8RR Rl BRI o 5, 7Ty, e
substanti al Iy non- aqu¥he temperature required to release the hydrogen peroxide vapor from
5 the solid complex which is shown above is the temperature measured by a
thermocouple thermometer located on the outside of the aluminum pan
approximately 1 cm from the bottom of the pan. Further testing using a
thermometer, such as a fluoroptic thermometer, placed on the inside bottom of
the pan indicated that the temperature at the bottom of the pan was
10 approximately 30-35°C higher, as described in Example 5 below. Thus, in the
previous example, the temperature at the bottom of the pan was approximately
110 -115°C when the thermocouple thermometer read 80°C, and the
temperature at the bottom of the pan was approximately 140 -145°C when the
thermocouple thermometer read- 110°C.
15 | Example §

To determine the temperature at the bottom of the aluminum pan used
to contain the solid peroxide complex, a fluoroptic thermometer was taped to
the inside bottom of the aluminum pan. An Omega™ thermocouple
thermometer was placed on the outside of the aluminum pan approximately 1

20 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 Jemp. st Temp. at bottom of pan (°C)
‘ sideofpan ist 2nd 3rd avg
80°C  110.8 110.6 1106 110.7
30
100°C  131.5 1326 1320 132.0

-
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hydr ogen peroxi de conpl exes contain | ess than about 20% water, nore

preferably no nore than about 10% water, still nore preferably no nore than
“about 5% water, and nost preferably no nore than about 2% water. As is
apparent, fromthe preferged percentages of water in the 10 substantial ly

.non-aqueous hydrogen peroxide conpl exes used in the present invention, as
provi ded above, the nost preferred hydrogen peroxide conplex and the

Rever t hel oab.ad HecreRE snsi fiaf 148 gtz 4 thdl Moholf e afliinum np wes
5™ ot "hydr on e e ot He Lo totm e o ol ”"‘“’“E"’”’e‘é'dmt nYsone

0 ro eroxi.de to form er .and qQxygen .a roducts and sone
hydr ogen bi %di n@"%‘e uple thesmometes aﬂg%&fdﬁ’ ef fect of

V\rrlglt ﬁ{ a:AﬁZdng?S\lj;rGinL tﬁ“ﬂ%‘e%ﬁ%ﬂr@a"%ﬁé@ I"ons wer @P obtainéd

descri bed§ n Exwﬂmaqhebuvanwmh-m source of peroxide irman open (abndumen)
(S9) system. The experiments are described in detail below.
' Example 6

The apparatus of Example 1 was used with a biological challenge that

consisted of 6.8 x 10° B. subilis var (niger) spores on a 6mm x 4mm strip of

10 Whatman #1 chromatography  paper packaged in a TYVEK"/MYLAR™
envelope. (TYVEK™ is a gas permeable fabric made of polyethylene. MYLAR™

is a non-gas permeable polyester material). Packaged biological challenge

strips were placed in the front, middie and back of a polyphenylene oxide tray

that contained a flexible fiberoptic sigmoidoscope. The tray was placed in a
15 polyphenyiene oxide container that had one port in the top and two ports in the-
bottom to allow for diffusion. The four-inch diameter ports were covered with

a breathable polypropyiene packaging material (SPUNGUARD™ Heavy Duty
Sterilization Wrap, Kimberly-Clark, Dallas, TX) to maintain the sterility of the
contents of the container after sterilization. The container was placed in the

20 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 from the bottbm of the aluminum pan, for 5 minutes to

25 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. ‘

Comparative studies were also conducted in which a 50% aqueous

30 solution of hydrogen peroxide was injéctod into the sterilization chamber and
vaporized from a heated injector. The volume of hydrogen peroxide solution

.26' ;
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20 bl ades in 3mm x 50cm stainless steel |unens. As shown in Table 2,
under the test conditions, 5%relative humdity has no effect on efficacy
but 10% rel ative humidity decreases the sterilization rate. This exanple

shoms t hat smal |

amount s {of noisture can be allowed in the systemw th the

hydrogen peroxi de generated fromthe non-aqueous peroxide conplex and the
presence of water 25 in the systemcan be overcome by increasing the

exposure time.
Bl ades I n 3nm Xx

10

15

20

25

30

35

-

T

nfr):eﬁdss"p'{édma ?fm phase! Toncentrationi of Smghl.f i cThe Iést
con urat«:ﬁJ composition of the biological test samples, and the handling
of the biological test samples after exposure were all identical to those used in.

the non-aqueous hydrogen peroxide tests. The results of these tests are

- presented in Table 6.

Source of Diffusion Sterility
Peroxide Time Results

50% solution 5 33

Urea Peroxide 5 13
10 03

The results of these tests demonstrate the greater efficacy of the non-
aqueous when compared with the aqueous hydrogen peroxide process in an
"open" system in which the biological sample was not placed in a lumen.
Again, it was surprisingly discovered that a non-aqueous system provided
superior sterilization even when diffusion of hydrogen peroxide into a long and
narrow lumen 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 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. (niger) spores
on the stainless steel surgical blades were packaged in a TYVEK*/MYLAR™
eet Has Been Reflaccd -27-
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D ffusion Tine Sterility Results (Positive/ Sanples) 1%H

5%RH 109H 5 0/ 3 0/ 3 3/3 10
10 0/ 3 0/3 2/ 3 15 : 0/ 3
0/ 3, 0/3 30 { 0/ 3 0/3 - 0/3 A primary
crlterlon for the conposition of the hydrogen peroxi de source 15 Is the

relatlonshlp between its stablllti-and Wédro en peroxi de evaporation rate

as a function ofenvelppe.at Backaged blades were placedn:the jront,

per oxi de LLSSELS” v 80 e ofCh Py lenE, e ey, %@‘Q%F’!r%eéoﬁw%

may or may not paratis 6FExdiipie 't afdithe chaaiber doodr wdscclosed.xTHe alaminuni pdh
depends on the vapor essure of the conplex. Sone peroxide conplexes have
a sufficienfly heqmal w&ps) Q)mgtlummxu%@mmmmwa 80°

5 to 81°C, as measured by a thermocouple thermometer placed on the side of
the aluminum pan approximately 1 cm from the bottom of the pan, for the
duration of the test. The biological test samples were exposed o the hydrogen
peroxide vapor for periods of 5, 10, 20 and 30 minutes. After exposure the test
samples were handled tlie same way as those in Example 1. The results of

10 these tests are presented in Table 7 and demonstrate the efficacy of the non-
aqueous peroxide process in an open system at atmoSpheric pressure.
Efficacy of non-aqueous peroxide process in open system
at atmospheric pressure

15
Source of ' : Dlﬂuslon Sterility
Peroxide . : Resuits
_— lm!nmx {positive/samples)
20 Urea _ .
Peroxide 5 313
10 ' n
25 | - 20 03
30 03
30 | Further tests were conducted to determine the approximate amount 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

//_._
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" peroxi de vapor can be rel eased wi thout heating the conplex. In general,
heating the conpl ex increases the vapor pressure of hydrogen peroxi de and
*“accel erates the rel ease of peroxide fromthe conplex. 25 To
provi de, a desirably higlf evaporation rate, the source should preferably
..have a large surface area Thus the source nmay be a fine powder or a
- coating on a material has a | arge surface area, O rse, safet
b B L aturgwas

availability, a’hdzc'()ﬂ"‘ of aluminum

fate was, then heated a e temper

rel ease of hydqﬂ hAitored"

pol yvi nyl pyrroli one whﬁ%HW%PW|@&€W§§ﬁ %‘ﬁh ur?atego

wer e evlal uat efl 'gableTBelnlsuom eﬁp%roxbﬁatdw } ofppemudte releasedThnb?agous
oyvi n rrol i1 .done, nylon- an e

P Lo arparalfes Ao: hotng i s Ul T <8t shiaw Hat aBPrdmatal,

per oxi de gonpl ojpgeg &ﬁ&i&r&@k@rﬂ@é@&m coriplek a%ﬁﬁb&rﬂttirhaéf 140°C.

10

15

20

25

30

35

Lesser percentages of peroxide are released at lower temperatures.
| Jable 8

Release of non-aqueous peroxide at various temperatures

| 80°C ~25%
100°C |  ~65%
120°C ~80%
130°C . ~80%
140°C ~100%

Peroxide complexes having the ability to release hydrogen peroxide
vapor at room temperature' and atmoépheric pressure, such as the urea
peroxide complex, allows them to be effective for use in various sterilization
applications. Not only can they be used in the sterilization apparatus of the
present invention described above, the compounds of the present invention can
also be used as part of self-sterilizing packaging materials, or applied onto
supports such as gauze, sponge, cotton, and the like. The compounds allow
for sterilization of sealed packages at room temperature or at elevated
temperatures, and are particularly useful for the sterilization of packaged
medical or surgical products. _

Particular uses of the compounds of the present invention are described
in.the examples which follow. The peroxide complex used in the following

R

"l
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-- 13 - other conpl exes eval uated, and under vacuum conditions, nost of the
hydr ogen peroxi de can be rel eased fromthe conplex w thout the need for
-addi ti onal heating. Urea hydrogen peroxi de conplex is available in tablet
“formfromFluka 5 Cpemi cal Corp., Ronkonkoma, NY and in powder form
from Al drich Chenical Co., MIwaukee, W. This conplex is also known as
“urea peroxide, hydrogen peroxide urea conpl ex, peroxide urea, peroxide urea
adduct, urea pexamples waburea peroxidebinthecform-ofia tablet (Flukey ChemicabGorp.) or
car bam de peroxide. ,[As ugsed herein,, the term"ure e i, de" enconpasses
‘all of the ford#y @%rqirba powder obtained S’Nm%ml{?g i done- hydr ogen
per oxi de conpl ex (PVP-H202) can be prepqﬁgihﬂuhjre nmet hod di sclosed in

I nternational -Application Pub. No. WO
S A self-sterilizing pouch was assembled as follows: A surgical scalpel

5 - having 3.8 x 10° B. subtilis var. niger spores on its surface was placed in a
sterile petri dish. The dish was placed in a larger petri dish, together with 1 gm
urea peroxide complex in either tablet or powder form. The larger petri dish
was then inserted into a pouch formed of TYVEK"/MYLAR™ (gas permeable,
Table 9), MYLAR®/MYLAR™ (non-gas permeable, Table 10) or Paper/MYLAR™

10 (gas permeable, Table 10). The pouch was then sealed.

Each pouch was exposed to various temperatures for various time
periods, as shown in Tables 9 and 10 below. The biological test samples were
evaluated for sterilization as described in Example 1. The results are inciuded
in Tables 9 and 10, with a "+" sign indicating bacterial growth.

15 - Jable 9
Self.Sterilizing Pouct
With Breathable Barrier (TYVEK™/MYLAR™)
Temperature Peroxide Type 1hr 2 hr. 3 hr. 4 hr.
20 23°C powder + - - -
| tablet o+ + - .
40°C powder - - - .
tablet . - . .
60°C powder - - - -
tablet - - - -
25 Table 10 lists the efficacy data for self-sterilizing pouches with

(Paper/MYLAR™) and without (MYLAR"I_MYLAR") a breathable barrier. The
pouches were assembled as described above, however the peroxide vapor
source was urea peroxide in powder form only.

~ This Sheet Has Been Reﬂlaced
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'92/17158. Alternatively, the conplexes with PVP, with nylon-6, with 1,3

di net hyl urea and with gl yci ne anhydride, as well as with other organic and
*I'norgani c conpounds can be prepared by the nmethod di sclosed in detai

bel.ow. 15 - Achieying suitable evaporation rates of anhydrous
eperOX|de vapor fromthe source may be facilitated by el evated tenperatures
and/ or reduced pressure. Thus, a heater for the peroxide source and/or a
vacuum punp to evacuate the sterlllzatlon 11ﬂ are preferably a part of
the sterilizer. Preferag] . Q

pernmeabl e material, =2
nonwoven pol yprq
pernmts the peraxi $amenrs

mat eri al . Per f Olfei=ee—tr—tra—fre iy
al so be uded asja cove8°CFl GUR
measure rel ease

of 25 hydr
conpl exes under fvari ous
40°C
60°C
10 Results from this testing show that the urea peroxide complex of the

present invention included in a pouch with and without a breathable barrier
provides effective sterilization to an article inside the pouch in the absence of
moisture at room temperature and atmospheric pressure after only 2 to 3
hours. At higher temperatures, sterilization is effected after only one hour.
15 To determine the efficacy of the sterilization system of the present
invention in a closed container, the following experiment was performed.
_ Example 10
A self-sterilizing container was assembled as follows: A stainless steel
support having either 3.8 x 10° B. subtilis var. niger spores on its surface
20 " (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 a second PE vial, also having 20
25 | holes (3118' 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.
Each container was exposed to various temperatures for various time
periods, as shown in Tables 11 and 12 below. The biological test samples

This Sheet Has Been Replaced -31- . °




tenperature conditions. In this device, an alum numpan 90 is covered with

a gas perneable layer 92, such as a layer of nedical grade TYVEK[ err]. The
pan 90 is placed on top of a heating pad 94 which is placed in a pyrex pan
96. A ther.nocoupl e t her nomdter 98 i's pl aced on the outside of the pan 90 30
approximately 1 cmfromthe bottom thereof. - 14 - A preferred container
99 for holding the peroxide source is illustrated in FIGJRE 3B. The

contai ner 99 conpweresevaloated forl sterilizbtion as desoribed UniExatpleal c. THé trésalts are

optional attached heater used to heat the solid peroxide conplex. A

t enper at ure noni t drcluded dadiables 11:and Fdwith a 'd’gﬁiglbi'lﬂm bacterial grawth.s

100 to nonitor the tenperature. The peroxid X is placed directly on
t he srilizing Contai ¢ rreathable |
5
Temperature Packaging Type 2 hr. 8 hr.
Unpackaged tablet R
10 23°C C/C* packaged tablet - + .
CIC packaged powder + .
- Unpackaged tablet I
40°C C/C packaged tablet - _
C/C packaged powder - .
Unpackaged tablet . ]
" 60°C C/C packaged tablet - .
C/C packaged powder - _
20 * - pouch formed from CSR wrap
. This éheet Has Been Re lai:,ed .
T

-32-



“plate 100. Alternatively, in order to provide even heating of all the
peroxi de conpl ex, the peroxide conplex can be placed between one or nore

*“al um num screens 102, 104 placed on top of the plate 100. The al um num
screens, 102, 104 providg greater surface area and even heating of the

..conpl ex when | arger 10 anounts of peroxide conplex are being used. The
peroxi de conpl ex, or the screen or scree D2,4104, are then covered with
a gas perneable | ayer 106 ST}
SPUNGUARD[ err]}, so that =1Lt SUOQLS D e YN
passes through the covering 106 before dlffu5|nq |nto the rest of t-he

chanber. A perf um nu[@mlgﬁﬁ ;.US
of the TYVEK[erE-]MHGLARULM.J et
the conpl®x in fontact witH_{ [tnpstkeoed tabletp)|
of the peroxidef conplex. THe ghigickigh otk
t he conpl ex, whj ch results [rmamTTcreasen
vapor being rel pasedsfe om |_T/T packeged tabist
TIT packaged powder * * + - -
C/C™ packaged tsbiet * + * . -
C/C packaged powder . . . - -
10 Unpackaged tablet - . - .
Unpackaged powder | - - - -
40°C T/T packaged tablet * - - :
T/T packaged powder - - - -
C/C packaged tabiet . - - -
_ C/C packaged powder | - - - .
15 Unpackaged tablet - - - -
Unpackaged powder - - - -
80°C TIT packaged tablet - . - .
T/T packaged powder - - . -
C/C packaged tsbist - - - -
20 C/C packaged powder - - - -
* . pouch formed from TYVEK™
** . pouch formed from CSR wrap
25 Results from this testmg 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 littie as one half hour.

. The non-aqueous peroxide complexes which release peroxide vapor

30 . have been found to be useful in the sterilization of articles at room temperature,

and more effectively, at higher temperatures. These complexes can be placed

in a pouch, container, chamber, room or any area capable of being sealed,

where they release peroxide vapor which effectively sterilizes the articles. The

complexes can be heated to facilitate the release of vapor, and to provide

-33-
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20 t he peroxide conplex. FIGURE 1 depicts a schematic of a hydrogen

per oxi de vapor sterilization apparatus of the present invention. Chanber 10
holds an article 12 which is to be sterilized and which, for convenience,
is placed on shelf 14. Door 16 provides access to the interior of chanber .
10. A non-aqueous source of 25 hydr ogen peroxide 18 is depicted on

per oxi de._conconsfettizBlofin ss” Bl fiahSHher feafiFRT 16! n iBtipetatufd stdriizatin.
chanber 10 can ITheceompounds (bfithe present’invehtion are. thersfore isefulan & variety of

be acconplished at at rmspherl ng essure, The container that holds the

articles to be applicationsd riization is desifed: Sinapiy by placing the: complex in a
e gbegagya@s&mﬁw b $RLIE Br rfidl B BE'stéAized, sfiHikation can be
§ - achieved. By contrast with prior art methods, there is no need for contact with
moisture to provide activation of the hydrogen peroxide.
To confirm that sten'ﬁzﬁtion can be effected using non-aqueous peroxide
complexes in less time at lower pressures, the following experiment was
10 Example 11
A self-sterilizing container was assembled as follows: A stainless steel
support having 8.2 x 10° B. subltilis 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
15 - of CSR wrap (SPUNGUARD™). Also included in the 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
20 173 L sterilization chamber. Each container was exposed to 100 torr 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.

25

30
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-15- The tine required to sterilize the articles depends on the nature,
nunber and packagi ng of the articles and their placenent in the chanber.
Aternatively, it may be the chanber itself (or an entire roon) that is
bei,ng sterilized. In any{case, optinmumsterilization times can be
determ ned 5 enpirically. The use of pressure pulsing to enhance the
‘penetration and antinicrobial activity of sterilant gases, which is well

known in the sterili Zhesefesults show that ponaqueous ureapemyideotomplexdinciuded
nvgen per ! Pbie v, PRtk Bt b il shFIRRGR a0
concl usi on of t kir ahd robiw tEmperaturecafisr onty 2hoursd ' THese resuits) wheasompared
renoved from devices that have an affinity for peroxide by exchangi ng
with the results in Table 12, demonstrate that the peroxide complexes of the
5 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
10 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
15 remaining on the articles. Because the residual hydrogen peroxide is
decomposed into non-toxic products durii\g 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,
20 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. 4,8943,414. This
_patent discloses a process in which a vessel containing a small amount of a
vaporizable liquid sterilant solution is attached to a lumen, and the sterilant
25 vaporizes and flows directly into the lumen of the article as the pressure is
"~ reduced during the sterilization cycle. The method disclosed in the patent can
be modified to allow for use of a non-aqueous peroxide compound. The
compound is placed in a vessel and connected to the lumen of the article to be
sterilized. The article is then placed within a container and the container
30 evacuated. The lumen of the article and the exterior of the article are
contacted by the hydrogen peroxide vapor released from the non-aqueous

e * -35
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the air in contact with the devices. This can be acconplished by flow ng
warm air over the devices for an extended tinme or by evacuating the
thanber. 15 Articles that have previously been sterilized by
exposure to hydrogen perdxi de vapor nmay al so be exposed to the plasma to
[emove residual hydrogen peroxide that may renain on the articles. Since
t he hydrogen peroxi de |s deconposed i nto_non-toxic products during the

pl asma tr eat mentcompeund.c; A piasma, canc-optionally be generaled rand usad e @nhance

Sg)r/oi?g:at!sgﬂﬂ:e%ﬁﬁm e quﬁﬁe per?@é‘ﬁ%@?‘@s%easgm

avoi d reabsorption ofuumfmmqmumbemmmlwmﬁem ircthié systemv just described

g)égglsle)r(lgutsgg Isgurce to thw i gg | sol a{h§gﬁl\§1!ﬂtsegaﬁd nt ageous sﬁén the
RS Y o el Gleb it SRAKES S R plrddt Yapor int3'the lumen.
Thus, more effective sterilization is achieved and less time is required to effect
sterilization. Hydrogen peroxide complexes such 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
10

The presant invention further provides a process for preparing non-
aqueous hydrogen peroxiie complexes that are useful as the source in a
hydrogen peroxide vapor sterilizer, or as a component of self-sterilizing
15 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
known by those having ordinary skill in the art.
The general procedure for preparing the hydrogen peroxide complexes
20 of this invention is as follows:

The material to be reacted wuth the hydrogen peroxide can be a solid in
various forms, (e.g., powder erystal film etc., preferably having high surface
area to increase the reaction rate). The reactant material can also be present

25 as a solution in water or another solvent, if sufficient time is allowed to
- _evaporate the solvent after the pressure is reduced in the chamber. The
material may aiso be a liquid whose boiling point is higher than that of
hydrogen peroxide (150°C). Since reaction rates are faster at elevated -
temperature, the chamber is preferably heated whether before or after the
30 reactant composition is introduced. However, the temperature should not be |
¢ s0 high that the reactant boils or vaporizes. '
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‘'sterilization systemof the present invention. Sterilization can be
~achieved with or without the use of plasma. The plasma can be used ot
“enhance the sporicidal activity of the perOX|de vapor, and/or to renove any
resi dual 30 hydr ogert peroxi de remai ning on the sterilized articles.
,s16- Sterilization is carried out in chanber 30, which includes a door or
openi ng 32 through which articles to be sterilized can be introduced. The

chanber 30 includes Tie reactint 3éoimpositionc wmoﬁﬁnnéd'rmuﬁhywabﬁﬁnﬁéremat

chanber can be evacuated. The outlet 34 con“alns a valve 38 to isolate the
5 chanber fProVides-aceess o thaRerode vaporn ifibis indbe fors of a-pawder or other

ot a0 L& 2 e et mf b8 Blom BbblF W b Thahitior"ieeREEIEE] e the
reactant may be retained in a permeable container, which allows hydrogen
5 peroxide to diffuse into the container.
(20 Evacuate the chamber.

Preferably, the chamber is evacuated to a pressure that is below the
vapor pressure of the hydrogen peroxide (which depends on its concentration
and temperature), in order o assure that all of the peroxide is in the vapor

10 phase. The vapor pressure increases with increasing temperature and
decreases with increasing peroxide concentration. For most of the
experiments, the chamber was evacuated to about 0.2 Torr and the
temperature was ambient or above.

(3) Generate hydrogen peroxide vapor.

15 The hydrogen peroxide vapor can be generated from a hydrogen
peroxide solution or from a substantially anhydrous hydrogen peroxide
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 advantagé of generating the hydrogen

20 peroxide vapor from a substantially water-free complex is that the percent of
hydrogen peroxide in the complex being formed is higher than if the vapor is
‘generated from an aqueous solution of H,0,. This is probably due to the
competition between water molecules and H,0, molecules for bonding sites on
the complex when an aqueous solution is used to generate the H,0O, vapor.

25 The peroxide vapor can be generated within the same chamber that

" houses the reactant material or in another chamber separated from it by a
vacuum valve. '

(4)

The time requltad for the reaction depends, of course, on the reaction
30 rate of the reactant with hydrogen peroxide. It can be empirically determined
by monitoring the pressure, which decreases during the binding of peroxlde to
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40 contains a valve 44 that allows enclosure 42 to be isolated fromthe
chanber. The sterilization systemal so contains an inlet 41 which connects
the enclosure 42 and the vacuum punp 36, which contains a valve 43. This 10
system al | ows the sinultdneous evacuation of both enclosure 42 and chanber
30, or the independent evacuation of either enclosure 42 or chanber 30.
Evacuation is controlled by the opening and cl osi ng of the val ves 38, 44,
and 43. As will the repctant matedabn yplna&agherreaabmyhma isl about 530 minutes.o The

pu=. o1 101 SR HARGN of ] ubies BASHE, ke o o B Spmaing

control ler 46 t qnattial etaiineethies wiightc pé &»@Fmﬂm:&m&eﬁmmﬁmﬂ |

The hydrogen perOX|de conplex concentration in The vapor state can

noni t ored by an Rfpd Astheoxeight patio of reactantrin: hydrogenopergxiden mmmm

rat chi ng B %@ﬁﬁ%‘éﬁ) of nERGHE pitonB, HCHe' dotndlbx YetiBefer,, e

the el ectrode reaction can be repeated multiple times to increase the concentration of
hydrogen peroxide in the complex.
(5) Evacuate the chamber again.
Atmeendofmereactionpeﬁod the chamber is further evacuated to
10 about 2 Torr to remove any unreacted hydrogen peroxlde
(6) ‘ amber and retrieve *

The mechanism by which the hydrogen peroxade 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 hydrogen
15 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
20 hydrogen peroxide complex formation include:

1. The ratio of hydrogen peroxide to reactant material can be
accurately controlied by varying the amount of hydrogen peroxide present in
the vapor state or the amount of reactant material exposed to the vapor.

2. The need to remove solvent from the reaction product is

25 ~ eliminated.
: 3. Peroxide complexes can be formed that are liquid or solids, such
as powders, crystals, films, etc.

4.  Peroxide complexes of hygroscopic materials can be prepared.

The synthesis of the non-aqueous peroxide complexes according to the

30 present invention is further described in the foliowing examples. Many of these
compounds have utility as catalysts, in addition to having the utilities described
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is a perforated cylinder, surrounding t he sanpl es 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 chanber 30. 2. The chanber 30 nmay
be at atnospheric pressule or, altermatively, 25 . may be evacuated to

facilitate penetration of the hydrogen peroxide. Evacuation is acconplished
by opening val ve,_38 n_v m 36. Al terpatjvel bot h
chanber 30" and t'n@rsﬁ@?é#@hﬁ%ﬁmssn@ﬁeﬁeﬁﬁmw by uaﬁraa
44, and/or 43.° 3gkill in'the art! The el@niplés féprisent kALY Nee?drh

e valve 44 Is

punp 38 30 fromthe chanber 30 and encl osure 42, and th
opened. Hydr ogerprocessasof ihg inventione biut shey aratnotanawewasonteruedt to: limit the

hydrogen per oxi d&opa of the invention.
5 : ' 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 fray in a 173 liter chamber
maintained at a temperature of 45°C. The top of the aluminum tray was
10 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 reduced to 0.2 Torr by evacuating
the chamber with a vacuum pump. A hydrogen peroxide concentration of 10
15 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. At the end of the reaction period, the
chamber pressure was reduced to 2 Torr and then retumed to atmospheric.
20 pressure. The reaction product was removed from the chamber and analyzed
for weight percent hydrogen peroxide by the following iodometric fitration
reactions.
H,0, + 2Ki + H,80, —> |, + K,SO, + 2H,0
|, + 2Na,S,0, ——> Na,$,0, + 2Nal _
25 A starch indicator was used in the iodine-sodium thiosulfate titration
. reaction to enhance the color change at the end point. The percentage by
weight of hydrogen peroxide was calculated by the following equation:
wit% H,0, = [(ml of Na,S,O,)'(normaluy of Na,S,0,) *1 7]I(sample weight
in grams)
30 The weight percentage of hydrogen peroxide in the glycme anhydride
complex was found to be 24.3%. '
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*- 17 - source, which may be heated to facilitate the rel ease of the
hydr ogen peroxi de vapor. Optionally, air or an inert gas nmay al so be added.

*4, The articles 58 to be sterilized are either treated w th peroxide
'vapor until sterilized of pretreated with peroxide.vapor in the chanber 30
,before 5 plasma with sufficient power to sterilize is generated. If

necessary, chanber 30 may be evacuated at this tinme to facilitate
generation of the plasma. The duration mmpl asrra hol di ng period

terilized, and the ﬁacménﬁac Rden iparmsider cpmAleraa, o a NG Verkty of adll dind

can be determn |b¥“ réfof%ﬁhﬁle 12. In
subjected to a E@a na y app yl ng poeve:' {e‘(’)m t‘??e RF power suppl, y 54 to th§
asdhess in f

RF el ectrode 50eadhca8s, the nmtlgmemxeetlmsamea
ol oo 81 or ' EBeRRH D eﬂemﬁém' &ifioliids Présdrsd -hcm&eﬂ was
.used in place of glyeine anhydride.
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residual hydrogen peroxide. In certain enbodinents, 5 to 30 mnutes of 15
pl asma i s used. However, optinmumtinmes can be determ ned enpirically. Wen

“GOsed in the present specification and claims, the term"plasm" is intended
to . nclyde any portion of the gas or vapor that contains electrons. ions,
Jree radicals, dissociated and/or excited atons or nol ecul es produced as a
result of an applled electric field, includi.ng any acconpanying radiation
m ght be produced. The applle
a radlo frequency

t hat 20
frequency range; however,
used. The non- aque@gME

present inventi on pRESEN B PEIEX ED B - HASE § e
disclosed |n the preV|ous y nentloned U S. Pat. 4, 643 878. “ék eg%tlvely,
may 25 us h pl asmas descr in U S Patent SYWAARSEs o

5, 087, 418 |n eartlcleto be lized is Iocatemgﬂm_chamﬁi

that is separat the plasnma so

may cover a broad
i crowaves are connnnly

it

~ Poly(vinyl alcohol) [CH,CH(OHH, 18.9% Alcohol
Poly(vinyl methyl ether) [-CH,CH(OCH,)-1, 22.0% Ether
10 Poly(vinyl methyl Ketone) [-CH-CH(COCH,)-, 13.9% Ketone
Poly(acrylic acid) [-CH,CH(COOH)-], 5.1% -Acid
Glycine H,C(NH,) (COOH) 20.7% Amino Acid
L-Histidine tncmca-?] CH,CH(NH,)COOH 14.1% Amino Acid
| Poly(viny! acetate) [-CH,CH(OCOCH,M, 9.1% Ester
15 Cellulose acetate 10.9% Ester
Sodium aiginate 27.7% Organic Salt
Celluloss sulfate,
sodium salt 18.2% Organic Salt
Poly(4-Vinylpyridine) [FCH,CHP-CHNH, 21.8% Aromatic amine
20 Histamine N-CHNECE=C-1CB,CE, (OE,) 13.2% Amine
Propionamide (C.H,JCONH, 31.8% Amide
Urea (H.N),CO 17.9% Urea
1,3-dimethylurea (H,C)HNCONH(CH,) 31.7% Urea
Biuret  (H:NICO(NH)ICO(NH,) 13.7% Biuret
25 Polyacrylamide [-CH,CH(CONH,)}, 30.1% Polyamide
Polyvinyipyrrolidone t-cn,m(-ltltfx_,):?o) -1, 28.9% - Polyamide
Nyion 8 [-NH(CH,),CO-L, 17.1% Polyamide
Nylon 6,6 film [FNH(CH)NHCO(CH,)COl,  16.6% Polyamide
Polyetherpolyurethane [FRHNCOOR"], 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
41- e
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The device just described is particularly advantageous when using peroxide
conpl exes that are not stable under vacuum There are at |least two 30
possi bl e nethods that can be used to mi nimze the | oss of - hydrogen peroxide

during the vacuum stage. First, the small chanber can be evacuated - 18-
i ndependently. Second, if a small enough chanber is used, there is no need
to evacuate the snall chanber at all. One such unstabl e non-aqueous

peroxi de conplex is glTh@ aeganin, pemplexes formedieoverithe following. cange Qﬁmm'lﬂ'

1T ustr at Png « he OFEHEE e 1, b of oomind 1ol e Wil Fyroden béfudild

anhydri de- per oxi gicohols) ethers) dastones, uaciis,Tamino acids, esters, organic salts, amme_s,

10

15

25

amides, polyamides, polyurethanes, ureas, and biuret. The inorganic
complexes include carbonates with sodium, potassium, and rubidium cations,
as well as sodium bicarbonate. In addltion. the hydrogen peroxide complexes
of calcium hydroxide and tetrasodium pyrophosphate were also prepared. The
starting materials were finely divided powers or slightly larger crystalline
materials, except for nylon 6,8, which was processed as a film with a thickness
of 0.12 mm, and polyvinyl methyl ether, which was a 50% by weight aqueous
solution.

The hydrogen peroxide complexes _obtained with these materials under
the test conditions were solids, except for polyvinylpyrrolidone, histamine,
poly(vinyl methyl ether), poly(vinyl methyl ketone),propionamide, and 1,3-
dimethylurea. The 1.3-dimemylurea and propionamide hydrogen peroxide
complexes were free flowing liquids that were easily handled in the vapor
phase synthesis process, since no solvent needed to be removed to obtain the
final product. The histamine, polyvinyipyrrolidone, poly(vinyl 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. |

_ 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 state. The conditions in these
tests were identical to those in Example 12, except the weight of
polyvinyipyrrolidone 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

'K‘_ ' .42.
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procedure used to rel ease the hydrogen peroxide fromthe glyci ne anhydride
conplex is as follows: (1) The main chanber 30 was evacuated with val ves 43
and 44 closd. (2) The chanber containing the hydrogen peroxide conplex 10
42 was eyacuated with val fes 38 and 44 cl.osed and .val ve 43 open. (3) Valve
43 was dosed and val ve 44 was opened and hydrogen peroxide vapor was

allowed to diffuse to o er As _.shown raph dr ogen
per oxi de vapor i a%ﬁ]“?ﬁ!“? M@&M& "3/9@98’86%8‘1'3!"9
even w t hout addhslonal heating. As 15 illustrated in FIGURE 4, rel ease

of peroxide vapor Is significantly increased by heating the conplex to a
hi gher tenperature. Thus, even unstable pm_@rrpl exes are useful in

;?gv?éggl L![z?teiag? Pgh? gyaf t he res. nt |nv th% &#)‘pesentrelgn\{e%lcg the
;gstraln!t : S?It yoﬂaigmnzgeogen per OWW% Weﬂw peroxide with
hydrogenpemxidendelivarad in this manner, -it is substantially
water free. In this test, 5 grams of PVP was placed in the reaction chamber
and 10 mg H,0Ofliter of chamber volume was delivered into the reaction
~ chamber by heating about 7 grams of a 35% complex of H,0, with urea to a
10 temperature of about 110°C for approximately 5 minutes. The rest of the
conditions in this test were the same as those.in Example 12. The percentage
hydrogen peroxide in the PVP complex and the physical state of the complex

are presented in Table 15.

15
20 Weight  Wi% H,0, Physical State -
PVP (g} —of Product
Ex. 14 1 29.9 Soft gummy product
3 235 Hard gummy product
| 5 17.7 Free flowing solid
Ex. 15 5 1.7 ~ Free flowing solid

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

43-
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solutions is circunvented. 2. The need to reduce beforehand the relative
hum dity of areas to be sterilized in order to prevent condensation is

€l'i mi nated. 3.

there is 25

Water is. substantially elinmnated fromthe system so that

little conﬂetltlon bet ween water and hydr.ogen peroxide for

diffusion into |l ong narrow | unens. 4. The need to attach a speci.al vessel
to deliver sterilant gases into |ong narrow | unens can often be eli m nated.

ubst ant1 al  abseraofihetie, ladiin MRy ro BHfHcHiRs.. AEWERRE pb ladaifig in

present inventiongredter detail'below, sabstantiall amountscobhydrogen péroxitdesvapor can be

subst anti al

required

10

15

released from inorganic peroxide complexes upon rapid heating to a particular
release temperature under reduced pressure. in order to successfully release
hydrogen peroxide from inorganic peroxide, the heating rate of the inorganic
peroxide complexes is preferably at least 5°C/min; more preferably it is at least
10°C per minute; still more preferably at least 50°C/min.; and most preferably,
it is at least 1000°C per minute. .

A representative listing of these inorganic peroxide complexes, and the -
weight percent hydrogen peroxide, is presented in Table 16. The titration
procedure used to determine the weight percent of H,O, in the complexes was
as described in Example 12. Sodium carbonate H,0O, complex was purchased
from Fluka Chemical Corp. The vapor-phase 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 '

The reaction procedure for liquid-phase synthesis of inorganic hydrogen
peroxide complexes was essentially as described by Jones et al. (J. Chem.
Soc., Dalfon, 1232526-2532. 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 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 pyrophosphate, the saturated
solutions were incubated at -10°C for several hours to factlntate crystalline
peroxide complex formation. The complexes were separated from the liquid by
vacuum filtration, washed with ethanol at least three times and dried by
vacuum.
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-"19 - to achieve sterilization in chem cal gas or vapor state
sterilization processes. Advantageously, the present invention
Substantiall'y elimnates water fromthe system which results in faster,
nore effjcient and effectjive sterilization. The sterilization efficacy of
various non-aqueous hydrogen peroxide 5 conpl exes was determ ned as
described below in Exanples 1-4. Exanple 1 Efficacy data was obtained wth
hydrogen peroxi de vapor rel eased from substantiall y anhydr ous urea peroxide

conpl ex using Bacillus subtilis var. (nig in metal and TEFLON
B prent "o zfaﬁﬁémmgmgﬁ@m%ﬁéggﬂﬁmm
5  Chemical . Chemical Wt % H,0,
Name Formula i in Complexes'
' Purchased’ Vapor® Liquid®
Sodium Carbonate Na,CO, 27.35
Potassium Carbonate K.CO, 7.43 22.70
10 Robidium Carbonate Rb,CO, 20.31 ' 26.78
Potassium Oxalate K,C.0, 1613 16.42
Sodium Pyrophosphate Na,P,0, 1148 = 2349
Potassium Pyrophosphate KP,0, 20.90 32.76
Sodium Orthophosphate Na,PO, 15.67
15 Potassium Orthophosphate K,PO, 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 in the previous patent application.

20 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 2820, TA

instruments) was used to determine H,O, release or decomposition properties

25 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 200°C. under both

atmospheric and varying' vacuum pressure conditions. Referring now to

FIGURE 5, the DSC comprises a sample chamber 110, heating plate 112 and

pressure control system. The pressure control system comprises a pressure

30 transducer 114 connected to a pressure gauge 116. The pressure gauge 116

is connected to a controller 118 which is, in tum, connected to a pressure

control vaive 120. The pressure transducer 114 is in fluid communmhon with
pressure control vaive 120 and with pump 122.

\
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Cheni cal Corp, Ronkonkoma, NY) were placed in an alum numpan 90, as 15
described in FIGURE 3A. The top of the pan 90 was covered wth nedi cal

dgrade TYVEK[err] 92 (a breathable spunbond polyethyl ene fabric) so that any
hydr ogen, peroxi de rel eased fromthe conplex would need to pass through the
TYVEK" covering before diffusing into the rest of the chanber. The al um num
pan 90 was placed on a heating pad 94 in a pyrex dish 96 |ocated in the 20

bottom of an al um numsterijlization chanber (see FI GURE 1 The
sterilization chanber Potassium oxalate hydrogen paroxide somplex Ma%dem

concent rati on | nNXHIRARET vt BliceR T8, c. dhd CeRdONd N RAF Vi

controlling the mmtovec @ terhperdiore ranpeof 50°C to 1702C. ‘As Aan becseemin

Pranber. 9" "M EIGURE'S, greater réleass of H,0, an endothermic process, oboured at lower

5 pressures, while the exothermic decomposltion ofH,O,wasfavored at higher

pressures. The partial vacuum pressure is preferably less than 20 torr and

most preferably less than 10 torr. The actual pressure in the sample chamber

is somewhat higher than that measured within the apparatus and the actual

temperature of the chamber is somewhat lower than that measured of the metal

10 plate or aluminum platen. Without wishing to be bound by any particular theory

of operation, it is believed that the actual pressure used in the sterilization

apparatus should be less than the vapor pressure of the inorganic peroxide

complex at the actual temperature of the chamber in order to ensure that the

~ complex will release hydrogen peroxide vapor with substantially no

15 decomposition. However, in general, the pressure used is preferably less than

. 50 torr, more preferably less than 10 torr. In certain embodiments of the

invention in which the vapor pressure of the peroxide complex is low, the

pressure is preferably less than § torr.

In the use of the inorganic peroxide complexes for sterilization, it is

20 critical to complex stability that heating occur rapidly which may be effected 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

25  complex be heated rapidly, i.e. as rapidly as 1000°C/minute or 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

30 position. The inorganic hydrogen peroxide complex is incorporated into a

peroxide disk 132. The disk 132 comprises five layers: three layers of CSR
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* A net al

shelf on which a plastic tray containing |unen devices were

pl aced for testing. -20- Electrical resistance heaters on the exterior
6f the chanber walls, which maintained the chanber tenperature at 45[err]C
during t-he efficacy testKngs. 2. Bi ol ogi cal Chal l enge and Test 5

To evaluate the efficacy of the non-aqueous peroxide delivery system a

bi ol ogi cal

chal  enge consisting of 1.04 x 10[err] B. subtilis var. (niger)

hch end of ¢ ho WTaR. estoe, GRFPIRE noReiererkf SuHL o kieed wHRHProrfghe.

3mm ID x 50cm  The disk 132 is heat sealed around its edge to retain the peroxide complex

10

15

powder. The peroxide disk 132 is placed undemeath a perforated aluminum
plate 130 which is attached to housing 150 by aluminum attachment pieces
142. The disk 132 is loosely held in place between O-rings 151. Prior to
introduction of peroxide vapor into the chamber, a heated aluminum platen 134
is apart from the peroxide disk 132 and is attached to an aluminum plate 136.
A spring (not shown) within the bellow 138 holds the plate 1368 down in the
closed position. When the chamber 131 is evacuated, the bellow 138 is also
evacuated. The plate 136 is seated against O-rings 148, thus separating a
peroxide release chamber 152 from passageways 158. The apparatus is held
in place and attached to a sterilization chamber 131 by bolts 144, 146, 154 and
156.

Referring to FIGURE 7B, in order to bring the platen 134 up to contact
the peroxide disk 132, the bellow 138 is vented. Once the pressure is
increased, the bellow 138 moves upward, thereby propeling the heated
aluminum platen 134 against the peroxide disk 132. In a preferred
embodiment, the aluminum platen 134 is pre-heated to 175°C; however other
temperatures can be used. Peroxide vapor is then released from the powder
through the CSP layers, passes through the perforations 160 in the perforated
aluminum plate 130, and enters the peroxide release chamber 152. The
upward movement of the heated aluminum platen 134 also opens the peroxide
release chamber 152, allowing peroxide vapor to enter passageways 158 which
are in fluid communication with the sterilization chamber. |

The inorganic peroxide complexes used in the following two examples
to determine amount of peroxide release and sterilization efficacy were
potassium pyrophosphate (K,P,0,3H,0,: PP), potassium oxalate

© (K,C,01H,0,: PO) and sodium carbonate (Na,CO,¢1.5 H,0,: SC).
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l'ength, and 1nm | D x 50cm |l ength. These ID s and | engths are typical for 10
netal |unmens used in nedical devices. The conpartnent in the mddle of each
IFamen that contained the biological test piece had the dinmensions 13mm I D x
7.6cmlength. In the bioldgical testing with nmetal lumens, a total of 9
lLunmens were eval uated per test. These included 3 |unens fromeach of the 3
different sets of ID s and |l engths available. 15- Simlar tests

were conducted with a biol ogical challengg consisting of 4.1 x 10[err] B.
subtilis var. (niger) spores on a paper wa 4mm What man #1

Cimone o drmeneions. 1 1D T Peee 6f Perbiple Wi SOCPEARIPPT L D€
ID x 3 neter |ength, aﬁummmmtmmmgi,n,mmm SC, PO and PP
corper Nt O Wi gblbres B DS TR e Mol L6 el iz § e
fTrEgh]Og'ggL r Lsf | uerst.thésé Coiiplexes' was dEtefmiiidcat vatioas temperatufes usihg &'75 fiter
chamber and the apparatus of FIGURES 7A and 7B. The amount of H,0,
released from the PP at 175°C was greater than for SC and PO. Although SC
released the least amount of H,0, at 175°C, significantly more release was
seen when the amount of sample was increased. -
0 Table 17
RELEASE OF PEROXIDE IN 75 LITER CHAMBER

_, SC £Q ee
Temp. to release H,0,
15 (by DSC) . 170°C 150°C 130°C
With 2 grams sample _
At 125°C 0.3 mgiL 0.8 mgiL 1.0 mgiL
_ -At 150°C 1.2 mg/lL 2.0 mglL 1.5 mg/L
20 At 175°C 1.8 mgiL 2.5 mgiL 3.4 mgh
With 3 grams sample _ _
At 175°C 2.3 mghL
25 With 4 grams sample
' At 175°C 2.9 mgh.

\——x\ﬁ
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the 4 different | engths available:. The |unens containing the biological
test sanples were placed in a 25 plastic tray that was then placed on
the shelf in the sterilization chanber: The chanber door was then cl osed
and .t he chanber evacuat esto 0.2 Torr pressure with a vacuum punp. The
gl.um num pan cont ai ni ng the hydrogen peroxi de urea adduct was then heated
to 80 to 81[err]C for a priod of 5 minutes, as neasured by a thernocouple
t hernonet er placed on the side wall of the 30 al um num pan
approximately 1 cmfromthe bottom of theEnmlﬂMng this time - 21 -

t he concentration f hydrogen pﬁiﬁél'de Ir‘ht cghg@a%l‘r'l'c& wed to 6ng/ 1l as

nmeasured by the peroxide nonito
2 x 10° B. subtilis var. niger spores were inoculated on a SS biade.

Three inoculated blades were first placed in the front, middie and back

5 positions of a Spunguard wrapped 10"x 21"x 3.5" polyphenylene oxide tray.
The wrapped tray was then placed in a 75 liter vacuum chamber having an

initial vacuum pressure of 0.2 torr. A 5.5 peroxide disk was made by heat-
sealing the SC, SO or PP inorganic peroxide powders between three layers of
Spunguard and one layer of aluminum foil coated with polypropylene film. The

10 peroxide was released by contacting 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 are summarized in Table

15 18.
Table 18
EFFICACY TEST RESULTS
: Peroxide  Weight of Peroxide Sterility
20 Complex _Complex _Conc. {+all)
PP 2 grams 34mgh - 0n
PO 2 grams 25 mgh 073
SC 2 grams 1.8 mgh 13
sC 3 grams 2.3 mgh o3
25 SC 4 grams 2.9 mgh 03

Ascanbeseeninme‘hble.nogrowm of spores was obsérved 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 observed.

30 These results underscore the efficacy of sterilization using inorganic hydrogen
peroxide compound. '
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The biol ogical test sanples were exposed to the hydrogen peroxide vapor for
periods of 5, 10, 15, 20, and 25 minutes. After exposure to the 5

Aiydr ogen peroxi de vapor, the biol ogical test sanples were aseptically
transferred into 15nL of {rypticase soy broth containing 277 units of

catal ase to neutralize any hydrogen peroxi de residual s that nmay remain on
the test sanples. Al sanples were incubated for 7 days at 32[err]C and
observed for growh. 10 Conparati ve studles were al so conducted in

whi ch a 50% aqueous sleorgania hydrogen pemxide-complexes canibe eeadily incorporated into
sterilization c cto t

surface) . The Vﬁﬁﬁb&wﬁ%@&%mﬁﬁ#ﬁ@ i o it Bin Brofinic
vapor phase poncperoxitde congilexes!r oFor exampiedincrgahicy é%>Vanl beeusedninh
bi ol ogi cal test sanples used 15 in these tests were jdentical to those

used in the non-eennastion with A plasmasterlization: method, ok iniicoppection with a self-
biol ogi calgtest SaHRliRg ShéiBsure:NileibCpéfixide is siowly released from the complex.
Similarly, inorganic complexes can also be used in the sterilization of articles

having narrow lumens, whereby a vesse! containing the inorganic peroxide

complex is connected to.the lumen. In addition, pressure pulsing of the vapor

.released from inorganic peroxide complexes can be employed. Other

10 examples of the use of inorganic complexes for sterilization will be apparent to

one having ordinary skill in the art upon reference to the present sbeciﬁcation.

m,lsllsiiiﬂt Iilii i Rzﬂ
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"t he hydr ogen peroxide was also identical. B. Test Results The results of
these tests with stainless steel and TEFLON err] |unens, 20 whi ch are

“presented in Tabl eﬁ“ﬂlﬂwmllunﬂjlgmt ively, illustrate the advantages of the
non- aqueous per oxi / mwi th both netal and non-netal |unens.

-Total kill of the bact@eri'al "spdres was achieved within 5 nminutes with the

non- agueous peroxi de delivery systemfor the smallest ID and the | ongest

| umens evaluated. At the sane tinme, total kill was not achi eved even after
25 25 nmi nut AMELLAMY usion time with the 50% hydrogen per oxi de

sol ution. - 22 Talj e 3 an apparatus for hydrogen peroxide sterilization of an article,
comprising: _ | ' :
_ a container for holding the article to be sterilized at a pressure of
5 . less than 50 torr; and | '

a source of hydrogen peroxide vapor in fluid communication with
said container, said source comprising an inorganic hydrogen peroxide
complex at a temperature greater than 86°C, said source configured so
that said vapor can contact said article to effect sterilization.

10 2. The apparatus of Claim 1, wherein said pressure is less than 20
torr. '

3. The apparatus of Claim 1, wherein said pressure is less than 10

4. The apparatus of Claim 1, wherein said source is located within

16 - said container.

5. The apparatus of Claim 1, further comprising an enclosure
disposed outside of said container in which said complex is located, and an
inlet providing fluid communication betweeen said container and said enclosure,
such that vapor released from said complex travels along said inlet and into

20 said container to effect sterilization.

' 6. The apparatus of Claim 1, wherein said inorganic hydrogen
peroxide complex is a complex of sodium carbonate, potassium pyrophosphate
or potassium oxalate.

7. The apparatus of Claim 1, further comprising a heater located

25 _ within said container, whereby said complex is placed on said heater and
heated to facilita_te' the release of said vapor from said oompléx.

8. The apparatus of Claim 7, wherein said heater is heated prior to
contacting with said complex.

8. The apparatus of Claim 1, further comprising a vacuum pump in
30 fluid communication with said container for evacuating the container.
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Aqueous/ Non- Aquoous Eff | Conpari son 88 Blades In SS Lunens STERILITY
RESULTS ( ANPLES& SOURCE OF DI FFUSI ON PEROXI DE TI VE

| %1/\/'3N) ?rrm ){m\!‘ig\!\\vﬂ@}‘}}ﬂ%‘\\l io 1nm x 40cm 60cm - 0 50cm 5 0

213 15 1/3 -« 1/ 3

1/3 20 0/3 0/ 3 1/3 25 0/3 0/ 3
1/3 5 0/ 3 0/ 3 0/3 15 10
0/3 0/3 10. (re apparatus of Claim 1, further comprising an electrode

adapated to generate a plasma around said article.
11. The apparatus of Claim 10, wherein said electrode is inside said
5 12. The apparatus of Claim 10, wherein said electrode is spaced apart
from said container and is adapated to flow plasma generated thereby towards
and around said article.
13. The apparatus of Claim 1, wherein said complex is in a solid
phase.
10 14. A method for hydrogen peroxide vapor sterilization of an article,
comprising: _
placing said article into a container; and
contacting the article with a hydrogen peroxide vapor released
, from an inorganic hydrogen peroxide complex by heating the complex
15 at a rate of at least 5°C/minute to contact and sterilize the article. _
15. The method of Claim 14, wherein the heating rate is at. least
10°C/minute. | .
16. The method of Claim 14, wherein the heating rate is at least
50°C/minute.
20 17. The method of Claim 14, wherein the heating rate is at least
1000°C/minute. : .
18.  The method of Claim 14, wherein the complex has less than 10%
water. _
19. The method of Claim 14, further comprising heating said complex
25 | fto facilitate the release of said vapor from said complex.
20. The method of Claim 19, wherein the heating step comprises
contacting said complex with a pre-heated heater.
21. The method of Claim 19, wherein said complex is heated to a
temperature greater than 86°C.

-
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UREA PEROXI DE

0/3

223 Table 4
[n TEFLON[ er

v

15 0/3 . 0/3 0/3 20

10

15

20

25

30

0/3

0/3 25 0/3 0/3 0/3 20

' us Efficacy Conparison 6mm x 4nm Paper strip
m En H LI TY RESULTS (PGSl Tl VE/ SAMPLES)
* c L m .S *

22. The method of Claim 14, further comprising evacuating the
container before introducing said vapor into said container at a pressure of less
than 50 torr. ' ' |

23. The method of Claim 22, wherein said pressure is less than 20
torr.

24. The method of Claim 22, wherein said pressure is less than 10
torr.

25. The method of Claim 14, further comprising generating a plasma .
around said article after introducing said vapor into said container.

26.  The method of Claim 25, wherein said plasma is generated inside
the container. _

27. The method of Claim 25, wherein said plasma is generated
outside the container and flowed inside the container and around said article.

28. The method of Claim 14, wherein the contacting step comprises
pressure pulsing of said' vapor.

28. A method for hydrogen peroxide sterilization of an article,
comprising: - _

placing the article in a enclosure containing an inorganic hydrogen
peroxide complex;

sealing said enclosure; and

allowing said enclosure to stand at a temperature below 70°C for

a time sufficient to release hydrogen peroxide vapor from said complex

to effect sterilization of the article.

30. The method of Claim 28, wherein said enclosure is allowed to
stand at a pressure less than atmospheric pressure. |

31. The method of Claim 28, wherein said enclosure is allowed to
stand at a temperature below about 40°C. '

32. The method of Claim 29, wherein said enclosure is heated to a
temperature greater than 23°C to faciiitate release of said vapor.

' 33. The method of Claim 29, wherein said enclosure is selected from
the group consisting of a pouch, a container, a chamber and a room.

R
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SOURCE OF
3m 1nm X

DI FFUSI ON PEROXI BE TIME (M N) Imm x Im 1nm x 2m 1nmm X

3/3 3/3 3/3 10

' .qm\m\m\mﬂ\\“\ :2%,320 _sxg/go% salriay 15

1,3 25

0/3 0/3 15-
0/ 3 PEROXI DE
0/3

of

10

15

20

25

1/3 5 0/3 0/3
0/3 - 0/3 0/3

Q# -3 The mqugé ggClaim 290% n said ‘lygyogen peoré:o?i\qz,e;jcomplex

0/3 20 The fact jlinithé JomA oflapowdért i on can be acconplished in the absence

35. The method of Claim 29, wherein said hydrogen peroxide complex
is in the form of a tablet.

36. The method of Claim 20, wherein said saaling step comprises
sealing said enclosure with a gas permeable material.

37. The method of Claim 38, wherein said gas permeable material is

selected from the group consisting of TYVEK™, CSR wrap, and paper.

38. A sealed enclosure containing a sterile product and an inorganic
hydrogen peroxide complex capable of releasing hydrogen peroxide vapor.
38. A potassium pyrophosphate hydrogen peroxide compiex.
40. A method for hydrogen peroxide vapor sterilization of an article,
comprising:
placing said article into a container; and
contacting the article with a hydrogen peroxide vapor to contact
and sterilize the article, said vapor being released from an inorganic
hydrogen peroxide complex which does not decompose to release a
hydrohalic acid. :
41. A method for hydrogen peroxide stenllzation of an article having
an exterior and a narrow lumen therein, comprising: -
connecting a vessel containing an inorganic peroxide complex to
the lumen of the article; |
placing the article within a eontainer whereby said vessel remains
connected to the lumen;
reducing the pressure within said container; and .
~ contacting the lumen of the article with hydrogen peroxide vapor
released from said inorganic peroxide complex at a temperature less
than 70°C.

_—
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.substantial anounts of water is surprising, in light of the fact that
"noi sture has general |y been present during chem cal gas/vapor phase
-sterlllzatlon by various sterilants’ othef than hydrogen peroxide. Since

‘vapor phase hydrogen perqxide 25 - sterilization systens have used
,aqueous sol utions of hydrogen peroxide, there has been noisture present in
"those systens as well. To test the sterilization efficacy of various other

per oxi de conpl exes, the follow ng experinents were perforned. Exnple 1é!§&T
and 4 30 JEWH%A- tus of Exanple 1 was used to test the eff

of polyvinyl pyrrol i ¢gQssr mwommmwmmmw
6- hydrogen peroxi de conpl ex (Exanple_ 3 et hyl ur ea hydr ogen

peroxi de conpl ex (Exanple 4). These -?f;»A PePishesi zed according to
the . An apparatus and process for hydrogen peroxide vapor sterilization of

5 medical instruments and similar devices make use of hydrogen peroxide vapor
released from an inorganic hydrogen peroxide compiex. The peroxide vapor
can be released at room temperature and atmospheric pressure; however, the
pressure used can be less than 50 torr and the temperature greater than 86°C
to facilitate the release of hydrogen peroxide vapor. The heating rate can be

10 greater than 5°C. Opﬁonally. a plasma can be used in conjunction with the

vapor.
15
DEA-8122
102785
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- 247" method di sclosed below in Exanples 12 and 13. Test paraneters were

as follows: Exanple 2 3 4 5 Chanber Tenp.
45[etr] C 45[err] C 45[err]C Initial Pressure
0.2 Torr 1.0 Torr 1.0 Torr W % of peroxi-de 17%
10. 5% 26. 6% Per oxi de concentration 6ng/ L 6ng/ L
6ng/ L W of conpex used 8¢ 18g 6g 10
per cycle Tenp to rel ease per oxi r'G i 110[err] C 110[err] C
80[err]C In each case, spore supports were 6mm x 4nm paper substrates in
22
yd 10 /1/
{/ /% /
. { } w
=3 '
s "
2# / i : /4./

20

\
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plastic lumens and stainless steel blades in stainless steel |unens. The
results 15 of this efficacy testing appear below in Table 5. Table 6
Efflcacy of Conpl exes with PVP, nylon 6, and 1, 3-dnethylurea 20 STERILITY
RESULTS (PCSI Tl VE/ SAMPLES) Wth 5 M nutes Exposure TYPE OF SI ZE OF LUMEN

*

I UMENS Exanpl e 2 Exanpl e 3 Exanpl e 4 25 1mm
X 1m 0/ 3 ' 0/ 3 - 0/3 1Imx 2m 0/3

0/3 0/3 TEFLON[err] . Immx 3m ) 0/3 0/ 3.

0/3 1nm x 4m 0/3 0/3 0/3

/
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3mm x40cm 0/3 - 0/3 0/3 30 STAINLESS 3mm x 60cm
0/3 ' 0/3 0/ 3 STEEL 1mm x 50cm 0/3 :
0/'3 0/ 3 -25-" The results appearing in Table 5 show that each of
the tested hydrogen peroxi de conpl exes generate peroxi de vapor which
provides efficient sterilization after only five m nutes exposure. The
tenperature required to rel ease the hydrogen peroxide vapor fromb5 t he
~solid conplex which is shown above is the tenperature neasured by a

t hermocoupl e thernonmeter | ocated on the outside of the al um num pan

THERMOCOUPLE

‘o
o'y

. e

BOOOT
O]

*
ote’e%se %%

Fig. 3A
s e e s asee
OO
00
000’0'9'0‘0'
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approximately 1 cmfromthe bottomof the pan. Further testing using a
thernmoneter, such as a fluoroptic thernoneter, placed on the inside bottom
*of the pan indicated that thegr @Perﬁ%ﬂge at the bottom of the pan was 10
approxi mately 30-35[err] C hi gher scribed in Exanple 5 bel ow. Thus, in’
-the previous exanple, the tenperature at the bottom of the pan was
approximately 110 -115[err] C when the thernocoupl e thernoneter read
80[err]C, and the tenperature at the bottom of the pan was approxi mately
140 -145[err] C when the thernocouple thernoneter read 110[err]C. 15
Exanple 5 To determ ne the tenperature at the bottom of the al um num pan
used to contain the solid peroxide conplex, a fuoroptic thernoneter was
taped to the inside bottom of the alum num pan.. An Oregalerr]

t her nocoupl e thernoneter was placed on the outside of the al um num pan
approximately 1 20 cmfromthe bottom of the pan. Three different
readi ngs of the thernoneters

/??

Feuwet 30
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were taken. Each time the pan was heated to the desired tenperature

I ndi cated by the thernoneter

pl aced on the side of the pan, allowed to

cool, and then re-heated to the desired tenperature. The recorded
terrper atures are listed below. 25 Tenp at Tenp. at bottom of

pan ([err]C) Side O pan 1st
110.6 - 110.7 30 100[err]C

results show that the tenperature at the bottom of the al um num pan was

WRPER  vAcUUM wiTH pRD wiTholNT HEATING

THE REVEACE of NYDROGEN VEROXIVE (¥DFY GULINE AMMYVRIUE
PEROXIDE (oMPLLYX

4

2nd 3rd avg 80[err]C 110.9 110.6
131.5 132.6 132.0 132.0 - 26 - The

mit\\m:‘ Nl(‘i{"'ol\ao '\“.('\\fl\

| °
Cm?\ux was \\Co'\ecl 1> o0

1Y

30

20 2 ;‘
Time ( mautes )

s
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approxi mately 30-35[err] C higher éft%;n;?g tenperature indicated by t he

t her nocoupl e t hernoneter | ocated i de of the pan. Furti& q sting
was performed to conpare the efficacy data obtained 5 usi g %, aqueous
and non-aqueous source of peroxide in an open (non-I|unen) syste The

experinents are described in detail below. Exanple 6 The apparatus of
Exanple [err] was used with a biological challenge that consisted of 6.8 x
10[err] B. subtilis var (niger) spores on a 6mm x 4mmstrip of 10
What man #1 chr onat ogr aphy paper packaged in a TYVEK[err]/MYLAR[ err]

envel ope. (TYVEK[err] is a gas perneable fabric made of pol yethyl ene.
MYLAR[ err] is a non-gas perneabl e polyester material). Packaged bi ol ogi cal
chal l enge strips were placed in the front, mddle and back of a

pol yphenyl ene oxide tray that contained a flexible fiberoptic

si gnoi doscope. The tray was placed in a 15 pol yphenyl ene oxi de

contai ner that had one port in the top and two ports in the

4 W G
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§ .
bottomto allow for diffusi onFl‘l@'e éour-i nch di aneter ports were covered
wi th a breathabl e pol ypropyl ene packagi ng material (SPUNGUARD err] Heavy
Duty Sterilization Wap, Kinberly-Clark, Dallas, TX) to naintain the
sterility of the contents of the container after sterilization. The

cont ai ner was placed in the 20 apparatus of Exanple 1 and the pressure
in the chanber was, reduced to 0.2 Torr. The.al um num pan containing 2
grans of hydrogen peroxi de urea adduct (Fluka Chemi cal Corp.) was then
heated to 80 to 81 C, as neasured by a thernocoupl e thernmoneter placed on
the outside of the alum num pan approximately 1 cmfromthe bottom of the
~alum num pan, for 5 mnutes to 25 provi de 3ng/ L of hydrogen peroxide
vapor in the chanmber. The bi ol ogi cal test sanples were exposed to the

hydr ogen peroxi de vapor for periods of 5 and 10 m nutes. After exposure the
test sanples were handled in the same way as were those in Exanple 1.
Conparative studies were al so conducted in which a 50% aqueous

a=760 torr

: b =100 torr

4 c= 50 torr

g d= 30torr

© e= 20torr

—_ f= 10torr

&0 g= Storr
a
=
2
2
-8
=
S
i
[~]
-~
H
4

<0 &0 8o 100 120 140 160 180
Temperature (°C)
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30 sol ution of hydrogen peroxide was injected into the sterilization

chanber and vapogized froma heated injector he vol ume of khydroge
per oxi de solutiod - 27- injected produced apor phase cpncdntrati on of
3nmg/ L. The test Oonf igediia t , itEbp of the biologicdl tst
sanpl es, and thm | (et sanpl es aft ure
were all identi . M n- onus HEQrogen I de
tests. The results of t S resent edTmn bl e 6
Agueous/ Non- Agueoyg E en System
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(Non- Lunmen Test) 10 Source of Di ffusion Sterility

Per oxi de Ti me Results (m n)
(positivel/ sanpl es) 15 50% sol ution- 5

3/3 10 3/ 3 Urea Peroxide 5 1/3
10 0/3 20 Jhe results of these tests denonstrate the greater

ef ficacy of the non- aRfdeous when conpared with the aqugous hydrogen

per oxi de process in an "open" systemin which the bioloqfc | panpl e was not
placed in a lunen. Again, \t was surprisingly discovered t%at a non-agueous

system provi ded
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o o st ¥ ] .
25 '?"'stj'pe'ri or sterilizati-on even when diffusion of hydrogen peroxide i M=
required. This suggests that the node of

a long and narrow | unen i,s not
action of hydrogen peroxide is not. the same for systens With and w t hout

water. Further testing was perforned to determne the efficacy a
non- aqueous peroxi de vapor at normal, not reducgd, pressure. This testing
Is detailed 30 bel ow. Exanple 7 Efficacy {€s5ts were conducted with the
hydr ogen peroxi de vapor released fromthe urea peroxide conplex in an open
In this test the biological challenge of

system at at nospheric pressure.
1.04 x 10[err] B. subtilis var. (niger)spores 35 on the stainless steel
bl ades were packaged in a TYVEK[err]/MYLAR err]

surgi cal
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- 28 envel ope. Packaged bi ol ogi cal challenge bl ades were placed on the
front, mddle, and back of a pol yphenyl ene oxide tray. The tray was pl aced
%in the apparatus of Exanple 1 and the chanber door was closed. The al um num
pan containing 4.0 gm of 'urea peroxide (Fluka Chem cal Corp.) was heated to
80[err] 5 to 81[err]C, as neasured by g thernocouple thernoneter placed
on the side of the alum num pan approximately 1 cmfromthe bottom of the
pan, for the duration of the test. The biol ogical test sanples were exposed
to the hydrogen peroxide vapor for periods of 5 103 20 and 30 m nutes.
After exposure the test sanples were handl ed the sane way as those in
Exanple 1. The results of 10 these tests are presented in Table 7 and
denonstrate the efficacy of the non- aqueous peroxide process in an open
system at ‘at nospheric pFESSﬁ%e. Table 7 Efficacy of non-aqueous peroxide
process in open system
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at atnDspheric pressure 15 Source of Di ffusion

Stgeri lity Peroxide Ti me Resul ts (m nutes)
(positivel/ sanpl es) 20 Ursa Peroxide 5

3/3 10 1/3 25 _ 20

0/3 30 : 0/3 30 Furt her_ EQ§ts were conducted to
determ ne the approxi mate anount of peroxi r-el eased fromthe hydrogen

per oxi de urea conplex at various tenperatures. This testing is described in
Exanpl e 8. Exanple 8

*otetetet 5
%% % e e

P
BRSO :o'o’c. MO
07070 1 0% 0 0 0 e Nt

LN
ERXRXRN

DOOOOOG BOOOE
OOOO00
0000000000 0 % e e et Yy

S et e s b e e n e

DOOGOOON
OO0
OO

Yot

%

"G"gh'
\ TYVEK

AR RN

R
BOO o'o'h'n'c‘.:.:. AN
o00% WPt

L)
ORRSS

REPLACEMENT SHEET
11DEC 1996

Vs Do o4 el n--J




L)

Urea peroxi de powder, obtained fromcrushing the conmercially 35
ayai l abl e tablets (Fluka Chem cal Corp.), was placed between two al um num
screens in. an apparatus according to FI GURE 3B having di nensions 12.7 cm
- 29 - x 12.7 cm The alum num pl ate was then heated and the tenperature
was ‘noni tored using a thernometer Ioated_pgar a coner of the alum num
plate. Table-8 lists the approxi mate perc —of peroxide rel eased at
various tenperatures after heattﬁggjoU%2§Ve m nutes. The data show t hat
approximately 5 100% of t he' pewWoXi is released fromthe conplex at a
tenperature of 140[err]C. Lesser percentages of peroxide are released at
tower tenperatures. Table 8
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Relyease, of non-aquéous péroxide at various tanperatures 10 Fbaiing' .
Teﬁperature % Per oxi de Rel eased 80[err]C : -25% 15
100[err]C : -65% 120[err] C : -80%
130[err]C ) -90% 20 140[err]C -100%
Per oxi de conpl exes having the ability to rel gase hydrogen peroxide 25
vapor at roomtenperature and atnospheric pressure, such as the urea
peroxide conplex, allows themto be effective for use_in various
sterilization applications. Not only can they. be used W% e erilization
apparatus of the present invention described above, the §0' cENTTE
present invention can ' .
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al so be used as part of self-sterilizing packaging materials, or applied
onto 30 supports such as gauze, sponge, cotton, and the |like. The
tonmpounds allow for sterilization of seal ed packages at roomtenperature or
at elevated tenperatures, and are particularly useful for the sterilization
of packaged nedi cal or surgical productsu_%alticular uses of the conpounds
of the present invention are described 35——in the exanples which follow
The peroxide conplex used in the following - 30 - exanples was urea
peroxide in the formof a tablet (Fluka Chemcal Corp.) or in the formof a
powder obtained by crushing the tablets. Exanple -9 :
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A self-sterilizing-pouch was assenbled as follows: A surgical scal pel 5
having 3.8 x 10[err] B. subtilis var. niger spores on its surface was
placed in a sterile petri dish. The dish was placed in a larger petri dish,
together with 1 gmurea peroxide conplex in either tablet or powder form
The larger petri dish was then inserted into a pouch fornmed of

TYVEK[ err]/MYLAR[ err] (gas perneable, Ta ), MYLAR[ err]/ MWLAR[ err]
(non-gas perneabl e, Table 10) or Paper/ MYLAR[err] 10 (gas perneabl e,
Tabl e 10). The pouch was then seal ed. Each pouch was exposed to various
tenperatures for various tinme periods, as shown in Tables 9 and 10 bel ow.
The bi ol ogical test sanples were evaluated for sterilization as described
in Exanple 1. The results are induded in Tables 9 and 10, with a "+" sign
i ndi cating bacterial growmh. 15 Table 9
Self-Sterilizing Pouches Wth Breathable Barrler (TYVEK[err]/NNLAR[err])

a=760 torr

b= 100 torr

T c= 50 torr

$ d= 30tomr

° e= 20torr

g g= Stomr
g
2
3
-2
[
g
g
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d

40 80 80 100 pr — — 4
Temperature (°C)
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-31 -
?Terrperature Packagi ng Type 2 hr. 4 hr. 5
23[err] C MYLAR/ MYLAR Paper/ MYLAR + 40[err] C
MYLAR/ MYLAR _ Paper/ MYLAR _60[err]C

Paper / MYLAR

peroxi de conpl ex of the present inventioasacluded in a pouch with and

wi t hout a breathable barrier- provides effective sterilization to an

MYLAR/ MYLAR

Tabl e 10 Self-Steril zi ng Pouches Wth & Wthout Breathable Barri er

Results fromghis testing show that the-urea .

article inside the pouch in the absence of noisture at roomtenperature and
at nospheric pressure after only 2 to 3 '
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hours. At higher tenperatures, sterilization is effected after o

hour. 15 To determ ne the efficacy of the sterilization system of
the present invention in a dosed container, the follow ng experinment was
performed. Exanple 10 A self-stenlizing container was assenbl ed as fol |l ows:
A stainless steel support having either 3.8 x 10[err] B. subtilis var.

ni ger spores on-its surface 20 ( Tabl 1) or having 9.2 x 10[err], B.
subtilis var. niger spores on its surface (Table 12), was placed inside a
smal | pol yethyl ene (PE) vial having 20 holes (3/16" in size) inits
surface. The vial was placed in a |larger PE vial, which was covered with
either an air tight cap, or a gas perneable |ayer of SPUNGUARD[ err] .(CSR
Wap). Also included in the.larger vial was a second PE vial, also having

20 25 hol es (VAPOR'STERIUZATION WSINGSINORGANI: HYDROGEN, PEROXIDE ICUMPLEXES gm
urea peroxide in either powder or tablet form and was sealed in either a
SPUNGUARD] err] (CSR wrap) or TYVEK| Beidted Applications

This application is a continuation-in-part of U.S. patent application Serial
5 No. 08/368,786, filed January 6, 1995, which is a continuation-in-part of Serial
No. 08/234,738, filed April 28, 1984,
| Backaround of the Invention
Ei nvention _
This invention relates to an apparatus and process for using hydrogen
10 peroxide vapor to sterilize articles such as medical instrumehbs, and more
particutarly to the use of an inorganic hydrogen peroxide complex for such a
process. -
Description of the Related At - - ' -
Medical instruments have traditionally been sterilized using either heat,
15 such as is provided by steam, or a chemical, such as formaldehyde or ethylene
oxide in 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
20 ethyiene oxide are particularly severe, because its use requires long aeration
. . times to remove the gas 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
25 is introduced or the chemical and moisture must be introduced simultaneously.
Moisture piays a role in sterilization with a variety of other chemicals in the gas

REPLACEMENT SHEETS  SG
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Each contai ner was exposed to various tenperatures for various tine
periods, as shown in Tables 11 and 12 bel ow. The biol ogi cal test sanples
- 32 - were evaluated for sterilizati-on as described in Exanple 1. The
results are included in Tables 11 and 12, with a "+" sign indicating
bacterial growth. Table 11 Self-Sterilizing Containers Wthout Breathable

W ndow Tenperature Packagi ng ‘I'S/p%.‘ 2 hr. 6 hr.
Unpackaged t abl et + _ 10 . 23[err] C agc
packaged t abl et + _ C/ C packaged powder
or vapor state, in addition to ethylene oxide and formaldehyde, as shown in
Table 1.
Table 1
5
' Relative Humidity Requirements Literature
Chemical for Optimal Efficacy Reference
Ethylene oxide : 25-50% 1
10 Propylene oxide . 25-50% 1
Ozone 75-90% 2
Formaldehyde >75% 1
Glutaraldehyde 80-90% 3
Chlorine dioxide ‘60-80% 4
18 Methyl bromide 40-70% 1
B-Propiolactone >75% 1
Peracetic acid 40-80% S

1. Bruch, C. W. Gaseous Sterilization, Ann. Rev. M«:robmlogy 15:245-262
20 (1861). .
2. Janssen, D. W. and Schneider, P.M. Overview of Ethylene Oxide
Alternative Sterilization Technologies, Zentraisterilisation 1:16-32 (1893).
3. Bovallius, A. and Anas, P. Surface-Decontaminating Action of
_ Glutaraldehyde in the Gas-Aerosol Phase. Applied and Environmental
25 Microbiology, 128-134 (Aug. 1977).
- 4, Knapp, J. E. et al. Chlorine Dioxide As a Gaseous Stenlant. Medical
Device & Diagnostic Industry, 48-51 (Sept. 1986).
5. Portner, D.M. and Hoffman, R.K. Sporicidal Effect of Peracetic Acid
Vapor, Applied Microbiology 16:1782-1785 (1968).
30 . |
Sterilization using hydrogen peroxide vapor has been shown to have
some advantages over other chemical sterilization processes (see, e.g., us.
Pat. Nos. 4,169,123 and 4,169,124), and the combination of hydrogen peroxide
35 with a plasma provides additional advantages, as disclosed in U.S. Pat.
4,643,876. Inthese 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 hydnogen petoxlde inthe vapor

40 phase to be effective or to exhibit its maximum sponcidal acﬁvdy——«l-lewever the -

: REPLACEMENT SHEET
| o08APR1997

P4y Jmmre  ameenad




Unpackaged t abl et - - 40[err]C c/C packaged tabI et JC

packaged powder Unpackaged tablet 60[err]C : Tl kagedl tablet C/ C
packaged powder . *- pouch forned |AESRRCER -31- Table
12 Self-Sterilizing Containers Wth Breat habl.e,CSR Wndow

08 APR w9/

- 3 -
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use of aqueous solutions of hydrogen peroxide to generate hydrogen peroxide
' vapor for sterilization may cause problems. At higher pressures, such as
atrnosptyeric pressure, excess water in the system can cause condensation.
Thus, one must reduce the relative humidity in a sterilization enclosure before
5 introducing the aqueous hydrogen peroxide vapor.

The sterilization of articles containing diffusion-restricted areas, such as
long narrow lumens, presents a special challenge for hydrogen peroxide vapor
that has been generated from an aqueous solution of hydrogen peroxide,
because:

10 1 Water has a higher vapor pressure than hydrogen peroxide and
will vaporize faster than hydrogen peroxide from an aqueous solution. |

2. Water has a lower molecular weight than hydrogen peroxide and
will diffuse faster than hydrogen peroxide in the vapor state.

Because of this, when an aqueous solution of hydrogen peroxide is

15 vaporized, the water reaches the items to be sterilized first and in higher
concentration. The water vapor therefore becomes a barrier to the penetration
of hydrogen peroxide vapor into diffusion restricted areas, such as smail
crevices and long narrow lumens. One cannot soive the problem by removing

_ water from the aqueous solution and using more concentrated hydrogen
20 peroxide, since concentrated solutions of hydrogen peroxide, i.e., greater than
. 85% by weight, can be hazardous, due to the oxidizing nature of the solution.

U.S. Patents 4,642,165 and 4,744,951 attempt to solve this problem.
The former discloses metering small increments of a hydrogen peroxide
solution onto a heated surface to ensure that each increment is vaporized

25 before the next increment is added. Although this helps to eliminate the
difference in the vapor pressure and volatility between hydrogen peroxide and
water, it does not address the fact that water diffuses faster than hydrogen
peroxide in the vapor state. '

The latter patent describes a process for concentrating hydrogen:

30 peroxide from a relatively dilute solution of hydrogen peroxide and water and
supplying the concentrated hydrogen peroxide in vapor form to a sterilization



Tenperat ure
hr. 4.0 hr 5
23[err] C

_ O C packaged tabl et

_ 10

- 40[err]C
powder
powder

" 10

15

20

25

30

Packaging Type 0.5 hr. 1.0 hr. 1.5 hr. 2.0 hr. 3.0'

Unpackat A JFCY STMIS M Ve Y=Yax &
T/ T packaged table T/ T packaged ﬁ‘ENT a4 §
Unpackaged t abl et 0.8 APR 1997

T/ T packaged tablet =~ 4- _ T/ T plckaged
C/ C packaged tabl et - = C patkage

- - 15 Unpackadgpd tabl et
- - T/ T packaged tabl et :

chamber. The process involves vaporizing a major portion of the water from
the solution and removing the water vapor produced before injecting the
concentrated hydrogen peroxide vapor into the sterilization chamber. The
preferred range for the concentrated hydroﬁen peroxide solution is 50% to 80%
by weight. This process has the disadvantage of working with solutions that
are in the hazardous range; i.e., greater than 65% hydrogen peroxide, and also
does not remove all of the water from the vapor state. Since water is still
present in the solution, it will vaporize first, diffuse faster, and reach the items
to be sterilized first. This effect will be especially pronounced in long narrow
lumens. |

U.S. Pat. 4,943,414 discloses a process in which a vessel containing a
small amount of a vaporizable liquid sterilant solution is attached to a lumen,
and the sterilant vapoﬁzes and flows directfy into the lumen of the article as the
pressure is reduced during the sterilization cycle. This system has the
advantage that the water and hydrogen peroxide vapor are pulied through the
lumen by the pressure differential that exists, increasing the sterilization rate for
lumens, but it has the disadvantage that the vessel needs to be attached to
each fumen to be sterilized. In addition, water is vaporized faster and precedes
the hydrogen peroxide vapor into the iumen. '

U.S. Pat. No. 5,008,106 discloses that a substantially anhydrous
complex of PVP and H,0, is useful for reducing the microbial content of

surfaces. The complex, in the form of a fine white powder, is used to form

antimicrobial solutions, gels, ointments, etc. It can also be applied to gauze,
cotton swabs, sponges and the like. The H,0, is released upon contact with
water present on the surfaces containing the microbes. Thus, this method too
requires the presence of moisture to effect sterilization.

Certain inorganic hydrogen peroxide complexes have been reported
inciuding examples within the following classes: alkali metal and ammonium
carbonates, alkali metal oxalates, alkali metal phosphates, alkali metal

pyrophosphates, fluorides and hydroxides. U.S.S.R. patent document No.SU

1681860 (Nikoiskaya et hl.) discloses that surfaces can be decontaminated,

wkmged powder



T/ T packaged powder . C C packaged t abl et : 20
C/ C packaged powder pouch formed from TYVEK" polih! Qrayegtr
Results fromthis testing show that the non- aqui@@ﬁ %ENE“‘
included in a container with and without a breajhpble barrijer p ovi des
effective steriization at roomtenperature aftel oniQ8APR
tenperatures, sterilization is effectedsaf'ter ag Rittle as on ‘,a f hour.
The non-aqueous peroxi de conpl exes whi ch rel eas¢ roxli de vapor 3
have been found to be useful in the sterilizatidn of artigles~at—foom
tenperature, and nore effectively, at higher tenperatures. These conpl exes

can be pl aced Rtk Thecessyrily lizega ﬁ,ﬁ\qﬁﬁ mp*, ?é}g

bei ng seal ed, évﬂ"erg t hey rel ease%géer}%g?dgg@g 3 .@ﬁ g%’[veld);/ag [ zes

the artics. The(NH FeH,0,). However, this inorganic peroxide complex provides
decontamination only within the very narrow temperature range of 70-86°C.

Even within this range, decontamination times were quite long, requiring at

5 least two hours. Additionally, it is known that ammonium fluoride decomposes

to ammonia and hydrofluoric acid at temperatures above 40°C.' Due to its

toxicity and reactivity, hydrofluoric acid is undesirable in most sterilization

systems. Moreover, Nikoiskaya et al. disclose that despite the release of 90%

of its hydrogen peroxide at 60°C, NH FeH,0O, is ineffective at decontamination

10 of surfaces at this temperature. Thus, it appears that a factor other than
hydrogen peroxide is responsible for the decontamination noted.

Hydrogen peroxide is capable of forming complexes with- both organic
and inorganic compounds. The binding in these complexes is attributed to '
hydrogen bonding between electron rich functional groups in the complexing

15 compound and the peroxide hydrogen. The complexes have been used in
commercial and industrial applications such as bleaching agents, disinfectants,
sterilizing agents, oxidizing reagents in organic synthesis, and catalysts for free-
radical-induced polymerization reactions.

Generally, these types of compounds have been prepared by the

20 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
solution of hydrogen peroxide and allowing the compiex to crystallize under the
proper conditions. U.S. Pat. No. 2,986,448 describes the preparation of sodium

25 carbonate hydrogen peroxide compiex by treating a saturated aqueous solution
of Na,CO, with a solution of 50 to 80% H,0, in a closed cyclic system at O to
5°C for 4 to 12 hours. More recehtly. U.S. Pat. No. 3,870,783 discloses the
preparation of sodium carbonate hydrogen peroxide complex by reacting

~ aqueous solutions of hydrogen peroxide and sodium carbonate in a batch or

30 continuous crystallizer. The crystals are separated byfittration orcentrifugation - -

and the liquors used to produce more sodium carbonate solution. Titova et al.



conpl exes can be heated to facilitate the rel ease of vapor,

and to provide

-34- sterilization in |Iss time than that required for room tenperature

sterilization. The conpounds of the present in -
in a variety of applications where sterilizati ﬁﬂfmmgﬁ;ﬁ ]

re useful

pl acing the conplex in a sealed area contalnln n article or frficles to

be sterilized, sterilization can be 5 ~ 6 achi ¢v dOﬁB}AHﬁ)lﬂgﬁas
art rmet hods, there is no need for contadt with isture to proyi

activation of .the hydrogen peroxide. To confirthat sterrrtzati

ef fected using non-aqueous peroxide conplexes Lo lesg Line at
pressures, the foll ow ng experinent was perforned.

10

15

20

(Zhumal Neorg. Khim., 30:2222-2227, 19885) describe the synthesis of
potassium carbonate peroxyhydrate (K,CO,-3H,0,) by reaction of solid
potassium carbonate with an aqueous solution of hydrogen peroxide at low
temperatﬁre 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.

U.S. Pat. Nos. 3,376,110 and 3,480,557 disclose the preparation of a
compiex of hydrogen peroxide with a polymeric N-vinytheterocyclic compound
(PVP) from aqueous solution. The resultant complexes contained variable
amounts of hydrogen peroxide and substantial amounts of water. U.S. Pat. No.
5,008,093 teaches that free-flowing, stable, substantially anhydrous complexes
of PVP and H,0, could be obtained by reacting a suspension of PVP and a -
solution of H,0, in an anhydrous organic solvent like ethyl acetate. More
recently, U.S. Pat. No. 5,077,047 describes a commercial process for producing
the PVP-hydrogen peroxide product by adding finely divided droplets of a 30%
to 80% by weight aqueous solution of hydrogen peroxide to a fluidized bed of
PVP maintained 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-

~ electrolytic complex with hydrogen peroxide by first forming a complex in

25

30

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.

All of these previous methods ofprepanng 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
sprayed onto a fluidized bed of the reactant material. _

Vapor phase and gas phase reactions afe “well known ',synﬂm#is
methods. For example, U.S. Pat. No. 2,812,244 discloses a solid-gas process |
for dehydrogenation, thermal cracking, and demethanation. Fujimoto et al. (J.



cont ai ner
10[err] B.

\%/gs assenbl ed as follows: A stainl esE)sfag}t)lagl %umw\"@ﬂ\ Sﬁﬁ

subtilis var. niger spores on its surface was gl 4ced inside a $
havi ng 20 holes (3/16" in size) in its surface| TheQBiAPR @ phkated in a
| arger PE vial, which was covered wth a gas pdrreable | ayer 1}
wap (SPUNGUARD[ err]). Al'so included in - | arjger—virarwas a se¢ond PE
vial, also having 20 holes (3/16" in size) in ijts surface. This
contained 1 gmurea peroxide in either powder or tablet form The vial was
then sealed in a CSR wap or TYVEK[err] pouch. The large vials were placed
in either a 4.5 L sterilization chanber or a 20 173 L sterilization

hanber. Each i :
Compor i ur o_f o CUBECA3STONEE X000 AOAEH" PIRP Ehse Carbiiofbbe of
wer e eval uat ed metharsdler Zéllersiiat cal. G&nale Shem,cb:1222%1227 1 (4990)) Wiscussedithe are

included in Ta?leaech'cl)g' of styrene vapor with a square-plannar organoplatinum complex.

T

These prior art vapor- and gas-phase reactions, however, were not used to
5 form hydrogen peroxide complexes.
Summary of the Invention.

One aspect of the present invention relates to an apparatus for hydrogén
peroxide sterilization of an article. This apparatus includes a container for
holding the article to be sterilized at a pressure of less than 50 torr. Preferably,

10 the pressure ié less than 20 torr, and more preferably less than 10 torr. The
apparatus also includes a source of hydrogen peroxide vapor in fluid
communication with the container. The source includes an inorganic hydrogen .
peroxide complex at a temperature greater than 86°C, and is configured so that
the peroxide vapor can contact the article to effect sterilization. The source can

15 be located within the container, or alternatively, the apparatus can include an
enclosure disposed outside of the container in which the complex is located,
and an inlet providing fluid communication betweeen the container and the
enclosure, such that vapor released from the complex travels aiong the inlet
and into the container to effect sterilization. The inorganic hydrogen peroxide

20 complex can be a complex of sodium carbonate, potassium pyrophosphate or

' potassium oxalate. Preferably, the apparatus, also includes a heater located
“ within the container, whereby the complex is placed on the heater and heated
to facilitate the release of the vapor from the complex. Such a heater can be
heated prior to contacting with the complex. The apparatus can aiso include

25 a vacuum pump in filuid communication with the container for evacuating the
container. In some embodiments, the apparatus includes an electrode
adapated to generate a plasma around the article. Such an electrode can be
inside the container, or can be spaced apart from the container and adapated

~ to flow plasma generated thereby towards and around the-article. in.a
30  preferred embodiment, the complex is in a solid phase. |



25 Self-Sterilizing Containers W tiBreathabl e W ndow In

Reduced Pressure Conditions Tenperature Pac { REPhACEMEA L
chanber 173 L chanber Unpackaged powder 30 23[ ¢r €~ hckaged
powder C/ C packaged powder : - 35 - Thege rqiszr, hat

non- agueous urea peroxi de conplex included in a ¢ontaf Her *w bf eat habl e
barrier provides effective sterilizatrqﬁigt 100 fodr.and.roqmtelpprature
after only 2 hours. These results, when conpared

Another aspect of the present invention relates to a method for hydrogen
- peroxide vapor sterilization of an article. This method includes placing the
article into a container, and contacting the article with a hydrogen peroxide
vapor released from an inorganic hydrogen peroxide compiex by heating the
5 complex at a rate of at least 5°C/minute to contact and sterilize the article.
Preferably, the heating rate is at least 10°C/minute, more preferably, at least
50°C/minute, and still more preferably at least 1000°C/minute. The complex
preferably has less than 10% water. The complex can be heated, preferably
to a temperature greater than 86°C to facilitate the release of the vapor from
10 the complex. The container can be evacuated before introducing the vapor into
the container at a pressure of less than 50 torr, more preferably less than 20

torr, and still more preferably less than 10 torr. Optionally, a plasma can be -
generated around the article after introducing the vapor into the container. The
plasma can be generated either inside or outside of the container. The present
15 invention also includes a method for hydrogen peroxide vapor sterilization of
an article in which the inorganic hydrogen peroxide complex used is one which

does not decompose to release a hydrohalic acid. .
Yet another aspect of the present invention relates to a method for
hydro_gen peroxide sterilization of an article using a self-sterilizing enclosure.
20 In this method, the article is placed in a enclosure containing an inorganii:
hydrogen peroxide complex, the enclosure is sealed, and the enclosure allowed

to stand at a temperature below 70°C for a time sufficient to release hydrogen |
peroxide vapor from the complex and effect sterifization of the article. Although
not necessary, the enclosure can be allowed to stand at a pressui'e less than
25 atmospheric bressure or at a temperature above room temperature (23°C).
Thus, the enciosure can be allowed to stand at a temperature below about
40°C. Any of a variety of enclosures can be used, e.g. a pouch, a container,
a chamber or a room. Preferably, the hydrogen peroxide complex is in the

form of a powder or tablet. The sealing step can inciude sealing the enciosure -

30 with a gas permeable material, such as TYVEK™, CSR wrap, or paper.



with the results in Table 12, denonstrate that *rh; pc. ,E(S}; ylexes of
the 5 present invention provide sterilizati! G’M '_'_"sures I n

less time than that required to effect sterilizptfon at atnospHerjic
pressure. Thus, the hydrogen peroxi de conpl exes] @;@ prepgpt §in
can provide effective sterilization in signific ﬁorter pey i
time. In addition, as discussed above,” pfasma cj
the sterilization 10 activity of the hydrog per oxi de _Vapor . The
articles to be sterilized are subjected to a pl géXposure to the
per oxi de vapor, and remain in the plasma for a period of time sufficient to
effect conplete sterilization. Articles that have been sterilized by
exposure to hydr ogeThegresent dnvention also relatesx foacsealed anplosuren containimg \ae

tho resi dual nYBTEOHOREEoRMcar dnoraanien SuEaeR, orta XebSief osaratie i ng
:?Zaflngf]{m ;tMr ?ﬁﬂ?ﬁ% mu?eggh]?%?rbxidedlwl cles are ready for use foll ow ng
ed within the pnyesent invention is also a potasslum pyrophosphate

5 hydrogen peroxide complex.

A further aspect of the invention relates to a method for hydrogen
peroxide sterilization of an article having an exterior and a narrow lumen
therein. This method involves connecting a vessel containing an inorganic
peroxide complex to the lumen of the article, placing the article within a

10 container, whereby the vessel remains connected to the lumen, reducing the
pressure within the container, and contacting the lumen of the article with
hydrogen peroxide vapor released from the inorganic peroxide complex at a .
temperature less than 70°C.

Brief Description of the Drawings

15 FIGURE 1 is a schematic of a vapor sterilization apparatus of the

present invention. |

enhance

FIGURE 2 is a schematic of a vapor sterilization apparatus of the
present invention which includes an electrode which is optionally used to
generate plasma. _

20 FIGURE 3A is a schematic of a device which can be used for heating
" peroxide complexes. '
~ FIGURE 3B is a schematic of a preferred container for holding the
peroxide source for sterilization according to the present invention.
FIGURE 4 is a graph depicting the release of hydrogen peroxide vapor
25 from a vacuum unstable non-aqueous hydrogen peroxide complex.

FIGURE § is a schematic of a pressure control system of a dnfferenttal
scanning calorimeter (DSC) used to determine hydrogen peroxide release or
decomposition properties of inorganic peroxide complexes according to the
present invention. .

30 FIGURE 6 is a graph showing the effect of pressure on hydrogen
peroxide release from potassium oxalate peroxide complex.



addi ti onal steps. Non-aqueous peroxi de conplexes are useful in a variety of
applications, 20 I ncl udi ng as a conponent: of self-sterilizing

packaging. In addition, the conpl exes are sy A @ vari ous
met hods for vapor sterilization of articles, E'Aa‘g sz‘d di scl osed

in US. Patent No. 4,943,414. This patent didqcljoses a process iln which a
vessel containing a small anount of a vaboti all 0 B; @%t edi lant sol ution
is attached to a lunmen, and the sterilant 25 vapori zes apd}fl ows

directly into the lumen of the article as thg pressure s redu¢ed during
the sterilization cycle. The method disclosed_in the patent cap be nodified

to allow for use of a-non-aqueous peraoxi de conpound. The conpound is placed
in a vessel and cBIFHRELA ISR sehematicarewrof arReligwsi fer ipiacing pesoxide vaper. The

article is tiﬁg&‘ %ﬁ%r%hﬁ& wane@?m i rrﬁ&hﬂiﬁ\?e i8R BEfER injdlition
evacuat ed. eal unmen of the article atﬂgpt e exterr{ﬁor of the artiafg\eare
cont act ed bypetoxide/¥apRfen peroxi de vapor rel eased fromthe non-aqueous

FIGURE 78 is a schematic view of the bellows of FIGURE 7A showing
5 a heated plate in contact with a peroxide cbmplex during injection.
| il iption of the Invention

Hydrogen peroxide sterilizers that have been used in the past invariably

used an aqueous sofution of hydrogen peroxide as their source of sterilant.

These sterilizers have disadvantages caused by the presence of water in the

10 system. At higher pressure, snch as atmospheric pressure, the excess water

in the system can cause condensation. This requires that an extra step be

performed to reduce the relative humidity of the atmosphere in an enclosure to

be sterilized to an acceptable level before the aqueous hydrogen peroxide

vapor is introduced. These sterilizers also have drawbacks caused by the facts

15 =~ that water, having a higher vapor pressure, vaporizes more quickly than

hydrogen peroxide from an aqueous -solution; and water, having a lower
molecular weight, diffuses faster than hydrogen peroxide. When a medical

device or the like is enclosed in a sterilizer, the initial sterilant that reaches thé

device from the hydrogen peroxide source is diluted in comparison to the

20 concentration of the source. The dilute sterilant can be a barrier to sterilant

" that amives later, particularly if the device being sterilized is an article, such as

an endoscope, that has narrow lumens. Using a concentrated solution of

hydrogen peroxide as the _soufce in an attempt to overcome these drawbacks

_ is unsatisfactory, because such solutions are hazardous.

25 in the present invention, the shortcomings of hydrogen . peroxide
" sterilizers of the prior art are overcome by using a substantially non-aqueous

(i.e., substantiaily anhydrous) source of hydrogen peroxide which releases a

substantially non-aqueous hydrogen peroxide vapor. In a preferred

embodiment, the substantially non-aqueous hydrogen peroxide vapor is

30 produced directly from a substantially nonaqueous hydrogen peroxide complex.

However, the substantially non-aqueous hydrogen peroxide vapor can also be

-10-



- 36- conpound. A plasma can optionally be generated and used to enhance
sterilization and/or to renove any residual hydrogen peroxide formthe
article. Use of non-aqueous peroxide conplexes in the systemjust described
overcones the disadvantage that the water in the aqueous solution is 5
vapori zed faster and precedes the hydrogen peroxide vapor into the |unen.
Thus, nore effective sterilization is agﬁiéved and less tine is required to
effect sterilization. Hydrogen. peroxi de conpl exes such as glycine anhydride
are especi ally advant ageous since they rel ease a significant anmount of

hydr ogen peroxi de at reduced pressure w thout the need for additional
heating of the 10 conpl ex.

generated from an aqueous complex which is 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
5 process of the present invention. Preferably the substantially non-aqueous
hydrogen peroxide complexes contain less than about 20% water, more
preferably no more than about 10% water, still more preferably no more than

about 5% water, and most preferably no more than about 2% water.
_ As is apparent from the preferred percentages of water in the
10 substantially non-aqueous hydrogen peroxide complexes used in the present
invention, as provided above, the most preferred hydrogen peroxide complex
and the peroxide vapor generated therefrom are substantially water-free.
Nevertheless, as is also apparent from these figures, some water can be
present in the system. Some of this water may derive from the decomposition
15 of hydrogen peroxide to form water and oxygen as byproducts and some

hydrogen binding of this water to the complex can occur.

The effect of water was measured in a series of tests, with a sterilization
chamber maintained at various relative humidities. Test conditions were those
described in Example 1, below, with spores supported on stainless steel (SS)

20 blades in 3mm x 50cm stainless steel lumens. As shown in Table 2, under the
' test conditions, 5% relative humidity has no effect on efficacy but 10% relative
humidity decreases the sterilization rate. This example shows that small
amounts of moisture can be allowed in the system with the hydrogen peroxide
generated from the non-aqueous peroxide complex and the presence of water
25 in the system can be overcome by increasing the exposure time.
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Synt hesi s of Non- Aqueous Hydr ogen Peroxi de Conpl exes The present invention
further —rocess for preparing non- aqueous hydrogen peroxide
5 iseful as the source in a hydrogen peroxide vapor

onponent of self-sterilizing 15 packagi ng, as was
ourse, the hydrogen BerOX|de conpl exes can be used for
uch as for bleaching“agents, contact |ens solutions,

ot-Rer {applications which will be well known by those having
-in thg art. The general procedure for preparing the hydrogen

F ' of this invention is as follows: (1) Place the

reactant material in the chamber. The n!ﬂgig?l to be reacted with the
hydrogen peroxide can be a solid in various forms, (e.g., powder, crystal,

filmetc., preferably havi Wh{mﬁmeumen Emcaepse the reaction
rate). The react ant nat eri alSs Biades3a IaempDt SOENISS Lum.ns

S - Diftusion Time toril esuits (Positive/Samples)
1%RH S%RH 10%RH
5 o3 0/3 3
10 10 03 013 213
15 o3 or3 03
30 o3 03 0/3

A primary criterion for the composition of the hydrogen peroxide source

15 is the relationship between its stability and hydrogen peroxide evaporation rate
as a function of temperature and pressure. Depending on the parameters of
the sterilization process—e.g. pressure, temperature, etc.—a higher or lower
peroxide evaporation rate may be preferred, and heating the peroxide source
may or may not be required. The need for heating of the peroxide complex

20 depends on the vapor pressure of the complex. Some peroxide complexes
have a sufficiently high vapor pressure that a significant amount of hydrogen
peroxide vapol: can be released without heating the complex. In general,
heating the complex increases the vapor pressure of hydrogeri peroxide and
accelerates the release of peroxide from the cpmplex.

25 To provide a desirably high evaporation rate, the source should
preferably have a large surface area. Thus the source may be a fine powder
or a coating on a material that has a large surface area. Of course, safety,
availability, and cost of the material are aliso important criteria. The release of

. hydrogen peroxide from hydrogen peroxide complexes with urea,

30 polyvinyipyrrolidone, nylon-8, glycine anhydride, and 1,3 dimethyl urea were
‘evaluated. The complexes of hydrogen peroxide with urea,
polyvinylpyrrolidone, nylon-6, and glycine anhydride -are solids. The 1.3
dimethyl urea peroxide complex is a liquid. The glycine anhydride hydrogen
peroxide complex is a less stable complex under reduced pressure than the



25 as a solution in water or another solvent, if sufficient tineis

all owed to evaporate the solvent after the pressure is reduced in the
chanber. The material may also be a |iquid whose boiling point is higher
than that of hydrogen peroxide (150[err]). Since reaction rates are faster
at elevated tenperature, the chanber is preferably heated whether before or
after the 30 reactant conposition 1gdmroduced. However, the
tenperature should not be so high that the reactant boils or vapori zes.

- 3 7- The reactant conposition nmay be contained in any container that
provi des access to the peroxide vapor. If it is in the formof a powder or

other form thafy DRV RpidXes valatiy, "BRE iFerC UERM ESndiidie-'ahizdt Mo 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 Fiuka .
5  Chemical Corp., Ronkonkoma, NY and in powder form from Aldrich Chemical
Co., Miwaukee, 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.
10 The polyvinylipyrrolidone-hydrogen peroxide complex (FVP-H,0,) canbe
prepared by the method disclosed in Intemational Application Pub. No. WO
82/17158. Altermatively, the compiexes with PVP, with nylon-8, with 1,3
dimethylurea and with glycine anhydride, as well as with other organic and
inorganic compounds can be prepared by the method disclosed in detail below.
15 Achieving suitable evaporation rates of anhydrous peroxide vapor from
the source may be facilitated by elevated temperatures and/or reduced
pressure. Thus, a heater for the peroxide source and/or a vacuum pump to
evacuate the sterilization chamber are preferably a part of the sterilizer.
Preferably, the source is covered with -a layer of gas permeable material, such
20 as TYVEK™ nonwoven polyethylene fabric, nonwoven polypropylene such as
| SPUNGUARD™, or similar material, which permits the peroxide vapor to pass
but not the peroxide complexing material. Perforated aluminum or other
suitable perforated material could also be used as a cover. |
FIGURE 3A shows a device 80 that can be used to measure release of
25 hydrogen peroxide from hydrogen peroxide complexes under various
temperature conditions. In this device, an aluminum pan 90 is covered with a
gas permeable layer 92, such as a layer of medical grade TYVEK™. The pan
80 is placed on top of a heating pad 94 which is placed ina pyrex pan 86. A
thermocouple thermometer 98 is placed on the outside of the pan 80
30 approximately 1 cm from the bottom thereof. |
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react ant my.-be-etat-red in a perneabl e container, which allows hydrogen 5
per oA R A@gﬁiﬁfﬂ@ﬁﬁfmo the container. (2) Evacuate the chanber.

Pr ef € q is evacuated to a pressure that is bel ow the vapor
press r gen per oxi de (whi ch depends on its concentration and
t enpe ordegr jto assure that al] of the peroxide is in the vapor
10 or pressure'increasﬁé_mﬁth I ncreasing tenperature and

decreases wi th increasilng peroxide concentration. For nost of the
exper i+eata~the~chamber was evacuated to about 0.2 Torr and the

tenperature was anbient or above %% CGener ate hydrogen peroxide vapor. 15
The hydrogen per oxid®ree %M@@M%Hﬁ@mfﬁi%@%ﬁ) F’E‘X?'&é in

oo o b R ogzﬁ%@b@ﬁ%@%m%esyé*w;%&f%@amhwhe
plate, wrth an optional attached heater us: to heat the solid peroxide complex.
A temperature monitor 101, such as a thermometer, can be placed on the plate
5 _10d to monitor the temperature. The peroxide complex is placed directly on the
plate 100. Alternatively, in order to provide even heating of all the peroxide
complex, the 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 surface area and even heating of the complex when larger
10 amounts of peroxide complex are being used. The peroxide complex, or the
" screen or screens 102, 104, are then covered with a gas permeable layer 106,
such as a layer of medical grade TYVEK™ or SPUNGUARD™, so that the
hydrogen peroxide released from the complex passes through the covering 106 -
before diffusing into the rest of the chamber. A perforated aluminum plate 108
18 is optionally placed on top of the TYVEK™ or SPUNGUARD™ layer 106 to
provide pressure to keep the complex in contact with the heated piate 100 and
to ensure even heating of the peroxide complex.
The device just described provides even heating of the complex which
results in an increased amount of hydrogen peroxide vapor being released from
20 ‘the peroxide complex.
FIGURE 1 depicts a schematic of a hydrogen peroxide vapor sterilization
apparatus of the present invention. Chamber 10 holds an article 12 which is
to be sterilized and which, for convenience, is placed on shelf 14. Door 16
provides access to the interior of chamber 10. A non-aqueous source of
25 " hydrogen peroxide 18 is depicted on optional heater 20, which is controlfed by
" temperature 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 also be accomplished at atmospheric pressure.
_ ~ The container that holds the articies to be sterilized <can be @ -
30 conventional starilization chamber, which is evacuated, or it can be a container
(or a room) at atmospheric pressure.




an advantage if either the material to be reacted with the vapor or the

c ex—toh roed is hygroscopic. Another advantage of generating the
h ‘ :"'ﬁéﬁﬁ oxi de vapor froma substantially water-free conplex is
thaj the percent ofi§ hydr ogen peroxide in the conplex being fornmed is higher
thaph fg 'g%? Ijs generated from an aqueous solution of Her]O[err].
Thi g |s prob due to the conpetition tween wat er nol ecul es and
er+t+oter-ri—rol es for bonding sites on the conpl ex when an aqueous
- splution is used ta generate the Herr]O[err] vapor. 25 The

pPETOXI de vapor. can be generated within the sanme chanber that houses the
reactant material or in another chanber separated fromit by a vacuum

rol e o) oreRct i A R0l bl e el HOBR P58 e bl

t he reactant ghd hpmugﬁgenopemgmmled t asdntHeir eptpcement tin divé eemmadr by

- monitoring t hglteprttgtswse re't may%e g‘%c‘r:‘easesr dur'# Qgr Eageen Jrg%og\) OJtaPnesr %llnge o
stenllzed. In any case, optimum sterilization times can be determined |

5 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 aiso
be applied to the non-aqueous hydrogen peroxide process. As described in
additional detail hereinbelow, plasma can also be used to further enhance

10 activity.

At the conclusion of the sterilization process excess hydrogen peroxide -
can be removed from devices that have an affinity for peroxide by exchanging
the air in contact with the devices. This can be accomplished by flowing warm
air over the devices for an extended time or by evacuating the chamber.

15 Articles that have previously been sterilized by exposure to hydrogen
peroxide vapor may also be exposed to the plasma to remove residual
hydrogen peroxide that may remain on the articles. Since the hydrogen
peroxide is decomposed into non-toxic products during the plasma treatment,
the sterilized articles may be used without the need' for any additional steps.

20 it may be desirable to isolate the peroxide sdurce from the sterilizer after
the peroxide vapor is released to avoid reabsorption of the vapor or, when a
plasma is used, to avoid exposing the source to the plasma. Isolation is also
advantageous when the complex used is not stable under vacuum. Isolation
can be accomplished using valves or cther isolating devices well known in the

25 art.

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 o enhance the
sporicidal activity of the peroxide vapor, and/or to remove any residual

30 hydrogen peroxide remaining on the sterilized articles.



_ T The concentration of vaporized hydrogen peroxide and
e= starling material determ ne the weight percentage of

f.n'l reaction product. As the weight ratio of reactant to

1i Acreases, the 5 melght per cent age of hydrogen
il ex decreases. The :\'Qeact ion can be repeated nultiple

+Te"Chanber again. At the end of the reaction period, the

chanber IS further evacuated to

10

15

20

25

30

Sterilization is camried 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 enclosure 42 that contains the hydrogen peroxide complex. Inlet
40 contains a valve 44 that allows enclosure 42 to be isolated from the
chamber. The sterilization system also contains an inlet 41 which connects the
enclosure 42 and the vacuum pump 36 which contains a valve 43. This
system allows the simultaneous evacuation of both enclosure 42 and chamber
30, or the independent evacuation of either enciosure 42 or chamber 30.
Evacuation is controlled by the opening and closing of the valves 38, 44,
and _43. As will be apparent to one having ordinary skill in the art, two pumps,
one for each chamber, could also be employed in this system.

The enclosure 42 contains an optional heater 49 attached to a
temperature controller 46 to control the temperature of the hydrogen peroxide
compiex. The hydrogen peroxide complex concentration in the vapor state can
be monitored by an optional peroxide monitor 48. The interior of the chamber
contains a radio frequency (RF) electrode 50, to which is attached a matching
network 52 and an RF power supply 54. A convenient form for the electrode
is a perforated cylinder, 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 accomplished by opening valve 38 and tuming 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 vaive 44 is opened. Hydrogen
peroxide vapor is delivered into chamber 30 from the hydrogen peroxide

=1 t he reactant materlal Typically, the reaction tine is



ﬂqtg}@ r to renove any unreacted hydrogen peroxide. (6) Vent
er—atrd] retri eve the hydrogen geroxi de conpl ex. The mechani sm by
peroxide fornms a conplex with the reactant material is

ond formati on between the hydrogen 15 per oxi de and

I n-rich funckional groups contﬂnﬂ?mfoxygen and/ or nitrogen on the
eact an at™" It is not known if this is the only node of binding;

ver, materials with a wi de range of functional groups have been found
to formconplexes wth hydrogen peroxi de. The advantages of the vapor phase

reaction oversged, whichmidiose heited Qo facilititedthedeleazer sPthd hydgehperbggant i on
i ncl ude: 1. The ratjo of hydrogen peroxide to reactant naterial can be
accurately coffRos |f§aflq95ﬂma¢'ypﬁggtmﬁ)aaamv gIsnheasided: per oxi de present in
the vapor state orgthe TgPyficied’ 56 16 blacbrifFald ate* eithdP Hasted! With Ferddls’ -
vapor until sterilized or pretreated with peroxide vapor in the chamber 30 before
5 plasma with sufficient power to sterilize is generated. If necessary, chamber
30 may be evacuated at this time to facilitate generation of the plasma. The
duration of the pre-plasma holding period depends on the type of package
used, the nature and number of items to be sterilized, and the placement of the
items in the chamber. Optimum times can be determined empirically.
10 5. The articles 56 are subjected to a plasma by applying power from
' the RF power supply 54 to the RF electrode 50. The RF energy used to
generate the plasma may be pulsed or continuous. The articles 56 remain in
the plasma for a period to effect complete sterilization and/or to remove
residual hydrogen peroxide. In certain embodiments, 5§ to 30 minutes of
15 plasma is used. However, optimum times can be determined empiricaily.
When used in the present specification and claims, the term "plasma” is
intended to include any portion of the gas or vapor that contains electrons, ions,
free radicals, dissociated and/or excited atoms or molecules produced as a
resuit of an applied electric field, including any accompanying radiation that
20 might be produced. The applied field may cover a broad frequehcy range;
however, a radio frequency or microwaves are commonly used.
The non-aqueous hydrogen peroxide delivery system disclosed in the
present invention can also be used with plasmas generated by the method
E disclosed in the previously mentioned U.S. Pat. 4,643,878. Alternatively, it may
25 be used with plasmas described in U.S. Patent 5,115,168 or 5,087,418, in
" which the article to 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-atleast two - -
30 possible methods that can be used to minimize'the loss of hydrogen peroxide
during the vacuum stage. First, the small chamber can be evacuated




2. ~The need to renove sol vent fromthe reaction product is 25

" @ﬂmfﬁgﬁ roxi de conpl exes can be formed that are Iiquid or

ers, crystals, films, etc. 4. Per oxi de conpl exes of

y roscoplc mat e} i @l s can be prepared. The synt hesi s of the non-aqueous
P GosrRngITexks|

e crlbed i n thejf

according to the 30 present invention is further
| I owi ng exanples.'W@ﬁ&'bf t hese conpounds have utility
s leatatystsT—tTh agdition to having the utilities described -39- in
reater detail herdin, as will be readily appreciated by those having
Ty S rTTin the art. The exanpl es represent enbodi nents of the
conposi tions and

independently. Second, if a small enough chamber is used, there is no need
to evacuate the small chamber at all.
One such unstable non-aqueou;v. 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 from glycine anhydride-peroxide complex under vacuum. The
procedure used to release the hydrogen peroxide from the glycine anhydride
complex is as follows: (1) The main chamber 30 was evacuated with valves
43 and 44 closed. (2) The chamber containing the hydrogen peroxide complex
10 42 was evacuated with vaives 38 énd 44 closed and vaive 43 open. (3) Vaive
43 was closed and valve 44 was opened and hydrogen peroxide vapor was
allowed to diffuse into chamber 30. |
As shown by the graph, hydrogen peroxide vapor is released from the
complex as the pressure is reduced, even without additional heating. As
15 illustrated in FIGURE 4, release of peroxide vapor is significantly increased by
heating the complex to a higher temperature. Thus, even unstable peroxide
complexes are useful in the sterilization method of the preseht invention.
The present invention provides at least four advantages over earlier
hydrogen peroxide sterilization systems:
20 . 1. The use of concentrated, potentially hazardous hydrogen peroxide
solutions is circumvented. |
2. The need to reduce beforehand the relative humidity of areas to
be sterilized in order to prevent condensation is eliminated.
3.  Water is substantially eliminated from the system, so that there is
25 litle competition between water and hydrogen peroxide for diffusion into long
" parrow lumens. _ |
4. The need to attach a special vessel to deiiver sterilant gases into
long narrow jumens can often be eliminated. |
That sterilization can be effected using hydrogen peroxidé vapor in the
30 substantial absence of moisture is one of the su'rprisidg discoveries of the
present invention. The prior art teaches that the presence of water is required



processes of the invention, but they are not in any way intended to limt
the scope of the invention. 5 ' Exanple 12 A
hydr ogen peroxi de conpl ex of glycine anhydri de was prepared as follows: A
1.0 gram sanpl e of glycine anhydride (Al drich Chem cal Co., MIwaukee, W)
was placed in an alumnumtray in a 17§E£iter chanber maintained at a
tenperature of 45[err]C. The top of th l'um numtray was 10 cover ed
with TYVEK[ err] nonwoven fabric, which prevented the glycine anhydride from
com ng out of the tray when the pressure in the chanber was reduced but was

breat habl ' i '
SSLID S P kRS o SURAD o P Ve S SO B

cl osed and the pressure I n chanber "was re

evacuati ng t Asvantagseusiy the preseat inventiansubstantially liminates water from the
oo ot o beflm i, ey U H81 SAERA Ao RUAR0 OB, 17,
Corp., Phil adel phThe stéjlization effieacy of various non-aqueous hydrogen peroxide
5  complexes was determined as described below in Examples 1-4.
Example 1 .
Eﬂidacy data was obtained with hydrogen peroxide vapor released from
substantially anhydrous urea peroxide complex using Bacillus subtilis var.
(niger) spores in metal and TEFLON™ plastic lumens as the biological
10 challenge. ' |
A Test Procedures
1. Equipment
Four grams of crushed hydrogen peroxide urea adduct tablet (Fluka
Chemical Corp, Ronkonkoma, NY) were placed in an aluminum pan 90, as
15 described in FIGURE 3A. The top of the pan 90 was covered with medical
grade TYVEK™ 92 (a breathable spunbond polyethylene fabric) so that any
hydrogen peroxide released from the complex would need to pass through the
TYVEK™ covering before diffusing into the rest of the chamber. The aluminum
_ pan 90 was placed on a heating pad 94 in a pyrex dish 96 located in the
-20 bottom of an aluminum sterilization chamber (see FIGURE 1). The sterilization
chamber, which had an approximate 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
25 pad. |
. An injection port through which liquid hydrogen peroxide couid be
injected into the chamber.
. A metal shelf on which a plastic tray containih'g lumen devices were
placed for testing.
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chanber The hydr ogen peroxi de vapor was maintained in contact with the
gl yci A -é,ﬂ 20 mnutes. At the end of the reaction period, the
GEgeet JaY RN r : ¥ reduced to 2 Torr and then returned to atnospheric 20

priesgure: |ne reaqtlfon product was renoved fromthe chanber and anal yzed
fo ?E@FA ©eoRNty Mydr ogen peroxide by_the follow ng iodonetric titration
re@c err]defr] + 2K + H2SO4™- érr] +Klerr]SOerr]+ 2Herr]O
1[r "'2NQI_UIIJD e'r]qerr] - Na[err]S[err]derr] + 2Nal 25

gt arch indi cator whs used in the iodine-sodiumthiosulfate titration
r edet+omrro-BHiance the col or change at the end point The percentage by
wei ght of hydrogen peroxi de was cal cul ated by the foll ow ng equation: w%

e el 0 LBl e dd e AR i@ ramber vy i,
per cent age of hydr apaintgimed théechamber temperatareinaty 4¢5PGeduring the efficacy
testings.
2. Bilological Challenge and Test
5 " 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 scaipel blade was placed equally distant from each end of the
stainless steel lumens of dimensions 3mm ID x 40cm length, 3mm ID x 50cm
length, and 1mm ID x 50cm length. These ID's and lengths are typical for
10 metal lumens used in medical devices. The compartment in the middle of each
lumen that contained the biological test piece had the dimensions 13mm D x
7.6cm length. In the biological 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.
15 Similar tests were conducted with a biological challenge consisting of 4.1
x 10% B. subltilis var. (niger) spores on a paper strip (6mm x 4mm Whatman #1
chromatography paper) located equally distant from the ends of TEFLON™
lumens of dimensions 1mm ID x 1 meter length, imm ID x 2 meter length,
imm ID x 3 meter length, and imm ID x 4 meter length. The center
20. compartment of these lumens that contained the biological test piece had the
dimensions 15mm ID x 7.8cm length. In the biological testing with TEFLON™
lumens, a total of 12 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
25 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 vacuum pump. The aluminum pan containing the hydrogen
peroxide urea adduct was then heated to 80 to 81°C for a period of 5l-minutes_.
as measured by a thermocouple thermometer placed on the side wall of the
30 aluminum pan approximately 1 cm from the bottom of the pan. During this time




conpl ex was found to be 24.3% ~- 40 - Exanple 13 The hydrogen peroxi de
conpl exes of a wi de vanety of organic and inorganic conpl exes were prepared
usi ng the procedure of Exanple 12. In each case, the reaction conditions
were the sane as those in Exanple 12, 5 except 1.0 gram of each one of
the conpounds presented in Table 14 was 2Lise_d in place of glycine anhydri de.

a——

the concentration of hydrogen peroxide in the chamber increased to 6mg/L as
. measured by the 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

5 hydrogen ' peroxide vapor, the biological test samples were aseptically

transferred into 15ml of trypticase soy broth containing 277 units of catalase

to neutralize any hydrogen peroxide residuals that may remain on the test

samples. All samples were incubated for 7 days at 32°C and observed for
growth. '

10 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 (a heated metal surface). The volume of
hydrogen peroxide solution injected produced a vapor phase éoncentration of
hydrogen peroxide of 6mg/L. The test lumens and biological test samples used

15 in these tests were identical to those used in the non-aqueous hydrogen
peroxide tests. The handling of the biological test samples after exposure to
the hydrogen peroxide was also identical.

B. Test Results | '
The results of these tests with stainless steel and TEFLON™ lumens,

20 which are presented in Tables 3 and 4, respectively, illustrate the advantages

3 of the non-aqueous peroxide delivery system with both metal and non-metal
jumens. Total kill of the bacterial spores was achieved within 5 minutes with
the non-aqueous peroxide delivery system for the smallest ID and the longest
lumens evaluated. At the same time, total kill was not achieved even after 25

25 minutes of diffusion time with the 50% hydrogen peroxide solution.
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-47- COMPOUNDS EVALUATED AND VEI GHT PERCENT HYDROGEN PEROXI DE PRESENT | N
COVPLEXES FORMED BY VAPOR PHASE SYNTHESI S PROCESS W % After Chem cal

Chemi cal Per oxi de Nane Structure
Tr eat ment Cat egory Pol y(vinyl al cohol) [-CH err]CHOH) . |
18. 9% Al cohol Pol y(vinyl nethyl ether)
[-CH err]CH(OCH err])-L 72 289%" Et her Pol y(vi nyl
nmet hyl Ket one) (-CHerr]-CH(COCH err])-L 13. 9%
Ket one Pol y(acrylic acid) [-CH err] CH( COCH) L 5.1%
Acid dycine Herr C(N[err]) ( COOH)
20. 7% Am no Acid L-Hi stidine [ N=CHNHCH=C]
CHerr]CH(NH err]) COOK 14.1% AC| Pol %/éw nyl acetate)
[-CH err] CH(OCOCH[ err])-L queous/Non-Aqyeq % PR Cel | ul ose acetate
10. 9% 5 Est er SS Blades in ss Lumo
STERILITY RESULTS
, (POSITIVE/SAMPLES)
SOURCE OF DIFFUSION
PEROXIDE TIME (MIN) 3mm x .3mm x 1mm x
' 40cm §0cm 50cm
5 i a3 33
10 _ 10 03 23 i
50% SOLUTION 15 13 13 13
20 03 013 173
25 03 13
| 5 0/3 073 073
15 : 10 013 073 0/3
" UREA PEROXIDE 15 0/3 o3 03
20 013 073 073
25 0/3 03 0/3

20

REPLACEMENT SHEET,
08 APR 1997

A D, Dy ——J




Sodi um al gi nat e 27. 7%
O ganic Salt Cellul ose suffate, sodiumsalt
- ywr Salt Pol y(4-Vinyl pyridine)
‘Herr]N-L 21. 8% - Aromatic am ne

ne ' (N-CHMCH=C-ICH err]CH err](NH err]). 13. 2%
g ppR T | (erdd Herr])CONH err]
Amd& rea (HL.err]N)[err] CO,
Urea 113-di methyturea (H[ err] C) HNCONH( CH,)
U ea, Bilur et Tabie4 (Herr]N)CONH CONH err])
: Bi uret Pol yacryl am de (-CHerr]CH CONH err]) -
30. 1% Pol yami de Pol AqueousMon:Aqueouin iEfficacy Compadsa8H| er r | CH( N
(CHerr])[err]CO-], 2%man/x 4mm Paper strig In-TEFUONR\Lumen®
(-NH(CI-l[érr])[err]COL 17. 1% Pol yami de Nylon 6,6 firm
(-NH(CH[err])[err]NHCO(CH err])[err]CO-L . 16.¢fériLTY RESULTS Ol Yam de
Pol yer pol yur et hane [ - RHNCOOR -1, (POSITIVE/SAMPLES)
Pol'yurethane goupce oF  DIFFUSION
PEROXIDE TME(MIN) 1mmxim immx2m 1mmx3m 1mm x 4m
5 3 an a3 3
10 _ 10 n n 3 a3
50% SOLUTION 15 o3 13 13 "3
20 o3 o3 . 13 13
25 03 o3 03 13
, 5 o3 o3 03 o3
15 UREA 10 03 03 o3 03
PEROXIDE 15 o3 03 03 03
20 03 03 03 03
25 073 03 03 03

20 '
The fact that rapid sterilization can be accomplished in the absence of

substantial amounts of water is surprising, in light of the fact that moisture has
generally been present during chemical gas/vapor phase sterilization by various
sterilants other than hydrogen peroxide. Since vapor phase hydrogen peroxide

25 sterilization systems have used aqueous solutions of hydrogen peroxide, there

" has been moisture present in those systems as well. -
| _ To test the sterilization efficacy of various other peroxide complexes, the
following experiments were performed.
| Examples 2. 3 and 4 -

30 The apparatus of Example 1 was used to test the efficacy of
polyvinyipyrrolidone-hydrogen peroxide complex (Example 2), nylon 6-hydrogen
peroxide complex (Example 3), and 1,3 dimethylurea hydrogen peroxide
complex (Example 4). These eompoundi were synthesized according to the



Na[err] CJ err] 14. 3%

| Bt ephr a8 carbonate Klerr]CJerr]

38. 9% ani ¢ Rubi di um car bonat e Ro[err]CJ err]

31. %08 APR ’}997| nr gani ¢ Cal ci um hydr oxi de Ca(OH)[err]

23. 4% | ndr gani ¢ Sodi um bi car bonat e NaHCJ err ]

1Q 7et ani ¢ Tetrasodi um pyr}iphosphat e Na[err]P[err](err]
S T ani c -24- The organi c conpl exes formed cover the

ow ng range of functional groups that are capable of forning hydrogen:
bonds w th hydrogen peroxide: al cohols, ethers, ketones. acids, am no

aci ds. oot er s, ANl Rkl G IR Eraritibd 2 aRE 14 TSP paRHashe WD

ureas, and biure

follows:
Example
. 2 3 4

5 Chamber Temp. 45°C 45°C 45°C
Initial Pressure 0.2 Torr 1.0 Tor 1.0 Torr
WL % of peroxide : 17% 10.5% 26.6%
Peroxide concentration 6mg/L 8mg/L 6mg/L
Wt of complex used 8g 18g- = #6g

10 per cycle - .

Temp to release peroxide 110°C 110°C 80°C

In each case, spore supports were 6mm x 4mm paper substrates in '
plastic lumens and stainless steel blades in stainiess steel [umens. The resuits
15 of this efficacy testing appear below in Table 5.

Table §

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

20
STERILITY RESULTS (POSITIVE/SAMPLES)
With 5 Minutes Exposure '
TYPEOF  SIZE OF
LUMEN LUMENS Example 2 Example 3 Example 4
25 imm x 1m o3 073 073
| 1mm .x 2m or3 o3 03
TEFLON™ tmm x 3m 03 o3 03
1mm x 4m o3 073 03
3mm x 40cm 0/3 o3 o3
* stamess Imasem o 03 o3
o3 03

STEEL 1mm x 50cm 0/3



cati ons,

5 conpl exes include carbonates wi th sodi um ~petassi-tm—and- fﬂ__bi di um
as wel |l as sodi um bi carbonate. In addI&AﬁﬂﬁENYﬁ{[& per oxi de
conpl exes of cal ci um hydroxi de and tetrasodi umjpyyor SPIT rg al so

prepared. The starting materials were finely diyi;
| arger crystalline materials, except fog.nylon
a filmwth a thickness 10 of 0.12 and
was a 50% by wei ght aqueous sol ution. The hydr
obtained with these materials under the test c

# I}
7 §

e@\ﬁ{?gﬁr@wr sI| ghtly

was pr gcessed as

Do

en peroxi de conplfexes
1 juicd 'ds, except

for polyvinylpyrrolidone, histamne,. poly(vinyl nmethyl ether), poly(vinyl
met hyl ketone), propi onam de, and 1, 3- 15 di net hyl urea. The

1, 3-di net hyl ur ea aThepesulisCippEafia
flow ng |iquids th&t) wer e easily ﬂandl ed in the vapo
Si nc POFRXICYY| 0

process,

ity TaBRES shewdiatieactnofthe testedHydirddeit

r..phase synthesis
GRTPlexgS 1GANeS o PREGHKIA AVARSTo Yhish PW'JQ%a?fﬁﬁ'ﬁﬂﬂuct.

The hi stam ne13@&&5&&1!{1&’6{\@'ﬁv@%ﬁm@byﬁ&tﬁ&' nmet hyl ether), and

10

15

20

25

30

The temperature required to release the hydrogen peroxide vapor from
the solid complex which is shown above is the temperature measured by a
thermocouple thermometer located on the outside of the aluminum pan
approximately 1 cm from the bottom of the pan. Further testing using a
thermometer, such as a fluoroptic thermometer, placed.on the inside bottom of
the pan indicated that the temperature at the bottom of the pan was
approximately 30-35°C higher, as described in Example 5 below. Thus, in the
previous example, the temperature at the bottom of the pan was approximately
110 -115°C when the themocouple thermometer read 80°C, and the .
temperature at the bottom of the pan was approximately 140 -145°C when the
thermocouple thermometer read 110°C.

Example 5

To determine the temperature at the bottom of the aluminum pan used
to contain the solid peroxide complex, a fluoroptic thermometer was taped to
the inside bottom of the aluminum pan. An Omega™ thermocouple
thermometer was placed on the outside of the aluminum pan approximately 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:

Temp. at Temp. at bottom of pan (°C)
gside of pan 1st 2nd 3nd avg
g80°C = 110.9 110.6 110.8 110.7

100°C 131.5 132.6 132.0 132.0



pol y(vinyl nethyl ketone) conplexes were gummy materials that were not as
| e. Exanples 14 and 15 describe additional studies with

zﬁ.ﬂ_ea‘sﬁt-em
b@L?gbAﬁm rSHEEiHne under different process conditions to obtain the
pefT ds a free flowing solid product. Exanple 14 25

e Jconpl exes with pol yvinyl pyrrolidone were prepared in

ent thydrogen peroxide im € pol yvi nyl pyrrol i done conpl ex was
ng the ratio of the weight of polyvinylpyrrolidone to the
Hydrogen peroxide in the vapor state. The conditions in
e~tdentical to those in Exanple 12. except the weight of 30

pol yvi nyl pyr r-olThéaesults show afigtahe derhpérature Catthé Bolttdms of He) ﬁﬂﬁm‘itﬂn?a@ Wage.
In all tests, the concentr t i an_of hydrogen peroxi de was hel d constant at
10. 0 approximately 30-35°C higher than the temperature indicated by the
thermocouple thermometer located at the side of the pan.
Further testing was performed to compare the efficacy data obtained
5 uslng an aqueous and non-aqueous source of peroxide in an'open (non-lumen)
system. The experiments are described in detail below.
, ' Example :
The apparatus of Example 1 was used with a biological challenge that
consisted of 8.8 x 10° B, subtilis var (niger) spores on a 6mm x 4mm strip of
10 Whatman #1 chromatography paper packaged in a TYVEKY/MYLAR™
envelope. (TYVEK™ is a'gas permeable fabric made of polyethylene. MYLAR™
is a non-gas permeable polyester material). Packaged biological challenge
strips were placed in the front, middie and back of a polyphenylene oxide tray -
that contained a flexible fiberoptic sigmoidoscope. The tray was placed in a
15 polyphenylene oxide container that had one port in the top and two ports in the- |
bottom to allow for diffusion. The four-inch 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 sterilization. The container was piaced in the
20 apparatus of Example 1 and the preé.sure 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 from the bottom of the aluminum pan, for 5 minutes to
25  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.
Comparative studies were also conducted in which a 50% aqueous
30 solution of hydrogen peroxide was injected into the sterifization chamber and -
vaporized from a heated injector. The volume of hydrogen peroxide solution

oncentrati on of



"_-hanber volune. The results of ths tests are presented in
15 A hydrogen peroxide conplex of PVP was prepared in

ch. the 5

fhyidr ogen per oxi de was delivered froma conplex of hydrogen -
oﬂﬁié?ﬁ@ﬂ”ur When hydrogen per oxi de is delivered in this manner, it
subst ant i al.ly ter free. Inthis t _5 grams of PVP was placedlnthe
on chanber apd 10 ng Herr]gerr I'ter of chanber vol ume was

reaction chanber by heating about 7 granms of a 35%

conpl ex of H[err]Qerr] with urea to a 10 tenperature of about 110[err]C

for approxi mately m nutes. The rest of the conditions in this test were
n@&!ﬁﬂd

the sane as tH

e @ Vappficphase cFengestration of 3mg/l.  The test
configuration, the composition of the biclogical test samples, and the handling

of the biological test samples after exposure were all identical to those used in.
the non-aqueous hydrogen peroxide tests. The results of these tests are
§ - presented in Table 8.

ble
Aqueocus/Non-Aqueous Efficacy
Comparison in Open System
{Non-Lumen Test)
10 .
Source of Diffusion Sterility
Peroxide Time Results
(min) (positive/samples)
15 50% solution 5 313
: 10 3/3
Urea Peroxide ' "5 13
10 03
20

The results of these tests demonstrate the greater efficacy of the non-
aqueous when compared with the aqueous hydrogen peroxide process in an
"open" system in which the biological sample was not placed in a lumen.
Again, it was surprisingly discovered that a non-aqueous system provided
25 superior sterilization even when diffusion of hydrogen peroxide into a long and

‘ narrow lumen 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 detailed
30 . Dbelow.
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. {niger) spores
35 on the stainless steel surgical blades were packaged in a TYVERMYLAR™-



hydrogen peroxide in the PVP conplex and the physical state of the conpl ex

are presented in Table 15. Table 15 15 EFFECT OR-RATLQ QF .
POLYVI NYLPYRRCLI DONE TO HYDROGEN PEROXI DE | N THHE i/
PEROXI DE | N COVPLEX AND PHYSI CAL STATE OF PRODUET

Wi ght W% H err]Jerr] Physi cal Stat 3
of Product Ex 14 1 -2 g @gf"t\ﬁ%

23.5 Har d gurmy product 5 1747

Fre

solid Ex. 15 - 19.7 Free flow ng soli

n Conpl ex
rpduct 3

| owi ng

H The

results of these tests dermnstrate that a free tm%sw&ﬁanaae

obt ai ned

10

15

20

25

30

35

envelope. Packaged biological challenge blades were placed on the front,
middle, and back of a polyphenylene oxide tray. The tray was placed in the
apparatus of Example 1 and the chamber door was closed. The aluminum pan -
containing 4.0 gm of urea peroxide (Fluka Chemical Corp.) was heated to 80°
to 81°C, as measured by a thermocouple thermometer placed on the side of
the aluminum pan approximately 1 cm from the bottom of the pan, for the
duration of the test. The biological test samples were exposed to the hydrogen
peroxide vapor for periods of 5, 10, 20 and 30 minutes. After exposure the test
samples were handled the same way as those in Exampie 1. The resuits of
these tests are presented in Table 7 and demonstrate the efficacy of the non-
aqueous peroxide process in an open system at atmospheric pressure.
| Table 7
Efficacy of non-aqueous peroxide process in open system
at atmospheric pressure

Source of Diffusion Sterility
Peroxide Time Results

{minutes)  (positive/samples)

Urea .
Peroxide 5 33

10 ' 113
20 03
30 o3

Further tests were conducted to determine the approximate amount 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 commercaally
available tablets (Fiuka Chemical Corp.), was placed betwsen-two aluminum
screens in an apparatus according to FIGURE 3B having dimensions 12.7 cm



25 wi th the PVP hydrogen peroxide conplex by controlling the ratio of
PVP to hydrogen peroxide in the vapor state and, alternatively, by using a
substantially water-free hydrogen peroxi de vapor source. | NORGANI C HYDROGEN
PEROXI DE COVPLEXES | nor gani ¢ hydrogen peroxi de conpl exes are al so suitable

for use as 30 sterilants as described in detail hereinabove for organic
hydr ogen per oxi de conpl exes. Peroxide‘v&ﬁpr can be rel eased fromthese
i norgani ¢ conpl exes -44 - at atnospheric pressure and room tenperature.

However, as described in greater detail below, substantial anounts of

hydr ogen peroxi de vapor can be released frominorganj c peroxi de conpl exes
u%on ? api 3 heat Fn{}-?(%"'h ﬁ}ptqlg@iqgm plate was then heated and the temperature was

monitored using a thermometer located near a comer of the aluminum plate.
Table 8 lists the approximate percent of peroxide released at various
 temperatures after heating for five minutes. The data show that approximately
5 100% of the peroxide is released from the complex at a temperature of 140°C.
Lesser percentages of peroxide are released at lower temperatures.
| Jable 8

Release of non-aqueous peroxide at various temperatures

10
Heating Temperature % Peroxide Released
80°C ~25%
15 100°C ~65%
120°C _ ~80%
130°C ~80%
20 |
140°C ~100%

Peroxide complexes having the ability to release hydrogen peroxide
25 vapor at room temperature and atmospheric pressure, such as the urea
peroxide complex, allows them to be effective for use in various sterilization
applications. Not only can they be used in the sterilization apparatus of the
present invention described above, the compounds of the present invention can
also be used as part of seif-gterilizing packaging materials, or applied onto
30 supports such as gauze, sponge, cotton, and the like. The compounds allow
for sterilization of sealed packages at room temperature or at elevated
temperatures.l and are particularly useful for the sterilization of packaged
medical or surgical products. _
Particular uses of the compounds of the present invention are described
35 in the examples which follow. The peroxide complex used in the __fo.llowim .

0o APR 997

B e ALl U TV WY R P p—



| ~under reduced pressure. In order to successfully

8 fen peroxi de frominorganic peroxide, the heating rate
of 4 t1 rfoxi de conpl exes is preferably at least 5[err]C mn;
nof el 4 at least 10[err]C per mnute; still nore preferably
atil in.; and nost preferably, it is at |east 1000[err]C per
m hu ive listing of tﬁegg_rnorganic per oxi de conpl exes, and
t hg wei ght percent hydrogen peroxide, is presented in Table 16. The
tit : sed to determi ne the weight percent of Herr]derr] in

the conpl exes was as described in Exanple 12. Sodi um carbonate Herr]err]
conpl ex was purchased from Fl uka Chem cal Corp The vapor phase synt hesi s

procedure used g ﬂ&é‘%sﬁéh:&rbﬁﬁe u‘i‘ﬂwﬁi?l‘ncopﬁ% CFISTBhENRS) R o zg’g of

sane as that disclosed exceptions t

the solid inordathe femmefa M%‘a&b@ﬂ& tapgrushing: the tableds.i on cycl es versus
one, were enployed. Exanple 16 Example 9
A Qelf-sterilizing pouch was assembled as follows: A surgical scalpel
5 ° having 3.8 x 10° B. subtilis var. niger spores on its surface was plaeed ina
sterile petri dish. The dish was placed in a larger petri dish, together with 1 gm
urea peroxide complex in either tablet or powder form. The larger petri dish
was then inserted into a pouch formed of TYVEK™/MYLAR™ (gas permeable,
Table 8), MYLAR™/MYLAR™ (non-gas permeable, Table 10) or Paper/MYLAR™
10 (gas permeable, Table 10). The pouch was then sealed.

Each pouch was exposed to various temperatures for various time .
periods, as shown in Tables 9 and 10 below. The biological test samples were
evaluated for sterilization as described in Example 1. The results are included
in Tables 9 and 10, with a "+" sign indicating bacterial growth.

15 Table 8
Self-Sterilizing Pouches
With Breathable Barrier K*MYLAR™)_

Temperature | Peroxide Type 1 hr. 2 hr. 3 hr. 4 hr..

20 23°C powder + - - .
tablet + + - -
40°C powder - - - -
tablet - - - -
60°C powder - - - -
tablet - - - -

25 Table 10 lists the efficacy data for self-sterilizing' pouches with

(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.



The reactlon procedure for |iquid-phase synthesis of inorganic hydrogen

(s iy v,vﬁst essentially as described by Jones et al. (J. Chem
_ 3ten,] 12: 2526- 2532, 1980). Briefly, inorganic solids were
fitsi dlssolved |n a 30% aqueous solution of hydrogen peroxide to nmake a
satu ammlﬂw ol | owed by dropw se addition of ethanol. For the
potasgsi um oxal ate_&ng rub|d|unlcarbonatélconplexes the white peroxide
preci-prtares were fo nmed as the amount of ethanol ‘added was gradual | y
I ndreased. 288i um 25 car bonat e, potassi um pyrophosphate and
SO |un1pyrophosphate t he saturated sol utions Ver e I ncubated at -10[err]C
for several hours to facili g ,- i de conp ex_fornatlon The
conpl exes were separ atsR pleglizing P 5.V VR0 QA SreatiguicomaMshed with

et hanol at least three tines and dr| ed bv vacuum 30
Temperature . Packaging Type 2 hr. 4 hr.
5 - 23°C MYLAR/MYLAR - -
Paper/MYLAR + -
40°C | MYLARMYLAR - -
Paper/MYLAR - -
60°C MYLARMYLAR - -
Paper/MYLAR - -
10 Results frprn this testing show that the urea peroxide complex of the

present invention included in a pouch with and without a breathable barrier. -
provides effective sterilization to an article inside the pouch in the absence of
moisture at room temperature and atmospheric pressure after only 2 to 3
hours. At higher temperatures, sterilization is effected after only one hour.
15 To determine the efficacy of the sterilization system of the present
invention in a closed container, the following experiment was performed.
Example 10
A self-sterilizing container was assembled as follows: A stainless steel
support having either 3.8 x 10° B. subtilis var. niger spores on its surface
20  (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 a second PE vial, also having 20
25 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. '
Each container was exposed to various tempemtares {or-various time
periods, as shown in Tables 11 and 12 below. The biological test samp1es



- 45 - Table 16 COVPOUNDS EVALUATED AND WEI GHT PERCENT HYDROGEN PEROXI DE

PRESENT | N COVPLEXES 5 Chem cal Chem cal

W %Herr](err], Nanme Formul a in

Compl exes' Purchased[err] Vapor s[err] Liquid[err] Sodium Carbonate
Na[err] CJ err] 27. 35 Potassi um Car bonat e Klerr]CJ err]

7.43 22.70 10 " Robi di um Cab e Ro[err]CJerr]

20. 31 26. 78 Potassium Oxal ate Klerr](err](err]

16. 13 16. 42 Sodi um Pyr ophosphat e Na[err]P[err]derr]

11. 48 23. 49 :

were evaluated for sterilization as described in Example 1. The results are
included in Tables 11 and 12, with a "+" sign indicating bacterial growth.

Table 11
Self-Sterilizing Containers Without Breathable Window

5
Temperature Packaging Type 2 . 6 hr.

Unpackaged tablet + -
10 23-¢ C/C* packaged tablet + -
C/C packaged powder + -
Unpackaged tablet - -
40°C C/C packaged tablet - -
C/C packaged powder - -
Unpackaged tablet - -
° 60°C C/C packaged tablet - | -
C/C packaged powder - - -

20 * - pouch formed from CSR wrap

{REPLACEMENT SHEET|
- 09 APR 1997




"i‘) Wiisphate Klerr]P[err]err], 20. 90
: haphosphat e Na[ err] PO err] 15.67 15
ophosphate K[err]Plerr](err] 16.11 1.

conpl exes is the sane as the one stated in the pevious
20 - 2. Sodi um%%rbonate hydr ogen per oxi de conpl ex
Fl uka Chenical Corp.” 3. The vapor and liquid phase
procedures were used for synthesizing the inorganic peroxide. A
differential 'scanning calorineter (DSC) (Mdel PDSC 2920, TA instrunents)
was used to determ ne H[err]CIerr] reI g.o1 decorrposrtron propertres 25
of the inorganic peroxgd . . B ttid of ]
10[err]C mn and at a errpera are range o1 200[err] C
under bot h at npsphetrte—aff—rar-y+HRg—vr-atth FaSSt-ercontteorg—Refer++Rg
now to Fl GURE b, _TemperetmC b onfrdasiogTres sanfisar dhiMser 14NQ) 28801 i39dn gl 4ihe 1112
and presgure cpntrol systgEmuysddgi@gi@surfe corjtrel pystem conpri sey a.

pressure Onpeckaged powder N N . - -
23°C T/T™ packaged tabiet e - + + .
TIT packaged powder . * * - .
C/IC™ packaged tabiet + + + - .
C/C packaged powder * + . - - -
10 _Unpackaged tablet . - - -
40°C T/T packaged tabiet + - - :
TIT packaged powdaer - - - . -
C/C packaged tabiet - - - -
C/C packaged powder - - - -
18 - Unpackaged tabiet - . . .
Unpackaged powder - - - -
s0°C TIT packaged tablet - - - -
TIT packaged powder - . - - -
C/C packaged tblet -1 - - .
C/C packaged powder - - - -

* . pouch forrmed from TYVEK™
** <« pouch farmed fom CSR wrap

20

25 Resuits 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-aquecus peroxide complexes which release peroxide vapor

30 @ have been found to be useful in the sterilization of articles at room temperature,
and more effectively, at higher temperatures. These complexes can be placed
in a pouch, container, chamber, room or any area capable of being sealed,
where they release peroxide vapor which effectively sterilizes the articles. The
complexes can be heated to facilitate the reiease of vapor, and to provide



*;ﬁ314 connected to a pressure gauge 116. The pressure gauge
giltbt a controller 118 which is, in turn, connected to a

TT0 al ve 120. The pressure transducer 114 is influid

fopi th pressure control valve 120 and with punp 122. - 46 -

3 al at e} hydr ogen peroxi de conpl ex synthesized as descri bed

hdr ¢i_nahove-—was~ptaded in a DSC and su ted to a particular vacuum

priessure over a tenperature range of 50[err]Cto 170[err]C. As can be seen

i . - - ater release of Herr]Jerr], an endotherm c process,

occurred at |lower 5 pressures, while the exotherm c deconposition of

Herr]Jerr] was favored at higher pressures. The partial vacuum pressure

is preferably |stedization indessdime shan that required for room temperature sterilization.

The compounds of the present invention are therefore useful in a variety of

applications where sterilization is desired. Simply by placing the complex in a
sealed area containing an 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 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.
10 Example 11
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
15 . of CSR wrap (SPUNGUARD™). Also included in the 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
20 173 L sterilization chamber. Each container was exposed to 100 torr 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.

| Table 13
25 ilizi iners With Br lse Win
u ndition
Temperature Packaging Type 4.5 L chamber 173 L chamber
a0 Unpackaged powder - ~ .
23°C TIT packaged powder - -
C/C packaged powder - :
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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 ime. In addition,

10

18

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.

20

Non-aquecus 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

25

30

vaporizable liquid sterilant solution is attached to a lumen, and the sterilant
vaporizes and flows directly into the lumen of the article as the pressure is
reduced during the sterilization cycle. The method disclosed in the patent can
be modified to allovi for use of a non-aqueous peroxide compound. The
compound is placed in a vessel and connected to the lumen of the article tb be
sterilized. The article is then placed within a container and.the container .
evacuated. The lumen of the article and the exterior of the arficle are
contacted by the hydrogen peroxide vapor released from the non-aqueous



S num plate prior to contacting with the inorganic
SEELDN. In the use of the inorganic peroxide conpounds, it is
the tenperature be higher than 86[err]C. As discussed

red that the inorgani c hydrogen peroxide 25 conpl ex
I.e. asrapidly as 1000[err]C/ mnute or nore. This can
y contacting the peroéﬁﬁe with apro-heated heating plate.
preferred enbodi fent for acconplishing such rapid heating is shown in
~TR*ARA7TB. Referrng to FIGURE 7A, there is shown an apparatus 125
for injecting peroxide vapor into a sterilization chanber 131 in a cl osed

"nt o a per oxi decamesuidiy’ Aladmair 85BoRally” ecderdt i Api s ) BRRAREH,

of CSR sterilization and/or to remove any residual hydrogen peroxide form the article.

Use of non-aqueous peroxide complexes in the system just described
overcomes the disadvantage that the water in the aqueous solution is
5 - 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 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
10 complex. '
thesis of Non-Aqueou drogen_Peroxide Complexe:

The present invention further provides a process for preparing non-
aqueous hydrogen peroxide complexes that are useful as the source in a
hydrogen peroxide vapor steriliier, or as a component of setf-steﬁlizing

15 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
known by those having ordinary skill in the art.

The general procedure for prepariﬁg the hydrogen peroxide complexes

20 of this invention is as follows:

(1) B a grial in | mber.

The material to be reacted with the hydrogen peroxide can be a solid in
various forms, (e.g., powder, crystal, film etc., preferably having high surface
area to increase the reaction rate). The reactant material can also be present

25 as a solution in water or ancother solvent, if sufficient time is allowed to
evaporate the solvent after the pressure is reduced in the chamber. The
material may aiso be a liquid whose boiling point is higher than that of
hydrogen peroxide (150°C). Since reaction rates are faster at elevated
temperature, the chamber is preferably heated whether before or after the

30 reactant composition is introduced. However, the temperature should not be
so high that the reactant boils or vaporizes.



- .47 - wap, peroxide conplex powder and alum numfoil coated with
pol ypropyl ene. The disk 132 is heat seal ed around@_«r_-,{-sme_dnp t.0 ret ain the

per oxi de conpl ex powder. The peroxide di sk 132 izt A€ FMENPQUmEaAth a
perforated al um num plate 130 which is attached § TouUSTrg—+56- ---aI um num
attachnment pieces 5 142. The disk 1 3 I s Ioselygg ' bet ween
O-rings 151. Prior to introduction of pg gQxi de er, a
heated al um num platen 134 is apart fremthe peifo> X: S

bel | ow

138 holds the plate 136 do |nthe c| osed si T oIrYfrer-the..cha
i s evacuated, the beﬁ'ﬁ)\KFi “§§°§TP§1§“‘P@ magg\%gc edrin, 3y, cantpiner; tha

seated agai nst Brdvidedackéss td tHeSpareRieddps. ilf@&ﬁﬁ%é‘?orh‘?bﬁé‘%%mﬂbﬁ@?%&eﬁz
from passageways 158. The appar at us I's held in place and attached to a

sterilization cfrmpthat eay Be biowns about when theschamber 58 evacuated, then the
reactant may be retained in a permeable container, which allows hydrogen

5 peroxide to diffuse into the container.
(2 % amber,

Preferably, the chamber is evacuated to 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

10 phase. The vapor pressure increases with increasing temperature and
decreases with increasing peroxide concentration. For most of the
experiments, the chamber was evacuated to about 0.2 Tomr and the
temperature was ambient or above.

{3) te h roxide

15 ' The hydrogen perox:de vapor can be generated from a hydrogen
peroxide solution or from a substantially anhydrous hydrogen peroxide
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

20 peroxide vapor from a substantially water-free complex is that the percent of
hydrogen peroxide in the complex being formed is higher than if the vapor is
generated from an aqueous solution of H,0,. This is probably due to the
competition between water moiecules and H,0O, molecules for bonding sites on
the complex when an aqueous solution is used to generate the H,0, vapor.

25 The peroxide vapor can be generated within the same chamber that

g houses the reactant material or in another chamber separated from it by a
vacuum valive. '
(4) material wi rogen peroxi

The time required for the reaction depends, of course; -on the reaction

30 rate of the reactant with hydrogen peroxide. It can be smpiricaily determined
by monitoring the pressure, which decreases during the binding of peroxide to
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potassi ug' Oxaweairgﬁt 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 to
10 about 2 Torr to remove any unreacted hydrogen peroxide.

(8) Ventthe chamber and retrieve the hvdrogen 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 hydrogen

15 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 ,-

20 hydrogen peroxide complex formation include:

1. The ratio of hydrogen peroxide to reactant material can be
accurately controlled by varying the amount of hydrogen peroxide present in
the vapor state or the amount of reactant material exposed to the vapor.

2. The need to remove solvent from the reaction product is

25 eliminated.

3. Peroxide complexes can be formed that are liquid or solids, such
as powders, crystals, fiims, etc.

4, Peroxide complexes of hygroscopic materials can be prepared.

The synthesis of the non-aqueous peroxide complexes according to the

30 present invention is further described in the following examples. Many of these
compounds have utility as catalysts, in addition to having the utilities described

Tt h'r ou

-




Hl*1H err]Jerr]: PO and sodi um carbonate

b Herr]derr]: SC. - 48 - Exanple 17 Rel ease of

O and PP The ideal tenperature at which Herr]J]Jerr] was
0 and PP was determ ned by DSC. The actual anount of

ed from2 g of each 5 of the conpl exes was

vari ous tenperatures usi n&fa75 liter chanber and the

- 7A and 76. The anobunt of Herr]Jerr] released from

: 75[err]C was greater than for SC and PO. Although SC rel eased

t he | east anmount of H[erquerr] at 175[err]C, significantly nore rel ease
was seen when mweammqtau hereimmasowillde readilyappréciated 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 way intended to limit the
scope of the invention, ' _
5 . : Example 12
A hydrogen peroxide complex of gfycine anhydride was prepared as
follows: A 1.0 gram sample of glycine anhydride (Aldrich Chemical Co.,
Miwaukee, WI) was placed in an aluminum tray in a 173 liter chamber
maintained at a temperature of 45°C. The top of the aluminum tray was
10 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 préssure in the chamber was reduced to 0.2 Torr by evacuating -
the chamber with a vacuum pump. A hydrogen peroxide concentration of 10

15 mglliter 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. At the end of the reaction period,- the
chamber pressure was reduced to 2 Torr and then retumed to atmospheric

20 pressure. The reaction product was removed from the chamber and analyzed

' for weight percent hydrogen peroxide by the following iodometric titration
reactions.
H,0, + 2Ki + H,SO, —> 1, + K,SO, + 2H,0
I, + 2Na,S,0; ——> Na,§,0, + 2Nal

25 A starch indicator was used in the iodine-sodium thiosulfate titration
reaction to enhance the color change at the end point. The percentage by
weight of hydrogen peroxide was calculated by the following equation:

wt% H,0, = [(ml of Na,S,0,)*(normality of Na,S,0,) *1.7)/(sample weight
. in grams)

30 The weight percentage of hydrogen peroxide in the glycine anhydride

complex was found to be 24.3%. ‘



10 Table 17 RELEASE OF PEROXIDE IN 75 LI TER

CHAMBER SC PO PP Tenp. to release Herr]Qerr] 15
(by DSC) 170C 150[err] C 130[err]C Wth 2 grans
sample At 125[err]C 0.3 ng/L 0.8 ng/L 1.0 ng/L A
150[err]C 1.2 ng/L 2.0 L 1.5 ng/L 20 _ At
175[err] C 1.8 ng/L 2.5 L 3.4 ng/L- Wth 3 grans sanpl e
At 175[err]C . 2.3 ng/L 25 Wth 4 grans sanple At 175[err]C
2.9 ng/L ' '
- 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,

5 except 1.0 gram of each one of the Mpbunds bresented in Table 14 was
used in place of glycine anhydride.
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Exanpl e 18 Efflcacy tests using SC, PO and
“WeT.Exmocul ated on a SS bl ade.
e m ddl e and back 5
3. ‘7" pol yphenyl ene oxide tray. The w apped tray was then
vacuum pressure of

.ront,

rel

vacuum chanber

an ini
heat -

haV|ng

PP 2- x 10[err]B.
Three i nocul ated bl ades were

subtilis var.

positions of a Spunguard

tial

sealing the SC, SO or PP

-c-PETOXT de pdwder s bet ween three | ayers of Spunguard and one | ayer
| um num foil .coatied with polypropylene film The 10 _
y contacting the disk for 2 . mnutes with an al um num plate which -
hatd been preheated to 175[err]C,

per oxi de was

of 8 minutes for a total exposure time of 10 minutes. After treatnment, the
COMPOUND AND PERC OGEN P XIDE

P NT IN COMP

Chemical
Name

Poly(vinyl aicohol)
Poly(vinyl methy! ether)
Poly(vinyl methy! Katone)
Poly(acrylic acid)

Giycine

L-Histidine

Poly(vinyl acetate)
Calluioss acetate

Sodium alginate

Cellulose sulfate,
sodium salt

Poly(4-Vinyipyridine)
Histamine
Propicnamide

Urea
1,3-dimethyturea

‘Biuret

Tetrasodium pyrophosphate

folIapiectd by an additional diffusion tine
FORMED BY VAPOR P SYNTHESIS P ESS
W% After
Chemical Peroxide
Strycture Trestment  Category
[-<CH,CH(OH)-], 18.9% Alcohol
{-CH,CH(OCH,), 22.0% Ether
[-CH,-CH(COCH,), 13.9% Ketone
[-CH,CH(COOH)-1, 51% -Acid '
H,C{NH,) (COOH) 20.7% Amino Acid
:T-mcn;fl CH,CH(NH,) COOH  14.1% Amino Acid
[-CH,CH(OCOCH, M, 9.1% Ester
10.9% Ester
27.7% Organic Saft
| 18.2% Organic Satt
[-CH,CH(p-C;H.N}L, - 21.8% Aromatic amine
tx-cm-:ca-clz-lcn,cs. (NH,) 13.2% . Amine
(C.HJCONH, 31.8% Amide
(HN),CO 17.9% Urea
(H,C)HNCONH(CH,) 31.7% Urea
(H,NYCO(NH)CO(NH,) 13.7% Biuret
[-CH,CH(CONH,}M, 30.1% Polyamide
(-cn,cn(-ll(:l!.._):clm-l. 29.9% Polyamide
[-NH(CH,),CO-1, 17.1% Polyamide
[-NH(CH,),NHCO(CH,),CO-], 16.6% Polyamide
[-RHNCOOR™-], 9.5% Polyurathane
Na,CO, 14.3% Inorganic
K,CO, 33.9% inorganic
Rb,CO, 37.0% - {norganic
Ca(OH), 23.4% - dnorganic
NaHCO, 10.7% Inorganic
NaP,0, 18.9% inorganic



three bl ades were separately placed in Trypticaggz:_ Q) 1?13@?2  at
32[err]C for 7 days and scored for bacterial grioWh- : ftSiare
summari zed in Table 15 18. Tabl e 18 EFFI CAQY TE§ S%%TZ? ejoxi de

Wi ght of Per oxi de Sterility 20 | ¢x

Conc. (+/all) PP 2 grans 3.4 ng/l 0/ O 2
gr ams 2.5 ng/l 0/3 SC -~ _f_2_2'grams 1.8 ny/l 1/3
SC 3 grans 2.3 ngl | 0/3 25 Slom.omem =14 r aNs
2.9 ng/l 0/3 As can be seen in the table, no growh of spores was

gg;jeggteg dvvi t h the extRPéigaRicodtomplaxed férhied covdt REdbilowiig rah8 dt'fan@loral SC

groups that are capable of forming hydrogen bonds with hydrogen peroxide:
aicohols, ethers, ketones, acids, amino acids, esters, organic saits, amines,
amides, polyamides, polyurethanes, ureas, and biuret. - The inorganic

§ - complexes include carbonates with sodium, potassium, and rubidium catioﬁs,
as well as sodium bicarbonate. in addition, the hydrogen peroxide complexes
of calcium hydroxide and tetrasodium pyrophosphate were also prepared. The
starting materials were finely divided powers or slightly larger crystalline
materials, except for nylon 6,8, which was processed as a film with a thickness

10 of 0.12 mm, and polyvinyl methyi ether, which was a 50% by weight aqueous
solution. :

The hydrogen peroxide complexes obtained with these materials under
the test conditions were solids, except for polyvinylpyrrolidone, histamine, .
poly(vinyl methyl ether), poly(vinyl methyl ketone)propionamide, and 1,3-

15 dimethylurea. The 1,3-dimethylurea and propionamide hydrogen peroxide
complexes were free flowing liquids that were easily handled in the vapor
phase synthesis process, since no solvent needed to be removed to obtain the
final product. The histamine, polyvinylpyrrolidone, poly(vinyl methyl ether), and
poly(vinyl methyl ketone) complexes were gummy materials that were not as

20 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.

Example 14

25 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 state. The conditions in these
tests were identical to those in Example 12, except the weight of

30 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



% creased to 3 grans, no bacterial growh was observed. 30
T _ core the efficacy of sterilization using inorganic
hydrioge eTOX1 dej cbnpound. - 50- Inorganic hydrogen peroxi de conpl exes
cad

h

[

n confnégction wth organi crf&?roxi de conpl exes. For exanpl e,
tton with a plasma sterilization

or in connection with a self- 5 sterilizing enclosure where

QXL d@wte=s Y rel eased fromthe conplex. Simlarly, inorganic

conpl exes can also be used in the sterilizatign of articles havi n?n q_gueow

| unens, wher ebyngliites of shambert wolumey Thewresyits ¢f these fests,arapresented
15.

23

- Example 15

A hydrogen peroxide complex of PVP was prepared in which the
5 hydrogen peroxide was delivered from a complex of hydrogen peroxide with
urea. When hydrogen peroxide is delivered in this manner, it is substantially
water free. In this test, 5 grams of PVP was placed in the reaction chamber
and 10 mg H,Oiter of chamber volume was delivered into the reaction
chamber by heating about 7 grams of a 35% complex of H,O, with urea to a
10 temperature of about 110°C for approximately 5 minutes. The rest of the
conditions in this test were the same as those.in Example 12. The percentage
hydrogen peroxide in the PVP complex and the physical state of the complex

are presented in Table 15. '

Table 1§
15
EFFECT OF RATIO OF POLYVINYLPYRROLIDONE TO HYDROGEN
PEROXIDE IN THE VAPOR STATE ON % HYDROGEN PEROXIDE
IN COMPLEX AND PHYSICAL STATE OF PRODUCT
20 Weight Wt% H,0, Physical State
BVP (q) in Compiex —of Product
Ex. 14 1 29.9 Soft gummy product
' 3 235 Hard gummy product
S 17.7 Free flowing solid
Ex. 15 5 19.7 _  Free flowing solid

The results of these tests demonstrate that a free flowing solid can be obtained
25 with the PVP hydrogen peroxide complex by controlling the ratio of PVP to

hydrogen peroxide in the \)apor state and, alternatively, by using a substantially

water-free hydrogen peroxide vapor source.

INORGANIC HYDROGEN PEROXIDE COMPLEXES _

Inorganic hydrogen peroxide complexes are also suitable for use as

30 sterilants as described in detail hereinabove for organic hydrogen peroxide

complexes. Peroxide vapor can be released from these inorganic complexes



conplex is connected to the lumen. In addition, pressure pulsing of the
rel eased frominorgani c peroxi de conpl exes can be enployed. O her
exanpl es of the use of inorganic conplexes for sterilization will be
apparent to one having ordinary skill in the art upon reference to the

vapor

present specification. - 51 - VE CLAIM 1. An apparatus for hydrogen
peroxi de sterilization of an article,” )ri sing: a container for holding

the article to be sterilized at a pressure of 5 o | ess than 50

torr;

and a source of hydrogen peroxide vapor

10

15

20

at atmospheric pressure and room temperature. However, as described in
greater detail below, substantial amounts of hydrogen peroxide vapor can be
released from inorganic peroxide complexes upon rapid heating to a particular
release temperature under reduced pressure. In order to successfully release
hydrogen peroxide from inorganic peroxide, the heating rate of the inorganic
peroxlde complexes is preferably at least 5°C/min; more preferably it is at least
10°C per minute; still more preferably at least 50°C/min.; and most preferably,
it is at least 1000°C per minute.

A representative listing of these inorganic peroxxde complexes, and the -

weight percent hydrogen peroxide, is presented in Table 16. 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 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.
mple 18

The reaction procedure for liquid-phase synthesis of inorganic hydrogen
peroxide compiexes was essentially as described by Jones et al. (J. Chem.
Soc., Dalton, 12:2526-2532, 1980). Briefly, inorganic solids were first dissoived
in a 30% aqueous solution of hydrogen peroxide to make a saturated solution,
followed by dropwise addition of ethanol. For the 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 pyrophosphate, the saturated
solutions were incubated at -10°C for several hours to facilitate crystalline
péroxide éomplex formation. The complexes were saparata& from the liquid by
vacuum filtration, washed with ethanol at least three times and dried by
vacuum. ' '
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said container, said source conprising an inorganic hydrogen peroxide
conplex at a tenperature greater than 86[err]C, said source configured so
that said vapor can contact said article to effect sterilization. 10

2. The apparatus of Claiml1l, wherein said pressure is less than 20 torr.
3. The apparatus of Claim1l, wherein said pressure is less than 10 torr.
4. The apparatus of Caiml, \/\herei'n_g;"'gli'd source is located wthin 15
said container. 5. The apparatus of Claim 1, further conprising an

encl osure di sposed outside of said container in which said conplex is
| ocated, and an inlet providing fluid Jatieud8cati on bet weeen sai d contai ner

o S A B BT O R,

5 Chemical Chemical Wt % H,0,
Name Formula . in Complexes'
' Purchased? Vapor® Liquid®

Sodium Carbonate Na,CO, 2735 _
Potassium Carbonate K,CO, 7.43 22.70

10 Robidium Carbonate Rb,CO, 20.31 ' 26.78
Potassium Oxalate K,C.0, 16.13 16.42
Sodium Pyrophosphate . Na,P,0, 11.48 23.49
Potassium Pyrophosphate K.P0, 20.90 32.76
Sodium Orthophosphate Na,PO, 15.67

15 Potassium Orthophosphate K,PO, 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 in the previous patent application.

20 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

instruments) was used to determine H,O, release or decomposition properties

25  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 200°C. under both
atmospheric and varying vacuum pressure conditions. Referring now to
FIGURE 5, the DSC comprises a sample chamber 110, heating plate 112 and
pressure control system. The pressure control system comprises a pressure

30 transducer 114 connected to a pressure gauge 116. The pressure gauge 116
is connected to a controller 118 which is, in tum, connected to a pressure

control valve 120. The pressure transducer 114 is in-fluid communication with
pressure control valve 120 and with pump 122.
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6. The apparatus of Claim 1, wherein said inorgani c hydrogen peroxide
conplex is a conplex of sodium carbonate, potassi um pyrophosphate or

pot assi um oxal ate. 7. The apparatus of Claiml1, further conprising a
heater located 25 = wthin said container, whereby said conplex is placed
on said heater and heated to facilitate the rel ease of said vapor fromsaid
conpl ex. 8. The apparatus of Claim 7,%érei n said heater is heated prior
to contacting with said conplex. 9. The apparatus of Caim1, further

PO aeugt Pe S BBt bxdihte hydiogen berorde domplex synihesized as desarbad '
hereinabove was placed in a DSC and subjected to a particular vacuum
pressure over a temperature range of 50°C to 170°C. As can be seen in
FIGURE 8, greater release of H,0,, an endothermic process, occurred at lower

5 pressures, while the exothermic decomposition of H,0, was favored at higher
pressures. The partial vacuum pressure is preferably less than 20 torr and
most preferably less than 10 torr. The actual pressuré in the sample chamber
is somewhat higher than that measured within the apparatus and the actual
temperature of the chamber is somewhat lower than that measured of the metal

10 . plate or aluminum platen. Without wishing to be bound by any particular theory
of operation, it is believed that the actual pressure used in the sterilization
apparatus should be less than the vapor pressure of the indrganic peroxide
complex at the actual temperature of the chamber in order to ensure that the
~ complex will release hydrogen peroxide vapor with substantially no
15 decomposition. However, in general, the pressure used is preferably less than
50 torr, more preferably less than 10 torr. In certain embodiments of the
invention in which the vapor pressure of the peroxide complex is low, the
pressure is preferably less than 5 torr.
In the use of the inorganic peroxide complexes for sterilization, it is
20 ' eritical to complex stability that heating occur rapidly which may be effected by
preheating the aluminum plate prior to contacting with the inofganic peroxide
composition. In the use of the inorganic peroxide compounds, it is also
preferred that the temperature be higher than 88°C.
As discussed above, it is preferred that the inorganic hydrogen peroxide
25 _ complex be heated rapidly, i.e. as rapidly as 1000°C/minute or 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
3 position. The inorganic hydrogen peroxide complex is incorporated into @
peroxide disk 132. The disk 132 comprises five layérs: three layers of CSR
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10. The apparatus of Claim1, further conprising an el ectrode adapated to
generate a plasma around said article. 11: The apparatus of Claim 10
wherein said electrode is inside said container. 5 12. The
apparatus of Claim 10, wherein said electrode is spaced apart from said
container and is adapated to flow plasna generated thereby towards and
around said article. 13; The apparafhéﬂbf Claim1, wherein said conp
in a solid phase. 10 14. A nethod for hydrogen peroxi de vap
sterilization of an article, conprising: placing said article into a

cont ai ner,

awrRp; perexide scomplex powder| andialuminumn)foil cgatedpeitho polypropylene.

rel eased frofhgRudi PSS W heat ¥EHi8d Holitd W' sHae” BRI BY FBka%dmBie

10

15

powder. The peroxide disk 132 is placed undemeath a perforated aluminum
plate 130 which is attached to housing 150 by aluminum attachment pieces
142. The disk 132 is loosely held in place between O-rings 151. Prior to
introduction of peroxide vapor into the chamber, a heated aluminum platen 134
is apart from the peroxide disk 132 and is attached to an aluminum plate 136.
A spring (not shown) within the beilow 138 holds the plate 136 down in the
closed position. When the chamber 131 is evacuated, the bellow 138 is aiso
evacuated. The plate 138 is seated against O-rings 148, thus separating a
peroxide release chamber 152 from passageways 158. The apparatus is held
in place and attached to a sterilization chamber 131 by boits 144, 146, 154 and

- 186.

Referring to FIGURE 7B, in order to bring the platen 134 up to contact

lex is
or

onpl ex

the peroxide disk 132, the bellow 138 is vented. Once the pressure is

increased, the bellow 138 moves upward, thereby propeling the heated
aluminum platen 134 against the peroxide disk 132. In a preferred
embodiment, the aluminum platen 134 is pre-heated to 175°C; however other
temperatures can be used. Peroxide vapor is then released from the powder
through the CSP layers, passes through the perforations 160 in the perforated
aluminum plate 130, and enters the peroxide release chamber 152. The

~ upward movement of the heated aluminum platen 134 aiso opens the peroxide

release chamber 152, allowing peroxide vapor to enter passageways 158 which

are in fluid communication with the sterilization chamber.

The inorganic peroxide complexes used in the following two examples
to determine amount of peroxide release and sterilization efficacy were
potassium pyrophosphate (K,P,0,°3H,0,: PP), potassium . oxalate

"~ (K;C,0,¢1H,0,: PO) and sodium carbonate (Na,CO,*1.5 H,0,: SC).
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15 at arate of at least 5[err]Cmnute to contact and sterilize
the article. 15. The nethod of Claim 14, wherein the heating rate is at
| east 10[err]C/ mnute. 16. The nmethod of C aim 14, wherein the heating

"rate is at east 50[err]C/ mnute. 20 17. The nethod of C aim 14,
wherein the heating rate is at least 100Q[err]C/ mnute. 18. The method of
Claim 14, wherein the conplex has | esS$ n 10% water. 19. The net hod of

Claim 14, further conprising heating said conplex 25 to facilitate the
rel ease of said vapor fromsaid conplex. 20. The nethod of C aim 19,

wherein the heating step conprises coEt act i ng said complex with a
pre-heated heater. 21. The nethod of wherein said conplex is

heated to a Release of Peroxide from éc, PO and PP

The ideal temperature at which H,0, was released from SC, PO and PP
~ was determined by DSC. The actual amount of H,0, released from 2 g of each
5 of these complexes was determined at various temperatures using a 75 liter
chamber and the apparatus of FIGURES 7A and 78. The amount of H,0,
released from the PP at 175°C was greater than for SC and PO. Although SC
released the least amount of H,0, at 175°C, significantly more release was

seen when the amount of sample was increased.

10 Table 17
RELEASE OF PEROXIDE IN 75 LITER CHAMBER

sC PO B -
Temp. to release H,O, E
15 (by DSC) 170°C 150°C 130°C
With 2 grams sample
At 125°C ' 0.3 mg/L 0.8 mghL 1.0 mg/L
-At 150°C 1.2 mg/lL 2.0 mgiL 1.5 mg/iL
20 At 175°C 1.8 mg/L 2.5 mgiL 34 mgl
With 3 grams sample
At 175°C 2.3 mglL
| 25 With 4 grams sample
' At 175°C 2.9 mghL
REPLACEMENT SHEET
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tenperature greater than 86[err]C - 53 - 22. The nethod of C aim 14,

further conprising evacuating the container before introducing said vapor

into said container at a pressure of less than 50 torr. 23. The method of
Claim22, wherein said pressure is less than 20 5 torr. 24. The nethod -
of Claim 22, wherein said pressure is less than 10 torr. 25. The nethod of
Cl aim 14, further conprising generafkngﬂ? Pplasma around said article after

i ntroduci ng said vapor, into said contal ner.

Example 18
Efficacy tests using SC, PO and PP
2 x 10° B. subtilis var. niger spores were inoculated on a SS blade.
Three inoculated blades were first placed in the front, middie and back
5 positions of a Spunguard wrapped 10"x 21"x 3.5” polyphenylene oxide tray.
The wrapped tray was then placed in a 75 liter vacuum chamber having an
initial vacuum pressure of 0.2 torr. A 5.5" peroxide disk was made by heat-
sealing the SC, SO or PP inorganic peroxide powders between three layers of
Spunguard and one layer of aluminum foil coated with polypropylene film. The
10 peroxide was released by contacting 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 are summarized in Table

15 18.
Table 18
EFFICACY TEST RESULTS
Peroxide  Weight of Peroxide Sterility

20 Complex _Complex Conc. (+fall)

PP 2 grams 3.4 mgh 073

PO 2 grams 2.5 mgh 03

SC 2 grams 1.8 mgf 13

SC 3 grams 2.3 mgh 03
25 SC 4 grams 2.9 mg/ 0/3

As can be seen in the table, no growth of spores was obsérved 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 observed.

30 These results underscore the efficacy of sterilization using inorganic hydrogen
peroxide compound.
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10 The nethod of C aim 25, wherein said plasma is generated
gt omtarner, 27. The nethod of Claim 25, wherein said plasma is
ge \ |§é§i he container and flowed inside the container and around
sajdlarticle. 28. f The nethod of Caim 14, wherein the contacting step
cofp} i 98 APR 1957 FF €

sure pulsing of said vapor. 29. A nethod for hydrogen
pef o ijon of an article,” c®¥prising: placing the article in a
enfl’ nj an inorgani c hydrogen peroxide conpl ex; 20

ki de steriliz

sepl i ng said encl osyre; and allow ng said enclosure to stand at a
tenperature below 70l err]C for a tine sufficient to rel ease hydrogen

peroxi de vapor from said conplex to effect sterilization of the article.
Inorganic hydrogen peroxide complexes can be readily incorporated into

the sterilization procedures described hereinabove in connection with organic
peroxide complexes. For example, inorganic complexes can be used in
connection with a plasma sterilization method, or in connection with a self-

5 sterilizing enclosure where peroxide is slowly released from the complex.
' Similarly, inorganic complexes can also be used in the sterilization of articles
having narrow lumens, whéreby a vessel containing the inorganic peroxide
complex is connected to the lumen. In addition, pressure puising of the vapor
released from inorganic peroxide complexes can be employed. Other

10 examples of the use of inorganic complexes for sterilization will be apparent to
one having ordinary skill in the art upon reference to the present sbeciﬁwﬁon.




30. The method of (Jaim29, wherein said enclosure is allowed to 25
stand at a pressure |l ess than atnospheric pressure. 31. The nmethod of Caim

29, vvh MIHUMINEHMMEW is allowed to stand at a tenperature bel ow about
40[ err] d of Caim?29, wherein said enclosure is heated to
a terrperature YgrBat®r than 23[err]Cto facilitate rel ease of said vapor. 30
33. The nmethod of Caim29, wherein sai®enclosure is selected fromthe

group consisting of a pouch, a container, a chanber and a room - 54 -
34. The nmethod of O aim 29, wherein sai d hydr ogen peroxi de conplex is in

the form of a \WENGEAIM:.
1. An apparatus for 'hydrogen_ peroxide sterilization of an article,

comprising: _ i
~ a container for holding the article to be sterilized at a pressure of
5 less than 50 torr; and :

a source of hydrogen peroxide vapor in fluid communication with
said container, said source comprising an inorganic hydrogen peroxide
complex at a temperature greater than 86°C, said source configured so
that said vapor can contact said article to effect sterilization.

10 2. The apparatus of Claim 1, wherein said pressure is less than 20
torr.

3.  The apparatus of Claim 1, wherein said pressure is less than 10
torr. |

4, The apparatus of Claim 1, wherein said source is located within

1§ - said container.

8. The apparatus of Claim 1, further comprising an enclosure
disposed outside of said container in which said complex is located, and an
inlet providing fluid communication betweeen said container and said enclosure,

_ such that vapor reieased from said complex fravels along said inlet and into
20 said container to effect sterilization. '
o 8. The apparatus of Claim 1, wherein said inorganic hydrogen
, perox:de complex is a complex of sodium carbonate, potassium pyrophosphate
or potasssum oxalate.

7. The apparatus of Claim 1, further comprising a heater located

25 . within said container, whereby said complex is placed on said heater and
heated to facilitats the release of said vapor from said compléx. |

8. The apparatus of Claim 7, wherein said heater is heated prior to
contading with said complex.

9. The apparatus of Claim 1, further comprising a vacuum pump in

30 fluid communication with said container for evacuating the container.

e PO
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35. The method of -Cl aim29, wherein said hydrogen peroxide complex is- in
the formof a tablet 5 36. The methog“rjhm Jrey ein said
seal ing step conprises sealing said enclosure Y BAD] e _
thod of Claim 36, wherein gaild gas perrreab' ej materi al
Nmmmllmi""lmﬂ! e group consisting of TYVEK[enr]OBHPRWI, &anil paper.
A seal #d encrosure containing a-sts& i+ e prjoquct and an i n

anic 10
hydrogen per oxi de conpl ex capabl e of reteasing ihy Jen per oxl dejvapor. 39.
A pot assi um pyr ophosphat e hydrogen peroxi de corpl ex 40, __ A.JBL

for

hydr ogen peroxide vapor sterilization of an aricle, conprising: placing
said article into a container, and 15 contacting the article
wi th a hydrogen peroxide vapor to contact and sterilize the article, said
vapor being rel easi f M apparatugosh Claim 1, further comprising an electrode

adapated to generate a plasma around said article.
11:  The apparatus of Claim 10, wherein said electrode is inside said
. container. ' '

5 12. The apparatus of Claim 10, wherein said elecﬁ'ode is spaced apart
from said container and is adapated to flow plasma generated thereby towards
and around said article. |

13. The apparatus of Claim 1, wherein said complex is in a solid
phase. . '
10 14. A method for hydrogen peroxide vapor sterilization of an article,
comprising:
placing said article into a container; and
contacting the article with a hydrogen peroxide vapor released
from an inorganic hydrogen peroxide complex by heating the complex
15 at a rate of at least 5°C/minute to contact and sterilize the article.
15. The method of Claim 14, wherein the heating rate is at least
10°C/minute. o
16. The method of Claim 14, wherein the heating rate is -at {east
50°C/minute.
20 17. The method of Claim 14, wherein the heating rate is at {east
1000°C/minute.
18. The method of Claim 14, wherein the complex has less than 10%
water.
18. The method of Claim 14, further comprising heating said complex
25 | b facilitate the release of said vapor from said complex.
20. The method of Claim 19, wherein the heating step comprises
contacting said complex with a pre-heated heater.
21. The method of Claim 19, wherein said complex is heatad fo0 a
temperature greater than 86°C.




hydr ogen peroxi de conpfex whi ch does not deconpose to rel ease a hydrohalic

aC|d 41. A nmethod for hydrogen peroxide ster
an exterior and a narrow | unen t

connectln cont ai ni ng an i norgani c pe
ummm @mam ng the article within a ¢
' to the lumen; 25 ~ 53 -

wi t*hi fi sald cont ai ner, and contacting the | une

hydr ogen peroxi de vapor released fromsaid ino
terrperature Iess than 70[err]C.

1 I o fiticle
REPLACENIN, SHEETH

F okl de conpl ex tlo it he | unen
on} aprEAPRWIEY ebly isai d vessel
reduci ng the prlssure

h ef—ttre—article Wth

gani ¢ peroxide cahplex at a

22. The method of Claim 14, further comprising evacuating the
container before introducing said vapor into said container at a pressure of less

than 50 torr.

23. The method of Claim 22, wherein said pressue is less than 20

5 torr.

torr.

24. The method of Claim 22, wherein said pressure is less than 10

25. The method of Claim 14, further comprising generating a plasma
, around said article after introducing said vapor into said container.
10 28. The method of Claim 25, wherein said plasma is generated inside

the container.

27. The method of Claim 25, wherein said plasma is generated
outside the container and flowed inside the container and around said article.
28. The method of Claim 14, wherein the contacting step comprises

15 pressure pulsing of said vapor.

29. A method for hydrogen peroxide sterilization of an article,

comprising:
placing the article in a enclosure
peroxide complex;
20 sealing said enclosure; and

containing an inorganic hydrbgen

allowing said enclosure to stand at a temperature below 70°C for
a time sufficient to release hydrogen peroxide vapor from said complex

to effect sterilization of the article.

30. The method of Claim 28, wherein said enclosure is aliowed to
25  stand at a pressure less than atmospheric pressure.
31. The method of Claim 28, wherein said enclosure is allowed to

stand at a temperature below about 40°C.

32. The method of Claim 29, wherein said enclosure is heated to a
temperatura greater than 23'C to facilitate release of said vapor.
30 33. The method af Claim 28, wherein said enclosurs is se!ected from
- the group consisting of a pouch, a container, a chamber.and a Toom.
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34. The method of Claim 29, wherein said hydrogen peroxide complex
is in the form of a powder.
35. The method of Claim 29, wherein said hydrogen peroxide complex
is'in the form of a tablet. <
36. The method of Claim 29, wherein said sealing step comprises
sealing said enclosure with a gas permeable material.
| 37. The method of Claim 38, wherein said gas permeable material is
selected from the group consisting of TYVEK™, CSR wrap, and paper.
38. A sealed enclosure containing a sterile product and an inorganic
hydrogen peroxide complex capable of releasing hydrogen peroxide vapor.
39. A potassium pyrophosphate hydrogen peroxide complex.
40. A method for hydrogen peroxide vapor sterilization of an article, -
comprising:
placing said article into a container; and ,
contadting the article with a hydrogen peroxide vapor to contact
and sterilize the article, said vapor being released from an inorganic
hydrogen peroxide complex which does not decompose to release a
hydrohalic acid. . '
41. A method for hydrogen peroxide sterilization of an article having

an exterior and a narrow lumen therein, comprising:

connecting a vessel containing an inorganic peroxide compiex to
the lumen of the article; _ .

placing the article within a container, whereby said vessel remains
connected to the lumen; |

reducing the pressure within said container; and

contacting the lumen of the article with hydrogen peroxide vapor
released from said inorganic peroxide complex at a temperature less
than 70°C.




10

VAPOR STERILIZATION USING INORGANIC HYDROGEN PEROXIDE COMPLEXES
Abstract of the Digclosure
An apparatus and process for hydrogen peroxide vapor sterilization of
medical instruments and similar devices make use of hydrogen peroxide vapor
released from an inorganic hydrogen peroxide complex. The peroxide vapor
can be released at room temperature and atmospheric pressure; however, the
pressure used can be less than 50 torr and the temperature greater than 86°C
to facilitate the release of hydrogen peroxide vapor. The heating rate can be
greater than 5°C. Optionally, a plasma can be used in conjunction with the

vapor.
Figure 1

—————
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