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No. 08/234,738, filed April 28, 1994, the disclosure of which is hereby
incorporated by reference.

Background of the Invention
Field of the invention
10 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 a non-aquéous source of hydrogen peroxide vapor for
such a process. The invention also provides a vapor-phase process for
synthesizing organic and inorganic non-aqueous hydrogen peroxide complexes.
16 Description_of the Related Art
Medical instruments have traditionally been sterilized using either heat,
such as is provided by steam, or a chemical, such as formaldehyde or ethylene
oxide in the gas or vapor state. Each of these methods has drawbacks. Many
medical devices, such as fiberoptic devices, endoscopes, power tools, efc. are
20 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 ha.ve been sterilized. This makes the
sterilization cycle time undesirably long. In addition, both formald'ehyde and
25 ethylene oxide require the presence of a substantial amount of moisture in the
system. Thus, devices to be sterilized must be humidified before the chemical
is introduced or the chemical and moisture must be introduced simultaneously.
. Moisture plays a role in sterilization with a variety of other chemicals in the gas
or vapor state, in addition to ethylene oxide and formaldehyde, as shown in
30 Table 1. |
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Formaldehyde >75% 1
10 Glutaraldehyde 80-90% 3
Chlorine dioxide 60-80% 4
Methyl bromide : 40-70% 1
B-Propiolactone _ >75% 1
Peracetic acid 40-80% 5
15

1. Bruch, C. W. Gaseous Sterilization, Ann. Rev. Microbiology 15:245-262
(1961). '
2. Janssen, D. W. and Schneider, P.M. Overview of Ethylene Oxide
Alternative Sterilization Technologies, Zentralsterilisation 1:16-32 (1993).
20 3. Bovallius, A. and Anas, P. Surface-Decontaminating Action of
- Glutaraldehyde in the Gas-Aerosol Phase. Applied and Environmental
Microbiology, 129-134 (Aug. 1977).
4. Knapp, J. E. et al. Chlorine Dioxide As a Gaseous Sterilant, Medical
Device & Diagnostic Industry, 48-51 (Sept. 1986).
25 5. Portner, D.M. and Hoffman, R.K. Sporicidal Effect of Peracetic Acid
Vapor, Applied Microbiology 16:1782-1785 (1968).

Sterilization using hydrogen peroxide vapor has been shown to have
30  some advantages over other chemical sterilization processes (see, eg., US."
Pat. Nos. 4,169,123 and 4,169,124), and the combination of hydrogen peroxide
with a plasma provides additional advantages, as disclosed in U.S. Pat.
4,643,876, issued February 17, 1987 to Jacobs et al. In these disclosures the
hydrogen peroxide vapor is generated from an aqueous solution of hydrogen
35 peroxide, which ensures that there is moisture present in the system. These
disclosures, together with those summarized in Table 1, teach that moisture is
required for hydrogen peroxide in the vapor phase to be effective or to exhibit
its maximum sporicidal activity. However, using aqueous solutions of hydrogen
péroxide to generate hydrogen peroxide vapor for sterilization causes problems.
40 At higher pressures, such as atmospheric pressure, excess water in the system
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can*Cait condensation. Thus, one must reduce the relative humidity in a
sterilization enclosure before introuucing the ayueuus hydrogen peroxide vapor.

The sterilization of articles containing diffusion-restricted areas, such as
long narrow Iuméns, presents a special challenge for hydrogen peroxide vapor

5 that has been generated from an aqueous solution of hydrogen peroxide,
because: '
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
10 will diffuse faster than hydrogen peroxide in the vapor state.

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

15 crevices and long narrow lumens. One cannot solve the problem by removing
water from the aqueous solution and using more cbncentrated -hydrogen
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.

| Two patents, U.S. Pat. 4,642,165 and U.S. Pat. 4,744,951 issued to Bier

20 and Cummings et al., respectively, attempt to address this problem. Bier
attempts to solve the problem by metering small increments of a hydrogen
peroxide solution onto a heated surface to ensure that each increment is
vaporized . before the .next increment .is added. This helps to eliminate the
difference in the vapor pressure and volatility between hydrogen peroxide and

25 water, but it does not address the fact that water diffuses faster than hydrogen
peroxide in the vapor state.

Cummings et al. describe a process for concentrating hydrogen peroxide
from a relatively dilute solution of hydrogen peroxide and water and supplying
the concentrated hydrogen peroxide in vapor form to a sterilization chamber.

30 Th_é process involves vaporizing a major pdrtion of the water from the solution
and removing the water vapor produced before injecting the concentrated
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5 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, entitled "Method for Vapor Sterilization of Articles
Having Lumens," and issued to Jacobs et al., discloses a process in which a
10 vessel containing a small amount of a vaporizable liquid sterilant solution is
attached to a lumen, and the ste}'ilant vaporizes and flows directly 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
pulled through the iumen by the pressure differential that exists, increasing the

15 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.

Merianos discloses in U.S. Pat. No. 5,008,108, that a substantially
anhydrous complex of PVP and H,0, is useful for reducing the microbial

20 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.

25 Nikolskaya et al. disclose in U.S.S.R. patent document No. SU 1681860
that surfaces can be decontaminated, although not necessatrily sterilized, using
ammonium fluoride peroxohydrate (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

30 were quite long; re‘quiring' at least twd hours. Additionally, it is known that
ammonium fluoride decomposes to ammonia and hydrofluoric acid at
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5 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

10 compound and the peroxide hydrogen. The complexes ttave 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

15 crystallization of the complex from an aqueous solution. For example, urea
hydrogen peroxide complex was prepared by Lu, Hughes, and Giguere (J.
Amer. 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. Gates et al. (U.S. Pat. No.

20 .2.986,448) prepared sodium carbonate hydrogen peroxide complex by treating
a saturated aqueous solution of Na,CO, with a solution of 50 to 90% H,0, in
a closed cyclic system at 0 to 5°C for 4 to 12 hours. More recently, Hall et al.
(U.S. Pat. No. 3,870,783) prepared sodium carbonate hydrogen peroxide
complex by reacting aqueous solutions of hydrogen - peroxide .and sodium

25 carbonate in a batch or continuous crystallizer. The crystals are separated by
filtration or centrifugation and the liquors used to produce more sodium
carbonate solution. These methods work well for peroxide complexes that form
stable, crystalline free-flowing products from aqueous solution.

Shiraeff (U.S. Pat. Nos. 3,376,110 and 3,480,£57) disclosed the

30 preparation of a:':'{fcoi'"'rlplex of hydrogen peroxide with a polymeric N-

N vinylheterocyclic cbmp'ound (PVP) 'from aqueous solution. The resuitant
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concentrat 8d sol @nhydousiorganicspiyendike ety acetate, Mareseeentiva Riss (U.S. Pat. No.

5,077,047) described 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
10 a stable, substantially anhydrous, free flowing powder with a hydrogen peroxide
concentration of 15 to 24%.
Moschner, et al. (U.S. Pat. No. 5,030,380) prepared 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
15 spray drying at a low enough temperature to avoid thermal degradation of the
product.

All these prior art 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

20 sprayed onto a fluidized bed of the reactant material.

Vapor phase and gas phase reactions are well known synthesis
methods. For example, Roetheli (U.S. Pat. No. 2,812,244) disclosed a solid-
gas process for dehydrogenation, thermal cracking, and demethanation.

, Fujimoto et al. (Joumal of Catalysis, 133:370-382 (1992)) described a. vapor-

25 phase carbonylation of methanol. Zellers et al. (Analytical Chemistry, 62:1222-
1227 (1990)) discussed the reaction of styrene vapor with a square-plannar
organoplatinum complex. These prior art vapor- and gas-phase reactions,
however, were not used to form hydrogen peroxide complexes.

. _ Summary of the invention

30 | Oﬁe.aspect of the present invention relates to an apparatus for hydrogen

peroxide sterilizatioh of an article. The apparatus includes a container for
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SR organic hydrogen peroxide complexes, such as a urea-peroxide complex, a
polyvinylpyrrolidone-peroxide complex, a nylon 6-peroxide complex ora 1,3
dimethylurea—peroxide complex. In certain embodiments, the complex is
unstable under vacuum, such as a glycine anhydride-peroxide complex. The

10 apparatus can aiso include 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. The apparatus in certain embodiments includes an
enclosure disposed outside of the container in which the complex is located,

and an inlet providing fluid communication between the container and the

15 enclosure, such that vapor released from the complex travels along the inlet
and into the container to effect sterilization. In other certain embodiments, the
apparatus includes a closeable valve disposed in the inlet such that when the

valve is closed, the enclosure is isolated from the container. The apparatus

can also include a vacuum pump in fluid communication with the container for

20 evacuating the container. A vacuum pump in fluid communication with the
container and the enclosure can also be included, along with a closeable valve
disposed between the pump and the container, and between the pump and the
enclosure, and between the enclosure and the container, such that the
enclosure and the container can be evacuated independently or simultaneously.

25 An electrode inside the container for generating a plasma around the article
can also be included. In a preferred embodiment, the complex is in a solid

phase. The apparatus can include a heater configured to heat said complex. '

Another aspect of the present invention relates to a method for hydrogen

peroxide vapor sterilization of an article. This method includes the steps of

30 placing the article into a container, and contacting the article with a hydrogen
" peroxide vapor released from a substantially non-agqueous organic hydrogen
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introducing the vapor into the container. The method can also include the step
of generating a plasma in the container after introducing the vapor into the
container.

In still another aspect of the present invention, there is provided a
10 method for hydrogen peroxide plasma sterilization of an article. This method
involves placing the article within a container, contacting the article with a
hydrogen peroxide vapor released from a substantially non-aqueous organic
hydrogen peroxide complex to contact the article, generating a plasma within
the container to surround the article, and maintaining the article in the plasma
15 for a time sufficient to effect sterilization of the article and/or to remove residual
hydrogen peroxide from the article. In one embodiment, the peroxide treatment

occurs in one chamber and the plasma treatment in another.
Still one more aspect of the present invention aiso relates to a method
for hydrogen peroxide plasma sterilization of an article. This method includes
20 placing the article within a container, contacting the article with a hydrogen
peroxide vapor released from a substantially non-aqueous organic hydrogen
peroxide complex to contact the article, generating a plasma at a site that is
spaced apart from the article, flowing the plasma to the container that contains
the article, and maintaining the article -in the plasma for a time sufficient to
25 effect sterilization of the article and/or to remove residual hydrogen peroxide
from the article. The plasma treatment can be either in the same chamber or
a different chamber than the chamber in which the peroxide treatment occurs.
An additional aspect of the invention relates to a method for hydrogen
: ﬁpéroxide_ §terilization of an article which includes placing the article in a
30 | énblosure-’f’containihg a substéntially non-équeous hydregen peroxide complex,
sealing the enclosure, and allowihg the enclosure to stand at about
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chamber or a room. The hydrogen peroxide complex can be in the form of a
powder or of a tablet. The sealing step can comprise sealing the enclosure
with a gas permeable material, such as TYVEK™, CSR wrap, or paper.
10 A further aspect of the invention relates to a sealed enclosure containing

-

a sterile product and a substantially non-aqueous hydrogen peroxide complex

capable of releasing hydrogen peroxide vapor.
A still further aspect of the invention relates to a method for hydrogen
peroxide sterilization of an article having an exterior and a narrow lumen
15 therein. This method involves connecting a vessel containing a substantially
non-aqueous hydrogen peroxide complex to the lumen of the article, placing
the article within a container, evacuating the container, and contacting the
lumen of the article with hydrogen peroxide vapor released from the
substantially non-aqueous hydrogen peroxide complex at a temperature less
20 than a‘bout 70°C. 1In a preferred embodiment, the methed can also include
contacting the exterior of the article with a second source of sterilant, such as
one that releases hydrogen peroxide vapor. This hydrogen peroxide vapor
from the second source of sterilant can be released from a second substantially
non-aqueous hydrogen peroxide complex. . In this embodiment, the second
25 substantially non-aqueous hydrogen peroxide complex can be the same or
different complex as the hydrogen peroxide compiex referred to in the
connecting step. The method can also include generating a plasma within the
container to surround the article and maintaining the article in the plasma for
_a time sufficient to effect sterilization of the article. Further, the method can
30 incltxd"e generating -a plasma within the container to surround the article and
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5 process includes the steps of (a) evacuating a chamber that contains a
composition, and (b) introducing hydrogen peroxide vapor into the chamber,
whereby the hydrogen peroxide vapor reacts with the compaosition to form the
complex. The composition can be an alcohol, an ether, a ketone, an acid, an
amino acid, an ester, an organic salt, an amine, an amide, urea, biuret, a

10 polyamide, a polyurethane, an alkali metal carbonate, a hydroxide, or
tetrasodium pyrophosphate. Some particularly preferred compositions include
poly(vinyl alcohol), poly(vinyl methyl ether), poly(vinyl methyl ketone),
poly(acrylic acid), glycine, L-histidine, poly(vinyl acetate), cellulose acetate,
sodium alginate, cellulose sulfate (sodium sait), a histamine, glycine anhydride,

16 propionamide, polyacrylamide, polyvinylpyrrolidone, poly(4-vinylpyridine), nylon
6, nylon 6,6 film, polyetherpolyurethane, sodium carbonate, potassium
carbonate, rubidium carbonate, sodium bicarbonate, caicium hydroxide, and 1,3
dimethylurea. In some embodiments, the hydrogen peroxide vapor is
substantially anhydrous.

20 Additional aspects of the present invention relate to a poly(vinyi alcohol)-
hydrogen peroxide complex, a poly(vinyl methyl ether)-hydrogen peroxide
complex, a poly(vinyl methyl ketone)-hydrogen peroxide complex, a poly(acrylic
acid)-hydrogen peroxide' complex, a poly(vinyl acetate) hydrogen peroxide
complex, a cellulose acetate hydrogen peroxide complex, a sodium alginate

25 hydrogen peroxide complex, a cellulose sulfate, sodium salt, hydrogen peroxide
complex, a glycine-hydrogén peroxide complex, poly(4-vinylpyridine) hydrogen
peroxide complex, a histamine hydrogen peroxide complex, a propionamide
hydrogen peroxide compiex, a 1,3-dimethylurea hydrogen peroxide complex,
a biuret hydrogen peroxide complex, a polyacrylamide hydrogen peroxide

30 complex, a nylon 6 hydrogen peroxide complex, a nylon 6,6 film hydrogen
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ydrogen peroxide_c ug es,,_an guere mer .

Chem Soc. 63(1): ilﬁ@% mﬁ@&ﬂ"?l)oh ‘ﬁ°9ﬁ% ﬂqra’ﬂ CAMRIEXhy adding a sol uti on
of urea to a solution ghotmedr p@f%q@ﬂ&%@lrbg{éggat% n.%gtqg& ﬁgrtl%'drogen

crystallize under the proper conditions tes et
2, 986, 448) pr epar peroxisl Mapoasmmaammmramamqiemmmm d¢bendrticlebiy placed umlg a

2 Choseq cydi e Sntamel: ag8 the peicic Iy Hlen,cqnadied wilf o hydipgen merakis vaer o
et al. (U S Pat.cditacBafid btéfie B Brtick! SlRGlhIé”hEﬁéél%ﬁhé iRVERRE rlhe vapor is

per oxi de

released from a substantially non-aqueous hydrogen peroxide complex which
does not decompose to release a hydrohalic acid. A hydrohalic acid is defined
herein as an acid composed of a hydrogen atom and a halogen atom, such as
10 HCI, HF, HBr, etc.
' Brief Description of the Drawings
FIGURE 1 is a schematjc' of a vapor sterilization apparatus of the
present invention.
FIGURE 2 is a schematlc of a vapor sterilization apparatus of the
15 present invention which includes an electrode which is optionally used to
generate plasma.
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
20 peroxide source for sterilization according to the present invention.
FIGURE 4 is a graph depicting the release of hydrogen peroxide vapor
from a vacuum unstable non-aqueous hydrogen peroxide complex.
Detailed Description of the invention
Hydrogen peroxide sterilizers that have been used in the past invariably.
25 used an aqueous solution of hydrogen peroxide as their source of sterilant.
These sterilizers have disadvantages caused by the presence of water in the
system. At higher pressure, such as atmospheric pressure, the excess water
in the system can cause condensation. This requires that an exira step be
performed to reduce the relative humidity of the atmosphere in an enciosure to
30 be sterilized to an acceptable level before the aqueous hydrogen peroxide
vapor is introduced. These sterilizers also have drawbacks caused by the facts
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by filtration or centrifugation and the liquors used to
carbonate solution. These nethods work well for peroxide CcO t j
formstable, crystalline free-flow ng products from aqueous soluti on. ==
Shiraeff (U.S. Pat. Nos. 3,376,110 and 3, 480, 557) disclosed the preparation
of a conpl ex of thafirwaten, [havmg de highen wapuor! pressuce, N‘Vapoﬂzééwmom)@mdkﬂf than
conpound (PVP) fﬁom Sgueous sé) on. The resultmte onpl exes
cont ai ned vari ab{"¥drR860nPErRd %;’Lfﬂ"ﬁg%'r‘l R}eRUS 80 "su.ﬁﬂﬂ é‘fﬁtﬂél havipana slower
wat er. Meri anos U t ee
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st abl e, substantla y anh Us conpl exes 0 cou
device or the like is enclosed in a sterilizer, the initial sterilant that reaches the
5 device from the hydrogen peroxide source is diluted in comparison to the

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

10 is unsatisfactory, because such. solutions are hazardous.
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
16 embodiment, the substantially non-aqueous hydrogen peroxide vapor is
produced directly from a substantially nonaqueous hydrogen peroxide complex.
However, the substantially non-aquous hydrogen peroxide vapor can also be
generated from an aqueous complex which is processed during vaporization
to remove water, such as under vacuum. Thus, where an agueous hydrogen
20 peroxide complex is used, the aqueous complex is converted to a substantially
non-aqueous hydrogen peroxide complex while carrying out the process of the
present invention. Preferably, the substantially non-aqueous hydrogen peroxide
complexes contain less than about 20% water, more preferably no more than
about 10% water, still more preferably no more than about 5% water, and most

25 preferably no more than about 2% water.

As is apparent from the preferred percentages of water in the
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.
30 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
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PVP- hydr ogen per oxi de product by adding finely divided d et 8 B\U\QEBO%to
80% by wei ght aqueous sol ution of hydrogen peroxide to a fluidized=-bed—o
PVP mai ntained at a tenperature of anbient to [err]. The resultant product
was found to be of hydrogen peroxidento.dbim waferdawwxybmeaélbwr@md&s?% stie
a hydrogen perOX| de con%mcgratlon of 15 to 24% MNoschner, et al. (U S. Pat.
No. 5, 030, 380) Ra iof this water ite the complex Gap Qamw ex with

hydr ogen perOX|de by

drying the reaction p-fr'tlti)édgﬁ?é e@@{/ﬁlg&ﬁ’ﬁ]&%ﬁquspr ay ry| é W@ ?g%"i}%%%h
tenperature to aafmnﬂaér’rmaimémédwtm”bue ﬁel@u’twé hinsiditidsc tTesf\cbndifiens mférecthose
art nethods of preparing h dr en 8erOXI de conpl exes use sol uti ons of

hydr ogen peroxi déescrpeddn tpPelew, withospases isippoded onistainless steel blades
in 3Imm x 50cm stalnless steel lumens. As shown in Table 2, under the test

conditions, 5% relative humidity has no effect on efficacy but 10% relative

obt ai ned by reacg‘DSheetHaSBee"REiicg% of PVP and a solution of [err] in an

humidity decreases the sterilization rate. This example shows that small
amounts of moisture can be allowed in the system with the hydrogen peroxide

10 generated from the non-aqueous peroxide compiex and the presence of water
in the system can be overcome by increasing the exposure time.
_Table 2
Effects of Relative Humidity on Efficacy
15 SS Blades in 3mm x 50cm SS Lumens
Diffusion Time Sterility Results (Positive/Samples
1%RH 5%RH 10%RH
20 5 0/3 03 3/3
10 0/3 0/3 213
15 0/3 0/3 0/3
30 0/3 0/3 or3
25 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
30 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 vapor can be released wi’_thout heating the complex. In general,



cont ai ni ng hydr ogen pero?ﬂ‘ T elaceclof a hydrogen pero@i‘@@;:’féﬁﬁﬁﬁﬁrﬁﬁ::m; -
are sprayed onto a fl ui diwi ‘ ﬂ Ereact ant material. Vapor phaseangEEN |
gas® phase reactions are esi s methods. For exanple,  Roétheli _ﬂ
(U.S. Pat. No. 2,812,244) disclosed a solid- gas process for T
dehydr ogenati on, thermal cracking, and~denethanation. Fujinoto et -a. -

(Journal of Catalyis, 133:370-382 (1992)) described a vapor- phase

carbonyl ati on of heéglingthe complexincreases thg ﬂaaoryprasaurecnghvdmg;en peroxiie and

or ganopl at | hum cBEESEtes g F8EREE b Herdtt I Em AR GertbibR s Toact bne.
venti on' One aspect of o g VepeRilentate, Bl oo gicia
hydr ogen per oxi dpreferably ihaveiolarge surfagetareae Thiscthepsouree umsay belaifiee powder
contai ner Bor 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,
polyvinylpyrrolidone, nylon-6, glycine anhydride, and 1,3 dimethyl urea were
evaluated. The complexes of hydrogen peroxide with urea,
10 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
other complexes evaluated, and under vacuum conditions, most of the

hydrogen peroxide can be released from the complex without the need for

15 additional heating.
Urea hydrogen peroxide complex is available in tablet form from Fluka
Chemical Corp., Ronkonkoma, NY and in powder form from Aldrich Chemical
Co., Milwaukee, WI. This compiex is also known as urea peroxide, hydrogen
peroxide urea complex, peroxide urea, peroxide urea adduct, urea peroxide
20 adduct, percarbamide, carbamide perhydrate, and carbamide peroxide. As
used herein, the term "urea peroxide” encompasses all of the foregoing terms.
The polyvinylpyrrolidone-hydrogen peroxide compilex (PVP-H,0,) canbe
prepared by the method disclosed in International Application Pub. No. WO
92/17158. Alternatively, - the complexes - with- PVP, with nylon-6, with 1,3
25 dimethylurea and with glycine anhydride, as well as with other organic and
inorganic compounds can be prepared by the method disclosed in detail below.
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
30  evacuate the sterilization chamber -are preferably a part of the sterilizer.
' Preferably, the source is covered with a layer of gas permeable material, such
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: 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

90 is placed on top of a heating pad 94 which is placed in a pyrex pan 96. A

10 thermocouple thermometer 98 is placed on the outside of the pan 90
approximately 1 cm from the bottom thereof.

A preferred container 99 for holding the peroxide source is illustrated in
FIGURE 3B. The container 99 comprises a metal plate 100, e.g. an aluminum
plate, with an optional attached heater used to heat the solid peroxide complex.
15 A temperature monitor 101, such as a thermometer, can be placed on the plate
100 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,
20 104 provide greater surface area and even heating of the complex when larger
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
25 before diffusing into the rest of the chamber. A perforated aluminum plate 108
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
30 results in an increased amount of hydrogen peroxide vapor being released from
the peroxide complex.
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optional momtor 24 lf desured chamber 10 can be evacuated using pump 26;
" however, sterilization can also be accomplished at atmospheric pressure.
The container that holds the articles to be sterilized can be a
10 conventional sterilization chamber, which is evacuated, or it can be a container
* (or a room) at atmospheric pressure.

The time required to sterilize the articles depends on the nature, number
and packaging of the articles and their placement in the chamber.
Alternatively, it may be the chamber itself (or an entire room) that is being

15 sterilized. In any case, optimum sterilization times can be determined
empirically.

The use of pressure pulsing to enhance the penetration and antimicrobial
activity of sterilant gases, which is well known in the sterilization art, can also
be applied to the non-aqueous hydrogen peroxide process. As described in

20 additional detail hereinbelow, plasma can also be used to further enhance
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 ean be accomplished. by flowing warm

25 air over the devices for an extended time or by evacuating the chamber.

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,

30 the sterilized articles may be used without the need for any additional steps.
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advantageous when the complex used is not stable under vacuum. Isolation
5 can be accomplished using valves or other isolating devices well known in the
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

10 sporicidal activity of the peroxide vapor, andfor to remove any residual
hydrogen peroxide remaining on the sterilized articles.

Sterilization is carried out in chamber 30, which includes a door or
opening 32 through which articles to be sterilized can be introduced. The
chamber 30 includes an outlet 34 to a vacuum pump 36, through which the

18 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. 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

20 enclosure 42 and the vacuum puinp 36, which contains a valve 43. This
system allows the simuitaneous evacuation of both enclosure 42 and chamber
30, or the independent evacuation of either enclosure 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,

25 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
complex. The hydrogen peroxide complex concentration in the vapor state can
be monitored by an optional peroxide monitor 48. The interior of the chamber

30 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
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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 vaives 38 and 43 are closed to isolate the vacuum pump 36
10 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
source, which may be heated to facilitate the release of the hydrogen peroxide
vapor. Optionally, air or an inert gas may also be added.
4, The articles 56 to be sterilized are either treated with peroxide
15 vapor until sterilized or pretreated with peroxide vapor in the chamber 30 before

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
20 items in the chamber. Optimum times can be determined empirically.

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 .

25 residual hydrogen peroxide. In certain embodiments, 5 to 30 minutes of _
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 molecuies groduced as a

30 result of an applied electric field, including any accompanying radiation that
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present invention can also be used with plasmas generated by the method
5 disclosed in the previously mentioned U.S. Pat. 4,643,876. Alternatively, it may
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

10 peroxide complexes that are not stable under vacuum. There are at least two
possible methods that can be used to minimize the loss of hydrogen peroxide
during the vacuum stage. First, the small chamber can be evacuated
independently. Second, if a small enough chamber is used, there is no need
to evacuate the small chamber at all.

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

20 complex is as follows: (1) The main chamber 30 was evacuated with vaives
43 and 44 closed. (2) The chamber containing the hydrogen peroxide complex
42 was evacuated with valves 38 and 44 closed and valve 43 open. (3) Valve
43 was closed and valve 44 was opened and hydrogen peroxide vapor was
allowed to diffuse into chamber 30. '

25 As shown by the graph, hydrogen peroxide vapor is released from the
complex as the pressure is reduced, even without additional heating. As
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.

30 The present invention provides at least four advantages over earlier
hydrogen peroxide sterilization systems:
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4. The need to attach a special vessel to deliver sterilant gases into
long narrow lumens can often be eliminated.

10 That sterilization can be effected using hydrogen peroxide vapor in the
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
to achieve sterilization in chemical gas or vapor state sterilization processes.
Advantageously, the present invention substantially eliminates water from the

16 system, which results in faster, more efficient and effective sterilization.

The sterilization efficacy of various non-aqueous hydrogen peroxide
complexes was determined as described below in Examples 1-4.
Example 1
Efficacy data was obtained with hydrogen peroxide vapor released from

20 substantially anhydrous urea peroxide complex using Bacillus subtilis var.
(niger) spores in metal and TEFLON™ plastic lumens as the biological
challenge.

A Test Procedure
1. Equipment

25 Four grams of crushed hydrogen peroxide urea adduct tablet (Fiuka
Chemical Corp, Ronkonkoma, NY) were placed in an aluminum pan 90, as
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

30 TYVEK™ covering before diffusing into the rest of the chamber. The aluminum
pan S0 was placed on a heating pad 94 in a pyrex dish 96 located in the
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t he connecting siep. th,%,@pé Oyl of apas [Ty ed s
the container to surroun thée&grﬁé@xéﬂe;nm?ﬁt g?lrni ng ﬁgﬁgr@dg@éﬁpﬁéﬂbg
plasma for a tinme sufc¢ongentration isfthectaporehadsezati on of the article.

Further, the method can fncluge GSNEAL D6k oMiGine: thh \onBeratire 37140 Rbting
pad.
. 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
10 placed for testing.
. Electrical resistance heaters on the exterior of the chamber walls, which

maintained the chamber temperature at 45°C during the efficacy
testings.
2. Biological Challenge and Test

15 To evaluate the efficacy of the non—aqdeous 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

20 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 iength. In the biological testing with metal lumens, a total of 8 lumens
were evaluated per test. These included 3 lumens from each of the 3 different
sets of ID's and lengths available.

25 Similar tests were conducted with a biological challenge consisting of 4.1
x 10° B. sublilis 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,
1imm ID x 3 meter length, and 1mm ID x 4 meter length. The center

30 compartment of these lumens thai contained the biological test piece had the
dimensions 15mm ID x 7.6cm length. In the biological testing with TEFLON™
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T .. heet Has Been Replaced _
10 mai ntai ni ng the plasma for a time sufficpeat to rermve
resi dual hydrogBMﬂ%@!ﬂlﬂ“omthe article. Yet a further aﬁpgg e
présent inventi : a process tor preparing a suljstant |ﬁ%f‘ “AS BEE N7
non- agueous hydrogen peroxi de conpl ex. This process incl udcsthe-s
(a) evacuating a chanber that contains a cenposition, and (b) |ntr-‘dTJc‘“rvg\
hydr ogen peroxi de vapor into the chanber, whereby the hydrogen peroxide
vapor reacts wi fumens, adotabof l2dumensfwere evaluatedbek testhd lumens srdrm eacheof

be an al cohol, an_ et ket CI d, an amno acid, an ester, an
organic salt, aih%r% %géredﬂ lﬁﬂgﬁ' é\ﬁ?l@ge biuret, a polyam de a _
pol yurethane, an al kafje Whéhs %htﬁiﬁlﬂgeiheabm el fsi ﬁl]léﬁ%[ﬂg%ﬂ' dina

pyr ophosphate. Sone particul arl ref&rred conpositions | Vi nyI
al cohol ), pol y( \plastic tnay thet wam&en plpoecymuthglsheﬁnhyhe istarilization [mhhn'(bmr yitiec

acid), dl 3§Ci ne, clﬁarr}{bsetrI glogl? 'Was ltxé éleeé" CEtda ttﬁ% ct?aer{'x lejll‘ Sactia etda 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 5 minutes,
as measured by a thermocouple thermometer placed on the side wall of the
aluminum pan approximately 1 cm from the bottom of the pan. During this time
10 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
hydrogen peroxide vapor, the biological test samples were aseptically

15 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.

Comparative studies were also conducted in which a 50% aqueous

20 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 soiution injected produced a vapor phase concentration of
hydrogen peroxide of Bmg/L.. The test lumens and biological test samples used
in these tests were identical to those used .in the non-aqueous hydrogen

25 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,
which are presented in Tables 3 and 4, respectuvely. illustrate the advantages

30 .of the non-aqueous peroxide dehvery system wnth both metal and non-metal
jumens. Total kill of the bacterial spores was achieved within 5 minutes with
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sodi um al gi nat e, ThgShdetliRaBeenReblbdi e (sodi um salt), a histapn | yci ne

anhydri de, propio ryl am de, pol yvinyl pyrroli e
pal y(4-vinyl pyri dﬁ!ﬂlﬁmum‘mﬂm nylon 6,6 film polyether ﬁ%ﬁﬁ@gﬁEEN ’

sodi um car bonat e, assl um car bonate, rubidi um carbonat
bi carbonat e, cal ci um hydroxi de, and 1,3 dinethylurea. |In some enbodi TE =
t he hydrogen peroxi de vapor is substantially anhydrous. Additional aspects

of the present thavfdti-aguedns petotide Aelivbiy siisterm for tedsmailesty ) aadthe dsrnyeste

conpl ex, a poly(vinyl methyl et her)-hydrogen&;roxi de conplex, a polé Vi ngl

met hyl ket one) - ignansgeyalyatedx Abtheosamestime, fotalkilhwas| nat achieyedneven éﬁfz

peroxi de conpl e Videodl ey _h 0 Wa =Y oYo) a
cel l ul ose acet aﬁ'@""ﬁ?gg(gé@rﬁuﬁégp 3@?%%0% %g% %@g@?ﬁﬁé@gﬁgpﬁaﬁbﬁ%r ogen
peroxi de conplex, a cellulose sulfate, sodifaplegalt, hydrogen peroxide
conpl ex, g gl ycine-hydrogen peroxi de conpl ex, poly(4-vinylpyridine)

hydrogen peroxide conpl ex, aAdlictudNdtEARUE6@S CEXfiRREY Cotttpativon ex, a

propi onam de hydrogen peroxi de conpggBlades in S8 DameMsUr ea hydr ogen
per oxi de conpl ex, )

STERILITY RESULTS

(POSITIVE/SAMPLES)
10 SOURCE OF DIFFUSION
PEROXIDE TIME (MIN) 3mm x 3mm x 1mm x
40cm 50cm 50cm
5 3/3 313 3/3
10 - 0/3 2/3 313
50% SOLUTION 15 13 113 113
15 20 0/3 "~ 013 13
25 0/3 013 1/3
5 0/3 0/3 0/3
10 0/3 073 03
UREA PEROXIDE 15 013 0/3 03
20 _ 20 0/3 0/3 0/3
25 0/3 0/3 0/3
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b| ur et hfa‘ ce‘éorrpl ex, a polyacryl am de hydrogen peroxide
corrpl ex, n per oxi de conplex, a nylon 6,6 film.hydrogen
REPLACEIVENT i de conpl ex, a pol yet her pol yuret hané “_yggpgep AAS BEEN

per oxi de conpl ex,

and a rubi di um car bonate hydr ogen peroxi de ,corrp

0247 %‘\“’2

Anot her aspect of the invention relates to a nethod for hydr dgen- par,QXIde

vapor sterilizat
container, and t

lon of an article in which the article is placed into a
he article is then contactegapblgh a hydrogen peroxi de vapor

to contact and sterilize the article. In this asSpect of the invention, the

vapor is released froma subst guesisiNonIRglred s’ E3HiSacy Yebnm@RiBower OXi de
conpl ex which does not deconpoggai R 4Mhal PaseR sii OTEFLONCLiGdrd. A hydrohalic

acid i s debi ned

10

15

20

25

30

STERILITY RESULTS

(POSITIVE/SAMPLES)

SOURCE OF DIFFUSION )

PEROXIDE TIME (MIN) imm xim 1mmx2m 1mm x3m 1mm x 4m
5 3/3 KIK] 313 33
10 313 KIK] 313 3/3

§0% SOLUTION 15 0/3 173 173 2/3
20 073 073 13 13
25 0/3 0/3 0/3 113
5 - 03 013 0/3 0/3

UREA 10 03 03 0/3 0/3

PEROXIDE 15 0/3 0/3 0/3 013
20 0/3 0/3 0/3 0/3
25 0/3 013 0/3 073

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
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
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 compounds were synthesized according to the
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]ﬁceﬁydrogen atom and a hal ogen-atem: sieh=as=———

o .Tcl]is Sheet Has Been Rep
herein as an aci
HCl, HF, HBr, etc.mnmmmﬂrl ption of the Draw ngs Fl GURE IHiSSSHEET HAS BEEN
schematic of a va

i on apparatus of the present| i nveREPOACED
FIGURE 2 is a schematic of a vapor sterilization apparatus ‘ef=Ffe—present——

I'nvention which includes an el ectrode-which is optionally used to-generate
plasma. FIGURE 3A is a schematic of a device which can be used for heating
per oxi de conpl gnethodrdiscidsedBhélowains Ekamplas: 12f amd Ai3ef Test paramibiers avereoss
hol di ng the peroxi de source for sterilization according to the present

i nvention. FI GJHOWSi s a graph depicting the rel ease of hydrogen peroxide

vapor from a vacuum unst abl e non-aqueous hydr ogen per oxi | ex.
Det ai | ed Description of the Invention M

2 3 4
5 Chamber Temp. 45°C 45°C 45°C
Initial Pressure 0.2 Torr 1.0 Torr 1.0 Torr
Wt. % of peroxide 17% 10.5% 26.6%
Peroxide concentration 6émg/L 6émg/L émg/L
Wi. 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,
nylon 6, and 1,3-dimethylurea

20
STERILITY RESULTS (POSITIVE/SAMPLES)
With 5 Minutes Exposure
TYPE OF SIZE OF
LUMEN LUMENS Example 2 Example 3  Example 4
25 1imm x 1m 03 0/3 0/3
1mm x 2m 0/3- 013 0/3
TEFLON™ 1mm x 3m 053 0/3 o3
1mm x 4m 0/3 0/3 013
3mm x 40cm 0/3 0/3 03
30 STAINLESS 3mm x 50cm 0/3 0/3 0/3
STEEL 1mm x 50cm 0/3 0/3 073
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Hydr ogen per oxi di&is eplaced: have been used in the past invariably
used an agqueous s rogen peroxide as their sgarce of sterilant.
These sterilizers ages caused by the presefc e el
system At higher pressure such as atnospheric pressurdgf 1

in the systemcan cause condensation. This-requires tha ' EXIE dTSFE
performed to reduce the relative humdity of the atnnsphere in an er

to be sterilized to Theaesels appealisy @l Tableod showehatieach of tlwﬂre@wmydrogen
per oxi de vapor is introduce These sterilizers al so have drawbacks caused

by the facts PREMdEERERPlexas-Tganerate.: paride VAR JVBICR; prayides pefficient
pressure, vaporbfee r?a?t\éi’gﬁhyﬂ&@%nmé@%u?srox' de from an aqueous
er

sol ution; and avin
The 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 boftom of the pan was approximately 140 -145°C when the
thermocouple thermometer read 110°C.

16 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
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 Temp. at Temp. at bottom of pan (°C)
side of pan 1st 2nd 3rd avg
80°C 110.9 110.6 110.6 110.7
30
100°C 131.5 132.6 132.0 132.0
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mol ecul ar wei ghThis r than hydrogen peroxi de. fAfrer—a—mpdi-cal
device or the Ii tw in a sterilizer, the initial TM%SHEEHH@:W
redches the devi rogen peroxide source is dilutedB&riacEp ,
conparison to the concentration of the source. The dil ute steériFam—can=he-|
a barrier to sterilant that arrives later, particularly if the--device being
sterilized is an article, such as an endoscope, that has narrow | unens.

Usi ng a concent ridtecressits shiownthat tie teroperatyrer abthdecbattom lof the aluminum pan was

attenpt to overc t.h d ' ti t b such
sol utrripons ar\é L@%ﬁ%ﬁ‘%ﬁlynrﬂgggéZ?@T&ﬁS@hﬂ@%@ ngggﬂ‘i‘;ﬁ}g opy the
hydrogen per oxi Qﬁeﬁﬁﬁéddgié%érerﬁémb ieﬁéﬂéﬁaﬁ @egéniﬁ?lgirﬁﬁé% by using a

substantially non-aqueous (1.e., substanti ous) source of

hydr ogen peroxi de whikurther| teating was pesformed ol gompare thee efficatyddatgeobtained
peroxi de vapor. |n a preferred enbodinent, the sybstantially non-aqueous
hydr ogen ot oxi HSHABAALEONF BaHARN-GAUGRUS SOUTFS o RELHAS {141 APy (Ron-umen)
nonagueous 1Y SRRCI A URpBARBNE ard BESHRled I el tgiaN! | ol non- aquous
 Example 6
The apparatus of Example 1 was used with a biological challenge that
consisted of 6.8 x 10° B. subtilis var (niger) spores on a Bmm 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 bioldgical challenge
strips were placed in the front, middle and back of a polyphenylene oxide tray
that contained a flexible fiberoptic sigmoidoscope. The tray. was placed in a
18 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 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
(Fiuka 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 aléo conducted in which a 50% aqueous
30 solution of hydrogen peroxide was injected into the sterilization chamber and
vaporized from a heated injector. The volume of hydrogen peroxide solution
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generated from aﬂ“ Boey 8¢ ace)? whi ch is processed during vaporization to
renove water, suc}‘\ Hm um Thus, where an aquegss=hydrogen

per oxi de conpl ex i ueous conplex is conver:’l?éfdﬁ$€H@ETHAs E
substantial |l y non-aqueous hydrogen peroxi de conplex whife carnsg:img}ﬁy% ﬁ%
process of the present invention. Preferably, the substantialk S
hydr.ogen peroxi de conpl exes contain | ess than about 20% water, nore

preferably no nivjectetapreduced 1d%aparerphasei | donventratior! of aBmg/lno nThe téstn

about 5% wat er, ef erabl yv..no re than gbout 2% water., As is

appar ent i from tﬁ%"&g@ém%eMWQ e M%‘cg‘rﬁeﬁ ?@%‘%ﬁ andithe handling
- h d ] Is . '.. i .

non- aqueous hy dgPBRbIBRGVS Q&t%lﬁi re\"%ﬁ‘(ﬂoiaﬁ'retﬂgg@égm&:hgﬁbhgmse@%n

provi ded above, the nost prefe ogen’ per oxl
per oxi de vapor Henaontasueousr bydrogenr perxide destsal Mhewsdsultsf ofthese tests are

Nevert hel gss, asg _is also rent fromthese figures, sone water can be
iR the BisBofhd 18686

present in the this water may derive fromthe deconposition
Table 6

Aqueous/Non-Aqueous Efficac
Comparison _in Open System

{Non-Lumen Test)

10
Source of Diffusion Sterility
Peroxide Time Restuits
min {positive/samples)
15 50% solution : 5 3/3
10 3/3
Urea Peroxide 5 1/3
10 0/3
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 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
35 on the stainless steel sufgical' blades were packaged in a TYVEK"/MYLAR™

-28-



13~ of hydrogen per cBbis@beet BasfBoer edr and oxygen as byprod l_sone
hydr ogen bi ndi ng of he conpl ex can occur. TheTeffgg ,F;TO'H'A'
wat er was measured i ests, with a sterilizati'on chgga "je’gc.;;,.s., BEEN
mai ntai ned at various relative humidities. Test conditions WeFeusthesa o
described in Exanple 1, below, with spores supported on stainless steel =
bl ades in 3nm x 50cm stainless steel |lunmens. As shown in Table 2, under the
test conditionsenbéfopel aPa\SRa?éﬂﬂ'lﬁblb icBpThaflefdd Blhdes wirk!
relative humdity degr eases the st erfbl i zati onﬁéf ate. This exlgrarre) %%Bﬂmés)?@oﬁg't
smal | amount s omiddies andebacihoba polyphenyiene wxidesirayenthe traytwas plabedgiarthe
per oxi de generated fr.o non- gaquepus pergxi de conpl ex _and_t he presence
bf wat er ¢ he 2BpRIAIHS oL EaRRR, 4 4G INR ARk et iRs Fesed, Thaulinirian pan
Table 2 containing 4.0 gm of urea peroxide (Fluka Chemical Corp.) was heated to 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 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 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.
. Table 7
Efficacy of non-aqueous peroxide process in open system

at atmospheric pressure

15

Source of Diffusion Sterility
Peroxide Time Results

{minutes) (positive/sampies)

20 Urea
Peroxide 5 3713

10 113
25 20 | 0r3
30 0/

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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Effects of Rel ati ve

,gd .gacy SS Bl ades in
Di ffusion Time I”,E”ﬁ, y Results (Positive//5amB 88k URE pecRl
109H 5 ’ 0/3 3/3 10+ EEPLACED
0/ 3 0/ 3 : 0/ 3 TOF g —— 0
0/ 3 0/ 3 0/3Apr|mary criterion for .the conposition_.of the

hydr ogen peroxi de source is the relationship between its stability and

hydrogen per oxi,dgoey aaR' atheCaluhfihémapiate Mtﬂé?ﬂhef;téoeaﬁértﬁé% éﬁ:’?ﬂture was

pressure. Depending on the parameters of the sterilization proces
pressure, terrpemamtnred ¢sing aathergimmeter ldcated n@ana(cumee\nipbe aaiummwmtpéateay

The need Tor holiiRgBolsen 4 cROR OXEVES mheEs o gt nBerobiiG Heleatss: 2 vatois
of the conpl ex. teﬁ@é?aﬁ?é@éﬁé?héﬁl’ﬂ& fordive 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.
Table 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 fo release hydrogén 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 self-sterilizing 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, 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 following
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hydr ogen. per oxi de vapor W t hout heating the cqoplex.
gener al , 14 heating t eases the vapor presg I7€,:0F.... hy.dr ¢
peroxi de and accel erates the rel ease per oxi de fromthe conplex..

provi de a desirably high evaporation rate, the source snoul d"-'--.;@t&f:ﬁhﬁb_l.’-ys'_i.'.j_-;“::.-..-_..-_.._h.__.._._..,g
have a | arge surface area. Thus the source may be a fine powder or a o

coating on a mﬂé?ﬂggiest Stl.ﬁgé %{%@?gﬁn he ffé’r‘lfﬁ g?ﬁeéblegéﬁ@ﬁﬁréﬁemfigi ?‘.tf%g.) or

availability, an st o are al'so rnport criter

rel ease of hydringthe foemocd agolwden dbtdinedelby prushingl¢the tatiéigxes with urea,

pol yvi nyl pyrrolidone, nylon-6, glycine a dride, and 1,3 dinethyl urea —-
wer e eval uat ed. The conpl exes of h&ﬂﬁﬁ—gperoxide with urea,

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 included
in Tables 9 and 10, with a "+" sign indicating bacterial growth.

15 Table 9

Seli-Sterilizing_Pouches
With Breathable Barrier (TYVEK™/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.
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40°C MYLAR/MYLAR - -
Paper/MYLAR - -
60°C MYLAR/MYLAR - -
Paper/MYLAR - -

Results from this testing show that the urea peroxide complex of the
present invention included in a bouch 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.

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 stainiess steel
support having either 3.8 x 10° B. subtilis var. niger spores on its surface
(Table 11) or having 9.2 x 10° B. subtilis var. niger spores on its surface (Table
12), was placed inside a small polyethylene (PE) vial having 20 holes (3/16" in
size) in its surface.. The vial was placed in a larger PE vial, which was covered
with either an air tight cap, or a gas permeable layer of SPUNGUARD® (CSR
Wrap). Also included in the larger vial was a second PE vial,' also having 20
holes (3/16" in size) in its surface. This vial contained 1 gm urea peroxide in
either powder or tablet form, and was sealed in either a SPUNGUARD™ (CSR
wrap) or TYVEK™ pouch.

Each container was exposed to various temperatures for various time
periods, as shown in Tables 11 and 12 below. The biological test samples
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di met hyl urea and wi t hnigbneeiaeBesnBSRE je as well as with o hens Qr,ggm
I norgani ¢ conpounds c by the nethod discl os in dc&hﬁl I"AiB':EN
bel ow. Achieving suit ftikbn rates of anhydrous dﬁ%’mude ,*a_pdf;\f
fromthe source may be aci |tat ed by el evated tenperatures and/or reduced —
pressure. Thus, a heater for the pereoxide source and/or a vacuum-punp to
evacuate the sterilization chanber are preferably a part of the sterilizer.
Preferably, thwess@valuated dov eterilizaliom as deseribedf lrgExapmlerelab Thenrdsaits adre
such 15 as [err on ven thyl e fabric, n ol ypr opyl ene

such as [err] &\ci‘éerﬁn eﬁoﬁﬁg @: E’Ir'}ﬁ ?Thr FQ"t'Hac\ég %@e@;ﬁ%&ﬁﬁ- pass
but not the peroxide corrpl exing materi al Tagféfl rated al um-num or ot her

sui tabl e perforated matgut ahefidiy AntSndi Witibut BrafRbi Window

5
Temperature Packaging Type 2 hr. 6 hr.

Unpackaged tablet + -
10 2390 C/C* packaged tablet + -
C/C packaged powder + -
Unpackaged tablet - -
40°C C/C packaged tablet - -
CIC packaged powder - -
Unpackaged tablet - -
15 60°C C/C packaged tablet - -
C/C packaged powder - -

20 * - pouch formed from CSR wrap
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FI GURE 3ATHi s BeopiReplacsd) t hat can be used to neasure r#l Bpases; '
per oxi de frﬁﬂﬁfﬁl‘?ﬁﬁﬂiﬁroxi de conpl exes under various t mer%ﬁ%&?gﬁgﬁﬁ
condi tions. e, an alum num pan 90 i s cover ed=# PGS

perneabl e | ayer 92, such as a |layer of medical grade TYVEK. The pan 90 is
pl aced on top of a heating pad 94 which is placed-in a pyrex pan-96. A

t hernmocoupl e thernoneter 98 is placed on the outside of the pan 90
approximately 1 cmfromthe bottom thereofTabke deef erred container 99 for
hol di ng the peroxide sogélSterlizing Cdrtainers With BrehthaB® CERe vWingbai ner 99
conprises a netal plate , €.g. an alrumnum plate, wth an optional
attached heat er (#sea—+o6 hegt—the—setr+a-pere-dereconpherx—Arterperat-ufe
noni tor 101, sufph TeweegtureherinpmBtckaging Be;m bd $% Mced-0dn |t ¥hchrp] 28k 130 ht. g 4.0 br.
noni tor the tenperature. The RRpRMbd%oeC™ eX i $ pladed,difeqtly on tihe,
pl ate 100. Altefnatively, ifrorder—toprovde—eyertgatrgrofr—aft—th
per oxi de conpl ek, the peroxjLddrackpasd powdetant be plackd lbetwebn *oné or nore

al um num scr eenk 10223,6104 | ag@haskbbel @bktOf| t he plate }100. [Tha afjum nym .
screens 102,

T/T packaged powder + + + - -

C/C** packaged tablet + + + - -

CIC packaged powder + + + - -

10 Unpackaged tablet - - -

Unpackaged powder - - -

40°C TIT packaged tablet + - - -

T/T packaged powder - - - -

CI/C packaged tablet - - - -

C/C packaged powder - - - -
15 Unpackaged tablet - - - -
Unpackaged powder - - -

80°C TIT packaged tablet - - - -
TIT packaged powder - - - -
C/C packaged tablet - - - -
20 C/C packaged powder - - - -
* . pouch formed from TYVEK™
** . pouch formed from CSR wrap
25 Results from this testing show that the non-aqueous urea peroxide
complex inciuded in a container with and without a breathable barrier provides
effective  sterilization at-room temperature after only 3-4 hours. At higher
temperatures, sterilization is effected after as little as one half hour.
The non-aqueous peroxide complexes which release peroxide vapor
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
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the screen or scr are then covered with a gasﬁ_g';;:p)\e[\r_r_ﬁ*ﬁm&;j;}i‘ gy 77
106, such as a layer of nedical grade [err] or [err], so.that trE=hydragen i
peroxi de rel eased fromthe conpl ex passes through the covering 106 -bef or ===
diffusing into the rest of the chanber. A perforated alum num plate 108 is
optional Iy pl acsterilizatioppinoless Himé ¢har thatrreqeiretl fonyeomliefngerature étanlization.
pressure to keefhthe conpl x%'r contact with the hg_\laﬁ}eg) late 100 and to
ensure even heatTh§oBIPUIES, @ REPSERtInsNtion,are; there "Fu‘éﬁefﬁ'egbﬁi\f?é@ty of

provi des even :‘%’@I%ﬁﬂoﬁé Wﬂﬁemiﬁpon%gﬁgié&s %@yeﬁ%%féﬁéﬁ%ﬁgﬁp%?w&

of hydrogen pe e vapor being release rom-t
sealed area containing an article or articles to be sterilized, sterilization can be
5 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 experimeht 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 piaced
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 Self-Sterilizing Containers With Breathable Window
In Reduced Pressure Conditions

Temperature Packaging Type 4.5 L. chamber 173 L chamber
Unpackaged powder - -
23°C T/T packaged powder - . -

30

'CIC packaged powder - -
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16 FIGURE 1 depi ct ﬁ.ggsﬁegn_ﬁgggein%iﬁce@ hydr ogen peroxi de vapor sterilization
r

apparatus of the p . Chanber 10 holds an arti Nal 1
to" be sterilized andﬂ“i‘“ﬁﬁwm nveni ence, is piaced on skehﬁ'ii}%@%ﬁ EN l

provi des access to t chanmber 10. A non-aqueousLsour

hydr ogen peroxide 18 is depicted on optional heater 20, which is-controlled
by tenperature controller 22. The peroxi de concentration can be nonitored

by optional nonitor ZFhesefredalts show thatmbaradiiéougnuiza serosidel e6mpx incRided
26; however, sterilizatjon can also _be acconplished at atnospheric

pressure. The cdhBaSHERINGR With,8) breathable harder provides: effective stesilization 188 100

conventional st ¢g 'dr%ﬁ%bﬂﬂé‘rﬂ re MF&lgfzeEXq%ga{ lﬁ%sée Eéesai'lijt%r %@pgceonqpareu

container (or a roo at atnospheric press

sterilize the awithcthesrebuiteridsTable t12¢ denionstrate URBE thex paraxidk adimplexdls bfithe
articles and their placenent in the chanber. Alternatively, it may be the
chanber itsel f (p@pséﬁ ipyentiad peyige sterilization at fgduced 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 during the plasma treatment, the sterilized
articles are ready for use following treatment, without the need for any
additional steps.

Non-aqueous peroxide complexes are useful in a variety of applications,

20 including as a component of seif-sterilizing packaging. In addition, the
complexes are suitable for use in various methods for vapor sterilization of
articles, such as the method disciosed in U.S. Patent No. 4,943,414. This
patent discloses a process in which a vessel containing a small amount of a
vaporizable liquid- steritant 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 cycie. 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 confainer

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
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enpirically. sure pulsing to enhance the penetrati on and
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sterilization o be applied to the non- aqueousf hydr ogenfbéf‘ icele ]
process. As descrl bed in additional detai-l hereinbel ow, plasma can al's'o be te

used to further enhance activity. At the conclusion of the sterilization™

process excess doyspauge pArplascha can dptionalipvbe dermeratbel iands uséditohenisarkie
affinity for peroxjde by exchanging the air _in contact with the devices.
This can be ac&%’gmagﬁgo? nsfor fo,temeve.aninresidugl bydrogen Rerpyide fopn the article.

extended tine or by S; -t daat

been sterilized by exp%?ﬂ?‘tgh{%%&gls gen pero é&\/e% l(r)]r#%ay’ i'ﬁtﬁégﬁgg%@éeﬁd

to the plasna toveresrags thesi diy@dvdmau@gmtpmeomatertnhathervaquml isofutiohhds

articles._ Since the hydro peroxi de i s deconposed info non-toxic products

during t 1 pl asMaporizedfas 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

J

. especially advantageous since they release a significant amount of hydrogen
peroxide at reduced pressure without the need for additional heating of the
10 complex.

Synthesis of Non-Aqueous Hydrogen Peroxide Complexes
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 sterilizer, or as a component of seif-sterilizing
16 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:
(1) Place the reactant material in the chamber.

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 another solvent, if sufficient time is allowed to
evaporate the solvent after the pressure is reduced in the chamber. The
material may also 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 o reactant compoéition is: introduced. However, the temparature should not be
so high that the reactant boils or vaporizes.
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t he st er iThis acthy be used without the need for any additional
st eps. EET 17 It may be desirable to isolate the peroxide
sdurce fr er after the peroxide vapor is released to avoid

reabsorption of the vapor or, when a piasma is used, to avoid exposing the
source to the piasma. Isolation is al so advantagecus when t he conrpl ex used
I's not stable under vacuum |solation can be acconplished using val ves or

ot her isolating devilhes reattank reompasitidrhemayt be FtéABIned Geramyi contfiRGETRAL C
of a hydrogen perqai de plasma, sterilization s%stem of the present

i nvention. St eMrPYIIes asress fo ke Reraxide-vang*: nif iyisp the farm ata powdsr grictbe.
The plasma can ghn Upat thay YY B 'dbout wnen the chamber is evacuated, then the

reactant may be retained in a permeable container, which ailows hydrogen
5 peroxide to diffuse into the container.
(2) 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 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
experimenfs, the chamber was evacuated to about 0.2 Torr and the
temperature was ambient or above.

(3) Generate hydrogen peroxide vapor.

16 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 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 molecules and H,0, 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
houses the reactant material or in another chamber separated from it by a
vacuum valve,

(4) React the reactant material with hydrogen peroxide.

The time required 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 pfessure, which decreases during the binding of peroxide to
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the vacuum punthe3feactirst mbateriztr T3icaligotie daetion tife '|§h§6ut49-3®t it tThean
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the sinmul t aneoprodiiohc ks e welighitortatioestoreastant t&%y@li'@bérh%@&rdé(?ncreésé@ethe

i ndependent evacuation of either enclosure 42 or chanber 30. Evacuation IS

control | &d by Weighipparcegtage of| bydragens perexiden in dbessomplex dedreasesAs Thel |

be apparent to angRAkhA%E" Lpdated Hililtible lrmd 18" herdad® R MSincentration of

10

15

20

25

30

hydrogen peroxide in the complex.
(5) Evacuate the chamber again.

At the end of the reaction period, the chamber is further evacuated to
about 2 Torr to remove any unreacted hydrogen peroxide.

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

The mechanism by which the hydrogen peroxide forms a complex with
the reactant material is not completely understood. The formation of the
complex is believed to involve hydrogen bond formation between the hydrogen
peroxide and electron-rich functional groups containing oxygen and/or nitrogen
on the reactant material. It is not known if this is the only mode of binding;
however, materials with a wide range of functional groups have been found to
form complexes with hydrogen peroxide.

The advantages of the vapor phase reaction over earlier methods of
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
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
present invention is further des_cribéd' inthe f_ollt;wing examples. Many of these
compounds have utility as catalysts, in addition to having the utilities described
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one for each cha 'SShee cdde enpl oyed in th| S “'--——.~
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to control the te hydr ogen per oxi de cfinpl e

per oxi de conpl ex concentration in the vapor state canle=meitior et
optional peroxide nonitor 48. The interior of the chanber cont a| e a*“‘a‘dl o]
frequency (RF) electrode 50, to which is attached a matching network 52 and
an RF powver supplg;eSter dataibherein a8 willdberdaulily tappretiated byl those Rinfthg\Grdin

SHEET 18 is a p L ted, c BI nder, .surroundin I@ghe sa | es, and open, at Egh
end. The gener &Kil &5@?‘5@% ¢ exam %5%9{?339'08 9‘""@3 of dhe spepositionsTard

articles 56 to hgesd&dd bf il ifVentiBh 2Bt thdy bRE nobHBRY WaY intended to limit the

. scope of the invention.

S Example 12
A hydrogen peroxide complex of glycine anhydride was prepared as
follows: A 1.0 gram sample of glycine anhydride (Aldrich Chemical Co.,
Milwaukee, WI) was placed in' an aluminum tray in a 173 liter chamber
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 returned to atmospheric
20 pressure. The reaction product was removed from the chamber and analyzed
for weight percent hydrogen peroxide by the following iodometric ftitration
reactions.
H,0, + 2Kl + H,80, —> |, + K,SO, + 2H,0
l, + 2Na,S,0; >-Na,S,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:
wi% 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 giycine anhydride
complex was found to be 24.3%.
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HY OGENGHMIDE

Poly(vinyl alcohol)
Poly(vinyl methyl ether)
Poly(vinyl methyl Ketone)
Poly(acrylic acid)

Glycine

L-Histidine

Poly(vinyl acetate)
Cellulose acetate
Sodium alginate

Cellulose suifate,
sodium salt

Poly(4-Vinylpyridine)
Histamine

Propionamide

Urea
1,3-dimethylurea
Biuret
Polyacrylamide
Polyvinyipyrrolidone

Nylon 6

Nylon 6,6 film
Polyetherpolyurethane
Sodium carbonate
Potassium carbonate
Rubidium carbonate
Calcium hydroxide

Sodium bicarbonate _
Tetrasodium pyrophosphate

exci ted atom; or
result of an ap@h‘eﬁ\%a’?' ectric field, dyaplidsfli N any acconpgyldsh radiation

Structure
[-CH,CH(OH)-],
[-CH,CH(OCH,)-],
[-CH,-CH(COCH,)-],
[-CH,CH(COOH)-],
H,C(NH,) (COOH)

[NsCI-lNHCH=(|2] CH,CH (NH,) COOH

[-CH,CH(OCOCH,)-],

[-CH,CH(p-CsH N},
[T=CHNHCH=T-] CH,CH, (NH,)

(C,H;)CONH,

(HN),CO
(H,C)HNCONH(CH,)
(H,N)CO(NH)CO(NH,)
[-CH,CH(CONH,}],
[-CH,CH(-N'(CHz) ,(i-'O) -1a

{-NH(CH,);CO-],
[-NH(CH,){NHCO(CH,),CO],
[-RHNCOOR'-],

Na,CO,

KCOs

Rb,CO,
Ca(OH),
NaHCO;
Na,P,0,
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Treatment

18.9%
22.0%
13.9%
5.1%

20.7%
14.1%

9.1%
10.9%
27.7%

18.2%
21.8%
13.2%

31.8%
17.9%
31.7%
13.7%
30.1%
29.9%

17.1%
16.6%
9.5%

14.3%
33.9%
37.0%
23.4%
10.7%
18.9%

Sf r ee

as a

Catedory
Alcohol
Ether
Ketone
Acid

Amino Acid
Amino Acid

Ester
Ester
Organic Salt

Organic Salt
Aromatic amine
Amine

Amide
Urea

Urea
Biuret
Polyamide
Polyamide

Polyamide
Polyamide
Polyurethane
Inorganic
Inorganic
inorganic
Inorganic
Inorganic
Inorganic
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nydr ogen_ por ox PGy (106N Ke8neR meld Jaming Acis! RlsTS, ayanit 3368, aEnifese
evacuat ed i ndepgjgiey)t |dblya$ﬁia§§ p¢|guétm§ eneasl dnideBigfet! S ¥AEUindrg8hie
is no need to evacuate the smal amber at all.

5 complexes include carbonates with sodium, potassium, and rubidium cations,
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 6,6, which was processed as a film with a thickness

10 of 0.12 mm, and polyvinyl methyl ether, which was a 50% by weight aqueous
solution.

The hydrogen peroxide compiexes 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, polyvinyipyrrofidone, 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 polyvinylpyrrdlidone
under different process conditions to obtain the peroxide complex as a free
flowing solid product.

Example 14"

25 Hydrogen peroxide complexes with polyvinyipyrrolidone 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
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vacuum FlI GURE | ustrating the rel ease of hydro, _ei__«péfiﬁ‘%l‘dﬁu
vapor from egC| -peroxi de conpl ex under vacuum The pI’_GC'E'dHFEZL__~
used to rel ease the hydrogen peroxi de fromthe glycine anhydri de-conpl-ex is

as follows: (1) The main chanber 30 was evacuated with val ves 43 and 44

closed. (2) Théngliteried chambesivelume: Nhenrasuliy of theseteste ace présentd® imdsble
evacuated wi thgal ves 38 and 44 cl osed and val ve 43 open. (3) Valve 43 was

cl osed and val v§ 44 was opened and hydrogen perOX| de vapor was allowed to

di ffuse into chanber 30. As shown by thgxg ,4&ydrogen peroxi de vapor is

rel eased fromthe corrpl ex as the pressurée 1s re tuced, even w thout

addi ti onal heati ng. Aadydrogen rnﬁl'@&dBnCGmBlﬁE of, PME ovase préparedosin dﬂhmbpthe

Thus, Cevén. unstXBIESSEPEGY Wi heibrbd TR clorie & Syeraden Ptoid it
net hod of the préseWhen\hydrogeh peroxide is dehvered 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,O./liter 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.

One such unstablueswﬂm acBer oxi de conplex is gI yci ne anh '
peI’OXI de. This y W es hydrogen peroxi de vapor when pT'"él&é“d*HEmd&-rc BEEN

Table 15
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
_ PVP (g) - in Complex of Product
Ex. 14 1 29.9 Soft gummy product
3 23.5 Hard gummy product
5 17.7 Free flowing solid
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 vapor state and, alternatively, by using a substantially
water-free hydrogen peroxide vapor source.



The present invention provides at | eashis R vant ages over earlier
hydr ogen peroﬂmmm“""m' n systeny: ffr SHERE . _
use of concen uﬂl y hazargﬂlml eroxid BﬂSLﬁ’“iE@ﬁé"ﬁ%BEEN
circunvented. 2. © The hedd to reduce’ rel atilte hunf&EPkACE?

areas to be sterilized in order to prevent condensation is nriated. 3.

Water is substantially elimnated fromthe system so that there is little
conpetition beMMedBlLABd:er and hydrogen peroxide for diffusion into |ong

narrow | unens. 4. The need to attach ,a eci al vessel, t, eliver .
sterilant gases int J- n appara%us af‘c::r hydlsfggen peroxide stenﬁzaqlon o? an article,

comprising:

a container for holding the article to be sterilized; and
5 a source of hydrogen peroxide vapor located within said container,
said source comprising a substantially non-aqueous organic hydrogen
peroxide complex, said source configured so that said vapor can contact
said article to effect sterilization.
2. The apparatus of Claim 1, wherein said container comprises a
10 breathable barrier.
3. The apparatus of Claim 1, wherein said complex is a urea-
peroxide complex. _ |
4, The apparatus of Claim 1, wherein said complex is a
polyvinylpyrrolidone-peroxide complex. |
15 5. The apparatus of Claim 1, wherein said complex is a nylon 6-
peroxide complex. '
6. The apparatus of Claim 1, wherein said complex is a 1,3
dimethylurea-peroxide complex.
7. . The apparatus of Claim 1, wherein said complex is unstable under
20 vacuum.
8. The apparatus 'of Claim 7, wherein said complex is a glycine
anhydride-peroxide complex.
9. The apparatus of Claim 1, further comprising a heater located
within' said -container,” whereby said complex is placed on.said heater and
25 heated to facilitate the release of said vapor from said complex.
~10. 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 between said container and said enclosure,
such that vapor released from said complex travels along said inlet and into
30 said container to effect sterilization.
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| ong narrow | umens can often be elimn 1 skt R&plaBddi | 1 zation can be

Mredned HasTiERA
ef fected using nm“ﬁmmnﬁ‘lmunﬁ vapo s ntial absence of
ndi sture i s one si fihg di sqmuﬂ m m present invention. The
prior art teache’ that" tfle presence of i ired to achieve

sterilization in chem cal gas or vapor state sterilization processes.
Advant ageously, the present invention substantially elimnates water from
the system which redq) t sThe abpatatus ofClained 0, faitAsE comBrisihgashéater configured
sterilization. The sterjlization efficacy of various non-aqueous hydrogen
peroxi de conpl el:BeaksaidunpieXed as described bel ow i n Exanpl es 1-4.

From subst anti a1y anfyar o SHPRIAEE ¢ aunt, Haer EpRinalol S kitseahls Fafe
var. (niger) spdispesed inasaid inlet sieh thatpivheh said Wwakes isslobag, Said! &8diSsure is

chal l enge. A | Test Procedures
5 isolated from said container.

13. The apparatus of Claim 1, further comprising a vacuum pump in
fluid communication with said container for evacuating the container.

14. The apparatus of Claim 10, further comprising a vacuum pump in
fluid communication with said container or said enclosure, such that said

10 enclosure and said container can be evacuated independently or
simultaneously. '

15. The apparatus of Claim 14, wherein said pump is in fluid
communication with both said container and said enclosure, further comprising
a closeable valve disposed between said pump and said container, and

15 between said pump and said enclosure, and between said enclosure and said
container.

16. The apparatus of Claim 14, wherein said pump is a first pump in
fluid communication with said container, further comprising a second pump in
fluid communication with said enclosure.

20 17. The apparatus of Claim 1, further comprising an electrode inside
said container for generating a plasma around said article.

18. The apparatus of Claim 1, wherein said complex is in a solid
phase.

19. A method for hydrogen-peroxide vapor sterilization of an article, .

25 comprising:
placing said article into a container; and
contacting the article with a hydrogen peroxide vapor released
from a substantially non-aqueous organic hydrogen peroxide complex to
contact and sterilize the article.
30 20. The method of Claim 19,_wherein the complex has less than 10%
water.
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(Fluka Chem cal Corp, Ronkonkorra n an

déscribed in gl of t over dTkiBtEHamrdl cakery
grade [err] 9 l “ ﬂ unbond po hyI en fabrlc) SoREat:any
hydrogen peroxitde % eltease r*omthe conpl ex woul d need to pass= Fhroughr:t.hé

[err] covering before d|ffu5| ng into the rest of the chanber. The al um num
pan 90 was placed on2a. heghiifieed FClaim a9 r o?lli_br%@n f

21 bottom of an alum numsterilization chan’g rﬂ}ésgie FéE %?ﬁﬁefﬁhm é&ﬁplex
sterilization ctufasiitatethecrelease of sajdovapomfrom saitwomplex.173 liters, also
contained: A nyar 09eBaP ercﬁ\'ed?ne |to élalm mfga % r'tr?eq cX%ﬁo?ﬂ%% pe%ra%atmg the

container before introducing said vapor into said container.

1. Equi prent Four grans of crushe’&n @wpmmmdde urea adduct tabl et
e

5 .23.  The method of Claim 19, further comprising generating a plasma
in the container after introducing said vapor into said container.
24, The method of Claim 19, wherein the contacting step comprises
pressure pulsing of said vapor.
25. A method for hydrogen peroxide plasma sterilization of an artible.

10 comprising:

placing the article within a container;

contacting the article with a hydrogen peroxide vapor released
frorﬁ a substantially non-aqueous organic hydrogen peroxide complex to
contact said article; |

15 generating a plasma within said container to surround said article;

and
maintaining the articlé in said plasma.
26. The method of Claim 25, wherein the article is maintained in said
plasma for a time sufficient to effect sterilization of the article.

20 27. The method of Claim 25, wherein the article is maintained in said
plasma for a time sufficient to remove residual hydrogen peroxide from said
article.

28. The method of Claim 25, wherein the contacting step is performed
in a first chamber and the generating step is performed -in-a different, seéond-

25 chamber.

| 29. A method for hydrogen peroxide plasma sterilization of an article,
comprising:
| placing the article within a container;
contacting the article with a hydrogen peroxide vapor released
30 from a substantially non-aqueous organic hydrogen peroxide complex to
'~ contact said article;

-47-



>

concent r at i on—irn—the—vaper—phase. A t GHREHRIHH Bech Elﬁ&“ er f
throug

t he tenper at u pad. An whi cH 35 aedglge oy
hydr ogen pero Iill wy I ect ed int (Lo OHCED
whi ch a pl ast g: | unen d aced for testin ng ‘“‘\_t:.-_-_--_g_é

A neta
El ectrical resistance heaters on the exterior of the chanber- wali-s;- wh-ch
mai nt ai ned t he chanber terrperature at [err] during the efficacy testings.

2. Bi ol ogi cal Chal | engegangk ‘e
non- aqueous peroxi de del i 9erya§§ %QSE'%%"L%‘S?E 'Eéééﬁéggégﬁgﬁgﬁ ﬁ&'cé‘?'
1.04 x 10 B. subtilis varﬂonggﬂle)plapmaemmeartmlei iaridess steel scal pel
bl ade was pl aced equally distapt fromeach end, of the stainless steel

| umens of di nensi ons 3nm MeiRtaiRgnthe qgticle in$aid plasmaycm
30. The method of Claim 29, wherein the article is maintained in said

5 plasma for a time sufficient to effect sterilization of the article.
31. The method of Claim 29, wherein the article is maintained in said
plasma for a time sufficient to remove residual hydrogen peroxide from said

article.
32. The method of Claim 29, wherein the contacting step is performed
10 in a first chamber and the generating step is performed in a different, second
chamber. '

33. A method for hydrogen peroxide sterilization of an article,
comprising: _
piacing the article in a enclosure containing a substantially non-
15 aqueous hydrogen peroxide compiex;
sealing said enclosure; and
allowing said enclosure to stand at a temperéture below about
70°C for a time sufficient to release hydrogen peroxide vapor from said
complex to effect sterilization of the article.
20 34. The method of Claim 33, wherein said enclosure is allowed to
stand at a pressure less than atmospheric pressure.
35. The method of Claim 33, wherein said enclosure is allowed fo
stand at a temperature below about 40°C.
~ 36. The method of Claim 33, wherein said enclosure is heated to a-
25 temperature greater than 23°C to facilitate release of said vapor.
37. The method of Claim 33, wherein said enclosure is a pouch.
38. The method of Claim 33, wherein said enclosure is a container.
39. The method of Claim 33, wherein said enclosure is a chamber.
40. The method of Claim 33, wherein said enciosure is a room.
30 41. The method of Claim 33, wherein said hydrogen peroxide complex
is in the form of a powder.
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Iength and lpmtDx-50cmlength. Thébeshdal@saeﬁdeeﬂwgd hs ar

metal |unmens used in nmedical devices. int ' ‘J-,E'_:-" i

| Uren t hat contHI H" llﬁmlcﬂm cal te (fﬂ Hﬂrhe di NnENSToRsS= “’T"%D\xh;,
7.6cm | ength testing wth netal lunens, a total of 9
| umens were eval uat ed per tést. These ineluded 3 | unens from each- of- the 3
different sets of IDs and lengths available. Simlar tests were conducted

wi th a biological chegllemug ﬁl@ﬂﬁtﬁéﬂ@lﬁirﬁfSSA'Y,v\kefe!ﬁ%raH hﬂ{ogéhﬁﬂ'éﬂd %m lex

(niger) spores on a paper strip (6 at man per
| ocat ed equal | yis én thenfornt obm tabletends of [err] |umens of di mensions 1nm | D

1 t I th | D I I D.x 3
‘D x4 meter Tength ¥orhe T ABNGE RIC BB 3o PherRit 5218 Asing BEP SRRIPER
the bi ol ogi cal deafihg rsaw@n%@uww.m HYAE Péneati® hiterial - 6cm | ength. In the

bi ol ogi cal testing W|t [err]
5 44 The method of Claim 43, wherein said gas permeable material is

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

45. Asealed enclosure containing a sterile product and a substantially
non-aqueous hydrogen peroxide complex capable of releasing hydrogen
peroxide vapor.

10 48. A method for hydrogen peroxide sterilization of an article having
an exterior and a narrow lumen therein, comprising:
connecting a vessel containing a substantially non-aqueous
hydrogen peroxide complex to the lumen of the article;
placing the article within a container;
15 evacuating the container; and
contacting the lumen of the article with hydrogen peroxide vapor
released from said substantially non-aqueous hydrogen peroxide
complex at a' temperature less than about 70°C.
47. The method of Claim 46, additionally comprising contacting the

20 exterior of the article with a second source of sterilant.

48. The method of Claim 47, wherein the second source of sterilant
comprises chlorine dioxide.

49. The method of Claim 48, wherein the second source of sterilant
comprises a source that releases hydrogen peroxide.

25 50. The method of Claim 49, wherein the second source of sterilant
comprises a second substantially non-aqueous hydrogen peroxide complex,
said second substantially non-aqueous hydrogen peroxide complex being the
same or different complex as the hydrogen peroxide complex referred to in the
connecting step.
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REPLACEMEN

t OTH Shedt HAB A eqMer e eval uated per test,
3Iurrensfr dlffer |Iable The | unens
cont ai ni ng mﬂﬁﬂﬂ,ﬂh st sa gﬂm din aplastic tray that
was then pl ae in the sterl n chanber. The chanber door

was then closed and the chanber evacuated-to 0.2 Torr pressure w.th a
vacuum punp. The al um num pan contai ni ng the hydrogen peroxi de urea adduct

was then heated to 8gqto ?ﬂe[rﬁé df Of Clai®ss ot 44, énﬁbpﬁgﬁgrfsﬁggﬂaggﬁﬁ By

a thernocoupl e therrmrreter 'aced on the sid
appr oxi mat el y 1p|asnfarwﬂhmkm1d>contameﬁtotslueropad sdil artivle ahdsnamtmﬂmgethe article

eaored by non SR BTG AR G seBleRnepee e s o
to the hydrogen perogpde The method of Claim 33 or 46, further comprising generating a
5 plasma within said container to surround said article ahd maintaining the article
in said plasma for a time sufficient to remove residual hydrogen peroxide from

said article.

53. A process for preparing a substantially non-aqueous hydrogen
peroxide complex, comprising the steps of:
10 (@) evacuating a chamber that contains a composition; and
(b) introducing hydrogen peroxide vapor into the chamber,
whereby the hydrogen peroxide vapor reacts with the composition to
form the compiex.
_ 54. The process of Claim 53, wherein the composition is selected from
15 the group consisting of an alcohol, an ether, a ketone, an acid, an amino acid,
an ester, an organic salt, an amine, an amide, urea, biuret, a polyamide, a
polyurethane, an alkali metal carbonate, a hydroxide, and tetrasodium
pyrophosphate.
55. The process of Claim 53, wherein the composition is poly(vinyl
20 alcohol).

56. The process of Claim 53, wherein the composition is pply(vinyl
methyl ether).

57. The process of Claim 53, wherein the composition is poly(vinyl
methyl ketone). | _
25 58. The process of Claim 53, wherein the composition is poly(acrylic

acid).
59. The process of Claim 53, wherein the composition is glycine or L-
histidine.
60. The process of Claim 53, wherein the composition is poly(vinyl
30 acetate) or cellulose acetate. '
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hydr ogen peroxi de vapor, the biol ogi: es were se‘ﬁh—t&L:L o
transferred lmm Imnllnmwm t'i case ai ni ng 7 Enditiss Di; 40 ”‘ET\T
catal ase to drogen per oxi de reS| ual s that_nmay r@m&gﬂ on- |

the test sanples. All"sahpl'es were incubated for 7 days affeTETz LS.

observed for growth. Conparative studies were also conducted in which a 50%

aqueous sol ution of IpAdr ogre @%éé@sdéf \BI8im %@Cvﬁvﬁérélﬁttﬁet E‘@mﬁb@i‘h g&&@ﬁm
ce

chamber and vaporized froma heated injector (a heated netal sur
vol une of hydr ogiginpter okpe&llesemuifate |sqdwne&albroduced a vapor phase

concentration of hydr er oxi de of. ? b F‘ ‘tﬁ unens..and. bi ol o
test sanples used in ese %B‘E%%Péq%g'h B e[%n§ %&8"199@5'01"&5@1@5*3 une
non- agqueous hydrogen ggr OXTHEE pr66dss of SlaltANgs) %e?élntﬂ% ebA itE)I?t' léB"gfi\}cme

sanpl es after exposure to the hydrogen peroxi de was al so identl
Test Resulds anhydride.

vapor for periods of 5, 10, '15, Zo,mmﬁsmm%ﬂ&edAfter exposure to the

——

64. The process of Claim 53, wherein the composition is
propionamide.

65. The process of Claim 53, wherein the composition is

polyacrylamide.
10 66. The process of Claim 53, wherein the composition is selected from
- the group consisting of polyvinyipyrrolidone, poly(4-vinylpyridine), nylon 6, and
nylon 6,6 film. .
67. The process of Claim 53, wherein the composition is
polyetherpolyurethane.
15 68. The process of Claim 53, wherein the compoéition is selected from

- the group consisting of sodium carbonate, potassium carbonate, rubidium
carbonate, and sodium bicarbonate.
69. The process of Claim 53, wherein the composition is calcium
hydroxide.
20 - 70. The procesé of Claim 53, wherein the composition is 1,3
dimethylurea.
- 71. The process of Claim 53, in which the hydrogen peroxide vapor
is substantially anhydrous.
72. An organic hydrogen peroxide complex selected from the group
25 ‘consisting of a poly(vinyl aicohol)-hydrogen peroxide complex, a poly(vinyl
methyl ether)-hydrogen peroxide complex, a poly(vinyl methyl ketone)-hydrogen
peroxide complex, a poly(acrylic acid)-hydrogen peroxide complex, a poly(viriyl
acetate) hydrogen peroxide complex, a cellulose acetate hydrogen peroxide
complex, a sodium alginate hydrogen peroxide complex, and a cellulose
30 sulfate, sodium salt, hydrogen peroxide complex.
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non- aqueous peroxi de delivery sys

The results of these tests wthmkah@{%%e&tll&fﬂ gnd [ er ri—turenss—whichare

presented in Tables 3 and 4, resp mﬂ’}ﬂﬂﬂl
Total kill of the bacterial spores

strate the
nmet al andl qm‘lmm
within 5

t he non- agueous peroxi de delivery systemfor the smallest ID and the ---
| ongest | unens evaluated. At the sane tinme, total kill was not achi eved

even after 25 ninut egg,of Mbigmlerhyﬂgd%nlvpéhﬁd@ coRfpldw deea %ﬁ?’ﬂ"lé]grov.g)

sol uti on.

Tabl e 3 Agueous/ Non- Aqueou

f1cacy Conparison SS Bl ades |

Lunens STERI L| rensistogTof a glycme—hydrogen peroxude complex, poly(4-Vinylpyridine)

10

15

hydrogen peroxide complex, a histamine hydrogen peroxide complex, a
propionamide hydrogen peroxide complex, a 1,3-dimethylurea hydrogen
peroxide complex, a biuret hydrogen peroxide complex, a polyacrylamide
hydrogen peroxide complex, a nylon 6 hydrogen peroxide complex, a nylon 6,6
film hydrogen peroxide complex, and a polyetherpolyurethane hydrogen
peroxide complex. |
74. A rubidium carbonate hydrogen peroxide compiex.
75. 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 a substantially
non-aqueous hydrogen peroxide complex which does not decompose to
release a hydrohalic acid.



( POSI TI VEI SAMPLES) SOURCE OF DI FFUSI 'O\I_PEROXI DE

3mm x 3mm x 1mm x THiOSheet Has Been REG 5

33 3/3 10 0/3 313

15 1/ 3 1/'3 Hlﬂﬂlw . 0/ 3

1/3 25 0/3

0/3 10 0/3 0/3 0/ 3 UREA PEROXI DE . 15

8;3 JcmﬁA 010CP1 0;3 20 0/3 0/ 3 0/ BATENT

VAPOR STERILIZATION USING A NON-AQUEOUS SOURCE OF
- HYDROCEN PEROMIDE

Abstract of the Disclosure
5 An apparatus and process for hydrogen peroxide vapor sterilization of
medical instruments and similar devices make use of hydrogen peroxide vapor
released from a substantially non-aqueous organic hydrogen peroxide complex,
such as a urea-peroxide complex. Optionally, a plasma can be used in
conjunction with the vapor. A method for preparing substaritially non-aqueous
10 hydrogen peroxide complexes is also provided. These complexes are useful
as a source of peroxide vapor in hydrogen peroxide vapor sterilizers and as a

component of self-sterilizing packaging materials.

15
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REPLAGENMENT SHEET 24 Tabl e 4 Agueous/ Non- Aqueous Efficacy Conparison 6mm x
4mm Paper strip in [err] Lunmens STERILITY RESULTS (PCSI TI VE/ SAMPLES) SOURCE

OF DI FFUSI ON PEROXI DE I T sBeenReplaced 1m  1mm X 2m 1mm X 3m

1mm X 4m 5 - 313 3/3 l H 3/3 10 33

3/ 3 3/3 3/3 50% SOLUT /3 2 S
1413

13 213 20 0/3 . 0/3 1/ 3 Y3THIS SHEET HAS BEEN |
il REPLACED '

ElG. |

22

4 { 1

=
% 1]

20
L,




25 0/ 3 0/3 ﬁfs———ﬂs 5o- - 0/ 3 0/ 3
0/ 3 0/ 3 UREA 0/ 3 0/ 3

0/'3 PEROXI DE eetHas Bee“ ced 0/3__ . 013 20
0/ 3 0/3 NE Ls - Fi—
0/3 The fact that rapid sterlllza onpllshedllﬂ'f zrf

substantial anounts of water is surpr|S|ng, in |light of the.Lac cnats
moi sture has generally been present during chenical gas/vapor phase
sterilization by various sterilants other than hydrogen peroxide. Since
vapor phase hydrogen peroxide 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 perfornmed. Exanples 2. 3
and 4
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The apparatus of Exanple 1 was used to test t he efflcacy of

golhy\él nyl pyrrol i done- hydr ogenThishesk aged (Exanpl e 2
ydrogen peroxi de conpl ex (Egmmm 1 3 di et hyl|[0TER fyeo0gea

per oxi de conpl ex (Exanpl e 4) wer e synt hesi gdré.%icg%‘?;r?g‘zt

t he 25 net hod discl osed below i n Exarrpl es 12 and 13 *rmm:e

were as follows: Exanple 2 4 Chanber Teﬁp
[err] [err] [err] Initlal Pressure 0.2 Torr
1.0 Torr 1.0 Torr W. % of peroxide 17% 10. 5%
26. 6% '
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*Per oxi de concentration’ - 6ng/ L 6ng/ L

conpl ex used een Replacedl 8¢ to
.rel ease peroxide This heet §s B err] em\‘f:‘?l“’f?—:g X

spore supports were 6nmm x 4 “ ates in plagtic IBFrE (S RE

stainl ess steel blades in st | unens. The ‘resarts of this
efficacy testing appear bel ow | n Tabl e 5 Table 5 Efficacy of Conpl exes
with PVP, nylon 6, and 1, 3-dinmethylurea STERILITY RESULTS
(POSI Tl VE/ SAMPLES) Wth 5 M nutes Exposure TYPE OF SI ZE OF LUMEN

LUMENS Exampl e 2 Exampl e 3 Example 4 1mm x 1m 0/3

0/3 013
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1mm x 2m Thls ShectHia3 Been Replaced O/ 3 [ €771 1mm x 3m

0/ 3 0/ 3 0/ 3 = 3

0/ 3 3mm x 40cm ﬂ,ﬂmﬂ! 'i,! 0/3 ST N[L—EESSHESW% BfeRn
0/3 0/ 3 1nmm x 50cm RERLAGED

0/ 3 0/ 3 The results appearing in Table 5 sho —each of the

tested hydrogen peroxi de conpl exes generate peroxi de vapor which provides
efficient sterilization after only five mnutes exposure. The tenperature
required to release the hydrogen peroxide vapor fromthe solid conpl ex
whi ch is shown above is the tenperature neasured by a thernDcoupIe
thernoneter |ocated on the outside of the alum num pan
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t her ronet er, *such as a fluoroptic thernoneter, placed on the

of the pan indicated that the tenperature at the bottom of fthe pad Mg{T 1995
approximately [err] higher, as described in Exanple 5 bel oWw__TRAUS; 1 tire" i
previ ous exanple, the tenperature at the bottom of the pan was
approximately 110 [err] when the ther{mcoupl e thernoneter read [err], and

the tenperature at the bottom of the-pan was approximately 140 [err] when

t he thernocouple thernonmeter read 11 0C. Exanple 5 To determ ne the
tenperature at the bottom of the alum num pan used to contain the solid

per oxi de conpl eX¥AROR STERILIZATICN nUSING' AVNON-AQUEDUS! ISOUREEIO 0t t om

of the aluminum pan. An [err] HYDROGEN! REROXIDEeter was placed on the
out side of the al um num pan approximately 1 cmfromthe bottom of the pan.

Three different readings.of the th‘ﬁmtﬂbﬁlidﬁibﬁ taken. Each tinme the pan

was heated to the desired tenperat
This application is a continuation-in-part of U.S. patent application Serial

No. 08/234,738, filed April 28, 1994, the disclosure of which is hereby
incorporated by reference. -

Background of the lnventidn

app}oxi nﬁt"ely 1 cmfromthe bottomof the pan. Further tes IHE u:j‘,n T ]
RIARMERT SHEET ’j

Field of the invention
This invention relates to an apparatus and process for using hydrogen

peroxide vapor to sterilize articles such as medical inst_ruments. and more
partidularly to the use of a non-aquéous source of hydrogen peroxide vapor for
such a process. The invention also provides a vapor-phase process for
synthesizing organic and inorganic non-aqueous hydrogen peroxide complexes.
Description of the Related Art

Medical instruments have traditionally been sterilized using either heat,
such as is provided by steam, or a chemical, such as formaldehyde or ethylene
oxide in the gas or vapor state. Each of these methods has drawbacks. Many
medical devices, such as fiberoptic devices, endoscopes, power tools, etc. are
sensitive to heat, moisture, or both. Formaldehyde and ethylene oxide are both
toxic gases that pose a potential hazard to healthcare workers. Problems with
ethylene oxide are particularly severe, because its use requires long aeration
times to remove the gas from articles that have been sterilized. This makes the
sterilization cycle time undesirably long. In addition, both formaldehyde and
ethylene oxide require the presence of a substantial amount of moisture in the
system. Thus, devices to be sterilized must be humidified before the chemical
is introduced or the chemical and moisture must be introduced simultaneously.
Moisture plays a role in sterilization with a variety of other chemicais in the gas
or vapor state, in addition to ethylene oxide and formaidehyde, as shown in
Table 1.



I ndi cated by the thernoneter placed on the side of the pan, allowed to
cool, and then re-heated to the desired tenperature. The_recorded-—
tenperatures are |listed below Tenp. at Tenp. at bottom otq;_ﬁw%ﬁﬂ"]'%m&é
pan 1st 2nd 3rd avg [err] 110.9 110.6 110. € 110@ QEI] ll
131.5 132.6 132.0  132.0 27 The results show that |l bget:enp b 19§5
the bottom of the al umi num pan was adproximately [err]
tenperature indicated by the thernocoupl e thernoneter | ocated at the side

of the pan. Further testing was perforTablet9 conpare the efficacy data
obt ai ned

,,,,,

Relatuve Humidity Requirements Literature
Chemical for Optimal Efficacy Reference
Ethylene oxide 25-50% 1
Propylene oxide 25-50% 1
Ozone : 75-90% 2
Formaidehyde - >75% 1
Glutaraidehyde 80-90% 3
Chlorine dioxide 60-80% 4
Methyl bromide 40-70% 1
f-Propiolactone >75% 1
Peracetic acid 40-80% 5

1. Bruch, C. W. Gaseous Stenhzatnon Ann. Rev. Microbiology 15:245-262
(1961).

2. Janssen, D. W. and Schneider, P.M. Overview of Ethylene Oxide
Alternative Sterilization Technologies, Zentralsterilisation 1:16-32 (1993).
3. ' Bovallius, A. and Anas, P. Surface-Decontaminating Action of
Glutaraldehyde in the Gas-Aerosol Phase. Applied and Envuronmental
Microbiology, 129-134 (Aug. 1977).
4, Knapp, J. E. et al. Chiorine 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).

Sterilization using hydrogen peroxide vapor has been shown to have

some advantages over other chemical sterilization processes (see, e.g., U.S.
Pat. Nos. 4,189,123 and 4,169,124), and the combination of hydrogen peroxide
with a plasma provides additional advantages, as disclosed in U.S. Pat.
" 4,643,876, issued February 17, 1987 to Jacobs et al. In these disclosures the
hydrogen peroxide vapor is genei'ated from an aqueous solution of hydrogen
peroxide, which ensures that there is moisture present in the system. These
disclosures, together with those summarized in Table 1, teach that moisture is
required for hydrogen peroxide in the vapor phase to be effective or to exhibit
its niaximum sporicidal activity. However, using aqueous solutions of hydrogen
peroxide to generate hydrogen peroxide vapor for sterilization causes problems.
At higher pressures, such as atmospheric pressure, excess water in the system



usi ng an aqueous and non-aqueous source of peroxide in an Q
system The experinents are described in detail below Ex
apparatus of Exanple 1 was used with a biol ogical challeng
of 6.8 x [err] B. subtilis var (niger) spores on a 6mmx 4
What man #1 chr omat ogr aphy paper packaged in a [err] envelo
gas perneabl e fabric made of polyethyPene. [err] is a non-g

oxi de cont ai gigfilizdtith érisloslire bbik ol BG g TR 80GedUPhRGE gg

allow for diffusion. The four-inch dianmeter ports were c

as perneabl e
pol yester material). Packaged biol ogical challenge strips were placed in

Flexi bl o f1 ot saHeS SofshaRiad CHE SR nfiRT BayES b eianiR, iGN 8nc

e e

br eat habl e pol ypr bhe istarilizgtion f anticles:containing dliffgsior-testricketyareas; such asi on

of “the' cont dt@mateu1BebE areddite i sBGB! Bhleldh Bt Rirogel shrord vaper " °

that has been generated from an aqueous solution of hydrogen peroxide,
because: '

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

2. Water has a lower molecuiar 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
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 rémoving
water from the aqueous solution and using more concentrated hydrogen
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.

Two patents, U.S. Pat. 4,642,165 and U.S. Pat. 4,744,951 issued to Bier
and Cummings et al., respectively, attempt to address this problem. Bier
attempts to soive the problem by metering small increments of a hydrogen
peroxide solution onto a heated surface to ensure that each increment is
vaporized before the next increment is added. This helps to eliminate the .
difference in the vapor pressure and volatility between hydrogen peroxide and
water, but it does not address the fact that water diffuses faster than hydrogen
peroxide in the vapor state.

Cummings et al. describe a process for concentrating hydrogen peroxide
from a relatively dilute solution of hydrogen peroxide and water and supplying
the concentrated hydrogen peroxide in vapor form to a sterilization chamber.
The process involves vaporizing a major portion of the water from the solution
and removing the water vapor produced befpre injecting the concentrated



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 per ol
(Fl uka Chem cal Corp.) was then heated to 80 to [err], as |
t her nocoupl e thernoneter placed on the outside of the alu pqn? 0CcT 95
approximately 1 cmfromthe bottom of the al um num pan, fo 11l "éS“'t'-t;E b
provi de 3ng/L of hydrogen peroxide vgpor in the chanmber. The bi ol ogi cal o
test sanples were exposed to the hydrogen peroxide vapor for periods of 5

"o 30 Gt BErRO ARG WS 16 Ster RS SIS THE et T,
whi ch a 50%adhewancentratedoydrbgen peroxide Bolutionds 5086 ta DDUCE edeighto Thize
Ayl bgen pepeRsaRe Rae I dlbdiantage 'of Working- wih sadons’ that are on'the
hazardous range; i.e., greater than 65% hydrogen peroxide, and aiso 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, entitied "Method for Vapor Sterilization of Articles
Having Lumens,” and issued to Jacobs et al., discloses a process in which a
vessel containing a small amount of a vaporizable liquid sterilant solution is
attached to a lumen, and the steritant vaporizes and flows directly into the
lumen of the article as the pressu}e 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.

_ Merianos discloses in U.S. Pat. No. 5,008,108, that a substantiaily
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, cintments, etc. it can aiso 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. '

Nikolskaya et al. disclose in U.S.S.R. patent document No. SU 1681860
that surfaces can be decontaminated, aithough not necessarily sterilized, using
ammonium fluoride peroxohydrate (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 least two hours. Additionally, it is known that
ammonium fluoride decomposes to ammonia and hydrofluoric acid at

P e




28 injected produced a vapor phase concentration of 3ny/L. ﬁ;";
s MY k. |]‘

configuration, the conposition of the biological test sanpllerEPEARENH

handl i ng of the bioiogical test sanples after exposure were| all identical
to those used in the non-aqueous hydrogen peroxide tests. Eatﬂh&tﬂﬁ}pﬂgﬁ
these tests are presented in Table 6.5Table 6 Agueous/ Non-, 1S Effi cacy

Conparison in Open System (Non-Lunmen™Test) Source of . .
Diffusion  temperatutas ppove #8°6x; Bue to its toxicity and reactivity,rhydrofluoric acid

?I?/egullgs (m nkg undeé??@lét ihVHoSF SRirfiZatior? ‘GSEnL. Moreover, the Nikolskaya efal.
reference aiscloses inai aespite the release of 90% of its hydrogen peroxide
at 60°C, NH,FeH,0, is ineffective at decontamination 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
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
crystallization of the complex from an aqueous solution. For example, urea
hydrogen peroxide complex was prepared by Lu, Hughes, and Giguere (J.
Amer. 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. Gates et al. (U.S. Pat. No.
2,986,448) prepared sodium carbonate hydrogen peroxide complex by treating
a saturated aqueous solution of Na,CO, with a solution of 50 to 90% H,0, in
a closed cyclic system at 0 to 5°C for 4 to 12 hodrs. More recently, Hall et al.
(U.S. Pat. No. 3.870.783) prepared sodium carbonate hydrogen peroxide
complex by reacting aqueous solutions of hydrogen peroxide and sodium
carbonate in a batch or continuous crystallizer. The crystals are separated by
filtration or centrifugation and the liquors used to produce more sodium
carbonate solution. These methods work well for peroxide complexes that form

- stable, crystalline free-flowing ﬁroducts from aqueous solution.

Shiraeff (U.s. Pat. Nos. 3,376,110 and 3,480.£57) disclosed the
preparation of a complex of hydrogen peroxide with a polymeric N-
vinylheterocyclic compound (PVP) from aqueous solution. The resultant



Ur ea Peroxi de 5 1/3 10 0/ 3 The
results of these tests denonstrate the greater efficacy o Qn-_.aga
when conpared with the aqueous hydrogen peroxi de process nﬁ%ﬁ'%ﬁl’-s”ﬁ"

systemin which the biol ogical sanple was not placed in a| I-h[{érﬁf‘lAbeoml 1945

was surprisingly discovered that a ngn-agqueous system pr ol ‘éu.r‘iéil‘ror----

sterilization even when diffusion of "Thydrogen peroxide into a |ong and =
narr ow | umencomsplexesreaniained. variable ampunis of thydrogen: petaxide andcsubstantial

hydr ogen peroxide,is.not the,sane faqr stens W th a ' ter.
Further test@MGUAls °E)¥‘ﬁ& r rﬁS“’&e&éF'ﬁ#ﬁg 'Hﬁ‘é&fé]?tc%%ba@bbag@@g[@e- |
peroxi de va i I i ' ' ' hWhed
Del ow  Exampl B S O e o P YPra 2,0 cBEldbet
vapor r el easebtainatinbyheeasting pesuspensiarongfl BYR andnaogalotisy sofe 8, in an

atmospheri ¢ grrzﬁffrg{xg ‘organic solvent like ethyl acetate. More recently, Biss (U.S. Pat. No.
5,077,047) described 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%. _ '

Moschner, et al. (U.S. Pat. No. 5§,030,380) prepared 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.

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

Vapor phase and gas phase reactions are well known synthesis
methods. For example, Roetheli (U.S. Pat. No. 2,812,244) disclosed a solid-
gas process for dehydrogenation, thermal cracking, and demethanation.
Fujimoto et al. (Journal of Catalysis, 133:370-382 (1992)) described a vapor-
phase carbonylation of methanol. Zellers et al. (Analytical Chemistry, 62:1222-
1227 (1990)) discussed the reaction of styrene vapor with a square-plannar
organoplatinum complex. These prior art vapor- and gas-phase reactions, '
however, were not used to form hydrogen peroxide complexes.

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



In this test the biological challenge of 1.04 x [err] B.

(niger) spores on the stainless steel surgical blades wer paﬁé%é@NT.rﬁl&FET
[err] - 29 envel ope. Packaged biol ogical challenge bl

PhAsE n
the front, mddle, and back. of a pol)/phenyl ene .oxide tra féyb@g &98
pl aced in the apparatus of Exanple #and the chanber door was closSed. —H¥ -’

heated to. | oPpRing ta Fde o R Slerliz BRY H 56tck; ob hiko8En, SBlong fagor™
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include a breathable barrier. The complex used can be any of a variety of
organic hydrogen peroxide complexes, such as a urea-peroxide complex, a
polyvinylpyrrolidone-peroxide complex, a nylon 6-peroxide complex or a 1,3
dimethylurea-peroxide complex. In certain embodiments, the complex is
unstable under vacuum, such as a glycine anhydride-peroxide complex. The
apparatus can also include 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. The apparatus in certain embodiments includes an
enclosure disposed outside of the container in which the complex' is located,

and an inlet providing fluid communication between the container and the
enclosure, such that vapor released from the compiex traveis along the inlet
and into the container to effect sterilization. In other certain embodiments, the
apparatus includes a closeable valve disposed in the inlet such that when the
vaive is closed, the enclosure is isolated from the container. The apparatus
can aiso include a vacuum pump in fluid communication with the container for
evacuating the container. A vacuum pump in fluid communication with the
container and the enclosure can also be included, along with a closeable valve
disposed between the pump and the container, and between the pump and the
enclosure, and between the enclosure and the container, such that the
enclosure and the container can be evacuated independently or simuitaneously.
An electrode inside the container for generating a plasma around the article
can also be included. In a preferred embodiment, the complex is in a solid
phase. The apparatus can include a heater configured to heat said complex.
Another aspect of the present invention relates to a method for hydrogen
'peroxide vapor sterilization of an article. This method includes the steps of
placing the article into a container, and contacting the article with a hydrogen
peroxide vapor released from a substantially non-aqueous organic hydrogen



these tests are presented in Table 7 and denonstrate the
non- aqueous peroxi de process in an open system at atnosphye bt
Table 7 Efficacy of non-aqueous peroxide process in open
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hydr ogen perOX|de urea conpl ex at various

10% water. The complex can be heated to faciiitate the release of the vapor
from the complex. Optionally, pressure pulsing can be used to enhance
sterilization. In some embodiments, the container is evacuated before
introducing the vapor into the container. The method can aiso include the step

of generating a plasma in the container after introducing the vapor into the

container.

In still another aspect of the present invention, there is provided a
method for hydrogen peroxide plasma sterilization of an article. This method
involves placing the article within a container, contacting the article with a
hydrogen peroxide vapor released from a substantially non-aqueous organic

hydrogen peroxide complex to contact the article, generating a plasma within -

the container to surround the article, and maintaining the article in the plasma
for a time sufficient to effect sterilization of the article and/or to remove residual
hydrogen peroxide from the article. Inone embodiment, the peroxide treatment
occurs in one chamber and the plasma treatment in another. '

Still one more aspect of the present invention also relates to a method
for hydrogen peroxide plasma sterilization of an article. This method includes
placing the article within a container, contacting the article with a hydrogen
peroxide vapor released from a substantially non-équeous organic hydrogen
peroxide complex to contact the article, generating a plasma at a site that is
spaced apart from the article, flowing the plasma to the container that contains
the article, and maintaining the article in the plasma for a time sufficient to
effect sterilization of the article and/or to remove residuai hydrogen peroxide
from the article. The plasma treatment can be either in the same chamber or
a different chamber than the ﬁ:hamber in which the pércxide treatment occurs.

An additional aspect of the invention relates to a method for hydrogen

peroxidé sterilization of an article which includes placing the article in a

enclosure containing a substantially non-aqueous hydregen peroxide complex,
sealing the enclosure, and allowing the enclosure to stand at about




tenperatures. This testing is described in Exanple 8.
per oxi de powder, obtained from crushing the commerci al yammamrﬂsaa&—i
(Fluka Chemical Corp.), was placed between two al um nufp screens in an |
appar atus according to FI GURE 3B havi ng,di nensi ons 12. i eate .

ﬁmﬁ@ fig
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per cent ages bydrpgeo pedexidevapel aageiicailiguey (Heespecetiectingssteriliddtionsof the
article. The enclosure can be allowed to stand at a pressure less than
atmospheric pressure and/or heated to a temperature greater than 23°C to
facilitate release of the vapor. The enclosure can be a pouch, a container, a
chamber or a room. The hydrogen peroxide complex can be in the form of a
powder or of a tablet. The sealing step can comprise sealing the enclosure
with a gas permeable material, such as TYVEK™, CSR wrap, or paper.

A further aspect of the invention relates to a sealed enclosure containing
a sterile product and a substantially non-aqueous hydrogen peroxide complex
capable of releasing hydrogen peroxide vapor.
A still further aspect of thé 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 a substantially
non-aqueous hydrogen peroxide complex to the lumen of the article, placing
the article within a container, evacuating the container, and contacting the
lumen of the article with hydrogen peroxide vapor released from the
substantially non-aqueous hydrogen peroxide complex at a temperature less
than about 70°C. In a preferred embodiment, the method can also include
contacting the exterior of the article with a second source of sterilant, such as
one that releases hydrogen peroxide vapor. This hydrogen peroxide vapor
from the second source of sterilant can be released from a second substantially
non-aqueous hydrogen peroxide compiex. In this embodiment, the second
substantially non-aqueous hydrogen peroxide compiex can be the same or
different complex as the hydrogen peroxide complex referred to in the
connecting step. The method can also include generating a plasma within the
container to surround the article and maintaining the article in the plasma for
a time sufficient to effect sterilization of the article. Further, the method can
include generating a plasma within the container to surround the article and
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process includes the steps of (a) evacuating a chamber that contains a
composition, and (b) introducing hydrogen peroxide vapor into the chamber,
whereby the hydrogen péroxide vapor reacts with the composition to form the
complex. The composition can be an alcohol, an ether, a ketone, an acid, an -
amino acid, an ester, an organic salt, an amine, an amide, urea, biuret, a
polyamide, a polyurethane, an alkali metal carbonate, a hydroxide, or
tetrasodium pyrophosphate. Some particularly preferred compositions include
poly(vinyl alcohol), poly(vinyl methyl ether), poly(vinyl methyl ketone),
poly(acrylic acid), glycine, L-histidine, poly(vinyl acetate), cellulose acetate,
sodium alginate, cellulose sulfate (sodium salt), a histamine, glycine anhydride,
propionamide, polyacrylamide, polyvinylpyrrolidone, poly(4-vinyipyridine), nylon
6, nylon 6.6 film, polyetherpolyurethane, sodium carbonate, potassium
carbonate, rubidium carbonate, sodium bicarbonate, calcium hydroxide, and 1,3
dimethylurea. In some embodiments, the hydrogen peroxide vapor is
substantially anhydrous. ‘
Additional aspects of the present invention relate to a poly(vinyi alcohol)-
hydrogen peroxide complex, a poly(vinyl methyl ether)-hydrogen peroxide
compiex, a poly(vinyl methyl ketone)-hydrogen peroxide complex, a poly(acrylic
acid)-hydrogen pefoxide complex, a poly(vinyl acetate) hydrogen peroxide
complex, a cellulose acetate hydrogen peroxide complex, a sodium alginate
hydrogen peroxide complex, a cellulose suifate, sodium sait, hydrogen peroxide
complex, a glycine-hydrogen peroxide complex, poly(4-vinyipyridine) hydrogen
perqxide complex, a histamine hydrogen peroxide complex, a propionamide
- hydrogen peroxide complex, a 1,3-dimethylurea hydrogen peroxide complex,
a biuret hydrogen peroxide compiex, a polyacrylamide hydrogen peroxide
complex, a nylon 6 hydrogen peroxide complex, a nylon 6,6 film hydrogen



‘medi cal or surgical products. Particular uses of the conpo
present invention are described in the exanples which foll THe't rﬂaG'[)AB%

tenperatures, and are particularly useful for the steri IizEt T &-?Eé’r
conpl ex used in the follow ng 31 exanpl es was urea per okxi \%r% Tuetheform::

of a tablet (Fluka Chenical Corp.) or i pythe formof a powder obtai ned by
crushing the tablets. Exanple 9 A self-sterilizing pouch was assenbl ed as
follows: A sRejpxige %Q!HPI@& anpQlyethespalyyrethang hydregen iperexige complexrand

ol aced in o rESBBRAT cHSyfHd Hidroder B EbR SoRIBL, 0o Der oxi de comprex i n
either tablet or plwether fagpect Tofetherrigvsntion’ relatessto a method for hydrogen
peroxide vapor sterilization of an article in which the article is placed into a
container, and the article is then contacted with a hydrogen peroxide vapor to
contact and sterilize the article. In this aspect of the invention, the vapor is
released from a substantially non-aqueous hydrogen peroxide complex which
does not decompose to release a hydrohalic acid. A hydrohalic acid is defined
herein as an acid composed of a hydrogen atom and a halogen atom, such as
HCI, HF, HBr, etc.
| Brief Description of the Drawings

FIGURE 1 is a schemétic 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.

FIGURE 3A is a schematic of a device which can be used for heatmg
peroxide compiexes.

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
from a vacuum unstable non-aqueous hydrogen peroxide complex.

Detailed Description of the invention

Hydrogen peroxide 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
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
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molecular weight, diffuses faster than hydrogen peroxide. When a medicai
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
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.

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
produced directly from a substantially nonaqueous hydrogen peroxide complex.
However, the substantially non-aquous hydrogen peroxide vapor can also be
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' is converted to a substantially
non-aqueous hydrogen peroxide complex while carrying out the process of the
present invention. Preferably, the substantially non-aqueous hydrogen peroxide
complexes contain less than about 20% water, more preferably no more than
about 10% water, still more preferably no more than about §% water, and most
preferably no more than about 2% water.

As is apparent from the preferred percentages of water in the
substantiaily non-aqueous hydrogen peroxide compiexes tsed in the present
invention, as provided above, the most preferred hydrogen peroxide compiex -
and the peroxide \}apor ‘generated therefrom are sub:tantially water-free.
Nevertheless, as is aiso apparent from these figures, some water can be
present in the system. Some of this water may derive from the decomposition
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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 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
in the system can be overcome by increasing the exposure time.

. Table 2

?

Eﬁecu of Relative Humidity on Efficacy
R - S8 Blades in 3mm x 50cm SS Lumens

Diffusion Time Sterility Results (Positive/Samples)
" 1%RH  5%RH 10%RH
0/3 03 33

5

10 03 03 213
15 0/3 073 03
30 0/3 03 03

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 compiex. Some peroxide complexes
have a sufficiently high vapor pressure that a significant amount of hydrogen
peroxide vapor can be released without heating the complex. in general,
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ni ger spores on its surface (Table 11) or having 9.2 X [err] B. sub
var. niger spteferabiy have alargasuriaterarea. 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,
polyvinylpyrrolidone, nylon-6, glycine anhydride, and 1,3 dimethyl urea wére
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
other éomplexes evaluated, and under vacuum conditions, most of the
hydrogen peroxide can be released from the complex without the need for
additional heating. | |
Urea hydrogen peroxide complex is available in tablet form from Fluka
Chemical Corp., Ronkonkoma, NY and in powder form from Aldrich Chemical
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.
The polyvinylpyrrolidone-hydrogen peroxide complex (PVP-H,0,) canbe
prepared by the method disclosed in International Application Pub. No. WO
92/17158. -Alternatively, the complexes with PVP, with nylon-6, 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.
Achieving suitable evaporation rates of anhydrous peroxide vapor from
the sohrce 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
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suitable perforated material could aiso be used as a cover.
FIGURE 3A shows a device 80 that can be used to measure release of
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
90 is placed on top of a heating pad 94 which is placed in a pyrex pan 96. A
thermocouple thermometer 98 is placed on the outside of the pan 90

approximately 1 cm from the bottom thereof.

A preferred container 99 for holding the peroxide source is illustrated in
FIGURE 3B. The container 99 comprises a metal plate 100, e.g. an aluminum
plate, with an optional attached heater used to heat the solid peroxide compiex.
A temperature monitor 101, such as a thermometer, can be placed on the plate
100 to monitor the temperature. The peroxide complex is placed directly on the
piate 100. Alternatively, in order to provide even heating of ail the peroxide
complex, the peroxide complex can be placed between one or more aluminum
screens 102, 104 piaced on top of the plate 100. The aluminum screens 102,
104 provide greater surface area and even heating of the complex when larger
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
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
the peroxide compiex.



Table 11 Self-Sterilizing Containers Wthout Breathable W Q\gp[g -
CRGER eer

Packagi ng Type : 2 hr. 6 hr. Unpackaged tabl et

C/ C+ packaged t abl et + C/ C packaged powder + pagkaged t abl et
[err] C/ C packaged t abl et 16 - C/ C packaged po 4 ULT-
Unpackaged t abl et - [err] C/ C packaged tablet - - adcC

packaged powder *mél&’ﬁéfﬁ égéigﬁda fsér?enﬂ'\acgclzq ofa %Bdrogen peroxide vapor sterilization
apparatus of the present invention. Chamber 10 holds an article 12 which is
to be steriiized and which, for convenience, is piaced on sheif 14. Door 16
provides access to the interior of chamber 10. A non-aqueous source of
hydrogen peroxide 18 is depicted on optional heater 20, which is controlled 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 articles to be ‘steriized can be a
conventional sterilization chamber, which is evacuated, or it can be a container
(or a room) at atmospheric pressure.

The time required to sterilize the articles depends on the nature, number
and packaging of the articles and their placement in the chamber.
Alternatively, it may be the chamber itself (or an entire room) that is being
sterilized. In any case, optimum sterilization times can be determined
empirically.

The use of pressure pulsing to enhance the penetration and antimicrobial
activity of sterilant gases, which is well known in the sterilization art, can also
be applied to the non-aqueous hydrogen peroxide process. As described in
additional detail hereinbelow, plasma can also be used to further enhance
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.

Articles that have previously been sterilized by exposure to hydrogen
peroxide vapor méy 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.
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plasma is used, to avoid exposing the source v ine piasma. isoiation is aisu
advantageous when the complex used is not stable under vacuum. Isolation
can be accomplished using valves or other isolating devices well known in the
art.

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

Sterilization is carried out in chamber 30, which includes a door or
opening 32 through which articles to be sterilized can be introduced. The
chamber 30 includes an outlet 34 to a vacuum pump 36, through which the
chamber can be evacuated. The outlet 34 contains a valve 38 to isolate the
chamber from the vacuum pump 36. The chamber 30 aiso 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 vaive 43. This
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 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 controlier 486 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
network 52 and an RF power supply 54. A convenient form for the electrode
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1. The articles 56 to, be sterilized are placed in the chamber 30.

2. The chamber 30 may be at atmaspheric pressure or, alternatively,
may be evacuated to facilitate penetration of the hydrogen peroxide.
Evacuation is accomplished by opening valve 38_' and turning on vacuum
pump 36. Alternatively, both the chamber 30 and the enclosure 42 may be
evacuated by opening vaives 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 enclbsure 42, and the valve 44 is opened. Hydrogen
peroxide vapor is delivered into chamber 30 from the hydrogen peroxide
source, which may be heated to facilitate the release of the hydrogen peroxide
vapor. Optionally. air or an inert gas may also be added. B

4. The articles 56 to be sterilized are either treated with peroxide
vapor until sterilized or pretreated with peroxide vapor in the chamber 30 before
plasma 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.

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
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
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The device just described is particularly advéntageous when using
peroxide complexes that are not stable under vacuum. There are at least two
possible methods that can be used to minimize the loss of hydrogen peroxide
during the vacuum stage. First, the small chamber can be evacuated
indépendently. Second, if a small enough chamber is used, there is no need
to evacuate the small chamber at all.

One such unstable non-aqueous peroxide complex is glycine anhydride-
peroxide. This compound releases hydrogen peroxide vapor when placed |
under vacuum. FIGURE 4 is a graph illustrating the reiease 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
42 was evacuated with vaives 38 and 44 closed ahd valve 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
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:
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support having 9.2 x 105 B. subtilis vaQ. niger spores on its surface was
pl aced inside a S{ml | PE vial, having 20 holes, (3/.16" in size) inits
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little competition between water and hydrogen peroxide for diffusion into long
narrow lumens.

4, The need to attach a special vessel to deliver sterilant gases into
long narrow lumens can often be eliminated.

That sterilization can be effected using hydrogen peroxide vapor in the
substantial absence of moisture is one of the surprising discoveries of the
present invention. The prior art teaches that the presence of water is required
to achieve sterilization in chemical gas or vapor state sterilization processes.
Advantageously, the present invention substantially eliminates water from the
system, which results in faster, more efﬁcient and effective sterilization.

The “sterilization efficacy of various non-aqueous hydrogen peroxide
complexes was determined as described below in Examples 1-4.

Example 1

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
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

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 86 located in the
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Wth Breathabl e Wndow | n Reduced Pressure Oondltlons
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T/ T packaged powder C/ C packaged powdet— 36 These results show that
non- agueous m@n@m@lg@lm@tgﬂlmﬁgnmmber (see FIGURE 1). The sterilization

chamber, which had an approximate volume of 173 liters, also contained:

. A nyarogen peroxide monitor for measuring hydrogen peroxide
concentration in the vapor phase.

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

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

. A metal shelf on which a plastic tray containing lumen 'devices were
placed for testing.

. Electrical resistance heaters on the exterior of the chamber walls, which
mamtalned the chamber temperature at 45°C dunng the efficacy
testmgs

2. Biological Challenge and Test _
To evaluate the efficacy of the non-aqueous peroxide delivery system,
a biological challenge consisting of 1.04 x 10° B. subtilis var. (niger) spores on
~ astainless 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
metal lumens used in medical devices. The compartment in the middle 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.
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 1mm ID x 4 meter length. The center
. compartment of these lumens that contained the biological test piece had the
dimensions 15mm ID x 7.6cm length. In the biological testing with TEFLON™
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peroxide urea adduct was then heated to 80 to 81°C for a period of 5 minutes,
as measured by a thermocouple thermometer placed on the side wall of the
aluminum pan approximately 1 cm from the bottom of the pan. During this time
the concentration of hydrogen peroxide in the chamber increased to 6mg/L as

measured by the peroxide monitor.

The biological test samples were exposed to the hydrogen peroxide
vapor for periods of §, 10, 15, 20, and 25 minutes. After exposure to the
hydrogen peroxide vapor, the biological test 'samples were asepticaily
transferred into 15mL of trypticase soy broth containing 277 units of catalase
to neutralize any hydrogen peroxide residuais that may remain on the test
samples. All samples were incubated for 7 days at 32°C and observed for.
growth.

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 concentration of
hydrogen peroxide of 6mg/L. The test lumens and biological test sampies used
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 aiso identical.

B. T Su

The resuits of these tests with stainless steel and TEFLON™ lumens,
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
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pl aced within a container and the container evacuated. The |lumen of the
article and the exterior Aduedus/Non-Aqueous cEfficacy Qamiparisamhe hydr ogen

per oxi de vapor rel eased from t he SSoBladgadn 8S Lumens

STERILITY RESULTS

(POSITIVE/SAMPLES)

SOURCE OF DIFFUSION |

PEROXIDE TIME (MIN)  3mm x 3mm x imm x

40cm §0cm §0cm

5 3n 33 3B
0 - 03 213 33

50% SOLUTION 15 1/3 113 13
20 o3 03 113
25 o3 o3 13
5 o3 o3 03
10 o3 o3 0/3

UREA PEROXIDE 15 03 s 0/3
20 o3 o3 03

25 L 073 - 0B




conpound. A plasma can optionally be generated and used tp_enhance
sterilization and/or to rempve any residual hydrogen per ofigie & I\FIESH ET
article. Use of non-aqueous peroxi de conplexes in the sysjem] s% ) cri%ed
overcones the disadvantage that the water in the aqueous| ggai®ibrt 15 199
vaporized faster and precedes the hydroggn peroxi de vapor itizake fHe L UiEn " |

Thus, nore effective sterilization is athieved and less tine is required to

effect sterilization. Hydrogen peroxide ﬁPm exes such as gl yci ne anhydri de
are especi ally advant ageous since they release a significant anmunt of

hydr ogen peroxi de at redUCeﬂrgd:bﬁﬂﬂbki-ﬂqwﬂuhoeﬁickﬁyecaﬂﬁﬁid‘dﬁr addi ti onal
heating of the conplex. SyghhesiKuairapenstigueresLdirdLegens Per oxi de
Conpl exes The present invention further provides a process for preparing

non- STERILITY RESULTS
(POSITIVE/SAMPLES)
SOURCE OF  DIFFUSION
PEROXIDE TIME (MIN) IMmmxim 1mMmx2m 1mm x3m 1mm x 4m
5 33 T 33 3
| 10 w Ve a3
50% SOLUTION 15 03 73 - 3
' 20 0/3 0/3 13 3
25 o3 03 03 13
| 5 o o3 o3 03
UREA 10 03 o3 03 o3
PEROXIDE - 15 or3 o3 o3 o3
20 o3 o3 o3 o3
25 or3 o3 ] or3

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



aqueous hydrogen peroxi de conplexes that are useful as the
hydr ogen peroxi de vapor sterili zer,
packagi ng, as was descri bed above.
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evaporate the solvent after the pressure is re duced in the chamber. The
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0.2 Torr 1.0 Torr 1.0 Torr

Initial Pressure

Wt. % of peroxide
Peroxide concentration

W. of complex used

per cycle

Temp to release peroxide

17% 10.5%
6mg/L 6mg/L
8g 18g

110°C 110°C

26.6%
émg/L
6g

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
of this efficacy testing appear below in Table 5.
’ Table §

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

STERILITY RESULTS (POSITIVE/SAMPLES)
With 5 Minutes Exposure

TYPE OF SIZE OF

LUMEN LUMENS Example 2 Example 3  Example 4
1mm x 1m 03 0/3 03
imm x 2m 0/3 0/3 053

TEFLON™ 1mm x 3m 073 013 073
imm x 4m o3 073 0/3
3mm x 40cm 0/3 0/3 0/3

STAINLESS 3mm x S0cm o3 053 053

STEEL 1mm x 50cm 03 03 0/3




hydrogen peroxide [err]. Since reaction rates are faster at—elevated
tenperature, the chanber is preferably heated whet her beflpREPOACEMENT SHEET
react ant conposition is introduced. However, the tenperatjure should not be
so high that the reactant boils or vaporizes. 38 The ripaptayy..0CT..1895.-

conposi tion may be contained in any comgginer that provi
peroxide vapor. If it is in the formof-a powler or other formthat may be
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retained in a perneable container, which allows hyd rogen peroxi de’to
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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 S 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.
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:
Yomp.at Te ottom of pan (°C
side of pan 1st 2nd 3rd avg

80°C 110.9 1106 110.6 110.7
100°C 131.5 132.6 132.0 132.0



and tenperature), in order to assure that all of the perdggide
vapor phase. The vapor pressure increases wth increasing
decreases wi th increasing peroxide concentration. For nic 14
experinents, the chanber was evacuated 2 about 0.2 Torr and t he

t enper at ure was anbi ent or above Cener at e hydr03 r oxi de vapor.
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due to the gystem. 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. subtilis var (niger) spores on a 6mm x 4mm strip of
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, middle and back of a polyphenylene oxide tray
that contained a flexible fiberoptic sigmoidoscope. The tray was placed in a
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 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 placed in the
apparatus of Exampie 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 bottom of the aluminum pan for 5 minutes to
provide 3mg/L of hydrogen peroxide vapor in the chamber. The biological test
samples were exposed to the hydrogen peroxide vapor for periods of 5 and 10
minutes. After exposure the test samples were handied in the same way as
were those in Example 1.
' Comparative studies were also conducted in which a 50% aqueous
solution of hydrogen peroxide was injected into the sterilization chamber and
vaporized from a heated injector. The volume of hydrogen peroxide solution



conpetition between water nolecules and [err] nol ecul es for bopnding-—sites=
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the non-aqueous hydrogen peroxide tests. The resuits of these tests are

" presented in Table 6.

Tabie 6

Aqueous/Non-Aqueous Efficacy
Comparison _in Open System
(Non-Lumen Test)

Source of Diffusion Sterility
Peroxide Time Resuits
' {(min) {positive/samples)
50% solution : 5 3/3
10 3/3
Urea Peroxide - 5 13
10 0/3

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 iumen.
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. |

| Exampie 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™

S -



materi al determ ne the weight percentage of peroxide in the
product. As the weight ratio of reactant to hydrogen per oxi
t he wei ght percentage of hydrogen peroxide in the conpl ex

reaction can be repeated nultiple tines to increase the co

hydrogen peroxide in the conplex. (5)- 2Bvacuate the chanber agar m—Ar—tHe=
end of the reaction period, the chanber is further evacuated to about 2
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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 results 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 5 373
10 13
20 0/3

30 ' - 01

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
available tablets (Fluka Chemical Corp.), was placed between two aluminum
screens in an apparatus according to FIGURE 3B having dimensions 12.7 cm



form conpl exes wi th hydrogen peroxide. The advant ages of thg F%
reaction over earlier nethods of hydrogen peroxide conplex f HEET

i nclude: 1. The ratio of hydrogen peroxide to reactant naterial 1995
accurately controiled by varying the amount of hydrogen per gl “present- . '
t he vapor state or the anmount of react materi al exposed to the vVapor.— 2=
The need to renpve solvent fromthe re lon product is elimnated. 3.

Per oxi de compl tXZscmanThe ammh'mh iphate was theﬁthééted & tHes terfipératdre was
powders, crystals, filmns, etc. Per oxi de conpl exes of hygroscopic

materials caﬂ‘%’@oﬁﬁdaﬂémda tW@‘@?ﬁ(ﬁﬁé@ﬁ‘%tedf neafea mm%t'qofetbﬁsalpﬂnmowate
Forexes SCTREE ) il 8, RBRRGTn BORREF, O seHbHER! ;SBRELA 5 epel?,
addition to tempeatires afterlhéatmg foefive iidgtes. The data sh_ow that approximately
100% of the peroxide is released from thé complex at a temperature of 140°C.
Lesser percentages of peroxide are reieased at Iowér temperatures.
Table 8 |
Release of non-aqueous peroxide at various temperatures

AGEMENT s

Heating Temperature % Peroxide Released
~ 80°C o ~25%
100°C ~65%
120°C | ~80%
130°C | ~90%
140°C | ~100%

Peroxide complexes having the ability to release hydrogen peroxide
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 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 partlcularly 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



40 in greater detail herein, as will be readily appreci atGEByA?ﬁMEQTﬁE\%EHg
ordinary skill in the art. The exanples represent enbodi ngnts qf__),tﬂ&'\' 1995
conposi ti ons and processes of the invention, but they arej &8t +nany way )
intended to limt tne scope of the invention. Exanple 12 AThydrogen

peroxi de conpl ex of glycine anhydride wBk prepared as follows:- A 1.0 gram
sanpl e of glycine anhydride (Al drich Chem cal Co., MI|waukee, W) was
pl aced i n arex@mpieswas ursa peraxide’ i the forncobatabletitflokaiCremieal Gorp.) or
t enper at ure of LeaH‘. The tog of the alum numtray was covered with Eerr]
nonwoven f abpithe Tapmaf 3, pewdsr obtained by erusbing,thestablatss r om comi ng out of
the tray when the pressure in the chaggﬁ;nlﬁsgreduced but was breat habl e -
and did not absorb hydrogen peroxide. er door was

A self-sterilizing pouch was assembled as follows: A surgical scalpel

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 permeabie, Table 10) or Paper/MYLAR™
(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.

Table 9
Self-Sterilizing Pouches -
With Breathable Barrier (TYVEK™"/MYLAR™),

Temperature Peroxide Type 1 hr. 2 hr. 3 hr. 4 hr.
23°C powder + - - -
- tablet + + - -
40°C powder - - - -
tablet - - - -
60°C powder - - - -
tablet - - - -

Table 10 lists the efficacy data for self-sterilizing pouches with
(Paper/YLAR™) 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. '



cl osed and the pressure in the chanber was reduced to 0.2 T rR.E Yace

evacuating the chanber with a vacuum punp. A hydrogen peroxi {MENT SHEET
concentration of 10 ng/liter was created by evaporation of Jp’h%% 1995 |
vol ume of a 70% aqueous sol ution of hydrogen peroxide (FMC ittt
Phi | adel phia, PA) into the chanber. Th(.aiydrogen per oxi de vapor- —vvaé“‘“““
mai ntai ned in contact with the glycine hydride for 20 m nutes. At the end
of the reaction period, the chanber prdable dO0vas reduced to 2 Torr and then

returned to at msph«selfcsmiuziagrpoum VVithe &i Withpup Bredthable Baﬁﬂged fromthe
chanmber and anal yzed or weight percent hydrogen peroxide by e follow ng

i odonetric tp+rattomreacttpns—terri—A-stargl S ety
i odi ne- sodi um t'ﬁempal’aftutea t§ t PaickagingeType or] t o edlwnce tlhe coldohr.changp at
the end poi nf~. The_percent age WEl gy . o1 1[ydrogen per oxioe was—cartuthat ed
by the fol |l opi ng &t i on: M@i%[-‘t\ﬁm B mdiity of [err]) *1.7]#(sanpl b
wei ght in grans) Paper/MYLAR + ]
40°C MYLAR/MYLAR - -
Paper/MYLAR - -
60°C MYLAR/MYLAR - -
Paper/MYLAR - -

Resuits from this testing show that the urea peroxide complex of the
present invention included in a bouch 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.

- To determine the efficacy of the sterilization system of the present

invention in a closed container, the following experiment was performed.

N Example 10 |
A seif-sterilizing container was assembled as follows: A stainless steel
support having either 3.8 x 10°% B. subtilis var. niger spores on its surfaée
(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
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 temperatures for various time

periods, as shown in Tables 11 and 12 below. The biological test samples



The wei ght percentage of hydrogen peroxide in the glycine E‘EH%‘F?WgNE@#ﬁEA‘X-
was found to be 24.3% 41 Exanple 13 The hydrogen pergxide X f
a wide variety of organic and inorganic conpl exes were pr EﬁF@gag@cﬁéﬁgﬂgf'

procedure of Exanple 12. In each case, the reaction condifrons were the

sane as those in Exanple 12, except 1-0,gram of each one of the conpounds
presented in Table 14 was used in pla f glycine anhydride.
were evaluated for sterilization as described in Exampie 1. The results are

included in Tables 11 and 12, with a ny sign indicating bacterial growth.

Tabie 11
Self-Sterilizing Containers Without Breathable Window

Temperature Packaging Type 2 hr. 6 hr.
Unpackaged tablet + -
23°C C/C* packaged ta.blet . -
C/C packaged powder + -

Unpackaged tablet - -

40°C C/C packaged tablet - -

C/C packaged powder . .
Unpackaged tablet - ]
60°C C/C packaged tablet - .

- CIC packaged powder - -

* - pouch formed from CSR wrap



42 Tabl e 14 COVPOUNDS EVALUATED AND VEI GHT PERCENT HYDROFERERERMN bW sHzeT
PRESENT .I N COVPLEXES FORVED BY VAPOR PHASE SYNTHESI S PROJESS W % A ﬁ&ems |

Cheni cal Cheni cal Bk 0x1 g, Havela
Structure Tr eat ment - Category Pol Y-y~ °' £ohal)
[err] : 18. 9% - Al cgg-lol Pol y(vi nyl met hyl “et her)
[err] 22. 0% - Et her y(vi nyl nmethyl Ketone) [err]
13. 9% _ Ket one Pol y(acrylic aci Qlable 12 [err] 5.1%
Acid Gycine  Self-Sterilizing ConfaffiehsiANith ®iethhable CSR WindodP: 7%
Am no Acid L-Histidine err . 1% Am no
Aci d Pol y(vi pH—eaeetatey ~err} 9104 Ester
Cel | ul ose ac¢gt afemperature Packaging Type 0S5hr. | 1.0hr. | 1.5hr. | 2080.| BXbhr. | 4.0 br.
Ester Unpackaged tabiet . . + . .
Unpackaged pcwdet; + + + - .
23°¢ T/T* packaged tablet | + + + +
T/T packaged powder + + + - -
C/IC** packaged tablet + + + - -
C/C packaged powder : + + + - -
Unpackaged tablet - - - -
Unpackaged powder - - - -
40°C TIT packaged tablet - + - .

TIT packaged powder . - .

C/C packaged tablet - . -

C/IC packaged powder - - - .

Unpackaged tablet - - -

- Unpackaged powder Co- - - -

60°C T/T packaged tabiet - - - -

T/T packaged powder - - -

C/C packaged tabiet - - - .
C/C packaged powder . - . .

* - pouch formed from TYVEK™
** . pouch formed from CSR wrap

Results from this testing show that the non-aqueous urea peroxide
complex included in a container with and without a breathable barrier provides
effective sterilization at room temperature after only 3-4 hours. At higher
temperatures, sterilization is effected after as littie as one half hour.

The non-aqueous peroxide complexes which release peroxide vapor
have been found to be useful in the sterilization of articles at room temperature,
and more effectively, at higher temperatures. These 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 fo provide
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Organic Salt Cellul ose sulfate, sodium salt ‘ ______ ‘1
18. 2% Organic Salt Poly(4-Vinylpyridine) S — —

21. 8% Aromati c am ne Hi stanine : L'::—"—"i["e‘r"r‘[_'zjv—_d
13. 2% Ani ne Propi onani de 35 (C2H5) CONH2 -

31. 8% Am de Urea [err]

17. 9% sterilizationlincless tiré than ¢hat required for roemrtemperature steriliZition%

Hare(?]' B;Dglr igch%rﬁOHéW““ds_ of the Prqu;% r’}%wen o sre 't\{'t'_ézr)gfgrgwseful inlg'vg?i)ety of
ool o de E;’: SPPIRAHENS Vihdré ieriizaion 1s okg{rﬁ. simply 8y piing the complex in a

Po: yam'hde NIyI saalé?] @réa containing an article ¢reartitles tdteséterilized, sterilizatiohysan be
Pol yet her po ret hape er . 9. 5%
Pol gur et hgn ey%gﬁg .ngmlag{ wntF\]pnor art methods, there is no need for contact with 304

I nor gani ¢ 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.

| Example 11
A self-sterilizing container was assembled as follows: A stainless steel
~ support having 9.2 x 10° 8. 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. ';ial, which was covered with a gas permeable layer
of CSR wrap (SPUNGﬁARD"). 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
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

rilizing Containers With Breathable Window
In Reduced Pressure Conditions

Temperature Packaging Type 4.5 L chamber 173 L chamber
- Unpackaged powder - -
23°C T/T packaged powder - -
C/C packaged powder - .




Pot assi um car bonat e [err] 38. RO ACTMENT SHEET
| nor gani ¢ Rubi di um car bonat e [err] 14 ot qg%;

I norgani ¢ Cal ci um hydr oxi de Ca(OH) 2 Date :...

| norgani ¢ Sodi um bi car bonat e [err] 1€. ==

| norgani ¢ Tetrasodi um pyrophosphat e -?éﬁ == 18. 9%

| norgani c 43 The organi ¢ conpl exes formed cover the foll ow ng range of
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conpl exes with the resuits in Table 12, demonstrate that the peroxide complexes of the
present invention provide sterilization at reduced pressures iri less time than
that required to effect sterilization at atmospheric pressure.

Thus, the hydrogen pefoxide compliexes of the present invention can
provide effective sterilization in significantly shorter periods of time. in addition,
as discussed above, plasma can also be used to enhance the sterilization
activity of the hydrogen peroxide vabor. 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.

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

_ Non-aqueous peroxide complexes are useful ina vanety of applications,
including as a component of self-sterilizing packaging. In addition, the
complexes are suitable for use in various methods for vapor sterilization of
articles, such as the method disclosed in U.S. Patent No. 4,943,414, This
patent discloses a process in which a vessel containing a small amount of a
‘vaporizable liquid sterilant solution is attached to a lumen, and the sterilant
vaporizes and flows directly into the lumen of the article as the pressure is
reduced during the sterilization cyclé. 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 tﬁe article to be
sterilized. The article is then placed within a container and the container
evacuated. The lumen of the article and the exterior of the article are
contacted by the hydrogen peroxide vapor released from the non-aqueous
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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
complex.

Synthesis of Non-Aqueous Hydrogen Peroxide Complexes

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 sterilizer, or as a component of selif-sterilizing
packaging, as was described above. Of course, the hydrogen peroxide
complexes can be used for other applications, such as for bleaching agents,
contact lens solutions, catalysts, and other applications which will be well
known by those having ordinary skill in the art.

The general procedure for preparing the hydrogen peroxide complexes
of this invention is as follows:

(1) Place the reactant material in the chamber.

The material to be reacted with the hydrogen peroxide can be a solid 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
as a solution in water or another solvent, if sufficient time is allowed to
evaporate the soivent after the pressure is reduced in the chamber. The
material may also 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
reactant composition is introduced. However, the temparature should not be
so high that the reactant boils or vaporizes.
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pol yvi nyl pyrrol i done were prepared in which the percent hy DERN Qe i de
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volume. The tafilthat Riay BRSBIoWRS abodf Wit #td (@famber! &P kPacuated, then the
reactant may be retained in a permeable container, which allows hydrogen
peroxide to diffuse into the container.

(2) 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 to assure that ail of the peroxide is in the vapor
phase. The vapor pressure increases with increasing temperature and
decreases with increasing peroxide concentration. For most of the

- experiments, the chamber was evacuated to about 0.2 Torr and the
temperature was ambient or above.
(3) Generate hvdrogen peroxide vapor.

The hydrogen peroxide vapor can be generated from a hydrogen
peroxide solution or from a substantially anhydrous hydrogen peroxide
complex. The [atter yields dry hydrogen peroxide in the vapor state, which is
an advantage if either the material to be reacted with the vapor or the complex
to be formed is hygroscopic. Another advantage of generating the hydrogen
‘peroxide vapor from a substantially water-free complex is fhat 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,0, vapor.

The peroxide vépor can be generated within the same chamber that
houses the reactant material or in another chamber separated from it by a
vacuum vaive.

(4) the re t material with h n_peroxide.

The time required for the reaction depends, of course, on the reaction
rate of the reactant with hydrogen peroxide. It can be empirically determined
by monitoring the pressure, whiéh decreases during the binding of peroxide to
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weight percentage of hydrogen peroxide in the complex decreases. The
reaction can be repeated muiltiple times to increase the concentration of
hydrogen peroxide in the compiex.
(5) Evacuate the chamber again.

At the end of the reaction period, the chamber is further evacuated to
about 2 Torr to remove any unreacted hydrogen pefoxide.
(6) Vent the chamber and retrieve the hydrogen peroxide complex.

The mechanism by which the hydrogen peroxide forms a complex with
the reactant material is not completely understood. The formation of the
complex is believed to involve hydrogen bond formation between the hydrogen
peroxide and electron-rich functional groups containing oxygen and/or nitrogen
on the reactant material. It is not known if this is the only mode of binding;
however, materials with a wide range of functional groups have been found to
form complexes with hydrogen peroxide.

The advantages of the vapor phase reaction over earlier methods of
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 soivent from the reaction product is
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
present invention is further described in the following examples. Many of these
compounds have utility as catalysts, in addition to having the utilities described
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processes of the invention, but they are not in any way intended to limit the
scope of the invention. '
Exampie 12

A hydrogen peroxide complex of glycine anhydride was prepared as
foilows: A 1.0 gram sample of gilycine anhydride (Aldrich Chemical Co.,
Milwaukee, 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
covered with TYVEK™ nonwoven fabric, which prevented the giycine 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
mg/liter was created by evaporation of an appropriate volume of a 70%
aqueous solution of hydrogen peroxide (FMC Corp., Philadeiphia, 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 returned to atmospheric
pressure. The reaction product was removed from the chamber and analyzed
for weight percent hydrogen peroxide by the following iodometric titration
reactions.

H,0, + 2Kl + H,SO, ~—> |, + K,SO, + 2H,0

I, + 2Na,S,0, > Na,S,0, + 2Nal

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,O, = [(ml of Na,S,0,)*(normality of Na,S,0,) *1.7)/(sample weight
in grams)

The weight percentage of hydrogen peroxide in the glycine anhydride
complex was found to be 24.3%.




WE CLAIM 1.  An apparatus for hydrogen peroxide st erlj REPLACEMENT SHEET
article, conprising: a container for holding the artigle to £e é rilized,
and a source of hydrogen peroxide vapor |ocated withir| ®aied-- -'-(mﬁ +n1995--shi d
source conprising a substantially non-agueous organi c Tiydrogemn per oxi de
conpl ex, said source configured so thaé sai d vapor can contact said article
to effect sterilization. 2. The apparatus of Claim1l, wherein said

contai ner conprises a breathable barrExample 13 The appar atus of daiml,

wherein said corrpl X IS a urea- peyoxide corrpl ex. 4. he apparatus of
Claim 1, whereinl 88§ HV@'@BEFeRePg'd@ Gemplexas ;9}@ dﬁ'ﬂﬂo‘fﬁ,ﬂ prpiﬂ@n&nﬁﬂ dex .

5 The appi{bficolorhpRkEl werdfepaled Usthd e prcddurd &yé%}ngfe 12. in

each case, the reaction conditions were the same as those in Example 12,

except 1.0 gram of each one of the compounds presented in Table 14 was
used in place of glycine anhydride.
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wherein said conplex is a glycine aqmrdrr de- per oxi ]
apparatus of Claim1, further conprisihg a heater located w-thin said
cont ai ner,

facili tate the rel ease of said vaporYableytd sai d conpl ex.  10.
of daim 1,

container in

wher eby said conplex is placed on said heater and heated to

The appar at us
further conprrsrng an enclosure drsposed outsrde of said
_ ‘ ! - RCENT. 3¢ .

rel eased from sai d conpl ex travel s al ong said i nI et W Afﬁ‘o sai d contai ner

to effect éﬁ&ﬁi’ch‘ zation.

Chemical Peroxide
Name Structure Jreatment Category
Poly(vinyl alcohol) [-CH,CH(OH)-}, 18.9% Alcohol
Poly(vinyl methyl ether) [-CH,CH(OCH,)-], 22.0% Ether
Poly(vinyl methy! 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 [!;-cmcx-cln CH,CH (NH,) COOH  14.1% Amino Acid
Poly(vinyl- acetate) [-CH,CH(OCOCH,)-], 9.1% Ester
Cellulose acetate 10.9% Ester
Sodium alginate 21.7% Organic Salt
Cellulose sulfate,
sodium sait 18.2% Organic Salt
Poly(4-Vinyipyridine) (-CH,CH(p-C{HN)-1, 21.8% Aromatic amine
Histamine lllW-cthcH-K':-l CH,CH, (NH,) 13.2% Amine
Propionamide (CHsJCONH, 31.8% ~ Amide
Urea (H,N),CO 17.9% Urea
1,3-dimethylurea (H,C)HNCONH(CH,) 31.7% Urea
Biuret (H,N)CO(NH)CO(NH,) 13.7% Biuret
Polyacrylamide [-CH,CH(CONH,)-}, 30.1% Polyamide
Polyvinylpyrrolidone [-CH,CH (-N(CH,) ,CO) -1, 29.9% Polyamide
Nylon 6 [-NH(CH,);CO-];. 17.1% Polyamide
Nylon 6,6 film [-NH(CH,){NHCO(CH,),CO-], 16.6% Polyamide
Polyetherpolyurethane (-RHNCOOR'-}, 9.5% Polyurethane
Sodium carbonate Na,CO, 14.3% Inorganic
Potassium carbonate K;CO, 33.9% Inorganic
Rubidium carbonate Rb,CO, 37.0% Inorganic
Calcium hydroxide Ca(CH), 23.4% Inorganic
Sodium bicarbonate - NaHCO, 10.7% Inorganic
Tetrasodium pyrophosphate Na..P,O, 18.9% Inorganic
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alcohols, ethers, ketones, acids, amino acids, esters, organic salts, amines,
amides, polyamides, polyurethanes, ureas, and biuret. The inorganic
complexes include carbonates with sodium, potassium, and rubidium cations,
-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 6,6, 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-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 gunimy 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 polyvinyipyrrolidone 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

Y —



communi cation with both said contai ner and said encl osur

conprising a closeabl e val ve di sposed between said punp H‘-fkﬁ_@\'dtl\mgﬂm
and between said punp and said encl osure, and between sa

said container. 16. The apparatus of im 14, wherein geg _____________ 1 .........
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generati ng | asma around sai d article. 18 The apparatus of Caiml,

a15P
wherein said Conplex is in a solid phase. 19. A nethod for hydrogen

peroxide vapor sterilization of an agxamhpie ¢8nprising: placing said

article into a coptai and co tacti t he icle with a hydrogen

per oxi de vapor re&gggﬁggen peroxt com;ﬂgx P%I was prepared in which the
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,O./liter 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
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 15

EFFECT OF RATIO OF POLYVINYLPYRROLIDONE TO HYDROGEN
PEROXIDE IN THE VAPOR STATE ON % HYDROGEN PEROXIDE

IN COMPLEX AND PHYSICAL STATE OF PRODUCT

Weight Wt% H,0, Physical State
PVP {g) ° inComplex of Product
Ex. 14 1 29.9 Soft gummy product
3 ' 23.5 - Hard gummy product
5 17.7 Free flowing solid
Ex. 16 5 19.7 Free flowing solid

The resuits of these tests demonstrate that a free ﬂdwing solid can be obtained
with the PVP hydrogen peroxide complex by controlling the ratio of PVP to
hydrogen peroxide in the vapor state and, alternatively, by using a substantially
water-free hydrogen peroxide vapor source.



froma substantially non-aqueous organi c hydrogen per oxi
contact and st II m i le. 20. The nethod of O alf MEPYACKMENT SHEETe |
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conpri si ng heatihg Saitd #onpl ek to facilitate the rel easd| &Plesaid--vapdr- -
fromsaid conplex. 22. The nmethod of C48im 19, further ToOMWprising ‘

evacuating the contai ner before introduCing said vapor into said container.

23. The net WH GEAMai m 19, further conprising generating a plasna in the

container after introdyging _sai,d v r into said .container. 24. The, nethod

of G aim 19, wherdrn t A EBRRCHS QY duhoaeniaroyds steriization of an article
comprising:

a container for holding the article to be sterilized; and

a source of hydrogen peroxide vapor located within said container,
said source comprising a substantially non-aqueous organic hydrogen
peroxide complex, said source configured so that said vapor can contact
said article to effect sterilization.

2. - The apparatus of Claim 1, wherein said container comprises a
breathable barrier. '

3. The apparatus of Claim 1, wherein said complex is a urea-
peroxide compliex. ' '

4. The apparatus of Claim 1, wherein said complex is a
polyvinylpyrrolidone-peroxide complex.

5. The apparatus of Claim 1, wherein said complex is a nylon 6-
peroxide complex.

6. The apparatus of Claim 1, wherein said complex is a 1,3
dimethylurea-peroxide complex. |

7. The apparatus of Claim 1, wherein said complex is unstable under
vacuum. |

8. The apparatus of Claim 7, wherein said complex is a glycine
anhydride-peroxide complex.

9. The apparatus of Claim 1, further comprising a heater located
within said container, whereby said complex is placed on said heater and
heated to facilitate the release of said vapor from said compiex. '

10. 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 between said container and said enclosure,
such that vapor released from said complex travels along said inlet and into
said container to effect sterilization.
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sterilization Q ' onprising: placing the article wthin.a
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contact said article; generating a pla Wi t hi-n said container to surround

said article; and maintaining the article in said plasma. 26. The net hod
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25, wherein thheat saidieompleXai ntained in said plasnma for a tinme sufficient

to remove resi duahz.hydﬁ'ﬂgearbp%?étﬁéioqulfasrn? n110? E?li.ngtl'xélrr tt:cinr%lp(ral'sing a closeable vaive
disposed in said inlet such that when said valve is closed, said enclosure is
isolated from said container.

13. = The apparatus of Claim 1, further comprising a vacuum pump in
fluid communication with said container for evacuating the container.

14. The apparatus of Claim 10, further cofnprising a vacuum pump in
fluid communication with said container or said enclosure, such that said
enclosure and said container can be evacuated independently or
simultaneously.

15. The apparatus of Claim 14, wherein said pump is in fluid
communication with both said container and said enclosure, further comprising
a closeable valve disposed between said pump and said container, and
between said pump and said enclosure, and between said enclosure and said
container. )

16. The apparatus of Claim 14, wherein said pump is a first pump in

. fluid communication with said container, further comprising a second pump in
fluid communication with said enclosure.

17. The apparatus of Claim 1, further compriéing an electrode inside
said container for generating a plasma around said article.

18.  The apparatus of Claim 1, wherein said complex is in a solid
phase. |

18. 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 a substantially non-aqueous organic hydrogen peroxide complex to
contact and sterilize the article. |

20. The method of Claim 19, wherein the complex has less than 10%
water.
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flowing the plasma to the article; and maintaining the article in said
pl asma. to facilitate the release of said vapor from said compiex.
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22. The method of Claim 19, further comprising evacuating the
container before introducing said vapor into said container. _

23. The method of Claim 19, further comprising generating a plasma
in the container after introducing said vapor into said container.

24. The method of Claim 19, wherein the contacting step comprises
pressure pulsing of said vapor.

25. A method for hydrogen peroxide plasma sterilization of an article,
comprising: .

placing the article within a container;
contacting the article with a hydrogen peroxide vapor released
from a substantially non-aqueous organic hydrogen peroxide corhplex to

contact said article; .

generating a plasma within said container to surround said article;
and
maintaining the article in said plasma.

26. The method of Claim 25, wherein the article is maintained in said
plasma for a time sufficient to effect sterilization of the article.

27. The method of Claim 25, wherein the article is maintained in said
plasma for a time sufficient to remove residual hydrogen peroxide from said
article. '

'28. The method of Claim 25, wherein the contacting step is performed
in a first chamber and the generating step is performed in a different, second
chamber.

29. A method for hydrogen peroxide plasma sterilization of an article,
comprising: -

placing the article within a container;
contacting the article with a hydrogen 'pemxide vapor released
from a substantially non-aqueous organic hydrogen peroxide complex to

‘contact said article; '
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article. The rrethod of C aim 29, wigr ei n the contad
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di fferent, second chanigenerdfing a/plasthacl afsite thutlisupacedaipart f18m the article;
sterili zatlon of an artjcle, conprising: placing the article in a enclosure

containing a substanti dlawingdhe plasmada the @rtigenapdr oxi de conpl ex; seal i ng
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said 30. The method of Claim 29, wherein the article is maintained in said
plasma for a time sufficient to effect sterilization of the article.
31. The method of Claim 29, wherein the article is maintained in said
plasma for a time sufficient to remove residual hydrogen peroxide from said
article.

32. The method of Claim 29, wherein the contacting step is performed
in a first chamber and the generating step is performed in a different, second
chamber.

33. A method for hydrogen peroxide sterilization of an article,
comprising:

placing the article in a encloéure containing a substantially non-
aqueous hydrogen peroxide complex;
" sealing said enclosure; and
allowing said enclosure to stand at a temperature below about
70°C for a time sufficient to release hydrogen peroxide vapor from said
complex to effect sterilization of the article.

34. The method of Claim 33, wherein said enclosure is allowed to

stand at a pressure less than atmospheric pressure.
 35. The method of Claim 33, wherein said enclosure is allowed to
stand at a temperature below about 40°C.

36. The method of Claim 33, wherein said enclosure is heated to a
temperature greater than 23°C to facilitate release of said vapor.

- 37. The method of Claim 33, wherein said enclosure is a pouch.

38. The method of Claim 33, wherein said enclosure is a container.

39. The method of Claim 33, wherein said enclosure is a chamber.

40. The method of Claim 33, wherein said er.closure is a room. . |

41. The method of Claim 33, wherein said hydrogen peroxide complex
is in the form of a powder. '
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sealing said enclosure with a gas permeabie material.

44, The method of Claim 43, wherein said gas permeable material is
selected from the group consisting of TYVEK™, CSR wrap, and paper.

45. Asealed enclosure containing a sterile product and a substantially
non-aqueous hydrogen peroxide complex capable of releasing hydrogen
peroxide vapor.

46. A method for hydrogen peroxide sterilization of an article having
an exterior and a narrow lumen therein, comprising:

connecting a vessel containing a substantially non-équeous
hydrogen peroxide complex to the lumen of the atticle;
placing the article within a container;
evacuating the container; and
‘ contacting the lumen of the article with hydrogen peroxide vapor
released from said substantially non-aqueous hydrogen peroxide
complex at a temperature less than about 70°C.

47. The method of Claim 46, additionally comprising contacting the
exterior of the article with a second source of sterilant.

48. The method of Claim 47, wherein the second source of sterilant
compfises chiorine dioxide.

49. The method of Claim 48, wherein the second source of sterilant
comprises a source that releases hydrogen peroxide.

50. The method of Claim 49, wherein the second source of sterilant
comprises a second substantially non-aqueous hydrogen peroxide complex,
said second substantially non-aqueous hydrogen peroxide compl:x being the
same or different complex as the hydrogen peroxide complex referred to in the
connecting step. '
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52. The method of Claim 33 or 46, further comprising generating a
plasma within said container to surround said article and maintaining the article
in said plasma for a time sufficient to remove residual hydrogen peroxide from
said article.

53. A process for preparing a substantially non-aqueous hydrogen
peroxide complex, comprising the steps of:

(a) evacuating a chamber that contains a composition; and
(b) introducing hydrogen peroxide vapor into the chamber,
whereby the hydrogen peroxide vapor reacts with the composition to

'form the complex.

54. The process of Claim 53, wherein the composition is selected from
the group gonsisting of an alcohol, an ether, a ketone, an acid, an amino acid,
an ester, an organic sait, an amine, an amide, urea, biuret, a polyamide, a
polyurethane, an alkali metal carbonate, a hydroxide, and tetrasodium
pyrophosphate.

55. The process of Claim 53, wherein the composition is poly(vinyl
alcohol).

56. The process of Claim 53, wherein the composition is poly(vinyl
methyl ether).

5§7. The process of Claim 53, wherein the composition is poly(vmyl
methyl ketone).

58. The process of Claim 53, wherein the composition is poly(acrylic
acid). _

59. The process of Claim 53, wherein the composition is glycine or L-
histidine.

60. The process of Claim 53, wherein the composition is poly(vinyl
acetate) or cellulose acetate. '
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64. The process of Claim 53, wherein the composition is
propionamide.

65. The process of Claim 53, wherein the composition is
polyacrylamide.

66. The process of Claim 53, wherein the composition is selected from
the group consisting of polyvinylpyrrolidone, poly(4-vinylpyridine), nyion 6, and
nylon 6,6 film. |

67. The process of Claim 53, wherein the composition is
polyetherpolyurethane. '

68. i The process of Claim 53, wherein the composition is selected from
the group consisting of sodium carbonate, potassium carbonate, rubidium
carbonate, and sodium bicarbonate.

69. The process of Claim 53, wherein the composition is calcium
hydroxide.

70. Thé process of Claim 53, wherein the composition is 1,3
dimethylurea.

71. The process of Claim 53, in which the hydrogen peroxide vapor
is substantially anhydrous. |
| 72. An organic hydrogen peroxide complex selected from the group
consisting of a poly(vinyl alcohol)-hydrogen peroxide complex, a poly(vinyi
methyl ether)-hydrogen peroxide complex, a poly(vinyl methyl ketone)-hydrogen
peroxide compiex, a poly(acrylic acid)-hydrogen pe_rdxide complex, a poly(vinyl
acetate) hydrogen peroxide complex, a cellulose acetate hydrogen peroxide
complex, a sodium alginate hydrogen peroxide complex, and a ceilulose
suifate, sodium salt, hydrogen peroxide complex.
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conposi ti Onhyéﬂsben peroxide complex, a histamine hydrogen peroxide complex, a

propionamide hydrogen peroxide complex, a 1,3-dimethylurea hydrogen
peroxide complex, a biuret hydrogen peroxide complex, a polyacrylamide
hydrogen peroxide complex, a nylon 6 hydrogen peroxide complex, a nylon 6,6
film hydrogen peroxide complex, and a polyetherpolyurethane hydrogen
peroxide complex. |
74. A rubidium carbonate hydrogen peroxide compiex.
75. 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 a substantially
non-aqueous hydrogen peroxide complex which does not decompose to
release a hydrohalic acid.
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pr opi onami de. 65. The process of Claim 53, wherein the conposition i
pol yacryl am de. 66. The process of Caimb53, whereint C IS el SHEET
selected fromthe group consisting of polyvinylpyrrolid: nE:"-‘g{IR&&"EW

pol y(4-vinyl pyridine), nylon 6, and nylon 6,6 film 67. || The 0 Sq00h ...
Caim 53, wherein the conposition is_polyetherpolyuret B t@ﬂgﬁeﬁl&ﬁ
process of Claim53, wherein the conposttion is selected fromthe group
consi sting of sodium carbonate, potassium carbonate, rubidium carbonate,
and sodi um bi carbonate. 69. The process of Caim53, wherein the
conposition is cal cium hydroxide. 70. The process of Caim53, wherein the
conposition is 1,3 dinethyl urea.
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71. The process of daimb53, in which the hydrogen peroxide vapor is
substantially anhydrous. 72. An organi c hydrogen peroxide conplex sel ected
fromthe group consisting of a poly(vinyl alcohol)-hydroge *Fdﬂ——— ------

conpl ex, a poly(vinyl nmethyl ether)-hydrogen peroxi de com
hydr n
;.eii.;t..ﬁﬂizggs..

met hyl ket one)-hydrogen peroxide conpley. a poly(acrylic

peroxi de conpl ex, a pol y(vinyl acetate)~tydrogen peroxide

cel lul ose acetate hydrogen peroxide conpl ex, a sodi um al gitrete=Hyaroger
per oxi de conpl ex, and a cellul ose sulfate, sodiumsalt, hydrogen peroxide
conpl ex. 52 73. An organi c hydrogen peroxi de conplex selected fromthe
group consisting of a glycine-hydrogen peroxi de conpl ex,

pol y(4- Vi nyl pyri di ne)
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hydr ogen peroxi de conpl ex, a histam ne hydrogen per oxi de=eospd T
propi onam de hydrogen peroxide conplex, a 1,3-dinethylur aEPyd?BQEH*SHEE

per oxi de conpl ex, a biuret hydrogen peroxi de conpl ex, a jpol yaca‘)q @mdqggs
hydr ogen peroxi de conpl ex, a nylon 6 hydrogen perOX|de Cip ke ;----a-- 1yl gn G,
fil mhydrogen peroxide conplex, and a posyetherpol yureth frogen

per oxi de conplex. 74. A rubidium carbomate hydrogen peroxi de conpl ex. 75.
A nmet hod for hydrogen peroxide vapor sterilization of an article,
conprising: 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 froma substantially non-aqueous .

hydr ogen peroxi de conpl ex whi ch does not deconpose to rel-ease a hydrohalic
aci d.
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VAPOR STERILIZATION USING A NON-AQUEOUS SOURCE
OF HYDROGEN PEROXIDE

Abstract of the Disclosure
An apparatus and process for hydrogen peroxide vapor sterilization of

medical instruments and similar devices make use of hydrogen peroxide vapor
released from a substantially non-aqueous organic hydrogen peroxide complex,
such as a urea-peroxide complex. Optionally, a plasma can be used in
conjunction with the vapor. A method for preparing substantially non-aqueous
hydrogen peroxide complexes is also provided. These complexes are useful
as a source of peroxide vapor in hydrogen peroxide vapor sterilizers and as a
component of self-sterilizing packaging materials.




