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GASNAPOR DELIVERY FROM SOLID MAT.ERIALS 

Backgrognd of the Invention 

Field of the Jnyc;ntion 

S The present invention generally relates to techniques using hydrogen peroxide 

released from hydrogen peroxide complexes for sterilizing articles such as medical 

instruments and materials. 

Description of the Related Art 

Modem medical and dental practices require the use of aseptic materials and 

l 0 devices, i.e.i1 the materials and devices must be generally &ee from germs, bacteria, 

etc., and many of these devices are meant for repeated use. However, in order to 

achieve this asepsis, efTicient sterilization processes are needed for treatment of 

reusable materials and devices. These processes are needed not only at hospitals and 

dental offices, but also at the manufacturers of these materials and devices. 

l S Medical instruments have traditionally been sterili7.ed using either heat, as is 

provided by steam, or a chemicali1 such as formaldehyde or ethylene-oxide gas or 

vapor state. Each of these methods has drawbacks. Many medical devices, such as 

fiber optic devices, endoscopes, power tools, etc., are sensitive to beat, moisture, or 

both. Formaldehyde and ethylene oxide are both toxic gases that pose a potential 

20 hazard to health care workers. Problems with ethylene oxide are particularly severe, 

because its use requires long aeration times to remove the gas from articles that have 

been sterilimi. 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, the device to be sterilized must be humidified before 

25 the chemical is introduced or the cbemical and moisture are 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 or formaldehyde. 

Sterili7.ation using hydrogen peroxide vapor has been shown to have some 

advantages over other chemical sterilization processes, and the combination of 

30 hydrogen peroxide with plasma provides additional advantages. Hydrogen peroxide 

vapor can be generated fiom aqueous hydrogen peroxide solutions or from solid 
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hydrogen peroxide complexes. However, the use of hydrogen peroxide in aqueous 

solutions of hydrogen peroxide to generate hydrogen peroxide vapor for steriliation 

may cause problems. At higher pressures, such as atmospheric pressure, excess water 

in the system can cause eondensation. Thus, the relative humidity in the sterilization 

S enclosure must be reduced before introducing the aqueous hydrogen peroxide vapor. 

The steriliation of articles containiq diftbsion-restricted areas, such as Jong 

narrow lumens, presents a special challenge for hydrogen peroxide vapor that has been 

generated from an aqueous solution of hydrogen peroxide. The tint problem arises 

because water has a higher vapor pressmc than hydrogen peroxide and will vaporize 

10 faster than hydrogen peroxide from an aqueous solution. Another problem is that 

water has a lower molecular weight than hydrogen peroxide and will diffuse faster 

than hydrogen peroxide in the vapor state. Therefore, when an aqueous solution of 

hydrogen peroxide is vaporized, the water reaches the items to be sterilized first in a 

higher concentra1ion. The water vapor, therefore, becomes a barrier to the penetration 

15 of hydrogen peroxide vapor into diffusion restricted areas, such as small crevices and 

long narrow lumens. 

This problem cannot be solved by removing wa1er from the aqueous solution 

and using more concentrated hydrogen peroxide, since concentrated solutions of 

hydrogen peroxide, i.e., greater than 6S% by weight. can be haardous due to the 

20 oxidizing nature of the solution. the shortcomings of aqueous hydrogen peroxide 

sterilizers of the prior art are overcome by using a non-aqueous source of hydrogen 

peroxide which releases a non-aqueous hydrogen peroxide vapor. In these processes, 

a solid peroxide complex is heated in a vapori7.er and the vapor is diffused into the 

steriliution chamber. 

25 Smpmvy of the Imntion 

One aspect of the present invention is a package for containing a solid material 

which releases gas or vapor upon heating. This package includes a gas permeable 

membrane, and the solid material which releases gas or vapor upon heating. The solid 

material is sealed underneath the gas permeable membrane. The solid material can 

30 be in the form of a powder, tablet or dried slurry. One exemplary type of solid 

material wouJd be a hydrogen peroxide complex. Other exemplary types of so1id 
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material include a hydrate complex or an ammonia complex. The solid material 

preferably releases gas or vapor at a temperature within the range 20-300°C, more 

preferably within the range 2S-2S0°C. In one embodiment, the package includes a 

conductive foil, with the solid material between the gas permeable membrane and the 

S conductive foil. The foil preferably has a reflective outer surfilcc configured to reflect 

radiant heat away from the solid material. In another embodiment, the package 

includes an impermeable membrane, with the solid material between the gas 

permeable membrane and the impermeable membrane. Exemplary materials for the 

impermeable membrane of this embodiment include Mylarn, polycarbonate and PTFE 

IO material. Preferably, the impermeable membrane is transparent to radiation, such as 

infra-red, microwaves or radio frequency. Where the impermeable material is 

1ransparent to radiation, a susceptor can be added which is excitable by the radiation. 

Such a susceptor can be a screen adjacent the solid material, where the screen 

provides pockets holding the solid material. A susceptor, such as a metallic powder 

15 or carbon black can also be .nllxed with solid material. In embodiments having a foil 

or impermeable mcmbran~ an adhesive material, such as a tape, on the inner surface 

of the foil or impermeable material can be provided to which the solid material is 

adhered. The foil or impermeable material can also be embossed to provide pockets 

which hold the solid material. Exemplary embossing patterns include hexagonal or 

20 rectilinear patterns. An impermeable material can also be sealed over the penneable 

membrane, such that the solid material will be sealed within the package until the 

impermeable material is ruptured. Preferably~ the melting point of the gas permeable 

membrane is higher than the release temperature of the solid material. A perforated 

material or screen can optionally be included outside of the gas permeable membrane. 

25 Such a perforated material or screen is especially useful in packages where the gas 

permeable membrane is of glass filter material. The package can also include a screen 

adjacent the solid material. Such a screen can provide pockets holding the solid 

material. The screen can be conductive of heat so as to improve heat transfer to the 

solid material. The package can be incorporated into a support which is capable of 

30 being bandied. The support can be configured to form a seal to enclose the solid 

material. Where the support forms a seal, the support can be provided with 
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perforations around the package so as to permit gas or vapor released from the solid 

material and through the gas permeable membrane to be delivered to an opposing side 

of the package. The gas permeable material can be heat-sealed or sealed using an 

adhesive to enclose the solid material. 

5 Another aspect of the present invention relates to a cartridge housing. The 

cartridge housing includes a plurality of packages for containing a solid material 

which releases gas or vapor upon heating. Each of the packages includes gas 

permeable membrane, and the solid material which releases gas or vapor upon heating. 

The solid material is sealed within the gas permeable membrane. The plurality of 

10 packages are preferably stacked so that each of the packages can be activated one at 

a time. Each of the packages can have at least one edge joined to at least one edge 

of another of the packages, so that the plurality of packages can be folded in a Z-fold 

or rolled. If the packages are rolled, they are preferably rolled onto a core. The 

packages can also be arranged around the periphery of a disk. In some embodiments, 

15 the packages are sealed within the housing. In such embodiments, the cartridge can 

be configured to 1rap gas or vapor released from the solid material within the housing, 

such as by providing an impermeable material sealed over the housing, such that the 

packages will be scaled within ·the housing until the impermeable material is ruptmcd. 

The cartridge housing can be adapted to protect the packages therewithin from a 

20 heating source. 

Still another aspect. of the invention relates to a method of releasing gas or 

vapor from a solid material capable of releuing the gas or vapor. The method 

includes providing the solid material sealed within a gas permeable material, and 

heating the solid material~ thereby releasing the gas or vapor through the gas 

25 permeable material. The solid material can advantageously be a hydrogen peroxide 

complex. Thus, the method cmi also include contacting hydrogen peroxide released 

from the complex with an object to be disinfected or sterilized. If disinfection or 

sterilimtion is desired, the method can also include contacting the object with plasma 

or ultraviolet radiation. The solid material can be sealed between the gas permeable 

30 material and a conductive foil when the heating step comprises conductive beating. 

The heating step can also comprise irradiative heating. For such methods. it is 
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preferable that the solid material be sealed between the gas permeable material and an 

hnpermeable material. The irradiative heating can use radiation such as infta·red, 

microwaves or radio fiequency. The wavelength of the irradiation is prefenbly 

selected to excite the solid material to release the gas or vapor. In a preferred 

S embodiment, the solid material in contact with a susccptor which is excitable by 

radiation causing the irradiative heating. The susceptor could be a screen adjacent the 

solid material or a material mixed with the solid material. Preferably. the wavelength 

of the irradiation is selected to excite the susceptor so as to cause it to be heated. The 

heating can also involve convection heating. 

I 0 Yet another aspect of the invention relates to an injection system for 

conductively heating packages containing a solid material which releases gas or vapor 

upon heating. This system includes a housing with a gas permeable plate which is 

adapted to press on a first side of the packag~ an opening in the housing through 

which the package can be inserted. and a heatable surface Which is adapted to press 

15 on a second side of the package away from the first side thereof. The gas permeable 

plate is preferably rigid, and the heatable surface is preferably mounted on a carriage 

adapted to move the heatable surface into contact with the second side of the package. 

The gas or vapor released :from the solid material can be released into a first chamber, 

and the carriage provided with a seal adapted to create a passageway through which 

20 the gas or vapor released ftom the solid material can pass into a second chamber when 

the heatable surface is in contact with the second side of the package. When the 

heatable surface is not in contact with the second side of the package, the first and 

second chambers are preferably sealed from each other. The carriage can 

advantageously be adapted to move from a first position wherein the heatable surface 

2S is away from the package to a second position wherein the heatable surface is in 

contact with the package as a result of pressure differences between the first chamber 

and a bellows chamber. Thus, the system can also be provided with a spring to move 

the carriage from the second position to the first position when the pressure difference 

between the first chamber and the bellows chamber is approximately zero. As can be 

30 appreciated from the foregoing summary of the system, the opening is preferably 

sealable; however the opening need not be scalable. In one embodiment, the opening 
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seals directly to the package, and other embodiments, the opening seals to a support 

upon which the package is mounted. or to a mechanism whicll carries the package. 

Still one more aspect of the invention relates to a method of releasing gas or 

vapor ftom a package containing a solid material which releases gas or vapor upon 

5 heating. The method includes providing a housing with a gas permeable plate therein, 

inserting the package into an opening in the housing so as to place a fll'St side of the 

package into an orientation facing the plate, pressing a heatable surface onto a second 

side of the package away from the first side thereoft thereby pressing said first side 

against the plate and heating the package so as to release gas or vapor therefrom. The 

10 second side of the package preferably comprises a conductive foilt wherein the 

conductive foil is heated by conductive heating from the heatable surface. 

Yet one more aspect of the invention relates to a delivery system for delivering 

a plmality of packages containing a solid material capable of releasing gas or vapor 

upon heating, to an injection system. This aspect of the invention includes a source 

15 cartridge containing a plurality of the packages, an upper delivery member that has a 

first aperture configured to receive the source cartridge and a second aperture adapted 

to receive the destination cartridge, a lower delivery member that has at least one 

aperture that is configured to receive one or more of the packages from the source 

cartridget the lower delivery member being movable so that the package can be 

20 positioned in an opening in the injection system, and further movable to deliver used 

packages to a destination. In a preferred embodiment, the destination is a destination 

cartridge for receiving the packages after they are used. In this embodiment, the 

upper delivery member preferably includes a second aperture adapted to receive the 

destination cartridge. Each of the upper and lower delivery members is preferably a 

25 carousel. The delivery system can also include a conttoller which induces the delivery 

system to provide a package to the injection system. The controller is preferably 

adapted to enable a vacuum. source which is adapted to pneumatically attach and 

detach the packages thereto. Thus, the vacuum somce can be enabled to retrieve and 

place the packages. In one preferred embodiment, the vacuum source makes use of 

30 suction cups to attach and detach the packages. In a preferred embodiment. the upper 

delivery member provides a single point of access to put in and take out the packages. 
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One more aspect of the invention relates to a method of delivering a plurality 

of packages containing a solid material capable of releasing gas or vapor upon heating 

to an injection system. This method includes (a) placing the plurality of packages in 

a source cartridge, (b) placing the source cartridge in a ill'St aperture of an upper 

S delivery member, (c) placing a destination cartridge in a second aperture of the upper 

delivery member, (d) moving a package from the source cartridge to an apenure in a 

lower delivery member, (e) moving the lower delivery member so as to position the 

package which has been moved to the aperture in the lower delivery member in an 

opening in the injection system, (f) releasing gas or vapor from the package in the 

10 injection system. and (g) moving the lower delivery member so as to deliver the 

package from which gas or vapor has been released to the destination cartridge. Steps 

(e) and (g) preferably comprise rotational movement of the lower delivery member, 

and can be accomplished by activating a controller in order to effect movement of the 

lower delivery member. The controller can be adapted to enable a vacuum source 

IS which pneumatically retrieves the packages so as to accomplish step (d), and 

optionally steps (e) and (g) as well. An optional step is (h) removing the destination 

cartridge. Steps (a) and (h) can be performed through a single point of access. In a 

preferred embodiment of the method, the injection system is sealed with the package 

therein from step (e). 

20 An additional aspect of the invention relates to a sterilization system. This 

system includes a delivery system configured to receive a plurality of packages 

containing a solid material which releases gas or vapor when heated, a sterilmtion 

chamber and is configured to receive articles to be sterilized, an h\jector t_9at receives 

at least one of the plurality of packages ftom 1hc delivery system, wherein the injector 

25 heats the solid material so as to produce gas or vapor therefrom and then guides the 

sas or vapor into the sterilization chamber, a controller that induces the delivery 

system to provide a package to the injector and induce the injector to produce the gas 

or vapor during a sterimtion sequence. Advantageously, the gas or vapor can be 

hydrogen peroxide when the solid material is a complex of hydrogen peroxide. The 

30 system can be configured to receive a cartridge contaJning the plurality of packages. 

A first delivery member can be provided that has one or more apertures that are 
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configured to receive a source cartridge containing a plurality of packages and are also 

confisured to receive a dc:sthl8tion cartridge wherein used packages will be positioned 

therein following a sterilimion sequence. In a preferred embodiment, the first 

delivery member is comprised of an upper carousel. The delivery system also 

S preferably includes a second delivery member that has at least one aperture that is 

configured to receive a package from the cartridge and wherem. the second delivery 

member is movable so that the package can be positioned in an opening in the injector 

by the second delivery member. The second delivery member is preferably comprised 

of a lower carousel. In one embodiment, the packages are comprised of a package 

10 having a solid hydrogen peroxide component encapsulated within an enclosure that has 

an impermeable film and a gas permeable surface, wherein the gas permeable surface 

permits gaseous hydrogen peroxide to vent from the package when the package is 

heated by the heat source. In a preferred embodiment, the impermeable film is a 

conductive foil, which preferably bas a reflective outer surface. The impermeable film 

15 can be configured to reflect radiant heat until a heat source is positioned in contact 

with the reflective surface. A preferred injector for use in the system includes a 

housing 1hat defines a first chamber, a heat source. and a carriage that is attached to 

the heat source and is movable between a first position and a second position wherein 

the heat source is in contact with the package when the carriage is in the second 

20 position. The one or more communication passageways can interconnect the first 

chamber and the steriliation chamber and the carriage configured so tiJat when the 

carriage is in the second position, the passageways provide a pathway for gaseous 

hydrogen peroxide to flow from the first chamber into the sterilimion chamber. The 

injector can include a second chamber that functions as a bellows chamber that is at 

2S the same or lower pressure than the first chamber when the carriage is in the first 

position and wherein the first chamber is brought to a lower pressure than the bellows 

chamber so as to induce the carriage to move towards the package. 

An additional aspect of the invention relates to a sterilimion system that 

provides a sterilizing gas to a sterilizing chamber. This system includes a delivery 

30 system that receives a plurality of solid sterilimtion fuel components. an qector that 

receives o~ of the plurality of solid sterilization fuel components and induces the 
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component to produce the sterili7.ation gas and further induces the sterilimtion gas to 

enter the steriliation chamber, and a control system that induces the delivery system 

to automatically deliver one of the solid sterilization fueJ components to the injector 

and further induces the injector to produce the sterilization gas from the solid 

S sterilimion fuel component. The solid sterilimion fuel component preferably 

produces non-aqueous vapor that can sterili7.e objects positioned wi1hin the 

sterilimtion chamber. Thus, the solid sterilization fuel can be comprised of a solid 

hydrogen peroxide complex that is induced to produce hydrogen peroxide gas in the 

uuector. Optionally, the system can include a source of ultraviolet radiation or 

10 plasma. The iajector for use in the system can include a housing that defines a first 

chamber, a heat source, and a caniage that is attached to the heat source and is 

movable between a farst position and a second position wherein heat source is in 

contact with the solid mel component when the cmiage is in the second position. 

The one or more communication passageways can interconnect the first chamber and 

15 the sterilization chamber and the carriage configured so that when the carriage is in 

the second position, the passageways provide a pathway for gaseous hydrogen 

peroxide to flow from the first chamber into the sterili7.a.tion chamber. The injector 

can include a second chamber that .functions as a bellows chamber that is at the same 

or lower pressure than the first chamber when the carriage is in the first poshion and 

20 wherein the first chamber is at a lower pressure than the bellows chamber so as to 

induce the carriage to move towards the package. The delivery system can also be 

configured to receive a camidge containing the plurality of packages. Thus, the 

delivery system can include an upper carousel that bas one or more apertures that are 

configured to receive a source cartridge containing a plurality of pacbges and are also 

25 configured to receive a desthiation cartridge wherein used packages will be positioned 

therein following a sterilization sequence. The system can also be provided with a 

lower carousel that has at least one aperture that is configured to receive a package 

:&om the carlr.idge and wherein the lower carousel is movable so that the package can 

be positioned in an opening in the injector by the lower carousel. Preferably, the 

30 packages are comprised of a package having a solid hydrogen peroxide component 

encapsulated within an enclosure that has an impermeable film and a gas permeable 
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surface, wherein the impermeable film is configured to reflect radiant heat until a heat 

source is positioned in contact with the reflective surface and wherein said ps 

permeable surface permits gaseous hydrogen peroxide to vent from said package when 

said package is heated by said heat source. 

S One additional aspect of the invention relates to a method of sterilizing a 

plurality of objects positioned within a sterilimtion chamber. This method includes 

positioning one of a plurality of solid sterili:zation fuel components within an injector, 

inducing the one of the plurality of solid sterilization fuel component to produce a 

non-aqueous sterilization gas, and inducing the non-aqueous sterilization gas to flow 

10 from the injector into the sterilization chamber to sterilize the articles contained 

therein. The sterilization gas is preferably hydrogen peroxide. In one embodiment 

of the method the articles are also exposed to plasma or ul1raviolet irradiation. 

Brief Description of the Drawings 

Figure lA is a schematic of a sterilization chamber equipped with the injection 

1 S system of the present invention; 

Figure tB is a block diagram representing the control system of the present 

invention; 

Figure 2A is a schematic exploded view of a first embodiment of a disk-shaped 

container including a solid material which releases vapor or gas between a permeable 

20 membrane and a conductive foil; 

Figure 2B is a schematic exploded view of a second ~bodiment of the disk­

shaped container which incorporates a screen material; 

Figure 2C is a schematic exploded view of a third embodiment of the disk­

sbaped container which incorporates another gas permeable material and an adhesive 

25 layer; 

Fisure 2D is a Cross-sectional view of the disk-shaped container shown in 

Figure 2A; 

Figure 2E is a top view of the disk-shaped container shown in Figure 2A; 

Figure 2F is a top view of an embodiment of the container incorporated into 

30 a supporting material and provided with holes for passage of gas or vapor; 
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Figure 2G is a croSHection view of the disk-shaped container shown in Figme 

2F; 

Figure 3A is a schematic view of a cartridge for holding the disk-shaped 

containers shown in Figures 2A-2E; 

5 Figure 3B is a cross-sectional view of the cartridse shown in Figure 3A 

wherein the cartridge includes a plurality of disk-shaped containers; 

Fi.gme 3C is a top view of the cartridge shown in Figure 3A; 

Figure 4 is a top view of the sterilization delivery system; 

Figure S is a bottom view of the sterilimion delivery system shown in Figure 

10 4; 

Figure 6A is a schematic view of the first delivery member; 

Figure 6B is a detailed cross-sectional view of a portion of the first delivery 
member shown in Figure 6A; 

Figure 6C is a schematic view of the first delivery member shown in Figure 

1 S 6B wherein an injector lid and cartridges are positioned into the receiving ports 

therein; 

Figure 7 A is a schematic view of the second delivery member; 

Figure 7B is a top view of the second delivery member; 

Figure 7C is a cross-sectional view of an aperture of the second delivery 

20 member shown in Figure 7B wherein the cartridge in the upper carousel receiving port 

is positioned over the aperture; 

Figure 8 is a cross-sectional view of the injector; and 

Figures 9A-9B are cross-sectional views schematically depicting the operation 

of the injector shown in Figure 8. 

25 Detailed Description of the Preferreci Embodjment 

Refemice will now be made to the drawings wherein like numerals refer to 

like parts 1hroughout. As an improvement to conventional liquid hydrogen peroxide 

(H20J injection/delivery techniques, the preferred embodiment discloses a unique 

sterilization system using one or more solid hydrogen peroxide complex sterili7.ation 
30 injectors incoiporated with a disk delivery system. 
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Figure lA is a schematic illustration of an exemplary sterilization system 80 

including a sterilization chamber 90 equipped with a solid ffi02 complex sterili7.8tion 

injection system 95. As shown in Figure lA, the schematic hydrogen peroxide 

iajection system 95 of the present invention comprises mainly an lltjector 500 to create 
S and to inject H2~ vapor into a sterilimtion chamber 90 which contains items to be 

sterilized, and a delivery system 300 assembled to deliver containers containing solid 

~~ complex into the injector. As indicated in the block diagram of Figure 18, the 
delivery system 300 and the iqjector 500 are all under the control of a controller SO. 

The controller 50 is a typical industrial controller that receives signals from sensors 

l 0 within the delivery system 300 and the injector 500 and provides control signals to 

control the operation of these components as will be described hereinbelow. Further, 

the controller SO also receives signals from the sterilir.ation chamber 90 indicative of 

the status of a sterilimtion process. As will be appreciated from the following 

description, the system 80 of the prefened embodiment automatically sterilizes 
IS components within the sterilization chamber 90 in an efficient manner. Further, as 

will be further explained in detail hereinbelow, containers containing solid hydrogen 

peroxide complex (which will be referred to as peroxide containers) may be loaded 

onto the sterilization injection system 95 in a cartridge 200 which is configured to 

hold a number of peroxide containers. Once a cartridge 200 is loaded, the delivery 

20 system 300 automatically transfers peroxide containers l 00 (Figures 2A·2E) into the 
htjector 500. The injector SOO then injects the gaseous content of the container into 

the sterilization chamber 90 in a manner that will be descn'bed bereinbelow. A used 
peroxide container l 00 is, in tum, disposed into a second cartridge (not shown) which 

holds used peroxide containers 100. This above described cycle continues until the 

2S last peroxide container 100 ·is used and disposed into the used container cartridge. 

Consequently,. the system 80 allows the operator to load a plurality of cartridges 200 

into the delivery system wherein each cartridge 200 has a plurality of peroxide 

containers 100. These containers are then delivered to the injector SOO as needed to 

perform sterilimtion or disinfection of the articles which may be placed into the 

30 sterilimtion chamber 90. It will be appreciated from the following discussion that the 

system 80 is efficient to operate due to the ability to load many peroxide containers 

-12-



WO 97115334 PCT/US96/17272 

100 at one time and then automatically feed them into the injector 500 as needed ·as 

opposed to loading one peroxide container JOO at a time. The peroxide container 100 

to be utiliml in the present . invention can be manufactured by facilitating various 

materials and methods. Figure 2A shows, in exploded view, a disk shaped container 

5 100 for holding the solid peroxide complex that is utilized in the system 80. In the 

first embodiment, the container 100 preferably includes a piece of metallic foil 106, 

preferably an aluminum foil, a solid material 108 and a gas pcnneable material l 04. 

As shown in cross-section in Figure 20, the metallic foil 106 forms the bottom layer 

of the disk-shaped container 100, and defines a fust surface 105 and a second surface 

10 107. A piesently anticipated preferred solid material is a hydrogen peroxide complex 

which releases hydrogen peroxide gas upon heating. However, a hydrate complex or 

an ammonia complex may also be used for the same purposes. In this embodiment. 

the solid peroxide complex 108 is directly placed on the first surface 1 OS of the 

aluminum foil 106. In accordance with the principles of the present invention, the 

15 second surface of the aluminum foil 106 preferably comprises a reflective surface 

which is able to reflect the radiation from a heated object away. In this respect, this 

second smface 107 minimims heating of the content of the disk shaped container until 

contact is made with a heated surface and improves thermal conductivity after contact 

is made. In the present invention, the solid peroxide complex 108 may be in the form 

20 of powder, tablets or a dry slurry i.e., a dry paste. The solid peroxide complex 108 

is then covered with a gas permeable membrane 104 which defmes the top layer of 

the disk shaped container 100. This gas permeable membrane 104 may be made of 

medical grade TYVEK.111 or SPUNGUARD• materials. or a glass tilter so that the 

hydrogen peroxide gas released from the complex 108 in response to heating by the 

25 injector systan SOO in the manner descnDed hercinbelow passes through the permeable 

membrane 104 before diftbsing into the chamber 90. 

Figure 2B shows a second embodiment oftbe disk-shaped container. In this 

embodiment, in order to provide an even distribution and even heating of all of the 

solid peroxide complex 108. a screen material 110, such as a metallic or a polymer 

30 screen. is pressed over the peroxide complex 108 so that the peroxide complex 108 

is evenly distributed into the meshed structure of the screen material 110 in the 
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manner shown in Figure 28. The solid peroxide complex 108 may be in the form of 

a slurry (dried slurry) or powder. If the powder fonn of the solid hydrogen peroxide 

complex is to be used. the powder could be slightly wetted with hydrogen peroxide 

solution (e.g., 30%) and then dried inside the meshed structure to form a dried slurry 

S so that a better adherence to the·screen 110 can be provided. In this respect, both the 

screen material 110 and the solid peroxide complex 108 are again sandwiched between 

the aluminum foil I 06 and the gas permeable membrane 104, as is explained in the 

first embodiment. The screen material 110 also provides an advantageous mechanical 

support for the disk shaped container 100 during various processing and transportation 

10 steps. The melting temperature of the screen material 110 should be higher than the 

gas release temperature of the hydrogen peroxide complex 108. The hydrogen 

peroxide gas release occurs at a temperature range of 20° to 300°C, more preferably 

25° to 2SOOC. In this embodiment, as an alternative to the screen material 110, the 

alnmbmm foil 106 can be configured to have a plurality of pockets on the first surface 

JS 105 of the aluminum foil 106 to retain the soUd peroxide complex 108 in these · 

pockets. These pockets can be formed on the aluminum foil 106 as an array of square 

or hexagonal cavities using techniques wel1-known in the art. such as embossing the 

almninum foil 106. 

Figure 2C also shows a third embodiment for the disk-shaped container 100. 

20 In this embodiment, preferably a layer of adhesive 120, preferably a high temperature 

adhesive, may be placed over the first surface 1 OS of the aluminum foil 106. 

Adhesives 120 on the aluminum foil 106 may, for example. include, but are not 

limited to, an acrylic or a silicon based high temperature adhesives. Once the high 

temperatUre adhesive (will be tefencd to as adhesive) applied to 1he first surface l OS 

25 of the aluminum foil 106, the solid peroxide complex 108 is disposed over the 

adhesive layer 120 in the manner shown in Figure 2C. The solid peroxide complex 

l 08 is then covered with the gas permeable membrane I 04 as in the first and second 

embodiments. The gas permeable membrane 104 can also be covered with an optional 

layer of another gas permeable material, such as an inflexible material 122, to 

30 mechanically reinforce the underlying flexible membrane 104, or a flexible material 

to protect the gas permeable membrane 104. In this respect, the intlcxible·materiaJ 
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122 may be a thin perforated layer ofa rigid material such as a.layer ofabnninum or 

a rigid polymer. The flexible material could be a thin, perforated metal foil. It is 

understood that, in this embodiment, the peroxide complex 108 can be held by the 

adhesive layer 120. The peroxide complex is preferably in the form of powder or 

5 dried slurryt as discussed above in connection with the use of a screen material 110. 

As in the case of the screen material 110, the adhesive layer 120 evenly distributes the 

solid peroxide complex 108 over the aluminum foil 106 and bonds the individual solid 

particles to the underlying almninmn foil 106. The use of adhesive layer 120 provides 

a signiflC8Dtly uniform layer of solid hydrogen peroxide complex 108 over the 

10 almninum foil 106 which, in tum, provides an even heating of the peroxide complex 

108 during the process. 

Although these three embodiments are the preferred embodiments to construct the 

solid peroxide complex containers 100, it is understood by those skilled in the art. that 

the peroxide containers 100 can also be manufactured in numerous alternative ways. 

15 For example, in the first em.bodimmt. the adhesive layer 120 or the embossment can 

be applied over the first surface lOS of the aluminum foil 106. Similarly, in the third 

embodiment 1he adhesive layer 120 can be replaced by an embossed aluminum layer 

to evenly distribute and to retain the solid peroxide complex 108 over the aluminum 

foil 106. Further, in the second embodiment. the adhesive layer 120 and the screen 

20 material 110 can be used together to provide a better distribution for the peroxide 

complex 108. In this alternative embodimen~ the adhesive layer 120 can initially be 

applied over the first surface 1 OS of the aluminum foil 106 so that the peroxide 

complex 108 and the screen 110 can be placed over the adhesive layer 120. This 

embodiment is particularly useful to prepare peroxide containers 100 comprising a 

25 significant amount of peroxide complex 108, if needed. In this case,. the combined 

effect of the screen and the adhesive on the metal foil 106 provides an effective 

distribution for the excessive peroxide complex 108. 

In accordance with the principles of the present invention the adhesive layer 

120 can be replaced by other alternative adhesives. Examples of common materials 

30 to be used as an adhesive include, but arc not limited to, acrylic adhesives such as 

AlO or A2S (3M brand) or NTlOO and NT200AP ( Dielec:tric Polymers brand) and 
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silicon adhesives such as NT1001 (Dielectric Polymers brand). These adhesives can 

also be advantageOUS)y used to form tapes, double coated tapes and transfer tapes to 

increase the uniformity of the adhesive layer. 

Additionally, it is also within the scope of the present invention to use 

S alternative materials to replace aluminum foil 106. This can be done by replacing one 

side of the gas permeable membrane with an impermeable membrane, made of 

material such as MYLAR"', PTFE or a polycarbonate film. Preferably, the 

impc.r.meable film siclc forms the bottom surface of the container 100 and the upper 

surface is gas permeable membrane. The use of an impermeable film eliminates the 

10 need to use of reflective metallic foils. The metallic foil embodiment is particularly 

useful in conductive and convective heating, whereas the imperme8ble film 

applications are most useful in connection with irradiative heating such as microwave 

heating. RF heating or lnflared (IR) heating. Jn fact, It will be particularly 

advantageous to use disks having permeable layers on both the top and the bottom of 

15 the disks for microwave, RF heating or convection heating applications. 

Alternative heating sources can be used in conjunction with alternative 

techniques to prepare hydrogen peroxide complexes. For example, during the 

preparation process. hydrogen peroxide complex can be mixed with a susccptor 

material, i.e., a material which can easily absorbs heat and transfers to neighboring 

20 material. The susceptor materials absorbs 1he heat and effectively distributes the heat 

inside the hydrogen peroxide complex body so that hydrogen peroxide can reach the 

gas release temperature. Examples of common materials used as a susceptor include, 

but are not limited to, carbon black, metallic powders and combinations thereof. 

Figme 2D shows an exemplary cross-sectional representation of the disk • 

25 shaped solid peroxide container 100 for the first embodiment. As shown in Figure 

2D, the container 100 can be formed by bonding together the upper gas penneable 

membrane 104 and the lower aluminum foil 106 along an edge section 101 

surrounding the disk container 100 so that the solid peroxide complex 108 is 

sandwiched between these two layers. Specifically, in order to seal this edge section 

30 101, a suitable adhesive may be applied into the interface 103 between the edges of 

these layers 104, 106 and the layers are then firmly pressed towards each other. 
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Additionally, a heat seal can be also applied to seal the edge section 101. Although 

the construction of the disk shaped container 100 is explained for the first 

embodiment, it is understood by those skilled in the art, that the same principles are 

also applied to the other embodiments. 

5 As illustrated in the plane view of Figure 2E, once the edge seal is completed, 

the edge section 101 is configW'ed along the sealed section 101 to form a plmality of 

radially distributed tab features 102 along the perimeter of the disk container JOO. 

These tab features 102 enable the disk-shaped container 100 to fit securely into the 

cartridge 200 and the apertures of the lower carousel of the delivery system 300 as 

IO will be described hereinbelow. 

Figure 2F and 20 show an alternative embodiment to configure solid hydrogen 

peroxide containers JOO. In this embodiment, after seaJing the edge section of the 

peroxide disk 100, a layer of supporting material 130 is attached along the perimeter 

of the disk container 100 as in the manner shown in Figures 2F and 20. This material 

15 layer can, for exampl~ be a layer durable plastic. Once this layer is attached to the 

peroxide container IOO, a number of holes 13~ which are positioned on the 

supporting material and around the perimeter of the disk shaped container 100, is 

configured as in the manner shown in Figure 2F. These holes 132 provide a passage 

for the gases released from the top gas permeable layer 104 or 122 during the process. 

20 Thus, the gases can diffuse to the opposite side of 1he container 100. The support 130 

can comprise a scalable surface 135 around the perimeter of the holes 132. 

Figure 3A illuslrates a cartridge 200 that receives the disk-shaped solid 

peroxide containers 100 (or peroxide disks) illustrated in Figures 2A-2E. The 

cartridge 200 has a cylindrical body 203 comprising an open lower-end 206 and a 

25 covered upper-end 204 portions. As seen in Figure 3A, the cartridge 200 :fUrther 

comprises a base section 213 extending perpendicularly out of the lower-end 206 

peripheral of the hollow cylinder 203 that defines a raised surface 212 positioned 

adjacent the cylindrical body 203 and a recessed surface 210 positioned at the outer 

extremity of the base section 213. Further, a handle 216 projects outward from the 

30 outer peripheral of the upper-end 204 of the hollow cylinder 203~ which bends down 
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perpendicularly towards the base section 213 and into engagement with the 

correspondingly shaped raised ponion 212 of the base section 213. 

As illustrated in detail in Figure 3B, the cylindrical body 203 iUrther 

comprises an inner lip section 202 extending inwardly and circumfercntially around 

S the lower-end peripheral of the hollow cylinder 203 in the manner shown in Figure 

3B. Referring to Figure 3B, the bottom smface 207 of the base section 213 of the 

cartridge 200 is formed so that the plane of the bottom surface 207 defines a flat 

bottom surface for the cartridge 200 for creating a seal thereto. Figure 3C shows that, 

in plane view, the base section 213 of the cartridge 200 has a hexagonal shape with 

10 rounded comers 211. The recessed portion 210 of the base section surface 213 

extends ftom the side 217a through the opposite side 217b in a counter-clockwise 

manner and is used to rotationally locate the peroxide container. As shown in Figw-e 

3Ct the walls 214 of the raised section 212 are formed adjacent the outer surface of 

the cylinder 203. As will be explained further in the application, the entire recessed 

l S portion 210 is dimensioned and configured to engage the cartridge 200 with the upper 

carousel 220 (Figure 4) of the delivery system 300. 

As can be seen in cross-section in Figure 38, a plurality of peroxide disks J 00 

can be stacked into the cartridge 200. In the preferred embodiment. each cartridge 

200 contains ten of the peroxide disks 100. Along their vertical axis, peroxide disks 

20 100 are stacked on top of one another and parallel to the bottom surface 207 of the 

cartridge 200 so that their ahnninum foil 106 faces towards the lower end 206 of the 

hollow cylinder 203. The diameter of the disk 100 is made slightly smaller than the 

diameter of the cylinder 203. In this design configuration, the flexible tabs 102 help 

to secure the disks JOO in the cylinder 203 in the manner shown in Figure 3C. Hence, 

25 by means of the tab features 102, the circumferential edge of the peroxide disks 100 

clears the inner surface of the hollow cylinder 203. The tabs 102 are preferably 

flexible so that peroxide disks 100 can be extracted from the cartridge 200, through 

the inner lip 202, at the lower end 206 of the hollow cylinder 203 in the manner 

described hereinbelow. 

30 Although, in the preferred embodiment, the peroxide disks JOO are stacked into 

cartridges 200, it is also within the scope of the present invention to use other methods 
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to provide these peroxide disks 100 for the system 80. For examplet a number of 

peroxide disks 100 can be joined at their edges in a z-fold fashion and placed into 

cartridges 200 so that the peroxide disks 100 can be fed in series into the injector 500. 

Additionally, such joined disks can also be rolled onto a core (or rolled without a 

S core) within the. cartridge 200 so that the peroxide disks 100 can be fed in series into 

the injector 500. 

A sterilant delivery assembly 301 of the delivery system 300 is shown in top 

view in Figure 4 and in bottom view in Fjgure S. This assembly 301 is positioned 

immediately above the injector 500 so as to be able to provide and remove peroxide 

10 disks to and from the iJVector 500. As shown in Figure 4, the delivery assembly 301 

is designed for hlmdling and delivering the peroxide disks 100 to the injector 500 via 

the cartridge 200 as well as removing used disks from the injector SOO. As explained 

in detail hereinbelow, the delivery assembly 301 is rotatable about a~ that is 

perpendicular to the plane of the paper in Figures 4 and S and movable along the z-

15 axis to change the relative elevation of the delivery assembly 301. Further, the · 

delivery assembly 301 includes a first delivery member 220 and. a second delivery 

member 310 which are mounted on a drive shaft 331, and are movable independently 

along and about the z.axis to handle and transport peroxide disks 100 to and from the 

cartridges 200 and the other process stations of the system 80 including the injector 

20 SOO. Since the delivery assembly 301 is rotatable about the z-axis, as explained more 

fiJJly below, the first and the second delivery members 220~ 310 will sweep a 

generally circular area. In general, all work stations or source and destination 

cartridges are positioned within the ambit of the swept area so that the delivery 

~bers 220; 310 can efticiently handle and cleliver the peroxide disks 100. 

2S As shown in the top view in Figure 4, the first and the second delivery 

members 220t 310 are mounted at their mid-point atop a drive shaft 331. Further, the 

second delivery member 310 is circular in shape and includes a peripheral guide rail 

325 formed on the upper smface 311 of the second delivery member 310. The guide 

rail 325 is configured to receive a flexi'ble drive belt 312 that is engaged with the 

30 guide rail 325 so that movement of the belt 312 results in rotation of the second 

delivery member 310 between its initial and extended positions. The belt 312 is also 
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engaged with a drive pulley 315 mounted on a pulley support brace 316 positioned 

adjacent the assembly 301. 

As shown in the bottom view of Figure S, the drive pulley 315 is connected 

to a first bi-directional drive motor 404 which is secured by the pulley support brace 

S 316 that is mounted over a side wall 407 of the injector unit SOO. Rotation of the 

drive pulley 315 in one direction or the o1her will cause a corresponding rotational 

motion of the delivery assembly 301 about the drive shaft 331. The delivery 

members 220, 310 can be selectively raised and lowered from their home positions by 

a mcchanical drive uam 414, shown in Figure s. under the control of the controller 

10 SO (Figure 1B) in the manner described more fully hereinbelow. The drive shaft 331 

of the delivery assembly 301 is connected to and controlled by a second bi-clireetiOJJBI 

drive motor 406 through the mechanical drive train 414 which extends between and 

intercormects the drive shaft 331 and the drive motor 406. The drive shaft 331 

housing 431 is positioned in a secured manner against a side wall 409 of the injector 

15 500 via bolts 433. In the preferred embodiment, the drive motor 406 for the drive 

shaft 331 facilitates movement of the drive shaft 331 without requiring the drive trains 

414 and the motor 406 to be located on the z.axis. In fact, this off-set or cantilevered 

configuration of the driving system leads to a compact arrangement. In particular, the 

second drive motor 406 is mounted on a trapezoid shaped brace 416 which is, in turn, 

20 mounted on the same wall 409 of the injector 500 as the drive shaft housing 431. 

As shown in Figure S, the bottom part of the delivery assembly is provided 

with plurality of vacuum means 418A-418B. The vacuum means can be any of a 

number of appropriate mechanisms which can pneumatically attach and detach to a 

surface. In the preferred embodiment, a suction cup is used. The vacuum means 

25 418A-418B are connected to a seleetively operated vacuum source (not shown) via 

appropriate hoses or tubing. The vacuum source can be selectively enabled or 

inhibited by the COD1rOllcr SO in a manner well known m the art to pneumatically 

attach and detach the peroxide disks 100 from their respective positions in the manner 

that will be described hereinbelow. 

30 As illustrated in Figure 6A, the fmt delivery member 220 js comprised of an 

upper carousel in this embodiment which bas a plurality of receiving pons 222A-222C 
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that are configured to accommodate various articles such as cartridges 200 and/or an 

injector lid 600 as described below. In partiaular, in the preferred embodiment, the 

upper carousel 220 includes three •u• shaped receiving pons 222A-222C which are 

positioned 120 degrees apart from each other about the carousel 220 which is attached 

S to the drive shaft 331 at a center point 234. The upper carousel 220 is preferably 

c:onstructed from a metal such as aluminum or durable polymer. or the like. 

As shown in Figure 6B, the U-shaped ports 222A·222C are further configured 

to have rectangular "C" shaped tracks 230 which define openings 228 that face each 

other. The tracks 230 are dimensioned and positioned so that the cartridge 200 can 

10 slide in the tracks 22S m Figure 6C. In particular, the recessed portion 214 fits within 

tracks 230 to retain the cartridge 200 in the carousel 220. 

The second delivery member 310 will now be described in reference to Figures 

7 A and 7B wherein the first delivery member 220 has been removed for clarity. The 

second delivery member 331 is comprised of a lower carousel having a plurality of 

l S apertures to accommodate the peroxide disks 100. In the preferred embodiment, the 

lower carousel 331 includes three circular apertures 350A-3SOC which arc radially 

distributed about the z-axis and about the drive shaft mounting hole 330 so that the 

center points of the circular apertures 350A-3SOC are posidoned 120° apart from each 

other. Each circular aperture 350 is configured to have a recessed lip section 322 and 

20 a pair of raised surfaces 318, 320. The recessed lip section 322 extends inwardly and 

circumferentially around the aperture 350A-3SOC such that the lip section is able to 

hold one peroxide disk 100 by the tab features 102 in the manner shown in Figure 7B. 

The first and second raised surfaces 318, 320 surrounding the apertures ·350 

both extend outward from the upper surface of the lower carousel 310. The second 

25 taised surface 318 is positioned concentrically around the first raised surface 320 

which is fin1her positioned concentrically around the aperture 3SOA-3SOC. The 

second raised surface 318 is spaceci apart from the first raised surface 320 to define 

a circular slot 319 between the first and the second raised surfaces 318,320 so that the 

circular slot 319 am receive an o-ring 321. 

30 Figure 7C shows schematically the way that the delivery system 301 works and 

delivers the peroxide disks 100 from the upper carousel 220 to the lower carousel 310. 



W097115334 PCT/US9611Trll 

As shown in Figure 7C, during the operation, the upper carousel 220 is positioned 

over the lower carousel 310 so that the o-ring 321 between the raised surfaces 318, 

320 seals the bottom surface of the cartridge 200 against the raised surfaces 318, 320 

of the lower carousel 331. The upper and lower carousels 2209 310 are then move 

S downward so that the bottom surface of the lower carousel 310 seals the housing 460 

of the vacuum means 418A as in the manner shown in Figure 7C. Once the vacumn 

is applied through vacuum means 418A, the peroxide disk 100 located above the 

vacuum means 41 BA is pulled towards the vacuum means 418A by raising the upper 

carousel 220 and grabbed by the vacuum means 418A. 

JO One of the vacuum means 418A, described above in reference to Figure S, is 

then configured to extend through the aperture 3SOA and extracts one peroxide disk 

I 00 from the cartridge 200 in the port 2SOA and places it into the aperture 3SOA. In 

particular, the vacuum means 418A extends through the aperture 3SO and induces the 

peroxide disk 100 to be pulled through the opening 207 in the base 206 of the 

15 cartridge 200. As the tabs 102 are somewhat flexible, the tabs 102 deform to allow 

the disk 100 to be cxtractcd from the cartridge 200 as the upper and lower carousels 

220, 310 are raised. The disk 100 is then positioned in the aperture 3SOA with the 

tabs l 02 engaged with the lip 322 in the manner shown in Figure 7C. 

The operation of the delivery system is controlled by the controller SO. 

20 Various externally mounted linear and vertical position sensom and switches 422 (one 

shown in Figure 4) provide the information regarding the posi1ion of the upper and 

lower carousels 220 and 310 to the controller SO which activates various operation 

steps in the manner that will be described below. The vertical positions of the 

delivery assembly shaft can also be mechanically read by a cam and cam follower 

2S arrangement, through an electrical analog device such as an optical switch or 

numerous other means wet ·wn in the art. 

As shown in Figure · .ie system 80 is also equipped with a bar code reader 

402A and bar code burners 402B to provide effective handling and delivery of the 

peroxide disks 100 in the cartridges 200. The bar code reader 402A reads a bar code 

30 on the new cartriclges and activates the operation. The bar code burner S4021B bums 

the bar code onto the empty cartridges by means of an Infrared lamp to mark the 
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cartridge with the used disks (destination cartridge). The bar code could be read by 

an optical sensor 402A mounted on a metal frame 400 which is attached to the 

delivery system 9S shown in Figme 4. These and the other aspects of the invention 

will be more tWly explained hereinbelow. 

The operation of the delivery system 300 is as follows: 

The system 300 is initialized by the con1roller SO rotating the upper carousel 

220 60° counterclockwise from the home position shown in Figure 4. As shown 

above in the Figure 6C, a source cartridge 200 containing multiple new peroxide disks 

100 are inserted manually into upper carousel port 2SOA after removing any used 

10 cartridge in the upper carousel 220. The upper carousel 220 and the lower carousel 

310 are rotated by the controller to receive a destination cartridge 200 at the port 

2SOC. As discussed above, each cartridge contains a bar code which is read by the 

bar code reader 402A so that the controller SO is aware that the delivery system 300 

is loaded with a new cartridge. Then, the controller 50 induces the optical heat source 

IS 402B to bmn the bar code on the empty destination cartridge 200 in the port 2SOA of 

the upper carousel 220. 

The controller then induces the upper carousel 220 to rotate 60° clockwise to 

its home position (Figure 4) to align the source cartridge 200 in the port 2SOA of the 

upper carousel 220 with the lower aperture 3SOA in the lower carousel 330. At this 

20 point the delivery assembly 301 is engaged and moves downward along the shaft 331 

to a position adjacent the injector SOO. This position is verified by a position sensor 

so that the controller SO preferably receives a signal indicative of the position of the 

lower carousel. 

Once the lower carousel is in the lowered position, the fU'St peroxide disk 100 

2S is pulled out of the source Cartridge 200 in the port 2SOA at the upper carousel 220 

by the vacuum means 418A located under the aperture 3SOA in the manner shown and 

described in reference to Figure 7C. 

The delivery assembly 301 moves upward while the upper carousel 220 and 

the lower carousel 3 l 0 are disengaged. 
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Further. once the peroxide disk 100 is placed into the aperture 3SOA in the 

lower carousel assembly 310, the vacuum is released thereby positioning the disk JOO 

in the aperture 3SOA. 

The lower carousel 310 is rotated 120° clockwise over an opening 602 in the 

S injector SOO (Figures 4 and 7B) so that the peroxide disk is placed over the injector 

opening 602. This movement of the lower carousel 310 preferably positions the new 

disk 100 above the injector opening 602 and immediately underneath a perforated 

plate 605. The perforated plate is positioned under an injector lid 600 via bolts 613 

in a manner shown in Figure 8. 

10 The controller SO then induces the lower carousel 310 and the upper carousel 

220 to move together to engage so that the injector lid 600 is positioned over the disk 

100 captured in the iower caro\lsel SO and positioned over the opening 602 in the 

injeetor housing 601. The delivery assembly 301 is then moved downward so that the 

disk 100 is positioned over the opening 602 of the injector 500 with the lid 600 

15 positioned thereon creating a seal. The injector 500 then performs the injection 

process that will be described in reference to Figures 8 and 9 hereinbelow wherein the 

disk content I 08 is heated to produce the peroxide gas. 

Subsequently, the delivery assembly 301 then moves upward and so as to 

remove the used disk 100 from the injector SOO. During the upward motion, the upper 

20 carousel 220 and the lower cmousel 310 are disengaged. The lower cmousel 310 is 

then rotated 120° and placed under the destination carlridge. At this point, the used 

peroxide disk is pushed into the destination c:artridge 200 by the vacuum means 4188 

and by the downward motion of the upper and lower carousels 220, 310. 

The process is then repeated but in the opposite rotational direction. When the 

2S destination cartridge is :tilled with used disks, the destination cartridge is rotated 

60°clockwise and replaced with a tull source cartridge for another cycle. 

Figure 8 illustrates the components of the iqjector 500 in greater detail. As 

described above, the injector SOO receives a peroxide disk 100 from the delivel)' 

system 300 in the manner described above. The injector housing 601 defines an 

30 aperture 602 of a chamber 604 fonned within the housing 601 that is configured to 

receive the peroxide disk 100. A movable hot plate assembly 606 is positioned within 
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the chamber 602. The movable hot plate assembly 606 includes a hot plate 608 that 

will heat the peroxide disk 100 to produce peroxide gas, in a manner that will be 

described hereinbelow, and a caniage assembly 610 that is movable between a scaled 

position, as shown in Figure 8, and an open position as shown in Figure 9C. As 

S shown in Figure 8, the hot plate 604 is bolted to the caniage assembly 610 via bolts 

609. The carriage assembly 610 includes an annular flange 612 that is in 

communication with an o-ring 614 positioned on a bottom surface 616 of the chamber 

602 when the carriage assembly 610 is in the sealed position. 

As will be described in greater detail hereinbelow, the c:aniage assembly 610 

JO is slidably movable towards the peroxide disk 100. In particular, a bellows chamber 

620 is also formed within the housing 601 so as to be positioned undemeath a bottom 

surface 618 of the carriage assembly 610. The bellows chamber 620 can be 

alternatively placed under vacuum or exposed to the air. When the bellows chamber 

620 is placed under vacuum, the caniase assembly 61 O is urged into the sealed 

15 position wherein the flange 612 is in sealed contact with the o.r.ing 614. The chamber 

602 can also be placed under vacuum which results in the carriage 610 being urged 

towards the peroxide disk I 00 when there is a higher pressure in the bellows chamber 

620. In a preferred embodiment using a stainless steel bellows and caniage 610, at 

least a 500 Torr dift'erential is preferred when a spring 638 is provided. This results 

20 in the flange 612 disengaging from the o-ring 614. 

A plurality of communication passageways 630 are formed in the housing 601 

positioned outward of the bellows chamber 620. The communication passageways 

630 have an opening 632 that is positioned on the bottom surface 616 of the bellows 

chamber 620 inward of the o-ring 614. The communication passageways 630 have 

25 an opening 634 at the end opposite the opening 632 that is in communication with an 

access opening 636 in the wall of the steriliation chamber 90. 

A spring 638 is attached between a bottom plate 640 of the bellows chamber 

and the carriage 610. The bottom plate 640 is attached to the housing 601 via bolts 

642 in the manner shown in Figure 8. The spring 638 biases the carriage 610 into the 

30 sealed position shown in Figure 8 wherein the flange 612 is in contact with the o-ring 

614. 
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The operation of the injector 500 will now be described in reference to Figures 

9A - 9E. In particular, a peroxide disk 100 that is captured within the aperture 350 

the lower carousel 310 is initially positioned within the aperture 602 in the manner 

that is described above. Simultaneously, the lid 600 that is captured within the upper 

S carousel 320 is then positioned over the aperture 602 in the manner described above 

so that the disk 100 is sealed within the chamber 604. At this time, the chamber 604 

is not under vacuum but the bellows chamber 620 is under vacumn as is shown in 

Figure 9A. Consequentlyl> the carriage 610 is positioned in the sealed position 

wherein the annular flange 616 is in contact with the o-ring 614. 

10 Subsequcndy, as is shown in Figure 98, the chamber 604 is then evacuated 

while air is introduced into the bellows chamber 620. As shown in Figure 9, this 

results in the caniage assembly 610 moving upwards towards the peroxide disk 1 DO 

as a result of the chamber 602 being under vacuum and the bellows chamber 620 now 

being at atmospheric pressure. This results in the hot plate 608 contacting the 

15 peroxide disk 100 pressing against the perforated plate 605 which results in peroxide 

gas being produced. In the preferred embodiment, the surface of the disk 100 adjacent 

the hot plate 608 is the foil 106 (figure 2A) which preferably reflects the heat of the 

hot plate away from the disk JOO until the plate actually comes in contact with the 

disk 100. 

20 Fmther, as is shown in Figure 9C, the movement of the carriage 610 has 

resulted in the annular flange 618 disengaging from the o-ring 614 on the bottom 

surface 616 of the chamber 602. Consequently, the passages 630 now provide 

commUDication between the chamber 604 and the sterilization chamber 90. 

As the sterilbation chamber 90 is under vacuum. the peroxide gas that is 

25 produced as a result of hot plate 608 contacting the peroxide disk 100 travels through 

the passageways 63~ through a flow path t 99 into the chamber 90 that contains the 

implements to be sterili7.ed. Once the injection process is complete, the bellows 

chamber 620 is then placed under vacumn as is indicated in Figure 9D. The 

combination of the vacuum in the bellows chamber 620 and the spring 638 result in 

30 the carriage 610 moving back into the sealed position wherein the flange 618 is in 

contact with the a.ring 614. The spring 638 is used to assure a rest position for the 
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carriage 610. The chamber 602 can thm be exposed to air which releases the seat 

between the upper carriage plate 610 and the injector housing 601 thereby permitting 

removal of the used peroxide disk 100 in the manner described hereinabove. The 

process can then be repeated with an additional peroxide disk in the same manner. 

S Hence, the system of the preferred embodiment allows for an automated 

sterilimtion of multiple batches of objects. The operator simply has to insert a disk 

laden cartridge 200 into the upper carousel 220 and an empty cartridge 200, and then 

initiate the sequence. The controller SO will then. in response to a command to 

sterilize a batch of objects positioned within the sterilmmon chamber 90, rotate and 

10 lower the carousels 220, 310 and initiate the vacuum means 41 SA, 41 SB so that a 

peroxide disk 100 is positioned within an aperture 350A-3SOC in the lower carousel 

310. The controller then rotates the lower carousel 310 such that the aperture 350 is 

positioned over the aperture 602 in the housing 601 of the injector SOO and below the 

lid 600. Dming this step, the upper carousel 220 is preferably oriented so that the 

15 injector lid 600 is also positioned over the aperture 602 in the injector housing 601. 

The upper and lower carousels 220, 310 are then moved so that the disk 100 is 

positioned within the injector 500 in a sealed relationship. 

The controller SO then induces the injector 500 to heat the disk 100 by 

subjecting the chamber 604 to vacuum and releasing the vacuum within the bellows 

20 chamber 620. This results in the hot plate moving towards and contacting the disk 

100 which results in the production of peroxide gas. The movement of the caniage 

610 also preferably opens passageways to the chamber 90 so that the peroxide gas can 

be circulated into the chamber 90 to sterilize 1he objects. 

Once tho comroller. so determines that the injection cycle is complete, the hot 

25 plate 608 is retracted and the upper carousel 220 is removed to remove the injector 

lid 600. The lower carousel 310 is also preferably moved upward to extract the used 

disk 100 out of the injector 500. The lower carousel 310 and the upper carousel 220 

are then moVed relative to each other so that the destination cartridge 200 is located 

on the upper carousel 220 above the used disk 100 on the Iowa" carousel 31 O. The 

30 carousels 220. 310 are then lowered by the controller SO and the vacuum system 418 

is activated to position the used disk in the destination cartridge. 
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It will be appreciated that the system of the prefel1'cd embodiment allows for 

the user to perform multiple sterilization sequences without reloading the system. 

Further, the system is entirely automated and has the benefit of using solid containers 

of hydrogen peroxide complex to release hydrogen peroxide vapor. Although the 

S system 80 of the present invention uses a hot plate to heat the peroxide disk 100, 

alternative heating methods may also be used with this system. As discussed above, 

these alternative heating methods preferably make use of various alternative 

embodiments of the peroxide container 100. 

Although the preferred embodiment of the present invention has shown, 

10 described and pointed out the fundamental novel features of the invention as applied 

to these embodiments. it will be understood that various omissions, substitutions and 

changes in the form of the detail of the device illustrated, may be made by those 

skilled in the art without departing from the spirit of the present invention. 

Consequently, the scope of the invention should not be limited to the foregoing 

IS discussion but is to be defined by the claims which follow. 
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WHAT IS CLAIMED IS: 

1. A package for containing a solid material which releases gas or vapor 

upon heating, comprising: 

a gas permeable membrane; and 

said solid material which releases gas or vapor upon heating, said solid 

material sealed underneath said gas permeable membrane. 

2. The package of Claim 1, additionally comprising a conductive foil, 

wherein said solid material is between said gas permeable membrane and said 

conductive foil. 

10 3. The package of Claim 1, additionally comprising an impermeable 

membrane, wherein said solid material is between said gas permeable membrane and 

said impermeable membrane. 

4. The package of Claim 3, wherein said impermeable membrane is of 

Mylar'111
, polycarbonate or PTFE material. 

15 S. The package of Claim l, wherein the solid material releases said gas or 

vapor at a release temperature, and wherein said gas permeable membrane has a 

melting point higher than said release temperature. 

6. The package of Claim 1, additionally comprising a perforated material 

or screen outside of the gas permeable membrane. 

20 7. The package of Claim 6, wherein the gas permeable membrane is glass 

filter material. 

8. The package of Claim 2, wherein the foil has a reflective outer surface 

configured to reflect radiant heat away from the solid material. 

9. The package of Claim 3, wherein the impermeable membmne is 

25 1raDspareDt to radiation. 

10. The package of Claim 9, wherein said radiation is selected from the 

group consisting of infra-red, microwaves and radio frequency. 

11. The package of either Claim 2 or Claim 3, wherein said foil or 

impermeable membrane has an inner surf8ce, additionally comprising an adhesive 

30 material on said inner surface to which the solid material is adhered. 

12. The package of Claim 11, wherein said adhesive material is a tape. 
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13. The package of either Claim 2 or Claim 3, wherein the foil or 

impermeable material is embossed to provide pockets which hold the solid material. 

14. The package of Claim 13, wherein the foil or impermeable material is 

embossed in a hexagonal or rectilinear pauem. 

S lS. The package of Claim I. additionally comprising a screen adjacent said 

solid material, said screen providing pockets holding said solid material. 

16. The package of Claim lS, wherein said screen is conductive of heat so 

as to improve heat 1ransfer to said solid material. 

17. The pacbge of Claim 3, wherein said impermeable material is 

10 transparent to radiation, additionally comprising a susceptor which is excitable by said 

radiation. 

18. The package of Claim 17. wherein said susceptor is a screen adjacent 

said solid material, said screen providing pockets holding said solid material. 

19. The package of Claim 17, wherein said susccptor is mixed with said 

1 S solid material. 

20. The package of Claim 19, wherein said susceptor is selected from the 

group consisting of metallic powder and carbon black. 

21. The package of Claim 1, wherein said solid material is in the form of 

a powder, tablet or dried slmry. 

20 22. The package of Claim 1, wherein said solid material is a hydrogen 

peroxide complex. 

23. The package of Claim l, wherein said solid material is a hydrate 

complex or an ammonia complex. 

24. The package of Claim 1, additionally comprising an impermeable 

25 material sealed over the pftieable membrane, such that said solid material will be 

sealed within said package until said impermeable material is ruptured. 

25. The paclcage of Claim l, wherein the package is incorporated into a 

support which can be handled. 

26. The package of Claim 25, wherein the support fonns a seal to enclose 

30 said solid material. 
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27. The package of Claim 25, wherein the support has perforations around 
the package, said perforations configwed to permit gas or vapor released from the 
solid material and through the gas permeable membrane to be delivered to an 
opposing side of said package. 

S 28. The package of Claim l, wherein the gas permeable material is 
heat-sealed to enclose said solid material. 

29. The paclcage of Claim 1, wherein the gas permeable material is sealed 
using an adhesive to enclose said solid material. 

30. The package of Claim 1. wherein the solid material releases gas or lo vapor at a temperature within the range 2()..300°C. 
31. The package of Claim l, wherein the solid materiaJ releases gas or 

vapor at a temperature within the range 25-250°C. 
32. A cartridge housing which comprises a plurality of packages for 

containing a solid material which releases gas or vapor upon heating, each of said IS packages comprising: 

a sas permeable membrane; and 
said solid material which releases gas or vapor upon heating, said solid 

material sealed within said gas permeable membrane. 
33. The cartridge housing of Claim 32, wherein the plurality of packages 20 are stacked so that each of said packages can be aetivated one at a time. 
34. The cartridge housing of Claim 32, wherein each of said packages has 

at least one edge joined to at least one edge of another of said packages. 
35. The cartridge housing of Caim 34, wherein the plurality of packages 

are folded in a Z-fold. 
25 36. The cartridge housing of Claim 34, where.in the plurality of packages 

are rolled. 

37. The cartridge housing of Clmn 36, wherein the plutality of packages 
are rolled onto a core. 

38. The cartridge housing of Claim 32, wherein the packages are arranged 30 around the periphery of a disk. 
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39. The cartridge housing of Claim 32, wherein the packages are sealed 

within the housing. 

40. The cartridge housing of Claim 39, configured to trap gas or vapor 

released from said solid material within the housing. 

S 41. The cartridge housing of Oaim 39, additionally comprising an 

10 

impenneable material sealed over the housing, such that said packages will be sealed 

within said housing until said impermeable material is ruptured. 

42. The cartridge housing of Claim 32, wherein the housing is adapted to 

protect the packages tberewitbin from a heating source. 

43. A method of releasing gas or vapor from a solid material capable of 

releasing said gas or vapor, said method comprising: 

providing said solid material sealed within a gas permeable material; 

and 

heating said solid material, thereby releasing said gas or vapor through 

15 said gas permeable material. 

44. The method of Claim 43, wherein said solid material is a hydrogen 

peroxide complex. 

45. The method of Claim 44, additionally comprising contacting hydrogen 

peroxide released f?om said complex with an object to be disinfected or sterilized. 

20 46. The method of Claim 45, additionally comprising contacting said object 

with plasma or ultraviolet radiation. 

47. The method of Claim 43, wherein the solid material is sealed between 

said gas permeable material and a conductive foil, and wherein the beating step 

comprises conductive heating. 

25 48. The method of Claim 43, wherein the heating step comprises irradiative 

heating. 

49. The method of Claim 48, wherein the solid material is sealed between 

said gas permeable material and an impermeable material. 

SO. The method of Claim 48, wherein the irradiative heating uses radiation 

30 selected from the group consisting of infra-red, microwaves and radio frequency. 

-32-
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S 1. The method of Claim 48, wherein the wavelength of the irradiation is 

selected to excite the solid material to release said gas or vapor. 

52. The method of Claim 48, wherein said solid material is in contact with 

a susceptor which is exei1able by radiation causing said irradiative heating. 

S 53. · The method of Claim 52, wherein said susceptor is a screen adjacent 

said solid material. 

54. The package of Claim 52, wherein said susceptor is mixed with solid 

material. 

SS. The method of Claim 52, wherein the wavelength of the irradiation is 

10 selected to excite the susceptor so as to cause it to be heated. 

56. The method of Claim 43, wherein the heating step comprises convection 

heating. 

57. An injection system for conductively heating packages containing a 

solid material which releases gas or vapor upon heating, comprising: 

15 a housing with a gas permeable plate which is adapted to press on a 

20 

rigid. 

first side of said package; 

an opening in said housing through which said package can be inserted; 

a heatable surface which is adapted to press on a second side of said 

package away from the first side thereof. 

SS. The injection system of Claim 57, wherein the gas permeable plate is 

59. The ~ection system of Claim 57, wherein the heatable surface is 

mounted on a carriage adapted to move the heatable surface into contact with said 

2S second side of said package. 

60. The injection system of Claim 59, wherein the gas or vapor released 

.from said solid material are released into a iust chamber, and wherein the carriage 

comprises a seal adapted to create a passageway through which the gas or vapor 

released from said solid material can pass into a second chamber when said heatable 

30 surface is in contact with said second side of said package. 
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61. 1be injection system of Claim 60, wherein when said heatable surface 

is not in contact with said second side of said package, the first and second chambers 

are sealed from each other. 

62. The injection system of Claim 61 t wherein said carriage moves from a 

S first position wherein the beatable surface is away from said package to a second 

position wherein the heatable surface is in contact with said package as a result of 

pressure differences between said first chamber and a bellows chamber. 

63. The injection system of Claim 62, additionally comprising a spring to 

move the carriage from the .second position to the first position when the pressure 

10 difference between said first chamber and said bellows chamber is approximately zero. 

64. The injection system of Claim 57, wherein the opening is sealable. 

65. The iajection system of Claim 64, wherein the opening seals directly 

to the package. 

66. The injection system of Claim 64, wherein the opening seals to a 

IS support upon which the package is mounted. 

67. The injection system of Claim 64, wherein the opening seals to a 

mechanism which cmies the package. 

68. A method of releasing gas or vapor from a package containing a solid 

material which releases gas or vapor upon heating, comprising: 

20 providing a housing with a gas permeable plate therein; 

2S 

inserting said package into an opening in said housing so as to place a 

first side of said package into an orientation facing said plate; 

pressing a heatable surface onto a second side of said package away 

from the first side thereof, thereby pressing said first side against said plate and 

heating said package so as to release gas or vapor therefrom, 

69. The method of Claim 68, wherein said second side of said package 

~omprises a conductive foil, wherein said conductive foil is heated by conduetive 

heating from said heatable surface. 

70. A delivery system for delivering a plurality of packages containing a 

30 solid material capable of releasing gas or vapor upon heating, to an injection system. 

comprising: 
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an upper delivery member that has a fll'St aperture configured to receive 

said source cartridge; 

a lower delivery member that bas at least one aperture that is configured 

to receive one or more of said packages from said source cartridge, said lower 

delivery member being movable so that said package can be positioned in an 

opening in said injection system, and further movable to deliver used packages 

to a destination. 

71. The delivery system of Claim 70, wherein said destination is a 

10 destination cartridge for receiving said packages after they are used. 

72. The delivery system of Claim 71, wherein said upper delivery member 

additionally comprises a second aperture adapted to receive said destination cartridge. 

73. The delivery system of Claim 70, wherein said upper delivery member 

is a carousel. 

JS 74. The delivery system of Claim 70, wherein the lower delivery member 

is a carousel. 

75. The delivery system of Claim 70, additionally comprising a controller 

which induces the delivery system to provide a package to the injection system. 

76. The delivery system of Claim 75, wherein the controller is adapted to 

20 enable a vacumn source which is adapted to pneumatically attach and detach the 

packages thereto. 

77. The delivery system of Claim 76, wherein the vacuum source is adapted 

to retrieve and place the packages. 

78. The delivery system of Claim 76, wherein the vacuum source makes use 

25 of suction ~ for attaching to said packages. 

79. The delivery system of Claim 75, wherein the upper delivery member 

provides a single point of acc:ess to put in and take out the packages. 

80. The delivery system of Qahn 75, wherein the system is adapted such 

that a single motion extracts the package, inserts the package and seals the injection 

30 ~-
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81. A method of delivering a plurality of packages containing a solid 

material capable of releasing gas or vapor upon heating, to an injection system, 

comprising: 

(a) placing said plurality of packages in a source cartridge; 

(b) placing said source cartridge in a first aperture of an upper delivery 

member; 

(c) placing a destination cartridge in a second aperture of said upper 

delivery member; 

{d) moving a package from said source cartridge to an aperture in a 

lower delivery member; 

(e) moving said lower delivery member so as to position said package 

which bas been moved to said aperture in said lower delivery member in an 

opening in said injection system; 

(t) releasing gas or vapor from said package in said injection system; 

and 

(g) moving said lower delivery member so as to deliver said package 

from which gas or vapor has been released to the destination cartridge. 

82. The method of Claim 81, wherein steps (e) and (g) comprise rotational 

movement of said lower delivery member. 

20 83. The method of Claim 81, wherein steps (e) and (g) comprise activating 

a controller in order to effect movement of said lower delivery member. 

84. The method of Claim 83, wherein 1he con1roller enables a vacumn 

source which pneumatically retrieves the packages so as to accomplish step (d). 

BS. The method of Claim 84, wherein enabling the vacuum source also 

25 acc0mplishes steps (e) and (g). 

86. The method of Claim 81, additionally comprising: 

(h) removing said destination careridge. 

87. The method of Claim 86, wherein steps (a) and (h) are performed 

through a single point of access. 

30 88. The method of Claim 81, additionally comprising the step of sealing 

said injection system with the package therein from step (e). 
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89. A steriHzation system comprising: 

a delivery system configured to receive a plurality of packages 

containing a solid material which releases gas or vapor when heated; 

a sterili7.ation chamber which is configured to receive articles to be 

sterilized; 

an injector that receives at least one of said plurality of packages from 

the delivery system, wherein the injector heats the solid material so as to 

produce gas or vapor therefrom and then guides the gas or vapor into the 

sterilization chamber; and 

a controller that induces the delivery system to provide a package to the 

injector and induce the injector to produce the gas or vapor during a 

sterilization sequence. 

90. The system of Claim 8?, wherein the gas or vapor is hydrogen peroxide 

and the solid material is a complex of hydrogen peroxide. 

15 91. The system of Claim 89, wherein the delivery system is configured to 

receive a cartridge containing the plurality of packages. 

92. The system of Claim 89, wherein the delivery system includes a first 

delivery member that has one or more apertures that are configured to receive a source 

cartridge containing a plurality of packages and are also configured to receive a 

20 destination cartridge wherein used packages will be positioned therein following a 

sterilmtion sequence. 

93. The system of Claim 92, wherein said first delivery member is 

comprised of an upper carousel. 

94. The system of Claim 93, wherein the delivery system includes a second 

25 delivery member that has at least one aperture that is configured to receive a package 

from said cartridge and wherein said second delivery member is movable so that said 

package can be positioned in an opening in said injector by said second delivery 

member. 

95. The system of Claim 94, wherein said second delivery member is 

30 comprised of a lower carousel. 
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96. The system of Claim 89, wherein the packages are comprised of a 

package having a solid hydrogen peroxide component encapsulated within an 

enclosure that has an impermeable film and a gas permeable surface, wherein said gas 

permeable surface permits gaseous hydrogen peroxide to vent ftom said paclcage when 

S said package is heated by said heat source. 

97. The system of Claim 96, wherein said impmnieable film is a conductive 

foil 

98. The system of Claim 97, wherein said conductive foil has an outer 

reflective surface, such that the impermeable film is configured to reflect radiant heat 

10 until a heat source is positioned in contact with said reflective surface. 

15 

99. The system of Claim 96, wherein said injector comprises: 

a housing that defines a first chamber; 

a heat source; and 

a carriage that is attached to said heat source and is movable between 

a first position and a second p0sition wherein the beat source is in contact with 

said package when said carriage is in said second position. 

100. The system of Claim 99, wherein one or more communication 

passageways interconnect said first chamber and said sterilization chamber and 

wherein said carriage is configured so that when said carriage is in said second 

20 position, said passageways provide a pathway for gaseous hydrogen peroxide to flow 

from said first chamber into said sterilization chamber. 

101. The system of Claim J 00, wherein said injector includes a second 

chamber that functions as a bellows chamber that is at the same or Jower pressure than 

the first chamber when said carriage is in said iirst position and wherein said fU'Sl 

25 chamber is at a lower pressure than said bellows chamber so as to induce said carriage 

to move towards said package. 

30 

102. A sterilimtion system that provides a sterilizing gas to a sterilizing 

chamber said system comprising: 

a delivery system that receives a plurality of solid sterili7.ation fuel 

components~ 
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an injector that receives one of said pbuality of solid sterilization fuel 

components and induces said component to produce said sterili7.ation gas and 

fmther induces said sterilization gas to enter said sterilimion chamber; and 

a control system that induces said delivery system to automatically 

deliver one of said solid sterilization fuel components to said injector and 

further induces said injector to produce said sterilization gas from said solid 

steriliDtion fuel component. 

103. The system of Claim 102, wherein said solid stcrilimtion fuel 

component produces non-aqueous vapor that can sterilize objects positioned within 

10 said sterilimion chamber. 

104. The system of Claim 103, wherein said solid sterilization fuel is 

comprised of a solid hydrogen peroxide complex that is induced to produce hydrogen 

peroxide gas in said injector. 

105. The system of Claim 104, wherein said system additionally comprises 

15 a source of ultraviolet radiation or plasma. 

20 

106. The system of Claim 104, wherein said injector comprises: 

a housing that defines a first chamber; 

a heat source; and 

a carriage that is attached to said heat source and is movable between 

a first position and a second position wherein heat source is in contact with 

said. solid fUe1 component when said carriage is in said second ·position. 

107. The system of Claim 106, wherein one or more communication 

passageways interconnect said first chamber and said sterilimtion ehamber and 

wherein said carriage is configured so that when said carriage is in said second 

25 position, said passageways provide a pathway for said sterili7.a1ion gas to flow from 

said first chamber into said sterilization chamber. 

108. The system of Claim 107. ·wherein said injector includes a second 

chamber that ibnctions as a bellows chamber that is at the same or lower pressure than 

the first chamber when said carriage is in said first position and wherein said first 

30 chamber is at a lower pressure than said bellows chamber so as to induce said carriage 

to move towards said package. 109. The system of Claim 102, wherein the 

-39-



W097/l5334 PCf/USM/J72'7:Z 

I lllllllllllll lllll lllll f I lllf ; 
* C L M S * 

delivery system is configured to receive a cartridge containing the plurality of 

packages. 

110. The system of Claim 109, wherein the delivery system includes an 

uppe.r carousel that has one or more apertures that are configured to receive a source 

S cartridge containing a plurality of packages and are also configured to receive a 

destination cartridge wherein used packages will be positioned therein following a 

sterilization sequence. 

111. The system of Claim 110, wherein the delivery system includes a lower 

carousel that has at least one aperture that is configured to receive a package from said 

10 cartridge and wherein said lower carousel is movable so that said package can be 

positioned in an opening in said injector by said lower carousel. 

112. The system of Claim 111, wherein the packages are comprised of a 

package having a solid hydrogen peroxide component encapsulated within an 

enclosure that has an impenneable film and a gas permeable surface, wherein said gas 

IS permeable surface permits gaseous hydrogen peroxide to vent :from said package when· 

said package is heated by said heat source. 

113. A method of sterilizing a plurality of objects positioned within a 

sterilization chamber comprising the steps of: 

positioning one of a plurality of solid sterilization fuel components 

20 within an injector; 

inducing said one of said plurality of solid sterili7.ation fuel component 

to produce a non-aqueous sterilization gas; and 

inducing said non-aqueous sterilimion gas to flow from said injector 

into said sterili7.ation chamber to sterilize said articles contained therein. 

25 114. The method of Claim 113, wherein said sterilimtion gas is hydrogen 

peroxide. 

115. The method of Claim 114, additionally comprising exposing said articles 

to plasma or ultraviolet irradiation. 
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