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FREE RADICAL STERILIZATION SYSTEM
AND METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.
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This application is a reissue of U.S. Pat. No. 8,758,681,
which issued Jun. 24, 2014 from U.S. patent application Ser.
No. 13/524,380, filed Jun. 15, 2012, which 1s a continuation-
in-part of parent patent application Ser. No. 12/510,341,
filed Jul. 28, 2009, and entitled “Free Radical Sterilization
System and Method™].], issued as U.S. Pat. No. 8,221,679,
which issued on Jul. 17, 2012. The aforementioned [appli-
cation is] applications and patents are hereby incorporated
herein by reference.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the art of
sterilization and decontamination, and more particularly to a
system for sterilization of heat sensitive devices. The present
invention also relates to a gaseous sterilization process
carried out at atmospheric pressure.

2. Description of Related Art

Sterilization methods are used 1n a broad range of appli-
cations, and have used an equally broad range of sterilization
agents. As used herein the term “sterilization” refers to the
inactivation of bio-contamination, especially on mmammate
objects. The term “disinfection” refers to the iactivation of
organisms considered pathogenic.

It 1s known that pulsed or silent electric discharge 1n air
or other gases produces non-thermal plasma. Non-thermal
plasma processing involves producing plasma in which the
majority of the electrical energy goes into the excitation of
clectrons. These plasmas are characterized by electrons with
kinetic energies much higher than those of the ions or
molecules. The electrons 1n these plasmas are short-lived
under atmospheric pressure; mnstead they undergo collisions
with the preponderant gas molecules. The electron impact on

gas molecules causes dissociation and 1onization of these
molecules, which creates a mix of reactive species, i the
form of free radicals, 1ons and secondary electrons. These
reactive species cause umque and diverse chemical reactions
to occur, even at relatively low temperatures. These chemi-
cal reactions are utilized in low temperature decontamina-
tion and sterilization technologies.

It 1s also known to use vaporized hydrogen peroxide
(VHP) for sterilization. Known methods of sterilization with
VHP include open loop systems, in which the VHP 1s
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2

applied to the items to be sterilized and then exhausted, and
closed loop systems, where sterilizing vapors are recircu-
lated.

In a known closed loop system, a carrier gas, such as ar,
1s dried and heated prior to flowing past a vaporizer. A
hydrogen peroxide aqueous solution 1s introduced into the
vaporizer and vaporized. The resulting vapor 1s then com-
bined with the carrier gas and introduced 1nto a sterilization
chamber. A blower exhausts the carrier gas from the steril-
ization chamber and recirculates the carrier gas to the
vaporizer where additional VHP 1s added. Between the
sterilization chamber and the vaporizer, the recirculating
carrier gas passes through a catalytic destroyer (where any
remaining VHP 1s eliminated from the carrier gas), a drier,
a filter and a heater.

United States Patent Application Publication No: US
2005/0129571 Al by Centanni discloses a closed loop
sterilization system. The purpose of using the closed loop 1s
the increase of the free radical concentration in the circu-
lating effluent. Centanm teaches that there should be a VHP
(vapor hydrogen peroxide) destroyer employed in the loop.
Cetanni teaches that the ozone 1s mixed with the hydrogen
peroxide vapor and the vapor 1s produced by imjecting
hydrogen peroxide water solution on a hot plate and thus
evaporating it.

SUMMARY OF THE

INVENTION

The present mvention provides a method and system for
sterilization. Free radicals are generated using a plasma
clectric discharge generator and/or a hydrogen peroxide
vaporizer to produce highly bactericidal gaseous effluent.
The effluent passes through a chamber, and then 1s recircu-
lated 1n a closed loop system. The chamber can be 1n the
form of a tumbler to sterilize items like surgical masks or
fabrics or medical waste, or 1n the form of a stationary
chamber for more solid items. A blower may be provided
inside the chamber to create turbulence.

For use 1n pre-heating and drying the items to be steril-
1zed, an input conduit equipped with a valve, heater and filter
can supply fresh air to the system and an exhaust blower
with an upstream {ilter and a free radical neutralizer can be
used to remove moisture and active radicals from the
system. The exhaust blower may be operated at a low speed
mode during sterilization to create a negative-pressure con-
dition 1n the chamber.

A novel multi-output blower can be used to apportion
flow 1n the closed loop, and also to provide multiple outlets
to sterilize multiple 1tems or to feed multiple chambers.

The invention can also be used with a wound chamber to
aid healing by providing efiluent to a wound.

The invention also presents a method of sterilizing items
using the above-described apparatus. The method includes
placing the items in the chamber, pre-heating and drying
them 1n an open-loop, disinfecting using a closed loop
circulating system to supply bactericidal free radicals gen-
erated by an electric discharge with free radicals in antimi-
crobial liquid to the chamber, then flushing and drying the
system 1n an open-loop.

BRIEF DESCRIPTION OF THE

DRAWING

FIG. 1 shows a block diagram of a first embodiment of the
invention with a tumbler-type chamber.

FIG. 2 shows a block diagram of a second embodiment of
the invention with a stationary chamber with heating.

FIG. 3 shows a flowchart of the method of the invention
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FIG. 4 shows a block diagram of a vanation on the
embodiment of FIG. 1, omitting the preheater, distributor
and vaporizer.

FIG. 5 shows a block diagram of a vaniation on the
embodiment of FIG. 1, omitting the distributor and plasma
generator.

FIG. 6 shows a block diagram of a third embodiment of
the invention, using a centrifugal multiple-outlet blower in
place of the blower-distributor and adding a bypass heater.

FIG. 7 shows a variation on the embodiment of FIG. 6,
using two centrifugal multiple-outlet blowers to provide
multiple outlets for recirculation.

FIG. 8 shows a centrifugal multiple outlet blower as used
in the embodiment of FIGS. 6 and 7.

FIG. 9 shows a cut-away diagram of the blower of FIG.
8.

FIG. 10 shows a fourth embodiment of the invention,
showing use of the invention with a wound chamber.

FIG. 11 shows a picture of a wound chamber 1n use.

FIG. 12 shows a cut-through side view of a wound
chamber.

FIG. 13 shows a bar graph of results from a method of
wound treatment using the fourth embodiment of the inven-
tion.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

FIGS. 1 and 2 and 4 through 7 show block diagrams of a
sterilization system, 1illustrating five embodiments of the
present mvention which use a sterilization chamber. FIGS.
10 to 12 show an additional embodiment using a wound
chamber.

In the detailed description below, t will be understood that
those parts of the mvention which are in common between
the various figures are given the same reference number in
cach figure, and will not be separately discussed i the
detailed description of each figure.

Broadly stated, system utilizes a combination of broad
mixture of free radicals used 1n sterilizing and decontami-
nation devices to sterilize items placed 1n the sterilization
chamber, or over which the wound chamber 1s placed.

First Embodiment—Rotating Chamber with both
plasma and vapor.

In FIG. 1, the chamber 10 1s shown as a tumbler-type
chamber, which 1s rotated around a longitudinal axis 54, for
example by motor 31, 1n the manner of a conventional home
clothes dryer. Items to be sterilized are placed 1n a chamber
10. Such a tumbler-type chamber 10 would be appropriate
for fabric 1tems 356 such as towels and cloths, surgical masks
and gowns, gloves, etc. The tumbler design could also be
used to sterilize shredded medical waste within the teachings
of the mvention.

An eflluent generator 46 1s used for production of effluent
for sterilization or decontamination of the chamber and 1ts
contents and for powering the circulation of effluent in the
closed loop, to be described later. The effluent generator 46
includes a blower with tlow distributor 14, a plasma electric
free radical generator 30 and a vaporizer 32.

The plasma free radical generator 30 can be any kind of
dielectric barrier discharge device. A device which can be
used within the teachings of the invention 1s an ozone
generator such as, for example, ozone generator cell SY-G20
manufactured by Longma Industrial Zone, Bao’an District,

Shenzhen, 518108, P.R.C.
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The vaporizer 32 contains liquid sterilizing agent such as
hydrogen peroxide solution. The gas entering the vaporizer,
in contact with the solution, produces bactericidal effluent.
While the invention 1s described with particular reference to
hydrogen peroxide as the sterilizing agent, 1t will be appre-
ciated that the system 1s also applicable to other solutions
and pure liquids, such as peracetic acid or formalin solution.

The vaporizer 32 can be 1n the form of a “bubbler”, 1n
which the gas passes through a container of liquid, or the
vaporizer could use plates or wicks over which the gas
passes, as 1s known 1in prior-art devices. Preferably, the
vaporizer 32 uses a measured amount of sterilizing agent,
preferably 1n a pre-measured cartridge which can be mserted
into the vaporizer, such that the agent i1s substantially or
completely consumed 1n the course of a sterilizing run. The
vaporizer can thus supply a specific small amount of hydro-
gen peroxide to the evaporator from a cartridge which 1s
empted and dried during the sterilization process. The drying
of the cartridge 1s accomplished by heating 1t using a small
heater and a limited filtered air flow through the cartridge
into the system. This way there 1s no danger that hydrogen
peroxide liquid 1s present 1n the cartridge at the end of the
cycle when a person/operator will insert a new cartridge for
next cycle.

The blower with the flow distributor 14 takes recirculated
eflluent from the chamber 10 via conduit 36, and distributes
it proportionally through conduit 40, which 1s coupled,
optionally through a filter 50, into the plasma generator 30,
and through conduit 38, again through optlonal filter 50, into
vaporizer 32. The recirculated eflluent 1s preferably dlstrlb-
uted 1n proportions of approximately 30% to conduit 40, and
approximate 70% to conduit 38, although other proportions
could be used within the teaching of the invention.

With the proportions noted above, most of the recirculated
cllluent bypasses the plasma generator 30, passing only
through vaporizer 32. The lesser proportion of the effluent
passes through plasma generator 30, picking up new Iree
radicals, and 1s mixed back 1n the rest of the effluent from the
vaporizer 32 at junction 48.

The efiluent produced 1n the effluent generator 46 1s then
introduced into the chamber 10, completing the closed loop
of the system.

In addition to the closed loop system, an open loop system
1s also provided for the purpose of pre-heating and drying
the chamber 10 before and after the circulation of bacteri-
cidal effluent through the closed loop system. The open loop
system uses a blower 16, exhausting to atmosphere 56, to
draw air from an air mput 38 through mput valve 18 and
heater 26 into chamber 10. The mput air may be filtered by
filter 20, which 1s preferably of the high efliciency particu-
late air (HEPA) variety.

The heated, preferably filtered, air 1s introduced into the
chamber 10 through conduit 42.

In the open-loop operation mode, the output of the cham-
ber 10 1s drawn out by blower 16 and passes through conduit
44 and a Free Radical Destroyer (FRD) 24, which destroys
any iree radicals which might remain before the air is
exhausted 56. A second filter 22, again preferably of the
HEPA type, can be provided in condut 44 to filter out any
particles which would otherwise enter the FRD or be
exhausted to the atmosphere. The presence of HEPA filters
20 and 22 at the input and exhaust ensures that there 1s no
microorganism transier between the ambient air and the
sterilization system and vice versa.

The simplest FRD 1s an activated carbon filter, for
example, the Vent Pure “D” from General Carbon Corp. of
Paterson, N.J.
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By opening valve 18 and turning on heater 26 and blower
16, the chamber 10, and 1items 56 within the chamber, can be
dried and pre-heated before the closed loop operation 1is
begun. Once the pre-heating and drving step 1s completed,
valve 18 1s closed and heater 26 1s turned off

Preferably, blower 16 1s of a controllable-speed type, so
that 1t may be operated at a reduced speed during closed-
loop operation. This will induce a slight negative pressure 1n
the chamber 10, preventing leakage of effluent from the
chamber. However, the blower could be a single-speed
blower, in which case it would be turned ofl after the
pre-heating step.

After pre-heating, the system 1s operated 1n closed-loop
mode by starting blower/distributor 14 and plasma generator
30. The effluent mixture circulates continuously through the
loop, from generator 46 through conduit 34, through cham-
ber 10 and conduit 36, back to the generator 46.

When this cycle 1s fimshed plasma generator 30 1s turned
ofl, valve 18 1s opened, and blower 16 1s turned on full speed
in order to remove the active free radicals from the effluent
using FRD 24, and to dry the chamber 10 and the sterilized
equipment 56 or 62.

The closed loop blower/distributor 14 may remain on, 1
desired, so as to circulate air through the closed loop to dry
the free radical source 46 and vaporizer 32. Heater 26 may
optionally be turned on at this stage, as well, so that heated
air 1s circulated through the vaporizer in order to evaporate
residual remains of liqud solution of hydrogen peroxide.
Alternatively, blower/distributor 14 may be turned ofl if 1t 1s
not desired to circulate air through the closed loop portion of
the system during this drying step.

A controller 12 1s provided 1n order to control the opera-
tion of the various parts of the system.

Variations on the First Embodiment
plasma or vaporizer only and no pre-heater

As shown 1n FIGS. 4 and 5, in two variations on the first
embodiment of the invention, the eflluent generator 46 could
be made with only one of the sources—either a plasma
generator 30 (FIG. 4) or a vaporizer (FIG. 5). In these
variations, the blower/distributor 14 from FIG. 1 1s replaced
by a blower 4, since with only one source there 1s no need
for distribution.

In FIG. 4, the open loop pre-heater system with 1ts heater
26, filter 20 and valve 18 1s omitted as well, to 1llustrate a
variation where there 1s no pre-heat capability.

It will be understood that these variations could also be
applied to the second embodiment, although this 1s not
explicitly illustrated 1n a figure.

In either of the varniations, and 1n all of the embodiments,
the sterilizer of the invention operates in the closed-loop
mode by recirculating the effluent through the chamber and
the eflluent generator without passing the effluent through a
free-radical destroyer 1n the closed loop.

Second Embodiment—Fixed Chamber with both
plasma and vapor.

FIG. 2 illustrates an embodiment appropriate for more
rigid items 62, such as laboratory glassware, surgical imple-
ments, dental tools, etc. The 1tems 62 may be put on shelves
60, the shelves preferably being made of wire or perforated
to allow free circulation of effluent around the items 62.

For the sterilization of instruments with internal conduits
or lumens such as endoscopes or dental handpieces 67, a
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portion of the sterilant gas can be forced through the
instruments 67, while the outer surfaces of the instruments

67 are sterilized by the effluent 1n the chamber, as discussed
below. To do this, one or more additional conduits can be
supplied with sterilant gas from the effluent mput conduit
34—this 1s shown 1n FIG. 2 as flexible hose 63. The hose 63
1s equipped with one or more appropriate connectors 65 to
plug into the handpiece 67.

Additionally a circulating blower 28 can be used to
increase eflluent turbulence in the chamber. The blower 28
can be placed in the chamber 10, as shown 1n FIG. 1, or
outside, connected to the chamber by ducts, as shown 1n
FIG. 2. A heater 64 can be put in the ducts to heat the air
circulated by the blower 28, or, alternatively, the chamber
may be directly heated by elements 66 either in the chamber
or attached to the walls of the chamber.

In the embodiment of FIG. 2, a temperature sensor 32 1s
provided in the chamber 10. The controller 12 can then
maintain a selected temperature in the chamber 10 by
reading the temperature through sensor 52 and controlling
chamber heaters 64 and/or 66 as needed.

Optionally, a carrier gas 53, such as air, oxygen, nitrogen,
carbon dioxide, helium, argon, or a combination of carrier
gases, can be itroduced into the effluent generator 46 to be
mixed with the effluent in the closed system. This can be
done as an additional input to blower/distributor 14, as

shown 1n FIG. 2.

Third Embodiment
Using centrifugal multiple-outlet blower

FIGS. 8 and 9 show a multiple-output centrifugal blower
which 1s used with the third embodiment of the invention as
shown 1n FIGS. 6 and 7. The centrifugal blower used in this
embodiment 1s a novel development on the centrifugal
blowers and “squirrel-cage”type blowers of the prior art.

As can be seen in FIGS. 8 and 9, the blower 90 has a
central mput 91 for drawing gas to be distributed by the
blower 90 into the blower housing 93. A plurality of tan-
gential outputs 92 are provided, each output providing a
stream of gas 1n approximately equal amounts. The number
of outputs 92 can vary within the teachings of the invention,
depending on the requirements of the design. As examples,
twelve outputs are shown 1n FIG. 8 and seven 1in FIG. 9,
while blower 74 1n FIGS. 6 and 7 has eight outputs and
blower 84 has seven outputs.

A central impeller 94 inside the housing 93 1s rotated by
a conventional motor 100. The motor can be electric, or
powered by hydraulic fluid or compressed air, or any other
motive force known to the art. The impeller 94 1s here shown
as centrifugal impeller” type, which has a plurality of curved
blades 95. As the impeller 94 1s rotated at high speed, air
from mput 91 1s flung outward by centrifugal force and the
action of the blades 95, and 1s expelled through tangential
outputs 92.

FIG. 6 shows how a multiple-output blower can be used
within the teachings of the invention as the blower-distribu-
tor 14 of FIG. 1.

In this embodiment, the effluent generator 46 uses mul-
tiple-output blower 74 to apportion the effluent returning
from chamber 10 through conduit 36 between the plasma
generator 30, the vaporizer 32, and a bypass heater 68. The
outputs of the plasma generator 30, vaporizer 32 and bypass
heater 68 are combined together at a junction 70, the
combined eflluent streams flowing into the chamber 10
through condut 34 as in previous figures.
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Because the outputs 73a-73h of the blower 74 each carry
an output flow which 1s a fraction of the total output flow of

the blower approximately equal to the total flow divided by
the number of outlets. Therefore a desired portion of the
eilluent can be chosen by combining an appropriate choice
of the number of outputs, with the output of the manifold
being approximately equal to the number of blower outputs
being combined divided by the total number of outlets
available. Multiple outputs can be combined using mani-
folds, such as manifold 71 to which outputs 73a-73c are
input, or mamfold 72 which combines the flow from outputs
73d-73g. Output 73h 1s connected directly to the bypass
heater 68.

In the example of FIG. 6, blower 74 has eight outputs
73a-73h, so each output carries approximately one eighth or
12.5% of the total output of the blower. Therefore, 1n the
arrangement of this example, manifold 71 receives three
cighths (37.5%) of the flow, and the output of the manifold
teeds this tlow to plasma generator 30 through conduit 75.
Similarly, manifold 72 receives four eighths (or one halfl)
(50%) of the flow through conduit 76, the output of which
1s connected to vaporizer 32. Bypass heater 68 receives one
eighth (12.5%) of the flow directly from a single output 73h,
which could be thought of as a manifold with a single input.

FIG. 7 shows the third embodiment used with a fixed
chamber for sterilizing items such as dental handpieces 67
(or other medical tools having lumens or other interior
conduits or spaces which should be sterilized), as in the
second embodiment of FIG. 2. Shelves 60 can be provided
to support the tools 67, as needed.

In FIG. 7, rather than feeding the chamber 10 directly, the
cilluent conduit 34 1s used to feed a second multiple-outlet
centrifugal blower 84. In this varniation, the multiple outputs
83a-83¢g of blower 84 are used individually to feed multiple
users of the effluent, rather than being combined to apportion
flow as with outputs 73a-73h of blower 74.

The outputs 83a-831 of blower 84 are fitted with shut-oil
valves or quick-disconnect fittings 85a-851, of any kind
known to the art. Flexible hoses 86a-861 are plugged into
fittings 85a-851 to conveys eflluent from the fittings 85a-851
to connectors or adaptors 87a-871, into which the handpieces
67 can be plugged to sterilize the isides of the handpieces.
Output 83¢g of blower 84 1s routed directly to chamber 10, to
supply eflluent to the chamber for sterilizing the outside of
the handpieces 67, as well as any other contents of the
chamber.

Fourth Embodiment

The Wound Chamber

FIGS. 10-12 show how the invention can be used with an
open-sided portable wound chamber 105 to apply eflluent to
an open wound on a patient. Such application has been
shown 1n experiments to promote healing.

FIG. 10 shows how the system of the invention 1s used in
this application. Effluent generator 46 recirculate efiluent
from conduit 36 to conduit 34, as described 1n the preceding
embodiments. It will be understood that while the efiluent
generator 46 1s shown in FIG. 10 1n the version used 1n
FIGS. 1 and 2, the eflluent generator 46 could also be any of
the other versions described heremn or in parent patent
application Ser. No. 12/510,341, incorporated herein by
reference.

The wound chamber 105 i1s shown in FIG. 12 in a
sectional view. The chamber 105 has a body 107 with an
open bottom 108. The edges 109 around the open bottom
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108 can be simply rounded ofl, or could be provided with
flexible or resilient sealing material 112 to facilitate a tight
seal against a surface. Connectors 110 and 111 provide
means for connecting mput and output hoses, respectively,
to route the flow of effluent to and from the chamber. The
connectors could be the same size, or, as shown 1n FIG. 12,
the mput connector 110 could be of smaller diameter than
the output connector 111.

In this embodiment, the output conduit 34 of the effluent
generator feeds a wound chamber 105 through a flexible
hose 103 which connects to appropriate connectors 101 and
110 at each end. Return effluent from the wound chamber
105 passes through flexible hose 104 with connectors 102
and 111 into return conduit 36, to be recirculated back
through the effluent generator 46. In use, the chamber 103 1s
placed upon the body of the patient (here shown as an arm
106), over the wound to be treated. The chamber 105 1s
pressed firmly against the body 106, and the sterilizer 1s
operated for a selected period of time.

EXAMPL

L1l

Use of the Sterilizer and Wound Chamber

FIG. 11 shows a photograph of the wound chamber 1n use
in an experiment on a pig. In the example, multiple deep
dermal partial thickness burn injuries were induced 1n York-
shire pigs weighing 40-45 kilograms. After the burn wounds
were produced, the wounds were moculated with both
Staphylococcus aureus and Pseudomonas aeruginosa to cre-
ate a polymicrobial wound infection. These microorganisms
were chosen as these two organisms are commonly found in
infected burn wounds 1n humans.

Burn wounds were exposed to disinfecting effluent pro-
duced by the sterilizer of the invention by placing the
wound. chamber over the wounds and operating the steril-
izer for 2, 5 and 10 minutes each day for seven days. The
wounds were examined on a daily basis. The results of the
seventh day bacterial count compared with the control (not
treated) are shown 1n FIG. 13, which has a logarithmic scale
of bacteria count on the vertical axis, and bars along the
horizontal axis showing counts in areas exposed for 2
minutes, 5 minutes and 10 minutes, as well as a bar showing
counts in an untreated (control) area. As can be seen in this
figure, the bacteria counts are significantly lower in areas
treated using the mvention—the ten-minute treatment count
being more than 100 times smaller than the control.

Method of Operation

As shown 1n FIG. 3, the sterilization process using the
embodiments of the invention which have pre-heaters and.or
exhaust systems, consists of up to three phases:
80—Start the method
70—Phase I—Pre-sterilization drying and heating (Open
Loop)
81—During this phase the exhaust blower 16 1s turned on,
the valve 18 1s opened (if closed) and the heater 26 is
turned on. This causes fresh air from the inlet 58 to flow
through valve 18, optional HEPA filter 20, and heater
26 1nto chamber 10 via conduit 42. The heated air dries
and heats the sterilized 1tems and 1s expelled through
conduit 42 via optional filter 22, free radical destroyer
24 and exhaust blower 16.

82— The drying and heating 1s continued for a suflicient
time, for example approximately 5 minutes. If desired,
a heat sensor or humidity sensor (not shown) could be
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provided at the exhaust 56 or 1n conduit 44, coupled to

the controller 12, so that the duration of the pre-heating

could be controlled based on empirical data rather than
an arbitrary elapsed time. Optionally, 1f a chamber

temperature sensor 32 1s provided, the controller 12

may operate heater 26 and, if provided, chamber heat-

ers 64 and/or 66 to maintain a desired pre-heat tem-
perature 1n the chamber.

83— After the chamber and the sterilized 1tems are dried

and heated the mput valve 18 1s closed.

84— The exhaust blower 16 1s turned ofl (or reduced to

minimum speed, if this ability 1s available)
71—Phase II—Sterilization (Closed Loop)

85— The plasma generator 30 and the closed loop blower/
distributor 14 are turned on. This causes the air to
circulate 1n the closed loop through the free radical
generator 46 and the chamber 10, as described in the
description of the apparatus, above.

86— The closed loop system produces continuously free
radical rich eflluent that sterilizes 1tems 1n the chamber
10. The closed loop operation continues for a time
sullicient for sterilization. As an example, a duration of
approximately 20-30 minutes should be suflicient for
adequate sterilization of most items, If provided, the
controller 12 will activate chamber heaters 64 and/or 66
to maintain a desired temperature in chamber 10, as
measured by sensor 52.

87—At the end of the sterilization period, the plasma
generator 30 1s turned off

72— Phase I1I—Post-sterilization drying and clearing (Open
Loop)

88— Input valve 18 1s opened, heater 26 1s turned on and
the exhaust blower 16 1s turned on. The closed loop

blower/distributor 14 may remain on during, this Phase

III 1n order to dry free radical source 46, or, 1f desired,

blower/distributor may be turned off 1n step 87. The air

flows from the input 58 via conduit 42 1nto the chamber
10 drying the items and, 1f blower 14 remains on, the
free radical source 46. The moist air 1s expelled into the
atmosphere via filter 22 and free radical destroyer 24.

89— The open loop operation 1s maintained for a time
suilicient to dry and clear the chamber 10. A period of,
for example, five minutes should suflice.

90— Heater 26 1s turned off, with blower 16 (and blower
14, 11 desired) remaining on.

91— Fresh air 1s passed through the system for a suflicient
time to cool down to the ambient temperature. For
example, a few minutes operation would suflice for
cooling. Optionally, 11 sensor 52 1s provided in the
chamber, the controller 12 could be programmed to
continue this cooling until a desired temperature is
reached.

92— Blower 16 1s turned ofl, as well as blower 14 1f 1t 1s
still on. Valve 18 may be closed at this time, or leit open
for the next run.

93— The method ends. The chamber 10 may now be opened
and the 1tems 56/62 removed. New items may be put in
the chamber, if desired, and the process repeated again
from 80.

Accordingly, 1t 1s to be understood that the embodiments
of the mvention herein described are merely illustrative of
the application of the principles of the invention. Reference
herein to details of the illustrated embodiments i1s not
intended to limit the scope of the claims, which themselves
recite those features regarded as essential to the mvention.
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The drawings are for the purpose of illustrating embodi-
ments of the invention only, and not for the purpose of
limiting 1t.

What 1s claimed 1s:

1. A free radical sterilization system comprising:

a) a chamber for containing items to be sterilized;

b) an eflluent generator having an mmput coupled to the
chamber and an output coupled to the chamber for
closed-loop circulation, comprising:

1) a blower/distributor comprising a blower having an
input coupled to the mput of the effluent generator
and at least one output, and a flow distributor for
distributing blower tlow from the at least one output
of the blower to at least a first output and a second
output 1n selected portions;

11) a plasma electric free radical generator having an
input coupled to the first output of the blower/
distributor and an output coupled to the output of the

cilluent generator and

111) a vaporizer having an mput coupled to the second
output of the blower, and an output coupled to the
output of the eflluent generator, the vaporizer con-
tacting, a liqud sterilizing agent with the output of
the blower/distributor to produce bactericidal efilu-
ent at the output of the vaporizer;

such that bactericidal effluent from the eflluent genera-
tor flows through the chamber and back through the

cilluent generator 1n a closed loop without an inter-

vening free-radical destroyer.

2. The free radical sterilization system of claim 1, further

comprising;

¢) an open loop pre-heater and dryer comprising:

1) an input valve having an input open to atmosphere
and an output;

1) a heater having an mput coupled to the mput valve
and an output coupled to the chamber; and

111) an exhaust blower having an input coupled to the
chamber and an output exhausting to atmosphere;

such that air 1s taken 1n through the input valve, heated
by the heater, passes through the chamber and 1s
exhausted to atmosphere 1n an open loop.

3. The free radical sternilization system of claim 1, 1n

which the chamber comprises a tumbler.

4. The free radical sterilization system of claim 1, 1n

which the chamber comprises a wound chamber having an

open bottom surface.

5. The free radical

sterilization system of claim 1, in
which the liqud sterilizing agent 1s hydrogen peroxide.

6. The free radical sterilization system of claim 1, in
which the vaporizer contains a determined amount of liquid
sterilizing agent at a beginning of a sterilization run.

7. The free radical sterilization system of claim 1, 1n
which the flow distributor of the blower/distributor distrib-
utes 30% of the flow to the first output and 70% to the
second output.

8. The free radical sterilization system of claim 1, 1n
which the blower/distributor comprises:

a) a multiple-output centrifugal blower having an input
coupled to the mput of the eflluent generator and a
plurality of outputs, each of the plurality of outputs of
the multiple-output centrifugal blower having an output
flow which 1s a fraction of a total output tlow of the
multiple-output centrifugal blower approximately
equal to the total flow divided by the number of outputs
in the plurality of outputs; and

b) a flow distributor comprising at least:
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1) a first manifold having a plurality of mputs coupled
to a first selected number of the plurality of outputs
of the multiple-output centrifugal blower and an
output comprising the first output of the blower/
distributor; and

11) a second manifold having a plurality of inputs
coupled to a second selected number of the plurality
of outputs of the multiple-output centrifugal blower
and an output comprising the second output of the
blower/distributor;

such that the portion of the total tlow at the first output
of the blower/distributor 1s equal to the sum of the

fractions of the total output flow multiplied by the

first selected number; and the portion of the total

flow at the first output of the blower/distributor 1s
equal to the sum of the fractions of the total output
flow multiplied by the second selected number.

9. The free radical sterilization system of claim 8, in
which at least one output of the multiple-output centrifugal
blower 1s coupled to the chamber through a heater.

10. The free radical sterilization system of claim 1, further
comprising a multiple-output centrifugal blower having an
input coupled to the output of the effluent generator and a
plurality of outputs, at least one of the plurality of outputs
being coupled to the chamber.

11. The free radical sterilization system of claim 10, 1n
which a plurality of the outputs from the multiple-output
centrifugal blower further comprise fittings for coupling
hoses for connection to objects 1n the chamber, such that
cilluent from the plurality of outputs passes through the
fittings and the hoses and an inside of the objects to the
chamber.

12. The free radical sterilization system of claim 1, further
comprising a circulating blower for inducing turbulent tlow
within the chamber.

13. The free radical sterilization system of claim 1, further
comprising a chamber heater, directly heating the chamber.

14. The free radical sterilization system of claim 1, further
comprising a controller coupled to the blower/distributor of
the effluent generator and the plasma electric free radical
generator.

15. The free radical sterilization system of claim 1, further
comprising a source of carrier gas coupled to the closed
loop.

16. The free radical sterilization system of claim 1, further
comprising a conduit for sterilizing interior passages 1n an
istrument, having a first end coupled to the output of the
ellluent generator and a second end 1n the chamber having
a connector for coupling with the instrument, so that a
portion of the eflluent passes through the internal passages
in the mstrument plugged into the connector.

17. A free radical sterilization system comprising:

a) a chamber for containing items to be sterilized;

b) an eflluent generator having an mmput coupled to the
chamber and an output coupled to the chamber for
closed-loop circulation, comprising;:

1) a blower having an input coupled to the mput of the
elfluent generator and an output; and

1) a source of effluent having an input coupled to the
output of the blower and an output coupled to the
output of the eflluent generator, comprising one of a
plasma electric free radical generator or a vaporizer
having a liquid sterilizing agent;

such that bactericidal eflluent from the effluent genera-
tor flows through the chamber and back through the

ellluent generator 1n a closed loop without an inter-

vening Iree-radical destroyer, and
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c) a multiple-output centrifugal blower having an input
coupled to the output of the effluent generator and a
plurality of outputs, at least one of the plurality of
outputs being coupled to the chamber.

18. The free radical sterilization system of claim 17, in

which the chamber comprises a tumbler.

19. The free radical sterilization system of claim 17, in
which the chamber comprises a wound chamber having an
open bottom surface.

20. The free radical sterilization system of claim 17, in
which the liqud sterilizing agent 1s hydrogen peroxide.

21. The free radical sterilization system of claim 17, 1n
which the vaporizer contains a determined amount of liquid
sterilizing agent at a beginning of a sterilization run.

[22. The free radical sterilization system of claim 17,
turther comprising a multiple-output centrifugal blower hav-
ing an mmput coupled to the output of the effluent generator
and a plurality of outputs, at least one of the plurality of
outputs being coupled to the chamber.]

23. The free radical sterilization system of claim [22] /7,
in which a plurality of the outputs from the multiple-output
centrifugal blower further comprise fittings for coupling
hoses for connection to objects 1n the chamber, such that
cilluent from the plurality of outputs passes through the
fittings and the hoses and an inside of the objects to the
chamber.

24. A method of sterilization of i1tems 1n a sterilization
chamber using free radicals, Comprising

a) drying and heating the 1tems 1n the chamber by drawmg
heated air through the chamber and exhausting the air
from the chamber 1 an open loop;

b) circulating free radical rich eflluent comprising a
mixture ol free radicals and a sterilizing agent, in a
closed loop from an eflluent generator, through the
chamber, then back through the effluent generator, the

eifluent generator having an input coupled to the cham-
ber and an output coupled to the chamber for closed-
loop circulation, the effluent generator comprising a
blower/distributor comprising a blower having an input
coupled to the mput of the effluent generator at least
one output, and a flow distributor for distributing
blower flow from the at least one output of the blower
to at least a first output and a second output 1n selected
portions; a plasma electric free radical generator having
an input coupled to the first output of the blower/
distributor and an output coupled to the output of the
cifluent generator; a vaporizer having an iput coupled
to the second output of the blower, and an output
coupled to the output of the effluent generator, the
vaporizer contacting a liquid sterilizing agent with the
output of the blower/distributor to produce bactericidal
cifluent at the output of the vaporizer;

c) turning off the eflluent generator at the end of a
determined sterilization period

d) drying and heating the items 1n the chamber by drawmg

heated air through the chamber and exhausting the air

from the chamber 1n an open loop; and

¢) cooling the items 1n the chamber by drawing ambient
air through the chamber and exhausting the air from the
chamber 1n an open loop.

25. The method of claim 24, in which air 1s exhausted

during step b, creating a negative pressure 1n the chamber.

26. The method of claim 24, in which steps d and e further
comprise destroying iree radicals belore exhausting the air
using a Iree radical destroyer.

277. The method of claim 24, in which step a 1s maintained
for a determined period of time.
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28. The method of claim 24, in which step a 1s maintained
until a determined temperature or humidity 1s measured in
the exhaust.

29. The method of claim 24, further comprising circulat-
ing the air 1n the chamber with a circulating blower at least
during step b.

30. The method of claim 24, further comprising main-
taining a determined temperature 1n the chamber during step
b.

31. A method of treating a wound on a body, using a
stream of a free radical rich effluent comprising a mixture of
free radicals and a sterilizing agent from an eflfluent genera-
tor having an 1nput and an output for closed-loop circulation,
the eflluent generator comprising a blower/distributor com-
prising a blower having an input coupled to the mnput of the
ellluent generator at least one output, and a flow distributor
for distributing blower flow from the at least one output of
the blower to at least a first output and a second output in
selected portions; a plasma electric free radical generator
having an input coupled to the first output of the blower/
distributor and an output coupled to the output of the efiluent
generator; a vaporizer having an mput coupled to the second
output of the blower, and an output coupled to the output of
the effluent generator, the vaporizer contacting a liquid
sterilizing agent with the output of the blower/distributor to
produce bactericidal effluent at the output of the vaporizer,
using a wound chamber having an open bottom, an input
coupled to the output of the eflluent generator and an output
coupled to the input of the effluent generator, the method
comprising;

a) placing the open bottom of the wound chamber on the
body around the wound and applying pressure to seal
the wound chamber against the body;

b) turming on the effluent generator;

¢) for a determined treatment period, circulating the
stream ol effluent from the output of the eflluent
generator through the wound chamber and back to the
input of the eflluent generator 1n a closed loop;

d) turning ofl the eflluent generator at the end of a
determined sterilization period;

¢) removing the wound chamber from the body; and

) repeating the method at a determined interval for a
determined treatment duration.

32. The method of claim 31, 1n which the treatment period

1s at least two minutes.

33. The method of claim 31, 1n which the treatment period
1s at least ten minutes.

34. The method of claim 31, in which the determined
interval 1s a day.

35. The method of claim 31, in which the determined
treatment duration 1s one week.

36. A sterilizing device comprising:

a) a chamber for containing items to be stevilized;

b) an effluent generator having an input coupled to the
chamber and an output coupled to the chamber, com-
prising.

1) a blower/distributor comprising a blower having an
input coupled to the input of the effluent generator
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and at least one output, and a flow distrvibutor for
distributing blower flow from the at least one output
of the blower to at least a first output and a second
output in selected portions;

ii) a free radical generator having an input coupled to
the first output of the blower/distributor and an
output coupled to the output of the effluent genera-
tor; and

ii1) a vaporizer having an input coupled to the second
output of the blower, and an output coupled to the
output of the effluent generator, the vaporizer con-
tacting a liquid sterilizing agent with the output of
the blower/distributor to produce bactericidal efflu-
ent at the output of the vaporizer,

such that bactervicidal effluent from the effluent generator
flows through the chamber and back to the effluent
generator without an intervening free-radical
destroyer.

37. A method for sterilizing items, comprising:

a) generating a bacteriocidal effluent comprising a mix-
ture of free radicals and a sterilizing agent via an
effluent generator,
the effluent generator comprising:

a blower;
a plasma electric free radical generator, and
a vaporizer,
wherein the vaporizer contacts a liquid sterilizing
agent with the output of the blower/distributor
to produce said bactericidal effluent; and

b) circulating the bacteriocidal effluent through a cham-
ber containing items to be sterilized, wherein the bac-
terviocidal effluent is circulated in a closed loop between
the effluent gemerator and the chamber, without an
intervening free radical destrover.

38. A centrifugal blower for use in a stevilization system,

the blower comprising:

an air input and a plurality of outputs
wherein each of the plurality of outputs has an output

flow which is a fraction of a total output flow of the
centrifugal blower, the fraction being approximately
equal to the total flow divided by the number of
outputs in the plurality of outputs;

wherein the aiv input of the blower is coupled to an
input of an bacteriocidal effluent generator, wherein
the effluent generator is in fluid communication with
one ov movre of: (i) a plasma electric free radical
generator and (ii) a vaporizer contacting a liguid
sterilizing agent;

a flow distributor comprising at least a first manifold
having a plurality of inputs coupled to a first selected
number of the plurality of outputs of the centrifugal
blower and an output comprising the first output of the
blower/distributor
whevrein the total flow at the first output of the blower/

distributor is equal to the sum of the fractions of the
total output flow multiplied by the first selected
numaber.
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