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SELF-CONTAINED DEACTIVATION DEVICE

Field of the Invention

[0001] The present invention relates generally to the art of deactivation of

contaminants, and more particularly to a deactivation method and apparatus that

provides a vaporous deactivating agent to a region from a mobile, self-contained

device.

Background of the Invention

[0002] Deactivation of biological and chemical contaminants within rooms

may be required for a number of reasons. It is known to use temporary deactivation

systems to deactivate biological and chemical contaminants in rooms that do not have

permanent deactivation systems. Such rooms include hotel rooms, offices,

warehouses, laboratories, and the like.

[0003] Known temporary systems for the deactivation of biological and

chemical contaminants within rooms utilize gaseous or vaporous deactivating agents,

such as vaporized hydrogen peroxide, ozone, and chlorine-containing compounds.

These deactivating agents can be hazardous to humans and are distributed using a

system of ducts, fans, and hoses.

[0004] One problem with known systems is that human operators must wear

protective clothing during operation of the systems. Another problem with known

systems is that the system of ducts, fans, and hoses may not adequately distribute a

vaporous deactivating agent throughout a room, especially rooms that are large or

complexly shaped.

[0005] The present invention overcomes these and other problems, and

provides a method and apparatus for the deactivation of biological and chemical

contaminants within a room using a mobile, self-contained device.

Summary of the Invention

[0006] In accordance with the present invention, there is provided a mobile

deactivation apparatus for deactivating contaminants within a defined region that

comprises: A) a source of a vaporous deactivating agent, B) a gas handling system for

dispensing the vaporous deactivating agent to the defined region, C) a support member



movable in the defined region, wherein the support member supports the source of the

vaporous deactivating agent and the gas handling system, D) drive means for

propelling the support member, E) a control system that is programmed to control the

operation of the gas handling system and the drive means, and F) a power system for

supplying power to the mobile deactivation apparatus.

[0007] hi accordance with another aspect of the present invention, there is

provided a method of deactivating contaminants within a defined region using a self-

contained mobile deactivation apparatus. The apparatus includes a dimensional

sensor, a system controller, and a system operable to provide and dispense a vaporous

deactivating agent from the self-contained mobile deactivation apparatus. The method

includes the steps of: A) determining at least one region parameter associated with

said defined region, B) determining at least one operating parameter in accordance

with said at least one region parameter associated with said defined region, and C)

deactivating at least a portion of said defined region in accordance with said at least

one operating parameter.

[0008] hi yet another aspect of the present invention, a system controller is

provided that is programmed to store data regarding the movements and locations of a

self-contained, mobile deactivation apparatus within a defined region. The system

controller uses the stored data to determine operating parameters of the self-contained,

mobile deactivation apparatus such that it is operable to effectively distribute a

vaporous deactivating agent throughout a large or complexly shaped defined region.

[0009] An advantage of the present invention is that it provides a deactivation

apparatus that is mobile and self-contained.

[0010] Another advantage of the present invention is an apparatus as defined

above that can deactivate contaminants in a defined region without the presence of

human operators within the defined region.

[0011] Another advantage of the present invention is an apparatus as defined

above that can utilize vaporized hydrogen peroxide to deactivate contaminants in the

defined region.

[0012] A further advantage of the present invention is an apparatus as defined

above that is operable to determine an effective deactivation cycle.



[0013] A further advantage of the present invention is an apparatus as defined

above that is operable to determine an effective deactivation cycle based on sensed

data.

[0014] A still further advantage of the present invention is an apparatus as

defined above that is operable to move about a defined region.

[0015] A still further advantage of the present invention is an apparatus as

defined above that is operable to sense the dimensions of a defined region.

[0016] A still further advantage of the present invention is an apparatus as

defined above that is operable to effectively deactivate contaminants in a defined

region by moving about the defined region.

[0017] These and other advantages will become apparent from the following

description of a preferred embodiment taken together with the accompanying

drawings and the appended claims.

Brief Description of the Drawings

[0018] The invention may take physical form in certain parts and arrangement

of parts, a preferred embodiment of which will be described in detail in the

specification and illustrated in the accompanying drawings which form a part hereof,

and wherein:

[0019] FIG. 1 is a perspective view of a preferred embodiment of a mobile

deactivation apparatus disposed in a defined region in which contaminants are to be

deactivated;

[0020] FIG. 2 is a side sectional view of the mobile deactivation apparatus of

FIG. 1, according to a preferred embodiment of the present invention; and

[0021] FIG. 3 is a block diagram of the mobile deactivation apparatus of FIG.

1, according to a preferred embodiment of the present invention.

Detailed Description of Preferred Embodiment

[0022] As used herein, the term "deactivation" includes, but is not limited to,

"sterilization," "disinfection," and "decontamination" processes. The term

"contaminants" as used herein includes, but is not limited to, biological and chemical

contaminants. The term "deactivating agent" refers herein to a chemical agent that

deactivates contaminants.



[0023] Referring now to the drawings wherein the showings are for the

purpose of illustrating a preferred embodiment of the invention only, and not for the

purpose of limiting same, FIG. 1 shows a mobile deactivation apparatus 10,

illustrating a preferred embodiment of the present invention.

[0024] Broadly stated, apparatus 10 provides a mobile deactivation unit for

using a vaporous deactivating agent to deactivate contaminants in a defined region 12

bordered by a plurality of walls 13 and a floor 18. By way of example and not

limitation, defined region 12 may be one of: a hotel room, a clean room, a laboratory,

an office, a manufacturing facility, a warehouse, or the like.

[0025] Referring now to FIGS. 1 - 3, apparatus 10 includes a chassis 14 and a

housing 16. Chassis 14 acts as a support member to support housing 16. Housing 16

has a first end wall 62, a second end wall 64, two side walls 66, and a top wall 68. By

way of example and not limitation, chassis 14 and housing 16 are formed of at least

one of the following: a metal (e.g., steel or aluminum), a polymer material (e.g.,

plastic or fiberglass), a composite material, or a combination thereof.

[0026] Apparatus 10 also includes a first drive mechanism 30a, a second drive

mechanism 30b (not shown in its entirety), a power system 80, a deactivating agent

supply system 120, a gas handling system 200, and a system controller 250, that are

contained within, and supported by, housing 16 and chassis 14.

[0027] At least one caster 24 and drive mechanisms 30a, 30b are mounted on

chassis 14 to facilitate movement of apparatus 10 on floor 18, as will be described in

detail below. In the illustrated embodiment, the at least one caster 24 and drive

mechanisms 30a, 30b are located at opposite ends of chassis 14.

[0028] Drive mechanisms 30a, 30b are located on opposite sides of chassis 14,

and are operable to propel apparatus 10 as will be described further below. The pair of

drive mechanisms 30a, 30b are substantially similar and accordingly, only first drive

mechanism 30a is shown and described in detail. Like components of drive

mechanisms 30a and 30b are designated with like numbers.

[0029] With regard to the illustrated embodiment of drive mechanism 30a, an

axle 34a is coupled to chassis 14 by a bracket 36a. A drive wheel 32a is mounted on

axle 34a. Axle 34a also has a driven sprocket 38a fixed thereon. A drive motor 42a is

coupled to chassis 14 by a mount 44a. Motor 42a has a drive shaft 46a extending

therefrom. A drive sprocket 48a is fixed on drive shaft 46a. A flexible, continuous



drive member 52a extends around and between driven sprocket 38a and drive sprocket

48a. In a preferred embodiment, drive member 52a is a drive chain. Drive sprocket

48a, drive member 52a, and driven sprocket 38a comprise a drive coupling means. It

is appreciated that the drive coupling means could be any suitable power transmission

system known in the art.

[0030] As will be discussed further below, system controller 250 controls the

operation of drive motors 42a, 42b. Drive motor 42a rotates drive shaft 46a. When

drive shaft 46a is rotated, drive sprocket 48a turns and causes drive member 52a to

transfer power to driven sprocket 38a and hence to wheel 32a. When drive motors

42a, 42b are operated at different speeds, apparatus 10 changes direction i this

manner, the speed and direction of travel of apparatus 10 can be varied. Drive

mechanisms 30a, 30b, together with system controller 250, comprise a drive system

that provides self-propulsion of chassis 14, and hence apparatus 10.

[0031] Referring now to FIGS. 1 and 2, power system 80 includes a battery 82

for providing electrical energy to apparatus 10. In the illustrated embodiment, battery

82 is supported on a platform 84 attached to housing 16. An external power source

102 can also provide electrical energy to apparatus 10 via a transformer 94. A shelf 96

for supporting transformer 94 is attached to housing 16. Power source 102 can be

used to recharge battery 82 or provide power directly to components of apparatus 10

when electrically connected to transformer 94 by a power cord 98. hi the illustrated

embodiment, power cord 98 is stored on a hanger 104 when power cord 98 is not

connected to power source 102.

[0032] A first opening 88 and a second opening 108 are defined through

housing 16. First opening 88 provides access to battery 82, while second opening 108

provides access to power cord 98. A first hatch 86 and a second hatch 106 are

disposed such that they cover first opening 88 and second opening 108, respectively.

In the illustrated embodiment, first hatch 86 and second hatch 106 preferably pivot

between open and closed positions.

[0033] Deactivating agent supply system 120 includes a source for a vaporous

deactivating agent, hi a preferred embodiment, the source for a vaporous deactivating

agent includes a means for generating a vaporous deactivating agent from a stored

liquid deactivating agent and a means for storing the liquid deactivating agent. It is

appreciated that in other embodiments, the source for a vaporous deactivating agent



can include a container for storing a vaporous deactivating agent, a vapor generation

device, or a means for storing and receiving chemical components to form a vaporous

deactivating agent. As used herein, the terms "gaseous" or "gas" shall refer to gases

and/or vapors, wherein vapors are generated by vaporizing liquids.

[0034] In the illustrated embodiment, deactivating agent supply system 120

includes a reservoir 122. Reservoir 122 is a means for storing liquid deactivating

agent and is preferably a tank or vessel. A shelf 124 supports reservoir 122.

Reservoir 122 is accessible through first opening 88 described above. Reservoir 122

includes a cap 142 that has a vent 146 formed therein. Vent 146 operates to equalize

an internal pressure of reservoir 122 with a pressure external to reservoir 122, without

allowing fluid to escape reservoir 122. hi one embodiment, vent 146 is a check valve.

By way of example and not limitation, reservoir 122 is made of at least one of the

following materials: a glass, a polymer, and a ceramic.

[0035] A deactivating agent supply conduit 164 fluidly connects reservoir 122

to vaporizer 172. Vaporizer 172 vaporizes the liquid deactivating agent by

conventionally known means to form the vaporous deactivating agent. A pump 174 is

disposed in conduit 164 between cap 142 and vaporizer 172. Pump 174 is driven by a

pump motor 176 and is provided to convey metered amounts of the liquid deactivating

agent through conduit 164 to vaporizer 172.

[0036] A flow sensor 178 is disposed within conduit 164 for sensing the flow

of fluids therethrough, hi an alternate embodiment, flow sensor 178 may be

substituted for by a balance (not shown) for determining the mass of liquid

deactivating agent within reservoir 122. The balance is disposed under reservoir 122.

[0037] A liquid deactivating agent sensor 182 senses a concentration of liquid

deactivating agent within conduit 164. Sensor 182 is preferably disposed within

conduit 164 between cap 142 and vaporizer 172.

[0038] Gas handling system 200 is operable to transport a gas. By way of

example and not limitation, the gas transported by gas handling system 200 includes

one of the following: the atmosphere of the defined region, any gas or vapor

generated by apparatus 10, and a combination thereof. Gas handling system 200

includes a primary conduit 202 having a first end 204 and a second end 212. First end

204 of primary conduit 202 defines an inlet 206 within first end wall 62 of housing 16.

Second end 212 of conduit 202 defines an outlet 214 within second end wall 64.



Primary conduit 202 is in fluid communication with defined region 12, extending

between inlet 206 and outlet 214.

[0039] A first louver 208 is mounted to first end wall 62 such that it covers

inlet 206. A second louver 216 is mounted to second end wall 64 such that it covers

outlet 214. In the embodiment shown, first louver 208 and second louver 216 are

mounted such that they have a fixed orientation and are operable to determine the

direction of flow of gas into and out of primary conduit 202 and defined region 12

respectively. It is appreciated that in one embodiment, first louver 208 and second

louver 216 have an adjustable orientation that is at least one of manually and

automatically adjustable.

[0040] Conduit 202 defines a primary gas flow path of gas handling system

200. A blower 224 draws gas into conduit 202 through inlet 206. Vaporizer 172 is

located in conduit 202 downstream from blower 224. A catalytic destroyer 232 is

disposed in conduit 202 between blower 224 and vaporizer 172. Catalytic destroyer

232 is operable to destroy vaporous deactivating agent flowing therethrough, as is

conventionally known. A heater 238 for heating the gas is disposed in conduit 202

between destroyer 232 and vaporizer 172. hi the illustrated embodiment, a filter 228

for removing contaminants from the gas is disposed within primary conduit 202

between inlet 206 and blower 224. In one embodiment, filter 228 is a HEPA filter.

[0041] A bypass conduit 236 defines a bypass gas flow path extending

between blower 224 and heater 238. A first end of bypass conduit 236 connects with a

valve 222 disposed in conduit 202 between blower 224 and destroyer 232. Valve 222

is movable between a first position and a second position. In the first position gas is

allowed to flow through primary conduit 202 and is prevented from flowing through

bypass conduit 236. In the second position gas is prevented from flowing through

primary conduit 202 and is allowed to flow through bypass conduit 236. In the

illustrated embodiment, bypass conduit 236 has a second end that connects with

primary conduit 202 at a junction 239 that is located proximate to the input end of

heater 238. When valve 222 is in the second position, as discussed above, gas flows

through bypass conduit 236 and bypasses catalytic destroyer 232 and dryer 234.

[0042] A vaporous deactivating agent sensor 242 for sensing vaporous

deactivating agent and a moisture sensor 244 for sensing one of percent moisture and

relative humidity are disposed within primary conduit 202 between inlet 206 and valve



222. In this manner, the moisture content and vaporous deactivating agent content of

the atmosphere of defined region 12 are determined by sensing the gas drawn into

conduit 202 from defined region 12 as it passes through conduit 202.

[0043] An echolocator 246 for sensing the location of walls 13 relative to

apparatus 10 is preferably disposed on top wall 68. As used herein, the term

"echolocator" refers to a dimensional sensor that is operable to determine the

dimensions of a surrounding environment using echolocation. Echolocator 246 is

operable to determine the location of boundaries of regions relative to apparatus 10

using echolocation. Echolocation is a conventionally known technique utilized in

methods such as radar and sonar. By way of example and not limitation, echolocator

246 determines the dimensions of defined region 12 using at least one of the

following: electromagnetic radiation (e.g., radio frequency or infrared signals) and

sound waves (e.g., sonic or ultrasonic signals). In one embodiment, echolocator 246 is

operable to determine the location of an object 245 that may restrict movement of

apparatus 10 within defined region 12.

[0044] Flow sensor 178, liquid deactivating agent sensor 182, vaporous

deactivating agent sensor 242, moisture sensor 244, and echolocator 246 comprise a

sensing system. The sensing system is distributed such that the sensors can be

disposed in various locations and in various configurations throughout apparatus 10.

In one embodiment, the sensing system includes a first group of sensors and a second

group of sensors.

[0045] The first group of sensors comprises means for sensing region

parameters associated with defined region 12. By way of example and not limitation,

region parameters include: dimensions associated with defined region 12 (e.g.,

volume, area, height, shape, layout, perimeter, and the like); a location of one or more

objects disposed within defined region 12; environmental conditions associated with

defined region 12 (e.g., temperature, relative humidity, moisture content, pressure, and

the like); a concentration of a vaporous deactivating agent within defined region 12,

and a combination thereof. In the illustrated embodiment, the first group of sensors

includes vaporous deactivating agent sensor 242, moisture sensor 244, and echolocator

246.

[0046] The second group of sensors comprises means for sensing internal

system parameters. By way of example and not limitation, the internal parameters



include: a flow of the liquid deactivating agent, a concentration of the liquid

deactivating agent, a temperature of liquid deactivating agent, and a combination

thereof. The second group of sensors includes flow sensor 178 and liquid deactivating

agent sensor 182.

[0047] A system controller 250 is disposed within housing 16 and is

schematically illustrated in FIG. 3. In the illustrated embodiment, system controller

250 is a system microprocessor or micro-controller that is programmed to control the

operation of apparatus 10 and is operable as will be described further below. As

schematically illustrated in FIG. 3, controller 250 is electrically connected to pump

motor 176, blower motor 226, valve 222, and drive motors 42a, 42b. System

controller 250 is also electrically connected to the sensors comprising the sensing

system.

[0048] Controller 250 is operable to control the direction and speed of travel of

apparatus 10 by varying the relative speed of motors 42a, 42b. For example, when the

speed of motors 42a, 42b is maintained such that a rate of travel of wheels 32a, 32b

along floor 18 is equal, apparatus 10 travels in a straight line. When the speed of

motors 42a, 42b is maintained such that the rate of travel of wheels 32a, 32b along

floor 18 is unequal, apparatus 10 travels in a curve that is directed away from the

faster of wheels 32a, 32b. When the speed of motors 42a, 42b is maintained such that

the rate of travel of one of wheels 32a, 32b along floor 18 is zero and the rate of travel

of the other of wheels 32a, 32b is greater than zero, apparatus 10 rotates about the one

of wheels 32a, 32b having a zero rate of linear travel.

[0049] Controller 250 is also operable to store predetermined data sets.

Controller 250 is programmed to monitor and control a desired concentration of

vaporous deactivating agent based upon operating parameters. By way of example

and not limitation, the operating parameters include: a desired flow of the liquid

deactivating agent, a desired concentration of the liquid deactivating agent, a desired

temperature of liquid deactivating agent, a desired vaporous deactivating agent

concentration, a duration of a deactivation phase, whether apparatus 10 is mobile

during a deactivation phase, a duration of a phase of a deactivation cycle as discussed

below, and a combination thereof.

[0050] Furthermore, controller 250 is operable to receive wireless

communication signals such that data may be manipulated and operation instructions



may be received from a base station 248 via an antenna 247. In the illustrated

embodiment antenna 247 is disposed on top wall 68. Antenna 247 is electrically

connected to controller 250, and allows controller 250 to communicate with base

station 248 by means of electromagnetic waves.

[0051] Base station 248 includes input means to receive operator input and is

located external to defined region 12. Base station 248 is operable to provide

instructions to system controller 250 regarding the operation of apparatus 10 based on

stored data or based on human input. In one embodiment, also shown in FIG. 1, base

station 248 is disposed such that apparatus 10 is visible to an operator from outside of

defined region 12 when the operator is in a position to access base station 248. By

way of example and not limitation, apparatus 10 is visible to an operator by means of

at least one of: a window 249 defined in walls 13, a remote video system (not shown),

or a combination thereof.

[0052] The present invention shall now be further described with reference to

the operation of apparatus 10. In accordance with a preferred embodiment of the

present invention, operation of apparatus 10 includes three modes that occur

sequentially. A first mode includes preparing defined region 12 for deactivation. A

second mode includes initializing a deactivation cycle. A third mode includes

executing a deactivation cycle. As used herein, the term "deactivation cycle" refers to

a series of phases that are necessary for apparatus 10 to effect the deactivation of

contaminants within defined region 12 and to reduce the deactivating agent

concentration to a predetermined threshold. The series of phases of a typical

deactivation cycle include a drying phase, a conditioning phase, a deactivation phase,

and a destroying phase. System controller 250 controls the deactivation cycle in

accordance with the operating parameters discussed above.

[0053] Referring now to the first mode mentioned above, apparatus 10 is

placed within defined region 12, and defined region 12 is sealed. In one embodiment,

defined region 12 is sealed such that deactivating agent released within defined region

12 is maintained within defined region 12. Apparatus 10 is configured to operate

within defined region 12 without human manipulation or control. Therefore,

apparatus 10 is sealed within defined region 12 without any human operators present

therein. After completion of the first mode, wherein defined region 12 and apparatus

10 are prepared, the second mode commences.



[0054] Referring now to the second mode, initializing a deactivation cycle is

the process of determining the operating parameters. By way of example and not

limitation, the operating parameters are determined by system controller 250 in

accordance with at least one of: stored data sets, region parameters, input from a

human operator by means of base station 248, and a combination thereof.

[0055] In the case of deactivation by vaporized hydrogen peroxide, the

percentage concentration of liquid hydrogen peroxide in the liquid deactivating agent

solution is determined during the second mode. In a preferred embodiment, the

percentage concentration of liquid hydrogen peroxide in the liquid deactivating agent

solution is provided by liquid deactivating agent sensor 182. hi one embodiment, a

liquid deactivating agent solution of 35% hydrogen peroxide and 65% water is used.

However, other concentrations of hydrogen peroxide and water are contemplated.

[0056] hi the illustrated embodiment, a region parameter is used to determine

at least one of the operating parameters mentioned above. System controller 250

determines at least one of the following operating parameters in accordance with the

volume of defined region 12: (a) the duration of the deactivation phase, and (b) the

desired concentration of vaporous deactivating agent within the atmosphere of defined

region 12. hi this manner, the deactivation cycle is optimized for defined region 12

such that the desired level of deactivation is achieved within the desired length of

time.

[0057] In the illustrated embodiment of the present invention, system

controller 250 determines the volume of defined region 12 using the equation V=HA,

where V is the volume of defined region 12, H is a height of defined region 12, and A

is an area of floor 18 of defined region 12. System controller 250 determines the

height H by reference to a stored data set. The area, A, is determined in two stages:

first, echolocator 246 senses walls 13 and provides data to controller 250 that is

indicative of the location of the walls 13 relative to apparatus 10. Second, controller

250 determines the area, A, using data provided by echolocator 246 and

predetermined, algorithms.

[0058] In another embodiment of the present invention, echolocator 246 is

operable to provide data to system controller 250 that is indicative of the height, H, of

defined region 12.



[0059] System controller 250 is also operable to determine whether apparatus

10 can adequately deactivate contaminants within defined region 12 by remaining

stationary during the deactivation cycle, or whether it will be necessary for apparatus

10 to be mobile during the deactivation cycle. To determine whether apparatus 10

can remain stationary or if mobility is necessary, controller 250 is operable to compare

the volume, V, of defined region 12 to a predetermined maximum volume, Vmaχ.

Accordingly, if V is less than or equal to Vmax, apparatus 10 can remain stationary

during a deactivation cycle, whereas if V is greater than Vmax, apparatus 10 will need

to be mobile during the deactivation cycle. A "mobile" deactivation cycle will be

discussed further below.

[0060] Referring now to a typical deactivation cycle of the illustrated

embodiment, system controller 250 operates during a deactivation cycle to monitor

and control the desired concentrations of vaporous deactivating agent in accordance

with at least one of the operating parameters. The operating parameters used include

the desired vaporous deactivating agent concentration, a duration of time during which

vaporized deactivating agent is generated, or other parameter. In this regard,

controller 250 is operable to actuate and deactuate the various components of

apparatus 10 to effect deactivation of contaminants within defined region 12 during a

deactivation cycle.

[0061] A typical deactivation cycle preferably includes a drying phase, a

conditioning phase, a deactivation phase, and a destroying phase. Each phase may be

limited or expanded as required to effectively deactivate contaminants within defined

region 12.

[0062] When the drying phase commences, valve 222 is in the first position

and controller 250 causes blower motor 226 to drive blower 224, thereby causing gas

from defined region 12 to be drawn into conduit 202, through first louver 208. It is

appreciated that the gas drawn into conduit 202 from defined region 12 is comprised

of an atmosphere of defined region 12. The atmosphere of defined region 12 can be

comprised of a variety of pure gases, mixtures of gases, water vapor, gases containing

suspended particulate or moisture droplets, and the like. The atmosphere of defined

region 12 can also contain the vaporous deactivating agent during various stages of the

operation of apparatus 10. Therefore, the term "gas" as used herein should be

understood to include the atmosphere of defined region 12.



[0063] After being drawn into conduit 202, the gas flows through apparatus 10

and is then returned to defined region 12. During the drying phase, dryer 234 removes

moisture from the gas circulating through primary conduit 202 and defined region 12

as illustrated by the arrows in FIG. 1. When the gas has been dried to a sufficiently

low, predetermined humidity level, the drying phase is complete. It is contemplated

that the predetermined humidity level will be chosen according to the concentration of

vaporous deactivating agent to be used within defined region 12 and the degree of

deactivation desired. In the illustrated embodiment, destroyer 232 is not operated

during the drying phase.

[0064] At the beginning of the conditioning phase, controller 250 activates

valve 222 such that valve 222 is in the second position. During the conditioning

phase, the gas flowing through conduit 202 bypasses catalytic destroyer 232 and dryer

234 and flows through heater 238, and vaporizer 172. Controller 250 then actuates

pump motor 176, causing pump 174 to provide liquid deactivating agent to vaporizer

172. Vaporizer 172 vaporizes the liquid deactivating agent to introduce the vaporous

deactivating agent into the gas flowing through vaporizer 172.

[0065] As indicated above, the liquid deactivating agent supplied to vaporizer

172 is a hydrogen peroxide solution comprised of about 35% hydrogen peroxide and

about 65% water. A liquid deactivating agent solution comprised of other ratios of

hydrogen peroxide and water is also contemplated. The liquid deactivating agent is

vaporized within vaporizer 172 to produce vaporized hydrogen peroxide and water

vapor. The vaporized hydrogen peroxide is introduced into the conduit 202 and is

conveyed by the gas moving through conduit 202 into defined region 12.

[0066] During the conditioning phase, vaporized hydrogen peroxide is

conveyed by the gas into defined region 12 to bring the concentration level of

vaporized hydrogen peroxide up to the target concentration level in a relatively short

period of time. During the conditioning phase, blower 224 causes gas to continuously

circulate through apparatus 10 and defined region 12.

[0067] After the conditioning phase is completed, the deactivation phase is

initiated. Valve 222 remains in the second position such that gas flowing through

conduit 202 bypasses catalytic destroyer 232 and dryer 234.

[0068] During the deactivation phase, vaporizer 172 is operated to provide

vaporized hydrogen peroxide. Heater 238 heats the gas entering vaporizer 172.



Controller 250 monitors the signal returned by vaporous deactivating agent sensor 242

and compares that signal to the desired concentration of vaporous deactivating agent

and to predetermined upper and lower limits of concentration relative to the desired

concentration of vaporous deactivating agent. Controller 250 then adjusts the amount

of vaporized hydrogen peroxide introduced by vaporizer 172 into the gas accordingly.

Thus, vaporous deactivating agent sensor 242, controller 250, and vaporizer 172

operate as a closed-loop feedback deactivating agent control system maintaining a

desired concentration of vaporized hydrogen peroxide within defined region 12. More

specifically, vaporized hydrogen peroxide will degrade over time as it is transferred

through conduit 202 and defined region 12 as illustrated by the arrows in FIG. 1.

Therefore, supplemental vaporized hydrogen peroxide is introduced into conduit 202

by vaporizer 172 in order to maintain the desired concentration of vaporized hydrogen

peroxide within the predetermined limits.

[0069] It is preferred to maintain vaporized hydrogen peroxide concentrations

within the predetermined limits in order to achieve the desired degree of deactivation.

As indicated above, the desired concentration of vaporous deactivating agent or the

duration of the deactivation phase can vary in accordance with region parameters. The

deactivation phase is continued for a predetermined period sufficient to effect the

desired deactivation of contaminants within defined region 12 and items therein.

[0070] It is appreciated that apparatus 10 may remain in one location within

defined region 12 throughout a deactivation cycle and then relocate to another location

within defined region 12 and execute a subsequent deactivation cycle. In certain

instances, apparatus 10 may move about defined region 12 during the deactivation

phase, as described above, such that vaporized hydrogen peroxide is distributed

throughout defined region 12.

[0071] During a "mobile" deactivation phase, system controller 250 actuates

drive mechanisms 30a, 30b to move apparatus 10 about defined region 12 while the

deactivation phase occurs, thereby distributing vaporous deactivating agent throughout

defined region 12. hi one embodiment, apparatus 10 moves about defined region 12

systematically during a moving deactivation phase, such that all areas within defined

region 12 are exposed to vaporous deactivating agent.

[0072] hi the illustrated embodiment, controller 250 is programmed to

determine the location of apparatus 10 relative to the perimeter of defined region 12



using data provided by echolocator 246 and to store the data provided by echolocator

246. In the illustrated embodiment, system controller 250 is programmed to utilize the

stored data to indicate previous locations of apparatus 10 relative to the perimeter of

defined region 12. Controller 250 is also programmed to activate drive mechanisms

30a, 30b in conjunction with analysis of the location of apparatus 10 and the stored

data indicating previous locations of apparatus 10. In this manner, apparatus 10

distributes vaporous deactivating agent evenly within defined region 12 during the

deactivation phase. It is appreciated that the distribution of vaporous deactivating

agent could be further effected by manipulation of the orientations of first louvers 208

and second louvers 216. It is also appreciated that in one embodiment, random

movement of apparatus 10 during a moving deactivation phase replaces the systematic

movement of apparatus 10 described above.

[0073] After the deactivation phase is completed, controller 250 causes

vaporizer 172 to shut down, thereby shutting off the introduction of deactivating agent

to primary conduit 202.

[0074] Next, the destroying phase is initiated to reduce the level of the

vaporized hydrogen peroxide. In this respect, controller 250 actuates catalytic

destroyer 232. Controller 250 activates valve 222 such that valve 222 is moved to the

first position and gas flowing through conduit 202 flows through catalytic destroyer

232 and dryer 234. Catalytic destroyer 232 is operable to destroy vaporized hydrogen

peroxide flowing therethrough. Catalytic destroyer 232 converts the vaporized

hydrogen peroxide into water and oxygen. Furthermore, when valve 222 is in the first

position, dryer 234 is operable to remove moisture from the gas flowing through

primary conduit 202.

[0075] Blower 224 continues to recirculate the gas and remaining vaporized

hydrogen peroxide through defined region 12 and apparatus 10. Eventually a portion

of the vaporized hydrogen peroxide will be delivered to catalytic destroyer 232 and

will be broken down. The destroying phase preferably lasts for a sufficient period to

allow for satisfactory reduction of vaporized hydrogen peroxide levels inside defined

region 12.

[0076] System controller 250 controls the duration of the destroying phase

such that the destroying phase continues until vaporous deactivating agent sensor 242



senses the predetermined threshold level of vaporized hydrogen peroxide gas in

defined region 12.

[0077] In an alternate embodiment of the present invention, the destroying

phase has a predetermined duration. Apparatus 10 can move about defined region 12

during the destroying phase to insure that the concentration of vaporized hydrogen

peroxide throughout defined region 12 is below the predetermined threshold.

[0078] hi yet another alternate embodiment, if V is greater than Vmax, then

apparatus 10 treats defined region 12 using multiple deactivation cycles. Apparatus 10

treats a first portion of defined region 12 using a first deactivation cycle and then treats

a second portion of defined region 12 using a second deactivation cycle. It is

appreciated that V may be two or more multiples of Vmax. When V is two or more

multiples of Vmaχ, then defined region 12 will be treated in multiple portions where

each portion is defined as a deactivation zone, wherein each deactivation zone has a

volume Vn that is less than Vmax.

[0079] i this embodiment, apparatus 10 may move about a deactivation zone

during the deactivation phase, as described above, such that vaporized hydrogen

peroxide is distributed throughout the deactivation zone. It is also appreciated that

apparatus 10 may remain in one location throughout a deactivation cycle and then

relocate to another location in another deactivation zone to execute a subsequent

deactivation cycle. Li this manner, contaminants within defined region 12 are

deactivated by sequential deactivation of zones.

[0080] hi yet another alternate embodiment, apparatus 10 is operable to move

about and define the boundaries of defined region 12 by means of a proximity sensor

262. The proximity sensor detects the boundaries of defined region 12 and objects

(not shown) therein when system 12 is in near proximity or contact with the boundary

or object. By way of example and not limitation, the proximity sensor is operable to

mechanically or reflectively sense the location of a boundary or object. Controller 250

is programmed to store the location of the boundaries of defined area 12 and objects

therein relative to apparatus 10 by a system of dead-reckoning based on the position of

motors 42a, 42b. hi other words, the relationship of one revolution of a motor to the

distance traveled by the associated wheel 32a, 32b is stored within system controller

250. System controller 250 thereby determines the distance traveled of each wheel

32a, 32b relative to the other at any given time, hi this manner, system controller 250



determines the direction and distance traveled and the location of apparatus 10.

System controller 250 utilizes stored data regarding the location of apparatus 10

within defined region 12 to develop a map of defined region 12. In this embodiment,

the height of defined region 12 is stored in a predetermined data set by controller 250.

System controller 250 is operable to determine the volume of defined region 12 using

the stored height and data from proximity sensor 262.

[0081] hi other embodiments, by way of example and not limitation, the

vaporous deactivating agent may include one of the following: ozone, chlorine, a

chlorine containing compound, bromine, a bromine containing compound, and a

combination thereof.

[0082] The foregoing descriptions are specific embodiments of the present

invention. It should be appreciated that these embodiments are described for purposes

of illustration only, and that those skilled in the art may practice numerous alterations

and modifications without departing from the spirit and scope of the invention. It is

intended that all such modifications and alterations be included insofar as they come

within the scope of the invention as claimed or the equivalents thereof.



Having described the invention, the following is claimed:

1. A mobile deactivation apparatus for deactivating contaminants within a

defined region, said apparatus comprising:

a source of a vaporous deactivating agent;

a gas handling system for dispensing said vaporous deactivating agent

to said defined region;

a support member movable in said defined region, wherein said support

member supports the source of said vaporous deactivating agent and said gas handling

system;

drive means for propelling said support member;

a control system being programmed to control the operation of said gas

handling system and said drive means; and

a power system for supplying power to the mobile deactivation

apparatus.

2. A self-contained mobile deactivation apparatus as defined in claim 1,

wherein said source of said vaporous deactivating agent includes means for generating

said vaporous deactivating agent.

3. A self-contained, mobile deactivation apparatus as defined in claim 2,

wherein said means for generating said vaporous deactivating agent includes:

a reservoir for holding a liquid deactivating agent solution; and

a vaporizer for vaporizing said liquid deactivating agent solution to

produce said vaporous deactivating agent.

4. A self-contained, mobile deactivation apparatus as defined in claim 3,

wherein said vaporous deactivating agent is vaporized hydrogen peroxide.

5. A self-contained, mobile deactivation apparatus as defined in claim 1,

wherein said vaporous deactivating agent is one of: vaporized hydrogen peroxide,

ozone, chlorine, a chlorine containing compound, bromine, a bromine containing

compound, and a combination thereof.



6. A self-contained, mobile deactivation apparatus as defined in claim 1,

wherein said power system includes an external power source.

7. A self-contained, mobile deactivation apparatus as defined in claim 1,

wherein said power system includes a battery.

8. A self-contained, mobile deactivation apparatus as defined in claim 7,

wherein said power system, includes means for recharging said battery.

9. A self-contained, mobile deactivation apparatus as defined in claim 1,

wherein said gas handling system includes:

a conduit having a first open end and a second open end;

a blower;

a catalytic destroyer; and

a vaporizer, wherein said blower, said catalytic destroyer, and said

vaporizer are disposed in said conduit between said first open end and said second

open end.

10. A self-contained, mobile deactivation apparatus as defined in claim 1,

including a dimensional sensor to detect at least one region parameter associated with

said defined region.

11. A self-contained, mobile deactivation apparatus as defined in claim 10,

wherein said at least one region parameter includes a volume of said defined region.

12. A self-contained, mobile deactivation apparatus as defined in claim 10,

wherein said control system includes data storage means for storing data provided by

said dimensional sensor.

13. A self-contained, mobile deactivation apparatus as defined in claim 12,

wherein said at least one region parameter is a perimeter of said defined region.



14. A self-contained, mobile deactivation apparatus as defined in claim 13,

wherein said control means accesses said data storage means to determine a location

of said perimeter relative to said mobile deactivation apparatus.

15. A self-contained, mobile deactivation apparatus as defined in claim 12,

wherein said at least one region parameter includes a location of an object disposed

within said defined region.

16. A self-contained, mobile deactivation apparatus as defined in claim 15,

wherein said control means accesses said data storage means to determine said

location of said object relative to said mobile deactivation apparatus.

17. A self-contained, mobile deactivation apparatus as defined in claim 10,

wherein said dimensional sensor detects at least one region parameter by means of

echolocation.

18. A self-contained, mobile deactivation apparatus as defined in claim 1,

wherein said apparatus further comprises:

a deactivating agent sensor for detecting a concentration of said

deactivating agent in said defined region.

19. A method of deactivating contaminants within a defined region using a

self-contained mobile deactivation apparatus including a dimensional sensor, a system

controller, and a system operable to provide and dispense a vaporous deactivating

agent from said self-contained mobile deactivation apparatus, the method comprising:

determining at least one region parameter associated with said defined

region;

determining at least one operating parameter in accordance with said at

least one region parameter associated with said defined region; and

deactivating at least a portion of said defined region in accordance with

said at least one operating parameter.



20. A method of deactivating contaminants within a defined region as

defined in claim 19, wherein said system controller controls said self-contained mobile

deactivation apparatus.

21. A method of deactivating contaminants within a defined region as

defined in claim 19, wherein said at least one region parameter associated with said

defined region includes a volume of said defined region.

22. A method of deactivating contaminants within a defined region as

defined in claim 19, including the step of:

comparing said volume of the defined region to a predetermined

maximum volume.

23. A method of deactivating contaminants as defined in claim 22

including the step of:

dispensing said vaporous deactivating agent while said deactivation

apparatus is stationary.

24. A method of deactivating biological contaminates as defined in claim

22 including the step of:

dispensing said vaporous deactivating agent while said deactivation

apparatus is moving.

25. A method of deactivating contaminants as defined in claim 19

including the steps of:

moving said self-contained deactivation apparatus about said defined

region;

storing data regarding a perimeter of said defined region;

dividing the defined region into a plurality of zones based on said

stored data; and

deactivating at least a portion of at least one of said zones.



26. A method of deactivating contaminants within a defined region as

defined in claim 19 wherein said step of determining operating parameters of said

defined region includes the steps of:

sensing a vaporous deactivating agent within said defined region; and

providing data indicative of a concentration of said vaporous

deactivating agent to said system controller.

27. A method of deactivating contaminants within a defined region as

defined in claim 26 wherein said step of deactivating at least a portion of said defined

region includes the step of:

dispensing said vaporous deactivating agent such that said

concentration of said vaporous deactivating agent is maintained within a

predetermined range.
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