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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF FLORIDA

CASE NO.: 0:13-¢v-60136-DMM

ODORSTAR TECHNOLOGY, LLC,
a Florida Limited Liability Company, and
KINPAK, INC., an
Alabama corporation,
JURY DEMAND
Plaintiffs,

V.

SMM DISTRIBUTORS LLC,

a California Limited Liability Company d/b/a
BIOCIDE SYSTEMS, and SMM
MANUFACTURING, INC., a California
corporation,

Defendants.
/

SECOND AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Plaintiffs, OdorStar Technology, LLC (“Odorstar’’) and Kinpak, Inc. (“Kinpak™)
(collectively referred to herein as “plaintiffs””) by and through their undersigned counsel, hereby
allege in their second Complaint against defendants SMM Distributors LLC, d/b/a Biocide
Systems (“SMM Distributors”) and SMM Manufacturing, Inc. (“SMM Manufacturing”)

(collectively referred to herein as “Biocide”) as follows:

NATURE OF THE ACTION

1. This is a civil action for patent infringement of United States Patent No.
6,764,661 (hereinafter “the ‘661 Patent”) arising under the Patent Laws of the United States, 35

US.C.§ 1 et seq.
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JURISDICTION AND VENUE

2. This Court has original jurisdiction over the subject matter of this action under 28
U.S.C. §§ 1331, 1332(a), and 1338(a) because this action arises under the Patent Laws of the
United States, 35 U.S.C. § 1 ef seq.

3. The parties are diverse and the amount in controversy exceeds $75,000 exclusive
of interests and costs.

4. This Court has personal jurisdiction over the defendants pursuant to Florida’s
long-arm statute F.S. § 48.193 (1)(a)-(b) and (f)(1)-(2) in that the defendants are (a) operating,
conducting, engaging or carrying on a business in the State of Florida and (b) committing
tortious acts within the State of Florida.

5. Venue is proper in this district under 28 U.S.C. §§1391 and 1400(b).

6. Joinder of the plaintiffs is proper under Fed. R. Civ. P. 20(a)(1) as Kinpak is the
exclusive manufacturing licensee of the ‘661 Patent and plaintiffs assert any right herein jointly
against defendants and there are questions of law and fact common to all plaintiffs.

7. Joinder of the defendants is proper under Fed. R. Civ. P. 20(a)(2) and 35 U.S.C. §
299(a)(1)-(2) of the America Invents Act as SMM Manufacturing is the successor-in-interest to

the now defunct SMM Distributors and there are facts and law common to all defendants.

THE PARTIES
8. Odorstar is a Florida Limited Liability Company with its principal place of
business in Fort Lauderdale, Florida.
9. Kinpak is an Alabama corporation with its principal place of business in

Montgomery, Alabama.
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10. On information and belief, SMM Distributors is a California Limited Liability
Company having its principal place of business in Los Angeles, California.
11. On information and belief, SMM Manufacturers is a California Limited Liability

Company having its principal place of business in Los Angeles, California.

THE PATENT-IN-SUIT

12. On July 20, 2004, U.S. Patent No. 6,764,661, entitled “Device for producing an
aqueous chlorine dioxide solution,” was duly and lawfully issued by the United States Patent and
Trademark Office (“USPTO”). A true and correct copy of the Patent is attached hereto as Ex. A.

13. J. Blair Girard is the sole inventor and owner of the ‘661 Patent.

14. Odorstar is the sole owner by assignment of the ‘661 Patent.

15. The ‘661 Patent is in full force and effect as of the date of this Complaint and at

all times relevant to the allegations herein.

FACTUAL BACKGROUND
Odorstar and Kinpak

16. Odorstar is an industry leader in the management and treatment of boat, car, and
household odors. Odorstar’s exclusive manufacturer of products sold under license from the
‘661 Patent, Kinpak, manufactures a line of deodorizing products for a number of distributors.
For example, Kinpak manufactures deodorizing products for Star-Brite Distributing, LLC which
sells a line of deodorizing products under the brand name NOSGUARD® which are sold on-line
throughout the United States and at least in this District at West Marine stores. The

NOSGUARD® brand deodorizers operate by releasing a safe chlorine dioxide gas from a pouch
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containing a dry material that releases gas when exposed to water. The chlorine dioxide gas is
released for a period of time and destroys odors caused by, for example, mildew or mold.

17. The NOSGUARD® brand deodorizers are further sold and marketed under other
brand names depending on the desired use. For example, Star-Brite offers for sale CAR
BOMB®, BOAT BOMB® brands of the NOSGUARD® products to treat odors in boats and car

respectively, as well as a slow release and fast release product. See http://www.westmarine.com

and www.starbrite.com for examples of Star-Brite’s line of NOSGUARD® products.

18. Kinpak also manufactures deodorizing products for BBL Distributors, LLC d/b/a
OdorScience (“BBL”) which sells a line of deodorizing products under, for example, the brand
name ROOM VACCINE.

Biocide

19. Biocide is in the business of using, selling, and offering to sell an odor eliminating
product called the “Room Shocker” at least as early as January 2, 2008 and at least through
Amazon.com; Ex. B see also Ex. C. which is a true and correct copy of Biocide’s Federal
trademark application for the mark “Room Shocker,” in which Biocide indicated a date of first in
commerce of the “Room Shocker” product as January 1, 2008.

20. Biocide claims to be the exclusive distributor of the “Room Shocker.” Ex. B

21. Biocide is in the business of using, selling, and offering to sell an odor eliminating
product called the “RV Shocker” at least through Amazon.com. Ex. D.

22. Biocide is in the business of using, selling, and offering to sell an odor eliminating
product called the “Marine Shocker” at least through Amazon.com. Ex. E.

23. Biocide is in the business of using, selling, and offering to sell an odor eliminating

product called the “Auto Shocker” at least through Amazon.com. Ex. F.
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24, The Biocide products indentified in Paragraphs 19-23 above are collectively
referred to as the “Biocide infringing products.”

25. On information and belief, on or about December, 2011, SMM Distributors
became a defunct entity with the California Secretary of State.

26. On information and belief, on or about January of 2012, SMM Manufacturing was
created as a corporation under the laws of the State of California.

217. On information and belief, all of the assets of SMM Distributors, including its
officers, employees, products, including the Biocide infringing products, were transferred to
SMM Manufacturers.

28. On information and belief, SMM Manufacturing makes, or causes to have made,
offers for sale, and sells, the Biocide infringing products since at least as early as January of
2012.

29. Biocide has placed the Biocide infringing products into the stream of commerce
with the knowledge and/or understanding that such products are sold to and used by customers in
this District.

30. The Biocide infringing products infringe at least one claim of the ‘661 Patent.

COUNT1
(Infringement of U.S. Patent No. 6,764,661)

31. Plaintiffs re-allege and incorporate paragraphs 19-30 from above.

32.  Biocide has directly infringed and continues to directly infringe, literally and/or
under the doctrine of equivalents, one or more claims of the ‘661 Patent by making, using,
offering to sell and/or selling the infringing products and associated components in the United
States without authority and in violation of 35 U.S.C. §271(a) and with knowledge of the ‘661

Patent since at least as early as 2010.
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33. Biocide’s infringement of the ‘661 Patent has been willful and deliberate.

34, Biocide’s infringement of the ‘661Patent will continue unless enjoined by this
Court.

35. As a direct and proximate result of defendants’ infringement of the ‘661Patent,
plaintiffs have suffered and will continue to suffer irreparable injury and damages in an amount

not yet determined for which plaintiffs are entitled to relief.

PRAYER FOR RELIEF

WHEREFORE, plaintiffs respectfully request the Court:

A. Enter a judgment that defendants have infringed the infringement of the ‘661
Patent.

B. Order defendants to pay damages to adequately compensate plaintiffs for
defendants’ patent infringement, including an award of defendants’ profits from its infringement
of the ‘661 Patent as well as plaintiffs’ lost profits, together with pre- and post-judgment interest.

C. Enter a permanent injunction pursuant to 35 U.S.C. § 283, restraining and
enjoining defendants and their respective officers, agents, servants, employees, attorneys,
customers, licensors, suppliers and those in concert or participation with them from any further
sales, offers for sale, importation or use of infringing products and services and any other
infringement of the ‘661 Patent.

D. Find that defendants’ patent infringement was willful and malicious and award
treble damages to plaintiffs under 35 U.S.C. §284.

E. Find this to be an exceptional case of patent infringement under 35 U.S.C. §285
and award reasonable attorneys’ fees, costs, and expenses incurred by plaintiffs in prosecuting

this action.
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F. Award such other and further relief as the Court deems just and equitable.

DEMAND FOR JURY TRIAL

Plaintiffs request trial by a jury for all claims and issues so triable.

Dated: October 4, 2013 Respectfully Submitted,

By: s/ Garrett Ari Barten
Garrett Ari Barten, Esq.
gbarten @cwiplaw.com
Florida Bar No. 55371
John Christopher, Esq.
jchristopher @cwiplaw.com
Florida Bar No. 493465
CHRISTOPHER & WEISBERG, P.A.
200 East Las Olas Boulevard, Suite 2040
Fort Lauderdale, Florida 33301
(954) 828-1488 (Telephone)
(954) 828-9122 (Facsimile)
Attorneys for Plaintiffs
ODORSTAR TECHNOLOGY, LLC and
KINPAK, INC.

504459
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(57) ABSTRACT

Adevice for producing an aqueous chlorine dioxide solution
when placed in water. The device includes a membrane shell
that defines a compartment which includes one or more dry
chemicals (e.g., a metal chlorite and an acid) capable of
producing chlorine dioxide gas when exposed to water.
Wick means extend into the compartment for absorbing
water and transporting water into the compartment such that
the chemical(s) in the compartment dissolve in the water and
produce chlorine dioxide. In one embodiment, the mem-
brane is formed of a material that allows the passage of gas
(e.g., chlorine dioxide) but is impervious to liquid (e.g.,
water). In another embodiment, the wick means is a wick
member which divides the compartment into first and sec-
ond compartment sections. One chemical (metal chlorite, for
example) is contained within the first compartment section
and another chemical (acid, for example) is contained within
or can easily be placed in the second compartment section.
When the device is placed in water, water enters the device
by way of the wick means and possibly the membrane shell.
The chemicals dissolve in the water and react to produce
chlorine dioxide gas. The chlorine dioxide gas then passes
through the membrane shell and possibly the wick member
into the surrounding water transforming the water into an
aqueous chlorine dioxide solution. The solution can then be
used, for example, as a disinfectant solution.

57 Claims, 12 Drawing Sheets
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1

DEVICE FOR PRODUCING AN AQUEOUS
CHLORINE DIOXIDE SOLUTION

BACKGROUND OF THE INVENTION

This invention relates generally to apparatus and methods
for producing aqueous chlorine dioxide solutions, and par-
ticularly to such apparatus and methods that utilize dry
chemicals that react to form chlorine dioxide when exposed
to water.

Chlorine dioxide is an excellent disinfectant and oxidizer
with bleaching, deodorizing, bactericidal, viricidal, algicidal
and fungicidal properties. It is frequently used to control
microorganisms on or around foods because it destroys the
microorganisms without forming byproducts that pose a
significant adverse risk to human health, e.g., chloramines
and chlorinated organic compounds. Chlorine dioxide is an
effective antimicrobial agent at a concentration as low as 0.1
ppm and over a wide pH range. It is thought to penetrate cell
walls and cell membranes and react with vital amino acids
in the cytoplasm of the cell to kill the organism.

Unfortunately, chlorine dioxide is not stable during stor-
age and can be explosive at high concentrations. As a result,
chlorine dioxide gas is not produced and shipped under
pressure. It must generally be generated on site using
conventional chlorine dioxide generators or other means of
generation. Conventional chlorine dioxide generation can be
carried out in an efficient manner in connection with large-
scale operations such as those in pulp and paper or water
treatment facilities. In other applications, however, generat-
ing chlorine dioxide on site is not a good option. Conven-
tional on-site chlorine dioxide generation can be costly,
cumbersome and difficult because of the need for a generator
and the need to handle the generator and the chemicals
associated with the generation process.

Chlorine dioxide can also be generated by combining
chlorite anions and acid in an aqueous solution. Typically, an
acid is added to a solution containing in the range of from
about 0.01 to about 32 percent by weight sodium chlorite
and having a pH in the range of from about 8 to about 13.
The acid can be any acid capable of lowering the pH of the
solution to a level below about 7. For example, when
approximately 10 grams of citric acid powder are added to
an aqueous solution containing approximately 3.35% by
weight sodium chlorite, the pH of the solution is lowered to
about 2.9 and a solution containing approximately 7% by
weight chlorine dioxide is formed.

A solution of a metal chlorite and water wherein the pH
of the solution is maintained at 8 or above is sometimes
referred to as a stabilized chlorine dioxide solution.
Unfortunately, stabilize chlorine dioxide solutions are of
limited use if they are needed at remote locations because of
the difficulty and expense associated with handling and
shipping the solutions. Also, in order to activate a “stabi-
lized” chlorine dioxide solution, the pH of the solution must
be lowered to below 5, typically to a range of from about 2
to about 3. Although lowering the pH of the solution to such
a level can be done on site, it is not typically a good
alternative because of the danger associated with handling
acids manually (e.g., the danger associated with inadvertent
skin contact and inhalation of acid vapors).

In order to avoid the difficulty of using conventional
chlorine dioxide generators, the expense associated with
handling and shipping stabilized chlorine dioxide solutions
and related precursor solutions and the dangers associated
with activating chlorine dioxide solutions, dry compositions
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containing chemicals (e.g., sodium chlorite and acid) that
react to form chlorine dioxide when placed in water have
been developed. The compositions can be easily shipped to
remote locations in dry form. The necessary water can be
merely added on site. For example, in an application
wherein a disinfectant solution is needed to clean surfaces,
a dry composition containing a metal chlorite and an acid
can be mixed with water on site which causes the compo-
nents to react and produce an aqueous chlorine dioxide
solution. The solution is then used to disinfect the surfaces.
The aqueous chlorine dioxide solution is produced (chlorite
anion is converted to chlorine dioxide) according to the
following equation:

5C10,~+5H*—4Cl0,+HCI+2E,0

Dry compositions for generating chlorine dioxide solu-
tions are known in the art. For example, U.S. Pat. No.
2,022,262, issued to White on Nov. 26, 1935, discloses
stable stain-removing compositions made from a dry mix-
ture of water-soluble alkaline chlorite salt, an oxalate and an
acid. U.S. Pat. No. 2,071,091, issued to Taylor on Feb. 16,
1937, discloses the use of chlorous acid and chlorites to kill
fungi and bacterial organisms by exposing the organisms to
the compounds at a pH of less than about 7. The patent also
discloses using dry mixtures of chlorites and acids to pro-
duce stable aqueous solutions useful as bleaching agents.
U.S. Pat. No. 2,482,891, issued to Aston on Sep. 27, 1949,
discloses stable, solid, substantially anhydrous compositions
comprising alkaline chlorite salts and organic acid anhy-
drides which release chlorine dioxide when contacted with
water.

Canadian Patent No. 959,238, issued to Callerame on
Dec. 17,1974, discloses using two water-soluble envelopes,
one containing sodium chlorite and one containing an acid,
to generate chlorine dioxide. The envelopes are placed in
water and the sodium chlorite and acid dissolve in the water
and react to produce a chlorine dioxide solution. U.S. Pat.
No. 2,071,094, issued to Vincent on Feb. 16, 1937, discloses
deodorizing compositions in the form of dry briquettes
formed of a mixture of soluble chlorite, an acidifying agent,
and a filler of relatively low solubility. Chlorine dioxide is
generated when the briquettes contact water.

U.S. Pat. No. 4,585,482, issued to Tice et al. on Apr. 29,
1986, discloses a long-acting biocidal composition compris-
ing a microencapsulated mixture of chlorite and acid that
when added to water releases chlorine dioxide. The primary
purpose of the microencapsulation is to provide for hard
particles that will be free flowing when handled. The
microencapsulated composition also protects against water
loss from the interior of the microcapsule. The microcap-
sules produce chlorine dioxide when immersed in water.
Unfortunately, the microcapsules release chlorine dioxide
relatively slowly and are therefore not suitable for applica-
tions that require the preparation of chlorine dioxide on a
relatively fast basis.

PCT Application PCT/US98/22564 (WO 99/24356), pub-
lished on May 20, 1999, discloses a method and device for
producing chlorine dioxide solutions wherein sodium chlo-
rite and an acid are mixed and enclosed in a semi-permeable
membrane device. When the device is placed in water, water
penetrates the membrane. The acid and sodium chlorite
dissolve in the water and react to produce chlorine dioxide.
The chlorine dioxide exits the device through the membrane
into the water in which the device is immersed producing a
chlorine dioxide solution that can be used as an anti-
microbial solution or for other purposes. The primary dis-
advantage of the disclosed device and method is that ambi-
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ent moisture can penetrate the semi-permeable membrane
and initiate the reaction prematurely.

In general, the prior art devices and methods using
membranes are susceptible to premature activation by water
or water vapor and therefore have a reduced shelf life unless
sufficient steps are taken to protect the devices from expo-
sure to ambient moisture or water. Such devices and meth-
ods are typically slow to interact with water and produce the
desired chlorine dioxide. Also, in order to comply with U.S.
Department of Transportation and other regulations, many
prior art devices require that special and sometimes burden-
some handling and shipping procedures be utilized in con-
nection with the devices. For example, if sodium chlorite
and acid are packaged together, certain restrictions may
apply.

As a result, there is a need for a device for producing an
aqueous chlorine dioxide solution that has an extended shelf
life compared to prior art devices, that is not susceptible to
activation by ambient moisture, that forms a chlorine diox-
ide solution much more quickly than prior art devices and
that can be assembled and packaged in ways that avoid
stringent handling and shipping regulations.

SUMMARY OF THE INVENTION

In accordance with the invention, a device for producing
an aqueous chlorine dioxide solution when exposed to water
is provided. The device comprises a membrane shell defin-
ing a compartment which includes one or more dry chemical
components capable of producing chlorine dioxide gas when
exposed to water. Wick means are connected to the mem-
brane shell and extend into the compartment for absorbing
water and transporting water into the compartment whereby
when the device is exposed to water the wick member
absorbs water and transports water into the compartment,
the chemical component(s) dissolve in the water and pro-
duce chlorine dioxide gas in the compartment, and chlorine
dioxide gas exits the compartment through the membrane
shell.

In a preferred embodiment, the compartment of the device
includes a metal chlorite component and an acid component.
In use, for example, the device is submersed in a container
of water. The wick means quickly absorbs water and trans-
ports the water into the compartment. Metal chlorite and
acid in the compartment then dissolve in the water and react
to produce chlorine dioxide gas in the compartment. The
chlorine dioxide gas passes through the membrane shell and
transforms the water in the container into a chlorine dioxide
solution. The solution can be used, for example, to disinfect
surfaces or for a variety of other purposes as known in the
art.

In one embodiment, the membrane shell is substantially
impervious to liquid (e.g., water) but permeable to gas (e.g.,
chlorine dioxide gas). In another embodiment, the mem-
brane shell is permeable to both liquid (e.g., water) and gas
(e.g., chlorine dioxide gas).

In another embodiment, the wick means is a wick member
having a first end that extends into the compartment and an
opposing second end that extends beyond the outer edge of
the membrane shell. In yet another embodiment, the wick
means is a wick member that divides the compartment into
first and second compartment sections. For example, the first
compartment section can contain exclusively the metal
chlorite component and the second compartment section can
contain exclusively the acid component. This helps prevent
the metal chlorite component and acid component from
prematurely reacting. For example, in the event that a small
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amount of moisture accumulates in the device, the wick
member will prevent a reaction that might otherwise occur.
In another embodiment, the wick means is a wick member
that divides the compartment into a plurality of compartment
sections. For example, the metal chlorite component can be
isolated in one compartment section, the acid component
can be isolated in a second compartment section, and a
surfactant or some other additive can be isolated in a third
compartment section. In another embodiment, the wick
means comprises at least two wick members, the wick
members dividing the compartment into at least two com-
partment sections.

The inventive device is very useful for relatively small
applications, for example where expensive chlorine dioxide
generation equipment is not economically feasible.

An important advantage of the inventive device is that it
can be modified to meet applicable shipping and handling
regulations. For example, in one embodiment, the device is
packaged to include a metal chlorite component together
with any additives employed for the particular application.
The compartment of the device includes a sealable opening
therein for allowing the acid component to be placed in the
compartment at the point of use (e.g., just prior to submers-
ing the device to water). The acid component is separately
packaged with the device; for example, it can be in tablet
form. Prior to placing the device in water, the user merely
inserts the acid in the device and seals the opening. By
packaging the acid component separately, inadvertent pre-
mature exposure of the device to water (even a substantial
amount of water) will not cause the chemicals to react. As
a result, less stringent regulations regarding shipping and
handling the device may apply.

If necessary or desirable for the end-use application, a
weight can be attached to one of the membrane shell and the
wick means (e.g., placed into the compartment) or otherwise
incorporated into the device (e.g., formed as part of the wick
member) to ensure that the device is immersed when it is
placed in a body of water. Although it is not critical to do so,
the device can also be packaged in a water-resistant enve-
lope (e.g., a foil pouch) in order to minimize the risk of the
device being inadvertently exposed to water prior to use.
Also, for particular applications, the membrane shell can
include a plurality of small openings for facilitating the
passage of liquid (e.g., water) into and out of the device and
decreasing the time required for the chlorine dioxide solu-
tion to be produced.

It is, therefore, an object of the present invention to
provide a device that effectively produces an aqueous chlo-
rine dioxide solution when exposed to water but has a stable
shelf-life prior to exposure to water.

It is also an object of the present invention to provide such
a device that is not susceptable to activation by ambient
moisture.

It is a further object of the present invention to provide
such a device that is less costly to produce and manufacture
than other devices for producing aqueous chlorine dioxide
solutions presently on the market.

It is yet another object of the present invention to provide
a device that produces an aqueous chlorine dioxide solution
in a relatively short amount of time when compared to prior
art devices.

Still another object of the invention is to provide such a
device that can be modified to meet applicable shipping and
handling regulations.

Additional objects, features and advantages of the present
invention will be readily apparent to those skilled in the art
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upon a reading of the detailed description of preferred
embodiments of the invention which follows when taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a front perspective view of one embodiment of
the inventive device;

FIG. 2 is a cross-sectional view taken along line 2—2 of
FIG. 1;

FIG. 3 is a cross-sectional view taken along line 3—3 of
FIG. 1,

FIG. 4 is a front perspective view of another embodiment
of the inventive device;

FIG. 5 is a front elevational view of the device shown by
FIG. 4

FIG. 6 is a cross-sectional view taken along line 6—6 of
FIG. 4, or line 6—6 of FIG. §;

FIG. 7 is a front elevational view of the device shown by
FIGS. 4-6 as modified to include a plurality of openings in
the outer membrane shell;

FIG. 8 is a front elevational view of yet another embodi-
ment of the inventive device;

FIG. 9 is a cross-sectional view taken along line 9—9 of
FIG. 8;

FIG. 10 is a cross-sectional view similar to the view
shown by FIG. 9 but illustrating yet another embodiment of
the inventive device;

FIG. 11 is a front perspective view of yet another embodi-
ment of the inventive device;

FIG. 12 is a cross-sectional view taken along line 12—12
of FIG. 11;

FIG. 13 is a front perspective view of yet another embodi-
ment of the inventive device;

FIG. 14 is a cross-sectional view taken along line 14—14
of FIG. 13;

FIG. 15 is a front elevation view of a component of the
device shown by FIGS. 13 and 14;

FIG. 16 is a front elevation view of a component of yet
another embodiment of the inventive device;

FIG. 17 is a cross-sectional view similar to the view
shown by FIG. 14 except it shows the embodiment of the
inventive device to which FIG. 16 relates;

FIG. 18 is a view similar to the view shown by FIG. 14
except it shows another embodiment of the inventive device;

FIG. 19 is a view similar to the view shown by FIG. 17
except is shows yet another embodiment of the inventive
device;

FIG. 20 is a front elevation view of yet another embodi-
ment of the inventive device;

FIG. 21 is a cross-sectional view taken along line 21—21
of FIG. 18;

FIG. 22 is a rear elevation view of the embodiment of the
inventive device shown by FIGS. 20 and 21;

FIG. 23 is a cross-sectional view taken along line 23—23
of FIG. 22; and

FIG. 24 is a front elevation view of a container of water
having the inventive device submersed therein.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

Referring now to the drawings and particularly to FIGS.
1-3, a first embodiment of the inventive device for produc-
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ing an aqueous chlorine dioxide solution when the device is
exposed to water is illustrated and generally designated by
the numeral 20. As used herein, the term aqueous chlorine
dioxide solution shall encompass both solutions containing
chlorine dioxide and solutions containing acidified chlorite.

The device 20 comprises a membrane shell 22 and a wick
member 24. The membrane shell defines a compartment 30
which includes one or more dry chemical components
capable of producing chlorine dioxide gas when the device
is exposed to water (i.e., contacted with sufficient water to
cause the device to produce chlorine dioxide in its intended
manner). The device is preferably exposed to water by
placing or submersing it in a container of water.

The dry chemical components capable of producing chlo-
rine dioxide gas upon exposure to water are preferably a
metal chlorite component 32 and an acid component 34.
Additives such as a catalyst for enhancing the reaction of the
metal chlorite and acid, generally designated by the refer-
ence numeral 36, can also be included in the compartment
30. As used herein and in the intended claims, the term “dry
chemical components” means chemical components in
stable, solid, substantially anhydrous form.

The wick member 24 is connected to the membrane shell
22 and extends into the compartment 30. The wick member
24 functions as a wick in that it rapidly absorbs water from
outside the device and transports the absorbed water into the
compartment 30. For example, metal chlorite, acid and/or
other chemicals in the compartment 30 dissolve in the
absorbed water and react to produce chlorine dioxide gas.
The chlorine dioxide gas efficiently exits the compartment
30 through the membrane shell 22 and possibly, to some
extent, through the wick member 24.

The wick member 24 can be connected to the membrane
shell 22 by being directly or indirectly fastened to a portion
of the shell or by being merely inserted into the compartment
30. Due to a difference in the pressure outside the device 20
and the pressure in the compartment 30, the wick member 24
transports water into the compartment at a much faster rate
than it allows water and/or solution to escape the device.

As shown by FIGS. 1-3, the membrane shell 22 is defined
by two square panels 22A and 22B sealed together such that
the compartment 30 is formed between the panels. The
panels 22A and 22B are approximately the same size and
form an outer edge 40 of the membrane shell 22. The outer
edge 40 of the membrane shell 22 includes a top edge 42,
bottom edge 44, side edge 46 and side edge 48. The panels
22A and 22B are sealed together along a line 50 which
extends around the periphery of the panels just inside of the
outer edge 40 of the membrane shell 22. Specifically, the
seal extends along the line S0A adjacent to the top edge 42,
along the line 50B adjacent to the side edge 46, along the
line 50C adjacent to the bottom edge 44, and along the line
50D adjacent to the side edge 48 of the outer edge 40 of the
membrane shell 22.

The panels 22A and 22B can be sealed together by a
variety of means including stitching, heating and gluing.
Preferably, the panels 22A and 22B are sealed together by
stitching.

As shown, the wick member 24 is a rectangular sheet
positioned between the panels 22A and 22B. The wick
member 24 includes a bottom end 60 positioned in the
compartment 30, an opposing top end 62 extending beyond
the outer edge 40 of the membrane shell 22, and a first side
64 and second side 66 connecting the top and bottom ends
and completing an outer periphery 68 of the wick member.
Preferably at least 15% of the outer periphery of the wick
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member 24 extends beyond the outer periphery of the
membrane shell 22.

In the embodiment shown by FIGS. 1-3, the wick mem-
ber 24 is sealed between the panels 22A and 22B only along
the line SOA adjacent the top end 62 of the wick member.
This allows the various chemicals in the compartment 30 to
commingle.

A weight 70 is inserted in the compartment 30 to ensure
that the device sinks or is otherwise immersed when placed
in a body of water. The weight can be attached to the device
by other means as well; e.g., it can be attached to or formed
as part of the membrane shell 22 and/or wick member 24.
The size and shape of the weight 70 can vary depending on
the size of the device 20 in general, the intended application
and manufacturing and packaging concerns. The weight 70
can be formed of a variety of materials. It is important for
the particular material used, however, to be inert with
respect to the chemicals in the device. Preferably, the weight
is formed of stainless steel.

In order to reduce the chance of a premature exposure of
the metal chlorite component 32, acid component 34,
additive(s) 36 and/or other chemicals in the compartment 30
to water, the membrane shell 22 and the wick member 24
can optionally be enclosed and sealed in a water-resistant
package 74. The package 74 can be formed of a variety of
materials. Preferably, the package 74 is a foil-laminated
pouch.

The shape and size of the panels 22A and 22B and the
corresponding compartment 30 can vary depending prima-
rily on the amount of chemicals needed for the particular
application (e.g., the amount of metal chlorite and acid
needed for the desired amount and concentration of chlorine
dioxide solution). Methods for calculating the amount of
metal chlorite and acid needed to produce a given volume
and concentration of chlorine dioxide solution are known to
those skilled in the art. Additional factors affecting the size
and shape of the panels 22A and 22B and the membrane
shell 22 in general include the type of material used to form
the panels, the intended application, packaging concerns and
material compatibility. The panels 22A and 22B are prefer-
ably square or rectangular in shape in order to facilitate the
step of fastening (e.g., stitching) the panels together.

The panels 22A and 22B and hence the membrane shell 22
are formed of a material and put together such that they
function as a semi-permeable membrane. The membrane
shell 22 (including the panels 22A and 22B) must be
permeable to chlorine dioxide gas. Preferably, the membrane
shell 22 is substantially impervious (most preferably com-
pletely impervious) to liquid (e.g., water). In this
embodiment, water enters the device and solution exits the
device only by way of the wick member 24. Chlorine
dioxide gas generated by, for example, the reaction of
chlorite ions and acid in the compartment 30 exits the device
through the membrane shell 22 (i.e., the panels 22A and
22B) and possibly, to some extent, the wick member 24. The
aqueous solution formed in the device is confined, for the
most part, to the device. By preventing the aqueous solution
formed and associated dissolved or solid chemicals from
escaping the device through the membrane shell 22, the
reaction is more complete and can be more easily controlled.
Such a setup is desirable in applications wherein the amount
of chlorine dioxide generated is critical and needs to be
precisely controlled. For example, small amounts of water
inadvertently encountered by the device will not enter the
compartment 30 and cause premature reaction of the chemi-
cals therein (a small amount of water is merely absorbed and
held by the wick member 24).
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In another embodiment, the membrane shell 22 is perme-
able to liquid (e.g., water and chlorine dioxide solution) and
gas (e.g., chlorine dioxide gas). In this embodiment, water
can enter the device and aqueous solution that is formed in
the device can exit the device by way of the membrane shell
22. This decreases the amount of time required for the
desired chlorine dioxide solution to be generated and is
desirable in applications wherein the level of activation is
low and immediate use of the solution is desired.

The permeability of the panels 22A and 22B with respect
to gas and/or water can be the same or not the same
depending on the desired function of the device. For
example, the panel 22A can allow water to pass into one side
of the compartment 30 while the panel 22B does not allow
water to pass into the compartment 30.

The selected permeability of the panels 22A and 22B and
hence the membrane shell 22 with respect to gas (e.g.,
chlorine dioxide) and liquid (e.g., water) is initially a func-
tion of the material composite and can be modified by
mechanically, chemically and/or structurally altering the
material. For example, as described below, a plurality of
small openings can be formed in one or both of the panels
22A and 22B to facilitate the passage of liquid into and out
of the compartment 30. Also, one or both of the panels 22A
and 22B can be coated with various materials to alter the
permeability thereof.

The membrane shell 22 (including the panels 22A and
22B) can be made of any membrane material that allows the
membrane shell to function as described above; e.g., that
allows the membrane shell to be substantially impervious to
water but permeable to chlorine dioxide gas. For example,
the membrane shell 22 (including the panels 22A and 22B)
can be made from fibers. The fibers can be hydrophilic,
hydrophobic or any combination thereof The fibers can be
naturally occurring and/or synthetic, and can be woven or
non-woven. Additionally, the fibers may be coated or non-
coated. For example, the fibers can be coated to seal the
fibers to each other or to other materials such as in a laminate
composite.

Suitable synthetic fibers for the membrane shell 22
include polyvinyl chloride, polyvinyl fluoride,
polytetrafluoroethylene, polyvinylidene chloride, polyacryl-
ics such as Orlon® polyvinyl acetate, polyethylvinyl acetate,
non-soluble or soluble polyvinyl alcohol, polyolefins such as
polyethylene and polypropylene, polyamides such as nylon,
polyesters such as Dacron® or Kodel® polyurethanes, poly-
styrenes and the like.

Suitable water impervious materials for forming the mem-
brane shell 22 include microporous non-woven hydrophobic
polymer sheet materials including non-woven polyethylene
(e.g., Tyvek® brand materials sold by E.I. Du Pont de
Nemours & Co.), microporous non-woven polypropylene
materials, expanded polytetrafluoroethylene (e.g., Gore-
Tex® brand sold by W.L. Gore), and kraft paper (e.g.,
X-Crepe-N Grade 4502 sold by Oliver Products Co.). Suit-
able water-permeable membrane materials include gelatin,
polyvinyl alcohol, cellulose, and cellulose derivatives such
as hydroxypropyl methyl cellulose. Other water permeable
and water impermeable membrane materials suitable for use
in forming the membrane shell 22 (including the panels 22A
and 22B) are known to those skilled in the art and are
included within the scope of the present invention.

The panels 22A and 22B and hence the membrane shell 22
in general are preferably formed of a polyolefin material
such as polyethylene and polypropylene. Most preferably,
the panels 22A and 22B and hence the membrane shell 22 in
general are formed of a microporous non-woven polyethyl-
ene.
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The shape and size of the wick member 24 can vary
depending on the size of the compartment 30, the water
absorption rate desired, the type of material used to form the
wick member, the intended application, packaging concerns
and material compatibility. In the embodiment shown in
FIGS. 1-3, the wick member 24 is almost as wide and
extends almost to the bottom of the compartment 30.
Approximately 47 of the length of the wick member 24
extends beyond the outer edge 40 of the membrane shell 22.
These features allow the wick member 24 to absorb and
transport a relatively large amount of water on a relatively
rapid basis. In order to increase the surface area of the wick
member 24 to be exposed to the water even further, for
example, the bottom end 60 of the wick member can also
extend beyond the outer edge 40 of the membrane shell 22.
As long as the wick member 24 is not sealed to the panels
22A and 22B around all of its edges, commingling of the
chemicals will occur, at least to some extent.

In an application where a relatively slow release of
chlorine dioxide is desired, the wick member 24 can be
formed of a material that has a relatively slower wicking rate
such that water is transported more slowly into the com-
partment 30. Alternatively, the surface area of the wick
member 24 extending outside of the device can be-decreased
so as to slow down the water absorption rate. For example,
the wick member can be a small cylindrical rope extending
into the compartment 30.

The wick member 24 can be made out of a large variety
of materials. For example, in the preferred embodiment, the
wick member can be made of virtually any material capable
of quickly absorbing water and transporting the absorbed
water into the device. For example, the material used to form
the wick member 24 may be made of synthetic fibers,
naturally occurring fiber(s) (both modified and unmodified)
or both. The fibers can include hydrophilic fibers, hydro-
phobic fibers or a combination of hydrophilic and hydro-
phobic fibers.

Examples of suitable natural fibers for the wick member
24 include cotton, Esparto grass, bagasse, hemp, flax, silk,
wool, wood pulp, chemically modified wood pulp, jute,
rayon, ethyl cellulose, and cellulose acetate. Suitable syn-
thetic fibers can be made from polyvinyl chloride, polyvinyl
fluoride, polytetrafluoroethylene, polyvinylidene chloride,
polyacrylics such as Orlon®, polyvinyl acetate, polyethylvi-
nyl acetate, non-soluble and soluble polyvinyl alcohols,
polyolefins such as polyethylene and polypropylene, polya-
mides such as nylon, polyesters such as Dacron® and
Kodel®, polyurethanes, polystyrenes and the like. In order
to function as a wick, certain synthetic fibers may require
some modification (e.g., formed into laminates, etc.). The
desired wicking action can result form absorption of water,
capillary action and/or other mechanisms.

The wick member 24 is preferably formed of one or more
natural fibers. More preferably, the wick member 24 is
selected from the group consisting of cotton and wood pulp.
Most preferably, the wick member is formed of non-
synthetic fibers of cotton.

As known to those skilled in the art, the specific type of
metal chlorite component, acid component and additive(s)
employed in connection with the inventive device 20 will
vary depending on numerous factors including the intended
application for the device, packaging concerns and material
compatibility. The reaction of a metal chlorite with an acid
to generate chlorine dioxide is well known.

As used herein, the term “metal chlorite component”
means a compound which is a metal chlorite or which forms
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a metal chlorite when exposed to water and/or the acid
component. The metal chlorite component generally com-
prises a metal chlorite selected from the group consisting of
alkali metal chlorites, alkaline earth metal chlorites and
mixtures thereof Preferably, the metal chlorite component is
selected from the group consisting of sodium chlorite,
potassium chlorite, barium chlorite, calcium chlorite, and
magnesium chlorite, more preferably from the group con-
sisting of sodium chlorite, calcium chlorite, potassium chlo-
rite and mixtures thereof Most preferably, the metal chlorite
component is sodium chlorite (NaClO,), particularly dry
technical grade sodium chlorite (containing about 80% by
weight sodium chlorite and 20% by weight sodium
chloride).

As used herein, the term “acid component” means a
compound which is acidic or which produces an acidic
environment in the presence of water sufficient to activate or
react with the metal chlorite component such that chlorine
dioxide is produced. For example, the acid component can
include an organic acid, a mineral acid or mixtures thereof.
It is preferably a dry solid hydrophilic compound which
does not substantially react with the metal chlorite until the
chemicals are dissolved in water. Examples of organic acids
that can be used include citric acid, boric acid, lactic acid,
tartaric acid, maleic acid, malic acid, glutaric acid, adipic
acid, acetic acid, formic acid, sulfamic and mixtures thereof.
Examples of mineral acids that can be used include sulfuric
acid, hydrochloric acid, phosphoric acid and mixtures
thereof Preferred mineral acids are those that are of food
grade quality such as phosphoric anhydride and sulfuric
anhydride. Alternatively, an acid precursor that produces an
acid when exposed to water can be used. Examples of
suitable acid precursors include water soluble organic acid
anhydrides such as maleic anhydride, and water soluble acid
salts such as calcium chloride, magnesium chloride, mag-
nesium nitrate, lithium chloride, magnesium sulfate, alumi-
num sulfate, sodium acid sulfate, sodium dihydrogen
phosphate, potassium acid sulfate, potassium dihydrogen
phosphate, and mixtures thereof Additional water-soluble
acid forming precursors are known to those skilled in the art.

Of the organic acids, citric acid is most preferred. Of the
mineral acids, phosphoric acid is most preferred. Preferably,
the acid component is an organic acid. Most preferably, due
to its food grade status, cost and low toxicity, the acid
component is food grade, anhydrous citric acid.

As understood by those skilled in the art, the amounts of
metal chlorite and acid that should be placed in the compo-
nent will vary depending on the size of the compartment 30,
the concentration of chlorine dioxide in the solution desired
and the desired pH of the final solution. Preferably, the ratio
of acid to metal chlorite in the compartment 30 is in the
range of from about 5:1 to about 1:100, more preferably in
the range of from about 1:1 to about 1:10.

The types and amounts of additive or additives included
in the compartment 30 will also vary depending on the
intended application, the types of metal chlorite and acid
used, packaging concerns and material compatibility.
Examples of additives that can be employed include
adhesives, thickeners, penetrating agents, stabilizers,
surfactants, binders, organic solids, inorganic solids, cata-
lysts and other components that enhance the ability of the
device to produce chlorine dioxide when exposed to water.

A catalytic amount of a catalyst selected from the group
consisting of a transition metal, a transition metal oxide and
mixtures thereof can be included in the compartment 30 to
speed up the reaction. The use of such catalysts is disclosed
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by U.S. Pat. No. 5,008,096, issued to Ringo on Apr. 16,
1991, which is incorporated by reference herein.

The metal chlorite component, acid component and any
additive(s) utilized in connection with the device 20 can be
in any physical form which can be contained within the
device in dry form; e.g., powders, granules, pellets, tablets,
agglomerates and the like. Preferably, the components are in
powder form because powders tend to dissolve in water and
react more quickly when compared to large particles such as
pellets or agglomerates.

The metal chlorite and acid can each be impregnated on
inert carriers that are chemically compatible with the
components, e.g., zeolite, kaolin, mica, bentonite, sepiolite,
diatomaceous earth, and synthetic silica. Other such carriers
are known to those skilled in the art. For example, a carrier
can be useful to control the release of the chlorite and acid
into solution and thus control the reaction even further. Such
a carrier is preferably insoluble in water.

The types of metal chlorites, acids and additives that can
be employed and well as the amounts of components,
reaction conditions and other involved parameters are
described in Canadian Patent No. 959238 and PCT Appli-
cation No. PCT/US98/22564, which are incorporated by
reference herein.

Referring now to FIGS. 4-6, a second embodiment of the
inventive device 20 will be described. This embodiment of
the device 20 is the same as the embodiment shown by
FIGS. 1-3 and described above except for the size of the
wick member 24 and the way that the wick member is
fastened to the membrane shell 22.

In the embodiment shown by FIGS. 4-6, the wick mem-
ber 24 is of a size such that the entire outer periphery 68,
including the bottom end 60, top end 62, first side 64 and
second side 66, of the wick member extends beyond the
entire outer edge 40 of the membrane shell 22. The wick
member 24 is secaled to the panels 22A and 22B of the
membrane shell 22 along the entire line 50, that is continu-
ously along line 50A, 50B, 50C, and 50D. Due to the fact
that the entire outer periphery 68 of the wick member 24
extends beyond the outer periphery 40 of the membrane
shell 22, the wick member 24 is able to absorb and transport
water into the compartment at a faster rate. Due to the fact
that it is sealed to the panels 22A and 22B of the membrane
shell 22 along the entire line 50, the wick member 24
functions to divide the compartment 30 into a first compart-
ment section 30A and a second compartment section 30B.

In the embodiment shown by FIGS. 4-6, the metal
chlorite component is preferably contained exclusively in
one compartment, say compartment section 30A, and the
acid component is contained exclusively in the other
compartment, say compartment section 30B (the additive(s)
36 can be placed in one or both compartment sections). The
compartment division further prevents a premature reaction
of metal chlorite and acid in the event of an inadvertent
exposure to water prior to the intended use of the device. For
example, when the device 20 is immersed in water in
accordance with its intended use, the wick member 24
absorbs a relatively large amount of water and transports the
water into the first and second compartment sections 30A
and 30B such that metal chlorite in the first compartment
section and acid in the second compartment section contact
the water, dissolve in the water, traverse the wick divider,
come into contact with one another and react to produce
chlorine dioxide in the compartment 30. A small amount of
water will not be sufficient to allow the components to
traverse the wick divider and react. It is only when a
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substantial amount of water enters the device that the metal
chlorite and acid component come into contact with one
another to generate chlorine dioxide. A small amount of
water vapor that may enter the device through the membrane
shell 22 is absorbed by the chemicals.

The wick divider 24 gives the inventive device a longer
shelf life than the shelf life of the prior art devices and allows
the device to be produced in normal environments (as
compared to low humidity environments required for pro-
duction of prior art devices). Special moisture-resistant
packaging is not required to protect against ambient mois-
ture exposure.

Additional uses of the first and second compartment
sections 30A and 30B of the embodiment shown by FIGS.
4-6 can be advantageously made to fit particular applica-
tions. For example, a mixture of the metal chlorite compo-
nent and acid component can be placed in both compartment
sections. This arrangement is advantageous in that the
reaction occurs more quickly. Alternatively, a mixture of the
metal chlorite component and acid component can be placed
in one compartment section and one or more additives can
be placed in the second compartment section. This arrange-
ment might be advantageous in applications wherein the
additive might prematurely react with the metal chlorite and
acid.

The embodiment shown by FIG. 7 is the same as the
embodiment shown by FIGS. 4-6 except the membrane
shell 22 (including both the panel member 22A and the panel
member 22B) includes a plurality of relatively small open-
ings 80 (e.g., 50-500 microns in diameter) extending from
the outside of the membrane shell into the first and second
compartment sections 30A and 30B. The openings 80 facili-
tate the passage of liquid (e.g., water and aqueous solution
of chlorine dioxide) into and out of the compartment 30. The
openings 80 can further reduce the amount of time required
for the desired aqueous chlorine dioxide solution to be
generated. Each embodiment of the inventive device can
include similar openings.

Referring now to FIGS. 8 and 9, another embodiment of
the inventive device 20 is illustrated and will be described.
The embodiment shown by FIGS. 8 and 9 is the same as the
embodiment shown by FIGS. 4-6, except that an additional
seal is made through the device along a line S0E which
extends from the line S0B across the middle section of the
device to the line 50C. The seal (e.g. formed by stitches)
extends from the outside of the panel section 22B though the
wick member 24 to the outside of the panel member 22A to
effectively divide the compartment into four (4) compart-
ment sections, 30A1, 30A2, 30B1 and 30B2. The plurality
of compartments is useful for various applications. For
example, as shown by FIG. 9, an acid component 34 can be
placed in compartment section 30A1, a metal chlorite com-
ponent 32 can be placed in compartment section 30B1, a first
additive 36A can be placed in compartment section 30B2
and a second additive 36B can be placed in compartment
section 30A2. This arrangement is useful in applications
wherein the release of one or more additives requires special
conditions. For example, if a surfactant needs more water to
function than will be brought in by the wick member, small
perforations can be made in the membrane shell over the
section of the device containing the surfactant to allow more
water to enter into this section of the device when the device
is placed in water.

FIG. 10 illustrates an embodiment of the invention that is
the same as the embodiment shown by FIGS. 8 and 9 except
the that the seal made through the device along line SOE only
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extends from the outside of the panel section 22B to the wick
member 24 thus creating a device having three compartment
sections, 30A, 30B1 and 30B2. Again, the number of
compartment sections can be varied to suit virtually any
application.

Referring now to FIGS. 11 and 12, yet another embodi-
ment of the inventive device 20 is illustrated. This embodi-
ment is the same as the embodiment shown by FIGS. 4-6
except that it includes two wick members 24, 24A and 24B.
The wick members 24A and 24B are sealed together with
two the panel members 22A and 22B along the entire line 50,
that is continuously along the line S0A, 50B, S50C and 50D.
The use of two wick members 24 increases the wicking
ability of the device 20 resulting in faster absorption and
transport of water into the compartment 30. The use of two
wick members also makes it possible to divide the compart-
ment 30 into a large number of compartment sections. As
shown by FIGS. 11 and 12, the wick members 24A and 24B
divide the compartment 30 into compartment sections 30C,
30D and 30E. If desired, the device can be sealed along its
mid-section (as in the embodiments shown by FIGS. 8-10)
to create, for example, 5, 6 or virtually any number of
compartment sections.

FIGS. 13-23 illustrate certain embodiments of the inven-
tive device 20 that are designed to accommodate govern-
ment regulations and restrictions regarding shipping and
handling of the device. For example, certain federal and
state Department of Transportation regulations may prevent
the device from being shipped in a way that would allow the
acid and metal chlorite to come into contact with one another
in the event of accidental exposure to water unless the
package for the device includes a warning such as “DAN-
GEROUS WHEN WET” and special handling and shipping
requirements are met.

Referring now to FIGS. 13-15, a first embodiment of the
inventive device 20 that is designed to accommodate gov-
ernment regulations and restrictions is illustrated. This
embodiment of the inventive device 20 is the same as the
embodiment shown by FIGS. 4-7 in all respects except that
the first compartment section 30A includes the metal chlorite
component 32, and the second compartment section 30B
includes a sealable opening 90 therein. The metal chlorite
component 32 is sealed in the compartment 30A by the seal
extending along the entire line 50, that is continuously along
lines 50A, 50B, 50C and 50D. The seal along line 50A,
however, does not extend through the panel 22A of the
membrane shell 22, leaving the opening 90 in the compart-
ment 30B. An adhesive strip 94 extends along the top
portion of the device and is sealed to the device along the
line 50A.

The acid component 34 is not initially placed in the
device. Rather, the acid component 34 is placed in a separate
package 98 (FIG. 15) which can be included in the main
package 74 for the device. This prevents the acid component
34 and metal chlorite 32 from coming into contact with one
another in the case of accidental exposure of the device to
water. In this embodiment, the acid component 34 is pref-
erably in the form of a tablet 96. Alternatively, for example,
the acid component 34 can be an acid powder wrapped in a
material with wicking action, preferably the same material
used to form the wick member 24. The acid is placed in the
device with the wrapping thereon. This further delays the
reaction between the metal chlorite and acid and provides
additional reaction control, if necessary, when the device is
placed in water. The separate package 98 can be formed of
any water impervious material (e.g., laminated foil).

Although the adhesive strip 94 is preferred, any means for
resealing the opening 90 can be used. For example, Velcro®,
buttons, clamps, staples, zippers or other sealing means can
be used.
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At the point of use, the user merely removes the acid
component 34 (e.g., the tablet 96) from the package 98 and
inserts it into the second compartment section 30B through
the opening 90 therein (FIG. 14 shows the device with the
acid tablet 96 already inserted therein). The user then merely
seals the device by pressing the top portion of the panel
member 22A against the adhesive strip 94 (typically a
protective paper coating must first be removed from the
adhesive strip 94) and places the device in water (at this
point the device functions in the same manner as the device
shown by FIGS. 4-7). The user also has the option to add
other components, e.g., one or more additives, additional
weights, etc. just prior to use of the device. If desired, the
acid component 34 and/or one or more additives 36 can be
initially sealed in the first compartment section 30A and the
metal chlorite component 32 can be separately packaged for
insertion at the point of use.

The same features (e.g., the opening 90 and adhesive strip
94) can be employed in connection with the other embodi-
ments of the inventive device. For example, FIG. 18 illus-
trates an embodiment similar to the embodiment of the
inventive device shown by FIGS. 1-3 (e.g., the wick mem-
ber is not sealed on all sides allowing the chemicals to
commingle) except it includes the opening 90, adhesive strip
94, etc.).

FIGS. 16, 17 and 19 illustrate a second embodiment of the
inventive device 20 that is designed to accommodate gov-
ernment regulations and restrictions regarding shipping and
handling of the device. In this embodiment, the device 20
further comprises a manually openable ampule 100. The
ampule 100 is positioned in the second compartment section
30B and contains the acid component 34. The ampule 100 is
impervious to water and thereby prevents the acid compo-
nent 34 from coming into contact with the metal chlorite
component 32 until the ampule is manually opened. Alter-
natively the ampule 100 can be positioned in the first
compartment section 30A and contain the metal chlorite
component 32.

The ampule 100 is merely a safety device—it prevents the
acid component 34 from contacting the metal chlorite com-
ponent 32 and/or other chemicals in the compartment 30 in
the event the device is prematurely exposed to or even
immersed in water. The device 20 is assembled with the
ampule 100 sealed therein. At the point of use, prior to
placing the device 20 in water, the user merely manipulates
the device 20 to break the ampule 100 such that the acid
component 34 is released therefrom into the compartment
30B. The device 20 then functions in its intended manner,
e.g., in the same manner in which the embodiment of the
device 20 shown by FIGS. 4-7 functions.

The ampule 100 can be made out of any water and acid
impervious material. For example, the ampule 100 can be
made out of polyvinyl chloride, glass or plastic. The ampule
100 is designed such that simple hand pressure can break the
ampule open. For example, as shown by FIG. 16, the ampule
100 can include a weak point 102 which allows the ampule
100 to be easily broken open by the user.

Again, the same features (e.g., the ampule 100) can be
employed in connection with all of the embodiments of the
inventive device 20. For example, FIG. 19 illustrates use of
ampule 100 in connection with the embodiment of the
inventive device 20 shown by FIGS. 1-3; i.e., the acid
component 34 is contained in the ampule 100 which is in
turn sealed within the compartment section 30B. Inasmuch
as the ampule contains the acid, this embodiment of the
device functions similarly to the embodiment of the device
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shown by FIGS. 4—6 in that the metal chlorite component
and acid component are not allowed to commingle prior to
use of the device.

Referring now to FIGS. 20-23, yet another embodiment
of the inventive device 20 designed to accommodate gov-
ernment regulations and restrictions regarding shipping and
handling of the device is illustrated. This embodiment of the
device consists of a kit 110 which allows the user to
complete assembly of the device 20 at the point of use. The
kit 110 includes a first chemical unit 112, a second chemical
unit 130 and attachment means, such as an adhesive strip
140, attached to one of the first chemical unit and the second
chemical unit for allowing the units to be attached together
to assemble the device.

The first chemical unit 112 includes a first membrane shell
114 and a first wick member 116 connected to the first
membrane shell and forming a first compartment section 118
between the first membrane shell and the first wick member.
The first compartment section 118 contains the metal chlo-
rite component 32. The first wick member 116 is capable of
absorbing water and transporting water into the first com-
partment section 118. The first membrane shell 114 and first
wick member 116 are sealed together along a line 150 (i.e.,
along lines 150A, 150B, 150C and 150D). A weight 170 is
included in the first compartment section 118 for causing the
assembled device to submerge when placed in water by the
user.

The second chemical unit 130 includes a second mem-
brane shell 132, a second wick member 134 connected to the
second membrane shell and forming a second compartment
section 136 between the second membrane shell and the
second wick member. The second compartment section 136
contains the acid component 34. The second wick member
134 is also capable of absorbing water and transporting
water into the second compartment section. The second
membrane shell 132 and second wick member 134 are
sealed together along a line 150 (i.e., along lines 150A,
150B, 150C and 150D).

An adhesive strip 140 is attached to the first wick member
116 of the first chemical unit 112 adjacent to the outer edge
of the first wick member. The adhesive strip 140 allows the
first chemical unit 112 and second chemical unit 130 to be
attached together at the point of use. It is desirable that the
adhesive strip 140 be as close to the outer edge of the wick
member 116 as possible so as to not inhibit the flow of water
and dissolved materials in and out of the compartments 118
and 136.

Except for the chemicals they contain and the adhesive
strip 140 on the first chemical unit 112, the first chemical
unit and second chemical unit 130 are essentially identical.
Each unit is placed in an envelope 180 and placed in single
package for shipment.

At the point of use, the user merely removes the first
chemical unit 112, and second chemical unit 130 from their
individual packages 180, removes the paper cover from or
otherwise activates the adhesive strip 140 and sticks the two
units together such that the first wick member 116 and
second wick member 134 are in alignment and facing one
another. The user then inserts the device in water (at this
point the device functions in essentially the same manner as
the device shown by FIGS. 4-7).

Although the adhesive strip 140 is preferred, any means
for connecting the first chemical unit 112 and second chemi-
cal unit 130 together can be employed. For example,
Velcro®, buttons, snaps, clamps or other attachment means
can be used.

10

15

20

25

40

50

55

60

65

16

Production of the Inventive Device 20

Each embodiment of the inventive device 20, including
the components of the kit 110, can be produced using a
variety of methods. For example, in one method of produc-
ing the embodiments of the device 20 shown by FIGS. 1-7,
the wick member 24 is placed between the panels 22A and
22B forming the membrane shell 22. In order to produce a
device such as the device shown by FIGS. 4-6, the entire
outer periphery 68 of the wick member 24 extends beyond
the outer periphery 40 of the membrane shell 22. The panels
22A and 22B and wick member 24 are then sealed just inside
the outer periphery 40 of the panels such that only a small
opening allowing access to the compartment 30 between the
panels remains. The metal chlorite composition and acid
composition is then placed into the appropriate compartment
section and the opening allowing access to the compartment
30 is sealed to completely enclose the compartment 30 as
well as the compartment sections therein.

The panels 22A and 22B and wick member 24 can be
sealed together by a variety of means such as gluing, heat
sealing, pressure sealing, stapling or sewing. Preferably, the
panels 22A and 22B are heat sealed to the wick member 24.

In producing the device illustrated by FIGS. 11 and 12, a
panel 22A is placed on top of a corresponding wick member
24 and sealed just inside the outer periphery 40 of the panel
22A such that only a small opening remains for access to the
compartment between the panel and the wick member. The
metal chlorite component is then placed into the compart-
ment and the opening allowing access to the compartment is
sealed. The process is then repeated to create an identical
arrangement containing the acid component. The two
pouches are then placed together at the wick member
surfaces and sealed together.

The embodiments of the device shown by FIGS. 13-23
can be produced in a similar fashion.

For example, in the embodiment shown by FIGS. 4-6 of
the drawings, the panels 22A and 22B forming the mem-
brane shell 22 are formed of a non-woven polyethylene
material (Tyvek® brand sold by Du Pont). The wick divider
24 is made out of non-synthetic cotton fiber (e.g., Scott®
paper towel). Approximately 0.5 grams of citric acid are
contained in the first compartment section 38. Approxi-
mately 0.5 grams of sodium chlorite are contained in the
second compartment section 30B. The device 20 is then
immersed in approximately 1 liter of water to produce an
aqueous solution containing approximately 100 ppm of
chlorine dioxide. This solution can be used as a disinfectant
or for a variety of other purposes.

Operation of the Inventive Device 20

In use, an embodiment of the inventive device 20, as
described above, is first selected for the particular applica-
tion involved (taking into account applicable shipping and
handling regulations). The amount and concentration of
chlorine dioxide solution to be generated is considered with
respect to the amounts of the metal chlorite component, acid
component and other chemicals utilized and the size of the
device selected.

Generally, chlorine dioxide solutions useful as antimicro-
bial agents have a chlorine dioxide concentration of from
about 0.1 ppm to about 1000 ppm. Therefore, one liter of a
50 ppm solution can be prepared by dissolving 0.5 grams of
sodium chlorite in water. The amount of acid needed can be
calculated accordingly. However, the acid is usually present
in stoichiometric excess to ensure that the reaction goes to
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completion and the maximum amount of chlorine dioxide is
generated from the metal chlorite. Therefore, the amount of
acid should be sufficient to provide an excess of acid beyond
that needed to neutralize the alkalinity of the metal chlorite
in the water. Preferably, the amount of acid should be
sufficient to maintain the pH below 5, preferably below 3,
when in contact with the metal chlorite.

The device 20 is then contacted with (e.g., immersed in)
a container 200 of water. As shown by FIG. 24, water is
absorbed by the wick member 24 (or wick members 116 and
134) and transported by the wick member(s) into the com-
partment 30 or compartment sections 30A, 30B, 118, 136,
etc. Metal chlorite and acid in the compartment or compart-
ment sections then dissolve in the water and react to produce
chlorine dioxide gas. If the metal chlorite, acid and other
chemicals are separated by the wick member and contained
in individual compartments, the chemicals individually dis-
solve in the water and the various aqueous solutions formed
traverse the wick divider and commingle. Commingling of
the solutions results in the reaction of the chemicals and the
production of chlorine dioxide gas. The chlorine dioxide gas
then exits the device through the membrane shell 22 and
possibly, to some extent, the wick divider and transforms the
surrounding water into an aqueous chlorine dioxide or
acidified sodium chlorite solution. Some of the aqueous
solution formed in the device may also enter the container of
water through the wick member where the components may
also react to produce additional chlorine gas.

Depending on the material used to form the membrane
shell, water may also enter the device and aqueous solution
may also exit the device through the membrane shell.

Thus, the present invention has many advantages over the
prior art. The wick member (or members) carries out many
important functions. First, it absorbs water and transports the
water into the compartment(s) in the device in a controlled
manner. The wick member (or members) greatly decreases
the time required for water to get into the device yet keeps
the chemicals in the device from prematurely reacting. The
size, shape and number of compartments within the inven-
tive device can be easily varied to fit virtually any applica-
tion.

The embodiments of the device shown by FIGS. 13-23
allow the device to be easily packaged, shipped and handled
providing the device with a tremendous advantage over the
prior art devices used heretofore.

The following examples are provided to further illustrate
the effectiveness of the inventive device.

EXAMPLE 1

A microporous, hydrophobic non-woven polyethylene
sheet material (Tyvek® brand sold by EI. Du Pont de
Nemours & Co.—type 1059B) was cut and sealed with a
heat-sealing device to make a single compartment pouch
approximately 1 inch by 2 inches. The pouch was filled with
a mixture of 0.5 grams powdered technical grade sodium
chlorite and 0.5 grams powdered citric acid. The pouch was
then heat sealed and placed into 500 mL tap water at a
temperature of 75° F. The concentration of chlorine dioxide
gas in the solution was measured with a spectrophotometer
by recording the absorbance of the solution at 360 nm and
using a molar absorptivity of 1,100 liters per mole-cm.
Measurements were taken at five-minute intervals for 25
minutes. The results are shown in Table 1.
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TABLE 1
Time Concentration
5 minutes 2.1 ppm
10 minutes 5.2 ppm
15 minutes 8.5 ppm
20 minutes 11.3 ppm
25 minutes 16.5 ppm

The results show by Table 1 demonstrate that in the
absence of a wick member, chlorine dioxide solutions are
produced relatively slowly, e.g., it took approximately 25
minutes to produce a 16.5 ppm chlorine dioxide solution.

EXAMPLE 2

A microporous, hydrophobic non-woven polyethylene
sheet material (Tyvek® brand sold by E.I. Du Pont de
Nemours & Co.—type 1059B) was cut and sealed with a
heat-sealing device to make a single compartment pouch
approximately 1 inch by 2 inches. The pouch was then
penetrated using a sewing needle so that approximately 30
holes about the size of the end of the needle (i.e., 0.05 mm)
were made in the pouch. The pouch was filled with a mixture
of 0.5 grams powdered technical grade sodium chlorite and
0.5 grams powdered citric acid. The pouch was then heat
sealed and placed into 500 mL tap water at a temperature of
75° F. The concentration of chlorine dioxide gas was mea-
sured with a spectrophotometer by recording the absorbance
of the solution at 360 nm and using a molar absorptivity of
1,100 liter per mole-cm. Measurements were taken at five-
minute intervals for 20 minutes. The results are shown in
Table 2.

TABLE 2
Time Concentration
S min. 3.0 ppm
10 min. 12.2 ppm
15 min. 28.1 ppm
20 min. 29.3 ppm

Table 2 demonstrates that the small perforations in the
device allowed the water to enter the device more quickly
and resulted is a faster production rate for the chlorine
dioxide solution, e.g., it took 20 minutes to produce a 29.3
ppm solution.

EXAMPLE 3

The device of the present invention, in a form such as the
embodiment shown by FIGS. 4-6, was constructed and
compared to the prior art devices shown in Examples 1 and
2. The membrane shell (the panels 22A and 22B) was made
of a microporous, hydrophobic non-woven polyethylene
sheet material (Tyvek® brand sold by E.I. Du Pont de
Nemours & Co.—type 1059B). The wick member 24 was
made of Scott® brand “Ultrawipes” paper towel.

The membrane shell material and wick member were cut
and sealed with a heat-sealing device to make the device
(including first and second compartment sections) which
was approximately 1 inch by 2 inches. The first compart-
ment section was filled with 0.5 grams powdered technical
grade sodium chlorite and the second compartment section
was filled with 0.5 grams powdered citric acid. The pouch
was then heat sealed and placed into 500 mL tap water at a
temperature of 75° F. The concentration of chlorine dioxide
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gas was measured with a spectrophotometer by recording
the absorbance of the solution at 360 nm and using a molar
absorptivity of 1,100 liter per mole-cm. Measurements were
taken at five-minute intervals for 15 minutes. The results are
shown in Table 3.

TABLE 3
Time Concentration
S min. 31.1 ppm
10 min. 39.7 ppm
15 min. 50.0 ppm

Table 3 clearly shows that the device of the present
invention produces chlorine dioxide solutions much more
quickly than those of the prior art, e.g., it took only 15
minutes to produce a 50.0 ppm solution. The wick member
rapidly absorbed water and transported the water into the
device causing the metal chlorite and acid to dissolve,
traverse the wick divider and react to produce chlorine
dioxide in a relatively short amount of time. The chlorine
dioxide immediately passed through the membrane shell to
form the chlorine dioxide solution.

A number of inventive devices were assembled and tested
as described above, except other types of paper towel
material were used to form the wick member 24. Each
device worked in the desired manner.

EXAMPLE 4

The inventive device was constructed as described above
in Example 3. This time, however, each compartment sec-
tion was filled with 0.25 grams of powdered technical grade
sodium chlorite and 0.25 grams powdered citric acid so that
the total amount of dry chemicals in the device was 1.0
grams. The pouch was then heat sealed and placed into 500
mL tap water at a temperature of 75° F. The concentration of
chlorine dioxide gas was measured with a spectrophotom-
eter by recording the absorbance of the solution at 360 nm
and using a molar absorptivity of 1,100 liter per mole-cm.
Measurements were taken at five-minute intervals for 10
minutes. The results are shown in Table 4.

TABLE 4
Time Concentration
0 min. 0 ppm
S min. 41.48 ppm
10 min. 79.30 ppm

Table 4 shows that the device of the present invention
produces chlorine dioxide solutions even more quickly than
those of the prior art when a mixture of metal chlorite and
acid is placed in each compartment section, e.g., it took only
10 minutes to produce a 79.30 ppm solution.

PPM CIO,

— Time (Minutes)

5 10 15 20 25
Example 1 2.1 52 8.5 11.3 16.5
Example 2 3.0 12.2 28.1 29.3
Example 3 31.1 39.7 50.0
Example 4 41.48 79.3

Two 2.5"x3" pouches (P1 & P2) were produced in essen-
tially the same manner described in Example 3 above, i.e.,
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each pouch included a membrane shell formed of
microporous, hydrophobic non-woven polyethylene sheet
material (Tyvek® brand sold by E.I. Du Pont de Nemours &
Co.—type 1059B). Pouch P1, however, did not include a
wick member.

Each pouch was filled with 0.5 g citric acid and 0.5 g
sodium chlorite. In pouch P1, the wick member (made of
Scott® brand “Ultrawipes” paper towel) provided a two-
compartment pouch and separated the citric acid from the
sodium chlorite. In Pouch P2 (no wick divider) the sodium
chlorite and citric acid were mixed together in the single
compartment provided by the pouch.

Each pouch was tested in a 39-liter test chamber. In each
test, the air inside the chamber was exchanged at a rate of 1.3
liters per minute and had a relative humidity of approxi-
mately 50%. The chlorine dioxide concentration inside the
test chamber was monitored using an Interscan chlorine
dioxide meter equipped with an Intech data logger. In each
test, the atmosphere inside the test chamber was monitored
for chlorine dioxide for ten minutes prior to introduction of
the pouch, for two hours while the pouch remained inside
the test chamber, and for ten minutes after the pouch was
removed. If no chlorine dioxide was detected from the
sample, a known chlorine dioxide emitter was placed inside
the test chamber to verify the proper function of the test
equipment. The results are described below.

Results P1: The chlorine dioxide concentration inside the
test chamber never reached detectable limits during the two
hour test period. The known chlorine dioxide emitter was
placed in the test chamber at the end of the two hour test
period and allowed to produce a chlorine dioxide gas
concentration of 1.2 ppm chlorine dioxide to confirm test
instrument function.

Results P2: Chlorine dioxide gas reached detectable limits
within two minutes of sample introduction into the test
chamber and reached an equilibrium concentration of about
2.96 ppm ClO, in about twenty minutes. This suggests a
chlorine dioxide production rate of about 0.07 milligrams
ClO, per hour.

The results show that a device constructed according to
the present invention with a wick member divider separating
the citric acid from the sodium chlorite minimizes or pre-
vents the production of chlorine dioxide gas. Thus, the
device of the present invention will not be activated by
ambient moisture from the air and will have an extended
shelf life.

EXAMPLE 6

The device of the present invention, in a form such as the
embodiment shown by FIGS. 1-3, was constructed and
compared to the prior art devices shown in Examples 1 and
2. The membrane shell (the panels 22A and 22B) was made
of a microporous, hydrophobic non-woven polyethylene
sheet material (Tyvek® brand sold by E.I. Du Pont de
Nemours & Co.—type 1059B). The wick member 24 was
made of Scott® brand “Ultrawipes” paper towel.

The device was approximately 1" by 2" in size and filled
with a mixture of 0.5 grams technical grade sodium chlorite
of 80% purity and 0.5 grams food grade citric acid. The
device was then placed into 500 mL tap water with a
temperature of about 73° F. The absorbance of the solution
was measured with a spectrophotometer at a wavelength of
360 nm and then converted to a mg/l concentration of
chlorine dioxide.
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TABLE 5
Time Concentration
0 min. 0 mg/l
S min. 19.5 mg/l
10 min. 61.0 mg/l
15 min. 79.3 mg/l

As shown by Table 5, this embodiment of the invention
performed extremely well.

EXAMPLE 7

The device shown by FIGS. 20-23 was produced as
described above. The first chemical unit 112 and second
chemical unit 130 were stuck together by peeling the paper
off the adhesive strip 140 on the first unit and pressing the
units together. The compartment section 118 of the first
chemical unit 120 contained approximately 50 grams of
technical grade sodium chloride. The compartment section
136 of the second chemical unit 130 contained approxi-
mately 25 grams of technical grade, anhydrous citric acid.
Double-sided adhesive tape was used to form the adhesive
strip 140. The device 20 was then placed in a five-gallon
container of tap water. It was observed that chlorine dioxide
was generated over time and in an amount similar to the
device described in Example 3 above.

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described components and operating conditions of this
invention for those used in the examples.

Although certain preferred embodiments of the invention
have been described for illustrative purposes, it will be
appreciated that various modifications and innovations of
the inventive device may be effected without departure from
the basic principals which underlie the invention. Changes
of this type are therefore deemed to lie within the spirit and
scope of the invention except as may be necessarily limited
by the inventive claims and reasonable equivalents thereof

What is claimed is:

1. A device for producing an aqueous chlorine dioxide
solution when exposed to water comprising:

a membrane shell defining a compartment which includes
one or more dry chemical components capable of
producing chlorine dioxide gas when exposed to water;
and

wick means connected to said membrane shell and
extending into said compartment for absorbing water
and transporting water into said compartment whereby
when said device is exposed to water said wick means
absorbs water and transports water into said
compartment, said chemical component(s) dissolve in
the water and produce chlorine dioxide gas in said
compartment, and chlorine dioxide gas exits said com-
partment through said membrane shell.

2. The device of claim 1 wherein said membrane shell is

substantially impervious to liquid and permeable to gas.

3. The device of claim 1 wherein said membrane shell is
permeable to liquid and gas.

4. The device of claim 1 wherein said membrane shell is
formed of a material selected from the group consisting of
polyethylene and polypropylene sheet materials.

5. The device of claim 4 wherein said membrane shell is
formed of a microporous, non-woven polyethylene sheet
material.

6. The device of claim 1 wherein said wick means is a
wick member formed of a material selected from the group
consisting cotton pulp and wood pulp.
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7. The device of claim 6 wherein said wick member is
formed of a non-synthetic fibrous cotton material.

8. The device of claim 1 wherein said compartment
includes a metal chlorite component and an acid component
whereby when water is transported into said compartment
metal chlorite and acid in said compartment dissolve in the
water and react to produce chlorine dioxide in said com-
partment.

9. The device of claim 8 wherein said metal chlorite
component comprises a metal chlorite selected from the
group consisting of alkali metal chlorites and alkaline earth
metal chlorites.

10. The device of claim 9 wherein said metal chlorite
component comprises a metal chlorite selected from a group
consisting of sodium chlorite, potassium chlorite, barium
chlorite, calcium chlorite and magnesium chlorite.

11. The device of claim 10 wherein said metal chlorite
component is sodium chlorite.

12. The device of claim 8 wherein said acid component
comprises an acid selected from the group consisting of
citric acid, lactic acid, tartaric acid, maleic acid, malic acid,
glutaric acid, adipic acid, acidic acid, sulfamic acid, formic
acid, sulfuric acid, hydrochloric acid and phosphoric acid.

13. The device of claim 12 wherein said acid component
is citric acid.

14. The device of claim 8 wherein said acid component
comprises an acid precursor that produces an acid when
exposed to water.

15. The device of claim 1 wherein said wick means is a
wick member having a first end which extends into said
compartment and an opposing second end which extends
beyond the outer edge of said membrane shell.

16. The device of claim 1 wherein said membrane shell
comprises two panel members fastened together to form said
compartment.

17. The device of claim 16 wherein said wick means is a
wick member which is positioned between and fastened to
at least one of said panel members and divides said com-
partment into first and second compartment sections.

18. The device of claim 17 wherein at least 15% of the
outer periphery of said wick member extends beyond the
outer periphery of said membrane shell.

19. The device of claim 17 wherein the entire outer
periphery of said wick member extends beyond the outer
periphery of said membrane shell.

20. The device of claim 17 wherein said compartment
includes a metal chlorite component and an acid component,
said metal chlorite component being contained within said
first compartment section and said acid component being
contained within said second compartment section.

21. The device of claim 1 wherein said wick means is a
wick member which divides said compartment into first and
second compartment sections.

22. The device of claim 21 wherein said compartment
includes a metal chlorite component and an acid component,
said metal chlorite component being contained within said
first compartment section and said acid component being
contained within said second compartment section.

23. The device of claim 21 wherein said compartment
includes a mixture of a metal chlorite component and an acid
component, a portion of said mixture being contained within
said first compartment section and a portion of said mixture
being contained within said second compartment section.

24. The device of claim 22 further comprising a manually
openable ampule, said ampule being positioned in said
second compartment section and containing said acid
component, said ampule being impervious to water and
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preventing said acid component from coming into contact
with said metal chlorite component until said ampule is
manually opened.

25. The device of claim 22 further comprising a manually
openable ampule, said ampule being positioned in said first
compartment section and containing said metal chlorite
component, said ampule being impervious to water and
preventing said metal chlorite component from coming into
contact said acid component until said ampule is manually
opened.

26. The device of claim 21 wherein:

said first compartment section includes a metal chlorite

component, said metal chlorite component being sealed
in said first compartment section; and

said second compartment section includes an sealable

opening therein for allowing an acid component to be
placed in said second compartment section prior to
exposure of said device to water.

27. The device of claim 21 wherein:

said first compartment section includes an acid

component, said acid component being sealed in said
first compartment section; and

said second compartment sections includes a sealable

opening therein for allowing a metal chlorite compo-
nent to be placed in said second compartment section
prior to exposure of said device to water.

28. The device of claim 1 wherein said compartment
includes a metal chlorite component and an acid component,
and said device further comprises a manually openable
ampule, said ampule being positioned in said compartment
and containing said acid component, said ampule being
impervious to water and preventing said acid component
from coming into contact said metal chlorite component
until said ampule is manually opened.

29. The device of claim 1 wherein said compartment
includes a metal chlorite component and an acid component,
and said device further comprises a manually openable
ampule, said ampule being positioned in said compartment
and containing said metal chlorite component, said ampule
being impervious to water and preventing said metal chlorite
component from coming into contact said acid component
until said ampule is manually opened.

30. The device of claim 1 wherein said compartment
includes a metal chlorite component and has a sealable
opening therein for allowing an acid component to be placed
in said compartment prior to exposure of said device to
water.

31. The device of claim 1 wherein said compartment
includes an acid component and has a sealable opening
therein for allowing a metal chlorite component to be placed
in said compartment prior to exposure of said device to
water.

32. The device of claim 1 wherein said wick means is a
wick member which divides said compartment into a plu-
rality of compartment sections.

33. The device of claim 1 wherein said wick means
comprises at least two wick members, said wick members
dividing said compartment into at least two compartment
sections.

34. The device of claim 1 further comprising weight
means attached to one of said membrane shell and said wick
means for causing said device to sink when placed in a body
of water.

35. The device of claim 1 further comprising a water-
resistant package surrounding and enclosing said membrane
shell and said wick means.

36. The device of claim 1 wherein said membrane
includes a plurality of openings therein for facilitating the
passage of liquid into and out of said device.
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37. A device for producing an aqueous chlorine dioxide
solution when placed in water comprising:

a membrane shell defining a compartment, said mem-
brane shell allowing the passage of chlorine dioxide gas
from said compartment but being impervious to water,
said compartment including a metal chlorite compo-
nent and an acid component;

a wick member connected to said membrane shell, said
wick member extending into said compartment and
dividing said compartment into a first compartment
section containing said metal chlorite component and a
second compartment section containing said acid
component, said wick member being capable of
absorbing water and transporting water into said first
and second compartment sections whereby when said
device is placed in water said wick member absorbs
water and transports water into said compartment, said
metal chlorite and acid dissolve in the water, traverse
said wick divider, and react to produce chlorine dioxide
gas in said compartment, and chlorine dioxide gas
passes through said membrane shell.

38. The device of claim 37 wherein said membrane shell
is formed of a material selected from the group consisting of
polyolefin sheet materials.

39. The device of claim 37 wherein said wick member is
formed of non-synthetic fibers of cotton.

40. The device of claim 37 wherein said wick member
includes a first end which extends into said compartment and
an opposing second end which extends beyond the outer
edge of said membrane shell.

41. The device of claim 37 wherein said wick member
extends through said compartment and includes a first end
extending beyond the outer edge of one side of said mem-
brane shell and a second end extending beyond the outer
edge of a second side of said membrane shell.

42. The device of claim 37 wherein the entire outer
periphery of said wick member extends beyond the outer
periphery of said membrane shell.

43. The device of claim 28 wherein said membrane shell
comprises two panel members fastened together to form said
compartment.

44. The device of claim 43 wherein said wick member is
sandwiched between said panel members.

45. The device of claim 37 further comprising a manually
openable ampule, said ampule being positioned in said
second compartment section and containing said acid
component, said ampule being impervious to water and
preventing said acid component from coming into contact
with said metal chlorite component until said ampule is
manually opened.

46. The device of claim 37 further comprising a manually
openable ampule, said ampule being positioned in said first
compartment section and containing said metal chlorite
component, said ampule being impervious to water and
preventing said metal chlorite component from coming into
contact said acid component until said ampule is manually
opened.

47. The device of claim 37 wherein:

said first compartment section includes a metal chlorite
component, said metal chlorite component being sealed
in said first compartment section; and

said second compartment section includes a sealable
opening therein for allowing an acid component to be
placed in said second compartment section prior to
placement of said device in water.

48. The device of claim 37 wherein:

said first compartment section includes an acid
component, said acid component being sealed in said
first compartment section; and
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said second compartment sections includes an sealable
opening therein for allowing a metal chlorite compo-
nent to be placed in said second compartment section
prior to placement of said device in water.

49. The device of claim 37 further comprising means
attached to one of said membrane shell and said wick
member for causing said device to sink when placed in a
body of water.

50. The device of claim 37 further comprising a water-
resistant package surrounding and enclosing said membrane
shell and said wick member.

51. The device of claim 37 wherein said membrane shell
includes a plurality of openings therein for facilitating the
passage of liquid into and out of said device.

52. A kit for allowing a device for producing an aqueous
chlorine dioxide solution when the device placed in water to
be assembled at the point of use comprising:

a first chemical unit including:

a first membrane shell;

a first wick member connected to said first membrane
shell and forming a first compartment section
between said first membrane shell and said first wick
member, said first compartment section containing a
metal chlorite component, said first wick member
being capable of absorbing water and transporting
water into said first compartment section;

a second chemical unit including:

a second membrane shell;

a second wick member connected to said second mem-
brane shell and forming a second compartment sec-
tion between said second membrane shell and said
second wick member, said second compartment sec-
tion containing an acid component, said second wick
member being capable of absorbing water and trans-
porting water into said second compartment section;
and
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means attached to at least one of said first chemical unit
and said second chemical unit for attaching said first
and second chemical units together to assemble said
device, whereby when said device is placed in water
said first and second wick members absorb water and
transport water into said first and second compartment
sections, metal chlorite in said first compartment sec-
tion and acid in said second compartment section
contact the water, dissolve in the water, traverse the
wick dividers, and react to produce chlorine dioxide in
said compartment sections, and said chlorine dioxide
passes from said compartment sections through said
first and second membrane shells into the water into
which the device is placed.

53. The device of claim 52 wherein said first and second
membrane shells are formed of a material that is substan-
tially impervious to liquid but allows the passage of gas.

54. The device of claim 52 wherein said first and second
membrane shells are formed of a material that allows the
passage of liquid and gas.

55. The device of claim 52 wherein said first and second
wick members each include at least one end which extends
beyond the outer edge of said corresponding membrane
shell.

56. The device of claim 52 wherein the entire outer
periphery of each of said first and second wick members
extends beyond the outer periphery of said corresponding
membrane shell.

57. The device of claim 52 wherein said means for
attaching said first and second units together includes adhe-
sive material attached to at least one of said first and second
wick members.
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Maximum Strength Odor Eliminator

sing CLO2-DMG Technology ™
alivering the super power of
hlorine Dioxide. Patent Pending

100% Biodegradable and
ECO-Friendly

(877) RX-BIOCIDE / (877) 792-4624

SEE INSTRUCTIONS INSIDE.
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PTO Form 1478 (Rev 9/2006)
OMB No. 0651-0009 (Exp 12/31/2011)

Trademark/Service Mark Application, Principal Register
TEAS Plus Application

Serial Number: 85200092

Filing Date: 12/16/2010

NOTE: Data fieldswith the* are mandatory under TEAS Plus. Thewording " (if applicable)" appears
where the field is only mandatory under the facts of the particular application.

Thetable below presentsthe data as entered.

TEASPIus

MARK INFORMATION

*MARK

*STANDARD CHARACTERS
USPTO-GENERATED IMAGE

LITERAL ELEMENT

*MARK STATEMENT

REGISTER

APPLICANT INFORMATION
*OWNER OF MARK

*STREET

*CITY

*STATE
(Required for U.S. applicants)

*COUNTRY

*ZIP/POSTAL CODE
(Required for U.S. applicants only)

PHONE

FAX

YES

RoomShocker
YES
YES
RoomShocker

The mark consists of standard characters,
without claim to any particular font, style,
size, or color.

Principal

SMM Distributors LLC
459 E. 4Th Street
Los Angeles

Cdifornia
United States
90013

(310) 902-9353
(310) 861-8921
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EMAIL ADDRESS spencer @biocidesystems.com
AUTHORIZED TO COMMUNICATE VIA EMAIL | Yes
LEGAL ENTITY INFORMATION

*TYPE LIMITED LIABILITY COMPANY

* STATE/COUNTRY WHERE LEGALLY

ORGANIZED Cdlifornia

GOODS AND/OR SERVICES AND BASISINFORMATION

*INTERNATIONAL CLASS 005
IDENTIFICATION Household deodorizer
*FILING BASIS SECTION 1(a)
FIRST USE ANYWHERE DATE At least as early as 01/01/2008
FIRST USE IN COMMERCE DATE At least as early as 01/01/2008
SPECIMEN \TICRS\EXPORT1N\IMAGEOQUT
FILE NAME(S) 11\852\000\85200092\xml 1\ FTK0003.JPG

\TICRSEXPORT1INNIMAGEOUT
11\852\000\85200092\xml 1\ FTK0004.JPG

digital images of products currently used in
commerce

SPECIMEN DESCRIPTION

ADDITIONAL STATEMENTSINFORMATION

*TRANSLATION
(if applicable)

*TRANSLITERATION
(if applicable)

*CLAIMED PRIOR REGISTRATION
(if applicable)

*CONSENT (NAME/LIKENESS)
(if applicable)

* CONCURRENT USE CLAIM
(if applicable)

CORRESPONDENCE INFORMATION

*NAME SMM Distributors LLC
FIRM NAME SMM Distributors LLC
*STREET 459 E. 4Th Street
*CITY Los Angeles

*STATE
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(Required for U.S. applicants)

*COUNTRY
*ZIP/POSTAL CODE
PHONE

FAX

*EMAIL ADDRESS

*AUTHORIZED TO COMMUNICATE VIA
EMAIL

FEE INFORMATION

NUMBER OF CLASSES

FEE PER CLASS

*TOTAL FEE PAID

SIGNATURE INFORMATION
* SIGNATURE

* SIGNATORY'SNAME

* SIGNATORY'SPOSITION

* DATE SIGNED

Entered on FLSD Docket 11/26/2013

Cdlifornia

United States
90013

(310) 902-9353
(310) 861-8921

spencer @bi ocidesystems.com

Yes

275
275

/Spencer Blual
Spencer Blua

Chief Financial Officer
12/16/2010

Page 40 of 51



Case 0:13-cv-60136-DMM Document 79 Entered on FLSD Docket 11/26/2013 Page 41 of 51

Trademark/Service Mark Application, Principal Register

TEAS Plus Application

Serial Number: 85200092
Filing Date: 12/16/2010

Tothe Commissioner for Trademarks:

MARK: RoomShocker (Standard Characters, see mark)
The literal element of the mark consists of RoomShocker.
The mark consists of standard characters, without claim to any particular font, style, size, or color.

The applicant, SMM Distributors LLC, alimited liability company legally organized under the laws of
Cdlifornia, having an address of

459 E. 4Th Street

Los Angeles, California 90013

United States
requests registration of the trademark/service mark identified above in the United States Patent and
Trademark Office on the Principal Register established by the Act of July 5, 1946 (15 U.S.C. Section 1051
et seq.), as amended, for the following:

For specific filing basisinformation for each item, you must view the display within the Input Table.
International Class 005: Household deodorizer

In International Class 005, the mark was first used at least as early as 01/01/2008, and first used in
commerce at least as early as 01/01/2008, and is now in use in such commerce. The applicant is
submitting one specimen(s) showing the mark as used in commerce on or in connection with any item in
the class of listed goods and/or services, consisting of a(n) digital images of products currently used in
commerce.

Specimen Filel

Specimen File2

The applicant's current Correspondence Information:
SMM Distributors LLC
SMM Distributors LLC
459 E. 4Th Street
Los Angeles, California 90013
(310) 902-9353(phone)
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(310) 861-8921(fax)
spencer @biocidesystems.com (authorized)

A fee payment in the amount of $275 has been submitted with the application, representing payment for 1
class(es).

Declaration

The undersigned, being hereby warned that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under 18 U.S.C. Section 1001, and that such willful false statements, and
the like, may jeopardize the validity of the application or any resulting registration, declares that he/sheis
properly authorized to execute this application on behalf of the applicant; he/she believes the applicant to
be the owner of the trademark/service mark sought to be registered, or, if the application is being filed
under 15 U.S.C. Section 1051(b), he/she believes applicant to be entitled to use such mark in commerce;
to the best of hig’her knowledge and belief no other person, firm, corporation, or association has the right
to use the mark in commerce, either in the identical form thereof or in such near resemblance thereto asto
be likely, when used on or in connection with the goods/services of such other person, to cause confusion,
or to cause mistake, or to deceive; and that all statements made of his/her own knowledge are true; and
that all statements made on information and belief are believed to be true.

Signature: /Spencer Blua/ Date Signed: 12/16/2010
Signatory's Name: Spencer Blua
Signatory's Position: Chief Financial Officer

RAM Sale Number: 8401
RAM Accounting Date: 12/17/2010

Serial Number: 85200092

Internet Transmission Date: Thu Dec 16 20:34:56 EST 2010
TEAS Stamp: USPTO/FTK-208.30.2.66-201012162034569104
38-85200092-470bafaf05125¢5ff43cab19ec6e
97f3b76-DA-8401-20101216174546098942
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RoomShocker
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KEEP OUT OF REACH OF CHILDREN

AT ALL TIMES.

USE ONLY AS INSTRUCTED.

READ ALL DIRECTIONS BEFORE USING.
Deadrrnzmg delivery system (pouch) for the

generation of chlorine dioxide to control
odor-causing bacteria, mold and mildew, and
chemical odors in confined spaces where
maoisture i1s presant.
This product uses NOSGuard™ technology
EPA Reg. No72874-6
EPA Est No. 72874-0H-001
Manufactured by Avantec Technologies, Inc
Patent Pending, 03190508
Active Ingredients:
Sodium Chlorite 16%,
Other Ingradients B4%
For Support or Assistance, please cal
1-877-RxX BIOCIDE
or visit our website at:
wWww.BiocideSystems.com
Biocide Systems,
a4 division of SMM Distributors Inc

Distributed by MM DNSTriBRmom L]




Case 0:13-cv-60136-DMM Document 79 Entered on FLSD Docket 11/26/2013 Page 45 of 51

READ i :
!EEEINSTHUCTIONS!H-‘-‘ :
OUT OF REacH oF CHILY"




Case 0:13-cv-60136-DMM Document 79 Entered on FLSD Docket 11/26/2013 Page 46 of 51

EXHIBIT “D”
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Maximum Strength Odor Eliminator
Jsing CLO2-DMG Technology™

| elivering the super power of
Lhlorine Dioxide. Patent Pending

INSTRUCTIONS INSIDE
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EXHIBIT “E”



-.... L& #il .‘ » Nt |
4 % ,, R .
g & ;1% \/601‘36rDMM Document 79 Entered on FLSD Docket 11/26/2013 Page 49 of 51 , !

wz BIOCIDESYyStems:

Marine Shocker™ quick release

Maximum Strength Odor Eliminator

Using CLO2-DMG Technology ™
Delivering the super power of
Chlorine Dioxide. Patent Pending

100% Biodegradable and
ECO-Friendly

(877) RX-BIOCIDE / (877) 792-4624
www.biocidesystems.com

" A\ SEE INSTRUCTIONS INSIDE.
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EXHIBIT “F”
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ww BIOCIDESYStems-

o Maximum Strength Odor Eliminator
| Using CLO2-DMG Technology (2
| Delivering the super power of ‘ e

| Chlorine Dioxide. Patent Pending

-\ 100% Biodegradable and
~\ ECO-Friendly

(877) RX-BIOCIDE / (877) 792-2524
SEE INSTRUCTIONS INSIDE
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