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APPARATUS AND METHOD TO MAKE HIGH LEVEL DISINFECTANT

CROSS REFERENCE TO RELATED APPLICATIONS

[8801] This application claims priority to U.S. Provisional Patent Application Serial No.
62/400,774 filed September 28, 2016 and also claims priority to U.S. Provisional Patent
Application Serial No. 62/452,666 filed January 31, 2017, These applications are mcorporated

herein by reference, in their entiveties.

TECHNICAL FIELD

{0802] Embodiments of the present disclosure relate to disinfectant solutions. More specifically,
embodiments of the present disclosure relate to producing disinfectant sohutions from sohid

chemisiries, which are used for disinfecting a medical device.

Background
[0003] Many medical devices and instruments may be reused on a number of patients. Before a
medical device or instrument is used on another patient, the medical device or instrument generally
needs to be reprocessed. For example, afler an endoscope is used on a patient, a number of steps
are required to reprocess the endoscope before that the endoscope can be reused. Incladed in the
steps of reprocessing an endoscope is a disinfecting step using, for example, a liquid disinfectant
solution.
[0804] Conventionally, Higuid disinfectant solutions are prepared as aqueous solutions and are
then shipped by a manufacturer to 8 hospital or other facility. The disinfectant solutions may be
shipped as a concentrate which is then diluted at the hospital or other facility to disinfect an
endoscope. Alternatively, the disinfectant solutions may be shipped end-user concentrations and
then used "as is" for disinfecting. For either the concentrated or the "as 8" disinfectant solution
most of the shipping cost is due to the water in the solution, not the needed disinfectant,
{8805} Apparatus and devices designed for the at least partially avtomated cleaning and
sterilization of medical devices and instruments are known. Antimicrobial solutions adapted for
use in such sterilizing devices are also known, but may suffer drawbacks either in terms of
storage, handling, corrosiveness, or compromised capability of rapid in situ dissolation of the

medical device or instrument.
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[8806] Some of these antimicrobial solutions use peracetic acid or other strong oxidants as a
sterilizing agent. Storage conditions which may subject a contained peracetic acid solution @
ncreases in temperature must be avoided, and storage of containers which vent such solutions
mto the atmosphere may be problematic and subiect to regulatory restrictions.

{6667} Thoere is 2 need for improved high lovel antimicrobial and disinfectant solutions and
systerns to clean and sterilize medical devices and instruments that do not suffer from any of the

problems associuled with previous solutiony and systems,

Summary
[8683] Representative embodiments of the present disclosure are related to apparatus and
methods for producing and using antimicrobial and disinfectant solutions for use with cleaning
and sterilizing medical devices and instruments,
{68081 In one aspect, the invention is directed to an apparatus to make a peracetic acid high level
disinfectant solution. The apparatus includes a solid dispensing systern, a water source, two
reactor chambers, and a storage reservoir. A solid dispensing system has a bulk dispenser for
solid tetraacetylethylenediamine {TAED), a bulk dispensing system for solid sodium
percarbonate and a bulk dispensing systemn for solid citric acid monohydrate. A heated water
delivery system is provided to add heated water to the reactor chambers and storage reservoir. A
first reactor chamber is used to mix the sohid TAED and sodium percarbonate with heated water
o provide a peracetic acid solution. A conduit is provided to deliver heated water from the
heated water system o the first reactor chamber, A second reactor chamber mixes the peracetic
acid solation with a weak organic acid, sach as citric acid monohydrate, to provide a pH
controled peracetic acid solution. A conduit delivers the peracetic acid solution from the first
reactor chamber to the sccond reactor chamber. A storage reservoir dihutes the pH controlled
peracetic acid solution with water to provide a peracetic acid high level disinfeciant solution. A
conduit delivers the pH controlied peracetic acid solution from the second reactor chamber to the
storage reservoir, and a conduit delivers water to the storage reservoir.
[0818] The apparatus may comprise a water delivery sysiem having a pump to deliver heated

water to the first reactor chamber. The heated delivery system may deliver water to the first
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reactor chamber at a temperature of from about 30-30°C. For example, water may be delivered
to the first reactor chamber at a temperature of about 40°C,

{8011} The first reactor chamber may comprise a mixer. The mixer may comprise a rotary
mixing blade or other high shear blade. Other muixing blades may comprise swifl mixing blades,
westorn mixing blades, cgg beater blades, impeller blades or mud buster blades. The first reactor
charnber may be capable of mixing the water, solid TAED, and solid sodium percarbonate fora
period of time, such as about one minute.

[6612] A conduit may deliver peracetic acwd solution from the first reactor chamber to the second
reactor chamber and also may include a filier to prevent the transfer of undissolved solids to the
sscond reactor chamber., A filter may be made from known materials inchuding polymers, such
as polytetrafluoroethylene, polypropylene, nylon or polyethylene. Altemative filter materials
include metal, glass, or ceramic.

{6813] Another conduit may deliver pH controlled peracetic acid from the second rector
chamber to the storage reservoir and may include a filter to prevent wransfer of undisecived
solids.

[B8814] The water used {o dilute the pH controlled peracetic acid may be delivered ata
teraperature of about 18 to about 40°C, more specifically, about 25 to about 40°C.

[6615] The peracetic acid high level disinfectant solution is at a temperature of about 20-40°C.
For example, the solution may be at a temperature of about 30°C. The peracetic acid has a pH of
from about 5-7, for example a pH of about 6, a peracetic acid concentration of about 1200-2200
ppm, more specifically, about 1200-2000 ppm, and a hydrogen peroxide concentration of less
than about 500 ppm.

{8016} In another aspect, the invention is divected to 2 method of making a peracetic acid high
level disinfectant solution. The method includes: (i) dispensing a solid mixture of TAED and
sodium percarbonate from a bulk container inlo a first reacior chamber, (i1} adding heated water
to the first reactor chamber, (1i1) mixing the heated water, TAED and sodium percarbonate to
form a peracetic acid solution, (iv) dispensing solid citric acid monohydrate from a bulk
container into a second reactor chamber, {v} adding the mixed peracetic acid solution to the
second reacior chamber to provide a pH controlled peracetic acid solution, (vi) adding the pH

controlled solution to a storage reservoir, and (vii) diluting the pH controlled peracetic acid
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solution with water in the storage reservoir to provide the peracetic acid high level disinfectant
solution.

{6017} The heated water may be pumped into the first reactor chamber. The heated water may
be at a temperature of from about 30°C to about 50°C, for example at a temperature of about
40°C.,

[0018] The heated water, solid TAED, and solid sodiam percarbonate are mised in the first
reactor chamber by a mixer. The mixer may comprise a rotary mixing blade, a swift mixing
blade, a western nuxing blade, an egg beater blade, or a mud buster biade. The heated water,
TAED, and sodinm percarbonate are mixed in the first reactor chamber for a period of time, such
a3 about one minute, to form the peracetic acid solution.

{8019} The peracetic acid solution is then pumped into the second reactor chamber. The
peracetic acid may be filtered to prevent transfer of undissolved solids into the second reactor
chamber. The pH controlled peracetic acid may also be filtered to prevent transfer of
undissolved solids into the storage reservoir.

[8828] The water used to dilute the pH controlled peracetic acid in the storage reservoirisat a
temperature of about 18 to about 40°C | more specifically, about 25 to about 40°C.

16021} The peracetic acid high level disinfectant solution is at a temperature in the range of from
about 20°C to about 40°C, for example 30°C, has a pH in the range of from about §5-7, for
example a pH about 6, a peracetic acid concentration of about 1200-2200 ppm, more
specifically, about 1200-2000 ppm, and a hydrogen peroxide concentration of less than about
500 ppim.

{6822} The peracetic acid high level disinfectant solution as described above may be used to
clean and disinfect reusable medical apparatus and equipment, for exampile a dialysis machine.
{0023} The peracetic acid high level disinfectant solution as described above may be used in an
automated endoscopic reprocessing system {AER system}.

{0024] While multiple embodiments are disclosed, still other embodiments of the present
disclosure will become apparent to those skilled i the art from the following detailed description
and claims, which shows and describes illustrative embodiments of the disclosure. Accordingly,
the drawings and detailed description are to be regarded as iHlustrative in nature and not

restrictive,
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Brief Description of the Drawings
{0923] Figure | illusirates an exemaplary embodiment of an apparatus to make a high level
diginfectant; and
{8026] Figure 2 iHustrates an allernative embodiment of an apparatus to make a high level

disinfectant.

Betafled Description of the Drawings
{0827 For the purposes of this specification and appended claims, unless otherwise indicated, all
nunbers expressing quantitios of ingredients, percentages or proportions of materials, reaction
conditions, and other numerical values used in the specification and claims, are to be understood
as being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached claims
are approximations that may vary depending upon the desired properties sought to be obtained
by the present application. At the very least, and not as an attempt to limit the application of the
doctrine of equivalents to the scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying ordinary rounding
techniques.
{8028} Notwithstanding the numerical ranges and parameters set forth herein, the broad scope of
the application are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently contains certain
errors necessarily resulting from the standard deviation found in their respective testing
measurements. Moreover, all ranges disclosed herein are to be understood to encompass any and
afl subranges subsumed therein. For example, a range of “1 to 107 includes any and all
subranges between (and including) the mindmurm value of 1 and the maximum value of 10, that
is, anv and all subranges having a minimum value of equal to or greater than 1 and a maximum
value of equal to or less than 10, e.g., 5.5 to 10.
{8029} Reference will now be made in detail to certain embodiments of this application,
examples of which are illustrated in the accompanying drawings. While the application will be
described in conjunction with the illustrated embodiments, it will be understood that they are not

intended to lirit the application to those embodiments. On the contrary, the application is
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intended to cover all alternatives, modifications, and equivalents that may be included within the
application as defined by the appended claims.
10030] It is noted that, as used in this specification and the appended claims, the singular forms

(13 3% 66

a,” “an” and “the” include plural referents unless expressly and uneguivecally limited to one
referent. Thus, for example, reference o “a filter” includes one, two, three or more filters.
{331 We refer now to the drawings wherein depicted elements are not necessarily shown to
scale and wherein like or similar clements are designated by the same reference numeral through
the several views.

{6632} Referring to the drawmgs in general, 1t will be understood that the illustrations are for the
purpose of describing particular embodiments of the disclosure and are not intended to be
limiting thereto.

{66333} While most of the terns used herein will be recognizable to those of ordinary skill in the
art, it should be understood that when not explicitly defined, terms should be interpreted as

adopting a meaning presently accepted by those of ordinary skill in the art.

{6634} Peracetic acid (PAA), also referred to as peroxyacetic acid, may be produced by the
reaction of acetic acid and hydrogen peroxide in an agueous solution. The PAA is a high level
disinfectant for cleaning, disinfecting and sterilizing medical devices and instruments, TAED as
a solid powder is used to react in solution with a solid source of peroxide such as sodium
percarbonate or sodivm perborate to generate peracetic acid. When sodium percarbonate
dissolves in waler, hydrogen peroxide s generated. At elevated temperatures, for example 30°C
or higher, TAED will quickly react with hydrogen peroxide in a first reaction to generate PAA
and friacetylethylenediamine and then react with additional hydrogen peroxide to generate
peracetic acid and discetylethvienediamine. When the reaction is complete, the solution obtained
has a pH that may be greater than 8.0. In order for PAA to be effective and stable, the pH is
lowered to about 6.0 by adding citric acid monohydrate. The preferred peracetic acid high level
disinfectant solution has a pH of between about 5 to about 7, more specifically, between about
5.3 to about 6.5, and more specifically, about 6.0, at a concentration of 1200-2200 ppm, more
specifically, about 1200-2000 ppim,, and more specifically between about 1700-1900, ppm PAA
and about 200-500 ppm Hx(;. Is another embodiment, the peracetic acid high level disinfectant

solotion has an HaUz concentration of less than 500 ppm, more specifically, less than 300 ppm.
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The peracetic acid high level disinfectant solution is effective as a microbiocidal and
disinfectani, and has low corrosive properties.
[0835] Figure ! illustrates an example of 2 peracetic acid mixing system 10 to provide a
peracetic acid high level disinfectant solution. Mixing system 10 comprises a solid dispensing
system 12, a first reactor chamber 24, a second reactor chamber 26, and a storage reservoir ot
chamber 50.
[0036] Solid dispensing system 12 comprises a bulk container of TAED 14, a bulk container of
sodium percarbonate 16, and 2 bulk container of a weak organic acid, such as citric acid
monchydrate 18, The solid dispensing system 12 maintains the solids as powders separate from
cach other until mixing is desired. These components are provided in powder form m fwo or
more bulk containers with the reactive components (TAED and sodium percarbonate, and) in one
or more bulk containers, and citric acid monchydrate powder for pH adjustment in another bulk
container. In a preferred configuration each component is maintained separately from each
other. These components are dispensed into the first and second reactors afier going through
solid dispensing access points 20a, 20b.
{8037} In a representative entbodiment, approximately 1.66 kg of TAED is contained in the solid
dispensing sysiem 12, which is enough TAED to make about 50 batches or cycles of 10 liters of
high level disinfectant solution. Approximately 2.08 kg of sodium percarbonate is contained in
he solid dispensing system 12, which is enough to make about 50 batches or eyeles of 10 liters
of high level disinfectant solution. In a single batch or cycle, about 33.2 g of TAED and about
41.5 g of sodiuvm percarbonate is dispensed through the solid dispensing access point 20a. In
addition, approximately 1.50 kg of citric acid monchydrate is contained in the solid dispensing
system 12, which is encugh for about 50 batches or cycles of 10 liters of high level disinfectant
solution. Tn a single cvcle, about 30 g of a weak organic acid, such as citric acid monohydrate, is
dispensed into solid dispensing access point 20b.
8638} In another representative embodiment, approximaiely .83 kg of TAED is contained in
the solid dispensing system 12, which is enough TAED to make about 50 batches or cycles of 5
titers of high level disinfectant solution. Approximately 1.04 kg of sodium percarbonate is
contained in the solid dispensing system 12, which is encugh to make about 50 batches or cycles
of 5 lters of high level disinfectant solution. In a single batch or cycle, about 16.6 g of TAED

and about 20.17 g of sodium percarbonate is dispensed through the solid dispensing access point
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20a. In addition, approximately .73 kg of citne acid monohydrate 1s contained in the solid
dispensing system 12, which is enough for about 50 batches or cycles of 5 liters of high level
disinfectant solution. In a single cycle, about 15 g of a weak organic acid, such ag citric acid
monochydrate, is dispensed into solid dispensing access point 20b.

{8639 The TAED and sodium percarbonate are mixed with water in the first reactor chamber
24, using mixer 28. Walcr 13 pumped from water source 30, which heats about 2.0 liters of water
{for a 10 liter batch) to a teroperature of from about 33-45°C, for example about 40°C, through
inlet tube 34a into first reactor chamber 24, A § liter batch would require about 1.0 to about 1.3
fiters of water to be heated o a temperature of from about 35-45°C, for example about 40°C. The
water is pumped with pump 32 to first reactor chamber 24 at an optional flow rate of about 4.5-
6.1 liters per minute {1.2-1.6 gallons per mimate), for example about 5.3 liters per minute (1.4
gallons per minute} while maintaining the water at 8 temperature of about 40°C. Mixer 28
facilitates TAED and sodium percarbonate to dissolve in water and react to create a PAA
solution. The initial pH of the PAA solution 15 about 8. In one embodiment, a filter or mesh 22a
is located within first reactor chamber 24 around outlet tube 36a o filter any undisselved solids
and prevent these materials from passing through outlet tune 36a and inio second reactor
chamber 26.

[8848] In one embodiment, the first reactor chamber 24 can be sized at about 3 Liters fora 10
liter batch of high level disinfectant solution, or about can be less than 2 liters for a § liter batch
of high level disinfectant solution. In another embodiment, the second reactor chamber 26 i
also sized at about 3 liters for a 10 lter batch of high level disinfectant solation or less than 2
iters for a 5 liter batch of high level disinfectant solution. The first and second reactor chambers
may be made from materials such as plastic, metal, or termapered glass, First reactor chamber 24
and second reactor chamber 26 may be insulated to maintain a desired temperature. For
example, first reactor chamber 24 and second reactor chamber 26 may have a heat jacket, or an
mternal heater.

[B6041] A weak organic acid, such as citric acid monohydrate is added to second reactor chamber
26 through solid dispensing access point 20b from the bulk container 18. PAA created in first
reactor chamber 24 is added to second reactor chamber 26 via a conduit comprising ountlet tube
36a and inlet tube 34b at an optional flow rate of about 4.5-6.1 liters per mmute (1.2-1.6 gallons

per minuie), for example 5.3 liters per minute (1.4 gallons per minutel. Mixing of citric acid
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monchydrate and PAA is effected using the flow of the incoming PAA solution. The citric acid
monohydrate is used to lower the pH of the PAA solution to between about 5 to about 7,
specifically, about 6.0

{0842] In one embodiment, the acidified PAA solution is then removed from second reactor
chamiher 26 through filter or maesh 22b and associated outlet tube 36b. Filter or mesh 22b filters
any undissolved solids from the solution. In one embodiment, the acidified PAA solution is
removed, at an optional flow rate of about 4.5-6.1 liters per minute {1.2-1.6 gallons per minute),
for example about 5.3 liters per minute (1.4 gallons per minuie), with a temperature of from
about 20-40°C, for example, about 30°C. The acidified PAA solution is transferred to storage
reservoir or chamber 50 via a conduit comprising cutlet tube 36b. Water (in one embodiment,
about 8 liters) from water source 40 is kept at a temperature of about 25-30°C and is pumped to
storage reservoir or chamber 50 using pump 42, In one embodunent the water 18 pumped at a
flow rate of about 1.2-1.6 galions per minute, for example from about 1.2-1.6 gallons per minute,
for example, about 1.4 gallons per minute. In one embodiment, storage reservoir chamber 50 is
sized at about 50 liters, and is made from materials selected from plastic, metal, or glass with
plastic being preferred. In one embodiment, storage reservoir or chamber 50 comprises about 4-
12 liters, preferably about 10 Hiters of the high level disinfectant solution at a temperature of
about 30-40°C with a concentration of PAA from about 1200-2200 ppm, more specifically,
about 1200-2000 ppm, and a hydrogen peroxide concentration of less than about 300 ppm, more
specifically, less than 300 ppm, and a pH of from about 5.0 to abowt 7.0,

{0043} For example, 10 liters of a high level disinfectant solution may be present at a
concentration of about 1200-2200 ppm, more specifically, about 1200-2000 ppm, and mors
specifically about 1700-1200 ppm PAA at a tomperature of about 30 °C, with a pH of about 6.
18044} Another representative embodiment is & method of using the apparatus 10 o make a high
level disinfectant sojution. The method includes the following steps. Solid TAED and sodium
percarbonate, contained in bulk containers 14, 16 as powders, are dispensed by the dispensing
system 12 to the first reactor chamber 24. A weak organic acid, such as citric acid monohydrate
is dispensed from bulk container 18 to second reactor chamber 26. A water source 30 is allowed
to heat an amount of water, sach as about 2 liters, to a desired temperature, such as from about
35-45°C, for exanmple, to a temperature of about 40°C. Next, an amount of water, sach as about

8.0 Hiters, at room temperature (25-30°C) is added to the storage reservoir 50 from water source
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40. A first pump 32 1s turned on to pump the heated water to the first reactor chamber 24, The
purop 32 cawn then be turned off once all the water has been added. The access point can also
closed at this time. The mixer 28 in the first reactor chamber 26 is turned on and allowed to mix
the water, TAED and sodium percarbonate solution for a period of time, such as about one
mimte. Alternatively, a miding time of 30 seconds to two minutes meay be used. After the
desired mixing time, the pump is turned on fo allow the resulting PAA solution to go through to
the second reactor chamber 26 to mix with the citric acid monchydrate, and then finally into the
storage reservoir 50 to make the final peracetic acid solution for use as high level disinfectant.
{8045} In one embodiment, mixing system 10 may dispense TAED 14, sodium percarbonate 16,
and ¢itric acid monohydrate 18 by directly weighing out the mass of each component and
dispensing the correct amount into the reactor using the solid dispensing access point 20a, 20b.
Alternatively, the correct amount of each component may be packaged into separate disposabie
bags that can be placed into the proper reactor chamber without the need to pour the solid
directly into the reactor chamber. The disposable bags may be made from polyvinyl alechol,
high-density polyethylene fibers, or similar material. The disposable bags may also be
dissolvable in water. A dissolvable bag may be made from materials such as polyvinyl alcobol,
polylactic acid, or other know nontoxic water-soluble biodegradable polymers. The dissolution
rate of the bag may be dependent on the temperature of the water. For exampile, the bag may
dissolve faster in water having a higher temperature. The disposable bags could be added
directly to the appropriate reactor chamber without adversely affecting the final high level
disinfectant solution.

{0846] In an alternative embodiment, TAED 14 and sodium percarbonate 16 may be packaged
together in a single disposable bag. The bag may also be dissolvable. Such a bag may allow
powders o be promixed, or the bag may have a divider to keep the powders separate until added
o the reactor chamber 24, Upon adding water as a liquid source, the divider may dissolve and
allow the two powders to mix and react.

[9947] In an alternative method, water source 30 may heat an amount of water, such as about 0.8
liters, to a temperature of about 55-653°C, for example, to a temperature of about 60°C. The solid
components are dispensed {rom their respective chambers, allowing the water source to reach the
desired temperature before dispensing the water inio the Sest reactor chamber 24, An amount of

water, such as about 3.2 liters, in water source 40 is heated or maintained at room temperature
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{about 20-25°C). Vent (not shown) in first reactor chamber 24 is opened and pump 32 is turmned
on. Once the first reactor chamber 24 is filled with water, pump 32 1s turned off and the vent is
closed. Mixer 28 is turned on for a period of time, such as about 1 minute. Alternatively,
contents may be mixed for about 30 seconds or up to two minutes. After mixing, pump 32 is
trned on to move the PAA solution to second reactor chamber 26, Citric acid monohydrate 18
is added to second reactor chamber 26 and allowed to mix before the acidified peracetic acid
solution is puraped inio storage reservoir or chamber 50,

[0048] Mixing system 10 is advantageous because the amount of components required for the
final high level disinfectant product is reduced when compared to similar processes. The high
fevel disinfectant solution is able 1o be obtained at a lower temperature, such as 30-35°C. The
mixing system 19 is also cleaner becguse the solids are dissolved into solution during the mixing
process, which requires Iess cleaning.

{1849] The high level disinfectant solution comprises hittie fo no acetic acid and is stable for at
least 12 hours, and preferably stable for up to four days.

{0050] Another representative embodiment of 8 mixing system is a continuous flow system as
illustrated in Figure 2. Continuous flow system 60 comprises a first reactor chamber 24, a
second reactor chamber 26, and a storage reservoir or chamber 50,

{08051 Contimious flow system 60 comprises a TAED 14 addition source, 2 sodium
percarbonate 16 addition source, and a citric actd monohydrate 18 addition source. These
components may be provided in powder form in a multi-compartment package with the reactive
composiiion (TAED and sodium percarbonate} in one or more compariments and the pH
adjustment powder 18 in another compariment. These components are mixed together when
going i1 to water through solid dispensing access point 20a, 20b.

[#052] Continuous flow system 60 may dispense TAED 14, sodium percarbonate 16, and citric
acid monohydrate 18 by divectly weighing out the mass of each comiponent and dispense the
correct amount into the reactor using the solid dispensing access point.

[6833] Alternatively, the correct amount of each component may be packaged into separate
disposable bags that can be placed into the proper reactor chamber without the need to powr the
solid directly into the reactor chamber, The disposable bags may be made from polyvinyl
alcohol, high-density polvethylene fibers, or similar material. The disposable bags may also be

dissolvable in water. A disposable bag may be made from a material selected from polyvinyl

i1
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alcohol, polylactic acid, or other know nontoxic water-soluble biodegradable polymers. The
dissolution rate may be dependent on the temperature of the water. For exaraple, the bag may
dissolve faster in water at a higher temperatare. The disposable bags could be added divectly to
the appropriate reactor chamber without adversely sffecting the fnal solution.

(6854} In an alternative embodiment, TAED 14 and sodium percarbonate 16 may be packaged
together in a single disposable bag. The bag may be dissolvable. Such a bag may allow powders
to be premixed, or the bag may have a divider to keep the powders separate unsil added to the
reactor chamber 24, Upon adding water as & liquid source, the divider may dissolve and allows
the powders to mix.

G835 In a representative embodiment, approximately 23.3 g of TAED and about 16.6 g of
sodium percarbonate is dispensed through the solid dispensing access point 20a. Approximately
16.6 g of citric acid monohydrate is dispensed through solid dispensing access point 20b.
Optionally, approximately 0.08 g of a surfactant, for example, Pluronic F68 LF {Sigma-Aldrich,
St. Louis, MO) is also added. Other known surfactanis may also be used fogether with or in
place of Pluronic F63 LE.

[6886] First reactor chamber 24 mixes sohid TAED and sodivim percarbonate with water. Water
is added from water source 30, which heats an amount of water, such as about 4.0 liters, to a
temperature of from about 55-80°C or higher, for example at a temperature of about 60°C. The
water is pumped with pump 32 1o first reactor chamber 24 at a flow rate, such as from about 4.5-
6.1 liters per minute (1.2-1.6 gallons per minute), for example 3.3 liters per meinute (1.4 gallons
per minute) while maintaining a temperature of about 35-45°C, for example, at temperature of
about 40°C or higher. Mixer 28 facilitates TAED and sodium percarbonate to dissolve in water
and react to create a PAA solution. In an embodiment, filter and mesh 223 s located within first
reactor chamber 24 to filter any undissoived solids from passing 1o second reactor chamber 26.
Filters or meshes 22a, 22b may be made from materials selected from polytetratiuorcethylene,
polyethylene, or nylon.

{6857} Citric acid monohydrate 18 is added to second reactor chamber 26 through solid
dispensing access point 20b. PAA created in first reactor chamber 24 is added o second reactor
chamber 26 at a flow rate, such ag from about 4.5-6.1 liters per minate {1.2-1.6 gallons per
minuie), for example, about 5.3 liters per minute (1.4 gallons per minute) with a pH of greater

than or equal to about 8.0. Mixing of citric acid monohydrate and PAA is completed using the
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flow of the incoming PAA solution. The PAA sohution is dissolved with the citric acid
monohydrate to lower the pH of the final solution to between about 5.0 and about 6.0, for
exarople, 6.0,
{8638} In an embodiment, the acidified peracetic acid solution is removed from second reactor
chamber 26 through filter or mesh 22b, which filters any undissolved solids from the acidified
peracetic acid sotution, at a flow rate, such as from about 4.5-6.1 liters per minute (1.2-1.6
gallons per mimute}, for exaraple, about 5.3 liters per minute (1.4 gallons per minute) and at a
temperature of about 50-65°C. The acidified peracetic acid solution is transferred 1o storage
reservoir or chamber 50, fo one embodiment, storage reservoir of chamber 30 comprises about
4-12 liters of the high level disinfectant solution having a temperature of about 30-55°C with a
concentration of PAA from about 1200-2200 ppm, more specifically, about 1200-2000 ppm, a
hydrogen peroxide concentration of less than 300 ppm, more specifically less than 300 ppm, and
a pH of from about 5.0-7.0. For example, 4 liters of a final disinfectant solution may have a
concentration of about 1200-2200 ppm, roore specifically, about 1260-2000 ppm, and more
specifically about 1700-1900 ppo PAA | with a pH of about 6.
{0859} Another representative embodiment is a method for using continuous flow system 60 to
make a high level disinfectant solation. The method jucludes dispensing the solid components
mio their respective chambers, allowing the water source to reach the desired temperature,
turning on the pump 32, and allowing the flow of liguid from the water source 30 {o the first
reactor chamber 24, o the second reactor chamber 26 and to the storage reserveir or chamber 50.
[6668] The continuous flow system 60 is advantageous because it does not require additional
sotors or parts for mixing, it allows production of the high level disinfectant solation in large
guantities with no requirement for larger vessels, and no pressure check valves are required.
{8961} Such a system has advaniages that include requiring less total solids, a system that is easy
to clean, g fast ronning time, and the ability of the system to generate its own heated water.
{0862} Various modifications and additions can be made to the exemplary embodiments
discussed without departing from the scope of the present disclosure. For example, while the
embodiments described above refer to particular features, the scope of this disclosure also
includes embodiments having different combinations of features and embodiments that do not

include all of the described features. Accordingly, the scope of the present disclosure in intended

i3



WO 2018/064291 PCT/US2017/053934

to embrace all such aliernatives, modifications, and variations as fall within the scope of the

claims, together with all eguivalents thereof.
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Claims:
1. An apparatus to make a peracetic acid high level disinfectant solution comprising:
a) a solid dispensing system comprising a bulk dispenser for a solid mixture
of TAED, a bulk dispenser for a solid mixture of sodium percarbonate, and a bulk
dispenser for solid citric acid monohydrate,
b) a heated water delivery system,
c) a first reactor chamber to mix solid TAED and solid sodium percarbonate
with heated water to provide a first peracetic acid solution,
d) a first conduit to deliver heated water from the heated water system to the
first reactor chamber,
€) a second reactor chamber to mix the first peracetic acid solution with solid
citric acid monohydrate to provide a pH controlled peracetic acid solution,
f) a second conduit to deliver the peracetic acid solution from the first reactor
chamber to the second reactor chamber,
0) a storage reservoir to dilute the pH controlled peracetic acid solution with
water to provide the peracetic acid high level disinfectant solution,
h) a third conduit to deliver the pH controlled peracetic acid from the second
reactor chamber to the reservoir, and

i) a fourth conduit to deliver water to the storage reservoir.

2! The apparatus of claim 1 wherein the heated water delivery system comprises a
pump to deliver heated water to the first reactor chamber.

3, The apparatus of claim 1 wherein the heated water delivery system delivers water to
the first reactor chamber at a temperature of about 40° C.

4, The apparatus of claim 1 wherein the first reactor chamber comprises a rotary mixing
blade.
5. The apparatus of claim 1 wherein the first reactor chamber mixes the water, the solid

TAED and the solid sodium percarbonate for about 1 minute.
6. The apparatus of claim 1 wherein the second conduit to deliver peracetic acid

solution to the second reactor chamber includes a first filter to prevent transfer of
undissolved solids.
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T The apparatus of claim 1 wherein the third conduit to deliver pH controlled peracetic

acid to the storage reservoir includes a second filter to prevent transfer of undissolved solids.

8. The apparatus of claim 1 wherein the water to dilute the pH controlled peracetic acid
is delivered to the storage reservoir at a temperature in the range of about 18 to about 40°
C.

9. The apparatus of claim 1 wherein the peracetic acid high level disinfectant solution is
at a temperature greater than about 25° C., has a pH in the range of between about 5 and
about 7, a peracetic acid concentration of about 1200-2200 ppm, and a hydrogen peroxide

concentration of less than about 300 ppm.

10. A method of making a peracetic acid high level disinfectant solution comprising the
steps of:
a) dispensing a solid TAED from a first bulk container into a first reactor
chamber,
b) dispensing a solid sodium percarbonate from a second bulk container into
the first reactor chamber,
¢) adding heated water to the first reactor chamber,
d) mixing the heated water, TAED and sodium percarbonate to form a
peracetic acid solution,
e) dispensing solid citric acid monohydrate from a third bulk container into a
second reactor chamber,
f) adding the peracetic acid solution to the second reactor chamber to provide
a pH controiled peracetic acid solution,
g) adding the pH controlled solution to a storage reservoir, and
h) diluting the pH controlled peracetic acid solution with water to provide the
peracetic acid high level disinfectant solution.

11. The method of claim 10 wherein the heated water is pumped into the first reactor

chamber.

12.  The method of claim 10 wherein the heated water is at a temperature of about 40° C.

13! The method of claim 10 wherein the heated water, solid TAED and solid sodium

percarbonate are mixed in the first reactor chamber by a rotary mixing blade.
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14. The method of claim 10 wherein the heated water, solid TAED and solid sodium

percarbonate are mixed in the first reactor chamber for about 1 minute.

15. The method of claim 10 wherein the peracetic acid solution is pumped into the

second reactor chamber.

16. The method of claim 10 wherein the peracetic acid solution is filtered to prevent

transfer of undissolved solids into the second reactor chamber.

17. The method of claim 10 wherein the pH controlled peracetic acid is filtered to prevent

transfer of undissolved solids into the storage reservoir.

18. The method of claim 10 wherein the water to dilute the pH controlled peracetic acid is

at a temperature in the range of about 18 to about 40° C.

19. The method of claim 10 wherein the peracetic acid high level disinfectant solution is
at a temperature of about 30° C., has a pH in the range of about 5 and about 7, a peracetic
acid concentration of about 1200-2200 ppm, and a hydrogen peroxide concentration of less

than about 300 ppm.

17



