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[DESCRIPTION]

[Title of Invention] METHOD FOR MANUFACTURING CHLOROUS ACID
WATER USING RAW MATERIAL OBTAINED BY SALT ELECTROLYSIS
[Technical Field]

[0001]

The present invention relates to a method of
manufacturing a chlorous acid aqueous solution using a raw
material obtained by electrolyzing a salt.

[Background Art]
[0002]

A chlorous acid agueous solution have drawn interest as
an antimicrobial agent, sterilizing agernt, microbe-removing
agent, disinfecting agent, antiviral agent, and food
additive/sterilizer.

[0003]

The inventor has discovered c¢hlorous acid agueous
solution and a method of manufacture thereof, have
confirmed that it has a sterilizing effect to E. coli, and
have filed the Patent Application (Patent Literature 1).
Patent Literature 1 discloses the use of sodium chlorate as
the raw material of a chlorous acid agueous solution.
[Citation List]

[Patent Literature]

[0004]

[PTL 1] International Publication No. WO 2008/026607
[Summary of Invention]

[Solution to Problem}

[0005]

As a result of diligent research on a novel method of
manufacturing a chlorous acid aqueocus solution in place of
conventional methods using chlorate such as sodium chlorate
as the raw material, the inventor has found a technology
related to a methed of manufacturing a chlorous acid
aqueous solution using chlorate obtained by electrolysis of

a salt that is cheaper and more stable than chlorate as the
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raw material. Although the method has one additional step
of electrolysis compared to conventional methods, the
method enables the manufacture of not only a chlorous acid
aqueous solution with an antimicrobial effect, sterilizing
effect, microbe-removing effect, disinfecting effect, and
antiviral effect having conventional functions, but also a
chlorous acid agqueous solution that also has a high
antimicrobial power, sterilizing power, microbe-removing
power, disinfecting power, and antiviral power.

[0006]

The present invention also provides the following
embodiments.
(Item 1)

A method of manufacturing a chlorous acid aqueous
solution, including the steps of: 1) electrolyzing a salt
to obtain a chlorate or an aqueous solution thereof; and 2)
reducing the chlorate or the aqueous solution thereof to
obtain an agueous solution including a chlorous acid.

(Iitem 2)

The method of the preceding item., wherein the salt is
sodium chloride.
{Item 3)

The method of any one of the preceding items, wherein
the sodium chloride meets the specification of sodium
chloride in the Japanese Pharmacopoeia or a specification
equivalent thereto.

{Item 4)

The method of any one of the preceding items, wherein
the chlorate or agqueous sclution thereof includes at least
about 45% (w/v) sodium chlorate, and optionally includes
sodium hypochlorite cor an unreacted substance.

(Item 5)

The method of any one of the preceding items, wherein

the electrolyzing includes making an agqueous saturated

sodium chloride solution flow in a diaphragm-free
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electrolytic c¢ell and adjusting a pH of an electrolyte
solution to about 5.9 to about 7.5 while conducting
electricity for about 15 hours or more under conditions
with a voltage of about 2.75 to about 3.5 V, a current
density of about 600 to about 5000 A/m®, and a solution
temperature of about 70°C to about 90°C.

(Item 6)

The method of any one of the preceding items, wherein
the voltage is about 3V.
(Item 7)

The method of any one of the preceding items, wherein
the current density is about 2500 A/m?.

(Item 8)

The method of any one of the preceding items, wherein
the pH of the electrolyte solution is adjusted to about 5.9
to about 7.0.

(Item 9)

The method of any one of the preceding items, wherein
the pH of the electrolyte solution is adjusted to about 6.0.
(Item 10)

The method of any one of the preceding items, wherein
at least one acid selected from the group consisting of
sulfuric acid, phosphoric acid, and nitric acid is used in
the reducing step.

(Item 11)

The method of any cone of the preceding items, wherein a
concentration of the sulfuric acid, phosphoric acid, or
nitric acid is about 60% (w/w) to about 90% (w/w).

(Item 12)

The method of any one of the preceding items, wherein
the concentration of the sulfuric acid, phospheric acid, or
nitric acid is about 70% (w/w).

(Item 13)
The method of any one of the preceding items, wherein

the acid includes an acidic thiosulfuric acid or a salt
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thereof.
(Item 14)

The method of any one of the preceding items, wherein a
concentration of the acidic thiosulfuric acid is about 0%
(w/v) to about 1.3% (w/v).

{(Item 15)

The method of any one of the preceding items, wherein
the concentration of the acidic thiosulfuric acid is about
0.5% (w/v) to about 0.7% (w/V).

{Item 16)

The method of any one of the preceding items, including
the step of cobtaining a gasified substance including a
chlorous acid.

(Item 17)

The method of any one of the preceding items, wherein
an oxyacid with a reducing action is used concurrently in
the reducing step.

(Item 18)

The method of any one of the preceding items, wherein
the oxyacid with a reducing action is acidic thiosulfuric
acid, dithionous acid, peroxymonosulfuric acid,
peroxydisulfuric acid, peroxyphosphoric¢ acid, peroxychromic
acid, or manganese oxide.

(Item 19)

The method of any one of the preceding items, wherein
the oxyacid with a reducing action is acidic thiosulfuric
acid or dithionous acid.

(Item 20)

The method of any one of the preceding items, wherein
the oxyacid with a reducing action is generated from a salt
of the oxyacid with a reducing action in the reducing step.
(Item 21)

The method of any one of the preceding items, wherein
the salt of the oxyacid with a reducing action is acidic

thiosulfate, dithionite, peroxymonosulfate, peroxydisulfate,
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peroxyphophate, peroxychromate, or permanganate.
{Item 22}

The method of any one of the preceding items, wherein
the salt of the oxyacid with a reducing action is sodium
dithionite or sodium thiosulfate.

(Item 23)

The method of any one of the preceding items, wherein
the oxyacid with a reducing action is used concurrently
with hydrogen peroxide.

(Item 24)

The method of any one of the preceding items, wherein
the oxyacid with a reducing action is acidic thiocosulfuric
acid or dithionous acid, wherein a concentration of the
acidic thiosulfuric acid or dithionous acid 1s about 0.5%
to about 1.5% when the acidic thiosulfuric acid or
dithionous acid is used concurrently with hydrogen peroxide.
(Item 25)

The method of any one of the preceding items, wherein
the concentration of the acidic thiosulfuric acid or
dithionous acid is about 0.5% to about 1.0%.

{(Item 26)

The method of any one of the preceding items, including
the step of dgenerating a first reaction gas using the acid
and the oxyacid with a reducing action in step 2).

(Item 27)

The method of any one of the preceding items, including
the step of generating a second reaction gas using hydrogen
peroxide and the oxyacid with a reducing action in step 2).
(Item 28)

The method of any one of the preceding items, including
the step of capturing the first reaction gas in an aqueous
solution including a chlorous acid using a neutralization
agent in step 2).

(Item 29)
The method of any one of the preceding items, including
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the step of capturing the second reaction gas in an agqueous
solution including a chlorous acid using a neutralization
agent in step 2}.

(Item 30)

The method of any one of the preceding items, wherein a
pH of the neutralization agent is about 6.0 or greater.
(Item 31)

The method of any one of the preceding items, wherein
the pH of the neutralization agent is about 10.3 to about
10.7.

(Item 32)

The method of any one of the preceding items, wherein a
TAL, of the neutralization agent is about 20 or greater.
(Item 33)

The method of any one of the preceding items, wherein a
TAL of the neutralization agent is about 2000.

(Item 34)

The method of any one of the preceding items, wherein
the neutralization agent has a high buffering power in a pH
range of about 4.5 to about 7.5.

{Item 35)

The method of any one of the preceding items, wherein
the neutralization agent includes any one of an inorganic
acid, an inorganic acid salt, an organic acid, and an
organic acid salt, or two or more types thereof.

(Item 36)

The method of any one of the preceding items, including
the step of mixing any one of an inorganic acid, an
inorganic acid salt, an organic acid, and an organic acid
salt, or two or more types thereof, into the agueous
solution including the chlorous acid.

(Item 37)

The method of any one of the preceding items, including

the step of mixing any one of an inorganic acid and an

inorganic acid salt, or two or more types thereof, into the
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aqueous solution including the chlorous acid.
(Item 38)

The method of any one of the preceding items, including
the step of mixing any one of an inorganic acid and an
inorganic acid salt, or two or more types thereof, into the
aqueous solution including the chlorous acid, and then
mixing any one of an inorganic acid, an inorganic acid salt,
an organic acid, and an organic acid salt or two or more
types thereof.

(Item 39)

The method of any one of the preceding items,
characterized in that the inorganic acid is carbonic acid,
phosphoric acid, boric acid, or sulfuric acid.

(Item 40)

The method of any one of the preceding items,
characterized in that the inorganic acid salt is carbonate,
hydroxide salt, phosphate, or borate.

(Item 41)

The method of any one of the preceding items,
characterized in that the carbonate is sodium carbonate,
potassium carbonate, sodium Dbicarbonate, or potassium
bicarbonate.

(Item 42)

The method of any one of +the preceding items,
characterized 4in +that the hydroxide salt 1is sodium
hydroxide or potassium hydroxzide.

(Item 43)

The method of any one of the preceding items,
characterized in that the phesphate is disodium hydrogen
phosphate, sodium dihydrogen phosphate, triscdium phosphate,
tripotassium phosphate, dipotassium hydrogen phosphate, or
potassium dihydrogen phosphate.

(Item 44)
The method of any one of the preceding items,

characterized in that the borate is sodium borate or
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potassium borate.
(Item 45)

The method of any one of the preceding items,
characterized in that the organic acid is succinic acid,
citric acid, malic acid, acetic acid, or lactic acid.

(Item 46)

The method of any one of the preceding items,
characterized 4in that the organic acid salt is sodium
succinate, potassium succinate, sodium citrate, potassium
citrate, sodium malate, potassium malate, sodium acetate,
potassium acetate, sodium lactate, potassium lactate, or
calcium lactate.

(Item 47)

A chlorous acid aqueous solution preduced by the method
of any one of the preceding items.
(Item 48)

An apparatus for manufacturing a chlorous acid aqueous
solution, including
1) an electrolytic c¢ell for electrolyzing a salt to
obtain a chlorate or an agqueous solution thereof, and
2) a reaction tank for reducing the chlorate or an agqueous
solution thereof to obtain an agqueous solution including a
chlorous acid.

(Item 49)

An agent for adjusting reactivity of a chlorous acid
agqueous solution dincluding an oxyacid with a reducing
action.

[0007]

The present invention is intended so that one or more
of the features can be provided not only as the explicitly
disclosed combinations, but also as other combinations
thereof. Additional embodiments and advantages of the
present invention are recognized by those skilled in the
art by reading and understanding the following detailed

description as needed.



10

15

20

25

30

35

SHUSAKUeYAMAMOTO
SAN0O7

{Advantageous Effects of Invention]
[0008]

The present invention provides a novel method of
manufacturing a useful agent, i.e., chlorous acid aqueocus
solution, by using an electrolyzed salt, i.e., chlorate.
This has further increased the possibility of wide
utilization in an antimicrobial, sterilizing, microbe-
removing, disinfecting, and antiviral use 1in the food
industry, medical setting, nursing and day care, education
field, other consumable items, and the like.

[000¢9]

The method of manufacturing a chlorous acid aqueous
solution of the present lnvention, compared to conventional
manufacturing methods described in Patent Literature 1,

(1) is safer because chlorate is never directly handled as
the raw material,

(2) uses a salt with a lower cost as the raw material, and
(3) directly uses a reaction sclution obtained in an
electrolysis reaction in a subsequent step,

thus enabling the manufacture of not only chlorous acid
aqueous solutions with a chlorous acid as the primary
active ingredient, but alsc chlorous acid agueous solutions
with various functions.

[0010]

Regarding (1), since chlorate such as sodium chlorate
is designated as a category I hazardous material under the
Fire Service Act and a deleterious substance under the
Poisonous and Deleterious Substances Control Act and is a
potent oxidant, chlorate is a substance that cannot be
readily handled, requiring care in handling, because it was
necessary to store chlorate away from organic compounds and
substances that are readlily oxidized. Meanwhile, the
manufacturing method of the present invention generates
chliorate in an electrolysis reaction system and directly

transitions to the next step, so that a chlorous acid
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agueous solution can be manufactured more safely compared
to conventional manufacturing methods.
[0011]

Regarding (2), the manufacturing method of the present
invention uses sodium chloride that meets the specification
of sodium chloride in the Japanese Pharmacopoeia. This is
for preventing the generation of a carcinogenic substance
bromic acid (Br0;-) from bromide (Br-) since salt is used
as the raw material. Although not wishing to be bound by
any theory, the amount of bromic acid (BrO;-) generated can
be kept below the water guality standards for drinking
water by using sodium chloride meeting the specification of
sodium chloride in the Japanese Pharmacopoeia (bromide {Br-
} concentration: 100 pg/g or less).

[0012]

Regarding (3), a chloric acid containing aqueous
solution generated in an electrolysis reaction system using
sodium chloride that meets the specification of sodium
chloride in the Japanese Pharmacopoelia as & raw material is
used directly in the next manufacturing step. Thus, not
only a chlorous acid aqueous solution primarily with a
delayed effect, which was manufacturable with a
conventional manufacturing patent, but also chlorous acid
agueous solutions with various functions such as
significantly improved high reactivity can be manufactured
by concurrent use of oxyacid with a reducing action such as

acidic thiosulfuric acid or dithionous acid, while a

reducing agent was limited to hydrogen peroxide in the past.

[Brief Description of Drawings]

[0013]

[Figure 1] Figure 1 depicts a schematic diagram of a
manufacturing plant, in which a diaphragm free electrolytic
cell and mixing tank for each solution are separated. 1:
salt dissolving tank, 2: saturated salt water filtration

apparatus, 3: pump 1, 4: control panel, 35: rectifier/power

= A =
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source, 6: electrolytic

measurement instrument, 9:

11: hydrochloric acid titration apparatus, 12:
14:

cell,
pump 2, 10: cooling apparatus,

tank, 13: stirring apparatus,

15: hydrogen peroxide adding instrument,

7: storage

SANOO7

tank, 8:

reaction

acid adding instrument,

neutralization tank, 18: gas washing tank,

treating tank, 20: capacitor,

21:

jacket, A:

16:

pump 3, 17:

19: waste fluid

saturated salt

water discharge valve, B: electrolytic cell discharge wvalve,

C: air wvalve, D: circulation opening/cleosing spigot, E:

liguor discharge valve, F:

sulfuric acid inlet wvalve, G:

hydrogen peroxide inlet valve,

H: air pump

spigot, I:

trifurcated spigot, J: reaction solution discharge valve,

K: air valve, L: sample valve.

[Figure 2] Figure 2 shows the UV spectra of chlorous acid

agueous solution A. The

vertical axis

absorbance, and the horizontal axis

wavelength (nm).

indicates the

indicates the

[Figure 3] Figure 3 shows the UV spectra of chlorous acid

agqueocus solution B. The

vertical axis

absorbance, and the horizontal axis

wavelength {(nm).

indicates the

indicates the

[Figure 4] Figure 4 i1s a graph showing the relationship

between the phenol coefficient and oxidation capability for

each chlorine oxide measured in Example 4.

axlis indicates the oxidation capability,

axis indicates the phenol coefficient.

The vertical

and the horizontal

[Figure 5] Figure 5% is a graph showing the chronological

change in the phencl coefficient and oxidation capability

for chlorous acid aqueous solution A and ASC measured in

Example 4. The vertical

axis

indicates

the

oxidation

capability, and the horizontal axis indicates the phenol

coefficient.
[Description of Embodiments]
[0014]

The present invention 1is described hereinafter while

11
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showing the Dbest mode of the invention. Throughout the
entire specificatlion, a singular expression should be
understood as encompassing the concept thereof in the

plural form, unless specifically noted otherwise. Thus,

n 11} 1]

singular articles (e.g., "a", "an", "the", and the like in
the case of English) should also be understood as
encompassing the concept thereof in the plural form, unless
specifically noted otherwise. Further, the terms used
herein should be understood as being used in the meaning
that is commonly used in the art, unless specifically noted
otherwise. Thus, unless defined otherwise, all
terminologies and scientific technical terms that are used
herein have the same meaning as fthe general understanding
of those skilled in the art to which the present invention
pertains. In case of a contradiction, the present
specification (including the definitions) takes precedence.
[0015]

(Definitions of the terms)

The terms used herein are described hereinafter.
[0016]

As used herein, "chlorous acid agqueous solution" refers
to an agueous solution including chlorous acid (HC1lO;},
which is used as an antimicrobial agent, sterilizing agent,
microbe-removing agent, disinfecting agent, antiviral agent
and food additive: sterilizer. The chlorous acid agueous
solution of the present invention creates a transitional
state and delays a decomposition reaction, so that chlorous
acid (HC1l0,) can be stably maintained over a long period of
time. When a sample of chlorous acid aqueous solution is
measured with a spectrophotometer, the presence of chlorous
acid can be indirectly confirmed when an absorbent section
including a dissociated chlorous acid (H*-C10;7)
representing a peak near 260 nm and an absorbent section
including agqueous chlorine dioxide (Cl0O, in water phase)

representing a peak near 350 nm can be simultaneously

= d2 =
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observed between wavelengths of 240 to 420 nm in the UV
spectrum, i.e., when a double peak is exhibited. In such a
case, it is understood that a cyclic reaction primarily
involving the eguilibrium (HC1lO, <-> H'"Cl0;") of chlorous
acid (HC1lQ,) and dissociated chlorous acid (H"+C10,") where
an electron of an acidic aguecus solution is received and
returned to the dissociated chlorous acid {H'-Cl0,") wvia
agueous chlorine dioxide (Cl0, in water phase) is
simultaneously in progress.

[0017]

As used herein, the term "chlorocus acid agueous
solution" can encompass a "chlorous acid agqueous sc¢lution
preparation". A chlorous acid aqueous solution preparation
can be manufactured by using a c¢hlorous acid aqueous
solution manufactured through the manufacturing method of
the present invention and adding a specific buffer. As a
representative constitution of a chlorous acid aqueous
solution preparation, 14.500% (w/v) chlorous acid agqueous
solution (4% product), 1.000% (w/v) potassium dihydrogen
phosphate, 0.014% (w/v) sodium hydroxide, and 86.500% (w/v)
purified water can be mixed and used (sold under the name
"Keaforupisu" by the Applicant), but the constitution is
not limited thereto. For this formulation constitution, the
chlorous acid aqueous solution may be 0.25% (w/v) to 75%
(w/v), potassium dihydrogen phosphate may be 0.70% (w/v) to
13.90% (w/v), and sodium hydroxide may be 0.01% (w/v) to
5.60% (w/v). It is alsoc possible to use sodium dihydrogen
phosphate instead of potassium dihydrogen phosphate, and
potassium hydroxide instead of sodium hydroxide.

{0018]

As used herein, "stability" of a chiorous acid agueous
solution refers to a state of maintaining chlorous acid
(HC10;) .

[0019]
As used herein, "antimicrobial (action)" refers to

= 13 =
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suppression of growth of pathogenic, harmful, or infectious
microorganisms such as mold and microbes. A substance
having antimicrobial action is referred to as an

antimicrobial agent.

[0020]
As used herein, "sterilizing (action)" refers to
killing of pathogenic, harmful, or infectious

microorganisms such as mold and microbes. A substance

having sterilizing action is referred to as a sterilizing

agent .
[0021]

As used herein, "microbe-removing (action)" refers to
removal of pathogenic, harmful, or infectious

microorganisms such as meld and microbes. A substance
having microbe-removing action is referred to as a microbe-

removing agent.

[0022]
As used herein, ‘"disinfecting (action)}" refers to
disinfection of pathogenic, harmful, or infectious

microorganisms such as mold and microbes. A substance
having disinfecting action is referred to as a disinfecting
agent.
[0023]

As used  Therein, "antiviral (action)” refers to
inactivation of a wvirus or the like. A substance having an
inactivation effect (action) is referred to as an antiviral
agent.

[0024]

A substance with an antimicrobial action is referred to
as an antimicrobial agent, a substance with a sterilizing
action is referred to as a sterilizing agent, a substance
with a microbe-removing action is referred to as a microbe-
removing agent, a substance with a disinfecting action is
referred to as a disinfecting agent, and a substance with

an antiviral action is referred to as an antiviral agent,
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which need to be distinctly expressed herein. Substances
that are not described herein do not fall under them. As
used herein, these terms are generally understood as agents
that also have action corresponding to antimicrobial action
sterilizing action, microbe-removing action, disinfecting
action, and virus inactivation action.

[0025]

As used herein, an article used with a manufactured
chlorous acid aqueous solution is any article that can be
impregnated with the chlorous acld aqueous solution to be
uged for antimicrobial action, sterilizing action, microbe-
removing action, disinfecting action, and virus
inactivation action purposes, including medical devices and
the like. Examples thereof include, but are not limited to,
a sheet, film, patch, brush, nonwoven fabric, paper, fabric
absorbent cotton, sponge, and the like. Any material may bhe
used, as long as a chlorous acid agueous solution can be
impregnated therein.

[06026]

As used herein, "TAL" is used to measure alkalinity of
a sample by titrating 0.1 mel/L hydrochloric acid-standard
acid solution until the sample has a pH of 4.0, wherein
alkalinity (TAL) is 1 when 1 mL of 0.1 mel/L hydrochloric
acid is required to make 100 g of sample to have a pH of
4,0. A pH of 4.0 is the second neutralization point for
sodium carbonate. Since high test hypochlorite has a broad
specification and varies between manufacturers depending on
the formulation of the pH adjuster or the like, TAL 1is
generally not described in the specification in many cases.
[0027]

As used herein, "oxvacid with a reduction action®
refers to an acid in which hydrogen that can dissociate as
a proton is bound to an oxygen atom, represented by the
general formula XO,(OH), (wherein X is a metal atom or a

nonmetal atom other than oxygen, and n and m are integers
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that are 1 or greater)}. Representative examples of oxyacids
with a reducing action include thiosulfuric acid,
dithionous acid, peroxymonosulfuric acid, peroxydisulfuric
acid, and the like.

[0028]

As used herein, "liquor" refers to a liguid generated
after electrolysis (see John J. McKetta, Guy E. Weismantel,
editor, "Encyclopedia of Chemical Processing and Design”,
pages 51 and 148 to 151).

As used herein, "acidic thiosulfuric acid" refers to
"thiosulfate in an acidic state”, which is obtained from
thiosulfuric acid by adding thiosulfate to a strong acidic
substance such as sulfuric acid.

[0029]

When a numerical value is preceded by the term "about"
herein, the numerical value indicates a range of numerical
values that result in the described wvalue when the number
one digit below is rounded. For example, it is understood
that about 5 means 4.5 to less than 5.5, and about 0.5
means 0.45 to less than 0.55.

[0030]

(Chlorous acid aqueous sclution and manufacturing
example thereof)

The chlorous acid aqueous solution used in the present
invention has the features and functions found by the
inventor.

[o031]

The present invention relates to a method +that is
different from known manufacturing methods, such as those
described in Patent Literature 1.

[0032]

In other words, conventional manufacturing methods of
chlorous acid aqueous solutions adds and reacts an agueous
solution of sodium chlorate, which has a strong oxidizing

action and a property of inducing an explosion from heat,
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friction or impact when mixed with an organic matter,
sulfur, metal powder or the like, with sulfuric acid or an
agqueous sclution thereof at an amount and concentration
that can maintain the pH of the agueous solution within 2.3
to 3.4 to generate chloric acid. and adds hydrogen peroxide
at an amount that is egqual to or greater than the amount
required for a reducing reaction of the chloric acid. It is
known that a chlorous acid agqueous solution obtained by
this manufacturing method forms a "cyclic reaction" that
can indirectly maintain unstable chlorous acid and has a
function of supplementing the oxidation capability that has
been lost by contact with an organic matter or
microorganism so that the same antimicrobial power,
sterilizing power, microbe-removing power, disinfecting
power, and antiviral power can be maintained indefinitely,
which 1s a feature that 4is c¢learly different from the
antimicrobial effect, sterilizing effect, microbe-removing
effect, disinfecting effect, and antiviral effect of sodium
hypochlorite that are strong effects but immediately
disappear upon contact with an organic matter or a
microorganism.

[0033]

Meanwhile, the present invention electrolyzes a salt
that has a low cost and is readily handled instead of
chlorate as the raw material to obtain chlorate or an
agueous solution including chlorate and then adds
dithionous acid or acidic thiosulfuric acid, which 1is
acidified with sulfuric acid, to the agqueous solution to
perform a first reaction. At this time, chlorine gas
including a chlorous acid is generated, and then hydrogen
peroxide mixed with acidic thiosulfuric acid, dithionous
acid, or the like is further added to perform a second
reaction. At this time, chlorine dioxide gas including a
chlorous acid is generated, and each gas 1s allowed to

adsorb to a neutralization agent with high TAL and
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buffering power in the neutral region. Optionally, the gas
generated in the first reaction and the gas generated in
the second reaction can be allowed to adsorb to separate
neutralization agents and then combined. Development of a
method of manufacturing a chlorous acid adqueous solution
with various functions such as high reactivity compared to
conventional manufacturing methods is achieved by adding a
buffer as needed to a chlorcus acid agqueous solution
prepared by allowing the first reaction gas and the second
reaction gas to adsorb to maintain the pH (pH 3.2 to pH
8.5).

[0034]

(Description of preferred embodiments)

Preferred embodiments of the present invention are
described hereinafter. It is understood that the
embodiments provided hereinafter are provided to better
facilitdte understanding of the present invention, so that
the scope of the present invention should not be limited by
the following description. Thus, it is apparent that those
skilled in the art can refer to the description herein to
make appropriate modifications within the scope of the
present invention. It is also understood that the following
embodiments of the present invention can be used alone or
in combination.

[0035]

In one aspect, the present invention provides a method
of manufacturing a chlorous acid agqueous solution,
including the steps of: 1) electrolyzing a salt to obtain a
chleorate or an aqueous solution thereof; and (2) reducing
the chlorate or the aqueous solution thereof to manufacture
an agueous solution including a chlorous acid. The present
invention preferably provides a method of manufacturing a
chlorous acid agueous solution, including the steps of: 1)
electrolyzing a salt to obtain a chlorate or an aqueous

solution thereof: and (2) reducing the chlorate or the

& 18 =



10

15

20

25

30

35

SHUSAKUYAMAMOTO
SANOO7

agqueous solution thereof by concurrently using one or
several +types of oxyacids with a reducing action to
manufacture an agqueous solution including a chlorous acid.
Although not wishing to be bound by any theory, this is
because such a method enables the manufacture of a chlorous
acid aqueous solution with better versatility compared to
conventional methods using chlorate such as sodium chlorate
as the raw material.

[0036]

Conventional methods of manufacturing an agueous
solution including & chlorous acid (HC1lO;) (chlorous acid
agqueous solution), which can be used as an antimicrobial
agent, sterilizing agent, microbe-removing agent,
disinfecting agent, and an antiviral agent, generate
chlorous acid (HC1l0;) by adding hydrogen peroxide (H;0;) in
an amount required to produce chlorous acid by a reducing
reaction from chloric acid (HCl0O:) obtained by adding
sulfuric acid (H,S0,) or an agueous solution thereof to an
aqueous solution of sodium chlorate (NaClO;) to induce an
acidic condition. The basic chemical reaction of this
method of manufacturing 1is represented by the following
formula A and formula B.

[0037]

[Chemical 1]

2MaCl0; + H,804 — 2HC10: + Na,;804, (formula A)
HC103 + H,0; —» HC1O; + H,0 + 0zt (formula B)
[0038]

Formula A indicates that chloric acid is obtained while
sodium ions are simultaneously removed by adding sulfuric
acid (H,S80,) or an agueous solution thereof in an amount
and concentration at which the pH wvalue of an agqueous
sodium chlorate (NaClO;) solution can be maintained within
acidity. Next, formula B indicates that chloric acid
(HClO;) is reduced with hydrogen peroxide (H;0:) to produce
chlorous acid (HCLlO;).
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[0039]

[Chemical 2]

HC10; + H;0; —» 2C1l0; + Hz040:¢ {(formula C)

2C10; + H,0; — 2HC1O; + Oyt (formuzla D)

2C10, + H,0 <-» HClO; + HC1lOs (formula E)

2HC10,; <~-> Hy0 + Cl,0; (formula F)}

[0040]

At this time, chlorine dioxide gas (Cl0;) is generated
(formula C). However, coexistence with hydrogen peroxide
(H,0,) results in the production of chlorous acid (HC1O,)
through the reactions 1in formulas D-F. Conventional
inventions utilize the reactions after the chlorine dioxide
gas (Cl0;).

[0041]

In this regard, the method of manufacturing a chlorous
acid agueous solution in the present invention starts from
electrolyzing a salt into a raw materijal. This reaction is
a known method, which is performed according to formula G
NaCl + 3H,0 » NaClO;3 + 3H, (formula G).

However, if the pH condition is not optimal or if the
current density upon electricity conduction cannot be
sufficiently supplied, a reaction specified in formula H
can alsc occur as a side reaction.

NaCl + H,0 » NaClO + H; (fomrula H)

In one preferred embodiment, the salt is sodium
chloride. Although not wishing to be bound by any theory,
this is because a chlorous acid aqueous solution can be
safely manufactured by using sodium chloride as a raw
material.

[0042]

In a more preferred embodiment, the sodium chloride
meets the specification of sodium chloride in the Japanese
Pharmacopoeia. Although not wishing to be bound by any
theory, this is because the amount of bromic acid (Br0O;-)

generated can be kept at or below the water quality
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standards for drinking water by using only sodium chloride
meeting the specification of sodium chloride in the
Japanese Pharmacopoeia (bromide (Br-) concentration: 100
ng/g or less).

[0043]

In a preferred embodiment, the electrolyzing includes
making an agueous saturated sodium chloride solution flow
in a diaphragm-free electrolytic cell and adding about 0.3%
hydrochloric acid (approximately 0.1N-HC1l) and conducting
electricity to maintain a pH region of about 5.9 to about
T:5.

[0044]

Examples of preferred pH upon electrolysis include, but
are not limited to, a pH region of about 5.9 to about 7.5,
about 6.0 to about 7.5, about 6.1 to about 7.5, about 6.2
to about 7.5, about 6.3 to about 7.5, about 6.4 to about
7.5, about 6.5 to about 7.5, about 6.6 to about 7.5, about
6.7 to about 7.5, about 6.8 to about 7.5, about 6.9 to
about 7.5, about 7.0 to about 7.5, about 7.1 to about 7.5,
about 7.2 to about 7.5, about 7.3 to about 7.5, and about
7.4 to about 7.5. Examples of more preferred pH include,
but are not limited to, a pH region of about 5.9 to about
7.5. Examples of still more preferred pH include, but are
not limited to, pH region of about 5.9 to about 7.0. The
most preferred examples cof pH inciude, but are not limited
to,. about 6.0.

[0045]

The conditions for electrolysis are electrical
conduction under conditions with a voltage of about 2.75 to
about 3.5 V, a current density of about 600 to about 5000
A/m?, and a solution temperature of about 70°C to about
90° C., Although not wishing to be bound by any theory,
sodium chlorate with a relatively high purity is obtained,
which, as a result, enables obtaining a chlorous acid

agueous solution equivalent to those obtained by a
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conventional manufacturing method such as those in Patent
Literature 1.
[0046]

Examples of a preferred voltage include,
limited to, about 2.8 to about 3.5 V., about 2.9 to about
3.5 V, about 3.0 to about 3.5V, about 3.1 to about 3.5 V,
about 3.2 to about 3.5 V, about 3.3 to about 3.5 V,
about 3.4 to about 3.5 V. Examples of the most optimal
about 3V.

but are not

and
voltage include, but are not limited to,
[0047]

Examples of preferred current density include.
not limited to, about 600 to about 5000 A/mz, about 700 to
about 5000 A/m?, about 800 to about 5000 A/m*, about 900 to
about 5000 A/m?, about 1000 to about 5000 A/m®, about 1100
to about 5000 A/m?, about 1200 to about 5000 A/m?,
1300 to about 5000 A/m?, about 1400 to about 5000 A/m?,
about 1500 to about 5000 A/m®, about 1600 to about 5000
A/m?, about 1700 to about 5000 A/m?, about 1800 to about
5000 A/m%®, about 1900 to about 5000 A/m?, about 2000 to
about 5000 A/m?, about 2100 to about 5000 A/m*, about 2200

but are

about

to about 5000 A/m?, about 2300 to about 5000 A/m?>, about
2400 to about 5000 A/m?, about 2500 to about 5000 A/m*,
about 600 to about 5000 A/m?, about 600 to about 4900 A/m?,
about 600 to about 4800 A/m?, about 600 to about 4700 A/m*,
about 600 to about 4600 A/m?, about 600 to about 4500 A/m?,
about 600 to about 4400 A/mz, about 600 to about 4300 A/m?,
about 600 to about 4200 A/m?, about 600 to about 4100 A/m?,
about 600 to about 4000 A/m?, about 600 to about 3900 A/m?,
about 600 to about 3800 A/m?, about 600 to about 3700 A/m*,
about 600 to about 3600 A/m?, about 600 to about 3500 A/m?,
about 600 to about 3400 A/m’, about 600 to about 3300 A/m?,
about 600 to about 3200 A/m?, about 600 to about 3100 A/m’,
about 600 to about 3000 A/m*, about 600 to about 2900 A/m?,
about 600 to about 2800 A/m?, about 600 to about 2700 A/m?,
about 600 to about 2600 A/m?, and about 600 to about 2500
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A/m?, Examples of the most optimal current density include,
but are not limited to, about 2500 A/m’.
[0048]

Under the conditions of about 70°C to about 90°C,
examples of preferred solution temperature include, but are
not limited to, about 75°C to about 90°C, about 80°C to
about 90°C, about 85°C to about 90°C, about 70°C to about
85°C, about 70°C to about 80°C, and about 70°C to about
s EF
[0049]

The concentration of the sulfuric acid, phosphoric acid,
or nitric acid is, but not limited to, about 60% (w/w) to
about 90% (w/w). more preferably about 65% (w/w) to about
90% (w/w), about 70% (w/w) to about 90% (w/w), about 603
(w/w) to about 85% (w/w), about 60% (w/w) to about 80%
(w/w), or about 60% (w/w) to about 75% (w/w) and still more
preferably about 70% (w/w).

[0050]

The acid solution includes an acidic thiosulfuric acid.
Although not wishing to be bound by any theory, this is
because a chlorous acid agqueous solution with a more
significantly improved high reactivity compared to
conventional chlorous acid agueous solutions can be
manufactured when an acid solution includes acidic
thiosulfuric acid.

[0051]

The concentration of the acidic thiosulfuric acid is
not limited teo, but is preferably about 0% (w/v) to about
1.3% (w/v), more preferably about 0.1% (w/v) to about 1.3%
(w/v), about 0.2% (w/v) to about 1.3% (w/v), about 0.3%
(w/v) to about 1.3% (w/v), about 0.4% (w/v) to about 1.3%
(w/v), about 0.5% (w/v) to about 1.3% (w/v), about 0% (w/v)
to about 1.2% (w/v), about 0% (w/v) to about 1.1% (w/v),.
about 0% (w/v) to about 1.0% (w/v), about 0% (w/v) to about
0.9% (w/v), about 0% (w/v) to about 0.8% (w/v), or about 0%

= X3 =



10

15

20

25

30

35

SHUSAKUeYAMAMOTO
SANOO7

(w/v) to about 0.7% (w/v), and still more preferably about
0.5% (w/v) to about 0.7% (w/v).
[0052]

In a preferred embodiment, an oxyacid with a reducing
action or a salt thereof is used concurrently in the
reducing step. Althocugh not wishing to be bound by any
theory, this is because concurrent use of oxyacid with a
reducing action or a salt thereof in the reducing step
enables the manufacture of not only conventional chlorous
acid agueous solutions primarily with a delayed effect, but
also chlorous acid agueous solutions with various functions
such as significantly improved fast acting high reactivity.
As a reducing agent used in the reducing step, hydrogen
peroxide is generally used, and oxyacid with a reducing
action is also used or concurrently used.

[0053]

In a preferred embodiment, an oxyacid including
hydrogen peroxide includes, besides hydrogen peroxide,
dithionous acid, acidic thiosulfuric acid,
peroxymonosulfuric acid, peroxydisulfuric acid,
peroxyphosphoric acid, peroxychromic acid, or manganese
oxide as an oxyvacid with a reducing action. Although not
wishing to be bound by any theory, this is because a
conventional reducing reaction using hydrogen peroxide only
generates chlorine dioxide, but a c¢hlorous acid can be
generated and gas including chlorous acid can be obtained
by concurrent use of hydrogen peroxide with such an oxyacid
with a reducing action. Examples of preferred oxyacids with
a reducing action include, but are not limited to, acidic
thiosulfuric acid and dithionous acid.

[0054]

When the oxyacid with a reducing action is acidic
thiosulfuric acid or dithionous acid and the acidic
thiosulfuric acid or dithionocus acid is concurrently used

with hydrogen peroxide, the concentration of the acidic
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thiosulfuric acid or dithionous acid is, but not limited to,
about 0.5% to about 1.5%, preferably about 0.5% to about

1.4%, about 0.5% to about 1.3%, about 0.5% to about 1.2%,

about 0.5% to about 1.1%, or about 0.5% to about 1.0%, and
still more preferably about 0.5% to about 1.0%.

[0055]

The present manufacturing method generates two types of
gas. Gas including chlorine and chlorous acid is obtained
as gas from a first reaction (hereinafter, referred to as
the first reaction gas) and gas including chlorous acid and
chlorine dioxide is obtained as gas from a second reaction
(hereinafter, referred to as the second reaction gas).
[0056]

In a preferred embodiment, the pH of a neutralization
agent allowing adsorption of first reaction gas and second
reaction gas is not limited to, but is preferably about 6.0
or greater, about 6.5 or greater, about 7.0 or dgreater,
about 7.5 or greater, about 8.0 or greater, about 8.5 or
greater, about 9.0 or greater, about 9.5 or greater, about
10.0 or greater, about 11.0 or greater, about 12.0 or
greater, or about 13.0 or greater, if possible about 6.0 ox
greater and about 11.0 or less, more preferably about 6.5
or greater and about 11.0 or less, about 7.0 or greater and
about 11.0 or less, about 7.5 or greater and about 11.0 or
less, about 8.0 or greater and about 11.0 or less, about
8.5 or greater and about 11.0 or less, about 2.0 or greater
and about 11.0 or less, about 9.5 or greater and about 11.0
or less, about 10.0 or greater and about 11.0 or less, or
about 10.5 or greater and about 11.0 or less, and optimally
about 10.3 to about 10.7. TAL is about 20 or greater, about
30 or greater, about 40 or greater, about 50 or greater,
about 60 or greater, about 70 or greater, about 80 or
greater, about 90 or greater, about 100 or greater, about
200 or greater, about 300 or greater, about 400 or greater,
about 500 or greater, about 600 or greater, about 700 or
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greater, about 800 or greater, about 900 or greater, about
1000 or greater, about 1100 or greater, about 1200 or
greater, about 1300 or greater, about 1400 or dreater,
about 1500 or greater, about 1600 or greater, about 1700 or
greater, about 1800 or greater, or about 1900 or greater,
and optimally 2000, but is not limited thereto. Further, a
neutralization agent with a high buffering power in the pH
range of about 4.5 or greater and about 7.5 or less, about
4.6 or greater and about 7.5 or less, about 4.7 or greaterx
and about 7.5 or less, about 4.8 or greater and about 7.5
or less, about 4.9 or greater and about 7.5 or less, about
5.0 or greater and about 7.5 or iess, about 5.1 or greater
and about 7.5 or less, about 5.2 or greater and about 7.5
or less, about 5.3 or greater and about 7.5 or less, about
5.4 or greater and about 7.5 or less, about 5.5 or greater
and about 7.5 or less, about 5.6 or greater and about 7.5
or less, about 5.7 or greater and about 7.5 or less, about
5.8 or greater and about 7.5 or less, about 5.% or greater
and about 7.5 or less, about 6.0 or greater and about 7.5
or less, about 6.1 or greater and about 7.5 or less, about
6.2 or greater and about 7.5 or less, about 6.3 or greater
and about 7.5 or less, about 6.4 or greater and about 7.5
or less, about 6.5 or greater and about 7.5 or less, about
6.6 or greater and about 7.5 or less, about 6.7 or greater
and about 7.5 or less, about 6.8 or greater and about 7.5
or less, about 6.9 or greater and about 7.5 or less, about
7.0 or greater and about 7.5 or less, about 7.1 or greater
and about 7.5 or less, about 7.2 or greater and about 7.5
or less, about 7.3 or greater and about 7.5 or less, about
7.4 or greater and about 7.5 or less, about 4.5 or greater
and about 7.4 or less, about 4.5 or greater and about 7.3
or less, about 4.5 or greater and about 7.2 or less, about
4.5 or greater and about 7.1 or less, about 4.5 or greater
and about 7.0 or less, about 4.5 or greater and about 6.9

or less, about 4.5 or greater and about 6.8 or less, about
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4.5 or greater and about 6.7 or less, about 4.5 or greater
and about 6.6 or less, about 4.5 or greater and about 6.5
or less, about 4.5 or greater and about 6.4 or less, about
4.5 or greater and about 6.3 or less, about 4.5 or greater
and about 6.2 or less, about 4.5 or greater and about 6.1
or less, about 4.5 or greater and about 6.0 or less., about
4.5 or greater and about 5.9 or less, about 4.5 or greater
and about 5.8 or less, about 4.5 or greater and about 5.7
or less, about 4.5 or greater and about 5.6 or less, about
4.5 or greater and about 5.5 or less, about 4.5 or greater
and about 5.4 or less, about 4.5 or greater and about 5.3
or less, about 4.5 or greater and about 5.2 or less, about
4.5 or greater and about 5.1 or less, about 4.5 or greater
and about 5.0 or less, about 4.5 or greater and about 4.9
or less, about 4.5 or greater and about 4.8 or less, about
4.5 or greater and about 4.7 or less, or about 4.5 or
greater and about 4.6 or less, i.e., a neutralization agent
with an acid dissociation constant in the range of about
4.5 or greater and about 7.5 or less, about 4.6 or greater
and about 7.5 or less, about 4.7 or greater and about 7.5
or less, about 4.8 or greater and about 7.5 or less, about
4.9 or greater and about 7.5 or less, about 5.0 or greater
and about 7.5 or less, about 5.1 or greater and about 7.5
or less, about 5.2 or greater and about 7.5 or less, about
5.3 or greater and about 7.5 or less, about 5.4 or greater
and about 7.5 or less, about 5.5 or greater and about 7.5
or less, about 5.6 or greater and about 7.5 or less, about
5.7 or greater and about 7.5 or less, about 5.8 or greater
and about 7.5 or less, about 5.9 or greater and about 7.5
or less, about 6.0 or greater and about 7.5 or less, about
6.1 or greater and about 7.5 or less, about 6.2 or greater
and about 7.5 or less, about 6.3 or greater and about 7.5
or less, about 6.4 or greater and about 7.5 or less, about
6.5 or greater and about 7.5 or less, about 6.6 or greater
and about 7.5 or less, about 6.7 or greater and about 7.5
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or less, about 6.8 or greater and about 7.5 or less, about
6.9 or greater and about 7.5 or less, about 7.0 or greater
and about 7.5 or less, about 7.1 or greater and about 7.5
or less, about 7.2 or greater and about 7.5 or less, about
7.3 or greater and about 7.5 or less, about 7.4 or greater
and about 7.5 or less, about 4.5 or greater and about 7.4
or less, about 4.5 or greater and about 7.3 or less, about
4.5 or greater and about 7.2 or less, about 4.5 or greater
and about 7.1 or less, about 4.5 or greater and about 7.0
or less, about 4.5 or greater and about 6.9 or less, about
4.5 or greater and about 6.8 or less, about 4.5 or greater
and about 6.7 or less, about 4.5 or greater and about 6.6
or less, about 4.5 or greater and about 6.5 or less, about
4.5 or greater and about 6.4 or less, about 4.5 or greater
and about 6.3 or less, about 4.5 or greater and about 6.2
or less, about 4.5 or greater and about 6.1 or less, about
4.5 or greater and about 6.0 or less, about 4.5 or greater
and about 5.9 or less, about 4.5 or greater and about 5.8
or less, about 4.5 or greater and about 5.7 or less, about
4.5 or greater and about 5.6 or less, about 4.5 or greater
and about 5.5 or less, about 4.5 or greater and about 5.4
or less, about 4.5 or greater and about 5.3 or less, about
4.5 or greater and about 5.2 or less, about 4.5 or greater
and about 5.1 or less, about 4.5 or greater and about 5.0
or less, about 4.5 or greater and about 4.9 or less, about
4.5 or greater and about 4.8 or less, about 4.5 or greater
and about 4.7 or less, or about 4.5 or greater and about
4.6 or less is desirable.

[0057]

The conditions for a neutralization agent are basically
in accordance with the content of PCT/JP2014/006379, but
the pH is 6.0 or greater. If possible, pH of 6.0 or greater
and 11.0 or less is desirable, and pH of 10.3 to 10.7 is
optimal. TAL is desirably 20 or greater and optimally 2000.

More importantly than these conditions, the neutralization
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agent must have high buffering power in the pH range of 4.5
or greater to 7.5.
[0058]

Although not wishing to be bound by any theory, the
neutralization agent c¢an use an inorganic acid, an
inorganic acid salt, an organic acid, an organic acid salt,
a hydroxide salt or the like, but compliance with the above
conditions is prioritized above all.

[0059]

This is Dbecause adsorbed chlorine dioxide gas and
chlorous acid could all become sodium chlorite if a
neutralization agent with a pH greater than those
designated in PCT/JP2014/006379 is used, which needs to be
prevented. For this reason, it is necessary to be aware
that if an unsuitable neutralization agent is used, the
significance of using the manufacturing method with the
features according to the present invention could disappear.
This is not applicable if chlorine dioxide gas and chlorous
acid can be prevented from completely becoming sodium
chlorite.

[0060]

Since an aqueous solution including a chlorate obtained
by electrolysis contains a byproduct hypochlorite in some
cases, an acid prepared by adding thiosulfate to sulfuric
acid is slowly added. At this time, hypochlorite reacts
with sulfuric acid, resulting in chlorine gas (formula I).
Meanwhile, acidic thiosulfuric acid desalted in an acidic
state converts some of chlorate to chlorous acid (formula
J) and is simultaneously gasified, so that this is trapped
in a neutralization solution.
2NaCl0 + H,804 — Cl, + Na,S0; + 0 (formula TI)

H,S.,0; + 4HC10; + H,0 - 4HC10, + 2H,S0, (formula J)

It is most desirable to use sulfuric acid as the acid,
but phosphoric acid or nitric acid may be used.
[0061]
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The acid and acidic thiosulfuric acid are suitably
mixed at an amount of about 0% (w/v) to about 1.3% (w/v)
with respect to about 70% (w/w) agueous solution of acid
to be added. The optimal concentration of acidic
thiosulfuric acid is desirably about 0.5% to about ¢.7%.
[0062]

Once it is confirmed that addition of sulfuric acid
mixed with thiosulfate results in no more violent reactions
and bubbles and no generation of the first reaction gas,
hydrogen peroxide mixed with acidic thiosulfuric acid or
dithionous acid is slowly added. At this time, the second
reaction gas (formula C, J, or X) 1is generated, so that
this is trapped in a neutralization solution.

H,S,04 + 3HC10; + H,0 — 3HClO, + 2H;S04 (formula K)

Other than acidic thiosulfuric acid or dithionous acid.
peroxymonosulfuric acid, peroxydisulfuric acid,
peroxyphosphoric acid, peroxychromic acid, or manganese
oxide may be used.

[0063]

35% hydrogen peroxide is used, to which acidic
thiosulfuric acid or dithionous acid is mixed at about 0%
to about 1.5%. About 0.5% to about 1.0% or thereabout is
desirable. A second reaction is started by adding this
mixture to the reaction solution so that it is about 3 to
about 5% (w/w) with respect to the entire blended amount.
[0064]

Two types of gas including chleorous acid generated in a
two stage reaction (first reaction gas and second reaction
gas) are trapped in a neutralization agent.

[0065]

An agqueous solution obtained with the neutralization

agent is a chlorous acid agueous solution.
[0066]
If, in doing so, more of the first reaction gas is

adsorbed, a chlorous acid aqueous solution with high
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reactivity can be obtained. If the second reaction gas is
mainly adsorbed, a chlorous acid aqueous solution with a
conventiocnal characteristic obtained by & manufacturing
method such as those in Patent Literature 1 can be obtained.
[0067]

A single chlorous acid aqueous solution can be prepared
by mixing solutions with £irst reaction gas and second
reaction gas adsorbed to separate neutralization agents.
[0068]

Neutralization agents may have the same compconents.
Neutralization agents with different components may be also
used if the above conditions are met.

[0069]

Meanwhile, generated chlorous acid (HC10,) has
properties of decomposing early into chlorine dioxide gas
or chlorine gas due to the presence of chloride ions (Cl-)
or hypochlorous acid (HC10) and other reduced products, or
multiple chlorous acid molecules inducing decomposition
reactions on each other. For this reason, it is necessary
to prepare chlorous acid so that the state of chlorous acid
(HC10,) can be maintained over a long period of time Iin
order to be useful as an antimicrebial agent, sterilizing
agent, microbe-removing agent, disinfecting agent, and
antiviral agent.

[0070]

A preferred embodiment includes the step of adding a
buffer to the aqueous solution ihcluding a chlorous acid
that has been manufactured, in order to maintain a cyclic
reaction. Any one of an inorganic acid, an inorganic acid
salt, an organic acid, and an organic acid salt, or two or
more types thereof are mixed in. This is because addition
of an extra step in this manner adjusts the pH or the like,
creates a transitional state, and delay the decomposition
reaction, so that chlorous acid (HC10;) can be stably

maintained over a long period of time,
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[0071]

A more preferred embodiment includes the step of mixing
any one of an inorganic acid and an inorganic acid salt, or
two or more types thereof, 1into the aqueous solution
including the chlorous acid, in order to maintain a cyclic
reaction. This is because addition of an extra step in this
manner can adjust the pH or the 1like and adjust the
transitional state.

[0072]

A still more preferred embodiment includes the step of
mixing any one of an inorganic acid and an inorganic acid
galt, or two or more types therecf, into the aqueous
solution including the chlorous acid, and then mixing any
one of an inorganic acid, an inorganic acid salt, an
organic acid, and an organic acid salt or two or more types
thereof, in order to maintain a cyclic reaction. This is
because addition of an extra step in this manner can adjust
the pH or the like and adjust the transitional state.
[0073]

In another embodiment, carbonic acid, phosphoric acid,
boric acid, or sulfuric acid can be used as the inorganic
acid in the above method, but phosphoric acid is preferred.
Although not wishing to be bound by any theory, it is
demonstrated that a c¢hlorous acid adqueous solution can
maintain a high buffering effect within a suitable pH range
in a state of chlorous acid while retaining the
antimicrobial effect, sterilizing effect, microbe-removing
effect, disinfecting effect, and antlviral effect by using
phosphoric acid in particular in the present invention.
[0074]

In another embodiment, carbonate, hydroxide salt,
phosphate, or borate can be used as the inorganic acid, but
phosphate is preferred. Hydroxide salt 1s encompassed in
the scope of inorganic acid salts herein. Although not
wishing to be bound by any theory, it is demonstrated that
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a chlorous acid agqueous solution c¢an maintain high
buffering effect within a suitable pH range in a state of
chlorous acid while retaining the antimicrobial effect,
sterilizing effect, microbe-removing effect, disinfecting
effect, and antiviral effect by using phosphate in
particular in the present invention.

[0075]

In another embodiment, sodium carbonate, potassium
carbonate, sodium bicarbonate, or potassium bicarbonate can
be used as carbonate. Preferably., sodium carbonate can be
used. This is because it has buffering power at two pH
regions of weak alkaline region and weak acidic region, so
that chlorous acid can be more advantageously stabilized in
these regions.

[0076]

In still another embodiment, examples of hydroxide
salts include inorganic hydroxides. For example, sodium
hydroxide or potassium hydroxide, calcium hydroxide, or
barium hydroxide can be used. Sodium hydroxide or potassium
hydroxide is preferred. Although not wishing to be bound by
any theory, such hydroxide salts can be used to increase
chlorous acid content. Meanwhile, use of a divalent salt
can be advantageous because desaltomg 1is possible in
combined use with phosphoric acid such that the amount of
salt to chlorous acid and chlorite ions can be reduced.
[0077]

In a preferred embodiment, sodium hydroxide or
potassium hydroxide is 0.1 N to 1.0 N, and buffer pH of
sodium phosphate and potassium phosphate is 5.0 to 7.5,
especially pH of 5.0 to 7.0. This is because the effect
thereof is unexpectedly enhanced stably for a long period
of time, more than the previously-expected levels, with
such constitution and pH.
fo0781

In another embodiment, disodium hydrogen phosphate,
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phosphate,

tripotassium phosphate, dipotassium hydrogen phosphate, or

potassium dihydrogen phosphate can be used as the phosphate.

Although not wishing to be bound by any theory, this is

because these phosphates can have buffering power in a

useful pH region exerting the most antimicrobial power,

sterilizing power, microbe-removing power,

disinfecting

power, and antiviral power, which is a pH from 5 to 6. This

can be advantageous because chlorous acid can be stable in

this pH region. Furthermore,

although not wishing to be

bound by any theory, the present invention demonstrates

that a longer and more stable transitional state can be

created and chlorous acid (HC10;)

can be maintained over a

longer period of time by delaying a decomposition reaction

when using potassium salt

(potassium hydroxide, potassium

phosphate salt (e.g., tripotassium phosphate, dipotassium

hydrogen phosphate, or potassium dihydrogen phosphate)) as

metal, in comparison to cases using sodium

salt (e.g.,

sodium hydroxide, sodium phosphate salt (disodium hydrogen

phosphate, sodium dihydrogen

phosphate) as metal. Preferably,

phosphate can be used.
[0079]

In another embodiment,

phosphate, trisodium

dipotassium hydrogen

sodium borate

or potassium

borate can be used as borate. A potassium salt is preferred

but borate is not limited thereto.

[0080]

In yet another embodiment,

succinic acid,

citric acid,

malic acid, acetic acid, or lactic acid can be used as an

organic acid. Succinic acid

can

be preferably used.

Although not wishing to be bound by any theory, succinic

acid can have buffering power from a pH of 5 level to 4

level. Drastic gasification of chlorine dioxide can be

suppressed within this range of pH.

However,

pH tends to

drastically decrease when pH is less than 5 level, in which

34



10

15

20

25

30

35

SHUSAKUeYAMAMOTOC
SANOO7

case use of organic acid with a buffering power at a pH
from 3 ‘level such as citric acid is desirable.
[0081]

In yet another embodiment, sodium succinate, potassium
succinate, sodium citrate, potassium citrate, sodium malate,
potassium malate, sodium acetate, potassium acetate, sodium
lactate, potassium lactate, or calcium lactate can be used
as an organic acid salt.

[0082]

When an acid and/or a salt thereof is added, a
transitional state, such as Na' + ClO,  <-> Na-ClQ,, K’ +
Cl0,” <-> K-Cl0;, or H' + Cl0;” <-> H-ClO; can be temporarily
created to delay the progression of chlorous acid (HC10;)
to chlorine dioxide (Cl0,), which enables the manufacture
of an aqueous solution including chlorous acid (HC1O;) that
maintains chlorous acid for a long period of time and
generates little chlorine dioxide (C10;). Although not
wishing to be bound by any theory. it was demonstrated in
the present invention that such an effect of maintaining is
enhanced by using a phesphoric acid buffering agent.
Although not wishing to be bound by any theory, it was
further demonstrated in the present invention that such an
effect of maintaining 1is further enhanced by using
potassium salt relative to a case of using sodium salt or
the like.
£0083]

The following represents the decomposition of chlorite
in an acidic solution in chemical formula 2.

[0084]

[Chemical 3]

5C10,  + 4H+ -» 4Cl0; + 5C1° + 2H0 (a)
(5NaCl0; + 4CH,;CCOH

- 4Cl0, + ACH,COOHa + NaCl + 2H;0)

3Cl0,” - 2Cl0o;" + C17 (b)
(3NaCl1l0, — 2NaClO; + NaCl) Autodecomposition

= B85 =
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Cl0,” — Cl™ + 20 (c)
[0085]
As represented in the formula, the rate of

decomposition of an aguecus sodium chlorite solution in

terms of pH is higher when pH is lower, i.e., when acidity
is stronger. That is, the absolute rates of reactions (a),

{b), and {(c¢) in the above formula increase. For example,

although the ratio accounted for by reaction (a) decreases

for a Jlower pH, the total decomposition rate changes

significantly, i.e.; increases. Thus, the amount of

generated chlorine dioxide (Cl0:;) Iincreases with the
decrease in pH. Thus, the lower pH value results in earlier
bleaching as well as antimicrobial power, sterilizing power,
microbe-removing power, disinfecting power, and antiviral

power. However, stimulatory and harmful chlorine dioxide
gas (Cl0,) renders an operation difficult and negatively
affects the health of a human being. Further, a reaction
from chlorous acid to chlorine dioxide progresses quickly,

resulting in the chlorous acid becoming unstable. In
addition, the +time an antimicrobial power, sterilizing
power, microbe-removing power, disinfecting power, and
antiviral power is maintained is very short.

[0086]

In this regard, when the inorganic acid, inorganic acid
salt, organic acid or organic acid salt is added to an
aqueous solution including chlorous acid (HC10O;). pH values
are adjusted within the range of 3.2 to 8.5, or within a
preferred range such as pH 3.2 to 7.0 or pH 5.0 to 7.0 in
accordance with the objective, £from the viewpoint of
balancing suppression of chlorine dioxide generation and
sterilizing power.

[oo87]

When a spectrometric measurement of a sample can

simultaneously identify an absorbent section including an

acidic chlorite ion (H'+Cl0;") representing a peak near 260
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nm and an absorbent section including chlorine dioxide
(Cl0,) representing a peak near 350 nm between wavelengths
of about 240 to about 420 nm, it is possible to recognize
the presence of the chlorous acid aqueous solution of the
present invention, di.e., the presence of chlorous acid
(HC10,). This is because a cyclic reaction involving the
main constituent chlorous acid (HCl0;)}, chleorine dioxide
(C10,), and acidic chlorite ion (H'+Cl0;") is simultaneously
in progress as shown in the following Chemical Formula 4.
[0088]

[Chemical 4]

Cyclic reaction of chlorous acid, chlorine dioxide, and

acidic chlorite ion.

Ht + ClOy & HCIOs

T al ‘#
ClOs «—— ClO2

[0089]

Conversion of chlorous acid {(HCl0,) to chlorine dioxide
(Cl0O,) results in a single peak only near 350 nm.

[0090]

It has already been found that pH can be further
stabilized at this time by directly adding a buffering
agent or by first adjusting the pH with sodium carbonate or
the like and then adding ancother buffering agent.

[0091]

Although not wishing to be bound by any theory, it was
discovered that the present invention unexpectedly
maintains an antimicrobial effect, sterilizing effect,
microbe-removing effect, disinfecting effect, and antiviral
effect while achieving the effect stably for a leong period
of time because a combination of chlorous acid (HCi03},

chleorine dioxide gas (Cl0O;). or an agqueous solution
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including the same and any one of an inorganic acid,
inorganic acid salt, organic acid, and organic acid salt,
two or more types thereof, or a combination thereof ban
create a transitional state and delay a decomposition
reaction to stabilize and maintain chlorous acid (HC1O:)
over a long period of time. Examples of preferable ranges
of pH include, but are not limited to, 3.2 or higher to
less than 7.0, about 5.0 to about 7.5, about 5.0 to about
7.0, about 5.5 to about 7.0, about 5.0 to about 6.0, and
the like. Examples of the lower limit include, but are not
limited to, about 5.0, about 5.1, about 5.2, about 5.3,
about 5.4, about 5.5, and the like, and examples of the
upper limit include, but are not limited to, about 7.5,
about 7.4, about 7.3, about 7.2, about 7.1, about 7.0,
about 6.9, about 6.8, about 6.7, about 6.5, about 6.4,
about 6.3, about 6.2, about 6.1, about 6.0, about 5.9,
about 5.8, about 5.7, about 5.6, about 5.5, and the like.
The optimal pH includes, but is not limited to, about 5.5.
When "about" is used for a pH value herein, the range is
intended to span 0.05 1in ©both directions when the
significant digit is the first decimal point. For example,
about 5.5 is understood as referring to 5.45 to 5.55. For
the purpose of distinction from sodium chlorite, pH is
preferably, but not limited to, less than 7.0 in the
present invention.
[0092]

Preferable metal hydroxide includes sodium hydroxide

and/or potassium hydroxide. Preferable metal phosphate

includes sodium phosphate (e.g., disodium hydrogen
phosphate, sodium dihydrogen phosphate, trisodium
phosphate) and/or potassium phosphate (e.g., tripotassium

phosphate, dipotassium hydrogen phosphate, and potassium
dihydrogen phosphate; especially potassium dihydrogen
phosphate), and still preferably potassium hydroxide and

potassium phosphate (e.g.. tripotassium phosphate,
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dipotassium hydrogen phosphate, and potassium dihydrogen
phosphate; especially potassium dihydrogen phosphate),
where the above are non-limiting examples.

[0093]

In one aspect, the present invention provides an
apparatus for manufacturing a chlorous acid aqueous
solution, including: 1) an electrolytic cell for
electrolyzing a salt to obtain a chlorate or an agueous
gsolution thereof, and 2) a reaction tank for reducing the
chlorate or an agueous solution thereof to obtain an
agueous solution including a chlorous acid.

[0094]

In one aspect, the present invention provides articles
impregnated with the antimicrobial agent, sterilizing agent
microbe-removing agent, disinfecting agent, or antiviral
agent of the present invention. An article that can be used
as the article of the present invention is any article that
can be impregnated with a chlorous acid aqueous solution to
be used for antimicrobial, sterilizing, microbe-removing,
disinfecting, and antiviral purposes and the like,
including medical devices and the like. Examples thereof
include, but are not limited to, a sheet, f£film, patch,
brush, nonwoven fabric, paper, fabric, absorbent cotton,
sponge, and the like.

[0095]

(General manufacturing example of chlorous acid aqueous
solution by electrolysis)

Salt is added to a salt dissolving tank containing tap
water until salt no longer dissolves to obtain a salt
solution. The salt solution is transferred to £fill an
electrolytic cell and a storage tank. At this time, the
solution is filtered to remove salt that has not dissolved.
A hydrochloric acid diluent with a concentration of about
0.3% is placed in a hydrochloric acid titration apparatus
to start titration. The pH wvalue is adjusted while
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circulating the salt solutien. A cooling apparatus is
started up to circulate cooling water. A control panel is
operated to generate electricity for conducting electricity
through a rectifiler. The solution after electrical
conduction is transferred to a reaction tank. A
neutralization tank is loaded with a neutralization
solution and a gas washing apparatus is loaded with a gas
washing solution in advance, and then a stirring apparatus
of the reaction tank is started up, and an acid solution is
slowly added to the solution after electrical conduction
therein. At this time, the remaining acid solution is added
after confirming that first reaction gas is not generated
in the reaction tank. Furthermore, a hydrogen peroxide
solution is slowly added to slowly generate second reaction
gas, thus allowing the gas to adsorb to the neutralization
solution in the neutralization tank. This operation is
repeated as much as needed. The manufacture is completed
when the specification is met.

[0096]

Reference documents cited herein, such as a scilentific
article, patent or patent application, are incorporated
herein by reference in the same manner as the entire
content thereof is specifically described.

[0097]
The present invention has been described while

presenting preferred embodiments to facilitate
understanding. Hereinafter, the present invention is
described based on the Examples. However, the

aforementioned description and the following Examples are
provided solely for exemplification, not for limiting the
present invention. Thus, the scope of the present invention
is not limited to the Embodiments or Examples that are
specifically described herein. The scope of the present
invention is limited solely by the scope of the claims.

(Examples]
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[0098]

The present invention is described in more detail with
the following Examples/Comparative Examples, but the
interpretation of the present invention 1is not limited
thereto. In addition, Examples obtained by appropriately
combining the technical means disclosed in each Example are
encompassed within the scope of the present invention.
[0099]

When necessary, animals used in the following Examples
were handled in compliance with the Declaration of Helsinki.
For reagents, the specific products described in the
Examples were used. However, the reagents can be
substituted with an equivalent product from another
manufacturer (Sigma, Wako Pure Chemical, Nacalai Tesque, Or
the like). There are cases herein where an abbreviation
"CAAS" is used for a chlorous acid agueous solution, but
they are synonymous.

[0100]

(Method of evaluating chlorous acid aqueous solution)

The primary active ingredient of chlorous acid agueous
solutions is chlorous acid. Meanwhile, chlorous acid is
often misunderstood to be the same as chlorine dioxide or
sodium chlorite. Of course, chlorous acid aqueous solution
is also different from acidified sodium chlorite (ASC).
[0101]

In this regard, the following measurement method is
proposed to guarantee and manage the effect of chlorous
acid agueous solutions distinctly £from such similar
chlorine oxides.

[0l02]

(Chlorous acid concentration)

The chlorous acid concentration can be found by a known
iodometry. The concentration is a value denoted by
converting the total amount of chlorine contained in a

chlorous acid aqueous solution as the chlorous acid
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concentration. While a patent is not sought for the method,
the principle thereof is the following.

Oxidation capability of chlorous acid is utilized to free
jodine from potassium iodide under the acidity of sulfuric
acid.

HC1l0, + 2H,S04 + 4KI — HC1 + 2K,504 + 2H,0 + 2I,

Next, the freed iodine molecule is reduced with a sodium
thiosulfate solution. Titration is ended when decclorized.
21, + 4Na,5,0; — 2Na,S540s + 4Nal

Near the end of titration, starch is added as an indicator
to obtain a blue color (iodine-starch reaction). Titration
is ended when the blue color is lost. The concentration of
chlorous acid 1is found from the amount of sodium
thiosulfate solution required to reduce the free iodine
molecule.

{0103]

(Preparation of reagent)

About 10 w/w% potassium iodide solution; about 180 g of
water is added to about 20 g of potassium iodide.

[0104]

*The reagent is prepared at the time of wuse. The
solution remaining from use during the day should be
discarded and never be used the next day.

About 10 w/w% sulfuric acid; about 100 g of sulfuric acid
is added to about 900 g of water.

#gulfuric acid should be slowly added along a glass rod.

1 w/w$ starch solution; about 494.5 g of water is added to
about 5.0 g of starch (soluble) and about 0.5 g of sodium
azide. The mixture is heated with a microwave (or electric
heater). The starch (soluble) is dissolved while stirring
with a glass rod once in a while. When the solution is
transparent, heating is discontinued. The solution 1is

cooled and refrigerated.
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About 0.1 mol/L sodium thiosulfate solution:; 24.82 g of
sodium thiosulfate pentahydrate is dissolved in water so
that the solution is about 1000 mL.
Standardization 10 mL of about 1/60 mol/L potassium iodate
is accurately measured out. 10 mL of about 10 w/w3
potassium iodide solution and 10 mL of about 10 w/w%
sulfuric acid are added. The mixture was left standing in
the dark for about 10 minutes. About 0.1 mol/L sodium
thiosulfate solution is titrated until the color of the
solution is 1light vyellow. About 1 mL of 1 w/w¥ starch
solution is then added. &About 0.1 mol/L sodium thiosulfate
solution is titrated until the solution loses its color.
The factor (£) of the 0.1 mol/L sodium thiosulfate solution
is found by the following equation.
Factor (£) = 10/v
v: amount of 0.1 mol/L sodium thiosulfate solution titrated
(mL)
1/60 mol/L potassium iodate solution; 1.783 g of potassium
iodate heated and dried in advance for about 2 hours at
about 120°C is dissolved into water so that the solution is
500 mL.
[0105]

(Operation method)
(1) About 20 g of sample solution is placed in a 300 mL
Erlenmeyer flask with a ground glass stopper. Water is
added so that the solution is about 200 mL.
(2) About 10 mL of about 10 w/w% potassium iodide solution
and about 10 mL of about 10 w/w% sulfuric acid are added
and left standing in the dark for 15 minutes.
(3) About 0.1 mol/L sodium thiosulfate solution is added
until the color of the solution is light yellow. About 1 mL
of 1 w/w:% starch solution is then added. About 0.1 mol/L
sodium thiosulfate solution is added until the solution

loses its color.
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However, about 0.1 mol/L sodium thiosulfate solution is
placed in a 100 mL glass beaker, Pasteur pipettes
(large/small) are used to add the solution, and the added
weight {g) is recorded.

(CAW) = (1.7115 x 107 x V x £/w} x 1000000 x k

(CAW): concentration of chlorous acid (ppm)}

V: titrated amount of 0.1 mol/L sodium thiosulfate soclution
(mL)

£.: factor of 0.1 mol/L sodium thiosulfate solution

w; weight (g) of sample solution measured out in operation
(1}

k: dilution factor

1.7115 x 107°; weight (g) of chlorous acid corresponding to
1 mL of 0.1 mol/L sodium thiosulfate solution

(Oxidation capability:; sodium hypochlorite converted
concentration)

The amount of chlorine of sodium hypochlorite is
denoted not only as the available chlorine concentration
derived by iodometry, but also as the amount of activated
chlorine involved in the sterilizing effect contained in
sodium hypochlorite, i.e., oxidation capability is denoted
as free chlorine. It is well known that the free chlorine
and available chlorine concentration of sodium hypochlorite
show the same value. However, for chlorous acid agueous
solutions, the amount of activated chlorine involved in an
antimicrobial effect, sterilizing effect, microbe-removing
effect, disinfecting effect, and antiviral effect contained
therein does not match the wvalue of c¢hlorous acid
concentration obtained by the above measurement method. In
this regard, it 1is necessary to find the oxidation
capability of a chlorous acid agqueous solution by the same
approach as the free chlorine of sodium hypochlorite. This
can be quantified by the following method.

[0106]
Oxidation capability of chlorous acid aqueous solution:
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the basis and principle of measurement of sodium
hypochlorite converted concentration are based on the
description in "Regulation of Water Supply Act, Appended
Table 30 Absorption spectroscopy"” and Japanese
Pharmacopoeia [General Tests, Processes and Apparatus] 2.24.
[0107]

Oxidation capability of chlorous acid aqueous solution:
sodium hypochlorite converted concentration is found by the
following method.

[0108]
1. Apparatus and adjustment method

A spectrophotometer is used as a measuring apparatus.
After adjusting the apparatus in advance by the operation
method appended to the spectrophotometer, wavelengths,
transmittance and the like are checked with the premise
that they comply with the test. For wavelengths, a
wavelength calibration optical filter is used to measure
rransmittance near the wavelength of a reference value
shown on the test certificate under test conditions in the
test certificate appended to each filter. The wavelength at
which the transmittance exhibits the minimal value is read
out. However, when a test is conducted, deviation between
the measured wavelength and the wavelength of the reference
value is to be * 0.5 nm or less. Measurement is to be
repeated three times. Each of the measured values is to be
within a mean value *= 0.2 nm or less. For transmittance or
absorbance, a transmittance calibration optical filter is
used to read out the transmittance at the wavelength of a
reference value shown on the test certificate under test
conditions in the test certificate appended to each filter.
Further, when a test is conducted, deviation between the
measured transmittance and the reference transmittance is
to be within the upper limit value and the lower limit
value of relative precision shown in the test certificate

plus 1%. Measurement is repeated three times. It 1is
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confirmed that each measured value of absorbance (or
measured value of transmittance converted to absorbance) is
within mean value % 0.002 when absorbance is 0.500 or less,
and each of the values is within mean value % 0.004 when
absorbance exceeds 0.500. It is desirable to confirm that
transmittance plots out a straight line by using multiple
transmittance calibration optical filters with different
transmittance at the same wavelength.
[0109]

2. Operation method

An apparatus adjusted in advance is used. A light
source, detector, measurement mode of the apparatus,
measured wavelength or range of measured wavelengths,
spectrum width, wavelength scanning rate and the like are
selected and determined. Next, the apparatus is activated
and left standing for a certain period of time to confirm
that the apparatus operates stably. Further, a shutter is
placed on a sample optical path to block out light, and the
indicated value of transmittance at the measured wavelength
or range of measured wavelengths is adjusted to be 0%.
Furthermore, the shutter is removed, and the indicated
value of transmittance at the measured wavelength or range
of measured wavelengths i1is adjusted to be 100% (or
absorbance to 0%), and a cell containing a control solution
or the 1like is placed on the optical path. The cell
containing a control solution or the like is placed on a
sample optical path and the control optical path, and the
indicated wvalue of transmittance is adjusted to 100% (or
absorbance to 0%). A specified sclution or a solvent used
in the test is used as the control solution.
[0110]

3. Method of drawing calibration curves

<<DPD method (Sankei method)>>

1.0 g of N,N-diethyl-p-phenylenediamine sulfate is

pulverized in a mortar, to which 24 g of anhydrous sodium

= 46 =
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sulfate is added and mixed homogenecusly to the extent the
crystal grain is not pulverized. The resultant mixture is
used as an "indicator". Potassium dihydrogen phosphate is
dissolved in ion exchange water (or distilled water) such
that it is 1.6 M. The sgolution is used as a "potassium
dihydrogen phosphate solution”. Dipeotassium hydrogen
phosphate is dissolved in ion exchange water (or distilled
water) such that it is 1.6 M. The solution is used as a
"dipotassium hydrogenphosphate solution”, A solution
prepared by mixing the potassium dihydrogen phosphate
solution and dipotassium hydrogen phosphate solution and
adjusting with potassium dihydrogen phosphate solution or
dipotassium hydrogen phosphate solution so that the pH is
6.5 by using a pH meter is used as a "phosphate buffer
solution®. Chlorine gas generated from dripping sulfuric
acid (1+4) into sodium hypochlorite is allowed to be
absorbed into purified water to prepare chlorine water,
which is then used to adjust the free chlorine
concentration to 100 ppm. The solution is used as a
"reference solution". (At this time, it is necessary to
confirm that the diluted scolution is 100 ppm}. The
reference sclution is accurately measured out, to which ion
exchange water (or distilled water) 1is added to make a
solution including 0.01 mL, 0.02 mL, 0.05 mL, or 0.10 mL in
1 mL. The solution is wused as a "standard solution".
Further, 9.5 mL of the standard solution is measured out,
to which 0.5 mL of phosphate buffer solution is added and:
mixed homogeneocusly. 0.1 g of indicator is added thereto
and mixed. A test 1is conducted by ultraviolet-visible
spectrophotometry [The Japanese Pharmacopoeia [General
Tests, Processes and Apparatus] 2.24]. Absorbance at
wavelength of 510 nm is measured, 9.5 mL of ion exchange
water (or distilled water) is measured, 0.5 mL of phosphate
buffer solution is added, and mixed homogeneously. The

resultant solution is used as a "blank solution". Next, the

= AP =
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blank soluticn is tested by ultraviolet-visible
spectrophotometry [The Japanese Pharmacopoeia [General
Tests, Processes and Apparatus] 2.24}. and the absorbance
at wavelength 510 nm is measured. The above operation is
repeated three times. A value obtained by subtracting the
absorbance of the blank solution from the absorbance of the
standard solution 1is used to calculate a mean value of
absorbance at each concentration. The calculated values are
used %to create "calibration curves" within one hour after
preparing the reference solution by plotting oxidation
power (= free chlorine concentration) on the horizontal (X}
axis and absorbance on the vertical (Y) axis on a graph.
[0111]

4, Measurement method using calibration curves

<<DPD method (Sankei Method)>>: Oxidation capability
utilizing calibration curves: calculation method for free
chlorine concentration (sodium hypochlorite converted
concentration)

1.0 g of N,N-diethyl-p-phenylenediamine sulfate is
pulverized in a mortar, to which 24g of anhydrous sodium
sulfate is added and mixed homogeneously to the extent the
crystal grain is not pulverized. The resultant mixture is
used as an "indicator". Potassium dihydrogen phosphate 1is
dissolved in ion exchange water {or distilled water) such
that it is 1.6 M. The solution is used as a "potassium
dihydrogen phosphate solution”. Dipotassium hydrogen
phosphate is dissolved in ion exchange water (or distilled
water) such that it is 1.6 M. The solution is used as a
"dipotassium hydrogen phosphate solution". A solution
prepared by mixing the potassium dihydrogen prhosphate
solution and dipotassium hydrogen phosphate solution and
adjusting with the potassium dihydrogen phosphate solution
or dipotassium hydrogen phosphate solution so that the pH
is 6.5 by using a pH meter is used as a "phosphate buffer

solution”. A <chlorous acid agueous solution is then

- 48 -



10

15

20

25

30

35

SHUSAKUeYAMAMOTO
SANGOG7

adjusted to 300 ppm as the chlorous acid concentration by
using ion exchange water (or distilled water)}. The solution
is used as a "test solution". 9.5 mL of the test solution
is then measured out, to which 0.5 mL of phosphate buffer
solution is added and mixed. 0.1 g of the indicator is then
added and mixed. Absorbance at the wavelength of 510 nm was
immediately measured using a spectrophotometer. The "sodium
hypochlorite converted concentration" is found from the
relational expression (Y=aX, a: coefficient) by using the
calibration curves created with the <<DPD method>> for the
measured absorbance value.

[0112]

{Phenol coefficient method)

The precise antimicrobial effect, sterilizing effect,
microbe-removing effect, disinfecting effect, and antiviral
effect of a chlorous acid aqueous solution can be
guaranteed only after a comparison and evaluation thereof
with the antimicrobial effect, sterilizing effect, microbe-
removing effect, disinfecting effect, and antiviral effect
of phenol on E. coli. The following is the operation method
thereof.

[0113]

*Reguired reagents

Phenol, normal broth medium, desoxycholate medium, sodium
chloride, and sterilized water

*Requirement instruments

Kitchen timer, gas stove, pot, various test tubes and
glass instruments, pipetter (10 ml), pipetter (1 ml), test
tube (dry heat sterilized), gas burner, pipette tip (dry
heat sterilized), platinum inoculation loop, cotton swab
*Preparation of reagent

5% phenol solution: Phenol is dissolved with hot water
of about 70°C. 25 mL is measured out and precisely diluted
to 500 mL with water (40°C). The specific gravity at 20°C
is confirmed to be within the range of 1.000 = 0.005.

- 49 =«
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*Opacity does not pose any problems.
[0114]

Ligquid medium (1L wvolume): 18.0 g of normal broth
medium is added to 1L of water in a 1000 mlL Erlenmeyer
flask with a stopper. They are mixed and dissolved for
about 30 minutes at normal temperature. After confirming
that the medium has thoroughly dissolved, the solution is
subjected to an autoclave (121°C, 15 minutes).

[o115]

Liguid medium (volume of 200 mL): about 18.0 g of
normal broth medium is added to 1L of water. They were
mixed and dissolved for about 30 minutes at normal
temperature. After confirming that the medium has
thoroughly dissolved, 200 mL of the solution is dispensed
intc a 300 mL Erlenmeyver flask with a stopper and subjected
to an autoclave (121°C, 15 minutes}.

[0116]

Liquid medium (test tube): about 18.0 g of normal broth
medium is added to 1L of water. They were mixed and
dissolved for about 30 minutes at normal temperature. After
confirming that the medium has thoroughly dissolved, 10 mL
of the solution is dispensed into each test tube, sealed
with an aluminum cap, and subjected to an autoclave (121°C,
15 minutes).

[0117]

Saline: About 8.5 g of sodium chloride is dissolved
into about 500 ml of water. The solution is diluted with
water to be 1L and subjected to an autoclave (121°C, 15
minutes).

[0118]

Microbial solution (E. coli}:

i) E. coli is smeared onto a newly created desoxycholate
medium (flat plate) and cultured fox about 24 hours at
about 37°C.

ii) A single colony grown on the medium is suspended into
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10 ml of saline. A liguid medium (volume of 200 mL} is
inoculated with E. coli from a platinum inoculation loop,
and the E. c¢oli is cultured for about 24 hours at about
ITC.
iii) E. coli grows, rendering the liguid medium (test
tube) opague. The number of E. coli contained in the liqguid
at this time is about 10%.
(iv) The microbial solution prepared in 1iil) is used
after diluting the solution 10-fold with saline and
stirring the solution with a vortex mixer. The number cf E.
coli contained in the ligquid at this time is about 107.
Desoxycholate medium (flat plate): About 45 g of
desoxycholate medium 1is added to 1L of water, heated in an
autoclave (105°C, 5 minutes), then cooled to about 50°C.
About 20 mL of the medium is then seeded in a Petri dish
and immobilized to prepare a plating medium.
[0119]

Sterilized water: A suitable amount of distilled water
is placed in a pharmaceutical glass bottle and subjected to

an autoclave (121°C, 15 minutes).

[0120]

*Operation method

[0121]

[Table 1]

Blank segment *unit in mL

Water 9.0

5% phenol 0.0

Total 9.0

[0122]

[Table 2]

Contrcl segment #unit is mL

Concentration|1.0|0.9/0.8{0.7|0.6|0.5]0.4,0.3(0.2]0.1

setting %

Water 7.0|7.2/7.4|7.6|7.8|/8.0/8.2,8.4|8.6|8.8

5% phenol 2.0/1.8/1.6{1.4(1.2|1.0/0.8|0.610.4|0.2

Total 9.0/19.0/9.0(9.0(9.0|9.0,9.0(9.0/%.0]92.0
)

Experiment segment (e.g., chlorous acid aqueous solution

a 51 =
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[0123]

Each sample is adjusted to have the following oxidation
capability wvalue. A required volume of each sample is
prepared.

[0124]
[Table 3]

Oxidation 4 2 1.0 0.8 0.6 0.4 0.2 0.1
capability
setting
(DPD)

Volume 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
prior to
adding
microbial
solution
(mL )

{0125]

The prepared samples are dispensed into test tubes
subjected to dry heat sterilization in accordance with the
above formulation.

[0126]

About 1 mlL of microbial scolution 1is added to each
sample with 0 minute of contact. The number of E. coli
contained in the microbial solution at this time is about
iFi o
[0127]

After the microbial solution has been in contact with
the sample, a sterilized platinum inocuiation 1loop is
immersed in the 1liquid medium after 5 minutes and 10
minutes. A water film is made in the ring at the tip of the
platinum inoculation loop. The liquid medium (test tube) is
inoculated in this state.

[c128]

The inoculated test tube is placed in a vortex mixer
and sealed, and incubated for 24 hours at 37°C. Test
segments observed to have opacity after incubation are

recorded as "+" and test segments without opacity are




10

15

20

25

SHUSAKUeYAMAMOTO

SANQO7
recorded as "-". However, a cotton swab is immersed in the
liquid medium of the test segments evaluated as "+", and

the medium is smeared onto a desoxycholate medium (flat
plate) £from the center to the outside so as to draw a
straight 1line. The sample name is described on the back
gurface of the Petri dish where the medium was smeared, and
the sample is cultured for 24 hours at 37°C.

[0129]

After culturing for & predetermined time, samples
observed to have a typical red colony where the medium was
smeared are evaluated as "+", and samples with no observed
red colony is evaluated as "-". The records are corrected

accordingly. The evaluation for contact time of 5 minutes

and contact time of 10 minutes is confirmed to be "+" "+"
or "4+" "M op “-" "_"_ If "4+" "-", the mean value of the
range is found.

[0130]

If there 1s no test segment with "+" "-"_ the
intermediate wvalue of the range where "+" "+" becomes "-"
"-" ig used.

[01311]

The dilution factors of the value used are found from
the stock solution of chlorous acid agueous solution and
stock solution of phenol as "dilution factor of sample
solution" and "dilution factor of phenol", respectively,
which are plugged into the following equations to find the

phenol coefficient (PC).

f0132]

[Table 4]

Equation 1 Dilution factor of sample
solution = value of
oxidation «c¢apability (TMB)
of stock solution of
chlorous acid agueous

solution/value of oxnidation
capability of chlorous acid
agqueous solution used

- 53 -~
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Equation 2 Dilution factor of phenol =
100/value of concentration
of phenol used

Eguation 3 Phenol constant (PC) =
dilution factor of sample
solution/dilution factor of
phenol

[0133]
[Table 5]
(Example) Control segment: phenol

Concentration|1.0!0.9/0.8|0.7/0.6|0.510.4,0.3(0.2| 0.1
settings

5 minute - = z + |+ + |+ + + +
contact

i0 minute | - - - + Tt + + + |+ +
contact

Dilution 100|111 {125 142|166 200|250 (3335001000
factor :

{0134]

In this case, the concentration setting wused 1is
determined to be 0.75%, and the dilution factor is 133.

For chlorous acid agueous solutions, the phenol
coefficient is evaluated as shown in the following result
table.

[0135]
[Table 6]
(Example) Chlorous acid aqueous solution (Oxidation

capability O M)

Oxidation 4 2 1.0/ 0.8|0.6 0.4 0.2 ] 0.1
capability
setting (DPD)

5 minute - = & = = = + +
contact :

10 minute - = - - - o+ + +
contact

Dilution O /0.4
factor

[0136]
(Indicator of chlorous acid agqueous solution)
Tt is known that an antimicrobial effect, sterilizing

effect, microbe-removing effect, disinfecting effect, and

~ Bl =
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antiviral effect of <chlorine oxides Thave different
antimicrobial effect, sterilizing effect, microbe-removing
effect, disinfecting effect, and antiviral effect that can
be exerted with respect to 1 oxidation capability depending
on the +type of main active ingredient. If this is
guantified using "phenol coefficient per oxidation
capability (100)", the antimicrobial effect, sterilizing
effect, microbe-removing effect, disinfecting effect, and
antiviral effect can be handled separately for chlorous
acid contained in an chlorous acid adqueous solution,
chlorine dioxide, sodium chlorite, and ASC.

[0137]

(Example 1: Difference in relationship of phenol
coefficient and oxidation capability cof chlorine dioxide,
sodium chlorite and chlorous acid agueous solution)

The following samples were prepared to measure the
oxidation capability: sodium hypochlorite converted
concentration and phenol coefficient for each of the
chlorine oxides.

{0138]
{Table 7]

Name of sample Preparation method

Sodium chlorite Reagent: Agueous solution
prepared by measuring out
31.25 g of sodium chlorite
(80% product, Wako) and
dissolving the sodium
chlorite into 100 ml of ion
exchange water, wherein
maximum absorbance section
of uv spectrum can be
observed only at 260 nm.

Chlorous acid agueous | Chlorous acid agueous
solution A solution manufactured
according to the
manufacturing method in
Example 2, wherein maximum
absorbance sections of UV
spectrum can be observed at
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both 260 nm and 350 nm.

Chlorine dioxide Reagent: Aqueous solution
prepared by measuring out
31.25 g of sodium chlorite
(80% product, Wako),
dissclving the sodium
chlorite into 100 ml of ion
exchange water, diluting the
solution to 1200 ppm, and
adding 0.1 mol/L
hydrochloric acid thereto so
that the pH would be 2.3 or
less, wherein maximum
absorbance section of uv
spectrum can be observed
only near 350 nm.

Dissolved chlorine dioxide Reagent: Agqueous solution
prepared by measuring out
31.25 g of scodium chlorite
(80% product, Wako),
dissolving the sodium
chlorite into 100 ml of ion
exchange water, adding 0.1
mol/L hydrochloric acid
thereto to generate chlorine
dioxide gas, and dissolving
the gas into ultrapure
water, wherein the available
chlorine concentration at
this time is 0.3% (w/v) and
the maximum absorbance
section of UV spectrum can
be observed only near 350
nm.

[0139]

These samples were used to measure the oxidation
capability: sodium hypochlorite converted concentration and
phenol coefficient while appropriately dilution with ion
exchange water.

[0140]

The results are shown below. This table and Figure 4

describe the oxidation capability: sodium hypochlorite

converted concentration at each phenol coefficient.
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[0141]
[Table 8]
Phenol Sodium Dissolved Chlorine Chlorous
coefficient | chlerite chloxrine dioxide acid
dioxide agueous
solution A
IR TR ——— S I S — ! — —— U—
B S nonexistent | 139 | 1a1 53 ]
I nonexistent | 279 | 282 | 134 |
I R ) nonexistent | . 418 | 423 | 174 |
5 nonexistent | 697 | .. 705 | 355 |
I R | nonexistent 1395 | 1410 | 719 |
- | nonexistent | 2092 | 2115 | 1092 |
25 nonexistent 3487 3525 1820
[0142]
Sodium chlorite, despite having an available chlorine
concentration of 25% (w/v) that corresponds to the
saturation concentration, had oxidation capability and

phenol coefficient of "0".

[0143]

While the relationship between the oxidation capability

and phenol coefficient of chlorine dioxide and dissolved

chiorine

diocxide

matched,

only

chlorous

acid

aqueous

solution A exhibited a high phenol coefficient with low

oxidation capability,

different

from the

relationship

between

which is a tendency that is clearly

oxidation

capability and phenol coefficient of sodium chlorite and

chlorine

dioxide.

This

demonstrates

that the oxidation

capability of chlorous acid aqueous solution A has a higher

antimicrobial effect,

effect,

disinfecting effect,

sterilizing effect,

microbe-removing

and antiviral effect than the

oxidation capability of chlorine dioxide or sodium chlorite.

[0144]

There are many experts

evaluate
exactly the

component,

chlorous

acid

same due

chlorous acid.

aqueous

to having

the same

who mistakenly consider and
solution and ASC to be

sterilizing

In this regard, ASC was prepared

by faithfully reproducing WO 99/18805 by Kross to compare

- 57 =
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ASC with chlorous acid agueous solution A manufactured in

Example 2.
[0145]
The

following

sample

was

prepared.

The

oxidation

capability and phenol coefficient were measured immediately

after manufacture and on day 5.

[0146]
[Table 9]

Name of sample

Preparation method

Chlorous
solution A

acid

agueous | Chlorous acid agueous
solution manufactured
according to the
manufacturing method in
Example 2, wherein maximum
absorbance sections of UV

spectrum can be observed at
both 260 nm and 350 nm.

ASC ASBC prepared by adding
citric acid (claim 3) to an
agueous solution of chlorite
with an available c¢hlorine
concentration of 1200 ppm
(claim 2) so that the pH is
2.2 (claim 1) based on WO
99/18805 (available chlorine
concentration 1200 ppm, pH
2.2)

[0147]

They were compared based on dissolved chlorine dioxide

as the control.

[0148]

[Table 10]

Phenol Chlorous Chlorous ASC (D + | ASC (D + | Dissolved

coefficient | acid acid 0) 5) chlorine
agueous agueous dioxide
solution A | solution
(D + 0) A (D + 5)

L . - S N S — (S - o [
I . 1 N B S N 85 ... 131 1 . 139 .
oz ] 134 | 152 | 186 | e | 279
I I 174 | 178 | 284 | 422 | . 418
N 355 | 345 474 703 697
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mol [TTTmie T 7e0 | 948 ] 1385 [ 1395
. S — 1082 ol 1140 . Agad L S S - 2092
25 1820 1890 2369 3463 3487
[0149]

The relationship between

oxidation capability and

phenol coefficient did not change even after day 5 for

chlorous acid aqueous solution A. Meanwhile, ASC exhibited

a relationship between

oxidation capability and phencl

coefficient close to that of the chlorous acid adueous

solution immediately after preparation., but it was found

that after 5 days, the oxidation capability and phenol

coefficient were complete maitches with those of the control,

dissolved chlorine dioxide.

It was found in view of the

above that ASC is an antimicrobial agent, sterilizing agent,

microbe-removing agent,

disinfecting agent, or antiviral

agent with properties that are closer to chlorine dioxide

than chlorous acid aquecus solutions.

When the phenol coefficients of

(Figure 5)

dissolved chlorine

dioxide and chlorine dioxide were divided by the oxidation

capability and multiplied by the

coefficient per oxidation capability

ratio 100 (phenol
(100)) wusing the

actual measurement wvalues obtained in the above results,

the value remained within a narrow range of 0.71 to 0.72.

Further, the value of

phenol coefficient per oxidation

capability (100) of sodium chlorite was 0. Meanwhile, the

phenol coefficient per

oxidation capability (100) of

chlorous acid aqueous solution A had a high value of about

1.37 to 1.87. Since the indicated range of values is wide,

in a broad sense, a component can be determined not to be

chlorine dioxide if the phenol coefficient per oxidation

capability (100} is 0.72

or greater. With this indicator,

it can be determined whether an antimicrobial component,

sterilizing component,
disinfecting component,

oxide is a chlorite ion,

microbe-removing component,

or antiviral agent of a chlorine

chlorous acid,

or chlorine dioxide.



10

15

20

25

30

35

SHUSAKUeYAMAMOTO
SANOOQ7

It is desirable that the phenol coefficient per oxidation
capability (100) of a chlorous acid agqueocus solution is
maintained at or above 1.0 if possible.

[0150]

When a chleorous acid agueous solution 1is used as an
antimicrobial agent, sterilizing agent, microbe-removing
agent, disinfecting agent, or antiviral agent, it is
desirable to known the amount of activated c¢hlorine
involved in the antimicrobial effect, sterilizing effect,
microbe-removing effect, disinfecting effect, or antiviral
effect, i.e., how much oxidation capability is contained,
with respect to the total chlorine content of the chlorous
acid aqueous solution. This wvalue can be managed with the
value of oxidation capability per 100 ppm of chlorous acid
concentration.

[0151]

Furthermore, it is desirable to manage the value of
phenol coefficient per 10000 ppm of chlorous acid
concentration in order to manage the true antimicrobial
effect, sterilizing effect, microbe-removing effect,
disinfecting effect, and antiviral effect of chlorous acid
contained in a chlorous acid agueous solution.

[0152]

For the antimicrobial effect, sterilizing effect,
microbe-removing effect, disinfecting effect, and antiviral
effect of chlorous acid agqueous solutions, the
antimicrobial power, sterilizing power, microbe-removing
power, disinfecting power, and antiviral power can be
guaranteed, unlike sodium hypochlorite, by managing three
values, i.e., "oxidation capability per 100 ppm of chlerous
acid concentration”, "phenol coeoefficient per oxidation
capability (100)", and "phenol coefficient per 10000 ppm of
chlorous acid concentration”.

[0153]
(Example 2: Manufacture of chlorous acid aqueous
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solution with a conventional sterilizing effect function
manufactured in Patent Literature 1 in a diaphragm free
electrolytic cell-reaction tank integrated manufacturing
plant,

({Example of manufacturing plant)

Figure 1 shows an example of an integrated
manufacturing plant that was used. In Figure 1. each of the
numbers is the member shown in the following Tables.
f0154]

[Table 11]

Number Name

salt dissolving tank

saturated salt water filtration apparatus

pump 1

control panel

rectifier/power source

electrolytic cell

storage tank

measurement instrument

pump 2

cooling apparatus

hydrochlioric acid titration apparatus

reaction tank

stirrer

acid adding apparatus

hydrogen peroxide adding apparatus

pump 3

neutralization tank

gas washing tank

waste fluid treating tank

AU Y UG I Y UG P Y I Y N
olv|la|via|ug|e|lw|n|lk|o|C (RSO &IW N E

capacitor
21 jacket
[0155]
[Table 12}
Number Name
A saturated salt water discharge valve
B electrolytic cell discharge valve
C air valve
D circulation opening/closgsing spigot
E ligquor discharge valve
F sulfuric acid inlet valve
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hydrogen peroxide inlet valve

air pump spigot

trifurcated spigot

reaction solution discharge valve

air valve

HiRiGHT 0

sample wvalve

[0156]

The raw materials used and the formulation thereof that

were used are the following.

[0157]
[Table 13]
Formulation table a: Saturated salt water
Name of raw material Amount
1 Tap water 65.0 g
2 Sodium c¢hloride in the 35.0 g
Japanese Pharmacopoeia
Total 100 g
[0158]
[Table 14]

Formulation table b:

solution (for titration)

Aqueous 0.1 mol/L hydrochloric acid

Name of raw material Amount
1 Tap water 65.0 g
2 Concentrated hydrochloric 35.0 ¢

acid (98% product)
Total 100 g
[0159]
[Table 15]
Formulation table c¢: Acid sclution

Name of raw material Amount
1 Tap water 300.0 ¢
2 Sulfuric acid 700.0 g
Total 1000 g
[0160]
[Table 16]
Formulation table d: Hydrogen peroxide solution

Name of raw material Amount
1 Tap water 64.0 g
2 Dithionous acid-sulfuric 1g

acid mixture
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3 Hydrogen  peroxide (35% 35.0 g
product)
Total 100 g
Dithionous acid-sulfuric acid mixture: 1 g of sodium

dithionate is measured out and dissolved into 90 ml of ion

exchange water,

and the sclution is adjusted to a pH of 2.0

or lesgs with 0.05N sulfuric acid and diluted to 100 ml.

[0161]
[Table 171
Formulation table e: Reaction solution
Name of raw material Amount
1 Liquor 200 g
2 Acid solution 300 g
3 Hydrogen peroxide 50 g
solution
[0162]
[Table 18]
Formulation table f: Neutralization solution
Name of raw material Amount
1 Tap water 731.88 g
2 Sodium hydroxide 2.5 g
3 Dipotassium hydrogen 139.36 g
pheosphate
4 Sodium carbonate 53 g
5 Sodium tetraborate 7.62 g
6 35% hydrogen peroxide 30
1000 g
[0163]
[Table 19]
Formulation table g: Gas washing solution
Name of raw material Amount
1 Tap water 810 g
2 Scdium hydroxide 60 g
3 35% hydrogen peroxide 30
Total 1000 g
[0164]
[Table 20]
Formulation table h: Waste fluid neutralization solution
Name of raw material Amount
1 Tap water 790.0 g
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2 Sodium ascorbate 150.0 ¢
3 Sodium hydroxide 60 g
Total 1000 g
[0165]

(Summary of manufacture of chlorous acid aqueous solution
by electrolysis)

Saturated salt water is prepared by adding salt that
meets the specification of sodium chloride in the Japanese
Pharmacopoeia to a salt dissolving tank containing tap
water until the salt no longer dissolves. Pump 1 is started
up to transfer the saturated salt water to fill an
electrolytic cell and a storage tank. At this time, the
saturated salt water is passed through a saturated salt
water filtration apparatus to remove undissolved sodium
chloride crystals. Hydrochloric acid diluent with a 0.3%
concentration is placed in a hydrochloric acid titration
apparatus to start titration. Pump 2 1is started up to
adjust the pH value to 6.0 while circulating the saturated
salt water. pH and solution temperature monitors are
started up to record the wvalue at the time. A cooling
apparatus is started up to circulate cooling water. A
control panel is operated to generate electricity and start
conducting electricity through a rectifier (voltage of 3V,
current of 100 A, current density of 2500 A/m®, 80°C % 5°C,
and 78 hours and 30 minutes). The materials of electrodes
connected to the electrolysis cell are platinum/iridium
coated titanium (anode) and highly pure steel (cathode).
These electrodes are disposed 1in parallel at a 5 mm
interval without a diaphragm. The saturated salt watexr
passes through this space to circulate the electrolytic
cell and the storage tank. The concentration of sodium
chlorate of liquid obtained at this time is 50% (w/v), and
the available chlorine concentration was 0 ppm. Pump 2 1is
stopped, and the liquor is transferred to a reaction tank.

A neutralization solution is loaded into a neutralization
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tank and a gas washing solution is loaded into a gas
washing apparatus in advance, and then a stirring apparatus
of the reaction tank is started up and an acid solution 1is
slowly added to about 1 kg of the liquid in the reaction
tank. At this time, the remaining acid solution is added
after confirming that first reaction gas is not generated
in the reaction tank. Furthermore, a hydrogen peroxide
solution is slowly added to slowly generate second reactiocn
gas. The gas is allowed to adsorb to the neutralization
solution in the neutralization tank. This operation is
repeated twice. The manufacture ends when the specification
is met.
[0166]

A chlorous acid aqueous solution was manufactured as
described below. '
(1. Preparation)
The following preparation was performed.
A was confirmed to be plugged.
Formulation table a was added to 1.
Formulation table b was added to 11.
B and D were opened, and E was confirmed to be plugged.

A was opened, and 3 was started up.

A G = W N

The solution of 1 was transferred until 6 and 7 were
filled.

7 9 was started up to fill each pipe with the solution of
1.

8 A was plugged and 3 was stopped.

9 8 was started up to start measuring the pH and solution
temperature.

10 11 was started up to adjust the pH of the flowing
solution of 1 to 6.0.

11 10 was started up to allow cooling water to circulate
to 21.

12 4 and 6 were started up to start conducting electricity.

13 4 and 5 were stopped.



10

15

20

25

30

35

SHUSAKUeYAMAMOTO
SANOO7T

14 L was opened for sampling.

15 L was closed.

16 The solution was «c¢irculated until the solution
temperature was below 25°C.

17 Quality inspection was performed, and if the qualifty
met the specification, 9 was stopped.

18 11 was stopped.

19 B and D were closed.

20 Formulation table ¢ was added to 14.

21 Formulation table d was added to 15.

22 Formulation Table f was added to 17.

23 Formulation table g was added to 18

24 F, G, K, H, J, and I were confirmed to be closed.

25 C and K were opened.

26 E was opened to transfer the liquor of 7.

27 E was closed.

28 The amount of the transferred liguor was examined.

29 C and K were closed.

30 I was opened in the direction of 12 - I — 17.

31 13 was started up.

32 F was opened, and the syringe of 14 was pushed to
slowly add Formulation table ¢ to 12.

33 After confirming that first chlorous acid gas was not
generated, all of Formulation table c was added to 12.

34 F was opened.

35 G was opened.

36 The syringe of 15 was pushed to slowly add Formulation
table d to 12.

37 A violent reaction was induced, and when Dbubble
generation has subsided, 16 was started up and H was opened.
38 The syringe of 15 was pushed to add all of the
Formulation table d to 12.

39 G was closed.

40 After the completion of the reaction, H was closed and

16 was stopped.
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K was opened.

the solution.

17 was adjusted to normal pressure,

aqueous solution A.

18 was adjusted to normal pressure.
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I was opened in the direction of 19 - T - 17,

J was opened to transfer the solution to 19.
The operation from 25 to 44 was repeated twice.

Formulation table h was added to 19 to neutralize and

and the content of

was retrieved for gquality inspection as chlorous acid

The results of the above quality inspection upon
manufacture are described.
[0167]
[Table 21]
Manufacturing | Measurement Actual Amount
step item measurement transferred
value
Salt Sodium 33.77% 2.2 kg
dissolving chloride
tank concentration
[01l68]
[Table 22]
Manufacturing | Measurement item Actual Measurement item Actual
step measurement measurement
value value
Electrolytic Before Solution 313;5° C After Solution 88,0°C
cell electric _temperature | | electric | temperature | .
conduction | pH 6 conduction | pH 6.5
Current 100 A
Voltage 3 v
Flow rate 0.2 kg/h
Uptime 78 hrs. and
30 min.
Storage tank Sodium chlorate | 52%
| concentration | . . ]
Available chlorine | 0 ppm
concentratlon
[0169]
[Table 23]
Reaction tank First amount added Second amount added
| Liquor  _________|. e eI | LOLDL O i S s )
| Acid Ll FCTL O R 1110 G—— T e e
Hydrogen 250 g 250 g
peroxide
Neutralization | Reaction | Reaction | Chlorous acid [ Reaction | Reaction | Chlorous acid

o B =
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tank No. step concentration No. step concentration
ist Pirst 0 2nd First Not measured
reaction | ... | reaction | ... ...
Second 25928 ppm Second 51926 ppm
reaction reaction
Amount of | 5 kg Amount produced 5 kg
neutralization
solution added
f0170]
Component analysis table for chlorous acid agueous

solution A

[0171]

[Table 24]

Component analysis table for chlorous acid agueous solutioen

A

Tested item Specification Result

Pcoctassium Addition of | Addition of

permanganate potassium potassium
permanganate permanganate
solution (1 - 300) | solution (1 - 300)
to 5 mlL of the|lto 5 ml of the
product (1 - 20) |product (1 - 20)
results in a| resulted in a
purplish red ! purplish red
color. color.
Addition of 1 ml | Addition of 1 ml
of sulfuric acid|of sulfuric acid
(1 - 20) thereto| (1 - 20} thereto
changes the color |changed the color
to light yellow. to light yellow.

UV spectrum An aqueocus | An agueous
solution of the | solution of the
product has | product had

maximum absorbance
sections at
wavelengths of 258
to 262 nm and 346
to 361 nm.

maximum absorbance
sections at
wavelengths of 258
to 262 nm and 346
to 361 nm.

Potassium iodide-
starch paper

When potassium
iodide-starch
paper 1is immersed
in the product,
the paper changes
its color to blue
and then loses the
color.

When potassium
iodide-starch
paper was immersed
in the product,
the paper changed
its color to blue
and then lost the
color.
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Chlorous acid - 51926.48 ppm
concentration

[ol72]}

With the above chlorcus acid agueous solution A as the
raw material, chlorous acid agueous solution preparation A
was prepared by adding the following formulation to
maintain a cyclic reaction.
[0173]
[Table 25]
Formulation table i: Formulation of chlorous acid agueocus

solution preparation A

Name of raw material Amount

1 Tap water 789.04 g

2 Potassium dihydrogen 54.43 g
phosphate

3 Dipotassium hydrogen 69.68 g
phosphate

4 Chlorous acid agueous 86.85 ¢
solution A

Total 1000 g

[0174]

[Table 26]

Component analysis table for chlorous acid aqueous solution

preparation A

Measured item Specification value' Actual
measurement
value

Chlorous acid | 4500 ppm or dreater 4516 ppm

concentration

Oxidation capability Not set 152

Phenol coefficient Not set 1.40

Oxidation capability{ 1.1l or greater (self- 3.36

per 100 ppm of | imposed

chlorous acid | specification)

concentration

Phenol coefficient | 0.7 or greater (self- 0.92

per oxidation | imposed

capability (100) specification)

Phenol cocefficient | 1.5 or greater (self- 3.10

per 10000 ppm of | imposed

chlorous acid | specification)

concentration
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This can be any preferable value. The specification value
dees not necessarily need to be this value. This is a self-
imposed specification of the Applicant.

[0175]

(Example 3: Manufacture of highly reactive chlorous
acid adgueous solution by a diaphragm free electrolytic
cell-reaction tank integrated manufacturing plant)

The raw materials and the formulation thereof that were

used are the following.

[01l76]
[Table 27]
Formulation table a: Saturated salt water
Name of raw material Amount
1 Tap water 65.0 g
2 Sodium chloride in the 35.0 g
Japanese Pharmacopoeia
Total 100 g
{0177]
[Table 28]

Formulation table b: Agqueous 0.1 mol/L hydrochloric acid

solution (for titration)

Name of raw material Amount
1 Tap water 65.0 g
2 Concentrated hydrochloric 35.0 g

acid (98% product)
Total 100 g
[0178]
[Table 29]
Formulation table j: Acid solution

Name of raw material Amount
1 Tap water 285.0 g
2 Sodium thiosulfate 5.0 g
3 Sulfuric acid 700.0 g
Total 1000 g
[0179]
[Table 30]
Formulation table d: Hydrogen peroxide solution

fName of raw material Amount
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1 Tap water 64.0 g
2 Dithionous acid-sulfuric 1 g

acid mixture
3 Hydrogen peroxide (35% 35.0 g

product)
Total 100 g
Dithionous acid-sulfuric acid mixture: g of sodium

dithionate is measured out and dissolved into 90 ml of ion

exchange water,

and the solution i1s adjusted to a pH of 2.0

or less with 0.05N sulfuric acid and diluted to 100 ml.

{0180]
[Table 31]
Formulation table e: Reaction solution
Name of raw material Amount
1 Liquor 200 g
2 Acid solution 300 g
3 Hydrogen peroxide 50 g
solution
[0181]
[Table 32]
Formulation table f: Neutralization solution
Name of raw material Amount
1 Tap water 731.88 g
2 Sodium hydroxide 2.5 g
3 Dipotassium hydrogen 139.36 g
phosphate
4 Sodium carbonate 53 g
5 Sodium tetraborate 7.62 g
6 35% hydrogen peroxide 30
1000 g
[0182]
[Table 33]
Formulation table g: Gas washing solution
Name of raw material Amount
1 Tap water 910 g
2 Sodium hydroxide 60 g
3 35% hydrogen peroxide 30
Total 1000 g
[0183]
[Table 34]
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Formulation table h: Waste fluid neutralization solution

Name of raw material Amount
1 Tap water 790.0 g
2 Sodium ascorbate 150.0 g
3 Sodium hydroxide 60 g
Total 1000 g

[0184]
(Summary of manufacture of chlorous acid aqueous solution
by electrolysis)

Saturated salt water is prepared by adding salt that
meets the specification of sodium chloride in the Japanese
Pharmacopoeia to a salt dissolving tank containing tap
water until the salt no longer dissolves. Pump 1 is started
up to tramsfer the saturated salt water +to £fill an
electrolytic cell and a storage tank. At this time, the
saturated salt water is passed through a saturated salt
water filtration apparatus to remove undissolved sodium
chloride crystals. Hydrochloric acid diluent with a 0.3%
concentration is placed in a hydrochloric acid titration
apparatus to start titration. Pump 2 is started up to
adjust the pH value to 6.5 while circulating the saturated
salt water. pH and solution temperature monitors are
started up to record the value at the time. A cocling
apparatus is started up to circulate cooling water. A
control panel is operated to generate electricity and start
conducting electricity through a rectifier (voltage of 3 V,
current of 100 A, current density of 2500 A/m*, 85°C + 5 °C,
and 78 hours and 30 minutes). The materials of electrodes
connected to the electrolysis cell are platinum/iridium
coated titanium (anode) and highly pure steel (cathode).
These electrodes are disposed in paraliel at a 5 mm
interval without a diaphragm. The saturated salt water
passes through this space to circulate the electrolytic
cell and the storage tank. The concentration of sodium
chlorate of liquid obtained at this time 1is 49% (w/v), and

the available chlorine concentration was 9889 ppm. Pump 2

- 99 -
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is stopped, and the ligquor is transferred to a reaction
tank. A neutralization gsolution is loaded into a
neutralization tank and a gas washing solution is loaded
into a gas washing apparatus in advance, and then a
stirring apparatus of the reaction tank is started up and
an acid solution is slowly added to about 1 kg of the
liquid in the reaction tank. First reaction gas is allowed
to be generated in the reaction tank and to adsorb to the
neutralization solution in the neutralization tank. After
adding the remaining acid solution and confirming that
first reaction gas or bubbles is not generated, a hydrogen
peroxide solution is slowly added to slowly generate second
reaction gas. The gas 1is allowed to adsorb to the
neutralization solution in the neutralization tank. This
operation is repeated twice. The manufacture ends when the
specification is met.
[0185]

A chlorous acid aqueous solution was manufactured as
described below.
(1. Preparation)
The following preparation was performed.
A was confirmed to be plugged.
Formulation table a was added to 1.
Formulation table b was added to 1l.
B and D were opened, and E was confirmed to be plugged.

A was opened, and 3 was started up.

[ R T 6 B S8 O

The solution of 1 was transferred until 6 and 7 were
filled.

7 9 was started up to f£ill each pipe with the solution of
1:

8 A was plugged and 3 was stopped.

9 8 was started up to start measuring the pH and solution
temperature.

10 11 was started up to adjust the pH of the flowing

solution of 1 to 6.5.
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11 10 was started up to allow cooling water to circulate
to 21.

12 4 and 6 were started up to start conducting electricity.
13 4 and 5 were stopped.

14 L was opened for sampling.

15 L was closed.

lé The solution was circulated until the solution
temperature was below 25°C.

17 Quality inspection was performed, and if the guality
met the specification, 9 was stopped.

183 11 was stopped.

19 B and D were closed.

20 Formulation table Jj was added to 14.

21 Formulation table 4 was added to 15.

22 Formulation Table f was added to 17.

23 Formulation table g was added to 18.

24 F, G, K, H, J, and T were confirmed to be closed.

25 C and K were opened.

26 E was opened to transfer the liquor of 7.

27 E was closed.

28 The amount of the transferred liquor was examined.

29 C and K were closed.

30 I was opened in the direction of 12 - I - 17.

31 13 was started up.

32 F was opened, and the syringe of 14 was pushed to
slowly add Formulation table j to 12.

33 Generated first reaction gas was allowed to absorb to
Formulation table £ at 17.

34 16 was started up and H was opened.

35 After confirming that first reactionr gas 1is not
generated, H was closed and 16 was stopped.

36 The syringe of 14 was pushed to add all of Formulation
table j to 12.

37 F was opened.

38 G was opened.
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39 The syringe of 15 was pushed to slowly add Formulation
table d to 12.
40 A violent reaction was induced, and when bubble
generation has subsided, 16 was started up and H was opened.
41 The syringe of 15 was pushed to add all of the
Formulation table 4 to 12.
42 G was closed.
43 After the completion of the reaction, H was closed and
16 was stopped.
44 13 was stopped.
45 I was opened in the direction of 19 - I - 17.
46 K was opened.
47 J was opened to transfer the solution to 19.
48 The operation from 25 to 44 was repeated twice.
49 TFormulation table h was added to 19 to neutralize and
discharge the solution,
50 18 was adjusted to normal pressure.
51 17 was adjusted to normal pressure, and the content of
17 was retrieved for gquality inspection as chlorous acid
aqueocus solution B.

The results of the above ¢guality inspection upon

manufacture are described.

[0186]

[Table 35]

Manufacturing | Measurement Actual Amount

step item measurement transferred

value

Salt Sodium 33.70% 2.2 kg

dissolving chloride

tank concentration

[0187]

[Table 36]

Manufacturing | Measurement item Actual Measurement item Actual

step measurement measurement

value value

Electrolytic Before Solution 135 C After Solutien 80,0°C

cell electric _temperature : _______| electric temperature
conduction | pH 6.5 conduction | pH 1.2
Current 100 A
Valtage 3V
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Flow rate 0.2 kg/h
Uptime 78 hrs., and
30 min
Storage tank Sodium chlorate | 49%
| gencentratien | ...
Avallable chlorine | 98589 ppm
concentration
[0188]
[Table 37]
Reaction tank First amount added Second ameount added
e o S Ot s i R L
e e e T T S R )
Hydrogen 250 g 250 g
peroxide
Neutrallzation | Reaction | Measurement Measurement | Reactlon | Measurement Measurement
tank No. item value No. item value
lst Available 2325 ppm 2nd Available 4743 ppm
chlorine chlorine
_cencentration | | _songentration ( .
Chlorous acid | 22855 ppm Chlorous acid | 46959 ppm
agueous agueous
solution solution
concentration concentration
Amount of | 5 kg Amount produced 5 kg
neutralization solution
added
[0189]
Component analysis table for chlorous acid aqueous
solution B
[0190]
[Table 38]
Tested item Specification Result
Potassium Addition of | Addition of
permanganate potassium potassium
permanganate permanganate

solution (1 - 300}
to 5 ml of the
product (1 - 20}

results in a
purplish red
color.

Addition of 1 ml

of sulfuric acid
{1 - 20) thereto
changes the coloxr

to light vyellow.

solution (1 - 300)
to 5 ml of the
product (1 - 20)

resulted in a
purplish red
color.

Addition of 1 ml
of sulfuric acid
(1 - 20) thereto

changed the color
to light yellow.

UV spectrum

An agueous
solution of the
product has

maximum absorbance

An agueous
solution of the
product had

maximum absorbance
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sections at
wavelengths of 258
to 262 nm and 346
to 361 nm.

sections at
wavelengths of 258
to 262 nm and 346
to 361 nm.

Potassium
starch paper

iodide-

When potassium
iodide-starch

When potassium
iodide-starch

paper 1s immersed |paper was immersed
in the preoduct, |in the product,
the paper changes |the paper changed

its color to Dblue
and then loses the
color.

its coleor to blue
and then 1lost the
color.

Chlorcus
concentration

acid

46999.83 ppm

[0191]

With the above chlorous acid agueous solution B as the

raw material,

was

prepared by

adding

the

maintain a cyclic reaction.

[0182]
[Table 39}

Formulation table k:

solution preparation B

following

chlorous acid agqueous scolution preparation B

formulation to

Formulation of chlorous acid aqueous

Name of raw material Amount

1 Tap water 774.41 g

2 Potassium dihvdrogen 54.43 g
phosphate

3 Dipotassium hydrogen 69.68 g
phosphate

4 Chlorous acid agueous 101.48 g
solution B

Total 1000 g

f01931]

[Table 40]

Component analysis table for chlorous acid aqueous solution

preparation B

Measured item Specification Actual measurement
value' value

Chlorous acid | 4500 rpm or { 4770 ppm

concentration greater

Oxidation Not set 572

capability
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Phenol coefficient |Not set 9.03
Oxidation T:1 or greater | 11.99
capability per 100 | (self-imposed
ppm of chlorous | specification)
acid concentration |
Phenol coefficient 0.7 or agreater | 1.57
per oxidation | (self-imposed
capabllity (100) specification)
Phenol c¢oefficient |1.5 or greater | 18.93
per 10000 ppm of | (self-imposed
chlorous acid | specification)
concentration

This can be any preferable value. The specification value

does not necessarily need to be this wvalue.

imposed specification of the Applicant.

[0194]
(Example 4:

retaining chlorous acid aqueous solution)

A comparative test was

agueous

preparation thereof,

preparation A,

solution A manufactured

in

i.e..,

conducted for chiorous

Example 2

This is a self-

Reactivity investigation test on reactivity

acid
and the

chlorous acid agueous sclution

as well as chlorous acid agqueous solution B

manufactured in Example 3 and the preparation thereof, i.e.,

acid
of

chlorous

absence

aqueous

organic

solution

matters. A

preparation

chlorous

acid

B, in the

agueous

solution manufactured by the manufacturing method patent of

Patent Literature 1 was used as the contrel.

[0195]

The chlorous acid concentration, oxidation capability,
and phenol coefficient of the chlorous acid agqueous
gsolution of Patent Literature 1, chlorous acid agueous
solution A, chlorous acid aqueous solution preparation A,
chlorous acid aqueous solution B, and chlorous acid aqueous
solution preparation B were found. Furthermore, 1 ml of E.

coli solution (10" E.

thoroughly

stirred.

1 ml of the

solution

coli) was added to 8 ml of saline and

prepared by

adjusting each of the chlerous acid agueous solutions and

chlorous acid aqueous solution preparations to the chlorous

= 78 -~
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acid concentration of 200 ppm was added and contacted for
15 seconds, 30 seccnds, 1 minute, 5 minutes, and 10 minutes.
0.1 N sodium thiosulfate as added to stop the reaction. 1
ml of the solution was placed on a broth plating medium and
inoculated. The medium was cultured for 1 day at 35°C. This
was performed immediately after manufacture, on day 10, and
on day 30. The chlorous acid aqueous solutions and chlorous
acid aqueous solution preparations were stored in the shade
at a room temperature of 25°C.
[0196]

The results immediately after manufacture are shown.
[0197]
[Table 41]

Name of | pH Chlorous acid | Oxidation Phenol
sample concentration | capability | coefficient

Chlorous acid; 6.08 30808 ppm 1005 14.7
agueous
solution
manufactured
by the
manufacturing
method in
Patent
Literature 1

Chlorous acid| 6.16 51926 ppm 1528 12,3
agueous
solution A

Chlorous acid| 6.14 4516 ppm 152 1.4
agqueous
solution
preparation A

Chlorous acid| 6.52 46999 ppm 5641 89.0
agueous
solution B

Chlorous acid | 6.48 4770 ppm 572 9.0
agueous
sclution
preparation B

[0198]
[Table 42]

Name of | Chlorous acidl Oxidation | Contact time to E. coli
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sample concentration | capability | 15 30 1 5 10
upon contact upon :1<Te} sec min min min
contact
Chlorous acid i 20 ppm 0.65 1.4 2.9 <300 | <300 | <300
aguecus %
sclution 10° | 10°
manufactured
by the
manufacturing
method in
Patent
Literature 1
Chlorous acid | 20 ppm 0.59 3.6 1.5 <300 | <300 | <300
agueous % X
solution A 10° §10°
Chlorous acid | 20 ppm 0.67 6.8 T2 <300 | <300 | <300
agueous x %
solution 10® | 10*
preparation A
Chlorous acid | 20 ppm 2.4 <300 | <300 | <300 | <300 | <300
agueous
solution B
Chlorous acid | 20 ppm 2.4 <300 | <300 | <300 | <300 | <300

agueous
solution
preparation B

[0199]

The results for day 10 are shown.

[0200]
[Table 43]

Name of | pH

sample

Chlorous acid
concentration

Oxidation
capability

Phenol
coefficient

Chlorous acid 6.32

agqueous
solution

manufactured
by the
manufacturing
method in

Patent

Literature 1

25192 ppm

1406

13.3

Chlorous acid 6.61

agueous
solution A

43929 ppm

1514

12.2

Chlorous acid 6.14

agueous
solution

preparation A

4506 ppm

142
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Chlorous acid| 6.53 37846 ppm 898 13.1
aqueous
solution B
Chlorous acid| 6.48 4650 ppm 330.3 1.6
agueous
solution
preparation B
[0201]
[Table 44]
Name of | Chlorous acid | Oxidation Contact time to E. coli
sample concentration | capability | 15 30 1 5 10
upon contact upon sec sec min {min min
contact
Chlorous acid | 20 ppm I.12 2.0 3.2 <300 | <300 | <300
agueous x X
solution 10% | 10°
manufactured
by the
manufacturing
method in
Patent
Literature 1
Chlorous acid | 20 ppm 0.69 3.1 18 <300 | <300 | <300
agueous X %
solution A 10° | 10°
Chlorous acid | 20 ppm 0.63 etaels 7.5 <300 | <300 { <300
agueous % *
solution 10® | 10*
preparation A
Chlorous acid | 26 ppm 0.47 7.7 9.8 7.2 5.9 <300
agueous x ® % b
solution B 10° |10° |10° |10°
Chlorous acid | 20 ppm 1.42 <300 | <300 <300 | <300 | <300
agueous
solution
preparation B
[0202]
The results for day 30 are shown.
[0203]
[Table 45]
Name of | pH Chlorous acid | Oxidation Phenol
sample concentration | capability | coefficient
Chlorous acid 6.14 17016 ppm 1186 Tl=2
aqueous
solution
manufactured
by the
manufacturing
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method in
Patent
Literature 1
Chlorous acid| 5.25 34191 ppm 1347 106.1
agueous
soilution A
Chlorous acid| 6.14 4511 ppm 138 1.2
agueous
solution
preparation A
Chlorous acid 6.55 33162 ppm 780 7.2
aqueous
solution B
Chlorous acid | 6.46 4580 ppm 110 1.6
agueous
solution
preparation B
[0204]
[Table 46]
Name of | Chlorous acid | Oxidation Contact time to E. coli
sample concentration | capability 15 30 1 5 10

upon contact upon sec | sec |min min min
contact

Chlorous acid | 20 ppm 1.39 1.1 (1.8 | <300 | <300 (<300
agueous x X
solution 10* | 10®
manufactured
by the
manufacturing
method in
Patent
Literature 1
Chlorous acid 20 ppm 0.79 2.9 | 2.0 | <300 | <300 | <300
agqueous % ]
solution A 10° | 10°
Chlorous acid | 20 ppm 0.61 7.0 | 7.4 |1.5 <300 | <300
agqueous x X X
solution 10% | 10* |10°
preparation A
Chlorous acid | 20 ppm 0.47 8.0 |{9.6 | 7.8 5.5 <300
agueous X x x X
solution B 10 | 10% 10° | 10!
Chlorous acid | 20 ppm 0.48 7.8 |6.9 [6.2 4.5 <300
agueous % x ® X
solution 10® | 10® |10° | 10f
preparation B
[0205]

Chlorous acid aqueous solution A manufactured by the
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present manufacturing method can be used to obtain aqueous
solutions including various concentrations of chlorate as
liquid by electrolysis, with salt as the raw material. Thus,
chlorous acid aqueous solutions having more diverse
chlorous acid concentrations and oxidation capability
compared to chlorous acid aqueous solutions made by a
conventional manufacturing method can be manufactured.
[0206]

Since the primary active ingredient of chlorous acid
agqueous solutions is chlorous acid, a chlorous acid agueous
solution manufactured by the manufacturing method patent in
Patent Literature 1 is characterized by having an
antimicrobial effect, sterilizing effect, microbe-removing
effect, disinfecting effect, and antiviral effect having
conventional functions. It was also found that chlorous
acid agueous solution A manufactured by the present
manufacturing method and chlorous acid aqueous solution A
maintaining a cyclic reaction by utilizing a buffer with
this chlorous acid agueous solution A as the raw material
also exert an antimicrobial effect, sterilizing effect,
microbe-removing effect, disinfecting effect, and antiviral
effect having conventional features, just like & chlorous
acid agqueous solution manufactured by the manufacturing
method patent in Patent Literature 1.

[0207]

Meanwhile, chlorous acid aqueous solution B and
chlorous acid agueous solution preparation B have a more
highly reactive antimicrobial power, sterilizing power,
microbe-removing power, disinfecting power, and antiviral
power compared to chlorous acid aqueous solution A,
enabling high reactivity to E. c¢oli in 15 seconds of
contact, which was impossible with conventional chlorous
acid agqueous solutions.

[0208]
While future research is required, this phenomenon is

- B3 -
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considered to be due to accelerated reaction rate £from
chlorous acid where c¢hloride ions contained in £first
reaction gas are in an wundissociated state to agueous
chlorine dioxide. As a result, high reactivity was imparted
to the antimicrobial effect, sterilizing effect, microbe-
removing effect, disinfecting effect, and antiviral effect
that is slow and sustained due to a slow moving cyclic
reaction.

[0209]

As a reason thereof, mixing sodium hypochlorite and
sodium chlorite under acidic conditions results in
immediate decomposition inte chlorate ions and chloride
ions, such that the antimicrobial effect, sterilizing
effect, microbe-removing effect, disinfecting effect, and
antiviral effect are rapidly lost. In other words, the more
distributable this mixture becomes, the more difficult it
is to store the mixture in this state for a long period of
time. For this reason, the mixture of sodium hypochlorite
and sodium chlorite needs to be adjusted to strong alkaline
pH for long term storage. In other words, the factor for
stabilizing such a mixture is dependent on the pH.
Accordingly, the high reactivity of chlorous acid aqueous
solution B can maintain the antimicrobial power,
sterilizing power, microbe-removing power, disinfecting
power, and antiviral power in weak acidic region, so that
it is evident that this is not an effect due to sodium
hypochlorite.

[0210]

In the result after 10 days, the antimicrobial power,
sterilizing power, microbe-removing power, disinfecting
power, and antiviral power of chlorous acid agueous
solution B significantly decreased, such that only the
antimicrobial effect, sterilizing effect, microbe-removing
effect, disinfecting effect, and antiviral effect with the

same property as conventional chlorous acid aqueous

= f4 =
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solutions was exhibited.
[0211]

On the other hand, even after 30 days., it was found
that chlorous acid agquecus solution B had antimicrobial
power, sterilizing power, microbe-removing power,
disinfecting power, and antiviral power with high
reactivity. In view of the above, it was found that not
only the antimicrobial effect, sterilizing effect, microbe-
removing effect, disinfecting effect, and antiviral effect
of chlorous acid agqueous solutions with conventional
features, but alse antimicrobial effect, sterilizing effect,
microbe-removing effect, disinfecting effect, and antiviral
effect corresponding to high reactivity can be maintained
for a long period of time by maintaining a cyclical
reaction. In view of this result, the highly reactive
antimicrobial effect, sterilizing effect, microbe-removing
effect., disinfecting effect, and antiviral effect is not
derived from sodium hypochlorite.

[0212]

As disclosed above, the present invention is
exemplified by the use of its preferred embodiments.
However, it 1is understood that the scope of the present
invention should be interpreted based solely on the Claims.
The present application claims priority to Japanese Patent
Application No. 2016-70264 (filed on March 31, 2016). The
entire content thereof is incorporated herein by reference.
It 1is also understood that any patent, any patent
application, and any references cited herein should be
incorporated herein by reference in the same manner as the
contents are specifically described herein.

[Industrial Applicability]l
[0213]

Tn view of the above, an aqueous solution including a

chlorous acid aqueous solution obtained by the present

invention c¢an be utilized in applications such as an

- 85 -
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antimicrobial agent, sterilizing agent, microbe-removing
agent, disinfecting agent, antiviral agent, bleach, and

blood stain removing agent.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A method of manufacturing a chlorous acid agqueous solution,

comprising the steps of: 1) electrolyzing a salt to obtain a
chlorate or an aqueous solution thereof; and (2) reducing
the chlorate or the aqueous solution thereof to obtain an

aqueous solution comprising a chlorous acid.

The method of claim 1, wherein the salt is sodium

chloride.

The method of claim 2, wherein the sodium chloride meets
the specification of sodium chloride in the 17% edition of
the Japanese Pharmacopoeia or aspecification equivalent

thereto.

The method of any one of claims 1 to 3, wherein the
chlorate or aqueous solution thereof comprises at least
about 45% (w/v) sodium chlorate, and optionally comprises

sodium hypochlorite or an unreacted substance.

The method of any one of claims 1 to 4, wherein the
electrolyzing comprises making an aqueous saturated sodium
chloride solution flow in a diaphragm-free electrolytic
cell and adjusting a pH of an electrolyte solution to about
5.9 to about 7.5 while conducting electricity for about 15
hours or more under conditions with a voltage of about 2.75

to about 3.5 V, a current density of about 600 to about 5000

A/m2 , and a solution temperature of about 70° C to about

i e
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13

14

The method of claim 5, wherein the voltage is about 3V.

The method of any one of claims 5 to 6, wherein the

current density is about 2500.A/m2 .

The method of any one of claims 5 to 7, wherein the pH of
the electrolyte solution is adjusted to about 5.9 to about
T

The method of claim 8, wherein the pH of the electrolyte

solution is adjusted to about 6.0.

The method of any one of claims 1 to 9 wherein at least
one acid selected from the group, consisting of sulfuric
acid, phosphoric acid, and nitric acid is used in the

reducing step.

The method of claim 10, wherein a concentration of the
sulturic ac¢lid, phosphoric acid, o nitric acid 185 about 60%

(w/w) to about 90% (w/w) .

The method of claim 11, wherein the concentration of the

sulfuric acid, phosphoric acid, or nitric acid is about 70 %

(w/w) .

The method of any one of claims 10 to 12, wherein the acid
is sulfuric acid, and wherein a thiosulfate is further

used.

The method of claim 13, wherein a concentration of the acidic

thiosulfuric acid is about 0% (w/v) to about 1.3% (w/Vv).

- 88 -
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19%

205

21

The method of claim 14, wherein the concentration of the
aclidic thiosulfuric acid is about 0.5% (w/v) to about

0.7% (w/v) .

The method of any one of claims 1 to 15, comprising the
step of obtaining a gasified substance comprising a

chlorous acid.

The method of any one of claims 1 to 16, wherein an
oxyacid with a reducing action is used concurrently in the

reducing step.

The method of claim 17, wherein the oxyacid with a
redlicing détion is adidie thiestulfuric agid, dithisnous
acid, peroxymonosulfuric acid, peroxydisulfuric acid,
peroxyphosphoric acid, peroxychromic acid, or manganese

oxide.

The method of claim 18, wherein the oxyacid with a
reducing action is acidic thiosulfuric acid or dithionous

acid.

The method of claim 19, wherein the oxyacid with a
reducing action is generated from a salt of the oxyacid

with a reducing action in the reducing step.

The method of claim 20, wherein the salt of the oxyacid
with a reducing action is acidic thiosulfate, dithionite,
peroxymonosulfate, peroxydisulfate, peroxyphophate,

peroxychromate, or permanganate,
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238

24.

25,

265

2

28,

29k

The method of claim 21, wherein the salt of the oxyacid
with a reducing action is sodium dithionite or sodium

thiosulfate.

The method of any one of claims 20 to 22, wherein the
oxyacid with a reducing action is used concurrently with

hydrogen peroxide.

The method of claim 23, wherein the oxyacid with a
reducing action is acidic thiosulfuric acid or dithionous
acid, wherein a concentration of the acidic thiosulfuric
acid or dithionous acid is about 0.5% to about 1.5% when
the acidic thiosulfuric acid or dithionous acid is used

concurrently with hydrogen peroxide.

The method of claim 24, wherein the concentration of the
acidic thiosulfuric acid or dithionous acid is about 0.5%

to about 1.0%.

The method of any one of claims 17 to 25, comprising te
step of generating a first reaction gas using the acid and

the oxyacid with a reducing action in step 2).

The method of any one of claims 17 to 26, comprising the
step of generating a second reaction gas using hydrogen

eroxide and the oxyacid with a reducing action in step 2).

The method of claim 26, comprising the step of capturing
the first reaction gas in an aqueous solution comprising a

chlorous acid using a neutralization agent in step 2).

The method of claim 27, comprising the step of capturing
_90_
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32

33

34.

355

365

EE

the second reaction gas in an aqueous solution comprising

a chlorous acid using a neutralization agent in step 2}.

The method of claim 28 or 29, wherein a pH of the

neutralization agent is about 6.0 or greater.

The method of claim 30, wherein the pH of the

neutralization agent is about 10.3 to about 10.7.

The method of claim 30, wherein a TAL of the

neutralization agent is about 20 or greater.

The method of claim 32, wherein a TAL of the

neutralization agent is about 2000.

The method of any one of claims 28 to 33, wherein the
neutralization agent has a high buffering power in a pH

range of about 4.5 to about 7.5.

The method of any one of claims 28 to 34, wherein the
neutralization agent comprises any one of an inorganic
acid, an inorganic acid salt, an organic acid, and an

organic acid salt, or two or more types thereof.

The method of any one of claims 1 to 35, comprising the
step of mixing any one of an inorganic acid, an inorganic
acid salt, an organic acid, and an organic acid salt, or
two or more types thereof, into the aqueous solution

comprising the chlorous acid.

The method of any one of claims 1 to 36, comprising the

step of mixing any one of an inorganic acid and an
_91_
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36

39:

40.

41 .

47.

43.

inorganic acid salt, or two or more types thereof, into the

aqueous solution comprising the chlorousacid.

The method of any one of claims 1 to 37, comprising the
step of mixing any one of an inorganic acid and an
inorganic acid salt, or two or more types thereof, into the
aqueous solution comprising the chlorous acid, and then
mixing any one of an inorganic acid, an inorganic acid
salt, an organic acid, and an organic acid salt or two or

more types thereof.

The method of any one of claims 36 to 38, characterized in
that the inorganic acid is carbonic acid, phosphoric acid,

borale deddy o suliaricacics

The method of any one of claims 36 to 39, characterized in
that the inorganic acid salt is carbonate, hydroxide salt,

phosphate, or borate.

The method of claim 40, characterized in that the
carbonate is sodium carbonate, potassium carbonate, sodium

bicarbonate, or potassium bicarbonate.

The method of claim 40, characterized in that the

hydroxide salt is sodium hydroxide or potassium hydroxide.

The method of claim 40, characterized in that the
phosphate is disodium hydrogen phosphate, sodium dihydrogen
phosphate, trisodium phosphate, tripotassium phosphate,
dipotassium hydrogen phosphate or potassium dihydrogen
phosphate.
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44 .

45.

46.

The method of claim 40, characterized in that the borate

is sodium borate or potassium borate.

The method of any one of claims 35 to 44, characterized in
that the organic acid is sucecinie agid, citric acid, malic

acid, acetic acid, or lactic acid.

The method of any one of claims 35 to 45, characterized in
that the organic acid salt is sodium succinate, potassium
succinate, sodium citrate, potassium citrate, sodium
malate, potassium malate, sodium acetate, potassium
acetate, sodium lactate, potassium lactate, or calcium

lactate,
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FIG.2

Chlorous acid aqueous solution A
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FIG.3

FIG.4

FIG.5
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Chlorous acid aqueous solution B
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Relationship between phenol coefficient and
oxidation capability of each chlorine oxide
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