1 Specification BACTERICIDAL/ALGICIDAL METHOD Technical Field
[0001] The present invention relates to a method for killing bacteria
and/or algae (hereinafter may be referred to as a "bactericidal/algicidal
method"), in which an oxidant-based ]bactericidallalgicidal agent and a
stabilizer therefor are added to a water system (e.g., a cooling water
system, a paper mill water syStem,id dustcdalecting water system, a
scrubber water system, a wastewater treatment system, a water system
for cutting oil, and a fountain water system), whereby bactericidal/algicidal
treatment is carried out. Background Art [0002] In a variety of water

BAGYEB s BaketiaCoraifad cifide Various problems. For example, in

open-circulating cooling water systems, bacteria (e.g., zoogleal bacteria,
filamentous bacteria, iron bacteria, sulfur bacteria, nitrifying bacteria, and

reSulfate-redycing bacteria), fungi (e.g., saprolegnia and penicillium), or
algae (e.g., blue-green algae, green algae, and diatom) are grown, and

roslimme or sludge is generated through deposition or accumulation of
ooze-like contaminants formed through mixing of such microorganisms
(maiRrcormperfeits) with,Fof égam 5& fictganie 22 stibstanced (& g parth" e

and sand) or dust. The thus- .
bacteria and/or algae (hereinafter may be referred to as a

"hactericidal/algicidal method™), in which an oxidant-based
bactericidal/algicidal agent and a stabilizer therefor are
added to a water system (e.g., a cooling water system, a
paper mill water system, a dust collecting water system, a
scrubber water system, a wastewater treatment system, a water
system foi cutting oil, and a fountain water system}, whereby
bactericidal/algicidal treatment is carried out.

RBackground Art

[0002]

In a variety of water systems, bacteria or algae cause
various problems. For example, in open-circulating cooling
water systems, bacteria (e.g., zoogleal hacteria, filamentous
bacteria, iron bacteria, sulfur bacteria, nitrifying
bacteria, and sulfate-reducing bacteria), fungi {e.g.,
saprolegnia and penicillium), or algae (e.g., blue-green
algae, green algae, and diatom) are grown, and slime or
sludge is generated through deposition or accumulation of
ooze-1like contaminants formed through mixing of such

microorganisms (main components) with, for example, inorganic



generated slime or sludge reduces thermal efficiency and water
circulation, and causes local corrosion in apparatuses or piping. In some
cases, bacteria grown in a water system cause damage directly to a
human body, e.g., legionnaires’ disease induced by Legionella dispersed
from a cooling tower. Also, in a paper mill water system, slime is

sugenerateds through growih, of, for exampie, variqus-hactesig. fungl, or

yeast, and the thus-generated slime causes defects (e.g., holes, spots, or
gchlets) inea psaduet, tortherehy;lowes dhe cqualihetheseofzoreausascy and
breakage of a paper sheet, to thereby reduce productivity. [0003]
wakitherto, stichddatcteria-aordlgaercagsed peoblems v alwatersystappratuses
have been prevented by adding a chlorine- containing oxidant like a
Shypbehftite sait tBRE WREL Systedt iR Geherd AWhen the réSididl Systen

c<5floring concentration of water Is pmg.CIaIL or higher, grawth,of bacteria,
or aﬁgae if the Water can' be preven‘f . Since %écom%béition%]f Slich &

aschiQrine-containing Qyidant ispromoted by L\ rays, WheR & cooling tower.

bactericidal/algicidal agent containing such a chlorine- containing oxidant
as ammaetive ingredieatis charged into,cfor example, asplastc containesrated
and is stored or allowed to stand outside, the chlorine-containing oxidant

thg degbmposed by BV fays. Fritiercese ofaforexampieeria, fungi, or
open-circulating cooling water system to which such a

v 95Ecteri@dal/digigidal et has Hedh attBlS diffctids €REGGHtareding - -
ho%emsrzle'[segljyo§ SS’higllgir}lfgig‘@sgooj!izl‘}lgawaptggggrgtligmbS%:glp{ig%igg Pher the
quality thereof, or causes breakage of a paper sheet, to
thereby reduce productivity.

[0003]

Hitherto, such bacteria- or algae—cagsed problems in a
water system have been prevented by adding a chlorine-~
containing cxidant like a hypechlorite salt to the water
system. In general, when the residual chiorine concentration
of water is 5 mg~Cl./L or hicgher, growth of bacteria or algae
in the water can he prevented. Since decompositicn of such a
chlorine—-containing oxidant is promcted by UV rays, when a
bactericidal/algicidal agent containing such a chlorine-
containing oxidant as an active ingredient is charged into,
for example, a plastic container and is stored or allowed to
stand ocutside, the chlorine-~containing oxidant is decomposed
by UV rayvs. In the case of, for example, an open-circulating
cooling water system to which such a bactericidal/algicidal

agent has been added, difficulty is encountered in completely



heat exchanger of such a water system is made of, for example, copper

or a copper alloy, decomposition of such a chlorine-containing oxidant is

further promoted through elution of copper ions. [0004] There is

disclosed a technique for reducing detomposition of such a

chlorine-containing oxidant; i.e., a method including adding, to a water
sh3ystemy 8 composifion: coniaining arypechiosite salts henzotjagzalepror a

tolyltriazole, and a sulfamate salt serving as a chlorine stabilizer, in which
hethe effective ghloring componrent of the oxidast isistabidided bf,adjusting

the pH of the composition to 13 or higher (see Patent Document 1). When
exaROFEMakoRHES dudet B RFFochiRtE safte dEtaBHizéd AypschisHE™ &

salt (combined chlorine), e.g., an N-,moggchcle?\rosulfamate sal
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component o pochlorite salt is stabilized. However, such a
@l&%%%%eﬁrﬁyéé%%ﬁe%%ﬁé considerably decomposed in a target water
ro$ysigm containing a large amount of slime, or under strong UV irradiation
or high-temperature conditions. Therefore, problems arise in that the
concentrationi of thesstabitized hypectioritewsaltiis rdiffieditte maaintain
constant even under control of the amount of combined chlorine added by
depeERs of; Torexampealbatchiinreridrimarsirwaidiproportionar +-¢-+ @
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containing a hypochlorite salt, benzotriazole or
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tolyltriazole, and a sulfamate salt serving as a chlorine
stabiiizér, in which the effective chlorine component of the
oxidant 1is stabilized by adijusting the pH of the composition
to 13 or higher (see Patent Document 1).

When a sulfamate salt is added to.a hypochlorite salt,

a stabilized hypochlorite salt (ﬁombined chlcrine), e.9., an
N-monochlorosulfamate salt or an N,N-dichlorosulfamate salt
is formed;_i.e., the effective chlorine component ¢f the
hypochlorite salt is stabilized.

However, such a stabilized hypochlorite salt is
considerably decomposed in a target water system containing a
large amount of slime, or under strong UV irradiation or
high-temperature conditions. Therefcore, problems arise in
that the concentration of the stabilized hypochlorite salt is
difficult to maintain constant even under control of the
amcunt of combined chlorine added by means of, for example, a

batch timer or makeup water proporticnal control, and in that



used. In the case of, for example, a water system in which combined
chlorine is consumed in a large amount, the amount of combined chlorine
detected in the water system tends to be smaller than the amount of
combined chlorine that has actually been added. When the amount of
combined chlorine added is increased so as to maintain the effective

a ahjedae LMetgctionlevel, sunning sost greases, and cembined: ehierife ve
consumed in the water system remains therein a stabilizer in a large
usamount. That is, when such a stabilized hypochlorite salt is decomposed
in a water system, the resultant hypochlorite salt is consumed in the
wateF Bystem, Bk the fesuftant SeffdRate salt férhastnerein Whether
remaining sulfamate salt is discharged outside the water sg%tem the

SOgirahfate SAit°AffEGts ThtrGGaIT FaYjiation dnd GO rédliafion. Thére 1O

ereis

ofalé%%%%oesfdc% E%g‘%’l‘?é“ic‘i’é't%oé‘{%?@inﬂna Stabilized hynoeblarie saltand: o pe

a triazole compound (e.g., benzotriazole) (see Patent Document 2).

srdowever; yhensuch-a. compesitionisisedin enwater system, thea s
aforementioned sulfamate salt and a triazole compound (e.g.,

a dienzdirazote)n areidisdhargéd: outside tireowater systenmihiorgh blolwimg ne
down, and the discharged salt and compound further affect nitrogen ‘

ad@gdlation dHerCOTRRgifatioh. Hithertd! hstdbiliZed Rfpothiorite safLorine

solution added tQ a water system has generally been prepared through
TGS kOt a PO IGHE San SO A 4 A B

chiorine consumed in the water system remains therein a
stabilirzer in a large amount.

That is, when such a stabilized hypochlorite salt 1is
decomposed in a water system, the resultant hypochlorite salt
is consumed in the water system, but the resultant sulfamate
salt remains therein. When the remaining sulfamate salt is
discharged cutside the water system, the sulfamate salt
affects nitrogen regulation and COD regulation.

There is also proposed a composition containing a
stabilized hypochlorite salt and a triazole compound (e.g.,
benzotriazole) {(see Patent Documsnt 2). However, when such a
composition is used in a water system, the aforementioned
sulfamate salt and a triazole compound (e.g., benzotriazole)
are discharged cutside the water system through blowing down,
and the discharged salt and compound further affect nitrogen
regulation and COD regulation.

Hitherto, a stabilized hypochlorite salt solution added

to a water system has generally been prepared through in-line



solution so that the hypochlorite salt and the sulfamate salt are present in
equimole amounts. This preparation requires a special control apparatus
for in-line mixing of the two components so that they are present in
equimole amounts. [0005] Patent Document 1: Japanese Patent No.
3832399 Patent Document 2: Japanese Patent Application Laid-Open

ni kakai) ¥o.2006-206608 Disclosure of the lnyentiemBreblemsta ke e salt

Solved by the Invention [0006] In view of the foregoing, an object of the
scpresent: iBvertiontds td provide atbactericidalfAlgicisatmetkod udidadiage salt

adding an oxidant-based bactericidal/algicidal agent and a stabilizer
arthapefor 1618 tafy et WatEICsystéMTBF bactericidal/algicidal treatment,

wherein the amount of combined chlorine or the stabilizer is controlled,

* and e BrRAURSF fie 6xidARBASEd bacteEidaTAgicilE gbnt Hetied 8>
* sogoyolied whigh methogreafizes gffectiye. ilzarion.of the staizey, 1.

y reduce the amount of the stabilizér employed and to reduce COD
prand the amount; of pitcogan-derived from the stabilizer, and which method

does not require a special control apparatus for in-line mixing as
[ 0dedcribed above. Means for Solving the Problems 6 [0007]
Patent Document 1: Japanese Patent No. 3832398
Patent Document 2: Japanese Patent Application Laid-Open
(kokai) No. 2006-206608
Disclosure of the Invention
Problems to be Sclved by the Invention
[0006]

In view of the foregoing, an object of the present
invention is to provide a bactericidal/algicidal method
including adding an oxidant-based bactericidal/algicidal
agent and a stabilizer therefor to a target water system for
bactericidal/algicidal treatment, wherein the amount of
combined chlorine or the stabilizer is controlled, and the
amount of the oxidant-based bactericidal/algicidal agent
added is controlled, which method realizes effective
utilization of the stabilizer, to thereby reduce the amount
of the stabilizer employed and to reduce COD and the amount
of nitrogen derived from the stabilizer, and which methed
does not reguire a special control apparatus for in-line
mixing aé described above.

Means for Solving the Problems



In order to achieve the aforementioned object, the present inventors have
conducted extensive studies, and as a result have found that the object
can be attained by controlling the amount of combined chlorine or a
stabilizer so that the concentration ofdfree residual chlorine in a water
system falls within a predetermined range. The present invention has
robeen accomplished on the basis of this finding. Accordingly, the present
invention provides the following. 1. A bactericidal/algicidal method
comprisingcadding an coXidart-baseckifactericidal falgicidab hgenttand-a e
stabilizer therefor to a target water system, characterized in that the
Praffount bREembined ¢HdhCoPtecstapilieertifitie Watst ejdem isand as a
controlled by generating free residual chlorine in the water.sg/%sé;am 2.A

regRdteritRitfalRidst niehod A dESeHBEd it 3 hdte® WistranthaY
cot@ﬁ@%m% ompined chlorine qr @&@%B@ae@ﬁzm%'egpyacogggﬂwizer

e concentration of free residual chlorine in the water system. 3.
sobactgHcidalalgigidal methed as described in-i o1 Z:above, \wherein the a
concentration of free residual chlorine in the water system is 0.05 mg-CI/L
waarhighes Zerd factedcidaltalgicidal prethed asdieseribed: inyany ofllet@3esent
above, wherein the oxidant-based bactericidal/algicidal agent is at least
1nFRE §peties 38|t frafPBRF o8P SCorEistingcof Pypbéhlofoud’add f 1 nding.

chlorous acid, chlorine 7 dioxide, hypabromous acid, salts gf thes}ga acids,
Cmoﬁﬁgor ingly, the present i1nvention provides the

following.

1. A bactericidal/algicidal method comprising adding an
oxidant-based bactericidal/algicidal agent and a stabilizer
therefor to a target water system, characterized in that the
amount of combined chlorine or the stabilizer in the water
system 1is controlled by generating free residual chlorine in
the water system.

Z. A bactericidal/algicidal method as described in 1 above,
whefein the amount of combined chlorine or the stabilizer is
controlled by controlling the ccncentration of free residual
chlorine in the water system.

3. A bactericidal/algicidal method as described in 1 or 2
above, wherein the concentration of free residual chlorine in
tﬁe water system is 0.05 mg-Cl/L or higher.

4. A bactericidal/algicidal method as described in any of 1
to 3 above, wherein the oxidant-based bactericidal/algicidal
agent is at least one species selected from the group

consisting of hypochlorous acid, chlerous acid, chlorine



dioxide, and chlorine gas. 5. A bactericidal/algicidal method as described
in any of 1 to 4 above, wherein the stabilizer is sulfamic acid and/or a salt
thereof. 6. A bactericidal/algicidal method comprising adding an
oxidant-based bactericidal/algicidal agént and a stabilizer therefor to a
target water system, characterized in that the amount of the

o10xidant-basgad-bactericidalialgisidal agent @dded is,coniralled so-that the,e
concentration of total residual chlorine in the water system falls within a
dipretdetermined range; and the amount of combined chlorine or the
stabilizer is controlled so that the concentration of free residual chlorine in
5.the Watek systeitifalld aithire Adpredetdritifled farifes 7r Abed in any of 1
bactericidal/algicidal method as described in any of 1 to 3 above, wherg'

© ind G b B TR FericTal G HUAT ZBnt S At Iodsibre Sibrbgna/ o 2

le tgdgro the group consisting of hypochlorous acid, chlorous acid,
Sagﬁio%ne@ dglgr%de, hypobromous acid, salts of these acids, chlorine

5 diaxide -and chlosine gasg 8-Adactericidal/algicidalmethod asideseribed
in 6 or 7 above, wherein the amount of the oxidant-based
oxnattericidalfaldicidat agenicadted/is opintrolled sedkatithenconrcentrationizer
of total residual chlorine in the water system falls within a range of 0.1 to

LEGOERGECHE, dnd-thedarotint-6fT they stabllize Cadded-secontdfled Sothat the

the concentration 8 ,of free residual chlorine in the water system falls
aqﬁmﬂﬁepf the oxidant—baseéibacteric%da%ﬁgigéggégl agent

added is controlled so that the concentration of total
residual c¢hlorine in the water system falls within a
predetermined range, and the amcount of combined chlorine or
the stabilizer is controlled so that the concentration of
free residual chlorine in the water system falls within a
predetermined range.

7. A bactericidal/algicidal method as described in any of 1
to 3 above, wherein the oxidant-based bactericidal/algicidal
agent 1s at least one species selected from the group
consisting of hypochlorous acid, chlorous acid, chlorine
dioxide, hypobromous acid, salts of these acids, chlorine
dioxide, and chlorine gas.

8. A bactericidal/algicidal method as described in 6 or 7
above, whersin the amocunt of The oxidant-based
bactericidal/algicidal agent added is controlled so that the
concentration of total residual chlorine in the water system
falls within a range of 0.1 to 100 mg-Cl/L, and the amocunt of

the stabilizer added is controlled so that the concentraticn



range of 1 mg-CI/L/L or less. 9. A bactericidal/algicidal method as
described in any of 6 to 8 above, wherein the stabilizer is sulfamic acid
and/or a salt thereof. Effects of the Invention [0008] According to the
present invention, there is provided a thactericidal/algicidal method
including adding an oxidant- based bactericidal/algicidal agent and a

o rStabilizertherefor toataxgetwater, system, o bactesicidal/algiaidal witnin a
treatment, wherein the amount of combined chlorine or the stabilizer is
racerdratled;] and tha Amouns of thesexidant-based bactericidal/algicidal
agent added is controlled. The bactericidal/algicidal method realizes
9 . effective iitilizatior ‘of 1He smabilizer o theréby Tedecs thebafotit 6fteot ©
stabilizer employed and to reduce CQD and the amqunt of nitrogen
EoqériveTEm the Stabifizer&nd e thetiicd dods ﬁ&ﬁ?@&tﬁﬁe &Spaciand/or 2
ntrol appatatus for in-line mixing as described above. Brief Description
Sa}%hgqgrg\%v?r%s [0009] [Fig. 1] Fig. 1. is a graph showing changes over

= flime of residyal- chlgrng €opgentrations in Example 1. [Fig. 2] Fig. 2 is a

graph showing changes over time of residual 9 chlorine concentrations in

[ OExample 2.
| According to the present invention, there is provided a
bactericidal/algicidal method including adding an oxidant-
based bactericidal/algicidal agent and a stabilizer therefor
fo a target water system for bactericidal/algicidal_
treatment, wherein the amount of combined chlorine or the
stabilizer is controlled, and the amcunt of the oxidant-based
bactericidal/algicidal agent added is cecntrolled. The
bactericidal/algicidal method realilzes effective utilization
of the stabilizer, to thereby reduce the amount of the
stabilizer employed and to reduce CoD and the amount of.
nitrogen derived from the stabilizer, and the method does not
require a speclal control apparatus for in-line mixing as
described above.
Brief Description of the Drawings
[0009]
[Fig. 11

Fig. 1 is a graph showing changes over time of residual

chlerine concentrations in Example 1.

[Fig. 2]

Fig. 2 is a graph showing changes cver time of residual



[Fig. 3] Fig. 3 is a graph showing changes over time of residual chlorine
concentrations in Example 3. [Fig. 4] Fig. 4 shows an open-circulating
cooling water system employed in Example 4. Description of Reference
Numerals [0010] 1. Cooling tower 2. @ooling water pipe 4. Heat
exchanger 5. Free chlorine control section Best Modes for Carrying Out

crtheAnvention, {QOEL] Sihe-present invantianewill next be described in detail.
Specific embodiments described hereinbelow are given only for the

[ Filgstratipn purpose and should not be construed as limiting the invention
thereto. In the bactericidal/algicidal method of the present invention, free
chlorffiedis genkFateddn Wareh Lyatar, 16 2hefehydGitrdl tRE amouht Bf “ual

ombhined chlorine or a chlorine s bilizeaieram tt31e water system. Free

ChCHIGHNE g&Rerated irf the Water systefiiéan birid to the chlorine stabilizer

e _aiQi?g in the water system. Thus, combined chlorine can be
regenerated. In the present invention, when free chlorine is generated in

watertoshe treated; combined sblefine can:ient0 «ffectivglyregeneraied em
by, at least, causing free chlorine

employed in Example 4.

Description of Reference Numerals

[0010]

1. Cocling tower

2. Cooling water pipe

4, Heat exchanger

5. Free chlorine control section
Best Modes for Carrying Out the Invention
[0011]

The present invention will next be described in detail.
Specific embodiments described hereinbelow are given only for
the illustration purpose and should not be construed as
limiting the invention theresto.

In the bactericidal/algicidal method of the present
invention, free chlorine is generated in a water system, to
thereby control the amount of combined chlorine or a chlorine
stabilizer in the water system. Free chlorine generated in
the water system can bind to the chlorine stabilizer
remaining in the water system. Thus, combined chlorine can
be regenerated. In the present invention, when free chlorine

is generated in water to be treated, combined chlorine can be



to remain in the water system at a predetermined concentration or higher.
In the bactericidal/algicidal method of the present invention, in which an
oxidant-based bactericidal/algicidal agent and a stabilizer therefor are
added to a target water system, the anount of the oxidant-based
bactericidal/algicidal agent added is controlled so that the concentration

o £9htotal vesidualchloring in.thepyater, systens fallswithin.a,predetermined i ne
range, and the amount of the stabilizer added is controlled so that the
tocangeniration of Heees kasidual ehiorine:in the watersystem:falls within a
predetermined range. [0012] The oxidant-based bactericidal/algicidal
coagentienmploged dn the #hiethed of the present invention may be a
compound which has conventionally been known as an oxidant-based

bacteficidaalgifdat agent Examples of fie Ghpsithd nditide P=S=°nt
h hl ' Its th f.ch ' . f o
ln(\:r?%)rgjtc ioOf{OU% r‘? Cl‘u%lﬁg:?ﬁsgns o>§£%?@if1%.—185%%c?%%c% t%%lﬁsd%?fy%%gLC1dal

oric acid and s ereof, perchloric acid and sa ereof,

ageerinated isacyaputic acid and: salts thereef, chiarinergas, and.chiafingscer
dioxide. Specific examples of acid salts include alkali metal hypochlorites

sysuchngs sodiusrhypochtafite laadpatassiumidwypedhlorite; alkaline earth
metal hypochlorites such as calcium hypochlorite and barium

bayipoehiorite: Jalkalbietalehlorites lsirAGR s odiuRChicié el tasdiam the

chlorite; alkaline 11 earth metal chlorites su%h as calcium chlorite and
COpfpy Tation of total residual chiorine in the water system

falls within a predetermined range, and the amount of the
stabilizer added is controlled so that the concentration of
free residual chlorine in the water system falls within a
.predetermined range.

[0012]

The oxidant-based bactericidal/algicidal agent employed
in the method of the present invention may be a compound
which has conventionally been known as an oxidant-based
bactericidal/algicidal agent. Examples of the compound
include hypochlorous acid and salts thereof, chlorous acid
and salts thereof, chloric acid and salts thereof, perchloric
acid and salts thereof, chlorinated isocyanuric acid and
salts therecf, chlorine gas, and chlorine dioxide., Specific
examples of acid salts include alkali metal hypochlorites
such as sodium hypochlorite and potassium hypochlorite;
alkaline earth metal hypochlorites such as calcium
hypochloxiﬁe and barium hypochlecrite; alkali metal chlorites

such as sodium chleorite and potassium chlorite; alkaline



chlorite; other metal chlorites such as nickel chlorite; ammonium chlorate;
alkali metal chlorates such as sodium chlorate and potassium chlorate;
and alkaline earth metal chlorates such as calcium chlorate and barium
chlorate. Hypobromite salts may be eémiployed in place of hypochlorite
salts. [0013] These oxidants may be employed singly or in combination

eaPElVOREMOre species Amongrihese exidantss hynoehette salls BEa-ium
preferably employed, from the viewpoint of easy handling. When a

chhypdbremiterSadtis emplayeth iroplace of on it agditiohctbeal hypdchtorite ;
salt, the concentration of the hypobromite salt is represented as reduced

ameeehlsAns: Hypobremite Satt dortehtratieh isdvefted as ediors IR 1m
following relation: hypochlorous acid (52.5 g/ obromous acid (97.
hgRy 2 chiGrive mtgﬁ.lﬁ@c&%%ﬁéﬁ of é%é@i)n %ﬁ%%’%&ﬁr%n%‘%%?ﬂgtﬁ
hypohraomite salt is pr V. rays. Therefore. inithe present. .. .
Chiﬁ)é/%ﬁtloensi the Cg?or%f%e%lr%%r&]eénggx%\an%aged bacter?cidal/algicidal aggnt
nyaRe astabilizer therefarare, addeg 10 adargeh watersystemihseasi0orite
reduce decomposition of the agent(s) and to stabilize the effective
sa@hlerine component of the agent. [0014] The stabilizer for the

aforementioned oxidant-based 12 bactericidal/algicidal agent employed in
[ Othedmethod of the :

These oxidants may be employed singly or in combination
of two or more species. Among these oxidants, hypochlorite
salts are preferably employed, from the viewpoint of easy
handling.

When & hypobromite salt is employed in place of or in
addition to a hypochlorite salt, the concentration of the
hypobromite salt is represented as reduced to chlorine.

Hypobromite salt concentration is converted based on
the following relation: hypochlerous acid (52.5 g/L) =
hypobromous acid (97.5 g/L) = chlorine (71 g/L).

Decomposition of such a hypochlorite salt or
hypobromite salt is promoted by UV rays. Therefore, in the
present invention, the aforementiconed oxidant-based
bactericidal/algicidal agent and a stabilizer therefor are
added to a target water system, so as to reduce decomposition
of the agent(s) and to stabilize the effective chlorine
component of the agent.

(0014}

The stabilizer for the aforementiocned oxidant-based



present invention may be appropriately selected from among compounds
which have conventionally been known as stabilizers for the
oxidant-based bactericidal/algicidal agent. Specific examples of such a
stabilizer include sulfamic acid and/or1&alts thereof, azole compounds,
urea, thiourea, creatinine, cyanuric acid, alkyl hydantoin,

ba@@@??%ﬂ%if(?icdi%tgﬁng@@ﬁeee @?@?&ﬂ’lfﬁ’ﬂa@ﬂ%&n@%@?&@@r@@m@he

sulfamic acid, and melamine. Of these, preterred are sulfamic acid
prard/ot saks thereof; which are effectivelyiemployed asestabilizetsstor @anong
hypochlorite salt or a hypobromite salt. Examples of the sulfamic acid salt
cowhichay Belarhployee inchidenbacareinst pasticuladyolimitédtetablilizers
sodium sulfamate, potassium sulfamate, calcium sulfamate, strontium

foduitdate® baftm StifaRTAte 2irdir Suifdriate! and Zind sulfémate: of >Pecif=c

exg‘(ﬁég sodiym,sulfamate js preferred, from,the, Viewpoints of watet /o

fﬁfqy and €ost. In the present invention, sulfamic acid and salts
satheteafay he employed singly,orincompination efitwo-en Morespeciesne,

[0015] For example, a hypochlorite ion reacts with sulfamic acid as
cvshown in theifollowingreattioi:acheme, wherebylaarNd amine,

monochlorosulfamate ion or an N,N-dichlorosuifamate ion is formed, and
dﬂﬁéﬁﬁﬂﬁﬁ@@bﬁ%ﬂn@%ﬁﬁ%ﬁhéﬁ%ﬁﬂﬂﬁﬁﬂ@ﬁnehﬁﬁﬁﬁmhmféﬁé@ﬁﬁsSUlfamiC

stabilized, to thereby generate combined chlorine. 13 HC10 + H2NSO03 -
aQ%éinﬁﬁﬁaﬁﬁﬁﬁ?lne- 0f these, preferred are sulfamic acid
and/or salts thereof, which are effectively employed as
stabilizers for a hypochlorite salt or a hypobromite salt.
Examples of the sulfamic acid salt which may be employed
include, but are not particularly limited to, sodium
sulfamate, potassium sulfamate, calcium sulfamate, strontium
sulfamate, barium sulfamate, iron sulfamate, and zinc
sulfamate. Of these, sodium sulfamate is preferred, from the
viewpoints of water solubility and cost.

In the present inventicn, sulfamic acid and salts
thereof may be employved singly or in combination of two or
more species.

[C015]

For example, a hypochlorite ion reacts with sulfamic
acid as shown in the following reaction scheme, whereby an N-
monochlorosulfamate ion or an N,N-dichlorosulfamate ion is
formed, and the effective chlorine component of the chlorine-

containing oxidant is stabilized, to thereby generate

combined chlorine.



211010 + 112N503 -* 012NS03 + 2H20 Examples of the combined
chlorine species generated in a manner similar to that described above
include chloramine-T (Sodium N-chloro-4-methylbenzenesulfonamide),
chloramine-B (Sodium N-chloro-benzehesulfonamide), Sodium
N-chloro-p- nitrobenzenesulfonamide, trichloromelamine, mono- or di-

chlorgﬁ%arpi@gﬁggisum 1.1 ge%&m ;aligh(yichIoroisocyanurate, mono-

or di-chloroisocyanurate sodium or potassium salt, monochlorohydantoin,
1,3- diehlasohydartoin, and a 5,5alkyl derivative thereof. A mono- or
di-chlorosulfamate ion exhibits a bactericidal effect lower than that of a

free Ehleriné don.c[0016E Meaniwhiled aHypobrgitite onreastsawitig rated in
sulfamic acid as shown in the following reaction scheme, whereb% an N-

& mBhBBrfoniddtifaiate forr of an W REdibRST oSt ateI6n 1 Formted it e~ T
the effectjve bromine,component of the bromipe- containing oxi iS:
a0 S IO ¥ LTS S S hn s 2 me e
( BIZNSO3t 2620,.A meno-ordisbremosylfamate ionexhibits-an:oro-p-
bactericidal effect almost comparable to that of a free bromine ion. [0017]
n iln tbhe bagtericidal/algicidalimethad efthe presdntminventian;:the anmount -
of combined chlorine or a chlorine 14 stabilizer in a water system is
cloontrolied dyigenetatiigiffeer potassium salt,

trichlorcisocyanurate, mono- or di-chloroisocyanurate sodium
or potassium salt, monochlorchydantoin, 1,3-
dichlerohydantoin, and a 5,5-alkyl derivative thereoi.

A mono- or di-chlorosulfamate ilon exhibits a
bactericidal effect lower than that of a free chlerine ion.
[0016]

Meanwhile, a hypobromite ion reacts with sulfamic acid
as shown in the following reaction scheme, whereby an N-
monobromosulfamate ion or an N,N-dibromosulfamate ion is
formed, and the effective bromine component of the bromine-
containing oxidant is stabilized.

HBrQ + H;NSO;” — HBINSO;” + H;O

2HBrO” 4+ HzNSO;" — BrpNSO3; + 2H0

A mono- or di-bromosulfamate ion exhibits a
bactericidal effect almost comparable to that of a free
bromine ion.

[0017]
In the bactericidal/algicidal method of the present

invention, the amount of combined chlorine or a chlorine



chlorine in the water system. When free chlorine is generated in the water
system, as described above, the free chlorine can bind to the chlorine
stabilizer remaining in the water system, to thereby regenerate combined
chlorine. Thus, when a chlorine-contdifing oxidant is caused to coexist, in
water to be treated, with, for example, a sulfamic acid compound or a

st elorosufamate-containing combined chlogne Aormed from agerating free
chlorine-containing oxidant and the sulfamic acid compound, the free

chthletine concentsationtefthe watem doégrot considecalily vanginiaswide
pH range (from acidic to alkaline). [0018] No particular limitation is
geipfposedcon thetmethoufor gafreiating free @RFRENA D WaIRY Systehf soree
long as the method can generate free chlorine in a water system.

chgREhpblosrthe Ticthod inctide bt are hotnalted td:H M&hodTn Whidh =i

waahgdrgg%gsfg%%i,on@g %m%%%gor}tgg%g%degcbéom%m@ir}i@l@igg%ﬂys Thus,

water system, and a met in which a hypochlorite ion is

wha@eneratechthraugh. electrolysis,of, deriexarplesbrine geanagueedsist, in
potassium chloride solution. Generation of free chlorine may be carried
waautiin teonsideration efithexddricenfratior ofachiorine stabitizer: cemaining
in a water system. The remaining chlorine stabilizer binds to free chlorine
coprerh €ofrbifed ERREAE 1 aharexeass Weethiorte Cabe defectéd agine

is. Combined 15 chlorine can be effectively regenerated by controlling th .
formed from tThe chlorgn@—conta553¥g gééant &ég the g Eﬁ%mlc

acid compound, the free chlorine concentration of the water
does not considerably vary in a wide pH range (from acidic to
alkaline).

o018}

No particular limitation is imposed on the method for
generating free chlorine in a water system, so long as the
method can generate free chlorine in a water system.
Examples of the method include, but are not limited te, a
method in which the aforementicned chlorine-centaining or
bromine-containing agent 1s added te a water system, and a
method in which a2 hypochlorite icn is generated through
electrolysis of, for example, brine or an aqueocus potassium
chlcoride solution.

Generation of free chlorine may be carried ocut in
consideration of the concentration of a chlorine stabilizer
remaining in a water system. The remaining chlcrine
stabilizer binds to free chlorine to form combined chlorine,

and excess free chlorine can be detected as is. Combined



concentration of free chlorine so as to fall within a predetermined range.
[0019] Preferably, the amount of combined chlorine is controlled on the
basis of the concentration of free chlorine in the water system. When a

chlorine-containing oxidant is added frém outside to the water system in
which the stabilizer remains, to thereby generate free chlorine, and the

cheoficentration of the thus-generated-ee ehlosingds ropntipHeusly 1ing the
monitored, excess free chlorine can be detected in a real-time manner.

coThus, the ahwount Of Combinéd chidrire sor the stabilizerlin the vatera
system can be controlled in a real-time manner, and excessive addition of

PresHbined icHicring B $he stabilizer can be effectively prevented. [0020] If
necessary, the method of the present invention may also employ control

(9 3913 for measuring the concentration of free chlorine in a water system,

and %‘%@Fﬁé@’%ﬁhﬁ ampgunt, of free chioring in.the watgr system an.the

basis of the thus-measured free chlorine concentration. The quality of

conates in the watersystem cande eondingenslycontrelied throughdbischlorine
control means. No particular limitation is imposed on the control means,

irand thesameuntgeffreechldiinen nayche contreitecbnyt fonexamptej dant is
adding a chlorine- containing agent on the basis of the measured chlorine

a@ﬁﬁ@eﬁﬁgﬁoﬁpg§qggzﬂo the water system in which the

stabilizer remains, to thereby generate free chlorine, and
the concentration of the thus-generated free chlorine is
continuously monitored, excess free chlorine can be detected
in a real~time manner. Thus, the amount of combined chlorine
or the stabilizer in the water system can be controlled in a
real-time manner, and excessive addition of combined chlorine
or the stabilizer can be effectively prevented.
[0020]

| If necessary, the method of the present invention may
alsc employ control means for measuring the concentration of
free chleorine in a water system, and controlling the amount
of free chlorine in the water system on the basis of the
thus-measured free chlorine concentration. The guality of
water in the water system can be continuously controlled
through this control means. No particular limitation is
imposed on the control means, and the amount of free chlorine
may be contreclled by, for example, adding a chlorine-
containing agent on the basis of the measured chlorine

concentration.



No particular limitation is imposed on the method for measuring the
concentration of free chlorine in a water system. Examples of the
measuring method include a method in which chlorine concentration is
measured through polarography, abséfption spectroscopy, or the DPD
(N,N- diethylphenylenediamine) method, and a method in which

[ @xidation-reduction potential (ORP) is measured in a water system, and
free chlorine concentration is estimated on the basis of the
thusimeasured @RRr[0022] U thebactericidal/akgitidal méthodofithe for
present invention, the amount of any of the aforementioned oxidant-

mepssEd-bacteficidaraigridd agents addedizTonfrbféd 36 that the'ater

concentration of total residual chlorine in a tar water system falls within , .
5Y§ br8tetermlbd fahgd: a E“f‘héﬂ Enount of arﬁ%ecg??r(?e %8%%%%% cahlroﬂﬁr!%e od in

whIREEIes. Q1 s1apilizers, is pentalled. Sosthay the.concentration of free

residual chlorine in the water system falls within a predetermined range.
podpecifically, bactersisialalgisidal deeatmestispearried autdymsantroling-
the amount of the oxidant-based bactericidal/algicidal agent added so
ditvahthiectencehtratidn aofitotal residbalchlering in the tdrgét Watersystem
(as measured by means of a chlorine-concentration-measuring
oxgiedrafisy preferdbly falRWifis 23ande®r 0. 16 T6G Myl Mdrevater
B Bined Sioreror LAbAG o Harme - L Ln o DStT@ked on tre

pasis of the thus-measured ORP.
[0G22]

In the bactericidal/algicidal method of the present
invention, the amcount of any of the aforementioned oxidant-
based bactericidal/algicidal agents added is controlled so
that the concentration of total residual chlorine in a target
water system falls within a predetermined range, and the
amount of any of the combined chlorine species or stabilizers
is controlled so that the concentration of free residual
chlorine in the water system falls within a predetermined
range.

Specifically, bactericidal/algicidal treatment is
carried out by controlling the amount of the oxidant-based
bactericidal/algicidal agent added so that the concentration
of fotal residual chlorine in the target water system {as
measured by means of a chlorine-concentration-measuring
apparatus) preferably falls within a range of 0.1 te 100 mg-

Cl/L, more preferably 1 to 100 mg-Cl/L, and by controlling



concentration of free residual chlorine in the water system preferably falls
within a range of 1 mg-CI/L or less, more preferably 0.5 mg-CI/L or less,
much more preferably 0.3 mg- CI/L or less. Preferably, the amount of the
stabilizer added is controlled so that thé amount by mole of the stabilizer
is generally 0.5 to 2.0 times that of the oxidant-based

+ rRadtericidal/algicidalisgentiadged, The-concentratian of eembinegd-chioring.
in the water system preferably falls within a range of 0.1 mg-CI/L (lower
cdimigrio50-mg=CHIt (fpper limit): Advantagéousiyesuch the water system
bactericidal/algicidal treatment is carried out by controlling the pH of the
Prfater 8pdtent 6 1as tolfalWithin Barafge of 310 010:0(preférabBps.0 toore
9.0). Specific methods for measuring the aforementioned total r idu%l
g sﬁ%e 3 mg-

PIéhiGrine dondentrdbidn and-fréé residial cRtsTne™ 26 cdttration

CLdﬁ_ﬁCQQegén getail hereinbelow. Bactericidal/algicidal activity is preferably
enhance gy increasing total residual chlorine concentration. In such a

casepstabilizer,becorpgs defiient by increasing free: residual ghlatings
concentration, whereas free residual chlorine concentration is reduced by

cdnereasingdstabilizer contentratiom Such ancoreentratior contrblimayde is
automatically or manually carried out. The amount of an oxidant-based

ghretericidalalgicieal 28 Cagditatidedahay be Edftrotied B ridssSsf an

on-line total
bactericidal/algicidal agent added.

The concentration of combined chlorine in the water
system preferably falls within a range of 0.1 mg-Cl/L {lower
limit) to 50 mg-Cl/L {(upper 1imit}.

Advantageously, such bactericidal/algicidal treatment
is carried cut by controlling the pH of the water system scC
as to fall within a range of 3.0 to 10.0 (preferably 6.0 to
9.0} .

Specific methods for measuring the aforementioned total
residual chlorine concentration and free residual chlorine
concentration will be described in detail hereinbelow.

Bactericidal/algicidal activity i1s preferably enhanced
by increasing total residual chlorine concentraticn. In such
a case, stabilizer becomes deficient by increasing free
residual chlorine concentration, whereas free residual
chlorine concentration is reduced by increasing stabilizer
concentraticn. 8Such a ccncentration control may be
automatically or manually carried out.

The amount of an oxidant-based bactericidal/algicidal



residual chlorine concentration analyzer, while the amount of a stabilizer
added is controlled by means of an on-line free residual chlorine
concentration analyzer. [0023] No particular limitation is imposed on the
water system to which the bactericidalfalgicidal method of the present
invention is applied, and the water system may be, for example, a cooling

agWater system s paper mikhwater systepy; ansluskcolleciingvater system a1
a scrubber water system, a wastewater treatment system, a water system

refot ¢uttingadil] corianbountainavates systene i thezease wheleethghe amount of
bactericidal/algicidal method of the present invention is applied to such a

a fargetividter syatii deven wheh The hede sy sian s irfddidfedilith ine free
sunlight, or the water system employs, for example, piping or a heat
r e@%%%%e?%%l co%%%? %?-5%%%,%%? aﬁ&f%’g “Concentration of
idual chlorine concentration in the water system is maintained at high
level, and thus bactericidal/algicidal treatment can be effectively carried

out inghe water system.i lnyadditian since a siabiizer is, effestively ailizad: t em
in the water system, the amount of the stabilizer employed can be
toreduted, andthuscC@Diandithe’ mhwount @f hitrogencderivedtfremighe sent

stabilizer can be reduced. Examples [0024] 19 The present invention will
iny&r becdeskRibaldhn histe and the water system may be, for

example, a cooling water system, a paper mill water system, a
dust collecting water system, a scrubber water system, a
wastewater treatment system, a water system for cutting oil,
or a fountain water system.

In the case where the bactericidal/algicidal method of
the present invention is applied to such a target water
system, even wheh the water system i1s irradiated with
gunlight, or the water system employs, for example, piping or
a heat exchanger made of copper or a copper alloj, the
concentration of residual chlorine concentration in the water
system is maintained at high level, and thus
bactericidal/algicidal treatment can be effectively carried
out in the water system. In addition, since a stabilizer is
effectively utilized in the water system, the amount of the
stabilizer employed can be reduced, and thus COD and the
amount of nitrogen derived from the stabilizer can be
reduced.

Examples

[C0Z4]



detail by way of examples, which should not be construed as limiting the
invention thereto. In Examples 1 to 3 described hereinbelow, free residual
chlorine concentration and total residual chlorine concentration were
measured through the following methéds. (1) Free residual chlorine
concentration (a) Preparation of DPD reagent

N,N-BDiethyl-phemylenediamine sukfate (1 0:01s imixeid swith pahydreuscre
sodium sulfate (24 g), to thereby prepare a DPD
deN,N:diethytpypliehyderediamine) veagents [) Préparationof phiosphiated as
“buffer (pH = 6.5) 0.2 mol/L Sodium hydroxide solution (35.4 mL) is added
Litold 2ol Potassitiny difydrégeriHosphate (100 mL), and

trans-|,2-cyclohexanediaminetetraacetic acid monohydrate (0,13 g)is__ . .
cissaNod e FSsutaR M, 16 1ay oAl a phdsohate bais *

nPiF80L 40} Measurement of free sesidual.chlaring cangentration The
phosphate buffer (2.5 mL) is placed in a container (50 mL) having a

costopper: anddhe RDR reagent (85 ghiscadded:-theretol Subsequentlynhtest .
water is added to the container so that the total amount of the mixture is

{150 Fls efotlowed bylmixing: rMheteafters antappropriate amount of the
resultant solution is placed in an absorption cell, and absorbance is

(e eBEfRAA e out 81015 AbBEES5S hm by means of a photoelectric

spec&lrf)gwhgftion%%te . Free residual chlorine congentratiop,is determined on

the basis of a calibrafion 28 &lrve which has been prepared in adl\"/ancl:néxed

with anhydrous sodium sulfate (24 g), to thereby prepare a
DPD (N,N-diethyl-p~phenylenediamine) reagent.
(b} Preparation of phosphate buffer (pH = 6.5)

0.2 mol/L Sodium hydroxide soluticn (35.4 mL) is added
to 0.2 mol/L potassium dihydrogenphosphate (100 ﬁL), and
trans-1, 2-cyclohexanediaminetetraacetic acid monohydrate
(0.13 ¢g) is dissolved in the resultant mixture, to thereby
prepare a phosphate buffer (pH = &.5).

{c) Measurement of free residual chlorine concentration

The phosphate buffer (2.5 mL} is placed in a container
(50 mL} having a stopper, and the PDP reagent (0.5 g) is
added thereto. Subseguently, test water is added to the
container so that the total amount of the mixture is 50 mi,
followed by mixing. Thereafter, an appropriate amount of the
resultant solution is placed in an absorption cell, and
absorbance is measured at about 510 to about 555 nm by means
of a photoelectric spectrophotometer. Free residual chlorine

concentration is determined on the basis of a calibration



(2) Total residual chlorine concentration Potassium iodide (about 0.5 g) is
added to and dissolved in the solution obtained above in (1) (c) (50 mL),
and the resultant solution is allowed to stand still for about three minutes.
Thereafter, in a manner similar to that?described above in (1) (c),
absorbance is measured at about 510 to about 555 nm by means of a

cuphetoglectic spectsephotpmater;: anditotal esidial chlorine concentration
is determined on the basis of a calibration curve which has been
( 2prepared. incadviahce | [0025) rExamplent Stabilization of hypochlorite salt
Sodium hypochlorlteé .014 mmol/L) (total residual chlorine
concBRkARGAHT Mg wé)%wé@\,%aed osiMllatéd T&ofifg Waterd

dl(SM aikallgltg 25 mg crﬁgmg t)ar_lflrriée a:%&g’)f ggC/h ({an%at 50 mL)

magnesium ar ness (0] Um ulf was

ar2fddad.to the cooling water.sq that the.amguatby. mole-gf sodivmm 1 £

sulfamate was 1, 2, or 5 times that of the effective chlorine component of
aksadiumn hypoehleritec As a Tesiilt: freegesidual ehipsne sencenttation was that
found to be maintained at a low level about 24 hours after initiation of
dereactibe of tHechypobhlofite saft witheiheo stifdrmatelsalti@iie vatirby inci@out
of the sulfamate salt to the effective chlorlne component of the

5lﬁyﬁB%hRFm§Eaﬁ55L§¥-BWhﬁW€PS of a photcelectric

spectrophotometer, and total residual chlorine concentration
is determined on the basis of a calibration curve which has
been prepared in advance.

[0025]

Example 1

Stabilization of hypochlorite salt

Sodium hypochlorite (0.014 mmol/L) (total residual
chlorine concentration: 1 mg-Cl/L) was added to simulated
cooling water (M-alkalinity: 250 mg~Cl/L, calcium hardness:
250 mg-Cl/L, and magnesium hardness: 125 mg-Cl/L) (1 L} at
30°C. Scodium sulfamate was added to the cooling water so
that the amcunt by mole of sodium sulfamate was 1, 2, or 5
times that of the effective chlorine component of sodium
hypochlorite.

As a result, free residual chlorine concentration was
found to be maintained at a low level about 24 hours after
initiation of reaction of the hypochlorite salt with tThe
sulfamate salt (the ratioc by mole of the sulfamate salt to

the effective chlorine component of the hypochlorite salt = 1



The results are shown in Table 1 and Fig. 1. In Tables 1. and 2 and Figs.
1to 3, "T-C12" represents total residual chlorine concentration; "F-CI2"
represents free residual chlorine concentration; and "NT" represents
stabilized hypochlorite salt concentration ([T-C12] - [F-CI2]). [0026]
[Table 1] Table 1-1 Total residual chlorine =1 m /L, Ratio by mole of

or Skfamate/chlorine =1 Time T-C12 F-CI2NTH (hrym/L(mg/L(m/LpO
1.17 0.94 0.238.76 0.7 1.04 0.78 0.26 8.78 1.3 1.02 0.650.37 8.77 2.4
0.9370.4113:52 B8 a4 0900310161807 19.208150.99 0.62 dlo5Tables
24.10.790.17 0.62 8.80 47.50.73 0.10 0.63 8.82 22 [00271t[TabIe 2].

1 gaflel1 3 FolBlAEsidull BRlofine = Ing/L, FektioRARoRk §rotal residual

cnfilfamateichlorine =2 Time TC12 FCZNT PHL I 0 0L/t RLPO

chlorine concentration; and "NT" represents stabilized

hypochlorite salt concentraticn ([T-Cl;] - [F-Clzf}.
[0026]
[Table 1]
Table 1-1
Total residual chlorine = 1 mg/L, Ratioc by mole of sulfamate/chlorine = 1
Time T-Cl5 F-Cly NT oH
(hr) (mg/L) (mg/L) (mg/L)
0 1.17 0.94 0.23 8.76
0.7 1.04 0.78 0.26 8.78
1.3 1.02 0.65 0,37 8.77
2.4 0.93 0.41 0.52 8.81
4.4 0.92 0.31 0.61 8.79
19.7 0.81 0.19 0.62 9.05
24.1 0.79 0.17 0.62 8.80
47.5 0.73 0.10 0.63 8.82




1.30.97 0.46 0.51 8.83 2.4 0.97 0.36 0.61 8.82 4.50.93 0.22 0.71 8.88
19.6 0.89 0.12 0.77 8.96 24.00.89 0.10 0.79 8.81 47.6 0.86 0.05 0.81
8.85 [0028] [Table 3] Table 1-3 Total residual chlorine = 1 rn /L, Ratio by
mole of sulfa mate/chlorine =5 Time 3202 F-CIZ NT pH hrm /L (m /L) m
/L0 1.06 0.900.16 8.77 0.7 1.01 0.40 0.61 8.80 1.3 1.00 0.38 0.62 8.80
10460,990.220.77 8.81 4.60.980.190.79 8.81 19.50.950.04 0.91 8.99

23.9 0.95 0.05 0.90 8.80 47.7 0.93 0.02 0.91 8.84 [0029] Example 2
[‘Methodfor regenerating stabilized hypochlorite salt consumed by

contaminants Sodium hypochlorite (0.0705 mmol/L) (effective chlorine 23

concentration: 5 mg-Cl/L) and sodiipd 8ulfamate (0.3525 mmol/L) (5

UM PYTRiEN TRAMeWOMEA SHEEEVEY mole of sulfamate/chiorine = 2

Time T-Cly F-Cly NT oH
(hr) (mg/L) (mg/L) (mg/L)
0 1.00 0.93 0.07 8.76
0.7 1.05 0.67 0.38 8.81
1.3 0.97 0.46 0.51 8.83
2.4 0.97 0.36 0.61 8.82
4.5 0.93 0.22 0.71 8.88
19,6 0.89 0.12 0.77 8.96
24.0 0.89 0.10 0.79 8.81
47.6 0.86 0.05 0.81 8.85
[0028]
[Table 3]
Table 1-3

Total residual chlorine = 1 mg/L, Ratio by mole of sulfamate/chlorine = 5

Time T-Ci, F-Cl, NT H
(hr) (mg/L) (mg/L) (mg/L) P
0 1.06 0.90 0.16 8.77
0.7 1.01 0.40 0.61 8.80
1.3 1.00 0.38 0.62 8.80
2.6 0.99 0.22 0.77 8.81
4.6 0.98 0.19 0.79 8.81
19.5 0.95 0.04 0.91 8.99
23.9 0.95 0.05 0.90 8.80
47.7 0.93 0.02 0.91 8.84
[0029]
Example 2

Method for regenerating stabilized hypochlorite salt consumed
by contaminants

Sodium hypochlorite (0.0705 mmol/L) (effective chlorine



chlorine component of sodium hypochlorite) were added to simulated
cooling water (M-alkalinity: 250mg-CI/L, calcium hardness: 250 mg-CI/L,
and magnesium hardness: 125 mg-CIl/L) (1 L) at 30C. Contaminants
collected from an actual cooling wate¥ system were added to the cooling
water so as to attain a turbidity of 100. The effective chlorine component

coWwasreansumed by the contaminants. Fotal residual ehlerine (0.3525
concentration was reduced from 5 mg-CI/L (initial) to 1.5 mg- CI/L in about

mmthied day$. Atithisspoibtintime,)sodiemahypochlorite Wes addet-(effeetive
chlorine concentration: 5 mg-CI/L), Whereb)&totallresidual chlorine

chéercerrafiolPint fddsed to 05 R CY PYTrtuaRy hbSred' fssfd i@ torfite
.was detected; i.e., a stabilized lorit It ted. .
oA S S e LA, g

n " [e=)
component wa's consumed agaih by thée

haGQptaminans,and total  residyal chlorine concentration.tendedtg he, -1 /7,

reduced. The resuits are shown in Fig. 2. The effective chlorine

( 1cempareni(fypochiarite saltkis consumed: by dher eanfaminanis,uhut thgo1ing
sulfamate salt remains in the water system. When the hypochlorite salt is

wafuethes yadded tedhe waldesystemithe loypothiorite sakt reacts svitht theattain
sulfamate salt remaining in the water system, to_thereby regenerate a
2 tabihized hypodhiofte-salt Thust ERloking toficentrativh CarBetehtrolied

COin an agt al wg%%r sc}/gl;l%rgmasnfog WS. V\g}) n the conc ngﬁtion of %ntge
&ffedtive chtorine componenjt ot a'<tabilize %ypoghlon%le saﬁ?fb?al

coesidyal chlerine concentrafion) istedicgd,thecy /1, (initial) to 1.5 mg-
Cl/L in about three days. At this point in time, sodium
hypochlorite was added (effective chlorine concentration: 5
mg-Cl/L), whereby total residual chlorine concentration
increased to 6.5 mg~Cl/L. Virtually no free residual
chlorine was detected; i.e., & stabilized hypochlorite sélt
was regenerated. Thereafter, the effective chlorine
component was consumed again by the contaminants, and total
residual chlorine concentration tended to be reduced.

The results are shown in Fig. 2.

The effective chlorine component (hypochlorite sait) is
consumed by the contaminants, but the sulfamate salt remains
in the water system. When the hypochlorite salt is further
added to the water system, the hypochlorite salt reacts with
the sulfamate salt remaining in the water system, tc thereby
regenerate a stabilized hypochlorite salt.

Thus, chicorine concentration can be controlled in an

actual water system as follows. When the concentration of



concentration of the effective chlorine component (total residual chlorine
concentration) is maintained at a predetermined level through addition of
a hypochlorite salt. When the hypochlorite salt is excessively added with
respect to a sulfamate salt, free residéial chlorine is detected. In this
case, when the sulfamate salt is further added, free residual chlorine

+ heonRcenyration €anHie reducedoand the tstatfilizeshypochioritel salicantbkeorite
regenerated. [0030] Example 3 Reactivity between sulfamate salt and

s afypochidrité saft=$odium bpechiorite(OBsA ALY (total fedigdaiced, the
chlorine concentration: 6 mg-Cl/L) was added to simulated coolin%;tv(\é%tgﬁ

COMFEIKARy 256 Ing=CHL SCalEiam Kardness:” 286 mgBift " aRd
ropagnesium hardness 420 Mgz L L) 2L 305G, 3adum sulfamate was
e um

a o the cooling water so that the amount by mole of sodi

pf%&%@@?ﬁﬂﬁ@ﬁoég%éinﬂHr@@aﬂn%%HﬁﬁfEH“%%ﬁ@ﬂﬁ§§g$Hﬂﬁkite salt.
component of sodium hypochlorite, followed by examination of change

wrevertime inyJ-Ci 20rF-€12a The tesultscare showinyinaFalel 2wainthFige8pect
As shown in Table 2 and Fig. 3, 22 hours after initiation of reaction of the

tchypothlofaasait with the Bisfaniats salittheFati6e by ifoledfdivd ected.  In
sulfamate salt to the effective chlorine component of the hy%%ichlo ite ,ﬁsglt

this Gefre) atabiized hypodiiofite Eattwas fount 1o e 25 Yererated®
= Yitee residugchloing cansantiation was,foypd o Re Bintgingd Al
ow level. Comparison between Table 1

‘stabilized hypochlorite salt can be regenerated.
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Example 3

Reactivity between sulfamate salt and hypochlorite salt
Sodium hypochlorite (0.084 mmol/L) (total residual

chlorine concentration: 6 mg-Cl/L) was added to simulated

coocling water (M-alkalinity: 250 mg-Cl/L, calcium hardness:

250 mg-Cl/L, and magnesium hardness: 125 mg-Cl/L) (1 L) at

30°C. Sodium sulfamate was added to the cocling water so

that the amount by mole of sodium sulfamate was 0.83, 1.7, or

4.2 times that of the effective chlorine component of sodium

hypochlorite, followed by examination of change over time in

T-Cl, or F-Cl,. The results are shown in Table 2 and Fig. 3.
As shown in Table 2 and Fig. 3, 22 hours after

initiation of reaction of the hypochlorite salt with the

sulfamate salt (the ratic by mole of the sulfamate salt to

the effective chlorine component of the hypochlorite salt =1

or more), a stabilized hypochlorite salt was found to be



and Table 2 shows that the rate of generation of the stabilized
hypochlorite salt increases in accordance with an increase in total
residual chlorine concentration from 1 mg- CI/L to 6 mg-CI/L. [0031]
[Table 4] Table 2-1 Total residual chlotihe = 6 m /L, Ratio by mole of
sulfamate/chlorine = 0.83 Time T-CI2 F-CI2 NT pH (hr) (m/L (m /L) m /L
ge05:96:484 E142 8:921.06:20:3:80 240:8:88.22.046.16€3t08:8.088.83s found
3.06.322.36 3.96 8.81 21.66.44 1.195.258.85 29.4 5.80 1.14 4.66
togisd [0032] flalsid 5} Tablel 21 TotakresidGalrehiorireos 6oaYEeRAtGBY e 1
mole of sulfamate/chlorine = 1.7 Time T-Cl2 F-CI2 NT pH hrm /L m/L m
a0l 6804528078 8.95 7025172 154°4.08 8968 % 361151192 426 8.82

st§é§i§§é%9%§§%%%§§z%%§‘%§§é1§£§§§§%§2 gy3§icordénce with an
increase in total residual chlorine concentration from 1 mg-

Ci/L to 6 mg-CL/L.

[0031]
{Table 47
Table 2Z2-1
Total residual chiorine = 6 mg/L, Ratio by mole of sulfamate/chlorine = 0.83
Time T-Cly F-Cl, NT OH
(hr) (mg/L) (mg/L) (mg/L)
0 5.96 4,84 1.12 8.92
1.0 6.20 3.80 2.40 8.83
2.0 6.16 3.08 3.08 8.83
3.0 6.32 2.36 32,96 8.81
21.6 6.44 1.19 5.25 8.85
29.4 5.80 1.14 4.66 8.84
(00327
[Table 51
Table 2-2
Total residual chlorine = 6 mg/L, Ratio by mole of sulfamate/chlorine = 1.7
Time T-Ch F-Cly NT oH
(hr) (mg/L) (mg/L) (mg/L)
0 6.04 5.28 0.76 8.95
1.2 5.72 1.64 4.08 8.88
2.2 6.12 1.92 4,20 8.82
3.2 5.96 0.92 5.04 8.68
21.8 6.28 0.37 5.91 3.87

[0033]




26 [Table 6] Table 2-3 Total residual chlorine = 6 m /L, Ratio b mole of
sulfamate/chlorine = 4.2 H Time T-C12 jAd] (hr m /L 0 6.04 88 1.3 6.00
83 36.0489 2.3.36.000.125.88 8.88 21.9 6.44 0.09 6.35 8.86 0034]
Example 4 The method of the present invention was verified by use of an
apparatus shown in Fig. 4. Fig. 4 shows an open- circulating cooling water
[Tsystemsemployed in Example 4. In this open-circulating cooling water
system, cooling water is supplied from a cooling tower 1 to a heat
exchanger 3viaa cooling Water“}@ibé@ and’a pump P, and is returned to

‘ﬂﬁtél”r%&%ﬁ"&ﬁﬁo’nﬁ@ g ‘%%‘&5 BPSibid BF SOPIRBtEMbAne = 4.2

QEEE atonrcapa 400 s (#dge dpdacIt Ums)was
d at a concentr |onf ctor 5 he caoling r.1 hag a fan PH
uu Lal..u thereh ater-y ‘él%\ﬁﬁ—’) e-free blllUIIlg
.r‘]’cend!f'oning cogling-water-W-s-} .easu'r:d by 88
meér?’% of a.sensor 8-8Rd r‘nnntolled_éylgaean&ia_&éegéﬂerine C(,m.f"‘cvgI 83
sedlign 5 and a confbiifed chlorine  0:52 5.52 8.89
3.3 6.00 0.12 5.88 3.88
21.9 6.44 0.09 6.35 8.86
[0034]
Example 4

The method of the present inventicn was verified by use
of an apparatus shown in Fig. 4. Fig. 4 shows an open-
circulating cooling water system employed in Example 4. In
this open-circulating cooling water system, cocoling water is
supplied from a cooling tower 1 to a heat exchanger 3 via a
cooling water pipe 2 and a pump P, and is returned to the
cooling tower 1 via a cooling water pipe 4. The cooling
tower 1 {refrigeration capacity: 400 RT, water storage
capacity: 30 m’) was operated at a concentration factor of 5.
The cooling tower 1 has a fan F and contains therein air-
conditioning cooling water W. The free chlorine
concentration of the air-conditicning cooling water W is
measured by means of a sensor S and centrolled by means of a
free chlorine control section 5 and a combined chlerine
control section 6. The free chlorine contrel secticn 5
includes a chemical tank 51 and a chemical feed inlet 5Z.

Combined chlerine control section 6 includes a chemical tank




control section 6. The free chlorine control section 5 includes a chemical
tank 51 and a chemical feed inlet 52. Combined chlorine control section 6
includes a chemical tank 27 61 and a chemical feed inlet 62. The amount
of free chlorine or combined chlorine4d controlled on the basis of the free
chlorine concentration as measured by means of the sensor S employing
6 lanRR elestrodea Thesamountlefifreg2chlorine wasocontrallédihreughh lorine
addition of a hypochlorite salt. Chlorosulfamic acid was employed as
orcombihetchlotine 14 tife haterosysterh] eRlorosulfamid asitsvasadded ssee
that the chlorine concentration was adjusted to 15 mg-Cl/L _with respect to

g
SR RBWIRG dGRR TRE ThBlmg Watet MRTRE TRater Ly Stef! $he nldtnt F e ™ ©

hypachlorite salt.added was. controlled by means of the sensor S so that
emﬁég%Hcl)?in%ngg)ﬁncentra%%n“v(\?aseo.S mg-CI/L. Combined chlorine

concghtration was measyred thrpughithe RRR methed{deteamingd, byn

use of the following relation: combined chlorine concentration = total
adresiditah chibrine rcppoentratiare < free 1¢hlorifie conoenitation) cFlaked was

slime was non-forcedly discharged through blowing down at an intensity
eNEcCOYEiRgae theBbAcEratioho fadér, and a forced removal of the slime

(e.g.. cleaning) was not carried out. Thus, the water system was
contintiot€ly Stratec S EhargeISVer e oomBined cRigrsded =0

cgAncenliafien and fiec.chiadne Fanqeniialion NG WALer S¥S'e8 WgSc1 /L
observed. The results are shown in Table 3.

with respect to blowing down the cooling water . In the
water system, the amount of the hypochlorite salt added was
controlled by means of the sensor $ so that free chlorine
concentration was 0.5 mg~Cl/L. Combined chlorine
conceaentration was measured through the DPD method {determined
by use of the following relatiocn: combined chlorine
concentration = total residual chlorine concentration -~ free
chlorine concentration).

Flaked slime was non~forcedly discharged through
blowing down at an intensity according to the concentration
factor, and a forced removal of the slime (e.g., cleaning)
was not carried out. Thus, the water system was continuously
operated, and change over time in combined chlorine
concentration and free chlorine concentration in the water
system was observed. The results are shown in Table 3.

[0035]

Comparative Example 1

The water system was continuously operated under the



[0035] Comparative Example 1 The water system was continuously
operated under the 28 same conditions as in Example 4 (i.e.,
chlorosulfamic acid was added so that the chlorine concentration was
adjusted to 15 mg-Cl/L with respect t8blowing down the cooling water),
except that free chlorine concentration was not controlled. The results are
sashowniniTablen3 [0636]n [Eabler] Fable(3 Exampiend Sarpargdivec acid
Example 1 Period Combined Free Combined Free chlorine chlorine
waghledre ¢hlorine@ay$Eng/h} (mghg (sepldgnigra)t 1on0%38 0201 g 06! to
400 8140430.1 14110520.0 20130.54 0.1 [0037] As shown in
LOTHBIEE, A BYGRDIE A5 BEMbined EGHnE ToncERtrdtith was MaiftdifdF ) -
o2 gh level, gs comparedwith the case.of Comparative Bxample 1, o)1 oq
articularly, in"Example” 4, combined chlorine concentration increased as

Thibe.Qperatian period-of fhe yyater.system was prolonged, and this change
in combined chlorine concentration suggested that the combined

(00367
[Table 7]
Table 3
Example 4 Comparative Example 1
Period Combined Free Combined Free
chlorine chlorine chlorine chlorine
(days) (mg /L) (mg/L) {mg /L) (mg/L)
1 7 0.5 3 0.0
2z 8 0.6 4 0.0
8 14 0.4 3 0.1
14 11 0.5 Z2 0.0
20 13 0.5 4 0.1
[0037]

As shown in Table 3, in Example 4, combined chlorine
concentration was maintained at high level, as compared with
the case of Comparative Example 1. Particularly, in Example
4, combined chlorine concentration increased as the operation
period of the water system was prolonged, and this change in
combined chlorine concentration suggested that the combined
chlorine was regenerated in the water system. These data
indicate that, in Example 4, the concentration of the
combined chlorine detected was maintained nearly equal to
that of the combined chlorine compound added.

In contrast, in Comparative Example 1, combined

chlorine concentration was maintained at low level throughout




chlorine was regenerated in the water system. These data indicate that,
in Example 4, the concentration of the combined chlorine detected was
maintained nearly equal to that of the combined chlorine compound
added. In contrast, in Comparative Exafple 1, combined chlorine
concentration was maintained at low level throughout 29 the operation
thperigh which isuggestsdhattheconshined sehiorine wasmot cegenerated
due to no generation of free chlorine in the water system. These data
chihdichte thattha aiethed of thepredefitdniention realizesidoritrol of free
chlorine-combined compound concentration and regeneration of a

chdgrisiifed Bhivhife? é6mbintd*¢Siipound, and a consistent :
bactericidal/algicidal ti | h th ial
actiicag %[%géSaﬁﬁd@egcaéseo%% edc%éo%%*kﬁ‘ﬁde od, Industrial,,

Appllca%ﬁﬁy e bactericidal/algicidal method of the present
i nih¥eRtion is.a technique-ip-which ap-oxidant;hased- bastereigalalgicidaly

agent (e.g., a hypochlorite salt) is effectively reacted in just proportion
cowith arstifaimate salt, tedhereby generaté astabitized:hyipothloritersait.
The method of the present invention is widely applicable to a_variety of
copatersysterrsdnclddingreicsolirgf\water eystehp ¢oquitingdal/algicidal
bacteriqidal/algicidal treatment. 30 Drawintq}smgFig. 1]
effect 1s obfained through the me d.
Industrial Applicability
[0038]

The bactericidal/algicidal method of the present
invention is a technigue in which an oxidant-based
bactericidal/algicidal agent (e.g., a hypochlorite salt) is
effectively reacted in just proporticn with a sulfamate salt,
to thereby generate a stabilized hypochlorite salt. The
method of the present invention i1s widely applicable to a

variety of water systems, including a cooling water system

reguiring bactericidal/algicidal treatment.



(1) Effective chlorine 1 mg/L (2) Residual chlorine concentration (mg/L)
(3) Time (hr) [Fig. 2] (1) Residual chlorine concentration (mg/L) (2) Time
(hr) (3) Addition of contaminants (4) Addition of NaClO (5) Total residual
(T-C12) (6) Free (F-CI2) [Fig. 3] (1) E¥f@ctive chlorine 6 mg/L (2) Residual
chlorine concentration (mg/L) (3) Time (hr) 31 Claims [1] A

Drbacdtedeidal/algicidal method comprising adding an oxidant-based
bactericidal/algicidal agent and a stabilizer therefore to a target water

[ Fé@sterh] characterized in that the amount of combined chlorine or the
stabilir]zier in the water system is corltrolle by generating free residual

chloriné i thé WatdFsystern” [3] A badtéficidal/algicidal method as
deSC{%)FdEi@ﬂadma&, whergin.fhe em@&&et_»g%mgme@r@)@ine or the

stabilizer is controlled by controlling the concentration of free residual

chloring inrtheswater system. [3] A bactericidal/algicidal method as

described in claim 1 or 2, wherein the concentration of free residual
[Felgloriae in

(1) Reszidual chlorine concentration (mg/L)
{2) Time (hr)
(3} Addition of contaminants
(4) Addition of NaCloO
{5) Total residual (T-Clj)
{6} Free (F-Cl3)
[Fig. 3]
(1) Effective chlorine 6 mg/L
(2} Residual chlorine concentration (mg/L)

{3y Time {(hr)



the water system is 0.05 mg-CI/L or higher. [4] A bactericidal/algicidal
method as described in any of claims 1 to 3, wherein the oxidant-based
bactericidal/algicidal agent is at least onpe species selected from the group
consisting of hypochlorous acid, chlorous acid, hypobromous acid, salts
of these acids, chlorine dioxide, and chlorine gas. [5] A
bactericidal/algicidal method as desdribettin any of claims 1 to 4, wherein
the stabilizer is sulfamic acid and/or a salt thereof. [6] A

| 1pacterieitaakjicidarmétot corfiprsing Baamgcaiokiddmbaied ing an

bactericidal/algicidal agent and a stabilizer , therefor to a target water . . .
A CRSIEMSHISEh that e’ EBhTt fthe SHAAnTHA el o otlizer

th@%cet%‘%iga.l@gbi‘{%ll?zg&@t 32 -added is.controlled sg thatthe.s i1 chac the

concentration of total tesidual chloririe in the water system falls within a

amPredeterminegd range; and the amount of sgembinesk chledne on thee water
stabilizer is controlled so that the concentration of free residual chlorine in

s ythreawater systencfall$ avithiy agpregietermmiged ramger §7lAlual chlorine in
bactericidal/algicidal method as described in any of claims 1 to 3, wherein
Thihevbxidantbased bactericidal/algicidal agent is at least one species

e S RS fn
w35 i@ QQQC%@Wa&CIQQ%QH@&I Qﬁl@%ﬁq@@dd@ C@{@ &tapilizer is
controlled by controlling the concentration cof free residual
chlorine in the water system.

[3] A bactericidal/algicidal method as described in claim 1
or 2, wherein the concentration of free residual chlorine in
the water system is 0.05 mg-Cl/L or higher.

4] A bactericidal/algicidal_method as described in any of
claims 1 to 3, wherein the oxidant-based
bactericidal/algicidal agent is at least one species selected
from the group consisting of hypochlorcus acid, chlorous
acid, hypobromous acid, salts of these acids, chlorine
dioxide, and chilorine gas.

5] A bactericidal/algicidal method as described in any of
claims 1 to 4, wherein the stabilizer is sulfamic acid and/or
a salt thereof.

[6] A bactericidal/algicidal method comprising adding an
oxidant-based bactericidal/algicidal agent and a stabilizer
therefor to a target water system, characterized in that the

amount of the coxidant-based bactericidal/algicidal agent



or 7, wherein the amount of the oxidant-based bactericidal/algicidal agent

added is controlled so that the concentration of total residual chlorine in

the water system falls within a range of 0.1 to 100 mg-CI/L, and the

amount of the stabilizer added is corglled so that the concentration of

free residual chlorine in the water system falls within a range of 1
admgrClE/Lcarless: [9FEA bactericidalfaigicidahmethodias describedbinsdny

of claims 6 to 8, wherein the stabilizer is sulfamic acid and/or a salt
rethefeef. chlorine in the water system falls within a
predetermined range, and the amount of combined chlorine or
the stabilizer i1s contreclled so that the concentration of
free residual chlorine in the water system falls within a
predetermined range.
[7] A bactericidal/algicidal method as described in any of
claims 1 to 3, wherein the oxidant-based
bactericidal/algicidal agent is at least one species selected
from the group consisting of hypochlorous acid, chlorous
acid, hypobromous acid, salts of these acids, chlorine
dioxide, and chlorine gas.
[8] A bactericidal/algicidal method as described in claim ©
or 7, wherein the amount of the coxidant-based
bactericidal/algicidal agent added is controlled so that the
concentration of total residual chlorine in the water system
falls within a range of 0.1 to 100 mg-Cl/L, and the amount of
the stabilizer added is controlled so that the concentration
of free residual chlorine in the water system falls within a
range of 1 mg-Cl/L/L or less.
[8] A bactericidal/algicidal method as described in any of

claims 6 to B, wherein the stabilizer is sulfamic acid and/or

a salt thereof.



