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STABI LI ZED ALKALI OR ALKALI NE EARTH:NMETAL. :HYPOBROM TE AND PROCESS FOR | TS
PRODUCTI ON Field of the Invention The present invention relates to a nethod
of preparing a stabilized alkali or alkaline earth metal hypobromte to
control mcrobiofouling, nore specifically, a stabilized sodi mte
solution the cW®%3%fistics of which include non- volatili tyﬁ%’ﬁﬁ r1£e)e
hal ogen residual, |ower bronmate formation, reduced generation of absorbable
organi ¢ halogen in process waters, as well as inproved perfornmance agai nst
bi of oul i ng. Background of the Invention Aqueous solutions of sodium

hypochl orite a | i | t X | es;
Creatment of  BALKZESIFAT AR AL EihinEton Aot AR Rl R
and ot her water game equi pnent, spas, and whirl pools; disinfectants;

| aundry detergents; and, industrial biocides including applications in the
petrol eumindustry. However, a nmmjor disadvantage of NaOO is its

instability. As is well known in the art, several methods are used to
stabilize NaOCl. The Self et al. reference (U S. Pat. No. 3,328, 294)

descri bed a cont Fielshofthpinventiont o st abili ze hypochlorite with an equal

nolar ratio of sulfam.c acid . This process | mproved upon..b ki ew c
reference (U.S. Pat. %p'?e%*?vm?ﬂﬁ? t&fd%m%ﬁ‘g Q?L?ﬁpépn%%@ﬁhﬁ%h\?{ pH
control increasi sigalifeafth fetall hipobeimited eomtidl ali@ebisfiulihg, Misre spiciitally, ahas
vari ous advant ages over chlorine for water treatnment such _as better :
per formance i n hetapilized sedivmhypebromite solutiemtihg chaserteristies @f whieh inglude pon-
However, sodium q{%ﬁ | ARabRh i +1 ot
st abl e under typ?éc(lg@hg‘to ag?%%@gpg%omﬁg,eland as a{se(tjfg , %’%g‘tl&g?@mﬁ‘r%?%‘%%fry :
avai |l abl e. | nst ealborbiable crgasici mlaggwinqubdess wateisyasvedl ds imprnved perfarmaneent
systens by various.inefficient or inconvenient nethods. The art descri bed
. Sinto ¢ of
by either Self epsalst vig ki ewi ¢ does not '

Background of the Invention

Aqueous solutions of sodium hypochlorite are widely used in cooling water
towers; bleaching processes; treatment of recreational waters including swimming
pool water, water slide and other water game equipment, spas, and whirlpools;
disinfectants; laundry detergents; and, industrial biocides including applications in
the petroleum industry. However, a major disadvantége of NaOCl is its instability.
As is well known in the art, several methods are used to stabilize NaOCl. The Self et
al. reference (U.S. Pat. No. 3,328,294) described a continuous process to stabilize
hypochlorite with an equal molar ratio of sulfamic acid. This process was improved
upon by Rutkiewic reference (U.S. Pat. No. 3,767,586) who added a buffer which
aided in pH control increasing the stability of concentrated solutions.

Bromine has various advantages over chlorine for water treatment such as
better performance in high pH or amine environments and a lower volatility.
However, sodium  hypobromite, the bromine analog to chlorine bleach, is not stable
under typical storage conditions, and as such, is not commercially available. Instead,
bromine is typically delivered to water treatment systems by various inefficient or

inconvenient methods. The art described by either Self et al. or Rutkiewic does not
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-2 - nmention a nethod to stabilize the well known precarious sodi um
hypobrom te nol ecul e as disclosed within this invention. Al so, this

di scl osure shall inprove upon the art of Rutkiewic by fornulating a nore
stabl e, concentrated NaOBr solution in the absence of a buffer. In one such
bromi ne del iWRPYP4Mt hod, NaBr is oxidized in situ by introds@Ug"¥43%ous
chlorine or NaOCl into the process water stream Another technique uses a
stabl e perbromde (Br[err]) solution containing 30 - 40 percent brom ne.
The perbrom de solution rel eases brom de and brom ne when injected into

wat er .systens._The forned, brom.ne hydrglyzes instantly to hypobronous and
hydr obr oni c ac‘Fﬂg‘?’“&IT%E%da@is%i'W%ﬁ%ﬁﬁ%WE%N% sﬁﬂ%‘"‘o‘@"’ﬁ%ﬁlﬁmt 0 aqueous
process streanfiolehié & disdléseld withil tiig @fvehfior) YAIRS), IS AissloRie sEANAPdVeUpbs
acids. Al of these brom ne delivery systens have inherit disadvantages.

Gaseous chl or itheart pERutkinwieiby fosmulatingaingee stablle consentraicd-Na@Brsaletiongn they apor -

pressures whi %s&%@ﬁ?{'ﬁuﬁéf ety concerns in handling and storage. Al so,
t hese concentrate al ogen solutions are corrosive to many netal surfaces

found in process ednpesuch beonine delivgrytthethod, NaBh isagidizedan eswby introduciby t he

rel ease of one nole af .hydr i,c_acids in water syste i el.ding | ocalized

| ow pH envi rorﬁ?ﬁwyﬁﬂgn%ﬂﬁggﬁdm%m?%%gmﬁﬁ%% ﬂﬂ"gfﬂ' 94 T &

brom ne pr oduGiabldiRirbreaiddlBrSPdofltivn dBitaiRikgI30% 4b?%kﬁ%rsminheTE@§&b{wnme
be suc s lo

environnmental requirenments (nore fully discusse | ow) , w
bromat e and alselutipm bdleases hyamids and brogrine whensinjetted into water kystenrsg Thelfomiedf r ee

hal ogen 5% 945kl k) S M P AR, 00T
conpound i s wbséritie ichlofideg mag be addell teajuediss procepy shdenns whereindtBydielyzesas y _
schenmes. Thus, the need fqr .a safe, convenient, econom cal, stable brom ne
wat er treat nerli‘yp%frﬁ’a‘ﬂﬁfi a"fdg'ﬁ’ﬂi'oﬁ l°aﬁa°1$% significant. The Goodenough et al. -
reference (U S. Pata)) Hfahesd brotfine Belivery!sy@teieRave inherit disadvantages. Gaseous

chlorine, perbromide, and bromine chloride have high halogen vapor pressures which

present safety concerns in handling and storage. Also, these concentrated halogen

solutions are corrosive to many metal surfaces found in process equipment either by

their high vapor pressures or by the release of one mole of hydrohalic acids in water -

systems yielding localized low pH environments. As such, none of these methods

provide a stable bromine product that can be safely and easily handled while meeting

environmental requirements (more fully discussed below), such as low bromate and

absorbable organic halogen generation, and having a high free halogen residual and a -

low volatility (resulting in a greatly reduced odor and vapor-phase corrosion). In

addition, a portion of the expensive bromine compound is wasted through an

ineffective by-product in some delivery schemes. Thus, the need for a safe,

convenient, economical, stable bromine water treatment product remains and is

significant.

The Goodenough et al. reference (U.S. Pat. No. 3,558,503), teaches
stabilization of bromine using any compound which reacted reversibly with bromine.
The disclosed compounds include:

{a) water-soluble primary and secondary amines or amides; and,



stabilization of brom ne using any conpound which reacted reversibly with
brom ne. The di scl osed conpounds i nclude: (a) wat er -sol ubl e primary and
secondary am nes or am des; and, WO 97/ 34827

PCT/ US97/ 05412 -3 - (b) sulfam c acid and its water-soluble salts.
However, the brom ne solutions prepared according to the GO%%@‘ al .
reference tea‘?fﬂi’?@?z?ire not stabl e enough for practical use’ I al
cooling water, oil field and other industrial applications. Sulfam c acid,
according to the Goodenough et al. referenge, is enployed as a free acid or
as one of its water-soluble salts such as the sodi um potassium or amoni um
salt. However, the rr@ nersnfﬁpmﬁ%&ﬂgv}%{e@%lﬂﬁlﬁﬁ utions are prepared
provide relatively | stabrf'irtres and Iow aval ['abl e hal ogen concentrati ons
conpared w t h tHewever the Bronhse sohmionepreparedactotdivigio thev(Boudenmougt iesall osure. The

Goodenough et al ., reference charges, el enental brom ne into agyeoys sol ution
ori o 10 stabi | TEJeIEIcs feachiBEsATE BotdtaBlecrnpush KF BrRFtiRS] Pe€ I, COTpmPTAl FRIEo ces s

di sclosed in thﬁa@%ﬂmmﬁoﬁ?ﬁﬁﬁusﬁﬁf pR&HGns, L hi s process is difficult to
] ally i

conpl ete as wel | as potenti azardous since elenental bromne is a
fum ng, corrosive, t3ufamit acjd;iaccordihgtoGhe Gondanghghett ahreferendepisemployedias aons

that the avail aple brom ne cpncentrati,on i.mredi at.ely,follqw n reparation.
was about 1 pert&ht" V%R@F&ﬂﬁ%ﬁ%"ﬁ“&k?%?kﬁf‘h’gaﬁﬁﬁéﬁﬂ%‘?‘aﬁ%ﬁ?‘“&lﬁﬁ eved by
this method wasafliw®niuth 28 Holvevedp) théimaendd ¢t Which Helbdbifing bolitisis afle preparedt in -
cold water. Additiognally, brompne is wasted in the process disclosed in the

Goodenough et aProvidsrelatielydow siabilitiesand lgw availablechalngen soncepttptiopseqmapared; g
fol lows: Br[er r&dtﬂﬂlé[cﬁgcé]ééaeggléﬁr}]egl i ihtiﬂ?‘r Htiof AR sirll T QEbHeHGugHRL oflOCS

not function as a biocCi rom ne ,
reference charges elemental bromine into aqueous solution prior to stabilization.

Because elemental bromine is used in the process disclosed in the Goodenough et al.
- reference; this process is difficult to complete as well as potentially hazardous since
elemental bromine is a fuming, corrosive, toxic liquid.

The Goodenough et al. reference mentions that the available bromine
concentration immediately following preparation was about 1 percent by weight. The
low bromine concentration achieved by this method was due in part to bromine being
soluble at just 4 percent in cold water. Additionally, bromine is wasted in the process
disclosed in the Goodenough et al. reference. The reaction according to this process is
as follows:

Br, + H,0 - HOBr+ HBr
Because the produced HBr does not function as a biocide, one half of the bromine
adds nothing to the strength of the biocidal species, HOBr. This invention disclosure
improves on the Goodenough et al. reference by means of a safer, easier, and more
economical process.

Much higher levels of available halogen for disinfection were attained using
the invention disclosed in this application, as shown in Table I below, by stabilizing
the sodium salt (NaOBr) generated during manufacture. As previously mentioned,
sodium hypobromite is unstable and therefore not commercially available. If a

stabilized form of NaOBr is proposed, the stabilization process must occur quickly



adds nothing to the strength of the biocidal species, HOBr. This invention
di scl osure inproves on the Goodenough et al. reference by neans of a safer,
easier, and nore econom cal process. Mich higher |evels of avail able

hal ogen for disinfection were attained using the invention disclosed in
this application, as shown in Table |I below, by stabilizing the sodium salt
(NaOBr) gener WeA7248271 ng nmanuf acture. As previously nenti onedPCRURITAHI2
hypobromte is unstable and therefore not conmercially available. If a
stabilized formof NaOBr is proposed, the syabilization process must occur
qui ckly WO 97/ 34827

PCT/ US97/ 05412 - 4- r.NaQpBr is e, he .net.had descri bed in the
Goodenough et aléhefgfgﬁéﬁdﬁ%oul d %ﬂ%ﬁ%é@é’?@ég%ﬁ‘gﬁ’%’&g@tﬁ%ﬁ i ne
l evel s as the orgfkencé col@ Gt ichidpthbieGhcrREFBroMaft 1bvbld 448hé 6deF Sr1eRene S
deemed not critical to the operability of the nethod. Since NaOBr 1s

synt hesi zed by tasditios|desoribedjintherefsrence was desmed nepgjticabiorthe operahility ofthel |
dditi f th | | s j ' ' ' t it th
Formt Lon_of - NacBPoSAGINRORES ehitndlb S et A MIORE! BT "

undesi r abl e hal dy=OBit-£MaOl, gdditios ofthe stakiligee priortd debmide byidatiarweild notlpeemit

conpounds are cagsin I.ncreased environnental and health concerns. It is
general Iy known ‘th ARRR ar wei ght ‘hal ogenat ed organics are nore

easi |y biologically dgréig@et i fested with flanyRAIGSbRE bitkidel indRGGbRS. Hovever,

the | ow nol ecul ar wei ght forms nay be nore toxic to aquatic and mammalian
organi sms. Di f f dradogenated erganiés qahbe gerresdtedasibatprofuotsg Thesescompoundstary causinge
consuning and re

T e L
Hal ogen, "AOX", mblscutdieight halogeratiddpghnich areandte tdsily bidlegicdlly degratied dgenat ed .
or g.a nic compoun dhsighvgr Enr(])(l)eltj:{[ﬂaf \E)v(ealcglhta stplaglgs HAO%VLE thléslc()av(t;I m%%ec?l{]ar ?Je]; glhltJ (faorgns may be

more toxic to aquatic and mammalian organisms. Differentiation of these halogenated

organics is costly, time consuming and requires the use of gas chromatography, high

performance liquid chromatography or gel permeation chromatography. Absorbable

Organic Halogen, “AOX”, was chosen as a2 method of measuring the sum of

halogenated organic compounds without speciation. AOX is used as an effluent

monitoring parameter of water or wastewater in Europe and North America. In the

United States, the Environmental Protection Agency (“EPA”) is looking closely at

AOX discharge in the pulp and paper industry. An object of the present invention is

to provide a stable NaOBr solution that can be used to control microbial fouling with

minimal AOX generation. The problems associated with controlling AOX levels,

being a more recent develbping environmental concern, have not been previously

resolved in the industry.

The United States EPA extrapolates some animal carcinogenesis with the

presence of low bromate levels found in drinking water. Bromate may appear from

the ozonation of bromide-containing water raising some concems in the drinking

water indusiry. Brbmate may also be formed by the disproportionation of

hypobromite. This reaction occurs at a greater rate in alkaline environments. Hence,

if bleach is .added to a NaBr solution, the high pH environment could lead to the



nonitoring paraneter of water or wastewater in Europe and North America. In
the United States, the Environnental Protection Agency ("EPA') is |ooking
closely at AOX discharge in the pul p and paper industry. An object of the
present invention is to provide a stable NaOBr solution that can be used to
control mcrobial fouling wth mninml AOX generation. The prgegﬁ 05412
associ at ed mﬁtﬁ"ygﬁﬁpglling AOX | evel s, being a nore recent d ping

envi ronnmental concern, have not been previously resolved in the industry.
The United States EPA extrapol ates sone ani gl carcinogenesis with the
presence of |ow bromate | evels found in drinking water. Bromate nay appear

f th ti L de- Al r ising . in the
drinking water | iairette S bR JOWRE e i oiiept iffURof VA Vi
di sproportionat i greviduslywmichowsrandas suprising, éstotgreatly aninimize romategformadtion byat e

in alkaline enviro nts. nce, I.f bleach is _add 0, a NaBr solution, the
hi gh pH envi r_onnéﬁgﬂféﬁlﬂﬁgpggaﬂnf %F’?\‘é"‘ﬁ‘“%f?‘i?ﬁg’g"i}“ bromate Pmauct'm"
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presént invention, which was previously unknown and"is sur’pr_i sing, isto
greatly m ni m ze micwohiolagidally mfluenced isprresier both 1ocalizedyand igenaral; in cilfasld waters.

conditions are f e . br t roduction. .The trol eum i ndust
experiences bi ol %%‘g&mp P %%%ar’f?g 5?%31‘{3‘8%’3 r‘?ﬁ“ﬁ%eoli"& %%ﬁﬂ%ﬁ“g}"’fp?ﬂ ¥ c‘{}é
corrosion, both Ibactadid foid shme piigs aedicingiifjeivity| Tedatinekt véthStable bratihetvwatdtr,
bacteria can plug the well bore surface in waterfloqod injection wells. The

bacteria form sl i%c‘?ﬂvﬁ‘b‘gﬂt’?@&ﬂﬁ’fﬂfﬁﬁmqﬂj@@t’h‘iffﬂq similgepreblemswi t h st abl e
brom ne water is a COW’!‘?%%Ect%?%?%s&iti%dm.pmvﬁ&é §e§s§'§grgﬁ%r eBiis

problens. It is an object the present invention to provi cess.
wher eby aqueous solutiensmofsoditmdypobromitg canthe prducedowhich arepelotivaderbsistantto ar e
relatively resi stant I;to de&r azﬂeatrinogsit?orﬁda/n rwhg conpi)§.i tli on _and which are
relatively non-corfo 108 AR FFsRDP Ch are 1clatively non-corrosive an {10 3
volatile, yet which retain an improved capacity for oxidation and bactericidal activity.
Another object of the present invention is to provide a stable sodium
hypobromite solution in which the formation of AOX is minimized while providing
improved microbial fouling control. Other objects and advantages of the present

invention will become obvious from the following description thereof.

Summary of the Invention

The invention, according to one embodiment is a method for preparing a
stabilized aqueous alkali or alkaline earth metal hypobromite solution. The method
comprises the steps of:

a. Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from about 5 percent to about 70 percent available halogen as
chlorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the-alkali or alkaline earth metal
hypochlorite to react to form a 0.5 to 70 percent by weight aqueous solution of
unstabilized alkali or alkaline earth metal hypobromite;

c. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite an aqueous solution of an alkali metal sulfamate in a quantity to provide



vol atile, yet which retain an inproved capacity for oxidation and
bactericidal activity. Another object of the present invention is to

provi de a stabl e sodi um hypobromte solution in which the formation of AOX
is mnimzed while providing i nproved mcrobial fouling control. O her

obj ects and advantages of the present invention will becone obvious from
the fol | owi ngV@@¥3482%t i on t hereof Summary of the |nvention TEYSIVEI#H: on,
according to one enbodinent is a method for preparing a stabilized agueous
al kali or al kaline earth metal hypobromte,solution. The nethod conprises
the steps of: a. M xi ng an aqueous sol ution of al kali or alkaline earth
met al hypochl orite havin ma bout 70 nt

avai | abl e hal oge©: !i‘§m(t}ﬂl°gr”-{kﬂg M Ioﬁﬁ ‘@@P@M%‘s

Al'l owi ng the br o GBodt @5 RABGRET; &QpI the al kali or aI kal i ne earth netal
hypochlorite to react to forma O. 5to 70 percent by wei ght aqueous

sol ution of unst abi |4-zed Recrygring@stabiliced paveousaticali oralkalingcasbipeial te; c.
Adding to the u I ution of alkali or alkaline earth netal
hypobrom te an g’ﬁ’ﬁ@% iezs§ﬂm§| ‘'on of an alkali netal sulfamate in a quantity
to provide WO 97/ 34827 '

PCT/ US97/ 05412 -6 - a m)l ar metal sulfamate to al kali- or
al kal i ne earth RECHRUALSLPIEKFEICELS o 3ut 0.5 to about 7; and, d.
Recovering a stabi | 'W%oﬁlﬂé%ﬁm&n@h%ﬂd&%ﬁ&ﬁ% spilpegobr omi te
solution. Description of the Preferred Enbodi nents odi nent of the
invention is a apebwdliatirorplkaliss éartl mt@mmﬁr@mstﬂ'qwoabemMWOmpmskal i ne
earth netal hyp&tgrs%lr’r)s&@ sol ution. The nethod conprises

a. ‘Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from about 5 percent to about 70 percent available halogen as
chlorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali or alkaline earth metal
hypochlorite to react to form a 0.5 to 70 percent by weight aqueous solution of
unstabilized alkali or alkaline earth metal hypobromite; .

c. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite an aqueous solution of an alkali metal sulfamate in a quantity to provide
a molar ratio of alkali metal sulfamate to alkali or alkaline earth metal hypobromite is
from about 0.5 to about 7; and,

d. Recovering a stabilized aqueous alkali or alkaline earth metal
hypobromite solution.

The alkali or alkaline earth metal hypochlorite is selected from the group
consisting of sodium hypochlorite, potassium hypochlorite, magnesium hypochlorite,
lithium hypochlorite, and calcium hypochlorite. The amount of-'hypochlorite used will
vary depending upon which hypochlorite salt is used.

The bromide ion source is selected from the group consisting of sodium
bromide, potassium bromide, lithium bromide, and hydrobromic acid. As shown in
the examples, in a more preferred embodiment, the alkali or alkaline earth metal

hypochlorite is sodium hypochlorite, the bromide ion source is sodium bromide, and



the steps of: a. M xi ng an aqueous solution of alkali or alkaline earth
nmet al hypochlorite having from about 5 percent to about 70 percent

avai | abl e hal ogen as chlorine with a water sol uble bronide ion source; b.
Al'l owi ng the brom de ion source and the alkali or alkaline earth mnetal
hypochl orite to to forma 0.5 to 70 percent by wei ght

sgloution of uh@%&aﬁ’zed al kali or al kali ng earth netal %ypo %&Eyﬁeoyg
Addi'ng to the unstabilized solution of alkali or alkaline earth netal
hypobrom te an aqueous solution of an al kalLy.nmetal sulfamate in a quantity
to provide a nolar ratio of alkali netal sulfamate to al kali or alkaline

earth netal hyp t Recovering
a stabilized aqgfe?%ﬁg&lg ke{?ah;l a %hﬁ@(’%g;rd g’ﬂ%o%‘%m te sol ution.
The al kali or alkali ﬁ&lecaqmmhsMndiymﬁnhzndlallaluosalkelmmﬁumemmm:gnoup
consi sting of sodiu chl orit p ta ochl nesi

hypochl orite, |i"# WHP%%B‘B oeset %ﬁ%@gﬁhﬁﬁﬁ gﬁg’l’ﬁé’a&ﬁ]ount of

hypochl orite uswetxvﬂybomaﬁmedﬁ&%fef&&bm}nm&h 16 MBRE 5O Pérbé:@b$adetgﬂts used.

The brom de ion source is selected fromthe group consis sodi um

broni de, pot assialkalipr elialine earthtnmtal hypabeomide ancémstrpyefmmlbﬁm aheuigt togborth own

in the exanples i or alkaline
earth netal hypocfﬂ%@?@‘?s%@ E‘{/‘% ﬁe?hﬁﬁ{é&lh%%rﬁ:&l&% de ion source is
sodi um brom de, and The\SH c&'ﬂe’:bﬂélﬂ?zed aqueous alkali or alkaline earth metal hypobromite

PCT/ US97/ 05412 - 7 - t al kal i or al i ne earth h romte |

sodi um hypobr onispt ‘°‘1’F§e€%ﬁ%\ﬁ§ %@h%ﬂ 4andgporg pef ”Fxggaaé&gg kito 6‘?0“&F§al i ne
earth metal hypofhiQH inBlaRFatio 6PiHe il biehiF i Btihe f e dodinP Ryobidhniscent by

wei ght al kali or alkaline eart
preferrably from about 0.5 to about 7, more preferrably from about 0.5 to about 4, and

most preferrably from about 0.5 to about 2.
- Another embodiment of the invention is a stabilized 'aqueous solution of an
. alkali or alkaline earth metal hypobromite which is prepared by the steps of:

a. Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from about 5 percent to about 70 percent available halogen as
chlorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali or alkaline earth metal
hypochlorite to react to form a 0.5 to 30 percent by weight aqueous solution of
unstabilized alkali or alkaline earth metal hypobromite;

c. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite an aqueous solution of an alkali metal snlfamate in a quantity to provide
a molar ratio of alkali metal sulfamate to alkali or alkaline earth metal hypobromite is
from about 0.5 to about 7; and,

d. Recovering a stabilized aqueous alkali or alkaline earth metal

. hypobromite solution.

The alkali or alkaline earth metal hypochiorite is selected from the group
consisting of sodium hypochlorite, potassium hypochlorite, magnesium hypochlorite,
lithium hypochlorite, and calcium hypochlorite. The amount of hypochiorite used will
vary depending upon which hypochlorite salt is used.



metal hypobromite, nore preferrably fromabout 1 to about 30 percent by

wei ght al kali or alkaline earth metal hypobromite, and nost preferrably
fromabout 4 to about 15 percent by weight alkali or alkaline earth netal
hypobrom te. The pH of the stabilized aqueous al kali or al kaline earth
metal hypobromite solution is fromabout 8 to about 14 and nore preferrably
from about MOPB48¥out 14. The the nolar ratio of the al kalmﬁﬁ&’s‘"z

sul famate to the sodi um hypobromte is preferrably fromabout 0.5 to about
7, nore preferrably fromabout 0.5 to abogt 4, and nost preferrably from
about 0.5 to about 2. Another enbodi nent of the invention is a stabilized

aqueous solution of,an alkali or alkalin r A ' which is
prepared by the stéﬁ‘f%&?“.“ %?"_“”“‘i%&asﬁi tgﬁﬁ'%%:&é%%ﬁé%{:lﬁfk}ﬁﬁﬁ%)%ﬁali or
al kal i ne eart hyoRide] poissias bromideslithinyd bigmidepaadtiydrtbrémizakide s showalwut 70
percent avail abl e hal ogen as chlorine with a water soluble bromde ion

source; b. the examplag, misanere grafereed; egbodignant dhealkpli oraliplipe earthgpetal | 5| i ne
h | h ' ] f ), : lqgh
carth meta MREGHSH iolifdnd ERG R RE Bofridk ion bohrls BJif Brorie)fia0N!

aqueous sol uti unsta alkalT or alkaline ear
hypobroni t e; ahe alkaliokctilkuline eartihmetaligypabromite éxsodisimbypobronditeal kal i or

al kal i ne earth net hypobrom t e aqueous..sol ution of an alkal i, netal

sul famate in a qua_ﬁh\eﬁé&["ﬁs Wndg'nuast%ﬁﬁgﬂa}lgﬁ!%dﬁlumwﬁne%{ﬁwb “anat e
to alkali or ahialdntn fomlaBodl®l o BYRTOpRIehtDy vieiftt ARalBO bkaltheaith about 7;
and, d. Recovering a stabilized aqueous al gal I or _al kaline earth netal

hypobroni t e sahefelihypobromite.aneraipreferrably feem eheutd 49 abputdQ aercenf pyavaditi te i s

oot o A R SRR M A ARG e B 0

hypochl orite. {Bjerceathinweight allyalicn lalkaline earth seethl hypdbramitg: dependi ng upon

which hypochlorite ﬁ%lptl-l (i:fstheusstaelglizzd aqueous alkali or alkaline earth metal hypobromite
solution is from about 8 to about 14 and more preferrably from about 11 to about 14.
The the molar ratio of the alkali metal sulfamate to the sodium hypobromite is
preferrably from about 0.5 to about 7, more preferrably from about 0.5 to about 4, and
most preferrably from about 0.5 to about 2.

The invention can be used in an industrial water system. Such water systems

(D

would contain from about 0.05 to about 1000 ppm, more preferrably from about 0.05
to about 10 ppm, and most preferrably from about 0.1 to about 5 ppm of the stabilized
aqueous solution of an alkali or alkaline earth metal hypobromite.

The invention can be used in the Jaundering of soiled garments where the
soiled garments are washed in an aqueous media, such as water, containing a detergent
and a bleaching agent. The stabilized aqueous solution of an alkali or alkaline earth
metal hypobromite can be used as the bleaching agent.

The invention can also be used in the manufacture of celtulosic materials in

-which cellulosic fibers are bieached with an oxidizing agent. The stabilized aqueous
solution of an alkali or alkaline earth metal hypobromite can be used as the oxidizing
agent.

The invention can be used in the control of microbiofouling in a recreational

water system in which an oxidizing agent is added to control microbiofouling. The



- sodi um brom de, an

WD 97/ 34827 PCT/ US97/ 05412 -
8- The brom de ion source is selected fromthe group consisting of sodium
brom de, potassium brom de, lithiumbrom de, and hydrobrom c acid. As shown
in the exanples, in a nore preferred enbodi ment, the alkali or alkaline
earth netal hy \ie is sodium hypochlorite, the brom de i S
W&még‘?%’é al kali or alkaline earth netal hypobrg%qp‘zsg{,l’éﬁ?z
"~ sodi um hypobronite. The aqueous solution of unstabilized al kali or al kaline
earth nmetal hypobromte may contain from abogt. 0.5 to about 70 percent by
wei ght al kali or alkaline earth metal hypobromte, nore preferably from

about 1 to about gihiRRHGERouD): IW' tan AlkEB bE dl j]]@ﬁ! RoniiRd
hypobrom te, and nost p(ragfprra% y from%ohtalgﬂ?%eg@)ut Bie,rcent&hye

wei ght al kal i or useftas thaoxidigingagestt al hypobromite. The pH of the stabilized
aqueous al kali or al ka}y rth tal..hypobromte solution is fromahout 8
to about 14 and nore Si?lé’p’g‘ﬁ’?‘gﬁ? Wrﬁl‘%élﬁ?ddﬁ wfff)gi[?fenéfﬁl(? ’c°%‘i '.ng?ﬁ‘@‘"f‘%%r&ear
rati o of the al kadurfacesioflequiphémimédmtacowith Brodaskid\wi Seld eRleR M Artantis
preferrably from apoyt 0.5 to about 7, nore preferrablglfrom about 0.5 to

) . .
about 4, and nostMiSFiPNng sifectiveameynt af stabilizedaguisoun solutiornfan alkalhet on can

be used in an i ndjsfin Srofite r caont ai n
fromabout 0.05 to a%ggén%%%f% mrgwg’@@‘%ﬁg&%ﬁ%%ww?ﬁg'to
about 10 ppm and nostTherimfeatiaitan afso beusdidn thetofitrdl®f aticrobiofouling irPiquisties
stabilized aqueous_sal u#\iao?f of an.al.‘[égllj.i o[. al kal i ngﬁeert‘h met al .
hypobronite. The g8t {*8FIEYegRu- ipfpuling.amonnt g e pquepvs SolutionOfent s

where the soil ed apalkvr slkafife o4nh AR hipobFonttiaa Be ald®dis miat er .
contai ning a detergent and a bl eachin ﬂ’agent. The stabi?ﬂu;eg aqueous

sol ution of an al kal i I®»anqthergmbpdiment; the innention isppudthasimfipeeventingoe used as

t he bl eachi ng ag ] ' | .used jn.the manufacture of
cel | ul osi ¢ mater ?g@bpr@%ng\éﬁq@eﬁ%ﬁﬁ%gsgf%ﬁﬁéﬁ?% %LW&%&%‘&“@H#’???W“
oxi di zi ng agent . s¥itemsThoiletlnd domprises adlinglouhé syneds spdterdlafi ahti- or al kal i ne

h meétal h r.om idi zing agent.
earth met "?‘ ypo%ngr%}o?og?gaﬂy%ﬁ‘ec%svggmg&nt_tort] g stgéilligédzslodgxm- ypobromite solution. The

stabilized sodium hypobromite solution is prepared by the steps of:

a. Mixing an aqueous solution of sodium hypochlorite having from about
5 percent to about 30 percent available halogen (as chlorine) with sodium bromide;

b. Allowing the sodium bromide and the sodium hypochlorite to react to
form a 0.5 to 30 i:ercent by weight aqueous solution of unstabilized sodium
hypobromite;-

c. Adding to the unstabilized solution of sodium hypobromite an aqueous
solution of an alkali metal sulfamate in a quantity to provide a molar ratio of alkali |
metal sulfamate to sodium hypobromite of from about 0.5 to about 7; and,

d. Recovering a stabilized aqueous sodium hypobromite solution.

The industrial water systems include cooling water systems, cooling ponds,
re . rvoirs, sweetwater applications, decorative fountains, pasteurizers, evaporative
condensors, hydrostatic sterilizers and retorts, gas scrubber systems, and air washer
systems. '

Another embodiment of the invention is a method for preparing a stabilized
aqueous alkali or alkaline earth metal hypobromite solution when the level of



The invention can be used in the control ofmcrobiofouling in a
recreational water systemin which an oxidizing agent is added to control
m crobi of oul i ng. The WO 97/ 34827

PCT/ US97/ 05412 -9- stabilized aqueous solution of an alkali or alkaline
earth metal hypobromite can be used as the oxidizing agent. The invention
can be used WR%B82tontrol of microbiofouling occurring on RATSHSURes of
equi pnent in contact with produced oil field waters. An anti -

m crobi of ouling effective amount of stabiljzed aqueous solution of an

al kali or al kaI i ne earth netal hypobrorn'te can be added to the produced oil

field waters. nyenti on nal be Uuse

m cr obi of oul i nﬁ;"ail lﬁéﬁg’t’ﬁ?sasg opa &Rﬁ" %ﬂ'ec?mE hﬁf ESE‘B‘?S‘BP%‘?SSE.F}"'ng
anount of st abé - aqueous sol utlon of an alkali or alkaline earth netal
hypobrom te can e added to aqueous systens. |In another enbodi nent, the
invention is a rret hod omenmmqumBmlwmfdl@momlgabwqméMﬂf aces of

equi pnent in c Wyl IIB[H

conpri ses addi [r}?g)t gﬁl&?ﬁé&gﬁ%’gﬁ%’ sysréﬁvlgﬂibg@ggr m Cropi o nfogl cg“}y e?‘f’ect ive
anmount of a sta]xvithawdtesmuhlerbdomddamaomee solution. The stabilized sodium
hypobrom te solution is by the steps of.a., .. Mxin aqueous
sol ution of sodium ‘hypodﬁi‘?ﬁa &' ﬁ?&é\“ﬁ@‘@r%ﬁﬁgé%{ﬂ’eBlkﬁ’éf’f:f%lﬁ?l"g&a‘abgg?ﬁ
percent avai | apyRchRtRIS Feabtdd f&-ﬁia@@'j'&ﬁi Ré%éﬂi‘b $ MghMduetul dfutioRof Al | owi ng
t he sodi um bromde and the sodi um hy |lorite to react to forma 0.5 to 30

percent by wei gistabiliped alisali mlkﬁlmenarﬁfmdnbhmmom@d sodi um hypobronite; c.
s 19 10, unst ot 11266l Bl RP AT B R BRI RRUSRY®,
rati o of al kal hypasbﬁoahte&ulaﬁmt ﬁ)liitton&ﬁ'dn alkal yrieci sulfiniate Igdvirfgaempbratiire 6f 5 t 0
about 7; and, at least 50 °C in a guantity to provide a molar ratio of alkali metal sulfamate to alkali

~or alkaline earth metal hypobromite is from about 0.5 to about 7; and,

d. Recovering a stabilized aqueous alkali or alkaline earth metal
hypobromite solution.

When the level of available halogen as chlorine is below about 5 percent, the
amount of water in which the stabilizer, the alkali metal sulfamate, is diSsolved into
must be decreased. At this point, the amount of water is low enough that the alkali
metal sulfamate is only sparingly soluble in the water. Therefore, the temperature of
the aqueous alkali metal sulfamate solution must be maintained above 50 °C to keep
the alkali metal sulfamate in solution until the solution is added to the aqueous
solution of unstablized sodium hypobromite. Once mixed with the sodium
hypobromite solution, solubility is no longer a concern, and the resuiting stabilized
sodium hypobromite solution solution does not need to be maintained above 50 °C.

The alkali or alkaline earth metal hypochlorite is selected from the group

- consisting of sodium hypochlorite, potassium hypochlorite, magnesium hypochlorite,
lithium hypochlorite, and calcium hypochlorite. The amount of hypochlorite used will -
vary depending upon which of the hypochlorite is used.

The bromide ion source is selected from the gfoup consisting of sodium

bromide, potassium bromide, lithium bromide, and hydrobromic acid. As shown in



d. Recovering a stabilized aqueous sodi um hypobromte solution. The

I ndustrial water systens include cooling water systens, cooling ponds, re .
rvoirs, sweetwater applications, decorative fountains, pasteurizers,
evaporati ve condensors, hydrostatic sterilizers and retorts, gas scrubber
systens, and ajr washer systens. Another enbodi nent of the i ' .S a
rrgt hod for preﬁ'&’r’?’ﬂfj’z‘é st;bi | i zed aqueous al kali or alkali ne%#gﬁﬁ'{le

. hypobrom te sol ution when the |evel of WO 97/ 34827

PCT/ US97/ 05412 - 10- avail able hal ogen as chiorine is bel ow about 5
percent. The method conprises the steps of: a. M xi ng an aqueous

sol ution of al kaly | rﬁﬁ%%ﬁaﬁ@ﬁu . m“ﬁ" %iﬂfer 10 e

percent of avail gigleg&ﬂ@%g%%%as chlori ngt%dnpﬁoﬁégs t gﬁﬂ{é oute%gljm WIE'?h a

wat er sol ubl e br hypodklotiteris smliuwm éypdehlorite, fielboomidg idnsoutse dnsodmt brondde, asdk and
the al kali or alkaline earth netal hypochlorite tg react, to.forma 0.5to 5
percent by wei ghlfim&kﬁgﬁgﬁ?@fwgﬁ‘eﬁamé&f%ﬁ ‘F_é%éa‘“aﬁmﬁf?‘&’f‘@m kaline earth
netal hypobronite; c.The RBlutiOn biihstabBifzalalkdlZ &hiGGihe' Edr méth] 18/pkBrlomie’

al kaline earth nmetal hypobrom te an aqueous sol ution of an al kali netal

sul f amat e havi ngmay centgio feomuabout§.5 4o aboytiZQ peseent by whight alkali opatkaline gartho

provi de a nol ar Kal i ' l.._or .qe earth
met al hypobrom tfen% sﬂ)fp(r%%rnqqlgl g"oh’?’%&éﬂf‘%ﬁg%&%%;&' laéral’(?%'ﬁ%lo W&ﬁ%@a}ﬁ%‘ ng a .
stabilized aqueoﬂkalﬁbﬂ@ikd]ineremﬁ} matal liypomﬁilitb, andinadst blgfhrxlabl@'rﬁdneb alsouk 4o about
When the | evel of_available ha n chlorine |s. ow about 5 percent,
t he amount of mﬁ%?“??ﬁ‘t%i‘%ﬂ tﬁﬁ‘ggf"églﬁlf“féf‘fﬂ.‘m@iwgﬂmﬁet al sulfamate, is
di ssol ved into nust bﬂ'né’;ﬂﬂ)%%@ﬂbiliﬁdéq%o‘hsﬁ%ﬁbralkklﬁne%ﬁﬁh‘ﬂieta‘?ﬁy;‘/%?&ﬁité5 | ow

enough that the al kali
solution is from about 8 to about 14 and more preferrably from about 11 to about 14.

The the molar ratio of the alkali metal sulfamate to the sodium hypobromite is
- preferrably from about 0.5 to about 7, more preferrably from about 0.5 to about 4, and
most preferrably from about 0.5 to about 2.

Another embodiment of the invention is a stabilized aqueous solution of an
alkali or alkaline earth metal hypobromite which is prepared by the steps of:

a Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite [wherein the percent of available halogen (as chlorine) is less than about
5] with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali or alkaline earth metal
hypochlorite to react to forma 0.5t0 5 percerit by weight agueous solution of
unstabilized alkali or alkaline earth metal hypobromite;

c. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite an aqueous solution of an alkali metal sulfamate having a temperature of
at feast 50 °C in a quantity to provide a molar ratio of alkali metal sulfamate to alkali
or alkaline earth metal hypobromite is from about 0.5 to about 7; and,

d Recovering a stabilized aqueous alkali or alkaline earth metal
hypobromite solution.

As discussed above, when the level of available halogen as chlorine is below
about 5 percent, the amount of water in which the stabilizer, the alkali metal



netal sulfamate is only sparingly soluble in the water. Therefore, the
tenperature of the aqueous al kali netal sul famate sol ution nust be

mai nt ai ned above 50 [err]C to keep the alkali netal sulfamate in solution
until the solution is added to the aqueous sol ution of unstablized sodi um
hypobr omi t e.wE355459 X€d Wi th the sodi um hypobrom te sol uti /ﬁ&ﬂd?«jlki ty is
no | onger a concern, and the resulting stabilized sodi um hypobromte

sol ution solution does not need to be nmintai ned above 50 [err]C. The

al kali or alkaline earth netal hypochlorit2-is selected fromthe group
consi sting of sodium hypochlorite, potassium hypochlorite, magnesi um

hypochlorite, dulfakibtdWs AisBoIoed ififd st ba GbréaBbd: | ACThi3 YRR, thOihbiht of WatepEOUNt  Of
hypochlorite used will vary dependi ng upon whi ch of the hypochlorite is

used. The bronto@dhatthe alkali metal sulfampteds enly spavinglyisolubledn theowaten. Stibiereforef
sodi um br o dey Rkl I AE ARl kil BebdhRFaded5riBR ol RRLAMLS 21 ¢
PCT/ US97/ 05412abovd 50 °C td'iecep Hremikatisnetalsulfami@e i sohrion uhtibthe sdlatbmigatided he
al kali or al kaline earth netal hyf)oth orite is sodiumhypochlorite, the

broni de i on sd@fieraueoussplution ot witaglized spdjumhypohremite. Oncemixed with the, ¢ b
met al hypobr ongolifem| ﬁypsegiraawsama&hzrsemxﬁy isBP@%@Pﬁ%&cﬁ?MthQPesﬁﬁinﬁn Com

unstabilized al kal1 “or kal i ne earth nmetal hypobromte nay conta

about 0.5 to cdtabilized Sodiwm hypebramitewsnlytivn salukiah doesmotihded|to he maimtdihedabbud
hypobrom te, preferrably fromabout 1 to about 30 percent by wei ght

al kali or alkalinme earth netal hypobromte, and nost preferrably from about

4 to about 15 perCemkah&li\whmmneéﬁakﬁkdet@hyp’ﬂckﬁﬁiﬂ%&éﬁm%%rbirx]ﬁmbrOm te.

The pH of the stabilized aqueous_al kali or alkaljine earth neta pobromte
solution is freonsigingaf sedivy hypeshiorite, patassivp hxpqshlorits, megpesivim bypoghiotite, 11 to

about 14. The r;g*,gg i c\{t‘)]gph s I um
hypobronmite i sﬁdgrﬁg‘f rakg‘f‘sé’féag%&a out%@%‘%’@ﬁ%ﬁ‘?ﬁtgwggﬁiﬂéﬁ%ﬁ?g from
about 0.5 to aagudepdndingiapon which of the hypochlorite is used.

' The bromide ion source is selected from the group consisting of sodium

- bromide, potassium bromide, lithium bromide, and hydrobromic acid. As shown in
the examples, in a more preferred embodiment, the alkali or alkaline earth metal
hypochlorite is sodium hypochlorite, the bromide ion source is sodium bromide, and
the alkali or alkaline earth metal hypobromite is sodium hypobromite.

The aqueous solution of unstabilized alkali or alkaline earth metal hypobromite
may contain from about 0.5 to about 70 percent by weight alkali or alkaline earth
metal hypobromite, more preferrably from about 1 to about 30 percent by weight
alkali or alkaline earth metal hypobromite, and most preferrably from about 4 to about
15 percent by weight alkali or alkaline earth metal hypobromite.

The pH of the stabilized aqueous alkali or alkaline earth metal hypobromite
solution is from about 8 to about 14 and more preferrably from about 11 to about 14.
The the molar ratio of the alkali metal sulfamate to:the sodium hypobromite is
preferrably from about 0.5 to about 7, more preferrably from about 0.5 to about 4, and
most preferrably from about 0.5 to about 2.

In another embodiment, the invention is a method of preventing

microbiofouling on the surfaces of equipment in contact with in an industrial water



P

nost preferrably fromabout 0.5 to about 2. Another enbodi nent of the

I nvention is a stabilized aqueous solution of an alkali or alkaline earth
nmetal hypobromite which is prepared by the steps of: a. M xi ng an
aqueous solution of alkali or alkaline earth netal hypochlorite [wherein
the percent of avail able hal ogen (as chlorine) is less tha with a
wat er sol ubl WO33#2te i on source; b. Al owm ng the brom M@#’gg‘]ﬁ%ce and
the alkali or alkaline earth nmetal hypochlorite to react to forma 0.5 to 5
percent by wei ght aqueous sol ution of unsygbilized al kali or alkal.ine earth
metal hypobromte; c. Adding to the unstabilized solution of alkali or

al kal i ne earth I ' Gis&bad ' . al kali et al

sul f anat e havi sg a 't%@p@%ﬁéﬁ@e’ﬁo a ﬁx}é&é’#ﬁg@ﬂ%&é&%ﬁ% |%n§{hquantity to

provi de a nol amidrebivibgizhllyeffetive smdumk ofaisthlhizddsodiometiypabromite selutien.i Tiee eart h
metal hypobromte is fromabout Q.5 tqQ apout 7; and,  d. Recovering a
stabilized aqusigbiized sedium ypo Rﬁ‘ﬁ%‘%ﬁW&V%@aP&m te solution. As

di scussed above, whgn tﬁqi*iﬁg%lﬁt&%ré@#haﬁb&ohﬁhp%ag%ﬁiﬁ% Réreiagni s bel ow:

about 5 percent, the amount © I ch the er, the al kali
met al WO 97psd@e of available halogen (as chlarine) is less than about 5] with sodium bromide;

PCT/ US97/ 05412 - 12 sulfgmate. |1s.dissolved Lntao st, be.decreased., At
this point, the arm?!nt %ﬁ%‘flép’eisgd'%\?vr?'ﬂ @%g’eg?‘gﬁ ihyﬁg%hiqrﬁggq 'fegﬁﬁ?e S
only sparingl yfdiﬂﬂbitbS?e&éiﬂby\%ightaqibﬁrseﬁmﬁ&xofﬁtﬁmbﬂﬁ&ﬁmtme of the

aqueous al kali_ nmetal sultamate solution nmust be maintai ned above 50 [err]C
to keep the al RyRobromiies| sulfanmate in solution until the solution is added

to the aqueous sol ution : t | Z&f: {14580 ' ] W th
t he sodi um hypobr on§'te slg{ddw%r}ﬁpédgﬁggﬁz?‘? 3} |s®£§9{a{éﬁéﬂg¥’&§°@§g%@%@%ﬂd t he
resul ting st absdlationcfaodikalinteya) sidfanmtd lavingl attmperatord oftat least §0E€ imat need to

be maintained aboxg i provide a molar ratio of alkali metal sulfamate to sodium hypobromite of
from about 0.5 to about 7; and,

d.  Recovering a stabilized aqueous sodium hypobromite solution.

As discussed above, when the level of available halogen as chlorine is below
about 5 percent, the amount of water in which the stabilizer, the alkali metal
sulfamate, is dissolved into must be decrgased. At this point, the amount of water is '
low that the alkali metal sulfamate is only sparingly soluble in the water. Therefore,
the temperature of the aqueous alkali metal sulfamate solution must be maintained at
at least 50 °C to keep the alkali metal sulfamate in solution until the solution is added
to the aqueous solution of unstablized sodium hypobromite. Once mixed with the
sodium hypobromite solution, solubility is no longer a concern, and the resulting
stabilized sodium hypobromite solution solution does not need to be maintained at at
least 50 °C.

This invention provides several differences over the known art, including a
specific order of addition in the manufacturing process whereby a stabilized sodium
hypobromite solution is produced having improved stability, non-volatility, reduced
bromate and AOX formation, improved microbiofouling control, and an increased free
halogen residual in cooling water.

The stability of the stabilized hypobromite solution, as compared to the



50[err]C. The al-kali or alkaline earth nmetal hypochlorite is selected from
the group consisting of sodium hypochlorite, potassium hypochlorite,

magnesi um hypochlorite, |ithium hypochlorite, and cal cium hypochlorite. The
amount of hypochlorite used will vary dependi ng upon which of the
hypochlorite is used. The brom de ion source is selected fromthe group
consi sting of ¥ G#Broni de, potassi um bronide, |ithium br onPEBUSY 8412
hydr obrom c-acid. As shown in the exanples, in a nore preferred enbodi nent,
the alkali or alkaline earth nmetal hypochl qui te is sodium hypochlorite, the
brom de ion source is sodium brom de, and thg al kali or alkaline earth
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The chemical mechanism for halogen biocide stabilization by sulfamic acid
has been proposed as follows:
HO-X + H-NH-SO,H « X-NH-SO;H + H0
Ktree) _ (Kstapte)
When X is Cl, the reaction applies to stabilized chlorine.
When X is Br, the reaction applies to stabilized bromine.

The degree of stabilization is expressed as the concentration ratio of X, to
Xsee- The Xj. concentration of the stabilized bromine was detectable while the
concentration of the X, for stabilized chlorine was not. It was concluded that the
chlorine in the stabilized chlorine was completely stabilized while the bromine in the
stabilized bromine exists in both free and stabilized forms. This contributes in part to
the increased antimicrobial properties of stabilized NaOBr over stabilized NaOCl
which will be described in more detail in Example 3.

Absorbable organic halogen (AOX) is an important environmental parameter

particuiarly in Europe. AOX can form from the reaction of some halogenated



stabilized sodi um hypobromite solution is prepared by the steps of: a.

M xi ng an aqueous sol ution of sodium hypochlorite [wherein the percent of
avai |l abl e hal ogen (as chlorine) is |less than about 5] w th sodi um broni de;
b. Al'l owi ng the sodi um brom de and t he sodi um hypochlorite to react to
forma 0.5 to t by wei ght aqueous sol ution of unstabig].l j um
hypobrom t e; C\?OB‘%&%SI ng to the unstabilized sol ution of sogpﬁé&gﬁﬁw
hypobrom te an aqueous solution of an alkali netal sulfamate having a
tenperature of at least 50 [err]Cin a quantity to provide a nolar ratio of
al kali metal sulfamate to sodi um hypobromte of from about 0.5 to about 7,
and, d. RE COVe@fripdtinds @t:&éfghmé@dr&qﬁﬁmatmfwmbwamm 1 Na®Bry§ hon. As
di scussed above, when the | evel of avail able hal ogen as chlorine is bel ow
about 5 per cent ,surprisingrhsoefit described ipthis disoloswrts t he stabilizer, the al kali
met al sul fanmat e, So e decreased. At this poi nt, the
anount of water ?@W%ééﬁgwag?%&mgt al sulfamate is only sparingly
soluble in the water H(Tbereﬁ-orek.nhe kenpergrure of tipgoaqueous al kal i
metal sul famate sol ution nust be naintained at at, | east 50 [err] C to keep

the al kali met al WhereRaHeern be the segapicicontamnants ip groling water arbipmagramolecuisst he
aqueous sol uti on,gfyt ﬁﬁﬁé&kﬂr&?&ﬁgﬂ' um hypobromte. Once mXxed with the
sodi um hypobronmite so ut I on, sol Ilty is no longer a concern, and the
resul ting stabi [RatihaagBcdi um hypobrom te sol ution solution does not need to,

be maintained at at | [err]C Thi s n pro es sever al
di fferences over the iﬁg{/\ﬁa& dl'T’ig gr}‘g}ggé ﬁl chrﬁxi of addition in
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i s produced having inproved stability, non-volatility, reduced bromate and

AOX formation, i §dORar Sree broming GIPBH inused, AG¥ wilkbe fommed insasgondpngs
hal ogen resi dualwihpu' 1gp&km &E!e?@%ﬁﬁﬁﬂp';\l ity of the stabilized
e

hypobrom te sol ution, as conpar
When stabilized chlorine is used as a biocide, only Pathway B is possible

because no free HOCI exists in the system. Thus, no or very low AOX will be formed
using this product (see Table II below).

When stabilized bromine is used, both free and stabilized bromine forms
coexist. Thus, both pathways A and B proceed and result in some AOX formation.
However, the amount of AOX will be far less than when all of the halogen is in the
form of free bromine (HOBTr).

Apparently, the proposed mechanism explains the cause of AOX reduction due
to the use of stabilized halogen biocides. The mechanism should be applicable to
other stabilized halogen products when ammonia, amines or amides are used as the
stabilizing agents.

In order to reduce the AOX formation by a stabilized halogen biocide, it is
preferable to select strong stabilizing agents so that Pathway B can dominate.
However, the drawback to a very stable halogenated compound is the generally
decreased oxidation power that, in most cases, is directly correlated to its biocidal
efficacy. Testing has shown that stabilized bromine is much more effective as a
biocide than stabilized chlorine. Therefore, to reduce the AOX formation and at the

same time maintain the compound’s biocidal efficacy requires a well balanced
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PCT/ US97/ 05412 -14 - stabilized brom ne disclosed in the Goodenough et al.
ref erence and unstabilized sodi um hypobromte in Table |, is greatly

i ncreased. Based on the surprising increased stability of the stabilized
sodi um hypobromte of this invention, it is apparent that the order of
addition in M Gﬁ%ess of manufacture is critical. TABLE I B
STABI LI TY OVER PRI OR ART % LOSS OF AVAI LABLE HALOGEN After 4 After 14

After 21 After 34 After 84 days days_15days days days
Goodenough et al . 23 ' - - -
St'abi i zed Sod 0 0 1 1
Unst abi | i zed Sg%%ﬁqb{p@ﬂgg&ﬁﬁ% age“q 74 79 84

93 The cheni cal mc%ﬂmﬁgmh@l@mpﬁs@é&eds@bébm@n&ﬁxmm c
acid has been \Qs H-S% ertrlg

[err] X- NH- ? emven’nonap are Htépqainéo e;;(?tetpg mventlon uni¢ss otherwise
(X[err]) Wen Qiaﬂe&xﬂ:ecl&ma{p?&fdeh%&eﬁ{?m ies to stabilized chlorine. Wen X
is Br, the reaction applies (o stabilized brom ne. The degree of
stabilization is expressed as the concentration ratio of X err] to Xerr].
The X[ err] congentration of the stabilized brom ne was detectable while the
concentration [err] for stabl l'i zed chI orine was not It was
concl uded t hat Piepgrs pt P ' ; i ely

stabilized V\/n'lebo th sta : ‘ ts in_ borh free

and Istiaf)i | i zel:l f or 0“%%?’3 I Qﬂ%&?f‘“‘?‘j@r@ﬁ‘é‘?@&%‘&iﬁ°fmﬁ

anti ni crobi al wmaﬁﬂeaﬁdsddxﬁmmﬁ;ua%m%f NdOHY thérZfishildithhi ch
PR

wi |l be described in nore detail in Exanple sorbabl e organi c hal ogen
(AOX) is an i njssiumsilfamats as desesibedibelowy §ﬂfﬁwerhypochlcnte solution was diluted in

demand-free water. This diluted solution was titrated by the DPD-FAS method. The

“»lf.v

-available chlorine level present in the original solution was determined to be 15
percent. 42.4 grams of the neat NaOCl solution were added to.20.5 grams of a 45
percent NaBr solution. This reaction forms unstabilized NaOBr. The stabilization

| solution was formulated with 9.6 grams of sulfamic acid, 14 grams of water, and 13.2
grams of 50 percent sodium hydroxide. The stabilization solution is then added with
stirring to the NaOBr. The order of addition is critical in this process which differs
from the Goodenough et al. reference. For instance, if the stabilizer was added to
NaOCl prior to NaBr introduction, the bromide would not be oxidized to hypobromite.
Also, bromine solutions prepared in the manner referenced above gave more stable
oxidizing species than the prior art. Bromine solutions stabilized as explained in the
Goodenough et al. reference exhibited a decrease in halogen activity from an initial
concentration of 1 percent to 0.77 percent after fourteen days representing an active
ingredient loss of 23 percent. The stabilization procedure described here improved on
th: _ -rior art as the decline of active ingredient was only 1 percent after 84 days (see
-Table I above). An unstabilized NaOBr solution prepared in an similar process by
replacing sulfamic acid with distilled water lost 94 percent available halogen during

the same period.




particularly in Europe. AOX can formfromthe reaction of sone hal ogenated
WD 97/ 34827 PCT/ US97/ 05412
- 15 - conmpounds with organics. The m nim zation of AOX by stabili zing
NaOBr is a surprising benefit described in this disclosure. Pathway A: AOX
formati on by HOX HO X + R-H [err] X-R + H[%'r 87)6?556 R-H
can be the o‘P’B&Fﬁ’@z'ﬁont am nants in cooling water or biomacronolecules and
X-Ris neasured as AOX. Pathway B: X-NH-SOerr]H + RH [err]
RNHSOerr]H + HX This stabilized hal ggen reaction generates no X-R
(AOX) as in Pathway A. Wen free chlorine ?HOCI) or free bromne (HOBr) is

-used, AOX w Il be f d_in accor C ' J ni ri by
Pat hway A. \Wen sta lisgée%%cgg)ﬁs%gﬂfognp\#gé% ‘gﬁs}&algglﬁg%i aﬁoﬁ%ﬁ?@o}%ﬁﬁs\/\ay Bis
possi bl e becauseéntiifingheldgedOUiméX firtAOX dischgsah etolingfwiter systems hawy y | ow

ACX wi || be formed using this_ product (see Table || below). Wen stabilized
bronmine is useﬂlfquﬁil’ﬁeq‘?s@@hﬁﬁ@!l@&lﬁﬁqf%ﬂnS?‘BFH%eTPéF%atEM&WHES, bot h

Bount of  Aox it RATEL L wisEblised ke Ripdbiind QUeiph i houh¥RNETs | 17
of free bronm nmixXed®acterial&pltare eypidaily found ipcanling ecdteneas euitieateccindl-bratls ¢ he
mechani sm shouPtPHEhIRARIERlT rrgreli spofiadi. JE% <ell ol s PSR TR
amoni a, am negynifietid Fbélif waite? (YEESn edlciuhe 56 pifth intagrdsfiGn, 300 ppfm “MM or der to
reduce the AOX formation by a stabilized hal ogen biocide, 1t is
alkalinity, pH 8.0 -8.2) twice to remove the remaining organic medium. Cells were
then resuspended into an equal volume of cooling water. A capped dark bottle served
as the reactor. Synthetic cooling water was added to the bottle followed by the
washed bacterial stock yielding approximately 107 cells/ml. Stabilized NaOBr or
unstabilized NaOBr was dosed into this bacterial suspension at a final concentration of
1, 2, 3, or 4 ppm total halogen (as chlorine). Headspace in the bottle was minimized
to avoid the evaporative loss of halogenated organics and the solution stirred for 24
hours to simulate a typical cooling system. Immediately before AOX analysis, the
.sample was acidified to pH 2.0 with concentrated nitric acid. A Mitsubishi TOX-10
Analyzer was used according to US EPA Method 9020 to measure the AOX
concentration in the samples. Ultrapure water was used for the preparation 6f all
reagents and standard solutions to prevent any contamination. The amounts of AOX
formed in each such treatment is shown in Table Il below. Cooling water with
stabilized NaOBr formed less AOX than treatments using unstabilized NaOBr at
equivalent halogen concentrations. Linear regressions were performed on both sets of
data to obtain linear-fit equations shown below for both stabilized and unstabilized
NaOBr:
Stabilized NaOBr: AOX (ppb) = 23.3 X Dose (ppm)
Unstabilized NaOBr: AOX (ppb) = 53.9 X Dose (ppm)
Testing also showed that stabilization of NaOCl reduced AOX generation in
- cooling water dosed with two ppm total residual (see Table II).



preferable to select strong stabilizing agents so that Pathway B can

dom nate. However, the drawback to a very stable hal ogenated conpound is
t he generally decreased oxidation power that, in nost cases, is directly
correlated to its biocidal efficacy. Testing has shown that stabilized
brom ne is much nore effective as a biocide than stabilized chlorine.
Theref ore, ™WOPTMEZE the AOX formation and at the sane ti mPGRAISIH/AMR t he
conmpound' s biocidal efficacy requires a well bal anced WO 97/ 34827

PCT/ US97/ 05412 -16- selection of the stabh§|2|ng agent. - The fol |l ow ng
exanples are presented to describe preferred enbodiments and utilities of
the invention and are not neant to limt the invention unless otherw se

stated in the clains appended hereto. Exanple 1: Preparation of Stabilized

Sodi um Hypobrprmrre=mrttr—a—CritTcar o UCT TABLERC 1 O 11 oraer to
denonstrate tphe constancy of stabilized NaOBr, solutions of sodium
hypochl orite jand sodi um brom de were m xed form ng NaOBr then stabilized
wi th sodi um gul famat e ammnwammsrmnﬂmhlmmmml ut I on wa
di luted in deeesae ==

DPD- FAS ret hdd. The avai |l abl e chl or?‘ﬁé‘ RE pxed frow Specified Hajogen 8?"’%“ nal

solution was [determdseed tq be 15 percégnt. 42.4 grpns of the rjeat NaOC
sol ution werg g ﬂ%&uﬂ g.,g $ gw@upf 145pRepaeat  NaBsubifiledt | qN- uAllibhized

reacti on forns unst stabilizat]on sol uti on was
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Example 3:

s ntil ial Activity of Stabflized Sodium Hypol .
Freshly prepared solutions of stabilized and unstabilized sodium hypobromite
were diluted then added to cooling water in order to achieve a one ppm free halogen
residual (as chlorine). Sodium hypochlorite was stabilized in the same fashion as
described for NaOBr in Example One with the exception that NaBr was directly
replaced with distilled water. Stabilized and unstabilized sodium hypochlorite were
diluted then added to cooling water at a final concentration of one ppm frece halogen
residual (as chiorine). The volumes of all solutions needed to achieve a one ppm free
halogen residual (as chiorine) was recorded. Following 6 and 21 days of dark storage,
identical dilutions of stabilized and unstabilized sodium hypohalite solutions were
prepared and the volume originally required for a one ppm free halogen residual (as
chlorine) was added to cooling water containing approximately 10° Pseudomonas
aeruginosa cells / mL. Aliquots were extracted at 10 and 30 minutes into cooling
water dilution blanks containing a halogen neutralizer (0.05 percent Na,S,0,) then
enumerated on tryptone glucose extract agar. Stabilized NaOBr retained its
antibacterial activity after storage while the unstabilized form lost its efficacy against

Pseudomonas aeruginosa (see Table III below). The results were even more dramatic

S



Al so, brom ne solutions prepared in the manner referenced above gave nore
stabl e oxidi zing species than the prior art. Brom ne solutions stabilized
as explained in the Goodenough et al. reference exhibited a decrease in

hal ogen activity froman initial concentration of 1 percent to 0.77 percent
after fourteen ‘gﬁ re,oresenti ng an active ingredient |oss of ZSFPercent.
The stabilizati %ﬁ edure described here inproved on the, prHAGUSIFEsIS

t he. decline of active ingredient was only 1 percent after 84 days (see

Tabl e | above). An unstabilized NaOBr solutigg. prepared in an simlar
process by replacing sulfamc acid with distilled water |ost 94 percent

avai | abl e hal ogen i . [ : ' BN
A abi 11 zed ol agen t iBfled peicaHRTREL Bje ol fcey auet3 Thd SiborborliOHalTEH of
PCT/ US97/ 05412 - 1the uastable bypabrpariteriorcintd the som-biocidalspeciesbromideand bedmistes al |

organi ¢ nol ecul es_cont.ai,ni.n alogen, Limts for AOX _discharge from cooling
wat er systens hav§"’BT‘?‘E%¥W%@ﬁmgglzﬁ%m tbﬁliﬁl“q Ranngr3s MR wascompartivelys. To

simul ate AOX for nakffedfivéliideP the Shadliibrs28fedTdbIE ) abi | i zed sodi um
hypobrom te actiQn_in oling water.  a mxed bacterial culture typicall
found in coolingfwater was cultivated i n L-EaBbEM overni ght an
harvested by cenfrifugation. The cell pellet was washed with synthetic
cooling water ( pp | cj 50 m nagnesi u 110 "M al kalinity,
pH 8.0 -8.2) twife t 0% TEAGTERARAGTEYAIEN G SARTLIZED & KIVATARILICED FYPQBALTTR .
resuspended i ntof an equal vol unme of SOLUTIONS ARZERSG & 2ADAYPped dark bottle
served as the rgactor. Synthetic cooling water was added to the bottle
foll onwed by the shed bacterial stock yielding approximately 10[err]

cel I's/m . Stabilf§ ze8MAEH olgmes ipitally prapiréddpachiavempe Rpsfros balagen pdded throughout test
bacteri al suspergion
hal ogen (as chl grine). Heads

stabilized
NaOBr
unstabilized 99.8 99.7
NaOBr .
stabilized V] 0
NaOCl
unstabilized 100 100
NaOQ(Cl

Hypohalite ions are known to disproportionate into halate and halide under

alkaline conditions. Halate ions are undesirable degradants being suspect carcinogens



to avoid the evaporative |loss of hal ogenated organics and the solution
stirred for 24 hours to sinulate a typical cooling system I|mrediately
before AOX analysis, the sanple was acidified to pH 2.0 with concentrated
nitric acid. A Mtsubishi TOX-10 Anal yzer was used according to US EPA
Met hod 9020 to neasure the AOX concentration in the sanples. U trapure
wat er was us&P 16¥8%he preparation of all reagents and st an®&X@s8u®s412 ons
to prevent any contam nation. The amounts of AOX formed in each such
treatment is shown in Table Il below Coaljgng water with stabilized NaOBr
formed | ess AOX than treatnents using unstabilized NaOBr at equival ent

hal | reSS|o erf ned on hoth sets of

dat 2 to oot a n e Hiercobdilion il S Rbtisiat RatieRS oreespst NBeNhn

Unet abi || 204 lcﬁ"Oﬂb‘dlsi 53. SZ})Ing( Do ihr’r‘zjﬁw'al'éd?H)Sn al so&ghowed t hat
bi | d X = se esting
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SOLUTI ONS ppb mcbmml&umwepwmchs Idledcugezhn&wnpla @QSE‘I?W@%&%M
St S i ze Stabil]ize hstabi |l i zed as
hi orine) et inthE bR gt o temperie duripg course o the stuBieht

29 nﬁaﬁth%ld samples of stabiliz&Pand unstabilized Naéﬁé both maintained at];H 14, a
118 68

condition suitable for bromate formation, were assayed for bromate. A Dionex 4000
series gradient ion chromatography system equipped with AG9-SC/AS9-SC columns
and a conductivity detector was used to measure the bromate concentration in the
samples. The chromatograph was operated according to a method currently under
investigation by the EPA for the analysis of bromate in ozonated drinking water.
Purified water from an Interlake Water Systems deionization system was used for the

preparation of all reagents and standard solutions to prevent contamination.

TABLE IV

BROMATE FORMATION IN STABILIZED & UNSTABILIZED NaOBr SOLUTIONS

STORED FOR EIGHT MONTHS
R
STABILIZED NaOBr UNSTABILIZED NaOBr
PERCENT BROMATE 0.004 2.700

As noted above, the pH of these solutions was high which favors bromate
formation. However, NaOCl, which contains significant amounts of NaOH, is
typically diluted with system water prior to the introduction of the bromide species in
most industrial applications. The pH of this diluted system would be lower than the
neat NaOCl/ NaBr formulation described above theoretically minimizing bromate
formation. The available chlorine in a NaOC! sample diluted (1:100) with distilled
water was titrated by the DPD-FAS method. A solution of 45 percent sodium bromide
was added to the dilute NaOCl at a molar ratio of 1 Cl, : 1 Br" forming NaOBr. This
reaction proceeded for thirty minutes. Then, appropriate volumes of this dilute NaOBr



4 91 197 Exanple 3: Antibacterial Activity of
Stabilized Sodi um Hypobromite Freshly prepared solutions of stabilized and
unstabi |l i zed sodi um hypobronite were diluted then added to cooling water in
order to achieve a one ppmfree hal ogen residual (as chlorine). Sodi um
hypochlorite was stabilized in the sane fashion as descri bed f, I n
Exanpl e One WiWR2T#82%xception that NaBr was directly repl acjﬁwsgﬁ@h
distilled water. Stabilized and unstabilized sodi um hypochlorite were
diluted then added to cooling water at a fijgyal concentration of one ppm
free hal ogen residual (as chlorine). The volunes of all solutions needed to

hi . : e
Fol | owi ng 6 and D pigR SrendadBRF cofbie Wiler (PR kil R aVfiBbleFalipef fevets of )
and unst abi | i zed, 203liandvippr(asCL) & determined by theDRD-{FASethal. Sithitatly, a/0l une

i ginal | ired f . nm f h I dual . chlori
added 1o Yool | nghinien et ushil s axprtsRia (i) SenmedencBRid e, DiiHosa
cells / nmL. Ali %xmaemﬁg@gg% éﬁoﬁﬁgw%fég(p?-f’&ﬁ%ﬁ%ig@%ot&ﬁvﬁitlﬂﬂ@ﬁil%wat er

di I uti on bl anks contal ni ng en neutrali zer (0 ercen
Na[ err] S er r] g devéls oft1353,end AppmiasClorestdeiepnined by the QFIRF 4Stmethed. Bpgmate

Stabilized NaOBr_retai.ned its,antibacterial Lvitypmafter sto Ll e

t he unstabili zeﬂ@?lﬁf}f%ﬁ"mﬁg} #‘F 8&89“&3%“."??%@3 YEU ﬁ#&aﬁ%gagaﬁétag&ﬁt\ggé’i (see
Tabl e I'l'l bel owany bif thelco6ling Wattyampley Gosci®with eithérstbilized or Mifstabilized Silute '
PCT/ US97/ 05412 - 19- as the storage perigd increased, This effect was

likely due to t%%%mﬂﬁeﬁﬁ%ﬁeﬂﬁﬂ“ﬂﬁ mefﬁﬁ\‘m%%%ﬁ‘%m%f?bn i nto
the non-Dbi oci dalySR&E b oAt Hibi i%ﬁfygobnﬁﬂ{té’f‘drﬁxh{lﬂbﬂ/ as »P?ﬂ! the

stabilized in the same nmanner as r was conparatively 1 neffective under
the conditions tindustikl (lsideloxidation) of NaRBivéth dilute NaOCl.

A major drawback to some commercial stabilized chlorine products for

industrial water treatment is the low percentage of free chlorine residual delivered to
the water system. This effect is due to the strength of the chemical bond between the
stabilizer, usually a nitrogenous compound, and chlorine. Chloramines, ie. combined
chlorine, are weaker microbicides than free chlorine. However, bromamines are
considered to be nearly as effective against microorganisms as free bromine. Thus, it
is essential to have a high percentage of the total available halogen in the free form
when chlorine products are employed. Conversely, this phenomenon is not as crucial
when employing stabilized NaOBr. A commercial heating, ventilation and air
conditioning (“HVAC”) cooling system was sequentially treated with stabilized
Naf?f.?l, a bromochioroalkylhydantoin, and finally stabilized NaOBr. There was a low
percentage of free chlorine relative to total available halogen present in the stabilized
NaOCl treated system (see Table V below). A lower percentage of free halogen was
measured when a different stabilization system, an alkylhydantoin, was employed with
bromine and chiorine (see Table V below). However, when stabilized NaOBr was fed
into this system, the percentage of free available halogen relative to the total residual |



ANTI BACTERI AL ACTI VI TI ES OF STABI LI ZED & UNSTABI LI ZED HYPOHALI TE SOLUTI ONS
AFTER 6, & 21 DAYS equival ent volunes initially required to achi eve one ppm
free hal ogen added t hroughout test % BACTERI A KILLED 6 DAYS OF STORAGE

21 DAYS OF STORAGE CONTACT TI ME (M NUTES) “CONTACT TI ME (M NUTES)
10 30 10 30 stabilized 99.9
100 WO 9754823 100 NaOBr unstabilized PCT/US97®5412

99. 7 0.4 6.1 NaOBr stabilized 0

0 0 . 21.0 unstghilized 100

100 100 100 Na Exanpl e 4: Depression of Bronmate

Formation Fol | gwi n t ali.l | zati 0 odj u brom te Hypohalite ions are
known to di sprﬂ’ﬁﬁ?'??‘g‘_ﬂﬁ‘f W{eﬁseagﬁeﬁﬁéaﬁ%?#%‘wgé’emﬂmmw& tions.
Hal ate ions ar qabiSENAOBY B relfREEARBbla » 8L AL BRlbgGALGINR B0AThe VO

97/ 34827 ) . PCT/US97/ 05412
-20- and are ufriyalens amonstofstabilizedNaQlver nnent al regul ati on. The reacti on
of NaBr with NaOCl can yield significant amounts of bromate in el evated pH

environments. Surprisingly, the stabilization of NaOBr with sodi um

sul famate greaflTy mMnim Zed pronate T oTAREYN (Sce Tapre TV Deron™

Stabilized andju okl sadi ] | ut] prepay ed as
BB e, SO XBRHERN bf oL St o

descri bed in Eka e
IN RECIRCULATING COOLING WATER SYSTEM

D

Days in System Averagefree Oxidant as a Percent of Biocide Employed
Total Residual Oxidant
36 13 stabilized NaOC]
45 9 halogenated hydantoins
3 53 stabilized NaOBr
Example Six:

Stabilization of Sodinm Hypobromite Reduces Volatility

If a biocide is highly volatile, its performance may be adversely affected. For
example, the biocide may flash off in the highly aerated conditions of a cdoling tower
or an air washer. This would lower the biocide concentration in the cooling water
wasting the product. Halogen volatility also leads to vapor-phase corrosion of
susceptible equipment surfaces. In addition, halogen volatility may cause worker
discomfort due to the “swimming pool” aroma. Thus, the need for an efficacious
oxidizing biocide with low volatility is evident.

Concentrated solutions of either NaOCl, NaOBr, or stabilized NaOBr were
added to a beaker. Halogen vapors were detected from the NaOCl and NaOBr
solutions. No odors were noticed from the stabilized NaOBr. This is an improvement
over existing products by minimizing halogen odors in product storage areas.

Bleach, NaOCl, is not commonly used in air washer systems due to some of



were stored in the dark at roomtenperature during the course of the study.
Ei ght nonth ol d sanples of stabilized and unstabilized NaOBr, both

mai ntai ned at pH 14, a condition suitable for bromate fornation, were
assayed for bromate. A Dionex 4000 series gradient ion chronatography
system equi pped_wi th A®- SC/ AS9- SC col utms and a conducti vi r was
used to neas %@7’?ffé7bronate concentration in the sanples. ‘Iﬁr%mgﬁbﬁ%?ograph
was operated according to a nethod currently under investigation by the EPA
for the analysis of bromate in ozonated dpgynking water. Purified water from
an Interlake Water Systens deioni zation systemwas used for the preparation
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to-the introduction of the brom de species in nost industrial applications.
The pH of t hi scaficeniratignssipdvetextiigmmill alyavashere in erferio iyestigatetitsgplstility. NaBr

formul ati on de i : i i ATh 2] . A .j.on. The
avai |l abl e chl o?ﬁéﬁetﬂggir%&?&%)ﬁnﬁugﬁ @‘lltll‘%t'g}ép (‘qk %@?“%&?ﬂ%hﬁg%% 4%&0'! wat er
was titrated byutfihel Rt hildgendetettinh tubesvds mkédan instanthheqaslyadendct Aaldgeninbr om de
was added to the dilute Na at .a. nol rati o of Alerr]: r formng '
B Thi s r otheaiforTih Rotes Geesdon S Yes S0pr Hibgics bet dhe Togpsobh it ¢

vol umes of t hi gaRle/sube ToR Brposure Vit foriShihie as established by OSHA. In addition,
PCT/ US97/ 05412 - 21 - solution were added to cool |0r;3 wat er &lpH 8.3) giving

(<1

total avai | abl kalogendgdges wetaglaced throughout textile mills in to detect halogen vapors
over extended periods of time. Neither monitoring system detected any halogen

present in the air following the elevated stabilized NaOBr dose. No halogen odors
were encountered in either the air washer unit or the return air. The microbial
population was enumerated before and after stabilized NaOBr addition. The microbial
population following dosing was reduced by greater than one order of magnitude.
This example demonstrates the utility of stabilized sodium hypobromite in controlling
the bacterial population while adding no halogen odor to the system area.

Changes can be made in the composition, operation and arrangement of the
method of the present invention described herein without departing from the concept

and scope of the invention as defined in the following claims:




1, 2, 3, and 4 ppm(as C[err]) as determned-by the DPD FAS net hod.
Simlarly, a dilution of stabilized sodi um hypobrom te (1:100) was nmade in

distilled water. Dilute stabilized Na iHag Bebp Refil@ec 00l | Ng wat er (pH
8.3) giving total avail able halogen |le i, and 4 ppm (as
Cl[err]) as determ ned by the DPD FAS anal ysis then

proceeded in tWON@#M2r described above. Bronmate was not det cREEUSTSHRy
t he scool i ng wat er sanples dosed with either stabilized or unstabilized
dilute NaOBr at typical use concentrations sfdhese results signify the

safety factor for bromate built into the sta ilized sodium hypobrom te
forrrul ation as well as the industrial in xi dation of NaBr with dilute
NaOCl . Exanple 5: Use of Stabilized NaOB ased t he Percent age of Free

Residual In a Recircujating ol.i ng Wat.er em Conpared.to

St abi | i zed Hal ogen Cg*mourfd’é‘ Wﬁ%%‘k‘ iged agy @ﬁﬁh’é’l’é‘%ﬁ‘q negatli | i zed
chlorine products for industri aI vvater treatment is the | ow percentage of
free chlori ne remetglizipobromity selation eommrisingat er system This effect |s due to

tmhter ztgeﬁggtshcgl;rpz)nﬁd(:hgnmd%k‘fn%r%%«ggg’%or arﬁnﬁaﬁ&ﬁ?} hka%#b“@%l orine, are

weaker ni crobi cikgoctilorite hivieg froil abbut Teperddarue\absut 70 percand aveilable kalsgenas der ed
to be nearly as effective ag{al nst m croorgani snms as free bromne. Thus, it

is essential to Furneyith ajjatsis0 brgwidsrion $UNGEHt ol avai | abl e hal ogen in
the free formwhen chj ori QﬂlWlM@rbﬁmﬁfl@mﬁWﬂﬁthgﬂﬂm‘?ﬁxsﬁkﬁimeteghﬁmetal

phenonenon is not as crucial when enploying stabilized ) commer ci al
heating, venti| apochlenitd taieact do frutints Bk il Kereniiy” \yelglndqnmyssqhmemoﬁvas

sequentially treated.w fabid i.zed br ogqochl or oal kyl hydant oi n,
and finally st abWFﬁ%‘&%@“%%%ﬁ%%W%&ﬁ ntage of free chlorine
relative to total avail ablaidig 16 i unsfabiieed solutioh BLalkAlRG dlkalidd el iretal I €at ed
system (see Tabl e V below). A | ower percent age of free hal ogen was rreasured

when a di f f er ent®ebiomite ah aqusgus;solytion of ap alial eial sfamagtein W@WB‘? evm th
brom ne and chl of Hﬁ:ﬁaﬁ@%fligm fetdl Qﬁfaﬂiﬂ)eto?ﬁ?ﬁ%ﬁi&alﬂ(@%&%}ﬁéﬁah .
e e ha gen re atlve

was fed into this system percentage o ree avall a
to the total resﬁ@iuaboutOStoabouU and,

d. Recovering a stabilized aqueous alkali or alkaline earth metal

-

hypobromite solution.
2. .The method according to Claim 1, wherein the alkali or alkaline earth

metal hypochlorite is selected from the group consisting of sodium hypochlorite,
potassium hypochlorite, lithium hypochlorite, magnesium hypochlorite, and calcium

hypochlorite.
3. Themethod according to Claim 1, wherein the bromide ion source is

selected from the group consisting of sodium bromide, potassium bromide, lithium
bromide, and hydrobromic acid.

4.  The method according to Claim 1, wherein the alkali or alkaline earth

metal hypochlorite is sodium hypochlorite, the bromide ion source is sodium bromide,
and the alkali or alkaline earth metal hypobromite is sodium hypobromite.

5. Themethod according to Claim 1, wherein the aqueous solution of

| ) A 0 [ THIS SHEET HAS BEEN
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PCT/ US97/ 05412 -22 - measured qui clﬂu Sheé’t(H’ Redlzee Table V below). These
phenonena inply that |ess stabili ze ired to obtain a free
avai | abl e hal ogen residual than the unt of stabilized Nam
TABLE V FREE RESI DUAL OXI DANT AS A L RESI DUA&@%

RECI RCULATI N&Y@ZA4RG WATER SYSTEM Days in System Aver age ?nt as
a Percent of Biocide Enployed Total Residual Oxidant 36

stabilized NaOC 45 9 a5, hal ogenat ed
hydant oi ns 33 stabilized NaOBr

Exanpl e Si x: Stab Sadi u rQ R

bi ocide is hi gh gé‘f]% #@%%F%%@gp%ﬁggg%gggé/ﬁ%f%‘#tfle%%gé t For
exanpl e, the bi3pef@nt®ywéighdlkcaliidr alkalihedrth n@bdl ygobierhitel condi tions of a
cooling tower or an air washer. This would | ower the biocide concentration

in the cooling wat eryels thRthodl apichig to CIaIM PORLreiR R b sfign beads to

vapor - phase corrosion of susceptlb e equi pnent’ surfaces. dition,

hal-ogen vol ati | | e t hg " n or"
aroma. Thus, t e ﬁgé‘a&’f%? a?f éafg‘ons’u%agﬁ&ﬁ?}’ Hﬁc%“qmésgté aﬂ'{yﬂt Sabsi
volatility is ethtbﬁﬂﬁgmmtoedHﬁMdﬂmhmmhyﬂbE&iﬁite NaOCl , NaOBr, or
stabilized NaOBr were added to a beaker. Hal ogen vapors were detected from

the NaOCO and NaCBr Zol Utrine Bfetholl@cdIn g to/Elafn £ GiNcpéA tHe'dqiddus Solktigbef | zed
NaOBr. This is an inprovement over existing products by mnimzing hal ogen

odors in produ &Bﬁ%&gﬁdﬁﬁ@obﬁhﬁ&%nw{}l@% abbiit 1'3'abSQ YUkt ByAWeibit 21 7

washer systens due to sone
sodium hypobromite.

8.  Themethod according to Claim 4, wherein the aqueous solution of

unstabilized sodium hypobromite contains from about 4 to about 15 percent by weight
sodium hypobromite.

9. Themethod according to Claim 7, wherein the pH of the stabilized
aqueous sodium hypobromite solution is from about 8 to about 14,

10. The method according to Claim 8, wherein the pH of the stabilized
aqueous sodium hypobromite Solution is from about 11 to about 14.

11. The method according to Claim 9, wherein the molar ratio of the alkali
metal sulfamate to the sodium hypobromite is from about 0.5 to about 4.

12. The method according to Claim 10, wherein the molar ratio of the
alkali metal sulfamate to the sodium hypobromite is from about 0.5 to about 2.

13.- A stabijlized aqueous solution of an alkali or alkaline earth metal

hypobromite which is prepared by the steps of:
a Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from about 5 percent to about 70 percent available halogen as

chlorine with a water scluble bromide ion source;

[ e i SHEETHRS BEEN
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-23 - the reasons |isted above. Once an t(raffEEt,:tn!Rg‘gacgacrobi al control dose is

achi eved, the hal ogen odor nay be  gbis t hat workers woul d not be
able to confortably operate in the t \

The | ow vol atilization of
stabilized Na(Br overcones this dra i ed sodi um hypobrom te was

added at el ev QYR concentrations to two textile nill air PGEUSEVES4I2
order to investigate its volatility. Then the air was nonitored throughout
the mll. A Sensidyne air nonitoring devicegutfitted with hal ogen
detection tubes was used to instantaneously detect halogen in the air. The
| ower detection |imt was Il ch.i.s ‘bel ow t.he reshold Limt

Val ue- Short Term Exptg'sur e@g‘rvnp'%q?% Tofiyds jon, souree %‘QF&?&EIM& ne-pqufh meigl
addi tion, hal ogdypbuhligits torescttopforiti ad.5 30 paRentbytweidtt bguedius Sctutidh & der to
det ect hal ogen vagé)tr,iﬁ over .extended periods of tinme. Neither nonitoring

syst em det ect ed "8 op alkaling earth metal hypabremaite; owi ng t he el evat ed
stabilized NaOBr dosg. Noalgh RQLIHNG r L el ther the air
washer unit or the return afair:gq%rl}g m cb?%?é?‘“g@gu a |§E%&%¢?ﬁ@&%’f€d
before and af t ehypetubrits ancatubcBolutionlof ancikalifhetalsulfurnite il a guatitybloipdovide
foll ow ng dosin s reduced. by qreater than one order of magnitude. This
exanpl e denonst ?5’?@? rf‘%%ofﬂiﬁhi'%/?gﬁf’ @gﬁﬁq ﬁ%wrﬂﬂ{’@?ﬁwwﬂ plromite is
control ling the fbacibodnt @b tdsbow Blah@n Whi | e addi ng no hal ogen odor to the

system area. Changes can be nade in the conposition, operation and
arrangement of the nfit hodResovering astabiliged aquepusalkalioradialing barth hetaki n wi t hout

departing from hf?ﬁobg&gii@ﬁtlutﬁﬂ.d scope of the invention as defined in the
foll owi ng cl ai ns:

14. Anindustrial water system containing from about 0.05 to about 1000
ppm of the solution of Claim 13. |
1 5. ‘In a method for the laundering of soiled garments in which the soiled

garments are washed in an aqueous media containing a detergent and a bleaching

agent, the improvement comprises using as the bleaching agent the solution of Claim -
13.

1 6. In a method for the manufacture of cellulosic materials in which

cellulosic fibers are bleached with an oxidizing agent, the improvement comprises

using as the oxidizing agent the solution of Claim 13.
17. Inamethod for the control of microbiofouling in a recreational water

system in which an oxidizing agent is added to control microbiofouling, the

improvement comprises uéing as the oxidizing agent the solution of Claim 13.
18. 1namethod for the control of microbiofouling occurring on the

surfaces of equipment in contact with produced oil field waters, the improvement
comprises adding to the produced oil field waters an anti-microbiofouling effective
amount of the solution of Claim 13.
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CLAI M5 1. A nmethod for preparing a st"éb’i,l'_'i'-‘-'zed aqueous al kali or al kaline

earth metal hypobronmite sol ution ®dsPheetdiapBeenBeplacedi ng an aqueous sol ution
1
i |L ving from about 5 percent

of alkali or alkaline earth netal R
to about 70 percent avail able halo ik with a water sol uble

brom de ion 's‘ﬁgrée'E b) Allowing the brom de ion source and the al kali or
al kal i ne eart 7 hypochlorite to react to forma 0.5 to%"ﬂﬁ??’@%‘ﬁ% by
wei ght aqueous solution of unstabilized alkali or alkaline earth netal
hypobrom te; c) Adding to the unstabilizedygol ution of alkali or alkaline
earth netal hypobrom te an aqueous solution of an alkali nmetal sulfamate in
a quantity to provi df nolar ratio of alkali nmetal sulfanmate to al kali or
al kal i ne earth netal ﬁpobmthbd of ¢controllingynsibrbiofnlibg iransdnmedus Aystamowhiyh
Recovering a stabilized aqueous al kali or al kaline earth netal hypobromte
sol.ution. 2.  donsprised 4udihgae thelagiiddys kystebh ah ffcctive)anti-Alicrobidfousihl aliount of
al kaline earth petal hypochlorite is selected fromthe group consisting of
sodi um hypochl otPe glutishefAdam . hypochl orite, 1ithi um hypochlorite,
magnesi um hypochl or iiﬁeand cal ci um hypochl orite. 3. The net hod accordi ng
to claim1, wherein Hx Baibgd of praventing sucrobiofruling orethe surfaces hfeqpiprent
consi sting of sodium brom de, potassiumbrom de, |ithium brom de and

in contact with in an industrial water system which comprises adding to the aqueous

system an anti-microbiologically effective amount of a stabilized sodium hypobromite
solution, said solution having been prepared by the steps of:

a. Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from about 5 percent to about.70 percent available halogen as
chlorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali or alkaline earth metal
hypochlorite to react to-form a 0.5 to 30 percent by weight aqueous solution of
unstabilized alkali or alkaline earth metal hypobromite;

c. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite an aqueous solution of an alkali metal sulfamate in a quantity to provide
a molar ratio of sulfamate to hypobromite of from about 0.5 to about 7; and,

d. Recovering a stabilized aqueous alkali or alkaline earth metal

hypobromite solution.
2 1 + The method according to Claim 20, wherein the industrial water system

is selected from a group consisting of: a cooling water system; a sweetwater system;

a gas scrubber system; and, an air washer system.

* [ L | N * :
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hydrobrom c acid. 4. The net hod according to claim1, whergi® kall

or alkaline earth netal hypochlorite is sodium 25 hypochl&mgfﬁgﬁt@ﬁf '
bromi de ion source is sodiumbronmide and the alkali or alkaline earth netal
hypobrom te is sodi um hypobromte. 5. The met hod accordi ng - to cIa|n11
wherein the aqueous solution of unstabilized al kali or
hypobromte contains fromabout 1 to a t 30 percdry
al kaline earth netal hypobromte. 6. e nmethod apcy
wherei n the aqueous sol ution of unstabilized al kal
hypobrom te contains fromabout 4 to about 15 perceft\b
al kaline earth netal hypobromte. 7. The net hod adqcqr

j e ks

fromabout 1 to about 30 percent by wei ght sodlun1h LoRtT. The

met hod according to claim4, wherein ths Egugous solutlon of “abi | i zed
sodi um-hypobroni te contains from about bout 15 percent by wei ght

sodi um hypobromite; 9. a fbensgtbogl preasing hosehskMiZeaaguebiist he pH

alkali or alkaline earth metal hypobromite solution
comprising: o

.a) Mixing an aqueous solution of alkali or alkaline
earth metal hypochlorite having from about 5
percent to about 70 percent available halogen as
chlorine with a water soluble bromide ion source;

b) Allowing the bromide ion source and the alkali br
alkaline earth metal hypochlorite to react to form
a 0.5 to 70 percent by weight agueous solution of
‘unstabilized alkali or alkaline earth metal
hypobromite; .

c) Adding to the unstabilized solution of alkali or

alkaline earth metal hypobromite an aqueous
 solution of an alkali metal sulfamate in a
quantity to provide a molar ratio of alkali metal
sulfamate to alkali or alkaline earth metal
hypobromite is from about 0.5 to about 7; and

d) Recovering a stabilized aqueous alkali or alkaline

earth metal hypobromite solution.

2. The method according to claim 1, wherein the
alkali or alkaline earth metal hypochlorite is selected
from the group consisting of sodium hypochlorite,
potassium hypochlorite, lithium hypochlorite, magnesium
hypochlorite and calcium hypochlorite. '

| 3. The method according to claim 1, wherein the
bromide ion source is selected from the group consisting
of sodium bromide, potassium bromide, lithium bromide and
hydrobromic acid. |

4. The method according to claim 1, wherein the
alkali or alkaline earth metal hypochlorite is sodium

-
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of the stabilized aqueous sodlun1hypobron1te
about 14. 10. The met hod according to claim
stabilized aqueous sodi um hypobrom‘te sol uti
14. 11. The method according to claim9; whenei
al kali nmetal sulfamate to the sodi um hypobrofi t€ s—fFrem-abatt 0.5 to about
4. 12. The nethod according to claim 10)5 whetgin the nolar ratfo of the

alkali metal sulfamate to the sodium hypobromte is fromapout: 0.5 to about

2. 13. A stabhypserlaguesyseral prbfnagl 1an abliakh 9 @%}E%{.ﬂnngrg%r 1o netal
hypobrom te mhlg |8 giﬁgg y.the steps o Squeous
sol ution of afR@lFRGr ti AE éék?ﬁlﬁﬁtﬁﬁrﬁypEBHPérhVEOhﬁvmngefngnlabout 5
percent to absodiufl hgpobﬂbmavallable hal ogen as chlorlne with a water
sol ubl e brom de |og sou %h omﬁn the ? ngde [ ggrce and the

alkali or alkaline éart Aisels R?pSSﬁP ALPG £ FRALR fo POFREIT0THet o 30
percent by weRgheocugusedutiohupifonnstabnitakeid aikdlalbalal&al&h&abaﬁehearth

metal hypobr opkte) ﬁafﬁéés.lbmtteocbﬁ‘éaliﬁ%t 2o 28dutoh tomrl 2l T of

al kal i ne .earth netal obromte an a
percent by weight alkall or alkallne earth metal

hypobromite.

RLAGEMENT 1SHERT BANCERENT SHEET

wherel n the

|50er a@g * t o about

n the nol ar tifo of the

6. The method according to claim 1, wherein the
- aqueous solution of unstabilized alkali or alkaline earth
metal hypobromite contaihs from about 4 to about 15
percent by weight alkali or alkaline earth metal
hypobromite. _ _

7. The method according to claim 4, wherein the
agqueous solution of unstabilized sodium hypobromite
contains from about 1 to about 30 percent by weight
sodium hypobromite.

8. The method according to claim 4, wherein the
aqueous solution of unstabilized sodium hypobromite
contains from about 4 to about 15 percent by weight
sodium hypobromite. : _

9. The method according to claim 7, wherein the pH
of the stabilized aqueous sodium hypobromite solution is
from about 8 to about 14. o

10. The method according to claim 8, wherein the pH
~of the stabilized aqueous sodium hypobromite solution is
from about 11 to about 14. |

11. The method accordlng to claim 9, wherein the
molar ratio of the alkali metal sulfamate to the sodium
hypobromite is from about 0.5 to about 4.

~ 12. The method according to claim 10,'wherein the

" molar ratio of the alkali metal sulfamate to the sodium
hypobromlte is from about 0.5 to about 2.

13. A stabilized agueous - solutlon of an alkali or

alkaline earth metal hypobromlte whlch is prepared by the
steps of:

LR O O R



solution of an alkali netal sulfamate in a . P a nol ar
ratio of alkali netal sulfamate to alkali o REPLA mMENT'Br LACEMENT SHEET

hypobromite is fromabout 0.5 to about 7; afhd gbficgger' h-Btabilized
aqueous al kali or alkaline earth metal hypobr ¥ n 1 An

i ndustrial water system containing from abopt Q. 5.to about {10 b ppm of -t he
solution of claim13. 15. In a nethod f t he | aundering of spiled garnents
in which the soiled garnents are washed i n ' ntaining a

glet er%_ent and a bLﬂathmggagﬁnhqulbb_asi agm\t%esalnbfcamé%iidag 'alik%‘iiﬁ% the
eachi ng agent the ign.o ai . .16. .In.a nethod for the
manuf act ure of the c%%FEFogﬁgaéaﬁgppnhiofﬁ%ﬁhP@Nl 8FEEPHEFP°PFbérs are

bl eached wi th an oxi #excrgtagentaboulie 70npearemtnavadlpbilechaldiget ass t he
oxidizing agent the eqldbiiol ofichl al Uatdr LoluleviRiial Gl e cant s ol
of n1crob|ofoulln%%|n a recreational water systemin I 'Chan OX|§izrng
agent is added to blﬁ\tlrl@l""lﬁlgcr‘_'—@lﬁ Sremiidey 1omh equnseo vawe rhec erikalseowsi ng
as the oxidizing agenlkald neoldsided nfc 22l AyBokhlokdtd A MERI0G § Gioythe

control of mcrobiofouljng occuring on the surfaces of equipnent in contact
with 27 a 0.5 to 30 pexrcent by weight aqueous solution of

unstabilized alkali or alkaline earth metal
hypobromite; ~ ' '

c) Adding to the unstabilized solution of alkali or
alkaline earth metal hypobromite an agueous
solution of an alkali metal sulfamate in a
‘quantity to provide a molar ratio of alkali metal
sulfamate to alkali or alkaline earth metal
hypobromite is from about 0.5 to about 7; and
d)Recovering a stabilized aqueous alkali or alkaline
earth metal hypobromite solution '
14. .An industrial water system containing from
about 0.5 to about 1000 ppm of the solution of claim 13.
15. In a method for the laundering of soiled
garménts in which the soiled garments are washed in an
aqueous media containing a detergent and a bleaching
agent, the improvement comprising using as the bleaching
agent the solution of claim 13. _ , a

16. In a method for the manufacture of the
cellulosic materials in which cellulosic fibers are
bleached with an oxidizing agent, the improvement
comprises using as the oxidizing agent the solution of
claim 13. | o

17. In a method for the control of microbiofouling
in a recreational water system in which an oxidizing
agent is added to control mic¢robiofouling, the . '
improvement comprises using as the oxidizing agent the
solution of claim 13. |

18. In a method for the control of microbiofouling

occuring on the surfaces of equipment in contact with

iy
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produced oil field waters, the inprovenent cdREP| AEELENH E}F.Lﬁgﬁmmdgg@g
oi | € G- - '

field waters an anti- m crobiofouling eff he. sol ution
of 'claim13. 19. A nethod of centrdlling nicrohiofoubhqg i n én aqueous
syst em whi ch conprises .adding to the aqueous [systleh BELeBR®ci Ve,
anti-m crobiof oul ing ambunt of the solution gf {claim 13. 20.{Ajnmet hod of
preventing mcrobiofouling on the surfages off equi pment in confact with an
i ndustrial water system which conprises-addi&gfto the aqueoys Bystem an

anti - m cr obi gprogivcald pidf ffdetlid/ evaammant tdfe dmgirabidnierad cagiriBdy pobronite
sol ution, sai e} | rHeRar ‘st eps..of: a. M xi ng
an aqueous s&ﬁ??’?igéte&‘ Qﬁgé&ﬁ%g'l?%ll %g'eggir ?ﬁaérrée}tesalarhyaﬁlotclh'l orite having
from about 5 e&rraktc fayldms e EAR grdrvse mmadi el s dgenicers ahlotdaime with
a wat er sol ubls brom de ion source; b. Al'l owi ng the brom de ion source
and the alkali or alkaline earth metal hypochlorjte to react to forma 0.5
to 30 percent by vl ght® RRFRE oI oF L v igreb kPl iag i inran) kal i ne
earth netal hypodsusidEstam whitddidgmgoidde Adsimdids zewe saduésdea of al kal i
or al kaline earth netal g%gobronite an a uqus go tion of an aﬁkaﬂi nmet al
sul famate i n X YEM T 1T Pro0F oA gl PR P O R0 FENSRE ¢b the

hypobrom t e cdoXutmmembofitcDatmtn3 about 7; and d. Recovering a stabilized
aqueous al kali or 54

A method of preventing microbiofouling on the
surfaces of equipment in contact with an industrial water
system which comprises adding to the aqueous system an
anti-microbiologically effective amount of a stabilized
sodium hypobromite solution, said solution haviﬁg been
prepared by the stepé_of:

a. Mixing an agqueocus solution of alkali or

alkaline earth metal hypochlorite having from about

5 percent to about 70 percent available halogen as

chlorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali

or alkaline earth metal hypochlorite to react to

. form a 0.5 to 30 percent by weight aqueous solution
of unstabilized alkali or alkaline earth metal
hypobromite; '

c. Adding to the unstabilized solution of alkali

or alkaline earth metal hypobromite an aqueous

solution of an alkali metal sulfamate in a quantity
to provide a molar ratio of sulfamate to hypobromite
of from about 0.5 to about 7; and '

d. Recovering a stabilized aqueous alkali or

alkaline earth metal hypobromite solution.

21. The method according to claim 20, wherein the
industrial water system is selected from a group
consisting of: a cooling water system; a sweetwater
system; a gas scrubber system; and, an air washer system.

 __ (NRAR g AR W



al kal i'the earth nmetal hypobromte solution. 21. The method accorqm%é’g
+ claim 20, wherein the industrial water systemis selected froma gro

consi sting of:
system and, an air washer system

a cooling water system a sweetwater system a gas
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