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PCT/ US98/ 15133 A PROCESS TO MANUFACTURE STABI LI ZED ALKALI OR
ALKALI NE EARTH METAL HYPORROWM TE AND USES THERECF | N WATER
TREATMENT TO CONTROL M CROBI AL FOULI NG - - The present invention
relates to a nethod of preparing a stabilized alkali or al kal i ne
earth net al §Q§%{ te to control - mcrobiofouling, nore sgeC|f|caII a
stabilized so mﬁgkobron1te sol ution the characteristi ®STHBBEHFEN i ncl ude
non- volatility, high free hal ogen residual, lower bromate
formation, reduced generation of absor babl e organi c hal ogen in
process waters, as well as inproved perforhhhce agai nst bi of oul i ng.
Background of the Invention Aqueous sol utions of sodi um
hypochlorite are w del I n | i £l owers: bl eachi ng
processes; treatne ' " pool
water, water slide a ' oif (;f#EBpom

di sinfectants; laundry de T T HUaSt geraes-tncl udi ng
applications in t he petroleun1|ndustry However, a nmj or

di sad f NaOCl bili h
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the stability of m\iﬁﬁtl{@{ t free hil %em'ésﬁﬂﬁ lower bromate formation, 1%51&@3%%%1?@0} \fcarl ous

advant ages over ch treatnent such as

performance in hi g Riordk BodRi frRBERAR, AN 3 hdREd YePtbilahld 1 V-

against biofouling.
Background of the Invention

~ Aqueous solutions of sodium hypochlorite are widely used in cooling water
towers; bleaching processes; treatment of recl_'eational waters including swimming
pool water, water slide and other water game equipment, spas, and whitlpools;
disinfectants; laundry detergents; and, industrial biocides including applications in
the petroleum industry. However, a major disadvantage 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.
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-However, sodium hypobromte, the brom ne analog to chlorine bleach, is not
stabl e under typical storage conditions, and as such, is not
commerci ally avail abl e. |nstead, bromne is typically delivered to
wat er treatnment _systens by various inefficient or i nconveni ent

met hods. The &P g’é%crl bed by either Self et al. or Rut RFEU§%®1HA¥Pes not

mention a nmethod to stabilize the well known precarious sodi um hypobromte
nol ecul e as disclosed within this inventign. Al so, this disclosure shall

| mprove upon the art of Rutkiewic By fornulating a nore stable,
concentrated NaOBr solution in the absence of a buffer.

I h b del

|2t (r)gguir(r:\g romfpeﬁ‘é\%e%é %'WNE C%%ﬂg IWI Smgé{ l’{z bﬂ%@ésé‘g’t%eer stream
h h

ont o mi e 30, " Gt bie soree conaib el SPRLR TOH OF ““%‘Y)“"a?‘g"‘ﬁl‘ffﬁf'?‘%ﬁ (el eases

brom de and br om %V\@?QH %e‘%ﬁ‘%ﬁe? Qer\ﬁ@&&gnt%@h‘ggio efﬂr %d

bromi ne hydrol yzes ronous a rom ¢ act

A Lernatively:  reomeaRiigs. o 68 el B %9&&%5 jocess

streans wherein i rolyzes to ronous a hydlroc or| c acids.

Al'l of these bro Mo IRRVICY sta;ﬂagﬁﬁg, i’%’"?&bﬂ q,?y nARes. Gaseous
chl ori ne, perbro%egﬁo anﬁmﬁrﬁc{)m ne c 8{1?\/ ave hgsoﬁﬁ‘ﬁ ogen vapor
pressures whi ch oleculeap&.ﬁcﬁﬁﬁwxﬁ:ﬁ;tﬁg}ﬁv&ﬁaﬁeﬂwﬂﬁﬂ&ﬂm%ﬁnﬁw@eﬁ &f age.

t hese concentrat ed

Al so, | ogen sol'utions are corrosive to many
metal surfaces f quuig drRuf ?orﬂgfdﬁdgme&bieh&ﬁxcéﬁﬁatedNaOBrs$lﬁt?dnrmﬁbgh vapor
pressures or by the rel ease of one nol e of hydroha ic acids in water
syst-ens yi el di ng shRelofgggter.oW pH environnents. As such, none of these

met hods

In one such bromine delivery method, NaBr is oxidized in sit by introducing
gaseous chlorine or NaQCl into the. process water stream. Another technique uses a
stable perbromide (Br;-) solution containing 30 - 40 percent bromine. The perbromide
solution releases bromide and bromine when injected into water systems. The formed
bromine hydrolyzes instantly to hypobromous and hydrobromic acids. Alternatively,
bromine chloride may be added to aqueous process streams wherein it hydrolyzes to
hypobromous and hydrochloric acids.

All of these bromine delivery systems have inherit disadvantages. Gaseous
chlorine, perbromide, and bromine chloride have high halogen vapor pressures which
present safety concerns in handﬁng 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
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provide a stable brom ne product that can be safely and easily handl ed
whi | e nmeeting environnmental requirenents (nore fully discussed

bel ow), such as I ow bromat e and absor babl e organi c hal ogen
generation, 9P 9 a hi gh free hal ogen residual and a | ow
volatility (resu Ing in a greatly reduced odor and vapo'r’c-'rﬁf‘?a’g’é“éorrom on).
In addition, a portion of the expenS| ve brom ne conpound is wasted
t hrough an ineffecti ve by-product i,n sone delivery schenes. Thus,
the need for a safe, conveni ent, e@onom cal, stable brom ne water
treat ment product renai ns and is signifi cant The
Goodenough et al . ref U S Pa

st abi | i zation of lgfoglm fé u5| ng SRy c%%gc\)%r'\b g\%% E,Qa%%t’::tfm‘ge‘ﬁgm%f%mgfgy Wi th

brom ne. ég §e§c rer?{%gl? gr%}g Sl Q%éuysggbeltggésuch aséow bromate gmc)

wat er - sol ubl e prlrrary an am nes or

br o ne. 501 ut | ons "B AAa? b%%%%@?é“ - Snnd B i g Rt i 1
ref erence teachi ng&@&%l]welsﬁ 3k ﬁ%ﬁ%{dﬁgﬁﬁﬁf%%&%& %)mmrm al

cool i ng wat er el o appl 1 cations.

Sul fam c acid, acg&mﬁgnngp&gontdg&e g&md[s@mq dnS €npl oyed as
a free acid or as one of its water- solu e salts suc%’as t he sodi um

pot assi um or meﬁé’di'iﬂ@ﬁ&-isfﬂ@l&ﬁhEomé‘&&ﬁ@e\ﬁchexﬂe@%ﬁ@ﬂx@ﬁéed'fé}a‘éﬂtCh the brom ne
sol utions are prepared provide relatively low stabilities and | ow

avai | abl e hal ogen c6RBGEM EHMRAS stab Wi Slwater treatmettptodudt Fuhafhh Bfaqy €l i €S
cl a| med within this invention disclosure. The Goodenough et aI

significant.

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

(@)  water-soluble primary and secondary amines or amides; and,

(b)  sulfamic acid and its water-soluble salts.

However, the bromine solutions prepared according to the Goodenough et al.
refgrence teachings are not stable enough for practical use in commercial cooling
water, oil field and other industrial applications.

Sulfamic acid, according to the Goodenough et al. reference, is employed as a
free acid or as one of its water-soluble salts such as the sodium, potassium or
ammonium salt. However, the manner in which the bromine solutions are prépared
provide relatively low stabilities and low available halogen concentrations compared

with the discoveries claimed within this invention disclosure. The Goodenough et al.
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reference charges el enental bromine into agueous solution prior to
stabilization. Because el enental bromine is used in the process

di scl osed in the Goodenough et al. reference, this process is
difficult to conplete as well as potentially hazardous since

el emental br oMO¥*% a fuming, corrosive, toxic |iquid. PCTUSISNSI The

Goodenough et al. reference nentions that the avail able brom ne
concentration imedi ately foll ow ng preparati on was about 1 percent by

wei ght. The | ow bromi ne concentrati%n achi eved by this nmethod was
due in part to brom ne being soluble at just 4 percent in cold
water. Additionally, bromne is wasted in the process, di sclosed in

the Goodenough et refFrenceghasges plsraenta} jroming inte aqyepus salution prigy t¢ Hahilizationy - gcess i s

as foll ows: Because

) _Br%,+ H20 ->_HOBr, .+ HE
the produced HBr diseausegigmentslbromigeis ysed in fhe prosespdiscioned in the Copgenqugh etal. o i e
adds nothing to the strength of  t} i ocidal s i es, . This.,invention
di scl osure NWENBWSFH’E‘GB&%’WBE&HS @?‘f“o‘?lp."te?tﬁg‘wg“sﬁwﬁeans of
a safer, easier, and .econoni cal . pragess. Much

nmore ., . .
hi gher |evels of af\lFﬁiePt&{ﬂr‘émﬂ%l’lsB&’ézPlngf’BWEﬁ’%W @fon were attained using
the invention disclosed i hi s.application. ..as.showl . abl.e 1 below, b
stabi | i zi ng th °s(g‘1??75'ﬁ’i‘%‘§f)¥' 'f%ﬁfﬁgﬂeh%f ﬁtg?tralﬁeeﬂmll Bl huf act ur e. d
As previously nentioned.. . . i r Qi | NSt
thePef ore no%/ conﬁ?cf?tglhﬂ/%aﬁeggagoﬁﬁ@fp%%&n% L"%‘s’{‘;b ?tzl’ 2%} of?mnﬂgf Na OBr

| s proposed, the §faBlobid UbdcafafilniEiSRa BY fls nbfi5H valte ifak to bromine beifl ! €7

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
z;s_ 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. 'i‘his 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 usmg
the invention disc_:losed in this application, as shown in Tabie I below, by stabilizing
the sodium salt (NaOBrj generated during manufacture. As previously mentioned,
sodium hypobromite is unstable and therefore not commercially available. If a
stabilized form of NaOBr is préposed, the stabilization process must occur quickly

after NaOBr is made.
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The met hod descri bed in the Goodenough et al. reference could not achieve
~these increased brom ne |levels as the order of reagent addition described
-in the reference was deenmed not critical to the operability of the

met hod. Sinc S synt hesi zed by the follo reacti on, NaOC|
+ NaBr -> Na&ir)\lg’“lkg\ﬂ , addition of the stabili zé’Fg’H?qs’é?""% o bronide.
oxi dation would not permt the formation of NaOBr. When wat er
Is treated with many hal ogenat ed bi oci des,_ undesi rabl e hal ogenat ed

organi cs can be generated as by products. 5These conmpounds are causing
i ncreased environnental and health concerns. It is general I y knovvn t hat | ow

than o "hgher moPERORAR %%@39&%%%@ e R AR ol o
wei gt 01 IS Y B8 eresseq IRES 0 2 et&a&u,agm‘eam%nﬁ&%gﬂ ar gani srrs.

Differentiation ogena anircs 1s co

consum ng and requites J.he. ?I:ntggﬁo ﬁah E%e%ﬁ;@g{fﬁgnw%l}?g gh NaOBf) Ff

performance |iquid chroma ograp y or romatogra

Absor babl e a":@gpg 0

measuring the surﬁ’%gﬁm&d;%ﬂl % nat e Né?g%ﬁ’?"émc'gﬁ%%ﬁdﬁ ﬂ%}jﬁ%ﬁ&f

speci ation. AOX i, ﬁﬂe@ﬁ ﬁ?f% ﬁgﬁ r of water
olro wast ewat er in Europ le%{nade%\ﬁg%mégo?lﬁn? ot 591?:% g?at es, the
Envi ronment al Pr ot ect {98, #9683 Veated %&f@&&gé&g&,&g%@ﬁ AOX

di scharge in the pul p and paper industry. An object of the present

invention is halogéxlaepargxﬁcdemﬁoegﬁﬁkaai\aﬁi?»sduéelﬂ{ekéuan&&ﬁhs &@%}Qﬁg used to

control mcrobial fouling wt m ni'mal AOX generation e probl ens
associated with Qﬁb?éaée@'eh\hfbﬁrné&ﬁ(aﬂd%\éﬁhﬁconcerns. It is generally known that low

molecular weight halogenated organics are more easily biologically degraded than
higher molecular weight species. However, the low molecular weight forms may be
more toxic to aquatic and mammalian organisms. Differentiation of these halogenated
organics is costly, time consuming and requires the use of gas cluometography, high
performance liquid chromatography or gel penneaﬁon chromatography. Absorbable
Organic Halogen, “AOX™, was chosen as a 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,
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being a nore recent devel opi ng environnmental concern, have not been

previ ously resolved in the industry. The United

St ates EPA extrapol ates sone ani mal carcinogenesis with the presence
of low bromate levels found in drinking water. Bronmate nmay appear from

t he ozonati on Y68 de- cont ai ni ng- wat er rai sing some cB%E@? 130 t he

dri nki ng wat er industry. Bromate nmay al so be fornmed by the

di sproportionation of hypobrom te. This reaction occurs at a greater
rate in al kaline environnents. Hence, ~6- if bleach is added to a NaBr
solution, the high pH environment could lead to the undesi rabl e

production of bromate. One use of the present invention, which was

previ ousl y unknowbeiagamozs resgntdeveloping envirgnmegtalcancar, havengt heen previgushyn : o
formati on by stabilizing hypobromte when conditions are favorable
for bromate produdesPiypd in the industry. The petrol eumindustry experiences
bi ol ogi cal problens, includin

m crobi ol ogi cal l.y i nf.l uenced
corrosion, both |ocal i?&&"ﬁ‘ﬁﬁg‘&&ﬁﬁ?",‘mw teéf?meﬂ“g‘fagc °§?"§§’sw‘%&° I'n
additi on, bacteria can ug, t he I.I pbor ur,f ace. i n,waterfl ood i.njection
noll s “The bprae DL piofiate S i Dot BT e e s Bt gt
Treatnent with stable br.om

e ter .. I S. a_conveni ent -of
dealing with thes eaﬂ?ﬁf‘ag?’h?f{%éqm\e%°8ﬁ'1m§’r?§wrﬁmg some cxnw}ng}ntthemg

I'S an-obj ect of

th t i ti .t i d (SIS H’ﬂ ) Qus

so?uf{gﬁgnoflgxgPJﬁ@%ﬁﬂ%ﬁgéﬁ¥%g%€%ﬁg%§&%ro ucgﬁs§%?§ﬂM§}e Pgratively-
Cetant . T S PO

;gr‘;tsi \ellgl y (rjlon- corhy%oé’?o\%g{egg%&%\%%ﬁg I’atadg"?€/30| at |§+ %al, @%t‘m | ch&'r Iéltgﬂa‘flg’n an

i nproved capaci ty ;hQL PKa85k b NaAP bR tigH fiPdnvide b lead to the

undesirable production of bromate. One use of the present invention, which was

previously unknown and is surprising, is to greatly minimize bromate formation by
stabilizing hypobromite when conditions are favorable for bromate production.

The petroleum industry experiences biological problems, including
microbiologically influenced corrosion, both localized and general, in oil field waters.
In addition, bacteria can plug fhe wellbore surface in waterflood injection wells. The
bacteria form slime plugs, reducing injectivity. Treatment with stable bromine water
is a convenient method of dealing with these and similar problems.

It is an object of the present invexﬁion to provide a process whereby aqueous
solutions of sodium hypobromite can be produced which are relatively resistant to
degradation and/or decomposition and which are relatively non-corrosive and non-

volatile, yet which retain an improved capacity for oxidation and bactericidal activity.
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Anot her object of the present invention is to provide a stable sodium
hypobronmite solution in which the formation of AOX is minimzed while

provi di ng i nproved microbial fouling control. O her objects and
advant ages of wih pesent I nvention will becone obvious fromthe
fol | owi ng description thereof. Summary of the | nVREHYSEASI33

The invention, according to one enbodinent is a nethod for preparing a

stabilized aqueous al kali or al kaline eartt; metal hypobromte solution. The
nmet hod conprises the steps of: . ~°° a. M xi ng an aqueous
solution of alkali or alkaline earth netal hypochl orite having from

about 5 percent to aboyut .7 nt avai | abl e hal ogen . chl orine
with a water soluble bélné’% d%ﬂj)ei%{o% egﬂef%’g‘fmn on1s °pr°"9‘%“agl.°s°d“mhl | owi ng t he

brom de ion sourc ] kal.i n th.netal .. i o
hypochlorite to rgg’gtm E)tg %‘rﬂi%hgwg'.l%dfe?o%ll?eogégﬁ{mfi/"'"'f While prayidings -

sol ution of . [ Ll . ' | ggéh tal hypobromte;
c. Addi ng to the uns?@tﬁ‘%’%zea Hso i %“%H%{i%gﬁi&or alogﬁf?'ﬁ%en%arth et al
hypobrom te an aqygeiben 81 sékdnbbe Eﬂ']gﬁhg hEdedds te in a quantity
to provide a m)rllar ratio o%usgﬁ% al'i ma‘%‘% su ?%Hn% e to alkali or

al kal i ne earth megghmb) beénBor S fromabout 0.5 to about 7; and,
d Recovering a st aqueous al kali or al kaline earth netal

hypobr om te sol ution. ’I'heinvenﬁ%%&ﬁxld%it@&e%b&ﬁ}ﬁm?{sgi&%&ﬁrﬁépﬂﬂkgent S

stabilized aqueous alkali or alkaline earth metal hypobromite solution. The method

. comprises the steps of:

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

b. Allowing the bromide ion source and the alkali or alkaline earth metal
hypochilorite to react to form 2 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 sulfa,maie 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.

Description of the Preferred Embodiment
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One enbodi ment of the invention is a method for preparing a stabilized
aqueous al kali or alkaline earth nmetal hypobromte solution. The nethod

conpri ses the steps of: a. M xi ng an aqueous
solution of alkali or alkaline earth netal hypochl orite having from
about 5 percent"e¥08Bbut 70 percent avail abl e hal ogen as PCTAUS98A513N| or i ne
with a water sol uble brom de ion source; b. Al'l owi ng the

bromi de ion source and the alkali or alkaline earth metal _
hypochlorite to react to forma 0.5 to 70 pe#cent by wei ght aqueous

sol ution of unstabilized alkali or alkaline earth neta

hypobroni te; C.. Addi ng to the unstabilized sol ution.of

al kali or al kaline eart [Pnaembgdiment of the inventingliy aJnsthod forpreparingssiebilieadut i on of

an alkali metal sulfamate in a quantity to provide a nolar ratio of
al kali metal sul f antgueous aikalj oz glkpling earthympetal hypebramite selufian. JThe method eosprrises | s
fromabout 0.5 to about 7; and, . d. Recovering a
stabi | i zed aqueous ®eRemsiofor al kal i ne earth netal hypobroni te

sol ution. - The al kali or al kaline earth netal hypochlorite is
sel ected fromthe group®  Mixingapaquequs sojutiop okallenti opglkaline earth e, potassium

©
hypochl orite, magnesi um hypochl grite, |.i thi um hypochlorite, and
¢al ci um hypochl ori t%‘?°°ﬂ?éi¥e&ﬁﬂﬂﬁ?°’6?b°ﬂmtd??‘1°ﬁt7ﬂg Vejlable halogen g5,/

on Source s 'sel ectI FiRE PHE SPORORRURERNG of sodium | brom de.
~ potassium brom de, [1thj,um brom. d%he BtalR FaRe 2 e %k Sr arfling B0 Thekal
hypochiorite 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 aqueoué 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 hypochiorite, and calcium hypochlorite. The amount of hypochlorite used will
vary depending upon which hypochlorite salf 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
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the exanples, in a nore preferred enbodi nent, the alkali or alkaline earth
nmet al hypochlorite is sodi um hypochlorite, the brom de ion source

I s sodi um brom de, and the alkali or alkaline earth netal
hypobronmite ig sodi um hypobromte. The aqueous sol ution of
unst abi | i zed AYXKE*br alkaline earth netal hypobronite PCTUSASEY cont ai n
fromabout 0.5 to about 70 percent by weight alkali or alkaline earth

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

wei ght alkali or alkaline earth metd- hypobrom te, and nost
preferrably from about 4 to about 15 percent by weight al kali or

al kal i ne earth netal obrom te. The pH.of the stabilized
aqueous al kali or ﬂéﬁﬂi‘@% WWW%W%@%&BW’MMW nis from
about 8 to about and .nore E‘&?‘fegﬁ?"&? from.about 11, to .about  14.

The the nolar rati ‘H ori{g ds sofi P‘és"fn("'ielsﬁ% iap BromiferaPdobr oni t e

is preferr out 5 .10 abo re errably from
about 0.5 to aboufé)zkaa% piliths mﬁ‘ﬁ‘&h ?bé? "PaSBFV’r'T‘?‘P'% t%Ut 0.5 to about
2. : Anot 0 the ﬁ]! ﬁ} Land abi I WA
aqueous sol ution of an{]'%“‘*%&sgi E&{] ne ear F@Wpé%‘?‘ mMte
which is prepared nﬁ aqueous
sol ution of al kal |"P%°£ &f"ﬁﬁgouggsr?ﬁbou”o?mentbywmgﬁt poch ori e“%gw ng from .

about 5 percent tBT%)B#%Pﬁzg“Q%Mgglﬁlo%&tlﬁ%a%gﬁ%gﬁcmtby%ﬁl th orine

with a water solu e ’ion’sourc ovvlngthe

brom de ion sourc @,Hé@ %n@ﬁ
hypochlorite to rgg{?t?gﬁ 01 o_r m-a 0. 55?_0 paggggﬁ%;e mﬁ?’g’ﬁ?"%‘aﬁ&“&‘s’“‘ _
sol ution of 15H&één@@xlvéié}ﬁﬁkﬁi&%ﬁéliﬁ@mﬁ'n@hﬁ%ﬁﬁft&h metal hypobrom te;

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.

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

b. Allowing the bromide ibn 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;
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C. Adding to the unstabilized solution of alkali or alkaline earth netal
. hypobrom te an aqueous solution of an alkali nmetal sulfamate in a quantity

to provide a nolar ratio of alkali nmetal sulfamate to alkali or

al kal i ne eart Uvorl}%&iu hypobromte is fromabout 0.5 to about 7; and,

d. Recovering a stabilized aqueous al kali or al kal i nePE4FPHMISEEL al -

hypobrom te sol uti on. The al kal.i or al kaline earth netal

hypochlorite is selected fromthe group consi sting of sodium
hypochl orite, potassium hypochlorite, magﬁégl‘u_m hypochl ori te,
l'i t hium hypochlorite, and cal ci um hypochlorite. The anount of hypochlorite

used will vary dependin on, wWhi ch o] rite salt is used.
The bronide ion source®is §_%%g'5g’e ¥¥én .“ﬁ§°l'§¥’gﬁg%§ﬁ§?l RS me gi um
brom de, potassiu 1.de Lt hiumbrom de.. a drobrom c. acid. As shown
in t he exam%{bgé&gﬁaﬁagdesn‘% rs‘Léimborn e %"rﬁ"e”d "éeﬁg%’ pa AP RVIdE o ,

o Kol e, oo 0 Mo 8 W P LR RS,

brom de ion source IS SO rom

earth netal hypobrgm i ' pobrom te. Thé aqueous
sol ution of unstab%%glgogsltégﬁ“ or alkaline earth netal hypobronite

may contain from about40.5 Pmérh%litstag'gzeg &Eﬂtalkgl\’ Rt i or alkaline
earth nmet al hypobrorﬁe‘te, re lpre?érrab y Prom a%@i to about 30
percent by wei ght pynobromite@bii@dnl Or al kaline earth netal hypobromte, and
nost preferrably from about 4 to about 15 percent by weight alkali

or al kaline earth netathdhiia® bf Mlihearth 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 uéed.

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
mefal 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.
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The pH of the stabilized aqueous al kali or alkaline earth nmetal hypobromte
solution is fromabout 8 to about 14 and nore preferrably fromabout 11 to
about 14. The the nolar ratio of the alkali metal sulfamate to the
sodi um hypobromte is preferrably fromabout 0.5 to about 7, nore
preferrably frSh8B8Ut 0.5 to about 4, and most PR ISESly from
about 0.5 to about 2. The invention can be used in an

i ndustrial water system Such water systens woul d contain from
about 0.05 to about 1000 ppm nore preferéHFy fromabout 0.05 to

about 10 ppm and nost preferably fromabout 0.1 to about 5 ppm of the

R SR b i
LSl AV CRF A ) K0 TEN R SR
o
vent on can ol 5o, b 45t BoblS TR PGS o6 b LIFOS BEGY °

stabilized aqueousmost%raferégsbl)fﬁlnﬁdo%).%aﬁtﬂtf‘l_ kali or alkaline earth netal

hypobrom te can be us e oxI drzing agent . The

| nvention can be used irf hNGiGAM félsedth allblsAl ALOUHAE Sulh fubGhal | ON2!

wat er systemin which an oxidizing agent I's added to contro

A
agent. about 10 ppm, and most preferably 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 laundering 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 cellulosic materials in
which cellulosic fibers are bleached with an oxidizing agent. The stabilized aqueous

-solution of an alkaii 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

stabilized aqueous solution of an alkali or alkaline earth metal hypobromite can be

used as the oxidizing agent.
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The invention can be used in the control of m crobiofouling occurring on
the surfaces of equipnment in contact with produced oil field
waters. An anti - m cr obi of oul i ng effective anmount of stabilized
aqueous solution of an alkali or al kaline earth netal hypobromte
can be added t d¥Q9463% oduced oil field waters. PCT/USIFH33| nvent i on

can al so be used in the control of mcrobiofouling in agueous

systens. An effective anti-m crobiofouling anount of stablized aqueous

sol ution of an alkali or alkaline ed#th netal hypobronite can be
added to aqueous systens. I n anot her enbodi nent, the
invention is a nethod of preventi ng . m cr ohi of oul i ng on the surfaces
of equi pnent in cont act T inYPnion cambs user ja theicoptrol pfmigrobiofouling cccyyring @pthe The

nmet hod conpri ses addi hg to the agueous system an ti- .

ni crobi ol ogi cal |y e?%&i?f\?@’gﬁﬁﬁ'ﬂwg’ E’&%@e@ﬁ&féﬁfﬁrﬁ"rﬁﬂbbrom te

sol ution. The . Stabj.lized sodi um hypobrom te soluti.on i repared by

the steps of: microbiofouling °§&"V°W“§'i%§'¥l§'mw§?}ﬁ§a§?ﬂnﬂf P‘b’?’?“gi"Psodi um
hypochl ori te having, from about .. 5 per 0 _abouy er cent

~avai | abl e hal ogen ?‘g‘?{%ﬂa‘g}?Wﬁ%l)hWﬁbm"t§8ﬂ1%ﬁ§‘g?M%?‘Rmdtml%%mowatmf b.

* Allow ng the sodium brogg de and th odi um ochlarite.to.react to -

| 1;] or mba 0_.t5 to 30 per cenﬁ' v’ﬂg?ngcﬁ?isi’a}ﬁgﬁﬁén ‘St%%ﬂﬁg@gmb@?’:ﬁ%%ﬁﬂnlar‘i?ﬁs sodic um

" hypobronmite; . n Lized s iQn o

sodi um hypobronite SXSWQU (ﬁt}gmvemu'mcﬂggi %Pﬁgﬁ%ﬁgﬁsﬁ% é‘lféuergr%stsglflg?uq?f amat e

- in a quantity to provj ' . [ famate to

- sodi um hypobronite agfalkgl ?gr%l%ﬁ%e%@é&l? K&fgﬁ’g{'}tgg#;be%d(ﬁ? fo aq%mwa% d.

Recovering a stabilizedygguaoumncitin HeMWRARL M héthod AF pevefng

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

et

system. T hé method comprises adding to the aqueous system an anti-
microbiologically effective #mount of a stabilized sodium hypobromite 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 percent 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.
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The industrial water systens include cooling water systens, cooling ponds,
reservoirs, sweetwater applications, decorative fountains, pasteurizers,
evaporative '~ condensors, hydrostatic sterilizers and retorts, gas
scrubber systens, and air masher syst ens. Another
embodi ment  of WO ention is a nethod for preparing a BERUSOMISI
aqueous al kali or alkaline earth netal hypobromte solution when the |evel

of avai | abl e hal ogen as chlorine |slbelom1about 5 percent. The

net hod conpri ses the steps of: a. M xi ng an agueous
solution of alkali or aIkaIine earth netal hypochlorlte [whereln t he
percent of avail abl e as chlori.n

with a water soluble E‘ﬁ 48’% %ﬁ?@éﬂcﬁdewdmgwaﬁsy&nﬁ °°°Hn%°1“3§w ng the

brom de ion source and the al kali

K
hypochlorite to r&&CY° ’TWFWW% °§{°P§d & ge'?%"“?mggpageméﬁf KROEENFs sol ution
f t abi | d | th t
o adding 1o tiEiRr PR RS e R A B

hypobrom te an agqueeus solution of an al kali netal sul famate having a

U\

tenperature of at least 50[err]Cin a quantity to provide a nolar
ratio of alkali netal Uﬁx B(ﬁmtzrﬁof’thé(ﬁl'énuon is a meth6t fo@ﬂxjéﬁhhé"@stﬁaﬁfzw met al
hypobronite is fron1about to about 7;

Recovering a stabj qu7u§ M%Qﬂ&ﬁne%&r&%&al ﬂfpoﬂjoiﬁﬁé éoﬂﬁoﬁ@ﬁénhhﬂgv;e%f

hypobron1te sol ut
available halogen as chlorine is below about 5 percent. The method comprises 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 form a 0.5 t; 5 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 having a temperature of
at least 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.
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Wien the | evel of avail abl e hal ogen as chlorine is bel ow about 5 percent,
t he amount of water in which the stabilizer, the alkali netal

sul famate, is dissolved into must be decreased. At this point, the
anount of water is |ow enough that the alkali netal sulfamate is

only sparingl YO8 e in the water. Therefore, the tenpRGTASHISIIf
t he aqueous al kali ‘nmetal sulfamate solution nust be maintai ned above 50

[err]C to keep the alkali netal sulfamate in solution until the
solution is added to the aqueous sol4rti on of unstablized sodium
hypobronmite. Once mixed with the sodi-um hypobrom te sol ution,

solubility is no |ong a _caqnc resulting stabilized
sodi um hypobronite soﬁ&'ﬁ‘?“d‘?ﬂ?& ‘tftaYabl%’q‘él}E?iqfe’hﬁt" ‘ﬁ‘é‘é"ds "6°"b§’°1‘&§iﬂﬁ°&‘?%%l above

50 [err]C hypochl orite
i's [sel el:t ed from f“ﬂ‘é“"b?f"[f‘be”nwmch @‘F?t ‘h‘g{‘% %{s iftoe|

ot a m hypochl or i chlorlte it

Eypoi?\: :ZJ)I’I tgp and™8%| Fﬁﬁ%‘p& ¢ amqpint of Biatehis l%’fenﬂﬁydgﬂ‘u kel ysed

' d
\'?Mhlel brom de Yg:lysgﬁgrglgsg&?%aq%% %%f""’a“g?y %ﬁf\%{ehlgﬁ&%%pﬁggﬁé ﬁﬁ‘p%;ts‘?(?& um
.br om de, potassi uﬁ%%x%%ﬁmhlne&ﬂ apesgmlon us rc]amdmﬁ% t‘)‘{’?"ﬁésa‘?}%gidfp 'g‘f shown

in t he exa n mor e referre

al kal'i ne earth rTE kah m SHI%BQ %?ﬂ{tlhl& ﬁl&ﬁ ﬁle §09\EHOH E%]SQX ?ﬁ&k gc{ueéu% the

‘brom de ion source 'S al kal i ne

earth netal hypObo(ﬂ{Ro dhﬁr@ﬂ%ﬁ%%ﬁ%@ mtﬁnce 1xedw1th|thesod1 The aqueous

solution of unsta |ne earth netal hypo Bronite

TRy SOMATN 1 O K bonfl i, ity Ao REEES Binel, M Bk G o 2L ne

earth met al” hypobromte, nore pre y from about to about 30
percent by wei ght godium 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 hypochloﬁte,
lithium hypochlerite, 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 group consisting of sodium
bromide, potassium bromide, lithium bromide, and hydrobromic acid. As shown in
the examples, in a2 more preferred emﬁodiment, 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
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al kali or alkaline earth netal hypobromte, and nost preferrably from about
4 to about 15 percent by weight alkali or alkaline earth netal
hypobrom t e. The pH of the stabilized aqueous al kali or

al kaline earth netal hypobromte ' solution is fromabout 8 to about
14 and nore pWePePeaMbly from about 11 to about 14. PCT/USY8451383 he nol ar

ratio of the alkali nmetal sulfamate to the sodi um hypobromte is
preferrably fromabout 0.5 to about 7, nore _preferrably fromabout 0.5 to
about 4, and nost preferrably frorPabout 0.5 to about 2.
Anot her enbodi nent of the invention is a stabilized agqueous sol ution of an

al kali or alkaline earth netal h bromte ich is Lepare bytkbe t eps
of : alkalior alkalmﬁﬁ%f'i“ﬂé&gwpam% s fﬂﬁ‘ 5’1%31 %81‘%4 ®BPU kal i ne
(5 chi'orine) is | Haeetiary g of sksiie b SRl RPERRBE . 2ol uble bromi do
ion source; . ... Al owi ng, t.he .br.on i SQUI and the
al kali or alkaline ear tTﬁePr%f’gP"mbﬂmﬂaq“eﬁp 'ﬁf%‘%‘lf%ea?‘gn}e%gwgﬁg& orma 0.5
to 5 percent by wei ght aqueous | Wt | J 41 l,kal i or
al kal i ne earth net ﬁﬂgmﬂ?ﬁgﬁ’fnoaﬁ?lftg?o s34 a&fmoremfmablycmgb%ﬁﬂdl&it%%%@“i he
unstabi |l i zed sol utjion. of .al kal i..or [ r | i s
thYIOObro[n' te a][l aqut‘lf[}g”g‘c’)lf‘rurl?ktpo"rf{mg; Qan‘]ﬁa Lo | rré%gfgggui :%r%m ealfligg a I
enperalure o ' & . Inford fRefEhraBiy 3k dbdut 03 tPhBYS £1gng? 1MOI ar
ratio of alkali ne?rgﬁemsba e{nngot%gttoto 3+‘§gf’i pe by or alkaline earth netal

hypobromte is fr on%sqg%%mgy gox;lgbolgﬁ%ﬁo about 2N, d.

Recovering a stabﬂnl z aqueous a or al kaline earth netal
hypobrom te sol ution. 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
hypochiorite [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 form a 0.5 to 5 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 having a temperature of
at least 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.

SUBSTITUTE SHEET (RULE 26)

Printed from Mimosa 06/05/1999 11:11:28 page -17-



WD 99/ 06320 : -
PCT/ US98/ 15133 - 16-

As di scussed above, when the |evel of available halogen as chlorine is

bel ow about 5 percent, the anount of water in which the stabilizer,
the al kali netal sul famate, is dissolved into nust be decreased. At
this point, the anbunt of water is | ow that the alkali neta

sul famate is AP aringly soluble in the water. Ther ef BfEUS98/15133 t he
tenperature of the aqueous al kali netal sulfamate 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 -16- {5 the aqueous sol ution of
unst abl i zed sodi um hypobromte. Once mixed with the sodi um

hypobronite solution, solubility is no |onge ern, d the resulting
stabilized sodi um hypoﬁ?@?ﬁ“fsédghﬂY%Y’P?S‘ﬁh%lﬁ‘feg m% OFER s %{é]’gﬁe‘fgel
mai nt ai ned above al kal i ne

Th
earth netal hypocH‘P‘B‘F?P?%L}?éfngwgﬁ"ﬂ‘?wlf’ﬂ’emwwethaﬁgj %%nm sting of
di h hl t h | f.
EZ; 'gfjlvjr:n} Fgggchm.s’ewo o R h‘*"; ?‘% ”eZ"’gnrH’b"u*F"%? 5‘%’0‘532 or e
The bronide ion sdﬂ%ttg%ﬁgagl%e‘ﬂgm%rom {'J%?%dwn'g?%ﬂ% 0 sg%l um
P PO e e bR of e e “spﬂ?@g‘lr“’?%ﬂ“‘%ﬁ% 5 hhiio il B il .AS shoun
al kal i ne earth maé@g?ve 50° to ke 1%98&&\'19&41&%&&&& E%%H&R@Kigﬁiﬁaﬂﬁﬁ fs%dc}e aline

brom de i on sourc I um br

earth net al hypOerF‘L%@ﬁ!’a|s§lgﬁn%glr“E&P€£{| RS robmm,te Once mixed with e 2@0UEO0US

sol ution of unstabi th netal hypobromte

may contain from apguyp h9po§ro;nﬂe Sinidh, sZIQb_lHﬁ (i Mngbh cOideA indRletulting” @l kal i ne

earth

stabilized sodium hypobromite solution solution does not need to be maintained above
50 °C.

The alkali or alkaline earth metal hypochiorite is selected from the group
consisting of sodium hypochlorite, potassium hypochlorite, magnesium hypochlorite,
lithium hypochlorite, and calcium hypochloﬁte. The amount of hypochlorite used will
vary depending upon 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 a2 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
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netal hypobronmite, nore preferrably fromabout 1 to about 30 percent by

wei ght al kali or alkaline earth netal hypobromte, and nost
preferrably fromabout 4 to about 15 percent by weight al kali or

al kaline earth metal hypobromte. The pH of the stabilized
aqueous al kal VO&¥*%Pkaline earth netal hypobronite PCT/US81%183 on i s from

about 8 to about 14 and nore preferrably fromabout 11 to about 14.
The the nolar ratio of the alkali metal sulfamate to the sodi um hypobromte

IS preferably fromabout 0.5 to about 7, nore preferrably from
about 0.5 to about 4, and- nost preferrably from about 0 5 to about
2. t he jnve od of
preventing maglh?%%%?ah‘f‘g@ggégg{f%gn%%° 1{31lcntesa‘potcl)‘*g)d.l ememn?é | 1 cont act
wth in aninduStrﬂg.I {.e tem _The ng to
the agueous system an: an meeaﬂhmetalhyﬁ&?rol dd‘g‘fls r%tlf?m%é%) blm\’/tg‘st%ab"ﬁ{n of a

stabilized sodiu I bilized SOdI um
hypobronite sol uﬂ%p‘%bg étrﬁghgé I{ﬁgps h?‘.mbr&&é

M xi ng an aqueous sol d§, ‘é&ﬁiz%ﬁ%?

percent of avail abl e ha gen as c ri ne?ﬂbl% ess %‘gn go t W|th

sodi um brom de;  goption is from aboutslax about IMM%HQ)I%%QHW @and the

sodi um hypochl orite to react forma 0.5to 5 percent by weight
aqueous sol ution ﬁetﬁ&?ﬁélﬁ@hﬂo‘&ﬁﬂaﬂiﬁﬂh&ﬂ‘sﬂfmwtli]é/iHQi?an{?p&ﬁomx_te is
C. - Adding to the unstabilized solution of sodium hypobromte an agueous

[sglr trJ} 'cO.nnO; an al kaderrabliPichh abdidl 6L AT Bt 7) MbtePbefrabl HORN B4 08 1©dbodl4, kst 50
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
system. The method comprises adding to the aqueous system an anti-
microbiologically effective amount of a stabilized sodium hypobromite solution. The
stabilized sodium hypobromite solution is f:repared by the steps oft

a. Mixing an aqueous solution of sodium hypochlorite fwherein the
percent of available halogen (as chlorine) is less than about 5] with sodium bromide;

b. Allowing the sodium bromide and the sodium hypochlorite to react to
form a 0.5 to 5 percent by weight aqueous solution of unstabilized sodium
hypobromite;

c. Adding to the unstabilized sol_ution of sodium hypobromite an aqueous

solution of an alkali metal sulfamate having a temperature of at least 50 °Cina
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quantity to provide a nolar ratio of alkali netal sulfamate to sodi um
hypobrom te of fromabout 0.5 to about 7; and, d.

Recovering a stabilized aqueous sodi um hypobromte sol ution.
As di scussed above, when the | evel of avail able hal ogen as chlorine is

bel ow B32% percent, the anount of water in whPERHUMRESIEX abi | i zer,
the alkali netal sul famate, is dissolved into nust be decreased. At
this point, the anount of water is ~Jlow that the alkali neta
sulfamate is only sparingly soluble in t he Mat er. Ther ef or e, t he

tenperature of the aqueous al kali netal sulfamate sol ution nust be

mai nt ai ned at .af least 5 rr .0 ep. t he al kal | tal syl famate
in solution until %%“‘%Eﬂﬂﬁ?".‘%ﬁ“?@"g‘ﬁag%&”ﬁ‘mﬁs a??‘?@"%‘ﬂfﬁb@? PORYE B i on of
unst abl i zed sodi um. hypoh Jte. hce mxed with the - sodi um
hypobrom te solutr%ﬂ¥3§%{§%%ll'@ggggno | onger a concern, and the resulting

bilized di h : on. - . . b
stabilized sodi um hypohr 0pe%egg@gﬁ%&@p@&%@&ﬂ;&%&%%519“0&10 e

mai nt ai ned at at t anot her

embodi ment of the appl 'Agg;s &d%o@&ivﬂlﬁm{a%gtfl?ap&m% hglg%e?r;schloﬁne' below

alternative stabilizer € aqueous a nmet a amate. The

cont enpl at ed aboyt SRR PlmoliR6r Rt WA &x@stm%g},hﬁ%% g;gtgl consi sting

of acid am de derivati ( ~carbonic aci cyani de,
carboxylic acids, SRR A6 veddth fulét b€ d&Fcafdd. At this point, thP AN Wafer RC1 s and

boric acids. More specifically, the preferred stabilizers are

sel ected from the gyeuPme ﬁé&:@afagﬁtew&.? spriibPUbiBile inGleSAldr TR eforEy aNUr i C
aci ds, al kyl hydant oi ns, nono or di ethanolam ne, organic

sul fonam des, bi Ur@t emPsthiiRBF the Afukdhs alkali metal sulfaindi BbIGtoR Wik PI¥RtafBaittd Gt
mel am ne. Al of the stabilizers are conpounds having an N
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.

Yet another embodiment of the application provides for the use of an
alternative stabilizer to the aqueous alkali metal sulfamate, The Eontemplated
stabilizer may be selected from the group consisting of acid amide derivatives of:
carbonic acids, hydrogen cyanide, carbor.(ylic acids, amino acids, sulfuric acids,
pho;'phoric acids and boric acids. More specifically, the preferred stabilizers are
selected from the group consisting of urea, thiourea, creatinine, cyanuric acids, alkyl
hydantoins, mono or di ethanolamine, organic suifonamides, biuret, sulfamic acid,

organic sulfamates and melamine. All of the stabilizers are compounds having an N-
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H or NH2 group adjacent to an el ectron w thdraw ng functional group such as
C=0 S=0 P=0O or B=0O This invention provides several
di fferences over the known art, including a specific order of
addition in the nmanufacturing process whereby a stabilized sodi um

hypobrom te soVePYsiei s produced having inproved stabil i tRFTUBSASHD| atility,

reduced - - bromate and AOX formation, inproved nicrobiofouling control,
and an increased free hal ogen resi dg@l In cooling water.
The stability of the stabilized hypobrom te”solution, as conpared to the

stabilized brom ne disclosed in the Goodenough et al. reference and
unstabilized spei um h brom t; inTEIeI .S _greatly. I ncreased.
Based on the sureré’fﬁg’group%Pag?n?\@raxéglg%“@ns tg | ?%?mcf)]f’“‘?ﬁrém%f%%ﬁ '=zcgd sodi um
hypobrom te of thi§=6r§\48n ié)__la) it is apparent that the order of
addition in the proceéss bf nanufacture is critical.

TABLE | - Thisiqyention providéd Yeudral Riteteabld Yot thd koW =k, ibdilaie3 X1

% LOSS OF AVAI LABLE HA ® After 4
After 14 After 21 . L oBHdit . ' - .
days days ;pmégélrg ° éé%/{g%e %Tu%nﬁng process Wc‘é%’%"a'e“ ns(t)agglﬁedes? d“ellrfl.

21 23 hypobromite solntion is producedhag i ity Hokid Lfubed O

0 0 spgpromitc soufon s producp P g 4 MR AR P Bdbeg ©
7479 Sttomate and AOX formation, improved midrobiofotimg coritdol, BRCAN Bk ERd 'rRE

hal ogen bi ocide stabilization by sulfamc acid has been proposed as
fol | ows: HGigibgen redidual in coolinfwhiet, SG3H [err] X- NH SCG3H +
Herr]O (X[err]g) (X[err])

Wen X is O, the reactrhoRaRPbf tRsstdbliz&f HPtrdriRAoletidnOdsicBi@pared to the
stabilized bromine disclosed in the G;)odenough et al. reference and unstabilized
. sodium hypobromite in Table I, is greatly increased. Based on the surprising
increased stability of the stabilized sodium hypobromite of this invention, it is

apparent that the order of addition in the process of manufacture is critical.

TABLE 1

INCREASED STABILITY OVER PRIOR ART
% LOSS OF AVAILABLE HALOGEN

After 4 After 14 After 21 | After 34 | After
days days days days 84 days
Goodenough et al. 21 23 - - -
Stabilized Sodium Hypobromite 0 G 0 1 1
Unstabilized Sodium Hypobromite - 74 79 84 93

The chemical mechanism for halogen biocide stabilization by sulfamic acid
has been proposed as follows:

HOX + HNHSOH ¢ XNHSOH + HO
Rewd) Kaatie) -

When X is Cl, the reaction applies to stabilized chlorine.
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When X is Br, the reaction applies to stabilized brom ne. The
degree of stabilization is expressed as the concentration ratio of X err]
to Xerr]. The Xl err] concentration of the stabilized brom ne was
detectabl e while the concentration ofthe Xerr] for stabilized

chl ori ne was R1%90§3%0 a5 concl uded t hat the chl or PERUSO¥ISERe

stabilized chlorine was conpletely stabilized while the bromne in the
stabil-ized brom ne exists in both free and,stabilized forns. This
contributes in.part to t he increaseft anti m crobial properties of
stabilized NaOBr over stabilized NaCC which will be described in
nore detail in Ex bIe organi ¢ hal ogen (AOX) is

an inmportant envi S’%ﬂg‘lfgﬁ mﬁé?“?f?ﬁ?@hesmsgp?mﬂ ularly in Europe. AOX can
formfromthe reactio of sorrgg%%‘g nat ed edastheconceHPa un g%?v%}hgmeﬁrgam CS.

The m nimzation of A ‘b benefi t

described in th| S)&wsfhe%fﬁ,cgnsintﬁnonofﬂf)%{agﬂ}%\ébﬁ%é%%%%lxﬁﬁe

HO X + H can be
R ?;gﬁggzufzst ZM%%MM LS & T
-> R- NH- SG3H g,gsbdn gﬁ]ig . ' s erates
no X-R (AOX) as in %th th“tzl\”hzﬁé ?ee lnbmg’ o?ﬁﬂhélEWS? ree
brom ne (HOBr) is gy b& ..\,;a%yisuli irf¥othl s ARhtab il QGG s CPR Bntributes in pa h D t he

mechani sm descr i be py Pat
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
particularly in Europe. AOX can form from the reaction of some halogenated
compounds with organics. The minimization of AOX by stabilizing NaOBris a
surprising benefit described in this disclosure.

Pathway A: AOX formation by HOX

HO-X + RH ¢ XR + H,0
Where R-H can be the organic contaminants in cooling water or biomacromolecules
and X-R is measured as AOX.

Pathway B:

X-NH-SQO;H + RH — R-NHSO;H + HX
This stabilized halogen reaction generates no X-R (AOX) as in Pathway A. When free
chlorine (HOCI) or free bromine (:IOBr) is used, AOX will be formed in accordance

with the mechanism described by Pathway A.
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When stabilized chlorine is used as a biocide, only Pathway B is possible
because no free HOO exists in the system Thus, no or very low AOX wi || be
f ormed using this product (see Table Il bel ow). When
stabilized bromne is used, both free and stabilized brom ne forns

coexi st. Thus, M93P33at hways A and B proceed and result i|PCTASHASIIOX
formation. . However, the anpbunt of AOX will be far |ess than when all
of the halogen is in the formof free brom ne (HOBr).

Apparently, the proposed nechani sm expl ai ns2k-he cause of AOX reduction due
to the use of stabilized Hhal ogen biocides. The mechani sm shoul d be

applicable to ot her stabilized hal o%en, products when,ammypni a, amn nes
or amides are used as tVfien stabilized chlormg if ysog 452 biggidpoply Pathway B is possible |

order to reduce the AOX fqr jon b stabilized hal ogen hiocide, it is
preferable to sel eg?ca‘ésf’%ﬁ'ﬁergégﬁ"ls?%\tﬁ%h 38 OF TRY Wﬁ%ﬁfﬁf%‘?‘l
dom nat e. However, the dr k.tQ a very stabl e hal ogenat ed
conpound is the geldt s?md““(see'ﬁ’gggfb&é?é"g'd oxi dation power that, in nost

cases, is di recjt | y corr. ajts b its eb1i osc' (g o2 bi Ml cac&/e.for‘lr;u%sjti ng has
shown that stabilized bYom BRRTRRE P Pe gt P SiEP il bi oci de
“than stabilized chlori T efore. .to,£educe t.he X f or, i on,.and at the
sane time maint ai ncfeﬁlép'gﬁﬁﬁjgﬁhaaﬁs)w%? A& af’ggﬁlmgé%s?@gesaﬂ?‘r@gt tjgr%?'f'

bal anced S LG el the Unobdt 61 £6R Witk b 16s BERhen all of the halogen is in the

form of free bromine (HOBr).

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

In order to reduce the AQX formation by a stabilized halogen biocide, it is
preferable to select strong stabilizing agents so that Pathway B can dominate.
Howev&, 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 fqrmation and at the -
same time maintain the compound’s biocidal efficacy requires a well balanced

selection of the stabilizing agent.
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The foll owi ng exanpl es are presented to describe preferred enbodi nents and
utilities of the invention and are not neant to limt the invention unless
ot herw se stated in the clains appended hereto. Exampl e 1:
Preparation of Stabilized Sodi um Hypobromte with a Critical O der of

Addi ti on WO9/06320 | n order to denpnstrate the constPER®§BESIIGt abi | i zed
NaOBr, sol utions of sodium hypochl orite and sodi um brom . de were

m xed form ng NaOBr then stabilized with sodi um sul fanmate as
descri bed bel ow. Sodi um hypochl orite sol uti®m was diluted in

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

met hod. The avai | abl e, chlorine | evel present in the original

sol uti on was det er ni ne&’hﬁg’“%‘néﬁ‘mplesmpreﬁé g SPbodimentsaad neat
NaOCl solution were _added to 20.5 grans of a per cent NaBr
solution. This reatflitetP Fli?rw H‘qtf’éﬁ“ﬁdmth“ﬂ‘@“%‘l‘ﬁ‘fﬁs’f?ﬂ?&ﬂ%n

sol ution vvasforrrulaﬁgm ggﬂ msof sul fam ¢ acid, 14 grams of water,
and 13.2 e °"'§f9d| um hydroxi de. The stabilization
solution is then agdedm stirring to the NaOBr. The order of
addition is critic i's process which differs fromthe

Goodenough et al. ¢ | , € . \ >
NaOCl prior to NabBi TOKT Ut Ze
hypobrom te. T--ms?rate(fwlu;:lf:grlns ancy; 03 stelpﬁzes g!abﬁr, so%ﬁioHsa#g?tﬁlgn pri or

ref erenced above gave ?rgerg? I'ZI'Ng Specres

art. Brom ne sol ut@g{@a,dp%&eaag,d'sa&&db&a £ Bkl NiBr e s SRHIETIOUON €

al . reference exhi ecrease I n en acC rom an i al

concentration of 1 percs E?%?]‘%E¥ggsyb°?§§§ﬁn§°dﬂ‘“'§5 G%L%H{etsaﬁt& H h&RLesenti ng

an active _ I ngre percen he sta 1 on
procedure describ eMlﬁ&-ﬁ‘eé M&P’z‘ﬁ?mﬁ&d solution was titrated by the DPD-FAS method. The

available chlorine ievel present in the original solution was determined to be 15

percent. 42.4 grams of the neat NaOCI 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 o
NaOCl prior to NaBr introduction, the bromide would not bé oxidized to hypobromite.
Also, bromine solutions prepared in the manner reférenced 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 dajrs representing an active

ingredient loss of 23 percent. The stabilization procedure described here improved on
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the prior art as the decline of active ingredient was only 1 percent after
84 days (see Tabl e | above). An unstabilized NaOBr sol ution prepared
in an sim|ar process by replacing sulfamc acid with distilled

wat er | ost 94 @ercent avai |l abl e hal ogen during t he sanme peri od.
Exanpl e 2: 0996385 AOX is Formed In Stabilized Hal ogd€TU8B(ISBDdNS

AOX is a generic class of conpounds which includes all organic nol ecul es
contai ning halogen. Limts for AOX di scharge from cooling water systens
have al ready been established in som®~European countries. To
simul ate AOX formation during stabilized and unstabilized sodi um
hypobrom te action in_ coolin ter, a . : m xed, bacterial culture
typically found i nmﬁ%?riaﬁgsﬁgﬂe\éﬁm\ﬁﬁémﬁlnﬁ‘%ﬁ&as@ﬁll_E"Bi"’Bttaﬁers"daYs(sesver ni ght
and the cells harvested by centrifugation. The cell pellet was washed with
ke oS b

synthetic cool i ng TeXabeGY A mstab RN Aryparyh nan similan recesshy, - v

al kalinity, pH 8.0 -8..2 wce.to.r ve the r i ni.ng.o i ¢ medi um
Cells were feﬂléﬂ“g %‘ifﬁfg‘ﬁéﬂ‘&w W%ggﬂﬂgﬁﬁgfﬁev&t&g@h@gg{]m ffevat er. A
capped dark bottl e, served, as the reactor. Synthetic cooling water
was added to the bBEFE RS owed by the washed bacterial stock

yi el di ng appr oxi el )Jerr] cells/m . Stabilized -NaOBr or

unstabilized NaOBr ed into this bacterial suspension at a final

concentration of aas AQ bal ogen (as chlorine).
Headspace in the bottf ‘

oK 1 2 ~avoi d the evaporative | oss
of hal ogenat ed or gani c?\lc%ggg%%g%‘%%

i N o
| :

sinulate a typical coo %Izr)ri}(r:tga P%E'he{vgh?%g;cg{rdggﬁ agir‘lz é’f°§x°2°‘?§s,r St thg
containing halogen. Limits for AOX discharge from cooling water systems have
already been establisiled in some European countries. To simuiate AOX formation
during stabilized and unstabilized sodium hypobromite action in cooling water, a |
mixed bacterial culture typically found in cooling water was cultivated in L-broth
overnight and the cells harvested by centrifugation. The cell pellet was washed with
synthetic cooling water (90 ppm calcium, 50 ppm magnesium, 110 ppm “M”
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
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~sanple was acidified to pH 2.0 with concentrated nitric acid. A M tsubi shi
TOX- 10 Anal yzer was used according to US EPA Met hod 9020 to neasure
t he AOX concentration in the sanples. Utrapure water was used for
the prepar atlon of all reagents and standard solutions to prevent any
“contani nati o ¥ nount s of AOX formed in each SGEHSEAYRE nent is
shown in Table Il below Cooling water with stabilized NaOBr forned
| ess AOX than treatnents using unstabiliz NaQBr at equi val ent

hal ogen concentrations. Linear regressions were performed on both sets of
data to obtain linear-fit equations shown bel ow for both stabilized and

ggtea?:oLL?zed h sam;'ﬁ'awasal‘jldl edbquZ.Ogiﬂ?\%{%L agt%?mél\%%iwp‘osé‘g%é e:( 53@3 X
Dose |
Cool i 1o et er docsivs fs B Rborif o (Yl MR 05 PSR ?nerat'on a

gé:?b% IC]l\IS concmtranonmtlé%ﬁé?%gé‘wﬁm &Jﬁé@%&éﬁ@

rom SpeC| fied
Hal ogen Source

: luti ﬁ!on in%n
Unstabilized SFab T‘l zeg souﬁ?r?g 11 zed Qﬁ g‘lsl C oJrslbfrzl

' glgﬂ?)r 2%93& in each such mt is shown in Table I bel%%bolmg water with 13 29
118 sﬁblhzed NaOBr fonned les@ ﬁOX than treatments usm%Zlﬂstabxhzed NaOBr at 4
91 97 Exanpl e 3: Anti bacterial Activity of

Stabilized Sodiu %&W@ﬁﬂ?eﬁ €bncentrations. 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).

TABLEII

AOX FORMATION (ppb) IN STABILIZED HALOGEN SOLUTIONS

ppb AOX Formed from Specified Halogen Source
DOSE
(ppm total halogen Stabilized Unstabilized Stabilived Unstabilized
as chlorine) NaOBr NaOBr NaOCl NaOCl

1 29 -56

2 52 124 13 118

3 68 174

4 91 . 197
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Freshly prepared solutions of stabilized and unstabilized sodi um
hypobrom te were diluted then added to cooling water in order to
achi eve a one ppm free hal ogen residual (as chlorine). Sodium
hypochl orite W82 |ized in the same fashion as PCT Pbed: for

NaOBr in Exanple One with the exception that NaBr was directly

replaced with distilled water. Stabilized d unstabilized sodi um
hypochlorite were - diluted then addét to cooling water at a fi nal
concentration of one ppmfree hal ogen residual (as chlorine). The

| f all soluti ded hieve.. free. hal
fosi dual (as chior i ne) FEsy AEBH HUHOn RSl gRmBrtiosd S hypobromutdt ©9°"
t or age, i dent.j cal dilutions. of stabilized. 1] di
ypohal | te sol uti O dluiedthe ddsd o Sting A e el F ok BBL AU LG, S0l U
required for a 0”\%{&3&‘(&%@?& Q&?u&ﬂeééh%%'-%a%gé%zgd‘ the satB BRkibIR) VS

added to cooling | N appr oxI mat seudononas

aerugi nosa cells /, nL i $ : ?5@ meE’tH; es into
cool i ng m@%?b#?ru&%l"b%qg%on a%ﬁ%ﬁg#g&%g ogéﬁ’gsneut ralizer
(0.05 percent Na2$2 I3 sibdhed 1 A M B At . . ose
extract agar. Stabi %lcgtie‘ﬁ%%@r retfrélsﬁtélgzelﬂ ts %xﬁgdggﬁﬁ%@g%t%&gct Ivity
after storage whil 0k [?_IQI hs Inbestiof bF drfe RO
Pseudononas aerugidﬁ%%g&frgee aﬁ%ﬁfﬁéﬁéﬁw&lﬁsgﬁ%sultgﬁ‘\i/\‘/ere edv;gél nor e

dramatic Eﬁsi&u?ﬁasséhﬂiﬂﬁe?ﬁ%iuﬂﬂs Sl kAR REnecdditSachiel i dne Piaa fed kel y

due to the disproportionation’o
halogen residual (as chlorine) was recorded. Following 6 and 21 days of dark storage,

identical dilutions of stabilized and unstabilized sodium hypohaJite solutions were
hrepared and the volume originally requirt-ad for a one ppm free halogen residual (as
chloﬁne) 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 Il below). The results were even more dramatic
as the storage period increased. This effect was likely due to the disproportionation of
the unstable hypobromite ion into the non-biocidal species bromide and bromaté.
Surprisingly, NaOCl stabilized in the same manner as NaOBr was comparatively

ineffective under the conditions tested (Table III).
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TABLE 11| ANTI BACTERI AL ACTI VI TI ES OF STABI LI ZED & UNSTABI LI ZED
HYPOHALI TE ~ WO099/06320 SOLUTI ONS AFTER @C/USB1IAYS
equi val ent volunes initially required to achieve one ppm free hal ogen added
t hr oughout test % BACTERI A KI LLED
6 DAYS OF STORACE 21 DAYS OF STERAGE
CONTACT TI ME (M NUTES) CONTACT TI ME (M NUTES)
10 30 10 30 stabilized 99.9
100 99. 8 100 NaOBr unstabilized
99. 8 09 7 N 4 a1 Na CORr
stabilized 0 o =~ TABLEN 21.0
unst abi | i zed 10QNTIBACTEmALAcﬁ9ﬁms0FSTABmminRSTABn.mnmomlﬁ%
NaCOCl Exangl e 4: Depr eseLurIonNs AFBERS@ EDAYSI Mat i on Fol | owi ng
Stabi lization of JSodi um Hypohronmte Hypohal ite ions arfe
known to di spropdrligdsxslent volumesin z.llym ed fo achieve onepom, frae s genaddedthr ghoyt tes |
conditions. Hal atje ions are Y |
carci nogens and are ur el SIS Hqon.
The reaction of Br with o T ) m ol 30 )
stabilized 99.9 100 99.8 100
NaOBr
unstabilized 99.8 99.7 04 6.1
NaOBr
stabilized 0 0 0 21.0
NaOCl .
unstabilized | 100 100 100 100
NaOCl

Hypohalit.e ions are known to disproportionate into halate and halide under
alkaline conditions. Halate tons are undesirable degradants being suspect carcinogens
and are under consideration for governmental regulation. The reaction of NaBr with
NaOQCl can yield significant amounts of bromate in elevated pH environments.
Surprisingly, the stabilization of NaOBr with sodium sulfamate greatly minimized
bromate formation (see Table IV below). Stabilized and unstabilized sodium
hypobromite solutions were prepared as described in Example One. These solutions
were stored in tine dark at room temperature during the course of the study. Eight

month old samples of stabilized and unstabilized NaOBr, both maintained at pH 14, a
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NaOCl can yield significant anmobunts of bromate in el evated pH environnents.
Surprisingly, the stabilization of NaOBr with sodium sul fanate greatly
"mnimzed bromate formation (see Table IV below). Stabilized and
unstabilized sodi um hypobrom te solutions were prepared as descri bed
i n Exanpl e One. These sol utions were stored in the dark at room
tenperature during the course of the study. Eight nont h ol'd sanpl es
of stabilized"am stabilized NaOBr, both maintai ned atfCHHS?AS133,
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condition suitable for bromate formation,~2fere assayed for bromate. A
~Di onex 4000 series gradient ion chromatography system equi pped with

A®D- SC/ AS9- SC | . d ductivit t ect ' dt
measure the br g?ra‘#’ggﬁwgﬂerf&&r}?}w’?‘? ’ﬁggﬂg’(’:’ Q%I”‘xyegz?f&c"é‘g.{e' \'ﬁm@ﬁ_ﬂ%? ogr aph
the BPa for t o ciratshdientfn remiaembit vHgn FAE: W ART-SG AR Rt columite ' O Y
Puri fi ed water fragl g?é'ﬁ#%ﬁﬁ{s@:ﬁﬁrvvv%tu%“ﬂ sgsengwg’?oig% ic?,%teig%rt}eﬁ. tem was used
for the pr edge a s to

t tam ti . . TABLE
Py SO AT s cThe elaomatpesigh RS ppRRiSA aroondie &0 RESHRESPITSLERIE o
SOLUTI ONS . .. . TORE | NONTHS
STABI LI ZED NaOpr Pestigation ydieEhA fortheanglysiof broid Qmﬁ%ﬁhomm
0. 004 Purified t(ler gfﬁm vﬁ‘-}?’é’%ﬂ% Water Systems deionizaﬁon’%?st&ﬂv&qls e the pH

of these sol uti ons was avors "bromat e ornati on. However,

NaQOCl, which contpg%%gaﬁ | G dag% ' s atian LYPICally
diluted with syste m@e@é%‘g@&{% t gﬁgﬁﬁl‘gfg#ﬁﬁﬁt‘%{ﬂnﬁn&%‘fcm de species

In _ ‘ TABLE IV
BROMATE FORMATION IN STABILIZED & UNSTABILIZED NaOBr SOLUTIONS
STORED FOR EIGHT MONTHS _
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
fypically 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 vélumes of this dilute NaOBr

solution were added to cooling water (pH 8.3) giving total available halogen levels of
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than the neat NaOCl / NaBr fornul ati on descri bed above theoretically
m nim zing bromate formati on. The avail able chlorine in a NaQOCl
sanple diluted (1:100) with distilled water was titrated by the
DPD- FAS nmet hod. A sol ution of 45 percent sodi um brom de was added to

the dilute NaOCl at a nolar ratio of 1 Cf[err] 1 Br formng NaOBr. This

reaction proceW@8Ws8r thirty nminutes. Then, appropri ate PEBUSIHHSIDf this

di | ute NaOBr solution were added to cooling water (pH 8.3) giving

total avail abl e hal ogen | evel s of WO 99/ 06320
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1, 2, 3, and 4 ppm (as O 2) as determned by the DPD-FAS nethod. Sinilarly,

. a dilution of stabilized sodiumh obromte (21: 100% was nmade in
distilled water. Dis|2u3.@nd4ppm (asCh)agg ?‘WF“?@% M@PDMW% iladvhal i ng wat er

(pH 8.3) giving total available hal oge l evels of .1, 2, 3, and 4

ppm (as dferr]) adivten hstibilizd spijomp *‘P@°BF‘B“?#§°W€PHB‘G“‘BFEW@’“°’ Dilute

anal ysis then pr oceed nd in the nner escrl belgﬁﬁs)ove Bromat e was not

detected in 54 JpORn s °ﬁ§°\ﬂ§t”é‘re’(g ging total avaiiabie halogen, o
concent rat SLS“”“éé’e'ésqfésﬁp?@hép%a o) et flﬁ%ﬁ?%wﬁod oy o ¢
built into the sta SOdI obro tefo rrul tlag s the

i ndustri al t a"&i?f‘ﬂ&f‘? Hﬂ”& @EF‘ was not f
IS'?agisl irlzgd Il\lgcgr :Jncr sed the Perc ta 8’&{‘ E‘ dual i . °
Recircul ating Coolﬂ’f %fmé’?ngs r’?ﬁ%? o %ﬂbf?ggd'%ﬁ ogen
Oorrpognds aOBr at é"p:@JuQe wgcrem&%kﬁége %&ﬂ?m&(?%e sgfe@lfac%r?bl lized

chl orine products or
bromate built into the stabilized sodium hypobromite formulation as well as the

industrial in situ oxidation of NaBr with dilute NaOCL.

A major drawback to some commercial stabilized chiorine pi'oducts for

industrial water treatment is the low percentage of free chlorine residual delivered to
the watér 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 ﬁ:an 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 chilorine products are employed. Conversely, this phenomenon is not as crucial
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I ndustrial water treatnent is the | ow percentage of free chlorine residual

delivered to the water system This effect is due to the strength of
t he chem cal bond between the stabilizer, usually a nitrogenous
conpound, and chlorine. Chloram nes, ie. conbined chlorine, are

weaker m crobicides than free chlorine. However, bromam nes are
considered to be nearly as effective against m croorgani sns as free

. brom ne. Thus WQ%9/06320 is essential to have a hi gh per BEFVRBIBf t he
total available halogen in the free form when chl ori ne products are
enpl oyed. Conversely, this phenonenon is not as crucial WO
99/ 06320 -29-
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when enpl oying stabilized NaOBr. A commercial heating, ventl Igt ion and air
condi tioning (" WA@W@BEW&&“@%@@W%é?@&%ﬂ?%’F’ﬁ“W W th

L R e

LR e st e G oo R

\ihme)lnogtegbmwed pmemﬁiie Befﬁb tvsalleeble?mo? anmﬁ Abaz)wever f
‘ qt‘i”%‘F‘g‘F’F (3, Tib}?\}{}é@g Hl&uéé efi e df'bfee Ra‘i#gx?%sage 0

free avail abl e hal resi sur ed

g'ltjiaglkl %/ziegcrNgECi]S?fradi 5% %ng‘%d%/%ep%{)wﬁr?%ngﬁee w e 'EWI ogedr?la%%tsvﬁgual

than th VLB, | i der N ktabilized NaOBr w
TA%EE ve 8oy Vaf@?%{}%&g DANI%%ASHA PERCENT bélz %T%E R'EsﬂdeUAL
OXI DANT into this system, the ptl,r&l.nﬁgeqf BeddvAiTab N &1tk dntrdidie WA a T sddalM

measured quickly increased (see Table V below). These phenomena imply that less
stabilized NaOBr is required to obtain a free available halogen residual than the

equivalent amount of stabilized NaOClL

TABLE V

FREE RESIDUAL OXIDANT AS A PERCENT OF TOTAL RESIDUAL OXIDANT
IN RECIRCULATING COOLING WATER SYSTEM

Daysin |Average Free Oxidant as a Percentof| - Biocide Employed
System Total Residual Oxidant
36 13 stabilized NaOCl
45 ‘9 halogenated hydantoins
33 53 stabilized NaOBr

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 cooling tower

or an air washer. This would lower the biocide concentration in the cooling water
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Days in Average Free Oxidant as a Percent of Biocide Enployed
36

System Total Residual Oxidant

13 stabilized NaCOCl - 45

9 hal ogenat ed hydant oi ns 33

53 stabilized NaOBr Exampl e Si x:

Stabilization of Sodium Hypobromte Reduces Volatillity | f
-~ a biocide is WaMneE2e0l atile, its performance may be advEFEEPFINIK ect ed.

For : exanple, the biocide may flash off in the highly aerated

conditions of a cooling tower or an air washer. This would | ower

t he bi oci de concentration in the cooling wdPer WD 99/ 06320

PCT/ US98/ 15133 . - 30-

wasting the product. Hal ogen volatility also |geads to, vapor- hafse corrosion
of suscepthsMStbftfHP‘b‘ﬁ'eﬁmsﬁrVPHg’@g?ls‘f Hadaém‘faz’?fzs’ﬂ?seﬁmﬁaﬁ volatility
may cause wor ker __ disconfort due tQ tga? "svml%rﬁrlngi Wool Mr-oma. Thus,
the need for an efsscentiblesguipment surfaces. lp;adgiton, Balogen, YQIARty IRy paysE WORKE At | ity
is evident. ] Congentrated sol uti Q-ES 8;f ej gher ei%lad:l NaOBr ,
or stabilized NaOBfscqgafor due to the “swimmune popl, ampe AR | o pgp 58 &R RIS wer e
detected fromthe NaQCl .and. NaQOBr . . Splutions. No odors were noticed
fromthe stabili zé&‘%@‘?md?ﬁ‘i‘ﬁwswéﬁqhﬁyﬁﬁm@‘élhent ~ over existing

products by mi nim zi ng.hal ors 0 . .

Bl each, NaOCl, is not 98%%4%?‘@‘@% aw%ﬂg%??@?%@ﬁg?ﬁr&r%&@d 3%?3{ 0 Some of

the reasons listed qve C n effectiv g“: ' se is

achi eved, the adse%tﬁﬁf"?g%hﬁglg%)ern iRy “%)eée%f) ov%hﬁ?ﬁﬁ%’?ﬁ&r kers

woul d not be able to.confortabl ; NioB Onds kSR ifstodnRAS. The

| ow vol atilizati onmglfm%sgé%io?‘l’a}szg%e R%nfﬁirﬂo&/@?%@r%gd : :
over existing products by minimizing halogen odors in product storage areas.

Bleach, NaOC], is not commonly used in air washer systems due to some of
the reasons listed above. Once an effective microbial con@l dose is achieved, the
halogen odor may be so overwhelming that workers would not be able to comfortably
operate in the treated areas. The low volatilization of stabilized NaOBr overcomes
this drawback. Stabﬂized sodium hypobromite was added at elevated use
concentrations to two textile mill air washers in order to investigate its volatility.
Then the air was monitored throughout the mill. A Sensidyne air monitoﬁng device
outfitted with halogen detection tubes was used to instantaneously detect halogen in
the air. The lower detection limit was 50 ppb which is below the Threshold Limit
Value-Short Term Exposure Limit for bromine as established by OSHA. In addition,
halogen badges were placéd throughout textile mills in order 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
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this drawback. Stabilized sodi um hypobromte was added at el evated use

concentrations to two textile mll air washers in order to investigate its
volatility. Then the air was nonitored throughout the mll. A
Sensi dyne air nonitoring device outfitted with hal ogen detection
tubes was used to instantaneously detect halogen in . the air. The

| oner detection limt was 50 ppb which is below the Threshold Limt

Val ue- Short T&OM¥osure Limt for bronine as establi shRGUSHSISEBIA. | n

addi tion, hal ogen badges were placed throughout textile mlls in
order to detect hal ogen vapors over extended periods of tine.
Nei t her nonitoring system detected any harabén present in the air
following the el evated stabilized NaOBr dose. No-hal ogen odors WO

2 .
g9C{r/0 8%9 g /15133 were encountered in either the air washer unit or the return air. The microbial _ 31 -

merobial o rpeenrr e REReL R PaAa Bl e e TR o
P 0, S Bl e R L LA Sl =
the_bact or i al poputiicrEptdmRad e SRRl R, B Sl b 02
ot hoa of the. pr e B RAROaLE uithe sBRRLR bR HERERIRTTEN O O e
concenpt and S CEREod barf # Snalt W AV chitbsihiin, $5drieddfi nd dhrah Rncdi B H@ NG

method of the present invention described herein without departing from the concept

and scope of the invention as defined in the following claims:
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CLAI M5 1. A netho reventing m crobiof ouling on the
surfaces of equipnent in Bwl&ﬁu"m "I‘ﬂu"' i ndustrial water system
whi ch conprises adding to the aqg em-an '

anti-mcrobiologically effective anpunt of a°’st abi | i;zed sodi um hypobronite
sol ution, sai d"98M$830on havi ng been prepared by the stepsPCINUSE/5133
a. Mxing an aqueous solution of alkali or alkaline earth netal

hypochl orite havi ng from about 5 percent to about 70 percent

avai |l abl e hal ogen as chlorine with a -32rat er sol ubl e bronide ion

sour ce; b. Allowing the brom de ion source and the al kali or
al kal i.ne earth netal hypochlorite to react to forma 0.5 to 30

percent by wei ght aqueous sol ution of CLAIM§,st abi | i zed al kali or
al kaline earth netal hypobr to the

0
unst abi | i zed sol ution Jf 4P ﬁ‘g‘}qﬁﬁﬁwﬂwgmgﬁwgﬂnﬁﬁﬁﬁgmﬂdeqmmﬁﬁbrom te
a stabilizer sel ect ed fragmthe up. consi s of . car,honj ¢, aci ds,
hydrogen cyani de, 'Hf“ﬁ@%ﬂglvpa éf‘&‘f Hg"m%ﬁfsr ng.totheagueons, o phor i ¢
aci ds and bor c acids ng,.a i1ized
aqueous al kali or s{?éllaf‘ﬁ‘é mbwlwwfﬁ%aﬁ’?%w@s‘%‘\"ﬁm“&! E’fﬂ?’g"ﬂme

2. The net hod accor 1. wherein,th trial water systemis
selected froma grog "c’c?’rill gl{‘mr‘l’?a beg'%r%nafedL Ele e#’%system a sweet wat er

:S%yszl'ﬁ? rrgt hod of g?; ﬁ]%gwgbﬁ%re%§&? omﬁ{’]'g‘gia'ﬁ:gﬁze I'S }Qﬁ%{ %Xlg'&frg}(‘)lﬁ%“fhe group

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 a stabilizer selected from the group consisting of carbonic acids,
hydrogen cyanide, carboxylic acids, amino acids, sulfuric acids, phosphoric acids and
boric acids;

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

2. The method according to claim 1, 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.

3. The method of claim 2, wherein the stabilizer is selected from the group
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consi sting of urea, thiourea, crem—vam ds, al kyl hydant oi ns,

nono or di et hanol am ne, c”"ﬂ es, biuret, sulfamc
acid, organic sulfamates and MMH #ﬂjﬂ" 4. A
st abl lized aqueous sol uti on of an *al Kal } o ne earth netal
hypobromite wht e prepared by the steps of: PCT/USIBASI}| xi ng an
aqueous solution of alkali or alkaline earth net al hypochl orite

havi ng from about 5 percent to about 70 pergent avai | abl e hal ogen as
chlorine with a wat er sol ubl e bronid& i on sour ce; b.
Al'l owi ng the brom de ion source and the al kali or al kal i ne earth netal

hypochlorite to react .to t0. 30 per.cen ht aqueo

sol ution of confitipe, “ﬁ r%‘&“‘&% ﬁ"ﬁ?hmn&r “ﬁ%ﬁ‘f’?’eﬁé’é " 8bbr oni t e;
c. Adding to the °H1 b| Jized. ssé’&fut o) % I, al kal arth netal
hypobronite a stab anl;m%gfggm% H“é” ﬁ{j@ﬂb %’bdngr?%'{' & boni ¢

aci ds, hydr, ecyanl de, car boxyl ic acids, amno acids, sulfuric
acids, phosphori c "aci ds” and boric acids; d. Recovering

2ot 11zed aqueous o g iuyfeo SUIARGEBF BB L AR Bl ©
selected fromthe Hﬁ“’ﬁ“'h“’h‘s,{ﬁ@m%&‘gg"l’gf"f urea, thiourea, cr eati ni ne,

cyanuri.c acids, al ant oi et hanol am ne, organic

sul f onam des, biuret, éLﬂa&ﬁ@a{iaﬁ%ugsolﬁ{oﬂml%ymaﬁﬁnéﬁﬂhypocmmte

mel am ne.

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

¢. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite a stabilizer selected from the group consfsting of carbonic acids,
hydrogen cyanide, carboxylic acids, amino acids, sulfuric acids, phosphoric acids and
boric acids; |

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

5. The method of claim 4, wherein the stabilizer is selected from the group
consisting of urea, thiourea, creatinine, cyanuric acids, alkyl hydantoins, mono or di
ethanolamine, organic sulfonamides, biuret, sulfamic acid, organic sulfamates and

melamine.
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6. A nethod of preparing a stabilized aqueous al kalii or al kaline earth

met al hypobronmite sol uti Til ' a. Mxing an

aqueous sol ution of alkali or al mllmmmemu W“NI hypochl orite

havi ng from about 5 percent to abdéut €70t pet cent *avai | abl e hal ogen as

chl orine wi t h V9906320 wat er sol ubl e brom de ion sour cePCTUS?H/IS133

b. Allowi ng the brom de ion source and the alkali or alkaline earth netal

hypochlorite to react to forma 0.5 to 30 percent by wei ght aqueous

sol ution of unstabilized al kali or34tkaline earth netal

hypobrom te; c. Adding to the unstabilized solution of

al kali or alkaline earth netal . hypobromte _a_stabilizer selected

fromthe group consi st Pn@“&ﬁh°eaﬁlﬁﬁﬁutg”§@¥ d aqueous alkali gy alkalige earta metal e

carboxylic acids, am no acids, sulfuric acids, phosphoric acids and

boric acids; hypobromite solutign cOmBREIRES | ng a stabili zed aqueous al kali or

al kal i ne earth netal h¥p] 7. The
e

~om t . £ - .
method of claim6, whel %'?@%@%‘5@5?1&%3%45%2& '8??‘%%P¥P@°@?’8ﬁp _
oo or e ©f 1" hagig Rl s BrciReh R0 (2 Wi Helode an Bagtoe hiGA N 01 1S

acid, or ganl c sul fwaaqe%tso %blgggmideionsomeﬁl am ne.

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 unstabilizeﬂ solution of alkali or alkaline earth metal
hypobromite a stabilizer selected from the group consisting of carbonic acids,
hydrogen cyanide, carboxylic acids, amino acids, sulfuric acids, phosphoric acids and
boric acids;

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

7. The method of claim 6, wherein the stabilizer is selected from the group
consisting of urea, thiourea, creatinine, cyanuric acids, alkyl hydantoins, mono or di
ethanolamine, organic sulfonamides, biuret, sulfamic acid, organic sulfamates and

melamine.
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