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Background of the Invention

Hypobromous acid is one of the most potent sanitizers among the oxidizing
halogenated compounds. Since it is a weaker acid than hypochlorous acid

(pK=8.8 at 25°C), it is predominant at pH higher than 9.

Alkaline hypobromites can be prepared at low temperature, with good
yield, if an excess of hydroxide is provided. A supersaturated solution can
be prepared at 10°C, if 90% of the equivalent amount of bromine is fed to a
10 N solution of NaOH or KOH. The pentahydrate NaBrO.5H:0 begins to
precipitate at —3°C, and keeps precipitating at lower temperatures, while
the heptahydrate begins to precipitate at —7°C, and keeps precipitating at
lower temperatures. However, the precipitation is slow. This mode of
operation enables the preparation of MOBr solution (M = Na, K), but these
are not stable enough for practical and commercial application.
Concentration increase of the MOBr has a beneficial effect on the stability

because of the simultaneous decrease of water concentration.

Hypobromites, e..g. sodium hypobromite, can also be prepared from the

reaction of bromides with an oxidant, e.g., chlorine or hypochlorite. The



because of the sinultaneous decrease of water concentration. Hypobromtes,
e.. g. sodium hypobromte, can also be prepared fromthe reaction of
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yi el di ng equi val ent anobunts of NaOBr and NaCl. Since the NaOCd sol utions
thensel ves contain NaC in equival ent anount with NaOCl, and nostly
contai n meactienswitls Igwookiwite has Hbeobtsadnabtagec of gaelding icomivdleNaOBr i s
relatively low The strong oxidizing potential of the hydrobronmous acid
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with the alkali salts of sulfamc acid, affording chloro- and
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chl orine an unction I'ng nitrogen.
made them very difficult to stabilize. Several classes of stabilizers, among

them amides, amines, sulfonamides, melamine, sulfamic acid, cyanuric
acid, and hydantoins, have been suggested in the prior art. However,
amides and amines are generally oxidized by the hypobromites. Urea is
decomposed down to nitrogen and other amides are transformed to amines

that in turn can be oxidized to nitrogen.

Sulfamic acid and its salts have been mentioned as stabilizers, being
stable to the attack of hypochlorous and hypobromous acids. The latter
react at low temperatures with the alkali salts of sulfamic acid, affording
chloro- and bromoamidosulfonates XHN-SOsM. However, some strong
oxidants, among them chlorine and bromine, can attack the NHz function

liberating nitrogen.

USP 5,683,654 discloses a process which compriées preparing an aqueous
solution of unstabilized alkali or alkaline earth metal hypobromite by
mixing and reacting the corresponding hypochlorite with a water-soluble
bromide ion source and stabilizing the result with an aqueous solution of
an alkali metal sulfamate. USP 5,795,487 and 5,942,126 disclose

essentially the same process.



USP 5, 683, 654 di scl oses a process which conprises preparing an aqueous
solution of unstabilized alkali or alkaline earth netal hypobromte by

m Xi ng aroridagiirng t he correspondi ng hypochlorite with aPaatieed/®aé3ubl e
brom de ion source and stabilizing the3result with an aqueous sol ution of
an al kali nmetal sulfamate. USP 5,795,487 and 5,942, 126 di scl ose

essentially the sane process. WO 03/093171 PCT/1L03/00363 3 USP 6, 037, 318
descri begS® 8,087,338  desdriteesmanuirecédsr €oofthal kahhutctintee athinligaliranposi ti ons

whi ch conprises three steps: a) adm xing a source of sodium hypochlorite
and an asteachingnganmesitibine whiely chmpridet ahiree strgisd ) bdnfiging a sonesdor omi ne
adm xture; b) adding to the mxture a source of bromi ne; and c) adjusting
the pH off sdrBunedypoeldgrite angr ent amipo lcompound. whigwaway besswéemic
hypochl orite solutions_generally contajn chlorides in an equival ent anount
W th hypasd by foresa predrewing elmixiise: by addidgnodihe mpduge asester of of sodi um
chloride. Further, gSQi nce the ﬁe?@pﬁ” Fll}r e.ug.,, sulfam c acjid, and the
hypochl dPiopeing: ngi YerfiBetiag d efiihe waeudiing mitHRF e AoREk 19t he
effici egﬁy of the. stabiljzer, is dg.creased, ecau e.ith reacts with the
hypochl ofPTEvesnEnge dumocloiteopolitigns naregally soniest chiagidesntd 49 on
because of .the | ow concentration t.he arting.NaQCd. . sol ution. DE
3308850 WueriRbetmplRt T PReflorbie She aPling ener i oetin s
stabi | zgr o uhi 6B HRY oPSoliifm® fliHBe a! Fulthe?MsHRRULLONELAGY, old., does not
sulfamic acid, and the hypochlorite are mixed before the addition of a
bromine source, the efficiency of the stabilizer is decreased, because it
reacts with the hypochlorite. The stabilized solution has a low NaOBr
concentration because of the low concentration of the starting NaOCl

solution.

DE 3398850 discloses stabilizing solutions of sodium hypochlorite with a
stabilizer which may be the sodium salt of amidosulfonic acid. It does not

teach the preparation of hypobromite solutions.

USP 6,068,861 describes a process of making a concentrated liquid biocide
formulation, in which bromine chloride and an alkali metal salt of sulfamic
acid are mixed. Bromine chloride is difficult to handle and tends to
dissociate to bromine and chlorine. It is not a commercial product and
must be manufactured by using special skills and expensive installations

for keeping it in liquid phase under pressure.

It is a purpose of this invention to provide a method for obtaining
stabilized solutions which contain high concentrations of alkali

hypobromites.



teach the preparation of hypobromte solutions. USP 6,068,861 describes a
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Brom ne chloride is difficult to handl€ and tends to dissociate to brom ne
and chlorine. It is not a comrercial product and nust be manufactured by
usi ng special skills and expensive installations for keeping it in liquid
phase under pressure. It is a purpose of this invention to provide a nethod
for obtaining stabilized solutions which contain high concentrations of

al kali  Hyjobnothier gmrpoee 0f/tho3nvenfion/ oL pIviiE3e8ch solutions Enattier pur pose
of the invention to provide such solutions in which bromne is fed as such
and not bremuhisfedwssuchmalderokiBinosghdr mgre fPFPIeX $QUICE O4 PFOERRr pur pose
of this invention to provide such a process that provides hypobromte

sol utions having an anount of active hal ogen, expressed as avail able
chlorine,, that,i
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prepared according to the prior art.

It is a still further pufpose of this invention to provide a sanitation method
for bodies of water, in the pH range of 5-10, by feeding the hypobromite
solution prepared according to the process of the invention, so that the
proper active HOBr concentration (expressed as available chlorine) is

achieved. '

Other purposes and advantages of the invention will appear as the

description proceeds.

Summary of the Invention

The process of the invention comprises the following steps:

a) contacting a concentrated alkali hydroxide aqueous solution with
bromine, in a hydroxide-bromine equivalent ratio that is from 2:1 to 3:1
and is preferably not less than 2.2:1;

b) allowing the mixture to react at a temperature from -5°C to 10°C,
preferably 0 =+ 5°C;

¢) adding to the product of said reaction, which comprises unstabilized

alkali hypobromite, a concentrated aqueous solution of a sulfamic



O her purposes and advantages of the invention will appear as the
description proceeds. Summary of the Invention The process of the invention
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hydr oxi de aqueous solution with brom fie, in a hydroxi de-brom ne equival ent
ratio that is from2:1 to 3:1 and is preferably not less than 2.2:1; b)
allowing the mxture to react at a tenperature from-50C to 10C,

pr ef er ableympoubrhegerafidnmght grohp queituntg of ssHanhic eait nad, solddbleh
conprises unstabilized alkali hypobromte, a concentrated aqueous sol ution
of a sul fsalfemivecEBe3 sp1hRCEH olsy BER6E Saad@mdaonaall’c tofingehrémim t he
group consisting of sulfamc acid and soluble sulfamc acid salts, so that
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sulfamc c ound is sodium sul famate. The aqueous solution obtained is
free frorif ‘i chloride. It contains, depending on the concentration of

the sulfamc acid or sulfamate solution, an amount of active hal ogen,
expressed as available chlorine, from9 to 12 w% based on the weight of

the whol %‘h%%ﬂé%r?@d 3048k %BEHp%%%d% sodium sulfamate.

The aqueous solution obtained is free from alkali chloride. It contains,
depending on the concentration of the sulfamic acid or sulfamate solution,
an amount of active halogen, expressed as available chlorine, from 9 to 12
wt%, based on the weight of the whole solution and determined by
jodometric titration, higher than that of any comparable solution prepared
according to the prior art. The solution prepared by the process defined
hereinbefore, has a higher stability than the solution of the prior art, as

~ will be specified later on.
The preferred alkali hydroxide is sodium hydroxide.

The solution according to the invention contains alkali bromide, preferably
e.g. sodium bromide. In an embodiment of the invention, said bromide can
be further oxidized with a known oxidizer, e.g. sodium hypochlorite or
oxone, at the same low temperature at which the alkali hydroxide has
been allowed to react with bromine in the first stage of the process.
Preferably, if hypochlorite is used as oxidizer, it should have a
concentration of at least 10.5%, preferably at least 12.5%, expressed as
available chlorine. The hypochlorite can be formed in situ from chlorine

and a hydroxide, e.g. sodium hydroxide. The hypobromite is thus obtained



jodometric titration, higher than that of any conparable sol ution prepared
according to the prior art. The solution prepared by the process defined
her ei nbefwoa3/opa31 a hi gher stability than the sol ution of PChAL@rG0663 art, as
will be specified later on. The preferéed al kali hydroxide is sodium
hydroxi de. The solution according to the invention contains alkali brom de,
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brom de, Jﬁéo.rﬁ._iis@gf)t}% émﬁeefgra?nﬁ%%nie formed hypobromite is preferably
stabilized by an addition of a sodiumsulfamate solution at a nolar ratio
of sulfamate to hypobromte from1l:1 to 1.5:1 and preferably about 1.1:1,
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oxi dati o fohgheahk@hbr BRI of EhARIHAABLoHPINMX RS least 15 wt% of
alkali, e.g. sodium, hypobromite and 13 wt% of alkali, e.g. sodium, -
bromide. Its alkali, e.g. sodium, chloride content is less than 1 wt% and its
amount of available halogen, expressed as chlorine, is at least 9%. It
further contains from 17 to 21 wt% of sodium sulfamate. Said solution is
an aspect of the present invention. The solution obtained after said further
oxidation and addition of the second portion of sulfamate, e.g. sodium
sulfamate contains, depending on the oxidant used and the sulfamate
concentration, at least 10 wt% and up to 29 wt% of alkali, e.g. sodium,
hypobromite (at least 6 and up to 15% available chlorine), less than 1 wt%
of sodium bromide, less than 7 wt% and down to 0 wt% of alkali, e.g.

sodium, chloride, and from 14 to 25 wt% of alkali sulfamate, e.g. sodium

sulfamate. It too is a new product and an aspect of the invention.

Brief Description of the Drawings

In the drawings:

Fig. 1 shows the change of active bromine calculated as available
chlorine, in two solutions, one according to the invention and one
according to the prior art, with the passage of time at 50°C; and

Fig. 2 shows the ratio decrease in the available chlorine under the

same circumstances.
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vigorous stirring, 255.8 g of a concentrated aqueous NaOH solution (34.76

wt%) with 160 g bromine, added gradually so that the temperature is
maintained at 0 £ 5°C. The NaOH/bromine molar ratio is 2.2:1. A clear,
dark yellow solution of unstabilized sodium hypobromite is obtained,
which contains 28.62 wt% NaOBr and 24.8 wt% NaBr. In spite of the very
high concentration and low temperature, no precipitation occurred due to

the very high solubility of NaBr.

An aqueous solution of sodium sulfamate is prepared by gradually adding
at room temperature 789.4 g of an aqueous, 50 wt% NaOH solution to
1418 g of an aqueous slurry composed of 576 g sulfamic acid and 842 g of
water. A clear solution containing 32 wt% of sodium sulfamate is obtained.
409 g of this sulfamate solution is added gradually to the solution of
unstabilized sodium hypobromite, while maintaining the temperature at a
maximum of 5°C. The molar ratio between Na sulfamate and NaOBr is
1.1:1. The resulting solution contains 119 g (15.8 wt%) stabilized NaOBr,
103 g (13.7 wt%) NaBr (one mole per mole of NaOBr), 131 (17.35 wt%) of
sodium sulfamate. The amount of active halogen, expressed as available
chlorine, determined by iodometry, is 8.7%, higher than in any solution

prepared from hypochlorite and NaBr according to the prior art.



The percentages given are all by weight. Exanple 1 A concentrated
hypobromte solution is prepared by contacting, under vigorous stirring,
255. 8 g ovoa3spmicent r at ed aqueous NaOH solution (34.76 wWPE/TMY(t36B60 ¢
brom ne, added gradually so that the t&nperature is mnamintained at 0 5C.
The NaOH brom ne nolar ratio is 2.2:1. A clear, dark yellow solution of
unstabil i zed sodi um hypobromte is obtained, which contains 28.62 wt%
NaOBr andiganplet®s NaBr. In spite of the very high concentration and |ow
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sulfamic acid, is added. Once the addition of the sodium sulfamate
solution is finished, 564.4 g of aqueous sodium hypochlorite solution
(12.5% available chlorine) containing 10.3 wt % NaCl is added, followed by
other 840.7 g of the aforesaid sodium sulfamate solution. Throughout the

process, the temperature is maintained at 0+5¢C.

The final solution contained 14.3 wt% NaOBr (8.6% halogen expressed as
chlorine) and the molar ratio Na sulfamate/NaOBr is 1.1:1. The stability
of this solution was tested in accelerated conditions at 50°C: after Qight
days (equivalent to 64 days at room temperature): the available halogen

content was unchanged.

Example 3
A NaOBr/NaBr solution is prepared as in the first stage of Example 2. 291

g of a 45 wt% sodium sulfamate solution, prepared from the same amount
of sulfamic acid and aqueous 50 wt% NaOH as in Example 2, but with
only 381 g of water, is added gradually at 0+5°C. The stabilized
NaOBr/NaBr solution has an available chlorine concentration as high as
11.83% and its composition is 18.9 wt% NaOBr, 16.4 wt% NaBr and 20.9

wt% sodium sulfamate.



8 Exanple 2 In a 1000 ml jacketed reaction vessel, provided with stirrer
and tenperature controller, is added 272.4 g (208 m ) of 32.3% aqueous
NaOH solwbDiogn931The sol ution is cool ed, by nmeans of -150CPOTIIhes/0066Wwn t O
05C wunder stirring. Bromne, 160 g (52.5 m) is added drop-w se, so that,
the tenperature does not rise beyond 5C. ' When the bromne addition is
acconplished, 340.7 g of a solution of sodiumsulfamte, prepared from
818.4 g (500 m) 50 w % NaOH solution, 1144.4 m water and 900.8 ¢

sulfam c acid, is added. Once the addition of the sodium sul famate

sol ut i on Bxsahiphe ghed, 564.4 g of aqueous sodi um hypochlorite sol ution
(12.5% avai |l abl e chlorine) containing 10.3 wt % NaC is added, followed by
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Example 5

A formulation was prepared as in Example 2, with the exception that 246
g of 50 wt% KOH solution was used instead of 176 g, 50 wt% NaOH
solution. The resulting solution was treated as in Example 2, so that,
finally, a stabilized KOBr solution, containing both KCl and NaCl
(originally in the NaOCl solution) was obtained. The active halogen,

expressed as available chlorine, was 8%.

The stability of the solutions obtained by the invention is illustrated by
the diagrams of Figs. 1 and 2. In Fig. 1 the shelf life of three solutions is
compared. Solution 37889-25 was prepared according to Example 1;
solution 37889-31 was prepared according to Example 2; and solution
37889-27 was prepared according to Example 1 of USP 5,942,126. The
stability was determined at 50°C. The stability at room temperature (20°C)
was calculated by assuming that at room temperature the available
chlorine would decrease in eight days by the same rate as it decreases
each day at 50°C. This is based on the known law that the reaction rate is
doubled every 10°C.



only 381 g of water, is added gradually at 050C. The stabilized NaOBr/ NaBr
sol ution has an avail able chlorine concentration as high as 11.3%and its
conposi t iwo Bo9381 9 W % NaOBr, 16.4 wt % NaBr and 20.9 w ¥CTadinvs63

sul famate. WD 03/093171 PCT/1L03/0036® 9 Exanple 4 The solution from
Exanple 3 is treated, at 02C with 564.4 g of a 12.5% solution
hypochlorite, and imedi ately after, while keeping the tenperature at the
sane | evaVhilei 4 mzeheryobfexdBaplesoherdi bears giveambyewayodiutllwsirathen,hitadded
gradual ly. The solution thus obtai ned contained 16 ,w % NaOBr (9.6% as
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NaOCl sol ution) was obtained. The active hal ogen, expressed as avail able
chlorine, was 8% The stability of the solutions obtained by the invention
is illustrated by the diagrans of Figs. 1 and 2. In Fig. 1 the shelf life
of three solutions is conpared. Solution 37889-25 was prepared accordi ng
to Exanple 1;



sol ution 37889-31 was prepared according to Exanple 2; and sol ution
37889- 27 was prepared according to Exanple 1 of USP 5,942,126. The

stabi | it ywaag/ogmarer m ned at 50C. The stability at room t erpEarenoas3 20C)
was cal cul ated by assum ng that at robm tenperature the available chlorine
woul d decrease in eight days by the sane rate as it decreases each day at
50C. This is based on the known |aw that the reaction rate is doubled
every 10C. WD 03/093171 PCT/1L03/00363 10 Wile a nunber of exanpl es have
been given by way of illustration, it should be understood that the
inventiodlbéiﬂﬁ% carried out with many nodifications, variations and
adapt ations, wi thout departing fromits spirit or exceeding the scope of
the clains. WO 03/093171 PCT/IL03/00363 11 CLAIMS 1. Process for the

preparati on f sta ed a ueou sol .. Of obrom t rises the
steps of :1-af e adPt ngh ]rogte rﬁléll]ﬁzeﬁyd%/(ﬁ’)?oﬁﬁ gaﬁ?ﬂﬂ?f sOl ution
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hypobromte,” an agteous so | on m C cofpound, osen.in
bromine, in a hydromde-bromme equlvalent ratio from 2:1 to 3.1,

b) allowing the mixture to react at a temperature from -5 to 10°C;

¢) adding to the product of said reaction, which comprises unstabilized
alkali hypobromite, an aqueous solution of a sulfamic compound, chosen in
the group consisting of sulfamic acid and soluble sulfamic acid salts,
sodium sulfamate at a molar ratio of sulfamate to hypobromite from 1:1 to
1.5:1, at a temperature between -5 to 10°C, whereby to form stabilized

hypobromite solution.

2. Process according to claim 1, wherein the sulfamic compound is sodium

sulfamate

3. Process according to claim 1, wherein the hydroxide-bromine molar ratio

is not less than 2.2:1.

4. Process according to claim 1, wherein the mixture of alkali hydroxide

solution with bromine is allowed to react at a temperature of 0+5°C.

5. Process according to claim 1, wherein the sulfamic compound solution is
added to the reaction product comprising unstabilized alkali hypobromite,
at a molar ratio of sulfamic compound to hypobromite of about 1.1:1 and at

a temperature of 0=5°C.



t he group consisting of sulfamc acid and soluble sulfamc acid salts,
sodiumsul famate at a nolar ratio of sulfamate to hypobromte from1l:1 to
1.5:1, atweaosesper at ure between -5 to 100C, whereby to foPeTALeH0B¢3zed
hypobrom te solution. 2. Process accotding to claim1, wherein the sulfamc
conpound is sodium sulfamate 3. Process according to claim1, wherein the
hydr oxi de-brom ne nolar ratio is not less than 2.2:1. 4. Process according
to claim1, wherein the m xture of alkali hydroxide solution with brom ne

is allowed to react at_a tenperature, of 05C. 5. Process. according to claim
1, wher eifn Pragess|acapiding otfp Slaia slol IHrtlaer icompsirieg ¥ Zﬁﬁgr%@@tia&n pr oduct

conprising. unstabilized, al ka]i. hypobromite,.. at.a | ar . rati.o,.of sulfamc
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03/ 09317 PC}]{IL 3/00363 12 6. Process according to claim1, further
conpri si nYBIROXFN i th an  oxi dant the bronide contained in the

stabil'ized hypobromte solution to formhypobromte. 7. Process according
to claim6, wherein the oxidant is chosen in the group consisting of

di h i . {E | 2l M7 inth
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tenper at WhRsikta® of 2ol ¥pochlorite and oxone.

8. Process according to claim 7, wherein the oxidant is sodium bromide

and said sodium bromide is oxidized, at a temperature from -5 to 10°C.

9. Process according to claim 7, wherein the oxidant is sodium hypochlorite

having a concentration of at least 10.5% expressed as available chlorine.

10. Process according to claim 9, wherein the sodium hypochlorite

hydroxide is formed in situ from chlorine and sodium hydroxide.

11. Process according to claim 2, further comprising further stabilizing the
stabilized hypobromite solution by an addition of a sodium sulfamate
solution at a molar ratio of sulfamate to hypobromite from 1:1 to 1.5:1 at a

temperature between -5 to 10°C.

12. A stabilized sodium hypobromite solution containing at least 16 wt% of
sodium hypobromite, at least 13.0 wt% of sodium bromide, less than 1
wt% of sodium chloride, and from 17 to 21 wt% of sodium sulfamate
content, and having an amount of active halogen, expressed as available

chlorine, of at least 9%.



9. Process according to claim7, wherein the oxidant is sodiumhypochlorite

havi ng a concentration of at |east 10.5% expressed as avail able chlori ne.

10. Proceweoapgxarding to claim9, wherein the sodi um hypo®RTaLéxm®363

hydroxide is fornmed in situ fromchl otd ne and sodi um hydroxi de. 11. Process

according to claim?2, further conprising further stabilizing the

stabilized hypobromte solution by an addition of a sodium sul famate

sol uti on H. Astallilived abdimmohypubfemit sotutidry paiindminzeatf least 10 Wwibooll. 5: 1 at

a tenperature between -5 to 100C. 12. A stabilized sodi um hypobromte

sol ut i on soditai hyprpramiteabiss tham Levet ofsenfiium bisquolsteohassehaat 7 madst 13. 0
wt % of sodium brom de, less than 1 w % of sodiumchloride, and from17 to

21 wt % ofofsediumdlenderard froani éie 25a¥itPoredepdiyirasudizmate wontert i ve

hal ogen, expressed as available <chlorine, of at |least 9% WD 03/093171

PCT/1L03/ 00363 13 13. A stabilized sodi um hypobrom te solution containing

at least 10 wt % of sodi um hypobromte, less than 1 w % of sodi um brom de,

|l ess than 7 wt% of sodiumchloride, and from14 to 25 w % of sodi um

sul famat e content.



