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CONCENTRATED AQUEOUS BROMINE SOLUTIONS AND
THEIR PREPARATION

BACKGROUND

Bromine-based biocides have proven biocidal advantages over chlorination-dechlorination
for the microbiological control of cooling waters and disinfection of waste treatment systems. The
water treatment industry recognizes these advantages to be cost-effective control at higher pH values,
almost no loss in biocidal activity in the presence of ammonia, and effective control of bacteria, algae
and mollusks.

A common way of introducing bromine based biocides into a water system is through the use
of aqueous NaBr in conjunction with NaOCI bleach. The user feeds both materials to a common
point whereupon the NaOCl oxidizes the bromide ion to HOBr/OBr®. This activated solution is then
introduced directly into the water system to be treated. The feeding of the two liquids in this fashion
is necessary because the HOBr/OBr® mixture is unstable and has to be generated on-site just prior
to its introduction to the water. Furthermore, the feeding, and metering of two liquids is
cumbersome, especially as the system has to be designed to allow time for the activation of bromide
ion to occur. Consequently many biocide users have expressed the need for a single-feed, bromine-
based biocide. Elemental bromine and molecular bromine chloride have been considered to meet
these demands. Both are liquids at room temperature and can be fed directly t;) the water system,
where immediate hydrolysis occurs to yield HOBE:.

Br,+ H,0 - HOBr+HBr (1)
BrCl+H,0 - HOBr+HCI (2)
Properties of bromine and bromine chloride are compared in Table 1.

Table 1 - Physical Properties of Bromine and Bromine Chloride

- ';'::P’roperty; = Brominé’(sz)*. G | Bromine Chloride (BrCl)
Appearance Fuming, dark-red liquid Fuming, red liquid or gas
Boiling Point 59°C 5°C
Vapor Pressure (25°C) 214 mm 1800 mm
Corrosivity Corrodes most metals in the presence Corrodes most metals in the presence
of water of water
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It can be seen that certain characteristics of these materials--especially their corrosiveness, high vapor
pressures and fuming tendencies--necessitate care and skill in their handling and use. Early efforts
to overcome the deficiencies of these materials comprised complexing bromine with excess bromide
ion in the presence of strong acid and stabilizing the resultant solutions with ethanolamine. The
resultant solutions of ethanolammonium hydrogen perbromide contained up to 38% by weight
elemental bromine. See in this connection, Favstritsky, U. S. Pat. No. 4,886,915; and Favstritsky,
Hein, and Squires, U. S. Pat. No. 4,966,716.

These solutions permitted introduction of bromine to a water system using a single feed. As
in the case of bromine and bromine chloride, the ethanolammonium hydrogen perbromide
hydrolyzed in water to release HOBr. The vapor pressures of these solutions were lower than
elemental bromine and bromine chloride. Nevertheless, the solutions still possessed measurable
vapor pressures, and thus tended to produce undesirable reddish-colored vapors during storage and
use.

An economically acceptable way of stabilizing high concentrations of aqueous solutions of
bromine chloride is described in U.S. Pat. No. 5,141,652 to Moore, et al. The solution is prepared
from bromine chloride, water and a halide salt or hydrohalic acid. These solutions were found to
decompose at a rate of less than 30% per year and in cases of high halide salt concentration, less than
5% per year. Moreover, solutions containing the equivalent of 15% elemental bromine could be
prepared. Unfortunately, the relatively high acidity of these solutions and their tendency to be
corrosive and fuming impose limitations on their commercial acceptance.

Many solid bromine derivatives such as BCDMH (1,3-bromochloro-5,5-dimethylhydantoin)
are limited in the amount of material that can be dissolved in water and fed as a liquid to the water
treatment system. For example, the solubility of BCDMH in water is only around 0.15%. Another
limitation of such derivatives is that at neutral pH, HOBr rapidly decomposes, eventually forming
bromide ions. Thus, the ability to store and transport these aqueous solutions is greatly limited and
of questionable commercial feasibility.

U.S. Pat. No. 3,558,503 to Goodenough et al. describes certain aqueous bromine solutions
stabilized with various stabilizing agents and various uses to which such solutions can be put. The
compositions described in the patent comprise an aqueous bromine solution having from 0.01 to
100,000 parts per million by weight of bromine values wherein the molar ratio of bromine to
nitrogen present in the bromine stabilizer ranges from 2.0 to 1 to 0.5 to 1. The stabilizer used is

biuret, succinimide, urea, a lower aliphatic mono- or disubstituted urea containing from 2 to 4 carbon

20



10

15

20

25

30

WO 99/62339 PCT/US99/09801

atoms in each substituent group, sulfamic acid, or an alkyl sulfonamide of the formula RSO;NH,
where R is a methyl or ethyl group. The solution also contains sufficient hydroxide additive to
provide a pH in the solution ranging from 8 to 10, the hydroxide additive being an alkaline earth
hydroxide or an alkali metal hydroxide.

U.S. Paf. No. 5,683,654 to Dallmier et al. discusses the preparation of aqueous alkali metal
or alkaline earth metal hypobromite solutions by mixing an aqueous solution of alkali or alkaline
earth metal hypochlorite with a water soluble bromide ion source to form a solution of unstabilized
alkali or alkaline earth metal hypochlorite. To this solution is added an aqueous solution of an alkali
metal sulfamate having a temperature of at least 50°C and in an amount that provides a molar ratio
of alkali metal sulfamate to alkali or alkaline earth metal hypobromite of from 0.5 to 6 whereby a
stabilized aqueous alkali or alkaline earth metal hypobromite solution is formed. The Dallmier et
al. patent teaches that much higher levels of available halogen for disinfection were attained by this
approach as compared to the Goodenough et al. approach. But the Dallmier et al. patent
acknowledges that in their process, the stabilization must occur quickly after the unstable NaOBr is

formed.

THE INVENTION

This invention involves a new process of forming concentrated aqueous solutions of
biocidally active bromine and in so doing, provides novel and eminently useful concentrated aqueous
biocidal solutions of bromine and bromine chloride.

In one of its embodiments this ihvention provides a process of producing a concentrated
liquid biocide composition which comprises mixing (a) bromine chloride or bromine with (b) an
aqueous solution of alkali metal salt of sulfamic acid (preferably the sodium salt), the solution having
a pH of at least about 7, e.g., in the range of 7 to about 13.5, and preferably in the range of 7 to about
12. The amounts of (a) and (b) used are such that (i) the content of active bromine in the solution
is at least 100,000 ppm (wt/wt) and (ii) the atom ratio of nitrogen to active bromine from (a) and (b)
is greater than 1 when bromine is used, and greater than 0.93 when bromine chloride is used. It is
preferred, however, to utilize an atom ratio of nitrogen to active bromine from (a) and (b) that is
greater than 1 even when using bromine chloride in the process. In a preferred embodiment the
aqueous solutién of alkali metal salt of sulfamic acid used in the process is preformed by mixing
together in water, (i) sulfamic acid and/or an alkali metal salt of sulfamic acid, and (ii) alkali metal

base in proportions such that an aqueous solution of alkali metal salt of sulfamic acid is formed

-3-
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having a pH of at least 7. If sulfamic acid itself is used as the starting material, it is used initially as
a slurry in water with which the alkali metal base is mixed.

When introducing the bromine chloride or bromine into the aqueous solution of alkali metal
salt of sulfamic acid, it is desirable to maintain the desired pH of the resulting solution at 7 or above
by also introducing into the solution (continuously or intermittently, as desired) additional alkali
metal base, such as by a co-feed of an aqueous solution of alkali metal base.

It is preferred to employ bromine chloride as the source of the active bromine in the above
process because in the resulting aqueous compositions, all of the bromine of the bromine chloride
is made available as active bromine in solution. In other words, the chlorine of the bromine chloride
is converted in the process to dissolved alkali metal chloride salt, thereby liberating the bromine as
the active bromine content of the biocidal composition. Thus the more expensive component of the
bromine chloride--viz., bromine -- is fully utilized in forming active bromine in the aqueous biocidal
composition, and concurrently the less expensive component--the anionic chlorine in the bromine
chloride -- makes this beneficial result pbssible.

By utilizing bromine or bromine chloride with caustic in the stabilized bromine composition,

higher levels of active halogen are achievable, compared to the levels obtained by the addition of

'sodium hypochlorite to sodium bromide. The process and the compositions formed also have about

twice the content of active bromine as the most concentrated solutions produced pursuant to the
Goodenough, et al. patent. Moreover, even at the high levels of active bromine that exist in the
compositions of this invention, it has been found possible to provide biocidal compositions that
maintain these high levels of active bromine for at least a two-month period, and that do not exhibit
a visible or offensive vapor or odor during this period.

In another embodiment, alkali metal dichlorohypobromite, M[BrCl,] (M = alkali metal) is
preformed by pre-mixing bromine chloride with aqueous sodium chloride, and the bromine chloride
is used in this form to provide the active bromine content of the resultant solution. The preferred
alkali metal dichlorohypobromite is sodium dichlorohypobromite.

Another embodiment of this invention is an aqueous biocide composition comprising water
having in solution therein (i) an active bromine content derived from bromine chloride of at least
about 100,000 ppm (wt/wt), (ii) an alkali metal salt of sulfamic acid (preferably the sodium salt), and
(iii) an alkali metal chloride (preferably sodium chloride), wherein the relative proportions of (i) and
(ii) are such that the atom ratio of nitrogen to active bromine is greater than 1, and wherein the pH

of the composition is at least 7, e.g., in the range of 7 to about 13.5, and preferably in the range of

-4-
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7 to about 12. In a less preferred embodiment (i) is bromine (Br,) and (iii) is an alkali metal bromide
(especially sodium bromide).

In each of the embodiments of this invention, the atom ratio of nitrogen to active bromine is
preferably in the range of 1.1 to 1.5. Still higher ratios can be employed, if desired.

The above and other embodiments of this invention will be still further apparent from the
ensuing description and appended claims.

A general procedure for preparing the compositions of this invention using sulfamic acid
involves, as a first step, forming a slurry of sulfamic acid in water. Typically the pH of this slurry
is below 1 pH unit. Sodium hydroxide at 50% concentration is then added until the solid is
completely dissolved. Additional 50% NaOH is added until the desired pH is reached. Bromine or
bromine chloride is then added at a rate to allow the bromine to dissolve and react with the sulfamic
acid without forming a pool of halogen on the bottom of the reactor. On ailaboratory scale, a
convenient rate of addition is approximately two drops per second. Sodium hydroxide (e.g., 25%
or 50%) is co-fed to the reactor to maintain the desired pH (e.g., in the range of 7 to about 13.5, and
it may be possible to operate even at a pH in the range of 13.5 to 14. It has been found that stable
solutions containing as much as 26% active bromine (11.5% on an active chlorine basis) can be
prepared by the process of this invention.

The following examples are presented for purposes of illustration and not limitation.

EXAMPLES
Various compositions were prepared using the above general procedure and the active
bromine content of the resultant compositions was determined analytically. The conditions used and
results obtained (observations on odor and vapor, and initial contents of active bromine in the

solutions) are summarized in Table 2.



WO 99/62339 PCT/US99/09801

Table 2 - Data on Prepared Sulfamic Acid Stabilized Bromine Solutions

Ex:No. | Halogen | PH | SA, | Odofand Vapor Comments Active Br,, wt%o

1 Br, 13.0 | 1.42 | Slight sweet smell, no observed vapor 12.4%*
2 Br, 7.0 1.48 | Slight Br odor, no fuming 13.4%*

5 J* BrCl 7 0.92 | Strong Br odor, slight fuming 11.2%
4 Br, 13.0 | 1.15 | Slight sweet smell, no observed vapor 19.6%
5 Br, 7.0 1.13 | Moderate Br odor, no fuming 26.7%
6 BrCl 12.5 | 0.94 | Slight sweet smell, no observed vapor 18.0%
7 | BrCl 12.8 | 1.41 | Slight sweet smell, no observed vapor 17.6%

10 SA,, = Sulfamic acid to halogen mole ratio.

*  Measured with Hach spectrometer; all others titrated using starch-iodine-sodium arsenite method.

** Comparative example.

The specific details for Examples 3-7 of the Table are given below. Example 8 illustrates the

embodiment of the invention wherein an alkali metal dichlorohypobromite is utilized as the source

15  of active bromine.

EXAMPLE 3

Bromine Chloride, Caustic and Sodium Sulfamate at Neutral pH

A 1 liter flask was charged with 52.0 g of sulfamic acid and 250 g of water. Sodium

sulfamate was prepared by adding 60.0 g of 50% sodium hydroxide to the stirred slurry. Bromine

20  chloride was prepared by adding 20 g of chlorine to 47.0 g of bromine. This bromine chloride was

then co-fed with 210 g of 25% sodium hydroxide to maintain the pH between 6 and 8. 5 mL of 1

M Hydrochloric Acid were added to bring the final pH to approximately 7+0.5. The solution, which

contained some solids, was transferred to an amber bottle for storage. Starch-iodine titration of a

sample of the solution indicated that it had an active bromine concentration of 11.2%.

25 , EXAMPLE 4
Bromine, Caustic (50% Sodium Hydroxide) and Sodium Sulfamate

A 500 mL flask was charged with 26.0g of sulfamic acid and 50 g water. To this slurry was

added 35.0 g of 50% sodium hydroxide. As the acid was converted to the sodium salt, it dissolved

into the aqueous solution more readily. Bromine (37.0 g) and 50% sodium hydroxide (30.0 g) were

30 co-fed into the solution at a rate which maintained the pH between 11 and 13. After all of the

-6-
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bromine and caustic had been added, the contents were transferred to an amber bottle for storage.
Starch-iodine titration of a sample of the solution indicated that it had an active bromine
concentration of 19.6%. Analysis of the bromine solution after 6 weeks of storage at ambient

temperature indicated that it still contained more than 95% of its active bromine content.

EXAMPLE 5

Bromine, Caustic and Sodium Sulfamate at Neutral pH
A 500 mL flask was charged with 26.0 g of sulfamic acid and 50 g of water. To this stirred
slurry was added 30.9 g of 50% sodium hydroxide, which raised the initial pH to approximately 12.
The sulfamic acid then dissolved into solution. Bromine (37.7 g) was fed into the solution until the
pH dropped to approximately 7, when 50% sodium hydroxide (10.9 g) was co-fed to maintain the
pH between 6 and 9. 5 mL of 0.01 N sodium hydroxide was used to bring the final pH to
approximately 7+0.5. The contents were then transferred to an amber bottle for storage. Starch-
iodine titration of a sample of this solution indicated that it had an active bromine content of 26.7%.
Analysis of the solution after six weeks of storage at ambient temperature indicated that the stabilized

bromine solution still contained more than 95% of its active bromine content.

EXAMPLE 6

Bromine Chloride, Caustic and Sodium Sulfamate

A 1 liter flask was charged with 107 g of sulfamic acid and 200 g of water. Sodium
sulfamate was prepared by adding 93.9 g of 50% sodium hydroxide to the stirred slurry. Bromine
chloride was prepared by adding 39 g of chlorine to 96.0 g of bromine. This bromine chloride was
the co-fed with 319 g of 50% sodium hydroxide to maintain the pH between 11 and 13. After
stirring for an additional 30 minutes, the solution, which contained some solids, was transferred to
an amber bottle for storage. Starch-iodine titration of a sample of the solution indicated that it had
an active bromine concentration of 18.0%. Analysis of the solution after three weeks at ambient
temperature indicated that the stabilized bromine solution still contained more than 90% of its active

bromine content.
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EXAMPLE 7

Bromine Chloride, Caustic and Sodium Sulfamate; larger scale

A 5 liter flask was charged with 470 g of sulfamic acid and 900 g ‘of water. Sodium
sulfamate was prepared by adding 436 g of 50% sodium hydroxide to the stirred slurry. Bromine
chloride was prepared by adding 120 g of chlorine to 276 g of bromine. This bromine chloride was
the co-fed with 1723 g of 50% sodium hydroxide to maintain the pH between 12 and 13. After
stirring for an additional 60 minutes, the orange, clear solution was transferred to an polyethylene
bottle for storage. Starch-iodine titration of a sample of the solution indicated that it had an active

bromine concentration of 17.6%.

EXAMPLE 8
Reducing Vapor Pressure of Sodium Dichlorohypobromite with Sodium Sulfamate
Sodium sulfamateﬂ was prepared by slurrying 24.3 g of sulfamic acid in 9 g of water. 24.0
g of 50% sodium hydroxide was added dropwise. The flask heated noticeably and the solid
dissolved. This solution was dropped into 184.6 g of sodium dichlorohypobromite. Sodium
dichlorohypobromite, Na[BrCl,] is prepared by adding 30.6 g of bromine chloride to 154 g of 3M
aqueous sodium chloride. An additional 24 g of 50% sodium hydroxide was added to raise the pH

to 7. Analysis of this solution indicated that it had an active bromine concentration of 12.0%.

Even though the claims hereinafter may refer to substances, components and/or ingredients
in the present tense (“comprises,” or “is”), the reference is to the substance, component or ingredient
as it existed at the time just before it was first contacted, blended or mixed with one or more other
substances, components and/or ingredients, or if formed in solution, as it would exist if not formed
in solution, all in accordance with the present disclosure. It matters not that a substance, component
or ingredient may have lost its original identity through a chemical reaction or transformation during
the course of such contacting, blending, mixing, or in situ formation, if conducted in accordance with

this disclosure.
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CLAIMS

1. A process of producing a concentrated liquid biocide formulation which comprises
mixing together (a) bromine chloride or bromine and (b) an aqueous solution of alkali metal salt of
sulfamic acid having a pH-of at least about 7, in amounts such that (i) the active bromine content of
the solution is at least about 100,000 ppm (wt/wt), and (ii) the atom ratio of nitrogen to active
bromine from (a) and (b) is greater than 1 when bromine is used, and is greater than 0.93 when
bromine chloride is used.

2. A process according to Claim 1 wherein (a) is bromine chloride, and wherein said
atom ratio is greater than 1.

3. A process according to Claim 1 wherein said aqueous solution of alkali metal salt of
sulfamic acid is an aqueous solution of the sodium salt of sulfamic acid.

4. A process according to Claim 3 wherein (2) is bromine chloride, and wherein said
atom ratio is greater than 1.

5. A process according to Claim 1 wherein said aqueous solution of alkali metal salt of
sulfamic acid is formed by mixing together in water, (1) sulfamic acid and/or an alkali metal salt of
sulfamic acid, and (ii) alkali metal base in proportions such that an aqueous solution of alkali metal
salt of sulfamic acid is formed having a pH of at least 7.

6. A process according to Claim 5 wherein (a) is bromine chloride, and wherein said
atom ratio is greater than 1.

7. A process according to Claim 5 wherein said alkali metal base is a sodium base such
that said aqueous solution of alkali metal salt of sulfamic acid is an aqueous solution of sodium salt
of sulfamic acid.

8. A process according to Claim 7 wherein (a) is bromine chloride, and wherein said
atom ratio is greater than 1.

9. A process according to Claim 5 wherein, at the time (i) and (ii) are mixed together,
the alkali metal base is in the form of a preformed aqueous solution of alkali metal base, and (ii) is
sulfamic acid in the form of a preformed slurry sulfamic acid in water.

10. A process according to Claim 9 wherein (a) is bromine chloride, and wherein said
atom ratio is greater than 1.

11. A process according to Claim 9 wherein said preformed aqueous solution of alkali

metal base is a preformed aqueous solution of sodium base.
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12. A process according to Claim 11 wherein (a) is bromine chloride, and wherein said
atom ratio is greater than 1.

13. A process of producing a concentrated liquid biocide formulation which comprises:
A) mixing together water, sulfamic acid and sodium hydroxide in proportions such that an

aqueous solution of sodium salt of sulfamic acid is formed having a pH of at least 7,

B) introducing bromine chloride into said aqueous solution in an amount such that (i) the active
bromine content of the solution is at least about 100,000 ppm (wt/wt), and (ii) the atom ratio

of nitrogen to active bromine is greater than 0.93.

14. A process according to Claim 13 wherein the sodium hydroxide is in the form of a
preformed aqueous sodium hydroxide solution when mixed in A).

15. A process according to Claim 14 wherein in A) the sulfamic acid is mixed with water
to form an aqueous slurry of sulfamic acid, and said preformed aqueous sodium hydroxide solution
is added to said slurry.

16. A process according to Claim 13 wherein said pH is in the range of from 7 to about
13.5.

17. A process according to Claim 13 wherein said pH is in the range of from 7 to about
11. |

18. A process according to Claim 13 wherein said atom ratio is greater than 1.

19. A process according to Claim 17 wherein said atom ratio is greater than 1.

20. A process of producing a concentrated liquid biocide formulation which comprises
mixing together (a) alkali metal dichlorohypobromite and (b) an aqueous solution of alkali metal salt
of sulfamic acid having a pH of at least about 7, in amounts such that (i) the active bromine content
of the solution is at least about 100,000 ppm (wt/wt), and (ii) the atom ratio of nitrogen to active
bromine from (a) and (b) is greater than 1.

21. A process according to Claim 18 wherein said alkali metal dichlorohypobromite is
a preformed aqueous solution of alkali metal dichlorohypobromite, and said aqueous solution of
alkali metal salt of sulfamic acid is a preformed aqueous solution of the sodium salt of sulfamic acid.

22. A process according to Claim 21 wherein said preformed aqueous solution is a
preformed aqueous solution of sodium dichlorohypobromite.

23. A process according to Claim 22 wherein said preformed aqueous solution of sodium
dichlorohypobromite is introduced into the preformed aqueous solution of the sodium salt of

sulfamic acid.

-10 -
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24. A process according to Claim 22 wherein said pH is in the range of from 7 to about
13.5.

25. A process according to Claim 22 wherein said pH is in the range of from 7 to about
12.

26.  Anaqueous biocide composition comprising water having in solution therein (i) an
active bromine content derived from bromine chloride of at least about 100,000 ppm (wt/wt), (ii) an
alkali metal salt of sulfamic acid, and (iii) an alkali metal chloride, wherein the relative proportions
of (i) and (ii) are such that the atom ratio of nitrogen to active bromine is greater than 0.93, and
wherein the pH of the composition is at least 7.

27. A composition according to Claim 26 wherein said pH is in the range of from 7 to
about 13.5.

28. A composition according to Claim 26 wherein said pH is in the range of from 7 to
about 12.

29. A composition according to Claim 26 wherein the alkali metal salt of sulfamic acid
is the sodium salt of sulfamic acid, and wherein the alkali metal chloride is sodium chioride.

30. A composition according to Claim 26 wherein said atom ratio is greater than 1.

31. A composition according to Claim 28 wherein said atom ratio is greater than 1.

32.  Anaqueous biocide composition comprising water having in solution therein (i) an
active bromine content derived from bromine of at least about 100,000 ppm (wt/wt), (ii) an alkali
metal salt of sulfamic acid, and (iii) an alkali metal bromide, wherein the relative proportions of (i)
and (ii) are such that the atom ratio of nitrogen to active brorhine is greater than 1, and wherein the

pH of the composition is at least 7.

33. A composition according to Claim 32 wherein said pH is in the range of from 7 to
about 13.5.

34. A composition according to Claim 32 wherein said pH is in the range of from 7 to
about 12.

35. A composition according to Claim 32 wherein the alkali metal salt of sulfamic acid

is the sodium salt of sulfamic acid, and wherein the alkali metal bromide is sodium bromide.

-11-
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