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1
METHODNS FOR TIIE PREPARATION OF
CONCENTRATED AQUEOUS BROMINE
SOLUTIONS AND HIGH ACTIVITY
BROMINE-CONTAINING SOLIDS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates o methods for the preparation of
concentrated aqueous bromine solutions and high activity
bromine-containing solids using elemental bromine or bro-
mine chloride. The products are used as microbiocides in
walter treatment.

2. Description of the Related An

Single feed bromine biocide solutions are available from
a number of sources and many mcthods to manufacture
these products have been reported. These methods £t into
wo general categorivs: those that employ sedium hypochlo-
rite solutions with a source of bromide ion, and those that
employ clemental bromine or bromine chloride,

The prior art methods that use a sodivm hypochlorite
solution with o source of bromide ion yield a stabilized
solution with 5 maximum active ingredient concentration of
14% ns Br, (6.4% as Cly). For example, U.S. Pat. Nos,
5,683,654, 5,795,487, 5,942,126, and 6,136,205 all describe
z method to manufacture a single feed, liquid bromine
biocide by mixing an aqueows hypochlorile solution with
bromide ion sources fallowed by introduction of a stabilizer
agenl. The method requires a complex two-vessel reaction,
In the first step, NaBr and NaQOCl solutions were mixed and
sufficient time was allowed 10 permit the formation of a
sodium hypobromite {NaOBr) solution. In the second step,
this was then introduced 10 a solution of the stabilizer agemt
maintained at 50° C. The disadvantage of this method is that
the concentration of the stabilized bromine product is lim-
ited by the concentration of NaOC] bicach that is commer-
cially available, In fact, despite using the highest strength
grade of industrial NnOC bleach, the bromine content of the
resulting stabilized liquid bromine solution was only about
14% as Br, (6.4% as Cl,).

The prior art method that uses elemental bromine or
bromine chloride viclds a solution with a higher active
ingredient concentration than the method that uses a sedium
hypochliorite solution with a source of bromide ion. Moore,
ct. at. avercame the complexity of the two-vessel reaction in
1.8, Pat. Nos. 6,068,861, 6,495,169, and 6,322,822 and
disclosed a single-vessel reaction in which bromine or
bromine chleride was added to a halogen stahilizer solution
uader conditions of pH control. These three patents dis-
clased two solutions (described in examples 4 and 5 of the
*169 and "861 patents) having an active ingredient concen-
tration of at least 19.6% as Br, (8.7% as Cl,). However, no
clevated temperature, chemical, or physical stability data
was reported for eitlier solution, and the present invenlors
have concluded that these two solutions are cither unstable
or have inferior stability.

The solution disclosed in example 5 of the *169 and "861
patents was reported to contain up ta 26.7% as Br; (11.5%
as Cl,), but it had a pHl of 7.0 and possessed a distinct
bromine odor. It is well known that these types of sclutions
undengo acid-generating decomposition reactions upon stor-
age. Thus, as the pil dropped below 7.0, highly toxic
bromine vapors would have fumed from the solution and
appeared as an orange/brown gas in the headspace of the
container. This demonstrates that the solution of example 5
was physically unstable, and therefore, unacceptable for its
intended use. The solution disclosed in example 4 of the
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*169 and *B6I1 patents was reporied to contain 19.6% as Br,
(8.7% as Cl,), with a pH of 13.0 and no odor of bromine.
However, it has been coneleded, as will be shown herein,
that this solution has inferior chemical and physical stability.

Moereover, when the method using clemental bromine or
bromine chloride was scaled up, as disclosed in U.S. Pat.
Nos. 6,306,441, 6,352,725 and 6,348,219, the hypothetical
maximum active ingredient concentration was reported to be
18% as Bry (8% as Cl;). Subsequently, in U.S, Pat. Nos.
6,506,418, 6,511,682, and 6,652,889, Moore, ¢t. al. reduced
this ceiling even further to 14.5%-16% as Br, (6.4-7.1% as
Cl,) and required the adjustment of the pH to greater than 10
in order to produce a useful product. The *418 patent, in
example 2, described the maximum strength solution as one
conlaining 14.8% as Br, (6.59% as Cl,).

Published application WO 03/093171 disclosed a method
for preparing u stabilized bromine solution with a halogen
content higher than any previously reported solution pre-
pared from hypochlorite and sodium bromide. Example 1 of
WO 03/09317] described a cumbersome multi-step method.
In the first step, an unstabilized solution of sodium hypo-
bromite was made by adding elemental bromine e a sodium
hydroxide solution and allowing the mixture to react, Iniro-
ducing a solution of sodium sulfamate prepared by reacting
sulfamic acid with a solution of sedium hydroxide followed
this. The resulting prodect was determined to possess a
halogen coment of 19.6% as Br, (8.7% as Cl,). Example 4
of the same application disclosed an even more complex
multi-step method for preparing u solution reported to have
a halogen concentration of 21.6% as Br, (9.6% as Cl,).
However, it appears to the present inventors that this con-
centration is erroncous because the maximum concentration
thal can be obtained from the stated quantities of the
components (cven assuming a 100% vield in every step), is
calculated to be 19.7% o5 Br, (8.7% as Cl,). In actuality, the
concentration that was obtained was probably substantially
lcss than 19.7% as Br, (8.7% as Cl,), hecause it is well-
known that the first step cannot proceed with a 100% yield.

The prior art also discloses that other methods also fail 10
yield satisfactory products in terms of higher active ingre-
dient concentration, physical stability, and reaction effi-
ciency. For example, Moore described o method in U.S. Pat.
Nos. 6,375,991 and 6,551,624 that used gaseous chlorine
and a source of bromide ion. The reaction conditions sought
the preparation of a solution possessing a theoretical bro-
mine content of | 6.8% ns Br, (7.45% as Cl,), but the actunl
amount reparted was 10.4% as Br, (4.6% as Cl,), corre-
sponding to a yield of 66%. 1n addition, the resulting
solution was stated to be physically unstable as sodium
chleride salt precipitated from the aqueous phase towards
the end of the neaction. Similarly, Yang, et. al. reported an
identical phenomenon in .S, Pat, No. 6,270,722,

Thus, the prior ort teaches that convenient, efficien,
scalable methods for preparing chemically and physically
stable, liquid bromine-containing solutions will result in a
product with an nctive ingredient concentration of 18% as
Br; (8% as Cl,) s the maximum.

Liquid bromine preducts that contain a higher level of
active ingredient have significant economic advantages over
more dilue products because a smalier amount of a more
concentrated product can be used to achieve the eguivalem
dose of a weaker product. Also, more concentrared products
need to be replaced less frequently than dilute products, and
have reduced packaging, storage, and \ransportation costs
per unit weight of active ingredient.

To he commercially viable, products with a high level of
aclive ingredient must have two attributes. First, they must
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be chemically siable, i.e. they should maintain high activity
for extended periods of time and not decompose quickly.
Svcond, they must be physically slable, i.e. they must not
emit dangerous fumes or precipitate or crystallize into solid
salts that could plug pipe work and make the feeding of
liquid materials grind to a halt,

Thercfore, 2 need exists {or methods of manufacturing
liquid biocidal bromine solutions of enhanced chemical and
physical stability that have a concentration of active ingre-
dient greater than 18% as Br; (8% as Cl,) and that conve-
nienily employ elemental bromine or bromine chloride and
a solution of sodium sulfamate. This invention addresses
that need.

There is also a need for a method of producing a solid
high-activity bromine-containing biccidal compasition that
is siable and fast dissolving. There are several solid, high-
aclivity bromine-releasing compounds that are sold com-
mercially as bicgidal products. They are generally available
as heterocyclic organic compounds to which an oxidizing

bromine atom is covalently bonded to a nitrogen atom on the 2

ring. Examples include N,N' bromochloro-5,5-dimethylhy-
dantoin, 1,3~dibromo-5,5-dimethylhydantoin, and mixtures
of these compounds with various other components, In
water, these materials hydsolyze 10 release hypohromous
acid, which is the biocidal agent. However, a major limita-
tion of these solid compounds is that Uiey are only sparingly
soluble in water. Indeed, N,N' bromochloro-5,5-dimethyl-
hydasioin has a water solubility of only 0.1% at 20° C. As
a result, bromine is released very slowly from these products

ns they dissalve. This is a significant disadvantage when the

walter requires treatment with 2 high, rapid dose of biccidal
bromine, for example, in shock and sing dosing procedures.
The low solubility of these products also preciudes appli-
cation where there is insuflicient woter available to dissolve
enough of the solid 10 deliver a biocidally-effective dose.
This invention addresses those needs.

SUMMARY OF THE INVENTION

The present invention is direcied 10 convenient methods
of preparing: (1) highly concentrated liquid bromine-con-
taining solutions, {2} highly concentrated mixed halogen
liquid bromine and chlorine-containing solutions, and (3)
high-activity bromine-containing solids, all having excellent
physical and chemical stability.

Contrary 1o the teachings of the prior an, the present
invention discloses methods in which ¢lemental bromine or
bromine chloride ¥ intraduced 10 a sulfamate solution to
yield a final solution having & concentration of active
ingredient in excess of 18% as Br, (8% as Cl,). The methods
of the present invention also yicld a finnl solution baving a
mole mtio of hydroxide ion to hydrogen ion souwrce (e.g.
sulfamic acid plus Br, or BrCl) of greater than 1.62:1. In this
context, the hydrogen ion source is defined as being the sum
of the reagents that dissociate into strong acids in waier, e.g.
sulfamic acid or other ecidic stobilizer plus Br, or BrCl. The
present inventors have discovered that caleulating this mele
ralio is a more accurate way ol detenmining the amount of
hydroxide ion to use 10 obinin a final solution of high
conceatration, than the methods used by the prior art. The
prior art methods use u pH messurement, and lezch thal the
asmount of hydroxide ion that should be added is the amount
necessary lo raise the pH 1o abowt 13, It is believed,
however, thai this method is unreliable because under con.
ditions of high pH, glass electrodes suffer a phenomenon
known as “alkaline eror”. The low activity of H* ions in
solution means that the electrode responds instead to the
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much higher concentration of Na™ ions, resulting in a pH
measurement that is artificially low,

The methods of the present invention do not rely on a pH
measurement, but rely instead on the mole ratio of hydroxide
ion to hydrogen jon source. Ulilizing this approsch, it was
unexpectedly discovered that this ratio is of critical impor-
lance 1o the chemical and physical stability of the finished
product, Nowhere in the prior art is this mole ratio discussed.
However, the present inventors have calculated the mole
ratio for several of the solutions produced by introducing
¢lementn] bromine or BrCl to a solution of sodium sulfamate
that have been disclosed in the prior art and found them all
1o be less than or equal to 1.62:1. For instance, in cxample
5 of U.S. Pat. No. 6,068,861 it was calculated that the
methad employed o hydroxide jon 1o hydrogen jun source
(sulfamic acid plus Br,) mole ratic of 1:1 and obtained a
product that had a measured pH of 7. Example 4 of the same:
patent deseribed a solution containing 19.6% as Br, (8.7%as
Cl;) that utilized o hydroxide jon to hydrogen ion source
(sulfamic acid plus Bry) mele ratio of 1.62:1. This solution
had o measured pH of 13.0. No clevated temperature,
chemical, or physical siability data was repornted for cither of
these solutions. Example 2 of U.S. Pat. No. 6,506,418
deseribed a method invelving the addition of both Br, and
Cl, to a solution of sodium suffomate to a maximum strength
solution of 14.8% as Br, (6.58% as Cl,). Again, this utilized
a hydroxide ion to hydrogen fon source (sulfamic acid plus
Br; plus Cly) mele ratio of 1.62:1. Thus, solutions produced
using the introduction of Br, or BrCl (o a solution of sodium
sulfamaote that have a mole ratio of hydroxide ion to hydro-
gen ion source of greater than 1.62:]1 have not been previ-
ously reparied. As will be subsequently demonstrmied, such
solutions display dramatically enhanced chemical and
physical stability over those in which the mole ratio is less
than or equal o 1.62:1.

The products of the methads of this invention are sources
of oxidizing bromine that are useful for microbiological
control in aquecus systems. This is generaily achieved by
introducing the products into water requiring microbiologi-
cal contro} in an amount sufficient to be biocidally effective.
Applications include industrial waler systems such as recir-
culpting cooling water, once-through cooling water, ait
washer systems, decorative fountains, oil field injection
water, oil well completion fluids, municipal and industrial
wastewater, brewery pasteurizing water, hydrostatic steril-
izer cooling water, pulp and paper processing water, and
agricultural irrigation water. Other applications include resi-
dential water systems where the home consumer can apply
the compositions in aqueous systems where microbiological
control is necessary, such as pool and spa water, kitchen and
bathroom: rinses. toilet bowl rinses, and mold and fungus
sprays for inside and outside the home.

The first embodiment of the invention is a method for
preparing highly concenirated liquid bromine-conaining
solutions using elemental bromine or bromine chioride. The
method yiclds sodutions that have concentrations of bromine
inexcess of 18% as Br, (8% as Cl,) and possess n hydroxide
ion 1o hydrogen ion source (e.g. sulfamic acid plus Br; or
BRCI) mole mtic of st lesst 1.9:1. These solutions are
chemically and physically stable. They resist precipitation of
inent salts, do not emil highly woxic bromine fumes, and yet
display excellem retention of the active ingredient upon
storage. Using the method of the first embodiment, solutions
a1 eoncenteations of at least 19.7% as Bry (8.8% as Cl,) ean
be prepared.
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The second embodiment of the invention is a method for
preparing highly concentrated liquid bromine-containing
solutions using elementa! bromine in conjunction with &
salid organic or inorganic halogenating agent. The method
yiclds solutions that are chemically and physically stable
and possess concentrutions of bromine of af least 11.25% as
Br, (5% as Cl,). Using this method, it is possible to prepare
such solutions at concentrations greater than 22.9% as Br,
{10.2% as CL,). Physical and chemical stabilization of the
solutions is achieved using a hydroxide ion to hydrogen ion
source (e.g. sulfamic acid plus Br,} mole catio of at least
1.9:1.

The third embodiment of the invention is a method for
preparing highly concentrnted mixed hologen solutions thay
contain both bromine and chlorine. The method witilizes
¢lemental bromine in conjunction with a solid organic or
inorganic chlotinating agent, The method yields solutions
that have excellent chemical and physical stability, and
possess tofal halogen cancentrations of at least 11.25% when
expressed as Br, (5% when expressed as Cl,). Using this
method, it is possible to prepare such solutions having
concentrations of total halogen that are greater than 22.7%
when cxpressed as Br, (10.1% when expressed as Cl,y).
Physical and chemical siabilization of the solutions is
achieved using a hydroxide ion 10 hydrogen ion source {e.g.
sulfamic acid plus Br,) mole ratio of a1 least 1.9:1.

The fourth embodiment of the invention is 2 methoed for
preparing solid bromine-containing compositions. This
method utilizes elemental bromine in conjunction with a

solid organic or inorganic halogenaling agent to prepare

three end products. The first is a saturated solution of the
alkali metal or earth alkali metal salt of hydrated N-bromo-
sulfamate, The second and third are the solid alkali metal or
earth alkali metal salt of hydrated N-bromosul famate and the
solid alkali metal or earth alkali metal salt of anhydrous
N-bromosulfamate, respectively. These end products were
previously discloscd in ULS. patent application Ser. No.
10/609,280, filed by the present inventors on Jun. 27, 2003,

A very surprising aspect of the method of the first embodi-
ment is that physically and chemicaily stable, liquid bro-
mine-containing solutions prepared using clementa! Br, or
BrCl do not have a ceiling on [helr concentration of 18% as
Br, (8% as Cl,), as the prior art suggests. The stahilization
is accomplished by employing a hydroxide ion ro hydrogen
ion source (e.g. sulfamic acid plus Br, or BRCI) mole mtio
of at least }.9:1.

A major benefit of the methods of the second and third
embodiments is that all of the Br moicties introduced to the
reactor as elemental bromine materinlize os aclive bromine
in the fina] product. None of the Br moieties are wasted as
by-product inactive bromide ion salts, The solid organic or
inorganic halogenating agents serve 1o reactivate the bro-
mide ions to ensure that both bromine atoms of the Br,
molecule are utilized as active forms in the products.

A noteworthy feature of the method of the second
embodiment is that it provides stable, aqueous bromine-
containing compositions that contain significamly lower
amounts of contaminant halide ion salts thon the methods of
the prior art. The method of the second embodiment results
in an all-bromine liquid composition with a far lower level
of halide jon contsminunt per mole of active bromine than
is possible using altemative methods. Thus, this methad
yields a product in which halide jon-induced physical and
chemical destabilization is significantly reduced, Assuming
a 100% reaction yield, Table | compares the ratio of inactive,
soluble halide ion (X~) to active bromine in the final product
when various alternative reagents are used.
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TABLE 1

Molex disvolved
X~ ion/mole sabilized
Reagent active bromine
Be,
BeCt
Br, « Ciy
NaOCl + NaBr
Cl, + NnBr
Second embodiment

(= ]

The daty in Table 1 helps explain why the method of the
second embodiment yields physically stable, highly concen-
trated all-bromine liquid formulations that arc not possible
by any other route. Because the aqueous phase is for lower
in contaminant halide ion salts, it is able to suppart the
dissolution of higher levels of active ingredient without
“salting ow”™,

A noteworthy feature of the method of the third embodi-
ment is thm it provides stable, aquecus mixed halogen
bromine and chlorine-containing compositions that conlain
significantly fower amounts of conlaminant hatide ion salts
than the methods of the prior an which only yield all-
bromine products. The method of the third embodiment
results in n mixed halogen liquid composition with o far
fower level of halide ion contaminant per mole of sctive
halogen. Thus, this method yields a product in which halide
ion-induced physical and chemical destabilization is signifi-
cantly reduced, Assuming a 100% reaction yicld, Table 11
compares the miio of inactive, soluble halide ion (X7) to
active halogen in the final product when various alternative
reagents ore used.

TABLE J1
Moles disrolved
X~ ien/moie stabilized
Reagenl active bromine
Br, 1
BiCl 1
Bry + Cl 1
NaOCl + Nabr 2
Cl; + NaBr 2
‘Thind embodiment «<0.5*
*the oxact I depends on the desired ole otio of bromineschlorine

in the fnished pmdllcll

The data in Table 11 helps explain why the method of the
third embodiment yields physically stable, highly concen-
trated mixed halogen liquid formulations that are rot pos-
sible by any other route. Because the aquecus phase is far
lower in contaminant halide ion salts, it is able to suppont the
dissolution of higher levels of active ingredient without
“salting out™.

A significant advantage of the methods of the second and
third embodiments is that they use solid haologenating
agents, Becuuse solid halogenating agents are devoid of
water, the halogen content of the finished compositions is
not diluted as would be the case if hypochlorite solutions
were used to accomplish the same chemical reaction. Fur-
ther, these solid halogenating agents are generally high in
available halogen and do not contain large amounts of
extrancous salts or inactive ingredients thet enter the fin-
ished product (see, for example, WO 03/093171). Hence, the
compaositions thut are obtained using solid halogensting
agents possess lower levels of water, a3 well as lower fevels
of dissolved salls or other extrancous materials, which
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would otherwise dilute the available halogen content of the
product and adversely impact its chemical and physical
stability.

Another remarkable benefit of this invention is that the
methods of the second and third emboediments make possible
the formation of highly concentrated liquid bromine-con-
tzining compositions employing methods that generate no
solid wastes. Thus, using solid organic halogenating
reagents such as trichloroisocyanuric acid (TCCA) (zlso
known as trichlorp-s-triazinetrione), sodium dichlorisocya-
nurate (NaDCC) (also known as sodium dichloro-s-iriazin-
etrione), sodiuvm dichlorisocyanurate dihydrate
(NaDCC.2H,0) (also known as sodium dichloro-s-triazin-
etrione dihydrate), potassium dichloroisocyanurate, or
dichloroisocyanuric acid, the by-product of the halogenation
reaction is cyapuric acid (CA). This is insoluble in the
reaction medium and precipitates in a solid form. Upon
filtration and washing, highly purified CA weltcake is recov-
ered. This can be recycled to other methods to make addi-
tional quantities of TCCA, NaDCC, or NaDCC.2H,0 that
can be used in the methods of this invention.

A notable discovery of this invention is that the method of
the fourth embodiment can te performed under conditions
that exceed the solubility of the hydrated alkali metal or
earth alkali meral salt of N-bromosulfamate, and farther, that
the resulting solid can be crystallized and recovered in good
yield.

DETAILED DESCRIPTION OF THE
INVENTION

The First Embodiment

The first embodiment is a method for preparing highly
concentrated fiquid bromine-containing solutions using Br,
or BrCl. Table 1II iists the basic compunents of solutions
prepared using Br, or BrCl that contain an sctive ingredient
of 18.1% as Br, (B.04% as Cl,) and which possess a
hydroxide jon 1o hydrogen jon source (sulfamic acid plus
Br, or BrCl) mole ratio of 2.3:1. Higher concentrations than
this are prepared by employing more elemental Br, or BrC}
at the expense of suliamic acid, water, or 50% sodivm
hydraxide sclution provided the hydroxide ion to hydrogen
ion source mole ratto does not drop below 1.9:1. The golden
colored solutions that are produced using thiz method con-
1ain 27-39% or 35-52% more active bromine than solutions
thet arc available commercially, respectively, depending on
whether Br, or BrCl is used.

The method of this embodiment includes the following
steps. Steps (a), (b), (c), and () may be performed s¢quen-
tially or as othcrwise st forth below, Steps (a) and (b) may
be performed simultanecusly, foilowed by the remaining
steps, Steps (b) and (d) may be combined so that all of the
alkaline source is added in step (b). If performed, siep (d)
may be canducted at the same time as step (c).

a, Dispersing solid sulfamic acid in an agueous phase.

Sulfamic aeid displays moderate solubility in water (14.7
g/100 g at 0° C.). When the amount of sulitmic acid added
to water exceeds the solubility limit at any given tempera-
ture, some of the solid remains undissolved. Upon stiming
the mixiure, the sulfamic acid solids are dispersed in the
aqueous phose. As indicated in Table III, the amount of
water used to disperse the sulfamic acid depends on whether
¢lemental bromine or bromioe chloride is used. Preferably,
a slurry of between about 25% and about 75% solid sulfamic
acid in water is employed, with about 30% to about 40%
being the most preferred range.
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b. Forming a salution of the alkali metal or earth alkali

meital sall of sulfamic zcid in the aqueous phase.

To the stirred dispersion of solid sulfamic acid in water is
added an alkaline source in order 1o form a solution of the
alkali metal or earth alkali meta) salt of sulfamic acid. Any
alkaline source may be employed. Examples include, but are
not limited io, alkali metal or eanth alkali metal carbonates,
bicarbonates, oxides, and hydroxides. When solutions are
preferred, sodinm hydroxide or potassivm hydroxide solu-
tions may be used, alone or in combination with each other.
A particlarly preferred alkaline source is 50% NaOH
solution. To prevent storage problems in cold climates, the
50% NzOH solution may be diluted with water and used.
The sodium hydroxide solwtion is introduced 1o the reaction
mediom slowly, with stiring and cooling, such that the
temperaure preferably does not exceed about 85° F. The
amount of 50% NaOH solution emplayed shonld preferably
be at least sufficient to fully neutrlize the sulfamic acid and
form sodium sulfamate according to equation (1)

NH, S0, 1+ NaOH -+ [NH, S0, [[Na*}+H,0 m

Preferably, a molar excess of 50% NaOH is utilized
relative to the amount of sulfamic acid. The mole ratio of
hydroxide ion to sulfamic acid is prefershly between about
2:1 and about 4:1, most preferably berween about 2:1 and
about 3:1.

If avaalable, solid alkali metal salts of sutfamic acid may
be used. In these circumstances, it is only necessary to
dissolve the salts in water to make a spfution. Preferubly, an
additional quantity of 50% NaOH is then utilized. The mole
ratio of hydroxide ion to alkali metal salt of sulfamic acid is
preferably between about 1:1 and about 3: 1, most preferably
between about 1:1 and abom 2:1. -

¢. Introducing bromine chioride or elemental bromine.

The amount of bromine chloride or clemental bromine
added depends on the amount of sulfamic acid originally
present. A mole ratio of about 0.75:1 10 about 1.5:1 sulfamic
acid to bromine chloride or elemental bromine is advanta-
geous ta the stability of the final product, with about 0.95:1
to abowt 1.2:1 being the most preferred mole ratio range.

Table 111 shows the quantities of elemental bromine or
bromine chlotide needed to introduce to the reaction
medivm in order Tor the resulting solution to have an active
ingredient concentration of 18.1% as Br, (8.04% as Cl,).
Higher concentrations then this are prepared by employing
more elemental bromine or bromine chloride a1 the expense
of sulfamic acid, water, or 50% NaOH solution provided (he
hydroxide ion to hydrogen ion source (sulfamic acid plus
Br, or BrCl} mole ratio does not drop below about 1.9:1.

TABLE III
Br, BrCl
(Wt %) (Wt %)

Br, 18.1 _
BrCl — 1.0
Sullamic Acid 13.2 13.2
$0% NaOH 45.8 45.8
Witer 220 280

The bromine chloride or ¢lemental bromine is dropped
into the reaction medivm from above the surface, or it may
be introduced subsurface via a dip wbe. When the Iatter is
preferred, the dip tube should be positioned so that the BrCl
or Br; is introduced to an area of high mrbulence, e.g. near
the tip of a rotating ngitator blade so that it is well dispersed
into the reaction medium. For both supersurface and sub-
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surface addition methods, the BrCl or Br, is added with
sufficient mixing and at a rate to avoid significant phase
separation and pooling of the materials at the bowtom of the
reactor.

With adequate mixing and dispersion, the BrCl or Br,
introduced 10 the reactor containing the solution of sodium
hydroxide and sodium sulfamate hydrolyzes readily accord-
ing 1o reaction (2).

81— X+11,0-110BH+HX

X=Bror Cl

The hypobromons zcid formed reacts with sodium sulfy-
mate to form sodium N-bromosulfamate according to reac-
tion (3).

HOBr+[NIL,50,"}[Na* |-+ [Br—NHS0, | [Na']+H,0 O

The HBr or HC that is generted in reaction (2) imme-
diately undergees an acid-base nevtralization reaction with
the excess sodium hydroxide present in solution as illus.
trated by reaction (4).

HX+NaOH-+Na—X+H,0

X-Bror Cl

This is a strongly exothermic reaction, so the reaction
medinm is cooled, preferably to below about 85° F, to
suppress the degradation of sodium N-bromosulfamate
formed in reaction (3).

d. Adding an alkaline source to the rezction medium such

(&

4)

that if e alkaline source is a hydroxide ion salt, the

overall mole ratio of hydroxide jon to sulfamic acid is
between about 3:1 and about 5:1, preferably between
about 4:1 and about 5:1.

1f desired, steps (b) and (d) may be combined so that all
of the hydroxide ion charge is added in step (b), and the
method concludes with step (c).

Any atkaline source may be employed. Examples include,
but are not limited 1o, alkali metal or earth alkali metal
carbonates, bicarbonates, oxides, and hydroxides. When
solutions are preferred, sodiom hydroxide or potassium
hydroxide solmions can be used, alone or in combination
with each other. A particularly preferred alkaline source is
50% NaOlHl solution, To prevent siorage problems in cold
climates, the 50% NaOT1 solution may be dilnted with water
and used. The alkaline source is introduced to the reaction
mediom slowly, with stirring und cooling, such that the
temperature preferably does not exceed abowt 85° I,

When the sodium salt of sulfamic acid is cployed, and
when the alkaline source is 50% sodium hydroxide, the
overall mole ratio of hydroxide ion 1o sodium sulfamate is
preferably between about 2:1 and about 4: 1, most preferably
between about 3:1 and abow 4:1.

EXAMPLE |

Deionized water (52.5 ml) was introdoced 10 a fours
necked round bottom flask and solid sulthmic acid (24.9 g)
was added. The slurry was stirred and 50% NaOH (44.6 g)
was slowly added as the flask was chitled in an ice bath to
kevp the wemperiture of the Nask contents below about 85°
T, Using a dropping funnel, elemental bromine (41.2 g) was
dispensed at a rate of about on¢ drop per second to the
reaction medium, also with stirring and cooling 1o maintain
a reaction temperature below about 66° F. Afler the addition
was complete, 50% NaOH (37.6 g) was slowly added from
the dropping funnel as the reaction flask was stimed and
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cooled. Jodometric titration of the resulant golden yellow
solution yielded a bromine content of 19.8% as Br, (8.8% as
Cl;) that corresponded 1o a yield of 96.6% (based on the
bromine charge). The solution possessed a hydroxide ion 1o
hydrogen ion source (sulfamic acid plus Br,) mole mtio of
2.0:1.

(PROSPECTIVE) EXAMPLE 2

From the datz in Table IH, it is apparent that solutions
prepared using BrCh will always contain more water than
cquivalent solutions prepared using elemental bromine. This
is hecause BrCl has a molecolar weight of 115.4 compared
to 159.8 for elementa! bromine, Thenzfore, because of their
higher relative water coment, solutions prepared using BrCl
should be able to support the dissolution of even higher
levels of active ingredient than their counterparts prepared
using elemental bromine. In this prospective example, the
Br, that was used in Example 1 is replaced with a molar
equivalent amount of BrCl.

Dejonized water (52.5 ml) is introduced to a four-necked
round bonom flask and solid sulfamic acid (24.9 g) is added.
‘The slurry is stirred and 50% NaOH (44.6 g) is stlowly added
as the flask was chilled in an ice bath to keep the temperature
of the flask contems al below 85° F. Using a dropping
funnel, bromire chloride (29.7 g) is dispensed al 4 e of
about one drop per second 10 the reaction medium, also with
stirring and cooling to maintain a reaction temperatere
below about §6° F. When the bromine chleride addition is
complete, the pH of the reaction medium is approximately
10.26. Then, 50% NaOH (37.6 g) is slowly added from the
dropping funnel as the reaction flask is stirred and cooled.
Assuming a yield of 96.6% (based on the bromine chioride
charge), the resuliant solution would have a bromine content
of 21% as Br, (9.3% as Cly).

EXAMPLE 3

For the purposes of comparative elevated temperature
stability testing, the reaction of Example | was repeated,
except that a hydroxide ion to hydrogen ion source (sulfumic
acid plus Bry) mole ritio ol 1.69:1 was employed.

Deionized water (69.1 ml) was intraduced to a four-
necked round hottom flask and solid sulfamic acid (24.6 g)
was added. The slurry was stirmed and 50% NaOH (44.6 g)
was slowly added as the flask was chilled in an ice bath 1o
keep the temperature of the flask contents below about 85°
F. Using a dropping funnel, elemental bromine (41.2 g) was
dispensed at a raie of about onc drop per second to the
reaction medium, alse with sliring and cooling to maintain
a reaction temperature below about 66° F. After the addition
was complete, 50% NaOH (24.5 g) was slowly added from
the dropping funne] as the reaction flask was stirred and
cooled. lodometric titration of the resultant golden yellow
solution yielded a bromine content of 19.6% as Br, (8,7% as
Cl,) hm comesponded to a yield of 97% (based on the
bromine charge).

Samples of the solutions prepared in Examples 1 and 3
wane pourcd into capped plastic containers and placed in an
oven held mt 125° F. The amount of active ingredient
rematning in the formulations was monitored as a function
of time. The physical stability was established by visual
ohservation of whether any solids precipitated from solu-
tionover the same perjod. Table IV shows the results,
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TABLE IV
Example 1 Example 3
Male ratio OH“:H* sonrce Mole ratio OH™:H* source
2.0 L69:)
% Br; Solids Wt% % Br, Solids
Time/days Wt % Br, remsining Formed Br, remsining Formed
0 19,8 100 No 196 100 No
4 - —_ - 14.83 5.6 No
5 — — — 13.7 0.0 No
§ — — —_ 12.8 65.3 No
? —_ —_ —_ 11.7 59.7 Ne
10 o _ -_ 10.3 52.5 No
u — — — 9.9 50,5 No
12 —_ — — 2.0 45.9 No
13 —_ - — 10 357 Sligh
14 17.3 B74 No 20 10.2 Slight
| 15.1 762 Slight — — —

It can be seen that the hydroxide jon to hydrogen ion
source mole ratio has a dramatic effect on both the chemical
end physical siability of solutions prepared with almost
identical amounts of Bry, The solution of Example 3, with
the Jower mole ratio, suffered a sieady loss of Br, daily
before rapidly declining at day 14 10 possess only 10.3% of
the original amount of Br,, This was accompanied by a loss
in physical stability as indicated by the precipitation of
solids from the sclution. In stark contrast, the sclution of
Example 1, with the higher mole ratio, retained 87.4% of its
original Br, content after the same time period, and had not
experienced any signs of physical instability. Bven afier 31
days, the Example ) solution still retained 76.2% of is
original activity, and only then began to exhibit sokids
precipitation.

The Second Embodiment

This embodiment is a method for preparing highly con-
centrated liquid bromine-containing solutions using elemen-
1al bromine in conjunction with a solid organic or inorganic
halogenating ageat. The golden colored solutions produced
as a result of this method contain 48-62% more available
bromine than solutions that are available commercially, The
solutions arc stabilized to physical and chemical degradation
reactions by adjusting the hydroxide ion to hydrogen ion
source (sulfamic acid plus Bry) mole ratio to 2.3:1. A typical
reaction is described in Example 4. The method resulted in
a solution containing 22.9% as Br, (10.2% as Cl,).

The method preferably includes the following steps. Steps
(a)-{g) may be performed sequentially or as otherwise set
forth below. Steps () and (b) may be performed simulta-
neously, followed by the remaining steps. Steps (e) and (g)
may be combined,

a. Dispersing solid sulfamic acid in an aqueous phase.

Sulfamic acid displays moderate solubility in water (14.7
2/100 g at 0° C.). When the amount of sulfamic acid added
to water exceeds the solubility limit ot any given temper-
lure, some of the solid remains undissolved. Upon stirdog
the mixture, the sulfamic acid solids are dispersed in the
aqueous phase. Preferably, a slurry of between about 25% to
about 75% solid sulfamic acid in waler is employed, with
about 30% to about 40% being the most preferred range.

b. Forming a solution of the alkali metnl or earth alkati

meta] salt of sulfamic acid in the aqueous phase.

To the stirred dispersion of solid sulfamic acid in water is
added an alkaline source in order to form a solution of the
alkali metal or earth alkali metal salt of sulfamic acid. Any
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alkaling source may be employed. Examples include, but are
not limited to, alkali metal or earth alkali metal carbonates,
bicarbonates, oxides, and hydroxides. When solutions are
preferred, sedium hydroxide or polassium hydroxide solu-
tions are convenient to use, alone or in combination with
cach other. A particularly preferred alkaline source is 50%
NaOH solution. To prevent storage problems in cold cli-
mates, the 50% NaOIl solution may be diluted with water
and used. The alkaline source is introduced to the reaction
medium slowly, with stiring and cooling, such that the
temperature preferably does not exceed 85° F. The amount
of 50% NaOH solution employed should preforably be at
least suflicient to fully neutralize the sulfamic acid and form
sodium sulfamate according to equation (5).

NH;SO,H+NaOH -+ [NTLSO, ] Na* | H,0 5)

Even more preferably, a molar excess of 50% NaOH is
utilized relative to the amount of sulfamic acid. For reasons
that will become apparent in steps () and (d), about 1.2 10
about 1.8 moles of hydroxide jons are introduced for every
mole of sulfamic acid present.

If available, solid alkali metal salts of sulfamic acid may
be used in the method of this embodiment, In these cireun-
stanges, it is only necessary to dissolve the salts in water 1o
make a solutton. Prefernbly, an additional quantity of S0%
NaOH is then utilized. For reasons that will become appar-
ent in steps (c) and {d), about 0.2 10 about 0.8 moles of
hydroxide ions are introduced for every mole of alkali metal
salt of sulfamic acid present.

¢. Intraducing elemental bromine.

The amount of elemental bromine added depends on the
amount of sulfamic acid originally present. A mole ratio of
about 0.4:1 to about 0.8:1 sulfamic acid to elemental bro-
mine is advantageous to the stability of the final product,
with about 0.45:1 10 about 0.6:1 being the most preferred
mole ratio range.

The elemental bromine is dropped into the reaction mix-
ture from above the surface, or it may be introduced sub-
surface via a dip tube. When the latter is preferred, the dip
tube should be positioned so that the Br, is introduced to an
arca of high turbulence, e.g. near the tip of a rotating agitator
blade for efficient mixing in the reaction medium. For both
subsurface and supersurfece addition methods, the Br, is
added with suflicient mixing ard at a rate to avoid significant
phase separation and pooling at the bottom of the reactor.

With adequate mixing, the Br, intraduced t¢ the reactor
conlaining the solution of sodium hydroxide and sodium
sulfamate hydrolyzes readily according to reaction (6).

Bay+H,0—+HOBr+HBr ®

The hypobromous acid formed reacts with sicdium suifa-
mate to form sadium N-bromosulfamate accordiag 10 renc-
tion (7).

HOBr# [NH, 50, )[Na* |~ {Rr—NHS0, " [Na*|+H,0 o)

The HBr that is generated in reaction (6) immediately
undergoes an acid-base neutralization reaction (R) with the
excess sodium hydroxide introduced in step (b).

HBr+NaOH=+NaBr+H,0 &)

When all the excess sodium hydroxide has becn con-
sumed by the HBr, additional quantities of base are released
from the sodivm N-bromosulfamale as follows:

(Br—NHSO,)[Na* ]+ HDr—[Br—NH50,H]+NaBr )

Reactions (8) and (9) arc strongly exothermic, so the
reaction medium is cooled, preferably to below 85° F., 1o
suppress the degradation of sodium N-bromosulfamate and
N-bromosulfamic seid.
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Neutralization reactions (8) and (9) demonstrate thal as
the elemental bromine is introduced, the reaction medium
undergoes u pH swing from alkaline 1o acidic. When the
addition of elemental bromine is complete, the pH should be
between about 0.5 and about 9, preferably between about 1.0
and about 4.5. These pH conditions facilitate the chemical
reaction of step (d).

d. Introducing sufficient solid organic or inorganic halo-
genating agent 10 oxidize all or substantially alf of the
remaining bromide ions into bromine.

Solid inorganic halogenating sgents include, but are not
limited to, alkali metal and earth alkali metal hypochlorite
salts. Suitable examples include lithium hypochlorite, cal-
cium hypochlorite, and magnesium hypochlorite, Due to its
low cost and high available chlorine content, calcium
hypochlorite is particularly preferred. The higher strength
granufar forms of the produc! (containing abowt 65-75%
uvailable chlorine) are most preferred,

Solid organic halogenating agents include any organic
compound in which one or more halogen atoms such as Cl,
Br, or [ is present in axidation siate+] and is covalently
bound to a nitrogen or phosphorus atom within the same
molecule. Suitable examples include, but are not limited o,
rrichloroisocyanuric acid (TCCA), sodium dichlorisocyanu-
rate  (NaDCC), sodium dichlorisocyanurate  dihydrate
{NaDCC.2H,0}, potassium dichloroisocyanurate, dichlor-
oisocyanuric acid, trichloromelamine, N-chloro-p-toluene-
sulfonamide, N-chloromethancsulfonamide, N-chlorosue.
cinimide, N,N'-],3-bromochloro-5,5-dimethylhydontoin,

N,N'-1,3-bromochloro-5-¢thyl-5-methylhydantoin, and 1,3-

dichloro-5,5-dimethylhydantoin. A panicularly preferred
source of a solid, organic halegenating agent is trichloroiso-
cyantric acid (TCCA). Preferably this is used as a fine, dry
powder, In this form, the TCCA reacis rapidly with the NaBr
generated in reactions (8) and (9) according 1o reaction (10).
NaBre [NH,—~50yH]+1/3 TCCA—{Bej{NH—
SO,H}+NaCls173 Cyanurie Acid 10y

Although dry powdered TCCA is favored because of its
casy handling chamcteristics, TCCA powdered wetcake may
also be employed. The advantage of using TCCA wetcake is
that it may be 1aken directly from the TCCA-producing
reactors and so costs assacialed with drying of the material
arc climinated.

When solid organic or inorganic halogensiing agents are
vsed in this fashion, all of the Br mojeties introduced to the
reactor as elemenial bromine can materialize as active
bromine in the Gnal product. None are wasted us by-product
bromide ion salis. Thus, instead of wasting half of the Br
moieties as inaclive bromide ion, regeneration by, for
example, TCCA as deseribed in reaction (10) will ensure
that both bromine atoms are wiilized as active forms.

¢. Removing any insoluble reaction by-products with a

conventional solid-tiquid separation technique.

Any sujtable soliduliquid separation technique can be
employed. Suitable examples include, but are rtot limited to,
centrifugation, clorification, gravity sedimentation, and
vacuum filtration. Filteation is a particularly preferred tech-
nique for effecting solid-liquid separation.

When the solid organic halogenating agent is TCCA,
cyanuric geid is 4 reuction by-produect thut is insoluble in the
reaction medium (see reaction (10)). Filtration of the cya-
nuric acid (CA) residue is carried out at bowt pH 1-9, but
preferably at about pH 1-6 10 maximize its recovery from
solution and minimize the amount of bromine vapors that
fume from the reaction medium. Upon washing the filter-
cake with water to remove the mother liquors, a highly pure
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CA welcake is recovered. This can be recycled 10 other
processes 10 make additional quantities of TCCA, NaDCC,
or NaDCC.2H,O that can be used in the method of the
current invention.

1f desired, this step can be modified so that the sodium salt
of cyanwric ackd is recovered from the reaction medinm
inslend of eyunuric acid. This is accomplished by introduce
ing, before performing the solid-liquid separation, suflicient
5075 NaOH 1o react with cyanuric acid according to the
following reaction:

{n

The amount of 50% sodium hydroxide solution employed
depends on the amount of solid organic halogenating agent
used in step (d). When TCCA is the solid eigenic haloge-
nating agent, sufficient 50% NaOH solution is introduced
slowly with mixing and cooling to convert all or substan-
tially all of 1he cyanuric acid liberated in reaction (10) into
its monosodium salt via reaction {11). Monosodium cyanu-
rate is insoluble in the reaction medium a1 pH<9. As is true
of cyanuric acid, monosedium cyanurate can be separated
and recycled 1o ather processes in order (o make additional
quantities of TCCA, NaDCC, or NaDCC.2H,Q that can be
used in the method of the current invention. This is accom-
plished by performing a solid-liquid separation, as described
sbove, which is done when the pH stabilizes a1 about 9.

f. Adding an alkaline source to the reaction mother
liquors, such that if the alkaline source is o hydroxide
salt, the overall mole ratio of hydroxide jon (o sulfamic
acid is hetween about 3:1 and abowt 5:1, preferably
between about 4:1 and about 5:1. This does not include
any hydroxide salt that may be used to convert cyanuric
acid into its alkali metal or earth alkali metal salt as
described in step (e).

Any alkaline source may be employed. Examples include,
bt are not limited to, alkali metal or carth alkali metal
carbonates, bicarbonates, oxides, and hydroxides. When
solutions are preferred, sodium hydroxide or potassium
hydroxide solutions arc convenient to use, alone or in
combination with each other. A particularly preferred alka-
linc source is 50% NaOH solution. To prevem storage
problems in cold climates, the 50% NaOH solution may be
diluted with water and used. The alknline source is intro-
duced to the resclion medium slowly, with stitring and
cooling, such that the temperature preferably does not
exceed 85 I, ‘The purpose is to deprolonate the bromo
derivative of sutfomic acid to form the bromo derivative of
sodium sulfamate according, to reaction (12).

{B)[NH--S0,H}+NaOH—~[Br){NH—S0,"}[Ns’ |+
H,0 an

. Removing any funher insoluble residues tha develop
with a conventional solid-liquid separation technique.

As noted above, any suilable solid-liquid scparation tech-
nique may be employed. Generally, when TCCA is the
hologenating agent, almost 50% of CA reaction by-product
is recovered as o highly pure weicake in the first solid-liquid
separation step deseribed in step (¢). While not wishing o be
hound by theory, it is belicved that salis of eyanuric acid are
precipitated from the reaction mother liquors upon the
addition of ulkaline sources, When the alkaline source is, for
example, 50% sodium hydroxide solution, the mono-, di-,
and trisedium salts of cyanuric acid are precipitated.
Although insoluble in the reaction mother liquors, the di-ond
trisodium salis display exceptional solubility in ordinary
water and are thus usefu] water treating agents in their own
right. Hawever, in comparison fo the amount of solids

CAsNaOH=-+NaCA+H 0
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recovered in step (€), the amount of solid that may subse-
quently develop is relatively low, and step (g) may require
only a polishing solid-liquid separation, with, for exampte,
a cartridge filter. Moreover, the two solid-liquid separation
steps of {¢) and (g) may be combined into a single operation
perfoermed at step (e).

EXAMPLE 4

Deionized water (120 mi) was introduced 1o a 4-necked
round bottom {lask and solid sulfamic acid (85 ) was added.
The slurry was stirred and 50% NaOH (88.2 g) was slowly
added as the flask was chilled in an ice bath to keep the
{femperature of the flask contents at around 75° F. Using a
dropping funnel, elemental bromine (58.7 g) was dispensed
at a mie of about one drop per second to the reaction
medium, also with stirring and cooling to maintain a reaction
temperature of 68° F. When the bromine addition was
complete, the pH of the reaction medium was measured 1o
be 1.80. A single charge of powdered trichloroisocyanurie
acid (90.4% available Cl,) (28.6 g) was thea delivered to the
reaction medivm through one of the necks of the flask.
Stirring and cooling was continued as a fine powdery
precipitate of cyanuric acid developed. After 10 minutes,
50% NaOH (8 g) was added dropwise in order to diminish
the amount of bromine vapors that were fuming from the
reaction medium. The cyanuric acid precipitate was then
removed by vacuum filtration and the filter cake was washed
with two bed volumes of deionized water that were not
combined with the mother liquors. The wetcake was placed
in an oven set at 125° F. for drying ovemight. Using a
dropping funnel, additional 50% NaOI1 (131.8 g) was added
1o the filirate, again with cooling and stirring, such that the
temperature rerpained at 74° F. Any solids that precipitated
from solution were removed by vacuum filiration immedi-
ately wpon completing the addition of the 50% NaOH.
lodometrie titration of the resultant golden yellow filtrate
yielded a bromine cantent of 22.9% as Bry (10.2% as Cl,}
which corresponded to a yield of 99.1% (based on the sum
of the bromine and TCCA charges), The solution possessed
a hydroxide ion to liydrogen ion source (sulfamic neid plus
Br,) mole ratio of 2.3:1.

The Third Embodiment

The third embodiment is a method for preparing a highly
concentrated mixed halogen solution that contains both
bromine and chiorine. The method wtilizes elemental bro-
mine in conjunction with a solid organic or inorganic
chiorinating agent. This light golden-colored compesition
contains 46-60% more available halogen than the all-bro-
mine solutions that are currently available commercially. A
iypical reaction is described in Example 6. The method
resulted in a solution containing a total halogen content of
22.4% when expressed as Br, (10.1% when expressed as
Cl,).

A major benefit of a mixed halogen biocide is in the
treatmen of contaminated water that exerts a considerable
halogen demand. This chemica! demand ean be satisfied by
the less cxpensive chilorine portion of the composition,
permitting more of the bromine portion 1o be available for
microbiological control. Mixed hnlogen compositions are
also safer and more convenient to manufacture than those
that are predominantly bromine-based. For example, during
the preparation of the latier, the solutions have a tendency to
emit deep red, highly corrosive and toxic bromine fumes
right up watil the final addition of the alkaline source. These
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vapors must be scrubbed from the reaction vessel’s head-
space in order fo eliminate atmospheric release, worker
exposure, and to prevent the [umes from entering and
damaging expensive vacuum processing equipment. By
contrasi, the mixcd halogen compositions erait hardly any
deep red bromine fumes during their mamefacture, Thus, the
necessity for scrubbing the reaction vessel's headspace is
eliminated.

A further significant aspect of compositions based on
mixtures of stabilized bromine and chiorine is that in water
systems employing long contaet times, there may be suffi-
cient time for the N-chlorosulfamate to react with “spent™
bromide ion and regenerate N-bromosulfamate according to
the following reaction,

[Br—NH--80,"}+H,0~HOBr+NH,50,"

Upon performing biocidal and oxidative reactions, HOBr
reverts to soluble bromide ion, This can enter into reaction
with N-chiorosulfamate to generate additional N-bromo-
sulfamate,

[Cl—NH—S05* [+Br"=fBr—NH—S0, J+CI-

It this way, the consumer is able to derive the perfor-
mance benefits of two moles of N-bromosulfamate for the
price of one mole of N-bromosulfamate snd one mole of
N-chlorosutfamate.

Generally, chlorinated compounds display higher water
solubility than their brominated counterparts. Further, a
mixed halogen composition may be formulated o employ
far less sodium bromide salt than an all-bromine solution.
Thus, another highly advantageous facet of this invention is
that i1 makes possibke the formation of a mixed halogen
composition that is lower in solids and is inherently more
soluble than those based solely on bromine, This highly
water-soluble composition exhibits improved physical sta-
hility as it becomes less prone to solid precipitation on
storage.

The method preferably includes the following steps. Steps
(2)-(g) may be performed sequentially or as otherwise set
forth below. Steps (&) and (b} may be performed simulta-
neously, followed by the remaining steps. Steps (e) and (g)
may be combined.

a. Dispersing solid sulfamic acid in an aqueous phase.

Sulfamic acid displays only moderate solubility in water
(14.7 g/100 g at 0° C.). When the amount of sulfamic acid
added 10 water exceeds the solubility limit at any given
Iemperature some of the solid remains undissolved, Upon
stirring the mixture, the sulfamic acid solids are dispersed in
the aqueons phase, Preferably, a slurry of between about
25% Io zboul 75% solid sulfamic acid in water is employed,
with about 30% to about 40% being the most preforred
range.

b. Forming # solution of the alkali metal or earth alkali

metal salt of sulfamic acid in the aquecus phase.

To the stirred dispersion of solid sulfamic acid in water is
added an alkaline source in order to form a solution of the
alkali metal or carth alkali metal salt of sulfomic ecid. Any
alkaline source may be employed. Examples include, but are
not limited 10, alkali metal or carth alkali metal carbonates,
bicarbonates, oxides, and hydroxides. When solutions are
preferred, sodium hydroxide or potagsivm hydroxide solu-
tions are convenient to use, alone or in combination with
each other. A particularly preferred alkaline source is 50%
MaOH solution, To prevent stornge problems in cold eli-
males, the 50% NaOH solution may be diluted with water
and used. The alkaline source is intmduced to the reaction
medium slowly, with stiming and cooling, such that the
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temperature preferably does not exceed 85° F. The amount
of 502 NaOH solution employed should preferably be at
{east spfficient to fully neutralize the sulfamic acid and form
sodium sulfamate aceording to equation {13).

NH,SO;H+NaOH~=NH,S0y7]{Na"}+H;C (13

Even more preferably, a molar excess of 50% NaOH is
utilized relative 10 the amount of sulfamic acid, For reasons
that will become apparent in steps (¢} and (d}, about 1.2 to
about 1.8 moles of hydroxide ions are introduced for every
mole of suifamic acid present.

If available, solid alkali metal salts of sulfamic acid may
be used in the method of this embodiment, In these circhm-
stances it is only necessary to dissolve the salts in water to
make a solution. Preferably, an additional quantity of 50%
NaOH is then utilized. For reasons that will become appar-
ent in steps (c) and (d), about 0.2 1o about 0.8 moles of
hydroxide ions are introduced for every mole of alkali metal
salt of sulfamic acid present.

¢. Introducing elemental bromine.

The amount of elemental bromine added depends on the
mole mtio of bromine to chlorine that is desired in the final
product, and the amount of sulfamic acid used in siep (a).
For example, a mixed halogen composition containing 80
mole % bromine and 20 mole % chiorine is prepared using
0.66 moles of bromine per mole of available chlorine
provided by the solid chiorinating agent used in step (d). A
mole mijo of about 0.75:1 to about 1.5:1 suliamic acid to
available hafogen provided by the sum of the bromire and
the solid chiorinating agent is advantageous to the stability
of the final product, with about 0.95:1 to about 1.2;1 being
the most preferred mole ratio range,

The elemental bromine is dropped into the reaction mix-
wre from above the sutface, or it may be introduced sub-
surface via a dip tbe. When the Iatier is preferred, the dip
tube shonld be pasitioned so that the Br, is introduced to an
area of high turbulence, e.g. near the tip of a rotating agitator
blade for efficiem mixing in the reaction medium. For both
subsurface and supersurface addition methods, the Br, is
added with sufficient mixing and a1 a rate to avoid significant
phase sepacation and pooling at the bottom of the reactor.

With adequate mixing, the Br, introduged to the reactor
containing the solution of sodium hydroxide and sedium
sulfamate hydrolyzes readily according to reaciion (14).

Bry+H,0—+HOBrHBr (14}

The hypobromous acid formed reacts with sodium svlfa-
mate to form sodium N-bromosulfamate aceording to reac-
tion {15).

HOBr+[NH;50,7)[Na’ | ==[Br—NHS50,; "} [Na*]+H,0 (15

The HBr that is generated in reaction (14) immediately
undergoes an acid-base neutralization reaction (16) with the
excess sodivm hydroxide introduced in step (b).

HBrNoOH-NaBreH,0 {16)

When all the excess sodium hydroxide has been con-
sumed by the HBr, aidditional quantities of base are released
from the sodium N-bromosulfamate as follows:

[Br—NHS0;"][Na*|+HBr—{Br—NHSO,H}+ NaBr {17

Reactions (16) and (17) are sirongly exothermic, so the
reaction medium is cooled, preferably to below 85° I, 10
suppress the degradation of sodium N-bromosulfamate and
N-bromosullamic acid.

Neutratization reactions (16) and (17) demonstrate that as
the elemental bromine is introduced, the reaction medivm
undergoes a pH swing from alkaline to acidic conditions.
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When the addition of elemental bromine is complete, the pH
is between about 0.5 and abow 9, preferably between about
1.0 and about 4.5, These pH condilions facilitate the chemi-
cal reaction of step (d).

d. Introducing sufficient solid orgenic or inorganic chlo-
rinating agent to oxidize all or substantially all of the
remaining bromide ions into bromine, and to release
soluble chlorine into the solution by complexing with
suifamic acid.

Solid inorganic chlorinating agents include, but are not
limiled to, alkali metal and earth alkali metal hypochilorite
salts. Svitable examples include lithinm hypochlorite, cal-
cium hypochlerite, and nagnesium hypochlorite. Due to its
low cost and high available chlorine content, calcium
hypochlorite is particularly preferred. The higher strength
granular forms of the product (containing about 65-75%
available chlorine} are most preferred.

Solid organic chlorinating agents include any organic
compound in which one or more chlorine atoms is present in
oxidation stale+1 and is covalently bound 1o a nitrogen or
phosphorus atom within the same molecule. Suitable
examples include, but are not limited to, trichloroisocyanu-
rie acid (TCCA), sodium dichlorisocyanumte (NaDCC),
sodium dichlorisocynnurate dihydrate (NaDCC.2H;0),
potassium dichloroisccyanurate, dichloroisocyanuric acid,
trichloromelamine, N-chlom-p-toluenesulfonamide,
N-chloromethanesulfonamide, N-chlorosuccinimide, N,N'-
1,3-bromochlore-5,5-dimethylhydantoin, N,N'-1,3-bromo-
chloro-5-vihyl-5-methylhydantoin, and 1,3-dichlore-5,5-
dimethylhydantoin. A particularly preferred source of a
solid, organic chlorinating agent is trichloroisocyanuric acid
{TCCA). Preferably this is used as a fine, dry powder.

‘The solid chlorinating agent has two functions, First, it
oxidizes alt of the bromide fons released in reactions {16)
and (17) into bromine which reacts with the sulfamic acid to
form N-bromosulfamic acid. When the solid chlorinating
agent is TCCA, it reacts as indicated in reaction (18).

NaBr+[NH,—SOH]+1/3 TCCA—

[Rr)[NH—E&0yH]+WaCl+1/3 Cyanuric Acid (18)

Second, the excess solid chlorinating agent releases soluble

chlorine into the aqueous solution by complexing with
sulfamic zcid 1o form N-chlorosulfamic acid, When the solid
chiozinating agent is TCCA, it reacts agcording to reaction
(19).

NIL;—S0yE 413 TCCA-+(CI)[NTI—S0,11}+1/3

Cyanuric Acid 19

Although dry powdered TCCA is favored because of its
casy handling characteristics, TCCA powdered weicake may
also be employed. The advantage of using TCCA wetcake is
that it may be taken directly from the TCCA-producing
reactors and so costs associated with drying of the malerial
are eliminated. .

When solid organic or inorganic halogenating agenis are
used in this fashion, all of the Br moieties introduced to the
reaclor as elemental bromine can materialize as aclive
bromine in the fnol product. None are wasted as by-product
bromide ion salts. Thus, instead of wasting half of the Br
mojeties as inactive bromide jon, regeneration by, for
example, TCCA as described in reaction (18) will ensure
that both bromine atoms are utilized as active forms.

¢. Removing any insoluble reaction by-products with a

conventional sulid-liquid separation technique,

Any suitable solid-liquid separation technique can be
employed. Suitable examples include, but are not limited to,
centrifugation, clorification, gravity sedimentation, and
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vacuum filtration. Filiration is a particularly preferred tech-
nique for effecting solid-liquid separation,

When the solid orgenic chlorinating agent is TCCA,
cyanuric acid is a reaction by-product that is insoluble in the
reaction medium (sce reactions {18) and (19)), Filtration of
the cyanuric acid (CA) residue is carried out ot about pH 1-9,
but preferably at about pH 1-6 to maximize its recovery from
solution and minimize the amount of bromine vapors that
fume from the reaction medivm. Upon washing the filier-
cnke with water to remove the mother liquors, a kighly pure
CA wetcake is recovered, This can be recycled o other
processes 10 make additional quantitics of TCCA, NADCC,
or NaDCC.2H,0 that can be used in the method of the
curren! invention.

1f desired, this step can be modified so that the sodium sall
of cysnuric acid is recovered from the reaction medium
instend of cyanoric acid. This is accomplished by introduc-
ing, before performing the solid-liquid separation, sufficient
50% NaOH to react with cyanuric acid according to the
following reaction:

CA+NIOH=NaCA+H,0 (20)

‘The amount of 50% sodium hydroxide solution employed
depends on the amount of solid arganic chlorinating ngent

used in step (d). When TCCA is the solid organic chlori- 2

nating agent, sufficicnt 50% NaOH solution is intraduced
slowly with mixing and cooling 10 convert all or substan-
tially all of the cyanuric acid liberated in equations (18) and
{19) into its monosodivm salt via reaction (20). Monuso-
dium cyanurate is insoluble in the reaction medium ot pH<9,
As is true of cyanuric acid, monosodium cyanurate can be
separated and recycled to other processes in order o make
additional quantities of TCCA, NABCC, or NalICC.2H,0
that can be used in the method of the current invention. This
is accomplished by perfonming a solid-}iquid separstion, as
deseribed sbove, which is done when the pH stabilizes at
about 9.

f. Adding an alkaline source 1o the resction mother
liquors, such that if the alkaline source is a hydroxide
salt, the overull mole ratio of hydroxide jon to sulfamic
acid is between about 3:1 and about 5:1, preferabiy
between about 4;1 and about 5:1. This does not include
any hydroxide salt that may be used 10 convert cyanuric
acid into jts alkali metal or earth alkali metal salt as
described in step (e).

Any alkaline source may be employed. lixamples include,
but are not limited to, alkali meal or canth alkali metal
carbonates, bicarbonates, oxides, and hydroxides. When
solutions are prefemed, sodivm hydroxide or potassium
hydroxide solutions ame convenicnt to use, alone or in
combination with each other. A particularly preferred alka-
line source is 50% NaOH solution. To prevent storage
prablems in cold climates, the 50% NaOH solution may he
diluted with water and used. The alkaline source is intro-
duced to the reaction medium slowly, with stimming and
cooling, such that the temperature preferably does not
exceed 85° F. The purpose is to deprotonate the bromo
derivative of sulfamic acid to form the bromo derivative of
sodium sulfamate according 1o reaction (21).

[Be][NH—SO0;H]+ NaOH == {Br][NH—80, ][Na']+
Lo (21)

8. Removing any further insoluble residues that develop
with a conventional solid-liquid separation technique.

As noted above, any svitable solid-liquid separation tech-
nique may be employed. Generally, when TCCA is the
chlorinating agent, almost 90% of CA reaction by-product is
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recovered as a highly pure wetcake in the first solid-liquid
separation step described in step (). While not wishing to be
bound by theory, it is believed that salis of cyunuric ucid sre
precipitated from the reaction mother liquors upon the
addition of alkaline sources. When the alkaline source is, for
example, 50% sodium hydroxide solution, the mono-, di-,
and wisodium salts of cyanuric acid are precipitated.
Although insoluble in the reaction mother liquors, the di-
and trisodinm saits display exceptional solubility in ordinary
water and are thus useful water trenling agents in their own
right. However, in comparison {0 the amount of solids
recovered in step (e), the amount of solid that may subse-
quenily develop is relatively low, and step (g) may require
only a polishing solid-liquid separation, with, for example,
a cartridge filter. Moreover, the two solid-liquid separation
steps of (e) and (g} may be combined into a single operation
performed at step ().

EXAMPLE 5

This example describes the preparation of a mixed halo-
gen solation that was formulated to contain a theoretical 80
mole % hromine and 20 mole % chtorine.

Deionized waier (138.2 ml) was introduced 10 a four-
necked round bottom Rask and solid sulfamic acid (85.0 g)
was added. The slurry was stirred and 50% NaOH (89.0 g)
was slowly added as the flask was chilled in an ice baih to
keep the tempemture of the flask contents at around 74° F.
When ihe addition was complete, the pH of the solution was
measured 1o he 13.2. Using a dropping funnel, elememal
bromine (46.8 g) was dispensed at a rate of about one drop
per second 1o the reaction medium, also with stirring and
ceoling to mainkain a reaction temperature of less than 6%°
F. When the bromine addition was complete, the pH of the
reaction medium was measured to be 2.16. A single charge

- of powdercd trichloroisocyanuric acid (90.4% available Cl,)
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(34.6 g) was then delivered to the reaction medium through
one of the necks of the fask. Stircing and cooling continued
as normal as a fine powdery precipiiate of cyanuric acid
developed. Afier 10 minutes, the headspace in the reactor
became devoid of the dark red bromine fumes that are
apparent when making the atl-bromine solution described in
Example 2. ARer that, the cyanuric ecid precipitate was then
removed by vacuum filiration and the filter cake was washed
with two bed volumes of deionized water that werne not
combined with the mother liquors. The wetcake was placed
in an oven set at 125° F. for drying ovemnight. Using a
dropping funnel, addilional 50% NaOH (126.8 g) was added
(o the filtrate, agoin with cooling and stirring, such that the
temperature remained ot 74° F. Aay solids that precipitoted
from solution were removed by vacuum Aliration immed;-
ately upon completing the addition of the 50% NaOH.
Iodometric titration of the resultant golden yellow filtrate
yielded a solution with a total halogen content of 22% when
expressed as Br, (10.1% when expressed as Cl,) which
corresponded to o yield of 97.2% based on the snm of the
bromine and TCCA charges to the reactor. The solution
possessed a hydroxide jon to hydrogen ion source (sulfamic
ocid plus Bry) maole ratio of 2.3:1. The weight of the dry
solids romoved in the first [iltration indicated that 92.2% of
the cyanuric acid had been recovered.

The Fourth Embodiment.

The fourth embodiment is a method of preparing highly
walter soluble, bromine-containing solid compounds,
namely, the alkali meta) or earth alkali metal salt ofhydrated
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N-bromosulfamate and the alkali metal or earth alkali metal
salt of anhydrous N-bromosulfamate. The method uses
elemental Br, in conjunction with a solid organic or inor-
ganic halogenating agent under reaction conditions designed
fo promote the formation of the solid, e.g. above the solu-
bility limit. The solubility of the sodium salt of hydrated
N-bromosulfarnate in the reaction medinm of this embodi-
ment is about 23.6% as Br, (10.6% as Cl;). In order to
exceed this solubility limit, the sum of the elementat Br, and
organic or inorganic halogenating agent charges 1o the
reactor are adjusted accordingly. A typical reaction is
deseribed in Example 6. Initially the method resulted in a
supersaturated solution comtaining 26.1% as Br, (11.63% as
C),). Crystaliization of the solid praduct was initiated by
<hilling the reaction medium.

A unique aspect of this method is that it can be used to
vield three different useful products. The first is the solid
alkali metal or earth alkali metal salt of hydrated N-bromo-
sulfamate in equilibrium with its saturated solution. The
solid peed not be isolated from the saturated solution.
Instead, the combination product, a slurry, may be advan-
tageously packaged and transported 10 a separate [ocation
for subsequent reconstitution by simple addition of water to
yield an aqueous stabilized, lignid bromine composition
whose conceatration can be tailored to the amoum of
reconstitution water used. The second and third products are
the solid alkali metal or earth alkali metal salt of hydrated
N-bromosulfamate and the solid alkali metal or earth alkali
metal salt of anhydrous N-bromosulfamaie, respectively.

These high-activity solids are stable and dissolve rapidly and

completely to yield a highly concentrated bromine contain-
ing solution.

The metkod prefernbly includes the following steps. Steps
(a)-(h} or {a)-(i) may be performed sequentially ar as
otherwise set forth below. Steps (a) and (b) may be
performed simultancously, followed by the remaining
steps. Steps (e) and (g) may be combined.

a. Dispersing solid sullamic acid in ar aqueous phase.

Sulfamic acid displays only moderate solubility in water
(14.7 g/100 g at 0* C.). When the amount of sulfamic acid
added to water exceed the solubility limit at any given
tempermture some of the solid remnins undissolved, Upon
stirring the mixture, the sulfamic acid solids are dispersed in
the aqueous phase. Prefembly, solid sulfamic acid is shurried
into ¥4 ta ¥4 its weight of water, with about 4 its weight of
water being especially preferrad,

b. Forming a solution of the alkeli metal or earth alkali

metal sull of sulfamic scid in the aqueous phase.

To the stirred dispersion of solid sulfamic acid in water is
added an alkaline source in order to form a solution of the
alkali metal or earth alkali metal sait of sulfamic acid. Any
alkaline source may be employed. Examples include, but are
1ot limited to, alkali metal or eanth alkali metsl carbonates,
bicarbonates, oxides, and hydroxides, When solutions are
preferred, sodium hydroxide or potassium hydroxide solu-
tions are convenient to use, alone or in combingtion with
cach other. A panticularly prefecred alkaline source is 50%
NaOH solution. To prevent storage problems in cold cli-
mates, the 50% NaCQH solution may be diluted with water
and used. The alkaline source is introduced to the reaction
medium slowly, with stiring and cooling, such thay the
temperaiure preferably does not exceed 85° F. The amount
of 50% NaOH solution employed should preferably be at
least sufficient to fiily neutrlize the sulfamic acid and form
sodium sulfamate according 10 equation (22).

NH50;H+NaOH =+ [NH;80, ) [Na*}+H,0 Vo))
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Even mare preferably, a molar excess of 50% NaOH is
utilized relative 1o the amount of sulfamic acid. For reasons
that will become apparent in steps {c) and (d), about 1.2 to
about 1.8 moles of hydroxide jons are introduced for every
mole of sulfamic acid present.

If avaitable, solid alkali metal salts of sulfamic acid may
be used in the method of this embodiment, In these circum.
stances, il is only necessary to dissolve the salts in water to
make a solution, Preferably, an additional quantity of 50%
NaOH is then utilized. For reasons that will become appar-
ent in steps {¢) and (d), about 0.2 1o uboul 0.8 moles of
hydroxide ions are introduced for every mole of alkali metal
salt of sullamic acid presont.

¢. Introducing clemental bromine.

The amount of elementat bromine added depends on the
amount of sulfamic acid originally present. A mole rtio of
about 0.4:1 to about 0.8:1 sulfamic acid to elemental bro-
mine is advantageous to the stability of the final product,
with about 0.45:1 10 about 0.6:1 being the most preferred
mole ratio range.

‘Ihe elemental bromine is dropped into the reaction mix-
ture from above the surface, or it may be introduced sub-
surface via a dip tube. When the latter is preferred, the dip
tube should be positioned so that the Br; is introduced to an
area of high turbulence, ¢.g. near the tip of a rotating agitator
blade for efficient mixing in the reaction medivm. For hoth
subsurface and supersurface addition methods, the Br, is
added with sufficient mixing and at a rate 1o avoid significant
phase seporation and pooling at the bortom of the reactor.

With adequate mixing, the Br, introduced to the reactor
containing the solution of sodium hydroxide and sodium
sutfamate hydrolyzes readily according to reaction (23).

Bry+H,0—HOBr+HBr {23)

The hypobromous acid formed reacts with sodium suifa.
male o form sodivm N-bromosullamaie according 10 reac-
tion {24).

HOBr+[NH,S0,"][Na*]—[Br—NHS O, | [Na*]+H;0 24)

The HBr that is generated in reaction (23) immediately
undergoes an scid-base neutralization reaction (25) with the
excess sodium hydroxide introduced in step (b).

HBrNaOH=NaDr+H;0 {25

When all the excess sodium hydroxide has been con-
sumed by the HBr, additional quantities of hase are released
from the sedivm N-bromosulfamate as follows:

[Br--NHSO, |[Na']+HBr—[Rr—NHSO,H]+Nabir

Reactions (25} and (26) are strongly exothermic and so
the reaction medium is cooled, preferebly to below 85° F. 1o
suppress 1he degradation of sodium N-bromosulfamate and
N-bromosulfamic acid.

Neutralization reactions (25) and (26) demonstrate that as
the elemental bromine is introduced, the reaction medium
undergoes a pH swing from alkaline to acidic conditions.
When the addition of elemental bromine is complete, the pH
is between about 0.5 2nd sbout 9, preferably between about
1.0 and about 4.5. These pH conditions facilitate the chemi-
cal reaction of step (d).

d. Introducing sufficient solid organic or inorganic halo-
genating agent to oxidize all or substantially alt of the
remaining bromide jons into bromine.

Solid incrganic halogenating agents include, but are not
limited to, alkali metal and earth alkali metal hypochlorile
salis. Suitable examples include lithinvm hypochlorite, cal-
civm hypochlorite, and magnesium hypochlorite. Due to its

(26)
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low cost and high availnble chlorine content, caleium
hypochlorite is panticularly preferred. The higher strength
granular forms of the produet {containing about 65-75%
available chlorine) are most preferned.

Solid organic halogenating agents include any organic
compound in which one or more halogen atoms such as Cl,
Br, or ! js present jn oxidation state+] and is covalently
bound to a nitrogen or phosphorus atom within the same
molecule. Suitable examples include, but are not limited to,
wrichloraisocyanuric acid (TCCA), sodium dichlerisocyanu-
rate  (NaDCC), scdium dichlorisccyanurate  dihydrate
(NaDCC.2H,0), potassium dichloroisocyanurate, dichlor-
oisocyanuric acid, trichloromelamine, N-chloro-p-toluene-
sulfonamide, N-chloromethanesulfonamide, N-chlorosuc-
cinimide, N,N'-1,3-bromochloro-5,5-dimethylhydantoin,
N,N'-1,3-bromochloro-$-ethyl-5-methylhydanwoin, and 1,3-
dichloro-5,5-dimethylhydantoin. A particularly preferred
source of a solid, organic hologenating gent is trichloroiso-
cyanuric acid (TCCA). Preferably this is used as a fine, dry
powder, In this form, the TCCA reacts ropidly with the NaBr
generated in reactions (25) and (26) according to reaction
27).

NaBre[NHy—SO,H]+1/3 TCCA=
[BrINH—SO,H}+NaCl+1/3 Cyanuric Acid (e1)

Alihough dry powdered TCCA is favored beeause of its
casy handling characteristics, TCCA powdered wetcake may
also be employed. The advantage of using TCCA wetcake is
that it may be taken directly from the TCCA-producing
reactars and so costs associated with drying of the matcrial
are eliminated.

When solid orgonic or inorganic halogenating agents are
used in this fashjon, all of the Br moielies introduced to the
reactor as elemental bromine can materialize as active
bromine in the fina] product. None are wasled as by-product
bromide ion salts. Thus, instead of wasting half of the Br
moieties as inactive bpomide ion, regencration by, for
example, TCCA as deseribud in resction (27) will ensure
that both bromine atoms are utilized as active forms,

¢. Removing any insoluble reaction by-products with a

conventional solid-liquid separation technique.

Any suitable solid-liquid separation technique can be
employed. Suitable examples include, but are not fimited 10,
centrifugation, clarification, gravity sedimentation, and
vacuum filiration. Filtration is a particularly preferred tech-
nique for eflfecting, solid-liquid separation,

When the solid orgenic halogenating agemt is TCCA,
cyanuric acid is a reaction by-product that is insoluble in the
reaction medium (see reselion (27)). Piliration of the cya-
nuric acid (CA) residue is corried out at about pH 1-9, but
preferably at about pH 1-6 to maximize its recovery from
solution and minimize the amount of bromine vapors that
fume from the reaction medium. Upon washing the filter-
cake with water to remove the mother liquors, a kighly pure
CA wetcake is recovered. This can be recycled to other
processes to make additional quantities of TCCA, NaDCC,
or NaDCC.2H,0 that can be used in the method of the
current invention.

If desired, this step can be modified so that the sedium salt
of cynnuric acid is recovered from the renction medium
instead of cyanuri¢ seid. This is accomplished by introduc-
ing, before performing the solid-liquid scparation, sufficient
50% NaOH to react with cyanuric acid according to the
following reaction:

CA+NaOH-NaCA+H;0 28)

The amount of 50% sodium hydroxide solution employed
depends on the amount of solid organic halogenating agent
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used in step (d). When TCCA is the solid organic haloge-
nating agent, sulliciem 50% NaOH solution is introduced
slowly with mixing and cooling to convent all ur substan-
tially all of the cyanuric acid liberated in reaction (27) into
ils monosodium salt via reaction (28). Monosodium cynnu-
rate is insoluble in the reaction medium at pH<9. As is true
of cynnuric acid, monosodium cyanurate can be scparated
and recycled to other processes in arder to make additional
quantities of TCCA, NADCC, or NaDCC.2H,0 that can be
used in the method of the current invention. This is accom-
plished by performing a solid-liquid separation, as described
above, which is done when the pH stabilizes at abowt 9.

f. Adding an alkaline source to the reaction mother
liquors, such that if the alkaline source is a hydroxide
salt, the overall mole ratio of hydroxide jon to sullamic
acid is between about 3:1 and shout 5:1, preferably
between nbout 4:1 and abeut 5:1, This does not inchude
any hydroxide salt that may be used to convert cyanuric
acid into its alkali metal or earth alkali mewl salt as
described in step (e).

Any nlksline source may be employed. Examples include,
but are not limited 1o, alkali metal or earth alkali metal
carbonates, bicarbonates, oxides, and hydroxides. When
solutions arc preferred, sodium hydroxide or potassinm
hydroxide solutions are convenient to use, alone or in
combination with each cther. A particularly preferred alka-
line source is 50% NaOH solution. To prevemt sworage
problems in cold climates, the 50% NaOH solution may be
dilated with water and used. The alkaline source is intro-
duced to the reaction medium slowly, with stimring ond
cooling, such that the temperature preferably does not
exceed 85° . The purpose is to deprotonate the bromo
derivative of sulfamic acid to form the bromo derivative of
sodivm sulfamate according 1o reaction {29).

[BrNH—S0,H]+ NaOH—[BA[NH—SO, [Na‘ |+
H,0 (29)

2 Remaoving any further insoluble residues that develop
with a convemional solid-liquid separation technique.

As noted above, any suitable solid-liquid separation tech-
nique may be employed. Generally, when TCCA is the
halogenating agent, aimost 90% of CA reaction by-product
is recovered as a highly pure wetcake in the firet solid-liquid
scparation stcp described in step (). While not wishing to be
bound by theory, it is believed that salts of cyanuric acid are
precipitatedd from the reaction mother liquors upon the
addition of alkaline sources. When the alkaline source is, for
exumple, 50% sodium hydroxide solution, the mono-, di-,
and trisodium salis of cyanuric acid mre precipitated.
Although insoluble in the reaction mother liquors, the di-and
wisodium sals display exceptiopal solubility in ordinary
water and are thus useful water treating agents in their own
right. However, in comparisen 1o the amount of solids
recovered in step (e). the amount of solid that may subse-
quently develop is relatively low, and step (g} may require
only a polishing solid-liquid separation, with, for example,
a cartridge filter. Moreover, the two solid-liquid separation
steps of {e) and (g) may be combined into a single operation
pecformed ut step (e).

h. Chilling, seeding, evaporating, or otherwise promoting
crysiallization of the bromine-containing salt from s
supersaturated solution.

Crystallization of the bromine-containing solid from its
supersaturated solution may be achieved by any conven-
tional means. These methods jnclude, but are not limited to,
chilling the reaction medivm to reduce the solubility of the
bromine-containing salt even further to trigger the precipi-



US 7,309,503 B2

25

lation process, sceding the reaction medium with bromine-
containing salts oblained in on earlier crop so as 1o provide
a surface on which additionsl erysuls are encouraged to
nucteate and grow, and evaporating the reaction medium
under vacuum to drive off solvent water and promote the
crystallization process.

In cenain situations, it may be desirable 10 conclude the
method at this point and leave the alkali metal or eanth alkali
metal salt of hydrated N-bromosulfamate in equilibrium
with its samrated solution. This combination product, a
slurry, may be advantageonsly packaged and transported to
a scparate location for subsequent reconstitution by simple
addition of water to yield an aqueous sibilized liquid
bromine-containing composition ‘whose concentration can
be failored 1o the amount of reconstitution waier used.

* i. Recovering the resultant sofid alkali metal or earth
alkali metal salt of hydrated N-bromosulfamate.

Any suitable solid-liquid separation technique can be
employed 1o separate crystals of the alkali metal or earth
atkali metal salt of hydrated N-bromosulfamate from the
reaction mother liquors. Suitable examples include, but are
not limited to, centrifugation, clarification, gravity sedimen-
tation, and vacuum filtmtion. Filtrmtion is a particularly
preferred technique for effecting solid-liquid separation. The
solid recovered is the alkali metal or eanth alkali metal salt
of hydrated N-bromosulfamate a5 a crystalline material,

In onder to abtain the alkali metal or carth alkali metal sah
of aphydrous N-bromosulfamate, the hydrated solid must be
dried. Any suitable drying technique muy be employed 10
dry the solid. Suitabie examples include, but are ot limited
to, fluidized bed drying, vacuum oven drying, flash drying,
and drying over dessicant, such as molecular sieves. Upon
dehydration, the solid that is recovered is the alkali metal or
earth alkali metal salt of anhydrous N-bromosulfamate.

EXAMPLE 6

Deionized water (50.5 ml) was introduced to a four-
necked round botiom flask and solid sulfamic acid (98.3 g)
was added. The slurry was stirred and 50% NaOH (102.7 g)
was slowly added as the flzsk was chilled in an ice bath to
keep the temperature of the flusk contents at around 75° F.
Using a dropping funnel, clemental bromine (67.3 g) was
dispensed at a rate of about one drop per second to the
reaction mexlium, also with stirring and cosling to maintain
a reaction temperature of 68° . When the bromine addition
was complete, the pH of the reaction medium was measured
to be 1.97. A single charge of powdered irichloroisocyanuric
acid (90.4% available C1,}(33.1 g) was ther delivered to the
reaction medium through one of the necks of the fask.
Stirring and cooling continued as normal as a fine powdery
precipitate of cyanutic acid developed. Afier 10 minutes,
50% NaOH (11 g) was added dropwise in onder to diminish
the amount of bromine vapors that were foming from the
reaction medium. The cyanuric acid precipitate was then
removed by vacuum filrtion, Using a dropping funnel,
additional 50% NaOH (161.7 g} was adided 10 the filimte,
again with cooling and stirring, such that the tempemature
remained at 74° F. Any solids thot precipitated from solution
were removed by vacuum fltration immediately upon com-
pleting the addition of the 50% NuOH. Iodometric titration
of the resultant golden yellow filirate yielded a bromine
content of 26.1% as Br, (11.63% ns Cl,) that comresponded
10 8 yield of 98.2% based on the sum of the bromine and
TCCA charges to the reagtion flosk. The shurry possessed a
hydrexide ion to hydmgen ion source (sulfamic acid plus
Br,) mole ratio of 2.3:1. The solution was poured out of the
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renction flask and into a wide-mowth glass jar. This was
placed overnight in a refrigerator set 10 a femperature 60° F,
The following moming, the sample hud still not crystallized
and so the blade of a spatula was used to scrape the inside
of the glass jar containing the solution. The sample was
placed back into the refrigerator and examined about & hours
Iater. A large crystal mass had started to form. The super-
natant liquid shove the crystals analyzed as 22.7% as Br,
{10.1% as Cl,), indicating the aqueous phase was losing
active ingredient at the expense of crystal growth, Over-
night, the crystal mass had continued to visibly increase in
size, and the supematant liquid now contained only 16.3%
s Bry (7.25% as Cl;). Upon decanting the supernatant from
the crystalline mass, it was found that 42% of the originat
weight of'the solution had turned solid. The crystalline mass
was ohserved 1o comprise mainly regular thombohedral
crystals of hydrated sodivm N-bromosulfamate that pos-
scssed o yellow glass-like appearance, A podion of the
crystalline mass was lightly dabbed with a paper towel 10
remove the mother liquors and a weighed amount of this was
dissolved in water. It dissolved rapidly and completely.
Iodometric titration of the solution was used to calculate that
the crystalline solid contained 42.7% as Br, (18.9% as Cl,).

‘The invention has been described above with reference to
the preferred embodiments. These skilled in the an may
envision other embodiments and varimions of the invention
that fall within the seope of the claims.

We cloim:

1. A method of preparing a bromine-containing liquid,
comprising:

(n) comhining solid sulfamic acid, water, and an alkaline
souree 1o form a solution of the salt of sulfumic acid,
wherein said alkaline source is selected from the group
consisting of alkali metal hydroxide and carth alkali
meta] hydroxide;

(b} adding a bromine source 10 said solution, wherein said
bromine source is selected from the group consisting of
bromine chloride and elementa) bromine; and

{c¢) forming a bromine-containing liquid, wherein the
amougts of said solid sulfumic scid, water, slkaline
source, and bromine source are such that said bromine-
conlining liquid has an active ingredicnt concentration
of greater than 18% as bromine or 8% cxpressed as
chlorine, and funther, wherein said bromine-containing
ligquid has a mole ratio of hydroxide ion 1o hydrogen ion
sonree of 2.0:1 w 2.86:1,

2, The method of claim 1, wherein in step (o), said solid
sulfamic acid is first dispersed in said water, followed hy the
addition ol said alkaline source.

3. The methed according to claims 1 or 2, further com-
prising, afler the addition of said bromine source in step (b),
adding a second alkaline source, wherein said alkaline
source is selected from the group consisting of alkali metal
hydroxide nnd earth alkali metal hydroxide.

4. The methed according to claims 1 or 2, further com-
prising, simultancously with the addition of snid bromine
souree in step (b), adding a second alkaline source, wherein
said alkaline source is selected from the group consisting of
alkali metal hydroxide and earth elkali metal hydroxide.

5. The method of ¢laim 1, wherein said bromine-contain-
ing liquid retains at least 75% of its active ingredient afier
storage at 125° F. for at least 31 days.

6. A bromine-containing liquid having an active ingredi-
em concentration of greater than 18% as bromine or 8%
expressed as chlorine, made in secordance with the method
of claim 1.
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7. The bromine-containing liquid of claim 6, wherein said
bromine-containing liquid retains at least 75% of its nctive
ingredient afler storage st 125° T. for at least 31 days.

8. A method of preparing o bromine-containing lquid,

comprising:
{a) combining solid sulfamic ocid, water, and a first
alkaline source 1o form a solution of the salt of sulfamic
acid, wherein said alkaline source is selected from the
group consisting of alkali metal hydroxide and earth
alkali metal hydroxide;
(b) adding elemental bromine to said solution;
(c) adding a solid halogenating agent 1o said solution;
(d) conducting a solid-liguid separation;
(e} adding a second alkaline source, wherein said alkaline
source is selecied from the group consisting of alkali
metal hydroxide and earth alkali metsl hydroxide; and
() forming o brominc-containing liquid, whercin the
amounts of said solid sulfamic acid, water, first and
second alkaline sources, and elemental bromine arc
such that said bromine-containing liquid has an active
ingredient concentration of greater than 18% as bro-
mine or 8% expressed us chlorine, and further, wherein
said bromine-containing Jiquid has a mole ratio of
hydroxide ton 10 hydrogen ion source 0f 2.0:1 10 2.86:1.
9. The method of claim 8, further comprising afier step
(e), conducting a second solid-liquid separation.

10. The method of claim 8, wherein the mole ratio of
hydroxide jon to sulfamic acid is between about 1.2:1 and
about 1.8:1.
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11. The method of claim 8, wherein in step (a), said solid
sulfomic acid is first dispersed in said water, followed by the
addition of suid first alkaline source.

12, The methcd of claim 8, wherein in step (b}, the
amount of clementat bromine added is such that the mole
ratio of said sulfamic acid to said elemental bromine is
between about 0.4:1 and about 0.8:1.

13. The method according to claims 8 or 11, wherein said
solid halogennting agent is an organic halogenating agent.

14. The method of claim 13, wherein said organic hale-
genating agent is selected from the group consisting of
trichlorcisecyanuric  acid, sodium  dichloroisocyanuraie,
sodium dichloroisocyanurate dihydrate, potassium dichlor-
oisocyanurate, dichloroisocyanuric acid, trichloromelamine,
N-chloro-p-toluenesvlfonamide, N-chloromethanesulfona-
mide, N-chlorosuccinimide, N,N'-1,3-bromochloro-5,
S-dimethythydamoin, N,N'-1,3-bromochtoro-3-cthyl-5-me-
thythydantain, and 1,3-dichloro-5,5-dimethylhydantoin.

15. The method according to claims 8 or 11, wherein said
solid halogenating agent is an inorganic halogenating agent.

16. The method of claim 15, wherein said inorganic
halogenating agent is selected from the group censisting of
lithium hypachlorite, calciem hypochlorite, and mognesium
hypochlorite.

17. A bromine-containing liquid kaving an active ingre-
dient concentration of greater than 18% as bromine or 8%
expressed as chlorine, made in accordance with the method
of claim 8.



