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[£Y)) ABSTRACT

The invemtion includes convenient methiods of preparing; (1)
highly concentrated liquid bromine-coniaining biocidal
solutions, (2) highly concentrated mixed halogen liquid
bromine and chlorine-containing bivcidal sululions, and (3)
high-activity bromine-containing biocidal solids, all having
excellent physical snd chemicol stability. One method yickls
solutions that have concentrations of bromine in excess of
18% as Br, (8% as Cl,) in which the mole ratio of hydroxide
ion 1o hydrogen ion source is at least 1.9:1. Another method
employs clemenial bromine in conjunction with a solid
organic or inorganic halogenating agent to yield hatogen
solutjons a1 concentrations greater than 22.9% as Br, (10.2%
as Cly). This method can be performed under conditions that
exceed the solubility of the active ingredient such that it
crystallizes and is recovered as a hydrated or anhydrous salt
in good yicld.

17 Claims, No Drawings
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METRODS FOR TIE PREPARATION OF
CONCENTRATED AQUEOUS BDROMINE
SOLUTIONS AND HIGH ACTIVITY
BROMINE-CONTAINING SOLIDS

BACKGROUND OF THE INVENTION

1. Field of the Iavention

The invention relutes o methods for the preparation of
concentrated aqueous bromine solutions and high activity
bromine-containing solids using elemental bromine or bro-
mine chlotide. The products are used as microbiceides in
waltet Ircatment.

2, Deseription of the Related An

Single feed bromine biocide solutions are available from
a number of sources and many mcthods to manufocture
these products have been reported. These methods fit into
wo general categories: those that employ sodium hypochlo-
rite solutions with a sovree of bromide ion, and those that
employ clemental bromtine or bromine chloride.

The prior ant methods that use a sedium hypochlorite
solution with a source of bromide ion yield a stobilized
solution with o maximum active ingredient concentration of
14% 25 Bry (5.4% as Cl,). For example, U.S. Pat. Nos,

5,683,654, 5,795,487, 5,942,126, and 6,136,205 all describe 2

a method to manufacture a single feed, liquid bromine
biocide by mixing an aqucous hypochlorite solution with
bromide jon sources followed by introduction of a stabilizer
agenl. The method requires a complex two-vessel reaction,

In the first step, NaBr and NaOC] solutions were mixed and :

sufficient time was allowed 1o permit the formation of a
sodium hypobromite {NaOBr) solution. In the second step,
this was then introduced 1o a solution of the stabilizer agemt
maintained at 50° C. The disadvantage of this method is that
the concentration of the siabilized bromine produet is lim-
ited by the concentration of NaOCI bleach that is commer-
cially available, In fact, despite using the highest strength
grade of industrial NoOC! bleach, the bromine content of the
resulling stabilized liquid bromine solution was only about
14% as Br, (6.4% as CL,).

The prior ant method that uses elemental bromine or
bromine chloride viclds a solution with @ higher active
ingredient concentration 1han the method that uses a sodium
hypochlorite solution with a source of bromide ion. Moore,
cL. al. 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-vesse]l reaction in which bromine or
bromine chloride was added to a halogen stabifizer solution
under conditions of pH control. These three patents dis-
clased twe solutions (described in examples 4 and 5 of the
'169 and '861 patems) 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 either solulion, and the present inventors
have concluded that these two solutions are cither unstable
or have inferior stbility.

The solution disclosed in ple 5 of the "169 and *861
patents was reported to contain up to 26.7% as Br, (11.5%
as Cly), but it had a pH of 7.0 and possessed a distinct
bromine odor. It is well known that these types of solutions
underyo acid-generting decomposition reactions upon stor-
age. Thus, as the pil dropped below 7.0, highly toxic
Bromice vapors would have fumed from the solution and
appeared as an orange/brown gas in the headspace of the
contginer. 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 *B6 | patents was reported 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 concluded, us will be shown herein,
that this solution has inferior chemical and physical stability.

Moreover, whea the method using elemental 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 Br, (8% as Cl,). Subsequently, in U.S. Pat. Nos.
6,506,418, 6,511,682, and 6,652,889, Moore, et. al. reducod
this ceiling even further to 14.5%-16% as Br,, (6.4-7.1% as
Cl,) and required the adjustment of the pH to greaterthan 10
in order to produce a useful product. The "418 patent, in
exanple 2, described the maximum strength solution as one
containing 14.8% as Br, (6.55% 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-

from hypochlorite and sodium bromide. Example 1 of
WO 03/093171 described a cumbersome multi-step methed,
In the Brst step, an unstabilized solution of sodium hypo-
bromite was made by adding elemental bromtine to a sodium
hydroxide selution and allowing the mixture 1o react. Intro-
ducing a solution of sodium sulfamate prepared by reacting
sulfamic acid with a solution of sedium hydroxide followed
this. The resulting product was determined o possess a
hatogen content of 19.6% as Br, (8.7% as Cl,). Example 4
of the same application disclosed an ¢ven more complex
multi-step method for prepaning 1 solution reported 1o have
a halogen concentration of 21.6% as Br, {9.6% as Cl,).
Elowever, it appears to the present inventors that this con-
centration is erroneous because the maximum concentration
that can be obtained from the stated quantities of the
components (cven assuming a 100% yield in every step), is
calculated to be 19.7% as Br, (8.7% as Cl,). In actuality, the
concentration that was obtained was probably substantially
less than 19.7% as Bry (8.7% as Cly), hecanse 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, physicat stability, and reaction effi-
ciency, For example, Movre 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 16.8% as Bry (7.45% as Cl,), but the actual
amount reported was 10.4% as Br; (4.6% as Cl,), corre-
sponding o 2 yield of 66%. In addition, the resulting
solution was siated to be physically unstable as sodium
chloride salt precipitated from the aqueous phase towerds
the end of the neaction. Similarly, Yang, et. al. reported an
identical phenomenon in ULS, Pat, No. 6,270,722,

Thus, the prior ant teaches that convenient, efficiom,
scalable nicthods for preparing chemically and physically
stable, liquid bromine-containing solutions will result in a
product with on active ingredient concentrotion of 18% as
Br; {8% as Cl,) m the maximum.

Liquid bromine products that contain a higher level of
active ingredient have significant economic advamages over
more dilute products because a smaller amount of a more
concentrated product can be used to achieve the equivalent
dose of a weaker product. Also, mare concentrated products
need to be replaced less frequemily than dilute products, and
have reduced packaging, storage, and \ransportation costs
per unit weight of active ingredicnt.

To he e inlly viable, prod with a high level of
active ingredient musi have two afttributes. First, they must
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be chemically stable, i.e. they should maintain high activity
for extended periods of time and not decompose quickly.
Second, they must be physically stable, i.e. they must not
emit dangerous fames or precipitate or crysiallize into solid

salts that could plug pipe work and make the feeding of $

liguid materials grind to a halt,

Therefore, a need exists for 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-
niently employ elemental bromine or bromine chloride and
a soluion of sodium sulfamate. This invention addresses
that need.

There is also a peed for a method of producing a solid
high-activity bromine-containing biccidal composition that
is stable and fost dissolving. There are scveral solid, high-
activity bromine-releasing compounds that are sold com-
mercially as biogidal products, They are generally available
as heterocyclic organic compounds to which an oxidizing
bromine atem is covalently bonded to & nitrogen atom on the
ring. Examples include N,N' bromochioro-5,5-dimethylhy-
dantoin, 1,3-dibromo-5,5-dimethylhydantoin, and mixtures
of these compounds with various other components. In
water, these materials hydmlyze 1o release hypobromous
acid, which is the biocidal agent. However, a major limita-
tien of these solid compounds is that diey are only sparingly
soluble in water. Indeed, N.N' bromochloro-5,5-dimethyl-
hydantoin has a water solubility of only 0.1%% at 20° C. As
4 result, bromine is relensed very slowly from these products
as they dissolve. This is a significant disadvantage when the
waler requires treatment with 2 high, rapid dose of biocidal
bromine, for example, in shock and shug dosing procedures.
The low solubility of these products also preciudes appli-
cation where there is insuflicient water available to dissolve
enough of the solid to deliver a biocidally-effective dose.
This invention addresses those nocds.

SUMMARY OF THE INVENTION

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

Contrary to the teachings of the prior ant, the present
invention discloses methods in which elemental bromine or
hromine chloride is introduced 10 a swifamate solution to
yield a final solution having a concentration of active
ingredient in excess of 18% as Br, (8% as Cl,). The methods
of the present invention also yicld a final solution having a
mole matio of hydroxide ion to hydrogen ion source {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 zcid or other acidic stabilizer plus Br, or BrCl. The
present inventors have discovered that calculating this mele
ralio is a more accurate way ol delermining the amount of
hydroxide ion to use to obtzin a final solution of high
concensration, than the methods used by the prior art. The
prior art methods use & pH messurement, and leach thal the
amount of hydroxide ion that should be added is the amount
necessary 1o raise the pH 1o abowt 13. It is believed,
however, that this method is liable b under con-
ditions of high pH, glass ¢lectrodes suffer a phenomenon
known as “alkaline error, 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 1o hydrugen ion source, Utilizing this approsch, it was
unexpectedly discovered that shis ratio is of critical impor-
lace 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 soltions produced by introducing
clemental bromine or BrCl to a sotution of sodium sulfamate
that have been disclosed in the prior ant and found them all
to be less thun or equal to 1.62:1. For instance, in example
5 of U.S. P, No. 6,068,861 it was calculated that the
method employed a hydroxide ion (0 hydrugen jon source
(sulfamic acid plus Br,) mole ratio of 1:1 and oblained 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
ClLy} that utilized a hydrexide ion to hydrogen ion source
(sulfamic acid plus Bry) mole matio of 1.62:1. This soltion
had a measured pH of 13.0. No clevated temperature,
chemical, or physical stability data was reponied for either of
these solwions. Example 2 of U.S. Pat. No. 6,506,418
described a method invelving the addition of both 8r, and
Cl, to a solution of sodium suifomate to a maximum sirength
solution of 14.8% as Br, (6.5%% as Cl,). Again, this utilized
a hydroxide ion to hydrogen jen source {sulfamic acid plus
Br; plus Cl,) mole ratio of 1.62:1. Thus, solutions produced
using the introduction of Br, or BrCl to a solution of sodium
sulfamate that have a mole ratio of hydroxide ion to hydro-
gen ion source of greater than 1.62:1 have not been previ-
ously reported. As will be subsequently demonstrated, such
solutions display dramatically enhanced chemical and
physical stability over those in which the mole ratio is less
than or equat 1o 1.62:1.

The products of the methods of this invention are sources
of oxidizing bromine that are useful for microbiological
control in aqueous systems. This is generally achieved by
intreducing the products into water requiring microbiologi-
cal contro! in an amount sufficient 1o be biocidally effective.
Applications include industrial water systems such as recir-
culnting cooling water, once-through cocling water, air

s washer systems, decorative fountains, oil field injection

water, oil well completion fluids, municipal and industrial
wastewater, brewery pasteurizing water, hydrostatic steril-
jzer cooling water, pulp and paper processing water, and
agticultural irmigation water. Other applications include resi-
dential water systems where the home consumer can apply
the compositions in aqueous systems where microbiological
contro) 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 n method for
preparing highly concentrated liquid bromine-containing
solutions using elemental ine or bromine chioride. The
method yiclds solwtions that have concentrations of bromine
inexcess of 18% as Rr, (8% as C1,) and possess n hydroxide
ion to hydrogen ion source (e.g. sulfamic ocid plus Br, or
BRC) mole rtiv of ut least 1.9:1. These solutions are
chemiceally and physically stable, They resist precipitation of
inert salts, do not emil highly toxic bromine fumes, and yet
display excellent retention of the active ingredient upon
slorage. Using the method of the first embodiment, solutions
at concentrations of at least 19.7% as Bry (8.8% as Ch} can

be prepared.
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The second embodiment of the invention is a method for
preparing highly concentraled liquid bromine-containing
solutions using elemental bromine in conjunciion with
solid organic or inorganic halogenating agent, The method
yiclds scletions that are chemically and physically stable
and possess concentrations of bromine of at 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 C1,). Physical and chemical stabilization of the
solutions is achieved using a hydroxide ion to hydrogen ion
source (e.g. sulfamic acid plus Br,) mole ratio of at leas
1.9:1.

The third embodiment of the invention is a methed for
preparing highly concenirated mixed halogen solutions that
contain bath bromine and chlozine. The method utilizes
clemental bromine in conjunction with a solid organic or
inorganic chlorinating agent. ‘The method yields solutions
that have excellent chemical and physical stability, and
possess total halogen concentrations of at least 11.25% when
expressad a5 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 expressed as Bry (10.1% when oxpressed as Cly).
Physical and chemical stabilization of the solutions is
achieved using a hydroxide ion 10 hydrogen ion source (e.g.
sulfamic acid plus Br,) mole ratio of al least 1.9:1.

The fourth embodiment of the invention is a2 methed for
preparing  solid  bromine-containing compositions. This
melhod ulilizes elemental bromine in conjunction with a
solid organic or inorgonic halogenaling agent to prepare 1
three end products. The first is a soturated solution of the
alkali metal or earth alkali metal salt of hydrated N-bromo-
sulfamate. The second and third are the salid alkeli metal or
earth alkali metal salt of hydrated N-bromosulfamate and the
solid alkali metal or earth alkali metal salt of anhydrous
N+bromosulfamate, respectively. These end products were
previously discloscd in LS. patent application Ser. No.
10/609,280, filed by the preseat inventors on Jun. 27, 2003,

Avery surprising aspect of the method of the first embodi-
ment is that physically and chemically stable, liquid bro-
mine-containing solutions prepared using clementa! Br, or
BrCl do not have a ceiling on their concentration of 18% as
Br, (8% as C1,), as the prior art suggests. The stabilization
is accomplished by employing a hydroxide ion to hydrogen
ion source (e.g. sulfamic acid plus Br; or BRCI) mole mtio
of at least .9:1.

A major berefit of the methods of the second and third
embodiments is that all of the Br moicties introduced to the
reactor as elemental bromine materialize as 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 scrve 10 reactivate the bro-
mide ions 1o ensuze 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 contaminam halide jon salis thon the methods of
the prior art. The method of the second embodintent resulls
in an oll-brominc liquid composition with a far tower level
ol halide jon comaminant pur mole of active bromine than
is possible using altemative methods. Thus, this method
yields a product in which halide jon-induced physical and
chemical destabilization is significantly reduced. Assuming
a 100% reaction yield, Table 1 compares the ratio of inactive,
saluble halide ion (X=) to active bromine in the final product
when various alternative reagents are used.
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TABLE 1

Molex dissolved
X~ ion/mole sabilized
Reagent 4Ctive bromine
Br,
BeCl
Br, + Cl,
NaOCl + NaBy
Cl, + Nallr
Second embodiment

The data in Table [ helps explain why the method of the
second embodiment yields physically stable, highly concen-
trated all-bromine liquid formulations that are not possible
by any other route. Because the aqueous phase is far lower
in contaminant halide ion salts, it is sblc to support the
dissolution of higher levels of active ingredient without
“salting ow",

A noteworthy featzre of the method of the third embodi-
ment is thal it provides stable, aqueous mixed halogen
brominc and chlorine-containing compasitions that conain
significontly lower amounts of comaminant halide ion salis
than the methods of the prior an which only yicld all-
bromine products. The method of the third embodiment
results in n mixed halogen liquid composition with a far
lower level of halide ion contaminant per mele of sctive
halogen, Thus, this method yields a product in which halide
ion-induced physicat and chemical destabilization is signifi-
cantly reduced. Assuming o £00% reaction yield, Table 11
compares the ratio of inactive, soluble halide jon (X7) to
active halogen in the final product when various alternative
reagents are used.

TABLE Il

Moles disrolved
X~ ion/mole stabilized
Reagem active bromine
Bry 1
BiCl 1
Br, +Cly 1
NsOCl + NaBr 2
Cly + NaBr 2
Thinl embodiment

«0.5*

" %ihe exact amount depends on the desired tole mtio of bromineichtorine

in the fnished product

The datn in Table H helps explain why the method of the
third embadiment yields physically stable, highly concen-
trated mixed halogen liquid formulations that are nat pos-
sible by any other route. Because the aqueous phase is far
lower in contaminany halide jon salts, it is able to support the
dissolution of higher levels of active ingredient without
“salting out™.

A significant advantage of the methods of the secord and
third embodiments is that they use solid hologenating
ugents, B solid halc ting ugents wre devoid ol
water, the hologen content of the finished compositions is
aot diluted as would be the case il hypochloriie solutions
wene used to accomplish the same chemical reaction. Fur-
ther, these solid halogenaling agents are generally high in
available halogen and do nat contin large amounis of
extrancous salts or inactive ingredients that epker the fn-
ished product (see, for exampie, WO 03/093171). Hence, the
compositions that are obtained using solid haloyenating
agents possess lower levels of water, as well as lower levels
of dissolved salis or other extrancous materiols, which
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would otherwise dilute the available halogen content of the
product and adversely impact its chemical and physical
stability,

Another remarkabie benefit of this invention is that the
methods af the second and third embodiments make possible
the formation of highly concentrated ligwid bromine-con-
taining compositions employing methods that generate no
solid wastes. Thus, using solid organic halogenating
reagents such as trichloroisocyanuric acid (TCCA) (also
known as trichloro-s-triazinetrione), sodium dichlorisocya-
nurate (NaDCC) (also known as sodium dichloro-s-triazin-
atrione), sodium dichlorisocyapurate dihydrate
(NaDCC.2H,0) (also known s sedium dichloro-s-riazin-
etrione dihydrate), potessium dichloroisecyanurate, 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. Upen
filtration and washing, highly purified CA wetcake 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 be performed under conditions
that exceed the solubility of the hydrated alkali metot or
carth alkali metal salt of N-bromosulfamate, and further, that
the resuliing solid can be crystallized and recovered in good
yield.

DETAILED DESCRIPTION OF THE
INVENTION

The First Embodiment

The first embodiment is 1 method for preparing highly
concentrated liquid bromine-containing sofutions using Br,
or BrCl Table III lists the basic components of solutions
prepared using Br, or BrCl that contain an active ingredient
of 18.1% as Br, (8.04% as Cl,) and which possess a
hydroxide jon to 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 BrCl
at the expense of sulfamic acid, water, or 50% sodium
hydraxide sclution provided the hydroxide ion to hydrogen
jon source mole ratio does not drop below 1.9:1. The golden
colared selutions that are produced using this method con-
tain 27-39% or 35-52% more active bromine than solutions
that are available commereially, respectively, depending on
whether Br;, or BrCl is used.

The method of this embodiment includes the following
steps. Steps (a), (b), (c), and (d) may be performed sequen-
tinlly or as othcrwise sct forth below. Steps (a) and (b) may
be performed simultaneously, followed by the remaining
steps. Steps (b) and (d) may be combined so that aj) of the
alkaline source is added in step (b). If performed, step (d)
may be conducted at the same time as step (c).

a, Dispersing solid sulfamic acid in an aqueous phase.

Sulfamic acid displays moderate solubility in water (14.7
g/100 g at 0° C.). When the amovont of sulfzmic acid added
to water exceeds the solubility limit at any given t

20
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b. Forming a salution of the alkali metal or earth alkali

metal sall of sullamic zcid 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 meta) salt of sulfamic acid. Any
alkaline source may be employed, Examples include, but are
not limited 1o, alkali metal or earth alkali metal curbonates,
bicarbonates, oxides, and hydroxides. When solutions are
preferred, sodivm hydroxide or potassium hydroxide solu-
tions may be used, alone or in combination with each other.
A particularly preferred alkaline source is 50% NaOH
solution. To prevent storage problems in cold climates, the
50% NaOH solution may be diluted with water and used.
The sodium hydroxide solution is introduced to the reaction
medium slowly, with stiming and cooling, such that the
temperature preferably does not exceed about 85° F. The
amount of 50% NaOH solution employed should preferably
be at Jeast suficient to fully neutralize the sulfamic acid and
form sodium sulfamate according to equation (1)

NH,SO,J14NaCH~[NH, S0y | [Na*|+ 1,0 m

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

If availabie, solid alkali metal selts of sulfamic acid may
be used. In these circumstances, it is only necessary to
dissolve the salts in water to make a solution, Prefersbly, 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 aboumt 2:1.

¢. Intraducing bromine chloride or elemental bromine,

The amoumt of bromine chloride or clemental bromine
added depends on the amount of suifamic ecid originally
present, A mole ratio of about 0.75:1 1o about 1.5:1 sulfamic
acid to bromine chioride or elemental bramine is advanta-
geous (o the stability of the final product, with about 0.95:1
to about 1.2:] being the most preferred mole ratio range.

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

TABLE IHl

Br;
(Wi %)

181

Bril
(Wt %)

120
13.2
458
230

Br,

BrCl

Sulfamic Acid
50% NaOH
Wiater

132
458
ne

ture, some of the solid remains undissolved. Upon stiming
the mixiure, the sulfumic acid solids are dispemsed in the
aqueous phase. As indicated in Tablc III, the amount of
water used to disperse the sulfamic acid depends on whether
elemental bromine or bromine chloride is wsed, Preferably,
a slurry of between about 25% and about 75% solid sulfamic
acid in water is employed, with ahout 30% to about 40%
being the most preferred range.

customerservice@envirotech.com
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The bromine chloride or elemental bromine is dropped
into the reaction medium from above the surface, or it may
be introduced subsurface via a dip twbe. When the latier is
preferred, the dip tube should be positioned so that the BrCl
or Br; is introduced to an area of high turbulence, e.g. near
the tip of a rotating agitator blade so that it is well dispersed
into the reaction medium. For both supersurface and sub-

Toll Free: (888) 563-2254
Fax: (209) 581-9653




PATENTS

500 Winmoore Way. Modesto,

California 95358. USA

US 7,309,503 B2

9
surface oddition methods, the BrCl or Br, is added with
sufficient mixing and at a raie to avoid significant phase
separation and pooling of the materials at the bottom of the
reactor.

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

Br—X+11,0--11OBr+3X @

X=BrorCl}

The hypobromous acid formed reacts with sodium sulfi-
mate to form sodium N-bromosulfamate according to reac-
tion (3).

HOBr+{NH,50,"1{Na*}-+(Br—NHSQ, | [Na*}+H,0 [E)]

The HBr or HCI that is generuted in reaction (2) imme-
diately undergoes an acid-base newtrulization reaction with

the excess sodium hydroxide present in solution as illus-

trated by reaction (4).
HX+NaOH - Na—X+H,0 @

X-BrorCl

This is a strongly exothermic reaclion, so the reaction
medium 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 reaction medium such

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

ovenall mole satio of hydroxide ion to sulfamic acid is
between about 3:1 and about 5:1, preferubly between
about 4:1 and about 5:1.

If 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 alkaline source may be employed. Examples include,
but 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 can be used, alone or in combination
with each other. A panticularly preferred alkaline source is
50% NeOH solution. To prevent storage problems in cold
climates, the 50% NaOl solution may be diluted with water
and used. The alkaline source is introduced to the reaction
mediom slowly, with stimming and cooling, such that the
temperature preferably does not exceed about 85° I

When the sodium salt of sulfamic acid is employed, 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: |, most preferably
between sbout 3:1 and sbow 4:1.

EXAMPLE 1

Deionized witer (52.5 ml) was intreduced 10 a foure
necked round bottom flask and solid sulfamic acid {24.9 g)
was added. The slurry was stitved and 50% NaOR (44.6 g)
was slowly added as the flask was chilled in an ice bath to
Keup the wmperzture of the Nask contents below abom 85°
. Using a dropping funnel, elemental bromine (41,2 g) was
dispensed at o mte of about one drop per second to the
reaction medium, also with stirring and cooling 1o maintain
a reaction temperatura below about 66° F. Afler the addition
was complete, 50% NeOH (37.6 g) was slowly added from
the dropping funnel as the reaction flask was stirred and
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cooled. Iodometric titration of the resultant golden yellow
solution yielded a bromine content of 19.8% as Br; (8.8% as
Cl;) that corresponded to a yield of 96.6% (based on the
bromine charge). The solution possessed a hydroxide ion to
hydrogen ion source (sulfamic acid plus Br,) mole ratio of
2,0:1.

(PROSPECTIVE) EXAMPLE 2

From 1he data in ‘Table IH, it is apparent that solutions
prepared using BrCl will always contain more water than
cquivalent solutions prepored using elemental bromine. This
is hecause BrCl has a molecular weight of 115.4 compared
t0 159.8 for elementnal bromine. Therefore, because of their
higher relative water coptent, solutions prepared using BrC!
should be able to support the dissclution 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 amoum of BrCl.

Deionized water (52.5 ml) is introduced to a four-necked
round bottom flask and solid sulfamic acid (24.9 g) is added.
‘The slurry is stirred and 50% NaOH (44.6 g) is slowly added
as the flask was chilled in an ice bath to keep the temperature
of the flask contents a1 below 85° F. Using n dropping
funnel, bromine chloride (29.7 g) is dispensed at a ric of
about one drop per second 1o the reaction medium, atso with
slizring and conling to maintain a reaction temperature
below about 66° F. When the bromine chleride addivion 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 resollant solution would have a bromine content
of 21% as Br, {9.3% as Cl,).

EXAMPLE 3
For the purposes of compamtive elevated temperanre

stability testing, the reaction of Example ! was repeated,
except that a hydroxide ion to hydrogen ion source (sulfamic

5 acid plus Bry) mole rtio of 1.69:1 was employed.

Deionized water (69.1 ml) was introduced to a four-
necked round bottom fRask and solid sulfamic acid (24.6 g)
was added. The slurry was stimed 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 rate of about one drop per second to the
reaction medium, also with stirring and cooliag to mainiain
a reaction temperature below about 66° F. Afier the addition
was complete, 50% NaOH (24.5 g) was slowly added from
the dropping funnel as the reaction flask was stirred and
cooled. lodometric titration of the resultant golden yellow
solution yiclded a bromine content of 19.6% as Br, (8,7% as
Cly) thm comresponded to a yield of $7% (based on the
bromine charge).

Samples of the solutions prepared in Examples 1 und 3
were poured into capped plastic containers and placed in an
oven held gt 125° F. The amount of active ingredient
remaining in the formulations was monitored as a function
of time. The physical stability was established by visual
observation of whether any solids precipitated from solu-
tienover the same period. Table IV shows the results.
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TABLE IV

Example 1
Mole ratio OH~H* sonrce
2051

Example 3
Molc ratio CH™H’ source
1.69:]

Wt %
Bry

19.6
148
133
128
11.7
103
9.9
2.0
70
20

%Br, Solids
Timeldays Wt % Br, remaining Formed

% Br,  Selids
remaining  Formed

Ne
Neo

100
75.6
0.0
65.3
59.7
525
50,5
459
387
102

198

Yiirrrres
LEIiTrn#

No
Slight
17.3 S$light
15.1 —_

874
162

No
Slight

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

The Second Embodiment

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

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

a, Dispersing solid sulfamic acid in an aqueous phase.

Sulfamic acid displays moderate solubility in water (14.7
£/100 g at 0° C.). When the amount of sulfamic acid added
1o water exceeds the solubility limit at any given tempern-
fure, some of the solid remains undissolved. Upon stirring
the mixture, the sulfamic acid solids are dispersed in the
aqueous phase. Preferably, a slurry of between ahout 25% to
about 75% solid sulfamic acid in water is employed, with
about 30% to sbout 40% being the most preferred range.

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

metal 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 10 form a solution of the
alkali metal or carth alksli metal sak of sulfamic acid. Any
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alkaline 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, sodium hydroxide or polassium hydroxide solu-
tions are convenient 1o use, alone or in combination with
cach other. A panicularly 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 stirring and cooling, such that the
temperature preferably does not exceed 85° F. The amount
of 50% NaOH solution employed should preferably be at
Teast sufficient to fully neutralize the sulfamic acid and form
sodium sulfamate according 10 equation (5).

NH;SO,H+N20H-+ NILS05 (N H,0 )

Rven more preferably, & 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 ions are introduced for every
male of sulfamic acid present.

1f available, solid alkali metel salts of sulfamic acid may
be used in the method of this embodiment, In these circum-
stances, it is only necessary to dissolve (he salts in water to
make a soiution. Preferably, an additional quantity of 30%
NaOH is then utilized, For reasons that will become appar-
ent in steps (c) and (d), abouwt 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 elementzl bromine added depends on the
smount of sulfamic acid eriginally 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 fina}l product,
with ahout 0.45:1 10 about 0.6:1 being the most preferred
mole ratio range.

The clemental bromine is dropped into the reaction mix-
ture from above the surface, or it may be introduced sub-
surface via & 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, ¢.g. near the tip of a rolating agitator
blade for efficient mixing in the reaction medium. For both
subsurface and supersurface addition methods, the Br, is
added with suilicient mixing and at a mle to avoid significant
phase separation and pooling at the bottom of the reaclor.

With adequate mixing, the Br, intraduced to the reactor
contgining the solution of sodium hydroxide and sodium
sulfemate hydrolyzes readily aceording 1o reaction (6).

Bry+H,0—+HOBr+HBr (8}

The hypobromous acid formed reacts with sodium sulfa-
mate to form sodium N-bromosulfamate according to renc-
tion (7).

HOBr+ [NH, S0, )[Na* == Br—NHS0, ) [Na*{+ ;0 m

The HBr that is generated in reaction (6) immediately
undergoes an acid-base neutralization reaction (8) with the
excess sodium hydroxide introduced in step (b).

HBr+NaQH—+NaBr+«H,0 8)

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

[Br—NHSO; )[Na*|+ HBr—[Br—NH50,H]+NsBr ]

Reactions (8) and (9) are swrongly exothermic, so the
reaction medium is cooled, preferably 10 below 85° F, 1o
suppress the degradation of sodium N-bromosutfamate and
N-bromosulfamic acid.
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Neutralization reactions (8) and (9) demonstrate that as
the elemental bromine is introduced, the reaction medinm
undergoes # pH swing from alkaline to 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 crganic or inorganic halo-
genating agent to oxidize all or substantially alj of the
remaining bromide ions into bromine.

Solid incrganic halogenating agents include, but are not
limited to, alkali metal and canth slkali metal hypochlorite
salts, Suitable examples include lithium hypochlorite, cal-
cium hypochlorile, and magnesium hypochlorite, Due to its
low cost and high available chlorine content, calcinm
hypochlorite is particularly preferred, The higher strength
granular forms of the product (containing about 65-75%
available chlorine) are most preferred.

Solid organic halogenating agents include any organic
compound in which one or mere halogen atoms such as Cl,
Br, ot 1 is present in oxidation state+l and is covalenily
bound to a nitrogen or phosphorus atom within the same
molecule. Suitable examples include, but are not limited to,
wichloroisocyanuric acid (TCCA), sodium dichlorisocyanu-
rate  (NaDCC), sodium dichlorisocyanurate dihydrate
{NaDCC.2H,0), potassium dichloroisocyanurate, dichlor-
aisocyanuric acid, trichloromelamine, N-chioro-p-toluene-
sulfonamide, N-chlorometh Ifonamide, N-chiorosue.
cinimide,  N,N'-1,3-bromochlero-5,5-dimethylhydantoin,
N,N™1,3-bromachloro-5-ethyl-5-methylhydantoin, and 1,3-
dichloro-5,5-dimethylhydantoin., A particularly preferred
source of a solid, organic halogenating agent is trichloroiso-
cyanuric acid {TCCA). Preferably this is used as a fine, dry
powder. In this form, the TCCA reacis rapidly with the NaBr
genezated in reactions (8) and (9) according, to reaction (10).

NaBr#[NHy—50,H]+1/3 TCCA~[Bef{NH—
SO,H]+NaCi+1/3 Cyanuric Acid 10}

Although dry powdered TCCA is favored because of its
easy handling chamcteristics, TCCA powdered wetcake may
also be employed, The advantage of using TCCA wescake is
that it may be taken directly from the TCCA-producing
reactors and so costs associaled with drying of the material
arc eliminated.

When solid arganic or inorganic halogenating agenis are
usel in this fashion, all of the Br moielies intraduced to the
reactor as elemental bromine can materialize as active
bromine in the final product. None are wasted us by-product
bromide ion salts. ‘Thus, instead of wasting half of the Br
moietics as inaclive bromide ion, regeneration by, for
example, TCCA as described in reaction (10) will ensure
that both bromine atoms are utilized as active forms.

¢. Removing any insoluble yeaction by-products with a
conventional solid-liquid separation technigue.

Any suitable solid-liquid scparation technique can be
employed. Suitable examples include, but are not limited to,
centrifugation, clarification, grmvity scdimentation, and
vacuum filtratiop. Filtration is a particularly preferred tech-
nique for effecting solid-liquid separation.

When the solid organic halogenating agent is TCCA,
cyanuric acid is » reaction by-produet that is insoluble in the
reaction medium (see reaction (10)). Filtration of the cya-
nuric acid (CA) residue is carried out at about pH 1-9, but
preferably at about pH 1-6 1o maximize its recovery from
solution and minimize the amount of bromine vapors that
fame from the reaction medium. Upon washing the filier-
cake with water to remove the mother liguors, a highly pure
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CA weicake is recovered. This can be recycled 1o other
processes 1o make additional quantities of TCCA, NaDCC,
or NuDCC.2H,0 that can be used in the method of the
current invention.

1{ desired, this siep can be moditied so that the sodium salt
of cyanuric acid is recovered from the reaction medium
instead of cyunuric acid. This is accomplished by introduc-
ing, before performing the solid-liquid separation, suflicient
500 NaOH 10 react with cyanuric acid according to the
following reaction:

CAN2OH=N1CA+H0 [(31]

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

f. Adding an alkaline source to the resction mother
liquors, such that if the alkaline source is & hydroxide
salt, the overadl mole ratio of hydroxide jon to sulfanic
acid is hetween about 3:1 and abowt 5:), 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 nlkali metal or earth alkali metnl salt as
described in step (e).

Any alkaline source may be employed. Examples include,
but are not limited 1o, alkali metnl or carth alkali metal
carbonales, bicarbonates, oxides, and hydroxides. When
solutions are preferred, sodium hydroxide or potassium
hydroxide solutions arc convenient 10 use, alone or in
combination with each other. A particularly preferred alka-
linc source is 50% NaGH solution. To prevent storage
problems in cold climates, the 50% NaOH solution may be
diluted with water and used. The alkaline source is intro-
duced to the reaction medium slowly, with stirring and

¢ cooling, such that the temperature preferably does not

exceed 85° F. "The purpose is to deprolonate the bromo
derivative of suliamic acid to form the bromo derivative of
sodium sulfamate accerding, to reaction (12},
{B) [NH-~50,H | NsQH—~[B1][NH—S0,"}[Na* |+

H;0 az

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

As noted above, any suitable solid-liquid separation tech-
nique may he emplayed. Generally, when TCCA is the
hologeanting agent, almost 50% of CA reaction by-product
is recovered as o 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 cyanuric acid are
precipitated from the reaction mother liquors upon the
addition of alkalitte sources. When the alkuline source is, for
example, 50% sodium hydroxide solution, the mogo-, di-,
and trisodium salts of cyanuric acid are precipitated.
Although insoluble in the reaction mother liquors, the di-and
trisodium salts display exceprional solubility in ordinary
waler and are thus useful water treating agents in their own
right. However. in comnpatison o the amount of solids
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recovered in step (e), the amaount 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 filer. Moreover, the two solid-liquid separation
steps of () and (2} may be combined into a singfe operation
performed at step (e). -

EXAMPLE 4

Deionized water (120 ml) was introduced to a d-necked
round hottom flask and solid sulfamic acid (85 g) was added,
The slusty was stired and 50% NaOH (88.2 g} was slowly
added s the flask was chilled in an ice bath to keep the
temperature 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
temperatore 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 trichloroisecyanurie
acid (90.4% available Cl,) (28.6 g) was then delivered to the
reaction medium through one of the necks of the flask.
Stirving and ocooling was continued as a fine powdery
precipitate of cyanuric acid developed, After 10 minutes,
50% MaOH (8 g) was added dropwise in order to diminish
the amount of bromise 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 waler that were not
combined with the mother liquors. The wetcnke was placed 3
in an oven set at 125° F. for drying overnight. Using a
dropping funnel, additional 50% NaOI1 (131.8 g) was added
10 the filtrate, again with cooling and stirring, such that the
temperature remained at 74° F. Any solids that precipitated
from solution were removed by vacuum filteation immedi-
ately upon completing the addition of the 50% NaOH.
lodometric titration of the resvltant golden vellow filtrate
yielded a bromine cantent of 22.9% as Br, (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 hydrexide jon to hydrogen ion source (sulfamic acid plus
Br,) mole ratio of 2.3:1.

The Third Bmbodiment

The third embodiment is a method for preparing a highly
concentrated mixed halogen solution that contsins both
bromine and chicrine. The method utilizes elementel bro-
mine in conjunction with a solid organic or inorganic
chiorinating agent. This light golden-colored compasition
contains 46-60% more available halogen than the all-bto-
mine solutions that are currently available commercially. A
typical reaction is described in Exampte 6. The method
resulted in a solution containing a total halogen content of

22.4% when expressed as Bry (10.1% when expressed os 33

ChL).

A major benefit of a mixed halogen biocide is in the
treatment of contaminated water that exerts a considerable
halogen demand. This chemical demand can be satisfied by
the less cxpensive chloring portion of the composition,
permitting more of the bromire portion 1o be available for
microbiclogical control. Mixed halogen 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 uatil 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 to eliminate atmospheric release, worker
exposure, and lo prevent the [umes from entering and
demaging expensive vacwum processing equipment. By
contrast, the mixed halogen compositions emit hardly any
deep red bromine fimes during their manufacture. Thus, the
necessity for scrubbing the reaction vesscl's headspace is
eliminated.

A further significant aspeet of compositions based on
mixtures of stabilized bromine and chiorine is that in water
systems empleying long contact times, there may be sufli-
cient time for the N-chlorosulfamate 1o resct with “speat”
bromide ior and regenerate N-hromosulfamate according to
the following reaction,

[Br—NH—S0,"}+H,0-HOB:+NH,S80,~

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

{C1—NH—$O;™ 4 Br-=[Br—-NH—SOy J+CI™

In 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-chlorosulfamate.

Generally, chlorinated compounds display higher water
solubility than their brominated counterparts. Further, a
mixed halogen composition may be formulated to employ
far less sodium bromide salt than an all-bromine solution.
Thus, another highly advantageous facet of this invention is
that it makes possible 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-
hifity as it becomes less prore 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 (h) may be performed simulta-
neously, followed by the remaining steps. Staps (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 wailer exceeds the solubility limit at any given
temperature some of the solid remains undissolved. Upon
stirring the mixture, the sulfamic acid solids are dispersed in
the aqueous phase. Preferably, a slurry of between about
25% Lo aboul 75% solid sulfamic ucid in water is employed,
with about 30% to about 40% being the most prefemed
range,

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

metal salt of sulfamic acid in the aquoous 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 sulfamic acid. Any
alkaline source may be employed. Examples include, but are
nat limited to, alkali metal or carth alkali metal carbanates,
bicarbonates, oxides, and hydroxides. When solutions are
preferred, sodium hydroxide or potassium hydroxide solu-
tions are convenicnt to use, alone or in combination with
each other. A particularly preferred alkaline source is 50%
NoaOH solution, To prevent storage problems in cold cli-
mates, the 50% NaOH solution may be diluted with water
and used. The alkaline source is introduced to the reaction
medium slowly, with stirring and coeling, such that the
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temperature preferably does not exceed 85° F. The amount
of 50% Na2OH sofution employed should preferably be at
least suflicient o filly neutralize the sulfamic acid and form
sodium sulfamate according to equation (13).

NH;SO5H+NsOH~=[NH, 805 )[Na*]+H;0 fte))

Even moare preferably, a molar excess of 50% NaOH is
utitized relative to the amount of sulfamic acid. For reasons
that will become apparent in steps (¢} and (d), about 1.2 to
about |.8 moles of hydroxide ions are introduced for every
mole of suifamic acid present.

If available, solid alkali metal selts of sulfamic acid may
be used in the method of this embodiment, In these circum-
stances it is only necessary to dissolve the salts in water to
make & 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 (o abowt 0,3 moles of
hydroxide jons ere introduced for every mole of alkali metal
salt of sulfamic acid present.

c. Introducing elemental Bromine.

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

The elemental bromine is dropped into the reaction mix-
nire from obove the surface, or it may be introduced svb-
surfoce via a dip mbe. When the latter is preferred, the dip
tube should be positioned 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
subsurfece and supersurface addition methods, the Br, is
added with sufficient mixing and at & rate to avoid significant
phase separation and pooling at the bottom of the reactor.

With adequate mixing, the Br, introduced to the reactor
containing the solution of sodium hydroxide and sodium
sulfarnate hydrolyzes readily according to reaction (14).

BryeH,0-+HOBr+HBr (14}

The hypobromaous acid formed reacts with sodium svlfa-
mate to form sodivm N-bromesulfamate according to reac-
tion (15).

HOBz+[NH,£0,7)[Na* |=+[Br—NHS0, "} [Na*] +H,0 (s

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

HBMNOH-+NaBr+H,O 16)
When all the excess sodium hydroxide has been con-
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When the addition of elemental bromine is complete, the pH
is between about 0.5 and abows 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 chlo-
rinating agent to oxidize all or substantially all of the
remaining bromide ions into bromine, and to release
soluble chloxine into the solution by complexing with
sulfamic acid.

Solid inorganic chlorinating agents include, but are not
limiled to, alkali metal and earth alkali metal hypochlorite
salts. Suvitable examples include lithium hypochlorite, cal-
cium hypochlorite, and neagnesium hypochlorite, Due to its
low cost and high availzble chlorine content, calcium
hypochlorite is particularly prefetred. 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 aioms is present in
oxidation state+1 and is covalently bound e a nitrogen or
phosphorus atom within the same molecule. Suitable
examples include, but are not limited to, trichloroisocyanu-
rie acid (TCCA), sodium dichlorisocyanurate {(NaDCC),
sodium dichlorisocynnurate dihydrate (NaDCC.2H;0),
potassivm dichloroisocyanurate, dichloroisocyanuric acid,
trichloromelamine, N-chlero-p-tolugnesul fonamide,
N-chloromethancsulfonamide, N-chlorosuccinimide, N,N'-
1,3-bromochlore-5,5-dimethylhydantoin, N,N'-1,3-bromo-
chloro-5-tihyl-5-methylhydantoin, end  1,3-dichloro-5,5-
dimethylhydantoin. A particulacly 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 all 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 roaction (18).

NaBr+|NH,—SO,H])+1/3 TCCA—

[B1)[NH—SO,H}+NaCl+112 Cyanuric Acid (18)

Second, the solid ¢hlorinating agent soluble
chlorine into the aquecus solution by complexing with
sulfamic acid 10 form N-chlorosulfamic acid. When the solid
chiorinating agent is TCCA, it reacts according to reaction
(19

NIl;—S0,11+1/3 TCCA— [C)[NI—SO31}+1/3

Cynburic Acid a9

Although dry powdered TCCA is favored because of its
ensy 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
reactors and so costs associated with drying of the material
are eliminated. .

When solid organic or inorganic halogenating gents are
used in this fashion, all of the Br moieties introduced to the

as el | bromine can materialize as active

sumed by the HBr, additional quantities of base are released
from the sodium N-bromosulfamate as follows:

[Br—NHSO,"][Na*)+HBr—{Br—NHSO, H}+N18t un

Reactions (16) and (17) are strongly exothemmic, so the
reaction medium is cooled, preferably te belaw 85° I, to
suppress the degradation of sodium N-bromosulfamate and
N-bromosulfamic acid.

Neutralization reactions (16) and (17) demonstrate that as
the elemental bromine is introduced, the reaction medium
undergoes a pH swing from alkaline to acidic conditions,
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bromine in the final product. None are wasted as by-product
bromide ion salts. Thus, instead of wasting half of the Br
moietics 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.

e. Removing any insoluble reaction by-products with a

conventional solid-liquid separation technique,

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

When the solid organic chlorinating agent is TCCA,
cyanuric acid is a reaction by-product that is jnsaluble in the
reaction medium (see reactions (18) and (19)), Filtration of s
the cyanuric acid (CA) residue is carried out at about pH 1-9,
but preferably at about pH 1-6 to maximize its recovery frem
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
CA wetceke is recoveredt. This can be recycled to other
processes to make additional quantitics of TCCA, NADCC,
or NaDCC.2H;0 that can be used in the method of the
current invention.

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

CAsNsOH—NaCA+H;0 (20)

‘The amount of 50% sodium hydroxide solution cmployed
depends on the amount of solid organic chlorinating ngent
used in step (d). When TCCA is the solid organic chlori-
noting agent, sufficient 50% NaCH solution is introduced
slowly with mixing and cooling 1o conven all or substan-
tially all of the cyanuric acid Jiberated in equations (18) and
(19) ino its monosodium salt via reaction (20). Monuso-
dium cyanurate is insoluble in the reaction medium ot pH<9,
As is 1rue of cyanuric acid, monosodium cyanurate can be
separated and recycled to cther processes in order to make
additional quantities of TCCA, NADCC, or NaDCC.2H,0
that can be used in the method of the current invention. This
is accomplished by performing a solid-liquid separation, as
described ebove, which is done when the pH stabilizes at
about 9,

f. Adding an alkaline source 10 the resction mother
liquors, such that if the alkaline source is a hydroxide
salt, the overall mole ratio of hydroxide ion to sulfamic
acid is between about 3:1 and abowt 5:1, preferably
between about 4:1 and about 5:1. This does ot include
any hydroxide salt that may be vsed 10 convert cyanuric
acid into jts alkali metai or carth alkali metal salt as
deseribed in step (¢).

Any alkaline source may be employed. ixamples include,
but are not limited to, slkali metal or earth alkali metal
carbonates, bicarbonates, oxides, and hydroxides. When
solutions are prefemed, sodivm hydroxide or potassium
hydroxide solutions are convenicnt to use, alone or in
combination with each other. A particularly preferred alka-
line source is 50% NaOH solution. To prevent storage
problems in cold climates, the 50% NaQH solution may he
diluted with water and used. The alkaline source is intro-
duced to the reaction medivm slowly, with stirring 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 to reaction (21).

[Re[NH—SO, H]+NsOH - [Bs)[NH—S0;][Na* ]+
0 1)

g. Removing any further insoluble residues that develop
with a conventionnl solid-liquid separation technique.

As noted obove, any suitable solid-liquid separation tech-
nique may be employed. Generally, when TCCA is the
chiorinating agent, almost 90% of CA reaction by-product is

customerservice@envirotech.com
envirotech.com

20

recovered as n 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 salts of cyanuric seid are
precipitated from the reaction mother liquors upon the
addition of alkaline sources. When the alkaline source s, for
example, 50% sodium hydroxide solution, the mono-, di-,
and wisodium solis of cyanuric acid are precipitated.
Although insoluble in the reaction mother liquors, the di-
and trisodivm salts display exceptional solubility in crdinary
waler and arce thus useful water treating agents in their own
right. However, in comparison 1o the amount of solids
recovered in step (c), the amount of solid thet may subse-
quenily develop is relatively low, and step (g) may require
only a polishing solid-liquid separation, with, for exampie,
a cartridge filter. Morcover, the two solid-liquid separation
steps of (e) and {g) may be combined into a single operation
performed at step (e).

EXAMPLE 5

This example describes the preparation of a mixed halo-
gen solution that was formulated to contain a theorctical 830
mole % hromine and 20 mole % chlorine.

Deionized water (138.2 ml) was introduced 1o o four-
necked round bottom flask and solid sulfamic acid (35.0 g)
was added. The slurry was stirred and 50% NaOH (89.0 g)
was slawly added as the flask was chilled in an iee bath to
keep the temperature of the flask contents at around 74° F,
When the addition was complete, the pH of the solution was
measured to he 13.2. Using a dropping funnel, elemental
bromine (46.8 g) was dispensed at & rate of about one drop
per second to the reaction medium, elso with stirring and
cooling to mainlain a reaction temperature of less than 68°
F. When the bromine addition was complete, the pH of the
reaction medium was measured to be 2.16. A single charge

- of powdered trichloroisocyanuric acid (90.4% available Cl,)

(34.6 g) was then delivered to the reaction medium through
one of the necks of the lask. Stirring and cooling continued
s normal as o (ine powdery precipitate 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 describex! in
Example 2. Afer that, the cyanuric acid precipitate was then
removed by vacuum filtration and the filter cake was washed

5 with two bed volumes of doionized water that were not

combined with the mother liquors, The wetcake was placed
in an oven sel at 125° E. for drying ovemight. Using a
dropping funnel, additional 50% NaOH (126.8 g) was added
1o the Altrate, again with cooling and stirring, such that the
temperature remained o1 74° F. Any solids that precipitated
from solution were removed by vacuum Aliration immedi-
ately upon completing the addition of the 50% NaOH.
Todomettic titration of the resultant golden yellow fltrpate
yielded a solution with a total halogen content of 22% when

s expressed as Br, (10.1% when expressed as Cl,) which

corresponded to a yield of 97.2% based on the sum of the
bromine and TCCA charges 1o the reacior. The solution
possessed a hydroxide ion to hydrogen ion source (sulfamic
acid plns Bry) mole ratio of 2.3:1, The weight of the dry
solids removed in the first filimtion indicated that 92.2% of
the cyunuric ucid hiad been recovered.

The Fourth Embodiment.

The fourth embodiment is a method of preparing highly
waler soluble, bromine-containing  solid compounds,
namely, the atkali metal or earth alkali metal salt of hydrated
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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 usder reaction conditions designed

to promote the farmation of the solid, e.g. above the solu- 3

bility limit. The solubility of the sodium salt of hydrated
N-bromosuifamate in the reaction medium of this embodi-
ment is about 23.6% as Br, (10.6% as Cl;). In order 1o
exceed this solubility fimit, the sum of the elementat Br, and
organic or inotganic halogenating agent charges 1o the
reactor are adjusted accordingly. A typical reaction is
deseribed in Example 6. Initially the method resulied in 8
supersaturaled solution containing 26.1% as Br, (11.63% as
CL,). Crystallization of the solid product was initiated by
chilling the reaction medium.

A unique aspect of this method is that it can be used to
yield three differem vseful products. The first is the solid
alkali metal or earth alkali metal salt of hydrated N-brome-
sulfamate in equilibrium with its saturated solution. The

solid peed pol be isolated from the saturated solution, 20

Instead, the combination product, a shurry, may be advan-
tageously packaged and transported 10 a separate location
for subsequent reconstitution by simple addition of water to
yield an agueous stabilized, liquid bromine composition

whose conceatration can be tailored to the amount of 25

recoastimtion 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 method preferably includes the following steps. Steps
(a)-(h) or {a}-(i) may be performed sequentially or as
otherwise set forth below. Steps (a) and (k) may be
performed simultanecusly, followed by the remaining
steps. Steps {e) and (g) may be combined.

a, Dispersing solid sulfamic ueid in an aqueons 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
temperature some of the solid remains undissolved. Upon
stirring the mixture, the sulf@mic acid solids are dispersed in
the aqueous phase. Preferably, solid sulfamic acid is shurried
into Y to ¥ iis weight of water, with about % its weight of
water being especially preferred.

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

metal salt of sulfamic acid in the aqueous phase.

To the stirred dispersion of solid sulfamic acid in water is
added an aikaline source in order to form a solution of the
alkali metal or carth alkali metal sait of sulfamic acid. Any
alkaline source may be employed. Examples include, but are
not limited (o, alkali mets] or eanth alkali mesal carbonates,
bicarbonates, oxides, and hydroxides, When solutions are
preferred, sodium hydroxide or potassium hydroxide solu-
tions are convenient to use, alone or in combination with
each other, A panticularly preferred alkaline source is 50%
NaOH solution. To prevent storage problems in cold chi-
mates, the 50% NaCQH solution may be diluted with water
and used. The alkaline source is inoduced to the reaction
medium slowly, with stirring and cooling, such that the
temperature preferably does not exceed 85° F, The amount
of 50% NaOH solution employed should preferably be at
least sufficient to fully neutralize the sulfamic acid and form
sodium sulfamate according 10 equation (22).

NH;S0,H+NaOH~-[NH;$0, ] [Na"FHH,0

4

Q@2
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Even more 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 ions are introduced for every
mole of suMfamic acid present.

If available, solid alkali metal selts of sulfamic acid may
be used in the methud of this embodiment. In these circum.
stances, it is only necessary to dissolve the salts in water to
make a solution. Preferably, an additional quantity of 50%
NaQFH is then utilized. For reasons that will become appar-
ent in steps {¢) and (d), abowt 0.2 10 aboul 0.8 moles of
hydroxide ions are introduced for every mole of alkali metal
salt of sullamic acid present.

¢. Introducing clemental bromine.

The amount of clemental bromine added depends on the
amount of sulfamic acid ariginally present. A mole mtio 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 mtio range.

‘The elementa) bromine is dropped into the reaction mix-
wre from ahove the surface, or it may be introduced sub-
surface via a dip tube. When the later is preferred, the dip
tube should be positioned so that the Br; is introduced to an
area of high turbulence, e.g. near the tip of a rotating agitator
hlade for efficient mixing in the reaction medivm. For hoth
subsurface and supersurface addition methods, the Br, is
added with sufficient mixing and a1 a rate to avoid significant
phase seporation and pooling at the bottom of the reactor.

With adequate mixing, the Br, introduced 1o the reactor
containing the solution of sodium hydroxide and sodium
sulfumate hydrolyzes readily according to reaction (23).

Bry#H,0~HOBr+HBr (23

The hypobromous acid formed reacts with sadium sulfa-
male (o form sodivm N-bromosulfemate according 10 reac-
tion (24).

HOBr+{NH, S0, [[Na*]~{Br—NHSO, | Na*|+E,0 (28

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

HRreNaOH-+NaBe+H,;0 (25)

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

[Br--NHSO, |{Na'}+HBr—+[Br—NHSO,H]+NaBr (26)

Reactions (25} and (26) are strongly exothermic and so
the reaction medium is caoled, preferably to below 85° F. to
suppress (he 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 & pH swing from alkaline to acidic conditions.
When the addition of e} tal bromine is complete, the pH
is between about 0.5 and about 9, preferably between abomt
1.0 and sbout 4.5. These pH conditions facililate the chemi-
cal reaction of step (d).

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

Solid inorganic halogenating agents include, but are not
limited to, alkali metal and earth alkali metal hypochlorite
salts. Suitable examples include lithium hypechlorite, cal-
cium hypochlorite, and magnesium hypochlorite. Due to its
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fow cost and high available chlorine content, caleium
hypochlorite is particularly preferred. The higher strength
granular forms of the produet (containing sbout 65-75%
available chlorine) are most preferred,

Solid organic halogenating agents include any organic
compound in which one or more halogen atoms such as Cl,
Br, or 1 js present jn oxidation state+1 and is covalently
bound 10 a nitrogen or phosphorus atom within the same
molecule. Suitable examples include, but are not limited to,
wrichloroisocyanuric acid (TCCA), sodium dichlerisocyanu-
rate  (NaDCC), sedivm dichlorisocyanurate dihydrate
(NaDCC.2H,0), potessium dichloroisocyanurate, dichlor-
oisocyanuric aeid, trichloromelamine, N-chloro-p-toluene-
sulfonamide, N-chloromethancsulfonamide, N-chloposuc-
cinimide,  N,N'-1,3-bromochloro-5,5-dimethylhydantoin,
N,N'-1,3-bromochloro-5-cthyl-5-methylhydantoin, and 1,3-
dichloro-5,5-dimethylhydantoin, A particularly preferred
source of a solid, organic hafogenating agent is trichloroiso-
cyanuric acid (TCCA). Prefernbly 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).

NaBr#{NH,—SOH}11 TCCA=
[Be)[NH—SO,H+N1Clel/3 Cyanuric Acid en

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

When solid orgonic or inorganic halogenating agents are
used in this fashion, all of the Br moieties introduced to the
reacior as elememtal bromine can materialize as active
bromine in the final product. None are wasled as by-product
bromide jon salts. ‘Thus, instead of wasting half of the Br
moieties as inactive bromide fon, regencration by, for
example, TCCA as described in reaction (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 sohd-llqmd scpamhon technique can be
employed. Suitable ex include, but are not limited 1o,
centrifugation, clanﬁcauon, gravity sedimentation, and
vecuum filiration. Filtration is o particularly preferred tech-
nique for effecting solid-liquid separation.

When the solid organic halogenating agem is TCCA,
cyanuric acid i3 a reaction by-product that is insoluble in the
reaction medium (see reaciion (27)). Filiradon of the cya-
nuric acid (CA) residue is comried out at about pH 1-9, but
preferably at abaut 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 filter-
cake with water to remove the mother liquors, a highly pure
CA wetcake is mecovered. This con 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.

1f desired, this step can be modified so that the sedium salt
of cynauric acid is recovered from the reaction medium
instcad of cyanuric acid. This is accomplished by introduc-
ing, before performing the salid-liquid scparation, sufficient
50% NaOH to react with cyanuric acid according to the
following reaction:

CA#NaOH—~NaCA+H,0 8

The amount of 50% sodium hydroxide solution employed
depends on the amount of solid organic halogenating agent

3
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used in step (d). When TCCA is the solid organic haloge-
nating agent, sufficient 50% NaOH solution is imroduced
slowly with mixing and cooling to convert all vr substan-
tially all of the cyanuric acid liberated in reaction (27) into
its monosodiun salt via reaction (28). Monosodium cyanu-
rate is insoluble in the reaction medium at pH<9. As is rue
of eynauric acid. monosodium cyanurate can be scparated
and recycled Lo other processes in order to make edditional
quantities of TCCA, NADCC, or NaDCC.2H,0 that can be
used in the method of the curreat invention. This is accom-
plished by performing a solid-liquid separation, as described
above, which is done when the pH stabilizes at about 9.

f. Adding an alknline source to the reaction mother
liquors, such that if the alkaline source is a hydroxide
salt, the overafl mole ratio of hydroxide jon to sullamic
ncid is beiween about 3:1 and about 5:1, preferably
between about 4:1 and about 5:1, This does not include
any hydroxide salt that may be used to convent cyanuric
acid into its alkali metat or earth alkali mewl salt as
described in step (¢)

Any atkaline source may be employed, Examples inciude,
but are not limited 1o, alkali metal or earth alkali metal
carbonates, bicarbonates, oxides, and hydroxides. When
solutions are preferved, sodium hydroxide or potassiom
hydroxide selwions are convenient to use, alonc or in
combination with each other. A particularly preferred alka-
line source is 50% NaOH solution. To prevent storage
problems in cold climates, the 50% NaOH solution may be
diluted with water ond used. The alkaline source is intro-
duced to the reaction medium slowly, with stiring and
cooling, such that the tempernture preferably does not
exceed 85° T ‘The purpose s to deprotonate the bromo
derivative of sulfemic acid 10 form the bromo derivative of
sodium sulfamaie according 1o reaction (29),

[RHNH—S0,R ]+ NaOH~[Be][NH—S0, JNa* |«
H,0 29
£ Removing any further insoluble residues that develop
will a conventional solid-fiquid separation technique.

As noted above, any suitable solid-tiquid separation tech-
nique may he employed. Generally, when TCCA is the
halogenating agent, aimost 90% of CA reaction by-product
is recovered as a highly pure wetcake in the first solid-liquid
scparalion step described in step (¢). While not wishing to be

s bound by theory, it is believed that salts of cyanuric acid are

5

5

precipitated from the reaction mother liquors upon the
addition of slkaline sources. When the alkaline source is, for
exumple, 50% sodium hydroxide solution, the mono-, di-,
and trisodium salts of cyanuric acid are precipitated.
Althowgh insolutle in the reaction mother liquors, the di-and
wrisodium salis display exceptional solubility in ordinary
water and are thus useful water treating agents in their own
right. However, in comparison 10 the amount of solids
recavered in step (¢), the amount of solid that may subse-
quently develop is relatively low, and step (g) may require
only a polishing solid-liquid separalion, with, for example,
a cartridge filter. Moreover, the two solid-liquid separation
steps of (¢) and (g) may be combined into a single operation
performed at step (@),

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

Crystallization of the bromine-containing solid from its
supersaturated solution may be achieved by aoy conven-
tional means. These methods include, but are not limited to,
chilling the reaction medinm to reduce the solubility of the
bromine-containing salt even further to trigger the precipi-
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tating process, seeding the reaction medium with bromine-
containing salts obtained in an earlier crop so as 1o provide
o surface on which additionsl eryswls are encouruged to
nucteate and grow, and evaporating the reaction medium
under vacuum to drive off solvent water and promote the
crystallization process.

In certain situations, it may be desirable to conclude the
method at this point and leave the alkali metal or earth alkali
metal salt of hydrmated N-bromosulfamate in equilibrium
with its saturated solution. This combination preduct, a
slurry, may be advantageously packaged and transported 1o
a scparate Jocation for subsequent reconstitution by simple
addition of water to yicld an aqueous swbilized liquid
bromine-containing composition whose concentration can
be tailored to the amount of reconstitution water used.

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

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

I order to abiain the alkali metal or carth alkali metal salt
of anhydrous N-hromosulfamate, the hydrted solid must be
dried. Any suitable drying technique muy be employed 10

dry the solid. Suitable examples include, bt are not limited 10

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
carth alkali metal salt of anhydrous N-bromosulfamate.

EXAMPLE 6

Deionized water (50.5 ml) was introduced to a four-
necked round bottom 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 flask was chilled in an ice bath to
keep the temperature of the flusk contents at around 75° F,
Using a dropping funnc), clemental bromine (67.3 g) was
dispensed at a rate of about one drop per second to the
reaction medium, also with stirring und cooling to maintain
a reaction temperature of 68° F. When the bromine addition
wag compiete, the pH of the reaction medinm was measured
to be 1.97. A single charge of powdered trichloroisocyanuric
acid (90.4% available Cl,)(33.1 g) was then delivered to the
reaction medium through one of the necks of the flask.
Stiering and cooling continued as notmal as a fine powdery
precipitate of cyenuric acid developed. After 10 minules,
50% NaOH (11 g) was edded dropwise in order to diminish
the amount of hromine vapors that were foming from the
reaction medium. The cyanuric acid precipitate was then
removed by vacuum filrmlion, Using a dropping funnel,
additional 50% NaOH (161.7 g) was added to the filirate,
again with cooling and stirring, such that the temperature
remained at 74° F. Any solids that precipitated from solution
were removed by vacuum filtration 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% as Cl,) that corresponded
10 a yield of 98.2% based on the sum of the bromine and
TCCA charges to the reaction flask. The slurry possessed o
hydrexide ion to hydmogen ion source (sulfamic acid plus
Br,) mole ratio of 2.3:1. The solution was poured out of the

customerservice@envirotech.com
envirotech.com

26

renction flask and into a wide-mouth glass jar. This wos
ploced overnight in a refrigerator set 1o a temperature 60° F,
The following moming, the sample had still not erystallized
and so the blade of a spatula was used to scrape the inside
of the glass jor containing the solution. The sample was
placed back into the refrigerator and examincd about 8 hours
later. A large crystal mass had started to form. The super-
natont liguid above 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. Qver-
nighl, the crystal mass had continued to visibly increase in
size, and the supematant liquid now contzined only 16.3%
s Bt (7.25% as Cl,). Upon decanting the supermotant from
the crystalline mass, it was found that 42% of the original
weight of the solution had turned solid. The crystalline mass
was ohscrved 1o comprise mainly regular rhombohedral
crystals of hydrated sodinm N-bromosulfomate that pos-
sessed o yellow glass-like appearance. A pontion of the
crystalline mass was lightly dabbed with a poper towel 10
remove the mother lquors and a weighed amount of this was
dissolved in water. It dissolved rapidly and completely.
lodometric tirration of the solution was used to calculate that
the erystalline solid contained 42.7% as Br, (18.9% as Ci,).

The invention has been described ashove with reference to
the preferred embodiments. Those skilled in the an may
envision other embodiments and variations of the inveation
that foll within the scope of the claims.

We clniny

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

{n) comhining solid sulfamic acid, water, and an alkaline
sonree 10 form a solution of the salt of sulfamic acid,
wherein said alkaline source is selected from the group
consisting of alkali metal hydroxide and carth alkati
metal hydroxide;

(b) adding a hromine source to said solution, wherein said
bromine source is selected from the group consisting of
bromine chloride and elemental bromine; and

(¢) foming a bromine-containing liquid, wherein the
amounts of said solid sulfamic scid, water, alkaline
source, and bromine source are such that said bromine-
conlining liquid has an active ingredicnt concentration
of greater than 18% as bromine or 8% expressed as
chlorine, and further, wherein said bromine-containing
liquid has a mole ratio of hydroxide jon 10 hydrogen ion
source of 2,001 w 2.86:1,

2. The methad of ¢laim 1, wherein in step (a), said solid
sulfamic acid is first dispersed in said water, followed by the
addition of said alkaline source.

3. The method according to claims 1 or 2, further com-
prising, afier 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 metat
hydroxide and easth alkali metal hydroxide.

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

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

6. A bromine-containing liquid having an active ingredi-
enl concentrition of greater than 18% as bromine or 8%
expressed ns chlorine, made in accordance with the method
of claim 1.
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[£Y)) ABSTRACT

‘The invention includes convenient methods of preparing; (1)
highly concentraled liquid bromine-conigining biocidal
solutions, (2) highly concentrated mixed halogen liquid
bromine and chlorine-containing biocidal solulions, and (3)
high-activity bromine-containing biocidal solids, all having
excellent physical and chemical stability. One method yickls
solutions that have coneentrations of bromine in excess of
18% as Br, (8% as Cl,) in which the molc ratio of hydroxide
ion to hydrogen ion source is at least 1.9:1, Another method
employs clemental bromine in conjunction with a solid
organic or inorganic halogenating agent to yield hatogen
solutions al concentrations greater than 22.9% as Br, (10.2%
as Cl,), This method can be performed under conditions that
exceed the solubility of the active ingredient such that it
crystallizes and is recovered as a hydrated or anhydrous salt
in pood yicld.

17 Claims, No Drawings
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