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CONTAINING BIOCIDAL COMPOSITIONS AND THEIR PREPARATION
BACKGROUND  Bromine-based biocides have proven
biocidal advantages over chlorination dechlorination
for the microbiological control of cooling waters and
disinfection of waste  treatment systems. The water
treatment industry recognizes these advantages to be
cost-effective control at higher pH values, almost no
loss in biocidal activity in the presence  of ammonia,
and effective control of bacteria, algae and mollusks.
A common way of introducing bromine based biocides
into a water system is through  the use of aqueous
NaBr in conjunction with NaOCI bleach. The user feeds
both materials  to a common point whereupon the NaOCl
oxidizes the bromide ion to HOBr/OBre. This  activated
solution is then introduced directly into the water
system to be treated. The feeding  of the two liquids
in this fashion is necessary because the
HOBr/OBr?mixture is unstable and  has to be generated
on-site just prior to its introduction to the water.
Furthermore, the feeding  and metering of two liquids
is cumbersome, especially as the system has to be
designed to  allow time for the activation of bromide
ion to occur. Consequently, many biocide users have
expressed the need for a single-feed, bromine-based
biocide. Elemental bromine and  molecular bromine
chloride have been considered to meet these demands.
Both are liquids  at room temperature and can be fed
directly to the water system, where immediate
hydrolysis  occurs to yield HOBr. Br2+H20 -' HOBr+HBr
(1)  BrCI + H2O - HOBr + HCI (2) Properties of bromine
and bromine chloride are compared in Table 1.  Table 1
- Physical Properties of Bromine and Bromine Chloride
Property Bromine (Br2) Bromine Chloride (BrCI)
Appearance Fuming, dark-red liquid Fuming, red liquid
or gas  Boiling Point 59C 5C Vapor Pressure (25C) 214
mm 1800 mm  Corrosivity Corrodes most metals in the
Corrodes most metals in the  presence of water
presence of water It can be seen that certain
characteristics of these materials --especially their
corrosiveness,  high vapor pressures and fuming
tendencies -- necessitate care and skill in their
handling and  use. Early efforts to overcome the
deficiencies of this material comprised complexing WO
2004/039159 PCT/US2003/034482  



bromine with excess bromide ion in the presence of
strong acid and stabilizing the resultant  solutions
with ethanolamine. The resultant solutions of
ethanolammonium hydrogen  perbromide contained up to
38% by weight elemental bromine. See in this
connection,  Favstritsky, U. S. Pat. No. 4,886,915;
and Favstritsky, Hein, and Squires, U. S. Pat. No.
4,966,716. These solutions permitted introduction of
bromine to a water system using a single  feed. As in
the case of bromine and bromine chloride, the
ethanolammonium hydrogen  perbromide hydrolyzed in
water to release HOBr. The vapor pressures of these
solutions were  lower than elemental bromine and
bromine chloride. Nevertheless, the solutions still
possessed measurable vapor pressures, and thus tended
to produce undesirable reddish-colored  vapors during
storage and use. An economically acceptable way of
stabilizing high concentrations of aqueous  solutions
of bromine chloride is described in U.S. Pat. No.
5,141,652 to Moore, et al. The  solution is prepared
from bromine chloride, water and a halide salt or
hydrohalic acid. These  solutions were found to
decompose at a rate of less than 30% per year and in
cases of high  halide salt concentration, less than 5%
per year. Moreover, solutions containing the
equivalent of 15% elemental bromine could be prepared.
Unfortunately, the relatively high  acidity of these
solutions and their tendency to be corrosive and
fuming impose limitations  on their commercial
acceptance. Many solid bromine derivatives such as
BCDMH (1,3-bromochloro-5,5- dimethylhydantoin) are
limited in the amount of material that can be
dissolved in water and  fed as a liquid to the water
treatment system. For example, the solubility of BCDMH
in water  is only around 0.15%. Another limitation of
such derivatives is that at neutral pH, HOBr  rapidly
decomposes, eventually forming bromide ions. Thus, the
ability to store and transport  these aqueous
solutions is greatly limited and of questionable
commercial feasibility. U.S. Pat. No. 3,558,503 to
Goodenough et al. describes certain aqueous bromine
solutions stabilized with various stabilizing agents
and various uses to which such solutions  can be put.
The compositions described in the patent comprise an
aqueous bromine solution  having from 0.01 to 100,000
parts per million by weight of bromine values wherein
the molar  ratio of bromine to nitrogen present in the
bromine stabilizer ranges from 2.0 to 1 to 0.5 to 1.
The stabilizer used is biuret, succinimide, urea, a
lower aliphatic mono- or di substituted urea
containing from 2 to 4 carbon atoms in each
substituent group, sulfamic acid, or an alkyl
sulfonamide of the formula RSO3NH2 where R is a methyl
or ethyl group. The solution also  contains sufficient
hydroxide additive to provide a pH in the solution
ranging from 8 to 10,  the hydroxide additive being an
alkaline earth hydroxide or an alkali metal hydroxide.



2 U.S. Pat. No. 5,683,654 to Dallmier et al. discusses
the preparation of aqueous alkali  metal or alkaline
earth metal hypobromite solutions by mixing an aqueous
solution of alkali  or alkaline earth metal
hypochlorite with a water soluble bromide ion source
to farm a  solution of unstabilized alkali or alkaline
earth metal hypochlorite. To this solution is added 5
an aqueous solution of au alkali metal sulfamate
having a temperature of at least 50C and in  an amount
that provides a molar ratio of alkali metal sulfamate
to alkali or alkaline earth  metal hypobromite of from
0.5 to 6 whereby a stabilized aqueous alkali or
alkaline earth metal  hypobromite solution is formed.
The Dallmier et al. patent teaches that much higher
levels  of available halogen for disinfection were
attained by this approach as compared to, the 10
Goodenough et at approach. But the Dallmier et at
patent acknowledges that in their  process, the
stabilization must occur quickly after the unstable
NaOBr is foamed. WO 00/64906A1 discusses methods of
generating stabilized oxidizing bromine  compounds
where the oxidizing bromine is provided by alkali or
alkaline earth metal  bromides and alkali or alkaline
earth metal bromates. WO 99/62339A1 and WO 01120996A1.
15 describe processes of producing concentrated liquid
biocide formations having relatively high  active
bromine contents. Thus, there is a need for a
water-soluble bromine-based biocide that is
non-acidic: and  noncorrosive. There also remains a
need for methods of disinfecting surfaces and of
sanitizing bodies of water using a single-feed,
bromine-based biocide that is water-soluble,  20
non-acidic, and noncorrosive. THE INVENTION This
invention provides, among other things, highly
concentrated aqueous active  bromine-containing
biocidal solutions which have surprisingly high
storage stability, higher  even than present
commercially-available more dilute aqueous biocidal
solutions formed from 25 the same components and thus
presumably having the same or very similar chemical
composition except for concentration, This invention
further involves, among other things,  new, highly
water-soluble solid state bromine-containing biocidal
compositions which are  suitable for storage and
shipment in the solid state and which can be used
either as an  effective biocide] additive for direct
addition in the form of solids to industrial or
recreational 30 water systems or as the raw material
for the formation of highly active aqueous biocidal
solutions' or slurries of any desired concentration
for addition to industrial or recreational  water
systems. Thus this invention makes it possible to
reduce storage space and shipping  costs associated
with the manufacture and transport of highly effective
active bromine.  containing biocidal compositions. In
other words, by providing either more highly 



35 concentrated aqueous solutions of the biocide or
the biocide itself in solid foam, the storage  3
space, shipping volumes, and shipping costs of the
biocidal products of this invention can be
significantly reduced. Moreover, the desirable storage
stability of the solid state biocidal  products of
this invention and the surprising increased storage
stability of more highly  concentrated solutions of
this invention as compared to more dilute
commercially-available 5 solutions are still further
advantages of this invention. It has also been found
that more highly  concentrated biocidal compositions
of this invention surprisingly can have either equal
or  lower crystallization 3A. temperatures than a more
dilute commercially-available composition made from
the same  components. Also provided by this invention
are processes of forming the new highly  concentrated
aqueous active bromine-containing biocidal solutions
or slurries of this  5 invention and processes of
forming the new solid state biocidal products of this
invention. Preferred highly concentrated aqueous
active bromine compositions of this  invention are
solids-free aqueous solutions in which the content of
active bromine is  greater than 160,000 ppm. In other
words, the active bromine in these preferred liquid
biocides is all in solution at room temperature (e.g.,
23C). 10 An embodiment of this invention is an aqueous
biocide composition comprising  water having in
solution therein (i) an active bromine content derived
from bromine  chloride or bromine chloride and
bromine, with or without conjoint use of chlorine, in
the  range of 201,000ppm to 215,000 ppm (wt/wt), and
(ii) an overbased alkali metal salt of  sulfamic acid
(most preferably a sodium salt), and optionally
containing -- but preferably 15 containing -- (iii) an
alkali metal halide (preferably sodium chloride or
sodium bromide, or  both), wherein the relative
proportions of (i) and (ii) are such that the atom
ratio of  nitrogen to active bromine is greater than
0.93, and preferably is greater than 1 (e.g., in the
range of above 1 to 1.5), the pH of the composition is
at least 7 (e.g., in the range of 10 to  13.5, and
preferably in the range of 12.5 to 13.5, or even as
high as 14), and the 20 composition comprising water
having in solution therein an active bromine content
derived  from (i) bromine chloride or bromine chloride
and bromine, with or without conjoint use of
chlorine, in the range of 201,000 ppm to 215,000 ppm
(wt/wt), and (ii) overbased alkali  metal salt of
sulfamic acid, wherein the relative proportions of (i)
and (ii) are such that the  atom ratio of nitrogen to
active bromine from (i) and (ii) is greater than 0.93,
the pH of the 25 composition is at least 7, and the
composition is characterized as having a
crystallization  



temperature that is lower than -4C, as measured by a
procedure comprising placing a  sample into a glass
tube, subjecting the sample to mechanical stirring
while cooling the  sample at a rate of approximately
0.5C/minute until formation of crystals is observed,
continuing recording the temperature for 10 minutes
after crystals have formed and 30 determining the
crystallization temperature or freeze point either (a)
where the temperature  stabilizes briefly or (b) if
supercooling is evident, where the temperature levels
off after a  temperature rise. The content of active
bromine in the concentrated liquid biocidal  solutions
of this invention may be formed from use of (a) BrCI,
or (b) Br2, or (c) BrCI and  Br2, or (d) Br2 and C12),
or (e) BrCl, Br2 and C12 4 It is also preferred, to
provide in the product an atom ratio of nitrogen to
active  bromine from (i) and (ii) that is greater than
1 even when using bromine chloride in  forming the
product. In another preferred embodiment the overbased
aqueous solution of  alkali metal salt of sulfamic
acid used in the process is preformed by mixing
together in 5 water, (1) sulfamic acid and/or an
alkali metal salt of sulfamic acid, and (2) alkali
metal  base in proportions such that during the
reaction with one of the above-specified sources of
active bromine, the feed of the aqueous solution of
alkali metal salt of sulfamic acid keeps  the aqueous
reaction solution at a pH of least 7, e.g., in the
range of 10 to 13.5, and  preferably in the range of
12.5 to 13.5. Alternatively, said pH may be in the
range of 12 10 to 14. If sulfamic acid itself is used
as the starting material, it is used initially as a
slurry in  water with which the alkali metal base is
mixed. The alkali metal base can be cofed along  with
sulfamic acid or alkali metal sulfamate, if desired.
Although any of (a) BrCl, or (b) Br2, or (c) BrCI and
Br2, or (d) Br2 and C12, or (e)  BrCI, Br2 and C12 can
be used as the source of the active bromine in the
compositions of  15 this invention, it is preferred to
use either bromine chloride or a mixture of bromine
chloride and bromine, especially where the mole ratio
of BrC1 to Br2 used is greater than 1,  as these
provide a product of very desirable properties, and
enable highly efficient plant  operation and
relatively low plant investment costs. Also in an
embodiment of the invention there is provided A
process of producing a  20 biocidal composition, which
process comprises mixing (i) bromine chloride or
bromine  chloride and bromine, with or without
conjoint use of chlorine, with (ii) aqueous overbased
solution of alkali metal salt of sulfamic acid in
proportions such that the resultant product  solution
(a) contains in the range of 201,000 ppm to 215,000
ppm (wt/wt) of active  bromine, (b) has an atom ratio
of nitrogen to active bromine from (i) and (ii) that
is greater 25 than 0.93, and (c) has a pH of at least
7, and wherein the composition is characterized as  



having a crystallization temperature that is lower
than -4C, as measured by a procedure  comprising
placing a sample into a glass tube, subjecting the
sample to mechanical stirring  while cooling the
sample at a rate of approximately 0.5C/minute until
formation of  crystals is observed, continuing
recording the temperature for 10 minutes after
crystals 30 have formed and determining the
crystallization temperature or freeze point either (a)
where the temperature stabilizes briefly or (b) if
supercooling is evident, where the  temperature levels
off after a temperature rise. In one of its
embodiments this invention provides a concentrated
liquid biocide  composition which comprises an aqueous
solution of active bromine formed from (a)  5 bromine,
bromine chloride or a mixture of bromine chloride and
bromine with (b) alkali  metal salt of sulfamic acid
and/or sulfamic acid, alkali metal base and water, or
an aqueous  solution of alkali metal salt of sulfamic
acid formed from (1) alkali metal salt of sulfamic
acid and/or sulfamic acid, (2) alkali metal base and
(3) water, the solution having a pH of 5 at least 7,
e.g., in the range of 10 to 13.5, and preferably in
the range of 12.5 to 13.5 or 12  to 14. The amounts of
(a) and (b) used are such that (i) the content of
active bromine in the  concentrated solution is in the
range of 201,000 ppm (wt/wt) to 215,000 ppm (wt/wt)
(ii)  the atom ratio of nitrogen to active bromine
from (a) and (b) is greater than 1 when  bromine is
used (i.e., without bromine chloride), and greater
than 0.93 when bromine 10 chloride is used (i.e., with
or without bromine) and wherein the composition is
characterized as having a crystallization temperature
that is lower than -4C, as measured  by a procedure
comprising placing a sample into a glass tube,
subjecting the sample to  mechanical stirring while
cooling the sample at a rate of approximately
0.5C/minute until  formation of crystals is observed,
continuing recording the temperature for 10 minutes 15
after crystals have formed and determining the
crystallization temperature or freeze point  either
(a) where the temperature stabilizes briefly or (b) if
supercooling is evident, where  the temperature levels
off after a temperature rise. It is preferred in the
concentrated liquid  biocide, to utilize an atom ratio
of nitrogen to active bromine from (a) and (b) that is
greater than 1 even when using bromine chloride in
forming the product. In another 20 preferred
embodiment the aqueous solution of alkali metal salt
of sulfamic acid used in the  process is preformed by
mixing together in water, (i) sulfamic acid and/or an
alkali metal  salt of sulfamic acid, and (ii) alkali
metal base in proportions such that an aqueous
solution  of alkali metal salt of sulfamic acid is
formed having a pH of at least 7, e.g., in the range
of  10 to 13.5, and preferably in the range of 12.5 to
13.5 or 12 to 14. If sulfamic acid itself is 25 used
as the starting material, it is used initially as a
slurry in water with which the alkali  



metal base is mixed. In one of its embodiments this
invention provides a process of producing a
concentrated liquid biocide composition which
comprises mixing (a) bromine with (b) an  overbased
aqueous alkaline solution of alkali metal salt of
sulfamic acid (preferably the 30 sodium salt), the
solution having a pH of at least 7, typically at least
10, desirably at least  12, e.g., in the range of 12
to 14, and preferably in the range of 12 to 13.5 or
14. The  amounts of (a) and (b) used are such that (i)
the content of active bromine in the solution is  as
described above and (ii) the atom ratio of nitrogen to
active bromine from (a) and (b) is  greater than 1. In
a preferred embodiment, the aqueous solution of alkali
metal salt of  6 sulfamic acid used in the process is
preformed by mixing together in water, (i) sulfamic
acid and/or an alkali metal salt of sulfamic acid, and
(ii) alkali metal base in proportions  such that an
aqueous solution of alkali metal salt of sulfamic acid
is formed having a pH of  at least 12. If sulfamic
acid itself is used as the starting material, it is
used initially as a  5 slurry in water with which the
alkali metal base is mixed. Also provided by this
invention is a solid state bromine-containing biocidal
composition formed by removal of water from an aqueous
solution or slurry of a product  formed in water from
(A) (i) bromine chloride, (ii) a mixture of bromine
chloride and  bromine, (iii) bromine and chlorine in a
Br2 to C12 molar ratio of at least 1, or (iv) bromine
10 chloride, bromine, and chlorine in proportions such
that the total Br2 to C12 molar ratio is at  least 1;
and (B) (i) alkali metal salt of sulfamic acid and/or
sulfamic acid, and (ii) alkali  metal base, wherein
said aqueous solution or slurry has a pH of at least 7
and an atom ratio  of nitrogen to active bromine from
(A) and (B) of greater than 0.93, and wherein said
composition is formed by spray drying the aqueous
solution or slurry. The concentration 15 of the
product formed in water from (A) and (B) used in
forming the solid state bromine- containing biocidal
composition is not critical; any concentration can be
present in the  initial aqueous solution or slurry.
Naturally it is desirable to start with a more
concentrated  solution or slurry as this lessens the
amount of water that must be removed when preparing
the solid state bromine-containing biocidal
composition. 20 The solid state bromine-containing
biocidal compositions of this invention are  formed by
spray drying the aqueous solution or slurry of the
product formed from (A) and  (B). Temperatures of the
atmosphere (e.g., dry air or nitrogen) into which the
spray is  directed is typically in the range of 20 to
100C, and preferably is in the range of 20 to  60C,
particularly when the process is carried out at
reduced pressure. Also provided by 25 this invention
is a process of forming a solid state
bromine-containing biocidal  



composition, which process comprises removing the
water from an aqueous solution or  slurry of a product
formed in water from (A) (i) bromine chloride, (ii) a
mixture of  bromine chloride and bromine, (iii)
bromine and chlorine in a Br2 to C12 molar ratio of at
least 1, or (iv) bromine chloride, bromine, and
chlorine in proportions such that the total 30 Br2 to
C12 molar ratio is at least 1; and (B) (i) alkali
metal salt of sulfamic acid and/or  sulfamic acid, and
(ii) alkali metal base, wherein said aqueous solution
or slurry has a pH  of at least 7 and an atom ratio of
nitrogen to active bromine from (A) and (B) of greater
than 0.93, and wherein the water is removed from said
aqueous solution or slurry by (a)  7 flashing off or
distilling off the water from said aqueous solution or
slurry at reduced  pressure or (b) spray drying said
aqueous solution or slurry. When spray drying is used
it is preferred to use the product formed from (A) and
(B) as a solution rather than as a slurry as this
minimizes the possibility of nozzle  5 pluggage. On
the other hand, if the water is to be flashed off or
otherwise distilled from the solution or slurry of the
product formed from (A) and (B), it is preferred to
use the  product formed from (A) and (B) as a slurry
rather than as a solution as this minimizes the
amount of water to be removed. Such flashing or
distillations can be, and preferably are,  conducted
at reduced pressures to reduce the temperatures to
which the product formed  10 from (A) and (B) is
exposed during drying. The solid state
bromine-containing biocidal compositions of this
invention are  typically in the form of powders or
relatively small particles. However the solid state
bromine-containing biocidal compositions of this
invention can be compacted into larger  forms such as
nuggets, granules, pellets, tablets, or pucks by use
of known procedures. 15 Such compacted products may be
formed with the use of binding agents or other
materials  that cause the particles to adhere one to
another. If the binder used is not readily soluble in
water, it is important not to totally encapsulate the
product with a water-impervious  coating of such
binder that remains intact under actual use
conditions, as this would  prevent contact between the
encapsulated bromine-containing biocidal composition
and the 20 water being treated with the biocidal
composition. Low melting waxes or the like may be
used to bind and even to encapsulate the
bromine-containing biocidal composition in cases
where the encapsulated product is used in waters at
high enough temperatures to melt off  the coating and
bindings so that the water can come into contact with
the previously  encased biocidal composition itself.
However, use of binding substances that are water 25
soluble or that provide effective binding action in
proportions insufficient to encapsulate  the particles
being bound together, is preferable. The binding agent
used should be  



compatable with the solid state bromine-containing
biocidal composition of this invention. Another
embodiment of this invention is a method of
disinfecting a body of water  which method comprises
introducing into said water a biocidally effective
amount of a  30 solid state composition formed by
removal of water from an aqueous solution or slurry of
a product formed in water from (A) (i) bromine, (ii)
bromine chloride, (iii) a mixture of  bromine chloride
and bromine, (iv) bromine and chlorine in a Br2 to C12
molar ratio of at  least 1, or (v) bromine chloride,
bromine, and chlorine in proportions such that the
total Br2  to C12 molar ratio is at least 1; and (B)
(i) alkali metal salt of sulfamic acid and/or sulfamic
8 acid, and (ii) alkali metal base, wherein said
aqueous solution or slurry has a pH of at least  7 and
an atom ratio of nitrogen to active bromine from (A)
and (B) of greater than 0.93,  wherein the aqueous
solution or slurry has an active bromine content of
201,000 ppm  (wt/wt) to 215,000 ppm (wt/wt), and
wherein the body of water is in connection with 5
oilfield or gasfield servicing or drilling operations,
and wherein the water is in (a) a  subterranean well
being serviced and/or (b) a subterranean hole being
drilled. In such treatments the solid state
bromine-containing biocidal composition of this
invention is readily introduced into the subterranean
water by gravity and is highly  effective for killing
not only common biofilm and planktonic organisms in
general, but 10 sessile bacteria as well, thus
prevention the well from going sour. It is also
possible to  employ a biocidally effective amount of a
concentrated aqueous biocidal solution or slurry  of
this invention in carrying out the methods described
in this paragraph, and thus methods  of this type
using such a concentrated aqueous biocidal solution or
slurry constitute still  additional embodiments of
this invention. 15 Another embodiment of the invention
provides an article of manufacture in the  form of a
package comprised of a water-dissolvable container
containing a solid state  9 C 1MyDcenmmt'ReponMg It 2
cIt\SPECPICATIOM10237t5 ckan wpy.da.l&01/2W)
bromine-containing biocidal composition formed by
removal of water from an aqueous  solution and/or a
slurry of a derivative product of (a) bromine, bromine
chloride or a  mixture of bromine chloride and bromine
and (b) an overbased aqueous solution of alkali  metal
salt of sulfamic acid, wherein the package is used in
oilfield or gasfield operations as 5 a biocide for
disinfecting water in (i) a subterranean well being
serviced and/or (ii) a  subterranean hole being
drilled. A further embodiment of the invention
provides use of an aqueous biocide  composition
comprising water having in solution therein an active
bromine content derived  



from (i) bromine chloride or bromine chloride and
bromine, with or without conjoint use of 10 chlorine,
in the range of 201,000 ppm to 215,000 ppm (wt/wt),
and (ii) overbased alkali  metal salt of sulfamic
acid, wherein the relative proportions of (i) and (ii)
are such that the  atom ratio of nitrogen to active
bromine from (i) and (ii) is greater than 0.93, and
wherein  the pH of the composition is at least 7, for
disinfecting water in a subterranean well being
serviced in connection with oilfield or gasfield
operations. 15 A still further embodiment of the
invention provides use of an aqueous biocide
composition comprising water having in solution
therein an active bromine content derived  from (i)
bromine chloride or bromine chloride and bromine, with
or without conjoint use of  chlorine, in the range of
201,000 ppm to 215,000 ppm (wt/wt), and (ii) overbased
alkali  metal salt of sulfamic acid, wherein the
relative proportions of (i) and (ii) are such that the
20 atom ratio of nitrogen to active bromine from (i)
and (ii) is greater than 0.93, and wherein  the pH of
the composition is at least 7, for disinfecting water
in a subterranean hole being  drilled in connection
with oilfield or gasfield operations. A yet still
further embodiment of the invention provides use of an
aqueous biocide  composition comprising water having
in solution therein an active bromine content derived
25 from (i) bromine chloride or bromine chloride and
bromine, with or without conjoint use of chlorine, in
the range of 201,000 ppm to 215,000 ppm (wt/wt), and
(ii) overbased alkali  metal salt of sulfamic acid,
wherein the relative proportions of (i) and (ii) are
such that the  atom ratio of nitrogen to active
bromine from (i) and (ii) is greater than 0.93, and
wherein  the pH of the composition is at least 7, for
preventing a subterranean oilfield well or  30
subterranean gasfield well from going sour by killing
sessile bacteria. 9A C:\NYOacummtatportin le 2
clt\SPECIPICATIOMUO237IPCkan copy.dac-19/04/200) In
all of the embodiments of this invention, the alkali
metal content of the alkali  metal salts of sulfamic
acid and of the alkali metal bases used in forming the
compositions  of this invention is preferably
potassium and more preferably is sodium. The above and
other embodiments of this invention will be still
further apparent  5 from the ensuing description and
appended claims. FURTHER DETAILED DESCRIPTION When
introducing the bromine source, e.g., bromine chloride
or bromine into the  aqueous solution of alkali metal
salt of sulfamic acid, it is desirable to maintain the
desired  10 pH of the resulting solution at 7 or above
by also introducing into the solution (continuously or
intermittently, as desired) additional alkali metal
base, such as by a co- feed of an aqueous solution of
alkali metal base. When the concentrated aqueous
solution  



is to be stored in drums, it is desirable to have the
pH of such solution at 10 or above, and  preferably in
the range of 12.5 to 13.5. The pH can be as high as 14
if desired. 15 It is preferred to employ bromine
chloride (or a mixture of bromine chloride and bromine
in which less than 50 mole% of the mixture is bromine)
as the source of the active bromine  in the above
process because in the resulting aqueous compositions,
all of the bromine of  the bromine chloride is made
available as active bromine capable of providing
biocidal  activity in solution. In other words, the
chlorine of the bromine chloride is converted in 20
the process to dissolved alkali metal chloride salt,
thereby liberating the bromine as the  9B WO
2004/039159 PCTJUS2003/034482  active bromine content
of the biocidal composition which is capable of
providing biocidal  activity. Thus the more expensive
component of the bromine chloride -- viz., bromine --
is  fully utilized in forming active bromine in the
aqueous biocidal composition, and concurrently  the
less expensive component -- the anionic chlorine in
the bromine chloride -- makes this  beneficial result
possible. A general procedure for preparing the
compositions of this invention using sulfamic  acid
involves, as a first step, forming a slurry of
sulfamic acid in water. Typically the pH of  this
slurry is below I pH unit. Sodium hydroxide at 50%
concentration is then added until the  solid is
completely dissolved. Additional 50% NaOH is added
until the desired pH is reached.  The source of
bromine, such as bromine or bromine chloride is then
added at a rate to allow  the bromine to dissolve and
react with the sulfamic acid without forming a pool of
halogen  on the bottom of the reactor. On a laboratory
scale, a convenient rate of addition is  approximately
two drops per second. Sodium hydroxide (e.g., 25% or
50%) is co-fed to the  reactor to maintain the desired
pH (e.g., in the range of 7 to 13.5, and it is
possible to operate  even at a pH in the range of 13.5
to 14. It has been found that stable solutions
containing as  much as 26% active bromine (11.5% on an
active chlorine basis) can be prepared by the  process
of this invention. While solutions containing as much
as 26% active bromine (i.e.,  260,000 ppm wt/wt) were
stable enough for use in contemporaneous laboratory
experiments,  for commercial purposes where product
must be stored and shipped for use offsite,
compositions containing in the range of above 160,000
ppm (wt/wt) to 215,000 ppm (wt/wt)  of active bromine
not only have superior stability as compared to
compositions containing  amounts of active bromine
significantly above this range, but in addition have
superior  stability as compared to compositions
containing amounts of active bromine significantly
below this range. The term "active bromine" of course
refers to all bromine-containing species that are  



capable of biocidal activity. It is generally accepted
in the art that all of the bromine in the +1
oxidation state is biocidally active and is thus
included in the term "active bromine". As is  well
known in the art, bromine, bromine chloride,
hypobromous acid, hypobromite ion,  hydrogen
tribromide, tribromide ion, and organo-N-brominated
compounds have bromine in  the +1 oxidation state.
Thus these, as well as other such species to the
extent they are present,  constitute the active
bromine content of the compositions of this invention.
See, for example,  U.S. 4,382,799 and U.S. 5,679,239.
A well-established method in the art for determining
the  amount of active bromine in a solution is
starch-iodine titration, which determines all of the
active bromine in a sample, regardless of what species
may constitute the active bromine. The  usefulness and
accuracy of the classical starch-iodine method for
quantitative determination  of bromine and many other
oxidizing agents has long been known, as witness
Chapter XIV  10 WO 2004/039159 PCT/US2003/034482  of
Willard-Furman, Elementary Quantitative Analysis,
Third Edition, D. Van Nostrand  Company, Inc., New
York, Copyright 1933, 1935, 1940. A typical
starch-iodine titration to determine active bromine is
carried out as follows:  A magnetic stiffer and 50
milliliters of glacial acetic acid are placed in an
iodine flask. The  sample (usually 0.2-0.5g) for which
the active bromine is to be determined is weighed and
added to the flask containing the acetic acid. Water
(50 milliliters) and aqueous potassium  iodide (15%
(wt/wt); 25 milliliters) are then added to the flask.
The flask is stoppered using  a water seal. The
solution is then stirred for fifteen minutes, after
which the flask is  unstoppered and the stopper and
seal area are rinsed into the flask with water. An
automatic  buret (Metrohm Limited) is filled with 0.1
normal sodium thiosulfate. The solution in the  iodine
flask is titrated with the 0.1 normal sodium
thiosulfate; when a faint yellow color is  observed,
one milliliter of a 1 wt% starch solution in water is
added, changing the color of the  solution in the
flask from faint yellow to blue. Titration with sodium
thiosulfate continues  until the blue color
disappears. The amount of active bromine is calculated
using the weight  of the sample and the volume of
sodium thiosulfate solution titrated. Thus, the amount
of  active bromine in a composition of this invention,
regardless of actual chemical form, can be
quantitatively determined. By utilizing bromine or
bromine chloride with caustic in the stabilized
bromine  composition, higher levels of active halogen
are achievable, compared to the levels obtained  by
the addition of sodium hypochlorite to sodium bromide.
The process and the compositions  formed also have
about twice the content of active bromine as the most
concentrated solutions  produced pursuant to the above
Goodenough,. patent. Moreover, even at high levels of
active  



bromine, it has been found possible to provide
biocidal compositions that maintain these high  levels
of active bromine for at least a two-month period, and
that do not exhibit a visible or  offensive vapor or
odor during this period. It has been found that highly
concentrated aqueous active bromine-containing
biocidal  solutions of this invention have
surprisingly high storage stability, higher even than
present  commercially-available more dilute aqueous
biocidal concentrates formed from the same  components
and thus presumably having the same or similar
composition except for  concentration. For example,
samples of higher active bromine concentration than
those  currently marketed by Albemarle Corporation
were prepared by obtaining a commercial  sample of
Stabrom(r) 909 biocide (Albemarle Corporation),
removing water therefrom under  vacuum, and
determining properties of the resultant products.
Details of this experimental  work are set forth in
the following illustrative examples. EXAMPLE I A 1000
mL round-bottom flask fitted with a thermometer, water
condenser, and water  11 WO 2004/039159
PCT/US2003/034482  bath was charged with 800 g Stabrom
909 biocide. The active bromine content of this
original  commercial sample was 14.82% as determined
by the KI/thiosulfate method. In other words  this
sample of commercial product had an active bromine
content of 148,200 ppm (wt/wt).  The water bath was
heated with a magnetic stirrer/ heater and a 28 mm
vacuum was applied  on the apparatus. Water distilled
over at 29-32C at a bath temperature of 48-57C. The
distillation was stopped after 45 minutes. The amount
of product remaining in the distillation  flask was
668 g. Analysis by the KI/thiosulfate method indicated
an activity of 17.87% as  active bromine. In other
words, the analysis indicated that the active bromine
content of this  partially dewatered composition was
178,700 ppm (wt/wt). EXAMPLE 2 The procedure of
Example 1 was followed. The round-bottom flask was
charged with  1000 g Stabrom 909 biocide. Water
distilled over from 31-33C at a bath temperature of
42-55C. The distillation was stopped after 2 %2 hours.
The amount of product remaining in  the distillation
flask was 692 g. Analysis of this partially dewatered
product by the  KI/thiosulfate method indicated an
activity of 21.19% as active bromine, i.e., the
indicated  active bromine content of this composition
was 211,900 ppm (wt/wt). EXAMPLE 3 The stabilities of
the highly concentrated compositions of this invention
formed in  Example 1 and 2 were compared to the
stability of the more dilute starting sample. A sample



of the product of Example l was poured into one 8 oz.
wide-mouth polyethylene bottle, a  sample of the
product of Example 2 was poured into another 8 oz.
wide-mouth polyethylene  bottle, and a sample of the
original more dilute Stabrom 909 biocide concentrate
was poured  into a third 8 oz. wide-mouth polyethylene
bottle. Each bottle was filled to about one half of
its total volume. The bottles were loosely capped and
placed in a recirculating air oven  maintained at 45C.
The samples were periodically removed and analyzed for
activity (i.e.,  content of active bromine). Table 2
summarizes the data. The V2-life data shown in Table 2
is calculated from the slope of the least squares line
obtained by plotting the data in the form  of
ln(activity at time = t)/(activity at time = 0) vs.
time. This represents a first order kinetic  analysis
of the data. For further information on this
technique, reference may be made to  Arthur Adamson, A
Textbook of Physical Chemistry, pp. 617-620, Academic
Press, NY,  1973. The data from these experiments
indicate that the samples obtained from Example 1  and
Example 2 have excellent storage stability with
half-lives exceeding that of the  commercial material.
Thus even though more concentrated, the compositions
of this  invention had even greater stability than the
less concentrated commercial composition. In Table 2,
the values shown for Control (Stabrom 909 biocide) and
the compositions  of Example I and Example 2 are in
terms of wt% of active bromine. Thus a value of 14.86
12 WO 2004/039159 PCT/US2003/034482  wt% is equivalent
to 148,600 ppm (wtlwt). Table 2 Days at 45 Control, wt
% Example 1, wt % Example 2, wt %  0 14.86 17.81 21.25
8 14.5 17.48 19.74  13.23 16.29 19.09  1/2 Life (days)
EXAMPLE 4 The crystallization temperatures of the high
activity active bromine samples of  Examples 1 and 2
were compared to the starting sample (Control). In
general, the procedure  used was as follows: A glass
tube containing 30 mL of sample is mechanically
stirred while  being cooled. At 10C above the expected
freezing point temperature, the sample is cooled  at a
rate of approximately 0.5C/min. until the formation of
crystals are observed. The  temperatures are recorded
for 10 minutes after crystals have formed. A pour
point tube  containing sample is placed into an
ethylene glycol bath. The sample stays at one
temperature  



for eight hours. The bath temperature will be lowered
by ten degrees if the sample does not  freeze. The
test continues until the sample freezes. More
specifically, the steps used in the procedure are as
follows: 1) Measure approximately 30 mL of sample into
the jacketed glass tube.  2) Add 0.03g of crushed
glass as a seeding material to the sample. 3) Insert
the rubber stopper/ thermometer/ helical stirrer
assembly in the sample. (The tip  of the probe should
be positioned about half an inch from the bottom of
the tube).  4) Support the tubes in the cooling bath
until the level of the sample and acetone are
approximately equal. 5) Secure the second temperature
probe in the acetone bath so it is not touching the
bottom or sides. 6) Start stirring the sample, slowly
and carefully begin adding dry ice to the acetone
bath.  Keep the stirrer in the sample while stirring.
Avoid taking the stirrer out of the  sample. This will
cause air bubbles to form in the sample. 7) Watch the
temperature begin to decrease on the thermometer
display. The  temperature of the sample in the tube
will decrease at a fairly steady rate. At
approximately 10C above the expected freezing point,
the cooling rate should be  maintained at about
0.5C/min. 8) Continue cooling and monitoring the
temperature. When all the sample has  13 WO
20041039159 PCT/US2003/034482  crystallized monitor
the sample. The freezing point temperature should
stabilize  briefly (10-20 seconds). If supercooling is
evident, the freezing point temperature will  be taken
where the temperature levels off after the temperature
rise. If the sample  does not crystallize at -46C, the
test is stopped. 9) Check to see if crystals go back
into solution after the sample has warmed to room
temperature. The crystallization temperatures of the
more highly concentrated compositions of this
invention were equivalent to or, desirably, lower than
that of the commercial material. Table  3 summarizes
the data. Table 3 Stabrom 909 Example 1 Example 2
Crystallization Temperature,C -4 -3 -11 The following
examples show that it is possible to prepare samples
with even higher  initial activity. Tests indicate
that these samples are less stable than those prepared
above and  



may solidify upon storage at room temperature. EXAMPLE
5 The procedure of Example 1 was followed. The
round-bottom flask was charged with  814 g Stabrom 909
biocide. Water distilled over from 31-33C at a bath
temperature of  42-52C. The distillation was stopped
after 3 %2 hours. Analysis by the KI/thiosulfate
method  indicated an activity at this point of 20.08%
(200,800 ppm wt/wt) as active bromine. The
distillation was restarted the next day and continued
for an additional one half hour. The  amount of
product remaining in the distillation flask was 578 g.
It was dark orange with a  small amount of white
solid. The product was filtered through a fritted
glass funnel to afford  541 g of filtrate. Analysis by
the KI/thiosulfate method indicated an activity of
21.74% as  Active bromine. EXAMPLE 6 The procedure of
Example 1 was followed. The round-bottom flask was
charged with  1002 g Stabrom 909 biocide. Water
distilled over from 30-37C at a bath temperature of
43-59C. The distillation was stopped after 5 hours.
The amount ofproduct remaining in the  distillation
flask was 602 g. It consisted of a white solid and
dark orange oil. The product  was filtered through a
fritted glass funnel to afford 438 g of filtrate and
145 g of yellow-white  solid. Analysis by the
KI/thiosulfate method indicated an activity of 24.10%
as active  bromine for the dark orange solution and
28.09% as active bromine for the solid. EXAMPLE 7 The
stabilities of the high activity BrCI samples from
Examples 5 and 6 were  14 WO 2004/039159
PCT/US2003/034482  compared to the starting sample
(Control). About 100 g of the liquid products were
poured  into each of three 4 oz. wide-mouth
polyethylene bottles. About 20 g of the solid sample
from  Example 6 was placed into a 4 oz. wide-mouth
polyethylene bottle. The bottles were loosely  capped
and placed in a recirculating air oven at 47C. The
samples were periodically removed  and analyzed for
activity. Table 4 summarizes the data. As in Table 1,
the values shown in  Table 4 for Control (Stabrom 909
biocide) and the compositions of Examples 5 and 6 are
in  terms of wt% of active bromine. Thus a value of
15.12 wt% is equivalent to 151,200 ppm  (wt/wt).
Again, the''/2-life data is calculated from the slope
of the least squares line obtained  by plotting the
data in the form of ln(activity at time = t)/(activity
at time = 0) vs. time. The  data indicate that these
even more highly concentrated samples had lower
storage stability  than the starting material. TABLE 4



Days at 47 OC Control, wt % Example 5, wt % Example 6,
Example 6,  solution,wt% solid, wt% 0 21.70 24.06
27.84  19.45 20.28 24.82  21 14.35 16.99 16.95 20.46
42 56 13.67 10.65 10.64  - ie(a s) 60 I 6T EXAMPLE 8
Samples of the high activity BrCI products from
Examples 5 and 6 were stored at room  temperature (ca.
23C) in the dark. The samples were periodically
removed and analyzed for  activity. Table 5 summarizes
the data. The data indicate that the very highly
concentrated  samples again had lower storage
stability when compared to the sample of Stabrom 909
biocide. The liquid sample from Example 6 solidified
upon storage at room temperature for  several weeks.
That solidified sample was heated to reliquefy it
prior to analysis. TABLE 5 Days at to rom 909, Example
5, wt % Example Example 6 solid,  RT wt% solution, wt%
wt% .8  0 1. 24.06 35 23.30 27.89  .1  70 23.36
V2-Life 237  (weeks) It will be appreciated that the
highly concentrated aqueous active bromine-containing
biocidal solutions of this invention can be prepared
directly without a dewatering operation  by suitably
proportioning the amount of water in the reaction
between (a) the bromine,  bromine chloride or a
mixture of bromine chloride and bromine and (b) an
overbased aqueous  solution of alkali metal salt of
sulfamic acid. Thus compositions of this invention
having  15 WO 2004/039159 PCTIUS2003/034482  dissolved
active bromine contents in the range of above 160,000
ppm (wt/wt) to 215,000 ppm  (wt/wt) can be prepared
directly by mixing the components of (a) and (b) in
the appropriate  



proportions. The dewatering procedure as applied to
Stabrom 909 biocide in Examples 1, 2,  5, and 6 was
used merely as a matter of convenience, as it avoided
the need for additional  synthesis reactions to
prepare the samples for evaluation. As noted above,
another aspect of this invention is the discovery that
it is possible to  prepare new, solid state
bromine-containing biocidal compositions which are
suitable for  storage and shipment in the solid state
and which can be used either as an effective biocidal
additive for direct addition in the form of solids to
industrial or recreational water systems or  as the
raw material for the formation of highly active
aqueous biocidal solutions or slurries  of any desired
concentration for addition to industrial or
recreational water systems. Such new  compositions can
be formed by removal of water from an aqueous solution
or slurry of a  derivative product of (i.e., a product
formed from) (a) bromine, bromine chloride or a
mixture  of bromine chloride and bromine and (b) the
overbased solution of alkali metal salt of  sulfamic
acid. If heat is applied to the solution or slurry,
the storage stability of the resultant  particulate
solid product tends to be lower than that of the
aqueous concentrate currently  available commercial as
Stabrom 909, but as long as the temperature is not too
high, the  storage stability of the solids is adequate
for short term storage. In a preferred embodiment  of
this invention, there is provided a spray-dried
product formed from (a) bromine, bromine  chloride or
a mixture of bromine chloride and bromine and (b) an
overbased aqueous solution  of alkali metal salt of
sulfamic acid (preferably a sodium salt of sulfamic
acid). The  evaporation of the water from the sprayed
droplets provides a localized cooling effect on the
particles and thus the solids can be formed at
temperatures that are below the temperature of  the
gaseous atmosphere in which the solids are being
formed. Thus spray dried products of  this invention
if removed from the heated environment and maintained
at ambient room  temperatures have better stability
than if the solids are formed by evaporating the water
from  a non-sprayed solution or slurry at the same
temperature as used in a spray drying operation.
Typically the spray-dried solid state products of this
invention are prepared with the  temperature of the
atmosphere in which the solution (or slurry) is
sprayed being in the range  of 20 to 100C and
preferably in the range of 20 to 60C. Average
residence times of solids  within heated spray drying
zones is preferably kept short, e.g. within the range
of 1 to 30  minutes and preferably within the range of
1 to 10 minutes. As a general rule, the higher the
temperature, the lower should be the residence time.
It is possible to spray dry within a zone  maintained
at reduced pressure and this enables spray drying
without application of heat. One preferred use of the
new, solid state bromine-containing biocidal
compositions  of this invention is as a biocide for
subterranean use in oil field operations. For this use
this  16 



WO 2004/039159 PCT/US20031034482  invention provides
as an article of manufacture, a package comprised of
(A) a water- dissolvable container (preferably a
water-dissolvable bag) containing (B) a solid state
bromine-containing biocidal composition formed by
removal of water from an aqueous  solution or slurry
of a derivative product of (i.e., a product formed
from) (a) bromine, bromine  chloride or a mixture of
bromine chloride and bromine (preferably (i) bromine
chloride or (ii)  a mixture of bromine chloride and
bromine in which less than 50 mole percent of the
mixture  is bromine) and (b) an overbased aqueous
solution of alkali metal salt of sulfamic acid,
(preferably a sodium salt of sulfamic acid). Such
solid state bromine-containing biocidal  composition
is preferably in the form of water-soluble particles,
granules, pellets, or powder.  The sizes of such
particles, granules, pellets, or powder is not
critical. All that is required is  that the solids
dissolve at a reasonably rapid rate (e.g., within 30
minutes when in contact with  water at a temperature
of at least 20C). In a preferred embodiment the solid
state bromine- containing biocidal composition of (B)
in such package is a spray-dried product as described
above. Examples 9 and 10 serve to illustrate formation
of solid state bromine-containing  biocidal
compositions of this invention. EXAMPLE 9 This example
simulates a spray drying operation that can be carried
out on Stabrom  909 biocide or any other aqueous
solution or slurry of a product formed from (a)
bromine,  bromine chloride or a mixture of bromine
chloride and bromine and (b) an overbased aqueous
solution of alkali metal salt of sulfamic acid. A
sample of Stabrom 909 biocide (1.50 g,  activity =
15.10%, as Active bromine) was added in discrete drops
into a crystallizing dish.  The dish was placed in a
recirculating oven set at 40C overnight. The next day,
the drops  were semisolid. The semisolids were
manipulated with a spatula to expose the interior of
the  drops to air. The material was placed back into
the oven for 5 additional hours. A yellow,  slightly
waxy solid was obtained (0.65 g). The activity of the
solid was 33.24% as active  bromine. After 3 days
storage at room temperature in the dark, the activity
of the solid was  33.38% as active bromine. After 14
days of storage at room temperature in the dark, the
activity of the solid was 33.23% as Active bromine.
EXAMPLE 10 The procedure of Example 9 was repeated on
a larger scale. A sample of Stabrom 909  biocide (4.00
g) was added in discrete drops into a crystallizing
dish. The dish was placed in  a recirculating oven set
at 40C overnight. The next day, the drops were
semisolid. The  semisolids were manipulated with a
spatula to expose the interior of the drops to air.
The  



material was placed back into the for an additional 24
hours. A yellow, slightly waxy solid  was obtained
(2.18 g). The activity of the solid was 31.99% as
active bromine. After 7 days  17 WO 2004/039159
PCT/US20031034482  storage at room temperature in the
dark, the activity of the solid was 32.27% as active
bromine. After 82 days storage at room temperature,
the activity of the solid was 30.75% as  active
bromine. The data in Examples 9 and 10 serve to
illustrate the satisfactory stability for the solid
products produced by the simulated spray drying
technique. Since the solids were exposed  to 40C for
relatively long periods of time, especially in Example
10, the formation of the  solids in an actual spray
dryer with shorter exposures to drying temperatures
should provide  spray dried products of this invention
having very desirable storage stability, especially if
the  solids are protected against exposure to
excessive heat and excessive exposure to light during
storage. For convenience, the solid state
bromine-containing biocidal compositions of this
invention can also be referred to as
sulfamate-stabilized active bromine-containing solids.
In  one embodiment of this invention the
sulfamate-stabilized active bromine-containing solids
are in the form of a powder or finely-divided
particles. In another embodiment of this  invention
the sulfamate-stabilized active bromine-containing
solids are in the form of shapes  comprised of
agglomerated or compressed particles. Examples of such
shapes are nuggets,  granules, caplets, tablets,
briquettes, or pucks. While there are no hard and fast
rules  governing differentiation with respect to size
among nuggets, granules, caplets, tablets,
briquettes, and pucks, typically nuggets and granules
are regarded as being particles typically  ranging in
size from 80 to 3 U.S. standard mesh size. Caplets
generally are in the range of 0.5  to 1 inch in length
and with a cross-sectional width in the range of 0.25
to 0.5 inch. Tablets  typically fall in the range of
from 0.5 to 1.0 inch in diameter and 0.5 to 1.0 inch
in thickness.  Briquettes will normally range in size
from 0.5 to 4.0 inches in length, from 0.5 to 4.0
inches  in width, and from 0.5 to 2.5 inches in
height. Pucks are normally disc-shaped objects having
a diameter up to 3.0 inches and a thickness in the
range of 0.5 to 1.0 inch. For purposes of this
invention, powders and particulate forms of the
sulfamate-stabilized active bromine- containing solids
of this invention are regarded as having particle
sizes below 80 U.S.  standard mesh size. It will be
understood and appreciated however, that the foregoing
dimensions are illustrative and are not intended to
unduly limit the scope of this invention. The
formation of nuggets, granules, tablets, or other
compressed shapes such as  briquettes and pucks from
the powdery or particulate solid state
sulfamate-stabilized active  



bromine-containing solids of this invention can
utilize conventionally known processing  equipment
and, for the most part, known procedures. However, in
conducting compaction of  the blends of this
invention, it is important that the compaction
pressure be sufficient, whether  or not a binding
agent is used, to induce interparticulate binding of
the particles one to  another, and which may be
accompanied by plastic deformation of some or most, if
not all,  18 WO 2004/039159 PCT/US2003/034452  of the
particles. At the same time, the compaction pressure
should not be so great as to  produce a compacted
product which delaminates. Typically, suitable
compaction pressures  fall within the range of 1000 to
30,000 psi, and preferably in the range of 5000 to
25,000 psi.  Such compaction can be conducted using,
for example, a rotary tableting press operated at
conventional rotational speeds. Another method for
accomplishing the compaction is by  means of pressure
extrusion through a die orifice, while concurrently
shearing the extrudate  to produce compacted shapes of
the desired size. In such operations, the compaction
pressures  within the die should be sufficient to
induce plastic deformation and interparticulate
binding  of the particles, but insufficient to produce
a compacted product which, when extruded,  undergoes
an elastic recovery of a magnitude that causes
delamination of the compacted  extrudate.
Finely-divided waxes that are compatible with the
sulfamate-stabilized active bromine- containing solids
ofthis invention such as finely-divided paraffin wax
and chloroparaffin wax  can be used as binding agents
or binders in forming the compressed shapes of this
invention.  Certain inorganic salts can also be used
to assist in forming the compressed or compacted
solids of this invention. Also, various micronized
synthetic waxes can be used as binders in forming the
compacted or compressed nuggets, granules, tablets, or
other compressed shapes such as  briquettes and pucks
from the powdery or particulate solid state
sulfamate-stabilized active  bromine-containing solids
of this invention. Such micronized waxes are typically
micronized  polyolefin waxes, or micronized
polyfluorocarbon waxes, or mixtures thereof. While the
average particle size of the wax can vary within
reasonable limits, preferred micronized waxes
typically have, prior to compaction, an average
particle size of no greater than 15 microns.
Similarly, preferred micronized waxes typically have,
prior to compaction, a maximum  particle size of no
greater than 40 microns. In most cases, the micronized
wax has, prior to  compaction, a bulk density in the
range of 0.9 to 1.4 grams per cc at 25C. Another
characteristic of preferred micronized waxes is that
they at least partially melt at a temperature  in the
range of 100C to 150C. 



Among particularly preferred micronized polyethylene
waxes are those which, prior  to compaction, (a) melt
at a temperature in the range of 109C to 111C, or (b)
have an  average particle size in the range of 6.0 to
8.0 microns, or (c) a maximum particle size of  about
22 microns, or (d) have a combination of any two or
all three of (a), (b), and (c). Included among
particularly preferred polypropylene waxes, are those
materials which  are characterized, prior to
compaction, by having (a) a melting temperature in the
range of  140C to 143C, or (b) an average particle
size in the range of 5.0 to 7.0 microns, or (c) a
maximum particle size of about 22 microns, or a
combination of any two or all three of (a),  19 WO
2004/039159 PCT/US2003/034482  (b), and (c).
Particularly preferred micronized wax blends include
micronized polyolefin and  polyfluorocarbon wax blends
which, prior to compaction, at least partially melt at
a  temperature in the range of 104C to 126C. Among
these blends are those which, prior to  compaction,
(a) partially melt at a temperature in the range of
104C to 110C, or (b) have an  average particle size in
the range of 5 to 7 microns, or (c) have a maximum
particle size of  about 22 microns, or (d) have a
combination of any two or all three of (a), (b), and
(c). Also  included among these blends are those
which, prior to compaction, (a) partially melt at a
temperature in the range of 124C to 126C, or (b) have
an average particle size in the range  of 9 to 11
microns, or (c) have a maximum particle size of about
31 microns, or (d) have a  combination of any two or
all three of (a), (b), and (c). Other particularly
preferred micronized waxes are modified
polyfluorocarbon waxes  which, prior to compaction,
(a) partially melt at a temperature in the range of
108C to 115C,  or (b) have an average particle size in
the range of 5 to 6 microns, or (c) have a maximum
particle size of about 22 microns, or (d) have a
combination of any two or all three of (a), (b),  and
(c). In forming the compressed or compacted shapes, a
dry powder blend of the powdery  or particulate solid
state sulfamate-stabilized active bromine-containing
solids of this  invention and one or more binding
agents or binders is formed and subjected to
compaction  or compression. Various methods can be
used in forming such dry blends of this invention.
Among preferred methods are use of ribbon blenders or
tumble blenders for mixing the  powdery or
finely-divided particulate solid state
sulfamate-stabilized active bromine- containing solids
and the binding agent(s), such as a micronized wax.
Equipment of this type  is readily available in the
marketplace from a number of reputable suppliers. The
amount of  the binding agent such as a micronized wax
in the dry blends of this invention will fall within  



the range of 0.5 to 10 wt%, and preferably in the
range of 1 to 5 wt%, based on the total  weight ofthe
solid state sulfamate-stabilized active
bromine-containing solids and the binding  agent. It
will be understood and appreciated that departures
from these ranges are permissible  without departing
from the scope of this invention, whenever such
departures are deemed  necessary or appropriate. When
carrying out compaction of powdery or particulate
solid state sulfamate- stabilized active
bromine-containing solids of this invention with or
without one or more  binding agents, it is desirable,
but not essential, to apply a pressure agglomeration
lubricant  to the compaction surfaces of the tooling
so as to reduce the coefficient of friction between
the material being compacted and the tooling. When
using such lubricant, it is possible to  utilize any
of a variety of lubricants conventionally used for
this purpose, such as for example  a suitable
finely-divided wax or the like. 20 WO 2004/039159
PCT/US20031034482  Nuggets, granules, tablets,
briquettes, and pucks of this invention are of
particular utility as biocidal agents used for
treating swimming pools, spas, decorative fountains,
toilet  bowls, urinals, cooling towers, air washer
systems, waste water, liquids used and formed in  pulp
and paper processing operations, and liquids used and
formed in oil field applications  such as secondary
oil field recovery operations, especially operations
involving seawater  flooding. In another embodiment,
alkali metal dichlorohypobromite, M[BrCI2] (M = alkali
metal) is preformed by pre-mixing bromine chloride
with aqueous sodium chloride, and the  bromine
chloride is used in this form to provide the active
bromine content of the resultant  solution. The
preferred alkali metal dichlorohypobromite is sodium
dichlorohypobromite. A preferred way of forming the
above aqueous biocide compositions comprising water
having in solution therein an active bromine content
of at least 100,000 ppm (wt/wt), and from  145,000 ppm
to 160,000 ppm (wt/wt) and, pursuant to this invention
in the range of above  160,000 ppm (wt/wt) to 215,000
ppm (wt/wt) of active bromine, is to mix together (i)
bromine  chloride or a combination of bromine chloride
and bromine, and (ii) an overbased aqueous  solution
of alkali metal salt of sulfamic acid, or (iii) water,
alkali metal base, and an alkali  metal salt of
sulfamic acid, or (iv) water, an alkali metal base,
and sulfamic acid, or (v) any  combination of (ii),
(iii), and (iv), and in relative proportions of such
that the atom ratio of  nitrogen to active bromine in
said biocide composition is greater than 0.93,
preferably greater  than 1, and the pH of the biocide
composition is at least 7 (e.g., in the range of 10 to
13.5), and  preferably in the range of 12 or 12.5 to
13.5 or 14. 



In each of the embodiments of this invention, the atom
ratio of nitrogen to active  bromine is preferably in
the range of 1.1 to 1.5, and more preferably in the
range of from 1.35  to 1.5. Still higher ratios can be
employed, if desired. As noted above, amounts of
active bromine above 160,000 ppm (wt/wt) are within
the  scope of this invention. In other words, any
concentration of the stabilized active bromine
component(s) above 160,000 ppm (wt/wt) that does not
result in precipitate formation during  storage or
transportation of the concentrated solution under
normal ambient temperature  conditions (e.g., 23C)
constitute compositions of this invention. When used
for  microbiological control, the concentrated
solutions of this invention are mixed or diluted with,
or introduced into, additional water, which typically
is the water being treated for such  microbiological
control, so that the amount of active bromine in the
water being treated for  microbiological control is a
microbiologically effective amount. The various
compositions  of the embodiments referred to in this
paragraph preferably additionally contain dissolved
chloride ion, most preferably in the presence of a
stoichiometric excess of alkali metal cation,  such as
sodium or potassium cations. In contrast to certain
other alkali metal salts, the alkali- metal chloride
salts have high solubilities in the aqueous medium of
the concentrates of this  21 WO 20041039159
PCTIUS2003/034482  invention, and thus pose no problem
with respect to precipitate formation during storage,
transportation, or use. In addition, the dissolved
alkali metal chloride in the solutions of this
invention minimize the extent to which oxygen or air
becomes dissolved in the concentrated  solutions.
Although not mandatory, it is preferred that from the
inception of their production the  compositions of
this invention are and remain at all times free of
peroxides. Still other embodiments of this invention
include the following: 1) A concentrated aqueous
biocidal composition containing sulfamate-stabilized
bromonium ion, such composition (i) from its
inception, having a pH in excess of 8  and (ii) having
greater than 16 wt% bromonium ion present in solution,
measured as  Br2, such wt% being based on the total
weight of the composition. 2) A concentrated biocidal
composition as in 1) where from its inception, the
composition has a pH greater than 10. 3) A
concentrated aqueous biocidal composition containing
stabilized oxidizing halogen  obtained by the reaction
of BrCl and eSO3NH2, such composition (i) having in
solution  greater than 16 wt% bromonium ion, measured
as Br2, such wt% being based upon the  total weight of
the composition, and (ii) having a pH greater than 10.



4) A concentrated aqueous biocidal composition
containing stabilized oxidizing halogen  obtained by
the reaction of BrCl and eSO3NH2, such composition
containing at least  16 wt% bromonium ion in solution,
measured as Br2, such wt% being based upon the  total
weight of the composition. Preferably, but not
necessarily, the composition of 1), 2), 3), and 4)
immediately above are  further characterized by
comprising chloride ion in solution therein. A
preferred alkali metal salt of sulfamic acid, and a
preferred alkali metal base used  in forming such salt
are, respectively, potassium sulfamate and a potassium
base such as KOH.  Most preferred are, respectively,
sodium sulfamate, and a sodium base such as NaOH. One
desirable way of accomplishing the mixing of the
reactants when producing the  concentrated liquid
biocide formulations of this invention comprises
concurrently introducing  (a) bromine chloride and (b)
an aqueous solution of alkali metal salt of sulfamic
acid into a  reaction zone, such as a reactor or other
reaction vessel, and having the pH of the resulting
solution at least at 7 (e.g., in the range of 10 to
13.5), and preferably in the range of 12 or 12,5  to
13.5 or 14. As noted above, the proportions of (a) and
(b) used are such that (i) the active  bromine content
of the solution is at least 100,000 ppm (wt/wt), e.g.,
from 145,000 to 160,000  ppm (wt/wt) and pursuant to
this invention, is in the range of greater than
160,000 ppm  (wt/wt) to 215,000 ppm (wt/wt) and (ii)
the atom ratio of nitrogen to active bromine from (a)
and (b) is greater than 0.93, preferably greater than
1. Water treated pursuant to this invention by
addition thereto of an effective biocidal  22 WO
2004/039159 PCT/US2003/034482  amount of active
bromine as a composition of this invention results in
a substantial dilution  since, in general, on a wtlwt
basis dosages in the treated water in the range of 0.5
to 20 parts  per million of bromine (expressed as Br2)
and preferably in the range of 4 to 10 parts per
million of bromine (expressed as Br2) in the aqueous
medium being treated for biocidal and/or  biofilm
control will usually suffice. This results in highly
effective microbiological control  in the water being
treated. A further advantage of this invention is that
it is unnecessary to produce the  concentrated aqueous
biocide compositions of this invention by use of
powerful oxidants such  as ozone or peroxides, which
are known to possess undesirable, and indeed,
hazardous  characteristics. The following additional
Examples are presented for purposes of illustration
and not  limitation. EXAMPLES 11-17 



Various compositions were prepared using the above
general procedure and the active  bromine content of
the resultant compositions was determined
analytically. The conditions  used and results
obtained (observations on odor and vapor, and initial
contents of active  bromine in the solutions) are
summarized in Table 6 in which SAS stands for mole
ratio of  sulfamic acid to halogen. Table 6 - Data on
Prepared Sulfamic Acid Stabilized Bromine Solutions
Ex. No. Haloge pH SAeq Odor and Vapor Comments Active
n Bromine, wt% 11 Bra 13.0 1.42 Slight sweet smell, no
observed 12.4%*  vapor  12 Br, 7.0 1.48 Slight Br
odor, no fuming 13.4%*  13** BrCI 7 0.92 Strong Br
odor, slight fuming 11.2%  14 Bra 13.0 1.15 Slight
sweet smell, no observed 19.6% vapor  15 Br2 7.0 1.13
Moderate Br odor, no fuming 26.7%  16 BrCI 12.5 0.94
Slight sweet smell, no observed 18.0%  vapor 17 BrC1
2.8 .41 Slight sweet smell, no observed 17.6%  vapor
* Measured with Hach spectrometer; all others titrated
using starch-iodine-sodium arsenite  method. **
Comparative example. 23 WO 2004/039159
PCTIUS2003/034482  The specific details for Examples
13-17 of Table 6 are given below. Example 19
illustrates a process wherein an alkali metal
dichlorohypobromite is utilized as the source of
active bromine. EXAMPLE 13 Bromine Chloride, Caustic
and Sodium Sulfamate at Neutral pH A 1 liter flask was
charged with 52.0 g of sulfamic acid and 250 g of
water. Sodium  sulfamate was prepared by adding 60.0 g
of 50% sodium hydroxide to the stirred slurry.
Bromine chloride was prepared by adding 20 g of
chlorine to 47.0 g of bromine. This bromine  chloride
was then co-fed with 210 g of 25% sodium hydroxide to
maintain the pH between  6 and 8. 5 mL of 1 M
Hydrochloric Acid were added to bring the final pH to
approximately  



70.5. The solution, which contained some solids, was
transferred to an amber bottle for  storage.
Starch-iodine titration of a sample of the solution
indicated that it had an active  bromine concentration
of 11.2%. EXAMPLE 14 Bromine, Caustic (50% Sodium
Hydroxide) and Sodium Sulfamate A 500 mL flask was
charged with 26.0g of sulfamic acid and 50 g water. To
this slurry  was added 35.0 g of 50% sodium hydroxide.
As the acid was converted to the sodium salt,  it
dissolved into the aqueous solution more readily.
Bromine (37.0 g) and 50% sodium  hydroxide (30.0 g)
were co-fed into the solution at a rate which
maintained the pH between  11 and 13. After all of the
bromine and caustic had been added, the contents were
transferred  to an amber bottle for storage.
Starch-iodine titration of a sample of the solution
indicated that  it had an active bromine concentration
of 19.6%. Analysis of the bromine solution still
contained more than 95% of its active bromine content.
EXAMPLE 15  Bromine, Caustic and Sodium Sulfamate at
Neutral pH A 500 mL flask was charged with 26.0 g of
sulfamic acid and 50 g of water. To this  stirred
slurry was added 30.9 g of 50% sodium hydroxide, which
raised the initial pH to  approximately 12. The
sulfamic acid then dissolved into solution. Bromine
(37.7 g) was fed  into the solution until the pH
dropped to approximately 7, when 50% sodium hydroxide
(10.9  g) was co-fed to maintain the pH between 6 and
9. 5 mL of 0.01 N sodium hydroxide was  used to bring
the final pH to approximately 70.5. The contents were
then transferred to an  amber bottle for storage.
Starch-iodine titration of a sample of this solution
indicated that it  had an active bromine content of
26.7%. Analysis of the solution after six weeks of
storage  at ambient temperature indicated that the
stabilized bromine solution still contained more than
95% of its active bromine content. EXAMPLE 16  Bromine
Chloride, Caustic and Sodium Sulfamate 24 WO
2004/039159 PCT/US2003/034482 A 1 liter flask was
charged with 107 g of sulfamic acid and 200 g of
water. Sodium  sulfamate was prepared by adding 93.9 g
of 50% sodium hydroxide to the stirred slurry.
Bromine chloride was prepared by adding 39 g of
chlorine to 96.0 g of bromine. This bromine  chloride
was the co-fed with 319 g of 50% sodium hydroxide to
maintain the pH between 11  and 13. After stirring for
an additional 30 minutes, the solution, which
contained some solids,  was transferred to an amber
bottle for storage. Starch-iodine titration of a
sample of the  



solution indicated that it had an active bromine
concentration of 18.0%. Analysis of the  solution
after three weeks at ambient temperature indicated
that the stabilized bromine  solution still contained
more than 90% of its active bromine content. EXAMPLE
17 Bromine Chloride, Caustic and Sodium Sulfamate;
larger scale A 5 liter flask was charged with 470 g of
sulfamic acid and 900 g of water. Sodium  sulfamate
was prepared by adding 436 g of 50% sodium hydroxide
to the stirred slurry.  Bromine chloride was prepared
by adding 120 g of chlorine to 276 g of bromine. This
bromine chloride was the co-fed with 1723 g of 50%
sodium hydroxide to maintain the pH  between 12 and
13. After stirring for an additional 60 minutes, the
orange, clear solution was  transferred to an
polyethylene bottle for storage. Starch-iodine
titration of a sample of the  solution indicated that
it had an active bromine concentration of 17.6%.
EXAMPLE 18 Bromine Chloride, Caustic and Sodium
Sulfamate; larger scale A 5 liter flask was charged
with 390 g of sulfamic acid and 400 g of water. Sodium
sulfamate was prepared by adding 1820 g of 25% sodium
hydroxide to the stirred slurry while  cooling to keep
the temperature below 30C. 344 g of bromine chloride
was then added. The  orange, clear solution had a pH
of 13.5, and was filtered and transferred to a
polyethylene  bottle for storage. Starch-iodine
titration of a sample of the solution indicated that
it had an  active bromine concentration of 16.2%.
EXAMPLE 19 Reducing Vapor Pressure of Sodium
Dichlorohypobromite with Sodium Sulfamate Sodium
sulfamate was prepared by slurrying 24.3 g of sulfamic
acid in 9 g of water.  24.0 g of 50% sodium hydroxide
was added dropwise. The flask heated noticeably and
the  solid dissolved. This solution was dropped into
184.6 g of sodium dichlorohypobromite.  Sodium
dichlorohypobromite, Na[BrC12] is prepared by adding
30.6 g of bromine chloride to  154 g of 3M aqueous
sodium chloride. An additional 24 g of 50% sodium
hydroxide was  added to raise the pH to 7. Analysis of
this solution indicated that it had an active bromine
concentration of 12.0%. At present, a preferred way of
conducting the process of this invention on a larger
scale  involves charging to a reactor water, aqueous
alkali metal hydroxide solution (preferably  25 WO
2004/039159 PCT/US2003/034482  aqueous sodium
hydroxide solution), sulfamic acid, and then bromine
chloride or a mixture  of bromine chloride and
bromine. Preferred proportions of the components are
17 parts by  



weight of water, 59 parts by weight of a 25 wt%
aqueous sodium hydroxide solution, 13 parts  by weight
of sulfamic acid, and 11 parts by weight of bromine
chloride, for a total of 100 parts  by weight.
Preferably these components are charged in the order
named. However, as long  as the bromine chloride is
charged last, the order of addition of the other three
components can  be varied. The bromine chloride used
preferably contains in the range of 68.9 to 73.1 wt%
bromine. However, pure bromine chloride or other
combinations of bromine chloride and  bromine can be
used to make effective product, if desired. The
temperature of the mixture  during the addition of the
bromine chloride is preferably not allowed to exceed
50C, although  the temperature can be allowed to go
above 50C for short periods of time without
detrimental  effects. Prolonged exposure to elevated
temperatures tends to cause degradation of the
product, and thus should be avoided. The bromine
chloride concentration in the resultant  product
solution as formed in this manner (and in whatever
chemical form or forms the active  bromine chloride
exists in such solution), is in the range of greater
than 16.0 wt%to 21.5 wt%  (e.g, between 165,000 and
215,000 ppm (wt/wt)), and preferably is targeted at an
active  bromine content in the range of 17.6 wt% to
19.0 wt% (i.e., in the range of 176,000 ppm wt/wt  to
190,000 ppm wt/wt) or at an active bromine content in
the range of 20.1 wt% to 21.5 wt%  (i.e., in the range
of 201,000 ppm wt/wt to 215,000 ppm wt/wt).
Determination of such  concentration can, of course,
be readily accomplished by starch-iodine titration.
When  operating as described in this paragraph, the
final pH of the product solution is in the range  of
12.4 to 13.7. It will be understood and appreciation
that pursuant to this invention an  equivalent amount
of bromine or bromine and chlorine can be used in this
processing in lieu  of bromine chloride or mixtures of
bromine chloride and bromine. Another preferred way of
operating on a larger scale the process described in
the  immediately preceding paragraph is in a
semi-continuous or semi-batch mode. This involves
forming the alkali metal sulfamate solution,
preferably a sodium sulfamate solution (using
caustic, water, sulfamic acid), and feeding in the
bromine chloride or bromine chloride and  bromine
(BrCI) to a suitable vessel (reactor or tank)
containing the sulfamate solution. The  BrCI may go
straight into the vessel of the aqueous sodium
sulfamate or into a pumparound  loop on the vessel.
The BrCl may be made up ahead of time, or can be made
by continuously  mixing the bromine and chlorine
together in a pipe, with or without a mixing element,
and  then injecting it straight into the aqueous
sodium sulfamate without isolating the BrCl. The
advantage of continuously making the BrCI is that this
avoids having a separate BrCI reactor  or storage tank
and the need for keeping a large quantity of this
material in storage on plant  facilities. Besides
being useful in the microbiocidal treatment of aqueous
media such as  



26 WO 2004/039159 PCTIUS2003/034482  recreational
water, industrial cooling water, process water, and
wastewater, the concentrated  solutions of this
invention can be used for eradicating, or at least
reducing, biofilm on surfaces  contacted by aqueous
media such as cooling tower surfaces, filter surfaces,
surfaces in pools  and spas, interior surfaces of
pipes and conduits, and similar surfaces on which
biofilm can  develop. Besides causing damage and/or
unsightliness to the surfaces to which the bacterial
films become tenaciously attached, biofilms can harbor
dangerous pathogens. And because  they can form slime
layers, biofilms can interfere with normal water flow.
Despite the fact  that the slimy films themselves
constitute protective barriers against penetration of
biocidal  agents, the biocidal solutions of this
invention enable effective biocidal control of
biofilms.  Thus pursuant to this invention the
concentrated aqueous solutions of this invention can
be  used for introducing biocidally effective amounts
of active bromine into aqueous systems that  come into
contact with surfaces infested with biofilm and
thereby at least reduce the biofilm,  if not eradicate
the biofilm in its entirety. This is of course
accomplished by adding an amount  of a concentrated
aqueous solution of this invention to the water to be
treated for biofilm  reduction or eradication, the
amount of such addition being an amount (dosage) that
will at  least reduce the biofilm, if not eradicate
the biofilm in its entirety. Generally speaking,
dosages in the range of 0.5 to 20 parts per million of
active bromine (expressed as Br2) and  preferably in
the range of 4 to 10 parts per million of active
bromine (expressed as Br2) in the  aqueous medium
being treated for biofilm control will usually
suffice, but lesser or greater  amounts of active
bromine can be used whenever deemed necessary,
appropriate, or desirable.  Naturally there may be
some period of time that will pass between the time
that the  concentrated aqueous solution of this
invention is brought into contact with, and thus
diluted  in, the water being treated, and the time
that the biofilm is reduced or eradicated. If desired,
such reduction or eradication can be observed by
periodically visually inspecting the water- contacted
surfaces that are infested with the biofilm, assuming
such surfaces are in a location  that one can observe.
In the case of filters, conduits, or pipes infested
with biofilm and  carrying water treated pursuant to
this invention with a biocidal amount (dosage) of a
concentrated aqueous solution of this invention to
reduce or eradicate such biofilm, the  reduction or
eradication of biofilm may be evidenced and thus
observed by improved  performance of the apparatus
(e.g., increased water flow). But whether or not such
observations are made, when a biocidally effective
amount of active bromine is included in  the water
that comes in contact with the biofilm after addition
to such water of a suitable  dosage of a concentrated
solution of this invention, reduction or eradication
of the biofilm will  



occur. Amounts of the solid state biocidal
compositions of this invention that are used are  also
amounts sufficient to effectively control the
microorganisms, biofilm and/or other  pathogens to be
controlled. Thus amounts of such solid state products
yielding aqueous  27 WO 2004/039159 PCT/US2003/034482
solutions containing, e.g., in the range of 0.5 to 20
parts per million of active bromine  (expressed as
Br2) and preferably in the range of 4 to 10 parts per
million of active bromine  (expressed as Br2) in the
aqueous medium being treated for biofilm control will
usually  suffice, but once again lesser or greater
amounts of active bromine can be used whenever  deemed
necessary, appropriate, or desirable. One preferred
use of the solid state products of  this invention is
in control of bacteria and other microorganisms
present in subterranean  locations such as in holes
being drilled or serviced in oil and/or gas fields.
For this purpose,  this invention provides a
water-dissolvable or water-disintegratable container
or bag  containing a suitable microbiocidal dosage of
a solid state biocidal agent or composition of  this
invention. Such packages comprised of containers or
bags of the solid state biocidal agent  of this
invention can simply be dropped into the hole. Upon
reaching the water level in the  hole, the biocidal
agent of this invention rapidly dissolves in the water
and thereby provides  powerful microbiocidal against
microorganisms present in well being drilled or
serviced,  including various anaerobic species and
sessile bacteria. The amount of the solid state
biocidal agent contained in the package will depend
upon the such factors as the size of the  hole and
extent of microbial activity to be controlled. Thus
the amount of the biocidal agent  for use in the
package can readily be determined in any given case by
conducting a few test  test runs. An advantage of the
solid state biocidal agents of this invention is that
they can be  effectively used in amounts well in
excess of the quantity actually needed to effect the
biocidal  activity without encountering significant
adverse consequences. Thus precise control of  amounts
used in a given downhole treatment is ordinarily not
required. Even though the claims hereinafter may refer
to substances, components and/or  ingredients in the
present tense ("comprises" or "is"), the reference is
to the substance,  component or ingredient as it
existed at the time just before it was first
contacted, blended or  mixed with one or more other
substances, components and/or ingredients, or if
formed in  solution, as it would exist if not formed
in solution, all in accordance with the present
disclosure. It matters not that a substance, component
or ingredient may have lost its original  identity
through a chemical reaction or transformation during
the course of such contacting,  blending, mixing, or
in situ formation, if conducted in accordance with
this disclosure. 



28 CLAIMS  1. An aqueous biocide composition
comprising water having in solution therein an active
bromine content derived from (i) bromine chloride or
bromine chloride  and bromine, with or without
conjoint use of chlorine, in the range of 201,000 ppm
to  5 215,000 ppm (wt/wt), and (ii) overbased alkali
metal salt of sulfamic acid, wherein the relative
proportions of (i) and (ii) are such that the atom
ratio of nitrogen to active bromine  from (i) and (ii)
is greater than 0.93, the pH of the composition is at
least 7, and the  composition is characterized as
having a crystallization temperature that is lower
than - 4C, as measured by a procedure comprising
placing a sample into a glass tube, subjecting 10 the
sample to mechanical stirring while cooling the sample
at a rate of approximately  0.5C/minute until
formation of crystals is observed, continuing
recording the temperature  for 10 minutes after
crystals have formed and determining the
crystallization temperature  or freeze point either
(a) where the temperature stabilizes briefly or (b) if
supercooling is  evident, where the temperature levels
off after a temperature rise. 15 2. A composition of
Claim 1 wherein said overbased alkali metal salt of
sulfamic acid consists essentially of overbased sodium
sulfamate and wherein said solution  contains sodium
chloride or sodium bromide, or both. 3. A composition
of Claim 1 wherein said atom ratio is greater than 1,
and  wherein said pH is in the range of 10 to 13.5. 20
4. A composition of Claim 1 wherein said atom ratio is
greater than 1, and  wherein said pH is in the range
of 12.5 to 13.5. 5. A composition of Claim 1 wherein
said atom ratio is greater than 1, and  wherein said
pH is in the range of 12 to 14. 6. A composition of
Claim 1 wherein said overbased alkali metal salt of
25 sulfamic acid consists essentially of overbased
sodium sulfamate, wherein said solution  contains
sodium chloride or sodium bromide, or both, wherein
said atom ratio is greater  than 1, and wherein said
pH is in the range of 10 to 13.5. 7. A composition of
Claim 6 wherein said pH is in the range of 12.5 to
13.5. 8. A composition of any one of Claims 1, 3, 4,
or 6 wherein the active bromine  30 content thereof is
derived from bromine chloride or bromine chloride and
bromine. 9. A composition of Claim 1 further
characterized as having a crystallization  temperature
of-11C or lower. 10. A composition of Claim 1 wherein
the composition is solids-free at room  29 



temperature.  11. A process of producing a biocidal
composition, which process comprises mixing (i)
bromine chloride or bromine chloride and bromine, with
or without conjoint use  of chlorine, with (ii)
aqueous overbased solution of alkali metal salt of
sulfamic acid in  5 proportions such that the
resultant product solution (a) contains in the range
of 201,000 ppm to 215,000 ppm (wt/wt) of active
bromine, (b) has an atom ratio of nitrogen to active
bromine from (i) and (ii) that is greater than 0.93,
and (c) has a pH of at least 7, and  wherein the
composition is characterized as having a
crystallization temperature that is  lower than -4C,
as measured by a procedure comprising placing a sample
into a glass 10 tube, subjecting the sample to
mechanical stirring while cooling the sample at a rate
of  approximately 0.5C/minute until formation of
crystals is observed, continuing recording  the
temperature for 10 minutes after crystals have formed
and determining the  crystallization temperature or
freeze point either (a) where the temperature
stabilizes  briefly or (b) if supercooling is evident,
where the temperature levels off after a  15
temperature rise. 12. A process of Claim 11 wherein
said overbased alkali metal solution of  alkali metal
salt of sulfamic acid is preformed by mixing together
in water, (1) sulfamic  acid and/or an alkali metal
salt of sulfamic acid, and (2) alkali metal base. 13.
A process of Claim 11 wherein said overbased alkali
metal salt of sulfamic  20 acid consists essentially
of overbased sodium sulfamate. 14. A process of Claim
11 wherein said atom ratio is greater than 1, and
wherein said pH is in the range of 10 to 13.5. 15. A
process of Claim 11 wherein said atom ratio is greater
than 1, and  wherein said pH is in the range of 12.5
to 13.5. 25 16. A process of Claim 11 wherein said
atom ratio is greater than 1, and  wherein said pH is
in the range of 12 to 14. 17. A concentrated liquid
biocide composition which comprises an aqueous
solution of active bromine formed from (a) bromine,
bromine chloride or a mixture of  bromine chloride and
bromine with (b) alkali metal salt of sulfamic acid
and/or sulfamic 30 acid, alkali metal base and water,
or an aqueous solution of alkali metal salt of
sulfamic  acid formed from (1) alkali metal salt of
sulfamic acid and/or sulfamic acid, (2) alkali  metal
base and (3) water, said aqueous solution of active
bromine having a pH of at least 7,  and wherein the
amounts of (a) and (b) are such that (i) the content
of active bromine in the  30 aqueous solution of
active bromine is in the range of 201,000 ppm to
215,000 ppm (wt/wt)  



(ii) the atom ratio of nitrogen to active bromine from
(a) and (b) is greater than 1 when  bromine is used
without bromine chloride, and greater than 0.93 when
bromine chloride is  used with or without bromine, and
wherein the composition is characterized as having a 5
crystallization temperature that is lower than -4C, as
measured by a procedure comprising  placing a sample
into a glass tube, subjecting the sample to mechanical
stirring while  cooling the sample at a rate of
approximately 0.5C/minute until formation of crystals
is  observed, continuing recording the temperature for
10 minutes after crystals have formed  and determining
the crystallization temperature or freeze point either
(a) where the 10 temperature stabilizes briefly or (b)
if supercooling is evident, where the temperature
levels  off after a temperature rise. 18. A
composition of Claim 17 wherein said pH is in the
range of 10 to 13.5.  19. A composition of Claim 18
wherein said pH is in the range of 12.5 to 13.5.  20.
A composition of Claim 18 wherein said pH is in the
range of 12 to 14. 15 21. A composition of any one of
Claims 17 - 20 wherein the alkali metal of the  alkali
metal salt of sulfamic acid and of the alkali metal
base is sodium or potassium. 22. A solid state
bromine-containing biocidal composition formed by
removal  of water from an aqueous solution or slurry
of a product formed in water from (A) (i)  bromine
chloride, (ii) a mixture of bromine chloride and
bromine, (iii) bromine and 20 chlorine in a Br2 to C12
molar ratio of at least 1, or (iv) bromine chloride,
bromine, and  chlorine in proportions such that the
total Br2 to C12 molar ratio is at least 1; and (B)
(i)  alkali metal salt of sulfamic acid and/or
sulfamic acid, and (ii) alkali metal base, wherein
said aqueous solution or slurry has a pH of at least 7
and an atom ratio of nitrogen to active  bromine from
(A) and (B) of greater than 0.93, and wherein said
composition is formed by  25 spray drying the aqueous
solution or slurry. 23. A composition of Claim 22
wherein said pH is in the range of 10 to 13.5,  and
wherein said atom ratio is greater than 1. 24. A
composition of Claim 22 wherein said pH is in the
range of 12.5 to 13.5.  25. A composition of Claim 22
wherein said pH is in the range of 12 to 14. 30 26. A
composition of any one of Claims 22-25 wherein the
alkali metal of the  alkali metal salt of sulfamic
acid and of the alkali metal base is sodium or
potassium. 27. A composition of any one of Claims
22-25 wherein the alkali metal of the  alkali metal
salt of sulfamic acid and of the alkali metal base is
sodium. 31 28. A composition of any one of Claims
22-25 wherein said composition is in  the form of a
powder or finely-divided particles. 



29. A composition of any one of Claims 22-25 wherein
said composition is in  the form of shapes comprised
of agglomerated or compressed particles. 5 30. A
composition of Claim 29 wherein the shape is chosen
from nuggets,  granules, caplets, tablets, briquettes,
and pucks. 31. A composition of Claim 29 wherein a
binder used in forming the shape is  (i) a micronized
polyolefin wax, (ii) a micronized polyfluorocarbon
wax, or (iii) a mixture  of (i) and (ii). 10 32. A
process of forming a solid state bromine-containing
biocidal composition,  which process comprises
removing the water from an aqueous solution or slurry
of a  product formed in water from (A) (i) bromine
chloride, (ii) a mixture of bromine chloride  and
bromine, (iii) bromine and chlorine in a Br2 to Cl2
molar ratio of at least 1, or (iv)  bromine chloride,
bromine, and chlorine in proportions such that the
total Br2 to Cl2 molar 15 ratio is at least 1; and (B)
(i) alkali metal salt of sulfamic acid and/or sulfamic
acid, and (ii)  alkali metal base, wherein said
aqueous solution or slurry has a pH of at least 7 and
an  atom ratio of nitrogen to active bromine from (A)
and (B) of greater than 0.93, and  wherein the water
is removed from said aqueous solution or slurry by (a)
flashing off or  distilling off the water from said
aqueous solution or slurry at reduced pressure or (b)
spray  20 drying said aqueous solution or slurry. 33.
A process of Claim 32 wherein the water is removed
from said aqueous  solution or slurry by flashing off
or distilling off the water from said aqueous solution
or  slurry at reduced pressure. 34. A process of Claim
32 wherein the water is removed from an aqueous slurry
25 of a product formed in water from (A) and (B), and
wherein the water is removed from  said aqueous slurry
by flashing off or distilling off the water from said
aqueous slurry at  reduced pressure. 35. A process of
Claim 32 wherein the water is removed from said
aqueous  solution or slurry by spray drying said
aqueous solution or slurry. 30 36. A process of Claim
32 wherein the water is removed from an aqueous
solution of a product formed in water from (A) and
(B), and wherein the water is removed  from said
aqueous solution by spray drying said aqueous
solution. 37. A method of disinfecting a body of water
which method comprises  32 introducing into said water
a biocidally effective amount of a solid state
composition  formed by removal of water from an
aqueous solution or slurry of a product formed in
water from (A) (i) bromine, (ii) bromine chloride,
(iii) a mixture of bromine chloride and  



bromine, (iv) bromine and chlorine in a Br2 to Cl2
molar ratio of at least 1, or (v) bromine 5 chloride,
bromine, and chlorine in proportions such that the
total Br2 to C12 molar ratio is at  least 1; and (B)
(i) alkali metal salt of sulfamic acid and/or sulfamic
acid, and (ii) alkali  metal base, wherein said
aqueous solution or slurry has a pH of at least 7 and
an atom ratio  of nitrogen to active bromine from (A)
and (B) of greater than 0.93, wherein the aqueous
solution or slurry has an active bromine content of
201,000 ppm (wt/wt) to 215,000 ppm 10 (wt/wt), and
wherein the body of water is in connection with
oilfield or gasfield servicing  or drilling
operations, and wherein the water is in (a) a
subterranean well being serviced  and/or (b) a
subterranean hole being drilled. 38. A method of Claim
37 wherein said alkali metal salt of sulfamic acid
consists essentially of an overbased aqueous solution
of sodium sulfamate. 15 39. A method of Claim 37
wherein the atom ratio is greater than 1, and wherein
the pH is in the range of 10 to 13.5. 40. A method of
Claim 37 wherein the atom ratio is greater than 1, and
wherein  the pH is in the range of 12.5 to 13.5. 41. A
method of Claim 37 wherein the atom ratio is greater
than 1, and wherein  20 the pH is in the range of 12
to 14. 42. A method of Claim 37 wherein said alkali
metal salt of sulfamic acid  consists essentially of
an overbased aqueous solution of sodium sulfamate,
wherein the  atom ratio is greater than 1, and wherein
the pH is in the range of 10 to 13.5. 43. A method of
Claim 42 wherein the pH is in the range of 12.5 to
13.5. 25 44. A method of any one of Claims 37, 39, 40
or 42 wherein the active bromine  content is derived
from bromine chloride or bromine chloride and bromine.
45. An article of manufacture in the form of a package
comprised of a water- dissolvable container containing
a solid state bromine-containing biocidal composition
formed by removal of water from an aqueous solution
and/or a slurry of a derivative 30 product of (a)
bromine, bromine chloride or a mixture of bromine
chloride and bromine  and (b) an overbased aqueous
solution of alkali metal salt of sulfamic acid,
wherein the  package is used in oilfield or gasfield
operations as a biocide for disinfecting water in (i)
a  subterranean well being serviced and/or (ii) a
subterranean hole being drilled. 33 46. An article of
manufacture as in Claim 45 wherein the composition is
in a  form chosen from (a) water-soluble particles,
(b) granules, (c) pellets, and (d) powder. 47. An
article of manufacture as in Claim 45 wherein the
composition is a  spray-dried product. 



5 48. Use of an aqueous biocide composition comprising
water having in solution  therein an active bromine
content derived from (i) bromine chloride or bromine
chloride  and bromine, with or without conjoint use of
chlorine, in the range of 201,000 ppm to  215,000 ppm
(wt/wt), and (ii) overbased alkali metal salt of
sulfamic acid, wherein the  relative proportions of
(i) and (ii) are such that the atom ratio of nitrogen
to active bromine 10 from (i) and (ii) is greater than
0.93, and wherein the pH of the composition is at
least 7,  for disinfecting water in a subterranean
well being serviced in connection with oilfield or
gasfield operations. 49. Use of an aqueous biocide
composition comprising water having in solution
therein an active bromine content derived from (i)
bromine chloride or bromine chloride  15 and bromine,
with or without conjoint use of chlorine, in the range
of 201,000 ppm to 215,000 ppm (wt/wt), and (ii)
overbased alkali metal salt of sulfamic acid, wherein
the  relative proportions of (i) and (ii) are such
that the atom ratio of nitrogen to active bromine
from (i) and (ii) is greater than 0.93, and wherein
the pH of the composition is at least 7,  for
disinfecting water in a subterranean hole being
drilled in connection with oilfield or  20 gasfield
operations. 50. Use of an aqueous biocide composition
comprising water having in solution  therein an active
bromine content derived from (i) bromine chloride or
bromine chloride  and bromine, with or without
conjoint use of chlorine, in the range of 201,000 ppm
to  215,000 ppm (wt/wt), and (ii) overbased alkali
metal salt of sulfamic acid, wherein the 25 relative
proportions of (i) and (ii) are such that the atom
ratio of nitrogen to active bromine  from (i) and (ii)
is greater than 0.93, and wherein the pH of the
composition is at least 7,  for preventing a
subterranean oilfield well or subterranean gasfield
well from going sour  by killing sessile bacteria. 34 


