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An emulsified composition comaim-ng 1,4-bis(bromoacetoxy)-2-butene (BBAB) is disclosed which has the ability to disperse and/or

dissolve uniformly in aqueous systems thereby effectively controlling

a nonionic emulsifier. A method for inhibiting the growth of microorganisms with this composition in an amount effective to control the

growth of microorganisms is also disclosed.

SITIONS OF 1,4-BIS(BROMOACETOXY)-2-BUTENE USEFUL AS A MICROBICIDE AND

the growth of microorganisms. The composition contains BBAB and
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EMULSIFIED COMPOSITIONS OF
1,4-BIS (BROMOACETOXY) -2-BUTENE USEFUL
AS 2 MICROBICIDE AND PRESERVATIVE

FIELD OF THE INVENTION
The present invention relates to emulsified compositions
of 1,4-bis{bromoacetoxy)-2-butene and methods of using these
emulsified compositions for microbicidal and preservative
purposes.

BACKGROUND OF THE ITNVENTION

A large number of commercial, industrial, agricultural,
and wood products are subject to microbiclogical attack which
reduces or destroys their economic value. Examples of
materials that may be subject to microbiological degradations
are surface coatings, wood, agribultural seed, leather, and
plastice, including flexible plastics. The temperature at
which these products are stored and their intrinsic
characteristics makes these products susceptible to the
growth of microorganisms. These microorganisms can be
introduced during the manufacturing of these products by
exposure to air, tanks, pipes, equipment, and humans and/or
during their use from multiple openings and reclosures of
packaged products and by the introduction of contaminated
objects to stir or remove material.

Aqueocus systems containing organic materials are also
highly subject to microbiological attack. Such agueous
systems include latexes, surfactants, dispersants,
stabilizers, thickeners, adhesives, starches, waxes,
proteins, emulsifying agents, detergents, cellulose products,
and resins formulated in agqueous solutions, emulsions or
suspensions. These systems frequently contain relatively
large amounts of water causing them to be well-suited
environments for microbiological growth and thus attack and
degradation. Microbiological degradation of aqueous systems
containing organic materials may manifest itself as a variety
of problems, such as loss of viscosity, gas formation,
ocbjectionable odors, decreased pH, emulsion breaking, color
change, and gelling.
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Another objectionable phenomenon occurring in industrial
process systems involving water is slime formation. Slime
consists of matted deposits of microorganisms, fibers and
debris. It may be stringy, pasty, rubbery, tapioca-like, or
hard, and may have a characteristic undesirable odor that is
different or heightened from that of the liquid suspensions
.in which it is formed. The microorganisms involved in its
formation are primarily different species of spore-forming
and nonspore-forming bacteria, particularly encapsulated
forms of bacteria which secrete gelatinous substances that
envelop or encase the cells. Slime microorganisms also
include filamentous bacteria, filamentous fungi of the mold
type, yeasts, and yeast-like organisms. Slime reduces yields
in paper production and causes plugging and other problems in
water systems.

The solubility of 1,4-bis(bromoacetoxy)-2-butene
("BBAB") is very low in water. As a result, this compound
will have great difficulty being dispersed in water. Because
the compound cannot be dissoclved into water, this places a
great limitation on the practicality of BBAB. If a compound
cannot be dispersed or dissolved in water, then no matter how
good its microbicide activity, it generally will not be used
in commercial applications especially in view of the many
agqueous systems that need to be treated with microbicides as
described aboﬁe. Accordingly, there is a need to develcp'a
formulation or emulsion which permits the use of BBAB in
aqueous systems. In other words, there is a need for an
aqueous dispersable formulation containing BBAB.

SUMMARY OF THE INVENTION
An object of this invention is to provide a microbicidal
formulation that is water dispersible and/or dissolvable that
contains 1,4-bis(bromoacetoxy)-2-butene.
An additional object is to provide methods of making
this formulation.
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It is also an object of this invention to provide a
method for controlling the growth of microorganisms in
aquecus systems employing the above formulation as a
microbicide.

Another object is to provide a method for controlling
the formation of slime in an aqueous medium such as
industrial cooling water or pulp and paper systems.

A further object of the present invention is to provide
a method for controlling the growth of microorganisms on a
substance susceptible to deterioration or disfigurement by
microorganisms.

Additional features and advantages of the present
invention will be set forth in part in the description which
follows, and in part will be apparent from the description,
or may be learned by practice of the present invention. The
objectives and other advantages of the present invention will
be realized and attained by means of the elements and
combinations particularly pointed out in the written
description and appended claims. .

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, the present invention relates to an
emulsified composition formulation containing
1,4-bis(bromoacet6xy)-2-butene and a non-ionic emulsifier
having a molecular weight from about 500 to about 8,000 and
an HLB value from about 7 to about 20.

An additional feature of the present invention relates
to a method for controlling the growth of a microorganism in
an aqueous system. This method includes the step of
contacting an aqueous system susceptible to the growth of a
microorganism with the emulsified composition in an amount
effective to control the growth of the microorganism.

Another feature of the bresent invention is a method of
controlling the formation of slime which includes the step of
contacting an agueous system susceptible to the formation of
slime with the emulsified composition in an amount effective
to control the formation of the slime.
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A further feature of the present invention is a method
of controlling microbiological deterioration or
disfigurement. This method includes the step of contacting a
substance susceptible to microbiological deterioration of
disfigurement with the emulsified composition in an amount
effective to control the growth of a microcorganism.

It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are intended to provide
further explanation of the present invention, as claimed.

DETAILED DESCRIPTI
1,4-bis {bromoacetoxy) -2-butene (BBAB) employed in the
present invention has the following formula:

H H O H
Filod PN
BI-F-C-O-F-F = C-C-O—C-F-Br

]
H HE HH H

The synthesis of these compounds are described in U.S.
Patent No. 2,840,598, incorporated in its entirety by
reference herein. The CAS No. for BBAB is 20679-58-7. BBAB
has a molecular weight of 330 and is commercially available
as a technical grade product from Bromine Compounds Ltd. . In
HPLC analysis, the technical grade of BBAB is about 87% BBAB,
4% l-bromoacetoxy-4-dibromoacetoxy-2-butene (MBAB), and 4% of
1-bromoacetoxy-4-hydroxy-2-butene (BAHB). All of these
compounds are active ingredients and are considered
microbicides . For purposes of the present invention, BBAB
can include the presence of one or more of these other
compounds in small quantities. ’

The boiling point of BBAB is about 135-136°C at 0.005 mm
Hg, and the freezing point of BBAB is below -20°C. The
solubility of BBAB in water is extremely low. BBAB is
soluble in dimethylformamide and ethylene glycol
monomethylether. BBAB is also soluble in an isopropenol,
n-butenol, glycerol, ethylene glycol, propylene glycocl, and
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diethylene glycol. The specific gravity of the technical
grade of BBAB is 1.74 at 20°C.

Because BBAB has a high specific gravity, it has a
higher density than water which adds to the problem that BBAB
does not disperse well into aqueous systems such as water.
In other words, BBAB can be considered water insoluble.

The emulsified concentrated formulation of the present
invention contains at least BBAB as an active ingredient.
The formulation also contains a nonionic emulsifier that has
a molecular weight range of from about 500 to about 8,000,
preferably f£rom about 800 to about 7,000 and more preferably
from about 1,000 to about 6,000; and an HLB value of from
about 7 to about 24, preferably from about 10 to about 20,
and more preferably from about 13 to about 18.

Preferably, the formulation also contains an epoxidized
oil, a hydrophilic solvent, and an anionic emulsifier.

The BBAB is generally present in the formulation of the
present invention in an amount sufficient to control or
.inhibit the growth of at least one microorganism.
Preferably, the amount of BBAB present is from about éo wt%
to about 90 wt%, and more preferably 82 wt% to about 87 wt¥,
and most preferably about 86 wt%¥. These weight percentages,
as well as all other weight percentages referred to herein,
are based on the total weight of the formulation.

The nonionic emulsifier is generally present in an
amount from about 1 wt% to about 10 wt%, and preferably about
5 wt¥. Generally, non-ionic emulsifiers or surfactants
prepared by reacting Cl-c8 alcohols, preferably cl—c4
alcohols, with ethylene oxide and propylene oxide can be
used. In lieu of the propylene oxide as one of the
reactants, butylene oxide could be used or a mixture of
propylene oxide with butylene oxide. Alternatively, nonyl
phenol reacted with ethylene oxide and optionally with
propylene oxide, butylene oxide, or mixtures thereof can also
be a suitable non-ionic emulsifier for purposes of the
present invention. One preferred nonionic emulsifier is
butoxypolypropyleneoxypolyethyleneoxyethanol which has a
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molecular weight of 2990 or 3117 depending on the method of
calculation, according to the manufacturing data. This
compound is commercially available from Union Carbide
(Danbury, CT) under the trade name Tergitol XD. Other
commercial products which could also be used as the nonionic
emulsifier are Toximul 8320 (a non-ionic alkoxylate}, or 8322
from Stepan Co. (Northfield, IL), T Det XD and XH (an
alkoxylated butyl alcohol) from Harcros Chemicals Inc.
{Kansas City, KS), and Monolan 6400 (an ethylene oxide,
propylene oxide-copolymer) from Henkel Corporation (Cinn.,
OH) .

The anionic emulsifier preferably is a phosphate ester
anionic emulsifier. This emulsifier is used in sufficient
amounts to improve the stability of BBAB in solution.
Preferably, the anionic emulsifier is present in an amount
ranging from about 0.5 wt% to about 5 wt%, and more
preferably about 1.5 wt%. One preferred anionic emulsifier
with a phosphate ester functional group is Monofax 785 (an
alkoxyphosphate) which has an HLB value of about 10 to about
12 and is available from Mona Industries, Inc. (Patteison,
NJ). Other commercially available and acceptable phosphate
ester anionic emulsifiers are T-MULZ 565, 598, 734, or 800
{an organoc phosphonic acid ester) from Harcros Chemicals Inc.
(Kansas City, KS), Maphos from Mazer Chemicals (Gurnee,; IO),
and Antara or Gafac both from Rhone-Poulenc (Cranberry, NJ) .
Another phosphate ester anionic emulsifier is Emphos PS-236
available from Witco Chemicals Corporation (New York, NY).

The epoxidized oil should be compatible and inert to
BBAB. It is also preferred that the epoxidized oil have a
high density (i.e., greater than 1.0). Preferred epoxidized
oils are epoxidized linseed oil and epoxidized soy bean oil.
Generally, the epoxidized oil is present in an amount from
about 1 wt¥% to about 10 wt%, and preferably about 5 wt%.

The hydrophilic solvent preferably has strong coupling
ability and is preferably dipropylene glycol methylether.
The amount of the hydrophilic solvent is preferably from
about 1.0 wt% to about 5.0 wt%, and more preferably about
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1.5 wt%¥. One function of the hydrophilic solvent is to
reduce the chance of crystallization.of BBAB at room or lower
temperatures during storage.

The last prefefred component in the formulation of the
present invention is an antioxidation agent such as butylated
hydroxyanisole ("BHA") or butylated hydroxytoluene ("BHT") .
Other acceptable antioxidation agents are Tocopherol, propyl
gallate, t-butyl hydroguinone, and di—t—butylh?droquinone.
All of these antioxidation agents have the ability to also
improve the stability of the overall formulation. Preferred
amounts of the antioxidation agent are from about 0.1 wt% to
about 5.0 wt%, and more preferably about 1.0 wt%.

One preferred formulation of the present invention is as
follows: |

Formula A:

Technical grade BBAB 86.0 wt%
{includes 4% MBAB and 4% BHAB)

Epoxidized linseed oil 5.0 wt¥%
Tergitol XD 5.0 wt%
Monafax 785 1.5 wt¥%
Dipropylene glycol methylether 1.5 wt¥%
Butylated_yydroxyanisole 1.0 wt¥%

It has been discovered that when lower amounts of ;hé
active ingredient are present such as amounts ranging from
about 25.0 wt% to about 50.0 wt% of BBAB, the amount of the
components that are preferred changes. In particular, with
this range of BBAB, it is preferred to have the nonionic
emulsifier, preferably Tergitol XD, present in an amount £from
about 5 wt% to about 15 wt%, and more preferably about 10
wt%. The anionic emulsifier, preferably Monofax 785, is
preferably present in an amount from about 1.0 wt% to about
5 wt%, and more preferably about 3.0 wt¥%¥. Instead of a
hydrophilic solvent, a hydrophobic solvent is used,
preferably DMATO (dimethylamide of tall oil fatty acid),
which is preferably present in an amount from about 10 wt% to
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about 45 wt%, and more preferably about 35 wt%. Other
examples of hydrophobic solvents are aromatic solvents.

An epoxidized oil is preferably used, and most
preferably an epoxidized oil with about 15 wt% mineral oil.
The epoxidized oil is preferably present in an amount from
about 5 wt% to about 10 wt%, and more preferably about
7.5 wt%. When no mineral oil is used, the epoxidized oil ie
preferably present in an amount from about 10 wt% to about
25 wt%, and more preferably about 16.5 wt%.

The antioxidation agent, which is preferably BHA or BHT,
is present in the same amounts as described above.

Generally, in making the formulation of the present
invention, the above described ingredients can simply be
mixed together to form the formulation. The formulation of
the present invention permits the use of the active
ingredient, BBAB, in aqueous environments. In other words,
the formulation of the present invention has the ability to
disperse and/or dissolve in aqueous solutions, such as water.
This is an important feature in controlling or inhibiting the
growth of microorganisms which are present in aqueous
systems. A formulation that does not disperse or dissolve in
aqueous systems simply would not be proficient in controlling
or inhibiting the growth.of at least one microorganism and
thus the formulation of the present invention has the ability
to be effective in such aqueous systems due to its ability to
disperse or dissolve in aqueous systems such as water.

The formulation of the present invention can also be
further diluted by simply taking the formulation and diluting
it with the apprépriate amount of water to create the
necessary wt% of the active ingredient for whatever need is
called for. Again, a formulation that would not be so easily
diluted would not be desirable in commercial applications
where industry demands that a product be scld in concentrate
form and then diluted at the site of use. The formulation of
the present invention provides this advantage as well.

According to the methods of the present invention,
controlling or inhibiting the growth of at least one
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microorganism includes both the reduction and/or the
prevention of such growth.

It is to be further understood that by "controlling”
(i.e., preventing) the growth of at least one of these types
of microorganisms, the growth of at least microorganism is
inhibited. In other words, there is no growth or essentially
no growth of at least one microorganism. "Controlling" the
growth of at least one microorganism maintains the
microorganism population at a desired level, reduces the
~ population to a desired level (even to undetectable limits,
e.g., zero population), and/or inhibiting the growth of the
microorganism. Thus, the substrates or materials susceptible
to attack by these types of microorganisms are preserved from
this attack and the resulting spoilage and other detrimental
effects caused by the microorganisms. Further, it is also to
be understood that "controlling” the growth of at least one
microorganism also includes biostatically reducing and/oxr
maintaining a low level of microorganisms such that the
attack by microorganisms and any resulting spoilage or other
detrimental effects are mitigated, i.e., the microorganism
growth rate or microorganism attack rate is slowed down or
eliminated.

As reflected in the examples set forth below, the
. formulation of the pfesent invention containing
1,4-bis{bromoacetoxy)-2-butene is an effective preservativé
against bacteria and fungi in commonly used paper additives
and coating materials, such as, but not limited to, clay,
starch, calcium carbonate, titanium dioxide, carboxymethyl
cellulose, hydroxyethyl cellulose, acrylic latex, cationic
acrylamide polymers, anionic polyacrylamide polymers, alum,
styrene-butadiene resins, and various other polymers. Based
on the ability of the formulation containing
1,4-bis (bromoacetoxy) -2-butene being effective against
microorganisms in these paper additives and coating
materials, it is clear that this composition is an effective
preservétive for an entire host of substrates and commercial,
industrial, agricultural, and wood products.
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Accordingly, the formulation containing
1,4-bis(bromoacetoxy) -2-butene can be used in a method for
controlling the growth of at least one microorganism in an
aqueocus system which comprises contacting the system
susceptible to the growth of the microorganism with the
formulation containing 1,4-bis (bromoacetoxy)-2-butene in an
amount effective to control the growth of the microorganism.
The formulation containing 1,4-bis(bromoacetoxy)-2-butene may
be added directly to the system under working conditions.
Representative aqueous systems include aqueous solutions,
emulsions, and suépensions. Specific systems include
water-based paints and metalworking fluids.

The present invention alsoc relates to a microbicidal
' composition comprising a formulation containing
1,4-bis(bromoacetoxy) -2-butene in an amount effective to
control the growth of at least oﬁe microorganism and a non-
-pharmaceutically acceptable carrier. Non-pharmaceutically
acceptable carriers include solvents, surfactants, and other
carriers used in industrial applications as would be known to
those skilled in the art. These non-pharmaceutically
acceptable carriers do not have the low toxicity profiles and
purity required of pharmaceutically acceptable carriers.
Non-pharmaceutical grade water is specifically included in
these non-pharmaceutical carriers.

The formulation containing 1,4-bis(bromocacetoxy) -
2-butene can also be used in a method for controlling the
formation of slime in an aqueous system susceptible to slime
formation which comprises the step of contacting the aqueous
system with the formulation containing 1,4-bis(bromoacetoxy) -
2-butene in an amount effective to prevent the formation of
slime. The formulation containing 1,4-bis(bromoacetoxy) -
2-butene may be added directly to the system under working
conditions. The formulation containing
1,4-bis(bromoacetoxy) -2-butene can be used to kill slime
forming organisms, both bacteria and fungi. This method is
effective in agqueous ligquids such as a pulp slurry for use in
papermaking or liquids contained in a water cooling device.
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A further use of the formulation of the present
invention resides in a method of controlling microbiological
deterioration or disfigurement comprising the step of
contacting a substance susceptible to microbiclogical
deterioration or disfigurement with the formulation
containing 1,4-bis (bromoacetoxy) -2-butene in an amount
effective to inhibit the growth of the microorganism.

Microorganisms, as used herein, include, but are not
limited to, bacteria and fungi, including both yeasts and
molds. Examples of bacteria include Pseudomonas aeruginosa
and Ochrobactrum anthropi. Example of fungi include
Aspergillus niger (ATCC 9642). .

The formulation containing 1,4-bis(bromoacetoxy) -
2-butene may be applied to the substance or admixed with the
components which make up the substance. This method is
effective on substances such as wood, paint-film, leather, -
flexible plastic, textiles, and the like. 1In the
preservation of leather, these compounds can be absorbed onto
the hides and thus can be used in the long term preservation
of leather. Similarly, in wood preservation applications,
the formulation containing the 1,4-bis(bromoacetoxy)-
2-butene provides a method for inhibiting the growth of .
wood-decaying organisms over a short or long period of time.

The formulations of the present invention have a number
of advantages over other known microbicides. They are
excellent microbicides to be used for both preservation of
paint while in the can and after application on the bainted
surface. They are hydrolytically stable over a wide pH range
(3-9) and can be used in both latex and oil-based systems.
They are soluble in many solvents, and may therefore be
readily diluted for convenience of use. Their compatibility
and efficiency makes them advantageous for use as a
microbicide in plastic, and for impregnation in or
application on the surface of wood, paper, cloth or other
materials.

The effective amount or percentage of active compounds
necessary to achieve the desired result will vary somewhat
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depending on the substrate or aqueous systém to be protected,
the conditions for microbial growth, and the degree of
protection desired. The concentration of the compounds of
the present invention generally ranges from about 0.0001% to
4% {(w/w); preferably 0.0001% to 0.2%, and more preferably
0.0005% to 0.0050% in the composition applied. One of
ordinary skill can readily determine the effective amount
required for a particular application by simply testing
various concentrations prior to treatment of the entire
effected substrate or system.

With aqueous systems, a preferred effective amount of
active compound ranges from about 20 to 5000 parts per
million, and more preferably, from about 250 to 2000 parts
per million of the agqueous system. The amount of
bis 1,4- (bromoacetoxy) -2-butene effective to prevent the
formation of slime in an aqueous liquid preferably ranges
from about 1 to about 200 parts per million, and more
preferably, from about 1 to 25 parts per million of the
aqueous liquid. '

The following examples are given to illustrate the
nature of the invention. It should be understood, however,
that the invention is not to be limited to the specific
conditions or details set forth in these examples.

The present invention will be further clarified by the
following examples, which are intended to be purely exemplary
of the invention.

‘Example 3
Preparation of formulation containing
1,4-big(bromcace -2~

The formulation of formula A described above, was
‘prepared by adding all of the ingredients into a reactor at
room temperature with constant stirring until the solution
became homogeneous insuring that BHA had completely dissolved
in the solution.
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_13_
Example 2
Materials an e ]
1. Biocide
FORMULA A

2. Materials Preserved _
(1) 30% aqueous solution of clay, pH = 3.2

(2) 30% aqueous solution of uncooked starch, pH = 5.8.
(3) 30% aqueous solution of calcium carbonate,

$.0.

(4) 30% aqueous solution of titanium dioxide, pH = 7.0.

pH

(5) 5% aqueous solution of carboxymethyl cellulose
(cMe), pH = 6.5. _

{6} 5% aqueous solution of hydroxyethyl cellulose
(HEC), pH = 6.0.

(7) 50% aqueous solution of acrylic latex (the original
latex contains 51% solid) used as paint ingredient, pH = 5.5.

(8) 1% aqueous solution of BFL 950 (a cationic
acrylamide polymer), pH = 4.1.

(9) 1% aqueous solution of BL 606 (an anionic
polyacrylamide polymer), pH = 6.2.

(10) 5% aqueous solution of alum (48% aluminum sulfate),
PH = 3.5,

{(11) 30% aqueous solution of styrene-butadiene resin
(SBR), pPH = 7.0. '

3. Microorganisms

. The bacterial inoculum was a mixture of Pseudomonas
aeruginosa and Ochrobactrum anthropi which were previously
isolated from a naturally contaminated paint. The fungal'
inoculum was a laboratory strain of Aspergillus niger
(ATCC 9642).

Both bacteria and fungi were acclimated in the above
aqueous solutions for at least two weeks until adequate
growth was presented in the solution. The spoiled materials
were then used as the inocula for the challenge tests.
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4. Culture Medium
Difco dehydrated tryptone glucose extract (TGE) agar was
used for plating in antibacterial test. Difco dehydrated

Sabouraud’s agar was used for plating in antifungal test.

5. Procedure

(1) Bacterial Challenge Test.

To each 4-oz glass bottle was added 50 ml of aqueous
solution of the above materials to be preserved, followed by
the addition of a desired volume of the formulation of
formula A ("Busan 1210®")} to give a desired biocide
concentration in parts per million (ppm). The biocide
concentrations for clay, CaCO3, Tioz, and uncooked starch
were 100, 500, 1000, and 2000 ppm, and for CMC, HEC, SBR,
alum, BFL 590, and BL 606 were 200, 500, and 1000 pm, and for
acrylic latex were 200, 500, 1000, 2000 ppm. Controls
without addition of biocide were included for each material
to be preserved. The pH of each above aqueous solution was
measured before the biocide addition. The samples (treated
and control) were inoculated by adding about 2 ml of the
specific spoiled material to give a bacterial count of -
approximately 106/m1; Immediately after the inoculation, the
controls were plated to determine the actual inoculum
concentration. All the samples including controls and
treatments were incubated at room temperature with the
bottles loosely capped. At the end of each week’s
incubation, one ml of liquid was withdrawn from each sample
(control and treatment) and plated on TGE agar to determine
the number of survivors. All plates were incubated at room
temperature for 5 days before counting. The tests were
conducted for six weeks with weekly sampling. . Immediately
after each week’s sampling, the treated samples were
rechallenged with 2 ml of bacterial inoculum from one of the
duplicated controls.

All the treatments and controls were duplicated in the
test. After each addition (including biocide, inoculum and
the rechallenge), the bottles were vigorously shaken to mix
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the samples thoroughly. A biocide concentration that can
provide a 95% or more reduction in count was considered as
the effective concentration to preserve the material.

(2) Fungal Challenge Test.

The procedure for the antifungal test is very similar to
that used for the antibacterial test described above. The
differences from the above procedure were as follows.

The inocula were the spoiled materials containing A.
niger which was previously acclimated in the material
solutions for several weeks. The inoculum size for each
sample was about 10° spores/ml. Sabouraud’s agar instead of
TGE agar was used as the recovery medium for the fungal
growth. Streak cultures (instead of dilution plating) were
prepared on Sabouraud’s agar weekly for all inoculated
samples {(controls and treatments) to determine the levels of
fungi present. Fungal growth was judged on a
growth-no-growth basis. A biocide concentration that can
provide no fungal growth on the plates was considered as the
effective concentration to preserve the material.

The procedures, as set forth in the manual of "ASTM
Standards on Materials and Environmental Microbiology"

(1st ed. 1987, pp. 278-282), were followed.



RESULT,

1. ANTIBACTERIAL TEST
Table 1. Efficacy of Busan 1210 Against Bacteria in 30% Slurry of Clay
BS1210 (ppm) Week 1 (cfu/ml)* Week 2 I Week 3 (cfuml) Week 4 (cfu/ml). Week 5 (cfu/ml) Week 6 (cfu/m!)
0 (control) 12x107 14x 107 Lix10 54 x10 2.6x 107 4.1x10
0, (control) 14x10° 19x 107 1.2x10 3.1x107 44 x 107 73 x10°
100 ) 68 x 10 23 x 107 Not Testad Not Tested Noi Tested Not Tested
100 9.6 x 10 35x 107 Not Tested Not Tested Not Tested Not Tested
500 <108 <10 <10 <10 <10 <10
500 <10 <10 <10 <10 <10 <10
1000 <10 <10 <10 <10 <10 <10
1000 <10 <10’ <10 <10 <10 <10
2000 <10 <10 <10 <10 <10 <10
2000 <10 <i0 <10 <10 <10 <10
Table 2. Efficacy of Busan 1210 Against Bactetia in 30% Slurry of TiO,
BS1210 (ppm) Week 1 (¢ Week 2 (cfu/mi) Week 3 (cfu/ml) Week 4 (cfu/m] Week § (cfu/mi) Week 6 (cfu/m]
0 {(conirol) 33x107 31x107 40x 107 84 x 107 16x10° 19x10'
0 (control) 31x 107 28x 107 22x10° 9.2x 10 21X 10* .1.8x10°
100 64 x 10° 24x 10" Not Tested Not Tested Not Tested Not Tested
100 32x10* 18x 10 Not Tested Not Tested . Not Tested Not Tested
500 6.0 x 10 25x10? 2.6 x 10* 4.6 x 10° 1.1 x10* 78 10
500 15x 10 14x10° . 58x10 78x 10° 18 10° 11x10
1000 <10 <10 <10 <10 <10 4312 10°
1000 <10 <10 . <10 <10 <10 80x10°
2000 <10 <10 <10 <10 <10 <10
2000 <10 <10 <10 <10 <10 <10

* cfu---colony forming unis,

# “<10" represents a cf/ml between 0 and 9 because the dilution limitation is 10" for plate counting,
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Table 3. Efficacy of Busan 1210 Against Bacteria in 30% Slurry of CaCO,
BsS1210 (pom) Week 1 (cfa/ml) Week 2 (cfml) Week 3 (cfuml) Week 4 (cfu/ml) Week 3 (cfujmb) Week 6 (cfu/ml)
0 (control) 63x10° 46x 10 38x107 Not Tested Not Tested Not Tested
0 (control) - 68x 10 62x 107 62x10 Not Tested Not Tested Not Tested
100 54x10 53x10 Not Tested Not Tested Not Tested Not Tested
100 x10 48x 10 Not Tested Not Tested Not Tested Not Tested
500 6.1x 10 14x 10 212307 Not Tested Not Tested Not Tested
500 41 x10° 1110 23x 107 Not Tested Not Tested Not Tesied
1000 72x 10} 1.1 x 10 18x 107 Not Tested Not Tested Not Tested
1000 85x 10* 89x 10° 22x 107 Not Tesied . Not Tested Not Tested
2000 7.7x 10 23x10° 84x 10 . Not Tested Not Tested Not Tested
2000 82x 10° 36x10° 12x1¢ Not Tested Not Tested Not Tested
Table 4. Efficacy of Busan 1210 Against Bacteria in 30% Slurry of Uncooked Starch
BS1210 (ppm) Week 1 Week 2 (cfu/ml) Week 3 (cfu/ml Week 4 (cfu/mb) Week § (cfufml) Week 6 (chu/ml)
0 (control) 28x 107 21x 10 46x10° 552107 89x10 96x 10
0 (control) 25x 107 18x 10° 89x10° 63x10° 74X 10 83x 107
100 48x 108 14x10 Not Tested Not Tested Not Tested Not Tested
100 eix10* 1.2x10 Not Tested Not Tested Not Tested Not Tested
500 1.0x10° <10 <10 <10 <10 <i0
500 14xi0 <10 . <10 <10 <10 <10 *
1000 <10 <10 <10 <10 <10 <10 '
1000 <10 <10 <10 <10 <10 <10
2000 <10 <10 <10 <10 <10 <10
2000 - 13x10 . <10 <10 <10 <10 <10
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Table 5. Efficacy of Busan 1210 Against Bacteria in 5% Solution of CMC
BS1210 (ppm) Week 1 (ofu/ml) Week 2 Week 3 (cfojmi) Week 4 (cfu/ml) Week 5 (cfivml) Wk 6 b
0 (control) 62x10* 83x10° 11x10 16x 10 11 x10° 1.0x10°
0 (control) 65 x 10° 87x10 10x 107 12x 107 12x10° 12x 107
200 34x10° 27x16° 34x10° 6.8 x 10¢ Not Tested Not Tested
200 42x10° 9.6 x 10° 28x10° 45x 10° Not Tested Not Tested
500 <10 <10 94 x 10° 12x10° 90 x 10? 43x10°
500 <10 <10 23x 10? 6.8 x 10 15x 10° 41x10
1000 <10 <10 <10 <10 <10 <10
1000 <i0 <10 <10 <10 <10 <i0
Table 6. Efficacy of Busan 1210 Against Bacteria in 5% Solution of HEC
BS1210 (ppm) Week 1 (cfu/ml) Wezk 2 (c Wesk 3 (cfu/mt) Week 4 (cfu/ml) Week 5 ) Wek 6 (i)
0 (control) 18x 107 23x 10 12x10° 21 x 10 11x10 17x10
0 (control) 17x 107 22x 107 14x 10 27x 107 12X 107 15x 107
200 90 x 10? 76 x 10° L1x 100 Not Tested® Not Tested Not Tested
200 - 22x10° 12x 10' 11x10f Not Tested Not Tesied Not Tested
500 28x 10° 3.1x10° 8.1x10° 14x10 56x10° 74 x 10°
500 18x 10° 56x10° 1.5x 100 27x 10 14x10° 8.6 x 10
1000 28x10° 1.2x 10° 1.0x 10? 14x10° 20x 10? 31x100
1000 70x 10 1.1 x 107 6.0 x 10 62 x 10 20x 10° 46 x 10t

...8'[_
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Table 7. Efficacy of Busan 1210 Against Bacteria in 50% Solution of Acrylic Latex
BSII0Gom) ek (cfuimi) Week 2 (efulmi) Week 3 (efu/m) Week 4 (cfi/ml) Week S (ofufl) Wk 6 i)
0 (controf) 74%10° 2.1x10° 14x10° 23x10° 68x 10° 32x10°
0 (control) 83x10° 33x10° 12x10° 27x 106 78x10° 42x10°
200 <10 46x10° 19x10 36x10° 23x10° 3.0x10
200 <10 14 x10° 22x10° 72x 10° 41x10° 1.6x 10°
500 <10 <10 46x 10 31x10 20x 16 23x10
S00 <10 <10 52x10° 68x10° <10 1.0x10?
1000 <10 <10 <10 <10 <10 30x10
1000 <10 <t <10 - <10 <10 <10
Table 8. Efficacy of Busan 1210 Against Bacteria in 5% Solution of Alum
BS1210 (pym) Week 1 Week 2 (cfw/m) Week 3 (cfujmb) Week 4 (chu/ml) Week 5 1 Wek 6 lifrd)
0 (control) 1.2x 10 28x10* 44 x 10° 74 x 10 45x10° 54 x 10
0 (contral) 745 10° L1x10° 48 x 10° 8.7x 10° 56X 10° 41x1
200 <10 <10 21x10° 13x10° Not Tested Not Tested
200 <10 <10 8.6 x 10" 7.7 x 16° Not Tested Not Tested
500 <10 <10 <10 33x10° 13x10° 40x10°
500 <10 <10 <10 24 x 10 5.1 x 10° 20 x 10?
1000 <10 <10 <10 <10 <10 <10
1000 <10 <10 <10 <10 <10 <10
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Table 9.  Efficacy of Busan 1210 Against Bacteria in 1% Solution of BFL 590
BS1210 (ppm) Week 1 (cf/mb - Week 2 (cfu/ml) Week 3 (cfu/ml) Week 4 (cfu/ml) Week 5 (cfu/mb) Wek 6 i)
0 (control) 21x 10 36x10° 6.4 x 107 78x10 42x 10 15 x 10
0 (control) 438 x 104 58x10° 152100 89x10° 45x 107 12x 10
200 <10 <10 <0 <10 <10 <10
200 <10 <10 <10 <10 <10 <10
500 <10 <10 <10 <10 <10 <10
500 <10 <10 <10 <10 <10 <10
1000 <10 <10 <10 <10 <10 <10
1000 <10 <10 <10 <10 <10 <10
Table 10. Efficacy of Busan 1210 Against Bacteria in 1% Solution of BL 606
BS1210 (ppm) Week ) (cfu/ml) Week 2 (cfu/ml) Weck 3 (cfu/ml) Week 4 Wezk S (cfujml) Wk 6 &)
0 (control) 82x 10 89x10' 2 8.2x 107 8.8 x 107 68x 107 64x10°
0 (contral) 94 x 10 92x 107 88x10 92x10 53X 51x10
200 96x 10 84 x10 ¢ 36x10° 79 x 10° Not Tested Not Tested
200 21x 10° 49 x 10° 48x10* 82 x 10° Not Tested Not Tested
500 - <10 <10 <10 <10 . <10 20x10?
500 <10 <10 <Jo <10 93 x10? 38x10
1000 <10 <10 <10 <10 <10 -’ <10
1000 <10 <i0 <10 <10 <10 <10
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Table 11. Efficacy of Busan 1210 Against Bacteria in 30% Solution of SBR

BS1210 (ppm) Week 1 (cfuml) Week 2 (cfu/ml) Mé.(d_"m Week 4 (chv/mD) Week 3 (cfufml) Wek 6 i)

0 (control) 87x 10 84x10 13x 10 1.1x10° 17x10* L1x 10 .
0 (control) 92x 107 93x10" 1.1x 10 1.8x 10 19X 10* 15x 10

200 10x 10 86x10° 10x 10 36x10 30x 10 20x10° 'E.’
200 40 x 10* 23x10° 20x 10* 471x10° 80x10® 40 x 10

500 <10 <10 <10 <10 <10 <10 ]
500 <10 <10 <10 <10 ) <10 <10

1000 <10 <10 <10 <10 <10 <10

1000 <10 <10 <10 <10 <10 <10
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II, ANTIFUNGAL TEST

Table 12. Efficacy of Busan 1210 Against A. niger In 30% Sturry of Clay

BS1210 (ppm) Wesk { (growth) Week 2 (growth) Wesk 3 (growth) Week 4 (srowth) Wesk $ (growth) Wesk 6 (growth)

0 (control) + + + + + +

0 (conirol) + + + + + +

m - - - - - - +

200 - - - - . +

500 . . . . . -

500 - - . - . .

1000 - - - - . -

1000 - - - . . -
Table 13, Efficacy of Busan 1210 Against A, niger in 30% Slurry of TiO,

BS1210 (ppm) Week 1 (growth) Week 2 (prowth) Week 3 (prowth) Week 4 (growth) Week 5 (zrowth) Week 6 (growth)

0 (control) + + + + + +

0 (control) + + + + + +

200 + Not Tested Not Tested Not Tested Nol'l‘esud Not Tested

200 + Not Tested Not Tested Not Tested Not Tested Not Tested

500 - + Not Tested Not Tested Not Tesied Not Tested

500 - + Not Tested Not Tested Not Tested Not Tested

1000 - - - - + + Not Tested

1000 - - - + + Not Tested

2000 - - - . -

¥® 4" - growth obssrved;

*." < No growih,

e -
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Table 14, Efficacy of Busan 1210 Against A. niger in 30% Slurry of CaCO,

Week 5 (growih)

BS1210 (pom) Week 1 (growth) Week 2 (growth) Week 3 (srowth) Weck 4 (growth) Week 6 (erowih)

0 (control) + + Not Tested Not Tested Not Tested . Not Tested

0 (control) + + Not Tested Not Tested Not Tested Not Tested

500 + + Not Tesied Not Tested Not Tesied Not Tested

500 + + Not Tested - Not Tested Not Tested Not Tested

1000 + + Not Tested Not Tested Not Tested Not Tested

1000 + + Nat Tested Not Tested Not Tested Not Tested

2000 - + Not Tested Not Tested Not Tested Not Tested

2000 - + Not Tested Not Tested Not Tested Not Tested
Table 15, Efficacy of Busan 1210 Against A, niger in 30% Slurry of Uncooked Starch

351_210 (ppm) " Wesk 1 (prowih) Week 2 (prowth) Week 3 (growth) Week 4 (growth) Wesk 5 (growth) Week 6 (cfu/ml)

0 (control) + + + + + +

0 (control) + + + + + +

200 - - - . - .

200 - - - - ¢ - .

500 .- - - - . - -

500 - - - - -

lm - - - - - -

1000 - - - - .

gec -
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Table 16. Efficacy of Busan 1210 Against A, niger in 5% Solution of CMC

BS1210 (ppm) Week | (zrowth) Week 2 (growth) Week 3 (prowth) Weck 4 (growih) Week 5 (prowth) Wk 6 Gaont)
0 (control) + + + + + +
0 (control) + + + + + +
200 - - + Not Tested Not Tested Not Tested
200 . - + Not Tested Not Tested Not Tested
500 - . - - + Not Tested
500 - . - - + Not Tested
1000 . - - - - -
1000 - - - - - -
Table 17, Efficacy of Busan 1210 Against A. niger in 5% Solution of HEC
BS1210 (ppm) Week 1 (growth) Week 2 {erowth) Week 3 (growth) - Week 4 (growth) Week 5 th Wak 6 o)
0 (control) + + i + + +
0 (control) + + : + + +
200 - - + Not Tested Not Tested Not Tested
200 - - + Not Tested Not Tested Not Tested
50 . - - - + Not Tested
300 - - - - + Not Tested
1000 - - - - - -
lm - - - - -

..iz-
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Table 18. Efficacy of Busan 1210 Against A. niger in 50% Solution of Acrylic Latex

BS1210 (ppre) Wesk 1 (growth) Week 2 (growth) Week 3 (growih) Week 4 (growth) Week § (erowth) Wk 6 gouty
0 (conrol) + + + + + +
0 (control) + + + + + +
20(0 - - + Not Tested Not Testad Not Tested
200 . . + Not Tested Not Tested Not Tested
500 - - + Not Tested Not Tested Not Tested
500 - . + Not Tested Not Tested Not Tested
1000 . " - - + + Not Tested
1000 - - - + + Not Tested
2000 - - - - - -
2000 - . - - - -
Table 19. Efficacy of Busan 1210 Against A. niger in 5% Solution of Alum
BSI1210 (ppm) Week 1 (prowth) Weck 2 (growth) Week 3 (growth) Week 4 (srowih) Week 5 (erowth) Wk 6 Gowd)
0 (contral) + + ) + + + +
0 (control) + 9 + + + +
- 200 - - - + Not Tested Not Tested
200 - - * - + Not Tested Not Tested
500 - - . - - -
500 . . . - - -
1000 - - - - . .
1000 - - - - -
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Table 20. Efficacy of Busan 1210 Against A, niger in 1% Solution of BFL 550

1881210 (ppm) Week | (growih) Week 2 (growth) Week 3 (growth) Week 4 (growih) Week 5 (growth) Wok 6 Erab)
0 (control) + + + + + +
0 (control) + + + + + +
200 . - - + Not Tested Not Tested
200 - - - + Not Tested Not Tested
500 - - . - . .
500 - - - - - -
1000 . - - - - -
1000 - - . . . .

-gz-

Table 21. Efficacy of Busan 1210 Against A, siger in 1% Solution of BL 606

BS1210 (ppm) Week 1 (prowth) Waek 2 (growik) Week 3 (srowth) Wesk 4 (growth) Week 5 Werk 6 Gawt)
0 (control) + + + + + +

0 (control) + 9 + + + + +
200 - - + Not Tested Nol Tested Not Tested
200 - . - + Not Tested Not Tested Not Tested
500 - - - - + Not Tested
500 - - - - + Not Tested
1000 - - - - - -
1000 - - - - - -
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Table 22. Efficacy of Busan 1210 Against A, niger in 30% Solution of SBR

BS1210 (ppm) Week 1 (growth) Week 2 (growth) Week 3 (growth) Week 4 (growth)

0 (control)
0 (control)
200

200

500

500

1000

1000

+v
&*

"Il|l++
[ I T T B R Sy

T

Week 5 th Wk 6 Gowt)
+ +
+ +
Not Tested Not Tested
Not Tested Not Tested

Table 23. Summary of Effective Busan 1210 Concentrations vs Bacteria & Fungi for Six Weeks in All Materials

Material Prescrved Effective Concentration vg Bacteria (ppm)
Clay (30%) 500, 1000, 2000

TiO, (30%) 1000, 2000

CaCO, (30%) 2000 ppm for only 2-weeks
Uncooked Starch (30%) 500, 1000, 2000

CMC (5%) 500, 1000

HEC (5%) 1000

Acrylic Latex (50%) 500, 1000

Alum (5%) 5§00, 1000

BFL 590 (1%) ' 200, 500, 1000

BL 606 (1%) 500, 1000

SBR (30%) 200, 500, 1000

Effective Concentration vs A. niger (ppnl)

500, 1000
2000

2000 ppm only for 1 -week
200, 500, 1000
1000

1000

2000

500, 1000
500, 1000
1000

500, 1000

* Table 23 summarizes the effective conoentralions of Busan 1210 to preserve the above materials for the entire six weeks

versus bacteria and fungi.
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Table 23 sets forth the summary of the results showing
bis 1,4- (bromoacetoxy) -2-butene to be an effective
microbicide and preservative.

Other embodiments of the present invention will be
apparent to those skilled in the art from consideration of
the specification and practice of the invention disclosed
herein. It is intended that the specification and examples
be considered exemplary only, with a true scope and spirit of
the invention being indicated by the following claims.
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1. An emulsified composition comprising
(a) 1,4-bis(bromoacetoxy)-2-butene; and
(b) a nonionic emulsifier having a molecular weight
of from about 500 to about 8,000 and a HLB value of from
about 7 to about 20. -

2. The composition of claim 1, further comprising an
epoxidized oil.

3. The composition of claim 2, wherein said epoxidized
0il is epoxidized linseed oil or epoxidized soybean oil.

4. The composition of claim 1, wherein said
1,4-bis (bromoacetoxy)-2-butene is present in an amount at
least about 50 wt% of said composition and further comprising
a hydrophilic solvent.

5. The composition of claim 1, wherein said
1,4-bis(bromoacetoxy) -2-butene is present in an amount below
about 50 wt% of said composition and further comprising a
hydrophobic solvent.

6. The composition of claim 5, further comprising
mineral oil.

7. The composition of claim 4, wherein said
hydrophilic solvent is dipropylene glycol methylether.

8. The composition of claim 1, further comprieing an
anionic emulsifier.

9. The composition of claim 8, wherein said anionic
emulsifier has a phosphate ester functional group.
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10. The comﬁosition of claim 1, further comprising an
antioxidation agent.

11. The composition of claim 10, wherein said
antioxidation agent is BHA or BHT.

12. The composition of claim 1, further comprising an
epoxidized oil, a hydrophilic or hydrophobic solvent, an
anionic emulsifier and an antioxidation agent.

13. A method for controlling the growth of at least one
microorganism in an aqueous system comprising the step of
contacting an agueous system susceptible to the growth of a
microorganism with a composition comprising:

(a) 1,4-bis(bromoacetoxy)-2-butene present in an
amount of at least about 50 wt% of said solution; and

(b) a nonionic emulsifier having a molecular weight
of from about 500 to about 8,000 and a HLB value of from
about 7 to about 20;

wherein said composition is present in an amount
effective to control the growth of said microorganism.

14. The method of claim 13, wherein the composition
further comprises an epoxidized oil, a hydrophilic solvent,

an anionic emulsifier and an antioxidation agent.

15. The method of claim 13, wherein said microorganism
is a bacterium or a fungus.

16. The method of claim 13, wherein said aqueous system
is an aqueous-based solution, an aqueous-based emulsion or an

aqueous-based suspension.

17. The method of claim 16, wherein said aqueous-based

emulsion is a paint.
AR VRO A
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18. The method of claim 16, wherein said agueous-based
solution is a metalworking fluid.

19. The method of claim 13, wherein said effective
amount is from about 20 to about 5000 ppm of said aqueous
system.

20. The method of claim 19, wherein said effective
amount is from about 250 to about 2000 ppm of said aqueous
system. )

21. A method of controlling the formation of slime
comprising the step of contacting an agueous system
susceptible to the formation of slime with a composition
comprising: -

(a) 1,4-bis (bromoacetoxy)-2-butene; and

{b) a nonionic- emulsifier having a molecular weight
of £from about 500 to about 8,000 and a HLB value of from
about 7 to about 20;

wherein said composition is present in an amount
effective to control the formation of said slime.

22. The method of claim 21, wherein the composition
further comprises an epoxidized oil, a hydrophilic or
hydrophobic solvent, an anionic emulsifier and an
antioxidation agent.

23. The method of claim 21, wherein said effective
amount is from about 1 to about 200 ppm of said agueous

system.

24, The method of claim 23, wherein said effective
amount is from about 5 to about 25 ppm of said agueous

system.
AR
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25. The method of claim 21, wherein said aqueous system
is a pulp slurry.

26. The method of claim 21, wherein said agqueous system
is contained in a water cooling device.

27. A method of controlling microbiological
deterioration or disfigurement comprising the step of
contacting a substance susceptible to microbiological
deterioration or disfigurement with a composition comprising:

(a} 1,4-bis(bromoacetoxy)-2-butene; and

{b) a nonionic emulsifier having a molecular weight
of from about 500 to about 8,000 and a HLB value of from
about 7 to about 20;

wherein said composition is present in an amount
effective to control the growth of at least one
microorganism.

28. The method of claim 27, wherein the composition
further comprises an epoxidized oil, a hydrophilic or
hydrophobic solvent, an anionic emulsifier and an
antioxidation agent.

29. The method of claim 27, wherein said contacting
step is a step of applying said composition to said
substance.

30. The method of claim 29, wherein said contacting
step is a step of admixing said composition with the
components which constitute the surface of said substance.

31. The method of claim 29, wherein said substance is
wood.

32. The method of claim 29, wherein said substance is
paint-£film.

Ll
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33, The method of claim 29, wherein
leather.

34. The method of claim 29, wherein
flexible plastic.

35. The method of claim 29, wherein
textile.

36. The method of claim 29, wherein

microorganism is a bacterium or fungus.

37.

PCT/US96/08657

said substance is

said substance is a

said substance is a

said at least one

A method of dispersing a composition comprising

1,4-bis (bromoacetoxy) -2-butene in an agqueous system

comprising the steps of adding a non-ionic emulsifier having
a molecular weight from about 500 to about 8,000 and an HLB
of from about 7 to about 20 to said composition.

38.

The method of claim 37, further comprising the
addition of an epoxidized oil.



