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STABLE, LOW VOC, LOW VISCOUS BIOCIDAL FORMULATIONS AND
METHOD OF MAKING SUCH FORMULATIONS

Cross-Reference to Related Applications
This application claims priority from U.S. Provisional Application Serial No.

60/833,160, filed July 25, 2006, which is incorporated herein by reference in its entirety.

Field of the Invention

The invention relates to stable biocide formulations which contain 1,2-
benzisothiazolin-3-one ("BIT") and polyglycols. The new formulations exhibit one or more
of the following properties: low volatile organic carbons (*VOCs"), low viscosities, near
neutral to acidic pH, and good freeze-thaw stability. The new formulations of BIT, with or
without one or more additional biocides, are advantageous for use in latex, paint, coating,

leather, metal working fluids, cosmetic,” and personal care products for controlling the

undesired microbial growth in those media.

Background of the Invention

BIT, as shown below, is a well known biocide that has been used over a
number of years to protect aqueous media against microorganisms including bacteria. For

example, BIT is a preferred in-can biocide to preserve the acrylic and acrylate paint

emulsions for an extended period of time.

NH
BIT
Even though BIT is used to protect aqueous media against microbiological spoilage

and deterioration, BIT has a limited solubility in water. Various methods have been

developed to improve the formulation of BIT. U.S. Patent Application No. 2005/0220830

("the '830 application”) summarizes the previous attempts to solve the problem by

-] -
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developing various formulations of BIT. The disadvantages of those BIT formulations
include presence; of amines, lack of low temperature stability, too high a viscosity to pour
the solutions, high pH which can cause pH shock when added to latex or to other
applications, and presence of high amounts of volatile components that result in high VOCs
of the final formulations.

U.S. Patent Application No. 2005/0220830 disclosed a neutral pH, VOC-free
biocide formulation comprising an effective amount of BIT in polyethylene glycol ("PEG")
of moiecular weight (Mw) of 400 ("PEG-400") or more. A preferred formulation 1s
composed of about 0.1-30 wt. % BIT, about 20-90 wt. % PEG-400 and 0-3 wt. % alkali
metal hydroxide, and about 0-15 wt. % water. The most preferred formulation has 20 wt. %
BIT, 70 wt. % PEG-400, 2.1 wt. % sodium hydroxide, and 7.9 wt. % water. The
improved formulations are stated to be stable at temperatures as low as -20 °C for an
extended period of time.

A drawback of the PEG-400 based BIT formulations is that the formulation has a
higher viscosity. The higher viscosity of the BIT formulations is disadvantageous for
handling by the end-user of the BIT formulation especially at a low temperature.

Therefore, there is a need for stable biocide formulations in ncar‘neutral to acidic pH
ranges comprising effective concentration of BIT or other biocides that exhibit low
viscosity, low VOCs, and stability at low temperature.

More specifically, there exists a need for a liquid carrier system to solubilize BIT,

with or without one or more additional biocides, in a near neutral to acidic pH, that has a

relatively low viscosity to facilitate easy pouring of the solution, that does not freeze at low

temperatures, and that has low or no VOC components present in such liquid carrier system.

SUMMARY OF THE INVENTION

According to one aspect of the invention, a formulation is provided comprising an

effective amount of a biocide, 1,2-benzisothiazolin-3-one (BIT), and a polyglycol liquid
i I
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carrier of formula (I): R-O-(A0),-O-R’, wherein n is 4-25, preferably 5-20, more preferably
6-15, R and R’ are independently hydrogen, C,-C; alkyl groups, O=C-CH3; group, or O=C-
C,Hs group, and AO is a) CH,CH;O, or b) CH,CH,0O /CH,CHMe-O block or random
copolymer; with proviso that when R and R' are both hydrogen, AO is a block or random
copolymer., |

According to another aspect of the invention, the liquid carrier has the block or
random copolymer with more than 50 wt. % of CH,CH2O.

According to yet another aspect of the invention, the formulation further comprises
alkali metal hydroxide and water.

According to another aspect of the invention, the formulation comprises about 0.1 to
30 wt. % of BIT, about 10 to 80 wt. % of polyglycol of formula (I), less than 5 wt. % of
alkali metal hydroxide, and less than 30 wt. % of water.

In one embodiment of the invention, the liquid carrier is Me-O-(CH2CH20)-OH
and 1n anotﬁer embodiment, the liquid carrier is Me-O-(CH,CH»0)s-OCOCH;. In a further
embodiment, the liquid carrier is Me-O-(CH2CH20)6-OH or is Me-O-(CH2ZCH20),-OH
with a molecular weight of about 750.

In another embodiment, the liquid carrier is formula (I): R-O-(AO),-O-R’, wherein
n is 5-10, R is propyl and R’ is hydrogen, and AO is CH;CH2O. In a different embodiment,
the liquid carrier is formula (I): R-O-(AO),-O-R', wherein n is 3-10, R and R' are both
propyl groups, and AO is CH;CH:O.

In another embodiment of the invention, the formulation comprises 15 to 25 wt. %,
preferably about 20 wt. % of BIT, about 50 to 60 wt. % of Me-O-(CHZCH20)s-OH, about 3

to 4 wt. % of NaOH, and about 15-25 % of water.

According to a further aspect of the invention, the formulation comprises more than

one biocide. In one embodiment, the biocides are 1) BIT and 2) one or more of bronopol,

methylisothiazolinone (MIT), chloromethylisothiazolino.ne (CMIT), glutaraldehyde,
-3 -
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orthophenylphenol, bromine containing biocides, or formaldehyde releasers such as N- and
O-formals, or mixtures of these biocides.

In one aspect of the invention, the pH of the formulation is between 1 to 10. In
another aspect of the invention, when a second biocide is added to thé formulation and the
second Siocide is only stable in acid condition, the pH of the formulaﬁon may be between 1-

7, preferably between 2 to 6.

In yet another aspect of the invention, the viscosity of the formulation is between
about 20 to 200 mm*/second at 25 °C., preferably between about 30 to 100 mm?*/s at 25 °C.,
and more preferably between 40 to 80 mm-/s at 25 °C.

In another aspect of the invention, the formulation comprises less than 10 wt. % of
volatile organic carbons, preferably less than 7 wt. % of volatile organic carbons, and more
preferably less than 5 wt. % of volatile orgz;nic carbons.

In yet another aspect of the invention, a method is provided to make a formulation
containing an effective amount of at least one biocide, 1,2-benzisothiazolin-3-one (BIT),
and a polyglycol liquid carrier of formula (I): R-O-(AO),-O-R' wherein n is 4-25, R and R
are hydrogen, C;-C3 alkyl groups, O=C-CH; group, or O=C-C;Hs group, and AQO-is
CH,CH,O, or CH,CH,O /CH,CHMe-O block or random copolymer; with proviso that
when R and R’ are both hydrogen, AO is a block or random copolymer , the method

comprising: adding the biocide to the polyglycol to form a mixture, and sturing the mixture

of biocide and polyglycol.

In another aspect of the invention, the method also includes adding an alkali metal
hydroxide and/or water to the mixture of biocide and polyglycol.

In yet another aspect of the invention, the method comprises adding an acid to adjust
the pH of the formulation to less than 7. Preferably, the acid s lactic acid.

Other exemplary embodiments and advantages of the invention may be ascertained

by reviewing the present disclosure.
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DETAILED DESCRIPTION OF THE INVENTION .

In the following detailed description, the specific embodiments of the invention are
described in connection with its preferred embodiments. However, to the extent that the
following description is specific to a particular embodiment or a pz;rticular use of the

5 present techniques, it is intended to be illustrative only and merely provides a concise
description of the exemplary embodiments. Accordingly, the invention is not limited to the
specific embodiments described below, but rather; the invention includes all alternatives,
modifications, and equivalents falling within the true scope of the appended claims.

As used herein:

10 Unless otherwise stated, all percentages, %, are by weight based on the total weight
of the formulation.

The "viscosity” is measured using a Schott Ubbelohde capillary viscosimeter at 25
°C and the obtained viscosity is expressed in mm?*/s. The viscosimeter is connected with a
calculator which transforms the time residence of the formulation into a viscosity number.

15 The "volatile organic carbon (VOC)" means the amount of organic carbons in the
formulation which is volatile and is measured according to the EPA Method 24. It consists
of adding to a pre-weighed aluminum dish a small amount of formulation {(about 0.5 grams)
and about 3 grams of water. The dish is then placed in an oven equilibrated at 110 °C for
one hour. The dish is then removed from the oven and placed in a dessicator to allow

20 cooling to the room temperature. The dish is weighed again and the VOC content of the
formulation can be determined.

The pH is measured using a reference KCl pH electrode. The electrode is calibrated
before any measurement using buffer standard solutions of pH 4, pH 7 and pH 10 from
Riedel de Haen. The pH is measured at room temperature.

25 The freeze-thaw stability test is a 5-cycle storage test. One freeze-thaw cycle

consists of placing the formulation samples at -15 °C for 18 hours (freeze step) followed by

-5-
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a thawing step without any shaking for 6 hours at room temperature. The samples are

observed at the end of the freezing and ;)f the thawing step. A stable sample means that the

sample is a clear homogeneous sample free of any visible precipitate traces or

inhomogeneous lines. The duration of the test 1s five days.

The invention provides a liquid carrier system for a formulation of at least one

biocide, BIT. The solution is stable, and has near neutral to acidic pH, with low viscosity,

low VOC, and low temperature stability. In one embodiment, the invention provides a BI1
formulation with certain polyglycols of a preferred molecular weight (MW) of above 300
but less than 1000, preferably between 300 and 800. The present formulation overcomes
the shortcomings of the BIT formulations disclosed in US 2005/0220830. It is discovered
that using the polyglycol based liquid carriers of the invention, a BIT formulation, of lower
viscosity, near neutral to acidic pH, low VOCs, and superior freeze-thaw stability can be

prepared.

The BIT formulations of the invention are advantageous in protecting against
microbial growth in aqueous based systems. The formulations are particularly
advantageous for protecting against microbial growth in latexes, pant formulations,
coatings, mineral slurries, cosmetics, household or personal care formulations, metal

working fluids, and pulp and paper mill samples. It has been demonstrated in Example 2 of

U.S. Patent Publication No. 2005/0220830 that a 20 wt. % BIT formulation provides an
effective amount of biocides in paint applications. It is expected that similar concentrations
of biocide will be effective in other applications to control the microbial growth.

The invention utilizes polyglycols of formula R-O-(AO)n-O-R’ as effective liquid
carriers to provide near neutral to acidic pH BIT formulations with low viscosity, low VOC,
and low temperature stability of the BIT formulations. In this formula, n may be equal to or
above 4, preferably equal to or above 5, and more preferably equal to or above 6. In the

formula, n is also equal to or less than 25, preferably equal to or less than 20, and more

-6 -
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preferably equal to or less than 15. Also in this formula, R and R’ may be hydrogen, a C,-C;
alkyl group, a O=C-CHj3 group, or a O=C-C,H;s group, and AO may be a) CH>CH-0O, or b) a
CH,CH,0 /CH,CHMe-O block or random copolymer; with proviso that when R and R’ are
both hydrogen, AO is a block or random copolymer. In some embodiments, of the
invention, R and R' are not simultaneously alkyl groups.

In one embodiment of the invention, the preferred liquid carrier i1s MeO-
(CH>CH;0)6-OH with a molecular weight of about 350 ("MPEG-350"). In another
embodiment, the preferred liquid carrier is MeO-(CH,CH,0)s-OCOCHs;. It is found that
when R and R' are both hydrogen, and AO is CH>CH,O, for example the PEG-400 liquid
carrier disclosed in US 2005/0220830, the resulting BIT formulation will have a high
viscosity. In contrast, we have found that the presence of R, and R’ as short aikyl Sroups
and/or the presence of CH,CHMe-O in the AO moiety will greatly reduce the viscosity of
BIT formulations. We speculate that this may be due to a possible reduction of the
intermolecular H-bonds. The reduction of viscosity is accomplished without compromising
the efficiency of the liquid carrter to solubilize BIT (in absence of alkal).

However, when R or R' is too large, such as C4 o; above, the degree of
intermolecular H-bonding between the polyglycol molecules decreases further compared to
smaller R or R’ groups. Therefore, when the amount of AO chain content in the polyglycol
formula (I) is similar, polyglycols having short R or R’ alkyl groups (C;-C3) will have less
volatile components than polyglycols having C4 or higher alkyl chains. In one test, the
VOC content of MPEG-350 (R is a C; alkyl and R' is hydrogen) is measured at about 3.9
wt. % while the VOC of a polyglycol with R being C, alkyl is measured at about 25 wt. %.
Because of this, polyglycols with short R or R' alkyl groups (C;-C3) may contain less VOC
and are probably less odorous.

In addition, when R or R' is too large, such as C; or above, polyglycols are more

hydrophobic and therefore not as efficient as a BIT solubilizer compared to a more

-7 -
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hydrophilic polyglycol. A formulation having polyglycols based on C4 and higher alkyl
groups requires more caustic to solubilize all the BIT especially when formulations contain
a high level of BIT, i.e. 20 % and above.

In one embodiment of the invention when AO is the block or random copolymer, the
block or random copolymer comprises more than 50 wt. % of CHCH-O.

In one embodiment of the invention, alkali metal hydroxide and water are used in
the BIT formulation. The alkali metal hydroxide may be one or more of lithium, sodium or
pota.ssium hydroxide, but preferably, sodium hydroxide. The alkali metal hydroxide
concentration of the inveption may be less than 5.5 wt. %, preferably less than 5 wt. %,
more preferably less than 4 wt. %. In a further embodiment, about 3 to 4 wt. % of the alkah
metal hydroxide may be used.

The BIT concentration of the invention mdy be more than 0.1 wt. %, preferably
more than 10 wt. %, and more preferably more than 15 wt. % of the formulation. The
biocide concentration is also less than 30 wt. %, preferably less than 25 wt. %, and more
preferably less than 30 wt. % of the formulation. The BIT concentration is most preferably
about 20 wt. % of the formulation.

The concentration of polyglycol liquid carriers of the invention is usually more than
10 wt. %, preferably more than 30 wt. %, more preferably more than 40 wt. %, and most
preferably more than 50 wt. % of the formulation. The concentration of polyglycol liquid
carriers of the invention is also usually less than 80 wt. %, preferably less than 75 wt. %,
more preferably less than 70 wt. %, and most preferably less than 60 wt. % of the
formulation.

The remaining portion of the formulation usually comprises water and, in some
embodiments, acid and water in order to maintain a proper pH of the formulation.

One advantage of the BIT formulations of the invention is their pH above 1 but less

than 10. When a second biocide is added to the formulation and the second biocide is only

_8 -
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stable in acid condition, the pH of the formulation may be between 1-7, preferably between
2 to 6. A BIT formulation with pH less than 10 will lesson the pH shock when added to
latex or paint formulations.

The viscosity of the formulations of the ‘invention is usually more than 20
mm?*/second at 25 °C, preferably more than 30 mm</second at 25 °C, and more preferably
more than 40 mm*/second at 25 °C. The viscosity of the formulations of the inve;1tion 1S
also usually less than 200 mm-/second at 25 °C, preferably less than 100 mm?*/second, and
more preferably less than 80 mm*/second at 25 °C.

The volatile organic contents (VOCSs) of the formulations of the invention is usually
less than 10 wt. %, preferably less than 7 wt. %, and more preferably less than 5 wt. % of
the formulation.

In another embodiment of the invention, a low viscosity formulation containing BIT
and one or more of other biocides in the same liquid carrier system is provided at near
neutral to acidic pH and the same superior properties: low VOC, stable, low viscosity, etc.
The one or more of biocides may be bronopol, methylisothiazolinone (MIT),
chloromethylisothiazolinone (CMIT), glutaraldehyde, orthophenylphenol, bromine
containing biocides, or formaldehyde releasers such as N- and O-formals, or mixtures of

these biocides. An acid may be used to adjust the pH of the formulation when there is more

than one biocide in the formulation. The acid used can be any organic or inorganic acid
suitable for achieving the desired pH, i.e. a pH below which the second biocide displays a
good chemical stability. In a preferred embodiment, lactic acid is used since lactic acid will
not contribute to the VOC content of the formulation. Upon removal of water, lactic acid
polymerizes to form an inert ingredient. Lactic acid also helps in solubilizing BIT in the
formulation.

For example, it is found that a formulation having 9 wt. % BIT, 9 wt. % bronopol, |

wt. % D, L-lactic acid, 78 wt % MPEG-350 and 3 wt. % water is stable, is low VOC, has
-0-
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low (or light) color and. has low viscosity. The pH value is between 4-5. The main

‘advantages of this formulation are clarity and low viscosity. Similar BIT/Bronopol

formulation products currently available on the market are all dispersions having high

viscosities.

To prepare the BIT formulations of the invention, it is preferred to add all of the
biocides to the desired liquid carrier such as MPEG-350 to form a mixture, stir the mixture,
add water if needed, and add all of the desired caustic, if needed. One of the advantages of
such a process is that the resulting biocide formulation will have a low or lighter color. If a
different method is used to prepare the formulation, the resulting formulation may have a
high or darker color. For instance, higher colored formulation is expected when caustic 1s |
added to the polyglycol first (or vice-versa) and then BIT is added at the end after some
contact time between polyglycol and caustic. A low or lighter color is preferred to
minimize color interference when the biocide formulation is added to-other media (e.g.
paint) in applications.

The invention can be further illustrated by the following examples and comparative

studies:

EXAMPLE 1
Two formulations of the invention with single biocide of BIT are prepared with the

following components. MPEG-350 is obtained as Carbowax ™ MPEG-350 from The Dow

Chemical Company.

Sample Nos. wt. % BIT wt. % wt. % MPEG-
caustlc 350 B

B, 5772 | 1928
Bg 20 3 5272 | 24.28

These two samples are compared to 1) a commercially available product ("Proxel®

GXL" — a registered trademark of Avecia/Arch) ("Sample No. D;) and 2) the most preferred

formulation prepared in accordance to the disclosure of U.S. Patent Application No.
-10 -
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2005/0220830 ("Sample No. D>"). It is found that if only 50-60 wt. % of PEG-400 is used
as a carrier, the 20 wt. % BIT formulation will not be stable and will have crystals.

Therefore, a higher amount of PEG-400, about 70 %, is needed for D, sample.

Sample Nos. Sample wt. % Liquid carriers
Source BIT caustlc

————— A ——— — \—— = — P b — S —— i — . . | ——— L —— - - T . ! g——— A

" Proxel® 20 about 5 >50 wt % of
GXL dipropvleneglycol

. - e

PEG-400
Viscosity at pH at
25°C room

S

IR S e — ) p—— = dg—

BIT formulations based on MPEG-350 as the liquid carrier, sample Nos. B; and B,
exhibit a much lower viscosity and pH compared to 1) Proxel GXL sample and a much
lower viscosity as compared to 2) the PEG-400 based BIT formulations.

10 The table below provides observations of a comparative study on the freeze-thaw
stability between the formulations of the invention (Sa}nples B and B;) and PEG-400 based
BIT formulations, prepared in accordance to the teachings of US Patent Publication No.
2005/0220830 (Sample Nos. C; and C;). The only differences between B and C samples are
that B samples use MPEG-350 as liquid carriers and C samples use PEQ-400 as liquid

15 carrier. The weight percentages of the liquid carriers in all B and C samples are the same.

...- Y - e e s g a——-—-—.—_—.-..—-—.-..—l-‘ - el W YW S—— —

no ci stals " no c[ystals no cr stals no crystals 10 _- tals
very few very few
noc o
_ nocrysials | nocrystals | nocrystals | VoYW | very fe

-11 -
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some some some sOome some
crystals crystals crystals C stals C stals

1/8 of
volume 1s
more crystals | more crystals | more crystals | more crystals made of
crystals

The compositions of C; and C, are displayed in the table below.

Sample Nos. wt. % BIT wt. % PEG-400
CaUSth

G 20 1 5772 [ 1928
C, 20 3 52.72 24 28

Clearly, the formulations based on MPEG-350 (B, and B;) display a better freeze-

thaw stability compared to the same formulations when MPEG-350 is substituted by PEG-
400 (from '380 application) i.e. the formulations C; and C;. Even when crystallization
occurs in the BIT formulations containing MPEG-350, its extent is always rather low and
hardly visible. In contrast, the PEG-400 based formulations have crystals from the
beginning of the test. As discussed above, in order to avoid the stability problems, a
formulation in the ‘380 application must use about 70 wt. % of PEG-400. Therefore, it is
concluded that a BIT formulation based on MPEG-350 can contain about 10 wt. % more
water than that used in a PEG-400 based formulation. This may further reduce the cost
sir.mce water is less expensive than the liquid carriers. More water further means that the
formulation will have lower viscosity, which is highly desired in biocide applications.

The following table illustrates the VOCs concentrations of B; and B, of the

VOCs in wt. %
Samples in the
I formulatlon

pr—— -
b e i T - — - T " T R S

= ..

invention:
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EXAMPLE 2

One formulation of the invention with contains two biocides is prepared with the
following components:
wt. %o of

Sample No. | wt. % BIT wt. % wt. % MPEG-
e DIONODO, acid_ | 350

Sample B3 of the invention is compared to ROCIMA® 607, from Rohm & Haas,
which contains 12 wt. % BIT, 10 wt. % bronopol, and 78 wt. % of water and other inert

ingredients. ROCIMA® 607 does not contain the liquid carrier of the invention. It is found

that ROCIMA® 607 is a dispersion formulation while B3 is a clear solution with low

viscosity.

EXAMPLE 3

An illustration of a formulation containing CARBOWAX MPEG 750 (an MPEG of

750 molecular weight available from The Dow Chemical Company) is as follows:

Sample Nos. wt. % BIT wt. % wt. % MPEG-
caustic 7 .

— - — - . o= p— -~ — — - —— — —TRE Tel—  — —— ‘——hi-_w— - d— R A——

_" o ) —18 52 — balance

The prepared fonpulation is clear, indicating good solubility of the BIT. The pH of the
formulation is about 8.2 and the maximum VOC content is 0.5 %.

While the invention may be susceptible to various modifications and alternative
forms, the exemplary embodiments discussed above have been shown by way of example.
However, it should again be understood that the invention is not intended to be limited to
the particular embodiments disclosed herein. Indeed, the present techniques of the

invention are to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the following appended claims.

- 13 -
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WHAT IS CI.AIMED IS:
1. A formulation comprising 1,2-benzisothiazolin-3-one (BIT), and a polyglycol liquid

carrier of formula (I):
R-O-(AO),-O-R’
5 wherein
nis 4-25;
R and R' are independently hydrogen, C;-C; alkyl groups, O=C-CHj3 group, or O=C-
C;H;5 group. and

AQ is a) CH,CH,O0, or b) CH,CH,0O /CH,CHMe-O block or random copolymer;

10 with proviso that when R and R’ are both hydrogen, AO 1is a block or random
copolymer.
2. The formulation according claim 1, wherein the block or random copolymer

comprises more than 50 wt. % of CH,CH-O.

3. The formulation according to any one of claims 1 to 2, wherein n is 5-20.
15 4. The formulation according to claims 1 to 3, wherein n is 6-15.
3. The formulation according to any one of claims 1 to 4 further comprising alkali

metal hydroxide and/or water.

6. The formulation according to any one of claims 1 to 5 comprising;:
about 0.1 to 30 wt. % of BIT,
20 about 10 to 80 wt. % of polyglycol of formula (I),
less than 5 wt. % of alkali metal hydroxide, and

less than 30 wt. % of water.

- 14 -
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7. The formulation according to any one of the claims 1 to 6 wherein the liquid carrier

is Me-O-(CH2CH20)-OH.

8. The formulation according to claim 7 comprising:
about 15 to 25 wt. % of BIT,
5 about 50 to 60 wt. % of Me-O-(CH2CH20)s-OH,
about 3 to 4 wt. % of NaOH, and

about 15-25 % of water.

0. The formulation according to any one of claims 1 to 6, wherein the liquid carrier 1s

MCO-(CH2CH20)6-OC0CH3.

10 10. The formulation according to any one of claims 1 to 6, wherein the liquid carrier 1s
formula (I): R-O-(AO),-O-R’, wherein
nis S5-10,
R is propyl and R' is hydrogen, and

AQ is CH,CH;O.

15 11. The formulation according to any one of claims 1 to 6, wherein the liquid carrier is
formula (I): R-O-(AO),-O-R’, wherein
nis 5-10,

R and R' are both propyl groups, and

AQOi1s CHzCHzO. | \
20 12 The formulation according to any one of claims 1 to 11 comprising more than one
biocide.
13. The formulation according to claims 1-12 further comprising one or more additional

biocides selected from bronopol, methylisothiazolinone (MIT), chloromethylisothiazolinone

- 15 -
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(CMIT), glutaraldehyde, orthophenylphenol, bromine containing biocides, or formaldehyde

releasers such as N- and O-formals, and mixtures of two or more of these biocides.

14. The formulation according to any one of the claims 1 to 13, wherein the pH of the

formulation is between 1 to 10. ~

15. The formulation according to claims 1-13, wherein the pH of the formulation is

between 1-7.

16. The formulation according to any one of the claims 1 to 15, wherein the viscosity of

the formulation is between about 20 to 200 mm?*/second at 25 °C.

17.  The formulation according to claims 1-16, wherein the viscosity of the formulation

is between about 30 to 100 mm*/s at 25 °C.

18.  The formulation according to claims 1-17, wherein the viscosity of the formulation

is between 40 to 80 mm?%/s at 25 °C.

19.  The formulation according to any one of claims 1 to 15 comprising less than 10

weight % of volatile organic carbons.

20. The formulation according to claims 1-19 comprising less than 7 wt. % of volatile

organic carbons.

21.  The formulation according to claims 1-20 comprising less than 5 wt. % of volatile

organic carbons.

22. A method of making 'the formulation of claim 1, the method comprising:
adding the biocide to the polyglycol to form a mixture, and

stirring the mixture of biocide and polyglycol”.

- 16 -
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23. The method according to claim 22 further comprising adding an alkali metal

hydroxide to the mixture of biocide and polyglycol.

24.  The method according to any one of claims 22 to 23 further comprising adding

water to the mixture of biocide and polyglycol.

23. The method according to any one of claims 22 to 24, wherein the formulation

comprises about 15 to 25 wt. % of BIT and about 3 to 4 wt. % of NaOH.

26. The method according to any one of claims 22 to 25, wherein the polyglycol 1s Me-

O~(CH2CH20)-OH.

27. The method according to any one of claims 22 to 26, wherein the formulation

comprises at least two biocides.

28. The method according to claim 27 further comprising adding an acid to adjust the

pH of the formulation to less than 7.

29. The method according to claim 28, wherein the acid is lactic acid.

30. A method of inhibiting the growth of microorganisms in an aqueous-based system,

the method comprising adding to said system an effective amount of a formulation

according to any one of claims 1-21.

31. A method according to claim 30 wherein the aqueous based system is selected from
latexes, paint formulations, coatings, mineral slurries, cosmetics, household or personal care

formulations, metal working fluids, and pulp and paper mill samples.

32. A formulation according to claim 1 wherein the liquid camrier is Me-O-

(CH2CH20)6-OH.
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