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IMPROVED PROCESS FOR PREPARING SOLUBLE GRANULES OF SALTS OF
PYRIDINE CONTAINING CARBOXYLIC ACIDS

Salts of herbicidal carboxylic acids are typically formulated as water based soluble
liquids (SL) whereby the salt 1s dissolved in an aqucous medium, optionally with additional
adjuvant or surfactant, for further dilution m the spray tank. These formulations although
simple to prepare are typically low in concentration 1n order to maintain the active herbicidal
ingredient in solution at low ambient temperatures. This need for a relatively low active
mgredient concentration increases the volume of the commercial packaging required, the
disposal costs of the contaminated packaging after use and the cost of transportation of the

formulation.

A more efficient method of handling these tvpes of active ingredients 18 to prepare a
dry solid formulation, such as a soluble granule (8G), whereby an aqueous solution of the
active ingredient salt 1s dehydrated to provide the product as a solid normally 1n the form of a
granule. The dehydration and granulation processes used can vary depending on the physical

and chemical stability of the organic salt.

Granular formulations such as soluble granules or water dispersible granules (WG)
arc becoming more commonly used 1n agricultural today because of their relative satety
compared to liquid formulations and the advantages they offer with regard to cost savings in
packaging and transportation. Granule formulations can be produced using one of the
following processing methods: (1) pan granulation, (2) mixing agglomeration, (3) extrusion
granulation, (4) fluid bed granulation or (5) spray drying granulation. The physico-chemical
properties of the active ingredient and additives are important to consider when choosing a
process to use. G. A. Bell and D. A. Knowles 1n, “Chemistry and Technology of
Agrochemical Formulations,” D. A. Knowles, editor, (Kluwer Academic Publishers, 1998),
pages 41-114, describe the types of granules used 1n agricultural chemical formulations and

providc many rcterenccs to the production of these solid formulations.

Granules can sometimes be difficult to produce owing to the physical properties or
stabilities of the materials to be processed. Salts of herbicidal pyridine containing carboxylic
acids prepared by neutralizing the carboxylic acid function with an amine or hydroxide base
can sometimes possess low melting points which may make them unsuitable for processing

into high quality granules. The physical properties of these salts may also be dependent on
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the experimental conditions used 1n their preparation such as the relative amounts of base and
pyridinc containing carboxylic acid uscd 1n the preparation, how the two componcents arc
mixed together, the temperature during preparation and the amount of solvent used. In such
cases, granules may be produced that are sticky, making processing difficult and resulting in
granules that, after final processing and drying, may cake together, flow poorly or may
produce excessive dust. The present mvention provides an improved process of making high
quality, soluble granules of amine salts of herbicidal pyridine containing carboxylic acids

with improved handling properties that may otherwise be difficult to process.

The present invention concerns an improved process for preparing solid formulations
of amine salts of herbicidal pyridine containing carboxylic acids with improved handling

propertics which comprises:

a) mixing the herbicidal pyridine containing carboxylic acid with an amine

and water to form a dispersed solid or solution;

b) removing the water from the dispersed solid or solution to provide a solid;
and
C) processing the solid into granules;

wherein the improvement comprises using less than one molar equivalent of the

amin¢ with respect to the herbicidal pyridine containing carboxylic acid.

The present invention provides an improved process for producing soluble granules of
amine salts of herbicidal pyridine containing carboxylic acids that are non-sticky and, after
drying, are casy to size, free-tlowing, non-caking and dust free. The soluble granules are
rcadily dissolved in water and optionally diluted 1n an aqucous spray mixturc for usc in weed

management.

The present invention provides an improved process for making soluble granules of
amine salts of herbicidal pyridine containing carboxylic acids that can be ditficult to make
because of the physical properties of the composition. By using partial neutralization of the
herbicidal pyridine containing carboxylic acid with an amine base, the resulting partially
neutralized salt of the herbicidal pyridine containing carboxylic acid has a higher melting

point than the fully neutralized pyridine containing carboxylic acid thereby providing a
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material with improved physical properties and processing characteristics for conversion 1nto
granular formulations. Th¢ improved proccess produccs soluble granulcs that arc non-sticky
during processing and, after final drying and processing, are free-tlowing, non-caking and

dust free,

The amines used 1n the present invention are primary, secondary or tertiary
alkylamines, alkanolamines, alkylalkanolamines or alkoxyalkanolamines wherein the alkyl
and alkanol groups are saturated and contain from C;-C4 alkyl groups individually. Examples
of preferred amines include monoethanolamine, diethanolamine, tricthanolamine,

dimethylethanolamine, dimethylethylamine and triethylamine.

Pyridine containing carboxylic acids of the present invention include picolinic acids
such as aminopyralid, clopyralid and picloram and pyridinyloxyacetic acids, such as triclopyr

and fluroxypyr.

The partially neutralized amine salts of the pyridine containing carboxylic acids of the
present invention are formed by mixing the herbicidal pyridine containing carboxylic acid
with less than one molar equivalent of the amine in the presence of water. The minimum
amount of water required 1n the process will depend on what 18 needed to achieve adequate
mixing of the components in order to completely form the partially neutralized salt of the
pyridine containing carboxylic acid. The maximum amount of water that can be used mn the
process will generally depend on what 1s practical and economical for the process. The
partially ncutralizcd salt of the pyridinc containing carboxylic acid compriscs a mixturc of the
salt of the pyridine containing carboxylic acid (the salt) and the pyridine containing
carboxylic acid (the free acid), wherein the salt 1s generally present in greater amounts than
the free acid. Typically, 70 mole per cent or more of the salt 1s formed on a molar basis with
respect to the total amount of the salt and the free acid present 1n the partially neutralized salt
of the pyridine containing carboxylic acid. The amount of the amine used to make the
partially neutralized salt of the pyridine containing carboxylic acid may range from 0.70 to
0.99, preferably from 0.85 to 0.99, on a molar basis compared to the starting amount of the

pyridine containing carboxylic acid.

The pyridine containing carboxylic acids may range 1n assay from &80 to 99% and may
contain impuritics remaining from the manutfacturing process such as inorganic acids,

1norganic salts and reaction side-products, and water. These impurities may have an effect
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on: (1) the partial neutralization of the pyridinecarboxylic acid by requiring additional amine

to be uscd than would normally be ¢xpected on a theorctical basis, such as when an 1norganic

acid impurity 1s present, or (2) the quality of granules produced.

The preparation of the partially neutralized amine salt of the pyridine containing
carboxylic acid can be effectively conducted by measuring the pH of the mixture or solution
of the pyridine containing carboxylic acids as the amine 1s added. The 1nitial pH of the
starting mixture or solution of the pyridine containing carboxylic acid in water 1s dependent
on the pKa, or the negative log of the acid dissociation constant, of the pyridine containing
carboxylic acid used. For picolinic acids of the present invention, the starting pH will be
from 1.5 to 3.5 pH units, and for pyridinyloxyacetic acids of the present invention the starting
pH will be from 3.5 to 5.5 pH units. These pH ranges may extend lower 1f acidic impurities
ar¢ present. The addition of the amine to the mixture or solution of the picolinic acid in water
may be stopped when the pH reaches a value of between 4 to 6 pH units, and the addition of
the amine to the mixture or solution of the pyridinyloxyacetic acid in water may be stopped
when the pH reaches a value of between 5.5 to 7.0 pH units to provide the mixture or solution

of the respective partially neutralized salts of the pyridine containing carboxylic acids.

Alternatively, the partially neutralized amine salt of the pyridine containing
carboxylic acid can be prepared by adding the pyridine containing carboxylic acid as a dry
solid or a wetcake, 1.e., a solid containing water, to an aqueous solution or neat liquid of the
amine. The pH of the resulting mixture or solution prepared by this alternative method can
thcen be adjusted higher or lowcer by adding morc of the aminc or the pyridinc containing
carboxylic acid, respectively, to reach the desired pH level of the final mixture or solution.
This alternative method allows for the use of less water 1in the process, which can lead to

improved drying efficiency and cost savings.

The partially neutralized amine salt ot the herbicidal pyridine containing carboxylic
acid has a higher melting point than the fully neutralized or over neutralized pyridine
containing carboxylic acid thereby providing a material with improved physical properties
and processing characteristics for conversion into granular formulations. The partially
neutralized salt formed by combining clopyralid with less than one molar equivalent of
monocthanolamine has a higher melting point (108 "C melting point as measured by
ditfcrential scanning calorimetry) than docs the tully ncutralized salt ot clopyralid

monocthanolamine (103 °C melting point as measured by differential scanning calorimetry)

_4-



10

15

20

25

30

CA 02780342 2012-05-08
WO 2011/063312 PCT/US2010/057544

which 1s formed by combining clopyralid with one or more than one molar equivalents of
monocthanolaminc. The higher melting, partially ncutralized monocthanolamine salt of
clopyralid, after further processing, forms granules that are non-sticky during processing and
ar¢ free-flowing and non-caking after final drying. The lower melting, fully neutralized
monoethanolamine salt of clopyralid, after further processing, forms granules that are sticky

during processing and are not free-flowing, but generally cake together after final drying.

The composition used 1n the present invention comprises, on a dry weight basis
relative to the total composition, 40-99.9 % of the partially neutralized salt of the herbicidal
pyridine containing carboxylic acid and 0.1-60 % of inert ingredients. The 1nert ingredients
may comprise impurities remaining from the manufacturing process of the herbicidal

pyridine containing carboxylic acid, added formulation ingredients or water.

The improved process of the present invention comprises the steps of forming the
partially neutralized amine salt of the pyridine containing carboxylic acid as a dispersed solid
or solution in water, optionally adding inert formulation ingredients to the dispersed solid or
solution 1n water and then removing the water by drying the dispersed solid or solution 1n
water, optionally containing inert formulation ingredients, to provide the product of the
present invention, either directly or after further processing, as soluble granules. The soluble
granules of the present invention are free-flowing, non-caking, dust free and readily soluble

1n water.

The dispersed solid or solution of the partially ncutralized aminc salt of the pyriding
containing carboxylic acid in water may optionally be mixed with from 0.1 to 60 weight per
cent, on a dry weight basis relative to the total composition, of mnert formulation ingredients
such as, but not limited to, dispersants, wetting agents, binding agents, antifoaming agents,
disintegrating agents, stabilizing agents and carriers to aid 1n the formation and stability of
the final soluble granules of the present invention and improve their dispersion and solubility

1n water.

The dispersed solid or solution of the partially neutralized amine salt of the pyridine
containing carboxylic acid in water, optionally containing inert formulation ingredients, 1s
then dried at a temperature that is at least 20 to 30 °C below the melting point of the
respective amine salt of the pyridine contaming carboxylic acid to provide the product of the

current invention either directly or after further processing. The drying may be done with a
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rotary dryer to furnish a solid material for further processing or by other drying methods such
as spray drying, drum drying, convcyor drymg or other drying mcthods known to thosc
skilled 1n the art. The drying step 1n the process may optionally be combined with a
granulation or agglomeration step, for example with spray drying or fluid-bed drying, to
provide, after any necessary final processing, the soluble granule product of the current
invention. These and other drying methods and the equipment used are discussed by P. Y.
McCormick 1n “Drying,” in volume 8 of the Kirk-Othmer Encyclopedia of Chemical
Technology (John Wiley and Sons, 1993), pages 475-519.

The solid material produced by drying the dispersed solid or solution of the partially
neutralized amine salt of the pyridine containing carboxylic acid in water, optionally
containing 1nert formulation ingredients, may optionally be milled or passed thru a sieve to
provide a powder that 1s of uniform particle size and suitable for further processing into

granules.

Granulation methods that may be used in the current invention may include, but are
not limited to, drum, disk, pan or spray-dryimg agglomeration, tluid-bed granulation, basket
extrusion, twin dome extrusion and high pressure extrusion with a single screw or a twin
screw extruder. These and other granulation processing methods and the equipment used 1n
them are described by C. E. Capes and K. Darcovich 1in “Size Enlargement,” 1n volume 22 of
the Kirk-Othmer Encyclopedia of Chemical Technology (John Wiley and Sons, 1997), pages
222-255.

For granulation by extrusion, the powder of the milled or sieved partially neutralized
salt of the pyridine containing carboxylic acid 1s treated with water and mixed well to provide
a kneadable wet cake. The exact amount of water used to form the kneadable wet cake may
vary with respect to the particular composition used or the method of granulation chosen and
may affect the quality of the granules produced such as whether they stick together atter

being formed or cake together after final drying.

The kneadable wet cake may be processed into granules by extrusion through a basket
die at low pressure and near ambient temperature to produce wet granules. The die may have
openings of 0.5 to S mm and preferably have openings of 0.6 to 2 mm. The size of the die
openings will depend on the performance properties needed from the granules such as how

quickly they wet, disperse and dissolve in the water of a spray solution. The wet granules
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may be partially dried with a stream of ambient temperature air as they emerge from the
cxtruder to minimize or prevent the granules from clumping or sticking together as they form.
The partially dried granules are further dried at 50 to 90 °C, preferably at 60 to 80 °C, to
produce dry granules with a water content of less than 2 weight per cent non-molecularly

bound water relative to the total weight of the granules.

The dried granules may be sized to a predetermined length by using, for example, an
oscillating cutter or other sizing device or method known in the art. The sized granules may
be sieved to provide a predetermined size range of granules as the finished product. The
sieving process may remove granules that are too large or too small relative to the
predetermined size range of granules. The granules or solids that are outside the
predetermined size range may be recycled back into the process and used to make additional

granules.

The soluble granules of the present invention contain 40-99.9 weight per cent of the
partially neutralized salt of the herbicidal pyridine containing carboxylic acid and are free-

tflowing, non-caking, dust freec and readily soluble 1n water.

In an preferred example of the present invention, an aqueous dispersion of clopyralid
can be partially neutralized with 0.97 equivalents of monoethanolamine until a pH of 5.5 1s
reached, water can be removed by rotorary evaporation and the solid can be processed into

granules by extrusion.
The following examples illustrate the present invention.
Example 1: Preparation of soluble granules of clopyralid ethanolamine

A mixturc madc¢ from mixing 3,44 grams (g) of clopyralid (dry wcight basis) as a dry
solid or wetcake and 5.1 liters (L) of water was stirred and neutralized with 1,060 g of
monoc¢thanolamine at room temperature. Additional monocthanolamine was added as needed
until a pH of approximately 5.5 was reached at a temperature of 22 °C to provide the partially
neutralized monoethanolamine salt of clopyralid as a clear solution. The solution was filtered
through a coarse fritted filter to remove a few insoluble particulates and the water was then
removed by rotorary evaporation at 75 °C to provide a solid of the partially neutralized
clopyralid monocthanolamine salt. The solid was passed through a 20 mesh sieve to breakup

any lumps that formed during drying. The sieved solid was treated with water to achieve a
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moisture content of 5.0-5.5 weight per cent relative to the total weight of the solid and a
kneadable wet cake was formed after stirring the solid and water together. The kneadable
wet cake was fed into a NICA™ E-140 low pressure extruder (GEAMPhama Systems) fitted
with a 1.0 millimeter (mm) die to produce granules. The inlet and outlet port temperatures
during extrusion were near ambient temperature. The granules were partially dried with a
stream of ambient temperature air as they emerged from the extruder and were further dried
in an oven at 50-60 "C to provide dry granules with a water content of 0.20 - 0.25 weight per
cent. The dry granules were sieved through a 16 inch (40.64 centimeters) SweC(T)Msieve with
10 mesh and 30 mesh screens installed to provide a finished cut of granules that had a particle
size range of between 600 and 2000 microns (um). A chemical assay of the dried granules
indicated an active ingredient concentration of 97.2 weight per cent and a water content of

0.20 weight per cent, with respect to the total weight of the granules.

Example 2: Preparation of partially neutralized clopyralid ethanolamine

To a stirred sample of 750 grams of neat monoethanolamine at 60 °C was added 2822

grams of a wetcake of clopyralid (75% clopyralid, 21% water). After stirring for 30 minutes

after completing the clopyralid addition, the pH of the resulting mixture was measured and
adjusted to a final pH value 0f 5.35-5.65 by addiﬁg an additional 135 grams of clopyralid to
the mixture. The aqueous mixture containing the partially neutralized monoethanolamine salt
of clopyrahd was then allowed to cool and solidify. The solid was placed in a fluid bed dryer

and dried at 70-75 °C to produce the solid, partially neutralized monoethanolamine salt of

clopyralid with a water content of less than 0.5%.
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1. An impraved process for preparing solid formulations of amine salts of

herbicidal pynidine containing carboxylic acids with improved handling properties

comprising:

a) ~ mixing the herbicidal pyridine containing carboxylic acid with an

amine and water to form a dispersed solid or solution;

b) removing water from the dispersed solid or solution to provide a
solid; and
c) processing the solid into-granules;

wherein the improvement comprises using less than one molar equivalent of the amine with

respect to the herbicidal pyridine containing carboxylic acid.
2. A herbicidal composition produced by an improved process comprising:

a) mixing the herbicidal pyridine containing carbdxylic acid with an

amine and water to form a dispersed solid or solution;

b) - removing water from the dispersed solid or solution to provide a
solid; and
c) processing the solid into granules;

wherein the improvement comprises using less than one molar equivalent of the amine with

respect to the herbicidal pyridine containing carboxylic acid.

3,  The process of claim 1 wherein the

herbicidal pyridine containing carboxylic acid is comprised of clopyralid and

monoethanolamine.

4. The process of claim 1 wherein monoethanolamine is added to an aqueous

dispersion of clopyralid until the pH reaches a value of 5 to 6.

CA 2780342 20177-07-31
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. The process of claim 1 wherein solid clopyralid is added to monoethanolamine

unti] the pH reaches a value of 5 to 6.

6. The herbicidal composition of claim 2 wherein

the herbicidal pyridine coﬁtaining carboxylic acid 1s comprised of clopyralid and

5  monoethanolamine.

7. The herbicidal composition of claim 2 wherein monoethanolamine is added to

an aqueous dispersion of clopyralid until the pH reaches a value of 5 to 6.

8. The herbicidal composition of claim 2 wherein solid clopyralid is added to

monoethanolamine until the pH reaches a value of 5 to 6.

-1()-
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