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Field of the Invention

The invention relates to compositions comprising suspension concentrates
15 and other herbicide compositions that contain glyphosate acid, methods of
preparing such suspension concentrates and herbicide compositions, and methods

of using each.

Background

20 Commercially available herbicide compositions include a very large variety
of active herbic;ide compounds. Such herbicide compositions can be prepared from
different types @f precursor compositions, and can be commercially available and
used in a variety of different types of compositions, including, for example,
compositions referred to as wettable powders, water dispersible granules, granules,

25  aqueous solutions, water soluble powders, emulsifiable concentrates, oil-based
tlowables, concentrated emulsions, suspo-emulsions, emulsions, suspensions,
suspension concentrates, mixtures, dispersions, and microemulsions, as well as
others. Any of these different types of compositions may have different
advantages or disadvantages relating to factors such as the mode of application and

30  the type of active ingredient included in the herbicide composition.

Examples ot just a few available active herbicide compounds include those
of the general class known as phenoxy herbicides, e.g., 2,4-dichlorophenoxyacetic

acid (known as 2,4-D), MCPA acid, MCPP acid; those of the general class known
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as pyridine herbicides, (e.g., triclopyr, fluoroxypyr); those of the general class of
benzoic acid herbicides, (e.g., dicamba acid); those of the general class of aryloxy
phenoxy propionic acid herbicides, (e.g., fluzafop acid and quizolofop acid);
water-insoluble diphenyl ether type herbicides (e.g., oxyfluorfen or acifluorfen);
glyphosate compounds (N-(phosphonomethyl)glycine), e.g., in the acid form,
referred to as glyphosate acid, or in a salt form such as the IPA salt form; imidizole
herbicide compounds (€.g., imazapyr or imazaquin); as well as others.

Active herbicide ingredients such as these and others can be prepared from
and used in the form of solid and liquid compositions including, as mentioned
above, different forms of emulsions, suspensions, suspension concentrates,
mixtures, dispersions, microemulsions, etc., and derivatives thereof such as diluted
solutions or solutions including other added ingredients such as additional
herbicides.

Specifically with regard to herbicide compounds containing N-
(phosphonomethyl)glycine, this compound is understood to be available in a
variety of chemiically different forms including glyphosate acid and glyphosate
salts. These glyphosate compounds are described as being useful in herbicide
compositions in their salt form, or as glyphosate acid, in combination with specific
surfactants as a water-soluble free-flowing solid formulation. See, for example,
United States patent numbers 5,118,338, 5,668,085, and 5,994,271. The salts of
glyphosate, e.g., ammonium, sodium, isopropylammonium, and trimesium, are
considered to be very soluble in water, while the acid form is not.

New torms of etfective herbicide compositions are always desirable,
especially those that can show advantages in processing, application,

environmental profile (e.g., volatility), or efficacy.

Summary of the Invention

The invention relates to suspension concentrates that include the herbicide
compound glyphosate acid, in the acid form, and derivatives and uses of those
suspension concentrates. The suspension concentrates can be used in their
suspension concentrate. form to control plant growth, or can be used to prepare

derivative herbicide compositions for application to control plant growth. For
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example, the suspension concentrate can be combined with an acidifying agent,
e.g., in a tank mix procedure or otherwise, to form a herbicide application
composition, and can optionally be further combined with other ingredients such as
an additional, different active herbicide compound. Preferred herbicide application
compositions can have a pH below about 2.6 or 2.3, or otherwise below the pKa of
glyphosate acid compound.

The suspension concentrate has been found to be easily and efficiently
producible with the use of one or more other ingredients such as surfactants
(wetting agents), dispersants, thickeners, etc., one or more of which optionally 1n
combination with one or more of mixing, agitation, and milling, etc., can allow
olyphosate acid particles to be suspended and/or dispersed in water to form a
suspension concentrate.

The use-of a herbicide composition containing glyphosate in the acid form
provides efficiency because the acid form does not need to be converted to the
glyphosate salt form during processing or prior to application, as is often done with
the glyphosate herbicide compound (because the salt forms are more soluble in
water). Instead, the suspension concentrate of the invention, including the
slyphosate acid herbicide in its glyphosate acid form, is simple and economical to
produce, and can be efficiently distributed, prepared, and applied without taking
steps to convert the glyphosate herbicide out of its acid form. The invention can
also advantageously provide improved efficacy of the glyphosate acid herbicide
compound, especially when used in combination with acidifying agents. The
elyphosate acid suspension concentrates have other benefits when compared to
other herbicide formulations such as the absence of dust; reduction of toxicity or
flammability, etc.; they do not require organic solvents; they can exhibit increased
efficacy, for example due to lower particle size; they benefit from a low packing
volume as compared to other forms of herbicides such as powers; and the
suspension concentrates are relatively easy to handle.

In addition, the acid form of glyphosate acid, due to its uncharged state, can
be advantageously less affected or unaffected by hard water, e.g., less susceptible

to de-activation by hard water.
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An aspect of the invention relates to a suspension concentrate comprising
slyphosate acid particles suspended in water and surfactant selected from the group
consisting of cationic surfactant, anionic surfactant, and mixtures thereof.

Another aspect of the invention relates to suspension concentrates
comprising glyphosate acid and short chain alcohol ethoxylate nonionic surfactant,
e.g., having a short chain branched or linear alkyl having from 3 to 23 or fewer
carbon atoms.

Yet another aspect of the invention relates to a herbicide composition
comprising a suspension concentrate comprising glyphosate acid, and acidifying
agent other than sulfuric acid in an amount so the pH of the herbicide composition
is below the pKa of glyphosate acid.

Another aspect of the invention relates to a herbicide composition
comprising a suspension concentrate comprising glyphosate acid. The herbicide
composition also includes acidifying agent other than sulfuric acid, i an amount
so the pH of the herbicide composition is below the pKa of glyphosate acid.

Another aspect of the invention relates to a method of applying a herbicide
composition, the method comprising: preparing a herbicide composition
comprising a suispeﬁsion concentrate comprising glyphosate acid, and acidifying
agent other than sulfuric acid, the acidifying agent being included 1n an amount so
that the pH of the herbicide composition is below the pKa of glyphosate acid; and
applying the herbicide composition to control plant growth.

Still another aspect of the invention relates to a method of preparing a
suspension concentrate comprising glyphosate acid. The method comprises:
combining glyphosate acid particles with water and surfactant selected from
anionic surfactant, cationic surfactant, short chain alcohol ethoxylate nonionic
surfactant, and mixtures thereof; and mixing or agitating the water, glyphosate acid
particles, and surfactant to produce a suspension concentrate.

Still a further aspect of the invention relates to a method of preparing a
suspension concentrate comprising glyphosate acid. The method comprises:
combining glypho sate acid particles with water, surfactant, and dispersant; wet
milling the mixture of glyphosate acid particles, water, surfactant, and dispersant,

to reduce the size of glyphosate acid particles to a size that can be suspended in the
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water, surfactan;t, and dispersant; and using a high speed mixer to mix the water,
glyphosate acid‘particles, surfactant, and dispersant, to produce a suspension
concentrate comprising the glyphosate acid particles.

Yet another aspect of the invention relates to a method of preparing a
herbicide composition comprising glyphosate acid. The method comprises
preparing a suspension concentrate composition by a method comprising:
combining glyphosate acid particles with water and one or more of surfactant and
dispersant; mixing or agitating the water, glypho sate acid particles, and one or
more of surfactant and dispersant, to produce a suspension concentrate containing
the glyphosate acid particles; and combining the suspension concentrate

composition with acidifying agent other than sulfuric acid.

Detailed Description

Glyphosate (N-(phosphonomethyl)glycine) compounds (or “glyphosate™),
and chemical derivatives thereof, are a known type of active herbicide compound.
Glyphosate is generally considered a broad spectrum, post-emergent, systemic
herbicide effective for the control of many annual and perennial grasses and
broadleaf weeds, in addition to many tree and wooden brush species both in
cropland and noncrop sites. Glyphosate is available in the acid form, referred to as
slyphosate acid, and is also available and more commonly used for herbicide
application in its various salt forms, such as its isopropylamine (IPA) salt form.
These salt forms are considered to be generally soluble in water, which encourages
the use of the glyphosate salt forms. Glyphosate is sold as the isopropylamine salt
under the trade name Roundup®.

The invention relates to herbicide compositions that include glyphosate
acid, i.e., glyphosate (N-(phosphonomethyl)glycine), in the acid form. The term
“herbicide composition” refers to compositions that include a herbicide compound,
specifically here, glyphosate acid. Herbicide compositions include the described
suspension concentrates and derivatives thereof.

Glyphosate acid is generally considered to be an insoluble active herbicide
compound. This means, for example, depending on temperature and pH, that

glyphosate acid can be soluble in water or acidic water only up to a few weight
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percent, meaning that approximately 100 grams of an aqueous solution can
dissolve only approximately a couple of grams of glyphosate acid, e.g.,
approximately 1 gram, or one weight percent. The glyphosate compound (N-
(phosphonomethyl)glycine) includes 4 acidic protons which are removed at pKa;
of 0.8 (1% phosphonic), pKa; 2.3 or 2.6 (carboxylate), pKas 6.0 (2nd phosphonic),
and pKay 11.0 (amine). For purposes of the present description, when discussing
the pKa of the glyphosate acid form of the N-(phosphonomethyl)glycine, the pKa,
is specifically meant, because this is the pKa that relates to the conversion of the
glyphosate compound to and from the protonated and deprotonated carboxylic acid
form, which is generally considered to be the “acid” form of the glyphosate

herbicide compound.

Glyphosate acid is commercially available, generally in the form of a
granular, solid, powder form or as a wet cake, for example from Dow Chemical
Co., under the tradename Glyphosate WC. These materials are sold in the form of
solid glyphosate acid particles having an average size (diameter) in the range from
about 5 to aboui.18 micCrons.

According to the invention, glyphosate acid is incorporated into a
suspension conéentrate. The term “suspension concentrate” as used herein, means
a composition also sometimes referred to as an “aqueous flowable” or a “water-
based flowable” composition, which compositions are known in the herbicide art
and 1nclude or consist of particles of a generally insoluble solid active herbicide
compound in sﬁspension (preferably concentrated suspension) in water.

The suspension concentrates described herein can be produced with
particles of glyphosate acid by suspending and preferably dispersing the particles
in water with the assistance of other ingredients such as conventional dispersants,
surfactants (wetting agents), and other optional ingredients.

The glyphosate acid should be in the form of particles that exhibit physical
characteristics such as size, shape, surface features, etc., that will allow the |

glyphosate acid particles to be suspended in water as described. The particle size
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range can vary depending on factors such as the other ingredients used to prepare the suspension
concentrate and their respective amounts, but exemplary particles may be 1n the size range below

about 10 microns, for example 1n the range from about 4 or 5 to about 7 or 8 microns.

The suspension concentrate includes water in a useful amount, such as an amount that, 1n
combination with one or more other ingredients described herein (e.g., such as surfactant and/or
dispersant) will allow suspension and preferably dispersion of the glyphosate acid particles.
Relative amounts of water and the other ingredients used to prepare a suspension concentrate can
be any amounts that produce a useful herbicide composition in the form of a suspension
concentrate.

Relative amounts of different ingredients (water, glyphosate acid, surfactant, etc.) in any
particular composition can depend on the intended application (including the plant to be
controlled or the crop to be protected), the mode of application (e. g., field or aerial spraying or
application from a hand-held spray applicator, or other technique), the method of any preparation
from a suspension concentrate to a herbicide application composition, the amounts and 1dentities
of other ingredients added to the suspension concentrate, etc. Useful amounts of water in a
suspension concentrate may be, for example, in the range from about 20 to about 60 weight
percent water based on the total weight of the suspension concentrate, such as from about 30 to
about 50 weight percent water in a suspension concentrate. Useful amounts of glyphosate acid 1n
a suspension concentrate may be, for example, in the range from about 25 to about 50 parts by
welght glyphosate acid, such as from about 30 to about 40 parts by weight glyphosate acid.

A wetting agent (also referred to herein as "surfactant™), can be used to facilitate
suspending the glyphosate acid particles in a suspension concentrate.

Surfactants can lower the surface tension of the water, helping to replace air on the surface of
particles of the glyphosate acid with water, thereby suspending the particles. During milling (see
below), new particle surfaces are created by mechanical breakdown of solid glyphosate particles.
The surfactant adsorbs onto the particle surfaces to give rise to fluidity of the suspension.

A very large variety of surfactants are known and commercially available, including such
different classes as cationic surfactants, anionic surfactants, non-ionic surfactants, ionic
surfactants, and amphoteric surfactants, etc. The surfactant can be a surfactant or combination of

surfactants useful to suspend particles of glyphosate acid. Examples of some preterred

surfactants include cationic, certain
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non-ionic surfactants, and anionic surfactants, either alone or in combinations (e.g.,
blends of cationic and nonionic surfactants). Of these, particular types of preferred
surfactants include non-jonic linear or branched alcohol ethoxylate surfactants,
anionic phosphoric acid ester surfactants (sometimes referred to as “phosphate
ester” surfactam s), and cationic ethoxylated tallow amine surfactants. An example
of useful surfactant would include nonionic wetting agents such as Surfonic L12-6,
from Huntsman. Other examples of commercially available surfactants of these

general classes include the following:

TRADE NAME ' COMMON NAME FUNCTION GENERAL
_ CLASSIFICATION
Tomadol 1-5 11 carbon 5 mole linear alcohol wetting agent nonionic
Surfoni¢ L12-6 12 carbon 6 mole linear alcohol wafting agent NOMon|¢
Trymeen 6607 20 mole tallow amine wetting agent/adjuvant  cationic
Stepfag 8170 phosphate ester dispersant/adjuvant anionic
Surfonic PE 1218 phosphats ester dispersant/adjuvent anionic
Surfonic OP-70 7 mole octylphenol wetting agent/adjuvant  nonionic
Tergitc'ﬁ NP-9 S mole nonylphenol wetting agent/adjuvant  nonionic
Soprophor 796P  tristerol phenol EQ/PO dispersant noNionic
Soprophot FLX  tristerolphenol potassium phosphate  dispersant anionic
Polyfon H'™™ sodium lignosuifonate dispersant anionic
Morwet D425 napthalene formaldehyde condensant ~ dispersant anionic
Morwei 1P naphthalene sulfonates wetting agent anionic
Plaroni&'L1061  block copolymer disperant nonionic
Tersperse 4984  block copolymer/aicohol ethoxylate  dispersant, wetting nonionic
Tersperse 2500  surfactant dispersant anionic
Surfonic DOS60 sulfosuccinate wetting agent anionic
LI-700 4, lecithin derivative adjuvant nonionic
Goodrite K732 polyacrylic acid dispersant anionic

An anionic surfactant is a surface-active molecule in which an active
portion of a lipophilic portion of the molecule forms a negative ion (i.e., anion)
when placed in aqueous solation. Exemplary anionic surfactants include
phosphoric acid ester surfactants (sometimes referred to as “phosphate ester”
surfactants), sodium alkyl naphthalene sulfonate surfactants, and ethoxylated
tristyrylphenol phosphate salts.

Exemplary sodium alkyl naphthalene sulfonate surfactants include sodium
butyl naphthalene sulfonate, sodium di-n-butyl naphthalene sulfonate, sodinm
diisopropyl naphthalene sulfonate, sodium dimethyl naphthalene sulfonate, and
mixtures thereoff Sodium buty] naphthalene sulfonate is commercially available,
for example, under the trade name “MORWET B” from Witco/ Crompton,

Greenwich, CT. Sodium di-n-butyl naphthalene sulfonate is commercially
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available, for example, under the trade name “MORWET DB” from
Witco/Crompton, Greenwich, CT. Sodium diisopropyl naphthalene sulfonate is
commercially available, for example, under the trade name “MORWET IP” from
Witco/Crompton, Greenwich, CT. Sodium dimethyl naphthalene sultonate
surfactant is commercially available, for example, under the trade name
“SELLOGEN HR” from Henkle Corp., Cincinnati, OH.

An exemplary ethoxylated tristyrylphenol phosphate potassium salt
surfactant is commercially available, for example, under the trade name
“SOPROPHOR FLK” from Rhodia, Cranbury, NJ.

A nonionic surfactant is a surface-active molecule that does not contain
ionizable polar end groups but does contain hydrophilic and lipophilic portions.
Exemplary nonionic surfactants include polyoxyethylene alkylether or alkenylether
surfactants. Nonionic surfactant used to prepare a suspension concentrate as
described herein may include long or short chain alcohol ethoxylate surfactant.
The alcohol ethoxylate surfactant may be branched or linear.

An éxample of a useful nonionic polyoxyalkylene surfactant includes

alcohol ethoxylate having the general formula:
R—-O—((CH,)«xO),~H

wherein R may be “long” or “short” chain and “branched” or “linear” alkyl. R
preferably can be a “short chain” branched or linear alcohol, meaning that it can
have from about 3 to 23 or fewer carbon atoms. With respect to the oxyalkylene, x
can preferably be in the range from about 2 to 5, preferably from about 2 to 4 (e.g.,
2 or 3, for a polyoxyethylene or polyoxypropylene, respectively) and y can
preferably be in the in the range from 5 to 25.

Examples of useful short chain nonionic polyoxyalkylenes include linear

alcohol polyoxyethylenes having the general formula:

CH;3(CoH,)mO(CoH40),H
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wherein CH; (CiH4)m is a short chain linear alkyl having from about 3 to 23 or
fewer carbon atoms (i.e., m can be in the range from about 1 to 11 carbon atoms),
and n is 1in the range from about 5 to 25.

Another example is short chain nonionic polyoxypropylenes having the

general formula:
CH;3(CaHa)mO(C3HeO)nH,

wherein CH3(CyHg)nmis a short chain linear alkyl having from about 3 to 23 or
fewer carbon atoms (i.e., m can be in the range from about 1 to 11 carbon atoms),
and n can preferably be in the range from about 5 to 25.

Exemplary short chain linear alcohol ethoxylate surfactant are
commercially available, for example, under the trade names “SURFONIC L12-6”
from Huntsman, Austin, TX, “SURFONIC L24-7” from Huntsman, Austin, Texas,
“TERGITOL 15-S-7", “TERGITOL 24-L-60”, “ALPHONIC 1012-60",
“ALPOHONIC 1414-60”, “BIOSOFT ET 630,” from Stepan Company, Chicago,
IL, and “GENOPAL 24-L-60.”

Other exemplary surfactants include polyethylene glycol, fatty acid
ethoxylates, phosphate esters, octyl phenol ethoxylates, and nonyl phenol
ethoxylates.

Useful polyethylene glycol surfactants are commercial ly available, for
example, under the trade names “ADEKA PEG” from Asahi Denka Kogyo,
Tokyo, Japan.

Useful fatty acid ethoxylate surfactants are commercially available, for
example, under the trade names “NINEX MT-610”, “NINEX MT-615", and
“NINEX MT-630” from Stepan, Northfield, IL.

Useful phosphate ester surfactants are commercially available, for example,
under the trade names “STEPFAC 81807, “STEPFAC 8181”, and “STEPFAC

8182 from Stepan.

Useful octyl phenol ethoxylate surfactants are commercially available, for

example, under the trade name “MAKON™ OP-9”  from Stepan, Northfield, IL.

10
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Useful nonyl phenol ethoxylate surfactants are commercially available, for
example, under the trade names “MAKON™ 4" “MAKON™ 6", “MAKON™ 8"
“MAKON™ 10", “MAKON™ 12", and “MAKON™ 14" ' from Stepan, Northfield, IL.

A catio@ic surfactant 1s a surface-active molecule in which an active portion
of a lipophilic p:ortion of the molecule forms a positive ion (i.e., cation) when
placed in aqueo:us solution. In one embodiment, exemplary cationic surfactant
includes ethoxylated tallow amine.

The amount of surfactant (“surfactant” refers to one or a combination of
surfactants) can be any amount that will allow the preparation of a suspension
concentrate. Useful amounts of surfactant will be apparent to the skilled artisan
based on this overall description, with exemplary amounts being below about 20
percent by wel éht surfactant based on the total weight of suspension concentrate,
such as in the range from about 0.1 or 1 to about 10 or 15 weight percent surfactant
based on the total weight of the suspensidn concentrate with a particularly
preferred range being from 0.5 to 3 weight pércent.

A dispersant can also be useful to facilitate preparation of a suspension
concentrate containing glyphosate acid particles. A dispersant can stabilize and
maintain a separation between the suspended particles, which otherwise may have
a tendency to flocculate due to attractive forces. Dispersants can provide repulsive
forces to balance the tendency to flocculate. An example of a useful type of
dispersant is a nonionic dispersant such as Tersperse 4892 from Huntsman. Other
examples of dispersants are listed in the table above.

The amount of dispersant can be any amount that will allow the preparation
of a suspension concentrate, and that may help to stabilize a suspension
concentrate, e.g., by preventing flocculation. Useful amounts may depend on the
type of dispersant and the composition of the suspension concentrate, as will be
apparent to the skilled artisan. Exemplary amounts of dispersant can be below
about 10 or 8 percent by weight dispersant based on the total weight of the
suspension concentrate, with preferred amounts being from about 2 to about 6
weight percent ;dispersant based on the total weight of the suspension concentrate.

Other in:gredients, additives, or adjuvants can also be included in the

suspension concentrate, as will be appreciated by those skilled in the relevant arts.

11
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For example, an antifreeze may be useful, such as propylene glycol or other low
molecular weight alcohols or polyols, in an amount to reduce the freezing point of
the suspension concentrate. The amount of the antifreeze can be any amount that
1s useful, as will be understood by the skilled artisan. Exemplary amounts of

antifreeze can be below about 20 weight percent based on the total weight of the

- suspension concentrate, for example from 1 to about 15 weight percent, or from

about 5 to about 10 weight percent.

Thickeners can be included in the suspension concentrate to provide
gravitational stabilization by increasing viscosity. Useful thickeners include
chemical compounds and polymeric materials that will be known to and
understood by the skilled artisan, and include, generally, natural and synthetic
starches, gums, and other types of chemical compounds that will increase the
viscosity of a solution. Thickening agents are well known in the chemical and
polymer arts, and include, inter alia, polyacrylamides, cellulosic resins and

functionalized cellulosic resins, polyacrylic acids, polyethylene oxides, and the

like. Commercially available examples include Kelzan  and Rhodaopl 23

xanthan gums, Attagel -~ 50 and Attaflow FL clays, CarbopolTM 910 polyacrylic
acid polymer, Kelcosol sodium alginate, and Bentolite" purified Bentonite.

A useful amount of thickener will result in increased viscosity and
stability, without causing viscosity build that would be excessive for application

of the composition as a herbicide. Amounts below about 5 or 10 weight percent,

based on the total weight of the suspension concentrate, may generally be useful.

Preferred amounts may be less 0.5 weight percent for gums or cellulose resins.
Another ingredient in a suspension concentrate can be an antifoaming
agent. Antifoaming agents are well understood in the chemical and herbicide arts,
and a variety of useful examples are commercially available. Antifoam agents are
substances such as silicones, organic phosphates, and alcohols, which inhibit the
formation of bubbles in a liquid by reducing surface tension. One specitic
example of a commercially available antifoam agent is SAG 10 (a 10% silicone in
water), from Witco OSI. The amount of antifoaming agent used in a suspension
concentrate will also be apparent to the skilled artisan, with typical amounts being

less than 1 percent by weight, e.g., less than 0.5 percent by Weight.
12
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Other useful additives or adjuvants to the suspension concentrate may
include other sﬁrfactants, antimicrobial agents, anticorrosion agents, and other
ingredients that;will be understood to be useful, in amounts that will also be
understood. Surfactants having functions of wetting, spreading, or penetrating,
preferably to improve efficacy of a herbicide composition, may also be added to
the formulation or can be added when a tank mix is made for application. Organic
solvents may be included in the suspension concentrate if desired, but are generally
not used or needed.

The ingredients can be combined by known methods, including mixing,
agitating, and dispersing, and, if needed or otherwise desired, milling of the
lyphosate acid particles, to produce a suspension concentrate. Any of the mixing,
milling, agitating, dispersing, or combining steps can be done in any order, such as
milling the glyphosate acid particles and adding the milled particles to water and
other ingredients, or by adding the particles to water and other ingredients followed
by wet milling.

One exemplary method of producing a suspension concentrate starts with
olyphosate acid particles in the form of a wet cake or dry (granular, powder) acid,
generally having a relatively large particle size (e.g., greater than about 10
microns). The wet cake or dry particles of that size can be mixed or dispersed into
a liquid. This can be done, for example, by combining the glyphosate acid
particles with water and other ingredients with agitation or mixing to disperse the
particles. For example, the glyphosate acid particles can be added to water and one
or more of surfactant, dispersant, antifreeze, and antffoam, and mixed using a high-
speed mixer to disperse the glyphosate acid particles. The mixture of glyphosate
acid, water, and other ingredients can be further processed toward a suspension
concentrate by methods that will process the glyphosate acid particles into a form
that allows suspension of the particles in water in the form of a suspension
concentrate, for instance by reducing the size of the particles in the presence of a
useful surfactant. Thus, a processing step can be to reduce the size of glyphosate
acid particles to a size that will allow the particles, in combination with one or
more of the other ingredients described herein such as surfactant and/or dispersant,

to be maintained in a stable suspension concentrate composition. An exemplary

13
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method of reducing the size of the glyphosate acid particles is by using milling
techniques, e.g., what is referred to as “wet milling.” A typical such average
particle size can be below about 10 microns, for example in the range from about 4
to about 8 microns or from about 5 to about 7 microns. Any method of reducing

particle size may be useful, such as by using an attrition mill, ball mill, sand mill,

- or other milling process.

After reduction of the particle size, the solution containing the suspended
glyphosate acid particles can be further combined with a thickener, by mixing the
thickener into the solution.

The susf.)ension concentrate can preferably be stable in the form ot a
suspension concentrate for a useful period, meaning that the suspension
concentrate composition does not settle or otherwise transform out of the
suspension concentrate form, and maintains the form of a suspension concentrate,
for a useful amount of time. Useful periods of stability can depend on timing, e.g.,
between preparation, further processing of, and use (application) of the suspension
concentrate, which time periods may vary greatly based on convenience,
preference, inherent stability of the suspension, or other factors. If a suspension
concentrate or a derivative form of the suspension concentrate can be applied in a
short or very short period of time after preparation, longer-term stability is not
required. Exemplary suspension concentrates of the invention have been tound to
be stable at approximately room temperature and in substantially undisturbed and
un-agitated environments for periods in excess of 6 or 12 months. Longer or
shorter periods would also be usetul.

The suspension concentrate can be applied directly to a field or plant to
control undesired plant growth, or can be combined with other ingredients to fo.rm
a derivative herbicide composition for application which can be applied to a field
or plant, e.g., as a “herbicide application composition” to control undesired plant
crowth. “Herbicide application composition” refers to a herbicide composition
having a concentration of herbicide compound (here, glyphosate acid) that would
nofmally be applied to a field or plant to control undesired plant growth, as
opposed, for example, to compositions having higher concentrations of herbicide

compound that sometimes occur in preparation, storage, shipping, or sale of a

14
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herbicide composition. It is ndted that suspension concentrate compositions as described
herein are capable of cbntrolling plant growth if applied directly to aplant. Yetit canbe
typical for reasons of efficiency, cost, conyenience, techniques presemly used in applying
herbicide composttions, and énvironmen;al considerations, 1o use a relatively diluted -
form of herbicide COMIpOSIIOnS 10 conveﬁienﬂy apply a specific and known amount qf?

herbicide compound per acre or per other unit of application. By way of example.,.

- herbicide application compositions include any herbicide composition having such a

10

15

specific concentration of glyphosate acid for application, e.g., to a field, and specifically
include suspension concentrates and derivatives prepared by cozﬁbining the susi:)ension
concentrate with one or more of water, acidifyving agent, another herbicide, or other
ingredients, as will be described in more detail below.

Additional ingredients can be added 10 the suspension concentrate to produce a
derivative herhicide composition or herbicide application composition. These added -

ing;cdicnts may be useful in the herbicide composition for purposes of dilution, stability,

pH adjustent, anti-foaming, or to otherwise facilitate application or increase efficacy.
These other ingredients may be added 10 the suspension concentrate or deriv ative
herbicide composition at any time and in any oz:der, as desired or convenient. Exemplary

additional ingredients include water, antifoaming agents, acidifying agents, antrcorrasion

. agents, or additional active herbicide compounds, such as described, for example, in

20

Applicants® copending U.S. Patent Application entitled *Herbicide Compositions
Comprising Imidazolinone Amd, Methods of Preparation, and Methods of Use,”

Publication No. US-2003 01 44147—-A1 filed on March 21, 2002.
A preferred embodiment of a herbicide composition of the invention, comprising

. or prepared from a suspension concentrate comprising glyphosate acid, can further

22

30

include acidifying agent, particularly an aciciiﬁfing agent that improves the efficacy of the
herbicide composttion. Example:s of a certam type of acxdl.fymg agent are described in:
United States Patent Numbers 4,445,925, 4,994,101, 5 288, 692 (Young). Other
exemplary acidifying agents are known, and still others are described in Assignee’s
copending United Startes Patent Application entitled “Herbicide Composition Comprising
Herbicide Compound in Acid Fonr and Acidifying Agent” Publication No. US-2003~
0153461-A1, filed March 21, 2002. See also Assignee’s copending United States Patent

15
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Application entitled “Herbicide Micro emulsion-Fgrming«anc entrates, Microemulsions,
and Methods,” Publication No. US-2003-0143889-A1, filed on March 21, 2002, A
preferred herbicide application composition can be formulated to include an acidifying
‘ ageut, and most preferably to iﬁclude sufficient acidifying agent to exhiibit a pH tﬁat st
5  below about 2.6, preferably below abour 2.3, e.g., below the pKa of glyphosate acid.
While wishing not to be bound by theory, 1t 1s ‘peli eved that the direct applic;ation
of the acid form of glyphosate, especially as part of a herbicide composition having a pH
below the pKa of the glyphosate acid compound, can effect improvements n plant
| ‘control I;:y one or both of the following mechanisms. First, a neviral (acid) rﬁdlecule can
10 have an easier Hme penctrating & cuticle on a:plam, compared 10 a charged (salf)
molecule. Secondly, an écidifying agent and a low pH of a herbicide composition can -
have a damaging eftect ona plant’s surface, thereby letting more herbicide penetrate the

surface. Also, the neutral acid molecule can be less susceptible to de-activation by hard
waler. |

15 A variety of different écidiﬁrEg agents can be useful with the herbicide

| compositions of the invention. The pérticula:* acidifying agent chosen and the amount
used can be based on factors including the intended use or application of the herbicide -
composition (Including the identity.of the target undesirable pl ant srowth and any nearby
desirable plant erowth) the method of application, physical and chemical properties of the

20  herbicide application composition, and others. The acidifying agent may be any of &
variety of suitable organic or inorganic acids, of any nseful strength or concentration, that
can be added 1o a suspension concentrate or a derivative thereof, preferably without
causing substantial or undue negéﬁve effects such as reaction with an ingredient of the
suspension concentrate such as the glyphosate acid, precipitation, etc. Trwillbe

25 . understood that an acidibﬁng agent can be in a concentrated or diluted form, as necessary

or desirable.
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Non-limiting examples of acidifying agents include acids such as sulfuric
acid, phosphoric acid, hydrochloric acid, nitric acid, acetic acid (e.g., “glacial”
acidic acid), perchloric acid, polyphosphoric acid, acidic adducts such as the
sulfuric acid adduc’ts described in United States Patent Number 5,288,692 (Young),
especially the adduct of sulfuric acid and urea, or any other acidifying agent that

can be used to affect the pH of a herbicide composition, especially to prepare a

herbicide composition including glyphosate acid and having a pH below the pKa

of glyphosate acid. These and other acidifying agents can be used alone or in
combination.
Just one specific example of a useful type of acidifying agent includes

adducts of sulfuric acid, and an “amide” according to the formula:

X
R
R:>N——|(! R, (1)

it

wherein X is chalcogen, and each of R;, Ry and R3 18 independently selected from
hydrogen and organic radicals. As used herein, “amide” encompasses all
compounds of formula (1) regardless of the chalcogen. The molar ratio of amide
to acid is usually in the range of about 1/4 to less than 2 so that at least some of the
acid is present as the monoamide-acid adduct.

When R, Ry, and Rj are organic radicals, they may be cyclic or acyclic,
straight or branched chained, and can contain one or more heteroatoms such as
sulfur, nitrogen, oxygen, phosphorus and the like. Further, R;, R, and R3 can
contain one or Iinore substituents such as thiol, hydroxy, nitro, amino, nitrile,
amide, ester and halogen groups and others. Such organic radicals may contain
aryl groups such as aralkyl and alkaryl groups. Certain preferred organic radicals
can be free of olefinic or alkynyl unsaturation and can generally have up to about
20, preferably up to about 10 carbon atoms. Particularly preferred amides include
urea, thiourea, formamide, dimethylformamide, biuret, triuret, thioformamide, and
combinations of these.

The chalcogens are elements of Periodic Group VI-B and include oxygen,

sulfur, selenium, tellurium, and polonium. Oxygen and sulfur can be preferred due

17
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to low cost, availability, low toxicity, and chemical activity, and oxygen is the
most preferred.
A specific example of an adduct according to formula (1) can be the

sulfuric acid/urea adduct:

.
N

A

H N \ci

| i (2)
O\S ~

O/ \O H

Other types of useful acidifying agents include various forms of sulturic
acid, phosphoric acid, hydrochloric acid, nitric acid, acetic acid (e.g., “glacial”
10  acidic acid), perchloric acid, polyphosphoric acid, adducts of these, etc. Various
such acids are commercially availabﬂle in different forms and concentrations, such
as solids, liquid (aqueous) solutions, concentrated liquid solutions, etc., or can be
prepared by one of skill. Any such form of acidifying acid may be useful to reduce
the pH of a herbicide composition prepared from or comprising the suspension
15 éoncentrate, preferably without causing any undue negative affects. The chosen
form of acidifying agent may be based on commercial availability, convenience,
and the ovérall desired properties of the herbicide composition, its different
ingredients (e.g., the herbicide compound), and its desired method of preparation
and use. x
20 The amount of acidifying agent added to a suspension concentrate or
herbicide application composition can be based on factors including the particular
composition and chemistry of the suspension concentrate or herbicide application
composition, in:cluding the amounts and chemistries of surfactant and herbicide
compound; the amount of water; the type of acidifying agent and its chemistry and
25  strength (concentration); the desired pH; etc. Preferred amounts of any particular
acidifying agent can be capable of improving the efficacy of the herbicide

composition as applied, and particularly preferred amounts will be sufficient to

18
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produce an application composition having a pH below 2.3 or 2.6, or otherwise
below the pKa of glyphosate acid compound.

Examplés of useful amounts of acidifying agent will be quite varied
considering the above factors. Relatively strong concentrations of liquid (aqueous)
acidifying agent solutions such as 93% liquid sulfuric acid, 72% phosphoric acid,
85% polyphosphoric acid, 90% nitric acid, 99% glacial acetic acid, etc., can be

added directly or can be first diluted and then added to a suspension concentrate or

" a derivative formulation in an amount to bring the pH below about 3, e.g., below

about 2.6 or 2.3, or lower. In terms of volume percent, very generally speaking,
useful amounts of aqueous acidifying agent such as those listed above can be
below about 5 or 10 volume percent, e.g., in the range from about 0.01 to about 4
parts by volume aqueous acidifying agent based on the total by volume of
suspension concentrate and acidifying agent. Volumes of acidifying agent outside
of this range may also be useful, depending on the composition and strength of the
acidifying agent and the desired pH.

The herbicide compositions can be used for immediate and long-term, post-
emergent control of a large variety of different forms of vegetation. As an
example, the suspension concentrate could be applied directly to plants for
controlling plant growth, although this may include an unnecessarily potent
concentration of the glyphosate acid. Furthermore, it may as a general matter be
difficult to uniformly apply a small amount of concentrated herbicide composition
to a large area without dilution. A suspension concentrate would instead more
likely be a product sold commercially as a herbicide concentrate product, which
would be a composition that includes a relatively high concentration of glyphosate
acid active herbicide compound, as manufactured or packaged for sale, and which
may typically be diluted or combined with other ingredients prior to use to form a
herbicide application composition.

The suspension concentrate could be purchased by distributors or suppliers,
or directly by consumers such as farmers, any of which could add optional
ingredients such as water, an acidifying agent (e.g., in the form of a solid, powder,
or an aqueous solution, etc.), or another type of herbicide formulation or herbicide

compound, to the suspension concentrate. The additional ingredients could, for
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example, be added and mixed in a tank immediately prior to application. The suspension,
concentrate would typically be diluted with water. A typical dilution would be 1 pmt . .
(0.47230 liter) of suspension concentrate in 15 gallops (56.781liters) of water for ground

application. Another typical dilution would be 1 pmt (047 35 liter) of suspcnsmn
concentrate in 3-5 gallons (11.3562 -18.972 liters) of water for apphcanon by air.

Inone emmbodiment of a distribution sysiem, a suspension concentyate could be

sold 1o farming product or nursery dealers, or the like, who could dilute the suspension

concentrate with water and/or add other ingredients such as an acidifymg agent or other

herbicide. This could be particularly convenient if such a dealer normally kept.a stock of

acidifying agent such as phosphoric acid or sulﬁ;ri'c acid, eic. The suspension
concentrate combined with acidifying agent by the dealer could be sold toanend
consumer who could use the comﬁosition as purchased or who could optionally further
dilute the pu:réhased composition or add other ingredients to the purchased composition
such as an additional herbicide by tank mixing,

- Alternatively, the ;suspension concentrate could be sold directly to end users who-

could add one or more of the additional ingredients in a tank mixing process. For

example, the suspension concentrate could be combined with water or an acidifying agent

- or both, in a tank, by a farmer, and then applied.

The herbicide compositions can be applied for immediate vegetation control by
contact killing, by application of a herbicide applicaﬁcn composition to plants. As will
be understood by the skilled arfisan, berbicide application compositions as described can
contain a useful amount of the glyphosate acid active herbicide compound, based on
factors of efficacy, safety, application rate, etc. Similarly, a usefiil amount of herbicide
application composition (containing the useful amount of glyphosate acid) to be applied
to a plant or a field, will be readily understood by ﬂ:*;ose of skill, based, e.g., on desired
efficacy, safety, application rate, and environmental factors, etc.

The particular amount of glyphosate acid in any specific herbicide apphcation .

~ composition will depend on factors known and as described above: Advantageously, it

has been found that certam preferred herb1c1de application composxtmns of the invention, :

e:sPeCIally those that include an acidifying agent, and in particular those that also have a
reduced pH, e.g., below about 3, 2.6, or 2.3, can be applied at lower dosages or

20
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“gpplication rares” (lower amounts of herblclde: ¢Omp0und per plant or per acte (0.4
hectare)) relative to other hetbicide composmons containing other forms of glyphosate
(e.2., the salt form), or not at a reduced pH as described.

" Examples of dosages (“apphcatlon rates™) of glyphosate acid, especially as
5  included in 2 herbicide compositions of the described pH, to a field, can be in the range

from about 1/100 to about 6 pounEis slyphosate acid per acre (11.2 — 6723 g per hectare),
| with dosages in the range from about 0.03 10 0. S pounds per acre (33.63 — 560.44 g per -
hectare) being particularly preferred. More resistant plants or different field
' environments may require higher concentrations and/or higher dosage rates. The
10 preparation of herbicide application compositions -s,uitable to apply usefil dosag_es, based
on the concentration of herbicide compound In-a suspension concentrate, will be
undetstood by one of ordinary ski]l'.
The herbicide compositions can, as indicated, be applied using conventional aerial
or ground spray techniques in field applications. The herbicide cormpositions can also be
15 aﬁplied by any other useful technique, such as by spot-appiication 10 undesired plant
crowth using a hand-held applicator, or the like.

Advantageously, herbicide compositions of the invention have been found to

exhibit the additiopal advantages of being relatively non-volarile. The advantage of non-
- volatile herbicide compositions are self-evident to those-of skill in the herbicide arts. A
20  non-volatile herbicide composition has the advantage of not evolving, or evolvmg toa
reduced degree, through the zir, to inadvertently contact desired plant growth, In
practical effect, this advantagéous property allows the herbicide compositions of the -
invention 1o be applied 1o undesired plant growth in greater strength or in closer

proximity to desired above-ground plant growth. -
20 Vegetation that can be conrolled using the herbicide compositions of the

invention include any type of vegetation that 1s or 1 known 1o be controlled by
glyphosate or glyphosate acid herbicide compounds. The mgredignts 6f the herbicide
conﬁpbsiﬁbns, e.r., surfactant, dispersant, acidifying agent, etc., can be selected i view
" of the type of control desired (i.. pre-emergent or post-emergent) and the type of
30  vegetation to be controlled according to the known attributes of glyphosate compounds,

including slyphosate acid.
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EXAMPLES |
A typical suspension concentrate containing 3 Ib glyphosa;e acid per gallon (0339 kg
pet liter) can be prepared ag described herein, from ir;gediehts including:

Water . 43 60%

SAG 30 Antifoam 0.30

Propylene Glyeol 5.60

Surfonic T-15 - 800 tallow amine 15 mole
86% glyphosate we 36.10 wet cake

Tersperse 4984 2.00 dispersant

2% Kelzan™ 0.5% Proxel™ 7.00

- Othet exemplary suspension concentrate formulations mé.y also include a higher amount

of suxfacram {(¢.g., 8% by weight or greater) and can have a glyphosate acid concentration -
of 4 pounds per gallon (0.479 kg per liter), as follows:

Water ; 3245%
SAG 30 | 030 - antifoam
Propylene Glyceol 8.00 antifreeze -
AJ-392 . 8.00 nonionic/tallow amine blend
_Glyphosates WC Dow 4530  acdve, 39.0% glyphosate acid
Toersporse 4894 2.00 dispersant

2% Kelzan™-0.5% Proxel™ 400 - thickener & antimicrobial .

Toral 10000

Glyphosate Acid Content of sthis formulation:
39.0% wiw

480 g/L

4.0 1b/gal

In the above formulation, the 8% surfactant provides wetting for the preparation of the |
suspension concentrate, and upon ditution in water functions as an adjuvant to improve
efficacy of the herbicide formulation. As another example of ingredients of a suspension
concentrate: |



CA 02462127 2011-03-01

Water 32.45%
SAG 30 0.30 antifoam
Propylene Glycol | 8.00 antifreeze
S LI-700 | 8.00 lecithin derivative
Glyphosate WC, Dow 4530  active, 39.0% glyphosate acid
Tersperse 2500 2.00 dispersant
2% Kelzan™-0 5% Proxel™ 4.00 thickener & antimicrobial
Total 100.00
10
EXAMPLES 1-5
The following examples illustrate how suspension concentrates of the invention
can be used to control plant growth, optionally with an acidifying agent.
15

Materials and Methods:

Experiments were conducted to evaluate the efficacy of a variety of different types
of herbicide formulations, including formulations from suspension concentrates,
20  and to evaluate the effect of adding acids to the spray solution as an adjuvant (see
Data Tables for Experiment 2 and Experiment 5). Each treatment in the
experiment was replicated three times. An untreated control was also included in

each experiment.

25  Experiment one was designed to identify useful acid concentrations of four acids
when used with a 2,4-D acid (2,4-dichlorophenoxy acetic acid) formulation (PCC-
1133), or a glyphosate (N-(phosphonomethyl)glycine) acid formulation (PCC-1168
suspension concentrate containing glyphosate acid), in a greenhouse. These

treatments were compared to standard 2,4-D and glyphosate formulations
30 (ROUNDUP ULTRA, SABER, SALVQ), and an untreated control.

Experiment two determined the effect of adding four different acid adjuvants to
five formulations of glyphosate: RODEO, ROUNDUP, ROUNDUP ULTRA,
ENGAME, and PCC-1168, at four different glyphosate rates. (The Kochia for

35 experiment 2 did not germinate well.)
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Experiment five compared the efficacy of the glyphosate acid formulation PCC-
1168, to PCC-1168 containing a variety of acidifying agents.

PCC-1168 Suspension Concentrate Formulation

GRED %Al-Tech
Water 44.60
SAG 30, OSI, Antifoam 0.30
Proplyene Glycol, Antifreeze 3.00
Surfonic L.12-6, Huntsman, nonionic wetting agent 0.50

- Glyphosate WC, Dow, Active Ingredient 86.00 36.10
Tersperse 4894, Huntsman, nonionic dispersant/wetter 3.50
Gum 2% Kelzan™ 0.5% Proxel™ Premix. thickener & antimicrobial 7.00

(Delivers 0.14%Kelzan™, 0.03% Proxei™})

Add in order listed to cowles high speed mixer stopping prior to Kelzan™-Proxel™ addition.
Grind to 5-18 microns, 4 hrs in attritor, 60%.

Let down to mix tank with scales

Add calculated amount Kelzan™-Proxel™ Premix

to milled liquid. Blend moderately for 30 min.

PCC-1133 Microemulsion Formulation

2,.4-D Acid 28.0 08% 2.,4-D acid technical flake

Tomadol 1-5 32.0 11 carbon 5 mole linear alcohol ethoxylate
Tomadol 1-7 32.3 “q7 « @

Rhodofac RS 710 8.0 anionic, phosphate ester surfactant

SAG 10 Antifoam 0.1

The PCC-1133 microemulsion was made by adding surfactants to a mixing vessel
and warming to 130F-150F. Antifoam and acid were added and mix in until clear,
with the 2,4-D acid becoming dissolved in the surfactant, producing a MFC., A
microemulsion was formed from the MFC by combining 2 ml MFC with 98 ml

water with agitation,

Procedure
For each experiment conducted, greenhouse flats 26 cm2 by 6 cm deep were filled

with Metro Mix 200 potting soil (experiments one and two) or Metro Mix 350
(experiments three, four, and five). The soil was pre-wetted before filling the flats.
Six furrows were pressed into the soil in each flat using a custom designed form.
Corn, tame oats, wheat, pinto beans, cotton, and sunflower were plﬁnted in each

tray. Cottonseed was soaked for three days previous to planting to improve
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germination. However, germination was still unacceptable and kochia was
substituted in experiments two through five. One species was planted in each of
the six rows in each flat. Five seeds were planted in each row of corn, bean, and
cotton, and sunflower. Six seeds were planted in each row of oat and wheat.
Kochia was sprinkled evenly along the row by hand. Each flat was covered with 2
cm of soil and placed in the greenhouse. Greenhouse conditions were 28/20 C

day/night temperatures and 16/8 h day night periods. Light was supplemented with
400 W sodium halide lights.

The plants were allowed to germinate and grow in the greenhouse for 2 weeks and
then treated. Treatments were mixed using serial dilutions. In experiment one, the
percent acid was reduced in each dilution by one half. In experiments 2 through 5
each dilution reduced the herbicide rate by one half. Acid concentrations were
calculated and mixed so that a treatment with one of the acids or LI-136 would
have the same amount of acid as the treatment with PCC-1174. Therefore, a

treatment designated 4% sulfuric acid would have the same amount of acid as a

treatment with 4% PCC-1174.

After mixing in experiments one, four, and five, the pH of the spray solution of
each treatment was measured with a, VWR Scientific model 8005 pH meter. The
pH was measured to determine if the acid used or the amount of acid added was
sufficient to lower the pH below the pKa of the acid herbicides used. The pKa of
2.4-D acid in the PCC-1133 was measured to be 2.87. The pKa of glyphosate acid
in PCC-1168 was measured to be about 2.5 or 2.6.

At the time of treatment, crops were at the following stages: corn - 2 to 3 1f, oat - 2
to 3 If, cotton - cotyledon, kochia - 7 If, bean -1st trifoliate, and sunflower - 2 to 4
If. Plants were treated using a greenhouse track sprayer equipped with an 8001E
nozzle and calibrated to deliver 140 L ha-1 at the height of the crop canopy. Each

treatment was simultaneously applied to three trays of plants, one for each
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replicate. After treatment, the plants were left in the head house to dry and then
transferred to the greenhouse. Plants in each treatment were evaluated visually for

injury 1 day, 1 week, and 2 weeks after treatment.

S SUMMARY OF VARIABLES OF EXPERIMENTS

Experiment 1

L ¥

Acid \ Volumes of | Herbicide | Herbicide Plants Reps :
Treatments each Acid Rate 1b/A

N (viv%e) " N -- |
PCC-1174 0 PCC-1133 0.125 dry beans 3:
Sulfuric 0.125 PCC-1168 wheat 2 of standards,

| Phosphoric 0.5 cotton 2 of PCC-1133,

and 1168 alone

LI-136 1 corn = 192 flats

| 2 sunflower

- 4 ) _____oats )

10 ) | Experiment 2 ) 3
Treatment | Rates Ib/A | Plants Reps
Rodeo 0.0313 dry beans 3 |
Roundup 0.0625 wheat
Roundup Ultra 0.125 kochia (did not germinate)

Engame 0.25 corn |
PCC-1168 sunflower
| PCC-1168+PCC-1174 (4%) oats
PCC-1168+sulfuric (2%)
PCC-1168+phosphoric (2%)
PCC-1168+LI-136 (2%)

Experiment S

| Treatment ) | rateslb/A | _Plants | Reps
PCC-1168 | 0.0313 dry beans 3 |
PCC-1168+Sulfuric (4%) 0.0625 wheat
PCC-1168+HCI (4%) 0.125 kochia
PCC-1168+Nitric (4%) 0.025 corn

i PCC-1168+Acetic (4%) 0.5 sunflower
PCC-1168+Phosphoric (4%) oats
PCC-1168+Perchloric (4%)

| PCC-1168+Polyphosphoric (4%) i i )

15  Following are data that illustrate the efficacy of various herbicide compositions of
Experiments 1, 2, and 5. The injury caused by the herbicide treatment was rated
visually. Plants were observed and compared to the untreated control. All the
plants of each species in each replication were given a single rating. A rating of 0
= no injury -- the plants look the same as the untreated. A rating ot 100 = deé --

20  usually highly necrotic, brown and no chance of producing seed.
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SALVO® is a commercially available product of Platte Chemical Co. containing.5 1b

2.4-D acid equivalent/gallon (0.599 kg/T) as 2-ethyl-hexyl ester of 2,4-D

SABER® is 2,4-D formulated as a dimethy}amjné salt (2,4-dichlorophenoxy

dimethylamine salt), i.e, is 2 commercially available product of Platte Chemical ..

.Company containing 3.8 1b 2,4-D acid equivalent/gallon (0.454 kg/Das dimethylamine

salt.

RODEOQ is a solublé Kquid water based forinulation of IPA, glyphosate, and water,
commercially available from MONSANTO, and was used according to the hbehng

mstrucb Ons.

"RODEO ULTRA is a glyphosate salt herbicide composition commercially avmlable

from MONSANTO, and was vsed according to the labeling instructions.

ENGAME is a soluble iquid water based formulation of glyphosate acid, urea,

‘sulfuric acid, and water, conimercially available from ENTEK, and was used

according to the labeling instructions. .

™ . ™
ROUNDUP and ROUNDUP ULTRA are commercially available IPA glyphosate salt
and surfactant herbicide compositions.

Acidifying Asents
HCI37% |
Nitric 70%

Glacial Acctic 100%
Perchloric 60%

Polyphosphoric 100%

PCC-1174
Commercially available as “"AMADS,” which 1S urea and H,SO4 in watct:

Chemical Name 1-amino methanamide dihydrogan tetraoxosulfate, or sulfurie acid and urea
Molecular Formvle ~ NH,C(OH)NHSO,H,
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INGREDIENT %/WT
Water 22.99

- 9039% Sulfuric Acid 48.65
09% Urea 26.64
Steptac 8170 1.71
SAG 10 Antifoam 0.01

LI-;136 = blend';of 50 wt. % 21-0-0 urea liquor and 50 wt percent of
72% phosphoric acid in water. The phrase “21-0-0 urea liquor” means a liquid that
contains 21% by volume urea (nitrogen), 0% by volume phosphate (phosphorous),

and 0% by volume potash (potassium).

Each of the acids were used as is and combined with the PCC-1133 or PCC-1168
herbicide compositions to form a solution that contains 2 percent or 4 percent by
volume of the acid solution, as indicated in the data tables, and such that the pH of
the herbicide composition was below the pKa of the particular herbicide

compound.
The ingredients of the herbicide compositions as applied are listed in the following

data tables, and were diluted with water and used at the rates indicated for

herbicide ingredients and acidifying agents. .

DATA FOR EXPERIMENT 2 (TWO WEEK)

tame spring  dry

Rate  Unuits corn oat wheat bean sunflower
1 RODEO 0313 LB AE/A 0.0 0.0 0.0 0.0 0.0
2 RODEO 0625 I1LBAE/A 0.0 0.0 0.0 5.0 5.0
3 RODEO 0.125 LB AE/A 20.0 20.0 0.0 30.0 40.0
4 RODEO 0.25 LB AE/A  30.0 10.0 40.0 60.0 100.0
5 ROUNDUP 0313 LBAE/A 00 0.0 0.0 0.0 0.0
6 ROUNDUP 0625 LB AE/A 200 5.0 0.0 33.3 40.0
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7 ROUNDUP 0.125 LBAE/A 700 700 600 50.0 90.0
8 ROUNDUP 0.25 LBAE/A 900 80.0 70.0 80.0 100.0
9 ROUNDUPULTRA .0313 LBAFE/A 200 00 00 00 00
10 ROUNDUP ULTRA  .0625 LBAE/A 30.0 200 400 50.0  40.0
5 |11 ROUNDUPULTRA 0.125 LBAE/A 900 490 700 700  90.0
12 ROUNDUP ULTRA 025 LBAFE/A 1000 80.0 900 80.0 1000
13 ENGAME 0313 LBAE/A 200 00 00 600 60.0
14 ENGAME 0625 LBAFE/A 400 200 200 600 633
| 15 ENGAME 0.125 LBAE/A 500 400 300 60.0 90.0
10 |16 ENGAME 025 LBAE/A 900 80.0 900 750 100.0
17 PCC-1168 0313 LBAE/A 00 00 00 00 0.0
18 PCC-1168 0625 ILBAE/A 00 00 00 00 0.0
19 PCC-1168 0.125 LBAF/A 200 500 100 200 16.7
20 PCC-1168 025 LBAE/A 700 60.0 800 467  40.0
15 {21 PCC-1168 0313 LBAE/A 500 300 50 400 400
PCC-1174 4 % V/V
22 PCC-1168 0625 LBAE/A 500 600 200 400  40.0
PCC-1174 4 % V/V
23 PCC-1168 0.125 LBAE/A 700 600 70.0 633 767
20 PCC-1174 4 % V/V
24 PCC-1168 0.25 LBAFE/A 900 80.0 80.0 80.0 1000
PCC-1174 4 % V/V
25 PCC-1168 0313 LBAE/A 100 100 100 400 5.0
SULFURIC ACID 2 % V/V
25 (26 PCC-1168 0625 LBAE/A 100 100 100 400  10.0
SULFURIC ACID 2 % V/V
27 PCC-1168 0.125 LBAE/A 500 200 100 60.0 28.0
SULFURIC ACID 2 % V/V
28 PCC-1168 025 LBAE/A 900 700 80.0 80.0 90.0
30 SULFURIC ACID 2 % V/V
29 PCC-1168 0313 LBAE/A 00 00 00 0.0 1.7
PHOSPHORIC ACID 4 % V/V
30 PCC-1168 0625 LBAE/A 00 00 00 200 5.0
PHOSPHORIC ACID 4 % V/V
35 {31 PCC-1168 0.125 LBAE/A 50 50 50  40.0 40.0
PHOSPHORIC ACID 4 % V/V
32 PCC-1168 025 LBAF/A 600 600 400 60.0 80.0
PHOSPHORIC ACID 4 % V/V
33 PCC-1168 0313 LBAF/A 50 00 0.0 10.0  20.0
4() LI-136 4 % VIV
34 PCC-1168 0625. LBAE/A 50 0.0 00 200 400
LI-136 4 % V/V
35 PCC-1168 0.125 LBAF/A 200 0.0 10.0 400  70.0
1I-136 4 % V/V
45 |36 PCC-1168 0.25 ILBAF/A 500 500 60.0 700 100.0
11-136 4 % V/V
37 UNTREATED 00 00 00 00 0.0
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DATA FOR EXPERIMENT 5 (TWOQ WEEK)
> tame spring  dry
Rate Unit corn oat kochia wheat bean sunflower
1 PCC-1168 0313 LBAE/A 00 0.0 00 0.0 5.0 0.0
2 PCC-1168 0625 LBAE/A 0.0 00 0.0 10.0 30.0  20.0
3 PCC-1168 0.125 LBAE/A 20.0 20.0 0.0 40.0 50.0 60.0
10 |4 PCC-1168 025 LBAE/A 600 60.0 200 70.0 70.0  95.0
5 PCC-1168 0.5 LBAE/A 750 70.0 50.0 80.0 75.0  100.0
6 PCC-1168 0313 LBAE/A 00 0.0 0.0 10.0 50.0  60.0
SULFURIC ACID 4 % VIV
|7 PCC-1168 0625 LBAE/A 10.0 30.0 0.0 30.0 70.0  90.0
15 SULFURIC ACID 4 % VIV
8 PCC-1168 0.125 LBAE/A 650 60.0 100 650 80.0 95.0
SULFURIC ACID 4 % VIV
9 PCC-1168 025 LBAE/A 800 750 50.0 85.0 850  100.0
SULFURIC ACID 4 % VIV |
20 |10 PCC-1168 0.5 LB AE/A  100.0 100.0 95.0  100.0 98.0  100.0
SULFURIC ACID 4 % VIV
11 PCC-1168 0313 LBAE/A 00 00 00 00 300 200
HYDROCHLORIC ACID 4 % V/V
12 PCC-1168 0625 ILBAE/A 0.0 00 0.0 10.0 50.0  65.0
25 HYDROCHLORIC ACID 4 % VIV
13 PCC-1168 0.125 LBAE/A 10.0 250 0.0 40.0 60.0  70.0
HYDROCHLORIC ACID 4 % VIV
14 PCC-1168 025 LBAE/A 750 70.0 10.0 60.0 80.0 90.0
HYDROCHLORIC ACID 4 % V/V
30 |15 PCC-1168 0.5 LBAE/A 80.0 90.0 60.0 90.0 93.0  100.0
HYDROCHLORIC ACID 4 % V/V
16 PCC-1168 0313 % V/V 0.0 0.0 0.0 0.0 50.0 50.0
NITRIC ACID 4 LB AE/A
17 PCC-1168 0625 % V/V 0.0 0.0 0.0 10.0 55.0 65.0
35 NITRIC ACID 4 LB AE/A
18 PCC-1168 0.125 % V/V 157 250 10.0 400 60.0  75.0
NITRIC ACID 4 LB AE/A |
19 PCC-1168 025 %V/V 75.0 70.0 60.0 60.0 80.0  90.0
NITRIC ACID 4 LB AE/A
40 |20 PCC-1168 0.5 % VIV 80.0 85.0 60.0 85.0 90.0  98.0
NITRIC ACID 4 LB AE/A
21 PCC-1168 0313 % V/V 0.0 0.0 0.0 0.0 0.0 0.0
GLACIAL ACETIC ACID 4 LB AF/A
22 PCC-1168 0625 % V/V 00 00 00 00 0.0 5.0
45 GLACIAL ACETIC ACID 4 LB AE/A
: 23 PCC-1168 0.125 % V/V 10.0 20.0 0.0 36.7 30.0  40.0
GLACIAL ACETIC ACID 4 LB AE/A
24 PCC-1168 025 % V/V 60.0 60.0 0.0 70.0 50.0  60.0
GLACIAL ACETIC ACID 4 LB AE/A
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25 PCC-1168 0.5  %V/V 75.0 75.0 20.0 80.0 70.0  95.0
GLACIAL ACETIC ACID 4 % VIV
26 PCC-1168 0313 LBAE/A 50 00 00 00 300 400
PHOSPHORIC ACID 4 % VIV
5 |27 PCC-1168 0625 LBAE/A 150 0.0 50 0.0 400 650
PHOSPHORIC ACID 4 % V/V
28 PCC-1168 0.125 LBAE/A 60.7 60.0 100 650 50.0  60.0
PHOSPHORIC ACID 4 % VIV
290 PCC-1168 0.25 LBAF/A 80.0 75.0 200 850 70.0 95.0
10 PHOSPHORIC ACID 4 % V/V .
30 PCC-1168 0.5 LBAE/A 93.0 950 80.0 950 980  100.0
PHOSPHORIC ACID 4 % V/V |
31 PCC-1168 0313 LBAE/A 00 00 00 00 400 400
PERCHLORIC ACID 4 % V/V
15 |32 PCC-1168 0625 ILBAE/A 200 200 00 200 500 60.0
PERCHLORIC ACID 4 % V/V
33 PCC-1168 0.125 LBAE/A 650 60.0 200 600 550  60.0
PERCHLORIC ACID 4 % V/V '
34 PCC-1168 025 LBAE/A 80.0 75.0 30.0 750 60.0 950
20 PERCHLORIC ACID 4 % VIV
35 PCC-1168 05  LBAE/A 90.0 90.0 30.0 90.0 80.0 98.0
PERCHLORIC ACID 4 % VIV
36 PCC-1168 0313 LBAF/A 700 700 00  60.0 500  50.0
POLYPHOSPHORIC ACID 4 % V/V
25 |37 PCC-1168 0625 LBAFE/A 750 750 0.0 750 550  65.0
POLYPHOSPHORIC ACID 4 % V/V
38 PCC-1168 0.125 LBAF/A 80.0 80.0 30.0 900 60.0 90.0
POLYPHOSPHORIC ACID 4 % V/V
39 PCC-1168 025 LBAE/A 950 90.0 400 930 850 950
30 POLYPHOSPHORIC ACID 4 % V/V
40 PCC-1168 0.5 LBAE/A 980 950 80.0 950 90.0  100.0
POLYPHOSPHORIC ACID 4 % VIV
41 UNTREATED 00 00 00 00 00 00
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We claim:
. A herbicide application composition comprising:
a suspension concentrate comprising glyphosate acid and a surfactant; and
5 an acidifying agent in an amount so the pH of the herbicide application

composition is below the pKa of glyphosate acid.

2. The composition of claim 1 wherein the pH of the herbicide application
composition 1s below about 2.6.

10
3. The composition of claim 1 wherein the herbicide application composition does

not contain sulfuric acid.

4. The composition of claim 1, wherein the acidifying agent is selected from the
15  group consisting of: hydrochloric acid, nitric acid, acetic acid, phosphoric acid,

polyphosphoric acid, perchloric acid, and combinations thereof.

5. The composition of claim 1 comprising:
about 10 to about 100 parts by volume of the suspension concentrate
20 éomprising about 20 to about 50 parts by weight glyphosate acid, about 5 to about
30 total parts by weight of one or more of surfactant, thickener, antifreeze and
antifoam, and about 20 to about 60 parts by weight water;
and about 1 to about 4 parts by volume of the acidifying agent.

25 6. A method of applying a herbicide application composition, the method
comprising;
preparing a herbicide composition comprising
a suspension concentrate comprising glyphosate acid and a

surfactant, and

30 an acidifying agent in an amount so the pH of the herbicide

composition is below the pKa of glyphosate acid; and
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applying the herbicide composition to control plant growth.

7. The method of claim 6, wherein the suspension concentrate comprises from about

25 to about 50 parts by weight glyphosate acid.

8. The method of claim 6 wherein the glyphosate acid particles are suspended in

water and the surfactant.

9. The method of claim 8, wherein the glyphosate acid particles have an average

particle size of less than about 10 microns.

10 The method of claim 6 wherein the surfactant is a cationic ethoxylated tallow

amine surfactant.

i1, The method of claim 6, wherein the pH of the herbicide composition is below
about 2.6.
12. The method of claim 6, wherein the acidifying agent is selected from the group

consisting of: hydrochloric acid, nitric acid, acetic acid, phosphoric acid, polyphosphoric

acid, perchloric acid, sulfuric acid, and combinations thereof.

13. A method of preparing a herbicide application composition comprising the steps

of:

(a) preparing a mixture comprising:
(1) glyphosate acid particles;
(11) water;
(111) surfactant; and
(iv) acidifying agent in an amount so the pH of the resulting
herbicide application composition is below the pKa of glyphosate
acid; and

(b) mixing or agitating the mixture to produce the herbicide application

composition.
33
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14. A method of preparing a herbicide application composition comprising
olyphosate acid, the method comprising:

combining glyphosate acid particles with water, surfactant, and dispersant
to form a mixture,

wet milling the mixture of glyphosate acid particles, water, surtactant, and
dispersant to reduce the size of glyphosate acid particles to a size that can be suspended
in the water, surfactant, and dispersant,

using a high speed mixer to mix the water, glyphosate acid particle,
surfactant, and dispersant to produce a suspension concentrate comprising the glyphosate
acid particles, and

mixing the suspension concentrate with an aciditying agent to produce a

herbicide application composition.

5.  The method of claim 14, wherein the glyphosate acid particles are wet milled to

an average particle diameter less than 10 microns.

16.  The method of claim 14, further comprising adding a thickener to the suspension

concentrate comprising the glyphosate acid particles, and mixing.

17. A method of preparing a herbicide application composition comprising
olyphosate acid, the method comprising
preparing a suspension concentrate composition by a method comprising
combining glyphosate acid particles with water and one or more of
surfactant and dispersant, and
mixing or agitating the water, glyphosate acid particles, and one or more
of surfactant and dispersant, to produce a suspension concentrate containing the
olyphosate acid particles, and
combining the suspension concentrate composition with aciditying agent

to produce the herbicide application composition, wherein an amount of the acidifying
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agent combined with the suspension concentration is such that the pH of the herbicide

application composition is below the pKa of glyphosate acid.
18.  The composition of claim 1 wherein the acidifying agent comprises sulfuric acid.

19.  The herbicide application composition of claim 1 wherein the acidifying agent

comprises a sulfuric acid adduct and an amide according to the formula:

ﬁ

wherein X 1s chalcogen, and each of R;, R; and Rj3 1s independently selected from

hydrogen and organic radicals.

20.  The herbicide application composition of claim 1 wherein the acidifying agent 1s

an adduct of sulfuric acid and urea.

21.  The herbicide application composition of claim 1, wherein the surfactant 1s
selected from the group consisting of an anionic phosphoric acid ester, a cationic

ethoxylated tallow amine, and mixtures thereof.

22.  The herbicide application composition of claim 1, further comprising a dispersant

to disperse the glyphosate acid particles.

23.  The herbicide application composition of claim 1, wherein the glyphosate acid

particles have an average particle size less than about 10 microns.

24.  The herbicide application composition of claim 1, wherein the glyphosate acid
particles have an average particle size in the range from about 4 to 8 microns.
25.  The herbicide application composition of claim 1, wherein the suspension

concentrate comprises from about 235 to 50 parts by weight glyphosate acid.
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26.  The herbicide application composition of claim 1, wherein the suspension

concentrate comprises from about 30 to 40 parts by weight glyphosate acid.

27.  The herbicide application composition of claim 1, wherein the surfactant

comprises a cationic ethoxylated tallow amine surfactant.

28.  The herbicide application composition of claim 1, wherein the suspension
concentrate further comprises a dispersant and wherein the surfactant comprises a

cationic ethoxylated tallow amine surfactant.

29.  The herbicide application composition of claim 1, wherein the surfactant

comprises a short chain alcohol ethoxylate nonionic surfactant having a short chain

- branched or linear alkyl having from 3 to 23 carbon atoms.

30.  The herbicide application composition of claim 1, wherein the surfactant

comprises a nonionic surfactant.

31.  The herbicide application composition of claim 30, wherein the nonionic

surfactant comprises a short chain linear alcohol ethoxylate surfactant.

32.  The herbicide application composition of claim 30, wherein the nomonic
surfactant has the formula:
CH3 (C2 H2 )m O(CZ H40)n H

wherein m is in the range from 1 to 11 and n is in the range from 5 to 235.

33.  The herbicide application composition of claim 19, wherein Ry, Ry, and R,

contain one or more substituents selected from the group consisting of thio, nitro, amino,

nitrile, amide, ester, and halogen groups.

34. The herbicide application composition of claim 19, wherein Ry, R;, and R3 have

up to 20 carbon atoms and are free of olefinic or alkynyl unsaturation.
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35.  The herbicide application composition of claim 19, wherein Ry, R, and Rj3 have

up to 10 carbon atoms and are free of olefinic or alkynyl unsaturation.

36.  The herbicide application composition of claim 19, wherein the amide is selected
from the group consisting of urea, thiourea, formamide, dimethylformamide, biuret,

'triuret, thioformamide, and combinations thereof.

37.  The herbicide application composition of claim 19, wherein the amide 1s urea.
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