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Description

BACKGROUND

[0001] Agricultural spraying by economical and available technologies uses hydraulic spray nozzles that inherently
produce a wide spectrum of spray droplet sizes. The potential for these spray droplets to drift from the initial, desired
site of application is found to be a function of droplet size, with smaller droplets having a higher propensity for off-target
movement. Significant research efforts, involving numerous field trials, wind tunnel tests and subsequent generation of
predictive math models have led to a greatly enhanced understanding of the relationship between spray droplet size
and potential for off-target drift. Although other factors such as meteorological conditions and spray boom height contribute
to the potential for drift, spray droplet size distribution has been found to be a predominant factor. Teske et. al. (Teske
M. E., Hewitt A. J., Valcore, D. L. 2004. The Role of Small Droplets in Classifying Drop Size Distributions ILASS Americas
17th Annual Conference: Arlington VA) have reported a value of <156 microns (mm) as the fraction of the spray droplet
distribution that contributes to drift. Robert Wolf (Wolf, R. E., Minimizing Spray Drift, December 15, 1997, Microsoft®
PowerPoint Presentation, available at www.bae.ksu.edu/faculty/wolf/drift.htm, last viewed September 6, 2011) cites a
value of <200 mm as the driftable fraction. A good estimation of droplet size likely to contribute to drift, therefore, is the
fraction below about 150 mm.
[0002] The negative consequences of off-target movement can be quite pronounced. Some herbicides have demon-
strated very sensitive phytotoxicity to particular plant species at extremely low parts per million (ppm) or even parts per
billion (ppb) levels, resulting in restricted applications around sensitive crops, orchards, and residential plantings. For
example, the California Dept of Pesticide Regulation imposes buffers of © - 2 miles for propanil containing herbicides
applied aerially in the San Joaquin valley.

SUMMARY

[0003] Methods and compositions to reduce spray drift are described. The methods to reduce spray drift during the
application of an aqueous herbicidal spray mixture include incorporating into an aqueous spray mixture an aqueous
herbicidal concentrate. The aqueous herbicidal concentrates include from 0.1 to 20 weight percent of one or more
aromatic esters of Formula I or Formula II:

[0004] In Formula I, R1 represents a saturated or unsaturated straight or branched chain (C1-C8) alkyl or a saturated
or unsaturated straight or branched chain (C4-C12) heteroalkyl, and R2 and R3 independently represent hydrogen,
hydroxyl, a saturated or unsaturated straight or branched chain (C1-C6) alkyl, or a saturated or unsaturated straight or
branched chain (C1-C9) ester. In Formula II, R4 represents a saturated or unsaturated straight or branched chain (C1-C8)
alkyl or a saturated or unsaturated straight or branched chain (C4-C12) heteroalkyl, and R5 and R6 independently represent
hydrogen, hydroxyl, or a saturated or unsaturated straight or branched chain (C1-C6) alkyl. The aqueous herbicidal
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concentrates also include from 20 to 60 weight percent (ae basis) of at least one auxinic herbicide, and from 0 to 10
weight percent surfactant. The aqueous herbicide concentrates are transparent, homogeneous liquids that form emul-
sions upon addition to water.

DETAILED DESCRIPTION

[0005] Methods and compositions to reduce spray drift are described herein. The methods and compositions reduce
the amount of driftable fines of a herbicide spray in both aerial and ground spray applications. The methods include the
use of aqueous herbicide spray mixtures incorporating one or more aromatic esters and one or more herbicides. As
used herein the term aromatic ester refers to aromatic esters of Formula I and/or Formula II:

[0006] Where R1 represents a saturated or unsaturated straight or branched chain (C1-C8) alkyl or a saturated or
unsaturated straight or branched chain (C4-C12) heteroalkyl (including cyclic analogs), R2 and R3 independently represent
hydrogen, hydroxyl, a saturated or unsaturated straight or branched chain (C1-C6) alkyl, or a saturated or unsaturated
straight or branched chain (C1-C9) ester, R4 represents a saturated or unsaturated straight or branched chain (C1-C8)
alkyl or a saturated or unsaturated straight or branched chain (C4-C12) heteroalkyl (including cyclic analogs), and R5

and R6 independently represent hydrogen, hydroxyl, or a saturated or unsaturated straight or branched chain (C1-C6)
alkyl. The aqueous herbicidal spray mixtures described herein are created by incorporating into an aqueous spray mixture
an aqueous herbicidal concentrate as described herein. The aqueous herbicidal concentrates described herein and
used in the aqueous herbicidal spray mixtures described herein include from 0.1 to 20 weight percent of one or more
aromatic esters as described by Formula I, Formula II, or mixtures thereof; from 20 to 60 weight percent (acid equivalent
(ae) basis) of at least one auxinic herbicide; and from 0 to 10 weight percent surfactant. A 0 to 10 weight percent range
for a surfactant in the aqueous herbicidal concentrates described herein is intended to indicate the surfactant is optionally
present up to a 10 weight percent level, but that no surfactant is required. The aqueous herbicidal spray mixtures
described herein can further include glyphosate and one or more surfactants selected to enhance the herbicidal activity
of glyphosate.
[0007] Auxinic herbicides useful with the methods and compositions described herein include, for example, clopyralid,
triclopyr, 2,4-D, 2,4-DB, MCPA, MCPB, dicamba, aminopyralid, picloram, or mixtures thereof. The methods described
herein are most particularly useful for the application of herbicides that are subject to restricted applications around
sensitive crops such as spray mixtures containing glyphosate, 2,4-D, triclopyr, dicamba, or mixtures thereof.
[0008] Aromatic esters useful with the methods and compositions described herein may be prepared from petroleum
derived raw materials or from naturally derived raw materials such as, for example, vegetable, animal, algae, or seed
oils, or from combinations of petroleum derived or naturally derived raw materials. Examples of aromatic esters useful
with the methods and composition described herein include methyl salicylate, ethyl salicylate, propyl salicylate, isopropyl
salicylate, n-butyl salicylate, sec-butyl salicylate, isobutyl salicylate, dibutyl phthalate, dioctyl phthalate, tetrahydrofurfuryl
benzoate, benzyl acetate, methyl benzoate, ethyl benzoate, propyl benzoate, and mixtures thereof.
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[0009] The aqueous herbicide spray mixtures disclosed herein may include insecticides, herbicides, herbicide safeners,
or fungicides and the aqueous herbicide spray mixtures may be applied for the control of unwanted plants, fungi, or
insects at levels dependent on the concentration of the active ingredient needed to control the target pest.
[0010] The aqueous herbicide spray mixtures and aqueous herbicidal concentrates as described herein may be applied
in conjunction with one or more other active ingredients to control a wider variety of unwanted plants, fungi, or insects.
When used in conjunction with other active ingredients, the presently claimed compositions can be tank mixed with the
other active ingredient or active ingredients for spray application, or applied sequentially with the other active ingredient
or active ingredients in separate spray applications.
[0011] An example of a composition as described herein that may be used in conjunction with another active ingredient
comprises an aqueous herbicidal concentrate containing a mixture of an auxinic herbicide such as a water soluble salt
of 2,4-D, a water soluble salt of triclopyr, a water soluble salt of dicamba, or mixtures thereof, and an aromatic ester as
described herein. Such aqueous herbicidal concentrates may be diluted from 1 to 2000 fold in water at the point of use
depending on the agricultural practices and used in spray applications to control weeds in crops.
[0012] In some situations, the aqueous herbicide spray mixtures may contain one or more biocides. Biocides may be
present in the composition from about 0.001 wt% to about 0.1 wt%. In embodiments, the one or more biocides may be
present in the composition at 0.001 wt%, 0.005 wt%, 0.01 wt%, 0.02 wt%,0.03 wt%, 0.04 wt%, 0.05 wt%, 0.06 wt%,
0.07 wt%, 0.08 wt%, 0.09 wt%, or 0.1 wt%. Examples of biocides include, but are not limited to, bactericides, viricides,
fungicides, parasiticides, and the like. Examples of biocide active ingredients include, but are not limited to, phenol
compounds (such as phenol, thymol, pentachlorophenol, cresol, and p-chloro-m-xylenol), aldehydic compounds (such
as formaldehyde, glutaraldehyde, and paraformaldehyde), acid compounds (such as benzoic acid, sorbic acid, muco-
chloric acid, and mucobromic acid), esters of p-hydroxybenzoic acid (such as methyl-p-hydroxybenzoate and butyl-p-
hydroxybenzoate), rare earth salts, amines, disulfides, heterocyclic compounds (such as thiazinium salts, thiazolinones,
and benzimidazoles), quaternary ammonium salts, organic mercury compounds, hexamethylenebiguanide hydrochlo-
rides, benzalkonium chlorides, polyamino propylbiguanides, and 1-2-benzisothiazoline-3-ones. For specific example,
an aqueous herbicide spray mixture may comprise Proxel® GXL (Arch Chemicals Inc., Atlanta, GA) as a biocide.
[0013] Suitable auxinic herbicides for use in the aqueous herbicide spray mixtures and concentrates described herein
include, for example, 2,4-D, 2,4-DB, aminopyralid, clopyralid, dicamba, fluroxypyr, MCPA, MCPB, picloram or triclopyr.
Additional herbicides that can be combined with the herbicidal spray mixtures and concentrates as described herein
include, but are not limited to, acetochlor, atrazine, benfluralin, cloransulam, cyhalofop, diclosulam, dithiopyr, ethalfluralin,
florasulam, flumetsulam, glufosinate, glyphosate, haloxyfop, isoxaben, MSMA, oryzalin, oxyfluorfen, pendimethalin,
penoxsulam, propanil, pyroxsulam, quizalofop, tebuthiuron, and trifluralin. Suitable active ingredients for use in the
aqueous herbicide spray mixtures and concentrates described herein also include herbicide safeners such as, for ex-
ample, cloquintocet, flurazole, mefenpyr, and TI-35. Suitable active ingredients that may be used with the aqueous
herbicide spray mixtures and concentrates described herein also include insecticides such as, for example, chlorpyrifos,
chlorpyrifos-methyl, gamma-cyhalothrin, cypermethrin, deltamethrin, halofenozide, methoxyfenozide, sulfoxaflor,
spinosad, spinetoram, and tebufenozide. Additional active ingredients that may be used with the aqueous herbicide
spray mixtures and concentrates described herein also include fungicides such as, for example, fenbuconazole, man-
cozeb, myclobutanil, propiconazole, quinoxyfen, thifluzamide, and zoxamide.
[0014] When the aqueous herbicide spray mixtures and concentrates described herein contain water soluble salts of
auxinic herbicides and/or include further herbicides such as the water soluble salt of glyphosate, suitable cations contained
in these salts include isopropyl ammonium, dimethyl ammonium, triethyl ammonium, monoethanol ammonium, diethanol
ammonium, triethanol ammonium, dimethylethanol ammonium, diethyleneglycol ammonium, triisopropanol ammonium,
tetramethyl ammonium, tetraethyl ammonium, choline, and potassium. For example, useful 2,4-D salts include the 2,4-
D choline salt and the 2,4-D dimethyl ammonium salt, and useful glyphosate salts include the glyphosate dimethyl
ammonium salt, the glyphosate isopropyl ammonium salt, and the glyphosate potassium salt.
[0015] In an example of an aqueous herbicide spray mixture, the auxinic herbicide is a water soluble salt of 2,4-D
(such as 2,4-D choline salt or 2,4-D dimethyl ammonium salt), a water soluble salt of triclopyr (such as triclopyr triethyl
ammonium salt), a water soluble salt of dicamba, or mixtures thereof. If glyphosate is included in an aqueous herbicide
spray mixture, the glyphosate is a glyphosate dimethyl ammonium salt, a glyphosate isopropyl ammonium salt, or a
glyphosate potassium salt. If glyphosate is included in an aqueous herbicide spray mixture, one or more additional
surfactants selected to enhance the herbicidal activity of glyphosate can be included. In another example of an aqueous
herbicide spray mixture, the auxinic herbicide is 2,4-D choline salt or 2,4-D dimethyl ammonium salt, the glyphosate is
glyphosate dimethyl ammonium salt, glyphosate isopropyl ammonium salt, or glyphosate potassium salt, and the aromatic
ester is methyl salicylate, ethyl benzoate, propyl benzoate, tetrahydrofurfuryl benzoate, or mixtures thereof. In a further
example of an aqueous herbicide spray mixture, the auxinic herbicide is 2,4-D choline salt, the glyphosate is glyphosate
dimethyl ammonium salt, and the aromatic ester is methyl salicylate. In an additional example of an aqueous herbicide
spray mixture, the auxinic herbicide is triclopyr triethyl ammonium salt, the glyphosate is glyphosate dimethyl ammonium
salt, and the aromatic ester is methyl salicylate
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[0016] The optimum spray droplet size depends on the application for which the herbicide composition is used. If
droplets are too large, there will be less coverage by the spray; i.e, large droplets will land in certain areas while areas
in between will receive little or no spray coverage. The maximum acceptable droplet size may depend on the amount
of composition being applied per unit area and the need for uniformity in spray coverage. Smaller droplets provide more
even coverage, but are more prone to drift during spraying. Thus, application parameters such as uniformity in spray
coverage must be balanced against the tendency for smaller droplets to drift. For example, if it is particularly windy
during spraying, larger droplets may be needed to reduce drift, whereas on a calmer day smaller droplets may be
acceptable.
[0017] In addition to the physical properties of a particular aqueous herbicide composition, spray droplet size may also
depend on the spray apparatus, e.g., nozzle size and configuration. The reduction in spray drift may result from a variety
of factors including a reduction in the production of fine spray droplets (<150 mm minimum diameter) and an increase
in the volume median diameter (VMD) of the spray droplets. In any event, for a given spray apparatus, application, and
conditions, and based on the aromatic ester, the median diameter of the plurality of spray droplets created using the
compositions and methods described herein is increased above that of a spray composition that does not include the
aromatic ester as described herein.
[0018] As used herein aqueous herbicide concentrates are solutions containing high concentrations of an aqueous
herbicide spray component, i.e., one or more water soluble auxinic herbicide salts and an aromatic ester as defined by
Formula I. The aqueous herbicidal concentrates are intended to be diluted to provide aqueous herbicide spray mixtures
as described herein. The aqueous herbicide concentrates are transparent, homogeneous liquids that form emulsion
upon addition to water. The stability of the emulsions can vary. Some emulsions are stable indefinitely. Other emulsions
remain stable for the length of time needed for spray application. An emulsion formed using an aqueous herbicide
concentrate as described herein that has separated can typically be reformed by additional agitation.
[0019] The aqueous concentrate compositions described herein include from 20 to 60 weight percent (acid equivalent
(ae) basis) of one or more water soluble salts of an auxinic herbicide. Additional examples of concentrations for the
auxinic herbicide incorporated into the aqueous herbicide concentrate mixture described herein include, from 20 to 55
weight percent of the concentrate mixture, from 20 to 50 weight percent of the concentrate mixture, from 20 to 45 weight
percent of the concentrate mixture, from 20 to 40 weight percent of the concentrate mixture, from 20 to 35 weight percent
of the concentrate mixture, from 20 to 30 weight percent of the concentrate mixture, and from 20 to 25 weight percent
of the concentrate mixture. Further examples of concentrations for the auxinic herbicide incorporated into the aqueous
herbicide concentrate mixture described herein include, from 25 to 60 weight percent of the concentrate mixture, from
30 to 60 weight percent of the concentrate mixture, from 35 to 60 weight percent of the concentrate mixture, from 40 to
60 weight percent of the concentrate mixture, from 45 to 60 weight percent of the concentrate mixture, from 50 to 60
weight percent of the concentrate mixture, and from 55 to 60 weight percent of the concentrate mixture. More examples
of concentrations for the auxinic herbicide incorporated into the aqueous herbicide concentrate mixture described herein
include, from 25 to 55 weight percent of the concentrate mixture, from 30 to 50 weight percent of the concentrate mixture,
from 35 to 45 weight percent of the concentrate mixture, and from 38 to 42 weight percent of the concentrate mixture.
[0020] The aqueous concentrate compositions described herein include from 0 to 10 weight percent of a surfactant.
Additional examples of concentrations for the surfactant incorporated into the aqueous herbicide concentrate mixture
described herein include, from 0.01 to 9 weight percent of the concentrate mixture, from 0.01 to 8 weight percent of the
concentrate mixture, from 0.01 to 7 weight percent of the concentrate mixture, from 0.01 to 6 weight percent of the
concentrate mixture, from 0.01 to 5 weight percent of the concentrate mixture, from 0.01 to 4.5 weight percent of the
concentrate mixture, from 0.01 to 4 weight percent of the concentrate mixture, from 0.01 to 3.5 weight percent of the
concentrate mixture, from 0.01 to 3 weight percent of the concentrate mixture, from 0.01 to 2.5 weight percent of the
concentrate mixture, from 0.01 to 2 weight percent of the concentrate mixture, from 0.01 to 1.5 weight percent of the
concentrate mixture, and from 0.05 to 1 weight percent of the concentrate mixture. Further examples of concentrations
for the surfactant incorporated into the aqueous herbicide concentrate mixture described herein include, from 0.1 to 9
weight percent of the concentrate mixture, from 0.2 to 9 weight percent of the concentrate mixture, from 0.3 to 9 weight
percent of the concentrate mixture, from 0.4 to 9 weight percent of the concentrate mixture, from 0.5 to 9 weight percent
of the concentrate mixture, from 0.6 to 9 weight percent of the concentrate mixture, from 0.7 to 9 weight percent of the
concentrate mixture, from 0.8 to 9 weight percent of the concentrate mixture, from 0.9 to 9 weight percent of the concentrate
mixture, from 1 to 9 weight percent of the concentrate mixture, from 1.5 to 9 weight percent of the concentrate mixture,
from 2 to 9 weight percent of the concentrate mixture, from 3 to 9 weight percent of the concentrate mixture, from 4 to
9 weight percent of the concentrate mixture, from 5 to 9 weight percent of the concentrate mixture, from 6 to 9 weight
percent of the concentrate mixture, from 7 to 9 weight percent of the concentrate mixture, and from 8 to 9 weight percent
of the concentrate mixture. More examples of concentrations for the surfactant incorporated into the aqueous herbicide
concentrate mixture described herein include, from 0.2 to 8.5 weight percent of the concentrate mixture, from 0.3 to 8
weight percent of the concentrate mixture, from 0.4 to 7.5 weight percent of the concentrate mixture, from 0.6 to 7 weight
percent of the concentrate mixture, from 0.7 to 6.5 weight percent of the concentrate mixture, from 0.8 to 6 weight percent
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of the concentrate mixture, from 0.9 to 6 weight percent of the concentrate mixture, from 1 to 6 weight percent of the
concentrate mixture, from 2 to 5 weight percent of the concentrate mixture, from 2 to 4 weight percent of the concentrate
mixture, and from 2 to 3 weight percent of the concentrate mixture.
[0021] The aqueous concentrate compositions described herein include from 0.01 to 20 weight percent of an aromatic
ester. Additional examples of concentrations for the a aromatic ester incorporated into the aqueous herbicide concentrate
mixture described herein include, from 0.01 to 20 weight percent of the concentrate mixture, from 0.01 to 19 weight
percent of the concentrate mixture, from 0.01 to 18 weight percent of the concentrate mixture, from 0.01 to 17 weight
percent of the concentrate mixture, from 0.01 to 16 weight percent of the concentrate mixture, from 0.01 to 15 weight
percent of the concentrate mixture, from 0.01 to 14 weight percent of the concentrate mixture, from 0.01 to 13 weight
percent of the concentrate mixture, from 0.01 to 12 weight percent of the concentrate mixture, from 0.01 to 11 weight
percent of the concentrate mixture, from 0.01 to 10 weight percent of the concentrate mixture, from 0.01 to 9 weight
percent of the concentrate mixture, from 0.01 to 8 weight percent of the concentrate mixture, from 0.01 to 7 weight
percent of the concentrate mixture, from 0.01 to 6 weight percent of the concentrate mixture, from 0.01 to 5 weight
percent of the concentrate mixture, from 0.01 to 4.5 weight percent of the concentrate mixture, from 0.01 to 4 weight
percent of the concentrate mixture, from 0.01 to 3.5 weight percent of the concentrate mixture, from 0.01 to 3 weight
percent of the concentrate mixture, from 0.01 to 2.5 weight percent of the concentrate mixture, from 0.01 to 2 weight
percent of the concentrate mixture, from 0.01 to 1.5 weight percent of the concentrate mixture, and from 0.05 to 1 weight
percent of the concentrate mixture. Further examples of concentrations for the aromatic esters incorporated into the
aqueous herbicide concentrate mixture described herein include, from 0.1 to 20 weight percent of the concentrate
mixture, from 0.2 to 20 weight percent of the concentrate mixture, from 0.3 to 20 weight percent of the concentrate
mixture, from 0.4 to 20 weight percent of the concentrate mixture, from 0.5 to 20 weight percent of the concentrate
mixture, from 0.6 to 20 weight percent of the concentrate mixture, from 0.7 to 20 weight percent of the concentrate
mixture, from 0.8 to 20 weight percent of the concentrate mixture, from 0.9 to 20 weight percent of the concentrate
mixture, from 1 to 20 weight percent of the concentrate mixture, from 1.5 to 20 weight percent of the concentrate mixture,
from 2 to 20 weight percent of the concentrate mixture, from 3 to 20 weight percent of the concentrate mixture, from 4
to 20 weight percent of the concentrate mixture, from 5 to 20 weight percent of the concentrate mixture, from 6 to 20
weight percent of the concentrate mixture, from 7 to 20 weight percent of the concentrate mixture, from 8 to 20 weight
percent of the concentrate mixture, from 9 to 20 weight percent of the concentrate mixture, from 10 to 20 weight percent
of the concentrate mixture, from 12 to 20 weight percent of the concentrate mixture, from 14 to 20 weight percent of the
concentrate mixture, from 16 to 20 weight percent of the concentrate mixture, and from 18 to 20 weight percent of the
concentrate mixture. More examples of concentrations for the aromatic ester incorporated into the aqueous herbicide
concentrate mixture described herein include, from 0.5 to 18 weight percent of the concentrate mixture, from 1 to 16
weight percent of the concentrate mixture, from 2 to 15 weight percent of the concentrate mixture, from 2 to 14 weight
percent of the concentrate mixture, from 2 to 12 weight percent of the concentrate mixture, from 2 to 10 weight percent
of the concentrate mixture, from 2 to 8 weight percent of the concentrate mixture, from 2 to 6 weight percent of the
concentrate mixture, from 2 to 5 weight percent of the concentrate mixture, from 2 to 4 weight percent of the concentrate
mixture, and from 2 to 3 weight percent of the concentrate mixture.
[0022] The aqueous concentrate compositions can be stored in suitable containers as will be readily recognized by
one of skill in the art and can be, for example, solutions, emulsions, or suspensions.
[0023] In an example of an aqueous herbicide concentrate composition, the auxinic herbicide is a water soluble salt
of 2,4-D (such as 2,4-D choline salt or 2,4-D dimethyl ammonium salt), a water soluble salt of triclopyr (such as triclopyr
triethyl ammonium salt), or a water soluble salt of dicamba. In another example of an aqueous concentrate composition,
the auxinic herbicide is 2,4-D choline salt, 2,4-D dimethyl ammonium salt, or triclopyr triethyl ammonium salt, and the
aromatic ester is methyl salicylate, ethyl benzoate, propyl benzoate, tetrahydrofurfuryl benzoate, or mixtures thereof. In
a further example of an aqueous concentrate composition, the auxinic herbicide is 2,4-D choline salt and the aromatic
ester is methyl salicylate. In an additional example of an aqueous concentrate composition, the auxinic herbicide is
triclopyr triethyl ammonium salt and the aromatic ester is methyl salicylate.
[0024] Aqueous spray solutions, containing 2,4-D and glyphosate are prone to incompatibility under certain conditions
and concentrations leading to product performance issues and difficulty in using the products, i.e., difficulty with field
applications of the products. Incompatibility in spray solutions may be minimized by the use of very small amounts of
2,4-D, such as less than about 3 wt% ae (acid equivalent) relative to the total composition and/or the use of compatibility
additives such as is described in U.S. Application Serial No. 61/523,958.
[0025] Optionally, the compositions described herein may contain additional surfactants. The additional surfactants
may be anionic, cationic, or nonionic in character. Examples of typical surfactants include alcohol-alkylene oxide addition
products, such as tridecyl alcohol-C16 ethoxylate; sorbitol esters, such as sorbitol oleate; quaternary amines, such as
lauryl trimethylammonium chloride; ethoxylated amines, such as tallowamine ethoxylated; betaine surfactants, such as
cocoamidopropyl betaine; fatty acid amidopropyl dimethylamine surfactants such as cocoamidopropyl dimethylamine;
alkylpolyglycoside surfactants; polyethylene glycol esters of fatty acids, such as polyethylene glycol stearate; block
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copolymers of ethylene oxide and propylene oxide; salts of mono and dialkyl phosphate esters; and mixtures thereof.
The additional surfactant or mixture of surfactants is usually present at a concentration of from about 0.5 to about 20
weight percent of the formulation.
[0026] Additionally, compositions optionally containing one or more additional compatible ingredients are provided
herein. These additional ingredients may include, for example, one or more pesticides or other ingredients, which may
be dissolved or dispersed in the composition and may be selected from acaricides, bactericides, fungicides, insecticides,
herbicides, herbicide safeners, insect attractants, insect repellents, plant activators, plant growth regulators, and syner-
gists. Also, any other additional ingredients providing functional utility such as, for example, dyes, stabilizers, fragrants,
viscosity-lowering additives, compatibility agents, and freeze-point depressants may be included in these compositions.
[0027] The following Examples are presented to illustrate various aspects of the compositions and methods described
herein.

Examples

Example 1: Aqueous herbicide concentrates containing soluble aromatic oils

Aqueous 2,4-D choline salt concentrates

[0028] To 9.0 g of an aqueous 2,4-D choline salt concentrate (containing 538 gae/L of 2,4-D choline; prepared by
adding 2,4-D acid flake to a 45 wt% aqueous choline hydroxide solution (1.1:1 molar excess of choline hydroxide) with
stirring until the 2,4-D acid was completely dissolved and neutralized) was added 1.0 g of an aromatic ester oil chosen
from methyl salicylate, ethyl benzoate, and propyl benzoate. After brief agitation, a transparent, homogeneous liquid
concentrate resulted. Three aqueous herbicide concentrates (one each containing methyl salicylate, ethyl benzoate,
and propyl benzoate) were prepared in this manner.

Aqueous triclopyr triethylammonium (TEA) salt concentrate

[0029] To 9.5 g of an aqueous triclopyr triethylammonium (TEA) salt concentrate (Garlon® 3A; containing 360 gae/L
of triclopyr TEA; available from Dow AgroSciences, LLC) was added 0.5 g of methyl salicylate. After brief agitation a
clear homogeneous concentrate resulted.

Example 2: Dilution of aqueous herbicide concentrates containing soluble aromatic oils in water

[0030] Approximately 1 g of each of the four concentrates prepared in Example 1 was added to 100ml of tap water.
In all cases, a rich emulsion formed immediately when the clear, homogeneous concentrates were added to the water.

Example 3: Spray drift reduction performance of herbicide salt formulations containing aromatic ester oils

[0031] To test the spray drift reduction performance of each organic oil, 400 g spray solutions were prepared by adding
8.8 grams (g) of each of the four herbicide concentrates prepared in Example 1 to 382 g of tap water containing 9.2 g
of RoundUp PowerMax® herbicide (540 gae/L of glyphosate potassium (Monsanto; St. Louis, MO)). Optionally, ammo-
nium sulfate (AMS, 2 wt%) was included in the spray solution. In all cases, a rich emulsion was formed when the aromatic
oil-containing concentrates were added to spray water. As a control, a spray solution containing 2.2 wt% Weedar® 64
(455 gae/L of 2,4-D DMA (Nufarm Inc.; Durham, NC)) and 2.3 wt% of RoundUp PowerMax® herbicide in tap water was
prepared.
[0032] The five spray solutions were sprayed using a Teejet® 8002 flat fan nozzle (Teejet Technologies; Wheaton,
IL) at 40 psi (276 kiloPascal) and the spray droplet size distribution measurement was performed with a Sympatec
Helos/KF high resolution laser diffraction particle sizer with an R7 lens (Sympatec GmbH; Clausthal-Zellerfeld, Germany).
The tip of the nozzle was located 12 inches (30.5 centimeters) above the path of the laser beam of the Sympatec particle
sizer. The percentage of driftable fines was expressed as the volume percentage of spray droplets below 150 mm volume
mean diameter (VMD) as shown in Table 1.
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Claims

1. A method to reduce spray drift during the application of an aqueous herbicidal spray mixture comprising incorporating
into an aqueous spray mixture an aqueous herbicidal concentrate comprising:
from 0.1 to 20 weight percent of one or more aromatic esters of Formula I or Formula II:

wherein R1 represents a saturated or unsaturated straight or branched chain (C1-C8) alkyl or a saturated or
unsaturated straight or branched chain (C4-C12) heteroalkyl, R2 and R3 independently represent hydrogen,
hydroxyl, a saturated or unsaturated straight or branched chain (C1-C6) alkyl, or a saturated or unsaturated
straight or branched chain (C1-C9) ester, R4 represents a saturated or unsaturated straight or branched chain
(C1-C8) alkyl or a saturated or unsaturated straight or branched chain (C4-C12) heteroalkyl, and R5 and R6

independently represent hydrogen, hydroxyl, or a saturated or unsaturated straight or branched chain (C1-C6)
alkyl;
from 20 to 60 weight percent (ae basis) of at least one auxinic herbicide; and
from 0 to 10 weight percent surfactant,
wherein the aqueous herbicide concentrate is a transparent, homogeneous liquid and forms a emulsion upon
addition to water.

2. The method of claim 1, wherein the aromatic ester is methyl salicylate, ethyl benzoate, propyl benzoate, tetrahy-
drofurfuryl benzoate, or mixtures thereof.

Table 1: Spray Droplet Analysis of Herbicide Sprays Containing Aromatic Ester Oils, 2,4-D and Glyphosate, 
with and without AMS

Auxinic Herbicide/Aromatic Ester Oil
Volume Percent Driftable Fines < 150 mm VMD

no AMS 2% AMS

2,4-D choline/methyl salicylate 21.8 14.8

2,4-D choline/ethyl benzoate - 21.9

2,4-D choline/propyl benzoate - 20.8

triclopyr TEA/methyl salicylate 21.4 23.3

Weedar® 64/none (control) 60.8 -
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3. The method of any of claims 1-2, wherein the auxinic herbicide is a water soluble salt of 2,4-D, a water soluble salt
of triclopyr, a water soluble salt of dicamba, or mixtures thereof.

4. The method of any of claims 1-3, wherein the auxinic herbicide is a water soluble salt of 2,4-D, preferably 2,4-D
choline salt or 2,4-D dimethyl ammonium salt.

5. The method of any of claims 1-4, wherein the aqueous herbicidal spray mixture further comprises glyphosate and
one or more surfactants selected to enhance the herbicidal activity of glyphosate.

6. The method of claim 5, wherein the glyphosate is glyphosate dimethyl ammonium salt, glyphosate isopropyl am-
monium salt, or glyphosate potassium salt, the auxinic herbicide is 2,4-D choline salt or 2,4-D dimethyl ammonium
salt, and the aromatic ester is methyl salicylate, ethyl benzoate, propyl benzoate, or tetrahydrofurfuryl benzoate.

7. The method of any of claims 5-6, wherein the glyphosate is glyphosate dimethyl ammonium salt, the auxinic herbicide
is 2,4-D choline salt, and the aromatic ester is methyl salicylate.

8. The method of any of claims 5-6, wherein the glyphosate is glyphosate dimethyl ammonium salt, the auxinic herbicide
is triclopyr triethyl ammonium salt, and the aromatic ester is methyl salicylate.

9. An aqueous herbicide concentrate composition, comprising:
from 0.1 to 20 weight percent of one or more aromatic esters of the formula:

wherein R1 represents a saturated or unsaturated straight or branched chain (C1-C8) alkyl or a saturated or
unsaturated straight or branched chain (C4-C12) heteroalkyl, R2 and R3 independently represent hydrogen,
hydroxyl, a saturated or unsaturated straight or branched chain (C1-C6) alkyl, or a saturated or unsaturated
straight or branched chain (C1-C9) ester, R4 represents a saturated or unsaturated straight or branched chain
(C1-C8) alkyl or a saturated or unsaturated straight or branched chain (C4-C12) heteroalkyl, and R5 and R6

independently represent hydrogen, hydroxyl, or a saturated or unsaturated straight or branched chain (C1-C6)
alkyl;
from 20 to 60 weight percent (ae basis) of a water soluble salt of at least one auxinic herbicide; and
from 0 to 10 weight percent surfactant,
wherein the aqueous herbicide concentrate is a transparent, homogeneous liquid that forms a emulsion upon
addition to water.

10. The aqueous concentrate composition of claim 9, wherein the aromatic ester is methyl salicylate, ethyl benzoate,
propyl benzoate, tetrahydrofurfuryl benzoate, or mixtures thereof.
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11. The aqueous concentrate composition of any of claims 9-10, wherein the auxinic herbicide is a water soluble salt
of 2,4-D, a water soluble salt of triclopyr, a water soluble salt of dicamba, or mixtures thereof.

12. The aqueous concentrate composition of any of claims 9-11, wherein the auxinic herbicide is a water soluble salt
of 2,4-D or a water soluble salt of triclopyr, preferably 2,4-D choline salt, 2,4-D dimethyl ammonium salt or triclopyr
triethyl ammonium salt.

13. The aqueous concentrate composition of any of claims 9-12, wherein the auxinic herbicide is 2,4-D choline salt,
2,4-D dimethyl ammonium salt, or triclopyr triethyl ammonium salt and the aromatic ester is methyl salicylate, ethyl
benzoate, propyl benzoate, tetrahydrofurfuryl benzoate, or mixtures thereof.

14. The aqueous concentrate composition of any of claims 9-12, wherein the auxinic herbicide is 2,4-D choline salt and
the aromatic ester is methyl salicylate.

15. The aqueous concentrate composition of any of claims 9-12, wherein the auxinic herbicide is triclopyr triethyl am-
monium salt and aromatic ester is methyl salicylate.

Patentansprüche

1. Ein Verfahren um die Sprühabdrift während der Anwendung einer wässrigen herbiziden Sprühmischung zu redu-
zieren, umfassend das Einbringen eines wässrigen herbiziden Konzentrats umfassend in eine wässrige Sprühmi-
schung:
von 0,1 bis 20 Gew.-% eines oder mehrerer aromatischer Ester der Formel I oder der Formel II:

wobei R1 ein gesättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C8)-Alkyl oder ein gesättigtes
oder ungesättigtes, gerad- oder verzweigtkettiges (C4-C12)-Heteroalkyl darstellt, R2 und R3 unabhängig von-
einander Wasserstoff, Hydroxyl, ein gesättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C6)-Alkyl
oder einen gesättigten oder ungesättigten, gerad- oder verzweigtkettigen (C1-C9)-Ester darstellen, R4 ein ge-
sättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C8)-Alkyl oder ein gesättigtes oder ungesättigtes,
gerad- oder verzweigtkettiges (C4-C12)-Heteroalkyl darstellt und R5 und R6 unabhängig voneinander Wasser-
stoff, Hydroxyl oder ein gesättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C6)-Alkyl darstellen;
von 20 bis 60 Gew.-% (Säureäquivalentbasis) von mindestens einem Herbizid vom Auxintyp; und
von 0 bis 10 Gew.-% oberflächenaktives Mittel,
wobei das wässrige herbizide Konzentrat eine transparente, homogene Flüssigkeit ist und bei Zugabe zu Wasser
eine Emulsion bildet.

2. Das Verfahren gemäß Anspruch 1, wobei der aromatische Ester Salicylsäuremethylester, Benzoesäureethylester,
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Benzoesäurepropylester, Benzoesäuretetrahydrofurfurylester oder Mischungen davon ist.

3. Das Verfahren gemäß einem der Ansprüche 1 bis 2, wobei das Herbizid vom Auxintyp ein wasserlösliches Salz
von 2,4-D, ein wasserlösliches Salz von Triclopyr, ein wasserlösliches Salz von Dicamba oder Mischungen davon ist.

4. Das Verfahren gemäß einem der Ansprüche 1 bis 3, wobei das Herbizid vom Auxintyp ein wasserlösliches Salz
von 2,4-D ist, vorzugsweise 2,4-D-Cholinsalz oder 2,4-D-Dimethylammoniumsalz.

5. Das Verfahren gemäß einem der Ansprüche 1 bis 4, wobei die wässrige herbizide Sprühmischung des Weiteren
Glyphosat und ein oder mehrere oberflächenaktive Mittel, ausgewählt um die herbizide Aktivität von Glyphosat zu
steigern, umfasst.

6. Das Verfahren gemäß Anspruch 5, wobei das Glyphosat Glyphosatdimethylammoniumsalz, Glyphosatisopropyl-
ammoniumsalz oder Glyphosatkaliumsalz ist, das Herbizid vom Auxintyp 2,4-D-Cholinsalz oder 2,4-D-Dimethylam-
moniumsalz ist und der aromatische Ester Salicylsäuremethylester, Benzoesäureethylester, Benzoesäurepropy-
lester oder Benzoesäuretetrahydrofurfurylester ist.

7. Das Verfahren gemäß einem der Ansprüche 5 bis 6, wobei das Glyphosat Glyphosatdimethylammoniumsalz ist,
das Herbizid vom Auxintyp 2,4-D-Cholinsalz ist und der aromatische Ester Salicylsäuremethylester ist.

8. Das Verfahren gemäß einem der Ansprüche 5 bis 6, wobei das Glyphosat Glyphosatdimethylammoniumsalz ist,
das Herbizid vom Auxintyp Triclopyrtriethylammoniumsalz ist und der aromatische Ester Salicylsäuremethylester ist.

9. Eine wässrige herbizide Konzentratzusammensetzung umfassend:
von 0,1 bis 20 Gew.-% eines oder mehrerer aromatischer Ester der Formel:

wobei R1 ein gesättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C8)-Alkyl oder ein gesättigtes
oder ungesättigtes, gerad- oder verzweigtkettiges (C4-C12)-Heteroalkyl darstellt, R2 und R3 unabhängig von-
einander Wasserstoff, Hydroxyl, ein gesättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C6)-Alkyl
oder einen gesättigten oder ungesättigten, gerad- oder verzweigtkettigen (C1-C9)-Ester darstellen, R4 ein ge-
sättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C8)-Alkyl oder ein gesättigtes oder ungesättigtes,
gerad- oder verzweigtkettiges (C4-C12)-Heteroalkyl darstellt und R5 und R6 unabhängig voneinander Wasser-
stoff, Hydroxyl oder ein gesättigtes oder ungesättigtes, gerad- oder verzweigtkettiges (C1-C6)-Alkyl darstellen;
von 20 bis 60 Gew.-% (Säureäquivalentbasis) von mindestens einem Herbizid vom Auxintyp; und
von 0 bis 10 Gew.-% oberflächenaktives Mittel,
wobei das wässrige herbizide Konzentrat eine transparente, homogene Flüssigkeit ist, die bei Zugabe zu Wasser
eine Emulsion bildet.
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10. Die wässrige herbizide Konzentratzusammensetzung gemäß Anspruch 9, wobei der aromatische Ester Salicylsäu-
remethylester, Benzoesäureethylester, Benzoesäurepropylester, Benzoesäuretetrahydrofurfurylester oder Mi-
schungen davon ist.

11. Die wässrige herbizide Konzentratzusammensetzung gemäß einem der Ansprüche 9 bis 10, wobei das Herbizid
vom Auxintyp ein wasserlösliches Salz von 2,4-D, ein wasserlösliches Salz von Triclopyr, ein wasserlösliches Salz
von Dicamba oder Mischungen davon ist.

12. Die wässrige Konzentratzusammensetzung gemäß einem der Ansprüche 9 bis 11, wobei das Herbizid vom Auxintyp
ein wasserlösliches Salz von 2,4-D oder ein wasserlösliches Salz von Triclopyr ist, vorzugsweise 2,4-D-Cholinsalz,
2,4-D-Dimethylammoniumsalz oder Triclopyrtriethylammoniumsalz.

13. Die wässrige Konzentratzusammensetzung gemäß einem der Ansprüche 9 bis 12, wobei das Herbizid vom Auxintyp
2,4-D-Cholinsalz, 2,4-D-Dimethylammoniumsalz oder Triclopyrtriethylammoniumsalz ist und der aromatische Ester
Salicylsäuremethylester, Benzoesäureethylester, Benzoesäurepropylester, Benzoesäuretetrahydrofurfurylester
oder Mischungen davon ist.

14. Die wässrige Konzentratzusammensetzung gemäß einem der Ansprüche 9 bis 12, wobei das Herbizid vom Auxintyp
2,4-D-Cholinsalz ist und der aromatische Ester Salicylsäuremethylester ist.

15. Die wässrige Herbizidzusammensetzung gemäß einem der Ansprüche 9 bis 12, wobei das Herbizid vom Auxintyp
Triclopyrtriethylammoniumsalz ist und der aromatische Ester Salicylsäuremethylester ist.

Revendications

1. Procédé visant à réduire la dérive de pulvérisation lors de l’application d’un mélange aqueux d’herbicide à pulvériser,
comportant le fait d’incorporer dans un mélange aqueux à pulvériser un concentré aqueux d’herbicide comprenant

- de 0,1 à 20 % en poids d’un ou de plusieurs ester(s) aromatique(s), de formule I ou de formule II :

dans lesquelles formules

- R1 représente un groupe alkyle en C1-C8 à chaîne linéaire ou ramifiée, saturé ou insaturé, ou un groupe
hétéroalkyle en C4-C12 à chaîne linéaire ou ramifiée, saturé ou insaturé,
- R2 et R3 représentent chacun, indépendamment, un atome d’hydrogène, un groupe hydroxyle, un groupe
alkyle en C1-C6 à chaîne linéaire ou ramifiée, saturé ou insaturé, ou un groupe ester en C1-C9 à chaîne
linéaire ou ramifiée, saturé ou insaturé,
- R4 représente un groupe alkyle en C1-C8 à chaîne linéaire ou ramifiée, saturé ou insaturé, ou un groupe
hétéroalkyle en C4-C12 à chaîne linéaire ou ramifiée, saturé ou insaturé,
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- et R5 et R6 représentent chacun, indépendamment, un atome d’hydrogène, un groupe hydroxyle, ou un
groupe alkyle en C1-C6 à chaîne linéaire ou ramifiée, saturé ou insaturé,

- de 20 à 60 % en poids (en équivalents d’acide) d’au moins un herbicide auxinique,
- et de 0 à 10 % en poids de tensioactif,

étant entendu que le concentré aqueux d’herbicide est un liquide homogène et transparent qui forme une émulsion
après addition à de l’eau.

2. Procédé conforme à la revendication 1, dans lequel l’ester aromatique est du salicylate de méthyle, du benzoate
d’éthyle, du benzoate de propyle, du benzoate de tétrahydrofurfuryle ou un mélange de ces esters.

3. Procédé conforme à l’une des revendications 1 et 2, dans lequel l’herbicide auxinique est un sel hydrosoluble de
2,4-D, un sel hydrosoluble de triclopyr, un sel hydrosoluble de dicamba, ou un mélange de tels sels.

4. Procédé conforme à l’une des revendications 1 à 3, dans lequel l’herbicide auxinique est un sel hydrosoluble de
2,4-D, et de préférence du sel de choline de 2,4-D ou du sel de diméthyl-ammonium de 2,4-D.

5. Procédé conforme à l’une des revendications 1 à 4, dans lequel le mélange aqueux d’herbicide à pulvériser comprend
en outre du glyphosate et un ou plusieurs tensioactif(s) choisi(s) pour renforcer l’activité d’herbicide du glyphosate.

6. Procédé conforme à la revendication 5, dans lequel le glyphosate est du sel de diméthyl-ammonium de glyphosate,
du sel d’isopropyl-ammonium de glyphosate ou du sel de potassium de glyphosate, l’herbicide auxinique est du sel
de choline de 2,4-D ou du sel de diméthyl-ammonium de 2,4-D, et l’ester aromatique est du salicylate de méthyle,
du benzoate d’éthyle, du benzoate de propyle, ou du benzoate de tétrahydrofurfuryle.

7. Procédé conforme à l’une des revendications 5 et 6, dans lequel le glyphosate est du sel de diméthyl-ammonium
de glyphosate, l’herbicide auxinique est du sel de choline de 2,4-D, et l’ester aromatique est du salicylate de méthyle.

8. Procédé conforme à l’une des revendications 5 et 6, dans lequel le glyphosate est du sel de diméthyl-ammonium
de glyphosate, l’herbicide auxinique est du sel de triéthyl-ammonium de triclopyr, et l’ester aromatique est du
salicylate de méthyle.

9. Composition de concentré aqueux d’herbicide, comprenant :

- de 0,1 à 20 % en poids d’un ou de plusieurs ester(s) aromatique(s), de formule I ou de formule II :

dans lesquelles formules

- R1 représente un groupe alkyle en C1-C8 à chaîne linéaire ou ramifiée, saturé ou insaturé, ou un groupe
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hétéroalkyle en C4-C12 à chaîne linéaire ou ramifiée, saturé ou insaturé,
- R2 et R3 représentent chacun, indépendamment, un atome d’hydrogène, un groupe hydroxyle, un groupe
alkyle en C1-C6 à chaîne linéaire ou ramifiée, saturé ou insaturé, ou un groupe ester en C1-C9 à chaîne
linéaire ou ramifiée, saturé ou insaturé,
- R4 représente un groupe alkyle en C1-C8 à chaîne linéaire ou ramifiée, saturé ou insaturé, ou un groupe
hétéroalkyle en C4-C12 à chaîne linéaire ou ramifiée, saturé ou insaturé,
- et R5 et R6 représentent chacun, indépendamment, un atome d’hydrogène, un groupe hydroxyle, ou un
groupe alkyle en C1-C6 à chaîne linéaire ou ramifiée, saturé ou insaturé,

- de 20 à 60 % en poids (en équivalents d’acide) d’au moins un herbicide auxinique,
- et de 0 à 10 % en poids de tensioactif,

étant entendu que le concentré aqueux d’herbicide est un liquide homogène et transparent qui forme une émulsion
après addition à de l’eau.

10. Composition de concentré aqueux, conforme à la revendication 9, dans laquelle l’ester aromatique est du salicylate
de méthyle, du benzoate d’éthyle, du benzoate de propyle, du benzoate de tétrahydrofurfuryle ou un mélange de
ces esters.

11. Composition de concentré aqueux, conforme à l’une des revendications 9 et 10, dans laquelle l’herbicide auxinique
est un sel hydrosoluble de 2,4-D, un sel hydrosoluble de triclopyr, un sel hydrosoluble de dicamba, ou un mélange
de tels sels.

12. Composition de concentré aqueux, conforme à l’une des revendications 9 à 11, dans laquelle l’herbicide auxinique
est un sel hydrosoluble de 2,4-D ou un sel hydrosoluble de triclopyr, et de préférence du sel de choline de 2,4-D,
du sel de diméthyl-ammonium de 2,4-D ou du sel de triéthyl-ammonium de triclopyr.

13. Composition de concentré aqueux, conforme à l’une des revendication 9 à 12, dans laquelle l’herbicide auxinique
est du sel de choline de 2,4-D, du sel de diméthyl-ammonium de 2,4-D ou du sel de triéthyl-ammonium de triclopyr,
et l’ester aromatique est du salicylate de méthyle, du benzoate d’éthyle, du benzoate de propyle, du benzoate de
tétrahydrofurfuryle, ou un mélange de ces esters.

14. Composition de concentré aqueux, conforme à l’une des revendications 9 à 12, dans laquelle l’herbicide auxinique
est du sel de choline de 2,4-D, et l’ester aromatique est du salicylate de méthyle.

15. Composition de concentré aqueux, conforme à l’une des revendications 9 à 12, dans laquelle l’herbicide auxinique
est du sel de triéthyl-ammonium de triclopyr, et l’ester aromatique est du salicylate de méthyle.
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