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AQUEQUS AGRICULTURAL COMPOSITION
HAVING IMPROVED SPRAY DRIFT PERFORMANCE

FIELD OF THE DISCLOSURE

{0001] This disclosure generally relates to an agueous agricultural composition having improved
spray drift performance. More specifically, this disclosure relates to an aqueous agricultural
composttion that includes a pesiicide, water, and a co-polymer formed using a particular
Macromonomer.

BACKGROUND

[0002] Use of pesticides is essential in farming and agriculiural industnies. In these industries, the

pesticides reduce the presence of harmful organisms and plants (such as weeds) that decrease crop
vields and crop quality. Pesticides, when applied, are expected to be aimed at, and reach, a specific
target, such as a plant. When a pesticide travels to where it is not needed or wanted, {1.e, when the
pesticide “dnfis™), unwanted consequences may result. Almost everv pesticide, upon spray
application, produces some amount of drift off of the target area. For example, drift i affected by
such factors as the formulation of the pesticide, the amount of the pesticide sprayed, the application
method, the weather, and whether auxiliary surfactants are present in the spray solution. More
spectfically, drift is the movement of the pesticide through the air away from the intended target.
The drift can be in the form of water or ligand droplets.

{0003] Spray dnft typically describes drift that occurs during or shortly after sprayving of the
pesticide on the target. Application 1s, for example, accomplished using ground spraving
equipment or via aerial sprayving. Spray drift often occurs when wind blows the pesticide off the
intended target.  Accordingly, there remains opportumty for improvement.

SUMMARY OF THE DISCLOSURE

[0004] This disclosure provides an aqueous agricultural composiiion. The aqueous agricultural
composition includes a pesticide, water, and a co-polymer. The co-polymer is the reaction product
of: (A} an acrvlamide monomer and (B) a macromonomer. The macromonomer has the formula:
HoC=CR}-RZ2-0-(CH-CH7-0- )1 ACH-CHR3)-O-)-(CHy-CHy-0- ) R,
wherein the {A) acrviamide monomer and the (B) macromonomer react together in the absence of
{C) an anionic monosthylenically unsaturated monomer comprising at least one acidic group
chosen from -COOH, -SOsH, -PO:H, and salts thereof,
BETALLED DESCRIPTION OF THE BISCLOSURE

[0008] This disclosure provides an aqueous agnicultural composition (hereinafter described as

the “composition”). The terminology “agueous” describes that the composition includes some
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water. The terminology “agricultural” describes that the composition is, for example, used to treat
plants or crops or used 1n a farming context. However, the composition is not imited to such uses.
[0006]  The composition includes a pesticide, water, and a co-polymer. Each is described in detail
below. In various embodiments, the composition is, consists essentially of, or consisis of, the
pesticide, water, and the co-polymer. The fernunology “consists essentially of " describes
embodiments that are free of other {co-jpolymers different from the co-polymer, and/or one or
more additives, such as any one or more additives described herein, and/or one or more pesticides
different from the aforementioned pesticide. In such “‘consisting essentially of " embodiments, the
composition may be free of anv additive, pesticide, or polymer known in the art so long as the
composition includes the pesticide, water, and the co-polymer of this disclosure.

{0007 This disclosure also provides an agncultural emulsion (heremafiter described as the
“emulsion”) and an emulsifiable concentrate (hereinafier described as the “concentrate™), also
described in detail below. The concentrate may be further diluted with waier or another solvent to
form the emulsion at pont of sale and/or use. In one embodiment, the emulsion and the
compostiion are the same. That is, in this one non-limiting embodiment, the composifion is an
emulsion,

Soray Drift Performance:

{0008] The composition 1s typically applied through a spray nozze onto a target, such as a plant.
The composition is typically atormized under pressure by various engineered nozzles to form spray
droplets. In various embodiments, the percentage of droplets having a diameter less than, for
example, 105 or 140 microns, are described as “fines.” The optimum droplet size tends to depend
on the application. If droplets are too large, there will be less coverage by the spray. The maximum
acceptable droplet size may depend on the amount of the concentrate or composition being applied
per umt area and the mode of action of the pesticide active ingredient. Smaller droplets provide
more gven coverage, but are more prone o duft during spraving. If it 1s windy dunng spraying,
larger droplets may be preferred, whereas on a calmer day smaller droplets may be preferred. In
addition, spray droplet size may also depend on the spray apparatus; e g spray nozzle size and
type, height from target, and configuration. The terminoiogy “improved” describes that the
composttions of this disclosure produce less “fings” when spraying, as compared to a comparative
composition that includes, for example, only the pesticide and water, or just water alone. Various
evaluations are set forth in the Examples that further describe such improvements,

{0009 In various embodiments, the compositions of the disclosure show a reduced volume
percent of dropleis having a diameter less than 105, 110, 113, 120, 125, 130, 135, 140, 145, 150,

155 or 160 microns, as determined using ASTM E2798-11 and a Malvern Spray Tech droplet
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analvzer. In other embodiments, less than 70, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20, 15, 10, 5,4, 3,
2, or 1, percent of the droplets have a diameter of less than 105, 110, 115, 120, 125, 130, 135, 140,
145, 150, 153, or 160, microns, upon spraying, as determined using ASTM E2798-11 and a
Malverm Spray Tech droplet analyzer. In various embodiments, the compositions of the disclosure
show an average fines reduction of 99, 90, 80, 70, 60, 50 40, 30. or 20 percent, as determined using
ASTM E2798-11 and a Malvern Spray Tech droplet analvzer and, for example, anozzle such as a
Teelet B002VS nozze. In other words, in various embodiments, a small percentage of the droplets
have small diameters, which is typically desirable because this results in less spray drnift. In various
non-limiting embodiments, all values and ranges of values between and including the
aforementioned values are hereby expressly contemplated.

{0010] In one embodiment, the aqueous agricultural composttion produces fines %Y <105 pm of
less than 15, upon spraying. as determined using ASTM E2798-11 and a Malvern Spray Tech
droplet analyzer and a Teelet 8002VS nozzle. In another embodiment, the agueous agricultural
composttion produces fines %V < 105 um of less than 10, upon spraying, as determned using
ASTM E2798-11 and a Malvern Spray Tech droplet analyzer and a TeeJet 8002VS nozzle. In a
further embodiment, the aqueous agricultural composition produces fines %V < 105 um of lass
than 5, upon spraying, as determined using ASTM E2798-11 and a Malvern Spray Tech droplet
analvzer and a TeeJet 3002VS nozzle. In one embodiment, the aqueous agriculiural composition
produces fines %V < 105 pro of less than 2, upon sprayving, as deterroined using ASTM E2798-11
and a Malvern Spray Tech droplet analvzer and a Teelet 8002VS nozzle.

{0011] In one embodiment, the aqueous agricultural composition produces fines %V < 141 pm of
fess than 30, upon spraving, as determined using ASTM E2798-11 and a Malvern Spray Tech
droplet analyzer and a Teelet 8002VS nozzle In another embodiment, the aqueous agricultural
composition produges fines %V < 141 pum of less than 20, upon spraving, as deternuned using
ASTM E2798-11 and a Malvern Spray Tech droplet analvzer and a Teelet 8002VS nozzle. Instill
another embodiment, the aqueous agricultural composition produces fines %V < 141 um of less
than 10, upon spraying, as determuned using ASTM E2798-11 and a Malvern Spray Tech droplet
analyzer and a Teelet BOOZVS nozzle. In another embodiment, the aqueous agricultural
composiiion produces fines %V < 141 um of less than 5, upon spraying, as determined using
ASTM E2798-11 and a Malvern Spray Tech droplet analyzer and a Teelet 8002V S nozzle.
Pesticide:

[0012] The composition includes the pesticide. The terminology “pesticide,” as used herein, is
well known in the art and is described at least by the Environmental Protection Agency (EPA), in

the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), m the Insecticides and
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Environmental Pesticide Control Subchapter (7 US.C. §136(u)). in the Code of Federal
Regulations {CFR) relating to the “Protection of Environment,” and in the Regulations of the EPA
in 40 CFR §152.3.

{0013] A pesticide i3, for example, recognized in the art as a substance that is used for preventing,
destroving, repelling, regulating, and/or mifigating any pest. A pest iS an organism that is
deleterious to man or the environment but does not include any internal parasite of living man or
other living animal or any {ungus, baclerium, virus, or other microorgamsm on or in lving man or
other living animals. Said differently, the terminology “pest” does not typically include any
organism that infects or sickens humans or animals. In addition, the terminology “pesticide.” as
used herein, does not typically inchude any human or amimal drugs or pharmaceaticals, any article
that 1s a “new anmmal drug” as defined in the art, any liquid sterilant applied to a device used in the
human body, and/or any products intended for use against fungi, bacteria, viruses, or other
microorganisms in or on living man or living animal. Moreover, the pesticide of this disclosure
does not typically include drugs or pharmaceuticals used o control diseases of humans or animals
{such as livestock and pets).

[8014] The pesticide may be further defined as a fungicide, herbicide, insecticide, or combinations
thereof. In one embodiment, the pesticide is a fungicide. In another embodiment, the pesticide is
a herbicide. In another embodiment, the pesticide 1s an insecticide. Suitable fungicides include,
but are not limited to: azoxystrobin, benalaxyl, carbendazim, chlorothalonil, cupfer, cymoxanil,
cyproconazol, diphenoconazol, dinocap, epoxyconazol, fluazinam, flusilazol, flutriafol, folpel,
fosetyl alumnium, kresoxim methyl, hexaconazol, mancozeb, metalaxyl, metconazol,
myclobutanil, ofurace, phentinhyvdroxide, prochloraz, pyvremethanil, soufre, tebucanazol and
tetraconarzol, and muxtures thereof.

[0015] Suitable herbicides include, but are not hmited to: alachlor, acloniphen, acetochlor,
amidosul{uron, aminotriazol, atrazin, bentazon, biphenox, bromoxyl octanoate, bromoxynil,
clethodim, chlodinafop-propargyl, chlonidazon, chlomsulfuron,  chlortohwron,  clomaron,
cycloxydim, desmedipham, dicamba, dicyciofop-methvl, diurea, diffuphenicanil, dimithenamid,

ethofumesat, fluazifop, fluazifop-p-butvl, Huorochlondon, fluroxvpyr, glufosinate, glyphosate,

galoxyfop-R, ioxynil octanocate, isoproturon, isoxaben, melamitron, metazachlor, metolachlor,
metsulfuron-methyl, nicosulfuron, notflurazon, oryzalin, oxadiazon, oxyfluorphen, paraguat,
pendimethalin, phenmedipham, phenoxyprop-p-ethyl, propaquizafop, prosulfocarb, quizalofop,
sulcotrion, sulphosat, terbutylazin, triasulfuron, trichlorpyr, triftualin and triflusulforon-methyl

which may be used individually or in admixture with one another.
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[0016] Suitable insecticides include, but are not limited to: biphenthrin, carbofuran, carbosulfan,
chiorpyriphos-methyl, chlorpyriphos-ethyl, B-cyfluthrin, A-cyhalothrin, cyhexatin, cypermethrin,
dicofol, endosulfan, t-fluvalinat, v-methrin, S-methnn, phenbutatin, pvrinicarb, terbuphos and
{ebuphenpyrad and mixtures thereof

{0017} In one embodiment, the pesticide is an tonic pesticide.  fn another embodiment, the
pesticide is a non-ionic pesticide. In another embodiment, the pesticide is a fungicide. In a further
embodiment, the pesticide is a herbicide. In vet a further embodiment, the pesticide 1s an
insecticide.  In another embodiment, the pesticide 15 a strobilurine.  In one embodiment, the
pesticide is a fungicide or herbicide or insecticide. In another embodiment, the pesticide is a
fungicide or herbicide. In still another embodiment, the pesticide is glyphosate or a salt thereof,
strobiturine, ghufosinate or a salt thereot and/or triclopyr-2-butoxyethy! ester,

[8018] In vanious embodiments, the pesticide 15 glyphosate (e.g. commercially available as
Roundup® PowerMax from Monsanto}, In another embodiment, the pesticide is pyraclostrobin
(commercially available as Headline® from BASF). In a further embodiment, the pesticide is
triclopyr-2-butoxyethyl  esler {commercially available as Remedy Ultra® from Dow
AgroSciences). In another embodiment, the pesticide is glufosinate (commercially available as
Liberty® from Bayer Crop Science}. In an additional embodiment, the pesticide is a combination
of two or more of the aforementioned compounds.

18018] The pesticide may be present in the composition in any amount, e.g. as specified by the
product label. The pesticide is, for example, present in the coraposition i amounts from about
0.01 to about 83, 0.1 to abowt 60, 1 to about 20, about | to about 8, weight percent based on a total
weight of the composition. In other embodiments, the pesticide is present in an amount (or in an
amount equivalent to) from 1 1o 1000, from 10 to 900, from 100 to 800, from 400 {0 700, from
500 to 600, or about 400, grams of pesticide per liter. In various non-limiting embodiments, all
values and ranges of values between and including the aforementionad values are hereby expressly
contemiplated. In various embodiments, any one or more of the aforementioned amount{s) may
vary by =1, 2. 3.4, 5, 6,7, 8,9, or 10, %.

Waten:

[0020] The composition also includes water. The water may be of any tvpe, e.g tap water, well
water, purified water, deionized waler, and cormnbinations thereof and may be present in varving
amounds. The water may be added to the co-polvmer and/or the pesticide to form the composition
in a spray tank or in an independent tank prior to addition to a spray tank. In various embodiments
the pesticide and/or co-polymer may be added to an independent container and/or a spray tank

with spray waler or separate from the spray water.
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{0021} The water may be present in an amount of from 10 to 99, from 20 to 99, from 30 to 99,
from 40 10 99, from 50 to 99, from 60 {0 99, from 70 to 99, or from 80 {0 90, parts by weight per
100 parts by weight of the composition. In vanous non-limiting embodiments, all values and
ranges of values between and including the aforementioned values are hereby expressly
contemplated. In various embodiments, any one or more of the aforementioned amount(s) may
vary by 1, 2.3, 4,5,6,7, 8, 9, or 10, %.
Co-Polviner:
{0022] The composition and the concentrate also includes the co-polvmer. The co-polymer is not
particutarly limited relative to weight average molecular weight (Mw). In various embodiments,
the co~polymer has a weight average molecular weight (Mw) of from 2,000,000 to 15,000,000,
from 2,500,000 to 14,500,000, from 3,000,000 to 14,000,000, or from 4.000.000 to 12,000,000
g/mol. In other embodiments, the co-polvmer has a weight average molecular weight (Mw) of 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15, nullion, g/mol or any range therebetween. In various
non-limiting embodiments, all values and ranges of values between and including the
aforementioned values are hereby expressly contemplated. In various embodiments, any one or
more of the aforementioned amouni{s) may vary by £1, 2. 3, 4,5, 6,7, &, 9, or 10, %.
{9023 In other embodiments, the co-polvmer has an intrinsic viscosity of from 3 to 26, from S {o
24, from 8 1o 22, from 10 to 20, or from 12 10 18, dL/g. In vanous non-limiting embodiments, all
values and ranges of values between and including the aforementioned values are hereby expressly
contemplated.
{00624} The co-polymer is the reaction product of (A} an acrviamide monomer and (B} a
macromonomer. The macromonomer has the formula;
HyC=C(R1)-R2-0-(CHy-CH3-0- ) -(CHp-CH(R3)-0-)-(CH3-CH3-0-) R4
(A} and (B} react together in the absence of (free of) () an anionic monoethylenically unsaturated
monomer including at least one acidic group chosen from -COOH, -50:H, -PGsH and salts
thereof. In other words, the co-polyviner is free of anionic monoethylenically unsaturated
monomers or any reaction products of {A) and {(C). (B} and (), or (A). (B}, and () Moreover,
the composition itself is typically free of (C}) anionic monoethylenically unsaturated monomers.
However, it i3 to be appreciated that acrvliamide portions of the co-polymer may degrade in the
coraposition {e.g. during storage), via hydrolysis, to form acryvlic acid residues and/or anmionic
monoethylenically unsaturated monomer residues. Even in these cases, (C} is not part of the
reaction product of (A} and (B) and instead is an non-desired contaminant formed by hvdrolysis.
If such residues are present in the composition, they are typically present in amounis of less than

5,4,3,2,1,0.1, 0,05, 0.01, or 0.001, weight percent, based on a total weight of the co-polymer or
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based on the total weight of the composition. The co-polymer may be alternativelv described as
being, or consisting of, the reaction product of (A} and (B) and may be, for example, free of any
other reactanis or reaction products, such as {C) or any other monomers or polymers.

{0025] The amount of (A} and (B) used to form the co-polymer is not particularly limited and (A)
and (B) may be usad in any amourds. In various embodiments, the co-polvmer is the reaction
product of 90 t0 99.9 weight percent of (A) the acrylamide monomer and 0.1 to 10 weight percent
of (B) the macromonomer, based on a total weight of the co-polymer. For example, the acryvlamide
monomer may be utilized in an amount of from 90 10 99.9, 91, 92, 93, 94, 95, 96, 97, 98, or 99,
weight percent, based on a total weight of the co-polymer. The weight percent chosen may be
related to glyphosate compatibility. In alternative embodiments, the macromonomer may be
utilized in an amount of from 0.1, 8.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 09, 1,2, 3,4, 5,6, 7. 8. 9, or 10,
weight percent, based on a total weight of the co-polymer. In another embodiment, the
macromonomer is utilized in an amount of from (.5 to 3 weight percent, based on a total weight
of the co-polymer. Tn various nou-limiting embodiments, all values and ranges of values, both
whole and fraction, between and including the aforementioned values are hereby expressly
contemplated. In various embodiments, any one or more of the aforementioned amount(s} may
vary bv +1,2, 3, 4,5, 6,7, 8,9, or 1{, %.

{0026} The co-polymer itselt is typically present in an amount of from 0.01 to 10 weight percent
based on a total weight of the coraposttion. In various embodiments, the co-polyrer is present in
an amounti 0f 0.0110 005, 00110 0.1, 005w 0.1, 011005 01101, 05t 1, 1102. 2103, 3 t0
4, 4105, 1105, 1104, 1103, etc., weight percent based on a total weight of the composition. In
vartous non-limiting embodiments, all values and ranges of values, both whole and fraction,
between and including the aforementioned values are hereby expressly contemplated. In various
embodiments, any one or more of the aforementioned amount(s) may vary by =1, 2, 3, 4,5, 6, 7,
8,9, or 10, %.

{ A3 Acrviamide Monomer;

{0627} The acryiamide monomer is not particularly limited any may be any known in the art. In
one embodiment, the acryviamide monomer is alternatively described as acrvlic amide JUPAC:
prop-Z-enamide) and has the formula C3HsNO. [n various embodiments, the acryvlamide monomer
1s chosen from (meth) acrylamide, N-methy! (meth) acrylamide, N, N'-dimethyl (meth)
acrylanide, N-methylol (meth) acrylamide, or combinations thereof. In one embodiment, the
acryviamide monomer is {methlacrylamide or acrylamide. In another embodiments, mixtures of
different monomers are used and may include, for example, at least 50 mol% of (meth)acrvlamide

and/or acrylamude.
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{(B) Macromonormer;

{0028] Referring back to the macromonomer, the macromonomer has the formula:
HoC=C(R1)-R2-0-(CH-CHy -0 -(CH-CH(R3)-0-)1-(CHy-CH3-0- ) R4
wherein k is from 5 to 150; 1 is from O to 25; m is from 0 to 15, Rl is H or methyl; R2 is
independently a single bond or a divalent linking group chosen from -(CyHyp)- and -O-(CyHop ),
wherein n is from 1 to 6 and n' is from 2 to 6, R3 is independently a hydrocarbyl radical having at
least 2 carbon atoms or an ether group of the general formula -CHy-O-R3" where R3' is a
hydrocarby! radical having at least 2 carbon atoms; and R4 is independently H or a hydrocarbyl
radical having 1 to 4 carbon atoms.
[0029] In various embodiments, k is from 5 to 150, from 6 to 75, or from 15 to 30. In other
embodiments, 1 1s from 0 to 25, from 5 1o 16, or from 6 10 10. In other embodiments, mis from §
10 18, from 010 &, or from 0 to 4
{0036} In other embodiments, R is hydrogen (H). Alternatively, R} may be methyl. In still other
embodiments, RZ is independently a single bond. Alternatively, RZ is A{CyuHop ) Alternatively,
RZ g -0-{CyyHop)- Relative to these formulae nis 1,2, 3,4, 5, or6andn' 182, 3,4, 5, or 6. In
other embodiments, R3 is independently a hydrocarbyl radical having at feast 2 carbon atoms such
as 2, 3,4, 5,6, 7 8 9, or 10 carbon atoms. Alternatively, R3 is an ether group of the general
formula -CHy-0-R3  where R3' is a hydrocarby] radical having at least 2 carbon atoms, such as 2,
3.4.5 6,7. 8.9, or 10 carbon atoms. In additional embodiments, R4 is mdependently a hydrogen
atom {H) or a hydrocarbyi radical having 1, 2, 3, or 4 carbon atoms.
{6031} Tn various embodiments, an ethylenic group HyC=C{R1}- is bonded via a divalent linking
group -RZ-0- 1o a polyalkyleneoxy radical in block structure ~( ~CH7~CH2-O-);~( ~CH2~CH(R3)~
0-)-R4, where the two blocks -(-CHy-CHy-0-) and -(-CH>-CH(R3)-0-) are arranged in the
formula set forth above. The macromonomer may also have a further polyethyleneoxy block -(-
CH-CH5-0-)yy,. The terminal polvalkyleneoxy radical -(-CHy-CHRH-0-) or ~(-CH5-CHy-
O}y, for example has either a terminal OH group or a terminal ether group -OR4.
[6032] The orientation of the hydrocarby! radicals R3 may depend on conditions of alkoxylation,
for exaraple on the catalyst selected for the alkoxvlation. The alkyleneoxy groups may thus be

incorporated into the macromonomer either in the orientation ~(~(‘,Hz~(‘,H(R3)nO—) or in the inverse
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ortentation -{-CH( R3)~CH2~O-)~. The represeniation in the aforementioned formula of the
macromonomer shall therefore not be regarded as being restricted 10 a particular orientation of the
R3 group.

{6033] In various embodiments, the linking R? group includes straight-chain or branched aliphatic
acyclic hydrocarbyl groups having 1 to 6 carbon atoms, which are joined either directly or via an
ether group -O- to the ethylenic group HyC=C(R1)-. The -(CHyp)- and -(CyHoy ) groups are,
for example, linear aliphatic hydrocarbyl groups.

[0034] The R2 = {CxyHopn)- group is, for example, a group chosen from -CHy-, -CHy-CHy- and -
CHy-CHy-CH>-, e.g. a methylene group -CHs-. The R? = -0-{(C Hoy ) group is, for example,
a group chosen from -0-CH»-CHy-, -0-CHy-CH»-CHy- and -O-CH»-CH»-CH»-CH>-, e.g. -O-
CH3-CHy-CHy-CHy-. In addition, R2 is, for example, a group chosen from -CHy- and -O-CHp-
CHo-CHo-CHpy-, for example -O-CHo-CH»-CHo-CHp-.

{0038} The macromonomer may also have a polyalkyleneoxy radical mcluding the (-CHy-CHy-
O-, (~CH2-CH(R3)~O-}; and optionally -(-CHy-CH»y-O- )y, units, where the units are arranged
in block structure in the sequence shown in formula (1), The transition between the blocks may be
abrupt or else continuous. Moreover, the -(-CH>-CH»-0O-) block is a for example a
polvethyleneoxy radical.

[8036] In vanous embodiments, the mumber of alkyvleneoxy untis k is from S 1o 150, for example

12 to 100, for example 15 10 80, even for example 23 to 26 and, for example, approimately 24.5.
The numbers mentioned are mean values of distributions.

10037} In other embodiments, the terminal block —{uCquCH(R3 3-0-3- the R3 radicals are each
independently hydrocarbyl radicals having at least 2 carbon aloms, for example 2 to 14 carbon
atoms, for example 2 to 4, and for example 2 or 3 carbon atorss. This may be an aliphatic and/or
aromatic, linear or branched hydrocarbvl radical. In one embodiment, it is an aliphatic radical.
Examples of suitable R3 radicals include ethyl, n-propyl. n-butyl, n-pentyl. n-hexyl, n-heptvl, n-
octyl, n-nonyl or n-decyl and phenyl. Examples of typical radicals include n-propyl, n-butyl and
n-pentyl. R3 s, for example, ethy! and/or n-propyl. Examples of suitable R3 radicals include ethyl,
n-propyl, n-butyl, n-pentvl, n-hexvl, n-heptvl, n-octvl, n-nonvl, n-decvl, n-dodecyl, n-tetradecyl

and phenyl.
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{0038] In various embodiments, if R3 is an ether group ~(‘,H2~0~R31 the sum total of the carbon

atoms is understood to mean the sum total of the carbon atoms in all hvdrocarbyl radicals R3', not
including the carbon atom of the -CHy- group in ~CI—§2~OuR3“

[0039] In further embodiments, the sum totals of the carbon atoms in all hydrocarbyl radicals R3
or R3 is, for exarnple, in the range from 0 fo 60, for example from 5 to 56, for example from 15
to 50, for example from 23.5 to 50, further for example from 25.5 to 34.5. The swim totals of the
carbon atoms in all hydrocarbyl radicals R3 or RY mav be, for example, in the range from 25.5 to
345

[6040] In other embodiments, R3 is ethvl and 1 is from 0 to 23, for exaruple from 5 to 20, for
example from 8 {0 16, for example 14, 16 or 22. Alternatively, in another embodiment, R3 isn-
propyl and 1 is from 0 to 25, for example 5 to 20, for example 10 or 11. The R3 radicals may
additionally be ether groups of the general formuia _{;}.;2_(}_R3’ where R3 is an aliphatic and/or
aromatic, linear or branched hydrocarbyl radical having at least 2 carbon atoms, for example 2 to
10 carbon atoms, for exarople at least 3. Examples of R3' radicals include n-propvl, n-buiyl. n-
pentyl, n-hexyl, 2~ethyvlthexvl, n-heptyl, n-octyl, n-nonvl, n-decyl or phenyl. Examples of suitable
R3 radicals include n-propyi, n-butyl, n-pentyl, n-hexvl, n-hepivi, n-octyvl, n-nonvi, n-decvi, n-
dodecyl, n-tetradecyl and phenyl.

18041} In further embodiments, the -(~CH2~CH(R3)~O~);- block 1s a block including alkyleneoxy
units having at least 4 carbon atoms, for example at least 5 carbon atoms, and/or glveidyi ethers
having an ether group of at least 2, for example at least 3 carbon atoms. The units of the second
terminal block are, for example, alkvleneoxy units inchuding at least 4 and/or 5 carbon atoms, such
as butyleneoxide units and/or pentyleneoxide units or units of higher alkvlene oxides.

{0042] In various embodiments, the number of alkvleneoxy units |1s from 0 to 25, for example 6
to 20, for example 3 to 16, for example 8 to 10. These numbers are mean values of distributions.
[0043] In another embodiment, k is from 23 10 26 and | is from 5 1o 30, for example from 5 to 28,
for example from § 1o 253, {for example from 7 to 23, for example from 7 to 18, for example from
8.5 to 17.25, with the provise that the sum total of the carbon atoms in all hydrocarby! radicals R3

or R3 is from 15 to 60, for example from 15 to 56, for example from 15 to 50, for example from
25510 34.5.

{0044] In an altemative embodiment, ks from 23 to 26 and 1 1s from 8.5 10 17.25, with the proviso

that the sum total of the carbon atoms in all hydrocarby! radicals R3 or R3 is from 25.5 to 34.5.

10
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{0045] Alternatively, the optional -(-CH»-CH»-O-)yy, block is a polyethvieneoxy radical. The
number of alkviensoxy units m may be a number from 0 to 15, for example from 0 to 10, for
example from 0.1 to 15, for example from 0.1 to 10, for example from 0.5 to 5, further for example
from 0.5 to 2.5. The nurobers mentioned are mean values of distributions.

{0046] In one embodiment, m is greater than 0. In particular, in this embodiment m 1s from 0.1 o
15, for example from 0.1 to 10, for example from 0.5 to 10, for example from 1 to 7, further for
example from 2 to 5. The nurbers mentioned are mean valoes of distributions.

{0047] In stll other embodiments, the macromonomer may include a combination of two or more
individual macromonomers, wherein each is independently as described herein. For examples, one
macromonomer may be of the type wherein m = 0 and a second macromonomer may be of the
iype wherein m = | to 15, for example 1 to 10. In various embodiments, the weight ratio of the
macromonomer wherein m = 0 and of the macromonomer wherein m = 1 to 15 is, for example,
from 19: 110 1: 19, forexample intherange from 9 110 1: 9. These mixtures of macromonomers
for example give nise to a mean value (averaged over all macromonomers 1n the mixtare) from 0.1
to 15, for example 0.1 to 10, for example 0.5 to 3, for example 0.5 to 3, for exarople from 0.5 to
2.5. However, it is 10 be appreciated that the disclosure is not limited to this particular combination
and any two combinations of macromonomers may be utilized herein.

[0048] In further ermobodiments, R is H or an aliphatic hydrocarby! radical having 1 to 30 carbon
atoms, for example 1 1o 10 and for example 1 to 5 carbon atoms. R4 s, for example, H, methyl or
ethyi, for example H or methy! and for example H.

[{3049] The transition between the blocks may be abrupt or else continuous. In the case of a
continuous transition, there is a transition zone including monomers of both blocks between the

blocks. If the block boundary 1s fixed at the middle of the transition zone, the first block -(-CH»>-
(Hy-0-). may correspondingly have small amounts of units -CH»-CH(R3)-O- and the second
block ~(~CHE—CH(R3}O—)1— small amounts of units -CHy-CH7-0-, though these units are not
distrtbuted randomily over the block, but arranged within the fransition zone mentioned. In various
embodiments the optional third block (~-CH7-CH7-0-), may have small amounts of units -(-CHy-
CH(R)-0-)-

{0058] In various embodiments the (-CH7-CH»-0-) and (~CH2~CH(R3)~()~)} and optionally (-
CH>-CH»-0-)yy, units may be arranged in block structure. The termimology "block structure”

typically means that the blocks are formed from the corresponding units o an extent of at least 85
mol%, for example {0 an extent of at least 90 mol%, for example to an extent of at least 95 mol%%,

based on the total amount of the respective blocks. This means that the blocks, as well as the

11
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corresponding units, may have small amounts of other units (especially other polvalkyleneoxy
uniis). In vartous embodiments the optional polyethyieneoxy block -(-CHp-CH2-0- )y includes at
least 85 mol %, for example at least 90 mol %, based on the total amount of the polvethyvleneoxy
block ~(-CH»-CH»-O~}yy, of the uwut (+CH2-CH»-0-). In various embodiments the optional
polyethyleneoxy block -(-CH>-CH»-0-}y, may include 85 to 95 mol% of the wnit (-CHy-CH»-0-
y and of 5 to 15 mol% of the unit (-CHy-CH(R3)-0-).

[0051] In vanous additional non-hmiting embodiments, the components of the macromonomer
are as follows. In one embodiment:

RZ is independently a divalent linking group -O-(CyHoy)- where o' is from 2 t0 6;

R3:  isindependently a hydrocarbyl radical having 2 to 4 carbon atoms;

R* isH:or
[8052] In another embodiment:
k: 1s from 20 1o 28;
I is from 5 to 30, for example from 5 to 28, for example from 5 to 25;
m: is from 0 to 15, for example 0 or for example from 0.5 to 10;
rRE s H;

R« is independently a divalent linking group ~O~(CyHoy)- where n'is from 3 to 5,

B3 isindependently a hydrocarbyl radical having 2 to 4 carbon atoms, with the proviso
that the sum total of the carbon atoms in all hydrocarbyi radicals B3 or R3' is from
15 to 60, for example from S to 36, for example from 15 to 50;

RY sH

[8053] In another embodiment:

k is from 23 1o 26;

L is from 5 to 30, for example from 5 to 28, for example from 5 to 25;
o i3 from O to 15, for example 0 or for example from 0.5 to 10;

RE s H

R2:  is independently a divalent linking group ~O-(CyHap)- where n' is from 3 to 5.
R3:  isindependently a hydrocarbyl radical having 2 to 4 carbon atoms. with the proviso

that the sum total of the carbon atoms in all hydrocarby! radicals R3 or R3 is from

15 to 60, for example from 15 {0 56, for example from 15 to 50;

RY  isH

12
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{0054] In another embodiment:

k:
i

nt

rl:

RZ:

is from 23 to 26;

i3 from 5 to 30, for example from 5 to 28, for example from 5 {o 25;

is from 0.1 to 10, for example from 0.5 to 10, for example from 2 to 5;
is H;

ts independently a divalent hinking group -O-(CyyHoy ) where 1 18 a natural

number from 3 (o 5,

R3:

R4

is independently a hydrocarbvl radical having 2 to 4 carbon atoms, with the proviso
that the sum total of the carbon atoms in all hydrocarby! radicals R3 or R3 s from
15 to 60, for example from 15 to 56, for example from 15 to 50;

is H.

[0038] In another embodiment:

k:
i

jasy

R4

18 from 23 to 26;

is from 8.5 10 17.25;

is from O to 15, for example 0 or for example from 0.5 to 10;

13 H;

1s independently a divalent hnking group ~-O-(CpHa)- where ' 1s from 3 1o 5,

is independently a hydrocarbyl radical having 2 to 4 carbon atoms, with the proviso

that the sum total of the carbon atoms in all hydrocarby! radicals R3 or R3' is from

25.51034.5;

is H.

{00586] In another embodiment:

k:
I

R4

is from 20 to 28;

is from 7.5 to 30, for example from 7.5 to 28&, for example from 7.5 to 235, for
exarmple from 12.75 to 25, for example from 13 to 23, for example 14, 16 or 22;

is from O 1o 15; for example 0 or for example from 0.5 10 10;

is H;

is independently a divalent linking group -O-(CyHy ) where n'1s from 3 to 5,

13 ethyl;

1s H.

{0057] In another embodiment:

ke

is from 23 to 26;

13
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is from 7.5 to 30, for example from 7.5 to 28, for example from 7.5 1o 25, for
example from 12.75 10 25, for example from 13 1o 23, for example 14, 16 or 22;

is from 0 to 15, for example O or for exarnple from 0.5 to 10;

is H;

is independently a divalent linking group -O~(CyyHop)- where n' s from 3 1o 5,

is ethyl;

is H.

{0038] In another embodiment:

k:

is from 23 to 26;

is from 7.5 to 30, for example from 7.5 to 28&, for example from 7.5 to 235, for
exarmnple from 12.75 to 25, for example from 13 (o 23, for example 14, 16 or 22;

1s from 0.1 to 10, for example from 0.5 to 10, for example from 2 to §;

is H;

is independently a divalent Iinking group -O-(CyHyp)- where nn' is from 3 1o 5,

is ethvl;

is H.

{0059] In another embodiment:

k
I

ot

is from 23 1o 26;

is from 12.75 t0 17.23, especially from 13 to 17, for example 14 or 16;

is from 0 to 15, for example O or for exarnple from 0.5 to 10;

s H;

is independently a divalent linking group ~-O-(Cp°Hyp ) where n' is a natural 35
number from 3 to S,

is ethyl;

is H.

{0060] In another embodiment:

k:
I

m

is from 23 10 26;

is from 8.5 to 11.5, for example from 910 11, for example 10 or 11;

ts from 0 to 13, for example from 0 1o 10; for example 0 or for example from 0.5
to 16;

is H;

is independently a divalent hinking group -O-(CyHzy}- where nn' 1s from 3 1o 5,

14
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R3:  isn-propyl;
RY: s H
{0061] In another embodiment:

k is from 5 to 150, for example from to 10 to 30, for example from 15 to 35, for
example from 23 to 26;

I ts from S to 25, for example from 7 to 18, for example from 8.5 t0 17.25;

e ts from O to 15, for example 0 1o 10, for example from 0.1 to 10, for example from
0.51t0 5, forexample 0.510 2.5;

Rl s H or methyl;

R= s independently a single bond or a divalent linking group chosen from-(CpyHyp -

and -O-(CyyHon)-, where nis from 1 1o 6 and n'isfrom 2 to G,

R3: isindependently a bydrocarbyl radical having at least 2 carbon atoms, for example
having 2 to 10, for example baving 2 to 4 carbon atorns, or an ether group of the
general formula ~CH2~O-R3! where R3' is a hydrocarbvl radical having at least 2
carbon atoms;
R*  is independently H or a hydrocarby] radical having | to 4 carbon atoms; obtainable
by an above-described process according to the disclosure.
{0062] In another embodiment:
I is from § to 30, for example from 5 to 28, for example from 5 to 23, for example
from 7 to 23, for exarnple from 7 to 18, for example from 8.5 to 17.25,
{0063] In another embodiment:
k is from 10 to 150, for example from 10 to 50, for example from 15 to 35, for
example from 20 to 28, for example from 23 to 26.
[8064] In another embodiment:
m: is from 0 to 15, for example from 0 to 10, for example from 0.1 to 10, for example
from 0.5 to 5, for example from 0.5 to0 3.5, for example from 0.5 10 2.5,

[{3065] In another embodiment:

k is from 20 to 28;
I is from 5 1o 30, for example from 5 to 28, for example from 5 to 25;
il is from O to 15, for example 0 or for example from 0.5 to 10;

RU s Hor methyl;

R2:  is independently a single bond or a divalent linking group chosen from-(CHop)-

15
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R4:

and -O-{CyHyp)- wherenis from 1 to 6 and ' 15 from 2 to 6;

is independently a hydrocarbyl radical having at least 2 carbon atoms, for example
having 2 to 4 carbon atoms, with the proviso that the sum total of the carbon atoms
in all hydrocarbyl radicals R3 is from 15 to 60, for example from 15 to 56, for

exarple from 15 to 50;

ts independently H or a hvdrocarbyl radical having 1 to 4 carbon atoms.

[8066] In ancther embodiment:

k:
i

M

2

R4

1s from 23 1o 26;
is from 3 to 30, for example from 5 to 28, for example from 5 {0 25;

is from 0 to 15, for example 0 or for example from 0.5 to 10;

ts H or methvl;

is independently a single bond or a divalent linking group chosen from ~(CHop -
and -O-(CyHopo)-, wherenis from 1 to 6 and nn' 15 from 2 {0 6;

is independently a hydrocarbyl radical having at least 2 carbon atoms, for example
having 2 to 4 carbon atoms, with the proviso that the sum total of the carbon atoms
in ail hydrocarby] radicals R3 is from 15 to 60, for example from 15 to 56, for
exarnple from 15 to 30;

is independently H or a hvdrocarby! radical having 1 to 4 carbon atoms.

{0067] In another embodiment:

k:
i:

m

R4

ts from 23 1o 26;
is from 8.5 t0 17.25;

is from 0 to 15, for example O or for example 0.5 to 10;

is H or methvi;

i3 independently a single bond or a divalent linking group chosen from «(CyHop)-
and -O-(CyoHop )~ where nis from 1 to 6 and ' 1s from 2 to 6;

is independently a hvdrocarbyl radical having at least 2 carbon atoms, for example
having 2 to 4 carbon atoms, with the proviso that the sum total of the carbon atoms
in all hydrocarby! radicals R3 is from 25.5 to 34.5;

is independently H or a hydrocarby! radical baving 1 to 4 carbon atoms.

{0068] In another embodiment:

k:
I

is from 20 to 28;

is from S to 30, for example from 5 to 28, for example from 5 1o 25,

16
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1

R4

is from 0 to 15, for example 0 or for example from 0.5 to 10;

is H;

i3 independently a divalent linking group -O-(CyHoy)- where n'is from 3 o 5,
is independently a hvdrocarbyl radical having 2 to 4 carbon atorns, with the proviso
that the sur total of the carbon ators in all hydrocarbyl radicals R3 is from 15 to
60, for example from 135 to 56, for example from 15 to 50;

is H.

[8069] In another embodiment:

k:
L

joss

R4

1s from 23 1o 26;

is from 5 to 30, for example from 5 to 28, for example from 5 to 25;

i3 from O to 15, for example 0 or for example from 0.5 to 10;

s H;

is independently a divalent inking group -O-(Cyy’Hop}- wheren' 1s from 3 to 5,
is independently a hvdrocarbyl radical having 2 to 4 carbon atoms, with the proviso

that the sum total of the carbon atoms in all hydrocarbyl radicals R3 is from 15 to

60, for example from 15 to 56, for example from 15 to 530;

1s H.

{0076] In another embodiment:

k
I
m:
r1:
R2:

R4

is from 23 to 26;

is from 8.5 10 17.25;

is from O to 18, for example 0 or for example 0.5 to 10;

s H;

is independently a divalent linking group -O-(CyHyp)- where n' is from 3 10 5,

is independently a hvdrocarbyl radical having 2 to 4 carbon atoms, with the proviso
that the sum total of the carbon atoms in all hydrocarbyl radicals R3 is from 25.5
to 34.5;

is H.

{8071] In another embodiment

k:

ts from 10 to 150, for example from 10 to 50, for example from 15 to
35, for example from 20 to 28, for example from 23 to 26;
is from 5 to 30, for example from 5 to 28, for example from 5 to 25, for example

from 7 to 23, for example from 8.5 t0 17.25;

17
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m

R4

is from 0 to 15, for example from 0 to 10, for example from 0.1 to 15, for example

from 0.1 to 10, for example from 0.5 1o 10, for example from 1 to 7, further for

example from 2 to S,

is H or methyl;

is independently a single bond or a divalent linking group chosen from (CpHop )
and ~O-{CyypoHyp -, wherenis from L to 6 and n' 1s from 2 {0 6;

is independently a hydrocarbyl radical having at least 2 carbon atoms, for example
having 2 to 10, for example having 2 to 4, carbon atoms, for example ethyl and/or
n-propyl, or an ether group of the general formula -CHy-0-R3' where R3' is a
hydrocarbyl radical having at least 2 carbon atoms;

is independently H or a hydrocarbyl radical having 1 to 4 carbon atoms.

{0072] In another embodiment:

o

is from 0.1 to 13, for example from 6.1 to 10, for example from 0.5

to 10, for example from | to 7, further for example from 2 to 5.

{8073] In another embodiment:

k:
{

joss

ts from 20 10 28;

is from 5 to 30, for example from 5 to 28, for example from 5 to 235, for example
from 7 10 23;

i3 from O to 15, for example from 0 to 10, for example from 0.1 o 135, for example
from 0.1 to 10, for example from 0.5 to 10, for example from | to 7, further for
example from 2 to 5.

is H;

ts independently a divalent linking group -O-(CyyHop)- wheren'is from 3 1o 5,

ts independently a hydrocarbyl radical having 2 or 3 carbon atoms; 20

{0074] In another embodiment:

k:
i:

m

is from 23 10 26;

ts from 3 1o 30, for example from 5 to 28, for example from 5 to 25, for example
from 7 10 23;

is from 0 to 15, for example from 0 to 19, for example from 0.1 to 15, for example
from .1 to 10, for example from 0.5 to 10, for example from 1 to 7, further for

example from2to S.
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rRb s H;

RZ:  isindependently a divalent linking group ~0-{Cpy°Hypy) wheren' s from 3 o 3,
R3 s independently a hydrocarbyl radical having 2 or 3 carbon atoms;

R+ s H

{0075] In another embodiment:

k: is from 23 to 26;

i is from 8.5 10 17.25;

18 is from O to 15, for example 0 to 10, for example from 0.1 to 10, for example from
0.510 5, for example 0.5t0 2.5;

rRE s H;

R2:  isindependently a divalent linking group ~0-(CypHoy)- where n' is from 3 to 5,

R3:  is independently a hydrocarbyl radical having 2 or 3 carbon atoms;

R4 s H
{0076] The macromonomer may be, or may be formed using the procedure, described in WO
2014/095608 {(eg. CA 2,892.689). Moreover, in various non-himiting embodiments, this
disclosure may include one or more macromonomers or other components or method steps
described in one or both of WO 2014/095608 (e.g. CA 2,892,689}, each of which is expressly
incorporated herein by reference in ifs entirety refative to these non-limiting embodiments.

[8077] In one embodiment, the macromonomer has the formuia;
HyC=CH-0-CHy-CHy-CH»-CHy-0-(CH»-CH»-0-)74 s-(CHy-CH(CHy-CHR3-0-316-
(CHCH2-0-)3 5

{0078] In another embodiment, the macromonomer has the formula:
Hy C=CH-0-CHy-CHy-CHy-CHy-O-(CHy-CH3-0- )34 5+¢ CHy-CH{CH7-CH3}-0-)37-(
CHoCHp-O-)3 5
[8079] In a further embodiment, the macromonomer has the formula:
HAC=CH-0O-CHy-CH»-CH>-CH>-(0-CH3-CHy )27-0H
{0080] In yet another embodiment, the macromonomer has the formula:
HrC=CH-0-CH3-CH7-CH3-CHy-{O-CH»-CH2)ge-OH.

{C) Anmiomic Monoethvienically Unsaturated Monomer:

{0081] As first described above, the co-polymer {(and typically the composition as a whole) are
free of antonic monoethylenically unsaturated monomers both alone and as reactions products with

{A) and/or (B). However, it is {0 be appreciated that acrviamide portions of the co-polyvmer may
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degrade in the composition {e.¢. during storage}, via hydrolysis, to form acrylic acid residues
and/or anionic monoethylenically unsaturated monomer residoes. Even in these cases, (C) is not
part of the reaction product of {A) and {(B) and instead 15 an non-desired contaminant formed by
hvdrolysis. if such residues are prasent in the composition, they are typically present in amounts
of less than 5, 4, 3, 2, 1, 0.1, 0.05, 0.01, or 0.001, weight percent, based on a total weight of the
co-polymer or based on the total weight of the composition.

[8082] For example, these anionic monoethylenically unsaturated monomers tvpically include at
least one acidic group selected from the group consisting of -COOH, -S03H, POsH; and their salts,
Examples of monomers including COOH groups include acryvlic acid, methacrylic acid, crotonic
acid, itaconic acid, maleic acid or fumaric acid. Examples of monomers including sulfonic acid
groups mclude vinvisulformic acid, allvlsulfonic acid, Z-methacrvlamido-2-methyipropanesulfonic
acid, 2-acrvlamidobutanesulfonic acid, 3-acrviamido-3-methvibutanesulfonic acid or 2-
acryviamido- 2,4, 4-trimethylpentane sulfonic acid. Examples of monomers mcluding phosphonic
acid  groups  include  vinylphosphonmic  acid,  allylphosphonic  acid,  N- (meth)
acrylamidoalkylphosphonic acids or (meth) acryvloyloxyalkviphosphonic acids. The acidic group
1s typically at least one acidic group selected from COOH groups and/or SOsH groups. The acidic
groups can, of course, be neutralized completely or partially, that is, they can be present as salts.
Suitable counterions for the acidic group inchude, in particular, alkali metal 1ons, such as Lt +, Na
+ and K + as well as ammonium ions NH* and ammonium ions with organic radicals. Examples
of ammonium ions with organic radicals include ammontum ions of the general formula
INHR™R?! R*”J*, where the radicals R?, R?' and R? are independent H or aliphatic and/or
aromatic hydrocarbon radicals having | to 12, typically | to 6, carbon atoms, where the
hydrocarbon radicals may be substituted by OH groups and/or non-adjacent carbon atoms may be
substituted by O or N, provided that at least one of the radicals R® R’ and R is not H. They can
also be anunonium ions of the general formula [R¥RMHN- RPNHRYR>' 17 where R¥ and RY
have the abovementioned meaning and R is an alkylene radical having 1 to 6 carbon atoms,
typically a 1, @-alkylene radical having 2 to 6 carbon atoms. Examples of ammonium ions with
organic radicals include [NH(CH:k[, [NHACH:R!Y,  [NH(CH3),  INH(CHsgil
[N}‘iz(()’ﬂ‘{s)zr, E:NHg(CQ,Hs}: INH:(CH,CH,0H)Y) * ﬁ‘i}N*CE‘{zCHrN}‘h}2':", or [H{H:CRN-
CHCH>CHNH:]?'. Typical counterions are Li*, Nat or K, or NHy', e.g. NH* or NH*'. Mixtures
of counterions are also included in the above list. Salts can be obtained by completely or partially
neutralizing monomers the aforementioned monomer in the acid form before the polymenization
with the corresponding bases. The monomers in the acid form and completely or partially

neutralize acid groups resulting therefrorn are also included. In various embodiments, the
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composition and co-polyvmer are free of reaction products of acrylic acid {acrylic acid monomer}

which ts aliematively described as prop-2-enoic acid and has the formuda CHy=CHCO,H.

(D AMPS:

{0083] The co-polymer (and the composifion as a whole) 1s also typically free of Z-acrvlamido-2-
methvlpropane sulfonic acid (2-acrvlamido-2-methvlpropane sulfonic acid monomer) which is
also known as 2-Acrvlamido-2-methyl-1-propane suifonic acid or AMPS and has the formula
CyH 3NOyS. This compound is also known as ATBS or acrviamido ter-butyl sulfonic acid.
Additive:

{0084] The composition may also include one or more additives, which are optional for use.
Various additives inchude stabilizers, spreading agents, wetting agents, butlding agenis, exiending
agents, emulsifiers, defoamers, salts such as Mg(Cly, CaCly and the like, glycerin, high fructose
corn svrup, ciric acid, alkylpolyglycosides, ethoxyvlated alcohols (having anv known E/O mol
value). defoamers, dispersants, suspending agents, plant penetrants, translocators, oils, activators,
foliar nutrients, compatibility agents, drift retardants, foam retardants, buffers, inverting agents,
soil penetrants, stabilizing agents, UV filters, feeding stimulants, washing agents, sinking agents,
binders, hquid carriers, dry carriers such as attapulgite, kaolinite, vermiculite, starch polymers,
comn cob, and combinations thereof The composition may also include additional chemical
compounds that are not pesticides. Fxamples include, but are not limited to, activators, anti-
feedants, anti-fouling agents, attractant agents, chemosterilants, disinfectant agents, fumigant
agents, pheromones, repellent agents, defolianis, desiccants, insect growth regulators, plant growth
regulators, synergists, adjuvanis, and combinations thereof

{0085] In various embodiments, one or more additives may be independently present in the
composition in an amount from 0 to 50, from 3 to 50, from 10 to 35, from 15 to 30, from 5 10 10,
parts by weight per 100 parts by weight of the composition. In various non-limiting embodiments,
all values and ranges of values between and including the aforementioned values are hereby
expressly contemplated. In various embodiments, any one or more of the aforementioned
amount(s) may vary by 1, 2,3, 4,5, 6,7, &, 9, or 10, %.

Alkyvl Polvglveoside:

{0086] The composition may include an alkyl polyglycoside which may be present in an amount
from 1 to 20 parts by weight per 100 parts by weight of the composition. In various embodiments,
the alky! polvglycoside is presentiman amount of 1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, or 20, parts by weight per 100 parts by weight of the composition. In various non-
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Iimiting embodiments, all values and ranges of values between and including the aforementioned
values are hereby expressiy contemplated.  In vanous embodiments, any one or more of the
aforementioned amount{s) may vary by +1, 2,3, 4, 5,6,7, 8,9, or 10, %.

{0087} The alkyl polyglycoside is not for example limited and may be any in the art. In various
embodiments the alkyl polyglycoside may be further defined as an alkyl polyglveoside of a Cg-

Cig alcohol or combination of such alcohols. In other embodiments, the alkyl polvglycoside is

further defined as an alky! polyglveoside of a Cyg-C g aleohol or combination of such alcohols.
in further embodiments, the alkyl polyglycoside is further defined as an alkyl polvglycoside of a
g-Cqg alcohol or combination of such alcohols. In various embodiments, the alkyl polyglycoside
includes an alkyl polvglycoside of a Cg-C g aleohol, an alkvi polyglveoside of a C -1 4 alcohol,
an alkyl polyglyeoside of a Cg-Cyg alcohol, an alkyl polyglycoside of a Cy-Cyy alcohol, or
combinations thereof.

[0088] In still other embodiments, the alkyl polyglycoside has the formula R7OGy wherein R’ is
a g to Cyg linear or branched alkyl alcohol group, G is a glveoside, and v is an average degree
of polymerization, wherein v is a number greater than 0 and up to 3. In this formula, R isa Cqto
Cyg linear or branched alkyl alcohol group. However, R may have any number or range of

mnbers from & to 13 relative {0 the mumber of carbon atoms. In vartous embodiments, R isa Cg
0 Cig, CgtoCra, Cgto Ty, Cgto Cip, CiptoCye, Cioto Cig, C1oto Cyg, Cig 0o Cyp,. Cin
10018, Ci2t0C16. Cinto Cig, Cigto Ty, Cigto Cyg. or Cy4 to Oy, linear or branched alkyl
group. Moreover, GG is a glvcoside. The glveoside may be a molecule wherein a sugar is bound to
another functional group via a glycosidic bond. More specifically, the glycoside may be a sugar
group that is bonded through its anomeric carbon to another group via a glycosidic bond.
Glvcosides can be linked by an O- (an O-glvcoside), N- (a glycosviamine), S-(a thioglycoside), or
- (a C-glycoside) ghycosidic bond. The glycoside may be alternativelv described as a "glvcosyi
compound.” In some embodiments, the sugar is bonded to a non-sugar thus excloding
polysaccharides. In such embodiments, the sugar group can be described as a glycone and the non-
sugar group as an agiveone. The glvcone can be a single sugar group {a monosaccharide) or several
sugar groups {(an oligosaccharide). In one embodiment, the sugar or glveone group is, or is based
on, glucose. Furthermore, v is an average degree of polymerization and is a number greater than ¢
and upto 3 (1e, 0 <y <3), or any value or range of values therebetween. In various embodiments,
vis 11102 121019 13118 fromldto 1.7 from 1.5 1.6 from 1.210 1.7, etc. In various

non-limiting embodiments, all values and ranges of values befween and including the
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aforementioned values are hereby expressly contemplated. Non-limiting examples of suitable
alkyl polyglycosides are comumercially available under the trade names Agnique® PG 264,
Agmque@ PG 8105, Agnique@ PG 8107, Agnique‘@ PG 9116, and Agniquc—:@) PG 8166.
Enmulsifier;

{0089] The composition may also include an emuisifier. The emulsifier may be an anionic
emulsifier and/or a non-ionic emulsifier. The anionic emulsifier may be any known in the art and
for example inchudes alkali, alkaline earth or ammonmum salis of fatty acids, such as potassium
stearate, alkyl sulfates, alkyl ether sulfates, alkylsulfonates or isc-alkylsulfonates,
alkyinaphthalenesulfonates, alkyl methy! ester sulfonates. acyl ghitamates, alkylsuifosuccinates,
sarcosinates such as sodiom laurovl sarcosinate or taurates, and combinations thereof In one
embodiment, the anionic emudsifier is a calcium dodecvibenzene sulfonate (BDBSA) such as
Ninate 401 A, Agnique® ABS 60, and Agnique® ABS 70C. In various embodiments, the
emulsifier may be present in an amount from 010 20, 510 15, 510 10, 1010 15, 15 to 20, parts by
weight per 100 parts by weight of the composition. OF course, it 1S to be understood that the instant
disclosure is not imited (o the aforementioned values and that the emulsifier may be present in
any whole or fractional amount or range of araounts within the aforernentioned values. In various
embodiments, any one or more of the aforementioned amount(s) may vary by £1, 2. 3, 4, 5, 6,7,
8,9 or 10, %.

[8096] The non-ionic emulsifier may be any known in the art and may mclude alkoxylated animal
or vegetable fats and oils such as com oil ethoxylates, sovbean ol ethoxylates, castor oil
ethoxvlates, tallow fatty ethoxvlates, glycerol esters such as glycerol monosiearate, fatty alcohol
alkoxvlates and oxoalcohol alkoxviates, fatty acid alkoxviates such as oleic acid ethoxvlates,
alkyiphenol alkoxvlates such as isononylphenol ethoxylates, fatty anmune alkoxylates, fatty acid
amide alkoxylates, sugar surfactants such as sorbitan fatty acid esters {e.g. sorbitan monooleate,
and sorbitan tristearate), polyoxvethviene sorbitan fatty acid esters, alkyl polvglveosides, N-
alkyigluconamides, and combinations thereof.

Optional Solvent:

{0091] The composition may also include an optional solvent or solvent component. In various
embodiments, the solvent or solvent component may be present in an amount of greater than zero
up to an amount of 90 (e.g. O < amount < 90}, greater than zero up to an amount of 80 (e.g 0 <
amaount < 80}, from 5 to 75, from 10 10 70, from 15 to 65, from 20 to 60, from 25 1o 55, from 30
10 50, from 35 to 45, or from 40 1o 45, parts by weight per 100 parts by weight of the composition.
Of course, it is 1o be understood that the instant disclosure is not limited to the aforementioned

values and that the solvent component may be present in any whole or fractional amount or range
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of amounts within the aforementioned values. In various embodiments, any one or more of the

aforementioned amount{s) may vary by +1, 2,3, 4, 5,6,7, 8,9, or 10, %.

[{0692] The optional solvent may be any known in the art. In one embodiment the solvent is

organic. In various embodiments the solvent may be chosen from Cy-Cy 7 alkyl benzenes, N, N-

dimethvl lactamide, and combinations thereof. In other embodiments, the solvent is chosen from

solvents such as Agnique@@ AMDS810, Aromatic solvents (100, 150}, methyi esters, fatty alcohols,

oxe-alcohols, and combinations thereof. In other embodiments, the optional solvent is chosen from

Acetic Anhvdride; Acetone; u~-Alkyl Cy-Cyg w- hydroxypoly (oxyethylene) 2-20 moles; a-Alkyl

C6-Cl4-w- hydroxypoly (oxypropylene) block co-polymer with polyoxyethylene (POP content is

1-3 moles and POE content is 4-12 moles, weight average molecular weight 635); Amyl acetate;

Butanol; Cod Liver Oil; Dipropylene Glveol; Ethyl acetate; Ethyl Alcohol; Ethyl Esters of faity

acids derived from edible fais and oils; 2-Ethyl-1-Hexanol; Glycerol monoacetate (monoaceting;

Glyecerol di-acetate (diaceting; Glycerol tri-acetate (iriacetin};, Hexyl Alcohol; Hydrochloric acid;

Isopropyl Myristaie; Lactic Acid; Lactic acid, 2-ethylhexyl ester; Lactic acid, 2-ethyihexyl ester,

(28)-Lactic acid, n-propyl ester; (8)-Limonene; Methyl Alcohol; Methyl n-Amyl Ketone, Methyl

Esters of fatty acids derived from edible fats and oils; Methyl isobutyl ketone;, Mineral O1l, USP;

Olevl alcohol; Petroleum Hydrocarbons, light odorless conforming to 21 CFR 172.884 Petroleum

Hydrocarbons, synthetic isoparaffinic conforming to 21 CFR 172.882; Propanol, Propylene

glycol; Sovbean oil derived fatty acids; Xvlene meeting specifications setin 21 CFR 172.884 (b)

{4); and combinations thereof.

[9093] In various embodiments, the composition may be as foliows:

Pesticide: 0.001 to 5.00 grams; 0.1 to 2.5 grams; 0.5 to 1.5 grams
F0.0005 grams

Water: 10 to 85 grams; 25 to 85 grams: 50 to 85 grams; = 5 grams

Viscosity Modifier: {10 3 grams; 1 10 3 grams; 1.5 t0 2.5 grams; + .5 grams

{e.g. MgCly and/or CaCly)

Dispersion Additive: O to 15 grams; 5 to 15 grams; 8 to 12 grams; = | gram

{e.g. glvcerin)

pH Controller: 010 3 grams; 1 10 3 grams; 2 to 3 grams; £ 0.3 grams

{e.g. citric acid)

Compatibility Additive: 0 to 5 grarns; 1 1o 5 grams; 2 to 4 grams; £ 0.5 grams

{e.g. alkvl polvglycoside)}

Wetting Agent: (10 5 grams; 1 10 § grams: 2 1o 4 grams; = 1.5 grams

{e.g. ethoxylated alcchol)
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Defoamer: O to 1 gram; 0.25 to | gramy 0.25 to 0.75 grams;
+ 0.25 grams
Co-polymer 0.00002 to 3 grams; | 10 3 grams; 1 1o 2 grams; £ 0.00001
grams
In various non-limiting embodiments, all values and ranges of values between and including the
aforementioned values are hereby expressly contemplated. Moreover, i is also contemplated that
any one or more of the viscosity modifier, the dispersion additive, the pH controller, the
compatibility additive, the wetting agent, and the defoamer is optional any may not be included.

Emulsifiable Concentrate:

[0094] This disclosure also provides the composition as an emulsifiable concenirate {also known
1 the art as an “EC™). In varous embodiments, the emulsifiable concentrate is a hiquid that has a
viscosity from 1 to 200, 50 to 200, 100 to 200, or less than or equal to about 200, cps at 25 °C.
Withowt intending to be bound by any particular theory, it 15 believed that a viscosity of less than
or equal to about 200 cps at 25 °C promotes blooming and efficient formation of an emulsion when
the concentrate 1s used. In various embodiments, any one or more of the aforementioned amount(s)
may vary by 1,2, 3,4, 5, 6,7, 8,9, or 10, %.

{0095} The concentrate is typically a single phase liqud. In other words, the concentrate does not
typically include a distinct non-polar phase and a distinct polar phase buf instead tvpically includes
a single phase that inclodes the pesticide, water, and co-polymer, and optionally one or more
additives. Of course, it 1s to be appreciated that the single phase may include partial phase
separation but does not typically include total phase separation. At low temperatures, phase
separation may occur. The concentrate may be described as including or being the aforementioned
emulsifier component and the pesticide (e.g. without the optional solvent).

[8096] The concentrate may include, be, consist essentially of, or consist of, the pesticide, the co-
polymer, and one or more additives. Alternativelv, the concentrate may include, be, consist
essentially of, or consist of, the combination of the pesticide and the co-polymer. Further, the
concentrate may be, consist essentially of, or consist of, the combination of the co-polyroer and
one or more additives. The termunology “consist essentially of " desciibes embodiments that are
free of other {co-)polvmers different from the co-polvmer, and/or one or more additives, such as
any one or more additives described herein, and/or one or more pesticides different from the
aforernentioned pesticide. In such “consisting essentially of” embodiments, the concentrate may
be free of any additive, pesticide, or polymer known in the art. Moreover, it is contemplated that

some water may be present in the concentrate or may be absent, as described below.
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{0097] The concentrate itself can be, for example, anhydrous, 1 e., free of water. Alternatively, the
concentrate may include water, which may be of any type above. In vartous embodiments, the
concentrate may include less than §, less than 2.5, less than 1, less than 0.5, or less than 0.1, parts
by weight of water per 100 parts by weight of the concentrate. In other embodiments, the
concentrate may include less than 15, 14, 13, 12, 11, 10,9, 8. 7. 6, 5, 4, 3, 2, or 1, part by weight
of water per 100 parts by weight of the concentrate. In various embodiments the concentrate 1s a
single otl-like, e.g. hydrophobic, phase that does not include water. When added to water or
another solvent, the concentrate for example forms a mitky white agriculiural emulsion that
blooms and that has hittle to no phase separation, as is described in greater detail below. In various
embodiments, any one or more of the aforementioned amount{s) may vary by £1, 2, 3,4, 5, 6, 7,
8,9 0or 10, %,

{0098] In various embodiments, the concentraie may include the co-polymer and optionally one
or more additives described above and may be combined with water to form an emulsion and/or
the aforementioned composition. In various embodiments the co-polymer may be present in the
concentrate in an amount of from 110 99, 510 93, 1010 90, 15 10 83, 20 10 80, 23 to 75, 30 10 79,
351065, 40 to 60, 45 10 55, or 45 1o 50, weight percent based on a total weight of the concentrate.
Moreover, the one or more additives may independently be present in any one of the
aforementioned amounts or ranges. In various non-limiting embodiments, all values and ranges of
values between and including the aforementioned values are hereby expressly contemplated. In
various embodiments, any one or more of the aforementioned amount(s) may vary by +1, 2, 3 4,
5,6,7.8,9, or 10, %.

1809%] The concentrate may include any one or more of any of the aforementioned components
described anywhere in this disclosure. For example, in various embodiments, the concenirate
includes one or more additives in an amount of from 0 to 15, from 010 10, or from 010 5, weight
percent based on a total weight of the concenirate. Tn other emabodiments, the concentrate includes
one or more pesticides in an amount of from .01 to 85, from 0.1 10 85, from 0.1 10 60, or from 1 {0
8, weight percent based on a total weight of the concentrate. In various non-limiting embodiments,
all values and ranges of values between and inchuding the aforementioned values are hereby
expressly contemplated.  In various embodiments, any one or more of the aforementioned
amount{(s) may vary by +1, 2, 3. 4,5, 6,7, 8,9, or 10, %.

Acgricultural Emulsion:

[O0100] Referring back, the emulsion mav be the composition itself or may be different
from the composition. For example, well-formed emulsions are mitky in color, sponlaneously

bloom (i.e., form), and have sufficient stability for efficacious application, as would be understood
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by those of skill in the art. As such, the composition may be used to form the emulsion. However,
emulsions of this disclosure are not imited {o such parameters and may have other characteristics
that are indicative of successful emndsion formation.

{00101] It 1s further contemplated that the composition may be water soluble. Alternatively,
the composition may be water dispersible. Accordingly. the composition may be defined more
broadly or more narrowly than as described above relative to an emulsion or concentrate.
Methods:

[00102] This disclosure also provides a method of forming the composition. The method
includes the step of combining the pesticide, the water, and the co-polymer. This step may also
include adding anv additives described above. The aforementioned components and compounds
may be added in any order to one or more of each other and in any amount and in one or more
mdividual steps, e g in whole or in parts.

{00103] This disclosure further provides a method of forming the concentrate. The method
may include the step of combining the co-polvmer and one or more optional additives.
Altematively, the method may include the step of corabining the pesticide, the co-polvmer, and
one or more optional additives. Further, the method may include the step of combining the
pesticide and the co-polymer. The aforementioned components and compounds may be added in
any order to one or more of each other and n any amount and in one or more individual steps, e.g.
1 whole or n parts.

{00104] This disclosure further provides a method of forming the emulsion. The method
may include the step of combining the pesticide, the co-polymer, the water, and one or more
additives. Alternatively, the method may include the step of combining the composifion and one
or more additives or optional solvents or additional water to formm the emulsion. The
aforementioned components and compounds may be added in any order to one or more of each
other and in any amount and in one or more individual steps, e.g. in whole or in parts.

[H0105] This disclosure further provides a method of applying the composition o an
agricultural target wherein the method includes the step of spraying the composition. The
agricultural target may be any known in the art of pesticide applications and may be, for examples,
weeds, crops, fields, plants, elc. In one embodiment, the agricultural target is a weed. In another
ernbodiment, the agricultural target is a crop. In a further embodiment, the agricultural target s a
field. In another embodiment, the agricultural target is a plant.  In a further embodiment, the
agricwdtural target 1s fwrf. In vet another embodiment, the agricultural target 1s a horticultural
target. Moreover, the agricoltural target may be grass or a field or a pasture. The agricultural

target may be associated with a residential or cornmercial application.
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{00106] Moreover, the step of spraving may utilize a spray nozzle and may be further
defined to imclude any parameters known in the art of spraving pesticides. The spray nozzle may
be any known in the art such as a Teelet® 8002VS, or any other suitable nozzle as would be
recogrnized by one of skill in the art.

EXAMPLES
[80107] A series of Compostiions that represent various embodiments of this disclosure are
formed. A series of Comparative Compositions are also formed.
[00108] Each of the Compositions and Comparative Compositions are tested using ASTM
E2798-11 and a Malvern Spray Tech droplet analyzer to determine a percentage reduction in
“fines”, as s understood in the art. The “fines” represent fine droplets having a volume percent of
spray droplets (%6V) < 141 um. The nozzle used is a TeeJet®™ 8002VS nozzle.
{00109] The Compositions and Comparative Compositions are set forth below in Tables 1-
5 along with the results.

TABLE 1

Cep L e | CP Cp P Cp e rP P
i 2 3 4 5 & 7 & g
Acrylamide | 69.00 | 68.00 | 9950 | 9940 | 9900 | 98.50 | 98.00 | 97.00 | 97.00
Macro 100 | 200 | 050 | = | 1.00 | 150 | 200 | - | -
Monomer
Macrs o
. . O { ——— —— . . O
Monomer 2 0.60
Macro a
Monomer 3 B B B B B B B 3.00
RMacro . . - - . . . . 300
Monomer 4
AMPS 30,00 | 30.00 | -
Acrylic Acid | — - - - - e o o -
{00110 CCP1 and CCP2 are Comparative Copolymers | and 2, respectively, and are not
representative of this disclosure.
00111} CP3-CP9 are Copolymers 3-9, respectively, and are representative of variocus

embodiments of this disclosure.
{00112] Macromonomer 1 has the following formula:
HA{=CH-0-CHy-CHy-CH»-CHy-O-{(CH»-CH»-0-)04 5-(CH3-CH{CH3-CH1}-0-)14-
(CHyCH2-0-)3 5
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[00113] Macromonomer 2 has the following formula:
HoC=CH-0-CHy-CH»-CH3-CH»-0-(CH»-CH»-0- )04 5-( CHo-CH(CH-CH3)-0-)00-
(CHpCH2-0-)3 5

{001 14] Macromonomer 3 has the following formula;
H»C=CH-0-CHy-CH>-CH7-CH5-(0-CH7-CH7 )77-0OH

{00115] Magcromonomer 4 has the following formula:
H>C=CH-0-CH»-CH5-CHy-CH3-(0O-CHy-CHy ) -OH

{00116} The data set forth above shows that agricultural compositions of this disclosure

reduce dniftable fines when compared 1o both water only sprays and waler/copolymer only sprays.

TABLE 2
Pesticide (gmpar, (“gzﬁ::m" Comp. | Comp. | Comp. | Comp.
Stg.1 | CORP ) ROEBe L g, da Sa Ta

ia 2a
Tap Water 98.3 98.2875 | 98.2875 | 98.2875 | 98.2875 | 982875 | 98.2875

Roundl - 4 4 - -
Pewei‘fo 1.7 1.7 1.7 1.7 1.7 1.7 1.7
CCP1 0.0125
I8 ) 0.0125
CP3 0.0125 | -
CP4 e | 00125 | -
CPs — | 00125 | -
Cp7 — ] 00125
%‘;;nl‘” 4487% | N/A | 14.80% | 8.13% | 6.12% | 6.61% | 7.25%
7
Reduction
Over N/A 67% 82% 86% 85% 34%
Pesticide
Std. 1
TABLE 3
Pesticde “CI | C0may | Comp. | Comp.
P ib 2b
Tap Water 983 | 9872875 | 98.2875 | 98.2875 | 98.2875
Liberty 2806 SL 13 1.3 1.3 1.3 13
CCP1 0.0125
CCP2 0.0125
CP3 00125 | -
CP4 — | 0.0125
cPs
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cp7
P8 — o — - e
Py - e - - e
Y%V < 141 pm 4296% | 27.06% 4.30% 4.83% | 5.85%
V6 Reduction Dyer 3% | 90% | 89% | 86%
TABLE 3 (cont.)
Pesticide | Comp. | Comp. | Comp. | Comp.
Std. 2 5b 7b 8b b
Tap Water 98.3 98.2875 | 98.2875 | 98.2875 | UY8.2875
Liberty 280 SL 1.3 1.3 1.3 13 1.3
CCP e - o e e
CCpz e - e e e
CP3 e ~en - e -
P4 e - - o -
Ps . 0.0125 - e o
CP7 e - 0.0125 e e
P8 - --- —— 0.0125 rer
Cpo e —-n — - 0.0123
Y% Y < 141 pm 42.96% | 553% | 8.40% | 813% | 11.57%
Y6 Reduction Over | 87% | 0% | 81% | 73%
{80117} Liberty 280 SL ® is an herbicide that 1s commercially available from Bayer.
TABLE 4
Pesticide {g:::f: ;:l 653::3;?" Comp. | Comp.
Std. 3 fe 3¢ 3¢ 4¢
Tap Water 98.3 98,9375 | 989375 | 989375 | 98,9375
Headline 1.05 1.05 1.05 1.05 1.05
Pl - 0.0125 == == -
{CP2 — o 0.0125 e -
CP3 00125
P4 0.0125
CPs --= ~== == == -
CP7
CPY
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%Y < 141 um 27.61% 5.15% 6.91% | 18.28% | 18.78%
%% Reduction Over o , “qas o/
R ;;(), I A0 "N)/
Pesticide 5td. 3 78% 73% 4% 32%
TABLE 4 {cont.}
Pesticide | Comp. | Comp. | Comp.
Std. 3 S¢ Te G¢
Tap Water 98.3 98.9375 | 98.9375 | 98.9375
Headline 1.05 1.05 1.05 1.05
{CPy o - - -
CCp2 - -~ = -
CP3 - - = -
CP4 == = -~ -
CPs o 0.0125 e ——
P - - 0.0125 -
Py e e - 0.0125
%Y < 141 pm 27.61% | 13.85% | 16.43% | 20.17%
% Reduction Over Pesticide Std. 3 o 50% 40% 27%
TABLES
Pesticide i{f?ﬁ;‘:r’ Cgfgzn Comp. | Comp.
Std. 4 1d 2d 3d 44
Tap Water 98.3 9%.9375 | 98.9375 | 97.4875 | 97.4875
Remedy Ultra 25 2.5 2.3 2.5 2.5
{CP1 e 0.0125 - — e
P2 e e (0.0125 - -
CP3 - - - 0.0125 -
P4 - —— - — 0.0125
CPs - - - - -
CP7 == e - - e
Py = === . . -~
%Y < 141 pm 26.53% 3.86% 29.52% | 18.47% | 13.95%
%% Beduction Over <o/ o .
— v { O (} . ; (3//
Pesticide Std. 4 85% % 30% | 47%
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TABLK § {(cont.)
Pesticide | Comp. | Comp. | Comp.
Std. 4 6d 7d 9d
Tap Water 983 97 4875 | 97.4875 | 97 4875
Remedy Ulira 2.5 2.5 2.5 2.5
Pt - - . —
CCP2 == == == ==
CP3 . e -~ -
CP4
CP6 0.0128
CP7 - - 0.0125 -
CPo - - - 0.6125
%Y < 141 pm 2653% | 12.31% | 22.68% | 16.26%
Ye Reduction Over - o <0, a0/
Pesticide Std. 4 4% 15% 3%
[H0118] The data set forth 1in Table 2 demonstrates that Co-Polymers 3, 4, S and 7, co-

polvmers that are representative embodiments of this disclosure, provide significant reduction of
driftable fines (droplets < 141 um} when compared with RoundUp® PowerMax alone (Pesticide
Std. 1) and improved reduction in driftable fines {droplets < 141 um) when compared to
Comparative Co-Polymer 1 and Comparative Co-Polvmer 2. Comparative Co-Polymer 1 is1in fact
incompatible with RoundUp® PowerMax and could not be tested.

[00119] The data set forth in Table 3 demonstrates that Co-Polymers 3,4, 5,7, 8 and 9, co-
polymers that are representative embodiments of this disclosure, provide significant reduction of
driftable fines (droplets < 1471 um) with Liberty® 280 SL alone (Pesticide Std. 2} and improved
reduction in driftable fines {droplets < 141 um) when compared to Comparative Co-Polymer 1.
(90120} The data set forth in Table 4 demonstrates that Co-Polymers 3, 4, 5, 7 and 9, co-
polvmers that are embodiments of this disclosure, provide significant reduction of driftable fines
{droplets < 141 um) with Headline® alone (Pesticide Std. 3).

[00121] The data set forth in Table 5 demonstrates that Co-Polymers 3, 4, 6, 7 and 9, co-~
polymers that are embodiments of this disclosure, provide significant reduction of drifiable fines
{droplets < 141 um) with Remedy Ultra alone (Pesticide Std. 4) and improved reduction in driftable
fines (droplets < 141 um) when compared to Comparative Co-Polvmer 2.

{00122] In the examples, Co-Polymers 3, 4, 5, 6, 7, 8 and 9, all representative embodiments
of this disclosure, reduce the percentage of driftable fines as defined by droplets < 141 wm when

compared to standard pesticide/water compositions. This reduction held true for SL formulations
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(ionic, soluble liquids) as represented by RoundUp® PowerMax and Liberty® 280 SL, for 8C
formulations {dispersible, agueous suspensions) as represented by Headline® and for EC
formulations {emulsifiable, organic solvent based liquids) as represented by Remedy Ulira,
{00123] Furthermore, the examples in Tables 2 — 5 demonstrate effective reduction of
driftable droplets (< 141 um) with Co-Polymers with a varied range of weight percent of the
Macromonomer (Co-Polvmer 3: 0.5% Macromonomer, Co-Polymer 5. 1.0% Macromonomer, Co-
Polymer 6: 1.5% Macromonomer, Co-Polymer 7: 2.0% Macromonomer, and Co-Polymers § and
9: 3.0% Macromonomer),

[00124] All combinations of the aforementioned embodiments throughout the entire
disclosure are hereby expressly contemplated i one or more non-limiting embodiments even if
such a disclosure 15 not described verbatim n a single paragraph or section above. In other words,
an expressly contemplated embodiment may include any one or more elements described above
selected and combined from any portion of the disclosure. In various non-limiting embodiments,
all values and ranges of values between and including the aforementioned values are hereby
expressly conteraplated.

{001 25] One or more of the values described above may vary by + 5%, + 10%, + 15%, +
20%, + 25%, eic. Unexpected resulls may be obtained from each member of a Markush group
independent from all other members. Each member mayv be relied upon individually and or in
combination and provides adeguate support for specific embodiments within the scope of the
appended claims. The subject matter of all combinations of independent and dependent claims,
both singly and multiply dependent, is herein expressly contemplated. The disclosure is itlustrative
including words of description rather than of limutation. Many modifications and vartations of the
present disclosure are possible in light of the above teachings, and the disclosure may be practiced
otherwise than as specifically described herein.

{00126] It 13 also to be understood that any ranges and subranges relied upon n describing
various embodiments of the present disclosure independently and collectively fall within the scope
of the appended claims, and are undersiood to deseribe and conteraplate all ranges mcluding whole
and/or fractional values therein, even if such values are not expressly written herein. Oune of skill
in the art readily recognizes that the enumerated ranges and subranges sufficiently describe and
enable various embodiments of the present disclosure, and such ranges and subranges may be
further delineated into relevant halves, thirds, quarters, fifths, and so on. As just one example, a
range “of from 0.1 {0 0.9” may be further delineated mito a lower third, t.e. from 0.1 to 0.3, a middle
third, i.e. from 0.4 to 0.6, and an upper third, ie from 0.7 to 0.9, which individually and

collectively are within the scope of the appended claims, and may be relied upon individually
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and/or collectively and provide adequate support for spacific embodiments within the scope of the
appended claims. Tn addition, with respect to the language which defines or modifies a range, such
as “at least,” “greaier than,” “less than,” “no more than,” and the like, it 15 to be undersiood that
such language includes subranges and/or an upper or lower limit. As another example, a range of
“at least 10” inherently includes a subrange of from at least 10 to 35, a subrange of from at least
1010 25, a subrange of from 25 to 35, and so on, and each subrange may be relied upon individually
and/or collectively and provides adequate support for specific embodiments within the scope of
the appended claims. Finally, an individual number within a disclosed range may be relied upon
and provides adequate support for specific embodiments within the scope of the appended claims.
For example, a range “of from 1 to 97 includes various individual integers, such as 3, as well as
mdividual numbers including a decumal point {or fraction), such as 4.1, which may be relied upon

and provide adequate support for specific embodiments within the scope of the appended claims.
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CLAIMS
What is claimed is:
L. An agqueous agriculiural composition comprising a pesticide, water, and a ¢o-
polvmer that is the reaction product of:
A an acrviamide monomer; and
B. a macromonomer having the formula;

HoC=C(R )-R2-0-(CH7-CH-0-) (CH2-CH(R 3)-0-)1-(CH-CH3-0-}, R?
wherein

ks from 310 150;

Lis from O to 25;

misfromOio 15

RlisHor methyl;

RZ is independently a single bond or a divalent linking group chosen from L pHop)- and
~O-{(CyHr ) wheremnisfrom [ to 6 and n' is from 2 to 6;

R3 is independently a hydrocarbvi radical having at least 2 carbon atoms or an ether group
of the general formula ~CH;Z~O-R3' where R is a hydrocarby] radical having at least 2 carbon
atoms; and

R4 is independently H or a hydrocarbyl radical having 1 to 4 carbon atoms,

wherein said (A} acrylamide monomer and said (B) macromonomer react together in the
absence of () an anionmic monoethylenically unsaturated monomer comprising at least one acidic
group chosen from -COOH, -SOsH, -PO:H> and salts thereof.

2, The aqueous agricultural composition of claim 1 wherein said co-polymer is the
reaction product of 90 10 99.9 weight percent of said acrvlamide monomer and 0.1 to 10 weight
percent of said macromonomer, based on a total weight of said co-polymer.

3. The agueous agricultural composttion of claim 1 or 2 wherein said (A) acrylamide
monomer 15 chosen from {meth} acrvlamide, N-methyl {meth} acrylanude, N, N'-dimethyl {(meth}
acrylamide, N-methylol (meth) acrvlamide, or combinations thereof.

4. The agueous agricultural composition of claim 1 or 2 wherein said (A) acrvlamude
monomer 1§ acrviamide.,

5. The aqueous agricultural composition of any one of claims 1-4 wherein:

kis from 1010 150;

{1s from 3 to 25,

mis from 0 to 15;
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Rl is H or methyl;

RZ is independently a single bond or a divalent linking group chosen from (CpHyy)- and
~O-{CyHop)-, wherein nis from [ to 6 and n'is from 2 to 6;

R3 is independently a hydrocarbyl radical having at east 2 carbon atoms or an ether group
of the general forroula -CH2-0~R35 where R3' is a hydrocarby! radical having at least 2 carbon
atoms; and

R4 is independently H or a hydrocarbyl radical having 1 to 4 carbon atoms.

6. The aqueous agricultural composition of any one of claims 1-4 wherein said
macromonomer has the formula:

Hy C=CH-0-CHy-CHy-CH»-CHy-0-{CH3-CH3-0-)p4 5-(CH)-CH(CH,-CH33-0-)16-
(CH3CH»-0-)3 5

7. The aqueous agriculiural composition of any one of claims 1-4 wherein said
macromonorer has the formula:

HoC=CH-O-CHy-CH»>-CH»-CH»-0-(CH-CH2-0-)p4 5-( CHp-CH(CH3-CH3)-0-)y2-
(CHACH2-0-)3 5

8. The aqueous agricultwral composition of any one of claims 1-4 wherein said

macromonomer has the formula:
HAC=CH-O-CH»-CH»-CH>-CH»-(0-CH3-CH2 127-0OH

9. The aqueous agricultural composition of any one of claims 1-4 wherein said

macromonomer has the formula:
H»C=CH-O-CHy-CH»-CH»-CH»-(0-CH»-CH2 )g6-OH

10, The aqueous agricultural composition of any one of claims 1-9 wherein said co-
polymer has a weight average molecular weight (Mw) of 2,000,000 g/mol to 15,000,000 g/mol.

it The aqueous agricultural composition of any one of claims 1-10 wherein said (B)
macromonomer 18 utilized in an amount of from 0.5 to 2 weight percent.

12, The aqueous agricultural cormposition of any one of claims 1-11 wherein said co-
polymer has an mtrinsic viscosity of from 3 to 26 dL/g.

13, The agueous agricultural composition of any one of claims 1-12 wherein said co-
polymer 1s present in an amount of from 0.01 to 10 weight percent based on a total weight of said
aqueous agricultural composition.

14, The aqueous agricultural composition of any one of claims 1-13 wherein said

pesticide 1s a fungicide or herbicide or insecticide.
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15. The agueous agricultural composition of any one of claims 1-13 wherein said pesticide
ts glyphosate or a salt thereof, sirobilunne, glufosinaile or a salt thereof and/or triclopyr-2-
butoxyethyl ester.

16.  The aqueous agricultural composition of any one of claims 1-15 that produces fines
%YV <105 um of less than 15, upon spraying, as determined using ASTM E2798-11 and a Malvern
Spray Tech droplet analvzer and a Teelet 8002VS nozzle.

17.  The aqueous agricultural composition of any one of claims 115 that produces fines
%Y <141 um of less than 30, upon spraying, as determined using ASTM E2798-11 and a Malvern
Spray Tech droplet analyzer and a TeeJet 3002VS nozzle.

18 A method of forming the aqueous agricultural composition of any one of claims 1-
17, said method comprising the step of combining the pesticide, the water, and the co-polvmer.

19. A method of applving the aguecus agriculiural composition of any one of claims 1-
17 to an agricultural target, said method comprising the step of spraving the aqueous agricultural

composttion onto the agricultural target.
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