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ALKALI METAL GLYPHOSATE COMPOSITIONS

iTi

FIELD OF THE INVENTION
The invention relates to alkali metal glyphosate comipositions. In particular,
the invention relates te high-load glyphosate compositions that have good stability at

elevated temperature.

BACKGROUND OF THE INVENTION

N-Phosphonomethylglycirie (“glyphosate”) is a well-known, post-emergent,
foliar-applied herbicide. When glyphosate formulations are applied to green leaves
or stems, glyphosate moves through the plant so the entire plant dies. Giyphosate
works by disrupting a plant enzyme, EPSP synthase, invclved in the production of
amine acids that are essential to plant growth. Because the enzyme is not present
in humans or animals, glyphosate has very low toxicity to humans or animals.

Glyphosate is typicaily formulated and applied in the form of a water-soluble
agriculturally acceptable salt, preferably as 2 monobasic sait. The rnost widely
employed salt of glyphosate is the isopropylamine (IFA) salt. The salts of
glvphosate are generally prepared by partial or complete neutralization of the acid
with an appropriate base. Glyphosate salt formulations are provided in concentrate,
dilute (ready to use) and solid (granulate) forms.
Surfactants are embloyed as adjuvants in glyphosate salt formulations o
enhance herbicidal effectiveness. Surfactants help the iormulations adnere to the
surfaces of leaves and thus erihance penetration. The surfactant may be blended
with the glyphosate salt in the concentrate or solid forms or may be added by the
user to the diluted spray solution. A wide variety of surfactarits have been taught as
suitable for use, and cationic surfactants, in particular, have been widely used. See,
for example, the exhaustive list of surfactant types taught in U.S. Pat. Nos.
7,049,270 and 7,135,437

ctheramine alkoxylates are known surfactants for glyphosate salt
formuiations. For example, U.S. Pat. No. 5,750,468 teaches that these

compositions provide a less-irritating alternative to ethoxylated tallowamines. The
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reference teaches that quatemized or oxidized analogs of the etheramine
alkoxylates can be used instead of the etheramine alkoxylates. The ‘468 patent also
teaches that the etheramine alkoxylates are especially well-suited for use with 1PA
glyphosates and limits its examples to them. .5, Pat. No. §,277,738 also discloses
etheramine alkoxylates in glyphosates, and explains the advantages of using
monoethylamine (MEA) salts instead of IPA salts for making highly concentratea
aqueous glyphosate compositions. U.S. Pat. Appl. Publ. No. 2010/01601€2
suggests using a blend of an etheramine alkoxylate and a traditicnal tallowamine
surfactant to improve herbicidal selectivity and reduce the tendency of the surfactant
to cause eye irritation.

Since the initial suggestion to use etheramine alkoxvlates in glyphosates (in
the ‘468 patent), thev have been listed as possible surfactant components in similar
compesitions, usually in combination with other surfactants. For instance,
etheramine ethoxylates have been taught for use in combination with diamines or
polyamines (U.S. Pat. Appl. Publ. No. 2003/0096708), alkylbetaines or alkyl(amido-
alkyl)betaines (U.S. Pat. Appl. Publ. No. 2004/0224846), amidoalkylamines (U.5.
Pat. Appl. Publ. No. 2010/0113274), and fatty amine axides (U.S. Pat. Appl. Publ.
No. 2009/0018018).

Uespite their suggested use in glyphosates, etheramine alkoxylates are
generally not miscible with glyphosate or water, and they may not be miscible with
other surfactant components. On the other hand, a surfactant blend needs to have
good stability in and of itself, and it alsc needs to impart stabiiity to aqueous
glvphosates in which it is formulated.

More recently, we described (U.S. Fat. Appl. Publ. No. 2009/0313294) high-
load glyphosate concentrates comprising a fatty arnine oxide, a soclubilizer (e.q.,
polyethylene glycol), and a dialkoxylated alkylamine (2.9., a tallowamine surfactant).
When the surfactant blend is combined with 1PA, potassium, or mixed salt
glyphosates, the resulting concentrates are storage stable and have high or no cloud
points. The ability to provide such highly concentrated glyphosates, especially with
a potassium glyphosate, is valuable. Etheramine alkoxylates are not taught as
surfactant components.

1
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Despite the high glyphosate concentration available by choosing a potassium
glyphosate (compared with IPA and other amine salts), the K =alt is notorious for
incompatibility issues with a “wide range” of surfactants (see U.S. Pat. No. 7,316,990
at col. 2 and U.S. Pat. No. 7,135,437 at the paragraph bridging cols. 4 and 5). The
‘090 patent counsels use of monometnylamine (MMA) or dimethylamine (2MA) salts
to enhance compatibility. Other references, such as U.S. Pat. Appl. Publ. No.
2003/0096708, discuss the difficulties in pouring or pumping hignly concentrated
mixtures of potassium glyphosates (see p. 4, paragraph [0033]).

Formulators of glvphosates frequently struggle with how to maintain high
productivity while dealing effectively with heat removal. The exothermic
neutralization reaction limits the pace at which glyphosates can be formulated
without resort to expensive refrigeration units, and thus limits production rates. It is
therefore desirable for formulations to have as high a cloud point as possible. A
formulation that has a cloud point of 65°C, for instance, cannot be produced as
efficiently as one having a cloud point of 80 or 90°C because the formulator will have
to decelerate the addition of caustic when the iemperature approaches 65°C. On
the other hand, it can be challenging to identify formulations that are highly
concentrated, gel free, stable at elevated temperature, and also have high cloud
noints.

Interestingly, relatively little appears to be known about how the pH of
aquecus glyphosate concentrates might impact the elevated temperature stability of
aqueous formulations comprising the concentrates and commonly used surfactants.
This is particularly true of highly concentrated potassium glvphosaies. U.S. Fat.
Appl. Publ. No. 2009/0018018 teaches potassium glyphosate compositions
comprising a fatty amine oxide surfactant, an optional water-miscible solvent (IN-
methyl-2-pyrrclidone in the examples), and other surfactants that could be, e.g., an
etheramine alkoxvlate or a betaine. Table 1 of the ‘018 publication reports pH
values for the potassium glyphosate plus water and surfactant of about 4.7. U.S.
Pat. No. 7,049,270 teaches aqueous potassium glyphosate concentrates having a
pH of 4.76 (see Example A, col. 72). U.S. Pat. Appl. Publ. No. 2011/0105328

teaches potassium glyphiosate concentrates having a pH range from 5.5 to 11 (see

oS
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naragraph [0015]). U.S. Pat. Appl. Publ. No. 2011/0009269 reports pH values of 4.5
to 5.0 for an aqueous isopropylamine (IPA) glyphosate concentrate, but alkali metal
glyphosates are not discussed. U.S. Pat. Appl. Publ. No. 2010/0113274 teaches the
value of amidoamines for enhancing the compatibility of other surfactants (e.g.,
etheramines, fatty amine oxides) in blends of potassium and monoethanolamine
alyphosates. Table 11 (p. 22) lists formulation pH values of about 4.6. U.S. Pat. No.
5,767,863 (Ex. 1) indicates a pH of 4.58 for an IPA glvphosate formulation
containing a tallowamine ethoxylate. U.S. Pat. No. 6,475,953 lists pH values of 5 to
7 for IPA or sodium glyphosate formulations that contain soy lecithin and other
components (see Table 2a). Thus, although pH is reported for various formulations
in these references, there appears to be little or no attempt to control pH to achieve
a performance benefit.

U.E. Pat. Appl. Publ. No. 2010/0331182 describes high-strength concentrates
of glyphosate and dicamba salts, including potassium saits, for which the pH is
adjusted between £.0 and 8.0 (abstract, Table 1). High strength is achieved
provided that a mixture of glyphosate and dicamba salts is used and pH is kept
within the target range. U.S. Pat. No. 7,223,718 teaches to adjust pHto 7.010 8.5 to
achieve a single-phase concentrate comprising a glyphosate di-salt and an
enhancement agent.

In sum, the industry would benefit from improved aikali mietal glyphosaie
compositions that are highly concentrated vet have good elevated temperature
stability. Of particular interest are compgcsitions basea on ethieramine alkoxylates,
which are less irritating than tallowamine ethoxylates. Also needec are surfactant
blends useful in the givyphosate formulations that de not gel or phase separate during

storage. Ideally, a variety of surfactants could be used with the etheramine

formulators from opting for alkali metal glyphosates in highly concentrated
compositions. Formulators would welcome glyphosate compositions that have, in
addition to the otner attributes discussed above, high cloud points to sllow
formulation at relatively high temperatures and without the need for expensive
refrigeration.
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SUMMARY OF THE INVENTION

In one aspect, the invention relates to an aqueous alkali metal glyphosate
composition. The composition comprises: (a) an aqueous concentrate comprising
at least 30 wt.% acid equivalents of an alkali metal glyphosate; (b) a surfactant
blend comprising an etheramine component; and (c) optionally, a water-miscible
solvent. A mixture of the surfactant blend and solvent is gel-free and monophasic.
We surprisingly found that by adjusting the pH of the aqueous concentrate to be
within the range of 4.0 to 4.5, a highly concentrated aqueous alkali metal
glyphosate composition having good elevated temperature stability could be
made. In particular, when a 540 g.a.e./L formulation comprising the composition
is prepared, it exhibits good stability even at 54°C. The compositions frequently
have a high cloud point, which maximizes productivity in the exothermic
neutralization step.

In another aspect, the invention relates to a gel-free, monophasic
surfactant blend. The blend comprises three components. An etheramine,
present at 40 to 50 wt.%, is the first component. It comprises at least 35 wt.% of a
first etheramine ethoxylate of the formula:

R-(AO)x-N[(EO),-H)(EO),-H

where R Is a linear or branched Cq,-C4¢ alkyl group, AO is a C»-C4 oxyalkylene
group, EO i1s an oxyethylene group, x is 1, and y+z is about 5. The surfactant
blend also includes from 5 to 20 wt.% of propylene glycol and from 40 to 50 wt.%
of water or a surfactant selected from fatty amine oxides, betaines, and mixtures
thereof. The surfactant blends, which are formulated to be gel-free and stable
with respect to phase separation, are valuable for making the aqueous alkali metal
glyphosate compositions.

In accordance with another aspect, there is provided an aqueous alkali
metal glyphosate composition comprising:

(a) an aqueous concentrate comprising at least 30 wt.% acid equivalents
of an alkali metal glyphosate;

(b) a surfactant blend comprising an etheramine component comprising an

etheramine ethoxylate; and
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(c) a water-miscible solvent selected from water, propylene glycol and
polyethylene glycols and mixtures thereof;,

wherein a mixture of the surfactant blend and solvent is gel-free and
monophasic, the pH of the aqueous concentrate is adjusted to be within the range
of 4.0 to 4.5 and a 540 g.a.e. glyphosate/lL formulation comprising the
composition is stable at 54°C.

In accordance with a further aspect, there is provided a gel-free,
monophasic surfactant blend comprising:

(@) from 40 to 50 wt.% of an etheramine component, the component
comprising at least 35 wt.%, based on the amount of etheramine component, of a

first etheramine ethoxylate of the formula:
R-(AO)-N[(EO),-H|(EO)-H

wherein R is a linear or branched C4p-C15 alkyl group, AO is a C»-C4 oxyalkylene
group, EO is an oxyethylene group, x is 1, and y+z is about 5;

(b) from 5 to 20 wt.% of propylene glycol; and

(c) from 40 to 50 wt.% of water or a surfactant selected from the group
consisting of fatty amine oxides, betaines, and mixtures thereof.

In accordance with another aspect, there is provided an alkali metal
glyphosate composition comprising a gel-free, monophasic surfactant blend, the
surfactant blend comprising:

(a) from 40 to 50 wt.% of an etheramine component, the component
comprising at least 35 wt.%, based on the amount of etheramine component, of a

first etheramine ethoxylate of the formula:
R-(AO)-N[(EQ),-H(EO),-H

wherein R is a linear or branched C49-C4s alkyl group, AO is a C,-C4 oxyalkylene
group, EO is an oxyethylene group, x is 1, and y+z is about 5;
(b)  from 5 to 20 wt.% of propylene glycol; and

(c) from 40 to 50 wt.% of water or a surfactant selected from the group
consisting of fatty amine oxides, betaines, and mixtures thereof.
In accordance with a further aspect, there is provided an aqueous alkali

metal glyphosate composition comprising:

5a
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a) an aqueous concentrate comprising at least 30 wt.% acid
equivalents of alkali metal glyphosate;

(b)  a surfactant blend comprising an etheramine component comprising
an etheramine ethoxylate; and

(c) propylene glycol;

wherein a mixture of the surfactant blend and propylene glycol is gel-free
and monophasic, the pH of the aqueous concentrate is adjusted to be within the
range of 4.3 to 4.5, and a 540 g.a.e. glyphosate/L formulation comprising the

composition is stable at 54°C.

DETAILED DESCRIPTION OF THE INVENTION
Aqueous alkali metal glyphosate compositions of the invention comprise an
aqueous concentrate of alkali metal glyphosate, a surfactant blend, and an
optional solvent. The aqueous concentrate comprises watér and at least 30 wt.%
acid equivalents, more preferably at least 36 wt.% acid equivalents, and most
preferably at least 39 wt.% acid equivalents, of an alkali metal glyphosate. The

alkali metal is

5b
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preferably lithium, sodium or potassium, more preferably sodium or potassium, and
most preferably potassium. For potassium glyphosate, 39 wt.% acid equivalents (or
39 wt.% “a.e.”) corresponds to about 48 wt.% of the potassium salt because the
potassium salt has a higher molecular weight than the acid by a factor of about
1.23. Thus, it takes about 23% by weight more of the potassium salt to deliver the
same amount of glyphosate acid as would be provided by the pure acid.
(Unfortunately, the acid is relatively insoluble in water!)

Agueous concentrates used in the glyphosate compositions are typically
made by combining glyphosate acid and water. Glyphosate acid is commercially
available and can come from any desired source. One common commercial
material is supplied at about 90.5% glyphosate acid. A basic alkali metal
compound (e.g., potassium hydroxide) is ordinarily added with appropriate cooling
to the aqueous glyphosate acid slurry with good mixing to generate the alkali metal
glyphosate concentrate.

The surfactant blend comprises an etheramine component. Etheramines are
well known in the industry. They have at least one ether functional group and at
least one tertiary amine group. Etheramine alkoxylates, especially the ethoxylates,
are preferred, and many are commercially available. For instance, Air Products
supplies Tomamine'™ ethoxylated amines. Preferred etheramine ethoxylates from
this series include Tomamine E-14-2, E-14-5, E-17-2, and E-17-5. To illustrate, E-
14-2 is bis(2-hydroxyethyl)isodecyloxypropylamine, and E-14-5 is poly(5)oxy-
ethylene isodecyloxypropylamine. Suitable etheramine alkoxylates can also be
synthesized by reacting a fatty alcohol with acrylonitrile to give an ether nitrile,
followed by hydrogenation to the amine and alkoxylation with one or more molar

equivalents of ethylene oxide, propylene oxide, or combinations thereof, as is
described in U.S. Pat. No. 5,616,811. Etheramine ethoxylates having from 2 to 5

oxyethylene units per molecule are especially preferred.

In one aspect, the etheramine component comprises a first etheramine

ethoxylate of the formula:
R-(AO),-N[(EO),-H)(EO),-H
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wherein R is a linear or branched C,-C1g alkyl group, AO is a C,-C4 oxyalkylene
group, EQO is an oxyethylene group, x is 1, and y+z is about 5.

In another aspect, the etheramine component comprises, in addition to the

first etheramine ethoxylate, a second etheramine ethoxylate of the formula:
R-(AO),-N[(EO),-H](EO).-H

wherein R is a linear or branched C12-C4g alkyl group, AO is a C,-C4 oxyalkylene

group, EQO is an oxyethylene group, x is 1, and y+z is about 2.

Etheramine ethoxylates have become desirable as a less-irritating alternative
to ethoxylated tallowamines (see U.S. Pat. No. 5,750,468).

The surfactant blend can include one or more auxiliary surfactants, including
cationic, anionic, nonionic, amphoteric, or zwitterionic surfactants, provided that
they do not interfere with formulation stability or reduce herbicidal effectiveness.
Thus, suitable auxiliary surfactants include aminated alkoxylated alcohols,
hydroxylated amides, diamines, mono-  and diammonium salts,
poly(hydroxyalkyl)amines, alkoxylated poly(hydroxyalkyl)amines, alkyl esters of
sucrose or sorbitan, alkyl polyglucosides, quaternary ammonium compounds,'
amine oxides, alkoxylated amine oxides, betaines, sulfobetaines, and many others.
For additional examples of suitable auxiliary surfactants, see U.S. Pat. Nos.
7,135,437 and 7,049,270, the teachings of which related to surfactant classes.

Among auxiliary surfactants, fatty amine oxides and betaines are preferred.
Suitable amine oxides include those having the formula R‘R°’R°N—OQ wherein R* is
a Cg-Co4, particularly a C1,-Cqg straight or branched chain, saturated or unsaturated
hydrocarbyl group, such as lauryl, decyl, cetyl, oleyl, stearyl and hexadecyl, or a
R’CONH(CHy,), group, wherein R’ is a Cg-Cp4, particularly a C4,-C4s straight or
branched chain, saturated or unsaturated hydrocarbyl group and n is from 1 to 3; R®
and R°® are independently C4-Cs hydrocarby! groups such as methyl, ethyl, propyl or
substituted C4-C; hydrocarbyl groups such as hydroxyethyl, hydroxyethoxyethyl and
hydroxy polyethoxyethyl. Examples of suitable amine oxides include coconut
dimethylamine oxide, capric/capryllic dimethylamine oxide, capric dimethylamine

oxide, lauryl dimethylamine oxide, lauryl/myristyl dimethylamidopropylamine oxide,
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and cocodimethylamidopropylamine oxide. Suitable amine oxides are available
commercially as Ammonyx' " LD, Ammonyx CO, Ammonyx DO, Ammonyx 810 DO,
Ammonyx MO, and Ammonyx LMDO, all from Stepan Company. Suitable amine
oxides can be made by oxidizing the corresponding amine with hydrogen peroxide
or other suitable oxidizing agents using well-known methods. Additional suitable
amine oxides are disclosed in U.S. Pat. No. 5,710,103. As shown in the examples
below, amine oxides can provide somewhat wider formulation latitude than betaines
when used as the auxiliary surfactant with an etheramine in alkali metal glyphosate
compositions.

Suitable betaines have a quaternary nitrogen and carboxylate functionalities,
typically separated by one or more alkylene groups. Examples include products
available from Stepan Company under the Amphosol™ mark, including Amphosol
C series betaines and Amphosol LB, which is laurylamidopropyl betaine. Other
suitable betaines are available from Rhodia under the Geranol™ Mirataine®, or
Wettem® marks, such as Geranol CF/AS 30, a C1,-C1a alkyldimethylbetaine. For
additional examples of suitable betaines, see U.S. Pat. Appl. Publ. No.
2005/0170965.

The aqueous alkali metal glyphosate compositions optionally comprise a
water-miscible solvent. Suitable solvents have the ability to compatibilize
surfactants in the surfactant blend so that a stable, gel-free, monophasic blend is
achieved. “Gel-free” means that the composition remains easily stirred and
pourable after all surfactant and any solvent components are combined, mixed, and
allowed to stand for several hours. "Monophasic®™ means that there is neither rapid
nor gradual separation into two or more liquid phases after all surfactant and any
solvent components are combined, mixed, and stored for several days. Preferred
solvents are alcohols, glycols, polyalcohols, glycol ethers, glycol ether esters,
polyoxyalkylene glycols, and the like, and mixtures thereof. Glycols and
polyoxyalkylene glycols such as propylene glycol, dipropylene glycol, triethylene
glycol, and lower molecular weight (50 to 1000, preferably from 100 to 600 g/mol)
polyethylene glycols are preferred. Propylene glycol is particularly preferred. As

shown In Table 1, below, propylene glycol generally provides surfactant blends with
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etheramine ethoxylates that have liitte or no tendency to iormn gels and have a
reduced incidence of phase separation when compared with altemnative solvents
such as polyeihylene glycol (Table 2).

As noted earlier, aqueous concentrates are made by combining glyphosate
acid, water, and an alkali metal compound, typically an alkali metal hydroxide. After
the concentrate is made, the pH of the concentrate is normally determined by
preparing a 10% aqueous solution in deionized water and measuring pH using a pH
meter that has be=n calibrated using standard solutioris. For purposes of this
invention, the pH of the aqueous concentrate (i.e., without added surfactants or
solvent) is adjusted to be within the range of 4.0 to 4.5, preferably irom 4.1 to 4.5,
more preferably from 4.2 to 4.5, and most preferably from 4.3 to 4.4.

We surprisingly found that using an aquecus concentrate a with pH value
within the range of 4.0 to 4.5 enables facile production of high-strength alkali metal
glyphosate compositions that have excellent elevated temperature stability. In
particuiar, a 540 g.a.e./L. potassium glvphosate formulation prepared from such an
aqueous concentrate is stable at ambient and elevated temperatures. For
convenience, the elevated temperature test is performed at 54°C, which exceeds the
maximum siorage and mixing temperatures normally used in the field for handling
glyphosate formulations. By “stable,” we mean that the composition, which includes
the aqueous glvphosate concentrate, water, surfactant(s), and any sclvent does not

phase

Il

eparate or undergo a substantial change in optical clarity after storage in an
oven for 2 weeks at 54°C.

Tables 1-3 below provide a dramatic demonstration of ithe value of utilizing
aqueous glyphosate compositions having a pH in the range of 4.3 to 4.5 versus 4.7
or 4.8. The compositions in Table 1 all use propylene glycol as a solvent. An
etheramine ethoxylate sufactant is used alone (Examples A1-A4) or in combination
with a fatty amine oxide (Examples A5-A20) or a betaine (Examples A21-A30).
Propvlene glycol periorms excepticnally well in preveniing gelation of the surfactant
blends {although noct all of the surfactant/solvent combinations had long-term
stability). Consider, however, the impact of aqueous concentrate pH on the stability

of the 540 g.a.e./L potassium glyphosate formulations at 54°C. At pH 4.3, almost
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every tested composition passes the stability test, whereas the opposite is true at pH
4.8. Similar results are obtained when polyethylene glycol is used as the solvernit
(Table 2, Examples B1-B30). Because polyethylene glycol is somewhat less
forgiving than propylene glycol, especially in preventing surfactant mixtures from
gelling, the results are not as dramatic, but the trend is the same. Interestingly, the
solvent can even be omitted in some compesitionis (Table 3, Example C1) without
changing the resuit. When a commercial product, RoundUp® PowerMax (Monsanto)
is formulated at the same 540 g.a.e./L level, and pH is adjusted to the same values,
composition stability deteriorates at pH 4.8 (see Table 3). The idea of adjusting pH
{o the 4.0 to 4.5 range to improve formulation stability for high-strength alkali meital
glyphosate compositions is not suggested in the voluminous glyphosate literature.

The aqueous alkali metal glyphosate compositions preferably have a cloud
point greater than 60°C, more preferably greater than 75°C, even more preferably
greater than 85°C, and most preferably greater than 95°C. As noied earlier, when
the cloud point is high, formiulators can add a neutralizing agent more rapidly without
concerns about phase separation and can therefore maintain a high productivity
level. Cloud pcint is conveniently measured by slowly heating a giyphosate
composition sample with stirring and noting its temperature while watching for
changes in appearance. The temperature at which the solution first becomes cloudy
is the cloud point. The inventive alkali metal glyphosate compositions, particularly
those formulated at low pH, have exceptionally high cloud points, even showing no
phase separation as the mixture approaches beiling (see especially Table 5, pH=4.3
colurnn, Examplas A1, AS-A13, A16, A19, and A21-A23).

I another aspect, the invention relates to a gel-free, monophasic surfactant
blend. The blend comprises three components. An etheraming, present at 40 to S0
wt.%, more preferably from 42 to 48 wt.%, is the first componerit. It comprises at
leasi 35 wt.% of a first etheramine ethoxylate of the formula:

R-(AO)-N[(EO),-HJ(EO).-H
where R is a linear or branched Cq2-C1 alkyl group, AG is a Cz-C4s oxyalkylene
group, EO is an oxyethylene group, X is 1, and y+z is about 5. The surfactant blend
alsc includes from 5 to 20 wt.%, preferably from 9 to 17 wt.%, of propylene glycol

10
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and from 40 to 50 wt.%, preferably from 42 o 48 wt.% of water or a surfactant
selected from faity amine oxides, beiaines, and mixtures thereof. The surfactant
blends, which are formulated to be gel-free and stable with respect to phase
separation, are valuable for making the aqueous alkali metal glyphosate
compasitions.

We surprisingly found that propylene glyccl provides substantial advantages
for formulating a gel-free, monophasic surfactant blend where an etheramine
ethoxylate is a surfactant component. Table 1 shows that such surfactant blends
have little or no tendency to gel. Additiorally, the blends are reasonabiy siable, at
least in the shoit term, particularly when compared with alternative solveriis such as
polyethylene glycol (Table 2). We also found that surfactant blends that include
propylene glycol and an etheramine ethoxylate having about 5 moles of oxyethyiene
units per molecuie (as in etheramine “C” in Table 1) are usually gel-free,
monophasic, and provide stable 540 g.a.e./L potassium glyphosate jormulations
(see Examples A1, A3, A10, A12, Ai3, A15, A24, A25, AZ29, and A30).

In another aspect, the etheramine component of the surfactant blend further
comprises a second etheramine ethoxylate of the formula:

R~(AO),-N[(EO),-H](EO).-H
wherein R is a linear or branched C1,-Cig alkyl group, AQ is a C»-C4 oxyalkylene
group, EO is an oxvethylene group, X is 1, and y+z is about 2. See Table 1,
Examples A1, A10, A12, A13, A24, A25, A29, and A30, which illustrate this concepit.

In another preferred aspect, the surfactant blend or glvphosate compcsition
utilizes an amine oxide as the auxiliary surfactant. These compositions tend to be
forgiving in that they require less of the solvent to achieve a high cloud noint. To
appreciate this, consider the pH=4.3 column of Table 5, and Example A13 (amine
oxide) versus Examples A25 or A29 (betaine). At the same level of propylenre
glycol, A13 has a cloud point =100°C, while A25 is 87°C and A29 is 74.6°C. This
difference of 10 or 20°C in cioud point may be the difference in having to decelerate
addition cf neutralizing agent in a2 commercial production run, which could be costly.
As another example, consider the pH=4.5 column in Table 5, and Example A9

(amine oxide) versus Examples A21, A22, and A23 (betaine). Notice that relatively

11
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more propylene glycol is needed to get an 88°C cloud point (A9 versus A23).
Again, in Table 5, pH=4.5 column, A12 (amine oxide) required less propylene
glycol to get a 74.3°C cloud point compared with A24 (betaine) in arriving at a
64.9°C cloud point.

In yet another aspect, the invention relates to a method of making the
surfactant blends. The method comprises combining, in any desired order, (a)
the etheramine component; (b) propylene glycol; and (c) water or a fatty amine or
betaine surfactant. We found that either order of addition consistently affords
good results in terms of avoiding gel formation and phase separation when
propylene glycol is used as the solvent (see Table 7). With PEG, the same

formulations frequently gelled or phase separated (see Table 2).

The following examples merely illustrate the invention. Those skilled in the

art will recognize many variations that are within scope of the claims.

Preparation of Aqueous Potassium Glyphosate Concentrates

EXAMPLE 1: Preparation of Potassium Glyphosate, pH=4.3
Glyphosate acid (90.5%, 485.95 g) is added to an ice-cooled beaker, and

deionized water (342.52 g) is added with mixing to create a slurry. Potassium

hydroxide pellets (86.6+%, 71.53 g) are slowly added while mixing to generate
potassium glyphosate concentrate (44.0% acid equivalents, 1000 g). The final
pH of this concentrate, measured as a 10% solution in deionized water (using a

pH meter calibrated with commercial standards), is 4.3.

EXAMPLE 2: Preparation of Potassium Glyphosate, pH=4.5

The procedure of Example 1 is followed using 486.19 g of glyphosate acid,
323.23 g of deionized water, and 190.58 g of KOH pellets. The resulting
potassium glyphosate concentrate (1000 g) has 44.0% acid equivalents. The
final pH of the concentrate, measured as a 10% solution in deionized water, is
4.5,

12
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EXAMFLE 3: Preparation of Potassium Glyphosate 4.5

The procedure of Example 1 is followed using 519.30 g of glyphosate acid,
324.20 g of deionized water, and 224.60 g KOH pellets. The resulting potassium
glyphosate concentrate (1062.10 g) has 44.0% acid equivalents. The final pH of the

concentrate, measured as a 10% solution in deionized water, is 4.8.

A commercial sample of potassium glyphosate concentrate is used as

received. Measured as described above, the concentrate has pH=4.7.

Prenaration of Surfactant Blends

Surfactant blends are prepared by combining the desired etheramine
ethoxvlate (see Table 1) with & water-miscible solvent (propylene glycol or PEG
200). This mixture is then combined with the auxiliary surfactant (amine oxide or
betaine) or water. The blends are evaluated for gel formation and phase separation.
Gel formation is deemed to have occurred if the mixture cannot be stirred or
becomes unpourable within 1 day. Some blends rapidly separate into two phases
(reported as “fast”), while the separation is more gradual and subtle in oihers
(“slow”). If no phase separation is cbserved over several days, the blend is
considered stable. Samples that gel or produce two phases are not further
evaluated.

Stability of 540 g.a.e./L Formulations at 54°C

A high-load potassium glyphosate concentrate is preparea by adding a
surfactant blend to an aqueous concentrate prepared as described earlier and
mixing well. A 50-g sample of the concentrate is placed in an oven at 54°C for 2
weeks. If the conceritrate does not separate or undergo a substantial change in

optical clarity, it is deemed to have warm temperature stability. Stability results as a

function cf aquecus concentraie pH zare reported in Tabies 1-3.

13
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Cloud Point Determination

Cloud point readings are taken by placing about 25 g of high-load potassium
glyphosate concentrate (including the surfactant blend) in a container with a stir bar.
The lid of the contziner is equipped with an adapter and thermometer. The solution
is heated with stirring, and the temperature at which the solution first becomes
cloudy is noted as the cloud point. Tables 4-8 provide cloud point data as a function

of pH for formulations tested.

The preceding examples are meant only as illustraiions; the following claims

define the invention.

14
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We Claim:

1. An aqueous alkali metal glyphosate composition comprising:

(@) an aqueous concentrate comprising at least 30 wt.% acid
equivalents of an alkali metal glyphosate,;

(b) a surfactant blend comprising an etheramine component
comprising an etheramine ethoxylate; and

(c) a water-miscible solvent selected from water, propylene glycol
and polyethylene glycols and mixtures thereof;
wherein a mixture of the surfactant blend and solvent is gel-free and
monophasic, the pH of the aqueous concentrate is adjusted to be within the
range of 4.0 to 4.5, and a 540 g.a.e. glyphosate/L formulation comprising the
composition is stable at 54°C.
2. The composition of claim 1 comprising at least 36 wt.% acid
equivalents of the alkali metal glyphosate.
3. The composition of clam 1 wherein the etheramine component
comprises a first etheramine ethoxylate of the formula:

R-(AO)x-N[(EO),-H](EO),-H

wherein R is a linear or branched Cip-Ci alkyl group, AO is a C,-C4
oxyalkylene group, EO is an oxyethylene group, xis 1, and y+z Is about 5.
4. The composition of claim 1 wherein the solvent is selected from the
group consisting of propylene glycol, polyethylene glycols, and mixtures
thereof.
5. The composition of claim 1 wherein the surfactant blend further
comprises a fatty amine oxide or betaine.
6. The composition of claim 1 wherein the pH of the aqueous concentrate
IS adjusted to be within the range of 4.3 to 4.5.
7.  The composition of claim 1 having a cloud point greater than 75°C.
8. The composition of claim 1 wherein the alkali metal is potassium.

9. A gel-free, monophasic surfactant blend comprising:
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(a) from 40 to 50 wt.% of an etheramine component, the component
comprising at least 35 wt.%, based on the amount of etheramine
component, of a first etheramine ethoxylate of the formula:

R-(AO)«-N[(EO),-H)(EO)-H
wherein R is a linear or branched C1¢-C46 alkyl group, AO is a
C,-C4 oxyalkylene group, EO is an oxyethylene group, x is 1,
and y+z is about 5;

(b)  from 5 to 20 wt.% of propylene glycol; and

(c) from 40 to 50 wt.% of water or a surfactant selected from the
group consisting of fatty amine oxides, betaines, and mixtures
thereof.

10. The surfactant blend of claim 9 comprising from 9 to 17 wt.% propylene
glycol.

11. The surfactant blend of clam 9 wherein the fatty amine oxide comprises
a linear or branched Cg-Co4 group.

12. The surfactant blend of claim 9 wherein the fatty amine oxide is lauryl
dimethylamine oxide.

13. A method of making the surfactant blend of claim 9, comprising
combining:

(a)  the etheramine component;

(b)  propylene glycol; and

(C) water or the fatty amine or betaine surfactant in any order.

14. A composition comprising an alkali metal glyphosate and a gel-free,
monophasic surfactant blend, the surfactant blend comprising:

(a)  from 40 to 50 wt.% of an etheramine component, the component

comprising at least 35 wt.%, based on the amount of etheramine

component, of a first etheramine ethoxylate of the formula:
R-(AO),-N[(EO),-H)(EO),-H

wherein R is a linear or branched C49-C46 alkyl group, AO Is a

C,-C4 oxyalkylene group, EO is an oxyethylene group, x Is 1,

and y+z is about 5;
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(b)  from 5 to 20 wt.% of propylene glycol; and

(c) from 40 to 50 wt.% of water or a surfactant selected from the
group consisting of fatty amine oxides, betaines, and mixtures thereof.
15. The composition of claim 4 wherein the solvent is propylene glycol.
16. The surfactant blend of claim 9 wherein the etheramine component
further comprises a second etheramine ethoxylate of the formula:

R-(AO),-N[(EO),-H](EO),-H

wherein R is a linear or branched C4,-C4s alkyl group, AO is a C,-C,4
oxyalkylene group, EO is an oxyethylene group, x is 1, and y+z is about 2.
17.  An aqueous alkali metal glyphosate composition comprising:

(@) an aqueous concentrate comprising at least 30 wt.% acid

equivalents of alkali metal glyphosate;
(b) a surfactant blend comprising an etheramine component
comprising an etheramine ethoxylate; and

(c)  propylene glycol;
wherein a mixture of the surfactant blend and propylene glycol is gel-free and
monophasic, the pH of the aqueous concentrate is adjusted to be within the
range of 4.3 to 4.5, and a 540 g.a.e. glyphosate/L formulation comprising the
composition is stable at 54°C.
18.  The composition of claim 17 wherein the alkali metal is potassium.
19. The composition of claim 17 comprising at least 36 wt.% acid
equivalents of the alkali metal glyphosate.
20. The composition of claim 17 wherein the etheramine component
comprises a first etheramine ethoxylate of the formula:

R-(AO)x-N[(EO),-HI(EO),-H

wherein R is a linear or branched C4y-C46 alkyl group, AO is a C,-C4
oxyalkylene group, EO is an oxyethylene group, xis 1, and y+z is about 5.

21. The composition of claim 17 wherein the surfactant blend further

comprises a fatty amine oxide or betaine.
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