
US 20050261130A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0261130 A1 
(19) United States 

Lennon et al. 

(54) NOVEL SURFACTANTS AND 
FORMULATIONS 

(75) Inventors: Patrick J. Lennon, Webster Groves, 
MO (US); Xiangyang Chen, 
Chester?eld, MO (US); Graciela B. 
Arhancet, Creve Coeur, MO (US); 
Jeanette A. Glaenzer, University City, 
MO (US); Jane L. Gillespie, St. Louis, 
MO (US); J e?'rey A. Graham, 
WildWood, MO (US); David Z. Becher, 
St. Louis, MO (US); Daniel R. Wright, 
St. Louis, MO (US); Henry E. Agbaje, 
St. Louis, MO (US); Xiaodong C. Xu, 
Valley Park, MO (US); William 
Abraham, WildWood, MO (US); 
Ronald J. Brinker, Ellisville, MO 
(US); Norman R. Pallas, Florissant, 
MO (US); A] S. Wideman, St. Louis, 
MO (US); Martin D. Mahoney, St. 
Peters, MO (US); Susan L. Henke, 
Webster Groves, MO (US) 

Correspondence Address: 
SENNIGER POWERS LEAVITT AND 
ROEDEL 
ONE METROPOLITAN SQUARE 
16TH FLOOR 
ST LOUIS, MO 63102 (US) 

(73) Assignee: Monsanto Technology LLC, St. Louis, 
MO (US) 

(43) Pub. Date: Nov. 24, 2005 

(21) Appl. No.: 11/122,454 

(22) Filed: May 5, 2005 

Related U.S. Application Data 

(62) Division of application No. 09/926,521, ?led on Apr. 
26, 2002, ?led as 371 of international application No. 
PCT/US01/16550, ?led on May 21, 2001. 

(60) Provisional application No. 60/205,524, ?led on May 
19, 2000. Provisional application No. 60/206,628, 
?led on May 24, 2000. Provisional application No. 
60/273,234, ?led on Mar. 2, 2001. Provisional appli 
cation No. 60/274,368, ?led on Mar. 8, 2001. 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..A01N 57/18 
(52) U.S. c1. ............................................................ ..504/206 

(57) ABSTRACT 
Aherbicidal composition is provided comprising an aqueous 
solution of N-phosphonomethylglycine, predominantly in 
the form of the potassium salt thereof, at a concentration of 
at least 300 g a.e./l of the composition; and a surfactant 
component in solution or stable suspension, emulsion, or 
dispersion in the Water, comprising one or more surfactants 
in a total amount of about 20 to about 300 g/l of the 
composition, Wherein the composition has a viscosity of less 
than about 250 centipoise at 0° C. or a Gardner color value 
less than 10. 
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NOVEL SURFACTANTS AND FORMULATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional of application Ser. No. 09/926, 
521, ?led Apr. 26, 2002, Which is a 371 US. National 
Application of PCT/US01/16550, ?led May 21, 2001, Which 
claims the bene?t of US. Provisional Application Ser. No. 
60/205,524, ?led May 19, 2000, US. Provisional Applica 
tion Ser. No. 60/206,628, ?led May 24, 2000, US. Provi 
sional Application Ser. No. 60/273,234, ?led Mar. 2, 2001 
and US. Provisional Application Ser. No. 60/274,368, ?led 
Mar. 8, 2001. 

FIELD OF THE INVENTION 

[0002] The present invention relates to aqueous pesticide 
formulations containing high concentrations of a herbicide, 
such as the potassium salt of glyphosate, together With 
surfactants or other adjuvants, including formulations Which 
form anisotropic aggregates or liquid crystals (LC) on 
or in the foliage of a plant. More speci?cally, the present 
invention relates to glyphosate containing herbicidal formu 
lations containing one or more surfactants that form aniso 
tropic aggregates and/or liquid crystals to facilitate the 
introduction, uptake and translocation of glyphosate 
throughout the plant. Methods of killing or controlling 
unWanted vegetation using such formulations are also 
described. The invention also relates to novel surfactants and 
pesticide compositions containing such surfactants. 

BACKGROUND OF THE INVENTION 

[0003] Glyphosate is Well knoWn in the art as an effective 
post-emergent foliar-applied herbicide. In its acid form, 
glyphosate has a structure represented by formula (1): 

'0 OH 

>P/\ NHZ" HO || 
0 o 

[0004] and is relatively insoluble in Water (1.16% by 
Weight at 25° C.). For this reason it is typically formulated 
as a Water-soluble salt. 

(1) 

[0005] Monobasic, dibasic and tribasic salts of glyphosate 
can be made. HoWever, it is generally preferred to formulate 
glyphosate and apply glyphosate to plants in the form of a 
monobasic salt. The most Widely used salt of glyphosate is 
the mono(isopropylammonium), often abbreviated to IPA, 
salt. Commercial herbicides of Monsanto Company having 
the IPA salt of glyphosate as active ingredient include 
Roundup®, Roundup® Ultra, Roundup® Xtra and Rodeo® 
herbicides. All of these are aqueous solution concentrate 
(SL) formulations and are generally diluted in Water by the 
user prior to application to plant foliage. Another glyphosate 
salt Which have been commercially formulated as SL for 
mulations include the trimethylsulfonium, often abbreviated 
to TMS, salt, used for example in TouchdoWn® herbicide of 
Zeneca (Syngenta). 

[0006] Various salts of glyphosate, methods for preparing 
salts of glyphosate, formulations of glyphosate or its salts 
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and methods of use of glyphosate or its salts for killing and 
controlling Weeds and other plants are disclosed in US. Pat. 
No. 4,507,250 to Bakel, US. Pat. No. 4,481,026 to Prisbylla, 
US. Pat. No. 4,405,531 to Franz, US. Pat. No. 4,315,765 to 
Large, US. Pat. No. 4,140,513 to Prill, US. Pat. No. 
3,977,860 to FranZ, US. Pat. No. 3,853,530 to FranZ, and 
US. Pat. No. 3,799,758 to FranZ. The aforementioned 
patents are incorporated herein in their entirety by reference. 

[0007] Among the Water soluble salts of glyphosate 
knoWn in the literature, but never used commercially before 
the priority ?ling date hereof, is the potassium salt, having 
a structure represented by formula (2): 

.O O. 

K" > P/\ NHZ" 
HO || 

0 o 

[0008] in the ionic form predominantly present in aqueous 
solution at a pH of about 4. Glyphosate potassium salt has 
a molecular Weight of 207. This salt is disclosed, for 
example, by FranZ in US. Pat. No. 4,405,531 cited above, 
as one of the “alkali metal” salts of glyphosate useful as 
herbicides, With potassium being speci?cally disclosed as 
one of the alkali metals, along With lithium, sodium, cesium 
and rubidium. Example C discloses the preparation of the 
monopotassium salt by reacting the speci?ed amounts of 
glyphosate acid and potassium carbonate in an aqueous 
medium. 

(2) 

[0009] Very feW herbicides have been commercialiZed as 
their potassium salts. The Pesticide Manual, 11th Edition, 
1997, lists as potassium salts the auxin type herbicides 
2,4-DB ((2,4-dichlorophenoxy)butanoic acid), dicamba 
(3,6-dichloro-2-methoxybenZoic acid), dichlorprop (2-(2 
,4-dichlorophenoxy)propanoic acid), MCPA ((4-chloro-2 
methylphenoxy)acetic acid), and picloram (4-amino-3,5,6 
trichloro-2-pyridinecarboxylic acid), the active ingredient of 
certain herbicide products sold by DoW Agrosciences under 
the trademark Tordon. 

[0010] The solubility of glyphosate potassium salt in Water 
is recorded in pending application Ser. No. 09/444,766, ?led 
Nov. 22, 1999, the entire disclosure of Which is incorporated 
herein by reference. As disclosed therein, glyphosate potas 
sium salt has a solubility in pure Water at 20° C. of about 
54% by Weight, that is, about 44% glyphosate acid equiva 
lent (a.e.) by Weight. This is very similar to the solubility of 
the IPA salt. Concentrations expressed as percent by Weight 
herein relate to parts by Weight of salt or acid equivalent per 
100 parts by Weight of solution. Thus a simple aqueous 
solution concentrate of glyphosate potassium salt can readily 
be provided at a concentration of, for example, 44% a.e. by 
Weight, comparable to that commercially obtainable With 
glyphosate IPA salt, as in the aqueous solution concentrate 
available from Monsanto Company under the name 
Roundup® D-PakTM. SomeWhat higher concentrations can 
be obtained by slight overneutraliZation, 5 to 10% for 
example, of an aqueous solution of glyphosate potassium 
salt With potassium hydroxide. 

[0011] A major advantage of the IPA salt over many other 
salts of glyphosate has been the good compatibility in 
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aqueous solution concentrate formulations of that salt With 
a Wide range of surfactants. As used herein, the term 
“surfactant” is intended to include a Wide range of adjuvants 
that can be added to herbicidal glyphosate compositions to 
enhance the herbicidal ef?cacy thereof, as compared to the 
activity of the glyphosate salt in the absence of such adju 
vant, stability, formulability or other bene?cial solution 
property, irrespective of Whether such adjuvant meets a more 
traditional de?nition of “surfactant.” 

[0012] Glyphosate salts generally require the presence of 
a suitable surfactant for best herbicidal performance. The 
surfactant can be provided in the concentrate formulation, or 
it can be added by the end user to the diluted spray 
composition. The choice of surfactant has a major bearing 
on herbicidal performance. For example, in an extensive 
study reported in Weed Science, 1977, volume 25, pages 
275-287, Wyrill and Burnside found Wide variation among 
surfactants in their ability to enhance the herbicidal ef?cacy 
of glyphosate, applied as the IPA salt. 

[0013] Beyond some broad generaliZations, the relative 
ability of different surfactants to enhance the herbicidal 
effectiveness of glyphosate is highly unpredictable. 

[0014] Surfactants tending to give the most useful 
enhancement of glyphosate herbicidal effectiveness are gen 
erally but not exclusively cationic surfactants, including 
surfactants Which form cations in aqueous solution or dis 
persion at pH levels of around 4-5 characteristic of SL 
formulations of monobasic salts of glyphosate. Examples 
are long-chain (typically C12 to C18) tertiary alkylamine 
surfactants and quaternary alkylammonium surfactants. An 
especially common tertiary alkylamine surfactant used in 
aqueous solution concentrate formulations of glyphosate 
IPA salt has been the very hydrophilic surfactant polyoxy 
ethylene (15) talloWamine, i.e., talloWamine having in total 
about 15 moles of ethylene oxide in tWo polymeriZed 
ethylene oxide chains attached to the amine group as shoWn 
in formula (3): 

[0015] Wherein R is a mixture of predominantly C16 and 
C18 alkyl and alkenyl chains derived from talloW and the total 
of m+n is an average number of about 15. 

[0016] For certain applications, it has been found desirable 
to use a someWhat less hydrophilic alkylamine surfactant, 
such as one having less than about 10 moles of ethylene 
oxide, as suggested in US. Pat. No. 5,668,085 to Forbes et 
al., for example polyoxyethylene (2) cocoamine. That patent 
discloses illustrative aqueous compositions comprising such 
a surfactant together With the IPA, ammonium or potassium 
salts of glyphosate. The highest concentration of glyphosate 
in the potassium salt formulations shoWn in Table 3 of the 
’085 patent is 300 g glyphosate a.e./l, With a Weight ratio of 
glyphosate a.e. to surfactant of 2:1. 

[0017] A class of alkoxylated alkylamines is disclosed in 
WO 00/59302 for use in herbicidal spray compositions. 
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Potassium glyphosate solutions including various J effam 
ine TM EO/PO propylamines or propyldiamines are described 
therein. 

[0018] A Wide variety of quaternary ammonium surfac 
tants have been disclosed as components of aqueous solution 
concentrate formulations of glyphosate IPA salt. Illustrative 
examples are N-methylpolyoxyethylene (2) cocoammonium 
chloride, disclosed in European Patent No. 0274369, N-me 
thylpolyoxyethylene (15) cocoammonium chloride, dis 
closed in US. Pat. No. 5,317,003, and various quaternary 
ammonium compounds having formula (4): 

Cl’ (4) 

[0019] Where R1, R2 and R3 are each C1_3 alkyl groups and 
n is an average number from 2 to 20, disclosed in US. Pat. 
No. 5,464,807. 

[0020] PCT Publication No. W0 97/ 16969 discloses aque 
ous solution concentrate compositions of glyphosate, in the 
form of the IPA, methylammonium and diammonium salts, 
comprising a quaternary ammonium surfactant and an acid 
salt of a primary, secondary or tertiary alkylamine com 
pound. 
[0021] Other cationic surfactants Which have been indi 
cated as useful in aqueous solution concentrate compositions 
of glyphosate salts include those disclosed in PCT Publica 
tion No. WO 95/33379. It is further disclosed in PCT 
Publication No. WO 97/32476 that highly concentrated 
aqueous compositions of glyphosate salts can be made With 
certain of these same cationic surfactants, With the further 
addition of a de?ned component that enhances stability of 
the compositions. Glyphosate salts exempli?ed therein are 
the IPA salt and the mono- and diammonium salts. 

[0022] Among amphoteric or ZWitterionic surfactants 
reported to be useful components of aqueous solution con 
centrate formulations of glyphosate IPA salt are alkylamine 
oxides such as polyoxyethylene (10-20) talloWamine oxide, 
disclosed in Us. Pat. No. 5,118,444. 

[0023] Nonionic surfactants are generally reported to be 
less effective in enhancing herbicidal activity than cationic 
or amphoteric surfactants When used as the sole surfactant 
component of SL formulations of glyphosate IPA salt; 
exceptions appear to include certain alkyl polyglucosides, as 
disclosed for example in Australian Patent No. 627503, and 
polyoxyethylene (10-100) C16_22 alkylethers, as disclosed in 
PCT Publication No. WO 98/17109. Anionic surfactants, 
except in combination With cationic surfactants as disclosed 
in Us. Pat. No. 5,389,598 and Us. Pat. No. 5,703,015, are 
generally of little interest in SL formulations of glyphosate 
IPA salt. The ’015 patent discloses a surfactant blend of a 
dialkoxylated alkylamine and an anionic eye irritancy reduc 
ing compound. The surfactant blend is disclosed as being 
suitable for preparation of aqueous solution concentrate 
formulations of various glyphosate salts, the potassium salt 
being included in the list of salts mentioned. Concentrates of 
the ’015 patent contain from about 5 to about 50%, prefer 
ably about 35% to about 45% glyphosate a.i. and from about 
5 to about 25% surfactant. Further, PCT Publication No. WO 
00/08927 discloses the use of certain polyalkoxylated phos 
phate esters in combination With certain polyalkoxylated 
amidoamines in glyphosate containing formulations. Potas 
sium is identi?ed as one of several salts of glyphosate noted 
as being “suitable.” 
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[0024] Recently, a class of alkyletheramine, alkyletheram 
monium salt and alkyletheramine oxide surfactants has been 
disclosed in US. Pat. No. 5,750,468 to be suitable for 
preparation of aqueous solution concentrate formulations of 
various glyphosate salts, the potassium salt being included 
in the list of salts mentioned. It is disclosed therein that an 
advantage of the subject surfactants When used in an aque 
ous composition With glyphosate salts is that these surfac 
tants permit the glyphosate concentration of the composition 
to be increased to very high levels. 

[0025] It is likely that serious consideration of glyphosate 
potassium salt as a herbicidal active ingredient has been 
inhibited by the relative dif?culty in formulating this salt as 
a highly concentrated SL product together With preferred 
surfactant types. For example, a Widely used surfactant in 
glyphosate IPA salt compositions, namely polyoxyethylene 
(15) talloWamine of formula (3) above, is highly incompat 
ible in aqueous solution With glyphosate potassium salt. 
Further, PCT Publication No. WO 00/15037 notes the loW 
compatibility of alkoxylated alkylamine surfactants in gen 
eral With high-strength glyphosate concentrates. As dis 
closed therein, in order to “build in” an effective level of 
surfactant, an alkylpolyglycoside surfactant is required in 
combination With an alkoxylated alkylamine surfactant to 
obtain high-strength concentrates containing the potassium 
salt of glyphosate. 

[0026] The addition of such alkylpolyglycosides resulted 
in higher viscosity formulations (as compared to formula 
tions Without alkylpolyglycosides). Such an increase in the 
viscosity of these high-strength formulations is undesirable 
for various reasons. In addition to being more difficult to 
conveniently pour from the container or to Wash residues 
therefrom, the deleterious effects resulting from higher vis 
cosity formulations is more dramatically observed With 
respect to pumping requirements. Increasing volumes of 
liquid aqueous glyphosate products are being purchased by 
end-users in large re?llable containers sometimes knoWn as 
shuttles, Which typically have an integral pump or connector 
for an external pump to permit transfer of liquid. Liquid 
aqueous glyphosate products are also shipped in bulk, in 
large tanks having a capacity of up to about 100,000 liters. 
The liquid is commonly transferred by pumping to a storage 
tank at a facility operated by a Wholesaler, retailer or 
cooperative, from Which it can be further transferred to 
shuttles or smaller containers for onWard distribution. 
Because large quantities of glyphosate formulations are 
purchased and transported in early spring, the loW tempera 
ture pumping characteristics of such formulations are 
extremely important. 

[0027] When such alkylpolyglycosides (e.g., AgrimulTM 
APG-2067 and 2-ethyl-hexyl glucoside) are added to a 
glyphosate concentrate, the formulated product is dark 
broWn in color. It is desirable for a formulated glyphosate 
product to be lighter in color than the alkylpolyglycoside 
containing products as disclosed in WO 00/15037, Which 
have a color value of 14 to 18 as measured by a Gardner 
colorimeter. When dye is added to a formulated glyphosate 
product having a Gardner color greater than about 10, the 
concentrate remains dark broWn in color. Concentrates hav 
ing a Gardner color value of 10 are dif?cult to dye blue or 
green as is often desired to distinguish the glyphosate 
product from other herbicidal products. 
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[0028] It Would be desirable to provide a storage-stable 
aqueous concentrate composition (i.e. formulation) of the 
potassium salt of glyphosate, or other glyphosate salts other 
than IPA glyphosate, having an agriculturally useful surfac 
tant content, or that is “fully loaded” With surfactant. These 
formulations exhibit a reduced viscosity such that they may 
be pumped With standard bulk pumping equipment at 0° C. 
at rates of at least 7.5 gallons per minute, usually more than 
10 gallons per minute and preferably greater than 12.5 
gallons per minute. An “agriculturally useful surfactant 
content” means containing one or more surfactants of such 
a type or types and in such an amount that a bene?t is 
realiZed by the user of the composition in terms of herbicidal 
effectiveness by comparison With an otherWise similar com 
position containing no surfactant. By “fully loaded” is meant 
having a sufficient concentration of a suitable surfactant to 
provide, upon conventional dilution in Water and application 
to foliage, herbicidal effectiveness on one or more important 
Weed species Without the need for further surfactant to be 
added to the diluted composition. 

[0029] By “storage-stable,” in the context of an aqueous 
concentrate composition of glyphosate salt further contain 
ing a surfactant, is meant not exhibiting phase separation on 
exposure to temperatures up to about 50° C. for 14-28 days, 
and preferably not forming crystals of glyphosate or salt 
thereof on exposure to a temperature of about 00 C. for a 
period of up to about 7 days (i.e., the composition must have 
a crystalliZation point of 0° C. or loWer). For aqueous 
solution concentrates, high temperature storage stability is 
often indicated by a cloud point of about 50° C. or more. 
Cloud point of a composition is normally determined by 
heating the composition until the solution becomes cloudy, 
and then alloWing the composition to cool, With agitation, 
While its temperature is continuously monitored. Atempera 
ture reading taken When the solution clears is a measure of 
cloud point. A cloud point of 50° C. or more is normally 
considered acceptable for most commercial purposes for a 
glyphosate SL formulation. Ideally the cloud point should be 
60° C. or more, and the composition should Withstand 
temperatures as loW as about —10° C. for up to about 7 days 
Without crystal groWth, even in the presence of seed crystals 
of the glyphosate salt. 

[0030] A surfactant that is described herein as “compat 
ible” With a glyphosate salt at speci?ed surfactant and 
glyphosate a.e. concentrations is one that provides a storage 
stable aqueous concentrate as de?ned immediately above 
containing that surfactant and salt at the speci?ed concen 
trations. 

[0031] Users of liquid herbicidal products typically meter 
the dosage by volume rather than by Weight, and such 
products are usually labeled With directions for suitable use 
rates expressed in volume per unit area, e.g., liters per 
hectare (l/ha) or ?uid ounces per acre (oZ/acre). Thus the 
concentration of herbicidal active ingredient that matters to 
the user is not percent by Weight, but Weight per unit 
volume, e.g., grams per liter (g/l) or pounds per gallon 
(lb/gal). In the case of glyphosate salts, concentration is 
often expressed as grams of acid equivalent per liter (g 
a.e./l). 
[0032] Historically, surfactant-containing glyphosate IPA 
salt products such as Roundup® and Roundup® Ultra 
herbicides of Monsanto Company have most commonly 
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been formulated at a glyphosate concentration of about 360 
g a.e./l. The surfactant-containing glyphosate TMS salt 
product TouchdoWn® of Zeneca has been formulated at a 
glyphosate concentration of about 330 g a.e./l. Products at 
loWer a.e. concentration, i.e., more dilute, are also sold in 
some markets, but carry a cost penalty per unit of glyphosate 
they contain, primarily re?ecting packaging, shipping and 
Warehousing costs. 

[0033] Further bene?ts in cost savings and in convenience 
to the user are possible if a “fully loaded” aqueous concen 
trate composition, or at least one having an agriculturally 
useful surfactant content, can be provided at a glyphosate 
concentration of at least about 320 g a.e./l, 340 g a.e./l, or 
signi?cantly more than 360 g a.e./l, for example at least 
about 420 g a.e./l or more, or at least 440, 450, 460, 470, 
480, 490, 500, 510, 520, 530, 540, 550 or 600 g a.e./l or 
more. 

[0034] At very high glyphosate a.e. concentrations such as 
these, a signi?cant problem normally occurs. This is the 
dif?culty in pouring and/or pumping of the aqueous con 
centrate arising from the high viscosity of the concentrate, 
especially as manifested at loW temperatures. It Would 
therefore be highly desirable to have a highly concentrated 
aqueous solution of glyphosate potassium salt fully loaded 
With an agriculturally useful surfactant, such formulation 
preferably being less viscous than glyphosate potassium salt 
formulations containing alkylpolyglycoside surfactants, 
such as those disclosed in PCT Publication No. WO 
00/15037. 

[0035] There is a continuing need for surfactants Which 
are compatible With a pesticidal formulation, such as an 
aqueous glyphosate herbicidal concentrate. The surfactants 
of the invention include novel surfactants as Well as knoWn 
surfactants not previously used in pesticidal formulations. 
Surfactants that are particularly compatible With potassium 
glyphosate or other glyphosate salts other than IPA glypho 
sate have been identi?ed for formulating concentrates hav 
ing improved viscosity, storage stability and loading as 
compared to knoWn glyphosate concentrates. 

[0036] As Will be clear from the disclosure that folloWs, 
these and other bene?ts are provided by the present inven 
tion. 

SUMMARY OF THE INVENTION 

[0037] The present invention provides novel surfactants 
for formulating pesticide compositions such as aqueous 
herbicidal concentrates containing glyphosate or a salt or 
ester thereof. It has also been discovered that certain sur 
factants previously unknoWn for use in agriculture enhance 
herbicidal ef?cacy While remaining compatible With the 
glyphosate after prolonged storage. 

[0038] One embodiment of the invention is directed to an 
aqueous herbicidal concentrate composition comprising gly 
phosate, predominantly in the form of the potassium salt 
thereof, in solution in an amount of in excess of 300 grams 
acid equivalent per liter of the composition, and a surfactant 
component in solution or stable suspension, emulsion or 
dispersion, comprising one or more surfactants in a total 
amount of about 20 to about 300 grams per liter of the 
composition. The composition either (a) has a viscosity of 
less than about 250 centipoise at 0° C. at 45/s shear rate, (b) 
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has a Gardner color value of not more than 14 When free of 
dye or a coloring agent, (c) has a viscosity less than a 
similarly loaded glyphosate potassium salt composition 
comprising an alkylpolyglycoside surfactant in combination 
With an alkoxylated alkylamine surfactant, said alkylpolyg 
lycoside and alkylamine surfactants being present in a 
Weight ratio betWeen about 5:1 and 1:1, (d) controls vel 
vetleaf groWth as compared to such a similarly loaded 
glyphosate potassium salt composition, (e) contains a sur 
factant component that includes no effective amount of an 
alkylpolyglycoside and is selected such that the composition 
remains substantially homogeneous When stored at 50° C. 
for about 14 to 28 days, or includes a surfactant com 
ponent that contains an effective amount of alkylpolyglyco 
side in combination With at least one additional surfactant 
that contains no effective amount of an alkoxylated alky 
lamine. 

[0039] Another embodiment of the invention is directed to 
such a glyphosate concentrate having a viscosity of less than 
about 250 centipoise at 0° C. at 45/s shear rate, in Which the 
surfactant component comprises one or more amine or 
quaternary ammonium salt compounds. Each of the com 
pounds includes an alkyl or aryl substituent having from 
about 4 to about 16 carbon atoms and not more than ten 
ethylene oxide linkages Within the compound. The com 
pounds are present in an amount Which enhances the com 
patibility of the surfactant component With the glyphosate 
salt. 

[0040] The invention is also directed to formulations 
Which form anisotropic aggregates comprised of a surfactant 
on the Waxy cuticle of the foliage of the plant upon Which 
the formulation is applied. Other herbicidal formulations of 
the present invention form liquid crystals comprised of the 
surfactant on the Waxy cuticle of the foliage of the plant 
upon Which the formulation is applied. Still other herbicidal 
formulations of the present invention form liquid crystals 
comprised of the surfactant on the Waxy cuticle of the 
foliage and inside the plant upon Which the formulation is 
applied. It has been found that the formation of anisotropic 
aggregates and both epicuticular and intracuticular liquid 
crystals do not depend on the presence or absence of a 
second surfactant and signi?cantly enhance the performance 
of the herbicidal formulations of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIGS. 1 and 2 shoW a birefringent pattern (FIG. 1 
at 100>< magni?cation polariZed light; FIG. 2 at 200x 
magni?cation polariZed light) of negative fan units, Which 
are typical of hexagonal phase liquid crystals. The formu 
lation Which produced these epicuticular liquid crystals Was 
comprised of potassium glyphosate and a mixture of sur 
factants. Speci?cally, the formulation comprised a 3:1 
Weight ratio of glyphosate to surfactant With potassium 
glyphosate and a mixture of Tomah 1816 E20PA and Wit 
camine 405 surfactants. 

[0042] FIGS. 3 and 4 shoW a birefringent pattern (FIG. 3 
at 100>< magni?cation polariZed light; FIG. 4 at 200x 
magni?cation polariZed light) of ?ne mosaic patterns, Which 
are typical of lamellar phase liquid crystals. The formulation 
Which produced these epicuticular liquid crystals Was com 
prised of isopropylamine glyphosate and a surfactant. Spe 
ci?cally, the formulation comprise a 3:1 Weight ratio of 
glyphosate to surfactant With isopropylamine glyphosate 
and Plurafac A38 surfactant. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] The pesticidal compositions of the invention 
include aqueous herbicidal compositions of the potassium 
salt of glyphosate or another glyphosate salt other than IPA 
glyphosate and a herbicidal ef?cacy enhancing amount of 
one or more surfactants. The compositions of the present 
invention are storage stable over a Wide range of tempera 
tures. Compositions of the present invention also exhibit 
enhanced viscosity characteristics and signi?cantly lighter 
color as compared to glyphosate potassium salt composi 
tions containing an alkylpolyglycoside surfactant in combi 
nation With an alkoxylated alkylamine surfactant. Such 
“enhanced viscosity” and “enhanced color” formulations are 
made possible by the selection of a surfactant system that 
does not include an alkylpolyglycoside surfactant, yet such 
formulations are still fully loaded so that, upon dilution in 
Water, no additional surfactant is necessary prior to foliar 
application to attain commercial level performance. It has 
also been found that alkylpolyglycoside surfactants in com 
bination With surfactants other than alkoxy alkylamine sur 
factants can be utiliZed to provide useful glyphosate potas 
sium salt compositions, although Without some of the 
enhanced viscosity characteristics of the more preferred 
compositions of the present invention that do not contain 
alkylpolyglycoside surfactants. Further, by controlling the 
amount of the alkylpolyglycoside present in the glyphosate 
potassium salt composition, a sufficient amount of alkoxy 
lated alkylamine, or other surfactant described herein, can be 
utiliZed to prepare a suitable formulation. Generally, the 
ratio of alkypolyglycoside to other surfactant should be 
betWeen about 1:5 and 5:1, preferably betWeen about 1:5 and 
1:1.1, more preferably betWeen about 1:5 and 1:1.2, and 
most preferably betWeen about 1:5 and 1:1.5. The color of 
such concentrates is considerably lighter than the concen 
trates containing greater amounts of alkylpolyglycosides, 
and is less than 14, preferably less than about 13, 12, 11, 10, 
9, 8, 7, 6 or 5. 

[0044] The herbicidal formulations of the present inven 
tion may optionally contain one or more additional surfac 
tants, one or more additional herbicides, and/or other adju 
vants or ingredients such as, for example a di-carboxylic 
acid such as oxalic acid, or a salt or ester thereof. Formu 
lations of the present invention may be prepared on site by 
the ultimate consumer shortly before application to the 
foliage of vegetation or Weeds to be eliminated or controlled 
by diluting the aqueous concentrate herbicidal formulations, 
or by dissolving or dispersing solid particles containing 
glyphosate. Alternatively, herbicidal formulations of the 
present invention may be supplied to the ultimate consumer 
on a “ready to use” basis. 

[0045] The present invention takes advantage of the high 
speci?c gravity of concentrated aqueous solutions of gly 
phosate potassium salt. Accordingly, at a given percent 
concentration by Weight, an aqueous concentrate composi 
tion of glyphosate potassium salt delivers to the user a 
signi?cantly higher Weight of active ingredient per unit 
volume of the composition than a corresponding composi 
tion of glyphosate IPA salt. 

[0046] In one embodiment of the invention, it has been 
found that in an aqueous concentrate formulation, an unex 
pectedly high Weight/volume concentration of glyphosate 

Nov. 24, 2005 

potassium salt can be obtained in the presence of an agri 
culturally useful surfactant content, With the resulting com 
position exhibiting acceptable, or in some instance 
improved, viscosity and storage stability characteristics. The 
choice of surfactant has been found to be extremely impor 
tant to achieving these results. 

[0047] In such embodiment, therefore, the present inven 
tion provides an aqueous herbicidal composition compris 
ing: 

[0048] (1) N-phosphonomethylglycine, predomi 
nantly in the form of the potassium salt thereof, in 
solution in the Water in an amount in excess of about 
360 grams N-phosphonomethylglycine acid equiva 
lent per liter of the composition; and 

[0049] (2) a surfactant component in solution or 
stable dispersion in the Water, comprising one or 
more surfactants present in an agriculturally useful 
amount. It is preferred that the surfactant component 
is selected such that the composition has a viscosity 
of not greater than about 1000 centipoise at 10° C., 
a cloud point not loWer than about 50° C., and 
preferably exhibits substantially no crystalliZation of 
glyphosate or salt thereof When stored at a tempera 
ture of about 0° C. for a period of up to about 7 days. 
More preferably, the composition has a viscosity of 
not greater than about 500 centipoise at 45 reciprocal 
seconds at 10° C., With not greater than 250, 225, 
200, 175, 150, 125 or 100 centipoise being most 
preferred. HoWever, higher viscosities may be 
acceptable in certain circumstance, such as, for 
example, Where loW temperature pumping consider 
ations are not important. The surfactant component, 
as added to the aqueous herbicidal concentrate com 
position, is in solution or is a stable suspension, 
emulsion, or dispersion. 

[0050] The Word “predominantly” in the above context 
means that at least about 50%, preferably at least about 75% 
and more preferably at least about 90%, by Weight of the 
glyphosate, expressed as a.e., is present as the potassium 
salt. The balance can be made up of other salts and/or 
glyphosate acid but it is preferred that the viscosity, cloud 
point, and non-crystalliZation properties of the composition 
remain Within the limits indicated. 

[0051] As a further aspect of the present invention, a 
particular class of surfactants has been identi?ed Wherein 
compatibility With glyphosate potassium salt concentrations 
of greater than 300 g a.e./l to about 600 g a.e./l is unexpect 
edly high. Accordingly, an embodiment of the invention is a 
surfactant-containing herbicidal composition as described 
above Wherein the surfactant component predominantly 
comprises one or more surfactants each having a molecular 
structure comprising: 

[0052] (1) a hydrophobic moiety comprising at least 
one hydrocarbyl or substituted hydrocarbyl group; 
and 

[0053] (2) a hydrophilic moiety comprising an 
amino, ammonium or amine oxide group comprising 
hydrocarbyl or substituted hydrocarbyl substituents; 
and/or (ii) a carbohydrate group. 

[0054] The carbohydrate of the hydrophilic moiety is 
preferably a sugar such as a monosaccharide, disaccharide or 
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polysaccharide. Preferred sugars include glycosides such as 
alkyl glycosides, alkyl polyglycosides and aminoglycosides. 
Surfactants containing on average no more than about tWo 
carbohydrate groups per surfactant molecule are preferred. 

[0055] In such surfactants, the hydrophobic moiety is 
attached to the hydrophilic moiety in one of the folloWing 
Ways. The terminal atom of the hydrophobic moiety is 
attached (a) directly to the nitrogen Within an amino, ammo 
nium or amine oXide group if present, or (b) directly to the 
carbohydrate group if present. 

[0056] In a preferred embodiment, the hydrophobic moi 
ety of the surfactant is a substituted hydrocarbyl group 
comprising at least one oXyalkylene group in the principle 
chain. Such substituted hydrocarbyl groups include, for 
eXample, alkyloXyalkylene and alkenyloXyalkylene groups 
containing from one to thirty oXyalkylene groups R0 in 
Which R in each of the RO groups is independently C2-C4 
alkylene. 
[0057] In one embodiment of the invention, the surfactant 
component predominantly comprises one or more surfac 
tants each having a molecular structure comprising: 

[0058] (1) a hydrophobic moiety having one or a 
plurality of independently saturated or unsaturated, 
branched or unbranched, aliphatic, alicyclic or aro 
matic C3_18 hydrocarbyl or hydrocarbylidene groups 
joined together by 0 to about 7 linkages indepen 
dently selected from ether, thioether, sulfoXide, ester, 
thioester and amide linkages, this hydrophobic moi 
ety having in total a number J of carbon atoms Where 
J is about 8 to about 30; and 

[0059] (2) a hydrophilic moiety comprising: 

[0060] an amino group that is cationic or that 
can be protonated to become cationic, having 
attached directly thereto 0 to 3 oXyethylene groups 
or polyoXyethylene chains, these oXyethylene 
groups and polyoXyethylene chains comprising on 
average no more than a number E of oXyethylene 
units per surfactant molecule such that E+Jé50; 
and/or 

[0061] (ii) an alkyl sugar derivative unit, such as a 
glycoside, polyglycoside, or aminoglycoide group 
comprising on average no more than about 2 of the 
alkyl sugar derivative units per surfactant mol 
ecule. 

[0062] In such surfactants the hydrophobic moiety is 
attached to the hydrophilic moiety in one of the folloWing 
Ways: (a) directly to an amino group if present, (b) by an 
ether linkage incorporating an oXygen atom of one of the 
oXyethylene groups if present or of a terminal oXyethylene 
unit of one of the polyoXyethylene chains if present, or (c) 
by an ether linkage to one of the alkyl sugar derivative units 
if present. 

[0063] In a preferred embodiment, J is about 8 to about 25, 
and E+J is no more than 45, preferably no more than 40, and 
more preferably no more than 28. For eXample, compound 
JJJ in Table 4 includes a hydrophobic moiety having 24 total 
number of carbons and a hydrophilic moiety including 9 
total oXyethylene units such that E+J=33. Compound C 
includes 18 carbon atoms (J) in its hydrophobic moiety, and 
7 total oXyethylene units such that E+J =25 . 
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[0064] In one embodiment of the invention, the surfactant 
component predominantly comprises one or more surfac 
tants each having a molecular structure comprising: 

[0065] (1) a hydrophobic moiety having one or a 
plurality of independently saturated or unsaturated, 
branched or unbranched, aliphatic, alicyclic or aro 
matic C3_18 hydrocarbyl or hydrocarbylidene groups 
joined together by 0 to about 7 linkages indepen 
dently selected from ether, thioether, sulfoXide, ester, 
thioester and amide linkages, this hydrophobic moi 
ety having in total a number J of carbon atoms Where 
J is about 8 to about 18; and 

[0066] (2) a hydrophilic moiety comprising: 

[0067] an amino group that is cationic or that 
can be protonated to become cationic, having 
attached directly thereto 0 to 3 oXyethylene groups 
or polyoXyethylene chains, these oXyethylene 
groups and polyoXyethylene chains comprising on 
average no more than a number E of oXyethylene 
units per surfactant molecule such that E+Jé22; 
and/or 

[0068] (ii) an alkyl sugar derivative unit, such as a 
glycoside, polyglycoside, or aminoglycoide group 
comprising on average no more than about 2 of the 
alkyl sugar derivative units per surfactant mol 
ecule. 

[0069] In such surfactants the hydrophobic moiety is 
attached to the hydrophilic moiety in one of the folloWing 
Ways: (a) directly to an amino group if present, (b) by an 
ether linkage incorporating an oXygen atom of one of the 
oXyethylene groups if present or of a terminal oXyethylene 
unit of one of the polyoXyethylene chains if present, or (c) 
by an ether linkage to one of the alkyl sugar derivative units 
if present. 

[0070] In the conteXt of surfactant content, the expression 
“predominantly comprises” means that at least about 50%, 
preferably at least about 75% and more preferably at least 
about 90%, by Weight of the surfactant component is made 
up of surfactants having the speci?ed features of molecular 
structure. For the present purpose, the Weight or concentra 
tion of surfactant component as de?ned herein does not 
include essentially non-surfactant compounds that are some 
times introduced With the surfactant component, such as 
Water, isopropanol or other solvents, or glycols (such as 
ethylene glycol, propylene glycol, polyethylene glycol, etc.). 
[0071] Without in any Way limiting the scope of the 
present invention, various subclasses of surfactants, de?ned 
by formulas (5), and (6) beloW, are particularly useful in 
compositions of the invention. 

[0072] One embodiment of the invention is a herbicidal 
concentrate composition as described above Wherein the 
surfactant component predominantly comprises one or more 
chemically stable surfactants having formula (5): 

[R1—(XR2)m—(NR3)n—(R8O) —(R4)q—(NR5R6— ($12).).—<NR7>.<sug>uOH1v[AlW <5) 
[0073] Where R1 is hydrogen or C‘M8 hydrocarbyl, each X 
is independently an ether, thioether, sulfoXide, ester, 
thioester or amide linkage, each R2 is independently C2_6 
hydrocarbylidene, m is an average number of 0 to about 8, 
the total number of carbon atoms in R1—(XR2 m is about 8 
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to about 24, n is 0 or 1, p is an average number of 0 to about 
5, R3, R4, R5, R6 and R7 are independently hydrogen or CL4 
hydrocarbyl, R8 is independently C2-C4 alkylene, q is 0 or 1, 
r is 0 to 4, s is 0 or 1, t is 0 or 1, sug is an open or cyclic 
structure derived from sugars, such as, for eXample, glucose 
or sucrose (referred to herein as a sugar unit), or (ii) a 
hydroXyalkyl, polyhydroXyalkyl or poly(hydroXyalkyl)alkyl 
group, u is an average number from 1 to about 2, A is an 
anionic entity, and v is an integer from 1 to 3 and W is 0 or 
1 such that electrical neutrality is maintained. An eXample of 
a preferred compound of the type de?ned by formula 5 is a 
glucosamine Where R1 is C8H17 hydrocarbyl, m, p, q, s, t, 
and W are 0, n, u and v are 1, R3 is hydrogen, and sug is an 
open glucose derivative having the structure 
CH(OH)CH(OH)CH(OH)CH(OH)CH2_ 
[0074] Another embodiment of the invention is a herbi 
cidal concentrate composition as described above Wherein 
the surfactant component predominantly comprises one or 
more surfactants having formula (6): 

[0075] Where R1 is hydrogen or CL18 hydrocarbyl, each X 
is independently an ether, thioether, sulfoXide, ester, 
thioester or amide linkage, each R2 is independently C2_6 
hydrocarbylidene, each R8 is independently C2-C4 alkylene; 
m is an average number of 0 to about 9, the total number J 
of carbon atoms in R1—(XR2)rn is about 8 to about 18, n is 
an average number of 0 to about 5, R5 is hydrogen, CL4 
alkyl, benZyl, an anionic oXide group or an anionic group 
—(CH2)uC(O)O Where u is 1 to 3, R6 and R7 are indepen 
dently hydrogen, C1_4 alkyl or C2_4 acyl, X and y are average 
numbers such that X+y+n is not greater than the number E 
as de?ned above, A is an anionic entity and s is an integer 
from 1 to 3 and t is 0 or 1 such that electrical neutrality is 
maintained. 

[0076] It Will be appreciated that surfactants conforming 
to formulas (5) or (6) above include non-restrictively those 
that can be described as alkyl polyglucosides, alkylamino 
glucosides, polyoXyalkylene alkylamines, polyoXyalkylene 
alkyletheramines, alkyltrimethylammonium salts, alkyldim 
ethylbenZylammonium salts, polyoXyalkylene N-methyl 
alkylammonium salts, polyoXyalkylene N-methyl alky 
letherammonium salts, alkyldimethylamine oXides, poly 
oXyalkylene alkylamine oXides, polyoXyalkylene alky 
letheramine oXides, alkylbetaines, alkylamidopropylamines 
and the like. In one embodiment of the invention, the 
average number of oXyalkylene units, such as oXyethylene 
units, if present, per surfactant molecule is no greater than 
22-J Where J is as de?ned above, and the average number of 
glucose units, if present, per surfactant molecule is no 
greater than about 2. In another embodiment of the inven 
tion, the average number of oXyalkylene units, such as 
oXyethylene units, if present, per surfactant molecule is no 
greater than 50-J Where J is as de?ned above, and the 
average number of glucose units, if present, per surfactant 
molecule is no greater than about 42. 
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[0077] Illustrative surfactant types that have been found 
useful in compositions of the invention include the folloW 
ing: 

[0078] (A) Surfactants corresponding to formula (5) 
Where R1 is a C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, m, n, p, 
s, t and W are 0, and v is 1. This group includes 
several commercial surfactants collectively knoWn 
in the art or referred to herein as “alkyl polygluco 
sides” or “APGs”. Suitable eXamples are sold by 
Henkel as AgrimulTM PG-2069 and AgrimulTM 
PG-2076. 

[0079] (B) Surfactants corresponding to formula (6) 
Where R1 is a C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain and m is 
0. In this group R1 alone forms the hydrophobic 
moiety of the surfactant and is attached directly to 
the amino function, as in alkylamines, or by an ether 
linkage formed by the oXygen atom of an oXyalky 
lene group or the terminal oXygen atom of a poly 
oXyalkylene chain, as in certain alkyletheramines. 
Illustrative subtypes having different hydrophilic 
moieties include: 

[0080] (1) Surfactants Wherein X and y are O, R5 
and R6 are independently CL4 alkyl, R7 is hydro 
gen and t is 1. This subtype includes (Where R5 
and R6 are each methyl) several commercial sur 
factants knoWn in the art or referred to herein as 
“alkyldimethylamines”. Suitable examples are 
dodecyldimethylamine, available for eXample 
from AkZo as ArmeenTM DM12D, and cocodim 
ethylamine and talloWdimethylamine, available 
for eXample from Ceca as NoramTM DMC D and 
NoramTM DMS D respectively. Such surfactants 
are generally provided in non-protonated form, the 
anion A not being supplied With the surfactant. 
HoWever, in a glyphosate potassium salt formu 
lation at a pH of about 4-5, the surfactant Will be 
protonated and it Will be recogniZed that the anion 
A can be glyphosate, Which is capable of forming 
dibasic salts. 

[00861] (2) Surfactants Wherein X and y are 0, R5, 
R and R7 are independently C1_4 alkyl and t is 1. 
This subtype includes (Where R5, R6 and R7 are 
each methyl and A is a chloride ion) several 
commercial surfactants knoWn in the art or 
referred to herein as “alkyltrimethylammonium 
chlorides”. A suitable eXample is cocoalkyl trim 
ethylammonium chloride, available for eXample 
from AkZo as ArquadTM C. 

[0082] (3) Surfactants Wherein X+y is 2 or greater, 
R6 and R7 are hydrogen and t is 1. This subtype 
includes commercial surfactants knoWn in the art 
or referred to herein as “polyoXyalkylene alky 
lamines” (Where n is 0 and R5 is hydrogen), certain 
“polyoXyalkylene alkyletheramines” (Where n is 
1-5 and R5 is hydrogen), “polyoXyalkylene-me 
thyl alkylammonium chlorides” (Where n is 0 and 
R5 is methyl), and certain “polyoXyalkylene-me 
thyl alkyletherammonium chlorides” (Where n is 
1-5 and R is methyl). Suitable eXamples are poly 
oXyethylene (2) cocoamine, polyoXyethylene (5) 
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talloWamine and polyoxyethylene (10) cocoam 
ine, available for example from AkZo as Eth 
omeenTM C/12, EthomeenTM T/15 and Eth 
omeenTM C/20 respectively; a surfactant 
conforming, When its amine group is non-proto 
nated, to formula (7): 

(CH2CH2O)XH (7) 

[0083] Where R1 is C12_15 alkyl, X is ethyl, propyl or 
methyl ethyl, and x+y is 5, as disclosed in US. Pat. No. 
5,750,468; and polyoxyethylene (2) N-methyl cocoammo 
nium chloride and polyoxyethylene (2) N-methyl stearylam 
monium chloride, available for example from AkZo as 
EthoquadTM C/12 and EthoquadTM 18/12 respectively. In 
cases Where R5 is hydrogen, i.e., in tertiary as opposed to 
quaternary ammonium surfactants, the anion A is typically 
not supplied With the surfactant. HoWever, in a glyphosate 
potassium salt formulation at a pH of about 4-5, it Will be 
recognized that the anion A can be glyphosate, Which is 
capable of forming dibasic salts. 

[0084] (4) Surfactants Wherein R5 is an anionic 
oxide group and t is 0. This subtype includes 
commercial surfactants knoWn in the art or 
referred to herein as “alkyldimethylamine oxides” 
(Where n, x and y are 0, and R6 and R7 are methyl), 
certain “alkyletherdimethylamine oxides” (Where 
n is 1-5, x and y are 0, and R6 and R7 are methyl), 
“polyoxyalkylene alkylamine oxides” (Where n is 
0, x+y is 2 or greater, and R6 and R7 are hydrogen), 
and certain “polyoxyalkylene alkyletheramine 
oxides” (Where n is 1-5, x+y is 2 or greater, and R6 
and R7 are hydrogen). Suitable examples are coc 
odimethylamine oxide, sold by AkZo as Aro 
moxTM DMC, and polyoxyethylene (2) cocoamine 
oxide, sold by AkZo as AromoxTM C/ 12. 

[0085] (5) Surfactants Wherein R5 is an anionic 
group —CH2C(O)O (acetate), x and y are 0 and t 
is 0. This subtype includes commercial surfactants 
knoWn in the art or referred to herein as “alkyl 
betaines” (Where n is 0, R5 is acetate and R6 and 
R7 are methyl) and certain “alkyletherbetaines” 
(Where n is 1-5, R5 is acetate and R6 and R7 are 
methyl). A suitable example is cocobetaine, sold 
for example by Henkel as VelvetexTM AB45. 

[0086] (C) Surfactants corresponding to formula (6) 
Where R1 is a C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, m is 1, X 
is an ether linkage, R2 is n-propylene and n is 0. In 
this group R1 together With OR2 forms the hydro 
phobic moiety of the surfactant Which is attached 
directly by the R2 linkage to the amino function. 
These surfactants are a subclass of alkyletheramines 
as disclosed in US. Pat. No. 5,750,468. Illustrative 
subtypes have the different hydrophilic moieties 
exempli?ed in (B-1) to (B-5) above. Suitable 
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examples are a surfactant conforming, When its 
amine group is non-protonated, to formula (8): 

(CH2CH2O)XH (8) 

a surfactant conforming to formula (9): 

(9) 
(CH2CH2O)XH 

R1—O(CH2)3 N+—cH3 cr, 

(CH2CH2O)yH 

[0088] and a surfactant conforming to formula (10): 

[0089] Where, in each of formulas (8), (9) and (10), R1 is 
C12_15 alkyl and x+y is 5, as disclosed in US. Pat. No. 
5,750,468. 

[0090] (D) Surfactants corresponding to formula (6) 
Where R1 is a C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, m is 1-5, 
each XR2 is a group —OCH(CH3)CH2— and n is 0. 
In this group R1 together With the 
—OCH(CH3)CH2— groups forms the hydrophobic 
moiety of the surfactant Which is 

[0091] attached directly to the amino function. These 
surfactants are a further subclass of alkyletheramines as 
disclosed in US. Pat. No. 5,750,468. Illustrative subtypes 
have the different hydrophilic moieties exempli?ed in (B-1) 
to (B-5) above. 

[0092] Surfactants corresponding to formula (6) 
Where R1 is a C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, m is 1, X 
is an amide linkage, R2 is n-propylene and n is 0. In 
this group R1 together With XR2 forms the hydro 
phobic moiety of the surfactant Which is attached 
directly by the R2 linkage to the amino function. In 
preferred surfactants of this group, x and y are 0, R5 
is hydrogen or CL4 alkyl, R6 and R7 are indepen 
dently CL4 alkyl and t is 1. A suitable example is 
cocoamidopropyl dimethylamine propionate, sold 
for example by McIntyre as MackaleneTM 117. 
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[0093] Surfactants corresponding to formula (6) 
Where R1 is hydrogen, m is 3-8 and each XR2 is a 
group —OCH(CH3)CH2—. In this group the poly 
ether chain of —OCH(CH3)CH2— groups (a poly 
oXypropylene chain) forms the hydrophobic moiety 
of the surfactant Which is linked directly or via one 
or more oXyethylene units to the amino function. In 
preferred surfactants of this group, X and y are 0, R5, 
R6 and R7 are independently CL4 alkyl and t is 1. 
These surfactants are a subclass of the polyoXypro 
pylene quaternary ammonium surfactants disclosed 
in Us. Pat. No. 5,652,197. In a suitable example, m 
is 7, n is 1, R5, R6 and R7 are each methyl, and Ais 
chloride. 

[0094] In surfactants Where t is 1, A can be any agricul 
turally acceptable anion but preferably is chloride, bromide, 
iodide, sulfate, ethosulfate, phosphate, acetate, propionate, 
succinate, lactate, citrate or tartrate, or, as indicated above, 
glyphosate. 

[0095] In one embodiment of the invention the composi 
tion contains a surfactant of a class of alkyletheramines 
disclosed in Us. Pat. No. 5,750,468, the disclosure of Which 
is incorporated herein by reference. In a further embodi 
ment, surfactants present are other than alkyletheramines as 
disclosed in Us. Pat. No. 5,750,468, the disclosure of Which 
is incorporated herein by reference. 

[0096] In another embodiment of the invention the com 
position contains a surfactant having the general formula 
(11): 

RR 2N(CH2)nNR3R4 (11) 

[0097] Where R1 and R2 are independently a C4_18 ali 
phatic, saturated or unsaturated, linear or branched hydro 
carbyl chain, R3 and R4 are independently a CL4 alkyl or 
hydrogen, and n is greater than 2. A particularly preferred 
compound of this description is Where R1 and R2 are C8H17, 
n is 3, and R3 and R4 are hydrogen. 

[0098] In yet another embodiment of the invention the 
composition contains a surfactant having the general for 
mula (12): 

[0099] Where R1 is C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl, R2 and R3 are inde 
pendently CMO, preferably CL4 alkyl or hydrogen, and n is 
1 or greater, preferably 2 to 15. It is believed that at least one 
compound Within this formula has not heretofore been 
reported in the prior art, and is therefore,a novel compound 
per se. The structure for this compound is 

CH3 1 7CH3 

[0100] This novel compound, as Well as its use as a 
pesticidal adjuvant, and in particular With glyphosate, and 
even more particularly With glyphosate potassium salt, is all 
Within the scope of this invention. Additionally, the hydroXy 
analogs of the foregoing compound shoW particularly good 
compatibility With glyphosate potassium salt formulations. 

[0101] In other embodiments of the invention, the com 
position contains a surfactant having one or more of the 
folloWing the formulas: 
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[0102] Where R1 is C8_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, R2, R3, R4, and 
R5 are independently a CL4 alkyl or hydrogen, X is an 
anionic entity, and n is 2 or greater; 

[0103] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, R2 and R3 are 
independently a C1_4 alkyl or hydrogen, and n is equal to 2 
or greater; 

[0104] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, R2, R3 and R4 are 
independently a CL4 alkyl or hydrogen, and m and n are 
independently equal to 2 or greater; 

[0105] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, R2, R3 and R4 are 
independently a poly(oXyethylene) chains having a com 
bined total of equal to or greater than 3 moles of ethylene 
oxide, and m and n are independently equal to 2 or greater; 

[(CH2CH2O)qR3]2 (17) 
[0106] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, R2 and R3 are 
independently methyl or hydrogen, m and p are indepen 
dently equal or greater than about 2 and equal to or less than 
about 6, n and q are independently equal to about 1-10; 

[0107] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, R2 and R3 are 
independently a CL4 alkyl or hydrogen, X is an amide 
linkage, and n is equal to 2 or greater; 

R1R2R3(N*O31) (19) 
[0108] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, and R2 and R3 
are independently a C1_ 4 alkyl; 

R1—NR2—carbohydrate (20) 

[0109] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, and R2 is a CL4 
alkyl or hydrogen and “carbohydrate” is a carbohydrate for 
eXample, 
—CH2CH(OH)CH(OH)CH(OH)CH(OH)CH2OH. Further, 
other derivatives, such as, for eXample, ethoXylated or 
nonethoXylated alkyl or amide derivatives of amino sugars 
(particularly 2-aminoglucose) are of particular interest in 
glyphosate or other herbicide/pesticide formulations. Di 
sugar amines are also of particular interest in this regard. 

R1—N—[(CH2)nNR2R3]2 (21) 

[0110] Where R1 is a C4_18 aliphatic, saturated or unsatur 
ated, linear or branched hydrocarbyl chain, and R2 and R3 
are independently a CL4 alkyl or hydrogen and n is 2 or 
greater, preferably n is 2 or 3; 

[0111] Where R1, R2, R3 and R4 are independently a CL4 
alkyl, polyoXyethylene or hydrogen and m and p are inde 
pendently 2 or greater, preferably 2 or 3, and n is 1 or greater, 
preferably 1. 
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[0112] Novel surfactants have been discovered Which are 
particularly suitable for use in formulating pesticide com 
positions, such as herbicides. The surfactants have been 
found to be highly compatible With various Water soluble 
salts of glyphosate, especially potassium, ammonium, and 
diammonium glyphosate. Cationic surfactants suitable in 
formulating pesticide formulations include: 

[0113] (a) monoalkoXylated amines having the for 
mula: 

(23) 
R4 

R5 

[0114] Wherein R1 is hydrogen or hydrocarbyl or substi 
tuted hydrocarbyl having at least 7carbon atoms (preferably 
containing 8 to about 30 carbon atoms); R2 in each of the 
(RzO)X and (R2O)y groups is independently C2-C4 alkylene; 
R3 is a hydrocarbylene or substituted hydrocarbylene having 
from 2 to about 6 carbon atoms; R4 and R5 are each 
independently hydrogen, hydrocarbyl or substituted hydro 
carbyl having from 1 to about 30 carbon atoms, —(R6)n— 
(R2O)yR7, or R4 and R5, together With the nitrogen atom to 
Which they are attached, form a cyclic or heterocyclic ring; 
R6 is hydrocarbylene or substituted hydrocarbylene contain 
ing from 1 to about 6 carbon atoms, R7 is hydrogen or a 
linear or branched alkyl group having 1 to about 4 carbon 
atoms, n is 0 or 1, and X and y are independently an average 
number from 1 to about 60, provided, hoWever, that When R2 
and R3 in each of the (R20)X groups is ethylene, R1 is other 
than unsubstituted alkyl or R4 is other than hydrogen or 
unsubstituted alkyl When R5 is hydrogen or unsubstituted 
alkyl, and When R2 and R3 are isopropylene and X is 1, R1 
is other than unsubstituted alkyl or R4 is other than 
—(R2O)yR7. In this conteXt, preferred R1, R4, R5 and R6 
hydrocarbyl (hydrocarbylene) groups include linear or 
branched alkyl (alkylene), linear or branched alkenyl (alk 
enylene), linear or branched alkynyl (alkynylene), aryl 
(arylene), or aralkyl (aralkylene) groups. Preferably, R1 is a 
linear or branched alkyl or linear or branched alkenyl group 
having from about 8 to about 25 carbon atoms, R2 in each of 
the (R20)X groups is independently C2-C4 alkylene, R3 is an 
ethylene or 2-hydroXypropylene group, R4 and R5 are each 
independently hydrogen or a linear or branched alkyl group 
having from 1 to about 6 carbon atoms, and X is an average 
number from 1 to about 30. More preferably, R1 is a linear 
or branched alkyl group having from about 12 to about 22 
carbon atoms, R2 in each of the (R20)X groups is indepen 
dently ethylene or propylene, R3 is an ethylene or 2-hydroX 
ypropylene group, R4 and R5 are each independently hydro 
gen, methyl, or tris(hydroXymethyl)methyl, and X is an 
average number from about 2 to about 30. Even more 
preferably, R1 is a linear or branched alkyl group having 
from about 12 to about 18 carbon atoms, R2 in each of the 
(R20)X groups is independently ethylene or propylene, R3 is 
an ethylene or 2-hydroXypropylene group, R4 and R5 are 
each independently hydrogen or methyl, and X is an average 
number from about 4 to about 20. Most preferably, R1 is a 
linear or branched alkyl group having from about 12 to about 
18 carbon atoms, R2 in each of the (R20)X groups is 
independently ethylene or propylene, R3 is an ethylene or 
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2-hydroXypropylene group, R4 and R5 are methyl, and X is 
an average number from about 4 to about 20. 

[0115] (b) alkoXylated poly(hydroXyalkyl)amines 
having the formula: 

(24) 
R3 

[0116] Wherein R1 and R3 are independently hydrogen, 
hydrocarbyl or substituted hydrocarbyl having from 1 to 
about 30 carbon atoms, R2 in each of the (R20)X groups is 
independently C2-C4 alkylene; R4 is hydrocarbylene or sub 
stituted hydrocarbylene having from 1 to about 30 carbon 
atoms, R5 is hydroXyalkyl, polyhydroXyalkyl, or poly(hy 
droXyalkyl)alkyl; X is an average number from 0 to about 30, 
and y is 0 or 1. In this conteXt, preferred R1, R3, and R4 
hydrocarbyl (hydrocarbylene) groups are linear or branched 
alkyl (alkylene), linear or branched alkenyl (alkenylene), 
linear or branched alkynyl (alkynylene), aryl (arylene), or 
aralkyl (aralkylene) group. Preferred alkoXylated poly(hy 
droXyalkyl)amines have the formula: 

(25) 
R3 

OH OH 

OH OH 

[0117] Wherein R1 and R3 are independently hydrogen, 
hydrocarbyl or substituted hydrocarbyl having from 1 to 
about 30 carbon atoms, R2 in each of the X (R20) groups is 
independently C2-C4 alkylene; R4 is hydrocarbylene or sub 
stituted hydrocarbylene having from 1 to about 30 carbon 
atoms, m and n are independently integers from 0 to about 
7, the sum of m and n is not greater than about 7, p is an 
integer from 1 to about 8, X is an average number from 0 to 
about 30, and y is 0 or 1. In this conteXt, preferred R1, R3, 
and R4 hydrocarbyl (hydrocarbylene) groups are linear or 
branched alkyl (alkylene), linear or branched alkenyl (alk 
enylene), linear or branched alkynyl (alkynylene), aryl 
(arylene), or aralkyl (aralkylene) group. Preferably, R1 is a 
linear or branched alkyl or linear or branched alkenyl group 
having from about 8 to about 30 carbon atoms; R2 in each 
of the (R20)X groups is independently C2-C4 alkylene; R3 is 
hydrogen, a linear or branched alkyl or linear or branched 
alkenyl group having from 1 to about 30 carbon atoms; R4 
is a linear or branched alkylene having from 1 to about 30 
carbon atoms, m and n are independently integers from 0 to 
about 7, the sum of m and n is from about 3 to 7, p is an 
integer from 1 to about 8, X is an average number from 0 to 
about 30, and y is 0 or 1. More preferably, R1 is a linear or 
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branched alkyl group having from about 8 to about 22 
carbon atoms; R2 in each of the (R20)X groups is indepen 
dently ethylene or propylene; R3 is hydrogen, or a linear or 
branched alkyl group having from 1 to about 6 carbon 
atoms; R4 is a linear or branched alkylene having from 1 to 
about 6 carbon atoms, m and n are independently integers 
from 0 to about 7, the sum of m and n is from about 3 to 7, 
p is an integer from 1 to about 8, X is an average number 
from 0 to about 30, and y is 0 or 1. Most preferably, R1 is 
a linear or branched alkyl group having from about 8 to 
about 18 carbon atoms; R2 in each of the (R20)X groups is 
independently ethylene or propylene; R3 is hydrogen or 
methyl; m and n are independently integers from 0 to about 
7, the sum of m and n is from about 3 to 7, p is an integer 
from 1 to about 8, X is an average number from 0 to about 
30, and y is 0. 

[0118] (c) di-poly(hydroXyalkyl)amines having the 
formula: 

[0119] Wherein R1 and R3 are independently hydrogen or 
hydrocarbyl or substituted hydrocarbyl having from 1 to 
about 22 carbon atoms, R2 is hydrocarbylene or substituted 
hydrocarbylene having from 2 to about 18 carbon atoms, R4 
and R5 are independently hydroXyalkyl, polyhydroXyalkyl, 
or1 poly(hydroXyalkyl)alkyl, provided, hoWever, that When 
R and R3 are methyl, R2 is other than octylene. In this 
conteXt, preferred R1, R2 and R3 hydrocarbyl (hydrocarby 
lene) groups are linear or branched alkyl (alkylene), linear or 
branched alkenyl (alkenylene), linear or branched alkynyl 
(alkynylene), aryl (arylene), or aralkyl (aralkylene) groups. 
Preferred di-poly(hydroXyalkyl)amines have the formula: 

(28) 

HO N— R2— N OH 

OH R1 R3 OH 

[0120] Wherein R1 and R3 are independently hydrogen or 
hydrocarbyl or substituted hydrocarbyl having from 1 to 
about 22 carbon atoms, R2 is hydrocarbylene or substituted 
hydrocarbylene having from 2 to about 18 carbon atoms, and 
m and n are independently integers from 1 to about 8, 
provided, hoWever, that When R1 and R3 are methyl, R2 is 
other than octylene. In this conteXt, preferred R1, R2 and R3 
hydrocarbyl (hydrocarbylene) groups are linear or branched 
alkyl (alkylene), linear or branched alkenyl (alkenylene), 
linear or branched alkynyl (alkynylene), aryl (arylene), or 
aralkyl (aralkylene) groups. In one embodiment, R1 and R3 
are independently hydrogen or a linear or branched alkyl 
group having from 1 to about 6 carbon atoms, R2 is a linear 
or branched alkylene, linear or branched alkenylene, linear 
or branched alkynylene, arylene, and alkylarylene group 
having from 9 to about 18 carbon atoms, and m and n are as 
de?ned above. In another embodiment, R1 and R3 are inde 
pendently hydrogen or a linear or branched alkyl group 
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having from 2 to about 22 carbon atoms, R2 is a linear or 
branched alkylene, linear or branched alkenylene, linear or 
branched alkynylene, arylene, and alkylarylene group hav 
ing from 2 to 7 carbon atoms, and m and n are as de?ned 
above. Preferably, R1 and R3 are independently hydrogen or 
a linear or branched alkyl group having from 1 to about 18 
carbon atoms, R2 is a linear or branched alkylene or linear 
or branched alkenylene group having from 2 to about 18 
carbon atoms, and m and n are independently integers from 
1 to about 8. More preferably, R1 and R3 are independently 
hydrogen or a linear or branched alkyl group having from 6 
to about 12 carbon atoms, R2 is a linear or branched alkylene 
group having from 2 to about 6 carbon atoms, and m and n 
are independently integers from about 4 to about 8; or R1 and 
R3 are independently hydrogen or a linear or branched alkyl 
group having from 1 to about 4 carbon atoms, R2 is a linear 
or branched alkylene group having from 2 to about 16 
carbon atoms, and m and n are independently integers from 
about 4 to about 8. Most preferably, R1 and R3 are indepen 
dently hydrogen or a linear or branched alkyl group having 
from 6 to about 12 carbon atoms, R2 is ethylene or propy 
lene, and m and n are independently integers from about 4 
to about 8; or R1 and R3 are independently hydrogen or a 
linear or branched alkyl group having from 1 to about 4 
carbon atoms, R2 is a linear or branched alkylene group 
having from 2 to about 12 carbon atoms, and m and n are 
independently integers from about 4 to about 8. 

[0121] (d) alkoXylated triamines having the formula: 

(29) 
R2 R4 
\ / 

X ELI y 

W erem 1s rocar or su st1tute rocar 0122 h ' R1~ hyd byl b ' dhyd 
byl having from 1 to about 30 carbon atoms; R2, R3, R4 and 
R5 are independently hydrogen, hydrocarbyl or substituted 
hydrocarbyl having from 1 to about 30 carbon atoms, or 
—(R1)S (R7—O)nR6; R6 is hydrogen, or a linear or branched 
alkyl group having from 1 to about 4 carbon atoms; R7 in 
each of the (R70)n groups is independently C2-C4 alkylene; 
R8 is hydrocarbylene or substituted hydrocarbylene having 
from 1 to about 6 carbon atoms; n is an average number from 
1 to about 10; s is 0 or 1; and X and y are independently an 
integer from 1 to about 4; provided, hoWever, that When R1 
is alkyl, R2 is other than hydrogen, X is 3 or 4, or R4 is other 
than —(R7—O)nR6. In this conteXt, preferred R1, R2, R3, 
R4, R5 and R8 hydrocarbyl (hydrocarbylene) groups are 
linear or branched alkyl (alkylene), linear or branched 
alkenyl (alkenylene), linear or branched alkynyl (alky 
nylene), aryl (arylene), or aralkyl (aralkylene) groups. In one 
embodiment, R2 is a linear or branched alkyl, linear or 
branched alkenyl, linear or branched alkynyl, aryl, or aralkyl 
group having from 1 to about 30 carbon atoms, or —(R8)S 
(R7—O)nR6, and the remaining groups are as described 
above. Preferably, R1 is a linear or branched alkyl or linear 
or branched alkenyl groups having from about 8 to about 30 
carbon atoms, R2, R3, R4 and R5 are independently hydro 
gen, a linear or branched alkyl or linear or branched alkenyl 
group having from 1 to about 30 carbon atoms, or —(R7— 
O)nR6, R6 is hydrogen, methyl or ethyl; R7 in each of the n 
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(R70) groups is independently C2-C4 alkylene, n is an 
average number from 1 to about 10, and X and y are 
independently an integer from 1 to about 4. More preferably, 
R1 is a linear or branched alkyl group having from about 8 
to about 18 carbon atoms, R2, R3, R4 and R5 are indepen 
dently hydrogen, a linear or branched alkyl group having 
from 1 to about 6 carbon atoms, or —(R7—O)nR6, R6 is 
hydrogen or methyl, R7 in each of the (R70)n groups is 
independently ethylene or propylene, n is an average num 
ber from 1 to about 5, and X and y are independently an 
integer from 1 to about 4. Most preferably, R1 is a linear or 
branched alkyl group having from about 8 to about 18 
carbon atoms, R2, R3, R4 and R5 are independently hydro 
gen, or —(R7—O)nR6, R6 is hydrogen, R7 in each of the n 
(R70) groups is independently ethylene or propylene, n is an 
average number from 1 to about 5, and X and y are 
independently an integer from 1 to about 4. 

[0123] (e) monoalkoXylated amines having the for 
mula: 

[0124] Wherein R1 is a hydrocarbyl or substituted hydro 
carbyl group having from 1 to about 30 carbon atoms, R2 is 
C2-C4 alkylene, R3 is hydrogen, or a linear or branched alkyl 
group having from 1 to about 4 carbon atoms, R4 is a linear 
or branched alkynyl, aryl, or aralkyl group having from 1 to 
about 30 carbon atoms, and X is an average number from 1 
to about 60. In this conteXt, preferred R1 hydrocarbyl or 
substituted hydrocarbyl groups are linear or branched alkyl, 
linear or branched alkenyl, linear or branched alkynyl, aryl, 
or aralkyl groups. Preferably, R1 is a linear or branched alkyl 
or linear or branched alkenyl group having from 1 to about 
25 carbon atoms, R2 is C2-C4 alkylene, R3 is hydrogen, 
methyl or ethyl, R4 is a linear or branched alkynyl, aryl, or 
aralkyl group having from 1 to about 25 carbon atoms, and 
X is an average number from 1 to about 40. More preferably, 
R1 is a linear or branched alkyl group having from 8 to about 
22 carbon atoms, R2 is ethylene or propylene, R3 is hydrogen 
or methyl, R4 is a linear or branched alkynyl, aryl, or aralkyl 
group having from 1 to about 6 carbon atoms, and X is an 
average number from 1 to about 20. In one embodiment, the 
compound has the formula shoWn in Table 4,C. 

[0125] amine oXides having the formula: 

[0126] Wherein R1 is hydrocarbyl or substituted hydrocar 
byl having from about 8 to about 30 carbon atoms, R2 and 
R3 are independently —(R4O)XR5, R4 in each of the (R40)X 
groups is independently C2-C4 alkylene, R5 is hydrogen, or 
a hydrocarbyl or substituted hydrocarbyl having from 1 to 

Nov. 24, 2005 

about 30 carbon atoms, X is an average number from 1 to 
about 50. In this conteXt, preferred R1 and R5 hydrocarbyl 
groups are linear or branched alkyl, linear or branched 
alkenyl, linear or branched alkynyl, aryl, or aralkyl groups. 
Preferably, R1 is a linear or branched alkyl or linear or 
branched alkenyl group having from about 8 to about 22 
carbon atoms, R2 and R3 are independently —(R4O)XR5, R4 
in each of the X (R4—O) groups is independently C2-C4 
alkylene; R5 is hydrogen or a linear or branched alkyl or 
linear or branched alkenyl group having from about 1 to 
about 30 carbon atoms; and X is an average number from 1 
to about 20. More preferably, R1 is a linear or branched alkyl 
group having from about 8 to about 22 carbon atoms, R2 and 
R3 are independently —(R4O)XR5, R4 in each of the X 
(R4—O) groups is independently ethylene or propylene; R5 
is hydrogen or a linear or branched alkyl or linear or 
branched alkenyl group having from about 1 to about 30 
carbon atoms; and X is an average number from 1 to about 
10. Most preferably, R1 is a linear or branched alkyl group 
having from about 8 to about 18 carbon atoms, R2 and R3 are 
independently —(R4O)XR5, R4 in each of the (R“—O)X 
groups is independently ethylene or propylene; R5 is hydro 
gen or an alkyl group having from about 8 to about 18 
carbon atoms; and X is an average number from 1 to about 
5. 

[0127] (g) an alkoXylated amine oXide having the 
formula: 

(32) 
R4 

[0128] Wherein R1 is hydrogen or hydrocarbyl or substi 
tuted hydrocarbyl having from 1 to about 30 carbon atoms; 
R2 in each of the (R20)X and (R2O)y groups is independently 
C2-C4 alkylene; R3 is a hydrocarbylene or substituted hydro 
carbylene having from 2 to about 6 carbon atoms; R4 and R5 
are each independently hydrogen, hydrocarbyl or substituted 
hydrocarbyl having from 1 to about 30 carbon atoms, 
—(R6)n—(R2O)yR7; R6 is hydrocarbylene or substituted 
hydrocarbylene containing from 1 to about 6 carbon atoms, 
R7 is hydrogen or a linear or branched alkyl group having 1 
to about 4 carbon atoms, n is 0 or 1, and X and y are 
independently an average number from 1 to about 60. In this 
conteXt, preferred R1, R4, R5 and R6 hydrocarbyl (hydrocar 
bylene) groups include linear or branched alkyl (alkylene), 
linear or branched alkenyl (alkenylene), linear or branched 
alkynyl (alkynylene), aryl (arylene), or aralkyl (aralkylene) 
groups. Preferably, R1 is a linear or branched alkyl or linear 
or branched alkenyl group having from about 8 to about 25 
carbon atoms, R2 in each of the (R20)X groups is indepen 
dently C2-C4 alkylene, R3 is a linear or branched alkylene or 
alkenylene group having from 2 to about 6 carbon atoms, R4 
and R5 are each independently hydrogen or a linear or 
branched alkyl group having from 1 to about 6 carbon 
atoms, and X is an average number from 1 to about 30. More 
preferably, R1 is a linear or branched alkyl group having 
from about 12 to about 22 carbon atoms, R2 in each of the 
(R20)X groups is independently ethylene or propylene, R3 is 
a linear or branched alkylene or alkenylene group having 
from 2 to about 6 carbon atoms, R4 and R5 are each 
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independently hydrogen, methyl, or tris(hydroXymethyl)m 
ethyl, and X is an average number from about 2 to about 30. 
Even more preferably, R1 is a linear or branched alkyl group 
having from about 12 to about 18 carbon atoms, R2 in each 
of the (R20)X groups is independently ethylene or propylene, 
R3 is an ethylene, propylene or 2-hydroXypropylene group, 
R4 and R5 are each independently hydrogen or methyl, and 
X is an average number from about 4 to about 20. Most 
preferably, R1 is a linear or branched alkyl group having 
from about 12 to about 18 carbon atoms, R2 in each of the 
(R20)X groups is independently ethylene or propylene, R3 is 
an ethylene, propylene, or 2-hydroXypropylene group, R4 
and R5 are methyl, and X is an average number from about 
4 to about 20. 

[0129] (h) alkoXylated diamines having the formula: 

R6 

[0130] Wherein R1 is hydrocarbyl or substituted hydrocar 
byl having from about 8 to about 30 carbon atoms; R2 in 
each of the (R20)X groups and the (R2 O)y groups is inde 
pendently C2-C4 alkylene; R3, R5 and R6 are independently 
hydrogen, hydrocarbyl or substituted hydrocarbyl having 
from 1 to about 30 carbon atoms, or —(R2O)yR7; R4 is 
hydrocarbylene or substituted hydrocarbylene having from 2 
to about 6 carbon atoms, —C(=NR11)NR12R13—, 
—C(=O)NR12R3—, —C(=S)NR12R13—, 
—C(=NR12)—, —C(S)—, or —C(O)—; R7 is hydrogen, or 
a linear or branched alkyl group having from 1 to about 4 
carbon atoms; R“, R12 and R13 are hydrogen, hydrocarbyl 
or substituted hydrocarbyl having from 1 to about 30 carbon 
atoms, X is an average number from 1 to about 30; and y is 
an average number from 1 to about 50, provided, hoWever, 
that at least one of R3, R5 and R6 is —(R2O)yR7, at least one 
R2 is other than ethylene, R4 is other than unsubstituted 
propylene, R1 is other than unsubstituted alkyl, or X is from 
2 to about 30. In this conteXt, preferred R1, R3, R4, R5 and 
R6 hydrocarbyl (hydrocarbylene) groups are linear or 
branched alkyl (alkylene), linear or branched alkenyl (alk 
enylene), linear or branched alkynyl (alkynylene), aryl 
(arylene), or aralkyl (aralkylene) groups. Preferably, R1 is a 
linear or branched alkyl or linear or branched alkenyl group 
having from about 8 to about 22 carbon atoms, R2 in each of 
the (R20)X groups and the (R2O)y groups is independently 
CZ-C4 alkylene, R3, R5 and R6 are independently hydrogen, 
a linear or branched alkyl or linear or branched alkenyl 
group having from 1 to about 22 carbon atoms, or 
—(R2O)yR7, R4 is a linear or branched alkylene, linear or 
branched alkenylene group having from 2 to about 6 carbon 
atoms, R7 is hydrogen, methyl or ethyl, X is an average 
number from 1 to about 20, and y is an average number from 
1 to about 20. More preferably, R1 is a linear or branched 
alkyl or linear or branched alkenyl group having from about 
8 to about 18 carbon atoms, R2 in each of the (R20)X groups 
and the (R2O)y groups is independently ethylene or propy 
lene, R3, R5 and R6 are independently hydrogen, a linear or 
branched alkyl group having from 1 to about 6 carbon 
atoms, or —(RZO) R7, R4 is ethylene, propylene, or 2-hy 
droXypropylene, Ry is hydrogen or methyl, X is an average 
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number from 1 to about 15, and y is an average number from 
1 to about 10. Most preferably, R1 is a linear or branched 
alkyl or linear or branched alkenyl group having from about 
8 to about 18 carbon atoms; R2 in each of the (R20)X groups 
and the (R2 O)y groups is independently ethylene or propy 
lene; R3, R5 and R6 are independently hydrogen, methyl, or 
—(R2O)yR7; R4 is ethylene, propylene, or 2-hydroXypropy 
lene, R7 is hydrogen, X is an average number from 1 to about 
10; and y is an average number from 1 to about 5. 

[0131] 
mula: 

and dialkoXylated amines having the for 

[0132] Wherein R1 is a hydrocarbyl or substituted hydro 
carbyl having from about 6 to about 30 carbon atoms, or 
—R4SR5, R4 and R2 in each of the (R20)X and the (R2O)y 
groups is independently C2-C4 alkylene, R3 is hydrogen, or 
a linear or branched alkyl group having from 1 to about 4 
carbon atoms, R5 is a linear or branched alkyl group having 
from about 4 to about 15 carbon atoms, and X and y are 
independently an average number from 1 to about 40. In this 
conteXt, preferred R1 hydrocarbyl groups are linear or 
branched alkyl, linear or branched alkenyl, linear or 
branched alkynyl, aryl, or aralkyl groups. Preferably, R1 is a 
linear or branched alkynyl, aryl, or aralkyl group having 
from about 8 to about 30 carbon atoms, R2 in each of the 
(R20)X and the (R2O)y groups is independently C2-C4 alky 
lene, R3 is hydrogen, methyl or ethyl, and X and y are 
independently an average number from 1 to about 20. More 
preferably, R1 is a linear or branched alkynyl, aryl, or aralkyl 
group having from about 8 to about 25 carbon atoms, R2 in 
each of the (R20)X and the (R2O)y groups is independently 
ethylene or propylene, R3 is hydrogen or methyl, and X and 
y are independently an average number from 1 to about 30. 
Even more preferably, R1 is a linear or branched alkynyl, 
aryl, or aralkyl group having from about 8 to about 22 
carbon atoms, R2 in each of the (R20)X and the (R2O)y 
groups is independently ethylene or propylene, R3 is hydro 
gen or methyl, and X and y are independently an average 
number from 1 to about 5. 

[0133] Nonionic surfactants for use in pesticide formula 
tions include dialkoXylated alcohols having the formula: 

[0134] Wherein R1 is independently hydrogen, or a linear 
or branched alkyl group having from 1 to about 4 carbon 
atoms, R2 in each of the (R20)X and the (R2O)y groups is 
independently C2-C4 alkylene, R3 is hydrocarbylene or sub 
stituted hydrocarbylene having from 2 to about 30 carbon 
atoms, and X and y are independently an average number 
from 1 to about 60. In this conteXt, preferred R3 hydrocar 
bylene groups are linear or branched alkylene, linear or 
branched alkenylene, linear or branched alkynylene, 
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arylene, or aralkylene groups. Preferably, R1 is hydrogen, 
methyl or ethyl, R2 in each of the (R20)X and the (R2O)y 
groups is independently C2-C4 alkylene, R3 is a linear or 
branched alkylene or linear or branched alkenylene group 
having from about 8 to about 25 carbon atoms, and X and y 
are independently an average number from about 1 to about 
20. More preferably, R1 is hydrogen or methyl, R2 in each of 
the (R20)X and the (R2O)y groups is independently ethylene 
or propylene, R3 is a linear or branched alkylene or linear or 

branched alkenylene group having from about 8 to about 18 
carbon atoms, and X and y are independently an average 
number from 1 to about 10. Even more preferably, R1 is 
hydrogen, R2 in each of the (R20)X and the (R2O)y groups is 
independently ethylene or propylene, R3 is a linear or 
branched alkylene group having from about 8 to about 18 
carbon atoms, and X and y are independently an average 
number from 1 to about 5. 

[0135] Other surfactants for use in pesticide cornpositions 
include compounds of the formula: 
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[0136] Wherein R1, R9, and R12 are independently hydro 
carbyl or substituted hydrocarbyl having from 1 to about 30 
carbon atoms, or —(R2O)pR13; R2 in each of the (R2O)m, 
(R2O)n, (R20)p and (R20)q groups is independently C2-C4 
alkylene; R3, R8, R11, R13 and R15 are independently hydro 
gen, or a hydrocarbyl or substituted hydrocarbyl having 
from 1 to about 30 carbon atoms; R4 is —(CH2)VOR13 or 
—(CH2)yO(R2O)qR3; R5, R6 and R7 are independently 
hydrogen, hydrocarbyl or substituted hydrocarbyl having 
from 1 to about 30 carbon atoms, or R4; R10 is hydrocar 
bylene or substituted hydrocarbylene having from 2 to about 
30 carbon atoms; R14 is hydrocarbyl or substituted hydro 
carbyl having from 1 to about 30 carbon atoms, or 
—(CH2)ZO(R2O)pR3; rn, n, p and q are independently an 
average number from 1 to about 50; X is —O—, 
—N(R14)—, —C(O)—, —C(O)O—, —OC(O)—, 
—N(R15)C(O)—, —C(O)N(R15)—, —S—, _so_, or 
—SO2—; tis 0 or 1; A- is an agriculturally acceptable anion; 
and y and Z are independently an integer from 0 to about 30. 
In this conteXt, preferred R1, R3, and R5—R15 hydrocarbyl 
(hydrocarbylene) groups are linear or branched alkyl (alky 
lene), linear or branched alkenyl (alkenylene), linear or 
branched alkynyl (alkynylene), aryl (arylene), or aralkyl 
(aralkylene) groups. Preferably, R1, R9, and R12 are inde 
pendently linear or branched alkyl or alkenyl groups having 
from 1 to about 22 carbon atoms, or —(R2O)pR13; R2 in 
each of the (R2O)m, (R2O)n, (R20)p and (R20)q groups is 
independently C2-C4 alkylene; R3 is hydrogen, methyl or 
ethyl; R4 is —(CH2)VOR13 or —(CH2)yO(R2O)qR3; R8, R11, 
R13 and R15 are independently hydrogen, or linear or 
branched alkyl or alkenyl groups having from 1 to about 22 
carbon atoms; R4 is —(CH2)VOR13 or —(CH2)yO(R2O)qR3; 
R5, R6 and R7 are independently hydrogen, linear or 
branched alkyl or alkenyl groups having from 1 to about 22 
carbon atoms, or R4; R10 is a linear or branched alkylene or 
alkenylene group having from 2 to about 18 carbon atoms; 
R14 is a linear or branched alkyl or alkenyl group having 
from 1 to about 22 carbon atoms, or —(CH2)ZO(R2O)pR3; 
rn, n, p and q are independently an average number from 1 

to about 30; X is —O—, —N(R14)—, —C(O)—, 
—C(O)O—, —OC(O)—, —N(R15)C(O)—, 
—C(O)N(R15)—, —S—, —SO—, or —SO2—, t is 0 or 1; 
A- is an agriculturally acceptable anion; and y and Z are 
independently an integer from 0 to about 30. More prefer 
ably, R1 is a linear or branched alkyl or alkenyl groups 
having from about 8 to about 18 carbon atoms, or 
—(R2O)pR13; R9 and R12 are independently linear or 
branched alkyl or alkenyl groups having from 1 to about 22 
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carbon atoms, or —(R2O)pR13; R2 in each of the (R2O)m, 
(R2O)n, (R20)p and (R20)q groups is independently ethylene 
or propylene; R3 is hydrogen or methyl; R4 is —(CH2)VOR13 
or —(CH2)yO(R2O)qR3; R8, R11, R15 are independently 
hydrogen, or linear or branched alkyl or alkenyl groups 
having from 1 to about 22 carbon atoms; R4 is 
—(CH2)VOR13 or —(CH2)yO(R2O)qR3; R5, R6 and R7 are 
independently hydrogen, linear or branched alkyl or alkenyl 
groups having from 1 to about 22 carbon atoms, or R4; R10 
is a linear or branched alkylene or alkenylene group having 
from 2 to about 6 carbon atoms; R13 is hydrogen, or linear 
or branched alkyl or alkenyl groups having from about 6 to 
about 22 carbon atoms; R14 is a linear or branched alkyl or 
alkenyl group having from 1 to about 22 carbon atoms, or 
—(CH2)ZO(R2O)pR3; m, n, p and q are independently an 
average number from 1 to about 20; X is —O—, 

—N(R14)—, —C(O)—, —C(O)O—, —OC(O)—, 
—N(R15)C(O)—, —C(O)N(R15)—, _s_, _so_, or 
—SO2—, t is 0 or 1; A- is an agriculturally acceptable anion; 
and y and Z are independently an integer from 0 to about 10. 
Most preferably, R1 is a linear or branched alkyl or alkenyl 
groups having from about 12 to about 18 carbon atoms, or 
—(R2O)pR13; R9 and R12 are independently linear or 
branched alkyl or alkenyl groups having from 1 to about 6 
carbon atoms, or —(R2O)pR13; R2 in each of the (R2O)m, 
(R2O)n, (R20)p and (R20)q groups is independently ethylene 
or propylene; R3 is hydrogen; R4 is —(CH2)yOR13 or 
—(CH2)yO(R2O)qR3; R8, R11, R15 are independently hydro 
gen, or linear or branched alkyl or alkenyl groups having 
from 1 to about 6 carbon atoms; R4 is —(CH2)VOR13 or 
—(CH2)yO(R2O)qR3; R5, R6 and R7 are independently 
hydrogen, linear or branched alkyl or alkenyl groups having 
from 1 to about 22 carbon atoms, or R4; R10 is a linear or 
branched alkylene or alkenylene group having from 2 to 
about 6 carbon atoms; R13 is hydrogen, or linear or branched 
alkyl or alkenyl groups having from about 6 to about 22 
carbon atoms; R14 is a linear or branched alkyl or alkenyl 
group having from 1 to about 22 carbon atoms, or 
—(CH2)ZO(R2O)pR3; m, n, p and q are independently an 
average number from 1 to about 5; X is —O— or 
—N(R14)—, t is 0 or 1; A- is an agriculturally acceptable 
anion; and y and Z are independently an integer from 1 to 
about 3. 

[0137] A surfactant composition of the invention com 
prises any individual combination of the novel surfactants as 
described above. The surfactant composition is particularly 
preferred for use in formulating potassium, di-ammonium, 
ammonium, sodium, monoethanolamine, n-propylamine, 
methylamine, ethylamine, heXamethylenediamine, dimethy 
lamine and/or trimethylsulfonium glyphosate formulations, 
such as aqueous concentrates. The surfactant composition 
can be incorporated into a formulation comprising any 
combination of these glyphosate salts. 

[0138] Various surfactants not previously used in formu 
lating pesticide compositions have been found to be effec 
tive, particularly in formulating aqueous herbicidal concen 
trates containing potassium or ammonium glyphosate. 
Cationic surfactants effective in forming pesticide formula 
tions include: 
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[0139] (a) aminated alkoXylated alcohol having the 
formula: 

4 (44) 

/ 

R5 
4 (45) 

R5 

[0140] Wherein R1 is hydrocarbyl or substituted hydrocar 
byl containing at least 7 carbon atoms (preferably containing 
8 to about 30 carbon atoms); R2 in each of the (R20)X and 
(R2O)y groups is independently C2-C4 alkylene; R3 and R6 
are each independently hydrocarbylene or substituted hydro 
carbylene having from 1 to about 6 carbon atoms; R4 is 
hydrogen, hydrocarbyl or substituted hydrocarbyl having 
from 1 to about 30 carbon atoms, hydroXy substituted 
hydrocarbyl, —(R6)n—(R2O)yR7, —C(=N R11)NR12R13, 
—C(=O)NR12R13,—C(=S)N R12R13 or together With R5 
and the nitrogen atom to Which they are attached, form a 
cyclic or heterocyclic ring; R5 is hydrogen, hydrocarbyl or 
substituted hydrocarbyl having from 1 to about 30 ca6rbon 
atoms, hydroXy substituted hydrocarbyl, —(R )n— 
(R2O)VR7 —C(=NR11)NR12R13, —C(=O)NR12R 13, 
—C(=S)NR12R13, or together With R4 and the nitrogen 
atom to Which they are attached, form a cyclic or heterocy 
clic ring; R7 is hydrogen or a linear or branched alkyl group 
having 1 to about 4 carbon atoms; R11, R12 and R13 are 
hydrogen, hydrocarbyl or substituted hydrocarbyl, R14 is 
hydrogen, hydrocarbyl or substituted hydrocarbyl having 
from 1 to about 30 carbon atoms, hydroXy substituted 
hydrocarbyl, —(R6)n—(R2O)yR7, —C(=NR11)NR12R13, 
—C(=O)NR12R13, or —C(=S)NR12R13, n is 0 or 1, X and 
y are independently an average number from 1 to about 60, 
and A- is an agriculturally acceptable anion, provided, 
hoWever, that When R2 and R3 are isopropylene and X is 1, 
R1 is other than alkyl or R4 is other than —(RZO) R7. In this 
conteXt, preferred R1, R3, R4, R5, R6, R11, R 2 and R13 
hydrocarbyl (hydrocarbylene) groups are linear or branched 
alkyl (alkylene), linear or branched alkenyl (alkenylene), 
linear or branched alkynyl (alkynylene), aryl (arylene), or 
aralkyl (aralkylene) groups. In one embodiment, R3 is linear 
alkylene, preferably ethylene, and R1, R2, R4 and R5 are as 
previously de?ned. In another embodiment, R4 is H, alkyl, 
or —RZOR7 and R1, R2, R3, R5 and R7 are as previously 
de?ned. In yet another embodiment, R1 is a linear or 
branched alkyl or linear or branched alkenyl group having 
from about 8 to about 25 carbon atoms, R2 in each of the 
(R20)X groups is independently C2-C4 alkylene, R3 is a linear 
or branched alkylene group having from 1 to about 6 carbon 
atoms, R4 and R5 are each independently hydrogen or a 
linear or branched alkyl group having from 1 to about 6 
carbon atoms, and X is an average number from about 2 to 
about 30. More preferably, R1 is a linear or branched alkyl 
group having from about 12 to about 22 carbon atoms, R2 in 
each of the (R20)X groups is independently ethylene or 
propylene, R3 is a linear or branched alkylene group having 
from 1 to about 4 carbon atoms, R4 and R5 are each 
































































































































































































