WD 96/ 20593 PCT/ US95/ 17016 -
HERBI Cl DAL COWPCSI TI ONS COVPRI SI NG GLYPHOSATE, ACTI VATI NG SURFACTANt
AND POL YMRES20398L YURETHANE, OR POLYUREA- URETHANE GREHIVSSHL7a16
or * N phosphononet hyl gl ycine (HOOCCH err] NHCH err] PO (OH)[err]), 2
a wel | - known transl ocated, postenergence, broadspectrum herbi Ci de.
The typi cal yeToesA 8OMPOSETTONS AGMPRI SING! @IYPEOSATEY ACH LYATARG ISURFACTANT

i sopropyl am ne salt of Anpl BOMYOREN, P@IYURETHANE| i0RVPOLYUREAURERHANE about  12% by
wei ght of a tallow am ne ethoxylate surfactant. dyphosate is a relatively

I nsoluble acid, and thus is typically fornul ated and agglieg a.salt,

sud1asthei%%ﬁ%&ﬁﬁﬁ%@/somQE1m %mgﬁHﬁP gpomsthny éi%ﬁéﬂ% are
typically.] into the f, | ati ' t L Vi f th
of yphosal EOTRBER A (L i - 481 T aciant - "ea LaBPBtous, Craieredatdas
upplied b f act ' t i | . b
Tt re RS opq T o e e e adr AN IR IERE Hadpettiat ™ Ot
th I | Vil [ hsti ) T lJt t
descr ] bl SFTaR” cBF AR’ Fhank B8 BE"ruR S Snyadhine Mg, L BEEI LT
Véed Sci offte Za BO ggiyi%ﬁgzd(%87;2311@&@”556@{%2%@; Recgesiby of

i ncl udi n surf actant sat e ormulatrons.
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insoluble acid, and thus is typically formulated and applied as
a salt, such as the isopropylamine, sodium or ammonium salt.
Surfactants are typically incorporated into the formulation
to improve the activity of the glyphosate. However, the term
"surfactant” is ambiguous, as the form supplied by manufacturérs
is not necessarily a single compound, but can be a mixture. For
example, with ethoxylated surfactants, the degree of ethoxylation
can be and typically is a statistical wmixture. The literature
describes use of surfactants in glyphosate compositions and in
particular, Weed Science, Vol. 25, pp 275-287 (1977) demonstrates
the necessity of including a surfactant in glyphosate
formilations.
Conventional glyphosate formulations include the wuse of
surfactants such as silicone to enhance the rainfast properties
of glyphosate formulations. However, commercialization of such
formulations has been hindered by the cost of incorporation of
such Surfactants into the formulations, and by the hydrolytic
instability of such adjuvants. Other formulations including
surfactants are disclosed in U.S. Patent Nos. 5,362,705,

5,180,414 and 5,118,338,
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Conventional glyphosate fornulations include the use of surfactants such
as silicone to enhance the rainfast properties of glyphosate fornul ations.
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further object of the present invention to enhance the efficacy of
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improve the rainfast properties of glyphosate formulations
without the use of silicone surfactants.
It is a further object of the present invention to enhance

the efficacy of glyphosate formulations in an enviromnmentally

friendly manner.

SUMMARY OF THE INVENTION

The problems of the prior art have been solved by the
cresent invention, which relates to a herbicidal composition
including isocyanate capped high molecular weight diols, triols
and polyols. More specifically, the present invention relates
to a herbicidal composition in which glyphosate and/or a
herbicidally active derivative thereof such as a glyphosate salt
is combined with hydrophilic isocyanate end-capped prepolymers
in order to significantly improve the efficacy of the herbicide.
A combination of surfactant, glyphosate, and a hydrated polymer
or hydrophilic prepolymer consisting of isocyanate capped
Prepolymers which are substantially comprised of ethylene oxide,
propylene oxide or butylene oxide units or a combination thereof
demonstrates increased efficacy over conventional glyphosate
formulations. The herbicidal compositions of the present

invention also exhibit controlled release of glyphosate, thereby
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oxide, propylene oxide or butylene oxide units or a combination
‘thereof are described in the art as hydratable or water soluble.
See Braatz et al., U.S. Patent Nos. 4,886,866 and 5,091,176, the
disclosure of which are hereby incorporated by reference. In one
embodiment, the water soluble prepolymer can be covalently bonded
to the amine group in glyphosate. In other embodiment, the
prepolymer can be reacted with water to forrri polyurethane and
polyurea-urethane polymer gels prior to the incorporation of
glyphosate as the salt or aci . In a still further embodiment,
the prepolymer can form a reaction product with a surfactant via
& covalent 1linkage between the isocyanate groups of the

prepolymer and a reactive group on the surfactant.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph comparing dose response of formulations
of the present invention to commercial grade Round-up’ herbicide

after 28 days;

Figure 2 is a graph comparing dose response of formulations
of the present invention to commercial grade Round-up’ herbicide
after 42 days; and |

Figtire 3 is a graph comparing shoot £fresh weight of

Bermudagrass after application of formulations of the present
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by the acid catalyzed oxidation-hydrolysis of PMIDA.
Specifically, PMIDA is mixed with water and an acid and is heated
to an elevated temperature. An oxidizing agent such as hydrogen
peroxide is then added to convert the PMIDA to glyphosate, which
is then isolated by precipitation. U.S. Patent No. 3,969,398
discloses the oxidation of PMIDA to glyphosate employing a
molecular oxygen-containing gas such as air, oxygen, oxygen
diluted with helium, argon nitrogen or other inert gases, oxygen-
hydrocarbon mixtures, etc., and employing activated carbon as the
catalyst. U.S. Patent No. 4,147,719 discloses the production of
certain mono- and di-salts of glyphosate in a single agqueous
reaction system by oxidizing a salt of PMIDA with a molecular
oxygen-containing gas in the presence of platinum supported on
an activated carbon substrate. The oxidation reaction 1is
conducted at super-atmospheric pressures in the range of 1.5 to
5 kg/cm’ or higher. U.S. Patent No. 4,898,972 discloses the
production of glyphosate by the oxidation of PMIDA using a salt
of cobalt or manganese in the presence of bromide ions. U.S.
Patent NS. 4,002,672 discloses the production of glyphosate and

salts thereof by the acid catalyzed hydrolysis of PMIDA. PMIDA
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carbon catalyst can be enhanced by first removing oxides of

carbon from the surface of the carbon. Any of these methods can
be used to produce the starting glyphosate acid for the present
invention.

A variety of different herbicides also can be incorporated
into the formulations of the present invention. Such herbicides
include phenoxy acids (acids, esters, salts), benzoic acid,
aryloxy phenoxypropionate (ac1ds, ester, salts), sulfonyl ureas
(acids, esters), imidazilinones, bipyridillium, diphenyl ether
(acids, salts), cyclohexanedione, methane arsonate, t:riaziries,
&liphatic carboxylic acids, benzonitrile . carbamate,
thiocarbamate, PYRAZONE, GLUFOSINATE, DESMEDIPHAM, TRICLOPYR,
CLOPYRALID, QUINCLORAC, ETHIOZIN, PICHLORAM, BENTAZON, AMITROLE,
METRIBUZIN, and PHENMEDIPHAM.

Suitable surfactants or wetting agents are those
conventional in the art, as described in U.S. Patent No.
3,853,530, the disclosure of which is hereby incorporated by
reference. Such surfactants include alkyl benzene and alkyl
naphthalene sulfonates, alkyl phenol polyoxyethylene, sulfated
fatty ‘alcohols, amines or acid amides, long chain acid esters of
sodium isethionate, esters of sodium sulfosuccinate, sulfated or
sulfonated fatty acid esters petroleum sulfonates, N-acyl

sarcosinates, alkyl polyglycosides, alkyl ethoxylated amines such
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ethylene and diethylene glycol.

The prepolymers used as a starting material in the instant
invention provide hydrated polyurethane, polyurea-urethane and
polyurea polymer gels. Numerous polyurethane polymers have been
previously identified. Many hydrogel polymers, prepared from
various prepolymers, have been i:repared and used for a wide
variety of applications. Typically, hydrogels are formed by
polymerizing a hydrophilic monomer in an aqueous solution under
conditions such that the prepolymer becomes crosslinked, forming
a three-dimensional polymeric network which éels the solution in
concentrated form. Polyurethane hydrogels are £formed by
polymerization of isocyanate-end capped prepolymers to create
urea and urethane linkages. More specifically, the prepolymers
are prepared from solutions of high molecular weight isocyanate
end-capped prepolymers substantially or exclusively comprised of
ethylene oxide, propylene oxide or butylene oxide units, or
‘mixtures thereof. Preferably the prepolymers are derived from
pol?meric monomer units (the prepolymer units) at least 75% of
which are oxyethylene-based diols or polyols having molecular
weights‘o.f abdut 100 to about 30,000, preferably 7000 to 30,000,

with essentially all of the hydroxyl groups of these diols or
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polyisocyanates permits a greater degree of handling and/or
shaping since aliphatic isocyanate-capped prepolymers typically
require about 20 to 90 minutes to gel to a hydrated polym_er
state. Prepolymers capped with aromatic polyisocyanates gel more
rapidly, in abbut 30 to 60 seconds. Aliphatic polyisocyanates
are also preferred in view of decreased toxicological
considerations. Examples of suitable di- and polyfunctional
isocyanates are as follows: toluene-2,4-diisocyanate, toluene-
2,6-diisocyanate, commercial mixtures of toluene-2,4 and 2,6-
diisocyanate, isophorone diisocyanate, ethylene diisocyanate,
ethylidene diisocyanate, propylene-1,2-diisocyanate,
cyclohexylene-1,2-diisocyanate, cyclohexylene-1,4-diisocyanate,
m-phenylene diisocyanate, 3,3"-diphenyl-4,4"-biphenylene
diisocyanate, 1, 6-hexamethylene diisocyanate, 1,4-tetramethylene
diisocyanate, 1,10-decamethylene diisocyanate, cumene-2, 4-
diisocyanate, 1,5-naphthalene diisocyanate, methylene
dicyclohexyl diisocyanate, 1,4-cyclohexylene diisocyanate, p-
tetramethyl xylylene diisocyanate, p-phenylene diisocyanate, 4-
methoxy-1,3-phenylene diisocyanate, 4-chloro-1,3-phenylene

diisocyanate, 4-bromo-i,3-phenylene diisocyanate, 4-ethoxy-1,3-
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diisoccyanatodiphenylmethane, 2,6-dimethyl-4,4" -
diisocyanatodiphenyl, 2,4-diisocyanatostilbene, 3,3’-dimethoxy-
4,4’ -diisocyanatodiphenyl, 1,4-antracenediisocyanate, 2,5~
fluorenediisocyanate, 1,8-naphthalene diisocyanate, 2,6-
diisocyanatobenzfuran, 2,4,6-toluene triisocyanate, p,p’,p"-
triphenylmethane triisocyénate, trifunctional trimer
(isocyanurate) of isophorone diisocyanate, trifunctional biuret
of hexamethylene diisocyanate, trifunctional trimer
(isocyanurate) of hexamethylene diisocyanate, polymeric 4,4'-
diphenylmethane diisocyanate, xylylene diisocyanate and m-
tetramethyl xylylene diisocyanate.

Capping of the selected diols or ©polyols with
polyisocyanates to form prepolymers for use in the present
invention is effected using stoichiometric amounts of reactants.
The isocyanate-to-hydroxyl group ratio should be between about
0.01 and about 10, preferably 0.1 to 3, most preferably 0.2 to
2.2. Higher ratios may be used but are not preferred since they
may lead to problems associated with excessive monomer present
in the final products. The 'capping reaction may be by any
convenient method or procedure, such as at about 20° to about

150°C, under dry nitrogen, .for about 2 hours to about 14 days,

preferably in the absence of a catalyst. The preferred
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diisocyanate -polyethylene glycol, toluene diisocyanate and
polymer of ethylene oxide and propylene oxide with
trimethylolpropane, isophorone diisocyanate and polymer of
ethylene oxide-propylene oxide-trimethylolpropane, toluene
diisocyanate polyethylene glycol trilactate, and polyethylene
glyéol end capped with toluene diisocyanate. Such prepolymers
are available under the tradename HYPOL' from Hampshire Chemical
Corp., and include HYPOL' PreMA’, HYPOL® 2000, HYPOL' 3000, HYPOL'
4000, HYPOL® 5000, and biodegradable HYPOL'.

Preferably the ratio of glyphosafe to prepolymer is from
about 0.001 to about 5.

Neutralization of the glyphosate acid to form a herbicidally
active glyphosate derivative can be effectuated with any suitable
base, including alkali metzal, alkali earth metal and ammonium
hydroxides and alkyl amines. Preferred glyphosate salts upon
neutralization include the mono(trimethylamine) salt of N-
phosphonomethylglycine, the mono(diethylenetriamine) salt of N-
phosphonomethylglycine, the monoisopropylamine salt of N-
phosbhonomethylglycine, the -mono-n-propylamine salt of N-
phosphonomethylglycine, the mono(tallowamine) salt of N-
phosphonémethyiglycine, the monosodium salt of N-

phosphonomethylglycine and the monopotassium salt of N-
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tol uene- 2,6-diisocyanate, commercial m xtures of toluene-2,4 and 2, 6-

di i socyanate, igopher opersti samciiaient ebllylwre dresenyardaventiqrhy| tdene
di i socyanat e, propyl ene-1, 2-di i socyanat e,
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m phenyl ene di i socyanate, 3,3 "-diphenyl-4,4" -biphenyl ene

di i socyanatedudt Gritex arastey! e Tied anovayanft Brepouynes mas Iﬁ%‘l be low

di i socyanate, 1,10-decanethyl ene diisocyanate, ¢unene-2, 4-

di i socyananengh sq, 8snipheNaiendmmeddateo Gpdndogmatione nfeBRE2LLY less

di eyel Oheéggndéllaosgg yzaon%gtb%} weli’glhtc%.csl %ﬂg)égb?.g? rglénl:‘g Ogyéa‘f]eaxta%ly pa_bout 2 to
10% by weight, most preferably about 3 to 7% by weight. If
higher amounts of prepolymer are desired, acid can be added to
help prevent gel formation. Preferably the reaction is carried
out from just above the freezing ﬁoint of water to about room
temperature. Higher temperature may be used, although théy
enhance the rate of gel formation. Glyphosate acid is added
after the prepolymer/water reaction is complete. The amount of
glyphosate used will depend upon the amount desired in the final
formulation, and can generally vary from about 0.1% to above 60%
by weight. The current commercial formulation employs about 36%
glyphosate acid (41% as the isopropylamine.salt) . The addition
of glyphosate acid results in the formation of a white slurry.
The slurry is neutralized with any suitable base, preferably a
hydroxide such as sodium, potassium or ammonium hydroxide, most
preferably isopropylamine. Preferably sufficient base is added
to fom the monosalt, although the di and tri-salts can also be
formed upon addition of additional base. A clear, stable

solution is obtained. Surfactant can be added at any point after

the reaction of the prepolymer with water, i.e., immediately
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di i socy amieh T Prepybe] her , abear i mhuteradiiizadyanat @refegablethel amount -
1, 3-phenyl ene diisocyanate, 9, 10-anthracene diisocyanate, 4,4'-
di i socyapmt ogifabeany| added3 i¥ -ficnmetdodt 4.4 -to about 20% (wt/wt) of
di i socyanat odi phenyl et hane, 2, 6-di et hyl -4, 4' - diisocganatodighenyll
2, 4-di igbgytaosavst i wheheths, actuall muamas depepding LPesy Sh§t d8PPRaAYI
1, 4-antracenediisocyanate, 2,5- quorenediisocyanat%, 1, 8-naphthal ene
di i socyaefit §he sugfactrhEooiRRHt obdPSr QYRPSEAE XY oPhe R tST i sEEYIRGt e,
p,p' ,p"-_ triphenyl nethane .triiso%ganateh trifﬁhﬁ?i%gﬁé wg%riqer
(i socyan@tageicof ilmspRseoPPLainedeyaraese EitPSnetrof P Brrarat er
hexanet hyl ene di i socyanate, trifunctional riner .
J)./nsoluble films which form uafée:.p %pray tap;qflcatlon of the
formulation to the substrate. Such hydratable £ilms are desirous
since they prevent the crystallization of glyphosate on the
surface of the 1leaf of the plant being sprayed. Such
crystallizations readily occur in the absence of the polymer.
These hydratable films also greaﬁly enhance the rainfastness of
the formulation.

In the second embodiment of the present invention, the
prepolymer is incorporated into the formulation as a reaction
product covalently bonded with glyphosate. Specifically,
glyphosate acid is added directly to the prepolymer, and reacts
with the free isocyanate groups present in the prepolymer to cap
the same. Either partial or complete capping of the isocyanate
groups can be obtained, depending upon the relative amount of
glyphosate used. The resulting reaction product is neutralized
with a suitable base as in the first gmbodiment. Surfactant can
be added prior to or after neutralization. Amounts of
constituents used are similar to those disclosed above with
respeﬁt~to the first embodiment.

¢
In the third embodiment of the present invention, the

hydrophilic isdcyanate end-capped prepolymers are incorporated

as a reaction product with a surfactant via a covalent linkage
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(i so%yanurat e) of hexanethyl ene diisocyanate, polyneric 4,-' -
di phenyl net hane dii socyanate, xylylene diisocyanate and m tetranethyl

xylyl ene gd sppyanat e. Cappi ng of the sel ected L'I% r
pol yol s wi th polyisocyanates to form prepol yners for uspe | nﬁkﬁ@lgr esent
I nvention is effected using stoichionetric anounts of reactants. The

[ -t o- hyd | Q. ld be b b 0] . about
'132:%?:2? tefstgﬁizt%. %ﬁé ?L%gi%fg%zu i‘? @@eggﬁﬁwg Eﬁ;t\?"t%fe%9?%4?“5%&9?2%?%@9?7%0&
us ut ar ref er S| -

with exce35PHRS a %SQXFlEF%T?KgnH%#ap oaélt}%t’g.g%ﬁg%s?a%%%%g&gg

200 1o abBar™ATEl: BkgePiars  aREpe ot M el B BaHR Y s e a ey

rog or abo ours to about 1

pref er abl yroBs L hea ABYANCE- o gAoial 2hte! carndiBPlad¥ of tosd

| = T PCT/ Us9B/ 17D16
tenperatupg in fRAUEEBHAT EhbbQimORE €T EN& capHifig 88CEhENErEet €58EPaRALe

when the 1socyanate concentration approxi matés theoretical values.

groups in the prepolymer can be partial or complete, depending
upon the relative amounts of reactants used. Preferably the
surfactant is an alkyl ethoxylated amine that includes a mixture
of polyethylene glycol, diethylene glycol and ethylene glycol.
Glyphosate acid is then ac}ded, and the solution is neutralized
with a suitable base. ]xmo'l;nts of constituents used are similaxr
to those disclosed above with respect to the first embodiment.

The formulations of the present invention are preferably
spray-applied to above-ground portions of the .plants. The
concentration of active ingredient should be present in a
herbicidaily effective amounts, which depends on the particular
plant species and the desired response. Suitable concentrations
of active ingredient for hspray application are from about 0.07%
to about 1%. 1In view of the enhanced rainfastness of the instant
formulations as demonstrated by the following examples,
substantially less active material is needed than was previously
thought necessary.

EXAMPLE 1

At room temperature, 28 grams of HYPOL® PreMA' G-50
hydrophilic prepolyme? were added to 972 grams of water. The
solution was stirred for two hours to ensure complete reaction
of the prepolymer with the water. 100 grams of glyphosate acid

was added, and the pH was adjusted to 4.8 with isopropylamine.
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Preferred prepolyners include toluene diisocyanate- polyethylene
gl ycol -ti net hyl ol propane, nethyl ene diisocyanate- nethylene

di i socy¥a®ve20593 honopol yner - pol yneri c met hyl ene  di i SOpreARbO17016

- pol yet hyl ene gl ycol, toluene diisocyanate and pol yner of et hyl ene
oxide and propylene oxide wth trinethylolpropane, isophorone

di i socyapaiweasiy, ROl yders@fiut £6AYhEEecrOXisles propyl ene
oxi de-tri met hyl ol pr opane, tol uene diisocyanate polyethyl ene glycol

trilactate, agshPetieitelenessgbycehecadlaappadwast Allove@neoddirgodyanat e.
Such prepolyners are avail able under the tradenane HYPOL[err] from
Hanpshi riur@ amdodl ovélpght andai scrone @6t Ereddn wadP@bt20Gikd HYPOL[ err]
3000, HYPOL[err] 4000, HYPOL[err] 5000, and bi odegradabl e HYPQOL.
Preferably the pattionf ofl yphkosaletionpmegodiiaters tor epproabuwately0Q® t o
about 5. Neutralization of the glyphosate acid to forma

her bi ci dglyghosake iac g legptiosdentderithad D vel sawibwaset end alad aililiowed
sui tabl e base, including alkali netal, alkali earth netal and armoni um
hydr oxi de2 @&/ éll’kyi Sﬁiﬂﬁeé'mod?r@?%mé@h@l ypﬂosﬁ%@%l@saﬁm film was
neutralization | ncl ude the nono(trimethylamne) salt of N

phospho :I'F% tycine, the nono(diethylenetrianne) salt of N

phosphononet hyl gl yci ne, the nonoi lamne salt of N
phosphononet hyl gl yci ne, the mno-%rﬁ ne salt of N

At room temperature, 30 grams of HYPOL® PreMaA' G-50
nydrophilic prepolymer were added to a mixture of
alkylamineethoxylate (62.5qg)
and‘water (907.8g). The solution was stirred for two hours. 150
grams of glyphosate acid was added and the solution was
neutralized with isopropylamine to a pH of 4.8. A stable, clear
solution was obtained.

Approximately 25% of the solution was allowed to dry in a
fume hood overnight. 2 strong elastic film was obtained.

A portion of the solution was diluted to approximately 1%
glyphosate acid equivalent with 50 mls. of water and also allowed
to dry in a fume hood overnight. A strong elastic f£ilm was
obtained.

EXAMPLE 3

At room temperature, 42 grams of a surfactant comprising
dbout 50% tallow amine ethoxylate (15 moles ethoxylate), 20%
polyéthylene glycol (molecular weight 600) and 30% ethylene and
diethylene glycol were added to 928 grams of water. 30 grams of
HYPOL® PreMA® G-50 hydrophilic prepolymer were added and allowed

to mix for two hours. 150 grams of glyphosate acid were added
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pkosphononet hyl gl ycine, the nono(tallowanmine) salt of N

phosphononet hyl gl yci ne, t he nonosodi um  sal t of N-
phosphon®i@ssizgdegl yci ne and the nonopotassium salt ofperhsesiirors
9~ WD 96/ 20593 PCT/ US95/ 17016

phosphononet hyl gl yci ne. Those skilled in the art will readily appreciate
that thi S ¥HLSHPNFAD0adH usted Wwith Sabésrofldhing hasphaomet hytagbyej ne
al so can be prepared by increasing the anount of base added accordingly.
In the fdX&dr esdiofh imDtvf ddwmipiegent i nvention, the prepolymer can be
i ncorporated into solution as a reaction product wth water. The anmount of
pr epol yner usgshisdraithatddey 1286 chatlygh solwsidm wasial iowsstlite edgelin a
formation. Generally less than about 20% by weight is suitable, nore
pr ef er abfyma bvand terniidlies by Avetghong rmistsgireffdlabmMgsabbgaisedo 7% by
wei ght . I f higher anmounts of prepolynmer are desired, acid can be added
to help prev@nmogbiomo@ﬁn@h@nsogubf@nawas dhbueedcEP oRPPECXERRATRYY Bt
fromjust_above the freezing point of water to about room tenperature.
Hi gher t&hpehesate arid pauiyadeny vheh P misy of water and also allowed

to dry in a fume hood overnight. A strong elastic film was

obtained,

EXAMPLE 4

At room temperature, 62.5 grams of a surfactant comprising
about 50% tallow amine ethoxylate (15 moles ethoxylate), 20%
polyethylene glycol (molecular weight 600) and 30% ethylene and
diethylene glycol were mixed with 877.5 grams of watér. 60 grams
of HYPOL® PreMA’ G-50 were added to the mixture and zallowed to
stir for three hours. 150 grams of glyphosate acid were mixed
for 30 minutes into the resulting solutiom. The slurry was
neutralized with isopropylamine to a2 pH of 4.8. A stable, clear
solution was obtained.

Apprdximately 25% of the solution was allowed to dry in a
fume hood overnight. A strong elastic £ilm was obtained.

A portion of the solution was diluted to approximately 1%
glyphosate acid equivalent with 50 mls. of water and also allowed

to dry in a fume hood overnight. A strong elastic film was

obtained.
EXAMPLE 5

At room temperature, 42 grams of a surfactant comprising

about 50% tallow amine ethoxylate (15 moles ethoxylate), 20%
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enhance .the rate of gel formation. dyphosate acid is added after the
prepol yner/water reaction is conplete. The anmount of gl yphosate used w |

depend upwo okbgesrount desired in the final fornulation, neral ly
vary from about 0.1%to above 60% by weight. The currentﬁggj%%g?g?gl

formul ati on enpl oys about 36% gl yphosate acid (41% as the isopropylam ne

salt) .  PBeyRUEIIaR. dllyddhyRRBIRLEIAT! GeiBAk! b00) Nabd % ¢or iy iho ari

white sllrry. y 1s neutralize th any suitable base, preferably

a hydroa&@gm@h@@?e@h%wm e sgmn%ﬂamgy@f W4itee,. "BSigrams |
preferably isopropylam ne. Preferably sufficient base is added to formthe

nmonosal t pfablivipoudpiden’dc-800dwéfé -S@ddS R tHdlss mikeurboaARdehw asolAdti éh on
of additional base. "A clear, stable solution is obtained. Surf actant-

can be agded fiimared ppoNt tadt Rburshe MSACiGramsofoft L yprpeiteRcM therat er,
I -e., imed ately 10 WO 96/ 20593
PCT/ US95khém]l 6addpdi amd the sjuwphosatetrabiidedi ao, a plmesi akeBy witthii or
to neutralization, or after neutralization. Preferably the anount of

sur f act arsopdubay lianineom @berablel tod esbosol2B%ohwwaet pboained.

Approximately 25% of the solution was allowed to dry in a
fume hood overnight. A strong elastic film was obtained.

A portion of the solution was diluted to approximately 1%
glyphosate acid equivalent with 50 mls. of water and also allowed
to dry in a fume hood overnight. A strong elastic film was
obtained.

: EXAMPLE 6

At room temperature, 28 grams of HYPOL' PreMA® G-50
hydrophilic prepolymer were added to 972 grams of water. The
mixture was allowed to stir for 3 hours. 100 grams of glyphosate
acid were added to this solution and the pH was adjusted to 4.8
with isopropylamine. A stable, clear solution was obtained.

Approximately 25% of the solution was allowed to dry in a
fume hood overnight. A strong elastic f£ilm was obtained.

A portion of the solution was diluted to approximately 1%
glyphosate acid equivalent with 50 mls. of water and also allowed
to dry in a fume hood overnight. A strong elastic film was
obtained.

‘ EXAMPLE 7

At room temperature, 30 grams of HYPOL® PreMaA’ G-50
hydrophilic prebolymer were added to 907.5 grams of water. The

solution was allowed to stir for 60 minutes. 150 grams of
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gl-yphosate, with the actual anmbunts dependi ng upon the identify of the
surfactant used. Upon evaporation of water, strong elastic filns are

obt ai nedyobkessa fil N8 are hydratable water- insoluble f&k?ﬁm&@ﬁﬁ form
ate.” Suc

after spray application of the fornulation to the substr
hydratable filnms are desirous since they prevent the crystallization of

gl yphos%{/l?{p&ﬁéé&% a24af @E?e,alpcideé,h%ol!l%ied 8 63 e grakanés Taiival sarayed.

Such ¢ | zations readily occur 1 n the absencé of the polynmer. These

hydrat ablee ELLRE-8LSE . 9r eehbky pinhpase ddiagraianf asdmesss®f td he. I okmghati on.
In the second enbodi nent of the present invention, the prepolyner is

i ncor poriaicis-dpiticaniiite f orangtaiile) agear exdiitdon pasdostaiwedal ently
bonded w th glyphosate. Specifically, glyphosate acid is added
directly to tAwpyucindtaisr ,25ndf adod ssolut iond head radd owedc yandry growps
present in the prepolynmer to cap the sane. Either partial or conplete
cappi ng fime teood aowarraight gr duEE oy B asitia fedm Wepedt agnedon t he
relative amount of glyphosate used. The resulting reaction product is
neutralized Avpdrtienichibtle bagkution wasedilnsed dithAUnRAORiNagedyacttant
can be added prior, to or_after neutralization. Amount s __of
const i t EkRhesRLE AcdGrANiYrleBtiwbsl & §diSosel WicFeaRftalse ddgertad t o

the first enbodi nent. I.n the third enbodi ment o& t he preient
i nvent i drP gpg in a fume hood overnight. A strong elastic film was

obtained.
EXAMPLE 8

At room temperature, 60 grams of HYPOL'® PreMA’ G-50
hydrophilic prepolymer were added to 870 grams of water. The
solution was allowed to stir for 60 minutes. 150 grams of
glyphosate acid were added, followed by 62.5 grams of Toximal TA-
15 surfactant. The pH was adjusted to 3.85 with isopropylamine.
A stable, clear soluticn was obtained.

Approximately 25% of the solution was allowed to dry in a
fume hood overnight. A strong elastic film was oktained.

A portion-of the solution was diluted to approximately 1%
glyphosate acid egquivalent with 50 mls. of water and also allowed
to dry in a fume hood overnight. A strong elastic £ilm was
obtained.

EZAMPLE §

At room temperature, 15 grams of glyphosate acid were
slurried in 90 grams of water. '3 grams of HYPOL' PreMA’ G-50 were
added to_this slurry and allowed to mix for one hour. 6 grams
of Toximal TA-iS surfactant were then added and the contents

neutralized to a pH of 4.0 with isopropylamine. A stable, clear
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hydrophilic i socyanate end-capped prepol ynmers are incorporated as a
reaction product wth a surfactant via a coval ent |inkage

11 w95 64e50593 IPC% 147016
between the 1so6cyanate (-NCO groups of the polyner and reactive groups
typically avail able on surfactants, such as reactive primry or secondary

amne (-NH_-NHerr]) garoups, sulfhydryl (-SH) groups, hydroxyl (-0OH)
groups %#“brajr?}{)x‘ﬁ%t%g?% groups. As in the second enbodi nent, the
cappi ng of t ree. | r Se YiGhedaPobgrpashi al or
conpl et e, de%ﬁgﬂﬂ%%%ﬁ?%‘%?roe?a?#vesgir]ruo%irﬁ%R{)%p?ieact a%ts ?Jseﬁp

Prefera u IS G i8¢ ¥HN@HEhddcl udes a
m Xt urebé%r?é Bg?gczt%%/%lgg%?yco}?%?égﬁyﬁene é‘JI %ol and et hyl enne gl ycol . -

d yphosat e aci dpohsriBRNopdERd. sandriBR #0LUSLDALES PSULPPrbREMatelihi1a
sui tabl e base. Amounts of constituents used are simlar to those discl osed

above Wi ghypeepeet d@id epdivalleremodhnenimls. of wdther fandnalatd addowked he
present 1nvention are preferably spray-applied to above-ground portions of
the pl ants. dryThen sofaent raiddowdraiztitve | Agsedoagt etrsiit b8ipmeseust in

2 cbtained.
EXAMPLE 10

At room temperature, 20 grams of glyphosate acid were
slurried in 85 grams of water. 3 grams of HYPOL® PreMA' G-50
hydrophilic prepolymer were added to this slurry and allowed to
mix for 61 minutes. 6 grams of Toximal TA-15 surfactant were
then added and the contents neutralized to a pH of 4.7 with
isopropylamine. A stable, clear solution was obtained.

Approximately 25% of the solution was allowed to dry in a
fume hood overnight. A strong elastic £ilm was obtained.

A portion of the solution was diluted to approximately 1%

glyphosate acid equivalent with 50 mls. of water and also allowed

to dry in a fume hood overnight. A strong elastic film was

-obtained.
EXAMPLE 11

At room temperature, 36 grams of glyphosate acid were
slurried in 69 grams of water. 3.3 grams of HYPOL® PreMA’ G-50
Hydrophilic prepolymer were added to this slurry and allowed to
stir -for 65 minutes. 6 grams -0of Toximal TA-15 surfactant were
then add_ed and the contents neutralized to a pH of 5.0 with
isopropylamine. A stable, clear soclution was obtained.

Approximately 25% of the solution was allowed to dry in a
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herbicidally effective anbunts, which depends on the particular plant
species and the desired response. Suitable concentrations of active

i ngredi wigoeh20603Spray application are from about 0.07% tg-ahQdkselge N
vi éw of the enhanced rainfastness of the instant fornulations as

denonstrated by the follow ng exanples, substantially |less active materi al
[ ded th ' I t ht A .

exanpLeL e BOoBvBERIGRET Yo bRPUR e SEERE Y in s BEALB S er ] 650
hyd hili Q.9 § t uti.on was
ofitred for RuBORSIPE P8 GReLrSIobaarera Saderan 8 Spprokifarll Ll

the wat ghyohQ3a0LazE; 8l Al AR &i28l Jo HBS. Yiladretnthd ha S lawasuad Ust ed

to 4.8 I sopropyl am ne

96/ 205980 dry in a fume hood overnight. A REeHdRPHIAHE £imt IRl
cl ear solutidon was obtai ned. Approxi mately 25% of the sol ution was

al | onedob@adhyd.n a funme hood overnight. A strong elastic filmwas
obt ai ned. A portion of the solution was diluted to approximtely 1%
EXAMPLE 12

At room temperature, 62.5 grams of a surfactant comprising
about 50% tallow amine ethoxylate (15 moles ethoxylate), 20%
polyethylene glycol (molecular weight 600) and 30% ethylene and
diethylene glycol were stirred into 907.0 grams of watexr. 60
grams of HYPOL' PreMA’ G-50 hydrophilic prepolymer were added to
this mixture and the contents were allowed to mix for 47 minutes.
109.6 grams of glyphc'sate acid were then added and the contents
were neutralized to a pH of 4.75 with iscpropylaﬁline. A stable,
clear solution was obtained.

Approximately 25% of the solution was allowed to dfy in a
fume hood overnight. A strong elastic £ilm was obtained.

A portion of the solution was diluted to approximately 1%
glyphosate acid equivalent with 50 mls. of water and also allowed

to dry in a fume hood overnight. A strong elastic film was

obtained.
EXAMPLE 13
At room temperature, 30 grams of HYPOL® PreMr® G-50
hjrdrophilic prepolymer were mixed for 45 minutes with 907.5 grams
of water. 42 grams of a surfadtant comprising about 50% tailow
amine ethoxylate (15 moles ethoxylate), 20% polyethylene glycol
(moleculé.r weight 600) and 30% ethylene and diethylene glycol

were then added and the solution was mixed for another 45
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gl yphosate acid equivalent with 50 ms. of water and also allowed to dry
in a fume hood overnight. A strong elastic filmwas obtained.

EXAMPLEy@ 9620503 At room tenperature, 30 grans of G 50
hydrophi l'ic prepol ymer were added to a mixture of al ky?ﬁ ese!ﬁ?g%l ate
(62.59) and water (907.5g). The solution was stirred for two hours. 150

f. gl yph ' ' ' i th
copr ofFRERe ¢ o870 G aits Sha Criiodath S0 AP PRaaa L B L M !

[ o | pti I d dE ¥ i BN .
over ot ghEept MO e L6 00 1) & B ol LA e en L EoRPoB TR PO

sol uti i A% didided 0 aRRP MR 1% .9l yphosate acid equivalent with

50 mMls. of water and also allowed to dry in a fune hood overnight. A

strong el astigpddtimas y J¥Ridecdkne solution was allowed to AryEXAVRLE 3
-At roomtenperature, 42 grans of a surf actant conprising about 50%tall ow

an ne ef\HARIE duidriigies. ethatdoielelas2QB fp2yREBYybBBRigRYCOI
(ol ecul ar wei ght 600) and 30% et hyl ene and di et hyl ene glycol were added

to 928 granm aforedef . oB80te assletion WPy @rriMedGtd dpmiranimdielprepol ymer
wer e added and al | owed

glyphosate acid equivalent with 50 mls. of water and also allowed

to dry in a fume hood overnight. A strong elastic film was
obtained.
EXAMPLE 14

A dose response study was conducted during the summer/fall
months to evaluate the efficacy of the present invention, and the
results are shown in Figures 1 and 2. The experimental 'design
was a randomized complete block with four replications. Plant
in;iury was evaluated visually every week during the study.

Bermudagrass was sprayed with the formulations of Examples
2, 3 and 4, as well as the commercial grade Round-up’, at 0.375,
0.75 and 1.5 1b of active ingredient per acre. Commercial Round-
up’ effectively controlled Bermudagrass at the two higher rate
applications (0.75 and 1.5 1lb/acre). At these higher
concentrations, all the formulations shown in Figures 1 and 2
demonstrated a high degree of injury to Bermudagrass. Shoot
fresh weight data confirmed the injury ratings. The formulations
of the present invention were more effective in reducing
Bermudagrass shoot weight than.commercial Round-up’ when applied
at 0.375 lb/acre, and were virtually equivalent to Round-up’

herbicide at the two higher concentrations.
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to«m x foor two hours. 150 grans of glyphosate acid were added

13 WD 96/ 20593 PCT/ US95/ 17016
and the g y@psadj usted with isopropylanmne to 4.8. A staflencosfibdidr
sol Ution was obt ai ned. Approxi mately 25% of the sol ution was al | oned

to dry in a fune hood overnight. A strong elastic filmwas obtai ned.

A portion of the solution was diléﬁgggh@%a roxi mtely 1% gl yphosate acid
equi valent with 50 m's. of water lowed to dry in a fune hood

g(ik/g:_%hz S g’i\ﬁ&n%b?ﬁkt %rpelra 1{15@1?23?@?’&%2%?0%5 a{m’srbu et ant con‘prl i5| ng
ene
Slbsgf)l 5@/1_?%&}?%"3&5\%%&&%0%%/ %réog/fgglﬁe?%%ug%%i&ﬁ eae?%y e%ltelg ﬁ% Wer e

m xed w t r £ 50
wer e addﬁeﬂc}‘3 ggi%egm%%uggogﬁdgg ?ggue%é?jom s'I;Hler Iﬂ?c%ﬁi Iti ﬁ?%]énﬁoﬁ%@ lr%l%%rrs

of glyphpsat eaggi 4 Ver endl ¥edsent invention significantly outperformed

commercial Round-up’ herbicide.

EXAMPLE 16
Samples from Examples 2, 3 and 4 above were sprayed in a
tropical environment to test the efficacy in hot humid
conditions. The samples were sprayed in 2 meter x 20 meter
plots, with a 1 meter plot buffer zone maintained between plots.
Ploté were marked with string and stakes.
The weéd variety in the plots was noted prior to application
and was defined as follows:
30-40% broadleaf
58-68% grasses

2% elusive indica

Climatic conditions during spray application were noted as

follows:

Temperature: 30°C

Humidity: 75%

Full sun on numbered plots

Light to zero wind

Little weather change over two hour spray
time

A Solo motorized pump spray (air pressured) was employed to
spray the plots. A fan jet 564 nozzle and a walking speed of 40
meters/minute was noted. 2 kg pressure was measured in the tank.

Duplicate samples were tested for both dosage response and
rainfast properties. The plots were observed after 3 weeks, and

all weeks were completely dead. The dosage response and rainfast
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for 30 mnutes into the resulting solution. The slurry was neutralized
with isopropylamne to a pH of 4.8. A stable, clear solution was obtained.
Appr oxi nebekyesgd% of the solution was allowed to dry in gcrfussdiond
overnight. A strong elastic filmwas obtai ned. A portion of the
solution was diluted to approximately 1% gl yphosate acid equivalent with

50 nls. rebutRtehrandsalrsd1akdsoweda Bomdntn Ankektge: hood overnight. A
strong elastic filmwas obtained. EXAMPLE 5

At roomtenperature, 42 grans of a surfactant conprising about 50% tall ow
am ne ethoxylate (15 nol es ethoxylate), 20%

14 WD 96/ 20593 TABLE 1 PCT/ US95/ 17016

pol yet hyl ene gl ycol (rnolecul ar weight 600) and 30% et hyl ene and di et hyl ene
glycol were mxed with 897.5 gr ROSAGE RESPONSEO granms of HYPOL[err]
PreMAlerr] G50 were added to this m xture and the solution was stirred

for two hours. 150 grans of ¢l yR23IEate acid were then added and the
slurry neutr SA¥MPEE to a pH of 4. dljhagtare) _____L_________ISUALS WEEDS REMAINING

Example 2 4.5 Some broadleaf 60-70%

kill No grass regrowth,
85-98% kill

Example 3 4.5 About 50-60% broadleatf

kill No grass regrowth,
95-98% kill

Example 4 4.5 Very £few broadleaves
remain, 94-95% kill, 5-6%
regrowth. No grass

regrowth, 100% kill

SPARK’ 6 70% regrowth of
broadleaf, 30% kill
25-35% grasses redrow

ROUND-UP’ 4.5 Almost total regrowth'of
all weads
TABLE 2
RAINFASTNESS
TE WATER TIME
SAMPLE {1/hectare AFTER SPRAYING YISUALS
Example 2 4.5 1.5 hours Some regrowth
Example 3 4.5 1.5 hours No grass
regrowth;
some broadleaf
regrowth
Example 4 4.5 1.5 hours Only two

broadleatf
plants found
in plot. No
grasses found.
Essentially
complete kill.
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iI'sopropyl am ne. A stable, clear solution was obtai ned. Appr oxi mat el y
25% of the solution was allowed to dry in a funme hood overnight. A strong

el asti c vig dgifoNgds obt ai ned. A portion of the solut 'ﬂd@?{lﬂhkm ed to
approxi mately 1% gl yphosate acid equivalent with 50 m er and al so
allowed to dry in a fune hood overnight. A strong elastic filmwas

obt ai ned. ture

t2§ gr7 gm; of %O.‘faetrﬁe%rg}ﬁf%r)rr]eré 56E<A N(F‘JZ’#’(%&?F’VFPC %frtﬁé%oigﬁg}réq‘?é%jgg dggg
BRABARE VOHEL qraliRe TXLHE GIES, YdANBHL G otidy LAk Hebaubs:

grans O Sat'e were a I-on ‘and

adj ust e¢t-0n4.8 %tﬁ aopropyl am ne. A stable, clear solution was
obt ai neg © nAppro>e<‘|L=lmateI y 25% of the solution was allowed to dry in a

fume hood OvRENkGR! enft et GGRLas! [ £11 [ hEpuesi@bARl Neflors were AuREHLI ON Of
the solution was diluted to approximately 1% gl yphosate acid equival ent

with S0t 6-7Gloneiel prad inhisery Ao¥Edind Qcdlial tRald PLOEs E@Qﬁy@\'ﬂewmtﬁht
A strong elastic filmwas obtai ned. EXAMPLE 7

At roomstenpesat to®, Ex3npilleiT® , 08 &YPA wreMAL 11 Jexbit cilgdnepbitiaal
prepol yner were added to 907.5 grans of water. The

activity and little regrowth was observed.

EXAMPLE 17
In another plot, the sample from Example 4 was sprayed. The
plot was split in half, with the second half only being watered
at 1.5 hours after spraying at an approximate rate of 10
liters/plot of water to simulate rainfall. After 6 weeks, all
weeds in both plots were dead. At 3 months, both sides of the
plot were equally dead. No difference between the watered and

unwatered side was observed.

EXAMPLE 18

Two grams of HYPOL' 2000 prepolymer were added to 95 g of
water. The solution was stirred for 50 minutes. Two grams of
lauroyl sodium sarcosinate were then added to the solution.
Twelve grams of glyphosate acid were added and the solution was
neutralized with isopropylamine to a pH of approximately 4.8.

A clear colorless solution exhibiting some viscosity was

obtained.

EIAMPLE 19

Into 88 grams of water, 5 grams of gly"phos'ate acid were

22



sol-ution was allowed to stir for 60 m nutes. 150 grans of

15 WO 96/ 20593 PCT/ US95/ 17016

gl yphosatwo s@iogoarer e added, fol lowed by 62.5 grams of ToxpaplysddrroisS
surfactant. The pH was adjusted from2.85 to 4.1 wth 1isopropylamne. A
stabl e, clear solution was obtained. Approxi mately 25% of the

solutio al | t roys o 3 ve ni%g_.lgtm t el hC
film vvagao tai neg\.ﬁ@gr %odAr}{Jb%‘?%?%ngg;@f: gggﬁﬁm Po vvass %fu{&ggg?o 28bb

appr oxi N vk %&% aci Ol | r ‘al so
al | oyvedri%tc'f)}:'g dr};"@frﬁg?%%rre %%d ogré?n#%%ti%ﬂ Avmsét P%%q g%é%%l%% V\ggﬂ
obtai nedio$ wt/wt sodium hydroxide to BXAPLEF 84,3, Al J100Mm tegpgpakure,
6.0 grans of HYPOL[err] PréeéMAlerr] G50 “hydrophilic prepol yner were added

to 870 O3sIGtiY¥n WaissY - folhiRd SehHti opayas,aht onedutg, st ihdiear$8gm aykes.
150 grans of glyphosate acid were added, followed by 62.5 grans of Toxi nmal

TA- 15 comgacimiliicyl ef pthevasomshregited to 3.85 with isopropylamne. A
stabl e, clear solution was obtained.
EXAMPLE 20

Three grams of HYPOL® PreMA’ G-50 hydrophilic prepolymer were
added to 97 grams of water and the solution was heated uniformly
from 27°C to 4é°C*over 30 minutes. The solution thickened but
did not gel. The contents were stirred on a cold magnetic stir
plate for another 34 mim_:.tes. At 36°C, 5 grams of glyphosate
acid were added and the contents neutralized with isopropylamine
to a pE of 4.6.

The contents were split in half, with one half stored as a
retainer and the other dried in a fume hood over 5 hours. A thin
tough film formed which rehydrated, upon the addition of water,
to a thick undissolvable skin. The contents were covered and

allowed to stand overnight at room temperature. The skin did not

redissolve.

EXAMPLE 21
Eighteen grams of Toximal TA-15 surfactant were dissolved
in water over a period of 1 hour. 2.8 grams of HYPOL® PreMA® G-50
hydrophilic prepolymer were added to the solution and allowed to
mix for 180 minutes. 20 grams of glyphosate acid were added and
the solution was. neutralized with isopropylamine from a pH of

1.96 to 4.21. A stable, clear solution with a brownnish color

23



Approxi-mately 25% of the solution was allowed to dry in a fune hood
overnight. A strong elastic filmwas obtai ned. A portion of the

sol ut i owosggosdzl uted to approximately 1% gl yphosate acipdmRmpesmient wth
50 m's. of water and also allowed to dry in a fune hood overnight. A
strong elastic filmwas obtained. EXAMPLE 9

At roontimmesred e, ths shafactant) Wb siteiasdd were  slurried in 90
grans of water. 3 granms of HYPOL[err] PreMA[err] G50 were added to this
slurry and allowed to m x for one hour. 6 grans of Toxi mal TA-15 '
surfactant were then added and the_contents neutralized to a pH of 4.0

wi th isopropylam ne. A stable, cl EZRMPLE 22 16

uas obt ai nadBLTY -5, G5ATE O \TIBRASESHECIA YEFBn AaeCal PonRaSE8 r y I n
of 1 ho ToNRTG s SIS L obSBRF o RERERelS v Y GE B Rsear ePEEP YRR EVAl ent
W th 5%5@-@ 'tREnV\’aachc{ecf‘ngngl %?Lealécﬁ\@:q.on was .allowed to stir for 20
minutes. The solution was neutralized to a pH of 5.00 with
isopropylamine. The solution appeared very slightly cloudy but
did not separate, indicating all components at this concentration

to be compatible.

EXAMPLE 23

125 grams of 50% tallow ethoxylated amine (15 ethoxy
equivalent), 20% polyetﬁylene glycol 600, and 30% diethylene
glycol/ethylene glycol was added to 1814.0 grams of water. 120
grams of HYPOL® PreMA’ G-50 hydrophilic prepolymer were added and
the solution was allowed to stir for 58 minutes. 219.2 grams of
glyphosate acid were then added and the pH neutralized to 4.79
with isopropylamine. The temperature was recorded at 34°C at

this point. A clear stable solution was obtained.
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to.dry i-n a fume hood overni ght. A strong elastic filmwas obtained.
EXAMPLE 10 At room tenperature, 20 grans—of—glyphosate acid were

slurriedwdofifpsed ans of water. 3 gra @ I G perrusysitophi | i c
pr epol yner were added to this slurry@ﬂ !lL {2 ELH@foor 61 mnutes. 6
grans of Toximal TA-15 surfactant we nd the contents

neutral iz 0. with isopropylamne. A stable, clear solution
was obt alﬁﬂ%E i8 Bt‘ai{%‘%‘?o;f’n&tel y 25% of the solution was allowed to dry in

a fume hood Oxermﬁhherﬁlé&aamg Rndd it ifdn, M vEapeht idied. herbiciMaistion
of the solution was diluted to approximately 1% gl yphosate acid equi val ent

with 50 nksreetivatl ahodht ofs® médiowedseldcty fxom thergrvupd coneisitgg
A strong elastic filmwas obtained. EXAMPLE 11

At room t gEPe+ Pl OEPhoRéngt Y Eg Df c Phy phrohieirdiadidd 1hgr active Werishiive D
granms of water. 3.3 granms of HYPCOL PreMAlerr] G 50 hydr ophilic

pr epol ymeN -yt @ sgpdoenote 4 hiyd gl yedynand aldoded twixtstresfor 6% mi ndt-es.

6 grans of Toximal TA-15 surfactant were t hen added and the contents

neut ral i zplospboaopEtbiyl1§lgchinehandi sofeapjilcidieddy Acsiyel derdvaddveolaf i on

was obt ai ned. Approxi mately 25% of the solution was allowed to dry

in a N-phosphonomethylglycine; an effective amount of an activating
surfactant; and a hydrophilic polymer selected from the group
consisting of polyurea-urethane, polyurea and polyurethane.

2. 'The_harbicidal composition of claim 1, wherein said
hydrophilic polymer is formed from a prepolymer selected from the
group consisting of toluene diisocyanate-polyethylene glycol-
timethylolpropane, methylene diisocyanate-methylene diisocyanate
homopolymer-polymeric methylene diisocyanate-polyethylene glycol,
toluene diisocyanate and polymer of ethylene oxide and propylene
oxide with trimethylolpropane, isophorone diisocyanate and
polymer of ethylene oxide-propylene oxide-trimethylolpropane,
toluene diisocyanate polyethylene glycel trilactate, and
polyethylene glycol end capped with toluene diisocyanate.

3. The herbicidal composition of claim 1, wherein said
surfactant is selected from the group consisting of alkyl benzene
and alkyl naphthalene sulfonates, alkyl phenol polyoxyethylene,
sulfated fatty alcohols, amines, acid amides, long chain acid
esters of sodium isethionate, esters of sodium sulfosuccinate,
sulfated or sulfonated fatty acid esters petroleum sulfonates,
N-acyl sarcosinates, alkyl polyglycosides, and alkyl ethoxylated

amines.

4, The herbicidal composition of claim 3, wherein said

I
e
e
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fume hood overnight. A strong l [ ' obt ai ned. A portion of
the sol uty@skA diluted to apﬁ m“m l M?jﬂbl yphosat e lﬂ&g@sﬁﬂ’rﬂﬁa' ent
with 50 mMs. of water and al so &l lowed *tosdry in a fune ‘hood overnight. A

strong elastic filmwas obtained. EXAMPLE 12

At room tAIRAAHE i B2 RiGtARe 8F A suE FAS @Y 20Tk & 1%\%,
tall ow am ne ethoxylate (15 noles ethoxylate), 20% polyethylenée glycol

(ol ecul ar-5e3 ghb1$E8k aeﬁeng%y@dml edved apdsofli ethylene ahuceliawaa &id rred
into 907.0 grarrg o? wa%,er. 0 granms of HYPCL Pre?(/A[err] G 50 hycﬁophi lic

prepol ymeglyesle. added to this mxture and the contents were allowed to m X
for 47 mnutes. 109.6 grans of glyphosate acid were then added and the"
contents were5neut riie zetbrtmicidal afombodivdionh bSopelgpith ami ne.furkisd@abl e,
cl ear solution was obtained. Approxi mately 25% of the sol ution was

al | oned tecmpyising atumddisddeoverlugiad fretrohg grespi cohisistiag of
obtal ned'polyethylene glycol, diethylene glycol, ethylene glycol,
methanol, ethanol, 2-propanol, n-propanol, butanol, hexanol and
heptanol.

6. The herbicidal composition of claim 1, further
comprising a herbicidal effective amount of a member selected
from the group consisting of phenoxy acids, Qhenoxy esters,
Phenoxy sait:s, benzoic acid, aryloxy phenoxypropionate acid,
aryloxy phenoxypropionate ester, aryloxy phenoxypropionate
salts, sulfonyl ureas, imidazilinones, bipyridillium, aiphenyl
ether, cyclohexanedione, methane arsonate, triazines, aliphatic
carboxylic acids, benzonitrile, carbamate and thiocarbamate.

7. A method of controlling weeds, comprising administering
to said weedsﬁ or the locus thereof an effective amount of a
composition comprising a herbicidally effective amount of a
membexr selected from the group consisting of N-
phosphonomethylgly;ine, a herbicidally active derivative of N-
phosphonomethylglycine, and mixtures of N-phosphonomethylglycine
and a herbicidally active derivative of N-phosphonomethylglycine;
an effective amount of an activating surfactant; and a
hydrdphilic polymér selected- from the group consisting of
polyurea-urethane, polyurea and polyurethane.

8. The method of claim 7, wherein said surfactant is

selected from the group consisting of alkyl benzene and alkyl

26 This Sheet Has Been Replaced




A.portion of the solution was diluted to apprOX| mately 1% gl yphosate acid
equalent wth 50 ms. of vvate to drylnafurre hood
PCT/US95/17016

EXAMPLE 13 At roomterrperature 30 gréms of HYPOL[ err] PreI\/A[ err]

G 50 hydrophilic prepolyner were m xed for 45 mnutes with 907.5 grans of
wat er. rEplgtabenté suldfchatdieant addyir iptienglapolyoxPethgleow, swilfated

et hoxyl ate (15 nol es ethoxylate), 20% pol yethyl ene gl ycol nmol ecul ar
wei ght 6005 tyanal 86koéshy lagrimesnd adiigt layiidee, glpogl chagneachdnesters afd the
solution was m xed for another 45 18

WD 96/ 2059@¢ium isethionate, esters of sodium sulfofymgissys .| Auldatad oxn es.

109. 6 grans of gl yphosate acid were added, and the contents neutrali zed to
a pH of subionprEadi sEpLEYy| amife. SSLATS st PATEOLeYTE 2 SWHRALES wadl "@ai ned.
Approxi mat el y 25% of the sol ution was allowed to dry in a _ fume hqod

.over ni ghf2r@CELRBRE Sel Aa%KYE BAYNFINELOSI OGS rRRf alkyl EWWHW GFIOES -

solution was diluted to approximately 1%

9. The method of claim 8, wherein said surfactant is a
mixture of about 1-100% tallow amine ethoxylate, 1-50%
polyethylene glycol, and -0-50% ethylene and diethylene glycol.

10. A delivery system for delivering a herbicidal
composition, said delivery system comprising a hydrophilic
polymer selected from the group consisting of polyurea-urethane,
polyurea and polyureth‘ane, a herbicidally effective amount of a
herbicide, and an activating surfactant.

11. The delivery system of claim 10, wherein said herbicide
is a member selected from the group consisting of N-
phosphonomethylglycine, a herbicidally active derivative of N-
phosphonomethylglycine, and mixtures of N-phosphonomethylglycine
and a herbicidally active derivative of N-phosphonomethylglycine.

12. The delivery system of claim 10, wherein said
surfactant is selected from the group consisting of alkyl benzene
and alkyl naphthalene sulfonates, alkyl phenol polyoxyethylene,
sulfated fatty alcohols, amines, acid amides, long chain acid
esters of sodium isethionate, esters of sodium sulfosuccinate,
sulfdted or sulfonated fatty acid esters petroleum sulfonates,
N-acyl sarcosinates, alkyl polyglycosides and alkyl ethoxylated

amines.

13. The delivery system of claim 12, wherein said

27 This Sheet Has Been Replaced
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gl-yphosat e aci d equi val ent wrth—56-—mts—of ~water and also allowed to dry

in a fume hood overni ght. A ' Il mwas obtained.
EXAMPLE b 96120503 A dOse respormmg“mémm Iﬁ"‘duct ed dur ipgayddes-mugmer/ fall
moht hs to eval uate the efficacy o e prasent invention, and the results
are shown in Figures 1 and 2. The experinental design was a random zed

conplete block with four repli caté'o s. Plant _.inj Y VB84 eval,yated visually
SETRRGTRPY A6 &t BRTIES OF qhiih, dadooss s PR TSRS

fe\(;re;rﬁl gtei 0 sLof‘:rﬁ‘lffa Ie:[f‘mfg, g ng 4, a\e&#ro(ggai%thhi Eg %r ci al tg;}pldeen

Round-up[]e'ﬁqi BP ?5‘%‘755,@%. g ygﬁ ’1.a§1%lsb otV ac B Fhgr &0 ent per acre.

Commrer ci %la@&nd- up[err] effectively controlled Bernudagrass at the two
hi gher r applications (0.75 and 1.5 |Ib/acre). At _these higher

concentrati onsl% al | 5t heo fos8ulat mﬂ%%naﬁ&gﬁ%ﬁaqndc&“pm'r ated

a high degree of injury to Bernu SS. hoot resh wei ght” data

cont T ed:ddior i Sk VesAimg% M dOMbALRe o8 2 thpaRbBRRNC |BYERNON

were nore effective in reducing Bernudagrass shoot wei ght than conmerci al

Round- up[#&f#hedherorn P! gs@?owmc&n HE d b At BromNEhaegeowmb réortd 1 3t By oval ent
to Round-up[err] herbicide at the two higher concentrations.

_ polyurea-urethane, polyurea and polyurethane and water; adding
to said reaction product a herbicidally effective amount of N-
phosphonomethylglycine to form a slurry; and neutralizing the
resulting slurry with a base.

15. The method of claim 14, further comprising adding
surfactant before or after said addition of said N-
phosphonomethylglycine.

l6. 2 method of formulating a herbicidal composition,
comprising forming a resaction product of a hydrophilic poly'mer
formed from a prepolymef selected from the group cdnsisting of

. polyurea-urethane, polyurea and polyurethane, and N-
phésphonomethylglycine, and neutralizing said reaction product
with a base.

17. The method of claim 16, f£further comprising adding
surfactant before or after said neutralization.

18. A method of formulating a herbicidal composition,
comprising forming a reaction product of a hydrophilic polymer
formed from a prepolymer selected from the group consisting of
polyu:rea-urethane, polyurea and polyurethane and an activating
surfactant; adding to said reaction product a herbicidally
effective amounf of N-phosphonomethylglycine, and neutralizing

the resulting solution with a base.

This Sheet Has Been Replaced
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EXAMPLE aS A sinmul ated rainfall was applied at 15 mnutes, 1 hour, 3
hours, 6 f285%nd 24 hours after formul ation applicati orBECTAR®S17HE resul ts
are‘shown in Figure 3. The fornul ati ons of Exanples 2, 3 and 4 of the
present invention significantly outperformed comercial Round-up

her bi ci de. 19 The method of cl%im%wplfﬁrjc@er comp @t tg{ig%gst

Exanpl es 2, 3 and 4 above were sprayed in"a’ tropical environ

the efficapyddediot barbse SONEEEANSa:TNe s RcRE SPrayed in 2 meter
x 20 neter plots, with a 1 neter plot buffer zone nmintained between

plots. Plots yere mariednat st Eorgiudlfifhalkesherbicidaihecwppdsyaibgaty in
the plots was noted prior to application and was defined as foll ows:

30-40% bromtreding forming a reactioh8pedlngtasses hydrophilic polymer 2%

etusive Ifnc(»j:r.l'tr?:d from a prepolymer selected from the group consisting of
polyurea-urethane, polyurea and polyurethane and an activating
surfactant; and adding to said reaction product a herbicidally
effective amount of a herbicidally active derivative of N-

phosphonomethylglycine.

L

e e —
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Ci.matic conditions during spray application were noted as foll ows:
Tenperature: 30[err]C Hum di ty: 75%

Fulsl sun on nunbered plots
Littl e weat her change over two hour spray tine

Light to zero wind

spray (air pressured) was enployed to spray the plots. A fan jet 564

nozzl e and a wal ki ng speed of 40 neters/mnute was noted. 2 kg pressure

was neasured in the tank. Dupl i cate sanples were tested for both

dosage response and rainfast properties. The plots were observed after 3

weeks, andabsddaceeeks were conpl etely dead. The dosage response and

r ai nf ast

20 WD 96/ 20593

PCT/ US95/ 17016 results are as follows at a 3-nonth interval:

TABLE 1
RATE
Exanple 2

DOSAGE RESPONSE
BARBLEIDAL CcoMPOSITIONY/ doeprrsiNGg VESYRLSENEEDS AMVAT NGe
SURFACTANT AND POLYUREA, POTYURERIRRE ek pbPLy(R¥A-URETHANE

A herbicidal composition including isocyanate capped high
molecular weight diols, triols and polyols. Glyphosate and/or
a herbicidally active derivative thereof such as a glyphosate
salt is combine with hydrophilic, isocyanate end-capped
prepolymers in order to significantly improve the efficacy of
the herbicide. A-combination of surfactant, glyphosate, and a
hydrated polymer or hydrophilic prepolymer consisting of
isocyanate capped prepolymers which are substantially comprised
of ethylene oxide, propylene oxide or butylene oxide units or
a combination thergof demonstrates increased efficacy over
conventional glyphosate formulations. The liquid herbicidal

compositions of the present invention can be prepared by simply

mixing the wvarious constituents. The order of addition can be

used effectively to cap free isocyanate groups in the

hydrophilic prepolymer.

30
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kid-l No.grass regrowt h, 85-98%
Ki |4 Exanple 3 4.5 About 50-60% br oadl eaf
Ki 1 No woasa0segr owm h, PCT/US95/170165- 98%
ki 1 Exanpl e 4 4.5 Very few Dbroadl eaves
remain, 94-95%kill, 5-6%
regr owm h. No grass 1/.3 regr owm h,
100% ki | | SPARK 6 70 % regrowth
of br oadl eaf, 30% ki | |
25- 35% grasses regrow ROUND- UP[ err ] 4.5
Al nost total regrowth of al |
weeds o4 - TABLE 2 ‘
RAI NFASTNESS RATE WATER Tl ME SAVPLE (1
/‘hectare AFTER |SPRAYI NG VI SUALS Exanple 2 4.5
1.5 hours Some regrow h Exanple 3 4.5 1.5
hour s Ng gras s
regr owt h; sone
br oadl eaf regrowt h
Exanpl e 4 10@-5 1.5 hours only
br oadl eaf EXAMPLE 3 | ants found
inplot. No g grasses
f ound. EXAMPLE 4 Esgentially
conplete kill.
90+
z EXAMPLE 2
s
=
=
.o\o 80"
ROUND-UP®
70-
a.
60 1 1 ' 1) ' 1) Ll 1
0.2 04 06 0.8 1.0 1.2 1.4 1.6

APPLICATION RATE (lbs. A.L./ACRE)

FIG. T
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The-watered plots were al so observed after 3 weeks of spraying. The
grasses wodshessgl ots were only yell ow and were not yet sdead.

At the end of 6 weeks, all weeds in all plots were dead.q;%t g-g—,érj#gnt hs,
prelimnary data indicated that plots sprayed with sanples from Exanpl es
2, 3 and 4 were still exhibiting heeri/%j dal activity and little regrowh
was observed. EXAMPLE 17 I n anot her
plot, the sanple from Exanple 4 was sprayed. The plot was split in half,
with the second half only being watered at 1.5 hours after spraying at an

approxi mate rate of 10 liters/plot of water to sinmulate rainfall. After 6
weeks, all weeds in both plots were dead. At 3 nonths, both sides of the
pl ot were equally dead. No difference between the watered and unwatered
si de was observedO- EXAMPLE 18
EXAMPLE 3
1001 exAMPLE 4 j
90+
EXAMPLE 2
> 804
o
=
S
=
X 701
60-
ROUND-UP®
50-
40 .

02 04 06 08 10 12 14 s
APPLICATION RATE (Lbs. A.l./ACRE)

FIG. 2
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Two“grams of HYPOL[err] 2000 prepol yner were added to 95 g of water. The
sol ut| on‘é,vvas stirred for 50 mnutes. Two grans of |auroyl sodium

sargosin PL6i3859% t hen added to the solution. Twelve gra X ﬂﬁ?osate
acid were added and the solution was neutralized with |sopros|gy/z ne to a
pH of approximately 4.8. A clear colorless solution exhibiting sone
viscosity was obtai ned. EXAMPLE 19 Into

98 grans of water, 5 grans of gl ypho% tge acid were
22 WD 96/ 20593 PCT/ US95/ 17016

added. After 30 mnutes of stirring, 2 grans of HYPOL 2000 prepolyner

wer e added. The sol ution was then neutralized with 10% wt/w sodi um

hydr oxi de to aﬁa of 4.3. A clear, stable solution was forned that was
¢

very liquid, i dating the conpatibility of the conponents.
EXAMPLE 20
3 100-
~
=
= -
=
T -
75,
Ld
o -
K
E o
2 5
o 907
J
- ROUND-UP®
i EXAMPLE 3
EXAMPLE 2
O T T T =
0 ( 10 20 ' 30

EXAMPLE 4
TIME BEFORE SIMULATED RAIN (HOURS)

FIG. 3
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Thr ee grans «of HYPOL[err] PreMA erﬂ——@%@-hwnpm_l“icmééggr wer e
|

added t.o 97 grams of water and the . solution was heate v/ f]rc?fro
27ferr]C to 46[err]C over 30 mi nut e@lsshl s Hm’la@afdt hi ckened but 'did n(;t 6

gel . The contents were stirred on a “ Lfélugmz%mﬁlﬁgs
The

34 mnutes. At 36[err]C, 5 grans of

cont ent syhget {8l ¢Z8Im¥Kt gl sopropylamne to a pH of 4.6. .
contents were split in half, with one half stored as a retainer and the

other dried in.a AurRdKIQd QVercdngtditSont (domprikeugh af idoTutalbied ha ch
rehydrated, upon the addition of water, to a thick undissolvable skin. The

cont ent shewebecitdakl e bfekt Bbd @metintoos tamdmbeer e idted firomnthe s b ur e.
The skin did not redissolve. EXAMPLE
21 c@hgyhs ebmg godniN -gfhdsptioraimeEAylylyauihact anthermrie idiaddgl vack i ve
water over a period of 1 hour. 2.8 grans of HYPO_[err] PreMA[err] G50
hydr ophi #¢®iyprepot ymaf Werrhoghehomethirdodptiné on st alikbwedst oof mid- f or
180 m nutes. 20 grams of glyphosate acid were added and the solution was
neut r al iBREREORONSRY bl Y aknecand om hepiofdallpymatoive Heriyattisg «f cl ear

solution_with a brownnish col or . 23
N-phosphonomethylglycine; and a hydrophilic polymer selected from

the group consisting of polyurea-urethane, polyurea and
polyurethane.
2. The herbicidal _composition of claim 1, wherein said

- hydrophilic polymer is formed from a prepolymer selected from the _
group consisting of toluene diisocyanate-polyethylene glycol-
timethylolpropane, methylene diisocyanate-methylene diisocyanate
homopolymer-polymeric methylene diisocyanate-polyethylene glycol,
toluene diisocyanate and polymer of ethylene oxide and propylene
oxide with trimethylolpropane, isobhordne diisocyanate and
polymer of ethylene oxide-propylene oxide-trimethylolpropane,
toluene diisocyanate polyethylene glycol trilactate, and
polyethylene glycol end capped wit?'x toluene diisocyanate.

3. The herbicidal .composition of claim 21, wherein said
surfactant is selected from the group consisting of alkyl benzene
and alkyl naphthalene sulfonates, alkyl phenol polyoxyethylene,
sulfated fatty alcohols, amines, acid amides, long chain acid
esters of sodium isethionate, esters of sodium sulfosuccinate,
sulfatéd or sulfonated fatty acid esters, petroleum sulfonates,
N-acyl sarc;osinates, alkyl polyglycosides, and alkyl ethoxylated

amines.

4. The herbicidal composition of claim 3, wherein said

—————
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\/\D_\ 96/ 2059 This Sheet Has Been Replaced PCI/ US95/ 17016 (1mparted

by the . f-act ant . 2
by the surfactant) “zfygﬁguuwmwte added 1o dCYUS3 6/ TRH 1B
grans of HYPOL[err] PreMA err

and the solution was allowed to stir fo?oggi | im'Cng[ gg’p@@§§?@$gﬁr’a§§ded

neut r agu gzt tntd RHa0fi Rc8PeVbE b SORr-ORWsARRN Eow TAR1 90 | A OF 1iRear ed
very slightly cloudy but did not separate, indicating all conponents at

this coreent paliyethyleénbegagupati el 0-50% ethylene and diethylene EXAMPLE
23 125 grans of 50%tallow ethoxyl ated am ne (15 ethoxy

equi vagikBntgl . 20% pol yet hyl ene gl ycol 600, and 30% di et hyl ene '

gl ycol / et hyl ene gl ycol was added to 1814.0 grans of water. 120 grans of

HYPOL[ err] PreMA[Ere | Herd(digddopkiomposprépnl yoEr edbrin added fantherhe

solution was allowed to stir for 58 mnutes. 219.2 grans of glyphosate

aci d veewpxirinadaed addd tiive sid liesedal framl the 4g79up consisting of
polyethylene glycol, diethylene glycol, eth?lene glycol,
methanol, ethanol, 2-propanol, n-propanol, butanol, hexanol and
heptanol.

6. The herbicidal composition of claim 1, further
comprising a herbicidal effective amount of a member selected
from the group consisting of phenoxy acids, phenoxy esters,
phenoxy salts, benzoic acid, aryloxy phenoxypropionate acid,
aryloxy phenoxypropionate ester, aryloxy phenoxypropionate
salts, sulfonyl ureas, imidazilinones, bipyridilliuﬁ, diphenyl
ethér, cyclohexanedione, methane arsonate, triazines, aliphatié

'carboxylic acids, benzonitrile, carbamate and thiocarbamate.

7. A method of controlling weeds, comprising administering

to said weeds or the locus thereof an effective amount of a
solution comprising a herbicidally effective amount of a member
selected from the group consisting of N-phosphonomethylglycine,
a herbicidally active derivative of N-phosphonomethylglycine, and
mixtures of N-phosphonomethylglycine and a herbicidally active
derivative of N-phosphonomethylglycine; and a hydrophilic polymer
selected from the group consisting of polyurea-urethane, polyurea
and poiyurethane.

8. The method of claim 22, wherein said surfactant is

selected from the group consisting of alkyl benzene and alkyl

naphthalene sulfonates, alkyl phenol polyoxyethylene, sulfated

BN
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conprising a solution of a
selected fromthe group consisting of N phosphononethyl glycine,

herbi ci glad Ly aeLtbusysde Jni!ﬁéé)’%@fd“%@?ﬁé@f‘oﬂ&@tm&ﬂ{ Y4 P e k411 & Ur €S

of . N-  phosphononet y[g ycine and a bicidally active derivative of
N- phospheaoaRtvd h Msrdies, @adedshydr o6 b GuldopmReinatect ogl faoea dhe

group consi sting of polyurea-urethane, polyurea and
sulfonated fatty acid esters petroleum sulfonates, N-acyl
sarcosinates, alkyl polyglycosides, and alkyl ethoxylated amines.

9. The method of claim 8, wherein said surfactant is a
mixture of about 1-100% tallow amine ethoxylate, 1-50%
polyethylene glycol, and 0-50% ethylene and diethylene glycol.

10. A delivery system for delivering a herbicidal
composition, said delivery system comprising a solution of a
hydrophilic polymer selectec'l from the group consisting of
polyurea-urethane, polyurea and polyurethane, a herbicidally
effective amount of a herbicide selected from the group
consisting of N-phosphonomethylglycine, a herbicidally active
derivative of N-phosphonomethylglycine, and mixtures of N-
phosphonomethylglycine and a herbicidally active derivative of
N-phosphonomethylglycine, and an activating surfactant, said
activating surfactant being a mixture of about 1-100% tallow
amine ethoxylate, 1-50% polyethylene glycol, and 0-50% ethylene
and diethylene glycol.

12. The delivery system of claim 10, wherein said
surfactant is selected from the group consisting of alkyl benzene
and alkyl naphthalene sulfonates, alkyl phenol polyoxyethylene,
sulfated fatty alcohols, amines, acid amides, long chain acid
esters of sodium isethionate, esters of soaium sulfosuccinate,
sulfated or éulfonated fatty ac;i'ci esters petroleum sulfonates,
N-acyl sarcosinates, alkyl polyglycosides and alkyl ethoxylated

anines.

13. The delivery system of claim 12, wherein said
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polyurethane 2. The ! I cjd conposition of claim1l1, wherein sald

hydr.ophili ¢ pol ymer i Jhip C“f}repolymar se? t fhe g
consi sting of toluene (1i I yet hyl ene gl Bg{/ﬂ%‘(?igen(hel'gl ropane,
met hyl ene dii socyanat e-

met hyl ene dii socyanat e- polyethylene gf§¥gpatetoPSgﬁgﬂéﬁa§tﬁggﬁﬁgatgﬁJ996

pol yneg,pEaeE YL eng Q&hg@tgﬂg cn{ %xsh%n g% %M&maﬁnahgeéhubsawéeeane
i sophorone diisocyanate an yner yl ene oxi de- propyl ene
oxi de-{ r56%®t R19/dHRPAR 19baﬁneaﬁal %Q%anaé&ﬂ%&ﬁéetam& edeethytehe -
trilactate, and polyethylene egcoI end capped with toluene diisocyanate.
3. Theghgeblci dal conposition of claim2l, wherein said surf actant is
selected fromthe group consisting of alkyl benzene and al kyl napht hal ene
sul f onat es, 14l kyla phetnbdpolfy @oretlwkang, a Sssolfatiet foft tay Aéebboeidalam nes,
acid an1des |l ong chain acid esters of sodiumisethionate, esters of
sodlunmsmpbssutohnatepmp&ﬂbﬁagedform$ngfoaatedaéai¢m'epimﬂwsﬂeref pat rol eum
sul fonates, N-acyl sarcosinates, alkyl polyglycosides, and al kyl
et hoxyhwdrdphahiaepolymer forme@hérbar bi préablyvaposeléecredffxdmi bhe,
wherein said 25

group consisting of polyurea-urethane, polyurea and polyurethane

and water; adding to said reaction product a herbicidally
effective amount of N-phosphonomethylglycine to form a slurry;
and neutralizing the resulting slurry with a base.

15. The method of claim 14, further comprising adding
surfactant before or after said addition of said N-
phosphonomethylglycine.

1ls6. A method of formulating a herbicidal composition,
comprising forming a reaction product of a hydrophilic polymef
fofméd from a prepolymer selected from the group'consisting of
polyurea-urethane, polyurea and  polyurethane, and N-
phosphonomethylglycine, and neutralizing said reaction product
with a base.

17. The method of claim 16, further comprising adding
surfactant before or after said neutralization.

18. A method of formulating a solution of a herbicidal
compositioﬁ, comprising forming a reaction product of a
hy&rophilic polymer formed from a prepolyﬁer selected from the
group consisting of polyurea-urethane, polyurea and polyurethane
and an activating surfactant; adding to said reaction product a
herbicidally effective amount of N-phosphonomethylglycine, and

neutralizing the resulting solution with a base.
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surfactant«is a mixture of about 1-100%tal | ow ami ne ethoxyl ate, ,,,1_?50%)
pol yethyl ene. gl ycol, and 0-50% et hyl ene and di et hy @y cpl g - :
The * herbicidal conposition of <claim 1, furthgryﬂggmﬁliéiL fgn

additive selected fromthe group consisting of pol gbﬁ I

di et hylene glycol, ethylene glycol, nethanol, eﬁ%ﬁ% gr ‘ﬁo]ggs

n- pr opanol , t ano hexanal, a ept anqgl . 6. The.. r bi el dal

conposition ng c 13 mme%?mdf u?rﬁjh%raﬂﬁo?rgri sﬁuﬁcé: hgrhe?%(ﬁ‘pcl%]ldgénr{f%g%{’?%e

amunt ShrfaOEARET pAELEL! 8 HLEOP LISs HQHR-LANAAUNO of phenoxy act ds,
enoxy sal?s, cfl

phenoxy esters, p enzoi ¢ aci aryl'oxy phenoxypr opi onate

acid, aryl oxy, phepoxypsopi BPaFﬁrmuﬁﬁf-.?%?p??{sﬁlﬁ%ig%h%ﬁﬁpﬁ%P £1

salts, sulfonyl ureas, | mdazilinones, enyl ether,

cycl Oh%@zﬁ}?QéQﬂEonUm bamngrassagat E@rﬁﬁ.ﬁ?ﬂ fesreddi phat i Sro&aftbOXyt i ca aci ds,
benzonitrile, carbamate and thiocarbanate. 7. A nethod of controlling

weeds, kpdPpopEiDgcagblimeietbifiedt fré@i 8 PREHS1 Phet heel @otisy tHidngofhan
effective amount of a solution conprising a herbicidally effective anmount

of a nmegbeup cebeléteind cipblgugeauireonshs} iglirea and polyurethane
N- phosphononet hyl gl yci ne,
and an activating surfactant; and adding to said reaction product
a herbicidally effective amount of a herbicidally active
derivative of N-phosphonomethylglycine.

21. The herbicidal composition of claim 1, further
comprising an effective amount of an activating surfactant.

- 22. The method of claim 7, wherein said solution further

comprises an effective amount of an activating surfactant.

L
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a herbicidally active derivative of N phosphononethyl glycine, and
of . N- phosphononet hyl gl yci ne and a herbicidally active derivative
N- phosphononet hyl gl yci ne; and a hydrophilic polynmer selected from
group consi sting of polyurea-urethane, polyurea and polyurethane.
The mewhad 98 elaifmred2igwherein said surfactant is selected fromthe group
consi sting of al kyl benzene and al kyl napht hal ene sul fonates, al kyl phenol
pol yoxyet hytenea siddfieilal composition, comprising a solutfion of a fatty
al cohol s, am nes, acid am des, long chain acid esters of sodium

i set hi beabécidsl by = Df estoirel mmeuntos ficx imeatber saléated foom shefgnawmed fatty
aci'd esters petrol eum sul fonates, N-acyl sarcosinates, alkyl

pol ygl geosidesngand N kyhosthmonedthyd Hiyicies, a herlgicidgielyreadoiivef cl ai m
8, wherein said surfactant is a mxture of about 1-100%tallow am ne
ethoxydﬁrévaE133960imﬂNﬁﬂhqﬂphﬂquaphﬂlslaﬁdn@v50@@@tWﬁﬂéméeﬁndoéieﬁhylene

gl ycol delivery system for__deliverin a herbicidal
conposphpgﬁhogamatbﬁlgwwngyap@nacbﬁﬁbitgitﬁglbmé%w% FiatiiRIrebhilic

ol ymer. selected fromthe group consisting of
p y —phosphonomethylglyglnep and a hydrogphlllc polymer selected from

the group consisting: of polyurea-urethane, polyurea and
polyurethane. |

2. The herbicidal composition of claim 1, wherein said
hydrophilic polymer is formed from a prepolymer selected from the
group consisting of toluene diisocyanate-polyethylene glycol-
timethylolpropane, methylene diisocyanate-methylene diisocyanate
homopolymer-polynieric methylene diisocyanate-polyethylene glycol,
toluene ’diisocyanate and polymer of ethylene oxide and propylene
oxide with trimethylolpropane, isobhoréne diisocyanate and
polymer of ethylene oxide-propylene oxide-trimethylolpropane,
toluene diisocyanate polyethylene glycol trilactate, and
polyethylene glycol end capped with toluene diisocyanate.

3. The herbicidal -composition of claim 21, wherein said
surfactant is selected from the group consisting of alkyl benzene
and alkyl naphthalene sulfonates, alkyl phenol polyoxyethylene,
sulfated fatty alcohols, amines, acid amides, long chain acid
ésters of sodium isethionate, esters of sodium sulfosuccinate,
sulfated ‘or sulfonated fatty acid esters, petroleum sulfonates,
N-acyl sarcosinates, alkyl polyglycosides, and alkyl ethoxylated

amines.

4. The herbicidal composition of claim 3, wherein said

W



pol yur ea- ur et hane, pol yurea and pol yurethane, a herbicidally effective
ampunt of a herbicide selected fromthe group consisting of

N- phosphononet hyl gl ycine, a herbicidally active derivative of
N--phosphononet hyl gl yci ne, and m xtures of N phosphononet hyl gl yci ne and a
herbi cidally active derivative of N phosphononethyl glycine, and an

act i vatiufg 3shAP&ct ant  Mivsiere £ iabaitng - %QP%a%‘%)alfﬁW FE1iNG SthexYdeESf about
1-100%.t al | ow am ne ethoxylate, 1- SOW t hyl ene gl an 0% .
et hyl e?]re 5030 P ¥R &736‘?1 O&E ‘?’"I%IIIEY %‘é‘gydl g‘tygrt‘ﬁneo?

cIa|n11 y #hereln sald surf actant is selected fromthe group con5|st|ng
of al k)gl Senzene and al kyl naphthal ene sul fonates, alkyl phenol

pol yoxyet hykene, gyl {gLed;haily LoaRolf: ;@M ngs, Ackfh aq dog, hang chain

acid esters of so fumise onat e SOdI um sul f 0SuccCi na

Sul fat ebupie s SULEONAH Cfladt Ve ABEdoEELAT E06 aleum M fO0R o sndh R

sar cosi na gl ycosl des an am nes

;ge d@o‘l&%&ﬁylé&ﬁét e@l%;colc,l al ediyietder§lYeobali dechylene glycol,
methanol, ethanol, 2-propanol, n-propanol, butanol, hexanol and
heptanol.

6. The herbicidal composition of claim 1, further
comprising a herbicidal effective amount of a member selected
from the group consisting of phenoxy acids, phenoxy esters,
phenoxy salts, benzoic acid, aryloxy phenoxypropionate acid,
aryloxy phenoxypropionate ester, aryloxy phenoxypropionate
salts, sulfonyl ureas, imidazilinones, bipyridilliuﬁ, diphenyl
ether, cyclohexanedione, methane arsonate, triazines, aliphatic

'carboxylic acids, benzonitrile, carbamate and thiocarbamate.

“7. A method of controlling weeds, comprising administering
to said weeds or the locus thereof an effective amount of a
solution comprising a herbicidally effective amount of a member
selected from the group consisting of N-phosphonomethylglycine,
a herbicidally active derivative of N-phosphonomethylglycine, and
mixtures of N-phosphonomethylglycine and a herbicidally active
derivative of N-phosphonomethylglycine; and a hydrophilic polymer
eelected from the group consisting of polyurea-urethane, polyurea
and polyurethane.

8. The method of claim 22, wherein said surfactant is
selected ffom the group consisting of alkyl benzene and alkyl

naphthalene sulfonates, alkyl phenol polyoxyethylene, sulfated
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surfactant is a mxture of about 1-100%tall ow am ne ethoxylate, 1-50%

pol yet hyl ene gl ycol, and 0-50% et hyl ene and di ethyl ene glycol. 14.

A net hod of fornulating a solution of a herbicidal conposition, conprising
form ng a reaction product of a hydrophilic polymer fornmed froma

prepol yner selected fromthe group consisting of polyurea-urethane,

pol yur 525G FHFQREES hadBinemd IRkdrami@rs nglers sethalt arid AstreHwRE a

her bi ci dal, | effecti t of N phosph t hyl gl yci to_f o

ol ur'ry: SOLHR HARUTHITAGy RESFEcRE (IFHG OF GrbFoRer abEas el Ealed & the
thod of, gl ai 4, _fuyrther_, IS ddi f t,  bef

artor SaHEPRRA ot hbr Sasll Qoo BESBRGHE Sr I TRe T ackh A
¢ hod {i i dal Lt Lo Y ; P

feact | or Eraeit A "Ry AR T R ot Rer o BB A ol

sel ected Trogn tNeyar URHEANSIANG Bl PELUIEER UEEENANEacPOLKUNEA o and

pol yur et hane, an phosphononet hyl gl'ycine, and neutralrzing said

oot PRt oe boRonttagas oD SR SUaE IR 10 Jari her
A et hasb Dfed I0FTBHAIG IR S YUnidt 1008 08f e2hY@EBkChHE! diethylene glycol.

10. A delivery system for delivering a herbicidal
composition, said delivery system comprising a solution of a
hydrophilic polymer selected £from the group consisting of
polyurea-urethane, polyurea and polyurethane, a herbicidally
effective amount of a herbicide_ selected from the group
consisting of N-phosphonomethylglycine, a herbicidally active
derivative of N-phosphonomethylglycine, and mixtures of N-
phosphonomethylglycine and a herbicidally active derivative of
N-phosphonomethylglycine, and an activating surfactant, said
activating surfactant being a mixture of about 1-100% tallow
amine ethoxylate, 1-50% polyethylene glycol, and 0-50% ethylene
and diethylene glycol.

12, The delivery system of claim 10, wherein said
surfactant is selected from the group consisting of alkyl benzene
and alkyl naphthalene sulfonates, alkyl phenol polyoxyethylene,
sulfated fatty alcohols, amines, acid amides, long chain acid
ésters of sodium isethionate, esters of sodium sulfosuccinate,
sulfated or sulfonated fatty acid esters petroleum sulfonates,
N-acyl sarcosinates, alkyl polyglycosides and alkyl ethoxylated

amines.

13. The delivery system of c¢laim 12, wherein said
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conposition, conprising formng a reaction product of a hydrophilic

pol yrer formed from a prepol yner selected fromthe group consisting of

pol yur ea- ur et hane, pol yurea and pol yurethane and an activating surfactant;
addi'ng to said reaction product a herbicidally effective anount of

N- phosphoneree bxhe! Y€1 D6ni @ e '&‘%Ufab%h'tzhnﬂoéi‘eta[lel%&l %h@ﬁ%s«géh'& i‘%%t ha

base. he net

claim 181-$ost b@ay@ttmmesﬂeng;wlﬁbng aﬁar fraciante hgfiime %n&fafétﬁyﬁlé’ne '
neutralization. . A nethod of fornulating a solution of

her bi ci dalycabposi ti on, conprising formng a reaction product of a
hydrophilic polymer fornmed froma prepolyner selected fromthe group
consi sting oflol y& esethel hafie fopauyucéagand gpihitdoat Renes adeb Bdti dal
activating surfactant; and adding to said reaction product a herbicidally
ef fecti veoEpRehtion, a bembrisitag| yfarming derireattimn ofproduct of a

N- phosphonorret hyl gl yci ne. 21. The herbicidal conposition of
claim mHydrephikic pohyresi hgraedeffeont aAvprepolynenfsaleamnrd \Ftdmghe

sur fact ant. L
group consisting of polyurea-urethane, polyurea and polyurethane

and water; adding to said reaction product a herbicidally
effective amount of N-phosphonomethylglycine to form a slurry;
and neutralizing the resulting slurry with a base.

15. The method of claim 14, further comprising adding
surfactant before or after said addition of said N-
phosphonomethylglycine.

16. A method of formulating a herbicidal composition,
comprising forming a reaction product of a hydrophilic polymer
formed from a prepolymer selected from the group'consisting of
polyurea-urethane, polyurea and  polyurethane, and N-
phosphonomethylglycine, and neutralizing said reaction product
with a base.

17. The method of claim 16, further comprising adding
surfactant before or after said neutralization.

18. A method of formulating a solution of a herbicidal
composition, comprising forming a reaction product of a
hydrophilic polymer formed from a prepolymer selected from the
group consisting of polyurea-urethane, polyurea and polyurethane
and an activating surfactant; adding to said reaction product a
herbicidally efféctive amount of N-phosphonomethylglycine, and

neutralizing the resulting solution with a base.
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22. The nethod of claim 7, wherein said solution further conprises an
ef fective anobunt of an activating surfactant.
29

-19. The method of claim 18, further comprising adding
surfactant before or after said neutralization. |

20. A method of formulating a solution of a herbicidal
composition, comprising forming a reaction: prodﬁct of a
hydrophilic polymer formed from a prepolymer select;d from the
group consisting of ﬁolyurea-urethane, polyurea and polyﬁréthane
and an activating surféctant; and adding to said reaction product .
a herbicidally ‘effective amount of a herbicidally active
derivative of N-phosphonomethylglycine.

21. The herbicidal composition of c¢laim 1, further
comprising aﬁ effective amount of an activating surfactant.

~22. The method of claim 7, wherein saia solution further

comprises an effective amount of an activating surfactant.
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