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Frank D. J. Hartmann
James L. Eden

Daniel B. Solarek
Johan C. G. Rommens

Mahrousaa I. Auda

) WATER DISPERSIBLE STARCH BASED PHYSICAL FORM
MODIFICATION OF AGRICULTURAL AGENTS
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o FIELD OF THE INVENTION
g This invention relatas to water dispersible, stable, solld
g products or formulations of selectad starches, active agricuitural
- agents, and surfactants and/or adjuvants. These solid products
are readily water soluble or dispersible. Furthermore, these
products have a starch matrix or carrier structure which changes
the physical form of the product, makes it compatible when
disparsad, aliows for a high loading of active material and
permits use of a broad range of surfactents, adjuvants and othar

Ingredients. Furthermore and surprisingly, it has been found

I
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that such starch containing agrochemical products can exhibit
increasad biological efficacy of the active material.

Various formulations of agricultural active ingredients
have been developed to satisfy the neads for agrlwlh.:ral crop
protection and other related areas. Oftentimes these products’
have been In the form of liquid formulations.

Recently, in crop protection formulation technology there
hag been a dasire to move away from liquid formulations to solki
products such as dry granules or powders. Such solid products
would reduce the usa of solvents, be more environmentally
friendly and reduce transportation costs. Howevaer, the abllity to
provide solid products using a combination of active ingradisnts
such as glyphosats, and surfactants such as polyoxyathylene

sorbitan esters, 8.9. Tween 20, has hesn difficutt bacause such
materials are not compatible and are not sasy to process or
work with. Although much effort haa been made to develop
solid agricultural products, most of the useful solid, starch based
products exhibk exisnded or delayed release characteristics.
U.S. Patent No. 6,223,807 issued on May 8, 20C1 to M.
Kuchikata et al, discloses dry, water-acluble herbicidal
compositfons of glyphosate with selected surfactents. While
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such compoeitions are water dispersible, it I difficult to form
compatibie solutions since many surfactants are not compatibie
with glyphosate In concentrated form.

Despite the various disciasures of active agricultural
products, Including the recent ‘807 patent noted above, and
sofid products showing extended release properties, there is stil
the need for sofid agricultural type products which are water
dispersible, compatible when dispersed and exhibit quick
release characteristics.

Accordingly, what Is desired for use In agricuttural
applications, Is a stable, solld product which has quick release
properiies, provides high load of active materiais and can
combine multiple companents into a compatible systam.

SUMMARY OF THE INVENTION
Now it has been found that stable, water dispersible solid

products of agricultural active sgents are provided when
combined with selected starches and optionally surfactants
and/or adjuvants.

More particularly, this invention s directed to a stable, dry
solid formulation which ls water dispersible and provides a rapid,
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compatible, homogenecus dispersion and comprises:
a) a chemically modified starch,
b) a blologically active agricutural material, and
optionally
¢) a surfactant and/or adjuvant.
This Invention further Invoives agrochemical formulations
containing combinations of two or mors active materials.

DETAILED DESCRIPTION OF THE INVENTION
This Invention Involves stable, water disparsible solid
products of selected atarches, agricultural active agents, and
surfactants and/or adjuvants. These dry solid products or
formulations are rapidly dispersed In aqueous medium,
compatible when dispersed and provide quick release of the
bloactive agent. Theae formulations also pravide a high loading
of the active ingredient and have bean found espetially useful in
agriculturs! crop protection. Furthermore, the solid product of
this invention has a starch matrix which allows for the use of
one or more different active materials and the use of a wide
variaty of surfactants, adjuvants and other Ingredients while still
providing a compatible dispersion and high load capacity.
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Stabile, solid products are those where there Is no
biseding or separation of individual components. Generally a
product Is conskiered stable when this condition exists for at
least slx months.

Dispersible, solid products are those which are
functionally uniform or homogeneous when disperead. The
dispersed or water solublliized product may be in the form of a
solution, emulsion or suspension.

Compatibie solutions are those where the Individual
componenta remain homogeneous In the final aqueous sciution.

Compatible emuisions in water are those that remain stable, do
not coaleace, phase out or separate, flocculats, aggregate or
produce sediment. For compatible suspensions In water, the
solids remain homogeneously suspended in the end use
dispersion, I.e. they do not drop out. The compatible solutions
or disparsions provide reiativaly or functionally uniform
distributions of the components In the end use fiquid.
Compositions ans typically considered compatible when thess
conditions exdst for at least 4 hours and more particufarly 24

houra or more.
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Rapidly or readily dispersible is defined as a mixiure with
cald water and minimal agitation that gives a diapersion in fess
then 10 minutes, more particularly less then 3 minutes.

Solid products are those such as the type having a
particulate form or structure and having a wide rdnge of slzas
and shapes, such as powders, granuies (dust free powders),
fiakes, chips, sheets, tablets, peliets, agglomerates, etc.

The solld product or formulation of this invention will
comprise etther the combination of starch, aclive material and
surfactant and/or adjuvant; starch and active meterial; or starch
and surfactant and/or adjuvant. Any of the above formulations
may also Inciude optional additive Ingredients.

The active ingredients used in the system or formulations
of this invention Inciude a broad range of materials and this
includes active Ingradlents some of which don't form free
standing powders on thelr own. Some of the useful active
materials may be iquld while others may be solide with low or

high melting points. Particularly useful active Ingredients for this
invertion are liqukis at room tamperaturs or low melting (e.g.
<80:C) matarials and high meliing (e.g. >80-C) crystalline
materials.
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The agricultural active agents which are usaed In the
formulstions of this invention can be any one or more of a wide
range of water dispersible agrochemically active materials.
Description of the actives a5 watsr disperaible means that they
are water soluble or can be suspended or emulsified in watsr.
More particularly, t may be one or more herbicides, pesticides,
for example Insetticides, fungicikdes, acaricides, nematocides,
miticides, rodenticides, bactericides, mollusicides and bird
repafiants, and/or piant growth reguiators. Especially useful
active matarials are herbickies, insecticides and fungicides.
Usually, the aclive material will be a water insoluble or
Immiacible material, aithough granules can be made including
water soluble active matarials. Specific examples of active

materiale include:
Herbicides such as 6-chioro-N-ethyl-N-{1-methylethyl)-

1,3,6-trlazine-2,4-diamine (common name atrazina); N,N"-bia(1-

mathylethyl)-8-{methyithio)-1,3,5-triazine-2 4-dlamine {(common
name prometryn), substituted ureas such as diuron or N'(3,4-
dichiorophanyl)-N,N-dimethylurea); sulfonyl ureas such as
metsulfuron-methyH{2-{[T{4-methoxy-8-methyl-1,3,5-irlazin-2-yi)
amino]carbonyijaminojsulfonyl]benzoats); triasulfuron {2-{2-

ab
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chioroethoxy)-N-{[(4-methoxy-8-methyl-1,3,5-triazin-2-
yl)aminojcarbonyljbenzenesulfonamide}; tribenuron-methyl
{methyi 2{ll[(4-methoxy-6-methyi-1,3,5-trlazin-2yl)-
methylamino]carbonyljamino]sulfonyfjbenzoate} and
chlorsulfuron {2-chloro-N-{I{(4-methoxy-8-methyl-1,3,5-triazin-2-
yf)amino]carbonyl] benzenasuifonamide}; bis-carbamates such
as phenmedipham or {3-{(methoxycarbonyljamino] pheny! (3-
methyiphenyl)carbamate}, aryloxyalkanoic aclds fike {(3.5,6-
trichloro-2 pyridinyt)oxy] acetic acid (commonly known as
triciopyr) and its salts or esters llke triclopyr-
tristhanolammonium, triclopyr-butotyl, (2,4 dichiorophenoxy)
acelic acld (commonly known as 2,4-D) and its salts or esters
like 2,4-D butyl, 2,4-D-dimsthylammonium, 2,4-D-dlolamine, 2 4-
D-2-sthylhexyl, 2,4-D-isooctyl, 2,4-D-lscpropyl, [(4-amino-3,5-
dichloro-6-fluoro-2-pyridinyl)oxy] acetic acld (commonly known
as ftuoropyr) and its eaters Jike furoxypyr-meptyl and fluroxypyr-
2-butoxy-1-methylethyl, 2-(4-aryloxyphencxy) propionic ackis
Rke butyt (+/_)-2-{[5-{trifluaromathyl) 2 pyridinyljoxylphencxy] -
propancate (commonly known as fluazifop-butyl), (+/_)-2-143-
chioro-5-{trifiuoromethyl)-2-pyridinyficxy]phenoxy]propanoic acid
(commonly known as haloxyfop) and its esters haloxyfop-etotyl,



Toha280O" sr:eas':

16

haloxyfop-methyi, haloxyfop-P-methyl, buty! (R)-2{4-{4-cyano-2-
fluorophenoxy) phenaxy]proplonate (commonly known as
cyhalofop-butyl), cyclohaxanedions aximes like {+/_}{EZ)-2-(1-
ethoxyiminobutyf)-5-{2<(ethyithio)propyl]-3-hydroxycylohex-2-
enone {commonly known as sethoxydim). Additlol;al useful
herbicides Include alpha-chioro-2', 8'-dlathyl-N-methoxymethyl
acetanllide (commonly known as alachlor), N-butoxymethyl-
alpha-chloro-2',8'-diethylacetanilkle (commonly known as
butachior), 2'-methyl-8-ethyl-N~{1-methoxy-prop-2-yf)-2-
chioroacetanliide (commonly known as metolachior), iscbutyl
eeter of (2,4-dichioraphenoxy) acetic acid, 2-chioro-N-
(ethoxymethyl)-8'-ethyl-o-acstotoluidide {(commonly known as
acstochior), 1-(1-cydiohexen-1-yi)}-3-{2-fluoraphenyl)-1-methyl
urea, S-2,3,3-trichloro-afiyl-dlisopropyl thiocarhamats
(commonly known as triallate), and alpha, alpha, alpha-trifiuoro-
2,6-dinftro-N,N-dipropyl-p-toluidine {commonly known as
trifluralin).

Fungicides such as thiocarbamates, particularly
alkylenobis(dithiocarbamate)s, for example maneb or {[1,2-
ethanedlyible-{carbamodithiato] (2-)] manganese} and
mancozeb or {[[1,2-sthanedly-bisjcarbamodithiato]](2-)]

a
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manganesa mbdure with [[1,2-sthanediylbls[carbamodithlato]]
(2-)izinc); stroblluring such as azoxystrobin (methyl (E)-2-{[6-(2-
cyanophencuxy)-4-pyrimidinyfjoxy}-a-(methoxymethylene)
benzeneacetate} and kresoxim-methy! {(E)-a-(methaxyimino)-2-
[(2-methylphsnoxy)methyl]benzylacetic acid mathyl ester);
dicarboximides such as lprodione {3-(3,5-dichiorophenyl)-N-
Isopropyt-2 4-dioxoimidazoline-1-carboxamide); azoles such as
propiconazole or {1-{2-{2,4-dichloro-phenyly4-propy*-1,3-
diaxolan-2-yi-methyl-1H-1,2,4-triazole and tebuconazole ar
{(RS)1-p-chiorophenyi-4,4-dimethyl-3-(1H-1,2 4-triazole-1-
yimethyl)-pentan-3-ci}; halophthalonitriles such as chiorothalonll
pr {2,4,5,6-tetrachloro-1,3-dicyanobenzene}; and irorganic
fungicides such as copper hydroxide or Cu(OH)2.

Insecticides including benzoyl ureas such as
difluberzuron or N-{{(4-chiorophenyi)aminclcarbonyl]-2,6-
difiluorcbenzamide; carbamates Including solid and liquid forms
such as carbaryl or 1-naphthyl methyl carbamate, aldicarb,
methomyl, carbofuran, bendiocarb, oxamyl, thiodicarb,
trimethylcarb; organophosphates e.g. malathion, parathion,
demeton, dimethoate, chiorpyrifas, diazinon, azinphosmethyl
and phosmet; compounds which break down an Insect’s

=10=-
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digestive tract tissue including fluorine compounds {(cryoltte),
zinc and mercury; nicotine; rotenone; neem oll or azadiractin;
natural or synthetic pyrethrins, permethrin, lamda-cyhaiothrin,
cypemethvin, petroleum olls; and microblals e.g. bascillus
thuringlensls and entomopathic viruses such as the bacculo

virus,
Acaricides such as clofantezine or 3,8-bia(2-

chiorophenyl)-1,2,4,5-tetrazine.

Among water soluble active materials, non-selective
harbicidss, perticularly N{phosphonomethyl) glycine type
herbicidea such as glyphosats and sulphosate, respectively the
Iso-propylamino and trimethylsulphonium salta of N-
phosphonyimethyt glycine, and other salis such as ammonium,
sodium and potassium; and phosphinyt amino acids such as
giufosinate or 2-amino-4-thydroxymathylphoesphinyl)butanoic
acld, particularly as the ammonium salt. Such waler soluble
actives can be usad as tha sole active in water dispereible
granules or in combinations thereof, but can also be ueed in
combination with water Insoluble or immiscible actives in muiti-

active formulations.

-11=-
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The agrochemical formulation of this invention can

Inciude one or more surfactants and/or adjuvants and other
additive ingredients. Surfectants have surface active properties
and heip to increasa the disperaibility of the active material
and/or can also act as an emulsifier, solubllizer, wetting agent or
suspending agent. Adjuvanta are materials that help to increase
the biological efficacy of the active material and include
surfactants, ois such as mineral olls, vegetable oils and alkyl
esters of fatty aclds, and combinations thereof. Other addltive
Ingredienis and materials can be used to provide a varisty of
functional attributes to the formulation and include materials
such as buffering agents, rheclogical modifiers, antifoam /
defoamers, drift /mist control agents, viscosifiers, emulsifiers,
dispersants, suspending agents, solvents and fillers. One or
more of such surfaciants, adjuvants and other additves may be
used and they are not limited by physical form such as liquid,
paste or wax; or by being water soluble (i.e. from fully water
soluble io water inscluble) or water dispersible (e.g. forming
nquaol;l solutions, dispersions or emuisions). The surfactant or
adjuvant may help Increase the blological efficecy of the aclive
material. The perticular surfactant and/or adjuvants thet are

-12-
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used In the formulation will depend on the active material and its
propertiea.

" The surfactant used in the formulation may be non-ionic,
cationic, anionic, amphotaric or a blend or combination thereof.
Exemplary non-onie surfactants include alcohol alkoxylatas,
a.g. ethoxylates, particularly C8 to C18 alcohols which can be
linear, branched or linear/branched mhdures; alkylamine
alkaxylates, 8.9 ethoxylates and perticularly C8 to C18
alkylamines; sorbitol and sorbitan faity acid esters, particularly
CB to C18 fatly ackis esters and thelr sthoxylated derivatives;
and chemically modified low molectlar weight polysaccharides,
particularly C8 to C14 alkkyl polysaccharides such as alkylpoly-
glycosides. Other non-ionics include polyaxysthylene-
polyoxypropylena biock copolymers, glycerol esters, glycol
esters, alkoxylated and non-alkoxylated sorbitan esters, sucroese
esters, sucrose glycerides, polyoxyaikylene alkylaryl ethers,
polyoxyailkylene aikyl esters and fatly acki ethaxylatss.

Cationic surfactents that are useful include primary,
secondary and tertiary alkylamines, tertiary polyoxyaikylene
alkylamines, polyoxyalkylene and non-polyoxyaikyiene
alkylamine oxides, tertiary polyoxyalkylens alklystheramines,

-13-
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polyoxyalkylene aikyletheramine oxddes, and tetra
alkylammonium halides.

Useful anionic surfactants Inciude alky! sulfates and
phosphates, olein sulfonates, alkylaryl sulfonates, polyoxy-
alkylene alkylether sulfates and phosphates, s.ullbsucdnato
derivatives, sulfosuccinates, sarcosinates, tnunm;:. sulfates and
sutfonatas of olle.

Useful amphoteric surfactants include N-alkylbetaines,
alkyl amidobetaines and imidazoline derivatives.

The selected starch component which can be used in the
solid products or formulations of this invention are chemically
modified starches and more particularly are starch esters and
starch ethers. The starch seters and starch ethers may contain
nonfonic or fonic substrate groupe such as cationic, e.g. tertiary
amine and quaternary ammonium groups, or anlonic groups,
and may be crossiinked. Modifled starches of these types ame
described In “Starch: Chemletry and Technology”, edited by R.

L. Whistler st al, Chapter X, 1984. Preferred modifisd starches
are those containing an ester or ether group. The base starch
may be any starch, native or converted, and Includes those
derived from any piant source such as malze, taploca, potato,

-14 -
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wheat, rice, sago, sorghum, waxy matze, waxy potato and high
amylose starch, |.e. starch having at lsast 40% by weight of
amylose content. Also incuded are the conversion products
derived from any of the former bases Including, for examl.:le.
dextrin prepared by hydrolytic action of acid and/or heat; )
oxidized starches prepared by treatment with axddants such as
sodium hypochlorite or hydrogen peroxide; and fiuldity or thin
bolling starches prepared by enzyme conversion or mid acid

hydrolysls.

Modified starch esters inciude starch acetate, starch
proplonats, starch butyrate, starch hexanoate eic. as well as the
half-esters of dicarboxylic acids, particulatty the alkenylsuccinic
aclds. Starch ethers include the hydroxyalkyl ethers such as
hydroxyethyl and hydroxypropy! starch. The starch esters and
sthers used in this invention may be prepared by processes
known In the art such as disclosed In “Starch: Chemistry and
Tachnology”, noted above.

The preparstion of starch estars typically involves
reacting starch with organk: acld anhy«rides such as acetic
anhydride in sither aqueous or non-axueous systems, 8.g.
anhydrous pyridine. A review of such preparations may ba
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found in “Starch: Chemistry and Technology”, adited by R. L.
Whistler et al, Chapter X, 16884, as well as in U. 5. Patents
2,681,349 issued to C, Cakiwell ot al on December 1, 1853 and
5,321,132 Issuad to R. Bilimers et ai on June 14, 1994. The
‘349 and '132 patents are hereby incorporated herein by
reference.

One modification of starch that is eapecially usaful in this
Invention Is a starch ester prepared from an organic acld
anhydride having a hydrophoblc group such as octenyl or
dodecanyl succinic anhydride. More particularly, the
hydrophobic group ie a hydrocarbon group such as alkyl,
alkenyl, aralkyl or aralkenyl having 2 to 22 carbons, preferably 5
to 18 and more preferably 8 to 12 carbons. Generelly the starch
will be treated with up to 80%, more particularly 1 to 80% and
preferably 5 to 20% by weight of the anhydride, based on the
welght of starch.

Another modification of starch that is especially useful in
this invantion is the etherification with alkylene oxides,
particularly those contalning 2 to 8, preferably 2 to 4 carbon
atoms. Ethylene oxide, propylene oxide and butylene oxide are
axsmplary compounds that are useful in etherifying the atarting

-18-
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etarch materials. Although varying amounts of such reagent
compounds may be used, generally up to 25%, more
particularly 1 to 26% and preferably 1 fo 10% by weight, based
on the weight of starch, will be used.

The modified starches as used herein may be degraded
or converted to achleve certaln viscosity characteristics and
allow for better interaction with components. The modifled
starches may also be pregelatinized or crosslinked. The
degraded starches can vary from 15 to 80 WF ( i.e. water
fluidity). In sddition, dexirins and/or muiti-dexirins of <10 DE
(dextrose equivalent) can be used. Degradation can be carried
out using conventional processes such as oxiiative hydrolysis
inciuding treatment with hydrogen peroxide, enzyme hydrolysis
or acld hydrolysis. Such degradstion can be performed sither
before or after modification ls made to the starch.

The important feature of this Invention is being abls to
provide an agrochemical formulation or surfactant and/or
adjuvant system In the modified physical form of a stable, solid
such as a free-flowing powder. This can be accomplished when
using elther a watsr soluble active matarial or a watsr insoluble
active material, 1.e. emulsifiable or suspendabie olly or non-

-17-
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water soluble active materials. This can include mibxures of iwo
or more different active materials such as two or more water
soluble or two or mare water insoluble active materials or
combinations therecf. The active materials do not have to be of
the same physical form, e.g. liquid or solid. The abliity fo do thia
Is provided by use of the selactad modified starches as defined
harein. The starch provides a matrix for the system and
changes the physical form thereby allowing for the use of
different surfactants and adjuvants including those In aquecus
solutions, olls, waxes, emulsions, etc. Additionally, while
previcusly f has been difficult to incorporate liquid surfactants or
adjuvants into the formation of solikd products such as powders,
the use of starch as described hereln, has ellowed for the use of
such liquids as well as solid surfactanis or adjuvants.

The dry solid can bs made by dissolving or dispersing the
active meterial, surfactant and/or adjuvant in a starch cook by
either mixing the components with raw starch then cooking, e.g.
Jet cooking, or by mbdng the components Into cooked starch.
Raw starch s generally refined and recovered from plant iesue

as microscopic semi-cryetaliine particles termed granulés.
These raw granules must be disrupted or gelatinized, usually by

-18-
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heating In a water suspension or glurry, to produce a cofioidal
dispersion, solution or starch cook. Gelatinixation In water or
other solvent, Is required to aliow tha starch cook to provide fim
or matrix forming properties after drying. A wide range of
cacking processes are generally sultabie, such as, atmospheric
pressure batch cooking, elevatad pressurs batch cooking |
{autoclaving), staam Injection cooking (jet cooking) at either
theoretical or excess steam addition ratios, or non diluting heat
transfer mathods. See "Chemistry of the Carbohydrates®, by
W. W. Pigman and R. M. Goepp, Academic Press, 1848, p.
561f. Pre-gelatinized starches that do not require the cooking
stop bafore adding the starch to the surfactant and/or adjuvant
can also be used. The pre-gelatinized starches are readily
available and can be producad by many methoda such as
disclosed In U. S. Patents 4,280,851 Issued to Pitchon et al. In
July, 1881; 5,571,552 issued to Kasica et al. In November,
16986; 3,086,800 issuad to Sarko et al. In April, 1863; 3,637,658
issued to Germino et al. in Jan., 1972 and 3,137,592 issued to
Protzman ot al. In June, 1964, All of these patents are hereby
Incorporated herein by reference. Thess mixtures are then
dried into a solid such as powder by spray drying or using other
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drying techniques such as drum drying, exirusion, belt drying or
freaze drying.

In a simllar manner, the solid product can be made by
dissolving or dispersing a) the active material, or b) the
surfactant and/or adjuvant In a starch cook by elther mixing the
components with raw starch and cooking or by mixing the
components with cooked starch or pre~gelatinized starch.
These mixtures are then dried Into solids such as powders using
drying techniques such as spray drying, drum drying, extrusion,
balt drying or freeze drying. Also, simliar products can be
prepared with the addition of other additive materials to the
components of the above described systems.

While the form of the solld pieces resulting from the
process of preparation may be In various sizse and shapes, one
particularly useful form are granuiee which are considered
dustiess or have particies with sizes of between about 250 to
800 microns. An especially useful process for drying the
aquecus feedstock and obtaining dust free granules of useful
diamsters In one process step Is disclosed In U. S. Patent

5,828,837 lssued to Oliver et al., which Is hereby incorporated
by reference. Additional processing such as agglomeration,
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compact granulation or exdrusion can ba usad, If desired, to
attain @ more specific particie size range.

The solid formulations of this invention are characterized
by high loading of the active ingredient and rapid homogenecus
dispersiblity in aqueous medium. The amount of starch In the
systam can vary but genarally will be less than about 85% by
weight. There shouid be enough starch to maks stable solid
such as a free flowing powder.

The amount of active material and other components in
the load which make up the formuiation can vary. Load Is
defined as the total amount of active material, surfactant,
adjuvant and optional other additive ingredienta in the
formulation. The formulation will comprise, on a dry basis, from
about 15 to 85% by welight of load and from about 15 to 85% by
weight of starch, mome particularly from about 20 to 80% by
welght of load and from about 20 to 80% by weight of starch,

and most particularly from about 30 to 70% by weight of ioad
and about 30 to 70% by weight of starch. The percent (%) load
Is the anhydrous (dry) welight of the load divided by the
anhydroug (dry) weight of the total formulation (j.e. load plus
starch) x 100. The load mey be comprised of from about 0 o
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100% by walght of active, from about 0 to 100% by welght of
surfactant and/or adjuvant, and from abaut 0 to B0% of other
adkiltive ingredients with the proviso that there be at least 10%
by weight of active and/or surfactant and/or adjuvant with other
additive Ingredients. The load may also be completely
comprised of active material or surfactant/adjuvant when only
one of such components ls present.

Any load component which is a non-water soluble liquid
or meltable solld usually must be emulsified. The
hydrophobically modified starches provide very useful
emuisifying propertias. Small particle emulsions allow higher
loading of emulsified materials and remain as stable products
when dried. Furthermore, smalier particle size may give
increaned efficacy of the active ingredients or Improve the
agricultural activity of the other ingredients.

The formulation of this invention as described herein may
comprise maore than one of the components, i.e. one or more
active materials, surfactant/adjuvants and starch materials and
combinations thereof. The different individual materials do not
have to be of the same physical form (e.g. liquid or solid). The
abllity to be able to do this is due to the selected starch
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companent which forma a matrix and helpe provide a stable,
compatible system even when using materials or components
with different physical forms.

It is further noted that while the solid formutated product
containing an active material, and/or surfactant/adjuvant in a
starch matrix [s a desired or preferred embodiment of this
invention, this is bacause such solid product can be readlly
dispersed In water to convenlently, quickly and accurately
provide a tank spray mbdure for ready use in an agrochemical
application. However, the components may be used saparately
without forming a solld or powder. Thus the individual
components, i.e. active material, and/ar surfactant/adjuvant can
be added or combined separately in watar along with the starch
o form an aqueous dispersion (e.g. ||;| a spray tank). Thesa
materials can be ussed In agrochemical applications or may have
other uses apparent to one skilled in the arit. One such
application involves the combination of starch and surfactant
which can be used aa a sofl or subsirate wetting agent. The
varied and different useful epplications are derived in part from
the starch component, which not only Is useful as 8 matrix or
solid camier for the active material and other components but
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also helps to incraase biological efficacy, Le. It has adjuvant
characteristics.
‘The aqueous dlspersion, as noted above, containing
starch and aclive matsrial along with optional
surfactant/adfuvant, can be formed by redispersing the solid
product of the components or by adding the components
together or saparatsly In water. This aqueous dispersion
‘containing the active material along with starch and optional
surfactant/adiuvant has an increased hiological efficacy. This
makes the dispersion particularly useful as a herbiclde, pesticide
and plant growth regulator for applications to agricultural crops,
vegetation, weeds, plants, Insecis, pests and soll. Particularly
useful In providing blologice! efficacy are starches combined
with glyphosate, such as glyphosate-isopropyl amine (IPA), and
strobilurin, such as aroxystrobin, active materials. Eepeclally
useful combinations are starches combined with glyphoaate-
lsopropyl amine (IPA) and polyoxyethylene sorbitan ester
{Tween 20) and starches combined with azoxystrobin and non-
lonlc surfactants, (ethaxylated C8 to C18 alcohols).
Besides being used as a redispersed solld or by

application from an aqueous dispersion, the starch containing
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products can also be used as a solid in dry form without
dispersing In water. For exampie, the starch entrapped product
can ba broadcast onto solis as a powdered particulate or pest
bait. Another embodiment of this invention Involves a eolid
product containing a surfactant or adjuvant, particularly & non-oll
adjuvant, In a starch matrix.

The water soluble starch containing sotid of this
Invention, I8 a stable mbdure which is compatible and quickly
releases the active ingredient and edjuvants once dispersed in
the epray or feod tank. These products have been found to
provide a high foading of active ingredient and
eurfactant/adjuvant and ajso allow for use of a broad range of
surfactant chemistries. Furthermore and surprisingly, use of
thess products result in benaficial properties such as increasad
blological activity and increased rainfasiness.

The Invention is further Elustrated by the following
axamples with all parta and percentages given by waight and all
temperatures in dagrees Celslus, uniess otherwise noted.

EXAMPLE 1

Saveral samples of liquid alkyl (C8-C10) polyglycoside

with different starches were prepared by making an aqueous
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feedstock solution, spray drying the feedsetock and recovering
the resulting powder.

The starches identified In Table 1 as samples A-F, were
slurried in water and Jet cooked in a model C-1 steamn direct
Injection continuous cooker (National Starch & Chemical Co.)} at
about 140-C. The solids of the cooked starches A, B, and D-F
ware 30% while the solids of starch C was 20%. The
polyglycoside amount, as shown In Table 1, was added to the
cooled starch of aach formula, mixed untll uniform and then
heatad to about 50-C. Water was added, if required, to dilute
the fead to a rheoclogy and viscosity suitable for atomization.
Sampies were processed on a Bowen laboratory scale dryer
{GEA Niro, Columbia, MD) using a ratary wheel atomizer. Dryer
inlet temperaturas were about 205 to 230C and outiet

temperatures were about 90 to 120-C.

in all cases the formad products were stable, free flowing
and rapidly soluble powders. As further noted In the table
below, relatively high loadings of up to 80% of the polyglycoside
(APG) were formet into the water soluble, dry powder.
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Table 1

Formulations epay dried iniko powder
Sample Starch(1) Ratio
starch/polyglycoside
A waxy maize, OSA 50/50
8 waxy malze, OSA/dextrin 50/50
C waxy maize 50/50
(ightly degraded)
D 3% OSA modified waxy malze 32/88
E 3% OSA modifled waxy matze 20/80
F 5% OSA modified waxy malze 20/80

(1) OSA - octenyt succinic anhydride
EXAMPLE 2

A tank epray mix solution was made by dissolving sample
B from Example 1 in weter and adding glyphosate-IPA
(lsopropyl amine) solution to give a retio of glyphosate acld (acid
squivalent - a..) to alkyl polyglycoside of 2 io 1. A control tank
mix solution, without starch, was made by diasolving alkyl
polyglycoside In water and adding giyphosate-IPA solution fo
give a ratio of glyphosate acid to alkyl polygiucoside of 2 to 1.

The tank mixes were prepared to deliver by spraying at
two application rates as shown in Table 2, |.8. starch containing
solutions F2 and F4 and non-starch containing control solutions

F1 and F3.

-27 -
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Table 2
Application Rates

Samples Glyphosate Glycoside Starch

(g a.e./ha) (g/ha) © (g/he)
F1 400 200 -
F2 400 200 200
F3 800 400 -
F4 800 400 400

Theas formulations wera applied by spraying onto plant
weed speciss Barley and Malva sylvestris and the efficacy
determined as % Kill (0% untreeted conirol plants, 100% treatad
plants are dead) of tha target weeds 7, 14 and 21 days afier
treatmaent (DAT). The results were compared with control
samples F1 and F3 which did not contain the modified starch
carrler. The results are shown below In Table 3 and the % fresh
‘welght (smount of remaining plant issue) was measured 25
DAT {days after treatrment) and axpressad as e percentage
fresh weight compared to the untreated control.
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Table 3
% Kill
Sampiles Barley
7 DAT 14 DAT 21 DAT % Fresh Waeight
F1 42.9 42.9 82.1 122
F2 25 39.3 85.7 11.9
______Malva syivestris
F3 14.3 25 39.3 43.7
F4 25 28.6 4290 25.7

As shown In Table 3, the combination of starch and
giycoside increassd ths blological efficacy resulting in increased
% Kii and reduced % Fresh Weight.

EXAMPLE 3
Samples of starch with diffarent surfactants were formed

into dry powders as in Example 1. The successfully formed
powders were stable, non-sticky, dry powders that quickly
dissolved in water and were compatible when dispersed. The
formulations and amounts of starch and surfactant components

are given below In Table 4.

\&
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Table 4
Starch(1) Surfactant(2) Ratio
starch/surfactant
Waxy maize-OSA Tween 20 50/80
‘ " . Alplus MBA 1303 50/50
Hydroxypropylated Tween 20 50/50
waxy maize
(lightly degraded)
Waxy malze-OSA/ Altox MBA 13/15 50/50
dextrin
Waxy maize-OSA/ Tween 20 50/50
dextrin

(1) OSA - octenyl succinic anhydride
(2) Tween 20 - polysorbate 20
Aiplus MBA 1303 - C12-C15 monobranched ethoxylated
and propoxylated alcohol
Altox MBA 13/15 - C12-C18 monobranched ethoxylated
alcohol
EXAMPLE 4

Several sample formulations of glyphoaate-lPA (lsopropyl
amine) sait, with different starches and adjuvant/surfactants
were formad Into free flowing powdars as follows. The process
used consisted of preparing an aqueous feedstock solution,
spray drying the feedstock and recovering the resulting powder.
in gl cases the product was a stable, free flowing, rapidly
soluble powder.

The starches identified in Tables 6 were slurried in water

\\4
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and Jet cooked in a madel C-1 ateam direct Injection continuous
cookar (Natlonal Starch & Chemical Co.) at about 140-C.
Solids of the cooked starches as well as other dryng conditions
are show below In Table 5. The glyphosate and the
adjuvant/surfactant for each formula (identified In Teble 8) were
added to the cooked starch which was mbted until uniform and
then heated to about 50-C. Water was added, If required, o
dilute the feed to a rheciogy and viscosity sultable for

atomization.
Table 5
Starch Product Dryer % Cook 9% Fesd- Feedstock-
Formulat. Solkds stock  Viacosity
Sollds cpe
A F1 M 10 23.5 150
F3 M 10 - -
FS M 10 21.8 216
B F8 M 20 28.0 7
B F2 P 20 382 17.0
F4 P 20 35.0 13.0
C Fr P 20 23.7 128
F8 P 20 28.4 244
D F$ P 20 32.7 3
F10 p 20 245 2067
E F11 P 10 11.5 1924

-81-
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Drying was done on two ipray driers. Samples marked
*M" in Table 5 were processed on a Moblle Minor laboratory
acale dryer (GEA Niro, Columbla, MD) uaing a rotary wheel
atomizer. Dryer inlet tamperatures were about 205 to 230-C
and outiet temperatures were about 90 to 120+C. Samples
marked “P” in Table 5 were processed on a Production Minor
pilot acale dryer (GEA Niro, Columbis, MD) using a rotary whesl

atomizer. Dryer inlet tempsratures were about 205 to 230-C

and autiet temperatires are about 80 to 120-C,
The different sampie formulations F1-F11 are shown

below in Table 6.
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Tabie 8
Dry Powder Sampie Fonmuiations
{wiw %)
Samples F1 F2 F3 F4 F5 F¢ F7 F8 F@ F10 Fi1

Glyphosate- 33.3 43,8 33.3 43.8 33.333.343.8 43.843.8 438 438

IPA

Surfaciants
Tween20 167162 - - - - - 162 182 - 168.2
C8-10poly - - 187182 - - 182 - - 182 -

glycoside
Aiplus MBA - - - - 187 187 - - - - -
1303
Starches(1)
A

mooow

(1) A - hydraxypropylated waxy maize (lightly degraded)
B - waxy matee octanyl succinic anhydride (3SA)
€ - 8% OSA modifiad waxy matze
D - §% OSA modified waxy mailze
E - cationic crosslinked waxy malze

Al of the starch entrapped glyphosate-IPA/surfactant powder
formulations shown above in Table 8 were applied to test plants and
screaned and compared to commercial liquid glyphosate-IPA/adiuvant
(Roundup Uitra and Roundup Ultra Max) formulations. The starch powder
formulations of Table 8 showad similar to improved blological blo-efficacy o

the commerdial liquild products.

1\
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EXAMPLE 5
Several samplas of the dry powder formulatons of this invention ware
prepared as In the above examples and dissoived or dispersed In water.
The resulting dissolution times found in Table 7 show the abllity of these
powders fo rapidly or quickiy diseclve/dieperae in water.
Table 7

Semple Starch(1) Surfact/Adl. Active Wt Ratio Dissolution
ster/sutf/ad]Jact. _Time (3)

1 A C8-10 alky! - 80/20/- >T
polyglycoside
2 B « == - 50/50/- 545"
3 B Tween 20 - 50/50/- 230"
4 c C8-10 alkyl - 68/32/- €'30”
polyglycoside
5 D | - [ ] - W_ 4l
6 D Tween 20 - 50/50/- 1
7 E Atlox - 42/58/- 1'30"
MBA 13/15
8 B C8-10 alkyl () 40/20/40 5'50"
polyglycoside
9 D = . - ) 33/17/50 330"

(1) A-Amioca waxy maize, 3% octanyl succinic anhydride (OSA)
B-waxy malze-octenyl succinic anhydride (OSA)
C-3% OSA modified waxy malze
D-waxy maize, OSA, dextrin
E-tapioca dextrin

{2) glyphosate-IPA (lsopropyl amine)

(3)’ = minutes
" = peconds

%
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particie is made containing no load. Subsequenty & non-
aqueous liquid or moiten load component ta absorbed into the
porous siructures to give a stable lcaded particulate. These
powders containing the starch entrapped surfactant were fested
for the effect on azoxystrobin fungicide ectivity against Septoria
triticl fungus on winter wheat. in one sample, the azoxystrobin
was applied as a control using 0.5 /ha of a commercial
formulation Quadris (Syngenta) which contained 250 gA of
aznxystrobin (no surfactant), sample C. Additional treatments
were carried out applying 0.5 Vha of the commerclal formulation
Quadris containing 250 g/l of azoxystrobin and 0.1% weight by
volume (of the spray volume), of the starch entrapped surfactant
(samplas A, B and D-E) and ancther comparative sample
containing the fungicide pius surfactant without starch (sample
C-1). These sampies were appll‘ed o winter wheat ¢ v Riband
by spraying at 200 V/ha. The % infection remaining was
determined on the second (2) and third (3) leafs of the treated
plants, 25 days after Inoculation and are shown in Table 11.
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Table 10
Sample Starch Ratlo starch/surfactant
A 3% OSA modif. waxy malze 60/50
8 cationlc crosslinked waxy maize  50/50
D puffed, spray dried waxy malrs 50/50
E tapioca dextrin 50/50
Table 11
Effect of Starch/Surfactant with
Fungicide on Winter Wheat
Sample % Infection
Leaf 2 Leaf 3
C (fungicide alone) 166 40.0
C-1 (fungicide/surfactant) 4.7 33.0
A (fungicide/starch/surfactant) 0 18.5
B {fungicide/starch/surfactant) 1.8 104
D (funpicide/starch surfactant) 1.2 8.1

E (fungicide/starch/surfactant) 4.7 113

As shown by the results given in Teble 11, the

combination of starch and surfactant (samples A-E) Increases
the blological efficacy of the fungicide used alone (sample C) or
the fungicide with surfactant (sample C-1).

v
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EXAMPLE 68

Saveral samples containing different starches with glyphosate-IPA
(lsopropyl amine) active material and Tween 20 adjuvant wers prepared as
solutions using amounts of active/adjuvant of 2/1 and active/adjuvant/starch
of 2/1/1.3. These sampies were tezted for rainfastness by applying them 1o
target weeds (valvetieaf - Abutilon theophrastl) using amounts of
glyphosate-IPA active of 0.54 Ib acid equivisent (a.e.)acre (800g. a.e./ha)
(low dose) and 0.9 Ib a.e./acre (1000g. a.e./ha) (high dose). The sampies
were applied by forming solutions and spraying at 21.4 gal/acre (200V/ha).

Rainfall was applied 1 hr. after treatmant at 3 min/hr. for 1 hour. The
results in Table 8 and Table B show the effects of rain, expressed as % kill,

on the different starch formulations and the resulting fresh weight amount of
remaining plant tissue 20 days after treatment (DAT).
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Table 8
Effect of Rain on Starch formulations applied
on Abutilon theophrasti 20 DAT
% K
Low Dose High Dose
Starch No Rain Rain NoRain Rahn
None 80.71 32.14 96.43 42.88
{1) 75 30.29 100 53.57
(2) 8214 42.88 092.86 80.71
Sago 86.43 4288 100 53.57
75 42.88 90.43 46.43

(1) 6% octenyl succinic anhydride (OSA) modifiad waxy maize
(2) 7TOWF, 3% OSA madified waxy maize
(3) 76WF, 3% OSA madified corn starch

As shown In Table 8, the starch containing spray solutions improved
the rainfastness resulting in an increased % Kill at both the low dose and

high dose.
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Table 8

Fresh Weight of Abutilon theophrasil
20 Days After Treatment (DAT)

% Fresh ht
Low Dose High Dose

Starch No Rain  Rain No Rain Rain
None 28206 60.62 15.23 50.0

(1) 2.1 68,58 15.51 38.1

(2) 19.76 5207 13.57 35.82
Sago 13.89 55.83 10.7 38.90

3) 23.80 60.17 9.97 42.29

(1) 8% octenyl succinnic anhydride (OSA) modified waxy maizs
(2) TOWF, 3% OSA modified waxy malze
(3) 75WF, 3% OSA modified com starch

As shown In Table 8, the starch contalning spray
solutions Improved rainfastneas resuliing in reduced % Fresh

Weight.

EXAMPLE 7
Several starch sampies containing Atplus MBA 13/15
(C12-C15 monobranched athoxylated alcohol) surfactant wers
prepared as powders, as In the above examplas, and Identifiad
below in Table 10. Two of the samples, D and E, are made by a
process where a porous drum dried ar spray dried starch
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EXAMPLE 8
Starch sampie A containing a 50/50 by weight ratio of a

puffad, spray dried waxy maize and Atiox MBA 13/15 (C12-C15
moncbranched sthoxylated alcchol) and starch sampie B
containing a 50/50 by weight ratio of taploca dexirin and Atlox
MBA 1¥/15 (C12-C15 monobranched ethoxylated alcohol) were
prepared. The starch samples were prepared In a simliar
manner o samples D and E of Example 7. The prepared starch
powders (A and B) were tested for the effect on azoxystrobin
fungicide activity against Septoria tritici fungus on winter wheat
{vagabond). Additional treatments were carried out using
comparative sampies which contained the azoxystrobin
fungicide (250 g/1) with Atiox MBA 13/15 alone (C-1), Amistar, a
commercial formulation which contained azoxystrobin (250 g)
plus an adjuvant (C-2), and Quadris, a commercial formulation
which contained azoxystrobin (250 g/) alone (C-3). Sampias A,
B, C-1 and C-3 were prapared to deliver 187.6 g of the
azoxystrobin per hectare and 300 mi of the adjuvant when
applied to the winter wheat (vagabond) with a epray volume of
300 /ha. Sample C-2 was prepared to deliver 250 gl of the
azoxystrobin per hectare when appiled to winter wheat

(A
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{(vagabond) with a spray volume of 300 Vha; concentration of the
buiit-in adjuvant Is unknown. The % Infection was determined
an the freated plants 1. 2 and 3 weoks after treatment (WAT)
and the resuits are shown In Table 12.

Table 12

Effect of Starch/Surfactant/Adjuvant

with Fungicide on Winter Wheat
Sample (1) % Infaction

1 WAT 2 WAT 3 WAT

A 25 23.1 217
B 25 25 25
C-1 20 25 35
c-2 27.5 25 30
c3 325 30 35

(1) A-50/50 waxy malza/Atiox MBA 13/15 and azoxystrobin
B - 50/50 taploca dextrin/Atiox MBA 13/15 and azoxystrobin

C-1 - Atiox MBA 13/15 and azoxystrobin
C-2 - adjuvant and azoxystrobin
C-3 - azoxystrobin
The results in Tabie 12 show that the addition of the
atarch to surfactant/adjuvant (Sampies A and B) extends the

effectiveness of the fungicide in maintaining a lower % infaction.

-41-

|3
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EXAMPLE 9

This example llustrates the production of a solld
formulation contalning high loading of two (2) dissimilar active
materials.

A cooked octenyl succinic anhydride (OSA) waxy matze
starch/corn syrup was biended with aqueous glyphosate-IPA
solution and then 2,4-D-2-athythexyl (liquid ot} was added
{formulations given in Table 13 below). The formulations were
subjectad to high shear mixing until the parlicie aize stabllized
(I.e. reduced particie size to low level) and an emuision formed.
Water was added to reduce the viscosity to a level acceptable
for atomization. The solution was spray dried In a Moblie Minor
spray dryer to get a solid powder product. The powder was
collacted and then redispersed by mbdng with water (3 g
powden’$00 mt water) with gentle agitation. The dispersion was
then checked for emuision stability, compatibility and
emulision/oll droplet size with the results given In Table 14.
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Table 13
Multiactive/Starch Formulations
Formuiations (wiw %)

Components F1 F2 F3 F4
Glyphoeate - IPA 20 25 275
2,4-D-2-ethylhexyl 20 25 27.5
Waxy malze, OSA/ 80 50 45

com Syrup
Waxy malze, OSA/

com syrup

Table 14

Muitiactive/Starch Formulation Evaluations

Feadstock-PSD(1)
(40% solids)

Fomulations

——

[
0468 0.800

Radlspere. powder-PSD 0.852 0.41

(3% wh)
Emulsion stabllity
(after 24 hra) (2)
water hardness
50 ppm
342 ppm
1000 ppm

TS TS
T8 TS
TS TS

F3

E!
0.431

1 0488 0414

T8
TS
T8

(1) PSD - particle size distribution d(0.5) in micron

(2) TS- trace of sediment

adad
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The emuision/solutions evaluated were functionally
homogenous, showed no creaming, phasing or separation (aftsr
4 hours) and minimal sedimentation (TS - trace of sediment
after 24 hours). The particle size of the redispersed powders
were comparable to the cormmesponding feedstock. Neithel: the
glyphoeate nor the 2.4-D-2-athylhexyl separated In the
redispersaed powder/granuie.

The above describes the preparation of a stable solid
product which containe two (2) dissimilar active materials, l.e.
the water soiubie glyphosphats-{PA and the non-water soluble
2,4-D-2-athyihexyi matarial. The stable powder exhibited good

emulsion properties.

44~
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WHAT IS CLAIMED IS:

1. A stable, solld formulation which ls water diapereible and
compatible when dispersed In water and comprises:

g@.) & chemically modified starch,
b.) a blologically active agricuttural matertal, and

¢.) a surfactant and/or adjuvant.

2. The composition of Clalm 1 whereln the modified etarch s a
starch ester or starch ether.

3. The composition of Claim 2 wherein the starch Is a starch
aster prepared from an organic acid anhydride having a
hydrophobic hydrocarbon group of 2 to 22 carbon atoms.

4, The composition of Ciaim 3 wherein the hydrocarbon group
is selacted from alkyl, alkenyi, aralkyl and amalkenyl groups.

5. The composition of Claim 4 wheraln the hydrocarbon group
has 5 to 18 carbon atormns.
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. The composition of Claim 2 wherein the starch is a siarch

ether prepared by modifying the starch with alkylene oxide
having 2 to 6 carbon atoms.

. The composition of Claim 8 wherein the starch is modifiad

with up to 25% by weight of alkylene oxide which has 2 10 4
carbon atoms.

. The composition of Claim 1 wherein the biologically active

material Is selected from the group conslsting of herbicides,
Insecticides and fungicides.

. The composltion of Claim 8 wherein the surfactant is

selectad from the group consisting of aicohol atkoxylates
having C8 to C18 aicohols, alkyiamine alkoxylates having C8
o C18 alkylamines, sorbitol, sorbitan fatty acld esters having
C8 to C18 fatty acid esters and their ethoxylated desivatives
and chemically modified low molecular weight alkyl
polysaccharides having C8 to C14 alkyl groups.

R
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10. The compoaition of Claim 9 wherein the modified sterch is a
starch ester or atarch ether.

11. The composftion of Claim 10 wherein from about 15 to 85%
by weight, dry basig, of icad which comprises the tota!
amount of active material, surfactant, adjuvant and other
Ingredisnts and from about 15 to 85% by weight, dry basis,

of starch are used.

12. The compoeltion of Claim 10 wherein from about 30 to 70%
by weight, dry basis, of load which comprises the total
amount of aclive material, surfactant, adjuvant and other
ingredients and from about 30 to 70% by weight, dry basis,

of starch are used.

13. The composition of Claim 10 wherein the starch Is starch

estor madified with an organic acld anhydride having a
hydrocarbon group of 2 to 22 carbon atoms and le selected

from alkyl, alkenyl, aralkyl or aralkenyl groups.
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14. The composition of Claim 13 wherein the hydrocarbon
group has 5 to 18 carbon atoms.

15. The composition of Claim 10 wherein the starch Is a starch
ather prepared by modifying the starch with alkylane oxide
having 2 to 8 carbon atoms.

16. The compoaition of Claim 13 wherein the biologically active
matsrial is a glyphosate.

10
17. The compoeition of Claim 16 wherein the surfactant is a C8-

C14 alkyl polygiycoside.

18. The composition of Cialm 1 wherein more than one of the
1B biologically active materials are ussd.

FTohas0- ssege o

18, The compoaition of Claim 18 wherein the madified starch Is
a starch ester or starch ether.



20. The compasition of Claim 18 wherein the starch Is a starch
ester prepared from an organic acid anhydride having @
hydrophobic hydrocarbon group of 2 to 22 carbon atoms.

5 21. The composition of Claim 1 wherain more than onae of the
chemically modified sterch and/or more than one of the
surfactant/adjuvants are used.

22, The composltion of Claim 24 wherein more than one of the

‘ 10 biologleally active materials are used.

; 23. A stable, solid formulation which is water disparsible and
l:'.l compatble when dispersed and comprises:

5 a.) a chemically modified starch, and

E . 15 b.) a biologically active agricuttural material.

24. The composiiion of Claim 23 wherein the biologically active
material s selectad from the group consisting of herbicides,

Insacticides and fungicides.

b8
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25. The composition of Claim 24 wherein the modified starch is
a starch ester or starch ether.

26. The composition of Claim 25 wherein the blologically active

agricultural material Is a glyphosate.

-

27. The composition of Claim 25 wherein from about 15 to 85%
by weight, dry basls, of the load which comprises the total
amount of active material and other ingredients and from
about 15 to 85% by weight, dry basls, of starch are used.

28. The composition of Claim 25 wherein from about 30 to 70%
by weight, dry baels, of the load which comprises the total
amount of active material and other ingredients and from
about 30 to 70% by welight, dry basls, of starch are used.

29. The composition of Claim 23 wherein more than of the
blologically active materiaie are used.

30. The composition of Claim 29 wherein the madified atarch is
a starch ester or starch ether.
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31. A stable, sofid formuiation which is water dispersible and

compatible when dispersed and comprises:
g.) a chemically modified starch and
b.) a surfactant or non-ofl edjuvant.

32. The compasition of Claim 31 wherein the modified starch Is
a starch ester or starch athar.

33. The composftion of Claim 32 wherein the starch Is a atarch
10 ester modified with an organic acld anhydride having a
hydrophobic hydrocarbon group of 2 to 22 carbon atomas.

34. The composition of Claim 32 wherein the surfactant Is a C6-
C14 alkyl polygiycoside.

15
35. The composition of Claim 32 wherein from 16 to 85 by

weight, dry basis, of the load which comprises the total
amount of the surfactant, adjuvant and other ingredients and
from about 15 to 85% by weight, dry basis of the starch are

20 used.

.'1-
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38. The composition of Claim 32 wherein from about 30 to 70%
by weight, dry basis, of the load which comprises the tota!
amount of the surfactant, adjuvant and other ingredients and
from about 30 to 70% by welght, dry basle, of the starch are

5 used.

37. The compositian of Claim 31 whersin more than one of the
chemically modified starch and /or surfactant or adjuvants
are used.

10
38. The composition of Claim 37 whenein the madified starch is

a starch ester or starch ether.

38, An aquecus dispersion containing a biologically actvie
16 agricultural material and having increased blological
efficacy comprising:
a.) a chemically modified starch,
b.) a blologically active agricuttural matarial, and opticnaily

c.) a surfactant/ and/or adjuvant.
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40. The composition of Claim 38 wherein the modified starch ls
a starch ester or starch ethex.

41. The composition of Claim 40 wherein the biologically active
material ls selected from the group conaisting of herbicides,

insecticides and fungicides.

42. The composition of Clalm 40 wherein the blologically active
matarial is a glyphoasate or strobllurin.

43. The coniposition of Claim 40 wherein the biologically active
material is glyphosate - Isopropyl amine or azoxystrobin.

44, The compaaltion of Claim 42 wherein a non-lonic surfactant
is used.

45. The composition of Claim 44 wherein the surfactent is an
ethoxylated C8 to C18 alcohal.

\{2
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46. A mathod of applying a biologically active agricultural
matarial to agricultural crops, vegstation, weeds, plants,
insects, pests and soll comprising applying an aqueous

dispersion of:
5 a.) a chemically modified starch,

b.) a biologically activa agricultural material, and

opticnally
c.) a surfactant and/or adjuvant,
characterized in that an increasad effect of blological efficacy

10 of the active materal is provided.

47. The method of Claim 46 wherein the modified starch is a
starch ester or starch ether.

48. The method of Clalm 47 wherein the biologically active
material ls selected fror the group consisting of herbicides,

15
inseclicides and funglcides.

49. The method of Claim 47 wherein the blologically active
20 matsrial Is a glyphosate or strobllurin.
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50. The method af Claim 47 wherein the hiologlically active
material is glyphosate-isopropyl amine or azoxystrobin.

51. The method of Claim 49 wherein a non-ionic surfactant ia

5 used.

62. The method of Claim 51 wherein the surfactant Is an
ethoxylated C8 to C18 alcohol.

53. The method of Claim 51 wherein the surfactant is a C8 to
C14 alkyl polyglycoside,

10

15
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Abstract of the Disclosure
A stable, solid praduct of selected starches, active

agricultural agents and optionally surfactents and or adjuvants
which |s readily dispersible in aqueous medium and compatible

& when dispersed.
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WHAT IS CLAIMED I8:

1. A stable, solld formuiation which ls water dispersible and

compatible when dispersed in water and compriges:
a.) & chemically modified starch,
b.) a blologically active agricultural material, and
¢.) a surfactant and/or adjuvant.

. The composition of Claim 1 whereln the modified starch is a

starch ester or starch ether.

. The composition of Claim 2 wherein the starch s a starch

ester prepared from an organic acid anhydride having a
hydrophoblc hiydrocarbon group of 2 to 22 carbon atoms.

. The composiion of Claim 3 wherein the hydrocarbon group

is selected from alky!, alkenyl, eraliyl and aralikenyi groups.

. The composition of Claim 4 whereln the hydrocarbon group

has 5 to 18 carbon atoms.

-45-
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8. The composition of Clalm 2 wharein the starch is a starch

ether prepared by modifying the starch with alkylene axide
having 2 to 8 carbon atoms.

. The composition of Claim 8 wherein the starch is modified

with up to 25% by weight of alkylene oxide which has 2 to 4
carbon atoms.

. The composttion of Claim 1 whenrein the biologically active

maeterial is selacted from the group conslating of herbicides,
insecticides and fungicides.

. The composiiion of Clalm 8§ wherein the surfactant ia

selected from the group consisiing of alcohol alikkoxylates
having C8 to C18 alcohols, alkylamine alkoxylates having C8
to C18 alkylamines, sorbitol, sorbitan fatty acid esters having
C8 to C18 fatty acid asters and their ethoxylated derivatives
and chemically modified low molecular waight alkyl
polyseccharkies having C8 to C14 alkyl groups.



10. The compoaition of Claim § wherein the modified starch Is a
starch ester or starch ether.

11. The composition of Clalm 10 wherein from about 15 to 85%
by weight, dry basis, of ioad which comprisas the total
amount of active material, surfactant, adjuvant and other
Ingredients and from about 15 to B5% by weight, dry basis,
of starch are used.

12. The composition of Claim 10 whereln from about 30 to 70%
by weight, dry basis, of ioad which comprises the iotal
amount of active material, surfactant, adjuvant and other
ingredients and from about 30 to 70% by welight, dry baals,
of starch are used.

13. The composition of Claim 10 wherein the starch Is starch

ester madified with an organic acid anhydride having a
hydrocarbon group of 2 to 22 carbon atoms and le selected

from aikyl, alkeny!, aralkyl or aralkeny! groups.

- 47 ~
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14. The composition of Clalm 13 wherein the hydrocarbon

group has S to 18 carbon atoms.

15. The compoaition of Claim 10 wherein the starch Is a starch
ether prepared by modifying the starch with alkylene oxide

having 2 to 8 carbon atoms.

1€. The composltion of Claim 13 whersin the blologically active

material is a glyphosate.

17. The composition of Claim 16 wherein the surfactent Is a C6-

C14 alkyl polyglycoside.

18. The composition of Claim 1 wherein more than one of the

biologically active materials are used.

1€. The composition of Claim 18 whereln the modified starch is

a starch ester or starch ether.

-48-



10

18

\50

20. The composition of Claim 19 wherein the starch Is a starch
ester preparad from an organic acld anhydride having a
hydrophobic hydrocarbon group of 2 to 22 carbon atoms.

21. The composttion of Clalm 1 wherein more than one of the
chemically modified starch and/or more than one of the
surfactant/adjuvants are used.

22. The composition of Claim 21 wherein more than one of the
blologlcally active materials are used.

23. A stable, solld formulation which is water dispersible and
compatible when dispersed and comprises:
a.) a chemically modified starch, and
b.) a biologically active agricultural material.

24, The composition of Claim 23 wherein the biologically active
material Is selected from the group consisting of herbicldes,
insecticides and fungicides.
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25. The composition of Clalm 24 wherein the modified starch ls
a starch ester or starch ether.

26. The composition of Claim 25 whersin the biclog!cally active
6 agricultural material Is a glyphosate. ’

27. The composition of Claim 25 wherein from about 15 to 85%
by weight, dry basls, of the load which comprises the total
amount of active material and other ingradients and from

10 about 15 fo 85% by weight, dry basis, of starch are used.

28, The composition of Claim 25 whersin from about 30 to 70%
by weight, dry basis, of the load which comprises the total
amount of active material and other ingredients and from
15 about 30 to 70% by weight, dry basis, of starch are used.

29. The composition of Claim 23 wherein more than of the
blologlcally active materials are used.

20 30. The composition of Claim 29 wherein the modified starch Is
a starch ester or starch ether.

191

- -
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31. A stable, solld formulation which is water dispersible and

compatible when disparsed and comprises:
a.) a chemically modifiad starch and
b.) a surfactant or non-oll adjuvant.

32. The composition of Claim 31 wherein the modified starch Is
a starch ester or starch ether.

33. The composition of Claim 32 whereln the starch [s a starch
ester modified with an organic acki anhydride having a
hydrophoblc hydrocarbon group of 2 to 22 carbon atoms.

34. The composition of Claim 32 wherein the surfactant Is a C6-

C14 alkyl polygtycoside.

35. The composltion of Claim 32 whereln from 15 to 85 by
weight, dry baasls, of the load which comprises the total
amount of the surfactant, adjuvant and other Ingredlents and
from about 15 to 85% by weight, dry baels of the starch are
used.

=f1=
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38. The composhiion of Clalm 32 wherein from about 30 to 70%
by weight, dry basis, of the load which comprises the total
amount of the surfactant, adjuvant and other ingredients and
from about 30 to 70% by weight, dry basls, of the starch are
used.

37. The composition of Claim 31 wherein more than one of the
chemically modified starch and /or surfactant or adjuvants

are used.

38. The composition of Clalm 37 wherein the modifled atarch s
a starch ester or starch ether.

38, An aqueous dispersion containing a biologically actvie
agricultural material and having increasad biologlcal
officacy comprising:

a.) & chemically modified starch,
b.) a blologically active agricultural material, and optionally

¢.) a surfactant/ and/or adjuvant,



-
3
b
*

FOoheasn" QLEVEGLD

15

WY

40. The compoaition of Claim 38 whereln the modified starch is
a starch ester or starch ether.

41. The composition of Claim 40 wherein the bilologically active
material s selected from the group conaisting of herbicides,
insecticides and fungicides.

42. The composition of Claim 40 wharein the biologically active
material Is a glyphosate or strobllurin.

43. The composition of Claim 40 wherein tha biologically active
material is glyphosata - isopropyl amine or azoxystrobin.

44, The composition of Claim 42 whereln a non-onic surfactant
Is used.

45, The composition of Claim 44 wherein the surfactant is an
athoxylated C8 to C18 alcohol.
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46. A method of applying a blologically active agricultural
material to agricultural crops, vegetation, weeds, plants,
insects, pests and soll comprising applying an aqueous

dispersion of:
a.) a chamicelly modified starch,
b.} a biologically aciive agricultural material, and

optionally
¢.) a surfactant and/or adjuvant,
characterized in that an increased effact of blological efficacy

of the active material is provided.

47. The method of Claim 48 wherein the modified starch Is a

starch ester or starch sther.

48. The method of Cialm 47 wherein the biologlcally active
material is selected from the group consisting of herbicides,

Insecticides and fungicidas,

49. The method of Claim 47 wharein the biclogically ective

matsrial Is a glyphosate or strobilurin.

155
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50. The method of Claim 47 wherein the biologically active
material is glyphosatse-isopropy! amine or azoxystrobin.

51. The method of Claim 48 wherein 8 non-ionic surfactant is

used.

52. The method of Claim 51 wherein the surfactant is an
ethoxylated C8 to C18 aicohal.

§3. The method of Claim 51 wherein the surfactant Is a C6 to
C14 alky! polyglycoside.
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REIVINDICACIONES

1. Una formulacién estable, sélida que es dispersable
en agua y compatible cuando se dispersa en agua Yy

comprende:

a) Un almidén quimicamente modificado,
b) Un material agricela biol6gicamente activo, y

c) Un tensoactivo y/o adyuvante.

2. La composicién de la reivindicacién 1 en donde el
almidén modificado es un ester de almidén o un éter de

almidén.

3. La composiciétn de la reivindicacién 2 en donde el
almidén es un ester de almidén preparado de un anhidrido
de &cldo orginico que tiene un grupe hidrocarburo

hidr6fobo de 2 a 22 Atomos de carbono.

4. La composicién de la reivindicacién 3 en donde el
grupo hidrocarburo se selecciona de los grupos alquilo,

alquenilo, aralquilo y aralquenilo.

5. La composicién de la reivindicaci6én 4 en donde el

grupo de hidrocarburo tiene de 5 a 18 dtomos de carbono.



6. La composicién de la reivindicacién 2 en donde el
almidén es un éter de almidén preparado al modificar el
almiddn con éxido de alquileno que tiene de 2 a 6 &tomos

de carbono,

7. La composiciétn de la reivindicaciétn 6 en donde el
almidén se modifica con hasta 25% en peso de oxido de

alquileno que tiene de 2 a 4 Atomos de carbono.

8. La composiciétn de la reivindicacién 1 en donde el
material biolégicamente activo se selecciona del grupo

que consiste de herbicidas, insecticidas y funguicidas.

9. La composicién de la reivindicaciédn 8 en donde el
tensoactivo se selecciona del grupo que consiste de
alcoxilatos de alcohol que tienen alcoholes C8 a C18,
alqullamina alcoxilatos que tienen alquilaminas C8 a C18,
gorbitol, ésteres de &4cidos grasos de sorxbital que tienen
ésteres de 4cldos grasos C8 a Cl8 y sus derivados
etoxlilados y polisacéridos de alquilo de bajo peso
molecular quimicamente modificados que tienen grupos

alquilo Cé a Cl4.
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10. La composicién de la reivindicacién 9 en donde el
almidén modificado es un éster de almidén o un éter de

almidén.

11. La composiclén de la reivindicacién 10 en donde
deade aproximadamente 15 a 85% en peso, de base seca de
la carga que comprende la cantidad total del material
activo, tensoactivo, adyuvante y otros ingredientes y
desde aproximadamente 15 a 85% en peso, base seca, de

almidén se utiliza.

12. La composicién de la reivindicacién 10 en donde se
utiliza desde aproximadamente 30 a 70% en peso, base
seca, de carga que comprende la cantidad total de
material activo, tensoactivao, adyuvante Y otros
ingredientes y desde aproximadamente 30 a 70% en peso,

base seca, de almidén.

13. La composicién de la reivindicacién 10 en donde el
almiddén es ester de almidén modificado con un anhidrido
de Acido orgénico que tiene un grupo de hidrocarburo de 2
8 22 atomos de carbono y se selecciona de los grupos

alquilo, alquenilo, aralquilo, o aralquenilo.

14. La composicién de la reivindicacién 13 en donde el

grupo hidrocarburo tiene de 5 a 18 atomos de carbono.
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15. La composicién de la reivindicaciédn 10 en donde el
almidén es un éter de almiddn preparado al modificar el
almidén con é6xido de alquileno que tiene de 2 a 6 atomos

de carbono,

16. La composicién de la reivindicaciétm 13 en donde el

material biolbdgicamente activo es un glifosato.

17. La composicién de la reivindicacidén 16 en donde el

tengsoactivo es un alquil poliglicosido C6-Cl14.

18, La composicidén de la reivindicacién 1 en donde se
utlilizan mads de uno de 1los materiales biolégicamente

activos.

19. La composicién de la reivindicacién 18 en donde el

almidén mogdificado es éster de almidén o éter de almidénm.

20. La composicidédn de la reivindicacidén 19 en donde el
almidén es un éster de almidén preparado de un anhidrido
de 4cido orgédnico que tieme un grupo hidrocarburo

hidréfobo de 2 a 22 &tomos de carbono.

21. La composiclén de la reivindicacién 1 en donde se
utilizan mas de uno de 1los almidones quimicamente
modificados v/o mas de uno de los

tensoactivos/adyuvantes.
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22. La composicién de la reivindicacién 21 en donde se
utiliza més de uno de los materiales bioléglcamente

activos.

23. Una formulacién estable, sélida que es dispersable

en agua y compatible cuandoc se dispersa y comprende:

aj)Un almidén quimicamente modificado, y

b)Un material agricola blolégicamente activo.

24, La composiciétn de la reivindicacliétn 23 en donde el
material biolbgicamente activo se selecciona del grupo

que consiste de herbicidas, insecticidas y funguicldas.

25. La composicién de la reivindicacién 24 en donde el
almidén quimicamente modificado es éster de almidén o
éter de almidén.

26. La composiciétn de la reivindicacién 25 en donde el

material agricola biolédgicamente activo es un glifosato.

27. La composicidén de la reivindicacién 25 en donde se
utilizan desde aproximadamente 15 a 85% en peso, base
seca, de la carga que comprende la cantidad total de
material activo Y tros ingredientes Y desde

aproximadamente 15 a 85% en peso, base seca, de almidén.



28. La composicién de la reivindicacién 25 en donde se
utilizan desde aproximadamente 30 a 70% en peso, base
seca, de la carga que comprende la cantidad total de
material activo y otros ingredientes Yy desde

aproximadamente 30 a 70% en peso, base seca, de almiddm.

29. La composicién de la reivindicacién 23 en donde se

utilizan mids de los materiales bioldgicamente activos.

30. La composicitn de la reivindicacién 29 en donde el
almidén modificado es un éster de almidén o un éter de

almidén.

31. Una formulaciétn estable, sélida que es dispersable

en agua, y compatible cuando se dispersa y comprende:

2)Un almidén quimicamente modificado

b)Un tensoactivo o adyuvante no aceitoso.

32. La composicidn de la reivindicacién 31 en donde el

almidén modificado es éster de almidédn o éter de almidén.

33. La composicién de la reivindicacién 32 en donde el
almidén es un éster de almidén modificado con un
anhidride de 4&cido orgénico que tiene un grupo de

hidrocarburo hidréfobo de 2 a 22 Atomos de carbono.
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34. La composicién de la reivindicacién 32 en donde el

tenscactivo es un alquil poliglicosido C6-Cl4.

35. La composicién de la relvindicacién 32 en donde se
utilizan de 15 a 85% en peso, base seca, de la carga que
comprende la cantidad total de tensoactivo, adyuvante y
oros ingredientes y desde aproximadamente 15 a 85% en

peso, base seca del almidén.

36. Lla composicién de la reivindicacién 32 en donde se
utilizan desde aproximadamente 30 a 60% en peso, base
seca, de la carga que comprende la cantidad total de
tensoactivo, adyuvante y otros ingredientes y deade

aproximadamente 30 a 70% en peso, base Beca, del almidén.

37. La composicién de la reivindicacién 31 en donde mis
de uno de 1los almidones quimicamente modificados y/o

tensoactivos o adyuvantes se utiliza.

38. La composicién de la reivindicacién 37 en donde el
almidén modificado es un éster de almidén o un éter de
almidén.

39. Una dispersitn acuosa que contiene un material
agricola bilolbégicamente activo y que tlene una eficacia

biolégica creciente que comprende:

\6%



a)Un almidédn quimicamente modificado,
b)Un material agricola biolégicamente activo, vy
opcionalmente

¢)Un tensoactivo y/o adyuvante.

40. La composicitn de la reivindicaclédn 39 en donde el

almidén modificado es éster de almidén o éter de almidon.

41. La composicién de la reivindicacién 40 en donde el
material hioldgicamente activo se selecciona del grupo

que consiste de herbicidas, insecticidas y funguicidas.

42. La composicién de a reivindicacidén 40 en donde el
material bilolb6gicamente activo es un glifosato o

estrobilurina.

43. La composicién de la reivindicaciétn 40 en donde el
material bioldgicamente activo es glifosato-isopropil

amina o azoxistrobina.

44. La composicidén de la reivindicacién 42 en donde se

utiliza un tenscactivo no iénico.

45. La composicién de la reivindicacién 44 en donde el

tensoactivo es un alcohol etoxilado C8 a Cl18.



46.Un método de aplicar un material agricola
biolégicamente activo a cultivos, vegetacién, malezas,
plantas, insectos, plagas y suelo que comprende aplicar
una dispersidén acuosa de:

a)Un almidfn quimicamente modificado,

b)Un material agricola biolégicamente activo, ¥y

opclonalmente

c)Un tensoactivo y/c adyuvante,

caracterizado por que se suministra un efecto que siente

de eficacla bioldgica del material active.

47. El1 método de as reivindicacién 46 en donde el
almidén modificado es un éster de almidébn o un éter de

almidén.

48. El1 método de la reilvindicacién 47 en donde el
material bioldgicamente activo se selecciona del grupo

que consiste de herbicidas, insecticidas y funguicidas.

49. El1 método de la reivindicacién 47 en donde el

material Dbloldébgicamente activo es un glifosato o

estrobilurina.

50. El1 método de la reivindicacién 47 en donde el
material blolégicamente activo es glifosato-iscpropil

amina o azoxistrobina.
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51.El método de la reivindicacién 49 en donde se utiliza

un tensoactivo no iéniceo.

52. E1l método de la reivindicacién 51 en donde el

tensoactivo es un alcohol etoxilado C8 a C18.

53. El1 método de la reivindicacién 51 en donde el

tensoactivo es un alquil poliglicosido C6 a Cl4.



