15 June 2006 WATER DI SPERSI BLE STARCH BASED PHYSI CAL FORM MODI FI CATI ON OF
AGRI CULTURAL AGENTS FI ELD OF THE I NVENTION This invention rel ajes, ooyt er

di spersible, stable, solid products or fornul ations of selected starches,
active agricultural agents, and surfactants and/or adjuvants. These solid
products are readily water soluble or dispersible. Furthernore, these 5
products have a starch matrix or carrier structure which changes the

physi cal form of the product, rmakes it conpatible when dispersed, allows
for a high | oading of active material and permts use of a broad range of
surfactants, adjuvants and other ingredients. Furthernore and surprisingly,
it has been found -1 15 June 2006 that such starch containing agrochem cal
products can exhibit increased biological efficacy of the active material.
Various formul ations of agricultural active ingredients have been devel oped
to satisfy the needs for agricultural crop 5 protection and other rel ated
areas. Otentines these products have been in the formof liquid

formul ations. Recently, in crop protection formulation technology there ‘has
been a desire to nove away fromliquid fornulations to solid

WATER DISPERSIBLE STARCH BASED PHYSICAL FORM
MODIFICATION OF AGRICULTURAL AGENTS

FIELD OF THE INVENTION

This invention relates to water dispersible, stable, solid
products or formulations of selected starches, active agricultural
agents, and surfactants and/or adjuvants. These solid products

{ are readily water soluble or dispersible. Furthermore, these
5 products have a starch matrix or carrier structure which changes
the physical form of the product, makes it compatible when
dispersed, allows for a high loading of active material and
permits use of a broad range of surfactants, adjuvants and other

ingredients. Furthermore and surprisingly, it has been found



products such as dry granules or powders. Such solid products 1o would
reduce the use of solvents, be nore environmentally friendly 3apq jefyse
transportation costs. However, the ability to provide solid products using
a conbination of active ingredients such as glyphosate, and surfactants
such as pol yoxyet hyl ene sorbitan esters, e.g. Tween 20, has been difficult
because such 15 materials are not conpatible and are not easy to process or

work with. Alt f . Iﬁm%q id agricultural
product s, mstﬁ%#gpﬁggﬁé‘s}gﬁu&g%r‘{h&sa gﬁ% agtégd&%(%ﬁ&xsﬁ%(hi bit extended
or del ayed rel gease characteristics. U S. Patent No. 6,228,807 issued on My
8, 2001 to M 'Wﬁ&%ﬁb'?&%c%te%éqqcy&lﬁg?@&eG‘Fﬁi,e”ﬁhter-sol ubl e her bi ci dal
conpositions of gl y{)/ho.sate with selected surfactants. Wiile -2 15 June 2006
such conpositions aNVariaas éornalilatiens obagriculturalkactiviefingredients f orm conpati bl e
solutions since many surfactants are not conpatible wth glyphosate in

concentrated fRave bbesRicveldped teagdtiRRsthd needstorefyriehitaed cisp agricul tural 5
products, including the recent 807 patent noted above, and 'solid products

show ng ext ”?gr%té&kcﬁf"éﬁq gﬂ%ﬁ%fé@& aréé%é@fﬂeﬁtiﬁ@s'theg%@?omg for solid

agricultura pe produc are water I spersi conpati bl e when

di spersed and gxfl BLL 9 tieform of liquid formulations.

Recently, in crop protection formulation technology there
has been a desire to move away from liquid formulations to solid
products such as dry granules or powders. Such solid products

10  would reduce the use of solvents, be more environmentally
friendly and reduce transportation costs. However, the ability to
provide solid products using a combination of active ingredients
such as glyphosate, and surfactants such as polyoxyethylene
sorbitan esters, e.g. Tween 20, has been difficult because such

15  materials are not compatible and are not easy to process or
work with. Although much effort has been made to develop
solid agricultural products, most of the useful solid, starch based
products exhibit extended or delayed release characteristics.

U.S. Patent No. 6,228,807 issued on May 8, 2001 to M.

20 Kuchikata et al, discloses dry, water-soluble herbicidal

compositions of glyphosate with selected surfactants. While



rel ease characteristics. 10 Accordingly, what is desired for use in
agricultural applications, is a stable, solid product which has,;gdi-gks

rel ease properties, provides high | oad of active nmaterials and can conbine
mul ti pl e conponents into a conpati ble system 15 SUVWARY OF THE | NVENTI ON
Now it has been found that stable, water dispersible solid products of
agricultural active agents are provided when conbined with sel ected

starches and 1 re particularly,
this inventi o%@%@c{?ﬁ%{%@at alﬁ @%%Ie qfsjﬂg'lbal Ert?rug&égt]vf)on which is

wat er di spersible %a[rggeng i des. 5 June 2006 coFBatl bl e,
honogeneous di9FR%] OEﬁrﬂﬂqes@ ny Sy aﬁq{'ﬁ%ﬁ‘f"cép GompaliPieed starch, b) a
biologically active agricultural nmaterial, and optionally 5 c) a sur f act ant

and/ or adj uvarith glypbosatedntdonmentrateddformnyvol ves agrocheri cal fornul ati ons
cont ai ni ng conbi nations of two or nore active materials. DETAILED

5.E§§§'r ;lelogl Slsl ITSE DédfitthelVakidushdiscloswrestof aietive \agricaltural abl e, wat er

5 products, including the recent ‘807 patent noted above, and
solid products showing extended release properties, there is still
the need for solid agricuitural type products which are water

{ dispersible, compatible when dispersed and exhibit quick

release characteristics.

10 Accordingly, what is desired for use in agricultural
applicat'ions, is a stable, solid product which has quick release

properties, provides high load of active materials and can

combine multiple components into a compatible system.

15  SUMMARY OF THE INVENTION
Now it has been found that stable, water dispersible solid
products of agricultural active agents are provided when
combined with selected starches and optionally surfactants
and/or adjuvants. |
20 More particularly, this invention is directed to a stable, dry

solid formulation which is water dispersible and provides a rapid,



products of selected starches, agricultural active agents, and surfactants
and/or adjuvants. These dry solid products or formulations argsjaRi8d/

di spersed in aqueous nedium conpati bl e when di spersed and provide quick
rel ease of the 1s bioactive agent. These fornul ati ons al so provide a high

| oading of the active ingredient and have been found especially useful in
agricultural crop protection. Furthernore, the solid product of this

i nvention has j i ch:.al r .4yse of one or nore

di fferent act ic@)g%ﬁ%[bg?,iﬁ%&géa%%aﬁggl'sg&ﬁgk%cgm vVariety of surfactants,
adj uvants and ot her ingredients whjl ti|l providing a conpatible

di spersi on and hi gﬁ)l%ghe%ﬁ?glé’im%'ﬁea si@rc une 2006 Stable, solid products
are those where there is no bleeding or separation of individual
conponent s. Gener ab) ya hiolpgicallycactive agnictiliticalodateriablandwhen this condition
exists for at least six nonths. 5 Dispersible, solid products are those

which are functional dptignall{;or m or honogeneous when di spersed. The
di spersed or water solubilized product may be in the formof a solution,

enul si on ok suspena}]oﬂsu@g@m hnbﬁr%akdg ¢ns are those where the individual

10 conponents remnal onogeneous 1 n I'nal aqueous sol ution.
This invention further involves agrochemical formulations

containing combinations of two or more active materials.

DETAILED DESCRIPTION OF THE INVENTION

10 This invention involves stable, water dispersible solid
products of selected starches, 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

15  bioactive agent. These formulations also provide a high loading

( of the active ingredient and have been found especially useful in

agricultural 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

20 variety of surfactants, adjuvants and other ingredients while still

providing a compatible dispersion and high load capacity.



Conpati ble emul sions in water are those that remain stable, do not

coal esce, phase out or separate, floccul ate, aggregate or proﬂgﬁﬁe?&ginent.
For conpati bl e suspensions in water, the solids remain honogeneously
suspended in the end use 15 dispersion, i.e. they do not drop out. The
conpati ble solutions or dispersions provide relatively or functionally

uni form distributions of the conponents in the end use |iquid.

Conpositions are tyqigal Ly, i ible ; ese conditions exi st
for at |least 4 hou@ag ds%&%%%‘?ﬁ%%ﬂ?ﬁ%@hgﬁw\@lﬂgﬁhégor nore. -5 15 June
2006 Rapidly or readily dispersible is defined as a mxture with cold water
and ni ni mal ~ agleeding or sgRarajionsef individust Femponents. ¢senetfalyd 10 minutes, nore
particularly less then 3 mnutes. Solid products are those such as the type
havi ng a 5 pamprodudtds eonsidered stableisvhendhisebnditiomexiatsifodat r ange of si zes
and shapes, such as powders, granules (dust free powders), flakes, chips,
sheet s, tabl efigastt hinths.aggl onerates, etc. The solid product or
formulation of this invention will conprise either the conbination of

starch, acgi ve nat %i& rs?ﬂg’a%%ﬂsiﬂppgeﬁt%ttgﬁggmc@g}éwant; starch and

active material; or starc ctant or adjuvant. Any of the above

formul ati ons . . .
functionally uniform or homogeneous when dispersed. The

dispersed or water solubilized product may be in the form of a
i solution, emulsion or suspension.
Compatible solutions are those where the individual
10 components remain homogeneous in the final aqueous solution.
Compatible emulsions in water are those that remain stable, do
not coalesce, phase out or separate, flocculate, aggregate or
produce sediment. For compatible suspensions in water, the
solids remain homogeneously suspended in the end use
15  dispersion, i.e. they do not drop out. The compatible solutions
( or dispersions provide relatively or functionally uniform
distributions of the components in the end use liquid.
Compositions are typically considered compatible when these
conditions exist for at least 4 hours and more particularly 24

20  hours or more.



may al so include optional additive ingredients. The active ingredients used
in the systemor formulations of this invention include a broad jaggs Of
materials and this 15 includes active ingredients some of which don't form
free standing powders on their own. Some of the useful active materials
may be liquid while others may be solids wwth low or high nelting points.
Particularly useful active ingredients for this invention are |iquids at

roomtenperature or | 8 ri hi gh nmelting
(e.g. >800C) crystal B%ﬁ@l%ﬁtf%é}ﬁlgfc@s&erg%?%Fsﬁ%@%%%%m%hgrgﬁpﬁl tural active
agents which arcg usetd in the for Iatignf of this inyvention can be any one
or nore of a v¥Qle Watgngnd spinjmelagiatiopdhaf gives AMiISeRSIAN I IPSSact i ve
materials. Description of the actives as water dispersible nmeans that they
5 are water soﬂheblg)tfﬁnl@t@ﬁ, more papinudrily less éhen Siminstes.n water. Mre
particularly, it may be one or nore herbicides, pesticides, for exanple

i nsecticides, fungi Soli¢prodiens aee tse NMPAStHelgPe havind ai des, rodenti ci des,
bactericides, nollusicides and bird repellants, and/or plant growh

oo 3, PR LG b RS G A e e
| nsol ubl'e or and shapes, such as powders, granules (dust free powders),
flakes, chips, sheets, tablets, pellets, agglomerates, etc.
The solid product or formulation of this invention will
comprise either the combination of starch, active material and
10  surfactant and/or adjuvant; starch and active material; or starch
and surfactant and/or adjuvant. Any of the above formulations
may also include optional additive ingredients.
The active ingredients used in the system or formulations
of this invention include a broad range of materials and this
15 includes active ingredients some of which don’t form free
standing powders on their own. Some of the useful active
materials may be liquid while others may be solids with low or
high melting points. Particularly useful active ingredients for this
invention are liquids at room temperature or low melting (e.g.

20 <80-C) materials and high melting (e.g. >80-C) crystalline

materials.



I mm scible material, although granules can be nmade including water soluble
active materials. Specific exanples of active materials incluggjndbgs
Her bi ci des such as 6-chl oro-N-et hyl -N-(1- et hyl et hyl ) -
1,3,5-triazine-2,4-diam ne (common nane atrazine); N, N -bis(1-

met hyl et hyl )-6-(nmethylthio)-1,3,5-triazine-2,4-diam ne (combn nane
prometryn); substituted ureas such as diuron or N -(3,4-

di chl orophenyl ) - N, ' . &S : 20

met sul f ur on- et hyl {Nﬁ:{ F?{'M{#élte 352’3?#%3?#%'%8%5@% yha@‘?en- 2-yl)

am no] car bonyl_ ] am nq] sul fonyl ] benzoate},; triasulfuron -(2,-7 15 June 2006
chl or oet hoxy) -f%mw'eﬁ&%pﬁﬁugﬂly-%pnﬁan@%?ey OPELiToE 3 Wids

yl ) am no] car bonyl ] benzenesul f onam de}; tribenuron-nethyl (nethyl

2- [ [ [ [ (4- met heange ofiuatgr dispersible agaachemigally active materials.

met hyl am no] car bonyl ] am no] sul f onyl | benzoate} and 5 chl orsul furon

(2- chl or o- N- [ [Oiekoniptionof tife aetived ad wiitdr dispérsilile fneatl9 that fisdycar bony!| |

benzenesul f onam de}; bis-carbamates such as phennedi pham or

{3- L (et hogycaraanathe SRR ?fgﬁgﬁg_s%tépﬁgﬁ:%@& ByliieE 1 Gase el

aryl oxyal kanoi ¢ aci oro-2 pyrrdinyl)oxy] acetic acid
{r1 et hanol anmitRGrRaTPHE o) b B e OrnoE BEtidFS sasss
for example insecticides, fungicides, acaricides, nematocides,
miticides, rodenticides, bactericides, mollusicides and bird
repeII}ants, and/or plant growth regulators. Especially useful
10  active materials are herbicides, insecticides and fungicides.
Usually, the active material will be a water insoluble or
immiscible material, although granules can be made including
water soluble active materials. Specific examples of active
materials include:
15 Herbicides such as 6-chloro-N-ethyl-N-(1-methylethyl)-
( 1,3,5-triazine-2,4-diamine (common name atrazine); N,N’-bis(1-
methylethyl)-6-(methylthio)-1,3,5-triazine-2,4-diamine (common
name prometryn); substituted ureas such as diuron or N'-(3,4-
dichlorophenyl)-N,N-dimethylurea); sulfonyl ureas such as
20  metsulfuron-methyl{2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)

amino]carbony{]amino]sulfonyl]benzoate}; triasuifuron {2-(2-



acetic acid (

commonly known as 2,4-D) and its salts or esters

li ke 2,4-D

butyl, 2,4-D dinethylamonium 2,4-D-diolamne, 2,4- D 2-ethyl hgxyle2006

2,4-Disoocty

|, 2,4-D-isopropyl, [(4-ami no-3,5 15

di chl oro-6-fl uoro-2-pyridinyl)oxy] acetic acid (comonly known as
dits esters |ike furoxypyr-nmeptyl and fl uroxypyr-

fl uoropyr) an
2- but oxy- 1 -nme
(+)-2-[[5-(t
known as flua
chl oro-5-(tri
known as hal o
hal oxyf op- et
f | uor ophenoxy
cycl ohexanedi
et hoxyi m nobu
(commonly kno
al pha- chl orgo-
al achlor), N
known as but
chl or oacet ani
(2,4-dichloro

10

15

20

thyl ethyl, 2-(4-aryl oxyphenoxy) propionic acids

|l i ke butyl

;ér{léélob%grﬁ(%%'}{)_;m[%&_ﬁ@gékffﬂ?(,%k%_é]gggﬁgé%]_z_ propanoat e (conmonly
lepolaibotubdnzenes WA bpIDSIHS-TBINA Sung 2006

hyl , hal oxyfop-P-nmethyl, butyl (R)-2-[4-(4-cyano-
)%pﬂtbvilo&ﬂfé-mﬂtboay-é-memvh‘ﬂ 3, 9-tiagin2yd cyhal of o
one oximes like (+/_)-(EZ)-2-(1-

2-
p-butyl),

tméﬂhﬁamﬁlo(]@rbbhylﬁad'ﬁo]ﬂj_Ifdhm]bénﬁnété}iahéxyCy| oh ex-2 5 enone

wn as set hoxydi Addi ti onal useful herbicides

i ncl ude

IR P R IR BRI e eI S8R G | commont y

AR hbisares fazsnestimeaipErA SRS §ich
pagegﬁég%eg%%ta\ins osfé-([jl(heztﬁggllc%rrgérwl)amino] phenyl (3-
methylphenyl)carbamate}, aryloxyalkanoic acids like [(3,5,6-
trichloro-2 pyridinyl)oxy] acetic acid (commonly known as
triclopyr) and its salts or esters like triclopyr-
triethanolammonium, triclopyr-butotyl, (2,4 dichlorophenoxy)
acetic acid (commonly known as 2,4-D) and its salts or esters
like 2,4-D butyl, 2,4-D-dimethylammonium, 2,4-D-diolamine, 2,4-
D-2-ethylhexyl, 2,4-D-isooctyl, 2,4-D-isopropyl, [(4-amino-3,5-
dichloro-6-fluoro-2-pyridinyl)oxy] acetic acid (commonly known
as fluoropyr) and its esters like furoxypyr-meptyl and fluroxypyr-
2-butoxy-1-methylethyl, 2-(4-aryloxyphenoxy) propionic acids
like butyl (+/_)-2-[[5-(trifluoromethyl) 2 pyridinylJoxy]phenoxy] -
propanoate (commonly known as fluazifop-butyl), (+/_)-2-[4-[[3-

chloro-5-(trifluoromethyl)-2-pyridinylJoxy]phenoxylpropanoic acid

(commonly known as haloxyfop) and its esters haloxyfop-etotyl,

1)-2 10
ster of



(et hoxynet hyl )-6'-et hyl -o-acetot ol ui di de (commonly known as acetochl or),
1- (1-cycl ohexen-1-yl)-3-(2-fluorophenyl)-1-nmethyl urea, 15 June 2006
S-2,3,3-trichloro-allyl-diisopropyl thiocarbamate 15 (commonly known as
triallate), and al pha, al pha, alpha-trifluoro-

2,6-dinitro-N, N-di propyl -p-tol uidine (commonly known as trifluralin).
Fungi ci des such as thiocarbamates, particularly

al kyl enebi s(dit hi.ocarbanpt e)s. faqr a , 2= 20

ot haned; yl o %@8%‘\6@ HFW?QI%?X%P) -W%\?aﬁﬂﬁif’Rﬁ-ﬁéﬁ-ﬁﬁéﬁ%@éa?-or

([[1, 2-ethanedjyl - bi s[ carbanodithiato]](2-)] -9 15 June 2006 nmanganese

m xture with [QWTQDB?WCP%WQRE@P'QEﬁﬂj(qoﬂ'"apﬂﬁ)’]knqvﬂn APzinc}; strobilurins
such as azoxystrobin (methyl (E)-2-[[6-(2- cya n o

phenoxy) - 4- pyréyhatofoptiutyly] ew:k(headahediam*!d»;imes likee(/_oE)erétbcet at e} and
kresoxi m net hyl {(E)-a-(nmethoxyimno)-2 s

[ (2- met hy| phengskyi .hab& oy Pétﬁ%trﬁoﬁﬁbﬁwgiﬂ'ybdro%)ﬂﬁﬁex- 2di car boxi mi des

such as |prod|one - | or ophenyl)

I sopropyl proplconazole

or (1[5 (34 %‘%W@éﬁm%vw %?3%91@%&*?9 £ BABPER! 356 e 1 -

H-124tr|azole teb con zol e

{(RS)-1-p-chl dF %&Sﬁ Tﬁh?ofg -4 1 6 rgliethyl-N-methoxyraethyl

yl met hyl ) - pent an 3-ol}; haI opht hal onitriles such as chl orothal onil
acetanilide (commonly known as alachlor), N-butoxymethyl-

alpha-chloro-2’,6'-diethylacetanilide (commonly known as
butachlor), 2'-methyl-6’-ethyl-N-(1-methoxy-prop-2-yl)-2-

10 chloroacetanilide (commonly known as metolachlor), isobutyl
ester of (2,4-dichlorophenoxy) acetic acid, 2-chloro-N-
(ethoxymethyl)-6'-ethyl-o-acetotoluidide (commonly known as
acetochlor), 1-(1-cyclohexen-1-yl)-3-(2-fluorophenyl)-1-methyl
urea, S-2,3,3-trichloro-allyl-diisopropyl thiocarbamate

15 (commonly known as triallate), and alpha, alpha, alpha-trifluoro-
2,6-dinitro-N,N-dipropyl-p-toluidine (commonly known as
trifluralin).

Fungicides such as thiocarbamates, particularly
alkylenebis(dithiocarbamate)s, for example maneb or {[1,2-

20 ethanediylbis-[carbamodithiato] (2-)] manganese} and

mancozeb or {[[1,2-ethanediyl-bis[carbamodithiato]](2-)]



pr {2,4,5,6-tetrachl oro-i, 3-di cyanobenzene}; and irorganic fungicides such
as copper hydroxide or Cu(OH)2. Insecticides including benzoyl 15583%084/Ch as
15 di fl ubenzuron or N-[[(4-chl orophenyl)am no] carbonyl]-2, 6-

di f | uorobenzam de; carbamates including solid and liquid forms such as
carbaryl or 1-naphthyl nethyl carbamate, aldicarb, nethonyl, carbofuran
bendi ocarb, oxanyl, thiodicarb, trimethylcarb; organophosphates e.g.

At on, P AL Rsd BiRSTE WL A TSRS e 2 T
e 00 e kil oo S s SETBGYRS, (vl o),

synthetic pyrethrins, pernethrin, |anda-cyhalothrin, cypernethrin,
pet r ol eum oi | Kyamephenoxy4-pyimidigylliada-(methogymethylengknsi s and
ent onopat hi ¢ viruses such as the bacculo virus. Acaricides such as

cl of ent ezi ne dserzepebicéfate} afd RrsyRIXRRMhethyl HEF-aXniéthbRyintiRe)-2nDNg wat er

sol ubl e active materials, non-selective 0 herbicides, particularly

e e e L
dicarboximides such as iprodione {3-(3,5-dichloropheny!)-N-
isopropyl-2,4-dioxoimidazoline-1-carboxamide}; azoles such as
propiconazole or {1-[2-(2,4-dichloro-phenyl)-4-propyl-1,3-
dioxolan-2-yl-methyl-1H-1,2,4-triazole and tebuconazole or

10  {(RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2 ,4-triazole-1-
ylmethyl)-pentan-3-ol}; halophthalonitriles such as chlorothalonil
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

15  diflubenzuron or N-[[(4-chlorophenyl)amino]carbonyl]-2,6-

{ difluorobenzamide; carbamates including solid and liquid forms
such as carbaryl or 1-naphthyl methyl carbamate, aldicarb,
methomyl, carbofuran, bendiocarb, oxamyi, thiodicarb,
trimethylcarb; organophosphates e.g. malathion, parathion,

20 demeton, dimethoate, chlorpyrifas, diazinon, azinphosmethyil

and phosmet; compounds which break down an insect’s

-10 -



i so-propylam no and trinethyl sul phonium salts of N phosphonyl net hyl

glycine, and other salts such as ammonium sodi um and pot assi ygy,2%os
phosphi nyl am no acids such as 15 gl ufosinate or

2- am no- 4- ( hydr oxynet hyl phosphi nyl ) butanoic acid, particularly as the
amoni um salt. Such water soluble actives can be used as the sole active in
wat er di spersible granules or in conbinations thereof, but can al so be used
in conbinatiop wi,th water insoluble or jmmscible actives.in multi- 20
hetive o mil diaese 14 estg it dgtan R aeRu S AV F BRI at 1 on of “thi s
invention can include one or nore surfactants and/or adjuvants and other
addi ti ve i ngr &in@And mercurydicoting, reteaosar nee™ iker azadiraghivi ti es and hel p
to increase the dispersibility of the active material 5 and/or can al so act

as an emnul si f ireaturad or shnihetie pyrethtihs nEeragethtin odlamdasspeaidthrin, agent . Adj uvant s
are materials that help to increase the biological efficacy of the active

material and i bHﬂ@thrﬁH{p@%‘ Dils CAhd it iﬁe%"tﬁls%hlu%i |'s, vegetable oils

and al kyl esteéers of fatty acids, and combinatio ereof. Other additive
attri but es ot o PHEGBRAGIAT SneRhetni TistRsbeh s Ge b bit rering
agents, rheological nodifiers, antifoam/
virus.
Acaricides such as clofentezine or 3,6-bis(2-
{ chlorophenyl)-1,2,4,5-tetrazine.
Among water soluble active materials, non-selective
10  herbicides, particularly N-(phosphonomethyl) glycine type
herbicides such as glyphosate and sulphosate, respectively the
iso-propylamino and trimethylsulphonium salts of N-
phosphonyimethyl glycine, and other salts such as ammonium,
sodium and potassium; and phosphinyl amino acids such as
15  glufosinate or 2-amino-4-(hydroxymethylphosphinyl)butanoic
( acid, particularly as the ammonium salt. Such water soluble
actives can be used as the sole active in water dispersible
granules or in combinations thereof, but can also be used in

combination with water insoluble or immiscible actives in multi-

20 active formulations.

-11 -



defoaners, drift /m st control agents, viscosifiers, enulsifiers,

di spersants, suspendi ng agents, solvents and fillers. One or 15 Umeezogé such
surfactants, adjuvants and other additves may be used and they are no
limted by physical formsuch as liquid, paste or wax; or by being water
soluble (i.e. fromfully water soluble to water insol ubI e) or water

di spersible (e.g. formng aqueous sol utions, dispersions or emnulsions). The
surfactant or 20 adtuvant rﬁ% “E’ &éeas hhe bi ol ogi cal efficacy of the
active material. THheeFIFAGEMISA! formulation At Misdp¥entg 63nt s that are -12 15
June 2006 used in the formulation will depend on the active material and its
properties. THECKdeiana anmore surfaptantsandionadiuvants aag adeemon- i oni c,
cationic, anionic, anmphoteric or a blend or conbination thereof. 5

Exenpl ary non-addifive ingrédiehtst Suifactantichave sindacerbktivey padpesties. g.

et hoxyl ates, particularly C8 to C18 al cohols which can be |inear, branched

or | i near / br angieRell tiHERBse i BBl bk M G matertal ot hoxyl ates and

particularly C8 to al kyl am nes; sorbitol and sorbltanfatty acid

N G ek s o TS
particularly %Gljstpgng%\% ggljg t. ;&)c? L\)lgr?tg%r}g rrﬁgt%ﬁalssu%at ﬁ(selpatloklnl: ease
the biological efficacy of the active material and include
surfactants, oils such as mineral oils, vegetable oils and alkyl
esters of fatty acids, and combinations thereof. Other additive
10  ingredients and materials can be used to provide a variety of
functional attributes to the formulation and include materials
such as buffering agents, rheological modifiers, antifoam /
defoamers, drift /mist control agents, viscosifiers, emulsifiers,
dispersants, suspending agents, solvents and fillers. One or
15  more of such surfactants, 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 to water insoluble) or water dispersible (e.g. forming
aqueous solutions, dispersions or emuisions). The surfactant or

20 adjuvant may help increase the biological efficacy of the active

material. The particular surfactant and/or adjuvants that are
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gl ycosides. Qther non-ionics include pol yoxyethyl ene pol yoxypropyl ene bl ock
copol ynmers, glycerol esters, glycol 15 esters, alkoxylated and4g j,ne 2006

non- al koxyl ated sorbitan esters, sucrose esters, sucrose glycerides,

pol yoxyal kyl ene al kyl aryl ethers, polyoxyalkylene al kyl esters and fatty
acid ethoxylates. Cationic surfactants that are useful include prinary,
secondary and tertiary alkylam nes, tertiary polyoxyal kyl ene

Certiary pol yoly yPeriEnO iyl BnBRu LN R 2ofu 8 iafnly 50 Fyﬁi'yileiyl ene

al kyl et heram ne oxides, and tetra al kyl anmoni um hal i des. Useful anionic
surfactants i rR¥PREEIeS. kyl sul fates and phosphates, ol ein sul fonates,

al kyl aryl sul fonates, polyoxy- 5 al kylene al kyl ether sul fates and
phosphat es, sul f osuthe satfactidat used iv the fosmulatmmncmiaydiesson-danicosi nat es,
taurates, sulfates and sulfonates of oils. Useful anphoteric surfactants

i ncl ude N-al kyddtd, mmcaéuhphofyﬁcctsmb@na&ﬁ cuMfibinBtiéAZiéicde derivatives.
10 The sel ected starch component which can be used in the solid products or

for mul ati ons g, dbiary RKRNbART HfaErdETAGUS BicoRf hlcRflatédy ches and nore

particularly are's
e.g. ethoxylates, particularly C8 to C18 alcohols which can be

linear, branched or linear/branched mixtures; alkylamine
alkoxylates, e.g. ethoxylates and particularly C8 to C18
alkylamines; sorbitol and sorbitan fatty acid esters, particularly

10  C8 to C18 fatty acids esters and their ethoxylated derivatives;
and chemically modified low molecular weight polysaccharides,
particularly C6 to C14 alkyl polysaccharides such as alkylpoly-
glycosides. Other non-ionics include polyoxyethylene-
polyoxypropylene block copolymers, glycerol esters, glycol

15  esters, alkoxylated and non-alkoxylated sorbitan esters, sucrose
esters, sucrose glycerides, polyoxyalkylene alkylaryl ethers,
polyoxyalkylene alkyl esters and fatty acid ethoxylates.

Cationic surfactants that are useful include primary,

secondary and tertiary alkylamines, tertiary polyoxyalkylene

20 alkylamines, polyoxyalkylene and non-polyoxyalkylene

alkylamine oxides, tertiary polyoxyalkylene alklyetheramines,
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starch ethers. The starch esters and starch ethers nmay contain nonionic or
I oni ¢ substrate groups such as cationic, e.g. tertiary 15 am ”?5@?'9 00
guat er nary anmoni um groups, Or ani onic groups, and may be cross I% (16
Modi fied starches of these types are described in "Starch: Chem stry and
Technol ogy", edited by R L. Wistler et al, Chapter X, 1984. Preferred
nodi fi ed starches are those containing an ester or ether group. The base

starch 20 may | . wer, nd includes those
derived from ﬁy%@%@%?l&g@h%%ﬁégéﬁ&? a@g%@a potato, -14 15 June
2006 wheat, ri(i sago, sor%hum waxy maize, waxy potato and high anylose
starch, i.e. Q@WWPWQ*‘ {d@Seast 40% by wei ght of anyl ose content. Al so
i ncluded are the conversion products derived fromany of the former bases
~including, for exangseful anideid surfagtarsdneldde\alky dutfatesi andicti on of aci d
and/ or heat; oxidized starches prepared by treatnent with oxidants such as

sodi um hypocmﬂfdsfpﬂatb's wah%ﬁana@rsozslk%rylamfohbtégiIﬁdtycsa(y-thl n boiling
starches prepared by enzyne conversion’or acid hydrolysis. 10 Mdified

starch estgrs JaGbHERISAGRENSARaLE LAY HAURH o g;sg&ggag&.ﬁat gstarch butyrate,

starch hexanoa etc 'carboxylic acids,

articul arl t he. al kenyl ccin
P y J]envatlves ysu %succmates sarcosinates, taurates, sulfates and

sulfonates of oils.
i Useful amphoteric surfactants include N-alkylbetaines,
alkyl amidobetaines and imidazoline derivatives.

10 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 esters and starch ethers may contain
nonionic or ionic substrate groups such as cationic, e.g. tertiary

15 amine and quaternary ammonium groups, or anionic groups,

( and may be crosslinked. Modified starches of these types are
described in “Starch: Chemistry and Technology”, edited by R.
L. Whistler et al, Chapter X, 1984. Preferred modified starches
are those containing an ester or ether group. The base starch

20 may be any starch, native or converted, and includes those

derived from any plant source such as maize, tapioca, potato,

-14 -



acids. Starch ethers include the hydroxyal kyl ethers such as hydroxyethyl
and hydroxypropyl starch. The starch esters and 15 ethers used,j

|nvent|on may be prepared by processes known in the art such as él ﬁ%sed
in "Starch: Chem stry and Technol ogy", noted above. The preparation of
starch esters typically involves reacting starch with organic acid
anhydrides such as acetic 20 anhydride in either aqueous or non-aqueous

syst ens, d S ' Vi f ral:Lens may be -15
1% e 2000 ARIHR fige gl s o bRy el wakTReRS BRUART S D) R L
Whi stler et al, 1984, as weII i S. Patents 2,661, 349

i ssued to C. @& ﬂég ?%'P?'( }e.gHtatshchavieg aiﬁaaféggg}‘am]w%g@ﬂ 132 issued to R
Billmers et al on June 14, 1994. The 5 '349 and ' 132 patents are hereby

i ncor por at ed ramyose lopnterdf &lsm includadcarentiief ¢carsversion produetsch that is
especially useful in this invention is a starch ester prepared from an

organi ¢ acid cﬁsm)éarfrdiﬁdP@Vdfnaeaoﬁua*@ﬁmheluﬂi@Woﬁé%ma@ octenyl or 1o

dodecenyl succinic anhydride. More particularly, the hydrophobic group is a

hydr ocar bog J'dax ng{})agéd%WdrolyﬁUé‘Eﬂ% of 36 &¥d/oPhedf; 3! kenyl having 2 to

22 carbons, pre

oxidized starches prepared by treatment with oxidants such as
sodium hypochlorite or hydrogen peroxide; and fluidity or thin
boiling starches prepared by enzyme conversion or mild acid
hydrolysis.

10 Modified starch esters include starch acetate, starch
propionate, starch butyrate, starch hexanoate etc. as well as the
half-esters of dicarboxylic acids, particularly the alkenylsuccinic
acids. Starch ethers include the hydroxyalkyl ethers such as
hydroxyethyl and hydroxypropyl starch. The starch esters and

15  ethers used in this invention may be prepared by processes
known in the art such as disclosed in “Starch: Chemistry and
Technology”, noted above.

The preparation of starch esters typically involves
reacting starch with organic acid anhydrides such as acetic

20 anhydride in either aqueous or non-aqueous systems, e.g.

anhydrous pyridine. A review of such preparations may be
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to 18 and nore preferably 8 to 12 carbons. Generally the starch wll be
treated with up to 60% nore particularly 1 to 60% and 15 pref ¢f ahkygods t O
20% by wei ght of the anhydride, based on the weight of starch. Another
nodi fication of starch that is especially useful in this invention is the
etherification with al kyl ene oxides, particularly those containing 2 to 6,
preferably 2 to 4 carbon 20 atons. Ethyl ene oxi de, propyl ene oxide and

but yl ene oxid . ) o) s hn etherifying the
starting -16 ?8%‘36%%@3@*3‘?%?'@%@#@?8{’@%'@ hé"ﬁ@ﬁw’&r?ﬂ In'g amounts of such
reagent conp ds may pe used, generally up to 25% nore particularly 1 to
25% and pr ef ewg{gls;'eie{af?mp&rRﬂef%-,a%wguais 'Br&tsl"repﬂéf‘&nt of starch, will
be used. 5 The nodified starches as used herein may be degraded or

converted to #66t3d9dssued to Ci Satdbiell etaloraDeeceimber ds 1863 aral | ow for better
I nteraction with conmponents. The nodified starches may al so be

pregel ati ni zed,821,8256suetkRFR. Biifnerdadrardad)unea 4 go4canhgary from 15 to 90
WF (i.e. water 1o fluidity). In addition, dextrins and/or multi-dextrins of

ot AT PR 2B SRR Fon PR g e oo ed o
reference.

One modification of starch that is especially useful in this
invention is a starch ester prepared from an organic acid
anhydride having a hydrophobic group such as octenyl or

10  dodecenyl succinic anhydride. More particularly, the
hydrophobic group is 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. Generally the starch
will be treated with up to 60%, more particularly 1 to 60% and

15  preferably 5 to 20% by weight of the anhydride, based on the
weight of starch.

Another modification of starch that is especially useful in
this invention is the etherification with alkylene oxides,
particularly those containing 2 to 6, preferably 2 to 4 carbon

20 atoms. Ethylene oxide, propylene oxide and butylene oxide are

exemplary compounds that are useful in etherifying the starting
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I ncluding treatment with hydrogen peroxide, enzynme hydrolysis or acid
hydrol ysis. Such degradation can be performed either 15 beforgggy, afbgr
nodi fication is made to the starch. The inportant feature of this Invention
is being able to provide an agrochem cal formulation or surfactant and/or
adj uvant systemin the nodified physical formof a stable, solid such as a
free-flow ng powder. This can be acconplished when 20 using either a water

sol ubl e active ' . ' i lal, 1.e.

enul sifiable o?tmsa%ﬁse@eeﬁ%fé%%%(%%&/"aérdaﬁ@ﬁb%&fggjﬁﬁéeagg%%\ﬁat?er sol ubl e
active naterial s. Thig can j ncl ude m'xtHres 01;%5%\0 or nore different active
material s suchCAEPPYRASManPe usgd cgenarglly,ypdo WOOK® nore water insol uble
active materials or conbinations thereof. The active materials do not have
to be of 5 thepatdiculaplyyltac2b% andvpreferably i daild% bysweight, beisedabi ity to do
this is provided by use of the selected nodified starches as defined

herein. The stg e efght@&F starcABwill e L86d.t he system and changes the
physi cal formthereby allow ng tor the use of different surfactants and

hysi cal form thy ! e use of differ otants snd
ct. " Addi tonal 1y, -TATRaociod SEUERLE op BB e thay M degrB8°; 20T 01 ot e

| i quid surfactants or djuvants into the forpatign .of soljd products such
asqpovvd . or convertedatoJ ac\fueve certain viscosity cﬁ%racc{erlstlcs ancj P

allow for better interaction with components. The modified
{ starches may also be pregelatinized or crosslinked. The
degraded starches can vary from 15 to 90 WF (i.e. water
10  fluidity). In addition, dextrins and/or multi-dextrins of <10 DE
(dextrose equivalent) can be used. Degradation can be carried
out using conventional processes such as oxidative hydrolysis
including treatment with hydrogen peroxide, enzyme hydrolysis
or acid hydrolysis. Such degradation can be performed either
15  before or after modification is made to the starch.

( The important feature of this invention is being able 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

20 using either a water soluble active material or a water insoluble

active material, i.e. emulsifiable or suspendable oily or non-
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t he use of starch as described herein, has allowed for the use of such
liquids as well as solid surfactants or adjuvants. 15 The dry s$ol.d 26

made by di ssolving or dispersing the active material, surfactant and or
adjuvant in a starch cook by either mxing the conponents with raw starch
t hen cooking, e.g. et cooking, or by mxing the conponents into cooked
starch. Raw starch is generally refined and recovered fromplant tissue 20

o anul s mot #aERsRRRIT Rl APy FLﬁ‘?i%céﬁ g RS o 40 S0 S006

heating in a water su%penm on or slurry, produce a col | oidal dispersion,
sol ution or stHrBAre¢ @rerttaoawerma@nakﬁwsqqh %M‘P Opfmorgwaler sol vent, is

required to allow the starch cook to provide film or matrix form ng
properties af tsolubleywiriyo ok mosewaterdgesal@ible activeimatepiatsesses are general |y
sui tabl e, such as, atnospheric pressure batch cooking, elevated pressure

bat ch cooki ng co&ﬁbihaﬁd)ﬁé/thwéof sTika Bictivie ﬁsate@élsfmmmwe ®ib&epki ng) at
either theoretical or excess steamaddition ratios, non diluting heat

Lransfer 8! h9fs sangepn Hed i e, U SAAN egssmge oo HfisWV. W Pi gnan

and R M epp, €ss nized starches

that do not require the cooki e efo dd| the s h to the
surf act ant angvgﬂo‘g q,&m{se otj}ﬂe seﬁecﬁeg lfee starches as de neg

herein. 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 aqueous

10  solutions, oils, waxes, emulsions, etc. Additionally, while
previously it has been difficult to incorporate liquid surfactants or
adjuvants into the formation of solid products such as powders,
the use of starch as described herein, has allowed for the use of
such liquids as well as solid surfactants or adjuvants.

15 The dry solid can be made by dissolving or dispersing the
active material, surfactant and/or adjuvant in a starch cook by
either mixing the components with raw starch then cooking, e.g.
jet cooking, or by mixing the components into cooked starch.
Raw starch is generally refined and recovered from plant tissue

20 as microscopic semi-crystalline particles termed granules.

These raw granules must be disrupted or gelatinized, usually by
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can al so be used. The pre-gelatinized starches are readily avail able and
can be produced by many nethods such as 15 disclosed in U S E@g&g@gos
4,280,851 issued to Pitchon et al. in July, 1981; 5,571,552 issued to
Kasica et al. in Novenber, 1996; 3,086,890 issued to Sarko et al. in April
1963; 3,637,656 issued to Germno et al. in Jan., 1972 and 3,137,592 i ssued
to Protzman et al. in June, 1964. Al of these patents are hereby 20

i ncor porated h ' f _ The L Xt ur t . dried into a

ol  d suchas (e g VESLSNERASIar syt BrBE8 AGRiadt) o 2006 dryi ng
t echni ques such as drum dryi ng, extrusion elt drying or freeze drying. In
a simlar rrann‘é'??efw'sstﬂ?‘i"ﬁ’rb oetarsh eeek-Hee tezation i [ ng or dispersing
a) the active material, or b) the 5 surfactant and/or adjuvant in a starch
cook by eit herotiexisatyentds requirashtmnaltowthenstaneh ook thpeovide ki ng or by

m xi ng the conponents with cooked starch or pre-gelatinized starch. These

m xtures are téemathi REminy Qr(ﬁjédi%aﬂéﬁbryﬁfg.pﬂl\m@é?rah?éfw ~drying techni ques
such as spray drying, drumdrying, extrusion, 10 belt drying or freeze

O % i PSR RiAE S SRACPIVAAERIS o, BB o o ot e
pressure batch cooking, elevated pressure batch cooking
(autoclaving), steam injection cooking (jet cooking) at either
theoretical or excess steam addition ratios, or non diluting heat
transfer methods. See “Chemistry of the Carbohydrates”, by

10  W. W. Pigman and R. M. Goepp, Academic Press, 1948, p.
561f. Pre-gelatinized starches that do not require the cooking
step before adding the starch to the surfactant and/or adjuvant
can also be used. The pre-gelatinized starches are readily
available and can be produced by many methods such as

15 disclosed in U. S. Patents 4,280,851 issued to Pitchon et al. in
July, 1981; 5,571,552 issued to Kasica et al. in November,
1996; 3,086,890 issued to Sarko et al. in April, 1963; 3,637,656
issued to Germino et al. in Jan., 1972 and 3,137,592 issued to
Protzman et al. in June, 1964. All of these patents are hereby

20 incorporated herein by reference. These mixtures are then

dried into a solid such as powder by spray drying or using other

-19-



VWhile the formof the solid pieces resulting fromthe process of
preparation may be in various sizes and shapes, one 15 particykgilobobsef ul
formare granul es which are considered dustless or have particles with sizes
of between about 250 to 800 microns. An especially useful process for
drying the aqueous feedstock and obtaining dust free granul es of useful

di aneters in one process step is disclosed in U S. Patent 20 5, 628, 937

i 1 onal pr oG tehnioude b 35 RIS ByingSkBSa e ANRTRF o7 2

granul ation or extrHsLon can be used, if desired, to attain a nore specific
particle size TEfRR solid formulations of this invention are
characterized by high | oading of the active ingredient and rapid
honbgeneous 5 di spkyaishnilartmannenthe:sokd peatdusicamipe maderhy of starch in the
system can vary but generally will be | ess than about 85% by weight. There

shoul d be enoudibseivimigcdr dispersiiy 5) the! fctivel mdterialadr tHshe free fl ow ng powder.
The amount of active nmaterial and other conponents in 10 the | oad which

make Up the, T QG dBPatEnt R Gidrh oSk bYSRE milfic! kel amount of

active materi surfactant, and op oth itive

| ngredients | ncotmhgonents 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,

10  belt drying or freeze drying. Also, similar products can be
prepared with the addition of other additive materials to the
components of the above described systems.

While the form of the solid pieces resulting from the

process of preparation may be in various sizes and shapes, one

15  particularly useful form are granules which are considered

( dustless or have particles with sizes of between about 250 to

800 microns. An especially useful process for drying the
aqueous feedstock and obtaining dust free granules of useful
diameters in one process step is disclosed in U. S. Patent

20 5,628,937 issued to Oliver et al., which is hereby incorporated

by reference. Additional processing such as agglomeration,
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formul ation. The fornulation wll conprise, on a dry basis, from about 15
to 85% by weight of |oad and from about 15 to 85% by 15 wei ght 1g unset%th
nore particularly fromabout 20 to 80% by weight of |oad and from-about 20
to 80% by wei ght of starch, and nost particularly fromabout 30 to 70% by
wei ght of |l oad and about 30 to 70% by wei ght of starch. The percent (%

load is the anhydrous (dry) weight of the |oad divided by the 20 anhydrous

Lot may be corpnPagERUAGHErbr barfbs 38, §idkBirsBo® Tobos by e ght o

active, fromabout O to 100% by weight of surfactant and/or adjuvant, and
from about 0 t aJG%WP’%ﬁHEF'fC&’@ﬂﬁ'Ql‘g§@eirﬁQBGdl ents with the proviso t hat
there be at |east 10% by wei ght of active and/or surfactant and/or adjuvant
with other 5 additThe sold ferdidatiens ahthid inxdntioy asd sbatacterized et el y
conprised of active material or surfactant/adjuvant when only one of such

conponents is wﬁ@mbad yoﬂtﬁé%cﬁogmiqrearen%hehapﬁj Rorh@geMBo@s sol ubl e
liquid or neltabl’e solid usually nmust be enulsitied. The 10 hydrophobically

o e S HSReIF e P, TP SRR BERBET U ™ ¢ e
as stable prody ysttem can vary but generally will be less than about 85% by
weight. There should be enough starch to make stable solid
( such as a free flowing powder.
The amount of active material and other components in
10  the load which make up the formulation can vary. Load is
defined as the total amount of active material, surfactant,
adjuvant and optional other additive ingredients in the
formulation. The formulation will comprise, on a dry basis, from
about 15 to 85% by weight of load and from about 15 to 85% by
15  weight of starch, more particularly from about 20 to 80% by
- weight of load and from about 20 to 80% by weight of starch,
and most particularly from about 30 to 70% by weight of load
and about 30 to 70% by weight of starch. The percent (%) load
is the anhydrous (dry) weight of the load divided by the
20 anhydrous (dry) weight of the total formulation (i.e. load plus

starch) x 100. The load may be comprised of from about O to
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when dried. Furthernore, smaller particle size may give increased efficacy
of the active ingredients or inprove the 15 agricultural activi1g¥urﬁf205@e
other ingredients. The forrmulation of this invention as described herelin may
conprise nore than one of the conponents, i.e. one or nore active
materials, surfactant/adjuvants and starch materials and conbinations
thereof. The different individual materials do not 20 have to be of the sane

hereof . rent i | 0 ! of the s:
ut to the. sol IRV of 5 im 2B %8 A0Sk Bk ER! For v st risc
Component s wiSTASHNANEHo! BHPPEAINAGTOrD AHoU PIOTNBREONGR od t hat whi 1 e

the solid formul ated product 5 containing an active material, and/or
sur f act ant / adjadditive ingrediestsawitin tmeapravisa thad thierei bedt teaspiéfer r ed enbodi nent
of this invention, this is because such solid product can be readily

di spersed in vigy weigh? dﬁ@ﬁﬂ@é‘bﬁﬂldr)éurﬂ%fé?ﬁ|a§r‘1dﬁﬂ'chcg9@aﬁta&iﬁh pthetr ovi de a tank
spray m xture foor ready use in an agrochem cal 10 application. However, the

conponent s myﬁ&&“*@ﬁ'@gnﬁgﬁ&?@wg’a‘q @%91.#'&?368&;5099%% lid or powder. Thus

t he i ndi vi dual™ conpo i r surfactant/adjuvant

can comprised of active material or surfactant/adjuvant when only

one of such components is present.

{ ~ Any load component which is a non-water soluble liquid

or meltable solid usually must be emulsified. The

10  hydrophobically modified starches provide very useful
emuisifying properties. Small particle emulsions allow higher
loading of emuisified materials and remain as stable products
when dried. Furthermore, smaller particle size may give
increased efficacy of the active ingredients or improve the

15  agricultural activity of the other ingredients.

( The formulation of this invention as described herein may
comprise more 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

20 have to be of the same physical form (e.g. liquid or solid). The

ability to be able to do this is due to the selected starch

-22 -



be added or conbi ned separately in water along with the starch to forman
aqueous dispersion (e.g. in a spray tank). These 15 materials ganp,ReoHsed in
agrochem cal applications or may have other uses apparent to one skilled in
the art. One such application involves the conbination of starch and
surfactant which can be used as a soil or substrate wetting agent. The
varied and different useful applications are derived in part from 20 the

starch conpone | [ [ solid carrier for
the active mt%ﬁm%%ng’@%g?%%ﬁp@#eﬂ%%n %@ﬁ_s%&@ééﬁj%tgb%% al so helps to

I ncrease biological, efficacy, i.e. it has adtj uviant characteristics. The
aqueous di speranapatibie systeny exen when-using matggalsr-6UnPaRentsct i ve nateri al
along with optional 5 surfactant/adjuvant, can be formed by redi spersing the
solid productwith diffecentphysicatferns. by addi ng t he conponents together or
separately in water. This aqueous dispersion containing the active materi al

along with starch apg fapthePRated that Waiiibans sefd fordililatt’Ppduchcr eased
bi ol ogi cal efficacy. This 10 nakes the dispersion particularly useful as a

bi o agical' ef fi cac 0 makes ar
agr i cul tur 31 s agaiing B8 e et A GRulcr Ul ALany e BRI B2, °2na coi 1.

Particularly starch matrix is a desired or preferred embodiment of this

invention, this is because such solid product can be readily

( dispersed in water to conveniently, quickly and accurately
provide a tank spray mixture for ready use in an agrochemical

10  application. However, the components may be used separately
without forming a solid or powder. Thus the individual
components, i.e. active material, and/or surfactant/adjuvant can
be added or combined separately in water along with the starch
to form an aqueous dispersion (e.g. in a spray tank). These

15 materials can be used in agrochemical applications or may have
other uses apparent to one skilled in the art. One such
application involves the combination of starch and surfactant
which can be used as a soil or substrate wetting agent. The
varied and different useful applications are derived in part from

20 the starch component, which not only is useful as a matrix or

solid carrier for the active material and other components but
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useful in providing biological efficacy are starches conbined wth

gl yphosate, such as gl yphosate-isopropyl amne (IPA), and 15 stkQqfalJgpd N
such as azoxystrobin, active materials. Especially wuseful conbinations are
starches conmbined with gl yphosate- isopropyl am ne (IPA) and pol yoxyet hyl ene
sorbitan ester (Tween 20) and starches conbi ned with azoxystrobin and non-
lonic surfactants, (ethoxylated C8 to Cl18 al cohols). 20 Besi des bei ng used

as a redispersed solid or b licati@n fram aqueou i spersion, the
rarch cont ai iy hee todhotse BilbiAl ey o, WhatHBAeLs R 2 oo id Fn
dry formw thout dispersing in water. For exanple, the starch entrapped
product can KBaR@AHEEH onto soils as a powdered particul ate or pest

bait. Anot her enbodi nent of this invention involves a solid 5 product

contai ni ng a surf acihenaqueousifispersion,z hoted| abydve, gontainingl  adj uvant, in a
starch matrix. The water soluble starch containing solid of this invention,

is a stabl e mgdrdh@andadtive mafstEPalony withptieHaCckl y rel eases the active
i ngredi ent and adjuvants once dispersed in 1o the spray or feed tank. These

prodects e SRR ARy BT Ry geli e i S, o ot and

product of the components or by adding the components
together or separately in water. This aqueous dispersion
containing the active material along with starch and optional
surfactant/adjuvant has an increased biological efficacy. This

10  makes the dispersion particularly useful as a herbicide, pesticide
and plant growth regulator for applications to agricultural crops,
vegetation, weeds, plants, insects, pests and soil. Particularly
useful in providing biological efficacy are starches combined
with glyphosate, such as glyphosate-isopropyl amine (IPA), and

15  strobilurin, such as azoxystrobin, active materials. Especially
useful combinations are starches combined with glyphosate-
isopropyl amine (IPA) and polyoxyethylene sorbitan ester
(Tween 20) and starches combined with azoxystrobin and non-
ionic surfactants, (ethoxylated C8 to C18 alcohols).

20 Besides being used as a redispersed solid or by

application from an aqueous dispersion, the starch containing
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surfactant chemstries. Furthernore and surprisingly, use of these products
result in beneficial properties such as increased 15 bi ol ogi cal15?ﬁ452\5béy and
i ncreased rainfastness. The invention is further illustrated b

following exanples with all parts and percentages given by wei ght and all
tenperatures in degrees Cel sius, unless otherwi se noted. EXAMPLE 1 20
Several sanples of liquid al kyl (C8-Cl0) pol yglycoside wth different

st arches mreﬁbgﬂ@fs%rpﬁlsaﬁéi% i%%%ar ecgg%r;#w}m t 2006 fe_edstock

sol ution, spr rying t ering e resulting powder.
The starches identifi in Table 1 as s were slurried in water
and | et cookedijf’?]eré'%@ewatér Q{Séﬁmﬂ% 36? Sgarlcﬁjeéﬁ@p@ﬁdcgﬂfjpﬁtous cooker

(National Starch & Chem cal Co.) at about 140C. The solids of the cooked
starches A, Bcaahtaebrcpadqaéﬁ@ntmseﬂmsenqwe;f@dun@@@ﬂatﬁ@nmstc was 20% The
pol ygl ycosi de anmount, as shown in Table 1, was added to the cooled starch

of each f or mulbait. nAnettienembodimehtofthisihvehtion ifvdhess adolio about 500C. Wt er
was added, if required, to dilute the feed to a rheology and viscosity

sui tabl e f@r ProaL&REdRAining 3 TRHaLtae OF aBjRERE SR4HICMaRy BONSHLoflabor at ory

scal e dryer
adjuvant, in a starch matrix.

The water soluble starch containing solid of this
P invention, is a stable mixture which is compatible and quickly
releases the active ingredient and adjuvants once dispersed in
10 the spray or feed tank. These products have been found to
provide a high loading of active ingredient and
surfactant/adjuvant and also allow for use of a broad range of
surfactant chemistries. Furthermore and surprisingly, use of
these products result in beneficial properties such as increased
15  biological activity and increased rainfastness.

The invention is further illustrated by the following
examples with all parts and percentages given by weight and all
temperatures in degrees Celsius, unless otherwise noted.

EXAMPLE 1
20 Several samples of liquid alkyl (C8-C10) polyglycoside

with different starches were prepared by making an aqueous
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(GEA Niro, Columbia, MD) using a rotary wheel atom zer. Dryer inlet
tenperatures were about 205 to 230C and outlet 15 tenperatures ¥gif Rpput 90
to 120C. In all cases the formed products were stable, free flowmng and
rapi dly soluble powders. As further noted in the table below, relatively

hi gh | oadi ngs of up to 80% of the polyglycoside (APG were formed into the
wat er soluble, dry powder. 20 -26 15 June 2006 Table 1 Fornmnul ati ons spay

i ze,  Coa 50/ B00StBoR SOUier; SBF et e RUEFR AL AROLART | ooy at ed ey

mai ze 50/ 50 \(kbightlizd%gra ed) 1o D 3% OSA nodified waxy mai ze 32/68 E 3%
OSA nodi fi ed BRYEHHNDG POWASE  F 505 OSA nodi fi ed waxy mai ze 20/ 80

The starches identified in Table 1 as samples A-F, were
slurried in water and jet cooked in a model C-1 steam direct
5 injection continuous cooker (National Starch & Chemical Co.) at
about 140-C. The solids of the cooked starches A, B, and D-F
were 30% while the solids of starch C was 20%. The

{ polyglycoside amount, as shown in Table 1, was added to the
cooled starch of each formula, mixed until uniform and then

10  heated to about 50-C. Water was added, if required, to dilute
the feed to a rheology and viscosity suitable for atomization.
Samples were processed on a Bowen laboratory scale dryer
(GEA Niro, Columbia, MD) using a rotary wheel atomizer. Dryer
inlet temperatures were about 205 to 230-C and outlet

15  temperatures were about 90 to 120-C.

( In all cases the formed 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 formed into the water soluble, dry powder.

20

-26 -



(1) OSA - octenyl succinic anhydride EXAMPLE 2 15 A tank spray m x solution
was made by dissolving sanple B from Exanple 1 in water and aq?h 200
gl yphosate-1 PA (isopropyl amne) solution to give a ratio of glyphosate
acid (acid equivalent - a.e.) to alkyl polyglycoside of 2 to 1. A control
tank mx solution, wthout starch, was made by dissolving al kyl 20
pol ygl ycoside in water and addi ng gl yphosate-1PA solution to give aratio
of glyphosate acid to al kyl po#XQEUfoside of 2 to 1. The tank m xes were
prepared to deliver by spraying at two application rates as shown in Table
2, i.e. starch cont inin%. sol utions ,F2 and EF4 and non-starch containing
control solutions b8TRYlaLinRs sRay dsied jBtopewdeigs Tahi e 2 Application Rates
Sanpl esd yphosat ed ycosi deSt arch 5(9 a.e./ha)(g/ha)EPQha) F1400200-

atio

F2400200200 F33ampi- 1o0F4800433embg1)

starch/polyglycoside
5
A waxy maize, OSA 50/50
B waxy maize, OSA/dextrin 50/50
C hydroxypropylated waxy maize 50/50
(lightly degraded)
10 D 3% OSA modified waxy maize 32/68
E 3% OSA modified waxy maize 20/80
F 5% OSA modified waxy maize 20/80
(1) OSA - octenyl succinic anhydride
EXAMPLE 2
15 A tank spray mix solution was made by dissolving sample

B from Example 1 in water and adding glyphosate-IPA
(isopropyl amine) solution to give a ratio of glyphosate acid (acid
equivalent - a.e.) to alkyl polyglycoside of 2 to 1. A control tank
mix solution, without starch, was made by dissolving alkyl
20 polyglycoside in water and adding glyphosate-IPA solution to
give a ratio of glyphosate acid to alkyl polyglucoside of 2 to 1.
The tank mixes were prepared to deliver by spraying at
two application rates as shown in Table 2, i.e. starch containing
solutions F2 and F4 and non-starch containing control solutions

25 F1andF3.
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These fornul ati ons were applied by spraying onto plant weed species Barl ey
and Mal va sylvestris and the efficacy determned as %Kil l (OQ{%gm&r@%ed
control plants, 100%treated 15 plants are dead) of the target weeds 7, 14
and 21 days after treatnent (DAT). The results were conpared with control
sanples F1 and F3 which did not contain the nodified starch carrier. The
results are shown belowin Table 3 and the % fresh weight (anmobunt of

remai ni ng plant tissue) was neasured 25 20 DAT (days after treatnent) and
expressed as a percentage fresh weight conpared to the untreated control.
15 June 2006 Table 3 %Kill | esBarl ey 7 DAT14 DAT21 DAT% Fresh Wi ght
5F142. 942.982. 112. 2 F22539. 385. gg’f. Mal va syl vestris F314.32539.343.7
10F42528. 642. 925.7 As shown in Table 3, the conbination of starch and

gl ycosi de i ncreased the bi ARRlicalion&atesacy resulting in increased

Samples Glyphosate Glycoside Starch

5 (g a.e./ha) (g/ha) (g/ha)
F1 400 200 -

F2 400 200 200
F3 800 400 -

10 F4 800 400 400

These formulations were applied by spraying onto plant
weed species Barley and Malva sylvestris and the efficacy
determined as % Kill (0%‘ untreated control plants, 100% treated

15  plants are dead) of the target weeds 7, 14 and 21 days after
treatment (DAT). The results were compared with control
samples F1 and F3 which did not contain the modified starch
carrier. The results are shown below in Table 3 and the % fresh
weight (amount of remaining plant tissue) was measured 25

20 DAT (days after treatment) and expressed as a percentage

fresh weight compared to the untreated control.
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% Kill and reduced % Fresh Weight. 15 EXAMPLE 3 Sanpl es of starch with
different surfactants were fornmed into dry powders as in Exarrqggurile.zoggue
successfully formed powders were stable, non-sticky, dry powders tha

qui ckly 20 dissolved in water and were conpati bl e when di spersed. The
formul ati ons and amounts of starch and surfactant conponents are given
below in Table 4. 15 June 2006 Table 4 Starch(l)Surfactant(2)Ratio

starch/ surfactant Waxy nmi ze- OSATV\ﬁeg égSO/ 50 11 11 1. Atplus MBA 130350/50
Hydr oxypropyl ated waxy nai ze Twee a '@ /50 (lightly degraded) Waxy

mai ze- OSA/ Al tox MBA 13/1550/50 dextrin

o Kill

Samples Barley
7 DAT 14 DAT 21 DAT % Fresh Weight
5 F1 42.9 42.9 82.1 12.2
F2 25 39.3 85.7 11.9
Malva sylvestris
F3 14.3 25 39.3 43.7
10 F4 25 28.6 42.9 25.7

As shown in Table 3, the combination of starch and
glycoside increased the biological efficacy resulting in increased
% Kill and reduced % Fresh Weight.
15
EXAMPLE 3
Samples of starch with different surfactants were formed
into dry powders as in Example 1. The successfully formed
powders were stable, non-sticky, dry powders that quickly
20 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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Waxy mai ze- OSA/ Tween 2050/ 50 dextrin 15 (1) OSA - octenyl succinic
anhydride (2) Tween 20 - polysorbate 20 Atplus MBA 1303 - C12'19]11§e 06
nonobr anched et hoxyl ated and propoxyl ated al cohol 20 Altox NMBA ?1%9 -
Cl12- C15 nonobranched et hoxyl ated al cohol EXAMPLE 4 Several sanple

formul ati ons of gl yphosate-I1PA (isopropyl 25 amine) salt, with different
starches and adjuvant/surfactants were forned into free fl ow ng powders as
foll ows. The process used consh—gg)f\edztof prepari ng an aqueous feedstock
solution, spray drying the feedstock and recovering the resulting powder.
In all cases the prQduct was a_stable, free flow . rapidly 30 soluble
powder. The st%é&&gi?i dentifieﬂi_é_";lﬂﬂﬁgés 6 were g%ﬁ?ri ed in water -30 15
June 2006 and jet cooked in a nodel G 1 steam uf i on continuous
cooker (National Starch & Chemical Co.) at about 140cC. Solids of the
cooked st aschefaxy maize-@SAot Maveety 2§09 condi ti ons 50/50

“ Atplus MBA 1303 50/50
Hydroxypropylated Tween 20 50/50
waxy maize
(lightly degraded)
10  Waxy maize-OSA/ Altox MBA 13/15 50/50
dextrin
Waxy maize-OSA/ Tween 20 50/50
dextrin

15 (1) OSA - octenyl succinic anhydride

(2) Tween 20 - polysorbate 20
Atplus MBA 1303 - C12-C15 monobranched ethoxylated
and propoxylated alcohol
20 Altox MBA 13/15 - C12-C15 monobranched ethoxylated
alcohol
EXAMPLE 4
Several sample formulations of glyphosate-IPA (isopropyl
25 amine) salt, with different starches and adjuvant/surfactants
were formed into free flowing powders as follows. The process
used consisted of preparing an aqueous feedstock solution,
spray drying the feedstock and recovering the resulting powder.
In all cases the product was a stable, free flowing, rapidly

30 soluble powder.

The starches identified in Tables 6 were slurried in water

-30-



are show below in Table 5. The gl yphosate and the 5 adjuvant/surfactant for
each fornula (identified in Table 6) were added to the cooked 1848y ?&)Ot‘a“’h' ch
was mxed until uniformand then heated to about 50cC. Water vvas a i f
required, to dilute the feed to a rheology and viscosity suitable for

atom zation. 10 Table 5 Starch ProductDryer % Cook% Feed- Feedst ock-

Formul at . Sol i dsst ockVi scosity SolidsCCs 15AF1ML023. 5150 F3MLO-- F5ML021. 8215

DFoP2032. 7371 JERESRIDSAT bba A e T stodmtghapt Gt oguote =t 4244
cooker (National 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
5 adjuvant/surfactant for each formula (identified in Table 6) were
added to the cooked starch which was mixed until uniform and
then heated to about 50-C. Water was added, if required, to

dilute the feed to a rheology and viscosity suitable for

atomization.
10
Table 5
Starch Product Dryer % Cook % Feed- Feedstock-
Formulat. Solids stock Viscosity
Solids cps
15 A F1 M 10 23.5 150
F3 M 10 - -
F5 M 10 21.8 215
B F6 M 20 28.0 7
{
20 B F2 P 20 36.2 17.0
F4 P 20 35.0 13.0
C F7 P 20 23.7 129
F8 P 20 28.4 244
D F9 P 20 32.7 371
25 F10 P 20 24.5 267
E F11 P 10 11.5 1924
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Drying was done on two spray driers. Sanples marked "M in Table 5 were
processed on a Mobile Mnor | aboratory scale dryer (GEA N ro, Col unbia, MD)
using a rotary wheel atomizer. Dryer inlet tenperatures were aBdite 488 to
230C 5 and outl et tenperatures were about 90 to 120C. Sanples marked "P" in
Table 5 were processed on a Production Mnor pilot scale dryer (GEA N ro,
Col unbia, MD) using a rotary wheel atom zer. Dryer inlet tenperatures were

about 205 to 230C Bnd outl e terTE%ryatures ere out . 90 to 1200C. 10 The
di fferent sanple forR{iPA¥ ne oR }0 SPEAY ARG PRMBIES M e 6. 15 20 15

June 2006 Table 6 Dry Powder Sanple Formulations ww % Sanples F1 F2 F3 F4
F5 F6 F7 F8 F9'M-iio Table § weseoprocessed 8p.a8Mobjlg Mipoglab®ratopg. 3 33. 3 43.8 43.8
43.8 43.8 43.8 |PA Surfactants Tween 20 16.7 16.2 - - - - - 16.2 16.2 -
16.2 C8-10 podcale dryer@GEA Nird, Colurhbia? MDY usifig rotary wheel

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

5 and outlet temperatures were about 90 to 120-C. Samples
marked “P” in Table 5 were processed on a Production Minor
pilot scale dryer (GEA Niro, Columbia, MD) using a rotary wheel
atomizer. Dryer inlet temperatures were about 205 to 230-C
and outlet temperatures ere about 90 to 120-C.

10 The different sample formulations F1-F11 are shown

below in Table 6.

15

20
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10 glycoside Atplus MBA - - - - 16.7 16.7 - - - - - 1303 Starches(1) A 50 -
50 - 50 - - - - 15B-40- 40-50- - - - C- - - - - - 40 = zoanaD - -
------ 4040 - E- - - - - - - - - -40 (1) A - hydroxyprﬁ%j’f’%ﬁzeogf’waxy
mai ze (lightly degraded) 20 B - waxy mai ze octenyl succinic anhydride (OSA)
C- 6%OSA nodified waxy maize D - 5% OSA nodi fied waxy nmaize E - cationic
crosslinked waxy nmaize 25 All of the starch entrapped
gl yphosat e- | PA/ sur f act ant powder forrlf.g %'bons shown above in Table 6 were
applied to test plants and screened an(? conpared to conmmercial |iquid
gl yphosat e- | PA/ adj uvant  ( Roun | tra and Roundup U tra Max) fornmulations.
The starch powder formul ationgﬁ&gwgpégém%ﬁﬂmé"#\qnér to inproved
bi ol ogi cal bio-efficacy t )i I qui . -33 15 June
2006 EXAMPLE 5

Samples Fi F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

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

IPA
Surfactants
Tween 20 16.7 16.2 - - - - - 16.2 16.2 - 16.2
C8-10 poly - - 16.7 16.2 - - 16.2 - - 162 -
10 glycoside
Atplus MBA - - - - 16.7 16.7 - - - - -
1303
Starches(1)
A 50 - 50 - 50 - - - - - -
15 B - 40 - 40 - 50 - - - - -
C - - - - - - 40 40 - - -
D - - - - - - - - 40 40 -
E - - - - - - - - - - 40
(1) A - hydroxypropylated waxy maize (lightly degraded)
20 B - waxy maize octenyl succinic anhydride (OSA)
C - 6% OSA modified waxy maize
D - 5% OSA madified waxy maize
E - cationic crosslinked waxy maize
25 All of the starch entrapped glyphosate-IPA/surfactant powder

formulations shown above in Table 6 were applied to test plants and
screened and compared to commercial liquid glyphosate-IPA/adjuvant
(Roundup Ultra and Roundup Ultra Max) formulations. The starch powder
formulations of Table 6 showed similar to improved biological bio-efficacy to

30 the commercial liquid products.
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Several sanples of the dry powder formulatons of this invention were
prepared as in the above exanpl es and dissol ved or di spersed ip?y}@%%os The
resulting dissolution tines found in Table 7 show the ability 0 ese 5
powders to rapidly or quickly dissolve/disperse in water. SanpleStarch

(I Table 7 ActiveW. RatioDi ssolution Surfact./Adj. star/surf./adj./act.Tine
3 1nl AC8-10 al kyl -80/20/->7" 2Bpol ygl ycosi de -50/50/-5"45" " " 3BTween

20- 50/ 50/ -2' 30" 154CC8- 10 al kyl - 68#%%‘/@&%%0 5Dpol ygl ycosi de -50/50/ - 4"
6DTween 20-50/50/-1" T7EAt| ox-42/58f* 0 MBA 13/15 8BC8-10

al kyl (2) 40/ 20/ 405' 50" 9Dpol yal ycosi de (2)33/17/503' 30"
yiH(2) %everatl)%anz/pﬂeg o?tt'lle dry(pgwger ormulatons of this invention were

prepared as in the above examples and dissolved or dispersed in water.
The resulting dissolution times found in Table 7 show the ability of these
5 powders to rapidly or quickly dissolve/disperse in water.
Table 7

Sample Starch(1) Surfact./Adj. Active Wt. Ratio Dissolution
star/surf./adj./act. Time (3)

10 1 A C8-10 alkyl - 80/20/- >7
polyglycoside
2 B “©on - 50/50/- 545"
3 B Tween 20 - 50/50/- 230"
15 4 C C8-10 alkyl - 68/32/- 6'30”
polyglycoside
5 D Loson - 50/50/- 4
6 D Tween 20 - 50/50/- 1’
7 E Atlox - 42/58/- ' 1'30"
20 MBA 13/15
8 B C8-10 alkyl (2) 40/20/40 550"
polyglycoside
9 D oo (2) 33/17/50 3'30"
[ 25 (1) A-Amioca waxy maize, 3% octenyl succinic anhydride (OSA)

B-waxy maize-octenyl succinic anhydride (OSA)
C-3% OSA modified waxy maize

D-waxy maize, OSA, dextrin

E-tapioca dextrin

30
(2) glyphosate-IPA (isopropyl amine)
(3) ' = minutes
" = seconds
35
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11 25 (1) A-Amioca waxy maize, 3% octenyl succinic anhydride (OSA)
B- waxy mai ze-octenyl succinic anhydride (OSA) C- 3% OSA nodi fi eg ;ﬁax mai ze
D-waxy mai ze, OSA, dextrin E-tapioca dextrin 30 35 (2) glypho 48N 3980
(i sopropyl amne) (3)' = mnutes = seconds -34 15 June 2006 EXAVPLE 6
Several sanples containing different starches with gl yphosate-I|PA
(i sopropyl am ne) active material and Tween 20 adjuvant were prepared as 5
sol utions using amounts of active/adjuvant of 2/1 and active/adjuvant/starch
of 2/1/1.3. These sanples were test MPLE® nf ast ness by applying themto
target weeds (velvetleaf - Abutilon theophrasti) using anounts of
gl yphosate-1 PA active of 0.54 Ib acid equivlaent (a.e.)/acre (600g. a.e./ha)
(I ow dose) and 0.9 | Bevemal sanpied dOit@mingdifferdmat) stahihgs witls g)yphtisats Pl es 1o

were applied by form ng solutions and spraying at 21.4 gal/acre (2001/ ha).
Rainfall was apgdddifipy dHhinedfdchie WMA8kiaRIHd fivedn P adjivanf Were phsP4red Hee
5 solutions using amounts of active/adjuvant of 2/1 and active/adjuvant/starch
of 2/1/1.3. These samples were tested for rainfastness by applying them to
target weeds (velvetleaf - Abutilon theophrasti) using amounts of
glyphosate-IPA active of 0.54 Ib acid equivlaent (a.e.)/acre (600g. a.e./ha)
(low dose) and 0.9 Ib a.e./acre (1000g. a.e./ha) (high dose). The samples
10  were applied by forming solutions and spraying at 21.4 gal/acre (200i/ha).
Rainfall was applied 1 hr. after treatment at 3 min./hr. for 1 hour. The
results in Table 8 and Table 9 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).

15
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results in Table 8 and Table 9 show the effects of rain, expressed as %
kill, on the different starch formulations and the resulting f1rjg§%éf,§éght
anount of remaining plant tissue 20 days after treatnment (DAT). June
2006 Table 8 Effect of Rain on Starch fornulations applied on Abutilon

t heophrasti 20 DAT 5 % Kill Low Dose H gh Dose 10 Starch No Rain Rain No
Rain Rain None 60.71 32.14 96.43 42.86 (1) 75 39.29 100 53.57 (2) 82.14
42.86 92.86 60.71 Sago 96.43 42.86, 100 53.57 15 (3) 75 42.86 96.43 46.43
(1) 6% octenyl succinic anhydride ?%@0 nodi fied waxy mai ze (2) 70W, 3%
OSA nodi fied waxy mai ze (3) 75W, 3% OSA nodified corn starch 20 25 30

Effect of Rain on Starch formulations applied
on Abutilon theophrasti 20 DAT

5
% Kill
Low Dose High Dose
10  Starch No Rain Rain No Rain Rain
None 60.71 32.14 96.43 42.86
(1) 75 39.29 100 53.57
(2) 82.14 42.86 92.86 60.71
Sago 96.43 42.86 100 53.57
15 (3) 75 42.86 96.43 46.43
(1) 6% octenyl succinic anhydride (OSA) modified waxy maize
(2) 70WF, 3% OSA modified waxy maize
(3) 75WF, 3% OSA modified corn starch
20
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.
25
30
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As shown in Table 8, the starch containing spray sol utions irrproved t he
rainfastness resulting in an increased %Kill at both the |ow d ?eaﬂ% hi gh
dose. -36 15 June 2006 Table 9 Fresh Weight of Abutilon theophras 8
After Treatnment (DAT) 5 % Fresh Wi ght Low Dose Hi gh Dose Starch No Rain
Rain No Rain Rain None 28.29 60.62 15.23 50.9 (1) 22.1 68,58 15.51 36.1 10
(2) 19.76 52.07 13.57 35.82 Sago 13.99 55.83 10.7 38.99 (3) 23.89 60.17
9.97 42.29 (1) 6% octenyl succinnic an.i:ggrl\@e (OCSA) nodified waxy nmi ze 15
(2) 70WF, 3% OSA nodi fied waxy nai ze (3 3% OSA nodi fied corn starch
As shown in Table 9, the starch containing spray 20 solutions inproved
rai nfastness resulting in rigessddeghtotAhutiipsithaephestinvePLE 7

20 Days After Treatment (DAT)

5 % Fresh Weight
Low Dose High Dose
Starch No Rain Rain No Rain Rain
None 28.29 60.62 15.23 50.9
(1) 221 68,58 15.51 36.1
10 (2) 19.76 52.07 13.57 35.82
Sago 13.99 55.83 10.7 38.99
(3) 23.89 60.17 9.97 42.29

(1) 6% octenyl succinnic anhydride (OSA) modified waxy maize
15 (2) 70WF, 3% OSA modified waxy maize
(3) 75WF, 3% OSA modified corn starch
As shown in Table 9, the starch containing spray

20 solutions improved rainfastness resulting in reduced % Fresh

Weight.

EXAMPLE 7
Several starch samples containing Atplus MBA 13/15
25 (C12-C15 monobranched ethoxylated alcohol) surfactant were
prepared as powders, as in the above examples, and identified
below in Table 10. Two of the samples, D and E, are made by a

process where a porous drum dried or spray dried starch
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Several starch sanples containing Atplus MBA 13/15 25 (Cl12-Cl15 nonobranched
et hoxyl ated al cohol) surfactant were prepared as powders, as i1@JBtLeZO§Qove
exanples, and identified below in Table 10. Two of the sanples, and E,
are made by a process where a porous drumdried or spray dried starch -37
15 June 2006 particle is made containing no | oad. Subsequently a non-
aqueous liquid or nolten | oad conponent is absorbed into the porous
structures to give. a stabl.e | oaded particulate. These owder s contai ni ng
the starch entraﬁélgﬁe @JP?Q&CQH?G'WQQEDQ %’?pedg?‘%bsfe&“epﬁ%ae'?‘?%'ct on azoxyst robin
fungicide activity against Septoria ¢tritici fungus on wi nter wheat. In one
sanpl e, the azoRqeeeubliguidsnelign load comporettis absaiasynto the / ha of a
comercial forrmulation Quadris (Syngenta) which contained 250 g/l of
azoxystrobi n ( nposwsf stniciures, togpve bastdble Aoaded particutateaflineses 1o were
carried out applying 0.5 I/ha of the comrercial formulation Quadris

cont ai ning 250_gbluafs aamsirtig ki SiafilerdoBedsiabiiahy werghestBalof the spray

vol une), of the starch entrap surfactan sanples A, B and D-E) and

Ctar o (Sampe. b (e 0B a2SRAsiA RyldiGab RVE, SBaRet Rebloridlcal e V"

Ri band by spra%/_i ng at 200 I/ha. The % infection remining was
ritici fungus on winter wheat. In one sample, the azoxystrobin

was applied as a control using 0.5 I/ha of a commercial
formulation Quadris (Syngenta) which contained 250 g/l of
azoxystrobin (no surfactant), sample C. Additional treatments
10  were carried out applying 0.5 I/ha of the commercial formulation
Quadris contaihing 250 g/l of azoxystrobin and 0.1% weight by
volume (of the spray volume), of the starch entrapped surfactant
(samples A, B and D-E) and another comparative sample
containing the fungicide plus surfactant without starch (sample
15 C-1). These samples were applied to winter wheat ¢ v Riband
by spraying at 200 I/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.

20
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determ ned on the second (2) and third (3) leafs of the treated plants, 25
days after inoculation and are shown in Table 11. 20 15 June Zq% Ta@ag 10
Sanpl e Starch Ratio starch/surfactant A 3% OSA nodif. waxy nai ze By B
cationic crosslinked waxy nai ze 50/50 5 D puffed, spray dried waxy naize
50/50 E tapioca dextrin 50/50 Table 11 10 Effect of Starch/Surfactant with
Fungi ci de on Wnter Weat 15 20 Sanple% I nfection Leaf 2Leaf 3 C (fungicide
al one) 16.640.0 C-1 (fungicide/ surfagt nt?1 .733.0 A

(fungicide/ starch/ surfactant)016.5 ?%I% i cide/ starch/surfactant)1.810.4 D
(fungicide/ starch surfact antgtl. 26.1

ample arch Ratio starch/surfactant
A 3% OSA modif. waxy maize 50/50
B cationic crosslinked waxy maize  50/50
5 D puffed, spray dried waxy maize 50/50
E tapioca dextrin 50/50
Table 11
10 Effect of Starch/Surfactant with
Fungicide on Winter Wheat
Sample % Infection
Leaf 2 Leaf 3
15  C (fungicide alone) 16.6 40.0
C-1 (fungicide/surfactant) 4.7 33.0
A (fungicide/starch/surfactant) 0 16.5
B (fungicide/starch/surfactant) 1.8 10.4
D (fungicide/starch surfactant) 1.2 6.1
20  E (fungicide/starch/surfactant) 4.7 11.3

As shown by the results given in Table 11, the
combination of starch and surfactant (samples A-E) increases
the biological efficacy of the fungicide used alone (sample C) or

25 the fungicide with surfactant (sample C-1).
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E (fungicide/starch/surfactant)4.711.3 As shown by the results given in

Table 11, the conbination of starch and surfactant (sanples A-.laudf%%?ﬁases
t he bi ol ogi cal efficacy of the fungicide used al one (sanple C) or e
fungicide with surfactant (sanple C-1). -39 15 June 2006 EXAMPLE 8 Starch
sanple A containing a 50/50 by weight ratio of a puffed, spray dried waxy
mai ze and Atl ox MBA 13/15 (Cl12-Cl5 . nonobranched et hoxyl ated al cohol) and
starch sanple B 5 containing a 50/ S%g@/ pﬁg%t rati o of tapioca dextrin and
Atl ox MBA 13/15 (Cl2-Cl5 nonobranc M | at ed al cohol) were prepared.
The starch sanples were prepared in a simlar manner to sanples D and E of
Exanpl e 7. The prepabtaickisamitie Apeantaining a S50 By weighbt ratiotefca f or t he ef f ect
on azoxystrobin 10 fungicide activity against Septoria tritici fungus on

winter wheat (pufisdhepray dAddividxynabizeratd ABox MBRMS/LB(CI2LC MBIt using
conpar ati ve sanpl es which contained the azoxystrobin fungicide (250 g/l)

e aveoy TEPBRFAITA8 Aotat BN SAISRR Sl ™oL or uh ch
comer oi al - f,or Tl ALI0HY o 80 b SEGHT o B UNBLE et 358 Al 2! one (3.
MBA 13/15 (C12-C15 monobranched ethoxylated alcohol) were
prepared. The starch samples were prepared in a similar
manner to samples D and E of Example 7. The prepared starch
powders (A and B) were tested for the effect on azoxystrobin
10  fungicide activity against Septoria tritici fungus on winter wheat
(vagabond). Additional treatments were carried out using
comparative samples which contained the azoxystrobin
fungicide (250 g/l) with Atlox MBA 13/15 alone (C-1), Amistar, a
commercial formulation which contained azoxystrobin (250 g/i)
15  plus an adjuvant (C-2), and Quadris, a commercial formulation
which contained azoxystrobin (250 g/l) alone (C-3). Samples A,
B, C-1 and C-3 were prepared to deliver 187.5 g of the
azoxystrobin per hectare and 300 mi of the adjuvant when
applied to the winter wheat (vagabond) with a spray volume of

20 300 Vha. Sample C-2 was prepared to deliver 250 g/l of the

azoxystrobin per hectare when applied to winter wheat
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B, CG1 and C3 were prepared to deliver 187.5 g of the azoxystrobin per
hectare and 300 m of the adjuvant when applied to the w nter, éan%tzo 6
(vagabond) with a spray volunme of 20 300 I/ha. Sanple C 2 was prepar gd to
deliver 250 g/l of the azoxystrobin per hectare when applied to w nter wheat
-40 15 June 2006 (vagabond) with a spray volune of 300 I/ha; concentration
of the built-in adjuvant is unknown. The % infection was determ ned on the
treated plants 2.and, 3.weeks after tr t (VWAT nd t results are
Shown' i n"Tabl o (2oeEoRaL RSB eictire SBIaskenEeoudional i - wth
Fungi cide on Wnter Wieat 1o Sanple (1) % Infection 1 WAT 2 WAT 3 WAT A 22.5
23.1 21.7 B 25buil-inmdiwvaptis pokmewes The-% infecionwas determined32. 5 30 35

on the treated plants 1, 2 and 3 weeks after treatment (WAT)

and the results are shown in Table 12.

5
Table 12
Effect of Starch/Surfactant/Adjuvant
with Fungicide on Winter Wheat
10 Sample (1) % Infection
1 WAT 2 WAT 3 WAT
A 22.5 23.1 21.7
B 25 25 25
15 C-1 20 25 35
C-2 275 225 30
C-3 325 30 35

(1) A-50/50 waxy maize/Atlox MBA 13/15 and azoxystrobin
20 B - 50/50 tapioca dextrin/Atlox MBA 13/15 and azoxystrobin
C-1 - Atlox MBA 13/15 and azoxystrobin
C-2 - adjuvant and azoxystrobin
C-3 - azoxystrobin
25 The results in Table 12 show that the addition of the

starch to surfactant/adjuvant (Samples A and B) extends the

effectiveness of the fungicide in maintaining a lower % infection.
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(1) A - 50/50 waxy mai ze/ Atl ox MBA 13/15 and azoxystrobin 20 B - 50/50

tapi oca dextrin/Atlox MBA 13/ 15 and azoxystrobin CG1 - Atlox W@‘J%@Z#ﬁe and
azoxystrobin C-2 - adjuvant and azoxystrobin C3 - azoxystrobin e
results in Table 12 show that the addition of the starch to
surfactant/adjuvant (Sanples A and B) extends the effectiveness of the
fungicide in maintaining a lower %infection. -41 15 June 2006 EXAMPLE 9
This exanple illustrates the productign of a solid fornulation containing

hi gh loading of two (2) dissimlar LAMPLES erials. 5 A cooked oct enyl
succi ni ¢ anhydride (OSA) waxy maize starch/corn syrup was bl ended with
aqueous gl yphosat e- | Phis exanoplediusirades than ptyduchon-aftehgdlidexyl (1iquid oil)
was added (fornulations given in Table 13 below). The formul ati ons were
subj ected to hi@imaign mmamwymg)hl|ohbmgnﬁrmcdzgd$sszmn§rt@éwel zed 10 (i.e.
reduced particle size to low |l evel) and an enulsion forned. Witer was added
to reduce the vi é’r?’él y to a level acceptable for atom zation. The solution

was spray dried 1n a bile Mnor spray dryer to get a solid powder
duct. Th wd
produc e5 powder msooked octenyl succinic anhydride (OSA) waxy maize

starch/corn syrup was blended with aqueous glyphosate-IPA
solution and then 2,4-D-2-ethylhexyl (liquid oil) was added
(formulations given in Table 13 below). The formulations were
subjected to high shear mixing until the particle size stabilized

10  (i.e. reduced particle size to low level) and an emulsion formed.
Water was added to reduce the viscosity to a level acceptable
for atomization. The solution was spray dried in a Mobile Minor
spray dryer to get a solid powder product. The powder was
collected and then redispersed by mixing with water (3 g

15  powder/100 ml water) with gentle agitation. The dispersion was
then checked for emulsion stability, compatibility and

emulsion/oil droplet size with the results given in Table 14.

20
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coll ected and then redi spersed by mxing with water (3 g 15 powder/ 100 mi
water) with gentle agitation. The dispersion was then checked1§g)l;nee§5?g sion
stability, conpatibility and emulsion/oil droplet size with the results
given in Table 14. 20 15 June 2006 Table 13 Miltiactive/Starch Fornul ations
Formul ations (/w % 5 Conponents F1 F2 F3 F4 d yphosate - I PA 20 25 27.5 20
2,4-D 2-ethyl hexyl 20 25 27.5 20 Waxy mai ze, OSA/ 60 50 45 10 corn syrup
Waxy mai ze, OSA/ 60 corn syrup 15 'IE'aBIfBe1%4 Mul tiactive/ Starch Fornul ation
Eval uati ons Fornul ations 20 F1 F2 F$°E1'°Feedst ock- PSD(1) 0.468 0.699 0.55

0. 431 o _
Multiactive/Starch Formulations

Formulations (w/w %)

5 Components F1 F2 F3 F4
Glyphosate - IPA 20 25 27.5 20
2,4-D-2-ethylhexyl 20 25 27.5 20
Waxy maize, OSA/ 60 50 45

10 corn syrup
Waxy maize, OSA/ 60
corn syrup
15
Table 14

Multiactive/Starch Formulation Evaluations

Formulations

20 F1  F2 F3 F4
Feedstock-PSD(1) 0.468 0.699 0.55 0.431
(40% solids)
Redispers. powder-PSD 0.852 0.411 0.488 0414
(3% wiv)

25  Emulsion stability
(after 24 hrs) (2)

water hardness

50 ppm TS TS TS TS
342 ppm TS TS TS TS
30 1000 ppm TS TS TS TS

(1) PSD - particle size distribution d(0.5) in micron
(2) TS- trace of sediment

35
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(40% sol i ds) Redi spers. powder-PSD 0.852 0.411 0.488 0.414 (3% wv) 25
Enul sion stability (after 24 hrs) (2) water hardness 50 ppm J&; g 2665 TS
342 ppm TS TS TS TS 30 1000 ppm TS TS TS TS (1) PSD - particle size
distribution d(0.5) in mcron (2) TS- trace of sedinment 35 -43 15 June 2006
The emul si on/sol uti ons eval uated were functionally honbogenous, showed no
cream ng, phasing or separation (after 4 hours) and mnimal sedinentation
(TS - trace of sedinment 5 after 24 hours). The particle size of the
redi spersed powders were conparable to the correspondi ng feedstock. Neither
the glyphosate nor the 2,4-D 2-ethyl hexyl separated in the redispersed
powder / gr anul e. - The &Bewmulsion/salationshevalvaiesrwerefunstionallt abl e solid 1o
product which contains two (2) dissimlar active naterials, i.e.

homogenous, showed no creaming, phasing or separation (after

4 hours) and minimal sedimentation (TS - trace of sediment
5 after 24 hours). The particle size of the redispersed powders
were comparable to the corresponding feedstock. Neither the
glyphosate nor the 2,4-D-2-ethylhexyl separated in the
redispersed powder/granule.
The above describes the preparation of a stable solid
10  product which contains two (2) dissimilar active materials, i.e.
the water soluble glyphosphate-IPA and the non-water soluble
2,4-D-2-ethylhexyl material. The stable powder exhibited good

emulsion properties.

16
ADDITIONAL EMBODIMENTS
Additional embodiments intended to be covered by the present
invention include, without limitiation:
1. A stable, solid formulation which is water dispersible and
20 compatible when dispersed in water and comprises:

a.) a chemically modified starch,
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the water sol ubl e gl yphosphate-1PA and the non-water sol uble

2,4-D 2-ethyl hexyl material. The stable powder exhibited good

properties. 15 ADDI TI ONAL EMBODI MENTS Addi ti onal enbodi nents |nten5%8 ?o be
covered by the present invention include, without limtiation: 1. A stable,
solid formul ati on which is water dispersible and 20 conpatible when

di spersed in water and conpri ses: ) a chemcally nndified starch, -44 15

a.
June 2006 b.) a biologically t|v ricultural materi and c.) a
surfactant and/or ad 8@2’?1?'092‘3 &%%ﬁﬂgﬁ"ﬁ‘ﬂ'@ mgteralpgn msnt 1 wherein the

nodified 5 starch is a starch ester or starch ether. 3. The conposition of
enbodi ment 2 wher ei rc.) Bsustastant dnd/er adjuvarnth ester prepared from an organic
aci d anhydri de having a hydrophobi c hydrocarbon group of 2 to 22 carbon
atons. 10 4. The conposition of Enbodi nent 3 wherein the hydrocarbon group
is selected fromal kyl, al kenyl, aral kyl and aral kenyl groups.

2. The composition of embodiment 1 wherein the modified

5 starch is a starch ester or starch ether.

3. The composition of embodiment 2 wherein the starch is a
starch ester prepared from an organic acid anhydride having
a hydrophobic hydrocarbon group of 2 to 22 carbon atoms.
10
4. The composition of Embodiment 3 wherein the hydrocarbon
group is selected from alkyl, alkenyl, aralkyl and aralkenyl

groups.

15 5. The composition of Embodiment 4 wherein the hydrocarbon

group has 5 to 18 carbon atoms.
6. The composition of Embodiment 2 wherein the starch is a

starch ether prepared by modifying the starch with alkylene

20 oxide having 2 to 6 carbon atoms.
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15 5. The conposition of Enbodi nent 4 wherein the hydrocarbon group has 5 to
18 carbon atons. 6. The conposition of Enbodi nent 2 wherein th85§Jn§r G&ihi s a
starch ether prepared by nodifying the starch with al kyl ene 20 oxi de havi ng
2 to 6 carbon atonms. -45 15 June 2006 7. The conposition of Enbodi ment 6
wherein the starch is nodified with up to 25% by wei ght of al kyl ene oxi de
which has 2 to 4 carbon atons. 5 8. The conposition of Enbodi nent 1 wherein
t he bi ol ogi cal | active material_is selected fromthe group consisting of
her bi ci des, insictTihﬁ eRrEpgsition of firebedimend 6 wheredd theostiareh i of Enbodi nent 8
wherein the surfactant is 10 selected fromthe group consisting of alcohol
al koxyl at es havi ngnadified wittBup ke 26% by waightl afralkde e baide whieh having C8 to
C18 al kyl am nes, sorbitol, sorbitan fatty acid esters having C8 to Cl18
fatty acid esters pRd® tdgicarisdhaomsit ed derivatives and chemcally nodified
| ow nol ecul ar wei ght al kyl 15 pol ysacchari des having C6 to Cl4 al kyl groups.
10. The conposition of Enbodi nent 9 wherein the nodified starch is a starch
ester or starch ether. 20 :

5 8. The composition of Embodiment 1 wherein the biologically
active material is selected from the group consisting of

herbicides, insecticides and fungicides.

9. The composition of Embodiment 8 wherein the surfactant is
10 selected from the group consisting of alcohol alkoxylates
having C8 to C18 alcohols, alkylamine alkoxylates having C8
to C18 alkylamines, sorbitol, sorbitan fatty acid esters having
C8 to C18 fatty acid esters and their ethoxylated derivatives
and chemically modified low molecular weight alkyl

15 polysaccharides having C6 to C14 alkyl groups.

10. The composition of Embodiment 9 wherein the modified
starch is a starch ester or starch ether.
20

11. The composition of Embodiment 10 wherein from about 15
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11. The conposition of Enbodi ment 10 wherein from about 15 -46 15 June 2006
to 85% by weight, dry basis, of load which conprises the totalg Yhse Of
active material, surfactant, adjuvant and other ingredients and from about
15 to 85% by weight, dry basis, of starch are used. 5 12. The conposition
of Enbodi ment 10 wherein fromabout 30 to 70% by wei ght, dry basis, of |oad
whi ch conprises the total anount of active material, surfactant, adjuvant

and ot her ingregdi s and from about 30 70% by 10 wei gh dry basis, of

starch are used% géu/" Th yc‘gﬁigﬁ’i(i)ﬁyg)ﬁsg?‘ OEEQ%g C%le men the starch is
starch ester nodified with an organic acid anhydride having a hydrocarbon

group of 2 to 2®tlarbon at@ﬁﬁuﬂ@féﬂlvﬁﬁg@r@btwﬂ% adiyent al kenyl ,

aral kyl or aral kenyl groups. 14. The conposition of Enbodi nent 13 wher ei n

t he 20 hydr ocar bod othierup hasingredierit8 arai fioorm atioutsl.5 tod85% %y une 2006 15. The
conposition of Enbodi nent 10 wherein the starch is a

weight, dry basis, of starch are used.

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

10  weight, dry basis, of starch are used.

13. The composition of Embodiment 10 wherein the starch is

starch ester modified with an organic acid anhydride

having a hydrocarbon group of 2 to 22 carbon atoms
15 and is selected from alkyl, alkenyl, aralkyl or aralkenyl

groups.

14. The composition of Embodiment 13 wherein the

20  hydrocarbon group has 5 to 18 carbon atoms.
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starch ether prepared by nodifying the starch with al kyl ene oxide having 2
to 6 carbon atons. 5 16. The conposition of Enbodi ment 13 wher gl )nkB6os
biologically active nmaterial is a glyphosate. 17. The conposition of

Enbodi ment 16 wherein the surfactant is a C6 10 Cl4 al kyl polygl ycosi de.
18. The conposition of Enbodi nent 1 wherein nore than one of the
biologically active materials are used. 15 19, The conposition of Enbodi nent
18 wherein the ified starch | st.arch ester or. starch ether. 20 20. The
conposi tion of &ﬁﬁ%’ﬁpoi'é'oﬁk?é%é'ﬁho‘ﬁ'ﬁ?rgﬂ r%ﬁerieén H‘es?tﬁr‘ctt}h'segter pr epar ed
froman organic acid anhydride -48 15 June 2006 havi ng. a hydrophobic

hydr ocar bon gr ctigrady 2 ether prepansgbymediyingithe gtarchomiis alkviene of Enbodi nent
1 wherein nore than one of 5 the chemcally nodified starch and/or nore

t han one of theoxddef act havihgd tovGcabarr atonssed. 22. The conposition of

Enbodi ment 21 wherein nore than one of the biologically active materials are
used. 10

5 16. The composition of Embodiment 13 wherein the biologically

active material is a glyphosate.

17. The composition of Embodiment 16 wherein the surfactant

is a C6-

10 C14 alkyl polyglycoside.

18. The composition of Embodiment 1 wherein more than one of

the  Dbiologically active materials are used.

15 19, The composition of Embodiment 18 wherein the modified

starch is a starch ester or starch ether.

20 20. The composition of Embodiment 19 wherein the starch is a

starch  ester prepared from an organic acid anhydride
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23. A stable, solid formulation which is water dispersible and conpatible
when di spersed and conprises: a.) a chemically nodified starchys; apdobee 2
biologically active agricultural material. 15 24. The conposition of

Enbodi ment 23 wherein the biologically active material is selected fromthe
group consisting of herbicides, insecticides and fungicides. 20 25. The
conposi tion of Enbodinent 24 mherein the nodified -49 15 June 2006 starch is

a starch ester starch et her ositiog f ~Enbodi nent 25 wherein
The. bi ol og: cal |y SENEA AgPTGRNobls By diGeaeraus o 3 f8 27eamal s 27 The
conposition of Enbodi nent 25 wherein fromabout 15 to 85% by wei ght, dry
basis, of the | oa@t@MBch conprises the total anount of active material and
other ingredients and from about 15 to 85% by wei ght, dry basis, of starch
are 10 used. 28. The conposition of Enbodi nent 25 wherein fromabout 30 to
70% by weight, dry basis, of the | oad which conprises
21. The composition of Embodiment 1 wherein more than one of
5 the chemically modified starch and/or more than one of the

surfactant/adjuvants are used.

22. The composition of Embodiment 21 wherein more than one
of the biologically active materials are used.
10
23. A stable, solid formulation which is water dispersible and
compatible when dispersed and comprises:
a.) a chemically modified starch, and
b.) a biologically active agricultural material.
15
24. The composition of Embodiment 23 wherein the biologically
active material is selected from the group consisting of

herbicides, insecticides and fungicides.

20

25. The composition of Embodiment 24 wherein the modified
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the total anmount of active material and other ingredients and 15 from about
30 to 70% by weight, dry basis, of starch are wused. 29. The coippsihheon of
Enbodi ment 23 wherein nore than of the biologically active materials are
used. 20 30. The conposition of Enbodi nent 29 wherein the nodified -50 15
June 2006 starch is a starch ester or starch ether. 31. A stable, solid
formul ati on which is water dispersible and conpatible when di spersed and
conprises: a.) chem cally, nodified starch and 5 b.) a surfactant or
non-oi | adj uvarﬁe{?roi‘z'.s The? @@Fﬁﬁﬁsi?rcﬂ{ %?rcérﬁsef-mnt 31 wherein the nodified
starch is a starch ester or starch ether, 10 33. The conposition of

Enbodi nent 32 wherein the starch is a starch ester nodified with an organic
aci d anhydri de having a hydrophobi c hydrocarbon group of 2 to 22 carbon

atoms. 34. The 2@MRStMPOsitibn CTEMbOFERent 25\WReRim tHdBictagicaiRt ant 15 is a
C6- C14 al kyl pol yglycoside. 35. The conposition of Enbodi ment 32 wherein
from15 to 85 f¥ive  agricultural material is a glyphosate.
5
27. The composition of Embodiment 25 wherein from about 15
to 85% by weight, dry basis, of the load which comprises the
total amount of active material and other ingredients and

from about 15 to 85% by weight, dry basis, of starch are

10 used.

28. The composition of Embodiment 25 wherein from about 30
to 70% by weight, dry basis, of the load which comprises
the total amount of active material and other ingredients and

15 from about 30 to 70% by weight, dry basis, of starch are

used.

29. The composition of Embodiment 23 wherein more than of
the biologically active materials are used.
20

30. The composition of Embodiment 29 wherein the modified
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wei ght, dry basis, of the |oad which conprises the total 20 anobunt of the
surfactant, adjuvant and other ingredients and from about 15 §9)82%6y
wei ght, dry basis of the starch are -51 15 June 2006 used. 36. The
conposition of Enbodi nent 32 wherein fromabout 30 to 70% by wei ght, dry
basis, of the |oad which conprises the 5 total anmount of the surfactant,
adj uvant and ot her ingredients and from about 30 to 70% by wei ght, dry

basi s, of the stars are E@ﬁ? 37 Thgq ﬁg S|t|on of Enbodi nent 31 wherein
nore than one 10 rCPH% 2R 5?937%8 "t Qtarch and /or surfactant or

adj uvants are used. 38. The conposition of Enbodi ment 37 wherein the
nodi fi ed starch31 sAétaslI'%.r%Q{'defé?f'@Naé'Pns)Q/@PBHﬁ weterrdispersfde and aqueous

di spersion containing a biologically actvie agricultural nmaterial and
havi ng i ncreased konipajibleaivheafdispersgd amdpcompriges:a. ) a chemical ly nodified
starch, 20 b.) a biologically active agricultural material, and optionally

c.) a surfactant/ anghqf cléthiéeymodified starch and

5 b.) a surfactant or non-oil adjuvant.

32. The composition of Embodiment 31 wherein the modified

starch is a starch ester or starch ether.

10  33. The composition of Embodiment 32 wherein the starch is a
starch ester modified with an organic acid anhydride having

a hydrophobic hydrocarbon group of 2 to 22 carbon atoms.

34. The composition of Embodiment 32 wherein the surfactant

15 is a C6-C14 alkyl polyglycoside.

35. The composition of Embodiment 32 wherein from 15 to 85
by
weight, dry basis, of the load which comprises the total
20 amount of the surfactant, adjuvant and other ingredients and

from about 15 to 85% by weight, dry basis of the starch are
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-52 15 June 2006 40. The conposition of Enbodi nent 39 wherein the nodified
starch is a starch ester or starch ether. 41. The conposition qf ;G296 ment
40 wherein the biologically 5 active material is selected fromthe group
consi sting of herbicides, insecticides and fungicides. 42. The conposition
of Enbodi ment 40 wherein the biologically active material is a gl yphosate or
strobilurin. 10 43. The conposition of Enbodi nent 40 wherein the
biologically active terial is glyphosate - isopropyl am ne or
azoxystrobin. 15 44€0fhe conposition of Enbodi ment 42 wherein a non-ionic
surfactant is used. 45. The conposition of Enbodi ment 44 wherein the
surfactant s an ethoxylated C8 to C18 alcohol. 20 46. A nethod of applying

a blologlcally ve a |c | tur teri ri.cul tura rops,
Vegetat i on, i afifwostioh GrEmpARin 2 WBefdh g aBotka b
conpri sing applylng an aqueous di spersion of:
to 70% by weight, dry basis, of the load which comprises the
5 total amount of the surfactant, adjuvant and other ingredients

and from about 30 to 70% by weight, dry basis, of the starch

are used.

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

adjuvants are used.

38. The composition of Embodiment 37 wherein the modified

starch is a starch ester or starch ether.

15
39. An aqueous dispersion containing a biologically actvie
agricultural material and having increased biological
efficacy comprising:
a.) a chemically modified starch,
20 b.) a biologically active agricultural material, and optionally

c.) a surfactant/ and/or adjuvant.
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a.) a chemcally nodified starch, b.) a biologically active agricul tural
material, and 5 optionally c.) a surfactant and/or adjuvant, ¢hanachbe i zed
in that an increased effect of biological efficacy of the active nmateri al
is provided. 10 47. The met hod of Enbodi nrent 46 wherein the nodified starch
is a starch ester or starch ether. 48. The nethod of Enbodi ment 47 wherein
the biologically active material is selected fromthe group consisting of

15 herbi ci des, | cticides..and fungici des., 49, The net hod.of Enbodi nent 47
wherei n the b A SoTEFRPPREERDONENERFEeT SSWhPIHIR S8 MBS, r obi fur i n. 20
50. The nethod of Enbodi nent 47 wherein the biologically active material is
gl yphosat e- i sopr ogtarchis astaich-estenior starmh eth@s. azoxystrobin. 51. The net hod

of Enbodi nent 49 wherein a non-ionic surfactant is used. 5 52. The net hod of
Enbodi ment 51 wherein the surfactant is an ethoxylated C8 to C18 al cohol.

41. The composition of Embodiment 40 wherein the biologically
5 active material is selected from the group consisting of

herbicides, insecticides and fungicides.

42. The composition of Embodiment 40 wherein the biologically
active material is a glyphosate or strobilurin.
10
43. The composition of Embodiment 40 wherein the biologically
active material is glyphosate - isopropyl amine or

azoxystrobin.

15 44, The composition of Embodiment 42 wherein a non-ionic

surfactant is used.

45. The composition of Embodiment 44 wherein the surfactant
is an ethoxylated C8 to C18 alcohol.
20 46. A method of applying a biologically active agricultural

material to agricultural crops, vegetation, weeds, plants,
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53. The nethod of Enbodi nment 51 wherein the surfactant is a 10 C6 to Cl4

al kyl polyglycoside. 15 20 15 June 2006 WHAT IS CLAIMED I'S: 145 fAnsbady €,
solid formul ati on conprising: a pregelatinized or gelatinized, chemcally
nodi fied starch having film and/or matrix formng properties for binding
the remaining ingredients, and a biologically active agricultural material,
wherein from30%to 70% by dry weight of starch is used in formng the
formul ati on, and wherein from 30%¢to 70% by dry.wei ght of remaining

i ngredi ents are udRRECISPESEE AN gsq'rf@mfeﬂwﬁ/app 9 BREGUSPHEI ati on bei ng
readily dispersible in water and conpatible when dispersed in water. 2. The
stabl e, solid forigparsion aff claim2 further conprising: a surfactant

and/ or adjuvant. 3. An aqueous di spersion having increased biol ogi cal

efficacy conprising:a.) a cheagealit modified starapgl ati ni zed, chemically nodified
starch having film and/or matrix form ng properties, a biologically active

agricultural materi g y5¥8logRbly 3t agricultural material, and
5 optionally
c.) a surfactant and/or adjuvant,
characterized in that an increased effect of biological efficacy

of the active material is provided.

10  47. The method of Embodiment 46 wherein the modified starch

is a starch ester or starch ether.
48. The method of Embodiment 47 wherein the biologically
active material is selected from the group consisting of

15 herbicides, insecticides and fungicides.

49. The method of Embodiment 47 wherein the biologically

active material is a glyphosate or strobilurin.

20 50. The method of Embodiment 47 wherein the biologically

active material is glyphosate-isopropyl amine or
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a surfactant and/or adjuvant, wherein from30%to 70% by dry wei ght of
starch is used in formng the dispersion, and wherein from 30% 4ae%886 bY
dry wei ght of remaining ingredients are used in fornmi ng the dispersion. -56
15 June 2006 4. A stable, solid fornulation conprising: a pregel atinized or
gel atini zed, chemcally nodified starch having film and/or matrix formng
properties for binding the remaining ingredients; and a surfactant or
non-oi |l adjuvant, wherein from30%to 70% by dry wei ght of starch is used in
forming the formAZXY8HObiBNG wherein from 30%to 70% by dry wei ght of

remai ning ingredients are used in formng the fornulation, the fornul ation
being readily dispersible in water and conpati ble when dispersed in water.
5. The conposition of any one of clainms 1-4 wherein the nodified starch is

a starch ester g, ’f’hélrrﬁéthéahﬁfEml@ele&tGMWﬁé#éih @mdH-iddi@i m 5 wherein the
starch is a starch ester prepared froman organic acid anhydride having a

hydr ophobi ¢ hydro f 2 to 22 carbon atons. 7. The conposition
of Claim6 wherei ﬁﬁ{r%%%{ﬂdrg(g:agbon group is

5
52. The method of Embodiment 51 wherein the surfactant is an
ethoxylated C8 to C18 alcohol.
53. The method of Embodiment 51 wherein the surfactant is a
10 C6 to C14 alkyl polyglycoside.
15
20
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selected from al kyl, al kenyl, aral kyl and aral kenyl groups. 8. The
conposition of aim?7 wherein the hydrocarbon group has 5 to 43§,fe3obon
atons. 9. The conposition of Claim5 wherein the starch is a starch ether
prepared - by nodi fying the starch with al kyl ene oxi de having 2 to 6 carbon
atons. -57 15 June 2006 10. The conposition of Caim9 wherein the starch is
nodified with up to 25% by wei ght of al kyl ene oxide which has 2 to 4 carbon
atons. 11. The conposition of any one of clains 1-3 and 5-10 wherein the

bi ol ogi cal WAelctS GEANMEEYISil is sel ected fromthe group consisting of

her bi ci des, insecticides and fungicides. 12. The conposition of any one of

cl ai ns Iand 3-11, wherein the surfactant. is selected fromthe group

consi sti ngl-of 2 siakig, solid damniggtien RAWPANES to C18 al cohol s al kyl ami ne

al koxyl ates ha ty acid
esters having &&ggg%i'hgfattyégég?}dﬁ%?@??'&ﬂ%mé@l'?dg oxy 8é%deri vatives
and cheni cad/gr mmattixf foerding mbemelsyelablodmgltd%eﬂnawmgyur@edlen@l@ndl kyl

groups. 13. The conpositio e of c aims 1-3 and 5-12, wherein the
bi ol ogi cal | y a@tt?'9@pfﬁﬂ'$|af3ﬁ1'e PQ”BJV%’QJE%‘P 8,14, The conposition of any one
of clainms 1 angyherdid.frofianes b Y% bysary\ea§Rvf thércﬂ i$0s6d4n f’drlﬂ(rlcmjg the

pol ygl ycoside. 15. The conposition of "any one of clains 1- 5- 14,
wher ei n nofPemulggian, and

wherein from 30% to 70% by dry weight of reméining ingredients are used
in forming the formulation,
the formulation being readily dispersible in water and compatible when

dispersed in water.

2. The stable, solid formulation of claim 2 further comprising:

a surfactant and/or adjuvant.

3. An aqueous dispersion having increased biological efficacy comprising:

a pregelatinized or gelatinized, chemically modified starch having film
and/or matrix forming properties,

a biologically active agricultural material, and optionally

a surfactant and/or adjuvant,

wherein from 30% to 70% by dry weight of starch is used in forming the
dispersion, and

wherein from 30% to 70% by dry weight of remalnnng lngredlents are used
in forming the dispersion.
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one of the biologically active materials are used. 16. The conposition of
any of the preceding clainms, wherein nore than one of the chegs gakloyos

nodi fied starch and/ or nore than one of the surfactant/adjuvants are used.
17. The conposition of any of clains 1-3 and 5-16, wherein the biologically
active material is glyphosate or strobilurin. -58 15 June 2006 18. The
conposition of any of clains 1-3 and 5-17, wherein the biologically active
material is glyphosate - isopropyl am ne or azoxystrobin. 19. The
conposition of any one of clains 1 and 3-18, wherein a non- ionic surfactant

is used 0. T f clainms 1 and 3-18, wherein the
surfact an'f2 i's ggtaw%ps%%tf{)@@h %orfggraggﬁn ‘cohol . 21. An aqueous di spersion
conprising the ;br@gmdtlatmdmr@felatlln&lemscﬂemﬁaﬂmmodmeﬂchtaﬂ:h hakimgfilrod of

appl yi ng adbi ol o ic K‘B?Ctlve agricultural materia | tural crops,

ri c
veget at i oRNd/ReR@Y! 'X propgdigsiar b'B@@Béh%FﬁJ“%'Bmg ‘885‘?&"?@? appl yi ng an
aqueous di Speréé@fh(génttdp%oﬁ%rp&g dérqn of any one of the preceding clains,
characterized 1n that an i ncreased effect of biol ogi cal efficacy of the
active mat eri avhérgindramiddéato 70% by dry weight of starch is used in forming the
formulation, and
wherein from 30% to 70% by dry weight of remaining ingredients are used
in forming the formulation,
the formulation being readily dispersible in water and compatible when

dispersed in water.

5. The composition of any one of claims 1-4 wherein the modified starch

is a starch ester or starch ether.
6. The composition of Claim 5 wherein the starch is a starch ester prepared
from an organic acid anhydride having a hydrophobic hydrocarbon group of 2 to

22 carbon atoms.

7. The composition of Claim 6 wherein the hydrocarbon group is

selected from alkyl, alkenyl, aralkyl and aralkenyl groups.

8. The composition of Claim 7 wherein the hydrocarbon group has 5 to

18 carbon atoms.

9. The composition of Claim 5 wherein the starch is a starch ether prepared

by modifying the starch with alkylene oxide having 2 to 6 carbon atoms.
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10.  The composition of Claim 9 wherein the starch is modified with up to 25%

by weight of alkylene oxide which has 2 to 4 carbon atoms.

11.  The composition of any one of claims 1-3 and 5-10 wherein the
biologically active material is selected from the group consisting of

herbicides, insecticides and fungicides.

12.  The composition of any one of claims 1and 3-11, wherein the surfactant is
selected from the group consisting of alcohol alkoxylates having Cs to Css
alcohols, alkylamine alkoxylates having Cg to C4g alkylamines, sorbitol, sorbitan
fatty acid esters having Cg to Cis fatty acid esters and their ethoxylated
derivatives and chemically modified alkyl polysaccharides having Cg to Cq4 alkyl

groups.

13. The composition of any one of claims 1-3 and 5-12, wherein the

biologically active material is glyphosate.

14. The composition of any one of claims 1 and 3-13, wherein the

surfactant is a Cs-C+4 alkyl polyglycoside.

15.  The composition of any one of claims 1-3 and 5-14, wherein more than

one of the biologically active materials are used.
16. The composition of any of the preceding claims, wherein more than one
of the chemically modified starch and/or more than one of the

surfactant/adjuvants are used.

17. The composition of any of claims 1-3 and 5-16, wherein the biologically

active material is glyphosate or strobilurin.
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18. The composition of any of claims 1-3 and 5-17, wherein the biologically

active material is glyphosate - isopropyl amine or azoxystrobin.

19.  The composition of any one of claims 1 and 3-18, wherein a non-

ionic surfactant is used.

20. The composition of any one of claims 1 and 3-18, wherein the

surfactant is an ethoxylated Cg to C+g alcohol.

21.  An aqueous dispersion comprising the formulation of claims 1, 2 and
4-20.

22. A method of applying a biologically active agricultural material to
agricultural crops, vegetation, weeds, plants, insects, pests and soil comprising
applying an aqueous dispersion of the composition of any one of the preceding
claims, characterized in that an increased effect of biological efficacy of the

active material is provided.
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