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I NVENTI ON This invention relates to water dispersible, stable, [ o
product s julymmﬂwmﬂmmlm&ns of selected starches, active agricul tural “H§&nts,
and surfa adj uvants. These solid products are readily water
sol ubl e or di s@ewsi bl e. Furthernore, these s products have a starch matrix
or carrier structure which changes the physical formof the product, nakes
it conpatible when dispersed, allows for a high |oading of active materi al
and permts use of a broad range of surfactants, adjuvants and ot her

i ngredients. Furthernore and surprisingly, it has been found *159159* -1
that such starch containing agrochenical proBatent #394Z&xhi bit increased

bi ol ogi cal efficacy of the active material. Various fornulations of
agricultural active ingredients have been devel oped to satisfy the needs
for agricultural crop s protection and other related areas. Otentines

t hese products_have been in the formof liquid fornulations. Recently, in
crop protecti offaM - d1aHRaBRchnol ogy there has been a desire to nove away
fromliquid fodamestdi &@ento solid products such as dry granul es or powders.
Such solid probfaociet B-&olavekd reduce the use of solvents, be nore

envi ronnent al | yolian En@d. Romwtiengduce transportation costs. However, the

ability to Mahroussa |. Auda

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



" provide solid products using a conbination of active ingredients such as
gl yphosate, and surfactants such as pol yoxyet hyl ene sorbitan esters, e.g.

. Tween 20, has been difficult because such ~ s materials are not conpatible
and are not easy to process or work with. Although nmuch effort has been
made to devel op solid agricultural products, nost of the useful solid,
starch based products exhibit extended or del ayed rel ease characteristics.
U S. Patent No. 6,228,807 issued on May 8, 2001 to M 20 Kuchikata et al,
di scl oses dry, thatsach stdrobhlcentaimihg @giadhervicpbgrioductsscart exhibpphosat e wi t h
sel ected surfactants. Wile 2 such conpositions are water dispersible,

it is difficul inckdaderr hibReiaRtefildaty DPtHE A6 mabsalmany surfactants are not
conpatible with glyphosaté in concentrated form Despite the various

di scl osures of actiye,. i I: i e recent " 807
pat ent noted above,Vgﬁggétﬁ@%ﬁ@&u@t@@ﬂg%ﬁlac{é\%Ln:égée@gp{eﬁhease properties,
there is still the need for solid agricultural type products which are

wat er di spersi Baee b@%ﬂﬁ&t’ﬁ{ﬁ’lpéd\/tﬂéﬁt'ggystﬁﬁr”?@éfséﬂ'ag&ﬂ\ﬁtyi”ﬂ @BPck rel ease
characteristics. Accordingly, what is desired for use in agricultural

appl i cati ons, peotectinraand othasirelatest aeast Qitertimesitheps preduelsease

properties, provides high |load of active materials and can conbine nultiple

conponent s i nt have besepdn the forsyoftiiguid fosmoldtldABY OF THE | NVENTI ON Now it has
been found that stable, water dispersible solid products of agricultural

gg: : ‘éﬁaﬁg;”tsz ! ?;gt gﬁ;&\;ﬁbﬁﬁd iNRESh prITEdtACForMbIAtiDR teENRSlogy BierBes and

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



and/ or adjuvants. 20 - More particularly, this invention is directed to a
stable, dry solid fornulation which is water dispersible and provides a
.rapid, -3 conpati bl e, honbgeneous di spersion and conprises: a) a
chemcally nodified starch, b) a biologically active agricultural material,
and optionally s ¢) a surfactant and/or adjuvant. This invention further

i nvol ves agrochem cal fornul ati ons containing conbinati ons ~f two or nore
active materials. DETAILED DESCRI PTI ON OF THE | NVENTI ON Thi s invention

i nvol ves st abl suchvaompoditiopease Watersdispersipiedt ist difficultdeferon ed st ar ches,
agricultural active agents, and surfactants and/or adjuvants. These dry

sol i d product scemphebREciticSsines many slrfactiritseire @8t tompatibleus nedi um
conpati bl e when di spersed and provide quick rel ease of the bioactive agent.

These fornul at | j j ding of the active ingredient and
have been foun%@%@%ﬁﬂﬁg@tﬁhﬁéﬁégﬁgul tural crop protection.
Furthernore, the soﬂed ﬁr%guct . Of t.hiI?) i nver}taaicc?.n has. a StairCh mat ri x which
allows for the use SBIR Ut VALY ﬁ'isf; SPER O 'W?@%FB?W | s and the use of
a wde 20 variety of surfactants, adjuvants and other ingredients while
still provi&i ngredustsyineluding the speendi @0 patentingted abeveyakity. -4
Stabl e, solid products are those where there is no

solid products showing extended release properties, there is still

the need for solid agricultural type products which are water

dispersible, compatible when dispersed and exhibit quick

release characteristics.

10 Accordingly, what is desired for use in agricultural
applications, 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,



bl eedi ng or separation of individual conponents. Generally a product is
considered stable when this condition exists for at |east six nonths. s
.Dispersible, solid products are those which are functionally uniform or
honbgeneous when di spersed. The di spersed or water solubilized product may
be in the formof a solution, enulsion or suspension. Conpatible solutions
are those where the individual conponents remai n honogeneous in the final
aqueous sol ution. Conpatible enmulsions in water are those that renain
stabl e, do not compatibles hopteganeous dispersiparandeGomprigesi| at e, aggregate or
produce sedi nent. For conpatible suspensions in water, the solids remain

honbgeneously suspegyedchidmichRy fivdifistestakchdi spersion, i.e. they do not drop
out. The conpati bl e solutions or dispersions provide relatively or

functionally unifor [ j [ : fgﬁs' the end use |iquid.
Conpositions are tyg %la P@%‘!?&EY@%@Q@B&?F@& I’eanﬁ(?hese condi tions

exist for at least 4 hours and nore particularly 24 20 hours or nore.
Rapidly or readily di Qﬁgpgﬁlgfe is defined as a mixture with cold water and
mninmal agitation that gives a dispersion in less then 10 m nutes, nore
particularl § | ess t®em suirfadintand/goddidvantoduct s are those such as the type
having a s particulate formor structure and having a w de range of sizes
and shapes, such asThis\ileartionduethat imvolves sigrochemigalfdems)atiohlsakes, chi ps,
sheets, tablets, pellets, agglonmerates, etc. The solid product or

formul ation of chhiatnihg CBRIbIRAtIONS! Af 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.



conprise either the conbination of starch, active material and surfactant
and/ or adjuvant; starch and active material; or starch and surfactant

. and/or adjuvant. Any of the above fornmulations may al so include optional

additive ingredients. The active ingredients used in the system or
formulations of this invention include a broad range of materials and this
~ 5 includes active ingredients sone of which don't formfree standing
powders on their own. Some of the useful active materials may be liquid
whi | e others nay be Stabledsolid produzts are thogb whereithgrepisintt s. Particul arly
useful active ingredients for this invention are liquids at room

tenperature or fjouy 'otr!sﬁﬁgfa?ioﬁ-ofaﬁhiﬁﬁggcdmf)éﬁélﬂlsis GérbrBilgh nelting (e.g.

>80C) crystalline naleria -S The agricultural active agents which are

‘ange of vat or MPARESEanEtstl Rabli BAbh s EPRRBNIRGEIF A L7007, D1 0o

the actives as water dispersible neans that they s are water soluble or can
be suspended or€@hAXMANRE.in water. More particularly, it may be one or
nore herbici des, pesticides, for exanple insecticides, fungicides,

acari ci des, 5nenat ocilRiepersihle, solideproducisare itoostewhichaareer i ci des,

nol | usi ci des and bird repellants, and/or plant growh regul ators.

Especi al | y useffuhctigtally &inifotra ior dlosnajeheloas wiiridispersegie Theci des and
fungicides. Usually, the active material will be a water insoluble or

o ot or o PSR NS BRAE r HRTR bt it er ol bl o
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.



" 15 Herbi ci des such as 6-chl oro- N-et hyl - N- (1- net hyl et hyl)
1,3,5-triazine-2,4-diamne (common nane atrazine); N N -bis(1
.methylethyl)-6-(nmethylthio)-1,3,5-triazine-2,4-diam ne (commopn name
pronetryn); substituted ureas such as diuron or N-(3,4
di chl orophenyl) - N, N-di met hyl urea); sul fonyl ureas such as 2o
met s~rl furon-nethyl {2-[[[[(4-met hoxy-6-nethyl-1,3,5-triazin-2-yl)
am no] car bonyl ] am no] sul f onyl ] b_enz_oat e}; t riasul furon _{2- (2 - 7
chl or oet hoxy) - N-[ [ ( Rapiip@ryesdityedibyérsibl@ isSdéfinetizas adnixture with
gl %?En[ ?Z] ca{ Eonylo]ts;enze@r;{esul fonagn de}; tl’al b;nur on- net hyl net hyl
- - Ml NOXh, d 'rﬁm?t itatfnthaY gives a dispersion in less
met hyl am no] car bony ell.m nor%“sul on 'I??enzoage}_ and g chl'orsul furon
benzenesul  onadiaiby T tees PR fectday sk el R g or = "o
{3-[ (et hoxycar bonyl ) am no]. phenyl (3 nethyl phenyl ) car banat e},
?ryl oxyial kEnoi c aci ;ﬁ?"ﬁ:ﬂ(@df'?tﬁ,%zéh?ﬁq %W{'})gﬁ)ﬁ? Q%’fihﬁvﬁ}g zox%/] _ alceti c acid
comonly known as triclopyr) and its salts or esters like triclopyr
t ri et hanol afmomiactigulateifotro y struatuse @nd havjng aiwite cangehehsizg$ acetic acid
(commonly known as 2,4-D) and its salts or esters |ike 2,4-D butyl,
2, 4- D-di met hy| amachapes, such &s FdeéFS.@?anlﬂeé (Bustfrseponess))
2,4-Disooctyl, 2,4-D-isopropyl, [(4-ami no-3,5 15
1 uor opyr ) and TERe s SRS, HAbC BN, By B Bt vyt
2- but oxy-1-nethyl et hyl , 2-(4-3arylo henoxy) @ropi.oni.c_acids |ike butyl (+/
y-2-[[5-(trifluor orﬁﬁ%ﬁ%%'dé”B@&a‘?fﬁéF’]‘B@ﬁ?ﬁﬁéﬂ&?;‘ﬁ"éﬁﬁ@}d@hoat e (comonly
known as fluazifop-butyl), (+/ )-2-

chl or o- 5- (t ri f CQBIRSISELAIHeES the gombin i;h][q[f%ﬁrghe%%ﬂ matsahand acid

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

materials.



(commonly known as hal oxyfop) and its esters hal oxyfop-etotyl, _8
hal oxyf op- net hyl , hal oxyfop-P-nethyl, butyl (R)-2-[4-(4-cyano-2
. fl uorophenoxy) phenoxy] propi onate (conmonly known as cyhal of op-butyl),
cycl ohexanedi one oxines like (+/ )-(EZ)-2-(1
et hoxyi m nobutyl)-5-[2-(ethyl thio)propyl]-3-hydroxycyl ohex-2 enone
(comonly known as set hoxydin). Additional useful herbicides include
al pha-chloro-2', 6'-diethyl-Nnmethoxynethyl acetanilide (comonly known as
al achl or), N- but oxyThehagricaltptahactiveagetits, vhichiaee iged dretheni | i de (commonl y
known as butachlor), 2'-nethyl-6"'-ethyl-N(1-nmethoxy-prop-2-yl)-2

chl oroacet ani | kgien|SRSAEHH tmshﬁoeﬂm&ﬁcmbalammrw or mos@ BEaYlidgst er of
(2, 4- dlchlorophenoxy) acetic acid, 2- oro-N

(et hoxynet hyl ) ee{at‘wé QBR-:I C':I?m& Ww nknglgisas acetochlor),

1-(1- cyclohexen orop urea,

LB PR 4 RGBSk TR 1770 3

2,6-dinitro-N, N-di propyl p-tol uidine (comonly known as trifluralin).
Fungi ci des Suchrewater saiublansande pisnandedarigmulsified in water.
al kyl enebi s(dithi ocarbamate)s, for exanple maneb or {[1,2 20

et har ~edi yl bi sMcsrerdmtmﬂiamy]iim\ay ble?erid ormmoge hessitidesdpestivideseb or
{[[1, 2-et hanedi yl -bi s[carbanodithiato]](2-)] _g_ manganese m xture with

1,2-eth d A
L[, 2- et haned yd g VSEEdasf cides, b, AbiaRidds,ns sueh as

miticides, rodenticides, bactericides, mollusicides and bird
repellants, 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]carbonyllamino]sulfonyllbenzoate}; triasulfuron {2-(2-



cyanophenoxy) - 4- pyri m di nyl ] oxy] - a- (net hoxynet hyl ene) benzeneacetate} and
kresoxi m net hyl {(E)-a-(nethoxyimno)-2
. [ (2- nmet hyl phenoxy) net hyl | benzyl acetic acid nmethyl ester}; dicarboxim des
such as iprodione {3-(3,5-dichlorophenyl)-N
i sopropyl -2, 4-di oxoi mi dazol i ne-1- car boxam de}; azol es such as propi conazol e
or{1-[2-(2, 4-di chl or o- phenyl ) - 4- pr opyl -
di oxol an- 2-yl -nethyl -1H 1, 2, 4-tri azol e and tebuconazol e or 10
{ (RS) - 1- p- chl ochldneethbxy)-M-[{{#maethpixyB-ethy-1,2,54triarzina2-ol e- 1

yl met hyl ) - pent an- 3-of }; hal ophthal onitriles such as chlorothal onil pr

{2,4,5,6-tet raghbﬁfrﬁb&léaMZHNM&E@@&W@MW@%W"@MWngl ci des such as

copper hydroxi de or | nsecticides including benzoyl ureas such as
15 difl ubenzur ( _n.%m _) wyl]-2,6

di f | uor obenzam He%yé%[ﬂ&ﬁ%é@o?kﬁo ryl 1éol :}ngﬁda??qui d for ms such as
carbaryl or 1- th ar ba dicarb t honyl , car bof ur an,
bendi ocar b, ong#F' h?&gﬁ%wﬁam”?qqgw%ﬂy@bﬁﬂzoﬂpbQﬁgphosphat es e.qg.

mal at hi on, parathion, 20 deneton, dinmethoate, chlorpyrifas, diazinon,

azi nphosnet byl chiessifusend2-chinsedr{ldranathoxybtmethl- Eﬂ trigZin@sect ' s - 10

di gestive tract tissue including fluorine conpounds (cryolite), zinc and
mer cury; ni cot iyaminaitarongl] beazenesulfomanideld bisacarbamates sueh or synt hetic
pyrethrins, pernmethrin, |anda-cyhalothrin, cypernmethrin, petroleumoils;

and m crobi al S a8. Fg,entpﬁ@cgbﬂ,éM%r5[3imﬁéih6gy@é}-§bﬁy|y§|ﬁ,r@]ltpggﬁga(eh| c viruses such
as the bacculo virus. Acaricides such as clofentezine or” 3, 6-bis(2

chl orophenyl) - 1, @néinRehfidtbamBte}, aryloxyalkanoic acids like [(3,5,6-

trichloro-2 pyridinyl)oxy] acetic acid (commonly known as

10  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-

15  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-

20  chiore-5-(trifluoromethyl)-2-pyridinyljoxylphenoxy]propanoic acid

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



Anong water soluble active materials, non-selective 10 herbicides)
particularly N (phosphononethyl) glycine type herbicides such as gl yphosate
. and sul phosate, respectively the iso-propylam no and tri methyl sul phoni um
salts of N phosphonyl net hyl glycine, and other salts such as anmoni um
sodi um and potassi um and phosphi nyl am no acids such as 15 gl ufosi nate or
2- am no- 4- ( hydr oxynet hyl phosphi nyl ) but anoi ¢ acid, particularly as the
ammoni um salt. Such water soluble actives can be used as the sole active in
wat er di sper si ihaboxyfeproietlsylphaloryfoprBinmethilo batyl KiR)-2#-(4nyancedr al so be used
in conbination with water insoluble or inmscible actives in multi 20

active fornul atfygRsphenbky) pHéro84BrepltriEte tdorh@ORNY Hdvnasf this invention

can include one or nore Surfactants and/ or adjuvants and ot her additive

e et SUABARR Lo HRLARBON. b R SR o

increase the d Ive nateri al can al so act as

an ermul sifier, solubilize tin nt o uspendi nq agent. Adjuvants
are materials ﬁ?!équmnﬁ’%é’b) ']'ﬁﬁ#-é%@g'tﬁﬁSPFBPX'ﬂ'éai‘kfﬁPxﬁyﬂﬁb%%?' of the active
material and include surfactants) oils such as mneral oils, vegetable oils
and al kyl e8t ee5ope (eammondy kaewn ascatbbiding.i ddditional egful O her addi ti ve
lo ingredients and materials can be used to provide a variety of functional
attributes to theebitidesuhclude alphadchlom-2d 6 -dietieyliNthsethoxymethybuf f eri ng
agents, rheological nodifiers, antifoam defoaners, drift /m st control

and 111 er o, O e B R S other
addi tves may bgnpa chioro-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-)]



used and they are not Iimted by physical formsuch as liquid, paste or
wax; or by being water soluble (i.e. fromfully water soluble to water
.insoluble) or water dispersible (e.g. form ng aqueous sol utions,

di spersions or enulsions). The surfactant or 20 adjuvant may hel p increase
t he biol ogical efficacy of the active material. The particul ar surfactant
and/ or adjuvants that are -12 used in the formulation will depend on the
active material and its properties. The surfactant used in the fornulation
may be non-i onimangaxnesermixturarwitini[t.2-ethpnedigtbis{carbamaditvatollr conbi nati on
thereof. 5 Exenplary non-ionic surfactants include al cohol al koxyl at es,

e.g. ethoxyl at 3.)zr){ staBiRring sGBhtae &b&zgﬂr@mhqh@twi(smzqw(z)e i near,
a

branched or linearl branched m xtures; al kylam ne al koxyl ates, e.qg.

th | at ' I ; j ; { t ol d bi t
Farty aci d eot SYEROEHHbah i IORIER-REHBOREIRAT 2\ o7e and their
pol ysacchar | degerganercail) rpodgeratmie Ry FoImeiotainaEe’ such as
al kyl poly gl ycosides. O her non-Tonics include pol Koxyet hyl ene

pol yoxypr op§i el@-meduiphenaxyymethyllbgnzdacelic acd amethylgsied 1s esters,

al koxyl ated and non-al koxyl at ed sorbitan esters, sucrose esters, sucrose
gl yceri des, poldijcarhaxinjdessuch ay ipogionet{B4B5-dishloyopiyeny))Nene al kyl esters
and fatty acid ethoxylates. Cationic surfactants that are useful include

Bl Kyl 2t nes) —poTop e L e oxi dos.
tertiary polyoxyahkxhenfe 3 H YEI2 A ARIBFEphenyl)-4-propyi-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-
yimethyl)-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, oxamyl, thiodicarb,
trimethylcarb; organophosphates e.g. malathion, parathion,

20 demeton, dimethoate, chlorpyrifas, diazinon, azinphosmethyl

and phosmet; compounds which break down an insect’'s

-10 -



-13 pol yoxyal kyl ene al kyl et heram ne oxi des, and tetra al kyl amoni um
hal i des. Useful anionic surtactants include al kyl sul fates and phosphat es,
.olefin sulfonates, alkylaryl sulfonates, polyoxy s al kyl ene al kyl et her
sul fates and phosphates, sul fosuccinate derivatives, sulfosuccinates,
sarcosi nates, taurates, sulfates and sulfonates of oils. Useful anphoteric
surfactants include N al kyl betai nes, alkyl am dobetai nes and i m dazoli ne
derivatives. The sel ected starch conponent which can be used in the solid
products or f ordigestivedract tissudincluding itomme aompohads ¢arlyblitedodi fi ed st ar ches
and nore particularly are starch esters and starch ethers. The starch

esters and stargi ShdeidTclBY nicdfiha! fotésNel MeenPbil bPBzAdisati; r at € groups
such as cati oni c, e.g. terti ary am ne and quat ernary anmmonl um gr oups, oOr

g
ani oni ¢ groups, ik ) {4 f t hese types
are descri bed inrz]a?u'}%{ g?%%aﬁ&ﬁéﬁi'?ﬁ%g’gr%gk%%éé%Qgﬁf% 'by R L.

Whi stler et al eferred él{sfi ed, starches are those

contai ni ng an é’ggh@?'ﬁt%&r”@?ﬁ@&ggﬁghﬁpﬁsﬂw U3H%S - 8nhPasfF! be any starch,
native or converted, and includes those derived fromany plant source such
as mai ze, t&pi dhuringiensis @nd-entomopathie yirusessudhrgdthesbacglen waxy mai ze,
waxy potato and high anylose starch, i.e. starch having at | east 40% by
wei ght of anyl edrescontent. Al so included are the conversion products
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-
phosphonylmethyl 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.
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derived fromany of the forner bases including, for exanple, 5 dextrin
prepared by hydrolytic action of acid and/or heat; oxidized starches
. prepared by treatnment with oxidants such as sodi um hypochlorite or hydrogen
peroxide; and fluidity or thin boiling starches prepared by enzyne
conversion or mld acid hydrolysis. 1o Mdified starch esters include
starch acetate, starch propionate, starch butyrate, starch hexanoate etc.
as well as the half-esters of dicarboxylic acids, particularly the
al kenyl succi ni ¢ aci Tihe agrechemieahfermulatiohwof ¢his imventidnaaral kyl et hers such
as hydroxyethyl and hydroxypropyl starch. The starch esters and ~5 ethers

used in this | fefild iy BPIORE sBFfEERNRIafIoPLARRBRASadIBHEr N the art such

as disclosed in Chem stry and Technol ogy”, noted above. The

preparation of ch W th
organic acid aﬂﬁ@ﬂﬁ‘%ﬂ@?@@@ﬁs a%B'ﬁ%H%W%%?y%r %é%rﬁ}gpﬁh P aqueous or
non- agueous syst anhydroys p revi of , such preparations
may be -15 Bﬁ‘ig‘élwo 'gf"f%a@ﬁ th@}ﬁ’é?ﬁeé%l'bwgyaﬂﬁh?&qﬁ'ﬁﬁl |a| edited by R L.
Whistler et al, Chapter X 1984, as well as in U S _Patents 2,661, 349

i ssued to G Candimecan@lsaactas @ emisifier solubiizesweting agensor i ssued to R
Billmers et al on June 14, 1994. The s 349 and 132 patents are hereby

i ncor por at ed hguspending agémtr exdjavarids @renshtérigistthanhelp totimsrelis¢ hat i's
especially useful in this invention is a starch ester prepared from an
organi c aci d ajasiblogfcdl 8¥ficagy df e aamRiPiiatertl 9HB ifsiGe @S octenyl or
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 emulsions). 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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1o dodecenyl succinic anhydride. Mre particularly, the hydrophobic group
is a hydrocarbon group such as al kyl, al kenyl, aral kyl or aral kenyl having
.2 to 22 carbons, preferably 5 to 18 and nore preferably 8 to 12 carbons.
Generally the starch will be treated with up to 60% nore particularly 1 to
60% and 15 preferably 5 to 20% by wei ght of the anhydride, based on the
wei ght of starch. Another nodification of starch that is especially useful
inthis invention is the etherification with al kyl ene oxi des, particularly
t hose cont ai ni nge@ in theSformutdtionakill lepend oh thaerdutive 2nateriahand Bshyl ene oxi de,
propyl ene oxi de and butyl ene oxi de are exenplary conpounds that are useful
in etherifying hﬂﬁﬂﬁégrting -16 starch materials. Al though varying
anount s of sucﬁ reagent conpounds may be used, generally up to 25% nore

el gnt of starch. vt FP SitebieE UsBE e IRl R RonBREC Nt o7 1y

be degraded or cgnverted to achieve cerE_’I&iﬁ]?j Vi SCOSi téPc ar ac{ eristics and
al l ow for bet t ERUOHEAMERICoAMBNOIRICRRR or canabingtien theest ar ches may
al so be pregel atinized or crosslinked. The degraded starches can vary from

15 to 90 WF ( Exemplenyaron-ionid surfactgnts includelaloohohalkasylatasas andl or
mul ti-dextrins of <10 DE (dextrose equival ent) can be used. Degradation can

be carried out eunietigoxyatesnpartioalaripCEsSe8 alcohvlawhivh ctat bge hydrol ysis
including treatment with hydrogen peroxi de, enzynme hydrolysis or acid

hydrolysis. Sufheste8rfHtHedst I%Br/ﬁ?ar%'éﬁ%&ﬁﬁe@f 4lRPamine bef ore or after

nodi fication is made to the starc

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,

-13 -



The inportant feature of this invention is being able to provide an
agrochem cal fornulation or surfactant and/or adjuvant systemin the
. nodi fied physical formof a stable, solid such as a free-fl owi ng powder.
This can be acconplished when 20 using either a water soluble active
material or a water insoluble active material, i.e. enulsifiable or
suspendabl e oily or non -17 wat er soluble active materials. This can
i nclude m xtures of two or nore different active materials such as two or
nore wat er sol pblypxyalkyleneaikyletheramineroxiteslamal tetract i ve nmaterials or
conbi nati ons thereof. The active materials do not have to be of s the sane

physi cal form afiythmiofiiird halidé$! i d. The ability to do this is provided by
use of the selected nodified starches as defined herein. The starch

provides a matrix f?jsem%.nﬁrﬁé gﬂtfa&gn;‘sl;igggﬁ?sélgagggggscﬁ form t her eby

allowing for the use © erent sur Juvants including those
i n agueous ~o splutiagns, oils. waxes, enmulsiqps, etc. Additionally, while
previously it Rggs%rééﬁsd‘?lﬁﬂ %T@qﬁf'i%@%@?@%@aﬁ?%ﬂ QY factants or
adjuvants into the formati on of solid products such as powders, the use of

starch as descpalkylenenalkyethersaifatgs) andephosphates sufesescisateh | i qui ds as wel |

as solid surfactants or adjuvants. 15 The dry solid can be nade by

di ssol vi ng or desdpativaspgulfdsricairiates; saecasinates, taurdtes| suifatesidhdr adj uvant in
a starch cook by either mxing the conponents with raw starch then cooki ng,
e.g. jet cooki ggifordtedvf Biigki ng the conponents into cooked starch. Raw
starch is generally refined and recovered from plant tissue 20 as

T O3 e LR R SR R el "o o7 anul s
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,
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-18 heating in a water suspension or slurry, to produce a coll oi dal
di spersion, solution or starch cook. Gelatinization in water or other
.solvent, is required to allow the starch cook to provide filmor nmatrix
form ng properties after drying. A wi de range of s cooking processes are
general ly suitable, such as, atnospheric pressure batch cooking, elevated
pressure batch cooking (autoclaving), steaminjection cooking (jet cooking)
at either theoretical or excess steamaddition ratios, or non diluting heat
transf er net howheateice; Cagor sarghumi walkyg nGzizéolgxy potdd anbdyhigd W Pi gnan and
R M Coepp, Academ c Press, 1948, p. 561f. Pre-gelatinized starches that

do not requireafryfoseOstiiiohg i.8t S@rétthaviAg 28 B 40Pebs Watigtit ¢fo t he surfact ant
and/ or adjuvant can al so be used. The pre-gelatinized Starches are readily

avai |l abl e and € 5. disclosed in U S
Pat ents 4, 280, Q@I@s&rﬁgﬁ F?@\dﬁ&%q gﬁ%{h%?%rﬁ)&%}()ﬁl?é%q}'& , 571,552 issued
to Kasica et al,. .in %Iovenber 1996; 3 086,.89@1 isszed to Sarko et al. in
April, 1963; 39gAvRdERM Y afthejomenbasesinclyding, forexampleg7o ang 3, 137, 592
issued to Protzman et al. in June, 1964. Al of these patents are hereby 20
i ncor por at €l heextin prgpareddnehnydrolytis @stioniof egideendipehealen dried into a
solid such as powder by spray drying or using other 19 drying

t echni ques sucbxidizedrsiarctieyipngparertbyiseatmenb stith okigamtg suchfaseeze drying. In
a simlar manner, the solid product can be made by

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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di ssolving or dispersing a) the active material, or b) the s surfactant
and/ or adjuvant in a starch cook by either m xing the conponents with raw
. starch and cooking or by m xing the conponents with cooked starch or
pre-gel atinized starch. These mi xtures are then dried into solids such as
powders using drying techniques such as spray drying) drumdrying,
extrusion, io belt drying or freeze drying. Al so, simlar products can be
prepared with the addition of other additive materials to the conponents of
t he above descfdungdns@sarehsChiistey amd Teohmolo§y™, leditedlbycRdi.eces resul ting
fromthe process of preparation nmay be in various sizes and shapes, one 15

particul arly uggisder'e’dl Ghaptar XN4b8s, adivell a’rif L5 B P4tepgd dustless or have
particles with sizes of between about 250 to 800 microns. An especially

gr anul 5 of eﬁiéibﬁﬂ’t%f%h%ﬁg@?g G Gt %ﬁ%‘?@" ?&Eﬁﬁ‘f@'ﬁ?ggﬁg% AN d
Patent 20 5, 628,937, 1.s: t I, t " [ ' [ t
by roference.  Adi A RuRd b2 Ba Blgerm s 28 i TAS ofe 20 conpact

granul ation or extrusion can be used, if desired, to attain a nore specific
particle siZe i348and TR padents greheneky incorparatedihereimbgnt i on are
characterized by high | oading of the active ingredient and rapid
honbgeneous 5 ehfegsicel bility in aqueous nedium The anount of starch in the
system can vary but generally will be | ess than about 85% by weight. There

e ot oS, T STEIBANENS 8 A1) 6L BRI o1 0 povcer
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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1o the | oad which make up the fornul ation can vary. Load is defined as the
total amount of active material, surfactant, adjuvant and optional other
.additive ingredients in the formulation. The fornulation will conprise, on
a dry basis, fromabout 15 to 85% by weight of |oad and from about 15 to
85% by 15 wei ght of starch, nore particularly fromabout 20 to 80% by
wei ght of |oad and from about 20 to 80% by wei ght of starch, and nost
particularly fromabout 30 to 70% by wei ght of |oad and about 30 to 70% by
wei ght of st ar starcH heatpealseithotghlvaaging amduntsohgdclorsadehty) wei ght of the
| oad divided by the 20 anhydrous (dry) weight of the total fornulation

(i.e. load plugofipaunbs r?fa)lgé’uséra?géﬁé}ﬂllﬁﬁp 192590 Mbtesed of fromabout O to
-21 100% by wei ght of active, fromabout 0 to 100% by wei ght of

surfactant and] ﬁﬁlcﬁgéfﬁ’vﬁm 25%{1%%4 b%l?&%%gﬁ tQ 109, 82%’%@}?&5% addi tive

ingredients w P rovi so e at lea wei ght of active
and/ or surfactant, and/ or, adjuvant with other s additive ingredients. The

| oad may al so BB tE%Nfﬁ'%’?‘éﬁﬁ%’&ﬁpWﬂ uﬁ?é'acti ve material or

surfactant/adj uvant _when only one of such conponents is present. Any |oad
conponent which i s dhadnodified starohes e usedneeinrmaybeasgsaded i d usual |y
must be enul sified. The hydrophobically nodified starches provide very

usef ul emul si f pr benyertEatEtd actievéSoetthinpdgdosity eharadteristies amd ow hi gher
| oadi ng of enulsified materials and remain as stabl e products when dried.

Furthernore, sgpblvqor Batdr iflefact|crwiRboRipbRehftc PRe Rfbdiidd cacy of the

active ingredients or 1nprove the agricultural activity of the other

I ngredi ents. 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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The formulation of this invention as descri bed herein nmay conprise nore
than one of the conponents, i.e. one or nore active materials,

. surfactant/adjuvants and starch materials and conbi nati ons thereof. The
different individual materials do not 20 have,to be of the sane physi cal
form(e.g. liquid or solid). The ability to be able to do this is due to
the selected starch -22 conponent which forns a matri x and hel ps provide
a stable, conpatible system even when using materials or conponents with
di fferent physivatér satubte active insatédalshdriscar ihdudea miktures oftwosol i d

fornul ated product s containing an active material, and/or

surfactant| adj gy afdre idiffeteit a6the mMBidriats $uctpasi86d b??hd?é widtef er red enbodi ment
of this invention, this is because such solid product can be readily

di spersed i n veiGhd o GRIMERLEDRYer AUBRKIRARE AEGYER Gl v Provide a tank

Spray m xture read n an a roc em ca on. However, the
conmponents may be used s ara e hout form solid or powder. Thus
t he indivi dual 2% '8H§ ereok ll'églqcb\ée ﬁ%ﬁtg??lﬁl 'é‘%d')%e o e gﬁt ant / adj uvant
can be added or conbined _seParater in water along with the starch to form
an aqueous i s 8308 physigal faima edh digyid emsalid. ﬁh%@bmtygolﬂﬂ #¥s al s can be
used in agrochem cal applications or nay have other uses apparent to one

ski |l l ed i n t heisgprovidedebysusdobihel setedted modified skrchdsas definedt i on of starch
and surfactant which can be used as a soil or substrate wetting agent. The

varied and dif hgsept THé%fté’f'ch%?@iaUé@Ta'@Bﬁnx%?tﬁ@éyéféﬁ arfg part from2o the
starch conponent, which not only is useful as a'matrix or solid carrier for

the active matgri o ARd Hyifal FSHPHFEY afbibing 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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-23 al so helps to increase biological efficacy, i.e. it has adjuvant
characteristics. The aqueous di spersion, as noted above, containing starch
., and active material along with optional s surfactant/adjuvant, can be
formed by redi spersing the solid product of the conponents or by adding the
conponents together or separately in water. This aqueous di spersion
containing the active material along with starch and opti onal
surfactant| adj uvant has an increased biol ogical efficacy. This makes the
di sper si on par heatingin  waserf suspaasionterdiircy,de prpdste aioddoidatl pl ant growt h
regul ator for applications to agricultural crops, vegetation, weeds,

plants, insect gigpBRsiére sostior or sta%éddi@'@éla&inlz%ﬁbh”m watér @i di ng
bi ol ogi cal efflcacy are starches conbi ned wi th gl yphosate, such as

TP a Cer T opERR bRR 16 il toifow e StaRiN ¢t 3 pBlild il 2ZoXyet fobi N,

active materia spec 'a User I'ons are ‘'starches conbi ned W|th
gl yphosat e iso 0 m ne (1 PA) . and, polyo | ene sorpitan ester (Tween
20) and starch®s "%Hb‘aor'i’éw f%%?@‘g @&l'}gyaé\?i}(%@r?%ﬁ) surfactants,

(ethoxylated C8 to C18 al cohols). 20 - Besides being used as a redi spersed

solid or hys appooking processemane ganaralysuithbise sytlyas, atmospherich cont ai ni ng
-24 products can also be used as a solid in dry formw thout dispersing

L5115 o e AT it s bl ook radecst onte
(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; 5,671,552 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
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bait. Anot her enbodi nent of this invention involves a solid 5 product
containing a surfactant or adjuvant, particularly a non-oil adjuvant, in a
. Sstarch matrix. The water soluble starch containing solid of this invention,
is a stable m xture which is conpatible and quickly rel eases the active
i ngredi ent and adj uvants once dispersed in the spray or feed tank. These
products have been found to provide a high | oading of active ingredient and
surfactant/adjuvant and also allow for use of a broad range of surfactant
chemi stries. Fdryihgteshniquesdsualy s daimgrying uesdrusior, loedtedryingderct s result in
beneficial properties such as increased 15 biol ogical activity and
i ncreased rainhggggg§? gThe invention is further illustrated by the
following exanples wth all parts and percentages gi ven by wei ght and al

tenperatures in deg r?g%"ﬁﬁ f@?ﬁ"‘?@]‘%ﬁg cPB Egnrl?)% Qde MPLE 1 20 -

Several sanpl es of IC]UI y005| wth different
starches were red b I, N agyeous - stock sol ution, spray
dryi ng the fee@ 5&@939655588&}%&?%"9[%‘Vﬁégaﬁe{ﬁahgrﬁgjﬁ% The starches
identified in Table 1 as sanples A-F, were slurried in water and jet cooked

in a nodel & 1surfactantiandior agljuvaptamta starclo sook by itheooidngthet i onal Starch
& Chem cal Co.) at about 140C. The solids of the cooked starches A B, and

D-F were 30% webhpohbatsswith eaw etargh aindrcdokivso2p/mixing the! ygl ycosi de
amount, as shown in Table 1, was added to the cool ed starch of each
formul a, m xedcHpigoneHtd Witk ﬁbéR@H 5éh 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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" heated to about 50C. Water was added, if required, to dilute the feed to a
rheol ogy and viscosity suitable for atom zation. Sanples were processed on
.a Bowen | aboratory scale dryer (GEA Niro) Colunbia, MD) using a rotary
wheel atom zer. Dryer inlet tenperatures were about 205 to 230C and outl et
~ 5 tenperatures were about 90 to 120C. In all cases the forned products
were stable, free flowng and rapidly soluble powders. As further noted in
the table below, relatively high |oadings of up to 80% of the pol yglycoside

(APG) wer e for gaehpagt grariitativrt & extrlsidn €an Beyusedy eesiréd, to26  Table 1 5
Formul ati ons spay dried into powler Sanple Starch 1 Ratio

SR b e i e AR EN
T e A e BB oL BB B B £ " e 2°
15 20 A tank S o loading of the active ingradient and Fapid homogentous
5 dispersibility in aqgueous medium. The amount of starch in the
system 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 patrticularly 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 0 to
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B fromExanple 1 in water and addi ng gl yphosate-1PA (isopropyl am ne)
solution to give a ratio of glyphosate acid (acid equivalent - a.e.) to
. al kyl polyglycoside of 2 to 1. A control tank m x solution, wthout starch,
was nmade by di ssol ving al kyl polyglycoside in water and addi ng
gl yphosate-1PA solution to give a ratio of glyphosate acid to al kyl
pol yglucoside 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 ai ni ng sol d00%nby R@ightdf lattieedromrabeua0db 1009 by weightaoit rol sol uti ons
25 F1 and F3. -27 Table 2 Aoalication Rates

Sanpl es@ yphos@hﬁé‘l‘:tﬁéﬁ%hé‘/%&aﬁl[:tﬁﬂéﬁf %nd from about 0 to 90% of other
a. e. / ha) (g/ ha) (gl ha) F1400200- F2400200200F3800400- 10 F4800400400 These

el va oyl vest r peasRa g BSiYs RARTHL B hal it BEEHGRBESE, O S ™

control plants, 10Q0% treated 15 plants,are dead). of the target weeds 7, 14
and 21 days af béﬁr"VQ'Ql%taRfrﬁﬁﬁ‘f’e@ﬂﬂ’i‘;)r.S”F&?@t?’Eﬁl Qr gt WHLPEEM Wi th contr ol

sanpl es F1 and F3 which did not contain the nodified starch carrier. The
resul ts ar e5shadditivelingredientabll be Joathmhayralisabecestpletelyyht (anmount of
remai ni ng plant tissue) was neasured 25 20 DAT (days after treatnent) and

expressed as acpeipriead af acfives Atatgral wiisuefasizmt/adjuvant Whergntgat ed control .
-28 Table 3 Kill Sanpl esBarl ey7 DAT14 DAT21 DAT% Fresh Wei ght5 F

142, 942. 982. 118,34253 cBRoRbAONH¥dery | Vest 11 SF314. 32539, 343. 71 o

F42528. 642. 925. own I'n t he conbi nation of starch and
gl yeosi de Lncr eas e a5obl BhAoRBht fhich i@ DndeRdtd WA ihlfy eased K11 and
or meltable solid usually must be emulsified. The
10  hydrophobically modified starches provide very useful
emulsifying properties. Small particle emulsions allow higher
loading of emulsified 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
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EXAMPLE 3 Sanpl es of starch with different surfactants were forned into dry
powders as in Exanple 1. The successfully formed powders were stabl e,

. nhon-sticky, dry powders that quickly 20 dissolved in water and were

conpati bl e when di spersed. The fornul ati ons and anmounts of starch and
surfactant conponents are given belowin Table 4. -29 Table 4 Starch 1
Surfactant (2) Ratio starch/surfactant Waxy nai ze- OSA Tween 20 50150 " " ™
At pl us MBA 1303 50150 Hydr oxypropyl ated Tween 20 50150 waxy maize (lightly
degr aded) WaxycomporetihicAlfoons MBrattik/ald k€lpS Proldde aistablaxy nai ze- OSA/
Tween 20 501 50 dextrin 15 (1 ) OSA - octenyl succinic anhydride (2) Tween

20 - pol ysor bagsmahikipRlsferVBied 3 udhg riakBrigRMucHISdIRhtet hoxy! ated and
pr opoxyl at ed gﬁgcoﬁo‘lﬁ%oyﬁ% ox MBA 13l 1&;@ Cl12- C15 nonobranched et hoxyl at ed

B P b e S o P L, (22 oP
preparing an aqueoul 't BBHEF SOCBALMIR e 5P PG edhSedst ock and
recovering the resulting powder. In all cases the product was a stabl e,
free flow rig, centauning 3o astive maierawand/or sudactaat/sdipyantis@i fied in Tabl es
6 were slurried in water -30
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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and jet cooked in a nodel C1 steamdirect injection continuous cooker
(National Starch & Chem cal Co.) at about 140C. Solids of the cooked
.starches as well as other dryng conditions are show below in Table 5. The
gl yphosate and the s adjuvant/surfactant for each fornmula (identified in
Tabl e 6) were added to the cooked starch which was m xed until uniform and
then heated to about 50C. Water was added, if required, to dilute the feed
to a rheology and viscosity suitable for atom zation. 10 Table 5

St ar chPr oduct Delseritélg®tkiticrease biological efficacy, i.e. it has adjuvant

Feed- Feedst ock- For mul at . Sol i dsst ockVi scosi tySol i dscps15

AF1ML023. 5150F3MfQtdralik®21. 8215BF6M2028. 0720

BF2P2036. 217. 0F4P2035. 013. OCF7P2023. 7129F8P2028. 4244DF9P2032. 737125F

10P2024. 5267EF11P10 - . j A dri .
Sanmpl es mar ked "M ﬂ’ﬁe%ﬁﬁéug%&mgﬁyé@gg@s%weﬁgﬁ qt'm Sﬁz)?yl a[)lore;tsory
le d Cal wheel at Dr
ol et tenper at BAEh ABH acUB Tiatotel NGB BPRAAl oLt | ot temper at ur 65 were.

about 90 to 120C. Sanmples marked "P" in Table 5 were processed on a
Product i on ™M nsurfastaotadjvuant, can de foraed Kyrredispsraimgihe soli) using a rotary
wheel atom zer. Dryer inlet tenperatures were about 205 to 230C and outl et

t enperat ures epgdueduf tHcdmpdéiis ot by Euding frfeewnponemtpl e fornulations
F1-F11 are shown below in Table 6. 15 20 -32 Table 6 Dry Powder Sanpl e

o T o el g AT SR FR TR 1100 3 |
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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"Surfactants Tween 20 16.7 16.2 - - - - - 16.2 16.2 - 16.2 C8-10 poly - -

16.7 16.2 - - 16.2 - - 16.2 glycoside Atplus MBA - - - - 16.7 16.7 - - - -
. 1303 Starches(1 ) A50- 50- 50- - - - - 15B- 40- 40-50- - - - C-
-----4040--D-->->-----4040 _ _ _ _ - 40 (1) A

- hydroxypropyl at ed waxy mai ze (lightly degraded) 20 B - waxy nai ze octenyl
succi nic anhydride (CSA) C - 6% OSA nodi fied waxy maize D - 5% OSA nodified
waxy maize E - cationic crosslinked waxy mai ze 2s Al of the starch
entrapped gl yppoxhicts caiatsor beaseah s @osaligr infdry farmawitboat shown above in
Table 6 were applied to test plants and screened and conpared to commerci al

| qui d gl yphosglspelding aflivarerntFdrizxaniple, tHetstarchrehtippedsrobdliét a Max)

formul ati ons. The starch powder formul ations of Table 6 showed simlar to

i mproved bi ol ogi cal. fi.9- i o | 1 Oul roducts. -33

IE)TRI\/P\IZE 5 gevegéﬁﬁga% ggé%:‘o ﬁéoﬁf?/g%odv@zdrég %ﬁ% otr?sdrgéasghﬁs i ﬁve?\ti on
d as.int b . d di | yed i d i ter.

The rosul t1ng BRts Anothes PrEpAUrbaHETS RVPRHPE IVaNRRA SRS abi | (y of these

5 powders to rapidly or quickly dissolve/disperse in water. Table 7 Sanple
Starch 1 Susf apredusticontaning @ surfackantias agjuvest.upartieulstye/ ren-pil/ adj . / act .

Time 3 1 A C8-10 al kyl - 80120/- >7" polyglycoside 2 B" " " - 50/50I -
5'45" 3 B Tweeadp@ant, % b&archandfix. ~ 5 4 C C8-10 al kyl - 68132/- 6' 30"
pol ygl ycoside 5 D" " " - 50/501- 4 6 D Tween 20 - 50/501- 1' 7 E Atlox -

42158/ - 1'30" 20 NB’%hé%étgr§o|§b@sté§brﬁééﬂéin€r@sd’19!8ﬂhfé0 5' 50" pol ygl ycosi de
9 D" " " (2) 33/17150 3"30" 25 (1 A- Am oca waxy nal ze, 3% octenyl

CBA modi 1 od w8 A SRl peah RIS BYnoBlbi A adBRYE yext i 0 (2)
gl yphosat e- | PArékieggg &%yallctﬁreﬁ irr1]ge edge?’r?t alnd:acga\paunttg Sc'm'c':e fiisspeecrgg |Sn 35 -34
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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EXAMPLE 6 Several sanples containing different starches with gl yphosate-1PA
(i sopropyl am ne) active material and Tween 20 adjuvant were prepared as 5
.solutions using anmounts of active/adjuvant of 2/1 and

activel adjuvant/starch of 211/1.3. These sanples were tested for

rai nfastness by applying themto target weeds (velvetleaf - Abutilon

t heophrasti) using anounts of gl yphosate-IPA active of 0.54 |Ib acid

equi vl aent (a.e.)/acre (600g. a.e./ha) (low dose) and 0.9 Ib a.e.lacre
(1000g. a.e./ hdéedsioghsolatien, spray dsying ithes felul stackearsppedoveribg f or ni ng
solutions and spraying at 21.4 gal/acre (2001l ha). Rainfall was applied 1
hr. after treain@pdsiMingdpdivber.hr. for 1 hour. The results in Table 8 and
Tabl e 9 show t he effects of rain, expressed as %kill, on the different

starch fornul ations f ' 1 gt remai ni ng

pl ant tissue 20 dayﬁ%%té&%@%i&%ﬂﬂe'aq?B’ﬁ&ﬂ%’éﬁgﬁpl%g%’ag “}ége Effect of Rain
e L o T o8 TS 3B A eh Soalin & ey o0 SEskh fBGPAT © K11 Low
Rai nRai nNone60. 7132. 1496. 4342. 86

) 7539. 29100583, Mewmcqm.ogﬁmogeamatm@gmctn:&@hsemi@o yat 3) 7542. 8696. 4
346.43 (1 ) 6% octenyl succinic anhydride (OSA) nodified waxy mai ze (2)

70WF, 3% OSA matholit ¢40s@x Thewolids OBihe/CotikedBtafdbsod faretiDefor n st arch As
shown in Table 8, the starch containing spray solutions inproved
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 -



25 30 the rainfastness resulting in an increased % Kill at both the | ow
dose and hi gh dose. -36 Table 9 Fresh Wi ght of Abutilon theophrasti 20
. Days After Treatment (DAT) s% Fresh Wei ght Low DoseH gh DoseStarchNo Rain
Rai nNo Rai n Rai nNone28. 29 60.629 5.23 50.9(1 )22.1 68,5815.51 36.1~0
(2)19.76 52.0713.57 35.82Sago13.99 55.8310.7 38.99(3)23.89 60.179.97
42.29(1 ) 6% octenyl succinnic anhydride (OSA) nodified waxy mai ze~s (2)
70WF, 3% OSA nodi fi ed waxy mai ze(3) 75WF, 3% OSA nodified corn starch As
shown in Table 9, the starch cdabk hing spray 2o solutions inproved
rai nfastness resulting in reduced % Fresh Wi ght. EXAMPLE 7 Several starch

sanpl es contai ni ng AgpriuatidR shal driedSinfddawddp nonobranched et hoxyl at ed
al cohol) surfactant were prepared as powders, as in the above exanpl es, and

identified bel i 0. .Tabl e 10. t he sanples, D E, are made by a
process where ggéé)élgus drum dr%spray dried s R%(?ﬁ -37..  particle is
made containing no | oad. Subsequently a non aqég%&ﬁﬂ%ﬂb’_ﬁl%?& nol ten | oad
conmponent 2 absorbed into the porous structures to_give a stable | oaded
particul ate. These powdeWaxy:Biaize, /¥ t he starch enbPBPped surfactant were
tested s for tBe effect waxumazeQ3Mldextrimgi ci de a2@/50i ty agai nst Septoria

tritici fungus@n w nt erhydreaypropylatetctwaayphaize t he 8@/8Qyst r obi n was appl i ed
as a control using 0.5 I/ ha @ightly degragled)al fornul ati on Quadris (Syngenta)
whi ch cont gpnegh 250 g/ | 3% E@BAXMBHITiREIWaxywaRke f act 3pes, sanmple C.

Addi tional treg ments weg® §8ahedifigHw uizad 0. 5o¢/fgpha of the commerci al
formul ati on ngdri S contgy nhaf rﬁé&ﬁngw R42%Y st r%/goand 0.1 % wei ght by

(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 2to 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 F1 and F3.
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vol une (of the spray volune), of the starch entrapped surfactant (sanples
A, B and D-E) and another conparative sanple containing the fungicide plus
.surfactant without starch (sanple 15 C-1 ). These sanples were applied to
wi nter wheat ¢ v Ri band by spraying at 200 I/ha. The % infection remaining
was 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 -38 Tabl e 10
Sanmple AB 5 D E Starch 3% CSA nodi f. waxy mai ze 50150 cationic crosslinked
waxy mai ze 50150 puffed, spray dried waxy mai ze 501 50 tapi oca dextrin 50150
Rati o starch/surfactant Table 11 10 Effect of Starch/Surfactant with

Fungi ci de on Wnter Weat Sanpfrabteldf ecti onLeaf 2Leaf 315 C (fungicide

al one) 16. 640. 0C-1 (fungicide/ surfactant)4.733. 0A

(fungicide/starch/ surfact ani)Qibtish f4ieg i ci de/ starch/ surfactant)1.810. 4D
(fungicide/ starch surfacta —20"

(fungicide/stagpchl surfactant)4.711. 3 shown by t results given in Table
11, the conbi ﬁéﬂlﬂiﬁ%f stﬂl&%surfiﬁl&ﬁ—?’d sanp c -E) increases the
bi ol ogi cal efficacy of the fungicide used al one (sanple C) or 25 the

fungicide wth surfactant(d@gdpak Cc- 1 )(9/b8b Exal@h@)8 Starch sanple A
containing a 50/50 by weight ratio of a
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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puffed, spray dried waxy mai ze and Atlox MBA 13115 (Cl12-C15 nonobranched

et hoxyl ated al cohol) and starch sanple B 5 containing a 50150 by wei ght
.ratio of tapioca dextrin and Atlox MBA 13l 15 (Cl2-Cl5 nmonobranched

et hoxyl ated al cohol) were prepared. The starch sanples were prepared in a
simlar manner to sanples D and E of Exanple 7. The prepared starch powders
(A and B) were tested for the effect on azoxystrobin ~o fungicide activity
agai nst Septoria tritici fungus on w nter wheat (vagabond). Additi onal
treatments were carried out using Tabledd ati ve sanpl es which contained the
azoxystrobin fungicide (250 g/l) wth Atlox MBA 13115 alone (C1

Am star, a commercial fornulation okjgh contai ned azoxystrobin (250 g/l) 15
pl us an adjuvant (C-2), and Quadris, a comrercial formnulation which

cont ai ned azox n (250 g/I) aI one ( Sarrpl es A, B CG1 and C3
wer e prepared ééh{@i%rv ro= : e é\a e ISEhE! © and 300 m
of the adjuvant_ when app| i v ] th a spray
vol ume of R 3 Il ha. S&le C v%s pregedtodel' er 250 g/ of the
azoxyst r obi n pé:r hect ar @5Wnen appPi®d to #Prter wheat!-40  (vagabond) with
a spray volune of 300 I/ha; concentration of the built-in adjuvant is
unknown. The % i nfection was deter m ndMblea sylestriseat ed pl ants 1, 2 and 3
weeks after trd@ nent (WAT3 and ©2Be resul 89.3are shownd@7 Table 12. 5 Samle
1 Table 124 f gt of Staschl Surf agtgnt / Adggant with Bggi ci de on Wnter
Wheat Infection 1 WAT 2 WAT3 WATA22.5 23. 121. 7B25 2525~ 5 C- 120 2535C- 227.5
22.530C-332.5 3035(1 )A - 50150 waxy nmi ze/ Atl ox MBA 13/ 15 and

azoxystrobi n2oB - 50150 tapioca dextrin/Atl ox MBA 13l 15 and azoxystrobi nC1
- Atlox MBA 13115 and ZOXY.S ant .and azoxystrobi nC 3 -
azoxystrobin 25 Thef BWPs'nL[rr?%?%BI @el@'gﬁ'hﬁ}l?'ﬁgf {%ﬁh Qﬂél tion of the
starch to surfact ant/adj uvant (Sanples A and B) extends the effectiveness
of the fungici a¥cesidadnGreased e bio alnlo effiGasy sesylting 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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41 EXAMPLE 9 This exanple illustrates the production of a solid

formul ati on containing high | oading of two (2) dissimlar active materials.

.S A cooked octenyl succinic anhydride (OSA) waxy nmize starch/corn syrup
was bl ended with aqueous gl yphosate-1PA solution and then

2,4-D 2-ethyl hexyl (liquid oil) was added (fornulations given in Table 13
bel ow). The formul ati ons were subjected to high shear m xing until the
particle size stabilized ~o (i.e. reduced particle size to low |level) and
an enul sion forned. Water was adddde #o reduce the viscosity to a |evel
acceptabl e for atom zation. The solution was spray dried in a Mbile M nor
spray dryer toSggichai)solid powdurfgetant(@®t. The poRdte was col l ected and

t hen redi spersed by m xi ng vvitkmf_e'r_%g ~5 gavssidailant water) with
gentl e agitation. The dispersion was then checked for enufsion stability,

rn syrup Waxy nai ze,

conpati bili i oi | t size with't sults given in Tabl e
14.m)20 -42 éyTM%‘%ﬁ%AaC%%%%@r mul at i %%ﬁ Corrpogent S
y

d yphosate - | 2, 4-D 2-et hyl ize, OS
OSA/ corn syr umﬂ!’ao’fy@rw'%@ ondWRER ) F1F2 F3F4202 5202025 27. 5206050
45 60 Tabl e 14 WaKyinddZe€vel St arch Fornul ati on Eval uati ons

(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
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Formulations 20 _F 1 F2 F3 _F4 Feedstock-PSD(1 ) 0.468 0.699 0.55 0.431
(40% sol i ds) Redi spers. powder-PSD 0.852 0.411 0.488 0.414 (3% w v) 25
.Emul sion stability (after 24 hrs) (2) water hardness 50 ppm TS TS TS 342

ppm TS TS TS 30 1000 ppm TS TS TS (1 ) PSD - particle size distribution
d(0.5) in mcron (2) TS- trace of sedinent 35 TS TS TS -43 The
enul si on/ sol uti ons eval uated were functionally honbgenous, showed no
cream ng, phasing or separation (after 4 hours) and m ni nal sedi nentation
(TS - trace of anddetonuked infatmod@UCHosteam difért ipjaction centinumaisof t he
redi spersed powders were conparable to the correspondi ng feedstock. Neither

the gl yphosat ecgeker! (\utidndr Stafcte RIuhéifieal CRopaticid up.che redi spersed
powder/ granul e. The above descri bes the preparation of a stable solid 1o

product which I . the water
sol ubl e gl ypho§%ﬂé€épﬁg r{%@%g}cﬁ%@s é" ggtgm |JF9§§gb@5@pg% hyl hexyl
material. The stabl e powde bit |SI roperties. 15

ADDI TI ONAL ENVBEI% R)ENY% %’Hl“ﬁ PrBEf&Ié ﬁﬁ%ﬁ%&?ﬁé%@ d to be covered by the
present invention include, without limtiation: 1. A stable, solid

f or mul at i ons whiadjuvast/seifagtant fopeach mrmldadldgotlﬁﬁdrwaTaMBeﬁ)Wﬁ di spersed in

wat er and conpri ses:
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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a.) a chemcally nodified starch, -44 b.) a biologically active
agricultural material, and c.) a surfactant and/or adjuvant. 2. The

. conposition of enbodinent 1 wherein the nodified 5 starch is a starch ester
or starch ether. 3. The conposition of enbodinent 2 wherein the starch is a
starch ester prepared froman organi c acid anhydride having a hydrophobic
hydr ocarbon group of 2 to 22 carbon atons. 10 4. The conposition of

Enbodi ment 3 wherein the hydrocarbon group is selected from al kyl, al kenyl,
aral kyl and ar al kenDryisgomps dode on.twbhsprapdriess. t Samples matieti nent 4 wherein
t he hydrocarbon group has 5 to 18 carbon atons. 6. The conposition of

Enbodi ment 2 wigp ¢} Tahlacs Wefs PPodabsid Tns MbbAbMIoPIARAERA by modi fying the

starch with al kyl ene 20 oxide having 2 to 6 carbon atons. -45 7. The

by wer gnt ot aPEIPRIYErreA N FORbE NBTUSRe Bl hes &' 5" The

conposition of Enbodi nent 1 wherein the biologically active material is

sel ected from BtRMFesupPryesiisliet tempertungs werei ,t2p§§@c%3ioepdes and

fungi cides. 9. The conposition of Enbodi nent 8 wherein the surfactant is
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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selected fromthe group consisting of alcohol al koxylates having C8 to C18
al cohol s, al kyl am ne al koxyl ates having C8 to C18 al kyl am nes, sorbitol)
.sorbitan fatty acid esters having C8 to C18 fatty acid esters and their

et hoxyl ated derivatives and chem cally nodified | ow nol ecul ar wei ght al kyl
15 pol ysaccharides having C6 to Cl4 al kyl groups. 10. The conposition of
Enbodi ment 9 wherein the nodified starch is a starch ester or starch ether.
20 11. The comnposition of Enbodi ment 10 wherein from about 15 -46 to 85%
by weight, dry basis, of |oad which comgtsleges the total anmpunt of active
material, surfactant, adjuvant and ot her ingredients and from about 15 to
85% by wei ght, dry basis, of stgy sconposi tion of
Enbodi ment 10 wherein from about rgg’ to \ZWQ/ Jevi:eq}gwgai%ry basi s, of |oad
whi ch conprises the total nt, adj uvant

and ot her |ngr dle ts and abauyt 0% y 5|

starch are use The Ljf[o.rrp?% Eﬁ E?Eé)di’g ﬁogﬁ]erg _L.@e_sﬂarch IS
starch ester m)dlfl ed with an organic acid anhy dr| de having a hydrocarbon
group of 2 5o Blyphosaie- &%%43%33@439893366&48:80#333 4818 431 & 438 |

aral kyl or aral Ké#yl groups. 14. The conposition of Enbodi ment 13 wherein
the 20 hydrocaSwfactarigp has 5 to 18 carbon atons. -47 15. The

conposi tion of Fyberizaenyg 0 18irerein the starch is-a sgarqB.et her 1@ gpared
by nodi fyi ng thegsipapgh with al kyygrpeqgxi de havingghto 6 carbgyoatons. 5
16. The conposit oSfgeEMpodi ment 13 V\/ner ein the biologically active
material is a gA OI@@A 17. The conposi t‘bgn 1%f Enbodi ment 16 wherein the
surfactant is a

303
Starches(1)
A 50 - 50 - 50 - - - - - -
15 B - 40 - 40 - 80 - - - - -
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 modified 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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Cl4 al kyl polyglycoside. 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 nodified starch is a starch ester
or starch ether. 20 20. The conposition of Enbodi nent 19 wherein the starch
is a starch ester prepared froman organic acid anhydride -48 havi ng a
hydr ophobi ¢ hydrocarbon group of 2 to 22 carbon atons. 21. The conposition
of Enbodi ment 1 wherein nore than one of 5 the chemcally nodified starch
and/ or nore than one of the surfactEXAMBIESants are used. 22. The
conposi tion of Enbodi ment 21 wherein nore than one of the biologically

active material s argevsrefsarples®of thedriRodes Mmﬂnét@hwf@ﬁnsmﬁwemioﬁhm@

Wﬁter d: Isper5| bl e and conpatible when di spersed and conprises: a. I
mat er i al .yl?gaﬁép%ﬂee@%%‘?rﬁﬁhﬁ i %a"ERES%* e T %E?"e.vp‘i?f%ﬁ%'rﬁ*’ﬁ‘f%rg?ca| y

active materi . ect ed romthe et bi |des
i nsecti ci des gt ﬁ"lg g@§°ﬁ1§8n tlfges Q dBﬁ%&E?ishﬂ 0 GE%HI&&
wherein the rmdifi ed -49 starch is_a starch ester or starch et her 26.
The conposi& i opowderstpdapiabner quickiyslissolve/disperssl ipgvaterl y active
agricultural material is a glyphosate. 5

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 e - 50/50/- 545"
3 B Tween 20 - 50/50/- 2'30"
15 4 C C8-10 alkyl - 68/32/- 6'30”
polyglycoside
5 D £ - 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 5'50"
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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27. The conposition of Enbodi nent 25 wherein from about 15 to 85% by

wei ght, dry basis, of the | oad which conprises the total anmpbunt of active
. material and other ingredients and fromabout 15 to 85% by wei ght, dry
basis, of starch are ~o used. 28. The conposition of Enbodi ment 25 wherein
fromabout 30 to 70% by wei ght, dry basis, of the | oad which conprises the
total amount of active nmaterial and other ingredients and ~5 from about 30
to 70% by weight, dry basis, of starch are used. 29. The conposition of
Enbodi ment 23 wherein nore than of EXAMMPLbBIGogi cally active materials are
used. 20 30. The conposition of Enbodi nent 29 wherein the nodified -50
starch is a starch ester or starch ether. 31. A stable, solid fornul ation

which is water di spgegéral Samplbsceiitainiry giffehent stireRes 96 gipshesaePAes: a.)
a chemcally nodified starch and 5 b.) a surfactant or non-oil adjuvant.

32. The conposj:d| f e : } rgaﬂi, | i
starch ester o¢'§dsdt? gP@ha@ﬁngﬁ%@g&'%gﬁi\&%%ﬁ?P (o) %%ﬁ%%%ﬁr%ﬂeﬂa%
wherein the starch is a starch ester.nodified with an organi ¢ aci
anhyar | de. Havi SOt USBg eBentR o FER BV 288 SN durfstaret e
34. The conposition of Enbodi nent 32 wherein the surfactant 15 is a C6-Cl4
al kyl pol ygl ycofs?/del.333hesnsapiepwere tasted farraidastaass By appbving them ém 15
to 85 by weight, dry basis, of the |oad which conprises the total 20 anount
of the surfactianget veids/(velvedledf oAbatilontheaphrastisusing amamtsibbut 15 to 85%
by weight, dry basis of the starch are -51

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 (200l/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 % Kkill,

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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used. 36. The conposition of Enbodi nent 32 wherein from about 30 to 70% by
wei ght, dry basis, of the |oad which conprises the 5 total anpbunt of the
. surfactant, adjuvant and other ingredients and from about 30 to 70% by
wei ght, dry basis, of the starch are used. 37. The conposition of

Enbodi ment 31 wherein nore than one 10 of the chemcally nodified starch
and for surfactant or adjuvants are used. 38. The conposition of Enbodi nent
37 wherein the nodified starch is a starch ester or starch ether. 15 39. An
aqueous di spersion containing a Habledyji cally actvie agricultural materi al
and havi ng increased biological efficacy conprising: a.) a chemcally

nodi fied starch, 20 b.) a biologically active agricultural material, and

optionally c:) a sufge apRé, ‘S@ércﬁ%h'ﬂtﬂﬁﬁonség pliegt0- The conposi tion of
Enbodi nent 39 wherein t rgg‘? d%‘\-,ﬁ arch ester or starch
ether. 41. JThe conp05|t|on Q erein the biologically 5
active material is selected from t he groupoéﬁgl?a sting of herbicides,

i nsecticides and fungicides. 42. The conpe®i®on of Embodi ment 40 wherein
the biologically active material is a glyphosate or strobilurin. 10

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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43. The conposition of Enbodi nent 40 wherein the biologically active
material is glyphosate - isopropyl am ne or azoxystrobin. 15 44. The
. conposi tion of Enbodi nent 42 wherein a non-ionic surfactant is used. 45.
The conposition of Enbodi ment 44 wherein the surfactant is an ethoxyl ated
C8 to C18 al cohol. 20 46. A nethod of applying a biologically active
agricultural material to agricultural crops, vegetation, weeds, plants, -53
i nsects, pests and soil conprising applying an aqueous di spersion of: a.) a
chemically nodified starch, b.) a biolTahle® |y active agricultura

material, and 5 optionally c.) a surfactant andl or adjuvant, characterized

in that an increased effeqtogh WeighPsf ABLLIIGA thésHrasfi the active materi al

is provided. ~0 47. The mnet gq%oﬁl rein the nodified starch
is a starch ester or starchbgt %{s_ . ?ﬁgﬂﬁgﬁ@od of Enbodi ment 47 wherein

the biologically active material is selected fromthe group consisting of

15 herbicidges, insecticides and fungicgirgesh Wje?%htThe met hod of Enbodi nent 47

wherein the biologically active mate phosate or strobilurin. 20

50. The nethod of Enbodi nent 4/ rein the biol ogj ﬁl ctive material is
gl yphosat e-i sopropyl am ne or L%&—kﬁgg H b&sg

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 anhydride (OSA) modified waxy maize
15 (2) 7T0WF, 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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azoxystrobin. 51. The method of Enbodi nent 49 wherein a non-ionic
surfactant is used. 5 52. The nethod of Enbodi nent 51 wherein the
.surfactant is an ethoxylated C8 to C18 al cohol. 53. The met hod of

Enbodi ment 51 wherein the surfactant is a 1o C6 to Cl4 al kyl pol ygl ycosi de.
15 20 -55 WHAT IS CLAIMED I S: ~. A stable, solid forrmulation which is
wat er di spersi ble and conpati bl e when di spersed in water and conprises: a.)
a chemcally nodified starch, 5 b.) a biologically active agricul tural

material, and pajticte Bumbdetcantaining/rmy load] Bubsequéntly\asiomdl e, solid
formul ati on which is water dispersible and conpati bl e when di spersed and

conpri ses: ~0 agkieBué [IGHHGH ekl @insdritit s a885HbRA)ind thO! 0TI cal Iy
taraﬁu . 3

active agricul material. 3. An aqueous dispersion containing a

o 1091 ool 1y 95LER AAEAHA e ENH 00 MaREp PR TGS D ! 9 co
Protogieally g iers Sontaining ihe starch entrappad surfactant were tested
5 for the effect on azoxystrobin fungicide activity against Septoria
tritici 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 containing 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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c.) a surfactant/ and/or adjuvant. -56 4. A stable, solid fornulation
which is water dispersible and conpati bl e when di spersed and conpri ses: a)
.a chemcally nodified starch; and b) a surfactant or non-oil adjuvant. 5 5.
The conposition of any one of clains 1-4 wherein the nodified starch is a
starch ester or starch ether. 6. The conposition of Caim5 wherein the
starch is a starch ester prepared froman organi c acid anhydri de having a
hydr ophobi ¢ hydrocarbon group of 2 to 22 carbon atons. 7. The conposition
of Claim6 wherein the hydrocarbon fakledd s sel ected from al kyl, al kenyl,
aral kyl and aral kenyl 15 groups. 8. The conposition of Claim?7 wherein the

hydr ocar bon gr(ggpn@gs 5 to gfyreRprbon atons. 2Raflo star¢hBuffasiz@si tion of

Cl ai m 5 wher ei starch Tsa starch et her D‘rm‘by—ﬁﬁd'i‘fyi ng the
starch with al ky,ene oxi o 6 ca atons. 10. The
conposi tion of aim?9 \/:\ffrggAm dmwd)&g’ﬂg 6 dlfs W th up to 25% by
wei ght of aI kyl ene oxi d& P'&Frﬂ%é'"g “f%(yﬁ bon 11. The
conposi ti ondof ardy one daspEaYdrie ‘Ha’%”ﬁz%er he bi ol ogically
active material Es sel eé@@@cﬂildGPﬂrt’he group consi st PRAPDF her bi ci des,

i nsecticides and fungicides. 10 12. The conposition of any one of claims 1
and 3-11, wherein the surfactant is selected fromthe group consisting of
al cohol al koxyl ates having C8 to Cl18 al cohol s) al kyl am ne al koxyl at es
having C8 to Cl18 al kyl am nes, sorbiTgplg 1$0rbitan fatty

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) 47 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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15 acid esters having C8 to Cl18 fatty acid esters and their ethoxyl ated
derivatives and chemcally nodified | ow nol ecul ar wei ght al kyl
. pol ysacchari des having C6 to Cl4 al kyl groups. 13. The conposition of Caim
12 wherein fromabout 15 to 20 85%try weight, dry basis, of |oad which
conprises the total amount of active material, surfactant, adjuvant and
ot her -58 i ngredients and fromabout 15 to 85% by wei ght, dry basis, of
starch are used. 14. The conposition of C aim 12 wherein fromabout 30 to
70% s by weight, dry basis, of |ocagX#NMEBbE®nprises the total anount of
active material, surfactant, adjuvant and other ingredients and from about
30 to 70% by wei ght { i : ; conposi tion of
any one of clains 183%&%%(%@1%#\ %netéﬁeq?{r??k?gy@i g?g&'gcrgﬁlagglggtai ve material is
a gl yphosate. 16 he co ition of } 3-15, wherein
t he surfactant PPE“' e %ﬁgil‘&@& 'Bgizﬁgqr%c’ggﬁ%&&{B@Hghﬁ(.d“'?ﬁgqgorrposi tion of
any one of clainms 1-3 and 5-16, wherein r han one of, the biologically
active materi amongpeanchied ethgxylaied @Mggﬂgéi?rﬁg séﬁ}m%b t he preceding
cl aims, wherein 20 nor~than one of the chemcally nodified starch and/or
more than ohe oontaning ar50420 bytweidhturatintof tapieca deutrin-ggd Atlex 19.  The
conposition of any of clains 1-3 and 5-18, wherein the biologically active
material is a MBANLAHE € 12-C16mbndbranthed etHoxylBted alvobpobiwéren of any of
clainms 1-3 and 5-19, wherein the biologically active material is glyphosate

| hoSPERY. e RSB TS praggTh i gt any one of ol aim

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/l)

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 I/ha. Sample C-2 was prepared to deliver 250 g/l of the

azoxystrobin per hectare when applied to winter wheat
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22. The conposition of any one of clainms 1 and 3-20, wherein the surfactant
Is an ethoxylated C8 to C18 al cohol. 15 23. A nethod of applying a
. biologically active agricultural material to agricultural crops,
veget ation, weeds, plants, insects, pests and soil conprising applying an
aqueous di spersion of the conposition of any one of the preceding clains,
characterized in that an increased effect of biological efficacy of the
active 20 material is provided. -60 .AS@QA Al.Al.AAA .AAA
A AL Al A AF5(vagiabond) with Al sprapvalume\oABO0 Arapbonceniratisndf the . Al . AIH . A
A CAY. AYU ALLALLAAA CALAS CAH . AY . AAA . AAAAAAH.A AN A

A AlLAY. A built-in adjuvant is unknown. The % infection was determined
kQKS@' d#c{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

I ca] ca] ca] cal cg) 4Rl GBhfed] ahfe™ P hd 3l\wdatd 5/ 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 23.1 217
B 25 25 25
15  C-1 20 25 35
C-2 27.5 22.5 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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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 Fi  F2  F3  F4
Feedstock-PSD(1) 0468 0.699 0.55 0.431
(40% solids)
Redispers. powder-PSD 0.852 0.411 0488 0.414
(3% wiv)
25 Emuision 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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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.

15
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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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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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 aicohol 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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HKHbC 10sy10%& 0%&' (
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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5 he 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 biologically 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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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.

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.

24. The composition of Embodiment 23 wherein the biologically
active material is selected from the group consisting of

herbicides, insecticides and fungicides.

25. The composition of Embodiment 24 wherein the modified
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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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b.) a surfactant or non-0|l 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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/e _r k% R’ -
FLGLOY%& () - 37.Y '?'rqe/%oﬁ?pos{t%wéflgmbodiment 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 agueous 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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5 active material is selected from the group conS|st|ng of

/KY %/V\V@

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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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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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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c.) a surfactant and/or adjuvant.

2. A stable, solid formulation which is water dispersible and
compatible when dispersed and comprises:
10 a.) a chemically modified starch, and

b.) a biologically active agricultural material.

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

c.) a surfactant/ and/or adjuvant.
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7. The composition of Claim 6 wherein the hydrocarbon

group is selected from alkyl, alkenyl, aralkyl and aralkenyl

15  groups.

8. The composition of Claim 7 wherein the hydrocarbon

group has 5 to 18 carbon atoms.

20 9. - The composition of Claim 5 wherein the starch is a starch

ether prepared by modifying the starch with alkylene oxide
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alcohol alkoxylates having C8 to C18 alcohols, alkylamine

alkoxylates having C8 to C18 alkylamines, sorbitol, sorbitan fatty
15  acid esters having C8 to C18 fatty acid esters and their

ethoxylated derivatives and chemically modified low molecular

weight alkyl polysaccharides having C6 to C14 alkyl groups.
13. The composition of Claim 12 wherein from about 15 to

20 85% by weight, dry basis, of load which comprises the total

amount of active material, surfactant, adjuvant and other
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16.  The composition of any one of claims 1 and 3-15,

wherein the surfactant is a C6-C14 alkyl polyglycoside.

15 17.  The composition of any one of claims 1-3 and 5-16,
wherein more than one of the biologically active materials are

used.

18.  The composition of any of the preceding claims, wherein
20 more-than one of the chemically modified starch and/or more

than one of the surfactant/adjuvants are used.
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20

19.  The composition of any of claims 1-3 and 5-18, wherein

the biologically active material is a glyphosate or strobilurin.

20. The composition of any of claims 1-3 and 5-19, wherein
the biologically active material is glyphosate - isopropyl amine or

azoxystrobin.

21. The composition of any one of claims 1 and 3-20,

wherein a non-ionic surfactant is used.

22. The composition of any one of claims 1 and 3-20,

wherein the surfactant is an ethoxylated C8 to C18 alcohol.

23. 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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