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REFERENCE TO RELATED APPLI CATI ONS [0001] This application clains the
benefit oWoWofd/10820vi si onal Patent Application Serial NecT@bedio®Z5734 97,
filed March 4, 2009, which is expressly incorporated by reference herein.
FI ELD OF THE | NVENTI ON [ 0002] Various aspects and enbodi nents rel ate
generally to formul ations of mcroencapsul ated pesticides that exhibit
advant ageous bi ol ogi cal, conmercial and/or environnental properties
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FIELD OF THE INVENTION

[0002] Various aspects and embodiments relate generally to formulations of
microencapsulated pesticides that exhibit advantageous biological, commercial
and/or environmental properties including long effective periods of insecticidal
activity after their application.

BACKGROUND

[0003] Controlling insect population is essential to modern agriculture, food
storage and hygiene. Currently, encapsulated insecticidal formulations that are safe
and effective play a significant role in controlling insect population. Properties of
useful encapsulated insecticidal formulations include good efficacy against targeted
pests, including good initial toxicity against targeted insects, ease of handling,
stability, advantageous residence times in the environment and, in some instances, a
long effective period of insecticidal activity after its application to an area adjacent to
a population of insects.

[0004] Virtually all insecticidal formulations that lose their ability to kill or control
insects must be reapplied resulting in increased material and labor costs.
Additionally, formulations with a short period of post application activity can result in

periods of time during which a surface adjacent to a population of insects is



a popul ation of insects. [0004] Virtually all insecticidal formulations
that lose their ability to kill or control insects nust be reapplied
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microencapsulated insecticide in which the formulation retains its ability to kill or

repel insects from a surface adjacent to a population of insects for at least 120 days
after it is applied to the surface. One such method comprises the steps of: providing
at least one insecticide, an esterified fatty acid, at least one monomer and a cross-
linking agent; mixing the insecticide, the low volatility component and at least one
monomer; and condensing the monomer to form a polymeric capsule shell that at
least partially encapsulates a portion of the insecticide and a portion of the esterified
fatty acid. In one embodiment the esterified fatty acid has Formula A, where A is:

O

R1_C_OR2

wherein; Ry is a straight chain or branched alkyl, or alkenyl group having from 11 to
25 carbon atoms, and

Rz is a straight chain or branched alkyl, or alkenyl group having from 1 to 8 carbon

atoms.

[0006] In one embodiment of the invention the ingredient in the formulation with

insecticidal activity is an organophosphate insecticide. In one embodiment the

organophosphate insecticide is selected from the group consisting of: acephate,
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fatty acid. In one enbodinment the esterified fatty acid has Fornula A
where Ais: ORL C OR2 wherein; R is a straight chain or branched al kyl,
or al kenywogooupidravi ng from 11 to 25 carbon atons, andPRZ/US3018/033754i ght
chain or branched al kyl, or al kenyl group having from1l to 8 carbon atons.
[ 0006] In gne enmhodi nent of the ipnvention the ingredient, in the fornulation
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[0008] In one embodiment the formulation includes a microcapsule shell that at
least partially encases an ingredient with insecticidal activity and is formed by an
interfacial polycondensation of at least one monomer that is essentially insoluble in
water and one monomer that is soluble in water. Qil soluble compounds that can be
used to form the shell of the microcapsule may be selected from the group consisting
of: diisocyanates, polyisocyanates, diacid chlorides, poly acid chlorides, sulfonyl
chlorides, and chloroformates; water soluble monomer that can be used to form the
shell can be selected from the group consisting of: diamines, polyamines, water
soluble diols and water soluble polyols. In some embodiments the interfacial
polycondensation step is carried out in the presence of a cross-linking agent such as
an amine.
[0009] In one embodiment the esterified fatty acid in the formulation is methyl
oleate.
[0010] One embodiment includes forming a microcapsule having a shell thickness
of between about 90 nm to about 150 nm. In still another embodiment the
microcapsule shell has a thickness of about 100 nm to about 130 nm. In yet another
embodiment the microcapsule shell has a thickness of about 120 nm.
[0011]  Still another embodiment is a method for controlling an insect population,

comprising the steps of: providing an insecticidal formulation that retains its ability to
3
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can be used to formthe shell of the m crocapsule my be selected fromthe
group comnspin@isgh: dii socyanat es, polyisocyanates, di acirasedboei’des, poly
acid chlorides, sulfonyl chlorides, and chl orof or mat es; vvat er soluble
nononer, .t hat c n be usedtoformthe hel | n. be see dfromt gr oup
Const <thihgrtorel fisdfisaea g8 atiasent s s CBitioBit TiRsiis it a6 420501 bl e
polyols. In sone enbodinents the interfacial pol condensatlon step is

carri ecﬂ&)’@taﬂ%a@mwngr@@é@f@@'@mo%’[%@ §95ace arjasgnk éeém insgehperulatioinime.

[ 0009] In one enbodinent the esterified fatty acid in the fornmulation is
met hyl siill esoother] 0h6dim@mé thearfooohiufetion retadhside sndeatioidabactivity cor @bédipp td e havi ng
a shell thickness of between about 90 nmto about 150 nm In still another

enbodi rrepel ihbectBifer daastd 50 g Andvasstdl AddthENesBoaimahautetdiA® itaPose about
130 nm In yet another enbodiment the m crocapsule shell has a thickness of

about “emlorf %écﬂéldacrltédtll\/ltgmtéﬁ%aﬁni%ddawasnt Is a method for controlling

an insect population, conprising the steps of provi di ng an insecti cidal

2l acenP078) o S FRBpG s Lkl farticllngl S Biseh LR LRIt ot e

formul ation to a_ surface adjacent to an.ins tp ulation. In still another
dvg fecfoga

enbodi rRieNderPeiRGal Wedallowpgiansarrlisation @ plagiep WW?r'é'PgdB?l ity to

steps of providing an insecticidal formulation having a microcapsule shell or wall that
at least partially surrounds a mixture including an insecticide and an esterified fatty
acid (A), where:

Ais:

R1_C_OR2

wherein; Ry is a straight chain or branched alkyl, or alkenyl group having from 11 to
25 carbon atoms, and
Rz is a straight chain or branched alkyl, or alkenyl group having from 1 to 8 carbon

atoms.

[0013] In some embodiment the insecticide is an organophosphate insecticide
and the capsule is formed via an interfacial polycondensation of a water soluble and
a water insoluble monomer polymer. Additional steps include, for example, applying
the formulation to a surface adjacent to a population of insects.

[0014] In one embodiment the method of controlling an insect population includes
a microencapsulated formulation that comprises an organophosphate insecticide. In

one embodiment the organophosphate insecticide is selected from the group
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repel insects for at |east 150 days and in still another enbodi nent it
retains its post application insecticidal activity for at |east 170 days.
[0012] Owoenbo@isent is the nethod of controlling an i mseaiS2@ofpesd7ati on for
an extended period of tinme follow ng an application of the fornulation,
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chlorpyrifos-methyl.

[0015] In one embodiment the method of controlling an insect population includes
the steps of applying a microencapsulated formulation of an insecticide in which the
capsule wall is formed by an interfacial polycondensation between at least one oil
soluble monomer selected from the group consisting of: diisocyanates,
polyisocyanates, diacid chlorides, poly acid chlorides, sulfonyl chlorides, and
chloroformates; and at least one water soluble monomer selected from the group
consisting of: diamines, polyamines, water soluble diols and water soluble polyols
and the polycondensation is carried out in the presence of an esterified fatty acid
having Formula A, where:

Ais:

O

R1_C_OR2

wherein; Ry is a straight chain or branched alkyl, or alkenyl group having from 11 to
25 carbon atoms, and
Rz is a straight chain or branched alkyl, or alkenyl group having from 1 to 8 carbon

atoms.

[0016] In one embodiment, the formulation includes between about 3 to about 30

wt. percent of the esterified fatty acid. Still another embodiment is a method of
5



[0014] In one enbodi nent the nethod of controlling an insect population
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pol ycondensation is carried out in the presence of an esterified fatty acid
havi ng 3t8RAANALLONPRFRS Be siepssof: applying a microencapsulated insecticidal

formulation in which the microcapsule has a shell thickness of between about 90 nm
to about 150 nm and applying the microcapsule formulation to an area adjacent to a
population of insects. In still another embodiment the microcapsule shell or wall has
a thickness of about 120 nm.

[0017] In one embodiment the polymeric shell of the extended life insecticidal
formulation is formed by cross-linking a water soluble monomer and a water
insoluble monomer in the presence of amine such as diethylenetriamine, in the
presence of an organophosphate insecticide and an esterified fatty acid.

[0018]  Still another embodiment is an microencapsulated insecticidal formulation
comprising, chlorpyrifos-methyl; methyl oleate; and a polymeric microcapsule shell,
the shell comprising polyurea.

DETAILED DESCRIPTION

[0019] For the purposes of promoting an understanding of the principles of the
novel technology, reference will now be made to the preferred embodiments thereof,
and specific language will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the novel technology is thereby

intended, such alterations, modifications, and further applications of the principles of
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[0021] The term “about” implies a range of values plus or minus 20 percent e.g.
about 1.0 includes values from 0.8 to 1.2 and all values within this range.

[0022] The need to periodically apply various insecticidal formulations in order to
control continuing pest infestations or to prevent their occurrence, increase the
amount of insecticides that must be used and the cost associated with their shipping,
handling and application. Unfortunately, most insecticides, especially liquid based
preparations, lose their efficacy relatively soon after their application and must be re-
applied to insure insect control. Accordingly, methods of formulating insecticides
that increase their post application effective lifetime provide a significant benefit to
those industries and individuals that rely on pesticides to control insect populations.
[0023] Methods for extending the post application activity span of insecticides
include providing and applying powders or crystals of the active ingredients to areas
adjacent to insect populations or to areas susceptible to insect infestation. Not all
useful insecticides are amenable to these approaches and some very useful
insecticides are most effective in a liquid or pseudo liquid form. Even when the
compound is active in crystalline or powder form, there are some situations in which
dry formulations have their own limitation, including an increased tendency for

inadvertent dispersal by wind or rain or a tendency to fall to the ground and off
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formulations disclosed herein address this need by at least partially encapsulating
the active insecticide in the formulation in a microcapsule along with a nonvolatile
compound such as an esterified fatty acid. One group of insecticides that benefit
from these types of formulations is the organophosphates. This class of insecticides
includes, but is not limited to, acephate, azinphos-methyl, chlorfenvinphos,
chlorethoxyfos, chlorpyriphos, diazinon, dimethoate, disulfoton, ethoprophos,
fenitrothion, fenthion, fenamiphos, fosthiazate, malathion, methamidophos,
methidathion, omethoate, oxydemeton-methyl, parathion, parathion-methyl, phorate,
phosmet, profenofos, and trichlorfon. One especially useful organophosphate
insecticide that benefits from being included in a microcapsule formulation that
includes a nonvolatile component is chlorpyriphos-methyl.

[0025] As illustrated in Table 1, formulations of insecticides such as chlorpyrifos-
methyl can be incorporated in microcapsules by forming the capsule in the presence
of an inert liquid such as an esterified fatty acid, soybean oil, or polyglycol. Various
formulations made either with or without methyl oleate were synthesized by methods
presented in the experimental section.

[0026] Formulations of organophosphate insecticides, such as microencapsulated

chlorpyrifos-methyl, generally lose their activity after their application.
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own |1 iEfiBfd Pos-HEhHTGTIO 280 T TCAES 89T TGAENTY 028> | 9648 | 96.48
1-Nonanal (g) 9.6 9.73 1.93 1.96 1.93 1.93
Solvesso 150 () 470.4 | 476.93 94.55 95.86 94.55 94.55
Methyl Oleate (g) - - 95.04 96.36 - -
Soybean Qil (g) - - - - 95.04 -
Polyglycol P-2000 (g) - - - - - 95.04
PAPI 27 (g) 40.00 | 26.67 | 12.00 | 8.00 | 12.00 | 12.00
Diethylenetriamine (g) | 10.99 - 3.30 - 3.30 3.30
Ethylenediamine (g) - 6.40 - 1.92
Gohsenol GL03 (g) 25.00 25.00 7.50 7.50 7.50 7.50
Veegum (g) 13.00 | 13.00 | 3.90 3.90 3.90 3.90
Kelzan S (g) 162 | 1.62 0.49 0.49 0.49 0.49
Atlox 4913 (g) 13.91 13.91 4.17 4.17 4.17 417
Water (g) 1087.48|1130.06 | 317.80 | 305.40 | 317.80 317.80
Measured capsule 113 | 118 | 11.4 118 | 122 11.6
diameter (um)

Key to trade names and abbreviations used in Table 1.

Solvesso 150- Xylene-range aromatic solvent, Exxon

Polyglycol P-2000- Poly(propylene glycol), Dow Chemical
PAPI 27- polymethylene polyphenylisocyanate, Dow Chemical
Gohsenol GL03- poly(vinyl alcohol), Nippon Gohsei
Veegum- bentonite clay, R. T. Vanderbilt
Kelzan S- xathan gum, Kelco
Atlox 4913- polymeric surfactant, Croda

[0027]

Referring now to Table 2, the sizes of these microcapsules were

measured and they were assigned a one letter code. Next, these formulations were
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E soybean oil, Solvesso 150 DETA 12 120

H soybean oil, Solvesso 150 EDA 12 80

F polyglycol P-2000, Solvesso 150 | DETA 12 120

I polyglycol P-2000, Solvesso 150 EDA 12 80

A qualitative summary of some components of microcapsule formulations of
insecticide formed with, and without, inert non-volatile components such as soybean
oil, polyglycol, or esterified fatty acids.

Table 3
Application Data, including the dilution of the formulation made prior to its application
and the application rate of the formulation used to test various formulations on

various surfaces.

. . Amount of sample Application
Formulation Formulation added to water rate
ID g/l C-M 2
ml ml/m
A 240 417 in 45.83
B 240 417 in 45.83
C 150 6.67 in 43.33
D 150 6.67 in 43.33
E 150 6.67 in 43.33
F 150 6.67 in 43.33 50 mi
G 750 g/kg | 2.68 g made up to 50 ml
Untreated control i _
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[0025] As illustrated in Table 1, formul ations of insecticides such as
chl orpyrifosnmet hyl can be incorporated in mcrocapsules by formng the
capsul e iwothw/piggsence of an inert |iquid such as an egCeniskéen2§7a1ty
aci d, soybean oil, or polyglycol. Various formul ations nmade either with or

hout nmet h ol eat e ynt hesi zed b t resente
oxper i e odept Bk e it e Micarans SR RyRHBRBS SHries s ARIBIN ci des,
such as m croencapsul ated chl or pyri f os- net hyl, general ly lose their
act i vi tthesg farmulaiians alppg N\&téthQWOTKHrTé”qUO@@W@l aprlied tefthe éqliovdeat at i ve
formul ati ons, based on the ingredients used to fornulate the m crocapsul e.
Key to sturm(tesngtymnaa,nm@dbbnévmm.iHShsseufmmuilatio"ﬁababng.wiSobmeiscﬂo 150-
Xyl ene-range aronmati c sol vent, Exxon Pol yglycol P-2000- Pol y(propyl ene

gl ycol YorrRortiehe nivsr! mBﬁE’cbre@ﬁor pelivasivhy bgamspglsp@bi%@wflrﬁmm@at e, Dow
Cheni cal Gohsenol GL03- pol yvinyl al cohol), N ppon Gohsei Veegum bentonite

clay, Randpn eYé‘é‘%ﬁf#ér‘)é: K?hé?é‘eﬁtrﬁldhéﬁé@c%% bc{ﬁ%'o%@r &E&S’P‘a 474 d% iR YITer i

sur factant’, 002 ow to e sl zes o t hese
m cr ocanesf%ld? Jat¥ESilected in these tests are presented in Tables 4-8, and summarized in

Table 9.
Table 4
Mortality Results Anopheles arabiensis.
Knockdown counts Mortality counts
Period Test | Sample Out of 15 Out of 15
after surface | code Replicates Total Replicates Total
treatment After 30 min. out After 24 hours Out
1 2 | 3 |4 |of60] 1 2 | 3] 4 |of60
A 2 14131 10 | 15 115 ]|15]|15] 60
B 11 13|12 10| 46 | 15 |15 ]|15[15] 60
C 4 | 917 19 29 [ 15]15|15]15]| 60
D 14 15114 |13 56 | 15 |15 ]|15[15] 60
Gypsum E 4 | 5|1 3|6 18 [ 15 ]15|15]15]| 60
F 14 114 |15 |14 | 57 | 15 |15 ]|15[15] 60
G 12 13| 11 | 16| 51 15 115 [15/15] 60
Control | - - - - - 1 0|03 4
1 day A 10| 9 |28 | 7| 34 |15 |15 ]15[15] 60
B 12 13 | 11 |15 ] 51 15 115 [15/15] 60
C 8 | 917 |10 34 |15 |15 |15]15]| 60
D 1213|183 [14| 52 | 15 |15 ]|15[15] 60
Wood E 14 10|12 |11 | 47 | 15 |15 ]|15[15] 60
F 1511415 |15| 59 | 15 |15 ]|15[15] 60
G 10 {13 | 11 [10| 44 | 15 | 15|15 15| 60
Control | - - - - - 0 11111 3
A 2 14131 10 | 15 115 ]|15]|15] 60
B 11 13|12 10| 46 | 15 |15 ]|15[15] 60
C 4 | 917 19 29 [ 15]15|15]15]| 60
D 14 116|114 |13 56 | 15 |15 ]|15[15] 60
1 day Mud E 4 | 5|1 3|6 18 [ 15 ]15|15]15]| 60
F 14 114 |15 |14 | 57 | 15 |15 ]|15[15] 60
G 12 13| 11 | 15| 51 15 115 [15/15] 60
Control | - - - - - 1 0|08 4

11



measured and they were assigned a one letter code. Next, these fornulations
wer et hen applied to surfaces adjacent to insect populations, in order to
nmeasur e twei2n1oaisot i veness. TABLE 2 Chl orypyri f os- met hpCTrisesoo2ysul es
formul ated with and wi thout nonvolatile solvents. A qualitative sumuary of

sonme c nent s mcroc psul.e f | .of .insecti.ci ormed with,
and i BRI reslis HersGeRmda e iRt & it SokyieshT i ABRIYS | yool
or esterified fatty acids. Table 3 Application Data, including the dilution
of t he arplipalien pbierdataulstipato p area t@@ipmléa@mﬁ Be%- t he application rate
of the fornulation used to test various fornulations on various surfaces.In
order to test the efficacy of the m croencapsul ated formul ati ons di scl osed
herein these formulations along with control fornulations were applied to
the foll ow ng surfaces, gypsum wootfaprdsnud. These fornul ati ons, al ong
with control fornulations, were nonitored for their activity against a

speci es of nosquito, AHWWF%%BE«& %}gﬁﬁleyheréﬁle%}éd' es were carried-out
r at

over about a 170 day tine pe l'ected 1 n these tests are

pr esented—+n—Tgbtes—4-8,—antd—sum . ) 9—TFable
N ackaSwh oA © cf\?for'fal“fy counts
Period Test | Sample Out of 15 Out of 15
after surface | code Replicates Total Replicates Total
treatment After 30 min. out After 24 hours Out

of 60 | 1 2 3| 4 |of60

1 2 3|4
A o/0|0]|O 0 15115 | 15|15| 60
B 0|00 ]|O 0 15|15 | 15|15| 60
C 0|00 ]|O 0 15|15 | 15|15| 60
D 21 0| 3 |1 6 15|15 | 15|15| 60
Gypsum E 0|00 ]|O 0 15|15 | 15|15| 60
F 0|00 ]|O 0 15|15 | 15|15| 60
G 21 1 2|2 7 15115 |15 15| 60
Control | - - - | - - 0 2 1|2 5
A 0|00 ]|O 0 15|15 | 15|15| 60
1 month B 0|00 ]|O 0 15|15 | 15|15| 60
C 0|00 ]|O 0 15|15 | 15|15| 60
D 3|54 ]2 14 15|15 | 15|15| 60
Wood E 0|00 ]|O 0 15|15 | 15|15| 60
F 0|00 ]|O 0 15|15 | 15|15| 60
G 0|00 ]|O 0 15|15 | 15|15| 60
Control | - | - - | - - 1 1 1138 6
A 0|00 ]|O 0 13115 | 7 | 9 | 44
B 0|00 ]|O 0 6 |15 9 |4 | 34
C 0|00 ]|O 0 15| 6 |15|15| 51
D 0|00 ]|O 0 7 3 12]0 12
1 month Mud E 0|00 ]|O 0 6 | 13 |15 12| 46
F 0|00 ]|O 0 10 | 1 0O 11
G 0|00 ]|O 0 15114 | 12| 15| 56

Control 0 0 1 2 3

Mortality results measured against Anopheles arabiensis, determined 1 month after

the application of the formulation to an area that includes the pest.
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Mortality Results Anophel es arabiensis.Mrtality results neasured agai nst

Anophel es ar abi ensi s,
f or nul at iwo 20b/@ms2ar ea t hat
Anophel es ar abi ensi s.

ar abi en
an area
ar abi en

Si s,
t hat
Si S.

determned 1 nonth aftei_ %p
i ncl udes the pest.Tabl e2

Mortality results neasured a
det ermi ned 2 nonths af t dortHisy BesHite d¢iog

7

i ncl udes the pest.

determ ned 1 day after the application of the
Tabl e 5 Womtushémp2Resul ts
Mortality results neasured agai nst Anophel es
e.application of the forrmulation to

rtality Results Anophel es
ai nst Anophel es arabi ensi s,
eles arpiensisnul ati on to an area

that includes the pest. Table 7 Mourtality Results Anophel es
arabiensis.Mortality resul ts neadnottdagaicteintsAnophel Eortalitgmorinss s,
det er m |neBedodront hFestf t eBaipte appl | caluton16f the |formul @uteh 160 an arjea
that inclugies thesnrile | Tebde 8 MepAddtEy REFEldlS Anerhetses. Total
ar abi ensysatfarral i ty resul ts nmeagubpdoggial NSloiNOPNELES2ARBILNS! Sut |
determ neg 5 .m)n:t hi and| 3 weeks ﬂ'L T %unstBTéﬁaz HoT o ‘Lge f4U| r&a!G@ft holn to
an ar ea—that—ngtudes—thepest+—Fabke Syptrery—of —tes{ddat—fnsecti-cHda
activity measured usi nglroshuit did. T.vsekd,'arl—e%%--w.@—e j:!%t era* ;léc' r the
application of different—mXraoq dhsuPel Oar Bl atd ans’3 Hatd [ 15[ 15| 60
C ololo]o 0 15 |15 15|15 60
D 21031 6 15 |15 15|15 60
Gypsum E 0/]0]0]0 0 15 |15 15|15 60
F 0/]0]0]0 0 15 |15 15|15 60
G 211122 7 15 | 15 |15[15]| 60
Control | - | - | - | - - 1 0O | 1|1 3
2 months A 0/]0]0]0 0 15 |15 15|15 60
B 0/]0]0]0 0 15 |15 15|15 60
C 0/]0]0]0 0 15 |15 15|15 60
D 3/5(4]2] 14 |15 |15 [15]|15]| 60
Wood E 0/]0]0]0 0 15 |15 15|15 60
F 0/]0]0]0 0 15 |15 15|15 60
G 0/]0]0]0 0 15 |15 15|15 60
Control | - | - | - | - - 0 21110 3
A 0/]0]0]0 0 9 |15 | 9 [12| 45
C 0/]0]0]0 0 11 | 12 | 15|13 | 51
2 months Mud E 0/]0]0]0 0 8 9 |15]|15| 47
G 0/ 0[0]O0 0 13 110 ] 9 |13 | 45
Control | - | - | - | - - 0 2 |1 ]2 5

Mortality results measured against Anopheles arabiensis, determined 2 months after
the application of the formulation to an area that includes the pest.
Table 7

Mortality Results Anopheles arabiensis.

Knockdown counts Mortality counts
Period Test | Sample Out of 15 Out of 15

after surface | code Replicates Total Replicates Total
treatment After 30 min. out After 24 hours Out
12|34 |0f60] 1 2 | 3] 4 |of60

A 0/ 0]0]O0 0 14 | 12 |13 ]10| 49

B 0/ 0]0]O0 0 15115 |15]15] 60

C 0/ 0]0]O 0 15115 [15]15] 60
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Mortality results measured against Anopheles arabiensis, determined 4 months after

the application of the formulation to an area that includes the pest.

Table 8

Mortality Results Anopheles arabiensis.

Knockdown counts Mortality counts
Period Test Sample QOut of 15 QOut of 15

after surface code Replicates Total Replicates Total
treatment After 30 min. out After 24 hours Out
1 2 3 4 | of 60 1 2 3 4 of 60

A 0 0 0 0 0 9 7 11 10 37

B 0 0 0 0 0 10 6 9 13 38

C 0 0 0 0 0 15 15 | 15 | 15 60

F 0 0 0 0 0 3 3 2 1 9

Gypsum G 0 0 0 0 0 15 15 | 15 | 15 60

5 months Control | - - - - - 1 0 [ 2 [ 1 4

3 weeks A 0 0 0 |o 0 5 9 [ 8] 6 | 28

B 0 0 0 0 0 14 15 | 15 | 15 59

C 0 0 0 0 0 15 1 15 | 15 60

G 0 0 0 0 0 15 14 | 15 | 15 59

Wood | Control | - - - - - 1 0 1 0 2

A 0 0 0 0 0 4 1 2 3 10

5 months B 0 0 0 0 0 3 7 1 2 13

3 weeks Mud C 0 0 0 0 0 5 8 6 4 23

Control 0 0 0 0 0 0 1 1 3 5
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| socyanat e nononer (Dow Chemical) wth a 50 wt. % sol uti on of

chl orpyrifos-nethyl in Solvesso 150, al so containing 1l-nonanal as a
pr eser vatwoeoioeidzyl ol eate, soybean oil, or Pol ygl ycol PPTABR@/02&T5€
included as indicated in Table 1. This mxture was swirled until

honbgeneous.. An ueous phase.was, pr red conprised of the indicated
nrou: SGHa s R eE B R A OB D RS o EBse BaRGEns 2nd
Veegurm(r) (R T. Vanderbilt), and Kelzan S(r) (Kelco) with the anount of D
wat er ihweeks atier erapplisationphthe foraulatienrie an anepibal ineluges B2e pesthe10%

am ne sol ution described bel ow. This aqueous phase was added to the organic

phase to give a two-phase m xture. Thbk & xture was enul sified using a
Silverson L4RT- A hi gh-speed m xer using the standard m xi ng head assenbly

fitted A tHe emul sion sl eeve. %I Ficgjdon was afhi eved by Jfirst
m xi ng I gtively | ow gpeed (%@5 I PRLKMES| t4e Tigoof 1t nﬁyang_
wel | omil st paceoubnitl SN [Ny D S | Tl ol PRER RS RE
m xer W A kpjsg%vef'.s?g.gﬁczw Adreae ik SEEQd aneP% 5100 reddurlanil:
t aken. Errsqéﬁ‘js?ﬂaiomn_p -ad_ua_i_l__t_he%esi_r_ewp 89 | e08i Je s
obt ai nei dBglNpfo'eAG0 (- 7 rpmwas| typi.cal | equi red| tq reach the
desire :3 8p1$ﬂiVQSﬁﬂ&50| i @éﬁg agi‘lr?p ( |¥Hgﬁ di y'r J/ﬁ néQr aRtng (TETA) or
et hyl e ni_nenetepgleatyy gr %R was added dropwi se_as| a_ 1006 agueous
sol ut Del 899589 450 a1 EDMs i spbed Shar hebls b8k gdBd |ni 2ing.
Fol l o e |coupean oibn of the |ani ne
E | Solvesso 150 | DETA 12 120 60 | 60 32 -
polyglycol
P-2000,
F | Solvesso 150 | DETA 12 120 60 | 60 47 -
A | Solvesso 150 | DETA 12 120 60 | 60 13 28
B | Solvesso 150 EDA 12 80 60 | 60 60 59
methyl oleate,
C | Solvesso 150 | DETA 12 120 60 | 60 60 60
methyl oleate,
D | Solvesso 150 EDA 12 80 60 | 60 10 -
soybean oil,
E | Solvesso 150 | DETA 12 120 60 | 60 29 -
polyglycol P-
2000,
F | Solvesso 150 | DETA 12 120 60 60 12 -
AT Solvesso 150 | DETA] 12 120 44 | 45 | 15 10
B | Solvesso 150 | EDA 12 80 34 - - 13
methyl oleate,
C | Solvesso 150 | DETA 12 120 51 21 21 23
methyl oleate,
D | Solvesso 150 | EDA 12 80 12 - - -
soybean oil,
E | Solvesso 150 | DETA 12 120 46 8 8 -
polyglycol P-
2000,
Solvesso 150 | DETA 12 120 11 - - -

Summary of residual insecticidal activity measured using mosquitoes. These values
were determined after the application of different microcapsule formulations that

include an organophosphate insecticide such as chlorpyrifos-methyl. Some of the
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addition, the resulting capsul e suspension was stirred for an additi onal
m nute, the indicated anmount of Atlox 491 3 was added, and a final brief
honogeni 2si0i2or/MaR0per f ormed to conpl ete the preparati orCofuszée/oeEpsul e
suspensi on. [0030] By carefully adj usting the length of time that the

m xture i irred, a t of , the mxer, it

possi biBMTapa e an saalieh Fahy AR e RaTan SrioeBtialobS formsmu at i ons
of varyi ng capsul e size having a range of shell thicknesses. Simlarly, the
amount SNGYJHARHNEBOMPAUNGss- | i nki ng agents, wetting agents, buffer, and the

| i ke can be adjusted to create m croencapsul ated organophosphate

i nsect i[6028] f Kefarriaginowstchbabla®, whalliohthectopsulaioasdesthd| thetfbirollationss.

[ 0031] The final comnposition of the mcrocapsul es is equival ent or

event uakitty tHedengest affbdtioe pReiods oPpbst Apliehtiémeactatyahtiabied esestified fahgi r
formati on. Accordingly, theconposition of these fornulations is very

to for il %m“‘?ér%*%‘”ﬁn%'ﬁ}gasur UG A éﬁ%‘rﬁ*’mé‘xﬁ%éu & e
S 0032 ' i N

oo oo B R AR ACHSREDH TReBB0h% FitaBe Bl NS, 1oy, e
fitted vmth a small volune sanple unit and using softwar verS|on 5.1 2.

Prior testeried falliyasids: h-Eh%S%‘iﬂSHgS femonsialethas fhesadelifiern ofian esteyifiefs ur e

honogenei ty. The vol une nedi an di stribution
fatty acid to a microcapsule that includes an organophosphate insecticide creates a

microcapsule formulation that retains it insecticidal activity for upwards of 150 days
after its application.

Experimental

Materials and Methods

Preparation of Microcapsule Suspensions

[0029] Referring now to Table 1, amounts of the components used to synthesize
representative for capsule suspension are summarized in Table 1. The procedure
followed to prepare for the compounds listed in Table 1 was as follows. Different
formulations were made by changing the composition of the reaction mixture. An
organic phase was prepared by combining the indicated amount of PAPI 27
isocyanate monomer (Dow Chemical) with a 50 wt.% solution of chlorpyrifos-methyl
in Solvesso 150, also containing 1-nonanal as a preservative. Methyl oleate,
soybean oil, or Polyglycol P-2000, were included as indicated in Table 1. This
mixture was swirled until homogeneous. An aqueous phase was prepared
comprised of the indicated amounts of poly(vinyl alcohol) (PVA, Gohsenol GLO3,
Nippon Gohsei), Veegum® (R. T. Vanderbilt), and Kelzan S® (Kelco) with the

amount of DI water indicated in Table 1 minus the amount utilized to prepare the
16



(VWMD) is reported for each fornulation in the Materials section above.

Cal cul ation of Capsule Wall Thickness [0033] The cal cul ati on of the anounts
of capsulwowald/10ecg20ponent s needed to achi eve a target waCh/ushéiokesss was
based on the geonetric formula relating the volune of a sphere to its

r adi us J a .core-shell no I I s. assuned, with the cor rlsed of
e nort eGP destaPer Rebi oI B He AEE MR DAGSR FoB® SaRTENT
and the shell made up of the polynerizable materials ém] and water sol uble
nononer@asettpdiveeq iwoiphiase mLIXFUfﬁoITd%S MixiHea Wag entdsifiad usingra Sileersenune of
the core (Vc ) and the volunme of the core, plus the volume of the shell (Vs
) to tHelRTAdsigbespeed miadi usingtibe starxlarg mi&idguteadfast_slemtrlﬁﬁttedevilihrtbeudi ng

the shell and |s is thickness of the shell. (1) Vr - | Solving equation (
1) forertigionodledtre. OEmunsficdiRinl wis ebﬁtev&lbytﬁlrétuﬁixn@ mwe( W Sitkd
densities (di) for their respective vol unes Vs and nt /dc= Vc,

where t ?066”? 0 With the 9 tﬁéﬁ%h@%ﬁg%‘és&ﬁ%lf@% e]oolln tﬁ@ uebﬁé%ﬁﬁ&é‘t’@' y) ﬁ”d

sol ving for the’nmass of gl ves n or er to S|an|fy

Chet | abrmORERe ofoAre bilee Bl L HATRTERY ih%‘éﬂ%?fﬁvv%%&b%“e PR e o

appr oxi matel , equal to_one was nade yi el d% |9 uation
dlscrete increments. The mixer was stopped aftereac mcrease |n speed and a size

measurement taken. This process was continued until the desired particle size was
obtained. A speed of ~4500-7500 rpm was typically required to reach the desired
size. The cross-linking amine (either diethylenetriamine (DETA) or ethylenediamine
(EDA), Aldrich) was added dropwise as a 10% aqueous solution while stirring at a
reduced speed that maintained good mixing. Following the completion of the amine
addition, the resulting capsule suspension was stirred for an additional minute, the
indicated amount of Atlox 4913 was added, and a final brief homogenization was
performed to complete the preparation of the capsule suspension.

[0030] By carefully adjusting the length of time that the mixture is stirred and/or by
adjusting the speed of the mixer, it is possible to produce encapsulated
organophosphate insecticidal formulations of varying capsule size having a range of
shell thicknesses. Similarly, the amounts of monomer, cross-linking agents, wetting
agents, buffer, and the like can be adjusted to create microencapsulated
organophosphate insecticidal formulations having varying capsule and shell
thicknesses.

[0031] The final composition of the microcapsules is equivalent or eventually

identified to the proportion of the materials used in their formation. Accordingly, the
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Maki ng the substitutions nc = nmo - nsM, ns = nmo + (fwsMosM)nGsM - nt ,
and fwsM osM = mwsM/ nosM (the ratio of water sol uble nononer to oil

sol ubl e nwoanavips2ehere no is the total mass of the oil PCOMSMONRITS4
(Chloryprifos, solvent, oil-soluble nononer), nmsMis the mass of the

oi | -sol ubl e nmono t he mass of I ubl e nononer, and
sol vi ng 0 mm”&h@ﬁeiorw%e%]s oieTY RN, b R ToeL it e PN ot | - o
guantity of mMMwas used in the calculation as a convention. In the

pr esentofdh@dgaction Mdwes s6edie dormiame(Takls Jdsed on a 1: 1 equival ent

wei ght basis relative to the oil-soluble nmononer for all of the capsule
suspendMeasyreemant af Pantclé Séta indVicfodzgosutuSusipemaidreg | ons Synt hesi zed and
Tested, see also Table 1. [0036] A includes 22.4% w w (2409/1)

chl or p){ooﬁz]s W@aﬁ%ble é&%’éﬁbloﬁ pdretle dese @Btrrb%tMﬁWeZé@I@fér)mned using a
chl orpyri f os- et hyl 38] Cincludes 14.6% wW w ( 150

gEi S;BW?E\@@ g@ﬁ?f |zeE gé@}Ig@ éc%ﬁx{l gg?aiﬁhlgéiz‘f’gmt% %h'gall volume

E 14, 6%
chl or pyATEE %&ﬂfﬂ usipg Bl S 4T A 7S "év?ééaf?fﬁgﬁﬂfiﬁ%%m'es
(chl orophenyl ) et hane; Test Methods 0043% | nsect knockdown tests were
carri edVeI6t n%pﬁg)rétlffgglquslb@ ParE pgengiy. The volume median distribution

(VMD) is reported for each formulation in the Materials section above.

Calculation of Capsule Wall Thickness

[0033] The calculation of the amounts of capsule wall components needed to
achieve a target wall thickness was based on the geometric formula relating the
volume of a sphere to its radius. If a core-shell morphology is assumed, with the
core comprised of the non wall-forming, water insoluble components (chlorpyrifos,
solvent) and the shell made up of the polymerizable materials (oil and water soluble
monomers), then equation (1) holds, relating the ratio of the volume of the core (V¢)
and the volume of the core, plus the volume of the shell (Vs) to their respective radii,

where rg is radius of the capsule including the shell and I is thickness of the shell.

v.+v, (Y "
VC rS _lS

Solving equation (1) for the volume of the shell yields:

3
VS:VC[E ’s J—IJ 2)
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VWHO | aboratory protocol. In these tests, female 1 day - 5 day old malaria

nosqui t oes were used as test insects. The test surfaces used were nud from
Ndurma, Taweanicz18200d and gypsum The nmud used in thesePCedisg0mazs7t4 om t he
sanme nmud source that is used to construct sonme huts in Nduma. The nud

panel s re.nmade by m xi ojl and t ter and placing it in plastic

ol ds. S trgpamassremensn denaere] o ed redieaie YBhitfes brnd vie
filled with nud. The gypsum panels were made by m xi ng gypsum and tap water
usi ng tansl BargcoV cswhstaihe sUhsgriphe os aneferpin Hie shellprreorgsiegrestiel¥at e t he
test mud surfaces. The sanples of various formulation were diluted with tap
wat er and $avingtfesthgi mass ohtHel shellyyifedl e 3 and were applied with an
aerograph spray gun. [0044] The gypsum and wood panels were sprayed and the
first exposure was carried out the foll ow ng day. The insect exposure tests
were repeated using the sane surfaceg trhe follow ng intervals: one
month, two nonths, four nonthsm, amgf+¥ -n@m-as—B weeks (about 170 days).
Due to the size of the test and the @v@i%kaldi)ity) of female 1 day - 5 day
old mal aria nosquitoes, the test was split into two runs. [004@] Duri ng
application of each sanple, eight filter papers were also treated. These

were pl[aogd] i NirodReRo EMGSIAR RS caldliRfoh @hdanRicy§ iuseahé esspdtavé Qldighvsng

storage periods, i.e., one day, one nonth, two nonths, four nonths, and

d
five ”‘H’fttﬁ‘(? gé@%ﬁg r?g? E@d hbfCohlRAeEthe dYdrEXinfROR RAPRZE Uit riftpckdown

count was
ds/d. is approximately equal to one was made yielding equation (4).

“)

I\/Iaking the substitutions Mc = Mo — Mosnm, Ms=Mgp + (fWSM/QSM))mQSM — Mc, and
fwswosm = Mwsw / Mosw (the ratio of water soluble monomer to oil soluble monomer),
where mo is the total mass of the oil components (Chloryprifos, solvent, oil-soluble
monomer), Moswm is the mass of the oil-soluble monomer, and mysy is the mass of

the water-soluble monomer, and solving for mosy yields:

3
mou ’s ]—1}
rs_ls
3
p
fWSM/OSM+£ > ]
re =l )

[0035] For the determination of mosy, the entire quantity of mysy was used in the

mOSM -

calculation as a convention. In the present study the water-soluble monomer was
used on a 1:1 equivalent weight basis relative to the oil-soluble monomer for all of

the capsule suspension preparations.
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nosquitoes were transferred to glass containers. The glass containers were
covered with organdi e and secured with an elastic band. A piece of cotton
wool sat uweteth/mig2h a 5% sugar sol uti on was pl aced on t epTafS2ete@2s7sgandi e
as food. The re-exposures were conducted on those surfaces where a
nortality of >70% was obtained in the previous exposure or as deened
necessary. .during the course of c-nductlno t hese experlnents 0046]

Addi t i ddsting.ofiVarieus Formulations Synthesiged angd- TFes als Ta

t he detail ed descrl ption which foI I ows and in part will be read| |y

appar erl0086] t hdgBClaikies Pedtorw/ih@480ti) ehlorpyrifeg-medadr i ption or recognized by
practicing the invention as described herein, including the detailed

descri 0087 whBdhcludes @®s4 % tvirer (ngﬁﬁchlamwﬁﬁid-mhylhe appended dr awi ngs.
[0047] While the novel technol ogy has been illustrated and described in

detail [oo3gfe b.aeuruaésaacbofocmgaIsm@/.yi@ﬁ@fpw%@metﬁ)he sane is to be
conS|dered as illustrative and not “restrictive in character, it being

under siigelof hah ABES S, O [BCSTOANIARRL g beon shoun and

descri changes tlons that come within the

spirit te | o esi red rotected As well, while
t he nodgb“{)ﬂchﬁ %59 ﬁfquﬁ Vﬁi‘ﬁééﬁgfj %&Ipwr 3(1, exanpl es, t heor et i cal
argunments, accounts, and illustrations, these i I I ustrations and the
accorrpa{ﬁ%'hb dFdeclydesn4.6% wiw (150g/i) chlorpyrifos-methyl.

[0042] DDT-G includes 750 g/kg trichlorobis (chlorophenyl)ethane;

Test Methods

[0043] Insect knockdown tests were carried out using a modified version of the
WHO laboratory protocol. In these tests, female 1 day — 5 day old malaria
mosquitoes were used as test insects. The test surfaces used were mud from
Nduma, Tanzania, wood and gypsum. The mud used in these tests was from the
same mud source that is used to construct some huts in Nduma. The mud panels
were made by mixing soil and tap water and placing it in plastic molds. The top was
flattened and left to dry. Cracks that formed were filled with mud. The gypsum
panels were made by mixing gypsum and tap water using the same or substantially
the same moulds as were used to create the test mud surfaces. The samples of
various formulation were diluted with tap water at the rates given in FIG. 3 Table 3
and were applied with an aerograph spray gun.

[0044] The gypsum and wood panels were sprayed and the first exposure was
carried out the following day. The insect exposure tests were repeated using the

same surfaces at the following intervals: one month, two months, four months, and
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shoul d by no neans be interpreted as limting the technology. Al patents,
patentapplications, and references to texts, scientific treatises,

publ i cat iwoploareds20he |i ke referenced in this applicati eaTarseotooezyspor at ed
herein by reference in their entirety. CLAIMS 1. A nethod of extending the

effectiyve field life of an insecticide, .c risi t he steps of: . pr.oviding
2t | eadiveghBrighueRks (sl D ERAYSS o I8P piedd] Yot nck e Sy BBEY: “one
cross-linking agent and at | east one type of nmonomer; mxing the

i nsect idife@ale heayst dpyiokdinTadaria masaditoghdha tegt eeas splibénte tWeSUN$.nki ng
agent and at | east one type of nononmer; and formng a polyneric

m cr ocdpe4bk sberihgtapplication efbsdchpsarmplel bight fitapsapears ewra ghso treatedof t he

i nsecticide and a portion of the esterified fatty acid to forma

M cr oenuizeUéiceslat &6 ftd idebgdledzeratupaid wit. anaeichfiert the olesiagriaRgel at ed
I nsecticidal formulation retains its ability to control insects for at

least loaeels ALt Bhelda§, éﬁéiﬁ\ﬁderﬂﬁ,i% fronePkd Bﬁ‘thé,”?ﬁdi ﬂ@ﬁ?&%mﬁé”ﬂ%rebo a

popul at'i on of "'iT'hsects: net hod according to claim erein the
eSSl Aol o, B RGBSl 4l Sl
mosquitoes were transferred to glass containers. The glass containers were
covered with organdie and secured with an elastic band. A piece of cotton wool
saturated with a 5% sugar solution was placed on top of the organdie as food. The
re-exposures were conducted on those surfaces where a mortality of >70% was
obtained in the previous exposure or as deemed necessary during the course of
conducting these experiments.
[0046] Additional features and advantages of the invention will be set forth in the
detailed description which follows, and in part will be readily apparent to those skilled
in the art from that description or recognized by practicing the invention as described
herein, including the detailed description which follows, the claims, as well as the
appended drawings.
[0047] While the novel technology has been illustrated and described in detail in
the figures and foregoing description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only the preferred embodiments
have been shown and described and that all changes and modifications that come
within the spirit of the novel technology are desired to be protected. As well, while
the novel technology was illustrated using specific examples, theoretical arguments,
accounts, and illustrations, these illustrations and the accompanying discussion

should by no means be interpreted as limiting the technology. All patents, patent
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carbon atons, and R2 is a straight chain or branched al kyl, or al kenyl
group having from1 to 8 carbon atons. 3. The nmethod according to claim1,
wherei n twe 2esxwis2hi ed fatty acid is nethyl ol eate. 4. Phe/usetlooes7accor di ng
to claim1, wherein the insecticide is an organophosphate i nsecti cide. 5.

The met hod accordi 0 mhere he,.or gan hat e |ns ct|C|de i's
o ect APAPSThangielieRus Ruitkisy Soenti biRuses PUBRcaIRBS- aee e f
chlorfenV|nphos chl or et hoxyf os, chIorPyriphos di azi non, dinethoate

di sul f detaienegad tﬁptihéﬁpmlcaﬂ@fﬁnaﬁ U'tCIQi’mfa eckeneirohy fq’féFféﬂﬁepﬁdBe'f eottety-azat e,
mal at hi on, met ham dophos, nethi dathi on, onet hoate, oxydeneton-nethyl,
parathion, par at hi on-net hyl, phorate, phosnet, pr of enof os, and trichlorfon.
6. The nethod according to claim4, wherein the organophosphate insecticide
is chlorpyrifos-nethyl. 7. The method according to claim1, wherein the

pol ynmer shell is formed by an interfacial polycondensation and the at | east
one nononer type includes: at |east one oil soluble nononer selected from
the group consisting of: diisocyanates, polyisocyanates, diacid chlorides,
poly acid chlorides, sulfonyl chlorides, and chl orof ormates; and
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at | east one crosslinking agent selected fromthe group consisting of:

di am nes, polyam nes, water soluble diols and water soluble polyols. 8. The
met hod acwordion®1820 cl ai m 1, wherein the m crocapsul e sirertush@s/02576hi ckness
of between about 90 to about 150 nm 9. The nmet hod according to claim1,
wherein the m crocapsul e shell has stﬂiggkness of about 120 nm 10. The

nmet hod according to claim?7, wherei ross-1linking agent is

di ethylenetriamne. 11. A nmethod for controlling an insect popul ation,
conprising the steps of: providing a mcroencapsul ate insecticide

conpri si.ng: & maihed otna&teeé'tr@rme@%cﬁm figlodde of antingenlisideo gemprigingdprosphat e
i nsecticide; and and a polyneric mcrocapsul e shell that at |east partially
encapsutapesf:t he i nsecticide and the esterified fatty acid; and applying
the m crocapsule fornulation to an area adjacent to a popul ati on of

i nsects, Whesgliaid g IBhST RNPBBELIAS aft Iéé&t'ﬂﬂeaéét@ﬁ‘fiécﬁa@tk%id;taﬁ lédxt ekl i dal
activity for at |east 120 days after it is applied to the area adjacent to

a_popul GbLofGhg LASRELS] alRact BFe W GmpRGRIei no to clai m 11, wherein the

or ganophoSphate”i nsecticide 1Ts sé romthe group consisting of:

acephat e, azrh&Pn%Ot%éqﬁgg&;cide, the esterified fatty acid, the at least one cross-linking

agent and at least one type of monomer; and

forming a polymeric microcapsule shell that at least partially encapsulates a
portion of the insecticide and a portion of the esterified fatty acid to form a
microencapsulated insecticidal formulation, wherein the microencapsulated
insecticidal formulation retains its ability to control insects for at least 1 week after
the formulation is applied to an area adjacent to a population of insects.
2. The method according to claim 1, wherein the esterified fatty acid is:

O

R1_C_OR2

wherein;
R+ is a straight chain or branched alkyl, or alkenyl group having from 11 to 25
carbon atoms, and R is a straight chain or branched alkyl, or alkenyl group having

from 1 to 8 carbon atoms.

3. The method according to claim 1, wherein the esterified fatty acid is methyl
oleate.
4. The method according to claim 1, wherein the insecticide is an

organophosphate insecticide.
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chl or f envi nphos, chl oret hoxyfos, chlorpyriphos, diazinon, dinethoate,

di sul fot on, ethoprophos, fenitrothion, fenthion, fenam phos, fosthiazate,
mal at hi orworetoans2dophos, net hi dat hi on, onet hoat e, oxydecEtuspo®LITHS ,

par at hi on, par at hi on-net hyl , phor ate, phosnet, profenof os and tri chl orfon.
13. The_ met dac ordin m1 V\/nerenthe or

Msect B de (e RTGEIRrEOSTRARM 4R R 688 SRESTTA S JReG UE g % 11,
wherein the capsul e wall is forned by a interfacial polycondensation

bet weerseigcted oM Higegeup cosisising oiprraphate azimhas-medml tahdordpifrhasasi st i ng
of : diisocyanates, polyisocyanates, diacid chlorides, poly acid chlorides,
sul f onydhlarietrenxiytbess chkomplyrgdtosy diazinoe, esmnethodtetdididfadan, atieoprapbos,sol ubl e
nononer selected fromthe group consisting of: diamnes, polyam nes, water

sol ubl gefit@tisioaNéniadefeAaMitHGS, Retiiakate, Aalathiem, mwéthgmev@pmsdl ng to claim
14, wherein the cross-1inking agent is di ethyl enetriamne. 16. The met hod

accor d'rﬂ@@d’atﬁuoﬁ' eﬁ'@% dérﬁé’t‘én‘?ﬁétﬁ%?g?&m?%t b&ré&ﬁ? f\ r‘nét BHikate, OR2

wher ei I's a straight chain or bran ken roup havi ng

from 11 128, SR8 S icARSon.

6. The method according to claim 4, wherein the organophosphate insecticide is
chlorpyrifos-methyl.
7. The method according to claim 1, wherein the polymer shell is formed by an
interfacial polycondensation and the at least one monomer type includes:
at least one oil soluble monomer selected from the group consisting of:
diisocyanates, polyisocyanates, diacid chlorides, poly acid chlorides, sulfonyl
chlorides, and chloroformates; and
at least one crosslinking agent selected from the group consisting of:
diamines, polyamines, water soluble diols and water soluble polyols.
8. The method according to claim 1, wherein the microcapsule shell has a
thickness of between about 90 to about 150 nm.
9. The method according to claim 1, wherein the microcapsule shell has a
thickness of about 120 nm.
10.  The method according to claim 7, wherein the cross-linking agent is

diethylenetriamine.

11. A method for controlling an insect population, comprising the steps of:

providing a microencapsulate insecticide comprising:
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R2 is a straight chain or branched al kyl, or al kenyl group having from1 to
8 carbon atons. 17. The nethod according to claim 16, wherein the

esterifi esofatypigrei d i s nethyl ol eate. 18. The nethod &ctarsdémgy23764 cl ai m
10, wherein the mcrocapsule wall has a thickness of between about 90 nmto

about 150 nm 19. he met ho c n o claim10, wherein the

m crocapsul e has a& A0S e@fcecg%ta%éo nm 20. A microencapsul ated

i nsecticidal formulation, conprisin chl or yr| fos-nethyl; nethyl ol eate;
and and a m cr ocZH4eAY KRQUANCRMYSANGIN HISSCHRING LaRdh.

and a polymeric microcapsule shell that at least partially encapsulates

the insecticide and the esterified fatty acid; and

applying the microcapsule formulation to an area adjacent to a population of
insects, wherein the microencapsulated formulation retains its insecticidal activity for
at least 120 days after it is applied to the area adjacent to a population of insects.
12.  The method according to claim 11, wherein the organophosphate insecticide
is selected from the group consisting of: acephate, azinphos-methyl,
chlorfenvinphos, chlorethoxyfos, chlorpyriphos, diazinon, dimethoate, disulfoton,
ethoprophos, fenitrothion, fenthion, fenamiphos, fosthiazate, malathion,
methamidophos, methidathion, omethoate, oxydemeton-methyl, parathion,
parathion-methyl, phorate, phosmet, profenofos, and trichlorfon.
13.  The method according to claim 11, wherein the organophosphate insecticide
is chlorpyrifos-methyl.
14.  The method according to claim 11, wherein the capsule wall is formed by a
interfacial polycondensation between at least one oil soluble monomer selected from
the group consisting of: diisocyanates, polyisocyanates, diacid chlorides, poly acid
chlorides, sulfonyl chlorides, and chloroformates; and at least one water soluble
monomer selected from the group consisting of: diamines, polyamines, water soluble
diols and water soluble polyols.
15.  The method according to claim 14, wherein the cross-linking agent is

diethylenetriamine.

16.  The method according to claim 11, wherein the esterified fatty acid is: A
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R1_C_OR2

wherein; Ry is a straight chain or branched alkyl, or alkenyl group having from 11 to
25 carbon atoms, and
Rz is a straight chain or branched alkyl, or alkenyl group having from 1 to 8 carbon

atoms.

17.  The method according to claim 16, wherein the esterified fatty acid is methyl
oleate.
18.  The method according to claim 10, wherein the microcapsule wall has a
thickness of between about 90 nm to about 150 nm.
19.  The method according to claim 10, wherein the microcapsule has a thickness
of about 120 nm.
20. A microencapsulated insecticidal formulation, comprising:
chlorpyrifos-methyl;
methyl oleate; and

and a microcapsule shell, comprising a polyurea.
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