
FORMULATION This invention relates to novel miorocapsules which comprise a
solid water-soluble, biologically active compound dispersed in a
Mon-continuous) matrix which is at least partially solid and which is
distributed throughout the xiiicrocapsules, and processes for the
preparation. and for the use of such mierocapsnles, Inparticular it o:lates
to a product commising microcapsules which themselves comprise    (a) a
polymeric shell; and    (b) a core which comprises (0 a solid agrochemical
dispersed in a matrix and (ii) a water-timmiscible liquid characterised in
that the matrix is distributed non-continuously throughout the
water-immiscible liquid. Microcapsule technology has been in existence for
a number of years., Microcapsules have a variety of uses, especially for
containing dyes, inks, chemical reagents, 15pharmaceuticals., flavouring
materials, and more especially agrooheroicals, that is fungicide's,
bactericides, insecticides, herbicides and the like. _Microencapsulated
formulations of agrochemical s may be exploited in a wide range of
applics..tiens both M crop protection and professional products outlets,
and may be applied via a variety of methods such as foliar sprays, soil
application and as seed treatments. Such ibrmulations allow the release
rate of the agrochemical to be controlled over a desired period of time and
flnd applications for weed, m,gal or insect control, as. teriniticides,
residual sprays, turf treatments and as seed treatments (amongst others).
1Cto cororaerclal use, agrochemical products are subject to a range of
environmental factors which result in a reduction in efficacy of the
formulation, including mit-off and leaching from soil (Which may lead to
groundwater contamination), raMfastness and wash-off from seeds;
water-soluble active compounds arc particularly susceptible to such losses,
30 The microcapsuies of this invention are useful for controlling the
release rate of the solid watersolubic biologically active compound, where
the biologically active compound is a  pesticide [a.mehemicall, said are
particularly usefid for controlling the release into any , medium where
water is present, eg, release ofpesticidally active compounds into soil The
microcapsules are even more particularly usethl for controlling the release
of water-  2  soluble pesticidaily active compounds into soil with a high
moisture content as a result of heavy ranithll or excessive irrigation, A
further advantage is that such products can also reduce the amount of
water. soluble product that is leached to lower soil levels by heavy
rainfall or irrigation. Such uses may include application of these products
in crop protection for the use of insecticides in vegetable crops to extend
the performance of a product in soil; use of such a product to provide long
term release characteristics in specific market sectors such as control of
termites; use of sueb. a product to increase the period ifperfonnance on
turf, 



10when formulated -together with fertilisers as a granule, or applied
directly to turf by an appropriate application method and which is then
subjected to high levels of irrigation (as commonly employed on
golf-courses); use of such products for the protection of seeds where
applied prior to ansing and combined with appropriate inerts to provide
efficient coating of the seeds; and use of such a product to provide a
longer lasting residual deposit 15where a long lasting deposit may be
required. Several technologies are commonly known as being useful in the
production of n2ierocapsules (ter example as described in chapter 4 of
"Controlled Delivery of Crop Protection Agents", pub. Taylor and Francis,
London 1990), One such technology of 20particular utility for the
encapsulation of agrochemicals is interfacial polymerisation in which the
walls of the microcapsules are generally formed of polymeric material
produced by a polymerisation reaction which preferably takes place at the
interface between two phases, usually an aqueous phase and a
water-immiscible orpnic phase. Thus, they may be produced from a
water-in-oil emulsion or more usually an oil-in-water emulsion.
Micaocapsules which comprise, in the organic phase, suspensions of solid
biologically active compounds in organic solvents or liquid biologically
active compounds are known (e.g. as described in patent documents WO
95113698, EP 0730406, US 5993842 and US 6015571, the contents of which are
fully incorporated herein by reference). Processes for the
microencapsulation of water-soluble biologically active compounds are also
known but in these the biologically active compound is generally diSsolved
in water or a water-miscible solvent prior to encapsulation.  3  It has now
been found that it is possible to encapsulate solid water-soluble
biologically active compounds which axe dispersed in a substantially
water-iromiscible phase, in which the biologically active compound is
dispersed in a (non-continuous) matrix whioh is at least: payday solid and
Which is distributed throughout the rniaocapsules,  In one particular
ezabodiment, the (non cottimmus) nastaix is formed via an interfacial
polymerisation of an allrin-water emulsion, in which the solid
water-soluble biologically active material is dispersed within the oil.
Surprisingly, in this invention carrying out said interfacial
polymerisation results in the formation of a polymer (non-continuous)
matrix 10 which is distributed throughout the mierocapsules, rathet than
being restricted to the interface, as is commonly taught in the prior art.
There are several problems which must be overcome for the nieces:rail
encapsulation of a suspension of solid pattkles within a micmcapsule formed
by interfacial polymerisation ISof an oil-in-water emulsion. Firstly, a
stable suspension of the solid in a substantially water-inn-nisei:, liquid
mast be produced. If dispersants or surfactants are used, they must not
interfere with any further processes of dispersion used in making
microcapsules. Secondly, the suspension must be dispersed in water to
produce stable, well dispersed droplets. For biologically active
substances, it is preferable to have very small droplets of liquid
dispersed ha water so as to present a high surface area of the resulting
microcapeules. To produce, very small droplets requires high shear forces
which would tend. to break down the droplets and/oil release the solid from
suspension. Surfactants are usually required, to achieve good dispersion
and stable droplets.  Thirdly, the presence of one or more surfactants may
make the dispersed droplet system unstable and the phenomenon of phase
inversion may occur, i.e. water forms small droplets within the liquid; a
water-in-oh emulsion, 



Fourthly, the solid suspended in the water-immiscible liquid is liable to
migrate to the aqueous phase, particularly when eraulsifythg surfactants
are used.  The last three of these problems is even more challenging to
overcome for the encapsulation of water-soluble biologically active
compounds, and it has been found that modifications are required to the
procedures described in patent documents WO 95/13698, EP 0730406, ITS
5993842,11S 6015571, US 2003/0119675 said TB 2000247821 for the
encapsulation of suspensions of water-insoinhie compounds. It has now been
found that it is possible to produce microcapsides winch comprise a solid
water-soluble, biologically active compound dispersed in a (non-continuous)
matrix winch is at least pattially solid, and which is distributed
throughout:the microcapsules. Moreover 10it has been found that the release
rate of the biologically active compound can be varied over an extremely
wide range; surprisingly-very slow release rates into aqueous media are
possible despite the water-sotubility of the compound. This confers useful
benefits to products utilising such technology 15One very suitable
technique for the fbnnation of said microcapsules is interfacial
polymerisation via an oil-in-water emulsion; surprisingly, this results in
the formation of polymer (non-continuous) matrix which is distributed
throughout the Miorocapsulcs, rather than being restricted to the
interface, as is commonly taught in the prior art 20 The microcapsules may
be produced using the following methodology: Step 1 - producing the solid
water-soluble, biologically active compound with the required particle
size, suitably by a milling process. A suitable Volume Median Diameter
[-VMD] particle size of the solid is 0.01-50p,m; more suitably the lower
limit is 0.5i.urt and oven mote suitably the lower limit is 1,0p,m; more
suitably the upper limit is 10um and even more suitably the upper limit is
5p.m. Step 2 - suspending the solid water-soluble, biologically- active
compound substantially water-immiscible liquid. The liquid is preferably a
poor solvent for the solid, i.e. it will not dissolve aipilicant quantities
of the solid. :39 The liquid preferably contain  a dispersant capable of
keeping the solid in the liquid but which does not allow the solid to be
extracted into the water when the suspension is  5 dispersed into water. In
addition, When the suspension i.s added to water, the dispersant must not
allow phase inversion to occur,    Alternatively, the procedures of steps 1
and 2 may be varied by performing a milling 



5process to reduce the particle size of the solid water-scllible,
biologically active compound, Mier the compound has been suspended in the
substantially water-imunscable liquid (media milling). Step 3 a physical
dispersion of the organic phase in an aqueous phase is prepared. To
toobtain the appropriate dist). ersion, the organic phase is added to the
aqueous phase, with stirring. A suitable dispersing means is employed to
disperse the organic phase in the aqueous phase. Selection of dispersion
process and apparatus will depend upon the desired panicle size o f the
emulsion (and ultithate product) to be produced. One suitable means of
dispersion is typiCally a high shear rotor/stator device (such as a
laboratory 1.5 Silverson 'a< machine) for small (<10 micron WI) products)
but other means can be employed such. as Cowles dissolvers, simple mixing
devices for larger particle sizes and even high pressure homogenisation
equipment. Choice of such equipment is within the scope of one skill in the
art. A. suitable moans may be any high shear device so as to obtain a
desired droplet (and corresponding mirmeapsule particle) size within the
tinge from no about 1 to about 200pm. A suitable means may be any high
shear device so as to obtain a desired droplet (and corresponding
microcapsule particle) size within the range from about I to about 200ima:
sidtably from about Ito 150mm more suitably from about 1 to about 50pnt;
and most siiiiably from about 3 to about .50pin, 15,1D. Once the desired
droplet size is obtained, the dispersion means is discontinued. Only mild
agitation is required for 25the remainder of the process. The organic phase
comprises the solid wattr-soluble, biologically active compound suspended
in the substantially water-immiscible liquid to be encapsulated prepared as
described above in steps 1. and 2, The aqueous phase comprises water and at
least one emulsifier and/or protective colloid, soClearly there is a
relationship between the particle size of the solid water-soluble,
biologically active compound and the particle size of the ;1'Am-capsules;
in order to obtain control over the release rate of the biologically active
compound, the VIVID ratio of the  particle size of this compound to that of
the microcapsules will be typicallyrake; 1:5; suitably in the range 1:3 to
1:100; more suitably 1:5 to 1:20. In order to obtain the tnicrocapsules,
the organic phase and/or the aqueous phase must  contain one or more
materials which can react to form a polymer. In one preferred embodiment,
the organic phase contains at least one Misoeyariate, and/or
polyisoeyanate, whilst the aqueous phase contains at least one diamine
and/or poly-amine, In the situation 



where at least one diamine and/or polyamine is included in the aqueous
phase, this component is added to the aqueous phase after the fcanation of
the oil-in-water erfLasioll as described above in step 3. Step 4 - at least
one diamiue and/or polyamine is added to theter emulsion  through the
aqueous phase, maintaining mild agitation throughout. Sliming is continued
typically for 30 minutes to 3 hours until the formation of the,
(non-continuous) matrix is complete. The reaction temperature is generally
in the _Lange from about 20C to about 15 50C. la the situation where
approximately equimolar amounts of isocyanate and amino groups are present,
the reaction temperature is preferably from about 20C to about 40C, and
even more preferably front about 20C to about 30C. M the situation where an
excess o:f isocyanate groups are present, the reaction temperature is
preferably from about 30C to about 60C, and even more preferably from about
40C to about 50C. Reaction , 20 times in excess of 3 hours combined with
temperatures of 60C or above are not recommended; Such conditions have been
utilised for the encapsulation of suspensions of water-insoluble compounds
(US 2003/0119675 and JP 2000247821) but it has been found that such
conditions are not suitable for the formation of the mierocapsules ofthis
invention/ as they result in poor encapsulation efficiency (the
water-solubility of the active compounds increases with increasing
temperature, resulting in excessive quantities o.f the compound
transferring into the aqueous phase), To form a (non-continuous) matrix,
many other rnieroencapsulation techniques are possible, including: (0
Preparation of a microcapsale in which a monomer is present in the disperse
phase and is caused to undergo polymerisation to form the (non-continuous)
matrix. Such monomers should be essentially-water immiscible and typically
comprise a vinyl reactive monomer,  for example, (11-C16 alkyl esters of
acrylic and methacrylie acid such as ethyl hexyl acrylatc and ethyl hexyl
methaerylate. CrossAirtking may also be introduced by choice of an
appropriate acrylate or metacrylate monomer such as glycidyt metbacrylate;
(ii) preparation. of a microcapsule in Which the solid water-soluble,
biologically active compound is dispersed within a liquid in which a
reagent i3 dissolved; and in which the liquid and reagent are caused to
react to form the (non-continuous) matrix. Such effects may be achieved by
two reactive species, as are required to produce a polyurethane. These
include organic liquid soluble polyols to react with a suitable isocyanate.
When the isocyartate reactive species has sufficient functionality, the
polyol may contain just one polytnerisable hydroxyd group. Many chemistries
qualify including alcohols and surthcrant products derived from
alkoxylation processes (including ethylene oxide, propylene oxide and
butylene oxide or mixtures thereof, When the isocyanate has less
functionality or where high (levees of cross linking are desired within the
(non- t 5 continuous) matrix, the polyol component may comprise more than
one polymmisable OH (hydroxyl) fa-notional compounds, suitably comprising
two or rnore .hydroxyl groups, per molecule on average, The polymerisable,
hydroxyl functional compounds may be aliphatic and/or aromatic. The
polymerizable, hydroxyl functional compounds maybe straight cyclical,
fused, and/or branched, Particular polymerizable hydroxyl functional
compounds Vlinclude at least one diol, at least one triol, and/or at least
one te,trol. Any of these polyol compounds may be monomeric., oligomeric,
and/or polymeric as desired, If oligomeric and/or polymeric, the polyol(3)
may be selected from one or more hydroxyl functional polyethers,
polyesters, polyurethanes, polyacrylics, epoxy resins, polyainides,
polyamines, pelymeas, polysulfones, combinations of these, or the like.
Polyether polyols such as the polyalkylene ether and polyester polyols are
also suitable and these are commercially available at relatively low cost
and are hydrolyticali y stable. Suitable polyallcylene ether poly s include
poly(alkylene oxide) polymers which are essentially water immiscible and
organic soluble, such as poly(ethylene oxide) and poly(propylene oxide)
polymers and copolymers with terminal hydroxyl groups derived 



from po.iyhydric compounds, including dials and triols; for example,
ethylene glycol, propylene glycol, 1,3-butane dial, 1,4-butane dint,
1,6-he.xanediol, .neopentyl glycol, diethylene glycol, dipropylenc glycol,
pentaerithritoi, glycerol, digtycerol, trimethylol propane and similar low
molecular weight polyals. Suitable commercially available  polyether
polyols include those sold under the trade name Voranol (The Dow Chemical
Company). The polyester polyols whicli are suitable in accordance with the
invention include known :3 polycondensates of organic dihydroxy and
optionally polyhydroxy (trihydroxy, tetrahydroxy) compounds and
dioarboxylic and also optionally polycarboxylic (tricarboxylie,
tetracarboxylie) acids or hydroxycarboxylic acids or iactenes. Instead of
the free polycarboxylic acids it is also possible to use the corresponding
:pelyearboxYlic anhydrides or corresponding polycarboxylic esters of lower
alcohols to prepare the polyesters such as, for example, phthalic
anhydride. Examples of suitable diols are ethylene glycol, 1,2-buta_uediol,
diethylene glycol, trietbylene glytoi. polyalk-ylene glycols, such as
polyethylene glycol, and also 1,2- and 1,3-propanediol, 1"4-butariediol,
1,6-Lexanediol, neopentyl glycol or neopentyl glycol hydroxypivalate,
Examples of polyols having 3 or more hydroxyl groups in the molecule, which
may be used 15additionally, if desired, include trirnethylolpropaue,
trinietbytoletliane, glycerol, erythnto,: pentaerythritol,
di-trirnethylolpropane, dipentaerythritol, hinted-viol-benzene and
trishydroxyethyl isoeyanurate. A particularly suitable class of polyols
useful in the compositions, coatings and methods 20 of the invention are
the water insoluble phthalic linhydri de based polyester-ether polyols
which are described, Mr example, in US 6,855,844 which is incorporated by
refeience herein. Suitable commercially available phthalie anhydride based
polyester-ether polyols include the "Stepanpols"t (Stepan Company). Other
relatively simple feedstoeks include natural products that contain reactive
hydroxyl 2.5 groups such as castor oil. These systems require the addition
of a suitable catalyst that may be added as needed. to any of the phases in
the formulation, Suitable catalysts are well known in the art but include
organometat catalysts such as dibutyl tin dilaurate and tertiary acuities
such as tiethylamine and sopropanolamine; and (iii) preparation of a
microcapsule wherein a (non-continuous) matrix-forming compound is caused
to separate within the microcapsult) by removal of a volatile solvent for
that compound. This may be achieved by firstly preparing a dispersion of
the solid water-soluble biologically active compound in a solution of a
water insoluble (non-continuous) man-ix forming polymer and a water
immiscible volatile solvent for that water insoluble  9  (non-continuous)
matrix forming polymer, secondly forming an emulsion of this
water-immiscible mixture in water, stabilising that emulsion by an
appropriate technique and then removing the volatile solvent by a suitable
evaporation process, yielding a dispersion in water of mictocapsules
containing the water-soluble biologically active compound distributed
throughout a (non-continuous) matrix of the water insoluble poiymer. The
stabilisation of the intermediate emulsion may be achieved by any suitable
micro encapsulation process, such as an interfacial polycondensation by the
routes well blown and outlined above but also by such mutes as identified.
in US 5460817, where the technology is identified as being useffil for
water in:soluble (and oil soluble) biologically toactive compounds such as
chlomyritbs and taifluralin but does not refer to utility for 



dispersions in an oil or polymer of a solid. water-soluble biologically
active compound Suitably-the matrix is a polymer which is a pelyuraa, a
polyamide or a polyurethane or is a mixture of two or more of these
polymers; more suitably the :matrix is a polytirea. 15 In the preparation
of such microcapsules, it is naturally assumed that the substantially water
immiscible Liquid used for the preparation of the dispersion of the solid
water- soluble biologically active compound will be essentially retained
within the microcapsule (unless removed deliberately by evaporation as
discussed above). Undesired loss of    solvent may alter (and d.estabilise)
the. capsule structure and release characteristics. One 0 preferred
embodiment of the capsule is where the water-immiscible liquid does not
migrate into the water phase and, moreover, is invelatile such Mat drying
operations on the aqueous compositions do not result in solvent loss and
thus alteration of the desired capsule composition. 2:5 For the purposes of
this invention, the ten:n water-soluble as used when referring to the
biologically active compound to be encapsulated is defined as a
water-solubility in the range of 0.1-100 els preferably in the range
0.5-50gli, at 20C. This may be any such compound from the group comprising
phatmacenticals and agrochernicals such as insecticides, herbicides,
fungicides, acaricides, rodenticidcs, molluscieides and plant 30 growth
regulators. Suitable herbicides include 2,3,6-TBA, 2,4-D,
2-thloro-6'-ethyl-:.g. isopropoxyine,thylaceto-o-toluidide, aeirluorfen,
akchlor, ametryn, amicarbazone, amidosulfurom asulam, azitusulatoo,
benazolin, henfinesate, bensulfuro&merhyl,  bentazone, bromacil,
carbetamide, cliloridazon, chlorituron-ethyl, chiersulfruon einesulfinon,
clemazene, cloransulant-methyl, cyanizine, cyclosutfatnuron, dicamba,
dichlotprop, dichlorprop-P, diflufenzopyr, dimethachlor, dimethipia,
diphenatuid, ethametsulfuron-metbyl, ethoxysuifuron, fenexaprop-P,
flazasulfuron, florasulatn, flucetesulfuren, fltraiiexazia, floometuron,
ilupyrsulfuron-ruethyl-sodium, flaroxypyr, fonaesafeu, foranisulfuren,
halcsuffurou-niethyl, haloxyfop-P, itr,azaraethabonz-niethyl,  mazanuox,
imazapic, imvapyr, knamthapyr, imazasulfbron, iedosulfuren-methylsodium,
isouron, MCPA, MCPB, meceprep, mecoprop-P, imesesuifuretymethyl,
roesotrione, inctarnitron, unetazachler, methyldyniron, metosularn,
inetoxurorl, metribuzin. to ulfurcninethyl, monolinuren, naptalam,
exasulfuron, penexsularo, pethoxamid, pritnisulfuron-methyl, proeneton,
propachlor, propanil, propharn, propoxycarbazonesodium, prosulfUrom
pyroxyfeu, quirimerac, sirnetryn,   sulfentrazcne, sultionieturoil-tnethyl,
sullesuithron, tthothittron, tepraloxyditn, terbacil, terbutnetau,
thifensulfuron-methyl, nalkoxydina, tiasulfttron, filbert:won-methyl,
triclopyr 15and frisulfuren-methyl. 



Suitable ffingicides include 2Thenyli ienol, azaconazele, azoxystrobin,
carboxin, cytnoxanil, cyproconazole, dodemorph acetate, &Kline,
epoxyconazele, etridiazele, fenfurarn, feriruzone, fiusilazole, llutriaibl,
fuberidazole, furalaxyl, .furametpyr, metailaxyl, mettaasulfocarb,
metominostrobirt, myclobutanil, crane, oxadixyl, 20oxycarboxin,
plienyittercury acetate, propiconacole, prothiocenazole, pyrimethanil,
rnoquilon, tetraconazole, thiabendazole and tricyclazoic.   More suitable
fungicides include 2-henyiphenol, azaconazole" carboxit ^plc doderompb
acetate, dodine, etidiazole, fenfararn, ferimzone, flusilazole, flutriafol,
25fuheridazole, faralaxyl, furamelpyr, imazabl, ruetalaxyl,
rnetliasulfocatb, metomittostrebin, myclobutanii, ofurace, oxadixyl,
oxycarboxin, phenylmercury acetate, prothioconwzole, pyrintethanil,
pyrequilon, tetraconazole, thiabendazole and tricyclazole. Suitable
insecticides include abatnectin, ace,tatniprid, aldicarb, azadiraelitin,
azameiliipbos, 30bendiocarb, carbaryl, carbofuran, clethianidin, cryolite,
dazomet, dimetitylvinphos. DNOC, emanteetia benzoate, etbiofencarb,
ethylene dibrontide, fenamiplics, fertobneatt, fp:ronil, fionicamid,
imidacloprid, isoproearb, hifetruron, taethidathion, methyl isethiocyanate,
metlecarb,:piritnicarb, pmportirrpyrnetrozine, pyridaphenthion,
chloranthraniliprole (ReriaxapyrTm), sabadilla, spiriosad,
sukolitron-sodium, thiaidoprid, thiatnethoxam. Minimax, triazarnate, XMC
and xylylcarb. More suitable insecticides include
acetanniprid,azadiracbtin, a2amethiphos, 5hendiocarb, earbaryl, carbofuran,
clothianidin, cryolite, daze:met, ciimethylvinpbos, DNOC, ethiofenearb,
ethylene dibr.ornide, fenatniphos, fenobnicarb, fipronil, florticamid"
isontocarb, raethidathion, methyl isothiocyanate, metlocath, pirimicarb,
propoxur, pymetrozine" pyridaphenthism, sabadita, spinosad,
sulcothren-sedium, thiacloptid, thiamethoxern, tbiolanox, triazamate, XMC
and xylylcash, 10 Suitable rodenticides ioclue chlotalose, chlorophaeinone,
coumatetraly1 and stryclunne. Suitable molluseicides include m. etablehyde
and niclosaraide. isSuitable plant growth regulators include
1-naphthylac.eric acid, 4-indo1-3-yibutyric acid, ancyrnidol, clexyfonac,
ethychkza"e, flurprimidol, gibberellic acid, indol-3-ylacetie acid, maleic
hydrazide, mefluidide" prohexadione-calcium and irinexapae-ethyl.
Pa.rticularlysuitable insecticides are the neonicotluoids such as
acetamipiiii, cloth/an:dim 



20imidacloprid, thiacloprid and tlatemethoxam. An especially suitable
insecticide is thiamethoxam. In a further aspect, the present
inventioxfprevides use of a product to combat or control an agricultural,
pest winch comprises applying to the pest or to a locus of the pest, a
pesticidal!): effective amount of the product. The pests may include
[fungal] diseases, 25insects and weeds. Suitably the pest is a tertaite,
The concentration of the solid water-soluble biologically active compound
is suitably from 0.1-70% [more suitably 0.1-65%] by weight of the
microcapsule. 30 For those cases in which the solid water-soluble
bioloecally active compound is suspended in a subAantially
water-inuniscibie liquid, said liquid maybe any liquid which does not
dissolve the compound to any appreciable extent but is a sufficiently good
solvent to dissolve the reagents or prepolymers used to form the
(non-continuous) matrix.  12 Suitably thewater-solubility of the liquid
under ambient conditions [typically 20C] is approximately 5000ppm by weight
or less. Suitable examples of such liquids are aromatic organic compounds
such as xylenes or naphthalenes; eg. Solvesso(r) 200; aliphatic organic
compounds such as alkyl esters, eg. Exxates 700 -Exxate(r) 1000, Prifor(r)
6813; paraffinic compounds, eg. the Norpar(r) & Isopar6 ranges of solvents;
alk-yl phthalates, such as diethyl phthalate, dibutylphiludate and
dioetylphthalate; alcohols, such as isopropyl alcohol; ketones, such as
acetophenone and cyclohexatione; mineral oils, eg. Cropspray(r) 7N or 11N;
vegetable or seed oils, such as 10 rapese-ed oil; and alkylated seed oils-
The liquid may be a roixbdre of more than one corapomid. Furthermore the
liquid in which the biolocally active compound is suspended may in itself
be or comprise a second biologically active compound. 15 The phase volumes
of the disperse organic phase and the continuous aqueous phase may be
varied within a wide range; typically the organic phase is present at 5 to
70% by weight; suitably from 15 to 70% by weight; and more suitably from 15
to 50% by weight based on the entire formulation. 20The liquid suitably
contains a dispersant. The exact choice ofdispersant(s) will depend on  the
choice of solid and the liquid but particularly suitable dispersants are
those which act by steno hindrance and are active only at the
solid/organic, liquid interface and do .not act as emulsifying agents. Such
dispersants are suitably made up of (i) a polymeric chain having a strong
affinity for the liquid and OD a group which will adsorb strongly to the 



25solid. Examples of disPersants which may be used inmicrocapsules
containing a solid biologically active compound. suspended in a liquid [and
which arc generally po]yt are given in WO 95/13698, and include products
available under the tradenmaes 30: Hyperrner(r), AtioxID, Agrimee and
Solsperse- In general, the range of dispersant concentration used is from
about 0.01 to abou based on the organic phase, but higher concentrations
may also be used  For the suceessfhl encapsulation of suspensions of solid
water-soluble biologically active  compounds according to the present
invention the choice of the liquid dispersant combinanion within the
rnicrocapsules is partic-ularly critical. Suitable systems include
Solvesso(r) 200 and Solsperse.17000; rapeseed oil and Solsperse 17000; a
Noiparis) 151Prife? 6813 mixture with zI9OlGsTM; and Cropepiity(r) 7N or UN
with one or more dispersants selected from AtIox(r) 4912"kdox(r) 121,
Agrime'r(r) AI,22 and         AL:30. Such combinations are particularly
suitable when the biologically active compound is thiamethoxam. Tri 5`4"-he
surfactant or surfactants in the aqueous phase of the micro apsule
suspension are selected from aMonic, cationic and non-ionic surfachmis with
an HI,B range from about 10 to about 16 that is high enough to form a sMble
oil-in-water emulsion; non-ionic surfactants are particularly suitable. If
more than one surfaerxit is used, the individual surfactants may have FMB
values lower than 10 or higher than 16. 15.Ffowever, When combined together
the overall H12 value of the surfactants may be in the range 10-16.
Suitable surfactants include polyethylene glycol ethers of linear alcohols,
ethoxylated nonylphenols, tristyrylphenol ethoxylates, block copolymers of
piopylene oxide and ethylene oxide, and polyvinyl alcohols. Polyvinyl
alcohols ate particularly suitable. 20 In general, the range of surfactant
concentration in the ocess is from about 0.01 to about 10% by weight, based
on the aqueous phase, but higher concentrations of surfactant may also he
used. 



:5Additionally, a protective colloid may also be present in the aqueous
phase. This must adsorb strongly onto the surface of the oil droplets.
Suitable protective colloids include polyalkyiates, methyl cellulose,
polyvinyl alcohols, mixtures of polyvinyl alcohols and gum arabio, and
polyacrylamide.S. Polyvinyl alcohols are particularly suitable, There
should be sufficient colloid present to afford complete coverage of the
surfaces of        oplets of the organic liquid. The amount of protective
colloid employed will depend on various factors, such as molecular weight
and compatibility. The protective colloid may be added to the aqueous phase
prior to the addition of the organic phase, or can he added to the overall
system after the addition of the organic phase or the dispersion  14 of it.
The protective colloid is generallyaqueous phase in an amount of from about
0.1 to about 10% by weiglat of the aqueous phase. Where separate
eniulsifiera and colloid stabilisers are used in the aqueous phase, the
5emulsifier should not displace the protective colloid from the surilice of
the droplets of the organic liquid. in the situation in which the
microcapsules are prepared via an inteifaiai polycondensation reaction, the
organic phase and/or the aqueous phase contains one or to more materials
which may react to form the polymer (non-continuous) matrix. In one
preferred embodiment, the organic phase contains at least one diisocyanate
andlor polyisocyariate, whilst the aqueous phase contains at least one
diarninu mid/or polyamix Any diisocyanate or polyisoeyartate, or mixtures
.thereol, may be employed, provided that 15it is soluble in the liquid
chosen for the organic phase. Where amniotic liquids are used, aromatic
lsocyanates such as isomers of tolylene diisocyanate, isomers and
derivatives of phenyfene dilsooyanate, isomers and derivatives of
biphenytene dilsocyanates, and/or polymeihylemepolyphenylerreisocyarudes
(Plv2P1) are suitable. Where aliphatic liquid:3 are used, aliphatic
isocyanates ate suitable, for example aliphatic acyclic isocyanates such
20as hexamethyleuediisoeyanate (F1114111), cyclic aliphatic, isocyariates
such as 



isophoronechisocyanate (TOT) or 4,4'inethylenebis(cyclohexyl isocyanate),
andlor trianers of 1-11+ADI or 1-PDI and the like. Polymeric
polyisocyanates, biurets, blocked polyisoc:yanotes, and mixtures of
polyisocyanates with melting point modifiers may also be used. MDI is a
particularly preferred polyisocyanate. Should other properties be 25
desired from the isocyanate such as increased flexibility, then pegylated
derivatives may he employed wherein part of the isocyanatc i3 reacted with
a suitable polyol. Such techniques and chemistries are welt !mown in the
art. The concentration of the isocyanate(s), and the ratio(s) where more
than one isceyanate is 30used, is/are chosen so as to obtain the desired
release rate profile for the particular end application. The concentrae.on
of the isocyanate(s) must also be high enough to form a (non-continuous)
matrix dispersed throughout the microcapsnles, In general, the
isocyanale(a) will comprise from about 5 to about 75%, more suitably from
about 7 to  about 30%, even more suitably from about 10 to about 25% and
most suitably from about 10 to about 20%, by weight of the microcapsule.
The diarnine or polyunine, or mixtures thereof, inay be any such
compound(s) which is/arc soluble in the aqueous phase. Aliphatic or
tilicyclic primary or secondary diamines or poiyamines are very suitable,
such as ethylene, 1,2-diarnine, diethylenefriatnine, itiethylenetetrainine,
his-(3-aminopropyrkamine, his-(2-methylarninoctily1)-methy1atuthe,
1,4-diaminocyclohexaue, 3-amino-1-methylasrAinopropane, N:ritettiy/his-(3-
arninopropyl)amine, 1,4-diamiro-n-butarie, 1,6-diamino-n-hexane and
tetraethylenepentrunine. Polyethylenennines are also suitable. The molar
ratio of amine moieties to isocyanate moieties maybe varied from about
0.1:1 to about 1.5:1. Suitably either (1) approxitnEttedy equimolar
concentrations of amine and isocyanate moieties are employed, with the
molar ratio of amine to isocyanate moieties Isranging from about 0.8:1 to
about 1,3:1, in which case the wall formation reaction is suitably carried
out at a temperature from about 20C to about 40C, even more preferably from
about 20C to about 30C; or (ii) a significant excess of isocyatiate is
present, with the ratio of amine to isoeyanate moieties ranging from about
0.1:1 to about 0.35:1, hi which case the wail formation reaction is
preferably carried out at a temperature from 2t) about 30C to about 60C,
even more preferably from about 40C to about 50C. In case (I), the reaction
between approximately equimolar concentrations of amine and isoeyanate
moieties results in the fbrmation of a polymer+. (non-continuous) matrix
which is distributed throughout the microcapsules. In caw (h.), an initial
reaction occurs between some of the ism-y.2mM moieties and the amine
moieties to fix a Moll around the outside of IS the emulsion droplets,
followed by hydmiysis and thrther reaction of the excess isocyanato
moieties to form a (non-continuous) matrix which is distributed throughout
the resultant microc.apsules. Other wall chemistries may be used, for
example polyurethanes and polyantides, by appropriate selection of wail
forming components. Suitable glycols for addition through the aqueous phase
include those taught above and which are water soluble. These may also
include simple polyhydroxylic glycols, for example, suitable dials are
ethylene 1,2-hutartediol, diethylerte giyool, tierhylerte glycol,
polyalkyleme glycols, such as 



14 polyethylene glycol, and also 1,2- and 1,3-prt. vanediel,
1,4-butanecliol, 1,64hexanediol, rteopentil glycol or neopentyi glycol
hydroxypivalate. Examples of polycls having 3 or more hydroxyl groups in
the molecule, which may be used additionally, if desired, include
triinethylolproparte, trimethylolethane, glycerol, erythritol,
pentaerythritol, ditrimethylolpropatio, dipentaerythritol,
trimethylol-benzene arid trishydroxyethyl isocyanuratc. Higher
functionality may be employed by use of the various sugars such as
fructose, dextrose, glucose and derivatives thereof It is noted that
glycols with suitable oil solubility characteristics may be introduced into
the oil phase as part of the dispersion of the solid water-soluble
biologically active compound whereby they in contribute not 10 " only to
capsule wall fonnation but also (as indicated earlier) to (non-continuous)
matrix formation. Mixtures of water soluble and oil soluble reactive
hydroxyl containing compounds are also contemplated. Polyamides may be
produced in a similar manner by selection of an appropriate acid feedstock
(such as sebacoyi. chloride). Mixtures, in any ratio, of polyareas,
polyurethanes and polyamides are also part of the present invention.
isTherefore suitably the polymeric shell is a polymer which is a pelyttrea,
a polyamide or a polyurethane or is a mixture of two or more of these
polymers; more suitably the. polymeric shell is a polyirea.  Tn a similar
manner, oil solubl amines may be contemplated as being added. to the oil
phase prior to preparation of the aqueous dispersion and thereafter a
suitable water dispersible isocyanate reactant may be added to complete the
interfacial reaction. By selection of microcapsule size, isocyanate
chemistry and concentration,amine identity and the ratio of different
isocyanate monomers andlor amines when 1110r0 than one 2$isoeyanate monomer
and/or amine is present, the release rate of the solid water-soluble
biologically active compound can be varied from a half-life [T50; the lime
taken for 50% of the active ingredient to be lost from the capsule (i.e.
released)] value of a few hours up to several months or years. It is
surptising that such a wide range of release rates is achievable for a
water-solublel biologically active compound, and it is particulady 30
unexpected that extremely slow release rates into an aqueous sink aM
obtained.  17 The capsule compositions, as produced, will be dispersions in
water...These microcapsules may be post-formulated, to stabili.se them for
long Lrrrn shelf life storage, with and-settling agents, which include
water-soluble polysaccharides 1311613 as ram gum, water-insoluble
polysaccharides such as microcrystalline cellulose and structured clays
such as bentonites. Microcrystalline cellulose is a particularly suitable
anti-settling agent. Furthermore; it is possible to add additional
biologically active compounds to the aqueous phase, either as solids,
emulsions (either as an emulsion of a compound that is liquid at ambient
temperature or as an emulsion of a solution of a biologically actho
compound in 10a suitable essentially water immiscible solvent) or as a
solution in water or mixtures of the above. The biologically active
compound added directly to the external aqueous phase maybe the same
compound as within the microcapaule. Suitably the agrochemical in the
aqueous phase has a water-solubility in the range of 0,1 to 100 g/i at
20')C; more suitably the agochemical in. the aqueous phase is a.
neonietinoid 15insecticide; even more suitably it is aCeialtdpriti,
elothiarddin; imidacioptid, thiaclopiid or thimmethoxam; and most suitably
it is thiarnethoxam. 



Where an additional biologically active compound is present in the aqueous
phase, the concentration of this compound maybe varied within a relatively
wide range. Generally the concentration of this compound will be between 0
and 50% by weight, based. on the total aqueous phase. Furthermore, it is
possible to dry such water based compositions. This can be achieved by
concentration of the water based composition (e.g. sedimentation,
centrifugation) followed by a suitable drying technique such as drum
drying. It may also he achieved by techniques such as spray-drying
[including fluid bed agglomeration techniques and similar granulation
processes] or, lithe compounds are heat sensitive, freeze drying or
atmospheric freeze drying. Spray drying techniques are preferred as they
are fast and may conveniently be applied to dispersions such as
theMicrocapsules of this invention. '110 Production, of dry product from a
water based dispersion. usually requires the addition of further inert
components to protect the integrity of the capsules during the drying
stage, ei during storage and also to allow easy complete re-dispersion of
the dry *duct back into water for application. Such inerts include, but are
not limited to, essentially water soluble -film-fonning agents such as
polyvinyl alcohols, polyvinylpyrrolidones and polyaerylic  i& acids. Other
ingredients may include surfactants, dispersants, sugars, lignosullonates,
disintegrants such as cross-iinked poly.dnylpyrrolidones and maltodextrins.
The dried products moreover, may contain other biologically active agents
that are not 5encapsulated as described above for the water-soluble
biologically active agents.               ossible to use a dried product
directly without dilution into water. Such use maybe as a granular product
in rice cultivation, for use on cultivated turf and also as a feedstock for
blending into fertiliser mixtures for subsequent application to soil, turf
or 10other targets such as rice. Suitably the dry product is granular.
Suitably the dry product is water-dispersible. The wine range of release
rates achievable with the technology of the Isinvention allows exploitation
in several applications, including traditional crop protects', outlets both
as a Lollar or a soil applied product, for use on cultivated turf, as a
seed tre,atmeat and numerous other applications such as protection against
termites and as a long-lasting residual spray for general pest control. In
a still further aspect of the invention there is provided the use of a
composition as 20described herein for the protection of industtial
materials (referred to as "materials protectioni. Suitably the industrial
material to be protected is selected from the group consisting of: wood;
plastic; wood plastic composite; paint; paper; and wallboards. The
protection may be in the form of a product that deters, repels or kills an
attack of a target, such as in the area of termite protection, or house
protection against invasive insect 25species, a barrier can be places
between the article to be protected (cg a building) and the external
envirohment in which the pest species normally resides. 



The tem "Industrial Material" includes those materials used in construction
and the like. For example, Industrial Material fluty be structural tim'oer,
doors, cupboards, storage units, carpets, particularly natural fibre
carpets such as wool and hessian, plastics, wood 30 (including engineered
wood) and wood plastic composite.       In a particular embodiment the
Industrial Material is a coating. "Coating includes compositions applied to
a substrate, for example, paints, stains, vanishes, lacquers, primers,
semi-gloss coatings, gloss coatings, flat coatings, topcoats,
stain-blocking coatings, penefrating sealers for porous substrates,
concrete, marble, elastomerie coatings;  19 mastics, +E.aulks; sealants,
board and panelling coatings, transportation coatings, furniture coatings,
coil coatings, bridge and tank coatings, surface marking paints, feather
coatings and treatments, floor care coatings, paper coatings, personal care
coatings [such as for hair, skin or nails], woven and non-woven fabric
coatings, pigment printing pastes, adhesive coatings [suit as, lbr example,
pressure sensitive adhesives and. wet- or dry-laminating adhesives] and
plaster.      Suitably "coating" means paint, varnish, stain, lacquer or
plaster; more suitably "coating" is a lacquer or alternatively "coating"
may mesa paint. Paint May comprise, for example, a film firmer and a
cattier (which carrier can be water and/or an organic solvent) toand
optionally a pigment.      In addition to this, "industrial Materiaincludes
adhesives, semants. Joining materials, joints and insulation material.
"Wood" is to be understood to include wood and wood products, for example:
derived timber products, lumber, plywood, chipboard, flakeboard, laminated
beams, 15 oriented strandboard, hardboard, particle-board, fropicai wood,
&natural timber, wooden beams, railway sleepers, components of bridges,
jetties, vehicles made of wood, boxes, pallets, containers,
telegraph-poles, woodeti Fences, wooden lagging, windows and doors made of
wood, plywood, chipboard, joinery, or wooden products Which are used, quite
generally, for building houses or (leas, in building joinery or wood
products that are o generally used in house-building including engineered
wood, construction and carpentry. "Industrial Material" also includes
wallboards such as gypsum based wallboards.      In a still further aspect
of the invention there is provided "Industial Materials" comprising a
composition as herein described. In a particular embodiment said Industrial
materials are selected from the group consisting of: wood; wood plastic
composite; paint 25 paper; and wallboaxds. In a particular embodiment said
Industrial materials comprise wood,       Examples of ways in which an
Industrial Material can be treated with a product according to the
invention are: by including said product in the Industrial Material itself,
absorbing, impreating, treating (in closed pressure or vacuum systems) said
material 3Q with said fungicide, dipping or soaking the building material,
or coating the building material for example by curtain coating, roller,
brush, spray, atomisation, dusting, scattering or pouring, application. 



The use of slow releasing mierocapsules allows for an extended period of
biological control compared to non-encapsulated formulations, and for soil
applied products the extent of leaching may also be reduced by the use of
such inicrocapstiles; the latter is particularly relevant for the active
camipounds disclosed within this invention, whereby their substantial water
solubilityrenders them prone to leaching when applied in an
non-encapsulated form, In the particular embodiment where the microcapsules
are suspended in an aqueous medium comprising a suspension of
non-encapsulated biologically active compound, both rapid knockdown
activity and an extended period of biological control may be achieved,
particularly for insecticides. Other utilities include incorporation of
such products into materials where a slow release of a water soluble
material is desired, Such as for treatment of water bodies and addition to
Centre pivot irrigation systems where high volumes of water rapidly leach
active materials. The imicrocapsule suspensions thus produced may be
utilized in the normal fashion of 11products, i.e, by packaging the
suspension and ultimately transferring the suspension into a spray tank or
other spray equipment, in which it is mixed with water to form a sprayable
suspension, A range of application techniques may be utilised for the soil
application-of such rnicrocapsules, including orc-planting and
post-planting applications either as a dilute spray or as a inure
concentated drench, including direct application into za the planting hofe
Application may also be made to seedling mays etc. prior to transplant, For
termite protection, the :microcapsules c.,,f this invention may be applied
as a Soil drench underneath the foundations, as a perimeter 'trench and
treat' barrier around the outside of the foundations, or applied directly
onto concrete. Alternatively, the suspension of microcap sules may be
converted into a dry m ic-rocapsulc product by spray drying or other 25
:mown techniques and the resulting material packaged in dry form. It will
be appreciated that there are many aspects to the presentIn one aspect it
relates to a microcapsule formulation in which microcapsules comprise a
solid water-soluble, biologically active compound dispersed in -a
(non-continuous) matrix which is at 30least partially solid and which is
distributed throughout the rnicrocapsules. In particular it relates to a
product comprising microcapsules which themselves comprise (a) a polymeric
shell; and (b) a core which comprise 1, a solid agrochemical dispersed in a
matrix and (ii) a water-  21 immiscible liquid characterised in that the
matrix is distributed run-continuously throughout the water-immiscible
liquid. Further aspects and preferences are given below. A uncrocapettle
formulation in which microcapsules compiiae a solid water-soluble,
biologically active compound dispersed in a (non-continuous) matrix which
is at least partially solid and Which is distributed throughout the
/Mem:apt:dos, in which the microcapsules are suspended in 211 aqueous phase
during their formation. IQ A aderocapsule formulation as described above
*herein the water soluble biologically active compound is a solid at.
ambient temperature and is dispersed in an organic non-solvent within the
capsules. 



A microcapsule fornmlation as described above and a process as described
above fbr is making it in whidi a monomer is present in the disperse phase
and is caused to undergo polynkrisatiuil to than the (non-continuous)
matrix. A zniaccapsule forimilation as described above wherein a water
immiscible liquid is a vinyl containing reactive monomer. A mierocapsule
fommlation as described above and a process as described above for rnaldng
it in which the water-soluble, biologically active compound is dispersed
witinn. a liquid in. which a reagent is dissolved, and in which the liquid
and reagent are caused to react to form the (nom-continuous) matrix. A
mierocapsule formulation as described above wherein a water immiscible
liquid is a reactant with a second reactive species by which a
(non-continuous) matrix is formed. A roicrecapatie tbmailation as desetibed
above in which the water-soluble, biologically active compound is dispersed
within a substantially water-immiseible liquid which is retained within the
microcapsule, A microcapsuie formulation as described, above in which the
substantially water-immiscible liquid. is or comprises a second
biologically active compound,     A .rnicrocapsule formulation as described
above in which one or more biologically active compounds ia1are present in
the continuous aqueous phase [either as a solid dispersion, a 5liquid
dispersion or as a solution in the aqueous phase]. A nticrocapsule
formulation as described above in which the biologically active compound
which is present in the continuous aqueous phase is the same water-soluble
biologically active compound as the one which is dispersed in the
nalcrocapsules. A microcapsUle formulation as described above in which the
water-soluble, biologically active compound is a pesticide. A microcapsule
formulation as described above in which the pesticide is thiamethoxam. The
use of a imicrocapsule formulation as described above to control the
release rate of a pesticide thereby providing an extended period of
biological control.      The use of a microcapsuie form ation as described
above to control the release rate of a 20pesticide thereby providing a
reduction in leaching of the pesticide, A rnicrocapsule fomudation as
described above wherein the formulation is water based (capsules dispersed
in water). 2.5 .A microcapsule formulation as described above where the
formulation is a dry product, 



produced by a drying process such as spray drying or freeze drying or by a
suitable concentration procedure and final drying.    A :trticrocapsule
formulation as described above where (non-Continuous) matrix-forming 30
compound (suitably a polymer) is caused to separate within the miaocapsule
by removal of a volatile solvent foithat compound. The use of a
microcapsuie formulation as described above to improve safety of a
biologielly active ci ompound either to the manufacturer, user or the
environment.  A process for forming a microcansule formulation as described
above in which the (non continuous)matrix is prepared either before the
capsule, during capsule preparation or after uapsule 'Lepa:rat:on,. A
process for forming a microcapsuie formulation RS described above in which
the (non-continuous) matrix is formed by an interfacial. polycondettsation
reaction, A. process as described above in which at least one reagent for
the polyeondensation reaction is present in the dispersed [organic] phase
and at least one reagent for the polycondensation. reaction is present in
the conthawils [aqueous] phase. 10 A process as described above in which
the reagents for the polycond.ensation reaction are only present in the
dispersed phase.   The following examples are given by way of illustration
and not by way of limitation of the invention, in which. many capsule
samples are characterised by their VMD [Volume 15 Median Diameter].
Ex2un.ale1a-lw The following examples demonstrate that a suspension of
thiamethoxam panicles can be sneeessfidly encapsulated within polyarea
microcapaulos, the (nomoontirmens) matrix 20 within the capsules being
formed at ambient temperature from the reaction between essentially
eqtrimolar concentrations of isocyanate and amine moieties, Such
forandations are not trivial to prepare successfully due to the high
water-solubility of thiamethexaM  (4,1g11. at 20'C) which means there is a
tendency for the particle's of thiametboxam to migrate into the aqueous
phase during the emulsification processduring the 25):m3 anon of the
(non-continuous) matrix. Thiamethoxam was encapsulated using the following
process according to the recipes given in Table 1. An organic.phase was
prepared by the addition of one or more isocyanates to a finely ground
suspension of thiamethoxam in a substantially water 30immiscible solvent.
This was ennitsifil into an aqueous solution of polyvinylalc.ohol to obtain
the desired particle siz. Then a. solution of a polyilmetional With= was
added, and the wail formation reaction was allowed to proceed at ambient
temperathe, maintaining gentle agitation throughout. Finally,
post:formulation (adjustn3.ent to neutral pH and addition of arttisettibg
agents) was carried out as required,  



24 Rapeseed o:il (from Brassies rapa) was sourced from Fluka. Sollvesso'
200 is an aromade hydrocarbon solvent supplied by Exxon. Ctopspia.y 7N is a
mineral oil supplied by Sun Oil Company. Norpar 15 and Rd lc r(r) 6813 an
paraffinic solvents supplied by Exxon, 5SeAsper:se 17000 is 's pa/picric
dispersant supplied by Lubrizol. Z19046511v1 is a polymeric dispersant
supplied by Erni-fins Agrimer(r) AT 22 is an allaylated viny-lpyrrolidone
copolymer supplied by ISP. Desmodur(c) Z4470 is the trimer cf
isopItcronediisocyanate supplied by Baye:r as a 70% solution in naphtha
100. 10Desruodut(r) IV is 4,4'-inethyleuebis(cyclohexyl isecyanate)
supplied by Bayer. TOT is an 80:20 mixture of tolylene 2,4- &
2,6-diisocyanate, supplied b> Sigma Aldrich. Supraseel 5025 (polymethylene
polyplienytene isocyanate) is supplied by Huntsman. Gohscuoi (11,03, G1.05
and GM144. are polyvinylalcohels supplied by Nippon Golasei.
Polyethyleneimine (Mri-600 [Mn is number average molecular weight],
Pyl.Wt.-800 Is Dattons) is supplied by Aldrich. A.vicel CL611 is a
microetystalline cellulose supplied by FMC Kelzan is a xanthan gum supplied
by CP Kele. After sample preparation, each sample was characterised by
mnsuflng its VIVID    Examples 2a -  The following examples demonstrate
that a suspension of thiannithexam particles can he encapsulated within
polyarea microcapsules, the (non-continuous) matix within the 5capsules
being fanned by a combination of isocyanate hydrolysis and
self-condensation,  and the reaction between isocyanate and amine moieties
added through the aqueous phase. In these examples the molar ratio of the
externally added amine : isooyanate moieties is significantly lower than
1:1. Such formulations arc particularly difficult to prepare successfully
due to the elevated tenapetratures utilised during the formation of the
(non- 



10 continuous) matnix; it is important that a shell is fixed around the
outside of the emulsion droplets via initial reaction between the amine
moieties and some of the isocyanate moieties to prevent excessive migration
of thiamerhoxam particles into the aqueous phase. Tbiamethoxam was
encapsulated using the following process according to the recipes given in
Table 2. An organic phase was prepared by the addition of one or more
15isoeyanates to a finely ground suspension of thismethexam in a
substantially water immiscible solvent. This was emulsified into an aqueous
solution of polyvinyl-alcohol to obtain the desired particle size. Then a
solution of a polytnictional amine was added, the temperature of the
emulsion was raised to 40t and this temperature was maintained :for 3 hours
to allow the wall formation reaction to proceed, ruin itaining gentle
*taunt/ zOthroughout, Finally, post-tbrauxiation (adjustment to neutral pH
and addition Of atnisettling agents) was carried out as required. Each
sample was then characterised by measuring its VIVID Table 2            







Component (g/1)   2b       Thiametboximi75 Soisperse 170001,6.3     







tExample 3  The following example demons ates the combination of an
encapsulated suspension of thiamethoxam with a suspension of =encapsulated
thismethoxam in the aqueous phase. Microcaoaules containing a suspension of
thiaruethoxarn were prepared according to the method detailed in example 1,
according to the composition in Table 3. The capsule fbramlation was
characterised by measuring its VIVID. The microcapsules were then mixed in
various ratios with Cmiserni 350FS (a suspension concentrate containing
350g/1 thiamethoxarn) to give final products with ratios of encapsulated to
=encapsulated tothiarnethoxam of 1:1, 1:2 and 2:1 by weight (examples 3a,
3b and Sc respectively). Table 3 Component (girl) Tbiamethoxam 75 Solsperse
17000 7.5 Rapeseed oil 782 



Desrnodur Z4470 SN 64.3  Gohsenol GL.03    Diethylenetriamine, 6.3  Avicel
CL6I 110  Water VIVID/(p.m) To Mire  -4.0.4  28 Example 4 



The following example demonstrates that microcapsules comprising a
suspension of thh3methoxam particles can be spray dried to give a dry
granular product Microcapsules comprising a suspension of thismethoxam
particles were prepared according to the method described in Example 1,
using water plus the ingredients given in the -recipe of Table 4 below
[later the water WII3 removed to give a formulation having the recipe of
Table 4]. Then this rnicrocapsule suspension was mixed with an aqueous
solution of polyacrylic acid (MW 2000), dextrin and Polytbnim T (sodium
lignosulfonate supplied by MeadWestvaco) to give a spray slurry. The shiny
was spray dried ha a Pepiirm ItVG4 spray drier to give a dry ranularproduct
with the following composition; Table 4     Example 5      The following
example [using the products from Examples la to 11] demonstrates that
isencapsulation of a suspension of thiamethoxam particles allows control
over the release rate of the pesticide into water, with T50 values across
the range from a few hours to several years. Release rate-measurements into
water were carried out according to the followingnicthodole2y. A capsule
suspension was diluted into deionise,d water to-give a 20concentration of
typically 0.01%w/w thitirnethoxant (Le. well below its solubility limit),
29 This dispersion was rolled continuously for up to 4 weeks at 20c'e.
Aliquots were taken at various timepoints, filtered through a 0.45pr:tatter
to remove the intact capsules, and then analysed for thiatnethoxam. The
results obtained are shown in figure 1. Example 6  The following example
rasing the products from Examples 3a to 3c} illustrates that varying the
ratio of encapsulated to =encapsulated thiamothoxarn allows the release
rate profile to he fine tuned. to give a desired amount of freely available
thiamethoxam followed by a slower release of the remaining active
compound... The release rate methodology is as described in Example 5; the
results are given in Figure Example 7 The following example [using the
products from. Examples Is-iv] demonstrates that encapsulation of a
suspension of thiamethoxam particles allows extended control over the
release rate of the pesticide into soil when applied as a seed treatment
(compared to nom encapsulated thiamethoxam as Cruiser SFS (a suspension.
concentrate containing 5000 



t5 thiamethoxam). The microcapsule suspensions were mixed with a coating
polymer Spectrumml 300C and applied to maize seeds in a seed treater so as
to give a loading of  I.25rag thiamethoxam and 0.625mg Spectrum 300C per
seed, The treated seeds were placed on approximately 80g soil in a Buchner
funnel (pore size 2, ilcm diameter) and covered with an additional 15g soil
and a. filter paper. Fixed amounts of water (70m1, 40m1, 40m1, 40mE, 60nd,
100.1n1) were sprayed onto the filter paper, and the eltient was collected,
weighed and analysed for thiametboxam content; results are given in Figure
3. Example 8 The, following example demonstrates that encapsulation of
thiatnethoxam can result in extended systemic biological control when.
applied, as a. soil insecticide (compared to non-encapsulated
thiarnethoxam). Mierocapsule suspension [from Example la] and Actara8 WO
[25% 1)cm-encapsulated thiamethoxam, by weight] were each individually
applied to cucumber plants (variety Sakarta) at a rate of Stag
thiamethoxam. per plant. The application was carried out directly in the
planting hole immediately before planting a seedling (the microcapsulm were
diluted in 3nal water and Actare WO was applied dry). The plot was
irrigated before application and transplantation to reach field capacity,
then irrigated with water [6rtimim2] every second day following
transplantiom Every 2-3 days, the two youngest fully grown leaves were
picked, and one leaf disc was punched out from each leaf (taking 4 plants
per sampling time., using different plants for each sampling).  30 The leaf
discs were exposed to approximately 25 adult whitefly c:Bemistet tabaci)
and cultivated in a Petri dish of 2% Agar get Mortality was assessed after
72 hours, Fully grown leaves continued to he picked until a day was reached
when the measured mortality fell below 60%, As the table below shows, it.
was found that a 35% increase in persistence 5of bioefficacy of
thiamettioxam was observed in the microcapsule suspension, in compared to
the non-encapsulated standard, Persistence of bioeffleacy vs, Bemisia
tabaci Formulation Persistence of bioeffieacy > 60% Actara17 days Example
la I23 days Elample 9 The following example demonstrates that encapsulation
of thianietboxam can result in reduced leaching when applied as a soil
insecticide (compared ro non-encapsulated thiamethexam). Micro.capsule
suspensions [pmducts from Examples Id, k and II] and Actsau.0 WG [25%
non-encapsulated thiamethoxam, by weight] were each individually applied to
cucumber plants (variety Sakarta) at a rate of 5ing thiamethox am per
plant. The application was carried out directly in the planting hole
irnarriWely before planting the 15seedling (the micro-capsules were
diluted, in 3rd water and Actara6 WO was applied dry). The plot was
irrigated before application awl transplantation to reach field, capacity,
then irrigated with water [6mmim2] every second day fallowing
transplimtation, After various time intervals, soil cores were taken to
depths of 0-18ern and 18-36cm. directly below the plants (four cores per
sampling time) 100g of the soil. was placed in a beaker (2 



rePacates) and. made up to an overall volume of Mm1 with water. The
slurries were stirred, then left for 30 minutes to allow the soil to
sediment, Then 2,5m1 of the supernatant was taken from each subsainele and
recombined (4 replicates); broad. bean seedlings infested with Aphis
craccivora were cultivated in the supernatant and mortality was assessed
after 72 hours. Up to a 3-fold reduction in leaching was observed for
encapsulated formulations of thin:berm-1 (compared to the non-encapsulated
standard; see data below, where DAA .,-- days after application). %.
mortality of Aphis araccip ara (soil water from 18-36em depth)   31 Trial
P2% mortality (17DAA) 1 Aetara Vie 59 Example It 19 at:391e;21 , Example 10
This example (ham:castrates that encapsulation of thiamethoxam [using
products from Examples lc and Id] can result in extended biological
control. \then used as a termiticide (compared to non-encapsulated
thiamethoxam; Actara(r)WG (25% non-encapsulated thiametboxam, by weight]).
A traditional concrete slab study was carried out according to the
following methodology at a trial site with a heavy infestation of
Coptotermes ourvignatints. The ground was cleared and wooden frames were
installed around. the individua1 areas to be (mated (5 replicates per
treatment), 'The ground was drenched with the termitioide treatments
(thiamethoxam at either 0.1% or 0.2%) at an application volume of 13
littesira2 and the treated soil was covered with a vapourharrier (with a
pipe cut into the bander to expose a portion of the treated soil). Then
concrete was applied on top of the vapour barrier. A wooden block was
inserted into the pipe, and the pipe was sealed with a Iscap. Assessments
of termite damage to the wooden block were made at monthly intervals,
replacing the damaged blocks with. new blocks at each assessment point. -In
this trial (where any Wood Damage Index (WD1) value above 1 represents a
failure of the treffiment), it was found that the non-encapsulated standard
of titian:ethos.= failed at both 0.1 and 0 2% treatment rates of
thia.metboxam after 10 months, However, encapsulated formulations showed no
failures at either tbiamethoxam rate after 12 months. TerErthe damage as
assessed by INN (scores oyet S replicates)   



02% WDI (10monals, Al) Actara Wu 1, 2, 17,-1-, I Example lo 1, 1, 1, 1, 1
Example ld 1, 1, 1,   32  



Example 11  This ex,mple illustrates that encapsulation of thiamethoxam
[product of Example liJ can result in greater biological efficacy when used
as a seed treatment, particularly under conditions of high pest pressure
(compared to non-encapsulated thiamethoxam; Cruiser(r) ES). Thiamethozam
formulations were individually applied to maize seeds at a rate of I.25mg
Mkt/lather-am per seed & tested for efficacy against corn rootworm
(Diabrotica spp.) at several field locations. Thc experimental design was a
randomized complete to block with 4 replications. Bach plot consisted of
four 35-seed rows, 5.3m in length, planted using a 4-row cone planter.
Planting, cultivation, fertility management, irrigation and harvesting
varied among locations based on local corn management practices. Seedling
emergence was evaluated by counting emerged plants in the centre two rows
at 14, 21 and 28 days after planting. is Evaluation of corn toetworm dmnage
was made when it was estimated that rootworra feeding was finished, when
most of the observed larvae, in soil samples from the root zone  were third
in-star larvae [ie, nearing maturation and no longer feeding on tt ma Five
plants from each of the outer two tows of each plot (total of 10 plants/
plop were dog up and washed to remove attached soil. 20 Root damage ratings
for all locations were performed according to the-Node-Injury Scale
(Oleson, SD. et al. 2005, J Econ Entomol 93(1): 1-8):no feeding damage,
l=one node or the ecinivalmat of an entire node eaten back to within
approximately 2 inches (5 um) of the stalk, 2-=two complete nodes (or
equivalent) eaten, 3 =three or more nodes (or      equivalent) eaten.
Damage in -between complete nodes was noted as the percentage, of the -
2:3node eaten. The rating for each plot/rep is the mean of the 10 harvested
plants. Efficacy against corn rootworm as assessed using the linear root
rating scale (a lower number equates to less root damage)   Cruise F
Example  Root ratingal pest pressure:) 0,9 0.7 



AMIA I. A product comprising microcapsules which themselves comprise (a) a
polymeric shell; and (h) a core which comprises (I) a solid agrochemical
dispersed in a matrix an (if) a water-inunisrible liquid characterised in
that the matrix is distributed non-continuously throughout the
water-irmniscittle liquid, 2. A product as claimed in claim / where the
agrochemical has a water-solubility in the range of 0.1 to 100 el. at 20C.
103. A product as claimed in claim 2 where the agrochemical is a
neonictinoid insecticide. 4, A. product as claimed in claim 3 where the
agrochemical is acetannprid, clothianidin, imidacloprid, thiacloprid or
thiame,thoxam. 5, A product as claimed in claim 4 where the agrochemical is
thiamethoxam. 6., A product as claimed in any one of claims Ito 5 where the
microcansales are dispersed in an aqueous phase. 7, A product as claimed in
any one of claims Ito 5 where the product is a dry product. 8. A product as
claimed in claim 7 where the thy product is granular. 209. A product as
claimed in claim 7 or & where the dry product is water-dispersible. 10. A
product as claimed in claim 6 where the aqueous phase comprises an
agrochemical. 11. A product as claimed in claim 10 where the agrochemical
in the aqueous phase has a water-solubility in the range of 0.1 to 100 gil
at 20t. 2511 A product as claimed in claim 11 where the agrochemical in the
aqueous phase is a neonictinuid insecticide. 13. A product as claimed in
claim 12 where the agrocthernical in the aqueous phase is acetarniprid,
ciothianidlm huidacloprid, thiacloprid or thiamethoxesa. 14. A product as
claimed in claim. 13 where the agrochemical in the aqueous phase-is
thiamettoxam. 



15. A product as cited. in any one of the pramiitig claims where the matrix
is a polymer which is a polyurea a polyamide or a polyurethane or is a
mixture of two or more of these polymers. 16. A product as claimed in claim
.1.5 where the matrix is a polryurea.  34 17. A product as claimed in any
one of the preceding claims where the polymeric shell is a polymer which is
a polyurea, a poiyamide or a polyureau3ne or is a mixture of two or more of
these polymers. 18. A product as claimed in claim 17 where the polymeric
shell is a polyurea. A product as claimed many one of the preceding claims
where the water-immiscible liquid has a water solubility of less than or
equal to 5000ppra by weight at 20C. 20. A product as claimed in any one of
the preceding claims where the water-immiscible solvent is or comprises an
agrochemical. 1021. Use of a product as claimed in any one of the preceding
claims to combat or control an agricultural pest which comprises applying
to thc pest or to a locus of the pest, a pesticidally effective amount of
the product. 22, Use of a product as claimed in claim 21 where the pest is
a termite 23. Use of a product as claimed in any one of claims 1 to 20 to
control the release rate of a solid agochemical. 24. Use of a product as
claimed in any one of claims 1 to 20 to reduce the amount of a solid
water-soluble agrochemical that is leached through soil. 25, Use of a
product as claimed in any one of claims 1 to 20 in seed treatment, 26, Use
of a product as claimed in any one of claims 1 to 20 to provide materials
protection. 27. A process for prepating a product as claimed in any one of
claims Ito 20 comprising the step of interfacial polymerisation of an
oil-in-water emulsion in which a solid agrochemical is dispersed. within
an. oil. 


