FORMULATI ON This invention relates to novel m orocapsul es which conprise a
solid water-soluble, biologically active conpound dispersed in a
Mon-conti nuous) matrix which is at least partially solid and which is
di stributed throughout the xiiicrocapsules, and processes for the
preparation. and for the use of such merocapsnles, Inparticular it o:lates
to a product comm sing m crocapsul es which thensel ves conpri se (a) a
pol ymeric shell; and (b) a core which conprises (0 a solid agrochenical
di spersed in a matrix and (ii) a W?.égﬁ&l mm sci ble liquid characterised in
that the matrix is distributed non= |y throughout the
wat er-imm scible Iiquid. Mcrocapsul e technol ogy has been in existence for
a nunber of : ; es _have a variety of uses, especially for
cont ai ni ng drgfsg‘%lmﬁ'l?glr eq%%(e%?n&?:‘}aé mlrcg’%p@ﬁlf%‘f"hli OFRFPrercelid Welgtspluble | avouri ng
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appl i cs. . t i ePFSPHBIOR 2 fer thpugsroftuet tionoapmmibs plnghessinan@]atep idyeds: out | et s,
and may be afpinrgids Mk I, £ t hods. such as foliar sprays, soil
application né}nalggighecgoéggsyggﬁv%%hg&w%ﬁegﬁori’%’rs?rul ations allow the rel ease
rate of the @ypeRlvessicedl end be control | ed over a desired period of time and
fl nd appl i cab) 9&se B .ar _insect .control, as. teriniticides,
resi dual sp?g) 8, LTt _%ggeﬁg}%tgg&héiﬁaémgsesﬂg% GRS AR i Shyy¥aterot her s) .
10t o corbta $ible jiquid chypgerivedringbat themuhings gislaibetedudajeatinb@l@ r ange of
envi r onment ahrobgetiolSwhighidcilldyid N @ reduction in efficacy of the
formulation, including mt-off and | eaching fromsoil (Wiich nmay lead to
groundwat er contam nation), raM astness and wash-off from seeds;

wat er - sol ubMicaeipisve teClORReY LD if ofR@khdeGiH %Jn%é ble tq such |osses,
30 The micrgcapsui.e t%rs i nvention are use Gl‘)rlsolf'?é(;ag?té%lﬁ?? c1?Sng t he

s of
rel ease rate o ‘{3ﬂgtY§g\|lSF§3| eSRatielhEBY comtatning dypsoipke shdnyicahoagants, conpound, wher e
the bi oli6gi pbrtugocuiitalsy BrveQIMAUiasSa mAEShiIRE b IRARMEYL |, sai d are
particularly | C?Jeg (gagtor. control i ng the releasé Tnto any’, medi um where
water is preséent. R iolry Fsertigipebtrbicidarant yhedikei ve conpounds into soil The
m crocapsul es are even nore particularly usethl for controlling the rel ease

of water- gp sti.ci dai active conpounds into soil with a high
noi st ur e contlcerﬁgcéki{ghgte(fg’gﬂ‘l’lfmoﬁo eTpigis TRY be exploitsdiin g sliderangerof gat i on, A
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25 In commercial use, agrochemical products are subject to a range of environmental factors
which result in a reduction in efficacy of the formulation, including run-off and leaching
from spil (which may lead to groundwater contamination), rainfastness and wash-off from
seeds; water-soluble active compounds are particularly susceptible to such losses:

30

The microcapsules of this invention are useful for controlling the release rate of the solid
water-soluble biologically active compound, where the biologically active compound is a
pesticide [agrochemical], and are particularly useful for controlling the release into any

. medium where water is present, eg, release of pesticidally active compounds into soil.

The microcapsules are even more particularly useful for controlling the release of water-



10when formul ated -together with fertilisers as a granule, or applied
directly to turf by an appropriate application nethod and which is then
subj ected to high levels of irrigation (as conmonly enpl oyed on

gol f-courses); use of such products for the protection of seeds where
applied prior to ansing and conbined with appropriate inerts to provide
efficient coating of the seeds; and ugse of such a product to provide a

I onger | asting residual dep05|t 15where a long |l asting deposit nay be
requi red. Sewehible pesticiaibylaggieesmpoumdciotmyoihivith Knighmodsrezentag atisbutofi N t he
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encapsul at i Of}a@ﬁauaﬁ&%ﬁbﬂﬂ cals is interfacial polynerisation in which the
wal I s of the m crocapsules are generally forned of polyneric materi al
produced by a pol ymerisation reaction which preferably takes place at the
i nterface betswﬂmestd{\@M%hcm%hﬁéseﬁs%dﬂﬂyﬁ%tb@pP ggnl%P %se of
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blologlcally a ive conpounds in organic solvents or [iqul oglcally
active conpolHte! Hrumeiotis of Bich a preduchtosigreaseidic paviog af penfornaaseeirettfs WO

95113698,10 EPwR 3040 1atcd Sy saRPRRH Briafaths 5&&%&5&1@&&%&9@&8&%% whi ch are
fully incorporated herein %@Bﬁﬁlﬁ{ ence). Processes
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in water or bI e. sol yen ri of to encapsul ation It has now
been found t %"Q}tpﬁﬁ spri% SPBIte 2pp° éfﬁ?ggsg'&ﬁaﬁpéop%ﬁﬂmpé?wd&ﬂf%
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wat er - i rggn s‘%épé ?109?3&8 d%;(_s)l‘{‘h H%t he Ql ologically active compound is

di spersed in a (non:con PR %whi oh is at |east: payday solid and
Which is distributed throughout the rniaocapsules, In one parti cul ar

ezabodi ment , aix is farme terfacial
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matrix 1& mmaﬁﬁulﬁfsub&Fstwﬂnbmcemﬁukamw@mmemdab lm‘erfMpslwnwahmhhet t han
bei ng rest riwtiddnd RailsRethi Hﬁ&&faﬁﬁfes aftde e?aj@%?ﬂ&%@l)%’ oﬁ}%&chmte&at Qc?du@rcf or art.

There are sever a} pr.obl ens nmust ver co ces:rail
encapsul at i o¥ *8P Yaleg%ﬁb%qﬁehwmhwﬁr@bptakes Rlagssat Wietitiprfacabetivesmswpsul e f or ned

by interf acmahsespﬁémﬂl?ﬁi aﬁﬁ&du@ﬁhals%}fd a%té?lulnmis&bté%g%ﬁmgﬁﬂé STRR: s | Y, @

stabl e suspg}nm 8 sol.id_in a substanti al ter-inn-ni'ser:, liquid
nmast be prodG&Egice #Olalaé’ff’éfir"é‘éﬂlﬂ?nBlFlo%Eﬁm%Féﬂ%lﬁ@WIénﬂ@@demﬁlﬁéy nust not
interfers with any further processes of di sperS| on used in making

m cr ocapsul Secq t he . suspen3| on nust be dispersed in water to
produce st a?\?mmca Ts“d%/ L FAPEE TRrEAne Phass, sugentions iof sl plodasicalie

subst ances, aitive comgnedsdn alphsic kdveAB\ liyigd Moﬁ@i@éﬂ adﬁ&&bﬁb&m@é arb k&tHrd

di d h h I
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whi ch woul d6ﬁk§ﬁa1, ﬂte@mhtelﬁaécfmolﬂréfmﬂydibﬁl’@bx&ﬁe&hﬁ:ﬁﬂb?tdferérﬁk)@ase the solid from
suspensign. Surfactants are usually required, to achieve good dispersion
and stable droplets. Thirdly, the presence of one or nore surfactants nmay
make the di Spesssesdordhapicaeneysiation ofedtekbblabidldghelplenomapeind@bephase
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or a water-miscible solvent prior to encapsulation.




Fourthly, the solid suspended in the water-inmmscible liquid is liable to
mgrate to the aqueous phase, particularly when eraul sifythg surfactants
are used. The last three of these problens is even nore challenging to
overcone for the encapsul ation of water-soluble biologically active
conmpounds, and it has been found that nodifications are required to the
procedures described in patent docunents WD 95/13698, EP 0730406, ITS
5993842, 11S 6015571, US 2003/0119675 said TB 2000247821 for the

encapsul at i o? of suspensions of water-insoinhie conpounds. It has now been
found that i t*He8nqy6acsn fruad thet ipis persibvle tnrrpohpsbiitsatwispioble bologidse a sol i d
wat er - sol ubl ectivBic@hRethdsaitidh ACdil gt rsed. i. non- cont i nuous)
matrix winch s at .ﬁﬂggst_ patti%%pﬁgeggg?%&g%%fy |$5hmm53°1@?§133%‘?’%‘tv@8h

t hr oughout : t H& YRS BEAFEUF exsponrsia disrsrsed 0 & (nbrasontieens) fratrixdvitidtait at he r el ease
rate of the BeabaghlGabliyaRGiides GRADAUHGAR.PE YAl sd, Qver an extrenely

w de range; surprisingly-very slowrelease rates 1n & aqueous nedia are
possi bl e despite the water-sotubility of the conpound. This confers useful
benefits to prodpatiGilitlenbédingg, M&-E&%‘Hﬁ&k)%&ﬁi%@%e&’ﬁ%%x?x%'rtfa&tll €
technique for .the fbnnation of said mcrocdpsules Is 1ntertaci af

pol yneri sat | SR O NQI{LH:W@W@@W@%W, thyigeljsk watirnglile bichigsaltesul t s i n
t he formati ostiod mpetiay ek émnﬁgﬂ{\mggmoy@ﬂs IARTY AT ol q! tri ed

t hr oughout tiﬁﬁ%iﬁrﬁﬁﬁgﬂ?ﬁ'cs’ rat her than l%i!}{ﬁi@%%g{lg %ot%%}g
interface, as 15 ¢c8 FUYTSGHE mi the fPReatioR poi polimeer fOnThrsinnous) metEps Ul es nay
be produtkd wisehiy dishibubotbkaghangihaetdodphagyanh SRR bhing r%@@&"{d&ﬂ&l the solid
wat er - sol Ub'i*?ted%jeofis%géoca» | a]fg%i_v co,r‘rlpound with the required particle

si ze, suitably by a ni Wroﬁétﬁ) ‘PRSP &hi t abl e Vol ume Medi an Di anet er
[-VMD] particle size of the solid is 0.01-50p,m nore suitably the | ower
[imt is 0. 50 note.suitably the lower limt is 1,0p,m nore
suitably t h?hﬁfé;%eeréﬁq?ﬁ%%ﬁéns M P eV EAS D oi the e epileneameulefispedt al i mi t i s
5p.m Step 2uspersipned palidpgrticlhewsioh b.dniawda.pmﬂdsﬁhh&d%?dnt@fa@ilaﬂgﬂgﬁﬁelﬂséﬁonact ive
conpound;ssulgtant jndl ¥ e %i’%ﬁ.’i nmmiscible 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 capabl e of

keepi ng t herpgaly ne L gusd’ . Whi oes not, al.l the solid to be
extracted into }Jt hg%%%ﬁm\%\l,h%#tg%%ﬂéu ap)sélﬁg?"gﬁ‘ﬁY?QﬂSIW*?g’g%@ TP BEwater. In
addi tion, V\H’é"ﬁ“‘teﬁeImeéﬂ%ﬂlrfapi@ntaddeebdt theyvahe hot itith@erelwRPafySanker MUst not

al | ow phasepjfoeégggss,kg@pek@onqg%makm éhérﬁ{ ngltlésyel y, the procedures of steps 1
and 2 gy be varied by performng R ng

Secondly, the suspension must be dispersed in water to pfoc}uce stable, well dispersed
droplets. For biologically active substances, it is preferable to have very small droplets of
liquid dispersed in water so as to present a high surface area of the resulting
microcapsules. To produce very small droplets requires high shear forces which would

25 tend to break down the droplets and/or release the solid from suspension. Sur;factants 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
30 droplets within the liquid; a water-in-oil emulsion.

Fourthly, the solid suspended in the water-immiscible liquid is liable to migrate to the
aqueous phase, particularly when emulsifying surfactants are used.



5process to reduce the particle size of the solid water-scllible,

bi ol ogically active conpound, Mer the conpound has been suspended in the
substantially water-inmunscable liquid (media mlling). Step 3 a physi cal
di spersion 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 suitalle dispersing neans is enployed to
di sperse the organic phase in the agueous phase. Sel ection of dispersion

process and appélagtiitse ditleke HONGRAS LR anicle size o f the
emul sion (and_ul tl%g ({?“greolguct t0 g%&%ﬁﬁlggél&ét%&/gw%? t98f e neans of

di spersi on i s“1VHERT tofy P(&Wl%h%@a&w%ﬂm’vp seragtopndsghand iitches Yesnifndisata
| aboratory 1.fmo&ifitatiessSdreqidred mﬁé”&&r%hurﬁsodeséfﬁdﬁlp 5o %xrlt(s? Wﬂ%ﬁégduct s)

but ot her nea ed such. as |sso Vers 'm xi ng
devi ces for IQEB%@ f’lgﬁﬁ%g?%%.@e@léfﬁ& (40831 '§A7 amd B 20082476 bfyethie sat i on
equi pnent . 5cmmcqmulaﬁonsmﬂmp@ﬁwﬁm%r1n§0h\mlgmﬂgoﬁr{ag scope of one skill in the
art. A suitable noans nay be any high shear "device so as to obtain a

desired droplet (and correspondi ng m rneapsul e particle) size within the

ti nge from ndthdsoot bdentfoundltewi s8R to@roﬁuéetxﬁbﬁo@a E@é’%ﬁuéﬁ'%)(mgr?s %@éﬁ hi gh
shear devi ce $0..as, ,?19 b?otft aé a_ desired droplet (and corres di-n
mi crocapsul e particl @) 5158 Wclnﬁ? ??D%Pﬁ%ndrdéwaféedrlﬁsmoatmimwus matawbichzom na:

si dt abl y fronf dtostpattiady 5O am wiidhds Sigkibakd Mrofl Mtﬁpﬂﬁ‘ocgpsﬁlgs gé& 350pnt

and nost i iiii@b t 15, 1D. ‘Once’t esired
dropl et size s ié%?i‘f“ﬁﬁ%%“%ﬁ%%%?&ﬁ%% @W%VGGPW@ fampedariednl y mil d
agitation i s VegaprEmelyorideBufresumivhipydery skiv elfie PRRGRS SqucdiignddfagaNi ¢ phase

conpri ses t hgosdld ddspid " ol o active compound suspended
in the subst g(l?ltl al | soite t(gZVra-?el?Irsrcklnmsﬂ%}yﬁg3 n%ﬁ’f”?‘%%“ﬁ@%ﬁ%*ﬁﬁ%?ﬁ“ﬁ@é@ prepared as

descri bed ab8V8Uqispidisiagauch technotbg?, The aqueous phase conprises water and at
| east one emul sifier and/or protective colloid, soClearly there is a
rel ati onshi p_between the particle size of the solid wat er-sol ubl e,

bi ol ogi cafl yoﬁ%YﬁrX/%“té%ﬁﬁéﬂw &nchetforanagion ofiseill enigb@esutes istibrerfiokl Am capsul es;

in order to phijraéRatARAlo; 1%‘{%tmtg},§;ﬂsr he bi ol 0 Iy active
conpound, the VIVID ratio of t arlctﬁll %ﬁgl%ér{g%%lsfrestu ?lgﬂlcofoﬂ‘ﬁﬁcﬂl °t% t hat of

the m crocap e <Wr%nf%°¥@w@awmmmn@ throughbaittheymictocipbeies; mage 1:3 to
1: 100; more Sui atplryeieidd tb o itdhfloe, bitis Bfifbnr} BRI ARLpdIG N Cr ocapsul es,
co

the organi c phase and/or the aquedus phase alnone or nore
materials which can react to forma polyner. In one preferred enbodi nent,

t he orgaft c %asaocapmﬂalmbabrohﬂﬁ&ﬁmﬂglﬁe MisosY HolBlifog,aNd/ OF
pol yi soeyanate, whilst the agueous phase cont a| ns at Teast one diani ne

and/ or poly-amne, In the situation
Step 1 - producmg 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 0.01-5 Opm; more suitably the lower limit is 0.5 pm and
25 even more suitably the lower limit is 1.0um; more suitably the upper limit is 10 pm and

even more suitably the upper limit is Spm.

Step 2 — suspending the solid water-soluble, biologically active compound in a

substantially water-immiscible liquid. The liquid is preferably a poor solvent for the solid,

i.e. it will not dissolve s1gmﬁca.nt quantities of the solid.
30

The liquid preferably contains 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



where at | east one diam ne and/or polyamne is included in the aqueous
phase, this conponent is added to the aqueous phase after the fcanation of
the oil-in-water erflLasioll as described above in step 3. Step 4 - at | east
one di am ue and/ or polyamne is added to theter enulsion through the
aqueous phase, maintaining mld agitation throughout. Slimng is continued
typically for 30 mnutes to 3 hours until the formation of the,
(non-continuous) matrix is conplete. Phe reaction tenperature is generally
in the _Langegfron af)ou% 280 %,Q ab%ut 15 50C. |a the situation where
appr oxi mat el y- &qut noloar-a 1o, herthe snsprpsian isddednie Veergthe dipserante present ,
the reacti on mehpenitwplesd Bvepsiafebedty from about 20C to about 40C, and
even nore preferably front about 20C to about 30C. Mthe situation where an
excess o:f isocyanate groups are present, the.reaction tenperature is
preferably fridtrmbedy, t}ﬁ@fbcbdnrabﬁuépsﬁ(lﬁ‘d2ﬁﬂﬁb@%ﬁi&dﬂ}"%&foﬁﬁjﬁégﬁﬂmé’ from about
i f hours conbi ned with

40C t o abaut ti;on .. 20. times i.n excess of 3 I _

t enper at u?es pg%%%%%orceélggagwéfge Hfg;ge ?"i‘gﬁ’ﬁ?’?ﬁ?f&%’ biglpgialsislve | ons have been
utilised for cohpoiedcdpsin atripomdibs 5dis PEPEENS Hf suMadnaKy el HRlEpsoMpounds
(US 2003/ 011964a ﬂ@cﬁat?:fﬁi 00247821) but it has been found that such
conditions are n(gt surtabt’'e for the formation of the m erocapsules ofthis
invention/ as they result in poor encapsul ation efficiency (the

wat er - sol ubi kjd, % _of Yol nmpounds, i ncreases wi t h increasing

t enper at ur e, Istcg?ulqltplhkg%l gl%eeis\é%sogl%\? STEITIS RRASE {erd agugous phasedbpraRsAdel TO

t r ansf er r'f ng VAR Anpropriptrebipstsphabedrganlopaerimndied R GO PABAISIh ML I X,

many ot her rgiBhOENGARSY i s _are. possj ble,  including: (O
Preparation of aé)rri cr ocagglg%{%%%&gmglsgﬁgg’yﬁgﬂgﬁg elstéée BERLCAReseEinDE he di sperse
phase and i s2@atrs@bese-oSUeréiet efulipetipnerisatidapparaud oillepdae ufdaane cont i nuous)
mat ri x. Suchdd¥RaniRics: $Ruhd p I - - WAt imi.sci.ble and typically
conprise a vinyl T ffact ive noﬁ%?rlélrg?&ﬁ?girug%%§ﬁ%d\% (ét?{o(bfffoéﬁ%eda qutag?t ers of
acrylic and Wﬁ%‘ﬁ&f) Spersenacheicasiyeighshet topdr/shix éviaqsueh at claamstogt hyl  hexy!
met haer yliat esilverses 8Ahdchik Vamb ! by. choi ce aof an
appropriate acrySI ate ocr #e%a%l(ﬁOZ&ﬁ%ﬁonerp%ggﬁisgg %lfe%’le?i’ﬁf bacryl at e;
(ii) prepar at®Ridved gichgs Goeleotaipsalies, simplhhiangtibeces drildgaphclc siobsull e,

bi ol ogi cal | Yevagtiby i.s: di spers Wit hi.n li.quid in which a
reagent i3 di ss0 vgrde : ?gﬁ‘gfﬁ?%dﬁﬁﬁ‘°§ﬁa‘%ﬁ%mﬁf%?cﬁ °§1ﬂ’8€|¢‘8‘§8‘%‘m Is gitdindhg sed to
react to for¥iPRewé opnsHL e distartnd outshle metns nay HBuenhigh fleet devionss e aehh eved by
two reactive &peQide FETS i ro a l.vur et hane. These

i ncl ude organic | id%%i eél?&?ol urgﬁslge&g%kg/r%?%&g%@erpé%%?%z?ﬁﬂgxgﬁiﬂ?’ﬁﬁﬁ%mi socyanat e.
Wien t he® sGEgH ttaskout Waemi Veughdrmenss mag bsarfythighisead dévitagh b abitny, t he

pol yol may GesfedidfhpietBhd . risabl e hydraxyd..group. ny chem stries
qual i fy including glec%%of@%gﬁgh&s{%%?ﬁ%cﬁ Sr‘%lepﬁ%%ﬂ%%%’w‘&g’?ﬁ\?gﬁg? Yhpbout

al koxyl at i orl PreEE3Weny; giitaell ddinragowetl thy | Ener; exted@itatdy Bay biknel dbse and

but yl ene oxisg ] r.eo en the jsocyanate. has |ess

functional i tyﬁ%’?&\%ﬁeer%ﬂh?%ﬁ&%?5‘3/%1&%1:0%0@?@%@’ iHye He desredfierlat wi t hin t he
(non- t 5 cé&¥eismbitsinsy, theadispession trivensiodiy@htiaeapORIe MildHRY-t68 WREdSEd f5or € t han
one pol yAm galke.id )mha-notional conmpounds,, suitably conprising
two or rnore . hydr oié_fmgérgé%%,Thﬁé’fgarrlrlﬁlpg%?ﬁf’%m%%&a@%? &aorpduble| yeri sabl e,
hydroxyl f uRtelqgisally acdsnprowntis] sreppndre iathi pitatahitallgnetepimal:apB i Gd tofie

pol ymer i zabkgandai i nds yhe strai ght cyclical,
fused, and/or br a%?%}(eég%‘w%% %%@Fﬁ%‘“%% yS?r?@?l z {?eﬂﬁﬁﬂ‘r‘e&%ﬁq‘aﬁfﬂ Thal
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Pol yet her p?ﬁ{?’g Yot Ay eiR ef (e biploisieglleartvetdrmouth thepND estoer thpol yol s ar e
al so suitable and these are comrercially available at relatively | ow cost
and are hydrolyticali y stable. Suitable polyallcylene ether poly s include
pol y(al kyl ene oxi de) polyners which are essentially water inmm scible and
organi ¢ sol ubl e, such as poly(ethyl ene oxide) and pol y(propyl ene oxi de)

pol ymers and copol ynmers with term nal hydroxyl groups derived




from po.iyhydric conpounds, including dials and triols; for exanple,

et hyl ene glycol, propylene glycol, 1,3-butane dial, 1,4-butane dint,

1, 6- he. xanedi ol , . neopentyl glycol, diethylene glycol, dipropylenc glycol,
pentaerithritoi, glycerol, digtycerol, trinethylol propane and simlar |ow
nmol ecul ar wei ght polyals. Suitable comercially available polyether

pol yol s include those sold under the trade nanme Voranol (The Dow Chem cal
Conpany) . The polyester polyols whicli are suitable in accordance with the

i nvention i NGhH@R stheris c@mﬁ&!ﬂ fand Qﬂﬁ@ﬁnﬁ%c?sulgé ﬁ%)o ally, &r tf? and
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1, 6- Lexanedi ne ycol ent yCco roxypi val at e,
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may be used ibdeddibtd gnad ingtepidf desired, include trirnethyl ol propaue,
trinietbygoletliane, glycerol, erythnto,: pentaerythritol,

di -trirnethylol propane, dipentaerythritol, hinted-viol-benzene and
trishydroxyeftayh- |at,1@®‘§'muiiamiee ané/oppmya'nﬁ:ndlmddyd ®uhd dbihevatd agsisioh pol yol s
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of a suitabl cPat aIpres Eeacﬁlﬁﬁ’i eglgergtaﬁzéﬁpr aﬁ]é{e%’ §’°Ptc?oaﬁ'1§9 BPUARE: phases in
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such as ti et RYTAM HEYHRE 25887 8p Bﬁ’?ﬁﬂném" peactionjepperatiry isgredrably frgmbot

m cr ocapsul (—Bowbﬁnrdbbﬁt 68°C, meﬁﬁﬂbtdwa&%lyﬂ%rabé&tﬁ@*dfb BiShuf PO RBghtibs caused
to separgte within the croca%sult removal of a volatile solvent for

t hat con‘pount’dn SThP*S S8y~ BRSO E’\?%thbg‘?m??rﬁus’{elg 9f ¢¥epationy@andi sper si on of

the solid watemmsaladbiueh bondltmgsh‘a&ébe)én aﬂlsb&ﬁrﬁﬁ@myﬁ%hb@opsu%@ﬁéﬂﬂSGﬁ of a
wat er i nsol L{p

cont i nyo f or mer and a wat er
i mi-sci bl e atnlgs gl&seo?r\r}%ouflg%@% @@11%%15 sgn%(g?logﬁgé 1) byt it hag Beend@iei nuous)
matrix for mthﬁg sysb leymiitions aemrsdite;bleff&rtm fogmaion ONHL i @sbadulel b\ftﬁ]s

wat er -i mm s ter t abi |.i S|n hat e
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mcro encapQWEMﬂiﬁkﬂm&ﬁﬁéﬁw gﬁﬂ Hﬂx%&m %mﬁho ondensatlon by the
routes well bl own and outl |ne ove suc BT %% identified.
in US 54608P7sibignideladinge t echnol ogy i s |dent|f|ed as belng useffil for

wat er i mpsol uble (and oil soluble) biologically toactive conpounds such as

chl onyri tbs §1nd taifluralin but does not refer to utility for
. (1) Preparation of a microcapsule 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,



di spersions in an oil or polymer of a solid. water-soluble biologically
active conpound Suitably-the matrix is a polynmer which is a pelyuraa, a

pol yam de or a polyurethane or is a mxture of two or nore of these
polymers; nore suitably the :matrix is a polytirea. 15 In the preparation
of such mcrocapsules, it is naturally assuned that the substantially water
imm scible Liquid used for the preparation of the dispersion of the solid
wat er- sol ubl e biologically active cofpound will be essentially retained
within the m crocapsul e (unless renoved deliberately by evaporation as

di scussed abd¥erampnddsGibatkyl BEss dhcrylic B0 Imetndryliveyidahthers ehaindxgd. est abi | i se)

the. capsul e slLUGHYESRy stics referr

enbodi nent ofa&?ﬁe cg sullq}g&lgn%!\kﬁ@ QJSE}?L{G S%%ﬁI%O%ufed%ﬁl%m‘ifoo s not
mgrate int oaﬁﬁé’lmﬁ@ﬁcrmlh@%mambrylamnemm suchss gipviéyiateitharylatach Mat dryi ng
operations on the aqueous conpositions do not result in solvent |oss and
thus alteration of the desired capsule conposition. 2:5 For the purposes of
thi s invent i §h Prapaatiqne a migiagapsulesip wiish éheaslid isaddt-suluble, higbgeallyngiveo t he
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regul at ors. @ﬁllug%ﬁﬁaé“%% selublegolypie fourarst witlga suitFEAisoyapt® When the

2-thl or 016" - isbdyshate rebtivé HOREAMRONNHiNG LAKANRS, FreQsolyol fﬂh}d&'soﬂﬁun Sjﬁfz ,pd vorfen,
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car bet am de, sucﬂactthmptodﬁtzm?:nv&frﬁdm AlkasfyRNoehrkkses GAMI éAQGm@é nesul finon,

cl emazene, cI or nsul nt - r@ P%. ani zi ne, cycl osutfat nur on, dicanba,

di chl ot prop,”df cfﬁ’F8¥‘§ 8’8 LYlogp pYidE & e {he‘ai’ﬁ'réyll‘f'élé]l‘ﬂ igfeyangferhat Kespi a,

di phenat ui d ﬁmcttﬂoaam;t mﬁeum deRre)Of crog 1nMinY Stél deMFc@RyithfnG@REMmaR Op- P,

fl azasul {lyro Rtih! ras fl.ucetesul furen, fltrajiexazia, flooneturon,

i | upyrsulfuron-rue %’8 PRI COPRAMGRARAY Comprisg sose han onemglymsiisahle O en,
hal csuffuro L(hmr@czﬂ])}ﬂmcmbmll mn)ﬁoﬁmlsj%mtatﬂy coa-zmﬁlagfwb&b(ﬂ[bze lliydﬂixbyémups RRZ anuox,

| ouron. | oA Hitasy BTl Ao B R R b 30 iR S PapBi et g btate -
r oetsot ri on;a and/ntetrgmmct Tlmpolyn:wezf ammanydmim mmhgalcdmpbuthayws&?g?tgr n,

i net oxurorl, r u e nol | nur al am
exasul furon. fo%r%legg %J@rh{)ortopan%gxg%ﬁ%l arﬁgly?%l?zgﬁf’ 3&4‘8’9’ 1 ﬁ@f%ﬁﬂgp COBPEERt on,
propachl ¥r, nﬁﬁl‘bb&hliefist Olprd@qimmast opy Mpbmyhﬁcaratiaasomemhl uAhy pthsehdtiglom

pyroxyfeu, Quinhd¥B! A zene, et ur 0| | -tnethyl,
sul | esui t hron f)t t hot%?ﬁ%ﬂéﬁ%ﬁ%g? “&%%g’ ?’n’tlgoym K16 as esu? g

t hi f ensul f uRBHoTROE TRODEEric, thepokeky)inayabe St:lﬁ‘agijﬂrdm brreom mofd li}ldmxtyl ﬁammonﬁt hyI
triclopyr 198Rethét,isaiykdists SBryRRIMAY: polyacrylics, epoxy resins, polyamides, polyamines,
polyureas, polysulfones, combinations of these, or the like. Polyether polyols such as the
25 polyalkylene ether and polyester polyols are also suitable and these are commercially
available at relatively low cost and are hydrolytically stable.

Suitable polyalkylene ether polyols include poly(alkylene oxide) polymers which are .
essentially water immiscible and organic soluble, such as poly(ethylene oxide) and

30 poly(propylene oxide) polymers and copolymers with terminal hydroxyl groups derived
from polyhydric compounds, including diols and triols; for example, ethylene glycol,
propylene glycol, 1,3-butane diol, 1,4-butane diol, 1,6-hexanediol, neopentyl glycol,
diethylene glycol, dipropylene glycol, pentaerythritol, glycerol, diglycerol, trimethylol

propane and similar low molecular weight polyols. Suitable commercially available



Sui tabl e ffingicides include 2Thenyli ienol, azaconazel e, azoxystrobin,

carboxi n, cytnoxanil, cyproconazol e, dodenorph acetate, &Kline,
epoxyconazel e, etridiazele, fenfurarn, feriruzone, fiusilazole, Ilutriaibl,
fuberi dazol e, furalaxyl, .furanetpyr, netail axyl, nettaasulfocarb,

met om nostrobirt, nyclobutanil, crane, oxadi xyl, 20oxycarboxin,
plienyittercury acetate, propiconacole, prothiocenazole, pyrinethanil,
rnoqui l on, tetraconazol e, thiabendazole and tricyclazoic. More suitable

f ungi ci des in%H&ﬁe@af}aemcma@mgée,solampﬂl?me%mg%H@fiﬁ gﬁ%@o&&g LPPb

acetate, dodine, etidiazole, fenfararn, terinezone, azol e, utriafol,

25f uheri dazol &CmP#PAl axyl , furanel pyr, inmazabl, ruetal axyl,

rnetliasul focatb, netomttostrebin, nyclobutanii, ofurace, oxadixyl,

oxycar boxi n, ghen | mer curY acetate, prothioconwzole, pyrintethanil,

pyrequi |l on, t &b¢eRlysiszRASls whig H@%o\péccarﬂanqew@ﬁqla%mmwetkam
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clethi
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cl ot hi ani din, _ ol.] aze; net i i met Vi 0S t hi of. enearb,
ethyl ene di br& dot %J%%‘g%%?a" Pﬁeﬁ%%}%“,"ﬁf*‘%%%%f’nr%é?‘gg??f%?”c?ﬁﬁ" ’?’4%“@?‘{‘@am d"
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V] _ a riazamate, XMC
and xyl yl éashadditionay; if désired, molidntrimetholiotprorend, tisnetiyloditlzane siyceroh knythoipftaei none,
coumat et r al y1,.ane- Sy - ' [ i ﬁ!' das14! et abl ehyde
and ni cl osar zJ:lIi’_de. I SSUi t%@yﬁ%ﬁﬂ%ﬁ%\%ﬁ% eg(é"a orﬂ@k’:1 E%Z%gm&n

1- napht hyl ac.taphydroxysthyl isgeyemg@a- 3- yi but yric acid, ancyrnidol, clexyfonac,
et hychkza"e, flurprimdol, gibberellic acid, indol-3-ylacetie acid, nmaleic

hydrazi de, nefl ui di de" prohexadi one-cal ci um and irinexapae-ethyl.
Pa. rticul ar | yBiHEAY spitpbleciastofpalyols peefil frothe easrriositieris eopidrgs suitmetheds

acet am pi bd i ,of@leQhvdhidh 44 thE water insoluble phthalic anhydride based polyester-ether polyols

which are described, for example, in US 6,855,844 which is incorporated by reference

herein. Suitable commercially available phthalic anhydride based polyester-ether polyols

include the “Stepanpols”®

(Stepan Company).
Other relatively simple feedstocks include natural products that contain reactive hydroxyl
25 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 organometal catalysts such as dibutyl tin dilaurate and

tertiary amines such as triethylamine and triisopropanclamine; and

30 (iit) preparation of a microcapsule wherein a (non-continuous) matrix-forming compound
is caused to separate within the microcapsule 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)

matrix forming polymer and a water immiscible volatile solvent for that water insoluble

I,
]



20i m dacl oprid, thiacloprid and tl atenethoxam An especially suitable

insecticide is thianethoxam In a further aspect, the present

i nventi oxf previ des use of a product to conbat or control an agricultural,

pest wi nch conprises applying to the pest or to a |locus of the pest, a

pesticidal!): effective anount of the product. The pests may include

[fungal ] di seases, 25insects and weeds. Suitably the pest is a tertaite,

The concentration of the solid water-8oluble biologically active conpound

is suitably fromO0.1-70% [nore suitably 0.1-65% by weight of the

ni cr ocapsul e. "SHCEHRUIRGRE T REREE Priy sebontilydorsitigiafl emlsion o5 BlstHatee
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under anbi ent “CORHC BRI B RACaRtngoB Epirik of the priexinsmiibd nolERAAPEM by wei ght

or |ess. Sui tsabiliestion afpb Berdddidibhididrdh; i a@lﬁ@;e?{,g%%ls{ﬁ Lfr gani ¢ compounds

such as xyle S0 Qo N ht hal enes; eg. Sol'vesso(r ;al I phatic organic

conpounds su;l:qw QLGP O PEGE S SuClpR an kst friskpooondemetiat by(thd rolBOell Pri f or (r)

6813; par af f kniven @d npineihSoveat@t aldd v s BRE ; es _of, solvents;

al k-yl pht hall[e@jtu%% ?Suigh .ssd di et hgort%pht hﬁ‘?al%}“ﬁ?%ﬂ?@ %gﬁ(ﬁggt@mﬁ%

di oet yl pht hal at e Al conBred asdgiop tsslil fos Bitenimgaluti Gahol solubsd biokgicalsuch as

acet ophen®éneadivd caymhodsexdta ollepyibNidahifRhlndut §Js n&%&&%ﬁ{l@é§. fr 7N or 11N
nd al kyl'a

veget abl e or 4 ils, .such as 10 rapese-ed oil; a _ ed seed oil s-

The | i qui d ngﬁigg"g‘dr%ﬁ‘%a?wﬁ ot Pk solHie biogahi eivicomphuenDr & £ he

liquid in whhé ittt Deablyyenetitvie a 6ol Adolysnigdl i.n itself
LSOOVl Bl BRI .

be or conprigg ' ically active conmpound. vol unes
of the disper sgﬁ %?%glg?gmgljﬁ%@gsgﬁgly%@‘BB‘HFWHBBG@%%@&?OMS@ may be

varied within a wide range; typically the organic phase is present at 5to
70% by wed ghth thehbraRby 15 10 .70% b ight; and nore suitably from 15
to 50% by wei 8ghq?#bas_ed %t%_ﬁét%l]rﬂél%%ﬁatpf Yl l‘tbsrr%lllf\,@f’i%‘lfﬁme‘é@’m@ Jupgiptiglhs ui t abl y
contains a df4pénaussible linpid veddort theprepacaion biths giegesaitdrde s¥id watdepend on  the
choi ce of sabinbledMbhidify gL rticularly suitable dispersants are

t hose which ﬁtrﬁt by sglleﬁ}é hi n%"?“ Eﬁdﬁﬂéeﬁ?g‘“%%%eém‘ym&erflﬁ@capsule

sol i d/ or gani(&ess Fepaved dehibapitlade cemoration asniistusacitaba) EMdbsied Wi agents.  Such
di sper sant s salfvént sidly bk dhd ABGE;; " cab olyneric chain having a strong
af finity,f or t he |l' u',g and OBMQ tggr%éép“)w%“%weé‘%leaﬁsﬂ FROEBESNGRy to t he

referred embodiment of the capsule is where the water-immiscible liquid does not

migrate into the water phase and, moreover, is involatile such that drying operations on the

aqueous compositions do not result in solvent loss and thus alteration of the desired
capsule composition.

25 For the purposes of this invention, the term 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 g/l, preferably in the range 0.5-50g/1, at 20°C. This may be any such
compound from the group comprising pharmaceuticals and agrochemicals such as

insecticides, herbicides, fungicides, acaricides, rodenticides, molluscicides and plant
30  growth regulators, £

Suitable herbicides include 2,3,6-TBA, 2,4-D, 2-chloro-6-ethyl-N-
isopropoxymethylaceto-o-toluidide, acifluorfen, alachlor, ametryn, amicarbazone,

amidqsulfu;ron, asulam, azimsulfuron, benazolin, benfuresate, bensulfuron-methy],



25sol i d. Exanpl es of disPersants which may be used inm crocapsul es
containing a solid biologically active conpound. suspended in a liquid [and
whi ch arc generally po]yt are given in WD 95/13698, and i ncl ude products
avai |l abl e under the tradenmaes 30: Hyperrner(r), AtioxID, Agrinmee and

Sol sperse- In general, the range of dispersant concentration used is from
about 0.01 to abou based on the organjc phase, but higher concentrations
may al so be used For the suceessfhl encapsulation of suspensions of solid

wat er - sol ubl e 5 accor o the present
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suspensi on arigiageloR Ghashp{d PiR-ab 'ﬂh&eth%gf Hg&h&mﬁ:‘% i lhl?JHLﬁ ﬁﬁrfachm' S with

an H, B range from about 10 to_about enou forma sMil e
0i | -i n-wat er S8HPsFEARen: MEHA, HHHES, @W@éi%ﬁ?@om’@?ﬁaﬂﬂfh@m@hyy sw tabl e. If

nore than onen&otib@gisiainition, M&t@MchidrRethIdntbd Ylosaikth | ARG A Sm pve FMB
val ues | oyer than 10 OEWPF%her t han 16 15. Ffowever, Wien co "t oget her
the overa ”giétrloﬁgle Bolironeptalams oxsgliupna, E’%O)ESH’émrBﬁﬁ@éanllOr 16

Sui t abl e sur fpaﬁmtﬂlﬁnmﬂiyuﬂmrﬂéfbhy[ﬁ&ﬂmh&nﬁoﬁbﬂ q%ph%%sp%xfcfaxﬂaio%ﬁr al cohol s,
no

et hoxyl at ed nony phem s tr| S he et hoxy| at es, bl ock copol yners of
pi opyl ene oxi de a 5033 ?Sfﬁ? ﬂ gAY “ﬁHF]W?%WeﬁY%E}HEﬂt%OH Pol yvi nyl

al coho![ s ?t e S]!i&nll‘&zué aulfoynesmﬂ m&hﬁ, sulfGulfitof) @é’b&ﬂlﬁironbf t oicg%}ﬁeteﬁﬁmﬁurhz aCLant q
concentratio e.oce ahou 0 wei g ase
on the aqueo%sﬁﬂﬁgséﬂﬂ%luﬁl%ﬁo W@tﬁloln%?’i@’é‘ﬁ% %‘h@.“oaf ‘?i‘f“foéélff‘gwg/ BESPYRI so he

used. 15 and trisulfuron-methyl.

Suitable fungicides include 2-phenylphenol, azaconazole, azoxystrobin, carboxin,
cymoxanil, cyproconazole, dodemorph acetate, dodine, epoxyconazole, etridiazole,
fenfuram, ferimzone, flusilazole, flutriafol, fuberidazole, furalaxyl, furametpyr, imazalil,
metalaxyl, methasulfocarb, metominostrobin, myclobutanil, ofurace, oxadixyl,

20  oxyoarboxin, phenylmercury acetate, propiconazole, prothiocenazole, pyrimethanil,

pyroquilon, tetraconazole, thiabendazole and tricyclazole.

More suitable fungicides include 2-phenylphenol, azaconazole, carboxin, cymoxanil,
dodemorph acetate, dodine, etridiazole, fenfuram, ferimzone, flusilazole, flutriafol,

25  fuberidazole, furalaxyl, furametpyr, imazalil, metalaxyl, methasulfocarb,
metominostrobin, myclobutanil, ofurace, oxadixyl, oxycarboxin, phenylmercury acetate,
prothioconazole, pyrimethanil, pyroquilon, tetraconazole, thiabendazole and tricyclazole.

Suitable insecticides include abamectin, acetamiprid, aldicarb, azadirachtin, azamethiphos,
30  bendiocarb, carbaryl, carbofiran, clothianidin, cryolite, dazomet, dimethylvinphos,

DNOC, emamectin benzoate, ethiofencarb, ethylene dibromide, fenamiphos, fenobucarb,

fipronil, flonicamid, imidacloprid, isoprocarb, lufenuron, methidathion, methyl .

isothiocyanate, metlocarb, pirimicarb, propoxur, pymetrozine, pyridaphenthion,



:5Additionally, a protective colloid may al so be present in the aqgueous
phase. This must adsorb strongly onto the surface of the oil droplets.

Sui tabl e protective colloids include polyal kyi ates, nethyl cellul ose,

pol yvi nyl al cohols, m xtures of polyvinyl alcohols and gum arabi o, and

pol yacryl am de. S. Pol yvinyl al cohols are particularly suitable, There

shoul d be sufficient colloid present to afford conpl ete coverage of the
surfaces of oplets of the orgamic |iquid. The anount of protective
colloid enployed will depend on Tvari ous factors, such as nol ecul ar wei ght
and conpat i bictegagthrayifiprofsr(Bemetiw'e).cuiatiitlh,dpimeyd, belcaitdedodian tthieclggideous phase
prior to theuaggindon 1Rbehle LRI/ SRR r.can he added to the overall
system after the additi or{il 0 %%e or gani %l%p 1 g:éarbbr the dispersion 14 of it.
The protective colloid is generallyaqueous phase in an anmount of from about
0.1 o about MRYaDLNRLGh Ales i diD cRANBOUR: aihgn e, separat e

eniul sifiera, and coll oi dlstezlgbicl I secres. _r.e’ﬁglg%g’%%a IV%%%qalzje %fc}p}ﬁ’ﬁ’ase, t he
Serul si fiér SHGWrHbrabay) spbefwnidhimién,eoplivedscadtoiimethylamtohe surilice of
t he dropl et sD8OJ, Biofh8R) iehylchAtth Amid Lt ' | ich th

m crocapsul es ,gr prepar ec? \}/Iiea an _Pﬁtcgﬁe#‘%];ﬁ%lﬁk’%%{é%%dg grévﬁ]iﬂénﬁlcarmelg‘cti on, the
organi ¢ phas&&tf P 1oRE CHBpRYiget pra seethybimthibmsnain excigcatbopinoiertyat er i al s
whi ch My T pGodif piRkB. b GyRBKRliod BARELBLE AL USLATB Lk, 1 ONC

preferred en@g}d' nent, the organic phase contialns 'at |east oné diisocyanate
andl or pol yi SEEYERS Siamethiprpqdhiofnes, figwenis XpHaed xobiedi ns at | east one
di arni nutm d/ or pol yam x Any diisocyanate or polyisoeyartate, or m xtures
.t hereol .be enpl oyed, provided that 15it is soluble in the liquid
chosen for n?%'éta@? b"ggﬂt’é}/dﬁﬁ& de GfEtiese R P RGinone. G ctephé anfisraichnineomat i ¢
| socyanates such as isoners of tolylene diisocyanate, isoners and
derivatives sgfit IHQI%Q fe.njg di | s%o%aﬂ e, Isoners and derivatives of
bi phenyt ene ‘Ui T 500y ARSFEES nepde s %&‘P’ f Biglogarif®l yphenyl err ei socyar udes
(PIv2P1) are suitable. Were aliphatic liquid:3 are used, aliphatic
i socyanajes @t i t.abl far, exa al i phatic acyclic isocyanates such
20as hex amt%&éﬁéﬁtiﬁf@%ﬁ tSrS(I%iﬂlit)ﬂ?qu’E‘i 30, aidahdiyioutyts adbyar i at es
such as ancymidol, cloxyfonac, ethychlozate, flurprimidol, gibberellic acid, indol-3-ylacetic acid,

maleic hydrazide, mefluidide, prohexadione-calcium and trinexapac-ethyl.

Particularly suitable insecticides are the neonicotinoids such as acetamiprid, clothianidin,
20 imidacloprid, thiacloprid and thiamethoxam. An especially suitable insecticide is
thiamethoxam.
In a further aspect, the present invention provides use of 2 product to combat or control an
agricultural pest which comprises applying to the pest or to a locus of the pest, a
pesticidally effective amount of the product. The pests may include [fungal] diseases,
25 insects and weeds. Suitably the pest is a termite.

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 biologically active compound is
suspended in a substantially water-immiscible liquid, said liquid may be 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.



i sophoronechi socyanate (TOT) or 4,4'inethyl enebi s(cycl ohexyl isocyanate),
andlor trianers of 1-11+ADI or 1-PDI and the like. Polyneric

pol yi socyanates, biurets, blocked polyisoc:yanotes, and m xtures of

pol yi socyanates with nelting point nodifiers may al so be used. MDJI is a
particularly preferred polyisocyanate. Should other properties be 25
desired fromthe isocyanate such as ipgcreased flexibility, then pegyl ated
derivatives nmay he enpl oyed wherein part of the isocyanatc i3 reacted with
a suitabl e pofuimbly tiSwater-teeiliygatms H@ﬁdmﬁbﬁfﬂb&f&oﬁ&iﬁ&fs?tyﬂ@ﬂ? 20w i n the
art. The conq;n&;%ééfq“@%%} e is@ﬁé nate(s), and the ratio(s) where nore
than one isceyanate s TeW VTEY 8t & chosen so as to obtain the desired
rel ease rate profile for the particular end application. The concentrae. on

of the isocy s),.must. al.so be high enough to form a (non-continuous)
matri x di sper se%ﬁé i o,qu e °}flh°ém§iaf?rag)g§§%?ﬁg ‘fcoF’rli’o'b"élﬁé”rcggs,xy s or
i socyanal e{ a)naphithdlene rgp Solyessd T 206 aipbatic obgahio catymuhds 36 as aylestsi)j dgabl y from

about 7 to a 3% re.swi o r.omabout 10,to ab@ 25% and
nost suit abl w%%m%aabo}iﬁ&%lqsg’g f?)rut&g’gl?/?a%?c\?\%?pg%?&sb?g' %&Wc%capsul e.
The di ar ni ne Iepapaingeanfnelyents; aliyixphtheless, sivd reditthyliphtiylateaditumytptshatdte and
conpound(s) e fbririfd! el falilbol e AIHTARBNARE uc LLLRADRLL P!
tilicyclic primary or secongary i'Am nes or bol'yam nés are very suitabl e,
such as et hylcs¢iehexanone; diizerad e g direstspryy SRBITLI Mt vrigetehle pitseetdily,|sedhetset r ai ni ne,
hi s- ( 3- amgyno an LSl da Ak n| tilyl) - t ut he,

1, 4-di an‘imrgocsiqa%ﬁ%%gl%?gkil%ﬁﬁg?igﬁgﬂ%i&ﬁ% i ngﬁllr]%%%aendg?}o :tgti&tog%ti y/ hi s-( 3-
ar ni nopr opy! Y&mP#¥ad- 1, 4-di amiro-n-butarie, 1,6-diam no-n-hexane and

t etraet hyl enepentruni ne. Pol yet hyl enenni nes are al so suitable. The nol ar
ratio of amne noieties to isocyanate noieties maybe varied from about
0.1:1 to abotiprihersers thegpid dpplichihe fisfosrally agihfmreompeyneis weppndsd mewit ar
concentrat i oitselftfe oaBiniRis@ N ekch SN BNAMIG 4Rk BduhREndr € enpl oyed, with the

nmol ar ratio of am ne to isocyanate noieties Isranging fromabout 0.8:1 to
about 1,31, in which case the wall formation reaction i s suitabl y carried

out at a tenmhe pHatt @luinfed BT b BidherstBegahia pARO M thonti@NB ugiBuepiEehey ably from
about 20C to, about ﬁ‘?‘q o(i i) a %lngl ficant excess of isocyatiate is
present, witR°THES PP S VBTe AREenPrgl GuEAr ArEse RTEEREES o g f r om about
0.1:1 to abowkight 3Gty fibin 16hé T6Ys baseighthamdwaird sufteyRbm QR to ALy vdghtS
preferably c | ed. out. a.tenperature from2t) about 30C to about 60C,
even nore prg{sédr%ngtﬁ/erﬁ%gﬁ{%l%ttﬂl 40C to about 50C. In case (1), the reaction
bet ween 2ppr ke midsijabioeontnds ardispersamne rhe atdcodisice bf dspenat@nillidsmeyanat e

noi eties resyl y ti.on of .a pol [+.. (non-continuoys), matrix
which is distF %%&éteg%éE‘{hﬁr%%{g,bh%%?ﬁt%ﬁtep%°%l%g¥%g§°&? ‘3%?(““?‘%13 ?:18%"?%“.’ éh%‘fﬁ initial
reaction occhy gerdsdindesnpe andree agfive dndy it $msylidZmbAnivdigeidi isterfan dnd dveohait ne

noi eties to fdul; b0 : Y : i .opl et s,

foll owed by hydm ;112@% gaegé ? E%%%%S%%%% g%%bq%?ﬁﬁ%%gggggg%%c%ggéﬁat o]

noi eti es to kyOmAgteneehiny e thelbomd anddiira sxovphvhidy Wil adiodtstriotaly wdha hr oughout

t he resultaniegl croc. apsul es. Gther wall chemistries may be used, for

exanpl e pol yuret hanes and pol yanti des, by appropriate selection of wail
form ng conponents. Suitable glycols for addition through the aqueous phase

i ncl ude t hosexdhugbi digleRuas Ahih Wal 6bud f MBbEIp= 3 b Ring ThASE May al so
i ncl ude si npéiﬁ]ﬁgigz%]%’gy, roxylic glycols, for exanple, suitable dials are

ethyl ene 1,22 ev§Icomppua FyFpendeding liggigi andiwhaghiags geperallyrojsarsyic]

pol yal kyl enmeargkiye0ih VO 95183698 Sand include products available under the tradenmaes

30  Hypermer®, Atlox®, Agrimer® and Solsperse®,

In general, the range of dispersant concentration used is from about 0.01 to about 10% by .

weight based on the organic phase, but higher concentrations may also be used.



14 pol yethyl ene glycol, and also 1,2- and 1, 3-prt. vanediel,

1, 4-butanecliol, 1,64hexanediol, rteopentil glycol or neopentyi glycol
hydr oxypi val at e. Exanpl es of polycls having 3 or nore hydroxyl groups in

t he nol ecul e, which may be used additionally, if desired, include
triinethylol proparte, trimethylol ethane, glycerol, erythritol,
pentaerythritol, ditrinmethylol propatio, dipentaerythritol,

trimethylol -benzene arid trishydroxyethyl isocyanuratc. Hi gher
functlonallt may be enpl oyed by use of the various sugars such as
fructose, F@S@wmﬁﬁﬁéﬁgvﬁémmndém$wanmweﬁmmhemEQ&ﬂmmeMGw@aﬂEdah%at

gl ycol s Mnthc&H(hﬁ LAGLSL St . be introduced into
the oi |l phase ag ?raf[écogdﬁ%t%%éé}?ésslafgﬁﬁéﬁeﬁ%ﬁo E“%eoso]feclﬁlm CEPEEG ubl e

bi ol ogi cal | yc%'em%nwhap@wmm\ﬂmmws pattioplaiip cctwal, Subabiesystehs ihflude only to
Capsul @ e I ShenRdt donnd 8y e BOLCAEE SRt g, (non- cont | nuous)

nntrleornntlon®Mxt es of solufl e reactive
hydr oxyl 2ontQieas rg’ @&%p@&}ﬁéfﬁ"t&‘fﬁéwﬁllzdéoéﬁm mmpCatpqday%gtamNdemOﬁay be
produced in ar@bﬁdsﬁ&saﬁﬁw&ﬁed%n?ﬂ&%b&“Aﬁéx%’}laﬂgrﬁn%?@' b2 adC' d feedstock
(such as sebgco% chloride). Mxtures, I'n an po yar eas,
pol yur et haneSEaRY ;f)‘%‘l3 athcl 6ynbipatiops %I@)pqgmuiarlmﬁmtahle mpméehtolqgmulgmcnm
i sSTher ef or e &dmgdoadd iy tHidaRtHeRIymeri ¢ shell is a polymer which is a pelyttrea,
a polyam de or a polyurethane or is a mxture of two or nore of these
polymers; nore suitably the. polymeric shell is a polyirea. Tn a simlar
manner, of | Bojetidd], tAsiurRSaiTBYsubRot AN kb et xﬁ&&ﬂle%qcrg&?ﬁﬂ to the oil

e

phase pri or to rle ara}ll onﬁof t he, agueous di spersion an reafter a
sui t abl e wat'er G EhEr ¥ B1ed P@&E&?&Ha%agom‘é%tnamonwfwnﬁdd@dnﬂﬁ&onpl ete the

interfaci al mesmdtonodboutBY teoiClsi thA 1sCh’ighan61ngaQ@i%§H|a'§ta§1'e%ﬁ.m kscyanat e
tity and _the ratio of different

chem stry a centration, am ne

i socyanat e %%hgs?r%r‘ SaRYF 81;;2‘ A & pﬁﬁ&‘ﬂ“@é’ﬂ% £hasre dive opgrusespaisat e nononer
gnd{ or arr: relsccbﬂpmis‘edualsuﬂh@antﬁhesa&eefmmam&s1b\b&t1§aﬁ|1|t)f@!r1lﬁ@]{m?€h[a§rg% Ublﬁ |

i ol ogi c \Y n n he var roma half-life the linme
t aken forﬁ 5%,;{}?% o Iée%;%c rve ﬁoﬁ%}?eé eé’ﬁ?m'kﬁgﬁé’ali’%%t he Figfastakemeshssuthe (i . e.
rel eased)] \rmgeéoéﬁ &llﬂabiwsmfmtastsumhﬁiepaﬁaﬂ@neib glyos) tethSrs QF lide@AdISoholkt 1S
surptising td era es |s achj evabl e for a
wat er - sol ubl gﬁ g?tgir&n?lgﬁgn?y ac é‘e% ﬁtﬁ cPRolyeryafonyispady 30
unexpect ed tone aedathiarebyids Iami/\pqiyslnaasleo}roat eslymﬁylaloanolﬁﬂﬂgﬁuéiﬂﬁlynk aM

obtai ned.  Lfihfae capsul e conpositions, as produced, wll be dispersions in
wat er. .. These m crocapsul es may be post-fornulated, to stabili.se themfor
| ong Lr?Pn shelf life storage, wWith and-settling agents, which include
wat er - sol ublesaahy 8acebaht de8s ter-i

pol ysacchar i gg %yéﬂéc ag ?ri: cr oé‘%ﬂg%%ng?rﬁrlaﬁiﬂ%g{y&i g;ssés ?ﬁﬁa‘%‘{u?@& Lﬂltcl ays
such as bent 8y &eis M@P‘b@fﬂksmepwwa@eﬂwhlghmeoncsntaumrofsmﬂbtantlmysw tabl e
anti-settliagosgeed.. Furthernore; it is possible to add additi onal

bi ol ogi cal |y active conpounds to the aqueous phase, either as solids,

enul sions (either as an enul sion of a conpound t hat is I iqui d at anbi ent

t enper aksir eAGditiaRIIAN pRdkthisé MoRl may ﬁs‘é‘b‘é%fe?éﬁlt %he'é‘ﬁi e so ven &OE hgs a

conmpound in qugrﬁ E’B%ﬁabl e essentiall

sol ution i n*RRPEFOHY RSHe FuEceet tP?ﬂél pricte . Sujtaide Biotsicbs t@abltisylnelcdlel ve

conpound adptdyhﬂdﬂat&spmétyyucamae @X;tvﬁmﬁbohaﬁ UYEQHSesREASFvi ﬁSﬁXﬂS‘hoﬁ{bidsa”E
groc

conmpound as wlt nm crocapa Suitably the a emcal 1n the
aqueous phaSe Ra c’ﬁ”‘\?&‘ﬁ@l’”&"&?@% %Pb’vm frplqopes ?raﬁgﬁcté#rlmmabﬂqa 100 g/i at
20')C, nore sui tabl y t he agochem cal in. the aqueous phase is a.

neoni et i noi 5i nore suitably it is aCeialtdpriti,
el ot hi a%d(;dlrﬁlw}ei gr%nu act OE‘L&‘%‘%“‘ ccﬁi{?f‘{;i’v‘?sﬁb‘iti’ gtigsd C?%%?Fﬁé‘f‘ﬁ&gaﬂf th%lﬁ@fagﬁsgf sui tably

it is thi araﬁlé:hmmlainm 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 be added to the overall system after the addition of the organic phase or the dispersion



Where an additional biologically active conpound is present in the aqueous
phase, the concentration of this conpound maybe varied within a relatively
wi de range. Cenerally the concentration of this conpound will be between 0
and 50% by wei ght, based. on the total aqueous phase. Furthernore, it is
possible to dry such water based conpositions. This can be achieved by
concentration of the water based conpgsition (e.g. sedinmentation,
centrifugation) followed by a suitable drying technique such as drum
drying. It nmeyitaltBoprbiecte biRKES gh¥rall HBRMANES aSHEL: ﬁ;sc?,[){n%oqlq% ng

[ 1 ncluding fIU|de§§]gg Ioneraglon t echni ques and simlar granulation
processes] oro™ PP %ﬁﬁﬂH@@ wreshehthe awaaisphise, freeze drying or

at nospheric freeze drying. Spray drying techniques are preferred as they
are fast and conveni ent.ly be lied to dispersions such as

t heM cr ocaps tﬁ e aritﬁ?rgﬁ?lﬁ?%ﬁtdi GSﬁC% stgbikpers s et in 81 2quspuschbgsephoduct from a
wat er baséd emsisifiersshould natsiisplabe/ths @editve Sotolierdag gl birfte &find &ﬂépﬁé?@%f thder t
conmponent s t8m%ﬁ9B§ﬁ& the integrity of the capsules during the drying
stage, ei during storage and also to allow easy conpl ete re-di spersion of
the dry *duct back into water for application. Such inerts include, but are

not limted Jally.water soluble -filmfonni ng agents such as
pol yvi nyl al %lgﬁ%ﬁ%ﬁ%g @%IF%WWW%W%BW&WB?{ B&W%?Ff?‘%?lcg i & acids. O her

i ngr edi ent s PrAyrohdrosatideresaioh,dtd @pdns: phaie S pErSBdBsous Pigied Sntalrs gRAGUI | onat es,
di si nt egnant g YeHas AN . dnyl pyrrolidones and naltodextrins.
The dried pr oduct snrmr“gl{ocnga,yrériaa%gg%%ﬁ%%ﬁ%ﬁ@“‘ﬁ?%‘b‘ﬁ‘%&&ﬂ”& 305 ve agents
that are notPrSEmegdailiscettha srades phisbedtamb anlenst @k diitveyanmt efid/&ol ubl e

bi ol ogi cal | ok yRaragahtk& . i ble to.use dri ed product
directly wi %br?g}ﬁt %i FUtT on Tagess phase cogha%nﬁgﬂgaespo eﬁba@mfsm%(grg‘?"iﬁ?ﬁ‘l‘nﬁr pr oduct
inrice cultivation, for use on cultivated turf and also as a feedstock for
bl endi ng i ntany @kddyhdaRk pAyXESEBS. §: xS { lication.to soil, turf
or 100t her t.arg ts such, ggh?iége. Sui t%b%)?ﬁltg%gfglra?/’gg%g’d(ﬂ%ﬁ’ qrgsw‘}geggﬁgl ar.

Sui t abl y'%t hé*'d ‘ﬁutﬂ? Bdbrciaudehogsen & thei osgsnic phdse. e Whath erowiatieliquadsges woéd, 1 el ease

rates achi ewebiaic WobindhendRENRARGY (Oflokud SLAKEAL A0 AL AR, P! 0f tat i on
in several - p@%yge(ﬁgéi:i ons, including traditional crop protects', outlets both

as a Lollar SOEPHER eEepRrad detvativese! biphenydme dildocimaitedndvarr f, as a
seed tr e, at weBineARBNRUTHAAYEnNobRL:RPMPPALIABR R ShciSupheb 8GO agai nst
eral pes

termtes and As, I glnl?c-.l ast i ng resi dual spray for genera control. In
a still further-a8IRRaTe ieyamiss prowisbiechr Pheple alishaiis wyelitdwcymeteimeh of a
conposi t30on aabex2@dbgeretlinecyahee GIVIDI)OEyc i @ip A0 i R6Fh 88 by 4sndust ti al
materials (¢ .10 as ' erials protectioni. Suitably the industrial
mat eri al toqﬁé&égrn%%ésg?yg‘éﬁ?@élo @?ﬁ@kﬁ?ﬁiﬁ@%@‘é’@%ﬁ@@ﬁ’?@%ﬁfﬁ wood;

pl astic; woetHMDdsr PDIeshthokid Bolypaidiolyispapedtss, Biagtsywbdibpar ds. The
protection : 0.t form o roduct .that deters, repels or kills an
attack of aﬂﬁglﬁgzm%ags o lgfif?f‘”l SNinePoBt BeUEET BAY 288 house

g t, Such as Th’ opiBpas
protecti on byaeas¥Dl peapsitipalailnsettre@ispecyoste. Shdaal dtiegprogéfese pl aces
bet ween 2k heg@ttd £4:8 e B L cgqa.buildin nd.the. external
envi rohment _in which thgﬁgge{s?& cggge%'?rggsse%%?x% y ?né%réﬂgtggdmvahves mmay

e employed wherein part of the isocyanate is reacted with a suitable polyol. Such '

techniques and chemistries are well known in the art,

The concentration of the isocyanate(s), and the ratio(s) where more than one isocyanate is
30 used, is/are chosen so as to obtain the desired release rate profile for the particular end

application. The concentration of the isocyanate(s) must also be high enough to form a

(non-continuous) matrix dispersed throughout the microcapsules. In general, the

isocyanate(s) will comprise from about 5 to about 75%, more suitably from about 7 to



The tem "I ndustrial Material" includes those materials used in construction
and the |ike. For exanple, Industrial Material fluty be structural timoer,
doors, cupboards, storage units, carpets, particularly natural fibre
carpets such as wool and hessian, plastics, wood 30 (including engi neered
wood) and wood plastic conposite. In a particular enbodi nent the

I ndustrial Material is a coating. "Coating includes conpositions applied to
a substrate, for exanple, paints, sta¥ns, vanishes, |acquers, priners,

sem - gl oss coat'ings, gloss coatings, flat coatings, topcoats,

st ai n- bl ocki ARPUEIEE eYRnorpeelly om nbpus éatoabeut £k aplnat suishlp Sbmabes,
concrete, mildﬂio%ou%b@%,tﬂir%iéh?oﬁf?@ﬁcfb%ésme 19 mastics, +E. aulks; seal ants,
board and panel ling coatings, transportation coatings, furniture coatings,
coil coatings, bridge and tank coatings, surface marking paints, feather
coat i ngs andrid ®atii@dts: QY nGALE i coat i pgs,,.personal care
coatings [such as for pﬁg;ﬂ%ﬂn ’gﬁi n orS_tﬁgﬁﬂslﬁgﬁdv?oagg%%%ﬁ%npﬁglﬁ&%o% fabric

coat i ngs,”’ pi FAERPURE frins iyoqyaskase , Alibhesirsicyclbatrinmgsorsswnbarpdiaminks  exanpl e,
pressure Ser&lpbly?&ﬁm@éje@@ﬁéryﬁﬁaﬁélQuchvﬁ?kﬂlylgﬂq-fji-m?ﬂnﬂl@] (ﬂ'&#lé}g aghesi ves] and

pl aster. i g itably "coating" neans paint, varni sh, s?al n,” | acquer or

pl ast er: nor8¢SYiFteiErgine. b HE ararorrop YR amins due -rosthyddntineettadimehyarticgat i ng"
may nesa paiIg-diaRofcloBdind 0 HRfikcS & ﬁ}@pin N-Befl i fs rmer and a
cattier (which car rwgr, can he _watglrne1211?'i)lglrlmgrﬁr,S an g’r}églﬁﬂ;hgws%tgvent) t oand
optional |y & prgHgNPamne, L4-damisgrabiaess Lowiapmgosn-hexprendt ri al  Mat eri ai ncl udes
adhesi ve®, senaiyBoepd@iniing PoRRES chéinshes k2h1E Si@nd | nsul ation material .
"Whod" is to be understood to include wood and wood products, for exanple:
derived tinber products, |unber, plywood, chipboard, flakeboard, |am nated

Zea[rs, I15t _C)I’Tlheniohdraﬁg bﬁﬂﬁiﬂ@ﬁbidtiesh@{s&l?@@a&e{inoi&@ﬁ Haﬁb@%?i@@frgx? aﬁ&?@%ﬁ?h wood,
Fortico, velr SR SRR s o GumedlteJu i oot arE AT o g
t el egr aph- péfoegnatoumoidtes ardentesd, wibabkeRokag iFaminditd densnandodeqr s made of

I o ) ok .
goner a5 Papaf BORIBAL e G RSEY 3ol R gl e traion Retpney wood.
product st hatitablygamicerner aibhyeratardrotebbRRo e RUbh AT, bnglibd ferRPG Neer ed
wood, const Egct Lon car rX. .. Industrial Material" also includes
wal | boards sucH A% 2gyp8 ﬂﬁq“gggéd n{4) 4 peaiicaat excess of igogyaatsds preseiywither aspect
of the i nvetiirgiv of heine td iSocPirRIirttaeies tAGMS trbdlabdWRb 1@kt $ 91PN Si Ny a

conposi tion herein scribed. I1n a particular enbodi ment saird Industrial
materials a‘r”gl%gg %gjteév&ﬂg?r@ﬁ{lﬂféacﬁ%ﬁﬁr BHLY GG & ieppsERuredend pl asti ¢

conposi te; Faunio° Q5 MapeiosC,ansh Merk hReAMISEorh Moot ARELE MabAfo-empadiment sai d
| ndustri al ggkhec%azgﬁli&bc&r%rl se wood, . Exanpl es of ways 1 n which an
| ndustri al 1 oAl leN B MPFRARUEY GitROl wResarionseiestin avg iveyentie
i nvention ameistigsyesithcintics frghasin 6F BB ndboh iRk Skl Mot er i al i tsel f,
absor bi ng, i ing.. treatin in cJosed, pressure or vacuum systens) said
mat eri al 93Q&%%lﬁg&stgl|%ggbfoﬁh§? 18#"6‘2“;“588{1% Qseg?f%‘b’%f@aqlﬁ’@‘kﬁ’mslbémél mat ezi al
or coating fohe obihi sdbyragatembietiésaind trermeraniu s By bhbRiBukaRd duldde Jro! | er,
brush,  spr &y, e34195% $8hQ Ro1d 1Al %9drol§ls%salﬁr}dei{u!th%9reg£ﬁo o3 dessaigoezly:m%t%t Hon
moieties to form a (non-continuous) matrix which is distributed throughout thé resultant
microcapsules.

Other wall chemistries may be used, for example polyurethanes and polyamides, by

30 appropriate selection of wall 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 diols are ethylene

glycol, 1,2-butanediol, diethylene glycol, triethylene glycol, polyalkylene glycols, such as



The use of slow releasing merocapsules allows for an extended period of

bi ol ogi cal control conpared to non-encapsul ated formul ations, and for soi
applied products the extent of |eaching may al so be reduced by the use of
such inicrocapstiles; the latter is particularly relevant for the active
cam pounds di sclosed within this invention, whereby their substantial water
sol ubilityrenders them prone to Ieachkng when applied in an
non-encapsul ated form In the particular enbodi ment where the m crocapsul es

ar e suspendedolyrthfienadyton wid MRA|MMCOIPop kM8, 84 SHSRARE i 3hePinediol,

non- encapsul %teg% b{%ﬂl ogl cal I\P/ gézltl }/e conpound, both rapid knockdown
activity and "SHOBYIENGEY DeertElrel iprariyaal Bawplenef privyls Beinghoreved,

par ':1 i cul grl %/nio_mas h}idftﬁc@lfgrb@is fiﬂﬁe mbkehds; w!il]t:h tla Béﬁ@se& mltiféﬁ‘ﬁly,i i@?é@fr&f?fnléhgf’n of
such products,. materials where a slow rel ease of a water soluble

mat er Pal is e%lelr’grlye0 P m%aﬁ'&ﬁmﬁ‘gth%lrﬁ BT (e GlaReBtaep bRk di-and addition to
Centre pi Vot timethyjeipropme simehoemthiiog remdliyh- il s tahyddiahyr api dly | each

ti teri he..im I t duced b
i1 ved i m PRt SR RR Sy B SR B et U3 Sheitap g e

S ;J?l pensi on afigctedet demagse) gucba:efaanﬁﬁg{va@mgth_bﬂaefdSustﬂﬁétsm?lglyhflé Q}ﬂ@-mﬁt@ﬁlay tankblor
other spray gg - wWhi. ¢ _js, mxed w wat er orm a sprayabl e
suslp_ensi on, éﬁ ﬁ%ﬁiﬁﬁ@ﬁgg ﬁ{ﬁlm{r%iﬁﬁ?ﬁgd Oﬂg’?afgﬁ;’?ﬁoﬁ@gﬁz:frﬂ?nt he soi l
application- . y a¢ ohde a@n@ibote not

pOSt - pl anb i NghiQRRb& R AN ELE NS o581l S 3BT Y ,0F as @ i nure
concent at ed drench; [néﬁu%?ﬁg dlrg@f(a%ﬁrwca?ﬁgﬁt? N m%%%“ﬁ#ﬂ%ting hof e
Appl i cati on feEyatignsMixuenelreair eolshdeatidion golnely sagive hydussiybeontamittg anspl ant , For
termte prot@edh@is ateR®o cHHiSHAS i;S. knvention may, be applied
as a Soil dr encpkti under nggt_h trﬁ_e@gﬂkﬁggi&g}%&eg%d%e%éﬁﬁsﬁrﬁlkaéfn%%g%ch and
treat' bar ri¥FcHnahAy2RPHRPTisE e dedtrrck (meh ssoeirdet pldorsle). dfixtaplin @y direct |y

ont o concr eti@to, BF fe2yunedb i psBhdbthabREnSHIPERR: O 200 p I HFRGAR AW RSBy be
b gpra ryrng or other 25

converted into dry mic-rocapsul ¢ product by

: mown teé?nniné*t‘?é%faﬁ%fa‘?lhéﬂerpeb/mem vhgll ireetpelyimat whisle ke agelduien agplyathide nra 1t wi | |
be appr eci at@lutdtahe e fidirs of f0Y%r ASREE ihdsdiBhdAR; R6RSERLL MoNe aspect it
relates to a mcr.o aﬁsule formulation in which mcrocapsules conprise a
solid water-% F%}e B O1908¥Cal | y .acti ve conpound dispersed in -a
(non-continuous) matrix which is at 30l east partially solid and which is

di stributed IEQrsi.%'j'lgrhOUt th].z r{lhllcr ocapsules. In particular it relates to a
product conpriarhg TEFs TR UHEiTay be Autieldedkes bepprddebiothyoih pol ymeri ¢
shel | ; atﬂg (Pb)seariedn erelnhhﬁdg of QP UCSE: dlzl.o,pexiai_oﬁ @:Ld;jﬂerﬁﬁ’tref)@ﬂﬂﬁﬂ:l&@lgexdi sper Sedhi n a
matri x an ; : r- i,mm Sci i qujd characterised in that the
matrix is d%#%rf‘gﬁ?%é’%?ﬁﬁﬁé‘%‘ﬁ?i“ﬁﬁi&% d{?‘? E°ﬁP%BEW6%ﬁm?ﬁ@IW§PPi mmi sci bl e

liquid. Further aspects and preferences are given bel ow A uncrocapettle

formul ationg j ] I conpijae a solid ter-sol ubl e,

bi ol ogi cal | f yggQé(IsH\?g QE@%%%EBE%%g%F%% ChPsty 48 9"6’8?{'}{'\%‘&?0%1%1?6 ﬁ’ﬁ’i‘tﬁ-‘(x whi ch

i s at | east phibe raip pfdiferentdscaymatviriootimdirs ardics eminbt itk ridhe thagheut t he

/ Mem apt 3500%s0caRatiMil 1.C10G e pended.in 21 ueous phase
duri ng t hei r. %rﬁat i ?#&P%/&E ageﬁg@g%éﬁﬁgﬁ%i?%ﬁaé’?%ﬁ&éiswaéeé?%l?@ged above
*herein t he bigdasisplsestivanompbing eybe ey fram aibelé LG tindiniesalan Sal5Dth at .

anbi ent t enpehakdiveindRichiSo H RRAFSEHe LA 2N IR1LS) Oﬁ&-o%glfé/weﬁgursvﬂpt hin the

capsul es.

to several months or years. It is surprising that such a wide range of release rates is
achievable for a water-soluble biologically active compound, and it is particularly

30 unexpected that extremely slow release rates into an aqueous sink are obtained.

Furthermore, mixtures of microcapsules with different release rates may be combined in a

single formulation, to provide a tailored release profile.



A mcrocapsule fornm ation as descri bed above and a process as descri bed
above fbr is making it in whidi a nononer is present in the disperse phase
and is caused to undergo polynkrisatiuil to than the (non-continuous)

matri x. A zniaccapsule forimlation as described above wherein a water

imm scible liquid is a vinyl containing reactive nononer. A m erocapsule
fonmm ati on as descri bed above and a process as descri bed above for rnal dng
it in which the water-soluble, biologrcally active conpound is dispersed
witinn. aliquid in. which a reagent is dissolved, and in which the liquid
and reagent ahecapalswtpbdtiongasprotwed,oillrbé digefshOmnCoind i Tha@USrobmEtldsX. A

m er ocapsul e at | rjbed . above wherein a water inmmscible
auid 1 s a Feaet sl a < R0 REE B Bur L8 B Gredine

( non- cont i nuegesls. wathrinotudesvafepsateide polysaahaidec aphbs :@anthbigind, akicbmsasvldeset i bed

above in whi | iolagicallly acti.ve conpound i.s di spersed
within a subfsg(?}égra]ﬁﬁ% %/&r\%ﬁ/a Sg%u{#%ﬁ&ls tglelll%ﬁeg g gmﬁﬁ’fegﬁ?a’y sssugg?sa § t8?f§e\§\;i thin the
m cr ocapstl eMigogsistatlve agkivseis fprntitilatyi soitabsand esstting g, above i'n whi ch the
substantially water-inmm scible liquid. is or conprises a second

bi ol ogi cal ly_active conpound, A .rnicrocapsule formul ati on as descri bed

above i n whi EHtbgmersit ivasseblpiockd gldgantlpicdedidaile atiorpoudsisitabanmeprsesent i n
the conti NUOUSsAaHEONSRRASRIAGS IR 85 Buddbl & dLSRAS AN 1 Buphl QUi d

di spersion or as a solution in the aqueous p asd]. Nt crocapsal e

for nul at i on “OIFESEPFBEL oapOARETUFIONTE & bolttive o biobgicell deyveaompueddonpound

whi ch 1S 107 eRANIbI schiBa,GARL EANALEI AAVERHS 2PDERRioh By 118 o ARG, SOI ubl €

bi ol ogi cal |y actjve conpound as the one e I sperse e

nal cr ocapsul ®8Ye: Abshilpgeally avtive comnasnd addedriresty Wekomidebagibowehisa whi ch t he

wat er - sol ublmay Baitd Bgt EahdodnBGtiie tEORRAMAGLI.S @ pesticide. A microcapsule
formul ation sgl?t tge cri b(ig above in which the pesticide is thiamethoxam The
use of a.i miCYBTAIIE BFECIEBICALIR SteiaarronsPhateds p algr-elrbildy ingharergerasd 1t he

rel ease rat eo 060 gl 9610, GotuitHer RDYerdbhOMicaliin the At anded: Rehi-ediof

bi ol ogi C%| cont ro(f[e, The tjse_ of a m crocapsui.e formation as descri bed
above t 0 contFaicPHYR BPEsLEbpAt '8 aestemiph glabianiding gniaclopepyhiaslensiddi ng a
reducti on i nhikeebdamgandimdstwitfest: ischid@ethdkafini Cr ocapsul e fonudation as
descri bed above wherein the formulation is water based (capsul es di spersed
in water). 2.5 . A mcrocapsule fornulation as descri bed above where the

f or nul at i on Wisraanddgitiprabbiviogically active compound is present in the aqueous phase, the

concentration of this compound may be varied within a relatively wide range. Generally
20 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

25 by asuitable drying technique such as drum drying. It may also be achieved by
techniques such as spray-drying [including fluid bed agglomeration techniques and similar
granulation processes] or, if the 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 the microcapsules of this invention.

30 Production of dry product from a water based disp ersion usually requires.the addition of
further inert components to protect the integrity of the capsules during the drying stage, or
during storage and also to allow easy complete re-dispetsion of the dry product back into

* water for application. Such inerts include, but are not limited to, essentially water soluble

-film-forming agents such as polyvinyl alcohols, polyvinylpyrrolidones and polyacrylic



produced by a drying process such as spray drying or freeze drying or by a
sui tabl e concentration procedure and final drying. A :trticrocapsul e
formul ati on as descri bed above where (non-Continuous) nmatrix-form ng 30
conpound (suitably a polyner) is caused to separate within the m aocapsul e
by renoval of a volatile solvent foithat conpound. The use of a

m crocapsui e fornul ati on as descri bedgabove to i nprove safety of a
biologielly active ci onpound either to the manufacturer, user or the

envi ronnent . acids. Otlee mgedibos nﬁpmamaﬁgsuﬁadtdmragpa&m Sugda® Mgabatfb@esas descri bed

above in whi € n non cont i [LX |s ared ei.ther before the
capsul e, dur :agsglwapsu & af)FIé’E)Séan%?#jpoog?'v %?léifm @ﬁ‘?léo Hea: rat:on,. A
process for formng a mcr ocapsw e formul ati on RS descri bed above in which

the (non-con rix i ned by an int mal condettsation
reaction, A. H%?%%&i%()dggg eser ’tt)%a cmo' v %?r R y%"t VF%%?E?B]&L P%agent for
t he pol yeéndemmﬂa@da:i éaatbiedrbavs fopthe smtet-sdlubld BielogitAlyectsedsdhar gani c] phase
and at |east one reagent for the pol ycondensation. reaction is present in
the conthawils [aqueous] phase. 10 A process as described above in which
the reagents for Iielspotsyibioreusendatd moducebettyonttaneliiotdnintp megseStct n t he

0 spor sed Pr a8y ve IPahhd GA EXATRLER 21 B UEHRNNRY QE d Lust rati on
and not by way 01}, %r i nventi’on ih ul e
sanpl es are @ﬁ%ﬁ?%&f‘@lblestéelg ip fetiliper mavDes fufolubsveu chbaphbaiiiemto @ollamref @'r]

Ex2un. al @da- biner theetd Qb Qwicpg exanpl es denmonstrate that a suspension of

t hi amet hoxam pani ¢l es can be sneeessfidly encapsul ated wi thin polyarea

m cr ocapaul os, tﬁélf{h%%éfmprqdﬁ@n%grawﬁm x 20 within the capsul es being
formed at anbi entsult@mpes abBrRubtiomidepseeet | on between essentially
eqtrinolar concentrations of isocyanate and am ne noieties, Such
forandations are not trivial to prepare successfully due to the high

wat er - sol ubi | i Tyeﬁfdefahg@dmélbﬁé(ﬁws adtfbvdigd-Fith Bt tedPndiogy Whine frefBANS there is a
t endency for. thg fg%tl cI .S..of, thiamethboxamto migrate intd the aqueous
P ng Y fide

phase du (S Flfﬂ B Sﬁﬁﬁk@ggﬁﬂ?ﬂsn’ﬁdﬁﬁég yagltiond cxp@rptestion he

(non- cont i Nuautisty bdsﬂihsfafbhar'Bhh@dﬂﬁpbﬁﬁd@ﬁ’ﬁdﬂ&&oﬁﬁﬁé%ﬁ%ﬂh%t@ﬁuﬂﬂ%bQﬁbe& he fol | ow ng
ani ¢. phase was

process accoyrdj the re iven in Table 1.
prepared by T é"eg%gt“%?f"‘bsf %Z{Eﬁ)gppgg atig Such S PJerhigR %gé‘mtgt&e g *Fi‘éla?a gr ound
suspensi on dbng-lastagﬁtsidoadapmyfm geretabpdsedohird) | y wat er 30i mmi sci bl e sol vent .
This was ennitsi Lo .an. agueous ution yI al c.ohol to obtain
the desired paﬁl[ s & rghfrzas ik 8?&&1?8}? PB?“%‘*S‘&‘% PEPTBELHONE t h= was
added, and tdﬁ!ecnhed Herdimpfontit pmtacne:arfhndostnadmmtma]s@mekedm prageedt at anbi ent
t enper at he, Latahn t] thr out
post : f or mul aé[;[?3t N \?zldjglgg%%gﬂs @ ?%f n%% a?tg)lbc ?ec glssg(?f’tf(li‘pé?\mg% EMPti set ti bg
agents) was C@miqﬁpggelf waed; alsticoyoded mdadtic composite; pamt paper; and wallboards. The

protection may be in the form of a product that deters, repels or kills an attack of a target,

|-'

U

such as in the area of termite protection, or house protection against invasive insect
25  species, a barrier can be places between the article to be protected (eg a building) and the
external environment in which the pest species normally resides.
The term “Industrial Material” includes those materials used in construction and the
like. For example, Industrial Material may be structural timber, doors, cupboards, storage
. umits, 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, varnishes, lacquers,
primers, semi-gloss coatings, gloss coatings, flat coatings, topcoats, stain-blocking

coatings, penetrating sealers for porous substrates, concrete, marble, elastomeric coatings,



24 Rapeseed o:il (from Brassies rapa) was sourced from Fl uka. Sol | vesso’
200 i s an aronade hydrocarbon sol vent supplied by Exxon. Ctopspia.y 7N is a
mneral oil supplied by Sun G| Conpany. Norpar 15 and Rd Ic r(r) 6813 an
paraffinic solvents supplied by Exxon, 5SeAsper:se 17000 is 's pal/picric
di spersant supplied by Lubrizol. Z19046511vl is a pol yneric di spersant
supplied by Erni-fins Agriner(r) AT 22 is an allaylated viny-I|pyrrolidone
copol ymer supplied by |ISP. Desnodur(ad) Z4470 is the trimer cf
i sopl tcronediisocyanate supplied by Baye:r as a 70% sol ution in naphtha
100. 10Desr uditceropulksysdaknty, bpardjandpdnyilieg ehitgt,¢ssadpohgioy odtia g famiatL )
suppl i ed by Bsyg i AV o A AV tolyvlene 2,4- & .
2, 6-di i socyanat e,és’ ‘é%lqg“i‘tfngfiﬁg‘ié%f%m Aﬁg gﬁs’cﬁﬁl% l?baflé%%ﬁlnt%&ﬂgwr(c%Wﬁet hyl ene
pol ypl i enyt ed@! e gr%ﬂowﬂr‘f epatinpsyriabe doddy gstpemtosstaace c@oigcuwih a6 kt, 03, GL. 05
and GML44. angr Rah ¥Mian¥| < ' N n | asel .
B R e AR 6 b B R et g

Pol yet hyl enei m ne (M I'S nunber aver

Pyl . W .-800 PEeH (oalingy [speh asy foptraaplelyesatrelsengtive sdhesiveednd@eb bt diys a

m croet yst al ladi@ic@ddnbti R§8ng YRARLI €d by FMC Kel zan is a xanthan gum suppl i ed
by CP Kele. After sabn'p‘l‘e preparation, each sanple was characterised by
msuflng its VI VITSebLY feealipal weans gaint, vapkieh, stain) levsierepr elsterpiness sdiabtynst r at e
that a suspershn” afa lidjiaBRit-RaKam ¢ b€ i thin

pol yarea m cr octgigsu esk1 t he non?é(i:gont_it%goﬁgmgﬁ%?)iagﬁvﬁﬁ?ﬁlﬁ:?%@rggafgsuI es

bei ng f annedPE PTHLE et GushicAGicecan PelFaletasidr ametganic solvent)

sel f - condensatdioptionalipn@igh B, reacti on between isocyanate and am ne noieties

added t hrough thfi%%ﬁﬂ]go?s hase. In these exanples the nolar ratio of the
external |y added el 810 pldvisgriabtipdudes adhesivgsi eeledhiqiging ower t han

1: 1. Such f onsefadd jobmsandimduipaddhaetaar |y difficult. to prepare successfully

due to the el evatqd b SnARELLALUISS, Miihd 59 YL 0R, A0S, Br mLron of the

derived timber products, lumber, plywood, chipboard, flakeboard, laminated beams,

15  oriented strandboard, hardboard, particle-board, tropical wood, structural timber, wooden
beams, railway sleepers, components of bridges, jetties, vehicles made of wood, boxes,
pallets, containers, telegraph-poles, wooden fences, wooden lagging, windows and doors
made of wood, plywood, chipboard, joinery, or wooden products which are used, quite
generally, for building houses or decks, in building j oinery or wood products that are

20 generally used in house-building including éngineered wood, construction and carpentry.
“Industrial Material” also includes waliboards such as gypsum based wallboards,

In a still further aspect of the invention there is provided “Industrial Materials”
comprising a composition as herein described. In a particular embodiment said Indusirial
materials are selected from the group consisting of: wood; wood plastic composité; paint;

25  paper; and wallboards. In a particular embodiment said Industrial materials corprise
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, impregnating, treating (in closed pressure or vacuum systems) said material

30 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.



10 continuous) matnix; it is inportant that a shell is fixed around the
outside of the enmulsion droplets via initial reaction between the am ne

noi eties and sone of the isocyanate noieties to prevent excessive mgration
of thiamerhoxam particles into the aqueous phase. Tbi anet hoxam was

encapsul ated using the follow ng process according to the recipes given in

Tabl e 2. An organic phase was preparedyby the addition of one or nore
15i soeyanates to a finely ground suspension of thismethexamin a

substantial l'y Th@h@%flslﬂ%"r&@dsﬂﬁkﬁltléw %@I&E aﬂo}{%‘f& é) {1 ﬁiqol' ”taﬁ’ea”TﬁggegUS
O Oobtaln e desi r e 1z

sol ution of poI | -al coho
sol ution of a ﬁ%tf"?/f petefl dhiaam-carapprdatedaiermdpions, aqdrferspénméﬁdapmd@tsame t he

emul sion vas eabmefichdintayand vb hlisel SIRELAHEEN MRS ARLALALNEM, i Or 3 hours
to allow the wal.l f tion reaction toﬁgrocee ruin |ta|n|ng gentl
*taunt/ -zCt hr SUGRETY relpyanGier (e actize comnep ﬂlS@lpﬁeéwﬂ@a@}m@vmm,wlmhseutral pH

and addition @kirattaiased wefv@mgﬁmeﬁaerswe&n £idhd to &l £ oA bl £GonFACH
sanpl e was t hen ch?{ggter Sﬁ m% neasuring its VIV > Tab
gncapsulate e patrticular embodiment where the nucrocapsules 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
10 such products into materials where 2 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 microcapsule suspensions thus produced may be utilized in the norma) fashion of

15 such products, 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 technigues may be utilised for the soil
application-of such microcapsules, including pre-planting and post-planting applications
either as a dilute spray or as a more concentrated drench, including direct application into

20  the planting hole. Application may also be made to seedling trays ete. prior to transplant.
For termite protection, the microcapsules of 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
microcapsules may be converted into a dry microcapsule product by spray drying or other

25 known techniques and the resulting material packaged in dry form.

It will be appreciated that there are many aspeots to the present invention. In 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
30 least partially solid and which is distributed throughout the microcapsules. In particular it

relates to a product comprising microcapsules which themselves comprise

(a) apolymeric shell; and

(b) a core which comprises (i) a solid agrochemical dispersed in a matrix and (ii) a water-
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immiscible liquid characterised in that the matrix is distributed hon-continuously
throughout the water-immiscible liquid.
Further aspects and preferences are given below.

A microcapsule formulation in which microcapsules comprise 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 microcapsules, in which the

microcapsules are suspended in an aqueous phase during their formation.

A microcapsule formulation as described above wherein the water soluble blologlcally
active compound is a solid at ambient temperature and is dispersed in an organic non-

solvent within the capsules.

A microcapsule formulation as described above and a process as described above for
making it in which a monomer is present in the disperse phase and is caused to undergo

polymerisation to form the (non-continuous) matrix.

A microcapsule formulation as described above wherein a water immiscible liquidis a

vinyl containing reactive monomer.

A microcapsule formulation as described above and a process as described above for
making it in which the water-soluble, biologically active compound is dispersed within a
liquid in which a reagent is dissolved, and in which the liquid and reagent are caused to

react to form the (non-continuous) matrix. -

A microcapsule 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 microcapsule formulation as described above in which the water-soluble, biologically
active compound is dispersed within a substantially water-immiscible liquid which is

retained within the microcapsule,

‘A microcapsule formulation as described above in which the substantially water-

immiscible liquid is or comprises a second biolo gically active compound.
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A microcapsule formulation as described above in which one or more biologically active
compounds is/are present in the continuous aqueous phase [either as a solid dispersion, a

liquid dispersion or as a solution in the aqueous phase].

A microcapsule formulation as described above in which the biologically active
compound which is present in the continuous aqueous phase is the same water-soluble

biclogically active compound as the one which is dispersed in the microcapsules.

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 microcépsule formulation as described above to control the release rate of a

pesticide thereby providing an extended period of biological control.

The use of a microcapsule fonnﬁlaﬁon as described above to control the release rate of a

pesticide thereby providing a reduction in leaching of the pesticide.

A microcapsule formulation as described above wherein the formulation is water based

(capsules dispersed in water).

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 microcapsule formulation as described above where,a (non-continuous) matrix-forming
compound (suitably a polymer) is caused to separate within the rﬁicrocapsule by removal
of a volatile solvent for that compound.

The use of a microcapsulé formulation as desc{dbed above to improve safety of a

biologiclly active éompound either to the manufacturer, user or the environment,
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A process for forming a microcapsule formulation as described above in which the (non-
continuous) mattix is prepared either before the capsule, during capsule preparation or
after capsule preparation..

A process for forming a microcapsule formulation as described above in which the (non-
continuous) matrix is formed by an interfacial polycondensation reaction.

A procesé as described above in which at least one reagent for the polycondensation
reaction is present in the dispersed [organic] phase and at least one reagent for the

polycondensation reaction is present in the continuous [aqueous] phase.

A process as described above in which the reagents for the polycondensation 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

Median Diameter].

Examples 1a— 1w
The following examples demonstrate that a suspension of thiamethoxam particles can be

successfully encapsulated within polyurea microcapsules, the (non-continuous) matrix
within the capsules being formed at ambient temperature from the reaction between
essentially equimolar concentrations of isocyanate and amine moieties. Such formulations
are not trivial to prepare successfully due to the high water-solubility of thiamethoxam
(4.1g/1 at 20°C) which means there is a tendency for the particles of thiamethoxam to
migrate into the aqueous phase during the emulsification process, and/or during the

formation 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
immiscible solvent. This was emulsified into an. aqueous solution of polyvinylalcohol to
obtain the desired pz;.rticle size. Then a solution of a polyfunctional amine was added, and
the wall formation reaction was allowed to proceed at ambient tempmahirc, maintaining
gentle agitation throughout. Finally, postformulation (adjustment to neutral pH and

addition of antisettling agents) was carried out as required,
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Rapeseed oil (from Brassica rapa) was sourced from Fluka.

Solvesso® 200 is an aromatic hydrocarbon solvent supplied by Exxon.

Cropspray® 7N is a mineral oil supplied by Sun Oil Company.

Norpar® 15 and Prifer® 6813 are paraffinic solvents supplied by Exxon.

Solsperse® 17000 is a polymeric dispersant supplied by Lubrizol.

Z190-165™ is a polymeric dispersant supplied by Uniqema.

Agn'mer® AL22 is an alkylated vinylpyrrolidone copolymer supplied by ISP.
Desmodur® Z4470 is the trimer of isophoronediisocyanate supplied by Bayer as a 70%
solufion in naphtha 100,

Desmodur® W is 4,4’-methylenebis(cyclohexyl isocyanate) supplied by Bayer.

TDIis an 80:20 mixture of tolylene 2,4- & 2,6-diisocyanate supplied by Sigma Aldrich.
Suprasec® 5025 (polymethylene polyphenylene isocyanate) is supplied by Huntsman.
Gohsenol® G1.03, GLO5 and GM14-L are polyvinylalcohols supplied by Nippon Gohsei.
Polyethylencimine (Mn~600 [Mn is number average molecular weight], M.Wt.~800
Daltons) is supplied by Aldrich.
. Avicel® CL611isa microcrystalline cellulose supplied by FMC .

Kelzan® is a xanthan gum supplied by CP Kelco.

After sample preparation, each sample was characterised by measuring its VMD.

Table 1
Component (g/1) la 1b Ic |[1d le 1f 1g 1h
Thiamethoxam . 75 | 75 75 75 75 75 180 183.4
Solsperse 17000 7.5 7.5 7.5 7.5 7.5 7.5 18 16.7
Rapeseed oil 86.3 | 86.3 | 86.3 86.3 782 | 782 | 205.7 175
Desmodur 74470 56.1 | 56.1 | 56.1 56.1 643 | 643 121.6 125
SN
Gohsenol GL03 338 | 338 | 3338 33.8 33.8 | 33.8 78.1 75
Diethylenetriamine 5.6 5.6 5.6 5.6 6.4 6.4 13.1 12.5
Avicel CL611 10 10 10 10 10 10 10 10
Water To To To To To To To i To 1l
Nitre | llitre | 1litre | 1litre | 1litre | Llitre litre litre
VMD/(um) 7.9 9.1 13.1 16.4 8.5 10.3 13.78 16.38

Table 1 cont.
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Component (g/l)

1i 1j 1k 11 1m
Thiamethoxam 104 75 75 75 75
Solsperse 17000 5.4 6.3 6.3 6.3 6.3
Rapeseed oil 69 - - - -
Solvegso 200 - 91.3 91.3 913 93.5
Desmodur 24470 SN 69 - - - E
Suprasec 5025 - 30.9 31.0 31.0 19.5
Gobhsenol G1.03 48.5 - - - -
Gohsenol GL05 - 219 15.6 15.6 14.7
Diethylenetriamine 7.0 - - - -
1,6-diamino-n-hexane - 14.5 - - -
Ethylene-1,2-diamine - - 7.6 - -
Tetracthylenepentamine - - - 94 6
Avicel CL611 8.5 10 10 15 8
Kelzan - - = = 2
Water To 1litre | Tollitre | To llitre | To 1litre | To Ilitre
. VMD/(um) 11 6.6 13.2 10.8 14.1
Table 1 cont.
Component (g/) 1n lo 1p 1q ir 1s 1t In 1y 1w
Thiamethoxam 75 75 75 75 75 [ 120| 120 | 120 | 120 | 75
Z190-165 18.8 - - - - - - - - -
Agrimer AT.22 - 7.5 7.5 7.5 7.5 12 12 12 12 7.5
Prifer 6813 27.5 - - - - - - - - -
Noxpar 15 27.5 - - - - - - - - =
Cropspray 7N - 67.5 | 67.5| 675 | 675 | 108 | 108 | 108 | 108 | 67.5
Desmodur 24470 SN | 38.2 - - - - - - - - -
Desmodur W - 26.5.| 12.2 - - 60 - 102 | 423 | 16.7
TDI - - - 265|265 - | 267 T - -
‘Gohsenol GL03 16 - - - - - - - - -
Gohsenol GLO5 - 20 20 20 20 |37.5| 321 | 28.9 32.1 | 20.1
Gohsenol GM14-L - 67 | 67 | 67 | 67 |125]| 107 | 9.7 | 10.7 | 13.4
Diethylenetriamine 27 | 38 | 33 115 - | - - - - 4.8
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Examples 2a—2d
The following examples demonstrate that a suspension of thiamethoxam particles can be
encapsulated within polyurea microcapsules, the (non-continuous) matrix within the
capsules being formed by a combination of isocyanate hydrolysis and self-condénsation,
and the reaction between isocyanate and amine moieties added through the aqueous phase.
In these examples the molar ratio of the externally added amine : isocyanate moieties is
significantly lower than 1:1. Such formulations are particularly difficult to prepare
successfully due to the elevated ternperatures utilised during the formation of the (non-
continuous) matrix; it is important that a shelllis fixed around the outside of the emulsion
droplets via initial reaction between the amine moieties and some of the isocyz'a.nate

moieties to prevent excessive migration of thiamethoxam particles into the aqueous phase,

" Thiamethoxam 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
isocyanates to a finely ground suspension of thiamethoxam in a substantially water
immiscible solvent. This was emulsified into an aqueous solution of polyvinylalcohol to
obtain the desired particle size. Then a solution of a polyfunctional amine was added, the
temperature of the emulsion was raised to 40°C and this temperature was maintained for 3
hours to allow the wall formation reaction to proceed, maintaining gentle agitation
throughout. Finally, post-formulation (adjustment to neutral pH and addition of
antisettling agents) was carried out as required.

Each sample was then characterised by measuring its VMD.

Table2
Component (g/1) 2a 2b 2¢ 2d
Thiamethoxam 75 75 75 75
Solsperse 17000 6.3 6.3 6.3 6.3
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Solvesso 200 83.7 83.7 73.9 73.9
TDI 14.6 14.6 19.5 19.5
Suprasec 5025 14.6 14.6 19.5 195
Gohsenol GLO5 14.7 14.7 14,7 14.7
1,6-diamino-n-hexane 3.1 3.1 4.2 4.2

Avicel CL611 8 8 8 8

Kelzan 2 2 2 2

Water To llitre | To llitre | To llitre | To llitre
VMD/(um) 10.5 16.2 13.0 228
Example3

The following example demonstrates the combination of an encapsulated suspension of
thiamethoxam with a suspension of unencapsulated thiamethoxam in the aqueous phase.
Microcapsules containing a suspension of thiamethoxam were prepared according to the
method detailed in example 1, according to the composition in Table 3. The capsule
formulation was characterised by measuring its VMD. The microcapsules were then

mixed in various ratios with Cruiser™ 350FS (a suspension concentrate containing 350g/1

'thiamethoxam) to give final products with ratios of encapsulated to unencapsulated

thiamethoxam of 1:1, 1:2 and 2:1 by weight (examples 3a, 3b and 3¢ respectively).

Table 3
Component (g/l)
Thiamethoxam 75
Solsperse 17000 7.5
Rapeseed oil 78.2
Desmodur Z4470 SN | 64.3
Gohsenol GL03 33.1
Dicthylenetriamine | 6.3
Avice]l CL611 10
Water To 1litre
VMD/(pum) 26.4
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Example 5

The following example [using the products from Examples 1a to 1f] demonstrates that

15

encapsulation 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 following

20

methodology. A capsule suspension was diluted into deionised water to give a

concentration of typically 0.01%w/w thiamethoxam (i.e. well below its solubih'ty limit).
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15 seedling (the microcapsules were diluted in 3ml water and Actara® WG was applied dry).

The plot was irrigated before application and transplantation to reach field capacity, then

irrigated with water [6mm/m?] every second day following transplantation. After various
time interval.s, soil cores were taken to depths of 0-18cm and 18-36¢m directly below the_
plants (four cores per sampling time). 100g of the soil was placed in a beaker (2
20 replicates) and made up to an overall volume of 140ml with water. The slutries were
stirred, then left for 30 minutes to allow the soil to sediment. Then 2.5ml of the
supernatant was taken from each subsample and recombined (4 replicates); broad bean
seedlings infested with Aphis craccivora were cultivated in the supernatimt and mortality
was assessed after 72 hours. Up to a 3-fold reduction in leaching was observed for
25  encapsulated formulations of thiamethoxam (compared to the non—encapéulated standard;
see data below, where DAA = days after application).
% mortality of Aphis craccivora (soil water from 18-36cm depth)
Trial B2 % mortality (16DAA)
Actara’™ WG 45
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Example 10
This example demonstrates that encapsulation of thiamethoxam [using products from

Examples 1c and 1d] can result in extended biological control when used as a termiticide
(compared to non-encapsulated thiamethoxam; Actara®WG [25% non-encapsulated
thiamethoxam, 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
curvignathus. The ground was cleared and wooden frames were installed around the
individual areas to be treated (5 replicates per treatment). The ground was drenched with
the termiticide treatments (thiamethoxam at either 0.1% or 0.2%) at an application volume
of 4.5 litres/m? and the treated soil was covered with a vapour barrier (with a pipe cut into

the barrier 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

cap. 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 [WDI] value above 1 tepresents 2 failure of
the treatment), it was found that the non-encapsulated standard of thiamethoxam failed at
both 0.1 and 0.2% treatment rates of thiamethoxam after 10 months. However,

encapsulated formulations showed no failures at either thiamethoxam rate after 12 months.

Termite damage as assessed by WDI (scores over 5 replicates)

WDI (10meonths, | WDI (10months, | WDI (12months, | WDI (12months,
0.2% AL 0.1% AT 0.2% Al) 0.1% AJ)
Actara®WG | L2 1,1, 1 1,3,1,2,1 1,31,1,1 131,51
Example 1c | L 1,111 L1, LL,L LLLILL 1,1,1,1,1
Bxample 1d| L, 1,1,1,1 1,1,1,1,1 LLL 1,1 1,1,1,1,1
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Exanple 11 This ex,nple illustrates that encapsul ati on of thianethoxam

[ product of Exanple IiJ can result in greater biological efficacy when used
as a seed treatnent, particularly under conditions of high pest pressure
(compared to non-encapsul ated thi anet hoxam Cruiser(r) ES). Thi amet hozam
formul ations were individually applied to nmaize seeds at a rate of 1.25ng
Mkt /| at her-am per seed & tested for efficacy against corn rootworm

(Di abrotica spp.) at several field |ocations. Thc experinental design was a
random zed conplete to block with 4 replications. Bach plot consisted of
four 35-seed rows, 5.3min length, planted using a 4-row cone planter.
Planting, cultivation, fertility managenent, irrigation and harvesting
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15 Evaluatlon of corn rootworm damage was made when it was estimated that rootworm
feeding was finished, when most of the observed larvae in soil samples from the root zone -
were third instar larvae [i.e. nearing maturation and no longer feeding on roots]. Five
plants from each of the outer two rows of cach plot (total of 10 plants/ plot) were dug up
and washed to remove attached soil.

20 Root damage ratings for all locations were performed according to the Node-Injury Scale
(Oleson, I.D. et al. 2005, J Econ Entomol 98(1): 1-8): 0= no feeding damage, 1=one node
or the equivalent of an entire node eaten back to within approximately 2 inches (5 cm) 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

25 node 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)

Root rating (normal pest pressure) | Root rating (high pest pressure)
Cruiser® FS 0.9 1.6
Example 1i 0.7 1.0




AM A |. A product conprising mcrocapsul es which thensel ves conprise (a) a
polyneric shell; and (h) a core which conprises (I) a solid agrochem ca

di spersed in a matrix an (if) a water-inunisrible liquid characterised in
that the matrix is distributed non-continuously throughout the
water-irmiscittle liquid, 2. A product as clained in claim/ where the
agrochem cal has a water-solubility in the range of 0.1 to 100 el. at 20C
103. A product as clained in claim23where the agrochemcal is a

neoni ctinoid insecticide. 4, A product as clained in claim3 where the
agrochem cal is acetannprid, clothiamadMs, im dacloprid, thiacloprid or

t hi ame, thoxam 5, A product as clalned in claim4 where the agrochem cal is
t hi anet hoxam 6., A product as clained in any one of clains Ito 5 where the
nicrocansaleslaqu&hﬁp@m@ﬁdngmmammaqwewhshmbaaaws&nmmwproduct as claimed in

any one of cl ai | t e the product is a dry product. 8. A product as
clainmed in clalg$? aﬁgP%m?%@ y product is granular. 209. A product as

clained i n cl ai )% core v&mmlmmmdehe) alyoyid pgrochemical Gsparmtdin-adiagperdiblee. 10. A

product as clainmed in ses an

agr ocheni cal . fvaeﬁxl%?’ﬁﬁg%?qlﬁgvﬁéf“%nggullénhgc g%j[llrgnm%kaCﬁ ere O}é agr ocheni cal
in the aqueous phameodshzhaughattaire-gapdrtitmindijctje liqwid he r ange of 0.1 to 100 gil
at 20t. 2511 A pr gc'i{l%{as% e!d% i&h%’aﬁfc 1%&11c%'§1[1?a35%te@9519&m% cal in the

aqueous phase’i s neonlc Inuird insec ICI 13. A product as claimed in
claim 12 where MRem&gmbﬁﬂheﬂdeaJ%Pﬁ t he aqueous phase is acetarniprid,

¢l othi agy di m Hul A 8PK fhimd hha%ppcvh&eafeagmmeahmmm%d A product as

clainmed in claim ere t e agrochem cal in the aqueous phase-is
t hi amet t oxam  insecticide.

4. A product as claimed in claim 3 where the agrochemical is acetamiprid,
. clothianidin, imidacloprid, thiacloprid or thiamethoxam,
5. A product as claimed in claim 4 where the agrochemical is thiamethoxam.
15 6., A product as claimed in any one of claims 1 to 5 where the microcapsules are
dispersed in an aqueous phase.
7. A product as claimed in any one of claims 1 to 5 where the product is a dry
product.
8. A product as claimed in claim 7 where the dry product is granular.
20 9. A product as claimed in claim 7 or 8 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 g/l at 20°C.
25 12. A product as claimed in claim 11 where the agrochemical in the aqueous phase is a
neonictinoid insecticide.
13. A product as claimed in claim 12 where the agrochemical in the aqueous phase is
acctamiprid, clothianidin, imidacloprid, thiacloprid or thiamethoxam.
14. A product as claimed in claim 13 where the agrochemical in the aqueous phase-is
30 thiamethoxam.
15. A product as claimed in any one of the preceding 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 15 where the matrix is a polyurea.



15. A product as cited. in any one of the pramitig clains where the matrix
is a polynmer which is a polyurea a pol yam de or a pol yurethane or is a

m xture of two or nore of these polynmers. 16. A product as clainmed in claim
.1.5 where the matrix is a polryurea. 34 17. A product as clained in any
one of the preceding clains where the polyneric shell is a polynmer which is
a polyurea, a poiyam de or a polyuread3ne or is a mxture of two or nore of
t hese polyners. 18. A product as clainmed in claim17 where the polyneric

shel | is a polyuagRdud PEIREHIE In BF ofd FiHEBLBRAYIARNE wabre iRQoRIBESSHNY Cl ai B
where the water-jnmmscib liquid has a water solubility of |ess fhan or
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equal to 5000ppr4 2BGYIRET WHED 18 PIRkEea, 8 golyanids S pelyusihags it He gy one of
the precedi ng cl aiok msliedrenctdRiparter - i nm sci bl e solvent is or conprises an
agrochem cal . ,1021. Use aof a product as claiped,i ny one of the preceding
clains to cont t‘gé’f"dﬂ‘(‘fﬁf %Fleddﬁlcgﬁngm%?fﬁﬁwo Bete ﬁ%ﬁﬁ@ﬁ FOGH5Pi ses - appl yi ng
to thc pest orndtapadiaesdaitkd inh@y PRSI therfpeditid dditalvhate efef ecti ve anount of

t he product. 22, e_of, rodyct as clained in claim?2 e the pest is
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control the rel easghtne28C.of a solid agochemi cal. 24. Use of a product as

claimed in an}iOO' enﬁﬁct%c e i]r'1a¥10011200ftth% ';eeg Ceclf}irrﬁewggte) rc]:t of a solid
wat er - sol ubl e "agr ochef caiumfcllﬂlat R T ough 'sorl.” 25, Use of a
product as cl ai mederiimagipleoabenfis @lcainpmsed art agrai2emienlseed treat nent, 26, Use

of a prqguct ?i ek Q‘g‘l%dﬁc‘? ?@Jﬂé{mé’d‘i‘ﬁ { o o?ih@?r%e(ﬁr% 48ml fb c%fng%(]:ioge materi al s
protection. 27. A proctess for prepating a product” as clainmed I n any.one of
clains Ito 20 cowptolehagriculiwalgess whish comprises @pplyéls tphk pert pi toatidconolof  an
oi |l -i _nl- wat er enq}l§f')egga b&ﬁ%&ﬁgﬁ&ﬁg&g{m@gﬁggﬁg&&gaI is dispersed. within
an. ort. 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
15 of a solid agrochemical.
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.Useof a pr‘oduct 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
20 protection.
27. A process for preparing a product as claimed in any one of claims 1 to 20
comprising the step of interfacial polymerisation of an oil-in~-water emulsion in

which a solid agrochemical is dispersed within an oil.



