Enzynme and Receptor Mdul ation This invention relates to a general nethod
of increasing or prolonging the activity of a conpound whi ch nodul ates the
activity wbam/gepdsracel | ul ar enzynme or receptor by the eovaiBod/mosspugati on
of an a, a-disubstituted glycine ester.jmotif to the nodul ator. The invention
also relates to nodulators to which an a, a-di substituted gl ycine ester
notif has been covalently conjugated, and to a nethod for the
identification of such conjugat.g Lno SHperi.onL. properties relative to
t he parent non-conj ugated nodul-s Fre—t- oh further relates to the
use of modul at Dhepieait fivehfith flies (diaSionaliirbodse fbr M FLEEEDId S | hal
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t he nonociiwosmsHepmadaby thepmepsss. Bhakgraaiesitotaprotess fartemtsearf thdny
intracell I-C% agsr)‘leérres and receptors are targets for pharnaceutically useful
drugs whiC Rodur ste their activities by binding to their active sites.
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i nvest i gaok@mcipnadaciddstide pid polydfto hiwke hpobritcowallhi s i nvention is based on
the novel finding that conjugates of a, a-disubstituted glycine esters can
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benefits _described in WO 2006/1 17567 can al so be obtained wi'th suc
this known type provide poor protection for the contents from UV light. Also, the surfactant

which is used to form the emulsion may lead to a problem when later handling the dispersion
25 of'microcapsules because it may cause foaming.

In one known approach, photoprotectants form part or all of the microcapsule wall
materials and thus provide a shield for the capsule, thereby protecting any photosensitive
active ingredient that is present within the capsules. For example CA2133779 shows that
lignosulphonates and the like can be used in combination with a protein such as a high bloom

30 gelatin to form a capsule wall that improves the resistance of agriculturally active substances,

such as pesticides, to u.v. light degradation. The capsule wall formed by the interaction of

these components is durable and has a W.v. protectant as an integral part of its structure.



conjugates. Such benefits include intracellular accumulation of the acid
hydr ol ysi$n. uct, and in sonme cases sel ective acc I tn.cells
of a parR?Q&P%wﬂéﬁﬂe. As in the case of WD 2006/1 17567?€?k§bF®@§Q%P

i nvention takes advantage of the fact-2hat : lipophilic (low polarity or
charge neutral) nol ecul es pass through the cell nenbrane and enter cells
relatively easily, and hydrophilic (higher polarity, charged) nolecules .
do not. Hence, Niby 8edcliP@ORIEA5G9 WA If the Ssedbft ObRIE] inbrganidi pagic] o8 Partiotiarly
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target enzynme or receptor, and/or is conjugated to the nodul ator such that
t he bi ndi ng node of the conjugated nodul ator and the said correspondi ng
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25  in air on a glass slide.

Figure 2b is a light microscope image showing the affect of addition of 5% by weight
Synperonic™ NP8 to a Pickering emulsion.
Figure 3 is a light microscope image of the microcapsules of Example 3.
Figure 3a shows a stable microcapsule dispersion of Fig. 3.

30  Figure 3b shows the microcapsules of Fig. 3 after the addition of SynperonicTM NPS.
Figure 4 is a Scanning Electron Microscope image of the capsules of Example 4.

Figure 5 is a light microscope image of the capsules of Example 5.



by one or nore intracellul ar carboxyl esterase enzynes to the correspondi ng
acid. By covalently attaching the a, a-disubstituted glycine ester part to

t he nmodulwoanownssis7t hat t he bi ndi ng node of the nodul at ecTiaB206v000@80 get
enzyne or receptor is preserved, both3the ester conjugate and the
correspondi ng acidic a, a-disubstituted glycine conjugate retain the
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t he unconj ugat ed nodul ator, thereby conpensating for any intrinsically

| ower Spotlagiry 6afis 1 ightoicroscopedinags vEEtamilé6a.l atter. It will threfore be
apparent _t.hat {he gonju iogn strategy of the_present invention differs
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the chem cal "identity of the nodulator or the identity of the target enzyme
or recep¥ure 1 shevsshe oaigsy rq0¢ of dintott/Ighiadlate BMP) disto at Hér dTRapfifestfrgiar&Xer t s
its fect b‘ﬁ rever si blz bi nding to the target enzyne or receptor, as
opposed #F°F ng)%ﬂgg@e ffect is due to covalent binding to the target
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i ntracel bugiaal dispetiiony activity of the parent nodulator with its target
enzyne : .o&q{;ﬁcep{w, .attachpent of the ester notif nust take account of
that reqtig" a light ewcrgqope Faage aficppyudas preparadeaccording to Example 13 in a

car boxyl gsh&EiBs %5 r - .- ol LJuted glycine ester notif is
attached t% tlhe @ulﬁ%éggd%%%a&%@%ﬁdi ng node of the correspondi ng
car baxyl est erase hydrol ysis product (ie the corresponding acid) to the

target is ess,ggti ally the sanme as the unconjugated nodul ator. In general
this is achi eVRUPISTENE Haniaen relateste Rhsit proeess fas neakingijdreeapsulgs whedtdoes not i f
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the binding node, In addition, the a,a-disubstituted glycine ester notif
obvi ous| §isesnodified narfiarlate inorgasic mpstialip Hewy méerpeapaule Wallstwhere across- i s t o
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nodes of coval ent conjugation of the a, a-disubstituted glycine ester notif
to a surfactants to be used 11 the same formulation as a Pickering emulsion%ased system.
Pickering emulsions are often destabilized by surfactants but in the present invention, cross-
linking of the interfacial particles prevents this from occurring and surfactants may be safely
30  added to the system once the interfacial cross-linking has occurred. Therefore, suitably,

adjuvants may be built-in to microcapsule compositions of the present invention.



nodul ator wll allow hydrolysis. Attachment by a flexible linker chain wll
usually be howthis is achieved.It will be appreciated that any chem cal
nodi f i catworro@foeaesdr ug may subtly alter its bindi ng geomerrgBo@vdodshe

chemi stry strategy for linkage of thela, a-disubstituted glycine ester

car boxyl esterase notif may introduce additional binding interactions with
the target, or may substitute for one or nore such interactions. Hence the

requi rement tﬁ&x&rotc ufdy @r meé)?&énﬁﬁ%ﬂﬁﬁta?é suitAblegbMbnieHsd fegeaws‘pﬁl@amis i's

the sane as the unconjugated nodulator is to be interpreted as requiring

t hat t he(fer instance, sbggrolied calnasepé ab actit ingnedieht frére vithimithegonpafghe i n ot her
wor ds that, the bjindi node.i.s essentially the ne as.that of th
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characteristics of the parent nodul ator are retained, and the nodified and
unmodi fi ed noduptienameetnfshaprespbingpntionos s hearosstlinkpd aystans may be easily
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point in the nodul ator nol ecule which is renpte fromthe binding interface
bet ween theoutaiiteiemalorgantinypasy phageof tba dispersion spdvibpt e relppsgadteof ap¥ shoul d

be noted_that. these requi.renents d ot i npl at_.t he ' or its
cor r espoIVadPSET T HGTEEEredd thE banB oy vk GO0 S ogeele
potency age pld€ildaryBppbRautAbse etite GBRLTMing ROWRVRE mehhs fhat P isgioRkibRAot hat
the esterase-hydrol ysed carboxylic acid has a potency in an in vitro

enzyh®e- sirengthespnekisting Biyagnassegie-tyeted seputrer tofierm Bwlthlayered sapsyésency of
t he parent nodul ator in that assay, and that the ester has a potency in a
cel lul ar act i The¢ sniaseapyulat of thaptesas ilvaptioamaybatmait byeprpease oompmsiog:at or i n
the sanme assay. Although traditional nedicinal chem stry nethods of nmapping
struct urp- act fotiling 4 J1idOHires-1adker e i@8d;] y capable of identifying an
attachnment strategy to neet the foregoing "sane binding node" and "renpte
attachmeg) 1 RAHEMEIBRNS of HRSEIR-haRNR AkHAGuIRY Gibrdmi MR i Rficous
crystal | ography have advanced to the polnt where I't is very common for the
bi ndi ng mediengf a known nodul ator of an enzyne or receptor to be known, or
determ nable. Such information is in the vast majority of cases in the

publ ix dgiyai ndispersiagthddhaealfiskg iyintdthe Shmuifatephpse torapaBickermge net hods,
such as |igand docking and honol ogy nodelling, based on the known bindi ng
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active sj t . . - . I { [ € - i.ndi ng
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at t achnmewtllof the carboxyl esterase ester notif nmay be identified, usually
(as stated above) at a point on the nodulator which is renote fromthe
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receptor.Intracel ['ul ar Carboxyl esterase énzynmes capabl e of hydrolysing the
ester, group o I - ] 810 : 2G|, G- Rehied i@ci d
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modified inorganic material tend to accumulate at the interface between the solution droplets

25  and the aqueous continuous phase and reduce the corresponding surface energy. This effect
is known as a ‘Pickering Emulsion’. The use of this combination of a Pickering Emulsion
with a cross-linkable particulate inorganic material and a cross-linker allows for a

particularly simplified process.

The liquid used in step i) comprises material to be encapsulated. In one embodiment,

30 the liquid comprises an active ingredient which is to be encapsulated, optionally together



The broken cell assay described belowis a sinple nethod of confirmng that
a given conjugate of nodul ator and a, a-di substituted glycine ester, or a

gi ven a, awodneuiss1sit ut ed gl yci ne ester to be assessed a®Ca/grre@ydobeso

car boxyl esterase ester notif, is hydral-ysed as required. These enzynes can
al so be readily expressed using reconbi nant techniques, and the reconbi nant
enzymes may be used to determne or confirmthat hydrolysis occurs. It is a
feature ofy; Is lently
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cases the nodulator will have a convenient point of attachnent for the

car boxyl est er asé wRleanngenifaétiveansterifls (idiot ipRsdients) HH B Gichssusdisat egy W | |
its attachnent. It has been found that cells that

h to h d
oﬁﬁ e>c<) pﬁ’g%lg b %ﬁﬁa{l%"é’%ﬂ eSS derHmEs, sunspirens riragamess, adkesives.eplantant
forms of Pthgmaﬁ%%}ﬁam él‘@‘ ﬂl#Cl?%éé{ﬂﬁéﬂgrcﬁér}{ glsgincfu% Sg?b ?ogltoﬁtaﬁggf%m ne esters

to their "resul am no ni %tituted

gl yci ne estibitors)s flamehetrdans fosd bdditioes (@rlclﬂcﬁn@tzi’cﬁﬁmb Mn%ﬂeﬂhléﬁﬁ prebRtiegERPNY|
group_(ie the am no group f or ms part of an am de noti whereas cells

cont ar ni ﬁBtl‘i’f@qs)( ?“élvﬁﬁé‘?%‘lh%@éy be giclydsd dnbetaugant, f?@EC EOft@m ﬁhyioh’fbdw se

o 7 ogen s Gldp MR A B Rest bl s i B BRER e 4035 BBt Phea 1o

advant ag mol\ﬂrtéden textiles (mquus ir8cttrbgdllchRearntleibtobi bodig) Wk sbAESRSs agNZYyMES Or
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attachnment of the a,a- disubstituted agl ycine ester carboxyl esterase ester
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the am nﬂlof’e%hﬁr g&ﬁglexfnﬁ agent including, for example, a complex of 1-MCP and o=
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cyclodextrin. The invention is most useful for agrochemicals that are subject to degradation

when exposed to sunlight, in particular pyrethroid insecticides such deltamethrin,

tralomethrin, cyfluthrin, alphamethrin, zeta-cypermethrin, fenvalerate, esfenvalerate,

acrinathrin, allethrin, bifenthrin, bioallethrin, bioresmethrin, cycloprothrin, beta-cyfluthrin,
30 cyhalothrin, beta-cypermethrin, cyphenothrin, empenthrin, etofenprox, fenpropathrin,

flucythrinate, tau-fluvalinate, phenothrin, prallethrin, resmethrin, tefluthrin, tetramethrin, and
lambda-cyhalothrin; suitably lambda-cyhalothrin.



not linked directly to a carbonyl, or is left unsubstituted. Macrophages
are known to play a key role in inflanmatory di sorders through the rel ease
of cyt okiwe=oiwnepmrti cul ar TNF a and IL-1 (van Roon et a&CTAR20YMmDESand
Rheumati sm 2003, 1229-1238). In rheugatoid arthritis they are major
contributors to joint inflammation and joint destruction (Conell in N Eng
J. Med. 2004, 350, 2591- 2602). I\/acrophages are al so involved in tunour
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aut oi nmu di sease. Targeting specific cell types woul d be expected to | ead
t o r educ€ir miaklimgebhentitsous Tirderfpisesent i nventi on enabl es a net hod of
targeting nodul ators to macrophages, which is based on the above
observation t hete doti®e i@yedidht iWuitibly B@hameactitioabsdmpatinddr gh wgionkeraishior
carboxyl esterase ester notif is |linked to the nodul at or det erm nes whet her
it |s5hydﬁ@ﬂe>5§é@b1bytlgﬁeéﬁpﬁl@ﬁé‘éﬂlboxyl esterases, and hence whet her or not

t he resul tant 0] i as
di sclosed in \l%%ﬁg](%ﬁj% %@éﬁ%al 19%@% gq#lsc?gﬁédh? ‘?r%%r o%% gvfgt]ﬁeis:e%(l:lgﬁotral n
t he hunmanise@rdr@syirsisihg basemibiihg besbigicbas fondicihsses dndthdbﬁs oflfor Boftrolling
theconjugates of the Invention, when the nitrogen of the ester notif is
subst i t utthelstontth pbusefiplmdants. yTlmmemeﬁaén@aﬁbe%qu@f isawnragrisplurghe est er
w il onl y1t§§t10 cgiif ol se e%gﬂ%eaitg o%nﬁ?ontapﬁaoﬁﬁétﬁ %Fs‘esh¥ h sHSflte

modul at or® onj Cro hernore, the
a, a- d1|osubﬁmarg;trﬁ@qgiwﬁb@en@%n%@ugp of the inventi on are |n general nore
potent in cells containing the carboxyl esterase HCE-1 (ie macrophages) than
in cells whicFusteysuishleapplicatiensiaelidrywithqus Hay@5OMCE- 2 and HCE-3. Also, it
has been found that conjugates of the invention in which the

a, a-di substi ttﬁtetaugpldye]em cesbﬂrolhdtrelbase&shgask@d exampleephapdul far @ranmlfaa@due of
t he a subst.i tuents of a, a- di subs e i ne ester ener al
more pot éﬁstls A capgyles Q?Eﬂ]tgﬁlﬂmsf F?éf" E]a g}&ﬁ?ggt‘%s&gﬁteﬁ@ ‘?Lfla]i’ge g%phages)
than in 3% zft% GRicPR1dasE B rba#){}ﬁe %ﬁ%&ﬁs%l@lrﬁ’a%ﬁ%g lrt@%m%n@ﬁﬁm@ﬁ 3. The
active h ysed acid conjuga erefore accunul at es non-sel ectively in

t he dase forfmdumtns( gesneetias; | pg)fuGes, |f¢mk®mrreﬁ¢ dowogjomgatvaporatien nf tmptrww QAs us ed

herein, the term"a, a-di subst.ituted in "a, a; di.sub
aci d" rrea?H%‘a’éle‘é Eﬁ'a‘? lem%%%?\éﬁwﬁs%t&&ﬁgs @wﬁes hrpg pH1 LiIét]h%e
represent,, dsdﬂpt%& 1fe‘éﬁﬁ%c°e &Mg@&nﬂfmﬁ Wat6uwd! Br Bm Vé}%%ﬁﬁﬁﬁhﬁ%’ an

a, a- dISU ted g ycine estef I's such a conmpound erein the carboxyllc
acid gr ompeueat e:stletmnf* sefthealing coatings,' fos brartiple capselt twrsts iewtlass dboosyd thefr oup”

means a group ROQ(C=0 n which Rg is the grou ar act I’IS the ester
not i onaI |r9paarérctaveae:fqa8mniq%%0%m’dﬁaﬂet e HOURLS ta%tganﬁwetrﬁ TR HHp

" (Ca-fpb
br anc hed c}%’?ﬁiilenW):;i?El Sgl | ca}:1 E‘ogfhﬁ%ﬂdprre %rghgeg%tr%gjf ﬁ%tgr%gsﬁagfggfrlr%hg@ %\%}%E%Sen a
i s 1 and sbkalasts Fnuttﬁ’mn (—’fmaasmh@le inbreagedrbivdvadhhiigsofoetipldx, meletyles amt pr opyl

i sopropyl, nbutyl, isobut sec-putyl, t-buty], n-pentyl_ and
propy protectyonyof sensslt?ve m%/{ecules such as Xfltam'{ns, progloucs athe otilgr food atdgitlves'gy toner

inks with photosensitivity or thermal sensitivity; textile coatings, for example, for improving
permeability properties; antifouling coatings; surface protective coatings, for example, for

25  improving scratch or abrasion resistance; and construction materials, for example wall-
boards, plasterboards and cements. Example of capsules that are dried out, include, for
example, various mineral blends to form a ceramic upon calcination; low density fillers for
polymers or paints; insulating materials; low density proppants; light reinforcing particles,
for example for wood-fibre composites; recyclable pigments, for example low density

30  allowing easy flotation separation; and energy buffers, for example use in a void in spheres to
provide a ‘crash barrier’ with adsorption of energy. Capsules of the present invention may be

of novel size or shape, for example: creation of plate or rod shape capsules; and use of



As used herein the term"dival ent (Ca-Cbh)al kyl ene radical" wherein a and b
are integers refers to a saturated hydrocarbon chain having froma to b
carbon atwomo@emd3isao unsati sfied val ences. As used her ei RCTHEB2@MD680
"(Ca-Cb)al kenyl" wherein a and b are.myntegers refers to a straight or
branched chain al kenyl noiety having froma to b carbon atons having at

| east one doubl e bond of either E or Z stereochem stry where applicable.
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radi cal " pieanen sbsbdnecar bon chain having froma to b carbon atons,

| east one doubl e bond, and two unsatisfied val ences. As used herein the
term " (C a- Cb) Rlskpfyh suithb®d Rk DsFindM iPmdy Be hAHE S EGrrnd 28R Lant
chain or branched chain hydr ocsér gon%éjrjglu%se havi ng %ﬁ}aﬁ{q\%l(% %lé';%iﬁ%%r bon
at ons andlitksytoggthen Hehfingiaod neebartical pgitation muky BEhised toedidomeedeltratacl ude f or

exanple, ethynyl, .1-propynyl, 1- .and 2-butynyl,k 2-nethyl-2-propynyl,.

2- penty ny‘ﬁ?soﬁé&ﬂfwr?gﬂrﬁﬂer‘péﬁ"tl&ﬁiﬁc, lﬂu‘??&%)h‘?ﬂ ‘}Seg?%@k&%‘ih?soh%@kWP and
5- hexynyl; il ' Y A Vs (Ca- Cb) al kynyl ene radical"
wherein am%rr%glebtsxg?légg ?A&e%@%giggﬁg?gl%gklg%%val ent hydrocarbon chain
having from 2 . at, I Qne. tripl ond. As used
herein the terﬁn&r@é%@%ﬁ La?é@g%ﬁ l(s1 r?aécelléﬁ%%gﬁoo-x ?”%ﬂ%g‘é‘gﬁ B2 OXX{ or
tricycli dasatdongiounay]iofgt kepstiofe dBcdltitish, Alagidsiund! alurfnivih bed silitéh @ bon, and

includes aryl and cycloal kyl. As used Fu_arei n the term"cycloal kyl" refers
to a mondEiRpives ehsirhanderialay msbyessilicarsilinates) mpadld, alpys puhtal:. Pachiodde at ons

and i,ncl . ycl opropyl . cvcl obut vl . cycl opent yl

eyl dhexiieiRasit A GKATRA b SHELRRIRY croltfy BF Wbl (LR Ot e
unqual i f ipaeticduendinosaylc maitefiglrhayt e BmiARAD thodeh ifEHEE BubtBAQImitdd to, Blolfnl I cyclic
carbocyclic aromatic radical, and includes radicals having two nonocyclic

car bocycIUeBtonie mimiaay limepiongh batkitgr sypaiun amegnesivimeesbonaie, salcmmarhenaiond.

Il lustrat; i.cal.s_ ar ny.l , ibi phenyl and napt hyl.. .,used
herein t ﬁ%lﬁﬁeﬁg%%ﬁ ?% ?dee% étr%r%ﬁdf’ @g{lg?,g{éfoﬁkd, Pg#dg?ﬁe’)t{’gn@tehlgﬁ%‘%sﬁ%|b|°8€%He’rmno- ,
bi or tri palygbiskitenReBtvefmicabicCRYdr6@RIta Hecgte) MBI/ sitB i Boshte]! 18l s ,
selected fromS, N and O and includes radicals having two such nonocyclic
ringds omaaosiemtontise gieaplgite; lagonitecind sepintitsosyiablydt may be chosgn fiomi ch ar e
directlyql] - oval ent bond, |llustrative of. such radicals are
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pyrazolyl, oxazolyl, benzoxazolyl, ‘isoxazolyl, benzi soxazol y1,
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non-aromati c_neaning relates to a nono-, bridged nmono-, bi- or tri-cyclic
non- ar omattandlgitedlapanite et sebiolitly one or nore heteroatons sel ected fromsS, N

and O and to ou onsi sting of . a nocyclic non-aromatic_radi cal

cont ai ni ng onIérgé(;)r_%e %ﬁ?c Org ﬁ%eﬁnﬁ%'?’&%t&f’ B%CWH edﬂ"‘ig%m_ﬁé’?}aé?ré%?ﬁ ]I§aq11i11 dto
anot her Ruelkn tlaglicato Rferted 18 aHBRIAE Y&Y bEhFRERAENTH] fnd 8 Bt Bhnindnlly YsihbAl | Ve
of such radicals are Fgrrol yl, furanyl, thienyl, piperidinyl, | mdazolyl,

oxazol y| kaqligg 48b6ip0s(OH),), a'hydrous aluminium silicate (or aluminosilicate).
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25 The particulate inorganic material suitably has a particle size distribution wherein the
median diameter (dso) is less than or equal to 10pm, as measured by determining the
sedimentation speeds of the dispersed particles of the particulate material under test through
a standard dilute aqueous suspension using a SEDIGRAPH™, for example SEDIGRAPH™
5100, obtained from Micromeritics Corporation, USA. Suitably, the particulate inorganic

30 material has a dso less than or equal to Spm. More suitably, the particulate inorganic material
has a dso less than or equal to 2um. Yet more suitably, the particulate inorganic material has

a dso less than or equal to 1ym. In increasing suitability, the particulate inorganic material



t hi azol yl, thiadiazolyl, pyrazolyl, pyridinyl, pyrrolidinyl, pyrimdinyl,
nor phol i nyl , pi perazinyl, indolyl, norpholinyl, benzfuranyl, pyranyl,

i soxazol yWo 2o@nsBas7dazol yl , met hyl enedi oxyphenyl , et hyl enediBmespioedsy| ,
mal ei m do and succini m do groups. Unl.gss otherw se specified in the context
in which it occurs, the term"optionally substituted" as applied to any

noi ety herein nmeans such nDiety may be substituted with up to four
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bromo and chloro), trifluoronethyl, trifluoromethoxy, nitro, nitrile (-CN),
0x0, - COCkjual tDC@:MI,m odersthan SORAL toCQINHZn or Bepthpe or EQI@\IHFO\l pmSO2 NHRA
- CONRARB, - SO2NRARB, - NH2, -NHRA, -NRARB, -OCONH 2, -OCONHRA , - OCONRARB,

- NHCORA, - NHCOmRAe as;NRBm abohdiﬁl%&%.e paftRleS@E(ﬂd parﬁﬁmmmd\héﬂ\ihﬂ,
- NRACONHZ, - NHCONHR 8 - NRACONHRB, - or EA wher ei n and
RB ar & i neepetbae syalierthen @%’}1&?&% for@w@eﬁt legtp %Htk%ﬁ% or %/eﬁgﬂ sgpller
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substituent” may ne o 0the foregoi ng substituent grou ps. The term "si de
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4- hydr XAt Iy wpight léﬁﬁctgmabqvé Qe &or ergusplel 1%@{‘?%%95\!(& or B%I]éngu);fr Jfﬁﬁtne

proline, St By o‘fp{ ﬁ-“?‘gﬁ%%% b&;»'{/é@&f)%??&s tha}{raB n?pé‘f&lé PR B,

aci d, a-amno-n-bu ydroxyphe I"ani onoserine, a-

met hyl ser én8%; al(ﬁﬂ) atleast pbO@CTILA 6f the pdmc&@@ymygmmeness hiad abscait o25pha f@m no
aci ds which contain functional substituents, for .exanmpl e am no, carboxyl,

hydr oxy ampipeideashihont 89%, oridav e 4né pglntwume ingraaniy maigrinl oE such pertisle size
char erdu?&igﬁtu?ﬂs‘%ﬁ%ycﬁ%oaﬁa% d?qg{/alf s A QLA erlcg’cﬁf‘rtﬂeerangé %f&la‘r‘nspﬂg bieast

aspartic aci i ngé, serine and

cysteine. a%he%%@etmrpaﬁmumt@fno&muamawﬁaltwwagmﬁis biallét@han almﬁit Spnlnm Jeast ed
glycine ester notif in the conpounds of the invention is one of those side

chai ns, ta:h@uf ets snaller ﬂwnsabpwem arispsicAhonoTEb [suprdlep henabewd)-25pme andr m

"protected” whe ation to _a functi n a side
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substi t uent W&mﬂeﬁ?ﬁu&ﬁa@nﬁ@hﬁm ni@tiall (FOE é;ta@fgé a @%A6R than S¢GaAX Y|
groups may be esteri for exanple as al kyl ester), am no groups

my b¥ c s thegnaterial mwé@ qetiyed dxansg @aﬁﬁcatlwemdlwmrhqﬂs s @@ra‘d y

car bamat es .(f or £xamm Kk
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OC1- C6 al deyili botv] deddfer derfelfipb I@y b) bRzl Edch@ifhged ITIRSd Sk Hied éﬁﬁl@W' e a
0C(=0)C 1-C6 al kyl ester) and thiol groups nmay be converted to thioethers

(f or exaripbrganicmegteriahmay|bestewstened/in anigiod gteheays kopwatin Beste fer xpdpleexanpl e a

filtration (including filter press), centrifugation or evaporation. The classified, dewatered

25  material may then be thermally dried (for example, by spray drying).

Surface-modified means that the inorganic particle surface has been (chemically)

modified so as to have cross-linkable, reactive functional groups. The surface of the particles
may be modified using modifying agents selected from a wide variety of chemicals, with the
general structure X---Y---Z, in which X is a chemical moiety with a high affinity for the

30  particle surface; Z is a (reactive) chemical moiety with a desired functionality; and Y is a

chemical moiety that links X and Z together. The term ‘high affinity’ relates to chemical



SC(=0O C 1-C6 al kyl thioester). There are nmany possi bl e ester groups which
may in principle be present in the a,a- disubstituted glycine ester

car boxyl esper@ae3mster notif for attachment to the nodulPar@B2o0ivdoessnse,
there are many a, a-di substituted glyciqwes, differing in the a- substituents
R2 and R3, which may be used as esters in the carboxyl esterase ester notif.
Sonme a, a-di substituted glycine esters are rapidly hydrol ysed by one or nore
of the hCE-1,. - nd -,3 i,sotypes or cells containing these enzynes, while
others ar B9Hgis %?1?8’{& WhW&FW‘é@X 3’,011%‘?‘1 ‘?WHF’B&Q/’Q WlWﬁq’% tf’%“eap%i% Sgr%%qel"
extent. | gyig@Rehsy arelcherhRR8lIFBéRRYY| est erase hydrol yses the free

a, a-di substituted glycine ester to the parent acid it wll, subject to the

N- car bonyl dep f b i ) o hydrol yse
the ester noti ?}\aﬁgﬁee’éé(}veg%gﬁ%efz?ﬁg% H?ﬁg%%ggﬁ%ﬁ@gﬁg%ggg%ﬁ%%é t he
broken cehletimsgdlananetici istpagicutdlyaisefi]l GAeh theaa il tase sidasaySiOes idipedn

herein provide a straightforward, quick and sinple first screen for esters
whi ch havhetsariaesy J¥ may alsp e ofoy skample.om doid eroup Euckhal ¢ earbesiliscren arwyliehat
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the corresponding acid I nclude the three known’ human énzyme 1| sotypes
hCE- 2 andit iGEC3s alkyleteoaighn, sichsas ednderconprapotand. t 0 be the main enzynes,

ot her enzynes such as bi phenyl hydrol ase (BPH) may al so have a role in
hydr oloysi ng t hRemsive groupHZ @eiieiedeleciclt ﬂdiﬂa@ﬁglbﬁﬁ?xsybﬁéxﬁbl@&l@ffwﬁﬁ@dmsﬁs t he
free amno acid ester, to the parent acid it will also hydrolyse the ester
moti f wheWhicBgan baused to Wh@ﬁgéﬁquﬁlmhéf sorfsite prosy-linlkghesarfagaimodifisden cel |,

assay an . - : esGri . h in provide a
oty ol gnt roniehae aldeRt SRR BN G208 B S R abe t he
required imsdiuedtydsgrdupy ich heacridid of viaptt dgrbspssmt ewilitably] sminbatoupdy may then be
re-assayed in the sane carboxyl esterase assay when conjugated to the .

i nhi bitor via smbrer&aﬁple@%hmln%mﬁ&%h%lwn rééatisﬂefaa?wm%mhasﬂaﬁes'ét' I
a carboxyl esterase substirate in that background. Subject to the requirenent
t hat ¥Sheysugk ahguimopyepsittimethpxysitanac®hé silaae goapb mayl with dreaday snasytowsve free
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substituted RI2Ri 3N—§Cr C3) al kyl - wherein R12 is hydrogen or (Cr C3)al kyl
and RP3 ir6294ye LERyeR 0B thestfacemedifiad pagiicler. Examplas ofcmss-digken dhat waytbet he

ni t rogen i ey . : i.onal ly s t.itute

nonocycl i%@%ﬁ?g?%&% %f%lﬁé grnogﬁ)%)? ﬁgﬁzq%{&%{&??rﬁg’%b{l%%aﬂoa esb%%ég%ch%%a?eés’r ocyclic
ring systpeovidé a &etlkndOnrcilazg ofit 088 linkerdnfRhoanid dRibbyan&es (such as toluene

diisocyanate, hexamethylene diisocyanate and isophorone diisocyanate); isocyanates with, on
average, more than two isocyanate groups (such as polymethylenepolyphenylene isocyanate);
25  and many others including prepolymers of diisocyanates such as their reaction products with

trimethylol propane and other simple polyols sold as Desmodur™ resins from Bayer.

Examples of cross-linkers that may be used to react with epoxy groups; with
carboxylic groups; or with unsaturated groups such as acrylic or vinyl groups will be familiar

to the person skilled in the art.



i ndependently hydrogen or (C|-C3)alkyl-; or (iii) R8 and R9 taken together
with the carbon to which they are attached forman optionally substituted
nonocycl iwoanodmwszsged nonocycli c carbocyclic ring of freer&B2009/00048ng at ons
or bicyclic or bridged nonocyclic carpgcyclic ring systemof 8 to 10 ring
atons, and R10 is hydrogen. In cases (1), (ii) and (iii) above, "al kyl"

i ncludes fluoroal kyl. Wthin these classes (i), (ii) and (iii), R1O is
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- Cr C 6)al kyl CZCGaIkenI - C6ﬁalk| - SO CrC6aIkI
_SO2(Cl-CB) al Ii@ysre,p mS(th,ezm@}oar rwm dlspea thecyigy kg ﬁwentle@l rrezntﬁacaraﬁenyr

3\; ; 2pr ;ggl.ﬁ g%lww&%rgorhserﬁ !—fﬁfﬁﬁl‘ sﬁs@gg%ﬁﬁl 1§el'r§(er uch a§9Ro%r/s'ta%Q2 and

(C3-CB) cmoimIMa |U1t1é MSB{: Vit @idpls il prodesd is (@iaﬁy&it@'@d dqsamolddietsyden
het eroaryl or heteroarylal kyl group, which group Wmay optionally be
subst i t ut ¥ysasgndsraad @P migpies.subst i t uent s i ndependent |y sel ected from
hydroxyl, halogen, -CN, -CONH2, -CONH(Cr C6)al kyl, - CONH(C1l- C6al kyl ) 2,
~CHO, -CH2OH, Tl dispiysien St i oeduldy lin ad@mlmfdimutlmﬁn Gle slgsy whiopl i

-SAGa CGs)tr%lﬁged as a%ocﬁc(e%ngc erflsqz.l?smny by the 'gll%éce-mocﬁﬁed parglculate 1210rgaX1c 'material.

20 This emulsion comprises droplets of the solution which are surrounded by and stabilised by
the particles of the inorganic material. The cross-linker in the solution reacts with the
reactive functional groups on the particulate inorganic material so as to form a cross-linked
microcapsule wall. This reaction can be carried out simply by allowing the dispersion to
stand at ambient temperature. Alternatively, the dispersion may be heated. The amount of

25 time and the optimum temperature may be established by routine experimentation.
Typically, when the particulate inorganic material is surface-modified so as to have amine
groups on its surface and the cross-linker is a polyisocyanate, stirring the dispersion at

between 15 and 25°C for an hour is sufficient to complete the reaction.

The weight ratio of inorganic particle to solution phase will be from 1:0.1 to 1:40;
30  suitably from 1:1 to 1:20.



N((CG -C 6)al kyl)2, -NHCO(d-C 6)al kyl, (d-C 6)al kyl, (C2-C6)al kenyl, (C2-

C6) al kynyl, (C3-C8)cycl oal kyl, (C4-C8)cycloal kenyl, phenyl or benzyl.

Al t er nat iwel2909/d6Bxs7a- substituents R2 and R3 of the a, a- #cTdmbIv0wdESd

gl ycine ester conjugated to the nodul gf or, taken together with the a-carbon
itself, may forma 3-6 nenbered saturated cycl oal kyl ring, such as a

cycl opropyl, cyclopentyl or cyclohexyl ring or heterocyclyl ring such as a

piperidin-4-yl _ring. l.n some cases, at |east one of the a-substitutents R2
and R3 of the EE%Q%F%@%SFW%@&S@S%MTH@ 03398}&&6%?{2@6}1%01? ¢ PH @hAgse MOER or
I's a Cl- %iﬁbigyﬂorﬁ@%'%%aﬁﬁdmB&rsuﬁﬁbfl‘ynﬁbﬁ "Blioyd., ethyl, or n-or

i so-propyl. In sonme enbodl nents, one of the a-substitutents R2 and R3 of

R e R e B A

ot her is thehecbébefcdtslpsm t he group consisting of nmethyl, ethyl, n- and

i so-propyl, n-, sec- and tert-butyl, phenyl, benzyl, thienyl, cyclohexyl,
and cygl ohexyl et BykesCWdiROt ¥ diep&lich bERIR6G d R3
is nethyl and the&oteﬁer Si S rretﬁ)e/#e? 1@? hyI,1 orpﬁﬁéﬁé%gﬁg?%g%@&%gﬁgre R2
and R3 t ak@modapgeehmny bé finthehmoddich by theoadditionHo theeaquaos mediamhefc thatetiala
cycl opropyl. . cygcl obutyl, cyclopentyl or cyclohexyl rinpng. In_a particular
case, t he%g‘-cl% H‘ﬁﬁ tf't“itbllff é‘ﬁ’%wﬁg agh EPpesIpg cﬁoﬂ%ﬁ%l,{eéliﬁrseﬁb@i’le& wheythg qessHkest er
conj ugat ed ,t 91 e vl : a0 [ above,
the a, a-di gtt?bs}{li tﬁt e%g%@i’arﬁ%ﬁ%ﬁ grgpcrlrla%};l&%}eﬁr%:agﬁﬁ %ié’%?gg a?%]edt'bﬁlgﬁgrm@%lg ator via
i ts am nofugheupessdinkingandinslphert fhensionubdteimiomohssule’whll akemay ddiusal tonay be

present between the carb | esterase ester. notif and_ the nodul ator. The
St r uottur dnediT the dReabish of fie epsscr @CWEBBWPQ@? spsele wallsdp SR £ to t he
rest of t i I g% o the particular chem stry
strat egy %@%H?ﬁg@éfﬁ%@?ﬁ%ﬁ% egc?Pgl@lPhg chem stry strategy for that

coupl i ng may i hy ny Ji.nkage structures are ssi bl e.
e or ogi oo coPlemitk S ac R, dOUS R e 3P Rl i A el PR

bet ween tgoevdenbri@apbé dsedsielie dBbdréio@ittht BgudoasSine@funt. VehaPihe et cipdulesof t en
be irrelevant to the primary bindi ng node of the conpound as a whole. On

t he ot herarhisakated; ey mayiieaged dnerithayrmpaynegyrefispersedeinoeaiershoforeiseip addi t i onal
binding interactions with the enzyne, thereby enhancing binding. It should
al so 5e not ed Theamictdvepdmdesahiadesacedrdingeao himpbicasslasd ndwit Adctingito chegatent

not i f descrqiﬂ?ed above éf.gc&le.entry into the cell, cairb Xyl est er ase

hydr ol ysi'&VeREPRHFre F@revdied a Bierosas iR GPRPTTAS ai Frsansypled iaterial sureundgd

car boxyl i 1 VAR : AV |4 e

Dot veen (e Eul SUEEUHELR Chi B Rt e Ao M I R I EREE
subst r at dctmsurfepimaiifel ackdrosstlinkeidt hin the cell, which might result in

cl eavage of the amino acid fromthe nolecule. O course, stability to

intracel | ul ar Theptivehtise s illasteasd bytht S ¥xhnp1BATHE PartibflafedABREmMd W t h
di srupted cell contents, and anal ysing for anﬁ@such cl eavage. For exanpl e,

t he #0a- diaferid upadiindbe Bxareplaeisastbylan (o palladsbleeky CfRe meplaieciig)shaps) be

272 SR BT o 0 i dod ARl e A BFHID: oo o o o

2) Z- Y1- Lihd i1 B2 Welgh{ Sfdallepiemeliyii and at least 82% smaller than 0.25um.

In these Examples, D[4,3] is the volume mean diameter of the relevant particles,
capsules or droplets as obtained by laser light scattering of a diluted sample in a Malvern

25  Mastersizer™ 2000.
EXAMPLE 1

This Example illustrates the preparation of a surface-modified clay dispersion.
Clay particles (ultrafine tabular Kaolin sourced in the USA, obtained from Imerys) were
30 surface modified by the addition of 1.6% by weight aminopropyliriethoxysilane. The

surface-modified particles were then added to water and dispersed with an Ultrasonic Probe



R1 is the carboxyl esterase-hydrol ysabl e ester group; R2 and R3 are the
a-substituents of the a,a-disubstituted glycine;R2 is the side chain of a
nat ural oworeoev/meatsar al al pha amno acid; Y is a bond, -E@CEQB200%(B(680) 2-,
-U(=0 0, -(=ONR 3-, -C(=5)-NR 4, 1L(=NH)- NR4 or -S(=0 2NR4- wherein
R4 is hydrogen or optionally substitu}ed CrC 6 alkyl; Y1 is a bond,
-(=0 -, -S(=0 2- , -(=00, -0(=0-, -A=0QNR5, -NR(CO-, -5(=0
2NR5- | -NRSSC—O) 2- , . or - NR6(C=0) NR 5- wherein RS and R6 are

i ndependefianesigpd Magesialo Vb G dhal with atigsetip ¢ ?réldila?af refegieditp gf an Plirgsgnig

di val ent nd p are
i ndependegﬁ% f@ierﬁéﬁ&r?de%e%oﬂ%@wéa#%@ sgﬁgd(lkl%atg ?(Pﬂpﬂt &Y t\F/bz;I%ég?r nono-
or bi cycl &enin@iad. blieysongpositionds gives jicTdkte t.adi cal haV| ng 5 - 13 ring nmenbers,
or (ii), in the case where pis 0, a divalent radical of formula - Ql-X2-
wherein X2 is -O, -S or NRA- V\/nereln@ﬁls hydrogen or optionally
substit ut eq G - C 3 akkyl - ﬁ;lgr?d'le}? AT "‘«9-%1{‘(53’61\1%15&'hﬁﬁ%%&vﬁfi'd di val ent

nono- or bicyclic cafbotyelie eteroey E i favtng 5 - 13 ring

menbers, Alk 1 and A Rlay (ipey élﬁ’&"ently r epr esent ogtl onal |y |substi t ut ed
di val ent C3-C7 cycl opmedifidgdirefinedabiir optional |y substituted straight or
branched, C1-C6 al ky| Baelin)C2- C6 al kenyl ene. _or C2-C6 _al kynyllene radical s
whi ch may optional ly| ®%aérain or termnate| in an et3%r (-O),| thioether
(-S-) or amino (-NR Ay nk wherein RA is hydrogegppor optidnally
substifuted Cl-C3 al Kyl7 XTI 7§ a bond, -(=0-; or -Sf=0 2Z-; -NR 7C¢(=0 -
-C(=ONRT , -NR 7C(=O-NR 8- , -NR7S( O2- , or -S(=0 2NR7- wherein R7
and R8 arReéuﬁdeﬁiza@énlayydidpyﬂmgéh[@] =o¢p4;imnal |y substituted Cl1-C6 al kyl;
and z is Oor 1. Te? ng.the vari abl es pres |ntP§I|nk ge radical in
turn: z ri1ght MiKOSAQRE IHAZRR ﬁ]%@ﬁé 1?%1”'18%P ¥#RRE t o the rodul at or
is opti onal . speC| fic preferred exanples of Y include a bond, -(C=0) -
-(GCONH, and -(C0OO. However, for ecificity when the al pha
am no aC|d ester is conjugated to the%%ﬁigr as a radl cal of fornula
(1A, 1% should be a bond. |n the radlfg L exanPI es Al k1l and Al k2

r adi cal s, LiiRExagpledUpgiratesibe pregaratippor a sipplrdtipk lesz-

RO R R o o AP i GRG0

i ncl ude -ddrtidieus phadd ﬁ@lﬂWlﬁedI{aBIﬁﬂﬂmﬂsﬁﬂ prep@iﬁ@dﬁ%ﬁh’(g@bi Expmple ChindWCH

2CH2- -CH 2WCH 2CH2WCH 2- - where_ W
3)- -ligh slesapryxipg Mhzam)’ hlghFiaﬁafW@ferésyaﬁﬁilggob‘rfltwktIVOaW8n$e%z‘l0

i ncI ude I I n L1,
when % IS %e\é,a q?#emfg%%irgfg {1’%’3 %S ydrtgag% a| n %%Bltg&ét)ré\gl %Hgﬁggt Itlt ed and
per haps HEh cotcanradibhess the igeditigs um’d a&ngme:n in Tdodge) . Presently it is

preferred that there be ng optional sufstituents in L1. ng both mand p
are Subsequent high shear mixing by the Ystral high shear mixer operated at about 20000rpm

for 2 minutes produced an oil in water [O/W] Pickering emulsion.
Table 2

w . Ingredient ©7 - | Concentration (% wiw)
5% w/w clay (amino-silane 85.7
modified, ultrafine tabular
Kaolin) dispersion in water
[from Example 1]
Solvesso " 200ND 14.3
Total 100
20  Results: Size of emulsion droplets: D[4,3]= 13um.

Figure 2 is a light microscope image of the Pickering emulsion of Example 2.

Figure 2a is a light microscope image showing that the emulsion droplets collapse on drying
in air on a glass slide; the emulsion has broken.

Figure 2b shows that the addition of 5% by weight SynperonicTM NP8 to the Pickering

25  emulsion causes the emulsion to break after 4 days, as shown by light microscopy.



O, L1 is a divalent nono- or bicyclic carbocyclic or heterocyclic radical
wth 5 - 13 ring atons (optionally substituted). Wien nis 1 and at | east
one of mwoao/e3251, L1 is a dival ent radical includi ngpraTigBtn@amodson chai n
or chains and a nono- or bicyclic carlpgcyclic or heterocyclic radical wth,
5 - 13 ring atons (optionally substituted). Wen present, Q may be, for
exanpl e, a dival ent phenyl, naphthyl, cyclopropyl, cyclopentyl, or

cycl ohexyl radical, or a nono-, or ﬁ?igﬁgﬁggéheterocyclic radi cal having 5
tol3 ring nenbers, such as piperidi S azinyl, indolyl, pyridyl,

thi enyl, hismrample/illustarisaBé prebhiatidn 6f 2 ARSBYARAR dapsilE SRGBAdidn, Pref erred.
Specifically, in sone enbodinents of the invéntion, mand p nay be 0 with n

being 1. obeiaof Sy Sepresse’ h 582(polsmeyhyencolyphknytelreisogyaate) BMPD t her

enbodi ne h 1.0. In. still further enbodi ments m my be

0, n may n%,gs Ill%\%rf %@%g?sg‘gwamc%‘@%%?%ﬁ’?@ wes pddedda p suEaee- mayybe

0 or I Ahlsdified ®ablik AispWeRA RERSRMNccoBi tQ%xﬁﬁk)/gegf[ fxﬁiﬁl&?m g&'ﬁi -ersialf'fh CHe-
ul at I'n I"u

, and -CH 2CH2GER- and Q may ben%, 4- phenyl ene. ors o race ar
Enzynes aPRIvieeeplQOND plie Sppiased pI5625 eflutitn was added drapwisawithenizipgltiyed t o

2 wi do. 1 ot or i $ork BERS cPorst 4,368 SUpfam, Hhe PopeibreasOF sioumscients.

nmodul at onged aretdigdintrap@es.s are generally known soon after the nodul ators
thensel ves becone known. In addition, nodern techni ques such as X-ray

cryst al | oytspstipnty @n RN arater ¢ PHD bmubsiom wasabpaned, byihigh lshewd infiginzopich 0@ es
and (o] i . are tradition di ¢i nal ,chem stry met hods of

char a8t oy o B eRpCriraal e JoodRamTonriBES WhoR et feveiow e, 1t i s
strai ght flﬁifcy@ﬁﬁhuﬂ@syistéﬁﬁsiaf&owﬂﬁﬂéndéféa&t'ﬂﬁxt%&lf]g%wre of a given nmodul ator an
car boxyl esterase ester notif coul d be attac W t hout disrupting the

bi nding of the nodul ator to the enzyn®#able 3r ecept or by use of structural
data. For exanple, Fablerit+sts—sereintracel-lularenzym . receptor
targets where therd- s publERUECr ystal |siEeRsenaiondSe w/w 2

1M CROENCAPSULATI ONTSTRR <SRN NVention retates -&ffﬁ @ novet|process for
maki ng m crocapsul es_and to m crocapsul es nade by e process. It also
relates to a processSupmsed Me&s0ase of the i crocapsubes. M crogapsul es are
smal | capsul es whi (.hﬁg.np.pj_s_e_a%kl whi¢ch surrounds an encapsul at ed
material, generally % V{%glay (aminepsileag be used forSGrotecting the
encapsul at ed mat er i| #odifieshulttpdinestabalaral envi ronnent, for exa%pl e from
degradati on by air |&nrolin)ghdpetstmpinoiaéd y U.v. radiation). They may al so be
used to isolate hazavsieus nmaterials w thin the mcgcapsule {o make them
safer to handl e or fuse.-Mcrocapsules aré known to be used for
agrochenical s, par{iei#arly insecticides|such as l@#bda cyhalothrin, to
prot ect them from degradation—by—Yvt+i-ght—and—to—provi-de—control |l ed rel ease
foll owi ng application. Certain known m crocapsul es are made by interfacial
pol yneri Ra@dlt@ﬂSiz!erbfwﬁﬂbcﬁpsﬂ[é?,?ﬁﬂ,s?%hﬁlt.i on is first formed of a first
mononer, such as a polyisocyanate, "in a waterinsoluble liquid to be
encapsul Bieger 3 prdight mictosgepramagd sithe ontracapsaleboDExaghsial| \Afes agsiag for at

i ngredi epy stlTai S; sol.ution 'is t(per][ d'is ersed.in water_ together with

sur f act ases Lday 51? fnigracapsules did 1ot collapse upon drying on a glass microscope slide [see

light microscope image, Figure 3a, which shows a stable microcapsule dispersion]

X

demonstrating that the wall had increased mechanical strength compared to the simple
emulsion of Example 2. Addition of 5% w/w Synperonic™ NP8 did not cause the emulsion
20 to break after a period of 1 week [see light microscope image, Figure 3b, taken after the
addition of Synperonic™ NP8 and showing unbroken capsule dispersion] demonstrating that
cross-linking anchored the surface-modified clay at the interface such that it was not
displaced by the surfactant. Pickering emulsions are usually incompatible with surfactants

(as shown in Figure 2b); cross-linking the particles allows them to be used with surfactants.
25



enul sion. A suitable second nononer such as a polyamne is added to the
water and this reacts with the first nonomer at the surface of the enul sion
dr opl et s WO 20@ke3m7cr oss- | i nked pol yner, in this exanpl eCa/grabyoumesy whi ch
forms a mcrocapsule wall around the. groplets. Known first and second
nononers al so include polyisocyanate and polyol to nake a pol yuret hane
wal | , pol yfunctional acid halide and pol yam ne to nake a pol yam de wal |l and

pol yfunctional acid halide and pol y%&é@@g a polyester wall. There are
di sadvant ages of these types of mc Pol ymeric capsule wal ls of

this knowpy E%ﬁm?reqnh%t@% pRpAHESH J)Pi‘tvsfoofa%/éré& caRNteasenbion MBEYhydugt .
Al'so, the surfactant which is used to formihe enulsion may lead to a
pr obl em wWhkl) [palyocyranidibiasel anexdinsthatest ditscoamitemodidisd Wit pdpetberehpin may

f i I K h, ,phot t B [l of
cause T oo N 2RI, SRR SRCH: BIRLERT OSSN i L By 2|, ©
thereby prghiemt Bﬁ%syﬁﬁbm@'l% Q81818 oY SdRA N RyikER @é&h@@-}l%fe{:@tca SulPr esent

wi thin the capsu For exanple CA2133779 shows tha i"gnosu phonat es and
the |i ke smpeis®nysemhrédacconiigtatbxampld 3 vith npikotgerom ststrahs haghhshphr inixeom
gelatin tqg for capgul e wal | that .i nproves the resistance of

agri cul tlﬁtéLPV@é)@PﬁpPgﬁ’éﬂl%‘P‘éw g drop¥iizeiddiiofest i ci des, to u.v. Iight

degr adat i pj. re&hﬁn?é’ai:@ﬁ'ﬂe%ué‘ﬁhéioﬁ QL Rn WixtdRith ey ?tféleﬂigﬁfshéé? &HReCRABORENT S
i s durable and has u.v. ‘protectant as an integral part of iIts

st r uct ur 2069rpade for 2 thimstasn TEPb&ARdRMAGN ishpevense Tableclol | oi dal i norganic
particles, particularly those of sili gg Eng zi rconi um di oxi de, to nake

m cr o®apsul es by coacervation or by i cial polynmerisation nmethods. The
process invol ves the[~formaUAk G50 cal I gtd-Rl GkeLindosilgiions and t he

t her noset mcr ocapsuI~:é'f’£ik’\yfél"hi‘Tff":.}‘:;c%ﬁglﬁ{:lgl‘éS?J:%T't&h,e‘*’i"ii%%g?fg%%%ﬁggﬁw@%és. Moy does not
contenpl ate the use [58% Sohvese MdONDed/Warti cl es, 8fot the use of
cross-linkers to formthe capsul e wal}. Cg-pending internatijonal

appl i cati on PCT/ GB2005WouB 2% $upresshicerned with |ight protecting particles
which are chemcally t { crocdpsul e wall but doegs not
contenplate m crocapsﬁﬁgc@\gﬂ%w&d fromlight protecting |particles

t hensel ves. The preseBiyhydweNBilon provi des an aqueaqus di sperjsi on of

m crocapsul es havingla cross-linked partiqulate inorganic wall in an
aqueous medium |In a Wakrher aspect, thesed microcap&ul es may| be further
nodi fi ed by addi ng, tg-the—atgueousrnediuma natet (ﬂ)‘ which—wi | | further
react with any renai nfcﬁsz cross-1linker. For{ exanpl e} when the cross-Iinker
is a polyisocyanate, a polyam ne such as diethylentriam ne nmay be added.
This causes further cross-1linking and polynmer formation at the m crocapsul e
part i cul &Resultndhgamsulesatrhainetintsy dvdngdydown amdgikémpinatien dua S¢rnningy of t he

capsul es ar perneability og.the capsul | 1.s t ive, for e le, a
onger r desHea Yiciescnns Gpe Bistis b cBhamehshadzgond mislidtica! SRt bt he

Dr awi ngs:BabAGdr™ 8100 &k DY debn BEshtck GftadtiRd & BleQRebidY dtftné SIRARRFALs! Phd he
detail ed déscription when considered in conjunction with non-limting
exanplses capsiil¢shweeraceivatly ismongifoathany . suFrige hishkhea naixinggh 2000@pwsionpe

i mge of the clay.,.dispersign. of Exanple 1. Figure 2 is a |ight mcroscope
i mge of %W@L\%fsc léhrf‘rhgs %’ul &gg‘r?hg‘f“@%pl e 2. Figure 2a is a light

m croscope i mage showi ng that the emgghRpid 9pl ets col lapse on drying in
air on a glass slide. Figure 2b is a Tight mcroscope i mage showi ng the
af f ect ofThasiBkarmpla ildstriatés the pwepaghiiorSyfaangedayetad)capiRBe suspensiRirckihi ng

emul sion. , e . .
diethylenetriamine; it is similar to Example 3 but it has a second cross-linker.

20 A 25% w/w solution of diethylenetriamine (DETA) was prepared in water and then this
aqueous DETA solution was added dropwise to a single-layered capsule suspension prepared
according to Example 3 with mixing from an Ystral™ high shear mixer at about 5000rpm.
This capsule suspension was then mixed by the Ystral™ high shear mixer at about 20000rpm

for 2 minutes. The composition is given in Table 5.



Figure 3 is a light mcroscope i mage of the m crocapsul es of Exanple 3.
Figure 3a shows a stable m crocapsul e dispersion of Fig. 3. Figure 3b shows
the m cr owepsaloes2sef Fig. 3 after the addition of SynperomiGBEMIBBSOFI gur e
4 is a Scanning Electron M croscope i_ir%age of the capsul es of Exanple 4.
Figure 5is a light mcroscope i mage of the capsules of Exanple 5.Figure 5a
is alight mcroscope i mage showi ng a stable m crocapsul e di spersion
(Exanmpl e 5) on drying on a gl ass m'crosigpg slide in air. Figure 5b is a

| i ght m croscope i mage show ng an unbr capsul e di spersion (Exanple 5)
after the agdrtiomof ~Symperprl et~ NP8 =Fgure- 6a, (52 i ar crescope
i mage of Exanpl e 6a. ‘Figure. 6l t.5.a ‘Scdnning Electrion ' age of

Exanpl e 6b. | BRglSslv&so "S2G0NSS @MW digpekdi@ciitanyM cr os
6¢c. Figure 6dyhss&™isghs RLfAsgpPe | mage of Exanplle 6d. Figure 6e shows
rel ease cur tor— ‘ I accor di g
Figure 7 is ?@é@ﬁﬁ%tﬁé e%t@%ﬁﬁ%;&gésgogﬂz&fmge of| Exanpl e 1la. Figure 8
is a Scanni ngpokliectron M croscope i mage of Exanple [1Ib. Figwee 9 sho t he

results of a.conparative study of capsules prepared according tao Exanpl es
|la and 1l b. Figure 10 shows the rel ease rate of dinethyl phthal ate [ DVP]
into watef of,. sules pre according to Exanple 12. Figure 11 is a
light m cf{Ssél toﬁge[ ?Tjilic& ?Lﬁ?s'g@%tgﬂl—g@”ﬁ?‘_epar ed according to Exanple 13 in
their orlgigﬁ@elsQlaﬂpgﬁmi%sc@b%@&f%hé@afaulbé 8fitxMRE gscope i mage of

capsul es Erepared according to Exanple 13 in a dispersion forned froma

r edi sper sThncapsules ramajnrshintactTduingredbenrdryidowaroni oglagsehistassopeslide pedrypr ocess
for maki ng m crocapsul es which does not require f.act ant and i

br ovi des. i Eh Bl SRR R iR AR e itonebre LR AR e ey

prot ect i ORavielddBY theéhariédl RBired P, TREREONAGRES is AdEaRIRIBNApseANBALISENT | nvol ves

the use of surface-nodified particulate inorganic material to form
m cr ocapseAnditigas [dsmphgiratesthatitbe picsanke of the sexvad crassilisliet hagienhanged gwct i ve

functi onal t f ace- modi f | teri t h
i or ocapotiParRl bl ot eRRTrRBThoare o Birg o5 tisabe 3 0B eePRIRaBRE al so
al | owysur §iagsiepsttdg¥sr thefdoistrviveahi att RiTHE attimolg)gx}s & BifiatdsReth the

enul si on base{;kf system Pickering enul'sions are often tabilized by
sur f act anYsirddut high shére npikessent i nvention, crosslinking of the interfacial

particles_prevents.this.fromoccurrjng and rfactant be. satel ed
o the oyERUR Bt 8 lelbBictSPpaiia Shovtiul Mol i nalsde Sibpsion thrmheRohe.
sui tably, opghyisat £ o1a8YmREoLHpd dlidk T 48 M crocapsul e conpositions of the
present invention. I\;I;cr ocapsul’es of the present invention are suitable for
cont r ol | eldigneel Sbais e lighpmiaatcopninggk showingtaanmbroken napsuld dspersadrdsanyfle
active ingredient.fro i thin, fh ore of the mcrocapsul es). The

contrbl | e%{efgtfeeag]gétl%qr?e@myﬁﬁﬁfoﬂ’é tglipgored t hrough the present invention.
Anot her aspect of the present invention is that the cross-linked systens

may be easily nodified through addition of an extra cross-1inking nolecule
(for exanple, a water dispersible i SOCAMFPAFS or pol yf uncti onal

cross-linker._ such as diethyl enetriamne [ DETA]) .,to.the er_.(external or
cont | nuouLH® FraEalesP TR RS ol e pia e cna press Bk bt )*

active | r@ﬁﬁﬁbﬁﬂ%ofn‘b@ﬁﬁ%Ta?bl}'rﬁetﬂ-%taﬁﬂfz@d efulsi. capsul e maybe varied to give
a desired release rate profil’e. The opportunity to use extra cross-Iinking

nol ec2fl es nmeans that it is possible to

Example 6a

This Example illustrates preparation of a simple Pickering emulsion.

A 50% by weight solution of dimethylphthalate in Solvesso™200ND was dispersed
dropwise into a surface-modified Kaolin dispersion prepared according to Example 1, under

1™ high shear mixer at about 5000rpm throughout the

25 high shear mixing with an Ystra
dropwise addition and an O/W emulsion was then prepared by high shear mixing with the
Ystral™ high shear mixer at about 20000rpm for 2 minutes. The composition is given in

Table 6a.



strengthen an existing layer in a single-layered capsule or to form

mul ti-layered capsules. The m crocapsul es of the present invention may be
made by awpro@eawss2sconprising: i) formng a solution of &ctrgeeseddondser in a
liquid; ii) forming a slurry of a surface-nodified particulate inorganic
material in an aqueous nedium iii) dispersing the solution of step i) into
the slurry of step ii) to forma Pickering enul sion and causing or allow ng
the cross-linker to react with a reactive functional group on the
surface-nodi fied particul ate inorgani e rial so as to forma
cross-linked m crofapsul eVl oSreps (T ) anssddah o dB Yo De Larti ed out in
any order. A slurr‘“TSValsﬂgggﬁfﬁ%nYofAélsoﬂgbrf%&gﬂ?%ﬁﬁﬁéﬁﬁfh this
invention, the slufBylveewoM@dodNDstep ii) |s a suspersion of crloss-1inkabl e,
surface-nodified i horganic particles in an agqueogushased nedium It has been
found that it is ppBénpihglphthaiiteperse the| solution #f step i) finto the -

.k

slurry of step ii) thout, usingaddirt+ona—surfactgpts—thtsi S because
the particles of sy 4%% %‘i@%lD*FQFbanic material“tend to accunul ate at
the interface bet weBQIHRE: ifips BRUGF opl et s and the aqueous cdnti nuous
phase and reduce t pkadlig) dispersioniingaiglr f ace energy. This effect| i s known as
a ' Pickering Enul s| ®ftter The use of this clonbinationl®f. a Pickdgring Enul sion
with a cross-1linka i i j i ss-1inker
allows for a partictP4fly sinplified process. The HPQuid used fin step i)
conprise erd Al L d-Th one enbodiment, the |iquid
conprisezRgﬁmﬁéﬁévgy?og?%gpgﬁﬁﬁa%%%ﬁ is to be encapsul ated, optionally

t oget her Wrighresasoh lighit micpascopecimage by Ekdmpit 6a.00m t enperat ure the active
ingredient is a solid, or of high vipgasityb Therefore, when present, the
active ingredient my be the liquid, a part of the liquid, dissolved in the
li qui d, diépExaepleiilustiates thepteparation of asingle-layeradmapane sfspensicigwik heni cal

i th ecul ar, . | exjr i.s. di d in.the.liquid. The .
' qui a1 @Rl AT LA AR A0 e SRR Osf@ic sty 't has a
sol ubi | i tA 10% wai Stipratec2O8@ N5k By Pathhlaashdmsy, wiw Jodlsyo ™Mesenbhan

59/1. The liguid nust dissolve the cross-linker so as to forma sol ution.
Any act i elytiogegidispersed degpaiseintecp surfane-modifieddaolin dispetstontirepasehpsul es i s

sui tably . 9 i.gh oluble in water, and nore suitably |ess
than 1% ba!fg&v\g}néﬁﬁ%%%ﬁg‘éiﬁb% Lﬁ\ﬁﬁé%ﬁi%t??n ﬁ}da%’t)fé}fésgﬂﬁctl)afﬁ $ less than 0.1% by
vei gho  saindlthe dnrOMrleRTulsidh Waslgrep @88 By Hfgh%ﬁ_&dr‘ﬁ@ix[f%t\ﬁfﬂh 8leU1t@83HiY Probe for

i ngredi ents) may be encapsul ated i ncl udi ng inks, avours, cosnetics,

per f unes 2 BUwdesy wles theffoHgvingronditignh §87aleuty cyelal @niput Cphiaslet. Fraihise

mat eri al i:0Ci_dRs ilfiel.d chem cal.s,.(incl udj orrosion.and scal e

b bi for iy BE 2% wil iy EndiBEnS bt Be Ml Adn0E HTes PuRithe

i ngredi enflgrasaicOBiobt.! The AlFcoidsRondApvEl in Pabld ¥8 agents that may be
included in detergent, fabric softeners and other househol d products (such
as bl eaches, enzymes and surfact ant s)Tabdeéhb ve agents that may be incl uded
in textiles (suphrasinsect—repettents,—antimerobial—agents ki n

sof teners and nédfé&?YM(ac%ﬁ%@}1;TfQUhdsYﬁgk@‘ Wmay be
included in coaf§HNYsssEBUGHy@S 117 € Tetardant _ aptifoul ing,
antibacterial, piocidal, scratch resistant and abrasion resistang
conpounds) and pbohetylphthhisteaact i ve conpounds| (such asiphar maceut|cal s and
agrochem cal s) . —Sui-tablythe-active nmateriallis an agrochem cal such as a

her bi ci de, fungi%ﬂﬁ@wéglﬁﬁgécticide. Many such agrochddicals are| known and
are described | 50 W/w clay (amino-silane modified, 47.4

ultrafine tabular kaolin) dispersion in

water

Water | 9.5
Diethylenetriamine 25% w/w aqueous 5.1
solution

Total 100
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Pesticide Manual 14th edition published by the British Crop Protection
Council in 2006. The invention is also suitable for encapsulating a solid
conpl ex oWoanosagschem cal with a nol ecul ar conpl exi ng agemB20evaloocsong, for
exanpl e, a conplex of 1-MCP and acycldextrin. The invention is nost useful
for agrochem cals that are subject to degradation when exposed to sunlight,
in particular pyrethroid insecticides such deltamethrin, tralonmethri h,

cyfluthrin, alphanmethrin, zeta-cypernethrin, fenval erate, esfenval erate,
acri nat hrResultaSizetof canfules; DihBhTilACHB; ANy BEchis VALY |BiSSr (86 Aasp being that, as

cycl oprotAri N, v cyfluthri I j - Al
cyphenot K ?rh{,h %1 %%Ieeflgtb h?’ﬁlc N %{53&!@89 gen%i;ég%g%%%%%})d p@%‘r@i@?{pg rsucyt ]?tr? gt %1}

t au- f | uvalticiddcepe B OF Bhmple@val | ethrin, resnethrin, tefluthrin,
tetranmethrin, and | anbda- cyﬁal othrin; suitably |anbda-cyhal othrin. Suitably,
m crocapsul es of the present invention may be used in wall-boards or

pl ast gr boards in buildings, and may Q X :ﬁgg in inmproving cement

conpositions and processes for maki itious materials. The active

i ngr edi enthié BxsHpIe Alsyrates BRAEBFLAWN Fal siQepgeRd cafsubsusgimhaniical ; nore
suitably it is an agrochem cal. Suitably, the gg&lpchem_cal is_a flrlrj;ll%i ci de,
i nsect i cidiethylesttiiringsontainizsdittetndphihaatenreppsediwith thecygle plesar Viggalor (or
conbat i ngUlLPfe?r“E‘is h_as fé#:%l i,ln ects and weeds or for controlling the
growt h of - U8t pl/dhYEss ThEB Gtheni cal may al so be used in

non- agr i Al dUhw SirabT™oss 4, 169, wiaaRlthyRstthdiste Ae@UE I WS ik edse S Sicona
product purposes, such as termte barriers, nosquito nets and wall-boards].
Fur t Her salutighvess dispeised diopmise intol asiefaceodified kaphn dispersien pswstesi ned

rel ease or controll ed | ease . usages, for e .. har for. | e, acid
resi st ant®*t® g‘ﬁlt%bx?lgpifﬁ’%&?IMWQEWWWE@%FI&%F%Q ?ﬂ%{ansahgﬁr)lfhlx%?%&ﬁ ton
of | abi | &086iin¥esd aRSPWIGn#BIo] WisdBen frebLasBy hidh QHEH nerixgtith e Y starith

Ostwal d-ri pening resistant enul sion fornul ations; cosnetics; perfumes, for

exanpl e diighvihegr wowen 2leabapb200mn &ir 2 mutest ds2 0 vWwstisthileaetriamipssoluion

mnimsin ver [i odours: capsul es . i il Nty for. | ul ose and
t r apped 8%‘531%% %)q%\é\gg%&l%%’é‘?s&?ﬂ f‘rhc&r B&ﬁ]ﬁaé"ﬁﬁﬁ ?%V@vohf@, %grmg%g%ﬁ%gafi ght

st abiiki SeRbPnPERVANO/ W ehfdioPWas &Rh brdparld vythigpsehN@sxing GithaXawpkdtapsul e
bursts tguéje@ease a rtreébi nb;(?(l%tﬂ regqa;iﬂrs dana%ggﬁl&gr(g%gs co %ﬁpgqe;&t
novel , ddi ettagixer alrabon epih oy, minggese c an celitg dhtves
in the nouth.a el egses.a ne aste. pressure. sensi.tive adhesives: ..

seal ant s 2'YfH'H :}lgp%r#b( ﬁjﬁrﬁgyﬁlﬁ?ﬁ%ﬁ”ﬁ%ﬁ@?g@ge %‘? 8%4/%‘?%? o ?’ﬁs G g grepptafion

ol ecul e%)r@d@‘é’se@;rtﬂirﬁéb‘iﬂcpﬂldofstﬁ??ﬁcéés&@re%ﬁcﬁ%&&eS such as vitam ns,

probi ot i %agurgds_ot h;r fo}%gl Ia)glgliabi \ggs); toner inks with photosensitivity or

t her mal k't Daze oy captsebes Loavbpgs, for exanple, for inproving

per neabi | %}/ Brope ties; gnti fgﬁl i‘nsg coat i n%i sur‘f e protective coatings,
f or éQamflll e Y)fsaréﬁﬁ‘lﬂ’\?ig PN FOFPPHINALE P F* RN ance; and constructi on
materials, for exanple wall boards, plasterboards and cenents. Exanple of
capsul es that are dried out, includeExagledanpl e, various mneral blends
to form g, ceram Q Ci iaqn: | M Y oki .S for polyners or

pai nts; iarrklésﬁjls’)éatr?pﬁ%Hﬁg&%t%?g}esp?%%@v%eor@ﬁvg%%ﬁop%agfgte!g%u?{l(?%ht rei nforcing

par ti cl esy 56@myaxasmlselutioh oraRekthylPhertaeRoSily@se ™ ZONI alhk dispegeent s, for
exanpl e |l ow density all ow ng eas | ot ati on separation; and energy buffers,

for @famgrepwiseinima 3%w(vdselptiep wielo Aré&SuBeé hydralysedwobAyinykaoctaig)t h

adsorpti f . psul es. of . t he .present i i vel

2050 DU Syl SR RO IR BB PR YRS BBt ARYE!

use of meigiy bmuRhtwa then prepatel b Gidhsheandikeld wih eapsittats’ high shay infigera

metal lic nature, for exanple plasnon absorbance. .
the speed of which was adjusted to yield a droplet size about 20um. The full composition is
given in Table 6d.
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A solution suitable for use in step i) may be made by stirring a liquid and
a crosslinker together. Heating and nechanical agitation may be used to aid
or accel ewat2eoadticszsel uti on of the cross-linker. Simlar tPretlaB20wa®odsay be
used to mix or dissolve an active ingygdient with any solvent that is
optionally included. Exanples of particulate inorganic materials are
oxy-conpounds [that is, oxygen based conpounds] of at |east one of calcium

magnesi um al um nium and silicon (or ggri vati ves of such materials), such
as silica, silicates, marble, clays a legdc. particulate | nor gani c
materials may be erther. mat; OCCUrTIMg]o ﬁg esierGk/y-1eactors. The
particul ate i norggani G nat er ﬁgﬁédlﬁ%l;[/ be. a:m nenrg:lo glrctaljsaen ?romw but not
limted to, kaoli 1so1be§gbB‘ﬁQ@GNDal um na, |imgstone, baoxite, gypsum

magnesi um car bonate,_ calcium carbhonate (either ground or precipitated),
perlite, dolonite D@h@thﬁlﬂ?hﬂﬁélatehuntl te, magn<=5| te bodhnite, palygorskite,

m ca, verm culitef;hygrotat nector trattoyst grbbsite,
kaol i nite, montmof? ﬁlﬁm’vﬁ@, 4|1.|‘ggi ‘é‘?ouéts?lgbﬁﬁlgl te, | apéﬁi te and sepiolite;
suitably it may berghpsen TromKaolin, bentonite, aliypna, Tingstone,

bauxite, gypsum pagnesium carbonate, calcium carbonate (eithet ground or
precipitated), perlite, dolomte, diatomte, huntite, magnesite, boehmte,

sepiolit rsklt vermculite, illite, hydrotalcite,

hect ori t?esﬁ% %g%? pjﬁ’fﬁf Bf‘g%]s E@‘mFurt her suitable clays (for exanple
al um nosigi, Gatasd a Hi% Eﬂ&s] 90 L 5hHd gjhe kaolinite, nmontrorillonite
or ill |telgroups 0 IQ@] | ay ns1 rgﬁé gﬁ pecific exanples are attapulgite,
| aponiste and sepiolite. In one aspect of the invention, the particul ate

inorganic material is kaolin clay. Kaolin clay is also referred to as china
clay or hydrous kaolin, and is predoﬁ-’iﬁ%&f—ﬁ? mneral kaolinite

(Al 2Si Z@f}%'EEﬁm% M&é&%le?ée%@e%t an%ffdrﬁgl?attign% cp ?’H&J&R‘ﬁhﬁ keRE %leg 73

particul ate 1 nor mat eri al sul e size distribution
wher ei n tthédnedi an di aneter (dsO) is less than or equal tol O m as

nmeasur ed det ermi ni ng_t he sedinent at speeds of the_dis er articles
of the p Rynrewa#‘g]y m]g?g ol caghh @B o @%rtfo laﬁeﬂ? sathef 4 Eyagpiey %%QSYPéous
sus peﬂas' Qﬂm%bﬁﬁ;gacsc@g L. UE%H %ftﬁ@s'%@ ﬁm Bt i aty R0mbRit Algned

fromM croneri rporatlon ably, t e rtlculatelnor ani c
mat eri al sealsd &n. @ath dmbsisttileway plecpdah cb.ol Bnthof Matee aﬁdjwhaﬁde;l left hlerollers in

particulate inorganic nmaterial has a d5Q_| ess than or ag ag rrgXY
nore sui taégqnpexa{tﬁ@cgqulliegmoa@ SemperafEn PE20E{) T Ahgat F?I’Y %§hﬁt n or

equal to lbscgbarg:g S'f'&ﬁer\@@tﬁlhgﬂsé%é ﬁll%h%dré&/at@gﬁm%gﬁ 4 gb’ﬂ%(ﬁ{ gm%é‘ 0. 0 4. or

mat eri al has a ss than or equa

0.3mm | mpadﬂwhoi@ﬁmt §h1stmecepsaﬁllomﬂ tht eclédzo bgalmneﬁhyiphthaﬂatal[M] iatodwatet ess
than or equal to for exanple less than or_equal to r | ess

t han 18r éabarfol{oesve@ Vﬂ%@r Release qupyes shpwa bglow indrigp ffshew ﬂeﬂ% Sé e at

| east abquf, 99% 9%141%3%1 ﬁa'la?é %’B tp'?/?\ E’c@fiﬁ*g&'&ﬁﬁ? oh’(ﬁfc ut dgglg;?frbﬂ b

wei ght are SI’TB. OI’ exa e at east a

are smal likg uirbautecbdlapitaitivad éihl!lllﬁl@hKEXaIﬁ}ﬂe I6e)iSTheadatuﬁf r8l08eotastdnentlyarediceties
by weight are smaller than about f.@r _exanpl e at |east about 95% or

98% ar e Srhgnites clenbed la%a@acrtedmﬂth ﬁxbpréseé:u. PaRt ﬁxamp ¢ e Wiout 75% of t he

particle t han about 0.25mm for exanple at | east
about 80 01%1?( Qﬁm@éﬁxaﬁrt@r tg];ian about 0.25mm In anot her aspect, the

partigul ate inorganic material has @&aviPLElZE size distribution of (i) at

| east about 90% of the particles by weight |ess than about 2mm for exarrpl e
at | east T%@E}Ean%e/‘ilﬁfstrgt%g/‘lhe(ﬂrbﬁar@&orﬂ ﬁ%ﬁire—@%@i‘se@@tﬁa@% nhdERfi RPELh: /yﬂhﬂg

weight are | ess than about I'nm for exanple at |east about 95%or 98% and
(iii) at 30gassurfdvetmodified diy particlsarlas deberdedyn Heamhle 1ameerd dessgglvanratgsout

0.25mm f(g/lth a J&K mill) for 30 seconds prior to the addition of an equal weight of water. The

slurry was homogenised using a Flack-Tek dispersing unit for 30 seconds. The slurry was
25 later diluted with water to the desired concentration of 50% by weight for use in the

following Examples.



exanple at | east about 80% or 82% and particulate inorganic material of
such particle size distributions may al so have d5 values at the smaller end
of the rawmgeposiws2sexanpl e at | east about 98% of the par PcTdBI@/ (00630 gani c
material by weight is smaller than abpyt 2nm at | east about 98%is smaller
than about | m at |east about 82%is smaller than about 0.25mm and the
d50 value of the particulate inorganic material is |less than or equal to
0.12mm . For finer particulate inorganjic mterial (for exanple having a d5o
less than or equal to 2mm), the mti@%be derived through
classification, including nethods such as gravity sedinentation or

el utri at | Bremplee8,df arginkp) illygetothe pyabantipo lod neingrslayeatd sapsnle shepensivanpl e, a

lid bow t f dj trif fied
par 1 cul AYBH PR RFE ader ol P SRhrE Aot RO ra0YD TrRHEyn Foun | n
the ard, figh skeadVRIr&I™ ipkdde@ | QRBufhiieMighg lérhﬁéae%ﬁfoﬁﬁﬁ arﬁimtgsbém"??@ h or

evaporation. The classified, dewatered materi al erma ried
(for exanq@lllélonbyassct)mysedrdyopm}e infua ﬁmfaeeMﬁecﬁchoﬂmalmetshmtpremed nor gani c

o ?Lts'scl ?n%ﬁéﬁdinc eﬁogﬁ‘éﬂ@f‘eﬂf"&‘ﬁer thl l%%ﬂ&uﬁg 'Wfllhﬁg a ?ﬁéﬂglﬁheﬁh@”ﬁélaﬁ fhaués
may be nUZUOf)hﬁH &ﬁ'aﬂmﬁW@mh&idﬁ%ﬁQﬁ% ﬁrxﬁ%egw ﬁ%h v%ﬂ C@Yﬂg‘l&tﬂ 'g{]'ﬁ?stt%lm

chem cals, with the general structur I's a chem cal

moi ety w hl@h shdai ghxeafat abdut QOOOnpmtfhel prunte.c A2 584w e aiisthylerietriamife eolation e)

chem cal t desi r.ed functional.t and v i.s a chem cal noiety

Chat 10 nidas; 8&%?&2 t%gawswﬂr eEé“rl?‘ﬁnngYl&h%Sf Ystral ¢ ;hlgh el waer gt about

chemi cal I msor bed

o The. pa B R e B Bl e ol T o

exanpl e, hagh slickomyxesiat shvat P0AN0pS fut2 minutes. -Tiihanylsioh doenedra single-layer

trimet hox Si | ag whi c& i? Eal’tl cu] arly, useful when the particles have

si | anol B dispsign- dhe fHksqmpogiondeiven imfable 4o be, for exanpl e, an acid

group (such as a carboxylic or an acry,jg -acid group) which is particularly

useful when the particles have basic groups on their surface. Y may be any

cheni cal group“tg:n & ks, X Ingebdint O ff"ij” for '“Xawﬁh@n&a@@i fegirige, a

pol yester or apx ene chal m; =¥ et d st anialkdkylredechai n; and

even nore suita%‘l’lyeﬁw | 00NIZ2- 6 aI kyI ene chal n, such as &hylene or

propyl ene. Reafct Z may—be—setected—fromany—grogpss—preferabl y

different from?, ﬁ?‘ﬁg ap?ﬁmoe used to react with a cros glIlnker $0 as to

cross-1ink the syhc® p@di TTed particurate rnorgani ¢ magerial . exanpl es of

Z are epoxy grijoups, carboxylic groups., unsaturated groups such as|acrylic

or vinyl gr oupsS%md’W day (aatiho-silaeinnelifjed) witsafinBui { abl e exa@mpl es of |surface

nodi fication rie action of clay with am nosil anes, such as

ami nopr opyl t ri @ g‘l‘lﬁ&wpéﬂ]éperqiﬁ’é%ﬁ"’? hRregrEAPY react with the clay so as to

give free am ”%%@HB%S@V fE'xQ&‘f surface. An extensive|range of

silanes exists, ab to nmo sur ace S functionality approptiate for

use in a range witepol yner system;. The reactive Jroups Z are reacted with a

cross-1|i nker sio—as—to—forma r‘ﬂpclll e-wall. _Crossilinkers are r‘nmﬁ)unds t hat

have at | east W&teFeactl ve groups that will react with th‘b reacti ye groups

on the surface- anptes—of—Tcross=tHinkers—that- may be

used to react with am ne groups on a clay particle are polyi socyanates.

Pol yi socyanates provide a wel | - knowaxanaBsrof cross-1inker and include

dii socyanates (such as toluene diisocyanate, hexanethylene diisocyanate and

i sophor oRga@plesbisyasemple of @@éwmledumcpntamng b@/tbraa:gess limsed bourrelaywo

I socyana A t e Ien C Ie) and many
h&mgf OB exHE Bo 'By IECE.%OI%HI? [ g 5 mlgﬁ%i %‘m{f@g

ot hers i ncluding prepo %on
pr oduct sEwaiple 8 and treating it with dlethylenetrlamlne (cross hnker) in the quantities given in

20 Table 8 and mixing under low shear to homogenise the product

Table 8§

Ingredient  * .. """ - | . Concentration/ g

Diethylenetriamine [25% w/w aqueous solﬁfion] 5

Product from Example 8 100




trimethyl ol propane and other sinple polyols sold as Desnodur(tn) resins
from Bayer. Exanples of cross-linkers that may be used to react with epoxy
groups; wohowarsbayl i c groups; or with unsaturated groeps/Gnroév/msssacrylic
or vinyl groups will be famliar to thg_ person skilled in the art.In one
enbodi nent, clay is reacted with a suitable nodifying agent, in the range
of fromO0.1 to 30% of the nodifying nol ecul e based on the wei ght of the
clay (suitably in the range of fromO0.1 to 20% and nost suitably the range
is fromO0.1 to 10% by weight). The aqueous nedium suitable for use in step
ii) nostly conprises water, for exam_\d@ ght it is nore than 80%

wat er; an tabl.y nore thap 90% wat ey . i.onally, the ueoQus i um

al so conpfﬁlxérg leagtlg?n %%lﬁpga g%qs\}]grl?f%d,’m%\%tt?l?@g%8M1aag‘érﬂf5§€’g?e%g’88’r’ Pdal

sur f act anpaticilahf ah ehtr@polfBRiHaAO BRdRRANRY. It Ras ﬁreﬁﬁl%d BOkakHEE @S SAuYsiod bf has
been found that surfactants may interfere with the formation of a Pickering

emul sidn Eiempls 8janditesapingit avitheglyseal (cross-hiekeniadddABEE @atalysbitin the quastifige. A

slurry suitable.for use i.n step ii be made. by. agitating the

particul aP&t Hﬁ}:ad)ieh? gn&rgg)gpggpg?rr}o%rﬁggaga%ﬁgﬂggq%itw@épqg a nechani cal
stirrer (for exanple a Rotor/stator, Ystral(tnm) or Utra Turrax(tn)) or by
ultrasonic agitation. Suitably the slurry is agitated until the solution is
added to it and the dispersion step islabia9ied out. In step iii), the
solution may be di gperset—+n-the-siur+y-hy—eqnrventional—hpahsssuch as

ul trasonic di spersers: orsuﬁ%ﬁqu‘t hi'gh, speq drﬁ:é@ﬁ%fmaél&{l/ di'spersers such
as a Rotor/stator NMgf&lovstral (tm or utra|turrax(tyy. The gi spersion
process is carried|ou or _a period between 30 seconds and 20 |m nutes. The
di spersion step ii| DABCSOI[26%Iisblutioisweles]l on [of the gg@l ution ijn the slurry
which is stabilisefd—as—-a-Pickering emulsion hy the surface-mndified
particul ate i norga1PF94ﬁ‘ﬁ‘t@‘Pmﬁxﬁlﬂpfﬁ& enul si on conpri $8s dropl dts of the
sol uti on whi ch ar e —surrounded—by—and—stabtt+sed—by—the—part+ectes of the

i nor gani ial. ross-linker in the solution reacts with the

r eact eclpgﬁm ’5239'@'3ffésé?é‘ﬁnflﬁ@ylp%fﬁ’qq%}tﬂxﬁlﬁ"é'YI}T%T_%‘%]CO%t erial so as to
forma Cr%ﬂlés!ﬁﬁﬁ%n}? l@gﬁﬁ%ﬁ&g I}})Y@Ji&ed fﬂﬁ%ﬁisﬁ@x@%k flae 81?1’]10?‘311 Llohed out
sinply by all'ow ng the di spersi to stand at anbl ent tenperatiure.

Al t er nat | axeinjghttshvaditigs Pentlsir erossipking wisafecied b deatinguhé safiples are5080 doit he
optimum te rature nmay he estahlished by routjne experinentation.

Typi cal | }o% ﬂ%arély}%?]t‘gﬂﬁcﬁléu?srﬂfrtwméu%fl@rn%thﬂgesur face-nodified so
as to have, agine Qb i ipSHRNAL ad Sit-fh.

pol yi socyanat e, g(l%%tﬁé&{& Fﬁgﬁeé? E{obrgpgtlgg]r@a rt%%?a \ggéecﬁ&%gédé{r%g%Z%%l ?] o?’vagerrl hour
i s sufsfi cinarsion of z zophreffmit bid (lseee 'Y ). wakigepred) Hisoar M &28 UispBiged arpevise
particle to sglution phase wll bg from 1:00. 1 to 1:40; suitably from1l:1 to
1: 20. The 18@(?3@9 I/ WicetutiogypTiczohgenol  aELeS (&5e hyfrobypethpdy(vityd aciately Wadst t he

oi | phasaey i; 3 r : 0 ; j t 0%
The r eactq}1 %}%@{ﬁgryﬁ éﬁggjlﬁt%[lraic}l\psrggpg? l%ﬁfh%g‘éﬁr%p%%?'aggﬁ/w gg’?ﬂ‘%ﬂ%vﬁ[&%@g}éﬁmp gre:(]i

el ect r ol yHyeigir shoyr mhrdngisdthdhe Fsicall Ahightsheal Meixpr, drapsed eBuhich wiab adjusted to

di spersi on % m (frocap%ul es i n an aqueous medium These m crocapsul es may
be furt hetelfpdranlesanabowel Ouenyi Thefillcompraitian iegitien mekablerl®f a nateri al
whi chgwi || further react wth any remai W ross-1linker. For exanple, when
t he lcﬁ:ﬁ?oss-l i nker is_a polyisocyanate, aT%ggylg)m ne such as diethylentriam ne
may be added. This |causes. furth@ediestoss=1 nki'ng. aogcapahdo®s ¢ flor mati on at
the mcrocapsul e wall _and nay bhe usedto ‘modify: the durabi'litly of the
capsul es or perneahil§apeyMof the capsule walls tlo give32for

5% Gohsenol™ GL05 aqueous solution 50

Equal volumes of samples of each of Examples 8, 9 and 10 were then each independently
mixed with an equal volume of the Isopar M emulsion. All the samples remained fluid both
immediately and after standing for 24hours, demonstrating the compatibility of products of

25  the invention with an added oil-in-water emulsion.



exanpl e, a longer release tinme under given conditions. The m crocapsul es
may be isolated by drying, for exanple spray drying, to forma powder or
may be uswo 20®/06B257di spersion in the aqueous nedi um WheaTidB20ow@NES0apsul es
are isolated, they may be used dry e2lthey may be redi spersed in water
before use. The m crocapsul es made according to this process are new.
According to the present invention there is provided a m crocapsul e
conprising an encapsul ated materi a?w_rﬂed by a wall, characterised in
that the wall conprises a particul rnorgani c material that has been

sur f ace- fMhdi Bxasghleprdvicies data loh rkkahcembg seeniarthé piotostabiilityd tlaralvdedeytiplotirin

fol |l ow ng Exanpl es., The, parti cul afe inorganic material used in the Exanples
is a tabiihsp teRppdwithig fickerigg kgpsules| at or plate-1i ke shape) ul trafine
kaolin, having a d50 of 0.12/xmand a particle size distribution with at

| east 98% of the particles by weight smaller than | mand at | east 82%
smal l er than 0.25 m |In these ExanpEgesnpl®l4a3] is the volunme nean di aneter
of the relevant particles, capsules qr droplets as qbtained bé’@ aser |ight

B
scat t eri Agisd<appl Vgsteteshapreparation ofaripglenayated eapsyls spPERSIoBHEY. ExAVPLE 1

Thi s Exa i - . A0 - kit d at

g sper s, e tiRl oL SRt IBn R RhloBlirof g R O T i e Re s

obt ai nedpfacem ME0% sy wWikmRaseuT™f 5035, #DAYE Wwardlambdh ghAeliliih iand 465 %dwh86 by

wei ght anm nopr %%@t ri et hoxysil ane. The surface-nodified ,E}ar%iojllﬁgé wer.e then
added t oSQEEEP N# sqlutietbwandispersad doppyise B & swinsanestiied KaolpffRerErs al s,

Vi br a, Ce it 1 600 i / M I.C
probey opsrariaciiile R RLRRLR 7 uRE S b L YA B G ARAM
Cont Ir ol 4t abloat 5(125)Off:}rlﬁl,idnadsan OVe eamigisiswhs then 'prpgi/ed &g high shadd mixing Wﬁ}) Itl&h 1
Results: _Size, of clay dispersion; 4,3] = 4.4/ xm_Figure 1.is i ght
nicr oscob’étfﬁl?rrhé&gh@he%fﬁﬁlxﬂ %beﬂv%%@%%h}%fz Ipipy{es| dhis .m.%&%ﬁ@@ﬁl?ﬁi%%le

Exampl 6 | . ! . S .
it a1 S eEEpha QBptaonD UERE ol flon b B RLKES (DETATY o pRParcg
dr opw seid whier irdethe0iid ijieuss PRIAsohftiod wasdiddédedropwisk itm thei sippde-fayoredpr epar ed
according to Exanple 1, under high shear,mxing with an Ystral (tm _high
sheals mi g@sulesyspensipn gl migingframapol siebndigh stees msa af shovb PORF PRy Thisf er r ed
to as an tm: Ni ' -

concent r Strbfr S pelind A SRR ALY Ro B gl ol REQU HR2B0O A

hi gh sheammifiitss. "Dhdfuiltdagnpdsitioali€ £ivdn i Tdblshrar m xer operated at about
20000rpm for 2 mnutes produced an oil in water [OQW Pickering enul sion.
Table 2 Results: Size of enulsion droplets: D[4,3] =13 m Figure 2 is a

| i ght m croscope i mage of the Pickeri Snul sion of Exanple 2. Figure 2a is
a light mcroscope i nage show ng tha mul sion droplets collapse on
drying infair.on a’glass sliglgeditdie emul sion" Has - br gk@shceltir@ibn 92/ whows
that the addi‘tiop af 5%y weight 'Synper onicftny -NPR .0t he Pickeping -
enul si on ¢8olvesot h20@WD sion to break after 4 days, |as shownlby |i ght

m cr oscopy—BEXAMPLE Dt%rh% s—Exarpte—t+ustrates—theprreparatt o of—=a
si ngl e-| av%@%@%’@ Wi yspensi on. :

SuprasecTM 5025 3.8

=)

5% wi/w clay (amino-silane modified, nltrafine tabular 47.4

kaolin) dispersion in water (from Example 7)

Water 9.5
Diethylenetriamine 25% w/w aqueous solution 53
Total 100

20
Result: Size: D[4, 3]=31.7um.

Figure 7 is a Scanning Electron Microscope image of Example 11a.



A solution of 5% w w Suprasec(tm 5025 (pol ynethyl ene pol yphenyl ene

i socyanat e;

PMPI) was prepared in Sol vesso(tm 200ND

Meanwhi | e, extra

wat er wasweddedesrs7a surfacenodified Kaolin dispersion pcemgsed/ messor di ng

to Exanp

le 1 and then to this dispersipn, the Sol vesso

TM 200ND pl us

Supr asec, TM 5025 sol uti on was added dropwi se with mxing by a Ystral (tm

hi gh shear

i ngredie
emul si on
m xer at

m crocapsu

m xer operated at about 5000rpm The concen
nts used are given in Table 3. Subsequently,
was prepared, by high shear 1

g, 2000 A

€ systemas a

T e fate YkEinby

LhRe

an oi
th the Ystral (tm) high shear

trations of the

in water [Q

R

Resul ts: &e#glepbiripitiesoapinhe imidadyBdlothrid dréparddi tlgth€ Ulrdsénia prod@hs.

m croscope |

f
| east 1 dAyl0% W& Supresreaps 2o 45

mage of the croca

Y g;ules of Exa

| % /W dambdsl aybge
Stabre m ey St 0RRE o0 e GRARR Sy el

mechani caprefire@ A@bofiieO IR aeh]
of 596m/a?SWnperonic%%n) %%?

N

nple 3. After ageing for at

riggad 487 Wiy
.mhi.ch,.sho

_ s dtglRY bt

& 9, drlder 8ditHEbE welilaneBscdic BreBBIng then ANDYWI ON

did not cause the enulsion to break after a

on a gl ass

W

peri od of emulgesivas peapataddtythigh sheaswipng withdes Ultiagenie Paibe fouk aninuips; endethe

addi ti on

denonstra

er onij tg)
-1

£t S

bR

iR Srina i Gaeel P EEREhI R BRRrApHeE

i nt er frac elagat@Bpdulddispdisiv@sTH Bis BipsRleaa8Fbntn B % WivakdtAfbnetithilR sbRfion

enmul sions are usually inconp

atible wwth surfactants (as shown in Figure

2b); ©®r osway adqdrd naderimixipartiticthe TltthdonissProhe nTheofubleompesitian ihgiven below in

surfacta
two- 1| aye

gy

g MPLE 4 This Exanple illustrates the pre
tdpsul e suspensi on.

paration of a

hexanet hyl ene dii socyanate nodified wrihedaz2pol yether chain for water

di sper si
resul tan
capsul e

Ystral (t
addi tion
Ystral (t
conposi t
intact d
see Figu
3100 can
The caps
at 20000
Thi s Exa

he

Bayhydur (tm 3100 [ pol yi socyanate based on

hi Lty (from Bayer )] by shaking and then_ the
< Bayhydur {t-m). i-seCouceatrationy(%e ¥/ ayar ed
BUSHeRsig 5 P 2V 5 Y Iha PR SO
v [J 7, L7\ CA -, (L) LILIL I\Illy LT UITTIT A
00r pm t hr oughout the dr %mﬁse
1864 [Tl capsulre Suspension was them mixed W thyyhe
T%]ﬂlq S éﬁr m xer at about 20000rpm for 2 minutes. The

Siprasectf 9625 in Table 4. Table 4 Result: The ¢

wina drv _down and examnation in a Scannina_ H

apsul es 3.gnmai ned
lectron M.croscopse

8%/ v tlav(amjne-sidgnermerifod dilmafitedabwan kagtinengt

h. The B&ghydur (tn

suspensi
second c
pr epar ed

?F Seen. as %Eﬂﬁqeﬁvattgcﬂed to the outside of| the capsule wallg{g.

T ERITRRP & TEF ME R APt Yong for themto survive high shear nixing
 praedcor 2 mnutes with an Ystral (tn) high shear m xer.q9 EXAMPLE 5
ple illustrates the preparation of a single-llayered capsule
pPRisthyl¢netianing REYtev/w aqenes sdlttians sim lar to Bxanple 3.But it hgs a
95S—H-Aker—A-25% - whw-sel-uton—of—di-et-hyl enetiram-re—{-DETFAY—was
{9f%at er and then this aqueous DETA sol ution jwas add Odropmﬁse to

a singl e-Tayered capsute SUSPENST O prepar ed—accordin

m xi ng f
suspensi

hear m.xer

CIOEPY

GREUES R Sk ook i AmdRR L

to

m xer at about

200005 pMResult: Size of capsules: D[4,3] = 171pum (this is large due to aggregation of the capsules in

20

the instrument, the electron micrograph shows the capsule size to be smaller).

Example 11¢

Capsules according to Examples 11a and 11b were each assessed ag

ainst commercially

available capsules [Karate Zeon™] in a comparative study to determine the extent of

protection provided by each of the capsules to lambda-cyhalothrin against u.v.

photodegradation.

For each capsule type, samples of microcapsules were spread on glass slides and exposed to a

xenon lamp (simulating sunlight) for up to three days. Using standard techniques, the

Exanpte—3 w tt
000rpm This capsul e



for 2 mnutes. The conposition is given in Table 5.Table 5 Result: Size of
capsules: D4,3] =21 mm Figure 5is a light mcroscope image of the
capsul es wh 2m00ampdse 5. The capsul es renmi ned i ntact dur iPOl/GE200900680Y - down
on a glass mcroscope slide or drydowys plus exam nation in a scanning

el ectron m croscope [ SEM, denonstrating that they have good nechani cal
strength. The fact that there is no capsul e coll apse under SEM conditions

denonstrates that, the presence .of the second cross-|inker has enhanced the
mechani ca™EPFRYeHWEHe af‘ﬁlé!s‘%éﬁ §Eﬁe€§m€6ﬁﬁ)%{?%‘aﬁ Pg?aﬂrﬁ’éé@ygﬁ"@@é‘rpﬁsén@p thtre

capsul es ig&hﬁlaﬁlﬂflg ét%@fﬁitiaﬁﬁﬁtoﬁei&sﬁﬁrtf) ?x?%’i’rhilﬁa gl’%ﬂ{s %ﬂd’t‘ﬁe DhrQ0n SRR X N9 at

20000rpmfor 2 mnutes with the 'Ystra ear mxer. Figure 5a is a
| i ght m cvaiuspme perigés dirogi thethaesdabl exposge.ocapsul e di spersi on (Exanpl e 5)
on dryi ng,ggn a gslass rricr_osr;Fg,ope sli g}e inair. Figure 5b is_ a |jight )

mi cr oscopet§ FReyEs asothiond B 1gwHIs Dk dite capiilseoldibe pepssnioinvertioiplearly proviidesr

 croscopl . | i
ol cace rore B RERRELAR Enbi) il AU dopr M DR Ao SERRRLE,

conpared to a polyner-stabilized enul sion. Exanple 6a This Exanpl e

illustrates preparation of a sinple_Pickering enulsion. A 50% by wei ght
sol uti on of dinethyl phthalate in SOMBR‘-E&?ZOOND was di spersed dropwi se

it e y . . . . L. e 1,
under i gh S ESABBRlLEEER bEp Sk SRPL) S PTSRR S R AL fLMA Mg ©
5000r pm tdiethyighertibmidvecodtatiiing dieneligd iphihalitea@ehicis Gh \bk @ipleDfarvoliise bigahic
prepared by high shear mxing with the Ystral (ter. hi gh shear nixer at about
2oooolr0pmf¥leke01§g>rﬁrﬁnﬁr%?vlﬂr#@ laghplengr tisaal | grogesrerd 1 9VoTiY SumBaseFabb@2%

Result: 9§ . X , = 1, .q.Fl.Qume i o i croscope

i mge of ’%ﬁg{/e fa}!.%{@gh%%éggh%ﬁi@%#ﬁﬁg%l |%§@%§ %@“f’%gﬂ%r‘ﬂ%gﬁs g@i on .of
a si ngl e-draywiseihtc apsifhe-aodifiedBacin dikpdisich pleparee deiordinptBxaapled Ghdg

di et hyl pht hal at e _prepar edé}[/ af U trasonic process. A 10% w w Suprasec(tm
5025, 45%i%) et mitag itBennairat e highishesomirenasdopbseremy bS8l uti on was

di sperse ' ' - AP i Isper sion_pr red

accor di n%@%ﬁ%@gfﬂg H%?ep%ﬁe?;g ny }gg]? f,ﬁ;e}%?%nﬁ}hﬁg F}ét%giﬁe gﬁ?%las g}ﬁ%cs‘ﬁﬁﬁlgr%%;eggnd t hen
an Q1Y enbbsi 20000830 fr 2Raets.Ohhid e@blstheRImed XsingleWayieh cifileldiégeasioni Thdr obe
for 2 mnutes, under the follow ng conditions: 50% Duty cycl e, Qutput

Cont r ol £#0mpgsifinn &s given i Takle B3.25% w/ w di et hyl enet ri ani ne sol uti on was
added under mxing with the Ut rasonif tPr e. The full conposition is given
in Table 6b. Table 6bResult: Size of tH es: D[4,3] = 146/ xm (This size
is very |argeindrbdefiteason being: that,: as seen.i:n Fichicertblion (Mewadps Ul es
are stickingltaget-her) Figute’ 6h i s a:Scanning-Flectron. M croscopel i mage
of Exanpl e 6hSolesswR08NE: This Exanple illustrates the prdgaration pf a

. ] U
single-layere %imeﬁiyl ph%haiatel 18

—

Suprasec 5025 4

5% clay dispersion in water (from Example 7) 50
Water 10
Total 100

A 25% wiw solution of diethylenetriamine (DETA) was prepared in water and then varying

20 amounts of this solution were added dropwise to the single-layered capsule suspension with
mixing from an Ystral™ high shear mixer at about 5000rpm) to give a range of DETA
concentrations (0-1.3% by weight) in the final dispersions. Each capsule suspension was then
mixed by the Ystral™ high shear mixer at about 20000rpm for 2 minutes. The full

composition is given in Table 14.



di et hyl enetri am ne contai ni ng di net hyl pht hal ate, prepared with the high
shear Ystral (tm) (or Utra Turrax(tn)) process of exanple 2. A 10% w w
Supr asec(W0R0®0B525745% wW w di net hyl pht hal at e and 45% w RCSaB2e®#xo(dsn) 200ND
solution was di spersed dropw se into_agsurface-nodified kaolin dispersion
prepared according to Exanple 1, under high shear mxing with an Ystral (tm
hi gh shear m xer at about 5000rpm and an O Wenul sion was then prepared by
hi gh shear m xing with the Ystral hi gl:l, Eljegr m xer at about 20000rpm for 2
m nutes. A 25% w w di et hyl enetri am ne S on was then added to the

emul sion under mxing with the Ystral(tn) high shear mxer at about 5000r pm
and an O|Wmeoutsif@ETMes t hen prepared by 0§ gh [shesw hOxeng idkh t he.3o,

Ystral (t ri—hi-gh—shear—mi-xer—at QQupmifor 2 finuted The Jull
conposi tifon .i's i‘dentical’ .to: tf JoTerl) ¢ n 1 Rencfint|f@omsiie ¢ Cone v
Exanpl e 6b.'and Exanple6¢-1i¢e ‘eparat Oepssesn | |
Ystral priocesses . respectively. Res Bi'Z g%‘f ~Rdpsul ey

Fi gure 6¢ 36% @obeRs RN @akih9NpivhasEeF 906 N G

This Exanple 1llustrates the preparation of a .
50% by weiQfMt ESomithi4dn Suprasicri®2hy| pht hal ate ijn Sol vesso(tn) 200ND was

di sper se(sfropw se -ttt o8, 2% wwsolut-pn—ef—Now-ol-(+m—4-—§8 894

hydr ol yse&j‘btgw{}ﬁ%wugc@/&f”é‘)",a MR 23,6000Delot%9n), 4nder rﬁ-%% shédr
m xi ng w|t/an Ystral (tn) hi gh shear m X A G, WENh ST 0 St
preparediby high shear m xing with the Yg?(zal (tﬁr%o hi b@hearwr?i xe',%q he

speed of | WrecP[4vq (ma) usted to yield a dpopl et| 39i ze about 2G3m Theoful |
conposi t iren—s—gi-ven—+n—Table 6d-Table 6d Result:. Sirze of droplets: D[4]3]

v oIT =

17 tn. Figure 6d is a |light mcroscope i mage of Exanple 6d. Exanple 6e This

Exanpl i | i : d ding t
el s AEHbSERET | 1885e DALENOT RS Upsh8 BB RIARRHEY, AEEBEEE 1P, ons
descr isbedntowitea ripdohof fiees6 dilutins ks plaeed bydialykiseitehg 9 Qldnh Eavatd@dlysidFach

of these solutions was placed in dialysis tubing and seal ed in. Each
di al ysi s Peb¥asrscet mabaut 100y of vatsrpidmanthen lefheriraliess inkdampetaturen rol | er s

inate t r of . 20(:+/ 2 LAt suitabl e
|t orval S0 R PTG R SR AEE A R R L T oS 1
a Per ki n vEterpHatervai Mosqreat atQpbah et £PerkilEignpTOUTSHeakdMoRsndibe Tigé ease
of dinethyl phthalate [DMP] into water to be followed with tinme. Rel ease

curves sHhBEShallowed the rylease of dimnethdphthaate [PYER] intsl watsitohesolewed with time;

di met,hyl . hilliz | sio Exanmpl e 6d nd fr.om
he. Uy edet ey L6 vafiaiols et it B g BT tlaR R Rt 8 il e
was gr eatDMPriest deccapheles, shevial @t rdakegicltAa6s RN tdhtduBa 85 8 biding 025
(Exanmpl e 6b)_ or with diethylenetriam ne (Exanple 6¢c). EXAVMPLE 7 This
Exanpl e iof i geedsinthelfognilstipnt i on of a pre-di spersed surface-nodified
clay slurry. 30g of surface-nodified clay particles (as described in
Exanpl e 1) were de-aggl onerated (w P]L ill) for 30 seconds prior to

—

t he addi of an_equal ight o -
45 18 Xampale 1l?u%trates \tlﬁaé pgr’eparat%con of a single-layered capsule suspension with

diethylenetriamine containing mefenoxam prepared with the high shear Ystral™

process.
The capsule dispersion was found to show good redispersion properties after drying down to
a dry deposit. A 5% w/w Suprasec™ 5025, 47.5% W/W mefenoxam and 47.5% w/w
Solvesso ™200ND solution was dispersed dropwise into a surface-modified kaolin dispersion

20  prepared according to Example 7, under high shear mixing with an Ystral™ high shear mixer
at about 5000rpm; and an O/W emulsion was then prepared by high shear mixing with the
Ystral™ high shear mixer at about 20000rpm for 2 minutes. This emulsion formed a single
layer capsule dispersion. A 25% w/w solution of diethylenetriamine (DETA) was prepared

in water and then this aqueous DETA solution was added dropwise to the single-layered

25  capsule suspension with mixing from an Ystral™ high shear mixer at about 5000rpm. This



slurry was honogeni sed using a Fl ack-Tek dispersing unit for 30 seconds.

The slurry was later diluted with water to the desired concentration of 50%
by wei ghtwbanowuwss2s7n t he fol | owi ng Exanpl es. EXAMPLE 8 ErammB2sosdoodoand 10
illustrate the preparation of a singhg-layered capsul e suspension

cont ai ni
pr epar ed
| anbda- ¢
into a s

ng a pesticide,
with the high shear Ystral (tm process.

hal pthrin and S gvesso
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e
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when trapped within Pickering capsul es. Exanple 1la This Exanple
illustrates the preparation of a single-layered capsule suspension with

di et hyl enw0Onrp@miesazs7cont ai ni ng | anbda cyhal ot hri n prepar edTwdR2ho%doasshi gh
shear Ystral (tm) process. A 10% w w Syprasec(tm 5025, 47.5% w w | anbda
cyhalothrin and 47.5% w w Sol vesso(tn) 200ND sol uti on was di spersed dropw se
into a surface-nodified kaolin dispersion prepared according to Exanple 7,
under high shear mxing with an Ystra b[k ),cNi gh shear m xer at about
5000r pmy and an O W enul si on was t hen=pt red by high shear mxing with

t he YStrai(tn')Afjb'r&ﬂ%sﬁ&?ﬁ{akfﬂg)&ﬁfcr&fapﬁlli’é%‘ébm%ﬁﬁigg*pmfor 2 minutes. This
emul sion fornmed a single Iayer capsul e di Spersion. A 25% w w sol ution of

di et hyl enetri ggld 1&% )as e%ac;(%g hrlnigerviﬁtaq g{)d then this aqueous DETA

sol ution was rop Hhé S ayer capsul e suspension with

m xi ng from an. Ystra h s ear xer t ab 000rpm. Thi s. capsul e
suspensi on wast hert 'm daﬁ %iyh e(?ﬂ‘)ll lﬁﬁlé’ﬁ %"H ?H?‘ﬁrg@rlca‘ﬁ t%ﬂ?g g
20000rspm for 2 m n §ous-|fﬁé‘dlﬁrﬂl jmcporrposr tion is given in Table 11. Table 11
Result: Size: lgq? 7mm Figure 7 is a Scanning El ectron M croscope
i mge of Exanphe 1 !E&(ﬁﬁrpl i a e r r tl,on
of a single- Iaygr eclfﬂ aps éﬁeségﬂtel%]go(?n pﬁh tﬂet%r%nogisﬁ?parr?nagac%ﬁ n(;) ng

| anbda cyhal ot hri n glloeiag ete bc)to:ishl&ﬂr@lr ttoagael Gvighr Ql@@ssﬁrfaé\e-ﬁﬁ%ﬁ&ﬂvvpartlculate
Suprasec(tm 5025, 45% w w | apbda cyhal ot hrin_and 45% w w Sol vesso(tm 200ND
sol ution was di sperBegaeleaakFriad sp as & farm gorossdinkedimigraerpralsall di sper si on
prepared according to Exanple 7, under agitation with an U trasonic Probe;
and then an O Wemnul si on was prepared by hi gh shear m xi ng vvith t he

U trasonif£ Prope for ow ng. condi 50% Duty
cycl a0 O put ZCBrRers TR 5 S L whieh e S L ppaR A et

di spersion. To this capsul e suspension, a 25% w w di et hyl enetri am ne

sol uti on was added under mxing with t he UItrasoni c Probe. The full
conposition is I j

El ectron 30 M cr égio"\ég&i %gdgléeﬁl]}ic‘;’#1 q@%ﬁeﬁﬁ‘%{zﬂ%& d géao?ﬂf(t:y;lﬁ%ﬁﬁ%g: !51 g 3]
= 171 m (thi s ofdesk dragpel Ogie t 0o aggr egati on of the capsul es in the
instrunment, the electron m crograph shows the capsule size to be snaller).
Exanple lie Capsul es according to Exanples 1la and lib were each assessed
agai nst commercially avail abl e capsul es [Karate Zeon(tm] in a conparative
st udyst 0 4det er i ﬁﬁ% e
capsélses 4?0 Iaj%lg)geggeﬁ f%‘%ﬁd]f“n‘“q%lggri %ﬁh\% ! glt\ééglg Péén |0%?I? CtN%each
capsul e type, nsaerl ehic isahegmch@riches wer e spr ead on gl ass slides and
exposed to a xenon lanp (sinmulating sunlight) for up to three days. Using
standard techni ques, them crocapsul es were analysed to determ ne the amount
of | anmbda-cyhalothrin present in the fornulations at the initiation of
exposure Yo uktPraeessiaerlaimehin gt 4 ewhieh tieackseraiatiriadisean insactioids. ti e
periods during the three days' exposure. The results are shown in Figure 9.
The capsul es of the present invention clearly provide better u.v.

rotectign to | anbda-c rin t loes t.he current co rcial roduct .
P 20 % A process as Xﬁume Qlclzgm P in which the 1nsec%101de?s apyretq;[rTE P

7. A process as claimed in claim 6 in which the pyrethroid is lambda-cyhalothrin.

8. A process as claimed in any one of the preceding claims in which the particulate
25 inorganic material comprises an oxy-compound of at least one of calcium,

magnesium, aluminium and silicon; or a derivative of such a compound.

9. A process as claimed in claim 8 in which the particulate inorganic material is or is

derived from silica, a silicate, marble, a clay or talc.



EXAMPLE 12 This Exanple illustrates the preparation of a single-I|ayered
capsul e suspension with diethylenetriam ne containing dinethyl phthal ate
(whi ch i swanoexmsysire of a volatile organic nol ecul e) prepargaoawdobssbhe hi gh
shear Ystral (tn) process. A 10%w/w_?g|qr asec(tm 5025, 47.5% w w di net hyl
pht hal ate and 47.5% w w Sol vesso(tm 2Z00ND sol uti on was di spersed dropw se
into a surface-nodified kaolin dispersion prepared according to Exanple 7,
under high shear mxing with an Ystral (tm high shear m xer at about

5000r pm &nd o prcvsastlasnehingain fenvhich eredigyais iprsacRAtcRrls Aglak t h
the Ystral (tm) high shear m xer at about 20000rpmfor 2 mnutes. This

emul sion fornmed a single | ayer capsul e dispersion. The conposition is given

in Table 13. Table 13 25% w w sol ution o I et hyl enetri am ne.(DETA) was
or epar ed n” welk BFocaiias CHERC i age QEEARESL i1 PV S G R B e P e
dropwi se to t atéx;i]aﬂgé @mhﬂﬁrseﬁc&g%ﬂ{ RacHASHERSHiRNaMirith, Mireksge, Ha0gtan
Ystral (tm) high shear m xer at about 5000rpm to give a range of 'DE‘fA
concent r at i onsypfund, B&gnbsiumeiativnpte] caltim darboabtedpaier dolomdte, datomitcapsul e
suspensi on was then m xed by the Ystral (tm high she 1 xe t about
20000r pm f or  2URifuIagesif 0?@?#@&95»@8&#96%1%’3’e&?%ﬁg% daBicededioire 14
Appr oxi mat el y 4o O : ! : h6id B Std PRSniesadi | ut ed by
a factor of 161]‘1}1%1 ote’vé?%frn.e’e%g?ﬁﬁ%flﬁ%l%@ggﬁ%ﬁ%t |ﬁor’15 é{V\B/(;élls‘(ﬁpfa?:sertljl in dialysis

t ubi ng and seakpidliten. Each di al ysis tube was placed in about 100m of water
and was then left on rollers in a tenperature controlled room[tenperature

of 20(+/-2)C]. At suitable intervals, the UV absorbance of the water phase
was neasured at 276nmwi th a Perkin El nmer(tm UV spectrophotoneter. Thjs

procéd8s dR2 owel pragessras claimed infangiofsheryreendingolaims ip pigh the partigalaterinerganis
followed Wwth tine:..see Figure 1 Leh i easi ng the DETA
| oadi ng d\tlamcr eégegcgrqlﬁ%s ?’g’teéggfdl%%%ra@@ gefss %%ﬁ‘é’? F‘i)%ﬁ%(ia&%{é'psu: eg, show ng

that the rate of release is readily controlled by the | oading of DETA used
in the formul ati on. EXAMPLE 13 This Exanple illustrates the preparation of

a single-layered capsul e suspension with diethylenetriam ne containing
mef enoxarbBpr e fhpwgessias Blaimped m g osp o elaivat | i 1k iy which iesartioplate mossanie

di spersi on wa - of_.L.edi ' InG drying down
fo b dry. depodrd et Rl B P RERSE AR ARIGREo i BhrlaKbRY T80,
w w 3l vesso( twdidd QM RnsdletiiagRby@ . sper sed dropwi se into a

surface-nodi fi ed kaolin dispersion prepared according to Exanple 7, under

hi gh shear mixing with an Ystral (tn) high shear nixer at about 5000rpm and
an O Wenul sion was then prepared by high shear mxing with the Ystral (tm
hi gh sheay m 0] f 1 hu g% : a
single | gf}ér )gg ?g%sgag?fé%%‘%g@oa%&%%fg&a %/Tv1 {sbo#lﬁ%vg%ig%?m I et%&?g}%ﬁ%ﬁgﬂi ne
(DETA) was pr epased hbda paticle strdlidthieiidohiseragiiessy ab&it DAYsof the particlsadyadded
dropwi se to the single-layered capsul e suspension with m xing from an

Ystral (tm) hi gteigHiate lessithar about et Ise ebqrO0 reidbe paticles by gfﬁ&%% PiSreHRas
th i xed b ' hePdo, 1] gq&g;, : f
m ﬁﬂtz éns X eTh ey @%ea(? §§r%i£]!1"§alﬁl% t Eg gt&"? en /ﬁ mi'g% lrpgﬂ&c% X ab?lgﬁ%gg [‘S’gg}u a]'t? :rab%iltz e of

capsul es: D[ 4,035um.13. 7/im This fornulati on gave capsules that were stable
on dry down, and the capsules in the aqueous

15. A process as claimed in any one of the preceding claims in which the particulate
inorganic material particle surface has been modified so as to have reactive groups by

25 reaction with a chemical of the general structure X---Y---Z, in which X is a chemical
moiety with a high affinity for the particle surface; Z is a reactive chemical moiety;

and Y is a chemical moiety that links X and Z together.

16. A process as claimed in claim 15 in which X is an alkoxy-silane group.
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di spersion were stable over a period of 9 nonths at ambient tenperature. A
sanple of this dispersion was allowed to dry down in a plastic tray in a
fume hoodwbanosdesmys, after which it was found to redi speram2o@adddsy i n
water with gentle agitation. Figure ljo shows the capsules in their original
di spersion and Figure 12 shows themin the dispersion formed fromthe

redi spersion after dry down. The capsul es appeared to have Iost sone of the
nore vol atile $Sol vesso( OOND throu evaporati g capsul es

r emai ned 197ssen§ipé‘i’qe§s 45&%%]?3 ga’é’ﬁé@\@H Hewhigh e’dlas@énﬁgfyg AVS 1. A
process for making mcrocapsules conprising; i) formng a sol ution of a
cross-linker in aliquid; ii) formng a slurry of a surface-nodified

Phe. solut B ok 1eds oruine) Rboliadhy B 2Ry 2 M Blkieisieor *511 owi ng

the cross-linker to react with the surface-nodified particul ate i norganic
material so as to forma cross- Iinked mcrocapsule wall. 2. A process as
claimd i cIa i @b b ter.
3. Apr ocfégss aé crﬁgésgre%lﬁﬁlg al m th iﬁspﬁg&%qﬁ? hgf;%fgﬁég&(j@ﬁ@ﬁég in
wat er at 200C mbdified paitioalatel 1mgylg31mc4natén¢lr19clay sviach bdscherr dutfrceahadified with or
3 in which the liquid,_conprises an active material which is an

agr ocheni cal . 3 20AngsH¥ss as clainmed in claim4 in which the active
material is an insecticide. 6. A process as clainmed in claim5 in which the
insecticide is a pyrethroid. 7. A process as clained in clai m 6 in which

the pyretyyoid,is Ianbd hal ot hrin ss as a one of
t he precedi ng ‘Ac‘ PLRGRE 35§ ﬂﬂ%‘éﬁ“ ?%mbea?fttﬁ%me&%% Walﬁ’lw 1% er‘ir%ﬁs lén(r]}é%lrsi %es
an oxy- conpoungbififodbndi€ast one of cal cium magnesi um al um ni um and
silicon; or a derivative of such a conmpound. 9. A process as clainmed in
claim8 in which the particulate inorganic material is or is derived from
silica, a silicate, marble, a clay or talc.10. A process as clainmed in
claim9 i2i. whi&tprodess parcldimed dh exnynmregafihe pmc@iim@k:laiims avlekr@ayhe Gdss- Knked
process as claiped in any one | ai s 0. whi ch the, parti cul

i nor gani ¢ mat ePicEIcaplGWal iranadi f@iﬂgev%bmﬁdﬂm anééquﬁa C’c’féﬁ’ﬁ’ﬂﬁinﬁéno Eithy na,

| i mest one, bauxite, gypsum mnagnesi um carbonate, cal cium carbonate,
perlite, dolomte, diatomte, huntite, magnesite, boehmte, palygorskite,

m ca, . veryn cul jte, h lte hec Lte,.h bsi .
ol 11 £ €2 norte REIeET Srvaed i il Selapi o 2L bV s iR kdheramic .
12. A process masefildt ARaal.n any of the preceding clains in mhlch t he
particul ate inorganic material has a nedian diameter (d5 ) less than or
equal to 10/ m 13. A process as clained in any one of clains 1 to 11 in
whi ch the particul ate inorganic material has a particle size distribution
where at ,,east 09 a i e out
2 125 prd Sl iilieq it B nGY  PART S Bl clegg ORD
partlculate |nﬁmg@mu§$mﬁkgejal has a particle size distribution where at

| east about 90% of the particles by weight are | ess than about 2mm at

| eastypabout 90% of the particles by weight are | ess than about | m and at
| east about 75% of the particles by weight are | ess than about

24. A microcapsule comprising an encapsulated material surrounded by a wall,
characterised in that the wall comprises a particulate inorganic material that has been

surface-modified and cross-linked.

25 25. A microcapsule as claimed in claim 24 which contains an active ingredient

encapsulated within the core of the microcapsule.

26. A microcapsule as claimed in claim 25 where the active ingredient is an
agrochemical,
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0.25 m 15. A process as clained in any one of the preceding clainms in

whi ch the particulate inorganic material particle surface has been nodified
SO as to weweowmsasti ve groups by reaction with a chem cacTafB20évnogasner al
structure X-Y-Z, in which X is a chepycal noiety with a high affinity for
the particle surface; Zis a reactive chemcal noiety; and Y is a chem cal
noi ety that links X and Z together. 16. A process as clained in claim15 in
which X i s an_al koxy-silane group. 17. A.prQcess .clainmed in.claim15 or
16 (1 whidh v Uss oaa orgeasRips debisiin B ppoatiee SutEid R "Ll o m
15, 16 or 17 gglgghgg Z is an amne group. 19. A process as clainmed in any
one of the pre R I'ng clainms in which the surfacenodified particul ate
inorganic material is clay which has been surface-nodified with an

am no-silane. 20. A process as clainmed in any one of the preceding clains

i n whi choghe ¢r%$8akiifiseipsiife 28 defthat QAL 25 0216 foh pasteciepsenaspsalacdred in
any one of the preceding clains where the cross-linked mcrocapsule wall is
modi f b ed t hr ouggtertadi ot tha ewferrah ewwranmest.oss- | i nki ng nol ecul e. 22. A process
as claimed in any one of clainms 1 to 2 1 in which the particul ate inorganic
material is natural. 23. A process as clained in any one of clains 1 to 2 1
in which the particulate inorganic material is synthetic. 24. A

m crocapgyl € GEREh MifGcaRuRNEREH PinethifElcfor sontillitiDondeatbativg postal |,
characterised in that the wall conprises a particulate inorganic materi al
that has been surface-nodified and cross-linked. 25. A m crocapsule as
clainmed in claim24 which contains an active ingredient encapsulated within
the core of the mcrocapsule. 26. A mcrocapsule as clained in claim25
where the active ingredient is an agrochem cal.27. Use of a mcrocapsul e as
defined in claim?24, 25 or 26 in a controlled release application. 28. Use
of a mcrocapsule as defined in claim?24, 25 or 26 for protecting

encapsul ated material fromthe external environnent. 29. Use of a

m crocapsul e as defined in claim26 for controlling or combating pests.



