WD 2009/ 063257PCT/ GB2009/ 000680 - 1 - M CROENCAPSULATI ON The
present invention relates to a novel process for nmaking m crocapsul es
and to ni ¥OeHPLeI2e&s made by the process. It al so rel att€3/GE3009/000680
process for the use of the mcrocapsulles. 5M crocapsul es are snall
capsul es which conprise a wall which surrounds an encapsul at ed
material, generally a liquid. They nmay be used for protecting the
encapsul ated material fromthe gxtreEOPRCAPRVLAGNRNENt, for exanpl e
from degradation by air or light (especially u.v. radiation). They
may al so be usekhegespridnvanionzeizesde asovm prrckss|fer malking mickorapsules and to
m crocaps : ocapsul es are
known to g%ﬁlrjicg o%la?ggggﬁ%ﬁdgﬁ%t' g%?%’?gipagersg “:; %gfogﬁs oricth%‘ésc?t()?ﬁ?edes such
as | anbda mi¥hakadtulesi n, to protect them from degradation by UV |ight
and to provide controlled rel ease foll owi ng application. Certain

known 18 cr ocapiceapskes BRGSall)capsiled ihashi RdinpBsd & WRIl kWdithis@Reuddd aguUch a
process a solution is first forned of a first nononer, such as a

pol yi sacy disansulated mategial, generplivsroliquid. eltey gravdemseddor piotegiied iha eneipsulthied

sol ution I Mol Welol t4 i di.ent.. (hi s
S0 Ut on (AR Ben00 RRRaFoth LA B S B A aRad POL BT AR BLIES o
an eﬂul Si dnspeﬁalﬁsm.v.qbdlietim)ct}?hey mwla;lmehsef @H@miaﬁatahmkmmﬂﬁeeﬂal‘s v?idﬁﬁ‘d]ef
to the water an is reacts with the first nononer at the surface o
the emul si%‘ﬁm&*&l’cﬁﬂﬁt"g‘? @a[‘%&‘ﬁﬁlﬁé}ga"%?aag@ﬁr Ptk SRS arg kpopRte beyserirre
a pol yiar eagrobhién®iball, PaffeuRalFitbRERARE M kb @ Lot o ﬁfo‘éb‘a{ &y from

Known first and second nononers al so include polyisoCyahate an

pol yol t o degtréation by (pblightaed Feprevidarentrofed selaasecfollowinlg applicdtiial i de and
pol yam ne to make a pol yam de wall and pol yfuncti onal acid, halide and
pol yol to makeCariginlkyesn avcrogdpbules are madéiey mteafacialhdgmarsatierg &ssush a

type. pr oIS 530e KB RENY, Shnsd e G Bl PRy BIAS g Baler
t he surf adisaniblevifuititoibs eicupsuibted. f DiigBolitidn SRy afso @BnRA BiSIBSicklSy ftive
probl em when ] ater handling the dispersion_ 25 of m crocapsul es

becaude i ingglient. o Lhis sqlgtion ﬁél;en dispersedhingprsendagsiier Sitihsarfediants to form an
phot opr ot SAf t 16l | terial s
nd thus. oFatEA SR ERkbDhoftsherdhot 15 JONRERAR SN 1} BeoraB o b
phot osens iapts sithdhé fnet mngoemeeliag tite stlfate off thepmaddod droplehito niahea capslihies.
For exanpl e CA2133779 shows that |i sul phonates and _the |jke can be
used in cBASTRAL Wﬂféa?pﬁﬁ%’f'@r Wi’%ﬁg‘ﬂn&salﬁw?ﬂc@??“%l%]rﬁr%@dgtg? dropiets: o
forma capsaowe fivdbhd §38dd BRI E Blsd HRIGE BbSisBEaRate hniidl ¥ kidkah | Y
active substances, such as Festl cides, to u.v.” light degradation. The
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capsuPe waPlyuehangstalh polyiiemciipnad peid hilide asf pplyeminedomebne polzaride dullapt e
and has a : i falts structure. WO
2009/ 0632%%1%?@%%&%3%%@3&%&%Sﬁf‘%p@%&e&g’?g‘ri bes in EP539142A1

t he use of col40j dal i ani c rticles articularly those of -
silica and zi rtlgelrr]‘?%%d%f?%(a%lg?ﬁ ?@ﬁeﬁéb@eﬂ?%&?ﬁgﬂrs&s% . B3 Eabstigevadls of
or by i nt thiflawivaltygeqiryyigs b biadeutior EroBSconldie: R CREBgH: WIRb MBS sur8tant
formation of so cgl | ed Pickering enul sions and the thernoset

mi cr ocaps WER wasPd OJRpR flsegnuiien mav kead in 2 pighlem whadateshandiingitedispersion
cont egpl a&ﬁn&fb%%ﬁéﬁﬁs ggcaﬁwi{ﬁﬁgaﬁg% ed particles, not the use of

cross-linkers t ormthe cap .~"Co- pendi ng i nternational
appl i cati on PQTof8ROBTH HHIRiEH, rihstoporietantefbrmiptit of 4168 the madrecipiulg wall

articles i.gh chem cal ] nded to, the tnicrocapsule wall _but
8oes. not 13%@?33?1@6%@55 ngdﬁééi?yéliﬁgr &%ﬁf?@u]leo?hﬁ’@éy?wp HHEPISFSEEE e g
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di spersion of tnicrocapsul es having |
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 w.v. light degradation. The capsule wall formed by the interaction of

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



cross-linked particulate inorganic wall in an aqueous nedium In a
further aspect, these mcrocapsules may be further nodified b

addi ng, tov®HEY8EEEous nmedium a material which will FEA{GREPOOOYLEYL
with any renaining cross-linker. For-gxanple, when the cross-I|inker
is a polyisocyanate, a pol yam ne such as diethylentriam ne may be
added. This causes further 15 cross-linking and pol ynmer formation at
the ni crocapsul grohakdciss iAEP539198 ARMe Gsd\H collsingl iftRYanRSriRsh, pRLcay ¥
the durability of "the capsules or perneability of the capsufe wal | s

to give, f&osestsiseend grqosingetiorids, camaks misrocentgles by FrserveiisAdr ¥ ons.
Bri ef Descrt].pti - WOEE i ' ' er
under st ood 1%9#%%?%@%%1%%%% Ig%ﬁ%' %%%g%g%h%g%&%%%%t%oﬁo gagfﬁg i dered
i N conj unc Pickering dninlsian-ehd thetthengoex mipd@pgsudawialt deenteiseihpamyganig particles.
drawings. Figure 1 is . a light m croscope |. e of th | a L spersion
of Exani o MoV deryin Ssinaied] e i B erbseb Ba e B B of eRBT G
enul si on of, fsxAaMR @psilewall, Figure 2a is a light mcroscope image
showi ng that the enul sion droplets coll agse on dréi ng 25in air, on

L a
gl ass slide. Figerpendig intgmationagmpliggtiond’ QU983 Us fpncgroed with dighlic t
of additio .59 ' [ ' ' & on.
Figure 3 i rogécﬁ%@l %%%é%%%é%ﬁ@ bgg&gtdﬁﬁ%}@?lg’%@g@g I%llsl%g% (fdéggrrpl e
3. Figure BSautevhyists mocretaphilewallcionosifeuh Bgidipspetisg particles thegselds. 30

Figure 3b shows the m crocapsules of Fig. 3 after the addition of

Synper ani cTM NPBhe grésgnfrigvefitios praviSesanrdgnepukdispdrsiom ofnzrasspsufes havingie of

t he capsul es of, ample 4. Figure 5 is a |light,.m croscope im of
the capsul G0sokel ABPEE inoreRl IEGR 5B 3PS B0 B0 DODRPE e
Figure 5a inforéeabdulitmayibefRSies PRAIIRABE a&Md We aqebathedinh d asefd witch

di spersion (Exanple 5),. on drying on a_glass mcr oscoBe slide jn ajr.
Fi gure 5b wal frthergeact with ppsreBswng rese- a8 ke A amplen WhenBa coshiiests

di spersion N -IA ' .?B:nﬂ SRR, CTtis MRSes Mt

Fi gure 6a P@ﬁg@ﬁ%ﬁéﬁo@r oscg%%eaisrq}{n}gigiég EngrrpI e Gad.ggul_:i()l;]ﬂdsrg 615s S eg

Scanni ng Ebrestlinkmgvnd polsweprmatioget the nExmeapbde pirticHptg incsgadis w4l and may

Scanni ng ectron M.Gr.oscope..i e of anpl e o Elegur j :

T aht morBeEenE PHGARE ARRLR R et SRRl un st @Yo Bl ke v
for forml fkeqimsply hepecalcasainahdgr givenooadifbsss 6a to 6d. 10 Figure 7
is a Scanning El ectron Mcroscope inmage of Exanple 1 la. Figure 8 is
a Scanning Electron Mcroscope i mage of Exanple 1 |b. Figure 9 shows
the results of a conparative study of capsul es prepared according to
Exanpl es 18tigf Raseriptiopgf the Drayingsir e 10 shows the rel ease rate of

di et hyl phthalate [ MP] into water of capsul es prepared 15 cor.dj ng
to Exag(bl e 12. %egm\feeéquwedseﬂﬁwerﬁiioeg wyb %@eﬁlq?éaéle&ﬁtaés@fﬁ%@mn

prepared agaar éé)&lﬂ@ergcpin%ﬂﬁﬁétﬁmlﬁ%ﬂ d?mtﬂ?ﬁiiﬁﬁg Oiah@3aha Hes Iaﬂgn% gtiaﬁfﬂfg@

12 is a light mcroscope i nage of capsul es prépared accor

Exanpl e 133 i6lh RRLREQNohO IR of 103 dispaiRREE Bkafpialt er thydown.

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

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 NP8.
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.



20 The present invention relates to a new process for making

m crocapsul es whi ch does not require surfactani and which provides

m cr ocaps We3g0AK2AY an i ncreased, relatively high | evdXCTE{B2009/000680
protection fromu.v. light for the confents; the present invention

i nvol ves the use of surface-nodified particulate inorganic nmateri al

to formmcrocapsule walls where a cross- 25 linker is used to react
with a redtgueéais aight Butapscopoipee shomies ssiaflandcrowgiile didpersibe (Bxaple 5)
such t hat oglglggnglf)g%%a Iﬁ}&&cr széi{i%%a cross-linked wall. The present

i nvention ow su & t0 be used in the sane

formul at i digas 5eishi lghemicgscepaingige shoddisesh ERedke cagShRHBHERDNIEYASHIO BT
are often destabil.ized by surfactants but in the present invention,
cross- | i nigftRghe pdditien ofvBPsraRie al NB&rt i cl es prevents this from

occurrijngﬁ@ﬁi V) & Sgﬁy- added to the system once
the int erfaci%l csraogggl- |n?<i S%ggégif:%% gegﬁ.a' Therefore, suitably,

adj uvant s Figye GleistafichtningEkectron Micocsaps ihageaffhasipld 8ns of the present
i nvention.. W0 2009/ 063257PCT/ GB2009/ 0Q0680 -_ 4 - M crocapsul es
of the p_rgé%lﬁ? 64 i W%Fg@ﬁcéﬁP@eﬂwg%@rﬁWi%@-rel ease

appl i cat i @ipgird 6ds allipht ARERcofedRfabObi BAnpR GAse of an active

ingredient fromwthin the core of the mcrocapsules). The controlled
rel ease r &iEre@sshpws teleaseputes oy Gughlatidns prpersd atcordivg fit Fxomplésrtatth 64.

aspect,, of . L Od): | h he..cross-l4inked systens may
be eas%?l yF fr%ﬁ.fs{a ﬁéhlﬁﬁ%ﬁ%&g@gr‘%cé%&%}a%%%f%%( ie Lfra(bss-l i nki ng

nol ecul e Figore EisarfohmingElsat@r Mitreoegsinhpeof BNl or

pol yfunct i onal cross-thi?nker, such as di.et hél enetriam ne PETAD to the
outer (extBPFaf TOVEMe TSI pHeEwaBtive sldy; o pearsileh peaparedt srgprdingeto
rel ease rakfngslts BAYnaciphve ingredient fromw thin the core of the
capsule nmay be varied to give a desired release rate profile. The
oppor t uni Figuxed Oshewe the release waie of dimiethyiphiholated DIMR] ineamatert dfatpsutes ipsepared
possi b} e K an existing layer in a single-Ilayered
capsu?ée O%C%?%d%}g?%’r%%rr%ﬁlﬁ?l ayered capsul es. The m crocapsul es of the
present i Figenstlildna iight dhierosaghe idyperofRERARS PrefABW hdcdidIgs to Exandp®TY RAdhddr
solution of ,a_cross-linker in a |iquid; |i§3 formng a slurry of a
sur f ace- NP4 SEPHFAER cul ate inorganic material in an aqueous nedi um
15ii1)di i iQp; Fh | . t i)
to form ;F_l i cklgrg? %ggg?rlu%ﬂg}"’éé’ Qgir?]%ge?gg@lshl)&s %@b%ﬁ? g@m"ﬁd&l‘g{?ﬁh"gﬁ%’?s- Thker
to react dunersion fosaed frym afredigeraoredfiegdydpwan t he surface-nodifi ed
partifoul ate inorganic material so as to forma cross-1|inked

m crocapsule wall. Steps (i) and (ii) may be carried out in any

order. 20A sl UheyrésEntdnesitOertidtedto @ned ppdletsor Maling hfibtbehpshiBs $Hich does
invention, the slurry forned in step is a suspension of

cross- | i AlehFdBre syfackpbandoviieh mgvidpomissenapsulsshevisg es increage, relatively high
aqueous- J bhat 1t ] I; t

di sperse qt@%g 9%%513 %'tdli!(g(;ﬂnﬂ"é())l#1 u's t gﬁﬁf}?pﬁh% '? %ﬂgﬁéé Q% i) ‘!rssﬁei/l£ %?’gn%%é p])Ili)‘lL 0?‘588\%11 G484 F
usi ng adéitfenaddified patitBate srordanicsmatsridl e foutd @nitideagaletwalls@eds a cross-
sur face- i f.iedinorganic material tend to accunulate af_the

it er ac bR Ba 1 ﬁf‘ég@‘éﬂt%ﬂ%ﬁﬁm@w@? e Frefagemadifiedaesial sehs
phase andhdiestinGaickdiapsaRy wABRANGHh AU rkd tw%ﬁ.e}rﬁ 8%t inlBhtforfde Giso hifow
known as a 'Pickering Emulsion'. The use of this conbination of °a

Pi cker i n§uaaiangs torbewsehinghesamesfomntidiy] as aPickeringitratleion hesegmmiten.

terial . -1 | f i.cul arl i mplified

e, Pty Gt kA0 Ao Brel 8 s pRRLK bEHEAhe NeeSpT e be! prgsss o

encapsul dinkitg of thednierfauikl paitithn orevafds tiefrbrh q,sélﬂri%)ﬁm{ ﬂlﬁﬁt@tﬁﬁtﬁ n&%ie \f¥ely
alTy together

i ngredi ené )gni his to be encapsul ated, option
200918638 (ﬁ%@ﬁ@@/@%@g@ﬂm‘f@m} cross-hnkhlg has occwrred. Therefore, suitably,

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




with a solvent, particularly if at roomtenperature the active
ingredient is a solid, or of high viscosity. Therefore, when present,
t he acti vewPaPOdI28ht nay be the liquid, a part of the RGIeR2409/000680
di ssolved in the liquid, dispersed iftthe |i quid or is a solid

conpl ex of an agrochem cal with a nol ecul ar conpl exi ng agent and is
di spersed in the liquid. The liquid is 5 suitably substantially

Sol ubl e i n wat Bii¢rocapswessafithenbsent invérsion aressuitaitlé for contiohledediense aplig@©ns

of less than, 10g/1 and st suitably l.ess.than 5qg/l.. .The |igquid nust
di ssol ve Etﬁ’éméﬁag‘?sgqqtrﬁuéa)reiﬁﬁsea aP&"%f?r‘Wﬁdlg"g%{?H ‘gﬁfm the core oﬂﬁ active
ingredie nini&B&a?aﬁw).afrﬁéicmnweleB@ 16REayWe thildeed gl B HHdses ihvention.
suitably less than”10% by wei ght soluble in water and nore suitably
lless than 1% b ' bhRsdnf inkBntRALi€ fhat B8 BroBPBAked Wit May BSasil
than 0. 1% by V\éfﬁé}ﬁ%&g%ﬁcﬁ%l}ﬂg ?ns\}\lla%né’?{l e A v?/i de rean%e of g%:ti vgly
mat er i &l smpdiftel vleoughpddition of 81 extenycrdre-linking peldcated for ievahplei mgatemks,

flavours, ,cos I.CS rfu unscr eer fragrance dhesi

seal ant s, ASRENBIedthasRle psPap e BOUAE e Tker, st Al eneBRAE P aD o
(i ncl udi NheGOfer Qtedihl NEbnEETIE) piEbE B he tisdersibh ARE that tiRrelankate boat)
addi ti ves@(ﬁi}{ngl udi ng vitamns, i1ngredients, probiotics and |

15ant i oxi aive éeredignf fiom widhin the coreaf thegepide may be waisd to,2iye a dpgjisd release
fabric so : [ :
enzymes. o o o O DL s Tl el S PUREE Mssible to
textilies giengtheman exisimgtlayeenad diwglé-fayemd tapsile ol fatm agdindayered kapsules.
softeners and nedically active conpounds), active agents that may be
i ncl uded i n cOHidmigeochsut ofithe prasentivteatictanty bd hadeebyrapracadscdmprising:
antifouling, antibacterial, biocidal, scratch resistant and abrasion
20 resistygnt clfhagadsitianef Dérodsagikepdnlliqant;i ve conpounds (such as
phar maceuti cal s and agrochem cals). Suitably the active material is
an agrochg caforiiagh s £ AR EiFAS AR fEA4RHet Rl AASinBgahid HREdrial inder. aqbouy
such agrochem cal s are known and are descri bed in The Pesticide
Manual 140Bdisds t i on publ i shed by the British Crop Protection Counci l
in 2006. The invention is also suitable for encapsulating a solid

conpl & difi) an digpersittecthe selntion afisten ipiptaibe elguy af steitdp dxihgPllgering

i ncl udi ng, f,Qr - |.. foo di- C '

nvent 1 orerS ks SPGRYRe oPp B BE ol tialrlo RE ARAEIBREE Kidcfond Bbup on
degr adat i the smibee-nedpixsiadrticniatd inbigghit matetiapay dsite frara qpyssdinkedmikrocapsule
i nsecticides such deltanmethrin, tralornethrin, cyfluthrin,

al phanet h¥#h, zeta- cypernethrin, fenval erate, esfenval erate,
acrinatlifin, allethrin, bifenthrin, bioallethrin, bioresnethrin,

cycl opr ot hri n,Sterst(8-a8d fiDFrarhecarried ol MANB ORI n, bet a- cyper net hri n,
cyphenot | uin, enpenthrin, etofenprox, fenpropathrin, flucydninate,.

t au- f Huval i natfesluphésiotpensionsi apeli e ligmds Esthistmvenron. the flyrnforged in

w0 2000/ 05538 TPRSREBEE SR YEkale SurrRh Rt i AERHEREYORS Bl i daloons,
t he presensed mydmni drhasbyenfoundstat it is posdible trodispbse dre phumnef sieadstoithe

bui | di ngs, and. may. be_used.in inpraqvi cement .c ositions .an )
process esShfr_Ei? ok PR H g LRI a}dgﬁ‘gnﬁﬁgg‘itﬁgﬁgﬂ is'beo use-ﬁtﬁeepaéﬁg%% surface-
| ngr edi €Hhodifiochighblo Yndrfild RLTRS RlebinGlo & ARGk 0Asn 6 ERAIRGIS1s

5 nore suitably it is an agrochem cal . Suitably, the )
agr ocleniand ithe ssueorisigantimgiodephasn swbrefededs congsivnding sugace gnergyh This effect

regul ator,, . used fog,.controlljng, conmbatin .S | -fl.ﬂ?gh-

i nsects dﬁﬁn%%lgsa %?C%F%l?g Igﬁtsfo%‘l ‘ﬁhﬁéls? ﬁ@ﬁf%\ﬁ'ﬁﬁ’%&% ij%e U §1pl)lfgan ss.lonl'he
agr ochemigigd a £faYs-diGBleartieaRE ihorgfid nRgiaCaldtavieds-linkedlowa s 4 f or
exanpl e public health and professional product purposes, such as
termte IGHEMIEFESEDLASIHIIES. net s and wal | - boards]. Further suitable

applications include, without limtation: Sustained release or
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



25 inproving scratch or abrasion resistance; and construction
materials, for exanple wall- boards, plasterboards and cenents.
Exanpl e of WEPWHHES7t hat are dried out, include, for eX&fFREONMEIGEBUS
m neral blends to forma ceranic upon3cal cination; |ow density
fillers for polymers or paints; insulating materials; |ow density
proppants; light reinforcing particles, for exanple for wod-fibre
conposi t eswith ecyletmthpaetiquigiyendtsoorh empRrair tie doove idgRéiehtits 368018, bOyd g
easy flotat.ion, se,gt?e%%ti on, and energy buffers, for exanple use in a

t

voi d in spHEsLy- O\ Whenpresemis thy apiye ingiedierimay bedaoliplid grpagrof the

nsp _ ' _
ener gy. Capgid QBssOfved m%@ﬁcﬁﬁgggsp%{w&ﬂ%eﬂ?dggx% lgﬁs&fd &ﬂ?g%xecgf';aﬁe or

shape, for exanple: creation ate or ape cap and use
of WO 200%robeRE7Palh eRRUOYMOGMGSEking Fgent andds dikparsed patheilighies The liquid is

resulting Jg Ve . | s, .or havi a.nmetal l.i.c.nature, fo
exanpl eSrl pl %@ rar%iﬁ %ga%b%lg'ﬁﬁ%?&ie Lraien Wﬂresstﬁlfq?ﬂ% Ptgg? Hrolypulityin water %O)E’C of
nmay be nadesstifarstOglahd grost shit€hly Rsihen 8o/ M PReSiquld e Hisb10SiB Sfoss-linker so
Heati ng and chani cal] agitation may be usedqto aid or accelerate

5di ssol ut i 3° A0lWioBss- | i nker. Similar techniques may be used to
m x or dissolve an actjve ingredient wth any solvent that is
optional |y i nclAYegliveEramdicetsenedosplated iwidinathe comof thamiicropapiseles lssitable

OXy- conpo t | Se . un f at st o f.. .
Al ci um et 109 b el UORIL 3R R BRI St B B | 08 oy B st o
mat er i 18l s)watgyati macst seitablydess shani (CE &% weight bdleble &l water. and tal c.
Particulate 10 inorganic materials may be either naturally occurring

or synthesised iA viéamhps of aclhempariils (detioé @ 'eﬂﬁh@mhﬁbé@{cﬁ%éu@teﬁy be
a mneral 'Cﬁlilgge&?iﬁlg?ﬁ] but not limted to, kaolin, bentonite,

al umina, PIESRGIES: 4R CESOGFHATHIMAR GHssieann Eagrprssndiestues.cralmts,
car bonat e pheielcha{ge MR, Eﬁbciﬁés?ﬁﬂﬂﬂﬁ Bhéfibalg ﬁélﬁdiﬁéc oo Hal Scale
diatomte, huntitee, nmagnesite, boehmte, palygors |(fe, nca,

ver m cul i f@hibitpyhidared wiardentshivot edditiees (helidmgsiitminsginpledieh®, probiotics and
kaolinite ] rd.l 1 onit Mte .attapulgite, |aponite and

sepi olqlkt e?nsﬁagl%ﬂ;écﬁe CECR ﬁ@t@ﬁ%gﬁwci‘-\dgiﬂ{ resnt fHEiceatieness andiofher na,
| i mest one hoiabiold badutty Rainis BTBRGHES brkified bRDHRkSantSRhdive TGRS BONALFoe
(either ground or precipitated), perlite, dolomte, diatomte,
huntite, MSWEd i textilgsspcl as anseafappadlents cantipugrgbjalagrits, skinsofeners and
ver m cul i yRdichid dcki | Cis ri . 1te an

gi bbsi e, “EoictheadiSe coBaheh &b EpelR b hdibe iiRe LR B Bucys fir

i ncl ude t redardant,dinpre rsardgnt? Aithfeulkmp hitibatterial jixodidaly dctdkabnii gastiand bbriagien

ro of _cl n_nera her specific exanples are attapulgite,
P rpontt o ESiiPERER o tolop kR arinE porpopas (Heh sempartoaH Lol

parti cul ahgodRefi@R) Suibilyahé adtive Sndt@l JsinGhAVher§af shéh &l A¥rbiSidd! SO
referred to as, china clay or hydrous kaolin, and is pr edaom nant’|

mi neral kE®Biciicws insegtipmieencrrh peroghanyidels ars kadwamamd arendssctibedkind e or

al um nosi piga il LBorgani c.materi al suit abl a
parti o1 o Sraaugepta 1 ARIEMEHEE AN CaFE e lin Pl obE 8
than or eiquaitionds 416y suitabla $orrenespenletingdy salidticempicRion gn sdi6cizadiaramnat i on
speedg, of tﬁe di spersed particles of the particulate material under
Lest hr dUBHCUSSORRIETRS P iRcduding do axamalpa R ofl-Mihand o-

SEDI GRAPHEModE-@fin X8Rk EntiSER FRARETM @? g@n%tﬁgh%yr}@%c%{ SBfect to degradation

Mcromeritics Corporation, USA. Suita I norgani c
30 mat er i whentapossd deomlightsinpadicntar pagthadidicedicidessudidaictiamethtiabl y, t he
parti cul i A } at er.i al ..has dso |l ess than or equal .to 2ptin.
Yet nor eaﬁ}sag?ljfl%&[u?i,%%ﬁﬂeﬁ&aa_j}%agﬂhélpe?‘%‘T%_gﬂ‘?t@r_“i‘rﬁ?né’ﬂeéﬂte’ﬁ n%ﬁl‘?i% | ess
than or mqtlﬁ:tthztilg ai‘ilﬁﬁhﬂh, BiRithtiBCH ARG, SidkdsAlinkin! dclobRRnBR bblaCyHahan,
i norgani c ria

0 cyﬂﬁot%rm, beta-cypermethrin, cyphenothrin, empentlirin, etofenprox, fenpropathrin,

flucythrinate, tau-fluvalinate, phenothrin, prallethrin, resmethrin, tefluthrin, teframethrin, and

lamnbda-cyhalothrin; suitably lambda-cyhalothrin.



WO 2009/ 063257PCT/ GB2009/ 000680 - 8 - has a (150 | ess than or equal
to 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, or 0.3p.m In other aspects, the
parti cul atWoizpgRAT ¢ nmaterial has a dso | ess than or &GTHFB2G/QIBEHmM
for exanple | ess than or equal to 0.16Ffan or |l ess than or equal to
0.12pmor less than or equal to 0.litmIn one aspect, at |east about
90% of the particles of the particulate inorganic material 5 by

wei ght are snal twalBdHdSR% or
98% are snal | erdu?[ﬁa r}ﬂ%{)c%?&g%%gﬂh {etgﬁ{glrgfé&gﬂrﬁae)giﬁdsgﬁglu? 90% of the
particl es pigstarboayts inhniddisgridanayt earsedirooproving cemsnt eoxmapitiensand psepssses
about 95%%r 98% ar e rral | er, than about | pm Mre suitably, at |east
about 75% gﬁgp?q@P%SSmﬂVl%l ght are smaller than about O. 25pm
for exanple at | east abou 0% or 820 are S IIer t han about 250m
I n anot her asp aaf‘?‘?é“@@‘{']ﬁ'ﬁﬁ Wipbly ap o RmPRY raﬂggmﬁhe nficHl

particlse s,hg@sgllta?bq}rlltg%l cﬁgmgdl) at Ieast about 90% oft he particles
by wei ght less than about 2pm for exanple at |east about 95% or 98%

(ii) at |east ébﬁ@hly,gm@/agmhpmealpamﬁme » bigesiisidghherieide pegrgwiingggulator,
about i BM eat . 980

2bout  7ocar® PR R R bRl oAy il el afliiess b o ont oty
exanpl e atthd gasih ekl Ses. Orhe&%%chamﬂzapmy alsaibeised innamggnicalturslt er i al
of such particle size 15 di st;@?tﬁtlons may Iso have d50 val u Srftﬁ‘t
the smal | eftualings Bt emplepiblic heplth apd prafessigpa gty BRERASES § ST
parti cil atgi e?sohﬂﬁﬁﬁﬂbﬂé?sta‘ﬁ&‘vﬁh HR¥rawei ght is smaller than about 2pm
at | east about 98%1s smaller than about I pm at |east about 82%is
smal | er than afouherGnizdpmapphsationhiackude,50itheat limitgfont he particul ate
inorganic material is less than or equal to 0.12pm . For finer
particul ate i nGugamahdeaamnwhtu(lkdrmleaaamﬁgs ienexampls: plEOns,dosexample agid

Cllagsi 11 car o et rige R et ot e geRyrb, PR R s sxs

elutriati 99@udblsz%ronrd@r'}b!le£s)é Iﬂﬁo@hoﬁ SN OGYE hONOstVRRATRIME r&istark @fulsion
exanpl e, solid bow decanter centrl fuige or. a, disc nozzle

centrilf ugéorrrw@w@s SeEmeticshepmes, don exewpleran QWi atEpIaHoN AEippmates or
dewat er ed t , I

e o Sl ARSI e o e AP S/ 0
cl assi fi ednd deyet eneckiikbsunfatatirial lavagdertp ﬂahmrs, frereratply light smibll(sbdv to

exanpl e, by spra ryin Surf ce- no e n

i nor gani cp%é(f""?tl CE‘%/CESQ%’ &)ch@al’r?§§°"ﬁ8‘§ﬁ ’éﬁ@?ﬁp §}§ ﬁﬁ%ﬁ ?‘i @Eﬁageoa tesin that
have crossggdsird hﬁﬁ&g%; ceﬁ'ﬁtﬁﬁésk H@pyfﬂdﬁé}t h&}wldogme tRe-and R tis fdodCRr efarifle
particles may be nmodified using fying agents sel ected froma wide

vari et ofcapshlerwlgel @ssolwes in thi mog@m@ﬁaﬁle@w [BeW FastenpPrRpREeHPensitiee aélheswes,
chemi cal LS age;

is a (reacC |vgﬁv’ tt%ngtaPE)%g}pg@&@mé%ﬁbg)%gaéﬁsal%r etggl?u ?Afxgdﬁ |ty,&gnd Y
is a Chenlpﬁﬂéct1ﬁﬁlo6§qnsit1hamolebﬁik§su)ﬂ1 andit#nibg pedtheics ailhethtrefbod hddltyd'es) toner
affinity' relates to chem cal V\IP 2009/.063257PCT1GB 009/ 00 ).- 9 -
noi eti es FH‘atWIQ’r@OQS?WgPVﬁ(YHEWF’E%ﬁ FEPSHBH X e ceatinghdP 6?‘5@18‘”(“%
the parti Plaﬁle%Hﬂ tﬂ%@perﬁé& &ﬁﬁbmlnyaeyu@g@es&ﬂa@éms@bﬁ% d@aﬂgedfor& AR, B6:
for exanple, an dl'koxy-silane group such as tri-ethoxy Silane or tri-

met hoxysi impreyingiseratehios ayagior mustamey andsefatruckine matﬂméﬂSpﬁ?r exande wallve

n acta GPOT pLE o and el el S skl el s e v Bl R,

is parti C'ékz&ﬁﬁl&’ \Mﬁ@lﬁd&hm\éﬁﬁﬂl\eﬁd&&o ﬂﬁ'ﬁia@drﬁﬁlc U@cél@iﬁatﬁngrowmmﬁ)_sﬂﬁllé‘t&fdi
surface. Y may be any chem cal group that links X and Z

t oget her, ppldme@@amgw Hrsplalineritadals; dowcslpyefytpéqppémszd%shhxe@%ﬁ‘@ ReHiss:
nore sui t athy leéﬁraI &daﬁﬂrgﬁ&géb%et%;% claB8 Qi %Iyopy ene icﬂaphéhsit:}f i's

a C2-6 al y en suc ne o eactl ve
groupsoZ akywing essslfetdid sépaanionsndgnengp duftps gbeeablple we id &veidtin fyberss 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



Sui t abl e exanpl es of surface nodification rely on reaction of clay

wi th am nosil anes, 15 such as am nopropyltrinethoxysilane. The sil ane
groups reado209t0p326he clay so as to give free am ne gr ®G¢E&RIIPARIEY
to the clay surface. An extensive ran@e of silanes exists, able to
nodi fy surfaces with functionality appropriate for use in a range of
pol ymer systens. The reactive groups Z are reacted with a
cross- | i nk@gtaBie pasicled rdsEliRY th CoRRSHVE cfhiles, o hASSs 4 BB SHaREE for example
conmpounds t hat FI:ave at |east two.reactive groups that will react with
the 20 reaRlgsmas a§psbascon the surface-nodified particles. Exanples of
cross-linkers that nmay be used to react wth am ne groups on a clay
particle are pd §tlsinmitaiefr uroingiep dopenke ededyctintde adiqwd dndlenooss-

cl ass of cg - | i.nke nd incl ude.diis apat es ch.as tol uene

i | socy analBE RRseiCH-ARG: Al oSG ERRUERE) PEupiif S BF adoBkoaid

di i socyanadigplutibs oLH:8 ofRkEEnkwr.t BiniRAtcaMAqREY Gay B h&dlth 3 bM\HisdobRMA0REE
groups (such as pal ynet hyl enepol yphenyl ene i socyanate); 25 and many
ot hers inc‘P%IS‘thFﬁ“ﬁﬂ’eﬁdlsﬁ}/’ﬁ@rﬂ%ﬂbﬁoﬁpﬂ%’éé%‘?ﬁ&@es such as their reaction
products with trinethylol propane and other sinple polyols sold as
Desnodui r m r esiE#8mples i majaiate inorganipsnatgsialsarosxycqompsundsiat is, exygen may

be used t | 2\ t DHoxylic.aroups:. or, W th
unsat ur at Q8- SrREbida] ATk e BPate e AR kb RHE Sl ol o
t o the perdsovativks éfsech inatetikie), auch.as sTAC, 2[0BLS) GRRT,REGE GRPARO FPAARGEE: -
10 - .In one enhadinent,.clay ig reacted with a suitable

Tod yPng ARG mRRTAEIEY B §Eeb Pl PO ST SMsiees HeuBe Fhng
mol ecul e BagRMlaRMndrBMiVeL@AE Ry B EmmbaY cHossH &R Bt hb ﬂﬂﬁ?edrté,rl&%gﬂf
fromO0.1 to 20% and nost suitably the range is from0.1 to 10% by
wei ght) . Preonitp alsunarEaiesipnes bauxatsl gypsust, maseesivm sarbpnatd, palpipsx dagbonate

conpri ses i ght 1L ] re. than 80% water;
and sui taé%@g%%&f%éﬁé%g%e%% gr%{e’@olggttﬁ’a#tﬁ § ‘I?g']nﬁ%u@ eﬁ%e%\é\%jrwlgei’ SO
conpr i ses pagg@skite] sedapvemalitechydsotalaind, hédtaiz chatlgasive Seitisitadablirianal
surfactants, altp?g,tutgh as nentioned above, these are not necessary. It

has béen fSReHionte.dllis atqputaite. lapgnite gadyopiolite; gpifakly hway B¢ FRASPRAE®f a

Pi ckeri ng gl Sdnfhi udfal imdstodR! Bigid, Sohs0RL ' r nts
at this stage. 10A sl uIr]rya’suniat able for ’%gpes i ﬁn%?réégﬁ?rﬂay ﬁ%ﬁ@aﬁ‘g

agi t at i ngcarpenajpe(eithas grame ot prseigiiated), pentite atolarhitd, diatdneitea burgie) snapaekitem

using a ical.stirrer (for exanple Rat.or./ st atar,. Ystral TM or
Utra Tu p?al ) %b 1°§1r§lé’ é%l?’ oe{éskétﬁi lglcﬁ’g\f%]tc}l@tﬁ’. lﬁgﬁihp’gliﬁ’l%m{ehléeciqrﬂ?’&%@te
agi t at ed amd gibbsitbeFaaen kuitblel clayd (ideekabipld AurdiidsitibRed it RRle Thod8 cohpkih®
carried OH)te. In.step iii{:ﬁl;’ the solution may be di spersed in the

sl ur r 9% by B SatEfe; Bamtmogtanite o illie greupsmfcley aemale Other prepifis examples are
sui tably, afipGidits RERAiERE@PioER, di spersers such as a Rotor/stator

m xer, Ys?tfﬂapl %?n’or Utra %Eror axm . The di spersion process is carried
out for a perilo@nbaipsetad tiBOnwmtiondse partci®0e iorgatiesnatdiivg isdiasie claj.on
stepresul 5. n,a .dispersi of t.he . solution in the slurry which is
St abi | 1 sehiols S aRERTErtdn b ChinsoR) ooty kpaline b PR gpnantly mineral
parti cul aklihiko(AdBHOs(OH,E A dtirous Aubitism 8RehSi( S L &RMBEilisRS. dr opl et s
of the solution which are surrounded by and stabilised by 'the

partigl es of tHIR paRRuGAhErghRE _ﬁfai:e?i:al suftdly ﬁé%ﬁ‘a‘dﬁél@ kg %H:sﬂiblﬁlﬁ(?n SR RO

reacts with _the reactive functional groups on the particulate
i nor gani copdittedipptes @lsa s less thor onequal to 53, ian kedsureEbodsigyauning el | .

stand at SonuiRth BEARU b aor oo BRI oLy Per Bl TR e b
heat ed. Thetardamiutikuteddqueous 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 5um. More suitably, the particulate inorganic material
has a dso less than or equal to 2um. Yef more suitably, the particulate inorganic material has

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



25 tinme and the optinmumtenperature may be established by routine
experinmentation. Typically, when the particulate inorganic materi al

is surfacevagelivfpBe so as to have ami ne groups on its SETAEWIANESE he
cross-linker is a polyisocyanate, sti8ring the dispersion at between
15 and 25C for an hour is sufficient to conplete the reaction.

The weight ratio of inorganic particle to solution phase will be from

1:0.1 to 1540 4. 30sUhdadle uaflrt@@blﬁﬂ 6.2 0, 83, 0.4\¥0.3um. In other aspects, the
2009/ 06325 7PCT/ GB2009/ 000680 - The cross-1inker may be used

at arate pﬁrtufuiactmn@rgamp(mﬁ%% wsva s legsttbamopt eqpt e 6.2 np Fos example kssy/then eim
0.5 to 20% an fro 0% n may be
controll edo%ﬁﬂBﬁnﬁ; Zﬁsgpﬁﬁgm%@jﬁtq%‘f Il%lssm ec?&ua{t{ fpta(gh’l&n? by the

use of a catal yst C r ersj.o
m crocapsul es | Oﬁ?lasﬁﬁ%ezgﬁfsa AR e ?‘E@%Bﬁrﬂ? &9 D l%ygatmr%glc material
furthers mogli §é abé'szﬁém@l e b du®Purh Ofok BRmBA AR QaSt JBBEY 959 @Ifs;safo mfetsﬁra11@4

which wll further react with any remai ning cross-Iinker.

exanpl e, @nahomézmn oSuitablynpideast aboat PRI pf the pgraiales BY WalzhbATy a%ﬁlulpé thagch
as diethyl %'3;1{ iﬁﬂfg‘r exg@i%glegﬁleggqg&t 9-53)' o 9%9’“&?? %‘rxéﬁé‘f Eﬂ&ﬁ%bc‘gftqg é\k&lé' ng

and pol yner e mcrocapsul e wall and ma to 10
modi fy t ha;uda(ﬂﬁ,bit ldaétyabaft 7'6%60&‘5&31&!1{1@& h;quagitma;hlaﬂleﬂtiammbouhézw,smf e

wal l's to give, ex a l ase, ti und iven

condi t | onsSXamp 1ed {Fﬁ% ﬁﬁ%tsg 3%%6% eﬁﬁ'@é‘h‘l"ﬁggé %F‘g‘it% aspeg, the
exanpl & S QfaR¥culthd/inBanit ﬁla{e‘i’iramla% a&ﬁ%‘fé’ sifY disRYutRR o ﬁ?ﬂt 1845t 4%t 90% of the
di spersion in the aqueous nedium Wen the m crocapsul es are

i sol at ed, mahtfestayveight lesethan elyous 2umhisy expmploet leastigbop? e ar $8VosE E*rleaSt
bef 0
new Accore AP bot REPRATESH PR IBFERL Lol bf (b BlAT B% 866 osvs
M crocaps Wr&ses amd (s angeaambmaap’cswtm pﬁmted lgrweaghtaw lesstthateabobty0.25pm, for

wal |, characterised in o mfr ses a, part| J{)Fglgﬁ
or gani ¢ Rk et HBR A% oS S POGIAD oTaE8l TG AL ol PRlsize
The i nsentdiQfmliRnk hay 86 ﬂéV%QisJ)Valﬁég%t fh@ Qi @Hd gf(tﬁgpit@@ forld¥@m tple at least

part|cul ate I norgani c 20 matérial used i n the rrp €s is a tabul ar
(so call ecabbini kel the parteuiae uplmmatkmlbhafpm}itulsmaﬁfmth@ qogui 1y, at least

Savh of ¢ nabau et saally X0k Bab ivh et BptoR o0 bedilok Bn bl oo

snmal | er t RBOdQvalaé bifthe particulate fbridies@atexfiplessthalrkqdd] th 6.12p@ .vol une
nmean di ameter of the relevant particles, capsules ar droal ets as

obt ai ned by | adeF fingr gaicalateipeeme material (Gpricgemic Sayips & dyoriess thag of sy &
Mast ergi zey Fﬁﬁ‘g e Ei€atioh | iHah R ﬁz%tﬁoﬁ@such as gravi
pr eparzgt i O#Im‘ t%gg{saffr ace- cf}lfv ﬁ*‘&fg%?%as pelr S|10n Oé ay particl egr 1y
(ul traf i needisisutation deditiiaticpuseaddny type héh}tdsmyclom aipawatizsior,dior ¢xampies B
were 30 sur dified b t he a d|t|
ani nopr o pr{‘%‘é‘f%ﬁ%ﬁfP&% BFIRE 2 ?cfna?é 1%“?’% dli‘lﬂ)él?’l?smagg LaTeRate; hen
added to \h@ér%irm@ﬂgteﬂhl IfeQﬁw\MeEéM iaRnsbi thasan oRhah ehe MDfor example
2009/ 063257PCT/ GB20091000680 - -

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

25  material may then be themmally 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 finctional 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 livks ¥ and Z together, The term “high affinity’ relates to chemical



(Sonics and Materials, Vibra Cel| TM with mcrotip - hereinafter
referred to as an U trasonic Probe) operated under the follow ng
condi t i onsWOBOWBREY cycle; Qutput Control 4; for 6 m rRGTESB200PHEI680
conposition is given in Table 1. Tabl&-1 gfG'Ont'. ;211
Otc'ealtl0.AWW; ', clay (am no-silane nodified,ultrafine tabular

Kaol i n) 5 Water 95 Total 100 5 Results: Size of clay dispersion:

Dl 4,3] = 4pfhidfes &w&é @itlflar bl%nﬁcall E%hdé&‘ Fs0 yt.uea%d ﬁ’;fthé p&aiak &% acc;
dlsper5|on of Exanpl e 2 10 This rrple illustrates t

pr epar at i oﬁultitblyath@imﬁ‘@ﬁmadikémdvg emul sion. Initially, Sol vessoTM
200ND (aromatic oil from Exxon) was di spersed dropwi se into the
cont i nuous phas¥ nody be, ﬁmoeb'{ahipé&j aalibkysiting grenp swoh a9 héplorybilancartd: ng

to Exanple ng, W th, an ysralTM hi r
i xer Ly pEeer B A 1 b e Ve e P Rt e LS RS roups on
referreg tﬂlea%mmemmmsovse, For @RarhI8 2 aBide86ub gﬁﬁl‘agﬁ@g}bgiylﬁ@% acrylic
5000r pm The_concentrations of the ingredients used are gi'ven in

Tabl e 2. Stdeguekivhiph §pediselarly psofilvghenyhaasiclesthess basictareftps oh dagir surface.
m xer operated at about 20000i pmfor 2 mnutes produced an oil in
wat er [01W Pi ckaryihg aesneleniienh grova hag ligks X and XNagtyer, for example a polyamide, a

polyester or an alkylene chain; more suitably it is an alkylene chain; and even more suitably

it is a Cy.s alkylene chain, such as ethylene or propylene.

10 Reactive groups Z may be selected from any groups, preferably different from Y,
which can be used to react with a cross-linker so as to cross-link the surface modified
particulate inorganic material. Examples of Z are epoxy groups, carboxylic groups,

unsaturated groups such as acrylic or vinyl groups and, suitably, amine groups.

Suitable examples of surface modification rely on reaction of clay with aminosilanes,
15 such as aminopropyltrimethoxysilane. The silane groups react with the clay so as to give free
amine groups attached to the clay surface. An extensive range of silanes exists, able to

modify surfaces with functionality appropriate for use in a range of polymer systems.

The reactive groups Z are reacted with a cross-linker so as to form a capsule wall.
Cross-linkers are oompounds that have at least two reactive groups that will react with the
20 reactive groups on the surface-modified particles. Examples of cross-linkers that may be
used to react with amine groups on a clay particle are polyisocyanates. Polyisocyanates
provide a well-known class of cross-linker and include diisocyanates (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

trimethylo] 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.



.feSina" Oitration, (% *bo.. 5% ww clay (am no-silane nodifi ed,
ultrafine tabular Kaolin) dispersion in water [from Exanple 1] 85.7
Sol vessomWO@@IM63RA7 3 Total 100 20 Results: Size of eMUTAGEZH0/000680
droplets: D[4,3] = 13pm Figure 2 is-®4ight mcroscope i mage of the
Pi ckering enul sion of Exanple 2. Figure 2a is a |ight mcroscope
I mge showi ng that the emul sion droplets collapse on drying in air on
a glass slide; fhge @ﬂ%cﬁin% aﬁﬁls%&l‘e@%ﬁhasuxtﬁilgh‘fo@lfﬁﬁg §§Eﬁ%n§ﬂé&£ng’éf6@
addi ti on of 5% by wei ght ynperom cTM NP8 to the Pickering
enul si on chomds] 1R8%erfithsmodifiing wolsaide éa&eépn thecregjaht 0§§13§M\XW111991YI11@ Bt

ELSLB?Z"PYW&&%%V% O 36 St ey MRyt g S e ©

suspensi on. | ution of 5% wi. 1 asec 025

ol yohenyl ene | Discytile BB B SRR &ﬁ m%%%?%ﬁ% B s ORigrampte
Meanwhig e, byewbight e ke Was SoWdatert ﬁl@suﬁﬂﬂfr 68 thin 909 infate@ dOBBAGallf, the

di spersion prepared according to Exarrpl e and then to this

di sper si on2dueeis ngslivpe 8l5e FoRIEGONP2SH WCME@T%U@@E@ agefie oy sitipyal
added dropwj zat
about 5000rp%1aa¥feaﬂ13§)ﬂr‘% %1 ?%rqéﬁ% P}EEEQ %}%g‘é}é‘%?@%%rﬁtg’g%be%??%?%n
in Tabl e 35urfac1&tbﬂﬁ§1 uﬂﬁférywlthlﬁlecﬁohnatrmn\mﬁaﬁrck{nﬁﬂg\@mém sidoso i@ preferred not
pr epar ed, by . hi ear @é\ gt with the 10 y5]) TM hi gh shear m xer at
about 200061 o°‘P IS StagGhi ch t hen devel oped into a

m crocapsul e system as_a,  cross-|inking reaction t ok ace able 3
gr edl e’r?? foo ey@glmmclga@ et usgin stepil maybe ma(ae bya_g%atm epgtl& te morganic

: matgnal in the aqueous medium using a mechanical stirrer (for example a Rotor/stator

Ystral™ or Ultra Turrax ™) or by ultrasonic agitation. Suitably the shury is agitated until the

solution is added to it and the dispersion step is carried out.

In step iit), the solution may be dispersed in the slurry by conventional means such as
15  ultrasonic dispersers or, suitably, high speed mechanical dispersers such as a Rotor/stator
mixer, Ystral™ or Ultra Turrax ™. The dispersion process is carried out for a period between

30 seconds and 20 minutes.

The dispersion step 1ii) results in a dispersion of the solution in the slurry which is
stabilised as a Pickering emulsion by the surface-modified particulate inorganic 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 fo
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.



Sol vessoTm 200ND 38 SuprasecTm 5025 2 5% w w clay (am no-sil ane
nodi fied, ultrafine tabular kaolin) dispersion in water 50 Water 10
Total 100 WORBM(®3287 Size of nicrocapsules: D 4, 3] = 2M6TB2E/GHr e
3 is alight mcroscope inage of the-nicrocapsul es of Exanple 3.
After ageing for at least 1 day, the m crocapsul es did not collapse
upon drying on a glass mcroscope slide [see |light m croscope inmage,

Figure 3a, whi &?@éﬁinﬁeﬁ%ﬁ&aﬁm% S195R@RE b o ﬁ)%%s%ﬂﬁ'])f the OH phase, more

denonstrating that the wa I ncreased mechani cal strengt

conpar ed t snifably fioimb ¢o 200 lasd urstehitdblafipid 1@ 10%ddi ti on of 5% w w
Synperoni cTm NP8 did not cause the enulsion 20 to break after a

peri od of 1 weekhe[rsatioh hrgkbe nontrotisd byppH tempearatufel, gddiidon3df,anteikrolyfdréy
the additign of SynperonicTm NP8 and show ng unbroken capsul e

di sper si on‘%ea%%f \g@fg'ng that cross-1inking anchored the
surface-nodified clay at the interface, such that it was not displaced
by the Surfact arie Preseesdesilisgn & fispesion el miceocarsyies (/20 souetus apgdie Thess

surfact ant gicy ufed QMY v Burfiled HoRi el by tﬁéraﬁé%h b ML Gh b EmPAL otlaGRaterial

allows themto be used with surfactants.
2009/ 063257RATH{IBREDS/ 1080 68 any temainifx@vREIEkdr. For exafpbayphhen the cross-linker

illustrates the. preparati on of a jwo-.l ayered capsul.e S Si on.
Bayhydui r it 3288 PPEIG e St B G e R RaE TRy b R0 | e G
nodi fi ed Woitherarq@edieihp efid SdlRhabr foohativd bEthe elﬁ&a@ﬁ&uwanm& P B Baes
)1 was dispersed in water by shaking and then the i

10 modify the durability of the capsules or permeability of the capsule walls to give, for

example, a longer release time under given conditions.

The microcapsules may be isolated by drying, for example spray drying, to form a
powder or may be used as the dispersion in the aqueous medium. When the microcapsules

are isolated, they may be used dry or they may be redispersed in water before use.

i5 The microcapsules made according to this process are new. According to the present
invention there is provided 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.

The invention is illustrated by the following Examples. The particulate inorganic
20 material used in the Examples is a tabular (so called “blocky”, flat or plate-like shape)
ultrafine kaolin, having a dsp of 0.12um and a particle size distribution with at least 98% of
the particles by weight smaller than 1ym and at least 82% smaller than 0.25m.

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 Malvemn

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



5 resultant Bayhydurlivi 3100 solution was added dropwi se to a

si ngl e-l ayered capsul e suspensi on prepared according to Exanple 3

wi th m xi Yo Ystral TM hi gh shear m xer at about FOUGBIHI000630
t hroughout the dropw se addition. Thejxesultant capsul e suspension

was then mxed with the Ystral TM hi gh shear m xer at about 20000r pm
for 2 mnutes. The conposition is given in Table 4. 10Table 4

cedieiiti' o Qi 1.t 00,41 - #%40; %S0 e
2% Supr as eggroﬁ%cg@@sﬁ? {‘qe';%lﬁﬂogbléan%ﬁgg BYiﬂé%‘%ég yhﬁﬁ%ﬁggﬁ%%%\g%ﬁ%%rﬁp
Total 100 piesuptiatelvadeabsiviiewinganaditian: $0% Buty dulel Ogtpdt Pomtmin; fand
exam nation in a Scanning Electron M C{oscope, see Figure 4, show ng
they had g®Bdese F#Arampositionds g midleday hydur TM 3100 can be seen as
spheres attached to the outside of the,gapsule walls The 15 capsul es
were sufficiently strong for themto Survive high shear mxing at
20000r pm for 2 m nut gs.WiihiTagredsat ai TM-Hi GRincenaionicerw) EXAMPLE 5
This Exanpl e il ustr gtcs (kdathopsilear at i on jof a singl e-l ayergd capsul e

suspensi on with di et hyhangédilgminaabdldr 1§ simlar to Exanplie 3 but it
has a second cross-|ijnglin) 20 A 25% w w ol ution of
M
[

di et hyl enetri am ne (L)lwﬁér Was prepared i1 wat €r agdl then (i s aqueous
DETA sol uti on was ad(‘%mi' opwSse t0 a STIfgie-tayepgd capsufie
suspensj on prepared acecrdi-ng—tobExanpte3—wth—ixing—from an

Ystral PM hi gh shear m xer at about 5000rpm This capsul e suspensi on

was then ngkesafs: Nizd b¥eelaysdislsion: hj[g!’g]&lme?mm xer at about 200001pm for
n_ Tab

2 mnutes. The conposition is given i le 5.

5. WO
2009/ 0632 5FipCY /L GBP 09U npouesee imags of theplgydispersion of Example 1.

EXAMPLE 2
i0
This Example illustrates the preparation of a simple Pickering emulsion.

Initially, Solvesso™ 200ND (aromatic oil from Exxon) was dispersed dropwise into the
continuous phase of a modified Kaolin dispersion prepared according to Example 1, under
high shear mixing with an Ystral™ high shear mixer (type X1020) with a two-pronged T10
15 head (hereinafter referred to as an Ystral™ high shear mixer) operated at about 5000rpm.
The concentrations of the ingredients used are given in Table 2.
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
v Tngredient, - i iConcentration (% W),
5% w/w clay (amino-silane 85.7
modified, ultrafine tabular
Kaolin) dispersion in water
[from E}ggmple 1]
Solvesso'” 200ND 14.3

Total 100
20  Results: Size of emulsion droplets: D{4,3] = 13pm.

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 Synperonic™ NP8 to the Pickering

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



grodiefit ." : Concentration .(%Ww:: :.:, 38% Sol vessoTM 200ND 0/ W
di spersion wth 2% SuprasecTM 5025 (Exanple 3) 94.7

Di et hyl ene¥WPi28H06R5P5% w w aqueous sol ution 5.3 Total POO/GHRIPIPEES0
Size of capsules: D[4,3] = 21lum Figut®-5is a light mcroscope inmge
of the capsules of Exanple 5. 5 The capsul es renai ned intact during

ei ther dry-down on a glass m croscope slide or dry-down plus -

exam nation in a scanning el ectron mesppeppe [ SEM, denonstrating

t hat they h&ge good nmechani cal strength. The fact that there is no
capsul e col &pis dlstraievibe prepptatiemes sotinaieiayerad e@sulhansmman esence
of the secgq 0 e stren h

the capsul egglt]:lgérlggalfse) %gez“ o? 6@@8&“&%1&1?3 }_’3/11’1)

suf fi | ci entwys Is‘epaoenbnfSolvaﬂsb@f‘mmaNB Ukiéhniehile] @Amas;&mrw@aaadago akyrffe001pm
for nut e f(ﬁth Ystral TM hji gh shear _m xer. ure 5a is a

| aht i or BODEHLKRaEReAn ep SRS 9 BFBp b anbign gop@ssilsmrsmn, the
(Exanpl e @ol%asdimbnﬂnwsas@}a%écw%% SHARRE laﬂ%ﬂ dr@av%hé with mix %92. e

5b is a li croscope i mage showi ng an un apsul e
( Exanpl e ‘? dnslbshemxamjxerat@mt oﬁox@ﬁ@m@mmmmm&aumm&@edm

Thi s Exa reI ease rate of non-cross-|inked and
cross-1li mesgdﬁgg%%{l ng errul sions, conpared to a polyner-stabilized

emul si on. SBsdoguaitisl &1 GhinMte {@Wﬂfﬁhﬁlsioﬁm tpf@ﬁl@ﬂ ,bp m%h@ér nBRin® fwifd the

si npl e Pi | sion. A 50% ht sol ution
G ot P91 pr Tl st e st s SO Gre P ahich bpvdeselops inta
Surface mzﬁibzfobﬁﬂuﬂé%%ézﬁaéié%ﬁ%ﬂ&%@ﬁ&ﬁﬁ@%pﬁﬁgﬁrg'hggrt0. Exanpl e 1,

under 25 high shear  mxing wt tral m xer at about
5000r pm t hroughout the dropw se add| t Tade 3nd an 0/ W enul si on was t hen

prepared by high shes ERgowi-th-the—Yeteal-TM-hi-gh-—shear i xer at
about 20000r pm for R HigReee F@ “CONpPOS] ORI v=Tabl e 6a.

scalvessoIM 200ND 38

Suprasec’™ 5025 2

5% w/w clay (amino-silane 50

modified, ulfrafine tabular

kaolin) dispersion in water

Water 10

Total ' 100

Results: Size of microcapsules: D[4,3] = 20um.

15 Figure 3 is a light microscope image of the microcapsules of Example 3. After ageing for at
least 1 day, the microcapsules did not collapse upon drying on a glass microscope slide [see
light microscope image, Figure 3a, which shows a stable microcapsule dispersion]
demgnstrating 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



WD 2009/ 063257PCT16B20091000680 - 16 - Table 6a .| ngredi ent .

E... ,telieeiltratien %WW"'- Sol vesso TM 200ND 20 Di et h hthal ate
20 5% vv/w‘EPéW)(“&?ﬁf‘ho silane nodified, ultrafine tabul &T 1940680

di spersion in water 50 Water 10 Total14:00 Result: Size of dropl et s:
Dj4,3] = 43/m. Figure 6a is a |light mcroscope i mage of Exanpl e 6a.
Exanple 6b 5 This Exanple illustrates the preparation of a

singl e-l ayered capsul e suspensi on WHEYAMPEERY! enetri am ne cont ai ni ng
di met hyl pht hal ate prepared by an U trasonic process. A 10% w w

Supr asec TN Hg Egampis uﬂ@uﬁ#r%eajﬁhﬁétenwhmfraéwaﬂ@ewam% yeRgusion. Bayhydur™
Sol vess OT”%LQ)@ Té)cﬁig g'%ﬂa?@baa\g@fm{jﬁ&%&ﬁ@gnéj&lﬁ Wfaﬁﬁe Yt WIthEXpO n{)e]ther iham

sur f ace- no I'Spersion p epare accor Ing to
under agi tfok ivater Wispdasibitty (o Bageri) bwhy difyersed h wutel tyhshakiag a:ﬁlilﬁhémthul si on

d by hi UL Pro
minutes, a[ﬁ%ﬂé‘iﬁzft oA ol RGOk et hed devins § Soperiee arERe
Control 4. q,kQnkidh Br Fﬁﬂ'ﬂi §éc%fﬁm€tga%fﬁl ey \gﬁlﬁﬁaﬂﬁﬁ%ﬂ&hra' ‘Pdﬁ'aﬁé I:ﬁ@f Shbdr@iixer

was added under asonic Pr The f
conposi ti m‘uab@ltg{)&(&pmﬂhroirﬁwmthsdmpmlaédlabn " Ingredi ent R
The resultant capsule suspension was then mixed with the Ystral™ high shear mixer at about

20000rpm for 2 minutes. The composition is given in Table 4.

10 Table 4
5% Sotvesa M 200ND OW | 80
EW with 2% Suprasec™
5025 (from Example 3)
Bayhydur™ 3100 2
Water 18
Total 100

Result: The capsules remained intact during dry down and examination in a Scanning
Electron Microscope, see Figure 4, showing they had good mechanical strength. The
Bayhydur™ 3100 can be seen as spheres attached to the outside of the capsule walls. The

15 capsules were sufficiently strong for them to survive high shear mixing at 20000rpm for
2 minutes with an Ystral™ high shear mixer.

EXAMPLE 5
This Example illustrates the preparation of a single-layered capsule suspension with
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.



clacei.iti4tiOllVo: | SoivessoTM 200ND 17.1 Di net hyl phtbal ate 17.1
SuprasecTM 5025 3.8 5% w w clay (am no-silane nodified, ultrafine
t abul ar kaWPizAw/d3z8persion in water 47.4 Water 9.5 Di etROIIERA P ne
25% w w aqueous solution 5.1 Total 1065-WO

2009/ 063257PCT/ GB2009/ 000680 - 17 - Result: Size of capsules: O 4, 3]
= 146pm (This size is very large, the reason being that, as seen in
Fi gure 6b, the capsules are sticking t%gﬁ%her) Figure 6b is a
Scanning El ectron M croscope inmage of pl e 6b. SExanpl e 6c_This
Exanpl e il | ustrates the: prepﬁr@édmm of; -=,-hgi CH la/@ cmnapelu{%w(w)

Suspens| on V“ th ‘di-athl anatf riiAanitna ~n P T Hy{ nh+ h-h| Nt N

Y A
prepared with 3?%&%%@?TMQQ%D@W@FW%Wﬂ@?ra Tu raxTrr) 9Brj(;cess of
exampl e 2. Al Boopsgew S0PsrExemmeBroo5  45% w/ w di et hyl pht hal ate and
45% w w Sol ve W@Z%MWla@mOm@lﬁi@per sed ¢ropw se58nto a
sur f ace- nodi lylr\aw 17 UID}JCIDIUII pr-epat ed—accord ng—to E lpic T
under high s 13‘3 i xi ng wth an Ystral Tm hi gh shear m xer about
5000rpm and an O0IWenul sion was then prepared by high shear m xing
with the Ystral TM hi gh shear m xer at about 20000rpmfor 2 mnutes. A
25% w' w di Beswti Siretofcansitles BottT Powas then added to the enul sion

under m xi 50 W 38 o %igfie nREdsBge TnBbet 13 BN o Rkaffbie3POUL

5  The capsules remained intact during either dry-down on a glass microscope slide or dry-

S.

down plus examination in a scanning electron microscope [SEM], demonstrating that they
have good mechanical strength. The fact that there is no capsule collapse under SEM
conditions demonstrates that the presence of the second cross-linker has enhanced the
mechanical strength of the capsules compared to these of Example 3. The capsules were

10  sufficiently strong for them to survi*lve high shear mixing at 20000rpm for 2 minutes with the

. Ystral™ high shear mixer.

Figure 5a is a light microscope image showing a stable microcapsule dispersion (Example 5)
on drying on a glass microscope slide in air.
Figure 5b is a light microscope image showing an unbroken capsule dispersion (Example 5)

15 after the addition of Synperonic™ NPS.

EXAMPIE 6
This Example compares the release rate of non-cross-linked and cross-linked Pickering
emulsions, compared to a polymer-stabilized emulsion.
20
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
25  high shear mixing with an Ystral™ high shear mixer at about 5000rpm throughout the
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.



15 5000r pm and an 01Wenul sion was then prepared by high shear m xing
with the Ystral Tm hi gh shear m xer at about 20000rpm for 2 m nutes.
The ful | cHRBHR06328H is identical to that given in TablPETEPB204%¥80680
di fference between Exanple 6b and Example 6¢c lies in the preparation
processes; ultrasonic and Ystral processes respectively. Result: Size
of capsules: D[4,3] = 33gm 20 Figure 6¢ is a Scanning El ectron

M croscope i nage of Exanple 6c. Exanp l?_@_a This Exanple illustrates
the preparation of a Mow ol TM 4-88 entufsion. A 50% by wei ght sol ution
of &nethyl phthal atle:in- SoLMgtedmil[M ZOOEB' vvaﬁodcsmﬁme@/o%wﬁr Jpwi se
into a 2% w w sol utW Ao TM-4—88-—(188% Hy by sed—pery{vi nyl
acetate), MWca. 28 Wﬁﬂtm under hi gh shear n?Ql ng wth [an
Ystral Tm hi gh shear| mimealyl, 1Al W enul sign Was tﬁeg o PT epar ed |by hi gh
shear m xing with tlhe Ystral TM high shear| m xer e_speed ofj which
was adj usted to yi €3 w/aichyl(gninsisdencaboyt 20gm ThH@ full conposition
is given in Tabl e Gdnodiki¢d, 20f:%ihe GBIy PCT/{GB2009/ 000680 - 18 -| Tabl e
6d Ingredient .t; | kaohgetidpetdn@awatéyyiw) - Sol vessoud 2001\[I D 20

Di met hyl pht hal at e 20y2% Mow ol I m 4- 88 aqyeous sol ujgon 60 Toflal 100
Result: Size of drdplets: D4 3] = 17pm |[Figure 6d is a light

m croscope i mage of| Tednpl e 6d. 100
Result: Size of droplets: D[4,3] = 43pm.

Figure 6a is a light microscope image of Example 6a.
Example 6b

5  This Example illustrates the preparation of a single-layered capsule suspension with

diethylenetriamine containing dimethylphthalate prepared by an Ultrasonic process.
A 10% w/w Suprasec™ 5025, 45% w/w dimethyl phthalate and 45% w/w Solvesso ™200ND
solution was dispersed dropwise into a surface-modified kaolin dispersion prepared
according to Example 1, under agitation with an Ultrasonic Probe;

10 and then an O/W emulsion was prepared by high shear mixing with the Ultrasonic Probe for
2 minutes, under the following conditions: 50% Duty cycle, Output Control 4. To this
emulsion, a 25% w/w diethylenetriamine solution was added under mixing with the

Ultrasonic Probe. The full composition is given in Table 6b.

Table 6b
T e Ingredient ik (Yol
SolvessorM 200ND = — 171 —
Dimethylphthalate 17.1
Suprasec™ 5025 3.8
5% w/w clay (amino-silane modified, 474

ultrafine tabular kaolin) dispersion in

water

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

Total 100

15



5 Exanpl e 6e This Exanple provides release rate data for

formul ati ons prepared according to Exanples 6a to 6d. Approximately 1
tol. 59 of WaEH®F32fhe four fornul ati ons described i n EP&ASIEIIGHIEY
was 10diluted by a factor of 10 intaater Each of these sol utions
was placed in dialysis tubing and sealed in. Each dialysis tube was
pl aced in ca. 100mlL of water and was then left on rollers in a

t enper at ur n 0 8 : i:
B L R i e A e A R
Wi th a Perskéminfignees giihdcappiataroghhingnegetier). Figuse @ris eSsantahg Bleeithnt he
rel ease of di net hyl phthg!ate [ ] into water 15 to be followed with
time. Rel QCEOSERREIBEES )i in Figure 6e show that fast rel ease
was seen for dinethyl phthalate fromthe PVA stabilized enul sion
(Exanmpl e 6d) and fromthe unreacted clay stabilized enul sion (Exanple
6a). ThHe rate of release was great| yExampleéed when the clay had been

ted W.th Tu.5025 (Exanpl e 6b ' ' Jrani

(Exanp o 6 BB s Rep R A ol St Plneltd B B BRI e

of a pre- digPeERathntitd é@f@:iﬁ?dihﬁeiﬂg@]ﬁﬁa@ate@kdpafeﬂ wifBQhe kifh shear Ystral™ (or
Cc

surface-modi fied glay particles (as described in Exanple 1) were
de- aggl oméfEe Surrpxy o Arogess ekexemplg 2.f or 30 seconds prior to the

addi tion of %@@ﬂlsgﬁbm\éﬁﬁg Bbo9hsvel S dimggﬁrl e{h'drafé’anmgvm;wsaﬂéé@%oom

using a Fla spersing unit for conds. The slurry was 25
| at er 16 | soletomivehdiveered diapwites nesiurfact-wodifehkaodin idispersion HOsgrtsy

wei ght for use i he foll ow anples. . ™ 1.: .

2009/ o632§W§P@gﬁ%ﬁ%gé§%ﬂg§@9¥%%ﬂﬁ%%%| Jighyshegy mixer gf gbout
i 11 ust r at gobREmpERPAI W efuRfonavaithal Regapsityetbohpa whiginguspens Yotal ™
containing a pesticide, |anbda-cyhalothrin dissolved in Solvesso .
200ND pr eg@l eagjnpixer o abogt BOQPrnsh £a 2 my@ptes| AP Yy Bredisthylenaitiypine selpfipn
5025, la 3 WA %%E}Q i L SPELBAHA
dr opwi sen}aﬁi? g{%rag%r tggljleeqar?ggg?lﬁe&d% Eg%ﬁ{-{ I Eﬂge&?%agﬁ hgérhe%{g%e]gh accor driMng
t o Exanpl d000rpmruté an KV $renntisan was then grepired bphigly shaenhibringiwith thenBsiral

m xer at about 20QO0rpm., an 0/ nmul sj o t hen prepared,.by., high
shear m x%’rgg‘ S%WF I’?uf“?f%t et gq@%mﬁggr?mﬁehwﬁgtwgg% 0172166(% Ptﬁ?f%ffootpgtl
m nut e. Ag2RYanti¥1slE8 hydieBRhéd tHiaa E@in?lei @nind Gxiwsletch éies dHepreparation
the emul sion under mxing with the Ystral Tm hi gh shear m xer at about

5000r pm aBepeazsen niyaseni¢ sndRstyh Brocerses IBSPEBH by hi gh shear nixing
with the I j e } X t about 20000r pm for 2 m nutes.
Thi s emul ?%‘ﬁ@fsg%ngﬁgs“z‘%hy[‘é@ aég’fuﬁ'capsul e di spersion. The full
conpogbt i Figutes6ogs ¥SnatninglElbdtsonMiciabde itiage 6FExgmplt @t . . -
SlidentiatiOn: .0, Solvessom 200ND 18 Lanbda-cyhal othrin 18

Example 6d
This Example iltustrates the preparation of a Mowiol™ 4-88 emulsion.

A 50% by weight solution of dimethyl phthalate in Solvesso™ 200ND was dispersed

25 dropwise into a 2% w/w solution of Mowiol™ 4-88 (88% hydrolysed poly(vinyl acetate),
MW ca. 28,000Dalton), under high shear mixing with an Ystral™ high shear mixer. An
O/W emulsion was then prepared by high shear mixing with the Ystral™ high shear mixer,
the speed of which was adjusted to yield a droplet size about 20um. The full composition is
given in Table 6d.

30



SuprasecTm 5025 4 5% w w clay (am no-silane nodified, ultrafine

tabul ar kaolin) dispersion in water prepared by dilution of 50% cl ay
paste of BXQA#6325T n water. 50 Water 10 15 EXAVPLE 9 PCESGHRHI0@IEGS) o
an exanpl e of a capsul e product cont-di8ri ng both a cross-1inked bound
clay particle and an extra polyurea binding layer. It was prepared by
taking the emul sion of Exanple 8 and treating it with

di et hyl enetriam ne (cross-linker) in 4 gantities given in 20 Table
8 and m xi ng under_| ow shear to honbgenise_the product Table 8
| ngr edi ent Ooncentratr@n v @gﬁdﬁnhyl ene_trral @mlf:{?m%w%mé‘ﬁfheaus

sol ution] 5 Produdgt=fremmrcpinhle—8—166- W
2009/ 063257PCT/ GBZO%% M@@‘W)zo - EXAMPLE 10 Exar?BI e 10 is]an
exanpl e of a capsyl§i;RERMRE1EONT al Ni Ng bot|h~a crosgel i nked bpund

clay particle and ing layer It was
prepared by taking Zt%lMoeNMI”g#dﬂ agifieous solution 60

Total 100

Result: Size of droplets: D[4,3] = 17pm.
Figure 6d is a light microscope image of Example 6d.

Exampie 6e
This Example provides release rate data for formulations prepared according to Examples 6a

to 6d.
Approximately 1 tol.5g of each of the four formulations described in _Examples 6a-6d was

10  diluted by a factor of 10 into water. Each of these solutions was placed in dialysis tubing and
sealed in. Bach dialysis tube was placed in ca. 100ml of water and was then left on rollers in
a temperature controlled room [temperature of 20(+/-2)°C]. At sunitable intervals, the UV
absorbance of the water phase was measured at 276nm with a Perkin Elmer™ UV
spectrophotometer. This process allowed the release of dimethylphthalate [DMP] into water

15  to be followed with time. Release curves shown below in Figure 6e show that fast release
was seen for dimethyl phthalate from the PVA stabilized emulsion (Example 6d) and from
the unreacted clay stabilized emulsion (Example 6a). The rate of release was greatly reduced
when the clay had been reacted with Suprasec™ 5025 (Example 6b) or with
diethylenetriamine (Example 6c).

20 EXAMPLE 7

This Example iflustrates the preparation of a pre-dispersed surface-modified clay slurry.

30g of surface~-modified clay particles (as described in Example 1) were de-agglomerated

(with 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.



5 Exanple 8 and treating it with glycerol (cross-linker) and DABCO
(catalyst) in the quantities given in Table 9 and m xing under |ow
shear to hURBHEMPEE7 t he product. Table 9 fligredl ent; TEFGB2009/000680
Condentta;g. Gycerol 1 DABCO [20% sol%ition in water] 0.5 Product
from Exanple 8 50 10 DABCO is

(+-)-(B)-1-(2,6,6-trimethyl-2-cycl ohexen-1-yl)-2-buten-1-one.
Exanples 8, 9 and 10 i medi ately progugaeiflgui d di spersions that did
not change on overni ght standing. Further cross-linking was effected
by heati ng §g¥@I ; I h L.cal .
characteri %%ilﬁg%l 0 taﬁg 1%&%@&%’ gh% F%a%g? h ?E%%iﬁg%lél S{étH égéSﬁ%ﬁélSp ension
conpat i bi | ¢andeimfg b hesieidpylaibidd-ghutothhinfdissdlved inabdedsocOPONEaa8ed With the

il-in-water. i | si fa i inic oil (I ™
ot epar e TE e D B Giser A SR s . Fbiis il b ndiaes . 240ND
Cohsenol Trgofeh a8 A%pErel &bﬁi@é’inﬁzﬁl Mﬁféh@ﬂodﬁféﬁk%&ﬁ? dis el’é%rﬁé%lhms

shear m xing with an Ystralrm hi gh shear m xer.
then prepaiceerding thEgtmels dannder Kinshent mixingeitlvan Yatrat N higlyshestmixer at about

i xer, th i diusted to yield a droplet si
Top.m e PHRES Bt O Fiba e abebed il syl 68 R
| ngt edi enthigh fomeaixer atabowt 200G phTOPBiiS2A 556:GoMEGaR) THBLRUAIR. SSlUEHUS

sol uti on 50
10 “was then added to the emulsion under mixing with the 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. The full composition is given in Table 7.

Table 7
Lambda-cyhalothrin 18
Suprasec™ 5025 4
5% w/w clay (amino-silane modified, ultrafine 50
tabular kaolin) dispersion in water prepared by
dilution of 50% clay paste of Example 7 in
water.
Water 10

15
EXAMPIE 9
Example 9 is an example of a capsule product containing both a cross-linked bound clay
particle and an extra polyurea binding layer. It was prepared by taking the emulsion of
Example 8 and treating it with diethylenetriamine (cross-linker) in the quantities given in
20  Table 8 and mixing under low shear to homogenise the product

Table 8

Ingredient -~ .l - | Coricentration/ g

Diethylenetriamine [25% w/w aqueous solufion] 5

Product from Example 8 100




Equal vol unes of sanples of each of Exanples 8,9 and 10 were then
each independently m xed with an equal volune of the Isopar M

enul si on. VEPROWRES2EANpl es remai ned fluid both i mmedi at SIGF/EFI0QPR08¢
standi ng for 24hours, denonstrating the-conpatibility of products of
25 the invention with an added oil-in-water emulsion. WO

2009/ 063257PCT/ GB2009/ 000680 -21 - EXAMPLE 11 This Exanpl e provides
data on enhancenent seen in the photostability of |anbda-cyhal othrin
when trapped wi thin Pickering capsuﬁm%%rgpl e ha This Exanple
illustrates the preparation of a si - ed capsul e suspensi on

wi th di et hkamgde i 0 srnresaopletod ik napsgle pasdoctaontaidh il & tropy-Eidad ®dund dliy

t he high shear. Ystral TM process. . A .10% w w Suprasecni 5025, 47.5% w w
| anbda cy hEFBEAPRHE SR PP D 4IS L S ORI RiORE (he mulsion of
di spersed HiR)é § 8nd BEing itSwifi gg;&z bdsLifftels 304 DAEES REFa$)sO H8 quantities
pr epar ed ac_cor_dlﬁrgg to Exanple 7, wi der high’shear mxing 'wth an

Yst ral TM hgigen whable Sandenizmg uvagerdow Sge0iogivmogendsethe podnenul si on was

t hen prepared by high shear m xing with the y5TM hi gh shear m xer at
about 20000rpmfor 2 mnutes. This enulsion forned a single |ayer
capsul e di spersion. A 25% w w sol uti orraple 9di et hyl enetri am ne (DETA)
was prepared i n water—and-t-her i ETA_sol ution was added
dropwi se to the singke-I-ayerdeBrghcnt perencepraliopheni Xi ng from
an Ystral TM hi gh sheas . G i) ‘e_r‘a'p‘sm’é &

suspensi on was then by the Ystral Tm hi gh shear "m xer aff about
20000r pm for 2 m nytizaABCTHROYesblutioipeged i onf is givers i n Tablle 11.

Table 11 . i &ediefit— - 00 cel i tritibit /W . SolvessQirm 200ND
17 Lanbda- cyhal ot hrEpduey fromdixgawln 5025 3.8 5% w Wicl ay
(am no-si |l ane nodi fTed,uttrafine tabutar kaotTm)—drsperstomr i n wat er

(from @(armkﬁcz})is f1+7-)-fE)-1—(2,6,6—trimethyl—2~cyclohexen-1-y1)-2-buten—1-one.
Examples 8, 9 and 10 immediately provided fluid dispersions that did not change on
overnight standing. Further cross-linking was effected by heating the samples at 50°C for 2
hours but the physical characteristics of the products did not change.
To test the compatibility of these products with further added components, an oil-in-water

15 emulsion of a isoparaffinic oil (Tsopar ™ M) was prepared. Isopar M was dispersed dropwise

into a 5% w/w solution of Gohsenol™ GLO05 (88% hydrolysed poly(vinyl acetate)), under
high shear mixing with an Ystral™ high shear mixer. An O/W emulsion was then prepared
by high shear mixing with the Ystral™ high shear mixer, the speed of which was adjusted to
yield a droplet size about 10pm. The full composition is given in Table 10.

20 Table 10
o, gedient 7o T Conbentration g
IsoparM R R s P 32
5% Gohsenol™ GLO5 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.



Water 9.5 Diethylenetriamne 25% w w aqueous solution 5.3 Total 100
20 Result: Size: D4, 3] = 31.7pm Figure 7 is a Scanning Electron
M cr oscopeWPa§@6PF7 Exanpl e 11 a. WD 2009/ 063257PCT/ GBLAEH2000888" -
22 - Exanple lib This Exanple illusttates the preparation of a

si ngl e-1 ayered capsul e suspension with diethyl enetriam ne containing
| anbda cyhal othrin prepared by the Utrasonic process. A 10% w w
SuprasecTm 5025, 45% w w | anbda cyBXAMBEEALand 45% w w 5

ur | aco. mOARIDGHD R P e o BB o e Rele B A i fspptain

under agi t@kh Bippelt Wikha Pibkdring s@Rufks,Pr obe; and then an 01Wenul sion
was prepared by high shear mxing with the Utrasonic Probe for 2

m nut es, under the follow ng conditions: 50% Duty cycl e, Qutput

ControlL 4. This emulsion forned a S%Qa%ﬁe pyer capsul e dispersion. To
this capsul e suspension, a 25% w w dretiyrenetri am ne sol ution 10 was
added und&hisBxaiplg iNvstiatel (e pebdaraisn of & sifgleleyered hepshielshspensipowithi on s

iven belgw.in Table 12. Table edi eht, CO6ficentratibji KW*). :
%ol Vesso %ﬁ@%ﬂ%@%ﬁ@gﬂ%@%@%ﬁ%ﬁ)ﬁ@ ' prepareﬁ W%” ¢ high shear Y)stralTM
process. A 10% w/w SuprasecTM 5025, 47.5% wiw lambda cyhalothrin and 47.5% w/w

Solvesso M200ND solution was dispersed dropwise into a surface-modified kaolin dispersion

10 prepared according to Example 7, under high shear nixing 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

15  capsule suspension 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 full composition is given in Table 11.

Table 11

solvesso"MzooND S b e e R STy 17
Lambda-cyhalothrin : 17
SuprasecTM 5025 3.8
5% wiw clay (amino-silane modified, nltrafine fabular 47.4

kaolin) dispersion in water (from Example 7)

Water 9.5
Diethylenetriamine 25% w/w aqueous solution 5.3
Total 100

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

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



17 SuprasecTM 5025 3.8 5% w/ w clay (am no-silane nodified, ultrafne
t abul ar kaoli%dls ersion in water (from Exanple 7) 47.4 \ter 9.5
Di et hyl ene¥PRYR{252506 w w aqueous sol ution 5.3 Total FSF/CHOGNWSY
is a Scanning El ectron M croscope inage- of Exanple 11b. 15 Result:
Size of capsules: D[4,3] = 171/Lm(this is |large due to aggregation
of the capsules in the instrunment, the electron m crograph shows the
capsul e size to be smaller). Exanpl %xjagglecpigsul es according to
Exanples Ila and 1 | b were each assessed agai nst comercially 20
avai | abl e ThipEumagle ﬁlkatr@t@:’ethzemam]m of esingheraaierad papeuls susgynsian with

det er m ne xt ent. of roi ded b t he. cap sul es

Co o, SRR RSk iRRE T O BRI AT Bl FBP Ao Ut sbicBRRBL O°

type samAqevm/mm&ﬁéb‘maemmwwadﬁ eMbteknad 45b4 @as and
exposed to_a xengn |anmp (simul atlng sunlight) for up to_three days.

Using st aneriyease e Py a@&tmmﬁ@ dispersed dopwiEs e pefasprertiiadsebn dispersion

- mecr ocaﬁﬁﬁg&? 19@
| anbda- cyha o drlglaC%&pr Z‘Be%zt? it th ﬁ%%?ﬁ% ‘?’ﬁasﬁé %m@?rr?lb? |a§f1 |ﬂ})er11l ang/W
exposur e tanuiion aras pfemred bthgh sireelr tnbengwithi tite (leasahicPropedfor ¥ arimoess under

Shown' 1 n AAE BHGWEE borE et Sl Pyl R GBI A DB BRI (g single
provide 5 mﬁ&wsule dyspe@roﬁt Q‘Stﬂh@@a Qlelsaa]staﬁsampxb@%qudlah 1Bk SRS séfifon

current commercial product. E 12 This Exanple il ustrates the

pr epar ¥t | ovaseHded @ﬁﬁigneungawléh @G Iaawmcé’r@h@s dénilbepmyosiion is given below in

di et hyl enell;ﬁ;b r@ ne contai ning dinmethyl phthalate (which is an exanple
e

of a vol atl or gani c
Table 12
“Solvesso™ Z00ND T N Y
Lambda cyhalothrin 17
Suprasec™ 5025 3.8
5% wiw clay (amino-silane modified, ultrafine tabular kaolin) 474

dispersion in water (from Example 7)

Water 9.5
Diethylenetriamine 25% w/w aqueous solution 5.3
Total 100

Figure 8 is a Scanning Electron Microscope image of Example 11b.
15 Result: Size of capsules: D[4,3] = 171pum (this is large due to aggregation of the capsules in

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

Example 11c
Capsules according to Examples 11a and 11b were each assessed against commercially

20  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



10 nol ecul e) prepared with the high shear y3TM process. A 10% w w
SuprasecTM 5025, 47.5% w/ w di net hyl phthalate and 47. 5% w w

Sol vesso T¥OGMY%6B5Ut i on was di spersed dropwi se into aFPCI/GB20095/000680
surface-nodi fi ed kaolin dispersion pr&pared according to Exanple 7,
under high shear mxing with an Ystral TM hi gh shear m xer at about
5000r pmy and an 0/ Wenul sion was then prepared by high shear m xi ng

with the Ysidelafddiddividhe SR8 BRI HmRRAHST 1280A0RMOIGH pesent in the

mnutes. This enmulsion formed a single |ayer capsul e di spersion. The
conposi t i ofernglagensehtheanitfetisneof eeposmalie alirpgiolet highyianditheefriopnt remaining at

Coricentragjol a.( % wk V, ND Di net hyl phthal ate 18

Supr asec %’g’h%tléé??%%@syd |sgpt§§§l|?%ezn‘9a?/ﬁ e\%égsﬁe'(f rom Exanple 7) 50 Water
10 Total 1DKE refulSde whows il Biginerd, offhdicepsnlek @A ey pragant rvemiioh’YleadBSprovide
prepared inh water and, then v%ryi ng 2Q anounts of this solution were
added dr opRfHEEL-Y-Pretetion ip mbdp-syRalotn Higa dees the @penksosmepehpraiugtng
froman y5) TM hi gh shear m xer at about 5000rpin) to give a range of
DETA concentrations (0-1.3% by weight) in the final dispersions. Each
capsul e suspensi on was then m xed bEXAMPIHIX al TM hi gh shear mi xer at

about 20000 Lo 3. mautes. The.[IL). composition.iis aiven in Tabl e
diethylenetriamine containing dimethyl phthalate (which is an example of a volatile organic
10 molecule) prepared with the high shear Ystral™ process. A 10% w/w Suprasec ™ 5025,
47.5% wiw dimethyl phthalate and 47.5% w/w Solvesso "200ND solution was dispersed
dropwise into a surface-modified kaolin dispersion prepared according to Example 7, under
_high shear mixing with an Ystral™ high shear mixer at about 5000rpm; and an O/W
ernulsion was then prepared by high shear mixing with the Ystral™ high shear mixer at
15 about 20000rpm for 2 minutes. This emulsion formed a single layer capsule dispersion. The

composition is given in Table 13.

Table 13
Tigrediefit’, N ekl A Coicentration: (% wis),
Solvesso 200ND | - 1w’
Dimethyl phthalate 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

lTM

mixed by the Ystral™ high shear mixer at about 20000rpm for 2 minutes. The full

composition is given in Table 14.



- 24 - Table 14 Approximately 1 tol.5g of each of these capsule
formul ations was diluted by a factor of 10 5 into water. Each of

t hese di | UWPSHY/MESE pl aced in dialysis tubing and seal EETIGB20EARHS0

di al ysis tube was placed in about 10024-of water and was then | eft on
rollers in a tenperature controlled room[tenperature of 20(+/-2)C.
At suitable intervals, the UV absorbance of the water phase was
measured at 276nmw th a Perkin El nmermgWY4spectrophotoneter. This
process aIIovved the rel ease of dinet hYI_h't“ﬁaI ate [DMP] into water to

be follo ) tO—see—Frgure—16 T vv, —tFrort eaptag
the DETA I|o ?‘}%‘%@@?@ases the rate of eas{ogéy /Iggf)f?on d”ﬁ 1.3%
capsul es, = @ aBe. e a0 & Yok

t he | oadi rrg'

Exanpl e i I[fUstrates tHe at; 1% way sred/ e alls wie
suspensi or3 e R e r‘“’“*”e“ St Ll

with the hig 1 cap

found to sWWEW;tﬁ@%Im%ssdmwropert es after drying dgwn to fa dry
deposit. A-5%w w SuprasecTm 5025 _ 47 5bhw/ w hefenoxam and 47, 5% w/ w
Sol vessoT WW%%WWGHS%’M@M 0 opwi 899 nt ¢2a 3.99 |53
surface- A ed kaotimdispersion—26—preparet-ageecot-di-ng—tra-xanple
7, under hlgi(c)Layshear nmxing wWith an Ystraltmh gﬁyshezwm ygpb" ajL? ut
50001pm ?Siiealn[ziOBW,mfyul sion was then preparefspy high sheas m Xing
with the } } ] r out 20000rpm for 2 m nutles

This enul sion fonned a single layer capsule dispersion. A 25% w w

sol ution ofp ﬂéﬁﬁﬁ%hﬁ?ﬁﬂ rﬁg@f‘em 0@@%&6@3&%@ fa?ﬁnﬁﬁﬁ &%&s%l‘ﬁ%ﬁ%& aﬁﬁ'&oxt *}ﬁﬂ

thi s aqueous DETA sol ution was a ropw se
25 cap<ul éntouien Facnofithess ditirtking grak phanedin didysistubing mgna&ammwm dialysis

at about OOr 9/.063257PCT/ 9/ 00 680 - 25 -

capsul e suS pe‘?ﬁ péﬁceaﬁ%aqo\ﬁgh&ﬁﬁfggmﬁa‘l‘ﬁ@asﬁfgaﬁg?ﬁfﬂ SHEHPSIR S at
about 200@0npsTel@b0mR [RinpeaSs of DogHINId). %Q@ﬂ%letmfeﬂralssthgwwofbaﬁé@éﬁhe
15. Table 15 beetlia, Concentration 6 .; . Sof vessom 200ND 18

Mef enoxam™Aier shisteaes angasised s 276mm sgehg Reren ﬁ&fﬂ?ra mmbsmbﬂrmotmthtdl i dbis
ul trafine tabu Aowk@tle Dbaddic? Hﬁ{eﬁ{}%tﬁaﬁ'at%ﬁf’] into water to be followed with time;

10 see Figure 10, which shows that increasing the DETA loading decreases the rate of release of
DMP from the capsules, showing that the rate of release is readily controlled by the loading
of DETA used in the formulation. )

. EXAMPLE 13
15 This Example illustrates the preparation 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% wiw mefenoxam and 47.5% wiw
Solvesso™200ND solution was dispersed dropwise into a surface-modified kaolin dispersion

20 prepared according to Example 7, under high shear mixing with an Ysiral™ high shear mixer
at about 50001pm; and an O/W emulsion was then prepared by high shear mixing with the
Ystral™ high shear mixer at about 20000tpm 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



47.4 Water 9.5 Diethylenetriam ne 25% w w aqueous solution 5.2 Tot al
100 5 Result: Size of capsules: D 4,3] = 13.7pin. This fornul ation
gave capsulV@2WWai2S{ere stable on dry down, and the cag&dlEEMHP0PER
aqueous di spersion were stable over -@85period of 9 nonths at ambi ent
tenperature. A sanple of this dispersion was allowed to dry down in a
plastic tray in a fume hood for 3 days, after which it 10 was found

t ﬁ redi s pfealfsmersamhﬁyn ivas thah etixedibly thegBsttal ¥ Iagi dhatri aixer &iabout @DO0BHO B
the capsules in their original dispersj nd Figure 12 shows themin
the di spe?é’i‘@ﬁte?o?@u@’@ﬁ?%%@lﬁéﬁfg%ﬁ’éﬂzag’?%ﬁ' after dry down. The
capsul es appeared to have | ost sone afyj.ig@ nore vol atile Sol vessoTM
200ND t hr ough evaporati on, apsulres renai ned essentially

)

A AN e e R P Ao ) A B attion e W),
Soha D g
Mefenoxam 18
Suprasec*™ 5025 1.9
5% wiw clay (amino-silane modified, ultrafine tabular kaolin) 47.4
dispersion in water
Water 9.5
Diethylenetriamine 25% w/w aqueous solution 52
Total 100

Resuit: Size of capsules: D[4,3] = 13.7um.
This formulation gave capsules that were stable on dry down, and the capsules in the aqueous
dispersion were stable over a period of 9 months at ambient temperature. A sample of this
dispersion was allowed to dry down in a plastic tray in a fume hood for 3 days, after which it
16 was found to redisperse readily in water with gentle agitation. Figurell shows the capsules in
their original dispersion and Figure 12 shows them in the dispersion formed from the
redispersion after dry down. The capsules appeared to have lost some of the more volatile
Solvesso™ 200ND through evaporation, but the capsules remained essentially intact and

showed facile redispersion.



4, 5. 20 6. 25 7. 8. 30 35 A process as clained in
claiml in which the liquid has a solubility in water at 20C of |ess
than 109/1. A process as clained in claim1 or 2 in which the liquid
conprises an active material which is agrochem cal . A process as
claimed in claim3 in which the agrochem cal is | anbdacyhalothrin. A
process as clainmed in any one of the preceding clains in which the
particul ate inorganic material conprises an oxy-conpound of at | east

one of cal gi UMA JIB@RE SdritakiRy Mrarduawﬂua@éorﬁpﬁsu@n A process as
clained in cla|m5 in which the particulate inorganic material is

silica, a silitatefrrgom \?!Utﬁ’”cﬂféﬁ‘%ﬁs linkgrdn aAqHFjocess as clainmed in

any of the precggdi ngfcﬁﬂnmgr@smﬁywmgnmfécaan&méd saHicllRe indPdB@¥n&terial in an
material has a nedian diameter (d50) less than or equal to 10p.m A -

process’ as cl ai ned i AGYERKSAMEIGY & preceding clains in which the

particul ate inofgani gispalsRigitRé sdafidr &'sﬁep’iantﬁ@gluH?%f btesrl% ampédusk@ ov0
as to have reactive groups by reaction wth _a chem cal of _ the general

structure X---Y---z, aiquightherrrosslinker ioeeqt valh the swtarevnedified parfylate
affinity for the partriofdapicHaieAsi®o & tbSorth 4 e.@@ylmdqhiemoﬁaémmbmt y;

and Y is a chemcal noiety that |inks X and Z together.
10 2. A process as claimed in claim 1 in which the liquid has a solubility in water at
20°C of less than 10g/l.

3. A process as claimed in claim 1 or 2 in which the liquid comprises an active
material which is an agrochemical.
15
4, A process as claimed in claim 3 in which the agrochemical is lambda-

cyhalothrin.

5. A process as claimed in any one of the preceding claims in which the
20 particulate inorganic material comprises an oxy-compound of at least one of

calcium, magnesium, aluminium and silicon.

6. A process as claimed in claim 5 in which the particulate inorganic material is
silica, a silicate, marble, a clay or talc.
25
7. A process as claimed in any of the preceding claims in which the particulate

inorganic material has a median diameter (dsg) less than or equal fo 10pm.

8. A process as claimed in any one of the preceding claims in which the
30 particulate inorganic material particle surface has been modified so as to have
reactive groups by 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; Zis a
reactive chemical moiety; and Y is a chemical moiety that links X and Z
together.
35

9. A process as claimed in claim 8 in which X is an alkoxy-silane group.



27 10. A process as clainmed in claim8 or 9 in which Zis an am ne
group. 11. A process as clained in any one of the preceding clains in
whi ch the surface- 5nodified particulate inorganic material is clay
whi ch has been surface-nodified with an, m no-silane. 12. A process
as claimed in any one of the preceding Cclains in which the
cross-linker is a polyisocyanate. 10 13. A process as clained in any
one of the preceding clains where the cross-1linked m crocapsul e wall

i's nmodifiedgt hr ayghcaaddistdlife®in GainEX br RirchRasz lid ﬂkammegg?bwul e.
1514. A process as clained in claiml in which the liquid conprises an

active material which is a fragrance. 15. A process as clained in

any one of 14he prpsedsng cﬁuﬂénﬂ%aﬁ%ﬁi’e&ifﬂmé ﬂe&écﬁrﬁg €illms ih Rdichahé 6ligateof
step (i) is disp ersedlnthe slurry of (H to forma Pickerin

20enul st on. 16. "163 dpied pagisulale 'EP@PF%@dnﬁ'tﬁ”%ﬂﬁ/C'%\h\élh'S'ﬂ hﬁﬁée‘f‘oﬂ %‘H’é’%ﬂ’?r{@o‘j' ied

cl ai mrs wherei n (4R aRAdih&ilapee | norganic material is kaolin or

cal ci um carbonate. 2517. A process as clained in claim16, wherein the
particulate inorganic material is kaolin. 18. A process as clained in

any one of 1phe PArpeRdsRg ciimedth MYIRI I tHdiSreLeUinpéihia .ﬁﬁmhﬁdmethe cross-
m crocapsules is carried out in the absence of surfactant. 19. A

m crocapsul e halikeg is2 Belysecyenateed particul ate inorganic vval I and
di sperggd in an aqueous medium 20. A microcapsul e according to cI aim

19, wherei n the m crocapsule is made by the 35c]or ocess accordi ng
any one of 131 ai APrqcass agglaimegin any one of the preceding claims where the cross- llnked

microcapsule wall is modified through addition of an extra cross-linking

molecule.

15 14. A process as claimed in claim 1 in which the liquid comprises an active material

which is a fragrance.

16. A process as claimed in any one of the preceding claims, wherein in step (iii)
the solution of step (i) is dispersed in the slurry of step (ii) to form a Pickering

20 emulsion.

16. A process as claimed in any one of the preceding claims wherein the particulate

inorganic material is kaolin or calcium carbonate.

25 17. A process as claimed in claim 16, wherein the particulate inorganic material is

kaalin.

18. A process as claimed in any one of the preceding claims wherein the formation
of the microcapsules is carried out in the absence of surfactani.
30
19. A microcapsule having a cross-linked particulate inorganic wall and dispersed in

an agqueous medium.

20. A microcapsule according to claim 19, wherein the microcapsule is made by the

35 process according to any one of claims 1 fo 18.



21. A microcapsule as claimed in claim19 01 20 which contains an
agrochem cal encapsulated within the core of the mcrocapsule. 22. A
m crocapsule as clainmed in claim19 or 20 which contains a fragrance
5encapsul ated within the core of the m%ocapsul e. 23. A mcrocapsul e
according to any one of clainms 19 to 227 wherein the cross-1linked

particul ate inorganic wall conprises a surface nmodi fied kaolin.
1024. A m c|26capﬁm&r%@ewﬂﬁﬁalat"@%’ﬂﬁar\mﬂé’ orgRdisTheantRing ¢ greghemical

nodi fi ed kaol i neh&d&@%&éd\vw fHa 43RS opeMisEsReR. nodi fied with an
am no-silane. 25. Use of a mcrocapsule as defined in any one of

claims 19 to 24 for protecting encapsulated material fromthe

external epyi rOWFﬁi&Focag&le !a§§Ia9ﬁecﬁmrHéFth@Qﬁ%U'vﬁu&ﬁcdﬁ@ézhé“@ﬂagﬂén@é\y one
of clainms 19 to 24 f protecting encapsul ated material from uv

light. 27. Use GFC%’SHiaéqdd&'ﬁmtheeCOé%OdeP|"H‘é’8°@ﬁ$ul?| aim21 for
controlling or conbating pests.

23. A microcapsule according to any one of claims 19 to 22, wherein the cross-

linked particulate inorganic wall comprises a surface modified kaolin.

10 24 A microcapsule according to claim 23, wherein the surface modified kaolin is

kaolin which has been surface modified with an amino-silane.

25. Use of a microcapsule as defined in any one of claims 19 to 24 for protecting
encapsulated material from the external environment.
15
26. Use of a microcapsule as defined in any one of claims 19 to 24 for protecting

encapsulated material from uv light.

27. Use of a microcapsule as defined in claim 21 for controlling or combating pests.
20



