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- SURFACTANTS I N THE FORVATI ON OF EMULSI ONS BACKGROUND OF THE | NVENTI ON Thi s
i nvent i onWME824i0885t 0 t he use of reactive pol yneric surfacrartcsoznzthe
formati on of emul sions and further to the use of reactive polyneric
surfactants in the formation of enulsions used to prepare

nm cr oencap3ifBROERPACHDGE POLYIMER ERs URFA QIANTS INTHRIFORS &0ICON b use this
invention (also referred to herein as polyneric stabilisers) generally
have three noieties - a hydr ophilEM%ffI&Ng,/ a hydrophobic noiety and a

noi ety that possesses reactive or cross-linking ability wwth respect to a
nononmer or prepol yner substance, or with respect to a sel ected ingredient
in the dispersed phase oBAJKGROUND OF TNWREANVENTIONsur f act ants are used

wi th a discontinuous phase dispersed in a predom nantly aqueous conti nuous
phase the hydrophobic noiety adsorbs strongly to the surface of the

di sconti nuous all , v.dr e jety associat.es strongly with
t he agueous phgggﬁﬁf %Aegilat%:sgﬁfﬂé%rlgfﬁgma%%ﬁ %‘?%‘3?‘){%%“ Frlafl{%)}n ﬁg’on t he

di scont i foousionhed@enulsibes mdd@sher i Kicnge BDiatiR RIS utA&anS W fhact ant to
beconme reacted with or bound to the nononer or polyner or other ingredient
as nent i JREBRUMHERFEMuginsaIseth® Rf%l?ﬂf%ﬂ“d‘?@?lmpwaﬁfggmﬁmtati es of the

f ' - ' ' to the th i ned
Sur t act ant / rongsarve AGRAEMAERRERER. Bhubfnilf ¢ HEoent i on may be

used for hareiaad @ilymefic RUbHEESTendalY HienBret il MuliFliPRIR makoghem cal
active ingredients. As will be described below the surfactantS for use in
this i nvéytiophobic 19148y a0d aaoiety that pegsessevicatsiveiangtassiiinking ahidity wihf eat ur e

when e i ] i repare _m.croencapsul.ated. products. The
sur f agf ag?si%#tg? gg;gﬂ e %Ih%? t% EP%E%H{[/%}\ L}b(gp e &r gétﬁé%ﬁpgﬂakgﬁéﬁia‘&t fr%ireﬁhe?“éndo m
graft captieydigpesed phlaser ta sinudion K WiRR GhatB Bk Bactdnits £8Q40vganot ed that the

random graft copol ymers and bl ock copol ymers for use in the present
i nvent i oFSSPRINEQYS pltesa disgersed inptpsedorpipgnthy aghieonstrionkinunue phirerthdound at t he

mpor t ant> Sopi R Bty MEBRR Rl S 15 sulbriind BiiebalBe Bite Pl or -
enul si onthe(tHpdophilisrmeistyCammunantSngly WitsMe agiBdus bpRs, th&kbs Lodthdhgconpri se
and EW and, a_suspensi on concentrate (SC). Emulsions nmay be becon® unstabl e
for a | 99lguiatsiahaity upon the discontinuous phase. The cross-linking moieties enable the
- surfactant to become reacted with or bound to the monomer or polymer or other
ingredient as mentioned above, while the colloid stabilizing moieties of the surfactant
provide surface active properties to the thus combined surfactant/monomer or' |
polymer. Emulsions according to the invention may be used for a variety of purposes
including the formulation of agrochemical active ingredients. As will be described
below, the surfactants for use in this invention also provide a similar
combining!surface active feature when used with emulsions used to prepare
microencapsulated products.
The surfactants for use in this invention are selected from certain random graft
copolymers and certain block copolyrnérs. It should be noted that the random graft
copolymers and block copolymers for use in the present invention are surfactants in
their own right which are then bound at the emulsion intérface by reaction of the
cross-linking moiety. - _
' Emplsions are impértant agricultural formulation types, for example as oil-in-
- water emulisions (EW’s) or as components of suspo-emulsions (SE’s) that comprise

and EW and a suspension concentrate (SC). Emulsions may be become unstable for a




WD 02/ 100525 PCT/ GB02/ 027-4 nunber of reasons and may coal esce, ¥2 BESWMR e
or sedi ch. phenonena are undesirable and may conp te or prevent
t he 'usemn‘?é @H?g—rwl ation. Thus considerable effort has %B@r‘?“%ﬂ"ﬂé@t ed

t owar ds under standi ng how to i nduce stability by nethods such as density

mat chi ng, ‘gmgedum ng narrow parqﬁl cle si e distributions tolimt Gstwald
ri pening, d rﬁ@PﬂbaQ%‘@aBbfﬁ eﬁ?FmﬂQEW 3¢ 08 SRUMEAY Sk PhsRemena®Be | i ser s.

Sl T hRERI A 3l RYCBhANSIRLARPIATRESE (RMILAG! Bt that can carry

the oil rom cont’i nuous for exanple
in mcel | esnsidefableeffit hagieah ﬂﬁedlaytob@rd@r@ﬂ@ﬂtz@ﬂu%rhomb|1I|R:lu%@§’ta$‘iﬁt)$b|§ factants
that do not formsuch <carriers or that are fixed to the emul sion

i nt er f acemetbeds anhias wlansiermitehiag pseducingtnantos partitle aize dishyhsitiosd toy adsor bed
at the in bet ween t di scont i nuous d contin hases may be

G spl acediy AifaRRrTE" =GR Grop S u G B BT y P BGRR: o ¢ hat
may be ad@ﬁqraldhﬁéiﬁné @Mﬂmﬁhh@ﬁaﬁe ﬂ%mo@&i‘ﬁ‘}b édr%&&nfs*aﬁz& c§rf éﬁhé B

formul ation, for exanple tenperature cycling and el ectrol yte,

concentr aiirevro rophét th alveplétchrdgh Hetcontiveions phade for eafimplenint sicetiss. may be

i mpr oved Ehrthe sur f ctants re fk’ %gdﬂ)to t he enmul sjon interface
accordin PEIESBAY ‘?Pﬁ‘?é‘?ﬂt‘? inhipfiedh by gurfactaptsstBatedoinet Fapedclnen no

free surf&ﬁg@pgrihgt AY¥ FHxahl fl’—le'eﬂmislﬁﬁl oRptLauous  phase. M cro-encapsul ation
is a well-known technique used to prepare solid particles that contain

encl osed wi t hiGorveetiveal eoniiconpdtsitn that agpphysiaally akobed hdthemarical s

derived froma g cslpersed | i qui d emul si on phase. Thus the liquid core
mat eri al s}’eﬁﬁﬁ?nt @ HSF‘Efm“HEUSp"é’Id CoBUNPUS PGP &Saydl?rﬂ“é’iaﬁ?%bjy cunredEvei ssol ved or
suspendediel oty onPPARAL ARt enteR0Be Ahaldis il BLACARSHLS,, t he
mat eri al ose e releas8 erther 1n a slowcontro manner or

in-a qui @bndl&bﬂaﬁlﬂt st the fauneulatiomefoo e samplel temisaamie ¢yelihnasii@eculodye desi gni ng
the contents and nature of the polynmeric wall of the mcrocapsule to
achi eve tCARLBUTARA-red results. In the agricultural field, such

m crocapsul es ygg %»"E:Sf%%&"'tﬁai‘tﬂa%%hﬁ%Qﬁﬁgﬁl‘éﬁﬂ? Aty 1R -Bﬁ‘):vg(?@heﬂerﬁ?ec“ cl des,

fungi ci des, and bactericides p t g regulators and with

fertili zeuﬁactdkbmatag'medmda thereaulsiorsinserfane herdediap caps praemdndygsn. i nks,

phar maceyti cal s, ourl n ents and. fragrances wherein the encapsul at ed
ol um | Lonhtedhlsa Mgty Bt e Sacint B NI 8 des FORRERT G ¢ he vl | S

of the mygsLcapsules are typically resin internedi ates or nononers.

Vari ous processes for mcroencapsul ating naterial have been devel oped and

described i n Mieropencepsudation iThesh-kppws esdaijueanebre piéparaietid Particles

that contain enclosed within them a core comprising liquid and/or solid materials
derived from a dispersed liquid emulsion phase. Thus the liquid core materials may
be liquids per se, or liquids containing solids dissolved or suspended in them.
Depending on the design of the microcapsule, the material enclosed will be released
either in a slow controlled manner, or in a quick release. There are numerous well-
~known techniques for designing the contents and nature of the polymeric wall of the
microcapsule to achieve these desired results. In the agriculu_lral field, such
microcapsules are used with pesticides such as herbicides, insecticides, fungicides,
and bactericides, with plant growth regulators and with fertilizers. Non-agricultural
uses include encapsulated dyes, inks, pharmaceuticals, flavouring agents and
fragrances wherein the encapsulated medium is present as a liquid core.
The materials used in forming the walls of the microcapsules are typlcally
resin intermediates or monomers. Various processes for microencapsulating material

have been developed and described in the prior art. These processes can be divided
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. physi cal, phase separation and interfacial reaction nethods. Phase

separ at i MMOAAMISAHT er f aci al reacti on methods general |y proerepdBvi/@iihe
formati on-of an enul sion and are therefore of particular relevance to the
process of the present invention. In one process in the phase separation

cat egory, intd tr@Capsdl Lot pfsMRL phXse sepathifdn MdneMhcidi 2RIoRI N9 the core
material in an imm scible continuous phase in which the wall material is

di ssol vedmgtheds.h¥inse separatioe dnd intgrifarsil cedctipn sefhardagendralbnproteed vizoht | nuous
phase, fog _ex e, by, coacervatio and deposit around the core particles.
In the i n’foéwgﬁj%fa“reé‘ﬁ'&‘?rbwd;%ﬁ?élbeé%f/‘,’e ‘E}dﬁ@%faé relgyancs £ the procass fiths ed or

di sper sedyegenihvehtiBl SCi bl e continuous phase; then an interfacial

pol yneri zation reaction is caused to take place at the surface of the core
particles, forimang pravewsriodagsukesepatation chiagira) mippboapRilegat famed ®aCt i ON

nmet hods have1 iEr_oven .to be the nost suitable processes for use in the

agri cul t FAYISHYIRg % Hpervng tha £0ors walgEAdR P8 ipaiscale spntingens phaselns. There are

various F‘glﬁlgﬁ tl%]:jvehml%lfiﬁ% ssd1§&f éﬂcﬁﬂeﬁ I%chlrfsieg Y& §%%S!§€4I§tg.g%ﬂtﬁ%g EIS%L@% ,

interfaci condensati on polynmerization m Croen

mononer s dontnmoud phie} foe cxinhplarts @gtaoatsonp hab@&podt Brolh@ uehiord ReGliBer at the
oil/water_ interface where they react by condensation to formthe

ni cr ocap<dBithe Wksrfacial igagtivacaterotyy s cofe paicyinlas pmulsifind orahispeisedin athe in situ
i nterfaci : i . ri.zatien. reaction,. all of .the [l -formn
nononer s 1%%@%%@%9@%@8&%@ %rflrl?ée&%‘lcﬁi p %@m(%??at&qa@%c.tm?ﬁsecwﬁef\ﬁﬁoi s then °

di sper sedakientlaceait GRBLHAEUTShedce Padic B ABEMHG Mticehpaidsat er and a surface-
active agent. The organic phase is_ disper sed as discrete dr opl ets
t hr oughout t hdngduad welypreaizetionrepetionsmethodmhive pfoveattd ba thewosh an i nter f ace

bet ween i LS. bh droplets. and the surraundi ng conti nuous
aqueous % gasbgé Q%F%%(%gﬂp%%ﬁghe %(#ﬁ@g Jlnnusgfytsfﬁr &5 %Wfﬁf?pﬁﬁag?n ?fﬂe
wal | - f or pesigident Thérahs @AduLlypeer iferfabl ﬁ@&tﬁbﬁ&é&nicﬁfesl BeoRrtgRNdfC- agueous
phase interface may be initiated by heating the enmulsion to a tenperature
bet ween H?fefé%%tco@%es@oﬂ FolymsEzatigomErogsepsyirsion predesh mmiomstsfeom  of t he

pH. The t i ci: ri of.,,.tinme. to.all ow substanti al
Corpl ot 1 Qo oot BRERBolJhalhe 3 sk bR R WD S R iR P or
prepol yniiey reat bprondedsatibreto fofgand Bido@phat allO I§ aRstbéagpLsmsi sting of
solid per rYeabI_e polyner shells enclosing the organic core materials. One
type of PRl¥MSHERQHRACHPR Sk BPitgyiniefagipt eondensaiéonspelymarisaipnkersiion,i n the art

XA 10 g PRSI, RS BT ol HAR. 7. o e

" am nopl @isis"then dispersed into a continuous aqueocus phase comprising water and a surface-
active agent. The organic phase is dispersed as discrete droplets throughout the
5queous phase by means of emulsification, with an interface between the discrete
organic phase dropiets and the surrounding continuous aqueous phase solution being
formed. In situ condensation of the wall-forming materials and curing of the polymers
at the organic-aqueous phase interface may be initiated by heating the emulsion to a
temperature between of about 20° C to about 100° C, optionally with adjustment of the
pH. The heating occurs for a sufficient period of time to allow substantial completion
of in situ condensation of the wall-forming monomers or prepolymers to convert the
organic droplets to capsules consisting of solid permeable polymer shells enclosing
the organic core materials. .

One type of microcapsule prepared by in situ condensétion and known in the

art is exemplified in U.S. patents 4,956,129 and 5,332,584, which are incorporated

herein by reference. These microcapsules, commonly termed “aminoplast”
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3 1 12 DEC 2005 WD 02110}525 PCT/ GB02/ 02744 nicrocapsul es, are 42 QEar#eh by
the self-condensation of etherified urea-formal dehyde resins or '
prepol ymer's VH"WAi ch from about 50 to about 98% of the mefRV (G2 dtps

have been etherified with a C4-Cl0 al cohol (preferably n-butanol). The
prepolymer is added to or included in the organic phase of an oil/water
enul si on. MSEPFapEderd elsPaariay bydhe selécprdspsat cthatifed weadermahdtdydt he acti on

f heat at . H To f th i | . f th
oS O B el )RR AR LR S L1 o
f rom aboufa4@6ed QnabRMtwiPLC, S hlcoMIfhRFGRY n-fbgfbﬂbﬂg%’r% i Styin®r gbout 60C.

Dependi ng on the system the pH value " nay be adj ust n"appropriate
| evel . Faddefe gungodd iothed driganic phsstdfan od/vytbreinuldbn BelfZongeigppsopr i at e.
Anot her type of (r)wl‘izcr ocapsul e prepared by in situ condensation and descri bed

in U S pdithnprenolygst tabes placsupdpioths peticthel saiatigw pEf er ence, is a pol yurea

m crocapsul e (4N, e _af -pol yi.socyvanat e such as
pol yret hyl ene %%ﬁ’;rl%ﬁ%n@%ﬁ%p Esdggsyg?leattefe}m f %&ﬁ%ﬁﬁgﬁﬁlﬁ' gsrnp I(S)?H;/l?eed(r:lté i iuseocyanat e
(TDI) as dfifenwatbdut 2607 31 abguinFCE] plferably fidAeatROIETS0G8665 IEImiokt t hi s

patent, the wall form n% reaction is 1nitiated by heating the emul sion to
an el evatPsrferabhpfaeraabeus 281C ihibomt pB] Gt Depradingsadhasistes. ghopfsalace

hydr ol yz t i/ I. 0 formammnes, which.n. turn react
W th unh?gaﬂeyazé te:ast!())gg{/\g 3{)%}1%% getr}%g%ﬁ(r)meopr"ﬁq({sﬁg%ﬁ S'}E%’émrﬁpﬁ 8Eapsul e

wal | . | naamtjﬁgmpﬁmp@at@f' interfacial polynerization process, as nentioned
above, wall-formng materials are contained in both the organic and
aqueous phaseg\igther Bwe ob pucrotapsuleSuenrared by iveds sondensisionandddscribod  exanpl e,

in US. Pateant, 4 i.n _which.an.isocyanate such as PMPPl i g contained
in the o%gﬁq’cp a%ﬂﬁ%’gsgﬁé)’é“%o%oé?tfegem WS '5€ A QWC’@R@@? arnine is
cont ai neghat mviohes ARULOYSaB&AS Bne fHI9isb¥imate sWE 4s polydiRg@edmt eri al s react at
the interface between the two phases to produce a polyurea mcrocapsul e

- shel | t haelypbenviangsoeyenase (PMERD apd{ast¢lzlene didsopranateddPlasahewall whi ch are

those. tyERwiBf RREE T e sl e B IR Be e SR rentBhes - and or
ot her sujdia&ed Bg hé g a@aihdsish ehansleartd Enijetinse af whRh pei ugt abi | i zers, .
are enployed. These materials, indeed, are enployed in both the processes

for prepipfyigatetgieupsiaeerhyeaglyisdeas thaeil/water inserface hyldroramines, whiek iof t hem or
pr Oducedtu;'x'; PR Qﬁfﬂmlm?olyzcd isocyanate groups to form the polyurea microcapsule
wall. o

In another type of interfacial polymerization process, as mentioned above,
wall-forming materials are contained in both the organic and aqueous phases of the
emulsion. Such a process is described, for example, in U.S. Patent 4,280,833 in
which an isocyanate such as PMPPI is contained in the organic phase and a reactive
amine such as hexamethylenedianﬁne 1s contained in the aqueous phase. The two- -
wall forming materials react at the interface between the two phases to produce a
polyurea microcapsule shell that contains or encloses materials to be encépsulated,
which are themselves contained in the organic phase of the emulsion.

In most of these types of microencapsulation processes, external surfactants
and/or other surface-active agents such as emulsifiers or colloid stabilizers,. are
employed. These materials, indeed, are employed in both the processes for preparing
the microcapsules z;nd in resulting formulations of them or produced from them. The

emulsifier serves to reduce the surface tension between the oil and aqueous phases

while the colloid stabiliser serves to ensure that the particles are kept apart. In the

4




enul sifier serves to reduce the surface tension between the oil 4gngEadiidous
- phases while the colloid stabiliser serves to ensure that the particles
are kept wWoeioi0RH the 4 1 2 DEC 2005 WO 02/ 1(}9S25 PCT/ GBORGBRYdob 14
enul sification process the droplet size is largely controlled by the degree
of applied shear and the type and anount of emulsifier enployed. If there
i s signifiepamifictionpeddetd @8 dplonsies it lageRBshabiddy BOdedrbeo Eh@d d
stabiliser for adsorption to the oil roplet the'collord stabiliser may be
di spl aced sh¢asgad Hig type andasrasnt of sardsiteneneployddoIf theiengsigeifisadte f or mat i on,
enerally the sa olloid stahiliser nust. stabilise a solid particle that
gas pr opel‘:ﬂng‘%t“bq%fetfeg‘?%ﬁwtth‘? 8 'ﬁ‘b@‘?e‘]e%‘F Cf’ﬁ@déﬁa Begr Ylsprogiop e e oil f the
col | oi d syahid:it 13 ! # f e capsul es may
irreversi bl?é}jl tagﬁfoo!r?g g%%ge%g%g bgﬁméé?ﬁ%ﬁ@’?ﬁ@@g&é?@&&e% osed, for

i nst ance, Folowing capwmiefrmatich, deh8ra3ahasanadcolibh, $aflisct pyst gilissiad h the
patents rrer]tg{é)ne‘g %%gt\ge descri bjng n-dcroencapsul ati on processes.

Si mi | ar | ySold pariacie gk pas ropgssarddtierent inera danse phihemtsrting ik diopkst. i dkee f r om t he
m crocaps - O tvpical .m croenca | ation

pr ocesses&gﬁd glﬁgl;l)lgﬁg?g}r% E%%d t “gf%d%ﬁ?%‘@%gi"ﬂﬁ%gh? %aptglﬁlgs RFLELTE S Bhase

(gener al | yedienerat. "‘SoapgibeciiespBigs arsdijoloskd FEOMBLaERS BSU N PagaRS Ul €
suspensi on W || ackaged and sold as such. However, so doing requires

be
the stor a@&“&g%%la‘?dr‘gﬂg?)é  dagedar withdumpatenis ingnticnesd abrvs descritdnger or ot her

liquid. T : chij i.s to.produce a dried niicrocapsule
product (for Séen%éﬁ%fagﬂg?p%?s%%?d{r{g%r%%%rrfgceﬁcflrﬁ %ﬁe)?fsﬁée Qﬁﬁd?‘ﬁﬂ’ capsul e
suspensi ofoymahdothandestb thdwicgicapshiar %H@ianéfﬂé tHRSrodiStsdf tpMEer or in
anot her solid for niagSUCh as tablets, extruded granules, etc. In all these

cases, tHBIHPGNERPSPIAPAN PIOCFHCLIE Pufpeapiens W dhamiceerapiuids imgiteeaqueaust or m a
spr ayabl i k ] sules. In order for the sprayable
?#a?%‘\%g{?ﬂgfrl)p@n%d Jlg%ﬂ% %ﬁ}gﬁpongv&jg? ?OIB? ases tg? capsu

suspensi prepar a po her form of

ni cr ocapsubmension wil be @hetagyding solinad DER Howater! @ dirdvegara Blstgat i al 1y
uniformy effective product when sprayed, it is necessary that t he

ni cr ocapfd@nsporighpn ofsubsfaptigl pmaunty g or otirerdiquigk | Thereffarepanother

sur f ace- j it - or__the addition. of
surface-.g‘gt%ﬂlng eggg) tgdl%%a@ﬁgﬂg‘%g\gl gg??rr @ng?ravap é’gekbyoslprzg‘[‘ﬁg‘f]gé’ﬁr ayi ng
equi prenftfilirsdreing ef theaapsdasuspémionpasdiiph sahtht @hisd prdpasathek Bs a1 | of the
above-nenti oned uses of surface active agents, certain shortcom ngs or

di sadvan_ﬁ’&&’é‘%r Pretf) *BRIREOLd A0y Siclins taHets) axtuded crandes; etscdn allthose  agent nmay
T o FARSARE HALSHONGAT bAGBRIL bERERaMiTL M Bhgld o L DRADT 1O 1T eract

This can occur in enulsion or enul sion Tormati on, of uction or
f or mul at swspendion of the microcapsules. In order for the sprayable suspension (whether
prepared from a powder, granule, or other form of microcapsule) to be relatively
uniform so as to provide a substantially uniformly effective product when sprayed, it
1s necessary that the microcapsules be well dispersible in water.” The inclusion of
surface-active agents in the product as sold, or the addition of surface-active agents to
the applicator’s spray tank or other spraying equipment is often necessary to
accomplish this purpose.
In all of the above-mentioned uses of surface active agents, certain
- shortcomings or disadvantages may appear. A typical one is that a surface active
agent may become disassociated from the particles with which it is meant to interact.
This can occur in emulsion or emulsion formation, or in production or formulation of
microcapsules. In such case, the effectiveness of the surface active agents is
decreased or lost becauge the uniformity of particle size or particle dispersabiiity is not -

attained.




m crocapsul es. In such case, the effectiveness of the surface aqta pecafént s
IS decr%q ,,_lg&z_gost because the uniformty of particle size or E)arti cle
di spersabi ity 15 not attained. 5 12 DEC 2 005 WD 02/ 106<34:B02/6274

PCT/ GB02/ 027- 44 The properties of these surface active agent materials are
determ ned by the conposition and quantity of their hydrophobic and

hydr ophi | i ¢ conéRErRegtes\W dhese syufaceagh vaaesht orpteriaoe detsrmined kednt i nuous

oi | phase dj g i ou ont i, nuo hase, the hydrophobic

omponant SEPBEHSFEhd Mo ARIRG Ry M e R Bl ooy WG e

surface ofthd hemGl6EPBSMPHRYE dRRAREIME bB phile c?babg.fslﬂ%&m I GqueG@yrPONENt s of the
i

surface active agents nust afford colloidal s Ity; thereby preventing
t he di scofphitiveusphssedhe hydrnplapid compaknt gf tnerfacmutive baismand met hods of

preparation of polymerjc surfactants are many and varied. A review of such
et or i al s ARORPGRIEY 7 sk O By dacptipiousghyssathile thepydrapiiin s,

Sur f act aniomGhiRNES B8 dficéd gct&'%?éﬁ?ﬁu@ma coli¥a iy lt%gr%‘);x/ The two

mai n cl asses of polyneric sur%ac ants are those prepar edr 2% drophi lic-
hydr ophobipevbitogkse diacbritinosies pireep foachggonteadg. of hydrophilic arns attached
to a hydropho?hg backbone, and vice versa. Such hydrophobic-hydrophilic
pol yners have eAMpQsiiaeg ang msthqsla oh prepatgrion ghpMyphiic swfactaadsor ption to

o e R Par B2 Srevlel SRSLABESNIC LS ch R WL AT ANE, A Ferid 1 | el

no propensity to inicellise in conti AUOUS %ol yneri c

sur f act anfsfwmynzh SurfactentBeisnod SEyesup, priericPDekier, N RAHED opD), YitRr S or by
polyrerisation in a single step or stepw se manner- For exanpl e bl ock

co- pol ymel"é& Bai classered @olypneric)surfpetants piertboseaurerparasiasi hydropbilicrer i sation  of
firstly h i il ; t.h f
this b QSREHHRRR'fokd dnd BERDBabatldils SRR O PRI s Rl B 681 o and

hydr ophi | hydrophabie biacktt®nefanduiideakdrer. erl:Eﬁﬁ&r@phm&-ﬂmrop@i@ﬁnblyﬁﬁ%aﬁger S can
be nmade by (i) graft polymerisation of hydrophilic nonoiers or
macr onondffEr £r5d aaRpRIPERIco bC amphinbiisn eAdeptionctorthy disemtipfiousisibesepr ocess,

r omonoffER £ c aphRbistc disaitpfousyie
Co- pot ye TERaE e SRR 1B L B o R BB O R <. Pol yrrer

havi ng sicontiawous phisact ant properties to those of graft copolyners can be
made by randﬁggy copol yneri si ng hydrophilic and hydrophobic nononers or
hydr ophi | i c B%?lspfémeﬁ‘ilﬁ%fg%*ﬂ?ﬁ Bayke Pede by motHgingpegviouslyd pr epar ati ve

met hod f PrepAiBli P s 6POP RSy IeA Ml ih ag&%%qge[? 8 stepwise manner. For
example block co-polymers can be made by (i) the controlled stepwise polymerisation
of firstly hydrophobic and secondly hydrophilic monomers, or the reverse of this .
process, or by (1i) coupling together pre-formed hydrophobic and hydrophilic
materials of suitable molecular weight. Graft copolymers can be made by (i) graft
polymerisation of hydrophilic monomers or macromonommers to a hydrophobic
backbone, or the reverse of this process, or by (ii) chemically converting suitable
monomers which have been co-polymerised with hydrophobic or hydrophilic
backbone monomers. Polymers having similar surfactant properties to tﬁose of graft
copolymers can be made by randomly copolymerising hydrophilic and hydrophobic
monomers or hydrophilic macromers and hydrophobic macromers.
The preferred preparative method for any given composition will depend on
the nature and properties of the starting materials. For example, the reactivity ratios
between certain monomers may [imit the amount of a hydrophilic monomer that can

be radically co-polymerised with hydrophobic monomers.




_the nature and properties of the starting materials. For exanpl )2 P& 200
. reactivity ratios between certain nononers may limt the anmount of a
hydr ophi | W® ipiger t hat can be radically co-pol yneri sed wrksBsyda7ephobi c
nononers. 6 12 DEC 2005 WD 02/ 100525 PCT/ CB02/ 02744 Al t hough non-reactive
surfactants/enul sifiers and colloid stabilisers are very w dely used,

formul ati ons -megigndhEIPAd-RESE TEREBElaRlsRnRMTB Hﬁﬁc&ﬂ%i’c?st%iﬁ?éilé’ﬁ@tv s. For
~exanpl e these "conventional' materials are adsorbed to the interface of the

di scont i nwodslypisers éorginhapibys inpdefrgsi thede maattrids sometiores daveadidadvamidgss. cert ai n
ci rcunst ance ulting in caolloid instability.

be d hed, , ther ,
Sur f act ant'$" %Wﬁ@g “’(?gf‘n C?e%'%hpg?%ema%l%% gfféarbpql]g) e iescrofdie material from
the col | oigchgtiddgs ?&gg&‘h@m%@ggﬁpadﬁgm@f & “gﬁﬁgﬁ‘feg{agpl e if the

transported material 1s a ange its physic for exanpl e by
crystal | i zatumstandes chinbe degntbed ibefebp haaing Theollgd Rpabaiy.oSuictaey t ai n
formul ations such as m crocapsul es made by interfacial ol yneri sati on

met hods na¥teeitpE micgHes warpid the ransppe of materiahiten thnagnlgmx@rtbm y affect

bot h proc | : rties. t.k apsul es. I e0V hi gh | evel s of
“free' su??%@ﬁ%{ih@ép&agﬁg ng%f‘&lglr‘? IF ﬁ8?f§%€886§%%§§ Islag’r[fcff’ng to
undesi r abkRange i iph@iabsital fof exdnaple b ickyikdlizhish, AbOM  oflii ARAN PRERITH: MY be

| argely overcome if the surfactants become chemcally or irreversibly
bound to PHEaEPR abeErtain fomeulaiiensemeh atwissoghades madedyantmiptial of t hi s

h i.s.di d.in US. Patent, 5 925_.464. d i bed in that
patent . pBRiyEieRSHEo Rituiel maborg iech ey PP 2ntlierAG bR e sul at f on
process, pifeft @o&tProceQing; HAtNE BdbpertRAloY HRQayANA! #1388 eRhighabyadMme, and

reacts with the isocyanate to |nc_orgor ate pol yuret hane groups into the
mi cr ocaps UFee’ wafaceant mpy ke wasiis off inthe squepascphascieading prwoplesirabls of PVA to be

bound to eﬁ\ﬁl%ngrh%[ 0%?3%%1%‘41%‘8[1. and, as stated in the patent, ::to produce a
uni form | ayér of wat er- 851Ul e pol ymer around each capsul e" which shoul d

fil mform whenTs itede diE4dhan@p@ meRbe BRgDL ARRR0B etiusGt@98 Sednsd M | ar
concept using what is terned "a non- mcellising surfactant” (however, the

only sur f&@epaeailygr dsqvesidy bepndde thesurfacs ofthpdiscontindoud phase advant ageous to

provi de surfac an b ownd .t h ) f, such
‘nricrocapsul esbgé]&;a@%?#ég@\%gwg’&g%nﬁ qgsec SRe! O%‘ﬁhgat?%t%%&gq‘grﬁsdr oplets so
that the degeditalen dat patent 3edlianyli dScdrdl (‘R\&Aﬁ@dtiﬁﬁd&ﬁlhﬁ?'&y uni formy

t hroughout the resulting product or is available relatively uniformy
duri ng t HBIGHSgERSuladen prpeqssy Rrpigrablnenghebternta polisocypatameda processes for

produci n%oﬁ?ﬁnﬁﬁ&%ﬁﬁ) ?éél:t?%ﬂfith the isocyanate to incorporate polyurethane groups into the
~ microcapsule walls. This enables the surface active properties of PVA to be bound to
the microcapsules and, as stated in the patent, “to produce a uniform layer of water-

* soluble polymer around each capsule” which should film form when dried. PCT
application W'O 98/03065 discloses a similar concept using what is termed “a non-
micellising surfactant” (however, the only surfactant disclosed in the text is PVA.)

It would be advantageous to provide surfactants that can become bound to the
surface of such microcapsules or alternatively can become bound to emulsion droplets
so that the surface-active action is maintained relatively uniformly throughout the
resulting product or is available relativély uniformly during the process of preparing
the product, for instance, processes for producing microcapsules.

+ In US 6262152 (Fryd et al) there is disclosed a dispersion of particles such as
pigments in a liquid vehicle in which the solid particle is insoluble wherein the
particles are entrapped in a polymer matrix formed by cross-linking of moieties of a

polymer dispersant having at least one segment soluble in the liquid vehicle and at
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In US 6262152 (Fryd et al) there is disclosed a dispersion of pdrd DEFA®
such as %gﬁg}ugﬁi naliquid vehicle in which the solid particle is

i nsol ubl e I'the particles are entrapped in a pol ynefCHEBPYRHor ned
by cross-linking of noieties of a polyner dispersant having at |east one
segment -soluble in the liquid vehicle and at 7 1 2 DEC 2005 WO 02/ 100625
PCT/ GB92/ Je744n¢ seganenphieolalelg i the liguedyeliitle wharcithwmid ingolublewsepmettehanher ei n
sai d i nsolubl e segment ha the cross linkable noieties. The network or
mat v x or 6 50eS ARETRI B s, IR AR TEk orytR LR Ok PN B o & | o
formed of wigey sstAde eshPus hé'@'f&%gedlﬁg@ ' ef; byl pLgvent the
particle from | eaving thg}%"gorle" forme E%/%g&&sﬂe{}&nggé b#‘ﬁdes w%:(lgrrpl es show
that a reledfectyeily privght thy protdelt from lehvipg kheneore” SormedWyrBepslgnRs.ovidle this

pol yrmer rix Wh'hch urrounds and entraps the particle. SUMVARY OF THE
| NVENTI ON AREWIai ShgWithat prelathyedy bigh nrorastien ehpalyserds rasuisedid predidashisnul si on

conprisin drinli tl 8185&]? _ a_l.iquid discontinuous phase and
an emul si r?ﬁlsr?égﬁ%lgi“%gdhsgﬁoun aﬁp%ﬁﬁ%ﬂﬁggg%rimg " product of (i) a polyneric

stabiliser having a hydrophilic noiety and a hydrophobic noiety and

conprising a plurality of vinylic nononers, not being exclusively of
vinylic esters or of thei rsﬂwm%@gmdﬂé’wﬂ@fq | east some of  which

contain functi e of der.goi n ross-1inking nucl eophilic
or condensati %&%redgﬂcﬁgg%sﬁ g%%ﬁﬂ%e’?% e Pré’dgp%)f’%teﬁén(ﬁ?’é'bé%%‘?ﬁf?&‘&:%nf i nuous
phases of litjhid coffitihciis hasaRAd & lighidodiSeofinfi®s@hedenl aR eaR I sAKsd .t he
i quid di scontinuous phase capable of reacting wth said functi o%al
groups. | fmpantaf thereaeiipapsedistiok kid@ polymeplerstabdiset hayingie bydrophitic nuous phase”
as used N lLiguid di scontinuqus,.phase having a solid

di sper sedH}%Lez# g?dngﬁb fﬁﬁﬁfoéf%rﬁg@ léﬁ‘a“[dﬂcém}pﬁ@ﬁﬁﬁ Wagg’é’%ﬁé‘?ﬁ?d‘&‘?‘%meﬁs’é’ﬁ? tabl e
for use ibeifig exdligtvagoLARAW @tdrob: @Htﬁ@i?ﬁ?droﬁ?étﬁm@&&%,% Iégsttseng drur t her
aspect of the present invention there is provided a process tor the
product i ofyhish caRpiaibluapiiarprlerovs capakle o nidasgoing jropy-bkding ngclesphdlicibrsi on i n
whi ch the,di i tal ne or re .nononers o repol yners
capabl ¢ cioESFAlbh PSS, DGR TnERR R ARG SHAg S ens Rites PRI o be
encapsul admelsiofiiahd (if)osn@on ghofé SbeGABSHiIQS]VRY thdVidid actdinRQhypBEL sation

adj acent to the interface between the discontinuous phase and the _
cont i nuou@PpNa ek regetingwith paid fynsHongligspusisn - one or nore of said nononmers or

prepol ymers i s (£3¢keHal6hod fabhd/ p?l';asgt‘fi&urid discontinuous phase” as used

herein includes a liquid discontinuous phase having a solid dispersed therein.
Emulsions of the invention are particularly suitable for use in a
microencapsulation process. | |
Thus according to a further aspect of the present invention there is proVided a
process for the production of microcapsules which comprises
) preparing an emulsion in which the discontinuous phase contains one or more
monomers or prepolymers capable of forming a microcapsule wall and one or more
materials to be encapsulated,
(i1) forming microcapsules by interfacial polymerisation adjacent to the interface
between the discontinuous phase and the continuous phase of the emulsion, wherein
one or more of said monomers or prepolymers is reacted before and/or after
preparation of the emulsion, with a polymeric stabiliser having 2 hydrophilic moiety
and a hydrophobic moiety and comprising a plurality of vinylic monomers, not being -
exclusively of vinylic esters or of their hydrolysed products, at least some of which

contain functional groups capable of undergoing cross-linking nucleophilic or

8




preparation of the emulsion, with a polymeric stabiliser having12 DEC 2005
hydrophilic noiety and a hydrophobic noiety and conprising a plurality of
vinyl i c nPEYREPE2S not being exclusively of vinylic ester#CoGBotox7hei r
hydrol ysed products, at |east sonme of which contain functional groups
capabl e of undergoi ng cross-1inking nucleophilic or 8 12 DEC 2005 WD

02/ 100525 BdnsI08/r82hbAs mngﬁﬁéfdciaeflthe%@E&s@@ﬁn@&g&tmﬁo&ﬁﬁefs%f?ﬁleof the
di spersed and conti nuous phases of the enulsion wth sai‘'d nononer or

pr epol ymeremulsipnokish eai otineerer or piepolpmby meri ¢ stabilisers for use in this .
invention contain t es .of units: . hydrophaobi ¢ units, which

t hensel ves co.nﬁh?r?? e&?%g?%meriﬁ’?y%ﬁcéﬁ%éég?%gﬁﬂ“%‘?)mr‘il}‘élFlﬁ’ﬁﬁﬁ‘qﬂ! @nigibups whi ch
provi de colh Binds St iifts! A)%Pﬂgo@Bﬁiﬁ%@EErwlﬁ&H (hBfEa196s éo‘fﬁin?ﬁ%?/s@fi%ﬂé gs. The

polyneric stabilisers 1o I'S 1T nventlon genera rise two
types, namdigties;and birhgdraphiiic@palpy vbich podddboitdid sepRlzERma otiEhe pol yneric
stabilisers for use in this invention are conposed of a plurality of

vinyli c mtécereliveqyarerties.  Respolymericrtahilissseior beg vihisdoventivmgdnentlyi onal
groups (" ol nk] ") Whi.ch capa f _undergoing a

nucl eophi Icl&g:lﬁ ?)Sr% t\lvlggﬁlgg%saglﬁqggﬁp é%] ”l‘fg?\c’p\%iﬁ%er%?cg#ﬁgg C‘EROIEIP‘ngs present in a
variety of matehd Iailﬁmsﬂl@btaaﬁiser@if@ﬁﬁ@ﬁﬂﬁi&'iﬁvéﬁ@ibhﬂ@&d&ﬁt@ed@ﬁ%aﬁ?m
prepolymers, or other materials contained in the liquid phase of an

0i | - i n- wabkYindigmenasers.( Fams of thesg apdipensel hedow erantdim fimctional grotips

sur f act ank | b functional grqups.that undergo radical, as
opposed tg)%mgﬁjé{ﬂgg%ﬁﬁﬁﬁé )\é)rghltc:%ﬁragﬁ%ag E’l‘gﬂ'mg%%(?{"igoan%‘%#eo?ﬁ%’%r”éact ions

nent i onedcakiensetidredeactna@Rh doietleh Or bidlisy prasedit of a VAget) WPmBRASeSucBfas an

emul sion (that is, discontinuous and continuous phases, respectively.) The

react i onsMiocgpds Valirferanas praieme ar iprepohiseusde other npddriatsostatnedin ar e

di ssol ved,| : Qi i.scontinuqus phase. DETAI LED DESCRI PTI ON OF THE
| NVENT]I Oc\jfhl?fﬁ}g'h?ﬁ\t}gegr?ﬁ?gﬁ Océjlﬁltné‘f’ g %r%lgs‘a%e@s V@ﬁ@??%%%?%?r@ré{tabi li sers.
These poduyfaetaits hatiapidact ¢ AineOfap pdup L@l indRrgd rallicAK h§pBEQURS that react

wth noieties on certain other materials so as to bind the surfactant to
t hese nmtBclegphilic prcopdensation sercien) Therepstionsindnsioned gheostakemlage & general |y

organi c npp i r | s, that are used.to prepare
polyrer i o ier eansiT 6 EhAds gf P SRS (oL Seqtonut PSPHIER her 10 the
dropl et s mscshrespemivedy. pITHe reddiohd duestidntthiRgplat£HAB 2PHPLARs of OF bot h) . The
reactive polyneric stabilisers of the present invention nmay be either

random grPDIREELHaY drdissolyed by e kaeigsiscoRiatueus phasei t her case they contain
YO ophobi ¢ uni {5 Wi TSR B TEEAR A0 O oUpe. and al o

contain
The invention entails the use of reactive polymeric stabilisers. These

polymeric $tabilisers contain reactive or linking groups that react with moieties on
certain other materials so as to bind the surfactant to these materials. In one
embediment the materials in question are generally organic monomers or resins or
prepolymers that are used to prepare polymeric microcapsules. Thé surfactants can
ultimately bind either to the droplets of the emulsion or to the resulting microcapsules
(or both). The reactive polymeric stabilisers of the present invention may be either
random graft copolymers or block copolymers. In either case they contain
hydrophobic units which themselves contain cross-linking groups, and also contain
hydrophilic groups, which provide emulsion-stabilizing properties. The random graft
copolymers have a hydrophobic “backbone” and hydrophiiic “arms” whereas the
block copolymers have hydrophobic and hydrophilic groﬁps in which the hydrophobic

group contains the cross-linking element.




hydrophi | i ¢ groups, which provide emul sion-stabilizing propertid DFRSWD
random graft copol yners have a hydrophobi ¢ "backbone" and hydrophilic
"arms” whEEHEYR bl ock copol ymers have hydrophobi c and 6‘5'3'& Ftc
groups in which the hydrophobic group contains the cross-I|inking el enent.
9 12 DE C 205 WO 02/ 100525 PCT/ CB02/ 02744 The reactive polyneric

sur fact ant s f orThegeadtine phiynpriesorfactanty Entusoin thapreseritiaventiomoiag coid@n one
type of nononer capabl e of under goi cross-|inki reaction. _For

exanpl e FHOBORE! PRAIES GHyoRenG FRRPIE ot HUSHOMG Lias CaPHREIFA ONaEr d

cont ai nin i f I e
copol ymergexma %gg?rr% ioggﬁé}f)gﬁxlcﬁy r%ge{)ﬁgn C%“?‘gg%ﬁ%%ﬁ?g%@ﬁﬁi ni ng
nmonomer s suekomss suth Bx anPkanples 2helfand 2d bdowol yespolymsdraihial ic6@pssef or use in
this invention may be nmade as known in the art either by nodifying

pr evi ous| yosh Byheed anbeafherdicaeidgoniigag Bropemets suel ahin Ixempleld zation in a
single st Qr in a stepw se nmanner. The reactive polyneric surfactants for
use in this invention, both randomgraft copolynmers and bl ock copol yners,
nmay be representegolynciidecdbAisaty @ nbdid P hivesidiomay bamadd ayeig in
“Hydrophile", when present, is. the residue of a hydrophilic initiator

group; R the ®tgithgr Rp mediyingdupanasdy prepared pelymetsorl by produstian Hyrdrgbphi | i ¢
noiety; L i Sl m)ti et.x Sc:orllt ati ni ng1 a_cross-1linking group; Y is a hydrophobic
moi ety; t ROXFAFHRIGHNE ST FI6ROT B HYEPYE" B4%ET the val ue of f is from 0.05
to 0.4 and the val ugh@tea8tivépdly Rl shacktsToOBse M ehis ihRnged, bagt ant is a
random graft copolynmer, the units e, f and g are randomy distributed and
when t he sandvacgralhtopalymensiapd blasspopyiymeisomay be wipreshated by therfotrguli: and g are
contained in a hydrophobic block and the units e are contained in a
hydrophilic block. . The expression "the units e, f and g" as used above

i ndi cates the noieti eg in quare yrackets preceding the subscripts e, f
and g respectively injthe above foinmula. Each unit e, f and g is derived

froma co i hg wilnyli o] nd, as noted above, each unit type
e, f and yfr@@% rent nononers. Wien Rl, R and R2
respectively are hydrogen, rel egdt nono 0i_s amsacryl ate or styryl
type nononmer and when R, R and R2 respectivgﬁf/rg} thyl, the rel evant

nmononmer ~is a nethacrylate type nonomer. Methacryl ate nononers are
general ly preferred. A ) ) '
where “Hydrophile”, when present, is the residue of a hydrophilic initiator group; R1,
R and R2 are independently H or methyl; X is a hydrophilic moiety; L is a moiety
containing a cross-linking group; Y is a hydrophobic moiety; the value of e is from

0.005 to 0.35; the value of f is from 0.05 to 0.4 and the value of gis from 0.10 to 0.90

When the surfactant is a random graft copolymer, the units e, f and g are
randomly distributed and when the surfactant is a block copolymer or in which the
units f and g are contained in a hydrophobic block and the units e are contaiped in a
hydrophilic block.

| The expression “the units e, f and g” as used above indicates the moieties in
square brackets preceding the subscripts ¢, f and g respectively in the above formula.
Each unit e, { and g is derived Vfrom a corresponding vinylic monomer and, as noted
above, each unit type e, f and g may comprise one or more different monomers. When
R1, R and R2 respectively are hydrogen, the relevant monomer is an acrylate or styryl
type monomer and when R1, R and R2 respectively are methyl, the relevant monomer

is a methacrylate type monomer. Methacrylate monomers are generally preferred. A
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10 12 DE c 2005 WDO002/ 100525 PCT/ GBO2/ 02744 styrene type rmnoma‘r1Z,t'.iEJs‘Zfz!]‘i‘5

- for exanple in unit e) has RlL as H and X as a phenyl derivative. The

val ues ofw@,i2ficigeid g are determ ned essentially by the ratineseiothe
nmononers reacting to formthe units e, f and g respectively. If a
hydrophilic initiator is used, the polymer will start with a hydrophilic
group desitgnaé Be nidadaRP Usk®] for BxdihP i€ udit efhdsHOl &Y Wﬁfa?@tb'hhﬁ Initiator
has the formula Il Il wherein Ais a group such as bromine S hat under
certain cémbitivons, such as in the presence of a transition netal conpl ex,

may be acti vat such that vinylic nonoper units are inserted into the
car bon- A bond @ﬂ"d‘“’;“f’isg& ftr@fjr&&?dif@i‘\}lé%wéwlwby&ﬂ ratigy oftbe 1t will be
appr eci at p - el is joined with one or
nore of trﬁgmfjdri:?}%;é&gﬁn {eO(rjllegn{@%gtgg’re]fn%ﬁl%fegpééih%&'ock copol yner- The units e
are random y Ifadydiophiliednitintonis eesd) teqRaynieewill Jidre #ithamyghmehi | i c
initiator is used it wll be appreciated that the reactive polyneric
sur f act arFOYRsEnaisd “Podranhie” mFignre | Adypicadfhadrophbilic hritiatonhdssherul a (1): (i)
t he grouqoﬁ”%’\lﬁﬂderived fromone or nore nononers which is a nmethacryl ate
derivative ( en RL is nethyl and the derivative function is -X) or is an

acrylate derivative [(when Ry is hydrogen and the derivative function is
-X) or is a styrene der@\ww n R is hydrogen and X i s phenyl
iC

substituted with the [@dr opt iety) wherein said derivative carries a
hydrophilic noiety selected from-S03-, polyethylene glycol optionally
end- capped with Cl - al ky@ - CooH salt thereof; carboxybetaine; and

r q
sul f obet gjHagsin & YL Sabl. - NER33C- . . where R3 .is Hor Cl-C4
al kyl or - SRin B AUl p ARt ‘i%%@%‘mﬁ’&?}‘&&ﬂ%‘? BB 4 (i) the
group f pesderiofedrahsidon oreal complex andOROsERTvatcwRidH thas/ iRy FBhoReIY! at e
derivative (when Ris nethyl and the derivative functionis -L) or is an

acryl at e"HHF VREFGEINERE 521R0R-& BRI a5 enisarmaetbony-prdyatidenamydolinct i on is -L)
or 1s a sioheMEwill be appreciated that the group “Hydrophile” in Figure I is joined with

one or more of the units e when e is present in a di-block copolymer. The units e are
randomly distributed in a comb copolymer.
If a non hydrophilic initiator is used it will be appreciated that the reactive

polymeric surfactant takes the formula 1A

Ri ™ R U

1A

Itis preferred that in formula (T):

(1) the group e is derived from one or more monomers which is a methacrylate
derivative (when R1 is methyl and the derivative function is -X) or is an alcrylate
derivative (when R1 is hydrogen and the derivative function is -X) or is a styrene
derivative (when R1 is hydrogen and X is phenyl substituted with the hydrophilic
moiety) wherein said derivative carries a hydrophilic moiety selected from ~SOj5’,
polyethyiene glycol optionaily end-capped with C1-C4 alkyl; -COOH or a salt
thereof; carboxybetaine; and sulfobetaine; a quaternary ammonium salt —N+R33C'

where R’ is H or C1-C4 alkyl or -CH,CH,0H
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derivative (when R is hydrogen and L is phenyl substituted by tHe& DEC 2008
cross-1linkin gr_oyp) wherein said derivative carries a cross-1linking group
sel ect ed ‘f"Pdﬁ{’-‘b%r, including for exanple propyl ene gl ycolPCT/GA Y Here A is
hydrogen or Cl-C4 alkyl; and -COOH or a salt thereof; and (iii) the group
g is derived fromone or .nore nononers which is a nethacrylate derivative
(when R2 is nme(iythe grapptitiedeéredyienm: ore drumote ropndigers Whiohris & siethacryler y at e
derivative_(.when i §.hydrogen, and the derivative function is -Y) or is a
Styrene. dSFPUREF oBReRRNHREST S B dotEin BT Bh o Tnahi ngtiana | ¥

substi t ut geriRyiva } -el i 0. det ] vati i.,S or carries
a hydr ophobi c mfvg?irﬁREﬁF%%?%gQ{n%ﬁ%d%%ﬁ%@% ﬂ@?%) g&éﬁ,@%.sﬁ% ferein nis
from 3 t od@dvativEOvhen Ros yshrogeyl andd. iglphanll subsGaXMEd By W@@f(%is-ﬂiﬂlﬁﬂ% $roapfl- C12

al kyl group, cyclcg&%l‘}/l, group, al k}{l cycl oal kyl group, aral kyl group or

al kyl aryl ‘@F*@Hﬁm WagrRFBrIhe FoshiiEdang gepupasieded frgnkyPHgineluding for i s
popect alt Vil Sl DRboll NREAWhG e A S 1J8llgtFe: £ LTLRTE 88 .CBOR o2 11

2- (N, N- D aedlhgtbredF, (a2d met hacr yl oxyet hyl ) amoni un) et hanoic acid, wherein Rl
is methyl and -X has the fornula oho N+ CO02- Quat DMAENA:

2- (Tri net hyl anfilivdhe §rgudt iy Iderreedhiaemng pemost mopomersvdiich iRa i s met hyl and X

has the f i - is.a suitab i.on. sych as. halide, f
exarpl o | el iRt Bies S S milthd 35 Bt domseR i asiminoz vaa 0 o
Haf ~ DMVARBAatbataistbic (hef N, H—l?di’@v%h M4 - deRrvafiRt f*ﬁﬁ&:idd iQXY)?@H]%;L )

anmoni unm) propyl - sul phoni ¢ aci erein Rl is nethyl and as the

fornul a NAWRKderkvative OefianrRsia hydrogemandnia iy phengl ertiodaliydvbstfuedBY ai s net hyl
oS, e S R TS TR R ULy et et
: selected from —CO-O-(-Si(CH;3)>0-)s.H wherein n is from 3 to 20; -CO-O-
polypropylene glycol; -CO-O-A wherein A is a Cy-Cyp alkyl group, cycloaklyl group,
alkylcycloalkyl group, aralkyl group or alkylaryl group; and -CONHB wherein B js a
Cg‘-clz alkyl group.
It is especially preferred that the unit e is derived from one or more of the
following monomers:- | |
DMMAEA betaine*: 2-(N,N-Dimethy!-N-(2-methacryloxyethyl) ammonium)ethanoic

acid, wherein R1 is methyl and —X has the formula

A

0~ 0

/TH
CO,-

QuatDMAEMA: 2-(Tnmethylammonium)ethyl methacrylate salt ;
wherein R1 is methyl and -X has the formula wherein Hal™ is a suitable anion such as

halide, for example iodide or chloride
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CO2H PEGVA: Mono- met hoxy pol yet hyl ene gl ycol ) mono- met hacryl at 42 DE@Pn
- R is nethyl and -X has the fornmula wherein n indicates the average degree
of pol yrwenes@szon of the pol yet hyl ene gl ycol chain and p@ricppigaldy from
5to 75 13 1 2 DEC 2005 WO 02/ 100525 PCT/ CB02/ 02744 OHO Me n SSA:
Styrene-4-sul fonic acid; wherein R is hydrogen and -X has the fornula It
is preferred;that the unit f is derived fromone or nore of the foll ow ng
nononers: AE 2- Am noet hyl methacrylate wherein Ris nmethyl and L is the
group NH2O 2- Hydr oxyet hyl nmethacrylate, wherein Ris nethyl and L is
t he group ©ho NaMAA* wherein Ris nethyl and L is the group OO0
MACES*: wherein R is nethyl and L is the group 14 ZDOS 12 :DEC WO
02/ 100525 PCTI GBOR2/ 02744 0-5:~ 0 00 CO2H PPGQVA*; Pol ypropyl ene gl ycol)
nmono- net hacryl at e +wherein Ris methyl and L is the group wherein n
i ndi cat es t.Haaldegtlee of pol ynmeri sati on of the propylene glycol and is
preferably from5 to 50 00 Y H

DMMAPSA betaine: 3-(N,N-Dimethyl-N-(2-methacryloxyethyl) ammonium)propyl-

sulphonic acid, wherein R1 is methyl and —X has the formula

S0,-
NaMAA*, the sodiuvm salt of methacrylic acid, wherein R1 is methyl and —X has the
formula

MAOES* mono-2-(Methacryloyloxy)ethyl succinate wherein R1 is methyl and —X has

the fox_'mula

|

O O

CO,H

PEGMA: Mono-methoxy poly(ethylene glycol) mono-methacrylate; wherein R1 is
methyl and —X has the formula wherein n indicates the average degree of

polymerisation of the polyethylene glycol chain and is typically from 5 to 75

13




'n It is preferred that the unit g is derived fromone or nore ¢f2 DEe 2605
follow ng nononers: nethyl nmethacrylate wherein Ris nethyl and Y is the
group: PDVBNME1M58} y( di et hyl si | oxane) nono-net hacryl ate, PEHICEEEPIZ4HIth an
.average nol ecular weight of 1000 wherein Ris nethyl and Y is the group O
Or .Si . Y, 2 H PPGWA*; Poly(propylene glycol) nono-nethacryl ate wherein
Ris nmethyl and L is the group wherein n indicates the degree of
polynerisapéig of the propylene glycol and is preferably from5 to 50. In
general agy {jvely greater chain length is preferred in order to provide
t he necessary dr ophobi ¢ character. 15 12 OE C 2095 WD 021100525

PC. T/ GB021027 It will be noted that certain nononers (marked with an
asterisk) occur ijn nore than one group and for exanple have hydrophilic
groups X that may)if desired be used to provide cross linking (i.e. may

al so act as a nnkéﬁweL). For exanple salts of carboxylic acids may be used
for stabilisationg when the nononers bearing -CO , X groups are
incorporated into the hydrophilic part of the surfactant. Free carboxylic
aci ds mayShouelyenetfeswi®ai dcst cross-1i nki ng using aziridine or carbodiinide

chem stry, . whe h noner arij,ng the.--CO2H groups woul d be
incorpora?gﬁﬁvﬂ$ ”%Pﬂ§%ﬁ9aP%5%§%fhmgs 'ﬁﬁf the surfactant. Clearly if -COZH
is used for cross-linking it cannot be used for stabilisation. Wiere two
different grjoups in the surfactant are capable of reacting in the cross

| i nki ng chefigry, but have very different reactivity it 1is possible to
use the | § bactive group for stabilisation eg carboxylates in the

hydr ophi | e.apd’ hydroxyls in the hydrophobe sections. One skilled in the art
is readily fable to select the conditions such that a given group undergoes
a cross-linkgmg reaction or alternative conditions such that it does not.
Further exanpl®s of nondiarsefahiedthacan vhiz fusédivied ffodi Bhdidi hore@t teand
provi de correspondi ng values of RL and X) include 4-vinyl benzyl trinethyl
amoni um'BhPBHEFRIOBIE nor phol i noet hyl , 2- met hacr yl oxyet hyl phosphonat e

AEMA: 2-Aminoethyl methacrylate wherein R is methyl and L is the group

A

O O

NH

2

HEMA: 2-Hydroxyethyl methacrylate, wherein R is methyl and L is the group

A

O O

OH
NaMAA™ wherein R is methyl and L is the group

A

MAOES#*: wherein R is methyl and L is the group

o o

14




met hacryl ate, 2-acryl am do-2-net hyl propane sul phoni c aci d. HﬂirkﬂnéﬁéWﬁle
. of nononers which can be used to formunit 'T" (and provide corresponding
val ues ofwil @ndoskjy include 2-nethoxy-4-vinyl phenol, 4-vinptbgmoyh27ial cohol
4-vi nyl phenol , 2, 6-di hydr oxynet hyl - 4- net hoxyst yrene, 3, 5-di net hoxy- 4-

hydr oxystyrene, 2-hydroxy-3-nethacryl oxypropyl trimethyl amoni um chloride,
3- chl oro-2- hydroxypropyl nethacrylate, 3-hydroxypropyl nethacryl ate,

2- hydr oxy- 3- |phenoxypropyl nethacryl ate, diethylene glycol

nono- et h te, 2,3 di hydroxypropyl nethacryl ate, 2-methacryl oxyet hyl

gl ucosi de,”sorfyitol nethacrylate, caprolactone 2-nethacryl oxyethyl ester,
4- hydr oxybut yl thacryl ate, 2- hydroxypropyl nethacrylate, 4-am nostyrene,
2- (i-so-propyl am mo) et hyl styrene, 4-N 16 12 DEC Zoos WO 02/ 100525

PCTI CB02/ 02744 (vinyl benzyl ) am nobutyric acid,

3-(N-styryl net hyl= noet hyl am no) - propyl tri met hyoxysil ane
hydr ochl ori de, N-(34nethacryl oxy-2-hydroxypropyl)-3- an
nopropyl tri et hoxysi kane, 4-vinyl benzoic acid, 4-((3-

Met hacryl oxy) propoxy) denzoi ¢ acid, nono- (2-(Methaciyl oxy)ethyl)phthal ate.
Furt her exanple of no S which can be used to formunit "g" (and
provi de correspondi ng va ues of R2 and Y) include acrylate (R2=H) or

met hacryl R~ ivatives erein i S and .s al kyl,
cycloalky??ég@gﬁ%?ﬁﬁég%y%Fggﬁﬁ?ﬁhgwgﬁ%t Tﬁﬁﬁ%fﬁ?ﬁ%?ﬁd§§ﬁg??myﬁhﬁi esters,
vinyl hal ggensup whatéianEn@icaepitcQRglct bf folpfletibatioR @f SHelpr e figcongtided above,
Formula (1) describes both random graft copol ynmer stabil’isers and bl ock
copol yner i prefensblyfrgnafte S8opol yner stabilisers useful in this invention
have a hydrthobic backbone and hydrophilic "arnms."™ A typical structure is

illustrated pel ow which includes a polynmethyl nethacryl ate backbone
containin hoxy- pol yet hyl ene gl ycol nethacryl ate and hydroxyet hyl
nmet hacryl at e ieties. This structure is illustrated as Fornula 1|1
FORMULA (I11) is structure, Z is a hydrophilic group such as

met hoxy- PEG i n fch PEG (polyethylene glycol) stands for a nunmber of
ethyl ene oxide upits (C2H4O q. Z may alternatively be derived froma
nmononer whi ch is,aﬁ@ther (meth)acrylate ester or functionalised

(et h) acrylam de gerivative that contains a hydrophilic group such as a
sul phonate, for exanple 2-acryl am do-2-net hyl propane sul phoni c aci d.

M xtures of df sypsieedrtiat tlesmitlpals ds@etd from one or more of the following

TNONOMErs:

methyl methacrylate wherein R is methyl and Y is the group:

A

PDMSMA: Poly(dimethylsiloxane) mono-methacrylate, typically with an average

o) o”CHS

molecular weight of 1000 wherein R is methyl and Y is the group
O)\%
Si
Y
12
H
PPGMA¥*; Poly(propylene glycol} mono-methacrylate wherein R is-methyl and L is
the group wherein n indicates the degree of polymerisation of the propylene glycol and
is preferably from 5 to 50. In general a relatively greater chain length is preferved in

order to provide the neceésary hydrophobic character.

ek
Lh




L in the above structure is a cross-linking group such as - CCRCH2HEOPB | n
t he nononmer bydroxyethyl (neth)acrylate (where RHor M). L ma

al t er nat iW@I“;"rX"‘B%P derived froma nononer which is another Pf-ﬁ‘@@ﬂ%’&%?r‘tll ate
ester or functionalised (neth)acrylarnide derivative containing a
cross-linking group such as found in N-(2- hydroxyl propyl) nethacryl anzi de
or a substituyted styryl derivative that contains a 17 12 4E C 2006 WD

02/ 100525 PCJ1GB0214274-1 cross-linking group such as SH or OH or NHA in

which A i sgHydgpgen or Cl-Ca alkyl, illustrated by the structure
- C6H4- CH2NH2. val ues of in, ranges fromabout 0.05 to 0.35 and
preferably O. .30, the values of n range fromO0.13 to 0.90 and

preferably fromO0, 50 to-0- 80, and the values of p range fromO0.02 to 0.35
and preferably frpm 0.02 to 0.20. The polyners are randomgraft (conb)
copol yners becaus® Hhe units indicated as in, it, and p can be distributed
in any order in the chain of the nolecule. It will be appreciated that the
noieties -CO-Z faormthe hgdrophi lic "arns" of the random graft- copol yners

and the remai K bertoted thajcaitaip anenpaiespiiosked Wik Rbasiaiskhpeaur Hl ®elecont ai ns
an rem ! s 7 ; Pty Lo
o SToss Ly TASS) 3o 4 WO PSS AR B 1)

a nore specl e nononers T above in

respect ofo grovidbkoss linkind Gleeinfay alsolrasasan meRE0IOX Wor 8kdnsl wilg ogfay be used to
provide the relevant group -CO-Z in fornula (I11). In general, random graft
copol ymer earbeiylig geidp may e $s¢hipe plabibinationn when Breapenosers tngring pCOaK net hods of

! _ rpeieb Beatian viben | 7o ds o
Theoe. moURONE ThERGHRRE) Byl o PRAERR et hACGR: Ryes SR "ronomer <

to a hydrgadohhehdaskboesedfof dibsst iekifiL¥ehS &ialing bpeLSSliidOr (C) by
chem cal ly converting suitable nononers that have been copol ynerised with
hy dr ophobfhemBaek Fhae theonerasmess baaping vig <sCHN izrmyps venldde isenrpeated mto

' [ e | - b ndom
Coporyrer neRgoRIERR! P8 e oRE BRI E el IEATo b RN e et noa

of prepar@uhéibefiRed for\tabiliationg Maidre Bo 8iffrdn@Erdt@POl MEBirfackint hredepend on the
nature and properties of the starting materials. For exanple, the
reacti vi tSAPaRle poEsagingiedhe @ess lakingiwaners buliave ivaividifferantapestinity if a

oy 90| RO (D R0 L SRR IRELOR 1 4 T optobt
pr epar at i iydraphile ashBydioryls MGhe Bypdropigdkisectiod) Oné QKRB in the art is readily
able to select the conditions such that a given group undergoes a cross-linking reaction
~ or alternative conditions such that it does not.

. Further examples of monomers which can be used to form unit “e” (and
provide corresponding values of R1 and X) include 4-vinylbenzyl trimethyl
ammonium chloride, 2-N-morpholinoethyl, 2-metbacryloxyethylphosphonate
methaérylatc, 2-acrylamido-2-methylpropane sulphonic acid.

Further example of monomers which can be used to form unit “f” (and provide
corresponding values of R and L) include 2-methoxy-4-vinylphenol, 4—v'inylbcnzy1

‘alcohol, 4-vinylphenol, 2,6-dihydroxymethyl-4-methoxystyrene, 3,5-dimethoxy-4-
hydroxystyrene, 2-hydroxy-3-methacryloxypropyl trimethyl ammonium chioride, 3-
chloro-2-hydroxypropyl methacrylate, 3—hydt0xypropyl methacrylate, 2-hydroxy-3-
phenoxypropyl methacrylate, diethylene glycol mono-methacrylate, 2,3-
dihydroxypropyl methacrylate, 2-methacryloxyethyl giucoside, sorbitol methacrylate,
caprolactbne 2-methacryloxyethyl ester, 4-hydroxybutyl methacrylate, 2-

hydroxypropyl methacrylate, 4-aminostyrene, 2-(iso-propylamino)ethylstyrene, 4-N-

16




. Preferred bl ock copolyners for use in the present invention afe BEAE®Psed
. of a hydrophilic A block, which in turn is conprised of a hydrophile
and/ or hwdop optuokisc nononer(s) (-CH2CR X-), that is adj oi MB8UGB®@/ATH

hydr ophobi ¢ B bl ock which is conprised of randomy copol yneri sed

hydr ophobi ¢ nononer(s) (-CHzCR2Y-) and | 18 1 2 DEC 2005 WD 02/ 100525
PCT/ G BO2ARTdkdzgh@ssobiithd 2094, B0iN-Stytyl ERSHE GRlindethyTieing)-are il lustrated as
Formul a vvﬁgch ?Qﬁgl no)[;}e speciefi cy\flyersi on of forr?ul a ()I). FORMULA (TV)
The hydr qphpylimahpdgeikanehydivehivride, ¥« dmethrerydoxyrdbhedrazypoepstis3-whi ch - upon

pol ynerisatjon and.then optignally further chem cal nodification afford

wat er - S&WP@IOQBFWEW?&%HERQWBH%GWQ& ifi‘FLt4é@£" hydrophile" in Formula (IV)
has the sgag, W@rﬁ. Nl i Oy : ) and
represents t ag re iﬂgﬂaeﬁg)fbg}éil&ﬁéﬁﬁgégn% {%F@E‘F‘ﬁﬁ?‘é’%@&ﬁ@@@ﬁhg‘?{ﬁ; tiator. The
mononer s may bPBurdier Bemphosi aon@nas wikgh cdachepnad toi fumh wnivfg'nggadt i vel y char ged

but, as part_  of the surfactant conpasition, should not react with the
wal | - f or Ay despEesparding Yalyaseotdia angi Yringlade arrylae BerHprimgibacrdple to be

enpl oyed. Il n : | I j t d e from
about o, AReortBELTRRYEAL AR LY, COTR SRR i, ERBuR IS PROE 190 05

t o about alka¥dl, angoly@iedienatxyné); oimybéytit, Vi halogerdbaitendoiptpdlypbout 0. 75
to about 0.95, respectively. The value of c is preferably selected so as

t o bal anéebstibtcHyplF@shobi city of the surfactant with the reactivity of the
cross-linking group; .a preferred range f ps from ut O .. 0. 25.
i ts o and o 41 o8 pRaPEErBbE I 0Ms vl Andsin bLfTopBR R el

subscri ptagd ®léktofolyRERE Ruh¥éth Brafc espolyra stdbdisbydisemhiplthis ibaakbone of the
bl ock copolyner surfactants and are, for exanple, derived fromacrylate or
met hacr ybave a ydrophghis/hackhangandhwdropbilict “agms.f ¢ bipiel YAEhIre Bay be an

acryl ate. = aor_nethacryl ate =gt h ' I i rein Y is COOR,

and’ R 1 < L @il BRI ED Gl e e wfpolE HBLRST {

det er m negethdre/-poIdEiRRRRRIRL! thebiackylits abhjdrotyetiye methat §Liambietied-Or

instance, if Y is COR2C8H17 and R2 is hydrogen or nethyl, this unit of the

sur f act adfisstiycuse isibbysjrated @p Sermwiadll | f, on the other hand, Y is COOCH3 and

R2 is hydrogen, the unit is |less hydrophobic. If dis a styryl unit (i.e.,

Y is phenyl and R2 is hydrogen) the unit will be very hydrophobic. 19
FORMULA (1)

Me MeOEC R

In this structure, Z is a hydrophilic group such as methoxy-PEG in which PEG
(polyethylene glycol) stands for a number of ethylene oxide units (CoHaO)q. Z may
alternatively be derived from a monomer which is another (meth)acrylate ester or
functionalised (meth)acrylamide derivative that contains a hydrophilic group such as a
sulphonate, for example 2-acrylamido-2-methylpropane sulphonic acid. Mixtures of
groups Z may also be used. ' '

L in the above stfucture is a cross-linking group such as -CO,CH,CH,0H, in
the monomer hydroxyethyl (meth)acrylate (where R = H or Me). L may alternatively
be derived from a monomer which is-another (meth)acrylate ester or functionalised
(meth)acrylamide derivative containing a cross-linking group such as found in N-(2-

hydroxylpropyl) methacrylamide or a substituted styryl derivative that contains a

| ¥)




12 DEC 2005 WD (}2/1{} 0525 PCT/ GB02/ 02744 Group ¢ contains cros4-2 DEkiZH8
groups within the noiety L and branching groups R (which _are usually
hydr ogen if "ﬁ@‘t"ﬁﬁ ). Cross-linking groups within the noi Ef"@/q?“%ﬁ”e?“ '
preferably functional groups of esters that are capable of reacting with
the wall-form ng agents used in mcrocapsul e production such as

i socyanat égQSS@ﬂgglg.grwyﬁ@phgs Flon s pr HF&F wrabich Avis hydragereor Gi-Eealkyli ve

gr oups su%ﬂjs?r?tseagjzthé ﬁlu'ilj&:eurc%sﬁé%d%ﬁ%lgg\ where A is hydrogen or Cl1-C4 al kyl.

Preferred uni inc from the nononers hydroxyet hyl

methacryl ate (Rhe vaReOYl m, tanges GIRChESTR@ 10 0.350R 36D (A4 @ (R, = et hyl,
L = -C®2H), ( nono-2-(nethacryl oyl oxy)ethyl succinate (R = nethyl. L w

COOCHZ CH2 theCahsid? nr@@eHyom 6. 3 20 890rmod phaferablydtdmat 59 kad 0 Kdtheret hyl , L =
COOCH2CH2NH2) . drophi | i ¢c. uni copprising_block a are _preferably

net hacryl é{?qgg%‘t’fl%@f‘ﬁgggm OaQ%Lj]tc’tdés Pﬂﬁrﬁtﬂﬁ‘?ﬁl frpm Oa(l](?gﬁocﬂu%p- gptli'éﬂ?(ﬂé@mﬁ%t hoxy- PEG
Goup X i Vi il i . : t i

2 (171 ot Ry Al B B BRI, brale i MpBiilhcfi®a hIA n/dha p can be

2- (N, N- di ditribptedNn (iBy oelehmahy blmily ef thylnolacai@nit wil ot hgprediste@ iatthe3- (N, N-

di met hyl - N- ( 2- net hacryl oxyet hyl % ,ar‘[rmni,ung)zﬁr opyl - sul phoni c acid or

st yr ene- 4mowies ol (2 denmythp hydrophilic | amms oo theradomsrdpernelymrp perhite  aci d
i
€

CPAPS 1 LERRhe Bl coff R py bR ORN A OPUASEL S L AL g U5 11

the a blo inter a yl'ene” oxi
pol y(acr yhmajeaide)., pol y(vinyl pyrrolidone) ("PVP'), poly(nethyl vinyl
ether). PEO and PVP cannat be used in_fornul ations containing polyacids

that form conplt &l degpprsciand that forpada GHals agpegsecciliqfrsmyd| Fpmsvle (hay have

| i near or res: 0X th)acryl ate,
pol y(vi nyffn%gp%cgﬁ%w,%%gﬁ%}(s teetH %w‘é%ﬁirgsrf%%g%ﬁﬁ%ﬁ@%g@% “@*ﬁ% %I)ne) ycont ain
react i ve @risoxgbsthhiaire wiylbd usebotprovité tHesokyanatap R iaJomhosgnysed in

pol yurea m croencapsul ati on processes and are not preferred for
construction of the a block. Exanples of negatively charged nonomers that

may be incl udeg J l.ude. i . alia those nmade.from
(salts of) acrqgﬁcge%{g?%?onr%%%%%qﬁ% ag(li,ﬂj,%m[gg?%lp g‘%il{rt%f)l)?% %9158%‘?% ic acid,
mono- 2- ( risttipicalhetibaxof)pedpasihg &been Raidem gaft voplyhaizaifacagsdr 1 taconic
acid, vinyl sulphgonic_acid, 2-s hoet hyl mnet hacryl ate, 2-

acryl am dgnBaReEGMsr Speiiancshnds E’Efﬁ?‘ée spivy sraihvpedymegsition of bydrephelis ul phoni ¢
e R e
bet ween tchemicahipwewerting swithtily aemplrees (A& have been copolymerised with
_ hydrophobic backbone monomers. Polymers having similar surfactant properties to
those of graft copolymers can be made by randomly copolymerising hydrophilic and
hydrophobic monomers.
- The preferred method of preparation for any given graft or similar copolymer
will depend on the nature and properties of the starting materials. For example, the
reactivity ratios between certain monomers may limit the amount of a hydrophilic
monomer that can be radically copolymerised with hydrophobic backboﬁc MONOMmers,
Some novel amphipathic graft copolymers and methods of preparation are
shown in PCT application WO 96/00251.
Preferred block copolymers for use in the present invention are comprised of a
hydrophilic A block, which in turn is comprised of a hydrophile and/or hydrophilic
monomer(s) (-CH,CR'X-), that is adjoined to a hydrophobic B block which is

comprised of randomly copolymerised hydrophobic monomer(s) (—CHzCR2Y-) and
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1 2 DEC 2005 WD 02/ 100525 PCT/ GB02/ 02744 acid coul d be used as dtbﬁﬁcﬂ%nt
of the hydrophobic sections of these surfactants since it would be present
i n conparw azedoyszk ower anmounts. Exanpl es of positively chacgerbosopaqer s
that may be included in these polyners include inter alia those nmade from
di al I yl di met hyl amonium salts, quaternary salts of dinethyl am noet hyl

et hacr y| ks ARMAEWR)s a0t OfCRLITPHLLERDIARLDY bs AGIMIATE wiliGs hydr ophobi ¢
B bl ock may be nade from one or rore nonomers that upon polymerisation

af ford a watrespdacifecterbreoifotmyute(I)t hat may be strongly adsorbed to the
surface of the discontinuous phase. Exanples of suitable nononers include
inter- alia acrylate esters, niethacrylate esters, vinyl esters, vinyl

hal ogens, styrene or optionally sHMNMULALEVEStyrenes. The cross-1inking
units may be co-polynerised at a desired nole ratio with the nononers of

t he hydrophobic B bl ock. Typical ratios vary fromtwo to ten units of

hydr ophobi ¢ nononer§ to one CrossylTNKINg UNT TS, The chogen rati o depends
on the nolecular weights and on i I'i c-hydrophobi c bal ance of the
hydr ophobi ¢ and cr psgydrbptkiel the cross-Ilinkers
depends on the chem $try of syrfactant and the
conponents contained within or ase. The
cross-linking grouplon_the reactive polyneric surfactant|reacts with a
subst ance di ssol ved inhW#PPLﬁﬁhia"Hi§E6ntL gRPHSse (the reaction
partner). In the process for the production of mcrocapsules, the reaction
partner will beg the no r _pr.epol r which is to formthe

m crocapsul e V\EP‘T by dA?rI'R‘gH{}? i’io(‘}ﬁ rga?y qeﬁ@a%‘:rng‘%‘@ﬁf‘e Of ORI Y b e v er

i nvol ve aypindfilyh@RagorPdndikid icﬁaﬂ%ﬁﬁ%ﬂep&dﬁﬁ&ﬂ pelasticling Q¥ Ryak? the

| i quid di sconti’nuous phase and capable of reacting wth the cross-Iinking
group orsoluide pelaweisy dhp gioppelesignated flachephile” bffoymalag3¥) hastke sgnehemi stri es
are known. For exanple when the cross-. linking noiety L termnates in a
hydr oxyl BraR §1EVRARPT R T5saHo KRR ST B M EsidierEammy have as
their Corzﬁ@tﬁﬁﬁjﬂﬁioﬁmlfy%@%lyd@)_ kR, fife BRI EmbPRCH AR hEnioBR R mayO"
epoxi de. When the cross-Tinking noiety L termnates I1n an am ne reactive
group, dwinoshivelyrasaegatively shanepé by, pnparheftbe agfactiet comprsitespaibuld) react i ve

group for_ exanpl i SO nat e, acet.oacetoxy,. al dehyde, acryl ate,
vi nyl sul &Hﬁﬁ%@ﬁﬁh 55 (f%%_mwéﬂa s Hb&%é’?-"i’lfbn‘ﬁﬁi‘ﬁgy “é‘lgﬁta SpEtRi%at es in
an aci d reagéyede group, suitable reaction partners nmay have as their

correspondi ng reactive group for exanple isocyanate, aziridine and
In the above Formula IV, values for units a and b range from about 0.3 to

about 0.7, and the values for ¢ and d range from about 0.05 to about 0.35 and 7
preferably from about 0.05 to about 0.25 and about 0.75 to about 0.95, respectively.
The value olf.c is preferably selected so as to balance the hydrophobicity of the
surfactant with the reactivity of the cross-linking group; a preferred range for ¢ is from
about 0.1 to 0.25. Units ¢ and d (i.e. the vnit within the square brackets before the
subécripts ¢ and 4 respectively) comprise the hydrophobic backbone of the block
copolymer surfactants and are, for example, derived from acrylate or mefhacrylate or
styryl structures. Unit d, for instance, may be an acrylate (R;=H) or methacrylate
(Ry=methyl) derivative wherein Y is COOR, and R is alkyl, cycloalkyl, aralkyl or
alkaryl. The choice for Y determines the hydrophobicity of this unit of the surfactant.
For instance, if Y is CO,CgH;7 andng is hydrogen or methyl, this unit of the
surfactant will be very hydrophobic. If, on the other hand, Y is COOCHj3 and R, is
hydrogen, the unit is less hydrophobic. If d is a styryl unit (i.e., Y is phenyl and R; is
hydrogen) the unit will be very hydrophobic.
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21 1 2 OE C 2005 WD 02/ 100525 PCT/ GB02/ 02744 carbodii nide. Pref ¢gry paC 2005
dross-1inking/ partner conbinations of this invention include

hydr oxyl -Wé)dgﬁ}é{%‘&t’e, am ne-i socyanate and aci d- car bodi i m ®ET/GHE/2744
cross-linking group or groups may react with one or nore reaction partners
contained in the discontinuous phase. The reaction partner may contain nore

than type of f @rotip onahiaigs oes-ligiapgBlcRps ittt gadiag [BdGkireRing t h the
reactive cross- |inking groups on the poli/mari c surfactant. The
di scont i n8IIPp RSdhicthgre aFupdly bydrogemor methybakaess-linking glonpsovithiedlet with t he

-1inkinp t fact ant .but i,ch t | [ bl f
Chtert act S0tk PR B Rey Rnchii 2505 op fetben il cablER Poi iectidh el esol ved
i the |1 giehliorRaR igpHR\Sed imhﬁfc?ocaﬁgqxw@%@ﬁammcﬁagi%éﬂﬁ% L egotion to

(b) the renai nder of the conponents of e di sconti nuous et er mi nes
t he nat ur énkifig ghoeips ésprtferably tenbienteac reaktisd groopsisieh aAtOH 01861, eROE e - t he

structurewgﬁ% Be a fl] ms‘%/ gol_éme network that maintains the integrity of
the disco HEES 4 850 PRE g - ab TedFTasL N RisiieRudsrtbosedissverh barri er
when sepagaiefe odfhde ' D A 1 DHRNE f spraying
and dry- ofown ?hg com@@%}éétgﬂqyﬁggﬁgé%oﬁi r?jtijéc?)ﬁt?g ﬂf)hase aqu%cﬁﬁqwlggi ately

rel eased. méthaanghit heid (Fexteghyd, It A e CELHIOT mbRo-Qaynefizomiodxg)etighpust and
substantial barrier such as that in_mcrocapsules that slowy rel eases the

conponent ¥CePAERR. HRSHFhtl 7 (AQCHH RO GRERRCHh e COaHingr dtamipeathylspr ayed and
dried. T | MEDE fr L FaIniSy @ function of a nunber of
factors pﬁ%@é‘%ﬁ%&é Q{ﬁé%t%%?@k]ﬁég?(g?% gzlgg?)r'i er, the particle size, the

concentration dgipttbplitic ofits doeysishgttasdkes hegifeh®ly mahaeylhe siheuayt si de of
the capsule and the perneability of the substance through the barrier. It
will be ARgdhehrdrephiiaisagroupsyeh aswathpry-PES. dptoupRals praferabiyfaect i veness of

the barri : ' : 1 ed, Ny paraneters...The nature
of the i nt?g'r[ agfcg[ﬁon%ﬁf%rc ?{g%/a%ln% 1 ﬁéeﬁmg}e%? ee g’f—'ﬂ]&??tggs@?tﬁaﬁﬂ I%ta 1%1& “a ver y
si gni f i cantN, pFdieathyl N (Yeranatyldgahyl anihéniba)diemioracayBdrinnes indicate
general ipterfacial structures. At ratios of about 3 wt % and bel ow of

i nt er f acidimedyi-Neomethagiyloryethy) ampogiuaplsrmnyhsenboinaddor guaer-4t | y
hysi cal | ; ' i |t i bout 8 wt % and
Pove: culiHEe s 2-RoREm L hBIS SR onl A RS BP0 Of “Thi o

above substanti a
i nvention ar e Hxadplésyyfivemdrispluble dondortidpaliptheleduimable 66 vsoirethe adilgdk nat eri al

to disconti &yous pkk?se. M crocapsul es of this invention are nade typically
with | OatBside: fiHieretfa eriictidene axide) { PEQ R, prlytashtamidelrolytiant . The

unct) crahistadly Hiaue o) e, FLOSFLIGS, St LojRug P ase o
sui t abl y feguddtidne containing polyacids that form complexes with their functional groups.
The polymers may have linear or comb structures. Polymers such as polyethoxy
(meth)acrylate, poly(vinyl alcohdl), poly({ethylene imine), and poly(vinylamine)
contain reactive groups that would react with isocyanates such as those used in
polyurea microencapsulation processes and are not preferred for construction of the a
block.

Examples of negatively charged monomers that may be included in these
polymers include inter alia those made from (salts of) acrylic acid, methacrylic acid,
beta-carboxyethylacrylic acid, mono-2-(methacryloyloxy)ethyl succinate, 4-
vinylbenzoic acid, itaconic acid, vinyl sulphonic acid, 2-sulphoethyl methacrylate, 2- |
acrylamido-2-methylpropane sulphonic acidl (AMPS), and 4-styrene sulphonic acid.

Note that polyacrylic acid is not preferred to be used in combination with methoxy-

PEG backbones since association will occur between them. However, (meth)acrylic
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or greater than two. The invention is not limted by the structreD6C e
_ substance | 22 12DEC215 WO 02/ 100525 PCT/ GB02/ 02744 provided that the

subst ancewiosizrie@ds | y sol ubl e in the discontinuous phase apgrigastS.yy W th
t he cross-1linking groups. Thus for exanple in one enbodi ment of this :
i nvention, when the discontinuous phase contains isocyanates, the

cross-| i nkj; r i functi.enal roups.capabl e of
reacting \?ﬁbl{aﬁjoglg%g;@g%cg%ﬂé %ﬁ%@%ﬁb&gﬁ% rl:r%i/ho grseué%r%%bes% rfagtlﬁ‘E@ti t ut ed)

am no, hydinexjtlwouldbopresint Grachoparhtivetenexshodind am no groups are
preferred. Pripary and secondary am no groups are nost suitable. Tertiary
ani no groups nhEyABRlEsPlBesifivdy ghasgedanorearsrs basmbyibe tholuded inukesal |y f or m

stable r i.on duct.s.,. Wien no th one functional group X is present
the gr oupg%ﬁ% 18@@%@%5%% Sedf“fc#ag‘foé‘h&.naﬂﬂg%‘?tpgri’ém\_‘?xﬁ”’tlwnisé%yanat es are
i1l ustrat 3@&&@5@ shigd Miﬂﬁn@udfﬁnoézﬁﬁ%‘f%ﬁﬁcﬁaate@pgﬁlf&’q‘m%g%gups may be

i ntroduced using for exanple nono-2- (cethac oxXYy) | succi nate,

acryl i ¢ adimethyleninacthyll dccylatei d, bet a- car boxyet hyl acrylic acid,

4-vinyl benzoi c.acid and, it nic agi d. Enhanced adsorption to the

oi | -water int eTgcaI&ycéilr?Pg‘S?b{feg §&F rﬂﬂyﬁ?ﬁ%ﬁe@m R PgoreHeonSmer sthaiipabove t he
pKa of t hgsla@kshatibn Sfford HwhiRE; f | fravors wat er lybility, and
t hen redukgti)jrg:l‘gl:l taﬁeanmto be[{goév&te hlgleﬁ)%%?%%&ga%&?m } gﬁsoﬁ?ﬂﬁﬁo duce wat er
sol ubi | i t surfaGaelibx discantbsiods phaadixavipldd of SOiCpRNALESMER ifcRideiivXgt

anhydri des that rapidly f' i mnate carbon dioxide with the formation of

car boxy| | FTHRF Geiers. RiGErIate extprsy vinyl piRiSCamddRiggens, siyr@enFRpHoua Hydr oxy|

gr oups negﬁbgﬁugegg(y%gg_ed usi ng hydroxet hyl nethacrylate, N-(2-
hydr oxypr opyl ) met hacryl am de, or pol y(ethylene glycol)" nonoethacryl ate.

A no  groups Teycrdss-linkinguahisanaytei cogolymerisad et Hydsir® hivREadb a8 the
hyrochl ori de, N-(3- i hopr qpyl ) net hacryl ani i de hydrochl ori de or
7 (For t - GO $e RAFPD R S Pickirfies VA oo todehrairofio gr oups
et e pINRRgh Rl T SABRE R e LILBESHIPILE TR P, o
R CH - - 3 iRNpODr @dightyamt biathe Hyidrophijie- iRNGPhabiRbMNance VRO MbiRbLEr ea | i nkage
n 2 furt gt SIRadhIERs Ofnd B Sh) e AL S, O ot 0587 |1 ki ng
cross-linking between the surfactant and the components contained within or on the
discontinuous phase.
The cross-linking group on the reactive polymeric surfactant reacts with a
substance dissolved in the liquid discontinuous phase (the reaction partner). In the
process for the production of microcapsules, the reaction partner will be the monomer
or prepolymer which is to form the microcapsule wall. An emulsion of the present
invention may however involve a wider range of suitable reaction partners dissolved
in the liquid discontinuous phase and capable of reéctihg with the éross-linking' group
on the reactive polymeric surfactant.
Many cross-linking chemistries are known. For example when the cross-
linking moiety L terminates in a hydroxyl or thiol reactive group, suitable reaction
partners may have as their corresponding reactive group for example isocyanate, ester
or epoxide. When the cross-linking moiety L terminates in an amine reactive group,
suitable reaction partners may have as their conésponjng reactive group for example
isocyanate, acetoacetoxy, aldehyde, acrylate, vinylsalphone and epoxide. When the

cross-linking moiety L terminates in an acid reactive group, suitable reaction partners

may have as their corresponding reactive group for example isocyanate, aziridine and
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groups may be altered, or cross-linking groups may- be introduced ppEC 2000
post-reaction of 23 12 D E C 2005 WD 02/ 100-525 PCT/ GB02/ 02744 the

copol ymer WORB/10@RANnpl e, carboxylic groups may be inlinat e®GTE-BraRe7 4
polyinline conbs. -CO2H + ethyleneimne - -CO2-[ CHRCH2NH],-H Am ne groups
react wth isocyanates in the manner described above. The reactivity of the
f unct i onalcagtoaliimitd. Prefdrd dreRdinkingy/garinef targicant bethisineedion wtludh t he
surfactant is bound to the reactants in/on the discontinuous phase. For
exanmpl e, ivdegryhifoeENYGFNEBE-ISpCYngter anshack-¢asqdEMigE-t h ani nes than with

al cohol's or acjds, In a further embodi nent of the invention, the polyneric
surfactant may kéﬁenc’[r%s’ls"r%m 46 & Ot s%ﬁ%%%%“u‘ﬁ%%tQ”cltzlalpoélﬁloé Ise Feeagﬁ?q ng wwth a
coupl i ng a@ANErs\WBhEied B tBE Hﬁ%ntﬁzﬁaé@?ﬁﬁé PetrédcRod Pttt SR oS0l | "phase
or added through the agueous phase after formation of the oil-in-water
enul si on dhah whepEfunttmnalduedp, ageale dEumlesgvingapadiios vafh the eeastivegrosd-t h

I socyanate. in the oil phase. This_apprqach requires that the reactive
ur T 2t antins FPuben o BeR 0 e T iscTiNeRT LA BRAYHRD SIERE | on of
the coupl isfGtaRQe Mt chHt%éa‘cf WREHOnas-Balifd Qbﬂﬁssonsege Buds &t oul QRichvai | abl e
from Aveci a Neo Resl ns structural fornul@a shown below, m=3) may be used

as a couplhansehge nte capable @fdnttrfachpoipmsrisationd ncor porated into the polynmeric

surfactant. Aziridines_react with isocyanates and .w fh carboxy groups in
Cheir froe aci dlbiings Geressphpartes sl lﬂfgeﬂ%u. ¥RPBBAT ni des) such

as Cx- 300l ok ferk SIAUIAUBEIA [DRORPR] BF ENmaBertT96: Soinfo kAR NO_agent

when aci d nononers a the cross-I1nking groups. eacti on between
the aci d seddisdvaticaou @hask ibgemings demaaunt obtha lrtsyltinglineyfacial onrasell At i n
three types of products as illustrated below. The N-acyl urea and urea.

product s 8PeCeXEimpine sttyre mayde iRy ipaymrayCHe hiPat BRIpEERS 6 ¢ wo
carboxyli ﬁ]t@éﬁtg df t_h'e d?s%ori't&uQEstl?aQQ B the formulation but which provides no barrier

when separated from the continuous phase. In this instance, after spraying and dry-
down the components of the discontinuous phase are immediately released. At another
extreme the structure may provide a robust and substantial barrier such as that in

| niicrocapsules that slowly releases the components of the discontinuous phase when
the formulation is sprayed and dried. The effectiveness of the barrier is a function of a
number of factors including the thickness of the barrier, the particle size, the
concentration gradient of the substance from the inside to the outside of the capsule
and the permeability of the substance through the barrier. It will be apparent to those
practised in the art that the effectiveness of the barrier may be widely varied by
varying these parameters. The nature of the interfacial material and the degree of
cross-linking has a very significant effect. In general however the following guidelines
indicate general interfacial structures. At ratios of about 3 wt% and below of
interfacial structure (wall) to the discontinuous phase, generally physically weak and
poor barriers result. At ratios of about 8 wt% and above substantial barriers may be
obtained. Stable emulsions of this invention are made typically with 4wt% and below
of interfacial material to discontinuous phase. Microcapsules of this invention are
made typically with 10wt% of interfacial material to the discontinuous phase.

The functionality of the substance dissolved in the discontinuous phase and

capable of reécting with the cross-linking groups on the surfactants is suitabiy equal to

or greater than two. The invention is not limited by the structure of the substance
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WO 02/ 10062-5 -N=C =NR 4 O 0 0 ~KNANH uok H HOOC- | -N N-R PCYZBeER/8R744
- Block copolyners may be prepared by those nethods typically used for’

prepar at iveo opfvestich materials today. These tend to invol vieceGbiar7dsi vi ng
anionic or group transfer polynerization. Preparative conditions for these
met hods are very denmanding, for exanple, the need for |ow tenperatures,

the use YroliBR LAY HokunARMLY! RUS1OQNARLPRR:AlinBXA! SR iy bk, Teagent .

| n addi ti‘on, e use o ction nononmers often re r oynment of

protecti ngitlgt}mwoﬁhﬁm:ggmupsRecently t he advent of a new procedure, atom
transfer radical polynerisation (ATRP) provides a systemallow ng control
over the bl ockIsHpoOSIAMMMInARg embRgimLnt o Ifsmﬁ%tq%dw e 1] erant to nononer

type [styr.ene [ at | v tQ yr.it he presence
of water (fl%';r?&u?‘hoéls&fggse %m aLPr‘?c?OCg%n%l thies lé"f“f’égﬁo oéxsm%lgtonero}eqw re

pr ot ect i GRéAeREQIBER 4r8Bpsda m@bfﬂéactmavfwﬁsb hter TaadkoYbUME n tfoxATRP Is
descri bed . by Coca % E? |g J Pol ynx Sci : P?F’P A Pol ;?lgyn efhz Vol

1417- 1424:@&@&8)& (subBHRtedpinoys bydiuyl, }hlmrucazbmymm&roxylsmd@mcexed W| t h
l'i gands (often bi dent at to forma "CuX 2 lex, . ogenat ed
et ofSOUR GO Py Rull SR SRS By el S e bl
activat esnflgs BRfbs RAY LRIy s@ﬂa«&ﬁﬁa&mnaﬁgebutrabtnba&@m R¥mistamsfer of the
hal ogen end §roups as shovvn I'n Schene 1." Schene %’he fol |l ow ng

st r uct ur esadtion phetucis| Wish mate pmhymeflmetxonallgs@pl)ﬁxapresnt uhvgmupmmay 2 ; 1 2

DEC 2005 V\D 0211005 G BQ2/ 02744 FORMULA In fo R2,

Y, ¢ andY§ h%?ﬁé“etq’f %‘FP%?QP’FC(S‘%ZS gt é?PCﬁWS@&%@Q? ed ?%%B%B% geé‘\FQ"f he poI ymer

- of forrmlﬂ,.,J }Qé and Z is a hydrophilic group such as nethoxy- PEG For

exanpl e the hydrophilic segment containing [Z-OCOCMe2-J may have Z as
Carboxylic groups may be introduced using for example mono-2-

(methacryloyloxy)ethyl succinate, acrylic acid, methacrylic acid, beta-
carboxyethylacrylic acid, 4-vinylbenzoic acid and itaconic acid. Enhanced adsorption
to the oil-water interface may be accomplished by forming the emulsion above the
'pKa of the acid, i.e., in the salt form, which favors water solubility, and then reducing
the pH to below the pKa of the acid, which will reduce water solubility.
Carboxylic acids react with isocyanates to form mixed anhydrides that rapidly

eliminate carbon dioxide with the formation of carboxylic amides:

RNCO + R'CO,H — [RNHCOOCOR'] — R!CONHR + CO,

Hydroxyl groups may be introduced using hydroxethyl methacrylate, N-(2-
hydroxypropyl)methacrylamide, or poly(ethylene glycol), monoethacrylate. Amino
groups may be introduced using 2-aminoethyl methacrylate hyrochloride, N-(3-
aminopropyl)methacrylamide hydrochloride or 2-(tert-butylamino)ethyl methacrylate.
Thiol, hydroxyl and amino groups react with isocyanates to form respectively

thiocarbamate, urethane, and urea linkages:

RNCO +R'SH — RNHCO-S-R'  thiocarbamate linkage
RNCO +R'OH — RNHCO-O-R'  urethane linkage
RNCO +R'NH — RNHCO-N-R! urea linkage

In a further embodiment of the invention, the nature of the cross-linking

groups may be altered, or cross-linking groups may be introduced by post-reaction of
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met hoxy- PEG of Mw 350- 10000, preferably 350-4000. Polynmers of the pygp&id
illustrated by Formula V are given in Exanples 3a and 4b where the '

hydr ophi | Y€ "zgg‘lj‘ﬁt\nt is provided by a nethoxy poly(ethyl eRES{GRIGIF7H

macroi nitiator (ZO2CCMe2-). In exanple 3a the unit ¢ is MACES and the unit
Dis MMA. In exanple 4b the unit ¢ is HEMA and the unit d is MVA. The

hydr ophobitke sxpglyewt. Hoossampiengubdxghy @vRred mayrhy ibmatidrigeke polyimisd  nononer s
selected fromacrylates (R2 = H Y = -CO2A where Ais a Cl1-Cl2 optionally
substi t ut &@™¥dr ocar byl noiety): methacrylates (R2 = Me, Y = - CORA where A

is a Cl-Cl12 optionall L . r eeariy i /tr, al kyl acryl am des
(R = Hor M, Y = %@aﬁgiﬁeg&gﬁ?@% %&%g@;ﬁ%%up); styryl (R2 = H
or Me, Y ArpieRitupOreactSiilisisbtyiinges phadtlahner descrie@aBovd. ki ng uni t (s)

-[CH2CLR] - may be for exanple single or mxed nononers selected from
am ne functi ondhe raeldrieref By bmctenad genp vidietha jaocyaaaisasilydngesthpyatoehl ori de,

N- ( 3- i I t I i hyd hl i d 2-.(tert-butyl i t hyl
et hacry1 St BEt AR R E LA iR SR B Gl SR Eihac o1 ar de.
hydr oxet hykadiBb eyl sQypiAtyiehd LalchYAseRevit] MEREY than WoMOSEIMARIY! at e

carboxylic nmononers suchas acrylic acid, nmethacrylic acid, beta-
car boxyet hgiiaicryl i ¢ aci d, 4-vinyl benzoic acid, itaconic acid or imnated

derivatives of these nonopgers ce. polyneri sed. nonqners such as gl yci dyl
(et by acr y1 at oG TOE SRRy i B Ay e Ep Do FUECb A <P Bbs. by
reaction Mdas-nmﬁ% 8X20RaBle P kaLAT WIS c%:z?&?g chYwRIcRiE&ifRe Cross-1inking

units for Formula TV/V include am he functional nmononers such as
2- am noet byritaetdraithiv it discdnyidnaxyoipnenersided dirogh the agieGuigse Mir02/ 100525

PCT/ GB02H12744 as2- Hydr.oxyet hyl net hacryl ate, po et hyl ene col)n
Tonost hac k1AL Sk HYIAE: SIS ik U adlhAsSt FHoRaem €51 by) et hy!
succi nateea-st% h{j@@- EoihheE iR le®il Jsd TRisGPRa0h rSAITEs @k hbReapRVe bl ock
copol yme_rrs t egr(ﬁy rop%%l i(lz A-cbl oﬂckS mal§I3 gg iant ?eglguce@ froi ala
macr o- i ni irkcant iefrraefdiblg dosid wahe piginitrigoe bafdry adtliti@0OCMe 2BrHlinghi ch i s
extended with appropriate anounts of hydrophobic (CH2=CR2Y) and

cross-|i n%’eﬁb. (CH2=CRL) rononers. Alternatively, or in addition to the
above, the inifR Rihcidpi eriiRYs ARh Bbexa1 0Py SrabRiftdniQtdia IRY RREine hail n
extended wth a hydrophilic nonomer (CH2=CRj X) to generate the A-block and
t hence wi fstyuctural formula shown below, m=3) may be used as a coupling agent when acid

MONOMIErs are incorporated into the polymeric surfactant. Aziridines react with

isocyanates and with carboxy groups in their free acid but not salt forms.

- OH

CX-100

Poly(Carbodiimides) such as CX-300 available from Avecia NeoResins may
be used as a coupling agent when acid monomers are used as the cross-linking groups.
Reaction between the acid and the carbodiimide is conventionally Believed to result in
three types of products as illustrated below. The N-acyl urea and urea products are

stable while the anhydride may be hydrolysed to two carboxylic acids.
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appropriate amunts of hydrophobic (CH2=CR2Y) and cross-|inki ng 4(ZbieeCb)
nononmers to generate the B-block (or alternatively the groups CH2=CRLX,
CH2=CR2Y, wand4d32-=CRL may be randomly copol ynerised to fois@,g[;@{,(;z-m
copolynmers). FORMJLA (VI) The hydrophilic nmoiety [Z-OCOCMe2- CH2CR X-1 may
have Z as a C-C3 al kyl or nethoxy-PEG group. The vinylic nonomers
(CH2=CR1X) giving rise to the hydrophilic unit(s) maybe single or m xed
nononer s seTec—tved:r\f—mm i nt emoa:bi—a{ met hoxy- PEG (neth)acryl ate, acryl am de,
vinyl pyrrolidone, 2-sulphoethyl mnethacrylate, 2-

acryl am do- 2- et hyl pr opane sul phoni c acid, 4-styrene sul phonic acid,
quaternary salts of dinrethylam noethyl nethacryl ate (DMAEMA) and of

“di met hyl amtoe® hyl achyI e or MA at acid pHs. Preferred nonomers
i ncl ude n?, et hacryl ate i odi de,
2- (N, N-di cry oxyet hyl ) ammoni um et hanoi ¢ aci d,

3-(N, N-di rret yI N-(2 rret hacryl oxyet byl ) ammoni um pr opyl - sul phom c acid or
styrene-4-sul fgpick c@ﬁdlﬁncr-{%yh%%?@@%@ﬁh@ﬁ&ﬁ&h@&%%%sed pRy be single or
m xed nmonomers sel ected fromthe abové list. The Cross-linking unit(s)

- [ CH2CLR] prepagtidyeofsuplyinateanls todaye T hamriend tsinselve eitieat livingrantdne above | st .
Opti mum total nol ecu:lar Welght and | 27 f?iOOS 12 DEC 02110Ua2-i

PCT/ GBCR/ H2R FaRH RODFREIZ8F0M: HE R EYeoBf o fu (Pasg pe4hads 2 YeFY depend on
the nat urgnof itide fdPRRANBIE She ARG femokmn%ﬁdny s, RO Edr b 0951?' oyed in the
process. Ml ecufar wei ghts I n general 'l range from a]i) 1,000 to about
20, 000. %ﬁ@onedaln@tmﬂldmxmqymareamgdmm vie eddisibouhe bseQ@Gudctioadiout

20, 000. The cross:|Iinki nE? ups are incor orate at less than 100% | evel
i nto t he BORGULE gHen rogpices ﬁ@ﬁ?ﬁ;}ﬂ%& HRERSAE 2049 CHEBRATY20 ol e % of t he

hydr ophobi ¢ b flogly thza&véa%pé fev? brdcb@urP ¥R F ePHd &fﬁcﬂﬂherma{;bn det erm ne

the mediumin which it can be nmade and used. Thi range from nonpol ar
sol vent s (ASIRH) pasvidesl aesygtenitnllowgly qualral owwltheetibsk @umﬂmsamnwaﬂ gmgthhhi | e

surfacta s hayi solubilit n both the |sc ntj nuous _.phase and t he
conti nuo é‘@ggsr @?fé%ntf%w&m%frtyz%%&'fw d; (@efipiac ?icdiﬁ“%’r"’rg%]g?’ant s whi ch

have i mﬁuﬁ@y $OIHrdskhok dfmz&é}earmhg SOt i RIS meiaaﬁ@rs Bftch HR GBy adsor b

strongly ‘at the interface of the discontinuous phase are
require protection/deprotection chemistry.

One systemlfor carrying out ATRP is described by Coca et al in J Polym Sci:
Part A Polym Chem, Vol 36, 1417-1424 (1998) “ATRP employs a Cu(I) halide, which
1s complexed with ligands (often bidentate), to form a “CuX/2L.” complex. '
Halogenated initiators are used for polymerisation. The Cu(l) complex reversibly -
activates dormant polymer chains (and the initiator) by transfer of the halogen end

groups as shown in Scheme 1.”

P-X + Cul)/oL ———=_ P. 4 Cul)X/oL

monomer

Scheme 1

The following structures further illustrat polymers for use in this invention.




preferred. Hydrophob| c nmononers described as CH2=CRY units above agherahi n
general strongly to the discontinuous phase. Mt hyl netlaacrylate 'S
sui t abl y wopgrieghdbi c, while butyl acylate and styrene ar @CaxGHI2itHe

hydr ophobi.c. The polyners for use in this invention provide the

i ntroduction of controlled structures that have advantages. Such polyners
made by controlled radical 5_Tyner|saljon gergeral 'yl have | ower

pol ydi spersities than jconparab{e pol yners nad by clonventional radical

met hods. The control thusgn ni | ow nol ecul ar wei ght
tail. The strength of {gSor o +an agueous

di sconti nuous phase degpends lon t he nufber R2hydrop obic units in the
surfactant that are avallaKDe1%NhydhmMﬁmﬂ@n Assuni ng conpar abl e
conposition over the n ' nmol ecul ar wei ght chains

wi |l have relatively nore such ngﬁégnits and will stand to bind

nore strongly than | ow nol ecul ar ins. For the m ni mum ef fective
ratio of surfagt Aptul0VdiiS ROREI VUOHR PRARSHd &%m g;frm&mwnd

material in the continuous phase is thus mnims then” m nim ses or
renmoves metspedtal thehmiyrcauwf dorasda @) ami Piies hydrophlhhgrd@tsmﬂiﬁkmttbexyr ng. This
approach Igrow des several benefits: écTh bound surfact ant will| be

di fficul t 'EG- GoRgesapleitye @ff%ﬂi’pénifcrsgﬁmeﬂ antaiipg beOPCMse ] iy derg £atious
hase, of a

Iron cfocapsﬁﬁ%{l{dk ?{q(%?ﬁm“&rﬂ%%qog% f/ér?&n%rgg@)ggﬂ hlgcﬁy Itn? ‘5.02:‘%& eeof t he

sur f act anilluvachtd by a?nﬂnlﬂaab:hegmehm Exanpreaﬁamﬂaiwhabuﬁd hyfdesphiliat i ons.  (2)

A sel ected charge within the surfactant poly may be bound onto the
i nterfac eseafneph@ pEPddeshby 3BGEopR aglé(ethﬁHFrscgéﬁaB In%?ém?rl&ll“?‘ﬁ’é (Z@1Edeati on, for

Farm o S I SHRCIEN QRO A R LAUAPE Bk B T o0 o

char ged ois HEM@r adsie wiit Hiin MMa. bound surfactant could be reacted with a
nononer, oli gorrer or polymer added._ through the, continuous phase, In this

way a barrier ROBYGraRfIoPEICaTBY PR YECHE SIS Tt mdy br sgle gsmised t hat may
pe a |1 dubfh iU Shifted AOBPAFIAG! (R DRI Y.LlEOMIGRA% & JELLOGARRILE.  Thus,

in preparation o sta SIO s or of mcrocaps es vl at pr sses
ment i onedsuabtitued ttyﬂmcmb/ymerety)smﬂmcf@mdsl R*soieyiat -G@JAWheae oy isdi sper si bl e

in the i nuous e which in npst c is the aqueous phase. In such
pr ocesses‘g {:F?éJP(S’PFa W“feérhYﬁ'iOE?era’ﬁ 1%’63(1(5‘1317&25’&1 nggl §?é@nt ains the
material ¢ benenpapmid 8led c.ang alife ). HRNIMITL MR & Lphedyt offl sper sed

in water using the reactive po yme present invent
enul si on sapgitbedphend). t he substance capabl e of reacting

The cross-linking unit(s) -[CH,;CLR]- may be for example single or mixed
monomers selected from:-
¢ amine functional monomers such as 2-aminoethyl methacrylate hyrochloride, N-(3-
aminopropyl)methacrylamide hydrochloride, 2-(tert-butylamino)ethyl methacrylate
» hydroxy monomers such as N-(2-hydroxypropyl)methacrylamide, hydroxethyl
methacrylate, or poly(ethylene glycol), monoethacrylate
» carboxylic monomers such as acrylic acid, methacryiic acid, beta-
carboxyethylacrylic acid, 4-vinylbenzoic acid, itaconic acid or iminated derivatives
of these monomers once polymerised.
¢ monomers such as glycidyl (meth)acrylate which can be converted to reactive
functional groups by reaction with, for example, alkylamines
Especially preferred cross-linking units for Formula IV/V include amine

functional monomers such as 2-aminoethylmethacrylate; hydroxy monomers such
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with the cross-linking groups will simlarly be contained in th€12idgcptl]ﬂ'ﬁe
which will generally also contain an active ingredient such as an’

agr ochem @@ soa@bd2ve i ngredient  which nay be dissol ved orpg{ﬁm%ﬁg in the
liquid oil phase. The surfactant is thus in intimte contact t fhe oi |
interface. The reactive groups of the surfactant are induced to react with

Sur  act ant oo gnato AR SR B ool el @8s s etsmarbgote .
st mul t aneaiisiamds sk Ay aishb 2 INeRRIVTALL Hetyl Bl flBbdfelfaEhAcaRRH! © val T

The polyners for use in this invention may be utli actants
and/ or as protledricas: efobinsiaishd abovableck aspaymes therBicpatlicon-bRfcRcesses to

form stabl e emul si ons. or mcrocapsul es by causi ng pol ynerisation (and
reaction iwyéﬁ@tr@g@%%&m@fa PAFraniant of defise sirvrdereiltypicaldy Enul si on. I n one

Lype Of T RI@OESRIR) wRRUYTRLIRAL O Qo 6ARIENRA O REGSSRE: ToNOTOrS I

both the oil and agueous phases are oge oi | / wat er

i nt er f ace (GHe+@ER{Y)eyd caaslinking COHGEDSBY moforhés.f QUM &rincadmaul e wal | .
This is desciri bed for exanple in U S. Patent 4,280,833. |In another type of
pol yner i s# {15309 eateiipigatoy bibichmay nosbamthatte-igitiator) mexbd cluimextemiedensat i on,

all of theg, j ) S repol yners ar ontained in the

di sconti ngv(l)él{j{? ﬂpvﬁéoiﬁgfﬂc%{%%??@ {{ﬁ—ec?lﬁgﬁstﬁe’ﬂ%ﬂe it}fﬁ‘g"bgocg@ﬁ% ﬁﬁ’&ﬁ%‘é"tghase whi ch
contai ns afpeopuidté aneurasbf MAkdpHIBic (CHSYER]Y) dnd FH8IRKERSESLLORL I Sconti nuous
phase is an oil or organicdfhase and the continuous phasé I's an agueous

phase. HoMepemersfe peherate Hiedi-blogk épr/alictnadvaly dicamennsH+6R, Hncomon in this
type of npgfro 2 lat iR process. .ln any case, th di sconti nuous phase
is di spe?gg{r gg&d%égre e E‘rL o'{ﬁgyeﬁ%mf’ﬂ%gcﬁéﬁlﬂ'm?ﬁ%ed%ﬁ?mhﬁf&ﬁs phase by neans

of enul siddpolyoiedd). An interface is forned between the two phases. In situ
condensation of the wall formng materials and curing of the polyners at
the interface 29 1 2 : DEC 2005 WD 02/100525 PCTI CB02/ 02744 may be
initiated by heating the emulsion and controlling the pH The surfactants
for use in this inventionr—w o9 wi-t-h—t-he—wa orfing materials prior
to or during the polynerisation“step. Thg result s a $uspensi on of

m crocapsules in t eyggnti gus phase in{which the gicrocapsul es have
surfactants of the jpresey wert/i gr~howt—~4q_ therrisurfaces through the
cross-linking grougs. Injjadditih to t hgzuse’i nRA ct@en¢apsul ati on
processes, the surflfactanOs for use in this invention afe suitable for
enmul si on st abil i zat{i ohyditdphiticweH» kaown iH"ydrbphabic t ha desorption of
surfactant froman interface can Tead to destabitization of an enul sion.
Moreover, it is known that m celﬁdm%n(\ﬁ fects will also lead to

redi stributi ofy@hydrophitic moiety {Z-OCOCMe;-CH,CR'X-] may have Z as a C,-Cs

alkyl or methoxy-PEG group.

The vinylic monomners (CH.=CR;X) giving rise to the hydrophilic unit(s)
may be single or mixed monomers selected from inter alia methoxy-PEG-
(meth)acrylate, acrylamide, vinyl pyrrolidone, 2-sulphoethyl methacrylate, 2-
acrylamido-2-methylpropane sulphonic acid, 4-styrene sulphonic acid, quaternary salts
of dimethylaminoethjrl methacrylate (DMAEMA) and of dimethylaminoethyl acrylate
or DMAEMA at acid pHs. Preferred monomers include
2-(trimethylammonium)ethyl methacrylate iodide, 2-(N,N-dimethyl-N-(2-
methacryloxyethyl) aﬁlmonium)ethanoic acid, 3-(N,N-dimethyl-N-(2-
methacryloxyethyl) ammoninm)propyl-sulphonic acid or styrene-4-sulfonic acid .

The hydrophobic block —[CHgCYRz]— may be single or mixed monomers
selected from the above list. The cross-linking unit(s) -[CH,CLR]- may be single or

mixed monomers selected from the above list. Optimum total molecular weight and
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conponents throughout the system which can then lead to Ostwal 4 o ppertildg
and other undesirable interactions. The incorporation into the

di scont i nWOUR/1pPHase (usually the oil phase) of a small amrouBIA2TIRt eri al
that is capable of reacting with the polyneric surfactants of the present
I nvention can result in enulsion stabilization. Reaction of this small

anount  of tReigss Akhel Hlodikh Of e SEAREthING Q4R dBRAADME Rarheorsi fRRs AL S for use
in this invention results in emul sion conpositions having the 1 nventive

sur f act antagd obdiedetve ingredient ernplohied imihe pfaress. Mleculacvaiphadge ggreati ded i n
such emulsigns is a red Lon or elimnation of foam ng due to reduced
| evel s, or‘”lﬁéa‘}géé@lms?boaf ij%@@ ahoy g%@?%&‘ﬁef@eﬁ@OIQW%ﬁ’Yed@@% a%ay lie in

et eet i SoRbluRlen Bl 5200 8 ot 0,806, HRCLERGind SOG4 S LB 1Y The

invention I's 11 lustrated by the oW ng parts and

per cent agéss afaa 10§%\vieved ito thel sadsctahh preféraily Sioat &sbut The bk 20Widl%
abbreviations are wused:. AEMA HCl: 2- Am noethyl nethacryl ate hydrochl ori de;
from Si gmaf fedwirophobigimlock-Hignatumsf Hearojyraetes surfasianSvighdetexded h.  CX- 300:

Pol y(car bqdi,i m de), .cr | i nker: from.Aveci a,NeoResi ns. TA. Di et hyl ene
tri )altﬁn ne regmnéfng‘)ﬁlﬁglﬂ(?%?‘? i():eh ﬂ?kflseg'-( Slr%’ln‘r{ﬁ{‘%e 'rfl’fB;S“QPB pr Wl];\‘feﬂgcry?/at e;
from Si gmauchl @ iiyiehe thrédpAtYOMAEMRAERNch 2 atéd, WRtiRYduamapmms Wakat Bthe

met hacryl ate iodide or chloride where PP indicates that the nononer used
was DVAEMeolubibitytihdoduibe diserinsiandwrphaseamst tho soniémioos phase drecunitable for

t- pol yneri sat i i thyl, .i.odi de. .30 1 E C 2005 WD 02/ 10052-5
T/ cBoa) BT IR R UL Vi R Bimissg ety o e RORsmaei i onyet ny! )

- arrunoni upkRsE bhd #ARh GdsoRS kttbrigBl RRAE BerkA8 oRHIRMbhEAIdu Phak Ade literature
procedure-, L. A Mrtchyan et at. Vysokonol. Soedin., Ser. B 1977, 19(3),

214-16. DveEPSA bétydirapbobig sfagomen: desthidd as-QF22-reR Wamity hiooweetdhéry lir)

' | - sul phonl id; f ' Al drich. HDI.T;
Fewane 1 Era1 supbHRIE dRePBhlons it NisliTlarrbikesas P GMYBayer - HEwm:
2- Hydr oxyiefdyhobR! WA Wikt Rylafel B0 s‘éy'hrgﬁ@aré\lsdéﬂ fbre aMMyobeodi um sal t - of

met hacrylic acid;, from Signa A drich. MACES. nono-2-(Methacryl oyl oxy) et hyl
succi nat e; fr ohbcrrolymes reesin this. invenvian piestithe the netrdrhictign af eantrbllen Si gna

pdrich SRR i M AR IR VB ALV ERTY SR Ned RARA T NacT VI At e.
polymerisation generally have lower polydispersities than comparable polymers made
by conventional radical methods. The control thus minimises the amount of low
molecular weight tail. The strength of adsorption of surfactants to an aqueous
discontinuous phase depends on the number of hydrophobic units in the surfactant that
are available for adsorption. Assuming comparable composition over the molecular

| weight range higher molecular w.eight chains will have relatively more such
hydrophobic units and will stand to bind more strongly than low molecular weight
chains. For the minimum effective ratio of suzrfactant to discontinuous phase the
amount of ‘unbound’ matertal in the continuous phase is thus minimised. This then
minimises or removes material that could act as carriers for the Ostwald ripening.
This approach provides several benefits: (1) The bound surfactant will be difficult to
physically strip from the interface of the discontinuous phase, specifically a liquid
emulsion droplet or the surface of 2 microcapsule particle. This greatly improves the
efficiency of the surfactant action and enables the preparation of robust formulations.
(2) A selected charge within the surfactant polymer may be bound onto the interface

of the discontinous phase. This enables further elaboration, for example, use of the

charge to conirol heteroflocculation. (3) Appropriate functional groups whether
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average degree of polymerisation of the PEG chain; from Polysci qicggc!2005.

. or Laporte Performance.Chen-licals. PCDI: Poly(carbodiimde); from

Si gma- Al dWOdBR/1RBRENVA:  Pol y(di net hyl si | oxane) nono- et hacr ptatGermMbiy an
average nol ecul ar wei ght of 1000. PMPPI: Pol y(nethyl ene) pol y(phenyl ene

| socyanat e); Suprasec 5025 from Huntsman. PPGVA(#) pol y(propyl ene glycol)

mono- met hakindéncoth WALy ifh tlehobBe sFYRIAIEFHE ool WAl HPIBII:R4L L on of the

PPG chain; from Pol ysciences Inc or Laporte rmance em<cals. SSA

St yr ene- 4 olgorhentir podywnat;addadahoSply the cahdimicris phasBl IT iy @nebatieisocyanat e

{m xture of isone ;. fromSigma Aldrich. Atlas G5000: Poly(ethylene

oxi de- bl oﬁ%tlnﬁFBﬂ@l%ﬂétr%q%c%?‘%eHﬁBY‘?H@rP,haf’rertBﬁﬁW geriiquid @nglsionPol y(vi nyl

al cohol ) ; afhs 8 r ' - %}gﬁ ., LTC 0. 1: Al kylated pol yfructose su
rfactant; ﬁ@om f‘%hfnfgg&@u@pgsg@@& gjell?'e sorbitan ester; from Uni gena’

Morwet D425: SBHig)in pebiratién of ssplpbanabrslonanhichrhRNks ¥iA8e pRIEGASAt i on
polymer; from Wtco. Solvesso 200: Al kyl ated napht hal ene solvent; from

Exxon- Mbbfieationed pbe s, sesrpobymer isyreferably somewhat soluble or dispersible in the

2-chl oro- 4! -. | -N-( 2-met.hoxy-1-n-iet hyl et hyl)acet-o-tol uidide. .

Fenpr opi d&rﬂtlﬁk%maﬁ’ﬂhﬁl—l{] & E%aﬁ?ilﬁsgl?‘iee@fa?g%ﬂ%‘“r SERaEgtasts p@e i ne.

~. - Cyhal othich for(iR@Yockc axaﬁ&ﬁa?yp@ Bor¥ R8AEMIs khe material to b

()R cis 2o en .Ofﬁg_ N i sthe material to be encapsulated

tri fl uor opddpewplyforming miteriat(hhib disptepl wpraternaitpaky feattéve @lynists BEC 2005 WO
02/ 100525, P etrafl uaro- 4- met hyl benzyl

(2)- (1RS)Y C%@%ﬁ%\{@%ﬁﬁg :rr%ygf?sl%)?xrahaﬁlgq%@g.?,ggg g stapce capable of reacting
Ll o e U T T
Chemi cal sgeneighinalso ppntaBapartive ingredicosenh aSen agmyhenAva active igrediesi ns,
Wl | g 10 S R SRR e B S SRR o
Gohsei ,  i¥akd coda@afith heloilGhlfthdey THRGeativt Gtapest L sirBRrAPQYe nMonomers are
given as:: 0 00 0 0"1-1-10 o o o o o 0 H&IIs
induced to react with the substance(s) capable of reacting with the cross-linking
groups on the surfactant. When these are wall-forming materials, they may be
simultaneously or sequentially polymerised to form the microcapsule wall.
The polymers for use in this invention may be utilized as surfactants and/or as
protective colloids in interfacial polymerisation processes to form stable emulsions or
microcapsules by causing polymerisation (and reaction in some cases) of in gredients
contained in the emulsion. In one type of interfacial polymerisation or condensation
process, monomers in both the oil and aqueous phases are brought together at the
oil/water interface where they react by condensation to form the microcapsule wall.
This is described for example in U.S. Patent 4,280,833. In another type of
polymerisation reaction, generally termed in sifu interfacial condensation, all of the
wall forming monomers or prepolymers are contained in the discontinuous phase.
This is then dispersed into a continuous phase which contains the surface activations,
Usually in these cases the discontinuous phase is an oil or organic phase and the
continuous phase is an aqueous phase. However, formation of water/oﬂ emulsions is
not uncommon in this type of microencapsulation process. In any case, the
discontinuous phase is dispersed as discrete droplets throughout the continuous phase
by means of emulsification. An interface is formed between the two phases. fn situ

condensation of the wall forming materials and curing of the polymers at the interface
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AENVA BVA DMVAEMA Quat DVAEVA CO2 DVMAEA Dbet al ne so3 DMVAPSA be’t16§ pec@us_ O
CH 0 HEMVA ] 1° Y1 20-/ Me 91-1. H SO03 n n PEGVA(#) PPG\AA@%}#%PDM SMA
SSA C2H WRRBHESEXAMPLE 1 SYNTHESI S OF REACTI VE POLYMERI CPSTRHREYANTS BY
ATOM TRANSFER RADI CAL POLYMERI SA TI ON (ATRP) _ 32" 12 DEC 2005 WO 02/ 100525
PCT/ GB02/ 02744 General synthetic procedure: In a typical polynerisation
nononer s ahayt Bednit@cpdibydetating e enmtdiasanderoatrolingsid pld The sarfaotintafare sol vent

or solvent mxture. Tol uene was nornal | g used for, reactions where all
conponent diseby Bistigysnsing val reast with s wathfrmieg watepiplomiioa & oy deingeds 1: 1 and

3: 1 v/v) re 3 r o C nent s AE |

3 ot Do BRE AL B PHOES e BRRRE oS o B s

sol ubl e i PhededARIECHEE HEH0BapsAlks BN RPGRE@AE of [Het fradedl invesichdsbagd d-or t he
preparation of non-ionic block co- polynmers this was a polyneric

macr oi ni t itaioguroesHhepngh theomrossPinkinghgrospsbut yryl  nono- met hoxy pol y( et hyl ene

gl ycql ), abbr e\fljl g&cﬁgonpt%%u? Ese( ﬁrﬁie%gga%sﬁatiign Igr%gesrs]gsr]&%rsurfactams for use
in this invention are suitable for emulsion stabilization. It is well known in the art that
desorption of surfactant from an interface can lead to destabilization of an emulsion.
Moreover, it is known that micelisation effects will also lead to redistribution of
components throughout the system, which can then lead to Ostwald ripening and other
undesirable interactions. The incorporation into the discontintous phase (usually the
oil phase) of a small amount of material that is capable of reacting with the polymeric
surfactants of the present invention can result in emulsion stabiliiation. Reaction of
this small aniount of material in the discontinuous phase with the surfactants for use
in this invention results in emulsion compositic;ns having the inventive surfactants
bonded therein at the interface. One advantage provided in such emulsions is a
reduction or elimination of foaming due to reduced levels, or no levels, of free
surfactant. Other advantages may lie in better control of droplet size and increased
long-term stability '

‘Fhe invention is illustrated by the following Examples in which all parts and

percentages are by weight unless otherwise stated. The following abbreviations are

used:

AEMA.HCI: 2-Aminoethyl methacrylate hydrochloride; from Sigma Aldrich.

BMA: n-Butyl methacrylate; from Sigma Aldrich. |

CX-300: Poly(carbodiimide) crosslinker; from Avecia NeoResins.

DETA: Diethylene triamine from Sigma-Aldrich

DMAEMA: 2-(Dimethylamino)ethy! methacrylate; from Sigma Aldrich.
QuatDMAEMA (PP): 2-(Trimethylammonium)ethyl methacrylate iodide or chloride
where PP indicates that the monomer used was DMAEMA and the quaternisation

reaction was carried out post-polymerisation using methyl iodide.
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of ethylene glycol units, prepared via the literature method (Jankpye 288
~al. Macronol ecul es, 1998, 31, 538-541). For the preparation of graft

copol ynmerWOde/146as ¢ bl ock copolynmers the initiator was aPEOGBNEEATC

2- bronoi sobutyryl ester, which nay be ethyl-2-bronoi sobutyrate (EtBi B) or
a different nononeric 2-bronoi sobutyryl ester (BiB-R). The anount of
initiator mmaaﬁe:pzem,@nbi@&hyhﬂ-(tz%aﬁﬁcrﬂekféﬂm?armmwﬁuﬂb&th&rEHic the
co-pol ymer and was cal culated fromthe rel ationshi’p: (Ml es nonomer)/ (Ml es
i ni tiat or pcid (Degared vigfa madificationsd theoliteoture ppokdurerL. Al ddkaddedemds a | i gand

Lo ol A LT oL L e COPDEI COplex. This vae WSUAILY e
N B Y A STRLIER R BN EERIGY D R AGARRIL e, T ol

in tol uesdphdiieadd|fivnt SignvieAldiienoxygenat ed by sparging with dry nitrogen
gas for 15-30 mn before addition to a Schlenk tube, previously charged

with the BitftoHeraaed tcdippeyanaebiushirimeryDegnodor NS3A@ e Baygr.conpl ex and

t hen flusﬁ%ﬁil i 4 b Rl n. .Jhi s_wa rmall.y.copper (1) brom de but was
soneti nmes cop)édéﬁr pl(y%&gﬁﬁgrni]%%e.lcr%%tﬁp?g?rn(rﬁolfmafﬁ%{rC "de was used if a faster
rate of pNhpresi Sdlun0shiVeSndtBaIHIiEsbid; Fhen Seaed ARIcWas carried out under
nitrogen at a controll ed tenperature that ranged between 25 and 90 C for

bet ween 3MHMAEDmenwn-Methaerywylasyietiof] sueninates dom Bolywaencaebsur ed by 1H NVR
spectrosc i e . of .ionkc bl ock copol yners a second nononer or co-
R s R R

nmonomer m Xt ure nd bl ock when conversion of the
first 33 pREMIED:380k-mWBLORAI0R B JbEROMLOFA4 IRNQAGE #atkh exceeded
80% On conpletion, opening the tube to atnosphere Quenched the reaction
and the pdicyassdeget ot podymensstipy el thedEGHyhagmdront Pelavaderses icecHmpgies: (i)
For are tkoc%rr}lagc%réﬂeed (i)sut in toluene the polyner solution was diluted with

further toluene —cooled and filtered to renove insol uble material . At this

stage t ECPDIPoREarodlittidONrvasiephigaatl y passed through a short col utm of
activated basic al um ni um oxi de before thhe product was collected by

sel ect i vé&"DMSaEA Rl ¥ dinenibylsitax apoyaero-asthagilasdwith de pveragamnieaslabet ween 20C
and 70C. V('éii ﬂto'%%O@ reaction carried out in a nethanol/water mxture the
sol vents wWefe C renoved by freeze-drying or rotary evaporation. The pol yner
was t hen PMPBE @biyadethvlei)pl@ptienyltle Rbcydhab), StpaecFans rndnhidigsed to

renove insol ubl e
PPGMA(#) poly(propylene glycol) mono-methacrylate, where (#) is the average

degree of polymerisation of the PPG chain; from Polysciences Inc or Laporte
Performance Chemicals. .

SSA: Styrene-4-sulfonic acid; from Sigma Aldrich.

TDI: Tolylene diisocyanate (mixtufe of isomers); from Sigma Aldrich.

Atlas G5000: Poly(ethylene oxide-black-propylene oxide) copolymer; from Unigema.
GLOS5: Poly(vinyl aicohol); Gohsenol from Nippon Gohsei.

LIC 0.1: Alkylated polyfructose surfactant; from Inutec.

Span 80: Gleate sorbitan ester; from Unigema

Morwet D425: Sodium salt of a sulphonated naphthalene-urea condensation polymer,
from Witco.

Solvesso 200: Alkylated naphthalene solvent; from Exxon-Mobile.

s-Metolachlor: (S) 2-chloro-6"-ethyl-N-(2-methoxy-1-methylethyl)acet-o-toluidide.
Fenpropidin: (RS)-1-[3-(4-tert-butylphenyl)-2-methylpropyllpiperidine.
A-Cyhalothrin: {RS)-o~-cyano(3-=phenoxybenzyl) (Z)—(lR)—cis-3~(2—chloro-3,73,3-

trifluoropropenyl)-2,2-=dimethylcyclopropanecarboxylate.
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materi al before the product was isolated by selective precipi tat1' QrmEiCngu};,
hexane and dried under vacuum at between 20C and 70 C. (il i) For "a

reacti on WRYUI¥ Py the post-pol ynerisation quaterni sati on"oFUBREEVA' t he
reaction solution was diluted with toluene, cooled and filtered to renove

i nsoluble material then the solvent was renoved under vacuum The pol yner
was di ssoll'eBuathiin; TBE,ehcrdBWsordinzath dheresk(H(1 Rodonst Bahboro-G,.3.Brtiary am no
groups added under dry nitrogen, The solution was stirred under nitrogen at
20 C for H&‘Wé@ﬁoﬁﬂ"%‘HBZZZGLW%Q@YH@PH}P@%CH@Oﬁéillaﬁ?rrer was isol ated by

sel ective Ch fiL.at om Jnni 0 = f ywetsher purified
by Soxhl g{fﬁrﬂﬁ%@é}gﬁ i %ﬁﬂnvéh? {? Hgg)gggﬁggg&g}?&ﬁowuﬁﬁg%@%ﬂgﬁ&w fx yi ng under
vacuum alLapdie@erfthgameCiengens tkhd) UK Bhyee DoaakukeedGértmapy.opach t he
polyneric surfactants detailed in Table | where: Exanples la to Ig

il lustrat beP@@Fﬁ@xW ﬂaﬁhﬂ(,lﬁ\lﬁcﬂ%@;@m%@ﬁi@w%&yg%ﬂ%ﬁﬁ% MW@?@PtOExarrpl es
A Aa ) ! . _
exanpi o5 5ropd S En Tk Pute Pl Byt bas SRR S GrERE NERRR R4S ¢ o ag

i 11 ustratgsdur mpyh. containing bl ock copol ymers 34 12 DEC 2005 WO 02/ 100525
PCT/ G802/ 02744 ~ C) CD HC-~CDCD '--d--1 Q4 0000 N

For clarity the structures of the above monomers are given as:

X

o0 o7 o O O
C,H, H ‘\
Xt + +
NH, N /iii\ /Tﬁ _N
I
ouétDMAEMA CO,-
AEMA  BMA DMAEMA DMMAEA
betaine S0;-
DMMAPSA
betaine

|\C‘)H Ho 0 )ngm )S/ /%1%2

QXH _803-
HEMA n n
PEGMA(#) PPGMA (#) PDMSMA SSA
COH '
MAQES
EXAMPLE 1

SYNTHESIS OF REACTIVE POLYMERIC SURFACTANTS BY ATOM TRANSFER
RADICAL POLYMERISATION (ATRP). '
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General synthetic procedure:

In a typical polymerisation monomers at the required niolar ratios were
dissolved in a suitable solvent or solvent mixture. Toluene was normally used for
reactions where all components were toluene-soluble. Methanol-water mixtures
(between 1:1 and 3:1 v/v) were used for mixtures of components such as AEMA HCI,
QuatDMAEMA, SSA, DMMAPSA betaine and DMMAEA betaine that are poorly
soluble in organic solvents.

An appropriate initiator was added. For the preparation of non-ionic block co-
polymers this was a polymeric macroinitiator such as a mono-2-bromoisobutyryl
mono-methoxy poly(ethylene glycol), abbreviated PEG-Br (#), where # is the number
of ethylene glycol units, prepared via the literature method (Jankova ez al.
Macromolecules, 1998, 31, 538-541). For the preparation of graft copolymers or ionic
block copolymers the initiator was a monomeric 2-bromoisobutyryl ester, which may
be ethyl-2-bromoisobutyrate (EtBiB) or a different monomeric 2-bromoisobutyryl
ester (BiB-R). The amount of initiator added was dependant on the target molecular

~ weight for the co-polymer and was calculated from the relationship:
(Moles monomer)/(Moles initiator) = Degree of polymerisation of copolymer

Also added was a ligand for in-situ formation of the copper complex. This was
usually 2,2’-bipyridine (BPY) for polymerisations in methanol/water mixtures and
N-n-propyl-2-pyridylmethanimine (PPMA), prepared via the literature method
(Haddleton et al, Macromolecules, 1997, 30, 2190-2193), for polymerisations in
toluene. |

The solution was de-oxygenated by sparging with dry nitrogen gas for 15-30
min before addition to a Schlenk tube, previously charged with the appropriate copper
(I) salt to form the mediating complex and then flushed with nitrogen. This was
normally copper () bromide but was sometimes copper (I) chloride. Copper (I}
chlonide was used if a faster rate of polymerisation was required. The reaction was
carried out under nitrogen at a controlled temperature that ranged between 25 and 90
°C for between 3 and 24 hours. The extent of the reaction was measured by 'H-NMR
spectroscopy. In the case of ionic block copelymers a second monomer or co;

monomer mixture was added to form the second block when conversion of Vthe first
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monomer batch exceeded 80%. On completion, opening the tube to atmosphere

quenched the reaction and the polymer solution was purified by one of several

techniques:

(i)

(1i)

(iit)

For a reaction carried out in toluene the polymer solution was diluted with
further toluene, cooled and filtered to remove insoluble material. At this stage
the polymer solution was optionally passed through a short column of
activated basic aluminium oxide before the product was collected by selective
precipitation into hexane and dried under vacuum at between 20°C and 70°C.
For a reaction carried out in a methanol/water mixture the solvents were
removed by freeze-drying or rotary evaporation. The polymer was then
dissolved in toluene, THF or dichloromethane and filtered to remove insoluble
material before the product was isolated by selective precipitation into hexane
and dried under vacuum at between 20°C and 70 °C.

For a reaction requiring the post-polymerisation quaternisation of DMAEMA
the reaction solution was diluted with tdluenc, cooled and filtered to remove
insoluble material then the solvent was removed under vacuum. The polymer
was dissolved in THF and 20% molar excess of iodomethane to tertiary amino
groups added under dry nitrogen. The solution was stirred under nitrogen at
20 °C for between 16 and 20 hours before the polymer was isolated by
selective precipitation into hexane. The polymer was then further purified by
Soxhlet extraction with hexane for 24 hours followed by drying under vacuum

at 50 °C.

The above general procedure was used to prepare the polymeric surfactants

detailed in Table I where: -

Examples Ia to 1g illustrate hydroxyl and hydoxyl plus carboxylic comb copolymers

Examples 2a to 2i illusirate amine and amine plus carboxylic comb copolymers

Examples 3a to 3¢ illustrate carboxylic comb copolymers

Examples 4a to 4d illustrate hyroxyl containing block copolymers
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(i) Non-ionic diblock refers to an AS bl ock copol ymer in which qnzte btQuks is
. mono- nxet hoxypol y(ethylene glycol) and the second block is a ne 'Hacryl iC
co- pol ymewo seamisas ni ng the | atent reactive groups; (ii) NpOFiceni/e60nD
refers to a conb co-polynmer in which the pendant chains are

nono- et hoxypol y(et hyl ene gl ycol) and the backbone is a nmethacrylic

co- pol ymer  com daplk B&ollien Rt Sffcrir@aChé UeaB i OMASIoWd: 1) Ani oni ¢/ non-i oni c,
cationic/non-ionic and zw tterionic/non-ionic conb refers to a conb

copol yner $i) Neovibhictdihlpek rséarel tman 4B dilovk capelymenio-wisth oxg ploty seddng- ene

gl ycol) and the backbones ar t hacryljc copol yners containing |atent
reactive ﬂ&f@ﬂ}é’g&g{%ﬁwﬁ%ﬁ(ﬁw tRe §ef f‘! bipek fgﬁ‘i Freeryliceq-piEeror

ZW tterionhGadtyod Note that in Exanple 4d DMAEMA was added
to grow t%gﬁglg%nﬁntggﬁ%%éﬁ%g?%%&ﬁu? je first co-nonomer mix had reached high
conver si ofi)a¥ich-idnéc doenlt fefiry tamrtgieb go-polpmer Fubbieh tericnyaqehiiey 4bsed with
met hyl iodi de. EXAMPLES 5a-61 The fol] owi ng exanpl es serve to denonstrate
that the FEaemsiBoxyeplyisthylenc glysa handdhe Backbonens agraskaonylic gpvotitan can be

cross-1li ”Eﬁﬂai ane Ridnf WALET. cjg(;l)ﬁ E;r,face usi ng isocyanates and carbodiim des
to prepare stable el SIORS. | es 5a-5k. Isocyanate nethod. Reactive

pol yneri c(ifyAhraicinsioaRNEAionidAgnaithidAnd LAURSIOWRIDNUSER combeMelsbhy a
wat er inmm sci bl e phase containing a small amount of a hydrophobic,
nul t i f unc9neharpalyerty dhyhichdbe peodantplps argrmeiprmethpkypdpedisiang . t he

| si ' H 7- th ti d. f -24 h t bet
20C and 5oy L 8 KRG Reaik et 05Tl spBnatl e a0

met hod Regetpyghdradyiiirivgits tat aetaaidhe:, 6QTMNRI ¢ RGUGRIHROXMhS 18hhIAr OUPS

were used, above EH'7’ to emulsify a water inm scible phase containing a

smal | amount oNots thapip Expmpletd Aldiaddedie o theasse@d Botk after PCDI . The
the stirred.f

| si adjysted to. pH <3 and. -24 h 20C f
Crose: 11 i Ref Ph ARt Bix Bl e A ol L ity w e el st at or

hi gh sheadubsdgsemly Quapahisdd®ith auelkyl asliddhose made by Silverson and Ystral.
The droplet size of the enulsion did not  significantly change during the
cross-1inking reaction. \Wen vi &EMBLESSg m croscopy it was possible to

f t t |.S | f.41 , 12 DEC 2005 WO
see surface ©oulg, g tNEEINLENOD AARLELE vl HeRlivd boiyhRiE

‘surfactants of the present invention can be cross-linked at an oil/water interface using
isocyanates and carbodiimides to prepare stable emulsions.
| Examples 5a-5k. Isocyanate method.
Reactive polymeric surfactants containing amino groups were used to emulsify
a water immiscible phase containing a small amount of a hydrophobic,
multifunctional isocyanate such as PMPPI or HDIT. If necessary, the emulsion was
-adjusted to pH 7-9 and then stirred for 1-24 hours at between 20°C and 50°C for
cross-iinking to occur.
Examples 6a-6]. Carbodiimide method.
Reactive polymeric surfactants containing carboxylic acid groups; were used,
above pll 7, to emulsify a water immiscible phase containing a small amount of a
multifunctional carbodiimide such as CX-300 or PCDI. The emulsion was adjusted to
pH <3 and the stirred for 1-24 hours at 20°C for cross-linking to occur.
Emulsification was performed using a rotor-stator high shear mixing apparatos
such as those made by Silverson and Ystral. The droplet size of the emulsion did not
significantly change during the cross-linking reaction. When viewed by light |

microscopy it was possible to see surface texture on the emuision droplets, some of

41




whi ch had becone non-spherical. Depending on the quantities useq fiEC 2005
cross-linker and the reactive polyneric surfactant nopst enuIS|on droplets
coal esced™SH" M hg in a similar fashion to that by an emfftdIGH2¥tdpar ed

wi t hout cross-linked surfactants. Details are shown in Table 2. 42 12 DEc
2005 WO 02/10052-5 E 0 (14 G ¢c~3 HOQgzs 3'o. 0 041-4G cD 0 UW
CDfp a W which a%@onw@n@pmewqbdqugnmngﬁn #he quantmes used of cross-linker

and the reactive polymenc surfactant most emulsion droplets coalesced on drying in a

similar fashion to that by an emulsion prepared without cross-linked surfactants.

Details are shown in Table 2.
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| 2 pu c 200% o202/ 100525 PCT/ GB02102744 EXAI\/PLE 7 Exanpl eg1/6pa56h78s
illustrate that emulsions using the cross-linked polymers of the present
invention are nore resilient to coal escence when fl occul ated than enul si ons

where the surfactants are not croqix‘}u\,%i and In sone cases may be
redi spersed to their original sta n aqueous enul sion at pH above 7 at

a 50% i nt Exa:rapleplﬂase Svbibsirme: thatsemdsiemal ﬂ‘h&@l’ﬁsﬁlﬂﬁéc%@ﬁﬁé brifkxed with 2%

CX- 300, usmgthep yneric surfactantﬁﬁ% npl e 2f at %w/wtothe oi |

phase. ThECHEN yHER waéfedﬁ@%wlimkwq@;ﬂscmcmsﬂngcmﬂmi thith erhulsioas enul si on
3. hour 0C. This i gn was conpared to

(0Dl o 8BRS Phn PO S S S LS,

control sanple
not crossthbﬂr@kqggmgag wth Atlas G000 or GLC6 at the sane surfactant

| evel as used in the first emul sion. _
An aqueous emulsion at pH above 7 at a 50% internal phase volume was

prepared from s-metolachlor mixed with 2% CX-300, using the polymeric surfactant
of Example 2f at 1% w/w to the oil phase. The polymer was cross-linked by
decreasing the pH of the emulsion to Bclow 3 and stirring for 3 hours at 20°C. This
emulsion was compared to control samples that were made with the same polymeric
surfactant that was not cross-linked, and with Atlas G5000 or GLOS at the same
surfactant level as used in the first emulsion.

The emulsions were diluted to 5% internal phase volume in sodium sulphate
solution to give 0.7 molesL salt in the continuous phase. After standing for 30
mjn_utes all the emulsions had flocculated. The emulsions made with cross-linked
polymer of the invention, Altlas G5000 and GLOS had sedimemgd as flocculated
droplets while the emulsion made with the corresponding polymer and not cross-
linked had sedimented and started to coalesce. For each sample the serum above the
sediment was removed and replaced with deionised water to simulate dilution into a
large excess of water. The samples were then shaken vigorously by hand for I minute
and the emulsions assessed by light microscopy. The emulsion made with
corresponding polymer and not cfoss—linked did not re-emulsify after coalescence and
the emulsion made with GLOS5 did not de-flocculate satisfactorily. The emulsions
made with Atlas G5000 had undergone a significant increase in dréplet size and was
still partially flocculated. In contrast the emulsion made with cross-linked polymer
according to the invention re-dispersed cleanly and had not undergone a significant
change in droplet size.

_ EXAMPLE 8

An aqueous emulsion at pH above7 at a 50% internal phase volume was
prepared from a solution of Ialnbda;cyhalothrin and Solvesso 200 (1:1) mixed with
1% CX-300, using the polymeric surfactant of Example 2f at 1% w/w to the oil phase.

The poiymerjc surfactant was cross-linked by decreasing the pH of the

emulsion to below 3 and stirring for 3 hours at 20°C. This emulsion was compared to

4
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The enul sions were diluted to 5% internal phase volume in sodi urp ¢ pkghzitte
solution to give 0.7 nolesL-' salt in the continuous phase. After standing
for 30 n‘i"ﬁ’dﬁ@g{”‘éﬂ the erul sions had floccul ated. The emfC3{(IHIde with
cross-linked polynmer of the invention, Atllas G000 and GLO6 had

sedi nented as floccul ated droplets while the enulsion nade with the

cor r espondinigpl panples thavernoade pabshe Janelpadyeat: seficenhedvamdt soss-t ed t o

coal esce. For. each.saml e serum above the _sedi pent was renoved and
repl aced \)d"f‘?fl’ 88&8’6&‘&%% qréﬁls(ggﬁfltgfi g S HRt {enelas gsed ipflgdusk cess of
wat er. The sampl es were then shaken vigorously by hand for | mnute and

the enul sions assessed by |ight mcroscopy. The enul sion nmade with

correspondi ng fat gmkisi@ndvarodilord$s5%imkad] ghae Wolunein@ogikgi sidphadt er
coal escence and the enul siop nade with G.05 did not de-flocculate
sati sf act 6piulign toTHEe Brhmeledns salhigdee qntinuons| RheseaBidBalsd do Shdefudfe a

significant increase l-n droplet size.and S. Sti arti fl occul at ed.
In cont raél}m%_eo%tn%ﬁl%%l %3% engh fiye g faese V\ﬁﬁwgﬁhﬁ%h?%[a&ecg%%r ding to the
i nventi onem@lsiing BRIIS ©HiCIhe 2RYsY-1AREH PAfnER sutRLBHARSrBnSlodi hiv&RMn, Change

in droplet size. EXAMPLE 8 An aqueous enul sion at pH above7 at a 50%
i nternal phdesé&SpODund Gl25 hat sedamended gsdlocaulstedromets ofhile tirxdadsymal ot hri n

d Sol 2 11 i xed with .1% CX-300 i h I i
U t act anfiigs CoR dhpatesPorkfie b ihric SriEbnid iR e Wk e yrer |
sur f act antediasnt&d Bethidk@EohsAepsRAsh SontiBendenh bR meMl s en to bel ow

3 and stirring for 3 hours at 20C. This enul sion was conpared to 45 12 DEC
2005 WO 92¢ 0056 aRCEpGEReE wilxizichissd matento siampéte gilbtiat inwes largeade with t he

| yner | f t that t - 1i nked, i th Atlas G5000
o cLos. et MR ThE et b She ool aSiory Wend FFdminbitand on. The

enul si onsm\e@ﬁl_mssﬂadstafs%se}dbyi‘@ﬂt i S0 B@lpy PIRIENMSbH WRadk %fgﬁﬂé um sul phat e

solution to give 0.1 nolesL salt in the continuous ase and heated to
50 C for Q@responding pdipmeriagyirfastand andafdf erossvhinkéd didmet se-¢malkiéy aftenl si ons had

fl |l ated, Th i made it : 1 | i fact ant
ooy dl oeStlssqege itk RnRs R ihadd dith b G50REand BEBS oGt ment od g
f1 occul at @dfishaRtedSisMBickiBy. h BoR MY b OnulsiBRASadd #1n t:}b%s-ﬁglwdgy% idg '

d | ked had nd started to

polymeric surfactant and not cross-Iinke sedi nent e
coal esce. suFgetanizehordngibéhe hyeniambed dbpwetotrhdisprast aerequirds fugmrded and

repl aced nva\fntu es gﬁz‘xk?rrllgl tsoergdivs\gérger tlfe%rgﬂleqselﬁ%%nguiléigﬁ -hz? nétrl]tn cr%m!ie%tr ge
significant change in droplet size.
EXAMPLE 9

Examples 9 and 10 demonstrate that emulsions using the cross-linked
polymers according to the present invention are beneficial in formulating suspo-
emulsions due to enhanced stability and reduced number of different surfactants
needed compared with emulsions where the surfactants are not cross-linked.

An aqueous emulsion at a 50% internal phase volume was prepared from
fenpropidin mixed with 1% w/w HDIT using the polymeric surfactant of Example 2f
at 1% w/w to the oil phase. The polymeric surfactant was cross-linked by stirring the
emulsion at 50°C for 3 hours. A mixture of the cross-linked polymeric surfactant
emulsion with a suspension concentrate of picoxystrobin (dispersed with Morwet
D425) was prepared to give a 25% w/w fenpropidin — 10% w/w picoxystrobin suspo-
emulsion. This formul_ation showed no signs of picoxystrobin crystal growth during 14
days of temperature cycled (20-40°C) storage compared with a similar suspd-emulsion

in which the fenpropidin was emulsified with LIC 0.1 and Span 80 where the
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-excess of water. The sanples were then shaken vi gorously by hand‘{ggclzuus

- mnute and the emnul sions assessed by light m croscopy. The enul’si on nade
w th the woorreepnsndi ng pol yneric surfactant and not crossclrigieegd,-di d not

re-emul sify after coal escence and the enul sions nade with Atlas G5000 and

G did not de-flocculate satisfactorily. In contrast the enul sion nade

L or oSSl ke DAL TE Lo, U AS AR BRenln Bl Gyl ent | on hed

begun to redisperse an quirte gto

redi sper seryshag dirogl1€tdays Jﬂtem@eaahﬁé@mémaﬁo@gé. undergone a significant
change in droplet size. EXAMPLE 9 Exanpl es and 10 denonstrate that

enul sions using the cross-1inked EfdiMelEd0according to the present
invention are heneficial in for ti S - enul sions due to enhanced
stability and f &&8%‘81588}%%?“ %tfprﬁdj{)c%}?g&geaﬁtal@%%garﬁ@m YEiedconpar ed wi th
emul si ons puheke fidaea fifd RAIRPredRl CordRlin Bg@?% lshﬂé‘t?ﬂchlép pus enul sion

at a 50% 1 nternal phase volune was prepare rom ftenpropirdin mxed with 1
% w' w HDI Meteddchiprinneedwith iér CX-30); fisiog drtpodfmdricasmpiaetadf of Bample%fwf w t o t he

oi | phase,_Th 0 ric surfactant was cross-linked by stirring the

emul si on A€ ‘%’%’d%ftg%/g’gphfﬁﬁrﬁ‘?e WIWF‘W%LE%S‘T&“E Kas @P&%%ﬂb{eﬁ@é’@“éw%?i c
surfactan | Si 1 IQ of picoxystrobin

(di sper se%Hv(\)n?tmﬁ eﬁ'/"‘b‘?%{%%ﬁ‘g‘%)gﬁlggﬁglr“@ggfgg&?‘g%%@‘a 25% w w fenpropidin -

10% W w pi coxVist ¢mitfsion sws pxedwith aisospendibh sofceniutb af teppes heyadomo Si gns of
pi coxystrobin crystal growth during 14 days of tenperature cycled (20-40C)
st or age c@ﬁtdﬁ’tdg)&GWFPFI dow i thersanig dglymesigi serfaeantiusedviar dbe empdsiemiipr opi di n
was enmul siif,l gdaai LR, 0 5P ner 6.1 2 pE C.2005 WO

02 100500 BTy, 0&20}%310%’% %"?@%@f} %ﬁ)%g‘;@ﬁe@@%éé%%f%%%w ul ar |
mlled pauspetmsision warsgakendbal 2hotirk eithaoydtrdesinAtabiing cdfpday iR f
tenperature, cycled stora 10 An aqueous enul sion at pH bel ow 7 at

rage. EXAMPLE ] [
a 50% i nt%PH S“ﬁ?fﬁ%‘@“@’é’l"gﬁ%%ed VB gauisiom pdeavifpensresstinked pr oduct
consi st %5z . ch: v I r.m wi.th | % CX- 300,
usi ng thg;g B%%tﬁgﬁ%eﬁ‘g ggsg ﬁtﬁé%n?ﬁ%éo%%%ﬁ%;&acﬁqp%%ﬁmﬁ% G af‘%e oi | phase.
The pol yrmeppar-isesofrack patticlds cross-| i nked by decreasing the pH of the
emul sion to below 3 and stirrjing. for_3 hours at 20C. The enul sion was m xed
with a suspension concentr at eég flaesldezi one, that had been

di spersed wi t rH.hEnSARE eﬂﬁh@ﬂ@?géf% SRR e B LQ%ivE Bglyﬁl@'ﬂ: sion, to
surfactants of the present invention can be used in the preparation of polyurea
microcapsules using the in situ and two-phase processes described below. Details are
given in Table 3.

Preparation of the emulsion:

For either the in situ or tWo—phase processes the first step was the preparation
of an emulsion consisting of a hydrophobic oil phase, typically at an internal phase
volume of between 25 and 50 %. The internal phase contained 10% w/w of a mixture
of TDI and PMPP], at predetermined weights ratios between 3:1 and 1:1. The organic
phase was mixed under high shear using a Silverson or Ystral mixer into an aqueous
phase consisting of typically 1-4% w/w to internal phase of reactive polymeric
surfactant dissolved in deionised water.

Preparation of Microcapsules:

Microcapsules were then prepared from the emulsion by either the in situ or
two-phase process:

In sity process:

The emulsion was heated to 50 °C for approximately 3 hours, with gentle
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give a 20% w w copper-nmesotrione - 25% w w s-netol achl or suspo- e3iingicozsib
This suspo-emnul sion was shaken for 12 hours with no change in stability
conpar ed WaQ /108328 | ar suspo-enul sions fornul ated with emRCIVGRHEBAHde with
uncross-1linked surfactants that exhibited significant heterofloccul ati on of
the s-netol achl or and copper-nesotrione particles. EXAMPLES 11 a to 11 az
The f ol | owghgicaxhaplepreddadeitior te rpaddic sireertdnay spineing @& Otei veesepat yneri ¢
surfactants of .the present invention can be used in the Hre aration of

pol yur ea DHRROFURIERISDF BECHRSRRGIURS Were hdrokysed thefnysas e ﬁ?f@%resses

.descri bed ;hel-ow. il e gV LA T : at.l e

emul si on: "%grrfgoé?’it? %ére%{dﬁénﬁ]e LPERY tgrr‘{t r!(: %Bﬂf)‘ﬁg@é’? g}t@%@@?&@&%ﬁgs@&?@[& step was
t he prepan@tdrmicBicapsulewillsi on consisting of a hydrophobic oil phase,
typically at an internal phase volunme of between 25 and 50 % The internal
phase contlxiophtsdpeacessw of a mixture of TDI and PMPPI, at predeterni ned

i ght tios b 3:1 and, 1:1..Th i c. ' der hi gh
shear usi ng & & [UbRCBuro RSPt af b Rrd s SOETR VA Al s ot i ng”
of typi calyiy drepivioh At fd%h?feﬂffkraﬂﬂ@%ﬁth%enﬂ@ﬁ%}ét%ﬁ. TRl QiaBfityGf DEITA act ant

di ssol ved in delonised water. Preparation of Aficrocapsides’ M crocapsules
wer e t hen agdedparreshohdahot dneeqeimblal mmbipy of aminergrodps th osyanateg@roupswo- phase
process: | i.tuprocess: The emnul si on was heat to 50,C f.or roxi mately
B ours. e DRSS oo getes o057 B Gecrtet Pt ke Goda

agi tati ongthat. Mas,ph Rk ARderbilR o nPmRIGLEIS Iali. €7 Oor by spinning of

t he vessef&e A rpr oporti oﬂﬁofeeétrh"gﬁigocyanate gr oups were hydrol ysed at the
enul sion oil-water interface to generate am ne groups that reacted rapidly
wi t h unhydrol ysed i socyanate to formniicrocapsule walls. Two hase
process: A 10% w w aqueous solution of diethylene triam ne (DETA) was added
drop w se to the enulsion at roomtenperature with gentle agitation. The

guantity of DETA-.added corresponded to an equi nol ar nunber of am ne groups
to isocyanate groups.
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51d1i V OHR ~" SUBSTITUTE SHEET (RULE 26) 12 DEC 2005 PCH£pgec 2005
B02/ 02744 i 12 DEC 2005 WD 02/100,52; PCT/GB(}2/ 02744 In the

" Qbser vatWOAF1MEE unm of Table 3: (i) "Unflocc' d" (Unfl oc®GT4tRd)2déscri bes
a capsul e suspension where less than 1% of the capsules are judged to be
fl occul ated when viewed by |light mcroscopy and noderately floccul ated
descri bes a capsul e suspensi on where | ess than 50% of the capsules are 5
fl occul at ed ang, #Rechioeaidhat &dushvsrehis scontain no nore than 20 capsul es.
(ii) "Strong caps" describe mcrocapsules that retain their shape w thout
def or mat i Gh or “Uufhoastd iy nflherlaed)shagpites afcapsdnt: suppeivsivorre ksdthiaed % of ai r
at roomtenperature. Note (b).that in Exanple | 11, the internal phase was
a 63% w W@ﬁﬁwﬁf‘éﬁ%ﬁg@f wzﬂ%fﬂfiieﬁ when vesgresdydeghs gHcroseoPare madstataiat in

So veseo St A AR RpURR I Waf S0 S 00 Bloslis Sl N 1!
process fscchiagdunaddhe floaniedd dmsters bohtamwat moreahat 30 edpsilayi(iy an“Sikdng

di sconti nuous phase and an aqueous continuous phase which process conprises
reacti ng Py ¢espaby/mi peapstleninpy ivn Geirshapaivishqut deipinetpn ¢ mppang oheg raf t
copol ymer_or.a block 5.copolypger and which ¢ rises a plurality of
vinylic n%lﬁ}?ﬁ%?igthﬁg't‘s Iésllcr)]ngﬁ%é%cIlrfjglir\%grlogmotfag\??% f'c esters or of their

hydr ol yseadote(i9tustis Fxachpii i¢Nhé sat&@hiiHale Rbs a @3 PEABIdMIRN oF AR alARHd AUOUS
~phase (1) 10 where Gis a group * or "Hydrophile™; "Hydrophile" is the
resi due otoleesky@®®bphilic

10 Note (c) that in Exampie 111, the internal phase was a 63% w/w solution of Tefluthrin in

Solvesso 200,

2

n
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initiator group; R, R and R2 are -independently H or methyl; X 153 8EC 2005
hydrophilic noiety; L is a noiety containing a. cross- Ilnklng group
tapabl e of undergoing a cross- |inking qjucl eophilic or condensation
reaction at the interface of the dispersed and continuous phases of said
enul sion, wherein said cross-linking group is selected from 15 -OH, -NHA
where A is hydrogen or Cl-C4 al kyl; and -COOH or a salt thereof; Y is a
hydr ophobi c nmoiety; the value of e iglb.é&iﬁo 005 to 0.33; the value off is
fromO0.0 toO 9. with (ii) one or
nor e subgt ancés F%gg?}tﬁgp ettt (&ag Oﬂ E'lg?:roen ‘?‘%%B%“P# fin B’ﬂ&?&é"ﬁ’rﬁ'@c’%i ch
react with Salpﬂa%raﬁﬂﬁanlﬁﬁ@uﬁgorgfnﬁb‘lﬁh ﬁ@e%luoﬁp%%@&ﬁnﬁ%@@feﬁ&tﬁ% toclaiml
wherein in the_polyneric stabiliser of formula (1):- (i) i S hydrogen or
met hyl and X & ﬁﬁrﬁoé@%cﬁ%ﬂﬁphﬂﬁfp@mﬂﬁl(lét"vslﬂ@bﬂS@G mg@&]mps@mepmwnay| ene

gl ycol option d w and a salt thereof;
car bo>k<ybet ai n%ﬂdﬂrﬁ%gﬁgﬁ %éconéénqsﬁ%ﬁlgfjl%@ gWh? BRPQRFIS NONPEARC 25 wher e
R3 is Hor Cletdudaldlybf Vlﬁﬂlﬁii: et 64 EChbir dr&]ysécﬁglmiﬁjét@ﬂﬁﬂvﬁgﬁhs)&ohﬁﬂ@&e nyl
substituted with a hydrophilic noiety sel ect rom - ; pol yet hyl ene

gl ycol opt i ondispstsidlrindappadinupusiph@se C4 al kyl; -COOH and a salt thereof;
car boxybet ai ne; sul f obet ai ne;,, a quat ernary, ammoni um salt N+R33C- where R3
is Hor ClL-C4 alkyl; and -CHZEH2OHL 12 DEC 2005 -54 (ii) R is hydrogen or
methyl and L carries a I pkin selected from -OH -NHA where A
i's hydrogen or C-C4 al kyty thereof, or R is hydrogen
and X i s phenyl substitut ed?‘thh a dtoss-|i group sel ected from -OH
-NHA where A is hydrogen or Cl-C4 al kyl; -and -COOH andIh salt thereof; and
5 (iii) R2 is hydrogen or nethyl; and Y carries a hydrophobic noiety
sel.ected from --COO(-Si(CHS)ZO)n wherein nis from3 to 20;

- CO- @ pol ypr opiteer@isgl gtom * or Hﬁrﬁb}ﬁle\’/‘h&{ﬁil‘bplﬁlei’ $s the kekidub 3 8 hitbpRitieup,

cycl oakl yl group, al kyl ¢ cIoaIk group, —aral kyl group or alkylaryl group;
and - CONHB whisHiEator gBovn; HE kdepedsn ‘ila‘/HdeGF@h ihy Hydsgehiliand X i s

henyl bst i 10
Pl (S8 B s b %%ﬁﬁt%%%b% GonPty e BBV Sty 1M trbeingesne
glycol; -CO ﬁmﬁgmmmpmm dr&oﬁdd‘ﬁhatﬁh&e&ltibﬂ lat Qe OntBrface)eE RAdikpeksed g P,

al kyl cycl oal kyl group group or al kyl aryl oup; and - CONHB
wherein B is é’“@ﬁu‘@!ﬁ ’héﬁelﬁ;? Sﬁ%@ﬁ’fﬁ‘lﬁ%h Whelﬁifb@é%%m&‘th%ﬂw ggup is sslegtad fom

wher gy n i n polyfenggaSHRPE hiiS fYdrfen AT 4%1@12 and=dOn %hgalg{here%f, Yisa
hydrophobic moiety; the value of € is from 0.005 to 0.33; the value of fis from 0.05
to 0.4 and the value of g is from 0.1 to 0.9; with

(i) one or more substances dissolved in the liquid discontinuous oil phase and which

react with said cross-linking group.

20
2. A process according to claim 1 wherein in the polymeric stabiliser of formula (I):
(i) R1 is hydrogen or methyl and X carries a hydrophilic moiety selected from
~303", polyethylene glycol optionally end-capped with C1-C4 alk}"I; -COOHand 2
salt thereof; carboxybetaine; sulfobetaine; a quaternary ammonium salt -N"R*,C”
25 where R® is H or C1-C4 alkyl; and ~CH,CH,OH; or

R1 is hydrogen and X is phenyl substituted with a hydrophilic moiety selected from
-SO5; polyethylene glycol optionally end-capped with C1-C4 alkyl; -COOH and a
salt thereof; carboxybetaine; sulfobetaine; a quaternary ammonium salt —-N"R%;C”
where R is H or C1-C4 alkyl; and —CH,CH,OH;




AN

X Rl is derived fromone or nore nononers selected from 4% DEC 2008
2- (N,*'N-di net hyl - N- (2- net hacryl oxyet hyl ) anmoni um et hanoi ¢ aci d,
2-(trinmethyl ammoni um) et hyl nmet hacryl atg; sal t,

3- (N, N-di met hyl - N- ( 2- net hacr yl oxyet hyl )™ ammoni un) propyl 20 sul phoni ¢ aci d,
the sodiumsalt of nethacrylic acid, nono-2-(nethacryl oyl oxy) et hyl

succi nat e, nong@- net hoxy pol y(et hyl ene ﬁ;l ycol ) nono-nethacryl ate, styrene-4-
sul foni ¢ aci d,@h- vikaiphydregen of methat #nd L edrriets eraschinlong geoup selected from

ke
derived from Qg lgtrogen endEAOPRNS] SBkEGtadavifll Difods-Rithp eRIupYLIERY A8k V! at e,
2- hydroxyet hyl nethacrylate, the sodiumsalt of methacrylic acid, nono-2-

(et hacr yl oyl o%¥ eHY Where & i dydrogembyC pEoplyleaed §IQQH! andraval thepdolficemdy | at e,

12 C 2005 - 2 -4-vin henpl,, 4-vinylbe | al cohql,.

4- vi %I phenol (ﬁé 6T&§1|E ﬁ%?g ?(ny%erfl%tb 2 4% tcﬁlbrg?%%ﬁirgﬁﬁ‘%c moiety selodted from

3, 5- di met hoxy - 40y SKYE; L0 8vhodeit v - 1@3%5. i met hyl

~anmoni um chl ori de, 5 chl S%éo-_%- hydrlox fo?g%ﬁy%b Zggt hacryé)lg?ﬁeb?&%%glgggkypr opyl
met hacryl at e, -80Hydk Wh?reslzbh%mﬁxﬁpz@[\;]ﬂlgrﬁlmmmlgan@, alitiley tydleyleraipy col

nono- et hacryl at.e, 2. 3-di r gQXyprop acryl.ate, 2-ngthacryl oxyet hyl
gl ucosi de, sora%‘ﬁlfyélgrdﬁlgtoﬁ(?l@%’gaf}gt%&pcgﬁ bq:@ghgn‘ghe\{?plt‘?b’tsﬁa(eﬁp &EBIOVP; Wst er
4- hydr oxybut ynurt@t;zﬁs ol AAdeX iSQpHéMﬁrs%étﬁlﬁthﬂM:ith al ﬁBME%&etg/r%éI@éfEdqﬂ yrene,

2- (i1 so-propyl anm no) et hyl styrene, 4-N- (vinyl benzyl yam nobutyric acid,

3- (N8t yryl met P~ -8 Hokhy vdereipn )is frem Brto ) 1GO-epdlypropgichaggcol;

~hydrochl ori de, ~N-{ 3- et hacy yl oxy-.2- roxypro = 3-

am nopropyl tr i%%(g%‘g(lﬁ?rg%e% ¥S4E1 é%ﬁi‘i ZOT%" ‘é?’c?ﬁét‘?yl group, alkylcycloalkyl group,
4- ((3- met hacr yia Re Wup; 86d dCONMB wherein B is a C5-Cy al .

- nmono- ( 2- (et hac%’iy%!%l et hy %a%?’ﬁgﬁat e; and (i‘iNi ‘;,reg[nhelsgar ijpul%kyé@&rozug R2

3. A process according to claim 2 wherein in polymeric stabiliser of formula (I)
15 (i) the group
X
Fe

is derived from one or more monomers selected from 2-(N,N-dimethyl-N-(2-
methacryloxyethyl) ammonium)ethanoic acid, 2-(trimethylammonium)ethyl
methacrylate salt, 3-(N,N-dimethyl-N-(2-methacryloxyethyl) ammonium)propyl-

20 sulphonic acid, the sodium salt of methacrylic acid, mono-2-(methacryloyloxy)ethyl
succinate, mono-methoxy poly(ethylene glycol} mono-methacrylate, styrene-4-

“sulfonic acid, 4-vinylbenzyl! trimethyl ammonium chloride, 2-N-morpholinoethyl,

2-methacryloxyethylphosphonate methacrylate and 2-acrylamido-2-methylpropane
sulphonic acid;

25 (ii) the group

L

-

is derived from one or more monomers selected from 2-aminoethyl methacrylate,
2-hydroxyethyl methacrylate, the sodium salt of methacrylic acid, mono-2-
(methacryloyloxy)ethyl succinate, poly(propylene glycol) mono-methacrylate,




is derived fromone or nore of the follow ng mononers: nethyl nethaecyldte,
pol ydi net hyl si | oxane) nono- net hacryl ate, nono- et hoxypol y(propyl ene gl ycol)
‘hono- net hacryl ate, vinyl esters, vinyl_daal ogens, styrene and optionally
substituted styrenes. 4. A process according to any of the preceding
clainms wherein (a) when the cross-linki ng group in the noiety L is hydroxyl
or thiol, the_ substance (ii) which reacts with the functional groups is

di - or hi gher 2tmethexsofryinyiisncl ¢-vinylheaaraigokeb 4-dnylphenel 2poxi de: or (b)

when the cros t the s stanc (i)
whi ch reacts \?\n {SH l&kﬁ%%%%#z‘?%% §?8lg§sgud§meu°x36§!ﬂ¥a’a’ﬁ%ﬁly¢ﬁ%gt gﬁ%y and i s
an i socyanat enctlaRsl®@seaip9kitimahy ahnittiua Chokiak 3 -cMbiyl-BidrBRRRG @I  epoxi de.
5. A process according to claim4 wherein the isocyanate is selécted from

tolylene dii Sséisiviate Sanulrexsomaybmethepistc, 2ghdnpyehphatiokguopdnat e and

therer, 1 2 et B R R PR A

hexaret hy enen@maa@w@rzametha&sho&wmﬁrg%co&lh@ rs%%toqtmietﬂa%f}MQ cfa@%f!a!ctoﬁecyanat e.

A process according to any of clains 1 to 3 wherein thé substance (ii)
di ssol ved in gﬁﬂéetkacﬁlq%ﬁedly@lﬁ@@r@ﬁthYde@ty)ﬂmstbamBlaw Ahydmmypropylpr e- pol yner

capabl e of unde reaction t orma mc suI e SJ; wall. 7. A
process accorgleﬁ%c?'gag%ﬁamn%s%g? 2’6\ W8p¥}ﬁlﬁ‘ 8’ @er is selected

from aromati @msrlb@@yb}aaﬂﬁbs@tyn@mmws@g&m&ﬁ@pmﬁﬁh@éhﬁaﬂ inBR onal | y
etherified urea 10 fornal dehyde pre-polyners. 8. A process according to any

of tHe pr ec edpmgylamapthﬁowaém hydxqrvblogidb va-ﬂmtlmcabwty—%-hydmxmmpyl};és from
0.5 to percglﬁltn bly0 V\féﬂ 0 l hg contl nu us phase that it stabilises.
15 9. A proceSe8RTEY ’%ygl%l?e QERH the pol yneric stabiliser

conpri ses frOAln((J_?. rh@thaélvy]laﬁy}pﬁiﬁo g)bemamdmd t he di scontinuous phase that it
stabilises. rocess according to any of the preceding clains wherein

the |iquid d|@@@‘i’r{fﬁn@h%crﬂ%)’)pﬂ)a@ehﬂi@lsteaw@grochem cal active ingredient

di ssol ved or Js)stggg% therein. 11. A process according to claim 10 wherein
t he enul sion uspoemul sion containing a first agrochem cal active
ingredient in adm xture wth an aqgueous syspension of a

15 R2

is derived from one or more of the following monomers: methyl methacrylate,
poly(dimethylsiloxane)mono-methacrylate, mono-methoxypoly(propylene glycol)
mono-methacrylate, vinyl esters, vinyl halogens, styrene and optionally subsﬁtuted
styrenes.
20
4. A process according to any of the preceding claims wherein
(a) when the cross-linking group in the moiety L is hydroxyl or thiol, the
substance (ii) which reacts with the functional groups is di- or higher functional and
1s an isocyanate, ester or epoxide; or
25 (b)  when the cross linking group in the moiety L is amine, the substance (if)
which reacts Wiﬂ’l the functional groups is di- or higher functional and is an
isocyanate, acetoacetoxy, aldehyde, acrylate, vinylsulphone or epoxide.
5. A process according to claim 4 wherein the isocyanate is selected from tolylene
diisocyanate and isomers thereof, phenylene diisocyanate and isomers thereof,

30 biphenylene diisocyanates and isomers and derivatives thereof,




second agrochem cal. 25 12. A process according to any of the Preez Qg riod
clains wherein the polyneric stabiliser is a randomgraft copol ymer and
‘has the fornula r M ,MeQ2C, R 1 2 DEGRO05 -57 wherein R is hydrogen or
methyl; Zis a hydrophlllc group; L is a cross-linking group as defined in
claiml, mhas a value of fromO0.05 to 0. 30; n has a vaI ue of fromO0.50 to
0.80; and p has,a value of fro 02 to 0. 20. A process accordlng to
claim12 in V\/rﬂobﬁm(ﬂi‘ WP?@PW[?&QVQ‘PE@@% h\‘f‘tﬁ"é%hm disgpamateend Fimeber of

et hyl ene oxi deyyBidSq .ch g has a value of from5 to 40; or
(it) Zis noiety conté%oﬁﬁ#égéaﬂghﬁa%nate group; or (iii) Zis -0-T& where M

is aGoup | netal or a d-C3 quaternary ammonium salt; or 10 (iv) Zis a
bet ai ne group - OCCH2CH2N+Me2CH2CO2 or - OCH2CH2N ' I\/EZ(CHZ) 3S03-; or (v) Zis
- OCH2CH2 FOReess Accaiing {q ?ﬂYPfCéalm@él-ﬂQél-‘{ﬂN}mﬁhqmbﬁéﬂ@f{llD dissaval iasheal ky|

or -CH2CH2OH 15 14. A S cordl ng to
claim 12 or 1gﬂlgld>ﬁm$@nﬁﬁ{®ggh%%ﬁ§%ﬁ%@§é%wr %ﬁzﬁ’oﬁr‘f% Eaﬂ?%ger%fdjé‘ﬁ thyI
15. A process regtiom th fogm tagniefyamulcdt@iligalll to 11 wherein the polyneric
stabiliser is a block copolymer. 20 16. A process according to claim 15

wherein the polyneric stabiliser units X - Rl corrprise noi eti es sel ected

o PO Aot M BGes@ibddedine BOUNEEE SRR iRl b orgRUE SUbHET B

car boxyet hyl aafophatic dﬁ%d#anﬂcsymﬂah@@bghsbcﬁﬁiaﬁés ahd 8tRiHafly éﬁieﬁﬁed’ by

sul phonic acid, 2-sul phoethyl methacrylate, 2-acrylam do - met hyl propane
sul phbni c aci WY@(‘I@’G'PQ}’FT%%m c acid, nonoacryl oxyet hyl phosphate,

di al Iyl di met hyl amroni um salts, quaternary salts of dinmethyl am noet hyl
met hacryl ate and di net hyl am noet hyl

8. A process according to any of the preceding claims wherein the polymenc stablhser
- comprises from 0.5 to 8 percent by weight of the discontinuous phase that it
stabilises.
15
o. A process according to claim 8 wherein the polymeric stabiliser comprises from 1 to

4 percent by weight of the discontinuous phase that it stabilises.

10. A process according to any of the preceding claims wherein the liquid discontinuous

20 phase has an agrochemical active ingredient dissolved or dispersed therein.

11. A process according to claﬁn 10 wherein the emulsion is a suspoemulsion containing
a first agrochemical active ingredient in admixture with an aqueous suspension of a
second agrochemical.
25 |
12. A process according to any of the preceding claims wherein the polymeric stabiliser is

a random graft copolymer and has the formula

Me ~MeO,C R




acrylate. 30 17. A process according to claim15 wherein the polyzBECWS
stabiliser units 1 2 DEC 2005 -58 Y R2 conprise noieties selected from
-acryl ate esters, nethacrylate esters, _gynyl esters, vinyl hal ogens,
styrene and optionally substituted styrenes. 5 18. A process-for the
production of m crocapsules utilizing an oil-in-water emul sion prepared
according to claime6.ar .7 whereij he. reaction. partner, (ii jssolved in
the disconti HUZGE lg?q%yﬁlﬁo(%E oﬁﬁﬁ’g}ﬁﬁ?{%ﬁ arelg’gE‘fpg"qu grﬂuq,ﬁelsércgggﬂ‘nimgigq@u%r oup
of the polyngyicGinsd abiThiS By his PORuOLT HBHD.OBYTRY: 5 HAE 2 RhRe BOkY¥HRS So and 1's
capable of formng a mcrocapsule wall and whereinthe discontinuous oil
phase additi otod).8¢; abd phent xalns odfremdt.0htr®20mat eri al s to be encapsul at ed,

whi ch process conprises formng mcrocapsules by interfacial

pol yneri sation adjacent to the interface between the discontinuous phase
and the nti : tcm:in | wherein one or nore of said

wal | -'5{‘1orfrg)'ng %&ﬂ%%\sa%)i&g@l rtg- po ?%b?}?(gh reacted, before and/or after
prepar ati on ofi) Z ieemethuksPBG, inwittidh PIHE spaly foe ainanmbendf dthhete ofidd wrirul a (1) .
15 19 A proce according to claim 18 wherein the nononer or pre-polymer is
selected fro Zﬁéhﬁﬁﬂh&%%]&asé’r%?fcﬁ%%%é%ﬁat es, aliphatic and aromatic
pol yi socyanat : Lonal |y Lof i urea-formal dehyde pre-pol yners.
20 20. A proc@szqggg’é%%%&?%{gcalSglit[ﬁ%%%égr%hfggﬁherei n the polynmneric

stabi |l i ser cofiipyZ sed M rvarer®MbistadGabp i niktader & EC;apatsaiaghimebnivhesalt; or

di sconti nuous,_phase that it stabilises, 21._ A process_according to claim?20 .
wher i n t he. poT\AE bR P S8 oY @S H Sl ar 05 Ml Hh B MerCHypSRes ght

of the disconginuous phase that it stabilises. 25 22. A microcapsule .

obt ai nabl e by a process according to any of clainms 18 to 21. 23. A

m crocapsul e @gZas ddOH,CK,@CACH,CH, @i K orqei) Zak hOCIHH CRINOR Ie wiher! R BBt | ve
ingredient in the | i |(iui d.core. 30 24, An ail-in-water enul sion obtainable

by a process at&drdhgr o2 wdaK dghajide gt syiphate.

15 14. A process according to claim 12 or 13 in which L is -CO2CH2CH20H; and R is
hydrogen or methyl.

15. A process according to any of claims 1 to 11 wherein the polymeric stabiliser is a
block copolymer. |
20 '
16. A process according to claim 15 wherein the polymeric stabiliser units

X

-

comprise moieties selected from poly(ethylene 6xide), poly(acrylamide), poly(vinyl
~ pyrrolidone), poly(methylvinylether), acrylic acid, methacrylic acid, beta-
25 carboxyethylacrylic acid, 4-vinylbenzoic acid, itaconic acid, vinyl sulphonic acid,

- 2-sulphoethyl methacrylate, 2-acrylamido-2-methylpropane sulphonic acid 4-styfene
sulphonic acid, monoacryloxyethyl phosphate, diallyldimethyl ammonium salts,
quaternary salts of dimethylaminoethyl methacrylate and dimethylaminoethyl
acrylate.

30

17. A process according to claim 15 wherein the polymeric stabiliser units
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comprise moieties selected from acrylate esters, methacrylate esters, vinyl esters,

vinyl halogens, styrene and optionally substituted styrenes.

A process for the production of microcapsules utilizing an oil-in-water emulsion
prepared according to claim 6 or 7 wherein the reaction partner (ii) dissolved in the
discontinuous oil phase and which reacts with the cross-linking group of the
polymeric stabiliser is one or more monomers or pre-polymers and is capable of
forming a microcapsule wall and wherein the discontinuous oil phase ‘additionally
contains one or more materials to be encapsulated, which process comprises forming
microcapsules by interfacial polymerisation adjacent to the interface between the
disconﬁnuous phase and the continuous phase of the emulsion, wherein one or more
of said wall-forming monomers or pre—pdlymers is reacted, before and/or after

preparation of the emulsion, with the polymeric stabiliser of formula (I).
A process according to claim 18 wherein the monomer or pre-polymer is selected
from aliphatic and aromatic diisocyanates, aliphatic and aromatic polyisocyanates and

optionally etherified urea-formaldehyde pre-polymers.

A process according to claim 18 or 19 wherein the polymeric stabiliser comprises

from 0.5 to abut 8 percent by weight of the discontinuous phase that it stabilises.

A process according to claim 20 wherein the polymeric stabiliser comprises from 1 to

4 percent by weight of the discontinuous phase that it stabilises.
A microcapsule obtainable by a process according to any of claims 18 to 21.

A microcapsule according to claim 22 which contains an agrochemical active

ingredient in the liquid core.

An oil-in-water emulsion obtainable by a process according to any of claims 1 to 17.




