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COMPCSI TI ONS FOR PHOTOPROTECTI ON The present invention

relates to a nethod for inproving the lifetinme of
wa@oeogmsaeds t hat are prone to phot o- degradat i onPOYGB2007/003374

contai ning the conpounds in mcrocapsules, which have

light protecting particles bonded chemically to the

capsule walls. In particular, the present invention

relates to a microcapsul e conprising a biolog

active compoundOMROSIETONS Bk PHOIOPRQIERHQ

protecting particles which are chem cally bonded to

the mcrocapsule wall material; to the use of such a

m Cr PESRSnCinveich Ba0E €5 & nfetHod Focipdrbvifg thédifetdme of compounds

m crocapsul e; and to surface-nodified |ight protecting _.
thebare prone $o phpto-pgipdationdyicanigining the gpmpeEp SumEcTroaRpyles, which

bi ol ogi cal .y acti,ve, aar ochem cal ounds :
il ieBEP BRP N i F oo ERERPE o SRERRHIF oS bRRARIGhter, the
preBt RS eltarered wh ilitrdcdpRile Tobrisiay 8 bitficAMeE e €orsound inside
sunlight, typically between the wavel engths of 200nm

the snigooapsile Bag Hightardteeting partiddesswhich gistcchpmically berded o the

B A TR Y
a inferb6@piNetaal 3b burice Pk Red it pRIt@tinp Pattiore BSd thel@is@in such a

|'ight sensitive. Photoprotectants may be used to
mpshesapstlabi | i se intrinsically photosensitive Als. The

ter hot.opr ot ect ant. _nmeans_a_conpoun or Lnat.

of | QURDOURRE At BT Bem R TRRURG: QAP R lve
inpReHeAtsRY) afdbh&b-1atilcand May Bl deEReaT RN HdlUIsW? days upon exposure

technol ogy may provide an effective neans f

y or )
topshlighp rtmieal by bt eandhe ygvelengitistad 206um e §0Anng hPegradatiogrdue to

IS .in very.close proxi.mty.to e Al sul L4
sup g o BiFRCtAREL PSR i O mbold aRlng PR G gy genicn i
su &gﬁbleft@ﬁu&@ o dBldeémiabbbe phbidlabd ¢, 1hot MRS Phdtosensitive
US6485736, and US5846554). M crocapsules for use in
ortlight gensiieat i nvention may vary from0.2 to | OOCum
sui tab fromO0.5 to | nd, nore. suitably from.l
to AARPREM R ks R et B e B Bepbis g plokitiflive Ats. The
tefp® Embp@&ptaﬁ%_saﬂsm doafpolf€ dr denBIbiGHo AoniboiEE®) thabfeduces the rate
(a) avoiding direct contact between human skin and
orsssteahefi phiotoydegradatiemf héki cal s whil e mai ntai ning the
]? gil ?:C(%/epg%s%gggﬁgeﬁ Cglggynﬂla}z?l Bx%v e)anse ilgp[&\}ef ¢and fgrhp%otoprotection
whereby a photoprotectant shields, or is in very close proximity to, the Al

Capsule technologies have been known for a number of years (see, for éxample, GB1513614,
CA2133779, WO00/05951, US6485736, and US5846554). Microcapsules for use in the
present invention may vary from 0.2 to 1000pm, suitably from 0.5 to 100um, and more
suitably from 1 to 40pm.

" The encapsulation of a sunscreen by the cosmetics industry has been described as a
means of (a) avoiding direct contact between human skin and potentially irritant chemicals
while maintaining the efficacy of the sunscreen; and (b) simplifying the formulation of such
chemicals. Therefore the reason for encapsulafing sunscreens is different from that of the

present invention which protects the contents of microcapsules from photo-degradation.
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chem cals. Therefore the reason for encapsul ating
sunscreens is different fromthat of the present
WO pawsfsioen whi ch protects the contents of ni cr BCHEB08603374
from phot o- degradati on. I n onej,known approach,
phot oprotectants formpart or all of the m crocapsule
wall materials and thus provide a shield for the
capsul e, .thereby protectin yfphotosen3|t|ve Al t hat
is p KON @PPTRAGH, gh %%Q%F s fergp park angl ef the miggocapsule wall
e —

thatie praentawvittiig thekthpsutesg Foaéxampl®inf OA 1 33 T7aIsBb en&\Eetrmt show that
that, j nproves the resistance of agriculturally act

lignoslphonates and therlikgcap gsad;1p corabinatien Wih pipgeiein sich as a high bloom

oA Q0TS PRI IRL SR D pbRiptysee sbsiances,
sucl appatieides nd Ua/Sh@m degrh@gion) Thatipsole wdlbfoshédiby the éntetabtion of
anot her approach, photoprotectants may, be

the~°<9 cOmPapE wduEnbls and hana UA protasianppottoipiegtad e f itheigucture.

it e R S
mtOWdQSM'Iﬁ@Ibe disoB/ed ppthe@ck dodtedtsP awsiefbchpsutee dlsclosed by

printing and duplicating industry where | euco-dyes a
@qurw lonprides Gteadowies. Tis apmreachyeilyo used in the

pﬁn@lﬁg QH@ h fc?x&?ﬁc {nﬁﬂgt erg Eeu?é ﬁ? go Ba sehrlitla(? fallltﬁgﬁotoprotectants

enS| re conten m cr capsu

di scAlesediviely tli@ﬁdtaﬁﬁﬂecfhnt mf@ﬁbeedﬂ‘slbmsdaa@ Wﬂﬁuhﬂd’ﬁu@pfﬁﬁlons in the
partlculate suspensi ons_ selected fromtitani

boaq eonteEs ofanigrocapsulfasiglased inyWEW6{3361 bdzyherq\/ﬁny capsule contains
?arté ?Eéedsﬂm's:' égg%g 6\'}1 t{t%-guxld )g(ﬁe Sllclog)( (ﬂ:gllnd 'nﬂg{ugc%r{h&eof

ICU Se O Ica and zircon

d| onyedesbﬁbermk EPIBLI404d pﬁ&hmfbyu@dadﬁcsrgahc phrtioles kpartlcularly
interfacial polynerjisation nmethods. The process
thess\wé silies andharqopiugn diosidede makednicrosapsples by rcwrgrvatlon or by
|
B O A S bAE MRSl RSRRSHL Bl prsocaa

Pickesial em@isidig até ﬂlethlerhiogé'ttmlﬁfoﬁh}fsmei wigll guitiprise$ % ikeragtdd particles.
chen1ca||y to the capsule walls. Stover
Mepygess srbiliselpseche usayf iighbmroteeting partieles bendsd shemigally to the capsule
wdidcor poration of functionalised organic m crospheres :
|nto pol yurea m crocapsule walls nade by interfacial

pol Wimver fahéromoludiilesl3867)r2003-20ygjakbcritee theSfcaporatiohdf
protecting particles bonded chemcally to the capsul e
fugghiopalisedyigenicraigeaplersintprpadgusumasocaggie valls made by interfacial

po%?ig%)tgm B:Ht ?@néé:sﬁlg)ct: % g}éé ﬁ]rrs% Ief flﬁ%rgggféxp% 1&85 M@'*de cﬂémlcally to
theeda@sigel mahs.abi ¢

Odera teaches in JP 86-242834 861013 that titanium dioxide may be incorporated
into the walls of 200-500 pm microcapsules made by coacervating gelatine and gum Arabic
on a carotene-rape oil mixture in the presence of a titanium dioxide dispersion in the aqueous
phase. '

The present invention relies on light protecting particles to provide a photoprotectant
system for microcapsule formulations. A light-sensitive compound may be contained within
the core of a microcapsule and the light protecting particles are chemically bonded to the

microcapsule wall, thereby providing photoprotection to the microcapsule wall, to the
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on a carotene-rape oil mxture in the presence of a
titanium di oxi de di spersion in the aqueous phase. The

w@e@smsRo2: nvention relies on |ight protecting PEr/GBeigs03374

to provide a photoprotectant gystemfor mcrocapsule

formul ations. A light-sensitive conmpound may be

contained within the core of a m crocapsule and the
bonded

C‘Hﬁ%’%ﬁ@;‘g%‘g{%éhﬁ’g afr0|tCIaI§:S|{J é]r é?)g %Eg{g/ﬂwg’]‘?ﬁb&/ the core contents Although

- HRBPLeRIRA&Ebh bR ubdIRl V%éélr(%%%ﬂﬁ%wtﬁ b péslca[llgq%ht sensglve

thecontents of the core croca
cdnigounes, lit ia aldo tpyeropidate far dirilegitally 1Aht-sabiglotipeumtsasidoit may require
Bgﬁentlon is nmost useful when dealing wth
G EYA Rapiney der cxempls £ oR-eBRBvLAUSYatk s al so
appr
oy R ftdtabfos MR ot WA AR RS al

mﬂmammhaona l'ight- senS|t|ve adj uvant] . The
' resent |nvent|on may be prepared

m cr,ﬁ%’%\1 shgl es of the {%
by i hicigihprosicting pyrtisles ey paryiderphotenretretidy byt avariehyof means
tection by a variety of
lngggﬁgqﬁnc?uglﬁgkﬁ¥gg§h§%§%$§£%ce and light
r ef I'Hetlghcprotetling pargbies papbe otgany op aidrialiesr rmily/cdfiﬁpnse a mixture
Qarg ani.c or inarganic or may conprise.a mxtu

of} 1%8@%? BEI6 FREPIRIE bR BXamec Bt RArtigsamay be snpregnated with an
t
o B ek R Pt b 782 DB HG58 000106
Hei Sfém]lernﬁue tthelighi peotedting pat@hds naydicantthexgmpdified bl esactive
e nodj fied by reactive, conpounds.

Compgmufspifg% E@ft.pﬁﬁeﬁsmgtnawé@ A Pegised, g@&laqerpfﬁpawgsnal surfactants to
%&g‘(ag)gl{ +19g‘@1¥ t‘gsEJ ?:%ﬁ?ﬁglék«{r&lgo ! ﬁlsﬁ)‘h@ \/\*‘1 %vhgdhlccgggwmtf ation at the

oifwatenintevfacats thérecantidd matusing lcmtnpmﬁxﬁi@ ehssslvéd]ﬁnhe ail phegt so that the
out u5|?g conpounds dlssolved inth phase so fhat

sugfpce medifigd glor&f&}cma@ac lesfgrm sh%wglahowi%wa& theowal patemat a)

bon

commas Pt LR By SRR vt 06, A RR R Yo B e an
agaghanhennmmkmnﬂbbatsunmghkhmnkais an agrochemi cal .

SU|tany, he agrochem cal is a, fungicide, insectici

or REHY theagrgehegniead is %ngwm ma@cvs}de@es Rerisidey ug%isfiog Gontrolling

or giﬁgngatg% Je% gﬁch sk tl?lsé% S. "Hi‘ee &h%ﬁ'ﬁﬁ%ﬁ?lalm used in

used I n no a rrcu tura situdations

nosagriplimrgd sbhatonk Elak é)kanqﬂdpmtrlazf leakh emtbprofssiohed toroduct purposes,

ur poses,. such as termte barriers, nosquito nets and
%aqq te%téﬁ,wlers mosquito nets and wall-boards].

More suitably the agrochemical is an insecticide, even more suitably a pyrethroid and
most suitably lambda-cyhalothrin.
The microcapsules of the present invention may be further processed [for example, in

the preparation of granular formulations].

Therefore, in a first aspect, the present invention provides a microcapsule comprising
a biologically active compound inside the microcapsule and light protecting particles which

are chemically bonded to the microcapsule wall.
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More suitably the agrochem cal is an insecticide, even
nore suitably a pyrethroid and nost suitably

wo aoobaizeoey hal ot hrin. The m crocapsul es of the peEE8RM07/003374
invention may be further procgssed [for exanple, in
the preparation of granular fornulations]. Therefore,
inafirst aspect, the present invention provides a

S R o A v
m‘é@ér%lf‘ rf@lrtﬁgedﬂcﬁ&h% ggﬁéjﬁ%vfd@d When Ph&hieNARMe Sre formed between

he chem cal anchor the light protecting
adpeenti Igheprotagtingparticles.ocapsul e wal | irreversi bly.

& SR B e CHp B R e TGS 3 pered O the group
coR&5iA Ll 831 trand] '(51?%? est' £7,08 QF QBF %ﬂl anfs 6'9' 19hi3,15,17-

protecting partic S selected Promthe gfoup
octalasinehaeng-10t8-diyl)bis[2,6,6- trlmethylcyclohexene 2-ethylhexyl-p-

quq)xyg?{rglgrsniéai% bl%?t"ﬁ)ﬁeé’@ gkéé]wggﬂacry oy )O)I;re]tg1 é( lb1s {[3 cyano -3',3'-
dl}%ﬁeé?ﬁ%ﬁdg)zg#ﬁgﬁé@%& &hgﬁeté%b%%@@,@ziﬁﬂ?enyl—}propenoate, 2-

et}ﬂylhbxbl-g—cfyﬁio-l;glaﬁ}meﬁﬂa&ymtqaE,ényhydro-ylSo@#hjmethyl-Z-[(Z -théthyl-3H-indol-

3- &(ﬁi}é}y %?/g@%% ?g_@géggﬁ%@yﬁé%bpggégé%lggl y é%e%?y?acmdmlum

I -4-
R A o IR o S 1 v

(pﬁbxwlanﬂm)ea edthyakerdeuwl &natet-H fandnd -2+ mathyifﬂwmalamhﬂabmeddmp
1 A@bigf(gl o g@&&%ﬁhﬂg lﬁ@ﬁgg%:gilu Iﬁahllcé)l b1§[?4 +methylpheny1)amino] 9,10-
an%&g}ﬁ@%% %glfﬂfoﬁg r aceh%’ ﬂieﬁ Birffino]-9,10-anthracenedione; monosodium

esu I onat €,
4- }1ydmyn3}{(2 -hydtdxyt -Saphthaemtyhazad Gaedthesnéfondte;dnbnepdivm 4-[(2-

S e%ﬁ%k@%ﬁ%éﬂ?ﬁqﬁ%g §En6: £ LG nirasmabsn-henyt
behzeﬂmrfexx 1t @ﬁlénﬁa%w'&Bﬁeﬂxﬂeﬁﬁfgz@pﬂ,he%oﬂ% Ry Tugeenedi o

monos

n1t?o;ﬂny1ﬂyl)mzy}pﬁe1ﬁ}(l]gnim;(drmapa§bmtraph4 R@nitmyheaylpdzo bberzenasink;
on nbnoso - .

oA SRR fife I éqzoﬂla@th?&nw?w&)gﬁfgﬂ dstaphdylgngsulfonate;
e B R R 2o o

1-[:B4—|[(eli1h9thjllph¢r(}ln)azo]dlmethylphenyl]azo] -2- naphthalenol 1-(ortho-tolylazo)-2-
itro am no enitrile;
na&‘tf“llﬁﬁﬁﬁf‘]‘lﬂ%ﬂé# dHB‘Hfé%HE“‘[ME?fnonosodl um

oY PE s pﬁaﬁgg%y 227 AR ERNEAZL] - 7- ni tro-1 -

nesu ona

1-[[44 [ﬁ@nﬁéﬂbmﬂlﬂ]azé]—lz{nﬁph‘fbﬁlbl}dlph{i[ﬁﬂhf)thile‘} fBenyl ] azo] - 2-
el phep PRI P BB R SRR A S - heniazo)-

1 rﬁ‘@hﬁgf%hyl]&of ‘?Htﬂ%?irﬁlgilnxj laﬁﬁl)englazo) 2-naphthalenol; 1-[[2-methyl-4-[(2-
methylphenol)azo]phenyl]azo]-2-naphthalenol; 1,3(2H)-dione, 2-(3-hydroxy-2-quinolinyl)-
1H-indene; 2-(1,3 -dihydro-3-oxo-2H-iridol-2—ylidene)- 1,2-dihydro-3H-indole-3-one;
disodium 2-(1,3-dihydro-3-oxo-5-sulfo-2H-indol-2-ylidene)-2,3-dihydro-3-oxo-1H-indole-5-
sulfonate; mixture of 1-(phenylazo)-2-naphthalenol with 1,4-bis{(1-methylethyl)amino]-9,10-
anthracenedione; mixture of 1-(phenylazo)-2-naphthalenol with 1,4-bis[(1-
methylethyl)amino]-9,10-anthracenedione a_nd 1-[[2-methyl-4-[(2-
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napht hol ; tetrasodi um
4- am no- 5- hydroxy-3, 6-bis[[4-[] 2-

w@ saBfsaey ) et hyl ] sul f onyl ] phenyl ] azo] - 2, 7- naphe¢EGBR@®AI003374

sul f onat e;
1-[[ 4- (phenyl ) azo) phenyl ] azo] 2 napht hal enoI
1-[[3-nethyl -4-[ (3-

t g phenao] gazo pheny ]hal@?% b apht_hal enol ; . 5 .
mg’_ 3lp, pxm})ﬁzg]p %H nf)]_,[, e%péﬂph%@@zm -ium, 5-amino-
(d%e_tﬁ% %}2{1]13? a?g%lt giut(éﬁ%l%)%h%(z 4- dhsuffg%}e[r?llﬁl_nethylene] -2,5-

cyasmhhx/ddaﬂmeh@ha@szpdstHyl)dtﬂmm}m&nnapéﬁsth godivm salt; N- [4 [[
E‘ - di one, (B%Ipﬁ% Igumollny) IH-|n ]
(dzm%t YISmH}WWMU@ (Fhenyiaminph bnapthglendsprdhylened-2ef- ﬁgﬁéqlwxeﬂlenl
I
b ARGy Bt Blarides Ny T[4 (dimethylamipgipheny I

(etHylaghiine )3t ﬁx;ﬂhiléﬂtyl]ﬁﬁtﬂ)lh}&erﬁﬂ—2§Sl=léyfcwhaiaahenm -¥lidene]-Mmethyl-
| - (phenyl azo) - 2- napht hal enol w t
mFthamamlg{u(n chiesidey Hétﬁqwqtr&ﬁhlﬁsﬁ 9 ild)ydram RsbSenedi one;

teffifddshofifobeasAISMA (1601 S RARLIS SRl sat 204
dlhyciré@pﬂﬁi}mw 5 4-tribhdrory-Ap- pbﬁﬁ@b))raﬂﬂld@bﬁNN N2o)- te?l‘aklﬁ(?m

t hal enol ; benzo[ ‘]E henoxazi n-7-i uni no- 9-
big(hntxt-Eymatib3.2,0 rﬁ@p@ylmpendm -4 )ammo)trlazm 2-yl)-4,7-diazadecane-

L% Lil%n‘%rgeg §>Qiyﬁ%'1¥ A0k RAERYIhe Radil S £ GRRERY AERHTED 6,6-

tetﬁ:atlﬁétbyl%g@bﬁdln&l)m{mcqené—heihﬁﬂﬂyuw- .Eb 6asnamethylHhpipetitetiyl)imino]]);
sal t sodlrum s

Inl()(&]r%f epjera At %8)6pﬁ1@ﬁ?11ﬂ1‘[th¥1(4pﬁéﬁwlﬁ%vﬁg) higher fatty acids (mainly stearic

ant po%ﬂ{lp?&ﬁ@héx]toﬁBfeﬁYAl 1d, Jﬁf} ﬁxle%sig ﬁp%@gﬁgtﬂyleﬁe] bis(1,2,2,6,6-

pehta[rﬁztk{yﬂA -figbritixtyiebtaribixg), pognetrhhéthyl-4-piperidyl) sebaceate; b1s( 1,2,2,6,6-

(et hyl am no) - 1- napt hal enyl ] net hyl en‘%ﬁ 2, 5-cycl ohexadi

peﬁtamﬁ%yi -GeviRdridinyiist ey PrbIeE AN RiFk2 61t¢tﬁi@wthy1 Apiperidinyl)-16-
7

hegan%tlgm ‘I% é,dé) gﬂ(&z%;cgl}og% I%C%%J}é% ?%:’Y_‘])g pro lu%tg]\m@ % ﬁfegn?d -P-propene,

N—du@DtﬂlbumnSﬁhirte, and- N Butﬂ'} 2,2,6,6-tetramethyl-4-piperidinamine, oxidised,
di hydr oxyphenyl -trihydroxy-4H1 -benzopyr an-4-on

hydroggpated; rQrmNhng 6 gng gl(tnlpgenol oc¥adecy1 3,5-di-tert-butyl-4-

QR R E Y 505 Lo S b A RTT LI QRRE LS - 4- V]

riazin di azadecahe: i am ne;

meidxybEréophénond;, Bhyirdej-4-aneeiidxybiroyhenans; 2o ydroxy-4-n-
3,5-triazi ne-2-4-di [2, 2,6, 6- o
octylyhereonlaone; - {ci‘e‘ﬂl?éb’l‘%wn}q -Ribyaroxybenzad )k henz@icaciq, heyylgster;

2 Zegtzlgreg fgf&é%l?eé o%h?x%{' d'b%iu%&rpﬂﬂgltlacéylmdgﬁkgrb%nﬁftﬂazole a-[3-[3-

(Chighestridzl-Ryy e Tl$- c{hﬁaﬂhylemys)tzehydrox@hdnﬁ}almxbpmpyl] -o-hydroxy-

aci dnia propanedi oi ¢ aci d
Pofy(eKY; gﬁ&};@ymbﬁ%@ hM‘é‘PNWeﬁéﬂwaﬂYbﬁ Srppthylg;hgn;é) @enzotnazole 2-(2H-

beRRH G5 L B TR B Rle bl B R inhenqls 2 3bydrgny: 3 buiyl-5*
methyphtn6l) G- cmanbmtrfayble4'2qzwdrcd4yrm5 hesb@uylphmﬁy&er of

N, N -bis(2,2,6,6-tetraneth i p er|d|nY
chiqeobgneainiagnle; 2-( bergzotagolt ylém%qilden -pgnty nhien%lz?ﬁ%H benzotriazol-

2- );lfg(a ,ll a1 rﬁ)é’tﬁ))qytﬁg'ﬁél Yi{l/&x%x33 Bpl{z%g%rl)pa%{n%pa%m? C7-9 branched and linear
alkyl esters; 2-[4,6-bis(2,4-dimethylphenyl)-1,3,5-triazin-2-y1]-5-[2-hydroxy-3-(dodecyloxy-

and tridecyloxy)propoxy]phenols; zinc oxide; titanium dioxide; mixture of zinc oxide and
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N- but yl - 1- but anam ne and
N-butyl -2, 2, 6, 6-tetranet hyl - 4-pi peri di nam ne,

wo@zieodios®wd? hydr ogenat ed; PCT/GB2007/003374
4-met hyl -2, 6-di-tert- butylphe@m
oct adecyl - 3 5-di-tert-butyl -4- hydroxyhydr00|nnanate
2-tert-butyl -1, 4-benzenediol; '2,2"-dihydroxy-4-

t hoxyh h - 4- met hoxyb h
tltgﬁlﬁyg(ﬁgyggzglggg}?siég gg(r B%hgaebﬁie% r;%rox(;l)égnz%?cza%?d r?—r;])?or;)(;l ester;

4- { | |
sl o) 24 APia$o E%ﬁ{héﬁ‘?i?ﬁ?@‘é?%@ﬁ%ﬁ‘?o pikBas:
2-efAyR2 -ekhostyerayandlidet 3 omls(bah@a?cylo)(y)gmm,mmﬂeazmdaeﬁ 9-
2H benzotri azol -

lehOEP@@Sﬁ’é?ﬂ%ﬁ]@ﬂWMe 14l ﬁyHrrbsEWﬁérﬁgnr?parDb%&pPléW Pls(l-methyl 1-
e

bL@jflphen?/}) @Bbﬁ}ﬂhﬁéolt 2-d@#@toxyanthraquinone; 7-8-D- glucopyranosyl -9,10-dihydro-
yl)- -bi s(I - et hyl -1 phenyl et hyl ) phenal ;
3 5 Qﬁctgtrahygmxyxlymgth_y{—%}gtd}wxasz-anthracenecarboxyhc acid; 5-hydroxy-1,4-

é&lgﬂi dgéod}(l)l}g §ﬁlgilt grd?%?(%g%l?&l 1% &eeg Lu?cs c_hgt_earylthlodlproplonate.

C h| (M@ﬂé%ﬁitﬂﬂy itz lpd e protectlng particles are selected from zinc oxide; titanium

2- (2H benzotri azol - X )-4,6-di-tert-pentyl phenol ;
digxide jang a misturg efsznc oxide and titanium dioxide. Even more suitably the light

g Bt B G e enr opanol
2-[ 4ne -hlghﬁlﬂrBteémﬁg p@ﬁ&lyé PagBY bresént 3n et hicastiapsule whil ada fingle
2- hydr oxy- 3- (dodecyl oxyand
layer priaey bo Rigs§Ht éip%)mtpiﬁé’ﬁ@ﬂ’“?mnc oxi de; titanium
dio t UF C ; .
% O Ay EGS el o pe OEFAARAE e o

prﬁe@flgﬁmhuﬁé‘strﬁiy alSool ¢hendiediydanded to the inside surface of the microcapsule
2,2' -thiobis[4-t-octyl phenol at 0] - bet a- but yl am ne
watl; breding fo the mpidsshifacemaybaephiaysdbwp prepaation process in which the

hggt érﬁpef %gaée{ra { éé %\X%)):régd Lh t%e %8 phgste BB¥ B ensification.

, T I ‘afilrtHek bdpRtt; t}&ﬁed@ﬁﬂlﬁﬂmion pBoviddsiagirdceds firpedparing a
-neth [, 1- phenylethyl)phenoxy] 2,4,8,10-tetraoxa,

mlsrogapﬁumsgls pd RS comprIgiBg dpfesteps:
ttrogﬁ (%n% ﬁlﬁ 8ﬂ-m W&%r%%lﬂélgﬁl%}/clh)ls 9&1%?&'1‘13/tsfabilised by light protecting

oxyant hr aqui

parficle3 -bE}(Q |dtb§)61@§tfg&ﬂ@ﬁgﬁtp%t%&n@l paytitles-in water and (ii) emulsifying in to the
3,5,6,8-tetrahy droxa nmet hyl -9
Wal@ AdTIFREE QOTHPEHRGEYE é@ﬁl%wﬁr@isa@ﬂ the bolpgigrlby wtwe&ompound

o RBEISR IO AR B S G0 AR50 e

préted@itig partRl Ok Wi Hotl arl asd the elgatqiremmg particteg ionform a
oxide; titaniumdioxide; and a m xture of zinc oxide

miggegansilearaligndii oxi de. Even nore suitably the i ght
R TP bR B0 N B BRp gl .

mc mhi:‘(ﬂ{gﬁbllhtahj‘é@bémf&fatlan sthe ﬁill%vdlﬁg/ﬂibr@ﬁatmﬁy akeuspdese nt
in multi-layered system In addition to being bonde

THIG= ﬂh@alémrgﬁtrén sﬁMAac Ethyl methaciriags; JAApRVIAe- Mmmeth%ysﬂylpmpyl)
metllla% late; DEAEMA = 2-(diethylamino)ethyl methacrylate.

In another aspect, the present invention provides a process for modifying the surface

of a light protecting particle by a reactive compound where:
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protecting particles may also be chem cally bonded to
the inside surface of the m crocapsule wall; bondi ng

Wo eoosjos20ensi de surface may be achieved by a prRQEHGERI0G003374
process in which the light pretecting particles are
di spersed in the oil phase prior to emulsification. In
a further aspect, the present invention provides a
z&rocess for preparing a mcrocapsul e as descri bed

BIG sudassbas ah °¥3Hér%‘ﬁ’eps (a) forming an _
‘tﬁ 'tﬂel Ijeﬁhl*t@@tcgﬁl{)&mdl 1§5 Bﬁc%b@]ghérb Q&(}{l()cﬂ tgg Iflréf b?c}cﬁ% IE) htﬁﬁ‘&ical

protecting parti I'Spersing

cdpiogliuﬁer prf B1te@kthogysiigiptdpsl ethacrylwd EMSPM Aiahd ethyl methacrylate
enuIS|f%Jng into the water a mxture conpr|S|n% wal
Yip

(EMAhpadthaaecond Rlosk aaistathsics)i copelymenef 3 tripetherysilylpropyl

R GHR T MATRL 8ol R G R B AT and
(cpiietlipht progchig parkdle andthe Wédclivdedmpotal are taoagtit lf@etheg i a manner
protecting. particles to forma mcrocapsule wall; and

Sueb shat adstipgthonsilylngery! prerasptata {;TMﬁPM/’e]I ggoun 19 thefractive -
{
IR RLb i ¢ DR RRERRR ol oo PP it o v

anHHEversﬂEgmoahlygbl@ﬁuf ﬁhﬁdleMQuffadEt hyl met hacryl at e;
TMSPMA = 3-(trinmethoxysil prop net hacryl at e;
DEABNIE presgni(igy@iting als mpﬁfbal%qs lﬁaélrﬁyﬂ &g%t prpfecting particle
n prOV|des a
fs%?a%‘e’e@ém?%fﬁﬁ%sflf%?aa%fb?%@%ugw B P gt
pr otiRe ek 4gplp; amemive cbp’ol;’ziméle aqdhi aéepol:y@[mzmrsdrwseml BYDEAEMA-
said surface has a édroxyl group; (b) the reactive

s-EBdIMD, 5 §iry rescisd RviB gt prasecting DARicieR, Supl a9 filantunpdigyide

38,200 P S BRBATSY olc ELA Lp

stdbiiese a6 @nﬁeﬂ@b e Kil dfoplet Sthadh 1S kilssabueelp ﬁ—ﬁc}bfmﬁa’[@d 1nto a capsule wall
3- trlnethoxy5|lylpro%¥ nethacrylate [ TMSPMA] and
i

[ttt {sdthechRaulas mfleving ﬁaéqrméml%w - BoEremwmbly hinglinecthe particles
thttolag‘p %l{xjegxl(i}aal% eﬁ} gqge r? qrdgsl acgd éﬂglbtsg %eﬁtea%% &f nﬁn{]al surfactants

are nner SUC

[that fs] 1hmpb1hmeyard mﬂlpfd@nykobmed] hacr yl ate [ TMSPMA] gr OUp | n
the reactive conpound reacts with a hydroxyl group
t he Tharsagtiee emnavad s drsisngd i eneblerdiasantispddpes m@dlépd/eartwles to be
[
ol B LY O G TP A el 6 or i
miktoghpsufe wilbfoninfig rhatedidls | Thik prddesdahyy bd frafim toefticoky dgkr

obt ai nabl e by such a process.
chemistry.

Those TMSPMA groups that do not react are available for further elaboration as
described below. The composition of the reactive compound may be designed such that the
sufface modified particles are able to form a Pickering emulsion with oil.

The invention is illustrated, but not limited, by the following Examples, in which

‘parts’ are given by weight.
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For exanple, a reactive copolyner, such as
pol y([ EMA- 5- TMSPMA] - - [ DEAEMA- 5- TMSPMA] ), is first

wo e@soz®2ni th |ight protecting particles, suchP@®yGB2007/003374
titani um di oxide particles, which are subsequently
used in place of conventional enulsifiers or colloid
stabilisers to disperse an oil droplet which is '

subsequent |y incorporated_] a_capsule wall [that
is, the capsule is made vﬁgmﬂ%ieri ng enul sion]. By

TN Ry 8 S AR B

podymeridatimd surfactants [that is, the particles are
colloidally robust]. The reactive conpound is designed

Bateh bnabl e adj acent surface nodified particles to be
| ocked i ace by chemcally linking the r Lve
corrpoundslh\ggtween particles or with mcr ocgggﬁﬁg wal |
fornmi ng masPMal's. This process may be put 4ipartso
effect by other chem stry. Those TMSPMA groups that do
not reac®-Ereensgulphonyl ehldide f urt her el abor dthah as
descri be oW, The conposition of the rqubip s
conmpound naybe desi gned such that the surface nodified
particl egui'e able to forma Pickering enullsgjasn with
oil. The invention is illustrated, but not |imted, by

Batghe2-f ol | owi ng Exanpl es, in which 'parts' are given by

wei ght . Eﬁﬁ&l{P 1 Thi QHE: 2illustrates t
preparatio 0@5 %p@m%e rgeck pol ymer by tofgn
Batghahsfer radi cal polynerisation Batch 1. EMAL 40 parts

TVMSPVAL 4 parts, /7-Tol uenesul phonyl chloridel 1 part
Tol uenel Mé&rts cud 1 1 part Batch 2. N/gigdyl

2- pyri dylippdigai m ne2 2 parts Batch 3. 2 parts

1 Purchased from Sigma-Aldrich.
2 Prepared according to the literature (Haddleton et al., Macromolecules, 1997, 30, 2190)

Batch 1 was charged to a carefully dried, nitrogen filled vessel equipped with gas inlet,

septum and magnetic stirrer bar and heated to 90°C. Batch 2 was added via carefully dried,

_nitrogen flushed syringe and the polymerisation allowed to proceed to, ca.90% solids

conversion. Batch 3 was then added and the second block polymerised in-situ. The
polymerisation solution was diluted by half with dry toluene and, under nitrogen pressure,
passed through a short column of carefully dried alumina to remove the copper complex and

directly precipitated in dry ice-cold hexane in a sealed vessel.

EXAMPLE 2
This example illustrates the preparation of a non-reactive polymeric surfactant as a
comparison against the reactive polymeric surfactant described in example 1.
Following the procedure described in example 1 [but omitting the TMSPMA monomer] a
block copolymer was made where the approximate composition from NMR analysis was

[EMA45]-b-[EMA23-s-DEAEMAA41].
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DEAEMAL 7 parts TMSPMAL 2 parts 1 Purchased from
Sigma- Aldrich. 2 Prepared according to the literature

W@ blwdasmwenn et ah, Macronol ecul es, 1997, 30, 2RGDEB2007/003374

Batch 1 was charged to a carefully dried, nitrogen
filled vessel equipped with gas inlet, septum and
magnetic stirrer bar and heated to 90C. Batch 2 was
added via carefully dried, nitrogen flushed syringe
and the polynerisation al | owed to proceed to ca. 90%
solids conversion. Batch BXA@4PkHhén added and the

SO T S el TS IR B A
Wutegl amowahﬁ)@g&mdﬂé@&@rm@e t® Q%ﬂ@lﬁ)hﬂsﬁﬂgﬁktﬁresdquiiﬂ ¢Dbatiund the
of carefully dried alumna to renove the cop

o(bamﬂf@m myfln!ﬁz ¢ éedpartspine EHB (1 Gasky) - iThe @Hyofth@slggy avas adjusted to
caI ﬁf( a& t1 Sfﬁtale%gdea\éngﬁez e! i NEIE[rEno%eJ Bg tglsz%n.%(?ratlon. The

a non-re

suﬁ@ée}’rﬂ@dlﬁéd $L(le paticies wes s@pzﬁﬁl@@ﬁy té&bitfuggiedn) Slashdd&equentially with
reactive polyneric surfactant described in exanple 1.

watey angd wkeigna, Aed gk edur e descri bed in exanple 1 [but
omtting the TMSPMA nononer] a bl ock copol yner was
made where the approxi mate conposition from NVR
anal ysi s was [ EMA45] - b- [ BENRARME-EEAEMA4L] . EXAMPLE 3
This exanple illustrates the surface nodification_ of

Thiy epmpld lﬁgstéat«?séh@ttrﬁwvg sir{aetants avm@rdeeorbeﬂ pemtthy Tifeparticles.

a m xt f
Desgl%?? %iroW%a}qcles 0\9’% ?aé:?hvee gugf&%ﬁ tvf(as S p 1o wg[ﬁ %t gﬁ_ﬁl:non
ree(cﬁoe pafactht. The @ed@h'v@iurfah&nﬁﬂlddrdh)épiﬁ@iuﬂﬂb u&ﬁqp@lslﬁ@q E}aNB'IR
y the addition of triethylam ne and THF was renoved
anﬁysw of BW%@&&M&PW bTHléM s BARYIN4Q-2d MIRIAI] while the

no —reac 19 sGusr WFan? hz%dﬁap ah a‘foeﬁlmgt cgr%msrltllc;n &3&2}8@45 V@MZ&&

sequen |a er aln one ri ed

D@@ME&ME] 4Aﬂﬁup§rsﬁihanm 1Badd dougﬁqf ﬁhtg q302 PEJ pdr&Rahd the test surfactant (1
e

surfactants are not desorb romthe Ti Q2 particles.

pame@dﬂﬁ i Vgater wmdned)znéa thetmigfuse was placaddn @pjulteasound bath for 15
tant. nreact

i b ARkt BBttt el RhoLu P REARE SHF aptines wre

anél?%ﬁ@'NMtho RytYRRe the amount of desorbed polymer. Approximately 6% and 80%

of, respectively, the reactive and non-reactive polymer was desorbed.

EXAMPLE 5
This example illustrates the formation of microcapsules containing TiO; particles embedded
in the capsule wall.
A mixture of hexadecane (100 parts), poly(trimethylpropylsilylmethacrylate) (10 parts) and
poly(dimethoxysiloxane) (10 parts) was emulsified into water (900 parts) containing surface
modified TiO; particles (23 parts). Capsule wall formation plus embedding of the particles
was catalysed by the addition of triethylamine.

EXAMPLE 6
This example illustrates the formation of TiO; particles embedded in the wall of a capsule

containing lambda-cyhalothrin.
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anal ysi s of [ EMA46-s- TMSPMAS] - b- |
EMAL16- s- DEAEMA40- s- TMSPMA9] whil e the non-reactive
wa@oroBastoant had an approxi mate conposition of PCT/GB2007/003374
[ EMAAS5] - b- [ EMA23-s- DEAEMA41], A di spersion was nade
conprising TiO2 (10 parts) ané)the test surfactant ( 1
part) in THF. Water was added and the m xture vvas
Iaced in an ultrasound bat]tg for 15 m nutes.

ABQF hasecempasiag pely(dimethozyrilox sy éltze’ijpaﬁso»a'i%\@aswqqﬁ(2 5 parts) and
o S e S0P 034 R RIS UM, AR TN Socum
clﬁ&%e((f) 57 pesy)eat Tve?L 2 pd’rlfw ir eatet (19€ parg). Tidsthyle@ici camalyst was
‘F yner was desorbed, EXAMPLE 5 This exanple

ded e&é@sﬁwe@w %Mﬁteﬂme@pgwwae&ﬁém%we%m ai ni ng

Ti 2 particles enbedded in the capsule wall. A m xture

of hexadecane (100 parts), ‘

pol y(trimethyl propyl silyl BRAMEI7ate) (10 parts) and

pol y(di nmet hoxysi | oxane) (10 Farts) was enulsified into
%tsacow@@tlmwrmyos@m%ﬁ@smg efuvhese theppilfipgndrthep the capsule is

foﬁﬂn%& légjs GA assu(flf%gttaﬁtqglgt (% tﬁ%@sg afili §tpa{tﬁ[égat i on plus

was C ysed by the

Aadyli ﬁhaﬁ&boﬂfprisfdg@bl}&(ﬂﬁfﬂtﬁtﬁym@(ﬁﬂ@l(a 8 pditd) SSExEBPLO0 (2.5 parts) and
illustrates the formation of Ti Q2 particles enbedded

lampda-gpdalgghrin G0 mar@hwggq:r@u]ég‘mi éﬁl@ﬁfﬂi}@h shear into a solution of sodium

oS AL B 1 000 B TR oo

sufptnBiof) &fak st)n@imizehﬁgfadafwmgpgdﬂémll( 2.5 parts) was -
enul sified under high shear into a m xture of sodi um

chloride (0.57 parts) and Ti Q2 (2 parts) in water (100
parts). Triethylam ne catgl ? added and the
suspensi on was stirred over ni g%[f o forma capsul e

Thiids lan eﬁﬁQgNPbEa Tabdhit@y ISanRsito kpapart itepotaspdslity ioon  of
exanpl e 6 where the enulsion and then the capsule is

larﬂmwamﬁmgnahes%pﬂa@wﬁﬁxamﬁbsé@a df Ti 2 stabilising
RS b rnf RS BRE P A0 migsprspe iy alowed o

dry & forrpd ae;scfs)ts @imdr tosredstac el vaitthelean (9. tRngsidrs kilisBslides which
emul si fi ed under hi gh she into a solution of sodium

wegoHediatedsin ap Helas XL fi}mtftsg‘g“ riafigipltseplight sonyater that employs a
ﬁlt-gfédgctepgﬂ ﬁ‘éﬂé ggur%@hl%lvﬁcﬁﬁ% ecﬂ'glde%gr gr&%t{xﬁlﬁmﬁ%ﬁﬁ?ﬁ% RBtural outdoor
Was

over O rma
exposure. The deposits were recovered by extraction with acetone. The percentage of

lambda-cyhalothrin that remained was analysed by GC-MS against a series of standards of
known concentration. The tabulated results show that the capsule with TiO, embedded in the

wall gives significant photoprotection.

Example % Al remaining | % Al remaining Tin

after 2.25 hours after 16.25 hours | (hours)

Example 6 91 14 6.5
Example 7 59 6 3.9
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EXAMPLE 8 This is an exanple of a |laboratory Suntest
to conpare the photostability of |anbda-cyhalothrin in

wo b@soapsul es of exanples 6 and 7. The test forPOTGERI0GI003374

was di spensed onto pre- scoredlglass m croscope slides
and allowed to dry to forn1dep03|ts prior to being
covered with clean WV transparent silica slides which
were irradiated in an Atlas XLS+ Suntest(tm
artificial sunlight simulator that enploys a filtered

xenon |i ght source prOV|d|&§¢ﬂL§bectral ener gy
t door exposu

]gl stribution simlar. tobn 9@1 t{ ({eet mlcroca sule
PEroGESRc caUBT PR 4 PHY P8R YA Y%?P‘W?‘{“H o H% P
The 4an Fﬁx@%tn%pdrﬁél@éj@hﬁﬁ had &kﬁﬁdaﬂy%ﬁﬁdedﬁ@@f% rﬁﬁ:@oc\é@é‘ule wall.

analyse agai nst a series of standards of
known concentrati on. The tabul ated results show t hat

é %g%:ﬁ%sk\gfﬁ gg%c%éet%?ed gg},ﬁrﬁ/gleie arﬁal.}p gﬁ%)r\élgalstmngs between

Connﬁké&ﬁ%gm éé&éw&actlve conpound i nside the
m cr ocapsule and [1ght protecting particles which are
chenicall'y bonded to the nicrocapsule wall. 2. A

nlcroca |l e as cl ai there are :
L1 S BRGATEaNE B Al Har SLAR 1o ZRBRY e GripERr Dt BLTF pgmpound i
par tjjhl &sitige. A M Ccrocapsul e as clainmed in claim1 or

2 where the biologically active conpound is |ight '
sensitive. 4. A mcrocapsule as clained in any of the

4pr ﬁ;%gl:ﬁ(g o \alﬁ gggl\é\dlgxgqrﬁlgﬂltaggp l%egﬁtﬁglg Ic 1n§11%\tzvher% the biologically
m ¢ ra@ﬁ@eoédﬂﬁ;ﬁ)uﬁé isCnBgiRMettabicthbufiaher e the

agrochem cal conpound is a pyrethroid. 6. A
m crocapsul e as clalned in claimb5 where the

ret hroid | da C Lothrin crocapsul e.as
52 aithEETPPSG ST AEH T GUB AT 1o PO G o

[ g% d@ﬁg&pctlng particles have been surface nodi fi ed
reactive conpound. 8. Use of a mcrocapsule as
clalned in any of claims 1 to 7 to photoprotect a

ght sensitive |oI ically e Co
6ot *ak mrEroRs it SeZieddn SR Ve roretbiow irlarbdagfalothrin.
to conbat or control pests.10. A process for preparing

a mcrocapsule as clained in any of clains 1 to 7
7c onpy midrogppsule as claimed in any of the preceding claims in which the light

protecting particles have been surface-modified by a reactive compound.

8.  Use of a microcapsule as claimed in any of claims 1 to 7 to photoprotect a light

sensitive biologically active compound.

9.  Use of a microcapsule as claimed in any of claims 1 to 7 to combat or control pests.
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the steps: (a) formng an oil-in-water enul sion which
is colloidally stabilised by light protecting

w@aoosiogdoes by (i) dispersing the |ight protectP@mGB2007/003374

particles in water and (ii) §F$Jsifying into the

water a m xture conprising wall formng materials and

the biologically active conpound; (b) reacting the

wall formng materials at the oil-water interface with o
it e PRCcess fORPICRRING HRHCIfRBTUAe 25 (ymed in pey ekclgims\ljtp{ comprising
botqhg@&gg and the light protecting particles to form

a mcrocapsule wall; and (c) causing the |ight

pr ot @y forMéh gl dil-tl-watet @milsioa whidits eslldidaltyostdtiksed by light protecting
m crocapsule wall. 11. A process for nodifying the L
sur fRegtecles byA1) dignersipg be éleﬁﬁ nigteging nagticdesop veatereand (i) eanulsifying in
co , id. sur e .ha d IR

( by B HEEY R B BliNE N 30 E R BT SRS pRICH Ry ctive
whi cdonipbend;i rst bl ock is a statistical copol ymer of
3-trimethoxysilyl propyl nethacryl ate [ TVBPMA] and ]

et hy(b) reaethecthg Watl SomEngnaterdlsahthe sdlcwaer tatke wathavater or with

st atj st.j.cal ol r.Of 3 .trinethoxysilylpropyl. -

ot AE P S a R iy ) AR R i bR thine paricis o
et Hagh Y ndt@cigdEREMAL an@nd (c) the |ight protecting
particle and the reactive conpound are brought _

t ogdehapsing the liehh neotecsing partiplgs togbond chemically to the mlcrocapsuk; wall.
3-trimethoxysilyl propyl methacrylate [ TVSPMA] group in

the reactive conpound reacts with a hydroxyl group on

11t he spiotées forahodifieing iHgRUrfive @ 8 ightetoRRtiAg particle ®yQirvftive

12.

13.

an irreversibly bound polymer nodified surface. 12. A
pr ocempousl whetPned in claim 11 where the |ight

0 OGNSR oL 8 01 0, 10, Loe o

I N gbahetrchetivdcdniDubd &alladd @poBineR ilWBICBGROHL Block is a statistical
copolymer of 3-trimethoxysilylpropyl methacrylate [TMSPMA] and ethyl
methacrylate [EMA] and the second block is a statistical copolymer of 3-
trimethoxysilylpropyl methacrylate [TMSPMA] and 2-(diethylamino)ethyl
methacrylate [DEAEMA]; and
(c) the light protecting particle and the reactive compound are brought together in a
manner such that a 3-trimethoxysilylpropyl methacrylate [TMSPMA] groﬁp in the

reactive compound reacts with a hydroxyl group on the surface of the light protecting

particle to give an irreversibly bound polymer modified surface.

A process as claimed in claim 11 where the light protecting particle is titanium

dioxide.

Use of a surface-modified light protecting particle as claimed in claim 12 in the

preparation of a microcapsule.



