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Background and Prior Art

This invention pertains to an improvement in the invention described in PCT
International Publication No. W095/13698. and in palft_icular in producing microcapsules
containing biologically active compounds and further containing a suspended ultraviolet
protectant agent. '.

As pointed out in WQ95/13698, while various types of microencapsuiation
techniques have been used to prepare microcapsules of___biologically active compounds for
pesticidal use. no satisfactory techniques to produce a microcapsule containing a solid -
biologically active pesticide suspended in a liquid had pi'eviously been known. There were

several reasons for this. particularly the following difficulties:

I. It is necessary to produce a stable syspension of the biologically active
solid in a water-immiscible liquid. If dispersants or surfactants are used. they must not

interfere with further processes of dispersion used in m_a'_ﬁ_i'c'ing the microcapsuies.

2. The suspension of the solid must be .c__i"_i:spersed in water to produce stable
well-dispersed droplets, preferably very small dropletrs.i.’of an organic-phase suspension
dispersed in water. This requires high shear forces whxch would tend to break down the
droplets and/or release the solid from suspension.

3. The presence of one or more surtactams can make the dispersed droplet

system unstable and produce phase inversion.



wel | -di spersed droplets, preferably very small droplets of an organic-phase
suspensi on di spersed i n-water—¥hts—t+equi r es hrgh—shear- f or ces whiteh woul d
tend to break down the droplets and/or release the solid from suspension.

3. The presence of one or nore surfactants can nake the di spersed dropl et

system unst abl e _and. produce phase inversion. ' WO 96
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4. The suspended solid is liable to migr&#e to the aqueous phase,
particularly when enul sifying surfactants are used.

W95/ 13698 descri bes techni ques for produci ng m croencapsul ated fornul a-
tions of a solid biolfogtheusRended solid is Hahie I BisEaR pthe agueoys phase.particulanty e
product is ﬁf]‘d&ﬁ‘g §5Beahd three-step process. In the first step,
the solid b‘ipo ogl cglﬁﬁg act | ve‘k%#tgsrela'al is produced with a required particle
size. for exanple by a mlling process. In the second step, the solid
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ul travi ol etthird step. a physical dispersion of this water immiscible phase in an aqueous phase is
prepared.

Some biologically active materials are adversely affected by ultraviolet or
actinic light: even when they are microencapsulated, _thfe active material in the capsule may
still become degraded in i_h‘e presence of light. A numbcr of techniques have been proposed
to provide ultra\'liolet light protection to microencapsul'}i_téd materials. For example, Ignoffo
et al., J. Economic Entomology, 64, 850 (1971) discloses use of cellulose, carbon, aluminum
powder and ahiminum oxide in protecting encapsulated virus samples from ultraviolet
radiation. The authors do not describe the process by wﬁi_c‘_h the microcapsules were prepared.
U.S. Patent 3.541.203 describes the use of carbon bla_ck and other uitraviolet absorbers such
as metal flakes, metal oxide particles. metal sulfides andother commonly used pigments to
provide ultraviolet protection to a virus contained wuhlna polymeric matrix. U.S. Patents
4,844,896 and 4,948.586 disclose the use of a numbef of ory
agents such as benzophehone. PABA and benzil (q

fganic dyes and other sunscreening
ixtures thereof) for protection of
encapsulated viruses. U.S. Patent 4.328.203 disclos_je:'_s"_'._ptoduction of a microencapsulated

pathogenic viral. bacterial or fungal material in a coacervate microbead comprised of a nucleic

acid and a proteinaceous material. in which the micro:l":_:c: E:_"_structure itself is a UV protectant.
Finally, PCT application WO92/19102 discioses anojﬁﬁrffype of microcapsule in which the

encapsulating agent itself. this time lignin. also serves as the sunscreen.




radi ati on. The authors do not describe the process by which the

] —U. S. —Patent 3-541—203 deseri bes the-useof
carbon bl ack and other ultraviolet absorbers such as netal flakes, netal
bxide particles, netal sulfides and other comonly used pi gnents to provide
ultraviolet protection to a virus contained within a pol w’%? kx. US
Patents 4, 963361 and 4, 948. 586 di scl ose the use of a nu organl C
dyes and ot her sunscreeni ng agents such3as benzophenone, PABA and benzil
(or mxtures thereof) for protection of encapsulated viruses. U S. Patent
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ul travi ol re%i{ ef: @g‘ggf Spar-& l|ao @g cgwgéﬂag’fw %h%%ﬁ‘ﬁg‘gmugﬂmg'o%f%es a
liquid 'ancmmﬁde‘ ARThix Rares Theteof sﬁipeﬂdqalamﬂ itsosdughly dibpersed imihe liqhidoddmprising
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(a) preparpanicidsise/sioe! @oz-gfm&:bss i dn' ipent Wjuid Whith :@fnﬂhﬁﬁbﬁ%ﬂhﬁ%&%d
average particle size of about 01-2 mcrons in an organic liquid which is
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| i qui d conthe mten.ghe brgmkmq_t;_monammg innsolutiop bAP O morerprepulymidis whith cam fdact
to form a polymer at the interface of the organic liquid and water; (c) mixing the suspension

of organic liquid in the aqu_'géus phase under high shear to form an oil-in-water emulsion; and
(d) adjusting, if necessary."ﬁj_'the temperature and/or pH of the oil-in-water emuision such that
a polymerization reaction takes place at the organic liquid/water interface to form the
microcapsules. B '

In general. ‘the invention uses the process described in W095/13698 to
produce microcapsules. Thls technique wiil be described herein. In the parent application.
the technique was htilizejd for producing _r;iicrdcapsules containing a suspension of a
biologically active solid in a liquid. In the present invention, the technique is utilized for
preparing a suspension ofasohd ultraviolet light protectant material in a liquid which



to forma polymer at the interface of the organic liquid and water; (c)
m Xxi ng the suspensi on of—ergante—++at+d i n t he—agueeus—phase under—hi gh

shear to forman oil-in-water enmulsion; and (d) adjusting, if necessary,
the tenperature and/or pH of the oil-in-water enulsion such that a

pol yneri zat i tion takes place at the organic |iquid/ wgt i ace
to formthe %i‘%@gﬂsul es. &Fiﬁ%&my
Description of the Invention 4- In general. the invention

uses the process described in W95/13698 to produce mcrocapsules. This

technique will be described herein, In §he parent application, the .
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technique is utilized for preparing a suspension of a solid Oltraviole

li ght pr ot ediealiguitkp@roppyitself constityieithe Hiapidnin -which the uipgviobt dight protectant is
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bi ol ogi cal | yiokegically aetive: compounsyinah diguikk whicht temgrisesnacseconds biologically petivied

in the |iqui | ssol ved,..n the. liquid, or i {.self constitute
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bi ol ogically active conmpound in a liquid which conprises a second
bioIogicaII%“ﬁﬁFW&e conpound (for exanple, the second biologically active
conpound is the liquid or is dissolved in the |iquid), and which al so
contains a thoroughly_dispersed particulate ultraviolet |ight protectant.
The bi ol ogi cal |y act i Vie biglogically acsive staterial whichds torbotpeateased inithis iiventiomvmat i on

may be any ‘Bléiagﬂ%? EndsD R#Bwh %o BE bR 36 'debBasled’ 3 URbIR ostion 15 AERASLS ligh. Y

Notable among such compounds are the pyrethroids and pyrethrins. Many of the pyrethroids
are known 1o be susceptible to degradation by ultraviolet light including permethrin,
cypermethrin, deltam:rhﬁn. fenvalerate, cyfluthrin, resmethrin, allethrin, etofenprox, and
lambda-cyhalothrin. Other biolbgically active materi#ijs which are known to be susceptible
to degradation or decdr‘nppsition by uitraviolet light mclude the herbicides trifluralin, ioxynil
and napropamide, the insecticides pirimiphos-meth)'_rii?'fahd chlorpyrifos and the fungicide
azoxystrobin. Microcapsules of this invention may .'cbntain two or more ultraviolet light
sensitive biologically -dc__.t:i.'\ﬁre materials. |

The liquid-utilized in this invention may be a liquid biologically active material
which itself is susceptibl__g"to degradation by ultraviol@;_é_lig’ht. or a biologically active material
which is not normally so susceptible (but in which them is suspended a second biologically
active material which isf-jl_'ight-sensitive), or an organi ':;owem which is immiscible in water
and in which the ultrayiolgt light sensitive material is suspended or dissolved. The liquid, in
any case. should be sufficiently polar to dissolve the prepolvmer or prepolymers used to form
the microcapsule wall.

For solvents. suitable examples are (dependmg on the types of microcapsuie)
aromatic hydrocarbons such as xylenes or naphthale'r_'rés:__'.}'_nliphatic solvents such as aliphatic
or cycloaliphatic hydrocarbons. e.g.. hexane. heptane and cyclohexane, alkyl esters including



Not abl e anbng such conpounds are the pyrethroids and pyrethrins. Many of
Lh_e__p;u_el_h.r;ol ds_are-known -t o he susceptibl e—+e—degr adat+oen- by—ttraviotet—
| i ght including pernmethrin; .cypernethrin, deltanmethrin, fenval erate,
eyfluthrin, resnethrin, alleéethrin. et ofenpr ox, and | arrbda- cyhal ot hri n.

O her biologically active materials which are known to be ﬁ_gcc‘ﬁ%%e to
degr adat i oWOR6RIdonposition by ultraviolet I|ight incl ude ¥ i des
trifluralin, ioxynil and napropam de, t$e insecticides pirim phos-nethyl
and chlorpyrifos and the fungici de azoxystrobin. Mcrocapsules of this

I nvention may contain two or nore ultraviolet |ight sensitive biologically
active maalkyl abetates and alkyl. phthalates, Tkesones gsiich ast icyglohenagonet ¢ gcdtophenariecon nay
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i s not noofithel apoe®solvensept i bl e (but in which there is suspended a second
biologically active material which is light-sensitive), or an organic

sol vent which is immscible in water and in which the ultraviolet |ight
sensitive material TRe aﬁadﬁﬂ:camdfos&ﬁé\fﬂdmasmelwuﬂay ibB 4y of ARe
shoul d be sufficient I_‘Y‘Wpol ar to dissolve the prepolyner ;prepolébrrers used
to form t semmoplydised @emnlesareapoivurea- formed as daseri m&»‘i al

exanpl es Oﬁ;ﬁaﬁ I omat i ¢ hydrocar bons
such as X?Fgﬁg%qgrﬁﬂﬂa! ﬁ% ng“&ﬁgg |p ath]chéo ven?sﬁ)ssugg as aliphatic or
cycl oal i phatic hydrocarbons e.g.. hexane. heptane and cycl ohexane, al kyl
esters including MO 33611 P O I .
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cycl ohexargide, 6f aafiixtue® lof Nitdhium Wfidxidd RS gidc onilleO ChY fenefal.athe ulteyeolatlight Oi | S.
The sol vent mas; bhe a mixture of two or nore of the_aboyv t%‘hOl vent s.

The prefe i Mpeg 1 an,3mount of from,about ilto,abput el \preferably feom
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d:o:ude and zinc oxide wnil contam these two substances in a2 weight ratio of from about 1:10
to about 10:1.

The process.comprises the following steps:

Step 1. Obtaining the uitraviolet light protectant with a preferred particle size.
The protectant may be commercially available in the desired particle size. If not, it is treated
suitably by a milling process. The preferred average particle size of this protectant is about
0.01-2 microns, pxeferably._about 0.02-0.5 microns. If the microcapsuies are to contain a solid
biologically active matenal suspended in the liquid. that material should have an average
particle size of from about 001 to about 50, preferably from about 1 to about 10, microns.

Step 2. Suspending the ultraviolet light protectant in an organic liquid. The
liquid must be immiscible with water, but polar enough 10 dissolve the prepolymers used in
the microencapsulation process. The ultraviolet light protectant must also be thoroughly

dispersed in the liquid: i.e.. dispersed into individual particles that are not agglomerated.

The dispersion is preferably carried out by means of a dispersant which is
capable of keeping the protectant solid in the liquid but which does not allow the solid to be



or a urea-formal dehyde pol ynmer as described in U S. Patent 4.956, 129.

The ultraviolet |ight-protectant—used—in this—Tnvention is titanium

di oxide, zinc oxide, or a m xture of titaniumdioxide and zinc oxide. In
general. the ultraviolet light protectant is used in an anmount of from
about 0.1 to 0 weight % preferably fromabout 1 to I ght
% wth respﬁ% he organi ¢ phase. M xtures of titanium ﬁ&’ﬁé’&&#ﬁ zinc
oxide will contain these two substances fn a weight ratio of from about
1:10 to about 10: 1. The process conprises the follow ng

st eps: . Step 1., Obtainjng the ultraviolet |ight protectant
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mlling process. The preferred average particle size of this protectant is
about 0. 01-%RiefRyshRet beallawed torheakendare the oyganic quid i form a warertipoil emuision.

m crocapsul es are to contain a solid biologically active nmaterial suspended
in the liquid, that material should have an average particle size of from
about 0.01 to about Zbe epaceichoictbf dispersantsbwilk depend on ithenatir8, of the witasiolet

Step 2. Su | l.traviolet |ight.prtectant. in an organic |iquid.
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prot ectant ,nusi, al so be t horoughl dj spersed iin the liquid: i.e..
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The di sper sdfqay i BolRhRfE AR hatins i ' %}éﬁ AWl is
capabl e of kgg’ [ Eg't he pr ot ec?géhta ﬁ??ﬁnﬁytfﬁiﬁp"ﬁggfddﬁggﬁg I C rRl;é‘(’)l)éa‘t';k";rilot

al | ow t he <bporh strengly to the solid. Examplep of @B 1dispersants are those of the Hypermer and

PCT/ GB96/ 00£%sx tines, N

available from the ICI group of companieé_._i;:i:;icluding Hypermer PS1, Hypermer
PS2. Hypermer PS3. Atlox LPI. Atlox LP2. Atlox LP4 Atlox LPS, Atlox LP6, and Atlox
4912; and Agrimer polymers such as Agrimer AL-216 and AL-220, available from GAF.

In general, the range of dispersant conééﬁt:ation used is from about 0.01 to
about [0 percent by weight based on the organicgﬁ_h_‘ase. but higher concentrations of
dispersant may also be used. '

If the microcapsules also contain a suspended solid biologically active material.
the same considerations apply with respect to suspending and dispersing it as are mentioned

above for the ultraviolet light protectant.

Alternatively, the procedures of these stcps 1 and 2 above may be varied by
first suspending and dispersing the ultraviolet light protectant in the organic liquid, with the
protectant having a particle size larger than that menuoned above. and then conducting a
milling process (media milling) to reduce the particle SIze of the protectant to that mentioned
above. '

In any event. no martter exactly how i :';c_complished. the ultraviolet light

protectant must be thoroughly dispersed in the orgamcphnse



extracted into the water when the suspension is dispersed into water. In
Lt n-the-suspensi-on—+s added-t o0 water; the-dispers :

al | ow phase inversion to occur, i.e., the water nust not be allowed to be

taken into the organic liquid to forma water-in-oil emul sion.

The exact choice of dispersants will depend on the nature
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di spersants are certain nonionic surfaef-ants which act by steric hindrance

and are active only at the protectant solid/organic liquid interface and do

not act as enul sifying_agents. Such dispersants arge suitably nmade up of (a)

a polymeric chain MQQ%GPQPF@H&P&FPP PV‘F&F“@W&‘bHMﬂ“é&mﬁFM oup

which w | t i3 " lnddi : Claaeli are

those of (RS TOdbRbl ppropifis Whpeflions A TRYAAR, Hascls0ad S18E 3ol

conpani es phasecwithistirgngly pcsuitable dispersing pusans is engoyedito disperse theDreanid phasa P1.

At t LP2, I : At-h OX AN 4 X |

ool yrrer s i 1bid;psc. T8 imeah? me¥ b bl B, dekich o' o A o leleEF!

| N gener abverdgeairopletdanddonesponding aitrocapsule pamtizle) size withidl thesrafigeoof froppationd. 01
Concent r ai /B8O % Bifeons., Fretraapiy,ihe Fvptet, dERpls sias i oo abodt 1 1, bogt 30

M cr ocaps wli&éns nfodt preferably fidmIWORENFdboBO20 Mickort! CHict Md propéridropler Sk ds | al -
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as are nerbRinaddthsrispersion means i§| discoprined; Onlyhmild ragitationy j§; required for the
Al ternati r r hese ; : @.Qgé/ ‘@M 4 ed by
first suspen ?drfgggrq% |s%rmgﬁ2&§1§@é€?%%‘ép%ﬁ pro?oe aﬁ%ﬁf\éﬂtﬁ%e
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In general, ;hgksurfactant- or surfactants in the aqueous phase may be anionic
or non-ionic surfactants wnth an HLB range of from about 12 to about 16 that is high enough
to form a stable oil-in-waiet emulsion. If more than one surfactant is used, the individual
surfactants may have value_é; lower than 12 or higher than 16 as long as the overall HLB value
of the surfactants when coﬁib_ined will be in the range of 12-16. Suitable surfactants include
polyethylene glycol ethers of linear alcohols, ethbxylated;nonylphenols. naphthalene sulfo-
nates, salts of long chain _a‘:l__k_ylhenzene sulfonates. block copolymers of propylene oxide and
ethylene oxide and anidn;ic__:__lnonionic blends. Preferahlj;ff__-the hydrophobic portion of the
surfactant has chemical cWMstics similar to the orgamc liquid. Thus, when the organic
liquid is an aromatic solvent, the surfactant would smtably be an ethoxylated nonylphenol.

Especially preferred surfactants are Tergitol NP7, Tergitol XD, Tergitol NP40
and Tergitol 15-S-20, available from Union Carbide and Wuconate 90, available from Witco.

In general. the range of sutfuctant conccm_fuiion in the process is from about
0.01 to about 10.0 percent by. weight, based on the aqueous phase_. but higher concentrations
of surfactant may aiso be used
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Step 3: A physical dispersion of a water-inm scible phase in an aqueous
phase is prepared. To obtain the appropriate dispersion, the organic phase
I s added to the agueous phase. with stirring. A suitable di i ans
I s enpl oyed %v(?%ﬁsgg‘érse the organic phase in the liquid pha?«%ﬁ@ﬁ@‘%ﬂggns
may be any high shear device, so as to obfrain a desired average dropl et

(and correspondi ng m crocapsul e particle) size within the range of from
about | to about 200 .y crons. Prﬁ‘f,iiarabl the average droplet. size is from

about | to about 30 rRIRECuVe sofloid prasent ip the aqpegys Aeongpucusy phase myst ahgorb

i crons. Oneworigheonts eecsurfadeOst thé off ididpiess SuableBHoidlfBAniflk FARsGRcldd®dhe | S
di sconti nued. Onl Id agitation is required for the renmainder of the
process. Th& waP -?M@Mlé‘e-‘(-or’%i‘ﬁlc ceilyloseq) ppixinxl calaphal.s ceplyaseylamide.d

ul travi ol et g i Fi,i?,;al ¥ | i i

active mat e??’g suggg%lé%eﬁ I n ﬁ%@%ﬁ?ﬁ%yﬁkéﬁﬁ% u l%vf{i'ng@ aﬂ. %ﬁ%%@gﬁglé
descri bed abayk ether/maleigsadid dhytirglyzethmethyjuinyl sthetimaleic snhydrigh: i see dJ.9F Pasicer
and a mater| .oragtective colloid". Preferably jt. furfher
contains a g%?%%?ﬁi’ﬁ ‘.:Hal's ey it rgoraicd bylrﬁgbeé’ﬁ%i' ',"S'tﬂ'él ’éiff’:hf metal o aljpline
sur f act ant s earth métal lipnosulfonatsd) Preferably, hovever, tiziprotedtive eoHdi@ i selested framiahalis
with an HLB r%ﬂge o&?from bout 12 to about 16 that is high enough to form
a stabl e oi Mot 34 alkpling fard mstal lignosyiippates, mgstorrelesbly sodiugm lignosuifanates. t he

I ndi vi dual surfactants may have val ues | ower than 12 or higher than 16 as
long as the overall HLB value of the surfactants when conbined will be in
the range of 12-16. Stherepust ke, sufficientrpoloid presemctopaffore chmplereccayergobf dieher s

foli 3 . I . fi0= t
al ts of | oRmets S sy Giabledl AT n GO NGNE, T BT SF pRASHI o Bie BRRIRHKe ne
oxi de and ey Henead o ivdrowsrfdctonsi ioh a$ molewini weighte catapariBilitf, @ta bThe proective
o tho. or gasnid Hpehadel o BB phess Ao 165t AN PG ATEaFi AlesEcor can

sol vent, t hbe addefiac tierdveruiitsystemuaftefidle idditlom6f @ik lbeparicaphask dIARY HiDheiat of it.
Especial |y eferred SLigé&ict ants are Tergitol NP7, Tergitol XD, Tergitol
NP40 and Te%f prpective cothud is generplly, presen g the aquequsphase Heamarmouny ot frpmtabogo

avai | abl e f 0Anto\dbb@010.0 percent by weight. In general. the range of surfactant
concentration in the process Is fromabout 0.01 to about 10.0 percent by

wei ght, based on t he aqueous phase, but higher concentrations of surfactant
nmay al so be used. Any surfactant used in the aqueous phase must not displace the protective

colloid from the surface of the droplets of organic liquid.

The preferred average particle size of the droplets of the water-immiscible
liquid containing a biologically active solid is 1-200 microns, preferably 1-30 microns and
more preferably 2-20 microns. Particle size can be adjusted according to the end use of the
microcapsules by adjusting stirring speed and time. and by the choice of surfactants and the
amount of surfactants employed.

In order to obtain the microcapsules. the organic liquid and/or the water must
contain one or more materials which can react to form a polymer at the interface between the

organic liquid and the water.

In the process described in U.S. Patent 4.285.720, polyisocyanates are dissolved
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The protective colloid present in the aqueous (continuous) phase nust
absorb strongly onto the surface of the oil droplets. Suitable
colloid-formng materials include one or nore of polyacryl yl
cel l ul ose. ¥® Wyl al cohol, pol yacryl ani de, pol y(nethyl v?ﬁ@?’%ﬁé / mal ei c
anhydride). graft copolynmers of polyvinr9d al cohol and nethyl- vinyl
ether/mal eic acid (hydrolyzed nethylvinyl ether/maleic anhydride: see U S.
Patent 4.448.929. which is hereby incorporated by reference herein), and

al kal i netmthecrganid phase i.cozat Steprdirathe [abgveoproceddyrel mad polipmerization takes iplagever
the protegti | @il | f bk e th
metal 11 gediielils e iiedfinft e faoBigh HouREraBOts Biok Andds v

Ther e mustin tuen, yedct with enttydealyzedimbnomessao tfortothe fpblyurta aicnotapswle nalle rAagagief t he

rf f all the droplets of the organic liguid. T t . of
oF ot oot 1 v EOTBPYTEc = AR AR OT MoRgeLHE T Amages Ay, used: 8% Bl isocyanates
mol ecul ar poRn@itiylene PoRPhé3iisdcyinatd snd iThiReris MbREres BEIRRNS Qiisbesaitede pRded to

the aqueous phase prior to the addition of the organic phase or can be
added t o tiereedoy Ppmicplagy referred geer mixtures of palymethylens, polypheanlisocyanatcewith t he
di spersi o At (o Qfubisel di oid is generally present in the
aqueous pﬁsgggnlktﬁmg@%%?&m of&#rs%‘%hﬂg%out 0.1 to about 10.0 percent by

wei ght. Any surfactant used in the aqueous phase nust not

di spl ace the protectjve collaid fromthe.surface of. the droplets, of organic
o . he' S o, arp it b sPegniE Tpcd in iF wiorER oft iR o o <
of the watihe wall®onieht bf die hiicrocapsiley forthdil. 116 gendpilthe Pol9iRbdyringté {orvisicrotipsale i S
1-200 m crons B’rQEf rably 1-30 m crons and rmreopref@rgabl 2-20 mcrons.
Particle S’l"'ﬁ'em .?f-i. 8 &I'j%f‘éﬂwﬂbmmsﬁdf%%-@nﬂ e 0 pereent;by Wrisils ul es
by adj ust igfGheSiicrédapshics PORE FH¥Erably®e WAl WiVl dobfprise Rbmaboh: 61y dvahi P§% dyand

t he anpbunt of surfactants enpl oyed. In order to obtain the
m cr ocapsuveight of tke micgenspsils.i qui d and/ or the water nust

The dispersion is. maintained in a temperature range of from about 20°C to
about 90°C, preferably from about 40° to about 60°C, during which the condensation reaction
takes place to form the polyurea at the interfaces between the droplets of the organic phase
and the aqueous phase.

Another suitable system for forming microcapsules is described in U.S.
+4.956.129. in which the polymer is formed from an etherified urea-formaldehyde prepolymer
in which 50-98% of the methylol groups have been etherified with a C 4-010 alcohol. The
prepolymer is added to the organic phase. Self-condensation of the prepolymer takes place
under the action of heat at low pH.

To form the microcapsules, the temperature.of the two-phase mixture is raised
to a value of from about 20°C to about 90°C. prefembly; from about 40°C to about 90°C,
most preferably from about 40°C to about 60°C. Depending on the system. the pH value may
be adjusted to an appropriate level. For the purpose ::of this invention a pH of 2 is

appropriate.



contain one or nore materials which can react to forma polynmer at the

i nterface between the ergape—eti-d and t he—water. In the
process described in U S. Patent 4.285.720. polyisocyanates are dissol ved
W 96/ 33611
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organi c phas¥o@®B¥N ot Step 2 in the above procedure) and G tion
t akes place by hydrolysis of the prepol yi8rs at the water/organic liquid
interface to formam nes which, in turn, react with unhydrol yzed nononers

to formthe pol yurea mcrocapsule wal]. A single cgonpound. or a mixture of
two or nore polyi socy%af?g%‘”‘ﬂﬁm%@ﬂ° E!‘Pwnﬁé‘fg? TapRsifions, pbtdis invention.

pol ynet hyl en&,mnyso&g@@y,{ th%%ﬁ&ﬁﬁ&%xgﬂﬁqeé §9‘@er| c mxtures of toluene

di i socyanate are erred. Parti arly preferred are m xtures of

pol ynmet hyl ene pot ﬁpﬁb@&y?ﬂ%@nﬂ@ew@h grade S8¥hcpurisy)ni xt ures of tol uene

di.i socyanat e. _ I ¢ pol yi socyanate used
in the process w F?lv%fe? %oomatnogmg;ﬁgoﬁéﬁa%ucag 15%"?’% ?hgﬁg m crocapsul es forned.
I n general . the petapiunodioxidet-cEXamples trad 2psUSE328at 0.3 micosr particiensize) from

content will co Lse fr bout. 2.0 . tQ abqu t ht of the
m crocapsul e. %‘Eﬁ@?gg%%ﬁfﬂ%‘s\ﬁm Wm?e éoiﬁ?@ﬁﬁi&%“ﬁ% 9o ut
15% by wei ght of TioRRie BpetiditiePEidl ©- The di spersion is

mai ntained in a tenperature range of from about 20C to about 90C,

preferably from h5ypermepLPd, Eﬂ?ﬂﬂefdéﬁ%?ﬂd] Mlox 4912 dispersants (aveilable framiCl) i on
reaction takes plgesx j6OM Hﬂz&nb@a&ﬁﬁd’ Woﬂﬂmﬁ&ahtm fhﬂ&%ﬁﬁ%ﬁi BE% WA Sotheibn

droplets of the organic p ase an e aqueous
Anot her suit abl elrs\ymemdltableffmngtm&themmlul es is described in U S

4.956.129. in Wni_i{u) @f@ﬁlgﬁ TG, | il o r}ed Mom Ryl an et herified

ur ea- f or mal dehyde
* Proxel GXL (biocide. available from ICI)

The amounts of the ingredients are given in the examples.

A solution of lambda-cyhalothrin in Solvesso 200 solvent was prepared. The
dispersants were added. followed by the titanium diexide. and the resuiting suspension
agitated with a high shear stirrer. After the tia_rnium dioxide was well dispersed.,
polymethylene polyphenylisocyanate and toluene diisocvanate were added to compiete the

organic phase.

This phase was introduced to the aqueous phase with agitation with a high
shear stirrer to form an oil-in-water emuision. The average droplet size was 3.0 + 1 microns
(Examples | and 2) and about |2 microns (Example 3) *:The temperature was then raised to

50°C over a 30-minute period while maintaining mlld_egu__at_ron. and then maintained at 50°C

for 3 hours. The resulting suspension of microcapsules was allowed to cool to room

temperature. In Examples | and 2 the additional in;éréaienrs were added (to improve the
properties of the aqueous suspension of microcapsule_Sﬁ: ind the pH was adjusted to 5.0 with

sulfuric acid.



i.n which 50-98% of the nethylol groups have been etherified with a
ynme+—s- addee—+0 t he—ergante—phase———

Sel f - condensatl on of the prepol yner takes place under the action of heat at

| ow pH. To formthe mcrocapsul es the tenperature of the

t wo- phase %%Ps raised to a value of from about 20[erlJC t o about

90[err]C. p y fromabout 40[err]C to about 90[ err] CFGHSERI6PAS cr abl y

from about 40[err]C to about 60[err]C. -Dbpending on the system the pH

val ue may be adjusted to an appropriate |level. For the purpose of this

invention a pH of 2 is appropriate. WD 96/ 33611
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The followi ng are exanpl es of prepar Example bf conpositions of this

invention. Ingredients used in the foll ow ng exanpl es were:

*

| anbda- cyhal ot hrin, technical grade Goptptsitioni ty) * Sol vesso 200
aromati c solvent (available from Exxon) * titani um di oxi de -
Exanples | and 2: USP328 - 0.3 micron particle size, from VWi t t aker.

Clark & Daniels Ltd.: Exanple 3: Tiosorb UFQ2. 0.02 mcron size, from
Ti-oxi de SMS Lt d. * Hypermer LP1. Hypweipht, g P> Wx 4912

di spersants (available fromICl) * Reax | OOM protective C d

(sodiumsalt of lignosulfonic acid. 40% wt. solution in water

avai l abl e mgﬂﬂ Chem cal s * Kei zan (xanthan gum avail abl e

from Monsagnt * Proxel GXL (biocide. available fromICl)

The arnount ©KRalPthER edi ents are given in the exanpl ek13.2 28.3

General Pr, r
ARS8 oo s8.4 146
Titanium dioxide : 9.7 24
Hypemler LP5 6.1 15
Hypermer LP1 2] 05
Isocyanates 15.3 3.8
AQUEOQUS PHASE
Reax 100M ' 10.5 26
Witconate 90 | 1.0 03
Tergitol XD _ 3.l 0.8
Water 176.5 442
Ammonia (30%wt aqueous solution) 20 0.5
Kelzan 0.5 0.1
Proxel GXL 0.4 0.1

) Concentrated Sulfuric Acid | 1.2 0.3

TOTAL : 400.0 100.0



A sol ution of |anbda-cyhalothrin in Solvesso 200 sol vent was prepared. The
di spersants were added-feH-ewed—by—the titani-um-di oxi de and the resulting
suspension agitated with a high shear stirrer. After the titanium dioxide
was wel | di spersed. pol ynethyl ene pol yphenyli socyanate and tol uene

di i socyanate were added to conplete the organi c phase. Thi s
phase was i NP3 to the aqueous phase with agitation mﬁfﬁugnﬁ%ﬁﬁﬁshear
stirrer to forman oil-in-water emul sionl2-The average droplet size was 3.0
[err] 1 mcrons (Exanples | and 2) and about 12 microns Exanple 3). The
tenperature was then raised to 50[err]C over a 30-m nute-period while

mai ntaining mld agitation. and then maintained at 50C for 3 hours. The
resul ti ng suspensi on of nmicrocapsul es_was allowed to cool to room
tenperature. In Exanples 1 and 2 the EﬂﬁﬂﬁkéhaL'ingredients wer e added (to
i nprove the properties of the aqueous suspension of mcrocapsules) and the

pH was adjusted to 5.0 with sul furic Gestpgsition WO 96/ 33611

PCT/ GB96/ 00935 Example 1

Conposition Conponent Weight, g .

Wi ght %  Commpenent PHASE Lanbda- cyhal ot hrin Weight. g W

113. 2 28.3 Sol vesso 200

58.4 14. 6
Lambda-cyhalothrin 113.2 283
Solvesso 200 584 14.6
Titanium dioxide 9.7 24
Atlox 4912 8.2 20
Isocyanates : 15.3 38
AQUEOUS PHASE
Reax 100M 10.5 2.6
Witconate 90 ' 1.0 0.3
Tergitol XD 3.1 08
Water 176.5 442
ADDPITIONAL INGREDIENTS
Ammonia (30%wt aqueous solution} 2.0 0.5
Kelzan 0.5 0.1
Proxel GXL 04 0.1
Concentrated Sulfuric Acid : 1.2 0.3

TOTAL 400.0 100.0



Ti tani um di oxi

de

T

2 4 Hypermer PS5 671

1.5 Hypernmer LPI 2.1

0.5 |I|socyanates 15.3

3.8 AQJECIJS PHASE Reax 100M

10.5 15 Wt conat e 90 PCTIGBI0935

1.0 0.3 Tergitol X -13-

3.1 0.8 water

176.5 44. 2 ADDI TI ONAL | NGREDI ENTS Ammoni a (30%w aqueous

sol ution) 2.0 0.5 Kel zan

0.5 0.1 Proxel . GXL

0.4 0.1 Concentrated Sul Examplerd d

1.2 0.3 TOTAL

400. 0 100.0 " WO 96Cafgdsition

PCT/ GB96/ 00935 :
Component Weight.g  Weight. %
ORGANIC PHASE .
Napropamide (technical grade) 52.0 13.0
Solvesso 200 | 94.1 25
Titanium dioxide 315 79
Hypermer LP6 84 2.0
Isocyanates 14.7 3.7
AQUEOUS PHASE
Reax 100M 14.7 3.7
Tergitol 15-s-7 (20%wt aqueous solution} 12.6 3.2
Gelvatol 40/10 (20%wt aqueous solution) 9.5 2.4
Water | 162.5 0.6
TOTAL 400.0 100.0




-12- Exanpl e 2

Conposi tion —_ e —Wéi ght ,
g Weight, % ORGANI C PHASE Lanbda-cyhal othrin

113.2 28.3 Sol vesso 200

58.4 14. 6 Titani um di oxi de

9.7 WOI6/3361%; | 5% 4912 PCT/GBI6/00935
8.2 2.0 Isocyanates -14-

15. 3 3.8 AQUEQUS PHASE Reax 100M

10.5 2.6 Wtconate 90 -

1.0 0.3 Ter gi PETERMINATION OF PROTECTIVE EFFECT

3.1 0.8 Wwater:

176.5 44, 2 ADDI TI ONAL | NGREDI ENTS Ammoni a (30%w aqueous
sol ution) 2.0 0.5 Kel zan

0.5 0.1

Glass Slide Evaluation

A sample of microcapsules containing titanium dioxide prepared as in Example
I (according to the invention; indicated in Table 1 as Example 1b) was spread on a glass slide
and exposed to a xenon lamp (simulating sunlight) for-h‘p to three days. Comparative tests
were conducted with identical amounts of microcapsules Similarly prepared., but differing from
that of the invention as indicated below in containing ;;'different ultraviolet light protectant
(Example la), similarly containing titanium dioxide but lacking a dispersant (Example 1c),
prepared utilizing titanium dioxide in the aqueous phase only (Exampie 1d) or lacking an
ultraviolet light protectant (Example le). The microcapsules were analyzed to determine the
amount of lambda-cyhaiothrin present in the fonnulaﬁons at the initiation of exposure to

ultraviolet light and the amount present after one and-three days’ exposure.

As can be seen from the results in the following Table !, microcapsules
produced according to this invention (Example 1b) provided the best protection against
degradation of lambda-cvhalothrin by ultraviolet light. After one day's exposure, most of the
lambda-cyhalothrin was still present. whereas with the comparative microcapsules the amount
of lambda-cyhalothrin remaining ranged from approximately one-fourth to nearly one-sixth
of the original amount. Even after three days'’ cxposufé;" microcapsules of this invention still

contained nearly one-half of the lambda-cyhalothrin ongmally present.




Proxel GXL 0.4

01 —Cohcentrated—StHure—Aetd 2
0.3 TOTAL 400. 0
100.0 WO 96/ 33611

PCT/ GB96/ 00935 - 13-

Exanpl e 3 WO96/33611 Conposi t on PETGBIHWAS

Weight, g Weight, % ORGANI C PHASE . ifNapr opani de (technical grade)
52.0 13.0 Sol vesso 200

94.1 23.5 Titani um di oxi de
31.5 7.9 Hyperner LP6 TABLE 1
8.4 2.0
- % LAMBDA-CYHALOTHRIN
REMAINING AFTER
UV PROTECTANT IRRADIATION
WT % IN
FORMU-
EXAMPLE TYPE LATION O DAYS 1DAY 3 DAYS
la  Waxoline black + Hypermer 25 100 17.9
dispersants
ib Titanium dioxide + Hypermer 25 100 82.] 479
dispersants
ic Titanium dioxide without 25 100 20.8
dispersants
1d  Titanium dioxide outside capsuie 2.5 100 17.9
-- in aqueous phase only
le None .- 100 24.2
Foliar Persi Cott

A sample of the material designated above as Example b was tested in
comparison with microcapsules similarly prepared containing the same amount of lambda-

cyhalothrin but having no titanium dioxide and no dispersants.

All samples of microcapsules were diluted with water and sprayed on cotton

plants at an application rate of 50 g lambda-cyhalothrin/hectare.

Leaf samples from the cotton were taken and processed as follows, with two

replicates for each treatment. each time. being taken.



l.socyanat es 14.7

3.7 Reax 100M : 14.7
3.7 Tergitol 15-s-7 (20%w aqueous sol ution) 12.6

3.2 GCelvatol 40/10 (20%4 -aqueous sol ution) 9.5

2.4 \Water '

40. 6 TOTKP 96533611 PeTIGRNGI |
100. 0 WD 96/ 33611 -16-

PCT/ GB96/ 00935 _ -14-

d ass Slide Evaluation - A sanple of m crocapsul es contai ning

titani um di oxi de prefFaehereplicate invelyedencising theee wallrxpgsed deavpe plagingrthem in a
i ndi cat ed i . | . . W d
Lo a xenon Tk Sadin Soche i, cloeilf el SRS sl GHIARS SBL4LRAN, THE0SC

tests were leavesl \weeire cheni ¢arefulthe boti gtk remonted, Gittened rvhilepssilll dryingi, sandsiched
prepared, béjettwgelnstgertsl &E{rafnsr;p%mm plastic. and photocopied. The leaves were disposed of and their

size was measured from the photocopies using an image analyzer.

Then, 2 mi of the mobile phase was added to the sampies, the contents of the
jar were shaken vigorously and then filtered and analyzed by reverse phase high pressure
liquid chromatography.

Samples were taken at 24, 48, 72. 96. and 190 hours after application. Figure
1 shows, in graphical form, a comparison of the retention of lambda-cyhalothrin in the two
formulations tested -- one according to the invention, the other identical but without the
titanium dioxide and dispersants, and demonstrates the protection of lambda-cyhalothrin in
the product of this invention as compared to capsules lacking the protectant.



that of the invention as indicated belowin containing a different
anple—l-a). simdarly contai ni rg—ttan-um—
di oxi de but | acking a dispersant (Exanple 1c), prepared utilizing titanium
di oxi de in the aqueous phase only (Exanple Id) or lacking an ultraviolet
| i ght protectant (Exanple 1le). The m crocapsul es were analyzed to determ ne
t he anmount WEX96B36tbda- cyhal othrin present in the formul ati s
initiation of exposure to ultraviolet di7ght and the armuﬂt—pt---esent after _
one and three days' exposure. amseen fromthe

results in the followi ng Table 1, m crocapsul es prOdUC ,HM!,mamﬂmr

i nvent i on WHARIB I AAMEDISvi ded the best protection ag
| anbda- cyhal othrin by ultraviolet light. After one day's exposur Yrost of
t he | anbda-cyhalothrin was still present. whereas with the conpar at ive

m crocapsul es the armArmcndcapmldndamhwgaimgﬂﬁmliqmmmmganmmmdmt

appr oxi matel e-faurih to nearly one xth of the origipal .anp Even
after thr é@s ’°IB&‘%§'[PFE" Wtﬁﬁjcﬂﬂs’ﬂle?gc‘ﬂ’i‘ ampougt @ﬁ&f’@ﬂ"ﬁ ‘c!@m ai ned
near |y ongrddettant Séledtéte fromindmiufy diokiab.nzihe) oRidk Ghd Bhikbarda’ BeoK sus nded and VO

96/33611 PCT/ GB96/ 00935
-15- thoroughly dispersed in the liquid. TABLE 1

% LAVBDA- CYHALOTHRI N

REMAI NI NG AFTER UV PROTECTANT

| RRADI ATION WI'. % II\I A microcapsule according to Claim 1 in which the biolégieally- acE¥e\\VPLE
TYPE aterial i Ietp\l the QAYS 1 DAY 3 DAYS la  Waxol i ne bl ack
+ Hyper e MRALETIAL 1S SuSpeRded in i'ﬂb' 17.9 di spersants

3. A microcapsule according to Claim 1 in which the biologicaily active
material is dissolved in the liquid or comprises the liquid.

4. A microcapsule according to Claim 1 in which the parnicle size of the
ultraviolet light protectant is from about 0.01 to about 2 microns.

5. A process according to Claim 1 in which the particle size of the uitraviolet
light protectant is from about 0.02 to about 0.5 microns.

6. A microcapsule according to Claim 1 in which the uitraviolet light

protectant is titanium dioxide.

7. A mixwre according to Claim { in which the ultraviolet light protectant is

a mixture of titanium dioxide and zinc oxide.

8. A microcapsule according to Claim | in which the biologically active

~material comprises a pyrethroid.

9. A microcapsule according to Claim | in which the biologically active

material comprises lambda-cyhalothrin.



| b Ti tani um di oxi de + Hyper . 47.9
di spersants I c —Ilil—t—a-n-l—u-m—dd—ex' i d m (yl”m 100
20.8 di spersants 1d tlw, , l ut SI de capsul e 2.5

100 17.9 -- in agueous phase onIy Te None

- 100 24. 2 Fol i ar ' e on
Cot t on WO56/33611 A sanpl e of the material designated ab?&%@@ mpl e
| b was tested in conmparison with mcrocapgules simlarly prepared

cont ai ning the sanme anount of |anbda- cyhal othron but having no titanium
di oxi de and no di spersants. Al'l sanples of mcrocapsul es were
diluted with water ab@ Apmissogapsole acanrdiogtqClaim ¢ whereinthe papisule atallo arefadneedof
50 g | anbda- ﬁ%orial ot hrin/ hectare. Leaf sanples fromthe cotton
were taken 3 Potessed as follows, with two replicates for each treatnent
each time, being taken. WD 96/ 33611
PCT/ GB96/ 00935 . . . i - 16-

11. A microcapsule according to Claim | wherein the capsule walls are formed

of a urea-formaldehyde polymer.

12. A process for preparing microcapsules containing 2 liquid comprising an
ultraviolet light sensitive. biologicaily active material and an effective amount of a particulate
uitraviolet light protectant selected from titanium dioxide. zinc oxide and mixtures thereof
suspended and thoroughly dispersed in the liquid, comprising the steps of (a) preparing a
suspension of the protectant having an average particle size of from about 0.01 to about 2
microns in an organic liciuid which is immiscible with water and which contains an ultraviolet
light sensitive, biologically active material, in which the protectant is thoroughly dispersed
in the liquid; (b) introducing the suspension into water containing a protective colloid and
optionally a surfactant capable of maintaining the organic liquid as droplets in the water
without extracting the protectant from the organic liquid into the water, the organic liquid
containing in solution one or more prepolymers which can react to form a polymer at the
interface of the organic liquid and water: (c) mixing the suspension of organic liquid in the
aqueous phase under high shear to form an oil in water emulsion: and (d) adjusting as
necessary the temperature and/or pH of the oil in water emulsion such that a polymerization

reaction takes place at the organic liquid/water interface to form the microcapsules.

13. A process according to Claim 12 in which the biologically active material
is a solid which is suspended in the liquid.

14. A process according to Claim 13 in which the biologically active material

has an average particle size of from about 0.01 to about 50 microns.

15. A process according to Claim 12 in which the biologically active material

is dissolved in the liquid.



Each replicate involved exci si ng" ed | eaves, placing themin
a_glass- jar—addi-hg—-500—m—acet okﬂ Iﬁml umgﬂﬂars—aﬁd—sha-hmﬁ—f—o' r
y

30-45 seconds. The | eaves were then care Wt qui ckly renoved,
flattened while still drying, sandw ched between sheets of transparent

pl astic. and photocopi ed. The | eaves were di sposed of and | | was
measur ed fr‘Bﬂgf’?R?"phot ocopi es using an imge anal yzer. Pefibhociod s

Then, 2 M of the nobile phase was addel®-to the sanples the contents of the
jar were shaken vigorously and then filtered and anal yzed by reverse phase

hi gh pressure |iquid chromatography. . . . Sanpl es were taken at
24. 48. 72. 96. andGiQ’BPWGEﬁSM‘BBi“’aQBP‘T'é&ﬂ‘FUH!ChIiF"gB‘FBC sizp gfuthe drpplets

graphi cal of @fginid I akckrS@sperfion MAné WaBRlis HdnPEbdue T8 absut 20! ickinb.n i n the
two fornmulations tested -- one according to the invention, the other

I dentical but w thout the titani um di oxi de and di spersants, and

deronet s e 235 Bl b AR BCRALH ) b P ol

i iventi on as conpare “he pro

96/ 33611 or more organic polyisocyanates dissoived in the organic liquid which. when heated, forms
PCT/ GB96/ 00935 . . . L. . . -17- WVWHAT IS
CLAI MED | & polyurea by hydrolysis of ansqRyanal. 1,an, pRIne KRk, iR HUT, feagts Juith andthes i ¢

conpri si ngs@?aﬂlet@%ﬁglt@p&m sensitive, biologically active material,
and an effective anmobunt of a particulate ultraviolet |ight protectant
‘sel ected fromtitanium di oxi de, zinc oxide and m xtures thereof suspended

and thoroughly dispgrse \'ﬂ%’& thS‘q [ im 17 in which ad | e
according to Claiml i ng [ gh t réehhg;&(’)ﬁ)aglncallf‘f é%ttlhs I’créltygrélra gﬁgﬁgﬁ?gended
in the |i qeiwnethylene polyphenylisocyanate and an isomeric mixture of toluene diisocyanate.

19. A process according to Claim 12 in which the prepolymer is a urea-
tormaldehyde prepolymer in which about 50-98% of the methylol groups have been etherified

with a C,-C,, alcohol. and which forms a solid polymer at the organic liquid/water interface.

20. A process according to Claim 19 in which about 70-90% of the methylol
groups of the prepolymer have been etherified with n-butanol.

21. A process according to Claim 12 in which the ultraviolet light protectant

particles are thoroughly dispersed in the liquid by means of a dispersant.

22. A process according to Claim 21 in which the dispersant is a nonionic
surfactant.

23. A process according to Claim 12 in which the microcapsules have an

average particle size of about 1-200 microns.

24. A process according to Claim 12 in which the biologically active material

comprises a pyrethroid.



3. A microcapsul e accordi ng to CI ich the biological I'y active
material is dissol ved—l—ﬁ—t—hﬂlm “l! m «E i ses—the—+ g
4. A mcrocapsul e accordi ng

ich the partq;c IS SHER gﬁ‘nt[ﬁgN

ultraviolet |ight protectant i's fromabout 0.01 to about

5. A process_according to aiml in which the particle siz
ul traviol et WPM? otectant is fromabout 0.02 to about Ogc%éégﬁ%”

6. A microcapsul e according to Caiml iz0-which the ultraviolet |ight
protectant is titanium dioxide. 7. A mxture according to
Claim1 in which the ultraviolet |ight Protectant is a mxture of titanium
di oxi de and zi nc oxiZfe.A process according to Ciagm 12 iniwhichcthe bislegicaly active mpterial
Claim1lin |1y active material conprises a pyrethroid.
9. Amecr oc%@&?ees IE@EQA @hﬁﬂkfﬁ@l Caiml in which the biologically active

mat eri al conprises | anbda- cyhal ot hrin. WO 96/ 33611

PCT/ GB96/ 00935 -18-

10. A microcapsule according to Claim1l wherein the capsule walls are
formed of pol yurea.

een Re{laced i

"l



11. A mcrocapsul e according to Cla|n1l mhereln the capsule walls are
torned of a urea-formal-dehyde p s 12. A -
preparing m crocapsul es containing a I|qU|d conprising an ultraviolet |ight
sensitive, biologically active material and an effective anmount of a '
particulate ultraviolet |ight protectant selected fromtit '@&@&Qﬁ I de,
zinc oxi de VWPt ures thereof suspended and thoroughly Jﬁgz ?n t he
liquid, conprising the steps of (a) preparing a suspension of the
protectant having an average particlelsfte of fromabout_0.01 to about 2
mcrons in an organic liquid which is immscible with gdter and which
contains an ultraviolet |ight sensitive, biologically #tive material, in
which the protectant is tlg@roughly dispersed in the |iQaid; (b) introducing
t he suspension into materbeongqlnlng a protective collg nd optionally a
surfactant capable of maineai M®ng the organic liquid ag |o¥ [

water w thout extracting t e ﬂrotectant fromthe organijc liquid into the
water, the organic I|qU|dEEon ining in solution one of jrore prepol yners

whi ch can react to forma r at the interface of tHe organic liquid
and water: (c) mxing the%

nsion of organic liguid iln the agueous phase
under high shear to form In water emul si| d) adjusting as
necessary the tenperature pH of the oil emul si on such t hat
a polynerization reaction takes pl ace at the or ui d/ wat er interface

to formthe mcrocapsul es. 13. cording to Claim
12 in which the biologically active material is a g I ch is suspended
in the |iquid. 14. A process according tpp Caim13 in which

the biologically active material has an average par
0.01 to about 50 m crons. 15. A
12 in which the biologically active nater
WD 96/ 33611

PCT/ GB96/ 00935

et si ze of from about
pr ocess according to Caim
ed in the |iquid.
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-19-4 16. A process according to Claim12 i nREPLgYEE

vt e MR OB

|l ets of organic liquid after disper
y mﬁabﬁom 30 m crons. 7. A process
accor'ding té Ctai'm 122 *n which the prepolymer conprises one [or Orﬁ)EEF’o‘i‘)@&ni c
pol yi socyanat es di ssolved in the organt€0Fi qui d whi ch whe ted. forns
pol yurea by hydrolysis of an isocyanate to an am ne which,] in turn reacts
wi th anot her isocyanate to formthe pol yurea. 4+8—A~A-—process

accor di ng t g50 ajAmptdcdss wetorlingicopCigiol yigein ivehieh nihet biatogieallyolagtive hy| ene
pol yphenyl i socyanate and an_ i soneric m‘\%ﬂ%e of toluene diisocyanate.
19. A process acfstariaearapiges lambdarqy BNt he prepolymer is a urea-

f or mal dehyde prepol ymer in which about 50-98% of the nethylol groups have
been etherified with a (Jerr]-Cferr] alcohol, and which forns a solid

pol ymer at ©Be orgmitrochpsuié dontaining iamterganicdiquid and an effective apwpunk ofr ocess
according to Caim19 in, which.about, .70- 90% qf I : : t he
prepol yner have Fel '8’('%@:‘? iu?traevdg'ﬁfﬁwtrprﬂ%czﬁ'ﬁl slélQ&quHm tﬁémﬂﬁpggﬁuo%f,
process accor di ngjrico¥aeafd Mixture/ierbof fispentied ndl thordughly dispetsedtiant
particles are thoroughly dispersed in the liquid by neans of a dispersant.
22. A process acdelidwid-to Caim 21 in which the dispersant is a nonionic
surfactant. 23. A process according to Caim12 in which

the m crocapsul es have an average particle size of about 1-200 m crons.

24. A procey.acgormicnocdpsuld aiccofiding rtowliaitm t26e irbiwhioli thel Ipprticies \are
material conprises a égxrcﬂhroi dh . . I .
maintdined thoroughly dispersed in the liquid by means of a dispersant.

28. A process for preparing microcapsules containing a liquid comprising
an effective amount of a particulate ultraviolet light protectant selected
from titanium dioxide, zinc oxide and mixtures thereof suspended and
thoroughly dispersed in the liquid, comprising the steps of (a) preparing
a suspension of the protectant having an average particle size of from
about 0.01 to about 2 microns in an organic liquid which is immiscible
with water, the particles being suspended and thoroughly dispersed in
the organic liquid; (b) introducing the suspension into water containing
a protective colloid and optionally a surfactant capable of maintaining
the organic liquid as droplets in the water without extracting the
protectant from the organic liquid into the water, the organic liquid
containing in solution one or more prepolymers which can react to form
a polymer at the interface of the organic liquid and water; (c) mixing the
suspension of the organic liquid in the_ aqueous phase under high
shear to form an oil in water emulsion; é'nd (d) adjusting as necessary
the temperature and/or pH of the oil in water emulsion such that a
polymerization reaction takes place at the organic liquid/water interface
to form the microcapsules. | o

29. A process according to Claim 28 in whlch the organic liguid contains a
dispersant.

| AMENDED SHEET




-20°% rocess according to Claim12 in which the piolagically
active J!Ill '"&“gulﬁml rises |anbda-cyhalothrin.  26. REPIACEMERPSHEET]
cont ai ni |d and an effective amount of [a—pafte 17q
ul t ravi ol et Ilght pro ectant selected fromtitani um di oxi %h z

: i nc
oxi de and m xtures thereof suspended and thoroughly di sper sed0ithSEP 1998+ He

l'iquid. 27. A mcrocapsul e accordingqto Caim26 in whi the particlés
are mai nt ai ned t horoughly di spersed in the quuidéby nmeans of a

di spersant. 28. A process for preparing m crocapsul es a4

l'iquid conprising an effective anount of a particulate ultraviolet
light protectant selected fromtitani um di oxi de, zinc oxide and

m Xt ures t gey, eofA sguspen@teﬁ ¢fgh effective BRMSUHOH ¥ pHreRaRedit |c{|]étehéﬁtqu' d,
conprising the ste arin a suspension o ot ect ant

e
havi ng an aver ag¥9 ertc$%'e§t2ﬂ rem ftianium dioxidesbzinc oxide ard anmtmres

h h
ggf[?gfegnbgpngrggg%gngg ang &$h%rgugﬂ1gﬂéséénk£ cqumg'gnéd%naﬁéeépagn?c

| iquid; (b) intrthdrouighly dispersedpettss liquidnt o wat er contai ni ng

protective colloid and optionally a surfactant capabl e of naintalnlng

the organic liquid as droplets in the water wi thout extracting the
protectant g4 omA hg,<NeB3finC dckardin ' ot Q:@.Pf? RN wrﬁ&? fHe93a fcki[
containing in solution one or nore prepolynmers which canr orm

a pol ymer at t henaintainécthorotighlydispegsed in thediquid Iantheans@f a dispersant.ng t he
suspension of the organic liquid in the aqueous phase under high

shear to forman oil in water emul sion; and (d) adjusting as necessary
the tenperature and/or pH of the oil in water enulsion such that a

pol ynmeri zation reaction takes place at the organic |liquid/water interface
to formthe m crocapsul es.
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