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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 particular 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 dropletré.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. '



WO 96/33611 - ' PCT/GBY6/00935

4. The suspended solid is liable to migrate to the agueous phase, particularly
when emulsifying surfactants are used.

WO095/1 3698 describes techniques for producing microencapsulated formula-
tions of a solid bxologlcally active compound suspended i ina liquid. The product is produced
by essentially a three-step process. In the first step, the solid biologically active material is
produced with a required particle size, for example by q milling process. In the second step,
the solid biologically active compound is suspended--'i-ih' an organic liquid, preferably one
which is a poor solvent for the solid and which is immiscible with water. The liquid,
however. must be polar enough to dissoive the prepolymers used in the microencapsulation
process. Alternatively, the solid may be first suspended in a liquid and then milied. In the
third step. a physical dispersion of this water 1mm1sc|ble 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 ultraviolet light protection to microencapsul'}i_téd materials. For example, Ignoffo
etal, ] Econor:xic Entomology, 64, 850 (1971) disclds‘es 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 wﬁic‘h the microcapsules were prepared.
U.S. Patent 3.541.203 describes the use of carbon black and other uitraviolet absorbers such
as metal flakes, metal oxide particles. metal sulfides. and other commonly used pigments to
provide ultraviolet protection to a virus contained wuhl a2 polymeric matrix. U.S. Patents
4,844,896 and 4,948.586 disclose the use of a number of 'gamc dyes and other sunscreening
agents such as benzophenone. PABA and benzil (o_:

___1xtutes thereof) for protection of
encapsulated viruses. U.S. Patent 4.328.203 dtscloses producuon 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 mlcmpcad :__struc:ure itself is a UV protectant.
Finally. PCT application -WO92119102 discloses anoihq'r.f?pe of microcapsule in which the

encapsulating agent itself. this time lignin. also serves as the sunscreen.
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" This invention comprises microcapsules and a process for their preparation, and
in particular comprises [-_l_f-]' ?'microcapsule containing a liquid comprising an uitraviolet light
sensitive, biologically acnve compound and an effective amount of a particulate ultraviolet
light protectant selected 'fféiit:__titanium dioxide, zinc oxide and mixtures thereof suspended and
thoroughly dispersed in iﬁg{,_liquid: and [2] a process for preparing microcapsules containing
an ultraviolet light sensi;iiké"biologically active compound which comprises a liquid and an
effective amount of a 'péxficulate ultraviolet light protectant selected from titanium dioxide,
zinc oxide and mixtures thercof suspended and thoroughly dispersed in the liquid, comprising
the steps of: (a) prepannga suspension of the ultraviolet light protectant having average
particie size of about 0.01-2 fnicrons in an organic liquid which is immiscible with water and
which contains an uluﬁ({iglet light sensitive biologically active material. in which the
protectant is thoroughly chspersed in the liquid; (b) introducing the suspension of step (a) into
water containing a protec;:ii’w:/_q colloid and optionally a surfactant capable of maintaining the
organic liquid as dropletsm the water without extracting solids from the organic liquid into
the water, the organic hqmd i:bntaining in solution one or more prepolymers which can react
to form a polymer at the mterface of the organic liquid and water; (c) mixing the suspension
of organic liquid in the aqix_'géus phase under high shear to form an oil-in-water emulsioﬁ: 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. . '

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



WO 96/33611 PCT/GB96/00935
4-

comprises biologically active material. By "compnses" u is meant that the biologically active
material may also be in the form of a solid suspended m the liquid. or may be dissolved in
the liquid, or may ltself constitute the liquid in -wh;ch the uitraviolet light protectant is
suspended. In another embodlment, the microcapsulcf;may contain a suspension of a solid
biologically active compound in a liquid which-coi_:iprises a second biologically active
compound (for example, the second biologically active compound is the liquid or is dissolved
in the liquid), and which also contains a thoroughly'_?fdispersed particulate ultraviolet light
protectant. g

The biologically active material which is to be protected in this invention may
be any of those known _-ib be subject to degradation or decomposition by ultraviolet light.
Notable among such cgnippunds are the pyrethroids and pyrethrins. Many of the pyrethroids
are known o be suscep':ible to degradation by ultraviolet light including permethrin,
cypermethrin, deltamethnn. fenvalerate cyfluthrin, resmethrm. allethrin, etofenprox, and
lambda-cyhalothrin. Other biologically active matenals which are known to be susceptible
to degradation or decomposmon by uitraviolet light mclude the herbicides trifluralin, ioxynil
and napropamide, the insecticides pmmnphos-methy__l- _a_nd chlorpyrifos and the fungicide
azoxystrobin. Microcapsgles 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 suscepnble to degradation by ultravxolet llght. or a biologically active material

which is not normally 0 suscepnble (but in which them is suspended a second biologically

active material which is hght-sensmve), or an orgam'_ _f_qlvent which is immiscible in water

and in which the ultrav:olet light sensitive material 1s;‘_'_____:_s'bended 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 naphthalenes alxphatlc solvents such as aliphatic
or cycloaliphatic hydrocarbons. e.g.. hexane. heptane g_nd_ cyclohexane, alkyl esters including
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alkyl acetates and alkyi. phthalates, ketones such as cyclohexanone or acetophenone,
chlorinated hydrocarbons, and vegetable oils. The solvent may be a mixture of two or more
of the above solvents.

The preferred materials for the microcapsule wall may be any of those
commonly used. Two exatggles are a polyurea, formed as described in U.S. Patent 4,285,720,
or a urea-formaldehyde polymer as described in U.S. Patent 4,956,129.

The uitraviolet light protectant used in this invention is titanium dioxide. zinc
oxide, or a mixture of titaiﬁium dioxide and zinc oxide. In general. the ultraviolet light
protectant is used in an amount of from about 0.1 to about S0 weight %, preferably from
about 1 to about 10 wenght %. with respect to the organic phase. Mixtures of titanium
dioxide and zinc oxide wi!!'.._gontain 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
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extracted into the water when the suspension is dlsperscd into water. In addition, when the
suspension is added to water, the dispersant must not allow phase inversion to occur, ie., the

water must not be allowed to be taken into the organic i_iguid to form a water-in-oil emulsion.

The exact choice of dispersants will depend on the nature of the ultraviolet
light protectant and the type of organic liquid. Prefexred dispersants are certain nonionic
surfactants which act by steric hindrance and are acti;féipnly at the protectant solid/organic
liquid interface and do not act as emulsifying agents. Such dispersants are suitably made up
of (a) a polymeric chain having a strong affinity for _t'ﬁ;'.liquid and (b) a group which will
absorb strongly to the solid. Examples of such dispeﬁgﬁts are those of the Hypermer and
Atlox lines, available from the ICI group of companieg,é_:_ijicluding Hypermer PS1, Hypermer
PS2. Hypermer PS3. Atlox LP1. Atlox LP2. Atlox LP4 Atloxl LP5. Atlox LP6, and Atlox
4912; and Agrimer polymers such as Agrimer AL-21.6-. and AL-220, available from GAF.

In general, the range of dispersant conééﬁtration used is from about 0.01 to
about 10 percent by weight based on the organic phase. but higher concentrations of
dispersant may also be used.

If the microcapsules also contain a suspe‘p_j___c___@ed 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 pamcle slze of the protectant to that mentioned
above. '

In any event. no matter exactly how it ccomplished. the ultraviolet light

protectant must be thoroughly dispersed in the organ:i_'_c_;____pp;tse.
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Step 3: A physical dispersion of 2 watcr-iﬁunisciblc phase in an aqueous phase
is prepared. To obtain thej-.ap.propriate dispersion. the orgamc phase is added to the aqueous
phase. with stiring. A suitable dispersing means is employed to disperse the organic phase
in the liquid phase. The'-'i_r'_:e,ans may be any high shear device, so as to obtain a desired
average droplet (and corresponding microcapsule particle)_-'éize within the range of from about
! to about 200 microns. :Prgferably the average dropiet size is from about 1 to about 30
microns, most preferably from about 2 to about 20 nﬁmﬁs. Once the proper droplet size is
obtained, the dispersion means is discontinued. Only mild agitation is required for the
remainder of the process. - The water-immiscible (organi_c% liquid) phase comprises the solid
ultraviolet light protectant':_._z_l_nd optionally aiso a solid biologically active material suspended
in the liquid to be encaps_t_i_'_l_a-i_ted. prepared as described abbve in Steps 1 and 2. The agqueous
phase is comprised of water and a material termed a "protective colloid”. Preferably it further
contains a surfactant.

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 Wm:onate 90, available from Witco.

In general. the range of sutfi\ctant conccm_f%iion in the process is from about
0.0! to abour 10.0 percent by weight. based on the aqueoji"s_i phase. but higher concentrations
of surfactant may aiso be used
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The protective colloid present in the aqueous (continuous) phase must absorb
strongly onto the surface of the oil droplets. Suitable colloid-forming materials include one
or more of polyacryiates. methyl cellulose. polyvinyl alcohol, polyacrylamide,
poly(methylvinyl ether/maleic anhydride). graft copolymers of polyvinyl alcohol and methyi-
vinyl ether/maleic acid (hydrolyzed methylvinyl ether/maleic anhydride; see U.S. Patent
4,448,929, which is hereby incorporated by reference herein), and alkali metal or alkaline
carth metal lignosuifonates. Preferably, however. the protective colloid is selected from alkali

metal and alkaline earth metal lignosuifonates, most preferably sodium lignosuifonates.

There must be sufficient colloid present to afford complete coverage of the
surfaces of all the droplets of the organic liquid. The amount of protective colloid employed
will depend on various factors. such as molecuiar weight. compatibility, etc. The protective
colloid can be added to the aqueous phase prior to the addition of the organic phase. or can
be added to the overall system after the addition of the organic phase or the dispersion of it.

The protective colloid is generally present in the aqueous phase in an amount of from about
0.1 to about 10.0 percent by weight.

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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in the organic phase (i.e., at Step 2 in the above procedure) and polymerization takes place
by hydrolysis of the prepolymers at the water/organic liquid interface to form amines which,
in turn, react with unhydrolyzed monomers to form the po_lyurea microcapsule wall. A singie
compound or a mixture of two or more polvisocyanates may be used. Of the polyisocyanates,
polymethylene polyphenylisocyanate and isomeric mixtwres of toluene diisocyanate are pre-
ferred. Particularly preferred are mixtures of polymethylene polyphenylisocyanate with
isomeric mixtures of toluene diisocyanate.

The amount of the organic polyisocyanate used in the process will determine
the wall content of the microcapsuies formed. In general. the polyisocyanate (or microcapsule
wall formed from it) content will comprise from about 2.0 to about 75.0 percent by weight
of the microcapsule. Most preferably the wall will comprise from about 4 to about 15% by

weight of the microcapsuie.

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. :
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The following are examples of preparations of compositions of this invention.
Ingredients used in the fqliowing examples were:

* lambda-cyhalothrin, technical grade (88% purity)
» Solvesso 200 aromatic solvent {available fro_ni.'Exxon)
* titanium dioxide - Examples | and 2: USP.3‘.’8 - 0.3 micron panicle size, from
Whittaker, Clark & Daniels Ltd.. Example 3: Tiosorb UFO2, 0.02 micron size, from
Tioxide Specialties Ltd.
* Hypermer LP1, Hypermer LP5 and Atlox 4912 dispersants (available from ICI)
* Reax 100M protective colloid (sodium salt of lignosulfonic acid, 40% wt. solution
in water. available from Westvaco Chemicals
* Kelzan (xanthan gum. available from Monsanr_o)

* 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 dioxide. and the resulting 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 i The temperature was then raised to
50°C over a 30-minute period while maintaining mild aguanon. and then maintained at 50°C

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

temperature. [n Examples | and 2 the additional in

jents were added (to improve the
properties of the aqueous suspension of microcapsules) and the pH was adjusted to 5.0 with

sulfuric acid.
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Component

ORGANIC PHASE

Lambda-cyhalothrin
Solvesso 200
Titanium dioxide
Hypermer LPS
Hypermer LP1
Isocyanates

AQUEOUS PHASE
Reax 100M

Witconate 90
Tergitol XD

Water

Ammonia (30%wt aqueous solution)

Kelzan

Proxel GXL

Concentrated Sulfuric Acid

TOTAL

-11-

Example 1

Composition

PCTI/IGB96/00935

Weight.g = Weight, %
113.2 283
58.4 14.6
9.7 24
6.1 1.5
21 05
15.3 3.8
10.5 2.6
1.0 03
3.1 0.8
176.5 442
20 0.5
0.5 0.1
0.4 0.1
1.2 0.3
400.0 100.0
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Component

ORGANIC PHASE
Lambda-cyhalothrin
Solvesso 200
Titanium dioxide
Atlox 4912

Isocyanates

AQUEQUS PHASE
Reax 100M
Witconate 90
Tergitol XD

Water

ADDPITIONAL INGREDIENTS
Ammonia (30%wt aqueous solution}
Kelzan

Proxel GXL

Concentrated Sulfuric Acid

TOTAL

Example 2

Composition

PCT/GB96/00935

Weight. g Weight, %
113.2 283
584 14.6
9.7 24
8.2 20
153 38
10.5 2.6
1.0 0.3
3.1 08
176.5 44.2
2.0 0.5
0.5 0.1
04 0.1
1.2 03
400.0 100.0
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Example 3

Composition

Component

ORGANIC PHASE
Napropamide (technical -g_q_zide)
Solvesso 200 |
Titanium dioxide

Hypermer LP6

Isocyanates

AQUEOUS PHASE

Reax 100M

Tergitol 15-s-7 (20%wt aqueous solution}
Gelvatol 40/10 (20%wt aqueous solution)

Water

TOTAL

13-

PCT/GB96/00935
Weight.g = Weight. %

520 13.0

94.1 235

315 79

8.4 20

14.7 37

14.7 3.7

12.6 3.2

9.5 2.4

162.5 40.6

400.0 100.0
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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.
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IABLE 1
% 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 2.5 100 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.
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Each replicate involved eicising three well exposed leaves, placing them in a
glass jar, adding 500 ml acetone, closing the jars and shaking well for 30-45 seconds. The
leaves were then carefhlly but quickly removed, flattened while still drying, sandwiched
between sheets of transparent 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.
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1. A microcapsule containing an organic liquid comprising an ultraviolet light
sensitive, biologically active material. and 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.

2. A microcapsule according to Claim | in which the biologically active
material is suspended in the liquid.

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.
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10. A microcapsuie according to Claim | wherein the capsule walls are formed
of polyurea.

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.



* c L " S *

WO 96/33611 PCT/IGBI6/00935
«]10-

16. A process according to Claim 12 in which the particle size of the dropiets

of organic liquid. after dispersion in the water, is from about 1 to about 30 microns.

17. A process according to Claim 12 in which the prepoiymer comprises one
or more organic polyisocyanates dissolved in the organic liquid which. when heated, forms
a polyurea by hydrolysis of an isocyanate to an amine which, in turn, reacts with another
isocyanate to form the polyurea. |

18. A process according to Claim 17 in which the prepolymer is a mixture of

polymethviene 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.
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