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ABSTRACT

I reviewed program DP/IXD/80/CO03 dealing with controlled
release of pesticides. The main questions were whether the
staff engeged in the program have access to tools needed, what
progress was achieved so f=r and what one should exrect in
the forseeable future, 2nd finally what improvements on nperation
czn be suggested.

At the personnel level, in general the staff has done high
guality research but I felt there are too many sciertists ascsigned
to the project. This observation became obvious when one
considers the limitations in space and equipment. A director
whose sole assignment is to cocordinate and surervise the
research at the local level is essential and can improve research
output. At the know-how level there is a need to hawve access to
the current vatent literature. In this new field of controlled
release most information can be found only within ratents and
not within the usual scientific books or journals. This point
is very impmortant because of the limited contact of the staff
here with other laboratories outside India.

At the equipment lev<l there is an urgent reed fcr reliable
mixing equipment that can handle enough material fer large scale
testings. I attrihute, at least in part, resuvlte that canrot
be reprocduced due to poor mixing; After years of exrperience in
this techrology I found that oroper mixing c»nnot te over-

ervhasized.
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Frogress was mzde mainly in the ccntrolled release of
Abate in mosguito larvicide fermulations using monelithic
matrices and in the controlled release of Carbofuran in-
secticide used extensively in rice raddies and encapsu’ated
using the starch xanthide procedure. While testing is
currently performed under field conditions for the monolithic
system the testings for the controlled release fcrmulation
of Carbot'uran is mostly under laberatory conditions. Both
tyres showed significant improved versistency.

As for the foreseeable future (six months or less) one
should exrect large scale prerarations 2nd consistency of
formulation of the insecticide Abate, distribution of the
new form lation to qualified testing stations followed by
analysis of data. A modified monolithic system using SBR
latex for improved delivery and loading of active ingredient
stould be tried. As for the ccntrolled release of Cartcfuran,
a large scale preparation and testing under field cenditions
should be exvected in the near future. A modified encavsulation
of the insecticide within the starch mrtrix should be made
and tested. The improved techniques which were developed at
the Northern Regional Research Center in Feoria., IL. was
demonstrated to the staff at the National Chemical laboratory

in Pune.




INTRODUCTION

This project, Bioscience and Engineering DP/IND/80/0C3, wes
submitted by the Government of India. It was approved by UNDP in
Septemter 1981 to extend to August 1986 and deals with controlled
release pesticide technologiese.

Advantages of controlled release irnclude less active agent
and fewer aprlications, riocre erffective cortrcl of the target
organism, reduced toxicity to nontarget organisms, and reduced
environmental pollution. Such systems are being developed and a
few are teing marketed boased on containment of the pesticice
within either a volymer matrix or coating; Synthetié elastomers
serve to control the release of antifouling agents in coatings
for objects immersed in marine waters and for mollyscicides.
Insecticides incorporated in plastic strips provide slow release
of the active agent over seversl weeks. An insecticide is now
veing sold in tke form of microcapsules where a volyamide film
surrounds the active agent.

Because of the diverse propertiés of NHundreds of bioclegically
‘active chemicals for which contrclled release would be teneficial
and because the environments into which the formuletions would
be placed vary so widely, considerable research is needed to
ortimize the numerous controlled relesse systems. Cbvicusly,
for the svstems tc be accerted on a broad scale, thevy muet te
Yoth technically and economically feasitle.

This is the third "review by exrert" on this project

dealing witk controlled releage of nesticides. The first review




was by Dr. Dora K. Fayes, USDA, Beltsville, M 20705, USA
dated 15 December 1282 and the second by Dr. Nate F.
Cardarelli, University of Akron, Akrcns CHs USA dated

23 February 1983. Amonrng Dr. Hayes recommendations were:
to conduct field studies ¢~ Abate-latex fcrmulations,
develop quality control criteria for trese formulations,
establish parareters of encarsulation of Cerbofuren usirg
starch xanthate formulations to determine release rates
of active ingredient and evaluate other pesticides using
starch xanthate as a matrix. Among Dr. Cardarelli's
recormendations were: to move up the completiorn date

for the Temephcs(Abate)-natural rubber project to June
1985 ard tke Carbofuran project to December 1985,
reformilate natural rubber latex with increased Temephos
cortent, provide necessary equipment tc the formvlations
group and entomology group and provide additional trainirg
to personnel. The purpose of my mission was to review
rest research accomplishments relating to contrclled
release technologies at the National Chemical Iaborztory
(NCI),» suggest analytical methods to evaluate new formulaticns,
discuss with NCL scientific personnel current trends in
this field, make recommendations on future lines of

research, equipment needs, and training of rersonnel.




I. Report on Controlled Release of Carbofuran anrd Fenitrothicn

Systeus.
by .Dr. Re Rezjagopalan

Carbofurar is 2 broad spectrum systemic insecticide, very
effective against the common rice pests like the leaf
hoprer and the stem borers. It is at present aprlied as
3% granule (commercially available) two to three times =t
the rate of 15 to 20 kg per hectare during rice cultivation
lasting about 3 to 4 montks.

It was decided to develop a controlled releacse Carbofuran
system which will have considerably less handling hazards
and which will be effective for the whole season with a
single application.

T™wo polvmeric matrices were initially chosen for
encapsulating Carbofuran, viz. starch 2nd polyvinyl
alcohol (PVAl).

The encapsulation by polyvinyl alcohol was standardized
using Carbofuran extracted from the 50% formulation.
Using such purified Carbofuran, the encapsulation was
carried out by dispersing it in polyviryl alcohol solution
followed by addition of soditm silfate solvtion with stirring
to precipitate the PVAl and deposit Carbofuran perticles.
The PVAl coating was then hardened by heating it with
Vanadyl Sulfate in acid medium,

Encapsuvlation in starch metrix was corried out by first

converting starch *¢c its xantrate with ng and NaOH
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followed by disversirng the active ingredient (Carbofuran) ‘
and crosrslinkirg with H'go2 or HN02 in acid medium.

The release characteristics of these systems were
determined initially in static water with occasional
stirring and following the amount of Carbofuran relessed
spectrophotometrically.

The variation of the release charzcteristics were
studied with resvect to the degree of substitution of
the xanthate, the percentage of Carbofuran incorporated,
and the tyve of oxidizing agent used.

In the case of the polyvi'yl alcohol system, the
main variable was the percentage of Carbofuran in the
encapsulated product.

From the release characteristics, it was observed
that the PFVAl system had a much higher release lasting
for about 3 to 4 days only. With the starch system,
however, a prodvct havirng a fairly uniform release fcr
about 20 days could be obtained a2t a Carbofuran <
content of 25%.

At this stage, the FVAl system was abandoned
because of this much faster relesse rate. In addition,
the encapsulation technique did no+ work if technical
Cerbofuran was used (instead of pure Carbofuran) as
the polyvinyl alcokhol precivitated and coagulated soon
after its addition.

The objective of this prograrme was to develop a

controlled release system which will last for 6 to 8
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veeks so that 2 single avplication will take care of the
plant for the whole seazson. Fence attempts were made to
reduce the relezse rate by using additions to Carbofuran
such as ribber latex, volystyrene, and vegetable oil.
All these additives could reduce the release rate to
some extent and the vegetable oil gave the best results
leading to a prcduct lasting for about 60 days.
laboratory trials on release studies in flooded soil
showed release properties lasting for sbout 35 to 40 days.
This oproduct seems to meet all the recuirements based on
our release studies in the laboratory. It is now
planned to grow rice plants in small vlots and test
the efficacy of this product against the rice pests.
Since at 25% Carbvofuran ccntent the conventional
dose is only about 2 kg/ hectare, there will he
practical difficulty in broadcasting sich a small amount
over s wide area. Hence work was undertaken to gran-
ulate this formulaticn with inert materials like
bentonite, china clay, etc. to arrive at a concentration
of 3 to 5%. From thece studies, a china clay granulated
product could be made satisfying the requirements.

Future Study: The Carbofuran-starch r=nthate

forrulation is being subjected to field trials in
small laboratory plots at rresent. Depending upon the
results, suitable modifications will be mede if nrecessary.

Scaling ur of the encapsulation process will te taken

up As soon as the Sigma-blade rixer is obtained.




II.

III.

Controlled Reiease Fenitrothion System.

Fenitrothion is an effective pesticide fcr mosquitoes.
The aim of the programme is to develov sorayable dispercions
of controlled relesse microcapsules of fenitrothion to be
used as a long lasting ccating on the water and roofs for
protection against mosquitoes especial’y in slums.

Yieroencapsulation of fenitrothion by interfacial
polycondensation in polymeric and psiyamide matrices is
being investigated. The monomeric materials used were
the diacid chloride like sebacoyl chloride and ethylene
diamine, toluene diisocyanate and polyamines a2nd poly-
isocyanrates as crosslinking agents. The interfacial
polycondensation technique has been studied =nd
microcapsules in the range of 1 to 30 microns diameter
have been obtained.

Future work: The develcpment of a controlled release

eyetem for fenitrothion is to be further studied with
regard to its release characteristics found on degree

of crosslinking, capsule diameter, and wall thickness.
The methodology of the study of the release properties
is to be worked out.

Work is to be initiated on developing controlled release
systems for some more vesticides. Initially a

lypoohilic orgsnorrosvhorus scil vesticide (phorate)

will be taken up for encancsuvlation in a starch mstrix.
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Controlled Release Mosguito Iarvicide Forrmulations in

a Monolithic Matrix

by Dr. De. Raghunath, Project* Leader

A 60% natural rubber latex 2nd Abate/Temephos (larvicide)
were selected for developing suitzble formilations for the
release of Abate in a slow and steady rate over a period of
6-8 months in static water.

In order to achieve a .technically feasible product,
formulations containing 5 to 14 parts of Abate in the
rubter matrix were studied for their processing character-
jstics, release rates of the active ingredient, and longevity.

Tn the forrmulations, in azdditior to 60% natursl rubber
and Abate, commercially available ermulsifying agents,
plasticizers and porosigens, viz. CaCOzs were made uce of.

Out of the 33 formulations, 28 formulatiorns were subjected
to bioassay studies in the laboratory and two of the
formulations were found to be promising. The formulation
containing 14% Abate, CaCO, and a plasticizer appeared to
heve longer longevity, was selected for bioasray studies
in small experimental ponds in tne natural surroundings.

The results so far are encouraging and the exmeriments

are be:ng continued.
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60% nacural rubber latex and Abate (larvicide) were

celected for develoring suitable formulations for the

release of Abate in a slov and steady rate over a period

of 6-8 months in static water.

In order to arrive at a technically feasible product

23 formulations were tried; out of tnese S5 formulat.ions

would not be processed in the conventional methnod and

hence discarded; the 28 formulations contai.ing 5-14 parts

of Abate in the matrix were developed and pioassayed

for its efficacye.

As a starting material, a masterbatch containing 5,

10 and 14 parts of Abate in 60% N.R. latex was prepared

in the conventional manner..The product thue obtained was

subjected to further processing common in the rubber

industry. The formulations, conditions and the observations

are as follows:

Experiments

1) 5 formulations

2) 2 formulationrs

3) 7 formulations

Conditions

Natural rubber

base

Compression moulding
with conventional
compounding ingredients

Casting method

Pretreated,
unvulcanized

Vatural rubber with
fillers, compotnded
and vulcanized

Results (Bioassay)

In most of the samples
tne release or tae
toxicant was too fast.

No release over 2 weeks

Toxicart relesse over
a period of 36 weeks

Discontinuous release




Experiments

4) 4 formulations

5) 5 formulations

6) 1 formulation

7) 3 formulations

8) 1 formulation

Remarks

Conditions

Compounded by the
addition of
vulcanizing dispersions
and oven cured

Compounded with the
addition of
porosigens/rlasticizer

Plastics as base
material

Increase of Abate in
the matrix and change
of the plasticizer

With cormercially
available Abate
concentrate: Cast
sheet

Results (Bioaseay)

Although results were
encouraging, there
were processing
difficulties.

Compounding
difficulties

No toxicant release

Results (bioassay)
are encouraging and
is in progress

Very fast release

Oout of the formulations tried the two formulations at

Sr. No. 2, had a longevity of 38 weeks and toxicant concentration

(0.05 = 1 ppm, average 0.44) was evaluated in open air and

sunlight in 40 1. aquaria containing aquatic plesnts. The

dispensers were placed in floating as well as submerged forms.

As the sample apneared to be promising, one of them wes selected

for gsimulated field trials in trenches of 10 ft. x 2 ft. x 1 foot.

However, after two weeks it was observed (by bioassay method)

that the release of the toxicant had slowed down, probably due

to the deposit of silt. In order to improve the product and

reduce the cost, attempts are being made to develop 5-6 newer

formulations.

In view of this, the field trials in and around Poona have

been nostphoned.




Difficultiess- Abate (Temephos) an imported larvicide used

in these formulations is not availarle for further work;
vnless a sizeable quantity is made available, the time
schedule cannot be adhered to.

Work Programme:-

1. Yodifications in the present formulations and scaling
up to 1 Kg. batche.
2. Use of synthetic polymers as matrix in place of natural

rubber.



RECOICTNDATIONS

-{AJOR?

I. Manpower Reorganization as described in the "Abstrzct".
II. Better Access to Literature.

Most of the new knowledge in the field of controlled
release of pesticides is available only through patent
literature. Jost all of these patents are in English
language and issued in the United States. I recommend
that the library at NCL subscribe to the Official Gazette
of the United States Patent and Trademark Office, which
is published weekly and contains mainly three sections:

a) General and lfechanical, ) Chemical, and ¢) Electrical,

all of which can be of interest. Subscription information

can be ocbtained from the Superintendant of Documentss
Government Printing Office, Washington, D.C., 20402, U.S.A.

The following is a list of recent U.S. patents degqling

with encapsulated pesticides:

Taffe, Microencapsulation Process, U.S. 4,272,398 (June 9, 198

Himel and Cardarelli, In-Flight Encapsulation of Particles,
U.Se. 4,286,020 (August 25, 1981

Himel and Cardarelli, In-Flight Encapsulation of Particles,
U.S. 49353,962 (October 12, 1982)

Scher, Encapsulation Process and Capsules Produced Thereby,
U.S. 4,285,720 (August 25, 1981)

Kydonieus, Process for Controlling Cockroaches and other
Crawling Insects, U.S. 4,320,113 (March 16, 1982)

Tim and Moss, Encapsulation of Iabile Biological X terial,
U.S. 4,324,683 (April 13, 1982)

Mazzola, Encapsulated Bleaches 2nd lfethods for their
Preparation, U.S. 4,327,151 (April 27, 1982)
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Orths Jres Slow-Release Nitrogen Fertilizer Employing Waste
Proteinaceous Animal Food and ethod of lMaking and Use,

Young and Prussin, Adherent Controlled Release Pesticides,
U.3. 4,352,833 (Octover 5, 1982)

Hoshi and Matsukawa, Process for the production of Microcapstles,
Ueld. 49353,809 (October 12, 1982

Senyei and Widder, Method of Incorporating Water-Soluble
Heat-Sensitive Therapeutic Agents in Albumin Microspheres,
U.S. 4,357,259 (November 2, 1982)

Allan and Ko, Method for Preparing a Controlledi Release Compositiomn,
U.S. 49,388,352 (June 14, 1983)

Ishida, et al., Process for Manufacturing Regenerated Cellulose
Hollow Fider. U.S. 4,388,256 (June 14, 1983)

TPocker, Controlled Release Granules, U.S. 4,399,122 (August 156, 1983

Connick, Jr.s, Controlled Release of Biocactive Materials
using Alginate Gel Beads, U.S. 4,401,456 (August 30, 1983)

Cardarelli, Controlled Release of Herbicide Compounds utilizing
a Thermoplastic atrix, U.S. 4,405,360 (September 20, 1983)

lowery, et al., Microporous Hollow Fibver and Process and

Apparatus for Preparing such Fiber, U.S. 4,405,688

(September 20, 1983)

The cost of a patent copy is one dollar and can be
ordered from the Commissioner of Patents and Trademarks,
Washington, D.C.» 20231, U.S.A. Be sure to include the
patent number.

At the NCL library I found only one reference handbook
dealing with vesticides. The following are recommended:

a) Pesticide Manual, 5 th Edition (1977), edited by H.
Martin and C.R. Worthing and issued by the British Crop
Protection Council.

b) Herbicide Handbook, 4 th Edition or later. This book

can be purchased from Weed Science Society of America,

309 West Clark Street, Champaign, Illinois, 61820, U.Z.A.




¢) Farm Chemical Eandbook, Yeister Publishing Co.,

37841 Buclid Ave., Willoughby, Ohio, 44094, U.S.A.

ITI. Large scale mixing equipment is lacking. A Double
Planetary lixer with 2 gal. cavzcity is recommended.
Literature was sent recently to Dr. R. Rzjagovalan
at NCL, Pune.

IV. Quick and reliable quality control tests of granular
encepsulated products within starch matrices is needed.
An article dealing with this subject was sent to NCL
and a copy is enclosed herewith. Although bioassay of
formulations are essential, screening tests that can
save valuable time are important.

V. Advanced training in current trends and new technigues
dealing with encapsulation is needed. The location should
preferably be the U.S. in a government or academic
institution for a veriod of not less than 3 months.

I also recommend the solicitation of top scientists in the

field to spend a sabbatical year at NCL, Pune. 1

MINOR: |
I. Try to entrap larvicides within SBR latexes to improve
loading, reproducivility, and efficacy. lany types of
SBR latexes are available commercially.
IT. Analyze formulations by elemental analysis such as Chlorine 1
and Sulfur. Details of procedures were sent recently to
Dr. Rajagopalan. 1

III. Use only unmodified starch for encarsulation of Carbofuran.




Iv.

Newer encapsulation techniques as demonstrated to NCL

staff during my visit should be tried.

Effects upon entrapment of larvicides and insecticides
of ionic and non-ionic emulsifiers should be examined.
Preliminary encavsulation studies of living bacteria
such as Bacillus thuringensis should be conducted. this
tyve of organism was shown to be a potent nathogen
against mosquitoes but can survive for only a very

short time in the oven.
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METHCES FOR TESTING AND FACTORS AFFECTDNG RATE OF RELEASE OF
DNCAPSULATZD PROIUCTS PREPARED VI STARCH XANTHATEY
Saruch S. Shasta

NoTtihern Regicnal Resesrth Center
Federal Research
Science and Education Administration
U.sS. Deparcnmt of Agricuiture
Pecria, Illincis 61604

A simple and eccriemical way to entrap water-inscluble cempeunds,
including pesticides, within a starch matrix was repcrted.l’z The
nrecedure consists of dispersing the active agent in an aquecus starch
xanthate solution and subsequently crosslinking the starch xanthate
either oxidatively, or with multivalent metal ions, or with dr—unctwnJ
reagents such as epichlorohydrin. Cerzal flours, which contain abecut
10% protein along with starch, also can be xanthated and used as an
ancapsulating matrix. Upen crosslinking, which is effected within a few
seconds under ambient conditions, the entire mass teccmes gell-like and,

on continued mixing for an additional few secords, tecames a particulate
solid that can be driad to_low moisturs content with only minimal ot no

loss of entrapped chemical.

Y Presented at the Sth International Sywposium cn Controlled Release
of Bioactive Materials, National Bureau of Standards, Caithersburg,
aryland, Augus: 14-16, 1978.
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Starch is one of the most alrmdant bicpclymers. It comsists of

glucopyranose units of a-Q-(1+4) linkages and hydrolyzes campiezaly o
yield Q-gluccse. Because of the abundance of Iree hydroxyls, starch is
easily derivatized. [Cegree of derivatization cr substitution (D.S.) is
defined as the mmber of substituemts per zlucose umic., Thus, :héorecicall';
a3 D.S. of 3 is possible. For t.l:e papose of encapsilation, starch is
derivatized through xanthation to yield a D.S. cf 0.1-0.3 followed by
crosslinking to yield starch xanthide. The d;u:istry and technolcgy of

xanthates,
S

i
Starch-Cd » CS2 + NaCH ———3 Starch-0CSNa

* S S
- H ’ [0] . | I | ]
| c—  Stareh-CCSSCO-Starch
especially cellulose xanthate, is well doaumented.” In recent years,
crosslinked starch xanthate has been shown to have potential 2s a paper
additive,4 for reinforcement of mbber,s for making of powdered rubber,6

and for removing heavy metals from aquecus solutions.7
FACTORS AFFECTING RATE OF RELEASE®

Shelf life of the starch-encapsulated pesticides is good, and there
is no appreciable loss on storage during at least 1 year. When placed

in open containers for several weeks, loss of volatile agent is negligible.

2 Mention of a pesticide in this paper does not constifute 3
recammendation for use by the U.S. Department of Agriculture nor does
it imply registration inder FIFRA as amended.

2,32




However, when products are wetted or immersed in water, active agent is

then released from the matrix. A simple laboratory screening test (wet

test) was devised for comparing release propertias of thiccarbamate-
zontaining products to assist in selecticn of formulations fcr subsequent
biocassay. Other factors that affect the rats of release are the characteristics
:f the entrapped chemical; for example, in an aquecus medium, the hisher
the solubility in water of the active agent, the faster it will diffuse
;ut of the starch matrix. Thus, the herbicide S-ethyl dipropylthiccarbamate
‘EPTC} will be released faster than the herbicide S-ethyl diisobutylthiocarhamate
butylate). (Water solubility of EPTC at 20° is 370 ppm and of butylate
2 22° is 45 ppm.)
The use of polymeric materials in controlled release applicaticn

vstems almost always involves consideratio:x_ of the solubility and
iffusivity of the active agent in the polymer matrix.® The literature
-2als extensively with the solution, diffusion, and permeation of low-
'Jlecular-;ieight gases, vapers, liquids, and ions in polymer £ilms, 5713

The characteristics of the polymeric xanthate matrix used for the
«capsulation also play an important role in the rate of release. It
S fomd.z for example, that wnder moist conditions an acid-modifis
our matrix releases active agent faster than an acid-modified flcur-

arch mixture and that this mixture releases faster than starch alone,
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It has been suggestedz that either the protein component in th
flour or the lcwer molecular weight of the starch component of the flour
coentributes to a faster releass of butylata. Also, ths recovery cf the
encapsulated agent is higher with starch than with acid-modified flour-
starch mixture and poorest with acid-modified flour alone. |

Addition of small amounts of latex such as SBR 1502 to the xanthate
retarded sigiificantly the rate of release of 1,2-dibrumo-3-chloropropane
(DBCP). Addition of predissolved polymers suc.: as polystyrene in benzene
seems to have the same effect. On the cther hand, the rate of relezse
of butylate or of EPTC was not changed significantly by the additicn of
latex SBR 1502 nor by the additicn of polystyrens. "

when made with xanthates having a D.S. of 0.3 aad with Hzoz as an
oxidant, products release tie active agent more slowly than do those
made with the same D.S. but with NaNOZ as an oxidant. The reason seems
to be that with Namz, during the neutralization step, }KJZ gas is produced .
and partly entrapped within the starch matrix. Upcn drying, the end
product has many cracks that facilitate the release of active ingradient.
With HZOZ, on the other hand, the preduct has a smooth and continuous
surface. 4

‘I'h; 'teCMique of double encapsulaticn provides a slower rate of
release with certain pesticides than does single encapsulation, especially

Al ot N
-

in cases where a single encapsulaticn does not entrap all of the zczive

e -
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agent and some of it is adsorbed lcosely to the surface of the starch
ratTix. The double encapsulation technigque involves the addition of
amother layer of xanthate ts the crosslinked xanthate centaining the
2ctive agent. After mixing, the seccnd layer is crosslinked as before.
Finally, the mesh sizes of the end product also seem to influence
rate of release. Preliminary data show that EPTC and DBCP with granular
sizes of mesh 30 or higher have a rate of release faster than procuct

«“ith granular size of mesh lower than 30.
ETHOLS FOR TESTING ENCAPSULATED PRCTUCTS

While bicassay tests are the ultimare tests for encapsulated procducts,
they are time-consuming and unavailable in most laboratories. Thus,
juick and indicative ways wers scught to screen large mumber of samples
for their comparative rate of release. The zests fall mainly fato owo
~road cat\egories: (1) those which examine the rate of breakdown of
;tarch by enzymatic means and hence the release cf active ingredient, and
2) those which examine the rate of diffusicn of active ingredient from
=he starch ratrix.

The rate of breakdown is"related to the degree of crosslinking of
starch by the disulfide bonds. It was examined ty measuring the swelling

:f the encapsulated product in water and by measuring the anount of free
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glucose released under standard ccnditicns upen treatment of the encopsulated

product with diazyme (an amylase type enzyme that hydrolyses starch to
free glucose). A good correlaticn was Scund between swelling and diazyme
tests and they are coamplementary to sach cther.

I1f the encapsulated agent i:s a solid with low solubility in cammcn
solvents, then the prcduct is examined through a magnifying lens with
20-30 times magnification to cbserve whether logse particles of the
agent are present unencapsulated.

A second test, which is more meaningful and easy to carty out,
involves immersicn of the product in a diluted aqueocus iodine solution
for 1-2 min. Since only the starch part will stain with iodine, the

cbservation of the immersed sawple through the lens will reveal the

-
-y

entrapment's qﬁa.l icy.
1f the encapsulated azent is a solid or is a liquid soluble in

comnon organic solvents, then, tesides the icdine test, a portion of the

preduct (about 10 g, containing 15% encapsulated agent) is suspended in '

the appropriate organic solvent (50 mi) for 1 hr. The portion of the

agent extracted reflects the part that is net encapsulated or that is

close to the surface of the encapsulated granule.
If the encapsulated agent is a volatile liquid, a portion of the

product is exposed to an air current (well-ventilated heod will suffice)

and the remaining product is analyzed pericdically. Another simple

test, the '"'wet test,'” consiscs of placing several 1l-g portions cf the
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cduct in 2 ml of water. The water is allcwed 3 evaporate, anc after
ar ancther 2 ml of water i3 added and again allcwed to evaporate.
iition of water and eviporaticn is repeated a1 total of 4 times, and

: dried preduct is analyzed after each wetting-drying cycle for less

sncapsuiated agent.
HODS OF ENCAPSULATION

irch Xanthata

For the purpose of encapsulation, comn starch (1£I g dry btasis) is
:rried in wazer (1 liter) and mixed with carbon disulfide (40 ml),
“iowed by sodium hydroxide (4C g) dissolved in wazer (350 mi).
.ation occurs immediately. The mixing is continued until 3 homegerneous
-cure is obrained. In about 1 hr, the xanthate is ready tc be used.
: preduct has a D.S. of 0.3 and is useful ;or encapsulazicn for-up to
days when Xept at 5°C. Nevertheless, to minimize the fcrmation of
sreducts, it is advisable to prepare a tresh batcnh as needed. For the
r-aration of starch xanthate with a D.S. of 0.2, the abcve recipe is
.lowed except that the amounts of carbon disulfide and sodirm hydroxide
: halved. -

These xathates cantain 12-14% solids. Higher solids centent (up
20%) can be made, but the gel thus precduced is tco thick to handle
:ily. 'Significant reducticn in viscosity occurs tpon mixing the

zhate in 32 nigh-speed Waring Blendor for 13-2C seconds. For certain
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formulaticns, cne might use acid-modified starch or acid-medified flaur
(tcth are corrercially availszble). The xanthates hare are much iess
viscsus, and a solids content of 50% or higher can be easily achieved.
Cther polyols can also be used for encapsulation via xanthation.
Pclymers such as cellulose and polyvinyl alcochol are easily xanthated,

although one mizht not apply the same recipe as with starch.

Encapsulaticn of Liquids Such as Butvlate

(a) Using 5702 as oxidant, starch xanthate at D.S. of 0.3 (23C z)

is cooled to 5°C and mixed thoroughly with butrlate (6.7 E, 10 z) followe:

oy the addition of glacial acetic acid (8 ml)-H.0, 303 (5.5 mi). Afzer
being mixed and allowed to stand for 15 min, the mixzure is filtersd anc
pressed uncer a rupber dam 0 rewove most of the water. The product is
ground wi:h a Waring Blendor and dried in a hcod te yield 38 g of
granular material ccntaining 16.4% utylata.
(b) Using NaNO2 as oxidant, starch xanthate at D.S. ¢f Z.17 (120 ¢!

is mixed with 50% Na.\‘O2 solution (3.5 ml), follcwed by butylate (3.7 E,
1¢ g) and glacial acezic acid (10 ml). The product is isclated znd
dried as above %o yield 25 g product centaining 2Z.4% butylate.

. These procedures to encapsulate tutylate are easily adaptable to
encapsulate lcw-melting preducts and compounds with a high degree i

solubility in organic solven:s,




Encapsusiation of Solids Such as Coumarhos

For encapsulation of this type of material, finest pcwder (air
milled or alike in mesh size) should be used.

Starch xanthate at D.S. of 0.3 (1200 g) is ccoled to 5°C and mixad
in a Waring Blendor with 20 g Coumaphos (technical grade). Acidification
and crosslinking are performed with addition of glacial acetic acid
(45 ml) and HZOZ 30% (25 mx). The product is isolated and dried as
abtove to yield 193 z oI encapsulated Coumaphos containing 10.43% active

ingredient.
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