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Introduotion

Granules are becoming of great importance inp
industry,egriculture and other areas of oupy life,
Granules may be umed to improve Btorage and trange
port stabilty,to Provide simpler use and better
resulte.This holds true for instant milk powder,
fertilizers and encapsulated seeds,
Granulated pesticides have gained greater importance
only in the last years.Even though practically
every pesticide can be formulated A8 granules,
their use remained limited.There may be various
reasone for thisthigher price,lack ot equlipment
Oor availebility and wide use cof persistent pesticides.
Recently,granulated pesticides are used more and
ROre extensively.We have &€00d remsons to welconme
this.We can more offigiontly resolve many problems
with the aid of granulated pesticides.In this paper
1 will present four Apuocte:

-general characteriatics

-formulation procesdes

-application

~residues and toxicity hasards.
Granules are sixtures of active compound and inert
matter.Their particle size range between hundred
and several thousand microns.Iln many cases,surfactants

are absent.3tabiligers and binders are common adjuvants.




There is no standard operation fox producing granules.
Some active material may need a particular carrier:
composition to combine mechanical and chemical
stabillity with good field performance.
Often granular pesticldes are difficult to formulate
and need wuch effort and time before heing wmarketable.
Sometimes there is no prodlem at all.
The best known formulaticn method is
~Impregnation,a simple operation with large
output and low investment.
Other methods can be:
-Agglomeration,used to form bentonite iners
granules,first stey irn tablet forming
and compsaction.
~Compaction may become of greater importance
in the future,but needs heavy investment.
Bxtrusicn is oft:n uaed,tut 1 “ecasible for
few compourds only.
I =hall also mention new rrocesses
~-Microencapsulation.In the USA wicroencapsulated
methylparathion is field teated on a large

scale this summer,

~Microgranules wili find a lirited application.
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General Characteristions

Variove characteristice of granular pesticides
should be determined:epecific gravity or bulk
density,also number of particles per gram,water
content,moisture uptake,uwelling with water,ab-
1asion and dust formation.

The most obvious characteristic is particle site,
defined by dry sieve analysis with standard sieves.
Granular formulations have a characteristic particle
sige distridbution.The narrower particle range,

the better uniform coverage.

Dust content must ve minimized in granules because
of drift,toxicity hazarde and danger of overdosugs.
Dust may be defired by a particle size smaller than
40 microns.USDA allow no more than 5%fines amaller
than 250 microns.

Recently microgranules with particles betwsen 100
and 200 microns were proposed under appropriate
conditions.Microgranulea should not contain particles
below 40 microns.

Microencapsulated 1liquide may be as fine as 10 miorons.

TABLE 1 (see page 22)

There 1s a significant difference between pestioidal
dust,microgranules,granules and Bacrogranules when |
the same active material is applied at the same dose

per surface area.
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In most cases the various formulations have in
ocommon that they act by vaporisaticn,aqueous
solution or both.

Ususlly no surface active compounds are incorporated
in pesticide granulee.ln effet,this distincts them
from wettable,in water dispersable,powders.
Granules can be spherical,but they are mostly non-
spherical shaped.

Distribution of active material within or on the
granules may be homogeneous oOr heterogeneous,
depending on the formulation process.

Compaction of mixed powders gives evenly distributed
active compounds.

Impregnation of sorptive carriers with liquid or
liquidiged pesticid«s cccurs less evenly.In this
case the sorptive carrier can have a high inner
eurface.This inner sur'ace is given b - poroeity

and diameter of micropores.This inner surface

ie independent of particle size,
TABLE 2 (see page 23)

On nonsorptive granules such as fertilizers,
reasonable amounts of pesticide can be deposited

with binders.This deposit is sometimas earily sheared
off by abrasior. and givee dust of high active
material contents.

Coating with oily layers,films of plastics or
pigments is therefore fairly often exercised;

if necessary in combination with natura} or

synthetic gums.Such layers encapsulate or rather
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cover granules,giving them more mechanical

stabilty for transport ang graded releanse

after application,

In some cases we may went to begulate the
desintergration of the granules soon after application.
Thie can be achieved with sweliing carriers,such as
bentonite.When moiathod by rain or in contact
with wet loil.oepccially if some weiting agent

is proncnt,awoliing bentonite desintegrate

pesticide granules.

New techniques are still invented, they have not

yet exhausted all possibilties to control the
characteristice of granules,

To obtain a good product the formulator has to
consider the chemical and Physical properties

of the active ﬁatcrial.first:uolubilty in
water,stability to hydrolyaie,volatility.
compatibility with oarrier,adsorption and decomposition
in #0il and the like.

Close cooporation with the agronomist ie
adviseble.Environment and climate can significantly

affect the performance in regard to orop and pests.

Intensive field trials &ive indications
about the active material to be used.quality

and quantities should be bused on practical results.




Pormulstion proceds~s

I2 the formula i8 elaboruted .,greater quantities

have to be produced.lt is not alwaye easy to

obtain stable granules economically.

Economic factors to be considered areicosts and
availability of inert material,quaatities to be
produced within a given period and quantities

to be produced in the next years.This decides
capacity and degree of automation of the installation,and
capital spending.Personel has to be trained,The
naintenance goup must be equiped.Production costs
have to be caiculated.

Now a short description ¢f the formulation processes

Impregnation

Impregnution ie absorpiio. of liquid or .iquidized
pesticides in preformed,sorptive granules.Sorptivity

of the carrler gives 1o puz;centage of liquid matter
that can be abeorbded. |

If the pesticide is & solid,it can be diuolvod.

in nonvolatil solvents.Dispersions of finely

ground pesticides can also be sprayed on inert granules.
In most caeses impregnaticn leads to good results.

This method should therefore always be consicered

first,

The properties and performance of impregnated

granules dependes on the inert carrier:




Organic carriersiwood flour,ground tobacco stens,
corn cobs,coffee grounds,walnut shell
flour and other sorptives.Waste of
synthetic matter can also be used.

Inorganic carriers:granular clays,especially of
the montmorillonite group is often used.

Bentonite,attapulgite and sepiolite

are well known.

Pumice is highly sorptive,but also abrasive,

Caloined diatomite may be usefull.

Granulated fertilizermay be a carrier.
?he choice of a good carrier is often difficult.
Pesticides can be decomposed by the carrier,partiocularly
by olays.On the large inner aurface are active sites.
Pesticides may be adsorbed and decomposed catalytiocslly.
Spontaneous decomposition is possidble and can lead
to ignition,
It is possidle to inactivate these sites with ures,
hexa or glycols and the like.Granules are impregnated
with 5-10% deactivator prior to impregnation.Palloil
nay be applied as stabiliger with the asctive compound.,
Deactivation is not always necessary,but it deserves
attont‘ion.‘ |
Studies on compatidility of carrier and pesticide
is a must.This can be done by formulating the
product with well defined concentrations.the
granules are stored at elevated temperatures during

& given time.At intervals the product is anaslysed
'chemicaliy.!‘he original content has to bde chesked.
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If no significant decomposition after a few month

at 50°C ie noticeable,the formulation can be
considered stable.

A better indication,how3aver,should be given by storage under
the conditions in practice and there may be
unpleasent surprises.Finally it is the performance

in the field test,that gives the answer.

The impregnation process itselfe is no great prodlea.
In the laboratory every type of rotary blender
equiped with an injector for the liquid gives

already indicative results.

Resulte representative with respect to duet formationm
can be obtained only by using mixers of at least

200 1 capacity.

Dust formation can be a problem’
TABIE 3 (sec page 24)

Untreated bentonite granules may have a favorable
pu;ticlc sise distridution.If theirstatility is
not good or troatn‘nt is to rudo,injro;nntod
;rnhulio 6ontain to much fines. '

Active material ie sprayed at a pressure of 3-5 atm
vith'tﬁil cone nogzles.This may be done by pumping
with & gear pump or with air preessure out of a
pressure vessel.

With a concrete mixer of 3-5 aone can obtain good
roiultl up to 2 ton/vatoh operatibn.But any othof

rotating drum,tumbler or not,is good for impregnation,

if injection of the liquid compound is possible.
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A flow sheet is given in
TABLE 4 (see page 25)

If inert granules are transported with a sorew
convsyor at a constant rate,continuocus impregnation
is possible.The liquid ie injected into she dypassing
granules.This installation can be fully automised,

. Wow I shall prssent a cost caloulation,

TABIE 5 (see page 26)

.

!hiu 1- to oonfront ‘& batoh opcution with 500 toms
per yur output w:l.th e nlnutoutic ad o fully
autonind :lnatnllation. | |

I had to nkc assumptions bassd on ay owa experiense.
Manhours are calculated with SO/hour.Anrttutlu

is made in 10 years.Oapital coutl m caloulated with
5% over this period.Direct and indirect costs may

bs differsnt, "

I will show  that simpls and appropriate imatallations
&ivee the best ‘results and not high sophisticated
equipment.

Nost important is capacity.Bach installatioa hes &
optimum capacity.It is always a problem ¢o deterainme
and to reach this optimum.No installation cam Ve

used with full load all over ths year.

Operation costs for granules in a wsll balanmoed
installation &rs not greater than costs for a wetwlle
Powder formulation, ‘

But whereas inerts for wettable powdsrs cost 10-408/vem,
the inert carrier for granules costs 40-808/%ona.
Organic carriers may maks it possidle to reduce material




coets.Higher materinl costs are balanced by lower

application coste,as I will show later.

2 Agglomeration

Agglomeration of finely divided and well mixed

powders ie effectsd dy rotation and simultaneouely
moistening the powdsr with 5=25% water.Ths percentage
of water depends on material and blender characteristi
The amount of water,time,temperature,ths speed of
revolutions and shape of paddles 1is oritical.

A well known sgglomerstion process is pelletising,
used for fertilizere,baits and inert bentonite

granulee
Table 6 (seea page 27)

Granules must bs dried,sifted,crushed and againm
sifted.Pines nust be recycled.

Pesticide granules nced dinders.A fsw perceant

of ligninsulphonate may suffice to minimise
dueting.

In this procsss water has to be evaporated as
eslevated temperatures.This may caues decomposision
of active material.Operation costs are effected
considerable.

In thie connection I have to mention the Diamond-
Alcali proceass.Granules ars being formed by ueing
mixtures Of gypsum and ammonium - or aluminiumeulphat
as a carrier composition.In the presence of 5-308%

pesticide the mixture is rotated and wetted to

agglomerate granules.
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Gypeum and ammoniumsulphate in the pPresence of water

give stable adducte,contalning chemically bound water.

80 granules can te dried at low temperatures.

3 Compaction

Compaoction ie acoomplished by passing a meist miztupre
of powders through steel rolls.The powder is compacted
under enormous pPressures,wheredy temperatures of

80°0 and more are reached.Thus evaporates the greatest

part of water.

With fertilisers and with satter of some plastisity
rather dense granules can bde obtained after
desintegrating the cempacted sheets,

Por pesticides bdinders are heeded,

Care must be taken, that the powder to bde cenpasted
does not contain excessive amounts of air.fhe ponder
Bust be deasrated before compaction.This ocean de

& prodlem.Controlled desintegration of she compasted
sheete followed by sifting out the needed frectioas
Sives 80%fairly firm,irregularly shaped gramules.
They may be cocated aftervards, to etand bdetter
abrasion during trdnsport and handling.

TABLER 7 (eee page 28)

This procedure lende 1tself to oontrolled release,
because different effecte can be build iam.

The process as such 1s complex and neede high
investment of ocapital.The process is feasibls
with af output of 10.000 tons/year.

A
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4 Bxtrusion

Bxtrusion ie pertormed by pressiig 8 pasty sass
through sma.l npeninge./ 180 oecillating rolle

can paes over 1« pieve ‘true extrudingthe material.
A rotating knite cuts the threads in smell
pieces.5%metaldehyd with orgunic fillere give
maorogranules for baite withrout drying.
Unfortunatly enough all other foraulations

need an expens:.ve drying procene .Carriers as
bentonite form thixotropic masses,but they need
great quantitlies of water.20% and more water ha®
to be ueed and evaporated.Dolomite ae carrier
would need only 5% water.Thie fact illustrates the importanee
of properly selected carri-rs.

Bxtrusion is in Japan a common proocess,say %
because paddies need very stable granulees,say be,
because dentonite is availuble and energy is cheap. Thie
process is only pcssib’e with atahle,"onvolatile

pesticideo.

S Microencapeuletion

Microencapsulation »f liquide to form gramulee
with all character.ztics of dry matter ie a most

important process.Pesticiden are not yet encapsulated

on & large scale

TABLES 8,9 (mee pages 29 and 30)

Bncapsuistion may be achieved by

-phase separation by coecervation

-interfacial reactions by polymerisation of sensmere

-physical methode as spray coating in a fluidised ded
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Pennwalt encapsuliatee Bethylparathion.Partiole
sise will be 10-40 miorons.foraulation is made

&8 wettadle powder.There will be RO probdleam, to
make coarser granular formulations -Important tis,
that release can be ocontrolled.In the fipgt
experimental forsulatsions Risroencapsulatioa i¢
timed for three weeks.

Nirex is encapsulated by NOR o baite for fire amte .
Pennwals ig encapsulating disparlure, the 1s0lated
sex attractant of the S8Ypsy moth,

Pormulation costs for this Proceses are very high

and at the ' moment are only a few companies spesialised
in thie technique.

6 Microgrenules

Miorogramulse were dsveloped by a german formulater
to applicate herdicides of the hormoa group with
lesesr coets and reduced drift.Miorogranules are

highly concentrated granules with application retee
of 5-10 kg/ha.Porsulation and epplication may
give probdlems.
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Application

The application of granules ia cheaper and uilplor
than conventicnal spray.ng.Taking into account
nanpower,machinery and maintenance,108/ha are

needed for conveniional spray treaiment.The same
treatment with granules coste only half thie amouat,
1.¢.58/ha.The higher price of granular formulatsion
can be compensated by lower treatment costis.

But even if it is not possible to compensate the
higher price(comparisons of this kind ars always
dubious)we have strong argumente for using granules.
A few of them aretsimple eapplication,in some cases
without any machinery at alljno problem with the
preparation of dispersions or emulsione;no use

of water,no pumping and nozzle problemsino drift

of highly toxic material,lees danger for farmers.
Application of granules gives possibilities for
better results.With one treetment of aldicarbd granules
aphids on roses are controlled at least for 6 weeks.
Submerged weeds are controlled with dichlobenil

or diuron granules,no other formulation is effective.
To achieve pest and weed control,1-10 kg/ha

of well choosen material has to be deposited in
predetermined locations.This may be a spot,a row

of plants or ths entire field for a homogeneous

overall treatment.

Spot treatments are made with a tube squipped with

a simple dosage device or by hand,
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Band treatments BAYy ¢ made with drill machiney
or with one of severnj devicewn in ure.They nave
up to 6 meter total length,

The beet application nachinery works by pneumatig
distribution.An air bdlow carries a continuoue Jot

of particles to bande of 20-200 ca width.

Theee pneumatic distributers are almo good for
overall treatments.

Overall treatment can algo be made with fertiliser
distriduters if they are calibrated exactly.The
problem in thie case is exactness: fertiligers are
used with 1000 kg/ha and more.It ig net critical if
SORe rows are t reated twice.Herdicides are applied
with 50-100 kg/ha.An overdose Bay mean a heavy lose
or complete kill of the Crop.

Drift is no problem with conventional granules
TABLE 1) (see page 3V)

demonetrates drift Beasured for dichlobeni} gramiles

at various wind velocities.With Ricrogranules drifs

is a problem and there should be no wind during applicaesion.
Granulee can be easily mixed with other granulee

1f they have the same corneise range and the same

specific gravity.Otherwise thor'vlgy be prodlems

with separation.

The distribution pattern 1e oharacteristic for oaly

one spesific granule.Calibration should be sade for every

hew formulation.




-t

Application of granules uay be in soil,on plants
or in water.

Application in soll

Application in soil involves a combination of
different factorsitype of soil,structure,nutrient status
sioro-organisa,water oontent,temperature and many
others.

Puaigants are not easy to use.iranulated Nemagon

is easy t0 use.Granulated Dasomet releases the toxic
gaseous phase of methylisothiocyanate slower.Application 18
sager,because there ie no drift of dust.

Bematocides gre often highly toxic compounde.
Grenulee gives lees toxic hacards.Aldiocard adeorbded
on an organic carrier,costed and containing a
warning odor gives exceilent reeults and is easy

$c appliocate.

Soil insects as wire woras,groes grubde,rootworass

and cutworms are weli ocontrolled with aldringreamules.
The carrier say be a fertiliser.Residues with aldrin
are becoming a problem.Not so persistent ineecticides
have t0 bde ueed.The prodlem is,that theee compounds
are decoaposed by hydrolysis or by dbiodegradation,
before they oan act.

Grenulation controle release,but doee not change

the nature of a principle.Degradation depends on

temperature,acidity,sovement aeration,rate of applioation

and amount of water.




Dsoomposition in soil was studied by many authors.
P.T.Walker gives a good survey in volume 40 of

residue reviews,
Parathion,applind with ; kg/ne may be decomposed °
t0o 70 % after 12 days(R!P.Liohtenstein J «Boon.Butoa,
57,618-627(1964) .In mediteransan olimate this may
be 6 weeks.Depending on insect species oconsidered
and time of application,this period may Ve snough
to give sufficent control from 10 weeks to a full season,
There is a number of phosphorous compounds
with persistens up to 6 month:fensulfothion,
trichloronats,chlorfenvinfor But these cempounds
have & higher price.8o0 is it interesting te formmlate
and applicate parathion granules carefully,with
confrontable results.
Puagicides as quintosene can be phytotoxie te seme ereps.
Granulation vith controlled release resolves tis
probvliea
On Plantes.
On plants grenules give possidilities for seleetive
sffects.In csreals broadleafsd weeds are treated
with 2,4-D,MCPA and similar conpounde .Vith eeaveasienal
spray techaniquse drift is g prodlea,especially if
vineyards are nearvy .Miorogranules applied with
5=10 kg/ha adhere on broadleafed weeds detter
than on ocsresls and gresess.Drift is mot se great
a8 wich conventional sprays.
Conventional granules would not adhere,thus falliag
onto the soil.The pesticide penetrate through the
Upper 801l laysr and fimally resch the reoteystems.
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Results may be quite different as compared with
microgranules of the ¢ime pesticide.

Cornborer control is possible with carbarylgranules,
because granules mainly fall and collect ia the

leaf sheath of developing corn,right there remains
the borer.With rain or dew small smounts of carbaryl
are desolved,sufficent to control the cornborer.

In water

Controling pests in water is often a problem 1if
they live on the bottom of canals,lakes,paddies.
With granules it is possible to reach them.
Developing submerged weed may dbe controlled with
herbiocides as dichlobenil.Por example a canal of
10 m width is treated with two applicators on the
embankemants.It is possible to treat 3-5 km/hour.
The same results may be obtained with treatments
from a boat.

The highest concentration of pesticide in water
is given by its solubility.Pesticides with high
water solubility must be caroful]a applied.

8ince pesticides are absorbved by plants and

plankton,accumulation in fish is possible,even if

the solubilty in water is not high.

Residue prodblems and toxicological hasards are
connected with the various characteristics of tﬁn'
particular pesticide and it is not only e matter
of its intrinsic toxicity.

By formulating hazardous pesiicides in a granulasr

form it is to a 1limited extent possible to keep its
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unwanted side effects somewhat under control.But

3ne cannot possibly expect to eliminate hagards
completely.

| Theoretically,a compound that would decompose easily
oan be encapsulated so,that it will elways remain
within the wall and thus never become active.

In praxis there are factors that bring adout
changes at the surface of the capsules.Humidity,
temperature and microorganiseme are euch faotors.

The encapsulated compound will not always be released

to the same extent and with the same speed.

Only the reasonable use of the various expsriences

Bay lead +to further progress.

Ve are entering into a period of inoxuasing epesialisation
ROre sophisticated methods,complioated compounds

and many prodlems are Yot to be solvad,

I tried .u present you in a short time with important
faots about characteristics,formulation processes

and applioation poseibilities of granular pessicides.
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. MICROENCAPSULATION

coscervation nduced

B4 COACERVATION

dispersion of internsi phase m vehicle phase
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