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ABSTRACT

Polyurea microcapsules containing pesticide (Dursban trade name for 0,0-
3,5,6-trichloro-2-pyridyl phosphorothioate, C9H11Cr3NO3 PS) as an active agent
were prepared by reaction of polyisocyanate (such as toluene diisocyanate)
and polyamine (such as diethylene triamine) as the monomers . The first step
gives rise to the formation of oil-in-water emulsion, this is followed by initiation of
polymerization process to produce polyurea capsule wall . It has been found that
the microcapsule formation depends on temperature, type and amount of
emulsifier, co-emulsifier, matrix forming agent, stirring speed, organic phase,
etc . This paper is devoted to the studies of above factors that optimize the
formation of microcapsules wall . Formation of polyurea was confirmed by FTIR
technique and the thermal behaviour of polyurea microcapsules was
investigated by differential scanning calorimetery method . The morphology of
microcapsules was studied by scanning electron microscope.
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INTRODUCTION

The use of microcapsules for the controlled release of
active agent is well known in chemical field . in
agriculture [1], controlled release techniques are used
to improve the efficiency of herbicides, insecticides,
fertilizers, fungicides and bactericides . The other
applications of controlled release include colorants [2,
3], pharmaceuticals [4], inks, fragrances, and adhesives,
etc . Interfacial polymerization is highly suitable for the
manufacture of microcapsules . Microcapsule pre-

paration needs two reactants, one dissolving in a
hydrophobic liquid and another one for dissolving in a
hydrophilic liquid [5] . Method of preparation consists
of four steps [6] . First, admixing a releasable active
agent, polyisocyanate and the matrix forming agent,
then emulsifying the above mixture in an aqueous
solution containing an emulsifying agent and a suitable
co-emulsifying agent to provide a dispersion of the first
portion in the second one and then, hydrolyzing the
first portion of polyisocyanate near the surface of
spheres by contact with water in aqueous medium . This
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wilt initiate the formation of polyurea as a thin
continuous layer [71.

R –NCO + H2O —a- R–NHCOOH —~ R–NH2 +

CO2

R–NH2 + R –NCO

	

R–NHCONH–R

In interior part of the spheres the second
portion of polyisocyanate reacts by co-reactant to
form a matrix material which will surround the active
agent and at the end, polyurea is post-cured by adding
a polyfunctional amine. Typical interfacial polymeriz-
ation encapsulation process in which reactants X and
Y are initially dissolved in the oil and water phase is
depicted in Figure 1.

Control of the quality and size distribution of
microcapsules depend on temperature, type and
amount of emulsifier, co-emulsifier, matrix forming
agent, and stirring speed, etc.

EXPERIMENTAL

Materials
Toluene diisocyanate (TDI), methyl bis 4-cyclohexyl
isocyanate (MBHI), diethylene triamine, linseed and
caster oil and cyclohexane were purchased from
Merck. Tween 20, 40, and 80, polyvinyl pyrrolidone
(PVP) with molecular weights of 15,000 and 25,000,
polyvinyl alcohol with molecular weights of 10,000
and 20,000 (PVA) from Aldrich, liquid pesticide
(Dursban) from Alnico Pesticide Ltd ., carboxymethyl
cellulose and methyl cellulose from Merck were used.

Preparation
First, 160 mL aqueous solution containing emulsifier
(about 0 .5 mL Tween 80, 40, 20) and co-emulsifier
(about 0 .1 g/L CMC, MC, PVA and PVP), was
introduced into a four-necked 1 L flask with four
baffles, three blades turbine. Temperature of reactor
was carefully controlled by thermostat . The solution
was mixed for 6 min. The reaction was carried out at
30, 45 and 60 'C . Then 12 mL oil phase of cyclohexane

containing about 1 g TDI or MBHI and matrix forming
agent were slowly added to the flask . The mixed
solution was mechanically emulsified to yield an oil-in-
water emulsion . We examined various mixer speed in
the range of 500–2000 rpm . After stirring for 10 min,
about 1 .5 g diethylene triamine was added dropwise to
post cure the polyurea. This reaction was completed in
3 h and in this step the mixer speed was reduced to
about 500 rpm . In order to reduce residual isocyanate
level and modify permeability of the microcapsules
wall, a definite amount of ammonia or amines was
added to the system for post treatment [9].

RESULTS AND DISCUSSION

Dursban-loaded polyurea microcapsules were
prepared by interfacial polymerization, in order to
reach stable microcapsules, the factors which may
have influence on the physical and chemical
characteristics on microcapsules were evaluated.

Effect of Process Variables
The size of microcapsules is controlled by the mixer
speed and amount of emulsifier . The mixer speed was

Oil phase
and

reactant X

Aqueous phase
and

emulsifier

Formation of oillwater
emulsion

Reactant Y

Polymerization
and

	

a
wall formation

Separation

Figure 1 . Typical interfacial polymerization encapsulation
process [8].
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Table 1 . Process condition.

Isocyanate Tween Co-emulsifier Matrix forming agent Temp . (C)
TDI HMBI 80 40 20 PVP PVA CMC MC Linseed Caster 30 45 60

Stability + * * _ + * +

Distribution + - * - + - * _ + _

Spheric + - + + - * _ + * + +

(+) gam; 1-) poor; (*) satlahrclory ; Stirring speed: 1600rpm ; Emulsifier: 0 .lmL; Co..r muluMar. 2-51011 phase.

in the range of 500-2000 rpm and in this study 1500
rpm was chosen . The average particle size of
microcapsules in this study is about 5-50 µ in
diameter. The measurement was carried out by
scanning electron microscope . The number average
diameter of polyurea microcapsules decreases with
increasing the concentration of emulsifier and mixer
speed. The results show that the preferred emulsifier
is Tween S0 . Carboxymethyl cellulose, methyl
cellulose, polyvinyl alcohol and polyvinyl pyrrolidone
were used as co-emulsifier . The results show that the
average particle size of microcapsules decreases with
increasing the concentration of co-emulsifier in
presence and absence of a fixed amount of emulsifier.

In this study, preferred co-emulsifier is PVP . It
should be noticed that if the rate of reaction between
the matrix forming agent and the isocyanate is much
slower than the rate of hydrolysis or if such reaction
initiates some considerable time after hydrolyzing,
much of the isocyanate may migrate out to form a
matrix . This will have an adverse effect on release
properties and causes irregular shape of particles.
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Figure 2 . FTIR Spectrum of polyurea microcapsules
without pesticide.

Linseed and caster oil were used as matrix forming
agent and results show that caster oil is preferred.
Temperature has great influence on microencapsula-
tion . This process was carried out at 30, 45 and 60 'C.
The best microcapsules were prepared at 45 'C.
Process condition is summarized in Table I.

FTIR Study
Figures 2 and 3 show the infrared spectra of polyurea
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Figure 4 . Thermogram of polyurea microcapsules with
pesticide.
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Figure 3. FTIR Spectrum of polyurea microcapsules with
pesticide.
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Ii)
Formulation of a : TDI . Tween 80, cyclohexane/paraffin (•100) b : MBHI, Tween 80, cyclohexane ( .2500) c: TOI, Tween 80, cyclohexane (•800) d : c • PVP (.100) e : d

• Caster oil 0,2000) f : a in 45 'C (+100) g, h : f with post-treatment (•3000,500) i, ) : h containing pesticide (•3000,550)

Figure 5 . Scanning electron micrographs of microcapsules.

microcapsules without and with pesticide, respective-
ly . The reaction of polyisocyanate with DI;TA at the
oil/water interface forms the urea linkage and all
samples have strong hyrdrogen-bonded N—il stretching
vibration at 3300 cm . C—II stretching vibrations are
shown at both 2858 and 2950 cm I . The NCO peak in
the isocyanate at 2750 cm

-I
is disappeared and

carbonyl stretching band is observed at 1650 cm I .

DSC Study
Figure 4 shows DSC thermogram of polyurea

microcapsules with pesticide . Differential scanning
calorimetry was used to examine the change in the
melting and degradation transition of samples . It
shows an exothermic peak at about 169 'C, an
endothermic peak at about 287 ' C and an exothermic
peak at about 334 ' C that are responsible for presence
of Dursban (decomposition point), melting point and
degradation temperature of polyurea, respectively.

SEM Investigation
The surface morphologies of microcapsules were
shown in Figure 5 . The photographs show the shape
and structure of microcapsules . The factors which
may have influence on the physical and chemical
characteristics of microcapsules were evaluated step
by step . As it was said before the monomers used in
this experiment were toluene diisocyanate and methyl
bis 4-cyclohexyl isocyanate . Reaction of TDI with
water is faster than MBHI and photographs (Figures

5a, b, i, and j) show preferred isocyanate in this study
to be TDI . Tween 20, 40, 80 were used and the best
one was Tween 80 (Figures 5c,d) . More stable and
spheric microcapsules were obtained by using co-
emulsifier and matrix forming agent and temperature
adjusting (Figures 5e, f, g, h) . Microcapsules were
stored in aqueous solution (normal condition of use)
for one week . Stability and physical property of
microcapsules such as size and shape were investigat-
ed by microscopy method before and after the above
conditions . In order to avoid isocyanate migration, it
should be noticed that the rate of reaction between the
matrix forming agent and the isocyanate must be much
slower than the rate of hydrolysis (Figures 5i, j).

CONCLUSION

Polyurea microcapsules containing Dursban were
prepared by interfacial polymerization . In this study,
it was essential to ensure that both formulation and
method allow the formation of thin surface layer as
well as of a porous matrix . This can be accomplished,
if the rate of reaction between matrix forming and
isocyanate is as slow as the rate of hydrolysis.
Microencapsulation depends on the selection of
material, viscosity and nature of aqueous and organic
phase, temperature and speed of emulsification and
amount and type of emulsifier . All factors in this
study were optimized . In agricultural application,

Iranian Polymer Journal i Volume 10 Number 4 (2001) 269



men Promo in Synthesising Polyuria Mierocnpadka Containing Pesticide

may be used directly without further treatment.
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