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We prepared capsule-type controlled release granules coated by water insoluble polymer, in which
metominostrobin was used as a model agrochemical. In this study, the effects on release profiles of a)
coating processes and b) content of polymer were evaluated at the equal amounts of the polymer. For
coating, the release rate of metominostrobin from the granules coated with the polymer (solid content:
50%) by dropping process [D-1] was faster than that from the granules by fluidized bed process [F-1].
For the solid content, the order of release rate from the granules was F-1>F-2 which was coated with the
aqueous dispersion containing 5% solid content of the polymer by fluidized bed process. Superposition
analysis on the release rates revealed that the difference in release mechanisms was dependent on the solid
content of polymer but not on coating processes. Observation by SEM suggested that the release rate and
release mechanism could correlate to each other and be related with the surface structure of the granules.
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INTRODUCTION

In order to maintain the effects at the reduced amount
of pesticides applied, controlled release formulation has
been tried to prepare. There are many methods to
prepare the formulation. For example, the granule
containing activated carbon as a release-controlling
agent and the microcapsule have been reported."?
Among the various controlled release formulation, it is
relatively easy to adjust the release rate of active ingredi-
ent from granules which is coated with water insoluble
polymer based on the amount of polymer.>” However,
even if the same amount of the polymer is used for test,
there is a possibility that release profile and mechanisms
may change by coating conditions.

In this study, we investigated the release profile of
metominostrobin,( £)-2-methoxyimino-/N-methyl-2(2-phenoxy-
phenyl)acetamide as a model agrochemical®® from the
granules prepared under different coating processes and
solid content of the polymer.

* Studies on Controlled Release Granule Applied into Seed-
ling Box (Part. 2) for Part. 1, see Ref. 4.

controlled release granule, coating condition, release profile, release mechanism, metominos-

MATERIALS AND METHODS

1. Chemicals

The chemical structure of metominostrobin is shown in
Fig. I. It was synthesized at Aburahi Laboratories,
Shionogi & Co., Ltd. (Shiga, Japan). Polyvinyl alcohol
(88% hydrolysed; POVAL® 223-ss) was supplied by
Kuraray & Co., Ltd. (Tokyo, Japan). Calcium carbon-
ate (12-24 mesh; Kansui # 1224) was purchased from
Nittou Funka Kogyo (Osaka, Japan). White carbon
(CARPLEX® #80) was supplied by Shionogi & Co.,
Ltd. (Osaka, Japan). Aqueous vinyl acetate-acryl acid
copolymer dispersion (VAA, solid content 50%;
Mowinyl® 630) used as a water insoluble, membrane-
forming agent was supplied by Hoechst Gosei & Co.,
Ltd. (Tokyo, Japan). All other chemicals were of ana-
lytical grade and used without further purification.

2. Preparation of Granules

Table 1 showed the composition of the granules.
Aqueous VAA copolymer dispersion was applied on
metominostorobin-loaded uncoated granules by drop-
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Fig. | Chemical structure of metominostrobin.

Table | Composition of the granules (%)
Metominostrobin 3.0
Polyvinyl alcohol 0.1
White carbon 0.1
Vinyl acetate-acryl acid copolymer 2.75
Calcium carbonate (12-24 mesh) 94.05
Total 100

ping process and fluidized bed process. The preparation

of uncoated granule and coating process by dropping
process is described in our previous report.¥ In brief,
metominostorobin was coated on calcium carbonate (12~
24 mesh) dropping 5% (w/v%) aqueous solution of
polyvinyl alcohol. Then, the aqueous VAA copolymer
dispersion including white carbon was dropped onto the
granules. The granule was dried and sieved at 12/24
mesh.

The coating by fluidized bed process was conducted as
below. The aqueous VAA copolymer dispersion in-
cluding white carbon was sprayed onto the uncoated
granules using fluidized bed granulator (Flow-Coater
Mini, Freund Industrial Co., Ltd.). The spraying condi-
tions were as follows: spray solution feed, 6 ml/min;
spray air pressure, 1.5 kgf/cm?; inlet temperature, 55°C;
outlet temperature, 36°C. The coated granules were
dried at 70°C for 20 min in the granulator. The granules
containing 3.0% metominostrobin were obtained after
sieving at 12/24 mesh.

Thus, the granules which were prepared by dropping
process was D-1 and the granules by fluidized bed proc-
ess was F-1. The content of polymer on D-1 and F-1
was 50%. The granules coated with the polymer at 5%
by fluidized bed process was F-2.

3. Determination of Release Rate
Metominostrobin released from the granules was deter-
mined as previously described.?

4. Scanning Electron Microscopy (SEM)

A scanning electron microscope (S800, Hitachi, Ltd.,
Tokyo) was used to observe the surface structure of
coated granules. Each sample was sputter-coated with
Pt-Pd alloy by an ion sputter before SEM-observation.

RESULTS AND DISCUSSION

1. Effects of Coating Conditions on Release Mecha-
nisms of the Controlled Release Granules Coated
with Water Insoluble Polymer

In coating, the aqueous VAA copolymer dispersion
which contained 50% solid content was applied on the
uncoated granules by dropping process and fluidized bed
process. As shown in Fig.2, the release rate of
metominostrobin from D-1 coated by dropping process
was faster than that from F-1 by fluidized bed process.
The release rate from the granule, F-2, was smaller than
that from F-1 (Fig. 3).

To see whether the release mechanism of metominos-
trobin could change when the coating conditions were
altered, all the release profiles shown in Figs.2 and 3
were normalized using the superposition method. The
superposition method of the release curve using the
reduced time T, as defined by the following equation is
useful to compare the whole release patterns,

T,=1t/Ts (1)
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Fig. 2 Release profiles of metominostrobin from the gran-

ules D-1 and F-1 at 20°C.
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Fig.3 Release profiles of metominostrobin from the gran-

ules F-1 and F-2 at 20°C.
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~ 100 [ e e o Thus, cracks and pores on the surface of granules prepar-
§ . . ° ed by dropping process seem to be more in number than
2 gl 0 °° that on the granules by fluidized bed process.

B K There were also differences between the surface of F-1
% 60 and F-2 in the number and size of pores, even though the
‘§ . same amount of VAA copolymer was coated on uncoat-
é of * D-1(cropping process) ed granules by the same process (Figs.6 b and c).
ch‘: ° ° F-{(fluidized bed process) Namely the surface of F-2 was smoother as compared
2y Tr=tTy with that of F-1 and there was few large pores on the
5 3 surface of the granules. The reason why the difference
§ o B s - : - . in the number and size of pores existed could be due to
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Fig. 4 Normalized release profiles of metominostrobin from
the granules D-1 and F-1 at 20°C.
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Fig. 5 Normalized release profiles of metominostrobin from
the granules F-1 and F-2 at 20°C.

where ¢ is the sampling time and 75 is the time necessary
for a definite amount of chemicals to be released from
granules. Here, the quarter-release time 7z;; was chosen
for T; because all the granules showed linear release at an
early stage. If this release patterns are superposed per-
fectly, the release is thought to be regulated by the same
mechanism.”

The normalized profiles of D-1 and F-1 prepared by
different coating processes were plotted in Fig. 4. They
were well superposed, meaning that metominostrobin
probably was released by the same mechanism and that
only the release rate differed.

We also examined whether there were differences in
release mechanisms between F-1 and F-2 (Fig. 9).
Normalized plots of F-1 and F-2 showed discrepancies.
This showed that the release mechanism of metominos-
trobin was affected by the content of coating polymer.

2. The Surface Structure of Granules

Scanning electron micrographs on the surface of D-1
and F-1 were shown in Figs. 6 a and b. The surface of
D-1 was rougher and more porous as compared with F-1.

of the polymer solution.

Thus, the appearance on the surface of granules was
found to be certainly affected by the coating process and
the content of polymer. The release profiles and mecha-
nism can be dependent on these appearance.

3. The Relationship between Coating Condition and
Release Mechanism

There are some release mechanisms of capsule-type
controlled release forms coated with water insoluble
polymer.”*®  The mechanisms are as follows :

A) diffusion through internally connecting channels
such as aqueous pores or minute cracks.

B) diffusion through a continuous polymer phase.

C) diffusion through a continuous polymer phase in
parallel with diffusion through aqueous pores or
minute cracks.

Whichever mechanism, A) or B), is predominant, the
release rate is zero order, if the nature of the coated-film
does not change throughout the release test.'”

If a drug is released from granules according to C),
which is the most usual combination, a linear relation-
ship at the beginning of the release between time and
released percent is obtained because a sufficient amount
of the drug would be present to maintain a constant
concentration in the internal phase of the coated gran-
ules.'?

From the results of release profile, superposition analy-
sis and SEM observation, the release mechanism of D-1
and F-1 would be C), because release rates are zero order
at the beginning of release and pores could be observed
by SEM. On the other hand, the release mechanism of
F-2 would be B), because the release profile is zero order
throughout the release test and few pores could be obser-
ved by SEM.

In conclusion, the release rate and mechanism of
metominostrobin from the granules were regulated by the
coating process and the content of polymer.
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Fig. 6 Scanning electron micrographs on the surface of the
granules D-1; (a), F-1; (b) and F-2; (c).
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