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Flowable formulation containing melt crystal of S-3552 gave good physico-chemical
properties, especially lower viscosity, while the one containing recrystallized material showed
high viscosity. Herbicidal activity of S-3552 flowable formulation is almost the same or lit-
tle inferior to that of EC formulation. Addition of specified surfactant to flowable formula-
tion itself or its spray liquid improved herbicidal activity of S-3552 flowable formulation.
Addition of the surfactant to the formulation caused remarkable crystal growth after storage,
which was supposed to be due to Ostwald ripening. S-3552 flowable formulation has charac-
teristics such as lower irritation on mucous membrane and lower acute oral toxicity in mouse

than EC formulation.

INTRODUCTION

S-3552 [N'-4-(4-methylphenethyloxy)phenyl-
N-methoxy-N-methylurea] is a foliar applica-
tion herbicide invented by Sumitomo Chemical
Co., Ltd. Chemical structure is shown in the
previous paper.?

S-3552 shows excellent herbicidal activity
against troublesome broadleaf weeds in soybean
and high soybean selectivity by post-emergence
foliar application.’™®

High content EC formulation of S-3552 is
formulated with difficulty due to low solubility
of S-3552 in xylene and cyclohexanone etc.
which are usually used for EC formulation as
solvents. However, it has been reported in an
earlier paper that S-3552 30 EC could be
formulated by using phenol as a co-solvent.?
On the other hand, aqueous flowable (FL)
formulation (Suspension Concentrate) which
has recently been given attention, has charac-
teristics of non inflammability, lower irritation
and lower toxicity due to no or less amount of
organic solvents in comparison with EC formu-
lation. FL formulation also has characteristics
of no dustiness at the time of dilution, is easy

to measure for dilution and has generally high
biological activity due to smaller particle size
of active ingredient in comparison with WP
formulation. This paper presents the results
of research work on S-3552 FL formulation.

EXPERIMENTAL

1. Materials

S-3552 was synthesized in the Pesticide
Synthetic Section, Pesticides Research Labora-
tory, Takarazuka Research Center, Sumitomo
Chemical Co., Ltd. Auxiliary materials used
for formulation were of technical grade, and
water used for formulation was distilled and
deionized.

2. Methods
2.1 Preparation of recrystallized material and
melt crystal

a. Recrystallized material

One part of crude S-3552 was dissolved in
one part of toluene at 50 to 60°C. About six
parts of n-hexane was added into the solution
drop by drop and the solution was cooled to
5°C which resulted in precipitation of S-3552
crystal. The crystal was washed with chilled
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Fig. 1 X-ray diffraction patterns of S-3552.

(A): recrystallized material, (B): melt crystal.

mixed solvent of toluene and »n-hexane and the
solvent was removed under reduced pressure
to obtain recrystallized material.
b. Melt crystal

S-3552 was melted by heating at about 90°C
for 15 min. After cooling the melt to room
temperature, the lump of the material was
crushed by a hammer, followed by further
pulverization by a juice mixer to obtain powder
under 20 mesh. X-ray diffraction pattern of
the melt crystal is slightly different from that
of recrystallized material, as shown in Fig. 1.
Therefore crystal form of the melt crystal
seems to be slightly different from that of
recrystallized material.
2.2 Formulation of FL (400 g scale)
. Correct amounts of S-3552, dispersing agent
and water were added to a vessel (1000 ml) of
the sand mill (Igarashi Co., Ltd.) and wet-
grinded with glass beads (1 mme¢, one and
quarter of the dispersing liquid) for 2 hr.

Particle size distribution of S-3552 does not
change significantly even if S-3552 is wet-
grinded for a much longer time. S-3552 FL
formulation was obtained by the addition of
a thickener to the wet-grinded dispersing liquid
after separating the glass beads.
2.3 Determination of particle size distribution

Particle size distribution was determined by
means of coulter counter (Coulter Electronics)
and centrifugal particle size analyzer CP-2
(Shimadzu).
2.4 X-ray diffraction

Shimadzu DX-5A (DP-51) was used for this
study.
2.5 Herbicidal activity test

Herbicidal activity tests were carried out by
the method described in an earlier paper.”’

RESULTS AND DISCUSSION

1. Formulation

S-3552 is generally obtained by recrystalli-
zation with organic solvents such as toluene
and #n-hexane and is needle crystal having a
melting point of 82-83°C. FL formulation is
generally formulated by wet-grinding using
glass beads, but, in the case of needle crystal,
pulverizability of the material is not very
good. FL formulation which has a mean
diameter of particles less than 3 gm measured
by a coulter counter and a centrifugal particle
size analyzer could be formulated but a large
amount of needle crystal particles larger than
10 gm in length are observed by microscope.
This difference seems to be caused by the fact
that particle size distribution obtained by
these methods is based on the assumption of
the spherical shape particles.

As for physico-chemical properties of S-3552
20% FL formulation wusing recrystallized
material, viscosity of the formulation became
high (ca. 7000 cps), which could be attributed
to the structural viscosity of the needle crystal.
Therefore low viscosity FL formulation of S-
3552 content higher than 259, is hard to be
formulated. In order to formulate FL formula-
tion of low wviscosity, effect of preparation
method of S-3552 technical material on phys-
icochemical properties of FL formulation was
studied. Instead of the recrystallized material,
melt crystal was used. By using the melt
crystals, pulverizability by the sand mill and
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Table 1 Properties of S-3552 209, and 409, FL

formulations.

Items 40 FL 20 FL

Viscosity#®? 2100 2000

(cps)
Average diameter 2.5 2.4
()

Accelerated storage stability a.i. content (%)
Initial 41.6 21.0
40°C, 1 M 41.4 21.0
50°C, I m 41.0 20.9

Dispersion stability
Initial Uniform Uniform
40°C, 1M Uniform Uniform
50°C, 1M Uniform Uniform

2> B-type viscometer, No. 2 rotor, 6 rpm.

high viscosity due to the structural viscosity
were improved. Viscosity was reduced to 2100
cps, and moreover 40% FL could be readily
formulated.  Properties of the formulation
using melt crystal are shown in Table 1.

2. Biological Efficacy

Herbicidal activity of FL formulation is
superior to that of WP formulation, as de-
scribed in the earlier paper.” The difference
of the activities between FL and WP is thought
to be due to the difference of particle size of
S-3552. FL formulation has smaller particle
size than WP formulation. Average particle
sizes of FL and WP are about 2.5 um and 5
pm, respectively, and as will be shown later
for FL formulation, smaller particles will give
better herbicidal activity.

Herbicidal activity of FL formulation is al-

most the same or slightly less than that of EC
formulation, as described in the earlier paper.®’
This difference may be caused by difference in
penetration of S-3552 via cuticular layer of the
weed leaves. In the case of EC, S-3552 is in
emulsion after dilution, and particle size will
be smaller, even if crystals appear after spray-
ing. Surfactants and/or solvents play an im-
portant role in the physical state of S-3552,
which could have an effect on penetration. In
practice, the addition of 109% of specified
surfactant such as polyoxyethylene alkylaryl
ether into the S-3552 209, FL increases herbi-
cidal activity, as shown in Table 2.%

In this case, herbicidal activity of FL
formulation is almost the same or slightly less
than that of EC formulation and especially,
under the wet condition such as the summer
season in Japan, FL formulation shows almost
the same herbicidal activity as EC formulation.
But addition of the surfactant caused crystal
growth, as described in the next section. On
the other hand, the addition of the surfactant
into the spray liquid of S-3552 FL also in-
creased herbicidal activity. Therefore it is
clear that the addition of the surfactant into
the spray liquid of S-3552 FL avoids the
crystal growth of S-3552 and increases herbi-
cidal activity.

The relationship between the particle size
and herbicidal activity of S-3552 FL was
studied using particles with average diameter
of 2.5 um and 4.0 gm. S-3552 FL which con-
tained smaller particles showed higher herbi-
cidal activity, as shown in Table 3. Therefore
it is clear that smaller particles are desirable
for herbicidal activity.

Table 2 Effect of the surfactant on herbicidal activity of $-3552 209, FL formulation (S-

3552 [surfactant=20/10).

Dose of A.T, . Large Barnyard

Surfactant (kg/ha) Morning-glory  Velvet-leaf crabgrass grass
0.25 3 4 0 0
None 0.5 4 5 1 0
1.0 5 5 2 2
Polyoxyethylene 0.25 4 5 2 2
(10 mol) 0.5 5 5 3 3
alkylarylether 1.0 5 5 4 3

5: complete kill-0: no effect.
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Table 3 Effect of particle size on herbicidal activity of $-3552 20% FL formulations.

. . D f AL . L B d
Particle size o(s;gc/)ha) Morning-glory  Velvet-leaf cragégzss agr;}éasxr

Average diameter 0.25 4 4 0 0
(2.5 pm) 0.5 5 5 0
1.0 5 5 2 2

Average diameter 0.25 3 4 0 0
(4.0 pm) 0.5 4 5 0 0
1.0 5 5 1 1

5: complete kill-0: no effect.

Table 4 Number of particles (%) in each classified particle size before and after storage at
40°C for 7 days.

Particle size Recrystallized material Melt crystal
(pm) Before storage After storage Before storage After storage
<1.6 41.3 23.1 33.8 41.5
1.6-2.0 35.7 23.9 25.5 31.8
2.0-2.5 17.4 21.5 19.5 17.6
2.5-3.2 4.5 15.7 12.4 6.7
3.2-4.0 0.8 10.1 6.4 2.0
4.0-5.0 0.1 4.3 2.0 0.4
5.0-6.4 — 1.1 0.4 0.1
>6.4 — 0.2 — —
3. Crystal Growth 100~

When polyoxyethylene (6-15 mol) alkylaryl-
ether was added to the FL formulation, re-
markable crystal growth was observed after

Cumulative weight (%)

storage at 40°C for 14 days, as shown in Fig. 2. 504 |A

As for crystal growth rate, a little difference 8

was observed between recrystallized material

and melt crystal, and crystal growth of re-

crystallized material was slightly faster than

that of the latter one. Table 4 shows number of 5 10 15 20 25 30
particles in each classified particle size meas- Particle diameter (pm)

ured by a coulter counter before and after Fig. 2 Particle size change after accelerated
storage at 40°C. In the case of melt crystal, storage of $-3552 20%, FL formulation contain-
apparent numbers of smaller particles less than ing 109 of polyoxyethylene alkylarylether,
2.0 um increases after storage at 40°C, and in measured by a coulter counter (recrystallized
this case needle crystal was observed, as shown material).

in Fig. 3. This phenomenon may be due to the A: before storage, B: after storage at 40°C for
change in crystal shape. Needle crystal gave 14 days.

smaller particle size by coulter counter than

visual observation, even if the volume of the

particles was the same. while that in water was 2-3 ppm at room
Solubility of S-3552 in 109, aqueous solution  temperature. Therefore the crystal growth

of the surfactant was higher than 500 ppm  seems to be due to Ostwald ripening.”®
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Fig. 3 Particle size and shape change after ac-
celerated storage of S-3552 209, FL formulation
(melt crystal).

(A): before storage, (B): after storage at 40°C
for 7 days.

X-ray diffraction pattern of recrystallized
material in FL formulation after storage at
40°C was slightly different from that before
storage and it was almost the same as those of
melt crystal in FL formulation before and after
storage, as shown in Fig. 4. Therefore melt
crystal is thought to be a stable form.

4. Toxicity

Irritation of S-3552 FL formulation on the
eyes of a rabbit was found to be clearly weaker
than that of S-3552 EC formulation by the
test in accordance with EPA guideline [Federal
Register 43, 37359-37360 (1978)], as shown in
Table 5. Therefore irritation on mucous mem-
brane of S-3552 FL formulation is said to be
weaker than that of S-3552 EC formulation.
In addition, LDso of acute oral toxicity of S-
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Fig. 4 X-ray diffraction patterns of S-3552 in
FL formulation after accelerated storage.

(A): recrystallized material, (B): melt crystal.

Table 5 Irritation on the eyes of a rabbit of S-
3552 formulations.

Formulation Irritation
20 FL None
20 EC Moderate

Table 6 Acute oral toxicity in mice of S-3552
formulations.

LDso (mg/kg)

Formulation
Male Female
20 FL > 5000 > 5000
20 EC 1340 1680
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3552 FL formulation in mouse was higher than
5000 mg/kg while that of S-3552 EC formula-
tion was about 1500 mg/kg, as shown in Table
6. Therefore it is said that S-3552 FL formula-
tion has characteristics of weaker irritation on
mucous membrane and lower acute oral tox-
icity.
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