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WO 98/26656 PCT/US97/22520

CHEMICALLY STABLE, INSECTICIDALLY ACTIVE
PHOSPHOROAMIDOTHIOATE PELLET COMPOSITIONS
AND METHODS FOR THEIR MANUFACTURE

FIELD OF THE INVENTION
The present invention is directed to chemically
stable, low moisture content, insecticidally active
pellet compogsitions and methods for their manufacture.

BACKGROUND OF THE INVENTION

Certain phosphorocamidothioates and
phosphoroamidodithiocates (collectively referred to as
"phosphoroamidothicates" for convenience) are known in
the art as having excellent insecticidal activity against
a variety of insects and in a variety of environments.
A particularly important commercial insecticide within
this class of compounds is the insecticide acephate
(generic name) or Orthene® (trade name), which can be
systemically taken up by a plant so that insects which
feed and/or live on the plant are killed, in addition to
those insects which directly ingest or are contacted by
the insecticide. Acephate and related compounds are
described in U.S. Patent Nos. 3,716,600, 3,845,172 and
3,914,417, which disclose that in addition to their
insecticidal properties, the compounds possess very low
mammalian toxicity. Orthene® is commercially produced as
a technical grade chemical of about 97 to 99.5% purity,
which is often referred to as acephate technical or

acephate TG (technical grade).
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WO 98/26656 PCT/US97/22520

producing low moisture content pellets comprising an

insecticidally active compound of the formula:

0
I
R -YO c - Rr?
\t
P - N
/ \
R! - & R?

wherein R and R! individually are an alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, R? is
hydrogen, an alkyl group containing 1 to 18 carbon atoms,
a cycloalkyl group containing 3 to 8 carbon atoms, an
alkenyl group containing 2 to 18 carbon atoms or an
alkynyl group containing 3 to 18 carbon atoms, R? is
hydrogen or an alkyl group containing 1 to 6 carbon
atoms, and Y is oxygen or sulfur, comprising the steps of

feeding a powder comprising at least about 95% by
weight of said insecticidally active compound to an
extruder,

feeding water to the extruder during at least a
portion of feeding of said powder, the water contacting
the powder to form a mixture,

extruding an extrusion product while controlling the
temperature within the extruder and the rate and quantity
of water fed to the extruder to minimize tackiness and
clumping together of the extrusion product, and

forming pellets having a moisture content of less
than about 0.5% by weight from the extrusion product.

As discussed further herein, chemically stable
pellets can be manufactured in accordance with the above
process. In certain preferred embodiments, the pellets
comprise an insecticidal compound as described above,
preferably acephate, in an amount of at least about 97%
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WO 98/26656 PCT/US97/22520

Certain preferred pellets recently extruded using the
high-pressure axial extrusion method described herein
were cylindrically shaped and had a cross-sectionai
diameter of about 5/64" (about 2 mm). The length of the
pellets is variable, but typically is in the range of
from about 3 mm up to about 25 mm, preferably from about
3 up to about 6 mm.

The pellets produced according to the present
invention are chemically stable, and have a commercially
satisfactory shelf life on the order of about 2-4 years,
during which time they generally remain free-flowing and
avoid the raw powder’s tendency to agglomerate. As
discussed further below, it has now been discovered that
excellent flowability can be mainitained over time when
the pellets are produced so as to have a molsture content
of about 0.3 wt% or less. The pellets generally have a
white appearance but may have a yellowish tint, and are
of sufficient hardness to avoid creation of significant
quantities of dust during handling due to pellet
crumbling and the like. For pellets produced by the high
pressure axial extrusion process described herein,
average bulk density has been determined to range from
about 36 to about 40 lbs/cubic foot, and typically is
about 37 lbs/cubic foot. Using the low pressure type of
basket extrusion process also described herein, the
average bulk density of the pellets typically ranges from
about 28 to about 31 lbs/cubic foot. A significant
advantage is that the pellets are preferably formed
without the use of organic solvents, as discussed below,
and without the use of conventional formulating agents
which is not only advantageous economically, but which
results in higher strength pellets, while still retaining

sufficient physical properties such as hardness and
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WO 98/26656 PCT/US97/22520

water added to the powder in the extruder directly
affects the temperature inside the barrel. Further, test
results have established that the most preferred
temperature range within the barrel during extrusion of
acephate technical is from about 145° to about 160° F;
within such a range, the acephate material reaches a
semi-molten state which has been determined to be
important to  successful extrusion. At  higher
temperatures within the extruder, the extruded noodles
have a tendency to become too mushy and tacky, and thus
stick and clump together. Within the preferred
temperature range of about 145-160° F, a preferred rate
of water addition was determined to be in the range of
about 0.4 up to about 1.0% by weight water, and even more
preferably around 0.5% by weight water.

Neither the above-identified preferred temperature
ranges or rates of water addition are absolute values.
The important concept is one of controlling each of these
variables, in tandem, to achieve the desired extrudate
which is practically workable. For example, during
start-up of the extruder, a higher amount of water should
be used until the internal temperature reaches a desired
level, at which point the rate of water addition can be
decreased to be within the preferred ranges. Further, at
higher temperatures it will be seen that lesser
quantities of water are needed to give the desired noodle
consistency, although at some point the temperature can
exceed that at which the extrudate is practically useful
because of undue tackiness. Such a point is believed to
be reached when the acephate (or other active agent)
exceeds its semi-molten state and melts. Of course, the
extrusion temperature range preferred for other

insecticidal compounds within the scope of the invention
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WO 98/26656 PCT/US97/22520

will wvary depending on the melting point of specific
compounds and the quantities of water employed. At lower
temperatures within the extruder, the powder is lesé
molten; conversely, a higher rate of water addition is
typically required. In some cases, after start-up and
with a relatively slow material feed, it may be possible
tc maintain the temperature within these preferred
parameters while reducing water addition to a drip, or
stopping it altogether for a portion of a run. 1In this
regard, it will be apparent that the rate at which the
powder 1is fed to the extruder will also impact the
internal temperature of the éxtruder, with a slower
rate/lesser quantity developing less internal heat, and
a higher rate/greater quantity generating wmore internal
heat.

Thus, a key aspect of the invention is to carry out
the extrusion step while controlling the temperature
within the extruder and the rate and quantity of water
fed to the extruder such that the extrusion product or
extrudate has a consistency with minimal stickiness and
clumping together. Also, an extrudate which is too wet
due to excessive water addition is not preferred because
it can lead to stickiness and/or a requirement for
excessive drying of the extrudate for a period sufficient
to achieve the target moisture level of about 0.5% or
less.

To aid in avoiding noodle clumping as the extrudate
exits the extrugion die orifice, c¢ooled air can be blown
across the outer orifice to accelerate cooling and
hardening of the noodles, with resulting decrease in
tackiness as they harden. Alternatively, the throughput
rate of the material being extruded can be lowered,
giving the noodles more time to cool before coming into

contact with each other.
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WO 98/26656 PCT/US97/22520

RUN 9623306

-The purpose of this trial was to test prepare high
strength pellets without any processing aids, such as the
Agrimer VA-6.

Orthene Technical powder was run immediately
following the Orthene/Agrimer mix during Run 9623305.
The process ran continuous with no problem; about 50
pounds of Orthene Technical was run. No moisture data is

available.

RUN 5623401

The purpose of this trial was to produce pellets
with a diameter of 1 mm; up until this point the pellets
described in the previous runs had a diameter of 2 mm.
All parameters remained the same; feed rate, water feed,
dryer temperature, and extruder RPM. Material was
extruded wet at first and was slowly dried out (meaning
the water feed rate was reduced) until the rate of water
addition was at 0.5%. The noodles were visually
acceptable until the temperature rose to 180° F in the
extruder. At this point the material was very mushy and
the noodles were clumping together. The large "balls" of
material were not breaking up in the dryer.

It was attempted to run using nc water at all. It
is possible but not preferred because of the temperature
increase.

In order to decrease the temperature the rate of
water feed was increased to 20 cc/m (or 2.6%). The
temperature of the extruder dropped to 140° F but the
noodles looked wet and mushy.

The water rate was decreased to 10 cc/m (1.5%) and
the temperature rose to 153° F. The noodles did not seem

to improve wvisually.
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WO 98/26656 PCT/US97/22520

Before shutting down an experiment was conducted to
test the effects of slower feed rate on temperature. The
Acrison was turned on and off repeatedly to give the
simulation of a slower feed rate (<90 lb/hr). The water
feed was kept at less than 4 cc/m and the temperature
remained around 140° - 150° F. The water feed was-
terminated and no apparent change in temperature was
observed.

Mcisture samples at the extruder ranged from 0.40%
to 0.62% and the single dryer sample registered a
moisture level of 0.19%.

It is seen that the temperature inside the extruder
is an important factor. It already has been established
that a higher temperature is necessary to set the
material in a semi-molten state so that it can be
extruded at a low moisture content. From what has been
observed with acephate, the temperature in the extruder
should preferably be in the range of about 145° - 160° F,
At higher temperatures the material becomes too mushy and
tacky, and have the tendency to stick and clump together.

It seems there are two factors that control
temperature in the extruder. The first is the rate of
water sprayed on the powder and the second is the rate of
powder feed or overall rate of material sent through the
extruder. During a production run, the temperature can
be influenced using a water jacket on the extruder, if

desired.

RUN 9623501

The purpose of this run was to extrude about 300
pounds of Orthene Technical without added processing
éids, formulating agents or use of organic solvents.
When the 300 pounds was completed the remaining
Orthene/Agrimer mix (98.5% : 1.5%) would follow without

- 23 -
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WO 98/26656 PCT/US97/22520

plate of the extruder. This was true for the entire 6
hours.

In all of the above runs, screening was accomplished
using a small Sweco fitted with a 6- and a 10-mesh
screen. Before the material was screened it was fed
through a delumper in order to break up some of the
noodles that had stuck together and the long noodles.
The delumper did, however, create some fines. The
process itself did not create a large amount of fines.

Because a large amount of the overs consisted of
good product (longer pellets), the overs were rescreened
twice in order to remove the good material.

Pellets from the above runs were packaged in 200 1lb
fiber drums.

Samples of each drum were collected, and the
following physical and chemical analyses were completed:
assay; dry sieve, pH, dissolution, friability, bulk
density; and moisture. A brief description of the

analytical methods is given in Table 1.

- 26 -
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WO 98/26656 PCT/US97/22520

TABLE 1. PHYSICAL ANALYSES METHODS

DRY SIEVE

> 100 Grams

> 5 minute rotap with hammer
> Sieve Stack: 4, 6, 8, 14, 20, 60, Pan (US standard)
. Yield: -6/+14

MOISTURE

> Mettler Weight-loss balance
> 2 grams, 60° C, 5 minutes
pH

> 2% Solution

> H,0 from tap

> Stir 3 minutes

DISSOLUTION

- 2 grams in 100 ml graduated cylinder.

> Record turns - (turn = two 180° inversions)
> Record time to dissolve

DENSITY

> Fill cylinder, scrape top flat

. weight in cylinder X 62.43 = 1b/ft?

vol cylinder

FRIABILITY

> Take -6/+14 cut from dry sieve

> 100 revolutions on friabilator

> Rotap using 20-mesh sieve for 3 minutes with hammer
> Weigh fines and product

= 37 =

UPL NA Exhibit 2005 - Page 29 of 74
Tidev. UPL NA - IPR2020-01113


esperw
Sticky Note
None set by esperw

esperw
Sticky Note
MigrationNone set by esperw

esperw
Sticky Note
Unmarked set by esperw


‘WO 98/26656 PCT/US97/22520

The results are presented in Table 2 below with
samples numbers and run numbers being correlated as’

follows:

DRUM TRIAL RUN
A2-126-01 9623501
A2-126-02 9623306 9623501
A2-126-03 9623501 9623502
A2-126-04 9623502 9623305
A2-126-05 9623302 9623305
A2-126-06 9623302
A2-126-07 9623201 9623302
A2-126-08 mixed fines
A2-126-09 mixed oversize
A2-126-10 mixed fines
A2-126-11 9623401

- 28 -
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WO 98/26656 PCT/US97/22520

such as MDB-400, can be employed. As discussed below, by
contrelling the drying conditions, pellets having
preferred moisture contents of about 0.3% by weight or
less, preferably 0.2% by weight or less, can be obtained.

Example 2
Specific batches of pellets were prepared using the

low pressure basket extrusion, as follows:

- 5 kg of premix (prepared as in Example 1) was
weighed into a KDHJ-20 Batch Kneader. The
specified amount of water was poured into the
kneader, and the mixture was kneaded (mixed) for 4
minutes.

- The kneaded mixture was placed into the feed hopper
of a BR-200 Granulator and extruded.

The screens had 1lmm diameter holes.

- The wet, extruded nocdles were swept into a pail
for transfer to the dryer.

- The extruded noodles were placed into a MDB-400
Fluid Bed Dryer (bed area 0.4306 sqg ft).

- The drying temperatures were in the range of about
130 - 140°F range, and the residence times varied
based on moisture content. For the repeat batches
(10-25), an 18 min drying time was used.

- 32 -
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The raw data from twenty-three batches thus prepared

is set forth below:

Batch

Ingredients
Oxtbene (2)
Water (2)

Moisture Level (%)

Kneader
Time (min)
Power (Kw)
Bulk Density (kg/1)
Comments

Dryiag

Initial Moisture (%)
Drying Time (min)

Final Moistre (%)

Final Product Temp. ("C)
Final Bulk Density (kg/)

4.8
KDHI-20
10

Soft,
lumpy
mixtare

BR-200
1.0
1.2
05
45

1.8

temp.
0.4432

MDB-400
4.8
7
0.8
51

4.8
KDHI-20
4
1.0

Soft,
lumpy
mixtare

BR-200
1.0
12
0.5
45

1473
1.8

emp.
0.4432

MDB-400
4.8
12
0.5

0.4768

BR-200
1.0
1.2
0.5
45

116.3

temp.
0.4976

MDB-400
6.5

0.1
0.5368
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WO 98/26656

Batch
Ingredients
Onthene ()
Watex (g)
Molsture Level (%)

Kneader
Time (min)
Power (Kw)
Bulk Density (kgh)
Comments

Extruder Type
Screen (mm)

Clearance (mm)
Speed (rpm)

Rate (kg/bs)

Power (Kw)
Granule Temp. (*C)

Bulk Density (kg/)
Comments

Drying

Initial Moisture (%)
Drying Time (min)

Pinal Moisture (%)

Final Product Temp, (°C)
Final Bulk Deasity (kg/)

5000
350
6.5

KDHI-20
128
Soft,

mixtme

BR-200
1.0
1.2
0.5
45

1345

lemp.
0.4856
Extrudates left
overnight
(will)
dry next AM.

MDB 400

6.5
18
0.11

0.5264

PCT/US97/22520

9 10-14
5000 5000
350 350
6.5 6.5

KDHT-20 - KDHI-20

4 4 -

1.2
Same Same
BR-200 BR-200

1.0 1.0
1.2 1.2
0.5 0.5
45 45
149.7
Rm.
temp.

0.4590
Good Good extrodates
extudates
“Drying Curve
performed on
this batch
MDB-400" MDB-400

6.5 6.5
25 18
0.10
46 44

0.5176

_34_
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Batch 15-25 27
Ingredients
Virgin Orthene (g) 5000 1388

Triswon (ml) 0 1388

Water (g) 350 166.5
Moistore Level (%) 6.5 57
Enesder KDHI-20 KDHI-20

Time (min) 4 4

Power (Kw) 1.2 1.0
Bulk Density (kgh)

Comments Same Lumpy mix
Extruder Type BR-200 BR-200
Sereen (mm) 1.0 1.0
Thickness (mm) 1.2 1.2
Clearance (mm) 0.5 0.5
Speed (rpm) 45 45
Rate (kg/br)

Power (Kw)
Granule Temp. (*C)
Bulk Deasity (kg/l)
Commeants Good Good
exurudates extrudares

Drying MDB-420 MDB-400
Inidal Moisture (%) 6.5 57
Drying Time (min) 18 1
Final Moaistare (%)
Final Product Temp. (*C) 44 45
Final Bulk Deasity (kg/1)

- 35 -
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- A pump and flow meter are used to control the water
addition to the premix. The water and powder flow.
rates are controlled independently by the
operators. Samples of the kneaded mixtures are
assayed for water content on a 1/4 or 1/2 hour

.scheQulé; Watér‘cpnten;s were varied (3.- 5.5.%),
with.the'operatdrs targeting a water content of
about 4-5%.

- The damp premix is extruded through 1.2 or 1.5 mm
screens. The extruded "noodles" are swept off of
the extruder into a dryer.

- . The movement of the noodles from the screen exit to
the entry of the dryer and then through the dryer,
which breaks the noodles into pelléts of wvarying
length.

- The pellets are dried in an 8 sg. ft. fluid bed
dryer. Air inlet temperatures are maintained at
about 130-140°F, with a target of 135F.

- Dried product is discharged into a screener (Sweco
Ls60C8888), set with 6 and 20 mesh screens.
Oversize material (+6 mesh) is discarded.
Undersize material (-40 mesh) is recycled into

premix,

Table 3 below provides data from thirty-one lots preoduced
as described above:
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In the above samples, the average acephate content
was 97.59 weight %, well within the target content of 96%
minimum acephate. The other characteristics shown above
were generally within target ranges.

Using the above-described continuous processing
based on principles of low pressure basket extrusion,
partiéularly'preferred pellets can be obtained which have
the following physical properties and/or characteristics
(see Table 1 above for description of physical analyses
metheods) :

- appearance white to cream color pellets

- sieve analysis 0.1% maximum +8 mesh

0.2% maximum -60 mesh
99.8% within +8/-60 mesh

- acephate at least about 96wt%, preferably
at least 97 wt%
- moisture less than about .3wt%,

preferably less than .2 wt%

- dissolution 12 inversions, maximum
- friability 0.5% maximum, -40 mesh
- bulk density about 26-31 lbs./cu.ft.
- pellet size about 1.2 - 1.5 mm.

The bulk densities for the preferred pellets
produced by the low pressure extrusion process generally
are lower than for the samples produced using the high
pressure axial extrusion process described above. The
preferred pellets are typically about 3 to 6 mm in
length. The diameter is determined by the pore diameter
in. the screens of the basket extruder used in the
manufacturing process. Particle length is determined by
breakage of the extrudate as it exits the extruder and
travels through a fluid bed dryer. A set of sieves at
the final stage of the process excludes fines and large
particles. Typically pellet preparations are
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sufficiently uniform that over 95% are captured on a 20
mesh screen which retains the 3-6 mm range pellet.

As would be understand by one of ordinary skill in
the art, the pellets of the present 1nvent10n can contain
other, optiocnal 1ngredlents, such as dyes, pigments and

‘reodorants. The following example demonstrates this
feature.
Example 4

Pellets were produced by the following laboratory
procedure.

- Acephate technical and Agrimer VA-6 were dry
blended in a jar in the amounts shown in Table 4 below.

~ The mixture was twice passed through a small
hammermill to delump the acephate and for further
blending.

- The resulting powder mixture was transferred to
a Cuisenart Pro Custom 11 food processor. Water (6 wt%)
was added, and the mixture was stirred until a uniform
damp mixture was obtained.

- The damp mix was added to an LCI Benchtop
Granulator, fitted with screens with 1.5 mm diameter
holes.

- The mixture was extruded, and the extruded mix
was dried in an Aromatic Fluid Bed Laboratory Unit STREA
I. The drying conditions were about 140°F, full air flow
and 45 minute residence time. _

' ‘In the preparatlon of ‘the. pellets, dyee, plgments:
and reodorants were added to either the processing water
(W) or to the powder premix (P), as shown in Table 4
(amounts in wt%). Both blue and black dyes (Pylam
Products Victoria Blue B, Acid Blue 9, Acid Black 2),

pigment (Pylam Products Pigment Blue 29), and reodorant
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Although the above samples show that- wvarious
opticnal ingredients are compatible with the Ozrthene
pellets in amounts of about .025 - .015 wt%, greater or
lesser amounts can be used, as desired. Generally,
however, such additives are present in total amounts of
less than about 1 wt%, preferably about 0.5 wt% or less,
more preferably 0.25 wt% or less, and even more
preferably 0.1 wt% or less. For example, a batch of
pellets was prepared using 0.015 wt% Victoria Blue B,
which worked well to dye the pellets to the desired
color, without adversely influencing the physical

properties or characteristics.

Example 6

Shelf life data from certain of the samples obtained
according to Example 3 above, and whose physical
characteristics are set forth in Table 3 above, are

provided in Table 6 below:
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5.5 wt%, with a target water content of about 4 - 4.5
wt%)?

- The extrusion and drier operaticonal description
was the same as set forth in Example 3, except that the
product was dried in a 21 sg. ft., three-zone fluid bed
dryer. Typically, the first two =zones had a drying
temperature of about 130-140°F, with the third =zone
operating at lower temperatures, generally from about
115-125°F. Overall drying time varies, but the pellets
can typically pass through the three zones in about 10-15
minutes.

- The dried pellets were discharged from the
dryer into a bucket elevator for transfer into a holding
bin. Thereafter, the pellets were fed to the screener
described in Example 3, and processed as described
therein. It is preferred to ensure that the pellets have
cooled to below about 95°F prior to screening and
packaging.

To achieve the preferred target moisture content of
about 0.29 wt% or less, control of the water content in
the kneading step as well as the drying step is
important. With some samples, a second pass through the
dryer was necessary. One of ordinary skill in the art
would be able to determine the appropriate specific
conditions to obtain the target moisture level given the

guidance provided herein. The results from 17 lots
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produced using this procedure are set forth in Table 7

below:
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Example 8

This example demonstrates the ability of low-
moisture content acephate pellets to alleviate caking,
lumping and compaction problems.

As noted above, the acephate pellets of the present
invention are high concentration, free-flowing, dust-£free
formulations which are water-soluble. Certain of the
lots produced in Example 3 were packaged in 80 kg drums.
An inspection approximately two months later showed that
certain drums had compacted to approximately two-thirds
their original volume and the product was no longer free
flowing. This compaction, referred to as caking or
lumping, is not preferred from a commercial standpoint,
because aliquots must be poured from the drums for
repackaging or for preparing spray solutions.

Compaction is considered to be the product of
certain variables. Moisture content has been determined
to be the most important wvariable affecting compaction
relative to the typical product storage conditions of 20-
40°C. Elevated temperatures, e.g., 50°C, exacerbate the
caking problem.

By evaluation of various pellet lots which had been
stored at temperatures of up to about 35°C for over six
months, we determined that at moisture contents of about
.3 wt% and above, the pellets were generally caked to the

extent that the pellets would not flow freely from the
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drum. Thus, it is preferred that the moisture content of
the éellets be controlled to amounts less than about 0.3
wt%, more preferably less than about 0.2 wt%, to
eliminate or substantially reduce comﬁaction over time
under typical storage conditions.

14 and 28 day accelerated aging tests were conducted
to assess the role of water, temperature, and package
size on the caking phenomenon. Package size was
evaluated to assess the role of pressure on caking. For
example, pellets in the lower portion of an 80 kg drum
experience greater pressure than in a 40 kg or 20 kg
drum. The aging test consisted of 18 drums of pellets
manufactured using the low pressure basket extrusion
process generally described above. Nine drums were stored
at 40°C and nine at 50°C. Drums were selected from two
typical production lots and assigned the category "Lot A"
or "Lot B". The moisture content of the pellets in each
drum was assayed at the start of the test, and the
contents of each drum were passed through a screen of
0.25 inch opening to assure that the pellets were cake-
free at the start of the test. A range of container
sizes were evaluated: full drum, 80 kg; half full drum,
40 kg; and a quarter drum, 20 kg. Moisture content was
measured at the end of each test period. A summary of

the test protocol is as follows:
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. Two Week Test
- 40°C 50°C

Drum 1, Lot A 80 kg Drum 5, Lot A 80 kg
Drum 2, Lot B 80 kg Drum 6, Lot B 80 kg
Drum 3, Lot A 40 kg Drum 7, Lot A 40 kg
Drum 4, Lot B 40 kg Drum 8, Lot B 40 kg

. Four Week Test
40°C 50°
Drum 2, Lot A 80 kg Drum 14, Lot A 80 kg
Drum 10, Lot B 80 kg Drum 15, Lot B 80 kg
Drum 11, Lot A 40 kg Drum 16, Lot A 40 kg
Drum 12, Lot B 40 kg Drum 17, Lot B 40 kg
Drum 13, Lot A 20 kg Drum 18, Lot B 20 kg

A rating scale was developed to evaluate the
gseverity of caking and identify which drums would be
unacceptable for shipping to customers, as follows:

1 = Free flowing, acceptable for shipping

2 = Fragile cakes/lumps, sufficiently fragile they
break apart upon pouring, acceptable for shipping

3 = Caking that prevents pouring, unacceptable for
shipping

The results are shown in Table 8 below, and in

Figures 1 and 2.
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Figure 1 shows the results at 40°C and Figure 2 at
50°C. In each graph the upper curve is the water content
in weight percent and the 1lower curve 1is rating,
multiplied by 0.1 to give a value that is conveniently
plotted on the same scale as water percentage, i.e., a
0.1 is free flowing, 0.2 fragile Ilumps and 0.3
unacceptable lumping. Clearly there 1is a strong
correlation between water content and caking for each
temperature. A positive correlation between package
weight and caking is less clear and a correlation between
storage time and caking is not evident.

Samples V-1 to V-4 show the results of a 90 day
packaging test that included four 80 kg drums. The
results were consistent with the other results shown in
Table 8 e.g., at 40°C a 0.59% water Orthene Pellet had
more caking than a 0.20% water sample, the latter being
the more acceptable material. At 50°C for 90 days both
a 0.30 and 0.39% water pellet showed caking to an extent
that rendered the samples unacceptable. This is not
unexpected for a 90 day 50°C test.

Importantly the caking phenomenon does not lead to
product decomposition or physical breakdown of the
pellet. Manually breaking the cakes by pressing them
through a %-inch screen followed by drying to less than
0.3% water gives a free flowing product with virtually no

generation of fines or dust.
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In summary we find that <0.30% water for storage at
less than 40°C and particularly less than 30°C assures
that the pellets according to the present invention will
remain free flowing.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that wvarious
changes and modifications can be made therein without

departing from the spirit and scope thereof.
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What is claimed is:
L. A process for producing low moisture content
pellets comprising an insecticidally active compound of

the formula:

o)
I
R -YO C - R®
\*
P - N
/
R! - § R?

wherein R and R' individually are an alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, R? is
hydrogen, an alkyl group containing 1 to 18 carbon atoms,
a cycleoalkyl group containing 3 to 8 carbon atoms, an
alkenyl group containing 2 to 18 carbon atoms or an
alkynyl group containing 3 to 18 carbon atoms, R' is
hydrogen or an alkyl group containing 1 to 6 carbon
atoms, and Y is oxygen or sulfur, comprising the steps of

feeding a powder comprising at least about 95% by
weight of said insecticidally active compound to an
extruder,

feeding water to the extruder during at least a
portion of feeding of said powder, the water contacting
the powder to form a mixture,

extruding an extrusion product while contreolling the
temperature within the extruder and the rate and quantity
of water fed to the extruder to minimize tackiness and
clumping together of said extrusion product, and

forming pellets having a moisture content of less

than about 0.5% by weight from said extrusion product.
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15. The process for producing low moisture content
pellets according to claim 1, wherein the process is

carried out in the absence of organic sclvents.

16. The process for producing low moisture content
pellets according to claim 1, wherein the powder consists
essentially of acephate technical grade containing at
least about 97% acephate, the process is carried out in
the absence of organic solvents, and the resulting
pellets are cylindrically shaped and consist essentially
of acephate and up to about 0.5% by weight water.

17. Chemically stable, low moisture content pellets
comprising an insecticidally active compound and up to
about 0.5% by weight water, said compound being o©f the

formula:

wherein R and R! individually are an alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, R? is
hydrogen, an alkyl group containing 1 to 18 carbon atoms,
a cycloalkyl group containing 3 to 8 carbon atoms, an
alkenyl group containing 2 to 18 carbon atoms or an
alkynyl group containing 3 to 18 carbon atoms, R’ is
hydrogen or an alkyl group containing 1 to 6 carbon
atoms, and Y is oxygen or sulfur,

said pellets having been made by a process

comprising the steps of
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feeding a powder comprising at least about 95% by
weight of said insecticidally active compound to an
extruder,

feeding water to the extruder during at least a
portion of feeding of said powder, the water contacting
the powder to form a mixture,

extruding an extrusion product while controlling the
temperature within the extruder and the rate and quantity
of water fed to the extruder to minimize tackiness and
clumping together of said extrusion product, and

forming pellets having a meoisture content of about

0.5% or less by weight from said extrusion product.

18. The chemically stable, low moisture content
pellets according to claim 17, wherein the extruder is an

axial extruder.

19. The chemically stable, low moisture content
pellets according to claim 17, wherein the temperature
within the extruder is controlled such that a higher
temperature reguires a lower rate of water feed, and a

lower temperature requires a greater rate of water feed.

20. The chemically stable, low moisture content
pellets according to claim 17, wherein the temperature
within the extruder is in the range of from about 145° F
to about 160° F.

21. The chemically stable, low moisture content
pellets according to claim 17, wherein after extrusion
start-up, water is continucusly fed to the extruder at a
rate of about 0.5% by weight based on the weight of the

powder/water mixture formed.
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28. The chemically stable, low moisture content
pellets according to claim 17, wherein said powder
consists essentially of acephate technical grade

containing at least about 957% acephate.

29. The chemically stable, low moisture content
pellets according to claim 17, wherein R and R' are
independently methyl, ethyl, alkyl or alkenyl; R? is
hydrogen or alkyl; R? is hydrogen, and Y is oxygen.

30. The chemically stable, low moisture content
pellets according to claim 29, wherein R, R' and R? are
methyl.

31. The chemically stable, low moisture content
pellets according to claim 17, wherein the process is
carried out in the absence of organic solvents.

32. The chemically stable, low moisture content
pellets according to claim 17, wherein the powder
consists essentially of acephate technical grade
containing at least about 97% acephate, the process is
carried out in the absence of organic solvents, and the
resulting pellets are cylindrically shaped and consist
essentially of acephate and Qﬁ to about 0.5% by weight

water.

33. Chemically stable insecticidal pellets
consisting essentially of an insectically active compound
and water in an amount up to about 0.5% by weight, said
compound being of the formula:
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0
I
R-YO c - R?
\#
P - N
/
R' - 8 R?

wherein R and R! individually are an alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, R? is
hydrogen, an alkyl group containing 1 to 18 carbon atoms,
a cycloalkyl group containing 3 to 8 carbon atoms, an
alkenyl group containing 2 to 18 carbon atoms or an
alkynyl group containing 3 to 18 carbon atoms, R? is
hydrogen or an alkyl group containing 1 to 6 carbon

atoms, and Y is oxygen or sulfur.

34, The chemically stable, low moisture content
pellets according to claim 33, wherein R and R' are
independently methyl, ethyl, alkyl or alkenyl; R? is
hydrogen or alkyl; R? is hydrogen, and Y is oxygen.

35, The chemically stable, low moisture content
pellets according to claim 34, wherein R, R' and R? are

methyl.

36. The chemically stable, low moisture content
pellets according to claim 35, wherein said compound is

present in an amount of about 97 to 99.5% by weight.

37. The chemically stable, low moisture content
pellets according to claim 33, wherein said moisture

content is less than about 0.3% by weight.
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low moisture content

pellets according to claim 37, wherein said compound is

WO 98/26656

38. The chemically stable,
acephate.

3. The chemically stable,

pellets according to claim 33,

further comprises wup to about

processing aid.
40. The chemically stable,
pellets according to claim 39,

aid is a vinylpyrrolidone-vinyl acetate copolymer,

low moisture content
wherein said pellet

3% by weight of a

low moisture content

wherein said processing

gaid

compound is acephate, and said moisture content is less

than about 0.3% by weight.

41.

A process for producing low moisture content

pellets comprising an insecticidally active compound of

the formula:

0
|
R-YO ¢ - R?
\ ¢
P - N
/ \
R* - 8 R?

wherein R and R' individually are an alkyl, alkenyl

or alkynyl group containing up to 6 carbon atoms, R? is

hydrogen, an alkyl group containing 1 to 18 carbon atoms,

a cycloalkyl group containing 3 to 8 carbon atoms,

an

alkenyl group containing 2 to 18 carbon atoms or an

alkynyl group containing 3 te 18 carbon atoms,

R? is

hydrogen or an alkyl group containing 1 to 6 carbon

atoms, and Y is oxygen or sulfur, comprising the steps of
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providing a powder comprising at least about 95% by
weight of the insecticidally active compound, )

contacting the powder with water to form a damp or
wet mixture, and thereafter

extruding an extrusion product of predetermined
diameter from the damp or wet mixture,

forming pellets from the extrusion product, and

drying the pellets to a moisture content of less
than about 0.5% by weight.

42, The process for producing low moisture content
pellets according to claim 41, wherein the powder is
contacted with water in an amount of from about 2 to 7%
by weight.

43, The process for producing low moisture content
pellets according to claim 42, wherein the powder is
contacted with water in an amount of from about 2.0 to
3.5% by weight.

44, The process for producing low moisture content
pellets according to claim 41, wherein the pellets are
dried to a final moisture content of less than about 0.3%

by weight.

45, The process for producing low moisture content
pellets according to claim 44, wherein the pellets are
dried to a final moisture content of less than about 0.2%

by weight.

46. The process for producing low moisture content
pellets according to claim 41, wherein the extruding step

is carried out using a low pressure basket extruder.
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47. The process for producing low moisture content
pellets according to claim 41, wherein the powdef
comprises from about 0.5% to about 3.0% by weight of a
processing aid other than water.

48. The process for producing low moisture content
pellets according to claim 47, wherein the processing aid

is a vinylpyrrolidone-vinyl acetate copolymer.

49. The process for producing low moisture content
pellets according to claim 47, further comprising
blending the insecticidal compound and the processing aid

to form the powder.

50. The process for producing low moisture content
pellets according to claim 41, wherein said powder
consists essentially of acephate technical grade

containing at least about 97% acephate.

51. The process for producing low moisture content
pellets according to claim 1, wherein R and R' are
independently methyl, ethyl, alkyl or alkenyl; R? is
hydrogen or alkyl; R® is hydrogen, and Y is oxygen.

52. The process for producing low moisture content
pellets according to claim 51, wherein R, R! and R? are
methyl.

53. The process for producing low moisture content
pellets according to claim 41, wherein the process is

carried out in the absence of organic solvents.

54. The process for producing low moisture content

pellets according to claim 41, wherein the powder
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consists essentially of acephate technical grade
contadining at least about 97% acephate, the process is
carried out in the absence of organic solvents, and the
resulting pellets are cylindrically shaped and consist
essentially of acephate and less about 0.3% by weight
water.

55. Chemically stable, low moisture content pellets
comprising an insecticidally active compound and up to
about 0.5% by weight water, said compound being of the

formula:
o]
l
R-YO C - R?
\t
P - N
/
R! - 8 R?

wherein R and R individually are an alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, R? is
hydrogen, an alkyl group containing 1 to 18 carbon atoms,
a cycloalkyl group containing 3 to 8 carbon atoms, an
alkenyl group containing 2 to 18 carbon atoms or an
alkynyl group containing 3 to 18 carbon atoms, R’ is
hydrogen or an alkyl group containing 1 to 6 carbon
atoms, and Y is oxygen or sulfur,

said pellets having been made by a process
comprising the steps of

providing a powder comprising at least about 95% by
weight of the insecticidally active compound,

contacting the powder with water to form a damp or
wet mixture, and thereafter

extruding an extrusion product of predetermined

diameter from the damp or wet mixture,
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forming pellets from the extrusion product, and
“drying the pellets to a moisture content of less

than about 0.5% by weight.

56. The chemically stable, low moisture content
pellets according to claim 55, wherein the powder is
contacted with water in an amount of from about 2 to 7%

by weight.

57. The chemically stable, low moisture content
pellets according to claim 56, wherein the powder is
contacted with water in an amount of from about 2.0 to
3.5% by weight.

58, The chemically stable, low moisture content
pellets according to claim 55, wherein the pellets are
dried to a final moisture content of less than about 0.3%

by weight.

59. The chemically stable, low moisture content
pellets according to claim 58, wherein the pellets are
dried to a final mecisture content of less than about 0.2%
by weight.

60. The chemically stable, low moisture content
pellets according to claim 55, wherein the extruding step

is carried out using a low pressure basket extruder.

61. The chemically stable, low moisture content
pellets according to claim 655, wherein the powder
comprises from about 0.5% to about 3.0% by weight of a

processing aid other than water.
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esgentially of acephate and less about 0.3% by weight

water.

68. Chemically stable insecticidal pellets
comprising an insectically active compound, a processing
aid in an amount up to about 3% and water in an amount up
to about 0.3% by weight, said compound being of the
formula:

c - R?

wherein R and R!' individually are an alkyl, alkenyl
or alkynyl group containing up to 6 carbon atoms, R? is
hydrogen, an alkyl group containing 1 to 18 carbon atoms,
a cycloalkyl group containing 3 to 8 carbon atoms, an
alkenyl group containing 2 to 18 carbon atoms or an
alkynyl group containing 3 to 18 carbon atoms, R’ is
hydrogen or an alkyl group containing 1 to 6 carbon
atoms, and Y is oxygen or sulfur;

said pellets having a bulk density of about 26-31
lbs/cu.ft.
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