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PROCESS FOR MAKING AMMONIUM GLYPHOSATE POWDER

FIELD OF THE INVENTION
The present invention relates to preparation of a herbicidal formulation useful
in lgdclﬂturé and in other situations where control of weeds or other vegetation is
desired. In particular, it relates to preparation of a herbicidal active ingredient, namely
N-phosphonomethylglycine (glyphosate) in the form of the ammonium salt thereof, as
an intermediate useful in further processing together with a surfactant to make a
water-soluble or water-dispersible dry particulate herbicidal formulation.

BACKGROUND OF THE INVENTION
Glyphosate herbicides, especially herbicides comprising 2 water-soluble salt of
glyphosate, are well known. Specifically, the monoammonmm salt of glyphosate is
disclosed as 2 useful herbicide for example in U.S. Patent No. 4,405,531 to Franz.
Unless the context demands otherwise, “ammonium glyphosate™ herein refers to the
monoammonium salt of glyphosate, which has the chesnical formula

NH,' o> P NHz*/\n/o
HO™ ||
o O

it being understood that the mole ratio of ammonium cations to glyphosate anions in
such a salt is not necessarily exactly 1. A slight molar excess of either ammonium
cations or glyphosate anions, for example providing a mole ratio of about 0.8 to about
1.25, is not inconsistent with the term “ammonium glyphosate” as used herein.

Ammonium glyphosate is the primary salt of choice in the preparation of dry
glyphosate herbicide formmlations. A “‘dry” formulation herein is a composition that
is solid, usually particulate, wherein particles are cither aggregated as in a granular
composition or non-aggregated as in a powder. The word “dry” in this context does
not imply that the formulation is necessarily free of water or other liquid, only that it
is dry to the fouch. Dry formulations can contain up to about 5% by weight of water,
but more typically the water content is less than about 1%, for example about 0.5% or
lower.

Dry formulations of glyphosate herbicides, like the corresponding liquid
{normally aqueous) formulations, typically contain one or more surfactants in addition
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to the glyphosate salt. Surfactants are important components of glyphosate
formulations because, when a glyphosate formulation is diluted, dissolved or
dispersed in water for application by spraying to foliage of plants, the surfactants
assist in retention of droplets of the spray by the foliage, adhesion of the spray
droplets to the foliar surface and penctration of the glyphosate through the
hydrophobic cuticle that covers the foliar surface, by these means and possibly in
other ways enhancing herbicidal effectiveness of the glyphosate spray. Specific
surfactant types differ greatly in the degree to which they enhance herbicidal
effectiveness of glyphosate, and it is therefore important to select a suitable surfactant
or combination of surfactants, as demonstrated by Wyrill & Bumside, Weed Science
25, 275-287, 1977.

The optimum amount of surfactant for delivering the desired herbicidal
effectiveness is typically in the range of about 0.2 to about 1 part by weight of
surfactant per part by weight of glyphosate, expressed as acid equivalent (a.c.). When
it is desired to formulate the glyphosate herbicide in dry form, it can be difficult to
load such an amount of surfactant into the formulation without the formulation
becoming sticky, having a tendency to cake or lacking good pouring or flow
properties.

At least three approaches are known in the art to overcoming the problems of
providing a sufficient amount of surfactant in a dry glyphosate formulation. The first
and most straightforward is to add an inert particalxte carrier that can absorb or adsorb
the surfactant to a sufficient dogree to avoid the problems mentioned above. The
carrier can be insoluble but dispersible in water, as in the case for example of
particulate silica, or it can be soluble in water, as in the case for example of
ammonium sulfate, However, the addition of such a carrier inevitably reduces the
maximum loading of glyphosate berbicide that can be accommodated in the
formulation snd for this resson adds substantially to the cost per unit of glyphosste
a.e. of the resulting formulation. In this regard it should be recognized that the cost of
processing is a significant clement in the cost of a dry formulation, and the cost of
processing is dictated by the volume of product produced. A product that has to be
produced in high volume because its loading of active ingredient is low therefore
suffers a significant penalty in cost per unit of active ingredient.
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A second approach, as illustrated by U.S. Patent No. 4,931,080 to Chan &
Dijafar, is to select a surfactant that is solid at ambient temperature, In this approach
the surfactant is melted before mixing with particulate glyphosate herbicide and water,
so that upon drying and cooling the surfactant solidifies to form a matrix surrounding
the herbicide particles. There is no need for an inert carrier. Unfortunately the list of
surfactants that are solid at ambient ternperature excludes many surfactants that are
among the most effective in potentiating glyphosate herbicidal activity.

A third approach, therefore, as illustrated by U.S. Patent No. 5,656,572 to
Kuchikata ef a/. (the *572 patent), is to select a surfactant that is liquid at ambient
temperature and to ensure that the giyphosate herbicide particles themselves absorb or
adsorb a sufficient amount of surfactant to avoid the problems of stickiness, caking
and poor flowability. The *572 patent teaches that this can be achieved most readily if
the surfactant selected is one that gels when added to water. However, it is also clear
that the absorption and/or adsorption properties of the glyphosate herbicide particles
greatly influence the amount of a liquid surfactant that can be included ina
formulation.

Ammonium glyphosate is the preferred salt for use in preparing dry glyphosate
formulations for a number of reasons, but perhaps mainly for the reason that
ammonium glyphosate is relatively non-hygroscopic. Salts favored for preparation of
aqueous formu]ations, such as the isopropylammonium salt or the trimethylsulfonivm
salt, are very difficalt to dry down to a crystalline state and, once dry, have a strong
tendency to reabsorb water. The sodium salt, disclosed to be useful in dry glyphosate
herbicide formnlations for example in International Patent Application No. WO
87/04595, is much less hyproscopic than these salts but nonetheless requires
packaging with a very water-impermeable material to avoid absorption of water vapor
from the atmosphere and consequent loss of free-flowing properties. U.S. Patent No.
5,324,708 to Moreno ez al. discloses a process for preparing a non-hygroscopic
monoammonium glyphosate; however, dry ammonium glyphosate prepared by any
known process is adequatoly non-bygroscopic for most practical purposes.

U.S. Patent No. 5,266,553 to Champion & Harwell discloses a process for
preparing a dry water-soluble composition comprising a salt of a herbicidal compound
that includes a carboxylic acid functionality. This process comprises forming an
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aqueous solution or slurry of such a salt by reacting the herbicidal compound with a
neutralizing base in the presence of water, and thereafter removing the water to
provide the dry salt. The process is directed particularly at substituted benzoic acid
herbicides and phepoxy-substituted carboxylic acid herbicides, but is said to be useful
also for glyphosate. As indicated below, dry ammonium glyphosate powder prepared
by a slurry reaction process has proved generally unsuitable for downstream
formulation with surfactant.

Commercial herbicides in the form of dry water-soluble granules containing
ammonium glyphosate together with a liquid surfactant include Roundup® Dry,
Roundup® Max and Rival® herbicides, marketed by Monsanto Company in several
countriés.

Numerous granulation processes have been disclosed that are suitable for
preparing water-soluble or water-dispersible granules of ammonium glyphosate with a
liquid surfactant. One such process is pan granulation. However, a more widely used
granulation process for a dry ammonium glyphosate formulation is extrusion
granulation. An example of such a process is one that is broadly as described in
British Patent No. 1 433 882 (“the *882 patent™), except that the primary active
ingredient, namely ammonium glyphosate, is water-soluble rather than water-
insoluble as in the process of the *882 patent. In this illustrative process, ammonium
glyphosate is mixed with surfactant and a amall amount of water to form an
extrudable wet mix, which is then extruded to form strands of extrudate that break
spontaneously at the point of extrusion or shortly thereafter to form short cylindrical
granules, which are then dried. Drying is preferably conducted in a fluid-bed dryer.
Tho amount of water in the wet mix is critical to the operation. If the mix is too wet,
the strands of extrudate do not readily break to form discrete granules. In addition, the,
extrudate strands tend to stick together and/or form lumps. If the mix is too dry, the
resulting granules are friable and tend to generato a significant amount of fine
particulate material during drying or later, during handling of packaged granules.
Optionally a rolling or tumbing step canbeinsengdbetweenaxtrudingmddrying. 8s
taught in U.S. Patent No. 5,443,764 to Lloyd, to improve uniformity of granule size
and shape.

The process by which the ammonium glyphosate, used as an intermediate in
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making the finished formulation, is prepared has been found to affect to a great degree
the absorptive and/or adsorptive properties of particulate ammonum glyphosate with
respect to a liquid surfactant. The absorbency and adsorbency properties of the
ammonium glyphosate particles are especially important where, as is desirably the
case, an extrusion process such as that disclosed in the above-referenced *882 patent is
to be used in preparing the finished formmlation.

Solid-state reaction of glyphosate acid and ammonium bicarbonate, as
disclosed for example in the above-referenced *572 patent, tends to produce a
particulate ammonium glyposate having sufficient absorbency and/or adsorbency to
permit satisfactory formulation with ap to about 25% by weight of a liquid surfactant
such as polyoxyethylenc tallowamine. By contrast, reaction of &n aqueous shury of
glyphosate acid with anhydrous ammonia or aqueous ammonia (ammonium
hydroxide) tends to produce relatively non-absorptive or non-adsorptive ammonium
glyphosate particles.

Becanse anhydrous and aqueous ammeonia are much lower-cost sources of the
ammonium cation than ammonium bicarbonate, numerous efforts have been made to
develop processes wherein glyphosate acid is reacted with anhydrous or aqueous
ammonia, yet wherein the resulting ammonium glyphosate is suitable for downstream
formulation with surfactant, especially a liquid surfactant. To date, success has been
achieved only when the reaction occurs in the presence of very small amounts of
water, for example about 7 parts ar less by weight of water per 100 parts by weight of
dry ingredients. U.S. Patent No. 5,614,468 to Kramer ef al. discloses such a process
wherein solid particulate glyphosate acid is reacted with aqueous ammonia, and U.S.
Patent No. 5,633,397 to Gillespie et al. discloses such a process wherein solid
particulate glyphosate acid is reacted with anhydrous ammonia gas.

Processes wherein the acid-base reaction takes place in an aqueous medium,
generating a concentrated aqueous solution of ammonium glyphosate, are easier to
control than the above solid-state processes. In addition, the exothermic naturs of the
reaction gives rise to a need for dissipation of heat, which presents much fewer
problems in an aqueous medium because of the much greater ease of ensuring
adequate mixing and thereby heat exchange than is possible in a solid-state process.
There is therefore a long-felt need in the art to develop an aqueous slurry process for
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making ammonium glyphosate wherein the ammonium glyphosate produced is
suitable for downstream formulation with sufficiont surfactant, in particular sufficient
liquid surfactant, to provide a dry powder or granular formulation having a high
degree of herbicidal effectiveness yet exhibiting good properties of storage without
caking and good properties of flowability.

The present invention provides just such a process.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 shows a process flow diagram of a process of the invention.

SUMMARY OF THE INVENTION

There is now provided a process for preparing ammonium glyphosate powder
comprising (a) mixing @) solid particulate glyphosate acid, (ii) water in an amount of
about 0.5 to about 3 parts by weight per part by weight of glyphosate acid, and (iii) a
base that supplies ammonium cations, in an amount of about 0.8 to about 1.25 mole
equivalents of ammonia per mole of glyphosate acid, to form an aqueous reaction
medium; (b) allowing the glyphosate acid to react with the base in the reaction
medium to form a reaction product comprising a concentrated aqueous solution of
ammonium glyphoszate; (c) drying the reaction product to recover a particulate solid;
and (d) accelerating the particulate solid in a turbulent high-velocity gas stream, to
form by particle-particle attrition an ammonium glyphosate powder having a mean
particle size of about 5 to about 20 pm.

Preferably the order of mixing in step (a) is to mix solid particulate glyphosate
acid and water with agitation to form a sluiry, and thereafter to add to the slurry, with
continued agitation, the base that supplies ammonium cations.

Preferably step (c) comprises drying the reaction product by contact thereof
with a heated surface to form a solid deposit on the heated surface and thereafter
recovering the solid deposit in a particulate solid form.

In a further embodiment of the invention, a process is provided for preparing a
dry granular formulation comprising ammonium glyphosate and one or more
surfactants, comprising steps (a) to (d) as described immediately above, followed by
(e) mixing about 75 to about 90 parts by weight of the ammonium glyphosate powder
with about 10 to about 25 parts by weight of one or more surfactants, and with about 3
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to about 10 parts by weight of water per 100 parts by weight of ingredients other than
water, to form an extrudable wet mix; (f) a granulsting step that comprises extruding
the wet mix to form extrudate strands that break to form moist coherent granules; and
(g) drying the granules to produce the dry granular formulation. Optionally the
process comprises a further step (h) of classifying the dried granules to remove or
recycle granules, fragments of granules and aggregates of granules that are outside a
desired size range.

Preferably the extrudable wet mix formed in step () is of a consistency such
that the extrudate strands formed in step (f) break spontaneously upon extrusion to
form the granules. However, optionally step (f) finther comprises breaking or cutting
the extrudate strands to form the grannles. 'Whether or not step (f) comprises such a
breaking or cutting operation, optionally step (f) comprises rolling and/or tumbling the
moist grarmules to impart to the granules a more spherical shape and greater uniformity

of gize.

DETAILED DESCRIPTION OF THE INVENTION
In the first step of a preferred process of the invention, i.e., step (a) as defined

above, 1 part by weight of solid particulate glyphasate acid is added to about 0.5 to

about 3 parts by weight of water and sufficient agitation is applied thereto to form a
thary. The glyphosate acid is preferably evenly dispersed in the shurry, but
agglomeration of glyphosate acid particles into small aggregates is generally not
detrimental. The relative amounts of water and glyphosate acid used to make the
slurry are not narowly critical within the range indicated above. However, it is
gencrally desireble to produce, in step (b) that follows, an ammanium glyphosate
solution of a high concentration, for example about 40% to about 60% by weight; this
rcans that in step (a) for every 100 kg (on a dry basis) of glyphosate acid in the slurry
it is desirable 1o have about 73 o sbout 165 kg of water. '

Any grade of particulate glyphosate acid can be used. Technical grade
glyphosate acid, for example in the form of wet cake having about 8% to about 12%
moisture content, has been found to be suitable, but if desired the glyphosate acid can
be pre-dried end/or pre-ground. Where an amotnt or concentration of glyphosate acid
or of ammonium glyphosate is specified herein, it is to be understood to exclude
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moisture that may be present but to include minor amounts or concentrations of
impurities. Typically technical grade glyphosate acid wet cake has a glyphosate assay,
on a dry basis, of about 95% or higher, indicating that such impurities constitute less
than about 5% by weight of technical grade glyphosate acid.

Other materials can optionally be added to or present in the shurry. For
example, a small amount of sodium sulfite can be added to inhibit nitrosamine
formation. Agitation is required to make and keep the shurry homogeneous; this can
be supplied by any suitable means.

Dlustratively, a slurry can be made by placing 75 kg water in a tank, and
adding, with agitation, 100 kg glyphosate wet cake at 10% moisture content and, if
desired, 0.4 kg sodium sulfite.

In the same preferred process of the invention, a base that supplies ammonium
cations ig then fed into the slurry tank containing the glyphosate acid so as to cause, in
step (b), an acid-base reaction forming ammonium glyphosate. Any base that supplies
smmonium cations can be used, including ammonium carbonate and ammonium
bicarbonate. However, it is generally preferred to use aqueous or anhydrous
ammonia. If aqueons ammonia (i e., ammonium hydroxide) is used, the amount of
water supplied by the aqueous ammonia further dilutes the shurry. Typically aqueous
ammonia contains about 29% by weight ammonia and can therefore be considered to
supply about 71% of its weight as water. This should be factored into the calculation
of the amount of water to be used in making the glyphosate acid slurry. Anhydrous
ammonia can be supplied in the liquid or gaseous state.

Although the mixing and reaction steps (8) and (b) respectively are described
herein for convenience and clarity as separate steps, it will be recognized by those of
skill in the art that the acid-base reaction commences as soon as the first portion of
acid and base come together in the aqueous reaction medium. Indwd,th.en-ncﬁoncun
My be substantially completed by the time addition of the base to the slurry is
completed. '

Preferably aqueous or anhrydrous ammonia is added in an approximatety
stoichiometric amount to result in the formation of monoammonium glyphosate. If
less than 1 mole equivalent of ammonia is added per mole of glyphosate acid, a
fraction of the glyphosate acid will remain unneutralized. If this fraction is small, for
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example less than about 20%, resulting in the Me of at least about 4 moles of
ammonium glyphosate per mole of unneutralized glyphosate acid, it is generally not

unacceptable.

On the other hand, if more than 1 mole equivalent of ammonis is added per
mole of glyphosate acid, a fraction of the glyphosate can be considered to be present
in the form of the diemmonium salt. Subsequent drying of the reaction product will,
in such & situation, tend to lead to volatilization of ammonia. For this reason the
amount of ammonia added in step (a) should be kept below about 1.25 mole
equivalents per mole of glyphosate acid. However, it is preferred that about 0.95 to
about 1.05 mole equivalents of ammania are added per mole of glyphosate acid.

The reaction of ammonia with glyphosate acid is exothermic. Continued
agitation of the slurry in step (b) is important to provide efficient heat transfer as well
as to ensure a complete and uniform reaction. With conversion of glyphosate acid to
smmonium glyphosate, the glyphosate becomes solubilized in the water. The product
of the reaction step therefore comprises a concentrated aqueous solution of
ammonium glyphosate. A “concentrated” aqueous solution of ammonium glyphosate
herein means a solution containing at least about 20%, preferably at least about 40%,
and more preferably at least about 55%, by weight of ammonium glyphosate. The
upper limit is the limit of solubility of ammonium glyphosate in .;vater, which is
temperature dependent.

While the reaction product comprises such a concentrated aqueous solution, it
can also contain undissolved solid particles, in which case the reaction product is
more accurately described as a shury. Such undissolved solid particles can be of
ammonium glyphosate or of unneutralized glyphosate acid.

It is preferred to maintain the reaction product at an elevated temperature, for
example about 65°C to about 85°C, for maximum solubility of the ammonium
glyphosate,

The next step of the process, i.e., step (c) as defined above, comprises drying
this reaction product. Any known method of drying a shniry or concentrated solution
can be used; however it has been found, as illustrated by Example 1 herein, that
drying can advantageously be performed by contact of the reaction product with a
heated surface to form, primarily by evaporation of water, a solid deposit on the

9
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heated surface. Drying methods other than those involving contact with a heated
surface, for example flash drying and spray drying methods and modifications thereof,
have generally produced unsatisfactory results in terms of process efficiency.

The heated surface i3 preferably the surface of a cylinder such as a drum or
roller, and is preferably a metallic surface providing good heat conductivity while
being not subject to corrosion in contact with the reaction product of step (b).

Suitable metallic surfaces are provided, for example, by stainless steel or chromium
plate. In the case of a cylinder, heat is preferably provided to the surface from a heat
source or vector in the interior of the cylinder. Superheated steam has been found to
be a suitable heat vector. The temperature of the heated surface can be controlled by
adjusting the pressure under which the superheated steam is supplied to the cylinder;
pressures from about 250 to about 1000 kPa can illustratively be applied, but
preferably the steam pressure is zbout 500 to ebout 900 kPa. Higher steam pressures
within these ranges, generating higher surface temperatures, tend to lead to faster and
more complete drying. Temperatures should not be so high, nor residence time of the
solid deposit on the heated surface so long, that the glyphosate undergoes thermal
decomposition, a process that occurs at 200-230°C as described by J. E. Franz ef al. in
American Chemical Society Monograph 189, Glyphasate, a Unique Global
Herbicide, 1997, pp. 27 and 244. Some volatilization of ammonia can be expected
during the drying step, but provided temperature of the heated surface is not excessive
and residence time is not too long, such volatilization is generally minimal and
presents no problems.

Where the drying step involves atomization of the reaction product in a heated
gascous medium, as in flash drying or spray drying, the resulting solid is automatically
recovered in a particulate form. However, in the case of contact drying es described
immediately above, 2 solid deposit forms on the heated surface and this has to be
recovered for example by scraping the deposit off the surface. Typically sucha
scraping action breaks the solid into a particulate form such as flakes, coarse powder
or granules, or individual crystals. When the drying step is performed efficiently the
moisture content of the particulate solid is typically below about 3% by weight and is
preferably below about 1.5%, more preferably below about 1%, by weight.

It will be clear to those of skill in the art from the above description that the

10
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type of apparatus known as a drum dryer or roller dryer can provide the requisite
heated surface for step (c) of the present process. It will also be clear that other types
of apparatus having a heated surface can likewise be suitable. The following
description of the use of a drum or roller dryer apparatus in performing step (c) of the
process is not to be construed as limiting the invention to use of such apparatus for
performing this process step. Drum or roller dryers are described, for example, in
Encyclopedia of Chemical Processing and Design, Ed. J. J. McKetta, Vol. 17, Pub.
Marcel Dekker, Inc., 1983, pp. 17-19; in Ullmann ‘s Encyclopedia of Industrial
Chemistry, 5th Edition, Vol. B2, Pub. VCH, 1988, pp. 4.25-4.27; and in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Vol. 8, Pub. John Wiley & Sons,
1993, pp. 512-514. Other designs of contact dryers that can be substituted if desired
are described in these publications. i

Drum dryers can have a single rotating heated drum or, more suitably for the
present process, two parallel heated drums that rotate in contrary senses, ane
clockwise and the other counterclockwise. The axis of rotation is normally horizontal
or very nearly horizontal, In operation the surfaces of the parallel drums are separated
from each other by a very narrow, generally adjustable, gap known as the “nip”, The
width of the gap, known as “drum clearance”, at the nip is typically set at about 2 to
about 10 mm, preferably about 3 to about 7 mm. Preferably the drums rotate in such a
way that the surfaces converge above the nip, thereby feeding any material deposited
on either or both surfaces into the nip.

In performing step (c) of the present process in such a drum dryer, the reaction
product of step (b) is fed on to the converging surfaces of the parallel drums. Feeding
of the reaction product can be by spraying, but greater efficiency is generally obtained
by permitting the reaction product to flow from a pipe, the tip of which swings like a
pendulum over the converging surfaces of the droms and over the nip. Rotational
speedofthednmsandtunpaameofthemﬂcwmeomuedsoasto-peﬁnit
evaporation of most of the water in the reaction product above the nip. Further drying
takes place in and below the nip, resulting in a thijn, more or less contimous, solid
deposit that adheres to the surfaces of both drums. It has been found that the process
operates most efficiently when drying above the nip is such as to result in
accumulation of a thick mash in the nip.
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In a typical drum dryer, & stationary scraper blade is disposed parallel to the
axis of each drum, a scraping edge of the blade contacting the surface of the drum.
The blade is angled so that the scraping edge is oriented against the rotational
movement of the drum surface. As the drum surface moves agzinst the scraping edge
of the blade, any solid deposit thereon is removed from the surface and falls or is
transported to a hopper or other collecting vessel. Typically during scraping the solid
material breaks into small flakes.

Precise location of the scraper blades relative to the nip of the drums is not
critical, but it is generally desired for maximum drying to permit a fairly long period
of contact of the solid deposit with the heated surfaces of the drums, and for this
reason a suitable placement for the scaper blade for each drnum is approximately
diametrically opposite the nip, ie., about 180° from the nip in the sense of rotation of
the dnum, or slightly above that location. A typical placement is about 180° to about
220°, for example about 200°, from the nip. :

The flakes of solid material produced by scraping the solid deposit off the
heated surface can constitute the particulate solid matexial that proceeds to step (d) of
the present process. However, such flakes tend to give rise to low bulk density and
are often not efficiently processed in step (d). For this reason, it is preferred after
recovery of the dried material to grind the flakes to form the particulate solid material
to be used in step (d). Such an optional grinding step is herein referred to as “pre-
grinding” to distinguish it from the further sizo reduction that occurs in step (d).

Pre-grinding can be performed in any suitable apparatus, nonlimiting examples
being mechanical grinders such as a pin mill or a hemmer mill. Particle size of pre-
ground materia} is not critical so long a5 the material is suitable for feeding to the
apparatus described below for step (d). _ _

The step of forming ammonium glyphosate powdﬁhavingmeanparﬁc-le- size
of about 5 to about 20 pm, i.e., step (d) of the process of the invention as defined
above, is the aspect of the process that requires most careful attention. It has
surprisingly been found that, of all the types of apparatus known in the art for particle
size reduction to below about 20 pm, most are unsuitable in the present process, for
reasons of process efficiency, product quality for downstream formulation, or both. It
has been found unexpectedly critical to use an apparatus in which the particulate solid
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from step (c) is accelerated in a turbulent high-velocity gas strearn, wherein
ainmonjum glyphosate powder of the desired particle size is generated primarily by
particle-particle attrition.

A suitable apparatus is a fluid enesgy mill or jet mill as described, for example,
in Encyclopedia of Chemical Processing and Design, BA. J. J. McKetta, Vol. 50, Pub.
Marcel Dekker, Inc., 1995, pp. 433-435; in Ullmann 's Encyclopedia of Industrial
Chemistry, 5th Edition, Vol. B2, Pub. VCH, 1988, pp. 5.33-5.35; in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Vol. 22, Pub. John Wiley & Sons,
1997, pp. 291-293; and in Perry’s Chemical Engineer s Handbook, 7th Edition, Pub.
McGraw-Hill, 1997, pp. 20.47-20.48, Such apparstus is to be distinguished from a
mechanical mill wherein comminution of particles accurs primarily by impact of
hammer or beater clements or pins. Some mechanjcal mills have integral air .
classifiers, in which air flow is used to segregate perticles of different sizes; however
in such mills, sometimes called air classifying mills, particle-paiticle aftrition that
occars in the air flow is secondary to mechanical impact in reducing particle size. Air
cleasifying mills have not been found snitable for use in step (d) of the present
process, although they can be used for a pre-grinding operation as outlined above.

In fluid energy or jet milling, the ultimate particle size achieved depends on’
initial particle size and on residence time in the mill, the latter depending in turn upon
feed rate. The smaller the initial particle size, the greater is the feed rate at which the
mill can be operated to produce finished particles of a given mean size. As fluid
energy mills have much higher energy consumption than mechanical impact mills, it
is generally more cconomical to pre-grind in 3 mechanical impact mill as described
above, and complete the size reduction operstion in the flnid energy mill.

The tasbulent high-velocity gas stream in the fluid energy or jet milling
operation can be a stream of air, or altemmatively nitrogen or another gas. Good mﬁlts
bave been obtained using sir, supplied at a pressure of about 100 psig (690 kPa).

Within the ultimate size range of about 5 to about 20 um specified herein, the
smaller the particle size the more suitable is the apunonium glyphosate powder for
downstream formulation. This is probably due in part to the progressive increase in
surface area available for adsorption of surfactant as mean particle size becomes
smaller. Preferably, therefore, the ammoniwmn glyphosate powder produced in step (d)
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of the present process has a mean particle size of abaut 5 ta ahaut 15 pm, more
preferably about 5 to about 10 pm. Alternatively, the ammonium glyphosate powder
produced in step (d) preferably has a specific surface arca of about 1.25 to about 3
m®/g, more preferably about 1.5 to about 3 m*/g. Ideally, the ammonium glyphosate
powder produced in step (d) has a mean particle size of about 5 to about 7 ym and a
specific surface area of zbout 2.25 to about 3 m*/g.

It should be noted, howevez, that while small particle size, probably through
the attendant large surface area, appears to be a necessary condition for good
downstream processability as described herein, it is not a sufficient condition.
Particles within the requisite size range have been made, for example by drum drying
followed by mechanical impact milling, that have been found imsnitable for
downstream farmulation. It is not at present understood why particles formed
primasily by particle-particle impact, as in » fluid energy or jet mill, ahould have more
suitable properties for downstream formulstion than similarly sized particles formed
by other means. _ .

An embodiment of the present invention provides a process wherein
ammonium glyphosate powder prepared by steps (a) to (d) is further processed with
surfactant to make a granular formulation by steps (€) to (g) and optionally step (b) as
defined above. These steps (€) to (h) ere known in the art, but have not previously
been successfully applied to an ammonium glyphosate powder produced by a process
involving reaction of glyphosate acid and ammonia in 2n aqueous slurry. It appears
that the use in step (d) of a turbulent high-velocity gas stream ta effect particle size
reduction is the key to enabling ammonium glyphosate from a slurry process to be
produced cfficiently and economically in a form suitable for further processing via
steps (¢) to (g) and optionally (h). :

In the first step of the downstream formulation process, ie., step (¢) of a
process of the present invention, ammonium glyphosate powder produced by steps (a)
to (d) are mixed in an amount of about 75 to about 8BS parts by weight with about 15 to
about 25 parts by weight of one or more surfactants, and with about 3 to about 10
parts by weight of water per 100 parts by weight of ingredients other than water, to
form an extrudsble wet mix having a weight ratio of total surfactant to ammoniwm
glyphosate of about 1:9 to about 1:3. The surf:‘i‘ctmt typically helps to condition the
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paste to form an extrudable wet mix; however, a major function of the surfactant is to
enhance herbicidal efficacy of the finished product. The surfactant component can
consist of a single type of surfactant, or it can comprise two or more surfactant
materials. Where two or more surfactant materials are used, they can be added
individually to the ammonium glyphosate or they can be first blended together and
then added in mixture. Other materials, including water and/or glycols, can optionally
be admixed with the surfactant or surfactants prior to addition to the ammonium
glyphosate.

Any class of surfactant can be used; however, it is generaily preferred that at
least one surfactant added in step (b) is cationic or amphoteric. An exception is the
class of surfactants known as alkyl polygiycosides (APGs), which are nonionic but
which are also among preferred surfactants for use in the present invention. Among
illustrative classes of cationic and amphoteric surfactants useful in the invention are
alkylamines, alkylammonium saits, alkylamine oxides, alkylbetaines,
alkyletheramines, alkyletherammonium salts and alkyletheramine oxides.
Polyoxyethylene derivatives of such cationic and amphoteric surfactants are
particularly preferred. The term “alkyl™ is used in the present context to denote one or
more linear or branched, saturated or wmsaturated hydrocarbyl chains having about 8 to
about 22 carbon atams.

This mixing can be done in any suitable vessel such as a kneader. If more than
one surfactant is to be included, the surfactants can be pre-blended. The surfactant or
surfactant blend is preferably added in a liquid state; even in the case of a liquid
surfactant it is generally helpful to heat the surfactant to bring it into a readily
flowable condition before adding it to the ammonium glyphosate. Solid surfactants
can be added in the solid state or alternatively can be heated to a temperature above
their melting point and added in the liquid state. Prefared surfactants are those that
are individually liquid or in a flowable state, in the absence of water or other solvent,
at 25°C.

The amount of water added in step (e) is important. There is an optimum
range for amount of water added that varies depending on the absorption and/or
adsorption characteristics of the ammonium glyphosate powder. For a powder having
very favorable absorption and/or adsorption characteristics, the optimum range can be
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as wide as from about 3 to about 10 parts by weight of water per 100 parts by weight
of ingredients other than water. Above this optimum range, the resulting wet mix
tends to become sticky, with the result that upon extrusion the extrudate or granules
formed therefrom tend to agglomerate. Below the optimum range, the mix tends to be
difficult to extrude and the extrudate or granules formed therefrom tend to be
excessively friable.

If the powder has less favorable absorption and/or adsorption characteristics,
the optimum range for amount of water added is typically narrower; in particular the
upper limit of the optimum range is lower. If the powder is intolerant of any amount
of water in excess of about 5 parts by weight per 100 parts by weight of ingredients
other than water, it is generally unsuitable for downstream formulation by an
extrusion granulation process as described herein. )

In step (&), mixing is continued until a homogeneous wet mix, preferably

' having a dough-like consistency, is obtained. Ingredients otherthan those mentioned

above can be added if desired during the mixing step. .

The next step, ie., step'(f)ofapmcessofthepresentinvenﬁonasdeﬁned
sbove, is a granulating step that comprises extruding the wet mix to form extrudate
strands that break to form moist coherent granules. Extrusion is preferably carried out
using a low-pressure radial or twin-dome extruder, The wet mix is extruded through
screens having apertures preferably of diameter about 0.5 to about 2 mm, more
preferably about 0.6 to about 1.2 mm. "Iheex&udateemagingﬁomthem
initially forms elongated strands which tend to break spontaneously to form short
cylindrical granunles. If the strands do not break readily it may be necessaryto add a
cutting device at the extruder head; however, if the ammonium glyphosate powder has
the desired absorption and/or adsorption properties and the amount of water added is
within the optimum range as described above, a cutting operation is usually not

‘necessary.

Immediately after extrusion, the granules are moist and coherent, but are not
sticky and do not agglomerate. At this point the granules can, if desired, be subjected
to a rolling or tumbling action, for example in a tumbler or spheronizer, to give them a
more rounded shape and to make them more uniform in size.

The next step, i.e., step (g) of a process of the present invention as defined
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above, involves drying the granules. Any known drying method can be used, but a
preferred method is fluid bed drying. The granules are preferably dried to a moisture
content below about 1%, more preferably below about 0.5%, by weight.

At this point the dried granules can be packaged, but it is generally preferred to
classify the granules, for example by sicving, to retain only those in a desired size
range. This is optional step (h) of a process of the present invention as defined above.
An illustrative size range to be retained is larger than 40 mesh (about 0.6 mm) and
smaller than 5 mesh (about 5 mm). Over- and under-gized granules or fragments or
apgregates thereof can be recycled by adding them to the wet mix prior to extrusion.

EXAMPILES
The following Examples are provided for illustrative purposes only and are not
intended to limit the scope of the present invention. The Examples will permit better
understanding of the invention and perception of its advantages and certain variations

of execution.

Example 1
In a program of evaluation of drying methods for a concentrated ammonium

glyphosate solution such as is produced by reacting glyphosate acid with aqueous or
anhydrous ammonia in a slurry, the following systems and apparatus were tested:
A. Flash drying in a Pulvocron™ PC-20 air classifying mill (Hosokawa
Bepex Corp., Minneapolis, MN). X
B. Spray drying in a2 Unison™ (Hosokawa Bepex Corp., Minneapolig, MN)
spray dryer.
C. Spray drying in a spray dryer (APV Anhydro, Copenhagen, Denmark).
D. Spray drying in a fluidized bed spray dryer (AF'V Anhydro, Copenhagen,
Denmark).
E. Contact drying with a 24 inch x 24 inch (600 mm x 600 mm) Buflovak™
atmospheric double drum dryer (Blaw Knox Corp., Buffalo, NY).
A. Flash drying '
To simulate the reaction product of a glyphosate acid shury with ammonia, a
56% by weight ammonium glyphosate solution was prepared by dissolving dry
ammonium glyphosate, technical grade (MON .8750 of Monsanto) in water. To
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ensure dispersion of undissolved solids, drums containing the ammonium glyphosate
solution were agitated on a drum roller for about 90 minutes prior to the flash drying
tests.

The liquid anmmonium glyphosate solution was fed to a Pulvocron™ PC-20 by
a Moyno pump at feed rates ranging from 63.5 to 204 kg/h in individual tests. In the
Pulvocron the liquid was met by air heated to a temperature ranging from 89°C to
268°C at an air flow rate ranging from 23 to 36 m*/minute in individual tests. Beater
plates in the Pulvocron threw the liquid against a segmented liner while the hot air
flashed off the water. Various combinations of beater plates were installed in
individual tests.

In all tests, build-up of dried solid material occurred on the walls and beater
plates of the Pulvocron, eventually plugging the system and preventing discharge of
dry product. No improvement was noted even with removal of the air classifier from
the Pulvocron in an effort to improve discharge. Back-mixing of already dried
material with the liquid feed also did not help.

B. Spray drving with Unison dryer

In prior tests with conventional spray dryers fitted with centrifugal atomizers,
the liquid was sprayed towards the walls of the spray drying chamber, where dried -
material accumulated. None of the dried material was dischargéd. By contrast, the
Unison™ spray dryer uses a pulsed combustion systmt:;provide a sonic wave that
atomizes a liquid feed. This atomization results in a more gentle release of the liquid
feed into the chamber, with less tendency for contact with and therefore adhesion of
dried material to the walls.

The dryer tested had a spray drying chamber having an upper cylindrical
section of diameter 1.8 m and height 4.3 m, and a lower 70° conical section of height

~ 2.1 m. Heated air and liquid feed were introduced at the top of the chamber and air

and dried product discharged through a 300 mm diameter duct at the bottom. Dried
product was fed to a cyclone scparator and baghouse for collection.

As feed liquids for testing this system, ammonium glyphosate solutions were
prepared by dissolving MON 8750 in water as for the flash drying test above. A 50%
by weight ammonium glyphosate solution was prepared for one test, while for other
tests aqueous slurries were used containing ammonium glyphosate above its limit of

18



G6G62L0"° TE29hTO9

10

15

20

30

00128
3921(3775)A

solubility. These shurries contained 60% or 70% total “solids”, i.e., including
dissolved ammonium glyphosate.

The liquid feed was preheated to 32°C, 66°C and 74°C in individual tests. Air
temperature was about 255°C. Feod rate was set 1o 182 kg/h. It was found that the
70% ammonium glyphosate slurry was too viscous to feed efficiently, while the 50%
ammonium glyphosate solution, when used as the feed, resulted in rapid build-up of a
hard-to-remove glassy material on the chamber walls. It is believed that absence of
solid particles in the feed inhibited rapid crystallization of the ammonium glyphosate,
resulting in the glassy deposit.

By contrast, the 60% ammonium glyphosate slutry, preheated to 32°C or 66°C,
gave effective spray drying. Yiclds were 90% and 77% respectively. Some build-up

- of white pawdery material was observed on the walls, particularly in the lower conical

section near the discharge outlet, but this was insufficient to adversely affect the spray
drying operation. Moisture content of the product ranged from1.4% to 1.7% by
weight. )
In a repeat test using 60% shurry at 66°C, the discharge outlet became plugged
with loose and friable material and the system shut down after 40 minutes.

The spray dryer tested at APV had a centrifugal atomizer and a built-in air
broom to cool and sweep the walls and bottom of the spray drying chamber. The
chamber was cylindrical, 3.0 m in diameter and 3.0 m high, with a flat bottom. Liquid
feed and air were introduced at the top and dried product discharged at the bottom.
Product was fed to e cyclone separator and baghouse for collection.

The liquid feed for all tests of the APV spray dryer was a 60% ammomium
glyphosate slurry, prepared exactly as for the Unizon test above.

Regardless of feed rate, air temperature and sir flow to the air broom, product
dried in the APV spray dryer fuiled to discharge. It was concluded that his apparatus
was not suitable for drying ammonium glyphosate.

D. ing with APV fluidi '
The dryer used for these tests had a spray drying chamber having an upper
cylindrical section of diameter 1.5 m and height 1.5 m and a lower conical section of
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height 0.9 m, discharging to a fluidized bed immediately below. Discharge from the
fluidized bed was from the bottom via a rotary air Jock. Material was fed from the
fluidized bed to a cyclone separator, from which fine particles were recycled to the
conical section of the drying chamber.

The same 60% ammonium glyphosate slury was used as in the previous tests
above. Air inlet temperature in the spray drying chamber was 215°C and in the
flnidized bed 100°C. About 30 kg ammonium glyphosate powder was added to the
fluidized bed to prime the system.

Dried product failed to discharge from the spray drying chamber to the
fluidized bed because of accumulation and bridging in the conical section of the
chamber. It is believed that design modifications could alleviate this problem,;
however, from all tests conducted it was concluded that spray drying was not the most
appropriate method of converting an ammonium glyphosate solution or slurry fo dry

powder on a manufacturing scale.

E. Drum drying

E-1: Feasibility test

Before attempting to dry ammonivm glyphosate in the 24 inch x 24 inch
Buflovak™ atmospheric double drum dryer, 2 feasibility study was conducted using a
6 mch x 6 inch (150 mm x 150 mm) laboratory model. The dimensions (e.g., 6 inch x
6 inch) relate to the diameter and length of each drum. The 6 inch x 6 inch laboratory
model has a total drum surface area of about 1.57 square feet (0.145 m?), which
represents about 6.3% of the surface area of a 24 inch x 24 inch model, ie., about 25
square feet (2.31 m?).

For the feasibility study, a 49% by weight ammonivm glyphosate solution was
prepared by dissolving MON 8750 in water. When fed to the drum dryerata
temperature of 50°C, the solution was successfully dried to flakes having a moisture
content of 1.2%. A production rate of 10.6 ke/m?/h was calculated.

E-2: Firgt scale-up test scries

For this series of tests, a 59-60% by welgl;t ammonium glyphosate slurry was
prepared by dissolving MON 8750 in water. About 2-5% of the ammonium
glyphosate remained undissolved. The slurry was fed to 2 24 inch x 24 inch double
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drum dryer at a temperature of 74°C, using a pendulum feed system. Both dnuns
were interally heated using superheated stcam, initially at a pressure of 95 psig (656
kPa), and were rotated initially at 3 rpm. In a un of about 10-15 minutes, flakes of
dry ammonium glyphosate of good appearance were produced having a moisture
content of 1.1%, at a production rate of 28.5 kg/m?/h.

Data for this and other s, each of about 10-15 minutes, where various
parameters were varied, are shown in the table below.

1un no. 1 2 3 4 5
% ammonium glyphosate in feed | 59 59 59 60 51!
feed temperature, °C 74 69 64 88? 56
steam pressure, kPa 656 676 676 869 856
rotation speed of drums, rpm 3.0 45 6.0 50 3.5
drum clearance at nip, mm 46 43 4.3 4.4 46
production rate, kg/m?/h 28.5 436 354 | 424 30.1
% moisture content of product 1.1 0.6 0.9 0.7 0.7

! at this reduced ammonium glyphosate concentration, feed was a clear solution
2 at this increased temperature, feed was a clear solution
* mean of three samples ranging from 0.5% to 0.9% moisture content

Optimum conditions in this test series appeared to be with a 59-60%
ammonium glyphosate shury and a drum rotation speed of about4.5to 5rpm. A
longer production num, lasting about 60 minutes, was therefore made using a 60%
slurry at & feed temperature of 66°C, 662 kPa steam pressure and 4.5 rpm rotation
speed. Drum clearance at the nip was narrowed slightly to 3.0 mm. This run was very
successful, giving a product having an average moisture content of about 0.8% ata
production rete of 39.5 kg/m?/h.

E-3: Second scale-up test series
Ammonium glyphosate feed for this series of tests was made by preparing an

agueous slurry of glyphosate wet cake and neutralizing stoichiometrically with
aqueous ammonia to produce a 58% by weight solution or slurry of ammonium
glyphosate. For some tests this feed was slightly diluted with water.
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Test runs were made using the 24 inch x 24 inch drum dryer as in the previous
series. Data are shown in the table below.

run no. 1 2 3 4 5 6 7 8
duration of run, minutes 15| 60 [292| 15| 60 [ 60 | 175 | 53
% ammonium glyphosateinfeed | 58 | 58 | 58 | 54 | 54 | 54 | 56 | 56
feed temperature, °C 9% | 96 | 84 | 63 | 63 | 63 | 82 | 83
steam pressure, kPa 662 | 718 | 745 | 759 | 704 | 718 | 828 | 828
rotation speed of drams, rpm 4345|4543 | 43[40 40]30
drum clearance at nip, mm 33[43140|33(30(30]|30(73
production rate, kg/m*/h 34.0 | 38.6 | 38.8 | 32.6 | 31.9| 30.5{ 35.4 | 432
% moisture content of product 1812141614 (1410920

E-4: Third scale-up test series
Ammonium glyphosate feed for this series of tests was Me as for the
previous series but at lower concentration and at three levels of neutralization:
stoichiometric (i.e., 100% neutralization with ammonia), 102% and 104%.
. Test runs were made using the 24 inch x 24 inch drum dryer as in the previous
series. Data are shown in the tables below (nr. = not recorded).

ranno, 1|23 a]s5]6] 7
duration of run, minutes 30 j 20 | 15 15 |15 | 15 | 20
% ammonium glyphosateinfeed | 45 | 45 | 45 | 45 | 45 | 45 | 45
degree of neutralization, % 100 { 100 | 100 | 102 | 102 | 102 | 102
feed temperature, °C 82 | 83 [ 82 | 97 |or | 84 | 81
steam pressure, kPa 518 | 690 | 814 | 414-| 518 | 690 | 828
rotation speed of drums,;pm’~ | 5.0 | 50 | 50 | 5.0 | 50 | 50 | 50
drum clearance at nip, mm 27 (52]67|30{30]33]36
production rate, kg/m*h 316 | 477 | 52.1 | 236 | 37.7 | 385 | 420
% moisture content of product | 2.1 | 1.8 | 13 | 34 [ 20 | 12 | 10




6662£0" TE29hTO09

10

00141

5

39-21(3775)A
run no. 8 9 1011 |12 113 )14} 15
duration of run, minutes 10} 10)10|10]|]10)20)70 ] 78
% ammonium glyphosateinfeed | 45 | 45 | 45 | 45 | 45 | a5 | 45 | 45
degree of neutralization, % 104 | 104 | 104 | 104 | 104 | 104 | 104 { 102
feed temperature, °C 80 | 89 | 88 | 86 | 86 | 80 | 83 | 82
steam pressure, kPa 414 | 414 | 518 | 690 | 807 | 821 | 690 | 690
rotation speed of drums, rpm 30)50({50|50|50(|30]/50]5.0
drum clearance at nip, mm 33133136133 ]|52]155]33]33
production rate, kglm’lh 19.5]| 26.5 | 34.233.6 | 30.1 | 35.7 | 340378
% moisture content of product 20123 (140910905 14} 1.1

E-3: Fourth scale-up test scries
Ammonium glyphosate feed for this series of tests was made by preparing an
aqueous slurry of glyphosate wet cake and neutralizing stoichiometrically with
agueous ammonia to produce solutions or slurries of ammonium glyphosats at various

concentrations,

Test runs were made using the 24 inch x 24 inch drum dryer as in the previous
series. Data are chown in the table below (n.r. = not recorded).

Iun no. 1 2 3 4 5 6
duration of run, mimites 104 | 99 | 140 | 134 | 140 | 129
% ammonium glyphosateinfeed | 53 | nr | 47 [s5964| 57 | 59
feed temperature, °C 77 | 82 | 74 | 81 | 79 | ™
steam pressure, kPa 814 | 821 | 814 | 828 | 828 | 828
rotation speed of drums, rpm 40 5.0 40 | 40 40 | 40
drum clearance at nip, mm 49 5.5 55 55 146-70| 5.5
production rate, kg/m*/h 477 | 548 | 454 | 457 | 462 | 521
% moisture content of product 16 | 13 | 15 | 12| 16 | 12

From the tests described in Example 1 herein, it is clear that drum drying is an
acceptable drying method for a concentrated ammonjum glyphosate solution prepared
by reacting glyphosate acid and ammoniz in an aqueous sturry. Further optimization
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of the drying process can readily be performed by,one of kil in the art by routine
testing,

It has been found that neither the immediate product of a spray drying step nor
that of a drum drying step is directly suitable for downstream processing by extrusion
granulation to make a surfactant-containing dry formulation. The particulate
ammoniom glyphosate generated, whether by spray drying or by contact dryingon a
heated surface, generally lacks the absorption and/or adsorption properties necessary
for such downstrezm processing to result in a granulasr product of the required quality.
In other words, proceeding directly from step (c) to step {e) as defined herein is not
likely to give satisfactory results. Step (d), the size reduction step, is essential to the
process of the present invention.

Example 2

A program of evaluation of size reduction methods for step (d) was undertaken
as sct out below, First, a test procedure was developed to evaluate suitability of the
products of various size reduction methods for downstream formulation with
surfactant via an extrusion granulation process. The procedure used the following
laboratory-scale apparatus:

* Fuji Paudal KDHJ-60 kneader

» Fuyji Paudal EXDCS-60 extruder

¢ Acromatics STREA fluid bed dryer

The procedure was adapted for two formulations. Formulation A has the
following composition on a 100% dry basis:

ammonium glyphosate (MON 8750) 80%
polyoxyethylene (20) tallowamine 20%
while Formulation B has the following composition on a 100% dry basis:
ammonium glyphosate (MON 8750) 75%
polyoxyethylene (15) N-methylstearylammonium chloride 10%
polyoxyethylene (10) dodecylphenol 10%
polyethylene glycol, average MW 8000 5%

The principle of the procedure is that a sample of particulate ammonium
glyphosate having favorable qualities for extrusion granulation with surfactant
tolerates addition of a greater amount of water to-the extrudable wet mix without
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causing the extrudate to become excessively sticky, by comparison with a sample
having unfavorable qualitics. A sample that tolerates addition, for example, of 10
parts by weight of water per 100 parts by weight of ingredients other than water (an
amount referred to herein as “10% water”), is much more suitabie for extrusion
granulation than one that tolerates only 5 parts by weight of water per 100 parts by
weight of ingredients other than water (5% water™).

The procedure for Formulation A was as follows.

10.

11,

Particulate ammonium glyphosate, 16 kg, was added to the kneader.
The water jacket of the kneader was brought to a temperature of 75°C by
circulation of hot water in the jacket.

Polyoxyethylene (20) tallowamine surfactant, 4 kg, was heated to
60-80°C in a microwave oven.

The kneader was turned on and the heated surfactant was poured slowly
{over a period of 30-60 seconds) over the particulate ammonium
glyphosate. )

Lukewarm water, 1 liter (5%), was slowly poured into the mixture of
ammonium glyphosate and surfactant.

The kneader was operated for a further 10 minutes, maintaining jacket
temperature at 75°C, to produce a dough-like wet mix.

The wet mix was removed from the kneader and fed to the extruder, set
to run at the “0.5" speed and with a 1 mm screen installed in the
extrusion head,

A small quantity of the wet mix was allowed to extrude to establish a
steady state and the extrudate thus formed was retumed to the kneader.
About 1-2 kg of wet mix was extruded. _

The appearance of the extrudate was noted. In particular, any tendency
for the strands of extrudate to break spontaneously into segments (a
desirable property) as opposed to remaining as long “stringy” noodies
was recorded, as was any tendency of the strands to stick together or to
aggregate to form lumps that did not readily separate (an undesirable
property).

The extrudate was transferred to the fluid bed dryer and dried at 70°C for

25

13y



w!
e2£L0° T829hTFO9

10

15

20

25

30

39-21(3775)A ! W

12.

13.

.14,

20 minutes. , ég

The resulting granules were screened to remove oversized (5 mesh) and
undersized (40 mesh) material. A tactile evaluation of the granules was

performed to determine if the granules were hard and coherent

(desirable), soft and friable (undesirable) or sticky or moist to the touch
due to the presence of unabsorbed and/or unadsorbed surfactant
(undesirable).

The above procedure was repeated, except that the amount of water
added was increased by 0.2 liter (1%) for each repetition, up to a
maximum of 2 liters (10%).

If acceptable extrusion granulation, as determined by appearance of the
moist extrudate and of the dried granules, occurred at any level of water
addition from 5% to 10%, the properties of the ammonium glyphosate
were deemed to be suitable for downstream processing to make
Formulation A. If no acceptable extrusion granulation occurred at any
level of water addition from 5% to 10%, the properties of the ammonium
glyphosate were deemed to be unsuitable.

For Formulation B, the procedure was similar, except for steps 1-6 which were

as follows.

1.
2.
3.

Particulate ammonium glyphosate, 15 kg, was added to the kneader.

The water jacket of the kneader was kept at ambient temperature.

A blend of 2 kg polyoxyethylene (15) N-methyl stearylammonium
chloride surfactant (Ethoquad™ 18/25 of Akzo), 2 kg polyoxyethylene
(10) dodecylphenol (Rexol™ 65/10 of Huntsman) and 1 kg polyethylene
glycol, average molecular weight 8000, was heated to 55-65°C in a
microwave oven. The blend was stirred to ensure thorongh mixing of the
ingredients.

The kneader was turned on and the heated blend was poured slowly (over
a period of 30-60 seconds) over the particulate ammonium glyphosate.
Lukewarm water, 1 liter (5%), was slowly poured into the mixture of
ammonium glyphosate and surfactant.

The kneader was operated for a further 5 minutes, maintaining jacket at
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ambijent temperature, to produce a dough-like wet mix.

In a program of evaluation of size reduction methods following drum drying of
ammopium glyphosate produced by reacting glyphosate acid with agueous or
anhydrous ammonia in a shurry, the following systems and apparatus were tested:

A. Milling in a Mikro-ACM™ Pulverizer Model 10 air classifying mill

{(Micron Powder Systems, Summit, NJ).

B. Milling in a Powderizes™ NSP 2 air classifying mill with and without pre-
grinding using a Simpactor™ pin mill (Sturtevant, Boston, MA).

C. Milling in a Strong-Scott Pulvocron™ PC-20 air classifying mill
(Hosokawa Bepex Corp., Minneapolis, MN) with and without pre-grinding
using a Commander™ Model 2400 hammer mill (Jacobson Inc.,
Minneapolis, MN). ..

D. Milling in a Schutz-O’Neill Model 22H air classifying mill following pre-
grinding using a Commander™ hammer mill (Jacobson Inc., Minneapolis,
MN). :

E. Milling in 2 Prema™ Model CLM3S$ air classifying mill (Prater Industries,
Chicago, IL).

F. Milling in a Rotormill™ Model 3000 (Intemational Process Equipment
Co., Pennsauken, NJ).

G. Milling in a Micronizer™ jet mill with and without pre-grinding in a
Simpactor™ pin mill (Sturtevant, Boston, MA).

In each case where the size reduction equipment was successfully operated to

provide a fine particulate ammonium glyphosate product, the product was
characterized by its suitability for downstream processing to make Formulation A

and/or Formulation B by the procedures described in Example 2 above. Products ..

were also characterized by measurement of average particle size, with a Brinlonan™¢
Model 2010 or a Coulter™ Ls 130 particle size analyzer with a Micro-Volume
Module, using 2-propanol as the dispersing medium. Products were further
characterized by measurement of specific surface area with a Digisorb™ 2500 B.E.T.
analyzer using krypton as the adsorbed gas.

27
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A. Mikro-ACM™ air classifying mill

The Mikro-ACM™ Model 10 Pulverizer of Micron Powder Systems is an air
classifying mill having a bar-type rotor with an integrally mounted, separately driven
classifier wheel. For the present tests the equipment was fitted either with a four-bar
hammer rotor or with a pin rotor. The classifier wheel was either a 24 long blade type
or a 24 blade 30° canted type separator. The liner inside the mill was either a multi-
deflectional type or a smooth ceramic type. The feed to the mill was drum dried
ammonium glyphosate in the form of 2-5 cm flakes having a moisture content of 1%
by weight and a bulk density of 323 kg/m’.

In a series of ten runs, a number of parameters were varied including rotor
type, rotor speed (3500 or 7000 rpm), liner type, classifier wheel type, classifier wheel
rotation speed (700-3500 rpm), air flow (11.2-19.6 m*/minute), feed rate (23-305
kg/h) and feed temperature (ambient, ie., 21-24°C, or cooled to 14°C). Significant
build-up of product was observed inside the mill in all rns using the multi-
deflectional liner. However, in two of these runs s sufficient quantity of powder was
obtained to warrant characterization. Build-up was avoided when the smooth ceramic
liner was installed and rotor speed was reduced. Data are presented in the tables
below (n.t = not tested).

run no. 1 2 3 4 5
duration of run, minutes 117 15 9 7 16
rotor type hammer | hammer | hammer pin pin
rotor speed, rpm 7000 7000 7000 7000 7000
liner type! md md md md md
classifier wheel type? canted | canted | long | _long long
classifier wheel speed, rpm 3500 3500 3500 3500 3500
air flow, m*minute 11.2 19.6 19.6 19.6 19.6
feed rate, kg/h 23 88 63 109 155
feed temperature, °C 24 24 24 21 21
unacceptable build-up? yes yes yes yes yes
product characterization:

particle size®, um 8.6 at n.t nt. 16.3
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ua no. 1 2 3 4 5
specific surface area, cm‘/g { 1.80 nt. It nt nt
suitabili extrusion:
Formulation A n.t. nt nt nt nt
Formulation B excellent| nt nt. nt | excellent
run no. 6 7 8 9 10
duration of run, minutes 11 10 5 9 7
rotor type pin hammer | hammer pin pin
rotor speed, rpm 7000 7000 7000 7000 3500
liner type' md md md md ceramic
classifier wheel type? long long | canted | long long
classifier wheel speed, rpm 700 700 3500 | 1500 3500
gir flow, m*/minute 19.6 19.6 196 | 196 19.6
feed rate, kg/h 258 305 89 293 117
feed temperature, °C 24 24 14 24 24
unacceptable build-up? yes yes yes yes no
uct jzat]
particle size’, pm 54.8 nt. nt. 31.2 45.1
specific surface area, cm?/g |  n.t. nt. nt. 0.70 n.t.
Formulation A nt nt ot nt n.t.
Formulation B nogood | nt nt  |borderline| no good

! md = multi-deflectional type
2 Jong = 24 long blade type; canted = 24 blade 30° canted type
3 Brinkman
Only in run no. 10, with installation of the smooth ceramic Liner, did the

" Mikro-ACM™ air classifying mill operate acceptably, but average particle size (45.1

um) of the resulting powder was in that case relatively large and was found to be
unsuitable for downstream formulation by the extrusion process. For this reason, the
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Mikro-ACM™ gair classifying mill was judged to be an unsatisfactory apparatus for
the size reduction step of the present process.

B. Powderizer™ NSP 2 air classifying mill

The Powderizer™ NSP 2 of Sturtevant is an air classifying mill similar in
many respects to the Mikro-ACM™ but having different internal geometry and air
flow pattern. The rotor is fitted with hammers. The Simpactor™ of Sturtevant is a
pin mill having a rotor carrying one or two peripheral rows of pins which pass
between stationary pins as the rotor spins. Material to be ground is fed near the axis
of the rotor and passes between the rotor pins and stationary pins before being
discharged at the periphery. The pin mill was used for pre-grinding flakes of drum

dried ammonium glyphosate prior to milling in the Powderizer™ air classifying mill.

In some runs of the Powderizer™, the ammonium glyphosate was fed directly in the
form of flakes, as in the Mikro-ACM™ test above.

In a series of eight runs, a number of parameters were varied including
classifier wheel type (short cage or long cage), classifier wheel rotation speed (2000-

3800 rpm) and feed rate (126-554 kg/h). Rotor speed was kept constant at 5150 rpm.

Significant build-up of product was observed on the classifier wheel. Where the
Simpactor™ pin mill was used for pre-grinding, it was operated at 3600 rpm with a
feed rate of 1452 kg/h. Data are presented in the tables below (n.t. = not tested).

09438
129

run no. 1 2! 3 4
duration of run, minutes 4 15 9
classifier wheel type short cage | longcage | longcage | longcage
classifier wheel speed, rpm 3800 3800 3800 3800
feed pre-ground? no " no . Do no
feed rate, kg/h 445 126 191
unacceptable build-up? yes : yes yes
product characterization: '

particle size?, pm 15.8 nt. 104 102

specific surface area, cm?/g 1.22 nt 1.72 '1.62
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Tun no. 1 2! 3 4
suitability for extrasion:
Formulation A acceptable nt. nt n.t.
Formulation B no good nt nt nt
Tun no. 5 6 7 8
duration of run, minutes 8 8 5 17
classifier wheel type longcage | longcage | longcage | longcage
classifier wheel speed, rpm 3000 2000 2000 3800
feed pre-ground? no no yes yes
feed rate, kg/h 259 451 554 152
unacceptable build-up? yes yes yes yes
product characterization:
particle size?, um 12.1 18.3 16.8 10.5
specific surface area, cm?/g 1.28 1.01 1.10 1.38
suitability for extmsion:
Formulation A borderline nt borderline | borderline
Formulation B no good nt no good no good

! in this run the air classifier motor burned out and the test was aborted

2 Coulter

Significant build-up occurred in all runs. Only one run generated powder that
" was suitable for downstream formulation by extrusion, and then for Formulation A

but not for Formulation B. Average particle size achieved in runs 5 and 8 was less
than 15 pm, yet suitability for extrusion was found to be only borderline for

Formulation A and unacceptable for Formulation B. The Powderizer™ air classifying

mill was judged from these tests to be an unsatisfactory apparatus for the size
reduction step of the present process.

C. Pulw

T PC-20 air classifyi
The Pulvocron™ PC-20 of Strong-Scott is described as an “air-swept hammer

31
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mill”. It differs from other air classifying mills tested in being arranged with a
horizontal axis of rotation, as well as utilizing a different design of rotor, or beater
plate, and classifier wheel. The classifier whee] is independently driven. The ratio of
air flow volume to weight of solid feed is high; ﬁuthcrmor.e the air flow is very
turbulent and it is probable that size reduction by particle-particle collision occurs to a
significant extent as well as by direct impact of particles on the beater plate. For
present purposes, therefore, the Pulvocron™ can be considered an apparatus
producing a turbulent high-velocity gas stream wherein particle-particle attrition
oCeurs.

The Commander™ Model 2400 of Jacobson is a swing hammer mill which
was used for pre-grinding flakes of drum dried ammonium glyphosate prior to milling
in the Pulvocron™ air classifying mill.

In a series of twelve runs of the Pulvocron™, a number of parameters were
varied including beater plate rotation speed (5340-6970 1pm), classifier wheel rotation
speed (2000-5500 rpm), air flow (26.2-29.4 m’/minute) and feed rate (235-874 kg/h).
In some runs the drum dried ammonium glyphosate was fed directly in the form of
flakes and in some runs pre-ground ammonium glyphosate was used as the feed. Data
are presented in the tables below (n.t. = not tested).

14

run no. 1 2 3 4
duration of run, minutes 4 3 3
beater plate speed, rpm 7000 5340 6115 6115
classifier wheel speed, rpm 5000 2000 2000 3500
air flow, m*minute 26.2 284 278 27.8
feed pre-ground? no Do o no
feed rate, kg/h .. .- 235 757 874 611
unecceptable build-up? yes' Do no no
product characterization:

particle size?, um nt 15.6 13.5 112

specific surface area, cm’/g nt. 1.47 1.17 1.34

suitability for extrugion:

Formulation A nt, acceptable | borderline nt
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run no. 1 2 3 4
Formulation B nt acceptable | mogood | acceptable
o no. 5 6 7 8
duration of run, minutes 25 22
beater plate speed, rpm 6915 6100 5300 5300
classifier wheel speed, rpm 4000 3500 2000 2000
air flow, m*/mimute 29.4 28.1 28.5 28.2
feed pre-ground? yes yes yes no
foed rate, kg/h 247 272 263
unacceptable build-up? yes! yes no ‘1o
product characterization;
particle size?, pm nt. 79 8.4 8.2
specific surface area, cm®/g nt. 2.10 2.31 1.85
sujtability for extrusion:
Formulation A nt. acceptable | acceptable | acceptable
Formulation B nt Wme no good no good
run no. 9 10 - 11 12
duration of run, minutes 18 15 15 30
beater plate speed, 1pm 5300 6100 5300 5300
classifier wheel speed, rpm 2066 4060 5400 5500
air flow, m’/minute 28.2 282 1282 274
feed.pre-gmtmd? . no no no yes
feed rate, kg/h 263 278 263 310
unacceptable build-up? no no no no
product characteization: '
particle size?, um 8.8 9.5 8.7 9.1
specific surface area, cm¥/g | 191 " 1.81 2.07 2.14




6662L0° TEE9hTOY

10

15

00142

39-21(3775)A

n no. 9 10 11 12

suitability for extrusion:
Formulation A
Formulation B

acceptable | borderline
no good nt

acceptable | borderline

no good n.t.

! product melted in mifl
? Coulter

Operating conditions were extablished for the Pulvocron™ that would result in
efficient production of ammonium glyphosate powder having average particle size
less than 15 um. However, in spite of the small particle size, the product was found
not to be suitable for downstream extrusion processing to make Foimulation B,
although the product of most runs was acceptable for making Formulation A.”

D. Schutz-O"Neill Model 22H air classifying mill

The Schutz-O’Neill air classifying mill is similar to the Pulvocron™ but can
be fitted with several rows of beater plates. The classifier wheel -is mounted on the
same shaft as the beater plates. The classifier is adjusted by changing a ring plate on
the classifier and and by adjusting the recycle valve opening.

In a series of seven runs, parameters varied included diameter of ring plate
(3 cm or 10 cm), recycle valve opening (5 cm or 12 cm) and feed rate (312-2813
kg/h). The mill was operated at a constant speed of 4600 rpm. In most runs, the feed *
was pre-ground using a Commander™ hammer mill as described above for the
Pulvocron™. Data are presented in the tables below (n.t. = not tested).

un no. 1 2 3 4
duration of run, minutes 3 3 3 13
ring plate diameter, cm 3 3 10 3
recycle valve opening, cm 5 5 12 5
feed pre-ground? yes , yes yes yes
feed rate, kg/h 1134 2269 2813 625
unacceptable build-up? no no no no
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mun no. 1 2 3 4
ization:
particle size', um nt. 16.2 18.7 13.6
specific surface arca, cm’/g nt. 129 1.09 1.43
suitability for extrusion:
Formulation A nt nt. acceptable " nt
Formulation B nt. nt. no good nt
nn no. 5 6 7
duration of run, mimites 12 13 11
ring plate diameter, cm 3 3 3
recycle valve opening, cm 12 5 12
feed pre-ground? yes no "no
feed rate, kg/h 619 312 317
unacceptable build-up? no no no
product characterization:
particle siz;:',pm 129 11.6 11.3
specific surface arca, cm?/g 1.47 1.55 1.60
suitability for extrusion:
Formulation A borderline nt borderline
Formulation B nt ot no good
! Coulter

Operating conditions were extablished for the Schutz-O°Neill air classifying
mill that would result in efficient production of ammonium glyphosate powder having

" average particle size less than 15 pm. However, the product was found not to be

generally suitable for downstrecam extrusion processing to make Formulation A or
Formulation B, although one run did give a prodyct that was acceptable for making
Formulation A.
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E. Prema™ Model CLM35 air classifying mill

The Prema™ air classifying mill of Prater Industrics has an independently
driven air classifier. It has an internal sieve ring to provide additional classification.
The rotor is designed to provide two stages of milling within the same unit. Fine
material produced in the first stage is discharged from the mill without passing
through the second stage.

In a series of fourteen runs, parameters varied included rotor speed (5560-6650
1pm), classifier speed (2000-4800 rpm), air flow (18.8-27.2 m*/minute) and feed rate
(51-173 kg/h). In some runs, the feed was pre-ground using a Commander™ hammer
mill as described shove for the Pulvocron™. Data are presented in the tables below

(n.t. = not tested).

n no. 1 2 3 4 5
duration of run, minutes 12 47 3 6 4
rotor speed, Tpm 6628 6628 6628 6628 6628
classifier wheel speed, ipm 4800 4800 4000 4000 4000
air flow, m*/minute 19.3 19.1 18.8 25.7 26.6
feed pre-ground? no no no no no
feed rate, kg/h 53 51 95 *55 55
unacceptable build-up? no yes no oo no
product characterization: .
particle size', ym nt. 63 7.4 8.6 8.6
specific surface area, cm?/g | n.t. 2.70 2.29 2.00 2.08
suitability for extrusion:
Formulation A nt nt nt. at nt
* Formulation B nt. nt nt n.t ot
1uN NO. 6 7 8 9 10
duration of run, minutes 17 7' 18 - 16 24
rotor speed, 1pm 6628 | 6628 | 6528 | 6628 | 6628
classifier wheel speed, rpm 4000 4000 3000 2000 3000
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un no. 6 7 8 9 10
air flow, m*/minute 26.6 23.6 26.8 26.9 269
feed pre-ground? no no no no yes
feed rate, kg/h 55 22 173 166 115
unacceptable build-up? no yes? no no yes
product characterization:
particle size', um 9.3 9.1 112 17.1 12.7
specific surface area, cm?g |  2.16 1.92 1.65 1.07 1.44
itability for extrusjon:
Formulation A acceptable] nt.  |borderline|borderline| n.t.
Formulation B no good nt nt nt nt
nunno. 11 12 .13 14
duration of run, minutes 26 26 16 29
rotor speed, rpm 6628 5560 5560 5560
classifier wheel speed, rpm 3000 3000 4022 3017
air flow, m*minute 26.9 272 27.0 271
feed pre-ground? yes yes yes no
feed rate, kg/h 103 103 59 93
unacceptable build-up? no yes no’ yes
roduct izati
particle size', pm 14.0 14.4 10.5 11.2
specific surface area, cm?/g |  1.24 131 1.68 1.79
suitability for extrusion:
Formulation A borderline nt. nt acceptable
Formulation B n.t. nt n.t’ no good
! Coulter
? product melted in mill '

? run aborted because of mechanical problem
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The Prema™ mill could be operated in such a way as to provide a powder
without unacceptable build-up of material in the mill; however under these conditions
the powder produced was not generally suitable for downstream processing by
e;:trusion The product of some runs was acceptable for making Formulation A but
not Formulation B.

F. Rotormill™ Model 3000

The Rotormill™ of International Process Equipment Co. has a rotor
comprising a vertical axis carrying several sets of vanes and/or turboblades that create
pockets of air rotating at very high velocity. Particles entering these pockets undergo
size reduction by collision primarily with each other, Model 3000 has four sets of
vanes and one set of turboblades, and also a classifier wheel rotated on the same axis
as the vanes and turboblades,

In a series of seven runs, parameters varied included turboblade removal and
feed rate. Rotor and classifier speed was eonstmtatZlSOrpm.- In one run, the feed
was pre-ground using a Commander™ hammer mill as described above for the
Pulvocron™., Data are presented in the tables below (n.t. = not tested).

un no. 1 2 3 4
duration of run, minutes 4 18 2 18
turboblades removed? no no no no
feed pre-ground? no no no no’
feed rate, kg/h 1000 830 640
unacceptable build-up? no yes yes' no
product characterization:
particle size?, um 16.8 134 "t 17.0
specific surface area, cm’/g 1.79 1.90 nt 1.03
ili trusion:
Formulation A nt _very good n.t borderline
Formulation B nt. no good n.t no good
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rua no. 5 6 7
duration of nun, minutes 3 15 5
turboblades removed? no yes
feed pre-ground? no no no
feed rate, kgh 640 317
unacceptable build-up? yes' no no
product characterization:
particle size?, um nt. 26.6 27.5
specific surfece area, cm’/g nt. 0.68 0.77
Formuletion A ot no good | barderline
Formulation B ot nt. nt
! product melted in mill
2 Coulter

3 in this run, material was fed through mill twice

Only one run of the Rotomill™ resulted in an average particle size smaller
than 15 pm. Material from this run appeared suitable for downstream processing by
extrusion to make Formulation A but not Formulation B. Removal of the turboblades
helped the equipment to operate with fewer problems, but resulted in a significantly
larger average particle size and poor downstream processability.

G. Micronizes™ jet mill

The Sturtevant Micronizer™ jet mill tested initially was an 8 inch (20 cm)
model. Pro-grinding was conducted using a Sturtevant Simpactor™ pin mill or a
Jacobson Commander™ hammer mill. In some runs ammonium glyphosate flakes
were fed to the jet mill without pre-grinding.

The jet mill was tested with 2 stainless steel or polytetrafluoroethylene (PTFE)
lined injection port, and with an alumina orpoly:nethane (PU) liner in the milling
chamber, Feed rate was varied from 11 to 86 kg/h. Air flow in all runs was 3.65
m®/minute, supplicd at 690 kPa. Later, a pilot-scale, 15 inch (36 cm) Micronizer™ jet
mill was tested at a feed rate of 95 kg/h Dats are presented in the tables below (a.t. =
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not tested).
run no. 1 2 3 4 5
size of jet mill (cm) 20 20 20 20 20
injection port material steel steel steel PTFE | PIFE
liner material alumina | alumina | alumina | alumina | alumina
pre-grinding mill none none none pin pin
feed rate, kg/h 41 86 23 23 41
unacceptable build-up? no no no no 0o
uct ization:
particle size, pm ... 14.5 30.2! 7.6! 6.1! 92
specific surface arca, cm?/g |  n.t. nt 130 1.62 ot
guitability for extrusion:
Formulation A nt nt nt. n.t nt
Formulation B cxcellent [borderline| excellent | excellent | n.t.
Tun no. 6 7 8 9 10
gize of jet mill (cm) 20 20 20 20 20
injection port material PTFE PTFE steel gteel steel
liner material PU PU alumina | alumina | alumina
pre-grinding mill no no bhammer | hammer | hammer
feed rate, kg/h 11 41 3 38 49
unacceptable build-up? no no no no no
product characterization:
particle size, ym | 66 | 158 | 53 | e1? | 692
specific surface ara cm¥fg | 162 | 097 | 265 | 242 | 22¢
Formulation A nt. n.t excellent |acceptable|borderline
Formnulation B excellent| nt. |acceptable nocept:blei borderline
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run no. 11 12 13 14 15
size of jet mill (cm) 20 20 | 20 20 36
injection port material steel steel steel steel steel
liner material alumina | alumina | alumina | alumina | alumina
pre-grinding mill pin pin pin none | hammer
feed rate, kg/h 26 35 49 34 95
unacceptable build-up? 2o no no no 1o
particle size, um 49 5.7 12* 8.4 5.4°
specific surface area, cm®/g | 2.70 2.51 2.13 2.14 231
suitability for extrusion:
Formulation A acceptable|acceptablefborderline {borderline| very good
Formulation B aoccphbleJ nt nt. |borderline|very good
! Brinkman
2 Coulter

From these tests it was concluded that the Micronizer™: jet mill was a suitable
apparstus for size reduction of ammogium glyphosate. The process ran with few
problems and, iffeedratewnotammive,gmeratedapmductth&mgmmﬂy
suitable for downstream processing by extrusion to make either Formulation A or

" Formulation B. In particular, the scale-up run (run no. 15) using a larger unit was very

successful. The hammer mill was preferred over the pin mill for pre-grinding.

The preceding description of specific embodiments of the present invention is
not intended to be acompléte]ist of every possible embodiment of the invention.
Persons skilled in this field will recognize that modifications can be made to the
specific embodiments described here that remain within the scope of the present

invention.
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WHAT IS CLAIMED IS: {51

1. A process for preparing ammonium glyphosate powder, comprising

(a) mixing (i) solid particulate glyphosate acid, (ii) water in an amount of
about 0.5 to about 3 parts by weight per part by weight of glyphosate acid,
and (iii) a base that supplies ammonium cations, in an amount of about 0.8
to about 1.25 mole equivalents of ammonia per mole of glyphosate acid, to
form an aqueous reaction medium;

(b) allowing the base to react with the glyphosate acid in the aqueous reaction
medium to form a reaction product comprising a concentrated aqueous
solution of ammonium glyphosate;

(c) drying the reaction product to recover a particulate solid; and

(d) accelerating the particulate solid in a turbulent high-velocity gas stream, to
form by particle-particle attrition an ammonium glyphosate powder having
a mean particle size of about 5 to about 20 pm.

2. Theprocess of Claim 1 wherein the order of mixing in step () is to mix the

glyphosate acid and the water with agitation to form a slurry and thereafter to
add to the slurry, with continued agitation, the base that supplies ammonium
cations.

3. Theprocess of Claim 1 wherein the drying step comprises drying the reaction

preduct by contact thereof with a heated surface to form a solid deposit on the
heated surface and thereafter recovering the solid deposit in a particulate solid
form.

4., The process of Claim 3 wherein the drying step is performed with an apparatus

of the drum dryer type.

5. Theprocess of Claim 1 wherein the step of eccelersting the particulate solid in a

turbulent high-velocity gas stream is performed using an apparatus of the fluid
encrgy mill or jet mill type, and the gas stream is an sir stream.

6. The process of Claim 5 wherein the particulste solid recovered in the drying step

is pre-ground by mechanical milling prior to fluid energy or jet milling.

7. A process for preparing a dry granular formulation comprising ammonium
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glyphosate and one or more surfactants, said process comprising

@

(®)

©
(CY

()

®

®

mixing (i) solid particulate glyphosate acid, (ii) water in an amount of
about 0.5 to about 3 parts by weight per part by weight of glyphosate acid,
and (iii) a base that supplies ammonium cations, in an amount of about 0.8
to about 1.25 mole equivalents of ammonia per mole of glyphosate acid, to
form an aqueous reaction medium;

allowing the base to react with the glyphosate acid in the aqueous reaction
medium to form a reaction product comprising a concentrated aqueous
solution of ammonium glyphosate;

drying the reaction product to recover a particulate solid;

accelerating the particulate solid in a turbulept high-velocity gas stream, to

form by particle-particle attrition an ammonium glyphosate powder having

s mean particle size of about 5 to about 20 um;

mixing about 75 to about 90 parts by weight of the aramonium glyphosate
powder with about 10 to about 25 parts by weight of one or more
surfactants, and with about 3 to about 10 parts by weight of water per 100
parts by weight of ingredients other than water, to form an extrudable wet
extruding the wet mix to form extrudate strands that break to form moist
coherent gramules; and’

drying the granules to produce the dry granular formulation.

8.  The process of Claim 7 wherein the order of mixing in step (a) is to mix the
glyphosate acid and the water with agitation to form a shury and thereafter to
add to the shurry, with continued agitation, the base that supplies asnmontum

. -cations.

The process of Claim 7 wherein the drying step comprises drying the reaction

product by contact thereof with a heated surface to form a solid deposit on the
heated surface and thereafter recovering the solid deposit in a particulate solid

form.

10. The process of Claim 9 wherein the drying step is performed with an apparatus
of the drum dryer type.
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12.

13.

14,

The process of Claim 7 wherein the step of accelerating the particulate solid in a | 5}
turbulent high-velocity gas stream is performed using an apparatus of the fluid

energy mill or jet mill type, and the gas stream is an air stream.

The process of Claim 11 wherein the particulate solid recovered in the drying

step is pre-ground by mechanical milling prior to fluid energy or jet milling.

The process of Claim 7, further comprising & step (h) of classifying the dried

gﬁnu.ls to remove or recycle granules, fragments of granules and aggregates of

granules that are outside a desired size range.

The process of Claim 7, wherein the surfactant or surfactants are individually
selected from those that are liquid or in a flowable state, in the absence of water
or other solvent, at 25°C.
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A process is provided for preparing ammonium glyphosate powder suitable for
downstream processing by extrusion to make a granular formulation comprising
ammonium glyphosate and surfactant. The process comprises (a) mixing (i) solid
particulate glyphosate acid, (ii) water in an amount of about 0.5 to about 3 parts by
weight per part by weight of glyphosate acid, and (iii) a base that supplies ammonium
cations, in an amount of about 0.8 to about 1.25 mole equivalents of ammonia per
mole of glyphosate acid, to form an aqueous reaction medium;, (b) allowing the
glyphosate acid to react with the base in the reaction medium to form a reaction
product compricing a concentrated aqueous solution of ammonium glyphosate; (c)
drying the reaction product, for example with a drum dryer, to recover a particulate
solid; and (d) accelerating the particulate solid in a turbulent high-velocity gas stream,
for example in a jet mill, to form by particle-particle attrition an ammonium
glypliosate powder having a mean particle size of about 5 to about 20 pm.
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REIVINDICACIONES

1. Un proceso para la elaboracién de polvo de glifosato de amonio,
gue comprende

(a) mezclar (i) &cido de glifosato particulado adélido, (ii)
agua en una cantidad de 0.5 a 3 partes en pesc por parte en
peso de &cido de glifosato, y (iii) una base que suministra
cationes de amonio, en una cantidad de 0.8 a 1.25 moles
equivalentes de amonio por mol de &cido de glifosato, para
formar un medioc de reaccibébn acuosc.

(b) Permitir que la base reaccione con el glifosato dcido en el
medio de reaccién acuoso para formar un producto de reaccién
gque comprende una solucién concentrada acuosa de glifosato
de amonio;

(c) Secar el producto de la reaccidén para recuperar un sélido
particulado; y .

(d) Acelerar el 86lido particulado en una corriente de gas de
alta velocidad turbulento, para formar por colisién de

particula contra partfcula un polve de glifosato de amonio

que tiene un tamafio de particula media de 5 a 20 pm.

2. El1 proceso de la reivindicacién 1 donde el orden de mezclado en el
paso (a) es e mezclar el glifosato dcido y el agua por agitacién
para formar ' una suspensién y posteriormente adicionar a la
suspensién, con agitacién continua, la base que suministra 1los

cationes de amonio.
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. El proceso de la reivindicacién 1, en donde el pasc de secado

comprende el secado del producto de reaccién por contacto con el
mismo con una superficie caliente para formar un depdsito s6lido
en la superficie calentada y posteriormente recuperar el depésito

86lido en una forma de s6lido particulado.

. E1 proceso de la reivindicacién 3, en donde el pasoc de secado se

realiza con un aparato de tipo secador tambor.

. El proceso de la reivindicacién 1, en donde el paso de aceleracién

del sélido particulado en una corriente de gas de alta velocidad
turbulento se realiza usando un aparato de molino de energia de
fluido o molino tipo chorro, y 1la corriente de gas es una

corriente de aire.

. El proceso de la reivindicacién 5, en donde el sélido particulado

recuperado en el paso de secado es premolido por un melido

mecénico antes del molido de fluido o molido chorro.

. El proceso para la preparacién de una formulacién granular seca

que comprende glifosato de amonio y uno o mds surfactantes, dicho
proceso comprende

(a) mezclar (i) A&cido de glifosato particulade sélido, (ii)

agua en una cantidad de 0.5 a 3 partes en peso por parte en

peso de dcido de glifosato, y (iii) una base que suministra

cationes de amonio, en una cantidad de 0.8 a 1.25 moles
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eqguivalentes de amonio por mel de glifosato &cido, para
formar un medio de reaccién acuoso.

(b) Permitir que la base reaccione con el &cido de glifosato en
el medio de reaccifn acuoso para formar un producto de
reaccidn gque comprende una solucidn acuosa concentrada de
glifosato de amonio;

(c) Secar el producto de la reaccién para recuperar un asbélido
particulado; y

{d) Acelerar el a6lido particuladec en una corriente de gas de
alta velocidad turbulento, para formar por colisién de

particula contra particula un polvo de glifosato de amonio

que tiene un tamafio de particula media de 5 a 20 pm.

{e) Mezclar de 57 a 90 partes por peso de polvo de glifosato
de amonio con 10 a 25 partes en peso de uno o mis
surfactantes, y con 3 a 10 partes en peso de agua por 100
partes de ingredientes distintos de agua, para formar wuna
mezcla hiimeda extrudizable;

(f) Extruir la mezcla hfimeda para formar tiras extrudizadas que
se rompen para formar grénuloe coherentes hiimedos, y

(g) Secar lea granuleos para producir la formulacién granular

geca.

8. E1 proceso de la reivindicacién 7 donde el orden de mezclar en el
paso (a) es mezclar el &cido de glifosato y el agua por agitacifn
para formar una suspensidn vy posteriormente adicionar a 1la
suspensién, con agitacién continua, la base que suministra los

cationes de amonio.
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El proceso de la reivindicacién 7 donde el paso de secado
comprende secar el producto de la reaccién por contacto con el
mismo con una superficie caliente para formar un depdsito sélido
en la superficie calentada y posteriormente recuperar el depésito

86lideo en forma de un s6lido particulado.

El proceso de la reivindicacidén 9, en donde el paso de secado se

desarrolla con un aparato del tipo secador de tambor.

El proceso de 1la reivindicacién 7, en donde el paso de
aceleracién del sélido en una corriente de alta velocidad
turbulenta se realiza usando un aparatc de tipo molino de energia
de fluido o un meolino tipo chorre, y la corriente de gas es una

corriente de aire.

El procesco de la reivindicacién 11 donde el s6lido particulado
recuperado en el paso de secado es premolido por un molido

mecénico antes de el molido de energia de fluido o molido chorro.

El proceso de acuerdo a la reivindicacién 7 ademé&s comprende el
paso (h) de clasificar los grédnulos secos para remover o reciclar
los granulos, fragmentos de grénules y agregados de grénulos gque

estan por fueraldel rango deseado.
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14. E1 proceso de acuerdo a la reivindicacién 7, donde el surfactante
o surfactantes son selecciocnados individualmente de aquellos gque

estédn liquidos © en un estado de fluido, en ausencia de agua u

otro disolvente, a 25°C.
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