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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
20  inconsistent with the term “ammonium glyphosate™ as used herein.

Ammonium glyphosate is the primary salt of choice in the preparation of dry glyphosate
herbicide formulations. A “dry” formulation herein is a composition that is solid, usually
particulate, wherein particles are either 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

25  necessarily free of water or other liquid, only that it is dry to the touch. 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 to the glyphosate
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inc:vitably reduces the maximum loading of glyphosate herbicide that can be accommodated in

the formulation and for this reason adds substantially to the cost per unit of glyphosate a.e. of the

resulting formulation. In this regard it should be récognized that the cost of processing is a

25  significant element 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.

A second approach, as illustrated by U.S. Patent No. 4,931,080 to Chan & Djafar, is to

30  select a surfactant that is solid at ambient temperz;ture._ In this approach the surfactant is melted

before mixing with particulate glyphosate herbicide ahd water, so that upon drying and cooling

the surfactant solidifies to form a matrix surrounding the herbicide particles. There is no need
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20 from the atmosphere and consequent loss of free-flowing properties. U.S. Patent No. 5,324,708

to Moreno er al. discloses a process for preparing a non-hygroscopic monoammonium
glyphosate; however, dry ammonium glyphosate prepared by any known process is adequately
non-hygroscopic for most practical purposes.
Commercial herbicides in the form of dry water-soluble granules containihg ammonium
25 glyphosate together with a liquid surfactant include Roundup® Dry, Roundup® Max and Rival®
herbicides, marketed by Monsanto Company in several countries.
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
30 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-



one that is broadly as described in British Patent No. 1 433 882 ("the '882
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. ammonium and alkylammonium salts of substituted benzoic acid and phenoxy-substituted

carboxylic acid herbicides, but the process is said to be useful also for salts of glyphosate.

The process by which ammonijum glyphosate, used as an intermediate in making a

25  finished formulation, is prepared has been found to affect to a great degree the absorptive and/or

adsorptive properties of particles of the ammonium 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 formulation.

30 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
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Thus to date the formulator wishing to prepare a surfactant-containing dry granular

ammonium glyphosate formulation, particularly where the base to be reacted with glyphosate

acid is anhydrous or aqueous ammonia, has been obliged to use a solid-state reaction system,

with all its attendant problems. The alternative, which is to dry the product of a reaction of

25 glyphosate acid and ammonia in an aqueous medium, is unsatisfactory because it generates a

form of particulate ammonium glyphosate that does not adequately absorb or adsorb the desired
surfactant.

The present invention provides a process wherein glyphosate acid is reacted with

anhydrous or aqueous ammonia in a medium that permits superior mixing of the reactants with

30 greater ease of temperature control by comparison with solid-state reaction systems, yet

surprisingly generates ammonium glyphosate in a form that is readily suitable for blending with

surfactant and extrusion to form dry water-soluble or water-dispersible granules.
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A process is also provided for preparing a dry granular herbicidal composition,

20 comprising (a) mixing .in a suitable vessel (i) particulate glyphosate acid, (ii) ammonia in an
amount of about 0.8 to about 1.25 moles per mole of the glyphosate acid, and (iii) water in an
amount of about 10% to about 25% by weight of all materials being mixed in the vessel, thereby
causing a reaction of the glyphosate acid and ammonia to generate heat that causes partial
evaporation of the water and to form an ammonium glyphosate paste, and thereafter, if the paste

25  has a moisture content greater than about 15% by weight, applying heat and/or vacuum to reduce
the moisture content of the paste to about 5% to about 15% by weight; (b) thereafter adding to

the paste, with mixing, one or more surfactants in a weight ratio of total surfactant to ammonium
glyphosate of about 1:9 to about 1:3 to form an extrudable wet mix; (c) extruding the wet mix to

form extrudate strands that break to form moist coherent granules; and (d) drying the granules to

30  produce the dry granular composition. Optionally the process comprises a further step (e) of
classifying the dried granules to remove or recycle granules, fragments of granules and
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‘In a preferred embodiment, the step of mixing glyphosate acid, ammonia and water is
operated in a continuous mode. However, this mixing step can alternatively be operated in a
batch mode. In a particularly preferred embodiment, the entire process for preparing a dry
25 granular herbicidal composition is operated in a continuous mode. In another particularly
preferred embodiment of the process for preparing a dry granular herbicidal composition, the
amount of water present in the mixing step (a) is not greater than about 15% by weight and the
heat of reaction is sufficient to reduce the water content of the resulting ammonium glyphosate
paste to about 5% to about 10% by weight, so that applying heat to further remove water from
30 the paste is unnecessary.
A major advantage of the present process over previously known processes involving

solid-state reaction to provide downstream processable ammonium glyphosate is the much
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direction parallel to the s whi |.e si mul t aneousl e pins and/or
padd| esCOBYRYFRErpips apignifigant Yolume of gas in the pege gan b&rsﬁéa%%s paste interface.
Morzo t han onepaticiatihsuitable Rakibg nfedsh ib Gn BEBMBR confhtiSing & $otatable dhdrEhavig ONne
another and rotatable in the sane direction or in . .
one or more screw elements coaxial with the shaft and bearing a plurality of radially disposed
pins and/or paddles. Upon rotation of the shaft, the screw elements of such an assembly cause
bulk movement of paste in a direction parallel to the shaft, while simultaneously the pins and/or
paddles constantly mix the paste and create a large gas-paste interface. More than one of such
25  shafis can be present, disposed parallel to one another and rotatable in the same direction or in
opposite directions. :

Preferably the mixing and reaction occur in a substantially enclosed chamber having at an
input end an aperture suitable for introduction of the particulate glyphosate acid, having at an
output end an aperture suitable for discharge of the ammonium glyphosate paste, and having

30.  between the input and output ends one or more ports suitable for introduction of ammonia and

water. Optionally further ports are present near the output end for exhaust of water vapor and, if
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20 ammonia is used, either in the gaseous or liquid state. When ammonia is injected at some
distance from the input end, the atmosphere within the chamber in the vicinity of the ammonia
injection port becomes rich in ammonia, and the large gas-paste interface ensures rapid and
efficient reaction of the ammonia with the glyphosate acid. Rapid consumption of the ammonia
in the reaction leads to a rather steep declining concentration gradient of ammonia in the internal

25 atmosphere of the chamber, towards both the input and the output end.

When the ammonia injection port is located at a suitable distance from each of the input
and output ends, when the apparatus is operated at a suitable shaft rotation speed, and when the
glyphosate acid and anhydrous ammonia are fed continuously at close to a 1:1 mole ratio, the
concentration of ammonia in the atmosphere at both ends of the chamber is normally so low that

30 almost no ammonia is vented.

If the glyphosate acid is fed in the form of wet cake and no additional water, or only a
small amount of additional water, is required, the degree of mixing needed before contact with
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venting of ammonia. Where the apparatus has replaceable screw elements and pin and/or paddle

elements on the shafts, the skilled person will also readily be able, by routine testing, to identify

an optimum configuration of such elements.

Within the range of about 10% to about 25% specified, the amount of water present in the

25  initia] reaction mass is not critical, although, as indicated above, an optimum amount of water for :

a particular apparatus can be determined by one of skill in the art. As guidance, where 100 parts
by weight of glyphosate acid are mixed with 10 parts by weight of ammonia (both expressed on
a water-free basis) and no other ingredients except water are added in the reaction step, a suitable _
amount of water is about 12 to about 37 parts by weight. Part or all of this water can be present
30 in the glyphosate acid or ammonia composition added. For example, if 10 parts by weight
ammonia in the form of aqueous ammonia (29% by weight ammonia, 71% by weight water) are

added to 100 parts by weight glyphosate acid in the form of wet cake having 10% moisture
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mat eri al that does not flow freely without the
Glyphosate acid wet cake 1s a somewhat cohesive material that does not flow freely without the

application of external force. Even when agitated, the wet cake tends to form “bridges” in static
zones within the feed vessel where the wet cake is not in motion. Over time these bridges can
grow to the point that no wet cake flows from the feed vessel; but well before this occurs the
25 reduced feed rate of glyphosate results in the use of an excess of ammonia in the downstream
reaction step. As explained elsewhere herein, this excess generally leads to the production of
unsatisfactory ammonium glyphosate product. When mixing step (a) is carried out continuously,
it is therefore important that the glyphosate acid wet cake be fed using equipment that reliably
maintains a constant feed rate and that is not susceptible to bridging. A further complication is

30 that the moisture content of the wet cake is not constant.
Figure 2 depicts a suitable feeding apparatus that is designed to minimize the amount of
bridging. The apparatus includes an upper feeder 102 and a lower feeder 104. The upper feeder
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motor 122. Although many varieties of screw may be suitable when the moisture content of the

wet cake is relatively low, most types of screw do not function well when the wet cake contains
sufficient moisture that bridging is possible. One screw configuration that does work well, even

25  at higher moisture levels, is a single-helix, open-spiral auger without a center shaft. Fig. 3
depicts the preferred design of screw 120.

Preferably anhydrous or aqueous ammonia is added in an approximately stoichiometric
amount to result in the formation of monoammonium glyphosate. If less than 1 mole of
ammonia is added per mole of glyphosate acid, a fraction of the glyphosate acid will remain

30  unneutralized. If this fraction is small, for example less than about 20%, resulting in the

presence of at least about 4 moles of ammonium glyphosate per mole of unneutralized

glyphosate acid, it is generally not unacceptable. However, it is preferred that about 0.95 to
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insufficient to drive off_enou%h water to bring . .
situation, heat can optionally be supplied via the jacket to increase water evaporation;

additionally or alternatively, further reduction in moisture content of the paste can be effected by
application of heat and/or vacuum to the paste after completion of the reaction step. Any
moisture reduction or partial drying method known in the art can be used.

25 Clearly, to minimize costs of additional heating and to maximize throughput by
elimination of unnecessary process steps or residence time, it is preferable to add no more water
at the beginning of the process than is necessary to provide a suitable paste consistency and
sufficient evaporative cooling, and to result in an ammonium glyphosate paste having about 5%
to about 10%, more preferably about 5% to about 7%, moisture content, that is downstream

30  processable without further reduction in moisture content. For this reason, anhydrous ammonia
is preferred over aqueous ammonia, and the amount of water introduced, including moisture

associated with the glyphosate acid, is preferably about 10% to about 15% by weight of all
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about 75 parts by weight respectively of ammonium glyphosate on a dry basis, giving a weight

ratio of total surfactant to ammonium glyphosate of about 1:9 to about 1:3. The surfactant

typically helps to condition the paste to form an extrudable wet mix; however, a major function
25  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 paste 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

30  surfactants prior to addition to the ammonium glyphosate paste.
Any class of surfactant can be used; however, it is generally preferred that at least one
surfactant added in step (b) is cationic or amphoteric. An exception is the class of surfactants
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sur f act anturiagtaninteAyelting Iinihed grapulge being §“"]§nﬁfn'§“dmg to aggregate to form lumps.
20  Finding such an optimum weight ratio is a matter of routine testing by one of skill in the art. In

general, the optimum weight ratio is about 1:6 to about 1:3; where the surfactant selected is a

polyoxyethylene alkylamine, for example polyoxyethylene (20) tallowamine, a particularly
useful weight ratio has been found to be about 1:4.
Addition of surfactant to ammonium glyphosate paste immediately on completion of the
25  reaction step, without permitting the paste to cool, is generally unsatisfactory, the surfactant in
such conditions failing to mix intimately with the paste. Some surfactants are more tolerant than
others in this respect, and a suitable temperature for the paste at the time of surfactant addition
can be determined by one of skill in the art by routine testing. However, for most surfactants it is
preferred to add the surfactant to paste that has been cooled to about 25°C to about 75°C, more
30  preferably about 50°C to about 70°C. A paste temperature of about 70°C has been found
especially satisfactory.
In one embodiment of the present invention, mixing of ammonium glyphosate paste and
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Other materials can optionally be added to the mix in step (a) and/or step (b). For
example, a small amount of sodium sulfite can be added to inhibit nitrosamine formation. Other
inorganic salts bringing useful benefits can also be added if desired. For example, ammonium

25  sulfate, known to enhance herbicidal effectiveness of glyphosate compositions, can be included
in the mix. In one embodiment, a second herbicidal active ingredient is added.

The second herbicidal active .ingredient, if included, can be, like glyphosate, an acid
which is converted to its ammonium salt during mixing with ammonia in step (a). Illustrative
examples of such herbicides are acifluorfen, asulam, benazolin, bentazon, bilanafos, bromacil,

30  bromoxynil, chloramben, clopyralid, 2,4-D, 2,4-DB, dalapon, dicamba, dichlorprop, diclofop,
endothall, fenac, fenoxaprop, flamprop, fluazifop, flumiclorac, fluoroglycofen, fomesafen,

fosamine, glufosinate, haloxyfop, imazameth, imazamethabenz, imazamox, imazapic, imazapyr,




15 tenperature for addition of the surfactant as descri bed above. In

anot her enbodi nent, step (a) occurs in a continuous single- or twn-shaft

m xer/ kneaceo ongs4®ol i ds processor as descri bed above, and ridraisoezdss i ng
ammoni um gl yphosate paste-is fed continuously to a separate apparatus, for
exanpl e a continuous kneader, where step (b) is perfornmed. 20 In step (b),
m xing is continued until a honbgeneous wet mx, preferably having a
dough-1ike consistency, is obtained. O.her materials can optionally be
added to the mx in step (a) and/or step (b). For exanple, a snmall anpunt
of sodi unfiddaiiih,CirkaBthRyra ltMGPK“MGPB“xhédaW 'ﬁ%tﬁg%ﬁd a8id, ISl
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i ngr edi enthe foym p ?falfded can be, like gl yphosate an acid which is
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chl or br onﬁ?HS?fm alin, ethametsulfuron-methyl, ethofumesate, ethoxysulfuron etobenzanid,

20  fenoxaprop-ethyl, fenuron, flamprop-methyl, flazasulfuron, fluazifop-butyl, fluchloralin,

flumetsulam, flumiclorac-pentyl, flumioxazin, fluometuron, fluorochloridone, fluoroglycofen-
ethyl, flupoxam, flurenol, fluridone, fluroxypyr-1-methylheptyl, flurtamone, fluthiacet-methyl,
fomesafen, halosulfuron, haloxyfop-methyl, hexazinone, imazosulfuron, indanofan, isoproturon,
isouron, isoxaben, isoxaflutole, isoxapyrifop, lactofen, lenacil, linuron, mefenacet, metamitron,
25  metazachlor, methabenzthiazuron, methyldymron, metobenzuron, metobromuron, metolachlor,
metosulam, metoxuron, metribuzin, metsulfuron, molinate, monolinuron, naproanilide,
napropamide, naptalam, neburon, nicosulfuron, norflurazon, orbencarb, oryzalin, oxadiargyl,
oxadiazon, oxasulfuron, oxyfluorfen, pebulate, pendimethalin, pentanochlor, pentoxazone,
phenmedipham, piperophos, pretilachlor, primisulfuron, prodiamine, prometon, prometryn,
30  propachlor, propanil, propaquizafop, propazine, propham, propisochlor, propyzamide,
prosulfocarb, prosulfuron, pyraflufen-ethyl, pyrazolynate, pyrazosulfuron-ethyl, pyrazoxyfen,
pyributicarb, pyridate, pyriminobac-methyl, quinclorac, quinmerac, quizalofop-ethyl,
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to make them more uniform in size.

(U

The next step, i.e., step (d) of the process of the present invention, involves drying the

granules. Any known drying method can be used, but a preferred method is fluid bed drying.

25  Preferably a continuous fluid bed dryer is used, with continuous inward feed from the extruder

and continuous outward feed, for example to a holding vessel or packaging unit, optionally via a

classifying step as indicated below. The granules are preferably dried to a moisture content
below about 1%, more preferably below about 0.5%, by weight.

After drying, the granules can be packaged or held in a hopper or other storage vessel

30  until ready for packaging, but it is generally preferred to first classify the granules, for example

by sieving, to retain only those in a desired size range. This is optional step (e) of the process of

the present invention. An illustrative size range to be retained is larger tha_n 40 mesh (about 0.6




The wet mix is extruded through screens having apertures preferably of

di aneter about 0.5 to about 2 mm nore preferably about 0.6 to about 1.2
mm The exwoonesag2 energing fromthe screens initially f RSVt ed
strands which tend to break spontaneously to formshort 15 cylindri cal
granules. If the strands do not break readily it may be necessary to add a
cutting device at the extruder head; however, if the ammoni um gl yphosate
powder has the desired absorption and/i9r~ adsorpti.on properties and the
anount of water added is within the optimum range as descri bed above, a
cEtti ng mlmraaaisﬁmmrsrhus' : ﬂa%elslx (dbout 5 QORY SOVY- ahdruRder ei_ze:}( mﬁﬁﬁbrz gﬂgnéﬂﬁé on,
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rolling or tunbling action, for exanple in a tunbler or spheronizer, to
give them a nore rounded shape ®@XAMPDESveke them nore uniformin size. The
next step, i.8.,.5tep ( of the pr.qcess.of the present .invention. involves
drying the gﬁ?ﬁﬁ?ﬁ&’g‘gﬁ{?“‘é‘?ﬁ\ﬁ? ng‘ﬁ}ﬁ?fgﬁ’ S eloakts c3 by and 3¢ ngp'me&?eéfr ed
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cl assifyin ﬁt p as indicated below The granules are preferably dried to a
noi st ur ebégm—éit bel ow about 1% nore preferably bel ow about 0.5% by:

wei ght. Aft er THiE \Exafhple! MGstitA ! bRReS T HE idRAHGD 8Sing liqhia| dhhydrods MBmBAiR, OF
ot her storage vessel 30 until ready for packagi n%& but it 1Is ener&l |y

pr ef er r edhERs the paixing) stepsistqperatnd a5y 3 SOMLIMIOUS BROCESSq nifiecmiXigg qused dor

retailg Optepartisis6f dimenit@Sglyphdsatd idte WAL jacKelddScd-foting tRidascrew Mket GlthQf t he
process of the present invention.” An il lustrative size_range.to be retained

i s | ar gemch{ah mm) sieaeter 5evs, maputagturedby Readpp) of 1¥ork4 84- pErilledaterowtss

-19 M) 3nehifePhtstiph gacket, Tesh (about 5 mm). Over- and under-si zed
granul es or fragnments or aggregates thereof can be recycled by addi ng them

to the wet i %lyphpsste acil indhe wet EdbENRVEg Ithempisture opriggt mes meteed inte
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the scope of the present iInvention. es" W permt be

underl3t aithsi miyenthraugh a portvernthoinpuiendisic a catp of 3A kefh. i The only waterigdhe mixgwas
Cer a0 Y ERAED 1 ST s AP i Sl b b o 204
weight. The heat of reaction of the glyphosate acid and ammonia caused evaporation of water,
the resulting water vapor being exhausted at the output end of the mixer. At this point, the
ammoniuxh glyphosate paste had a moisture content of 7.6% by weight. A 1% aqueous solution

20  of ammonium glyphosate prepared from this paste was found to have a pH of 3.5.

The ammonium glyphosate paste was fed from the mixer and 22 parts by weight of
polyoxyethylene (20) tallowamine surfactant were added to 95 parts by weight of the ammonium
glyphosate paste. After further mixing, the resulting paste was extruded through an extrusion die
having 0.7 mm apertures to form moist coherent cylindrical granules which were then dried in a

25  fluid bed dryer. The resulting dried granules had a moisture content of about 0.5% by weight

and contained, on a water-free basis, 80% by weight ammonium glyphosate and 20% surfactant.

Example 2
This Example illustrates a process of the invention using gaseous anhydrous ammonia,
where the mixing step is operated as a continuous proceés. The same mixing apparatus was used
30 asinExample 1.

Glyphosate acid in the form of wet cake having 11% moisture content was metered into



where the mxing step is operated as a conti nuous process. The m xi ng
apparatus used for 10 preparation of amoni um gl yphosate paste was a
jacket ed O¥O0MMB4RI ng twin-screw m xer with 2 inch (51 nmBCIYREMET screws,
manuf actured by Readco of York, PA. Chilled water was circul ated through -
the jacket. dyphosate acid in the formof wet cake having 11% noi sture
content was netered into the input end of the mxer at a rate of 20.3
kg/ h. Liquid anhydrous amonia was inj2&ted into 15 the mixer through a
port near the input end at a rate of 2.0 kg/h. The only water in the m x
was t hat the ipuséndast themixeeatgl reteod 204 &keile tGasedus anlyrdoatsdimmpnigwasinjected into

i st t f 10% b i ght. . Th ' .1. t
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paste. AnbRfurd drdi lof Bbotit 19% by eight UAL 198 Giqgistab Colwtion e immonitm! glyphogite an

extrusion die _having 0.7 nmm apertures rm npi st cqherent cylindrical
gr anul espieparech g, thisinagtn Wasifewnd tg heves éio a{ glb@gpaﬁ'%? . °&"ﬁ“e°$ E@%‘F‘i"r"ﬁa" dried
gr anul esqRathnfa/siPhrvkits MofedRid)Verylosgptit 0. 5% by wei ght and contained, on
a vvater-? ree baég?%, 80%oby V\(gi ght ammoni um gl yphosate and 20% surfact ant.

Exanpg e gxé_}'ﬁﬁ'léy, Exanple illustrates a process of the invention using gaseous
anhydrous ammonia, where the mxing step is, operated as ﬁ ﬁonti nuous

process. The BrsrExample iipstppns ﬂq_‘}gss\/ﬁ@%g@ﬁ_‘mﬁd‘sﬁ’g §AFPORS B @ PWhosat e
acid i1 it e 484 is Gpllel Y i Betclk brotedsDi/o fakted litiry roiker welusecefr Nt 0

WO 01/ 08492 PCT/ US(%O 485" -20 the input end of the mxer at a rate of 20.4
kg/ h. Gathesuxingaepdr ous anmoni a was injected into the mixer through a port

near the inpu_@lyﬁﬁ@a@taci@ ih HeSfofth of wét &dlte Raviag l1%4ahéistureconien] Wi ded fithe t he
m xer at the i1nput end

ut at arate of 1.8 kg/h. Together thqpxc;he wat er.
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~aqueous sofution of armoni u osate "prepared fromthis paste was found
to have abqui16% by weightadAckd iaqueons gelytiercobemmenitmaglyphosste prepared from this

20 paste was found to have a pH of 4.0, indicating a degree of neutralization (ammonia/glyphosate

mole ratio) very close to 1.

To the ammonium glyphosate paste in the planetary mixer was added 94 g of
polyoxyethylene (20) tallowamine surfactant with further mixing. The resulting paste was
extruded through an extrusion die having 0.7 mm apertures to form moist coherent cylindrical

25  granules which were then dried in a fluid bed dryer. The resulting dried granules had a moisture

content of about 0.5% by weight and contained, on a water-free basis, 80.7% by weight

ammonium glyphosate and 19.3% surfactant.

Example 4
This Example illustrates a process of the invention using liquid anhydrous ammonia,

30 where the mixing step is operated as a continuous process. The mixing apparatus used for

preparation of ammonium glyphosate paste was a jacketed co-rotating twin-screw mixer with 5

T



(ammoni a/ gl yphosate nole ratio) very close to 1. 10 Exanple 3 This Exanple
Illustrates a process of the invention using gaseous anhydrous amoni a,
wher e t he WORI/PB4925t ep i s operated as a batch process. A jRENUSOWPPBE anet ary
m xer was used for the mxing step. dyphosate acid in the form of wet
cake having 11% noi sture content was added to the 15 planetary mxer in an
amount of 400 g, together with 25 g water. Gaseous anhydrous ammonia in

t he anount of 50 g was added over a per2led of 3 mnutes. The initial

noi sture content of the mx was 14.5% by wei ght. The heat of reaction of
the gl yphehal27 ach)ddiamneten sorews, manifikaged by Headat oONork, Piat @hilledewatert wag i n

the anmonj u te paste having a noi sture content of about 10% by
wei ght . “I@%% ﬁéa?d?‘%ﬁon of anmoni um gl yphosate prepared fromthis 20
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extruded through an extrusion di e havi nﬂ@lyatmﬂapertures to Tormnoi st
r
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by wei ght and contai ned, on a wat er-free basi s, anmoni um
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m xing step I's ope as a contl nuous cess. m XI ng g ppar at us used
for 1Prepl la(PHfo"Qammnl um gl yphosate paste was a Jacket ed co-rotating
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hoat "5t * FhECbdd st e esftng e ady N g 2o fne s o oft dsHO8) il
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m xer. At this point, the ammoni um gl yphosate paste had a noi sture content
of 5.5% Example 5

This Example illustrates a process of the invention using aqueous ammonia, where the
steps of mixing and reacting glyphosate acid and ammonia to form an ammonium glyphosate
20  paste, mixing the paste with surfactant to form an extrudable wet mix, and extruding the wet mix
to form granules are operated as a continuous process in a single apparatus. The apparatus used
was a DNDG-62 twin-screw compounder/extruder with 62 mm co-rotating screws, manufactured
by Buhler AG of Uzwil, Switzerland. Each of the screws, in addition to having screw elements
of various lengths and pitches, was fitted coaxially with shearing and kneading elements. The

25  screws were housed in a series of modular jacketed chamber sections known as barrels.
For the present Example, the screws had a length/diameter ratio of 40 and were housed in
a series of 9 barrels, numbered from the input end. Barrel 1 had an inlet for solid feed and
barrels 2 and 8 had ports for liquid feed. Barrel 2 was chilled, barrels 3 and 4 were heated to
130°C, barrels 5-7 were heated to 150°C and barre] 8 was heated to 120°C. Barrels 1 and 9 were
30  neither chilled nor heated. A vacuum of -0.6 bar was applied to barrels 4 to 6 for removal of

water vapor. Barrel 9 fed directly to an extruder head. The screws were operated at 135 rpm, to



by weight. A 1 % aqueous solution of ammonium glyphosate prepared fromthis
paste was found 10 to have a pH of 4.0. The anmmoni um gl yphosat e paste was
fed from waeonesser and 20 parts by wei ght of pol yoxyeth@l&ﬁw N;

tal | owam ne surfactant were added to 80 parts by weight of the amonium

gl yphosate paste. After further m xing, the resulting paste was extruded

t hrough an extrusion die having 1.0 mm apertures to form noi st coherent
cylindrical granules which were then ¢€22ed in a 15 fluid bed dryer. The
resulting dried granules had a noisture content of about 0.5% by wei ght

and contgivewproduntion rareofextridateofabeoits] 284@M. by wei ght anmoni um gl yphosat e and

nvent | on' us HGPRATE SL A REHHR 10 B, o el EF PR SRR o £ 1B

gl yphos dtgh. aAipgkoassinmonin (30 by weight) was fedmﬂrmam gl 28kl Ho aﬁd;ithmé weter

m xi ng the pgs wi.t.h surfactant taoforman extruds

ext r udi nﬁas[aﬁg %\%WMW&% theeagsign mw(g%Qg?s%ﬁWﬁﬂous process
in asi gglle %@ﬂgaﬁ:@mﬁ% eaauarbafruss WS2T8 kphs TheBhifistfil wasiard: kbyemghthl
conpounder/extruder with 62 -rotating scre tur er
AG of UZSRixtre of polyypromyieng: éﬂ"gﬂ%mmfl\r,‘\?rmﬁﬁga Y‘B‘yﬁtgykﬁ rew
el ement Sgoriitan idliryPbister] SR G4 bsheaveai tmtrsmﬁn ofiake glypmdzemwmmmrﬁm was
shearing and kneadin Ierrents The 25 rews. wer e hous d I°8r‘€ serhggs of

modul ar joekstretially compidtsd, inheprel %n‘é’“kﬁﬁ%ﬁ ction in.oistygs, co ﬂg

Exanpl e, axﬁaemﬁﬁrmo&&cbaacel eTRérbfety AURA Spplicaionf Béat Wbm e and vuardo i N a
series of barrel's, nunbered fromthe |n H{F end. Barrel had an i et for

sol i W0 f e@dﬁ&mﬁ fyrther geduction, pymeiseg| connt rPapte (?ﬁ‘?"(’irefié’élar gpn-2

chill'ed, mhﬁ{&@h&t&t 3 cheletiRlifte hﬁataselutt 0%. 13@6 finbhéd Blodudi; ﬁpMesohmamd to.
150C and barrel 8 was heated to 120C. Barrels_ .1 ﬁ‘igé were 30 neither

chi | | ed Water wauake g 1% glyphosatern.eby. weightslutign, hadap

renoval of water vapor. Barrel 9 fed directly to an extruder head. The
screws wExampleérated at 135 rpm to WD 01108492 PCT/ USQD/ 20485 -22 give a

producti on rafigs efanfid fllﬁg@ek& @t wsdeth gl&%n&ﬁé Heedéd (oPRPPIG gyphdiate adié weavi Ng
13% moi sture content was fed to barrel at a rat? f 100 g/glﬁq‘ﬁige(g
anmohf a Q%G% pepnglantdead ratggecording W%B’FP"@F 1“2'°’§’£°“2§ e pcidpets
\Qﬁ;e{ ok 70 gqlfr&nckTﬂﬂustﬂést MBlel YOS lpfavirhdtti€ Med&f vahim ih€ladedi D30 ﬁaﬁBppbﬁ

u

y wei . I quid surfactant was fed tc? 8 at 27
kg/ h. Thequipped authammowaslnaemagltaw ag,dpsgribed hersinghoge gn bé&“ﬁ[ﬁi&? lix oBsh (8)
et hoxytr a.xga ﬁ%@rﬂgnp ?ﬁgﬂ%fé{ for 2N ThO Rled @ W thkyddes Fedd@tes of 2718 bR ah@ur Y|
ved

ester. eaction of the glyphosate acid with ampnia was
subst ant 5432 W/he usipg tveglyphesie aeid wep caks aampkédéﬁlﬁléh%f’cmf’@wﬂ? eontesisafjed®»

cont gyt Qttd §61904" 54 eldaB%ran reliably even while additional wet cake was being added to the
hopper. The results are shown in the following table.

Normal wet cake High Moisture Wet Cake
Target 122% H,0 . 15.7% H,0
feed rate
(Ib/hr) Average | Standard | Accuracy | Average Stal.ld?l'd Accuracy
feed rate { deviation (%) feed rate { deviation (%)

2716 2704 33 -0.430 2695 26 0.773 .

' 2768 2 1.922 2718 32 0.060

5338 66 -1.735 5410 74 -0.396

>432 5427 146 -0.097 5441 114 0.163

The preceding description of specific embodiments of the present invention is not

intended to be a complete list of every possible embodiment of the invention. Persons skilled in

to barrels 4 to 6 for

T



ammoni um gl yphosate paste. Thereafter, with application of heat to barrels
3-8 and vacuumto 10 barrels 4-6, further reduction in noisture content of
t he paste WOM08492l prior to extrusion. The noisture contpPCT/AUSI2048S
extrudate was about 10% The finished product, upon dissolution in water
to make a 1% gl yphosate a.e. by weight solution, had a pH of 4.1. Exanple 6
This exanple illustrates the use of a gravinetric feeder to. supply

gl yphosate acid wet 15 cake at a const2nt feed rate according to the
present invention. dyphosate acid wet cake was fed using a Merrick

| ndust ri ¢s Reldebillgeeghite gha modficationsf cas be madehsd @it ipaeikit EaModimdhtsidederibe@rer
equi pped }Qfettﬂat?e rgJ)tO' =dr hyen ghbat or as descri bed herei nabove and a

si ngl e- hel'"x open %p'?' eﬂﬂﬁ% F PReesmt Jyention. oy sepower nmotor. The feeder
was tested at feed rates of 2716 | b/ hr and 5432 | b/ hr using two gl yphosate
acid wet cake sanples, which had noisture contents of 12.2% 20 and 15. 7%
The feeder ran reliably even while additional wet cake was being added to
the hopper. The results are shown in the follow ng table. Normal wet cake
Hi gh Moi sture Wet Cake Target 12.2% H20 15. 7% H2O feed rate (ib/br)

Aver age Standard Accuracy Average Standard Accuracy feed rate deviation
(%9 feed rate deviation (% 2704 33 -0.430 2695 26 -0.773 2716 2768 92
1.922 2718 32 0.060 5338 66 -1.735 5410 74 -0.396 5432 5427 146 -0. 097
5441 114 0.163 The precedi ng description of specific enbodi nents of the
present invention is not intended to be a conplete |list of every possible
enbodi nent of the invention. Persons skilled in 11111 WO 01/ 08492

PCT/ US00/ 20485 -23 this field will recognize that nodifications can be
made to the specific enbodi nents described here that remain within the
scope of the present invention. WO 01/08492 PCTI USOQ 20485 - 24-




CLAIMS: 1. A process for preparing a downstream processabl e amoni um

gl yphosate paste, conprising mxing in a suitable vesselggu%qggart Il cul ate
gl yphosat V@842 i ) anmonia in an anmount of about 0. 8P 851, 25

nol es per nole of the glyphosate acid, and (iii) water in 5 an anount of
about 10% to about 25% by weight of all materials being mxed in the
vessel, thereby causing a reaction of the gl yphosate acid and ammopni a t hat
generat es heat causing partial evapora‘!ron of the water, and forns an
amoni um gl yphosate paste having a noisture content of about 5% to about
20% by wWeL4kMS: 2. The process of Claim1 wherein all or part of the water
In the vessel is introduced as 10 noisture associated with the gl yphosate
aci d andl.or Ausprogess vfer eprepasing o aeflewnstrea u pogessablgrrasemeniur glyphospieopastes of
Caiml whery )
veter 15 i nienareng e MERMNA el () BaE R ADIE KAL il HERRNR i b

gl yphosat e anicsint ofraboutr0.Sitemboyt 1635 mbbs; periasle Df)thaubmhoszﬁ%ﬁiﬁy mwde@@hvaterand

(ii1)ethe anmmni t f
Sbout 5% t o SRRt BBy 192 8 aBE aSbey IRHSE i archal7 B i ool ek
further reduhé:eb;rraumngmlratmmofahmglgphosaté acidtaad pnmma'asthasfgenﬁrmsﬂne@t cdusingi n
the ammonia is.introd ced rous anmmn p ss of
Caim3t hatpamfli Edheiof p e§§ B-h utt aﬁ' ?%sat ea%gtefr g@% &
conpri sing Zﬂoiétaﬂeoan&uhﬂ‘hwtswﬁ)ybﬁnab%%dmglnnber eI ongated in a

substantially horizontal dinension, having (i) at an input end an aperture
sui t abl e2.f orThengroeessiof Claimof whiseinpalt br padt @f ¢he whtep irothet wesset isdintrpduced a8 an

t d t | t
past 80 ond (o ssal Y Bergnpiostls SE0TiBr B e e SRR of aiage  ©

sui t abl e f oramméniduct i on of ammoni a and water; and having di sposed therein
25 (b) one or two rotatable shafts, each on an axis parallel to the
el ongat el diThensowess mffClmhel whéraint(@rthe mnioniaés/intrgdmé apanhydious smmeniax@iid nent s

andl or paddMAS s ROt RO R PaF of ik pactined Pl e dptoBRERRE R 1°

t he gl yphosanenahibfiabtw lt)%eto abanit 5% uyhmglg:rmll(m) apanummglyph@atelpaMt

Feactton’ 30 RS i st SRR pEafiph ore AR f"W@éﬁr i T

reacti on nmagsodcsdblevthout flither réduttidn ihimoistbre cbmbnt 11 CcL 1

4.  The process of Claim 3 wherein the ammonia is introduced as liquid anhydrous ammonia.

5.  The process of Claim 3 that is a continuous process conducted in a mixing apparatus
comprising ' .

20 (a) a substantially enclosed chamber elongated in a substantially horizontal dimension,

having (i) at an input end an aperture suitable for introduction of the particulate

glyphosate acid, (ii) at an output end an aperture suitable for discharge of the

ammonium glyphosate paste, and (iii) between the input and output ends one or more

ports suitable for introduction of ammonia and water; and having disposed therein

25 (b) one or two rotatable shafts, each on an axis parallel to the elongated dimension of the

chamber, each having one or more screw elements coaxial with the shaft and bearing

a plurality of radially disposed pins and/or paddles, such that rotation of the shafts

effects (i) feeding of the glyphosate acid into the chamber through the aperture at the

input end, (ii) mixing of the glyphosate acid, ammonia and water to form a reaction

30 mass having a large gas-paste interface, (iii) transport of the reaction mass and the

I
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WO 01/ 08492 PCT/ USOQQO 20485 -25 resulting anmmoni um gl yphosat e paste towards
the output end of the chanber, and (iv) discharge of the ammoni um

gl yphosat ev@aHe8d92% rom t he aperture at the output end. 6.PCRAESOPRM8ESS of
Claim5 wherein (i) glyphosate acid in the formof wet cake is fed

uni nterruptedly by screw el enents disposed in the aperture at the input end
of the chanber 5 in such a way that no air continuumforns that woul d
permt back-| eakage of ammonia at the2fsaput end; (ii) shaft rotation speed
i's such that residence tinme of glyphosate in the chanber is sufficient to
perm t conpl et i wslddg ainmmm&ngiyplmﬁterpuktagotrhds dhenoutputrend gif\thé) obabey, axid

out put - ond Suf 1D RpEESTLE fimanR Ok AR part GO e ARt B SRNLAS [ om

th t 10t t t d. .7 d
g anul ar® hedBE RO BETISE Bihereit iRty (5 i e BBk vt et ol s sel
(i) parti cuhninengpteflydBaicrewoelémlents dlsposedmhe apdriurecat theinpnitiend of thelvhahbét. 8 t 0

amourd of aBGEED 2OV BatR Al consomly Feght: wo ik eakdsel paada | n

the 15 vessale mbhteérebxu}:MI fogation Ispedl is @lclo that Mesidehoentims Afqlyshioshts itfl the
anmoni a t hat %enerate heat causi ng parti al tgvaporatl n of the water, and

forns an a ek, 1§ ientito peymit gompletion QF  the reaction ; forming the Fmmepium,
noi st ure ConlyRbsalt; 8ad Qi) the AMnRRAUE injetedthroupRiadieit locdidd atialWsthiRd tfrod( theOr

vacuum to reﬁce the noisture content of the paste to about 5%to about
15% by wei gifPtPubend sfficient to.zesylpin substantiglly @Ot"ﬁem;gegfta@mw From; the ARPrUETR or
nor ejgur f actgduipdtendt Wei ght ratio . of total surfactant to anmonium

gl yphosate of about 1:9 to about 1:3 to forman extrudable wet mx; (c)
extrudi ng t DeproBdss mrbrég%égﬁ&ﬂ?y lﬁ'ﬁéﬁlcfdal adifiosttion; corippisingt 0 form noi st
coherent granules; an (d) |n ranul es to roduce the dry
granul ar cofBosmiXiggin ‘BSm‘?HEVﬁS a@ yphosate Agid, Q?gﬂ'ﬁﬁ%’één&“\aﬂf’mer

step (e) of cl agsdubi G‘QtJXH%uP'f Qﬁﬂoﬁﬁi%ﬁé of the glﬁi‘i@éﬁ?e R%d, af® ) RardF @H! es,
fragments of granules and lgg/regat es of granul es that aré_ outside a

desired size raffaeuntof alpu toezhou25%) by ‘H?lgtheﬂl’e!nﬁtm?lﬁ being mied iythst ep
(a), 19l or parjesgli ma%b uSing e gs;a ﬁpﬁ.ghygh&a@ atid é}fdr:ﬁﬁﬂ&ﬁéﬂﬁ? diBfaR " @

associated with the gl ypho sate acl s the water onent 0
aqueous ammoni gheat causing partial evaporation of the water, and forms an ammomum glyphosate

paste, and thereafter, if the paste has a moisture content greater than about 15% by
weight, applying heat and/or vacuum to reduce the moisture content of the paste to
about 5% to about 15% by weight;

20 (b) thereafter adding to the paste, with mixing, one or more surfactants in a weight ratio .
of total surfactant to ammonium glyphosate of about 1:9 to about 1:3 to form an
extrudable wet mix; |

(c) extruding the wet mix to form extrudate strands that break to form moist coherent
granules; and

25 (d drying the granules to produce the dry granular composition.

8.  The process of Claim 7 that comprises a further step (e) of classifying the dried granules to

remove or recycle granules, fragments of granules and aggregates of granules that are
outside a desired size range.

9. The process of Claim 7 wherein, in the mixing step (a), all or part of the water in the vessel
30 is introduced as moisture associated with the glyphosate acid and/or as the water

component of aqueous ammonia.
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WO 01/ 08492 PCT/ US00120485 -26 10. The process of Claim?7 wherein, in the
m xi ng ste a I f the ammoni um gl yphosate paste on col;g)ll ' f the
reaction Nﬁ%‘g‘é{’z’%l sture content greater than about 10% by m’gglog’zéhg) heat
and/or vacuumis applied to reduce the noisture content of the paste to
about 5% to about 10% by weight. 5 11. The process of Claim7 wherein, in
the mxing step (a), (i) the amonia is introduced as anhydrous amoni a;
(ii) water is introduced, in whole or- 464+ part as noisture associated wth,
the glyphosate acid, in_an anount, of about 10% t 0. about 15% by wei ght;
(iii) tHO dheprecestofClasRd sheacipAn the mumaSeR{g) 1 mﬁﬁﬁﬂ%ﬂ?’&‘%‘&ﬁ&%ﬁ? about
5% to about o} Q¥mBition'Bf e treacBBf had ¥ nolurb @Brtertf gréldr kAl Abbout Pl byOweight,

further reduce the noisture content of the 10 paste prior to step bg 12.
The process hedt agl/gr yacaum\is applied to rrdues e moistyrs CPNF?%GE%WI“?’%i ot
anhydrous a hG% by WeightN€ Process of Claim1l that is a continuous
process conducted iR a%%xi ng apparatus conprising (a) a substantially

encl gseqc h%??gkc@s%@&% WheRRinS ﬂpﬁﬁ:%&in@'s{% &R @ TR nthoitlh IEBEb@IRed ad 5
a e fo

havi ng (i) n 1nput end an apérture suita r introduction of the

parti cul at e antyidyqus apunaniag diiiwater is) inrodused, dutyhele enip Rt appBpisUreasseristeth| o
for dischar QmGhe ERAnoSERA, il HRUASE! oBFIE to 3kt (5% by ReighEAHN) e

i nput and outpu one of nore ports suitable for introduction of

ammoni a and amatoaium glyphasats ipasie Hirmed base micistuss eontest ob aloup 5%t 18w 197RBY e
shafts, each on.. ' aTe I | s

chanber, ea(?ﬁlglllét\a/a?l %S‘ﬂ)ﬁ%ﬂ%ﬁ i2hlrrlt,)ar(i}:]'ém'}slgsr Ledkﬁgf{é)nent sqg%‘gipgpﬁ%&?ﬁ%ﬂ%ﬂgﬁ and
bearlibng a phste pdiortty stepp (W).adi al | y di sposed pins and/ or paddl es, such that
rotation of the shafts effects (i) feeding of the glyphosate acid into the
chanber ¥2hr dhghrocess ofiflaim (1 avhexein the ammaopiats iatraduced as liguidqnhydreps ampaonia.

gl yphosate acid, ammonia and water to forma reaction pmass having a |arge
gas- past1s. i Mhemkacess, of Clain) 14 rthatsip ¢r eontiruoup processceondysiqdpiisa mixing gppayajus
resul ting amﬁﬁ gl yphosat e paste towards the output end of the chanber,
and (iv) di'sc aérﬁgée of the ammoni um gl yphosate paste fromthe aperture at
the out put €8)d.a substantidily encloseskehamberrlangsted In\ansubstantiafly horizontah dimensionci d i n

t he form of wet e, i r YN Iy | in
the Boortur o ar MR8 o S cfd B GO bl R SENRLEIPON e HaraRR
cont i nuum f or nmeglyplatsatecasidd (Pernan dutpuk-ché shaapsrtote suitablnifar dischage ofidhg nput -

end; (ii) shaft_rotatio | . I | te in
t he cglan%)er is TOPPICr e%ljpfpi‘pga?e%#ﬁei %Hgg%blgg{e?%ﬁéﬁ %gd édetlggte f‘)éosn(ﬁkfE 33?%@?% t he

anmoni um ports suitable for introduction of ammonia and water; and having disposed therein

(b) one or two rotatable shafts, each on an axis parallel to the elongated dimension of the

20 chamber, each having orie or more screw elements coaxial with the shaft and bearing

a plurality of radially disposed pins and/or paddles, such that rotation of the shafts

effects (i) feeding of the glyphosate acid into the chamber through the aperture at the

input end, (ii) mixing of the glyphosate acid, ammonia and water to form a reaction

mass having a large gas-paste interface, (iii) transport of the reaction mass and the

25 resulting ammonium glyphosate paste towards the output end of the chamber, and
(iv) discharge of the ammonium glyphosate paste from the aperture at the output end.

14. The process of Claim 13 wherein (i) glyphosate acid in the form of wet cake is fed
uninterruptedly by screw elements disposed in the aperture at the input end of the chamber
in such a way that no air continuum forms that would permit back-leakage of ammonia at

30 the input end; (ii) shaft rotation speed is such that residence time of glyphosate in the

chamber is sufficient to permit completion of the reaction forming the ammonium

—
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100t rrrorar 11112 1t 112111111 311 (~ WO O ro8492

PCT/ USOQ 20485 -27 gl yphosate; and (iii) the ammonia is injected through a
port | ocat ewloat/os9i st ance fromthe output end suffici entPQraUSOH2048% i n
substantially no venting of amonia fromthe aperture at the output end.
15. The process of Caim7 wherein the extrudable wet mx fornmed in step
(b) is of a 5 consistency such that the extrudate strands fornmed in step
(c) break spontaneously upon extrusion-2p-formthe granules. 16. The
process of Caim7 wherein step (c¢) further conprises breaking or cutting
t he extrudat e giyphésarfland @ii) thé Binhiofiadk aijettethroligh a Poft 19¢bsd0R 2 didtarick Fof the
wherein step (c) further conprises rolling and/or tt%nbling %he 10 noi st
granul es to i APERPendsuificient toresultm sybstantially no venting of apmonia, fom fhe.ageghre at
uni formty of thedugfitedd3. The process of Claim 7 wherein the mxing step (a)
I's operated in a continuous node. 19. The process of Claim?7 wherein the
m xing st efs, ( The ighoRBLHAICHm 7 Whedéih e EREEIabROwet! Blx FoRieASH Sbp @?aisﬂbf?a
wherein the entire process is operated in a continuous node. 15 Z1. An
ammoni tm gl y peRsiteacy, suchcthal the extudagn, strands frmed dn; stgp () brpak spontapenusix upey
granul ar her biegingfin 16 f6HRARE plaffled’ €pared by the process of Claim7. 111111
HE 1111111111 L M S

16. 'The process of Claim 7 wherein step (c) further comprises breaking or cutting the extrudate
strands to form the granules.

17. The process of Claim 7 wherein step (c) further compriseé rolling and/or tumbling the
10 moist granules to impart to the granules a more spherical shape and greater uniformity of

size.
18. The pmcesé of Claim 7 wherein the mixing step (a) is operated in a continuous mode.
19. The process of Claim 7 wherein the mixing step (a) is operated in a batch mode.
20. The process of Claim 7 wherein the entire process is operated in a continuous mode.
15 21. Anammonium glyphosate paste prepared by the process of Claim 1.

22. A dry granular herbicidal composition prepared by the process of Claim 7.
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