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glyphosate, which has the chemical formula
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it being understood that the mole ratio of ammonium cations to glyphosate anions in such a salt
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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 iniconsistent with the
term “ammonium glyphosate™ as used herein.

20 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
necessarily free of water or other liquid, only that it is dry to the touch. Dry formulations can

25 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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20 example in Internatlonal Patent Application No. WO 87/04595, is much less hygroscopic than
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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 ef al. discloses a process for preparing a non-hygroscopic
monoammonium glyphosate; however, dry ammonium glyphosate prepared by any known

25 process is adequately non-hygroscopic 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 aqueous solution or shurry of
such a salt by reacting the herbicidal compound with a neutralizing base in the presence of water,
30 and thereafter removing the water to provide the dry salt. The process is directed particularly at
substituted benzoic acid herbicides and phenoxy-substituted carboxylic acid herbicides, but is
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ammonia, and U.S. Patent No. 5,633,397 to Gillespie et al. discloses such a process wherein

20  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 nature of the reaction gives rise to a need for
dissipation of heat, which presents much fewer problems in an aqueous medium because of the
25 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 efficient aqueous
slurry process for making ammonium glyphosate wherein the end-product is a water-soluble dry
particulate composition.
Dry particulate compositions of agrichlturhl chemicals such as herbicides are typically
30 powders or granules, for example water-soluble powders or granules. Granules are typically

aggregates of smaller primary particles, while powders are typically formed of unaggregated
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not gener PP favored because they tend to be dusty. Rﬁ%ﬂgwg bl e
granul es are preferred over water-sol uble powders, but have a nuch snaller
surface area to volune ratio that tends to retard the process of

di ssolution, especially in cold water. 5 The present invention provides a
process for nmaking a dry particul ate amdri um gl yphosate conposition that
is less dusty than a powder but has a large surface area to volume ratio,
pronoting a rapid rate of dissolution, even in cold water. The conposition
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thereaf ter to Faglge i shovhea plovessflowmiagramoofiai proceds effihe anvieotion. t he base t hat
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15 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 glyphosate; (¢) drying the reaction product by contact thereof

with a heated surface to form, primarily by evaporation of water, a solid deposit on the heated

20 surface; and (d) scraping the solid deposit off the heated surface to recover dry flakes of
ammonium glyphosate.

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

25 Preferably steps (c¢) and (d) are accomplished by feeding the reaction product at a suitable
rate on to the converging surfaces of two parallel counter-rotating internally heated cylinders
having a gap between them of about 2 to about 10 mm to cause evaporation of water and form a
solid deposit on the surfaces of the cylinders, and removing the solid deposit in the form of

flakes by means of stationary scrapers against which the cylinders rotate.
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ammoni a (i.e., amoni um hydroxide) is used, the amount of water supplied

by t hed glypbosaic assapnpm af drvt hasis, dif] abowt 9b¥Heor higher, indicating that such impurities
-constitute less than about 5% by weight of technical grade glyphosate acid.

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

Illustratively, 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

25 sulfite.

In the same preferred process of the invention, a base that supplies ammonium cations is
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 ammonium cations can be
used, including ammonium carbonate and ammonium bicarbonate. However, it is generally

30 preferred to use aqueous or anhydrous ammonia. If aqueous ammonia (i.e., ammonium

hydroxide) is used, the amount of water supplied by the aqueous ammonia further dilutes the



WO 01/08491' PCT/US00120337 -6 slurry. Typically agueous ammni a, copntains
about 29% 90\9@?43ht ammoni a and can therefore be consi derepﬂgso%ﬁﬁf’y
about 71 %of its weight as water. This should be factored into the
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slurry. Anhydrous ammonia can be supplied in the liquid or gaseous state.
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20  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 ammonia 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

25 and uniform reaction. With conversion of glyphosate acid to ammonium glyphosate, the
glyphosate becomes solubilized in the water. The product of the reaction step therefore
comprises a concentrated agueous 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

30 glyphosate. The upper limit is the limit of solubility of ammonium glyphosate in water, which is

temperature dependent.



tenperature dependent. WO 01/08491 PCT/ USOQ 20337 -7 Wil.e the reaction
product WOM9B#des such a concentrated aqueous sol ution, RCTAHN0/033p
contai n undi ssol ved solid particles, in which case the reaction product is
nore accurately described as a slurry. Such undissolved solid particles
can be of ammoni um gl yphosate or of wunneutralized glyphosate acid. It is
preferred to maintain the reaction pre@luct at an el evated tenperature, for
exanpl e about 65C to about 85C, for maxi mumsolubility of the amoni um

gl yphosate. The next step of the process, i.e., step (c) as defined above,
conpri ses dWhilethd Feastiore priduct conipirisgs! Slichoy condentrated!dyaeanf sohtioh, & dapadias
surface to form primarily by evaporation of water, a solid deposit on the
heat eoBtan ypdissqlyed ﬁ@llﬁ‘rfnaﬁéfé@, de hwhich rease tthe seaqtionoprpdiet isomoze taceyratelys i o

heat : |4 ' : \ |
rodi 1 eSPUSACR o Ui SHER vl 196 ROl RiBRS AR ntnBhufiP bOBASRNGY of |
i n t ermmeunttalized glyphositd adidency. The heated surface is preferably the §
ot &1 11 o Ul FEREO AR i TacHOn g AL A oNGR LemiperaRgren G cxample
t ' ' t et ' . b). Suitabl
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the surface . froma heat .soyrce or _ vector in the.interjor of the cylinder.
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pressure under which the superheated steamis suppli to the cylin
pr d¢ s Uheatedf suoface fou exaraple tflash idoking 204 Gprapadrying mkthods and madifjcation® thereof,

appli DI rabl,y the steam pressure is about 500 to .about 900 kPa.
Hi gheﬁgdgf §§$ﬂﬁ>g§é?ﬂgrgd¥ﬁ ‘f’ﬁ?‘iﬁﬁ%@?&eﬁ@%‘égﬁfmﬁjé’ﬁ8¥°§ﬁ% ﬁ‘Fﬁ‘H’er surface

t enper at ur €Fhe Katsd sufabe Rpréferdbhis thelsuffich of @ Efinde Sithedse dhud didroller, and is .
Tenper at ures shoul d_not be so high, nor residence tine of the solid deposit

on t Huelkmble @ metallic sutface prayiding good Heeay| sppectivity while rhgings noh subjggt to
deco L t3-QN; C C t -23QC as: |

Fr anz artosierm, Sl ERg ) FencBicliotnd) of Ye 0. RRATESHOREE, tades e
Uniguepr@lidbdy| folHexampledby sthitfless sprel of chmnduidglateSdnethe chset of a zglinden ekt is :
ammoni a can.be expect ed durj ng.the drying step, but. provided tenpperature of
e neaPEERRU Proyidrd focte Shrtaspo a3 heak, Rtee < (s T CHETHoT At 106 6V bt
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effect of drying is to forma solid deposit on the heated surface. In step

(d) t hiusfagy|chn 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
20  applied, but preferably the steam pressure is about 500 to about 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
2s 189, Ghyphosate, 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.
The effect of drying is to form a solid deposit on the heated surface. In step (d) this solid
30 deposit is recovered in the form of flakes, by scraping the deposit off the surface. When the
drying step is performed efficiently the moisture content of the flakes is typically below about



30 deposi tyd vered in the formof flakes, by scrapi ngl,tzﬁz" Lt of f
t he surfa&#ﬁwggpt he drying step is perfornmed efficiently t eﬁﬁgl&é ure

content of the flakes is typically bel ow about WD 01/08491" PCT/ USCQ 20337
-8 3% by weight and is preferably bel ow about 1.5% nore preferably bel ow
about 1% by weight. Further drying of the flakes, for exanple in an oven

and/ or under vacuum can be carried out™Pf desired. It will be clear to
those of skill in the art fromthe above description that the type of s
apparat u drum dryer or roller dryer can_provide the requisjte
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by a veré narr.ow, general 1y adjustable, gap kno a "nip". The 'wi dth
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about 2 p bl y. ab 3.to ab 7 Pr rably th
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thereby cdmteddn@rahyt 0dnbe shbstindePTdesifd 0 d&cHPAT in@hesb publicatihaces into the
nip. In performng step (¢) of the present process in such a drumdryer,

the riacti on Bremagkyerpran havga single rotating bestadodmmeor; gnere isyitaR)y Jor thecrresest
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the converqing,surfaces of the druns and over e nip. Rotational speed of
the dr unBPeXgen %ﬁg?%qs&fégsmafaﬂsl_ e sopiried damn Shihesthen bug T PEFRT
evapor at j&iraily AdRRtabR] ghdEnddt & the Pnib™ € The width of the gap, known as “drum clearance”,

20 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

25  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 drums and over the nip. Rotational speed of the drums and

temperature of the surfaces are controlled so as to permit 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

30 thin, more or less continuous, solid deposit that adheres to the surfaces of both drums. It has



reactlogﬁ‘{; f%& above the nip. Further drying takes place_in and bel ow the
nip, res ? na 30 thin, nore or |ess continuous, sol FGT’HQMPV t hat
adheres to the surfaces of both drums. It has WO 01/ 08491 PCT/ USCD/ 20337
-9 been found that the process. operates nost efficiently when drying above
the nip is such as to result in accunmulation of a thick mash in the nip.
In a typical drumdryer, a stationary-$traper 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 s that the scraping edge is oriented
agai nsbeetnhbund)tﬂm ithen processveperates ofost efficientlyn wherf daying abovetthe dipiis sughfasde
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and illustratively about 1 to about 100 g, more typically about 2 to about 20 g, of ammonium

20 glyphosate flakes are dissolved in 1 liter of water to make an application solution. Surfactant
and/or other ingredients can if desired also be added to the application solution.

The product of the present process is especially suited to packaging in small packages.
such as plastic or foil sachets or water-soluble bags, illustratively containing about 10 to about
1000 g of flakes. However, the invention is not limited by such packaging. If desired, any

25 conventional packaging system, including boxes or drums, of any size can be used. The product
can alternatively be shipped in bulk form.

The product can also be used as an intermediate for further processing. For example, the
flakes can be milled to form a powder. Such powder, or the flakes themselves, can form a raw

material for a granulation process, optionally involving addition of surfactant.



mat eri al nul ati on process, optionally involving addition of
sur f act ant "%6@%3?0849 PCT/ USOQ/ 20337 -10 EXAMPLES The fESHH%028%37
Exanpl es are provided for illustrative purposes only and are not intended
tog limt the scope of the present invention. The Exanples will permt
better understanding of the invention and perception of its advantages and
certain variations of execution. s In a-pBegram of eval uation of drying

nmet hods for a concentrated amoni um gl yphosate solution such as is
prioduced by reacting gl yphosate acid with aqueous or anhydrous ammonia in

a slurry, the follow ng systens arBEXAMHIESatus were tested. Exanple 1 This

PC20 10 ar aciGy %;p?%%?iéf;oﬁbi&aé‘%%ﬂ“s%dﬂ%&%ﬁ by s et 6L R,
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56% by weight a ni um g ﬁ% Eate sol utlon was. repared by dissolving dry
ammoni umigy ‘%H BEICention|oh its advagtagse andegctagyvasi rf‘é‘&‘ﬁﬂt%?}‘ in water. To

ensur e; di sper eﬁ%ﬁia
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prior t o solutioh sachhasds prodycédby reactiipeglvplipsad saidwith uqaedby phastsideos @kmﬁmﬁm in
was fed to.a P;levﬁoﬁronTM PC-20 by a Moyno pu at feed rates ranging from
63.5 to BCMRY °WH’($iSO’FtGI9§Ian@é%Ra§at“~’rWeﬁ$§s | vocron the liquid was met
by air heated to a tenperature ranging from89C to 268C at an air flowrate
rangi ng Hya fs to 36 nB/mnute in individual tests. Beater plates in the

Pulvocroﬁ_t_ e li UId 20 agai nst a segnmented liner while the h
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i nst a4 e%ﬂdnas»sﬁﬁhghqu%ﬁosmtvaBeb&éMgt o‘%'r{m?up of dried solid

a e

materi al occurred on the walls and ates of the Pulvocron,
eventual |y pl dggsimylaihéhesreactiom ]a‘ndqurtﬁ\aeglwphrg;at;tlauhalngg with dmynquiz dus6% byo

t.ed I J | fi f
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dri ed natéghinial galldh (MON §735006fMbRRER S Waﬂz!rdTB%sﬁS U&pers@ﬁ%ﬂnﬂxsgol%’ﬁ §)hds,
Exanpl e of a compar atlve process conprises drying Uni sonTM sg}‘ i;
tabowt

( HosokandinBepesntaping the apmeakipbelyphosaid)solution rwq‘r@aglm@t@ ilmm radley
spray (dr yghgek bibfed tid ilknGhithg tdtioal atom zers, the liquid

The liquid ammonium 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

20 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

25 improve discharge. Back-mixing of already dried material with the liquid feed also did not help.

Example 2
This Example of a comparative process comprises drying in a Unison™ spray dryer

(Hosokawa Bepex Corp., Minneapolis, MN).
In prior tests with conventional spray dryers fitted with centrifugal atomizers, the liquid
30 'was sprayed towards the walls of the spray drying chamber, where dried material accumulated.
None of the dried material was discharged. By contrast, the Unison™ spray dryer uses a pulsed



30 was_sprayed towards the walls of the spray drying cha r. wWhere dried
naterivﬁ?%ye%ﬁ’rml ated. None of the dried naterial was drgi@’?fa‘?“&é’a?’ By 5
contrast, the UnisonTM spray dryer uses a pul sed WO 01/08491 PCT/ US00/ 20337
-11 conbustion systemto provide a sonic wave that atom zes a liquid feed.
This atomi zation results in a nore gentle release of the liquid feed into
the chanber-, with | ess tendency forldentact with and therefore adhesion

of dried material to the walls. The dryer tested had a spray drying

chanmber having an upper cylindrical section of 5 diameter 1.8 m and hei ght
43 meombdstion/system téprovide a abnis evave dmtatontizegihliqaid feed. Heia titanizationaneshits

pr o S gRaIsLeast o ghv 598 i B B DR o =Sireoh S SR bM S
pr odgﬁ‘?qw oteSidhtSoR of did P RGteRiaPB R ¥alignd baghouse for collection. As

feed s for testing this system ammoni um gl yphosate sol utions were
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70% total "solids", I.e., including dissolved ammoni um gl yphosate. e

| i quithrofigheal 30@ s diztmeseratict at tBeyttas CDmed pradnct was feddo aicyclgne sepsratorand A r

15 t erature was. about 255C. Feed rate was set to 182 kg/h. It was found
t hat %Pngl?“?ﬁg r-‘3O\ﬁg"t}mrnnni um gl yphosate slurry was too viscous to feed

ef fi ci ent |Ak febdiifids st tefifipaiisRpstei) atinophies glyphssiteiiolaionswhed prepaftday the_..
feed, resulted in rapid build-up of a hard-to-renove dlassy, material on

t he clissalying MON 8750 in watepes fanthei flashodryingstestabous. Aot0% by ayeightjagymeniumye,
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gl yphefting hmfdonium e8fphotad aboveIBdimit cf86lubility.e Thedef shartiey eontained 60%oyorng;

Yields were -90%and 77% respectiyely. Some build-up of white - -- powdery

mat er/0% tofls seisleer hrednedingdissglved ammaniyre ghRIeSAen t he |'ower coni cal

-section nrgar 1i£r|£ﬁ gééh?&ﬁég&aae%h' &) 32801 667 San@R 949 SHT fliRiRAI tbds. adXar sel y
r per

-affect the spray yi ng ation. Ml sture content of the povvderé B
pnoduemperatuye ovas rabout 2898CG.0 Peed dateywak sehito. 182 kg/hi nltawas feund thet tha 0%y 60%

slurry at .66C -the discharge outl.et bec R WM o nd f.riable
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Exanpigphidhate s6RIBA whén/dsel ad @RSRed; odultes @5 rapid/buill-npofa harday-rethyes glassyV
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. -

20- By contrast, the 60% ammonium glyphosate slurry, preheated to 32°C or 66°C; gave
effective spray drying. Yields were .90% and 77% respectively. Some build-up of white
powdery material was observed on the walls, particularly in the lower conical -section near the
discharge outlet, but this was insufficient to édversely -affect the spray drying operation.
Moisture content of the powdery product ranged from 1.4% to 1.7% by-weight.

25 In a repeat test using 60% slurry at 66°C, the discharge outlet became plugged with loose

and friable material and the system shut down after 40 minutes. .

Example 3 _ _ .
This Example of a comparative process comprises drying in a spray dryer (APV

Anhydro, Copenhagen, Denmark):-
30 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



Anhydr o, enhage Denmar k) . 30 The spray dryer tested at APV

had- a- centwgmfgﬁf’atom zer and a built-in air broomto cool CTARI92%8Zp the
wal I s and bottom of the spray drying chanber. The chanber was cylindrical,
3..0 is WD 01/08491 PCT/USOQ 20337 -12 min dianeter and 3.0 mhigh, with a
flat bottom Liquid feed and air were introduced at the top and dried
product discharged at the bottom Produel2was fed to a cycl one separator
and baghouse for collection. The liquid feed for all tests of the APV
spray dryer was a 60% anmoni um gl yphosate s slurry, prepared exactly as

f or Exampd in diambrey and RO@r highewithaffldt detloma Liquid feedtandairrvedre ﬁmmdechhtrthé tapw

to the air _broogm product dried in the ARV spray dryer failed t
di schar géndldcned;eﬁméw&lmeflh%&thﬁm@%bp?@% Wassfedoto 3.6¥c esepg;ator and

drying a te. Exanple 4 10 This Exanple of a conparative
process co %rl ses 13%‘?1’8 in a fluidized bed spray dryer (APV Anhydro,

Copenhagen, Ddthediguid fetd dodaly esstsustetie ARV isprag airyersivas 4160 cammoniyng ghybhgsate
chanber h V|ng an prer cylindrical section of dianeter 1.5 in and hei ght

1.5 irf af Iy s fog %Pb‘h‘@rght 0.9 in, discharging to a
fluidized bed e
15 the bottomRv a asgéﬁaegglﬁ% %Wteﬁpéﬁﬁﬁ% erl a B%V%] rogqﬁlfﬁmlaﬁﬁ ?z“fé

bed to aARN kspmy dsypdaikidon, dischags ihwak cbnaimdqdathaﬂ thiseqypmnfs wascryat|seifatile farhe
coni cal section of.the drying chanber. The same 60% anmoni um gl yphosate
slurry Ing aymoniyrmy, glyp é&\aﬁ?us Exanples. Air inlet tenperature in the
spray drying chanber was 215C and in the fluidized bed 100C. About 30 kg
anmoni umgy h#tmate powder was added to the fluidized bed to pri me t he
system

dyct f di sch f th h
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section QAP enﬂa%eﬁ Ddgiarieved that design nodifications could
alleviate this probl em however, fromall tests conducted it was concl uded

that spray dr i giryersised fon thesenissts ba ar spay dyénghehamber baviog mnaippengylindrical
PR S e R S e R T ey R S
contact dischfging tbrh fuidizedbbd ¥mbediarly below. Discharge from the fluidized bed was from

15 the bottom via a rotary air lock. 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 shurry was used as in previous Examples. Air inlet
temperature in the spray drying chamber was 215°C and in the fluidized bed 100°C. About 30
kg ammonium glyphosate powder was added to the fluidized bed to prime the system.

20 Dried produét failed to discharge from the spray drying chamber to the fluidized bed
because of accumulation and bﬁdging 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 to dry powder on a manufacturing scale.

25 Example 5
This Example illustrative of the invention comprises contact drying with a 6 inch x 6 inch

(150 mm x 150 mm) Buflovak™ atmospheric double drum dryer (Blaw Knox Corp., Buffalo,
NY).

Before attempting to dry ammonium glyphosate in a 24 inch x 24 inch (600 mm x 600

36 mm) Buflovak™ atmospheric double drum dryer, a feasibility study was conducted using a 6



(150 nm x 150 nm Bufl ovakTM at nospheri c doubl e drum dryer. (Bl aw Knox
Corp., MXRPYHE8E91 " Ny). Before attenpting to dry anmmoni um FGHHBWREBT h a4 24
inch x 24 inch (600 nmx 600 30 nm) Bufl ovakTM at nospheric doubl e drum
dryer, a feasibility study was conducted using a 6 WO 01/ 08491 o
PCTI USO012C3837 -13 inch x 6 inch (150 mm x 150 nm | aboratory nodel. The
di mrensions (e.g., 6 inch x 6 inch) rel3te to the dianeter and | ength of
each drum The 6 inch x 6 inch | aboratory nodel has a total drum surface
area of about 1.57 square feet (0.145 m), which represents about 6.3% of
the sinchacé inche@50imm 2450 marh) JabosatoryahodsideThe dinsensiond@elg., Boineh xa6 éndhyet

(2.31 . .5 Foy the feasibjlity study, a 49% by _weight amoni um gl yphosate
sol ut i mﬂﬁéﬁ%@bﬂn@w&hﬁm &@n@l@éyﬁhi ¥ 6 SRabIAborpiRg, madal ks A ME
drum dgxgd drEdBE"; f ' [ I i to
fl akes havis\(;i:lté‘a‘faté nol s?&?gﬁ{gg'g?gﬁtﬁa‘gffe&é@%ﬁz@o ugl?? nrééréglgsgéﬁ% di%%gaftﬁg
kg/ e/ surfage arealof al24tinch x 24 dmghl rmodel, 11, , Hboat Bsyquatecfee! @udtmBt i ve of the

i nvention c i ses..contact dryjng with a 24 inch 24 inch, (600 mm x 600
) SBut 1 ov kit R i A% By Y paoR Bl RASEe A Fion Wi EAEd

NY) . Fgy d;sbalsin'gqmgs sgﬁo € Sater. WA R % RHe Wﬁhﬂ%&mz M B?%gicl* the

slurry was prepare di ssol ving MON 8750 in water. About 2-5%o0 t’he
anmoni selutaon pas successhdlyndmetito flakes hdvieg @l meidturd hentent ofr 1 2%a sA fpeaductiom ritd

i nch x L hc oubl e .drrum.dryer at a tenperature of 74C, using a pendul um
f eed sﬁgﬁéﬁﬂg}]%ﬂhwﬁfﬁ*ﬁ“%fie internal |y heated using superheated steam

initially at a pressure of 95 psig (656 kPa), and were rotated initially at
3 rpm Ekamplereun of about 10-15 mi nutes, flakes of dry ammoni um gl yphosate

of good app aé!&ﬁ Le produc .havi.ng a noist ur ni.ent_ . of 1 % a
producti on ?g{se 0 @%.‘@s%aﬁﬂezﬁﬁgeﬂﬁvﬁﬂgf)g cf"@%ﬁ% cg) ngaﬁgﬁg{zﬁg&v@uan? "écgc?ﬁ%f
about #ri¢h1G001 bk S600/MERE BuAloVAKTY Ritospiriie doubly drury adry€d(BlaweKas0\Worp.)

e ta elQw. run no. o amoni um osate in fee
thtlffégkt 12345 % n gl yphosat feed 59 59 59
60 51' PUfigiog Ye?rrperature, C 74 69 64 882 56 steam pressure, kPa 656 676

676 869 856Fcf HidhdrRN oTRERY 2039-66%By weight ambhofliutn §iyphosdle Shurty was prepared

by dissolving MON 8750 in water. About 2-5% of the ammonium' glyphosate remained

15 undissolved. The slurry was fed to a 24 inch x 24 inch double drum dryer at a temperature of -
74°C, using a pendulum feed system. Both drums were internally heated using superheated
steam, initially at a pressure of 95 psig (656 kPa), and were rotated initially at 3 rpm. In a run 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.

20 Data for this and other runs, each of about 10-15 minutes, where various paraxﬁeters were

varied, are shown in the table below.

run no. ' 1 2 3 4 ' 5

% ammonium glyphosate in feed 59 59 59 60 51t
feed temperature, °C 74 69 64 882 56
steam pressure, kPa 656 676 676 869 856
rotation speed of drums, rpm 3.0 45 6.0 5.0 35
drum clearance at nip, mm 4.6 43 4.3 | 4.4 4.6
production rate, kg/m*h 28.5 43.6 354 2.4 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



drumclearance at . nip, Mm4.6 4.3 4.3 4.4 4.6 production rate, ka/n/h
28.5 43.6 WEOMMIT 4 30 1 o nisture content of product 1. FEF/ESW2633 73
0.7 at this reduced anmoni um gl yphosate concentration, feed was a cl ear
solution 2 at this increased tenperature, feed was a clear solution 3 nean
of three sanples ranging fromO0.5%to 0.9% noi sture content WO 01/ 08491
PCT/ US00/ 20337 -14 Optinmumconditions +htthis test series appeared to be
w th a 59-60% ammoni um gl yphosate slurry and a drumrotation speed of
about 4.5 to 5 rpm A longer production run, lasting about 60 m nutes, was
t her ef ore mad@ptigiudg condifitns litirthis &ist aefiee dppearadetatber withfa GOG0% GEZméitam
steam pressure and 4.5 rpmrotation speed. Drumcl earance at the nip was

nar r oned Sypapsatm slngryiandn drumhrotatignsspegd ofabowtcd-y 1 3PEY s Auloned; Rip n run,
g ; . . _ 4 .
P of SBMheHbR ARARE UR bbitkite 1St PBR Bty B KA lenfpelHICUEEST,

conpr i se$62 &iPaatdanripiessuge wnd B, Sarpidrotation spegd Dromhclébaideranthe AipOwasmparrowed
BquovakTﬁ(lga nospheri c _doubl e drum dryer (Bl aw Knox Cor}%g. i o Buffal Og
NY) . Ams *@@) R l&I B Vasotery fcsessBil; gymgra prodyet IaXing AR AYSRge mosture
preparin tatﬁ*é? I : les cake and neutrali zing

st oi chi o%gl?tr@?cal m‘%%agég}ebgﬁémgln%nm a f%kgyg}rzigduce a 58% by wei ght
solution or slurry of anmonium gl yphosate. For sone tests this feed was
slight!|yBExaiplesti with water. 15 Test runs were nmade using the 24 inch x 24
| nch, drum dry ey ol EXPABlR eSS of B frveion &ipied Borkile %ithel PWinck 4124
no. 123456 7 8 ‘duration of run, mnutes 15 60 292 15 60 60 175 53 %
amoni uminghy (A00smire xi 600 cou) Bafl6eakS¥ BrmoSphebid domblsdrufre deyer (Baw HnoxeCoxp..06
96, 84 63 3 83 steam pressure, kPa 662 718 745 759 704 718 828 828
rot at 'bn {0t druns, rpm4.3 4.5 4.5 4.3 4.3 4.0 4.0 3.0 drum

cl earance at ’)irﬁmoﬁﬁhﬁg% HosateAfefd Sordthds £brids Of %est Wasdmallé 0 Yképading rat Rueous
kg/n2/h 34.0 38.6 38.8 5.6 31.9 30.5 35 4 43,7

slurry of glyphosate wet cake and neutralizing stoichiometrically with aqueous ammonia to

produce a 58% by weight solution or shurry of ammonium glyphosate. For some tests this feed
was slightly diluted with water.

15 Test runs were made using the 24 inch x 24 inch drum dryer as in Example 6. 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 glyphosate in feed 58 58 58 54 54 54 56 56
feed temperature, °C 96 96 84 63 63 63 32 83
steam pressure, kPa 662 | 718 | 745 | 759 | 704 | 718 | 828 | 828
rotation speed of drums, rpm 43 | 45 | 45 | 43 | 43 | 4.0 | 40 | 3.0
drum clearance at nip, mm 33 4.3 4.0 33 3.0 30 3.0 7.3
production rate, kg/m*h 34.0 | 386 | 388 | 326 | 31.9 | 30.5 [ 354 | 432
% moisture content of product 1.8 12 1 14 | 16 | 14 | 14 | 09 | 20

Example 8

This Example of a process of the invention comprises contact drying with a 24 inch x 24
inch (600 mm x 600 mm) Buflovak™ atmospheric double drum dryer (Blaw Knox Corp.,
20 Buffalo, NY).



% noi sture content of product 1.8 1.2 1.4 1.6 1.4 1.4 0.9 2.0 Exanple 8
This Ex¥MNO8# 5 process of the invention conprises contPAIVUSPRORE with a
24 inch x 24 |nch (600 nm x 600 mm) Bufl ovakTM at nospheri c doubl e drum
dryer (Bl aw Knox Corp., 20 Buffalo, NY). WO 01/08491 PCTI US00/ 20337 -15
Ammoni um gl yphosate feed for this series of tests was made as for Exanple 7
but at |ower concentration and at thnée |evels of neutralization:
stoichionetric (i.e., 100% neutralization wth amonia), 102% and 104%
Test runs were nmade using the 24 inch x 24 inch drumdryer as in Exanples 6
and 7. 5 Dahmodiutn gliphosdtd fécdefol @ik eriRcdOWsts'wis made el f6i€E: )7 bhtust no.
123456 7 duration of run mnutes 30 20 15 15 15 15 20 9% ammoni um

| yphdewercongentiation aud attheps lawlvief negtralizatigagsteichipmetide (ireal 1109% newiralizativgo.

100 1 “méi! ged tenperature, C 82 83 82 97 n.r. 84 81 steam
press&ge J’H%lé%éé%&@ll 4 14 518 690 828 rotation speed of druns, rpm5.0
5.0 5.0 5. Q‘eStﬁanvﬁbrénﬁhdedIsiﬂQﬁbWiﬁBﬁQﬂ1ﬂﬂ1ﬂimﬂmlr3'e17a§lr2Eﬁa1ﬁ R8s @ @d07.3. 3

3.6 production rate, kg/n2/h 316477521236377385420 %
rmu%td?aéaefsﬁb@r\mHb#heﬁ?ld%'eqlovz(arfeotfe@rée@ 2.01.2 1.0 runno. 89 10 11

L 4.0\ 4.0\ 4.0\ 0 v Xal wia)

12 13 14 (i>—durattromrof—runr—nmrutesH—G—10—H0—3626—F—F8—1%=armpni um
gl yphosatjaming f eed 45 45 45 45 43 4b 45 25| dégrjee4of néutlr abi 7at7on, % 104
104 104 1074102104104 t02—feeg—tenperatygre;, G 80— 6868083 82
st eam pr ¢ 4uelios of upzingtes 414 518 ¢93°807 2821 690 698 folfatf o gped |of
dr uns, rE%Mﬂﬁleyﬁh@atém@eeE 0 3./045.0 350 | disum ciseaf assce ofs Ei s gmgg.g
30138, Joppfogegetr e O DL O R b p?%dégcggého]’gz. %3006 4 570
1.4 1.1 |feed temperature, °C 82 83 97 n.r. 84 81 )

steam pressure, kPa . . 518 690 814 414 518 690 828

rotation speed of drums, rpm 5.0 5.0 50 5.0 5.0 5.0 5.0

drum clearance at nip, mm 27 | 52 6.7 30 3.0 33 3.6

production rate, kg/m*h 316 | 477 | 521 | 236 | 37.7 | 385 | 420

% moisture content of product 2.1 1.8 1.3 34 20 12 1.0

run no. 8 9 10 11 12 13 14 15

duration of run, minutes 10 10 10 10 10 20 70 78

% ammonium glyphosate in feed 45 45 45 45 45 45 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 | 5.0 50 { 50 | 50 | 3.0 | 50 ) 50

drum clearance at nip, mm 33 33 36 | 33 52 | 55 | 33 | 33

production rate, kg/m*h 195 1 265 | 342 | 33.6 | 30.1 | 35.7 | 34.0 | 37.8

% moisture content of product 20 | 23 14 { 09 ] 09 | 05 14 | 1.1

Example 9

This Example of a process of the invention comprises contact drying with a 24 inch x 24
inch (600 mm x 600 mm) Buflovak™ atmospheric double drum dryer (Blaw Knox Corp.,
10 Buffalo, NY).
Ammonium glyphosate feed for this series of tests was made by preparing an aqueous
slurry of glyphosate wet cake and neutralizing stoichiometrically with aqueous ammonia to

produce solutions or slurries of ammonium glyphosate at various concentrations.



Exampl e 9 _This Ex{arrpl e of a process of the invention conprises contact

drying w Y0 Q145 inch (600 nmx 600 nm Bufl ovaPFHu0

nch x 24

doubl e drum dryer (Bl aw Knox Corp.,

i o Buffalo,

eric

NY) . Ammoni um gl yphosat e
feed for this series of tests was made by preparing an aqueous

slurry of

gl yphosate wet cake and neutralizing stoichionetrically wth aqueous
produce solutions or slurri<kb-of ammoni um gl yphosate at vari ous

ammonia to

concentrati ons.
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-16 Test

runs were made using

the 24 inch x 24 inch drumdryer as in Exanples 6-8. Data are shown in the
tabl e bel ow (Test ruffs were madeQisiifdthe 24UficiR-24linch drufn Bryer asliff Bkardple©6-8. UData

m nutes 104

99 140 134 140 129

St eam pressur e,

] % amoni um gl yphosate in feed 53 111. 47
59- 64 57amsghown injthedshie belowi(ar. Tnatzegarded). 81 79 79

kPa 814

821 814 828r828—828—rotatt+on opccd of—e s p||l4._n 56 4104 4.0
drum cl ear afraenat nip, nm4.9 5.5 5.515. 5 426-7.035.%5 fro n réat g,
kgl m/ h 47. F—54-8 A5 45746252 +—9%tmoistyre—content—pf .6
1.3 1.5 12 [dugtion of nmymgigdteshe tests diestHi Hed%9 n |EX4p]| ed3%- is
clear t hatI abnu,mnd,ﬁmglgjhbs%t_emeeds acc gtsgbl e gy yi _ng47rref heoch4 f rat ed
anmmoni um gl yphosat e so] uti on prepar y { reactli ng gllyphos

anmoni a in afgerééwgr(?ﬁ?’ﬁuurry. Furt h r72pti n?gati oﬂt of F’ﬂe ’

process can|stamgrebsyredd®aper f or med byj o¥id gf &kil|l 84 { h&&r

testing. TheREGGHRLE HURSER PLion of 4gpdci §§c lenypdi mant sf of gt He pgegent
i nvention ik, not intended to be a conpldgte [ig4t of every i

enbodi ment (AT AEFRERALRPITER . Per son ggi lleddin 3o {hi*d f

recogni ze t [abductod ratd, kgAh¥tONs can be| narde jt G48he gpecifiax7 e

descri bed 208 I ithin tthe.sdqopge,off t Dr g3,en WO
037 oBass. POrFCRERI At () b A B o oo br 1300 i um

gl yphosat e fl akes,

5

conpri si ng

From the tests described in Examples 5-9 herein, it is clear that drum drying is an

acceptable drying method for a concentrated ammonium glyphosate solution prepared by

reacting glyphosate acid and ammonia in an aqueous slurry. Further optimization of the drum

drying process can readily be performed by one of skill in the art by routine testing.

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

10

here that remain within the scope of the present invention.

this field will recognize that modifications can be made to the specific embodiments described



(a) mxi | olid particulate glyphosate acid, (ii) waggr.i nmount
of about .'é}‘%‘g? about 3 parts by weight per part by wei gk?r"(%w% y% osate
acid, and (iii) a base that s supplies ammonium cations, in an anount of
about 0.8 to about 1.25 nole equivalents of anmonia per nole of glyphosate,
acid, to forman aqueous reaction nedium (b) allow ng the base to react
with the glyphosate acid in the aqueou§7reaction mediumto forma reaction
product conprising a concentrated aqueous solution of ammoni um 10

gl yphosate; (c) drying the reaction product by contact thereof with a

heat edCs8iM%ice to form primarily by evaporation of water, a solid deposit

on the _heated surface; gnd (d) scraping the solid deposit off the heated
surfacé-toArmr@F?W&E&nﬁuﬁﬁ%mwwﬁﬁkiﬁpm@gis 2. The process of
Claiml whgrein: . r 14X | ' . 1S s ' phPRat e
acid and tﬁg m’glt)%&eg\ﬁ(ﬂﬁa{)ﬁcﬁ%h%gb ﬁéﬁ?‘g ({slﬁﬁv?{re?/lﬁaﬁ]d% ﬁ'("aﬁrt&g??(;eﬁff fo add to
the slurry, widbout3pats byuweightpératartdoy, weiphkt dfgdyphokatt acidpaid @i5) 2bvase thatm
cations. 3. The process of Caim] wherein t base t hat pli.es anmoni um
cati’ons is anty# ’:5??@"8?0’_“&‘&@6‘8‘&5’%ﬁ’i"&!‘mﬁgg?m%\gt%%%‘&_iégé’wl@ aim1
wherein the draggm:&iﬁameﬁagemsﬁ S ARGAPLcilG A Gh R TORHG 21 2

suitable rate to the converging surfa two para
count er - r ot at imediminpt er nal | y heated cylinders having a gap between t hem of

bout 2 to,aboyt 10 gmt ¥ i f, d f Lid
deposi t on(DncAloypng egs A% wi AR EhPHose Scif 4 e paSrne HPRBFIGIER L, | o

perforned by rgpRw resctiodSrédict goﬂﬁﬁﬁﬁ%hcbﬁbehﬂﬁteﬁ QGRS sbluBbS 8f MUmBRAMP 25
of stationary scrapers against which the cylinders rotate. 5. The process

of @ ai m 4 wheslEphosates drying and scraping steps are performed with a drum
dryer. 6. AGTORLUD B KABASALBAbbA Db PRRRET with e BEEES o Hom 21 ™M 1
primarily by evaporation of water, a solid deposit on the heated surface; and
(d) scraping the solid deposit off the heated surface to recover dry flakes of ammonium

glyphosate.

15 2.  The process of Claim 1 wherein the order of mixing in step (a) 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. The process of Claim 1 wherein the base that supplies ammonium cations is anhydrous or

aqueous ammonia.

20 4. The process of Claim 1 wherein the drying step is performed by feeding the reaction
product at a suitable rate on to the converging surfaces of two parallel counter-rotating
internally heated cylinders having a gap between them of about 2 to about 10 mm to cause
evaporation of water and form a solid deposit on the surfaces of the cylinders, and wherein
the scraping step is performed by removing the solid deposit in the form of flakes by means

25 of stationary scrapers against which the cylinders rotate.

5.  The process of Claim 4 wherein the drying and scraping steps are performed with a drum
dryer.

6. Ammonium glyphosate flakes prepared by the process of Claim 1.
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