, PROCESS FOR THE PREPARATI ON OF N- PHOSPHONOVETHYLGLYCI NE The
present invention relates to processes for the preparation of N
phosphononet hyl gl yci ne (gl yphosate), |g 3 R her bi ci de which is
wi dely used 5 throughout the worl . In ‘5 I%Zh=Y t he invention rel ates
to a nmeans of reducing the anount af 7 Ysate MWhich is expelled
with the eff| Y¥h85848m t he manufacturing proggsses. PCT/GBISILME 5r o
several well known manufacturing routes by which gl yphosate can be
prepared, for exanple the routes set out in US 3,969, 398, US 3,799, 758, US
3,927,080, Us 4, Pote@6 FoantheUrepafiltd or &F, N+Phbsphohonthydlgetne. out es
have a conmon problem This is that, 10 however efficient the process,
there will usually be sonme wastage of product. Potentially, the

presence of gl yphosatisie presé invéRtitn AR B fosdatestorthe HRPRAR of N-OD! €S

because of its her bi ci dal properties. Wast age of product
is, of course, @phosphonmmethylglp¢ine (glyphosated abooadispestrum herbicie which is widely used

and so. for A1 SupbeREeen ool B Egdk e RRE R ipARE I { meths plrefiifi B2 amot
praduct as possiofglyphesarwifith ie expelledwith fhe éffliient from the nidiTabtiAngPprokisses.
There are several well known manufacturing routes by which glyphosate can be
prepared, for example the routes set out in US 3,969,398, US 3,799,758, US 3,927,080, US
4,237,065 and US 4,065,491, but all of these routes have a common problem. This is that,

10  however efficient the process, there will usually be some wastage of product. Potentially, the

presence of glyphosate in effluent can present environmental problems because of its
herbicidal properties.

Wastage of product is, of course, also undesirable from the point of view of the
manufacturer who wishes to produce glyphosate as economically as possible and so, for all of

15  these reasons, it is essential that as little of the product as possible is expelled with effluent
from the plant.

EP-A-0323821 addresses the problem of treating the waste stream from a glyphosate
plant and suggests the solution of contacting the waste stream with a transition metal catalyst
in a mixture or solution. The mixture or solution must be contacted with a molecular oxygen-

20 containing gas and the reaction mass heated to a sufficient temperature to initiate and sustain
the oxidation reactions of phosphonomethylglycine derivatives. This process has the
disadvantage, however, that it is expensive since the catalyst, the contacting with the
molecular oxygen containing gas and the heating all add to the cost. In addition, the reaction
must often be conducted at elevated pressure which, again, increases the costs of the

25  treatment process.

The present invention relates to an efficient and cost effective process for removing
glyphosate or a salt or derivative thereof from a mixture in which it is present. Usually, the
mixture will be the effluent which is produced in the manufacturiné process but this will not

. always be the case and, indeed, this method can be used to remove glyphosate from any

30 aqueous mixture. "
In a first aspect of the present invention, there is provided a process for removing

glyphosate or a salt or ionic form thereof from an aqueous mixture in which it is present, the

This Sheet Has Been Replaced

[



. EP- A- 0323821 addresses the problemof treating the waste streamfroma

gl yphosat e pl ant and suggests the solution of contacting the waste
streamwith a transition netal catalyst in a mxture or solution. The
m xture or solution nmust be contacted with a nol ecul ar 20

oxygen- cont ai_ni n_ﬁq ?as and the reaction mass heated to a suffiGicnlics

t enperat ure WO PH5I4%at and sustai n the_oxidation reactions osf
phosphononet hyl gl yci ne derivatives. This process has the

di sadvant age, however, that it is expensive since the catalyst, the

contacting wi t lprdckess comprisingradding tioake mixtugeionccapbble of foymipgsndmsdiubledr partialiyng
all add to the cost. In addifion, the,reacti t often be
conduct ed at el somBiet E0phess ik And fvine s compicn et he e BTS¢ e o5
treatment process. Examples of water sdliBleRAl&OE BlyphobdRHdhide theNodhnf(fdrexafiple

efficient and cost effective process for renoving I&phosate or a
salt or deri vatmmesqdmwqum%ammwwmmm@mm@%p enjemand\her ej n

t he mext ' f n H% 2 estafh ' ess.
In a first gspg%oﬁdg?%ngl%é&efﬁt i‘?n;f{/tgn e} ﬁg%%“pr ovf"%&h@g’?’g@é& for
renovi ng N 30 zwitppiegphononet hyl gl yci ne) (gl yphosate) or a salt or ionic

formthereof froma ueous I Xture in which it, Js present, wherein
t he aqueous m xture%’g&h em%@@@aﬁw@mf@mms YREOSAtecthe Breseny

process, the inventors have discovered that a complex salt appears to form. The complex salt is insoluble
in water and precipitates out of solution. The ions added to the mixture may be iron (III),

10 calcium, magnesium or aluminium ions. However, iron (IH) ions are preferred since they
form the Jeast soluble complex salts which are, therefore, most easily removed.

The formation and/or the solubility of the complex salt may be pH dependent and,
usually, acid or neutral conditions may be required. In the case of iron (II) the pH of the
glyphosate-containing mixture may be adjusted to pH 6 or less before the addition of the iron

15  (IIO) salt. It is preferred that the pH is from 1 to 4, for example about pH 3.

The ions which are added to the glyphosate-containing mixture will preferably be
added in the form of a2 water soluble salt. Since, as mentioned above, the formation of the
complex salt appears to be pH dependent, the salt should be one which is soluble in acidic
solutions, for example of pH 5 or less. In the case of iron (III) the soluble salt may be, for

20  example, the sulphate, chloride or hydroxide.

The formation of complex salts of glyphosate with metal ions has been noted, for
example by Hensley ef al, (Weed Research 18, 293-297 (1978)) and complex salts of
glyphosate with iron (II) have been discussed by McBride et al in Soil Sci. Soc. Am. J. §3,
1668-1673. However, the effect does not seem to have been perceived as being useful or put

25  to any industrial use. The structure of the complex salts is not completely clear but, in the
case of iron (III), a complex salt is formed which appears to contain a 1:1 ratio of glyphosate
and iron (IIT), which is insoluble in water and which appears to precipitate out of solution
almost quantitatively at ambient temperature.

Once formed, the glyphosate-containing precipitate may be removed by any suitable

30 method, some of the simplest and most effective methods being filtration and centrifugation.
In order to assist the separation process, it may be an advantage to employ a flocculating
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process conprising adding to the mxture i T I ng an
i nsol uble or partially sol ubl e conpl e E‘i% %@gg BOEEW and renovi ng
the conplex salt fromthe m xture. Q ﬁéﬁﬁﬁwbl e
salts of gl ypHO¥M ncl ude the sodi um (for _gxanpl e m)nos i'um and
di sodi um sal ts), potassium amonium trinethylsulfoniumand 5

I sopropyl ammonium salts. lonic fornms of glyphosate include the protonated
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sol ubl e conpl ex e
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and, usualm:hae'fﬁheﬁfcaaebumbnwmnditions may be required. In the case
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|y be '
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preferably be formtmmmhlsnb_btﬁyeform of a water soluble salt. Since, as
menti oned above, th tian pea be
dependent , F e salt %P'B‘B%ﬁ%%?ﬁ‘ﬂ‘?@@%ﬁ%@%% trited, & i U8 ised
sol utions, for l@X@tﬁDhﬁalﬁihxﬁHq&oﬁﬁ sl SThe! ritising ®f SR cdluses ti deCdrhpositiol ©f the
sol ubl e salt may be, for

complex glyphosate salt to give a soluble glyphosate salt and when iron (III) is used as the

counter-ion, the precipitation of iron (III) hydroxide or hydrated iron (IIT) oxide. Thus this

process is particularly advanfageo_us because it not only permits the recovery of glyphosate in

15  aform which can be recombined with glyphosate produced in the manufacturing process, but
it also ensures that the iron (IIT) which was originally used to precipitate the glyphosate is
recovered in a form in which it can be converted to a soluble iron (III) salt and re-used in the
effluent treatment process of the invention.

In general, the pH of the slurry will be greater than 8 but it is more usual for a higher

20 pH, for example 12 or above, to be used. Typically, the slurry will have a pH of from about
12.2 to 12.8, often about 12.4.

The raising of the pH of the mixture causes the formation of iron (II) hydroxide or
hydrated ferric oxide which can then be removed from the mixture by any appropriate
method. |

25 . The slhurry may be formed in two steps: firstly water may be added to the precipitate
and mixed to form a slurry and, subsequently, a base may be added to the mixture.

In an alternative procedure, however, the glyphosate-containing complex salt may be
added directly to an alkaline solution. Often this will have the advantage of giving a more

. concentrated glyphosate solution.

30 In either procedure, the slurry may be formed at ambient temperature.

Any base may be used to raise the pH of the solution but bases which result in the
formation of a water soluble glyphosate salt are particularly suitable since the separation of
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+ 20 exanple, the sul phate, chloride or hydroxide. The
formation of conplex salts of glyphosate with netal ions has been noted,
for exanpl e by Hensley et al, (Wed Research 18, 293-297 (1978)) and
conpl ex salts of gl yphosate with iron (111) have been di scussed by

McBride et al j Il Sci. Soc. Am J. 53, 1668- 1673. he
ef fect does ng)’tomgégl:#to have been perceived_gs being useful Wéﬁ{mi‘@ to
any industrial use. The structure of the conplex salts is not conpletely

clear but, in the case of iron (I11), a conplex salt is formed which

appears to contthé irom(Ill) Hydrexidecfrarh the|glyphasamtiethen mademtchi ¢asier. (Bxamples vhéspétidlly

I nsol uble in d whi.ch appears to precipitate out of solution

al nost quanti %&?@“ﬁ%ﬁ%ﬁ@q pﬁw@y&oxﬁe. Ino rm'ﬁ’rEéhefaﬂqﬂ'EERf t he

gl yphosat e- contsalution & Pinkfiin] idisPrefarvediBat BRI TAYESE x@hﬁaégyeo%uex{n%&h?céﬂvemenﬂy,
0

met hod, some of the sinplest and nost effective methods being filtration
and cent ri f ugatth&base will be a gomrpgrejally avgilable-hase, forrxamsple 0% w/wisoginmdydroxide: nay

b an avanizige | ARSHGH ) R BGEA S fom g it T PR
are wel | known reetbodsibet & penticularly approprigte 6nd is bémtrifugationose skilled in the art.
Once the iron (TII) hydroxide has been removed from the process, the aqueous
solution of the glyphosate salt can be recombined with the product from the main part of the
process.
10 The process of the present invention may be operated either as a batch process or as a
continuous process.
The invention will now be further illustrated by the following non-limiting examples.
. EXAMPLE 1
Formation of a Complex Salt of Glyphosate by the Addition of Ferric Sulphate to a
15  Glyphosate-Containing solution
An aqueous solution (300ml) containing 1% w/w phosphonomethylglycine and 20%
w/w sodium chioride, with a total organic carbon content estimated to be 1310 mg/l was
treated with 7.2g of a 50% w/w solution of ferric sulphate, the pH being held between 0.9 and
1.1 using sodium hydroxide solution. After removing the precipitate by filtration, the total
20  organic carbon content of the liquors was found to be 60 mg/l.
EXAMPLE 2
Formation of a Complex Salt of Glyphosate by the Addition of Ferric Chloride to a
Glyphosate-Containing Solution
An aqueous solution as described in Example 1 above (300ml) was treated with 7.7g
25 of a50% w/w solution of ferric chloride hexahydrate, the pH of the slurry being maintained at
1.0 using sodium hydroxide solution. After removing the precipitate by filtration, the total
organic carbon content of the filtrates was estimated to be 70 mg/l.
EXAMPLE 3
Recovery of Glyphosate
30 A typical process effluent containing N-phosphonomethylglycine (119.7g at 1.35%
w/w) was treated with an aqueous solution of ferric sulphate (9.0g at 45% w/w), maintaining
the pH at 4.0 by the addition of 47% sodium hydroxide solution. The resulting precipitate



. Thus, the process of the present invention allows glyphosate to be renoved

fromthe ef fluent froma gl yphosate manufacturing process, and this
can have extrenely beneficial 5 environnental effects since the rel ease
of glyphosate with the effluent can be prevented. It is, of

course, preferable fromthe point of view of the manufactur |
gl yphosat e c OB & overed fromthe pr eci pi_gqte and t he prgégﬁ?gﬂggntors
have al so devi sed a method for achieving this objective.

Once the precipitate of the conplex glyphosate salt has been separated, it
may be 10 usedwisdilfefedoffund aé-Katriedavitrsodinnthydraxide\solulibs (38gat 031 5% w/vi dode
causes the decaqnposition of t he conpl ex gl yphosate salt to give a

sol ubl e gl yphodiougatpil 12.3 Remgyalof the,gelatinops hy cpxide (ferric lpyggoxide) by

counter-ion, t % 'aEﬁf' ' : ] j mageqwégﬁon
(1) oxide. T%gm& t |dﬁ$%%lggsﬁgg%gﬁﬁ%gg’?ﬁggg@gﬁgeous cause
it not only perchromatography¢acontaiy 7b8% of the phgiphphemsethylglycinapresentiinthe otigimahn be
reconbi ned with gl yphosate produced in the 15 manuf act uri ng process, but
it al'so ensure the iron (I11) which was originally used to
precipitate the glyphosate is recovered i gpin which it can be
converted to a soluble iron (Il1l1) salt and re-used in the effluent
treat nent procdRecycke of Rerricdonst i on. In general, the pH of the

For exanpl e 12 or - a A ferilbuig ol ity 9 ctinea fo S hE 120g periof .

of from about Zftocess éifldent ot pP 1.3 togetlies Withifreuti fefric shiphate solution (1.8g at #5%),fa8d Géedd
: ; : & .

of the pH of the m xture causes the fqormatiqon of jron (l111) hydroxide or

hydrated fel®i ctoprecipisatgphosphonomethylglyqine fram HYLIPIMoBM t he mi xt ur e by any
SFeps firatly uator heuepEocess offhe pesent Meuitby 0 TuBRg  MARCedsicl il
a slurry and, sateofgeeevery of glyphosste fromya sejutimicbontainingtd selubleg@lyphesate salt and,
particularly when an iron (III) salt has been used to precipitate the glyphosate, it allows high
recovery of iron (II) which can then be recycled and re-used to recover more glyphosate.
15  The process of the invention therefore provides an economical way of removing glyphosate
from effluent in which it is present, which, unlike prior art processes, does not invoive the use
of expensive reagents or severe reaction conditions such as elevated temperature and

pressure.



| h an alternative procedure, however, the gl yphosat e- cont ai ni ng conpl ex

salt may be addeﬂugzbhéeeﬂislgeextkh kaa:dal kaline solution. Oten this wll
have t he advant age of g concentrat ed gl yphosate sol ut i on.
In either procedure, formed at anbi ent tenperature.
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the iron (111) hydroxide fromthe gl yphosgfgmit§ t her TﬂﬁﬂGSHEﬁEﬂ'IASaBEEm
Exanpl es of especially sui t abl e bases 1 ncl ude |sodi UREHLKCEDO'E asstum
hydroxi de. In order to keep the anount of sol ittTomrto~a-TrrriTom it

' f d that the b be rel " thy. . .
the base v || Do o SERRERdpeiempviag A isPhoR e i (PR o8 s frdone um
hydroxi de. 5 fommemfﬁmmiqﬁ&lkwﬁxmhﬁmlmp&@&mﬁemy&ﬂnﬁdsm@ah to

m xture by a variety of known nmet hods but particularly ap ropr|
one is cent#fi fthgMix@re ions capable of fomnnganmsolubleorpamaﬂy solubleoomplexgi)

and removing the complex salt from the mixture.

2. A process as claimed in claim 1, wherein the ions are calcium, magnesium, aluminium
or iron (IIT) ions.

10
3. A process as claimed in claim 2, wherein the ions are iron (III) ions and the pH of the
glyphosate-containing mixture is adjusted to pH 6 or less before the addition of the iron (III)
salt.

15 4. A process as claimed in claim 3, wherein the pH of the mixture is adjusted to from 1
to 4, for example about pH 3.

5. A process as claimed in any one of claims 1 to 4, wherein the ions are added in the
form of a sal¢ which is soluble in aqueous solution at the pH of the glyphosate-containing
20  mixture,

6. A process as claimed in claim 5, wherein the ion is iron (III) and the soluble salt is the
sulphate, chioride or hydroxide.

25 7 A process as claimed in claim 1 or claim 2, wherein the precipitate is removed by
filtration or centrifugation.

8. A process as claimed in any one of claims 2 to 7 wherein the ions capable of forming
an insoluble or partially soluble complex glyphosate salt are iron (III) ions, further comprising

30 recovering glyphosate from the precipitate of complex salt by a process comprising forming
an aqueous slurry of the precipitate having a pH greater than 8 and removing the resuitant

UL



. Once the iron (1) hydroxi de has Been rmermved fromthe process, the

aqueous sol ution d&his eiacyl salt can be reconbined with the
product fromthe main Fr)rj I process. 10 The process of
t he present invention either as a batch process or as a

conti nuous pr, The invention wll now be BRo1
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illustrated limting e»?rrples

EXAVPLE 1 Formati on of a Conplex Salt of dyphosate by the Addition of
Ferric Sul phate to a 15 d yphosate-Cont ai ni ng sol ution An
aqueous sol ut i derric Bfdrokie ortiydrated fagic biide/fromnhe sipfip togivd dnydqgedisisolatiend 20%
w w sodiumchloride, with a total organic carbon content estimted to be
1310 ny/| was containing BSaltk th 7.2g of a 50% w w sol ution of ferric

sul phate, the pH being held between 0.9 and 1.1 using sodi um hydr oxi de

solution. After renmoving the precipitate by filtration, the total 20

organi ¢ carbon9ont émrowslstmmﬂqln@:imn\ﬂawhéromnhbpﬁd)&w@hmmﬁ above about pH 12.
EXAMPLE 2 Formati on of a Conplex Salt of dyphosate by the Addition of
Ferrfc Chlofide to a G yphosat e- Cont ai ni ng Sol uti on An

agqueous sol uti go. as Adsrocess ethimnét iCREMR 8 2lail 9 \WherekV e RlurryassfolthePiyaddingt h
7.79 25 of a 50%w w solution of ferric chloride hexahydrate, the pH of

the slurry bei MRsTse the preciitatsand subsequensly adding ahgss orby #gding theecipitatetp an
After renoving i df by filtration, the total organi c carbon
content of the t“?gactﬁ‘gﬁs&wag;%stl mated to be 70 ng/l.

10 11, A process as claimed in claim 10, wherein the base is an alkali metal hydroxide.
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‘EXAMVPLE 3 Recovery of d yphosate 30 A typical process effluent
cont ai ni ng N-phosphononet hyl gl yci ne (119.7g at 1.35% ww was treated
wi th an aqueous solution of ferric sul phatie (9.0g at 45% w w), nmaintai ning
the pH at 4.0 by the addition of 47% sodi um hydroxi de soI ution. The

resulting precipitate WO 97/ 05149

PCT/ GB96/ 01548 pp, AT 2 : :
was filtered of g T ojs i i g4y at
23.5% w wy, for one hour at pH 12.7. ‘Renoval of the gel at i nous

hydrated ferric oxide (ferric hydroxide) by filtration produced a pale
yel | ow sol ution mngwewa@wmsmaelwsmgwcy@uffor thﬁrpr@pdratqmlofN-

chr omat o0 ' ;%Bxpgfoﬂoﬁg%fgﬁﬂe%g hOlatd) LorAe SRRANETR MM WSS Wiy Srky | "
EXAMPLES4  throughout the world. In particular, the invention relates to a means of reducing the amount
of glyphosate which is expelled with the effluent from the manufacturing processes.

There are severai well known manufacturing routes by which glyphosate can be
prepared, for example the routes set out in US 3,969,398, US 3,799,758, US 3,927;080, UsS
4,237,065 and US 4,065,491, but all of these routes have a common problem. This is that,

10 however efficient the process, there will usually be some wastage of product. Potentially, the
presence of glyphosate ih effluent can present environmental problems because of its
herbicidal properties. _ |

Wastage of product is, of course, also undesirable from the point of view of the
manufacturer who wishes to produce glyphosate as economically as possxble and so, for all of

15 these reasons, it is essential that as little of the product as possible is expelled with effluent
from the plant.

EP-A-0323821 addresses the problem of treating the waste stream from a glyphosate
plant and suggests the solution of contacting the waste stream with a transition metal catalyst
in a mixture or solution. The mixture or solution must be contacted with a molecular

20  oxygen-containing gas and the reaction mass heated to a sufficient temperature to initiate and
sustain the oxidation reactions of phosphonomethylglycine derivatives. This process has the
disadvantage, however, that it is expensiive since the catalyst, the cohtacting with the
molecular oxygen containing gas and the heating all add to the cost. In addition, the reaction
must often be conducted at elevated pressure which, again, increases the costs of the

25 treatmeht frocess_. .

The present invention relates to an efficient and cost effective process for removing
glyphosate or a salt or derivative thereof from a mixture in which it is present wherein the
mixture is the effluent from a glyphosate manufacturing process.

In a first aspect of the present invention there is provided a process for removing N-

30 (phosphonomethylglycine) (glyphosate) or a salt or ionic form thereof from an aqueous
mixture in which it is present, wherein the aqueous mixture is an effluent from a glyphosate

manufacturing process, the
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‘Recyéle of Ferric lons The hydrated ferric oxide from Exanpl e
3 was charged to a further 120g portion of process effluent at pH 1.3
.together with fresh ferric sul phate solutjon (1.8g at 45%, and used 10 to
preci pitate phosphononet hyl gl ycine fromthis sol ution. Thus,
t he process of the present invention has the advantages that it ensures a
- hi gh - rate of recovery of glyphosate froma solution contai nig{g a
Bt has

sol ubl e gl SHsfastant a thig stage.nJuitable flogeylating syrfactants,gre welirknowaand are e
been used g‘eﬂ%lﬁq&m&?ﬁﬁu ﬁtgéxrghosate, it allows high recovery of
I C en

iron (111) can e recycled and re-used to recover nore

gl yphosate. 15 THis¢therppecessofthe Efb@eﬂtﬁk\/\%ﬁtib@ﬂlld\i?@gl Ris@tetb OF rélfdvedFrom the
econonm cal way of renpving gl yphosate fromeftfluent in which it is

present, vefflagnt from piglyphesate manufagindegproeess, anddbiscan haveaxtremelyeengfeial
of SXPNS! ySilefRRAAL SryRls SRASherGRELE ADpRRARHHPRE oBHER: 85 & AR,
CLAI M5 It is, of course, preferable from the point of view of the manufacturer if the
glyphosate can be recovered from the precipitate and the present inventors have also devised
a method for achieving this objective. '
Once the precipitate of the complex glyphosate salt has been separated, it may be
10 used to form an alkaline aqueous slurry. The raising of the pH causes the decomposition of
the complex glyphosate salt to give a soluble glyphosate salt and.when iron (III) is used as
the counter-ion, the precipitation of iron (IIT) hydroxide or hydrated iron (IIT) oxide. Thus
this process is particularly advantageous because it not only permits the recovery of
glyphosate in a form which can be recombined with glyphosate produced in the
15 manufacturing process, but it also ensures that the iron (IIT) which was originally used to
precipitate the glyphosate is recovered in a form in which it can be converted to a soluble
iron (III) salt and re-used in the effluent treatment process of the invention.

In general, the pH of the slurry will be greater than 8 but it is more usual for a higher

pH, for example 12 or above, to be used. Typically, the slurry will have a pH of from about
20 12.2to 12.8, often about 12.4.

The raising of the pH of the mixture causes the formation of iron (IIT) hydroxide or
hydrated ferric oxide which can then be removed from the mixture by any appropriate
method. |

The slurry may be formed in tw6 steps: firstly water may be added to the precipitate

25  and mixéd to form a slurry and, subsequently, a base may be added to the mixture.

In an alternative procedure, however, the glyphosate-containing complex salt may be
added directly to an alkaline solution. Often this will have the advantage of giving a more
concentrated glyphosate solution.

In either procedure, the slurry méy be formed at ambient temperature. _

30 - Any base may be used to raise the pH of the solution but bases which result in the

formation of a water soluble glyphosate salt are particularly suitable since the separation of
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1. 7 " "A’process for rempving N (phosphononet hyl gl ycine) (gl yphosate) or a
salt or ionic formthereof froman agqueous m xture in which it is
,present, wherein the aqueous m xture is_bﬁ an effluent froma gl yphosate
manuf act uri ng process, the process conprising adding to the m xture
I ons capabl e of formng an insoluble or partially sol uble conpl ex
gl yphosate salt, and renovi ng the cozglex salt fromthe m xture.

. 2. A process as clained in claim1, in the ions are cal ci um
magnesium 10 alumniumor iron (I11) ions. 3. A process as

claimed in claim?2, wherein the ions are iron (I11) ions and the pH of the

gl yphosat &: contApruces for wimoving N-(ﬂthsphdmmlgnybxﬁenglypﬁaﬁté;ﬁ als&lt bidnic
addition of the rron (111) sal t. A process as clajned
i n cl ai m Formheresf fronnan aqyeens mﬁ@urmwmcél ltsspa@qemsmremtmraamoys mixture st 4,

ol ai s 31" 8 ARGt BB ey phosais puanipacroriR IMOSEE e BB S pGping aBlife W 1 <
sol ubl e i MikEi#E S caFUbIE 6O Foriing AFinEIuBIE of Partially FE1a6I8 cBmpRiigdyphobse salt,

m xture,.
and removing the complex salt from the mixture.

2. A process as claimed in claim 1, wherein the ions are calcium, magnesium,

10  aluminium or iron (III) ions.

3. A process as claimed in claim 2, wherein the ions are iron (IIT) ions and the pH of the
glyphosate-containing mixture is adjusted to pH 6 or less before the addition of the iron (IIL)
salt.

15
4. A process as claimed in claim 3, wherein the pH of the mixture is adjusted to from 1

to 4, for example about pH 3.

5. A process as claimed in any one of claims 1 to 4, wherein the ions are added in the
20  form of a salt which is soluble in aqueous solution at the pH of the glyphosate-containing

mixture.

6. = A process as claimed in claim 5, wherein the ion is iron (IIT) and the soluble salt is the

sulphate, chloride or hydroxide.

25 - i
7. A process as claimed in claim 1 or claim 2, wherein the precipitate is removed by
filtration or centrifugation.
8. A process as claimed in any one of claims 2 to 7 wherein the ions capable of formirig

30 an insoluble or partially soluble complex glyphosate salt are iron (IIT) ions, further
comprising recovering glyphosate from the precipitate of complex salt by a process.

comprising forming an aqueous slurry of the precipitate having a pH greater than 8 and

meoesierr  |HIIDIATRD




6. ~ " A process as clained in claim5, wherein the ionis iron (I11) and

the soluble salt is the sul phate, chloride or hydroxide. 25 7.
A process as clained in claim1 or claim-2-wherein the precipitate is
removed by filtration or centrifugation. 8. A process as

clainmed in any one of clainms 2 to 7 wherein the ions capable of form ng 30
an i nsol ubl @nfkingahé tedbitant fRtis' Ry Fro£iEB | ok @ hideldnl )
ions, further 7 conpri si r%gh*egover%ﬁ%drg{e%p ogg’ ee?@(gﬁn%ht%ﬁgmbfrtgcgil iAat e

of conpl ex aspieousisplwiopiconteming glyphosatenpri si ng form ng an aqueous slurry of
the precipitate hqvi ng a pH greater than 8 and

9. A process as claimed in claim 8, wherein the pH of the slurry is above about pH 12.
5
10. A process as claimed' in claim 8 or claim 9, wherein the slurry is formed by adding
water to the precipitate and subsequently adding a base or by adding the precipitate to an
aqueous solution of base.
10 11 A process as claimed in claim 10, wherein the base is an alkali metal hydroxide.
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A process as clained in claim8, wherein the pH Orf The slurry is above
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