WD 00/ 76661 PCT/ FROO 01587 1 SELECTI VE SEPARATI ON OF | RON BY TREATMENT

W TH AN | ON- EXCHANGE RESI N COVPRI SI NG DI PHOSPHONI C ACI D GROUPS The
invention relates to a process for 5 selectively separating iron from ot her
metal ions, in particular ions present in certain oxidation catalysts. It
akso rel ates ¢® gopreeess for recycling catalysts in pbg/FreOYDa88f7or the
oxi dation of alcohols and optionally ketones to carboxylic acids and nore
10 particularly the oxidation of cyclic alcohols and cyclic ketones

t o- di car boxy! i g i HSVE SSEPRRISTIdE OPXIRGW i BY DREAYMENDewanal ANndoON-

cycl ohexanone to adipic acid. Thus, it is known to manufacture adipic acid
15 by nitric oxiERCHANGDfRESIN xCOMRRDSINGcPDRBRARBONAAJACEPCGBRER&NONE.
This oxidation is generally carried out in the presence of a catal yst
conpri sing vanadi um and copper. The solution recovered after separation of
20 the dicarboxylic acids and in particular of adipic acid_is treated in
order to allow the cataf}etipgepbionpet9épERS| §0Ot Be PERICESES 9% eact i on.
Several processes for the treatnent of this solution have been provided.

For exanple, TReCHEL¥PSY 98PRrabiRf LROPNETSB QEPSK B&t3de 188Sracted by

treatment mntgaéggégfggag Ssr5§é22htT9% %8&%%&%”bx8%%%EG%jéﬁkalysts.

It also relates to a process for recycliﬁg
catélysts in the'reaction for the oxidation of aicohols
and optionally ketones to carboxylic acids and more

10 .particularly the oxidation of cYclic'alcohols and
cyclic ketones to-dicarboxylic acids, such as the
oxidation of cyclohexanol and/or cyclohexanone.to
adipic acid.

Thus, it is known to manufacture adipic acid

15 by nitric oxidation of a mixture of cyclohexanol and
cyclohexanone. This oxidation is generally carried out
in the presence of a catalyst comprising vanadium and
copper.

The solution recovered after separation of

20 the dicarboxylic acids and in particular of adipic acid
is treated in order to allow the catalyst to be
recycled in the oxidation reaction.

Several processes for thg treatment of this
solution have been provided. For example, the metals

25 present in the solution can be extracted by treatment
with ion-exchange resins. The solution, purified of

metals, comprises the byproducts from the synthesis of



metals, conprises the byproducts fromthe synthesis of 2 adipic acid,
nanmely glutaric and succinic acids. Such a process is disclosed, for
exanple, in Patent US 3,965, 164. However, this process does not allow iron
5 ions, originating in particular fromthe corrosion of the plants, to be
renoved. Thus, the catalyst is enriched2n iron at each recycling cycle.
This enriching can decrease the efficiency of the catalyst or can also
contam nate the adipic acid manufactured. 10 Several processes have been
provi ded for atlipicascigar niagelly wdmpeinig rmel isv@eiwitth@agidossSwth a
vanadi um and of copper. O her processes consist in selectively and

di fferenti al | Precesend st Hé s¢gdrsedumiard sprmdrdeppdm Red@ntls t he

i on-exchange resin by using nitric acid solutions at a nore or |less high
concentrati onY8r 3eP&°rdf4-sol uti ons conprising acids other than nitric acid
or phosphonic acid (SU,690, 320, 3,554,692), However,. these processes do

S
not make possible 20 sECP¥EVSFe RS EGG M tHOAY skl £ i cant
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a process
' enriched in iron at each recycling cycle. This

enriching can decrease the efficiency of the catalyst
or can also contaminate the adipic acid manufactured.
10 Several processes have been'providéd for at
least partially removing the iron without loss of
vanadium and of copper.
Other processes consist in selectively and
differentially eluting the vanadium and the copper from
15 the ion-exchange resin by using nitric acid solutions
at a more or less high concentration or elution
solutions comprising acids other than nitric acid or
phosphonic acid (SU 690,320, US 3,554,692).
However, these processes do not make possible
20 selective removal of the iron without significant loss
of vanadium or copper, in view of the ratio of very low
concentration of iron with respect to the other two
metal ions.
To overcome these disadvantagés, European
25 Patent Application No. 0,761,636 provides a process
which consists in treating the eluate comprising the
iron, copper and vanadium ions with a second

ion-exchange resin comprising aminophosphoric groups.



which consists in treating the eluate conprising the iron, copper and
vanadi umions with a second ion- exchange resin conprising anlnophosphorlc
groups. 3 Although inproving the prior processes, this process does not
make it possible to renove nost of the iron ions without |loss, in
particular, of vanadium ions, which is [Hghly prejudicial to the oxidation
5 process. This is because these resins can have a satisfactory
selectivity for iron with respect to the vanadiumonly under very acidic
pH condi tions, of markadkpohghsimpapvingt khe. pird oo PYRFaReEs t Heliet al
conpounds are present in a concentrated nitric acid 10 solution, for
exanple. . . Eﬁ@c§ﬁstﬁ@e§|ﬁ@toma#ﬁelﬁr@@éﬁﬂbﬂﬁv&ﬂnﬁﬁmQW? WQ§ENQﬁu§R§a
novel process which nmakes it possible to selectlvely ara e the iron
from other met&PDj 4RES WAL B&Ftﬂ@ﬁﬁarlPrBﬁFtH€ adl %ﬂﬁgl%%d thus to

provi de 16, & very ehfhebent B oesss olar, tie Lacel 198 eh il ept alyst for
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These SO|Ut'09§n§H§u9ﬁ%%ﬂ§lh%d%%l%%&9n%c1dlc pH conditions, of
markedly less than 1, that. is to say when the metal
compounds are present in a concentrated nitric acid
10 solution, for example.

One of the aims of the present invention is
to provide a novel process which makes it possible to
selectively separate the iron from other metal ions, in
particular from the vanadium ions, and thus to provide

15 a very efficient process for the recycling of the
catalyst for the oxidation of organic compounds, more
particularly of alcohols and/or of ketones to
carboxylic acids and more preferably still of
cyclohexanol and/or cyclohexanone to adipic acid.

20 To this end,-the invention provides a process
for selectively separating the iron present in a
solution in the presence of other metal ions, including
vanadium. These solutions are generally solutions
originating from processes for the oxidation of an.

25 organic compound in the presence of a vanadium-based
catalyst.

According to the characteristic of the

invention, the solution comprising the said metal ions



originating fromprocesses for the oxidation of an. 25 organic conpound in
the presence of a vanadi umbased catalyst. According to the characteristic
of the invention, the solution conprising the said netal ions 4 is
treated with an ion-exchange resin conprising diphosphonic acid groups.
During this treatnment, the iron is fixeddy the resin; the netal ions,
such as, in particular, 5 copper and vanadium remain in the treated
solution. The process of the invention makes it possible to fix to the
resin at | easis8o¥estedhwithoan ppasexchapngeh&esdnuCosPrisdddt ding to

anot her characteristic of the 10 invention, the solution to be treated
conpri si ng t h@irhesrhopdfsagad QrQEPﬁ | ow pH, advantageously of |ess than
3 and of preferably | ess than Accordlg% to a preferred gﬁ#%%%terlStlc of

the invention, the ion- B%€ﬁ8ﬁg§hF§sFﬁe3F groups.
e of T eRLaS EaTR ! £ha0ydln ?’3%%%1105%% 5 & ﬁ?lﬁ ALY,
prevent 18, SoSAbdh AR R oy T A Rl o
particularly to the The process of the invention makes it
possible to fix to the resin at least 80% of the iron
present in the solution.

According to another characteristic of the

10 invention, the solution to be treated comprising the
metal ions has a very low pH, advantageously of less
than 3 and of preferably less than 2.

According to a preferred characteristic of

the invention, the ion-exchange resin also comprises
15 sulphonic groups.

The - use of resins comprising diphophonic acid
groups and optionally sulphonic groups makes it
possible, in a noteworthy way, to fix the iron present
in a solution without fixing other metal cations, such

20 as copper and more particularly vanadium.

This process applies more particularly to the
recycling of the catalysts in reactions for the
oxidation of organic compounds and more particularly of
alcohols and/or ketones to carboxylic acids. Such an

25 oxidation process also constitutes a subject-matter of
the present invention.

This is because, in these processes, the iron

is often a contaminating element originating mainly



recycling of the catalysts in reactions for the oxidation of organic
conpounds and-nore particularly of alcohols and/or ketones to carboxylic
acids. Such an 25 oxidation process also constitutes a subject-mtter of
the present invention. This is because, in these processes, the iron is
otten a contam nating elenment originating nmainly 5 fromcorrosive attack
on the equi pnent by the oxidation nedium Mention may be nade, as

oxi dation reactions in which the process of the invention makes possible
5 efficient reeyml cogrobivhkeatabakysh, the exudameot byadtheorsigsitrigyn as
oxi di zi ng agent, a conmpound chosen fromthe group consisting of oxygen,
air, peroxi demedimmudeous hydrogen peroxide solution and nitric acid.
Mention may be made, as exanple of oxidation 10 reaction, of the reaction
for the deperoxidati on YEntdpa BR¥xREeTRPGr 0RPpOXGHadd.on (refsHiAS i n

particular in the process for the nmanufacture of a%%@!c acid fromthe
oxi dation of iByWP4RBxAREI PEREESS OfclthRerRVERE 1M SH KRR 15 al so

"mport ant Pr ofEGACLERONGRFY St BHpBEnE nea At Yaai A RSRRA GOb et al s to
the environment, ot9oEEogh e ot NG CRLANS RO, NS JHRiurk] SRS, - such
from the group consisting of oxygen, air, peroxides,
agqueous hydrogen peroxide solution and nitric acid.

Mention may be madeé, as example of oxidation

10 reaction, of the reaction for the deperoxidation of
cyclohexane hydroxyperoxide.

It applies in particular in the process for
the manufacture of adipic acid from the oxidation of
cyclohexanol and/or cyclohexanone, which process is

15 also a subject-matter of the present invention.

In such processes, it is important from an
economic viewpoint, and to avoid discharge of metals to
the environment, to recycle the catalyst comprising
metal elements, such as, for example, copper and/or

20 wvanadium, while minimiéing the bleeds or the flow of
unrecyclied catalyst.

However, in order for such a recycling
process not to disturb the oxidation reaction, it is
necessary to avoid the recycling or the concentration

25 of certain products or byproducts which have a
poisoning effect on the catalyst or which can

contaminate the products manufactured.



20 vanadium while mnim zing the bleeds or the flow of unrecycled

catal yst. However, in order for such a recycling process not to disturb
the oxidation reaction, it is necessary to avoid the recycling or the
concentration 25 of certain products or byproducts which have a poisoning
etfect on the catalyst or which can contéaninate the products manufactured.
6 In the case of the manufacture of adipic acid by oxidation of

cycl ohexanol -and/ or cycl ohexanone with an oxidant such as nitric acjd,
corrosion of the plantsInrébal £asencpathpciprapfpatife plesdd®dorrcid on in
the 5 reaction mxture, It is consequently inportant for the functioning
of the proceskYteXpfaviae. of of YEHGDPEEABRAI g OFhEYLLGRSXPROD S | nust

be obtained without . renoval of the other.metal ions use cat.al yst for
20 the oxi dateBnoRbaehEaE e B8, PAEELCy Sty ueT FAE1pHoots LD6 HUARES

. . k H . ) a . | . f ) . b
treatment of TREUEBPULToR EoABAarngt hic, REESSREREEY 1%0p 4%, B0 7Y,

after sepagation.pi hhg;Qegani c 15 conpounds and in particular of the
carboxylic ac#d %r oacﬁés gorned. This renoval of the iron isobtained by

treatment of the said sgkuikoBowskbRuBRALLYN1RPGREAGR for the
functioning of the process to provide for the removal
of the iron. This removal must be obtained without
removal of the other metal ions used as catalyst for
10 the oxidation, such as copper and vanadium.

The process of the invention makes it
possible to carry out this removal of the iron by
treatment of the solution comprising the various metal
ions recovered after separation of the organic

15 compounds and in particular of the carboxylic acid or
acids formed.

This removal of the iron is.obtained by
treatment of the said solution with an ion-exchange
resin comprising diphosphonic acid groups and

20 optionally sulphonic groups.
After treatment, the solution comprises the
metal ions with the exception of iron ions, the latter
~.being fixed to the resin. The amount fixed is
advantageously greater than 80% of the émount initially
25 present in the solution.

Thus, the process of the invention makes it

possible to recycle a solution comprising the metal

ions of use in the catalysis with a minimum loss of the



resin conprising di phosphonic acid groups and 20 optionally suiphonic
groups. After treatnent, the solution conprises the metal ions with the
exception of iron ions, the latter being fixed to the -resin. The anount
fixed is advantageously greater than 80% of the anount initially 25
present in the solution. Thus, the process of the invention nmakes it
possible to recycle a solution conprising the netal 1ions of use in the
catalysis with a minimumloss of the 7 said ions and an absence of the
iron ions or ¥@pfesREeangf 2RhBPPEREEr O&t theVAFPT dRNEN@TuRt PRI She
concentration. _Thus, _in the case of the nan%Lacture f 5 adipic acid by

oxi dation of @h GPEohBFEERIAEr 2aVREY0MEY BN URS# e t reat ment  of

t he agueous solutiog ﬁg rising the netal ions originating fromthe
oxi dati on cataPYst A3 55; preferentially, vanadium and copper, with an

| on- exchange TeSin Comi,5kng 40, fpRASANAR ¢ Qs AN O idnal |y

sul phonic groups makes It possib remove the 1ron originating in

particul arsfrogyphe G85HOBLOBxIHatREAPLENGES A1 LE/DL £ KHHyti C
solution wth a mninmum1o58s of catalytic elenents, in particular of
vanadi um and 8¢ nibérgeppehd,! Rhaddirka@mends dfh@heoRGRRMIY i1 @fidd on in
comprising the metal ions originating from the
oxidation catalyst, namely, preferentially, wvanadium
and copper, with an ion-exchange resin comprising
10 diphosphonic groups and optionally sulphonic groups
makes it possible to remove the iron originating in
particular from the corrosion of the plants and to
recycle a catalytic solution with a minimum loss of
catalytic elements, in particular of vanadium and of
15 copper.

In addition, as the concentration of iron in
the reaction mixture is maintained at a very low level,
the process of the invention makes possible production
of adipic acid with a very low, indeed even zero,

20 content of iron.

The treatment of the solution is carried out,
in a first embodiment, after extraction of the adipic
acid and optionally separation of the precipitated
vanadium.

25 The solution, purified of iron, can subsequently be
treated with a second ion-exchange resin which fix all
-the metal ions, in order to avoid recycling a solution

comprising organic byproducts from the oxidation



the reaction mxture is maintained at a very low |level, the process.of the
i nvention makes possible production of adipic acid with a very |ow, indeed
even zero, 20 content of iron. The treatnent of the solution is carried
out, in a first enbodinent, after extraction of the adipic acid and
optlonally separation of the preci pitate® vanadium 25 The sol ution,
purified of iron, can subsequently be treated with a second ion-exchange
resin which fix all the netal ions, in order to ,avoid recycling a solution

conpri sing or@%ﬁ?Elﬁ9prBHGEt§Sf96HF?ﬁéco§Fa§tPBH/Qr FE&GPP&F agiéh as
glutaric aci and/or s i ni recycl ed catal ution is
domposed of | (HEE SSPUETEH PREATVRECCPALFEAODT LonEotRPA= el Ethi ch
solution i s geng E‘.U» 01?39. 83u%18h” C ae! d.3459k ‘étl'nO“Wh i@ second

enbodi nent t%e rea n% on an I oOn-exchange resin conp(|3|ng di phosphoni c

acid groups 29, 0pbhona! bingQami ko HEBh%g'reSIQEH% guiche . carried

out on the solution from on o t he n whi kes it
possi bl e tg9 sgpanatent he organic byproducts fromthe netal ions and which
are described above. According to another characteristic of the

invention, the ion-exchange sesbAdCcefpbUsiné@t, the treatment on an
ion-exchange resin comprising diphosphonic acid groups
and optionally comprising sulphonic groups can-be
carried out on the solution from the elution of the

10 resin which makes it possible to separate the organic
byproducts from the metal ions and which are described-
above.

According to another characteristic of the
invention, the ion-exchange resin comprising

15 diphosphonic groups and optionally comprising sulphonic
groups is regenerated by elution with an inorganic acid
solution. Mention may be made, as suitable inorganic
acids, of nitric acid, phosphoric acid or sulphuric
acid.

20 Preferably, it is preferable to use an acid
identical to that used to prepare the catalytic
oxidation solution, generally nitric acid, in order
thus to avoid contamination of the reaction mixture by
another acid.

25 S 'However, it is possible to regenerate the
resin with a different acid and then to condition the
resin with the acid identical to that of the catalytic

solution, for example nitric acid, before a fresh use.



15 di phosphoni ¢ groups and optionally conprising sul phonic groups is
regenerated by elution with an inorganic acid solution. Mention may be
made, as suitable inorganic acids, of nitric acid, phosphoric acid or
sul phuric acid.-. 20 Preferably, it is preferable to use an acid
identical to that used to prepare the cat@lytic oxidation solution,
generally nitric acid, in order thus to avoid contam nation of the
reaction mxture by another acid. 25 However, it is possible to
regenerate. the ipesilaowpeBsabdef ter earracioy takdith&Pnd Hling W t he
resin wwth the acid identical to . ,that of the catalytic solution, for
exanpl e nitriVv28Biag bBPor&sins Wdsh wederg sevenad HimesHddsiHEe: ot Larry
out this conditionin y . washin %qe resin with water several tinmes in
ut

b
order to renﬁ@@OYﬁe%PFa5€§08§ 8& 188 @C*fhe conditions for carrying

out the treatnent 5 on,an |ona§§changg resin.in accqhgggge

. . The 1 s’ Tor carryving © e g%égkﬁhet
invention are the conven |0|$§P Orll'(?lntl ns or tyhe %se resi ns. %US, t he

tenperature f reyin i .re Vi f om t enperature
mp g §£ %g C})S%uogx%fan $ e sine ARG M %ﬁlggﬂéé)

(appr oxi mat el o a tenperature of approxinmately 100C, 10 preferably
bet ween 30C andy8HE:iohi koW 28 REVEANYHAIIAHY A1 IME B Aife use

regeneration solution is conventional. It can, for
of resins. Thus, the temperature for carrying out this

treatment can vary from ioom temperature (approximately
20°C) to a temperature of approximately 100°C,
10 preferably between 30°C and 80°C.

Likewise, the concentration of the acidic
regeneration solution is conventional. It can, for
example, be between 10% and 40% by weight.

The ion-exchange resins in accordance with

15. the invention comprising diphosphénic acid groups and
optionally sulphonic groups are, for example, those
disclosed in Patents US 5,449,462 and 5,281, 631.

These resins are obtained by polymerization

of various monomers, some of which comprise
20 diphosphonic acid groups. The resin cah be a
polystyrene resin with diphosphonic groups.

The resin can also comprise carboxylic groups
and/or sulphonic groups. |

The processes for the manufacture of these

25 resins are disclosed in the two abovementioned United -
States patents. The description of their structures is

also given in these documents.



exanpl e, be between 10% and 40% by wei ght. The ion-exchange resins in
atcordance with 15 the invention conprising di phosphonic acid groups and
optional ly sul phonic groups are, for exanple, those disclosed in Patents
US 5, 449, 462 and 5, 281, 631. These resins are obtained by polynerization of
vari ous nononers, sone of which conprisel@0 di phosphonic acid groups. The
resin can be a polystyrene resin with di phosphonic groups. The resin can
al so conprise carboxylic groups and/or sul phonic groups. The processes for
t he manufacture of thes®he2B resins are ddd dgegant itdvd anvdyabdheenent i oned
United States.patents. The description of their structures is also given
in these documempsnylBichheneIndyishsigse unded ithepdmadaname Byiahoronpany
Ei chrom I ndustries unger the tradenane E chrom Diphonix(r). Oher

advant ages anBiBBPBLKs-of the invention 5 will become apparent in the

i ght of the exanples given hereinbelow solely hy way of indication.
EXAMPLE 1 600 ml of an S5R&5u83VasIadesn aRemoS S PEadhe &St d,

10, 485 ppm.of_ copper ion, 1353 m.of .. 10.i.ron i nd 281 ppm of. vanadi um
ion are ig%roﬂbggd SCRIS aPPELE %a&Pthe Light of! thE examples given

hereinbelow solely by way of indication.
EXAMPLE 1 | |

600 ml of an aqueous solution comprising 1.3%
of nitric acid, 10,485 ppm of copper ion, 1353 ppm of

10 iron ion and 281 ppm of.vanadium ion are introduced
into a receptacle.

50 ml of ion-exchange resin sold under the
name Eichrom Diphonix® are added.

The mixture is stirred for variable times.

15 The concentration of metals in the solution
is measured after being brought into contact for
variable periods of time.

The percentage of metallfixed to the resin as
a function of the duration of treatment is represented

20 in graph 1.

It is easily observed from this graph that
the iron ié virtually completely fixed to the resin. In
contrast, small amounts of vanadium and of copper are
fixed at the beginning of the operation, these amounts

25 remaining constant throughout the operation.

| The treatment thus makes possible selective
separation of the iron from the other metal ions and in

particular from the vanadium.



50 m of ion-exchange resin sold under the name Elchrownu phoni x(r) are
added. The mixture is stirred for variable tinmes. 15 The concentration of
metals in the solution is neasured after being brought into contact for
vari abl e periods of tinme. The percentage of netal fixed to the-resin as a
function of the duration of treatment isltepresented 20 in graph 1. It is
easily observed fromthis graph that the iron is virtually conpletely
fixed to the re5|n I n contrast snall anounts of vanadi um and of copper
care fixed atC#l B WP {PLES-2,A) ion, these anounts 25 remai ni ng
const ant throughout t he_operation The treatnent t hu nak S possible

sel ective separation: o?lghiaFrBHSFFOWFFﬁeCBFﬁéP oty v and in

particular fromthe vanadium .11 COVPARATI VE EXANVPLES 2 AND 3 Sinmila
tests were caf?TedXGHE At ASSTHR- EXERANGE I S RERS PSS §ﬁFﬁ%ﬁ%osphon|c

groups in acgorgdangcesuht Eﬁgﬂpﬁg E%hﬁ”ba?eﬁglo6%%1 $able two resins used

are respectively a resin e nane urdllté -940 and a resin

sold by the company Ropppécligaseuarls’ ukba bi-adeaagR CA0L1yThe RRsiGent age

of netal ions fixed as a function o dur ati on of treatnent 'S
represented i8c1d under the name Purolite S-940 and a resin sold by

the company Rohm & Haas under the tradename C467.
The percentage of metal ions fixed as a
function of the duration of treatment is represented in
10 graphs 2 and 3 for the resin S940 and C467
respectively.
As may be observed, these resins fix at most
60% of the iron present in the solution but, above all,
fix virtually all the vanadium.
15 : Consequently, these resins, used in processes
for recycling vanadium-based oxidation catalysts, have
a major disadvantage.
In addition, they do not make it possible to
carry out the selective separation of the iron with
20 respect to the vanadiuﬁ.

EXAMPLES 4, 5c AND 6¢

Example 1 is repeated on a solution
comprising 19.9% of nitric acid, 8875 ppm of copper,
1192 ppm of iron and 165 ppm of vanadium.

25 This solution corresponds to the solution of
eluates with nitric acid of a cation-exchange resin on

which has been treated a solution originating from a



10. graphs 2 and 3 for the resin S940 and C467 respectively. As may be
observed, these resins fix at nost 60%of the iron present in the solution
but, above all,- fix virtually all the vanadium 15 Consequently, these
resins, used in processes for recycling vanadi um based oxi dation

catal ysts, have a mgjor disadvantage. |h2addition, they do not make it
possible to <carry out the selective separation of the iron wth 20 respect
to the vanadium EXAMPLES 4, Sc AND 6¢c Exanple 1 is repeated on a solution
conprising 19p8&cebsniftbri thacioaida88ss pgmcytlobgxemol Wigh mghwifc i ron and
165 ppm of vanadium 25 This solution corresponds to the solution of
eluates with atidic acid. of a cation-exchange resin on which has been

treated a solution originating froma 12 process for the oxidation of
cycl ohexanol wi th nltrlghea6PéUl?ﬁe°P§§&PF§ oL A8 BAiGhF %h Ei chr om

D ph th | S- h h A4
reglgng?ngepS Bﬁ?ééergg%gﬁ;fgg?y85§o iﬁénSF 8R2r§51§R§ § hHigsln ?Ee

D ocen 09, 8X2BhAS s HlGs" 896 s iR AU HET el dd L d PRI L TP 1!
the graphs 4, 5 and 6.

As in the preceding examples, the resin in
accordance with the invention makes it possible to fix
a large amount of iron (at least 60% of the starting

10 amount) while fixing a minimum of the other vanadium
and copper cations.

In contrast, the other two resins fix a
significant amount of vanadium simultaneously with the
iron. |

15 EXAMPLE 7 - Regeneratioﬁ of the Eichrom Diphonix® resin

The resins, laden with iron, obtained in -
Examples 1 and 4 are regenerated by elution with
various. acidic solutions by passing 100 ml of elution
solution through 10 ml of resin.

20 The results obtained are collated in the
following table. These results represent the percentage

of metal ions which are recovered by the elution with

respect to the .amount fixed.



a_large anount of iron (at |east 60% of the starting 10 anount) while
fixing a mninmum of the other vanadium and copper cations. In contrast,
the other two resins fix a significant anount of vanadi um sinultaneously
with the iron. 15 EXAMPLE 7.- Regeneration of the Ei chrom D phoni x(r)
resin The resins, laden with iron, obtalded in Exanples 1 and 4 are
regenerated by elution with various acidic solutions by passing 100 m of
elution solution through 10 m of resin. 20 The results obtained are
collated in the following table. These results represent the. percentage
of netal ions which are riecovered by the elutioh with respect to the
amount fixedl . 13 Resin, ERafpPe ExREWilg lExappl fKesimy kgampleudFe v
CHNG3 95 29 97 52 14 56 H2SO4 91135 95 50 21 53| H3PO4 [87 50 90 45 37 O C
L MS WD 00/76661 PCT/ERQO (A%g7! 1Xe cianv¥ 1 Ipr&lesd £dkih i ve

separation ofHNggon pr esent §5n a solztéti an i&the prgsence ﬂ o] her5

6

H2S04 91 35 95 50 21 53

H3POy 87 50 90 45 37 50




metal ions, including vanadi um——characterized in that 5 they consist in
treating the solution with an | gin conpri sing di phosphonic
acid groups. 2. Process accord“ ﬂnll nrmmﬂmharacteri zed in that the
I on- exchange resin conprises surphonilc dgrodps* 10 3. Process according to
clkaim 1l or 2,wocbayaesétLi zed in that the sol uti on conpcryFrgoy/lodssst al
lons is at a pH of less than 3. 4. Procegss according to one of the
precedi ng clains, characterized in that the 15 abovenenti oned sol ution
results froma process for the oxidatCBARIME organi c conmpounds in the
presence of a catalyst. 5. Process for the recycling of a catalyst in a
reaction for the oxidatilien oPrampessgénirctbenpelrdti2@ isepahmtpresente of a
catal yst conprising netal elenents, characterized in that it consists in
treating thelsenuPreaeBENPRi 8i AGlukdéonaial fbe paesencsepdr sttihmr of at
| east the conpounds_resulting fromthe oxidation, wth an ion-exchange
resin conpri stRE2di pABSphdAFLuddrg ¥8ngAdLps, chargcderized ibn thhat ron
present in_thg said solution, and.in recycling.,the said solution, depleted
I5 ¢ A's P FPOK CqESLaFalfi FESSELOSI GRY GPLIREOBMEA 68 react i on. 6.
Process accorgéﬂgegghg£85n}gsin comprising diphosphonic acid groups.
2. Process according to claim 1,
characterized in that the ion-exchange resin comprises
sulphonic groups.
10 3. Process according to claim 1 or 2,
characterized in that the solution comprising the metal
ions is at a pH of less than 3.
4, Process according to one of the
preceding claims, characterized in that the
15 abovementioned solution results from a process for the
oxidation of organic compounds in the presence of a
catalyst.
5. Process for the recycling of a catalyst
in a reaction for the oxidation of an organic compound
20 in the presence of a catalyst comprising metal
elements, characterized in that it consists in treating
the solution comprising the catalyst, after separation
of at least the compounds resulting from the oxidation,
with an ion-exchange resin comprising diphosphonic acid

25 groups, in order to fix the iron present in the said

solution, and in récycling the said solution, depleted



characterized in that the ion-exchange resin conprises 5 sulphonic roups.
7. Process according.to claim5 or 6, characterized—+mn the oxidation

reaction is carried out while using, as oxidizing ‘mmwml)chosen
fromthe group consisting of oxygen, air, peroxidesTﬂﬂﬂ“&“ﬁ gen
peroxi de solution and nitric acid. 8. PrbBess accordisngcto* ont of clains

to 7, characterized in that the oxidation reaction is the reaction for

t he oxi dation of al cohols and/or ketones to carboxylic acids. 15 9.
Process for the meounfaesuceteflyadicpisolusdiod HEprotheaoixdaadfiazycl ohexanol
and/ or cycl ohexanone in the presence of a catalyst based on netal

el enents, chaeactépized in that it consists in treating the solution
resultrng fromthe oxidation conprising the 20 catal yst, after separation

of the adipic acid formfd, RrPReg6 PEESrEmg F@hcéﬁéﬁhﬁge resin conprising
di phosphoni ¢ group in order to deplete the s solutiion in iron ions,

and in reusin§ PﬁécgéFazegoFﬂtFBﬁt 851 P8ISS %ﬂﬂ? reS it CGANRE IS the 25

oxi dati on eacth H rocess according to claim9, characterized in
that the oXi diPiB °8éFa9§§P s based on copper and vanadium 16 ¢ L " 11.

Process according to Cl%tnlngocigs.according.to claim 5 or 6,

characterized in that the oxidation reaction is carried
out while using, as oxidizing agent, a compound chosen
from the group consisting of oxygen, air, peroxides,

10 agqueous hyd;ogen peroxide solution and nitric acid.

8. Process according to one of claims 5 to
7, characterized in that the oxidation reaction is the
reaction for the oxidation of alcohols and/or ketones
to carboxylic acids.

15 9. Process for the manufacture of adipic
acid by oxidation of cyclohexanol.and/or cyclohexanone
in the presence of a catalyst based on metal elements,
characterized in that it consists in treating the
solution resulting from the oxidation comprising the

20 catalyst, after separafion of the adipic acid formed,
with at least one ion-exchange resin comprising
diphosphonic groups, in order to deplete the said
solution in iron ions, and in reusing the said .
solution, depleted in iron, as catalyst for the

25 oxidation reaction.

10. Process according to claim 9,
characterized in that the oxidation catalyst is based

on copper and vanadium.



characterized in that the sol ution conprising the catalyst is a nitric
solution fromthe elution of an ion-exchange—+esin—which makes it possible

to separate 5 the nmetal ions fromthe carboxyli uﬂtﬁn from the
reaction for the oxidation of cyclohexanol and/ﬁmm ml“a to adipic
acid. 12. Process according to one of clggns 9 41,t cHardctérized in
that the ion-exchange resin 1.0 conprising di pho-sphonic acid groups is

regenerated with an acidic solution. 13. Process according to claim 12,
characterized in that the.repesesssi 88cotdihg tescbhaim 9cakriegd out with a

different acid fromnitric acid and 15 the said regenerated resin is
condi ti oned- whdractetized anlﬂhsblUheosobutbgnmaempngsmnghth@ter before a
fresh wuse.

catalyst is a nitric solution from the elution of an

ion-exchange resin which makes it possible to separate

5 the metal ions from the carboxylic acid byproducts from

the reaction for the oxidation of cyclohexanol and/or

cyclohexanone to adipic acid.

12. Process according to one of claims 9 to
11, characterized in that the ion-exchange resin

10 comprising diphosphonic acid groups is regenerated with
an acidic solution.

13. Process according to claim 12,
characterized in that the regeneration-of the resin is
carried out with a different acid from nitric acid and

15 the said regenerated resin is conditioned with a nitric

acid solution or by washing with water before a fresh

use.



