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PCT/ FRO9/ 0 SS FOR SEPARATI NG QUT AND PURI FYI NG THE CARBOXYLI C
ACI D FROM THE CT OXI DATI ON OF A HYDROCARBON The present invention
relates to the 5 processing of the reaction mxture fromthe direct

oxi dation of. hy AGAL HoN into carboxylic acid, nore p i %f
reaction m><qhé§froﬁgfhe oxi dati on reaﬁtion of cyclo%&%ﬁ%ﬁ%ﬁ)%&ﬁ c acid,
and to the separation of the various constituents of the said 10 m xture
and to the purification of the carboxylic acid produced in the oxidation

{Aﬁ?‘C“O”- ThepdthEs! pOX! SRPARRT aCYEirC AP ABAR ByANGP ThE? CaR Bk vA Tl OCESS
ich has b 5 v 0 or—a

account of the licebvpaur SMHADTAGEE bREPRTWEN BrbR HYDRGRAWEONY
cycl ohexane to a n oxi di zi ng

agent such as nitric acid, since this conpound generates nitrogen oxides
whi ch then need to be processed in order to avoid any 20 pollution. Patent
WO- A- 94/ 07834 descri bemd heranddiat i9remt i 6y CréLatydrogashens into the
corresponding diacids, in a liquid phase conprising a solvent, using a gas
cont ai ni g PayEEess Sl | &f tiiee presenten ohietuexi fabhoph@5dcagatyst such as a
cobalt conpound, the said solvent conprising an organic acid containing
only pri maryordsecandst yhrycbopdromat imso  dédeibopal eatacbd e paréi cul arly

~I Al S' ~N81 4 18 February 2003 2 devel ops the phases for processing the
final reactiparttioilaely Tthe pracebed mylxouse sfsomntksepaxadangoout t he
diacid forned, cooling the mxture to bring about precipitation of the said
di aci d, separeadmipn hef syirkehiexany 9 |adpiomcidomedotPi gued phases, a
nonpol ar phase which is recycled and a pol ar phase which is also at |east
partially reSRIRELIT LT drl'Dpfdois h?fg"r‘%tr’y"s‘il%r}t%n‘af atReparati on of a

further f%nnggxéﬁréhégé(¥o the purification of the carboxylic acid

produced in the oxidation reaction.

The direct oxidation of cyclohexane to adipic
acid is a process which has been under investigation
for a long time, in particular on account of the

15 obvious advantages there would be in converting
cyclohexane to adipic acid, in a single step and
without using an oxidizing agent such as nitric acid,
since this compound generates nitrogen oxides which
then need to be processed in order to avoid any

20 pollution.

Patent WO-A-94/07834 describes the oxidation
of cyclic hydrocarbons into the corresponding diacids,
in a liquid phase comprising a solvent, using a gas
containing oxygen and in the presence of an oxidation

25 catalyst such as a cobalt compound, the said solvent
comprising an organic acid containing only primary or

gecondary hydrogen atoms. That patent more particularly
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10 That patent proposes a solution for the one step oxidatkoh-@fry 2003

cycl ahexane into adipic acid with industrially acceptable selecti VI ty, but
i't does not give an industrially acceptable solution to the processing of
‘the reaction mxture fromthe oxidation, 15 taking into account separation
of the various reaction products and sigde products, the unconverted
materials and the catalyst. In addition, it is found, in practice, that
such a conci se processi ng process does not give an 20 adi pic acid of the
purity requideackYaps el gatasenyf appbrocdt soivsg of hée hi sndil ghéyct beger t ant
starting material. Specifically, whether it is for the production of

pol yam de 6+6.xdrurfeor Ttieerpappdssatd arsn2hs tssicin asepdmen progluct & othef
certain pol yurethanes, the purity of the adipic acid used nust be extrenely
hi gh, in pardiasuldrfemnedgarasl inge Yuntreintund oo geming silkeupr oduct s whi ch
can introduce undesirable col orations. 18 _February 2003 3 Patent

WO A- 96/ 03365 Sfisilrti afelomy %r@%@ﬂ%t@%ﬁ%es@@@?afpﬁ@ﬁ:e@?ﬁ ng the reaction
m xture from¢the direct_oxidation of cycl ohe ane into adipic acid, as well

as the retydiatgidt Bhe Chyan Frgherer qﬁ\ri?}'l‘?%%ﬁlt %as observed

that the pr esenc of i dat.i.on nI er medi ai d roducts, in
particul ar }g'fa%eex%% 12 VT off ‘gi%%o?ngc@cﬁ’ Wittt ers,
hydr oxycar b Jac:%ﬁ 6}50' d_]? anq: |I’:1 nesartlaaﬁ rec}acolelcﬂt e%fere with the

separation T purificati on o ac te5eMt i nvention

broposes a_ Rqaess Wik Nl (5 tamcf A% Cesstdj;axm Mg apeci fically,

the inventi consi st I nprove or processing the reaction
m xture 15 fopddedidedipxi dation of hydrocarbon into dicarboxylic
aci ds, using nolecular oxygen or a gas containing it, in the liquid phase,

in a solment and in thﬁwp{ cﬁr@p@.@é@lgséom@ﬁ&{v@rlghé hen&eacti on
medi um characterized in that the said process 20 conprises: - when the

conposi ti on safed hex irdactdroro fin ogteichetdromsintc @ddetad@id ontmt o t wo

| i qui d phases: a nonpol ar upper phase essentially containing the
unconvert ed Imdirsdoairedoly, srmert givlarse yeripiase Bsseitt idddsy RS conpri si ng
the solvent, the acids forned, the catalyst and sone of the other reaction
products an@isfe tae insmtrialdy Rererzabon: solugi @esradiie 2003 4

processing of the reaction mixture from the oxidation,
15 taking into account separation of the various reaction
products and side products, the unconverted materials
and the catal&st.
In addition, it is found, in practice, that
such a concise processing process does not give an
20 adipic acid of the purity required for a great many
applications of this highly important starting
material.
Specifically, whether it is for the
production of polyamide 6-6 or for other applications
25 such as the production of certain polyurethanes, the
purity of the adipic acid used must be extremely high,
in particular as regards the contents of organic side

products which can introduce undesirable colorations.



- adistillation of the said | ower phase or, where appropgiat of of
the reaction m xture, thus separating, on the one hand, gé é%ﬁafgtg&&3
conprising all or at |east nost of the unconverted hydrocarbon 5 and, on
the other hand, the distillation residue conprising the acids forned, the
catal yst, the heavy conpounds, at |east sonme of the solvent and, if any,
the reaction internedi ates and side prodscts; - a purification treatnent by
oxi dation, using 10 nol ecul ar oxygen or a gas containing it or using oxygen
donors, of the distillation residue obtained above, - a distillation of the
reaction solvent and tpgteeRCWORA -igd/RIRY AR @ik sidandg¥oduct s which may
still remain in the mxture, 15 - a crystallization of the carboxylic acid
produced in tbrpleaet pedcessa fiorC prtiodddizg itte freratidemottdhe
carboxylic acid produced in the reaction. The decantation into two phases
of the 20 reficomophsl dtiueetswiektddn oft hyqloheesnefintde ddiieid i on
depends essentially on the solvent used and the anmount of hydrocarbon
converted. Theillydascaebdnssusée aecytcdrimiongfmather ictsaliyett he process of
the invention are, nore particularly, 25 al kanes, cycl oal kanes .and

al kyl ar ont i Howgseocatbendppdricainti mgsf chmezvied 2hatartivn ruesanceA\nong

t hese hydrocarbons, cycloal kanes, in particular those which have a ring
cont ai ni ng febnpiidationgipgeringdjatees andl Bider Pewdmch®s, dre wi t hout

doubt the nost inportant, since their oxidation |eads to dicarboxylic

aci ds. The nB3rtigvaaragusls gy FVELREFIORSey SVEHORSFENVxi dati on of which

| eads to adipic_acid,_ 5 one of the base c oynds of, pol yam de 6-6. For
convenience,gﬁ@?@bﬁﬁ@ﬂoﬁﬁFﬁ§svn®¥ F&HQﬁﬁag%y 1&e§&ﬁ4§a§ ry generally for

t he processi f the reacti m,_Xt ur forom t he.oxidation of .cycl ohexane
into adipic S%Fg?nﬁﬁf %ﬁeiﬁﬁgggsgobgﬁggfggg eb%EEI?QE.ﬁ?Hﬁ§%%%< res

obt ai nedy br oghgL Bek: bYHLeSRRDAES cranddIRe R4 O raHp oL her

cycl oal kanes. "Th exane phase obt inthe o onal decant ati on
step is Usuaﬂ_ﬂfeﬁ@iﬂhrBQBFEQe'smaO OBEBISO e ARE AW Ut itd ORGHA igEn. 15 The
solvent used i n the oxidation of the hydrocarbon, preferably~“Cycl ohexane,
is an at | eagtapBatkal solvent for the carboxylic acid whose preparation is
i ntended. This solvent can be very varied in nature, provided that it is
not substantially 20 oMbdezabkeifided lyyhe theadhventdondiconaistd tofcan be
chosen in particular frompolar protic solvents and pol ar aprotic sol vents.
Pol ar proti casoiwpnevedhprhceag Bernprocesedndf bheexgmeitd onamd xtardsoxyl i ¢
aci ds which contain only primary or secaondary hydrogen atons, in 25
particul 4 afrpRathe dérastcenidphing PfoRyErpgarbon into

dicarboxylic acids, using molecular oxygen or a gas
containing it, in the liquid phase, in a solvent and in
the presence of a catalyst dissolved in the reaction
medium, characterized in that the said process

20 comprises:
- when the composition of the reaction mixture allows
it, a decantation into two liquid phases: a nonpolar
upper phase essentially containing the unconverted
hydrocarbon, and a polar lower phase essentially

25 comprising the solvent, the acids formed, the catalyst
and some of the other reaction products and of the

unconverted hydrocarbon;



9 carbon atons, perfluoroal kyl carboxylic acids such as tgi fFépeifaacebos
acid, water and al cohols. Polar aprotic solvents which may be nentioned,
for exanple, are |ower 18 February 2003 6 al kyl (= al kyl radical
containing from1l to 4 carbon atons) esters of carboxylic acids, in
particular of aliphatic carboxylic acids containing from1l to 9 carbon
atons or of perfluoroal kyl carboxylic acids, 5 tetranethyl enesul phone (or
sul phol ane), and aliphatic nitriles such as acetonitrile. Acetic acid is
general |y pretediedililatpant ofulthe wad@m tlosvexulptiasat ert,0 wherexi di zed i s
cycl ohexane. 10 The catal yst preferably contains cobalt, manganese, a

m xture of epbabpriatk,ond adlnovife theherarttians miothiraes rdnganese,
chromium iron, zirconium hafniumor copper, or a m xture of nanganese

wi th one or sgpryastingr oBt §he suehhandsheodigwnililede compodmsiimg 15 haf ni um
or copper. Anong the cobalt-based m xtures, catalysts conprising either
cobalt and eRRoRFuRft &6B&It MOSkr O tHRCandCAVESHESMhYEseaarbasd i ron

cobalt and manganese_or cobalg@a d ZE{coniun1 nd/.or hafnium are nore

parti cul & | $0&ui PRoLEE PRPSTC &gysF s d3sEd 126 AR Meekedat i on of

cycl ohexane in the formof conpounds af ese netal s which _are soluble in
the reacti ofRBAFEMAITH er@&&ggoﬁoﬁW?gUrg%Fbcﬁé Y& as &8¢ BFEXWe process of

he i [ i i_de, 5 iaght f ight basis, f
19 to 969 of CURCORGEr 84 NyaPOcAFDSn L Lo Eonrs Hostor odr ORI 1o aci ds.
f d, f .19 . 10%. - . % % of th I
cgapginedr?%bghéé%ggéﬁgs%%%ﬁg@%?%ﬁFS%E%?@bggéé)5Qfgﬁéggﬂha$ynggg35; of

other productg gfiike-axidat QR tRRGE LN@ QIR Nl ngonsi sting of the
sol vent. The stgprﬁorcdiétgllatﬁon of ?ﬁ%cﬁomé} phase 3fgpmhere

appr opr irat emo@kctingx a&?tr;,banom Al Be@, dontaiedhng Q¢ QH usUeRy Bgigast, and
as far as is possible all, of the unconverted cycl ohexane which may stil
be present dpnblriss bdwehepHase il asepar ated ducombihd nadi pbovagi d. Sone of
the reaction internedi ates may al so be separated out, but these

i nt ermedi at esal@ipteflérabbn oénmthe wetlrttiba dicdoieds aodmedheand t he
catalyst, as well as with the heavy conpounds which nay be forned in the
initial oxidgectAonedotesmedfiatihe Rydr dalehprodhied sgemdichl mear m heavy
conpounds or heavy fraction neans the conpounds forned which have a 15
boi | i ng poi ftiaBoveémeaa: 18f thRe My dl&E€ar bon and of the reaction

i nternedi ates indicat .above an ich are nqQt the dicarboxyljc acids,
adi pi ¢ 3cid §l &Fé(rsitéii&izétéﬁa‘ Qgc%i Eaéa”%f’a‘ﬁfl& & Frﬂ‘i]é‘%’ﬁ d&t i on
reaction. Th%; step na%gs it possible to avoid, during the step 20 for
oxi dati on of *fh& regépidn,internediates, such as

- a recrystallization from water of the carboxylic acid
produced in the reaction.
The decantation into two phases of the
20 reaction mixture subjected to the process of the
invention depends essentially on the solvent used and
the amount of hydrocarbon converted.
The hydrocarbons used as starting materials
in the process of the invention are, more particularly,
25 alkanes, cycloalkanes and alkylaromatic hydrocarbons
containing from 3 to 20 carbon atoms.
Among these hydrocarbons, cycloalkanes, in

particular those which have a ring containing from 5 to



cycl ohexanol , cycl ohexanone, cycl ohexyl carboxyl ates, hMQrgggﬁﬁhgp@mbgc
aci ds (hydroxycaproic acid) or |actones (essentially butyrol actone and

val erol actone), oxidizing a further anount of cycl ohexane and 25
consequently formng further reaction internedi ates and side products. The
distillation step is generally carried 6ut at a tenperature from 25C to
250C and absol ute 18 February 2003 8 pressure of between 10 Pa and

at nospheric pressure. Preferably, the tenperature of the m xture during the
distillationavddrien retionsi nece bet vieent 7d¢1landt UE 0@ s Toinpopt bk, t he
separation of the unconverted 5 cycl ohexane, it is possible to use in the
di still ati oreince richeirmxidaeiomhl eddsmalo bdicarbeoeyligagcsdsh as nitrogen
or water vapour. The distillate obtained in the distillation operation
essential ly conprises The megbnmdyariaderey diykexeaebopossi bly water, and
reaction internedi ates such as cycl ohexanol and_cycl ohexanone. The

cycl ohexane @R RRXAnR erPPebial BN £F YREGR| Lepdnt BC a2ftPiRerCtYcl ohexane

oxi dation_ reaction, after an at | east $€rtifl rq&ovgl of the water by any
known nmeans,O% A5 HiF (PRI SFOBRPHLED P opP L ¥BLET I @t fon. The oxidation of

the distillati [ [ Lon? J I h tal yst
used in the main o daiPore FERRTTICST TREC Hyar bt o, BHIRRREoR o account
th t f t |t ' [ | ' th
amount of AT SEarbORARE TR TheY i he TSRt | one [he Barafyatd ety 1

relatively |atge Qmuity GRPALALs Wi t g CORDANLS, t 9f beyoxbHi£Ee The

secondary oxidation can be performed with 25 pure oxygen,”wth air or wth
ot her gaseousnhi XddH B5c CAM @] NbiY OXY YSFocssSNcas, a1 95 wBxagPhbeie@Xygen

enriched or oxygen-depleted air. It can also be

10 to mixtures obtained from other hydrocarbons, and more
particularly from other cycloalkanes.

The cyclohexane phase obtained in the
optional decantation step is usually reintroduced into
a cyclohexane oxidation operation.

15 The solvent used in the oxidation of the
hydrocarbon, preferably cyclohexane, is an at least
partial solveﬁt for the carboxylic acid whose
preparation is intended. This solvent can be very
varied in nature, provided that it is not substantially

20 oxidizable under the reaction conditions. It can be
chosen in particular from polar protic solvents and
polar aprotic solvents. Polar protic solvents which may
be mentioned, for example, are carboxylic acids which
contain only primary or secondary hydrogen atoms, in

25 particular aliphatic acids containing from 1 to
9 carbon atoms, perfluoroalkylcarboxylic acids such as

trifluorocacetic acid, water and alcohols. Polar aprotic

solvents which may be mentioned, for example, are lower



performed wi th oxygen donors such as, for exanple, 18 1lgelbey iy 230339
hydr agen peroxi de or organi c hydroperoxides, such-as tert-butyl
hydr oper oxi de, cycl ohexyl hydroperoxi de or cunyl hydroperoxide. \Wen the
-secondary oxidation is carried out 5 with pure oxygen or oxygen in a

m xture, the pressure used for this oxidation can vary within a w de range.
Cenerally, the absolute pressure is between 1 bar (0.1 MPa) and 100 bar (10
MPa) and preferably between 5 bar (0.5 MPa) and 50 bar (5 MPa) . 10 The

t enper at ur e £Aky=al &0 akkyl wadidah ebdeatnige, ffom exaophecirbon25C to
250C. The oxidation is preferably perforned at a tenperature from40C to
150C. After dtmnsecssery okicdatbhanybiepacide, lbnspaventuhad dhe ot her

| i qui d conpounds which may still be present are distilled off so as to

obt ai n a m xliEhasksetaxbdyy Lbntad s geomea tihtng bbxehi ¢ tei ds forned and
the catalyst. A crystallization of the adipic acid is then 20 perforned in
wat er or in arcarkpmizteos ventofpent inoreatky parrbakyyidi ssbtives adi pic
aci d when_hot. This organic solvent can be chosen in particular from

ket ones, %ar%k%m%t%)clg%s‘é%?WI fer agntrlalarsg) , aprdhal sphatiial i phatic
nitriles. 25 The, adi pic acid obtained by this crystallization is then
recrystal | i ZBFFH AR BHER 28 PRI et ®ve the purity required for the
mai n applications in W@ich.it i s . used. 18lfebrua£g 2083 10 The

recrystal |ization may BeSptecRutd by generally preferred, in

particular when the substrate to be oxidized is
cyclohexane.

10 The catalyst preferably contains cobalt,
manganese, a mixture of cobalt with one or more other
metals such as manganese, chromium, iron, zirconium,
hafnium or copper, or a mixture of manganese with one
or more other metals such as chromium, iron, zirconium,

15 hafnium or copper. Among the cobalt-based mixtures,
catalysts comprising either cobalt and chromium,
cobalt, chromium and zirconium, cobalt and iron, cobalt
and manganese or cobalt and zirconium and/or hafnium
are more particularly suitable. This catalyst is used

20 for the oxidation of cyclohexane in the form of
compounds of these metals which are soluble in the
reaction medium.

The reaction mixture to be processed by the
process of the invention contains, as a guide, on a

25 weight for weight basis, from 1% to 99% of unconverted
hydrocarbon, from 1% to 40% of carboxylic acids formed,
from 0.1% to 10% of water, from 0.001% to 5% of the

metal (s) contained in the catalyst and from 0.1% to 10%



treatment with charcoal to further inprove the desired pdriptyry IRy 3be
deduced fromthe preceding 5 description, the process of the 1nvention
makes it possible to obtain pure adi~ic acid under conditions not requiring
-an addition catalyst to convert the internedi ate conpounds and/or the heavy
conmpounds forned in the oxidation reactiron of the hydrocarbon. 10 The
present process furthernore does not nake it necessary to consunme an
addi ti onal reagent such as nitric acid and consequently avoids the

correspondi ngf i dihist rpedbdudveséiethe dhedexasm! esavbien, fehkow illustrate
the 15 invention. TIVITT 1T T 1 A jacketed titanium1.5 1 autoclave fitted

wth a six-btateitdeboconxbst g vartlhdssopeanngs for 20 the introduction
of the reagents and the fluids or for renmoval of the reaction products and
the fluids, which haveTlheestqprfed dieéoikhandomi dfi vhér bgear psaseaded at
roomtenperature with the followng: - Cobalt acetate tetrahydrate: 4.0 g
(16 Mol ) 25r, Adetre appropBEIte, -olythehexareiororistygre, Gygl ohexanone:
3.2 g (32.7 mmol) 18 February 2003 11 After closing the autoc|ave, the

ni trogen presarred sopf oty tabomest. (Indmeg, fakheast i rPagsikbeo rpm is
started and the tenperature is raised tpo 105C over 20 m nutes, _  The nitrogen
i s then replaked & ike YereayerbeqpayCchehepdne: Walah rma¥ostaihibg 5%

oxygen). The flow rate is adjusted to litres per hour.

f.i t 5
After an ind%%???ﬁFcﬁneﬁhﬁériéhﬁﬁﬁa%?%§,l u??ﬂ@rﬁﬁ?%hg¥ﬂ®rEh?s no
ti , t 10 t { i by 2 3C dth
begi o 1o b LTI THEPTRI & BRG gEereT PR TRr S RstaR TSR (irked to 2356
The oxygen tifre 5%15%&2&505 putl.et Eﬁggénfnégﬁﬁ%ég%@%%%throughOUt the

test. The tenperature e autoclave s maintaine out 105C. 15 Wen

53 i tres of , AXYORIL NAVERLEN PP URL &P&SI%@ Ph-ROAVEEGT PR Of about 209,

continuous injection of the Iiquid phase is begun: 1njection of an acetic

aci d sol uti ara€ONiat Nidd WelPoy WetWhthOf heHPRl domseldde heterhygyate and
1. 44% by wei ght of
be formed in the initial oxidation reaction of the
hydrocarbon. The general term heavy compounds or heavy
fraction means the compounds formed which have a
15 boiling point above that of the hydrocarbon and of the
reaction intermediates indicated above and which are
not the dicarboxylic acids, adipic acid, glutaric acid
and succinic acid, formed by the oxidation reaction.
This step makes it possible to avoid, during the step
20 for oxidation of the reaction intermediates, such as
cyclohexanol, cyclohexanone, cyclohexyl carboxylates,
hydroxycarboxylic acids (hydroxycaproic acid) or
lactones (essentially butyrolactone and valerolactone),
oxidizing a further amount of cyclohexane and
25 consequently forming further reaction intermediates and
side products.
The distillation step is generally carried

out at a temperature from 25°C to 250°C and absolute



20 cycl ohexanone at a flowrate of 4.6 nl/mn (stabilized Fgg£ ands
injection of cyclohexane at a flowrate of 5 m/mn (stabilize egi nme)

The liquid product is stored continuously in a 7 litre decanter at 70C.
After 370 mn fromthe start of the reaction, 25 the air is gradually
replaced with nitrogen and the contentsgof the autoclave are transferred
into the decanter. The decanter contains a two-phase m xture. The upper
phase, essentially the cycl ohexane phase, 18 February 2003 12 which
contai ns onipressuifd lofabatiecdl 10 Gllicisd altheghaddic igrsanarat ed out. The
| ower acetic phase (2668 g) contains nost of the oxidation products and the
cobal t. 5 Tihrrefeatald yphate itempdyanird ¢ thd inistt utestdldidg arthainder t he
followi ng conditions: - pressure: 60 kPa - tenperature: 120C The ai m of
this distil ldtatdn liag itog weniidy ébea Irfa i & dree d yoe todessea A ° T heend €590 1&. obt ai ned
are collated in Table 1 bel ow. Conmpoundlnitial untreated nmassDistillation
resi due 1Cycl ohexanon&z8ktammlled® e Gaparatxddn arfettde M81O MR 34 2

mrol Free cycl ohexanol 243. 4 nmmol 53 mmol G utaric aci d*248. 6 nmol 248. 6

mol Succihi cyadichersmel, ol 156 208 SRl SAdi i s & ¢l i *hue (7 388 tindol 01i0mn 8

mol Hydr oxycaproi ¢ aci d52. 0 mmol 52.. 0 mmol 3- hydr oxyadi pi ¢ aci d102. 9

mol 102. 9 mdsl Baefito|SAERESE ¥l SBY f\/ailré%%ﬂ HaorE R5mol 12. 7

nmol Aceti ¢ aci dl1593 g430 gTotal mass2668 g895 ¢ 18 February 2003 13 Table
1 * Total adtdra9%8e nd"a%ﬁrer‘f"’\‘qo&ﬁ' The distillate has a mass of 1773 g.

Hal f of the distillatign resi.d 447, 5. 5 1s.subjected to a second,
nore thorough distill &?%eorﬁsrﬁl;iﬁ (Jatcf( o t:raelrrr%'z/de lari?:}}%edlvso lg]td]ia}telocﬂ gani c

conpounds operation essentially comprises the unconverted

10 c¢yclohexane, possibly water, and reaction intermediates
such as cyclohexanol and cyclohexanone. The cyclohexane
and the intermediates are recycled into a further
cyclohexane oxidation reaction, after an at least
partial removal of the water by any known means, in

15 particular by azeotropic distillation.

The oxidation of the distillation residue
(secondary oxidation) is catalysed by the catalyst used
in the main oxidation reaction of the hydrocarbon.
Taking into account the amounts of reaction

20 intermediates, which are low relative to the amount of
hydrocarbon used in the main reaction, the catalyst is
in relatively large amount compared with the compounds
to be oxidized.

The secondary oxidation can be performed with

25 pure oxygen, with air or with other gaseous mixtures
containing oxygen, such as, for example, oxygen-
enriched or oxygen-depleted air. It can also be

performed with oxygen donors such as, for example,



it contains by means of an injection of water vapour at|350G,undes -803
pressure of 10 kPa. The results obtained are collated in Table 2710 bel ow.
Compound447.5 g of the distillation residue 1 to be redistilledDistillation
-resi due 2Cycl ohexanone47.5 nmol negl i gi bl eCycl ohexyl acetatel8.6

mmol negl i gi bl eFree cycl ohexanol 26. 5 mmognegl i gi bl eG utaric acid*124. 3

nol 124. 3 mol Succi nic aci d*81. 0 nmmol 81. 0 mmol Adi pi ¢ aci d*1050. 4 mmol 1050. 4
nmol Hydr oxycaproi ¢ aci d26. 0 mmol 26. 0 nmol 3- hydr oxyadi pi ¢51. 5 mol 51. 5

ol aci dBut Wyal st g0 dx 10| dre gt i 1hil & )y Bf RS 018s 4 such™ as

mol negl i gi bl eAcetic aci d215 g6. 1Total mass447.5 g225 18 February 2003 14
Tabl e 2 The tHrst-bddtatle halrepemssidd, 222 DolexhDhydodparberdarer added t o
the distillation 5 residue 2. The m xture is heated to 70C and is then
gradual |y conimgd thydmoapertemsss at ure (about 20C). After filtration and
washing with water, 122 g of crude adi pic acid are obtained.

Recrystal lization of tWien dctheleertpdarncdidation wes eraxfied eutpurified

adi pic acid (A) containing: - succinic acid: 0.0003% - glutaric acid:

<0. 0001%5 ool tPURD PHTER e PBHEEN Fatdh it uge | ntharesBng | i zati on
15 water and the washing water. The second half of the distillation residue
1 (447.5 g) wedbdam s i XHILAPY 31 VI e UD R Wid® B IRetic aci d

and subjected to further, oxidatjon with air. The 847.5 f the previous
sol ution ar €M% 'eotl?‘?lt"i‘}’?#e“tl‘? é’ﬁesﬁlﬁ‘?ﬂ’tﬁne%‘?ﬁ%%?%s]eqﬁ‘%ced under an

pressure s Broudfi=t ¢ 10 1% W] RGBT AR HEreAL Starrea
and-t he te_rmfr%ur@o i M@A)s%q,%qsolq%q oy v mnutes. The nitrogen is then
replaced wt bar of ai'r. e tlow
10 The temperature can also vary within a wide
range, for example from 25°C to 250°C. The oxidation is
preferably performed at a temperature from 40°C to
150°C.
After the secondary oxidation step, the
15 solvent and the other liquid compounds which may still
be present are distilled off so as to obtain a mixture
essentially céntaining the dicarboxylic acids formed
and the catalyst.
A crystallization of the adipic acid is then
20 performed in water or in an organic solvent which at
least partially dissolves adipic acid when hot. This
organic solvent can be chosen in particular from
ketones, carboxylic acids, carboxylic acid esters,
alcohols and aliphatic nitriles.
25 The adipic acid obtained by this
crystallization is then recrystallized from water, so
as to achieve the purity required for the main

applications in which it is used.



18 February 2003 15 rate of inlet gas is adjusted to 25Qgl kbp£saRERORBUT -
After. 3 h, the autoclave is cooled to 70C and depressurized. The "oxidi zed
mass i s recovered and subjected to a distillation of type 2 (10 kPa, 150C,
5 injection of steam). The results are given in Table 3 bel ow 18
February 2003 16 Compound447.5 g of thegistillation residue 1 to be

oxi di zedResult of the oxidationDi stillation residue 2 on the oxidized
massCycl ohexanone47.5 nmol negl i gi bl enegl i gi bl eCycl ohexyl 18. 6 mmol 20

ol negl i gi bl eacet at eFrige 26e Sryepd 111 2a tridh Negy | Bé bpeeyetieensangl A utari c
aci d*124. 3 mol 140. 2 mol | 40. 2 mmol Succinic aci d*81. 0 mrol 90. 3 mmol 90. 3
mmol Adi pi ¢ actelthinic 4vinniol diBHcda Imtod 1080t e ribhplydvexyhapdest2640 nmol 13
nmol 13 mol aci d3- hydroxy-51. 5 mol 60 nmol 60 nmol adi pi ¢

aci dBut yr ol aotwine29. 1 mmol 12. 5 mmol negl i gi bl eVal er ol act one6. 4

mmol negl i gi bl enegl i gi bl eAceti c aci d215 g5158. 4Total mass447.5 g855212 ¢
Table 3 500 g of waterAmreapdeeddediesd Brenithatpoacedivdi due 2. The

m xture is heated to 70C and is then gradual |y cooled to roomtenperature
(about 20%) .desagimcipuar§heoopCaysAfeert e | trverbicanBkRshikg with water,
126 g of crude adipic acid are obtained. A recrystallizatipn of this crude
adi pi ¢ aci d B RER dr0 FPRERTR RFT fASHP LTI $F LY deRdeT BfOrRGhE 5PRF ng: 5 -
succinic acid: 0.0002% - glutaric acid:_ <0 0001% - cobalt: <0.0002% The
cobal t cat al3R% ?%ﬁ?*F%W%&%ﬁy%%%&?%?%l?%%a%%?%rt%nﬁo?ﬂ%rﬁag%?ng water. 10

The adi pic aci,d batches (A j o] I test. This
test_cogsist%PE?FTﬁé;?rﬁ;%épégﬁkéézﬁﬁﬁzgfgﬁhgfﬁg%%%:?%?gggééﬁgn and t hen
pl acing eachy of INeM i1 & 15, [t Of cRAAHEOUS; S0 GFMPRL %g@ﬂg&&%o%.lf’ The
absor bence at 4 nm of the ammoni um adi pate sol utions obtained is then
measur edy o Thend srdsndgl s Pt @hdBHor & XM E8 56k agake! pti ve

absorbencies, the reference adipic acid (A representing the value 1:
necessary to consume an additional reagent such as
nitric acid and consequently avoids the corresponding
industrial investment.

The examples which follow illustrate the

15 invention.

EXAMPLE 1
A jacketed titanium 1.5 1 autoclave fitted
with a six-blade turbo mixer and various openings for
20 the introduction of the reagents and the fluids or for
removal of the reaction products and the fluids, which
have been purged beforehand with nitrogen, is loaded at

room temperature with the following:

- Cobalt acetate tetrahydrate: 4.0 g (16 mmol)
25 - Acetic acid: 357 g
- Cyclohexane: 292.5 g

- Cyclohexanone: 3.2 g (32.7 mmol)



20 Adipic acid (A): 1 Adipic acid (B): 0.15 The adipic ag gepBlaRpriofized
according to the 25 present invention contains fewer inpurities |iable to
beconme col oured on heating. 18 February 2003 18 CLAIMS 1. Process for
processing the reaction mxture fromthe direct oxidation of hydrocarbon
into 5 dicarboxylic acids, using nol eculiar oxygen or a gas containing it,
inthe liquid phase, in a solvent and in the presence of a catal yst

di ssolved in the reaction nmedium characterized in that the said process

conprises: 10 - when tAf:eorgastin@neid dileodBaed ) ofhdi xitFegéhl ows it, a
decantation into two |iquid phases: a nonpol ar upper phase essentially
contai ni ng theeasnoonvis tecbunids coarborbarank aMpo) artheowet i phasg essential ly
conprising the solvent, the acids fornmed, the catalyst 15 and sone of the
ot her reacti @Dl aothre)t si st axftedeant come erengoebgdeoe at bonaised to
distillation of the said | ower phase or, where appropriate, of all of the
reaction m XAF% avers Xepeirtties)., Tre tivetvegemahsl, theni seplace@ conpri sing
20 all or_at |east nost of the unconverted hydrocarbon and, on the other
hand, theb diwith 124 ikar r SiMRAP hpierleked RlaciernNEdimEag $he catal yst,

t he heavy conpounds, at |east sone of the solvent and, if any, the reaction
i nt er medi at €X¥ERNsi dgridRrerateoPt inlgh 93¢ at§ API1RER%er? by

oxi dation, using nol ecul ar .oxygen or a gas containing it or using oxygen
donors, of t4RP g]ilstt’ﬁsf eﬂ‘?rbﬁ“?%’gi due obtai ned above, 18 February 2003 S 19

- adistillation of tt}gftr exactd Oﬂuﬁ%e/le(gﬁ dagg?t rg&gt&g&{gé er nedi at es and
1% tﬁg m xt ur e,

si de products which may stillT remarn in . - a crystalli;ation of
wter of the e A R e S o, o SR A 0 o G g
to daimd, temperature rises by 2 to 3°C and the oxygen begins to
be consumed. The inlet oxygen titre is gradually raised
to 21%. The oxygen titre at the reactor outlet remains
less than 5% throughout the test. The temperature in
the autoclave is maintained at about 105°C.
15 When 53 litres of oxygen have been consumed
(degree of conversion of about 20%), continuous
injection of the liquid phase is begun: injection of an
acetic acid solution containing 1.1% by weight of
cobalt acetate tetrahydrate and 1.44% by weight of
20 cyclohexanone at a flow rate of 4.6 ml/min (stabilized
regime) and injection of cyclohexane at a flow rate of
5 ml/min (stabilized regime). The liquid product is
stored continuously in a 7 litre decanter at 70°C.
After 370 min from the start of the reaction,
25 the air is gradually replaced with nitrogen and the
contents of the autoclave are transferred into the
decanter. The decanter contains a two-phase mixture.

The upper phase, essentially the cyclohexane phase,



characterized in that the hydrocarbon used as starting 19 peted.a 2093
chosen from al kanes, cycl oal kanes and al kyl aromati ¢ hydr ocar bons “cont ai ni ng
from3 to 20 carbon atons. 3, Process according to either of Clains 1 and
2, characterized in that the hydrocarbon used is 15 chosen from
cycl oal kanes, preferably those which hawe a ring containing from5 to 12
carbon atons, and is nore preferably cycl ohexane. 4. Process according to
one of Clains 1 to 3, characterized in that the solvent used.in the 20

oxi dati on ofwHilk yttetiard@nly asmill easdupardéf aprsdhyedtaddr the
carboxylic acid whose preparation is intended and is chosen from pol ar
protic sol veritmland ipolsepaamteid cowol VB slower Ricetess @itass di ng to one of
Clains 1 to 4, 25 characterized in that the solvent is chosen from

al i phati c acl2ds 8c @it aianitegirfa omst taf S leardsoidatt oms mmetducst pragicér abl y
acetic acid. 18 February 2003 20 6. Process according to one of Clains 1
to S, charadther icad@lith that the catal yst contains cobalt, manganese, a

m xture of cobalt with one or nere other netals chosen from nanganese,
chromumS5iron, S zir 3 #RetHe Mhafane cBpgpactrd £xiatikestof manganese
with one or nore other metals chosen fromchromum iron, zirconium

haf ni um and EFgerlatz orpy FAIRY I SRS s 1 to | 6,
characterized in that the cat Hyst con~ains either 10 cobalt and chrom um
cobal t, chr omARRSEY i rcoﬁﬁhﬂﬁe%obalt and iron, cobalt and manganese or
fg?glt and ylga%géygéﬂyg;wljgﬂénun1 8. Process according to one of C ains
T The aim of this distillation is to remove all

10 the cyclohexane.

The results obtained are collated in Table 1

below.
Compound Initial Distillation
untreated mass residue 1
Cyclohexanong 281 mmol 95 mmol
Cyclohexyl acetate 18.5 mmol 37.2 mmol
Free cyclohexanol 243.4 mmol 53 mmol
Glutaric acid* 248.6 mmol 248.6 mmol
Succinic acid* 162.1 mmol 162.1 mmol
Adipic acid* 2100.8 mmol 2100.8 mmol
Hydroxycaproic acid 52.0 mmol 52.0 mmol
3-hydroxyadipic acid 102.9 mmol 102.9 mmol
Butyrolactone 87.3 mmol 58.2 mmol
Valerolactone 33.3 mmol 12.7 mmol
Acetic acid 1593 g 430 g
Total mass 2668 g 895 g




7, charact erized in that the reaction mxture to be 15 pgoggssed£o@pLI ses,

or~ a wei ght for weight basis,
from1%to a0% of carboxylic acids produced,

froml1l%to 99% of unconver~ed hydrocarbon,
fromO0.1%to 10% of water,

from0.001%to S% of the netals) contained in the catal yst and fromO. 1%to

10% of ot her products of the 20 reactign,
9. Process according to one of Clains 1 to 8,

sol vent .

bar .

t he oxidati on of the

10,

10. Procastaice@idi NFrice e &fstEdmlpifed) to 9,

t he remai nder consist=ng of the

characterized in
that the oxidation of the distillation residue (secondary oxidation)
carried out using nol ecul ar oxygen opaligas containing it) at 25 an
absol ute pressure from1l bar to 100 bar and preferably from5 bar to SD

18 February 2003 r ~ 21 distillation residue
(secondary oxi dation) The cdmtiidd amet hats & memEerc ¥ rgom 25C to 250C and
preferably from40C to 150C. 11. Process according to one of clains 1 to 5

is

characterized in that

characterized in #edif ©fe theystigtildation ofesinedr bigkd/l.i< Hci d

produced in the reaction is carried out in an organic solvent chosen from

ket ones, Tardfoppbiecteiddso GarigeRpd c maried thssugh alisgtidilstamn al i phati c

n|tr|Ies

one of clai A&'tE
. AU. Ah% A9. A( | % A&h9. A9h|
Sy

aEEefe %ﬂidﬁ'rw%%

<li ¢t DRI [vv}xsnl d_Z] ca}g;
] ca] ca] ca] caJ ca]ca]ca]cC

- AY{Y. AA. AA

ztoi d_zU] ca]

] ca] ca] ca] cd

cajcalc

ca]ca]ca ca]b

R

lt%ﬁlo

ca] caJc

A&hl . Af U. ASUJ

AQ@QJ. AA, /. AUl .

an 1njectlon ofA%;ater vapour at

10 12. A carboxylic acid obtained hy a process according to any
ndsd; to remove all the volatile organic compounds

AU Af U AL

Af U. AUy

]ogf] %]Rz&] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
a

saberlen skl 9 s
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a] ca] ca] ca! ##$US$$$%0X9000R"

Xsni

cza] caj ca]ca

d_Z] ca]
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]ca]l ca]ca]c
A . S.

25222233<3s
5@®Wh555066

fcaicajcajcarcajcajc@ajcajcajcajcajcajcajcq

"1 Tl ddrbb@ROX 000101} xsaa 9, 8] gapeatra] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]

3{ 344

bP7a7d7777. 8c888| wr
h] ca] cal ca] ca] ca] ca] cla]ic dlac dec alecH]sdd]ldad a

distillation residue
c"Y] ca] ca] ca] ca] ca] ca]

[cajcar UFF+,
cB] €8] TRA €88
ca] ca] ca] ca] ca
residue 2
ca] ca] ca] ca] cd
] cal ca] ca! 889H

Z1 1 1 &-
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1! 01] 110
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NEDa2ek¥BErble acid

3-hydroxyadipic

acid

DCREECRSEDES FFF—'E)%elXI—
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ca]
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Cca] ca] ca
QgAdAAAAO
cal ca] calic

Butyrolactone
Valerolactone

Acetic acid

} xsni d_Z] ca]]ca] ca] ca]
144] zapeal ca] ca] ca] ca]
i 18 +B171Q} | wr nheY] ca]

] ca] ca] ca] ca] ca] c”a] cq
SSTTUNUU} xsni d 25

M%a’ c%‘] ca] caj ca] ca

rc ca] ca] caj ca]
] ca] ca

ey

26.0 mmol

al wr | wrmh
aJca] ca] ga

51.5 mmol

29.1 mmol
6.4 mmol

215 g

ca] ca] ca] ca] c4

crgahlela] ce
g Thig ke cs

] ca] cag]rca cal g
®a] ¢

1. céa] cja] ca(] a] g
cgd calgpdLal e
ARy
26.0 mmol

51.5 mmol

negligible
negligible

6.1

1] ca] ca]
1! AKAAAA

1] ca] ca]
a)J ca] ca
ajJ cal ca
aj cal ca

1] ca] ca]

aj cal ca
calcalc

Total mass

447.5 g

225
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&s-:110% " & ()- &s-: 1 10%R ()-!, &s-:110%"& ()-&& ' 10%&R' ()-R, &&: ! 109%& () - RX&
$1006 & () - 48P O TRIRRAIET Ak 19° GH AR (). G v
) Recrystallization of this crude adipic acid

10 in water gives a purified adipic acid (A) containing:

- succinic acid: 0.0003%
- glutaric acid: <0.0001%
- cobalt: <0.0002%

The cobalt catalyst is in the crystallization

15 water and the washing water.

EXAMPLE 2

The second half of the distillation residue 1

(447.5 g) of Example 1 is diluted in a further 400 ml
20 of acetic acid and subjected to further oxidation with
air.

The 847.5 g of the previous solution are
introduced into the 1.5 1 titanium autoclave placed
under an inert atmosphere of nitrogen. After closing

25 the autoclave, the nitrogen pressure is brought to
20 bar (2 MPa), the stirring (1000 rpm) is started and
the temperature is raised to 105°C over 20 minutes. The

nitrogen is then replaced with 20 bar of air. The flow



Ts109%& ()-!1109%& ()- 10"" 10""$P) 4!1""zX6?C 10! #91 1! 109%& (. )L:.Z

| #9] 11 10983&' () - Z f% (E‘)ebruary 2003
F,9110%& ()-9! (9! 10%&' ()-9!9!'10% /& ()-99" 10%&' ()-""""""] #TH#XY:
10'10% & ()-f3 -10% & ()-fS&L0% & ()-yt10% & ()-!,10% & ()- 10 10
10####SUSSSABXY: 15
10! 1 f10%\& ()-f10% & ()-f10% & ()-y 10% & ()-10% & ()-f310% & () - $$98X9B8808%
dExY: 10!'19" 10% & ()-y 10% & ()-fs10% & ()-f310% & ()-f&
10% & () - IFHUMX 4P -l el g4 HEXYadjusted to 250 litres per hour.
10! 1&910% & ()-f3710% & ()-9S5'!110% & ()-f-10% & ()-s9+nl0% & () -fs$s10% &
() - sKO(((((#HDtex 10!}, @cHO %R Jc L 61D %R (doyBdUES (Vodc 1094 () - 10t 10t
10tf: @0% & ()-)8)f))))*dEbC 10!! sL10% ()- @ 109& ()- @10%& ()- 109& () -
| 109&' () - Al @ AessulriZed + HaBfxldi £8d mass is recovered and
10%&' () - S109%&' ()- S109%&' () - S&L0%&' ()- &F! 109& ()-!f Sf
10% } & () - sy i@t @B a Gli@silloiat {on &af 109 (9 - @ L 10B&; (I5&°C,
(109 ()-!pys$10%5& ()-& " f10%& ()-,,, & "*---dEbC 10! @y10%&' ()-S
71098 () -R@BriEeE: {9n o3| siopan)() - S1@ 0%’ ()-S/ " 109%&' ()------ ..=.s.bC 10! @
10% & ()-@»B10% & ()-f10% & ()- 10% & ()- 10 10 10@109%& ()-s...."/T//dEbC
10! ys10% & () - @0% & (Fheagig’ s -anogirgy -in Table 3 below.



910% & ()- @0% & ()-/// 0l 0POx0aBbC 10!
10% & ()-S&10% & ()- @10% & ()- @0% & () - &310% & () -! @BlO%DD& 0)- x000101] 11

dEbC 10! &+710% & () -
10% & () - 102s2222222dYNC 10!

@O0% & ()-S

10% & () -

)10% & ()-S (C10% & ()-S, &@0% & ()-@$ 10% & ()-

February

&ll

10t 10t 10tS: 10% & ()-S910% & ()- S
710% & () - &@10% & ()-S--10% & () - 233<3s3{ 33dBYNC 10!!) 10%& ()-Z

, 1096 & ()-S109% & ()-!110% & () - 344 5@Ws5aBYNC 10!

109% & ()-f&L0% & ()-S10% & ()-S 10% & () - & -10%&' ()-1'm 10%1 m' & ()-Z

55550666} ~?YNC 10! S| 110% & ()-S/ 10% & ()-!; &

0%" & ()

118

10%KKE' () - S[&I0W &) - V&I 1 B ()-07" TN /U/I—’/a/G/} oPI 1Iyf
109& ()-!,1 )%&T@km¢iﬁﬁﬁi" ("d47.5 g of Result of |Distillation
10(" (" N&I3FF10% " ("& () -!' 1 & 3F10%##&f()-!hB&BFlO%KK&'()-d7777.8088dEcP1 1yf
109%@F109%&' () - 109%&' () s f109& ()-yMhev& ()-, 10&8e()- | residue 2 on
@riov& ()-88%89B9: A: aBoP1 1yf 10" 10%& ()- @&109%& ()-:
109 ()-'fS]110%4} & ()- sl 109@i(9tiSTEIqn -|A: okl dat £dEoRltigfoxidized
residue 1 to mass
be oxidized
Cyclohexanone |[47.5 mmol negligible negligible
Cyclohexyl 18.6 mmol 20 mmol negligible
acetate
Free 26.5 mmol 11.2 mmol negligible
cyclohexanol
Glutaric acid* | 124.3 mmol 140.2 mmol 140.2 mmol
Succinic acid* | 81.0 mmol 90.3 mmol 90.3 mmol

Adipic acid*

1050.4 mmol

1080.5 mmol

1080.5 mmol

5

Hydroxycaproic | 26.0 mmol 13 mmol 13 mmol

acid

3-hydroxy- 51.5 mmol 60 mmol 60 mmol

adipic acid

Butyrolactone 29.1 mmol 12.5 mmol negligible

Valerolactone 6.4 mmol negligible negligible

Acetic acid 215 g 515 8.4

Total mass 447.5 g 855 212 g
Table 3

500 g of water are added to the distillation

residue 2.

gradually cooled to room temperature

(about

The mixture is heated to 70°C and is then

20°Q0) .
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g of crude adipic acid are obtained.

A recrystallization of this crude adipic acid

from water gives a purified adipic acid (B) containing:

5 - succinic acid: 0.0002%
- glutaric acid: <0.0001%
- cobalt: <0.0002%

The cobalt catalyst is in the crystallization
water and the washing water.

10 The adipic acid batches (A) and (B) are
subjected to a heating test.

This test consists in heating 50 g of each
batch at 215°C for 250 min and then placing each of
them in 415 ml of aqueous 5% ammonia solution.

15 The absorbernce at 454 nm of the ammonium
adipate solutions obtained is then measured.

The results below are obtained, expressed as
relative absorbencies, the reference adipic acid (A)
representing the value 1:

20
Adipic acid (A): 1

Adipic acid (B): 0.15

The adipic acid (B) purified according to the
25 present invention contains fewer impurities liable to

become coloured on heating.
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medium, characterized in that the said process

comprises:

10 - when the composition of the reaction mixture allows
it, a decantation into two liquid phases: a nonpolar
upper phase essentially containing the unconverted
hydrocarbon, and a polar lower phase essentially
comprising the solvent, the acids formed, the catalyst

15 and some of the other reaction products and of the
unconverted hydrocarbon;

- a distillation of the said lower phase or, where
appropriate, of all of the reaction mixture, thus
separating, on the one hand, a distillate comprising

20 all or at least most of the unconverted hydrocarbén
and, on the other hand, the distillation residue
comprising the acids formed, the catalyst, the heavy
compounds, at least some of the solvent and, if any,
the reaction intermediates and side products;

25 -~ a purification treatment by oxidation, using

molecular oxygen or a gas containing it or using oxygen

donors, of the distillation residue obtained above,
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ring containing from to 1 carbon atoms, and is more
preferably tcyclohexane.
4, Process according to one of Claims 1 to
3, characterized in that the solvent used in the
20 oxidation of the hydrocarbon is an at least.partial
solvent for the carboxylic acid whose preparation is
intended and is chosen from polar protic solvents and
poclar aprotic solvents.
5. Process according to one of Claims 1 to 4,
25 characterized in that the solvent is chosen from

aliphatic acids containing from 1 to 9 carbon atoms and

is preferably acetic acid.
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6. Process according to one of Claims 1 to
5, characterized in that the catalyst contains cobalt,
manganese, a mixture of cobalt with one or more other
metals chosen from manganese, chromium, iron,
5 zirconium, hafnium and copper or a mixture of manganese
with one or more other metals chosen from chromium,
iron, zirconium, hafnium and copper.

7. Process according to one of Claims 1 to

o
~

6, characterized in that the catalyst contains either
10 cobalt and chromium, cebalt, chromium and zirconium,
cobalt and iron, cobalt and manganese or cobalt and
zirconium and/or hafnium.
8. Process according to one of Claims 1 to
7, characterized in that the reaction mixture to be
15 processed comprises, on a weight for weight basis, from
1% to 95% of unconverted hydrocarbon, from 1% to 40% of
carboxylic acids produced, from 0.1% to 10% of water,
from 0.001% to 5% of the metal (s) containé& in the
catalyst and from 0.1% to 10% of other products of the
20 reaction, the remainder consisting of the solwvent.
S. Process according to one of Claims 1 to
8, characterized in that the oxidation of the
distillation residue (secondary oxidation) is carried
out using meolecular oxygen or a gas containing it, at
2S5 an absolute pressure from 1 bar to 100 bar and
preferably from S bar to 50 bar.
10. Process according to one of Claims 1 to

9, characterized in that the oxidation of the
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10 12. A carboxylic acid obtained by a process

according to any one of claims 1 to 11.



