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ACI DS The present invention relates to a process for producing carboxylic
acids. 51t relates nore particularly to a process for producing carboxylic
acids by oxidation of a hydrocarbon with oxygen or a gas containing oxygen,
and even nnreWﬂﬂ&Q%ﬁl%?+¥6Fo t he oxi datioh of cycl oheR@RéFREE 0gdig3i3a %&ci d.
10 Adipic acid is an inportant chem cal conpound used in many fields. Thus,
adi pic acid can be used as an additive in nmany products, both in the area
of foods and in concret Ho one of the nost inportant 15 uses is its
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aci ds, nainly_gyﬁégfbﬁgi 135 These processes are described in particular
in patents FR 2,761,969, FR 2,791,667, FR 2,765,930 and US 5;299, 739"
Gbnerally,lqhe reaction is carried out in a solvent

Adipic acid 1s an important chemical compound used

) in. many fields. Thus, adipic acid can be used as an
additive in many products, both in the area of foods

and 1in concrete. However, one of the most important

15 uses is its application as a monomer in the production

of polymers, including polyurethanes and polyamides.

Several processes for producing adipic acid have

been proposed. One of the most important, used

20 industrially on a large scale, consists in oxidizing,

in one or itwo step(s), cyclohexane to a mixture of
cyclohexanol/cyclochexanone with & gas ccnteining oxygen

or with oxygen. AIter extraction and purification of

the cyclohexanol/cyclohexanone mixture, these compourids

} 25 are oxidized in particular to adipic acid with nitric

acid.

However, this process has a major drawback
zssociated with the formation of nitrous vapour.
30 Many studies have been carried out 1n order to
develop a process for oxidizing hydrocarbons with
. oxygen ©Or a gas containing oxygen, that makes it
possible to directly obtain carboxylic acids, meinly
adipic acid.
35 These processes are described 1n particuler in
patents FR 2,761,984, FR 2,791,667, FR 2,765,830 &and
UsS 5,284,739.

Cenerzlly, the rezction 1s carried cut in 2 solvent



- 2 medium the sol vent being a nonocarboxylic acid such as acetic acid.
O her solvents have been proposed, for instance the carboxylic acids that
are lipophilic in nature, described in Patent FR 2,806,079. 5 Many patents
have descri bed the operating conditions for this reaction and also the
various steps for extracting the aci ds” fored, purifying them and al so
recycling the non-oxidi zed hydrocarbon and the 10 catalyst. However, in
this oxidation reaction, by-products formthat can re or. less

subst ant | al | yPERENBas 6 ERED LB B5E ih@ HUEeREDRAbN tHE5, SBYBpPdduct s
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harnful. In fact,_ fhey .can react w,th the, acids. .forned,,.so as to gi.ve
esters and thus® %ncgré%Fiycaégpégééctﬁ%cﬁ?%lé%gﬁ r E%vé%%ﬁ“%%#%%@xﬂfc

aci ds. Accordnagute, tdesaetihed oh Erteatt F&n2aBd 660720 separation of the
acids, the esters are either recycled wth the non-oxidized hydrocarbon or
are entrained with the recovered acids. The presence of esters in the
reacti on medi um ¥anyr pstietitsn ha vdeclesasribiad thiee apeiatiggofonpetdansl yst

and especi al | yo[ n {hes25, LormRboNQlh uBYant ednby-pLOgUELS Lesulting,from

the oxidation of these esters. The pro of ester formation'is all the
more substantkbragihed tHe oricddsi oro¥eedt | dwhifiess tRemsadt iddéof or

acids. One of (the-piAg of thBe pPreaeBkiLAYEAt i ORyL$okarbBROPOSECA PRaEess for
produ0|ngﬁfarboxyi|c acids by oxidation of hydiocarbons using oxygen or a
gas 35 cort ai ARRgIBKYgen, in which the harnful effect of the esters forned
is decreased. To this effect, the invention proposes a process for
producing carboxyllc acids, by oxidation of ;8. reaction, by-products
form that can more or less substantially decrease the
yield of the process. Among  these, by-products
15 containing an alcohol function, such as cyclohexanol,
are particularly harmful. In fact, they can react with
the acids formed, so as to give esters and thus to
greatly decrease the yield of recovered carboyxlic
acids. According to the method of extraction and of
20 separation of the acids, the esters are either recycled
with the non-oxidized hydrocarbon or are entrained with
the recovered acids. The presence of esters 1in the
reaction medium can result in a decrease 1in the
activity of the catalyst and especially 1in the
| 25 formation of unwanted by-products resulting from the

oxidation of these esters.

The problem of ester formation is all the more
substantial since the oxidation reaction is less

30 selective for acids.

One of the aims of the present invention 1is to
propose a process for producing carboxylic acids by
oxidation of hydrocarbons using oxygen or a gas

35 containing oxygen, in which the harmful effect of the
esters formed is decreased.

To this effect, the invention proposes a process for

producing carboxylic acids by oxidation of a



- 3 hydrocarbon with oxygen or a gas containing oxygen, in the presence of
a nonocar boxylic aci d-based solvent and of an oxidation catalyst,
characterized in that the reaction nediumis treated so as to separate and
5 extract the carboxylic acids formed durjng the oxidation, and in that
hydrol ysis of the esters formed during the oxidation reaction is carried
out by treatnent of the reaction nedium either before separatlon of said
aci ds fornmed, after %tlon of 10 sgld acids fornme treatnent of

the organic p}h%\ oc%lrek??r\}e Fr oM e T edtt o r?ed%od}ﬁal,&l no? d%/}ﬁ 9t0 a’t
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10%rel ative to PRe e
invention, the hydroly51s is carried out by addition to

the medium to be treated of a strong acid and
15 maintenance of said medium at a temperature of greater
than 50°C, preferably of between 80°C and 200°C.

The period of time for which the temperature is
maintained depends on the amount of esters to Dbe
hydrolysed, and 1is determined 1in a wusual manner by

20 those skilled in the art during the setting of the
operating parameters of the process.

In order to perform the hydrolysis, water can be
added to the medium to be treated. However, this
addition of water can be eliminated if the amount

25 present in the medium or the water added with the
strong acid is sufficient.

As strong acid that 1s suitable for the invention,
acids having a pKa of less than 2 are preferred. By way
of example, mention may be made -of sulphonic acid,

30 sulphuric acid, nitric acid, hydrochloric acid,
hydrobromic acid, orthophosphoric acid, triflic acid,

or the like.

Generally, the amount of strong acid added 1is

35 defined so as to have a concentration by weight of less
than approximately 10% relative to the weight of the
reaction medium, preferably of between 0.1 and 10%,

advantageously of between 0.1 and 4%.



reacti on nedium preferably of between 0.1 and 10% advant ageously of
between 0.1 and 4% - 4 |In one enbodi nent of the invention, the strong acid

is added in pure form preferably in the formof a

According to

concentrated sol ution.
anot her enbodi mrent of the invention, the strong acid is added

inaformthat is carried on or attached to an inert material such as a
enbodi nent nakes it possible to carry out the 10 hydrol ysis

resin. This

under ideal conditions and to be able to

strong acid.
may be made,
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may be made, by way of example, of sulphonic resins.
However, any other equivalent resin or carrier for
strong acid functions may be used, since the invention

is not limited to the use of sulphonic resins.

In one embodiment of the invention, the extraction
or separation, from the reaction medium, of the
carboxylic acids formed is carried out by means of
separation by settling out of the reaction medium into
two phases, an agqueous phase and an organic phase. This
separation by settling out 1is obtained or promoted
directly by cooling of the reaction medium, when the
concentration of water present in said medium 1is
sufficient to obtain the formation of two phases. When
the amount of water present 1is not sufficient, an
additional amount of water is added to the reaction
medium before carrying out the separation by settling

out, before or after cooling.

in another embodiment of the invention, the
extraction of the carboxylic acids formed can be
carried out by means of a liquid/liguid extraction by
treatment of the reaction medium derived from the
reactor with an extraction liquid.

The monocarboxylic acid solvent present in the

reaction medium 1s advantageously insoluble in the



The nonocar boxylic acid solvent present in the reaction nediumis

advant ageously insoluble in the 5 - extraction liquid. For the purpose of
the patent, the products are considered to be insoluble in the extraction
liquid if their solubility in said quu%d_ measured at 90C and 5 under

at nospheric pressure, is less than or equal to 10% by weight relative to
the liquid. According to the invention, the hydrolysis of the esters is
advant ageousl| dd &5 olf ;i pgt he medi um obtained after extraction of the
car boxylic aé%is 10'%ccord?%g to one of the enbodi nents descri bed above, or
by filtratiorFd¥ thee caPBBR9FFC adi d theodmeé@ntor ysths | ineddatter aoveling of
the reaction Jmgie rdoveyehe tHesdIMBS R yshStaE the Reitelch CalyuA§CPEd Ng

to the invention, also be carried out in the reaction 15 nmedi umbefore the
extraction ortReer seéparhiidfYofit heatar Bddpalide apsaz fadndd. 9% & hpad

enbodi ments, thiaei demowphle Q@ exteastied, ori g ecover agh 4y oprt heyumrdi ug
according to the technjques described above, after the hydrolysis of the
esters has bedh® &f MetPdutre @thﬁﬁoFaiEBet%laubseferred embodi nent of the
invention, the txesdmmeivigwitidh ahat riatgeracich | S thadviagd 6@EPsISS Y ofar thed out
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25 exhi biti ndH B0t | ity P01 it GIOFREL ¥ héi?rofrleedquéﬂutt o 10t h&fSof "€H&RI cohol s
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t he oxi dat,i on. _of c¢cycl ohex , th cl ghex th has..not r ed, = and
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of the oxi daéér%&ﬁl é’(—%0@??5@96%00ﬂ?ﬁ.sgSSEaEﬁEeQeBEQ%hhﬁedﬁm.um by
distillation and, preferably, recycled’in the ,

However, thé hydrolysis of the esters can, according

to the invention, also be carried out in the reaction

15 medium before the extraction or the separation of the

carboxylic acids formed. In this embodiment, the acids

will  Dbe extracted or recovered from the medium

according to the techniques described above, after the

hydrolysis of the esters has been carried out.

20
According to a preferred embodiment of the
invention, the treatment with a strong acid 1is
advantageously carried out after elimination, by

evaporation or distillation, o¢f the organic compounds
25 exhibiting a boiling point of 1less than or equal to
that of the alcohols and/or ketones formed during the
oxlidation reaction. Thus, in the case of the oxidation
of cyclohexane, the cyclohexane that has not reacted,
and all the organic compounds formed that have a
30 boiling point less than that of the alcohol and of the
ketone (cyclohexanol or cyclohexanone 1in the case of
the oxidation of cyclohexane), are separated from the
medium by distillation and, preferably, recycled in the
oxidation step. The alcohol and the ketone
35 (cyclohexanol and cyclohexanone) are also separated and
recycled during this step. However, the treatment with
a strong acid can also be carried out on the reaction

medium before the separation by distillation of the



oxi dation step. The al cohol and the ketone 35 (cycl ohexanol and

cycl ohexanone) are al so separated and recycled during this step. However,
the treatment with a strong acid can also be carried out on the reaction
medi um before the separation by distillation of the n' organic conpounds
descri bed above. According to another énBodi nent of the invention, the
treatnent with a strong acid in order to hydrolyse 5 the esters is carried

out after elininatioqxp qis illgiioqﬁof thg organi ¢ conpounds exhibiting a
boi I i ng poi ntCH%EE ¢ HEH™RF B UT€TOF tRaY 8P YRe nmonocarboxylic sol vent used
to carry out the oxidation, for instance aromatic carboxylic acids. This

embodi ment 10 csoié‘rpcﬁs%iobl §n{>9h ECYGhS 4 e act d solyent; Wik I fig
hydr ocar bon and e Ket ohe and” ar conol conpound% inthe “oxrdation step,
bef ore any bribeyitheednentontabt anistreng sacongincipddels tAcdoydiragyse
anot her charagterighic of the &nyg&aon,oéthe éf@éﬁ'ogl%‘i'n‘é"t‘i%fr% Clpy
hydrolysis of the esters is treated so as to, firstly, separate the
al cohol s f or i End, atsetbndty, theoverJamec ackerrdwrded e i bpidonal |y,

the monocar boyyli golyeentt Thes 20 sigpar ationepiat he @l cohpt s fprnede such
as cycl ohexanol 1 n the case of the oxidation of cycl ohexane, is .
advant ageous|SPBHtI Sy byC dF Ve ht FERT TRe CaFdNoCHtOBAR | X LR VEPR | S

recycl ed aftefosepasednen @iomah@ca@b%o&gmﬁd adudsng Trhies hydls od yeése This
separatlaﬁ 25 i s advanta eoHin obt ai ned by extraction_of said acids
t

f or med, h BT veht POSEER1Es faticYFhe | EhRarFied SOduendi ther! by &ddi ti on
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al cohol (cyclshexancigideparated is

15 According to another characteristic of the
invention, the reaction medium after hydrolysis of the
esters 1s treated so as to, firstly, separate the
alcohols formed and, secondly, recover the acids formed
and, optionally, the | monocarboxylic solvent. The

20 separation of the alcohols formed, such as cyclohexanol
in the case of the oxidation of cyclohexane, is
advantageously obtained by distillation. The
monocarboxylic solvent is recycled after separation‘of
the acids formed during the hydrolysis. This separation

] 25 1s advantageously obtained by extraction of said acids
formed, with a solvent, such as water. It 1is carried
out either by addition of the extraction solvent and
separation of the aqueous and organic phases by means
of separation by settling out, or in a liquid/liquid

30 extraction process and device, the oxidation solvent
forming the organic phase.

The alcohol (cyclohexanol) separated is
advantageously recycled at the oxidation step. The
medium obtained after separation of the alcohols can be

35 treated so as to recover the carboxylic acids present,
by precipitation, crystallization or any other method.

Advantageously, the oxidation solvent present in the

medium obtained after separation of the alcohol 1is



advant ageously recycled at the oxidation step. The nedium obtained after
separation of the alcohols can be 35 treated so as to recover the carboxylic
acids present, by precipitation, crystallization or any other nethod.

Advant ageously, the oxidation solvent pregsent in the nedi um obtained after
separation of the alcohol is - 7 separated fromthe dicarboxylic acids or
fromthe aqueous phase present by, in particular, the techniques described

above. The oxdatinnsolment thus sepasied 1is recysledsin thsmoxidation
step after, 5 advantageously, a purification, for exanple by distillation.

The aqueous FITRSE O 7 ngreheBcPds 1hoPded Idiliaty tHe hyRIFbNyIRSes| s,

after extracidrAmesenpbationraf bhedaxidat i L Sohverhusadyaps agesds! y
m xed with the aqueous phase containing the diacids 10 fornmed duri ng t he
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of extracti ondwinddipsaudligci dsa orpuiredat e i ect | Jos0 asxdmpLecovey the
aci ds present . qué_ ueous _phase cont ai ni,ng the i_aci.ds fgéned during the
hydrol ysi s c&hS4'S0-4etH xed 5 ARERCERe R Hat iCo0 W | 65 ndCtAR

oxi dati on st é@rrizef orlertihe exte actyidowlgfsitshei g} ad e f oemedactienmedrum
obt ai ned after_ separation of the alcohals can also be jntroduced into the
step for Ii qusie(?/alL:Oagtuliocf1 eox‘f?ré:ckfef ono}%lfCEiLhJeoréarsooo%ﬁrll%’ ac?%‘éa?%?’?r%%?slfﬁ 20
particul ar whenkddewsdtthonghaci auseds t @heare y contt atime nghythel ydiscidsin a
carried rm gg% h QL€ Gan : Ly r o] dj bef ore
it is i%?ro uce (%nggggﬁg I|quig%f?ég?ghéxf%ggg¥§%ﬁgtg%.qkﬁggjggr%#ghlar
enbodi ment ofoxitRbiRensFeR, WerobDaine@ sor grite agfdri othiextEageidn t he

al cohol forneg: bynedbeghydsgkysics: afrddte®stiFsct $y0%bdiazed § orafoqekd in
t he hydrolysis nedium For this, an oxidation catalyst can be added to the

hydroi ysi s médiunfPaRdSt RESFRURt 1SSt RERGOREI PR d CREY 2BE 1G1%atBR t han
10% by wei ghtdiacids formed during the hydrolysis can also be mixed

15 with the oxidation medium leaving the oxidation step
before the extraction of the diacids formed.

The medium obtained after separation of the alcohols
can also be introduced into the step for liquid/liquid
extraction of the carboxylic acids formed, in

20 particular when the strong acid used to carry out the
hydrolysis 1is 1n a carried form, and therefore can be
readily separated from the medium before it is
introduced into the liquid/liquid extraction step.

In a particular embodiment of the invention, when

25 the strong acid is nitric acid, the alcohol formed by
the hydrolysis of the esters is oxidized to an acid 1in
the hydrolysis medium. For this, an oxidation catalyst
can be added to the hydrolysis medium and the amount of
strong acid added may be greater than 10% by weight.

30 The medium obtained containing acids is added directly
in the step consisting of crystallization of the
dicarboxylic acid, without any step of separation and
recovery of the alcohol.

The reaction medium 1is generally obtained from the

35 oxidation, with oxygen or a gas containing oxygen, of a
hydrocarbon, more particularly of an arylaliphatic
cycloaliphatic hydrocarbon such as cyclohexane or

cyclododecane. The oxidation reaction 1is generally



30 The medi um obt ai ned containing acids is added directly in the step
consisting of crystallization of the dicarboxylic acid, wthout any step of
separation and recovery of the alcohol. The reaction nediumis generally
obtained fromthe 35 oxidation, wth oxggen or a gas containing oxygen, of
a hydrocarbon, nore particularly of an arylaliphatic cycloaliphatic

hydr ocarbon such as cycl ohexane or cycl ododecane. The oxidation reaction is

general ly - &, Gardd egdyouti ni t{diep pLgsgnge of 2 sehvent. the salvemtr may be
very varied in nature insofar as |t is not substantially oxidizable under

t he reacti on RhdPEi oh8TY Y2 i npafftedar 1 BECERBSER f ém pbl atPFotic 5
sol vents and UIArapr0dl By SOk VEDE Sb1 ASupakar l@h@tle‘eac&fﬂdtﬁrﬁcﬁmdimmém may be
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trifluoroaceti aci d, aIcoEoIs such as tert-b tano% hal ogen ted

hydr ocar bons SUCHE S di cRFBFERBt hdifY aRd kdPSiTes stith &€ 5§bt0ne ohs

pol araproti c coftwentlsic neand:m)sn mayvbheg medéy f @riesaypl ear ofsdéowedanay kyl (=
al kyl radical_ 15 havin ml.to arb at g t.ers_of .carbo
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acids, in pa;f|cu T a |pﬁht|c carboxy aving from 2
atoms or per finmw oal kytear Boxghirbonachdsmst et sarvét hydsenesid tploneag v,

sul phol ane) gg 3 L%HM i@ar@%nfpp&tabh@s ﬁsqu#?e §0|8’ﬁr¥ld@:¥%§é<§ﬁ’l

chosen from iC ac are |i iCc I'n nature e expression
"|i pophilic éﬁﬂdhconﬁéﬁﬁﬂoﬂﬁat $@Chsuﬁﬁhbléerérbuﬂﬁéoﬂnveﬁ%ﬂkﬁgen%t¢%tended

to nmean ar ompfdoc@tdpiat EGehany achmmasf&m@ih&ké&yl 8hAMIe N2 CORPRUNS
conprising at |least 6 carbon ataqns, that HEFISE several acid

functions and®s haFehave -1 AV polaraprotlc solve mention may be
made, for example, of 1lower alkyl (= alkyl radical

15 having from 1 to 4 carbon atoms) esters of carboxylic
acids, in particular aliphatic carboxylic acids having
from 2 to 9 carbon atoms or perfluoroalkylcarboxylic
acids, tetramethylenesulphone (or sulpholane) or
acetonitrile, benzonitrile.

20 The solvent may also be chosen from carboxylic acids
that are lipophilic in nature.

The expression “lipophilic acid compound that 1is
suitable for the invention” is intended to mean
aromatic, aliphatic, arylaliphatic or alkylaromatic

25 compounds comprising at least 6 carbon atoms, that may
comprise several acid functions and that have low
water-solubility, 1.e. a solubility of less than 10% by
weight at ambient temperature (10°C-30°C).

As lipophilic organic compounds, mention may be

30 made, for example, of hexanoic acid, heptanoic acid,
octanoic acid, 2-ethylhexanoic acid, nonanoic acid,
decanoic acid, undecanoic acid, dodecanoic acid,
stearic acid (octadecanoic acid) and their
permethylated derivatives (complete substitution of the

35 hydrogens of the methylene groups with the methyl
group) , 2-octadecylsuccinic acid, 3,5-ditert-butyl-
benzoic acid, 4-tert-butylbenzoic acid, 4-octylbenzoic

acid, tert-butyl hydrogen orthophthalate, naphthenic or



water-solubility, i.e. a solubility of |less than 10% by weight at anbient
tenperature (10C-30C). As |ipophilic organic conpounds, nention may be 30
made, for exanple, of hexanoic acid, heptanoic acid, octanoic acid,

2- et hyl hexanoi ¢ aci d, nonanoic acid, deganoic acid, undecanoic acid,
dodecanoi c acid, stearic acid (octadecanoic acid) and their pernethylated
derivatives (conplete substitution of the 35 hydrogens of the nethyl ene

groups w th thefPlfyicor dblas 2- aghadecylaucct o ¢y acid 3 5 grbapt: butyl-
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of phthalic acids, and fatty diacids such as diner fatty acid. Mention may
al so be nade BHtEhe aciUs BBy AGYt 02LRR aBBvENFSHi I9%s tafd BEAFSNg

various @l echs DEngORQL iy swlest kbueat SF4QI DUPS Wid dchetiero vatesuef the 0
or Ntype) or electron-mﬁthdramﬁqga substituen{s (hal ogens, sul phoni m des,
nitro groups,leut PABRAL DA GFBEPpsSIRT T Hhec T Fke) (IADET al?, PRESEBI vent

i s chosen so &sSoh0 ofdviand ageousty Bbtaypep horogebeousophasehdrdetinthe
tenperature and?gressure condi;ions at xidatign reaction is

n Nna MMiCF th' %
carried out. ESPSThreaente i §"24a9ERTageddsPROP AL S ol uBitFtPy 8F °FR&” sol vent
in the 15 hydsoramnboatorgtbepseacti ohengdkam.to be at | east greater than 2%
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| east son€ of the hydrocarbons 0 be "oxi i zed Tand“soie of the Solvént to
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vwat er -sol ubi | {iypelaurbhabnpve e y@ies - sghubklibhy ofad esgnibgn 18% by
wei ght at anbéggiatgggpeggég{forg10{530%)a'rried out. For this, it 1is
advantageous for the solubility of the solvent in the

15 hydrocarbon or the reaction medium to be at least
greater than 2% by weight, and for at least one
homogeneous liquid phase comprising at least some of
the hydrocarbons to be oxidized and some of the solvent
to be formed.

20 Advantageously, the solvent 1s chosen from those
with low water-solubility, 1i.e. that have a water-
solubility of 1less than 10% by weight at ambient
temperature (10-30°C). .

However, 1t 1s possible, without departing from the

25 context of the 1invention, to use a solvent having a
water-solubility that 1is greater than that indicated
above, 1if the partition coefficient for this compound
between the organic phase(s) of the reaction medium
consisting essentially of the hydrocarbon to be

30 oxidized, the oxidation intermediates and the
nonorganic phase comprising the water formed during the
oxidation reaction makes it possible to obtain a
concentration of the solvent in said aqueous phase of
less than 10% by weight.

35 The oxidation 1is 1in .general carried out in the
presence of a catalyst. This catalyst advantageously
comprises a metal element chosen from the group

comprising Cu, Ag, Au, Mg, Ca, Sr, Ba, 72n, Cd, Hg, Al,



However, it is possible, without departing fromthe 25 context of the

i nvention, to use a solvent having a water-solubility that is greater than
that indicated above, if the partition coefficient for this conpound

bet ween the organi c phase(s) of the reacti.on nedium consisting essentially
of the hydrocarbon to be 30 oxidized, the oxidation intermediates and the
nonor gani ¢ phase conprising the water fornmed during the oxidation reaction
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enbodi nent of e invention
carried out:

- elther soluble in the hydrocarbon to be oxidized,

15 - or soluble in the lipophilic acid compound,

- or soluble 1in the hydrocarbon/lipophilic acid
compound mixture forming a homogeneous liquid
phase under the conditions under which the
reaction 1is carried out.

20 According to a preferred embodiment of the invention,
the catalyst used is soluble in one of these media at
ambient temperature or at the temperature for recycling
of these media in a further oxidation.

The term “soluble” 1is 1intended to mean that the

25 catalyst 1is at least partially soluble in the medium
under consideration.

In the «case of a heterogeneous catalyst, the
catalytically active metal elements are supported or
incorporated in or 1into a microporous oOr mesoporous

30 mineral matrix, or in or into a polymeric matrix, or
are 1in the form or organometallic complexes grafted
onto an organic or mineral carrier. The term
“incorporated” 1is intended to mean that the metal is an
element of the carrier or that the process is carried

35 out with complexes that are sterically trapped in
porous structures under the conditions of the
oxidation.

In a preferred embodiment of the invention, the



the catal yst used is soluble in one of these nedia at anbient tenperature
or at the tenperature for recycling of these nmedia in a further oxidation.
The term "soluble” is intended to nean that the 25 catalyst is at |east
partially soluble in the nedium under_c?psideration. In the case of a

het er ogeneous catal yst, the catalytically active netal elenents are
supported or incorporated in or into a m croporous or nesoporous 30 m neral

matrix, or imOfokdhOodsPlYRBELE BRBHEs Qat ARt s S0 MO salts
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the reaction nmediumis advantageously determ ne ave a nol ar
rati o of the Quedbt ehdndbecul es of 15 solvent and the catal ytic el enent

metal number of vhetween, 0. 3nand JQQ-H00:2 P& er gkl y shakwegn 1; and 5200
The concentration of solvent in the Iiquid oxidation _
reaction medium 1s advantageously determined so as to

have a molar ratio of the number of molecules of
15 solvent and the catalytic element metal number of
between 0.5 and 100 000, preferably between 1 and 5000.

The concentration of solvent in the liquid oxidation
medium can vary within broad limits. Thus, it can be
between 1 and 99% by weight relative to the total

20 weight of liquid medium, more advantageously it can be
between 2 and 50% by weight of the liquid medium.

It is also possible, without nevertheless departing
from the context of the invention, to use the solvent
in combination with another compound that may in

25 particular have the effect of improving the
productivity and/or the selectivity of the reaction of
oxidation to adipic acid, and 1in particular the
solubilization of the oxygen.

As examples of such compounds, mention may in

30 particular be made of nitriles, hydroxyimide compounds,
halogenated compounds, and more advantageously
fluorinated compounds. As compounds that are more
particularly suitable, mention may be made of nitriles
such as acetonitrile or benzonitrile, imides belonging

35 to the family described in European Patent EP 0824962,
and more particularly N-hydroxysuccinimide (NHS) or
N-hydroxyphthalimide (NHPI), halogenated derivatives

such as dichloromethane, and fluorinated compounds such



medi um can vary within broad limts. Thus, it can be between 1 and 99% by
wei ght relative to the total 20 weight of liquid nmedium nore

advant ageously it can be between 2 and 50% by wei ght of the |iquid nmedium
It is also possible, wthout neverthelgs§ departing fromthe context of the
invention, to use the solvent in conbinagion wi th anot her conpound that may
in 25 particular have the effect of inproving the productivity and/or the
selectivity of the reaction of oxidation to adipic acid, and in particular
the solubilization of the oxygen. As exanples of such conpounds, nention
may in 30 particufdflbe redea@fChi€ri IfdslorRy@tEdyi o decEdhporaasted,

hal ogenat ed conpoupd$phapdc-naLe aduanageously fluorinated conpounds. As
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perfluoroacetone,
- fluorinated or perfluorinated alcohols such as
15 perfluorohexanol, perfluorooctanol, perfluoro-
nonanol, perfluorodecanol, perfluoro-tert-butanol,
perfluoroisopropanocl or 1,1,1,3,3,3-hexafluoro-2-
propanol, ‘
.— fluorinated or peffluorinated nitriles such as
20 perfluorocacetonitrile,

- fluorinated or perfluorinated acids such as
trifluoromethylbenzoic acids, pentafluorobenzoic
acid, perfluorohexanoic acid, perfluoroheptanbic
acid, perfluorooctanocic acid, perfluorononanoic

25 acid or perfluoroadipic acid,

- fluorinated or ©perfluorinated halides such as
perfluorociodooctane, or perfluorobromooctane,

- fluorinated or ©perfluorinated amines such as
perfluorotripropylamine, perfluorotributylamine or

30 perfluorotripentylamine.

The invention applies more particularly to the
oxidation of cycloaliphatic compounds, such as
cyclohexane or cyclododecane, to the corresponding
linear diacids, adipic acid or dodecanoic acid.

35 According to a preferred embodiment of the
invention, it relates to the direct oxidation of
cyclohexane to adipic acid, with a gas containing

oxygen, in a liquid medium and in the presence of a



15 perfl uorohexanol, perfluorooctanol, perfluoro- nonanol, perfluorodecanol,

perfluoro-tert-butanol, perfluoroisopropanol or 1,1,1, 3,3, 3-hexafl uoro-2-
propanol, fluorinated or perfluorinated nitriles such as 20

perfl uoroacetonitrile, - fluorinated or gerfluorinated aci ds such as
trifluoronethyl benzoic acids, pentafl uor benzoic acid, per fl uor ohexanoi c

aci d, perfluoroheptanoic acid, perfluorooctanoic acid, perfluorononanoic
25 acid or per f 1 uor oadi cid, - fluorinated or perfluorlnated hal i des
such as per fTUF Bt OHO %é%%gy Sbr perfl uor obr onooct ane, - fluorinated or
perfluorlnated amees oxictatdon peréhaodohri propylcarinied out at a
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tenperature of between SOC an C, preterabl bet ween 70C and 180C. It
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carried out W@rbﬁrpresw@%e%@bq%/t%m&@nlfofoek@@npo edsr) of ahhe
reaction mediumin the liquid form The pressure can be etmeen 10 kPa (0.1

bar) and 1£0 0b® Q@% k??oﬁl%%r?arbreferably bet ween 100 kPa (1 bar) and 10
10 000 kPa (100 &) oxygenoxyeen misehdrayn bpuirs Fdrer for mHra agiacarst ure

with an inert gas such as nitrogen or helium. Air more
or less enriched with oxygen may also be used. The
amount of oxygen supplied to the medium is

15 advantageously between 1 and 1000 mol per mole of
compounds to be oxidized.

The oxidation process can be carried out
continuously or according to a batch process.
Advantageously, the ligquid reaction medium that has

20 left the reactor 1is treated according to known
processes for, firstly, separating and recovering the
diacid produced and, secondly, recycling the non-
oxidized or partially oxidized organic compounds such
as cyclohexane, cyclohexanol and/or cyclohexanone, the

25 catalyst and the acid compound.

It 1is advantageous to also use a compound that
initiates the oxidation reaction, for instance a
ketone, an alcohol, an aldehyde or a hydroperoxide.
Cyclohexanone, cyclohexanol and cyclohexyl

30 hydroperoxide, which are reaction intermediates in the
case of the oxidation of cyclohexane, are all
particularly indicated. In general, the initiator
represents from 0.01% to 20% by weight of the weight of
the reaction mixture used, without these proportions

35 having a critical value. The 1initiator is especially
useful during the initiation of the oxidation. It can
be introduced from the beginning of the reaction.

The oxidation can also be carried out in the



with an inert gas such as nitrogen or helium Ar nore or |less enriched

wi th oxygen may al so be used. The anount of oxygen supplied to the nmedi um
is 15 advant ageously between 1 and 1000 nol per nole of conpounds to be
oxi di zed. The oxidation process can be_capried out continuously or
according to a batch process. Advantageously, the liquid reaction nedi um
that has 20 left the reactor is treated according to known processes for,
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cycl ohexane, are particul arly dlca ed. In neral the_initiator
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m xt ure used, 1¥ébouif ttiese op;rl@mrltdronan&thavimc@v@ryt iofal t val ueidghe
initiator is es C|aIIy useful during the initiation of the oxidation. It
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derived 2 oxi tation is sub eéte to varirous opera consi sting
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aci ds producgt least some of the acid formed. A medium 1is thus
obtained, comprising a solid phase consisting

15 essentially of acid, at least one organic liquid phase
containing essentially the compound to be oxidized that
is not reacted, possibly the acid compound and the
oxidation intermediates (or several organic phases if
the acid compound and the hydrocarbon are not

20 completely miscible at low temperature) and an agqueous
liquid phase containing essentially acid by-products of
the oxidation and the water formed. The catalyst may be
in one of the organic phases if it is soluble in said
phase, or in the lower aqueous phase.

25 After filtration or centrifugation of the solid, the
organic and aqueous liquid phases constituting the
filtrate or the centrifugate are separated, if
necessary, by settling out: the organic phase(s) may be
recycled in a further oxidation reaction.

30 It may be advantageous, prior to the operation
consisting of crystallization of the acid, to
concentrate the reaction mixture.

According to a second variant of the process, the
final crude reaction mixture can pbe withdrawn under hot

35 conditions. The reaction mixture then separates by
settling out into at least two liquid phases: one or
more organic phases containing essentially the

hydrocarbon that has not reacted, the acid compound and



According to a first variant of the process, it is 10 possible, first of
all, to subject the crude reaction mxture to cooling to a tenperature of
16C to 30C, for exanple, which brings about the crystallization of at

| east some of the acid formed. A nediumis thus obtained, conprising a
solid phase consisting 15 essentially of "acid, at |east one organic liquid
phase containing essentially the conpound to be oxidized that is not
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mxture then %gp§ggggs by settld ng.aut d;nfo at least two liquid phases: one
or nore organic phasés containing essentially the hydrocarbon that has not
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aqueous |iqui dephaseoCf atdi NY; £§SBALLaldnL the Aci dspfosaed) apdnt he wat er
that has formed and/or been added. "According to the solubility and the

nature of thel&5¥&llpst 10 @ fay e D PrEEnton Faare ictyani ¢ phase(s),
recovered by According to a third variant of the process of the

15 invention, the reaction medium withdrawn from the
reactor under hot conditions or after «cooling is
introduced into a step consisting of liquid/liquid
extraction of the carboxylic acids formed. The
extraction ligquid is generally the water in which the

20 acids formed are soluble; the organic compounds,
hydrocarbons, alcohol, ketones and esters are
insoluble, along with the solvent used in the oxidation
step. '

As above, the catalyst may Dbe in the organic

25 fraction and will be recycled into the reaction medium.
It may also be in the fraction <containing the
carboxylic acids, referred to, in the interests of
greater simplicity, as the aqueous phase. The catalyst
is recovered according to the usual techniques listed

30 above.

According to the present invention and a first
embodiment therecf, the step consisting of hydrolysis
by addition of an acid and maintenance at temperature
is carried out on the reaction medium before separation

35 of the carboxylic acid or on the medium recovered after
separation by settling out or filtration of the
crystallized acid.

According to a second embodiment of the invention,
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In these various embodiments, the recovered
carboxylic acid can be purified according to the usual
techniques described in many documents, for example by
crystallization and recrystallization from wvarious
solvents such as water, acetic acid or other organic
solvents. Purification processes are 1n particular
described in French Patents No. 2,749,299 and
2,749,300.

Similarly, if the catalyst is not entirely recycled
with the organic phase, and is partly or completely
extracted with the agueous phase, it will be
advantageously extracted from the aqueous phase by
various techniques, such as liguid/liquid extraction,
electrodialysis, or treatment on ion exchange resin,
for example.

The process of the invention makes it possible to
limit the formation of by-products that are in
particular formed by the oxidation of the esters if the
latter are not eliminated before the recycling. 1In
addition, the elimination of the esters and the
limitation of the formation of by-products make it
possible in particular to maintain the activity of the
oxidation catalyst and to facilitate the extraction of
the diacids formed from the oxidation medium.

Other advantages and details of the invention will

become apparent in view of the examples given below,



before the recycling into the oxidation reactor, and optionally water. 5 In
these two enbodi nents, it nay be advantageous to separate, prior to the
addition of the strong acid, the organic conpounds such as the hydrocarbon
that has not reacted, the alcohols and ketones formed and all the other
products having a boiling point |ower tharl said 10 al cohols and ketones, and
al so the nonocarboxylic solvent, in an advantageous enbodi nent of the
invention. In tges vari ous enbadi nents, the recovered carboxylic acid can
be purified aBBo¥dPHg" Py e 1WWSHLET 18 t echni ques described in many
docunents, for exanple by crystallization and recrystallization from various

sol vent s suchEasmw%%%ri_ cetigqacgid or other organic solvents. Purification
processes are~ﬁﬁ—§a%%%e&éé%——dé&eﬁibed in French Patents No. 2,749,299 and
20 2,749,300. Simlarly, if the catalyst is not entirely recycled wth the
organi ¢ phase, and_is partly or. conpletely extracted with the aqueous

phase, it Wll be advantageously extracted fromthe agueous phase by 25
various techni ques, such as liquid/liquid extraction, electrodialysis, or

treatment on i,0 hapge « esd Proexanpte. (T cess 406 ot hedgyent i on
makes it possﬁbge%?g Hlﬁteﬁ%ékﬁqﬁrmﬁﬁ%hng% b -g?o Egts tﬁa#,are in%FSO
particul ar fopfed byl ehexaxe danidon’ of ¢ hefestefsohexamene attiavl tdmed oot

el i mnated bekeee dihe-decysl iangr. 4 m addithen, rhhe @f iimpatien 0f; the esters
and the |imtation Qf the formation of by-products make it possible in
particul af¥t o2kai Alai & t RERLt i W t PrEFStHE 39 foxi?Paticdn &&hl y¥rend & o
facilitate theoaxtihaetison Hiredhe draciq@s fordreth {£0m t haiexbgdahi ommedi um
O her advantages and d %ils 96 ihe gnvention ﬁﬁ" becone %Rgarent in view
of the exanplg§y§F@én g%ISﬁL o) oxygen ave been consumed, a

cyclohexane solution and a solution of acetic acid
containing 1.1% by mass of cobalt are injected

15 continuously, the level in the reactor being maintained
constant. The reaction mass 1is recovered in a glass
receptacle maintained at 70°C.

The reaction mixture continuously obtained is distilled
under vacuum (120-145°C, 0.6 to 0.3 bar). Qut of a mass

20 of 2340 g involved in the distillation, a distillation
bottom product of 510 g 1is recovered. This bottom
product constitutes “the reaction mixture after
distillation of the light products” treated 1in
Example 1-A below.

25 For Example 1-B, the reaction mixture used 1is the
“reaction mixture after distillation of the light
products” above that has undergone further elimination
of the cyclohexanol/cyclohexanone (hereinafter referred
to as "“olone”) compounds by azeotropic distillation in

30 the presence of water.

1-A Hydrolysis without catalyst

The hydrolysis of the reaction mixture after

35 distillation of the light products (18.6 g) is carried
out in the presence of H,O (7.2 g), i.e. a water/ester
molar ratio = 77.5. The mixture is stirred at 115°C for

18 h, with continuous elimination of cyclohexanol using



- 17 - only by way of indication. Exanples 1-A and 1-B: 5 - Oxidation: 4 g
of cobalt tetrahydrate, 357 g of acetic acid, 290 g of cyclohexane and 3.6
g of cycl ohexanone (initiator) are placed in a 1.5 1 reactor. The m xture
is stirred 10 at 105C under a pressure of 20 bar and under a continuous
stream of gas containing nitrogen and ~ox§gen. After 50 1 of oxygen have
been consuned, a cvcl ohexane solution and a solution of acetic acid

contai ning 1.1% by nass o% cobalt are injected 15 continuously, the level in
the reactor b@ing ﬁ%lﬁFéF ed2PEBREtHAt. The reaction nass is recovered in a
gl ass recept@m&@rrﬁﬁhﬁéﬁ nednatt78es, ThE0 % eadt | Oile Moidlich 3O/1 | BEQYSSY
obtained is distil]l under vacuum (120-145C, 0.6 to 0.3 bar). Qut of a
mass 20 of 2349 % §595V§8§‘in the distillation, a distillation bottom
product of 510 g is recovered. This bottom product constitutes "the

| at | f L " d
g:ﬁ;: g”l%' Xtre ﬁy S1ydigtihl apbop b hhe Lot prague o L;ggt Ce 'tﬂe

"reaction mixture after distillation of the | i ght products" above that has

under gone furher eligioaiien obethecqucl ohexapobhoychoheyagone,

(hereinafter r to as "ol one") conpounds by azeotropic dIStFFFatIOH
in 30 the présehtélafigatept 1IAeHydﬁdﬁVS|S?M@d¢ﬁﬁﬁ candl yszeFheokydr ol ysi s

of the reactignsfm xideeoal & t82 @rﬂaé'eisoy ah Pﬂ? thQﬁeBrQQHPt§n(18 6

g) is carried out in the presence of H2O (7 ) .e. a water/ester nolar
ratio = 7P 5.tHRe AFSAREE | ©Tst i1 ed 14t 1113C flo’YCl%lW Wi-8h €otf nedus

elimnation ofigeyctohlexanalonysi Nthe #8xtuze’ BeansBiarkd apparalus. for
18 h, with continuous elimination of cyclohexanol using

a “Dean-Stark” apparatus.

15 Under these conditions .90% of the cyclohexyl esters are

hydrolysed.

Examples 2-A and 2-B:

20 In these examples, the “reaction mixture leaving the
reactor” 1is obtained as follows:
522 g of cyclohexane, 55 g of tert-butylbenzoic acid
and 6 g of cyclohexanone (initiator) are placed in a
1.5 1 reactor. Manganese and cobalt are added in
25 respective amounts of 50 and 20 ppm by mass.
The mixture is stirred at 130°C, 20 bar, for 150 min
under a continuous stream of gas containing nitrogen
and oxygen. After 63 1 of oxygen have been consumed,
the stream of gas 1s stopped, the mixture 1is cooled,
30 and the reactor is depressurized. A mass of 300 g of
water is added to the reactor with gentle stirring. The
content of the reactor is transferred into a settler.
After separation by settling out, two phases are
recovered: a lower phase, referred to as aqueous phase,
35 which contains essentially the diacids produced and the
catalytic metals, and an upper phase, referred to as
organic phase, which contains essentially cyclohexane,

tert-butylbenzoic acid, cyclohexanone, cyclohexanol and



Under these conditions, 20% of the cycl ohexyl esters are hydrolysed. 5 1-B
Hydrolysis in the presence of a catalyst The hydrolysis of the reaction

m xture after distillation of the |ight products and azeotropic
distillation of the olone (15.3 g) is carrded out in 10 the presence of H20
(12.1 g, including 4.8 g of 2N nitric solution). The mxture is stirred at
127C for 18 h, with continuous elimnation of cycl ohexanol using a

"Dean- Stark” gpRatabisy Ladiider £ hage condl {pns; n 070 ol e £ysl ohexy|
esters are hydrolysed. Exanples 2-A and 2-B: 20 In these exanpl es, the
"reaction mxture leaving the reactor" is obtained as follows: 522 g of
cycl ohexane, 95a0 u9h ricaftsiRutylienzol ol ad iR ® BHingycl ohexanone
(initiator) are ptraced in a 1.5 I reactor. Wanganese and cobalt are added
in 25 respective anmounts of 50 and 20 ppm by mass. The m xture is stirred
at 130C, 29 bar, fagnel dﬂdlysblﬁ'&j%fatl@@nkeélé@h_l@nstnli&@mr@f 1@@&1@@&&1@' ng
ni trogen and oxygen. e{ of o>éy en have beeg consuned, pe ream
of gas is stoppedrthe Tk Li—’re P‘§ €661 S tanth t hBSr BZEE61Sss ©

depressuri Zﬁd (SA1MRSS szr%cBOﬁfg aOfsullﬁﬁ@rlil¢ Sreégad daald h}eyreaet Qj’olnvpatr’(y gfent | e
stirring. The_.content of t eact or |strase nt settler After
separation by &t I:%n UUEL (WS phales e Ly @co&éﬁgéb &1 a%e hase 'S
referred to amlaQMmu&spmetae:reaﬁ athi & Candmihsh essential ly the diacids

pr oduced catg| C d a referr t

organic p aseb%%m “ch con%éal nggégggﬁto?gl’ ggﬁ%%g%gﬁ%ﬁ tgér)f bg)?yl gcetﬁe;m C
acid, cycl oheﬂaﬁd@eeWEﬁ@m(ﬂr%mdrq@/SQﬂ her by-products of the

react | on, including esters. 2-A Hydrolysis with Purolite NRW 160 resins 5

The hydrol ysi s of the reaction m xture | eavi n%the ,
2-B Hydrolysis with Purolite NRW160 resins

15 The hydrolysis of the reaction mixture leaving the
reactor (5.28 g) 1is carried out in the presence of H;0O
(5.07 g) and of a Purolite NRW160 sulphonic resin
(5.03 g). The mixture is stirred at 100°C for 4 h.

Under these conditions, approximately 70% of the

20 cyclohexyl esters are hydrolysed.

Example 3: Hydrolysis in the presence of H,S0,

The hydrolysis of a reaction mixture after

25 distillation of the 1light products corresponding to

that used in Example 1-A (2.6 g, including 0.55 g of

esters) 1is carried out in the presence of H,0 and H;SO4

(1l g of water, including 1% by mass of H;S04). The
mixture is stirred at 160°C for 12 h.

30 Under these <conditions, approximately 85% of the

cyclohexyl esters are hydrolysed.

Example 4 - Hydrolysis with Amberlyst A3l resin

35 The hydrolysis of a reaction mixture (10 g)
corresponding to Example 2A and after distillation of
the compounds having a boiling point lower than or

equal to that of the acid solvent tBBA is carried out



reactor (5.37 g) is carried out in the presence of HO0O (5.14 g) and of a

sul phonic resin sold by the conpany Aldrich under the nanme Purolite NRW60
(1.01 g). The mxture is stirred at 80C for 4 h. 10 Under these conditions,
approxi mately 30% of the cycl ohexyl est? LS _are hydr ol ysed. 2-B Hydrol ysis
with Purolite NRM60 resins 15 The hydrofysis of the reaction m xture

| eaving the reactor (5.28 g) is carried out in the presence of H2O (5.07

g) and of a o] e NE@&%Q ul.phoni ¢ .resin ) he r

stirred at 10%% %h% . ﬁﬁ%rg?hg?e%%oﬁ§lt?%%§r9259r5§§ha Q%fﬁ d§§3§ t he
20 cycl ohexylbegstérs camepadiydr BPisedndexdtass e SndkpdrdN¥SJsOantﬁe fhesence
of 12504 The BygdroLysks obaRekeart QM 8 Xur, afbgt i nadudi shikliakikasoof the
| i ght products corresponding to used T n Exanp f A (2 g, Including
0.55 g of esPérs)tis c&ﬁﬂul@@e@mnqln tﬁ@rﬁﬁésenc@mg H2@ an&eﬂzséa;aréq g of

water, ing udwga;e{wx nmags R <HESA4) s Ifa@rr@uxw QO'OS’CStﬂdrr ed at 160C for
12 h. 30 Under these conditions, approximtely 85% of the Egclohexyl esters
r

are hydrolyse@ndﬁﬁaﬁﬁﬁée4CO“H}&P@PFSl§HHQQ¥¥W&%%MWS? n32fr BBEne3L eTRe
hydrol ysis of 58ereag %d@@l%&ﬂur €ard0 Ghe corcry%qmréddamnto Bxamle 2Asand
after distillation o the conpounds having a boiling point |ower than or
equal to that ®F°YRESHcid solvent tBBA is carried out - 20 in the presence
of 20 m of Amberlyst A31 resin (sold by the company Rohm and Haas) and of
90 g of 0. The r |8rh§aged tg %OOC mnth congg us elimnation of
t he cycl otrexarbE Fo! 3 Pk PECRSEEEAS de mixture is
stirred at 100C for 4 h Under these condi ti ons, apprOX|nater 95% of the

esters are hyftolyaed:9adst e oy cl ANeXAnP! nf QLIRS |5 . 47 §50UELEYa 1 ent

to Example 24, after distillation of the light products

and of the tBBA, is carried out in the presence of HNOj
15 at 60% in water (10.1 g) and in the presence of a

catalyst consisting of a small amount of Cu(NO3),, VO3NH,

and NaNO,.

The mixture is stirred for 1 h at 70°C.

Under these conditions, the esters are completely
20 hydrolysed and the cyclohexanol formed is completely

converted to adipic acid.



10 Exanple 5 - Hydrolysis in the presence of HNG3 The hydrolysis of a
reaction mxture (1.4 g) equivalent to Exanple 2A, after distillation of
the light products and of the tBBA, is carried out in the presence of HNG3

15 at 60% i n wat and in the_presence of ioSting of
a small annuﬁ%gogégé%ﬁﬂéyg% VO3NH4  and %ghKQ. The ﬁ?% ﬁ?gkyégépggﬁéﬁ for 1
h at 70C. Under these conditions, the esters are conpletely 20 hydrol ysed
and the cycl ohexanol formed is conpletely converted to adipic acid. WO
2004/ 041765 - 21 - PCT/ FR2003/ 003198 CLAINS 1. Process for producing
carboxylic acids by oxidation of a hydrocarbon with oxygen or a gas 5
cont ai ni ng oxygen, in the presence of a nonocarboxylic acid-based sol vent
and of an oxidatiBnocasal ysforchapaetderined i parhaxyalist epacedssi stiyng of

hydrol ysis of the ggtgLrs;Eqrned Lsy dd Sut byptr t ,of 1he_reaction
medi um 10 before extract%on of the eggﬁoxy IC aci ds 5§%%¥ t Peatert of the
organi ¢ plase deri¢edtfiBanfhe OKEdERion ABdi ubhaftepregepaeti offof the

carboxylic acids f@rBEdrbdRy2icProgess-wesoidi ngi1te ¢ aimd, charagherized
in that the hydrolysis step is carried out bg addition to the nediumto be
ar

treated of a strongXidefdCBRnE A niErancBasRCErd2REdilUm A2 RedpSPature

of greater than 50&onpietengblof ofiyd201bet veerF 8{e andt2RQC. fm&NOGRSS
according to Caim?2, characterjzed in _that th stron acid is chasen for
acids having a pK&2b6FifesLthaRYorteqdicto 25 28 %.*%ﬁﬁ&%%‘a&ﬁﬂ%ﬁ%g to
Claim2 a0 3, chareeterezesktdarthat blfe ¢ org rédoixgliis cacided on ary
attached treatment of the organic phase derived from the
reaction medium after extraction of the carboxylic

acids formed.

15 2. Process according to Claim 1, characterized 1in
that the hydrolysis step 1s <carried out by
addition to the medium to be treated of a strong
acid and maintenance of said medium at a
temperature of greater than 50°C, preferably of

20 between 80°C and 200°C.

3. Process according to Claim 2, characterized 1in
that the strong acid is chosen for acids having a

pKa of less than or equal to 2.

4. Process according to Claim 2 or 3, characterized
in that the strong acid 1s carried on or attached

to an inert material such as a resin.

30 5. Process according to claim 4, characterized 1in
that the resins comprising a strong acid are

chosen from the group comprising sulphonic acids.

0. Process according to one of the preceding claims,

35 characterized in that the separation of the
carboxylic acids produced from the reaction medium

1s carried out by means of separation by settling

out.



to an inert material such as a resin. 30 5. Process according to claim 4,

characterized in that the resins conprising a strong acid are chosen from
t he group conprising sul phonic acids. 6. Process according to one of the
preceding clains, 35 characterized in that the separation of the
carboxylic acids produced fromthe react$dn medium is carried out by neans
of separation by settling out. - 22 7. Process according to one of O ains
1to 5 characterized in that the separation of the carboxylic acids
produced fromthe reaction nedium 5 is obtained by liquid/liquid
extraction. 8.. Proesssesscoadcngdtiagonecof die poécedilagmel ai ns;o 5,

characterized in that the organic.pha bt ained _after separatdion_of the
carboxylic acids é%ﬁ?ﬁ%c%ﬁﬁ%%?§si%Rof%$H§:es%%?s F%p?é8§&P§d éiéth%he

oxi dation step. 9.c@rheegbiaceordsngrbducre dfrcrhe hw ecsditnipre| médsyum
characterized in that : ani,c - r er separation of

t he diacias fornedﬂ?soégﬁfgégegyt%Egﬁgg(F?§§¥§nggFréggﬁégﬁpounds having a
boiling point |less than or equal to that of the alcohol forned during the

oxi dat i'on step, befyeosihgchyduokusics syep o200 Frocess pocordhag to one

of Claims 1 to 8§, aracterized 1n that the organi ¢ phase recovered after
separation of the ¢haEcr@seFoEfed lins thab) ébredo¥ 92l St PSS oPP bR 1R AE

conpounds havi ng 25f@epoi keparpeiBh | %S than ory.eqial1to thataof Lhe acid
sol vent used in the oxidation step, before the hydrolysis Stﬁf' 11. Process
accordi ng% o one otYEhelpfededPhg ENGi nESte3d cHar adisriZ&f i ift hatPehe

acids forned duringzifi€tion step.

9. Process according to one of the preceding claims,
characterized in that the organic phase recovered
15 after separation of the diacids formed is
subjected to distillation of the compounds having
a boiling point less than or equal to that of the
alcohol formed during the oxidation step, before
the hydrolysis step.
20
10. Process according to one of Claims 1 to 8,
characterized in that the organic phase recovered
after separation of the diacids formed is
subjected to distillation of the compounds having
25 a boiling point less than or equal to that of the
acid solvent used 1in the oxidation step, before

the hydrolysis step.

11. Process according to one of the preceding claims,
30 characterized in that the acids formed during the
hydrolysis step are extracted from the medium with

a solvent for said acids.

12. Process according to one of Claims 1 to 9 and 11,
35 characterized in that the oxidation solvent
present in the hydrolysis medium is extracted and

purified before recycling at the oxidation step.



hydrol ysis step are extracted fromthe nediumwth a solvent for said

aci ds.

12. Process according to one of Clains 1 to 9 and 11,

characterized in that the oxidation solvent present in the
mediumis extracted and purified beforg%{ecycllng at the o

23 13. Process according to Caim 11,

aracterized in th

recovered fromthe hydrolysis medi um are m xed wth the di

from

the oxidati on.gmdium, or@lhb;e pxi datigp rﬁd' ugha§a§€

of the diacids. 14. Process according to one of prece

35
hydr ol ysi s
xi dation step. -
at the acids
aci ds extracted
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Ing c

characterlzed||1tqﬁﬂttrﬁh%yd¢©t@$boﬁeF§V§re§ycﬁ6@Fkam@eJihﬂ§¢0¥¥%%%ss

according to one GfediNg PREECHINGL! AL PR, th%haa@&éﬁau%@ttlr@ctt%t £R6n
cycl oal kane is chosen fromthe group conprising cycl ohexan
cycl ododecane. 15 %6 PréE@$CRcCBRPU WY 1 onR dfh& hexprate
characterbzed in tdwtoddesotvenion Soghosendf semist he group conpri sing
nonocar boxylic acids conprising from1l to 6 carbon atons,
are lipophilic in nature, conprising from7 to 20 carbon a
accordi ng t01mne(ﬂrd&&5$r&cedk@gnglabmbnec@ﬁraﬁée@néﬂédﬂmgfwuaiM§
l'i pophilic acids a 25 chosen fromt ro risi hexanqi c aC|d
hept anoi ¢ aci d, oc(ikéarfoé}cstea%li%egz étnhyltﬂé gno:ﬂg‘ r’%) r%%%ﬁkﬁ%l c aéid
decanoi ¢ aci d, undecalnmlckaraei d, dodecanoi ¢ aci d, stearlc a
aci d) and, t hei r per met hyl at ed derivatives, 30 2-octadecyl su

3, 5- dltert butyl benzoic acid, 4-tert- butylben20|c acid, 4-
15. Process avcordlng to one of the precedlng claims,

characterized in that the cycloalkane

e and
anngred Eihs,

and acids 20 that
tons. 17. Process

cid (octadecanoic
ccinic acid,
octylben20|c

is chosen

from the group comprising cyclohexane and

cyclododecane.

16. Process according to one of the preceding claims,

characterized in that the solvent i1s chosen from

the group comprising monocarboxylic acids

comprising from 1 to 6 carbon atoms,

and acids

20 that are lipophilic in nature, comprising from 7

to 20 carbon atoms.

17. Process according to one of the preceding claims,

characterized in that the 1lipophilic

25 chosen from the group comprising hexan

acids are

oiec acid,

heptanoic acid, octanoic acid, 2-ethylhexanoic

acid, nonanoic acid, decanoic acid, undecanoic

acid, dodecanoic acid, stearic acid (octadecanoic

acid) and their permethylated derivatives,

30 2-octadecylsuccinic acid, 3,5-ditert-butylbenzoic

acid, 4-tert-butylbenzoic acid, 4-octylbenzoic

acid, tert-butyl hydrogen orthophthalate,

naphthenic or anthracenic acids substituted with

alkyl groups, substituted derivatives of phthalic

35 acids, and fatty diacids.

18. Process according to Claim 16, characterized in

that the lipophilic acid i1s chosen from

the group



acid, tert-butyl hydrogen orthophthal ate, naphthenic or anthracenic acids
substituted with alkyl groups, substituted derivatives of phthalic 35
acids, and fatty diacids. 18. Process according to C aim 16, characterized
in that the |ipophilic acid is chosen fypmthe group - 24 conprising dinmer
fatty acids or naphthenic or anthracenic acids substituted with tert-butyl
groups. 5 19. Process according to one of the preceding clains,

characterized int . cat is g@9§e e ]%%gj sLr ition
nmetal s 20. Proceségggg%r fﬁ% ?%M§.gin$18, cRﬁ%%%?Lr%gedg% i%ﬁf%a?g?he
catal yst is based ¥H-WearmesSe PF1dSonbiHatioriWdh &1dé- catar ysPUuEkbsen
fromthe group c usd hg cobalt, zirconium cerium hafniumand iron. 15
21. Process according to one of the preceding clains, characterized in that
t he pol ycarboxylic acids produced are chosen fromthe group conprising

adi pi ¢ acisd, suCCitScass dacgbutianiyC raCiche dpdeeangicaidd atf d-aadhe; a

m xture thereof. . . .

characterized in that the catalyst is chosen from

the group of transition metals.

20. Process according to Claim 18, characterized 1in

10 that the <catalyst 1s Dbased on manganese 1in
combination with a co-catalyst chosen from the

group comprising cobalt, zirconium, cerium,

hafnium and iron.

15 21. Process according to one of the preceding claims,
characterized in that the polycarboxylic acids
produced are chosen from the group comprising
adipic acid, succinic acid, glutaric acid,

dodecanedioic acid and/or a mixture thereof.



