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CARBOXYLI C ACID The present invention relates to a
process for producing carboxylic acids. 5 It relates
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25 However, this process has a major drawback
associated with the formation of nitrous vapour.

Many studies have been carried out in order to
develop a process for oxidizing hydrocarbons with
oxygen or a gas containing oxygen, that makes it

30 possible to directly obtain carboxylic acids, mainly
adipic acid.

These processes are described in particular in
patents FR 2,761,984, FR 2,791,667, FR 2,765,930 and
US 5,294,739.

35 Generally, the reaction 1s carried out in a
solvent medium, the solvent being a monocarboxylic acid
such as acetic acid. However, such a process has not,

for the moment, been the subject of any substantial
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such as acetic acid. However, such a process has not,
for the nonment, been the subject of any substanti al

i ndustrial devel opnent since the separation of adipic
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extraction or separation processes must be carried out
25 at high temperatures.

One of the aims of the present invention is to
propose an effective and easy process for producing
carboxylic acids by oxidation of hydrocarbons wusing
oxygen or a gas containing oxygen, in the presence of a

30 solvent that is 1lipophilic in nature, which process
uses a step consisting of effective extraction of the
acids formed and complete recycling of the oxidation
solvent.

To this effect, the invention proposes a process

35 for producing dicarboxylic acids by oxidation with
oxydgen or a gas containing oxygen of a cycloaliphatic
hydrocarbon in the presence of an oxidation catalyst
and of an oxidation solvent that 1s 1lipophilic in

nature, characterized in that it comprises a step of



To this effect, the invention proposes a process 35
for producing dicarboxylic acids by oxidation with
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25 columns with perforated trays or static packed columns

are suitable. Preferably, columns with mechanical

agitation are preferred. Of course, this extraction can

be carried out in a single extraction column or in

several extraction columns mounted in series and/or in

30 parallel without nevertheless départing from the

context of the invention. It is also possible to use

one or more extraction columns in combination with
washing-settling devices.

According to a preferred novel characteristic of

35 the invention, the reaction medium derived from the

oxidation step is fed into the extraction step under

given temperature and pressure conditions so as to

maintain the cycloaliphatic hydrocarbon in the liquid

state.



context of the invention. It is also possible to use
one or nore extraction columms in conbination wth
washi ng-settling devices. According to a preferred
novel characteristic of 35 thg i_nvention, the
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25 This second solvent is chosen from apolar solvents
having a solubility in the first extraction solvent of
less than or equal to 5% by weight relative to the
first extraction solvent, this solubility being
measured at a temperature of 20°C under atmospheric

30 pressure. Advantageous, this second solvent is chosen
from acyclic or cyclic, saturated hydrocarbons, and
aromatic hydrocarbons. Advantageously, this second
solvent is the  hydrocarbon to be oxidized, in
particular cyclohexane. Advantageously, the supply of

35 this second solvent represents at least partially the
supply of hydrocarbon to be oxidized in the oxidation
process of the invention when it is a continuous
process.

In a preferred embodiment of the invention, the
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pressure. Advantageous, this second solvent is chosen
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As lipophilic organic compounds, mention may be

25 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

30 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
anthracenic acids substituted with alkyl groups,

35 preferably of tert-butyl type, substituted derivatives
of phthalic acids, and fatty diacids such as dimer
fatty acid. Mention may also be made of the acids
belonging to the above families and bearing various

electron-donating substituents (groups with a hetero



decanoi ¢ aci d, undecanoi c acid, dodecanoic acid,

stearic acid (octadecanoic acid) and their

per net hyl ated derivatives (conpl ete substitution of

the 30 hydrogens of the methyl gne groups with the

met hyl group), 2-octadecyl succinic acid,
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oxidized, the oxidation intermediates and the
25 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.
The oxidation is in general carried out in the
30 presence of a catalyst. This catalyst advantageously
comprises a metal element chosen from the group
comprising Cu, Ag, Au, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Al,
S¢, In, T1, Y, Ga, Ti, Zr, Hf, Ge, Sn, Pb, V, Nb, Ta,
Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, . Pd,
35 Pt, lanthanides such as Ce, and combinations thereof.
These catalytic elements are used either in the
form of compounds that are advantageously at least
partially soluble in the liquid oxidation medium under

the conditions under which the oxidation reaction is



25 nonorgani ¢ phase conprising the water formed during

the oxidation reaction makes it possible to obtain a
concentration of the solvent in said aqueous phase of
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In the case of a heterogeneous catalyst, the
catalytically active metal elements are supported or
incorporated in or into a microporous oOr mesoporous
mineral matrix, or in or into a polymeric matrix, or

25 are in the form or organometallic complexes grafted
onto an organic or mineral carrier. The term
“incorporated” is intended to mean that the metal is an
element of the carrier or that the process is carried
out with complexes that are sterically trapped in

30 porous structures under the conditions of the
oxidation.

In a preferred embodiment of the invention, the
homogeneous or heterogeneous catalyst consists of salts
or complexes of metals of groups IVb (the group of Ti),

35 Vb (the group of V), VIb (the group of Cr), VIIb (the
group of Mn), VIII (the group of Fe or Co or Ni) and Ib
(the group of Cu) and cerium, alone or as a mixture.
The preferred elements are, in particular, Mn and/or Co

which can be used in combination with one or more




catal ytically active nmetal elenments are supported or
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19vet gbapumber of between 0.5 and 100 000, preferably

bet ween and, 5000._. 10 The c ntrati on of sol vent in
The Tt kR dar ST e e A o DSt et ss
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anoPKef2EoABoue tt?éaclm’é'y 3% Par t fREI afthaR@gjeular  the
ef f getubl 1i BREOQBhNEEL BRe oxygen.

As examples of such compounds, mention may in
particular be made of nitriles, hydroxyimide compounds,
25 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
to the family described in European Patent EP 0824962,
30 and more particularly N-hydroxysuccinimide (NHS) or
N-hydroxyphthalimide (NHPI), halogenated derivatives
such as dichloromethane, and fluorinated compounds such
as:

- cyclic or acyclic, fluorinated or

35 perfluorinated, aliphatic hydrocarbons,
- aromatic fluorinated hydrocarbons such as
perfluorotoluene, -perfluoromethylcyclchexane,
perfluoroheptane, perfluorooctane, perfluoro-

nonane, perfluorodecaline, perfluoromethyl-



20 productivity and/or the selectivity of the reaction

of oxidation to adipic acid, and in particular the

sol ubilization of the oxygen. As exanples of such
conpounds, nmention may in pargicular be nmade of

nitriles, hydroxyimde conpounds, 25 hal ogenated
compounds, aR&JMER advwant,ageeUHNJddtdieded or 1, 3-bis-
compounds. ﬁs co ounds hat are nore particularly

sui t abl e, Y5 PSR Qriles such as
acetonit+il Qadifflb.ﬁiﬁ@mﬂdd | er ifwiesi el ehgiesderiso stlheh as
famly descrlgsgyin E %ogean ggﬁgg L EP 0824962, 3Q . and .. _
nor e partlcd’\ I Rﬁﬁg s ﬁ?/%u eIt it de (rN}-%? br PC

5N- hydr oxyphtiredanuadees,NHPI ) , hal ogenat ed derivati ves

such as di ciyoy J@eﬁ,oéng e Q- DALRALCUBUHES such as
such as: cyclic or uorlnated or

perfl uori naﬂ%ﬁ?flwqrmmqt@qﬂ/drocar bons, - aromatic

fluorinat ed Mﬂ(iﬁ{t@?ﬁsols%@r§§uoﬁﬁﬁifé@rQ‘J_@blﬂl@mg, such as
per fl uor onet hﬁlcyclohexane rflforohegtane
t 'n

per f | uor ooc ORSRELUBEPPE HBRBHe c AGHTd uoro-
10per fl uororretrmtlanoJQ 5 ﬁ:@rdmakbﬂecanol perfluoro-tert-
: aaatrlfll.borotoluene or 13bEg- % uoromai_;Lhy)
benzene, - patFIHori nat ed or PFF GHFP 3%38pes 8rs-such
as al kyl pélr,fﬂ,dorbdotmae"shmrcmwrcwﬁdboro-
nonanoat es, f]ixfdrliq{dtf@ie&lr%e? iﬁéf?ﬁé@é&eﬂlk‘ﬂ%gs such as
such as perfluoroacetone, - uori nat ed or

per f | uor i natR&F HUHRAC AR Hs e per f | uor ohexanol |

isper fl uorooctmnriidd UYrO- peeialBkinated acids such as

per f |l uor odecanol., erfI tert- butanol
perfluorois&ﬁf lﬁ f%en201c acids, pentafluoro-

1,1,1,3,3, S-Ht-mmf:’lmpr 0- e pdppanoperflubwohexanedcor acid,
perfluori natpe&ﬂtld’fcl}?e%tsa%&cas acid, perfluorooctanoic

acid, perfluorononanoic acid or perfluoro-

or

20 adipic acid,

- fluorinated or perfluorinated halides such as

perfluoroiodooctane, or perfluorobromooctane,

- fluorinated or perfluorinated amines such as

perfluorotripropylamine, - perfluorotributyl-

25 amine or 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.

30 According to a preferred embodiment of the
invention, 1t 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
manganese catalyst, 1in particular a manganese- and

35 cobalt-based catalyst.

The oxidation reaction 1s carried out at a
temperature of between 50°C and 200°C, preferably of
between 70°C and 180°C. It can be carried out under

atmospheric pressure. However, it is generally carried
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perfl uoroacetonitrile, 15 - fluorinated or
perfluorinated acids such as trifluoronethyl benzoic
aci ds, pentafluoro- benzoic acid, perfluorohexanoic
acid, perfluoroheptanoic acid, perfluorooctanoic
aci d, perfluorononanoic acid or perfluoro- 20 adipic
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ol &041yst and the acid compound.

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

30 critical wvalue. The initiator 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

presence of water introduced from the initial stage of

35 the process.

In these wvarious embodiments, the carboxylic acid
recovered after the liquid/liquid extraction step can
be purified according to the usual techniques described

in many documents, for example by crystallization and



conpounds to be oxidized. The oxidation process can be
carried out continuously or according to a batch
process. Advantageously, the liquid reaction medi um
that has 15 left the reactor_iss treated according to
known processes for, firstly, separating and

req%ﬁy éﬁhifﬁkaﬁﬂéﬁ'gr@ﬁ°@%&%@u§”%of¥%ﬂ¥§“gﬁch as water,
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partly or conpletely extracted wth the aqueous
phaBecone wppRrsat in view of the examples given below,

only by way of indication.

Example 1
25

- Oxidation step

522 g of c¢yclohexane, 55 g of tert-butylbenzoic

acid and 6 g of cyclohexanone (initiator) are placed in

30 a 1.5 1 reactor. Manganese and cobalt are added in
respective amounts of 50 and 20 ppm by mass.

The mixture 1is stirred at 130°C, 20 bar, for

150 min under a continuous stream of gas containing

nitrogen and oxygen. After 35 1 of oxygen have been

35 consumed, a mixture of cyclohexane, of tert-

butylbenzoic acid, of cyclohexanone, of cyclohexanol,

of manganese and of cobalt is added continuously. A

level sensor connected to a reactor emptying system

makes it possible to keep the reactor level constant.



advant ageously extracted fromthe agueous phase by
various techniques, such as liquid/liquid extraction,
10 el ectrodialysis, or treatment on ion exchange
resin, for exanple. Mreover,;4he organic phase
recovered fromthe reaction nediumcan be subjected
to distillation operations in order to recycle the
nonoxi di zed 15 hydrocarbon, the various oxidation
conpounds BRGSO e8P cohol s, the ketones, and the

oxi dation solvent. 1In addition, the organic phase can
be subjected t treatpent in,order to.elimnate_the
esters,%#Fe%a?tﬁﬁﬂﬁﬁ %%?8%85%%%58 iﬁfqﬁmﬁTmf por%lon of
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Example 2

The oxidation step is identical to that described
in Example 1. However, the oxidation reaction medium
withdrawn continuously from the reactor is fed into an
25 agitated stage extraction column having a theoretical
stage number of 10. The extraction column operates at a
temperature of 100°C under a pressure of 5 bar.

The column is fed at the level of an intermediate
stage (fifth stage) with the oxidation reaction medium,
30 with a flow rate corresponding to a feed of 1.11 kg/h
of t-BBA and 1.09 kg/h of adipic acid at a temperature
of 100°C under a pressure of 5 bar.

The column is also fed, at the head of the column,
with water with a flow rate of 1.62 kg/h and, at . the
35 foot of the column, with a flow of cyclohexane equal to
1.04 kg/h.

The organic phase recovered at the head of the
column comprises 1.11 kg/h of t-BBA, 1.04 kg/h of
cyclohexane and 0.007 kg/h of adipic acid.



phase, referred to as aqueous phase, which contains 10
essentially the diacids produced and the catalytic

netal s, and an upper phase, referred to as organic

phase, which contains essenti al3d y cycl ohexane, the
tert-butyl benzoi c acid, cycl ohexanone, cycl ohexano

and ot hefe baqpé@ductﬁhanéetmthmwonatlﬁh‘mawsts ®f the

the two phases shows t t % f the adipi
aciPY Wﬁe&omflpsreesse@{]% ?ﬁ%ﬂyr é)g‘étl o:?B%i B:ré3 Kg/h  of
pordd ety issd en:m &gy /Anb fexddiacitechdid. t he aqueous

phase, f ec r
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fromthe reactor is fed Into an 25 agitated stage
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f edyx@dattng head, & the colum, wth water with a

flowrate of 1.62 kg/h and, at the 35 foot of the

colum, with a flow of cycl ohexane equal to 1.04

kg/ h. The organi c phase recovered at the head of the

colum conprises 1.11 kg/h of t-BBA, 1.04 kg/h of

cycl ohexane and 0.007 kg/h of adipic acid. - 13 The

aqueous phase withdrawn at the foot of the colum

conprises 0.001 kg/h of t-BBA, 1.62 kg/h of water and

1.083 kg/h of adipic acid. These trials clearly

denonstrate that the process 5 of the invention nakes

It possible to extract virtually



all the adipic acid fornmed wi thout entraining

oxidation solvent. In fact, said solvent is al nost
entirely in the organic phase and may be recycl ed

af tyiy .20 AaMANtAgReOUS| Yy, a puriifg cation. 18chPrr2003/003196
addi tion, sonme of the adipic acid may be entrained in

the organic phase in the formof esters. These may be
treated before the recyclingftddie oxidation

sol vent. WD 2004/041768 - 14 - PCT/ FR2003/ 003196

CLAIMS 1. Process for producing dicarboxylic acids by
oxidat i airoddk OX¥gen %rcﬂi@@&u@onﬁaic&ir%x@'&)i@en 5cpcfis by
a cycloalip q%}c h%dﬁgcarbon in the presence, of

oxi dat i oN-ct at st Yang SFYAT bxPdal o‘?hassoF%E?miLﬂ%t oxygen

5is |ipopht |accynloat ipkatchahpdtecazkdni in that presence of
conpri seg, a, dﬁi&@ éneékggﬁzb‘en Ha t&‘g affl 635 RGXYLIC so1vent
acids forne e oXI| on step, 10 consistingin .

carryi ng-tek hawIlﬂeap@léh§selnanﬂa%&¥¢actQR#rQﬁtQﬁﬂged in

di aci ds ysdig id fEbabrexktacs Cérbeﬁo'o\fenéxtf‘a%LSH af the
| east the oxidation solvent and the cycloaliphatic

hydr ocarbeir Y hisd| aBLes 1@12“6% dBedd Bt R hgORo Step,
1000 aim cheiscdeingedn Nedhafing heuexi dad i qriqmld/ephase, an

that is | ilic i ture_ L§. a nnnocar X
acid. 3. ’553%%%‘”56%% gﬁﬁgdfgctﬁﬁ 178 22, P! Gxcraction
char act esolrezht 26n nwhhelt Elte begasnctihen okidhvion solvent
di aci ds &é é' f%g iﬁhék Lﬂ§&¥6éﬁfﬁ%ﬁ éf@mﬂnso uble.
I|qU|d/I|qU| ex ractlon co umm. 4. Process according
to daiml, 2 or 3, 25 characterized in that the

15r eagt i onppmekh aun dekby¥8dnkr @@ tdmes X dahhpacetepze8 fied that
into the extrap i on steg unde |ven Eﬁ %gaure and
pr essur e*Re ot £7 bheR s8OL¥eRb FH ﬁt&?n philic in nature
cycl oal i phad imondwyalties:ay bon asidhe |iquid state. 30 5.
Process according to one of the preceding clains,
characterized in that the extraction of the

3. Process according to Claim 1 or 2, characterized
20 in that the extraction of the diacids is carried
out in a countercurrent-flow liquid/liquid

extraction column.

4. Process according to Claim 1, 2 or 3,

25 characterized in that the reaction medium derived
from the oxidation step is fed into the extraction

step under given temperature and pressure
conditions s0o as to maintain the cycloaliphatic

hydrocarbon in the liquid state.

30
5. Process according to one of the preceding claims,
characterized in that the extraction of the
diacids is carried out under given temperature and
pressure conditions SO0 as to maintain the
35 cycloaliphatic hydrocarbon in the ligquid state.

6. Process according to one of the preceding claims,

characterized in that the first extraction solvent



diacids is carried out under given tenperature and
pressure conditions so as to maintain the 35

cycl oal i phatic hydrocarbon in the liquid state. 6.
Process according to one of thg preceding clains,
characterized in that the first extraction solvent -

15 is chosepnbsem Pehdm SYMRIM S M A HTOUR  the group
conprising water and al cohols._ 7. Process according to

d ain16,céﬁﬁﬁ%ﬁﬁ%ﬁiﬂﬁﬁﬁ¥rﬁn% FHeehe ke first extraction
solvent is water. 8. Process according to one of

d a}ns to 7 charagﬁerized i n.that second , ,
ext f act i GrPEHT Vet S Hfled? o T B& r aditBRGtSE g zed  in
bsai d secomt lthexiiest i extsatvent delweninobhs nistedbl e

with the first extraction solvent, and not

solubilizing the diacids fornmed. 9. Process according

to &Y ai MELCHar a@CEPrLendi n tas5 phat tdfe fEisimand to 7,

the secashexdtaeciion $A! wents Argefsdai BLOrbkR€ion solvent
countercurren extractiagn colum. 10. Process

accor di i t FEE m% orthP SR eFth t FRid heecond
10second ectt@edtsh SdomeRdnt S BQseN r%h—gn[iaﬁ’ﬁditﬂl% gg@tm the

: conpri Si cyclic or.cycli aturate ydr.ocar hons,

and aroﬁg i%Eh?ﬁ?%%%?b%%s?oii?nér03833n8505P&P%61961n9 the

Clai ns 8iacilds fodwanextterized in that the second

extraction solvent is the 25 cycloaliphatic

hydrocarbon to be oxidized. 12. Process according to ,
one’ of GERIRSS taFracrdingartart &liaded §.n (h@radierized in

150xi dat i ofhaedtHe ifs rked andtthd hge8shfaekic PRCEQLHM Alvent s
an |nterned|§%§ , 30 pasition between the two ends of
' PHRe

t
the col S SR IHP LB dFeton column.

preceding clains, characterized in that the

hy car (S, a l.oal kane. 35.14., Procgss .
acg%$diH%9 6h%%ea8?%%€g%8r§%%dpiala giﬁ%? §7° characterized
char act e zgbaitn theit segeondy céoat&enton s soilosat fsomhosen

20t he groufy GEMIERST NGr&YS! OBEXAPEs?AY  acyclic or cyclic,

saturated hydrocarbons, and aromatic hydrocarbons.

11. Process according to Claims 8 to 10, characterized
in that the second extraction solvent is the
25 cycloaliphatic hydrocarbon to be oxidized.

l2. Process according to one of Claims 3 to 11,
characterized in that the oxidation medium is fed
into the extraction column at an intermediate

30 position between the two ends of the column.

13. Process according to one of the preceding claims,
characterized 1in that the hydrocarbon is a
cycloalkane.

35

14. Process according to one of the preceding claims,
characterized in that the cycloalkane is chosen
from the group comprising cyclohexane and
cyclododecane.



cycl ododecane. - 16 15. Process according to one of
the preceding clains, characterized in that the
solvent is chosen from the group conpri sing

monocar boxylic acids that are {5 lipophilic in nature,
conprising from7 to 20 carbon atonms. 16. Process
according to one of the preceding clains,

ch cterized in that _.the lipophilic aci ds are 10
cholZn (TOIEeT% BFOapILBRpEPSIHNE Rkahtf cPasFading claims,
hept anoi chaackeniciedoin atiat, ghet |§)b|1|0©2€1&n01§ cB6kBn from

nonanoi c_,aci canoic. acid, undecano
dodecanoﬁ%’ga@r QS ?8 ?%S%%?dm?BSFaa§8§H8ﬁ8 a&&ﬁ&)tgﬁ& are
5the|r;xﬁxnﬂnhdku@d deri vettwes, 15ctmprpkéhg from 7 to

substit ud o84 he dydrogens of the nmethyl ene groups
with the nethyl group), 2-octadecyl succinic acid,

1,5-ditert-butyl benzoic acid, 4-tert-butyl benzoic

acixs, 4- Mdd’ésﬁ?né@d':érdﬁ@%dtot e Wit VERBYBE-RE8RINng claims,
eni ¢ or anthraceni c_aci ds

or t hopht hal 20 napht

substPtLéhﬁF%ﬁE?Fl%ﬁ vy Tgr 6888, pRer el ppPRhbiic acids are
1o0tert- butqhosgnmairomubsmetuﬁﬁﬂﬁﬂeebgpkuggﬁgofhéﬁaﬁgﬂ¢(:ac1d

aci ds, ty d ds su as_di ner,
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Claim 17, characterized.in cat al yst
based of-Hhganedddi n 6$Wﬁﬁhat|BﬂrmFFhYéa%%dcatéﬁyéwatlves

15chosen f(aomghee 9o tG@ARiics NGLCOBREL , hEdFOPIMM of the
Z|rcon|u ggfnlun1and iron alone or.in conbjnation.

35 19, SO cordMPT o ofktRf t hRSprePEARNG — 9Toup),
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acid, succinfic aci Frc aci
acid andsrd.a n1x¢%wtrb¢ﬁwbof hydrOgen orthophthalate,

20 naphthenic or anthracenic acids substituted with
alkyl groups, preferably of tert-butyl type,
substituted derivatives of phthalic acids, and
fatty diacids such as dimer fatty acid.

25 17. Process according to one of the preceding claims,
characterized in that the catalyst is chosen from
the group of transition metals.

18. Process according to Claim 17, characterized in
30 that the catalyst is based on manganese in
combination with a co-catalyst chosen from the
group comprising cobalt, chromium, zirconium,
hafnium and iron alone or in combination.

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

dodecanedioic acid and/or a mixture thereof.



