+ ;e3eJJI R>62Tan _ METHOD OF OXI DI SI NG HYDROCARBONS TO ACI DS The present
invention relates to a process for the oxi‘ation of hydrocmmmmmmmmmmmm&
particul ar of branched or unbranched satyrated aliphatic 5 , of
" cycloaliphatic or alkylaromatic hydrocarbons and/ or of al cohol ikgione
conpounds, to acid or polyacid conpounds. It relates nore particularly to

t he oxidation, by i_di zi riSi | xygen, of

cycl ohexane and/ ora&%gﬁlih@%%gﬁww@h%ﬁﬁﬁéaB pic acid. The
oxi dation of cyclohexane to adipic acid is a process which has been studied
for many years. This is because adipic acid is_an inportant chem cal 15
conpound used as st ar tThey peesentl invervhel otsl abfsf 5et 8r PhgCHrScesses,

such as the production of polyners, for exanple, ol%anidegé pal.yesters or
pol yur et hanefor Severexidrbtessel ByRrefRreRef att uPe* bt €20%4dpi ¢ acid from

hydr ocar bons, such as benzene, phenol,-cgclgheieng grccyclohexane, have
been provi deekarmieedxok HPrBRARFReY cPoHekAReS B tRéF“dFrectly. or in two

stages, is the nost advantageous.route for producy LRkG~acid. 25 Thus,.
United Stat dyydERetPonsp30 9§chﬁﬁf?§mﬁﬁlFnége%ghgg?ggggsgcdiscloses t he
oxi dation of cyclic hydrocarbons to [y dj lh.agids+a n a liquid
gggfe ggnera@Y%kQﬁﬁﬁﬁgg?nﬁngzgfie%a%?gs?éﬁ/ggﬁeﬂg Fggfgkggﬁfg;é%_at Iegst
, using a gas conprising.o e presence of an oxidation
S RFEQCn BObERF oReRt Rt Ra

catal yst, conpo ny ot her patents and articles

disclose this 5 reacti bheCha0xk dat kenyok oCcyeleohexane to adipic
acid. However, to obta?ﬁ gggggggb e yi%?ds for thgoproduction of adipic

acid, these ﬁQ?&Q??Bﬁ db§0595%xﬁhﬁzﬂﬁ? afeatetiompadisd ngs medlerital n t he
presence either of a honbgeneous catalyst or of a heterogeneous 10

cat al yst 3 oMegl{,ganTaysbeyeadaexapewandgbri oifustcdtohesanst e /8% i cl e which
appeared in the journal "Chentech", 555-559 (Septenber 1974), the author of
which is K ZIapakpexehbak somedipiesasdd.comrents on the process for the

di rect oxidation of cyclohexane. 15 Mention may al so be pade of United
States Patents 3,231, 60Be 382363 of Fw,lﬁ{e%%st,%ﬁzgﬁuc 58,‘?3;'2“1], 157 and
Eur opean Patent 870 751, which disclose varius ggnngfneougaggéalytic
systens. Prodesseprgesehaidiahe & sokedRt St DdF By ABRexaHe Th t he

presence of a heterogeneous catalyst, .such as al um S £Sapubstituted
by cobalt, h&kdsafisobssenss &f, ads r’rsEl?Poplemgjnrg)%a%nt % 519 569. The

choice of a solvent, nanmely acetjc .ac 1.5 an, i tand characteristic

i n obt ai AiBng CRAPRYES, L5 atfef% Y daretid

axr
ree of “conversion of the cycl ohexane and an

ﬁﬁﬁg?;ﬁgl gi g&%&}% tag%g:srq}éurgggig tc‘és@s‘ésd, sie use e Spieddacisbbvent exhibits
polymers, for example polyamides, polyesters or

polyurethanes.

Several processes for the manufacture of
20 adipic acid from hydrocarbons, such as benzene, phenol,

cyclohexene or cyclohexane, have been provided.

The oxidation of cyclohexane, either directly
or in two stages, is the most advantageous route for
producing adipic acid.

25 Thus, United States Patent 2,223,433,
published in December 1940, discloses the oxidation of
cyclic hydrocarbons to the corresponding diacids, in a

liguid phase generally comprising acetic acid, at a

O
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-3 about by, for exanple, its corrosive nature under the tenperature and
pressure conditions used. Furthernore, the use of this solvent presents
‘nunmerous problens in the stages for the separation and extraction of the 5
adi pic acid produced and the recycling of various conpounds. This is
because, in the presence of acetic acid2 it is difficult to separate and
extract fromthe reaction m xture, the byproduct conpounds fromthe 10

oxi dation, such as %hgecxglgFefgggggﬁage tgg%ﬁgcgogséa%gh ASTRE N

addi tion, the“BRYTactTon0f “the a Irc adi y~crystallization and its

purifiCatiOn?ﬁ%ﬁ?ﬁ?ngﬁrgﬂedh?éhgﬁhgtng%gs%XHBQtigbuQEEEH$SQPd%MCQpld 15

conditions o s'acidrIs in acetic aci and lower at 80C in

acetic acid fhap LppuetekombBREngeparati on and the recycling of the
honbgeneous catal yst are apso difficult in the presence of acetic acid. In

fact, on the one hand, MpRGYEkhRE bREeABsCahadl ¥t iwWlleRoW sAldsaCighig t he
| atter does not allow a sufficient catalytic activity to be retained and,

on the ot Ber yBapdiochhecepenat torecef ox¢dardbnngft ke cdahaiste hwef or e
recycling, as disclosed in particular in French Patents Nos. 2 722 783 and
2 746 671, an@ipiccappbexHawdvexpensi vbrakur bheepteablet yielss @t requires
a difficult and expensive dehydration of the reaction m xture to be carried
out . 4 Sevehal ppoduesses bér athpicxagadohesec olcomendite AiFH@ASS ¢ acid
in a single stage without the use of acetic acid have al so been provided.
Sone provi dether user ofi agetdc eRils BEacOlyNtn ithdheh PHFESTSHf sol vent s
and others with solvents, such as organic esters, for exanple acetates (US

4 098 817), ai&hemeofUs hoBGgeBEgPsyCakipddifsl ©F Sfck LeUHOFFIIEURet hanol |
cycl ohexanol or acetonitrile (EP 784 045). These praqcesses.generally result
in 10 sef8ct FRrelEstt oMeRGHHIc M3 g’evﬂia 'aLé’ Vi }}Sq%g\ﬁsfjfusr ae%rlr?glr'e, t he
sol vents used_often _exhibhit | ow . stabilift der t itions for the

oxi dati on ofoghghﬁyafgég EOH,lgﬁbﬁ%§§a€€§|&%b%gﬁés%*ﬁﬁgg]OMIStability | eads

Lgug aB: gh CoRZUIPLILQR O sihe -3l Vigil,: JieGh 157 4NENA8HS AUHbPIHCEsSes
which is K. Tanaka, which summarizes and comments on
the process for the direct oxidation of cyclohexane.

15 Mention may also be made of United States Patents
3,231,608, 4,032,569, 4,158,73, 4,263,453 and 5,321,157
and European Patent 870 751, which disclose various
homogeneous catalytic systems.

Processes for the direct oxidation of

20 cyclohexane in the presence of a heterogeneous
catalyst, such as aluminophosphates substituted by
cobalt, have also been proposed, as in European Patent
No. 519 569.

The choice of a solvent, namely acetic acid,

25 is an important characteristic in obtaining an
acceptable degree of conversion of the cyclohexane and

an acceptable production of adipic acid. The use of

such a solvent exhibits numerous disadvantages brought



~One of the ainms of the present invention is to provide a process for the
oxi dation of hydrocarbons in a single stage to produce acids or polyacids
‘in a mediumwhich is |iquid under the conditions of the 20 oxidation
reacti on whi ch makes possi bl e separation of the acid produced and recycling
of the catalyst by sinple operations w tsh acceptable yields. To this end,
the invention provides a process for the oxidation of substituted or
unsubstituted 25 satur ted al i ggat ¢, or cloa I pha drocarﬁpns or

alkélaronatié bRYEr B¥ar 8ﬁsefﬁm PdstbP ﬁ8 VRS Pﬁgggﬁi P& mEdum by an
oxi di zi n t
5 goﬁ????ﬁé%ggﬁ6 ﬁg"ﬁ;%%%a%ﬁegé¥8§@1o%hah§%herbﬁ%@ Qm%Q%t one of

t he rumis-an organi ¢ aci conpdund of

the follomnnghgeﬂggagffgﬁ 8ot ine Braiehs HORGAlLs BxBoieame 1
CaP ta?

represents an aronatic ra con ning an aronmatic ring or several

aromat i c r'ngﬁe'ggga%g Eéﬁdthergb aerE%Rr%ﬁ@nk§t§8ct@bﬁg%ﬁ Whicch may be

equal to 1, represen s a radical of the follow ng genera
formula (El)5aRbik acid produced and the recycling of various

compounds.
This is because, in the presence of acetic
acid, it is difficult to separate and extract from the
_reaction mixture, the byproduct compounds from the
10 oxidation, such as the cyclohexanone and the
cyclohexanol formed.

In addition, the extraction of the adipic
acid by crystallization and its purification are
rendered difficult because the solubility under cold

15 conditions of this acid is higher at 25°C in acetic
acid and lower at 80°C in acetic acid than in water.

The separation and the recycling of the
homogeneous catalyst are also difficult in the presence
of acetic acid. In fact, on the one hand, recycling the

20 catalyst without extracting the latter does not allow a
sufficient catalytic activity to be retained and, on
the other hand, the operations of separating the
catalyst before recycling, as disclosed in particular
in French Patents Nos. 2 722 783 and 2 746 671, are

25 complex and expensive.

Furthermore, this solvent requires a
difficult and expensive dehydration of the reaction

mixture to be carried out.



---T G R 1R3inwiich: RI, R and R3, which are identical or 15
different, represent an al kyl' chain containing from1 to 4 carbon atons or
a fluorine, chlorine or bromne atom According to the invention, the
oxidation reaction is carried out in the presence of a manganese 20 based
catal yst. According to the invention, the conpound of general fornula (I)
i s advantageously chosen fromthe |ist of benzoic and napht hal eni c aci ds

whi ch dvant bst | t-alkyl . h 25
ort-butyl or by Cri11GSSEAsbBRCRAEar Shrcars, CeiB=tbh S e made,

buty| o GEAr bBf-BasEd s adt cafs, ™6 ventt ot my be m
3 5oditri f1O0r bRBERSPBoRgor s B acHt A PGt REe I A e o .

4-tert-butyl gﬁgﬁgggy £3Cbdr 1 I8 aathdoCATROURENTRY R dlls | @Rfe partially

mscible wt rocarbons) to be oxidized, under the tenperature and

pressure congiti,p8s H8edchekyeakr BuRItalt BEceXbaatinoR neeadidedie and 10
advant ageousTy may be sparingly soluble in water, that is to say a

sol ubi lity ofsl sssvethes 38% byheeikght tat sbooentenpeuatuee Eke@nid30C). The
term"at least partially mscible" should be understood as neani ng that,
under the coadtérensfotr é&xampdeoxnicdabies rEacki 08 Bhg)soladsitiartey of one
conpound in the other is at |east greater than 20 by weight and that a
honmogeneous (Ugukdsphasestompr rdicohods, | eash aspdutieqelof medamadr.ocar bons
to be oxidized and of the acid conpound is fornmed. 20 In a preferred
enbodi ment oftychehenasali on, acrsomiseibel i(Bf 8AWO4F)t-he hydrocar bon and

t he above acid conpound is such that, under the conditiagns of

i mpl ement ati on of the ThESAt PERCEERESe IERE YESAPOFSEF toriA a si ngl e
honogeneous |iquid phase. 25 However, it .is_possible, wthout departing
from t hel8cof8lEFtiNatARFehPFoAIIPE CUEE LG ¥RAICY EdfpdSitds i ng a

SOt onY of PutBhEndLeY Phe' BT VLIRS WAL AR il U, coeT T cTent of

stability under the conditions for the oxidation of the
hydrocarbon, such as cyclohexane. This low stability
leads to a high consumption of the solvent, which
15 renders such processes unusable.
One of the aims of the present invention is
to provide a process for the oxidation of hydrocarbons
in a single stage to produce acids or polyacids in a
medium which is liquid under the conditions of the
20 oxidation reaction which makes possible separation of
the acid produced and recycling of the catalyst by
simple operations with acceptable yields.
To this end, the invention provides a process
for the oxidation of substituted or unsubstituted
25 saturated aliphatic or cycloaliphatic hydrocarbons or
of alkylaromatic hydrocarbons to acids or polyacids in
a liquid medium by an oxidizing agent comprising

molecular oxygen, characterized in that one of the



‘this conmpound between the organic phases) of the reaction medi um which
essentially consist of the hydrocarbon to be oxidized, the oxidation

i nternedi ates and t he nonorgani ¢ phase conprising the water formed 5 during
the oxidation reaction nakes it possible to obtain a concentration of the
organi ¢ conpound of general formula (l)sin the said agueous phase of |ess
than 10% by wei ght. According to another characteristic of the 10

i nvention, the concentration i.d.eo i e Lo erdium i s
det er mi ned i?PQﬁ%&ﬁu?%t%b?ai%ﬁé %%ég%&r@?ﬁgu e%&e%ﬁ ?ﬁégﬁ%%b§$g§f nol of
acid and the o) o S ] .catal yst of
between 0.5 %ﬁﬂgggédo%B?P%?e¥%ra§?§H§e§ﬁg§%§% gﬁgﬂ?£QSR380. The
concentration of acid gonppupd.in the liquid oxidation mediumcan vary
within wide limts. Thus, It can be between 1 and 99% by wei ght with
respect to the total weight of the liquid digmand it 20 can nore

advant ageousl y be between 2 and HO®Gy—wdIghfRR df, the liquid medium It is
al so possible, without, however, departing fromthe scope of the invention,
to use the acid conpound in conbination with another conmpound 25 which can
in partichlar have the-ehferepvésenpeogingremetisel sadigply and/ or the
productivity of the reaction for oxidation to adipic acid, and in
particul ar thentainbngiaatpbamaFiexyyea. or BGNBﬁ?Eoﬁrﬁﬁ?tPﬁ bakPecul ar be
made, as exanples of such_conpounds, of nitriles, hydroxyim de conpounds,
hal ogenat ed tBnpoRRERSSHof e Hdvant ageous!y fl uorinated conpounds. Mention
may be made, as nore 5 particularly suitable co unds, of.nitriles such as
acetonitrile, benzonitFiPeFepﬁ?ﬁgggﬁe?Bnbpkﬁg?ﬁnﬁﬁécgaWFVybgeégpﬁ ed in
pat ent appligatioanP 0?24962, and nore particularly N hydroxysuccinim de
(NHS) or N—hyarokyph?ﬁa imde (NHPI), hal ogenated derivatives 10 such as
di chl or opget hane, fluorgn upd : as; iN :1@Cyclic
fluorinated or perfluo?i%%?gaggﬁ?%hgt?gaggg%oggrEgﬁs%%quﬁggginated
aromatic hyd$gﬁ@£Q9n§or§H§Q agrperfluorotoluene, perfluoronethylcyclo 15
hexane, perfluorohexane, perfluoroheptane, perfluorooctane,

per fl uorononane, perfluorodecalin, perfiporonethyldecalin,
a,a,a-trifluorotoluene or 1,3-bis(triflluoronethyl)benzene 20 -
perfluorinated or fluorinated est er ss—&uchRas perfluoro(al kyl octanoate)s
or perfluoro(al kyl nonanoate)s - fluorilated or perfluorinated ketones or
et hers, such as perfluoroacetone 25 - fi'tdorinated or perfluorinated

al cohol s, such as perfl uorohexanol, perfluorooctanol, perfluorononanol,

per fl uor odecanol , perf hoowbitchbut anol, perfl uoroi sopropanol

R1l, R2 and R3, which are identical or
15 different, represent an alkyl chain containing from 1
to 4 carbon atoms or a fluorine, chlorine or bromine

atom.

According to the invention, the oxidation

reaction is carried out in the presence of a manganese-
20 Dbased catalyst.

According to the invention, the compound of
general formula (I) is advantageously chosen from the
list of benzoic and naphthalenic acids which are
advantageously substituted by tert-alkyl groups such as

25 tert-butyl or by trifluorocarbon-based radicals.



‘9 or 1,1,1, 3, 3, 3-hexaf |l uoro-2-propanol - fluorinated or perfluorinated
nitrites, such as perfluoroacetonitrile - fluorinated or perfluorinated
acids, such 5 as trifluoromethyl benzoic acids, pentafl uorobenzoic acid,

per fl uor ohexanoi ¢ aci d, perfluoroheptanoic acid, perfluorooctanoic acid,

per fl uorononanoi c acid or perfluoroadi pec acid 10 - fluorinated or
perfluorinated halides, such as perfl uoroi odooctane or perfl uorobronpoctane

-~ fLuori nat ado ol s RETILYOBL NALAY, APLNES; aSUEN; RaLRE EbOLAEN T Propyl ani ne,
?rl%uty a

perfluoro 1 ne or perfluorotripentylam ne. The oxidation is

carried out in,the;presgpce stqa-catalystyidbhsogat akyst, conprises
manganese as catalytically active netal elenent. This catalyst is enpl oyed

either in the §ogm 2D; pfuseBReRyYsHendyant ageaysly at |east partially
soluble in the liquid oxidation nediumunder the conditions of

i npl ement at i oot of £ 1 herenegayibenkeset aohd( herpgenebusyltbealzpit), or
supported on, absorbed on or bonded to an inert support, such as silica or
al um na, foraexanple 25 (heterogeneous catalyst). The catalyst is
preferably, in particular under the conditions of inplenmentation of the
oxi dation reaction: Mheseiddiat cutpdirds mahdayalk otaadon to be
oxi di zed, - or soluble in the acid conpound, - or soluble in the

hydr ocar bon/ partiigbhponhdcibiexwikl Fbenhhgrachskegdieolr® Pequi d phase
under the conditions of inplenmentation of the reaction. According to a
preferred enBBifiBAe. oPNERE LRGcREMBRIAEHECCAPS PECSFYEE ICOTGH in one
of these 10 nedi.a_at roon1tenperatuLe or rature for recycling

t the t
t hese nedi a BRe9 Al 6RFUYEFEInCUFhEREePHt §5F8§I§%g£ 18dePSod to mean
that th t al t i 1 1 tiall | | i t
o tor BT o aaVeheRePha  SaREvoRe, sBak fpdivs Betpkidl 5 TR s L 1

consideré i off géneous catal ysi s,
active netaliglggegg§ §r§o§H8995E9d09rless than 10% by weight at

room temperature (10°C - 30°C).
The term “at least partially miscible” should
be understood as meaning that, under the conditions of

15 the oxidation reaction, the solubility of one compound
in the other is at least greater than 2% by weight and
that a homogeneous liquid phase comprising at least a
portion of the hydrocarbons to be oxidized and of the
acid compound is formed.

20 In a preferred embodiment of the invention,
the miscibility between the hydrocarbon and the above
acid compound is such that, under the conditions of
implementation of the invention, these two compounds
form a single homogeneous liquid phase.

25 However, it is possible, without departing
from the scope of the invention, to use organic
compounds having a solubility in water greater than

that indicated above if the coefficient of partition of



incorporated in a mcro- or nesoporous inorganic matrix or in a polyneric

matrix or are in the formof organonetallic conplexes grafted to an organic
or 20 inorganic support. The term"incorporated" is understood to nmean that
the netal is an el enent of the support or that the operation is carried out
Wi th conpl exes which are sterically trapped in porous structures under the
conditions of the oxidation. 25 In a preferred enbodi nent of the invention,

t he honbgeneous or het erqgeneous catal yst i s _conposed,of ts or of

conpl exes oftﬁﬁﬁgﬁﬁ@?@gn%hgeggﬁggnghﬁt¥5ﬁaﬁﬁc gp FﬁS? ﬁgfgbf expressed as
wei ght 11 of ngan in_the.liqui hdat i i i.§ .advant ageousl
reater than PBCORRE BEarEImErY Herasen et 1aom ahs 55 500 Bem and more.

advant ageouspggﬁébgtébpﬁt eeeR S aaT,ad $1800.80: 19 NG debtRlQR APPI | €3

nore particu e oxidation of cycloaliphatic conpounds, such as

cycl ohexane QEdC}fﬁlaoﬂBﬂ%E’%%?pict %hta@% COMpeIRANY Red hasdlr dicagidds, adipic

acid and dodecanoi c acid. "According to a preferred enbodi nent of the 10

inventiong i urehat eset oxtibe tdicheglea@xiidat make@f i@y @oaarare tio adi pic acid
by a gas conprising oxygen, in a liquid nediumand in the presence of a
manganese cabak¥sh. aTheneendakitdon @FCithen orgagdld icethparindatofa 15

t enperature of between 50C and 200C, preferably between 70C and 180C. It
can be carri gdnewvtlatoaimmephdani dopréeswsedd Howevers phiases ofederss |y
carried out under pressure in order to keep the conponents of the reaction
medi um i n t hehbinqaiod bor meifid .pressure 20 can be between 10 kPa (0.1 bar)
and 20 000 kPa (200 bar), preferably between 100 kPa (1 bar) and 10 000 kPa
(100 bar). The oxygen BSEQTEdmDEd Rprethgre heradeHdetd mick e with an

inert gas, such as nitrogen or helium, 25 Use al so be nmade ,of air nore
or | ess &fri dR¥ETTAOHyFET CRIE SR G OBY Oéxfd’g?/fcé?ff‘ﬂw e TR&di umi s

advant ageousl y between 1 .and ,1 00Q nol, ol e of conmpqQunds to be

oxi di zed. Safid ook " ughJﬁ?5%%§§Wﬁéﬁ%géjhé??%ﬁﬂ%ﬁhf’g@ﬁf}ﬁhously or
bat chwi se. The.liquid.reaction i um. Whi ch Xi t g actor is
advant ageousl"k?ltarregtag&oa g&rwcﬁer?gett%c? I?rlllcr)r\‘/]\'ﬁ%proggznsogeso%{ é)gar@;qﬁe%

i ble, h , |\ agl d d
o5 < 2" B S, o eI S ey dle digpip cduce

and, on the r"hand, to recy partially oxidized

organi ¢ conpyge.rweldeh AS GHd alexam, ordrehexanplpandal yalohexanone,

the catal yst and the acid conpound. 10 The catalyst, in addition to
manganese,s can palopso conpri se ot her conpounds based on netals chosen from
the group consisting of cobalt, copper, cerium brom ne, vanadi um

chrom um zirconium hafs worarehtaracondyi reft iaomi bfcopmured ithdse el enent s.
It is in 15 particular advantageous to conbine the manganese with an

el ement such ldsrudebaixidattion refiiam apeooar soltlvienplds HEedrpound whi ch
initiates the oxidation reaction, such as, for exanple, a ketone, an

al dehyde or &hwedr deradtt die BFWSRN chathot® il WSAIWhe¥34R hydr oper oxi de,
which are reaction internediates in the case of the oxidatjon of

cycl ohexane, T&SPSRE FDdits ciRtRt YeifhcRedPernet dird imEHruy et att y
R el sy move bRl P e Tedilert' Uha Bod Ny FAAAON
of the liquid medium.

It is also possible, without, however,
departing from the scope of the invention, to use the
acid compound in combination with another compound

25 which can in particular have the effect of improving
the selectivity and/or the productivity of the reaction

for oxidation to adipic acid, and in particular the

solubilization of oxygen.



25 without these proportions having a critical value. The initiator is of
use in particular during the starting of the oxidation. It can be

i ntroduced fromthe beginning of the reaction. 13 The oxidation can al so
be carried out in the presence of water, introduced fromthe initial stage
of the process. As indicated above, thegreaction mxture 5 resulting from
the oxidation is subjected to various operations for the separation of sone
of its constituents in order, for exanpl al OMltgéir recycling, to the

e, t
oxi dation and the recoVeryioF PR¥ 3L B rBFSHgEEd.elﬁa EcoPfing to a first

| t ti f f th th d ti 1 Xt be first of
al1 subj ect cFPBPLEBI PhooCF br CORBRERESY 0O PoRpar&tar BY8F CTBATLES30C, whi ch

bri ngs about the crystall} i f a rti id fornmed.
A modi um | s eREoTedEncarhEatRPeR sBhpbiERk, SrnB3k H8RaRtabREATYC
essentially i | Ui r I 6P o I~51=Ng
essentially ?%%Sﬁ%ggggéeégggégggﬁd V%ﬂﬁgogxﬁggzgﬁ,ﬁgggroﬁgF y§Fhe di ssol ved
acid compgung, apd e 0¥ dattap1tntenBBdhates okohiseVekadl RigaRrisc phases,
20 if the acid conpound” and the hydrocarbon are not conpletely mscible at

| ow t enper at geeyoandralki quefzagiieoisephamnedeenpeldnggngssenthal |y acid
byproducts fromthe oxidation and the water fornmed. The catal yst can be in
one of the ofgafi¢ pbeeesbedf ihtpasenel uppbri2btipnt BE Daicd 9plzaseandor in the
| ower aqueous phase. After filtering or centrifuging of the solid, the
separ ati on byoset parhfjicolarhy Brhmdroxgedcaduéndsel i(§iiSd phrases
constituting the filtrate or the 14 centrifugate is carried out, if
necessary; tNehpdganiphphasémbdephtges) cahabeaenefededeirivatiyesher

oxi dation reaction. It nay be advantageous, prior to the 5 operation of
crystal | £ ngucheagcfdchiprengtbaneat &1 VREIPEEEE SRMROXIGSe SUA G ng to a
second alternative formof the process ,th% final crude reaction m xture
can be withdrawn under “h6YCLdRAPEi BRYCLEGr T4RQMPPETEE 2710 t enperature

whi ch can reach 75c. The re%gtiom nhéturg.t e@.%gﬁpra%%§ A %pk&ling into
at least two |iquid phasBEXIEHRTOPH5He 23 ELATE CpRSES EEHTHSsiHyg

essentially the unreacteg%u§g3§§gégogrohggé%g%%Sgggggyﬂgmgn%d@ﬂ(ggion

i nternedi ates and a |iqui ous p rising essentially the

acids formed and the wat ger%gw%etoé%%c}i B rirQ R miiiAidyidi and the
nature of the catalyst, the [atter can be present in thé organic phase or

phases apg can be recovenggdahy, sgkir@hhicdehdxeeRar ddr@n kefdHep tRirRei pi tation
or 20 crystallization of the acid fornmed, in the case of a heterogeneous

catal yst, or extracted bypelkifquotbbictane ,exerdgldticamnoiiagre,r €si Ns or
electrodialysis if it is soluble in the aqueous phase.
perfluorodecalin, perfluoromethyldecalin,
a,o,a-trifluorotoluene orxr
1,3-bis(trifluoromethyl)benzene
20 - perfluorinated or fluorinated esters, such
as perfluoro(alkyl octanoate)s or
perfluoro(alkyl nonanoate)s
- fluorinated or perfluorinated ketones or
ethers, such as perfluoroacetone
25 - fluorinated or perfluorinated alcohols,
such as perfluorohexanol, perfluorooctanol,

perfluorononanol, perfluorodecanol,

perfluoro-t-butanol, perfluoroisopropanol



As in the first alternative form the liquid 25 phases are separated by
settling; the organic phase or phases can be recycled in a further

oxi dation reaction. In these enbodi nents, the acid conpound used in
accordance with the invention is generally present 15 in or forns an
essential conponent of the organic phas® or phases. Consequently, after
separation of the acid forned and optionally of the |Iiquid phase conprising

the water formed, the oxjgdajipn, by-prodyctseitBe2-catabyshiand the acid
compound are recycled in the'ok%dai?bn stage Wt h thg n%noxidized

hydrocarbon and the oxidaijgpihatesnsdi gLes1ubuihBeEAPRecrhifiethe acid
conpound is solid in a phase of treatnent of the reaction nedium it wll

10 advant ageously be sepahahedsapdrteaevenedtbyierpheyi ng solid/liquid
separation processes, either before treatnment of the reaction nediumto

recover the acid producedigbrihébetiherapedrpuodtineded! acthe,| suttr case,
the acid produced can be recovered by extraction with 15 water. It is
remar kabl 8 that the recoseryrbofltbeomettdytbepaond skadkd be al nost total,
that is to say that a very snmall quantity, which is practically
nonneasur abl e, of aci d cpepbahtiupsocbenveitedcdd:i pgrthuozohexasien or
carried with the adipic acid separated. Thus, the rate of recovery of the
aci d conpound is greaterachén DFYElpprehepsaarvéfprRaif  enbodi nents of the
i nvention, water can be added to the reaction mediumto 25 obtai,n better
di ssol ution of the acid B§ptoHAEPSCERBALC acid, perfluorononanolc

acid or perfluoroadipic acid
10 - fluorinated or perfluorinated halides, such
as perfluoroiodooctane or perfluorobromo-
octane
- fluorinated or perfluorinated amines, such
as perfluorotripropylamine, perfluoro-
15 tributylamine or perfluorotripentylamine.
The oxidation is carried out in the presence
of a catalyst. This catalyst comprises manganese as
catalytically active metal element.
This catalyst is employed either in the form
20 of compounds, advantageously at least partially soluble
in the liquid oxidation medium under the conditions of
implementation of the oxidation reaction (homogeneous
catalyst), or supported on, absorbed on or bonded to an
inert support, such as silica or alumina, for example
25 (heterogeneous catalyst).
The catalyst is preferably, in particular
under the conditions of implementation of the oxidation

reaction:



t he oxidation and better recovery of the acid fcrmed. The acid is generally
recovered by precipitation during the cooling of the reaction 16 nedi um
The acid thus recovered can be purified according to fam liar techniques

di scl osed in nunerous patents. Mention may be made, by way of exanples, of
French Patents Nos. 2 749 299 and 2 7491800. 5 If the nonorgani c or aqueous
| i qui d phase conprises the catalyst, the latter is extracted either before

crystallization of the aci.gglfe%r @Bﬁubﬁ% Eéﬁf&g@: :.;ngr&i:r%%a(?crbo‘?f(ttroa%té on

according to known proée?& such-as i extraction, 10
el ectrodi al ysis or treatg%ﬁhigggr i on- exchange resins, for exanple, or
after crystallization of e acid formed, by extraction techni ques

described above or sinmlar teghpigues. tRehekiddvamraess,and details of the
invention 15 will becone nore clearly apparent in the light of the exanples

given bel ow purely by wayy0fsdiRehileatin0k hanthyidrdestrn /et i Examydund The
followng materials: 20 - 0.0344 g of Mi(acac)3 (107 ppm expressed as M)
(Acac: acetyl acetonate) mix@u2e94caming’/h manlogedfe i ldhexiahaimse 45. 0965
(536.9 mmmol ) of cycl ohexane - 5.0157 g (28.17 mml) of 4'-tert 25

butyl benzoi c acid are changed tdea cb@indidnist afi umpdimes] el ayeipped with
nmeans for heating by a ring heater, with a turbine and with neans for

i ntroduci ng gas and for rtégulrakiotgon.17 the pressure. r After closing the
reactor, stirring at 1 000 revolutions per mnute is_ applied, 125 bar of
air (at 20C) are introdeesdddmg tiee sh@mefayhes i9aMHmenRt PITHAUI k

tenperature reaches 140C in 10 mnutes and is )
invention, the catalyst used is soluble in one of these

10 media at room temperature or at the temperature for
recycling these media in a new oxidation.

The term “soluble” is understood to mean that
the catalyst is at least partially soluble in the
medium under consideration.

15 In the case of heterogeneous catalysis, the
catalytically active metal elements are supported or
incorporated in a micro- or mesoporous inorganic matrix
or in a polymeric matrix or are in the form of
organometallic complexes grafted to an organic or

20 inorganic support. The term “incorporated” is
understood to mean that the metal is an element of the
support or that the operation is carried out with
complexes which are sterically trapped in porous °
structures under the conditions of the oxidation.

25 In a preferred embodiment of the invention,
the homogeneous or heterogeneous catalyst is composed
of salts or of complexes of manganese. The

concentration by weight of metal, expressed as weight




mai ntai ned for 25 mnutes. After cooling and depressurizing, the reactor is
opened. The reaction m xture conprises a phase conprising cycl ohexane and a
precipitate. The whole is 10 dissolved in acetic acid and the organic
products are assayed by gas chromatography with the use of an internal
standard. The degree of conversion of tie cycl ohexane (DC) is 7.17% 15 The
results of the anal yses are assenbled in Table | below Table |

Pr oduct sSTAdi pi i d53. 63 ut afi idl1l i nj L d3. &

Lert-but Db e gef s o hahbe aEuER oRREEL LR BALER 25 TEC | est 20
% = sel ect Lvi d.indi i L i

Crspeot Lo HOVYRaREuaTY GEUROLPC Rl £F) Bty TptEEckhbey BOLNEEAT Y o

cycl ohexane %%Jé%ﬁxggg' £8_8abOpfnTNaniOhboui BavERLaLLBLE1y 010033 g of

WMnh(acac)3 (1 ressed as M) (Acac: acetyl acetonate) 5 - 0.0585 g
(0.597 mml )y, 9f yE¥R! BHEXBRORRA- 55008 £pR.9 mml) of cyclohexane - 2 nol % of

acid conmpound with respect to cyclohexane are charged to a 30 nl C22 alloy
aut ocl avegequi pped 10 whéhiheaht DenMeppsiandmster padthyusbakingo
the oxidation of cycloaliphatic compounds, such as
cyclohexane or cyclododecane, to the corresponding
linear diacids, adipic acid and dodecanoic acid.
According to a preferred embodiment of the
10 invention, it relates to the direct oxidation of
cyclohexane to adipic acid by a gas comprising oxygen,
in a liquid medium and in the presence of a manganese
catalyst.
The oxidation reaction is carried out at a
15 temperature of between 50°C and 200°C, preferably
between 70°C and 180°C. It can be carried out at
atmospheric pressure. However, it is generally carried
out under pressure in order to keep the components of
the reaction medium in the liquid form. The pressure
20 can be between 10 kPa (0.1 bar) and 20 000 kPa
(200 bar), preferably between 100 kPa (1 bar) and
10 000 kPa (100 bar).
The oxygen used can be in a pure form or as a
mixture with an inert gas, such as nitrogen or helium.
25 Use may also be made of air more or less enriched in
oxygen. The amount of oxygen fed into the medium is

advantageously between 1 and 1 000 mol per mole of

compounds to be oxidized.



After closing the reactor and placing under stirring, 100 bar of air (at
20C) are introduced and the heating is started. The reactor is thus stirred
for 3 hours at 120C. After cooling and depressurizing, the 15 reactor is
opened. The reaction m xture conprises a phase conprising cycl ohexane and a
precipitate. TYle whole is dissolved inmacetic acid and the organic
products are assayed by gas chronatography with the use of an internal

standard. 20 The degrengzﬁ%Q v E%#OEE ggechckghgégggenght based on the

assay of the products F8gt s pr €sen In Table I'l, for

each acl d corpapRg.Usesy ox gagsﬁg§sé' EXECH 606 9BPOURERG Ry rlahiexane

02wi t hout 0. 48 enzoi c aci 4-tert-butyl benzoic

aci d3. 645nap9ﬁhéﬂohgsa€k§9e84§?8ﬁzQh@ §€b€%o§51gxaﬁﬂbﬁ%a§eb%519 The

followng materral s: - Mn(acac)3 to obtain a catalyst

Conce”trat'OﬂrééEEéséééokalﬁgnh@fkNBwhnﬁkéébggebnwﬁabhembkb aelow - 0.0525
g of cycl ohexanone - cycl ohexane - 0.500 g of 4-tert-butyl benzoic

acid 10 age ghakgsdet 0oca aﬂenbnGZaa@ldl oycagtpalkave egdi ppededovierheating
means and stirred by shaking. After cIOS|ng the reactor and pl aci ng under

stirring, 1l0@hbagiatidi prodiuc2dChandr,eonnthedotderahdnthe toeateiayy lies
started. The reactor is thus stirred for 15 3 hours at 120C. After cooling
and depr essuthzi ngnoktidizedcar pes tdpdayd oxTHe zedacwigem i xt ure conprises a
phase conprising cycl ohexane and the precipitate. The whole is dissolved in
acetic aci d estpthedsrgatict pﬁo@ﬂ@ﬂ@h&%énéss&Y@éOBFX@@§ﬂcﬁFEH%?bgraphy with
t he use 20 of an internal standard. The DC of cyclohexane d ST for
adi pi ¢ acid §V§19b€§éﬁ9€61|ﬁhPaﬁﬁéaﬁVthéPdv§Pﬁ0@§1€5f§W¥§Fl ncentrations.

5 Table |11
10 The catalyst, in addition to manganese, can

also comprise other compounds based on metals chosen

from the group consisting of cobalt, copper, cerium,

bromine, vanadium, chromium, zirconium, hafnium and a
combination of some of these elements. It is in

15 particular advantageous to combine the manganese with
an element such as cobalt.

It is advantageous also to employ a compound
which initiates the oxidation reaction, such as, for
example, a ketone, an aldehyde or a hydroperoxide.

20 Cyclohexanone and cyclohexyl hydroperoxide, which are
reaction intermediates in the case of the oxidation of
cyclohexane, are very particularly indicated. The
initiator generally represents from 0.01l% to 20% by
weight of the weight of the reaction mixture employed,

25 without these proportions having a critical value. The
initiator is of use in particular during the starting
of the oxidation. It can be introduced from the

beginning of the reaction.



Ex78910Wn (ppn) 101001 00010 OOOST AdOH 9%29. 739. 73826. ODC cycl o
93.864.273.031. 79 ppm parts per mllion by mass of nanganese netal in the
reaction nedi um Exanpl e 11 The following materials: 10 - 0.0154 g of
WMnh(acac) 3 (Acac: acetyl acetonate - 0.0066 g of Co(acac)3 - 0.5089 g of
cycl ohexanone 45.085 g of cycl ohexane 1p3- 5.002 g of 4-tert-butyl benzoic
acid are charged to a 180 ml titanium autoclave provided with heating
means. After closing the reactor, stirrin 000 revol utions m nut e
is applied, 106 bar ofT%Froﬁéd?E%oﬁoﬁina? sPnP?oGBEEHeénBthénhE ing is
initiated. The bul k tepperature,reac %3% %0 m oy ag

mai nt ai ned fRFCZPRT nat e¥ataFt et LGS Fﬁﬁ ﬁoﬁeﬁ 8S§BF|2F29 FHS Péactor i's

21 opened. qu reggtlog m xture conprises a phase conprising cycl ohexane
and a preci prtatR* 928 whol e is dissolved in acetic acid and the organic

products are assayed 0% gfﬁdggggggtggggghyt tgegg?bé? m9§§ﬁ§ 5 internal

standard. The degree conversron of cy€l onéxane % The

quant ity of PLOGELR 2ERaNCnE! okhBsPAn0f o! BEnlgSkelis ENdutabad bel ow 10
pi c acid: % | utaric aci 5.2 8 g succinic acid
CyC|0hexan0|opér§€18nQYE69h@ﬁ@”@@ﬁar@t@éngof some of its

constituents in order, for example, to allow their

recycling, to the oxidation and the recovery of the

acids produced.

10 According to a first alternative form of the
process, the crude reaction mixture can be first of all
subjected to cooling, for example to a temperature of
16°C to 30°C, which brings about the crystallization of
at least a portion of the acid formed. A medium is thus

15 obtained which comprises a solid phase composed
essentially of acid, at least one liquid organic phase
comprising essentially the unreacted compound to be
oxidized, optionally the dissolved acid compound and
the oxidation intermediates (or several organic phases,

20 if the acid compound and the hydrocarbon are not
completely miscible at low temperature) and a liquid
aqueous phase comprising essentially acid byproducts
from the oxidation and the water formed. The catalyst
can be in one of the organic phases, if it is soluble

25 in the said phase, or in the lower aqueous phase.

After filtering or centrifuging of the solid,
the separation by settling of the organic and agueous

liguid phases constituting the filtrate or the




15 Exanple 12 Test 11 is repeated wth the followng |load: - 0.0158 g of
WMh(acac)3 (Acac: acetyl acetonate - 0.0060 g of Co(acac)3 20 - 0.5164 g of
cycl ohexanone - 45.109 g of cycl ohexane - 5.07 g of 4-tert-butyl benzoic
acid After closing the reactor, stirring at 1 000 revolutions per mnute is
applied, 75 bar of air 25 (at 20C) are ipatroduced and the heating is
initiated. The pressure of the reactor is nmaintained at 100 bar with a

parti al pressug%f%%u§§¥%egsg%a%g%%grOg%ing§iQggé@éggxég%ggi%E%%n?cpure

oxygen reservVe. grature i s malntai or 40

mnutes. Aft ghagg%irngha@@sd%a e%%uEiengQQedt he LeachehdyS ReRtd.onlhe
reaction mixture conprises a phase conprising cycl ohexane and a
precipitate. .Ihewhele is 5 dissolved in acetic acid and the organic

products are assayed by gas chromatography with the use of an internal

standard. The degree oftcaRvens aavehtayeorReXxare drDeb ithd 0. 1% 10 The
quantity of products assayed at the end of the test is indicated bel ow

adi pi ¢ acisd: ope4tdodll Wrakirysaeildizdngl thesuedidni ecaticticehtd@leg the
cycl ohexanol : "1.4 g cycl ohexanone: 0.51 g Exanple 13 Test 11 is repeated
wi th the fol keachdohoadxtur@.. 0144 g of MnBrz ~ 4H20 20 - 0.0095 g of
Co(acac)3 - 0.5050 g of cycl ohexanone - 45.018 g of cycl ohexane - 5.037 ¢
of 4-tert-butyl benzoi cAacioddAfnige it oc lkosiecgnthe lteasiadri vestiionn wf 4the25 1 000
revolutions per mnute is applied, 75 bar of air (at 20C) are introduced
and the heat prgciessi,nithieatfd@alTiveusiee §e@CE ioN METUEECICEM € mai nt ai ned at
100 bar with a partial pressure of oxygen of 20 bar mai ntai ned 23
withdrawn under hot conditions, for example at a
10 temperature which can reach 75°C. The reaction mixture
then separates by settling into at least two ligquid
phases: one or more organic phases comprising
essentially the unreacted hydrocarbon, the acid
compound and oxidation intermediates and a liquid
15 aqueous phase comprising essentially the acids formed
and the water formed. According to the solubility and
the nature of the catalyst, the latter can be present
in the organic phase or phases and can be recovered by
solid/liquid separation before precipitation or
20 crystallization of the acid formed, in the case of a
heterogeneous catalyst, or extracted by liquid/liquid
extraction, over resins or electrodialysis if it is
soluble in the agqueous phase.
As in the first alternative form, the liquid
25 phases are separated by settling; the organic phase or
phases can be recycled in a further oxidation reaction.

In these embodiments, the acid compound used

in accordance with the invention is generally present



with the aid of a pure oxygen reserve. The bul k tenperature is nmaintained
at 130C for 30 mnutes. After cooling and depressurizing, the reactor is
opened. The reaction mxture conprises a phase 5 conprising cycl ohexane and
a precipitate. The whole is dissolved in acetic acid and the organic
products are assayed by gas chromatography with the use of an internal
standard. The degree of conversion of cyclohexane (DC) 10 is 7.8% w The
quantity of products assayed at the end of the test is indicated below

adi pi ¢ aci d:112.91 foynaitapi eseereiad. ggmponentyeti ke qrParig. pgage

cycl ohexanol : 1.38 g cycl ohexanone: 0.74 g 24 CLAIMS 1. Process for the
oxi dati on of°%uPREFERHt cEOBFEURSTBSY it BEES sﬁ?EPﬁ?EHOQIP%hEFFCaSF

cycloaliphatic h b f Kk mat i.¢ hyd b
a1 ohol 5 and- REPORCE S OBET B8=bFY pOf yLEFG RN G PHAGRdCE REaPaEDy an

O et rond, SOBRL GREBL| FLIMLAD BAY 8L 8XKOER, nEDBLARLEELEOGLEN Lot Lhe

reaction is e presence o anese- based catal yst and

an organi a&égﬂggggogﬂgweﬂetQsiéobbag%ﬂﬂdgsger%Ecggiaalan<khe_10

HOOC- Ar ~R7 i n represents aronmati c radical containing an
aromatic ring,pp,seYAT 8kagLONRLLChENESnR kA 26aNHGAS8EaEBLM and

the oxidation intermediates.

Furthermore, if the acid compound is solid in

a phase of treatment of the reaction medium, it will
10 advantageously be separated and recovered by employing

solid/liquid separation processes, either before

treatment of the reaction medium to recover the acid

produced or with the acid produced. In the latter case,

the acid produced can be recovered by extraction with
15 water.

It is remarkable that the recovery of the
acid compound should be almost total, that is to say
that a very small quantity, which is practically
nonmeasurable, of acid compound is converted during the

20 reaction or carried with the adipic acid separated.
Thus, the rate of recovery of the acid compound is
greater than 97%.

In these exemplary embodiments of the

invention, water can be added to the reaction medium to

25 obtain better dissolution of the acid byproducts from

the oxidation and better recovery of the acid formed.
The acid is generally recovered by

precipitation during the cooling of the reaction




- n represents an integer which may be equal to 1, 2 or 3, Rrepresents a
radi cal of the follow ng general formula (Il): RL 1 ----- CR21R320in
which: Rl, R2 and R3, which are identical or different, represent an al kyl
chain containing from1l to 4 carbon atons or a fluorine, chlorine or

brom ne 25 atom 2. Process accordingié¢o Claim1l, characterized in that
the hydrocarbon to be oxidized is at |least partially mscible with the acid

d 5 under th diti f_inpl tati f the.gxidati
eaction. 3 PPRbEBSSTARCOF U nbtD EFEREFBR CRAE PUARKL30 charact er zed
in that th id d.is.ch : - : 1.S| [ d
10 napht hal cRFECEFHR. T4, TRIbLASE REEBPIAG & CFaPECT, EnArasterrred | n

that the benzo%gaggq Mggp&?glﬁgbcbgchgaegrggfgggtEgugggmgxegggFfilkyI or

a
f1 uor ocar bonbase gr oups Process acc gto Calm ,

characterizegd. ] h aghd conpeyndgbsgR0sen 4br aapt he group conpri sing
3,5-di-tert- ﬁ?@?%eﬁ%%%@gﬁcﬁgg 3,5-ditriflaoronethylbenzoic aci d,

4-trifluogonmet hyl benzoire agbdnaAdrdahert oPubyliBeNs0NEgacidphd@eb. Process
according to one of the preceding clains, characterized in that the

percent age byowpigbbsothactdtabppeyndhenltbeeki qui dxtedictied eibdieween 1 and
99% by weight relative to the total weight of the liquid nmedium 25 7.
Process accobdifbget oargeabiiifzachanaofecheedcid tfleamedhebabove nenti oned
percentage by weight is between 2 and 50% by wei ght. 8. Process according
to one of thprec2piprtdedi ny ek&rastiohaprgcoedingd tion kiea™ t he catal yst is

processes, such as liguid-liquid extraction,

10 electrodialysis or treatment over ion-exchange resins,
for example, or after crystallization of the acid
formed, by extraction techniques described above or
similar techniques.

Other advantages and details of the invention

15 will become more clearly apparent in the light of the
examples given below purely by way of indication and
illustration.

Example 1
The following materials:
20 - 0.0344 g of Mn(acac); (107 ppm expressed as
Mn) (Acac: acetyl acetonate)
- 0.5594 g (5.71 mmol) of cyclohexanone
- 45.0965 (536.9 mmol) of cyclohexane
- 5.0157 g (28.17 mmol) of 4-tert-

25 butylbenzoic acid
are charged to a 125 ml titanium autoclave equipped
with means for heating by a ring heater, with.a turbine

and with means for introducing gas and for regulating



soluble in the liquid nmediumunder the conditions of inplenentation of the
oxi dation reaction. 9. Process according to one of CUainms 1 to 5 7,
characterized in that the catalyst is insoluble in the liquid medi um under
the conditions of inplementation of the oxidation reaction. 10. Process
according to Caim9, characterized in ihat the catalyst is a supported 10
catal yst conprising an inorganic or polyneric support. 11. Process
according to one of the precedlng clainms, characterized in that the

oxi dati on |st%%rP¥%ﬁsBﬁ? inthe* presence of a conpound chosen fromthe

famly conprising n|tr dr oxyi onpounds._and hal ogenat ed
conpounds. 12. Process g BrﬁiﬁalPé ghgiﬁFTfEOEhaF§8fer|§e§%ln that the

cbove, Tont! S0ogROPBRUS: 3o, B b, FgTERLID, SIgsEn Leomenc saue

conprising a zoni tril rdcess according to Caim

11, characteyizedobp) tﬁ% the-aRA%eamRAL eﬂedhe%a%nqe A thydieexyi m de

conpound chosen romthe group conprising , N hydroxXysuccinimde and

N-hydr oxyght hgki gi,gg. tdfpBracase 2eaehdisnd 4becCial Molhink sghamactiey i zed in
that the above nentloned conpound i s a hal ogenat ed conpound chosen fromthe

group conprighhngreyakhcreyr aeymhnatklsyori nated or perfluorinated aliphatic
hydr ocarbons or fluorinated aromatic
After cooling and depressurizing, the reactor is
opened. The reaction mixture comprises a phase
comprising cyclohexane and a precipitate. The whole is
10 dissolved in acetic acid and the organic products are
assayed by gas chromatography with the use of an
internal standard.
The degree of conversion of the cyclohexane
(DC) is 7.17%.

15 The results of the analyses are assembled in

Table I below.

Table I
Products ST %
Adipic acid 53.6
Glutaric acid 11.8
Succinic acid 3.5

The tert-butylbenzoic acid is quantitatively assayed at
the end of the test.

20 ST % = selectivity for the compound indicated in the
first column with respect to the cyclohexane converted.

DC % = degree of conversion of the cyclohexane



27 hydrocarbons, such as perfl uorotol uene, perfluoronethyl cycl ohexane,
per fl uor ohexane, perfl uoroheptane, perfluorooctane, perfluorononane,
per fl uorodecalin, perfluoronethyldecalin, a,a,a 5 trifluorotoluene or
1, 3-bis(trifluoronethyl)benzene, perfluorinated or fluorinated ester
as perfluoro(al kyl octanoate)s or perflyoro(al kyl nonanoate)s, fluorinated
or perfluorinated ketones, such as perfluoroacetone) fluorinated or

perfluorinated 10_al cohols, such as perfl uorohexanol, perfluorooctanol,
perfl uorono

per f 1 uor oi sopropanol o
perfluorinated nitriles,

decanol , perfluoro-tbutanol,
aflu

perfluorinated acids, su trjfl 0 | b i c
(\Oheoraofi.ﬁBu %fu%n(rg%ta 3i 8,&636%113 expressed as

pent af | uor obenzoic acid, p

onexanol c

per fl uorooctanoi ¢ acid, fl oq&g&i I rfluoroadipic acid,
fluorinated or perfluoriﬁgpeng%ﬁﬂall eéﬁ'gﬁéh asuggrfluoroiodooctane or
perfluoroBrono octane, _fldiqyddmted Prs PLifldior idpt e rifdiesmonsdich as

perfl uorotripropyl am ne,

S,

such

[ 0-2-propanol, fluorinated or

: -h
hésﬁeﬁlggéﬁngSE%FﬁgggfonitriIe, 15 fluorinated or

uor oheptanoi ¢ aci d,

perfluorotributyl am ne or "‘perfluorotripentyl am ne.

15. Process according to 9ng ofsd he m1pr esediil sheéttde characterized in

that the hydrocarbon to be oxidized is chosen fromthe group conprising

cycl ohexane and cycl odederamsls & it essnmnont diigh troeGhactn Ub,

characterized in that the acid produced is adipic acid or dodecanedi oi c
17. Process accordiaoyrlichewsnef the precedi ng clains,

aci d.

inthat the liquid

10

15

20

are charged to a 30 ml C22 alloy autoclave equipped
with heating means and stirred by shaking.

After closing the reactor and placing under
stirring, 100 bar of air (at 20°C) are introduced and
the heating is started. The reactor is thus stirred for
3 hours at 120°C. After cooling and depressurizing, the
reactor is opened. The reaction mixture comprises a
phase comprising cyclohexane and a precipitate. The
whole is dissolved in acetic acid and the organic
products are assayed by gas chromatography with the use
of an internal standard.

The degree of conversion of the cyclohexane
(DC), based on the assay of the products at the end of
the test, is presented in Table II, for each acid

compound used.

28

characterized




5 nmedium after oxidation, is separated by settling into at | east one
organi ¢ phase forned by the nonoxidi zed hydrocarbon and the acid conpound,
t he sai d organi c phases being recycled in a further oxidation, and at | east
one aqueous phase containing the acid produced. 10 18. Process according to
Claim 17, characterized in that the acilPis extracted fromthe aqueous
phase by crystallization. 19. Process according to either of Clains 9 and
17 or 18, characterized in that thedfégfg)&% is 15 recycled with the
organi ¢ phase(s). 20. Process according to either of aims 10 and 17 or
18, characterized in thaf the catalyst is separated fromthe |iguid medium
by separation by| seExl i ng or Atld G/IMRAYNE sepaPst (SHELEXPNE B heess
according to either of Clains 17 and 18, characterized in that the cat al yst
whi ch is sol ublelin%he agueous WA s extracted byP14%uid/Lifuid
extraction, separation over resins or el ec trodlalys 25 22, Process
according to one| of ¥he 3réCEHFE§UEF8WﬁghYEharacter|i%dx%n that | t he

catal yst conprispes doping el epents, chose fromthe group conpr|>ing cobal t,
copper, cerium uanadiunl chrBRPAREC a% bronilne eoni-um—haf ni um or a

T l_l | \YACARIRNVINE]

conmbi nati on of spnme of these ele 23 Pracess acgorgding tojone of the
precedi ng cl ai ns chir act 17T T :Erkt 4 ¢4t al yst cg é(’:orrprl se$ nmanganese
and cobal t.

acid
5 naphthanoic acid 0.94
6 benzoic acid 1.65

Examples 7 to 10

The following materials:
- x g of Mn(acac); to obtain a catalyst
5 concentration expressed in ppm of Mn
indicated in Table III below

- 0.0525 g of cyclohexanone

- 4.5 g of cyclohexane

- 0.500 g of 4-tert-butylbenzoic acid

10 are charged to a 30 ml C22 alloy autoclave equipped
Qith heating means and stirred by shaking.

After closing the reactor and placing under
stirring, 100 bar of air (at 20°C) are introduced and
the heating is started. The reactor is thus stirred for

15 3 hours at 120°C. After cooling and depressurizing, the
reactor is opened. The reaction mixture comprises a
phase comprising cyclohexane and the precipitate. The
whole is dissolved in acetic acid and the organic

products are assayed by gas chromatography with the use



24. Process according to one of the preceding clains, characterized in that
the concentration of catal yst, expressed as nanganese, in the oxidation
mediumis greater than 10 ppm 10 25. Process according to one of the
preceding clains, characterized in that the concentration of catalyst,
expressed as nmanganese, in the oxidatigpnediumis between 10 ppm and 5 000
ppm
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are charged to a 180 ml titanium autoclave provided

with heating means.

After closing the reactor, stirring at
1 000 revolutions per minute is applied, 106 bar of air
20 (at 20°C) are introduced and the heating is initiated.
The bulk temperature reaches 130°C in 10 minutes and is
maintained for 30 minutes.

After cooling and depressurizing, the reactor is
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The degree of conversion of cyclohexane (DC)

iz 7.8%.

The quantity of products assayed at the end

of the test is indicated below
10 adipic acid: 2.61 g

glutaric acid: 0.48 g

succinic acid: 0.13 g

cyclohexanol: 1.37 g

cyclohexanone: 0.61 g

15 Example 12

Test 11 is repeated with the following load:

- 0.0158 g of Mn(acac); (Acac:

acetonate
- 0.0060 g of Cof(acac);
20 - 0.5164 g of cyclohexanone

- 45.109 g of cyclohexane

acetyl

- 5.07 g of 4-tert-butylbenzoic acid

After closing the reactor, stirring at

1 000 revolutions per minute is applied,

75 bar of air

25 (at 20°C) are introduced and the heating is initiated.

The pressure of the reactor is maintained at 100 bar

with a partial pressure of oxygen of 20 bar maintained

with the aid of a pure oxygen reserve. The bulk
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20

25

dissolved in acetic acid and the organic products are
assayed by gas chromatography with the use of an
internal standard.

The degree of conversion of cyclohexane (DC)
is 10.1%.

The quantity of products assayed at the end
of the test 1s indicated below
adipic acid: 3.94 g
glutaric acid: 0.71 g
succinic acid: 0.201 g
cyclohexanol: 1.4 g
cyclohexanone: 0.51 g

Example 13

Test 11 is repeated with the following load:

- 0.0144 g of MnBr,-4H0

- 0.0095 g of Cof(acac);

- 0.5050 g of cyclohexanone

- 45.018 g of cyclohexane

- 5.037 g of 4-tert-butylbenzoic acid

After closing the reactor, stirring at
1 000 revolutions per minute is applied, 75 bar of air
(at 20°C) are introduced and the heating is initiated.
The pressure of the reactor is maintained at 100 bar

with a partial pressure of oxygen of 20 bar maintained
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5 comprising cyclohexane and a precipitate. The whole is
dissolved in acetic acid and the organic products are
assayed by gas chromatography with the use of an
internal standard.

The degree of conversion of cyclohexane (DC)
10 is 7.8%.
The quantity of products assayed at the end
of the test is indicated below
adipic acid: 2.71 g
glutaric acid: 0.48 g
15 succinic acid: 0.13 g
cyclohexanol: 1.38 g

cyclohexanone: 0.74 g
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hydrocarbons or of alkylaromatic hydrocarbons and/or of
alcochols and ketones to acids or polyacids in a liquid

5 medium by an oxidizing agent comprising molecular
oxygen, characterized in that the reaction is carried
out in the presence of a manganese-based catalyst and
an organic acid compound of the following general
formula (I):

10
HoOC—A—tR |,

in which:
- Ar represents an aromatic radical
containing an aromatic ring or several aromatic rings
15 in condensed form,
- n represents an integer which may be equal
to 1, 2 or 3,
R represents a radical of the following

general formula (II):

20

in which:
R1, R2 and R3, which are identical or
different, represent an alkyl chain containing from 1

to 4 carbon atoms or a fluorine, chlorine or bromine
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at least partlally miscible with the acid compound

5 under the conditions of implementation of the oxidation

reaction.

3. Process according to either of Claims 1

and 2, characterized in that the acid compound is

chosen from the group comprising benzoic and
10 naphthalenic acids.

4. Process according to Claim 3,

characterized in that the benzoic and naphthalenic

acids are substituted by tert-alkyl or fluorocarbon-

based groups.

15 5. Process according to Claim 3 or 4,

characterized in that the acid compound is chosen from

the group comprising 3,5-di-tert-butylbenzoic acid,

3,5-ditrifluoromethylbenzoic acid, 4-trifluoromethyl-

benzoic acid and 4-tert-butylbenzoic acid.

20 6. Process according to one of the

preceding claims, characterized in that the percentage

by weight of acid compound in the ligquid medium is

between 1 and 99% by weight relative to the total

weight of the liguid medium.

25 7. Process according to Claim 6,

characterized in that the abovementioned percentage by

weight is between 2 and 50% by weight.

8. Process according to one of the
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5 7, characterized in that the catalyst is insoluble in
the liquid medium under the conditions of
implementation of the oxidation reaction.

10. Process according to Claim 9,
characterized in that the catalyst is a supported

10 catalyst comprising an inorganic or polymeric support.

11. Process according to one of the
preceding claims, characterized in that the oxidation
is carried out in the presence of a compound chosen
from the family comprising nitriles, hydroxyimide

15 compounds and halogenated compounds.

12. Process according to Claim 11,
characterized in that the abovementioned compound is a
nitrile compound chosen from the group comprising
acetonitrile and benzonitrile.

20 13. Process according to Claim 11,
characterized in that the abovementioned compound is a
hydroxyimide compound chosen from the group comprising .
N-hydroxysuccinimide and N-hydroxyphthalimide.

14 Process according to Claim 11,

25 characterized in thét the abovementioned compound is a
halogenated compound chosen from the group comprising
cyclic or acyclic fluorinated or perfluorinated

" aliphatic hydrocarbons or fluorinated aromatic
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3.10% & () - V&d&éHb@B%ﬂQ &1%brinated or perfluorinated ketones,

such as perfluoroacetone, fluorinated or perfluorinated

10 alcohols, such as perfluorohexanol, perfluorooctanol,
perfluorononanol, perfluorodecanol, perfluoro-t-
butanol, perfluoroisopropanol or
1,1,1,3,3,3-hexafluoro-2-propanol, fluorinated oxr
perfluorinated nitriles, such as perfluorocacetonitrile,

15 fluorinated or perfluorinated acids, such as
trifluoromethylbenzoic acids, pentafluorobenzoic acid,
perfluorchexanoic acid, perfluoroheptanoic acid,
perfluorooctanoic acid, perfluorononanoic acid or
perfluorcadipic acid, fluorinated or perfluorinated

20 halides, such as perfluoroiodooctane or perfluorobromo-
octane, fluorinated or perfluorinated amines, such as
perfluorotripropylamine, perfluorotributylamine or
perfluorotripentylamine.

15. Process according to one of the

25 preceding claims, characterized in that the hydrocarbon
to be oxidized is chosen from the group comprising
cyclohexane and cyclododecane.

16. Process according to Claim 15,
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phases being recycled in a further oxidation, and at
least one aqueous phase containing the acid produced.

10 18. Process according to Claim 17,
characterized in that the acid is extracted from the
aqueous phase by crystallization.

19. Process according to either of Claims 9
and 17 or 18, characterized in that the catalyst is

15 recycled with the organic phase(s).

20. Process according to either of Claims 10
and 17 or 18, characterized in that the catalyst is
separated from the liquid medium by separation by
settling or solid/liquid separation.

20 21. Process according to either of Claims 17
and 18, characterized in that the catalyst which is
soluble in the aqueous phase is extracted by
liquid/liquid extraction, separation over resins or by
electrodialysis.

25 22. Process according to one of the
preceding claims, characterized in that the catalyst
comprises doping elements chosen from the group

comprising cobalt, copper, cerium, vanadium, chromium,
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preceding claims, characterized in that the
concentration of catalyst, expressed as manganese, in
the oxidation medium is greater than 10 ppm.
10 25. Process according to one of the
preceding claims, characterized in that the
concentration of catalyst, expressed as manganese, in

the oxidation medium is between 10 ppm and 5 000 ppm.



