;e3e@ @67t9.:92:6:T;[b9 The present invention relates to for t he
nanufacture of carboxyllc aci ds by oxidation of an al kyl m@ﬂmﬁw wm
conmpound. 5 It relates nore particularly to the oxidation yl

" hydroperoxide to adi pic acid by an oxi di zi ng agent conpri si ng'i®#Pecul ar
oxygen. The manufacture of adipic acid by oxidation of 10 cycl ohexane is a
process whi chThas beeaestudirecedtofomamelyyaayss. tohi & q@xhggﬁysqo@dlghg aci d

is an inporta | c ound, used.as sta materj a
nanufacturlng%%pggggkgge ggghcgrb?ﬁggb?odﬂ%%$%nqgf ﬁﬁ%ﬂﬂ%%?“ f8 eianple
pol yani des, p@ﬂ%@@t@Wﬁr@perBXpdbyamemham@s. Several processes for the
manuf acture of adi pic acid from hydrocarbons, such as benzene, phenol,

cycl ohexene or cycl ohexane, have been provided. 20 The oxi dation of

cycl ohexane, éitt héelditesct IMPrer iFRRNicCstaages, toe the nesidakdeny sfudi ed

routes for pregugiongxgdi My@x@@e%x%@eﬂtt& adp MYz Ofq | 'Uéﬁ%&i?&% the

processes for the direct oxidation of hydrocarbons to |carboxy Ic a
United Stat es 2PERENCOTPF381AG3MOAREMIEKke@%YFSBecenber 1940, di scl oses the
oxidation of cyclic hydrocarbons to the corresponding diacids, in a liquid
phase general&%eSO co |S|n ace% cid, at_a, nﬁerature of. at |east

se

60C, using a gas conp %?ﬁf yg8h affiPtS he?pt Yo R Daat Pbn
catal yst, l%uchyaéoaezabaltlsommopndceéhnennu31ohherkmahenbau@nédarfbﬁles

di sclose thi s3ayr qackison har, Lhe lideet. oxidation.of cyclohexane, Lo, adipic
e ds

aci d. However, btain accepta he pro uc ion iC
acid, these d6bgRéRES d¢%@P@%@dthe5 eaéf aterttnacimk terisol vent manyhe

presence elth@én@&a@th@ﬁﬁgenNE@§aE§BﬁEYSts&%h(ﬁaéi heler ggeRRAYSon 6F2 O
10 15 20 25 30 35 catal % ntion may be nade, by way of illustration, of

the article whP Hmﬁﬁﬁeare OF n tHATRAR naPolakaicssh” BB§¥§§§e€Sept%ﬁber
1974), thed auphayuattianeB.i s K. Tanaka, which summari zes and conments upon
the process for the direct oxidation of cycl ohexane. Mention nay al so be
made of United States Patents 3 231 608, 4 032 569, 4 158 73, 4 263 453 and
5 321 157 andSEvegpéarritesse87@oz51hahimahudiasthiose war iadip ilkonagedeous

catal ytic Sysk@BR. hydrocarbons, such as benzene, phenol, cyclohexene
or cyclohexane, have been provided.
20
The oxidation of cyclohexane, either directly or in two

stages, are the most widely studied routes for

producing adipic acid.

25 Thus, by way of illustration of the processes for the
direct oxidation of hydrocarbons to dicarboxylic acids,
United States Patent 2 223 493, published in December
1940, discloses the oxidation of cyclic hydrocarbons to
the corresponding diacids, in a liquid phase generally

30 comprising acetic acid, at a temperature of at least
60°C, using a gas comprising oxygen and in the presence
of an oxidation catalyst, such as a cobalt compound.

Numerous other patents and articles disclose this
35 reaction for the direct oxidation of cyclohexane to
adipic acid. However, to obtain acceptable yields for
the production of adipic acid, these documents disclose
the use of acetic acid as solvent in the presence
either of a homogeneous catalyst or of a heterogeneous

llII\\IiIIlIIIHlII"lII“III“IiIIIlIII
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" Provision has al so been made for processes for the direct oxidation of

cycl ohexane in the presence of a heterogeneous catal yst, such as
al um nophosphat es substituted by cobalt, as in European Patent No. 519 569.

" Provi sion has al so been nade for sever at z)rocesses for the oxidation in a

single stage qfy %ﬂ%}s%heﬁ?é}& i aﬂé} Featig, btgpqﬁgsg%oh%gtt%g agid. Sone

make provision ks carry out this Feaction in sence~o vent s,
others with séifventhe s@%te%l%rga’ml@hestepseated exkbmpl éhecet apesneﬂJS 4

098 817), acetepnfden® 58%5§4§)590f (8bhechstLvel 7 4 C0*£3184 8‘4 H3r2Sof

but anol , net hanal _or. cycl ohexanol or acetonitrile Finally,
Pat ent Appl i c&i6R WG 0%/ 66302KkRas VB 6bi @e’ﬁm@r&ﬂ@@es@q OFORUARN & r BEEN

oxi dation ®f hydrosasbess tferdi enebaHdx agkilgatlohhe Pregenegeting.
carboxylic ac wi.th a li poggl | i c_nat ur%(a ol.vent.. This solvent makes it

possible to ov &r‘f’é’ t F8Ydi 8489an?@gde@ i te]d‘lﬁfdadrsﬁiaﬁeém HateRESe
processes gené}r al3ly eodsula 032 \BEY, I4)V§15§BI’E3:t|A/|26:e$4$3)raadl pi 82acidz

Furthermore, the sglygptsoused.gftery axhidit Low stability under the,

conditions for e OxXl on" ot<4 hydrocarbon, suc STCy I
| ow st abi | ity hoawglenedus a:amagwtcanwm@n of the sol vent, which rakes it
difficultigo exploit such processes industrially. -3 I\/anuf acturi ng

processes for the oxidation of hydrocarbons to_dicarboxylic acids bg
successi ve oxiFF&ISHO% ahds AESUsREAMABSER af Py AFFIwIYe Soal ethFhese

processes congistect rb;alcﬁatﬁénsb&geayub@e@@ﬁé YERQ o bBeseaﬁbeatdpnaof
hydr ocar bons i}g al cohol s and gﬁges wth o gen or a as

co
oxygen. In a SESERISEEHES t hE2LRL8RAbrs Hor 1St ongd Q?EOBQB E@Hgﬁo
aci ds by oxi datubsitiwittlkedni t biyc aciothalVari oas errﬁmdl nentspeknt heseténn
stages arfsg rraq]% usg gl@Qf . Thus, the first stage can conprise two

subst ages; in flrst subst age, the hydrocarbon is oxidized to

hydr oper oxi de. After separation of the hydroperoxide fromthe unreacted

hydrocarbon, thehxdrepelaxi gesd SpderopRased Jn fRENAT AL L. EE8EL QT £1,0
al cohol and/ or 15 ket gne.. In another enbodi nent al so nmade use of, the

producti on of Hfdr BFERB%AAE ahB i?s HRDPHoSitaBh ©F aFysheReEAdLor tRet one

are carried oudipimul ban@ousiyhbita ss&9!Ef r eaddtalc %Qu@ﬂreatmby mbRe
oxi dati on @f Icoho .S _a /or ket ones |s c%e%ed out tric acid. Such
X

n
a reacti on’ pr 640CES 1Ot A5t BHE T i WD ]é%a(ﬁih]r?i"‘ eﬁ‘l t%ﬁt abEERGPTr i ng
t he presence off asptigentent ptbeess Wwirht heslerandges stuahr edlsceorbenetf ect
on the enviro Thicg .t r il ye ad

ef f ect econom%cgglré}rf onkgﬁ @Qérﬁﬁ?%ggi oe%%c#%geoﬁbprgc@tg?eg%slbﬁ g@?%e ai s
of the present(USnved8i%®483 t Pprogilternapiveeys fadicobied soxi datdlon a8

hydrocar bons t@tRredyce me3thaakj1ds & p&,am@@awi ch gpesaeeaoﬁeeyue the
use as oxj gatl(Eﬁ’ g%ent f nltl’l c_acid or one of ItS derivati ves and
r

whi ch doe$® not dc@4mtr o2 bxY de Tt <EHar §eplicssipg tWPsOeﬁé%P%e

i nvention proviagespaoptdedssa f grrddeassradvtract e e difrexar b@i{)ildlaﬁll@@ﬂ dsf
characterized t cqQnsi sts actl n eI’OXI de of

hydr ocar bons vk\lnﬁﬁot&%%bogls i dslcafb%nﬁ'ﬁi Si ngcqlo(%/gen t}%ﬁefﬁré%%ngg a .4
of an oxidati @@r@@twl)lg @@n@rn@tﬂng a netrglpiiglionghagure tdwe tspamshtion

metal groups. tHhe caéeiw&xtcamaﬁegantlacgeoaééyus@émr't%e ao&@f@émé ekﬁggnt
chosen fromthe group consisti n%_‘,ft M, Sr, Ba, Z

A, sc, 1Y, Pisadvaniagps edgpy SrﬁilPPtS: a\SZlq\db "Ta, O, M, W l\/h
Tc, Re, Fe, Ru, Gs, Co, Rh, Ir, N, Pd, Pt, the | anthani des, such as Ce,

and the conbi rﬁ‘tl ons of the se. 10 These gat al yti €1 Ierrents are errpi ed
either in the 16°m of PEGRSSGRTs adSRREAJedus! yealy easllnpar Ve&MI y s8Fubl e

in the |iquidseledatiivdrn iredi uffoundesdipiec condtitd ons Fafr tihepimerent at the of
the OXidations%%%%%k%n used often exhibit low stability under the
35 conditions for the oxidation of a hydrocarbon, such as
cyclohexane. This low stability results 1in a high
consumption of the solvent, which makes it difficult to

exploit such processes industrially.



15 or supported on, absorbed on or bonded to an inert support, such as
silica or alumna, for exanple. In the case of heterogeneous catalysis, the
catalytically active netal elenents are supported on or 20 incorporated in
“a mcro- or mMesSOporous inorganic matrix-o¥ +n a polymeric matrix or are in

the form of oRGARGARLA! NG o (r;%lgggg < af t grto ap,.0r 9a %]gan{h nor gani c

support. The term "I ncorp 'S unders 00d t o mean "met8f is an
el ement of théyﬁg%@ﬁ@@ﬁs okot HHitcamwupdrat aoadiss kar rtived sutcesshve

conpl exes sterdxci@ll lt¥ o apRedelsn RREOUS el U t cgondi s of
t he oxi dati on. aa pr.ef errgdesenbodl rreﬁt of g%ﬁgg?ﬁ\%gggpo Bﬁ Q %gkgg

homogeneous orf® ﬁ eroB%%%%u?@&@éﬁ?ﬁ FQNTotposdd of SArss (ﬁtaéfercoml exes
of netals $romaGroups |0t (a'me gmu@étl&b o¥ gRiNcarWdhd Go 0508Bhe1Y! | D
(M group) , \al.lnldl Fe or be of; (geougg and Ibé(fﬁ'éoﬁ?o , and cerium
al one or as mCureE® in’% e?ﬁ”é 35°8| EnétitSs tPEYISR - cd"and/ or
WMnh and/or Cr and/aﬁcczrd I—Ma@, andher ZﬂppolsTharﬁYmentk@ttcmeE’s ofapetal in
the liquid oxi i medijum_varj.es t Q. 00001 . vvel gh

RSB To0n D LA e S SChk T

preferably between 00010 an % cor di ng
hydr oper oxi deyasiictls frebedigieryes Ph ttHEGE;ﬁ otwes Lfagdwre aneemtad;m ase

general |y ri ggry IQ{usseC@HQaﬁf)[rlélédr%é)XbQﬁs O g'r\i's@g 2d rggl?g'&v\ﬁggﬁs

cycl oal kanes, alk |'aromati ¢ hydr ocarbons, the aromatic ring
optional Iy cofpri&ed ¢ o?u%Fé%ubéﬁeﬁ uBHEgOCagbRNasiS | PXaaliziecul B9, an

al kyl group ohydabpgenxadem neterpasdpLrdeidy &H ochae Ry@Pdpatkgngs and
cycl oal kenes %w ngt}géom on 10 ato n may he

3 10,20, c made
way of exanpl S°0f Such lﬁlr(?raé“&@rd()xﬁg&ocafbwcl oﬂ@(ygyﬁﬁﬁﬁ’ﬁﬁé’?‘&ﬁedels
cycl ododecyl hedropesed dén tat redpardtyalr aesarandde tol5agthybbenaedéor

hydr oper oxs dek%'i:oﬁ'enanfn hygr qn%rIOXéﬂs deQH these ﬂxgéopﬂ OX'g [ ¢00e of

t he nost advant ageous very certai n y cyc ohexy roper oxi
oxi dati on of WAPEMCLeésm 1R MmysdioperoxXddsci dnds Jnfa:‘i nd@ICQalPl@@xylllodﬂ atdd, one

of the base canpeunds ahel/ drhe ¥R aGldire ,of; RO! yan das, 1 P&, I§'£H' arl'y
of pol y(hexanet ggl ege adi pate). These hydroperoxi des can be obtal ned by

various 25 pr8c Cah§2CkAThe used in the process of the invention in the
purified formor as a m xture with other conpounds originating in

parti cul fr manyf act ur i I OCEess The proc ss of the
|nvent|o?caneg]§E%§rr édncglu Pre eracgrf f ﬁﬁ8h8?§s€ﬁ‘gé ts%]%njrs
advant ageous| gagsapds editofwithe rhy@rmaabmd uSedhf ar dwec tnipoTuf ped dvi@e ©f t'he
hydr oper oxi dem.'E'Q%\éerancf SRRUE € BBy RS ﬁ%r{nglga@&ﬁeﬁq@ SR Gu i P

al kanes, armn% which w | nore partic e nent 1 onéd ane, ept ane
and i sooct ane h@yEF@éleP@&ﬁe§f S AMIesH \Hllqcelﬁes et | sk Wxidesy of

i|lustration, r@m@b@hwén@f&@@tcml QOGR! i IR C TYIH OCAIDGRsHt SLEN as
benzene, éé)l uene '%(Ii:lu%l hal o%enat ed hyd trfocar bons, al cohol s, ket ones,

6 has a damaging ct economically on the

two-stage oxidation processes.

One of the aims of the present invention is to provide
a process for the oxidation of hydrocarbons to produce

30 acids or polyacids which does not require the use as
oxidation agent of  nitric acid or one of its
derivatives and thus which does not produce nitrogen
oxide discharges.

35 To this end, the invention provides a process for the
manufacture of carboxylic acids, characterized in that
it consists in reacting a hydroperoxide of hydrocarbons

with oxygen or a gas comprising oxygen in the presence



ethers, nitriles, carboxylic acids, such as acetic acid, and m xtures of
t hese sol vents. However, it should be noted that, as the hydroperoxide 5 is
generally produced in the formof a solution in a hydrocarbon, for exanple
" cycl ohexane, by oxidation of the latters 4he oxidation reaction is

advant ageousl i eds 5 e%%?g j,.on Lgi ing f h xidation of
t he hydrocarb%ﬁc?%§c?gﬁg§%ﬁgg. |gg%%ps%gﬁég%gﬁégngbé&%%%% §§?PP8%§gor
af ter renovi n§océheaitrageidtiionuaeitali wraugsy known per se. It is also
possible to use a solution of hydroperoxide in the solvent, for exanple
cycl ohexane, which is substantially pure. 15 Thus, the process of the

i nvention canB& c&atRYHut eaNa 6VERtEACOPPEYNatIOTPTHiSEm the BREAAL| on
of a hydrosar kormed thythoerer ®ddie, t1as (_fkﬁox% A Sf st PVSE ©f, CREL ahq,

by- product s b¥@,f%%_e Iﬂﬂé? m?shina the solution with water to renpve in
particul ar water 26 ’sol’ubl®actBs, “Br Bt A& hy&ropdiroxite purfdi edipy
conventional g@uri fHfatGon pnpcebsey, gh Bs, dCst i Moat Wgn,MrextT@ct Rep or
any ot her convyenti.gnal t hod. The oxj.datjon acti.on is rried out at
a tenperature¥%? 6gghe8%?58%?an 253%{ é%éfe%%bl%%beﬁﬁg%n 96€ﬁ%ﬂﬂg§600.lt
can be carrieduslt ast Cat megyshdihiec qombdsuartd onidowdvdihesiet. i s general ly
carried opy under pressure in order to keep the conponents of the reaction

mediumin 30 the liquid form The pressure can be between 10 kPa (0.1 bar)
and 20 000 kP3PES60 BakFlYpief @ LS et Re¢en 2OPIRPAI( igdr9r add 160800 kPa

(100 bar). The&oexygef useHp6andde ddvdheadusesTPr Mor 185s8 NpxtL 185 with
an inert gas, Sﬁngas ni trqgen qg%gej um ﬁfe may al so, be made of air
enriched to aSgré&&tsr dfllgg§%r Vit %&Vﬁgn.med#WE %Pt i oRhPPr ocess
can be carri edonuti tdomisi mbushyleneacgsoioh ngft ahz batidwd isen presesson
Advant ag sly, t Lauid reacti 15U [ left_the rea i's
treated gggor fnggggﬁt%g%g 5§§ceé§§8g§%9cﬂgﬁg§%hiEgéd%§s§FBI%P oﬁg%%é one
hand, to sepaf&P®oifd sechvas thidise ¢ ploddced &od, exampe .ot her hand, to
recycl e the nonoxidized or partially oxidized organi c conpounds, such as
cycl ohexane, cycl ohexanol and/or cycl ohexanone, the catal yst and optionally
the solvent. T Thé?’z%murﬁascﬁ cftfal y et RBIFVRYE as %’?%ﬁh%h@e bythRi ght

of metal withcaespeet cad liyhadtdaet int T X 1ldneantgeneral $yphdesehedmesn

0.00001@6€§d 5@6agd p&gfg;ably bet ween 0.0001% and 20, wi thout these val ues
bei ng 15 ¢Fit FCQC PRSRETEr 1 12 IS H Frat Ver"Oi ORI hYy SPCEFRIEE e ALY vity
whil e not usi g excessi vebyyhmarge ametumtig obra eatal yat whechfsuhsegfient |y

has to be sep%&%%ﬁgm%%%qugge'@&Mylé£§§t3£§ﬂﬁ%ﬁ§Fgﬁ%?g%%ge§%§£§gc 2 rIt can

be advant ageous "al so to enpl oy a conpoun ' oxT datTon
reaction, suchil&¥Ianac ex@dYHROrta ketldie, diezt dehViecerprarayeldbper dxi de.

Cycl ohexanoneunWirgh oo®l &d eakdr Obhi 9t ehaedbake i’ the Casted thethe
OX|dat|on;2 f cycl ohexane, |s ver¥ 250§?rt|cularLy i ndi cated. Generally, the
i ni tiator’? epteEERES f Pom BB%0 1R 20 R tiiyht Sof SBR& 1REI gREtor Wi kR
reaction m xt eoepdrpxesy etendiddldyt dhmgedrioposéions Sevidguiesrihdeal

val ue. The initiatar i.s. u i.n _particul.ar during the start of the
oxi dation 30 5%& %%gﬁl?ﬁgkgx%%agggn%¥§d%§ﬁgﬁéd out at a tenperature of |ess
than 120C. It can be introduced fromthe beginning of the reaction. It is

al so possi bl e thoyt & her by depabhifgnfr oWet he 35 Sﬁw&ﬁ%ﬁﬁe the

invention, to add, to the reaction nedium another conpoun I'ch can have
in particiff ar POROIEREEUE ofT| MFTRATIPNGRISr 68HALYSE obS pROTRSERst ©he

sel ectivity ofsatlie oxirdatdfon degctdak f If adhdi£18CI flrom  Groups IVb
(Ti group), Vb (V group), VIb (Cr group), VIIb (Mn
group), VIII (Fe or Co or Ni group) and Ib (Cu group),
and cerium, alone or as mixtures. The preferred
35 elements are in particular Co and/or Mn and/or Cr
and/or Zr, Hf, Ce and/or Zr, Hf. The concentration of
metal in the liquid oxidation medium varies between
0.00001 and 5% (weight%), preferably between 0.0001%
and 2%.




- g _ such as, for exanple, inproving the dissolution of the oxygen.
Mention may in particular be nmade, as exanples of such 5 conpounds, of
nitriles, carboxylic acids, nore particularly |ipophilic acids, hal ogenated
" conpounds, nore advantageously fluorinatesl conpounds, and precursors of
t hese conpounds. Mention may be nade, as conpounds which are nore
particularly suitable, of 10 nitriles, such as acetonitrile or
benzonitril e, Arflagking efodetheatinvesitisuch ke dilghlmymemihialess ehich
fluorinated comounds,) S as: TﬁﬁyCHf%d%%saC%%l'gg%|UQBbQﬁEﬁggorare

perfluorinated aliphati ¢ hydrocarbons or fluorinat aromat’i c o
hydr ocar bons, %8RG+ 3s YoeP ¥ HIRF Bt SFuERSONSSTY UbY SReReyeEidevhdraauing

per f | uor ohexamorpes ThaE HhepyanGal PER& S HOE ORGY APEma PEE f h?@EBEQBBB%s,
per fl uor odecal erfluoronetgyhge%%gln, a, a,a-trifluoroftoluene or
e -

in,
1,3-bis(triZoqhﬁmékﬁﬁﬁ?&q)ﬁéﬂ &N 1RHNREY FOPRELIEPaPRE 8&ters
such as perfl wane askpstactaneat e)such pas,fl war of&tkydul@paneat epskyl
fluorinated or_perfl uorj d ket ones, such_as. 25 perfluoroacetone -

f1 uori nat ed oﬂ%égqI%ﬁ;éééﬁigpeﬁ%ﬁWﬂﬂ@?r%u%ﬂrgécbﬁgFi&ong8§é98l?%Om'

per f 1 uor ooct aredikensey f Bo6r crwomlaowl kerpss f haviodecnah, 3petdl B octrbohanol
per f 1 uor oj gopr, | or 1,1,1, 3,3, 3-hexafl uoro30 2-propanol - fluorinated

or perfluorinated nitriles, such as perfluoroacetonitrile - fluorinated or
perfluorinated acids, such as trifluoronethyl benzoic acids,

pent af | uor obenzgitGiold aGiyd, Heer idader,ohexangiag aeicd, cRambhuar oRept agehc
acid, perfluo acid, perfluorononanoic acid orggérfluoroadlplc

r0oct anoi ¢
acid - fluori m{EPRGT 9ori natdd hal FHELONEHYN as pBYPFOBREPEAEEet ane
or perfl uor obrymacicateeryl - Bydropenokidat ed twrtaerifil uohiydabvedrariges, such

as perflugpgotr] | am ne, f rotyi |.am _ne .qr .
per fl uor ot ?i peér;@rl g}n’%nﬁz'egr{é g&%ﬁﬁ%@%ﬁ% g);il )ijslucngnn ash vda oé)reircoxéched, glutaric
5 acid, succinic acid, am nocaproic acid derivatives, or acids with a

0
i pophi | ¢ naikihg SUAAS thenjerdsditiladd, berggic agkd. Megtiopogpy be
made, as |ipophjlic carboxylic acids 10 suitable for the invention, of
hexanoi ¢ aci d,2HWEREAFFWSaci d, 18ct andVer¥ci d, RIS exanoFycaehaxyl

?onangi c aci djhym(b@niﬂ_ 3 '?ﬁrﬁ,ﬁ,twc&m A ii‘orﬁé&%wl{i‘@%?ﬁ@@hﬂt@ciﬂ gaiptearic
oct adecapgi c)_ acjd and their pernet ted derivatives onp| ete
substitut?gn 5 the I driSyehs %ﬁc%%??%kfaﬁnr®$%$e g?%%pségyngﬁﬁ BRI
group), 2octademdesucks niforacitthe 2, hanifdetvrdut yf) bpozganidesd, more
4-(tert-butyl :Ql id, . 4- oGt enzal i terthytyyl hydrogen

ort hopht hal at )é[}é%%%utclhagﬁlﬁg ootf a(r?lyh¢htaécen| ct%gﬁiféd% satfgiﬁa}bct%dt'ed by al kyl
groups, 20 preferably of tert-butyl type, substituted derivatives of

phthalic aci dsghee f ah{ir&basbfsaesUChads fid tYy oBELA ndlimer,y MegLi-9ByaRY
al so be ngge of acids belonging to the preceding famlies carrying various
el ect r ondonat iIHFP SRS t s‘%%ﬁoﬁﬁ% WeeR héfer GR€onPEPCERE 0L the

invention in the purified form or as a mixture with
other compounds originating in particular from their

manufacturing processes.

30 The process of the invention can be carried out
preferably in the presence of a solvent advantageously
composed of the hydrocarbon used for the manufacture of
the hydroperoxide. However, recourse may be had to
various solvents, such as alkanes, among which will

35 more particularly be mentioned hexane, heptane and
isooctane, cycloalkanes, among which will be mentioned,
by way of illustration, cyclohexane and cyclooctane,
aromatic hydrocarbons, such as benzene, toluene and

xylene, halogenated hydrocarbons, alcohols, ketones,



25 or N type) or electron-w thdraw ng substituents (hal ogens,

sul phonam des, nitro or sul phonanato groups, or the like) . It can also be
carried out in the presence of water 30 introduced fromthe initial stage
“of the process or by controlling the amouhit-of water in the reaction

medi um either ddi tj;qn.;qr, re . i ndi d above, the reaction

m xture resulfﬁ%é Hon&é‘Qfﬁgsdxrgé?%gﬁéﬁécsugﬁg§$éd FgcgarﬁgusaSﬁg?Stions
for separati ngSS6he agd mixtogest iafudiess sodngats for exanple, to nake
possible their recycling in the oxidation and the recovery of the acids

pr oduced. - 10 According to a first alternative formof the process, the
crude reacti ofHE¥EFre IanShPikd Be BPtede thilfjreciedthe® byerppgreside

tenperature ofisl6yefet®£l BP pEodhebdexanptie Wakgh d¥ i A0S cARQYLN ey 2
crystallization of 5 Z’t§ | east a %OI"[IOI’I of the acid fornmed., A nedium

conprising a SHIG@HHEEE cohphs EF2EOLENt FHFIS TFanRA dBY @4xiddsioronef] i qui d
organi ¢ phasetheonpatseng edsenbikakbyibhe rwuweatsed iconpauadttgebesly

oxi di zed, possj he ve and t i datign.internedi ates or 10 other
product s resul%ltaﬁgjr%e.r om t he gki da%ti o%?lg%%ig | P4 a4d88us %%Oé%e, fie

conpri si ng es$&Adiaglilon acefli ¢ thepr odvdrecéribomt hel ayxileditaxamednd t Heiwat er

formed, isgthisg19RLanNed. | yst be,. f i : ani c
phases, if it Si ) S(:),L| lIJlbI eni ?éfkﬁcgi%ssp%ases, ((;;rr %g@%] ?%@gf%%réggagéﬁs
phase. After COPSELTHGRGSt 16 oty iFRIThPehessol T, 18 hal$o quedsdbbani c

and aqueous phaseseanstbiutiog bhenkidrbpatexetet Ne aal réd Lgate, arsr
separated by settli his o (:u&}s::,L t he organi.c Qhase or phases can
.

L. 20 1 f t
be recycl ed iﬁxﬁtnﬁ%\%g&’icgghe&?nreéa(‘f’ LGRSt SURS t58 tdddant &y&6us to

concentrate the reaction mxture prior to the operation for crystallization

of 25 thel§0i %ué?co&ijé régegssggor{%ealat_ Qr%ié’r? fcgr %f éahe ipercg)cggﬁ’ the
final crude reaction mxture can be Wt hdrawn under Rot>“conditionsS " For
exanpl e at a P&nmpér af@t Bt RN croekeiBat FrAc BT, thee peadeitdenni gfure t hen

separates by $6uirblcagbion! @ cAth e A4 dd, AW Rhases, rohe PEnHPLE QEgani ¢
phases, conprisi .essentially thé unreacted hydrocarbon, the solvent and

n
t he oxi dati oncleﬂfttg‘rlﬁedi O S 1PQui dEQFueSFeMpEse, WIS nEhS5
essentially thelatiids feimhd aatet hecoatreimdwy med. Papendungronviber-

sol ubility,and the.nature .of the catalyst, .the |atter, can be.present in the
organic p %seggrlu%%gsegflgg(:ov% ed’by %‘cﬂ i (ﬁlﬁ’gir(?ﬁ’le&%‘éﬁlgr aPPon*HE opléy

preci pitati onconvengsrallli zat pamidficehéocaci d procéisebor nedsiiaht he gase of

a het ererneoHﬁs%ﬁgfaL:axiioi O o 3dtfradldt sich S bl 3}“ é%e?qug&lqé pgg a

extracted by |1 qui iquid extraction, througha resin or € AL |aersis.
5 As in the fPe&fo8l-ternative form the |liquid phases are separated: the
organi ¢ phase or phases can be recycled in a new oxidation reaction.

25 The oxidation reaction is carried out at a temperature
of between 50°C and 250°C, preferably between 70°C and
200°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

30 the liquid form. The pressure 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 the pure form or as a mixture

35 with an inert gas, such as nitrogen or helium. Use may
also be made of air enriched to a greater or lesser
extent with oxygen.



10 In these inplenmentational exanples of the invention, water can be added
to the reaction nmediumto obtain better dissolution of the acidic
by- products fromthe oxidation and better recovery of the acid forned. 15

" The acid is generally recovered by precip?tation during the cooling of the

reaction rredi J(fjose Sohegave a%d ggnc u%éﬁegoﬁgc rd| ngﬁé{o they

st andard technl ques Pi o RUNerous pat
way of exanpl &t o@CF@éﬁehgpd’t@nlﬁs Pt dogise mm aanQaﬁmég@GOslyt t he

i qui d nonor gameC Of @CuePEE cPRBRE nfeiTRA] Sv%l#rbeﬂseti 1tﬁ§erle§££8£ s
extracted either before the crystallization e aC| formed

preci pitation G DELRT a@EFBRIABIOME NN KREAACPFBEesddsh sm%]ﬁ? ast

l'iquid-1igsidppdsiantd,onn etiest 6Rdi ahygi, S tofr %p%@cté@‘taﬁﬁ‘rﬁé'ngéPntﬁéChange
resins, for exanp ‘Jﬁ’u or aft r crystalllzatlon of the acid forne

extraction teéfmh é%r‘?ﬂa‘écc? b2ddab6Pe Wi t AEPET KBange Er?otlﬁ%ﬁ’YCle tP‘/e

subj ect - mat t emcwfoxtilee ziel eptri Opat6ial Py ocesisd fAd t l@egmn@f a@bmp@uﬁas,

car boxylic acid |ch % Setxsa in a fi rst st |n oXi ﬂz]}qg

hydr ocar bon t(?uﬁ:ydr oper W% S EraRe a%n% %ngF §"o%$98N"e’ 35 The
medi um obt ai nexdhe a:fatt@rly@m |am¢hldgt1©®mdém reatel rsgp lvenegevapor ati ng a portion of
the unreagged hydrocarbon, is subjected to a second stage of oxidation of

t he hydroperoxide to car box¥l ic acids in accordance with the process of the
i nventi on desdfi®hed@MaBdte. 0F -cabalygleor BHRF It efesr r e@rerPEEDRENDS Of

the inventi on,wetlhyeltr aa@tm@aamedﬁltm r@sﬁéwgt&r @Rt neeafdﬁlsczn om@afen stage
is subjected to va reatpents for ar. ggdS and renovin

by- products i 7 &e(f ??f FH@eﬁy(Pr r TREs % e@?%‘ﬁf@b%&n
conpri se vvashibreagwtelaael oﬁl gaviien ardi u2s tvhtwahﬁ:r @hezes| lvghlhbys beeifg

sol ution 0 r. advant d detail.s of t he ventiqn becone nore
clearly ap%ar gr]]{letl o '(tih @&ﬁ%&? tthexarrpl es gl 3légeﬁel S5 s\t?fae‘fjg}l%y %y of

i ndi cation an@wflfll@éﬁrrmlmtl\l&}"ixamplle Inot 2u8ing afxddydivgly large
acetyl acet onatzgcand 4. 8 &aO%d%dTyétf'ﬁﬂléﬁ'Ué¥B @%eﬁyf ohexy! +o tﬂ

hydr oper oxi de ori |nat|n fromthe oxidation ohexane, wth
fol | owi ng conp&&RriEdrd &Xeedded tddach By ardilgnt ml@}é‘lr@hém HeFCAser-oxi de
10. 590 Cycl ohexanone 2.060 are charged to a 30 m autoclave nmade of

Hast el | 225Th t di I re rized to 100 bar of
Pt bl ends et Seb GE RO o IR IS et end SWheakeq t o

air at anbf ent t érer ?u?
130C wi t h sti rimiirg alrye ssHale mldﬁum rmesect ti drvgn f osrud:r80a$n nﬂcbﬁsexalhple,

autocl ave is ¢ool g, 30, and t (%gﬂ?e?ﬁéher The teactj on §8Lég%§gd i's
anal ysed by gas chromat ogr ap y ( ol | S ng resu s g i hed:
Cyclohexanone, which is a reaction intermediate in the
case of the oxidation of cyclohexane, is very
25 particularly indicated. Generally, the initiator
represents from 0.01% to 20% by weight of the weight of
the reaction mixture employed, without these
proportions having a critical value. The initiator is
of use in particular during the start of the oxidation
30 and when the oxidation is carried out at a temperature
of less than 120°C. It can be introduced from the
beginning of the reaction.

It is also possible, without thereby departing from the
35 scope of the invention, to add, to the reaction medium,
another compound which can have in particular the
effect of improving the productive output and/or the

selectivity of the oxidation reaction for adipic acid,



DC (cycl ohexyl hydroperoxide) - 950 35 DC (cycl ohexane) - 2.40 Adipic acid:
42 ny The term"DC"' is understood to nean the degree of conversion of the
product, calculated by the ratio of - 13 the difference between the
" nunber of starting nol ecul es and the nupbgr-of final nolecules with respect

e T gt LB B U At il L) e

acetyl acetonate an sofutiono 0

originating fraHade oxi dati on of cycl ohexane, with the follow ng 10
conposition, expressed as o by weight, for the main conponents: -

cycl ohexyl hydroperoxi de (CHHPO 10.76% - cycl ohexanol / cycl ohexanone 2. 580
- cycl ohexane M§5iten MRY tarBakxyirelagi 8¢ 0arsy, A% ehamrkes t of asgohni

aut ogloa\ée %?Q:@cfpdﬂ&ﬁis@' ! OBbetZZni-E&Qtl%lét,Od g\ﬁ%lb&yg%edi %gmeér,]pr ﬁg&%iozed
to 1 ar of air .at .anhient .tenperature and placéd in an oven.
mxture is heé@&f%ﬂ?%%§;¥vﬁ%ﬁogBFﬁﬁﬁnf?@d%haQQiﬁgQQQRﬁdréa@PPHQdﬁor 180
m nut es, the autrecl avadvsntageedsand tﬁemode?aisad.SIﬁﬁqm?aF?iph masg »
col l ected is anal s omat ogr a w2 e followng results
wer e obtained%m%éxﬁgggg%ﬁgiyYﬁgéﬁr88@?8?5@%) ﬁ%é§}§8 BEY KT BRdxands -
0.020 Adi pi ¢ awimpoutgls myrdChExamel emdre. 6pagtotudaCly-6eRtabded. 56£g of a
sol ution p cyg| %@Q,hy@ﬁ%ﬁeroéédeé%ééBﬁ%%ffEéfr%H]thSe@é%H%Ek?Tﬁ35 of
wth t I o by Wei g

cycl ohexane, e followm ng conposition, expressed as t, for
t he main Conpéﬁ%WR%ﬁnated derivatives, such as dichloromethane, or

fluorinated compounds, such as:
- cyclic or acyclic fluorinated or perfluorinated
aliphatic hydrocarbons or fluorinated aromatic
15 hydrocarbons, such as perfluorotoluene,
perfluoromethylcyclohexane, perfluorohexane,
perfluoroheptane, perfluorooctane, perfluoro-
nonane, perfluorodecalin, perfluoromethyl-
decalin, a,qa,a-trifluorotoluene or 1,3-bis(tri-
20 fluoromethyl)benzene
- perfluorinated or fluorinated esters, such as
perfluoro(alkyl octanoate)s or perfluoro(alkyl
nonanoate)s
- fluorinated or perfluorinated ketones, such as
25 perfluorocacetone
- fluorinated or perfluorinated alcohols, such as
perfluorohexanol, perfluorooctanol, perfluoro-
nonanol, perfluorodecanol, perfluoro-t-butanol,
perfluoroisopropanocl or 1,1,1,3,3,3-hexafluoro-
30 2-propanol
- fluorinated or perfluorinated nitriles, such as
perfluoroacetonitrile
- fluorinated or perfluorinated acids, such as
trifluoromethylbenzoic acids, pentafluorobenzoic
35 acid, perfluorohexanoic acid, perfluoroheptanoic
acid, perfluorooctanoic acid, perfluorononanoic
acid or perfluoroadipic acid
- fluorinated or perfluorinated halides, such as

perfluoroiodooctane or perfluorobromooctane



- cycl ohexyl hydroperoxi de (CHHPO) 10.93% - cycl ohexanol / cycl ohexanone

2.29% - cycl ohexane 85.67% - 14 - carboxylic acids 0.190 are charged to
a 30 m autoclave nmade of Hastell oy C22. The autoclave is imrediately

“pressurized to 100 bar of 5 air at anbiend tenperature and placed in an

oven. The m xture is 30C with stirrin y shaking. After
reacting for 180 ni nu?gg(,gg?ﬁég%%t ot atrl)srifzut%épggegnaar%%%s’degq‘é(?tsbed‘.asThe
reacti on mass col | ecteerflgototnhptysetlabyngas pardhabogtaphyt¢Gahindhe

followi ng results wer } . - hydr oper oxi de) - 86.80 DC
(cycl ohexane) - 0% 158,3:6\ %?Eﬂggf%%%§M%9%§g§r{r%I e 4 0.4 ng of cobalt(Il)

chioride tetrahydr at ecangorybbcgaoddss aush| asi valerieyatofiexglutaric

hydroper oxgde origi nahjkng, fromdhe nad dat benqof el oRRXRNg i W thathg
foll owi ng conposition, ef%)ressed as o by weight, for the nmain conponents: -

cycl ohexyl hydr oper oxP8ELY&HHPRS - 107986185 Widyc|dhekerrh1Eie| BAEYERoNe
2.29% - cycl ohexane 85uél{%s tr&boxytisutgl dsrOpdRYbaceacharged to a 30 ni
aut ocl ave nade of Hastell oy C22. 30 The autoclave is imrediately
pressurized to 100 bar of air at anbient tenperature and placed in an oven.
The m xture i $emgdtoed ey l13GC wiade,st asr i igpdgh Shiaki rg.rbakydri o eacidag for
180 Mot gg, e ahaclaue i canlad S ande ek fepassedy, Theptenct bon
mass collected i's anal ysed by gas chronat ography (GC). The fo Powi ng
results were Gtigine@ctBOoieyckehexy| 2hgdhopbrsrngéy - 2a98d3a nonanoic

acid, decanoic acid, undecanoic acid, dodecanocic acid
or stearic (octadecanoic) acid and their permethylated
derivatives (complete substitution of the hydrogens of

15 the methylene groups by the methyl group), 2=
octadecylsuccinic acid, 2,5-di(tert-butyl)benzoic acid,
4- (tert-butyl)benzoic acid, 4-octylbenzoic acid, tert-
butyl hydrogen orthophthalate, naphthenic or
anthracenic acids substituted by alkyl groups,

20 preferably of tert-butyl type, substituted derivatives
of phthalic acids, or fatty diacids, such as fatty acid
dimer. Mention may also be made of acids belonging to
the preceding families carrying various electron-
donating substituents (groups with heterocatom of the O

25 or N type) or electron-withdrawing substituents
(halogens, sulphonamides, nitro or sulphonanato groups,
or the like).

It can also be carried out in the presence of water
30 introduced from the initial stage of the process or by
controlling the amount of water in the reaction medium,

either by addition or removal.

As indicated above, the reaction mixture resulting from
35 the oxidation is subjected to various operations for
separating some of its constituents in order, for
example, to make possible their recycling in the

oxidation and the recovery of the acids produced.




- 15 DC (cycl ohexane) - 1.30 Adipic acid: 98 ng Exanple 5 5 3 ng of Mh(l11l)
acetyl acetonate, 142 ng of valeric acid and 4.57 g of a solution, washed
with water, of cyclohexyl hydroperoxide originating fromthe oxidation of
" cycl ohexane, with the foll ow ng conposi-ilan,- 10 expressed as % by wei ght,

for the main Qﬂﬂ]{ yC er oxi PQ) 9.85% -

cycl ohexanol /cy&Fo exaione é S%SB%&(cychgexaﬁ\ée E%gﬁb/o %‘ﬁalpéé)&etsg’a 30
m autocl ave ndtR ofr¢dst erfagtten. 18 xTheeautasal avél1r$t| noedi afLél ybe
pressurized t o5 {00 baty Oéoal:{:oﬂnﬁmé'oe%t g&,q%qg ragﬁﬁrk 53 g\gt‘e-gr oan oven.

The m xture is_heated to 130C w t tirrin reacting
for 180 ninuteLr t frdaBRt®c| YhéChs badaigsd aé?ﬂiltt hielre d§§a§§ééll¢ﬁélpéa@tfl on

nmass col | est ecat s mnadtysed Byo@aiore hramatows api d CebrmERe f al | QWidAgm
results were obt ai ned. 25 S%‘J(er%cilaohexyl Eﬁdro eroxi de) - _93.5% DC

(cycl ohexane) SOTPER A o ¢ Bage e83§6t3aﬁﬁYonNﬁ€llfilsy
acet yl acet onata; 43=amy of opar a- uqmmut yd:)cj)ﬂmcol c p&casia and cébmprd sahga

sol ution of cy dr.gperq |de r| natln OXI dat,.on of
cycl ohexane, w%%}%e%yélfl Io%Peng co aoc5|e[| on "tapéj%é%r e?se as O8 6y 4G ght
for the mai n comporely sthe @ql:‘lr@rmxgndi hiper opedemde ( CHePDpd18t86%ox
cycl ohexapgl / ¢ egﬁqjqp 58 16Y% ohg e 6 :? gg xyI aci ds
0.13% ? %t‘f‘jﬂeé)%h rgeéfcttgs a %gu F g\ toc g@e ﬁl?a%el&f &fl oy 2%l The
autocl ave is iMrRdidtaIYyePieskiaseedceBrIboingr eofeariadlvarbidac by-
tenperature angkghases FRoAN theeNoxi1B8tion and the water formed, is
this obtained. The catalyst may be found in one of the
organic phases, if it is soluble in the said phase, or

15 in the lower aqueous phase.

After filtering off or centrifuging the solid, the
liquid organic and aqueous phases constituting the
filtrate or the centrifugate are separated by settling,
20 if this occurs: the organic phase or phases can be

recycled in a new oxidation reaction.

It can be advantageous to concentrate the reaction
mixture prior to the operation for crystallization of
25 the acid.

According to a second alternative form of the process,
the final crude reaction mixture can be withdrawn under
hot conditions, for example at a temperature which can
30 reach 75°C. The reaction mixture then separates by
settling into at least two liquid phases: one or more
organic phases, comprising essentially the unreacted
hydrocarbon, the solvent and the oxidation
intermediates, and a liquid aqueous phase, comprising
35 essentially the acids formed and the water formed.
Depending on the solubility and the nature of the
catalyst, the latter can be present in the organic
phase or phases, recovered by solid/liquid separation

before precipitation or crystallization of the acid



5 mixture is heated to 130C with stirring by shaking. After reacting for

180 m nutes, the autoclave is cooled and then degassed. The reaction mass
collected is anal ysed by gas chromat ography (GC). 10 The following results

“were obtained: DC (cycl ohexyl hydroperoxiide)- - 95.4% DC (cycl ohexane) -

3. 2% Adi pi c ac¢d; 0; : l e 7 111 tyl acet onate and
4 .4 g of a sgf%qéoﬁ o Ef}% ?éggloefhy%ﬁg%tén?%g%%{}a@%% g%ﬁggﬁ%l?rf}ﬁ‘(qu he
oxi dation of cyfel ohexafrelultamosi titdie egrasssed m@%,byec«mmnzlrt@g:isby-

cycl ohexyl hydr opes@xi denid Cegkelexanal / eyclahaxagone 25 -, £ychahexane -
carboxylic acids are, c%gl#ged to a 180 m autocl ave Wlt%th% fc%lovm ng

wei ght, for tHE'FEYSLSHHPO) 10. 760 2.58% 85. 61% 0. 130 made of titanium The
autocl ave Bs imedi ately pressurized to 75 bar of 30 air at anbiﬁnt
tenperature. The reactor_.is subsequently heated to 130C and is then
connected to oy ge® sEppFy Q\EF%ﬁnﬁFb%;/?dgg,rmdu?;ﬁﬁgﬁtlﬁélfji REasest R&e
reaction, an oxgupereipattighepoeganie pha2@ kar ﬁhHséBt@éﬂlFarQ%&@th@f t he
aut ocl ave of The: unit is tirred at 1 000 revol uti ons per

m nute thr ough]%gté)t e dira |olno%fr$%%§lréelg’cti on. - 17 After reacting for
80 m nutes, the autoclave is cooled and then degassed. The reaction nass

col lected1os angl ¥Hedehy: 3Rl 08B 9L Pk dffTles SoENGAL! hAWeRY  bRSU! S
wer e obt ai ned:
water can be added to the reaction medium to obtain
better dissolution of the acidic by-products from the

oxidation and better recovery of the acid formed.

15 The acid is generally recovered by precipitation during
the cooling of the reaction medium. The acid thus
recovered can be purified according to the standard
techniques disclosed in numerous patents. Mention may
be made, by way of example, of French patents

20 Nos. 2 749 299 and 2 749 300.

If the liquid nonorganic or aqueous phase comprises the
catalyst, the latter is extracted either before the
crystallization of the acid formed, by precipitation or

25 extraction according to known processes, such as
liquid-liquid extraction, electrodialysis or treatment
through ion-exchange resins, for example, or after
crystallization of the acid formed, by extraction
techniques described above or the like.

30
Another subject-matter of the invention is a process
for the manufacture of carboxylic acid which consists,
in a first stage, in oxidizing a hydrocarbon to
hydroperoxide with oxygen or a gas comprising oxygen.

35 The medium obtained, after optionally concentrating by
evaporating a portion of the unreacted hydrocarbon, is
subjected to a second stage of oxidation of the
hydroperoxide to carboxylic acids in accordance with

the process of the invention described above.



DC (cycl ohexyl hydroperoxide) - 99.9% DC (cycl ohexane) - 6.20 Adipic acid:
7.34 g 10 After cooling the solution and filtering, a white solid
conprising predomnantly adipic acid is obtained. The productive out put
"associated with this test is of the orderi1®»f-100 grans of adipic acid
produced per litre of reaction nediumand per hour. 15 Exanple 8 73 ng of
Mi(I'l T) acetyl acetonate and 42.6 g of a solution of cyclohexyl
hydr oper oxi de Be¢gradnend-d r pre2errhd oxibledimentos ofcl thexanmesention,
conposition, expse (o] ; LiSs 5 ohexyle. r roxi.de -

XREesagdtasn d@ﬁfﬁ%”ﬁ%ﬁ?hé&ng £¥Ghobax fl@%%.&%ﬁé%%ﬁ%ﬁhrged

cycl ohexanol / cycl ohexanone 25 - C%C ohexane” - carboxyl i c aci '
to a 180 nl autbRPaveésSwStRIERESHOLPONREE OWSI (e a tnem tish & ofmi SEPARIANAL0. 760

2.58% 85. 6ka 0ad80 mafievehgt i tanighBqubite autipcl gvgets tBMEGALSLY the
pressurized to 75 bar of,% ai r_at anbient tenperature. The reacCtor is
subsequent |y hRETEIPEEOEBOL: and §3E t AR ALIRRESt e8P0 SHBXYERN "AFIEMB whi ch
provi des, duritiget lexitdate cof hbdinmactitin, waneexygen apaslight pyessiyie of 20
bar for a tota fﬁ@fé#re of the autoclave of 100 bar. The unit is 35
stirred at 1 000 fevol utions per mnute throughout the duration of the
reaction. - 18 After reacting for 55 mnutes, the autoclave is cool ed

and t hen as T @@@%' NBRE I ed ks IyﬁgaE . gas ..
chronatog?gghyéﬁgfﬁ.r%?ﬁhe %§$omnng ?%ggﬁ?% mgFe g@?aine':$%%gfcygﬂghexyl
hydr oper oxi de)Pecan® o, TR ¢ cyel dhekanedPRramELBo Adi pittheaacildigit 32 fy 1heAf t er

cooling the sobdimpele@ndifvicht esd NGy BoMailke 1$pl e yCr i gingapt edodpant |y
adi pic acid is.ffta{ned. The productive output associated with this test is
of the order of't%®“HPhhe"of adipic acid produced per litre of reaction

medi um and per hour. 15 Exanple 9
15 Example 1

2.9 mg of Mn(III) acetylacetonate and 4.51 g of a
purified solution of cyclohexyl hydroperoxide
originating from the oxidation of cyclohexane, with the

20 following composition, expressed as % by weight:

Cyclohexyl hydroperoxide 10.59%
Cyclohexanone 2.06%

are charged to a 30 ml autoclave made of Hastelloy C22.

25 The autoclave is immediately pressurized to 100 bar of
air at ambient temperature and placed in an oven. The
mixture is heated to 130°C with stirring by shaking.

After reacting for 180 minutes, the autoclave is cooled
30 and then degassed. The reaction mass collected is

analysed by gas chromatography (GC).

The following results are obtained:
DC (cyclohexyl hydroperoxide) = 95%
35 DC (cyclohexane) = 2.4%
Adipic acid: 42 mg

The term “DC” 1is understood to mean the degree of

conversion of the product, calculated by the ratio of



10 ng of Mh(Il) acetate (54 ppmby weight), 4.5 ng of Co(ll) acetate (26

ppm by weight) and 41.7 g of a 20 solution of cycl ohexyl hydroperoxide
originating fromthe oxidation of cyclohexane, with the follow ng

“conposition, expressed as o by weight, -fd3 the nmain conponents: -

cycl ohexyl hy i : % = B hydr ox n01 C_aci .50 -
cyclohexanol/Sg%fgﬁgﬁgﬁgﬁggg%%%vgééc?%%e&%ﬁ%gﬁ4§goggggggggx? ﬁ%gggﬁas 0. 20
are charged t @™ 180° nhuBbesciody el irale BPlertdasumitl0 rRmpenit ocd avbei s

i mredi ately pres@drd 280 dtardS RamdPfe@iTeat anmbient tenperature. The
reactor is subsequently heated to |130C and is then connected to an oxygen
supply which provides, during the tinme of the reaction, 35 an oxygen
partial prBssExamdle?2@ bar for a total pressure of the autoclave of 100
bar. The unit is stirred at 1 000 revolutions per mnute throughout the
duration of the reaction. - 19 After reacting for 55 mnutes, the

autocl ave is cod ed and t e Iddgasseet ylheeteaattieon amalss 4C6ll gcted i a

anal ysed by g o|t ggr 5 i,hg results were_qgbtained:
DC (cyclohexa%%?ﬁﬁﬁgﬂgwggpi i(:%ﬁgQ:l 3b§§§8£8£§9¥%QC19ﬁﬁﬁ%qé%lﬁﬁbcgggmfor

t he manuf act urtdieof ¥R ¢ a€i dsycdbhrzeneri zad tim ttiae | fotdawisgs in
reacting a0 S ngRiYic il 0eRpoxLdeqwidd an ol ddlfe 02gL GHDr kLR
nol ecul ar oxygen and in the presence of an o datlgn catalyst. 2. Process
accordi ng to G%BANe "t Siar acterized in 10 that the organic hydroperoxide is

chosen fromthe groeupyersicsdyilng yefr dpye iiBdie0r (c3er@dargy, fuedr oper oxi des
deriving from al kanes y¢l oal kanes, .al kyl aromati ¢ hydrocarbons, the
aromatic ring of vwn(ﬁ¥§%§ﬁ%§%9§2/a¥ﬁhﬂﬁ%§§9QEﬁe or noré& ‘sS¥stituents, such
as, in 15 particul ar cyad cdileganegr oup or hal ogen atom 8&®areagparticul arly

chlorine agom al kenes apd..G%¢] aal;kgnes having from 3 t } carbon atons.
3. Process according to eieﬁé ofl%ﬁhins 1 and 2, 20 cﬁgﬁégierized in that

;

t he organi c hfdodrdaede tics @ Soden aritomlaEne gesiep afomsissldgyofC22 .

cycl ohexyl hydroperoxide, cyclododecyl hydroperoxide, tetralin

hydr oper oxi de’Theet ha}/ultboec aexpee :Iggdrio ggigé{:g?ya%%egls%?:qgercllydtroopleort?xklagf' 0%5
air at ambient temperature and placed in an oven. The

20 mixture is heated to 130°C with stirring by shaking.

After reacting for 180 minutes, the autoclave is cooled
and then degassed. The reaction mass collected 1is
analysed by gas chromatography (GC).

25
The following results were obtained:
DC (cyclohexyl hydroperoxide) = 99.8%
DC (cyclohexane) = 0.02%
Adipic acid: 489 mg
30

Example 3

7.6 mg of ScCl;-6H,0 and 4.56 g of a solution of
cyclohexyl hydroperoxide originating from the oxidation
35 of cyclohexane, with the following composition,
expressed as % by weight, for the main components:
- cyclohexyl hydroperoxide (CHHPO) 10.93%
~ cyclohexanol/cyclohexanone 2.29%
- cyclohexane 85.67%



4. Process according to one of the preceding clains, characterized in that
t he hydroperoxide to be oxidized is obtained by oxidation of a hydrocarbon
by an oxidi zi ng agent conprising nol ecul ar oxygen. 30 5. Process according
"to Caim4, characterized in that the reacti-on nmediumresulting fromthe
oxi dation of a hydr_oc%agagpé]:z . hydr.operoxi de is used as pr.oduct reacted with
t he oxi di zi ng agent. 0. 3}F;L?loétgeagéélcrc';sgcordi ng to Caim ]c aracterized in
that the reactdh Hidad res @ t3hgnd raamahiewimdede ot dfastdiyldrocz@dbon i s
washed with water before being reacted with an oxidi zi ng agent. - 21 7.
Process according to Claim5 or 6, characterized in that the reaction

medi um resul t i1 F3BFPEHRVRXidatresdérte lyy mussauscirasd &9 ehfedoad pénove

the by 5 ppoducirs of bhBiextdaldnprithafe tded bhacBydnePePXbGen  BrnBr ocess
according to aone of the preced r}g}%{?ﬁ characterized in _that the
catalyst is sdHdBi%®S n-§ a\tieﬁti °{H3br5ttlﬁer%dﬁ | DRk ig¥9 -

i npl ementation of 10 the oxidation reaction. 9. Process according to C aim
8, characteri i t at t is insoluble in the liquid di ,um
under the con ?%éoﬂqnséo leIb ef rn?ia%l(?o%l%lft?%’e g&?d%??%ﬁyi%er éﬁcfpgﬁ?dlo.
Process accor dinty ttded aideo@sseidar adther i zedcitnonhamatke caflakysedi sia

support ed; gat a] ySit., LMY HN9 &&dm@_xg’ r | yneric support. 20 11.
% y |ng§§‘8{)a(|d2n§, characterized in that the

Process according to one of the prece
oxidation reaction is carried out in the presence of a solvent. 25 12.
Process accor dinyg fidl 1Gwaing Kesuwihay ad® ickadiiided:hat the solvent is chosen
fromthe group consistjng .of al kanes, cycl oal kanes,_ aromatic hydrocarbons,
hal ogenat ed hydrocgjrcgoar@%lathedwg &y%&ml%%hé;rssérﬁf the mixtures of

t hese sol vents. 30 D3.(RWBradecdsxaacgor=di0tg to Caim 12, characterized in that
the solvept is cho%%éjircorgﬁtitba gLro%uQnggonsi sting of hexane, heptane,

i sooct ane, cycl ohexane,” cyclooctane, benzene, tol uene and xylene. 35 14.
Process according to Claim1l, characterized in that the solvent is the
hydrocar bon cayefged ng to the hydroperoxide to be oxidized. - 22 15.
Process according to one of the preceding clains, characterized in that the
liquid medium after oxidation, is separated by settling into at | east one
organi ¢ phase,0 .foomgedoby dopa 1rqIayi diresk Tyslr eperaxiydeate and 4.50 g

20 of a solution of cyclohexyl hydroperoxide originating
from the oxidation of cyclohexane, with the following

composition, expressed as % by weight, for the main

components:
- cyclohexyl hydroperoxide (CHHPO) 10.93%
25 - cyclohexanol/cyclohexanone 2.29%
- cyclohexane 85.67%
- carboxylic acids 0.19%

are charged to a 30 ml autoclave made of Hastelloy C22.

30 The autoclave is immediately pressurized to 100 bar of
air at ambient temperature and placed in an oven. The
mixture is heated to 130°C with stirring by shaking.

After reacting for 180 minutes, the autoclave is cooled
35 and then degassed. The reaction mass collected 1is
analysed by gas chromatography (GC).

The following results were obtained:
DC (cyclohexyl hydroperoxide) = 93.3%



5 and the solvent, and an aqueous or solid phase, the said organi c phases
being recycled in a new oxidation and the acid produced bei ng extracted
fromthe aqueous phase. 10 16. Process according to Claim 15, characterized

“in that the acid is extracted fromthe -aqeecus phase by crystallization.

17. Process accordi e pre ing claims, 15 characterized in
A o

that the catalyst is re the organi ¢ phase or phases. 18. Process
accordi ng to one ofAdiR praciedi P didi ns, characterized in that the
catalyst is separated from 20 the |iquid nmedium by separation by settling
or solid/li qui&d segz)%rjast'i on. 19. Process according to either of Cains 13
and 14, chara n that the catal yst soluble in the 25 aqueous phase
is extracted by liquid/liquid extraction, separation through resins or by
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Adipic acid: 527 mg

Example 6
30
3 mg of Mn(III) acetylacetonate, 455 mg of para-(tert-
butyl)benzoic acid and 4.5 g of a solution of
cyclohexyl hydroperoxide originating from the oxidation
of cyclohexane, with the following composition,
35 expressed as % by weight, for the main components:
- cyclohexyl hydroperoxide (CHHPO) 10.76%

- cyclohexanol/cyclohexanone 2.58%
- cyclohexane 85.61%

- carboxylic acids 0.13%
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After reacting for 180 minutes, the autoclave is cooled
and then degassed. The reaction mass collected is
analysed by gas chromatography (GC).

10
The following results were obtained:
DC (cyclohexyl hydroperoxide) = 95.4%
DC (cyclohexane) = 3.2%
Adipic acid: 540 mg
15

Example 7

32 mg of Mn(III) acetylacetonate and 41.4 g of a
solution of cyclohexyl hydroperoxide originating from
20 the oxidation of cyclohexane, with the following
composition, expressed as % by weight, for the main

components:
- cyclohexyl hydroperoxide (CHHPO) 10.76%
| - cyclohexanol/cyclohexanone 2.58%
i 25 - cyclohexane 85.61%
‘ - carboxylic acids 0.13%

are charged to a 180 ml autoclave made of titanium.

The autoclave is immediately pressurized to 75 bar of

30 air at ambient temperature. The reactor is subsequently
heated to 130°C and is then connected to an oxygen
supply which provides, during the time of the reaction,
an oxygen partial pressure of 20 bar for a total
pressure of the autoclave of 100 bar. The wunit is

35 stirred at 1 000 revolutions per minute throughout the
duration of the reaction.



S 10901/ T #SWUS. =1L~ Y. 1 10%b& () - ! ~Y. ! 10%b& () -
| ~ 9% 109%b& ()-s! % 10%b& ()-s! T~ 10%bnb& ()-!~ h
10%b& () - $$$$$( @& P=!! ~ Y. 1 10%b& ! 1 109&' ()- !!109%& () -
" 3F10%@R ()-IS‘3F10%2L' ()- 10bb 10bb - 17 - o

= * k3P, Lo 1 1% () I L] '()- .
102Pig@8f§§2lF|10%&f % %9{%%%&6% 3@'m1ﬁg%g%()th au%oc@é&% 1s cooled
+ +J+K+L+#, ( - ﬁw—lﬂ@qomaﬂ Ve uH® - Irelaertulcov/a/mﬁw)collected is

1 3: 1 10%%& {nalvddy s BHO £ 0 ddwu3p=!13!10% u-u& ()-!~
F10%uu&' () -! ~ @DIIO%MUEQ¥%Qé@D'10%Mu&T -'y ﬁoouu&f() I'p! 10%uu&’ () -
1n202p2g2w2223uV4! 1 11 10%uu&’ () - @s 10% u& () -sy310% u& ()-310% u& ()- 210uu

10uu 10uu! 53! M%Iﬂo@%@ﬁﬁk&@%@f%'@éf_éﬂ%&; u& ()- @' 1 10%;){1/?'7%8%8
Uég:y? :J_ lig‘u[(J) -@'k Clo(/ ﬂ)ghégyl@hydrlgp/gjyggu e) @ 910 jpug ()-@ W

10uu! " ! 10%Iu& () - @AC ! (Opaldar@) \= |40 u- u& ()- @! ! 10%1u& ()- @' a ! 10%
u-u& () - @888cO:: biAP{M i lacig: 7.34 g

10 After cooling the solution and filtering, a white solid
comprising predominantly adipic acid is obtained. The
productive output associated with this test is of the
order of 100 grams of adipic acid produced per litre of
reaction medium and per hour.

15
Example 8

73 mg of Mn(III) acetylacetonate and 42.6 g of a
solution of cyclohexyl hydroperoxide originating from
20 the oxidation of cyclohexane, with the following

composition, expressed as % by weight, for the main

components:
- cyclohexyl hydroperoxide (CHHPO) 10.76%
- cyclohexanol/cyclohexanone 2.58%
25 - cyclohexane 85.61%
- carboxylic acids 0.13%

are charged to a 180 ml autoclave made of titanium.

The autoclave is immediately pressurized to 75 bar of

30 air at ambient temperature. The reactor is subsequently
heated to 130°C and is then connected to an oxygen
supply which provides, during the time of the reaction,
an oxygen partial pressure of 20 bar for a total
pressure of the autoclave of 100 bar. The unit is

35 stirred at 1 000 revolutions per minute throughout the
duration of the reaction.
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: productive output associated with this test is of the '
order of 130 grams of adipic acid produced per litre of
reaction medium and per hour.

15

Example 9

10 mg of Mn(II) acetate (54 ppm by weight), 4.5 mg of
Co(II) acetate (26 ppm by weight) and 41.7 g of a
20 solution of cyclohexyl hydroperoxide originating from
the oxidation of cyclohexane, with the following

composition, expressed as % by weight, for the main

components:
- cyclohexyl hydroperoxide (CHHPO) 7.2%
25 - 6-hydroxyhexanoic acid .5%
- cyclohexanol/cyclohexanone .0%
- cyclohexane 84.1%
- carboxylic acids 0.2%

are charged to a 180 ml autoclave made of titanium.
30
The autoclave is immediately pressurized to 75 bar of
air at ambient temperature. The reactor is subsequently
heated to 130°C and is then connected to an oxygen
supply which provides, during the time of the reaction,
35 an oxygen partial pressure of 20 bar for a total
pressure of the autoclave of 100 bar. The unit is
stirred at 1 000 revolutions per minute throughout the
duration of the reaction.
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organic hydroperoxide with an oxidizing agent
comprising molecular oxygen and in the presence of an

oxidation catalyst.

2. Process according to Claim 1, characterized in
that the organic hydroperoxide is chosen from the group
consisting of primary or secondary hydroperoxides
deriving from alkanes, cycloalkanes, alkylaromatic
hydrocarbons, the aromatic ring of which optionally
comprises one or more substituents, such as, in
particular, an alkyl group or halogen atom, more
particularly chlorine atom, alkenes and cycloalkenes

having from 3 to 20 carbon atoms.

3. Process according to either of Claims 1 and 2,
characterized in that the organic hydroperoxide 1is
chosen from the group consisting of cyclohexyl
hydroperoxide, cyclododecyl  Thydroperoxide, tetralin
hydroperoxide, ethylbenzene hydroperoxide and pinane
hydroperoxide.

4. Process according to one of the preceding claims,
characterized in that the hydroperoxide to be oxidized
is obtained by oxidation of a hydrocarbon by an
oxidizing agent comprising molecular oxygen.

5. Process according to Claim 4, characterized in
that the reaction medium resulting from the oxidation
of a hydrocarbon to hydroperoxide is used as product
reacted with the oxidizing agent.

6. Process according to Claim 5, characterized in
that the reaction medium resulting from the oxidation
of a hydrocarbon is washed with water before being

reacted with an oxidizing agent.

@
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8. Process according to one of the preceding claims,
characterized in that the catalyst is soluble in the
liquid medium under the conditions of implementation of

10 the oxidation reaction.

9. Process according to Claim 8, characterized in

that the catalyst is insoluble in the liquid medium

under the conditions of implementation of the oxidation
15 reaction.

10. Process according to Claim 9, characterized in
that the catalyst is a supported catalyst comprising an
inorganic or polymeric support.

20
11. Process according to one of the preceding claims,
characterized in that the oxidation reaction is carried

out in the presence of a solvent.

25 12. Process according to Claim 11, characterized in
that the solvent is chosen from the group consisting of
alkanes, cycloalkanes, aromatic hydrocarbons,
halogenated hydrocarbons, alcohols, ketones, ethers and

the mixtures of these solvents.

30
13. Process according to Claim 12, characterized in
that the solvent is chosen from the group consisting of
hexane, heptane, isooctane, cyclohexane, cyclooctane,
benzene, toluene and xylene.

35

14. Process according to Claim 11, characterized in
that the solvent is the hydrocarbon corresponding to
the hydroperoxide to be oxidized.
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and the acid produced being extracted from the aqueous
phase.

10 16. Process according to Claim 15, characterized in
that the acid is extracted from the agqueous phase by
crystallization.

17. Process according to one of the preceding claims,
15 characterized in that the catalyst is recycled with the
organic phase or phases.

18. Process according to one of the preceding claims,
characterized in that the catalyst is separated from

20 the 1liquid medium by separation by settling or
solid/liquid separation.

19. Process according to either of Claims 13 and 14,

characterized in that the catalyst soluble in the
25 aqueous phase is extracted by liquid/liquid extraction,

separation through resins or by electrodialysis.

20. Process according to one of the preceding claims,
characterized in that the catalyst comprises manganese
30 as catalytically active element.

21. Process for the manufacture of carboxylic acids
from hydrocarbons, characterized in that it comprises

- a first stage of oxidation of the hydrocarbons

35 to hydroperoxides by oxygen or a gas comprising oxygen,

- a second stage of concentration of hydroperoxide

in the reaction medium by extraction of at 1least a

portion of the nonoxidized hydrocarbons,
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5 22. Process according to Claim 21, characterized in
that the oxidation medium obtained after the second
stage 1is subjected to a treatment to extract by-

products other than the hydroperoxides.



