; e3eFl v6TFdwy 19 3 WO 00/15597 PCT/ FRO9/ 02181 1 PROCESS FOR THE
CRYSTALLI ZATI ON mmwmﬁ ACI D The present invention relates to a
‘process for the crystalli i on of carboxylic acid, nore 5 particularly

adi pic acid, and a pr¥&ss for manufacturing crystalline'@ﬁ%ﬁﬁ%?Y?Qm%cid,
nore specifically a process for treating the reaction nmediumfromthe
direct oxidation of a hydrocarbon into carboxylic acid such as adipic acid,
for exanpl eWO100AHPPPE acid is one of the two starti RGTABR2P/@2E81n the
preparation of polyam des, such as polyanm de 6-6, and of various other

pol yners. The applications of polyanidd 6-6 require highly controlled
properties in ternms of both chem cal and 15 physi cochem cal conposition. In
order to obtain such a ol¥ner it is necessarg to have very high purity at
the stage of tPROGEPRNESR QEPQR%STﬁﬁbﬁlAT%QNd Br CARBA¥BELG| AEIHC ds.
Adipic acid is also one of the inportant 20 starting materials in the
manuf act ure of pol yurethanes. Dependi ng on the process for the synthesis of

adipic acid, the inpurities it gontaing.are ogv%ousgg_different. However,
it is always necessary toPTAvolvetBVSTEp°Bt T Haf-FFcabi 8nPoP BRE adi pi ¢ acid

roduced. 25 Th rifi i on_processe ner al | sed are crystallization
Brocgsses ug?ﬂggagg%%ygggé% 5%% 888§§héa989§y_é ¥ﬁ§%§’288§e2 g procggs :s
descri bed, z9£t§é@mf¥haea%§%sngéiaétgﬂa gpskbegggg opo. 2,749, 299.

However, ~dependi ng on thetic process use the nature of the

product to Re,ppstfiedngtBeySckNOMiCEYSHEk) 178 hODaSOhYeRt . namely water,
does not allow certain Tnpurities to be renoved, such as organi c

specifically a process for treating the reaction medium

from the direct oxidation of a hydrocarbon into
carboxylic acid such as adipic acid, for example.

10 Adipic acid is one of the two starting
materials in the preparation of polyamides, such as
polyamide 6-6, and of various other polymers. The
applications of polyamide 6-6 require highly controlled
properties in terms of both chemical and

15 physicochemical composition. In order to obtain such a
polymer, it is necessary to have very high purity at
the stage of the monomers, such as adipic acid or
dicarboxylic acids.

Adipic acid is also one of the important
20 starting materials in the manufacture of poly;rethanes.
Depending on the process for the synthesis of
adipic acid, the impurities it contains are obviously
different. However, it is always necessary to involye a
step of purification of the adipic acid produced.
25 The purification processes generally used are

crystallization processes using water as solvent. Such
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inmpurities, for exanple. One of the ains of the present invention is to
provide a process for the crystallization of 10 carboxylic acid, and nore
“particularly of adipic acid, in solvents capable of renoving the said
organic inpurities. To this end, the invention provides al9frebresy2008 the
crystallization of carboxylic acid, 15 characterized in that the said
crystallization or recrystallization isycarried out froman organic sol vent
or a mxture of solvents, at |east one of which is an organic solvent, in
whi ch the carboxylic acid has a solubility of |ess than or equal to 150 by
wei ght at 29 Frb@@ﬁ@rébuﬂés@Ei%@@“ Fod idkahpale,t he $aithciplpsrrhl S chosen
fromthe famlies of organic conpounds conprising ether, alcohol, ketone,
ester, nitrappliaatden Muol.phoxude 200 .carbonate functions and hal ogen
containing, nitro or phosphorus-containing organic 25 solvents, and al so
m xtures of organi c stHbweres, tepemding enhiahengyhitbetrioperbicessof
solubility of the carboxylic acid which are nentioned above, whereas the
sol ubi ity obefihendatbexypbturacod itheeamsivduotptrebe purifiedrebheary 2003 3
one or nore conponents of the m xture taken individually cannot correspond
to the sbl ubnpwiycrif§edlinatéancgofeeatnapoirelaniaterei APESoWOtAccor di ng
to a preferred characteristic of 5 the invention, the organic solvent is
chosen if tRA&1SW GBFFRLY &FPHKEtd82SpERy PR T8FPYeAn FHEPSESdOXgRrRéRt at a
tenperature,of 100C, or _at its boiling point if this is |ower than 100C, is
at | east 501ﬂPbﬁéFl?ﬁanf?ﬁa?xﬁppgﬁc in the same solvent, preferably 10% 10
hi gher. Furt hernore, éﬁe sglﬁgilit at 1QgC.shouId advantggggusly be at

r

| east 15% by wei ght. gt eh?é grogolu i F??ﬁnghéﬁygnbe Und&rstood as

meani ng a diLfErenea.! 0 é?k%?%%iEXra%hénfﬁgggéEgﬁzX@kBﬁ-0%5 The carboxylic

aci ds whi ch can advant ageousl'y be Crysta y the process of the

inventi a cably: di cgrRoxykke kdsusHenyas radhpbs cagk8dq, succinic
aci d, g?gta%?gﬂgg?ggetégéghtﬁgﬁi@Mg%igagndéysopﬂyhalig a%?S.ST%g preferred

carboxylic agi do®fehb8 28phBYEBNbEORehSvadLPLBeashild dggsak¥ents which are
suitable for the process of the invention, nention may be made, for

exanpl e, of idpdrdtoxane; diglyne (diethylene glycol dinethyl ether);
tetrahydrofuran; aliphatic, 25 cycloaliphatic, aromatic or arylaliphatic
ket ones such as acet ofte, theshghdi stbhet yhviketons, prevhykesethpkokessane,
met hyl isopropyl ketone, nethyl phenyl ketone, cycl ohexanone, n-butanol;
i sopropanol fo8 the crystallization of carboxylic” acid,
15 characterized in that the said crystallization or
recrystallization is carried out from an organic
solvent or a mixture of solvents, at least one of which
is an organic solvent, in which the carboxylic acid has
a solubility of less than or equal to 15% by weight at
20 a temperature of 20°C, and in that the said solvent is
chosen from the families of organic compounds
comprising ether, alcochol, ketone, ester, nitrile,
amide, sulphoxide or carbonate functions and halogen-
containing, nitro or phosphorus-containing organic
25 solvents, and also mixtures of orgaﬁié solvents, the
mixture having the properties of solubility of the

carboxylic acid which are mentioned above, whereas the

solubility of the carboxylic acid in each component or



19 February 2003 4 net hoxyet hanol ; acetonitrile; dinethylformm de;
acet am de; dichl oronet hane; ethyl acetate; 1,2-dichloroethane; dinethyl

- sul phoxi de; nitromethane; N-methyl pyrrolidone or m xtures thereof. This
list is 5 not exhaustive, the use of other organic sol ven9Febhiash2Ge i sfy
the general criteria of solubility of the acids being included in the
context of the present invention. The organic solvents or m xtures of

sol vents can be used alone or as mxtdres with another solvent 10 in
accordance with the invention or otherw se. Thus, these organic solvents

can be used with water. The term "organic solvent used her ei nbel ow shoul d
be under st ¥ %E m%ﬁﬁlﬁ@mBﬂQEBFﬁaﬂfc B PentusP FRXBBre of organic sol vents

whi ch sati sfi 1%5 criteria of sol ua g of tg E |ic acids which
are menti ot l%b Ve AVt g ebUET §FPTH ?ng 9%%% ?ﬂganventlon

h boi | t h
c?is?alf:z%Tgbgg%%% hergﬁﬁs ?grgég exp% %Sg{;ygggrggfn; gondltlons
Thus, suitable solve en é?ggyggt %fgugk%ﬁgg¥gdacggkgbgnggtQE gt between 40C

and 2500 preferably ween The crystallization can be

perforngd af [g?éﬂ??%hc PhESSHE SN PE ga@eéner§§sehsse35lf fhe sol vents
whi ch are Surta or the invention also advant ageously have a certain

affinity for)uet el ey abtovhadcyesbipuief atha enyshal khng adipest 19
February 2003 5 acid with water to renove the traces of organic

crystal li zati anceapyeaturdhef process ot aheitnavealiildngi sotatried out
according to the known techniques of crystallization

this is lower than 100°C, is at least 5% higher than

that at 20°C in the same solvent, preferably 10%

10 higher. Furthermore, the solubility at 100°C should
advantageously be at least 15% by weight.

The term “higher solubility” should be
understood as meaning a difference in solubility as an
absolute value.

15 The carboxylic acids which can advantageously
be crystallized by the process of the invention are
preferably dicarboxylic acids such as adipic acid,
succinic acid, glutaric acid, terephthalic acid and
isophthalic acid. The preferred carboxylic acid of the

20 invention is adipic acid.

As solvents which are suitable for the
process of the invention, mention may be made, for
example, of 1,4-dioxane; diglyme (diethylene glycol
dimethyl ether); tetrahydrofuran; aliphatic,

25 cycloa}iphatic, aromatic or arylaliphatic ketones such
as acetone, methyl isobutyl ketone, methyl ethyl

ketone, methyl isopropyl ketone, methyl phenyl ketone,

cyclohexanone, n-butanol; isopropanol; 3-



5 processes. Briefly, this process conprises a step of dissolution under
hot conditions of the carboxylic acid to be crystallized, followed by a
step of cooling after optionally filtering the hot acid solution. It is

al so possible to concentrate the hot acid solution bef or el febtgary 20@%ol ed
This crystallization can be inproved by any known neans and in particul ar
by the use of mcrowaves. Needless to say, the crystallization process can
be repeated. Sinmilarly, the solution récovered after a crystallization can
be concentrated while hot 15 and then cooled in order to recover a further
crop of acid. The present process, can be applied to carboxylic acids and
nore parti EWEROPY atdage ladigsi et o i ¥ rm ??ﬂﬁgéﬂﬁﬂ4ﬂ&q%7processes, such

as, for 20 exanpl.e, the adipic acid fromthe nitric oxidation of
cyclohexan&0%§%h¥#”0991 zﬁﬂﬁﬁhaqqknégq¥ FSHIEHydr oxycar bonyl ati on of
but adi ene qr .alf.ernatively from.the. direct, gxidation .qQf cvgl.ohexane in air.
The procesg"g‘f'dilﬁéﬁiorﬁ?g % e’ap nlle:tgly215 sﬁlaquq}oé{uaéaer’l 3}1 %orql%egthparrbec’ess for the
hydr oxycar Qonyl. at j.on i o Qs Ofmy=a, fqir .
hydroxycar%gﬁ%égﬁqéYégbﬂﬁﬁﬁ%'|§ﬁgnpéa&§%59to éﬁﬁﬁktaﬁggEﬁjﬁé%fg%oic aci ds,

mainly 3 pgu%tterégéh%u%%ii%e, e RN ua %3003 §-and @ A s wé'lich .
In the first

hydr oxycar bonyl ati on perforned on the pentenoi'c aci ds obtal ne

reaction ang Jieadi ngd ¢ARR-AUIC AGId Bl £ YYRINING A Seldal hamunt of
2-nmethyl glutaric acid and 2-ethyl succinic acid, as wel | as ot her

conpounds elieddy nelh@ismtinn g Ha' @bt igfsteHy direessar hemdmtiicen reacti on,
such as y-val erol actone, unconverted pentenoic acids and net hyl but enoi c

aci d. These organi c Migeunirigaes carse ladvary agemidtnresmafeddiywemts
crystallization process in 10 accordance with the invention. The process of
the invent icam lesosgdpleilenerore gramtiixtuizad wittd) tane thegatsedivierdnd r ecovery
of carboxylic acid such as adipic acid synthesized by direct oxidation of a
hydr ocdr%borins asieoasiapre @hékawglelanmemwrx orTiithegmiEess Thatsdescri bed in
particular in patent application WO A-94/07834., This docunent describes the
oxi dati on GHEEFc IO E SCAMEHS G e &t sest MeSHo@bS¥g- di acids, in a

l'i quid phase conprisipg a solvent, ysing.a gas, 20 containi oxygen and in
the presence of an oXiGatiSSm c QLIS §%@ﬁ’ "a WSEERINEYES ﬁﬁ? the said

ol vent OB IIR. S0, SN P ST Sk TGN B Sgcondery
treating tQﬁ§&h&%~%%'d?§§ﬂ§é Qivents which satisfies the
15 criteria of solubility of the carboxylic acids which
are mentioned above.

Advantageously, the organic solvent of the
invention has a boiling point which is compatible for
carrying out the crystallization under industrially

20 exploitable operating conditions. Thus, suitable
solvents advantageously have a boiling point 6% between
40°C and 250°C, preferably between 80°C and 120°C. The
crystallization can be performed at atmospheric
pressure or under pressure.

25 . The solvents which are suitable for the

invention also advantageously have a certain affinity

for water, allowing washing of the crystalline adipic



25 mxture. This treatnment consists in separating the diacid forned, by
cooling the mxture in order to bring about precipitation of the said
‘diacid, in separating, by filtration, the diacid fromtwo |iquid phases, a
19 February 2003 7 ~nonpol ar phase which is recycl ed, andigrgpplify 200mse
which is also at least partially recycled after an optional hydrolysis and
a separation of an additional amount of diacid. That patent nore
particularly provides a solution for the, one-step oxidation of cyclohexane
into adipic acid with industrially acceptable selectivity, but it does not

provi de anacRdugtithakiay eaPRld Galtloves Mhd iteRde WFe drieatinent of the
reaction m xture 20 obtained fromthe oxidation, taking into account the

separ ati oncelsthe iakitdvs Roddikeits and by- products of the reaction, the
unconverted materials and in particular the recycling of the catalyst.

Pat ent EP- A-0, 772, 58 Thede seoidess afmuhe inveanjlet d sprecesed outt reati ng t he
reaction m xture obtained fromthe direct oxidation of cyclohexane into
adi pi ¢ aci dccasdiell tas thiee kneeyctiesgndfueise odacalvydel lHaatien, in t hat
process, the adipic acid is also crystallized fromacetic acid which is a
corrosi ve pr@ceesespelsiied 1yol EAS DreGEiSs FEMPEEEGRST ¢ SHEDr ©ener at i on
operations which greatly affect the general ecpnony of the adipic acid
nanufacturﬁﬁ@seﬂﬁgé§§ u?éeév€P$oﬁ€n@H§§€n&r8@b&@€scaFP@xKﬂﬁFlé&hﬁ has

provided, in its aten EP 0, 847,980, a rocess for arating adipic
aci d fron1§€ePFc @?&a fd 2ERen £O §V§F|P afi & ﬁGBfOFthoiég AESREwat er .

SrEET 5 98 ROBRUATy 3 3%%3%@%?%‘ 2008 B56S ROLUEGRBI of8l 3ot eni0e the
traces of 5@35%92”'&3 28hYLent 438d 1" nbiaea0%hdakbh @R 1 bRAELERRe P
10 is cooled. This crystallization can be improved by any
known means and in particular by the use of microwaves.
Needless to say, the crystallization process
can be repeated. Similarly, the solution recovered
after a‘crystallization can be concentrated while hot
15 and then cooled in order to recover a further crop of
acid.
The present process can be applied to
\carboxylic acids and more particularly to an adipic
acid from various synthetic processes, such as, for
20 example, the adipic acid from the nitric oxidation of
cyclohexanol and/or cyclohexanone, from the double
- hydroxycarbonylation of butadiene or alternatively from
the direct oxidation of cyclohexane in air.
The process of the invention applies
25 particularly to the process for the
hydro#ycarbonylation of butadiene, which consists of a
first hydroxycarbonylation of butadiene leading to a

mixture of pentenoic acids, mainly 3-pentenoic acid,



particular when this solvent is a water-m scible carboxylic acid such as
acetic acid. 5 This presence of traces of solvent can conplicate the second
"recrystallization of the adipic acid, in particular as regards the shape of
‘the crystals obtained. In addition, the Applicant has al st® Fehmaty 2003 hat
the presence of oxidation internediates, such as cycl ohexanone,

cycl ohexanol , cycl ohexyl esters, hydroEycarboxylic acids and | actones, is
liable to interfere with the separatio® and purification of the adipic
acid. The Applicant has provided, in particular 15 in its French patent
application 98/02928, which is not_yet_published, additional treatnent
processes faRdran®oroRdt REIBPEERRELPRBLRFEPRSPETRRTREYSPRI FNgat i on process
provi ded by the present.inventipn repove st of these organic 20
inpurities Q@?E%E?l?eﬁﬁf FngPtaEngdetBs eSE??BEi%%aEFﬁg?agP?zation sol vent

such as acefic.acid or dditiona% %éeatnen e acid crgstallized
n

S._Jhus, th
according t e?%%?%r%%e% RC et ﬁ?i5%n%%§nb%gp%rF?¥5ﬁlﬂp?@° %ﬁdily by a
further Cr¥§#a%l+é@ﬁ'P$1$£99135a¥@§e£nd'5—Q€ﬁ§f§@£¥%n£9 %&Daev the high
i CatT ons n the appl or 't

purity speci equirted 1 I cations e nhnu?actyre of
pol yami dg qpe ppl yursthapeco FEEday d2; EEDIUAY ZDOR Ené subl ect Of
the invention s also a process for preparing carboxylic acids by oxidation

of a:hydroc§g£g%1ﬂyafgifggrggﬁgﬁégp@nafgaéfggﬁpegﬁcpfaghe reaction medi um
obtained. 5 A subject of the invention is, nore particularly, a process for

treating theJ0a6id1eRk tEnd, Ui dtvairad ffarddi diddeds adglation of
hydr ocarbons into carboxylic acid, in particular using nolecular oxygen or
a gas cont ahertiglhbtensid heclid gurided® phgseiciimpusotiesntasand in the
presence of a catalyst dissolved in the reaction nedium characterized in
t hat the seﬂ@w¢mtmgg@u@bmpr¢QOed by a crystallization process in
10 accordance with the invention.
The process of the invention also applies
more particularly to the treatment and recovery of
carboxylic acid such as adipic acid synthesized by
direct oxidation of a hydrocarbon such as cyclohexane
15 with air. This process is described in particular in
patent application WO-A-94/07834.
This document describes the oxidation of
cyclic hydrocarbons into the corresponding "diacids, in
a liquid phase comprising a solvent, using a gaé
20 containing oxygen and in the presence of an oxidation
catalyst such as. a cobalt compound, the said éblvent
comprising an organic acid conﬁaining only primary or
secondary hydrogen atoms. That patent more particularly
develops the phases for treating the-final reaction
25 mixture. This treatment consists in separating the
diacid formed, by cooling the mixture in order to bring

about precipitation of the said diacid, in separating,

by filtration, the diacid from two liquid phases, a



- when the conposition of the reaction mxture allows it, a separation
of ~t he phases by 15 settling into two |iquid phases: a nonpol ar upper
phase, essentially containing the unconverted hydrocarbon, and a pol ar

| oner phase essentially conprising the solvent, the aci dsidFebmesty 2066
catal yst ,and sonme of the other reaction products and unconverted 2d

hydr ocarbon; - a distillation of the polar |ower phase or, where
appropriate, of all of the reaction m xture, thus separating, on the one
hand, a distillate conprising at | east some of the nobst volatile conpounds

such as t hprdfo1ue gshvesé ewhiwir Dsarbepecltle andvanpolbhephaaet i on
internedi ates and the water, and, on the other hand, the distillation

resi due cevhirdlsiigg dbso catr bbayst cparctilaligr redyanddt A€teat ahyst; - the
addi tion of an organic solvent in accordance with the invention, or a

m xt ure ceomdriaialg WENDEFS BHERTA a 19epPabatiaon 8608n18dditlieaall one organic
solvent in accordance with the invention, to the distillation residue, -

t he separémmmnﬁﬁoﬁrﬂ#Qﬁ&%Jyst mhich may have precipitated during the
addition of the organic 5 solvent, by filtration of the nedium for

exanpl & - the cr yst'EP?FZHFFSHtonFﬁep@&ltlﬂ%alrclyaéﬁrd"’fmﬁ tthe organic

sol ution of he dIS illation residue, .1 onal recr stajllzatlon of
the carbox3fHet hﬁ?d PEc 8r88eFF%ﬁPtﬁ§l§§ L eﬁyélo ek er. The

sopr st o il gn oo e itsts o Lhe A3 L1 Mg, st ot

but it does not provide an industrially applicable
solution to the treatment of the reaction mixture

10 obtained from the oxidation, taking into account the
separation of the various products and by-products of
the reaction, the unconverted materials and in
particular the recycling of the catalyst.

Patent EP-A-0,772,581 describes a more

15 complete process for treating the reaction mixture
obtained from the direct oxidation of cyclohexane into
adipic acid, as well as the recycling of the catalyst.
ﬁowever, in that process, the adipic acid is also
crystallized from acetic acid which is a corrosive and

20 expensive solvent, requiring recovery and regeneration
operations which greatly affect the general economy of
the adipic acid manufacturing process.

To overcome these drawbacks, the Applicant

has provided, in its patent EP 0,847,980, a process for

25 separating adipic acid from acetic acid and then
crystailization of this acid from water. However, it
has been observed that the crystallization in water of

AMENDED SHEET



used, the anount of hydrocarbon converted and the water 15 content in the
medi um The hydrocarbons used as starting nmaterials in the process of the

- invention are, nore particularly, alkanes, cycl oal kanes and

al kyl aromat i c. hydrocarbons containing from3 to 20 car bori9diebrary 293anong

t hese hydrocarbons, cycloal kanes, in pafticul ar those which have a ring
containing from5 to 12 carbon atons, are w thout doubt the npbst inportant,
since their oxidation |eads to dicarboxg%ic aci ds. The nost advant ageous

hydr ocar bon 3% IS BRABHISRHENOt hePBRt @k + Bnt BFOWRi Ehe| BRASSEoChdi pi ¢ aci d,
one of the se conmpounds jn polyam de 6-6 and one of the djacids, nost
comonl y usggﬁ °© qgﬁw?ﬁ#@ﬁéﬁkﬁ%%%.féﬁ the Xt Pdsenofe&FhpPhci tY, the

i ti i1l _.be described ver erally with referenc 0 the treatnent
:)?Ytegel (r)ga\(/:\ntﬁao%lrﬁ B G A eI G T s o?gi_ﬁ%??%ﬁ“%??%i?ohexane_ into
adi pi ¢ aci d,c {0 eiréo '#;‘?e y%f?agls égt]t)g (gf)(ljl ed to m xtures obtained

fromthe oxidation o rocarbons, and nore particularly of other

cycl oal kapes. The cydTﬂggugy%%gﬁgga6%n€gggggi55t QRLE opgl step of

separation by settling I1s usually 10 reintroduced 1nto a cycl ohexane

oxi dation ORI ihtel hhe HaredHd Usesk-yrd e 234 A3 | O Ofhe thQ1 HyAr ocar bon,
preferably cyclohexane, is an at |east partial solvent for the carboxylic

aci d whose picgRyr dln Pars dullandad. redisdsadvendhHod de vesy 15 varied in
nature, provided that it is not substantially oxidizable under the reaction
condi ti ons. draystal hebtained.
In addition, the Applicant has also found
10 that the presence of oxidation intermediates, such as
cyclohexanone, cyclohexanol, cyclohexyl esters,
hydroxycarboxylic acids and lactones, is liable to
interfere with the separation and purification of the
adipic acid. The Applicant has provided, in particular
15 in its French patent application 98/02928, which is not
yet published, additional treatment processes for
removing the organic impurities.
The crystallization process provided by the
present invention removes most of these organic
20 impurities without requiring the use of a corrosive
crystallization solvent such as acetic acid or
additional treatments. Thus, the acid crystal&ized
according to the process of the invention may be
purified more readily by a further crystallization from
25 water, if necessary, to achieve the high purity
speciﬁications required in the applications for the
manufacture of polyamide or polyurethane.

AMENDED SHEET



chosen in particular frompolar protic solvents and pol ar aprotic sol vents.
As pol ar protic solvents, nention may be nade, for exanple, of carboxylic
acids 20 containing only primary or secondary hydrogen atons, in particular
al i phatic acids containing from1 Cb 9 carbon atons, 19 February 2003

perfl uoroal kyl carboxylic acids such asPtrifluoroacetic acid, water and

al cohols. As polar aprotic solvents, nention may be nade, for exanple, -of
25 lower al kyl esters (alkyl radical preferably containing froml to 4
carbon atons) of car bzbﬂ}‘lqjéciciotfs ‘the,ipyeptigPatSoplaPi pHarPeesar boxyl i c

acids contajppning from1l to anhon_atans, or _of tfl uopoal kyl car boxylic
19 Februar yk (gr%raf'agdsgar?jg%y&r%& ﬁﬁﬁeﬁebgu?ﬁﬁg‘ggl‘?%ro u‘?phol ane), and

al i phatic ng,%afa@a&%%dfgf%%%&omagwon/%sﬁai Eﬁé‘ghﬁeﬁé Sengal ly

preferred, parti en the substrate to be oxidrzed 1s 5

cycl ohexanereddte sratmidaisin Pbekehaldl.y contai ns cobalt, manganese, a m xture
of cobalt with one or nore other netals such as manganese, chrom um iron,

zi rconi Bm haf ni um oA copgect of &ha&i Khueet bén nbsgansse Wi th one 10 or nore
ot her netals such as chromum iron, zirconium hafniumor copper. Anmong
t he cobal t -patddutiattlyred, psacgsgsferconpat biqigtles themcttioal t and chrom um
cobalt, chrom um and zi,rconium cobalt and iron, cobalt and manganese or

cobal t and ¥t GREAALEr EREPNFIf 95T eFk ptdatltn il arly suitable. This
of theae mabEEBhntafat A ey Ble S Eact dreniasiia” Hd Beaction
X g P Db B SRR AL S0 AR GBB b, o 2
hydr ocapbon,y fde0m; h~at 8o fP8n Of a@r POXHd Gradedhtel @FMadcatalyst
dissolved in the reaction medium, characterized in that
the said process comprises:
- when the composition of the reaction
mixture allows it, a separation of ‘the phases by
15 settling into two liquid phases: a nonpolar upper
phase, essentially containing the un;onverted
hydrocarbon, and a polar lower phase essentially
comprising the solvent, the acids formed, the catalyst
and some of the other reaction products and unconverted
20 hydrocarbon;
- a distillation of the polar lower phase or,
where appropriate, of all of the reaction mixture, thus
separating, on the one hand, a distillate compriging at
"least some of the most volatile compounds such as the
25 unconverted hydrocarbon, the solvent, the reaction
intermediates aﬁd the water, and, on the other hand,
the digtillation residue comprising the carboxylic
acids formed and the catalyst;
-~ the addition of an organic solvent in

accordance with the invention, or a mixture comprising

AMENDED SHEET



fromO.1~ to 10~ of water, fromO0.001 to 5~ of the netals) contained in the
catalyst, and fromO0.1~ to 25 100 of other oxidation reaction products, the
- remai nder consisting of the solvent. The step of distillation of the |ower
phase, or where appropriate of the reaction mixture, is 19RebRey 20603/ 2003
13 carried out such that nost, and as far as is possible all, of the
unconverted cycl ohexane which may stil{gbe present in this |ower phase is
separated fromthe adipic acid. The reaction internedi ates, such as 5

cycl ohexanol , cycl ohexanone, cycl ohexyl acetate and |actones (esentially

but yr ol act gpie jang v alfL ol ArdNe)sferd Sth SER AR OUfIt@Sché the sol vent,
preferably conprising a carboxylic acid. The distillation step is generally

carried 10 jQufertich ! edWenat Wiisd 0 Ré ee2b@fe and at an absol ute
pressure of between 10 Pa and at nospheric pressure. Preferably, the

tenperature of the mxtile shydridie ¢if sihe |@ddaolysd | |wiechanay ai ned

bet ween 70C and 150C. 15 The distillation can, if necessary, be carried out
in several silesesssaipisiaps] duripay tiholaddini drheopridieromghmiorle i n whi ch
it is desired to renove the majority, for exanple nore than 90~.and even
nmor e thean $@Ivesft t hey dfilphattiicorcarbhade inedicin sfohw eaample One

advant ageous variant of the process of the invention consists in

i ntroduci ng steam i nto &He GreHdloh 78 5&an © heihn bt ig atid
distillation step. This operation can allow better entrai nnent 25 of
certain corfFmdSHIFEMLG FARE IRk &P eted atd Aher i d4e4 ation. It

can al so achieve a partial, or conplete h drol%]ls.i s of the carboxylic esters
A Tho Of e

whi ch may al so be found®RT A ¥ xtUreE Ty T % February 2003
1~4 The distillate .obtained in the distillatiaon operation described above
conpri ses tq’?ertifd?yﬁbltfs ol t’?‘sfceovceiﬁﬁacgutrs{:d)sm atﬁlhae vﬁaai“(laéra.s’o?]hveesn('::E VO af{ﬁ T
corrpourfios & \éal orizable and thus recycled in a new cycl ohexane 5
oxi dati'on reaction, after an at |east partial renoval of the water, by any

known neans, in partifgy alew AZ&AT HAPILtdiisidd | Pewd Hracey dance with
the invention, an organic solvent or "a m xture conprising at |east one

organi ¢ 10 gl vedcd ibraGEordant &sud fdt ddie davel imbdasaddedHo the
distillation residue to dissolve the adipic acid forned and optionally to
pr eci pit at & riven toiatral desdend sThees serming 1 Iof  gol thentr egdtdeicbrr eprlasertt s from 0. 1
to 20 tines the weight of the m xture obtained after the said 15

di still ati amsedr efter amoyntt hef anplmicafbaplamnterddgbdnd the water

15 content in the medium.

The hydrocarbons used as starting materials
in the process of the invention are, more particularly,
‘alkanes, cycloalkanes and alkylaromatic. hydrocarbons
containing from 3 to 20 carbon atoms.

20 Among these hydrocarbons, cycloalkanes, in
particular those which have a ring containing ‘from 5 to
12 carbon atoms, are without doubt the most important,
since their oxidation leads to dicarboxylic acids.

The most advantageous hydroqﬁ;bon is

25 cyclohexane, the oxidation of which leads to adipic
acid, one of the base compounds in polyamide 6-6 and

one of the diacids most commonly used.



represents from0.5 to 10 tinmes this weight. This operation thus consists
in dissolving the adipic acid in the m ni mum anount of hs~t solvent, which
optionally allows the catalyst to be separated 20 out by hot filtration of
the solution. The crystallization itself is performed acct®Rrebngry2003 he
usual techniques, by gradual cooling of the organic solution. Generally,
the solution is seeded using crystals adi pic acid. 25 The adipic acid
obtained by this crystallization can then be recrystallized fromwater, in
order to achieve the purity required for the nmain applications in which it

s used. 19 Februalyo200e 15uMbLen! 5¢ CalnBes PRLYOTERE YhibALL ofepar ting

fromthe context of the present 1 nvention. S, Certaln operations can

carried outypef b& 4bEc518830 ery Y§ERLIA LRSI @R rbheradipi coaghd froman
organic 5 solvent. It is advantageous, for exanple, to perform an

addi tional pxésehénn of the raietiwdimiLcoxédabboniseaperbdstReesent in the
polar liquid phase, after nost, and preferably all, of the unconverted

cycl ohexanechosabben S£payal efeatte anttdeddti¢ hec bd hebud Otk@npounds and

t he carboxylic acid solvent have been separated out. This additional

oxi dati oh Cauodes perdoraksio e happl 2edl| to roiygenesrolat ghsedofit@nni ng it,
the oxidation being catalysed by the initial catalyst still present in the
sai d pol ar pheasexidatidn ephadtver ynvdrosiyerg, oxygeporonor such as

hydr ogen peroxi de or an organi c hydroperoxi de. Such an additional oxidation
i s then folPaxerulgrinert R Erehreyaled Hrarparati on of the carboxylic acid

sol vent, before the stﬁg of cr stalliagtion of the_20 adigic acid in an
organi ¢ sol vent. T cyclohexane phase obtained in th

optional step of separation by settling is usually

10 reintroduced into a cyclohexane oxidation operation.

The solvent used in the oxidation of the

hydrocarbon, preferably cyclohexane, is an at least
partial solvent for the carboxylic acid whose
préparation is intended. This solvent can be very

15 wvaried in nature, provided that it is not substantially
oxidizable under the reaction conditions. It can be
chosen in particular from polar protic solvents and
polar aprotic solvents. As polar protic solvents,
mention may be made, for example, of carboxylic acids

20 containing only primary or secondary hydrogen atoms, in
particular aliphatic acids containing from 1 tb 9
carbon atoms, perfluoroalkylcarboxylic acids such as
trifluorocacetic acid, water and alcohols. As polar

aprotic solvents, mention may be made, for example, of

N
[83]

lower alkyl esters (alkyl radical preferably containing
from 1 to 4 carbon atoms) of carboxylic acids, in
particular of aliphatic carboxylic acids containing

from 1 to 9 carbon atoms or of perfluoroalkylcarboxylic



After this optional additional oxidation operation, the adipic acid is
crystallized as indicated above. The process of the invention can al so be
25 conpleted by a reaction to reduce the reducible inpurities which nay be
present in the technical-grade adipic acid obtained by crigsketirkary200n from
an organi ¢ sol vent. 19 February 2003 16 Such a reduction is

advant ageously a hydrogenati on with hyd ogen, after redissolving the

techni cal -grade adipic acid in a solvent such as water, if necessary in the
presence of a hydrogenation 5 catal yst not dissolved in the nedium The
hydr ogenat iast dsat digisianetheppatsdlghanms t (v mdiniinlang)he andtl of the
reaction. Finally, the recrystallization fromwater can al so be preceded by
an oxi dat i V& IRRASHE Ay Ypehet i BIFEISIRF Pt Scid or alternatively by a

known treatnent of a&;so%%ti on_.and decol ouri.zati o f or, exanpl e usi ng carbon
bl ack. The process of 3% 9 ih IS Y &fse&;'elﬁree '0odbtain) in

particul ar,_ _aft.er .the JhSe regryst atté qn fromwat.er,. adi pic acid which
r

| 1]z
can sati sf fatrﬁelcs‘ﬁea(ﬁ 'S4t i ons sug?srfroa its l})see N zee’d, slysnt hesi s of

pol yam cge 6- 6 Oorhegc%eré” et hanes. Ot her details and advantages of the

i nvention vc\:nylcil emerge nore clearly in the light of the exanples 20 given

bel ow, purely as a guife and {f &{}%Ma%k%e%o rdildugidiahion. a 1 .
PREPARATI ON OF OXI DATI ON MASSES 25 . A'jacketed titanium 1.5 1 autocl ave
equi pped mpanganese, a mixture of cobalt with one or more other
metals such as manganese, chromium, iron, zirconium,
hafnium or copper, or a mixture of manganese with one
10 or more other metals such as chromium, iron, zirconium,
hafnium or copper. Among the cobalt-based mixtures,
catalysts comprising either cobalt and chromium,
cobalt, chromium and zirconium, cobalt and iron, cobalt
and manganese or cobalt and zirconium and/or hafnium
15 are more particularly suitable. This catalyst is used
for the oxidation of cyclohexane in the form of
compounds of these metals which are soluble in the
reaction medium.
The reaction mixture to be treated by the
20 process of the invention contains, as a guide, on a
weight for weight basis, from 1% to 99% of uncgnverted
hydrocarbon,'from 1% to 40% of carboxylic acids formed,
from 0.1% to 10% of water, from 0.001% to 5% of the
metal (s) contained in the catalyst, and from 0.1% to
25 10% of other oxidation reaction producgé, the remainder
consisfing of the solvent.

The step of distillation of the lower phase,

or where appropriate of the reaction mixture, is



Wi th a six-blade turbom xer and various openings for the introduction of
the reagents and fluids or for the renoval of the reaction products and
fluids, and which 19 February 2003 17 has been purged beforehand wth
nitrogen, is |oaded at roomtenperature with the foll ow g February 2003
Cobal t ~acetate tetrahydrate: 4.0 g (16 mmol) - Acetic acid: - Cycl ohexane:
357 g 292.5 g - Cyclohexanone: 3.2 g (32.7 mmol) After closing the

aut ocl ave, the nitrogen pressure is brought to 20 bar, the stirring (1000
rpm) 5 is started and the tenperature is brought to 105C over 20 m nutes.

The nitrogety s ddesud epl@cathit thb£0, baia ofs dept el£d figodSHnxygen) . The

flowrate of inlet gas is adjusted to 250 litres per hour. After an

induction qfi Bbt t1ed whdBHRSKtdd Epdl sk Riitat andys d0i Xonsainpt i on of
oxygen, the tenperature rises by 2 to 3C and the oxygen begins to be
consuned. TPreddaltetimxigen lower pllagy atBladdparaisedrdw 2de-. The oxygen
titre at the reactor outlet remains |less than 50 throughout the test. The
t enper at ur edipiks adied aultoe | e triang e thetwesbira tleds),. Suwrid d05. 1C. When 50
litres of oxygen have been consumed (degree of conversion of about 209%,
cont i nudus dvglethéxanaef, texclohprangimscyasldmnmh@aietats egtd on of an
acetic acid solution contajning 1.1o0 by weight of 20 cobalt acetate

t et r ahydr at’eactimnes 438Nt Yht Wity etk wlerqlastangle of 4.6

m/mn (stabilized regine) and injection Qf cycl ohexane aflowrate of 5
m/min (st&@H9idsP r%eg?q.@%t_e HE G4 i dlsp)rtglﬁjgocaivse’%tt'or%%‘lé'&rﬁunousl y in a
7 litre deccao%pegis%ngoac'carblogxyFleibcr uary, .2003

The distillation step is generally carried

10 out at a temperature from 25°C to 250°C and at an
absolute pressure of between 10 Pa and atmospheric
pressure. Preferably, the temperature of the mixture
during the distillation will be maintained between 70°C
and 150°cC.

15 The distillation can, if necessary, be
carried out in several successive steps, in particular
in the preferred mode in which it is desired to remove
‘the majority, for example more than 90%.and even more
than 99%, of the aliphatic carboxylic acid solvent.

20 One advantageous variant of the process of
the invention consists in introducing steam irto the
reaction mixture before or during the distillation
step.

This operation can allow bggger entrainment

25 of certain compounds present in the mixture subjected
to thé distillation. It can also achieve a partial or
complete hydrolysis of the carboxylic esters which may

also be found in the mixture to be distilled.



18 After 380 mn fromthe start of the reaction, the air is gradually
replaced with nitrogen and the contents of the autoclave are transferred
into the decanter. The decanter contains a two-phase m xture. 5 The upper,
essentially cycl ohexane phase, which contains only a smal HoFabuRly 203
products and cobalt, is separated out. The acetic | ower phase (2675 Q)
contai ns nost of the oxidation producti and the cobalt. The acetic phase is
subjected to a first 10 distillation unéer the follow ng conditions: -
pressure: 60 kPa - tenperature: |35C The distillation residue 1 is

subj ected 10 a f ur t heiy, 158 ihdQkUSLULILE 2t Whd HigRdad g gremove 15

the volatile organic conpounds it contains by neans of an injection of

steam at 158GekaEebna dRSRSSWed Aboll kBaprikes’ end Larabiai ned are collated
in the 20 tabl e bel ow. Conpoundlnitial untreated massDistillation residue

1Di still ati gp1aesiduecdprtindizexadonazdy . Mmbkele Wonkbregl gompenesohexyl 19.0
nmol 37. 0 nmol negl i gi bl eacet at eFree cycl ohexanol 245 nmol 58

mol negl i gi hkreGratatiicaddied248 rhnks248cyoiked49nmephew t9cEehettany 2003 19
Compoundl nitial untreated massDistillation residue 1Distillation residue
2Succi ni 6 ackdda6408 mewlct64nd aMbkei64ndanmikeAditpperadad?2 téhoraidl 2115
nol 2115 nmol Hydr oxycapr oi ¢50. 0 mmol 50. 0 mmol 50. 0

ol aci d3- Hpdir bhgadepies10bymwlyl BaowmomesnsimbhapadBicyplerabyoness. 3

mol 58. 0 mmol negl i gi bl eVal er ol act one34. 0 nmol | 2. 2 mmol negl i gi bl eTot al
mass2675 g598ega5opgc distillation.

In accordance with the invention, an organic

solvent or a mixture comprising at least one organic

10 solvent in accordance with the invention is added to
the distillation residue to dissolve the adipic acid
formed and optiocnally to precipitate the catalysts. The
amount of solvent added represents from 0.1 to 20 times
the weight of the mixture obtained after the said

15 distillation. Preferably, the amount of solvent added
represents from 0.5 to 10 times this weight.

This operation thus consists in dissolving
the adipic acid in the minimum amount of hot solvent,
which optionally allows the catalyst to be separated

20 out by hot filtration of the solution. The
crystallization itself is performed according-to the
usual techniques, by gradual cooling of the organic
solution. Generally, the solution is seeded using
crystals of adipic acid. L

25 \ The adipic acid obtained by this
crystallization can then be recrystallized from water,
in order to achieve the purity required for the main

applications in which it is used.



* Total acid (free and esterified) A second oxidation nass is prepared
according to the sane procedure and with the sane anounts. The 5 result
"obtained after distillation is identical to that indicated in the table
above. Exanple 2 CRYSTALLI ZATI ON FROM WATER 10 A porti on {9Hébrgary@003 he
distillatiofi residue 2 of the oxidation mass 1 is subjected to a
crystallization fromwater (250 g). Thesm xture is heated to 70C and is
then gradually cooled to roomtenperature. 15 After filtration and washing
with water) 60 g of crude adipic acid are obtained. 19 February 2003 20 A
recrystallization frovanbddetsotahhbs peuflermddpivdtaoud gepastangurified
adipic acid (A) containing: - succinic acid . 0.00030 5 - glutaric acid . <
0. 00010 - cbbahtthe<cOnQERR Fhetbebmiesentalpvenksonn Thescrystallization
wat er and the washing water. 10 Exanple 3 CRYSTALLI ZATI ON FROM ACETONE

Anot her por¢¢brabr Pheratiens| aanoherearyied2ont PRECER| 8hei BAeRass 1 (225
g) is diluted in 700, m of acetgne and_brought to_reflux. The organic
material s 16t afBYeFakbl sabiornet uhapsadined e6bdl £ f8 grdeRiftered of f
whil e hot and, recovered,for.rec in filtrate igﬁgrad ally cooled to

room t enper 22 LY€P ¢ abblit 1 20¢V2 ¥%%?°?$!I_§fi8ﬁaﬁﬂ “naSRi RGWPTR ACet one, 20
120 9 o ¢1448 {Spd ORISR o0 AE BLECRRLAIBLE BRIBLOE Y A g
2L 20 e P 2o BV PAE, Ry GpEAESarcaktaric el
most, and preferably all, of the unconverted
cyclohexane has been separated out and before the other
10 compounds and the carboxylic acid solvent have been
separated out. This additional oxidation can be
performed with molecular oxygen or a gas containing it,
the oxidation being catalysed by the initial catalyst
still present in the said polar ﬁhase, or alternatively
15 wusing an oxygen donor such as hydrogen perox;de or an
organic hydroperoxide.

Such an additional oxidation is then followed
lby the total or partial separation of the carboxylic
acid solvent, before the step of crystallization of the

20 adipic acid in an organic solvent.

After this optional additional oxidation
operation, the adipic acid is crystallized as indicated
above.

The process of the invention can also be

25 completed by a reaction to reduce théf;educible
impurities which may be present in the technical-grade
adipic acid obtained by crystallization from an organic

solvent.



The adi pic acid batches (A) and (B) are subjected to a heating test. This
test consists in heating 50 g of each batch to 215C for 205 m n and then
"placing each of themin 415 mM of aqueous 50 5 ammoni a sol ution. The
absorbence at 454 nm of the ammpni um adi pate sol uti ons obtSfFebedary 20031en
measured. The results bel ow are obtai ned, expressed as relative

absor bences, the reference adipic acid (A representing the value 1: 10 -
adipic acid (A) . 1 - adipic acid (B) 160.25 The purified adipic acid (B)
according to the 15 present invention contains fewer inpurities liable to
beconme col oured on heating. Exanple 4 ., CRYSTALLI ZATI ON FROM 1, 4- DI OXANE 20
A portion of the di stfu¢hata oredestier 1s gdysrtagedasivnamss 2 (112 g) of
Exanple 1 is subjected to a crystallization from 1, 4-di oxane (250 g). The
m xture is ehtegenar e wih (Ry&ersen 1 2Rt aFed sHRhVERadta®| y cool ed to

roomtenperature. 25 ~ After_filtratjon, and hing with water, 50 g of
crude adi pitCHIF R ORI FHEPLC ai‘él‘geb‘? UarsP W@gﬁu%r%%r%'f%l i zation

fromwater of this crude, adi.pic acid gives a.purified adipic acid (O

cont ai ni ng:* & T IY 461 gt}j.?e G?W‘ge -°§|%t1§¥<5 O%%?%IF:.LO 0.0001 - cobalt

i oxane. Soli TN S 20 L et B ey T ST AR AT porti on
f the dist] ' I £Sd i i, le 1

?s sugj elcfeéc#%%vaé%r{/sgféa%%ﬁ%é%m%gé%%% rile 'szﬁéséé%? %fl'ﬁgeh%am)xteur e

is heated t,Qf0Gfiltered while hot and then gradually cooled to room
tenperature. After filtration arid washing with water, 65 g of crude adipic

acid are obtained. * FAdgcrystald izaiwscfromawial Bfork hise&F uske 20 adi pic
acid gives a purified adipic acid (D) containing: - succinic acid . 0.000y
- glutaric #idd be prAHEG -bye olial dx idat Brd) Ofi2 46 ng Theexobhiadd cat al yst
was recovered by hot filtration of the acetonitrile solution.
10 using nitric acid or alternatively by a known treatment
of adsorption and decolourization, for example using
carbon black.
The process of the invention makes it
possible to obtain, in particular, after the
15 recrystallization from water, adipic acid which can
satisfy the specifications set for its use in the
,synthesis of polyamide 6-6 or polyurethanes.
Other details and advantages of the invention
will emerge more clearly in the light of the examples
20 given below, purely as a guide and for the purposes of

ru

illustration.

Example 1 : PREPARATION OF OXIDATION MASSES

25 . A jacketed titanium 1.5 1 autoclave equipped
with a six-blade turbomixer and various openings for
the introduction of the reagents and fluids or for the

removal of the reaction products and fluids, and which



19 February 2003 23 Exanple 6 CRYSTALLI ZATI ON FROM | SOPROPANOL A portion of
the distillation residue 1 of the oxidation nmass 2 (112 g) is subjected to
-a 5 crystallization frombutyl acetate (250 g). The mixture is heated to
100C, filtered while hot and then gradually cool ed to rodSRebrgaey 2008 €.
After filtration and washing with water, 58 g of crude adipic acid are
obtai ned. ZO A recrystallization fromwater of this crude adipic acid gives
a purified adipic acid (E) containingl? succinic acid . 0.0002 - glutaric
acid . < 0.00010 15 - cobalt . < 0.0002 The adi pic acid batches (A and (O
to (E) are subjected to a heating test. This test consists in_heating 50 g
of each batets teen SUngRd JuEf arenagHl WiHdh T HQIRP each W2k tHem in 415

m of aqueous 5~ anmoni a solution. The absorbance at 454 nm of the amoni um
adi pat e sOIMRA® TR TP Lk ?Te%%ﬂr%ngrhe following results are

I,

obt ai ned, expressed as rel ative ghsorhances) the, refer e adipic acid (A
25 represent i‘%?}anslﬁe W%tﬁ:tet%y%%ea'ry 2003 %fﬂ]l’ﬁl ed adi pi ¢

aci dsRel ative a s.orbanic at 454 nMA (Ex. 3)1C (?«57@0. 3D (Ex. 5)0.2E (Ex.
6)0.5 The adiffiTHcits'tB), (C) and (D) purified according to the present

i nvention conai fe:ygg( Inpurities liable to becoywe £ql oured on heating
than 5 the a ypcleOha%l ?'A), t hus denonstrating the efféects of

- Cyclohexanone: 3.2 g (32.7 mmol)
After closing the autoclave, the nitrogen
pressure is brought to 20 bar, the stirring (1000 rpm)
5 is started and the temperature is brought to 105°C over
20 minutes. The nitrogen is then replaced with 20 bar
of depleted air (5% oxygen). The flow rate of inlet gas
is adjusted to 250 litres per hour.
After an induction of about ten minutes,

10 during which there is no consumption of oxygen, the
temperature rises by 2 to 3°C and the oxygen begins to
be consumed. The inlet oxygen titre is gradually raised
to 21%. The oxygen titre at the reactor outlet remains
less than 5% throughout the test. The température in

15 the autoclave ranges between 104.9 and 105.1°C.

When 50 litres of oxygen have been consumed
(degree of conversion of about 20%), continuous
injection of the liquid phase is commenced: injection
of an acetic acid solution containing 1.1% by weight of

20 cobalt acetate tetrahydrate and 1.45% by weight of -
cyclohexanone at a flow rate of 4.6 ml/min (stabilized
regime) and injection of cyclohexane at a flow rate of
5 ml/min (stabilized regime). The liquid product is

stored continuously in a 7 litre decanter at 70°C.



the crystallization froman organic solvent. Exanple 7: CRYSTALLI SATION IN
A M XTURE OF SOLVENTS 10 A portion of the distillation residue 2 of the
-oxidation mass 1 (112 g) is subjected to a crystallization in a solvent
conprising 6o by volune of dinethyl sul phoxide and 94~ bylodbmmary 260D ut vl
acetate (250 g). The mxture is heated to 100C, filtered while 15 hot and
is then gradually cooled to roomtenpexrsture. After filtration and washing
with water, 40 g of crude adipic acid are obtained. A recrystalliz~tion of
this crude adipic acid fromwater gives a purified adipic acid (E)
containing: 20 - succAfiter agdd: min 0DOR0 thgl start cohicthe xefcOH640 -
cobalt: < 0.0002 19 February 2003 25 I n anot her enbodi nent of the process
of the invethéomirthe gryduallyzeepbaceéd om tln i gaegen sahdenbhei n accor dance
with the invention can be carried out on 5 adipic acid crystallized from
wat er. Thi scenyents | ¢fathenatror ave cdgantcanst sened chirtdetlenpl et ed agai n
by purification treatnents as descri bed, above and/or by anot her

crystal | i za@¢enEeBm Tae efSCaPecexERIRE Y ¥ eWADRNRS AL BEUEPpl i ed to a 10
redct i on, megl um obLal ned LEOMINe Ay UEALOGMLAL] o £l DUt adiene. 19

contains only a small amount of products and cobalt, is
separated out. The acetic lower phase (2675 g) contains
most of the oxidation products and the cobalt.
The acetic phase is subjected to a first
10 distillation under the following conditions:
- pressure: 60 kPa
- temperature: 135°C
The distillation residue 1 is subjected to a
further, more rigorous distillation intended to remove
15 the volatile organic compounds it contains by means of
an injection of steam at 150°C under a pressure of
10 kPa.
The results obtained are collateq in the

table below:

20
Compound Initial Distillation | Distillation

untreated mass residue 1 residue 2

Cyclohexanone 285 mmol 90 mmol negligible

Cyclohexyl 19.0 mmol 37.0 mmol negligible

acetate

Free c&clohexanol 245 mmol 58 mmol negligible

Glutaric acid’ 249 mmol 249 mmol 249 mmol




|'~T T TTAC- 1. Process for treating the reaction m xture obtained fromthe

direct oxidation of hydrocarbons into carboxylic acids,
in a solvent and in the presence of a catalyst dissolved in the
- when the torgeeary 20068 of the
a separation of the phases by settling into
essentially containing the
| ower phase essentially conprising the

* phase,

reacti on nedium the said process conprising:
reaction 10 m xture allows it,
two |iquid phases:
unconverted hydrocarbon,

a nonpol
an

ar upper phase,

d a polar

inthe liqu

id

sol vent, fFte—Tatatyst— Iy and—sone of ptie otter—Tepcti on
products nd t*&dﬁ%‘aﬁa\/erted hydpoeaibon; | piacdi pddidaf peBepi1ddienppl ar

| oner phagse or, where appropriate, of alljof the react)jon m xture, }hus
separating, on the one hand] yg:di=Heul hat€ | cogyiigmeny al 2Qdigast2 sope of
t he nost yotatiTte compounds| sSuch as the uficonverted hyfdrocarbon, tnge

sol vent, 1ReckERic ddian I nteised akes and|tbe . wakdl apds4 onndde ot her
hand, thejdistillation resifdue conprisingjthe carboxylfjc acids forned and

t he cat al

distillatiion residue,

has a so

shipchadae eri zed
of an

iyBibyycdprodss th

2m4g haolit wo
or gani ¢ sol ve
peo0 OF megdial to

it in which t
5599 bymalei gh

mpoisesmdlne a

Ozii 13 admoli N t
he carboxylic
t SQt0 mmdd Feb

he
acid

uary

2003 27 2Q0C or a m xture co
or gani ¢ solaeédt bei ng chose
conprising ether, alcohol,

f unct i ons | @nHy&adepeliPédnt a
sol vents, {foll owed, after o
crystal | i #8€#8n of the acid
solvent. 10 2. Process acco

sol ubi | i t y BYEYERETE Boxy! i
or at its ?{\ailgg‘&g&omt i f

t han t hat |FaH—20c—-hr—+tHe

hprising at | ed
h fromthe fam

st one organj ¢ sol vent, the said
| i es of orgahic conmpounds
pster, nitrile} am de, sul phoxide or carfponate 5
Hhgmoditro of ! rus bt &Msilng orjganic
ptional filtration of the medi um obtai ngd, by
5 by cooling apd/or evaporation of the sjaid

r?%gg to Cla|n1§PV§haQ%§ter hat he

i the p _IOOC,
nnnnnn ower qanZJé%gE 'S égglggaga 50 hi gher

15 ot o119t etft her of

Clains 1 T d 2 24 &Q@;acterlze96+g1&:hat the gggr&carbon qggggas startf ng

material 's—choser—fromatkanes cyctoatkanmes anmd—atkytraromatit
hydr ocar bonsq, ﬁggiaégiag(§£gg1§naoegge£§fpg@)atons 20 4. Process according
to Claim 3, aracterized in that the hydrocarbon used as~.starting
material is chosen from cycl oal kanes which have a ring containing from5 to
12 carbon atons. 5. Process according to O aim4, .

A second oxidation mass is prepared according

1

to the same procedure and with the same amounts. The
result obtained after distillation is identical to that
indicated in the table above.

Example 2 : CRYSTALLIZATION FROM WATER

10 A portion (112 g) of the distillation residue

2 of the oxidation mass 1 is subjected to a

crystallization from water (250 g). The mixture is

heated to 70°C and is then gradually cooled to room

temperature.

15 After filtration and washing with water, 60 g

of crude adipic acid are obtained.



25 characterized in that the hydrocarbon used as starting material is

cycl ohexane. 19 February 2003 28 6. Process according to Caimb5,
"characterized in that the carboxylic acid forned is adipic acid. 7. Process
according to one of Claims 1 to 5 6, characterized in that9Fé&suary 2003
crystallization solvents are chosen fromthe group conprising 1, 4-di oxane;
di glyne (diethylene glycol dinethyl etker); tetrahydrofuran; aliphatic,
cycloaliphatic, aromatic or arylaliphatic ketones such as acetone, nethyl

i sobutyl 10 ketone, nethyl ethyl ketone, nethyl |sopropyl ket one, met hyl
phenyl ket one, cycloﬁe%&ﬁ@ﬂ@tadlbﬁﬁén@m firopp mer@Yolof $hﬂ§tﬂnw&ﬁhanol
acetonitrile; dinmethylformam de; acetam de; dichloronethane; ethyl acetate;
1, 2- di chl oPBEPRENEC1EG FAVEP asBUFRdirede 20iDis AcdfetRdne:
hknethylpyrrolldone 8. Process according to one of Clainms 1 to 7,

charact eri £88t Pﬁnﬂﬁat the sol vent used in the step of oxidation of the
hydrocarbon is an_at p %é gsolvent for the carboxylic acid forned
and i s chosefi"26 P?Sn?ﬁ& ar gr £%8%s0l vent s and pol ar aprotic solvents. 9.
Process accor m.8 acterized in that the solvent used in
t he OX|3at|oﬁ stgﬁagsg%ﬁgsen frogﬁgﬁﬁphatlc acids containing from1l to 9
carbon atons s .prehe acetic acid. 25 10. Process according to one
of daims 1 tggglhcha%agtgﬁpgéd in that the catal yst contains cobalt,
menganese, a mixturerat eepaht Whth198€ 95 WA enal hetsra39:EEREUArY 2003 29
nmetal s chosen from manganese, chrom um iron, zirconium hafnium and copper
or a m xtuwgtelk ARAJARES®aBhiRAgoRater.nore other nmetal s chosen from
chromium iron, zirconium hafniumand copper. 5 11. Process according to
Claim 10, characterized in that the catalyst is chosen from cobalt-based

m xtures conprising either cobalt and chrom um cobalt, chrom um and

zi rconilOm Egeballe dnd CRYATATDOHARTIGONAFREOMQAGBTONBr cobalt and zirconium 10
and/ or hafnium 12. Process according to one of Clains 1 to 11,
characterized in that the step of distillation of the polar |ower phase, or

where appropriate of the reaction mxture, is carried out at a tenperature
from 15 25C to 250C, 2P PE?@FaBP?tFPBnP?OEﬁF051§5€91§ﬁa°HnH§?1§Hea%solute

pressure of cbefueen, 10.Pa,and 2t [o3gherL§ PLegs LELalEs Fp8ogES gocer ding

acetone and brought to reflux. The organic materials
15 are dissolved. The undissolved cobalt salts are
filtered off while hot and recovered for recycling.
The filtrate is gradually cooled to room
Eemperature (about 20°C).
After filtration and washing with acetone,
20 120 g of crude (or technical-grade) adipic acid are
obtained.
A recrystallization from water of this crude
adipic acid gives a purified adipic acid (B)
containing:
25 - succinic acid : 0.0002%
- glutéric acid : < 0.0001%

- cobalt : < 0.0002%



12, characterized in that the carboxylic acid obtained 20 after
crystallization fromthe organic solvent is recrystallized fromwater. ..
"14. A carboxylic acid obtained by a process according to any one of clains
1to 13. .AY(.A( .A ;3. A(r. Af3. A A(BR A9N. A e. A(. A(3. Ay Yy19¥ebrédry2083 A. A,
.A(3. A3. A3l . A3. AfF?. A(F. AFr. A(Y% A& E. Aa . A9;
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INT1111*~_ M~ _0Y The) purif sedxetge8d \al d} X6 ceocording to the
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ca] ca] cJa% c A ca)y eI} e ﬁ@ﬂ@@%&@@efﬂﬁ#%@h@s iktabde jxk;

kKkkl I m m wr.mhc?Y )
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a] ca] ca] ca] ca] ca] ca] ca] c”a! : nKnNmmmLnOnYn{ n. pwpppppa;

gj 9qqq(rKr{rrrs+sLswst 3tt| w mhc”*Ymhc"Y ‘ )

V] onn] ob] cop ot b G R S L Gl ©
tttt<uguuuv3v>vgvvvv3WKWWWwEX [ i(\/\o(xxxi(xy{/yyi/yzjzupkf a\ W ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a

V] c™a] czg ca] ca] ca] ca]xalead til (o zhid dzrzzrzd s {dddiddd '3 @8 )}~

sbh{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] cend coxidation mass 2 (112 g) of Example 1 is subjected
ajca]ca]calcaV]ca]ca]call Z] ~(={) Ns@5P| } xs{vql gb] X]] ca] ca] ca] ca] ca]] ca] ca] ca
] cga] ca] ca] cad o] catstad il =] oar} clxtara | o] -od aadroa]| 2T ajca]®iad ca] ca] ca] cal ca
/b Ay109%& ()- 109%& ()-!210%vM& ()-109& ()-!10%& () -

YZ10% - & ()miR @9 (Hedred to 70°C, filtered while hot and then

109%&' ()-109%&' ()-s-10%&' ()-910%& ()- Y10%&' ()- H $aB&310%& ()- F1F10%& ()--
1098 ()-!- Fdgdualyy-qooled to room temperature. .

25 : After filtration and washing with water, 50 g

of crude adipic acid are obtained.
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A recrystallization from water of this crude

adipic acid gives a purified adipic acid (C)
containing:
- succinic acid : 0.0002%
-5 - glutaric acid : < 0.0001%
- cobalt : < 0.0002%
The cobalt catalyst was recovered by hot

filtration of the dioxane solution.

10 Example 5 : CRYSTALLIZATION FROM ACETONITRILE

A portion of the distillation residue 1 of
the oxidation mass 2 (112 g) of Example 1 is subjected
to a crystallization from acetonitrile (450 g). The

15 mixture is heated to 80°C, filtered while hot and then
gradually cooled to room temperature.

After filtration and washing with water, 65 g
of crude adipic acid are obtained. -

A recrystallization from water of this crude

20 adipic acid gives a purified adipic acid (D)
containing:
- succinic acid : 0.0005%
- glutaric acid : < 0.0001%
- cobalt : < 0.0002%

25 X The cobalt catalyst was recovered by hot

filtration of the acetonitrile solution.
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10938 () - 3109638 () -M 109 () - 9984 &C8E&JET S4& * 10Y %g( 1098 () -G

' 109638 ()- 39dbogked) tay1B0ek: (Filtteved vhike-hgt andprBar- 61098 () -
AmLO%E8 () - @1Q%GK. () - LOI0YGE () -. 109638 () -, ' 1109%6G& ()-' 0(g(u(v(w x(z((bC&
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xmbC& " h30%& ()- 10 A recrystallization from water of this crude

adipic acid gives a purified adipic acid (E)
containing:
~ succinic acid : 0.0002%
- glutaric acid : < 0.0001%
15 - cobalt : < 0.0002%
The adipic acid batches (A) and (C) to (E)
are subjected to a heating test.
This test consists in heating 50 g of each
batch to 215°C for 205 min and then placing each of
20 them in 415 ml of agueous 5% ammonia solution.
The absorbance at 454 nm of the ammeonium
adipate solutions obtained is then measured.
The following results are obtained, expressed
as relative absorbances, the reference adipic acid (A)

25 representing the value 1:
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5 the adipic acid (A), thus demonstrating the effects of

the crystallization from an organic solvent.

Example 7: CRYSTALLISATION IN A MIXTURE OF SOLVENTS

10 A portion of the distillation residue 2 of
the oxidation mass 1 (112 g) is subjected to a
_crystallization in a solvent comprising 6% by volume of
dimethyl sulphoxide and 94% by volume of butyl acetate
(250 g). The mixture is heated to 100°C, filtered wh;le
15 hot and is then gradually cooled to room temperature.
After filtration and washing with water, 40 g
of crude adipic écid are obtained.
A recrystallization of this crude adipic acid
from water gives a purified adipic acid (E) containing:
20 - succinic acid: 0.0002%
- glutaric acid: < 0.0001%

- cobalt: < 0.0002%
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completed again by purification treatments as described
above and/or by another crystallization from water.
The examples given above can be applied to a
10 reaction medium obtained from the hydroxycarbonylation

of butadiene.
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5% hydrocarbons into carboxylic acids, in the liquid
phase, in a solvent and in the presence of a catalyst
dissolved in the reaction medium, the said process
comprising:

- when the composition of the reaction

10 mixture allows it, a separation of the phases by
settling into two liquid phases: a nonpolar upper
phase, essentially containing the unconverted
hydrocarbon, and a polar lower phase essentially
comprising the solvent, the acids formed, the catalyst

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

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

20 least some of the most volatile compounds such as the
unconverted hydrocarbon, the solvent, the reaction
intermediates and the water, and, on the other hand,
the distillation residue comprising the carboxylic
acids formed and the catalyst; characterized in that it

2% comprises the addition, in the distillation residue, of
an ofganic solvent in which the carboxylic acid has a

solubility of less than or equal to 15% by weight at



{-X 10%& ()-P {-X 10%& ()-P aaa a)ala<aeFbCl {-X 10%& ()-P {-X

109VE' ()-P {-X 109%& ()-P {-X 10%& ()-P #3V {-X 10%& ()-P

<a=aHaRa\ agahaeAbCl #3V {-X 10%& ()-P {-X 10%& ()-P {-X 10%& ()-P {-X
10%V& () -P #3V hapagar asat aaasT5C{- X 10%W& ()-P {-X 10%VBES FebRadyZd3{ - X
109%VE' ()-P {-X 109%v& ()-P {-X 10%& ()-P {-X 10%& ()-P aaaaaaaeF5C]|- X
10% - X 109%V&' ()-P % -X 10%& ()-P {-X 2OUWE ()-P #3V {-X 10%& ()-P {-X
10%V& () - P aaaaaaaaabA{- ~ 10% "' & ()- !310% "' & ()- 10M 10M 10M - X

109%V&' ()-P #3V {-X 10%& ()-P aaabbb)b_?bA{); 10% "' & ()-); 10% "' & ()-);
10% "' & () - )20 °T0%r" 'a&'n{i)ethy rel Q¥ & g ;atl Q%a's t& one Jdi3fadiCoNbYbdb_?bA{) ;
10% "' & ()-); 10% "' & ()-); 10% "' & ()-); 10% "' & ()-#3| ):

10% "' & () - clodbrmitbbbthe<a3] Jrgarid "safvient) beliols Ch& s JEroh0wHe & () -) ;
10% "' & ()-#3| bbbbbbb DbA#3); 10% "' & ()-#3| ); 10% "' & ()-);

10% "' & () - famigokes L )Ol)qarm%con&’qtyndﬁommﬁmm)ethﬁm "t & () -

10% "' & ()-#3| ); 10% "' & ()-); 10%"'& ()-); 10%"' & ()- bbbbbbbch+A)
10% "' & () - plogimly @stry),: nigysilkey (a)tﬂl)de'l@%lph&X(l)de#mr )Oarma'b% O-);

10% "' & ( %P cce)c* C|\8+A 10@# 0@6"'&f aé &
10% "' & ( ungohonsg:and %@@DPAL) sfgi% usg ()-#3| );
10% "'&f() 0% "'&f 0% "' & ( " cc GueMC cc{ ?+A);
10%¢ 010% &.c(%njtﬁln%/ .I:Qgrkl) lvsen ﬁmjlg.o(mﬁe(f‘ (a)f I.J ]701'5)5_
10% "' & () - %%%%{%ﬂ[df %%‘V %(e) bz, %, () 0%&'() Y
o 10% & () 18 5 s ﬁﬁéz"? é‘e@ﬁfé ’%tg’s‘ii%&llzafd@ 2 () -
@! 10% & () oO3U8 &3 )d53 b‘1§,3JcQ>(9 181 a n%%@) o rdEEQY & kreeerslBl | f bAAlO"
2h 109%&' ()- < 10%&'() 0%#& ()~ 0%#& )
1310%-#& () ey fffEgQ hh|[; AAL0" W' !110%B & ()- \VI110% & () -
(V1109 & ()- gql0%#& ()- @O0%#& ()- 10% ~#t& ()-hhiLiMN G "icivUWlo
10 2. Process according to Claim 1,
characterized in that the solubility of the carboxylic
acid in the solvent at a temperature of 100°C, or at
its boiling point if this is lower than 100°C, is at
least 5% higher than that at 20°C in the same solvent.
15 3. Process according to either of Claims 1
and 2, characterized in that the hydrocarbon used as
starting material is chosen from alkanes, cycloalkanes
and alkylaromatic hydrocarbons containing from 3 to 20
carbon atoms.
20 4, Process according to Claim 3,
characterized in that the hydrocarbon used as-starting
material is chosen from cycloalkanes which have a ring
containing from S to 12 carbon atoms.
5. Process according to Claim 4,

25 characterized in that the hydrocarbon used as starting

material is cyclohexane. .
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!10%9"9&7()'nyﬂéMﬂéﬂaﬁic ketones such as acetone, methyl isobutyl
10 ketone, methyl ethyl ketone, methyl isopropyl ketone,
methyl phenyl ketone, cyclohexanone, n-butanol;
isopropanol; 3-methoxyethanol; acetonitrile;
dimethylformamide; acetamide; dichloromethane; ethyl
acetate; 1,2-dichloroethane; dimethyl sulphoxide;
15 nitromethane; N-methylpyrrolidone.
8. Process according to one of Claims 1 to
7, characterized in that the solvent used in the step
of oxidation of the hydrocarbon is an at least partial
solvent for the carboxylic acid formed and is chosen
20 from polar protic solvents and polar aprotic solvents.
9. Process according to Claim 8, ..
characterized in that the solvent used in the oxidation
step is chosen from aliphatic acids containing from 1
to 9 carbon atoms and is preferably acetic acid.
25 10. Process according to one of Claims 1 to

9, characterized in that the catalyst contains cobalt,

manganese, a mixture of cobalt with one or more other
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12. Process according to one of Claims 1 to
11, characterized in that the step of distillation of
the polar lower phase, or where appropriate of the
reaction mixture, is carried out at a temperature from
15 25°C to 250°C, preferably from 70°C to 150°C, and under
an absolute pressure of between 10 Pa and atmospheric
pressure.
13. Process according to one of Claims 1 to
12, characterized in that the carboxylic acid obtained
20 after crystallization from the organic solvent is
recrystallized from water.

14. A carboxylic acid obtained by a process

according to any one of claims 1 to 13.



