1 * Method of processing reaction mixtures obtained f”§%7oth1?3~jT (Pog
“the-oxidation of cycl ohexane The present invention relates to a net hod¢afy
"of oxidation of cyclohexane to adipic acid, and nore particularly to the
processing of the reaction m xtures obtained from this oxidation reaction.
The direct oxidation of cyclohexane to adipic acid is a process which has
been explored for a long tinme, in particular on account of the obvious
advant ages t heMethodubfl beotassinyeréaayidhemdyxthreexabeaimed fdign ¢ acid

in a single step and w t hout u3|ng an OX|d|2|ng agent such as nitric acid,
since this conpound gener ath& oxide yelg angced to be processed
subsequently in order to avoid any poIIutlon Pat ent Application

WO A- 94/ 07833 descri bes the oxidation of cyclic hydrocarbons into
correspondin I, N [ hase contalnlng a solvent, at a

di aci ds uid
t enper at ur e g?e aPTPESEE 66F@PFP%H E§Rﬁ§e§ &8s S HiRtdiad mf oxiddtion

of cyclohexane to adipic acid, and more particularly to

the processing of the reaction mixtures obtained from

this oxidation reaction.

The direct oxidation of cyclohexane to adipic acid is a
process which has been explored for a long time, in
particular on account of the obvious advantages there
would be in converting the cyclohexane into adipic ‘acid
'in a single step and without using an oxidizing agent
such as nitric acid, since this compound generates
nitrogen oxides which need to be processed subsequently

in order to avoid any pollution.

Patent Application WO-A-94/07833 describes the
oxidation of cyclic hydrocarbons into corresponding
diacids, in a liquid phase containing a solvent, at a
temperature of at least 60°C, using a gas containing
oxygen and in the presence of an oxidation catalyst
such as a cobalt compound, and points out that the
solvent represents less than 1.5 mol per mole of cyclic
hydrocarbon, that the said solvent comprises an organic
acid having only primary or secondary hydrogen atoms
and that the reaction is carried out in the presence of

at least 0.002 mol of cobalt-based catalyst per 1000 g



oxygem and in the presence of an oxidation catalyst such as a cobalt
~conmpound, and points out that the solvent represents |less than 1.5 nol per
"nol e of cyclic hydrocarbon, that the said solvent conprises an organic
acid having only primary or secondary hydrogen atons and that the reaction
Is carried out in the presence of at |least 0.002 nol of cobalt-based

catal yst per 1000 g : 2 of reaction

m xture. At ofiereadtobnt méxkvzeti 84, thize endi afi ¢heomesdtiion,sdla ed.

Patent Application WO A-94/ 07834 descri bes the same process, but devel ops
the phases ofipeddeformgd:t A6 isphateleacti on mixture. This processing
consists in separating out the diacid fornmed, by cooling the reaction

m xture in order to cause the said diacid to precipitate out, in

separating, D LLblrgLL08 e ol AR AW AMI de . S agEe o POl
an optional B¥8E8g¥§igu%nge%38%£%t& 2 % a¥ls of processing the
final reaction mixture. This processing consists in
separating out the diacid formed, by cooling the
reaction mixture in order to cause the said diacid to
precipitate out, in separating by filtration.ﬁhe diacid
from two liqﬁid phases, a non-polar phase which is
recycled, and a polar phase which is also recycled
after an optional hydrolysis and separation of an

additional amount of diacid.

These patent applications present solutions which allow
the one-step oxidation of cyclohexane to a diacid with
industrially acceptable selectivity, but they profide
no solution which is industrially applicable to the
processing of the reaction mixture obtained from the
oxidation, taking into account the separation of the
many different reaction products and side products,

unconverted products and the catalyst.

The present invention propoées a method of processing
the reaction mixture obtained from the direct oxidation
of cyclohexane to a diacid with oxygen, in an organic
solvent and in the presence of a catalyst,

characterized in that the said wmethod includes:



addi tional anount of diacid. These patent applications present solutions
which allow the one-step oxidation of cyclohexane to a diacid with .
industrially acceptable selectivity, but they provide no solution which is
industrially applicable to the processing of the reaction m xture obtained
fromthe oxidation, taking into account .t he separation of the many
different reaction products and side products, unconverted products and

the catalyst. — Heipieseiicisyamion Rieeasee folEiBod eb BEEGESEENd the
reaction m xture obtained fromthe direct oxidation of cyclohexane to a

diacid with @gtgeron itharoms gemd, S04VePilBatei BohpeiBiagence1abst
catal yst, characterized in that the said nethod incl udes:
3 - a di stedueatoDdrchiobstrakebatil@ossmpbends sephr asetheut, on the one
hand, a distillate conprising at |east sone of the nost volatile conpounds
such as the unconverted cyclohexane, the organic solvent,

cyclohexanone, cyclohexanol, cyclohexyl esters,

lactones and water, and, on the other hand, the

distillation residue comprising the diacids formed and

the catalyst;

- the addition of water to the distillation residue

in order to form an aqueous solution;

- crystallization of the diacid from the aqueous

solution of the distillation residue.
Typically, the diacid is adipic acid.

The organic solvent is more particularly chosen from

aliphatic carboxylic acids.

The catalyst preferably contains cobalt, manganese or a

mixture of cobalt and manganese.

The distillation is generally carried out such that
most and, as far as is possible, virtually all, of the
unconverted cyclohexane and the solvent, in particular

the carboxylic acid preferably used, are separated from

the adipic acid.

The method thus allows, in particular on account of the



unconverted cycl ohexane, the organic solvent, cyclohexanone, cycl ohexanol,
~cycl ohexyl esters, |lactones and water, and, on the other hand, the
‘distillation residue conprising the diacids fornmed and the catalyst; -
the addition of water to the distillation residue in order to form an
aqueous solution; - crystallizationgof the diacid fromthe aqueous
solution of the distillation residue. Typically, the diacid is adipic
aci d. Theligtgarliat issil uehtthé FHIeeparind uharé ypahosealardin ofl i phatic

car boxylic acids. The catal yst preferably contains cobalt, nanganese or
a mxture dhe azathoxgnidi areanciah ese@l vent Thieheli stystallbrnat sogenér ghey
carried out such that nost and, as far as is possible, virtually all, of
the unconvadiaicatishésrke drirfvmed| eriwaten. pafryetpilizahéonar boxylic
acid preferably used, are_separated from the adipic acid.

of "adipic acid from water has many advantages over

crystallization from other solvents such as acetic

acid, for example. The reason for this is that as well

as avoiding the subsequent, often difficult,

elimination of traces of these other solvents, the

lower solubility of adipic acid in cold water also

makes it possible to limit or even, if this is

economically acceptable, to dispense with the

production of a second crop of less pure adipic acid

from the solutions derived from the first

crystallization. In addition, in an industrial process,

additional risks of corrosion of the apparatus,

entailed by the prolonged presence of aliphatic

carboxylic acid when this is used as solvent, are thus

avoided.

The distillation step is generally carried out at a
temperature of from 25°C to 250°C and at an absolute
pressure of from 10 Pa to atmospheric pressure.
Preferably, the temperature of the mixture during the

distillation will be maintained from 70°C to 150°C.

The distillation can, if necessary, be carried out in
several successive steps, in particular in the

preferred mode in which it is desired to eliminate



.The nmethod thus allows, in particular on account of the

4 distillation of the solvent and nore particularly of the carboxylic
“acid solvent, the crystallization of the adipic acid to be perforned in
water. Crystallization of adipic acid fromwater has many advant ages over
crystallization fromother solvents sucy as acetic acid, for exanple. The
reason for this is that as well as avoiding the subsequent, often
difficult, mldty fid exaiple acRse afhdihesr cimdreseah iatts, thar obeyer
solubility of adipic acid in cold water also nakes it possible to limt or
even, if thicf ithe esdnomic duch sox dptald i phat ¢ sperisexyil i &b@d. producti on
of a second crop of less pure adipic acid fromthe solutions derived from
the first crystallization. In addition, in an industrial process,

addi tional risks of corrqgsion of the apparatus, entailed bzgt he prol onged

presence of BHeIREARYY . ddidHEATELR i ML FHERE t P2 iRed sEHOBSERB| vent , are
t hus avoid%g. . . . s .
irect oxidation of cyclohexane into adipic acid

undergoes an operation of settling into two liquid
phases before the distillation step: an upper,
essentially cyclohexane phase and a lower phase
essentially comprising the solvent, such as aﬁ
aliphatic carboxylic acid, the diacids formed, the

catalyst and some of the other reaction products.

The cyclohexane phase is usually reintroduced into a
cyclohexane oxidation opefation, either directly or

after optional processing consisting essentially in

eliminating the water contained therein. This

processing can consist in particular of an azeotropic

distillation.

The lower phase is subjected to the distillation

mentioned above.

An advantageous variant of the method of the invention
consists in introducing wate} vapour into the reaction
mixture before or during the distillation step. This
operation can allow better entrainment of certain
compounds present in the mixture subjected to

distillation. It can also carry out a partial or total



.The distillation step is generally carried out at a tenperature of from
25[err]Cto 250[err]C and at an absolute pressure of from10 Pa to
“atnospheric pressure. Preferably, the tenperature of the m xture during
the distillation will be maintained from70[err]C to 150[err]C The
distillation can, if necessary, be carrged out in several successive
steps, in particular in the preferred node in which it is desired to
elimnate hydrolysis of the carboxylic este¥s winbsth thay aksopbe nore than
90% and even nore than 99% of the solvent such as the aliphatic
carboxylic deuwhd in Ryhef exiatiiure tfex rédbstibletdomure obtained fromthe
direct oxidation of cyclohexane into adipic acid undergoes an operation of
settling into two liquid phases before the distillation step: an upper,
essentially cycl ohexane phase and a | ower phase, _essentially conprising the

sol vent, sudieadistiliatmhabtaingdoly| ke ListitlrRt¥PAcPB’TRBIRBd, the

described above comprises the various volatile
compounds and water. These volatile compounds can be
upgraded and can thus be recycled into a further
cyclohexane oxidation reaction, after an at least
partial elimination of water by any known meaﬁs, in

particular by azeotropic distillation.

The water added to the distillation residue typically
represents from 0.01 to 5 times the weight of the
mixture obtained after the said distillation.
Preferably, the amount of water added represents from

0.1 to 3 times this weight.

One variant of the method according to the invention
consists in carrying out a liquid/liquid extraction on
the agueous solution obtained above, before

crystallizing the adipic acid.

This extraction is typically performed using a water-
immiscible solvent or mixturé of solvents. By way of
examples of such solvents, mention may be made of
aliphatic, cycloaliphatic or aromatic hydrocarbons such
as, for example, hexane, cyclohexane, benzene and

toluene, esters such as, for example, butyl acetate and



catal yst and sonme of the other reaction products.  The cycl ohexane phase
is usually reintroduced into a cyclohexane oxidation operation, either
directly or after optional processing consisting essentially in _
elimnating the water contained therein. This processing can consist in
particular of an azeotropic distillatios. The | ower phase is subjected
to the distillation nentioned above. An advant ageous variant of the

met hod of t heyicl\eeRixyaN acedites! hd IbddHd 1l Ayl S BE o PQYER | 450 the
reaction mxture before or during the distillation step. This operation

can al | ow betfier esdaimpdienmenti a1 caesticati Hane D WSh s eSIedh zéie & hea A Xt ur e
subjected to distillation. It can also carry out a partial or total
6 hydrol ysi stéersheuwdr bexyfiar estanslewhidihi smyrabsb dchef ound in the
m xture for distillation.
Cyclohexane is preferably used, for its efficacy and so

as not to complicate the process.

In the context of an industrial process running
continuously, all or part of the upper cyclohexane
layer obtained from the above described separation of
the reaction mixture by settling before the
distillation step, may be used for this liquid/liquid
extraction. 1In the preferred case of the use of
cyclohexane in order to carry out the extraction, the
cyclohexaﬁe solution obtained is usually recycled to a
cyclohexane oxidation operation, either directly or,
preferably, after processing consisting essentially in
eliminating the water contained therein. As above, this

processing can consist in particular of an azeotropic

distillation.

Another variant of the process consists in heating the
aqueous solution obtained after addition of water to
the distillation residue, so as to hydrolyse the esters
which may still be present ih this solution. The
cyclohexanol formed by this hydrolysis is typically
separated out by azeotropic distillation. This
hydrolysis can be performed in the presence of a strong

acid catalyst which is either dissolved, such as a



.The distillate obtained in the distillation operation described above
conprises the various volatile conpounds and water. These vol atile
‘conpounds can be upgraded and can thus be recycled into a further

cycl ohexane oxidation reaction, after an at least partial elimnation of
wat er by any known neans, in particulag by azeotropic distillation.. The
wat er added to the distillation residue typically represents fromO0.01 to

5 tines the peiiidfadhie, o Xick edDbscived, adhel dbeasardidigtillation.
Preferably, the amobunt of water added represents from 0.1 to 3 tines this

wei ght . Crecangeandowd ddwalgedthod according to the invention consists
in carrying out a liquid/liquid extraction on the aqueous solution
obt ai ned above, before crystallizing the adipic acid. This extraction
is typically performed using a water- inmscible solvent or mxture of
sol vents. ByTh@custakhigrtetonfot uehe safliphe sackdnfron Hag Bausads of

al i phatic, cycloaliphatic or aromati c hydrocarbons such
solution can be carried out according to the usual

techniques of crystallization. It can be followed by
recrystallization of the adipic acid obtained if the
purity of the latter is not considered to be sufficient

for the intended applications.

The aqueous solution remaining after crystallization of
the adipic acid still contains a certain amount of
dissolved adipic acid, which can be recovered in a
second crop after concentrating the said aqueous
solution. It also contains the other diacids formed in
minor amount during oxidation of the cyclohexane,
essentially glutaric acid and succinic acid, which can
be separated out by known techniques, and, lastly, the
catalyst. The catalyst is generally recovered by
liquid/liquid extraction or by membrane
electrodialysis. The catalyst thus recovered is
recycled in a further oxidation reaction of cyclohexane
to adipic acid, after an additional amount has been

added, if necessary.

The crude reaction mixture which is used in the method
of the invention typically originates from the

oxidation, which is known per se, of cyclohexane with a



as, feor exanple, hexane, cyclohexane, benzene and toluene, esters such as,

for exanple, butyl
cycl ohexyl acetate,

acetate and 7
hal ogenat ed hydrocarbons such as, for exanple,

trichl oronmet hane and di chl or obenzenes, and ethers such as, for exanple,

di i sopropyl ether.

Cycl ohexane is prefegably used, for its efficacy and so

as not to conplicate the process. In the context of an industrial
process runnigag ceRitiaimiquslakyqdd, G Rartialid e dDRRT cSMSEPEEXGNEL | ayer
obtai ned fromthe above described separation of the reaction mxXture by
settling bef organtie stilstdrd atdmefetaily maycdxbstoeTi d Cdicid) Sahaquhd/ | i quid

extraction. In the

preferred case of the use of cyclohexane in order to

carry out thé&hexorssense athe aatslysxane: gExticn abtai cedaligsysual |y

recycled to a cycl

ohexane oxi dation operation, either directly or,

preferably, &PRéRigineesghadtcomaAngdnrpesyern inliture of| ¢cobahti agdt he

wat er contai ned therein. As above, this
manganese.

For the preparation of this crude reaction mixture,

reference may be made to the methods described in the

prior art, in particular in US-A-2,223,493. Thus, the

initial cyclohexane/carboxylic acid weight ratio can

be, for example, from 0.1/1 to 10/1 and preferably from

0.2/1 to 4/1. The catalyst preferably comprises a

cobalt

compound which is soluble in the reaction

medium, chosen, for example, from cobalt carboxylates

(such as cobalt acetate tetrahydrate), cobalt chloride,

cobalt

bromide and cobalt nitrate and/or a soluble

manganese compound chosen, for example, from manganese

carboxylates (such as manganese acetate), manganese

chloride, manganese bromide and manganese nitrate.

The amount of catalyst, expressed as a weight

percentage of cobalt and/or of manganese relative to

the reaction mixture, is generally from 0.01% to 5% and
preferably from 0.05% to 2%,.without these values being
critical. It involves, however, having a sufficient
activity while not using excessively large amounts of a
catalyst which will then have to be separated from the

final reaction mixture and recycled.



.processing can consist in particular of an azeotropic distillation.

Anot her variant of the process consists in heating the aqueous solution
"obtained after addition of water to the distillation residue, so as to
hydrol yse the esters which may still be present in this solution. The
cycl ohexanol formed by this hydrolysis g typically separated out by
azeotropic distillation. This hydrolysis can be perforned in the presence
of a strongBeadidéLaiclaylt ad aangameddertite ssatabyst sgah aksé

8 protonic acid, or not dissolved, such as an acidic heterogeneous
catal yst. colitmigr \oithet | caupamdd haseddopi vebals $ucm abenagkedus
solution can be carried out according to the usual techniques of

crystal | i zatansl/on tixem andfof | eaprebyandéer yeeniwh zand bar ovanadinmi pi c
acid obtained if the purity of the latter is not considered to be
sufficient st/ amhdafiisnyandrieshreortum.

It is advantageous also to use a compound for
initiating the oxidation reaction, such as, for
example, a ketone or an aldehyde. Cyclohexanone, which
is a reaction intermediate, is most particulafly
recommended. Generally, the initiator represents from
0.01% to 20% by weight relative to the weight of the
reaction mixture used, without these proportions having
any critical value. The initiator is especially useful
when starting the oiidation and when cyclohexane is
oxidized at a temperature below 120°C. It can be

introduced from the start of the reaction.

The carboxylic acid preferably used as solvent in the
cyclohexane oxidation reaction is more particularly a
saturated aliphatic carboxylic acid having from 2 to 9
carbon atoms and having only primary or secondary

hydrogen atoms.

Acetic acid ig preferably used as solvent for the
cyclohexane oxidation reaction. In the present
description, reference will occasionally be made, for
the sake of convenience, to acetic acid as the

carboxylic acid used in the various steps of the



.The aqueous solution remaining after crystallization of the adipic acid
still contains a certain anount of dissolved adipic acid, which can be
‘recovered in a second crop after concentrating the said aqueous sol ution.
It also contains the other diacids forned in mnor anmount during oxidation
of the cycl ohexane, essentially glutarigt acid and succinic acid, which can
be separated out by known techni ques, and, lastly, the catalyst. The

catal yst is gewedal |y recovered by liquid/liquid extraction or by nenbrane
el ectrodi al ysis. The catal yst thus recovered is recycled in a further

oxi dation reaction of cyclohexane to adipic acid, after an additi onal
anount has been added, if necessary. The crude reaction m xture which
is used in tHeenexhdatioh che ahsenbeoparypedabhy oni fheapsesenss t he

oxi dation, which is known per se, of cxclghexane wth a
9 of water introduced from the initial stage of the

method.

The cyclohexane oxidation reaction is generally carried
out at a temperature of from 60°C to 180°C and

preferably from 70°C to 120°C.

The pressure is not a critical parameter of the
reaction and is generally between 10 kPa (0.1 bar) and

10,000 kPa (100 bar).

The Example which follows further illustrates the

invention.

Example 1

A 1.5 litre titanium-jacketed autoclave fitted with a
six-paddle turbomixer and various openings for
introducing the reactants and the fluids or for
removing the reaction products and the fluids, and
which has been purged beforehand with nitrogen, is
loaded at room temperature with:

- cobalt acetate tetrahydrate: 4.0 g (16 mmol)

- acetic acid: 359 g (5.98 mol)

- cyclohexane: 289.7 g (3.45 mol)



gas containing oxygen, in a |liquid nmediumconprising an organic solvent,
preferably a carboxylic acid, and in the presence of a catalyst, in
"particular a catalyst containing cobalt, nmanganese or a m xture of cobalt
and nmanganese. For the preparation of this crude reaction m xture,
reference may be made to the nethods deggribed in the prior art, in
particular in US A-2,223,493. Thus, the initial cycl ohexane/carboxylic
aci d wei ght ratio-capclbrRexbhnonexanple, fromO0.1/13t» §0f32andmpoaderably
from 0.2/1 to 4/1. The catal yst preferably conprises a cobalt conpound
which is soluble in the reaction medium chosen, for exanple, from cobalt
carboxyl ates (such as cobalt acetate tetrahydrate), cobalt chloride,
cobal t broni #Etendctobang bher ansoghdver sheondbiregera Presesaedpound

chosen, for exanple, from nanganese  carboxylates (such as manganese
acetate), nelRGangbE tenk8rbas, FhA§EABTe 1Br SFPd&éedndthanganese nitrate.

The anpunt of catal yst, expressed as a, wei ght er cent,age of cobalt and/or
of mnganeselpgpafﬁé8&P51° i mFE‘a@Pﬁoﬁhﬁi ﬂ'P@,x%itélr&eﬂ'@r gﬁq%qi’rtorﬁcb. 01%to

0, 0, 0, 1 i
5% and preffBQDEyoLE%nbg'%ﬁﬁét%héﬂhi r%B%%Fi%h%%%mYQéﬂT%é%ﬁ'%i 20
bar of depleted air (5% oxygen). The inlet gas flow

rate is adjusted to 250 litres/hour.

After an induction period of about 10 min, during which
there is no consumption of oxygen, the temperature
rises 2 to 3°C and the consumption of oxygen commences.
The oxygen titre of the air at the autoclave inlet is
gradually increased to 21% as a function of the

consumption by oxidation.

The oxygen titre at the reactor outlet remains less
than 5% throughout the test. The temperature in the

autoclave varies between 104.9 and 105.1°C.

When 50 litres of oxygen have been consumed (degree of
conversion of the cyclohexane of about 20%), continuous
injection of the liquid phase is commenced: injection
of an acetic acid solution cbntaining 1.1% by weight of
cobalt acetate tetrahydrate at a flow rate of

3.7 ml/min and injection of cyclohexane at a flow rate
of 4.1 ml/min. The liquid product is stored

continuously in a 7 litre decanter at 70°C.



critical. It involves, however, having a sufficient
usi ng excessively large anounts of a catalyst which will then have to be
separated fromthe final reaction mxture and recycl ed.

10 Besides cobalt and nmanganese, the catal yst can also contain other
conpounds based on netals such as nickel _ and/or iron and/or copper and/or
cerium and/ or vanadi um and/or haf ni um ard/ or zirconiﬁnl dIt S

advant ageous t,0 U d.for _Jnitiati the oxidati reaction,
such as%J for A%g‘%gfrréfbeo, %gr%&%%% a’{%lealsc}:e %/tdeo% é’ng‘? oﬂ%%‘(%%’o%', gﬂ?ch s a

reaction integ [ ' t rddcuhar |y , the
BT S RIS AT EN e O

Initiator represents from ( . . wei ght of
the reacti opfMckiel st tdetverahd Wrdrtaea R PPAdd Aise NVENGreANYTRHLI L Cal
value. The initiator is especially useful when starting the oxidation and
when cycl ohexiaranter @ontiadet al tvd-PRadatmiebed OWwHL0hssed C. It can be

activity while not

essentially cyclohexane phase, which contains few
products and cobalt, is separated out. The lower acetic
phase (2164 g) contains most of the oxidation products
and the cobalt. The acetic phase is subjected to
distillation under the following conditions:-.

- pressure: 45 kPa and then 30 kPa

- temperature: 135°C.

The results collated in the following table are

obtained.

Compounds Recovered as Recovered in the
distillation distillation
forerun residue

cyclohexanone 205 mmol 0 mmol

cyclohexyl 22.4 mmol 0 mmol

acetate “

cyclohexanol 243.3 mmol 9 mmol |

glutaric acid 0 mmol 186.4 mmol
succinic acid 0 mmol 125.3 mmol

adipic acid 0 mmol 1560 mmol

hydroxycaproic 0 mmol 94 mmol

acid

hydroxyadipic 0 mmol 76.4 mmol

acid |




-introduced fromthe start of the reaction. The carboxylic acid
preferably used as solvent in the cyclohexane oxidation reaction is nore
"particularly a saturated aliphatic carboxylic acid having from2 to 9
carbon atons and having only primary or secondary hydrogen atons.

Acetic acid is preferably used as solvent for the cyclohexane oxidation

reaction. In the present description, reference wi Il occasionally be made,
for the saffe O s 0 ' o used
in the vari uh#%ﬁ%ﬁ%ﬁ%#omﬁe | so be

carri ed out
the nethod] valen

|

The distillate represents 1860 g and the distillation

@ %9%¢@ﬁexan

acetic acid 1510 g < 0.1 mmol H

residue about 300 g.

1000 g of water are added to the distillation residue.
The mixture is heated to 85°C and is then cooled

gradually to room temperature.

After filtration and washing with water, 205 g of crude
adipic acid are obtained, having an average particle
size of 300 um and containing (on a weight-for-weight
basis) :

- succinic acid: 0.1850%

- glutaric acid: 0.0020%

- cobalt: 0.0080%

- water: 7%

Recrystallization of this crude adipic acid from waterx
gives an adipic acid having an average particle size

and containing (on a weight-for-weight basis):

- succinic acid: 0.0002%
- glutaric acid: <0.0001%
- cobalt: <0.0001%

- water: 7%.



out at a tenperature of frome60[err]C to 180[err]C and preferably from

70[err]C to 120[err]C The pressure is not a critical paraneter of the
reaction and is generally between 10 kPa (0.1 bar) and 10,000 kPa (100
bar) . The Exanple which follows further illustrates the invention.

Example 1 Al.5 1litre titaniumjacketeg autoclave fitted wth a

Si x- paddl e turbom xer and various openings for introducing the reactants
and the flui dehercéloaltreavalygtthe fracheodrpseduttsaandnt harkd ds, and
whi ch has been purged beforehand with nitrogen, is |oaded at room
tenperature wth: - cobalt acetate tetrahydrate: 4.0 g (16
nmol ) - acetic acid: 359 g (5.98 nol) -
cycl ohexane: 289.7 g (3.45 nol)



212

- cycl ohexanone: 3.2 g (32.7 mol ). After

closing the autoclave, the nitrogen pressure is brought to 20 bar,

“stirring is started at 1000 revolutions/mn and the tenper
to 105[err]C over 20 mn.
depleted air (5% oxygen). The inlet gas flow rate is adjusted
litres/ hour. After an induction peripsl of about 10 min,
there is no consunption of oxygen, the tenperature rises

t he consunption of oxygen conmences. CIREM®Xxygen titre of t
autoclave inlet is gradually increased to 21% as a functio
consunption by oxidation. The oxygen titre at the reactor outlet renains
|l ess than 5%t hroughout the test. The tenperature in the autoclave varies

The nitrogen is then replaced by|[20 b33#0%id

hgfﬁfégggzgﬁgﬁﬁbN

bet ween 104.9 and 105:1[ efr Pethod @fe PYRFESSING S0 RGO M WeRn

consuned (
cont i nuous

r f nversiqon of th | oh n f 209
gﬁgafﬁeg frg% t%esdgre%t %£3d§€i$%‘% é;éioﬁg¥gﬁe égﬁé

diacid, which oxidation takes place with oxygen, in an
organic solvent and in the presence of a catalyst, which
method comprises:

(a) distilling the reaction mixture so as to
leave the diacid and catalyst as residue;

(b) adding water to the distillation residue in
order to form an aqueous solution; and

(c) crystallizing the diécid from the agqueous
solution.

2. A modification of a method according to
claim 1, wherein the said reaction mixture is separated
into two liquid phases before the distillation step, the
ligquid phases being an upper phase comprising cyclohexane
and a lower phase comprising the organic solvent, the
diacids formed, the catalyst and some of the other reaction
products, and wherein the distillation step (a) is carried
out on the said lower phase.

3. A method according to claim 1 or 2 wherein
the diacid is adipic acid.

4. A method according to any one of the
preceding claims wherein the distillation step is carried
out at 25°C to 250°C and at an absolute pressure of from 10

Pa to atmospheric pressure.

— T
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injection of the liquid phase is comenced: injection of an acetic acid

solution containing 1. 1% by weight of cobalt acetate tetr a.He at BEEN-‘
flowrate of 3.7 m/nmin and injection of cyclohexane at o n%ﬂkcﬁ “
4.1 mM/mn. The liquid product is stored continuously in 7 | iRER —

decanter at 70[err]C I3 After 400

m nutes fromthe start of the reaction,. §he_ air is gradually replaced by
nitrogen and the contents of the autoclave are transferred into the
decanter. The decantear. cont aethod tEsedHbisey Mo taiye. ondeofIpgies _
essentially cycl ohexane phase, which contains few products and cobalt, is
separ at ed oprecgddnigowdie imese whe repmase te2d 6zapgurc dirg aintsrodistedf inbe

oxi dation products and the cobalt. The acetic phase is subjected to

di stil | ati okhgn#eacthiens slixinnuey hefiedie iahsluring the distskliatids kPa and
then 30 kPa - tenperature: 135[err]C The results collated in the
foll owing t 86F®-are

6. A method according to any one of the
preceding claims wherein the water is added in step (b) in
an amount of from 0.01 to S5 times the weight of the mixture
obtained after the distillation and preferably from 0.1 to
3 times this weight. -

7. A method according to any one of the
preceding claims wherein the aqueous solution obtained from
step (b) is subjected to liquid/liquid extraction using a
water-immiscible organic solvent.

8. A method according to claim 7, wherein the
organic solvent is chosen from aliphatic, cycloaliphatic or
aromatic hydrocarbons, esters, halogenated hydrocarbons and
ethers.

9. A method according to claim 7 or 8, wherein
the organic solvent is chosen from hexane, cyclohexane,
benzene and toluene, and is preferably cyclochexane.

10. A method according to any one of claims 1 to
6, wherein the aqueous solution obtained from step (b) is
heated, in order to hydrolyse the esters which are present
in the solution, and the cyclohexanol thereby formed is
separated out by azeotropic distillation.

11. A method according to claim 10, wherein the

hydrolysis is performed in the presence of a strong acid ___
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ET HAS BEEN |,

. obt ai ned. Conmpounds Recovered as Recover ed 1”Tﬁ@$§HE

distillation distillation forerun - |
‘residue: cycl ohexanone 205 mmol 0 mol cycl {yFEPLACED . I
22.4 mmol 0O mol acetate cycl ohexanol 243. 3 mol 9
nmmol glutaric acid 0 mmol 186. 4 mmol succinic acid

0 mol 125. 3 mmol adi pi ¢ aei d 0 mol 1560

nmol hydr oxycapr oi c 0 mol 94 mmol acid hydr oxyadi pi c

0 mmol 76.4 mmol acid 14
butyrolact%ﬁ&?lyStBO.l mol _ - 24.9 mol val er ol act one 23. 7

mol 7.9 Ml pageth6aaghlording ¢818n$ one of the < 0.1 mol

The distillate represents 1860 g and the distillafion residue about 300 g.
preceding claims wherein at least some of the compounds in

the distillate are recycled in a further oxidation reaction
of cyclohexane to adipic acid, after at least partial
elimination of the water contained therein.

13. A method according to any one of the
preceding claims, wherein the organic solvent used in the
cyclohexane oxidation is an aliphatic carboxylic acid,
preferably acetic acid.

. 14. A method according to any one of the
preceding claims, wherein the catalyst contains cobalt,
manganese or a mixture of cobalt and manganese.

15. A method according to claim 1, substantially
as hereinbefore described in Example 1.

16. A diacid obtained by a method according to

any one of the preceding claims.

* [+ L M H *
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.1000 g of water are added to the distillation residue. The mxture is
heated to 85[err]C and is then cooled gradually to roomte g
"After filtration and washing with water, 205 g of crude ad ﬁﬁﬂsﬁﬁaﬁﬁﬂﬁ§BEEN‘j
obt ai ned, having an average particle size of 300 [err]m an cont%ﬁ%‘r‘fﬁEQOn |
a weight-for-weight basis): - succinic acid: 0.1850%
glutaric acid: 0.0020% - cobalt: Q40080% - water: 7%
Recrystallization of this crude adipic acid fromwater gives an adipic
acid having an average particle sizeppapgpgentaining (on a

wei ght - f or-wei ght basis): - succinic acid: 0.0002% - glutaric
aci d: <0.0001% - cobalt: <0.0001% - water: 7%

'%

METHOD OF PROCESSING REACTION MIXTURES OBTAINED FROM THE

OXIDATION OF CYCLOHEXANE

A method of processing a reaction mixture
obtained from the direct oxidation of cyclohexéne to a
diacid which oxidation takes place with oxygen, in an
organic solvent and in the presence of a cataiyst, which
method comprises:

(a) distilling the reaction mixture so as to
leave the diacid and catalyst as residue;

(b) adding water to the distillation residue in
order to form an aqueous solution; and

(c) crystallizing the diacid from the agueous

solution.
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15 The cobalt catalyst is in the crystallization materéajnijH4?3"5

-- 16 - CLAI M5 1. A nethod of
processing a reaction mxture obtained fromthe direct oxi

cycl ohexane to an adipic acid, which oxidation takes place vﬁﬁﬂhA@a%'NT SHEET

cont ai ni ng oxygen, in an organic solvent and in the presengejof a
catal yst, which nmethod conpri ses: (a) distillin thqugpabbgp
m xture so as to 1leave the adipic aci-dilénd catal yst as resjdue;

«Q

(b) adding water to the distillation residue in order to fprwmar-agueots
sol ution; and (c) crystal | EBA¥S he adipic acid fromthe

aqueous solution. 2. A nodification of a nmethod™accoradrng to
claim1l1, wherein the said reaction mxture is separated into two liquid

phases before the distillation.step,..the ui d phases .bein n._upper
phase conpri si ng Cycl.hexghgékhoéadf proceséing LT 1o ﬁif%um&

obtained from the direct oxidation of cyclohexane to an
adipic acid, which oxidation takes place with gas
containing oxygen, in an organic solvent and in the
presence of a catalyst, which method comprises:

- (a) .distilling the reaction mixture so as to
leave the adipic acid and catalyst as residue;

(b) adding water to the distillation residue in
order to form an aqueous solution; and

(c) crystallizing the adipic acid from the
aqueous solution.

2. A modification of a method according to
claim 1, wherein the said feaction mixture is separated
into two liquid phases before the distillation step, the
liquid phases being an upper phase comprising cyclohexane
and a lower phase comprising the organic solvent, the adipic
acid formed, the catalyst and some of the other reaction

products, and wherein the distillation step (a) is carried

out on the said lower phase.

3. A method according to any one of the
preceding claims wherein the distillation step is carried

out at 25°C to 250°C and at an absolute pressure of from 10

Pa to atmospheric pressure.
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~and a |l ower phase conprising the organic solvent, the adi pig-—aetd—tormed

- the catal yst and sone of the other reaction products, and WREPRAGEMMNE

distillation step (a) is carried out on the said | ower phass.

3. A nethod according to any one of the preceding clains vagr ?i5”/3af“ﬁ€1999
~distillation step is carried out at 25[err]C to 250[err]Cjand at” an
absolute pressure of from10 Pa to atnospheric pressure. '

- 17 -

or during the distilfatio

U
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4. A nethod accordi nb7t(') any one of the | preceding

cl ai s wherein water vapokir mlst%g:g@it ra%cg:%crecg.L i nto the reaction MXITrée before

the distil{gbi @Ba@RY I iRy Héﬁ?é)i():\re tQurdhd €k &166:i1848006n

t1nmes e wel

e mxture obtalne

6. A nmet hod according to any one of

step.

5. A method according to any one of the
preceding claims wherein the water is added in step (b) in
an amount of from 0.01 to 5 times the weight of the mixture
obtained after the distillation and preferably from 0.1 to
3 times this weight. '

6. A method according to any one of the
preceding claims wherein the agueous solution obtained from
step (b) is subjected to liquid/liquid extraction using a
water-immiscible organic solvent.

7. A method according to claim 6, wherein the
organic solvent is chosen from aliphatic, cycloaliphatic or
aromatic hydrocarbons, esters, halogenated hydrocarbons and
ethers.

8. A method according to claim 6 or 7, wherein
the organic solvent is chosen from hexane, cyclohexane,
benzene and toluene, and is preferably cyclohexane.

9. A method according to any one of claims 1 to
5, wherein the aqueous solution obtained from step (b) is
heated, in order to hydrolyse the esters which are present
in the solution, and the cyclohexanol thereby formed is
separated out by azeotropic distillation.

10. A method according to claim 9, wherein the

hydrolysis is performed in the presence of a strong acid

Ty

ng &> any, QY H3Y S%Tording to any
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preceding cl ai ms wherein the aqueous sol ution obtained from step (b) is

- subjected to liquid/liquid extraction using a water-imm scipbt+re—o
‘ | | 0 oREPLNEMENT Sl

sol vent . 7. A nmet hod according to claim®6, wher
organi ¢ solvent is chosen fromaliphatic, cycloaliphatic or
hydr ocar bons, esters, hal ogenated hydrocarbons and ethers.

1

ET

romati c
15 APR B99

A net hod according to claim6 or 7, wherein the organic solyeht is chosen
from hexane, cycl ohexane, benzene ardiBol-uene, and is prefe|abty

cycl ohexane. 9. A nethod according to any one o

claine 1 to

5, wher ei pathdysqueous sol ution obtained fromstep (b) is feated, In
order to hydrolyse the esters which are_ present in the solution, and the
cycl ohexanol therebyllor feduetshod sapeerdtadote BpYagest Pépitdedi still ation.
10. A nethod according to claim9, wherein the h¥drolysis is perforned in

the preseREEELiREIGIGHgracrprein at least some o

CatalySt'the distillggé é}ém¥£g§%fggogglngagtﬁ2¥ 9ng 52k sLe

the” compounds ing .

oxlidation reaction

of cyclohexane to adipic acid, after at least partial

elimination of the water contained therein.

12. A method according to any one of the

preceding claims, wherein the organic solvent used in the

cyclohexane oxidation is an aliphatic carboxylic acid,

preferably acetic acid.

13. A method according to any one of the

preceding claims, wherein the catalyst contains cobalt,

manganese or a mixture of cobalt and manganese.

14. A method according to claim 1, substantially

as hereinbefore described in Example 1.

15. A diacid obtained by a method according to

any one of the preceding claims.
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. preceding clains wherein at |east some of the conpounds in the distillate _

to any one of the preceding clainms, whesein the catal yst pomnmtarns cobalt,

are recycled in a further oxidation reaction of cyclohexgn D UL -
acid, after at least partial elimnation of the water thgﬁ %ﬁﬂﬁg? 0 T
12. A nethod according to any one of the preceding clal wher ei n the
organi c solvent used in the cyclohexane oxidation is an i phats gER 1999
carboxylic acid, preferably acetic acid. 13. met hod accordingi
|

manganese or a m xture of cobalt and manganese.
subst anti al | y ABSTRBEBI nbef ore described in Exanpl e
15. A diacid obtained by a nethod according to any one of

according to claim1,

1.

14. A _nethod

t he preceding cl ai ns.

METHOD OF PROCESSING REACTION MIXTURES OBTAINED FROM THE

OXIDATION OF CYCIOHEXANE

A method of processing a reaction mixture obtained
from the direct oxidation of cyclohexane to an adipic acid
which oxidation takes place with gas containing oxygen, in
an organic solvent and in the presence of a catalyst, which
method comprises:

(a) distilling the reaction mixture so as to
leave the adipic acid and catalyst as residue;

(b) adding water to the distillation residue in

order to form an aqueous solution; and

(¢) crystallizing the adipic acid from the

aqueous solution.



