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PRCCESS FOR THE PREPARATI ON OF DI ACI DS FROM THE WASHI NG WATERS OF 1fef’s wpgé,
WCYCLCHEXANE OXI DATI ON PRODUCTS The present invention relates to a process
- for the preparation of diacids or mxtures of diacids from aqueous
solutions derived fromthe washi ng of cycl ohexane oxi dation products. It is
known to oxidi ze cycl ohexane, essentially into cycl ohexanone and
cycl ohexanol, with gas mi xtures containidg nol ecul ar oxygen, in the
presence or absence of a catal yst. Thus, during the air oxidation_of
cycl ohexane, i P 0, » INGq
cycl ohexanone are mai nl [ | ype of process
to elimnate, before HAs 2 A2 of the side
products fornmed during the OX|dat|on reactlon This elinination is usual |y
caraled outhby mgshlng wi th water and/or using al kaline agqueous sol utions,
either at the end of the,oxidation r,eactiqQn_or b gt he
vari ous phases of the o%ﬁﬁhgfﬁﬁ &nﬁFﬁﬁﬂgfgrEg%%§?g§ u S%ﬁggg washi ng

waters are es%&fa%l(?lré/ pDeI’OXI g |°rk Al té %I b dgltg_hcqu ggoggkdgaacgabnl y

6- hydr oper oxy polyners erlve erefrom ese washi ng

waters al so Cqnl gl heddbd agalcypiluawy%eﬁa&nmm eyd gxusamgobe aci d in

free or ester c acid, glutaric ac
cyclohexane oxidation products.

It is known to oxidize cyclohexane,
essentially into cyclohexanone and cyclohexandl, with
gas ﬁixtures containing molecular oxygen,.in the
presence or absence of a catalyst. .

. Thus, during the air oxidation of
cyclohexane, in the liquid phase, without catalysts,
. cyclohexanol and cyclohexanone are mainly obtained. It
is also known in this type of process to eliminate,
before distilling these compounds, at least some of the
side products formed during the oxidation reaction.
This elimination is usually carried out by washing with
water and/or using alkaline équeous solutions, either
at the end of the oxidation reaction or during or
between the various phases of the oxidatiom.

The products contained in these washing
waters are especially peroxides, in particular acid
peroxides, mainly 6-hydroperoxyhexanoic acid and
polymers derived therefrom.

These washing waters also contain, in a non-
exclusive manner, hydroxycaproic acid in free or

egsterified form, adipic acid, glutaric acid and



2 succinic acid, as well as 5-fornylvaleric acid. Various processes for
upgradi ng these washing waters, in particular into adipic acid, have been
- ‘proposed. Thus, patent FR-A-2,061, 956 describes a process for the
preparation of adipic acid by oxidation, using nolecular oxygen under
pressure, of 6-hydroperoxyhexanoic acid in aqueous sol ution. Patent
FR-A-1,594,895 and its first certificate2f addition FR-A-2, 054,701
descri be a process for the preparation of adipic acid by oxidation with
nitric acid, SPCrRAC Roid:i BE MeddeAse SofoRMYL¥geRTpEr BREde, of the

6- hydr oper oxyhexanoi ¢ aci d ,contained in the aqueous,washjng sol uji, on.
Processes for the hydr oJ@%3CNsnPECCLRESE: £QT gBﬁFﬁ fog Fhegﬁe“ﬁﬁ fPHg
waters into correspondi ng al cohqls haye al.so.,been.desgribed. Thus, US

pat ent 3,985,§f$e5%§cﬁpb%?§§ 8§é§n¥ raﬁﬁgiﬁyﬁfbgéng?FSnQSFnthe aci ds
contained in washin ters into corresponding al cohols, in the presence of
platinun1depo§qﬂ§?é%¥€érbon bl ack, under a pressure of 300 bar and at

205[err]C. Thi s Process (iReaLs ckAe 8, bkg| ¥s8! hesbkyBesshnce the
process for the preparation of adipic acid by
oxidation, using molecular oxygen under pressure, of
6 -hydroperoxyhexanoic acid in aqueous solution. Patent
FR-A-1,594,895 and its first certificate of addition
FR~A-2,054,701 describe a process for the'preparation
of adipic acid by oxidation with nitric écid,
optionélly in the presence of nitrogen peroxide, of the
6-hydroperoxyhexanoic acid contained in the agqueous
washing solution.

Processes for the hydrogenation of the acids
contained in the washing waters into corresponding
alcohols have also been described.

Thus, US patent 3,985,814 describes a process
for the hydrogenation of the acids contained in washing
watere into corresponding alcohols, in the presence of
platinum deposited on carbon black, under a pressure of
300 bar and at 265°C. This process appears to be
relatively effective, since the degree of conversion of
the acide into alcohols is about 95%, but the
hydrogenation conditions are very harsh, which makes
the process too expensive for industrial use. Moreover,
this process, by definition, converts the acids into

alcohols, which does not correspond to the desired



the acids into al cohols is about 95% but the hydrogenation conditions are
very harsh, which makes the process too expensive for industrial use.
Moreover, this process, by definition, converts the acids into al cohols,
whi ch does not correspond to the desired 3 upgrading into dicarboxylic
acids. A process based on the sane reactions, carried out under simlar
tenperature and pressure conditions but @sing a catalyst chosen from -

rut henium rhenium_,cobalt, nickel and chromium is described in German
patent DE- A- 19BgFraddpg dnte gicprbesylis: afidER 1, 585, 375 describes a

process for the preparation of [err]-hydroxyhexanoic acid by catalytic
hydr ogenati on of 6-hydr EFBffﬁ%xgﬁ%Fg 28 FrewArBf ﬁﬁ??tbgnéxtracted and

ted f th hi t hef hand ' ' I t.
AL though, admi-PrEARS Pt SBARK, R 1A% ESRTERARET P 2Bd RFBFEUES bt ai n
di aci ds, | U S L bl hol i { at whi ch
can_opt onal | FOBISIRREBYY BiedBta, BaehiFel AuFROR, EOhTHIERERERe or (e
fol lowing dr ayhaclim, - gk, | AdWRLH ahal BRYEHEERY! 18NabickeBe@XRENS V. ON
account of thé conditions under I ch e
German patent DE-A-1,957,396.

Lastly, French patent FR 1,585,375 describes
a process for the preparation of e¢-hydroxyhexanoic acid
by catalytic hydrogenation of 6-hydroperoxyheianoiq
acid, which must be extracted and separatéd from the
washing waters beforehand, using an orgaﬁic solvent.

- Although, admittedly, these known processes
make it possible to obtain diacids, in particular
adipic acid, or their alcohol intermediates which can
optionally be oxidized, they nevertheless all have at
least one of the following drawbacks:

- their industrial implementation is too
expensive, on account of the conditions under which the
reactions must be carried out;

- the adipic acid thus obtained is of
insufficient purity to be used directly as an
intermediate in the synthesis of polyamide fibres, thus
necegsitating a subsequent excessive purification
treatment;

- these processes process only part of the
washing waters, not all of them.

The aim of the present invention is thus, in

particular, to provide a procees for the preparation of



reactions nust be carried out; - the adipic acid thus obtained is of
insufficient purity to be used directly as an internmediate in the synthesis
of polyam de fibres, thus necessitating a subsequent excessive purification
treatment; - these processes process only part of the washing waters, not
all of them The aimof the present invention is thus, in particular, to
provi de a process for the preparation of 4 4 aliphatic diacids, in
particul ar adipi,c_acid and m xtures of adipic acjd, glutaric acid and

succi ni ¢ aci d 2¥Rhatks HiRfigs-ein particyiprofddPiroaedd £BR t he oxi dation

of cycl ohexane ,and cont aj ni per oxides, the.said.process for the
preparati on of®FEeR ta‘ﬁ%\ilicnj FAREEALS ard Fﬁﬁeﬁugﬁfﬁé." The

on of o g ETRIBECES it P BC The

Bera in a pur tdmtind seene, vakers, 45k iydeh Bkl BrebBeloFBre [ [ho
t hesi f 1de-. 6, | ti f Ll Lo |
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while at the sg@ dd4@ M&&sﬁ #YrO ¢S p‘i@pq}aition of diacids not

having the drawbacks mentioned above.

The process of the invention makes it
possible in particular to obtain adipic acid in a
purity which is sufficient to be used as an -.
intermediate in the synthesis of polyami@e-G,G, in
particular for textile fibres, as well as high-quality
mixturés of adipic acid, glutaric acid and succinic
acid, while at the same time being a process which is
inexpensive to implement industrially and allowing all
of the compounds contained in the washing waters to be
processed.

Another aim of the present invention is to
provide a process in which the peroxidized compounds
contained in the washing watérs mentioned above are
decomposed selectively and completely under moderate
temperature and pressure conditions, whereas their
elimination in the prior processes leads to the
formation of impurities which are found in the diacids
obtained and in particular in adipic acid.

More epecifically, the present invention
consists of a process for the preparation of aliphatic
diacids from washing waters derived from a process for

the oxidation of cyclohexane and containing peroxides,



i nexpensive to inplenent industrially and allowing all of the conpounds
contained in the washing waters to be processed. Another aimof the present
I nvention is to provide a process in which the peroxidized conpounds
contained in the washing waters nentioned above are deconposed sel ectively
and conpl etely under noderate tenperature and pressure conditions, whereas
their elimnation in the prior processes $eads to the formati on of -

i mpurities which are found in the diacids obtained and in particular in

adipic aci d. REastanized in thate the FoldowingnBteRsc88€i sts of a process

for the preparation of aliphatic diacids fromwashing waters derived froma
process for tf¥SSEaEVIY SR adhEine and cont ai ni ng per oxi des,

characterized i,n that the foll,ow ng steps are syccessivel rried out: a)
the said washiar?g‘%%ﬁ 4 waahing, te&f?ﬁ”&l B 3&6& oi’?&'i“‘g'@é%b'y subj ect i ng

L00ferr] - | n AR PaR i AR i 50 #R58H Erom (he plati num
group; b) 1 he RAGRGUH G dehydld iR pIRIRER GbbChadePer oxi dation
100°C, in the presence of at least one metal chosen
from the platinum group;
b) the products contained in the washing waters after
deperoxidation are oxidized with nitric acid«'

In the present text, the term “ﬁetal from the
platinum group” is understood to refer t§ platinum,
palladium, rhodium, ruthenium, iridium and osmium.

It is necessary firstly to carry out the
deperoxidation in step a) before the nitric oxidation
in step b), otherwise impurities would be formed during
the nitric oxidation, which would be found in the
diacids at the end of the process.

The catalytic hydrogenation used for the
deperoxidation in step a) is'preferably carried out at
a temperature of from 20°C to 80°C.

Between steps a) and b), the hydrogenate
obtained in a) can advantageously be concentrated, by
elimination of some of the water contained therein.

The washing waters to which the process of
the invention is épplied can originate from any process
of oxidation of cyclohexane with air, oxygen-enriched
air or oxygen-depleted air, provided that the said

washing waters contain peroxides. They can be derived



In the present text, the term"netal fromthe platinumgroup” is understood
to refer to platinum palladium rhodium ruthenium iridiumand osmum It
i's necessary firstly to carry out the deperoxidation in step a) before the
nitric oxidation in step b), otherwise inpurities would be fornmed during
the nitric oxidation, which would be found in the diacids at the end of the
process. The catal ytic hydrogenati on usedéfor the deperoxidation in step a)
is preferably carried out at a tenperature of from20[err]C to 80[err]C

Bet wveen st eps BeTarapticelarly dtermpe tthe REAETRAesrEibed im@aiaeous! y
be concentrated y_elimnpation of sone of the water contained therein. The
washi ng matersF¥o mﬂ?%hg§ﬁe process of the invention is applied can

i ginate f f i dat. f I i th ai
ot T O R e o
[ | . | 1.CU
the process deg’gﬁ&%é si%a%alf%%yaéﬂ.?cg%%g?%&gl%o t%ng};e"% cﬁ%%‘%&ﬁﬁe g
Oxi dation procgssggs e fglEE-HMLLARNNES, AEUADY dbAPe

conventi onal
for the operation to be carried out continuously or

non-continuously.

The washing with water can thus be carried
out in the liquid phase at a temperature of bétween 5°C
and 100°C, under the autogenous pressure ér under a
pressure created by an inert gas such as.nitrogen. The
weighé of water used generally represents from 0.0l to
1 times the weight of the oxidate to be washed and
preferably from 0.05 to 0.5 times this weight.

The hydrogenation catalysts for step a) are
preferably platinum, palladium and rhodium. They can be
deposited on supports such as silicas, aluminas,
carbons or alumino silicates. The catalyst can be in
the form of powder or granulés. The hydrogenation
reaction is carried out non-continuousely, for example
in an autoclave, or preferably continuougly, for
example in a column with a supported catalytic bed, or
alternatively, semi-continucusly.

The hydrogenation step a) can be carried out
under a hydrogen pressure equal to atmospheric
pressure, but the reaction kinetics are then slow and
there is a risk of side reactions occurring due to a

lack of hydrogen.



techni que of |iquid-phase washing, it being possible for the operation to
be carried out continuously or non-continuously. The washing with water can
thus be carried out in the liquid phase at a tenperature of between 5[err]C
and 100C, under the autogenous pressure or under a pressure created by an

I nert gas such as nitrogen. The wei ght of water used generally represents
from0.01 to 1 tines the weight of the ox{ date to be washed and preferably

fromO0.05 to 0.5 tinmes this weight. The hydrogenation catalysts for step a)
are preferably plati numFFalttd® Feased r AsdignPreferredn the%wahosited on

h i1 | um b | um L . Th
Catalyst can BEASF chETERHES BRHAN coPgLanm &5 CoTRE Apar SBenai i on
ti ' i ed qut - ti I f e i I ,
pr et er abl y coM PRMTNFE T GFebRYf Sous RRedearh it CAE S50 00a catal vt c
bed, or ‘al ter Al Vel ASUCRPUIMNONY Yior PASANILAGR0AL! BUeBERRR) Can be

carried out under ydrogen pressurée equal nospheri C pressure, but

the reaction Kgd o 6. Sk By WdadEck biwR Fask € shge reactions

occurring due to a lack of’ h
specific advantages, since the hydrogenation reaction

kinetics are sufficiently high in the zones defined
above, especially in the preferred zone, and in
particular when the catalyst used is palladiuﬁ.

When the hydrogenation reaction.is carried
out continuously, a hydrogenation reacto? with
supporﬁed catalytic bed can be used, fed with an
agqueous solution preferably containing not more than 3%
peroxides on a weight-for-weight basis, and even more
preferably not more than 2% peroxides.

Step b) of oxidation with nitric acid is
typically carried out using an aqueous nitric acid
solution having a weight titre of between 40% and 65%
and preferably between 55% and 60%.

A molar excess of nitric acid relative to the
alcohol functions to be oxidized is generally used. In
practice, from 4 to 8 mol of nitric Acid are used per
mole of alcohol function contained in the solution for
procesgsging.

The oxidation can be carried out in the
presence or absence of a catalyst, such as a vanadium-
based catalyst, optionally combined with copper,

cobalt, titanium, nickel, chromium, molybdenum or



7 For this reason, it is preferred to work under a hydrogen pressure of
from5 to 50 bar at tenperature, and even nore preferably from110 to 30
bar. The process could be performed under a pressure above 50 bar, but this
woul d not give rise to any specific advantages, since the hydrogenation
reaction kinetics are sufficiently high in the zones defined above,
especially in the preferred zone, and in garticular when the catalyst used
is palladium Wen the hydrogenation reaction is carried out continuously,
a hydrogenati ctemdames or with supported catal ytic bed can be used, fed with
an aqueous sol ution preferably containing not nore than 396perOX|des on a
wei ght - f or - wei ght basi s Amang dihasarsiedadivaterayapadic pold endn 2%
peroxides. Step b) of oxidation with nitric acid is typically carried out
usi ng an aquedEepiun angd gedism metavienadates \ﬁé‘legEFeﬁﬁFFfédof Ipet ween 40%
and 65% and preferabl bet ween 55% and 60% A mol ar excess of nitric acid
relative to tHRF l?::"cﬂf%'l (GRS e P, ¥ ths thenaaderitsused. In

Plncti on cont AHiftd mei Shfhionh S drocosseRg=Line GF; A2emon-0dn be
carried out iR G PrESLRcE o %& SICPY 13 653 ¥V by aSHEhuREod, vanadi um
irrespective of its concentration.

Unexpectedly, it has been demonstrated that
the oxidation reaction can be carried out in. the
abseﬁce of a metal catalyst, as mentioned.above,
without the yield of adipic acid obtainea being
affectéd. In addition, aliphatic diacids free of metals
can thus be obtained at the end of the. process, which
is particularly advantageous for some of their
subsequent uses.

In order to avoid uncontrolled runaway of the
oxidation reaction, the deperoxidized solution is
typically gradually introduced into the aqueous nitric
acid solution, working at a felatively low temperature,
for example between 15°C and 50°C.

One of the advantages of the process of the
invention, arising essentially from the fact that the
mixture subjected to the oxidation with nitric acid
contains virtually no peroxides, is precisely that it
is poseible to carry out this oxidation at a
temperature of from 15°C to 50°C and preferably between
30°C and 45°C.

These temperature ranges are not critical.



based catal yst, optionally conbined with copper, cobalt, titanium nickel,
chrom um nol ybdenum or 8 cerium Anong these catal ysts, vanadic acid
and anmoni um and sodi um et avanadates are preferred. In practice, this
catalyst is mxed with the aqueous nitric acid solution used in a
proportion of fromO0.02 nmol to 0.2 nol of netal per litre of acid solution,
I rrespective of its concentration. Unexpextedly, it has been denonstrated
that the oxidation reaction can be carried out in the absence of a netal
catal yst, as Howevemed ifhdhe templesaturiecigi ebdvef 5a8Cpi foncesamplai ned
being affected. In addition, aliphatic diacids free of netals can thus be
obt ai ned at t aPostd 98f°C-h&her Prosess\aphnevepthelessabeycadrdadageous for
sonme of their subsequent uses. In order to avoid uncontrolled runaway of

t he oxi dati on9Uactiuén thehyigdfepéxpdirde seidt Lewers.t§ifi thely gradual |y
I ntroduced into the aqueoys pitric _acid solution, working at a relatively
| ow t enper at ufETRPRSA TSN Fe PR 4R * 5[ BrPPéritatioperf| adivke aeidhe
advant ages ofnggecgzgggss of the

At the end of the oxidation step, it may be
prudent to increase the temperature temporarily in
order to complete the reaction and to eliminate certain
undesirable side products such as, for examplé, oxalic
acid. The temperature at which this finisﬁing operation
can be carried out is between 50°C and 160°c and
prefer;bly between 70°C and 90°C, and ites duration can
range from a. few minutes to several hours, for example
between 15 minutes and 2 hours.

The adipic acid can be separated from the
reaction mixture obtained after the oxidation reaction
according to the usual processes such as, for example,
crystallization consisting in cooling the mixture and
filtration of the adipic acid precipitated.

The adipic acid thus separated out can be
then recrystallized according to the usual techniques
in order to obtain an adipic acid of purity which is
sufficient to be used in the manufacture of polyamide-
6,6, in particular for textiles.

The filtrate obtained after precipitation of
the adipic acid can be evaporated to dryness in order
to lead to a molten mixture of diacids, essentially a

mixture of succinic acid, glutaric acid and adipic



invention, arising essentially fromthe fact that the mixture subjected to
the oxidation with nitric acid contains virtually no peroxides, is
precisely that it is possible to carry out this oxidation at a tenperature
of froml15[err]C to 50[err]C and preferably between 30[err]C and 45[err]C
These tenperature ranges are not critical. However, if the tenperature
is above 50[err]C, for exanple about 90[&®% ] C, the process can neverthel ess
be carried out, put the yield of_adipic acid lowers. If the tenperature is

bel ow 15[ er r] GHecdfyidtrgprerludine efcimetihs odfuster Whefend of the
" order o o nETimdaE Rash Pl o B AGTRAIGH £ BRASRES ¢ o de
Pl hi shi ng. operSiT HEG 47 GEREra (A Y« e MRS o et o RSL00  or 1] C.
P P o PR il engdfe SRLAILG, M SR o,
DV e oS8 PR, S8 SRR B SRR AT, 0 e
exanpl e, A particularly advantageous variant for the

processing of the filtrate makes it possible to prepare

mixtures of the diacids mentioned above of excellent

quality, in particular as regards their colouf and

their purity. This variant consists in heéting the

crude mixture containing the succinic acid, glutaric

acid aﬁd adipic acid, in the molten state, for a period

of a few minutes to several hours. The temperature at

which the heating is carried out can range, for

example, from 140°C to 220°C. The duration is generally

between 30 minutes and 15 hours, without these values

being considered as critical. The above heat treatment

is followed by distillation of the mixture of diacids

as described in patent FR-A-2,111,003. The mixtures

thus obtained consist-generally, for more than 90% of

their weight, of succinic acid, glutaric acid and

adipic acid, the relative proportions of these diacids

varying in particular according to the temperature at

which the reaction mixture obtained after the oxidation

step was cooled in order to precipitate the adipic

acid.

These mixtures of diacids can be used in

particular in the form of their esters, essentially



crystallization consisting in cooling the mxture and filtration of the
adi pic acid precipitated. The adi pic acid thus separated out can be then
recrystallized according to the usual techniques in order to obtain an

adi pic acid of purity which is sufficient to be used in the manufacture of
pol yam de- 6,6, in particular for textiles. The filtrate obtai ned after
precipitation of the adipic acid can be édaporated to dryness in order to
|l ead to a nolten m xture of diacids, essentially a_m xture of succinic
acid, glutarictheisn ablevhegiers., surhh@s theiRethydeo ®bylr &Py lnet al s,

I f step b) of oxidation has been carried out according to.,a preferred

vari ant wit hoRuErtaiReReyl and hexyk e8Lenfiec 28 olMentsydd BARY nore

PR A 2, 111, D0 SLBEPERRT RETISA ST ARBUSFRALER 2% Bhe pr ocesei ng. of
Lhe f115rate nBKcoe Lty oSS Bl Ske MLSPUP dlatuicsualed o gt da gent onec
Cucci ni ¢ act o, 251 0%, FEEEL P eaith noftio e pra Sl o HASEUS 8 100
period the textile industry or the leather industry.

The examples which follow illustrate the

present invention.

EXAMPLE 1

The starting solution is an aqﬁeous solution
from éhe washing of a cyclohexane solution containing
hydroperoxides, derived from an oxidation reaction of
cyclohexane with oxygen-depleted air, in the liquid
phase and without a catalyst, the said oxidation
reaction having been followed by concentration of the
final reaction mixture.

The aqueous solution has a content of organic
materialeg (in particular S-hydroxyhexanoic acid, adipic
acid, succinic acid, glutaric acid, adipic
semialdehyde, esters and peroxides) of 15.5% on a
weight-for-weight basgis, including 9.7% peroxides.

Step a) of hydrogenation

2500 g of this solution are subjected to
hydrogenation, by supplying them continuously at a rate
of 2 litres/hour, at 25°C and under a pressure of 10
bar of hydrogen, into a stirred autoclave in the

presence of 1% by weight, relative to the total weight



of a few mnutes to several hours. The tenperature at which the heating is
carried out can range, for exanple, from 140[err]C to 220[err]C. The
duration is generally between 30 minutes and 15 hours, without these val ues
bei ng considered as critical. The above heat treatnment is foll owed by
distillation of the mxture of diacids as described in patent
FR-A-2,111,003. The mi xtures thus obtaind@ consist generally, for nore than
90% of their weight, of succinic acid, glutaric acid and adipic acid, the
rel ative prop&%i g¥id wpodatfonni @f FapPpwigred gatelyvgtaromprésdngg to
the tenperature at which_the reaction_m xture obtained after the oxidation

step was cool P% ﬁYofffétg]%'b.% &4 Jatade deposidedi enafharcPRdse nixtures of
thei 1 al kyl estors, suchiadteneroly hec ARpPLY, FEASE: B, PitpenayP and
ne bl asti ol zerd RS AR LU Moarier L8 Brecugtc rong R akag ) -
cStETS, Thol S0 ALS Hled” SR SL3L e A Bk AOubE SR (7
I nvention. 2525 g of this hydrogenate are concentrated
in oxrder to obtain 735 g of concentrate with a titre of
52.5% by weight of heavy organic materials.

Step b) of oxidation

669.5 g of the above deperoxidi?ed
concentrate are employed in the nitric o#idation step.

- The oxidation is carried out in the absence

of catalyst, in apparatus comprising a stirred reactor.

2010 g of nitric acid at 58% on a weight-for-
weight basis are introduced into the reactor, after
which the 669.5 g of concentrate are run in over 2 h,
while maintaining the temperature of the reaction
mixture at 40°C. The temperature is then raised to 90°C
and this temperature is maintained for 1 h. The
reaction mixture is subsequently cooled to room
temperature and the apparatus is degassed. The adipic
acid precipitate (161.4 g after drying) is filtered
off.

After recrystallization of this adipic acid,
a product of very high quality is obtained, which is
suitable for the manufacture of polyamide-6,6.

The filtrate is concentrated to dryness in

order to give a mixture comprising:



EXAMPLE 1 The starting solution is an aqueous solution fromthe washing of
a cycl ohexane sol ution containi ng hydroperoxi des, derived from an oxi dation
reacti on of cycl ohexane with oxygen-depleted air, in the liquid phase and
wi thout a catalyst, the said oxidation reaction having been followed by
concentration of the final reaction m xture. The aqueous sol ution has a
content of organic materials (in particull@ 6-hydroxyhexanoic acid, adipic
acid, succinic acid, glutaric acid, adipic sem al dehyde, esters and

peroxi des) of 19.5% on a wei ght - f 2 eigietf salipdc medidudi ng 9. 7% per oxi des.
Step a) of hydrogenation 2500 g of this solution are subjected to

hydr ogenati on, by supplyi ng them &8 uekiglwbardc geddof 2 |itres/ hour,
at 25[err]C and under a pressure of 10 bar_of hydrogen, into a stirred
autoclave in the presence of 1% by*%ed ghef &% e total weight

lavs
Pd metal deposited on CHEFCLIAEA (ke HRALSE (08 SUp PIois0sc pad O O
autoclave is dpgasegd A0 Ydlind PE HaiodaozomPr i sing
The distilled mixture obtained is in the form
of flakes that are white to very pale yellow in colour
to the eye (coloration, according to the Gardner Index

of 6)}.

EXAMPLE 2

. The process is performed as in step a) of
Example 1, an aqueous washing solution having a weight
content of organic materials of 13.85%, 10.1% of which
consist of peroxides, is hydrogenated.

Three successive operations are performed by
injecting in total 6000 g of aqueous solution and
hydrogenating at 25°C under 10 bar of hydrogen, in the
presence of 1% by weight, reiative to the weight of the
solution subjected to the hydrogenation, of catalyst
consisting of Pt deposited to a proportion of 5% on
carbon black. Each hydrogenation lasts one hour.

The hydrogenate ig removed, and gives a titre
of 13.2% by weight of heavy organic materials (792 g).

5781 g of this hydrogenate are concentrated
in order to obtain 1386 g of concentrate containing 755
g of heavy organic materials.

Nitric oxidation of 410 g of this concentrate



15. 4% of heavy organic materials (432 g) are renoved. 2525 g of this

hydr ogenate are concentrated in order to obtain 735 g of concentrate with a
titre of 52.5% by wei ght of heavy organic materials. Step b) of oxidation
669.5 g of the above deperoxidized concentrate are enployed in the nitric
oxi dation step. The oxidation is carried out in the absence of catalyst, in
apparatus conprising a stirred reactor. 20 g of nitric acid at 58% on a

wei ght-for- wejght basig are introducad [nio fhe reactor, ter which the
669.5 g of com‘:gn??ﬁféeér%“?:u?\si e%%fb?é hl,nm]rﬁai]m &thi ({'he‘n

t enper ature of react| mxture at . 40[err] C. The tenperature is then
rai sed to 90[e?b?§:%nﬂgt%€§ ?%ﬁfﬁ?a?fﬁ%'is mai ntai ned for 1 h. The reaction

m xture i s subsequently d £ tRe apparatus is
degassed. The adi pic aciﬁegl?ﬁc?%?’r%’?%r%ﬁ???%‘?’fe‘? rl%ry”{ilneg) is filtered
off. After re | i t h L P i s d(g;ly A hi gh
quality is ob'f{z;ii‘%ggi?i%?%hﬁigzsﬁéﬁftgﬁlg g‘?ft e I%'acnaéifure 01(‘;2&31\&&{@S

pol yam de- 6, 6. gFBechthirhage i s concentrated to dryness in order to give a
m xt ure conpri sing:

EXAMPiZ:E 3

The starting solution is an aqueous solution
from the washing of a c¢yclochexane solution coﬁtaining
hydroperoxides, derived from an oxidation.reaction of
cyclohexane with oxygen-depleted air, iﬂ the liquid
phase'and without a catalyst, the said oxidation
reaction having been followed by concentration of the
final reaction mixture.

The aqueous solution has a content of organic
materials (in particular 6-hydroxyhexanoic acid, adipic
acid, succinic acid, glutaric acid, adipic
semialdehyde, esters and peroxides) of 15.1% on a
weight-for-weight basis, inciuding 10.3% peroxides.

This solution is hydrogenated continuously in
a colummn reactor with an irrigated catalytic bed. The
catalyst consists of graphite granules containing 0.5%
by weight of Pd.

The solution is prediluted using pre-
hydrogenated aqueocus golutions in order to have a
peroxide concentration at the top of the hydrogenation
reactor of 1.57%. The hydrogen pressure is 20 bar and

the temperature is 25°C.



13 - 52.5 g of adipic acid - 83.8 g of glutaric acid - 40.2 g of
succinic acid. This mxture is heated for 10 h at 150[err]C and is then
distilled using a filmevaporator. The distilled m xture obtained is in the
formof flakes that are white to very pale yellowin colour to the eye
(coloration, according to the Gardner |Index of 6). EXAMPLE 2 The process is
performed as in step a) of Exanple 1, an %ueous washi ng sol uti on havi-ng a
wei ght content of organi'g materials of 13.85% 10.1% of which consist of
peroxi des, is hydrogenat CRETFHhPES RQc %%%?’?/ea%e‘?%ﬁ?’ﬁrée%r%t date drerkd by
injecting int EaL goggagtgf aqueous sol ution and hydrogenating at 25[err]C
under 10 bar o hylarogen, PRt he presence of 1% by weight, relative to the

wei ght of the solution silgg?%ﬁgga{:goﬁgeogyg&?‘g%%’g%n oafmfat.%l .Sé[

consisting of Pt deposite a proportron o on car bon ackK.~ Each

hydr ogenati on bﬁg&étggﬁegggrthgﬂecggg{g@e‘?\gf gmi %r;%%yq%s gives atitre

of 13.2% by wei ght of avy organic nater . g of this
hydrogenat e_argy828g8RkhEa! eds i @l dfted 01 AL IS380, QdiipPNGAY "3l e
containing 755 g of heavy organic materials.
obtained which, after recrystallization, is a product
of very high quality, which is suitable for the

manufacture of polyamide-6,6.



Nitric oxidation of 410 g of this concentrate 14 is carried out as
described in Exanple 1, at 40[err]C in 2002 g of 58%nitric acid. After
cooling and filtration of the precipitate forned, 82.6 g of adipic acid
(dry weight) are obtained. EXAMPLE 3 The starting solution is an aqueous
solution fromthe washing of a cycl ohexane sol ution caontai ni ng

hydr oper oxi des, derived from an oxidation reaction of cyclohexane wth -
oxygen-depleted air, in the liquid phqsqsagd wi t hout a E "Hﬁﬂmﬂlﬁ,ﬂﬂl d
oxi dation reaction having been foll owed ™Dy concentrati

reaction m xture. The aqueous sol utionshggga content of organﬁc'haﬁerrals_
(in particular 6-hydroxyhexanoic acid, adipic acid, succinic acid, glutaric
acid, adipic sem al dehyde, esters and peroxides) of 15.1%on a _

wei ght - for-wei ght basis, including 10.3% peroxides. This solution is _
hydr ogenat ed conti nuoudty ik Rrasgisgnfior ebles @repiarhtaoni of iajitpdstdat al ytic

) t, .consi sts aqf, graphite granul es contai ning 0.5% by wei ght
gﬁdeThe cat fgzlds rom waéhié% wgters ontaining peroxideé{ which.y g

washing waters are obtained from a process for the
oxidation of cyclohexane, which process comprises:

(a) at least partially deperoxidizing the said
washing waters by subjecting them to catalytic
hydrogenation at from 0°C to 100°C, in the presence of ‘at
least one metal of the platinum group; and

(b) oxidising the thus obtained products with
nitric acid.

2. A process according to claim 1, wherein the
metal of the platinum group is platinum, palladium or
rhodium.

3. A process according to claim 1 or 2, wherein
the catalytic hydrogenation in step {a) is carried out at
from 20°C to 80°C and under a hydrogen pressure of from S
to 50 bar, preferably from 10 to 30 bar.

4. A process according to any one of claims 1
to 3, wherein the products obtained from step (a) are
concentrated before step (b).

5. A process according to any one of the
preceding claims, wherein the said washing waters are
obtained by continuously or non-continuously washing with
water oxidates obtained from the oxidation of cyclohexane

with air, oxygen-enriched air or oxygen-depleted air.



The“solution is prediluted using pre- hydrogenated aqueous solutions in
order to have a peroxide concentration at the top of the hydrogenation

reactor of 1. 57@“—Tﬁe—hydfegeﬁ—ﬁ¥essure is 20 bar and the tenperature is

25[err] C any peroxides at the foot of the reactor.
The operations l"mgmm "m and nitric oxidation are then carried out
on a part of the*hydradgemate, \as indicated in Exanple 1. Adipic acid is
obt ai ned which, after recrystallization, is a product of very high quality,
which is SU|tabIe for the manufacture of7polyan1de 6, 6. CLAI M5 1. A

process for the preparation of aliphaticd’iacids from washi ng waters

cont ai ni ng per oxi des, i ch mashln waters. are obbai.ne fr r9cess for
t he oxi dation of cycl oﬁlgxan% p% 6?885§1n%gtr?pr |l§e§ E.' ﬁ)&}eailrp

partial ly depgroxidiszi;ng &zb [,M%hbagry@a &l tm %uQJ ?E%\hﬂg ﬂaﬁs@ to
ron10

catal yti c hydrogenati on”at Cto 100[err]C, in the presence of at
at from 5°C to 100°C, under the autogenous pressure or

under a pressure created by an inert gas, the weight of
water being from 0.01 to 1 times the weight of the oxidate
to be washed, and preferably from 0.05 to 0.5 times this
weight.

7. A process according to any one of the
preceding claims, wherein step (a) is carried out
continuously in a hydrogenation reactor with a catalytic
bed, the reactor being supplied with washing waters
consisting of an aqueous solution containing not wore than
3% by weight peroxides, preferably not more than 2% by
weight peroxides.

8. A process according to any one of the
preceding claims, wherein step (b} is carried out using an
aqueous nitric acid solution having a weight titre of
between 40% and 65% and preferably between 55% and 60%.

9. A process according to any one of the
preceding claims, wherein step (b) is carried out using a
molar excess of nitric acid relative to the alcohol
functions to be oxidized, preferably of from 4 to 8 mol of
nitric acid per mole of alcohol function.

10. A process according to any one of the
preceding claims, wherein step (b) is carried out in the
presence of a vanadium-based catalyst, optionally cowbined

with copper, cobalt, titanium, nickel, chromium, molybdenum



| east one netal of the platinumgroup; and (b) oxidising the thus obtained
products with nitric acid. 2. A process according to claiml1l, wherein the
nmetal of the platinumgroup is platinum palladiumor rhodium 3. A

process according to claim1 or 2, wherein the cat al—yt—i—e——hydmgeﬁat—i—vn—i n
step (a) is carried out at from 20[err]Cto 80[err]C gen
pressure of from5 to 50 bar, preferablyfromlOto lil MI llj\ cess
according to any one of claims 1 to 3, mhereln t he p rom
step (a) are concentrated before step (b) A process accor ding to any
one of the preceding clains, wherein the JSal d washing waters are obtained

by continuously,. Qt.,1QR; conti nuously washing with water oxidates obtained
fromthe oxi datl on of cyclohexane with air, oxygen-enriched air or

oxygen-depl eted air. 11.17a- pﬁocessAapfc@easﬁga@@@rrq» R@iet BFCLBATMS, 1 Wherei n
the said washing with water is carried out in the liquid phase at from
5[err]C to 100f@r%.] Ghexeder stap bt dgeregsipdegstria: ¢Gheynteenae ppessure
created by an inert gas, the weight of water being from0.01 to 1 tinmes the
wei ght of the extafafss-

12. A process according to any one of the
preceding claims, further comprising:

{c) converting the aliphatic diacids thereby
obtained to their alkyl esters.

13. A process for preparing polyamide-6,6,
comprising:

(a} preparing adipic acid by a process according
to any one of claims 1 to 11; and

(b} using the adipic acid to prepare polyamide-

14. A process according to claim 1,
substantially as hereinbefore described in any one of
Examples 1 to 3.

15. A product obtained by a process according to

any one of the preceding claims.
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to be washed, and preferably from0.05 to 0.5 tines this weight. 7. A
process according to any one of the preceding clains, wherein step (a) is
carried out continuously in a hydrogenation reactor with a catal ytic bed,
the reactor being supplied with washing waters consisting of an aqueous
solution containing not nore than 3% by wei ght peroxi des, preferably not
nore than 2% by wei ght peroxi des. 8. rocess according to any one of
the preceding clains, wherein step (b) is carried out using an aqueous
nitric acid solution having a weight hpkéga®f between 40% and 65% and
preferably between 55% and 60% 9. A process according to any one of the
preceding clainms, wherein step (b) is carried out using a nolar excess of
nitric acid relative to the aIcohoI functions to be OX|d|zed pref erably of
g g ! & 3 H

from4 to 8 nol ERECESS RAST ¥ : _WABHIMG pr ocess
according to any one of the prec (b) is carried

out in the presence of PATERS 'e;'°; : ; y conbined with
copper, cobalt, titanium nlckel chro n1un1 nolybdenun1 - 18 - or cerium

A process for the preparation of aliphatic
diacids from washing waters containing peroxides, which
washing waters are obtained from a process for the
oxidation of cyclohexane, which process comprises:

(a) at least partialiy deperoxidizing the said
washing waters by subjecting them to catalytic
hydrogenation at from 0°C to 100°C, in the presence of at
least one metal of the platinum group; and

(b) oxidising the thus obtained products with

nitric acid.



: : : b=
11. A process according to any one of claims 1 to 9, wherein ste%‘az(%i |35

carried:owt in the absence of a catalyst. 12. A process according to any

one of the preceding clains, further conprising:
al i phatic diacids thereby obtained to their alkyl

(c) converting the
esters. 13. A process for

prepari ng pol yam de-6,6, conprising: (a) preparing jmmm’ process
according to any one of clains 1 to 11; and (b) usi lﬂ" " ,#ﬂ"d to
prepare pol yam de- 6,6. 14. A product- ol ai ned by a pgrofess atcordikng to

any one of the preceding clains.
or cerium.

11. A process according to any one of claims 1

to 9, wherein step (b} is carried out in the absence of a

catalyst.

12. A process according to any one of the

preceding claims, further comprising:
{c} converting the aliphatic

obtained to their alkyl esters.

diacids thereby

13. A process for preparing polyamide-6,6,

comprising:

(a) preparing adipic acid by a process according

to any one of claims 1 to 11; and

(b} wusing the adipic acid to prepare polyamide-

14. A product obtained by a process according to

any one of the preceding claims.
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