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It relates more particularly to a method of

purifying agueous effluents comprising a method for
anaerobic biological decomposition of the compounds
10 contained in the effluent.

The effluents which can be treated by the

the

method of the invention in particular those produced by

methods of oxidizing organic compounds.

Among these methods, the method of oxidizing

15 hydrocarbons such as cyclohexane is exploited on a

large scale. Thus, the conversion of cyclochexane to

cyclohexanol/cyclohexanone is used for the manufacture

of adipic acid, a major chemical intermediate for the

manufacture of many products such as in particular

20 polyamides, polyesters,_polyurethanes. This manufacture

of cyclohekanol/cyclohexanone is carried out in large

industrial units which produce annually up to a few

hundreds of thousands of tonnes which generate large

volumes of effluents. The constraints imposed for the

25 protection of the environment require these effluents

to be treated, in particular in order to reduce the

chemical oxygen demand (COD?Y.
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to be treated, in particular in order -to reduce the chem cal ox gen
demand (CODS. *000onz* 30 April 2004 2 The reduction of tha0ée #04aqueous
effluents has been perfornmed for a very long tinme, by many nethods

rncl udi ng bi ol ogi cal nethods of treatnent using enzynes. 5 These

bi ol ogical treatnents can be classified mainly into three categories,
nanel y the methods of aerobic and anoxic purification and the nethods of
anaerobic purification. However, it i% known that the nethods of 10
anaerobic purification of waste water, in particular that containing nore
than 1 g/| of degradable COD, are referred to the nethods of aerobic
purification. |nded&e rREUSHASNOlS) thest KU O i yR iufctwenmibs ch  are
useful and whose val ue can be enhanced, such as 15 nethane. Furthernore,

t he energ?a?eBGFPeHeFSPr®§@r?Pﬁga dEFWEﬂIHHhé¥%%?clﬁéﬂﬁﬁﬁYls | ess than that
used in an ﬁerob c qed addltlon he ods of anaeropic
puri fi catPOh BPSdAEE 1] dﬁgnpﬁﬁQQ%i%ﬂ %ﬂ? TNt | ess than
t he aerobic_nethods. 20 However, nethods of anaerobic. purification cannot
be used to-tYeatr’ aqueous. effluents because the enzynmes used are sensitive

and cag be dEStrOyeghgge blologlcal treatments can be classified
maihly into three categories, namely the methods of
aerobic and anoxic purification and the methods of
anaerobic purification.
However, it is known that the methods of

10 anaerobic purification of waste water, in particular
that.containing more than 1 g/l of deg:adable COD, are
preferred to the methods of.aerobic purification.

' Indeed, the anaerobic methods produce produets which
are useful and whose value can be enhanced, such as

15 methane. Furthermore, the energy reéuired for carrying
out an anaerobic method is less than thae used in an
aerobic method. In addition, the methods of anaerobic
purification produce a quantity of slpdge which is
substantially less than the aerobic methods.

20 Howéver, methods of anaerobic purification
cannot be used to treat aqueous effluents becauseée the
enzymes used are sensitive and can be destroyed by
.numerous compounds. | |

The Applicant has thus observed that the

25 treatment of aqueous effluents produced by the method

of converting cyclohexane in the synthesis of the

cyclohexanol/cyclohexanone mixture by an anaerobic



nuner ous conpounds. The Applicant has thus observed that the 25 treatnent
of aqueous g?fluents produced by the nethod of converting3@yerbidane in
the synthesis of the cyclohexanol/cycl ohexanone m xture by an anaerobic 30
April 2004 3 method can lead to a destruction of the enzymes. The use of
such a method therefore appeared to be inpossible. One of the ains of the
present invention is 5 to provide a method of treating the effluents
resulting fromthe manufacture of a 8ycl ohexanol/cycl ohexanone m xture
and nore particularly nethods of oxidizing olefins to al cohols and/or
acetones by an anaerobic biological purification nethod. 10 |Indeed, the
Appl i cant meadogbsery dekachato thedestwidtitent S €At @hHymasi OuEeOr gani ¢
conmpounds and eroxi di zed conpounds. It has al so observed that these

per oxi di z&@ec Gipcuds ehavshwd dcliarefdectampesdhed eoazlyges or bacteria used
in the methods of biological 15 purification. To this effect, the

i nventi on1fPeFisdédea nethod of anaerobic bi ol ogi cal purification of

aqueous effluent caontainin perOX|d|zed conmpounds and organi ¢ conpounds
which are bi odegr ad&® OF TW%? Feffo Pl 19 Ry eRt eiivedtiont hat it

ConSIS%S %g provide a method of treating the effluents resultlng

from the manufacture of a cyclohexanol/cyclohexanone
mixture and more particularly methods of oxidizing
olefins to alcohols and/or acetones by an anaerobic
biological burification method.

10 Indeed, the Applicant has observed that these
effluents contain various organic compounds and
peroxidized compounds. It has also observed that these
peroxidized compounds have a toxic effect on the
enzymes or bacteria used in the methods of biological

15 purification.

To this effect, the invention provides a
method of anaerobic biological purification of aqueous
effluent containing peroxidized compounds and organic
compounds which are biodegradable. This method is

20 characterized in that it consists in:

- treating the effluents in order to convert the
peroxidized compounds to oxidized compounds,
- purifying the deperoxidizéd aqueous effluents in a
method of anaerobic biological treatment by
- 25 .decomposition to methane and carbon dioxide.
The Applicant has found that'the aqueous

effluents, after elimination by conversion of the




- treating the effluents in order to convert, the peroxidized conpounds to
oxi di zed conpounds, purifying the deperoxidi zed aqueous e39 Apdlidd04i n a

nmet hod of anaerobi c bi ol ogical treatnment by 25 deconposition to nethane and
carbon di oxide. The Applicant has found that the aqueous effluents, after
el imnation by conversion of the 30 April 2004 4 peroxidized conpounds, can
be effectively purified and w thout damagi ng the enzynmes and the bacteria
in a conventional nmethod of anaerobic biological treatnment, wth
production of nethane and carbon dioxide. 5 A general description of these
anaerobic biological treatnents is, for exanple, given in a conmmunication
pr esent e®PIHPF L 29E RO HAs hecTecoadef Eaceinatlvonak iCorBlepadce on
Anaer obi c .Di.gestion on 7/9/1981 in Travenunde - Germany under the title
"100 10 VB oM CR 2 FEAES . 2REr CRRePRFEGEABNENOR ef f| uent s

cont ai nin mai nl ol ubl.e organi ¢ conpounds, _.a nmethod of bi oconversion
has been Weefrbtp]e%“%lnd‘é‘?tlﬁ%‘g ngn%na%‘ggbﬁ/ PARARPAERE SFGaGESBEanket "

(D). 15 S0l SR IF A2 fescriped un tony, puBligatfons. Thore my be.
International  Symposidyn.on AQACLoRLC; DL OSst 1801983, SaTbri dge, by
biological treatments is, for example, given in a

communication presented by P.L. McCarty at the Second

International Conference on Anaerobic Digestion on

7/9/1981 in Traﬁemunde - Germany under the title “100
10 years of anaerobic treatment”.

For the treatment of effluents containing
mainly soluble organic compounds, a method of
bioconversion has been developed under the name “Upflow
Anaerobic Sludge Blanket” (UASB).

15 Such a method is described in many
publications. There may be mentioned for example,
- gUpflow Sludge Blanket Processes”, 3rd International
Symposium on Anaerobic Digestion, 1983, Cambridge, by .
G. Lettinga et al.

20 - “Anaerobic of Raw Domestic Sewage” by G. Lettinga et
al. in'Biotechnology and Bioengineering Vol. XXV,
pp. 1701-1723, 1983. |

According to the invention, the agueous
effluents containing organic compounds and peroxidized

25 compounds should be treated in a step called
“deperoxidation” which consists in heating them to a

temperature greater than 20°C, preferably of between



.G Lettinga et al. 20 - "Anaerobic of Raw Donestic Sewage" by G Lettinga
et al. in Biotechnol ogy and Bi oengi neering Vol. XXV, pp. 3078pdi2PR3, 1983.
According to the invention, the aqueous effluents containing organic
conpounds and peroxi di zed 25 conpounds should be treated in a step called
"deper oxi dati-on" which consists in heating themto a tenperature greater
than 20C, preferably of between 30 April 2004 5 50C and 90C, in the
presence of a deperoxidation catalysh. This catalyst is advantageously a
metal conpound. As suitable netal conpounds, the conmpounds of 5
transition netals may be used, such as the ferric conpounds, for exanple.
Advant ageb@sCy anthé 0eancent ratd gresfercat alfyst dédsehetigeni &n5 and 100 ppm
expressed as weight of metal. 10 The deperoxidation reaction is controlled
by 15 cheritalyassafhos rchésdarsoxiidesdvHEritageaactiwm isetabnti nued in order
to obtain a concentration in mvbl/I of peroxide of less than 5 mvbl /I,
advant age6@8P@PUPEss than 2 mbl /1. According to another advantageous

As suitable metal compounds, the compounds of
5 transition metals may be used, such as the ferric
compounds, for example.

Advantageously, the concentraﬁion of catalyst
is between 0.5 and 100 ppm, expressed as weight of
metal.

10 The deperoxidation reaction is controlled by
chemical assay of the peroxides. This reaction is
continued in order to obtain a conéentration in mMol/i
of peroxide of less than 5 mMol/l, advantageously less
than 2 mMol/1l.

15 . According to another advantageous
characteristic of the invention, it may be favourable
to treat, by the biological purification method,
effluents whose COD is less than 30 g/l. This
concentration may also be_obtained by diluting with

20 water the effluents derived from the methods of
synthesis of chemical compounds, before or.after the
depercoxidation step.‘

Moreover, after deperoxidation, the pH of the
effluents is adjusted to a value of between 5.5 and

25 6.5. This adjustment is performed by addition of a
basic soluble compound such as sodium hydroxidek the

basic salts of sodium and the like.



characteristic of the invention, it may be favourable to treat, by the

bi ol ogi cal purification nethod, effluents whose COD is | e3®Aplia®030 g/ | .
This concentration nay al so be obtained by diluting with 20 water the

ef fluents derived fromthe nethods of synthesis of chem cal conpounds,
before or after the deperoxidation step. Mreover, after deperoxidation,
the pH of the effluents is adjusted to a value of between 5.5 and 25 6. 5.
This adjustnment is performed by addi t§ on of a basic sol ubl e conpound such
as sodi um hydroxide, the basic salts of sodiumand the |ike. 30 April 2004

6 However, this adjystnent of the pH may be performed by addition of
aci di ¢ conpounds, ifCoVR&SpH GRSt R Jélfft%/‘\?élﬁt Sttty Rfégeneation is

basic. T t.thus.treated_is fed in the 5 anaerohic bi oconversion

ngfkgd %ﬁEééﬁggaP¥yanghﬁPPs8g écﬁﬁ?gtC§W5E%ﬂd%@ dlﬁ ?mfﬁr&forgagic |
d } b |.C i ch.as acetic .an propionic acid an

fﬁgﬁognszg%%dég?g%egggd?ggé igﬁgegéfﬁﬁagh%ﬁﬂ%%Fﬁ?%ﬁﬁanic conpounds are

decomposed to 10 methangs andefar bANUioxedes The /0 hod gl the invent ion
applies in particular to the treatnents of e uent s resJ?tlng fromthe
met hods odnQxieibzé NgiOLEh 885t OnaheeRBkS WAL generally

comprises a first step of converting the orgénic

compounds to light carboxylic acids such as acetic and

propionic acid and then a second step of digéstion

during which the organic compounds are decomposed to

10 methane and carbon dioxide.

The method of the invention applies in
particular to the treatments of effluents resulting
from the methods of oxidizing olefins to alcohols and
ketones and more particularly to the methods of

15 oxidizing cyclohexane in order to obtain a mixture of
cyclohexanol/cyclohexanone which, through another
oxidation, leads for example to the synthesis of adipic
acid.

The agqueous effluent to be treated, derived

20 from this method of manufacturing an alcohol/ketone
mixture has a concentration of the order of 100 to
1000 mg/1l of peroxidized compounds expressed as
cyclohexyl hydroperoxide, and also carboxylic acids,
alcohols and the like, and a COD of the order of 5 to

.25 50 g/1.

| This effluent is treated in & first

deperoxidation step, after possible dilution with



ket ones and nore particularly to the methods of 15 oxidizing cycl ohexane in
obtain a m xture of cycl ohexanol /cycl ohexanone wsd épril 2ddough

order to
anot her

oxi dation, leads for exanple to the synthesis of adipic

aqueous effluent to be treated, derived 20 fromthis method of
manuf acturi ng an al cohol /ketone m xture has a concentration of the order of

100 to 1000 ng/l of peroxidized conpounds expressed as cycl ohexyl

hydr oper oxi de, and al so carboxylic acids; al cohols and the Iike,
of the order of 5 to 25 50 g/lI. This effluent is treated in a first
deperoxidation step, after possible dilution with 30 April 2004 7 water.
The rate ¥teonvErR| Bat8f of hECPEEERI@8s oifs thedjnesntati des orgler to obt ai n a
oncentration conpati ble with the anaerobic bioconversion

final i de | |
tlrggt ngﬁ[%)éi‘fé‘f%gtjeﬁ 2b9%E. t8 PRLEAR énfiddiedemersi<idre i nventi on,

i dat.i .' d l. f dina reactor. The
i T uent NS et e B ran t SHEC Rt Fis” S AH Gortbat bl e wi th the
b|oconvepggégbﬁ&£¥§{@%nt&éa %%Et;?%£§8%9%%%25tg! ester. In this first

di gester,
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the organi ¢ conpoun t

In one embodiment of the invention, this
deperoxidation step is advantageously performed in a
reactor.

The effluent thus deperoxidized and which has
a pH compatible with the bioconversion treatment is fed
to a first digester. In this first digester, the
organic compounds are convarted to monocarboxylic acid
compounds such as acetic and-prbpionic acid. This step
is also called the “acetogenesis’” step.

The medium thus treated is fed to a second

-digester in order to convert the organic compounds

mainly to methane. This step is called methanogenesis.
The gas collected in this step consists of at least 80%

by volume of CH; and can therefore be upgraded as fuel.

The method of the invention made it possible

to reduée the COD of the initial effluent by more than
70%, or.even more than 80%.

Likewise, the BOD (Biological Oxygen Demand)
was reduced by at least 50%.

Consequently, the effluents treated according
to the method of the invention can be fed to waste

water treatment plants, or discharged'directly.

acid. The

and a COD

this

nocar boxyl i c acid



conpounds such as acetic and propionic acid. This step is also called the
".acet ogenesi s" step. The mediumthus treated is fed to a s&¢éwd 2008
digester in order to convert the organic conpounds mainly to nmethane. This
step is called nethanogenesis. The gas collected in this step consists of
at | east 80% by volune of CH4 and can therefore be upgraded as fuel. The
nmet hod of the invention nade it possible 20 to reduce the COD of the
initial effluent by nore than 70% & even nore than 80% Likew se, the
BOD (Bi ol ogi cal Oxygen Demand) was reduced by at | east 90% Consequently,
the effluents treated according 25 to the nethod of the invention can be
fed to waste water Otheat eEenanphlgetss, detadilschaff gate dimeantdiyon 30 April 2004
8 O her advantages, details of the invention w |l appear nore clearly in
the |ightwodllt Apperanploes cdieeAybenowhsolldlghtasofa the desaviorsy t he maj or
industrial nethods, the_ 5 oxidation of cyclohexane to a

cycl ohexa®bY RyEE&OWhERERINe aFi Rt Hédies used on a | arge scale. This nethod
generates aqueous effluents containing nmany .organi c. compounds such as

“adipic acid, glutafffeR8citde TGO ntEREE T g tdeRi d,t H%rmi ¢ acid, 10

cycl ohgxanol +8pdo8Y§kongxaneng e «8*aMLR ohexanol/cyclo-

hexanone mixture is used on a large scale.

This method generates aqueous effluents
containing many organic compounds such as adipic acid{
glutaric acid, succinic acid, acetic acid, formic acid,

iO cyclohexanol and cyclohexanone for example.

The effluents also comprise peroxides

| expfessed as cyclohexyl hydroperbxide (HPOCH) in
relatively large quantities('in the order of a few
mMol/1l. These effluents have a COD of between about 5

15 _éﬂd 20 g/1.

A treatment of these effluents in an
anaerobic bioconversion method, according to a UASB
method, cannoﬁ be performed because the biomass may

' become inactive &ery rapidly.

20 _ To allow such a treatment, the invention
proposes treat;ng these effluents before supplying them
'to.the biological method.

"In the example illustrated, the agueous
effluent resulting from the method of manufacturing a'
25 cyclohexanol/cyclohexanone mixture, consisting of the

combination of various effluents of the method, is



The effluents al so conprise peroxides expressed as cycl ohexyl
hydroperoxide (HPOCH) in relatively large quantities, in 3hapdr2dd of a
few mwbl/I. These effluents have a COD of between about 5 15 and 20 g/2 A
treatnment of these effluents in an anaerobic bioconversion nethod,
according to a UASB nethod, cannot be perforned because the biomass may
becone inactive very rapidly. 20 To allow such a treatnent, the invention
proposes treating these effiuents before supplying them to the biol ogical
method. In the exanple illustrated, the aqueous effluent resulting from
the nethod of manufacturing a 25 cycl ohexanol/cycl ohexanone m xt ure,
consi sti Mot net cdnbihati BA26FOTafFofs LeMPEGENE ot KO “Fetiitdd, is 30
April 2004 9 heated in a first reactor at a tenperature of 60C for 24
hour s. 11?%n¥ﬁ&%%'the conversion of the peroxides, a solution of ferric
chloride is added in order to optain 5 a conce&tr tion of .2 ng/l, expressed
at

by weight of iron. TAFPEY™PHE pBFoRPBESESAEENL PFZE*H e® a level
of |ess tgg_u%.g%béél eJ’ghe efﬂ%ggn%ei§scogheg .to adtengera ure of 37C and
i's then neut?at T2edt by aHGi TroR" of Ca*EodFam hydr S%°Ge $8 SR n order to
5 a concentration of 2 mg/l, expressed by weight of iron. '
After the peroxide concentration has reached
a level of less than 1 mMol/1, the effluent is cooled
to a ﬁemperature of 37°C and is then neutralized by
addition of a sodium hydroxide solution in order to
10 obtain a pH of between 5.5 and 6.5.
To allow a better bioconversion, it is
advantageous to add calcium, nutrients and trace
eiements to the medium. Thi; addition may be.made
before the deperoxidation étep.
15 " The caléium is added in the oxide form at a
concentration of between 20 and 200 mg of calcium per
litre of effluent.
- The nutrients are mainly phosphorus,
nitrogen, which are added in the form 6f aqueous
20 ammonia and phosphoric acid, fespectively. |
The trace elements are for example cobalt,
nickel and manganese salts.
The effluent is fed to the digeéters of é
lUASB process with a closed loop circulation of the

25 effluent, the. effluent leaving the digesters is

advantageously recycled to the deperoxidation reactor.



10 obtain a pH of between 5.5 and 6.5. To allow a better bioconversion, it
i.s advantageous to add calcium nutrients and trace el enBhfgrilt200dhe
medium This addition nay be made before the deperoxidation step. 15 The
calciumis added in the oxide format a concentration of between 20 and
200 nmg of calciumper litre of effluent. The,nutrients are mainly
phosphorus, nitrogen, which are added in the formof aqueous 20 anmonia
and phosphoric acid, respectively. The trace elenents are for exanple
cobalt, nickel and manganese salts. The effluent is fed to the digesters
- of a "UASB process with a closed |loop circulation of the 25 effluent, the
effluent |eaving thé @cgésrar ofi $hededdtlagedus|ieadigyxi@de to the
deper oxi dation reactor. 30 April 2004 1.0 A portion of the effluents
| eavi ng tAzIedF§ESt dFs ravwar aké - offhe TRelW lfd asmvasRiamsicdn G0 COD i s
about 83% Theoggs8§gcovered at the outlet of the digesters is a mxture
2 .

of met haneSafid 77980925 VEFAVETRS fdt Hdife.C Scdder ati ons of

earboxy{ig.aci s_and geroxides ig the effluent drawn off are less than the
det ecti on“FPHFEELS 18 mixture of methane and CO, at 77% by

5 wvolume as methane.

The concentrations of carboxylic acids and
peroxides in the effluent drawn off are less than the
detection limits.

These results were obtained with an incoming

10 effluent stream of 8 1/h and an outgoing effluent
stream of 8 1/h for a biomass gas flow rate of
6.72 1/h. The plant operated correctly for the duration

of,the.trial which lasted for several weeks.



These results were obtained with an incomng 10 effluent streamof 8 1/h
and an outgoing effluent streamof 8 1/h for a biomass ga80 Apov2aodt e of
©6.72 1/ h. The plant operated correctly for the duration of the trial which
| asted for several weeks. 30 April 2004 11 CLAIMS 1. Method of treating
aqueous effluents . 5 containing in particular peroxidized conpounds and

conpounds whi ch are bi odegradabl e organic, characterized in that it
consists in: - treating the effluents in order to convert the peroxidized

conpounds to oxidized conmpounds by 10]Heating the effluent to a tenperature

greater than 20C, in the presence of a catalyst, - treating the
deperoxi di zed effluents in a nethod of anaerobic biological purification

by conversion to nethane and carbo% i.oxj de. 15 2. Method according to
Claim1, characterized in that the st is at least a conpound of a

netal el enent  chosen fromthe group conprising conmpounds of transition
netals. 3. Method according to either of the 20 precedi ng cl ai ns,

characterized in that theMadefg EEetfga%yﬁg%ﬁ%%?ﬁ#éﬁ%éﬁﬁ%&i%éS adj usted to

a value of between 5.5 and 6.5 before sup od of
5 containing in particular peroxidized compounds and

compoundé which are biodegradable organic,

characterized in that it consists in:

- treating the effluents in order to convert the
peroxidized compounds to oxidized compounds by

10 heating the effluent to a temperature greater than

20°C, in the presence of a catalyst,

- treating the deperoxidized effluents iﬁ a method
of anaerobic biological purification by conversioﬁ
to methane and carbon dioxide.

15 2. Method according to Claim 1,
characterized in that the catalyst is at least a
compound of a metal element chosen from the group

_’) comprising compounds of transition metals.
3. Method according to either of the

20 preceding claims, characterized in that the PH of the
deperoxidized effluents is adjusted to a value of
between 5.5 and 6.5 before supplying in the method of
anaerobic biological treatment.

4. Method according to one of the preceding

25 claims, characterized in that the aqueous effluent is
obtained from a method of oxidizing olefins to alcochols
and/or ketones. |

AMENDED SHEET



anaer.obi c biol ogical treatnent. 4. Method according to one of the preceding
25 clains, characterized in that the aqueous effluent is obwptinzabsf rom a

" met hod of oxidizing olefins to al cohols and/or ketones. AMENDED SHEET 30
April 2004 12 5. Method according to Caim4, characterized in that the
oxi dation nethod is the nethod of oxidizing cycl ohexane to cycl ohexanol/
cycl ohexanone. 5 6. Method according to either of Clains 4 and 5,
characterized in that the effluents resulting fromthe deperoxidation
method are diluted with water in ordef®to obtain a per oxi de content of

| ess than 1 mvbl /1 e&pres%%kﬁghcgzééggfgé di ?gerox[de AVENDED SHEET

characterized in that the oxidation method is the
method of oxidizing cyclohexane to cyclohexanol/
cyclohexanone.

5 6. Method according to either of Claims 4
and 5, characterized in that the effluents resulting
from the deperoxidation method are diluted with water
in order to obtain.a peroxide content of less than

1l mMol/l expressed as cyclohexyl hydroperoxide.

AMENDED SHEET



