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cont ai ni ng peroxi di zed conpounds The present invention rel at d
of 5 purifying agueous effluents containing in particul ar _am' m@”ﬁ@ @
#conpounds. It relates nore particularly to a nethod of purifyi

ef fluents conprising a method for the anaerobic biol ogi cal deconpd¥tion
of the conpounds 10 contained in the effluent. The effluents which can be

treated by {bBegipskBeg of the invention {n particul ar gdwsmdyd psHEEs dY
met hods of oxi di zi ng organi ¢ conpounds. Anong these methods, the method of

oxi dizing 15 hydrocambeRsdsbght2eatiagoguebas r@iRleitked on a large
scal e. Thus, the conversion of cycl ohexane to cycl ohexanol/cycl ohexanone

is used for the manuf actontathingi peeogiddzed @ompoutldeni cal internediate
for the manufacture of many products such as in particular 20 pol yam des,
pol yesters, polyurethanes. This manufacture of cycl ohexanol/cycl ohexanone
is carried out in large industrial units which produce annually up to a
few hundreds of thouShadpretensniayenttion gedertatse Haargenetiwidines of

effluents. The constraints inposed for the . '
5 purifying aqueous effluents containing in particular

peroxidized compounds.

It relates more particularly to a method of
purifying aqueous effluents comprising a method for the
anaerobic biological decomposition of the compounds

10 contained in the effluent.

The effluents which can be treated by 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 cyclohexane 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 cyclohexanol/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) .

T
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"25 protection of the environnent require these effluents to be treated, in
particular in order to reduce the chem cal oxygen demand (COD). ~ *@00002*
2 The reduction of the COD of aqueous effluents has been perfornmed for a

.very long tine, by many nethods including biological nethods of treatnent
usi ng enzynes. 5 These bi ol ogical treatnents can be classified mainly into
three categories, nanely the nethods of aerobic and anoxic purification and
t he net hods of anaerobic purification. 4owever, it is known that the
met hods of 10 anaerobic purification of waste water, in particular that
containing nore than 1 %/1 of degradable COD, are preferred to the nethods
of aerobic purificatidR® FRIEGIOPhE k&S SO He O Ys fidaigitteduct s

whi ch are ugefu and mhgse vglge can be enhanced, such as 15 net hane.
Fur t her mor 22t h8ERe PGy PERG Y 8rf8rV@5Wf9PH§ FufSan P¥n &8 Bbi ¢ method i s

| h d.| .aer obi had. | di i h hods of
anacrobi ¢ pherPoos: 1R BRAAE. B4 T6R AT, e oBRl e ML STnt i al 1y

less than thg, ggeabi c methods. 20 However, nethods of anaerobic
purification cannot be used to treat aqueous effluents because the enzynes

used aressensitive angheas B@oggéﬁEQXe@r@étmé%rsO%nc%’@Q‘i%%%if;ElQaQi

Appl i cant has thus observed that 'the 25 treatnent of aqueous effluents

produced bymihelyeihed ehreenvaebihBgiekC! ohaxane the thRersyy hgsis of the
cycl ohexanol / cycl ohexanone m xture by an anaerobic

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/1 of degradable COD, are
preferred to the methods of aerobic purification.
Indeed, the anaerobic methods produce products which
are useful and whose value can be enhanced, such as

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

20 However, methods of anaerobic purification
cannot be used to treat aqueous effluents because 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




"3 nethod can lead to a destruction of the enzynes. The use of such a nethod
therefore appeared to be inpossible. One of the ainms of the present
invention i's'5'to provide a nethod of treating the effluents resulting 10

.fromthe manufacture of a cycl ohexanol /cycl ohexanone m xture and nore
particularly methods of oxidizing olefins to alcohols and/or acetones by an
anaer obi ¢ bi ol ogi cal purification nethqg. | ndeed, the Applicant has
observed that these effluents contain various organic conpounds and
per oxi di zed conpounds. It has al so observed that these peroxidized

conmpounds h t oxi.c ~ef.f n \NES cteria used.in the
me'[rﬁods of %%églllggi %é%n %%agﬁﬂof %cgﬁg%ﬁ%%%%?hiog e%q‘?eecﬁrfz%eesi glc}'(la%ti on

provi des a gthegd ghcﬁnae&%Q%%db@wéﬁgfgyef%#ﬂédféﬁié?]%élaqueOUS ef fl uent
[ S

cont ai ni ng peroxi di zed conpounds and organ conmpoun Whi ch are _
bi odegr adabligpodBipieethod is 20 characterized in that it consists in: -
treating the effluents in order to convert the

One of the aims of the present invention is

5 to provide a method of treating the effluents resulting
from the manufacture of a cyclohexanol/cyclohexanone
mixture and more particularly methods of oxidizing
olefins to alcohols and/or acetones by an anaerobic
biological purification 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 deperoxidized 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



“peroxidi zed conpounds to oxidized conpounds, - purifying the deperoxidized
aqueous effluents in a nethod of anaerobic biological treatment by 25
deconpositi'on to nethane and carbon dioxide. The Applicant has found that
.the aqueous effluents, after elimnation by conversion of the 4 5
peroxi di zed conpounds, can be effectively purified and w thout damaging the
enzymes and the bacteria in a conventignal method of anaerobic biological
treatment, with production of nethane and carbon dioxide. A general _
description of these anaerobic biological treatnents is, for exanpl e, given

P. .t Secon t er nati onal
Cont e once RerGkD8: PLECEREG ISt ban BEr e Y ot 1V a4 e Eahmny ander
e it A0t Yaasg 2hq A0AEI ORL GnlLeahAP Rk LLBLERS Al g L eal fent of

ef fl uents containing nmainl e~ organi c conpoun met Rod of

bi oconver si @shast beea Qﬁé@ﬂu@&egfuaﬁgérBB%”B%l bRt ‘thé'é%%En%?f‘E Sl udge
Bl anket" (UASB). Such a nethod is described i n nmany pub |cat|ons There may
be menti onegt florpex@iPtfon of methane and carbon dioxide.

5 A general description of these anaerobic
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 Travemunde - 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,

“Upflow 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 aqueous
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



“- "Upflow Sludge Bl anket Processes”, 3rd International Synposium on _
Anaer obi ¢ Di gestion, 1983, Canbridge, by G Lettinga et al. 20 - "Anaerobic
of Raw Donestic Sewage" by G Lettinga et al. in Biotechnol ogy and _

.Bi oengineering Vol. XXV, pp. 1701-1723, 1983. According to the invention,
the aqueous effluents containing organic conpounds and peroxi di zed 25
conpounds shoul d be treated in a step galled "deperoxidation” which
consists in heating themto a tenperature greater than 20C, preferably of
between 5 50C and 90C, in the presence of a deperoxidation catalyst. This

catal yst is@dyam@oeous| yiad BBEabre98ROENds ASaspikt-aRhiaBLal conpounds,
the conpounds of 5 transition netals may be used, such as the ferric

compounds, dauagy@mpl@hlédaaﬂaag§QU§éyad§8ﬁta§eeﬁa§9ahlﬁ@t@ﬁ catalyst is
between 0.5 and 100 ppm expressed as wei ght of netal.
compound.
As suitable metal compounds, the compounds of
5 transition metals may be used, such as the ferric
compounds, for example.

Advantageously, the concentration 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 concentration in mMol/1
of peroxide of less than 5 mMol/l, advantageously less
than 2 mMol/1.

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/l1. 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
deperoxidation 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 hydroxide, the

basic salts of sodium and the like.



"The deperoxidation reaction is controlled by chem cal assay of the

peroxi des. This reaction is continued in order to obtain a concentration in
mvbl / 1 of peroxide of less than 5 mwbl /I, advantageously |ess than 2

.mMbl /. According to another advantageous characteristic of the invention,
it my be favourable to treat, by the biological purification nethod,
effluents whose CODis less than 30 g/l This concentration may al so be
obtained by diluting with 20 water the effluents derived fromthe mnethods
of synthesis of chem cal conpounds, before or after the deperoxidation

step. Moreover, after Xi .00, 5 of effluents is adjusted
HREGEEXT 134 0B A ;L% Rl obs Ul YR Sd

to a val ue of between and I'S adjustment “1's perfornmed by

addi ti on of sarbasiegsslu : ounrd j ydroxirde, basi c
pér eassl; Qli%ﬁ%lé Wi a%ngda%.&%alwé qp)ﬂ}geeﬂq}fek%—{

salts of sodiumand the Ii However, this adjustnent o may be

perforned byhaddEElQanet aetdirCdegepoumidhtiich tike Jaldief. the effluents after
deperoxidation is basic. The effluent thus treated is fed in the 5

anaer obi ¢ bi oconver si Dhemethodenhi ehugenekaltly GeNEFHEas aHd rst step of
converting the organi c conpounds to |ight carboxylic acids such as acetic

and propbonanaarodiandibbenvarseoantheshed @hidhgeshieamidyri ng which the
organi ¢ conpounds are deconposed to 10 net hane and carbon di oxi de. The
met hod of tdempnyeasi anfappti esepnofacbinvelrarn ngo thiee drigeatinent s of
effluents resulting fromthe nethods of oxidizing olefins to al cohols and
ket ones andcﬁ%P@U@gﬁtF@ula@hy cerbpaviachedd dsf such as acetic and

propionic acid and then a second step of digestion
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 aqueous 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 a first

deperoxidation step, after possible dilution with




*15 oxidi zing cycl ohexane in order to obtain a m xture of

cycl ohexanol / cycl ohexanone whi ch, through another oxidation, |eads for
exanpl e to the 'synthesis of adeIC aci d. The agueous effluent to be
.treated, derived 20 fromthis nmethod of manufacturing an al cohol /ketone

m xture has a concentration of the order of 100 to 1000 ng/1 of peroxidized
conpounds expressed as cycl ohexyl hydroperoxi de, and al so carboxylic acids,
al cohols and the like, and a COD of the order of 5 to 25 50 g/1. This
effluent is treated ina first deperoxidation step, after possible dilution

with 7 5 water. e rate of conversion of the peroxides is adjusted in

or der tO(ﬂW%ﬁ?Fa.? ﬁaFaB%r8§|Bﬁnﬁﬁﬁﬁéﬁ?raflShecBﬁﬁﬁﬁﬂéﬁé\N%f]the

anaer obi ¢ bj conve sion treatge t|nd|ca§§e gbove one enbodi nent of
the i nvent i S "ThTS HapRF 3%t daPi BRE8¢8p3 §1RAVaRFEGEIHS! v performed in a

bl h
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t he bloconver3|on r éa In this first

digester, 16 QIR0 L ANPOUDERCAL S £RAYELEEA LBognocarboxylic actd
conpounds such as acetic and propionic acld. I'S step is also called the
"acetogefiesi s" step. 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
10 to a first digester. In this first digester, the
organic compounds are converted to monocarboxylic acid
compounds such as acetic and propionic acid. This step
is also called the “acetogenesis” step.
The medium thus treated is fed to a second
15 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
20 to reduce 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 90%.
Consequently, the effluents treated according
25 to the method of the invention can be fed to waste

water treatment plants, or discharged directly.



*The mediumthus treated is fed to a second 15 digester in order to convert
t he organi c conpounds mainly to nethane. This step is called

met hanogenesi s.” The gas collected in this step consists of at |east 80~ by
.volunme of CH4 and can therefore be upgraded as fuel. The nethod of the
invention made it possible 20 to reduce the COD of the initial effluent by
nore than 70~, or even nore than 80~. L kewi se, the BOD (Biol ogical Oxygen
Denmand) was reduced by at |east 90~. Consequently, the effluents treated
according 25 to the method of the invention can be fed to waste water

treatment plants, or gkﬁgpaggggngééggglﬁﬁtgglgt% t%dvant%% 3? details of

r
the invention will appear nbre ¢ e’light 5f tHe e ﬁples gi ven

below 50l ely; 85 ApgbbdenofdDBgekleyMEOEALNYuSHE e TREhAdS e 5 -

oxi dation of cyclohexane to a cyc anol / cycl ohexanone m x

a large scaégveﬁhbéla@tg@geg§nggage§u§ggeous ef fl uents containi ng many
organi ¢ conpounds such as adipic acird, glutaric acid, succinic acid, acetic

acid, formic acid, 10agyshobr¥analoandneyskehexanerecler exanple. The
effl uents al so conpri se peroxides expressed as cycl ohexyl hydroperoxide

(HPCCH) 5 n oela@atiehyof acgel guarahti €5, ai Bythehexkdeb19tyalbew mbl /1. These
effluents have a COD of between about 5 15 and 20 g/1. A treatnent of these
ef fl uent s irexanamaenbkierdi bsonvedsbonanttlhgd, saater.di ng to a UASB net hod,
cannot be perfornmed because the biomass nmay becone inactive very rapidly.
This method generates aqueous effluents
containing many organic compounds such as adipic acid,
glutaric acid, succinic acid, acetic acid, formic acid,
10 cyclohexanol and cyclohexanone for example.
The effluents also comprise peroxides
expressed as cyclohexyl hydroperoxide (HPOCH) in
relatively large quantities, in the order of a few
mMol/1l. These effluents have a COD of between about 5
15 and 20 g/l.
A treatment of these effluents in an
anaerobic bioconversion method, according to a UASB
method, cannot be performed because the biomass may
become inactive very rapidly.
20 To allow such a treatment, the invention
proposes treating these effluents before supplying them
to the biological method.
In the example illustrated, the aqueous
effluent resulting from the method of manufacturing a

25 cyclohexanol/cyclohexanone mixture, consisting of the

combination of various effluents of the method, is



20 To allow such a treatnent, the invention proposes treating these
effluents before supplying themto the biological nethod. In the exanple
illustrated, the aqueous effluent resulting fromthe nmet hod of

.manufacturing a 25 cycl ohexanol / cycl ohexanone ni xture, consisting of the
combi nation of various effluents of the nethod, is 9 heated in a first
reactor at a tenperature of 60C for 24 hours. To pronpote the conversion of
the peroxides, a solution of ferric chloride is added in order to obtain 5
a concentration of 2 ng/l, expressed by wei ght of iron. After the peroxide

concentratig ached_a, | evel han 1 mivbl / effluent is
cooled to ?%?%éraﬁure% FS§7€e355°Fs h@nkﬁ@QFfﬁFPf€d°§y6§§&¥FP&h of a
sodlun1hydr9 ifdgysglution in order to 10 obtain a pH of between 5.5 and
6.5. 15 To allow a better bioconversion, it is advantageous to add cal ci um

nutrients and trace ehgMBpbote the EBALWTS ;IR §addil Lan Jayhe Tmde

before the deperoxidation step.
solution of ferric chloride is added in order to obtain

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/l, the effluent is cooled
to a temperature 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
elements to the medium. This addition may be made
before the deperoxidation step.

15 The calcium 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 of aqueous

20 ammonia and phosphoric acid, respectively.

The trace elements are for example 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 leaving the digesters is

advantageously recycled to the deperoxidation reactor.



“The calciumis added in the oxide format a concentration of between 20 and
200 ng of calciumper litre of effluent. The nutrients are mainly
phosphorus, nitrogen, which are added in the form of aqueous 20 amni a and

.phosphoric acid, respectively. The trace elenents are for exanple cobalt,
ni ckel and manganese salts. The effluent is fed to the digesters of a UASB
process with a closed loop circulation,gf the 25 effluent, the effluent
| eavi ng the digesters is advantageously recycled to the deperoxidation
reactor. 10 A portion of the effluents |eaving the digesters is drawn off.

The yield of conversign,gfCCD L$ %Rgu%f%§ﬁenlge12%§E£§F§¥E%Ed at the

outlet of the digesters'is a mxture of nmethane an 70 by 5 vol une

as net hane. 371hescapsentr abhns o2k . canRoyylihe ag dsapd Neroydegd n the
effluent drawn off are less than the defection limts. These results were

obtai ned wiifl apoubcepingThe ghkl veBbveleeamofthd bt 127d 3N o goi ng
effluent streamof 8 1/h for a bionass gas flow rate of
digesters is a 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.



"6.72 1/h. The plant operated correctly for the duration of the trial which
| asted for several weeks. WO 01/32567 11 CLAI M5 PCT/ FROO/ 03040 1. Met hod
of treating aqueous effluents 5 containing in particular peroxidized

.compounds and conpounds whi ch are bi odegradabl e organic, characterized in
that it consists in: - treating the effluents in order to convert the
peroxi di zed conpounds to oxidi zed conpounds, 10 - treating the

deperoxi di zgd eiykgestyys in a nethod of amaerobic bid(ﬁﬂﬁ;ﬁRdnydjdg@¢ion by
conversion to nmethane and carbon dioxide. 2. Method according to Claim1,

characterized in that the deperoxidation step is 15 carried out by heating
the effluent to a tenperature greater than 20C, in the presence of a
cat al yst. CLAIMS

1. Method of treating agueous effluents
5 containing in particular peroxidized compounds and
compounds which are biodegradable organic,
characterized in that it consists in:
- treating the effluents in order to convert the
peroxidized compounds to oxidized compounds,

10 - treating the deperoxidized effluents in a method
of anaerobic biological purification by conversion
to methane and carbon dioxide.

2. Method according to Claim 1,
characterized in that the deperoxidation step is

15 carried out by heating the effluent to a temperature

greater than 20°C, in the presence of a catalyst.

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

20 comprising compounds of transition metals.

4. Method according to one of the 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

25 anaerobic biological treatment.

5. Method according to one of the preceding

claims, characterized in that the aqueous effluent is



3. Method according to Caim?2, characterized in that the catalyst is at
| east a conpound of a netal el enment chosen fromthe group 20 conpri sing
conpounds of-transition netals. 4. Method according to one of the preceding
.clainms, 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 nethod
of 25 anaerobic biological treatnent. 5. Method according to one of the
preceding clains, characterized in that,the aqueous effluent is 12
obtained froma nethod of oxi di zi ng oleglns to al cohol s and/ or ketones. 6.
Method accosetagnta Ek8hMSmetRBlAsCoidadAing RILsiNE 94 dallon mpthod is

the 5 nethod of oxidizing cyclohexane to cyc ghexano cycl exanone.

Met hod accogdlipgrt Reebhbgr of Clainms 5 and 6, characterized in that the
effluents resulting fromthe deperoxidation nmethod are diluted with water
10 in order to obtainea pemexhda aeabeningf tbeegatiham,1 mvbl /1 expressed as
cycl ohexyl hydroperoxi de.

characterized in that the oxidation method is the

5 method of oxidizing cyclohexane to cyclohexanol/
cyclohexanone.

7. Method according to either of Claims 5
and 6, characterized in that the effluents resulting
from the deperoxidation method are diluted with water

10 in order to obtain a peroxide content of less than

1 mMol/1l expressed as cyclohexyl hydroperoxide.



