10 NOV 2005 1 Method for Renoving Form c Acid From Agueous Sol utions The
present invention relates to a nethod of at |east partly renoving fdr(N@Y 2005
acid 5 froman aqueous solution conprising formc acid, cyclohexanone and
cycl ohexanol as significant organi c conponents. Cycl ohexanone and

cycl ohexanol, which are further procesded to produce epsilon- caprol actam
are obtained industrially by oxidation of cyclohexane by neans of 10 oxygen
or oxygen-containing gas. This gives a conpl ex product m xture which

conpri ses cycl ohexanone and cycl ohexanol as the main products of val ue

together with 1,2: and.1 4-cycl ohexanedi adi pi ¢ ihd. 6-hydroxycaproic
acid, glutaric a e&ﬁ“‘&"ﬁ%ﬁ%‘é’)’/ﬁ %’ﬁ‘&%&‘fﬁf‘"‘? %rq?he%“sg%qh&ﬁ%d many further
oxygen-cont ai ni ng conponents as by-products. 15 The abovenenti oned

cycl ohexanedi ol s, nmonocar boxylic and di carboxylic acids are separated off
fromthe main products of val ue cycl ohexane and cycl ohexanol by extraction

of this product m xture with an aqueous scrubbing liquid, giving an aqueous
sol ution of the cycl ohexanedi ol s, nobnocarboxylic and di carboxylic acids 20
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di stillati gyclbexanéialsdighifi¢amt gigadicddnastaemds stream conprising form c acid,
cycl ohexanone and cycl ohexanol as significant organic conponents at the top
of the colum. 25 1, 6-hexanediol is obtained fromthe dewatered carboxylic
aci d m xt uCyclohexanshernind cydohomnol yphichgsem dortlesr ocksshdstbigrbditce @psildihe agueous

product ta f. . AMi.ch i r 47 id,
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for exanple, cycl ohexano d processing

them 1 or EhA b51a08 bePe Bheraabion et Sheo AR HPrOC aci. glotat

acid, 5-hydroxyvaleric acid, formic acid and many further oxygen-containing
components as by-products.

15
The abovementioned cyclohexanediols, monocarboxylic and dicarboxylic acids are
separated off from the main products of value cyclohexane and cyclohexanol by
extraction of this product mixture with an aqueous scrubbing liquid, giving an
aqueous solution of the cyclohexanediols, monocarboxylic and dicarboxylic acids

20  and further organic components. In addition, this contains small amounts of the
desired products cyclohexanone and cyclohexanol. The aqueous solution, known
as dicarboxylic acid solution, is subsequently dewatered by distillation in a column
to give an aqueous stream comprising formic acid, cyclohexanone and
cyclohexanol as significant organic components at the top of the column.

25
1,6-hexanediol is obtained from the dewatered carboxylic acid mixture by
esterification, hydrogenation and distillation. The aqueous product taken off the
top of the column, which comprises formic acid, cyclohexanone and cyclohexanol,
has hitherto been discarded, for example passed to a water treatment plant or burnt.

30  Further utilization of the aqueous solution comprising cyclohexanone,
cyclohexanol and formic acid, for example by separating off cyclohexanone and
cyclohexanol and processing them further to give epsilon-caprolactam, has hitherto
been nonviable as a result of the corrosion problems caused by formic acid.



been nonviable as a result of the corrosion problens caused by form'c aci d.
to INS -2 It is knowmm tram R S. Coffey, Chem cal Comruni cati ons,

923-24, that formc acid can be deconposed over phosphin e corrpl exes op QWE
noble netals Rh, Ru, it and Pt to form CO?, and H?.. 5 SU-A 1033 431

descri bes the decorrposition of farmc-&id into CO and H20 over a catal yst.
eom Prising CaO and P205 or CaQ P1C6 and 8203. IV-A 1Z129 7 describes the
deconposition of formc acid over oxides and (O hydroxi des of zirconium
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nmet hod of resen I nve possible to .nove form c acids
sel ectively from t he agqueous sol utions without degradat i on of the conponents

cycl ohexanopgs & \6hicot o alepreat 1d%ﬁ§@rf‘fo ﬁvﬁ@%‘sﬁﬁﬁe%@%@n%ﬁh&ﬁbﬂg at the
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oxidation of cyclohexane and passing them to a further use.

We have found that this object is achieved by a method of at least partly removing

20  formic acid from an agueous solution comprising formic acid, cyclohexanone and
cyclohexanol, which comprises decomposing the formic acid over a basic metal
oxide of metals of groups 2, 4, 5, 12 and/or 14 or over a noble metal of groups 8-11
on an oxidic or nonoxidic support as decomposition catalyst.

'25  The formic acid is decomposed over the decomposition catalysts to form gaseous
decomposition products, predominantly CO; and Hj.

The method of the present invention makes it possible to remove formic acids
selectively from the aqueous solutions without degradation of the components
30  cyclohexanone and cyclohexanol present as desired products occurring at the same
time. It is surprising that neither a loss of cyclohexanone as a result of base-
catalyzed aldol condensation of cyclohexanone nor a loss of cyclohexanol as a
result of elimination to form cyclohexene occurs under the reaction conditions.

35  Suitable basic metal oxides of metals of groups 2, 4, 5, 12 and 14 are BeO, MgO,
Ca0, BaO, TiO,, ZrQ;, V,0s, Zn0Q, CdO and SnO,. Suitable metals of groups 8-11
are Ru, Rh, Ir, Ni, Pd, Pt, Cu, Ag and Au. Suitable oxidic supports are, for



35.Suitabl e basic nmetal oxides of netals of groups 2, 4, 5, 12 and 14 are
BeD, MO, CaO, BaO Ti 02, Zr@2, 1205, ZnO, CdO and SnQ2. Suitable npﬂgpﬂm
tgroups 8-J | are Rte, Rh, It, N, Pd, Pt, Cu, Ag and Au. Suitable axidrc
supports are, for 10 NOV 2005 -3 exanple, A1203, Ti2, MO, while a suitable
nonoxi di ¢ support is activated carbon '3(C). Preferred deconposition

catal ysts are ZnO and- m xtures of ZnO and CaO, and an 5 abovenenti oned

nobl e net al exampds; tAlVAY, FH0g MO whildhe sl eblnpaek idiosuppert s aaiviajedearboned out  at
from 100 todOOC, preferably from 150 to 350C, particularly preferably from
170 to 220C."The residence tine is, for exanple, from1l to 6 hours. In
general, at least 90% preferably at least 95% 10 particularly preferably
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carried out batchw se _or continlously over a suspended or fiXxed-bed

cat al ysf, faovenraninned nableeetal i sHvefed 48RARI ow node. The deconposition is
preferably carried out continuously, particularly preferably over a 15
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| i qui d 18nd mhirgeular ypieferatdy at least 98 % lof iheformigewidsis detampasad.conpri si ng
carboxylic acids. The aqueous solution obtained in this way, fromwhich the
formc acid is at least 25 partly renoved by the nethod of the present

i nventi on, Hendscampysitiengan b@garpag opt baislywise opognsipugusly RV eros syspenfded aci d,

(b) from 0.5 EiRed¥edYcar@id@htfoOfexayple0 X Ohpflowk Or HEVATIOW L ndode 2%hey Wei ght
of cycl ohexanone

..30. (d). from92 to 96. 8% by wei ght_ af e The present
Cnventi on. MECOmBTUPHIPTECRRRE carted Bt CETERHh BPUHES SLTRGOB OYE ALt | on
producti$ offitddebedxdedatipositiof cabisoExamples oftvuithble cagutors ase tibe Biams
containing a fixed catalyst bed.

The aqueous solution comprising formic acid, cyclohexanone and cyclohexanol is
usually obtained by extraction of the gas mixture obtained in the oxidation of

20  cyclohexane by means of oxygen or an oxygen-containing gas using an agueous
scrubbing liquid and distillation of the resulting aqueous solution comprising
carboxylic acids.

The aqueous solution obtained in this way, from which the formic acid is at least
‘25  partly removed by the method of the present invention, generally comprises

(a) from 3 to 6% by weight of formic acid,

(b) from 0.1 to 2% by weight of cyclohexanol,

(c) from 0.1 to 2% by weight of cyclohexanone,
30 (d) from 92 to 96.8% by weight of water.

The present invention also provides a process for the further processing of reaction
products of the oxidation of cyclohexane, which comprises the steps

35 @) extraction of the product gas mixture obtained in the oxidation of
cyclohexane using an aqueous scrubbing liquid to give an aqueous solution
comprising carboxylic acids,



35.(i) extraction of the product gas m xture obtained in the oXidation of
cycl ohexane using an aqueous scrubbing liquid to give an aqueous soI1LBtmﬂ,nm5
rconprising carboxylic acids, 4 --Yz iii) separation or | ne aqueous stiifi
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hexanediol,

(iii)  at least a partial removal of the formic acid from the aqueous solution
10 comprising formic acid, cyclohexanone and cyclohexanol obtained in step
(ii) by decomposition of the formic acid over a basic metal oxide of metals
of groups 2, 4, 5, 12 and/or 14 or over a noble metal of groups 8-11 on an
oxidic or nonoxidic support as decornpositibn catalyst,

15 (iv)  further processing of the aqueous solution comprising cyclohexanone and
cyclohexanol obtained in step (iii) to give epsilon-caprolactam,
or
use of the aqueous solution comprising cyclohexanone and cyclohexanol
obtained in step (iii) as scrubbing liquid in step (i).
20
In step (i), the product mixture obtained in the oxidation of cyclohexane is
extracted with an aqueous scrubbing liquid to give an aqueous solution comprising
carboxylic acids. This aqueous solution usually comprises from 10 to 40% by
weight of adipic acid, from 10 to 40% by weight of 6-hydroxycaproic acid, from 1
‘25  to 10% by weight of glutaric acid, from 1 to 10% by weight of 5-hydroxyvaleric
acid, from 1 to 5% by weight of 1,2-cyclohexanediol, from 1 to 5% by weight of
1,4-cyclohexanediol, from 2 to 10% by weight of formic acid, from 0.1 to 2% by
weight of cyclohexanone, from 0.1 to 2% by weight of cyclohexanol together with
many further monocarboxylic and dicarboxylic acids, esters, oxo compounds and
30 oxa compounds whose individual contents generally do not exceed 5% by weight,
e.g. acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, oxalic acid,
malonic acid, succinic acid, 4-hydroxybutyric acid and gamma-butyrolactone.

In step (ii), the aqueous solution comprising formic acid, cyclohexanone and
35 cyclohexanol is separated off by distillation. The carboxylic acid mixture which
remains can be processed in a customary manner to give 1,6-hexanediol, for
example as described in WO 97/31882. For this purpose, the monocarboxylic and
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to give 10 epsilon-caprolactamm. Such further processing is not possible

Wit hogt bprit"ﬁ:re ERdIBheR noref éﬁar f@c};om?ﬁ@bllwﬁauﬁ £z Qfuddie smrtfdﬁsomned Cibljems
caused by the is,_ fur rocessin one an

cycl ohexandiPay 3’;5%{} ié?SleeriFP]ﬁchf‘&?@% eS?i’sgesBlioé?ﬁsﬁ gﬁ@‘eﬂ 1S8VFI ati on,
cycl ohd®anaddpsilen- caprdla«ztenh Sacle firtheh preessiveg Bmdt pegsitlé aithoatpriviraemeavali s
prepared fr I n &N 0 qgqueous
Cor U1 on ol S (ROEERNAN e’ el BB B Ty e 8y, T8

scr ubbi ng |furtherdpionessingp cy¢1phexanon¢1 iand waylohcmol mwamedcyfﬂ %‘h@x@none and
cycl ohexano uS&iésé?)%t@ﬁ 134 %Mlﬁﬁ@&t Rﬁéfbh%ﬁﬁi%l G4 Bxﬁ'iz%dgbrl!y@lo%ﬁanoﬁ and

Alternat|ver th eaqueous sol uti'q been I"'eted 1n formc acid
can be pas"é’é’golh%a slamaisarrepased, fipg the ‘EW@F&FWW" gp a@nltnamﬁé KEOWRRETr educed
TOC consentgeof the wastewater is advantageous. 25 The invention is
illustrated by the foll ow ng exanple.

The aqueous solution which has been depleted in formic acid can also be used as

scrubbing liquid in step (i). In this way, the losses of cyclohexanone and

cyclohexanol caused by the extraction step (i) are minimized.

20

Alternatively, the aqueous solution which has been depleted in formic acid can be

passed as wastewater to a water treatment plant. Here, the reduced TOC content of

the wastewater is advantageous.

‘25  The invention is illustrated by the following example.

Example

32.1 g of the aqueous solution comprising formic acid, which has been obtained by

30 dewatering by distillation of the aqueous solution comprising carboxylic acids
obtained by extraction of the product gases from the oxidation of cyclohexane with
water, are placed in a 50 ml autoclave. This aqueous solution comprising formic
acid had the following composition:

35 6% by weight of formic acid,
1% by weight of cyclohexanone,
1% by weight of cyclohexanol,



Exanple 32.1 g of the aqueous solution conprising formc acid, which has
been obtained by 30 dewatering by distillation of the aqueous sol ut1i[]omv 2005
conpri sing carboxylic acids obtained by extraction of the product gases from
t he oxidation of cyclohexane with water, are placed in a 50 ml autocl ave.
Thi s aqueous sol ution conprising fornf€- acid had the foll owi ng conposition:
35 6% by weight of formc acid, 1% by wei ght of cycl ohexanone, 1% by wei ght
of cycl ohexpagoby weight DWa2005 -6 92% by wei ght of water. The mixture is
adm xed with 10 g of the deconposition catalyst indicated in the table
bel ow in powder formor in the formof granules. The mxture i's heated to 5
170- 200C ovide mixpereiio ddmixedrwith 1 Otgoofatha glecempedition aatalyscindastedginghessur e
bei ng obs t f&RH ! iR CO C2
and H2). l%dg(rige%gvo |{J1(g‘§‘ﬁ§ef0{r.}{é§té?lﬁéﬁém xtiﬁ%ﬁﬁgﬁg?@&m Cc %cllggqlég%%ttéént i S
det er m fled 130-209¢¢ @vpra @eripd phfioan2 tqHchauys vofe fa insieasgopressiro brirgnol
contents WejhGerded ¢ W ieQslt ob YhedaskebiN ARtk RdAYprafttts GBI TeS, Mfachgnged. 10
Aci d nunber/ pH Terr,per&ture Resi denceég gtp Preg%ire 1 Acid nunber/'tj)H
(beforehand”)tf‘)%]f‘?ﬂh[‘%a P (RREUARARHETE, daE JPTRIC: ackh soRteng i (dipmined Dy
75/ 1. 01702 Lor2ddse Qtrdthdnl The t941dhehhbndand/Syclohbi &bt 26A1€d8 were determined

by gas chromatography and remained unchanged.

10
Acid number/pH | Temperature | Residence time | Pressure® | Acid number/pH
{beforehand) [°C] [h] [bar] (afterwards)
Catalyst: ZnO as extrudates

75/1.0 170 2 15 42/6.0
75/1.1 170 4 23 29/6.0
75/1.1 190 2 25 17/6.1
75/1.2 190 4 55 < 1/6.6
88/1.1 200 2 80 5.3/6.5
88/1.0 200 4 70 1.4/4.7
75/1.2 210 2 70 2/6.3
88/1.0 220 2 70 <0.5/1.0
88/1.1 220 4 70 < 0.5/6.9

Catalyst: 50% by weight of ZnO/50% by weight of CaO/calcite as shaped bodies
78/1.1 190 2 55 1.5/6.2
78/1.1 200 2 57 2.4/6.4
78.1.1 210 2 68 0.9/6.2

Catalyst: 50% by weight of Zn0O/50% by weight of CaO as shaped bodies
78/1.1 200 2 50 <0.5/5.8
78/1.1 190 2 62 1.2/5.9

) measured final pressure



- 7501.2190455< 1/6.6 88/1.12002805.3/6.5 88/1.02004701.4/4.7
75/'1. 22102702/ 6.3 88/1.0220270< 0.5/7.0 88/1.1220470< 0.5/6.9 Catal 19t §o\ofjfe
-b wei ght of ZnQO' 50% by wei ght of CaQ' cal cite as shaped bodi es
78/ 1.11902551.5/6.2 78/ 1.12002572.4/6.4 78.1.121026809/ 6.2 Catal yst: 50% by
wei ght of ZnQ 50% by wei ght of CaO as-%haped bodi es 78/ 1.1200250< 0. 515. 8
78/ 1.11902621.2/5.9 (1) nmeasured final pressure 10 NOV 2005 7 W claim 5 1
A nmethod of at |east partly renoving formc acid froman agueous sol ution
conprising form c acid, cycl ohexanone and cycl ohexanol , which conprises
deconposing the formc acid over a basic netal oxide of nmetals of groups 2,
4, 5, 12 and/or 14 or over a noble netal of groups 8-11 on an oxidic 10
support as deconposition catalyst. 2. A nmethod as clained in claiml,
wherein the deconposition catalyst conprises zinc oxide and/or cal cium
oxide. 15 3. A nethod as clainmed in claim1l or 2, wherein the deconposition
is carriedwQUiaigt from 100 to 400C. 4. A nethod as claimed in any of clains
1 to 3, wherein the deconposition is carried out continuously over a
fi xed-bé&d or suspended deconposition

1. A method of at least partly removing formic acid from an aqueous solution
comprising formic acid, cyclohexanone and cyclohexanol, which comprises
decomposing the formic acid over a basic metal oxide of metals of groups
2, 4, 5, 12 and/or 14 or over a noble metal of groups 8-11 on an oxidic

10 support as decomposition catalyst.

2. A method as claimed in claim 1, wherein the decomposition catalyst

comprises zinc oxide and/or calcium oxide.

15 3. A method as claimed in claim 1 or 2, wherein the decomposition is carried
out at from 100 to 400°C.

4. A method as claimed in any of claims 1 to 3, wherein the decomposition is
carried out continuously over a fixed-bed or suspended decomposition

20 catalyst.
5. A method as claimed in any of claims 1 to 4, wherein the aqueous solution

comprising formic acid, cyclohexanone and cyclohexanol is obtained by
extraction of the product gas mixture obtained in the oxidation of

25 cyclohexane by means of oxygen or an oxygen-containing gas using an
aqueous scrubbing liquid and distillation of the aqueous carboxylic acid
solution obtained in this way.

6. A method as claimed in any of claims 1 to 5, wherein formic acid is
30 removed from an aqueous solution comprising

(a) from 3 to 6% by weight of formic acid,

(b) from 0.1 to 2% by weight of cyclohexanol,
35



20.catalyst. 5. A nethod as clained in any of clains 1 to 4, wherein the
aqueous solution conprising formc acid, cyclohexanone and cycloheﬁqp@pvﬂgi
-obtained by extraction of the product gas m xture obtained in the oxldatl

of 25 cycl ohexane by means of oxygen or an oxygen-containing gas using an
aqueous scrubbing liquid and distillati®on of the aqueous carboxylic acid
solution obtained in this way. 6. A nethod as clained in any of clains 1 to

5, wherein form )aﬁélﬂd.ptoﬁﬁb?@@g’[ﬁd,f@gah%n@,%eous sol ution conpri sing
(a) from3 to 6% by weight of formc acid, (b) fromO.1 to 2% by wei ght of

cycl ohexanol , 35 a process for the further porcessing reaction products
of the indicator@) lfsomioRab 96:8F0by weight bheagteps (i)extension of the product
gas m xture obtained in the oxidation of cycdnesaxe using an ageous liquid

to give an ageous solution conprising carboxylic acids. (ii) sepreration of
t he aqgedus ol t uA processfor thei fugtherprboesying of agrictien prodacts ef thenoxgdatjon(df) i nto an

ageous sol ution TOREL e NG hicH" ﬂgggtﬂegh\égghexane and cychexanol together
with further minuds organi cc conponents and a carboxylic acid m xture by

distillation with the carboxylic acid m xturebeing able to be processed
further in a (i) extraction of the product gas mixture obtained in the oxidation of

cyclohexane using an aqueous scrubbing liquid to give an aqueous
10 solution comprising carboxylic acids,

(ii) separation of the aqueous solution comprising carboxylic acids
obtained in step (i) into an aqueous solution comprising formic acid,
cyclohexanone and cyclohexanol together with further minor organic
components and a carboxylic acid mixture by distillation, with the

15 carboxylic acid mixture being able to be processed further in a

. customary manner to give 1,6-hexanediol,

(iii) at least a partial removal of the formic acid from the aqueous solution
comprising formic acid, cyclohexanone and cyclohexanol obtained in
step (ii) by decomposition of the formic acid over a basic metal oxide

20 of metals of groups 2, 4, 5, 12 and/or 14 or over a noble metal of
groups 8-11 on an oxidic or nonoxidic support as decomposition
catalyst,

(iv) further processing of the aqueous solution comprising cyclohexanone
and cyclohexanol obtained in step (jii) to give epsilon-caprolactam,

25 or
use of the aqueous solution comprising cyclohexanone and
cyclohexanol obtained in step (iii) as scrubbing liquid in step (i).



