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Renoval of formic acid from aqueous solutions The present invention
.relates to a method of at |east partly renoving formc ac

agqueous sol ution conprising formc acid,_cycl ohexanone anmmmmmlmmwmmol as
significant organic conmponents. 10 15 20 25 30 Cycl ohexanone
cycl ohexanol , which are further processed to produce epsil oncaprol actam
are obtained industriall y by oxidation of cyclohexane by neans of oxygen or
oxygen- cont gi ni n i ves a conplex product m xture which conprises
cycl ohexan Qﬁé}@ fl‘%ﬂ as the nmain products of val 3@3’?3 gfi®er with
1,2- and 1, 4-cycl ohexanedi ol , adipic acid, 6- hydrm@mgmsﬂmm/ccgd utaric
acid, 5-hydroxyvaleric acid, formc acid and nany further oxygen-contai ning
conponents as by-products. The abovenenti oned cycl ohexanedi ol s,

monocar boxyl i ¢ and di cRebwxal éffonmiciacid firoms agueatssdlutidnsf r om t he mai n
products of value cycl ohexane and cycl ohexanol by extraction of this
product mxture with an aqueous scrubbing |iquid, ving an aqueous
sol uti on of Thepressnt [invrakian selaiss 40 armwb@céloﬁékiﬁastcpaa&ﬂ reinewn® dymie @cidlei ds and

further sor ggginC 2910”&1?1 REWN SsoltitiorAdedrhpiin tmrﬁn@ma&l@' NgyciomixhnGHEP UiHgs of the
desired produ ohex none and cgcl ohexanol . The aqueous sol uti on,

c
known as dl% hsx q(fés sign C%tl‘ﬁg%?lc PROMENSsequent | y dewat ered by

distillation in a col urm to give an aqueous stream conprising formc acid,

cycl ohexano e n nent the to
01}/ t he )éol u lgqq‘gﬁ% ?eaélé&% )I(%l%(l)%%’lgl fﬁe @?%% ?‘%g&a‘g%é"t lge}gg < %’?hgé(yl iC P
acid m xt ur@pbglatésme aref ohtained mndﬂssrmlladanamda&notanﬂ cpi¢lshéxaha tbyomeanFhef aqueous

productyg a t I C, d,

cycl ohelgang&g' anc?r &?F&ﬁg?(rgéllgi as hi t gr@?c% A&ngﬂéw%%g}%t ;elﬁhﬂ}‘egﬂgdgarrpl e
passed to aCONERTESES 9}' ehexanenesnd ayciohexanohas the main @rodycts| quvaiqedﬁg%hert he
aqueous solwithqnzcanm)mmmo&xaﬁdamxaa@mac1ay611giam§@e roﬁ:nﬁklﬂogliﬁ'téhcam d,

for exanple b S atl off ohexanone, and cwhexanol and processi ng
them 1 ar e heto oS TP ERaRG i YPBRiEC AdH i Sny, HEWED BIEF-HINPAE o o a
result of tctmnpmllenussasby-ppmdﬂctserrs caused by form c acid. -2 1t is known
fromR & Coffey, Chem cal Communications, 1967, pp. 923-24, that formc
acid can be deconposed over phosphine corrpl exes of the noble netals Rh, Ru,
It and Pt tBhe dhavementioned cyplohexanedinls; mygacarbax ylis s idisasbaxiylic @eids Atsosi t i on

of formc aéé'pﬂratéalt & @@n@ﬂﬂ: iﬂ%ﬁl gx\(ﬁ’ﬁc@ df%ﬁie)@klcﬁﬁﬁﬁ{e' ﬁidn@ycmxﬁrﬂﬂ 59205 or
CaO, P205 and BZOS descri bes the deCOtEH)OSIII on of, formc acid

J 2291
over oxi des®*ii{gtian OWES TRROE With, i3 AdUEPYS SATHRRING |1igH dh FYBA D 1 on
whi ch have dameoud Scﬂmadoﬁ/\lhbhyaloheliénadlelss alanbtaboayiit sidbdiesrbexylicyacidsl ci ned.

It is Obhﬁcf%r&g tofg%nf&r go?ﬁn;gﬁneh&vﬁﬂ“ah&ﬂoh Othky E’q{dt@‘ﬁs %m%h”&?ﬁ&n%“gfg the

i nexpensi ve ne us SO
cycl ohexanedesagd |pm1blfé§rm1ck&1m§arme fand rﬁYQIOQGX@O\ImTlmaW@US) mlawma knownt he

devat er i ng Rygidlrsédiicdicidbiffon? ?sréﬁ@&‘éduhﬁtly%‘&é\dat&@h Wy N181a016h ) Bechub { he

wat er ext I’aCtI on of roduct m xture, Im he OX& dat i O}T eycl ohexane
and pas Si ngot HAYR t aaq:ugg sr.lesrtreag)e comprlsmg ormic aci cyclo exanon

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.
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“We-have found that this object is achieved by a nethod of at |east partly
renmoving 20 formc acid froman aqueous solution conprising formc acid,
‘cycl ohexanone and cycl ohexanol, which conprises deconposing the formc acid
over a basic netal oxide of netals of groups 2, 4, 5, 12 and/or 14 or over
a noble netal of groups 8-11 on an oxidic or nonoxidic support as
deconposition catalyst. 25 The formc acid is deconposed over the
deconposition catalysts to form gaseous deconposition products,

pr edom nantjys RdwafdntR.S. Tutteie Ohethi@ll dopempsiearnt, 1967¢ppi o3-2BkRg it

possi ble to_repove forn1%§a0|ds 6|EC£IV ly fromthe @guegys sol yt ons
wi t hout degio5R 3°4hCaBY s FREORBRIFTHRVYST BhAPIEP COBIRIKEN ShEC ARG e RS HEX anol
present as Regl asdPpioddme COendHx i ng at the sane tinme. It is surprising
that neigher a | oss of cycl ohexanone as a result of basecatal yzed al dol

condensati on of cycl ohexanone nor a loss of cyclohexanol as a result of
el i mi nat i onSUA 1 ®3843) desshibrethe decompesitierdel formis acihintd 60 andidiQ pwis. 35

Sui t abl e bagj t 4es,Pind Bl & ®o. ¥.6VRsd B,04: 5. 12 and 14 are BeQ,
MO, CaQ, giéﬁﬂﬁo%bp%?igg VZ%HS, Ii(%o, C(?d éng Snoﬁ.3 Sui tabl e netal s of
groups 8-11 are Ru, Rh, Ir, Ni, Pd, Pt, Cu, Ag and Au. Suitable oxidic
supports argp-Af 122917 '&S@mmél@ déw\:bbﬁﬁa%sict:i'BhOBf tbﬁp&cf wéit | gveg Bxiidea bing

nonoxi dj ¢ suppor.t is.activated carbo ... .Prefer COMpOosj t.i on

cat al yglltos al?)gi?‘?ﬂ esaﬂ%zﬁ?%?flﬂ?’egtalﬂun?n%ué‘ﬂﬁ’w %deﬁ’r‘fhghaé’ﬁ?{%m {eidoned
nobl e net al with agulfate adletior andarbsediieatlgealompdsi ti on is usually carried out
at from 100 to 400C, preferably from 150 to 350C, particularly preferably
from!|70 to 220C. The residence tinme is, for exanple, from1l to 6 hours. In
general , atltisasebjegnf ty presantivgntien teprovidesosimpls Jndrinexpansiye pediodf er abl y
at |east 988 w8fkidd 8p iR Bhech§ isHlutidnd 6APRGAE EycibhskAMEC yElRkhnd hn@an be
carried out batchw se . or contin QUS|% over .a mﬁgﬁdew fi xeﬁébgﬂ

cat al yskd,  f ormisacg Maichare qRtages g s deveriaing aompfLatROX YA A€t i on i s
preferably ehitidngdolithined Rt theu ouasdryextptibn cofl did yrgduef eniahiry foorarthe 15
fixed-bed dec ositian. catalyst, EX I f Itable reactors are tube
reactors co%lg{%nnod’cgc P?@Beéé‘fa?s?%“ﬁ%gg%%?ﬁ%“%g&é%us sol ution conpri sing

form c acid, cyclohexanone and cycl ohexanol is usually obtained by

extraction Qe HNE ol dhothid BjRPiPiRRI el 'Bgtaf}ﬁetﬁ&.l gphd 185k PhrtBQembbinghexane

by neans of oxygen qr an oxygen-contai ni nj ,gas usi ng an uéous scr.ubbi ng
|'i qui d %hd freiq wid frogham aqiequs slution CRRYPHENS Soranis 3Fid: FYsohesAReAndg

carboxyl i ¢ @gidhexandlewhit eousprized dédddipdshigatheefdrmhid dchd svaray badi¢ emetahi ch the
formc acid i.a ag | east. 25 Igg;alilre e§4b% t he "‘%Odwﬁ’f t he ggneiient
i nvent i on, YHARPLIPRISQIBIPYESds () 2408345 086k B RheGHY ObEOPB} fild aci
(b) from 0. dn aroofidichy neeoxjliic suppay ad ddvergosikion Catplykt.om 0. 1 to 2% by wei ght
of cycl ohexanone, 30 (d) from92 to 96.8% by wei ght of water. The present
invention also provides a process for the further processing of reaction
product? of ThhEorsig acid iibdecwmpoyed avihn decppesHionraAyseto form gasedys 35 (i)
extraction @cohip8siBbR Produc@Asreddniindh®y Clth,ahaen. i n the oxidation of
cycl ohexane using an agueous scrubbing liquid to give an aqueous sol ution
conpri sing carboxylic acids,

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,0s5, ZnO, 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



"-4°(ii) separation of the aqueous solution conprising carboxylic acids
,obtained in step (i) into an aqueous sol ution conprising formc acid,

~cycl ohexanone and cycl ohexanol together with further mnor organic
conponents and a 5 carboxylic acid mxtqre by distillation, with the
carboxylic acid m xture being able to be processed further in a customary
manner to give 1,6hexanediaql, (iij) at |least a partial .renpval of the
form c aci de¥ms.tHeOndu@odeQolvhié 8 suitableBoRoXidic ppPEBiHRciivated farbon

cycl ohexano@®, and cycl ohexanol obtained in step (ii) by deconposition of
the formc acid over a basic netal oxide of netals of groups 2, 4, 5, 12
and/or 14 or over a noble netal of groups 8-11 on an oxidic or nonoxidic
support as Befaredodecomposition adtylysts atSZaOvandf mixtiures opZoOemdi Caf),cndtane
aqueous 5sol éﬁdvgfﬁeﬁﬁ?éﬂéﬁin%ﬁ%&)ﬁf&%@mﬁQ:grb%ﬁd cycl ohexanol obtained in step
(iii) to give epsilTon-caprolactam or use of the aqueous solution
conprising cycl ohexanone and cycl ohexanol obtained in step (iii) as

scrubbing | vgdigedmiboritRR i usualBPcdrfied 08P af frbm _lcbtﬁtoom%?gréféf&mcy fio@bt ai ned
in the oxidation of cyclohexane is extracted wt aqueous  scrubbi ng

h an | .SCI
liquid to glktodP0xGRasticnlardy prefesably Sipgn 140 tn240ak-phhg residencs tirge istfgrs
?queogg sol exaniple, Ufsoial 1 Yo CIGUTS. SRS gdretdl) 401cast 9O#) bbefmblgl’dt lehstagi9pj ¢ aci d,

rom

et gt 81 gpeestin Brefioia fra S0 SR Pk G Se- S owyval ori ¢ aci o

from1l to 5% by wei ght of 1,2-cyclohexanediol, from1l to 5% by wei ght of

1, 4-cycl oh J £ 0 1 1 I .1 to 2%
by el ght ?@jﬁ%ﬁ&%&%ﬁb Farby ot pAEBGIE oF col@iiBdy SbLh iR
t oget her wi ¢h firgdped ueatdlast, Foh cFampisyni Beaneflew cerr Wowpflpy #adgs Thesters,
0X0 CONPOUNgtoRipdsi@tn N PrefePImY dirgied WiPSshtiniShsty, drlcul@RiRefefablieberal | y do
not exceed g% \A@écght, ,e_.g. %ﬁet'% ds;ﬁlipmf)blonlc acid, hutyric acid,

val eri cl3aci dxe 'é‘i?r MPOSIHON SR YSE lesygf YHiapleFepciorsAte Lyhg aciersy,

4- hydr oxybugontiiningi fikedrdtalywobed. but yr ol actone. In step (ii), the aqueous
solution conmprising formc acid, cycl ohexanone and 35 cycl ohexanol is
separated off by distillation. The carboxylic acid m xture which renains
can be procEssagqheons solotien ormpyising fioratic reidgéyadohexandneeadadclohexdnol isexanpl e

as descri beghyhfly BB B b PR rakifdn bhidke B RARGre bHRINMANACAE RBXYdHon snd -5
di carboxylic ds present in the carbox%)légl c acid mxture are reacted with

|
a low ec%ﬂcg‘?%eﬁé‘?eg mAapy RHXYEED; O 37 PRYSCRSONIANBE &2 SRR B AAYFPYS ester s,
. the est eridribhifig aiquid >ahdrdistilbitioh nefd thes rdsukidg  Afueews eslatieh congristipd | ow
boilers in %F_%l r%t %I]iéﬁti | lati on step, the bottom product is freed of

cycl ohexane YRS urther 5 distillation step, the ester fraction is
catal ytically hydrogenated and 1, 6-hexanediol is isolated fromthe product

mxture fr Ofhd Qﬁie'aﬁg Q9802 bbQheRY%n $hi .tvuRJ, gsghmmc hfe $¥i0 Q?il?&iai?;%??e‘a @nd

cycl ohexanol - cont al ni ng aqueous sol ution obtained 1n step (1 I ch has
been depl et Bty rerpoyediky the methadef thepispent daveation. generally compiises 10
epsi | on-caprol actam Such further processing is not possible w thout prior
renoval of rmg acid ause of the .corrosion problens caused by the
latter. In { i's %ﬂﬂ%@ré}ﬁ’gc"%@égﬁ‘trﬁ&ow&Ia‘élF}EXanone and cycl ohexanol are
separ at ed ofth) frHom i t@gBhdguseight eftayolohbyandi,sti | | ati on, cycl ohexanol is
oxi di zed to,gycl i - l.actamis prepared fromthe

(7 SOEGT M En e (e RABALE

cycl ohexano i n_a nanner ) € aqueous sol ution which has
been de¥] et @l i nfrpEr QA o %l % byareightsd wikerused as scrubbing liquid in step
(i). I'n this way, the | osses of cycl ohexanone and cycl ohexanol caused by-
the extractjon step.(i) .are mnimzed. 20 Alternatively, the ueous

sol uti on whiBhPIesent BRVERtAR Blsa PERVIFlEs & RJPRTSS f%tsﬂ?%rﬁé‘%ﬁ%%ﬂfa‘g?t%t ewat er
to a water prodadtsenthepixidition D€ tyclolidrand, edhicteconifises tidisteps of the wast ewat er
i s advantageous. 25 The invention is illustrated by the foll ow ng exanpl e.
Exanple 32.1 g of the aqueous solution conprising formc acid, which has
been obi%i néd byexdtctiemacfe thegprbguatii gasi npiature nobtdined dnathee onslation uefi on

conprising car boxyidHexad Ging an aqueous scrubbing liquid to give an agueous solution
comprising carboxylic acids,




~obtained by extraction of the product gases fromthe oxidation of

,cycl ohexane with water, are placed in a 50 nl autoclave. This aqueous
solution conprising formc acid had the foll ow ng conposition: 35 6% by

wei ght of formc acid, 1 %by weight ofq cycl ohexanone, 1 % by wei ght of

cycl ohexanol ; -6 92% by wei ght of water. The mxture is adm xed with 10
g of the deconposition catalyst indicated in the table below in powder form
or in the formof granules. The m xture is heated to 5 170-200C over a

period of fpm 2sdparadiol WtBe aqdebls SlutidiCERASdItE @&ﬁ@y%fceachﬁi dipkBRr ved as
a result of the gtgsec;us decongom ti %mgr oducts (€O .C02 and llg—gg . After

cool i ng the reactFBAVNG AF 90690 SO COmBIIIng, IRrEig aid, qYGleheRARRe by

aci d/ base titrat amhcyclolkexayal whethenosith fanterc yiharhaganiol coapohents andver e
determ ned 10 by r e c‘gﬁlr; . ' nber/ pH
(beforegnd) Temgggﬁjaﬁ% f %gl{ug%%e&%}faéﬁﬁﬁ]k@?gtgg&r e~ %ﬁf ggﬁ%@}é
nunber/ pH (af t er ReingApleatalby sprocessyso fugther in a customary manner to give 1,6-
extrudat es75/ 1. O4HQAd@dR! 6. 075/ 1. 117042529/ 6. 075/ 1. 119022517/ 6. 175/ 1. 219045
5<

1/6.688/ 1. 12002805. 3/ 6. 588/ 1. 02004701. 4/ 4. 775/ 1. 22102702/ 6. 388/ 1. 0220270<
0. 51 7. 088/ 1(ifi2 204t/ RastOa Pafiiad GainalalSéf: theOfgridiciEd oidm ahe Za8éR %Mt ght  of
Ca0O/cal gite as shaped .bog| es78/.

1. 11902851, 5/ 6. 27EPRISIB KIEYS agifigcyeioheranone midaryciphgxanel chtained. in sip of 1
wei ght of Zn0/ 50(i9Hy deebgipbsitibn GhthedsrmicapriovEnditasiéahdalld0d2obmetals

0.5/5.878/1.1190 5 ~ r ' r | 2003
BOO/ 0509PCSG | B/ @%@g@%ﬁ%‘g%ﬂ@??ﬂ ‘idorYfS% E_%é“%f'ﬁ%?*‘ ‘{;fg%{gk’ps;])a'rl |°>%/‘3df‘enovi ng
formic acid fronPEdiciuesoxidiccuppersas desepipositiag catelyst.c aci d, cycl ohexanone

and cycl ohexanol , which conprises deconposing the formc acid over a basic
nmet al oy de,.of tals of grou 2, 4, 5, 12 and/or. 14 or .over a nohle netal
of o ol 80T ofrElET BieaRinE B LRI iR Rk S © o
met hod as cl ai medydlohexbh@dlwbiainadiaseipriiil) he gile@psipnstdprolactamt al yst

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



conprises zinc oxide and/or calciumoxide. 15 3. A nmethod as clained in
claim1l or 2, wherein the deconposition is carried out at froml|100 to 400C.
4. A method as claimed in any of clains 1 to 3, wherein the deconposition
is carried out continuously over a fixeg-bed or suspended deconposition 20
catalyst. 5. "A nethod as clainmed in any of clains 1 to 4, wherein the
aqueous sol ution conprising formc acid, cyclohexanone and cycl ohexanol is
obt ai ned bydiesbpryiq aridopresers iprthelgaxbogylic asidrpixaure wreressted; With Bdowxi dat i on
of 25 cycl Oﬂl%l%’ébb_ ORr Weigﬁgrﬁcdgbh%zﬂﬁfh Ghe aébrfc@é (%ﬁl’ihgccb@f‘tﬁixslli@%g@t%,l..ﬂﬁ' ng gn
aqueous scrubbi diquid a istillajion o ueous’ car boxyl j c aci
S0l Uti on obESLFTHURPR Tk Gbigined 1 lit%?ﬁ@&f@%%ale&eﬂ?ﬁﬁﬁ?w baﬁvsalﬁ adirstims 1 to
Zl‘a, )vv]t]erei g ﬂi@ﬁm&bélaﬁhpl thﬁ B&Fdr?mw&d:tfi&mﬂ&eﬂnoﬂQ?ﬁQh&gﬁ&hUIsi mnagmﬁnéﬂ Sihng f
a ro 6% by _weight o rm.c i romo.1 % ight o
Cyel ohextanof uiionsd s PR edisfoaly Hyardalheds nd bl o
from 92 to Bas@sedfromethg produict mattere. frém The lydpogenatien bydistilatidnur t her
processi ng of reaction products of the oxidation of cyclohexane, which
conprises the steps (i) extraction of the product gas m xture obtajned in
the oxi dat i Shc syclehenapprsatnd quslpbexanolepmeanisg saquedisi #RJUtiem Obtined i ve an
aqueous 10 sep vii),orhi6l R béen"ikpleddddRvdotfe 5, ¢8n be iptdce§RBFAKran ghfe t he
aqueouslciol ut Lon conpri si E%‘rlboxyl i c acids obt al_ﬂed Jn ste %_29 into an
adueous! Col SRETIGR ERIRIACIEEH ok dprihet Precesing {ichal meseible MteREPRY R BRE anol
t oget her w dhfdrmi¢ laeid becanse of gan corresiom prsbiéms amehed Wyatrheoaytts. dnathisd
m xture by g st i ] 5 ca e I 1 r I able to
be pr ocesseﬂJ@hfr k) h(gcr&sl?x# ac\ygfl?tsﬂf %ﬂng)}l % a&%nﬁ@?ﬁ%hﬁl \6/‘%'%é %@-I%ééjggfe??g{]%c(i ii) at
| east a par 2qugpuy sotutien byfdistHlatipor aydokezaaplfis mxidizes tgcradehsxeeingt 4ngn

conpri si ng §AiBhEapladiant YChRPEEA TR (RS By Yiedxah6neaod nRRh& BRfvil PerSt €P

(i1) by deconposition of the Tormc acid over a basic netal oxide 20 of
metal s of g¥oups 2, 4, 5, 12 and/or 14 or over a noble nmetal of groups 8-11
on an oxi dic or nonoxidic support as deconposition catalyst, (iv) further

i h Lyt i Si 1 oh d
Do e W ARG B SR TR B R NG B e o1 e
of the aquesusbténg Uiquich isostpp i @). nlp ¢his| whgx theo tessan df cyyeclobheammne| andbt ai ned
Ay Ayl SRS R Sy bl el S5 R ffominimized
~0} xsnl%p_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cLa] ca] ca]

; 91}#; g]g; a]$8 a/%ggﬂ:ﬁﬁ]zay,l tﬁga]ﬁaiuﬁ %bm'ﬁah ggﬁg?ﬁﬁrfscen depleted in formic ajcid can be | cal
= 0 = *>* X ' Xsnli al C cajl,Cca a cal Ca al cal ca
o #osos-sOndl L @ bt Qubanid ol el ol ealesl sal calial cal cale

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,
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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 ' '
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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 (iii) 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).



