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| B/ XS/ cca Renoval of formc acid from aqueous sol utions The present
dinvention relates to a nethod of at |éast partly renoving

from an aqueous sol ution conprising form.c acid, cycl ohexgnwmmwmmmm
cycl ohexanol as significant organi c conponents. Cyclohexanone

cycl ohexanol, which are further processed to produce epsil oncaprol actam
are obtained industrially by oxidation of cycl ohexane by rreans of 10 oxygen
or oxygen-co, Rt bg] 0i ves a conpl ex product m xty

conpri ses cﬁ&ghﬁgggﬁignﬁlb | ohexanol as the nmain roduct %Mav
together with 1,2- and 1, 4-cycl ohexanedi ol , adi pi BOQ@5Q9P§SGyMﬁﬁﬁ‘€aprO| c
acid, glutaric acid, 5-hydroxyvaleric acid, formc acid and many further
oxygen-cont ai ni ng conponents as_by-products. 15 The abovenenti oned

cycl ohexanedi ol s, monod$Beyaliof forinig agj PBb‘%Wq"ESé@PHQ“%re separ at ed of f
fromthe main products of val ue cycl ohexane and cycl ohexanol by extraction

of this product m xture wt queo bing |jquid, .qgiying an,agueous
S0l ut 1 on’of Wkeeriya etk s B GRiRo SEay Besl Baly by Bl 84 de 50
and furtbBer fomgarnc aqoerpeneohsionl reoagdisingonformbu sacddnt@iclobesamwhé andunt s of
the desired hexanol . The aqueous sol uti on,
known as di cgélgﬂxy ?lcé\s)e/lscérgﬂggﬁl 1ca&{iiﬂsrﬁ)\llglltl)gequentIy dewat er ed by
distillation in a colum to give an aqueous stream conprising formc acid,

cycl ohexanorwycﬁﬂﬂxmleqh@@mhe@ﬁop ghidtf a@m&h&w@&gs‘edqerm@m&e@s@n the top
of the colum 6- hexan

di ol i ne dewat ered car hoxylic
aci d mi xt uré’awfaé?m’l aPrFé’QfaP ‘WB‘FIG %ﬁ?é(t‘?’ﬁ&at r?d?%‘f‘?hef‘ﬁqq megfig %4 queous
pr 0|du<r:]t 10akeygdd of bﬁygempcdnfanﬁlhg gue) Thin, giwdsi & leompiexr prodactf mixmine wlich, I
cycl ohexanone_and_ c t her mpl e
phesed o a RapEreySEI ARG ang A0 oeGH 4y ith PloBts BF iyt HacbBP, |
aqueous sol witlhon %(ﬁmdr l,érqyglotlymd@kambple, acad,cO-bidsoaperprein cacid rghitariaci d,

for exanpl e Jay SRABL IAerRf by FhipieXARe daﬂﬁn YahRGe ¥R ?%n -thiRpgcessi ng
them further to gl on- caprol actam has h| herto be nonvi abfe as a
result of tW@n@Qﬂ?lﬁ%P%WBf@BFténs caused by form c acid. -2 It is known

fromR $5 Coffey, Chenical Communicati ons, 1967 pp. 923-24, that formc
acid can be osed over phi | exe ble.nmetal s Rh, Ru,
' and Pt RGPy easrtisngd by oR St GRS abd Hed PR iR B Ae 11 on
of form c aceparatetl @fCHoantheHAMnqweduds oﬁwaﬂuywcbbmneandg:ymﬁeml BR0O5 or
CaO P205 a y rpic acid
over oxi des OIS gl 6 pFAEEP HiniRE SHPEE i RoAIRAY Lo, Blvibgull

whi ch have lﬁ@@@pllSrS@éutm afj the, cmclghﬁma@@obomﬂombwac 08 skepteorylig aé’éillsm ned

I't is anpgobj a%ﬁtfuﬁﬁelt &%aﬂ"c%ﬁﬁiﬁonbﬁweﬁi h@Rtib® tﬁfs%ﬁn@@n@sﬁmmhﬁ)ua@dof the

| nex pens | ve C{‘rg]g,'%(i) Bm%,tﬁ (ﬂycfé)ﬁgxanone and 9& gxsan(s) 'ILiltel i{%]rl}gOlg:SOSrgflgt'iOSn kgown

cycl ohexane,
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.
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15 formc acid which are obtained.in the dewatering by distillation of
carboxylic acid solutions obtained in the water extraction of the product
m xture.fromthe oxidation of cycl ohexane and passing themto a further
use. W have found that this object is_.achieved by a nethod of at | east
partly renoving 20 formc acid from an aqueous solution conprising formc
aci d, cycl ohexanone and cycl ohexanol, which conpri ses deconposing the
formc acid over a basic nmetal oxide of metals of groups 2, 4, 5, 12 and/or
14 or over 4t isdbolosvmfroml RSE CQoffeypE€h&micdl €omamungoatidng 1867 npm OB dide tmtippor t
as decorrpO_SIfgIlI&g ag tc%%-)ﬁ%tdect?rﬁ Jsjgﬁ ofvglg]aﬁo% itk gofn@lquscgfmg’ﬁgﬁile%é?ﬁlsﬁ?
deconposition catalysts to oP M gaseous Hecorrpo Itron products,

pr edon nant IRu, @oaddttdo Frm GRe andbhod of the present invention nakes it
possi bl esto renove formc acids selectively fromthe aqueous sol utions

wi t hout degradation of the conmponents 30, cycl ohexangne and c hexanol
present as &é&&b@%%ﬁéﬁgbﬁaﬂww%tmﬂ% foumig apid ato (ES ai“é%g)r(b‘feirsi ng

t hat nei t hera catdl s Soprising Caleand BB 0a€ad, Pa34dnd BYOsbasecat al yzed al dol
condensati on of cycl ohexanone nor a | oss of cycl ohexanol as a result of
elimnation to form cycl ohexene occurs under the reaction conditions. 35
Sui t abl e badiPeA 18220170 xesbeiben ftheredegbmpositign oefp$ordic 4acid, ovep exideslandr e BeO,

MO, CaQ®, B ;:%% : . 3ot O, &g@ : j of

gr oups 9 116}13}1 reo , (f{ﬁilﬁl%gl IU\%?&"]IQ%HQI%I uﬁPQAngngk% %@Hh éﬁ?{: g)g%hgét?%i c
supports ar ewith gpulfate suigarnensl sbsequony cafgipgd. \MyO, while a suitable
nonoxi di ¢ support is activated carbon (C). Preferred deconposition

catal ysts are, ZnO_and nmi xtures of ZnO and Cao, argﬂ and5 abovenent i oged
nobl e met al 1o aRQUIEE O elpssah MVERHONO RIRYEE pSTTBRIe AR HREXBFIVEBPOL 4 ot
at from 100 dfowd@itg uptief aquebly sdlotonsl &Edmprisidd 0 lolaxahe,cayichrhkyanol ehér abl y

froml 7Q.to 220C. The resid I i ejggaiggil- fr : urs. In
gener al ,qsat ff%gglgtacgg\%ncgra& §l§}§b%f:§/1a ch%a§e‘%{51§00 lgaetllro Eliogl%ro F‘ 1€?£igerabl y
at | east 98%plutions hebtdivedriin tei Wales exswotigroédthe Throduelc oripss tiram an be
carried out BajfiicseyQbn&ant hﬁw%ahgtﬁemo Afepgeded or fixed-bed
catal yst, for exanple in the upflow or downfl ow node. The deconposition is
preferably carried out continuously, particularly preferably over al S

fixed-bed dewRmHaes fdundthatahialopsdct iskxhikPEEBy afm@hivd abdtdedsepartl9remaviagt ube
react ors, cont aini n%%ﬁ_ fixed catal yst bed. The aaueous sol rti on %gn'%i si ng
formc 29 d, OB SHELAMATEAMITAUE SR AL SRR S RYE AT istolieRaips

extracti on afyctdhexay@$, which woenpoisesaidevedhpionsingtthe daimiatacmhoedr #2basey oletdlexane
by means of n (e} [ ybbi ng
' quid and dratd T miels Ul SO o T S L e AR S 1
carboxyl i ¢ a1 asoxidiger aguerddis syppayt asolecompasiHercatalydthi s way, from which the
formc acid is at |least 25 partly renoved by the nmethod of the present

i nventian, neral ly conprises (a) fro to 6%Db ight of formc acid,
(b) from>0. 118% Oé%%ww S?ﬁonmogi‘f/eY%H@ﬁﬁ‘iﬂn}Poéﬁbo}l‘f‘ia P {0 AR Swei ght
of cycl ohexadweomposifiof glodiictonpré@rhimadiby 6y layd Wi ght of water. The present
invention al so provides a process for the further processing of reaction

products of the oxidation of cyclohexane, which conprises the steps
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,, Zr0O,, V,0s, 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



'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 sol ution

.conprising carboxylic acids, -4 (ii) separation of the aqueous sol ution
conprising carboxylic acids obtained in3zstep (i) into an aqueous sol ution

conprising formc acid, cyclohexanone and cycl ohexanol together with

i<t i1t oo RPn A T Sia i i ETionar i P RS SyBin cssea

further in gCustomary manner to give 1,6 hexanediol, (iii) at least a
partial renmoval of the formc acid fromthe aqueous sol ution 10 conprising
formc acid, cycl ohexanone and cycl ohexanol obtained in step i)
deconposi t i dhelstred idecarapositioneatalysy ate Zn® aad anixewres of&nQand Ca taEt‘I1 §nof

groups 245 4,ap8verhéntRRE4 A6bI& Mmeddl ca\RiivatedOftbén.met al of groups 8-11 on an
oxidic or nonoxidic support as deconposition catalyst, 15 (iv) further

processi ng of the aqueous sol ution conprising cycl ohexanone and

tcKcl Ohexan0|Tbe&e'tbﬂ@ds1t16n 3¢ apuaflyi dajriddoo@i atefr@nsndoqn mpChpb&férambffwmusg of
e aqueous cl ghexan 0 ined in

step (iii) alg% ?’3@{; “%'ydgf’%}lag{lbéﬁ %Cﬁp léerefls?nceq% Bt (5uct

m xt ure obt aaxnampla rfrarhel wﬁdmprsodn(gencmhlmﬂea&rﬂﬁ)%,spmfmﬂd}zt@dew 9 %an .

aqueous 1HeT YRRAary Gt 0 a Pl 9Bk, BRHR TR Ao AbedriBEd S NG car boxyli ¢

aci ds. hIS aqueou y

ut1on usua conprises from10 to 40% by wei ght of
adipic acid, from10 to 40% by wei ght of 6- hydroxycapr0|c acid, from1l 25

to 10% by V\/el’lﬂzl”klecﬁﬁlp%ltﬁlbﬁbarpbé@alﬁed Bﬁplﬁﬁtdhvt/l@e ﬂ;ﬂ%rﬁhﬁuw@dl byerad suspended

5- hydr oxyval eri_c 5\ froml to 5% h ht ‘x %ohexa ed from
1 to 5% by VWi e B? 1°a&alw’clﬁrhé’%ﬁrﬁB ‘? ‘iﬂﬁ)oév tcg q6 O™ wWitO ﬁ“t formc
a?' d, }‘ rom Qiel:omposaﬁ’?nﬁis piréﬁegd’mﬂy CEfmed/mIltaimﬁKammmbr,, pﬁﬂmuiaﬂyipréferaﬁ%dmermel glht

of cyc get her oxylic
aci ds, ggter 133% %8%88% 3%@%‘) ox@%@nﬁ%ﬁ qg%(geﬂs%flegﬁl\?’fzgj Il(%ontents

general ly daxmbnmegaéaddﬁw&bﬁtM®ight e.g. acetic acid, propionic acid,
butyric acid, valeric acid, caproic acid, oxalic acid, nalonic aci d,
succinic aC|d 4- hydroxybutyrlc acid and gamma- butyrolactone In step (ii),

the aqueous B RUCONS SURNT SQRRFivRg fﬁrE“%lE‘ilgl cycirhexinops #8f £yslphexagol is
cycl ohexanol ysgugllp @pafiRideby @kiradijondos thel fat indctureTbigtainad b@xtyé mmcambd ofi xture

whi ch r I ns n_be processed in a cu er

1, 6- hexgq)adl WCFO%FB?H LSS § oﬁ%gsﬁgrqrbaéldo’fyﬁeﬁ\ﬁmtﬂ%ﬂ% 1%% AR RECBYr pose,
t he nonocar beexybbing diqdid and Slistiliatiot oofythecreawltidg amue@snsolutnon lrempaisingx y| i c
acid m xture,af d with a | ow nol ecul ar wei ght al cohol to formthe
correspondlng ca oxyﬂlc esters, the esterification m xture obtained is
freed of excess al cohol and Iow boilers in a first distillation step, the

bott om produgge h@e%ﬁ@@&luﬁ’én eytal el exX ANeWa9! FrolwhichUhd R&HNi® ahdS§ iat leddti on

step, t he eSIt)aer{ly rérggﬁéd%@ the met to%l(%' tl!lecgrlelsé{)t P v%Lt? e%g}lcg‘gll? Q(gm;}ﬂs%s hexanedi ol

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

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

(©) 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 (i) 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,



i's isolated fromthe product m xture fromthe hydrogenati on by

di stillation. The cycl ohexanone- and cycl ohexanol - cont ai ni ng aqueous
solution obtained in step (iii), which has been depleted in formc acid,
can be processed further to give 10 epsyl-on-caprol actam Such further
processing is not possible without prior renoval of formc acid because of
the corrosion problens caused by the latter. In this further processing,
cycl ohexanone and cycl ohexanol are separated off fromthe aqueous sol ution
by distill at(iipn, separhiddreatithelagieoussbhiitipedomprising|catimxghoneidsnbtained in

epsi | on- capr ol act 1S . Dl epa . . )ggﬁﬂl@- e, nown
pgr 15 se. lOThe aqsu o{}Z 1@é|a&t %@%o%?%fhﬁ%ﬁgf%@g%ﬂgep et ga%:lulp’néslfc Iﬁ%ﬁ%{ogéi d can
al so be used as swdubyslobgxanoiegethes witle further mingr OFgagic\ggmpeneats) gxkas of

cycl ohexgnone and muxlyROSXRNRixIGRUSE didtiYlatitle With rtﬁ&bh@ﬂxﬁl&@ciﬁ'ﬂﬁxﬁ!r@

m ni m zed. 20 Alternatjvely, thec\‘;vggg%feou'[sl splution which has been qgﬁl et ed
informc acid cdf¥iea5deetf REO JREher i g cystmary manegr 4 &Ve Lt .
Here, the reducecexfXedisint ent of the wastewater is advantageous. 25 The
invention is illustrated by the foll owi ng exanple. Exanple 32.1 g of the
aqueous sol ution conprising formc acid, which has been obtained by 30
dewat eri ng Hiii)di sttilbdsqta partielf renhevahobi gbe Sormuit Lecid firono iy Aguiaoys salubiory| i ¢
aci ds ohtyai ned by té on. of . h L L of
vl ohextne i t b ool lopicPlcid, 15cRERkGh AT EalbhEUhbN Gy 3 MEP.

sol ution conpri si(iyby deearapasttion ofdhe formi¢ acid oweng baserpssal vxils: of aetals, by
wei ght of form c GGirfupsl, % BY 12v@h@BE 195r 6V&! DhebienRd of kroeps)s-Veobglah of
cycl ohexanol , -6..92% b i ght of ter. The m tL{re is adm xed with 10
g of the decorrpos‘?xt“ihBr‘?r88‘3/%\{\@&“?3%5 %ﬁgﬁmp?ﬁltﬂ%cat@ﬁe bel ow i n powder form
or in the formof granules. The m xture is heated to 5 170-200C over a
period qgf- fr 2 4 . W iner d SSUr [ ved as
e ot %1 T ghflnss B8UsSine e e Al A SRROR RSB ScRRERAORERA
cool i ng the reactdyslohakanolipetainefién stop fiiig taagivel epsslonenaprolactaiet er mi ned by
acid/ base titratign. The cycl ohexanone and cycl ohexanol contents were

determ ned by gas chronmat ography_and remai ned unchanged. 10 Aci d nunber/pH
( bef or ehand) TenpeisgtAfrBe [agPeRs; PEHIO8 aMRLiSng W%%%P%Qﬂeﬁf{db%bﬁ%?‘ﬂloqb

number/ pH 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



(afterwards)Catal st: ZnO as extrudates75/ 1.017021542/6.075/

1.117042529/ 6. 075/ 1.1190225 7/6.175/1.2190455< 1/6.688/

1.12002805. 3/ 6.588/ 1.02004701. 4/ 4.775/1.22102702/ 6.388/ 1. 0220270<
0.5/7.088/1.1220470< 0.5/6.9Catal st: 58 _%Db wei ht of Zn0O/50 % b wei ht of
CaO/cal cite as sha ed bodi es78/

1.11902551.5/.6.278/.1. 12002572, 4/ 478 2102680. 9/ 6. 2Cat go%b wei
it of 2n0] SO 05 girotea i Bie by TG LI 15 Gasapk Wit % 7g) T

| 1190~ 2 - mdél2duldy 5ve9ght~alcﬁbrﬁism eidrhi el cprregouding carbokylic2 8steB)0iBe

BOO/ 0509PCS ée%ﬁc 1oncr?i1)¥\§re b%lﬁéd[ 1% f;’ecdpc’)f @E&g %lc%}mﬁénd l%@ff)café?sr HC%' flhs‘?rmv' ng

formc acid exanone
and cycl ohemﬁdlatlowﬂtm tbomtpgepr(dhlcbmé@ﬁ@@ft ¢yslghskanedicle jin ab\f/:'@it e basic

metal oxisde fliREbRlkk goﬂ(heQE@PB%ct?on caflyt 1j€g.ll ﬂ?é@@eﬂﬂ@e@&n@ygfheﬁa&@mw met al
of groups 8-11 on an port él econposj tion c

met hod as cliaisetated 5o the product gk e@aemﬁ%mbdﬁhifﬂtagpést corrprl ses

zi nc oxi de and/or cal ci um oxi de. 15 3 A nmethod as clained in cI aim1l or 2,

wherein the deco S|t|on IS cary i,ed o from 100 to OOC rrethod
as cl ai ned |ﬂ‘ ﬁXr}R ARcEne Y5 oohex ircgﬁtﬂmtl?\ge aﬂ‘éeoélﬁpsgé (ﬁbtalge afried
out conti nuotiy i) werictahdsi beeo dbpldtedrin Sorspie ndidd caeboprvosised ﬁml@OtQ:gltVal yst.

5. A netjod

sol uti on co §ﬂ&{ @Aé ; Ctlaﬁll gﬁé{h gjrth%} ?*&Esés%%gﬁlét 88%%;?"?‘ ﬁﬁt@rﬁ%iﬁ@@s obt ai ned
by extracti cnf f@tmt%émérbfﬁ@l@te ﬁlen@qrtq&m problemseepused brethepdrrt Tpihist 25
cycl ohexane fﬂﬁh&eﬁi%eégfngmé S8R hoR) afX XYEIBhSAMNbR AR Spathds] Ui fematheaqueous

O e RO b AU R Brafebii B0

wher ei n f or répgilectaprolacidth fsepropared fioamieencyziphegasons dh it mamner daominspeng ( a)
from3t 6%by wei ght of formc acid, (b) from0.1 to 2% by wei ght of
cycl ohe>3§n (c) fromO0.1 to 2% by wei ght of cycl ohexanone, (d)
from92 to 96 8%by vvel ght of water. 5 7. A process for the further

processing ofyd &E&Bﬁ@&yﬁ’ﬁ&ﬂ%{cﬁ 1k bE%? ?%ibtg&tlﬁ 6t a6 HaR EsREsehlisCch

corrprlses t he st extraction o roduct gas m xture obtained in

t he oxi dati osﬁrlthblflﬂldl%ﬁ%)&lénféeﬁmﬂ)ng}“aﬂ“%d’!@’@u@es]é’lsﬁ?ébi)%g’yﬂpﬁ‘iﬁa&o?‘b Pfve an
aqueous 10 s@jcloheRihol BAMREH B Mg cx@fabakytes (iRGledBinimized.

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,



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

.cycl ohexanone and cycl ohexanol together with further mnor organic
conponents and a carboxylic acid m xturg-by distillation, with the 15
carboxylic acid m xture being able to be processed further in a customary
manner to gi - |, (iii) at least a partial renoval of the
formc acids¥$%%¥?ﬁg§§§ﬂ§gﬁg solution conprising form c acid, cyclohexanone
and cycl ohexanol obtained in step (ii) by deconposition of the formc acid

over a basi eryehdlu@Xs %@n@&doxilltﬁqbaé 8t fe &rcehll?ﬁsﬁon Lat st iRy fr nl4 or

over a noble nmetal of groups 8-11 on an oxid nonoxXi di ¢ support as

deconposi t i 3Pl delavy PO‘("ij‘?})foflﬂrQr Harthe, feran 8k gragulss. Tlllf‘emé’éfﬂ@oﬁsheé@ﬂdpl on
conpri si §g cmlmﬂ)e@amm pefigd Q)Y(ﬂdhhaﬁ@nplho@bt\ﬁitlﬁl@ﬂ ihde&sifPprebdurd béiagai ve

I | act t ti
oyl ohexanofBSaNte ayet %ﬁ@%&ﬁzﬁ e gienin decrpestiog pPpng ECCRIOBBIRERH qui o
in step (i).Aftek éaolifl. tha. ractivh Altufe3k2 fodhic) dcil content is determined by

afe e gl lsa ok lsapelaeclgslanlspeglga ok o

*Cr+, by gas chromatography and remained unchanged.
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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 <0.5/7.0

88/1.1 220 4 70 <0.5/6.9

Catalyst: 50% by weight of Zn0O/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: S0% by weight of Zn(0Q/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

D) measured final pressure
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L. 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 | 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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cyclohexanol obtained in step (iii) as scrubbing liquid in step (i).



