
10 NOV 2005 1 Method for Removing Formic Acid From Aqueous Solutions The
present invention relates to a method of at least partly removing formic
acid  5 from an aqueous solution comprising formic acid, cyclohexanone and
cyclohexanol as significant organic components. Cyclohexanone and
cyclohexanol, which are further processed to produce epsilon- caprolactam,
are obtained industrially by oxidation of cyclohexane by means of 10 oxygen
or oxygen-containing gas. This gives a complex product mixture which
comprises cyclohexanone and cyclohexanol as the main products of value
together  with 1,2- and 1,4-cyclohexanediol, adipic acid, 6-hydroxycaproic
acid, glutaric  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 cyclobexanone,  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.
to INS -2 It is known tram R.S. Coffey, Chemical Communications, 1963, pp.
923-24, that  formic acid can be decomposed over phosphin e complexes of the
noble metals Rh,  Ru, it and Pt to form CO?, and H?.. 5 SU-A 1033 431
describes the decomposition of farm c acid into CO and H2O over  a catalyst.
eom Prising CaO  and P205 or CaQ, P1O5  and 8203. IV-A IZl29 7 describes the
decomposition of formic acid over oxides and  (0 hydroxides of zirconium,
titanium, aluminum and iron which have been treated  with a sulfate solution
and subsequently calcined. It is an object of the present invention to
provide a simple and inexpensive method  of work mg up the aqueous solutions
comprising cyclohexane , cyclohexanol and 15 formic acid which are obtained
in the dewatering  by distillation of carboxylic acid  solutions obtained in
the water extraction of the product mixture from the  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 aqueous solution comprising formic acid,  cyclohexanone and
cyclohexanol, which comprises decomposing the formic acid over a basic
meta.'  oxide of metals of groups 2, 4, 5, 12 ant/or 14 or over a noble
metal of groups 8-11  on an oxidic or nonoxidic support as decompasition~
catalyst. 25 The formic acid is decomposed over the decomposition catalysts
to form gaseous  decomposition products, predominantly CO2 and R, 30 The
method of the present invention makes it possible to .move formic acids
selectively from the aqueous solutions without degradation of the components
cyclohexanone and cyclohexanol present as desired products occurring at the
same  time. It is surprising that neither a toss of cyclohexanone  as a
result of base- catalyzed aldol condensation of cyclohexanone  nor a loss of
cyctohexanol as a  result of elimination Co form cyclohexene occurs under
the reaction conditions. 



35 Suitable basic metal oxides of metals of groups 2, 4, 5, 12 and 14 are
BeD, MgO,  CaO, BaO, Ti02, ZrO2, 1205, ZnO, CdO and SnO2. Suitable metals of
groups 8-J l  are Rte, Rh, It, Ni, Pd, Pt, Cu, Ag and Au. Suitable axidic
supports are, for 10 NOV 2005 -3 example, A1203, TiO2, MgO, while a suitable
nonoxidic support is activated carbon  (C). Preferred decomposition
catalysts are ZnO and mixtures of ZnO and CaO, and an  5 abovementioned
noble metal on activated carbon. The decomposition is usually carried out at
from 100 to 400C, preferably from  150 to 350C, particularly preferably from
170 to 220C. The residence time is, for  example, from 1 to 6 hours. In
general, at least 90%, preferably at least 95%,  10 particularly preferably
at least 98%, of the formic acid is decomposed. The decomposition can be
carried out batchwise or continuously over a suspended  or fixed-bed
catalyst, for example in the upflow or downflow mode. The  decomposition is
preferably carried out continuously, particularly preferably over a 15
fixed-bed decomposition catalyst. Examples of suitable reactors are tube
reactors  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 aqueous  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 (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, 4  --Yz iii) separation or lne aqueous stiifi
on coirtpr Dui ~ 'g~~ti a ~ aia~ ~~~  ttp Ji_l inrn _an _apuoous -solution
comnnsini torriuc acid, cyciotiexanone cia' `ue,c&re lxO' i, v ~sLiJ.l'a '
u1 ca i i Z ~ Ri1 w to s 1.b f ~+ .l a t 3a ~*~ vat ?f e o? mic icl f om~he
_ ueous solution o, i'aic or nonoxiirc support as`aec(3rnposrirolrtt sL, 25
`rst Vi -bsc; `aq a -s23 daai, V 1 f imul yiab a Yav ~a~w ~v J ~ 3 .s .
obtained-in stepjui) as scrubbingiiquia mstep`(i). D  r S'&V I Akr i s ' uc
t xapit 1 c   _hxvv_3U -to. 4M  weigtii' 25 to 10% by wejht of lutaric
ac%d,Yirom 1 to /o by weignx of -nyaroxy aienc  .i , ? =r , 5 ~ ~~,lu~ + f
~c~o1~u ~ ~, frr~m U a 50/n hv_wgi> ht of  4CI r, dom ; l L' - GI L xI '-' ;
-vz % P T-1-tO, 2~FbV -W . ZqOr 8VgbJ '- r k crnJdr M  wl'j 4uTl --1 1VI J +
iFS llv mss" 3c ii~3 X . "v~- .7~ xa sx3ul 



ill oxa cornpounis-wrress-e-minv coinztiLs gttt5e&ry uirrrc,~ u -i v e,
acetic _acid.pnrgnioriic acid, butvi`ic acid, vial ric acid, caproic aria,
oxalic adia,  ni ^u " ~ 2r c '?~~?~~ l~ v-J~ the aamm - lltvr ct ile_ . vm~
~ ." th--, _ utl~~ ~i ~ " of ti n '  35 ry- aw2c ird rs r a - , y= ~ l annu
~ n, ~ .te a ~r __  remains can be processed .in a customary manner io give'
~*T~311? F P .n W-0-97131-997-For-this ni nse.Jhe monocarboxvlic and 1 0 NOV
2005 -5 dicarboxylic acids present in the carboxylic acid mixture are
reacted with a low  molecular weight alcohol to form the corresponding
carboxylic esters, , the  esterification mixture obtained is freed of excess
alcohol and low boilers in a first  distillation step, the bottom product is
freed of cyclohexanediols in a further 5 distillation step, the ester
fraction is catalytically hydrogenated and 1,6-hexanediol  is isolated from
the product mixture from the hydrogenation by distillation. The
cyclohexanone- and cyclohexanol-containing aqueous solution obtained in
step (iii), which has been depleted in formic acid, can be processed further
to give 10 epsilon-caprolactamn. Such further processing is not possible
without prior removal  of formic acid because of the corrosion problems
caused by the latter. In this  further processing, cyclohexanone and
cyclohexanol are separated off from the  aqueous solution by distillation,
cyclohexanol is oxidized to cyclohexanone and  epsilon-caprolactam is
prepared from the cyclohexanone in a manner known per  15 se. 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, 1 0 NOV 2005 -6 92% by weight of water. The mixture is
admixed with 10 g of the decomposition catalyst indicated in the  table
below in powder form or in the form of granules. The mixture is heated to 5
170-200C over a period of from 2 to 4 hours, with an increasing pressure
being  observed as a result of the gaseous decomposition products (CO, CO2
and H2).  After cooling the reaction mixture, the formic acid content is
determined by  acid/base titration. The cyclohexanone and cyclohexanol
contents were determined  by gas chromatography and remained unchanged. 10
Acid number/pH Temperature Residence time Pressure 1 Acid number/pH
(beforehand)[C][h][bar](afterwards) Catalyst: ZnO as extrudates
75/1.01702154216.0 75/1.11704252916.0  75/1.11902251716.1 



75/1.2190455< 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 st: 50%
b weight of ZnO/50% by weight of CaO/calcite as shaped bodies
78/1.11902551.5/6.2 78/1.12002572.4/6.4 78.1.121026809/6.2 Catalyst: 50% by
weight of ZnO/50% by weight of CaO as shaped bodies 78/1.1200250< 0.515.8
78/1.11902621.2/5.9 (1) measured final pressure 10 NOV 2005 7 We claim: 5 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 400C. 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      a process for the further porcessing reaction products
of the indicators 16 which imporvises the steps  (i)extension of the product
gas mixture obtained in the oxidation of cycdnesaxe using an aqeous liquid
to give an aqeous  solution comprising carboxylic acids. (ii) sepreration of
the aqeous soltuion comprising carboxylic acids ontained in step (i) into an
aqeous solution comprising furmic acid cycchexane and cychexanol together
with further minus organicc components and a carboxylic acid mixture by
distillation with the carboxylic acid mixturebeing able to be processed
further in a  


