1 AS ORIG NALLY FILED O Z. 0050/51104/GW 5 Waste-water treatnent in the
process for" the preparation of- an c acid The present invention
"relates to an apparatus and a pro ﬂmﬂ\“@ “W\\m ni ng anhydrous 10 or
substantially anhydrous form c aci s O the use of a streamof steamin
this process. "U I mnns Encykl opadi e r technlschen y nn's
Encycl opedia of Industrial Chem stry], 4th Edition, Q?‘]'é%ﬁ) IEM/AW%S

di scl oses that formc acid 15 can be prepared by aci dol ysi s of forrram de
using sulfuric acid. However, this pragess has the disadvantage that

stoi chionetric amounts of anmmoni um sul fate are obtained | dabl e
product. Another way of preparing formc acid consists i ﬁm E\“ ma mmi/sis of
met hyl f or maiAeS MNALEJ g]ﬁdﬂked from net hanol a hoxi de.
This synthesis is based on the followi ng equations: CO + CH3GO®R
CH3-O-CO-H + H20 25 overall: CO + H2O CH3-OCOH CH3-OH + HCO-OH H CO OH
The hydrol ysis of rret hyl formate described in "U | manns Encykl opadi e der

techni schen Chem e" [U Il mnn's Encycl opedia of Industrial Chemi stry], 4th

Edition, Volune 7, page 366 30
5 Waste-water treatment in the process for the preparation of anhydrous

formic acid

The present invention relates to an apparatus and a process for obtaining anhydrous
10  or substantially anhydrous formic acid, and to the use of a stream of steam in this
process.

“Ullmanns Encyklopédie der technischen Chemie” [Ulimann’s Encyclopedia of
Industrial Chemistry], 4™ Edition, Volume 7, page 365, discloses that formic acid

15 can be prepared by acidolysis of formamide using sulfuric acid. However, this
process has the disadvantage that stoichiometric amounts of ammonium sulfate are
obtained as an unavoidable product.

Another way of preparing formic acid consists in the hydrolysis of methyl formate,
20  which is synthesized from methanol and carbon monoxide. This synthesis is based

on the following equations:

CO + CH;3-OH — CH;-0-CO-H
CH;3-0-CO-H + H,O — CH;-OH + H-CO-OH
25 overall: CO +H,0 — H-CO-OH

The hydrolysis of methyl formate described in “Ullmanns Encyklopidie der
technischen Chemie” [Ullmann’s Encyclopedia of Industrial Chemistry], 4"
Edition, Volume 7, page 366

30
HCOOCH; + H,O = HCOOH + CH30H

has the disadvantage of an unfavorable position of the hydrolysis equilibrium. A

shift in the equilibrium by removing the desired process products by distillation is



HCOOCH3 + 1-120 = HCOCOH + CH3OH has the di sadvantage of an unfavorable
.positidn of the hydrolysis equilibrium A shift in the equilibrium by
renoving the desired process products by distillation is QO Z

0050/ 51104/ GW -2 not possible since nmethyl formate (boiling point 32C)
boils significantly |Iower than nmethanol (boiling point Og5@p0/aNM/EMN M
acid (boiling point 101 C. Anhydrous formc acid cannot easily be
obtained fromthe resultant aqueous forpmc acid solution by distillation
since it forns an azeotrope with water. “Fhe 5 difficulty thus consists in
obt ai ni ng anhydrous formc acid fromthe nethyl formate hydrolysis

m xture. A prmoct @essitle siiceeethyinforRate- @olihg fGe W‘TCMboﬂ@mglnifRﬁﬁtlysllﬁm a) to

bl t t f J.d t t hyl
Phrmate. - anhyi (PR 0ng’ pBRLEICHRAL RN Aol (i By [APETTL Y
subj ect ed t o Ayhydetugsfosmidpcidecanapio asilyobe wbtswednfomy thef rosuliane agueous
distilled of ff01f11'il@rﬁcidqgolgg?&yv\%@ﬁlllaﬁbﬂ sRcY fbrms)%luaz%otr@c glﬁ fi WALL RePr oduct

fromthe dlstl | af 1 on conprises formc 15 ac] water, is
ext r act ed>i n dfficplly thys |cpa%$talrbeatﬁla@guaahy4xpwoanw a@mr%tthﬁwmemm fommate’

principally tia4dagydipmiigref orm c acid, d) the resultant extract phase,
conprising formc acid, extractant and sone of the water, is subjected to
distillation, e) the top product obtained in this distillation, which
conpri ses watfeprazost deRéritedrie EFFB10HE 7f &6i6nvidclacomdprises sfepslapmch) ennbles thee | ower

part of the pq p%}eid(ohasf &ﬂwﬁﬂdu‘g%gﬁﬁ fcﬁaeea&mg frt,)nrgng@st rgrPactAa@}%t from

distillation ant Md formic
aci d, |51§epa°f>laltlléd01|dn$ gbtamgidimuﬁ f or mi c aci d and the extractant by

di stillation, angdy 25 @iyl Rfpmatelit dgjEed fof fonﬁ@tep (f) is fed back into

the process. In is process, it 1S particularly advantageou
P 53 m%thanol and excess methyl formate are dlstllled off from the resultant

hydrolysis mixture,
¢) the bottom product from the distillation (b), which comprises formic
15 acid and water, is extracted in a liquid-liquid extraction with an
extractant which principally takes up the formic acid,

d) the resultant extract phase, comprising formic acid, extractant and some
of the water, is subjected to distillation,

e) the top product obtained in this distillation, which comprises water and

20 some of the formic acid, is fed back into the lower part of the
distillation column in step (b),

f)  the bottom product from distillation step (d), which predominantly
comprises extractant and formic acid, is separated into anhydrous
formic acid and the extractant by distillation, and

25 g) the extractant leaving step (f) is fed back into the process.

In this process, it is particularly advantageous

h)  to carry out distillation steps (b) and (d) in a single column,
30 i)  to introduce the water necessary for the hydrolysis in the form of steam
into the lower part of the column provided for carrying out step (b),
k) to employ methyl formate and water in the hydrolysis (a) in a molar
ratio of from 1:2 to 1:10, and/or
1)  to employ, as extractant, a carboxamide of the general formula I
35



h) to carry out distillation steps (b) and (d) in a single colum, 30 i) to
introddce the water necessary for the hydrolysis in the formof steam into
the | ower part of the columm provided for carrying out step (b), k) to

enpl oy nmethyl formate and water in the hydrolysis (a) in a nolar ratio of
from1l:2 to 1:10, and/or 1) to enploy, as extractant, aOdaddsosHe#/d™Yof the
general fornmula I 35 O Z 0050/51 1 04/Gw 3 0 R3 (1) where the radicals Rl
and R2 are al kyl, cycloal kyl, aryl or aralkyl groups, or Rl and R2
jointly, together with the N atom fornrd-hetero 5 cyclic 5- or 6-nenbered
ring, and only one of the radicals is an aryl group, and where R3 is

hydr ogen or a Cl-4-al kyl group. Steps (a) to (i) of the above-described
process are explained in greater detailQ below. 10 Step (a) The hydrol ysis
is usually carried out at a ténperature|lin the range from80 to 150C. 15
Step (b) The distillation of Rt hydrol §sis mxture can in principle be
carried out at any desired pres e—prefer y fromO0.5 to 2 bar. In
general , working under 20 at spﬁéric pressure is advisable. In this case,
the tenperature at the bottorh of the colum is about 110C and the
tenperature at the top of the colum is fromabout 30 B 40C. The

hydrol ysis m xture is advantageously added at a tenperature in the range
from80 to 150C, and the nmethanol is preferably renoved in liquid format a

where the radicals R' and R? are alkyl, cycloalkyl, aryl or aralkyl
groups, or R! and R® jointly, together with the N atom, form a hetero-

5 cyclic 5- or 6-membered ring, and only one of the radicals is an aryl
group, and where R’ is hydrogen or a C,-Cs-alkyl group.

Steps (a) to (i) of the above-described process are explained in greater detail

below.
10
Step (a)
The hydrolysis is usually carried out at a temperature in the range from 80 to
150°C.
15
Step (b)

The distillation of the hydrolysis mixture can in principle be carried out at any
desired pressure, preferably from 0.5 to 2 bar. In general, working under

20  atmospheric pressure is advisable. In this case, the temperature at the bottom of the
column is about 110°C and the temperature at the top of the column is from about
30 to 40°C. The hydrolysis mixture is advantageously added at a temperature in the
range from 80 to 150°C, and the methanol is preferably removed in liquid form at a
temperature of from 55 to 65°C. Satisfactory separation of the mixture into methyl

25  formate and methanol on the one hand and aqueous formic acid on the other hand
is possible even using a distillation column which has 25 theoretical plates (the
theoretical number of plates is preferably from 35 to 45). Any design can be used
for the column intended for step (b), but a sieve-plate or packed column is
particularly recommended.



tenperature of from55 to 65C. Satisfactory separation of the mxture into
methyl 25 formate and net hanol on the one hand and aqueous form c acid on
the other hand is possible even using a distillation colum which has 25
theoretical plates (the theoretical nunber of plates is preferably from 35
to 45). Any design can be used for the colum i ntendedOfZpf058bHp4/GHY, but a
sieve-plate or packed colum is particularly recomended. O Z 0050/5 1 1
04/ GW 4 Step (c) The liquid-liquid extraction of the formc acid fromits
aqueous solution by means 5 of an extraftant is preferably carried out at
at nospheric pressure and a tenperature of from60 to 120C, in particular
from70 to 90C, in countercurrent. Depending on the type of extractant,
extraction de§|§§§ having froml to 12 theoretical separation stages are
general ly requi Sui tabl e extraction devices for this purpose are in
particular liquid-liquid extraction columms. In nDst cases, 10 satisfactory

results are apll AUELINENGEAM ¢ hOGIORA HohfRL 13RRBL 1AM, 6 AgaR, The

choi ce of extract I'S not e extractants are
car boxani §es @ffanaxiragiantds areﬁfr@blwaaleri oyt %teaﬁmam@c Prossurg g Atempsrating s t ype

are, in partafofibleo tbl 1@0@'} 1ﬂ1ﬁﬁlchl£r@fdﬁﬁ% 4909 ih @oﬁ’fdé'ﬂcﬁhélﬂ Depending
N, N- di - n- but yl at%'ﬁyam de nmet h N- 2- heF)t ﬁfor

N-n- but yl - N- 25 PRESA f”btf ’d%"ty‘ﬁlﬁn SiGYigPs aV‘B%E?‘Emeﬁ)’Pf]@r therredisaland
N- et hyl f or rramebardeon asnecgesiaxé Uemerally feheised. cSuipblendstractibtir ddvives Sfor tthlsl e

extractants I e S one,

et hyl acet at g&ﬁPrl b%}f{e ifl h ﬂ%‘ltz (Pﬁ%ﬁlfia%%? Ctlf)ﬁﬂa(t(’)(lr’ln%'a’{lg ?(goﬁlé%t c!f% The
extract pRas esatlsfastep’alleaﬂ@cﬁr@%fmv@d|u|SlIn§tf10@n4 tn6 theompipalspparation Hagss.i | | at i on
device into a liquid phase, which generally conprises predom nantly formc
acid and extractant, and a vapaor phase, predonlnantl conprising water and
smal | amount sThes cheics qfnexragtany is Tqt slimigeds nPartiey! a@r.wa'aipsﬁtrapamsmre The

bot t om t enper@tbox@mides o tef %8’ nahal Yorfdu®i1 did6n h&v%8gﬁraoﬁan$s%ﬂ tﬁfs&?ﬁ@éﬁé in
separation ef fa?'t(lzctu N%Qi ylform(e:u% ve% Inrz% ition IG?\PEiErtl- uty ac tamu?e N-
15  methyl-N-2-heptylformamide, N-n-butyl-N-2-ethylhexylformamide, N-n-butyl-N-
cyclohexylformamide and N-ethylformanilide, and mixtures of these compounds.

Further suitable extractants are, inter alia, diisopropyl ether, methyl isobutyl

ketone, ethy!l acetate, tributyl phosphate and butanediol formate.
20 Step (d)

The extract phase is separated by distillation in an appropriate distillation device
into a liquid phase, which generally comprises predominantly formic acid and
extractant, and a vapor phase predominantly comprising water and small amounts
25 of formic acid. This is an extractive distillation. The bottom temperature is
preferably from 140 to 180°C. A satisfactory separation effect is generally

achieved from 5 theoretical plates.

Step (e)
30

The formic acid/water mixture is generally recycled in vapor form,



Step (e) 30 The formc acid/water mxture is generally recycled in vapor
form O Z 0050/51 1 04/GW -5 Steps (f) and (g) The distillation device
(usually in the formof a colum) for carrying out step (f) is

advant ageousl y operat ed under reduced pressure - fromabout 50 to 300 nbar
and 5 correspondingly | ow head tenperatures - from aboOtZ @30/5006808Y St ep
(h) This variant of the process relates to steps (b) and (d). The
distillation devices for 10 carrying out steps (b) and (d) are arranged in
an overall distillation device. The disbrllation devices here are
generally in the formof colums. Step (i) 15 In this step, water required
for the hydrcgtgﬁg(@dlﬂ(@yovi ded in the formof steam It has proven
particul arly advantageous to introduce the water necessary for the
hydrolysis in the formof steaminto the |ower part of the distillation
devi ce propcBedliftdlatioadeyice(rsoalty mtthe fdrin of therlnmh) fon eargying out diep ffpism of

steamis ther i atr j SS S| ] t he

wat er whi ch ia?@éxﬁ%%%)yﬁkgggféé@dg?; %ﬁ{ég@yﬁg%ﬁgem gr% rogﬁgﬁ?(f#)eo/?lﬁ%}r% uction
of the st &amcosugsiandingh loshaad yemperatires deeie ebout 30 do 6®|°&g-di stillation device
so that the corresponding still evaporator can be designed correspondi ngly
smal l er, since |less energy has to be introduced through the still

evapor at or . 2ep th)j s necessary to renove fromthe process sone of the
aqueous phase formed during the liquid-liquid extraction of the formc

idi der..t. L QVi it f I | at i i d t
(For exanpl o BiF B of fariip s vl 1o ndt 7 o (e e ARROMERY s hERBE Vot o
accunul afl® i reatdysgpowcsteps, (bhand (d) @ aadugadsim af Deandll Aistidlatioh deyico dihet

lity. Ho . j ti ti devi f
aual 1. FovegbhacARaRtenRIeReu R LORIR GibgRCt | on device Tor
val uabl e

Step (1)
15 In this step, water required for the hydrolysis is provided in the form of steam.

It has proven particularly advantageous to introduce the water necessary for the
hydrolysis in the form of steam into the lower part of the distillation device
proposed for carrying out step b). Thermal energy in the form of steam is thereby

20 introduced into the process simultaneously with the water which is anyway needed
for the hydrolysis. Through the introduction of the steam, sufficient energy is
introduced into the distillation device so that the corresponding still evaporator can
be designed correspondingly smaller, since less energy has to be introduced
through the still evaporator.

25
It is necessary to remove from the process some of the aqueous phase formed
during the liquid-liquid extraction of the formic acid in order to provide an exit for
low-volatility secondary components (for example salts). Otherwise, low-volatility
secondary components would accumulate in the process, having an adverse effect

30 on the product quality. However, the aqueous phase exiting the extraction device
for carrying out the liquid-liquid extraction still contains small amounts of valuable
products, in particular formic acid and extractant. These products must not enter
the waste water, since the extractants employed are generally of low
biodegradability. In order to treat the waste water formed and to recover the

35 valuable products, a multicolumn adsorber circuit is generally used, whose



products, in particular formc acid and extractant. These products nust not
~enter ‘the waste water, since the extractants enployed are generally of |ow
bi odegradability. In order to treat the waste water formed and to recover
the 35 val uabl e products, a nulticolum adsorber circuit is generally used,
whose O Z. 0050/51104/ GW -7 stripping steam for wast e-OAL50/HI0H4GNY Ng of
the waste water renoved fromthe process in step iii). The term
"substantially anhydrous formc acid" is taken to nmean formc acid which 5
contai ns a maxi num of 30% preferably a faxi mumof 15% of water. The term
"steant is taken to mean gaseous water, where the latter may al so contain
liquid conststrippaipt ﬁeﬁﬁ@opm%-ﬁﬂémﬁﬂFﬂhF dfaR@ftaste’ Ailey@éBbved 6@ REOCESS
according to the i.nv?nt.i.on is particularly econom cal since the steam 10
which is reqift%ss 3R for the process is additionally enployed for

wast e-water treatnents. The process saves energy, requires |ow investnent
costs and is-§i « T . C eaned, s
effectively bTii) “rhe ps}l %@%ﬁs\tgﬁl& %ﬁﬁ"&rﬂ%s Pa\;\&/g}sé%é}daé%ﬁ@;(g%g)nﬁgu @’Eﬁiﬁea%%‘f‘ymﬁg fed

di rectly 9nt sontains@amaxintunpbfA0%, preferakly tai oaximunnpfidFeeopweigucthe terrom t he
process are rggaveredaith &%&y%sggus_ eh, Wik GRS fi6rCHla P AROLORRRY ligfia! he

i nvention, the extractant enpl IS car boxam de ot the gener formul a
| 20 N C R3 cpystifpsafsandipther sampamentstapgh ropowalen. al kyl , cycl oal kyl, aryl or
aral kyl groups, or R and R2 jointly, together with the N atom forma

het erocyclic . 5- or 6-nenbere ing, ..and onl.y one of the radicals is an
aryl group, RAPEFL24R8TG1R8 ER/{E‘PdE%WUBP 1%pé¥1&r_ly SFQPMIH Sthige %%a?tf’?“&ul arly
pr ef er r etl0 extwhadh mrequimdaniiyvhy thr-the jmoteds fivadditiorcdy ehpldy28 for waste-water
di - n- butyl ac ] - - ] - - -
et hyl hexyl f o?%a%r@%gs Tﬁ? ﬁ‘&’g%gyﬁa-w Rf%@?%#e%ﬁre or rrame%fgiegtng‘%%%% Simply
to carry out. The waste water can be cleaned so effectively by the process that the
waste water can subsequently be fed directly into a treatment plant. In addition,
valuable products from the process are recovered and recycled.

15
In a preferred embodiment of the invention, the extractant employed is a
carboxamide of the general formula I
O
]
R
\N——C — R
) > R )
R
20

where the radicals R' and R? are alkyl, cycloalkyl, aryl or aralkyl groups, or R! and
R? jointly, together with the N atom, form a heterocyclic 5- or 6-membered ring,
and only one of the radicals is an aryl group, and where R? is hydrogen or a C;-Cy4-
alkyl group. Particularly preferred extractants are N,N-di-n-butylformamide, N,N-

25  di-n-butylacetamide, N-methyl-N-2-heptylformamide, N-n-butyl-N-2-
ethylhexylformamide, N-n-butyl-N-cyclohexylformamide and/or N-
ethylformanilide. The extractant employed can be a single extractant or an
extractant mixture.
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ethyl formani |l i de. The extractant enployed can be a single extractant or an
_extractant mxture. O Z 0050/5 1 1 04/GW -8 In a preferred enbodi ment of
the invention, steps (ii) and (iv) are carried out in a single
distillation device. The steam enpl oyed as stripping steamgenerally has a
tenperature of from110 to 5 200C, preferably from 1400tZo00s@0T04/Tws
tenperature at which the stripping steamis introduced into the
distillation device is usually Iower. The invention also relates to the use
of a steamstreamin the process describ8d above. In this case, the steam
streamis firstly used as stripping steamstreamfor 10 waste-water

Strippi ng andnsibieReaHmBodasent bRkHd iRYelRhesteR (i5he W) bey capfievodiing wat er

for the hydrol. e formate. The invention also relates to an
apparat us for® @?ﬁ&ﬂ‘hﬂ‘o&fw’ﬁﬁe process described above. This conprises 15

a synthesis reactor, a hydrolysis reactor, a distillation device for

carrying out fﬁggﬂ\??dglle lmglo e&'%é]& h]{nﬂé s@%m%%}{ér %BQJ a Feﬂ{fe}’duﬂg ?‘ﬂ}o{lgiﬂpto' V),

an extraction carrylng ou Vi ) and
a wast e- wat er209£¢; pmfergbldefwmeMOTH@ 188%Gn The tanimesaturer ai awhioh 'the §trtpamgn to

mean a devi Ceyddh i@ﬂh&&'ﬂtfcbdi itd Mletdk‘i‘ﬂlaﬁén 8&%&&‘%‘%&&1]9“10% hyl formate is

carried out (usually in a correspondi ng reactor) In which secondly, if
desired, separation of the resultant hydrolysis nlxture is carried out

(usual ly in arkl mvehtiont AlSd rélgud ﬁethéqwesdfraeamfstrbmﬂ lﬁeﬁ@pﬂfc):ss deserithuadr o-
| ysis reactor drolysis o forga car{gl ed .out can

f h
e any - decttil BeBR e e e FeRnds SRbotrd a8 s P00, S Efer abl y
di stil | atlilon B@teoatensgippitpeaek sutaeducotly de \stacteng- ma@eiabstadahyforrprbvwnfgor m of

a Liquid-1T awde ot 4GaPdlysis of methyl formate.

The invention also relates to an apparatus for carrying out the process described

above. This comprises

15
a) asynthesis reactor,
B) ahydrolysis reactor,
x) adistillation device for carrying out step ii),
8) adistillation device for carrying out step iv),
20 €)  an extraction device,

¢) adistillation device for carrying out step vi), and

Y)  awaste-water stripping device.

The term “synthesis reactor” is taken to mean a device in which firstly the
25  synthesis of methyl formate is carried out (usually in a corresponding reactor) and
in which secondly, if desired, separation of the resultant hydrolysis mixture is
carried out (usually in a distillation device downstream of the reactor). The hydro-
lysis reactor in which the hydrolysis of methyl formate is carried out can have any
desired design. The distillation devices employed are preferably distillation
30 columns. The extraction device is generally in the form of a liquid-liquid extraction
column. The waste-water stripping device employed is generally a stripping
column. This stripping column usually has from 3 to 20, preferably from 5 to 10,

thermodynamic separation stages.



colum. The waste-water stripping device enployed is generally a stripping
~.colum.” This stripping colum usually has from3 to 20, preferably from5
to 10, thernodynam c separation stages. O Z. 0050/51104/GW -9 In a
preferred enbodi nent of the invention, the distillation device for carrying
out step ii) and the distillation device for carrying 0utoose/gpod/@yyare
arranged in a single distillation device. The latter is generally in the
formof a distillation colum. 5 The attached drawi ng shows in Fig. 1 and
in Fig. 2 diagrans of plants for carryinB-out prior-art processes for the
preparation of anhydrous formc acid, and 10 in Fig. 3 and in Fig. 4

di agrams of phanirefetred emdbliienfoPile ihfiitioR! tAE BRG I AfmA S ideFot Carkyiey out

i nvention. The nyunber nt.ered above, al ongside or, bel ow t he, connecti ng
lines are intsé“rPd'bo‘mdltgegﬁug?t\‘fE‘ iGenfar ety OBtht‘fWéf?Wgﬁqg’Wg have
t he greatest distilaciohn device. The etee & gensfallnda thg foint efadistilHoivdwetumisi nce t hese
conponents may vary, these reference nunerals can only serve as guide

val ues. 21 here denotes nethyl formate, 22 denotes water, 23 denotes
form c achd, The affecldabawmgishows , 25 denotes extractant, 26 denotes waste
wat er and 27 denotes carbon nonoxide. 20 It is comon to the plants shown
in Fig. | and Fig., 2 for carrying out a prior-art rocess and the plants
shown in Fig. 3 ar@Fig-d.and inEjg arryi rfba&s@pwﬁ@lq@f%géwal@c@mrwgafto t he
invention that they have a synthesis reactorpdeessesh¥ol ahy spepargaei asf 1, a
distillation device 2 for carrying out stepnér{yiéé afdi stil.lation device 4
for 25 carrying out step (iv), an extracti orfti¥diopsfosmicacid agdsi || ation
device 51bor carrying out step (vi). The distillation devices 2, 4 here

may be arranged i . C pgqtillatyj. V] 7..lhn c . ast 10,4t he
pl ants shown in Fiqrd%lg'%g%gq%?%' 22, thedl%q%rﬁgs&?g’rlané%rfr%i%g}yg@ (ft[ethe
process according to the invention.

The numbers entered above, alongside or below the connecting lines are intended
15 to give an indication of the components which have the greatest proportion in the
corresponding streams. However, since these components may vary, these
reference numerals can only serve as guide values. 21 here denotes methyl
formate, 22 denotes water, 23 denotes formic acid, 24 denotes methanol, 25
denotes extractant, 26 denotes waste water and 27 denotes carbon monoxide.
20
It is common to the plants shown in Fig. 1 and Fig. 2 for carrying out a prior-art
process and the plants shown in Fig. 3 and Fig. 4 for carrying out the process
according to the invention that they have a synthesis reactor 6, a hydrolysis reactor
1, a distillation device 2 for carrying out step (ii), a distillation device 4 for
25  carrying out step (iv), an extraction device 3 and a distillation device 5 for carrying
out step (vi). The distillation devices 2, 4 here may be arranged in a common

distillation device 7.

In contrast to the plants shown in Fig. 1 and Fig. 2, the plants for carrying out the
30 process according to the invention (Fig. 3 and Fig. 4) contain a waste-water
stripping device 10. The cleaned waste water is fed therefrom into the treatment
plant 9. The plants shown in Fig. 1 and Fig. 2 for carrying out the prior-art process

contain an adsorber device 8 instead of the waste-water stripping device 10.



30 process according to the invention (Fig. 3 and Fig. 4) contain a
wast.e-wat er ' stripping device 10. The cleaned waste water is fed therefrom
"into the treatnent plant 9. The plants shown in Fig. 1 and Fig. 2 for
carrying out the prior-art process contain an adsorber device 8 instead of
the waste-water stripping device 10. O Z. 0050/ 51104/ GW.z- dd30/3hes/Gmyent i on
W ll be explained in greater detail below wth reference to a working
exanple. Exanple 5 The illustrative experinment is carried out in a plant
shown di agrammatically in Fig. 4. The -et+actant used is

N, N-di - n-butyl formam de. 5.3 kg of aqueous formc acid are prepared

conti nuous! V. TRAGUENBACA/HR cRblaHfRd P BHeP ] BBWAHE Riferkilod 18 witk eSS

The waste water is stripped ih a strrpping colum using about 1 kg/h of
steam Al tH&a@®R{& actant is renoved fromthe waste water. The pil ot- pl ant
colum 10 usegxdmplet he stripping has a dianmeter of 30 mmand is fitted with
30 bubbl e-cap plates. The results of the experiment are shown in Table 1
bel ow. Table 1 Waste waterWaste water Stri ppi ngStri ppi ng

(uncl eaned) ( cTleaillestjative anpdrimamt {sumalrisided i @ pthatyhowmdiagrapnaduabdiniligt he
rocess, 0. 375 8 I % b
p P Hi3kglagh Lgé;a?lskﬁwd Vﬁ%ﬁ&?@;@éﬁ%e ?é‘?{% i adfedis IBRIL W8 %0 BY

wei ght Extra roporti on
aci d0. 990. 1400¢ memmdpmrttin@ﬁusl% bpow(&hg/}rreﬁw@statwmer a@lwﬂwﬁemm 15

process. The waste water is stripped in a stripping column using about 1 kg/h of

steam. All the extractant is removed from the waste water. The pilot-plant column
10 used for the stripping has a diameter of 30 mm and is fitted with 30 bubble-cap
plates. The results of the experiment are shown in Table 1 below.

Table 1
Waste water (Waste water| Stripping Stripping
(uncleaned) (cleaned) steam steam
: (unloaded) (loaded)
Amount produced in the process, 0.375 0.385 1.052 1.042
kg/h
Water 98.25 99.86 100 99.42
roportion, % by weight
Extractant 0.76 0 0 0.27
proportion, % by weight
Formic acid 0.99 0.14 0 0.30
proportion, % by weight
Temperature, °C 110 115 160 114

15
Table 1 shows that the process according to the invention enables the extractant
N,N-di-n-butylformamide to be removed completely and formic acid to be

removed substantially from the waste water.



Tabl e I shows that the process according to the invention enables the
extractant "N, N-di-n-butyl formam de to be renoved conpletely and fornic
"acid to be renoved substantially fromthe waste water. O Z. 0050/ 51104/ GW
-11 We claim 5 1. A process for obtaining anhydrous or substantially
anhydrous formc acid, in which i) nethyl formate is s

hydrolysis, 10 ii) methanol and excess nmethyl formate aggégﬁ @HPLB% of f
fromthe resultant hydrolysis mxture in a distillation device, and steam
is fed into the lower part of this distjillation device, 15 iii) the bottom
product fromdistillation ii), conprising formc acid and water, is
extracted in a liquid-liquid extraction with an extractant which
principally takes up the formc acid, and sonme of the aqueous phase forned
inthe liquid-liquid extraction is renoved fromthe process as waste
water, 20 iv) the resultant extract phase, conprising formc acid,
extract ant anWe dame of the water, is subjected to distillation, 25 30 v)
the top product obtained in this distillation, which conprises wat er and
sonme of the formc acid, is fed back into the | ower part of

di still ati%n bevufé@rQCﬁssSfbéebtiam}ng gthydsoys Obﬁibtstﬁmlﬁ‘hb@r&’dfthlﬁs éWTHP g¢id) 4t j on
step iv), which ogiplii ses predomnantly extractant and formc acid, is
separated by distillation into anhydrous or substantially anhydrous formc
acid and the extractant, and vii) the extractant |eaving step vi) is fed
back into the pragess, methyl formate is subjected to hydrolysis,

10 ii) methanol and excess methyl formate are distilled off from the
resultant hydrolysis mixture in a distillation device, and steam is fed
into the lower part of this distillation device,

iii) the bottom product from distillation ii), comprising formic acid and

15 water, is extracted in a liquid-liquid extraction with an extractant
which principally takes up the formic acid, and some of the aqueous

phase formed in the liquid-liquid extraction is removed from the

process as waste water,

20 iv) the resultant extract phase, comprising formic acid, extractant and
some of the water, is subjected to distillation,

V) the top product obtained in this distillation, which comprises water
and some of the formic acid, is fed back into the lower part of the

25 distillation device in step ii),
vi) the bottom product from distillation step iv), which comprises

predominantly extractant and formic acid, is separated by
distillation into anhydrous or substantially anhydrous formic acid
30 and the extractant, and

vii) the extractant leaving step vi) is fed back into the process,



O Z. 0050/51104/ GW -12 whi ch conprises enploying steamintroduced into the
distillation device provided for carrying out step (ii), before
introduction into this distillation device, as stripping steamfor

wast e-wat er stripping of the waste water renoved fromthe process in step
iii). 5 2. Aprocess as clained in claim1, wherein the.exoseate@dMenpl oyed
is a carboxam de of the general formulal ORL RR~ N-C R3 (1) 10 where
the radicals R and R2 are al kyl, cycloal kyl, aryl or aral kyl groups, or

R and R2 jointly, together with the N-d2em forma heterocyclic 5- or 6-
menbered ring, and only one of the radicals is an aryl group, and where R3

i's hydrogen or @hfeh- ésn@idey lenthlOHRg stéam3intAIREQC 86 tBS didtMlafiBdl detice! @i m 1
or 2, wherein the ex rgtct ant .enployed l.i , N-.di -cﬁl;sbutyl foLmaJn q{s

N, N- di - n- but yI acBiexHiedor cermgpgput Riep-(H F}F‘%r-e ipgodpghpRydnto this distillation
N-n-but yl - N- 2- et Banlitexasl steippingi sleam Non-vagteywatbe strippinghek ythé evasemwdeer and/ or
N-et hyl formani |l i de . process .as :¢clainmed in one of clains 1 to 3,
wherein steps ii genéoryggifr%n@Fé)rocg%srlpisgeg Bt in a si ngle distillation device.
5. A prockss as clained in one of clainms | to 4, wherein the steam enpl oyed

as 25 strippi NgASLARMNAS cRirh "Bt €, Whefel? Mel tRirdctant Aplopiaeises abl y
from140 to 180C. i)G.Eﬂf:'he Sgdtla of a steam st reeeamlﬁlin arpcr oces ?f? C[Safrlmed in
one of clains 1 £abeoxamide of the general formula I

W
1
) N—C— R3 (I

10
where the radicals R' and R? are alkyl, cycloalkyl, aryl or aralkyl groups, or
R' and R? jointly, together with the N atom, form a heterocyclic 5- or 6-
membered ring, and only one of the radicals is an aryl group, and where R is
hydrogen or a C;-Cs-alkyl group.
15
3. A process as claimed in claim 1 or 2, wherein the extractant employed is
N,N-di-n-butylformamide, N,N-di-n-butylacetamide, N-methyl-N-2-heptyl-
formamide, N-n-butyl-N-2-ethylhexylformamide, N-n-butyl-N-
cyclohexylformamide and/or N-ethylformanilide.
20
4, A process as claimed in one of claims 1 to 3, wherein steps ii) and iv) are
carried out in a single distillation device.

5. A process as claimed in one of claims 1 to 4, wherein the steam employed as
25 stripping steam has a temperature of from 110 to 200°C, preferably from 140
to 180°C.

6. The use of a steam stream in a process as claimed in one of claims 1 to 5

firstly as stripping steam stream for waste-water stripping and subsequently



firstly as stripping steam stream for waste-water stripping and
subsequently O Z. 0050/51104/ GW -13 as starting-material streamfor
"providing water for the hydrolysis of nethyl formate. 7. An apparatus for
carrying out a process as clained in one of clainms | to 5, 5 conprising a
synthesis reactor, (6) a hydrolysis reactor (1), a disbhid bab/sons/deyi ce (2)
for carrying out step ii), a distillation device (4) for carrying out step
iv), an extraction device (3), a distillation device (5) for carrying out
step vi), and a waste-water stripping d8vice (10). 15 8. An apparatus as
claimed in claim7, wherein the distillation device (2) for carrying out

step ii) and the fissdriihd-Alatepial Seant Cor(hdvillitly WaES $rfiBe BYdroBsRD HethAl €
arranged in a si ggl e distillation device (7). 9. An apparatus as clainmed in
claim7 or 8, whePBMthe waste-water stripping 20 device (10) enployed is
a stripping colum.

7.  An apparatus for carrying out a process as claimed in one of claims 1 to 5,

5 comprising

a) asynthesis reactor, (6)
) ahydrolysis reactor (1),
%) adistillation device (2) for carrying out step ii),
10 8) adistillation device (4) for carrying out step iv),
€)  an extraction device (3),
¢) adistillation device (5) for carrying out step vi), and
Y)  awaste-water stripping device (10).

15 8. An apparatus as claimed in claim 7, wherein the distillation device (2) for
carrying out step ii) and the distillation device (4) for carrying out step iv) are

arranged in a single distillation device (7).

9.  An apparatus as claimed in claim 7 or 8, wherein the waste-water stripping

20 device (10) employed is a stripping column.



