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for obtaining anhydrous or substantially anhydrous formc ) t he

use of the extractant enployed in 10 the process. "U | nmanns Eneyset opadi e

der technischen Cheme" [U | mann's Encycl opedia of | ndustigalogRemstryl,
e

4th Edition, Volune 7, page 365, discloses that formc acid can b
prepared by aci dolysis of fornmam de usi'n]g'sulfuric acid. However, this 15

process has the di sadvantage that stoichionetric amounts of '
sulfate are 4qbtained as an Enaf.ﬂ'd v© product. Another mgmﬂ@mm@wlwwg
formc acid coﬂsgsﬂl'liglnlal VdI@€l s of nmethyl formate,

synt hesi zed from nmet hanol and carbon nonoxi de. This synthesis isc##sed 20
on the follow ng equations: CO + CH3-OH -CH3-O-CO-H CH3-O COH +

H20O- ~CH3-OH + H CO OH overal | : CO + H2O ~H CO- CH 25 The hydrol ysis of nethyl
formate described in "U Il mnns Encykl opadi e der technischen Chem e"

[ Ul mann's Encycl opedi a of Industrial Chem stry], 4th Edition, Volune 7,
page 366 3 0 HCOOCH3 + H20 ;PrdcexsHiorclhitiOkl ofifgss streamds sadvant age of an

unf avorabl e position of the hydrolysis equilibrium A

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

“Ullmanns Encyklopédie der technischen Chemie” [Ullmann’s Encyclopedia of
Industrial Chemistry], 4" Edition, Volume 7, page 365, discloses that formic acid
can be prepared by acidolysis of formamide using sulfuric acid. However, this
15 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,
which is synthesized from methanol and carbon monoxide. This synthesis is based
20  on the following equations:

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

25
The hydrolysis of methyl formate described in “Ullmanns Encyklopéddie der
technischen Chemie” [Ullmann’s Encyclopedia of Industrial Chemistry], 4™
Edition, Volume 7, page 366

30 HCOOCH; + H,0 = HCOOH + CH3;0H

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

not possible since methyl formate (boiling point 32°C) boils significantly lower



shift, in the equilibriumby renoving the desired process products by
distillaticon is not possible since nethyl formate (boiling point 32C)
boils significantly |ower O Z 0050/51101 -2 than methanol (boiling point
65C) and formc acid (boiling point 101 C). Anhydrous form c acid cannot
easily be obtained fromthe resultant aqueous formc acid €@l wse/dnoby
distillation since it forns an azeotrope with water. The difficulty thus
consi sts in obtaining anhydrous fornic aéi-d fromthe methyl formate 5
hydrol ysis m xture. A process described in EP-B-0 017 866 which conpri ses

steps a) to gt}laernabtlh@mt (tse,mﬂgr PPt 865°@m £id ﬁﬁhﬁl@'re@uﬁ (B&nﬂg Cooditl dOF@rting

from net hyl Anh fo d I S d her if 10
net hyl for mat M’E&rg% ‘é(ﬁ’c'téz f(ﬂa gll Walﬁeéf heaﬁed;u e%“é‘epr‘é% hyl
formate are dfostid had sol‘uhoﬁ rbgnahlsﬂﬂ&tmesauhdeamtforn’myah aiepabpe witht waer. The t he

bot t om pr Oducalfffl({ ?tg]tfl&ecoq i3t 11& éﬁ%fn?r% %ﬁ%dro\ﬂ@f %lccgcn&)frﬁ%etﬁe tr%g{p(laxcfrm%? d and

water, is extra Keractnon ract ant
whi ch pri fci playdr«ylymanestucqa the form c acid, d) the resultant extract phase,
conprising formc acid, extractant and some of the water, is subjected to

distillation, e) the top product obtained in this disti IIatlon whi ch
conpri ses wat APregsss desgipedoin EiB-¢ 81 180 which comprisescsieps @k 1q gt enables theower

part of the ﬁepa}aﬁdn bf aﬁhmu;sofdumb héld Shfing Blom methy folipatt OAMRY UKL from
distillation g) gcaa(cd ltsgwg Bdﬁﬁ‘iﬁgom nantly conprises extractant and formc

acid, is sepa formc acid and the extractant by
di still atlilon, and)g) mdileyldxmatecisanbjettedita mgiralysip (f) is fed back into the

process. 25 In t *H')S REeRERSPand dxcess rB@tBH forinAte ¥ &gﬂﬁéﬁt S FRMP the resultant
hydrolysis mixture,
c) the bottom product from the distillation (b), which comprises formic
acid and water, is extracted in a liquid-liquid extraction with an
15 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
some of the formic acid, is fed back into the lower part of the
20 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

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

25
In this process, it is particularly advantageous
h) to carry out distillation steps (b) and (d) in a single column,
i)  to introduce the water necessary for the hydrolysis in the form of steam
30 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

)  to employ, as extractant, a carboxamide of the general formula I



hy ta carry out distillation steps (b) and (d) in a single colum, i) to
i'ntroduce -the water necessary for the hydrolysis in the formof steam 30
into the | ower part of the column 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, a car®saiwd&lof the
general fornmula I O Z 0050/51101 2N C -3 R3 (1) where the radicals Rl and
R2 are al kyl, cycloal kyl, aryl or aral kyP- groups, or RL and R2 jointly,
together with the N atom forma hetero- cyclic 5- or 6-nenbered ring, and
only one of the radicals is an aryl 5 group, and where R3 is hydrogen or a
Cl- C4-al kyl group. Steps (a) to éj) of the above-descri bed process
disclosed in EP-B-0 017 866 are {jexplained in greater detail below 10 Step
(a) The hydrolysis isRusually caffried out at a tenperature in the range
from80 to 150C 15 Stéb\( ) The distillation of the hydrolysis mxture
can in principle be capri out _at_ anyR desired pressure, preferably from
0.5 to 2 bar. In geneRal", working under atnospheric pressure is advisabl e.
In this case, the tenperature at the bottom of t 20 columm is about 110C
and the tenperature at the top of the colum is f on1about 30 to 40C. The

hydrol ysis m xture is,adv S a tur t range
from80 to 150C, and Pﬁg ﬁ§ P #gaﬂaq?ﬂ?ﬂ%?&y %y? S'!§ﬁ|d§¥ng1gt a
tenperature of from g®ups cﬁERf arﬁalilmﬁrabm Mgptl@epmhathe (Nlatofn tforan aihetene-e i nt o
methyl formate and grifadol: QhehiierddNind! 3Rl AN oAAYE ASalRARTIE aRGft ON the

ot her hand 3
5 group, and where R’ is hydrogen or a C;-Cy-alkyl group.

Steps (a) to (i) of the above-described process disclosed in EP-B-0 017 866 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
atmospheric pressure is advisable. In this case, the temperature at the bottom of the
20  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
formate and methanol on the one hand and aqueous formic acid on the other hand
25 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.

30



25 i s possible even using a distillation colum which has 25 theoreti cal
plates (the theoretical nunber of plates is preferably from35 to 45). Any
design can be used for the colum intended for step (b), but a sieve-plate
or packed columm is particularly recommended. 30 O Z 0050/5 11014
Step (c¢) The liquid-liquid extraction of the formc acid fr@mioi®Eldjueous
solution by neans of an extractant is preferably carried out at

at mospheric pressure and a tenperature 540f from 60 to 120C, in particul ar
from70 to 90C, in countercurrent. Depending on the type of extractant,
extraction desteg@y having from!| to 12 theoretical separation stages are
generally required. Suitable extraction devices for this purpose are in
particular liquid-liquid extraction columms. |In nost cases, satisfactory
results are aths léqm’di-liqsﬁdragtractmaf the f@mihaod tont is agepas suliltdxmb,}tagmss 10

The choi ce of, f?’ﬁte&ﬁgétéﬂtls &fé}%ly c?H]e‘d%‘Et ar]P #ib \}ﬁlléhé‘ l‘éﬁs@r’:’g}((? %tLPeCt ant s

are car boxam nera or nul a ove s of this
type are, 5i n offsemi6Oup 420 ¢+IGIWH1%WfI%VW@°@ dngonntergudent| Bnpendmg

N-di - n-but yl ageimyge. ofNextfRidY, ediraéribie Rle¥icEOhARAL d®om 1 to 12 theoretical
N-n- but yl - N- 2- et hyl"hexyl f or mami de,. N-n- bu !-N [1?5(% cl ohexyl f or pani de and

N- et hyl f or man®PHEROD SHECHi 3§ (easrally  reAwis ractipp) - §4yiges st (i e
extractants qmpo&nw ial paticwlhi smmlicbﬁmludebmcnoﬂetdﬂyﬂnns S@buinght ckebone,

ext1act - phasc ittty RIRE BRI G Aile ARERRED RieotelMNsBoraPurBydet) 20 The

device ilfto a |liquid phase, which generally conprises predoninantly formc

aci d and extfﬁec;cﬂgoe ANaAKAPTS RRARRILACPATIAN! | ilGARPLLHCRA gLl and

smal | anounts rmec acl IS is an extractl stillation he
bot t om t enper@&f bxamides of the general formula I given above. Extractants of this type are, in

particular, N-di-n-butylformamide and in addition N-di-n-butylacetamide, N-
methyl-N-2-heptylformamide, N-n-butyl-N-2-ethylhexylformamide, N-n-butyl-N-

15 cyclohexylformamide and N-ethylformanilide, and mixtures of these compounds.
Further suitable extractants are, inter alia, diisopropyl ether, methyl isobutyl
ketone, ethyl acetate, tributyl phosphate and butanediol formate.

Step (d)
20
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
of formic acid. This is an extractive distillation. The bottom temperature is
25 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.



25 preferably from 140 to 180C. A satisfactory separation effect is
generally  achieved from5 theoretical plates. Step (e) 30 The formc

acid/ water mxture is génerally recycled in vapor form O Z 0050/51101 5
Steps (f) and (g) The distillation device (usually in the formof a colum)
for carrying out step (f) is advantageously operated underOZd8i¢ddol
pressure - fromabout 50 to 300 nbar and_ 5 correspondingly | ow head
tenperatures - fromabout 30 to 60C. St eé‘( h) This variant of the process
relates to steps (b) and (d). The distillation devices for 10 carrying out
steps (b) andSfegy (fpael @)ranged in an overall distillation device. The
distillation devices here are generally in the formof colums. Step (i) 15
In this step, water required for the hydrolysis is provided in the form of
steam I n t heThe disedationaletiga fussiallye amtbe doren 0ff beolamajiforicarrpiag outsiea(l) it t he
tops of the v%}dagéﬁl 2 Sefé?%l\cﬁﬂmﬁr P&ﬁg&f‘ re%s-ﬁpee§?ro§ﬁ SRAF50 35 So@RBSET d ¥

passed t hroug conde , ere condensabl e, conponents are condensed out
and then fed seapengingly bow headdemperatiresthigors ghowd38rie §0%hi ch have not
condensed out in the condensers and remain in the gas phase are di scarded
as offgas or ged to of fgas conmbustion. O fgas conbustion is expensive. In
addi tion, val §BK@)products, in particular nethyl formate, nethanol and/or
formc acid, are generally present in the offgas stream Conbustion of

However - tne. aSapidrind BESTehRs (SRR Snd &) THEQR R Rl g8 occss:
abovementlbneekrpang by gensr G aod <d) g‘@rﬁeraa,gﬂg/ in s overaH tdistitlation devigasBe, f or

exanpl e car bR deIRes hete &%fgt%ﬁaany irSthP$SmPeM@IhRe | nert gases woul d
accunul ate in the process, and the function of the condensers would be

i npossible. 30 It is an object of the present invention to provide a
process in whigep (9f f gas streans

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

In the process, offgas streams are liberated, in particular at the tops of the
distillation columns present. These streams are generally passed through
condensers, where condensable components are condensed out and then fed back

20  into the process. The components which have not condensed out in the condensers
and remain in the gas phase are discarded as offgas or fed to offgas combustion.
Offgas combustion is expensive. In addition, valuable products, in particular
methyl formate, methanol and/or formic acid, are generally present in the offgas
stream. Combustion of these valuable materials reduces the economic efficiency of

25  the process. However, the discharge of offgas streams, which, in addition to the
abovementioned valuable products, generally also contain inert gases, for example
carbon monoxide, is necessary since otherwise inert gases would accumulate in the
process, and the function of the condensers would be impossible.

30 [Itis an object of the present invention to provide a process in which offgas streams
are discharged from the process, but the losses of valuable products and disposal

costs are minimized. It is essential that the process is economical to carry out.

We have found that this object is achieved by a process for obtaining anhydrous or
35  substantially anhydrous formic acid in which



are discharged fromthe process, but the | osses of valuable products and
di sposal .costs are minimzed. It is essential that the process is

econom cal to carry out. W have found that this object is achieved by a
process for obtaining anhydrous or 35 substantially anhydrous formc acid
in which OZ 0050/51101 6 i) nethyl formate is subjected tZ.B§A50I0SI S,
ii) methanol and excess nethyl fornmate are distilled off fromthe 5

resul tant hydrolysis mixture, 10 the bot®om product fromdistillation ii),
conprising formc acid and water, is extracted in a liquid-liquid
extraction wth an extractant which principally takes up the formc acid,
and the extractant enpl here.i s, a carbpxam de of the general fornula I
R2 N (1) where the rad?eggﬁgoﬁlat%ﬁ(fuﬂfaﬁaéo g’(‘ﬁ{ﬂy?ls’cycl oal kyl, aryl or

aral kyl groups, or R and R2 jointly, together with the N atom forma
het erocyclic. 5- 6- yn n Vi of.. t he:ir.adi i§.15 an
aryl group, and \%eren%aﬁén% yaé'po%(é:ﬁgpﬁleg%l@%gi&glJﬁ?/ld}glrl%gp{)ﬁ% mtﬁg
resul tant Sextract phasdesubiemdrdedlyss mftwiec aci d, extractant and some of
the water, is subjected to distillation, 20 v) the top product obtained in
this distillation, ich conprises water . and sone of the formc¢ acid, is
fed back into thdl) %rb%@m b omhstilation, iy pogwiste formist gidiang - o5
vi) the bottom product watennidedtdctddaini © tigsideRyuid/ kxtradfiios Rvitto BP ek G&3ant

predom nantly extract anti@f C%>rifn(c)frpa 1}9 tgkcelsdup '{Re %5 aircagc%j, Qde the extractant

10 employed here is a carboxamide of the general formula I
O

! |

R
3

o) > N C R

R®
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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

15 an aryl group, and where R? is hydrogen or a C;-Cs-alkyl group,

iv) the resultant extract phase, comprising formic acid, extractant and

some of the water, is subjected to distillation,

20 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

distillation device in step ii),

vi) the bottom product from distillation step iv), which comprises
25 predominantly extractant and formic acid, is separated by
distillation into anhydrous or substantially anhydrous formic acid

and the extractant, and

vii) the extractant leaving step vi) is fed back into the process,
30



dirstil l'ation into anhydrous or substantially anhydrous formc acid and the
extractant,, and vii) the extractant leaving step vi) is fed back into the
process, 30 O Z. 0050/51101 -7 which conprises washi ng gaseous offgas
streans arising in the process and conprising nethyl formate and/ or

met hanol and/or formc acid wwth the extractant enployed W&Z.@p®W/sdi”dcharge
fromthe process, during which methyl formate and/or nethanol and/or
formic acid dissolve in the extractant,-4and the extractant |oaded 5 with
nmet hyl formate and/ or net hanol and/or forn1c acid is fed back into the

pLOCESS One vﬂ{ncﬁfﬂﬂbﬁlygl‘fséga\&sﬁlhg ERIBOUSABITRA !ﬁ?&lﬁﬁdaﬂ‘él{;@ ih @e %ggé@@éeﬁ‘lﬂt di n

t equs ans i ned an
sugsgaagﬁts Isy CQWP@W%?Q I?ﬁgatiéné@gmehﬁﬁ&%%g Qrmig taCIfisW‘gf expadani e for
a plurality cmpéyegawiore dissharge drolpe thei process) uineidg iwltich methybfdrgas amsdri ng
devi ce provi qﬁé{h%{m ahfRr ?é&lﬁé‘%%\‘}@iééyom mj}ﬂ? F%J&g&?)w a}tdrtﬁ@&trm%tﬁgacwflgas

extractant can ant ageous ose subSequent

conbusti ofi. THiths mesds oeraﬁ@m@fcabtmethé@fgt@d/@e@mq aejdof fed tank intl thabl e
products, in mpadekd.cul ar methyl formate and/or nethanol and/or formc acid,
al so enabl es considerable costs to be saved. It is essential that the

sol vent enployed for the washing is sinultaneously enpl oyed as extractant

for the form@ne @threaﬁfgaasnmdﬁgad Wwabhedl withrthé bﬂr&faﬂfnﬂﬁﬁthe pfr@d’essﬁéltr fsyi ng
out the offga S thg)reo a. further

addi ti onal ast %@%ﬁﬁo ug}c‘no[ré’tf{]gﬁ%mefﬁjsp}? & &8 mfﬁla’é‘d PEbSS‘ﬁue@ngﬂ‘@S&g‘ﬁfoethﬁconom c
i nportand@. Mhmgt Hootexnt, sit eésplsoypabsibber farha phurabiysef affgaoftreahato bel y | ow

volatility anfvodes RROUE FRADRk RS, SVlARGAGY for fe §efasQldsfRg. stream to be

cl eaned. 25 Pre erre extractants a
N, N-di - n- butyl acet am de, N net hyl - N- 2- hept yl f or mam de,

N-n-but yl - N- 2ppat Médaes)tﬁéhﬁﬁrm@%tﬂ\'em&k&rﬁ|ca1’1\|'ad9ééﬁ£é2:%§1y | Be089pdted & rand/ or
\-ethyl formani, ltl{o%?subsequent (? Sass Icom ustlon T;ns saves con51derable costs. Recycling of
15  the valuable products, in particular methyl formate and/or methanol and/or formic
acid, also enables considerable costs to be saved. It is essential that the solvent
employed for the washing is simultaneously employed as extractant for the formic
acid and as washing liquid for the offgas - for carrying out the offgas washing,
there is therefore no need to introduce a further additional assistant into the

20  process. This is of considerable economic importance.

The extractants employed for the process are of relatively low volatility and
therefore cannot be stripped out of the offgas stream to be cleaned.

25  Preferred extractants are N,N-di-n-butylformamide, N,N-di-n-butylacetamide, N-
methyl-N-2-heptylformamide, N-n-butyl-N-2-ethylhexylformamide, N-n-butyl-N-
cyclohexylformamide and/or N-ethylformanilide. It is possible both to employ
only one extractant and to employ a mixture of a plurality of extractants. The
extractant employed for the washing may, in addition to the “actual extractant”,

30  also comprise other components, in particular formic acid. The extractant is usually
fed to the offgas washing device at a temperature of from 10 to 60°C, in particular
from 20 to 50°C.

In general, the offgas streams washed with the extractant employed arise in step ii)

35 and/or step vi) of the process according to the invention. The offgas streams are



only one extractant and to enploy a mxture of a plurality of extractants.
The extractant enployed for the washing may, in addition to the "actual
extractant”, 30 al so conprise other conponents, in particular formc aC| d.
The extractant is usually fed to the offgas washing device at a
tenperature of from10 to 60C, in particular from 20 to 50€Z 00p0/yadler al |
the offgas streans washed with the extractant enployed arise in step ii)
35 and/or step vi) of the process accordi8ng to the invention. The offgas
streans are O Z. 0050/51101 -8 generally renoved fromthe top of the
cor r espondi nggehieslliyl rbmbi/ahframl thmn@p anthefeotlespgoadingriiailatos colBeing had ik
washi ng, cond nsagl e co esent 4? S%)ﬁ]e of f‘g‘[% st ream hen

g

correspondi ng cho ?Ilserg r}goﬁg)q ef%%{gp Ptgfﬁ%seﬁvnt %ﬁgtgﬁssati on.
The conponent sireaondenthenl oou‘csmmdlrighe patgielle rambyed &dnb thekofifgasosttdams Soypr ocess

while the offaagelauees FHeAhiRReroTRARRNLoRARIAAS ShAMly i W i@ e

was hi ng. In thi's connectl on erm con nsapl e conp nent
mean  comboneProsess ydhleathe r?éfgﬁarﬂwp frogt Hheccomapanents Cﬁé@%‘i? PBlr ifeled tutbeh can

be condensedwgiHinglin Yis adichedtism &W@w‘caﬁ@aw@cmp&eﬁtts” HPBREN toSesh as
nitrogen or carbon rmno |de d be, re rded ehryé n- condensabl e

conponent s, s?‘ﬁ'&%onf’ﬂtés%m rfOFhig 6 g‘gsmﬂ Rimaie (HUFR @Rebs ety
By contrast, cmﬂdmedaiut at O‘Zﬂmmdlatmncssphermpxgesw alreyt gasésy spalr 49 mtrbgen or

condensed. The unc 3ee %hgﬁﬁg)gg%]d&&dea@t &h-chfl ng Qt];l ?ﬁrﬁﬂeﬁeﬁ%ampo : {rtrl%

washed with the ex arit factant 1oa
and/ or neltmanmlmaamuv trbc ofigasstreapcingheit Bntirktye By\msmsh,gpqnéen;ablalcbmpbmm ack

into the prOC&%Sge!neraﬁ;eoqlw ghl)tlaﬁﬂ)cyo‘ﬂﬁerﬁE@p]‘l'lé’}m%)}lggﬁs%d %H@Bﬁ%dty ehifdf &ﬁponds

to the recycllnglntot tractant device an into distillTation
devi ce for caf gas&ge@w@%lswmlyedwﬁ thersafragtant; he extractant enpl oyed for
the washing is taken as a sub-streamfrom 20 the extractant |eaving step

vi) and/or the extra av step jiii), which

compr 1ses. f or H6 ehbfans g v R Yot "oRBarkatlior dhesfihon GRRF it « ne

ext ract artt5 i saftprrveashing)is asuallyded datk into the ppbdegsmim step iii) and/or step iv) - this
generally corresponds to the recycling into the extractant device and/or into the
distillation device for carrying out step vi).

In general, the extractant employed for the washing is taken as a sub-stream from
20 the extractant leaving step vi) and/or the extract phase leaving step iii), which
essentially comprises formic acid and extractant.

The washing of the offgas with the extractant is generally carried out in an offgas
washing device.

25
The invention also relates to the use of a carboxamide of the general formula I

O
d
R

N—~C—g’>

0

where the radicals R' and R? are alkyl, cycloalkyl, aryl or aralkyl groups, or R' and
30 R? jointly, together with the N atom, form a heterocyclic 5- or 6-membered ring,



washi ng device. 25 The invention also relates to the use of a carboxam de
of the general fornmula | R3 (1) where the radicals R and R2 are al kyl,
cycl oal kyl, aryl or aral kyl groups, or R and 30 R2 jointly, together with
the N atom forma heterocyclic 5- or 6-nenbered ring, O Z. 0050/51101 -9
and only one of the radicals is an aryl group, and where R3OZyUi¥gen or
a Cl-C4- alkyl group, in the above-described process as extractant for the
liquid-liquid extraction of formc aci d%and as washing liquid for gaseous
of fgas streans conprising nethyl 5 formate and/or nethanol and/or formc

aci d. An appadgmitaidy 6w oftthe radicats isuh atyl @r@upo amd sshevei’ds hedtogdiootes C5Cal S0
provided in ﬁ?clor %nce with the invention. This conprises 10 a) a

synt hesi s reac %rg, (3) a hydrolysis reactor, x) a distillation device for
carrying out isttp dboys-degyibed grectesd haitekactansvior ghé diquislaliquid reytractionsefep i v),
S) an extract@n; ' o A 1A LS fok loadd | r EALVA step
vi), and r%) g)%ﬂbcg%\é%gﬁdvﬁ%ﬁia%n élglhgle#_ﬁ _Fﬁ%éo? g r0 %E"ésitgﬁaﬁgsﬁogﬁﬁlggl '[}gertﬁyllt S
taken to reanfosmatepnder methapelandfor farmig agifle  synthesis of nethyl formate is
carried out (usually in a corresponding reactor) and 20 in which secondly,
If desired, s arationigf t he, synthﬁsis m xt ur.e. o ned carried out

(usual 1y 1 h 2B BPFPI Pb FaG0E i dBurer Pen i RNEh Dy Wt 859 PRk ur o
|o1¥Si s react oraceoylangeewitic tre iveensioy. Tescompriseeact or wit h whi ch the hydrol ysis
10 a) asynthesis reactor,
B) ahydrolysis reactor,
%) adistillation device for carrying out step ii),
0) adistillation device for carrying out step iv),
€) an extraction device,
15 ¢) adistillation device for carrying out step vi), and
¥)  an offgas washing device.

The term “synthesis reactor” is taken to mean a device in which firstly the
synthesis of methyl formate is carried out (usually in a corresponding reactor) and

20 in which secondly, if desired, separation of the synthesis mixture obtained is
carried out (usually in a distillation device downstream of the reactor). The hydro-
lysis reactor employed can be any desired reactor with which the hydrolysis of
methyl formate can be carried out. Suitable distillation devices are, in particular,
distillation columns. For the extractant of formic acid, use is made, in particular, of

25 an extractant device in the form of a liquid-liquid extractant column. For carrying
out the offgas washing, use is generally made of an offgas washing device, which
is preferably in the form of a washing column. This usually has from 3 to 20, in
particular from 4 to 10, theoretical separation stages.

30 In a preferred embodiment of the invention, the distillation device for carrying out
step ii) and the distillation device for carrying out step iv) are arranged in a single

distillation device. The latter is generally in the form of a distillation column.

The attached drawing shows
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nmet hyl -formate can be carried out. Suitable distillation devices are, in
particular, distillation colums. For the extractant of form c acid, use
is made, "in particular, of 25 an extractant device in the formof a )
liquid-liquid extractant colum. For carrying out the offgas washing, use
is generally made of an offgas washing device, which is pr@Zd0aEhilyolin the
formof a washing colum. This usually has from3 to 20, in particular
from4 to 10, theoretical separation st'a]d}es. 30 In a preferred enbodi nent
of the invention, the distillation device for carrying out step ii) and
the distillatindtiggleMi ce for carrying out step iv) are arranged in a single
distillation d%vi ce. The latter is generally in the formof a distillation
colum. The attached drawi ng shows 35 O Z. 0050/51101 in Figure 1 and in
Figure 2 5 ininfiigue@ 3 diagrdms bhplentg dorecadryingGut theggionay pofcegd, amd s f or
carrying out the prior art process, and diagrans of plants for carrying
out the process according to the invention. 10 The streans denoted by
arrows ar® i ninddg#edases provided with reference numerals. These indicate
t he conponentgdresent in these streans, generally with the greatest
proportion therein. Singce thgﬁ&éﬁ ortions qof the conponents in the streans

can vary, theld1BUFér orfiasrAn 13 iPT caByhe o4t thy, PERSeatseding © ther o

denot es net hyl fornmate,in2éhtdanotes water, 23 denotes formc acid, 24
denotes 15 nethanol, 25 denotes extractant and 27 denotes carbon nonoxi de.
It is conmmon to the plants for carrying out the prior art process (Fig. 1,
Fig. 2) dfd tHRee plraarhs depoted by arrows are in some cases provided with reference

numerals. These indicate the components present in these streams, generally with
the greatest proportion therein. Since the proportions of the components in the
streams can vary, these reference numerals only serve as guide values. 21 here
denotes methyl formate, 22 denotes water, 23 denotes formic acid, 24 denotes

15 methanol, 25 denotes extractant and 27 denotes carbon monoxide. It is common to
the plants for carrying out the prior art process (Fig. 1, Fig. 2) and the plants for
carrying out the process according to the invention (Fig. 3, Fig. 4) that they
comprise a synthesis reactor 6, a hydrolysis reactor 1, a distillation device 2 for
carrying out step ii), a distillation device 4 for carrying out step iv), an extraction

20 device 3 for carrying out step iii) and a distillation device 5 for carrying out step
vi). The distillation devices 2; 4 here may be arranged in a single distillation device
7.

In contrast to the plants shown in Fig. 1 and Fig. 2, the plants for carrying out the
25  process according to the invention shown in Fig. 3 and Fig. 4 have a vacuum pump

8, a gas-washing device 9 and a line 13 for feeding extractant into the gas-washing

device 9. In the prior art plants (Fig. 1, Fig. 2), the offgas leaves the process via

line 12, which is arranged downstream of condensers. In the plants according to the

invention (Fig. 3, Fig. 4), by contrast, line 12, through which the offgas is
30 discharged from the process, is downstream of the offgas washing device 9.

The invention will be explained in greater detail below with reference to a working

example.



carrying out the process according to the invention (Fig. 3, Fig. 4) that
they 'conprise a synthesis reactor 6, a hydrolysis reactor 1, a
distillation device 2 for <carrying out step ii), a distillation device 4
for carrying out step iv), an extraction 20 device 3 for carrying out step
iii) and a distillation device 5 for carrying out step vi)QZPA#/51101
distillation devices 2; 4 here may be arranged in a single distillation
device 7. In contrast to the plants showldin Fig. 1 and Fig. 2, the plants
for carrying out the 25 process according to the invention shown in Fig. 3
and Fig. 4 have a vacuum punp 8, a gas-washing device 9 and a line 13 for

f eedi ng extraﬁtant into the gas-washing device 9. In the prior art plants
(Fig. 1, Fig. ’f)“,lplfhe of fgas | eaves the process via line 12, which is
arranged downstream of condensers. In the plants according to the

i nvention (Fi b O 4 - il { of f gas
is 30 di scha%ee%#gﬁstbé%?dpﬁ%ggg%sg ?géo(ﬁ(g\%l\gg(f trh]gz%a%etgp 5‘?%@8@8@@ avxgg?ﬁ ng
devi ce 9. STheshownedegrammatirallybia Bigptad Ade/h af gausgpe forade arid asepesparidt h
reference to @niRhdusRYin &¥HML€94. L1k of ls%utd Qloduddd, RaomLe fb& gyample is

based on a process according to the inventi carried oyt in.a plant 5
shown di agr arftPRfFRs3 F;F"FWOP‘?QTES. ?fam@.agﬁkgﬁwyggom%mﬁ anld insee] aifghse
prepar ed contwashiigsdevide ukiag (Al 1akg/Mh F4hed editdetamt NgNEdiasburyorandde €khe wWhi ch

are freed fr condensabl e co nent.s (form c,aci met.hyl . fo te and
ret hanol ) 1 n RGP SR LA SRR P ch b Reg R ey et 3F ABirbmnCy
N, N- di - n-ll6ut ydnidds fitted with 30hebblesbpphtasr y col uim enpl oyed as of f gas washi ng
device has a dianeter of 30 mm 10 and is fitted with 30 bubbl e-cap pl ates.

The results of the experinment are shown in Table 1 below 15 Table 1
For mi Of f gas Of Tyargsultsrod shegxpesimentcre own in Table 1 below.

Table 1
15
Formi |Offgas Offgas Extractant |Extractant
c acid |(uncleaned) |(cleaned) |(unloaded) |(loaded)
Amount produced|{5.300 |(0.176 0.082 1.113 1.207
per time unit, kg/h
Water 5.7 0 0 0 0
Composition, % by
wt.
Extractant 0 0 0 99.1 91.4
Composition, % by
wt.
Formic acid 943 (3.9 0 0.9 1.4
Composition, % by
wit.
Methyl formate 0 494 1.8 - 7.1
Composition, % by
wit.
Methanol 0 1.1 0 - 0.2
Composition, % by
wit,
Inert gas 0 45.6 98.2 - 0
Composition, % by
wt.
Temperature, °C |- 47 31 30 46




c.'aci d(uncl eaned) cl eaned(unl oaded) | oaded Anpunt

pr oduced5.-3000. 1760. 0821. 1131. 207 per tinme unit, kg/h Water5. 70000
Conmposition, % by wt. Extractant00099.191.4 Corrposi tion, %by wt. Formc
aci d94. 33.900. 91. 4 Conposition, %by w. Mthyl formate049.41.8-7.1 )
Conposition, % by wt. Methanol 01.10-0.2 Conposition, % by v®.Z 005071101
gas045. 698. 2-0 Conposition, % by w. Terrgam)at ure, G 47313046 O Z.

0050/ 51101 -12 The experinental result w that the offgas after washing
has been substantially freed fromthe val uable products formc acid,

net hyl f or matEheddighefiRic@nRkultsTshow hheRo SeFoay imavaa Fm@b&ﬂ@b%ﬁ%u% 8% by
wei ght of vav‘tg 8#?'8 dut ehég) unc gﬂfo ontalng t ot al
of 54.4% by w&© fiNg XA Fé’r?d”ﬁﬁ fraic 3qf ’|”§e SRHC 2R Mmethano act ant
N, N- di - n- but yléamedreffigaen@meboimd onky $.894 bpheighs of valuable products, while the
uncleaned offgas contains a total of 54.4% by weight of valuable products. It is
5 found that the extractant N,N-di-n-butylformamide employed is suitable as
washing liquid for the offgases liberated in the process.



washing liquid for the offgases liberated in the process. O Z. 0050/51101
-13 W claim 1. A process for obtaining anhydrous or substantially
anhydrous formc acid, in 5 which i) nmethyl formate is subjected to
hydrol ysis, ii) methanol and excess nethyl formate are distilled off from
the resultant hydrolysis mxture, 10 iii) the bottom prodygs (h4e@M o
distillation ii), conprising formc acid and water, is extracted in a
liquid-liquid extraction with an extractant which principally takes up the
formc acid, and the extractant enployed-here is a carboxam de of the
general formulal 0 R Il 3 R-)NCGCR(l) 15 where the radicals R and R2
are al kyl, cycloal kyl, aryl or aralkyl groups, or R and R2 jointly,
together with the N atom forma heterocyclic 5- or 6-nmenbered ring, and
only one of t@pcﬁﬁgicals is 20 an aryl group, and where R3 is hydrogen or a
Cl- C4- al kyl grSup, iv) the resultant extract phase, conprising formc acid,
extractant and sone of the water, is subjected to distillation, v) the top

product obtained 4 i LSk gaatnh]' j i . spme of
the formc acll'd, 'A}Em%geggsfgggt%l?dndto t2%0%"8&%529{?8%&?2%%%%6%@?@?1 12“ on
device inSstep iiWhiclyi) the bottom product fromdistillation step iv),

whi ch conprises predomnantly extractant and formc acid, is separated by

i) methyl formate is subjected to hydrolysis,

it) methanol and excess methyl formate are distilled off from the
resultant hydrolysis mixture,

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

water, is extracted in a liquid-liquid extraction with an extractant
which principally takes up the formic acid, and the extractant
employed here is a carboxamide of the general formula I

O

(D

15

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
20 an aryl group, and where R? is hydrogen or a C;-C4-alky! group,
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

and the extractant, and



di'stillration into anhydrous or substantially anhydrous formc acid and the
extractant, and O Z. 0050/51101 -14 vii) the extractant |eaving step vi) is
fed back into the process, which conprises washi ng gaseous offgas streans
arising in the process and conprising nethyl formate and/or nethanol -
and/or formc acid with the 5 extractant enpl oyed before di%%He0GeI0tir om t he
process, during which nethyl formate and/or nmethanol and/or formc acid
dissolve in the extractant, and the extifactant |oaded with net hyl formate
and/ or met hanol and/or formc acid is fed back into the process. 10 2. A
process as clai ned) i n cheéxmattantloaviag step hH iefedrback aid therppdceyed is N, N-di -

n- butyl formam de, N, N-di-n-butyl acetam de, N nethyl-N2-heptylform am de,
N-n- butyl - N- 2- et hyl hexyl f or mam de, N-n-butyl-N- cycl ohexyl f or mam de and/ or
N- et hyl f or mani | | #@ichi@nmrisps W@B%gawgutbﬁgmeams @risingninl ther pr2cesstaedei n t he

extractant | Oadegoﬁ‘i‘bltl:ﬂn Rdthyt! fofrﬁﬁféaﬁrﬁi/@l’nﬂfeﬁfan&ew&okorﬁf?/a&g {Vﬁﬁnﬂhg aci d

is fed back into the rociass in step 11i)_and/or ste rocess as
claimed i A one ofXt&ctnggmploygd e %@F@lafgetﬁﬁ@ndh‘f BrRsesst ﬁi‘EmﬂBWthh)nWﬂ%ed with

the extractant ef@akamhd®rendlhi@dUseHor formicBid didsoRRAh He extrBftami and BB

condensabl e conp romthe st re . densatl on
before the washi ﬁ’§ ti’aa?‘i)gg@ %E lcfg‘ém%&“&fﬁr g’r‘?ﬂ‘aB‘Pl r?lﬁ)‘};’i‘ctaﬁ

wherein the extrﬁadttmnkmtaﬁleqrrpée@yed for the washing is taken as a
sub-stream fromthe extractant | eavi ng step vi) and/or the extract phase

| eaving step iii), which essentially onprises formc acid and extractant.
6. A protBss2as Al Rrperss as plasned infclamal, nvghqrelnéhcsextmh@nécmplw@d isINAkdien st eps

i) and 30 iv) Alfdfhb@ic?UINNIdRn-BLRHcBafid | | NahitRR- NSV 1fom-
amide, N-n-butyl-N-2-ethylhexylformamide, N-n-butyl-N-
cyclohexylformamide and/or N-ethylformanilide.

15 3. A process as claimed in claim 1 or 2, wherein the extractant loaded with
methyl formate and/or methanol and/or formic acid is fed back into the
process in step iii) and/or step iv).

4. A process as claimed in one of claims 1 to 3, wherein the offgas streams
20 washed with the extractant employed are produced in step ii) and/or step vi),
and condensable components are removed from the offgas streams by

condensation before the washing,.

5. A process as claimed in one of claims 1 to 4, wherein the extractant
25 employed for the washing is taken as a sub-stream from the extractant
leaving step vi) and/or the extract phase leaving step iii), which essentially

comprises formic acid and extractant.

6. A process as claimed in one of claims 1 to 5, wherein distillation steps ii) and
30 iv) are carried out in a single distillation device.
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OrZ. 0050/51101 -15 7. The use of a carboxam de of the general formula |I 2N
CRR3 (1) where the radicals R and R2 are al kyl, cycloal kyl, aryl or

aral kyl groups, or 5 R and R2 jointly, together with the N atom forma
het erocyclic 5- or 6 nenbered ring, and only one of the radicals is an aryl
group, and where R3 is hydrogen or a Cl-C4-al kyl group, iR4A%06t¥ss as
claimed in one of clains 1 to 6 as extractant for the liquid-liquid
extraction of formc acid and as mashrﬂg'liquid for gaseous of fgas streans
conprising nmethyl formate and/or 10 nethanol and/or formic acid. 8. An
appar at us f or7. cailhy usegofautartEoxpmidresshagenetaiforadila h one of clainms 1 to 6,
conprising 15 a) a synthesis reactor (6), (3) a hydrolysis reactor (1), X)
a distillation device (2) for carryiqg out step ii), 6) a distillation
device (4) for carrying out step iv),;f ¢c) an extraction device (3), 20 4) a
distillation device (5) fo 1carrying &ut step vi), and y) an offgas
washi ng device (9). 9. An appatatus as clairmed in claim38, wherein the
distillation device (2) forzggaﬁﬂyrﬁdsour‘$1ep ii) and the distillation
device (4) for carrying ouR"step iv) are 25 arranged in a single
distillation device (7). )

where the radicals R' and R? are alkyl, cycloalkyl, aryl or aralkyl groups, or
5 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;-C;s-alkyl group, in a process as claimed in one of claims 1
to 6 as extractant for the liquid-liquid extraction of formic acid and as
washing liquid for gaseous offgas streams comprising methyl formate and/or
10 methanol and/or formic acid.

8.  An apparatus for carrying out a process as claimed in one of claims 1 to 6,

comprising

15 a) asynthesis reactor (6),
B) ahydrolysis reactor (1),
%) adistillation device (2) for carrying out step ii),
d) adistillation device (4) for carrying out step iv),
€) an extraction device (3),
20 ¢) adistillation device (5) for carrying out step vi), and
y)  an offgas washing device (9).

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

25 arranged in a single distillation device (7).



