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EP 0095321 A and EP 0 151 510 A teach the use of an alcohol as polar solvent.
However, since primary alcohols tend to form formic esters (organic formates),
secondary alcohols, in'parﬁcular isopropanol, are preferred. In addition, the presence
35 of water is described as advantageous. According to the examples in EP 0 095 321 A,
the reaction product mixture is worked up by directly subsequent two-stage distillation
in which the low boilers alcohol, water, tertiary amine are separated off in the first stage
and the adduct of formic acid and the tertiary amine is separated off at the top under
vacuum conditions in the second stage. EP 0 151 510 A likewise teaches a work-up by
40  distillation, but with reference to EP 0 126 524 A with subsequent replacement of the
tertiary amine in the adduct which has been separated off by distillation by a weaker,
less volatile nitrogen base before thermal cleavage of the adduct in order to aid or
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necessary replacement of the tertiary amine in the adduct which has been separated
off by a weaker, less volatile nitrogen base before the adduct is thermally dissociated in
order to aid or make possible the subsequent thermal dissociation to produce free

30 formic acid. As particularly suitable weaker nitrogen bases, mention is made of
imidazole derivatives such as 1-n-butylimidazole.

A disadvantage of the process of EP 0 181 078 A is the very complicated, four-stage
work-up of the reaction product mixture by
35
(i) separating off the gaseous components and also the homogeneous catalyst and
the polar solvent in an evaporator and recirculating them to the hydrogenation

stage;
(i) separating off the adduct of formic acid and the tertiary amine in a distillation
40 column or a phase separator and recirculating the remaining liquid stream to the

hydrogenation stage; .
(iity replacing the tertiary amine in the adduct of formic acid and the tertiary amine by
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A disadvantage of the process of EP 0 357 243 A is the very complicated, three-stage
work-up of the reaction product mixture by
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40 It was an object of the present invention to discover a process for preparing formic acid
by hydrogenation of carbon dioxide, which does not have the abovementioned
disadvantages of the prior art or suffers from them only to a significantly reduced extent
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of carbon di oxj n [ OCESS, 0 e ) nt can,, . i
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group 8,9 or Mist¥ptiarmenitperi odic Table, i.e. Fe, Co, Ni, Ru, Rh, Pd,
GCs, Ir and/or Pt. The catal yst preferably conprises Ru, Rh, Pd, Os,

I r and/ or , tRA%LL r . d/or Pd, very

parti cg ar@ ptr epg!?gagfr@é%g Efﬁ@&%ﬁ’é?’ﬁ"@ﬁﬁﬁ ctive conponents can
be the tals thensel ves, for exanple in finely divided form or

conpl exes. (&) the free tertiary amine (I) comprised in the bottoms from the distillation unit and

the polar solvent (lll) are recirculated to the hydrogenation reactor.

The catalyst to be used in the hydrogenation of carbon dioxide in the process of the
35 invention can be heterogeneous or homogeneous in nature. It comprises an element of
group 8, 9 or 10 of the Periodic Table, i.e. Fe, Co, Ni, Ru, Rh, Pd, Os, Ir and/or Pt. The
catalyst preferably comprises Ru, Rh, Pd, Os, Ir and/or Pt, particularly preferably Ru,
Rh and/or Pd, very particularly preferably Ru. The catalytically active components can
be the metals themselves, for example in finely divided form, or complexes.
40
In the case of a heterogeneous cataiyst, the elements mentioned are preferably
present as metals on an inert support. Inert support materials can be, for example,
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30 P = [concentration of homogeneous catalyst in liquid phase (B))/
[concentration of homogeneous catalyst in liquid phase (A)]

of > 1. The partition coefficient is preferably > 10 and particularly preferably = 20. The
choice of the homogeneous catalyst is generally made by means of a simple test in

35  which the partition coefficient of the desired homogeneous catalyst under the planned
process conditions is determined experimentally.

Owing to their good solubility in tertiary amines (I}, preference is given to using metal-
organic complexes comprising an element of group 8, 9 or 10 of the Pericdic Table and
40  at least one phosphine group having at least one unbranched or branched, acyclic or
cyclic, aliphatic radical having from 1 to 12 carbon atoms, where individual carbon
atoms can also be substituted by >P-, as homogeneous catalysts in the process of the
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If the phosphine group comprises radicals other than the abovementioned unbranched

or branched, acyclic or cyclic, aliphatic radicals, these generally correspond to those

which are otherwise customarily used in phosphine ligands for metal-organic complex
30 catalysts. Examples which may be mentioned are phenyl, tolyl and xylyl.

The metal-organic complex can comprise one or more, for example two, three or four,
of the abovementioned phosphine groups having at least one unbranched or branched,
acyclic or cyclic, aliphatic radical. The remaining ligands of the metal-organic complex

35 can have various natures. Examples which may be mentioned are hydride, fluoride,
chloride, bromide, iodide, formate, acetate, propionate, carboxylates, acetylacetonate,
carbonyl, dimethy! sulfoxide, hydroxide, trialkylamine, alkoxides.

The homogeneous catalysts can either be used directly in their active form or be
40  generated only under reaction conditions from customary standard complexes such as
[M{p-cymene)Cls]z, iM(benzene)Clz)s, IM(COD)(allyl)}, [MCla x H20],
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hydr ogenat Petieredhdpdhe process of the invention, that in feature (e) the bottoms from the
distillation unit are separated into a phase comprising the free tertiary amine () and a
phase comprising the polar solvent (ll) and the two phases are separately recirculated
30 to the hydrogenation reactor, with the phase comprising the free tertiary amine (1) being
recirculated via an extraction unit to the hydrogenation reactor and, in said extraction
unit, exiracting homogeneous catalyst from the liquid phase (A) which has been
separated off, before the formic acid/amine adduct (1) in the liquid phase (A) which has
been separated off is, according to feature (c), thermally dissociated into free formic

35  acid and free tertiary amine (1) in a distillation unit.

The extraction is generally carried out at a temperature of from 0 to 150°C and a
pressure of from 0.1 to 8.0 MPa abs. The temperature is preferably at least 20°C and
particularly preferably at least 30°C and also preferably not more than 100°C and

40  particularly preferably not more than 80°C. The pressure is preferably at least
0.01 MPa abs. and particularly preferably at least 0.1 MPa abs. and also preferably not
more than 10 MPa abs. and particularly preferably not more than 1 MPa abs.



15 In the prRC8&acRin Em?cérﬁ i aFl’ c?[t)ﬁ?d;;bg(?raét%ngén\ﬁeé] Fécﬂlylﬁ)r%gpgratmg

h t nat i
i oxt e, ik S pisse fith S 5, cancoe ieqratedhiogeiner i s Ganakiwe of he
enri ched fdi“ﬁﬁiﬁ%o‘lﬂea eiralitygof apnﬂn@tsaes( B) pencipleathet dxtractien manimed can be

recircul at edried édtan rwlzsag@metapgérah%amt n fé}tﬁoé&gmgégﬂag}tge rgantgsrﬁ Jg@me is
t hus, X e e form

(11) generzgfgﬁ ?]Pﬁﬁ égrulngégédrvé?] gtlorneg?[HWQl LRSS ei,so[r a
These can 1€ "’@805055‘@1@!’éﬁ@?rlsdﬁﬂ‘\/ﬁoi'«ﬁ"@econpom tion into car bon

di oxi de and hydrogen in the thermal dissociation, which equates to a

decrease i ﬁ'rfeh§ddfﬂ|cﬁ4a¢ lera(f;tBh ”%t R a5 [&%ﬁiu%rlg%v%h@ﬁeoﬁs:}? ugéd Q@'{éﬁgﬁﬁ@eﬁ)&ﬁd

e sbd i n RES 2&@5"@%& Iofhe (B RPN aHRARSIh et SarpEReso o than
'3

wor k- ug0 1 t10ippm ke welgit of mtéﬂyetrmetal Hawevbr itps alse ssivisbble e use trenadditional

that in f eaixttéétloheéteﬁ Bee @heR Moré eI § Fﬁm%ysﬁélbhﬁéﬂ (%?al&%}'rﬁetégﬁ prasent in

separated i E}J{lﬁ onprising the free‘tertiary am ne
phase corrprthil he%p ‘ar solvent (111) and the two phases are

separately reci rcul ated 30 to the hydrogenation reactor, with the
phase conpii simbe Eleartageusao titagiateah repérejusbier @ éﬁ‘o‘r;ﬁt@ﬂ' éﬂt%e%'@ the

an ext ragct ipm, Bhéo&océﬂéﬁspﬁﬂﬁoﬂ%n q%é’r'attfs ?Q{V&r{’aﬁomk{']%&%b unit and the

ohase. () ARIFHoRGENSE bhichdhe, harial dissocialier ardire IRbta Hsorenta ke
adduct (11 Yo those skilléd ipthel agthZsanpfl@y ofidhiitebic ladsorbertn ass farrextarmbie) bblyiasrylic
accor gl ngdtaeudf@:iﬁ HAIg (Hé}eoftﬁl%ﬁﬁtlehyp sﬁﬁ&fésaér?oﬁgétu{%gﬁeifje[??faét%tgh Garbons,
an

ex??;ct i on ”Fi“?@‘e’ﬁg’?@r’?ayge‘?%f‘lf?sea '8%199159"3 ?@ﬁr‘ffer ature of fromoO to
150C arfl a pressure of fromO0.1 to 8.0 MPa abs. The tenperature is
pref er abl y Tat tdamansrtarﬂiﬁéi(lé)lltrﬁb@aﬁéd Ritha hydrogéeitien & tiirbeh didkailin IRCpRIedss
Tore than goao aaORES o ARG HUANA 1 BRLS %‘?s"t“'a%&dﬁgwﬁg?aﬁ@' g
particul ar Iayaﬁ?r%"fsé’F%Bﬁgé 'T%ﬁ T@eﬂewpa/ ape (Brig tabe sejseiedearapaizhedto
mt;r et ggn_rﬁma m);a_]r a@ienta(ﬁtjl q::tamai tel tartiayy gngm)&t{b]lg%r?m Imf:}?cr;g]i{;%?é ?/SHE
aps. i@ phbse B)O'FOH{H r%@émrduﬁ‘?o%e efriched 't "I[R s n

d f I ase
can be f‘ﬁ't&" b GO SRR B 3R, i\ok e i e P aiing sdduct
plurality %@%Yémﬁﬁeg) in|the bﬂm@h@h@ﬁee(B)Ilh@edxmrtbettotalmmmrﬁ iobfred, teetiary
be carri edagite {INninathy tooiliaial thaed ax)RANS (B TONE Pﬁdboﬁiaﬁ%@ @Lﬂghtl 8 brifrably
ol umn, - a. e eégﬂ‘ﬁ%ﬁ"g”ys@%fg%@i 3.95% ooyt pleterdal £ P e
with c8PumiRstiaryaaingd) {s; Qﬂﬁ‘&fa”héﬁﬂeﬁ@fjlWﬁn@,@@ppflasﬁmﬁlettﬁéﬁma‘rhi@ the solubility
advant ageoonbthg desized wertiary tahéind {I)jini tHe phaSquid Ahasezr (AT Bad (Byuridee tHeoplEhised
- acid/am ”e{)ﬁﬁ@%&or(dnlc%s%diétérn%’é@éﬁ%so Qgﬂlfst han 10 10 ppm by wei ght

of catalyst netal. However, it 1Is able to use the
addi tional extraction step even when nore than 1 ppm by wei ght of
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35  higher, particularly preferably at least 50°C higher and very particularly preferably at
least 100°C higher, than that of formic acid. A restriction in terms of an upper limit to
the boiling point is not necessary since a very low vapor pressure of the tertiary amine
(I is in principle an advantage for the process of the invention. In general, the boiling
point of the tertiary amine () at a pressure of 1013 hPa abs, optionally at a pressure

40  extrapolated by known methods from vacuum to 1013 hPa abs, is below 500°C.

The tertiary amine (1) which is preferably to be used in the process of the invention is
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35 2-propyl, 1-butyl, 2-butyl or 2-methyi-2-propyl groups.

* N-C-Ciz-alkylpiperidines, N,N-di-C+-C1z-alkylpiperazines, N-C1-Ciz-alkylpyrrolidines,
N-C1-Ciz-alkylimidazoles and derivatives thereof which are substituted by one or
more methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl or 2-methyl-2-propyl groups.

40 '

» 1,8-Diazabicyclo[5.4.0]undec-7-ene ("DBU", 1,4-diazabicyclo[2.2.2]octane
("DABCQO"), N-methyl-8-azabicyclo[3.2.1]octane ("tropane"), N-methyl-
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N- Cl- Cl12- al kyl i m dazol es and derivatives thereof which are

i UES: i It ut <29<lh he progesy ofr’fﬁét ﬁv@?ﬁc{ﬁ/ Lpgrti%lhlay bveféréﬁée‘jgﬂivenzté RISRBYr amine of the
I, 8- D) 2 abPye b BB ET (ENheh A Bl PleRsergiselontoc idenspgontrom tae
ne (" DABCOYOUR sRREIRING 8f Gr&ii-alpdl 65-Cs-2ydpalisd aregyitansprhesy) a\tentisrimine
12 ().

Particular preference is given to using a saturated amine of the general formula (la) as
tertiary amine (1) in the process of the invention.
25
Very particular preference is given to using an amine of the general formula (la) in
which the radicals R to R® are selected indeperidently from the group consisting of
Cs-Ce-alkyl, in particular tri-n-pentylamine, tri-n-hexylamine, tri-n-heptylamine, tri-
n-octylamine, dimethylcyclohexylamine, methyldicyclohexylamine, dioctylmethylamine
30 and dimethyldecylamine, as tertiary amine (I) in the process of the invention.

The tertiary amine (1) is preferably present in liquid form in all process stages of the
process of the invention. However, this is not absolutely necessary. It would also be
sufficient for the tertiary amine (1) to be at least dissolved in suitable solvents. Suitable

35 solvents are in principle those which are chemically inert in respect of the
hydrogenation of carbon dioxide and the thermal dissociation of the adduct and in
which the tertiary amine (I) and, if a homogeneous catalyst is used, also the latter
readily dissolve but do not readily dissolve the polar solvent (Ill) and the formic
acid/amine adduct (II) and at a pressure of 1013 hPa abs have a boiling point which is

40  at least 5°C higher than that of formic acid. Possibilities are therefore in principle
chemically inerf, nonpolar solvents such as aliphatic, aromatic or araliphatic
hydrocarbons, for example octane and higher alkanes, toluene, xylenes.
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Sui t abpg 35 solvents are in principle those which are chemcally

thormal | 0880k Raer DA oRIRRR SRty 8. Bind, BSpLRPREy elfest 10
(1) and, i highenqmplifaipelypsefembly giskeastsSQfEehigherl ansl verg pasticutarly meeférdbly at
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a bol 55' 9 %Qlln rp‘winmpl'e%n a{d%/antage for the process of the invention. In general, the boiling point

of the polar solvent (lll) at a pressure of 1013 hPa abs, optionally at a pressure

extrapolated by known methods from vacuum to 1013 hPa abs, is below 500°C.

As classes of substances suitable as polar solvents (l1l), preference is given to diols

35 and also the formic esters thereof, polyols and the formic esters thereof, sulfones,
sulfoxides, open-chain or cyclic amides and also mixtures of the classes of substance
mentioned.

As suitable diols and polyols, mention may be made by way of example of ethylene
40  glycol (EF =290.3-10%cm), diethylene glycol (EF =244.0.10% cm), triethylene
glycol, polyethylene glycol, 1,3-propanediol (EF =285.6-10%® cm), 2-methyl-
1,3-propanediol,  14-butanediol (EF =262.7 - 10% ¢m), dipropylene glycol,
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ol s
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r§§’é
pol yet hyl ene yC - 2080. oy
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di propyl ensingt yreodhovementioned diols and polyols likewise exercise such a positive effect, in
the case of these the addition of further compounds comprising OH groups is generally
~ 40 not necessary. On the other hand, when other polar solvents (lll} which do not
comprise any OH groups are used, for example formic esters, sulfones, sulfoxides or
open-chain or cyclic amides, the situation is different. In these cases, it is
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t oo, tg use of conpounds conprising OH groups as promoter for the
hydr og ﬁation of carbon dioxide is preferred in principle. However,
The molar ratio of hydrogen to carbon dioxide in the feed to the hydrogenation reactor

is preferably from 0.1 to 10 and particularly preferably from 1 to 3.

The molar ratio of carbon dioxide to tertiary amine (i) in the feed to the hydrogenation
35  reactor is generally from 0.1 to 10 and preferably from 0.5 to 3.

As hydrogenation reactors, it is in principle possible to use all reactors which are
suitable in principle for gasfliquid reactions at the given temperature and the given
pressure. Suitable standard reactors for liquid-liquid reaction systems are indicated, for
40  example, in K.D.Henkel, "Reactor Types and Their Industrial Applications”, in
Ullmann's Encyclopedia of Industrial Chemistry, 2005, Wiley-VCH Verlag GmbH & Co.
KGaA, DOI: 10.1002/14356007.b04_087, chapter 3.3 "Reactors for gas-liquid
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Two liquid phases are formed in the hydrogenation of carbon dioxide by the process of
the invention. Liquid phase (A) is enriched with the formic acid/amine adduct (1) and

40 the polar solvent (Ill). With regard to the formic acid/amine adduct {ll), "enriched"
means a partition coefficient of the formic acid/amine adduct (II)



suitable in pring Ptc%ncéﬁtrﬁaﬁlot foftHichaldid IEP%HEu&:q utu]ﬁql.% éﬁ%‘s By
a1 qui 1 eac CPOVETOpECLATONDE apiaa et cﬁ@ﬁfmtﬂ@amaﬁe? Bl n K. D

Henkel , "Reactor Types and Their Industri al Appl | cat ions", in
U | mann' s E:m(>yt| e ghdition cbéfﬂd}léﬁtrlgﬁ 63%); X 4 h?éferé’@‘i' > 5. The
Verl a

Reac'? ors f a F%ﬁ eég\a%’t %Jtéé% @ ﬁov%ﬁgwo%rﬁ)pogg Catgint is
ment i oned é&se pisis @@W‘We?%@t giriched {pyen 'F@Htlt%lldsphﬂsetﬁﬁbbl e col um
reactors. The hydrogenation of carbon dioxide in the process of the

invention o&g R Galili Rths@s (AP é%@t F?g otfre rarﬁo 'tﬁﬁj%d@ééés i Eh%vgﬁt?o%

of batch operat t he react t he_desi re
and opt i ongﬁeP tetglnlft?"ét%ﬂet |€W§ ﬁg Ma‘lﬁﬂsﬁ B d r&ﬁ'&PLﬂﬁﬁ?%oW the
di oxi dd Oandnyﬁlsme@@tm @a@tosufﬁe@tq:uenom yf ianfurtheu Giguid tphaté eodgsising dunreacted

pressure atcatdo® md@dsérﬂrm@dcﬂtwte thé\tvtcﬁébdv@ﬁ:ehﬁ@r@dllfamd dp%a‘éé’é@ﬁ&%%a of
r

and (5 v g st B0 BERbA PEpoR ot mndler Uivsened Miasndo he

cont i nuous Nyg@gerat '%péﬁaﬁtqrdﬁaytﬂﬁﬂ deapdvanipaeatsr ltansy aaleb dex désizabies sfor

i ncl udi ng telemplar foottisctiaege dedeaireblb i Rrgeuctabe |m§ﬁrﬁ|@§%e@lscharge part of the

cont i nygusliyuig HoRKelR) QMOPE) R &9 e%‘a’ﬁbofw' &ﬁ?ﬂde)%q ﬁ@ﬁ)of O¥Ai Stegléﬁ rpé]%es

d t. befo e reac cor
tjﬁg |:ZuP&%ﬁﬁ“@@”sgﬁ%ﬂ%l%@&mwyat@@nérpab@ew%@ﬁ% ‘he reactor so that

the average liquid level in the reactor remains constant Pref erence

15i s givenThe Ma»enqmtphagéwpmhﬁla o8s oY géhgﬁa‘enr g%r I@X%.%@*.mem? phase
5 hours, et T o, bo SalBE Al bl Sapbotion g pparatuses and
hydr ogéRat SiaRdard waiheds wiicxara«iesaribase f@(ﬁ%ﬂé@@weEoMutkﬁeet@t Yligusit-Liaid

be used ané&xtrhetion&rin UmgnasEneyddpedisssrahdustrdpshbmast eZ‘(RBaW[IB?JV@H %rla
(11la) NRIRRHH X&H‘égakééka)Dé?%%&/tiﬁsb?fjb@bﬁd apfer 3° <AL Qjarg S

radi cal s descri or, t

5, prefer aQPQBrtaEgrr‘ﬁ &q"?dtp aie ) §HKC P‘éd"t'@rthﬁ feramc Bé‘d(?é‘t'@@ apded (¥ spd ’ihe
exanpl e, byolkar seluertdi) isi idavienaed fooheltheclow@Hteskut i on agai nst

phenol pht hal ei n. The precise corrposi tion of the form c acid/am ne

dduct (11 onrra for xanmpl e the prevailin
gonggnt $ at ?rggg’ﬂg? ?%?"’}1}?%" %ﬁcﬁ%‘{' §‘? %éf essyiizadien,y Rrefesgply to
t enper at ur & beyt Qrtf@sﬁrtés}?é'ﬁ@@mﬁﬂ Preasures aoﬂ Cbullrtgh@frthedlqwdrremtmn minture, for
parti cul ar egampleds aboli\vealosé td é&tbleﬂfh@nfp@m%l HoWBv R thbRBis BTsRitkat at least

act of am nepalthiche (44 dRBdF BOTE T AR WY Nifr | ool kel i
(F:)ase ré?er pPaidicylgr |Cﬁ"ttqqed'|9?"€§ewt" 689%%1@%@@|th%atep@$suna@éoc<ﬁnﬁobate do be
of the formdmopeessel sepanateycdecyag sktre)am: and estircliytebeo 463 BYddRRELibM reRedr.

process st Eﬁkemeedeth@rfﬂtm %a%é e s%r mLE @C 'bg EQr'ﬂ Peﬁ&ecpy e%%tﬁelﬁaggfore
titration and r]% gl néﬁ% r oma

recxrcua on the drogena on reactor ach of the two compressor stages for the

gas and liquid phases to be recirculated requires a suitable compressor designed

35 appropriately for the pressure difference to be overcome and consumes additional

energy in operation.

In the context of the present invention, it has surprisingly been found that in the case of
the present system, i.e. a liquid phase (A) enriched with the formic acid/amine adduct
40 (Il) and the polar solvent (ill) and a liquid phase (B) enriched with the tertiary amine ([)
and in the case of the use of a homogeneous catalyst also with this, the two liquid
phases separate very well from one another even at a significantly elevated pressure.
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phase separation and no subsequent heating of the liquid phase (B) to be recirculated

25  is required, which likewise saves energy.

Established experience with phase separation under elevated pressure and at elevated
temperature is surpassed by the liquid phase (B) of the system according to the
invention having a particularly high absorption capacity for carbon dioxide under

30 superatmospheric pressure. This means that any excess carbon dioxide which has not
reacted in the hydrogenation reaction is highly preferentially present in the liquid phase
(B) and can thus be recirculated without problems as liquid to the reactor.

The formic acid/amine adduct (Il) in the liquid phase (A) which has been separated off
35 is then thermally dissociated into free formic acid and free tertiary amine (1) in a
distillation unit, with the free formic acid formed being removed by distillation and the
free tertiary amine (I) present in the bottoms from the distillation unit and also the polar
solvent (llI) being recirculated to the hydrogenation reactor. The formic acid liberated
can be taken off, for example, (i} at the top, (ii) at the top and as side offtake stream or
40  (iii) only as side offtake stream. If formic acid is taken off at the top, a formic acid purity
of up to 99.9% by weight is possible. When formic acid is taken off as side offtake
stream, aqueous formic acid is obtained, with a mixture comprising about 85% by
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Furthermore, no complicated separate base replacement is required in the process of
25 the invention, so that the formic acid/amine adduct (ll) formed in the hydrogenation
reactor can be used directly for the thermal dissociation. The tertiary amine (|) liberated
here is recirculated to the hydrogenation reactor. This phase separation can even be
carried out under superatmospheric pressure. The simpler process concept makes it
possible for the production plant required for carrying out the process of the invention
30 to be made more compact in the sense of a smaller space requirement and the use of
fewer abparatuses compared to the prior art. It has a lower capital cost requirement

and a lower energy consumption.

Further removal of the catalyst by means of the tertiary amine () to be recircutated can

35  be effected by additional extraction of the stream comprising formic acid/amine adduct

(I) before it is fed to the thermal dissociation. Owing to the resuiting still lower content

of homogeneous catalyst in the formic acid/amine adduct (Il) to be dissociated, a

possible backreaction in the dissociation with decomposition into carbon dioxide and

hydrogen is suppressed even better. In addition, further introduction of homogeneous

. 40 catalyst in the form of fresh catalyst is reduced further by the resulting increased
recirculation factor of the homogeneous catalyst.
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A = hydr ogmmpqgg react or = phase separator C=distillation
colum 30 D = phase separ at or E = extraction apparatus F = phase
separator As regards the carrying out of the process in the
appar at usedniess ixligatad othgnwisendie Jealldeminea tentipneds peectin ofachi gases the
appl i es. | rotrspapeiparineslkyminess as per Figure 2, the liquid phase
(B), whigch is generally t he upper phase, is also recirculated to the

hydrogenatl n act ver, in this case the liquid phase (A
is firstly Eg‘@ Eeét'%gt‘?6ZJAhé@{PQ%f&t'PBﬁ"wphﬂsq%ﬁHar%tw) amne (1) to be
recirculated in order to separate off further honobgeneous catal yst
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t
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adduct (1] &“ tihe (F Bm)s Altereihe desired reastigrstime otherpatagiayei wassgaated and
col utm " C' ttendeddtien froixture veas dépmssmnzaddwtntesél|hd|catsdtcttﬁélwéé Ya two-phase
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separ at or 1B PPIAE solvews andythedfophigsasid/amjneaadiiuchforniete In sopie dexphpies, the

(E), whi chpeampr teshciemibduthegiukertiary amne (1) and generally
represents t he upper phase, is fed to the extraction apparatus "E".

The 1iqu hase (F), which conprises mainly the polar solvent (I11),
is recapcu T BRH gcEREatiopdn BigetpRer Bhnsebr iRscoppentgtion e fovirebeself

the invention nakes it possible to obtain concentrated formc acid in

B'a? h viel d V\%@Qiemrg@}eg%y' héalyot iR %@;Sieﬂ sg&ctro%&ﬁfe%ﬁﬂrr%em@ Bontent
oper ati on \%%‘EW Fh 4 ﬁ? ! ?W‘B‘P nﬁ‘éﬁs gdetegmi Velitralipe maths0.1 N
concept, s l@r2 mooae@ggsmamnomhmm with sulbitestion bf {hiedtaks Tsé AP the

aﬂg {_Slhﬂm errorimmlr t\}fe%@ét{on-rﬂ&@ wefé)lf:%lt@ae@@'tﬁereframt hﬁ% tp'?ﬁéeméggaséeéﬁ Fé%Hﬁé b
a e po'tt‘?e m&n&duﬁ%&g a?ﬁtg % ogvr‘ lg{(%% g(%gg%a

use of a honpbgéneous rated off fromthe
form c aci d/am ne adduct (I ) by phase separation and recircul ated

Wi t ho?t f uThé dlankaekultspirorh epsalitambuies bydar@alerda:txnd@nalé@a%&@wmgmeh@%{uase
ro se uc

E)I I )”p ‘ p%@ hé?ﬁb ?érgﬁ@@clg%ﬂhr% ;agguétoéﬂdt Fﬁ% %%HQ Fboglg tt?ljca)a%@ ﬁf &&gg ABipst

di oxi d anahﬁnfﬁ%@?f” T'PP @Ak was et éf%?é’sse@ﬁr%%lr saryaach sxampledy megae sf

of nobl e netilly @nslogbws miankdexperitrient riretvenich onlyother komugdneofis tdaealyst was

cat al yst aénﬁtéd%'tﬁe anutsh%dft&ér@énﬂﬂé‘mfég titrded |a%%b&nb%ﬁaa%8§e atthe e end.

Furthernore, no conplicated separate base replacenent is require

t he process of
Examples A-1 to A-27 show that high to very high reaction rates of even up to above

35 1 mol kg* h'' can be achieved in the process of the invention even with variation of the
tertiary amine, the polar solvent, the catalyst in respect of the ligands and the metal
component, the amount of catalyst and also with additional addition of water. All
systems examined formed two phases, with the upper phase in each case being
enriched with the still free tertiary amine and the homogeneous catalyst and the lower

40 phase in each case being enriched with the polar solvent and the formic acid/amine
adduct formed.
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t he hydrogenation reactor can be used directly _ rnal
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i ntroduct i develsfoffioerbgelitpirlishatls atesd yratkddradaireafter B raihutes eall comibaketsith
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t he honbgeneou atalyst. 22 ess indicated o se, .
the tr1 ol KOTENABE GelEPoHid arcCBh Sh iPaagerhand ofesulé SR Rgnaividual
tri-n-al kyexperiteents gremshewplietabesi2.1 & 2327 (hydrogenation and phase
separation) Unless indicated otherw se, a 250 nml autocl ave made of

Hast el | [ ] eti,c stirrer .bar. was charged

inder | por (aafpes A, ol FRADE Areced ol Blahelin BENERAMARE even at
honogerBoudobaPT8rsHe and Rfiase, sepatalion gndkus Afilk pegsible withevt pishlems awemet
and cat al y$t§ MPavasrs. Seasrelly, e veluine indikasaf aed apserRBidSpHERedBs Hrrithed

5. PRa% : _ ¥
12, it e s SSOALSREC O o et
desired re 8‘(‘?89\(@ ,g:fsﬂé"t'ﬁﬂtcﬁe?cét\‘/e was cool ed and the reaction

m xture was depressurized. Unless indicated otherw se, a two-phase 15

i th Lhe. Syl e er eichfiiont O placciripRieh dHRTSEIRIRA o Afe LR prose
the T over - BTl Bet RLeA el Bn rubgiios T, Bikssuind tim s palhileny
aci d/ am ne2gyRiiR4ecus Sinsa thg R erB bexaaimuiated indisgadvad forronincasisitionc adrigh
K of rut he@iQsrsoR@ility in thdliguid phaset B3l watticularhyliRiviRBeEo R BF ek Hydidenation
concentrat i,R, lanhérﬁﬁqéngﬂﬁi‘&%%% d@?ﬁt Qﬁéee{h@t %?r?od%e&?sagaﬁal%t i§ tp?er%e%t in
adsor p%bonthsépﬁc%é %ﬂgser B(B) and a high econger%ratigr? nofedri]ssolved COz is thus present as
starting material in its environment.

Examples C-1 to C-34 (distribution of the homogeneous catalysts)

35 In these examples, the distribution of various homogeneous catalysts in various two-
phase mixtures comprising an upper phase comprising free tertiary amine and a lower
phase comprising polar solvent and formic acid/amine adduct was examined. In
experiments C-1 to C-26, 5 g of the formic acid-trihexylamine adduct (prepared from
formic acid and trihexylamine in a molar ratio of amine to formic acid of 1:2) were in

40 each case dissolved in 5 g of the polar solvent at room temperature while stirring and
admixed with 5 g of trihexylamine and 10 mg of the homogeneous Ru catalyst. The
two-phase system obtained was stirred vigorously at room temperature for 30 minutes.
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titrated by W sieted3topaehoriyRPRdp@parature fordiddnkuigasAtritsepaiation of
separ at el y teiwogseses iagrpeambytsi@a s Caf4, thef pdriitionasvatiogatis obhuadhium
experinment in which only the honpgeneous catal yst was omtted and the
enmul sified o sa .was . titrated a escri bed above at the end.
Exanpl es A1 i%d %)rvz'.gﬁggﬁtm 9 {1 URpeG hass Tkl sPreiirrtion A the dewerphaselot
even uflto above 35 1 nol kgl h-1 can be achieved in the process of

t he i nvent was selssyuehtihdatamiinéd Bymeknd Bﬁatbnﬂfddo%bbbti@ﬁbﬁé‘otro%?ﬂh@ﬁ.

e neta

solvent, the catalyst in respect of the |igands and t

conponent, _the anount of catalyst and also with additional addition

of water. ANP RYRMURES axhiasHE: Of henadividue expadments\dre ishewe inipakles 3.1 to
phase in e&th case being enriched with the still free tertiary am ne
and t hgshonogeneous catal yst and the | ower 40 phase in each case

bei i d with t | . t f i id/
2109, % SR B8 e A5 S okt i
sol ubi | i ty Tufck systerss desisd,|in sdmes sysdsrassves  sigrificapthasboteehavTios vafious

M Xt ures coombhshatUistr tatalyts anard enidtldah theLpseH aﬁﬁ%—cfo?ﬁe#ﬂiﬁ hase, in all
aci d/ am ne i C f speci fic.solubility o d%ﬁ under
5 super tngzﬂﬁggﬁ%éé&@g@%%eé O\Jéa}ssoyégﬁ ﬁaer@_us FIPaYAMINeY)r bose, 0.5 g of

form c28cid was in each case added to a t wo- phase m xture conpri sing
10.0 g of polar solvent and 10.0 g of tertiary amne while stirring
vigorously. The formic acid in each case reacted with the tertiary
amne to formthe corresponding form c aci d/ am ne adduct which in
each case dissolved in the phase of the polar solvent. 4 ml of the
enul sion obtained in 10 each case were introduced into a

hi gh-pressure sight cell and separation into two phases was await ed.
The volune levels of the two |iquid phases were subsequently marked
and CO2 was injected to 6.5 MPa abs at 20C. Further CO2 was in each
case introduced until a constant pressure of 6.5 MPa abs was
established. The volune levels of the two Iiquid phases were marked
again after 15 minutes and conpared with 15 the original |evels
before injection of the CO2. An increase in the phase volune is
attributable to dissolution of CO2. The paraneters and results of the
i ndi vi dual experinments are shown in tables 2.1 to 2.3. The exanpl es
firstly show that the two phases are retained in many systens even at
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envi ronmentk = @omp{mn@ 1 to CG34 (distribution of the honbgeneous
catal ysts) 35 ﬁfatlgﬁ@g%es the distribution of various
hom)geneou cat I'n varrous two- phase m xtures conprising an
upper phas cd’F‘rﬁ 'H@ pf"i"@éortt@?t'?fyaﬁ‘"ymaﬂ) aad Bﬁ@oﬁeﬂ%\k&éﬁa’gﬁﬁbe

conpri si ng Noalpodisbbiveam pamg formi ¢ aci d/ ani ne adduct was exani ned.

I n expqgsi n@tzsﬁnc,}-,él. LRp C-26 5 g of the form c acid-trihexylam ne
adduct (pr id and t |h>éélam e in a nolar ratio

of ami ne t(gp J?ﬂ{cé:‘ 328? BUWP f‘ir t?g"aWeEFB‘nF’N 78 kemegenegys/eafalyst 5 g

of the polar solvent at roomtenperature while stirring and adm xed
with 5 g offutthedeoty! ami ne and 10 ng of the honpgeneous Ru catalyst.
The two- ph stem ned vvas stirred vigorously at room
t enper %uré%% eﬁyBO msﬁﬁl%ﬁtl In experinments C-27 to CG34, 2.5 ¢
of for Li-eSiere PH-988ch case mxed with 20 g of the respective
am ne and #mine @y =at tertamanengdy ature for 30 minutes. After the
reaction, 5 g of the |ower phase were separated off or, in the case
of single- the reaction m xture was used and added to
DPRRS e bacine

a mxture PR (P5) A Has moguesd By dirsolviag e thamogsamends
and 5 g of catelygt iniertiginy eniinend)y endhddestqaentivt dudingrhepimasrescivesit affiile stirring.
Z]E): ?r nﬁg \é\ﬂh’eSﬁarétﬁﬁdis\/bigmé%'&h&luﬁtsexlbﬁ@lg‘)e(ﬁtg£H|P§ 'sAbWh ‘?n fr%[)leéql RYLLS: The
parti tion @g&?g?ﬁ%gﬂt@%t u‘?'ﬁagﬁ] SuRh S ror%e‘ﬁ?rleatﬁ“%r?hfawegh‘@'th the
upper phas&M4sen eeiend rﬁ'ﬂ? @Xtrﬁ@iloﬂhéeﬁsél/velf- phdsibe phese ssepaedore 1 were
det er m nedchgrgeganith af mxtweidf tediagr phin (13 ROEL FONREESVerft AR - hylihfgenanon
_Fl)_g[)?ggt er ir@é&@o{"ﬁs Wb $hef nddi&s WAL ¥ AMREn@ X RRF LOE R4 2n %lf?&lﬁ‘h plsdule, CO»
38’ was |njegted Further H, was subsequently injected and the hydrogenation reactor “A”

was then left under the conditions set with depressurization valve “L” closed for the

stated initial reaction time. The depressurization valve “L” was subsequently opened

and the plant was operated continuously. Here, polar solvent as stream 7a, CO, as

stream 1 and H; as stream 2 were fed in continuously. Product mixture went via the

35 opened depressurization valve “L” into the phase separator “B” and was separated into

two phases. The upper phase was recirculated as stream 4 to the hydrogenation

reactor "A”. The lower phase was conveyed as stream 5 to the extraction vessel “E”. In

this, fresh tertiary amine (l) was introduced as stream 10a for extraction of the residual
homogeneous catalyst. The tertiary amine (l) was in each case introduced in an

40  amount corresponding to the amount discharged via stream 8a. In the subsequent

phase separator “F", the output from the extraction vessel “E” was separated into two

phases. The upper phase was recirculated as stream 12 to the hydrogenation reactor
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enri ched i i@ agjsh&rmednivas-daterminad iy sprame84 rhyalilrations wishs0.1NSKE in
(various p@popsel \egainst Predlshialéiar ThaMONNhBER)F ana&hgﬁagmloﬁ&ta% Were
to D2 ghy ' - af i C . catal ys .
reci rculsat %%%9%@#@%2&;%@?@& ﬁ@?@%ﬁ icﬁﬁtgﬂ?ﬁ%&r %%gﬂ'gﬁ%gm 'Bﬁ eof atomic
separ at i on 298XPHAL SPeFTORlY (AAS) -y Yndas these senditiansntheaplpathwasiioegch case
pl ant as sloperatéchfoFagunbenas hasedThdtselts bhibeiindivishial exberireénte be agse
t he fol | owsRgwARETYOM S 2. A = hydrogenation reactor (270 nml autocl ave
made of Hastelloy C with blade stirrer) B = phase separator E =
extraction vessel (350 nl stirred glass vessel with glass blade '
stirred? 1dxpmplesiid @nddyashewtha verysasiodarmopaimp the hondegenesssicatalysi with
val ve M = mabsequuhtatecipculgionptof e Hyﬁfdgbﬁétlbélaﬂéhﬂl@r (s Ms@%s%@ﬁt\gﬁrﬂ?@%ase
cat al yst (= e = u =
recircul at isg%a'%lﬂon W gﬁqﬁ%r@%@r%% m ne(;;\%? %”r?&g'g‘x?ﬁagtﬁg %d’@ﬁaﬁdg be
cat al yst Flﬁ?‘“t"ﬁ@'rahr%r Eom 43 pPaRge SeRAPIPRMR” Moraohfcaga sompsised,guith 175 ppm by
weight (D-1) or 390 ppm by weight (D-2), very significant enrichment of the
15 homogeneous catalyst compared to only 15 ppm by weight (D-1) or 26 ppm by weight
(D-2) in the lower phase (product stream). The preferred extraction using tertiary amine
() in the extraction vessel “E” with subsequent phase separation in the phase
separator “F” enabled the product stream to be depleted further in homogeneous
catalyst, in example D-1 from 15 ppm by weight to 10 ppm by weight and in example
20 D-2 from 26 ppm by weight to 11 ppm by weight, which corresponds to a further
depletion to 67% and 42%, respectively. The upper phase in the phase separator “F”
comprised 46 ppm by weight (D-1) or 160 ppm by weight (D-2), which could in each
case be recirculated to the hydrogenation reactor. It is thus possible to separate off a
higher proportion of the homogeneous catalyst directly and reuse it in the
25  hydrogenation.
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an emul si on
in tertiary am ne

(1) and subsequently adding the polar solvent while stirring. 25 The
parameters of the individual
4.2. The hydrogenation reactor "A" and the phase separator "B" ver e

experinments are shown in Tables 4.1 and
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39 40 41 Clainms 1. A process for preparing formc acid by

hydr ogenati on of carbon dioxide in the presence of a catalyst
conprising an elenent of group 8, 9 or 10 of the Periodic 5 Table, a
tertiary amne (1) and a polar solvent (lI1l1) at a pressure of from
0.2 to 30 MPa abs and a tenperature of from20 to 200C to formtwo

| i qui d phases, separation of the one liquid phase (A) enriched with
the formc acid/ am ne adduct (lI1) fromthe other |liquid phase (B) and
recirculation of the liquid phase (B) to the hydrogenation reactor,
wherein 10 (a) an am ne which at a pressure of 1013 hPa abs has a
boiling point which is at |east 5C higher than that of formc acid

and is present in_enriched formin the |iquid phase (B) is used as
tertiary amne (1)} 15(b)| a|sal veny] vwhogelel ectrostlatic|factlor is 200
10-30 Cm and whji ch| at a8 pressyref ol 101B hPa abs has a poilijng point
which is at |east BCjhijghg8|£ndh| Ehat! of 1 erm|cEaci|g: anfisi s |present
. . Fu [
in enriched formih the || Juind phEse (A;_Cl@useg ag. ol g sql vent
(111); 20(c) tHeuﬁ DEMG Al die 'qg acduqy 1) 3f t | | gui d phase
o
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(d) the fragaffymc acid is renoved by distillation; and 25 (e) the
free tertiary amne (1) conprised in the bottons fromthe
distillation unit and the polar solvent (IIl) are recirculated to the
hydr ogenat i 'on A 856esy for preparing formis asid dyskydseasnatiom gf rcerbonadioxide in the
wherei n a cat argsehce ofrprdatilyyy comphsing amdismaried gr@h 8. QEHG}OMQ?@F’%nodlc

accordi Bg to ghgleMyltafin am\MéeLFEﬁd%h &PE&Q&{{ ﬁsatcaa@r%g%ﬁrg (Jifsfr %’2 to

| yst
B oo Yot or A APH 308 BR 4 Terpbrbtire, AL Ram-20: n S0 8 it Bl ppess,
used as 35cat &Ppaatiendf thhicneiliguidrpmeatAj enrohed elithdhé a’nsrmld agethine atidutt
the tertiary amifsn ¢He ofhlr lidifd bhadd B)RERSRcitdBlatior- ofTﬁ!?h P %B) to the
according to ‘ﬁg@ljogé%lomg%& Wﬁ? net al - organi ¢ conplex ¢ rrp Isin
0

el enent._of gr '7& Periodic Table and at |east one
phosphilRe group 40 having at |east one unbranched or branched,

acyclic or cyéd)i can ahinghetidtcatrfpiceslireRAvMONYhPs @B haé @ bbﬁm@%l@@ﬂrhlch is at

s heed s horo: 'j“%‘%%ﬁ% y F%M@F@@@%@é&’%@z@g@%& it b Re i goe
6. The process aj'cgﬂﬁd éf‘ﬁ?qﬁ% tegiarg amigeei n, in feature (e),

the bottons fromthe di stlllatlon unit are separated I nto a phase

conpri 3eng t hep)f regohvBht M‘ab¥e %dﬂl%s(altli faeer 3s Rhase. @Wh%ﬁtﬂ%ﬂ?@q

pol ar solvent (1| ses ar.e reC|r ulate

the hydr ogenatlor{J %S%E?Sé \%AHI/I%%‘? ARG RARGEIHYS @ @afsf% ighér than
tertiary 5 anine f@toffermig aciscandisl pressnt vn anmined%omam thenliquid phase (Ads
hydr ogenati on reagkdasotrBowegemgous catal yst being extracted in the
said extraction unit fromthe liquid phase (AéI vvhlzzh ?as beﬁn I |
separ ated of f efor the formc acjd/amne adduct (l11) in the Iiqui
phgse %ﬁ) whi &‘ﬁ HB%I YOUR asiYrpipine candyet (I)sof theclisuig ﬁba&%(ﬂ)euhahdwqapeen
t hermal | y di ssocisapartéchofi isltstrmblyatissociated tinto rftee ﬁo(rjrﬂe 4did Bhé fl%@}t@rtlary
and free tertiaryadifa( e dikiitatidn ydife€ Process according to any o
clains 1 to 6, V\herelg)an alm neI %%‘ the general fornula (la) 15NR1IR2R3
(la), where the radicals RL to R3 are identical or different and are
each, i ndepenﬁﬁnt’[hfyff@ff; formic acid is removed by distillation; and

25
(e} the free tertiary amine (l) comprised in the bottoms from the distillation unit
and the polar solvent (I1) are recirculated to the hydrogenation reactor.
2. The process according to claim 1, wherein a catalyst comprising ruthenium is used.
30

3. The process according to claim 1 or 2, wherein a heterogeneous catalyst is used
as catalyst and this remains in the hydrogenation reactor.

4. The process according to claim 1 or 2, wherein a homogeneous catalyst is used as
35 catalyst and this is present in enriched form together with the tertiary amine (I) in
the liquid phase (B).

9. The process according to claim 4, wherein a metal-organic complex comprising an

element of group 8, 9 or 10 of the Periodic Table and at least one phosphine group

40 having at least one unbranched or branched, acyclic or cydlic, aliphatic radical

having from 1 to 12 carbon atoms, where individual carbon atoms can also be
substituted by >P-, is used as homogeneous catalyst.

727/2008 Gmy/cz 23.03.2010 3 figs.
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one anot hers, Jhe provess abRidifg tdEFRLNBES, vﬁfe‘x‘@lh'lﬁ fé&tul%\/(sj kita b&{dnm%mf{he

R b AR L ol Pl Phob D8l ERGTei e ol Byt Amine () an
substi tuted, ?nﬂ@ﬁ@rﬁ?@?ﬂqsﬂﬂgowed?@ara%Y%r('”) IAndathl diver phages ae Jeditasiater
fromthe gr oupemratelystbltm@hyﬂrogéhatiarmabaet&r With thephase abhplidhi®mhefrd ©flapy
can al sg be | et 5uio0RcRAMEELE & LRI GAFISINGH fo'g%lé’é}%n%%étgpgﬁd
our
process accor BPWBQ?WOHFaﬁakﬁ?yfﬁ\ﬂ?Qr%trﬁcéﬁ 'Brﬁ‘/‘?\éa@f e’ft'ﬁ‘é ik Hat &Py Bientiguid
(1a) in whichpbaee (Paaihichl haseen sepFratadenblediert the formiteasdidminte adducb(‘rl) in
t he glr oup congiestiduid® paks&tACHACA Hféd bedP sEfharsitel (ﬁﬁllskﬂoccoias RRZY e ]:)r :t}ﬂ
Po ol aim 7 or MgmahflissdlistedTh B ablileran uni 16 v TR ARE w1 S
(la) id%sed Qg‘"‘tee(l')tlary amne (1). 10. The process according to
claim9, wherein an am ne of the general formula (la) in which the

radicals Ryt ohXprtels Sebaingo YRSy o fvm&é.ngngén?igg of he ggneral

consi sting of yl I's"used’as tertiary’amn _ :
process accor MY A any of clainms 1 to 10, wherein an al i phati c,
saturated hydrocarbon having from2 to 5 OH groups or a formc ester

thereofisis used as polar solvent (Ill)NRREI2. (Hye process according
to any of clainms 1 to 11, wherein the hydrogenatlon is carried out at
a nolar ratio of carbon dioxide to tertiary amne (I) of fromO0.1 to
10. 43 | i qui Whpied8e radigaleRt todRiearedanticalies difierarit end efaitaahi indepatuisotly of
(1'1) and the pod another, waninbfeanchgd br B¢, abyRE of byt dalphage aeaﬁbphanc or
enriched with Foh‘?ah&% beﬁrh\éviﬂgu?‘éa Hlas%nﬁjorﬁ qetor1%cée{r8$H Qﬁ)lﬂ% gﬁFre lpﬁlé{ldual

I|qU|d hase or are carfr
pre ssu of f n @tpr%soc su stltuted mdependently of one another, by a hetero
group selected from the group consisting of -O- and >N- or two or all three radicals
can also be joined to one another to form a chain comprising at least four atoms in

each case, is used as tertiary amine (I).

25 8. The process according to claim 7, wherein an amine of the general formula (la) in
which the radicals R' to R® are selected independently from the group consisting of
C1-C1z-alkyl, Cs-Cs-cycloalkyl, benzyl and phenyi is used as tertiary amine (1).

8. The process according to claim 7 or 8, wherein a saturated amine of the general
30 formula (la) is used as tertiary amine (1).

10. The process according to claim 9, wherein an amine of the general formula (Ia) in
which the radicals R' to R? are selected independently from the group consisting of
Cs-Cg-alkyl is used as tertiary amine (I).

35

11. The process according to any of claims 1 to 10, wherein an aliphatic, saturated
hydrocarbon having from 2 to 5 OH groups or a formic ester thereof is used as
polar solvent (llI).

40 12. The process according to any of claims 1 to 11, wherein the hydrogenation is
carried out at @ molar ratio of carbon dioxide to tertiary amine (1) of from 0.1 to 10.

13. The process according to any of claims 1 to 12, wherein the separation of the one
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liquid phase (A) enriched with the formic acid/amine adduct (II) and the polar
solvent (1ll) from the other liquid phase (B) enriched with the tertiary amine (1) and
the recirculation of the liquid phase (B) to the hydrogenation reactor are carried out
at a pressure of from 1 to 30 MPa abs.



