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8 The distillation apparatus is operated at a bottomtenperature of
from 100 to 300C and a pressure of fr 30 to 3000 hPa abs.
Preferably, the distillation apparatus is operated at a bottom
tenperature of 120C, particularly preferably of 140C and preferably
of = 220C and particularly preferably of = 200C. The pressure is
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Alternatively, however, it is also preferable in step (¢) to feed said stream from step (b)

comprising formic acid and a tertiary amine (I) to the bottom evaporator of the distillation
40  apparatus.
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However, it is also possible fo discharge the water and the eliminated formic acid in 2 common
top or side stream. The formic acid content of the product thus obtained is then as a rule from
35 8510 95% by weight. The agueous formic acid from the side stream can optionally be returned
o step (b) to remove the water.

Furthermore, it was recognized according to the invention that an oxidative degradation of the
tertiary amine (I) can occur as a result of the presence of oxygen and it is therefore particularly
40  advantageous, especially on operation of the distillation apparatus at pressures below 0.1 MPa
abs, to avoid or at least keep extremely low the introduction of oxygen throcugh as small a
number as possible of connections, nozzles and flanges, by particular care in the installation, by



"Mon-dc acid (feed streamto step (c))" corresponding to the anount
of formc acid fed per unit tine tot distillation apparatus andm
"-form c add (bottom di scharge)" corresponding to the anount of 10
formc acid renoved per unit time via the bottom di scharge. In the
process according to the invention, a separation rate of in general
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exchang#ermaiyeoypied disdeperr eaiurors drss proifidingval/caddmect ed at a
tempBrature of ?. 50C or at a tenperature of 5_ 160C.

The tertiary amine (1) to be used in the process according to the invention has, at a pressure of
1013 hPa abs, a boiling point at least 5°C higher than formic acid. Preferably, the tertiary amine
(I} to be used has a boiling point at least 10°C, particularly preferably a boiling point at least
50°C and very particularly preferably a boiling point at least 100°C higher than formic acid. A

30  limitation with regard to an upper limit for the boiling point is not required since a vapor pressure
of the tertiary amine (I) which is as low as possible is in principle advantageous for the process
according to the invention. In general, the boiling polint of the tertiary amine (1) is below 500°C at
a pressure optionally extrapolated by known methods from a vacuum to 1013 hPa abs.

35  In addition, the tertiary amine (I} to be used in step (a) and the separation rate in the disfillation
apparatus mentioned in step (c) are chosen so that two liquid phases form in the bottom
discharge of the distillation apparatus mentioned in step (c) under the conditions prevailing in
step (d).

40 The formation of two liquid phases is mainly determined by the chemical and physical properties
of the two phases. These in turn can be influenced by the choice of the tertiary amine (i) to be



40 11 preferably 5 0.125. The lower liquid phase in step (d) has a
nmol ar ratio of formc acid to tertiary,amne (lI) of preferably a 0.75
and particularly preferably a- 1 and ﬁpeferably 5 3.5 and
particularly preferably 5 3. 5 Furthernore, it is advantageous in the
process according to the invention to choose the separation rate in
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separated into gzvo liquid phases, the upper liquid phase having a molar ratio of formic acid to

tertiary amine (I} of from 0 to 0.5 and the lower liquid phase having a molar ratio of formic acid
25  to tertiary amine (l) of from 0.5 to 5,

The phase separation can be effected, for example, in a separate phase separator which is
downstream of the distillation apparatus. However, it is also possible to integrate the phase
separator in the bottom region of the distillation apparatus, in the region of the bottom

30  evaporator or in the region of the bottom evaporator circulation. For example, the use of a
centrifugal separator is also possible or optionally even advantageous here.

Since the formation of twa liquid phases is influenced not only by the chemical and physical
properties of the two phases but also by the temperature, as a rule the miscibility increasing
35  with the temperature, it may optionally be advantageous for improving the phase separation to
operate this at a lower femperature than the botiom temperature chosen beforehand. For this
purpose, the bottom discharge is usually cooled to a temperature in the range from 30 o 180°C
in an intermediate heat exchanger. The phase separation is preferably effected at a
temperature of 2 50°C or at a temperature of < 160°C.
40
The upper liquid phase in step (d) has a molar ratio of formic acid to tertiary amine (1) of
preferably > 0.005 and particularly preferably = 0.015 and preferably < 0.25 and particularly
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35  In the process according to the invention, it was recognized that the dissolved metals and metal
compounds accumulate in polar liquid phases, in particular in the lower liquid phase formed
according to step (d). Furthermore, it was recognized that it was advantageous to remove the
metals and metal compounds from the lower liquid phase formed according fo step (d). The
upper phase which was formed according to step (d) and is recycled to step (a) is virtually free

40  of metals and metal compounds. This prevents the dissolved metals and metal compounds from
becoming distributed via recycle process streams in the entire plant and causing the problems
described above. The manner of removal of the metals and metal compounds is in principle not



Tri-n-propylamne (b.n r- -1013 hPa = 156C), tri-n-butylam ne,
tri-n-pentylam ne, tri-n-hexylam ne, ? tri-n-heptyl am ne,
tri-n-octylamne, tri-n-nonylamne, trt-n-decyl am ne,

tri-n-undecyl am ne, tri-n-dodecylamne, tri-n-tridecylam ne,
tri-n-tetradecyl am ne, tri-n-pentadecyl am ne, tri-n-hexadecyl am ne,
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The tertiary amine (1) preferably to be used in the process according to the invention has the
general formula (la)
) NR'RZR3  (la),

in which the radicals R to R? are identical or different and, independently of one another, are a

25  straight-chain or branched, acyclic or cydlic, aliphatic, araliphatic or aromatic radical having in
each case 1 to 16 carbon atoms, preferably 1 to 12 carbon atoms, it also being possible for
individual carbon atoms, independently of cne another, to be substituted by a heterogroup
selected from the group consisting of -O- and >N- and it being possible for two or all three

radicals also to be linked 1o one another with the formation of a chain comprising at least four
30 atoms in each case.

For example, the following are mentioned as suitable amines:

o Tri-n-propylamine (b.p.1013npa = 156°C), tri-n-butylamine, tri-n-pentylamine, tri-n-hexylamine,
35 tri-n-heptylamine, tri-n-octylamine, tri-n-nonylamine, tri-n-decylamine, tri-n-undecylamine,
tri-n-dodecylamine, fri-n-fridecylamine, tri-n-tetradecylamine, tri-n-pentadecylamine,
tri-n-hexadecylamine, tri(2-ethylhexyl)amine.

« Dimethyldecylamine, dimethyldodecylamine, dimethyltetradecylamine, ethyldi(2-
40 propyl)amine (b.p.1012vpa = 127°C), dioctyimethylamine, direxyimethylamine.
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chain or branched, acyclic or cyclic, aliphatic, araliphatic or aromatic radical having in each case
30 1 to 16 carbon atoms, preferably 1 to 12 carbon atoms, are in turn preferred, it being possible
for individual carbon atomns, independently of one another, also to be substituted by a
heterogroup selected from the group consisting of -O- and >N- and it also being possible for two
or alt three radicals to be linked to one another with the formation of a saturated chain
comprising at least four atoms in each case.
35

Preferably, at least one of the radicals on the alpha-carbon atom carries two hydrogen atoms.

In the process according to the invention, an amine of general formula (la) in which the radicals
R' to R3, independently of one anocther, are selected from the group consisting of Cs- o

40 Caz-alkyl, Cs- to Ce-cycloalkyl, benzyl and phenyl is particularly preferably used as tertiary amine
(i)



15 conponents (for exanple water, solvent, byproducts, inpurities)
and hence in the end al so the concentggtion of formic acid and
tertiary amne (1), the tenperature and the pressure. Thus, the
foll owi ng concei vable forns nay be nentioned by way of exanple: -
Ammoni um formate (nolar ratio of formc acid to tertiary amne (1) of
éL) Ior florﬂﬁeqara?ésd-erci;@&ng to the invaslitac b sanirbteli @rzif]fbf :ctrﬁar Mﬁr%%lggm{t{lé (la) is
nmol ar : ; y am ne of > . - lonic
| i quid. 5#&%&@5&@%@%%%%%@%%‘%mii vi dual forns are uninportant
for carrying out the process according to the invention. The |iquid
st r eam Priempseceps apording kethedovyatienl aroamsinef (g geneyaldbrnudai(lsleinalvisioh the
conps i sediskisIRt 1@ E%ﬁnu’ebbmenﬂﬁﬁtrmfé&ﬁbme??a@ﬁbl@ﬁed fréth tHRXAHEY &anséﬁﬁ‘g)&d%l ¥
conpone I Ot .of t.eor Y. separ at.ed.
Bf- It BaMRE 8y gﬂ?f’]_pﬁﬁﬂéﬁﬂieedmgl ﬁex@lﬁlanﬂ'n%h Jﬁ gg@k)&a%%e nt‘n?{léoﬁl?rpme,

off in gtep (b), 1n addition to formc a ary a _

I'n addi @W&ﬁ‘yﬁ%g{?fbﬁxg‘%‘"ﬁci dﬂ%‘hﬂéﬂ%@%ﬁ%}mﬁﬁﬁ n ?Ctﬂ"j%thbﬂﬁf@%/%r 20y Ginsthyl-
t hose ceRpYBAEIE IS valipaRicdany pESmtheussdFstertiand afirentit he formic acid by
distillation in step (c) without problenms or at |east can be easily
se at ' b G AGH G t . . for
exanl eﬁ%&%‘“ﬁé@%@éEt%,?’?’ﬁ?if%%@fn@%b“*“;%@#%&@ﬁ?gﬁﬁ oY g G anc
adsor pt EORY 8RBT BY" Pk eddianta e dies oS 2o¢and dBR der ey imipe () e a
possi bl BXYip.taREwRrise ke deravia 2014 andiiBiaitertiay aminef (D ratsiodn satiads afher foems.i Eeytype
am ne (#)d amourtef thedqudividuet fee@mnicy diferidepstiirgCort Be PrewRiling Lordtnt N&ich as,
cont ent iopfexhpBl thedelivaaids ot fodhi¥ RIH f&ete('tiaf\f'y Q{l{n%e tlgé; EF%gncset bF 8 lfher

are,Ln pr i.pl.e.uni rtant for carrying out” f oc .

Rcot? di Rileltn do Rt yARn ssfiot PYertifik, Mg Brearehdye and pise the
pr ocessCAECRHFRIPRA § fopmic meid;and detiprymming (1}, edtamasnatise sudthegressorer Sbys; It
t he f oriollewiag tehcaneble feems enayibemyerdiohateby( Wy dfrxsmplegr eat a dilution to

step () ARnBRRmABatt it Aol i OB Rl SR thZ‘r&r ArhRClcd A
consunpt i Sobaldhe KA e Pho R PEBHR e e P ettbreaine 1Y > Byl e
a stf eam RAGiIgda total content of at |east 10% by wei ght, preferably
at 40 | s typs0andogmomsit giit thaimtiidrad ifaros aark yunprgdranaRryeafying @S thS @fbcbys

wei ght  gdcofdiigtbendieldhtignd tertiary amine (1). 16 The liquid stream
to be recycled to step (c) fromstep (b) nay optionally al so conprise

so-cal |l ed ng-'l' ents. If a solvent is to be used, it is in general
advant ag'é% UG gireqmromy gep bl Wnkes tachsied & sigpi(g) msy oh spuee Bise anmpyise stil
m s&% bl krthgndenpheerte stictaay fearrxampiel jecondary eapdnentsivertihleae wot dephesdd &f
aci d ?g@k ﬁch%bﬁE@E@g salahfied bR iDStep(BS ﬁﬂédcﬁti&n&@%rhﬁ&/\é‘ét =id Eh&é}:@r@arfgm M
step : r i.c.fac reviated to of .

pref er %Clldm%g 6§ &@g%@,‘%’ *ﬁ%‘i‘é‘% aIrhgF‘_@"es(_tlﬁﬁ't_ é%{)eggogy ﬁ%’%&?ﬁ% C?'BPOWQH}SSW@E%'S%S.O
The el :‘&% ¥%°§‘{ g¢ Fomdpe mEFaCiGE%%FW“ﬁ%@ B StapnE) Wit groblsmst gt fasshean ke
di el ect easily sepeeiedt fron thadesulingdiopoikeaaibire at dpvretreamestsg| feerkarhslee by a

f or s@xasgusequett difiglatdin ettactidrheby@plich aREssptione Blould Biebiddto Lp Ac).
Organic Chem stry", 3rd edition, WIley-VCH Verl ag GrbH & Co KGA,

Vi nhei m 2003 apter 3.2 _bottom of page 67 to top of page 68).
Thi o or DI PPRAMAPR e Bl LD resomae B h eiiordelfomii asihana i aimine
m ni nuntlobl tae ilieyid srgamdo iesiscisdiest (o sthp {4 eandaine rcohteguotdfophia seidi andsteetary
(d). 1b5arfine (Uspreséntsinl tiendnsa®anre hoprirRipRTRhitpottaR! BY Rafriify SAPMALiREss
of e fBrdiddidl fle RNRRGS. HIRRGAISRINGAB thES c%ﬁ@f&t {h\éepr@%% %{%cgrfgi% to the
examp! el o ol s et TS s oSBT LA IR el s ()
or essyr 8 g HE stée)g Cy e formic acid and the tertiary amine (I} in too great
a dilution to step (c}, since as a rule the dilution does of course also affect the size and design
of the distillation apparatus and the energy consumption thereof. In general, it is therefore
advisable to recycle a stream having a fotal content of at least 10% by weight, preferably at

40  least 50% by weight and particularly preferably at least 80% by weight of formic acid and tertiary
amine (I).



Cl asses of substances which are particularly suitable as optional
solvent are in particular diols 20and4gheir formc esters, polyols
and their formc esters, sulfones, sulfoxides, open-chain or cyclic
am des and m xtures of said classes of substances. For exanpl e,

et hyl ene glycol (EF = 290.3 10-30 Cn), diethylene glycol (EF = 244.0

10- 30 Cils liquid sitcayl teme refyyleditq stpp (o) dbmydtenie) glay eptionally Aspesrpmizedoalied
(EF = 2&#sehits. 10-30 Cm, 2-nethyl-1,3- 25 propanediol, 1, 4-butanedi ol
(EF = 262.7 10-30 Cr’r), di propyl ene glycol, 1,5-pentanediol (EF =

212.5 10-30 Cm, - hexanedi ol and gly cer ol may be nentioned as

sui t abl & ad??lv@“d%&o ;5’6| YR5Ps Tt D Hgneral @qii-@magm%fow@g to dieoimemisgile or only
pol yoI singignifitratie sviscibié ivéth the teffanpaesente bof readityniniscibid dith IfBrmii®ecid and

p{ gC e?ith@f&&é GhtAgr tbﬁbetﬁ?@se'nf‘hﬁ?ﬁé 'Idgxfér Lhdi eés%tlrﬁfe e%%l)eq\n' éi'eo?r?])glra i& H:«Jc?cfr 118,
s s ri s

aci 8 2 Hr&'%tgg id B d?‘% ef% %@9 >aédtD r:|Os a‘P’B a§@r9¥9§1t9 5‘? GRS % é?t%pose
Si nce t Re ¢ @%tiﬂsf ﬁ&‘CFQSIEﬁ\ ig dglinegras s prpdyd of the rﬁ*ﬁi“@rdlﬁﬁﬁéﬂecmmwr@nd the
t hey ar dpgjenamnant i oblhe solveritt(sds, &ragarspib MR Reaichakit SBolvédte an@Belverlt TR G

gﬁrn(mg ORinRs Caémkirgaard Rditisn, hm@if-?@ﬂ V@riéd‘%n‘iﬂ?—?%ﬂ@o REBAT 9diHeim 2003,
oper at i & 5*9?“ D8 6306 bNohdl aBUR) PloallBbST 1 LIRCONMAUE e ot e
t hese sAHCMAFRYGA Bas2 Femain QuNEVRY %faar&‘ £nq i miseiblgi Wit thp dewssriguid phase in

appar atefsp{da a side take-off. 35 For exanple, dialkyl sulfoxides,
preferabl y Cl- to Crdial kyl sul foxides, in particular dinet hyI

2015 98 8.0 b S0 .l B IO B2 6 i e
rfg?qi?{,\ fer, d“gsgﬂtj’fl\(egpystergé@g egample Jgech] ¢ temary amine (), ccxncentrat:ons

N N-d| mwrmmﬁrmmsdee FrEfhelilg@)s6. 5 10-30 Cm), N -nethyl pyrrolidone (EF
= 437.9 10-30 Cn), acetam de and N nethyl caprol actam are nenti oned

as sui t é%ggesoﬁ%@bﬁg?deg v chCaYrg tp%ﬁ:c@lg}l\sj%ﬁfablejas cﬁa‘% 9%6\6%8!%% e Fg%qr@dular diols

e and GeEp e 205 745 i 8 e SO o or oyl
opt | onafnigles agdipeturpeoiseitcdanseani sybstaficdsor mi ¢ acid in the upper
| i quid phase. 5 However, the process according to the invention is

refera t L e
pref e af}ii:aﬂx%ﬁfpfe’ %ﬁhy@ % F:L Qﬁ%@z’:‘é@ m‘i‘écé?x %ﬂ?ﬁé% O@fcol %L-t: Ogﬂtﬁ 1oy
process’ gc¢ord Ok c?o § P’i i TR Pr ﬂ‘é?di? FREi2EP SudP™ em et-gretianra.3-
t heZ$ ol P@ﬁﬁ’iﬁj”%aﬁ‘? Adtensslict ABD&r282 (s 108t Ciph odicopipra  siycelam?,5-pentanediol
conpr i s{Brg= 202.81 ¢0-VOnY, ayGchekanddidrayid yNicaml tay dB meARPad akUsithilé diols and
separ at paigh® fdwis§ PRERDY GBI AR shd polyols can be esterified in the presence of formic
acid. In the process according to the invention, this is effected in particular in step (¢) in the
thermal separation of the stream comprising formic acid and tertiary amine () in the said
30 distillation apparatus. Since the resulting formic esters show very similar phase behavior, they
are generally also suitable as solvents. Also, the water forming during the esterification is
harmless in the thermal separation. There is no increase in the amount of water in the
continuous operation of the process according to the invention since water in these small

amounts can be separated off in the distillation apparatus via a side take-off.

35

For example, dialkyl sulfoxides, preferably C+- to Ce-dialkyl suffoxides, in particular dimethyl
sulfoxide (EF = 627.1 - 103¢ Cm), are mentioned as suitable sulfoxides.

For example, formamide (EF =1243.2 - 10-% Cm), N-methylformamide

40 (EF =2352.9 - 10% Cm), N,N-dimethylformamide (EF = 396.5 . 103 Cm), N-methylpyrrolidone
(EF = 437.9 - 100 Cm), acetamide and N-methylcaprolactam are mentioned as suitable open-
chain ar cyclic amides.



C = Distillation apparatus D = Phase separation vessel 15 A formc
acid source is fed via stream (1) and{tertiary amne (l) via stream
(8) to the apparatus A for producing a streamconprising formc acid
and tertiary amine (1). As already explained further above, the
formc acid source to be fed in can, for exanple, already conprise
formc acid in dilute, contam nated and/or chem cally bound form or
can coms iheease pagoa iRevEry it MRgRsole aambgais tOndE Gstank Prdrsrably FRHESSH

by chendgpaht (WRRE I 10EME S N, ?EE?I( galvéh(ﬂ'pmag?:lgggﬁﬁg ﬁ%ﬂ@g 3&% golt?%gtraﬁon of

tertiar mne.(l) is taken o rom appar
appar atférsn%%a?'gll"gtgéﬁg?%[b'ﬂwgpBﬁ‘ﬁe'secondary conponents. Said apparatus B
may e, for exanple, a distillation apparatus in which | owboiling

s econdafgywavenyiom pricssscastoihgrie iy ddertign B Slefdrdii t@Ped JiRGVIFBGORIMN of 2
conponegienseparated off are renoved via stream (3). The stream
concentrated with respect to formc acid 25and tertiary amne (1) is
fed via stream (4) to the distillation apparatus C. Formc acid is
separ at @@ & shomger mphfied iblpck diagrand af & genaral earho@B)ent Fhibe botcesnaprooding to
of thhe tde stvehiont Tiearedppradiat letter€ Hase fredolaSirgirh&ming 6) to the phase

separ at i o v egpalani thHro @ s?%@%rc%'rﬂpﬂg‘igg @ﬁg%@%nd'f%@%‘ﬁgﬁmﬁ e i

recycled ,as_stream (.8) to the arat us A ower se is
recycl ed %s- P 8?[7‘1’8({9%Sepgra%"Fpec”ﬁ?%f’f’%%fz?r%o’?ﬁﬁar atus C. 30 Fig. Ib
shows a flart HistillafomaPpeiaBlE bl ock di agram of a general embodi nent of

t he procdss: atmee depagatioo vedrel | nvention. There, the individual letters
havegsthe foll ow ng neaning: A = Apparatus for producing a stream

conpri sj or.m I, nd terti m.ne (I = aratus for
cepar at IR €18V SeBan Al AT dids [ Vet B biipa Soeeraioen
i nt egr dPEATPNEES & BifRATHEPBRISIE foppiscrolts an¢ detiay mynive (1. s already explained
cor rh es [:hfgl";qt@_‘s?am ttfmfbrér;b:ylg;;‘dr;?b% by fedt m%afz)c oxatnpg agr@acfyi C@mé)li_s@fd?#ﬂcnacid
Wi th thig dlith] @nemaRatbd ahd/bheRMGRE LARRELAT &N BnipRLLYY t § of
HETHIN Sl e sl e e i
di st 1 13tT 01 Apparat Ha oeoqq Rerielical Pagiion, The sE§aM ) £OmpTsipg lormici afifl ap
phase | EMPECHENE) s (heh GXforBFPIasRG 2shiar de the AGPeTAES POWEseRErefinacHr
phase isscpedyyy berdpaienist Badapgaritus 8 rdyebad fs tekbihplt] DdistipPET AipasatE in wifich
low-boiling secondary components can be removed by distillation. The secondary components
separated off are removed via stream (3). The stream concentrated with respect to formic acid
25 and tertiary amine (l) is fed via stream (4) to the distillation apparatus C. Formic acid is
separated off there by distillation as stream (5). The bottom praduct of the distifiation apparatus
C is fed as stream (6) fo the phase separation vessel D for phase separation. The upper liguid
phase is recycled as stream (8) to the apparatus A. The lower liquid phase is recycled as
stream (7} to the distillation apparatus C.
30

Fig. b shows a further simplified block diagram of a general embodiment of the process
according to the invention. There, the individual letters have the foliowing meaning:

A = Apparatus for producing a stream comprising formic acid and tertiary amine H
B = Apparatus for separating off secondary components
35 C = Distillation apparatus with integrated phase separation

The process according fo fig. 1b corresponds substantially to the process according io fig. 1a
but with the difference that the phase separation is integrated into the distillation apparatus C.
The formic acid is separated off from the distillation apparatus C likewise as stream (5). The

40  upper liquid phase is recycled as siream (8) to the apparatus A. The lower fiquid phase is
recycled as stream (7) to the distiliation apparatus C.

3



In the process according to the invention, various configurations are
possible in the region of the distillagion apparatus C and of the
phase separation D. They differ not only in whether the phase
separation takes place in a separate container or is integrated in
the bottomof the distillation colum but also in the site of the
addi t i oin thd propessAcE@aing &otp inventivy, Yasions cordigidtianschre eodsible in t9e Bgiamef the
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foll owi ng neani ng: C Col um body vvlth internals C2 = Bottom

evapor Phase Sggﬁl i’:(lthn vessel Heat exchaﬁg 15 Stream

(4) CO?T%PI%? SHPpPEies gk dRgrae P ?a?fgﬁgaﬁﬂ%pr@reyreﬁgn Preqsse geeording to
col urm bedyveation, Dpe rriliotgof dire distilipticn arperatum@ aod obihe pbéset depafaded D. There,
conpe i sinegndividual itas ihdvednd faloivigtredhingam ne (1) to the distillation

appar at uscp_t(f@urfug lﬂﬁhtgrng% removed by distillation as top
e product via stream (5a) and/or as

pr oduct vgg st S Si

si de produtt™ og‘ter in particular 20 the three fol | ow ng
vari ants 'Belﬂfﬁeéﬁﬁmlowﬁ%seh rst variant plays a role as a rule
when secoHda yHenapdaegdrs whi ch boil |lower than formc acid are still
pregegnt in the feed to the distillation apparatus C. Said secondary
conponepts_are then.s rated f a stream( . formc acid ar
cxanp! e oK 2 SOPOTSIE I oe A erBy S8, U ds 16598 BRF ek poe &1
then seB aﬁa%ﬂdé*@ asromppgitien ankeriolipef)the fRed szomml%ng faereie poid énd aitertiaty amine (1)
form c tctd difitiaticexapmatauhay iirgfodmicosdd & aeidled PRtditlaidh 49 &M HRAL@ via

95% by wedmts) ésssﬂé‘&ﬂdlﬁc.‘? Wévs%gaﬁ‘l' (Qa)sér{dﬁﬁ‘% GRi) od-uafswé‘gff%g#% ())% reﬂ'aﬁlcular

?(r:\:ag%tn Sttﬁ@ﬁ%fl%‘gnéé'%?ﬂﬁs @%\':"qo%ﬁ? %’I aisrgt lrJ::)Ing as a rule when no

secondary conponents or secondary conponents which do not adversely

af f ect Thefidesriaethldyararor ac alequiadn deyordaty vdmmineie wWhich®oR foweh &1ain formic
1|‘ or {nhfsa@m dre2ét pPés%ﬁﬁHtthé @3& ﬁﬁth@%%@gé;igntapﬁargﬂugd Ls%%téeeéhq%ﬂpéan% &nSare
cont ent th% %if %106%55@0'%&% (: gT&’f RSN ﬂ%ﬁ (fg eﬁwggav&gfa farrglcsqq qptent of
(5) 2 V\atJ%FO e By Mew@f)f*%i*ﬁﬂ Serrrpigd off ofa Erearpite). wava ivlp. wateseantainingfarmic
cont ent agf (for et Ehinga B68ic byid \wentghitof from 75He 95%Dyaveight)ds tenusmdved e
stream gfdam (SHHETROMRRYSs fPhidi it drebi BbY @a?qr@pﬁéﬁauy%r}e&%dqeaé(tésa' Sb%

returne ) to renove the water. his case, stream

can usu%‘*@%@g ?t%gensed with. The third variant plays a role as a

rul e when the desired formc acid quality is already 40 achi evabl e

t hr 8GghTedsesendewaria(bplayTh plé sstheuleagen fose@ndany| @mpohents tdresecondary

cont ent cehpaRhel wiagHlds ﬂﬁ%ﬂé{s&lr%@&Qﬁ@ BESireB Gbrhicd1Scid QUity ARPRNERHBE fower
aci d i nylhGohfedeili Qrd Besdt §i ie'rald RtnBRR| AN Spfaratus C. In this case, the formic
acid (for example having a formic acid content of up to 100% by weight) is then separated off
via stream (5). Water-containing formic acid (for example having a formic acid content of from
35 75 to 95% by weight) is then as a rule removed via stream (5a). The aqueous formic acid in
stream (5a) can optionally be returned to step (b) to remove the water. In this case, stream (5b)

can usually be dispensed with.

The third variant plays a role as a rule when the desired formic acid quality is aiready
40  achievabie through the stream (5). This is the case, for example, when the content of water and
secondary components boiling lower than formic acid in the feed to the distillation apparatus C
is so low that the content thereof is in agreement with the desired quality requirements of the



is so lowthat the content thereof is in agreement with the desired
quality requirenents of the 19 form ggacid. This variant may
therefore be inportant in particular for obtaining formc acid having
a content of from75 to 95% by weight. In the colum body C, the
feed of stream (5_4) is located in general between the side take-off of
5 the stamigmsid Shipveskin) ma ther¢forethstinpontaot int feetiontat tomoblaihy fEmi©Acid hBvify
nmor e pr ekentechf &amod t0@pY%. byiwkidHie region of the lower fourth of the
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in the PPREEEYECaccording to the invention, in the region of the
distillation apparatus C and of the phase 20separation D. There, the
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gener al we e take-of f of 'the stream (5a) and the bottom
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regfon oft e TRAEXChEBYRt h of the avail abl e separation stages. The
bott om product of the colum body O 35 is taken off as stream (6)
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D1. The lower liquid phase is fed as stream (6a) to the bottom evaporator C2 for heating.

Formic acid-containing vapor and optionally liquid stream comprising tertiary amine (1) and/or

formic acld are fed via stream (6x) to the column body C1. The upper liquid phase of the phase
separation vessel in the evaporator circulation D1 is fed as stream (6b}, via an optional heat

40  exchanger H in which the stream is cooled, fo the phase separation vessel D2. The upper liquid

phase is recycled as stream (8) to the apparatus A. The lower liquid phase is recycled as
stream (7) to the distiliation apparatus C.



40 exchanger Hin which the streamis cooled, to the phase separation
vessel D2. The upper liquid phase is pgcycled as stream (8) to the
apparatus A The lower liquid phase is recycled as stream (7) to the
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C1 instead of the recycling of stream (7) and/or stream (6a) to the bottom evaporator C2.
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Fig. 7 shows a simplified block diagram of a furiher configuration preferred in the process
according to the invention, in the region of the distillation apparatus C and of the phase
separation D. There, the individual letters have the same meaning as in fig. 2. The variant of
fig. 7 differs from that of fig. 5 in that the feed of the phase separation vessel D, which optionally
40  takes place via the heat exchanger H, originates not from the bottom of the column body C1 but

from the bottom of the bottom evaporator C2. In this variant, too, stream (7} can also be



separation D. There, the individual letters have the sanme neani ng as
infig. 2. The variant of fig. 7 diffens fromthat of fig. 5 in that
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40  and only then to feed it to the distillation apparatus C.
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stream (2) depends primarily on the relative feed rates of the three feed streams methyl
formate, water and tertiary amine (1) to the apparatus A, the type of tertiary amine () used, the
residence time and the reaction temperature. The conditions which are expedient for the
35 respective reaction system can easily be determined by the person skilied in the art, for
example by preliminary experiments. Usually, the reaction takes place in a temperature range
from 80 to 150°C and a pressure range from 0.4 to 25 MPa abs. In stream {(2), the molar ratio of

formic acid to tertiary amine (1) is usually from 0.5 to 3, deviations from this range of course also
being possible,
40

In the distillation apparatus B, so-called secondary components are now separated off from
stream (2). These are primarily (i) unconverted methyl formate, which can be separated off as a
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24 be renoved, for exanple, in a branched-off streamfromthe | ower
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number and a high color number stability.

The process according to the invention also ensures that only extremely small amounts of

40  formic acid or even virtually no formic acid are or is fransported back to the formic acid source in
the amine-containing recycled stream from the process step of the distillative separation of the

formic acid. Larger amounts of formic acid in the recycled stream would lead to increased



process streans and nay therefore result in both higher capital costs
and hi gher energy consunptions. This k2gs an effect particularly in

the case of hydrolysis of nethyl formate, in which recycled formc

acid would lead to a decrease in the nmethyl fornmate conversion. Thus,
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the invention also has the advantage that the disiillation apparatus can be operated at lower



15 Exanples 1 to 10 One nole of the desired tertiary am ne was
initially taken in a glass flask stirped by neans of a magnetic
stirrer and one nole of formc acid (98-100% by wei ght) was added
dropwi se per nole 20 of amine nitrogen while cooling in an ice bath.
After the end of _the addition, the solution was warnmed up to room

t enper atePEYBoTHUS B3 2lgh 8osile, FRicEXEBIPIER 0 Heenloweaneray siemm far dpketing e
t wo phadietilatiesr @pppradisent in equilibrium Thereafter, the phases were
separated by neans of a separating funnel and wei ghed in each phase,
the for was,.det ned b itration with 0.1 N NaCH
in i sopﬁ%@aﬂﬁ{)’g( endtmeﬁg oy ﬁﬁryaltcf @nS%B'Eﬁr dAts 8 ?fm'%)amdﬂﬂ@ rithgrmal
25 cont &efompast '%sumed as the remminder to 100% The nolar ratio of
formc acid to am ne was then calculated fromthe corrposition ~The -

i ndi vi dyigd @ﬁ%@d&@l@?r@' to 4o ﬁv@f{tﬁn heWRoI 2 J2Rif gn'tlm'lzr%(ra\ ﬁ]%mjat;(t)n wif the

show th e rtiary,am ne
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Exafipl efoBnathuydmiysis withedatinbfreane dewatttiey by hrearsdiesh axrufidn &sisham B @ two-
acid (eppeessartingooverall nolar formic acid/amne ratio) was varied.
The results are shown in Table 2. These show that, for exanple, the

t wo- phase character of a system nay al so be dependent on the nol ar
form c acid/ am ne ratio. Conparative Exanple 15 and Exanples 16 to 17
27 was Bxhfeplesdr opwi se at roomtenperature. After the end of the
addngion, the solution was stirred for 30 m nutes. The product

obt ai ned, i (cf. Table 3). In Exanples 16 to 17, one nole of
rrethyldlc ohexylam ne was likewise initially taken in a 5 glass
flask stirred by neans of a magnetic stirrer and 0.21 nol of formc
aci d (98na 00l tihewWesjiet feriiary aetbesasinitilotakéreinmegiadsiizek st”rrlrwt@afﬁnteerﬁs of g
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det m ne
det g m a5l 1 path, phisen BY 02 AR & Sl el 1o S Ko v
t he abs’é‘ﬁ@ galpylatgd divas besaopwoaltioro h(aaeqwuﬁtmi egpeanEnts) data &hS sRoMpar Ahbiy 6.

Exanpl eExemplday1 &dth stamnthaf a dradiserblich GRab@EySRhNG Yorm %ﬁcpﬁﬁa%te'rf? Qtuﬁ’é&t With
two |io@ificRBases can be induced, the formc acid being present

hi gher concentration together with the polar solvent in the | ovver

phase. Conparative Exanple 18 and Exanples 19 to 21
30 Comparative Examples 11 and 14 and Examples 12 and 13

Examples 11 to 14 were carried out analogously to Example 3, but with the difference that the
added amount of formic acid (expressed as overall molar formic acid/amine ratio} was varied.
The results are shown in Table 2.

35
These show that, for example, the two-phase character of a system may also be dependent on
the molar formic acid/amine rafio.
Comparative Example 15 and Examples 16 to 17

40

In Comparative Example 15, one mole of methyldicyciohexylamine was initially taken in a glass
flask stirred by means of a magnetic stirrer and 0.21 mol of formic acid (98-100% by weight)



These exanples were carried out as in Exanples 15 to 17, but one nole
of di net hyl - ndodecyl am ne and 0. 23 noR7of formc acid were used. The
results are shown in Table 4. Here too, it is found that separation
into two |iquid phases can be induced by addition of a suitable polar
sol vent. Conparative Exanple 22 and Exanples 23 to 24 These exanples
ver e calR$ Beresronydss #f reE Apnrasatyrs. ffierie epqof thaaddiinne thefsolution was stirred
di met hyfor 6 trétutes- Thie pyodactiob@irer dvad <2 febTable 3f.orm ¢ acid were used.
The results are shown in Table 5. In the 30 formc

aci d/ di = Q) ecyl am_n t 00, the addjtion.of a .
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40C20= bgd trornev piseavay déteiriindtbly Gtlationi withf 0.1 N &0tpiarméthandnaghingt Bromo-
surfac tetr@rﬁ@abxaé, &hdOAS cBReR 1, @%n&é@?o!%&t&{'ﬂir@gﬁn 'Bbiﬂb&%asllegw g8s
separ a r v ol ] -heate al volume C.
The app%@&%@ggﬁﬁfﬁ%&hr‘gg eOrﬁé%%sgn A'JT S(Egvﬁnsllngqa;e)% of glass, and the
connecting lines of Teflon. Laboratory plant 1 was operated
cont i nudts Exereplereshomettiatc B epareids it tbe absemcabf a ehgmersepamtich (a, for exarnple, in
lja?osa_t ChMpRla8n Ekambib el 55 et LiAtioR fof f208aBIeasdI4 éoﬁeﬁzz%a 48 itNE)SnNo liquid
eterm £i . Q. i.n r, . a
the conp e eph o ALATIA ok ebls e brfif 3}'5"%?“?{%&9“35%93}%“9‘%
conponeﬁ?'?r'\a/@?e@t‘Bélf%[PW?h@?f‘SBy gas chronmatography in each case.
Laboratory plant 1 relates to the essential process parts of the

di stil| abmparatiepBsaiplons ahd Efiniies 1dezqi d and of the phase separation

for o,gnabling the separate recycling of the upper and |ower |iquid

phases, ﬁnd IS a nodel, int ar ?I la, also for the_concentration and

puri fi cAPFHn SHIMRIGT Hete SR\t @ RasXamigs B il e bulbeien Mol af sisaethyl-n-

bef or eh&dpadeagipmingeansl/ @23 imps pkfoghic meidhydre fusedraihe . resltarmpd sha® in Table 4. Here
too, it Is found that separation into two liquid phases can be induced by addition of a suitable
polar solvent,

25
Comparative Example 22 and Examples 23 to 24

These examples were carried out as in Examples 15 to 17, but one moie of dimethyl-n-fetra-
decylamine and 0.26 mol of formic acid were used. The resulis are shown in Table 5. In the

30 formic acid/dimethyl-n-tetradecylamine system, too, the addition of a suitable polar salvent
induces a separation into two liquid phases.

Laboratory plant 1

35  Laboratory plant 1 served for examination of steps (c) and (d) of the process according fo the
invention. The simplified block diagram of laboratory plant 1 is shown in Fig. 13. The individual
letters therein have the following meanings:

C1 = column body (internal diameter 32 mm) with 18 bubble-cap trays and condenser,
and confrollabie reflux divider at the top of the column

bottom evaporator {cil-heated thin-film evaporator having a surface area of

0.046 m2 and a wiper blade speed of 500 min-)

D = separate phase separation vessel (oil-heated, total volume 0.3 1)

40 c2



15 Exanple 25 was carried out in |aboratory plant 1. The distillation
apparatus was operated at a top pressg8e in colum body C of 0.01
MPa abs and a reflux ratio of reflux to distillate of 4. Via stream
(4), 585 g/h of a mxture of tri-n-octylamne and formc acid (nolar
ratio of formc acid:amne = 1.3) were fed into the top of the
thin-filmevaporator C2. The tenperature at the 20 | ower outlet of

t he t hi Thefanparatusap of labaratonayarit43Gnsidihe obgismo s e sommactey IRks biTEefion.
evapor ataborat@y plafth #8s bistale oiub @iV urfder R3usld FadBufHx) . The liquid
out put of the col um body was fed into the top of the thin-film
evagﬁn tor as stream (6a). The top product obtained fromthe

col B@Hﬁxl@"me&és I8 {3haratery B&a“f ndle opntent gfffarmis agd in eagh waseyes desenmined
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unchanged even after 9 days of storage at roomtenper a%

liquid d| schar ‘L he thin-fil mevaporator was passed as stream
(6b) to bﬁ@’f%%@@’f @ﬁﬂ?%w%e%ﬁ@%aéprosesmﬁ@ ofitg disgiliatiye sepasation of formic
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tri-n-oghyh ard ﬂ)‘?egﬁb}ﬂplgrﬂ obp bl Q%e%é!gn& b}(? d‘ue h%drogs &o? B’GTVY%HEE‘ Bower

corresponds to a |oo ormc ac

liquid phase was taken off continuously as stream (7) at 164 g/h.
Stream%) RiDAPri sed 86% by wei ght of tri-n-octylanm ne and 14% by
wei gt of formc acid, which corresponds to a molar ratio of formc

ilCl d: a@*d?ﬁpf&fzs Qaa 1 iécf‘ %%Ebor {oﬁﬁégntvp‘?tééa‘?tgﬂfa u% g%afagésn\%/?cs t%%'rﬁeg r’q an €

= 0.43 t
decorrpot!aogtpfei?rﬁ&% Oftﬂr Ty ESS?’ Aief %f@fﬂﬁéﬁaﬁ%’f eellnte diviligigof 4. Via

conposi $fesm H. 80 pé C}i Bopsitre & isnoebtylamindsrdrfonen acid éndlamratit oiforddc and
Cﬂ.r bo nt amd]%lhnd% ’%@Q@M@fb&il lhtg@ﬂfla {op oflte tisin-diat srapbRes day Tfﬁk@%mperature at the
chr o

sgrat gie llét of tﬁ:nOﬁIn?l ﬁfr Fwé’sci (‘f’ag‘&dggcég acﬁsﬁcgarg?%i% Wg/%ﬁ;orat%r

formc aC|
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t hus benpghe Epef 8githigt r@evanorat@rcgacais s’c@atndﬁs)t gpe (ca)procantbutmed foue the
li qui d quiasebodynpr, ias singard 49 s 485 ghitof 06% g hdight REhR RRATIBS Mk acid
wei ght éﬁmﬁrfsbd Bﬁl%% }Sbrﬁrﬁ}y%i ?bﬂﬂ é(rﬁlf ¥paHidsdhi®ali Ok Ariz’(?ﬁ\%'c%}dr rﬁgmégr St ep

b
( ) %Qgg%{:hfen Ciahi nc@?%@ﬁﬁ]v?nﬁ & d%%? eSEPF?Q%??ﬁarEBrZIEe IReralefeyg s used as

stream(4) i nstead of a synthetic m xture of tri-n- octyl am ne and
form c B id;uncfwscmge;mf theltcib-fitpio e portorags Haseais(shkaRI61) e tHePads oduct

gf t ?g FHEBN Dy 8-2rreOmy 6p%%ﬂe@3t a"t@ﬁ%@ﬂét hedge O'T‘ ﬂ%ﬁpﬁc%édl gg\eﬁse was

R DT EA e e R

for N ¢ Herertyanine Rad oalk 14i% by weightof formlc acu:l which corresponds to a molar ratio of
formic acid:amine of 0.1. The lower liquid phase was taken off continuously as stream (7) at
164 g/h. Stream (7) comprised 86% by weight of tri-n-octylamine and 14% by weight of formic
acid, which corresponds to a molar ratio of formic acid: amine of 1.25, In total, there was a ratio
of formic acid:amine = 0.43 in stream (6b).

35
The formic acid loss as a result of decomposition was determined by measuring offgas rate and
offgas composition via the proportions of the hydrogen, carbon dioxide and carbon monoxide
decomposition products determined by gas chromatography. Only 0.3% formic acid was
decomposed, based on the formic acid obtained as distillate.

40

Example 25 shows the inventive obiaining of very pure and color number-stable formic acid
while simultaneously obtaining two liquid phases from the bottom output of the distillation



15 Exanple 26 confirns that the lower |iquid phase fromstep (d) can
be recycled via stream (7) to step (c)yow t hout any probl em and

W t hout evident losses in the quality of the form c acid obtained by
distillation. Exanple 27 20 Exanple 27 was |i kew se carried out in

| abor at org gl ant 1. The distillation apparatus was operated at a top
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tenmp ratwpe( at t Tower outlet of the thin-film evaporator was 158C.
The gaseous di scharge of the evaporator was fed to the columm body d
as stre&m@PeP6 The |iquid output of the colum body was fed into the
top of the thin-filmevaporator C2 as stream (6a). The top product
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= 0. 26 Erampleeam (6b). 40 30 deconposition products determ ned by
gassghr omat ography. Only 0.2%form c aci d was deconposed, based on
the forpgic gcid obtained as distillate. Exanple 27 shows that, even
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synthetic m xture of tri-n-hexylamne and formc acid. Via stream
(4). 518h@iduiddisdhBige oinettininveISbolash dadliRstdead QR 68 el i | M
evaporag ara%%n v 1D e\ﬁ/?@ Hrge?atgé atI aht%ml %‘r’é’?&re (c)nu éd"%t Tr?ef u% e r{em o %I \m
evapor a% r S : e p pper liquid phase was
aken g\l@ continuously as stream (8) at 364 g/h. Stream (8) comprised 99.0% by weight of
35  tri-n-hexylamine and only 1.0% by weight of formic acid, which corresponds to a molar ratio of
formic acid:amine of 0.06. The lower liquid phase was taken off continuously as stream (7) at
73 g/h. Stream (7) comprised 78% by weight of tri-n-hexylamine and 20% by weight of formic
acid, which corresponds to a molar ratio of formic acid: amine of 1.5. In total, there was a ratio
of formic acid:amine = 0.26 in stream (6b).
40

The formic acid loss as a result of decomposition was determined by measuring offgas rate and
offgas composition via the proportions of the hydrogen, carbon dioxide and carbon monoxide



top product obtained fromthe colum body C as stream (5) was 76 g/h
of 99% by weight 20 formc acid. This3Dormc acid conprised only 31
ppm by wei ght of organic inpurities and had a APHA col or nunber of 3.
The liquid output of the thin-filmevaporator was passed as stream
(6b) to,the ph?se sgparatl on vessel D. This was operated at a
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the lower hqwd phase from step (d) can be recycled via stream {7) 1o step (c}) without any
35  problem and without evident losses in the quality of the formic acid obtained by distiliation.



Exanple 30 In Exanple 30, the | aboratory plant 1 was operated as in
Exanpl e 27, but with the difference ti8t, in the bottom of the columm
body d and in the bottomof the thin-fil mevaporator C2, a 30

st ai nl ess steel plate (20 mmx 50 nmx 3 mm) nade fromthe materi al
wi th materi al E%gm % 4406, 1.4462 and 1.4439 was nmounted in each
case. T QmB?raaHYe é‘ﬁ Requently operated continuously for 15 days,
and, as a further difference fromExanple 27, the two liquid streans
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col um, _whi ch corresponds to a nolar ratio of form c acid:am ne of

2.9 and®¥MRIESCratio of formic acid:water of 79:21. In the st eady
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CONpr i SROE:@ERAG, #d Mbdi@ﬂ:@fpléﬂﬁtﬁ ool BXaMEL 90! biR ih o
0 )

The bOtﬁw Wnﬂh@%ﬁﬁém%ﬂfﬁ%blﬁ% %?4) ﬁg gb%%g %%? Eﬂ"m" i a%%gﬁ%c%%,

ne an

cor Qs p%tﬁ@ 59 Steg! ‘i tF‘rZ@Oa'Pmr’é?(? Bb¥ f‘BF)rﬁ'%dezc@“aﬁ]edﬂ%ﬁﬁlaﬁwltbfﬂaﬁeﬂgl rivebegs
mass raf #6006 1.4462 and 1 4482 wamtreunted irdGich cadeh The p&ﬂn%fa:é s%h@;@ﬁﬁgﬂéﬁbﬂétﬁd

Conponeﬁtintlm@dl.%[y ARG @é?/@aéxﬁ{t 8§la @frfher @fﬁé}%eﬁ‘ro?’@ ﬁe ‘@u% %@ﬁ sfreams
ga;nr Ixtegr@ Uha in :Q{fitml\f%é &J]ﬁ anL %r enf%rrwc a%v& 1 tcgepsrlat%sh

r | Sl
form c AEPTPAIREt 'ﬁ’f?%%“ e oexgpmineof .5 5h@’5t'§ L
col &Pm, Aligii Tém%@rfh@gqrw sxf the carreaidremetalstGroFe Md andiilicn stedathsam ared @f was

4.6 anddetermsed dquaintiiatia@ly YOOGS Findebivey esupRio dhdimk/madsspbBfonidtSadY the
state, @pp@%&@d"bhase {stream (8)), the content of all corrosion metals was below the detection limit
of 1 ppm by weight. The lower liquid phase (stream (7)) comprised 32 ppm by weight of Cr,

42 ppm by weight of Fe, 7 ppm by weight of Mo and 2 ppm by weight of Ni.
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tenperature of 137C was established. The distillate conprised
essentially water with only 35 0.05% B8 weight of formic acid. The
bott om product conprised 43.4% by weight of formc acid, 54.7% by
wei ght of tri-n-hexylam ne and only 1.9% by wei ght of water,

correspondin a lar ratio of formc acid:anine of 4.6 and a nass
Fati oGPt shetrsdbadieioToRI0n §1eial A piesontaReca i e ieaiayd Phase
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tri-n-hexylam ne. Laboratory pl ant 5 Laboratory plant 3 served for

exam nation of steps (a) and (b) of the process according to the

i nvemgnti PrartRWQFéQggci fically for examination of the hydrolysis of

nmet hyl formate and of the subsequent distillative renoval of
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evapor a®rsrated gt dralient presguie. with evpjigRticoldn sa¢h ¢agei0dn apparatus with
col tdm body (internal dianeter 55 nm equi pped with fabric packings
each ofg LRY height 1.3 mand of specific surface area 750 n2/nB,
t he 20f eed bei ng between the two packi ng beds) and oil -heated

falling-filmevaporator (surface area 0.15 nR)
Example 31 was carried out in laboratory plant 2. 230 g/h of a mixture comprising 8.0% by

weight of water, 30.5% by weight of formic acid and 61.5% by weight of tri-n-hexylamine were

20 fed into the column, which corresponds to a molar ratio of formic acid:amine of 2.9 and a mass
ratio of formic acid:water of 79:21. In the steady state, a bottom temperature of 155°C was
established. The distillate comprised essentially water with only 0.16% by weight of formic acid.
The bottom product comprised 32.7% by weight of formic acid, 65.8% by weight of iri-n-
hexylamine and only 1.5% by weight of water, corresponding to a molar ratio of formic

25  acid:amine of 2.9 and a mass ratio of formic acid:water of 96:4. Thus, 81% of the secondary
component water was separated off.

Example 32

30 Example 32 was carried out like Example 31, but with the difference that 262 g/h of a mixture
comprising 8.2% by weight of water, 40.6% by weight of formic acid and 51.3% by weight of
tri-n-hexylamine were fed into the column, which corresponds o @ molar ratio of formic
acid:amine of 4.6 and a mass ratio of formic acid:water of 83:17. In the steady state, a bottom
temperature of 137°C was established. The distillate comprised essentially water with only

35  0.05% by weight of formic acid. The bottom product comprised 43.4% by weight of formic acid,
54.7% by weight of tri-n-hexylamine and only 1.9% by weight of water, corresponding to a
molar ratio of formic acid:amine of 4.6 and a mass ratio of formic acid:water of 96:4. Thus, 77%
of the secondary component water was separated off.

40
Examples 31 and 32 show that even a relatively simple distillation can without any problem



The apparatuses and |ines of the |laboratory plant 3 consisted of a
ni ckel -base alloy with material nunbeB32.4610. To neasure the nass
flows, coriolis flow neters were used. 25 Laboratory plant 3 was
operat ed continuously. Exanple 33 Exanple 33 was carried out in
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and a reflux r ich conprised essentially water and 0. 1%
formc acid. Via stream (4), the bottom product obtained at a bottom
t enper athe @ppanattdes aod linesof fedybaraiod/G0ME Baendfdd o hicled-baseainsy wite of
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an ratio o formc aci d: am ne
in streaam a&%@\ﬁéﬂﬁi%ﬁ%}%&d Cgm%gaélﬂom that the process according
to the invention, also in the case of hydrolysis of nethyl formate

and theEmm@%qaent wor kup thereof by renoval of secondary conponents,
especially of residual nethyl formate, nethanol fornmed and water, a
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35 1535 g/ of tri-n-hexylamine via stream (8). Reactor A1 was operated at 130°C and pressure
1.2 MPa gauge. The discharge of reactor A1 was passed into the postreactor A2, which was
likewise operated at 130°C and pressure 1.2 MPa gauge. The stream (2) obtained was a
product mixture comprising 58.1% by weight of tri-n-hexylamine, 15.0% by weight of formic
35 acid, 10.4% by weight of methanol, 3.8% by weight of water and 12.7% by weight of methy!
formate, which corresponds to a malar ratio of formic acid:amine of 1.51. Stream (2) was
decompressed and passed into the column body of the distillation apparatus B1. At a top
pressure of 0.18 MPa abs and a reflux ratio of 1.7, the top product taken off as stream (3b) was
a mixture which comprises essentially methanol formed and unconverted methyl formate. The
40  bottom product obtained as stream (3d) was 1990 g/h of a mixture of 74.9% by weight of
tri-n-hexylamine, 5.3% by weight of water, 19.8% by weight of formic acid and 0.1% by weight
of methanol. The bottom temperature in the column body was 133°C. Stream (3d) was
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decompressed and passed into the column body of the distiltation apparatus B2. Via stream
(5a), 69 g/h of aqueous formic acid (formic acid content 82.5% by weight) were additionally
supplied to the column body in order to simulate recycling of agqueous formic acid as can be
obtained as a side take-off of the distillation apparatus in step () and recycled to step (b)
according to the description for Fig. 2. As the top product of the distiliation apparatus B2, 92 g/
were taken off at a fop pressure of 0.11 MPa abs and a reflux ratio of 1.7, which comprised
essentially water and 0.1% formic acid. Via stream (4), the botiom product obtained at a bottom
temperature in the column body of 160°C was 1949 g/h of a mixture of 76.9% by weight of
iri-n-hexylamine, 21.2% by weight of formic acid and 1.9% by weight of water. The molar ratio of
formic acid:amine in stream (4) was 1.61.

Example 33 shows that the process according fo the invention, also in the case of hydrolysis of
methyl formate and the subsequent workup thereof by removal of secondary components,
especially of residual methyl formate, methanol formed and water, a stream greatly enriched in
formic acid and tri-n-hexylamine can be obtained, This stream can then, as shown indirectly by
Examples 27 and 28, be used for distillative separation of very pure formic acid.
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38 Clainms 1. A process for obtaini3grg formc acid by thernal
separation of a streamconprising formc acid and a tertiary am ne
(1), inwhich 5 (a) aliquid streamconprising formc acid and a
tertiary amne (1) in a nolar ratio of from0.5 to 5 is produced by
conbining a tertlary amne (1) and a form c acid source; (b) from

10 to 100% py wergmtTof thg secondary cgrupuucu s-present in the
liquid stream 100bt aj ng¢d |friom step (a) are separgted pff fromsaid
stream and 'gc)cforrr c{agid is renoved byUdEstlllatim in a
di stiIIatio1gaQ,pe§‘;}at s | at] 3 bottomterrperqatg r&jof] from 100 to 300C
and a presstueewofs ff r i 80rtlo 3000 hPa absEfjjo%th%Id.qui d stream
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the tertiary amne (1) used is an am ne which, at a pressure of 1013
hPa abs, has a boiling point at |easB385C higher than formc acid, in
addition the tertiary amne (1) to be used in step (a) and the
separation rate in the distillation apparatus nmentioned in step (c)
are chomem so that two |iquid phases formin the bottom di scharge of
the distillation apparatus nentioned in step (c) under the conditions
brevai || ng idh 81 @Pofiflhing fehhicldbel a4 AIH Siredton oBa brasm tdmeprising formie
dlstlllat|8n %?para us HET$L0n§d in step (c) is separated into two

li qui d phaEeand ¢ rstianhamine (). dii“Bhase having a molar ratio of formc
acid to tertiary amne (I) of fromO to 0.5 and the |ower |iquid
phase havidyga fquiDbtasan aingisind fdroicrcs arei attertiant aming &) i saneiAerale pfigem
from0.5 10 954, 6Q)p B@ée&w%mi!)shiﬂ dehbgsmind ()idne afbasease paured;i on i s
recycl ed fronﬁs?ep (d to step (a?; and (f) the lower liquid phase of

t he phase separation is recycled fromstep (d) to step,.

(c). 2. TH® ﬁomd@gcs*i%ébmpéat @féh%$9épﬁ$ai¥ E‘i%{fi%‘%'@r‘ﬁ,pr?ﬁ‘?g‘s'g’g%e ‘?‘Q%{S?{eﬁ'é"
st rgam conpr betigd fromstep (acird sapatated #omegajd giemeand ) is produced by
hydrol ysis of nethyl formate in the presence of water and tertiary
amne (1). 40 3, The proce Al na. L:Qeuchal ioRemitéhsdrefire
(5" s PR PRIBNEL MRS oty o
produced f r oof worh d0@toFIORE nda PEEssEeh EOS 83% @@Wﬁ‘%%ﬁgrh ary am ne
(1). 39 4. Faairedeoassepmdording to claims 1 to 3, wherein the
qutgd stream produced in step (a) has a concentration of formc acid
plusitertiary amne (1) of from1 to 99% by wei ght, based on the
total amoUHte™®P the stream 5 5. The process according to clains 1 to
4, wherein, in step (c), the streamconprising formc acid and a ..
tertiary ambBstdy hmine () eded i anmntitrewhicyiabn PERsERE! 1BINPEDE, 135 HPOEKe

avai | abl e senak At LioRc $iqReeHan formic aci, The process according to claims
1 to 4, V\here?aa,% |én stggg (c), the streamconprising form c 10acid and

a téftiary amine (1) is fed to the bottom evapor.at , -
di stillat ?’bradaiﬁgaﬁﬂ&%t@ﬁ@w‘mi%@ ’%B‘ab‘é% ‘”éggeg?)aé)r}%’qﬁ? gépca? Jatﬁ?hgﬁi"‘tthee,.
wher ei n t h@sEieRaT adpacus ratraioned infterlickareIchagancie 1BgsBae bRYrsPhASAT %G'Hé‘athe

in step (Clodoh GHISRR Fond dighiaddneapibiatus mettiooedif sfepr(oi undacthd cergitions

tertiary prevailing in step (d),

25 ‘ .
(d) the botiom discharge from the distillation apparatus mentioned in step (c) is separated

into two liquid phases, the upper liquid phase having a molar ratio of formic acid to
tertiary amine (I) of from O to 0.5 and the fower liquid phase having a molar ratio of
formic acid to tertiary amine ([} of from 0.5 {0 5;

30
(e) the upper liquid phase of the phase separation is recycled from step (d) fo step (a); and

(f) the lower liquid phase of the phase separation is recycled from step (d) to step (b)
and/or {c).

35 . * . N
2. The process according to claim 1, wherein, in step (a), the stream comprising formic acid

and a terfiary amine (1) is produced by hydrolysis of methyl formate in the presence of water
and tertiary amine (1}.

40 3. The process according to claim 1, wherein, in siep (2), the stream comprising formic acid
and a tertiary amine (1) is produced from dilute formic acid in the presence of tertiary amine

(.



amne (1) in the bottomdischarge is fr
_ ( omO0.1to 2.0. 1
process according to claims 1 to 7, 3fherein netals and r5re§él The

conpounds present in the |ower |iqui i
(d) are removed from said | ower qui d phase fornmed according to step

accor di. nghe prasess aasorginddo gl i%‘bple?;’ ﬂ’w?%’gp tgg;ﬁ@‘lﬁ%r&%% rﬁﬁ@celeriﬁ)%ﬁ o has
gm \rA\E of tdaRcartaesHbf ibraterdiapl(s tertianpaminadl s Eres 40 %EV%{?&Pt%gg%q (2‘? %n
fbr nufa;el(ﬂlq%éotaa?ﬁh%\{/%og h%ﬁﬂga"?gd-( I )I used is an amne of the general

anot her, ar e’ selected fromt heI §O?%3 R;l;otngi st orPerdentl Y of one

Cs-5 t 05.CsFheyrbasat Rgdording:ie ims, Fein, 1 ol g, ofrdam EGnSHsRmabiit
to cl ai m Yy awhettiafy dhiee ﬁgstféchmyn theireeion %éhgé@&? ogmg%&g%]gi%‘g@gor di ng

general formula (|, i n which the radi i the
) adicals IR to R3 d
of one andtRer Qés , to R3, independently
Cs-al kyl . , aré selected fromthe group consisting of Cs- to
8. The process according o claims 1 to 4, wherein, in step (¢}, the stream comprising formic
10 acid and a tertiary amine () is fed to the bottom evaporator of the distillation apparatus.

7. The process according o claims 1 to 6, wherein the separation rate in the distillation
apparatus mentioned in step {c) is chosen so that the molar ratio of formic acid to tertiary
amine (1) in the bottom discharge is from 0.1 {0 2.0.
15
8. The process according 10 claims 1 to 7, wherein metals and mefal compounds present in
the lower liquid phase formed according to step (d) are removed from said lower liquid
phase.

20 9. The process according to claims 1 to 8, wherein the tertiary amine (1) used is an amine of
the general formula (ia)
NR1R2R?  (la),
in which the radicals R to R® are identical or different and, independently of one another,
are a straight-chain or branched, acyclic or cyclic, aliphatic, araliphatic or aromaiic radical
25 having in each case 1 to 18 carbon atoms, it being possible for individual carbon atoms,
independently of one another, also to be substituted by a heterogroup selected from the
group consisting of -C- and >N- and it being possible for two or all three radicals to be
linked to one another with the formation of a chain comprising at least four atoms in each

case.
20
10. The process according to claim 9, wherein the tertiary amine (1} used is an amine of the
general formula {1a), in which the radicals R fo R?, independently of one another, are
selected from the group consisting of C+- to Cig-alkyl, Cs- to Ce-cycloalkyl, benzyl and
phenyl.
35

11. The process according to claim 10, wherein the tertiary amine (1) used is an amine of the
general formula (la), in which the radicals R? to R3, independently of one anather, are
selected from the group consisting of Cs- o Cg-alkyl.



