- e3e~*&& (~()AF*SB43) ) PF 53431 1 Process for the preparation of methyl
formate The present invention relates to a process for the p i f 5
nmet hyl formate by reacting nethanol wi th carbon nonoxi de at ﬂﬂﬁm&a%mmmlmf
from0.5 to 10 MPa abs. and a tenperaturge of from50 to 150C

presence of a netal al koxide as catalyst in a react or, in which "&§¥s
streamis V\,itpr}g)rg\é@ rro t he _react.or rgtrarn g formate i s renoved
fromthis gas stream PERBRTR 0k SRS | °5F‘a ®me of the remaining
gas streamis returned to the reactor as circul atrng gas stream Met hyl
formate (forrfihe aresemetinyentsorrieliateanto npmrcressi Aderedipakparatide of
manuf act ur & afethgl nf ermeeied bgnde st PIPGEERENST wlixhi BEHESH YndNoxG@BE hLAUHUS
carbonyl ati opxebsipé handirohol beed xikidaphese driy Lhechpennee 8t 20d) WD
et hox! de  OL R39S uh FRENGXLAGAS Jab bl Al kgﬁrggraagu &0, Lhe range
from about 5Q t ]c’§ S‘r’r? mann rraf‘ emstry,
6th edition, 286 5051 et’t ron® ?e‘?%sassé: éﬂabfe ﬁ?ﬂ‘[‘} ‘e BPBALSE i on") .
The 20 react iSgh*péned H’éﬁﬁ?@éné@%@%ﬁ dft APPORF SHEM tBIF LIRS S4EERBNDY N whi ch
t he equi | i ¥ icemdegsathidn,edntdoadl comestoimgl of ot tremaii hhng npase asiregmcas bon

monoxi de par trehirpé@sisdirtheandadedr idg ci eoWEA ilny-gas THEr&doWwn processes are
operated at a pressure of up to 30 I\/Pa abs. and a terrperature of from50 to

150C. 25 In meh§ar 4 %a atr on_ of 1\4} rga ﬁ two undesired side
reactions ocCu A (EPT™Ghi accr:r cgﬁ s uﬁst er) §8, LBOSBPBRs in t he
cont i nuousl| l&ﬁ@F%\?‘g{P d@e§ he mppufastyEe rRAAATEHS REEWIANG f St RECFRFSFAtiNoN
of al kali tla}Fqu‘él?YrdQ)e COWHBQUO% aarboal katiometfame pa il i ide tbapl bywid
reacts in a Ippdeel ysithe paesence oft soddymt metdexidk vat gt ddsdiimnayt ixewielebeen
i ntroduced, @isviAgaRfdidlat wehpér @Rt enafkk Rinkanetom RABdEBADLE, 15dve

al kali netal @eraheﬁmrra@pb%;&@gemar secmygéﬂaﬁ%ﬂyﬁu ken %r 33Bh, L0
form al kal i To@' e{%t%n%cagglg% mét I&ésggezf 'rFOPIH% ﬂ%% ro&ucé?’g )01

can then result uses and
of pipes &M r&a%é%n Jo?man&°’t“89‘?’?%°‘ﬁsrjr§d€ﬁ'&%3cieze§oIeGBil i“?’f/l‘%nh repetiencth on
medi um The ersﬁhoth%alqméneerw tizt isbi fEed peawardumathyl dicemateef witie

met hanol converseasing darpbnansheareegaenidy drieesasacemd redlilagagof net hyl
formate is 4Qehpghat @t @8R khGHEIRHRekBePrdNCiReeaba r8duCcedebYure of up
est abl i shing .3 @@rﬁiglab%onggasé% &)ggg%%ggo@ flr%}q{ gencsnidaLi on of nethyl

f or mat e. wever IS IS countere e aimof achreving the highest
possi bl e space- trne yield and thus |nstead est abl i shing a high

concent r at i ofPoFPfettif PREPARRELOY Of mpEhghprmata, e i yidesiegdoside
processes andeprbEenss afgnirahl spanteciletusweibh wanheesulteriat sewerdi f f eri ng
t hrough di f f erehlemeasutde Eont iredmeilpgopdieatietngencyss ovistth khaef or mat i on
of deposits. readbiéns RDlespatent @i@@o&‘hﬁ@iér@%@%@k3§5 I{J@&pﬂ’ 'f@@?ﬂa@e Thus,
hi gh- pr ESHY nll QFEFS1 %’tﬁg ngl%% g{‘ﬁ: (8%4@% a!cgs %(J;l? .
cat al yst concentrat | ontﬁl 3 %es t}og um (corrg)&&on ng éo 0, 59%
by wei ght of ?88 o%P&ei 3 er%l BORY ita5r BBY VG &§GRe 185fpduced,
deposi ti on. Igﬁ"aﬁl‘éiri‘]i}@r%l PREa e’%R:‘-‘t“@rtec61‘%‘%1 é?ﬁfé‘a@Pé 1Busthermegee ohhe midiadily
in order to Retpltmrthixidsi epplaxdd algostedryssiwdnh Meehyl dproade spheegs
fromthe reatboformidlialdonptak e raabat afdodinde tigt hythdor mikeealkali metal
deconpr es g faﬁﬁiat@r&ﬁﬂ thBnbye it iihl abp&ss ts1 3 nDERB Apﬁ&l&t@@%sdeﬁ&r i bes a

conti nuous, ﬁ%epo re%ﬁsﬁlbékat% o' §§§%%r§f "Mgg%wps’ﬁ” Ll“%h%é)'@ vver ght of

al kali net aI é ess

al reis
to prevent dépd ‘F?‘ilaothe ﬁfagﬁégﬁ% Wﬁpﬁuf%ﬁt]ﬂ r%efihm[‘h ead'F‘Br Pﬁé
overal | conv@r&foRitgrtivst Hanarr*i@u@}%ér YAt rﬁethﬁqrm*dwm@cﬁarlgers#@nlzo
t he reactor highesvhmaeseadeantly wirek ednogntretdiost pE| methyl formate is
40 high, and can therefore in principle be reduced by establishing a
partial conversion, ensuring a low concentration of methyl
formate. However, this is countered by the aim of achieving the
highest possible space-time yield and thus instead establishing a
high concentration of methyl formate.
45

age

NG

*G00002*
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The example contained in DE 880 588 states that 3.1 kg of methyl
formate can be obtained per hour using the 770 1 reactor (length
8 m and internal diameter 35 cm) at 3.0 MPa and from 85 to 88°C in
continuous operation. This corresponds to a space-time yield of
40 only 4 g/1vh of methyl formate. The methyl formate concentration
in the condensed crude discharge was about 60% by weight (from 38
to 40% by weight of methanol). A gas superficial velocity of
about 0.21 cm/s arises from the amount of circulated gas of 206
cm3/s, calculated under reaction conditions (corresponding to 17
45 m3 at 0°C and 0.1 MPa), and the reactor cross section of 962 cm2,



The catal yst BEm?3&3dd in the process according to the invention is
preferably sodi um net hoxi de or potassi um net hoxide, in 15 particular
pot assi um et hoxi de. In the process according to the invention, the
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The net hanol SEBRE&IHIAg VRLaei &Y Aifr daAmahdta RO car Bokn 18 heaski dee catiginni ng
gas stream cafi bke sugggitiosdinrwiviazh ¢he gay sflampendemgialiy He na¢ure of the
react or enpl dyedction.t he case of the use of a bubble-colum reactor, the
gas streamg s generally introduced into the | ower region of the reactor
usi ng conventi.o %Qﬁ i< ion deyic ; angl - cont ai nj n l.i_qui d
stream can btéh' ﬁrt%lf ucée(i,g ggéélg%fgﬁ)%g,gﬁ% ]}E’%ng%gf %em%aglngigo%%geerrz%frlragnt
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the 25 reast gas Pdws ¥3seRVRETHY a6l Bde Pl S-tdiohecti on. The

nmet hanol -containing liquid stream can be introduced at one or nore points
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stream The &&PBOTFIRRTGLLEECRDhiHET A BRS Zacéam BeEHLAhdn question. The
nmet hanol - dénwvailwhenof Ipas rete eafn tdree gerhuslowingdncebis rddieon owens reg on of
the bubbl e c@buan.gas flow rate under the given pressure and at the given
temperature. The free cross-sectional area is taken to mean the
cross-sectional area that is accessible to the fluid reaction
medium. The part of any internals present that is not accessible
45 to the fluid reaction medium is not counted as part of the free
cross-sectional area. It should be pointed out that the liquid
fraction present in the reactor region in question is not taken



35 In gener aIP,F 5’%&& streamis w thdrawn continuously at the top of the

reactor. This generally conprises nethyl formate, unreacted nethanol and

unreacted carbon nonoxi de. The entrained nmethyl formate is renoved from

this gas stream by condensation, and all 40 or sone of the renainder of the
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preferred emyedbpBitce RJ(}%hl %H i &b St ?F}‘Wﬂ' ch has been condensed out of the
y

wi t hdrawn gas stream and whi c genera conprises nethyl formate and
unreacted nethanol is separated by distillation, and the methanol obtai ned
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reactor"” %n g ﬁh lurality of individ par at uses
connect ed i n®S§EPTRYY &8¢ 8leﬁnctH Hﬁy, i ndependently of one another, be

cascaded or non-cascaded. 35 Thus, it is possible, for exanple, to connect
a plurality éh thelipdogesk apwthitrws@g,tlfl@rirmeamba, btitb|ca tedl ahmempioyledop
reactors, iniseaimstalWadkexide @en asxtwye alfs@a Dohsdeewdhilfl hekenidds.pes of

apparatus.3040 As an exanple of a nulti-cascaded apparatus, nmention nay be

made of the ﬁasgéfmlbufehgerggwm idheSriS080er &L !y &%%%%@?thf
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11 mixture and particularly preferably from 0.8 to 1.2 mol/kg of

35 liquid reaction mixture. The term ‘concentration of catalyst
employed’ is taken to mean the total of the concentrations of
metal alkoxide and its secondary products, such as, in
particular, the metal formate formed in an undesired side
reaction.

40
As suitable metal cations of the metal alkoxates, mention may be
made of the cations of the metals from groups 1 to 15 of the
Periodic Table. Suitable metals are, for example, alkali metals,
alkaline-earth metals and aluminum. Preference is given to the

45 alkali metals and alkaline-earth metals and particularly
preferably the alkali metals. As very particularly preferred



from80 to 1¥§c33#3d said tenperature range facilitates a particularly
advant ageous evaporation rate of the nethyl formate forned. In order to
achieve a particularly high carbon nonoxi de conversion in the precedi ng
zone(s), this/these is/are preferably 58perated at a reaction tenperature
of from 60 t@e88(s, AMtohNRaP\UsD Akl 6 44k tte aHRPES R yAONER T €qui I es

evapor ation g,ge!gg(yu dod p'o%,aQQiﬁr%CUl arly advantageous to introduce this
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t he heat exchanbetr nfaDpxideted to a condensate tank (D) via line (4), and
met hyl formate (1V) is obtained as product therefromvia |line (5). Sone of
t he condensed-out liquid is fed 30 back to the rectifying colum (H) as
return via line (8).



It shoul d be Bfotd#dhat it is possi bl e for other apparatuses, for exanple a
| oop reactor, to be used instead of the bubble-columm reactor in the
process depicted in Figure 3. Furthernore, both a 35 non-cascaded reactor
and a cascaded reactor can be enployed i% this variant. The very

particul arly Reaeters eshiphoeassShatsigiored in the draskspasad@hqghas the
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In general, a gas stream is withdrawn continuously at the top of
the reactor. This generally comprises methyl formate, unreacted
methanol and unreacted carbon monoxide. The entrained methyl
formate is removed from this gas stream by condensation, and all
40 or some of the remainder of the gas stream is fed back to the
reactor as circulating-gas stream. In a preferred embodiment, the
liquid stream which has been condensed out of the withdrawn gas
stream and which generally comprises methyl formate and unreacted
methanol is separated by distillation, and the methanol obtained
45 is likewise fed back to the reactor.

15 kg
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reactor in the process depicted in Figure 1.

-In order to reduce back-mixing, it is generally advantageous to
30 carry out the reaction in a cascaded reactor. For the purposes of
the above reactor definition, the term “cascaded reactor” is also
taken to mean a plurality of individual apparatuses connected in
series, each of which may, independently of one another, be
cascaded or non-cascaded,
35
Thus, it is possible, for example, to connect a plurality of
individual apparatuses, for example bubble columns or loop
reactors, in series, where the series may also include different
types of apparatus.
40
As an example of a multi-cascaded apparatus, mention may be made
of the cascaded bubble column. This is generally cascaded through
sieve trays.

45 The process according to the invention is particularly preferably
carried out using a cascaded reactor in which the uppermost zone
is operated at a temperature of from 80 to 150°C and preferably
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which facilitates a particularly high carbon monoxide conversion.

20
Figure 2 shows a particularly preferred embodiment of a cascaded
reactor through the example of a bubble column, in which reaction
mixture is withdrawn in the lower region via line (1), heated in
a heat exchanger (D) and fed to the upper zone via line (2). This

25 zone is preferably separated from the preceding zone by a sieve
tray (B) with discharge shaft (C). The sieve tray enables the gas
flowing out of the preceding zone to pass through, so that it
bubbles through the reaction mixture in finely divided form into
the uppermost zone and thus promotes the stripping effect. The

30 carbon monoxide-, methyl formate- and methanol-containing gas
stream is withdrawn via line (3). The liquid present in the
uppermost zone, which does not evaporate, runs back into the
preceding zone via the discharge shaft.

35 An analogous design to that shown in Figure 2 is in principle
also possible on use of other apparatuses, such as a loop
reactor.

Very particular preference is given to a process in which the gas
40 stream withdrawn from the reactor is separated in a rectifying

column into a methyl formate-containing bottom stream and a

carbon monoxide- and methyl formate-containing top stream,

entrained methyl formate is removed from the top stream by

condensation, and all or some of the remaining gas stream is fed
45 back to the reactor as circulating-gas stream.
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xample a loop reactor, to be used instead of the bubble- column
reactor in the process depicted in Figure 3. Furthermore, both a

35 non-cascaded reactor and a cascaded reactor can be employed in
this variant.

The very particularly preferred process mentioned in the last
paragraph has the particular advantage that some of the methyl

40 formate can already be obtained in high purity via the rectifying
column employed, and consequently further distillative work-up is
generally unnecessary for this. This means that the methyl
formate-containing stream obtained as bottom product from the
rectifying column, which requires further distillative

45 purification, is significantly reduced in amount, meaning that
the distillation column necessary for this purpose can generally
be designed smaller. These measures result in a simplification of
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10 all, requires only low equipment complexity, in particular owing
to the low pressure compared with the known processes, has low
energy consumption and low consumption of catalyst, and
facilitates a space-time yield of methyl formate of = 100 g/lVh.
The said advantages are achieved, in particular, by the high gas
15 superficial velocity and the removal of gaseous methyl formate
from the reactor.

Examples
20 Example 1

Example 1 was carried out using a pilot plant as depicted in
Figure 1. The reactor employed was a bubble column having an
internal diameter of 55 mm and an overall height of 1000 mm.

25
In order to start up the plant, methanol (1.75 kg/h), carbon
monoxide (1 kg/h) and catalyst solution (30% by weight solution
of potassium methoxide in methanol in an amount which ensures a
catalyst concentration of 1 mol/kg of liquid reaction mixture)

30 were introduced and heated to 75°C, and the circulating-gas stream
was put into operation. The circulating-gas stream was adjusted
in such a way that the fill level in the bubble column was about
800 mm. The gas-treated volume was thus 1.9 1. When a pressure of
3.0 MPa abs. had been reached, the stated pressure was kept

35 constant by regulating the waste gas valve.

During continuous operation, 1.75 kg/h of methanol, 1 kg/h of
carbon monoxide and the requisite amount of 30% by weight
solution of potassium methoxide in methanol to keep the catalyst

40 concentration necessary were continued to be fed in. The catalyst
consumption was about 1 kg of potassium methoxide per kg of
methyl formate formed. The circulating-gas ratio was 15 kg of
circulating gas per kg of supplied fresh gas (i.e. 15 kg of
circulating gas per hour). The mean molecular weight of the

45 circulating gas was about 28 g/mol. The reaction temperature was
75°C (measured at the upper end of the liquid level), and the
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flow rate only being calculated to the extent of one half owing
to the consumption of carbon monoxide. The overall flow rate of
gas flowing through was thus 15.5 kg/h, with the mean molecular
weight being about 28 g/mol, the pressure being 3.0 MPa abs. and

15 the temperature being 75°C. The volume flow rate of the gas
flowing through is calculated from this as 148 cm3/s. The mean gas
superficial velocity was 6.2 cm/s.

A space-time yield of about 200 g of methyl formate per liter of
20 gas-treated volume and per hour was obtained.

Example 1 shows that the process according to the invention
enables a high space-time yield of about 200 g of methyl formate
per liter of gas-treated volume and per hour to be obtained at a

25 relatively low pressure of 3.0 MPa abs. and a relatively low
reaction temperature of 75°C. The catalyst consumption of about
1 g of potassium methoxide per kg of methyl formate formed is
likewise very low. Due to the relatively low pressure of 3.0 MPa
abs. and the removal of gaseous methyl formate from the reactor,

30 the process is technically simple and does not need complex
equipment.

35

40

45
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superficial velocity of from 2 to 10 cm/s is set in at least

one region of the reactor in which the gas flows essentially

in one direction.

20
3. A process as claimed in either of claims 1 and 2, wherein the
reaction is carried out at a concentration of catalyst

employed of from 0.01 to 2 mol/kg of liquid reaction mixture.

25 4. A process as claimed in any one of claims 1 to 3, wherein the
metal alkoxide employed is potassium methoxide.

5. A process as claimed in any one of claims 1 to 4, wherein the
reaction is carried out at a temperature of from 60 to 85°C.
30
6. A process as claimed in any one of claims 1 to 5, wherein the
reaction is carried out at a pressure of from 2 to 4 MPa abs.

7. A process as claimed in any one of claims 1 to 6, wherein a
35 molar ratio between the total amount of methanol fed to the
reactor and the amount of freshly supplied carbon monoxide of
from 1.4 to 3.3 is set.

8. A process as claimed in any one of claims 1 to 7, wherein a
40 bubble column is employed, and this is operated under
co-current conditions with respect to the feed of the
methanol-containing liquid stream and the carbon
monoxide-containing gas stream.
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rectifying column into a methyl formate-containing bottom

stream and a carbon monoxide- and methyl formate-containing

top stream, entrained methyl formate is removed from the top

stream by condensation, and all or some of the remaining gas

stream is fed back to the reactor as circulating-gas stream.
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