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i nventj on to a process for the preparation of 5 nethyl formate by
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10 condenspg.dégg,s 20 ald HepsPEi M Jehgetf %Uﬁ;;gtgas streamis returned
to the reactor as circul ating-gas stream t formate (formc acid

methyl ester) is an ipportant intermediate in the manufacture of formc
aci d and i PHPFEaeRY 1HPFiPRJT_YA L FOCBNPTPRR%SS foar bamBraresatden M hanol

in the |¥%qethylphigseatea vheeprbsmnagetdhnebdiiirh metrbori denwridgobassi um
met hoxi de psssugbabyStrad Of.6Mpered WERS abB. t el rARGApbf MDAt £2Emtxn 150C
(see U | megy'150BRCY.S|aRe &aseacé ry%U%.tA k@1 %%ﬁhgyas %AL %ft' o8 2 2000

el ectronic_rel Lase Ct'ha.p reaction is

Cl,
a honogenesisl Y catl yze eqal Fi B réa‘@ﬁ%‘%a\wﬁ fﬁﬁ‘f‘c@? ﬁgagﬁﬁﬂ ibriumis
shifted t oWr @ REENGFENOr FRFBGR t1F Hemeredstin daiBose frotiderlePpart i al
pr essur &0 sgrhdenspihen. tanvped it o¥ esonFhefk hbwrgmedoésgesaarstrepar ased at a
pressure ofetupnetiot30tidPaeabsor aixl d ricatpetwiyas etrés®m 50 to 150C. 25 In
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In the said preparation of methyl formate, two undesired side
reactions occur in particular, which can result in severe
problems in the continuously operated process. Both side
reactions result in the formation of alkali metal formate. Thus,
30 the alkali metal methoxide employed reacts in a hydrolysis
reaction with any traces of water that may have been introduced,
giving alkali metal formate and methanol. Furthermore, the alkali
metal methoxide employed also reacts with methyl formate present
to form alkali metal formate and dimethyl ether. The alkali metal
35 formate can then result in deposits in the apparatuses and
piping, or even blockage of pipes and valves, owing to its
inadequate solubility in the reaction medium. The risk of salt
precipitation is particularly great if the methanol conversion is
high and consequently the concentration of 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



1 PF 53431 2 A nultiplicity of processes and process variants are

~di scussed PR 53431|iterature, differing through different neasures for

» reducing the tendency toward the formati on of deposits. 5 Thus, DE patent
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of 25 least two successive reaction zones which are characterized by
decreasing temperatures, and the carbon monoxide is fed to the
reactor at different heights in at least two sub-streams. It is
intended here to prevent sedimentation of the salt-like
precipitates by short-duration, recurring changes in the carbkon

30 monoxide mixing ratios. The overall conversion of methanol is up

to 97%. The liquid discharge from the reactor is decompressed and
worked up by distillation.

WO 96/26178 describes z high-pressure process in which the
35 reaction is carried out in the presence of from 0.05 to 0.2% by
weight of alkali metal methoxide at a pressure of from 21 to
25 MPa. Due to the good dispersion of the carbon monoxide, for
example through a jet nozzle, an adeguately high conversion can
be achieved in spite of the low catalyst concentration. Thus, the
40 concentration of methyl formate in the discharge from the reactor
is up to 97% by weight. The liquid discharge from the reactor is
decompressed and worked up by distillation.

DE-A 2 243 811 describes a process in which the reaction is
45 carried out in the presence of from 0.4 to 1.5% by weight of

alkali metal methoxide under countercurrent conditions at a

pressure of from 4 to 30 MPa and which has a plurality of



~al kali nmetal nethoxide under countercurrent conditions at a pressure of
from4 to BD ®A3hnd which has a plurality of PF 53431 3 reaction zones
* connected in series. The preferred apparatuses are, in particular, colums
havi ng fl ooded trays. The reaction mxture forned at the bottom of the
colum conprises from20 to 70% by weight of methyl formate and is worked
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25 products being removed from a sub-stream thereof via a
desalination device. In the working examples, space-time yields
in the range from 370 to 880 g/1lVh of methyl formate were
achieved.

30 All the above-mentioned processes have the crucial disadvantage
of a high reaction pressure of up to 30 MPa, which requires high
equipment complexity, high investment costs and high energy costs
as a consequence of the requisite compression. Further
disadvantages arise from the individual measures mentioned. Thus,

35 for example, stirring under high pressure, as proposed in
DE 926 785, is a techn-cal problem which cannot be solved in
practice. The short-duration changes in the carbon monoxide
sub-streams that are proposed in DE 1 147 214 require complex
monitoring and control efforts and may result in unstable states

40 in the reactor. In add:tion, the said measures at best enable a
reduction in, but not prevention of, the formation of salt-like
deposits. The low concentrations of methyl formate in the
reaction product stream which are obtainable according to the
teaching of DE-A 2 243 811, EP-A 0 617 003 and WO 01/07392

45 require the handling of large volume streams and result in high
energy expenditure during removal of the methyl formate by



reaction product stream which are obtai nable according to the teaching of
DE-A 2 243PB13348b. A 0 617 003 and WD 01/ 07392 45 require the handling of
+ large volune streans and result in high energy expenditure during renoval
of the methyl formate by PF 53431 4 distillation and thus result in a
particul arly unfavorable energy bal aace for the process as a whole. US
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energy expenditure, as a consequence of the high dilution,

US 4,216,339 teaches a process in which the reaction is carried
out in the presence of from 0.2 to 4% by weight of alkali metal.
methoxide at a pressure of from 2 to 11 MPa and in which the

30 supplied carbon monoxicde is dispersed in the liquid reaction
mixture via a self-priming jet nozzle which is operated by a
sufficiently large circulating stream. In accordance with the
amount of starting materials supplied, a corresponding amount of
reaction mixture is removed continuocusly from the liquid

35 circulating stream and, after decompression, worked up by
distillation. In Example 2, a concentration of methyl formate of
51% by weight was obtained at a pressure of 4.4 MPa in the
reaction mixture. This process likewise has the disadvantage of
high energy expenditure, as a consequence of the high dilution,

40 for removal of the methyl formate from the reaction mixture by
distillation. Furthermcre, a large volume stream of the reaction
mixture has to be pumped continucusly around the circuit. In
overall terms, therefore, an unfavorable energy bkalance arises
for the process as a whole.
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.40 for n%%ag%§$ the nethyl formate fromthe reaction m xture by
dlstlllatl %hernnre, a large volune streamof the reaction m xture
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t herefore, an unfavorable energy balance arises for the process as a
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mlxture 1s removed from a gas dome located a the top of the
reactor and fed back to the bottom of the reactor via a
circulating pump. The gaseous phase is withdrawn at the upper end
of the gas dome, passed through a condenser, subsequently freed
from entrained methyl formate in a separator and, mixed with
30 fresh carbon monoxide, fed back to the reactor in order to ensure
an adequately large gas-treatment stream. In contrast to the
process described in DE 863 046, all the methyl formate is
removed via the gas phase and, after condensation, worked up by
distillation.
35
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 cperation. 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 cm?2.
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circulating~gas stream, which comprises setting a mean gas
superficial velocity of from 1 to 20 cm/s in at least one region
of the reactor in which the gas flows essentially in one
direction.
30
In the process according to the invention, a mean gas superficial
velocity of from 1 to 15 em/s, particularly preferably from 2 to
10 em/s and very particularly preferably from 5 to 10 cm/s, is
preferably set in at least one region of the reactor in which the
35 gas flows essentially in one direction.

The term ‘gas superficial velocity’ is taken to mean the quotient
of the volume flow rate of the gas flowing in this region and the
free cross-sectional area of the reactor region in question. The
40 volume flow rate of the gas flowing in this region meansz the
total gas flow rate under the given pressure and at the given
temperature. The free c¢ross-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
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superficial velocity of from 1 to 20 c¢m/s in the process
according to the invention.

In the process according to the invention, the catalyst employed
is a metal alkoxide or a mixture of various metal alkoxides.

30
In general, the reaction ig carried out at a concentration of
catalyst employed of from 0.01 to 2 mol/kg of liguid reaction
mixture, preferably from 0.02 to 1.5 mel/kg of liquid reaction
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
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temperatures above 85°C, with the same residence time. The
25 reaction is preferably carried out at a pressure of from 0.5 to 6
MFa abs., particularly preferably from 1 to 5 MPa abs. and very

particularly preferably from 2 to 4 MPa abs.

The molar ratio betweer the total amount of methanol fed to the

30 reactor and the amount of freshly supplied carbon monoxide in the
process according to the invention is generally from 1 to 5. The
said molar ratio is preferably from 1 to 4 and very particularly
preferably from 1.4 to 3.3.

35 The methanol fed to the reactor is composed of the freshly
supplied methaneol and any recycled methanocl.

It should be pointed out that the above-mentioned molar ratio is
based on the amount of freshly supplied carbon monoxide. Since a

40 carbon monoxide-contairing circulating-gas stream is additionally
fed back to the reactor in the process according to the invention
for the supply of fresk carbon monoxide, the molar methanol/
carbon monoxide ratio actually present in the reactor is lower
than the above-mentioned molar ratio and is generally in the

45 range from 0.06 to 0.2, depending on the amount of recycled
carbon monoxide.
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under 25 reactor, with an upward-facing pulse direction. The
methanol-containing liquid stream can be introduced at one or
more points in the reactor.

On use of a bubble column, this is preferably operated under

30 co-current conditions with respect to the feed of the
methanol-containing liquid stream and of the carbon
monoxide-containing gas stream. The carbon monoxide-containing
gas stream and the methanol-containing gas stream are thus
introduced in the lower region of the bubble column.

35
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.
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bUbble-CO|gQ£hple a loop reactor, to be used instead of the bubble-column

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
cazcaded 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 B0 to 150°C and preferably
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the preggnce of a netal al koxide as catalyst at enpérature
facilitates, a particularly high carbon nonoxi de conversion. 20 Figure 2
shows a pafITER ar FYOPT &t dlarédcehdbll mertesred sbodanent ekacrcascededugh
t he exanpl eeasftox hbbigh ddleurmamphe Wi @hbpblbe i orlumm, xinirehiich wietbtdiawn in
t he | ower migiwe Ysawl tiidrawh) inhelé eXbuelt 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 methancl-containing gas
stream is withdrawn via line (3). The liguid present in the
uppermost zone, which does not evaporate, runs back inte 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 intoc 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 c¢r some of the remaining gas stream is fed
45 back to the reactor as circulating-gas stream.
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mxture in finely divided forminto X%e uppernost zone and thus pronotes
the stri pprimgref Beshows he s30pt af beh proeexs dEkow rdalyl of ca mateferand
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present in_thg g eLInst @qg é;ﬂn og? glg)%gg rate runs back into

t he prece %? vi a. t. |sc t olgous dzsign Eo t hat
shown in ﬁl?g‘e‘ FeAFH THAMEL pFR “§09685§‘?‘Eﬁaé“ S‘H‘ ét - Gefrer

appar at u3 et PheRohsCE Y IEEI NIy %@Hﬁ Styepy- parashdy élﬂp&’e"f%rcé‘ﬁé’@nl s given
to a procesmndxidghi{th isheniged wilth stheegrrviclddirawmeul abmdtms escean i s
separ at ed froma 1iaet K3 yidi gelduns tid Gudbletfyluniroreates£od)aivilang bot t om
stream andc&lnpr%@%@?”(ﬂpn%lgebuﬁﬂﬂei@ﬁmﬁh ié’éé@;re 1%0%3&&&{&0}1% stream
entrai ned JELOMl.ol Of MRS dosaC oot Jd amLhIC.1 Of15) | SV pndensat | on,

and al | 45" batk 14 tﬁe reactor
as circh? a?‘i‘i‘%}lﬁgsc@f?]é’a?ﬁ PE) 5 1"“"11'55l rPFﬁ‘El]r%‘i FeSRaRe &Vt et 188 process
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met hanol - 'tReNBe ég&lcqn%r Saﬁétfﬁe%%a%'%ﬂft%qnﬁiﬁ&bg& gbgﬁ (1) is

m xed rec ir at | s.stream rom dto
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freshly 10reatpdlvied caltwinysiH)(is)pasmbdriviih tioycl%dintehandlstildakrioe (7)
and the compnessaE)( GFhe Inktganel adontdiaingatiqiid ehraansprodieddacas for
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met hyl f or WeR &5OGHE thgp et thSCPﬁlérgi e&" tf’ﬁep’f %FH
reactor. THRe théﬁifsw é%ﬂihwmor'fﬂi hies naseeff yidgliod ddh {Hjo i hﬁ’&é‘:sed vi a
line (9) ietdchangeirstC) | atr omichobnmmiried méhleyreidransk- andteaitriadgeti qui d
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obt ai ned asaste %a%r ?‘9!" genera ePAgStﬂlJesenLonTk?eo ll{%ld conée se%r 3 ECt from

in the heat exchanger aC} is fed to a condensate tank (D} via

line {(4), and methyl formate (IV) 1s obtained as product

therefrom via line (5). Some of the condensed-out liguid is fed
30 back to the rectifying column (H) as return via line (8).

It should be noted that it is possible for other apparatuses, for
example 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 wvia 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 reguires 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



t he rectifi;i ng ﬁsl um '"H) is passed via line (1) into a heat exchanger
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lines (2) and (3), with a device for purging waste gas (V) general |y being
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ener gy s?‘éperﬁiélé‘él ‘de%ﬂ%é’ gndg@mrr@mpyaquqeopés@emel tformatiace t he
ener gy cosfsont dche&boeéctdral f conpared to a process which does not use the

said rectifying 5 colum. The process according to the invention for the
preparati opyQfp1eet hyl formate is technically sinple to carry out, results
in only very little deposition of salt-like deposits, or none at 10 all,

require |.ow eqw pment conplexity, in particular owwng to the |ow
pressur 'B’Ff%‘ﬁﬁ’l@d with the known processes, has |ow energy consunption and

| ow consunption of catalyst, and facilitates a space-tine yield of nethyl
f or mat e of Exampll@) 1gwad/hcarrikd sat dusidigant piybst grlanachsedestctded parti cul ar,

by the hi ghigas 15 sHperddtbal eMel A Wa8N Bl 1e0BYBhn Ala@dgeans et hyl
formate TLOmte KEARIY,r FXBENLES L JF¥QURL A 1 height of 1000 mm.
25
In order to start up the plant, methanecl (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-treatec 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 reguisite 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 ratioc 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



Exanmple 1 g\? gﬁil ed out using a pilot plant as depicted in Figure 1. The
reactor enployed was a bubble colum having an internal dianeter of 55 mm
+and an overall height of 1000 nm 25 In order to start up the plant,
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bei ng ca dto the extent one h owmng to the consunption of
carbon nonoxi de. The overall flow rate of gas flow ng through was thus
15. 5 kg/ h, Exgmd e Reshesh thsiteblie aprosmsisgRecoeling aBobhe 2vgddbn t he
pressure b@n&i@ei& @ Maah adrsiceatdme 16 ¢ live of eapeutat2®Oe gbef noe tZ6C. fdhwatv@| une
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The neaps0as] a1 SWRE fl&b Yr Q6] &ﬁ’ WS vBaZa B8 SindPaSpPacee {Jd1% Yhg! d of

about 200 §Eégtfg%t meeégggyée09e55 d t%ﬂe Latalyst consumpticon 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



20 gas-treghedsyQiune and per hour was obtained. Exanple 1 shows that the
process accordlng to the invention enables a high space-tine yield of

* about 200 g of nethyl formate per liter of gas-treated volunme and per hour
to be obtained at a 25 relatively | ow pressure of 3.0 MPa abs. and a
relatively low reaction tenperature 3 75C. The catal yst consunption of
about 1 g of potassium nethoxide per kg of nethyl formate forned is

| i kewi se g YellaQw. Due to the relatively | ow pressure of 3.0 MPa abs. and
the renoval of gaseous nethyl formate fromthe reactor, 30 the process is
technically sipple and does not need co |pnent 35 40 45 PF 53431
15 W claitn 17 RPFEete 1'd° Pﬁgpﬁ?%ﬁﬁgf}%oﬁeﬁ IeORPR R OPHei @ By Peact i ng
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reactor, entrajnes, anssgyétxfmge iéhar%mvego$ra{9 tAai, 2085 Slsamey 10
condensatlon Aand .4l | SONE (%1; the rer nhng %as trea Is returned to
the rea iSor as Ci ulfafm ho- gas stream Wi CR* i $88"s®ting a mean gas
superfitfal ve‘F‘B’(ﬂWanmﬂ&}ﬁ ha %OOQCFCEW/ §f Hh%ltrqné'ééltln@n%a? eFir6Amoi st he
reactor in whixdturned gastid gwacessem icdrcylahimneadi seceaon. whlish?, A
process as cl atowediishschetnink, awhea®idusA siipapf Jatal sepeeftgicd reemoci ty of
from2 to 10 cyd 20 %m?@tlﬂ a1l ch88S8ne FGibRIL PN LheebLas! Q\fhlcﬂ PR ch.

the gas flows o rectlon 03. A process as claimed in
%qtglﬁ% liys LJelrae:l]?? ?’lﬁ I’éié(]g?l oni's carried out at a

ei t her %{ cl ai

concentTation of catalyst enployed of fromO0.01 to 2 nol/kg of liquid
reacti on m xt Ut ®@rogssg, af Prdeedsinscldia dedwhereimy aomeanfgad ains 1 to 3,
wherein the meigrfakkakidecenployedfian Botassd um/metiboxetein at AepsoCcess

as clainmed in @iy regecffoflteMBedctdr 4n WRGERI thd RR s EEBGE i Mbdntig@iyi ed
out at a tenpefpldpeeapfoddiyn 60 to 85C. 30 6. A process as clained in any
one of glaims 1 to 5, wherein the

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 mel/kg of ligquid 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 cne 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
monoxXide-containing gas stream.

45 Drawing



reaction is carried out at a pressure of from2 to 4 MPa abs. 7. A process
" as cl ai nedPFn58A&§1lone of clains 1 to 6, wherein a 35 nolar ratio between
. the total amount of nmethanol fed to the reactor and the anount of freshly
suppl i ed carbon nonoxide of froml1l.4 to 3.3 is set. 8. A process as
claimed in any one of clains 1 to 7, wherein a 40 bubble colum is

enpl oyed, ?nt he%lsocle%a ?r@ia‘ﬁqneﬁngﬁr 4 Lé”%”&l&ﬂﬁ!sd' tigng, %ﬁ%eri%sﬁ!ﬁ%t to

the feed o contajning,l1quid the'ca
monoxi de- cont af i HY Fad st EBtD}%vﬁ r?ﬁ‘slgﬁ %gma%)r ‘9. A process as

clainmed in any one of clains 1 to 8 wherein the reaction is carried out in
a cascadedl?®ecastmrocek8. ad plagesls inscbd i e dwhar eiaithed uypphenes n Ache

upper noss zoneof Scif chBeagds Gadedor east erateQPLE & admplrat b PORS atryme of
from 80 to 150€.+clk50Acprocess as clained in any one of clains 1 to 10,
wherein the gas streamw thdrawn fromthe reactor is separated in a 10
rectifying colum into a rrethyl format e-containing bottom stream and a
car bon” nonbki de-PEAfESFetRyFLFFERal B- 00 tdienPhgcla by dt team?  eersined

met hyl f or mat ethe gasmstedat rvoirbdhewn ofrons ttheanedyt@onde ssesraton] iand al | or
sonme of 1bhe r en&dthifiygngasol wil Aalbi 8§ hethynagkrhoré-hentaaetifg @sttom

circul ating- gage SddnPam 4 5c2P AP m3HoBA0 28 methyl formate-containing

top stream, entrained methyl formate is removed from the top
stream by condensazion, and all or some of the remaining gas

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