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Concentrathg Qﬁerggfaﬂprgﬁéfgﬁfbn 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.
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reactionzsSleast 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 carbon

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 a 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 Jjet nozzle, an adequately 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
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desalination device. In the working examples, space-time yields

in the range from 370 to 880 g/lVvh of methyl formate were

achieved.

30 211 the above-mentioned processes have the crucial disadvantage
of a high reaction pressure of up to 30 MPa, which regquires 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 technical 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 reguire complex
monitoring and control efforts and may result in unstable states

40 in the reactor. In addition, 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
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deconpression, worked up by distillation. In Exanple 2, a concentration of
met hyl forrﬁg(%,936,339 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 monoxide 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 sfarting materials supplied, a corresponding amount of
reaction nmixture is removed continuously from the liguid
35 circulating stream and, aftexr 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. Furthermore, a large volume stream of the reaction
mixture has to be pumped continuously around the circuit. In
overall terms, therefore, an unfavorable energy balance arises
for the process as a whole.
45
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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 adegquately 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 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 cm?.
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catal yst in W hexet eund fbafyi this uiecst Lteaashievedi bridr awpcessnfehdhe

react or, entpmipaedtiet i meohpht formeteehpveshefingmmebhsnglasrishr earbdyy '
condensat p@Mror@Rddal bt & pseBBusd 4N&Erda HEFBEAIIOMPASaSS J @@ kS returned to

the reactor %lpe(fh{:ﬁﬂé 3&4 Hofasy Sid g%b "‘ﬂ%eCBF.BééE@é o¥eh! hBgap MBAn gas
superficial vel oGl ty_of rgm&é o 20 cm s In at .egst one (r}re{@ on, of the
reactor in v c?ﬁufiﬁea?acsaﬁal SRE HEFLACPEFPY i1 SReClgR Y iS5 T280ts
withdrawn from the reactor, entrained methyl formate is removed
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25 remaining gas stream is returned to the reactor as
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 meanvgas superficial
velocity of from 1 to 15 em/s, particularly preferably from 2 to
10 cm/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 guotient
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 means the
total 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



In the process according to the invention, a mean gas superficial velocity
of from1l tRF BE343W s, particularly preferably from2 to 10 cnls a dﬂﬁ@éﬁ}ﬂﬁ
particularly preferably from5 to 10 cm's, is preferably set in at

one region of the reactor in which the 35 gas flows essentially in one
direction. The term' gas superficial velocity' is taken to nean the

quotient of the vol |l o f t as fl ow this regi and t he
free cross-Sect Fona n%mar a ¥V t[ fat%ngt gﬁe gl Ko iergg‘fféagt |V8% JI'I%E 20 vol une
flow rate GFSPREAHER ‘”f‘it@\mtﬁﬁ Tl?lflt%tsmf‘-egl on neans the total gas flowrate

under the given pressure and at the given tenperature. The free
Cross- sect imhaheareacticxr tiakefiot cexampietl he bubldescsiatm mmlctareatlteha;asi S

accessi bl 0 geherfl 1} d nteaghésn we;@lbumwe%%a&%r bfOfhéMeacRbel Nalt:h present

~that t d b
part of the rgésé'f%g%%gghf?g%é 055, eAR! | ALCTE) UBA Sy Bhs ROUNE o0 as

that the
liquid fra&Seoiip eC efih'ép‘? PHanefg‘? ¢ HPEREStTHTSI gﬁ%t t aken PF
53431 1 9 dubbigescluymn FegCher cthrrafRen senendaldy ﬁgntﬁ@%@@lguﬁeﬂn%heal
vel oci ty i regooovwilanc®espeth thethdeffilowt drectifont bé teactas. is, for
exanpl e, 1@ bubbl e-col um reactor, the gas 5 is generally introduced in the

| ower part tﬁm@eré%ro is ‘MEBP aﬂrg:lfe' oW %& rc,%f‘itl'eé” ;0f fJb?s 9@ c£6‘rt h:%

reaction medi um be| % Eé % wal[_}
force. The SHUBHI &0 LAY aTepgeled T r oSBTy Y
single regifrfbgi Fﬁaﬁ’*{é%rpeétn pedtHEOY| SHE HRe e FASERUST a‘?qlle‘—wéd 1eRq¥iame
reactor i s,meddumeskangirereyadsdntaltled ingertedubeabyothe thgrogased pulse

i nt roducesl dritr Aughices nozzlaetbpt inteerdnabecinsert.edheepbiction meaibdher rwact or .
I'n additi Orhhrfdﬁlighh'éﬁe gﬁﬁs%%&da&%é | QUi deffACId OBy FEAbUMIIRGCRRYEYEd into
the i nsert of) J,Ube by, d e, d Q" ggcaﬁaepu!eiswﬁ%%ew%ge}r{%ﬁ gaglol: [ nternal

circuit. reacti on ne deflected

by a so- cal"faeldL Bafs Fe lgﬂsgfﬁegtt‘\fﬁ?e lé‘na 6f°}=?5?%9]ttﬁb H‘?T%Ws“ gag Wé%n t he

i nner reactBimalidl feflrrtede apaiR PR dheupalse qaneTappashY chei pegEiomahd s
finally gefdgdmedragaiintyy thheipsrsmdgenbe atBe Hett heopmozsctoanth@d agai n
drawn i nt o ddieriansgré@ctdinbetwd htedivins! 90Ph reafieet tBushe gARRT aityceiyH ai ns

two regi ons,idya 5§§ e:?atmetﬁ Ehfeéi&wl%&ﬁét%r?é‘ m%fer‘cQ& O aﬂé”&'ﬁ’eé’lc\{,{ﬁg' on
i nsi de t he 'Q:Ssﬁ I an serted tub

the gas flows i E%tﬁfirté{l:el'o g ]I§‘ease[ g@ﬁ’efg?w? 1es EPPRD J'l_’ee i ons
havi ng  a mé%ﬂﬁ:eﬁ §° selfpére!a?’& ane \Rf G@PF’? Bf° fHeGHORSt PRV &y BepR ‘ﬁ%

process 25 superficial velocity of from 1 to 20 cm/s in the process
according to the invention.

_In the process according to the inventibn, the catalyst employed

is a metal alkoxide or a mixture of various metal alkoxides.
30 _

. In general, the reaction is carried out at a concentration of
catalyst employed of from 0.0l to 2 mol/kg of liquid reaction
mixture, preferably from 0.02 to 1.5 mol/kg of liguid reaction
mixture and particularly preferably from 0.8 to 1.2 mol/kg of

35 liguid 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
MPa abs., pa;ticularly preferably from 1 to 5 MPa abs. and very

particularly preferably from 2 to 4 MPa abs.

The molar ratio between the total amount of methancl 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 methanol and any recycled methanol.

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

40 carbon monoxide-containing circulating-gas stream is additionally
fed back to the reactor in the process according to the invention
for the supply of fresh 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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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
methdnol and unreacted carbon monoxide. The ehtrained 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. ' '



met hod). Onppse3pgia jet |oop reactor, the gas streamis generall
‘introduced in the upper region of the reactor, with a downward-fa |9n@1ET 2008
pul se direction, or in the | ower region of the 25 reactor, with an

upwar d-facing pulse direction. The anol - cont ai ni ng | qui d stream can
be introduced at qgne or nore EQI nts i'n the reactor. use of a bubble
col um, t hi §29% S rlefBrED|3 afeed BrPSEss361YD WFeﬂf L HGEFBRL with

respect to eheodimegtofox h*éhe pFeranet laopefamathygl |foxmagesesdwmaand of the
carbon nonbxbllee-coltimnh nteartgpaswith ecsnycliegcaf bk eamrban de- cont ai ni ng  gas
stream and ﬁbﬁoz&’fi&?ehéaﬁ{:aﬁm{galc&kBﬂlQ@ﬁ;g&bhgaQtﬁé&x thdswitNtrfRGegedgi &t t he

| ower regiop ﬁ?ét Jéﬁ%lbe&?{% ?gu’ﬂ‘guf’c? éﬂ}egﬁ”eﬁfésm} 9,?2 pPid L UW LS W L hdr awn

t I t hyl
For mat 6, urVRALEAT (TR0 HEE oAt -ty Ui FEEVE PR g1t NGBS+ AT ned

nmet hyl for Wt eling (éhpddl Fadboirt hhe Wlﬁ'iﬂ@h‘iﬁ‘fbfe@(‘?ﬁ@éné%k ivd@®, 2and al |. 40
or sone of toepreswarnday. dfhishbubhse-stqleam readent hackdddtidmllyeact or as
circul ati ngzggsiisdd,eaih 1ihed (INehed ragprebagt "eny, ika fféé}bﬂ.yd sabpeasgg whi ch

has been wggﬁﬁs&g ?Eh?f vs Wi £ DA 2 33e dSéii&a?s%ng acrga gergrally

conprises ne or na unreact

D Do oot HEheR el BERSrTbu TR PO TP G CBLFEch BATE PO PFe
reactor. PFtBg4woing @fﬁTcaz{ﬂie’StIQOF‘F%’d‘rléglrgﬁ%Wsora“@P‘ﬁﬁWf‘i‘éTd -pPocess flow
chart of a predmry edreambisliwithtirhen dtheher éppraf ithe ckagetthyiiaf dinat e
using a bubbleg-a0l eABrsoeed alethyl hfdeee bAg oftdditedandeianol are

Monoxi dej@oeaaaéug@@ Bm‘;c&&haé 1Rdt08gc s Ram and ¥id horReyehs rt_ﬂasofstée%n

th | Fre b 1) i
mi xed wi th ¢ ?%Hec%% B the o §?@” i lﬁeguﬁ?l A 130 ﬁee nﬁéf’ €10 the
“bubbl e-col u B %95, ( ?ﬁ}ng 'ﬁ"FeéeBEbbT react or

is additi onﬁPP@ensﬁﬁpﬁPFeﬁn ﬂheahleﬁﬁee%ql)ana?ﬁé ¢Bhpredses: vie) ling t(H)f tesal y
suppl i ed 10coeddramacle thhk)(Dwmiand freshihe dapper edicdtiaky¢s) (ddte and with

recycl ed 20etihanl 1atliBngesBind . (EYDeThe a6dt@lan6 0Dt @h 15 rdndeYiGei d Q-Itreb.iﬂe
purging of gatalysd aQOB&@téﬁ 'ﬁ&oﬁﬁ@%tw%@ &che i\éﬁe acgé’:? vik' eam s

o o e e T Bad ebe b gbn LA MBS nuh miite LRI @%&%ﬁ%

(C). The refBi HhEPTGIECE Fefinthes df et WAt opoCPHe™ eact or via |ines (2) and
(3), with a device for purging waste gas (V) generally being present. The
liquid 25 It should be noted that it is possible for cother apparatuses, for

example 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 cone 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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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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nmonoxi de canversion.. 20 Figure 2 shows a particularly preferred enbodi nent
of a cascade@ IPedctii"st fir BUGA 1 HERRAAPTES oY BOBEY & BRATSTHRAI ch
reaction rambodikents fign Kbeapreraration| ofharethydi Sarwate lusiag(d), heated in
a heat exchamgery{f) cidmheditlo ddegclppgrozane veabdénne (2). This 25 zone

i s pref er ablghosenal@ddihi oy ¢ HaNReRELNME 2230 aRYaRd SHAYE reb@YidBhsWi th.
di scharge %‘?Jekhéﬁ%l-cm%ﬁihfﬂ 51 deQ?].b . tﬂ%gﬁfé rpCi‘Me g%%!'gon()f the
precedi ng zone t p?@s .t roug oS gﬁa 1t .bubbl.e th .%lfgg € reaction
Mixture ©nAREEGS dl D) dEdmEBT Tt tOPHES LFCY LA RIRE2E i St es
the stri ppiffgrefiret (3)TRad36e€ arddhenbrbii eteo lupet Agaciasr it eviari

met hanol - carimpirassgr gas . Shiedmbis ewcdhanaweavitar| iseid 2ddithen | i qui d
present in dui1id@PRItDSeZRIE, sub1GBadaeshaHl YaPPS afikh Ed8ShBACK into
the prepedldig3gnceatykhe st paliar 99:ANAldyaidn fB:Alalogous design to that
shown in | gure |5|n§r| ((‘¢£I(e%noaso$05| e_on use of ot her ice
appar at use<£"%S TBR SR S558p actofSRCE Yy F4ft FERFEYT SRFarhck 187G ven
to a proces®n RURfith AAffelgas-cAP-adpirg i SATtHPalbx e {(VBe - ractor i s
separ at ed imecgifgttg fodlmgn ¢B) urwhicht sepamstdsy lkhe ogants-reant arhyingthoygt om
stream and fromC8hdOredtR@Xifite ANGtIRLhFbriiorabateOMm) Holgoh Of:rameam
o a1 B il ICRPL oretp Sr ey P, o
as circul atﬁngﬁggiiéﬁ é-'%gat’& 5%4%%91%6‘%?%'1%5%%?‘%“ f%’ rﬁfmu%%or% tglﬁoms a

sinplified4 5 9 1BWIPRafE) oS Paseefeftadinentbddi TR & Sﬁg*fh]elati"n
prepar at i orfdumpe{hy{ Ther Ratkanaiwenaainied iguid ebream pactnce@@gcl i ng of
t he car bon baomwoaxpoedwanttaomi aglwinr &) als nEpddackt teathandantdh ¢BICwdki ng
of 5 a nps hanel {ePNimi RickPrbisert & LI faphy Frshla¥esSypp) igdosas sy Jwnoxi de
(1) I's mx EWEFBdﬁ&F #280Y £he % Ld¥5q4LaL bA % H35nSt TRERod ’rgg%li_%@efl(ér) and
fed to thel}%‘?b e-c&.unn rrellact 0{ . via a .C.orrgmriess?{ (511\7% I S
bubbl e- col FESEHOFN% CPAY R o Y &% PaBTHt i% PR FresAly 8upHt ed
net hanol ( 199°PanGRY h($hrredfl Yhich SRFEPLEED BREINIsEoFPrye A7d GrEFRIed cl ed
met hanol vinethianel (Fje camdensded corpr 88sorea@ningnggensrrdam tihefed ducdr
cont ai ns2s ftewheereactor via lines (2) and (3), with a device for purging

waste gas (V) generally being present. The ligquid condensed out

in the heat exchanger (C) is fed to a condensate tank (D) via

line (4), and methyl formate (IV) is obtained as product

therefrom via line (5). Some of the condensed-out liquid 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 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



for purgi ngpEasalgst-containing reaction mxture (VI). A rectifying colum
"(H), which separates the gas streamoriginating fromthe reactor i1 8CR7006
met hyl formate-containing bottomstream 15 and a carbon nonoxi de- and

nmet hyl formate-containing top stream 445 | ocated at the top of the
reactor. The bottom stream fromthe rectlf ing colum (H) is passed via

line (9) intD®PRCEHPRPEHT &8 uim RBICE érneltrharh‘BPl 6&%4‘1’1%@011! qui d
stream prod@ate s a Eégﬂbﬁqﬂrﬁdﬁét’lw CHRUHEY ¢Its.s Thedsaktk lorogeshe
react or (B)gener®i0yl makes 6)t gwesibhpries gedutE) thd/binkylbyf coset eo BMput S

obt ai ned ashalppdupegdueat td rompribesdiwiidd abksMmEO Uy thdhgaidR-eBEEYLg f rom
the rectikyLgg,fp! um (H) is passed via line (1) into a heat exchanger

(©, in which entrained nmethyl formate and entrai ned nethanol are
condensed out. The remai ni gas streamis fed back 25 to the reactor via
lines (2) aRae (BOCcegst ﬁC%PH%\chéOfEIPe pvgnEgon vERR ehgabrensrajdmar 8fly bei ng
present. Theethyjifdbroehdehs dechotically tdiepheato exaxiranget, (Jsulssf éd to a
condensat e bADK (ddy Lhatleé ideposd)ionnsk manlhyhitoraepositsV)ot okt atned as
product  jghgy ef rﬂﬂu‘iﬁ:@slbﬁ‘fy (D cq@FEnde LBRpE 9,91?@1861 Hftidmﬁ%‘:doh§ ged 30
back to thetre t l)él n coéurmcg)Hizi as ret r

noted that It H& oss bre°Vor “OrRer %%ﬁ:ﬁaf:ﬂge RO P 3?7%? e

reactor, t oeB%r%é’d’rHSHE‘PEJa‘%P Gnck hav LEASUBPESPRNGE GadadY s i and he pr ocess
depi ct ed i nffEHitat®s Ruspdna-rime, yhold of 85thyh-fwsesdedt reddlog/ Hvild. a
cascaded rea@ht adaichadbeneagdowed athidddds darpanticullae, vey yeHemmhighugas |y

preferr e(ispé @&dﬁﬁt b@l@@lﬂyﬂ ahﬁetﬁélséemo%&agf apit s hbenpardirmbtar
advant age th stﬁ_ﬁée % met hyl 40 formate can already be obtained in
erec

hi gh purlty V|a ying colum enployed, and consequently further
distillative work-up is generally unnecessary for this. This neans that

t he net hyl E?%WPkﬁ%econtalnlng stream obt ai ned as bottom product fromthe
rectifying columm, which requires further distillative 45 purification, is
significamttymmgauqed in amount, neaning that the distillation colum
necessary for this pur pose can generally be designed smaller. These

Measures | eptidold) 12 EMRU L SALLeN, Of P 2343 p?%oadﬁ SBhoged ibh®
production and ‘I'n par ctio n a
BT e T T
possible to S a rocess
whi ch do@s not use the said rectifying 5 columm. The process according to

the inventign fQiext R BESPANA itAB 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



met hyl forrgd esdgzfechnically sinple to carry out, results in only very
“little deposition of salt-like deposits, or none at 10 all, requi resg got Y08
| ow equi pnent conplexity, in particular owing to the | ow pressure conpared
with the known processes, has |ow enirgy consunption and | ow consunpti on
of catalyst, and facilitates a space- ¢ine yield of nethyl formate of a 100
g/ | Vh. Thef@éitéoadl?mﬁse\g@swaﬁé%dﬁae@bd The sendeosdte obvpingd Mde gas 15
super fi ci almetdlydc fdymaired coheenenny aboat ghsapusetighbyl formate fromthe
reactor. Exanples 20 Exanple 1 Exarrpl e 1 was carried out using a pilot

plant as degjd té’r naEﬂowé:d %%E@n%%a]sﬂﬁ e%ﬁ%%uﬁ‘éﬂ%'l%ec'n f%?biicgto%o‘?& o

h t [l
o or der 3 DRy B TURROHEARES N GP LT 7 EhRoPR9SS RO hoiRA 48 (1

kg/ h) and k& alltyhéﬂ-Z@%Iﬂﬁﬁ @ﬁlegb%lb}ﬂ \E@ﬁgﬁ@a%cﬂa@t BeRer bicipdt FedPuhtret hOXI de
i n met hanolwdnksanuanaznts .bhicoh2 phsures23a 8 caf alist ocensEhtflatv oatefofl

molj/rﬁ of Iﬁrwugtdsrea@ﬁ@ R Sh 4K eahl%or\e@wnlﬁrcfadugggt@d\@ﬂmamél to 75C,
an e cir i u n C n as
&gcﬁsltaggn@_a%sstﬂga”}aw%n@ tth% %9?@&%% b?%re@l‘ﬁﬁ ggﬁg%fa g9-d

stream w?g suc 11 col um
was abou OOt aga[s‘re‘ﬁ’\t,%\; Iﬂ?ﬁ“és IRE l‘i 9°¥ W BRI W %essur e

of 3.0 MPaflsH¥s raﬁado%]ééﬁeﬁéacﬁwukaﬁ@dsf-%t*étﬁ grssntref \ape kepf @sinonst ant
by regul at i tng thee constmpigas vl ¢earbddumpngxident itheousenpklr diliognratle 28 kg/ h
of nmet hanolgasl Rekin®fthreAgRoRasON d8 . 8NEG I e wieHULSE tnRradMBBDEc@far30% by
wei ght  Solyiligt BL;RE!ARRETE n&hmm fiel B nslalﬁg LPRphnEpeataayst 40
concent a4 LG Hegessal e d3en S0 % drie catal yol

consunption 2BouT -k g SSi Vet Gf( ?%yl format e
formed. ThefXawiagl SRropplyas F%f%‘-%’&éi iSOlkgtlb‘fs a§i E@%I%ﬁl /g GoR W5En B§Sof

suppl i ed fraugerdacigl eelotgtikgvad 6.@ cowbati ng gas per hour). The nean
nmol ecul ar wei ght of the 45 circul ating gas was about 28 g/nol. The reaction

t enper at ur ep WasaceLbGné BRI 86 Aol odPRes s R nh Ebﬁméﬂ&g;eel hevel Jog and
the PP 53431, t%egaéglvdpzluqle Oafiy S35 LoD Bliaspupe vas SO Wea abs. The

condensa al ne ormate con of about 65% by wei ght.
The gas flowed essentially in one direction, nanely frombottom 5 to top,
t hr oughout E¥fardebh| &hevts dhat the REQSESSSReePHAY BPebhe GlDVBEtEeR | i zed f or
cal cul at i ngeridideseanhigts spapertine gtield ofidlyout 200 g of methyl formate
per liter of gas-treated volume and pér 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



worKs out as (5.5 cnm2)2 n = 23.8 cn2. The overall flowrate of the gas
flowi ng through this region is calculated fromthe circulating-gasy glﬂcEWZPlﬁﬁ
rate and the flow rate of freshly supplied 10 carbon nonoxide gas, W th
freshly supplied carbon nonoxide flowrate only being calculated to the
extent of one half owing to the conggmption of carbon nonoxide. The
overall flowrate of gas flowi ng through was thus 15.5 kg/h, with the nean
nol ecul ar. ﬁmﬁq&;{; bei ng about 28 g/nol, the pressure being 3.0 MPa abs. and
15 the terrp atdir® bei ng 75C. The vol une flow rate of the gas flow ng
through is calculated fromthis as 148 cnB/s. The mean gas superficial

vel ocity wad- 6.2 reprsss Aogphlee mriererifiendobmesbsltxoety of 1s8ER{AY format e
per liter 50f 2fetyasecl nddhedasiginumenandeper houessase obt firared. . >sBx@anple 1
shows that the prowessbsacaar thdé@resedde off Ny erithbnalleabkess aabbbist
space-tine yielth of raboudr 200 vghieh feidaykefQrmBEewi IRk-alh t®onotngas-treat ed

vol ume and per ig%\%o&o &etr bL&Y BRtL fi Rraacd 8l:abby&ls k% o B8 SYLe of 3.0

MPa abs. and a relativel r.eac erature he cat al yst
consunption of BSat o1 %nd?nsattlé’sy U rr% hoxi-d 9:&‘ r?mamtlﬁ 19%%or mat e
formed ig®° ||ke%]’seém\/é? cGERSDire Loe CRackel 48 6 rg§'§sﬁF SFt 3.0 MPa

abs. and the reHbifal COFPIIASE ORRS THBE hy IMePBr Fft PP C{Jﬁ‘é V%]fﬂf’tlélf °80 the
process i s techfiaall o silnpinés dmd adobmstiotnmewdicomy éke expdtpreit. 35 40
45 1 9 COCT 2006whith Y¥e cla@i Alovis eAs@itieesg fmlontheifpyepanatisangof net hyl
formate by reactdtig@sidn MRiR3RMe Wt BatakRONADROXHEIALUE HLESHEG R from

0.5 to 1@ MPa abs, tbﬂpéﬁgupéecsﬁer}ggmogo a.npi-al al koxi de as catalyst in a
reactor, in which a gas streamis wthdrawmm fromthe reactor, entrained

met hyl forrrgte is removed fromt S _streamb condensatlon and all or
sone of the’rendiMOAGSHEE FO*H éf’n?%:a ?m‘ﬁ"«?&ef% ? fE*Pe%tt or as
ci rcul ati ng- gasS'®FEAR 2L WRTeR Worbr FaBs 2sBR 11§48 nifafiegald SGpéfadti al
vel ocity of fremm revbep®ichhe Hascaer |igavhighdheegiorflofst¢rsengaetlr in
whi ch t heogas fimwseedsenttiahly in one direction, using potassium
met hoxi de as catal yst and carrying out the reaction 15 at a tenperature of
from 60 to 85C. a%rofebt OLLSSaBRLhal OBGdNCE! Alalind 1 VRGN 8] NiREBANEAS
superficial vel pglty o0f; 100 Ped QulOaf SohSei@hich th Az L:Qé‘asfyst
empioyed 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
- reaction is carried out at a preszure of from 2 to 4 MPa abs.

5. A process as claimed in any one of claims 1 to 4, wherein a
30 . 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.

6. A process as claimed in any one of claims 1 to 5, wherein a
35 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.

40 7. A process as claimed in any one of claims 1 to 6, wherein the
reaction is carried out in a cascaded reactor.

8. A process as claimed in claim 7, wherein the uppermost zone
of the cascaded reactor is operated at a temperature of from
45 80 to 150°C.



one region of the reactor in which the gas flows essentially 20 in one
direction. 3. A process as clainmed in either of clains 1 and 2, whef&i(TTthes
reaction is carried out at a concentration of catalyst enployed of from
0.01 to 2 nol/kg of liquid reaction mxture. 25 4. A process as clained in
any one of clainms 1 to 3, wherein thg reaction is carried out at a

pressure of, fr to_ 4 abs, . 5. A procgss.a | ai_ned i; . e of
clainms 1 t3'4,g\r§1rg°fﬁeefﬁ aag\./ggaﬁ%ﬁdarmraa?)f (S’l%ﬁe?]\‘g/!vecer"%u,‘isnfﬂlecl '%8’?5! V\Ia‘r%ﬁ:%g%( %Pe
met hanol fed t %% FETSFRALGFT A FFAB BifouRtcoF 7 ¥ 25EhoM &d car bon
nonoxi de of fFERFYAng Fodugninteep mehypd P ERESsCqLdPAFHEPtATany one of
claims 1 to 5, stféfeprpd  <35bpusishextd-uandiretanp| byradtearnteAnsng s

oper at ed &under tor tecaan erdntecantic mehlsy Wifbhmates pectenayetihérdregtieotod he

net hanol - cont abtiexh by tbirdleataeiam, anh the carddme ohmnexkdexicintagsd ng gas
stream 40 7. AcfUQCe8Srab pakRi P eht NeRRYPNE: Qfir&hRitTBglgdd Breitherei n the
reaction is carried out in a cascaded reactor. 8. A process as clained in
claim?7, wherein the uppernost zone of the cascaded reactor is operated at
a tenperature of from 45 80 to 150C. 1 9 OCT 2006 16 9. A process as

clai ned ¥ any one of clains 1 to 8, wherein the gas streamwithdrawn from
the reactor is separated in a rectifying colum into a nethyl

format e-contai ning bottom stream and a carbon nonoxi de- and net hyl
formate-containing 5 top stream entrained nethyl formate is renoved from
the top stream by condensation, and all or sone of the remaining gas
streamisg fed back to the reactor as circulating-gas stream 10 15 20 25
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