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acetate mononer The invention relates to a process for preparing
vinyl acetate nononmer in a heterogeneously catal ysed, 5 continuous
gas phase process by reacting ethylene with acetic acid and oxygen in
a reactor, wherein the workup of the product stream obtained is
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1120 I n the°BFéBa?8et on of vinyl acetate nonomer, a gas mxture
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15 comprise palladium salts and alkali metal salts on a
support material and may additionally also be doped
with gold, rhodium or cadmium.

The ethylene,. oxygen and acetic acid reactants are
20 converted in an exothermic reaction, generally at a
pressure of 1 to 30 bar and a temperature of 130°C to
200°0¢, in a fixed bed tubular reactor (or else
fluidized bed reactor) to vinyl acetate monomer:
- CsHe + CH3COOH + % 02 — CH3COOCH=CH; + H,0
25 1In the side reaction, ethylene is oxidized to CO,:
‘CoHy + 3 0 > 2 COp + 2 Hy0 |
In the preparation of vinyl acetate monomer, a gas
mixture consisting predominantly of ethylene, carbon
dioxide, ethane, nitrogen and oxygen is circulated.
30 VUpstream of- the fixed bed tubular reactor, the gas
'- ‘stream ‘is admi_xed with- the acetic. acid, ethylf_-né and
_oxygeﬁ reactants - and ‘brought to .reacdtion temperature
with steam-operated heat exchangers. The cycle gas is
enriched with acétic acid upstream of the fixed bed
35 tubular reactor, typically by means of a steam-operated
acetic acid saturator {acetic acid evaporator).

The product gas stream leaving the zreactor comprises
essentially -vinyl acetate monomer, ethylene, acetic



acid, water, oxygen, CO2, and the inerts: nitrogen, argon, frethane
and et hane. After the reaction, the vinyl acetate nononer reaction
product, unconverted acetic acid, water and further condensable
conmponents 5 are condensed out of the cycle gas and sent to workup.
Uncondensed winyd0ldodrdv&5nmonomer i s scrabbed out BT/ EP2AAOVIDE5348
aci d-operated scrubber. The condensed vinyl acetate nononer and water
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agai n (additional conpressor Toad)" € Suction-side recycling
additionally requires that, after the conpression, the already
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cycl e gas scrﬂbber in an 5_azeotrope_cOl um. . .
the CO; removal, returned back to the suction side of
the compressor. Before the CO0; removal, this substream
20 is typically freed of vinyl acetate monomer in a column
(water scrubber) by means of addition of acetic acid
and water. The bottom product of this column, which
comprises water, acetic acid and VAM, is separated in
the azeotrope column which is heated with process

25 steamn.

A problem in the process steps for CO; scrubbing is the
necessity {0 return the substream ¢n the suction side
owing to the pressure drops which occur in the course

30 of scrubbing, with the disadvantage that the entire
substream has to be compressed once again (additional
compressor load). The suction-side recycling
additionally requires that, after the compression, the
already purified substream is supplied again  to the

35 unpurif_ied cycle gas stream and partly fed back to the
C0O; scrubbing.



‘Agai nst this background, it was an object of the present invention to
energetically optimse the workup of the substream branched off for
O scrubbing. 10 DE 10 2006 038 689 Al discl oses using the heat
content of the steam saturated OO2 stream obtained fromthe carbon

di oxi de desorWier2d1® /1249862 scrubbi ng + & heat t he daretARPpROAD /NBE3AYr €
vinyl acetate nmononer colum. A 15 disadvantage is the poor heat
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conpri si ng 2§z@§§é“ﬁpﬁapp§‘u@tlhyl ene, Vi nyI __ acet at e nononer, acetic
acid, water, car bon di oxi de and further inert gases, and b)

recy‘cllng an _eth and -contajning cycle gas streaminto the
reactor, by 39%¢ 5 rrpF]é%@l né;a%?%mwﬁ'e dgs BF eafiti rPS]‘?:\j"fSR:I Ofgahe
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e) prior—~to the CO2 scrubbing, washing it in a water scrubber,
charact eri ze®E n.ot a0 \WB82GER/ 2248 5c14seBCTLERZ018L052348 chhrthe

substream afferfhe (R SeLuRpLogy 1%, Suphllgd obtained from the
' carbon dioxide desorber in the CO; scrubbing to heat the
bottom of the pure wvinyl acetate monomer columm. A
15 disadvantage is the poor heat transfer when a gaseous
heat transfer medium is wused. Moreover, the heat
content of - this CO; steam is wvery low owing to the
relatively low proportion of steamn.

20 The invention provides a process for preparing vinyl
' acetate monomer in a Theterogeneously catalvsed,

continuous gas phase process by reacting ethylene with
acetic acid and oxygen in a reactoxr, and
a) separating the product gas stream comprising

25 essentially ethylene, vinyl_ acetate monomer, acetic
acid, water, carbon dioxide and further inert gases,
and
b) recycling an ethylene- and CQO;-containing cycle gas
stream into the reactor, by

30 compresging the cycle gas stream in a cycle gas
compressor before recycling into the reactor, and
d) branching off a substream of the cycle gas on the
suction side or the pressure side of the cycle gas
compressor and feeding‘it to a C0; scrubbing, and

35 e) prior to the CO; scrubbing, washing it in a water
scrubber,
characterized in that



to the cycle gas via a jet conpressor, together with ethylene as the
notive nedium on the pressure side of the cycle gas conpressor and
downstream of the 5 withdrawal of the substreamto the CO2 scrubbing,
and/or g) the bottom product fromthe water scrubber is fed di rectly
to the preli i ng colum. The conti nuous aration of

vi nyl acet at @%\%ﬁgﬁﬁgﬁ 20 pref erabl y conduct ed @9”11 Lﬁ%ﬂ /022866 s
charged with a fixed bed catal yst. These catal ysts are generally
supported catfl ysttidedspydd twean, nebter nehanlG206cnobbingptsd sgidlsi eahd
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preferabl ¥ 130GH02439C,r20nLhe % ea86d erat UL & it bed
tubul ar reactor of apre eragpg %%%C toénggt&tc% rcg 5;/ TEans ofan)&e
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forns steam diﬁ@@tlgstbhEhenpfeDﬁhﬁua&fye@Ewa\Meﬁ:Hng tempehat ure of 120C
to 185C, at a pressure of 25 1 to 10 bar abs., preferably 2.5 to 5
bar abs. The product gas.stream energing fromthe reactor conprises
essentially IC%GW@Smmrateohybén&;naréealcetatedmommer is

oxygen, €62, paederhB1iNech8nchbdl 09O HONye <l DARG: 530
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Vi nyI acet ate nononer collectin ESSEF
spheres doped wit palladlum and with gold and

15 potassium salts. The reactor is charged with ethylene,
oxygen and acetic acid, and the reaction is performed
at a pressure o0f preferably 8 to 12 bar abs. and a
temperature of preferably 130°C to 200°C.

20 The reaction temperature in the Ffixed bed tubular
reactor of preferably 130°C to 200°C is set by means of
evaporative water cooling at a pressure of 1 to 30 bar
abs. This forms steam, known as the intrimsic steam,
with a temperature of 120°C to 185°C, at a pressure of

25 1 to 10 bar abs., preferably 2.5 to 5 bar abs. The
prod{lct gas stream emerging from the reactor comprises .
essentially vinyl acetate monomer, ethylene, acetic
acid, water, oxygen, COz, and the inerts: nitrogen,
argon, methane and ethane.

30 .

In general, the gas mixture leaving the fixed bed
tubular reactor is passed into a preliminary dewatering
column and the liquid phase obtained at the bottom of
the column, principally wvinyl acetate monomer, acetic

35 acid, ethyl acetate and water, is fed to the crude
vinyl acetate monomer collecting vessel. In the
downstream azeotrope column, it is separated into vinyl
acetate monomer (VAM) and water as the top product, and



downstream azeotrope colum, it is separated into vinyl acetate
mononmer (VAN) and water as the top product, and WD 2010/124985- 5

- PCT/ EP2010/ 055348 acetic acid as the bottom product. The acetic acid
is passed into the acetic acid saturator and thus recycled into the

process. The AN WigAdiaws as the top preduct is p@@fﬁé{, dlﬁq{tdgﬁg%
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dewatering colum to the pure vinyl 5 acetate nononer co

separated there into VA&I and ﬁce,tbi c.acid. The gaseous prqduct m xture
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essential | y IfthsfedtintdcenheanteCOR, atddf sredrabot hend yehes goscycled
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and separ at egylcet hga doWasly eapad@ad I QRG0! ¥FMN.cllecyeie gas is
preferably 8 to 12 bar abs. After the removal of the
condensable wvinyl acetate monomer, acetic acid and
water components in the cycle gas scrubber, the cycle
20 gas contains preferably 12 to 18% by volume of CO,.

A substream of the c¢ycle gas is branched off on the
suction side or pressure side, preferably the pressure
side, of the cycle gas compressor and fed to the CO

25 removal of the CO; scrubbing a.nd,' after the C0O; removal,
is returned back to the opressure side of the
compressor. The substream withdrawn in the cycle gas
compressor makes up about 8 to 12% by volume of the
overall c¢ycle gas. Downstream of the branch and

30 upstream of the CO; scrubber, the substream withdrawn is
scrubbed 1in a column (water scrubber) with supply of
water and acetic acid. The liquid bottom product can be
collected in the crude vinyl acetate monomer wvessel and
separated in the downstream azeotrope column. The

35 gaseous top product of the water scrubber, essentially
ethylene and CO;, is fed to the CO; scrubbing.



35 gaseous top product of the water scrubber, essentially ethylene
and CO2, is fed to the CO2 scrubbing. W) 2010/124985- 6

- PCT/ EP2010/ 055348 The cycl e gas substream (top product fromthe
wat er scrubber) is then conducted into a CO2 absorption/desorption,

preferably operated w.th agueous potassium carbonate solution. After
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a preferred enbodinent, it is also possible to proceed in such a way

that theqgnti E&Q}ﬁ' i is j .0.the.cycl e.gas 25
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to gﬁe cycle gas stream. The cycle gas stream is
20 preferably supplied with the required amount of
ethylene wvia a ijet compressor (ejec'tors, injectors),
preferably a suction nozzle. In a preferred embodiment,
it is also possible to proceed in such a way that the
entire ethylene feed which is supplied to the cycle gas
25  upstream of the reactor is supplied wvia the Het

COMpressor.

Alternatively to this procedure of recycling the cycle
gas substream, or in addition thereto, it is also
30 possible to proceed in such a way that the operation of
the water scrubber upstream of the CO4
absorption/desorption ig xeconfigured in accordance
with the invention. The water scrubber is preferably
operated at a pressure of 8 to 12 abs. and a
35 temperature of preferably 18 to 30°C. The cycle gas
substream is freed of VAM in the water scrubber by
means of acetic acid and freed of entrained acetic acid
by means of water. At the top, the gaseous residual



in the inventive nodification, the liquid phase 5 obtained at the
bottom of the water scrubber, principally vinyl acetate nononer,
acetic acid, ethyl acetate and water, is no longer fed to the crude
vi nyl acetate nonomer collecting vessel and separated in the

azeot rope colwmi0ldutl2488Ber applied directly to tier/EP2me/i08ERABY
dewatering colum. In this case, the bottom product is preferably
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a steam heated Line 2. é gas mxture leavin
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essential |y VAR, apeeisminary dewatering col a VAM-water
azeotrope is then obtained without using external steam
15 and subsequently separated in a phase separator. The
steam saving achievable by this measure for the removal
of the water supplied to the water scrubber is at a
weight ratio of steam/water of about 2:1. By means of
this measure, in an industrial scale plant, at a water
20 flow rate of 300 to 500 kg of watexr/hour, a steam
saving of about 1 to/h in the azeotrope column is
achieved.

Figure 1 shows a simplified diagram of the process:
25 ethylene-containing cycle gas was contacted with acetic
acid in the acetic acid saturator 1, then oxygen was
added and the mixture was fed to the tubular reactor 3
via a steam-heated 1line 2. The cycle gas mnixture
leavingA the reactor, which comprised essentially
30 ethylene, wvinyl acetate monomer, acetic acid, carbon
dioxide, oxygen and inerts, was fed wvia line 4 to the
preliminary dewatering column 5. The mixture was
separated in the preliminary dewatering column 5, and
the bottom product comprising essentially VAM, acetic
35 acid and water was fed via line 8 to the crude vinyl
acetate vessel 17, and, after transfer wvia line 18 into
the azeotrope column 19, was geparated intoc a VAM
fraction and an acetic acid fraction, which were each



35 acid and water was fed via line 8 to the crude vinyl acetate
vessel 17, and, after transfer via line 18 into the azeotrope colum
19, was separated into a VAN fraction and an acetic acid fraction,
whi ch were each WD 2010/124985- 8 -PCT/ EP2010/ 055348 wor ked up
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desorber. Af 88f tIP8PCEEsSEr Ubbang, traesEgrred gusasdiser danihbe &he

(L:Jonz'ent mfsgﬁz%bm@mw %dlén@r%%%!él&?doztﬁ%x@ v%iltrpaécié’gﬁc ‘ﬁzid
pstream o recycling.via line into the.cycle gas.line 14, an
ej ector 13 wgiﬁusgglg o "RIFEEt tRe EFTPVE etrﬁﬁllgﬁéif eggr%ltha&e‘:ate

pressure of RonppeRs Uehre abotLtom product comprising acetic acid,
water and vinyl acetate monomer was introduced wvia line
15 directly into the preliminary dewatering column 5.

20 {The broken line 16 shows the embodiment customary in
the art, in which the bottom product of the water
scrubber 9 is transferred into the crude vinyl acetate
monomer vessel 17 and then separated in the azeotrope
colummn 19.)

25 The top product of the water scrubber 9 was transferred
via line 10 into the CO; scrubber 11, which, in a
conventional manner, pogsessed a potassium carbonate-
filled absorption unit and a desorber. After the CO,

, scrubbing, the cycle gas substream had a CO, content of

30 2% by wvolume and a pressure of 9 to 11 bar abs.
Upstream of the recycling wvia line 12 into the cycle’
gas line 14, an ejector 13 was used to inject the
entire ethylene feed with a pressure of 20 to 25 bar
abs .

35 The energy saving in the cycle gas compressor 7 was
approx. 1000 MWh per vear.



35 The energy saving in the cycle gas conpressor 7 was approx. 1000
MM per year. -.9- Clains: 1. Process for preparing vinyl acetate
nononmer in a het er ogeneousl y cat al ysed, continuous gas phase
5process by reacting ethylene with acetPc-acid and oxygen in a
reactor, and a) separating the product gas stream conpri sing
essential |l y @tdimhene, vi nyl acetate nononer, acetic acid, water,
carbon dioxide and further 10 inert gases in different distillation
processes conprising a prelimnary, dewatering columm, a cycle gas
scrubber andl an aZeotedpe fosl umrerarid g byirety @lcergtan eatsiienelnard

002- contai ni ng Cyd € Gage S @AY | MO dNEsdLACTQUnt ukRS) SUTPLEISINY
the cycle gas streamin a cycle@gas conpressor before regyclln% into
the reactor, and PEICHIAnENi G261 SIS BEtR hacelifeagdd amd
the suction side @tydgdie i esstecsdble fidthe cycl e gas conpressor and

feeding it to a 002 scrubbin and__e rior _to the CO2 scruhbi.n
washing it in a W%&e?e%ﬁﬁ%ﬁﬂéb,:¥%e proéugt gas stream comprlsin
essentially ethylene, vinyl acetate monomer,

acetic acid, water, carbon dioxide and further
10 inert gases 1in different distillation processes
comprising a preliminary, dewatering ceoclumn, a
cycle gas scrubber and an azeotrope column, and
b} recycling an ethylene- and CO,-containing cycle
gas stream into the reactor, by
15 c) compressing the cycle gas stream in a cycle gas
compressor before recycling into the reactor, and
d) branching off a substream of the cycle gas on
the suction side or the pressure side of the cycle
gas compressor and feeding it to a CO0O; scrubbing,
20 and
e) prior to the CO; scrubbing, washing it in =z
water scrubber,
characterized in that
f) the substream, after the CO; scrubbing, is
25 supplied to the cycle gas via a jet compressor,
together with ethylene as the motive medium, on
the pressure side of the cycle gas compressor and
downstream of the withdrawal of the substream to

the CO; scrubbing.

30
2. Process according to Claim 1, characterized in
that
g) the bottom product from the water scrubber is
35 fed directly to the preliminary dewatering column.

3. Process according to Claim 1 or 2, characterized
in that the entire ethylene feed which is supplied



characterized in that f) the substream after the CO2 scrubbing, is
25 supplied to the cycle gas via a jet conpressor, together with
ethyl ene as the notive nedium on the pressure side of the cycle gas
conpressor and downstream of the wi t hdrifhal of the substreamto the
002 scrubbing. 30 2.Process according to Caim1l, characterized in

t hat Yo ttiee bott Dan pasdectehmonpthecnat ef strubkerctoxr is
35fed directly tot helPer(?I‘irnénaﬁé( dewat er | neqsscg]!,unn. - 10 - to the

§Q % %gt COMpr . . .
cycle gas stream’u ream of "the reactor is supplied via the jet
conpressor. 4.Process according to Clainms 1 to 3, characterized 5in

that the botjom %}Mﬁ&sfég%wﬁg’a B S YRDef ‘Eé heatgd oy mans pf

heat exchange with the cycle gas and is fed to the prelimnary

dewat eri ig col unmtn that the Dottom product from the water scrubber
is heated by means of heat exchange with the cycle
gas and is fed to the preliminary dewatering

column.



