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.acetate nonomer The invention relates to.a process for preparing
vinyl acetate nononer in a heterogeneously catal ysed, 5 continuous
gas phase process b/y reacting ethylene with acetic acid and oxygen in
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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°C, din a fixed bed tubular reactor (or else
fluidized bed reactor) to vinyl acetate monomer:
CaHy + CH3COOH + ¥% 0 — CH3COOCH=CH; + H,0
25 In the side reaction, ethylene is oxidized to CO,:
"CoHg + 3 02 = 2 COz + 2 HO
In the preparation of wvinyl acetate monomer, a gas
mixture consisting predominantly of ethylene, carbon
dioxide, ethane, nitrogen and oxygen is circulated.
30 .Upstrea.m of- the fixed bed tubular reactor, the gas
‘. ‘stream lS adm:.xed with - the acetic acid, ethylene and
'oxygen reactants - and ‘brought to .reaction temperature
with steam-operated heat ~exchangers. The cycle gas 1is
enriched with acetic 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 reactor comprises
essentially -vinyl acetate monomer, ethylene, acetic
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. the inerts: nitrogen, argon, nethane and ethane. After the reaction,
the vinyl acetate nononmer reaction product, unconverted acetic acid,
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20 1is 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 c¢column, which

comprises water, acetic acid and VAM, is separated in

the azeotrope column which 1is heated with process

25 steam,

A problem in the process steps for CO; scrubbing is the
necessity to return the substream on 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 (additiomal
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 gag stream and partly fed back to the
CO,; scrubbing.



5 azeotrope colum. Against this background, it was an object of the
present invention to energetically optimse the workup of the
substream branched off for CO2 scrubbing. 10 DE 10 2006 038 689 Al
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of the steam-saturated CO, stream obtained from the

carbon dioxide desorber in the CO; scrubbing to heat the

bottom of the pure vinyl acetate monomer column. 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 very low owing to the

relatively low proportion of steam.

20 The invention provides a process for preparing vinyl
acetate monomer in a  Theterogeneously catalysed,
continuous gas phase process by reacting ethylene with
acetic acid and oxygen in a reactor, 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 CO;-containing cycle gas
stream into the reactor, by

30 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 CO; scrubbing, and

35 e) prior to the CO; scrubbing, washing it in a water
scrubber,
characterized in that
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. scrubbing, is supplied to the cycle gas via a jet conpressor,
together with ethylene as the notive nmedium on the pressure side of

the cycle g nd downstream pf the 5 w_thdra of t
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spheres doped with palladium 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 of preferably 8 to 12 bar abs. and a
temperature of preferably 130°C to 200°cC.

20 The reaction temperature in the fixed 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 intrinsic 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
product gas stream emerging from the reactor comprises
essentially vinyl acetate monomer, ethylene, acetic
acid, water, oxygen, CO;, and the inerts: nitrogen,
argen, methane and ethane.

30 |
In general, the gas mixture leaving the fixed bed
tubular reactor is passed into a preliminary dewatering
column and the ligquid 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 c¢ollecting vessel. In the
downstream azeotrope column, it is separated into vinyl
acetate monomer (VAM) and water as the top product, and



the columm, principally vinyl acetate nononer, acetic 35 acid, ethyl

. acetate and water, is fed to the crude vinyl acetate nononer

coll ecting vessel. In the downstream azeotrope colum, it is

separated i n§® ¥h1y)12eegat e mononer (VAY) _and wat |
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pressure withdrawn at the top of the cycle gas scrubber is
compressed 1in the cycle gas compressor to compensate
for the considerable pressure drops which occur in the
15 reaction circuit, and recycled into the reactor as
cycle gas. The pressure level of the cycle 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 cycle gas is branched off on the
suction side or pressure side, preferably the pressure
side, of the cycle gas compressor and fed te the CO,

25 removal of the CO, scrubbing a_nd,' after the CO; removal,
is returned back to the pressure gide of the
compressor. The substream withdrawn in the cycle gas
compressor makes up about 8 to 12% by volume of the
overall cycle gas. Downstream of the branch and

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



side, of the cycle gas conpressor and fed to the CO2 25 renoval of
. the CO2 scrubbing and, after the CO2 renoval, is returned back to the
pressure side of the conpressor. The substreamw thdrawn in the cycle
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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 CO;
absorption/desorption ig reconfigured 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
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. Substreamis w thdrawn and conducted to the CO2 scrubbing. In the
I nventive nodification, the liquid phase 5 obtained at the bottom of
t he water sdvubbEr(Q/Hp24%%9 pal ly vinyl aceétate nono®el,/ERREily 0&&3d 8
ethyl acetate and water, is no longer fed to the crude vinyl acetate

mononer col | | VESSEE an rat i ot o 91]_%%,
rat her appl i%gs%ciﬂ'?%%ﬁygt o%t %e 0 pérae I m %‘é%@ﬁgﬁt %%i ﬁ‘gtgjo unmm. %&
this case, t¥RBEEL T dehRtCPs Ssrafdr gy heated by heat exchange
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prelimnary dewatering colunn, a VAM.water azeotrqpe is,then obtained
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fed to the tubu] ar reactor 3 via a_steantheated |line 2. The cycl e gas
mxt ure | eaRiitite §8aEEoErAbYn RERRR dad REREnEraHPYSS0 iRy | ehe,
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Inerts, mas'éﬁgj\”ﬁ%éffﬁiﬁ%£§)trH%watering column, 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 water/hour, a steam
saving of about 1 to/h in the azeotrope columm isg
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 c¢ycle gas mixture
leaving_ the reactor, which comprised essentially
30 ethylene, wvinyl acetate monomer, acetic acid, carbon
dioxide, oxygen and inerts, was fed via 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 wvinyl
acetate vessel 17, and, after transfer via line 18 into
the azeotrope column 19, was separated into a VAM

fraction and an acetic acid fraction, which were each



prelimnary dewatering colum 5. The m xture was separated in the
. prelimnary dewatering colum 5, and the bottom product conprising
essentially VAN, acetic 35 acid and water was fed via line 8 to the

crude vi nyl V. 17, and, afteg transfer via line 18 into
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acetic acid fraction, which were each WD 2010/ 124985- 8
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into the prelddydidy wheyataid Mo COMBT LK acetic acid saturator 1.
A proportion of about 12% by volume of the cycle gas
was branched off from the pressure side of the cycle
gas compressor 7 and transferred via line 8 into the

15 water scrubber 9, and treated there with acetic acid
and then water to remove residual vinyl acetate
monomer. The bottom product comprising acetic acid,
water and vinyl acetate monomer was introduced via 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
column 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, possessed a potassium carbonate-
filled absorption unit and a desorber. After the CO
scrubbing, the cycle gas substream had a C0O; content of

30 2% by volume 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 year.



-20 (The broken line 16 shows the enbodi ment customary in the art, in
. which the bottom product of the water scrubber 9 is transferred into
the crude vinyl acetate nononer vessel 17 and then separated in the

azeot r ope cq,{,@'r@?ﬂ@/ig%%ghe top productgof the V\/atp%({%fﬁzllbﬁtb‘:{’o%%

transferred via [ine 10 into the CO2 scrubber 11, whi

conventi onal nner, possessed a potassium carbonate-filled

absor ption 18P a desorber. After the CO2 scrubbi ng, the cycle
gas substream had a CO2 content of 30 2% by vol unme and a pressure of

9 to 11 bar -abs. m:0f. the recycling via line 12 into the.cycle
gas |ine 14,f'an e#g%%%gglgg\ﬁa ru?ea%'%%hoq i H?%E’;L tal‘?gr?:@rﬁei rBORPAGT erdd® &
feed wWith a pressigcndgierusb beatalgseds Thenteimugys sayasg pmashe

cycle gas Conpre%cgsé’vaﬁyaP@é%in%O BT YERT acefh 8l 853 ang

1. Process for preparing vinyl acetate nononer in a heterogeneously
cat al'ysed, conti (B a phas2PEdeesdBy reacting ethylene with

acetic acid and oxyaefodrh@ii@aci , ﬁ%@@uc@ gaRar 8t 88mt heomsokieh o
gas stream conprising essentially ethylene, ,vinyl acetate nononer,

acetic acid, waterSSTHr ¥i of ifﬁé'fur VREY L nertehakes, BORPISY,
recycling an ethydesietc ardi@P- ¢atkai, ni pgroval edgesiger eandi ntwo-ther

reactor, by c) Cﬂ,@@sségeasthen&ycl e gas streamin a cycle gas
conpressor before recycgfl ng i nto the reactor, and d) branchi ng off
a' substream of the rgeyeliges am thbydeoeromrsl dipcotaipriessurecle

side of the cycl i i4.,to a CO2 scrubbing,
y eg{éaéss@fgmﬁ%ugglg &E@E%ﬁ&'&&g 15¥ g

and e) prior to the CO2 scr, ng, washing it 1n a wat er scrubber,
characterized i n $h&tOMPYeIHOE PRe r g¥fl cafier StheaBORns ¢ whisiiey, 948

supplied to the cyshgr&asorivefot@tr SOPPLLES0Intd 08t NBEaMELP, ana
et hyl ene as the %ge@éﬁj um ,v.gg_;_th_e ressgre si_de of the_ cycle gas
conpressor and d T 019 t Rt widt Y Phe HifostYehtn 065t Hen
CO2 scrubbing, antdie®rsug)idmesbiétom phedpeskuem shacwatfertiis raples
is fed directly tgoa-é h@ox%:?éésnggaéﬁdd eet lrr{gngigoLgﬁg. C0, scrubbing,
and |
e} prior to the COz scrubbing, washing it in a
water scrubber, ‘
‘characterized in that A
f)- the substream, after the C0; scrubbing, is
suppliéd-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, and/or
g} the beottom product from the water scrubbe.r is
fed directly to the preliminary dewatering column.

' .2. | Process ‘according to. Claim 1, characterized in
" that N R |
f) the substream, after the (0, scrubbing, is
‘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,

or



Process .according to Caim1, characteri zed in that f) the substream
. after the CO2 scrubbing, is supplied to.the cycle gas via a jet
conpressor, together with ethylene as the notive nedium on the

pressure sidg,0fqthig; s¥646 gas conpressar, and dov‘“%&%?%;@z%&ot/%%sus
or

wi t hdrawal of the substreamto the CO2 scrubbl ng,

product fromthe water scrubber is fed di rectltéto the prelimnary,
dewat eri ng col unmd’ 3-Rf 0PEESCRC RHAURS t Brelaitiel, valkRF ascEpPRed |¥s

that f) the subste@adiredtey tdHecKEoB6T UGy dSwStEPlh§dcdDukie
cycle gas via a jet conpressor, together with ethylene as the notive
medi um on the pressure side of the cycle gas conpressor and

downst ream of . t hePmwd el awalcaafditite $wbsCileam t b, t heha&# tsearihdd ngin
and g) the bottaom ePtEOdUCt fromthe water scrubber is fed directly to
the prelimnary dewatering colum. 4.Process according to Clains 1 to
3, characterized ¥h that suestarrane afifenctieedWhi dervbldmepl i eids

to the cycle gas éiﬁiﬁﬁi@dlp%fe&{@%y&ﬂ% rgeéi.:?t{?ia' % sy@el Ish \eeaséctle

jet conpressor. rocess agcordi ng to Clai s to 3, char act eri zed

in that the bott orRFdRIct WAEBm S HY Lefer @cr%%e@qtévﬁedﬂ%‘al%‘}} nmedhs
of heat exchange thd hptbeseye! gigas odnctles &geld oghbe cpipleiBar Yand
dematerlng col um downstremm of the withdrawal of the substream to
the €O, scrubbing,

and

g) the -bottom product from the water scrubber is

fed directly to the preliminary dewatering column.

4. Process according to Claims 1 to 3, characterized
in that the entire ethylene feed which is supplied
to the cycle gas stream upstream of the reactor is
supplied via the jet compressor.

5. Process according to Claims 1 to 3, characterized
in that the bottom product from the water scrubber
is heated by means of heat exchange with the cycle
gas and is fed to the preliminary dewatering
column. ' |



