Reaet or And Met hod For Synthesising Vinyl Acetate In The Gaseous Phase
"[0001] The invention relates to a synthesis reactor for the production of
nmononeri c vinyl acetate (VAM in which gaseous ethyl ene and gaseous acetic
acid as well as oxygen or 5 gases containing oxygen react catalytically,
the synthesis reactor being a wall reactor in which the catalytic
synthesis takes place in a nunber of regaction chanbers that are snaller
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advant age 0 e inve anpl es show that a productivity of 225
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prior art that roducts are forne he synthesis of
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descri bed which beneficially influences selectivity wth regaré to the

hi gh boil ers by adding vanadium 15[0009] It is also known that in the
production of vinyl acetate considerable effort is required to separate
the product fromthe educts and by-products foll ow ng the synthesis stage.
Separation normal ly takes place by nmeans of post-synthesis distillation
and other steps to separate the material streans. DE 39 34 614 Al

descri bes vinyl acetate synthesis with different processing stages for
subsequent product treatnment, wherein 1000-2000 ppm by 20 weight is given
as the known limt value for ethyl acetate and a target residual content
of ethyl acetate of 150 ppm by weight is cited. [0010] EP O 072 484



[0012] The objective of the invention is therefore to overcone the
"deficiencies in the prior art and reduce the formati on of by-products and
at the same time achieve high selectivity and productivity. Here,
productivity is defined as the nass of vinyl acetate fornmed per nass of
catalyst and unit of time expressed in.units of gvAm kgcat"h, whereby the
cal cul ated nmass of 35the catal yst does not contain a binding agent. The
devi ce and nethod according to the invention solve this problemin the
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used as thel @§ﬂt’%e%° %99|7 ABbreariph mateials areeitst owhibrasompiive e feagf twoeact i on

chanbers i ncuniosénts fnen watsad,yhi,0, rMmescdnt oot @r&ﬁﬁ ABdAGR: to"%ﬁe £f6%@:%&nt19£le% wal I i n
each of %heﬁﬁeﬁtgﬁ&kbﬂgn ﬁ%mﬂe? Ma?en?lggéege ) ¥S%ﬁgg%gr%lg\dgrggﬁpaergse?rect ed in

indirectly cool % di nensi ons o

such a way tfRt"” {Cﬂérepr°8%°e’f{ F%W‘%‘P%%%ar%eﬁi‘fri“%ﬁ?sPﬁa@%téhﬁi?ﬁm ERBZe 188 ti on
chanber s i sciréggnaiéranis 2000spiTthaprefi@rableyeidraas tilanunl QRO nmmuinn A@tan| east
one di mensi edvantags bIARLBlerkith aR AQNRRL 206PYS: & vice the
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does not exceed 3% by weight. 5[0020] The invention also covers the use of
a catalyst in the synthesis reactor which contains an oxidic carrier
material which as its principal conponent has an oxide fromthe group
Si02, Al203, Ti2 and Zr02. In an advant ageous enbodi nent the carrier
material contains further oxides as secondary conponents. Bentonites, for
exanpl e, can be used as natural m xed oxides 10[ 0021] An advant ageous
enbodi ment variant of the device according to the invention involves the
base material of the reaction chanbers at |east partially consisting of
stainless steel and the catal yst being applied to the stainless steel



[ 0023] The nethod according to the invention is also characterised in that
“in the reaction 25chanbers the tenperature is 100 to 250 C, preferably 150
to 200 C, with the pressure being in the range of 1 to 12 bars, preferably
6 to 10 bars absolute. [0024] Advantageously the nethod according to the
invention can be used in explosive process conditions with no restrictions
with regard to the optinum operating pdranmeters having to be taken into
account because of explosive states being attained. Explosive 30
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cont ai ni ng B2 Chehaghersadd indenrtdiscah b RiseDOPO Sidr trerenti@ chtbgstusual sidasll k
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pl ates with webs activate assi e pairs of plates
wer e connecf'&tf thBSFé’ﬁdﬁg 8T dEihe fr}’ié?acf'?fb"""(‘fﬁt %"9§t”99%¥5‘/%f3§e°¥/\%? Be 3piybsi t e

each ot ber Vierd i ngaghedf stappreoxs iSO8uaprm besunipdf erded Thelhical peabie rodtalpl at es
was placed idhcéhrafifl PRSIy ra?élétltﬁ%&c‘!s?iﬁé:ggg &R eﬁwe%@; horingRer at ed

al nost conpl etel |sot y tenperature increase was | ess
than 1 K whéf 8%&9 @ﬁrtg‘?ﬁéﬂi"gC@\)éraét"’ﬁﬁl?é%s‘é{fac?aaﬁé‘éf@lﬁ?ﬂq@a'ﬁﬁfi e Bhg t he
pat h of fI okigh f@@@ﬁ]arél'mwwcmsure in the reactor was in the range of 5 to
9 bars abso] ute. Ethyl ene en met hane and hel i um were added in
gaseous for MOTHEH TR ?ﬁ?tsﬁ TS BPYU PR IEG (h ei MERPRaT CEP%H dRFEYf or

anal ysi $7 Thechamstancliat inttavasntand dietl iorii%, i mpeferdblf o ot and vweigapovtassheh spst r eam
of the reach@primdPakdasetiisidLBiceRLRIRE 1d Rt HeAGLR! oreseeposed of the
followi ng, 6 expressed in percent by volunme: 63.2% ethyl ene, 5.7% oxygen,
4. 2% nmet hane, 9.6% heliumand 17. 2% acetic acid. Testing was initially
started wi thout oxygen, but over the course of one hour the oxygen content
can rapidly be increased to the standard content. Analysis was carried out
usi ng gas chromat ography and a CO2 detector.



5[0032] In an initial test, the results of which are set forth in Table 1,
“the dependence of the productivity on the palladiumand gold content of
the catal yst was investigated. The neasurenents were carried out at 5 bar
and at 9 bar as well as with two different gas |oads in the catal yst bed.
The gas | oad was neasured as product gas volunme per mass of catal yst and .
time using the units | vAm kgcat *h, mhe?eby only the active catal yst nass
was taken into 1l0consideration, i.e. wthout the binding agent proportion.
A catal yst [pei@paraidriae ovaiaggout embitimah @b e netittostciaisy SR invdléritie cont ent

in mass % PR, c [ V, g t = 12, 000
| / kWh Pr o(:jécé:a%l %éeﬁ éoé}a\li/r\}/g k@?aﬁ ﬁ]%a{uméits pmm tﬁe %d‘% %ﬂga%als Qgega 0001/ kg"h

0.83 / 0.36°4%a° d 'f‘ B /o TRHIRSTS: i%*tﬁ'j @Ckebcflw?f %'UMEi'”zfmoWEf&*Pabl e 1
I nfl uence dﬁe mh@rmbioe oftbézlelepents 6rrs nohexpeaicitictyiweighy [ 0033] From Table 1
it can be S hat the\?% oductivity increases wth increasing Pd/Au 15

cont ent . ??811 "h“eatl'?n O FREHPRUsE Sh CHAEY MR YPIEYP I WBCHEIBItart as
bei ng advamnaglée ggrigrmgieriahehigl 8, its plincpahcobgorasshased ofidoimnt he glogckionf

appropri at eAlJO%‘SItl@z £l &esgrvpgﬁdvhmgeo&seémwdmeymé c&aé}weng%oﬁ@.ﬂé fuahéred in
t he conventlona net dQ n.active ¢ n adva e of the

i nvention cAh b TE&N aWe?Oé"poﬂ?i%eEy" AL f?r he?Te ?Tpcé'ng WPE e V&‘Ir Ht as a

result of aUXHP?gh Pd/ Au | oadi ng no | onger act s as a limt for the nethod.
7 [ 0034] J’q@%’ 2 ‘; he behagl glr eotf .tiget re r. accordin Lo t het i nvention
rvebt [BTER P ReR Sl TGt o e BHPAIRSEangl, e muerion
invelves the base maierial of the reaction chambers at least partially consisting of stainiess
steel and the catalyst being applied to the stainiess steel walls to be coated with an oxidic or
organic binding agent. For this, binding agents from the group of metal oxide sois, callulose

dertvatives or alkali metal silicates, such as, for example, silicon oxide sols, metnyi celiuloses
15 orwater glass can be used.

[0022] The invention also covers a method using the aforementioned reactor in which the
reactor is operated almost isothermally and the maximum temperature increase between the
inlet and outlet of the synthesis reactor is 5 K, preferably 2 K. This small tamperature
increase not only applies to the difference between the iniet and outiet temperatures but ajso -
20 equally to all areas within the reactor. in the tubular reactors with catalyst beds used in the
prior art, strong radial thermal gradients form in the individual reaction tubes, which cannof
oceur in the reactor according to the invention as the catalyst is present as a wall coating and

compleie optimal heat dissipation is ensured by the intensive indirect walt cooling.

{6023] The method according to the invention is also characterised in that in the reaction
25  chambers the temperature is 100 to 250 °C, preferably 150 to 200 °C, with the pressure
being in the range of 1 fo 12 bars, preferably 6 to 10 bars absoluie.

[0024] Advantageously the method according to the invention can be used in explosive
process conditions with no resirictions with regard to the optimum operafing parameters
having to bes taken into account because of explosive states being attained. Explosive
30 condilions are taken to mean gas mixiures with a composition which could explode in a
defined volume in the conditions present during the process, such as {emperaiure and
pressure. Of particular technical relevance is the lower explosion limit for oxygen which in
US 3,855,280 is typically quantified at 8%. With the method according to the invention
process conditions are covered in which an O, content of over 7% by volume is present in

35 ihe process gas.



Gas-load in 1/kgth at 5 bar Productivity in gvAnm kgoat"h 3000 300 6000 350
12000 400 - 450" 24000 450 - 4801) Table 2:I1nfluence of the gas | oad of a
Pd/ Au wal | catalyst 5(0.83% Pd / 0.36% Au) on productivity For
nmeasurenents see also Table 3 [0035] From Table 2 it can be seen that an
advant age of the invention consists in operating the nmethod at a gas | oad
up to approx. 12,000 1/kg"h. Due to thé deviation and di sruption- 10free
flow, the pressure loss in the reactor according to the invention is

consi der abl yobmTse hirxaor fsd é&ﬂerk@%ly&ttﬂaubs@rm %Q@&b@ﬁor%bl@&e’c&@%yr&e&@t al yst

bed. A furt Bﬂe.agac{eﬁé:e %aﬁegt egaﬁa@%mgc ﬁtedt ?‘gne cgéglysg 1%%1\%2?1’/ gnle&ht\l\j)r?f?araﬁm bring

about a significant
findi ngs frBfmerespy ‘ﬁe'ghit r‘F et *@Wﬁﬁ?@@&lﬁ W@“PPWOA@ BoftdrH e opifeseasiing
pressures atnd darmtyste@sid.?igiga%® bpacdghwereferigaloids ed 5t be arighe s aesthdrhat al |

these thg eea&éuﬁ%@d’e@u@&%&utl&ﬂ‘éﬁth@ cm@gtfaw@m@f& Belin R AAYGEIN I ¥ne@Nd thei T

vari ations eacto met hod according to the

i nventi on. %(ri? A‘i?tai?'f)thst %Wto 10?4’ %ﬂ"?@h%”ﬁf’%ﬁy VPt%‘ by We'gm[ Ovi vi kgeat t hi
pressure 5 Egﬁé lrgﬁ’lsadlra‘?l geous%%bQ@rQer&'éﬂég:aﬂlygtraQ%rﬁd t4 lﬂ‘teynventlon alsg'géﬁémskocat[ hl

pressure 5 rs Productt vit EgvAm k9kai " h)
pressure 9 BHrY % F'B?ﬂﬁs from Jhepggup of 35‘3'8?999150‘3%3@516 vaniadium, fron,

manganese, cobalt, nickel, copper, cerium, piatinum whereby the total propomon of these

10 elements does not exceed 3% by weight.

00277 In an advantageous embodiment, the carrier material of the catalyst according to the
invention contains an oxidic material with an oxide from the group SiO;, ALO,, TiO; and
ZrO,, whereby in an advantageous embodiment the carrier material contains further oxides

as secondary components. Bentonites, for example, can be used as natural mixed oxides,

15 [0028] An advantageous further development consists in the catalyst layer being applied to
the walls of the reaction chambers by means of an oxidic or organic binding aéent. whereby
the proportion of binding agent in the catalyst iayer is 0-50% by weight and preferably
binding agents from the group of metal oxide sois, cellulose derivatives or alkali metai

silicates are used, for example, silicon oxide sols, methyl celluloses or water glass.

20 [0029] An optimised ambodiment of the catalyst according to the invention consists in all the
aforementioned doping and activation elements being homogeneously distributed over the
entire volume of the catalyst layer without any layering as is the case in the shell caialysts

known from the prior art.

[0030] To test the device according to the invention the catalyst was prepared i an
25  analogue manner to the preparation in EP 1 008 385 A1 with a powder carrier containing
Si0;, being used identical in composition to the usual bulk catalyst carrier. The catalyst was
then applied to two stainless steel plates with webs and aclivated with potassium acetata.
The pairs of plates were connected {o each other sc thal the catalyst layers were opposite
each other with a gap of approx. 500 pm being formed. This pair of plates was placed in a
30 pressure-resistant reactor heated by oil and operated aimost completely isothermally at
1565°C. The temperature increase was iess than 1 K whereby measurements were taken at 5

measuring points along the path of flow.

[0031] The pressure in the reactor was in the range of 5 to 9 bars absolute. Ethylene,
oxygen, methane and helium were added in gaseous form whereby the methane served as
315 the internal standard for anaiysis. The acefic acid was added in liguid form and evaporated

upstream of the reactor. The gas mixture entering the reactor was composed of the foliowing,



480 760 2.50 / 1.10 830 850 1350 5.00 / 2.20 1120 not neasured 2100

20Tabl e 3:Influence of the operating pressure and the gas | oad on
productivity with different Pd contents [0037] In Test 4 the tenperature
dependence of the nmethod was investigated whereby the selectivity for
vinyl acetate was considered in relation to ethylene and the productivity
was 25considered in relation to vinyl acetate. It was found that wth
regard to selectivity an optinmumis passed, which is in the range of 160C
to 170C i n EXeessgseroientypregsiie’btthPetrab 3% antgea 4.28: sehaet @ek aaial yst

| oadi ng of @nB3%hbYcarehtreRo Wad ifhiaRb Yl WRLE Byl bl Bler BXATRLE Wher eby
selectiviti es. QJur%L st CSCJ)FSV{O/c';ﬁare acl |beviabée. Prtoduct I 'VI t)g |ts atl SO | ncreased
with further 1ncreases i A TemperRirs "RETREP s SR GUH CPMN APt W35 t o
1,400 gvakgEHTIAPUNGES SSHEFEPP 881G @P: detvitsr | ow Pd/ Au | oading. 5 T=
155C T= %65803-5]:‘?17;9]11%%7@&, i"h85C }{AM \l'\:f)lfi;i%ducutvfcln‘%th aAI | kgenth 700 900 1150

1400 e results are se bie 1, the dependence of the
productivity on the palladium and gold content of the catalyst was investigated. The"

measurements were carried out at 5 bar and at 9 bar as well as with two different gas loads
in the catalyst bed. The gas ioad was measured as product gas volume per mass of catalyst
and time using the units lyan/kgea"h, whereby only the active catalyst mass was taken into

1¢  consideration, i.e. without the binding agent proportion. A catalyst prepared according to the
above method was used,

PdfAu content in mass %

Productivity
igvam/kg.qh]
at p =15 bars and
gas load = 12,000 Ifkg*h

Productivity
fovas’kgeah]
at p = 9 bar and
gas load = 24,000 I/kg*h

0.83/0.38

450 750
2.50/1.10 830 1300
5.00/2.20 1120 2100

Table 1: Influence of the noble metal content on productivity

[0033] From Table 1 it can be seen that the productivity increases with increasing Pd/Au
15 content. Although high values are sometimes reported in the prior art as being advantageous
in principle, it can be assumed from the lack of appropriate tests or examples that
temperaiures cannot be controlled in the conventional method with such an active catalyst.
An advantage of the invention can be seen here, namely that the temperature development

as a result of a high PdlAu- loading no longer acts as a limit for the method.



VAM Sel ectivity in % (related to C2H4) 97.4 97.4 96.8 95.6 able 4

" Intluence of e operating tenperature at p = 9 bars and gas |oad = 24,000
likg*h (wall ca alyst with 0.83% Pd / 0.36% Au) 10[0038] In Test 5 an
attenpt was nade to use the nethod according to the invention under
expl'osive gas conditions by increasing_the oxygen concentration. Test
conditions 3 and 4 are within the expl dsi ve range with regard to 021C2H4
rati os. An advantage of the invention can be seen in the fact that in
order to i nBPeIETesr Dihetehariotyy! texpéas| aceornooio eesnveotvd ivizb anvsstigaed e

i ntenti onal {afosedas loBdOk helathipst @R | M se the nmethod. 15 Test condition 1

Test condition 2 Test condition 3 Test condition 4 % by vol une 02H4
63.2 61.2 59.5 57. 8 (% byGsgbagriel/i@2h 6, 0 |8. 7 IrroQRicthdy i8
at b bar Guam'KGea™
3000 _ 300
6000. 350
12000 400 - 450"
24000 450 - 480"
Table 2: influence of the gas load of a Pd/Au wall catalyst
5 (0.83% Pd/ 0.35% Au) on productivity

Y For measurements see also Tabie 3

[0035] From Table 2 it can be seen that an advantage of the invention consists in operating

the method at a gas load up to approx. 12,000 I/kg*h. Due to the deviation and disruption-
10 free flow, the pressure loss in the reactor according to the invention is considerably less than

in the known tubuiar reactor which has a catalyst bed. A further increase in the gas load

above 12,000 /kg*h does not bring about a significant increase in productivity.

[0036] Along with the findings from Test 3, in which increasing Pd/Au contents, increasing

pressures and increasing gas loads were realised, it can be seen that all thesz three
15 parameters have a positive effect on productivity, and their variations are not limitad by the

reactor or the method according to the invention.

Productivity Productivity Productivity
PdiAu content [gvan'kgea*h] [gvam'kgea*h] [9vam’kQka ]
in mass % pressure 5 bars pressure 5 bars pressure 9 bars
gas load = 12,000 gas load = 24,000 gas load = 24,000
fkg*h _ | W¥kg*h kg™
0.83/0.36 450 480 760
2,50/ 1.10 830 850 1350
500/2.20 1120 not measured 2100
20 Table 3; influence of the operating pressure and the gas load on productivity with

different Pd contents

[0037]1 in Test 4 the temperature dependence of the method was invesiigated whereby the
selectivity for vinyl acetate was considered in reiation to ethylene and the productivity was
25 considered in relation to vinyl acetate. it was found that with regard to selectivity an opiimum

is passed, which is in the range of 180°C to 170°C in the case of a pressure of 9 bars and a



% by volume HOAc 17.2 16.7 16.2 15.7 Inerts (He, 01-14) 13.9 13.5 13.1

"~ 12.7 Space-tine yield VAM 9v, ei |l i gkocat*h __ 430 630 700 1100 able .Effect
of increasing the 02 concentration on the productivity of VAMat p =5
bars and gas load = 12,000 likg*h (wall catalyst with 0.83% Pd / 0.36% Au)
20[0039] In Test 6 the influence of the layer thickness on the
productivity and area-tinme yield of vinyl acetate was investigated. The

al most constant mass-specific activity of the catalyst at increased |ayer
t hi ckness sFRRMSC toRabstrieasingt of A8 oY tveighs P tah 688% by aneigonhy fa exarbiais, di nat e
rol e wit hi nwhdnby! @yefvitied of urrrtolat?asrsr/@&%é%Hh%?ﬁaié?fptrwa@tghﬁ)éeél%o' f{ﬂ&ebs%d\tl\vﬁtﬁgﬁf ioge
that there j 0 -1 nobl e istrjbution,,

associ at ed %ﬁ?ﬁqﬁﬁ%ﬁ% %c{gin%%%hrfesor}éqa P E%ﬁ@egﬁ ratq 5)% B 9-nBrESy | ow
nobl e net al a%‘l?}’erda?éggﬁé?ébt@i? lowgPd/Au loading.| 0040] W th hi gher |oading of the
wal | catalyst, a VAMproductivity of up to 5 kgvan/kgcat*h 5was observed
at pressures.of up to 9 bars. [0041] In a further series of tests a Pd/Au
cat al yst was used-whi-ch mIﬂiﬁn@a-pﬁﬂﬁé"& di nTg: t15°% he TTEf'TDﬁSg deS(érPI 8e(;2{3n
EP 0 723 810 ol contrast to the nmoul ded bodi es described iin

810 Al parti(\:/fﬁ\kﬂspj()&gﬁ%é par th gl e sizeogf 50 - 150 pm were used for the
tests descri “helfow—The basic—raterrat—s—dentical—to-that of the

moul ded bodyamBarciethpbene g7.4 97.4 96.8 056
(related to CoHa)

Table 4 Influence of the operating temperature at p = 9 bars and gés joad = 24,000 I/kg*h
(wall catalyst with 0.83% Pd / 0.36% Au)

10 [0038] in Test 5 an attempt was made to use the method according to the invention under
explosive gas conditions by increasing the oxygen concentration. Test conditions 3 and 4 are
within the expiosive range with regard to O./C,H, ratios, An advantage of the invention can
be seen in the fact that in order to increase productivity, explosive process conditions can be

intentionally set in order to optimise the method.

15

Test condition 1 | Test condition 2 | Test condition 3 | Test condition 4
% by volume
_CaHa 63.2 61.2 58.5 57.8
% by volume
O, 6.0 8.7 11.3 13.8
% by volume
HOAc 17.2 16.7 _ 16.2 15.7
inerts (He, CH.,) 13.9 13.5 13.1 12.7
Space-time yield 430 630 700 1100
VAM
1 QVAM]kgcal*h
Table 5: Effect of increasing the O, concentration on the productivity of VAM at p = 5

bars and gas load = 12,000 Vkg*h (wall catalyst with 0.83% Pd / 0.36% Au)

20 [0039] in Test 6 the influence of the layer thickness on the productivity and area-time yield of
vinyl acetate was investigated. The almost constant mass-specific activity of the catalyst at
increased layer thickness shows that mass transport resistances play only a subordinate roie
within the layer. A further advantage of the invention is therefore that there is no need for
shelHike noble metal distribution, which is associated with high local noble metal

25 concenirations and thereby low noble metal susface areas,



10concentration in the educt flow was reduced in relation to tests 1 to 6
~and replaced with a corresponding volunetric proportion of inert gas and a
smal | proportion of water vapour. Changing the proportion of ethylene in

t he educt streamto the extent carried out had a negligible influence on
the synthesis reaction. In Test 7, the wall catal yst prepared according to
t he above nethod was used, said cataly§i containing 2.5% by weight Pd and
1. 1% by 15wei ght Au. As a further test condition a gas tenperature of 155C
and a pr essur eLr (RRRE T WeT e [Set prl&%tuﬁ@(mﬂsltl %g t&%ﬂ%vwﬁm gasg was

selected as| follows: 49.2% by |vol QL (C2H detic
aci d (HOAC)[ T, 3% by Vol —warel (Hz0) %%%%ﬂ%%&by%VGf——%%yﬁeﬁ~aﬁd—fﬂert gas
(helium + npthane) Jhe results of neasagpenent arge set forgh in Tablie 7. 02
(%9 Gas | oad-Productivity Selectivity VAMrelated to CHA) C2H4 conversion
Vol % 1/ kgt "th gym / %%g ) A/0] 6.5 GOQ%%GOO 94.3|15.0 9. 0 60001900 94.7
17.6 11.560002320 9

Table 6 infiuence of the layer thickness of the wall catalyst with 2 5% by mass Pd on the area-
time vield of VAM

0

[0040] With higher loading of the wall catalyst, a VAM productivity of up to 5 kguawkgeh

5 was gbserved at pressures of up to 9 bars.

[0041] In & further series of tests a Pd/Au catalyst was used which was prepared according
to the method described in EP 0 723 810 A1. in contrast to the moulded bodies described in
EP 0723 810 A1 particles with a particie size of 50 — 150 pm were used for the fests
described below. The basic material is identical to that of the moulded body. The ethylens
10 concentration in the educt flow was reduced in relation to tests 1 to 5 and replaced with a
corresponding volumetric proportion of ineﬁ gas and a small proportion of water vapour.
Changing the proportion of ethylene in the educt stream to the extent carried out had a
negiigible influence on the synthesis reaction. In Test 7, the wall catalyst prepared according
to the above method was used, said catalyst containing 2.5% by weight Pd and 1.1% by
15 weight Au. As a further test condition a gas temperature of 155°C and a pressure of 9 bars
were sel. The composition of the educt gas was selected as foliows:
49.2% by vol. ethyleng (CaHy)
18.0% by vol. acetic acid {(HOAC)
1.3 % by vol. water (H,0)
20 31.5% by vol. oxygen and ineri gas (helium + methane)

The results of measurement are set forth in Table 7

Cy{%) | Gasioad | Productiviy | Selectivity VAM CaHe
(related o C,H,) | conversion
Vol% Vkdea™ | Gyam / {(5Qea™) Yo %o
6.5 6000 1600 94.3 15.0
9.0 6000 1800 947 17.6
11.5 6000 2320 93.6 21.5
14.0 6000 2620 3.4 24.8
14.0 12000 3180 96.0 14.2
Table 7: Influence of the O; concentration on productivity

and selectivity



21.5 14. 06000 2620 93.4 24.8 14.012000 3180 96.0 14.2 able :Influence of

" the 02 concentration on productivity and selectivity 10 [0042] Test 7
shows that, with a space velocity of 6,0001/kgcat*h, by increasing the
oxygen concentration from6.5% by vol une, which is not in the explosive
range, to 14.0% by volunme in the expl osion range, the conversion of

et hyl ene increases from15%to 24.8% Fh this case it is really surprising
that this narked increase in conversion only leads to a very small 5

decr ease | n[@@izaeétwwv\aé itfek Q\mq%ﬁsp;’»cetv@m% oﬁé’/eoolungcgﬂt%créa%% tn%@ﬁ he very

hi gh 02 congentr. | osi ve ra reat er ormati on
Gl ot he " EERRn 0y Lot B R PR b 1o B9 s R udoseiners bt
surpri si ngl iﬂt't'e’rﬁxg‘oﬁiﬁﬂdawetfhhme'ﬁmn Ot ehé intrhaseefrens 150 ta H@%%e agds taae

producti vi t ¥ isfreammuthioty GxARE k@geat et IQ%OEFQUHAGN leé&&pﬂer%maﬁl o[ 0043] Wth
an incr egsedécpeag§gsé&ﬁ\ﬁ erFJ %'t[)g %I er aggag%é th:{'h)&nfaw%:gﬁ@ %—nc%rér’latéoetl Vi ty

product|V|tY can be iInc ease fur
wi th regar d™ SPRRMEEHEE | Mitsh SErsdss CPy BFW@'S” Wettﬁ)" 9@%&%@@@@@& afiviene oper at i on
at 60001/ kgwiit ®hs exp@didierd, hutEestisiGyit thie daabiapods Nowrafifpds bhRcrpide@r art

usi ng a bul ksgatal ¥t 1dod oW @hss I+, 15 was conpared with the
nmet hod accolfsrgl né %o t he |QHA\7'L§ i on usolegﬁﬁ“}@ mcroreactor. As in Test 7 the

wal | catal yst prepared according to the above net hod was used and al so
cont ai nedl  1[0D481 \jth e ingrlese A the Fhecegalscity énmp €Paitteln 200aAg 1556 amdbictiite pr essure

was 9 bars, céﬂﬁemc&a@a%rﬂh&ag 3980 %}@Q%ér‘ﬁ%f&thﬂﬁ/ﬁiﬂ%é@%% g 20The

conposition, s_was selecte X 49 2% by vol .
Et hyl ene (Cf%%stegg "g%uﬁto Wcom,&?:rée W'tho eraqo'ﬁ-i@)&&)'kix\%% by vol. Water (H20)
256. 5% by vol. Oxygen 25 0% by vol. Inert gas (Helium+ Methane)

Product i vi t jooweresi deod @ethddinoe e thie\Hribyar\ANY & betk a4teigkt InQ: tidiEd deactor
15 was compared with the method according to the invention using a microreactor, Aé n Test 7
the wall caialyst prepared according to the above method was used and also contained 1.1%
by weight Au. The gas temperature was 155°C and the pressure was 9 bars, with a gas load
of 12,000 I/kgea * h being selected,

20  The composition of the educt gas was selecied as follows:

49.2% by vol. Ethylene (Cyi,) 25 6.5% by vol.  Oxygen
18.0% by vol. Acetic acid {(HOAc) 25.0% by vol. Inert gas
1.3% by vol.  Water (H,0) {Helium + Methane)
Productivity Selectivity VAM (related | C.H. conversion
to CzH4) .
[Gvam/KGea"h] [%] [%]
Wall cataiyst with 2.5%
by weight Pd 2050 96.3 96
Butk catalyst with
C.56% by weight Pd 720 94.1 3.2
Table 8: Comparison between wall catalyst and bulk cataiyst with normal Pd loading of
30 the different cataiysts in each case

[0045] With increased C,H, conversion, the wall catalyst also surprisingly exhibits greater
VAM selectivity with regard to ethyiene than does the bulk catalyst. Overall, this results in a
wal catalyst productivity of 2050 guamkgeah compared with 720 gyam/kgea™h for the bulk
35 catalyst. For the wali catalyst, a metal loading was able to be saiected which is nat
achievable for the bulk catalyst since such a high Pd and Au loading brings about jocal

overheating, known as ‘not spots’.



r/o] C2HA conversion [0/0] Wall catalyst wth 2.5% by weight Pd 2050 96. 3
9.6 Bulk catalyst with 0.56% by weight Pd 720 94.1 3.2 abDi eConpari son
between wal | catalyst and bul k catalyst with normal Pd | oading of 30the
different catalysts in each case [0045] Wth increased C2114 conversion,
the wall catal yst also surprisingly exh]i bits greater VAM selectivity with
regard to ethyl ene than does the bul k ¢at al yst. Overall, this results in a
wal | catal yst productivity of 2050 gvAakgest"h conpared with 720

gvANM kgeat t RO#@1ir Tesied theibkprdScatpadtysitof tHeometiicd @cavidiny te it alvarsibn ara tieet al

| oadi ng waskbah &helBd R& iSRLRGI8d Which is not achievable for the bul k

catal yst since such a high Pd and Au | oadi ng brings about | ocal

over heat i nc,g—ﬁjm as—hot—sppts— WII' E{tqo46} Fa-Test—8-thehy-product

| By catalyst
spect r um of {he met hod accord ng t f ¥ hod was
I nvesti gated. By-product Wall

J
Ve inaventian an &2 RHEwn et
cat arﬁgy%ft;’;"ﬁ,p BY - pr odue/ &@5 /
cat al yst nygbyetgpaeawEi k9vnie TP
137 1076 Methy| agetate

AR PP LT Bul k
rn] AcCetaisdehyde 5774 BUllgg.VEerTV'_a'C'Et ate
Ethyl acetate

137 1076
1931 4283
1,2-Ethanediol monoacetate o907 7818
1.1-Ethanediol diacetate | 868 1691
Ethylidens diacetate
1,1-Ethene dioldiacetate /
Vinylidene diacetate
Total 1,2-diacetates 2906
Table 9 Comparison of the by-product
gas icad =12,000 l/kgcat * h

2038 7731

0427
OC,

spectra:  T=155 p=0  bars,

[0047] Surprisingly, the comparison of the wall catalyst with the bulk catalyst shows that, in
the case of the wall catalyst, by-product formation is considerably lower than in the case of
16 the bulk catalyst. This constitutes an important economic advantage as the costs of cleaning
and separafing the product and by-products are considerably reduced in an industrial

appiication using the device according to the iriveniion.

[00438] tn a further Test 9 the service life of the catailyst was measured using the fall in
15 productivity. The test conditions with respect to the composition of the educt and the
temperature were identical to Test 8; only the pressure for the test was 2.5 bars and different

gas loads were selected differently for the wali catalyst and tubular reactor.

20

Reactor with wall catalyst

Tubuiar reactor with bulk catalyst

2.5% Pd
0.56% Pd

gas joad = 12,000 Vkge*h

gas loa

d= 6,000 Vkge*h

Wall catalyst

Bulk catalyst

N

Service life

Productivity

Productivity

[n]

igvamkgea*h)

(10 h

Reiative productivity

= 100%)

{GvamkGeah)

Relative productivity
{10 h = 100%)

10

2100

100

38C

100

20

2150

102

370

85

100

2000

95

270

89

Table 10: Comparison of the service life of wall and bulk catalysts

[0049] The productivity value after 10 hours in each case was taken as the baseline value

and the relative change with regard to this baseline value is set forth in Table 10. The

measurements show the surprising result that over a duration of 100 hours the wall catalyst

is hardly deactivated compared to the bulk catalyst in spite of clearly greater productivity. For



Et hyl acetate 1 931 4283 1, 2- Et hanedi ol nonoacetate 907 7819

1, 1- Et hanedi ol diacetate / Ethylidene diacetate 868 1691 1, 1-Ethene diold
acetate / Vinylidene diace ate 2038 7731 Total 1, 2-diacetates 2906 9422
Sl abi e: Conparison of the by-product spectra: T=155 C, p=9 bars, gas |oad
=12,000 I/ kgcat * h [0047] Surprisingly, the conparison of the waII

catal yst with the bul k catal yst shows tHat, in the case of the wall

catal yst, by-product formation is consi der abl y lower than in the case of
to the bul k tenbisd ysdicatidi] SisCapasbitt btaEiRRbE ARRLG 1RGNN G AdyRDt age as
the costs ofbufglcgtgpgtng and separating the product and by-products are
considerably reduced in an |ndustr|al application using the device
accordi ng t?&shﬁsd nve tlton f(i[) A}FL a further Test 9 the service life of
the catal yst wa n%sn By 8455 8 ESF’SF'V‘W?f”féfna%‘ﬁf‘ctgf*"\’?lof’vd by jgehiqves t
condi ti ons Wit ﬁegla@staé@v'em%atﬁﬂ?esamemgistwewmlgbfcomvlaxezoechmt incaiditibrhie this it

t enper at ur e wae serpligheNb ios@drvet tBat EeSdanP recﬁ!&éd/qdahtﬁy Wt?r%?d&ru&s [ e chInlﬂgd RSt was

9.5 b ¥ ey S/ Sl est t he wal |
Catalyst and s ubtcsr oy saatul SRERL IR fedF bESLER Shal G SRestowy eiass | oad =

12, 000 1/ kg(‘f&'fs*q‘?raﬁb'f‘if’b‘&?da'i‘eefj é‘éé’t’@’}ca‘wm ”mﬁf‘{’@“@a'ﬂtalﬂiﬁsm@ﬁ@ﬁﬁ@ﬁdrgasa thoad =
6, 000 1/ kgeatvérlrtlon Watdmpaadoa | wis ttheBubtkod: at@ldirgtio BRIpibCt bid @uProshsgitdyi ty!
Product i vj t ¥conomic advantages.



[ h]: tgvnm | <gcatth) Relative productivity (10 h = 100% [9vAmM kgr at" h]

Rel ative productivity (10 h = 100% 10 2100 100 390 100 20 2150 102 370 95
100 2000 95 270 69 Table 10: Conparison of the service life of wall and
bul k catal ysts 25[0049] The productivity value after 10 hours in each case
was taken as the baseline val ue and th relative change with regard to
this baseline value is set forth-in Tab?e 10. The measurenents show t he
surprising result that over a duration of 100 hours the wall catalyst is
hardly deacti &&®B8 conpared to the bulk catalyst.in spite of clearly
greater productivity. For 12 technical applications, this represents a
consi der abl e ddveaysidge usfin b hathasd réacfnatcalp;bﬁhc;r@\»(@nm aﬁ:&@tehﬂbﬂfch%&agbyst [ 0050]

Surprisingly it & JQMQQ lhal 28w i appr o 98% coul d be
achieved 5 with ig%:{{ (;()ete&m Iaenez;%gt% %'Elh% o %ESQS ‘i"H‘B‘”‘”a Ox’@g” “")éﬁ

conversion rates.™ ’Crﬁﬂﬁ"f’” Sf%hﬁsﬁlr%aqt‘irbﬁ\)é%c@iﬁ‘ﬁtﬁ‘iﬁegl”ﬁga’fto observe that a
cl early reduced- ggarittiesiy regflolya pelodarstrsanwéis f or ned. The high vinyl acetate
sel ectivity and-th@yik opireal ex&f piddy mbf ReMEE off; cm%tch%n%)@ﬁé? ently result
in a considerabl %Q%QQ%%% %S«‘cﬁ%onﬁ %EJ'&%&%@QC\%{%@M roduct with the

met hod accor di ng, to the inventron rn co SHiEP hod accor di ng
to the prior art %ﬂ%‘”‘t“?]ﬁ%eatswngid@ﬁﬂ?"?”@émfhat

- at least one wall of the reaction chambers is coated with catalyst and
at least one wall of the reaction chambers s indirectly cooled, and
wherein the catalyst is characierised in that the palladium content of the catalyst is

0.5 to 10 percent by weight and that the gold content of the catalyst is 0.25 to
5 percent by weight.

2. Catalyst according to claim 1, the synthesis reactor being charasierisad in that
precisely one dimension of the reaction chambers is less than 2000 pm and
preferably less than 1000 pm.

3. Catalyst according to one of claims 1 or 2, the synthesis reactor being
characterised in that the reaction chambers comprise a number of tubes or gaps
arranged by way of plaies, whereby these can be alignad in any dirsction and

ideally are paraliel to sach other.

4. Catalyst according fo one of claims 1 1o 3, the synthesis reactor being
characterised in that the catalyst contains paliadium, gold and alkali mstal
compounds and is adhesively appiied 1o the wall surfaces of the reaction

chamber by way of a binding agent.

5. Catalyst according to any one of the preceding claims. wherein the cataiyst
is characterised in that the palladium content of the catalyst is 0.8 to

& percent by waight.

6. Catalyst according to any one of the preceding claims, wherein the catalyst
i5 characterised in that the gold content of the catalyst is 0.4 to 2.5 percent
by weight.



10-econom c advantages. 13 Clains 1 Catalyst for use in a synthesis

" reactor for producing vinyl acetate in which gaseous ethyl ene and acetic
acid as well as oxygen or gases containing oxygen undergo a catalytic
reaction, the synthesis reactor being characterised in that - the
synthesis reactor is a wall reactor ang,the - catal ytic synthesis takes
pl ace in-a nunber of reaction chanbers, whereby - the free fl ow
cross-section in each of these reaction chanbers is |less than 2000 pmin

at | east one di measisDacatilg il one @lnel H8StiInQBE MM Hsreffind g Lgact i on
chanbers is coatggd. Iné)t onie mgﬁltheocgEVﬁzs reaction

Lt st. and at |

chanbers is indir ecaﬁei/sg%%glﬁ%h?é iy '%%{?né?rﬁgt%rﬁe‘?a@%té? Y3io P gereavhbvact er i sed
in that the pal | ¥8PTifidostiearly 1 64 aefrenicatwdigpst is 0.5 to 10 percent by

wei ght and that the gold content of the catalyst is 0.25 to 5 percent by
wei ght. 2 Cat ad y8liape&26:8nhe 40 ofd & J nthesi g reactor being
characterised ind%pgf. re%gs§%3°gn§t%%%%%%?§ﬁaﬁi“Fﬁ%mﬁ%é:?Wﬁﬁ chanbers is
| ess than 2000 pficand pr ef et disigalvesssq wraking otroe pinre denGatsdiby &t accor di ng
to one of cl ai mp9RuRsY ePth afkhlemstaint idisingice eatddom, i Rgngahas asl-er i sed in that
the reaction chanier Soprs@.raéﬁursﬁotaaammh{rmsrebsatnettdamsé,paﬁon%ﬂaése%fe@%ﬁged by way

of plates, wherefy.these . aligned in any direction and i1deally are
parall el to each otsher. i&gtbgﬁ?/’g%t according to one of clains 1 to 3, the

synt hesi s reactor being characterised in that the catal yst contains .
pal | adi um gol%d &atelyshddeartiing weAng one gtpabadsin@aslimk Svradhas gl appl ied to

the wal | surfacesafbweiheinteadhRRnChARRR Ry A(Qé/riag\{ﬂw%,n?%g%,—%grﬁ%?ﬁgt- =

Cat al yst accordi to y. 0 _the preceding C

catalyst is char gg?reﬂ_lf[ﬁ Oggé)ﬁ’ﬂﬁf?’%h???Wqép(ﬁ%ﬂf‘%{ﬁtiymfb@mwo%f the catalyst is
0.8 to 5 per cent ®BRPIVIENt It cagieCmbiatia) sentaicgotiai ngist o @yhdene of the

precedi ng cl ai megonwh@nR] BentdifesCat alayst L5 b@ﬁééd%@%%?aﬁﬁigndi&i ihat the gold
content of the catalyst is 0.4 to 2.5 percent by weight. if'? Cat al yst
according to any_one of the preceding clains, wherein the catalyst is
charact eri sed 1UnCERYEE 2CrEIng B3 epashifediesering gfime fyereritiiad opstystiss 0.5 to 10
percent by wei ghehagierisps efteat &l appledtthd waRN € 88 kedion\WRiniHRats by Ba it al yst
according 1o anya0iRicef orbiif: BFRRALAIE:a) BRanMGLSL 1, L e catal yst is
characteri sed InmLtQI%%i etho‘?s cat %'Q’&J- %,s&ed cont ains “one or récel ement s from
the group of earth al Kall  netars.  anthdrbebEsa v S 2% lon, nanganese,
cobal t, nickel, ®Oppersiicanerxidgnpls pheityi srlinpsenheradplatd eretpatisakd proaporti on of

t hese el ements daes not exceed 3% by weight. 9 Catal yst according to any
one of the preceding clains, wherein the catalyst is characterised in that
it contains an11_c|)_i)§i dic carrier material with a netal oxide fromthe group
of Si02, A203,''TrERVSAHIOZFDL KRBT B rreredine deivantragedussaeybeadi ment t he
carrier materi al cresAtiens thaipl beringexi cesatas «ERMANER hmSRRRAAENT S.
Bentonites, for @xamhe nsafirdRuisesinadsNglha nxed oxides. 10. Catalyst
~according to any one of the preceding chai ns, wherein the catalyst is
characterised in that it is applied to the walls of the reaction chanbers
by way of an oxidic or organic binding agent, whereby bindings agents from
the groups netal oxide sols, cellulose derivatives or alkali netal

- silicates, such as, for exanple, silicon oxide sols, nethyl cellul oses or
wat-er glass, are preferred to be used. 11. Catal yst according to any one
of the preceding clains, wherein the catalyst is characterised in that all
dopi ng and activation el enents are honogeneously distributed in the entire
vol une of the catal yst |ayer.



