. Reactor and Method for the Synthesis of Vinyl Acetate in the Gas Phase

[ 0001] The invention relates to a synthesis reactor for the production of
nmononeric vinyl acetate (VAM in which gaseous ethyl ene and gaseous acetic
acid as well as oxygen or 5 gases containing oxygen react catalytically,
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25 catalyst is described which has a special carrier geometry.

{0004] Various synthesis catalysts which are known in the prior art are set forth in DE
190 20 390. In DE 198 34 569 A1 doping with hafnium is proposed which has resulted. in
high productivities of up to 1100 gyamfica*h at 9 bars, 170°C and 0.5% by weight Hf loading.

[0005] DE 199 14 066 discloses a catalyst in which barium or cadmium are used as doping
30 elements and various metal oxides are used in the carrier body. The use of cadmium is
detrimental on environmental grounds.

[0006] From DE 196 19 961, EP 0 916 402 A1 or EP 0997 192 B1 optimising the external
shape of the carrier bodies is also known. Mouldings, cylinders, ring and other shapes used
in VAM synthesis are known. In EP 1 323 469 A3 a moulded body is described which as a
35  pyrogenically produced silicon dioxide body has special open structures. iIn EP 1 106 247 B1
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25 addition to water, acetic acid is added to the return stream, whereby a reduction in the ethyl
acetate content is achieved. These methods are process stages that are downstream of the
synthesis and reduce the formation of by-products through additional measures.

[0011] There is still a need for a method to enable high productivity as well as high selectivity
of the catalyst. With regard to selectivity, there is a particular need for methods that suppress
30  the formation of by-products, such as ethyi acetate, that are costly to separate.

[0012] The objective of the invention is therefore to overcome the deficiencies in the prior art
and reduce the formation of by-products and at the same time achieve high selectivity and
productivity. Here, productivity is defined as the mass of vinyl acetate formed per mass of
catalyst and unit of time expressed in units of gyaw/kgeat*h, whereby the calculated mass of
35 the catalyst does not contain a binding agent. The device and method according to the
invention solve this problem in the prior art in that a synthesis reactor is used to produce vinyl
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achieved than in the case of the moulded body catalysts known from the prior art. On the one

25 hand the reason for this is that due to the catalyst adhering to the reactor wall and the
indirect wall cooling through the metal carrier, very advantageous heat dissipation is created

[0017] On the other hand the metals can be distributed over the entire catalyst layer , since
due to the small layer thickness and the high porosity of the carrier material there are no
mass transport resistances during the reaction which have a negative effect on the activity.

30  There is no shell structure as is usual in moulded bodies. The local noble metal
concentration in the catalyst layer is not excessive as a result of the largely homogenous
distribution so that the catalytically active metal surface as such is optimal and, accordingly,
high activities are achieved.

[0018] Furthermore in the synthesis reactor according to the invention, a catalyst is used
35 which has an alkali metal content of 0.4 to 6%, preferably 1 to 4% by weight. Potassium is
- the primary alkali metal used, which is preferred to exist in the form of its acetate.
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complete optimal heat d:ss:pa ion is ensured by the intensive lndlrect wall cooling.

[0023] 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 to 12 bars, preferabiy 6 to 10 bars absolute.

[0024] Advantageously the method according to the invention can be used in explosive
process conditions with no restrictions with regard to the optimum operating parameters
having to be taken into account because of explosive states being attained. Explosive
30 conditions are taken to mean gas mixtures with a composition which could explode in a
defined volume in the conditions present during the process, such as temperature 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  the process gas.
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known from the prior art.

[0030] To test the device according to the invention the catalyst was prepared in an
25 analogue manner to the preparation in EP 1 008 385 A1 with a powder carrier containing
SiO; being used identical in compeosition to the usual bulk catalyst carrier. The catalyst was
then applied to two stainless steel plates with webs and activated with potassium acetate.
The pairs of plates were connected to each other so that the catalyst layers were opposite
each other with a gap of approx. 500 um being formed. This pair of plates was placed in a
30  pressure-resistant reactor heated by oil and operated almost completely isothermally at
155°C. The temperature increase was less 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
35  the internal standard for analysis. The acetic acid was added in liquid form and evaporated
upstream of the reactor. The gas mixture entering the reactor was composed of the following,
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can 1 api e paep YA P IoR) B st S hrBluq 895 DHle A AR T
usi ng géad %Hﬁdﬁﬁé’ﬂ%@‘&%ﬁ% lertkTent” whd@bmmlyrthe5c[f%sat]alyshrrans iwasttaken intsst |

t he ;¢ estdr t :

pr othict F e L6 willoft 6\ pindic Age prairina Sty HREBUIER SR ek 16 the

i nvest i BRvEdNethpd wagwisedir enent s were carried out at 5 bar and at 9 bar as
well as—with two different gas loads in the catalyst bed. The gas |ogad was
neasur éd BdAYcoBigt ingaass6| yme per Meductivity catal yst  and Produstivii ng t he
units |vAM kg~t"h, whereby dnly thédhaekduch]cat alyst mas slowadkdakén i ntq lo
consideration, i.e. without |the batiufadasyert proporti cat.p A9dar ahy st
prepared accarding to the bogésmdho&ﬁﬁ%ll@bd Pdyasdoah it 20004 Ifkalimsy %
Productivity Product|V|ty [lgvAnT kgc t*h] [gvAM kg~t' h] atp=5 bars and
at p=9 bar andOg8%/ 9.8%d = 12,J000 |1/ kg*H¥5§as | oad =] 24,000 |/KGh 0.83/Q. 36
450 750 2.50/1.10 830 1300 | 5.00/2.20 - 1120 210D Table 1: Influence af
the nople netal content on productivity [0033] Frpm Table 1 it can be geen
that the prod@ddAi.1§ increases wth i830reasing Pd/ Au 15 cd@fdent. Al though
hi gh values are sonetines rdported in the prior art as being advant agequs
in pripciple, it can be assynmed fromthe |ack of pppropriate tests or
exanpl gs that 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
temperatures 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 Pd/Au loading no longer acts as a limit for the method.



tenperatures cannot be controlled in the conventional nmethod with such an
"active catalyst. An advantage of the invention can be seen here, nanely
that the tenperature devel opment as a fesult of a high Pd/Au | oadi ng no
| onger acts as a limt for the nethod. 7 [0034] In Test 2 the behaviour of

the rea S_l.nvesti var| a

| oads | TOPRIHIREFS B behebitic oF Kol HRRuRY BF b Bhe B e a3
vAM k carlaﬂhus mrd@a&)ﬂ) th&sCatelysaied. 12000 400 - 450" 24000 450 - 480" Table
2: Influence of the gas |oad of a Pd/Au wall catalyst 5 (0.83%Pd / 0.36%
Au) on productivitly 1) Gasrlomkmdkgtnent s| see aPsuoudidlithén 3 [ 0035] From Tabl e
2 it can be seen tlhat an aahbtamrage of the i nvemhi/&d.Lonsi sts|in operating
the nethod at a ggs load up to approx. 12,000 I/kg*h. Due toj|the deviation
and di sruption loifree flow30@he pressure | oss i1B00Dhe reactof according to
the invention is dqonsiderably less than| in the known tubulaf reactor which
has a catal yst bed. A furthe@dd ncrease |in the gassboad above 12,000 I/kg*h
does not bring abgut a significant incrlease in productivity. |[0036] Al ong
with the findings|from Test2@0 in which increaspmgsdts! Au confents,

I ncreasing pressyres and increasing gas [oads were realised} it can be
seen that all these three 24&)araneter|s have apos3dh ve ef fect on
productivity, andTafeir VarinalésRSofdiegadball bia PaAUVall ERalysteact or or the
met hod according to the i nVﬁmggglpd /70y ZE% ALY ¥h biodBERGYCE i Vi E’y Productivity
Pd/ Au content [gvAnn/kgcat*h] [gvAnt/kgcat® pr hexdreikekatstBlalso Thoss %
pressure 5 bars pressure 5 bars pressure 9 bars gas |oad = 12,000 gas | oad
= 24, 00@0;8}3 Fropattable 24it 680 be |sé5n ’Eﬂht lahkadtanthg of fheQn\s?e'HnQn 26n4s8 u489er§ﬁr§b

2 50/ 1. &% Q‘Pﬁ (f) 1350 ‘i 00/ 2. 1120 not neasured 2100 20 Table 3:

| nf I uen NeA &t GpRasAPp g‘deé"é’?[R"e1§f?(9°t'4‘f€ Fydiey tBéBe&?VBF'%ﬁE@ |d4ﬁ“t'R1'°w th

di f ier efrée Rolv cthatpediisire loss in the reactor according to the invention is considerably less than
in the known tubular reactor which has a catalyst bed. A further increase in the gas load

14

above 12,000 I’/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 these three
15 parameters have a positive effect on productivity, and their variations are not limited by the

reactor or the method according to the invention.

Productivity Productivity Productivity
Pd/Au content [gvamKGeat™h] [Ovam’Kgcah] [Qvam/KGkar*h]
in mass % pressure 5 bars pressure 5 bars pressure 9 bars
gas load = 12,000 gas load = 24,000 gas load = 24,000
I’kg*h I’lkg*h I’kg*h
0.83/0.36 450 480 760
2.50/1.10 830 850 1350
5.00/2.20 1120 not measured 2100
20 Table 3: Influence of the operating pressure and the gas load on productivity with

different Pd contents

[0037] In Test 4 the temperature dependence of the method was investigated whereby the
selectivity for vinyl acetate was considered in relation to ethylene and the productivity was
25  considered in relation to vinyl acetate. It was found that with regard to selectivity an optimum
is passed, which is in the range of 160°C to 170°C in the case of a pressure of 9 bars and a
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t he ne > t4/condition 1 Test conditilon 2 Test gonditiogn 3l Test
condi t i Eﬂbia“ ﬁ@f UW ppralng smpprajursat § 9 bays andigps eadime4 890 8kghs. 7
11.3 13.8 by vol tyith$.6830 7d18.38% AUy | nerts (He, CH4) 13.9 13.5

13.1 12 7 ]S]pa]ce-ti me %i eld 430 630 700 1100 VAM VAM k ~t*h .
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 explosive 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
intentionaliy set in order to optimise the method.

15
Test condition 1 | Test condition 2 | Test condition 3 | Test condition 4
% by volume
C;Hq4 63.2 61.2 59.5 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,} 13.9 135 13.1 12.7
Space-time yield 430 630 700 1100
VAM
gvam’kgea™h
Table 5: Effect of increasing the O, concentration on the productivity of VAM atp =5

bars and gas load = 12,000 V/kg*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 role
within the layer. A further advantage of the invention is therefore that there is no need for
shell-like noble metal distribution, which is associated with high local noble metal

25 - concentrations and thereby low noble metal surface areas.



Table 5: Effect of increasing the 02 concentration on the productivity of

*VAMat p =5 bars and gas load = 12,000 I/kg*h (wall catalyst with 0.83%
Pd / 0.36% Au) 20 [0039] In Test 6 the 9nfluence of the | ayer thickness on
t he pr oductl Vi ty and area-time yield of i nyI acet ate was |nvest| gat ed.

hn cat al \:ef i a¥a¥d nacnd
LILA Y2 \va ey =AY

The aln constant—ass—spegti+e—activity

| ayer thi cllﬁé%'"sth@mﬁ% in Kt nass t rPé%W@Y'ty V@él st ances %Pa?lﬂwl&;)dé[AM
subordihate role within the[layer. ghufkgedher advgnt age gof/hhg, i nvention is
therefore that there is no nged for shell-like ndble netal distributio
whi ch ijs associ at3@d with high | ocal nogte netal 25 concentnabi ons and
therebyl low noble netal surface areas. 9 layer tHickness in _m Productipity
VAM Arela-time yield VAM VAM k cat'h VAM n2 cat 3Q0 850 130 500 780 19p
Table g I nfluenc@®08f the Iayer t hi ckne®9 of the wdl | catal yd86with 2.5% by

mass Pd Id of VAM [0040] Wthlhigher loading of the
wal | catiaﬁ'ﬁ?t @ﬁﬂﬁﬁg@%ﬁé a5 tigknges e plisatelysARINCGY APy HasPd@ishoseT ved
at pressures of uBm?ES' . [0041] In a further series of tests a Pd/ Au
catal yst was used which was prepared according to the nethod described in
EP 0 72 . C St . to t de scr.i bed 0 723
510 Al 00 vl igfler BRE Ny il S5 ER CHARP DR WP g i Rpowkenc
tests desobsdrwed bepressurdhef imiTbaraterial is identical to that of the

noul ded body. The ethyl ene 10 concentration in the educt flow was reduced
i n rel af0d] troa fusthessdriesof Gesind Pdéfl catalgstwidshisad wiiahr wappregarg acodarumgt ric

pr oport f wat apour
Phe pr osoie sthdFacsdiBi ik § 2B 04 PP EvaB ol FRLRbdtBRRe capead Tous -
had a BREd 728 $10A1 péﬂtmiea@nthmpetr’tﬁe sny:etohasl—sﬂ50q:mv.denmuseldrfoﬂ't®stte§s t he wal |
catal ys a 0,th 0 t i d t al yst
cont a niaerBEEbERy” S B E rerdry/s SRS o8 op ot By SR ¥ oo
condli t i mmcantyaipnt:eltfrﬁeetmctuﬂewo\fasléﬁﬁeamdredaatbhes&wtsﬂ @ 6 Anb agdacederith set . The
conposi s selected as fallows: .49, % by val .
oty eneorfsBhghe Golfatls P OB BT B SAE TS Rl PO TR PO e
(H20 20h31g|f53%hb)pr&nﬂrtlomaf3/ejbyiemﬂ thereddct gisarh Iu@thetmtetntrmtrimartm) had' he results
gfel g‘g?f@%ﬁ %&m%% tﬁg ’é&n htlesr}s ;'I;a%%{ton Tn Tes% 7( @e v(}alfcatala pl?tre;())g'g accor ng

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 set. The composition of the educt gas was selected as follows:
49.2% by vol. ethylene (C.H,)
18.0% by vol. acetic acid (HOAc)
1.3 % by vol. water (H,0)
20 31.5% by vol. oxygen and inert gas (helium + methane)
The results of measurement are set forth in Table 7.

0, (%) Gasload | Productivity | Selectivity VAM CaHy
(refated to C.H4) | conversion
Vol% Hkgcat*h Qvam / (kgcat*h) % %
6.5 6000 1600 94.3 15.0
2.0 6000 1900 94.7 17.6
11.5 6000 2320 93.6 215
14.0 6000 2620 93.4 24.8
14.0 12000 3180 96.0 14.2
Table 7: - Influence of the O, concentration on productivity

_ and selectivity
25



(related to C21-14) conversion Vol % I/kgcat h gvAM/ (kgt*h) % % 6.5 6000

© 1600 94.3 15.0 9.0 6000 1900 94.7 17.6 11.5 6000 2320 93.6 21.5 14.0

6000 2620 93.4 24.8 14.0 12000 3180 96°0 14.2 Table 7: Influence of the
02 concentration on productivity and selectivity 25 10 [0042] Test 7

oxygen oAl eb e B i anas Ubisfnd S o e wOhel RSRERAREBT

range, toongeht@¥eriiromd. d¥teby volunhd) evidotpb ost ianhe axgesivd famge oVvidih on vollime

et hyl ene_{,.nc m15%to 24 8% |In this cas Lol S Iy .surprisin
that ¢ i REOBRERN iU Bl Sty R eior a5y a4k e B8 ° "
decr easét if readly beptising that this madkeBintread3inG¥nvérmicacnlydbadsiota wary bmiathe very

hi gh.02 rabd ' ive range h areater. CO2 forpation
due fo (REREE ety ffin A% B8 851 bRet Al B R Ral e oL

sur pri siimtiieyexplosise dardyen otuch gpeser. CQy forrabiiort der te the pamnlliéineadias @f bthylene
product i vty fr V, kg=~t*h,. t.0. 2620 avAM kgt * 10 [0043] Wth an
Per oas i i XA 80N S0 rdm B8 vy REPED D UEraeie, s dRdtreate’i

pr oduct ipvedugtivity dronb #6¢hgnekgadh fa2é20ag, kg 3180 gvAM kg. t*h and selectivity
with regard to ethylene increases from93.4 to 96% conpared with operation
at 6000 1/kgcat*h. [0044] In Test 8 the nethod known fromthe prior art

usi ng a[0A43k Vidtitan insneasairethe spateavelodity dtoor 6000R0VIRL0Odkgar* e dheiptdduttidty met hod

accor di ; ' i | m.Cr or r. LN St,. 7 he wal |

cat al ystB g%b%f)@?%éég\é@ﬁeai?&na 0(9 H@g%‘blie'id ﬁ@%ﬁ@’ﬁywlﬁﬁf%%aég?%%@'sﬁo cont ai ned
1. 1% bincrasisgh frorR3. A vedifa compapeineitrusperatiog &t B5Q0 dkgl tthe pressure was 9
bars, with a gas load of 12,0001/ kgcat* h being selected. 20 The
conposition of the educt gas was selected as follows: 49.2% by vol .

e O o ot o0 ek CoLSLn @ (a0l EbDAC)
by ot Vet Bomaa@EindRE meglad daanEle o iy Bhudrl By & Rt AS 7 oo+ 1

% the wall catalyst 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/kgcat * h being selected.

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

49.2% by vol. Ethylene (CsH,) 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,O} (Helium + Methane)
Productivity Selectivity VAM (related C,H,4 conversion
to CzH4)
[Gvam/kgcet™h] (%] [%]
Wall catalyst with 2.5% _
by weight Pd 2050 96.3 9.6
Bulk catalyst with
0.56% by weight Pd 720 94.1 3.2
Table 8: Comparison between wall catalyst and bulk catalyst with normal Pd loading of
30 the different catalysts in each case

[0045] With increased C,H, conversion, the wall catalyst also surprisingly exhibits greater
VAM selectivity with regard to ethylene than does the bulk catalyst. Overall, this resuits in a
wall catalyst productivity of 2050 gyawkgea'h compared with 720 guaw'kgeatth for the bulk
35  catalyst. For the wall catalyst, a metal loading was able to be selected which is not
achievable for the bulk catalyst since such a high Pd and Au loading brings about local
-overheating, known as ‘hot spots’.



Wal | catalyst with 2.5% by weight Pd 2050 96.3 9.6 Bulk catalyst wth
*0.56% by weight Pd 720 94.1 3.2 Table 8. Conparison between wall catal yst
and bul k catalyst with normal Pd | oadi Hb of 30 the different catalysts in
each case [0045] Wth increased C21-14 conversion, the wall catal yst also
surprrsr | I \éﬁlyhf I RYASY thyl.ene than
does t heogduag |@§§§3{tl§3 the b9 P‘?@JLEE fpfe ﬁtﬁ%é’ru oh ac\%rrdn\g tggl% ﬁtv%r?qoﬁ e{?l}ﬁ td

pr oduct WPWS’"@F“C’Z’O&@S @V@@MQRtydt*h conpar ed vvrth 720 gvAM kg~t*h for the bul k
35 catalyst. For the wall catal yst a netal |oading was abI e to be sel ect ed

whi ch g yIRThdu @chievabte forrthe ULVV%” bﬂé ]Sybl St ce auuBuF% dé’t r'u and; Au
S

| oadi ng br| ngs about l|ocal pverh . own as " hot / [ 00456]

In Test| 8 the by-product speftrumo or e ’f"’hod agcordin ""t‘[’ "”rﬁﬁ VA?"nvent i on

and th Acé@l &&L hod—was T nyestigate y=produet—WaH—cat PN+ Bk

cat al ygig fgcé{ratéuuu/ ngmvr roby="t ud'“?Z KAV :ppn'} —ACH % dehyde—5774

8917 T'E‘tlﬁwbgeﬂﬁt tate—137-16+ Ethy—aeetate—1931-4283—312Fthanediol

nonoac Y34 fﬁ’o%%ac fat¢ Ethanedtol—dipcetate 8681691 ydene

di acet'lﬁ EJthaheEp" e '?lu. giagetate1—2038F31+—Virhyl-i-dene @190'3* at-e—Taf al

1, 2- di AeRL RS gi ﬁ t@‘z?zz 5 Table 9: ar i son of |t he by-pr@b?act spectra:

T=155 (,,11 nQﬂ zacelﬂéﬁ toadr=12,066 *—{— 0047 oui’ﬁ31a| ot y, the
¢

conpari srggq,de e &i catalyst with ??le bul k catal yst shows “that, in |the
case of Téthel, Médeta@@t al yst Dy-pr OGUC[ 2@@5 et on r $ COonsi aergy%?y ower—tijhan
in tyhe §35E 08 .@&ﬁﬂé@t HI Kofcarﬂfg y prodlict %1{5%& |ar UL-Itib] 581 bdt:rpur Lgm
econom ¢ advant agss gt de@q;k I eanr ng Separ atr ng the product and
by- products are consi derably r uced in an industrial application using

t he device_according to the invention.
[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

10 the bulk catalyst. This constitutes an important economic advantage as the costs of cleaning
and separating the product and by-products are considerably reduced in an industrial
application using the device according to the invention.

[0048] In a further Test 9 the sewiée life of the catalyst 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 9.5 bars and different
gas loads were selected differently for the wall catalyst and tubular reactor.

Reactor with wall catalyst 2.5% Pd 'gas load = 12,000 /kgca*h
20 Tubular reactor with bulk catalyst 0.56% Pd gas load = 6,000 l/kgea*h
Wall catalyst Bulk catalyst
Service life | Productivity Productivity | -
[h] [gvamKgea™h] | Relative productivity | [gvawkgea*h] | Relative productivity
(10 h = 100%) (10 h = 100%)
10 2100 100 390 100
20 2150 102 370 05
100 2000 95 270 69

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

25 [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



[0048] In a further Test 9 the service life of the catal yst was neasured
"using the fall in 15 productivity. The test conditions with respect to the
conposition of the educt and the tenpefature were identical to Test 8;
only the pressure for the test was 9.5 bars and different gas |oads were

sel ecte t al st an bul eact qr. Reac
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wi th bullbiiceatalystst 0. 56% Pd gas | oad = 6 000 |/ kg~t*h all catalyst BuI k
cat al yst Servi ce life Productivity Productivity [h] [gvAM kg~t*h] Rel ative
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wal |;,ca bul k catalyst. [0050] Surprisingly it was found
thatloa tseg{)ae(oﬁif\o/d}&%nté up to approx. 98% could be achieved 5 with regard to
ethylene at the sanme tine as very high conversion rates. In addition to
this it was surprising to observe that a clearly reduced quantity of
by-products was forned. The high vinyl acetate selectivity and the | ow
rate of by-product formation consequently result in a considerably reduced
need for purification of the product with the nethod according to the
invention in conmparison with the nethod according to the prior art and thus
to significant 10 econom c advantages. 13 Cains 1. Synthesis reactor for
produci ng vinyl acetate in which gaseous ethylene and acetic acid as well
as oxygen or gases containing oxygen undergo a catalytic reaction,
characterised in that - the synthesis reactor is a wall reactor and the



- catalytic synthesis takes place in a nunber of reaction chanbers, whereby
- the free flow cross-section in each of these reaction chanbers is |ess
than 2000 pmin at |east one dinension and that - at |east one wall of the
reaction chanbers is coated with catalyst and - at |east one wall of the
reaction chanbers is indirectly cooled. 2. Device according to claim1,
characthél! ged I n that precisely one dinension of the reaction chanbers is
| ess t 00 pm and preferably | ess than 1000 pm 3. Device according to
one of Tcl Qynthesis cracRyr fohaodictrer visy dcetate ihathitthaaseeuas elhylene laadiasetc agdnpri se

a nunber of wEﬁ’Q?%x&en%%%an b8 ﬁp%&g@}’urﬁ’c{a# }cS?agt:W?&Lc‘ﬁBX these can be

aligned in an e para each ot'her. 4. Device
accordi ngcftaoacztﬁ@edfmmml nme 1 to 3, characterised in that the catalyst

cont ai ns Or%a:%?jn%s ea%k%aa\ﬂgll @F%@hh”weal conmpounds and i s adhesively

applied t surfaces o e reaction chanber by way of a binding
agent . 5-cBeliticsyntbesis tikeg plasedame nofmberl af neactiont adhambechart@eelyr i sed i n t hat

the pall aﬂ‘\egﬁ%é:ﬁ&ﬁ gmss%tectic}nhg 58 Bml%ége %erﬁcﬁé?ng&s %e. §§ﬁ'1ta t%bﬂw'?h‘gl t tand

preferably vi ce accor cl ai nms
1 or 5, cl?@ﬁh@l&a@lnwalonmndhfaat t he gol d content of the cat alyst is 0.20 to

5_per cent oDt uel oo A DFSICAL ABbamhrd |d @ ISEAEHL Sy vl aht . 7. Devi ce

according to one o Aracteri sed t he potassium
content oftleasteoonsavall gfdhe remclorschamtiads freindiesrtly lopolagi ght and preferably 1 to

4 per cgnt QX de\'\géc% mg[l ﬁnt%gﬁ‘l\”l Cc%ra?as%gé?fsgﬁ ggthtap t%@@e@fon(élo%hgﬁsa&n Bﬁh% reaction

'characterl se e cata Used' contains” one or ‘nore ef enents from
the grouphembess istiesd thah Boﬂfbumlmd prafetatiniese thanvil®@dinum i ron, nanganese,

cobal t g Mh&he! a%;ggzgrpffd orfeetgf'étjég?n§ a qgtz' Q%ﬁt\gﬂg‘%oem%eét'lﬁe Fectbn gr:ié}ﬂﬁé g on of

t hese elenents excee according to one of
cl ai ms 1 copyBise anumieref tubed or gammmrangeel hyaiml G}fs:datasefmat@w thess cambe oxi di ¢

net al Caréhfgﬁéd m"‘%ﬁyjhh%cﬁaji Qljld %@ﬁar&r%mlk% i02 Al 2C8, TiQ2 and ZrQ2

as the prFncipal “conponent, n an a anta eous enbodi ment the
carri ef. rRavige @acorC&rmmtoamnasoffdmmhérto6xcmscta53®b¢o¢hmah@/caiaimmmmnss and the
carrier I

bent oni tgB h&igﬁl B@QQQ%A%goﬁ%%%ﬂpo%ﬁggggﬁ ?&egfvgig‘aﬁogﬁ%@{o%r acterised in
that t he sudaeds/sfithe seattios chapbérdy wayoftkindiaglageot the reaction chanbers

using an E%B@?c%' &cgltdlrgg{)%atme of%’ﬂﬂé 19 gafgra @ﬁseé’d%Mhat%@Péi%@g?Sﬂténfc{fom the

groups” ne oxi ose érlva rves or al ka |cates
such as d¢i¢ catelystiziOdietost] pgreentttlyyweighdlandl posfesably 0.%de empeggent by weighpr ef er abl y

used. 44 pebie UGS RIS ot 9 P BCcilrabAldinndithd Goid BAtGRELARE SEd 11

that t catalyst is 0.20 to 5 percent by weight and preferably 0.4 to 2.5 percent by weight.

7. Device according to one of claims 1 to 6, characterised in that the potassium content of
the catalyst is 0.5 to 10 percent by weight and preferably 1 to 4 percent by weight.

8. Device according to one of claims 1 to 7, characterised in that the catalyst used contains
one or more elements from the group of earth alkali metals, lanthanoids, vanadium, iron,
manganese, cobalt, nickel, copper, cerium, platinum, whereby the total proportion of
these elements does not exceed 3% by weight.

9. Device according to one of claims 1 to 8, characterised in that the catalyst used contains
an oxidic metal carrier, with a metal oxide from the group SiO,, Al,Oj, TiO; and ZrO; as
the principal component, whereby in an advantageous embodiment the carrier material
contains further oxides as secondary components and the carrier material can be a
natural mixed oxide from the group of bentonites.

10. Device according to one of claims 1 to 9, characterised in that the catalyst used is applied
to the walls of the reaction chambers using an oxidic or organic binding agent, whereby
binding agents from the groups metal oxide sols, cellulose derivatives or alkali metal
silicates, such as silicon oxide sols, methyl celluloses or water glass are breferabfy used.



reaction chanbers consists at |least partially of a stainless steel. 12.

Met hod of using the device according to one of clains 1 to 11,
characterised in that the reactor isioperated isothermally with a nmaxi num
tenperature increase between the inlet and outlet of the synthesis reactor
of 5 Kand ideally 2 K 13. Method according to claim 12, characterised in

(Rt (Lo i fod b SAENEGLIG0 1o HRMREL A MO A0y Bl

pr ef er abl ye8Ctoh chembgrssconpists adent gadiatiooi ﬂglnﬂe{sscﬂt&zel of clains 12 to 13,
char act gpim&flod Bf &Qﬁg? tHetdéhv%ecéfbchlldﬁ% B%helof clah:'ﬁ(s? o1 lI ¥ echBFa%‘t\’e'?Eéd fh 'Plg{ tﬁ;\l ons

and, nore particular e oxygen “cont ent ve 7%
by vol une.reagfor '@@Pata}@d isphermaly with aaﬂ‘@ymwi\etﬁrspefem mzprwsecbetdvaeg tlnee)mdﬂtal s

1to 4, CW%I@féﬁﬁgsyﬂhég@tﬁaﬂ%ﬁoggﬁla&@gém&%]@t ent of the catalyst is 0.5

to 10%# ht and prefera weight. 16. Catal yst according
to clai he-féet %aﬁ%@léﬁ teelgim ﬁZ,tQMfactewegm tﬂrat:mmtempeRaKurehmtreaeacttpst i s

0.25 t0 5%hmpsRl |9hb0@6‘§5@'t.e%?éf@r%% 13040 b8o %Wﬂ@@e"iﬁéﬁ&? b%ﬁgmcfﬂ%.%é( {

according to one of clains 1 characterise
content &f Otnd2barsapyaierably GtosiOkars0 percent by wei ght and preferably 1 to

4 perceqy, M&hd@h&ﬂ?ﬁ?dmé% or%l&iaél%‘ s 1@989%%%&&&'&% %atﬁllgbéme&g iR 17,

_ characterlsed in that  the cat use contai ns one errents from
t he gr oup S¥plogiye PFP%ER&P“CW\%{S@HS‘!, micgghparhiewsd ilys the oged mnheni m(birre piegegganese,

cobal t, nugggegabd;,g@@g[) v6EReum platinum whereby the total proportion of
t hese eI enent s does no¥ exceed 3% by weight. 19. Catal yst according to one
of cl ai Hs Catalyss forgisedm asyethesis seattarraccerdingito claims ditnd, civaractedsed in teat theer

mat er | al - phkddin EBAht GPihé aalyBms o ra0foBh By Qlighk SR pftheHly ofd Boidfd 2r 2.

whereby 1n_an advant ageous e ment the’ ca et eri contai’ns
further oXelds a secondary conponents. Bentonltes, for exarrple can be

used asig)ektiak aeaafaq?%uaﬁm rﬁér@%bﬁﬁtk@ﬁﬁ\%\iﬁk{l‘%ﬁt@l}nﬁ:{?%@éatﬁl& s 15 to

19, characterlsg I n he reaction
chanbers BySuRy“oly whaighkped @recﬁaralalvgaﬁﬁo@ $oryiwajgligent , wher eby bi ndi ngs
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activation el’ements afre honogeneously distri he  entrre vol une of
t he cat al §¥Haing g pr more elements from the group of earth alkali metals, lanthanoids,

vanadium, iron, manganese, cobalt, nickel, copper, cerium, platinum, whereby the total
proportion of these elements does'not exceed 3% by weight.

19. Catalyst according to one of claims 15 to 18, characterised in that it contains an oxidic
carrier material with a metal oxide from the group of Si0,, Al,O3, 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.

20. Catalyst according to one of claims 15 to 19, characterised in that it is applied to the walls
of the reaction chambers by way of an oxidic or organic binding agent, whereby bindings
agents from the groups metal oxide sols, cellulose derivatives or alkali metal silicates,
such as, for example, silicon oxide sols, methyl celluloses or water glass, are preferfed to
be used. |

21 Catalyst according to one of claims 15 to 20, characterised in that all doping and
activation elements are homogeneousiy distributed in the entire volume of the catalyst

- layer.



