eactor and Method for the Synthesis of Vinyl Acetate in the Gas Phase
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[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 gyam/lcat*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 0 997 192 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. In EP 1 106 247 B1
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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 ethyl 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 gvaw/kgeah, 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 ln t e 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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having to be taken i nto account because of explosive states being attained.
Expl osi wemplete optimal heat dissipation is ensured by the intensive indirect 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, preferably 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

33 the process gas.
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[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 composition 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
20 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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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

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.
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[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
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reactor or the method according to the invention.

parameters have a positive effect on productivity, and their variations are not limited by the

Productivity Productivity Productivity
Pd/Au content [gvam/kgcar"N] [gvamkgeat*h] [Gvam/kGkat*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/kg*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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be seen in the fact that in order to increase productivity, explosive process conditions can be

intentionally set in order to optimise the method.
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Test condition 1 | Test condition 2 | Test condition 3 | Test condition 4
% by volume
C,H, 63.2 61.2 59.5 57.8
% by volume
0O, 6.0 8.7 11.3 13.8
% by volume
HOAc 17.2 16.7 16.2 15.7
Inerts (He, CH4) 13.9 13.5 131 12.7
Space-time yield 430 630 700 1100
VAM
gvam’Kgeat™h
Table 5: Effect of increasing the O, concentration on the productivity of VAM at 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 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.
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10 concentration in the educt flow was reduced in relation to tests 1 to 6 and replaced with a
corresponding volumetric proportion of inert gas and a small proportion of water vapour.
Changing the proportion of ethylene in the educt stream to the extent carried out had a
negligible 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 1565°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,0O)
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 CaHq
| (related to C,H4) | conversion
Vol | kgea™h | Gua ! (Kgea™) | % %
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 | 142 |
Table 7: Influence of the O, concentration on productivity

and selectivity
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Water (H20O) (Helium + Methane) Productivity Selectivity VAM (rel ated C2H4

conversion to C2H4) gVAM kgcat*h Wall catalyst with 2.5% by wei ght Pd
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20  The composition of the educt gas was selected as follows:

49.2% by vol. Ethylene (C;H.) 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 C2H4)
[gvam/kGeat"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 results in a
wall catalyst productivity of 2050 gyam/kgeat*h compared with 720 guam/kgeat™h 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’.



|1 catal yst productivity of 2050 gVAM kgcat*h conpared with 720

VAM kgcat*h for the bulk 35 catalyst. For the wall catalyst, a netal
| oadi ng was able to be selected which t's not achievable for the bul k
cat alhyst since such a h| gh Pd and Au | oadi ng brings about | ocal

over heat 0 hot uct
pect r aiiP i ERhB RS- BRaPasg s offhe PRYRBrRongE 1R B AREE

i nvest i gadvedmeBydpvasdovdstiydtet. cat al yst Bul k catal yst  ngby- product / kgVAM
rrglrolyl- pr oduct/kgVAM Ipprr] m Acet al dehyde 5774 8917 I\/Et hyI
Et hy 2

ANt~ 1 1

agctal JUJ. ‘-rLuu L Z I_Lllall UabCLa T UUI
1, 1- Et hgﬁé’ﬁ‘?d&c di acetate / 868 169§N lEﬁﬁ&Y dene dij acet %éﬁﬁﬁit? hen
di ol di acet at e / 2038 7731 Minyli S¥Mat e Tot al g” ot etV es 2906
9422 5 he—by—proguct—speetta: F= = ,
gas | og b eat —+-004+ S?,ll.‘c‘ HsHRghy—the corrpal."g‘gon of—th
wal | cagafysE he—bulk—eatalyst °’3§Zvvs that—nAr—the C"‘OZ of—t+-he—wdl |
catal ys :thyf)@/@ $218duct formatibn s conddilerabl v ower—t-han 4283pe cace df
10 t he F\I%Tﬁy{q’n ‘F'%‘I’K’M‘Paceﬁ%‘? s _clonstitut ngo i nt vcgncm7.81g vahtage-las
t he co<}a§b Edpangglial ghac ﬁﬁteand separ ati ng {458 product and by- pr&gazts are
consi deERidene g*'ﬁ?ﬁ@e' A—an—pdustrialsoappH-eati-onusingthesdeviee
accor di 6 “zéen”e?ﬁ cjt §&let'i on. [ 0048] | 2338 Urther Tést 9 the @gw ce lifd of
t he cat DUI ed usfng the—f 2‘906 g pT oductTvity: 9;4@ test

condj ti écﬂg t:ulu.n1|5 anef th

terrperatia§8 w&g gﬁf%iﬁ%ro °;5rbd dt‘ U e pressure for thé ?e

UII
9.5 bars and d|f1ge gas Iof Were sel ected differently for the vvaII
catal yst and tubul ar react or. Reactor with wall catalyst 2.5% Pd gas | oad
12, 000 [004gt Sturpisingly, Thebedraparisemof tie wilt eatdlystkwitathel bl catagsosravsghat, inad

6,000 1{kg ga%te " thd¥ali SEIRE AR BME (GRtRbY T coriadr Ay Idwe? tRIPRURL ic4bd ¥t

Pr oduct | v
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 service life of the catalyst was measured using the fall in
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 Vkgcar*h
20 Tubular reactor with bulk catalyst 0.56% Pd gas load = 6,000 I/kgca*h
Wall catalyst Bulk catalyst
Service life | Productivity Productivity
[h)] [gvam’kgea™h] | Relative productivity | [gvaw/kgca*h] | Relative productivity
(10 h = 100%) (10 h = 100%)
10 2100 100 390 100
20 2150 102 370 95
100 2000 95 270 69

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

hod was

acetate 137 1076
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ynt eS|s Feac or producing vinyl acetate in which gaseous ethyl ene
and acetic acid as mell as oxygen or gases containing oxygen undergo a
catalytic reaction, characterised in that - the synthesis reactor is a
wal|l 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 less than 2000 pmin at |east one dinension and that
- at least one wall of the reaction chanbers is coated with catalyst and -
at |least one wall of the reaction chanbers is indirectly cooled. 2. Device
according to claim1l1, characterised in that precisely one dinension of the
reaction chanbers is | ess than 2000 pm and preferably | ess than 1000 pm
3. Device according to one of clains 1 or 2, characterised in that the
reaction chanbers conprise a nunber of tubes or gaps arranged by way of
pl at es, whereby these can be



iligned in any direction and ideally are parallel to each other. 4. Device
ccording to one of clains 1 to 3, characterised in that the catal yst
contains palladium gold and al kali métal conpounds and is adhesively

applied to the wall surfaces of the reaction chanber by way of a binding
agent . .Device according to one of clains 1 to 4, characterised in that
t he pal t+8m content of the catalyst is 0.5 to 10 percent by weight and
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5 percent Ebsy ercent by welrght. 7. Device
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4 percent }h RE. re%é [5%% V%"r %Cg?)% cﬁggto one of clainms 1 to 7,
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that t hé bagvice am'ioemmgato afe aflelaims dde Bi charadtensedris thad thsi catalyhconteinst
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Met hod accor clains 1 aract erised in th S
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oxygen conhante é&:oH]ﬁg R &fef6tlaims 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,O;, 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 preferably used.



as is above 7% by volune. 15. Catalyst for use in a synthesis reactor
ccording to clains 1 to 4, characterised in that the palladiumcontent of
the catalyst is 0.5 to 10% by wei ght afd preferably 0.8 - 5% by weight.
16. Catal yst according to claim 15, characterised in that the gold content

of the catalyst is .0.25 to 5% b j ght _and pref 4 . 290 by
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16. Catalyst according to claim 15, characterised in that the gold content of the catalyst is
0.25 to 5% by weight and preferably 0.4 to 2.5% by weight.

17. Catalyst according to one of claims 15 to 16, 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.

18. Catalyst according to one of claims 15 to 17, 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.

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 SiO,, Al,O;, 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 preferred to
be used.

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

layer.



