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I Reactor And Method For Synthesising Vinyl Acetate In The Gaseous
Phase [0001] The invention relates to a synthesis reactor for the
production of monomeric vinyl acetate (VAM) in which gaseous ethylene
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 number of reaction chambers that are
smaller than 2000 pm, preferably smaller than 1000 um, in at least one
dimerRéaoti relaiEIssRer Syambosiry Wy PREtIaR NeHb discdysganies
walls of which are coated with a palladium-gold catalyst. 10 [0002] The

[ﬁaﬁ ﬁn{_é:@om ihensn{ely describes the synthesis of vinyl acetate from

For this, ‘SthbTelle’ SEBNReScIaRaRa Widiecrir 6igyahrerngases viny!
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quantlﬁed as a function o
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by wieighit [F53daRTig TO06H] DESEH0 B4 066 pistldsésa(catalystdranvdiohy in
bériumion caeiMiatiorare usedZssdnping. 30 elerieii sian dvarioyssmetabned in
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1T optimising the external thape of the Eg?r%?’%ad?@?% carier
aI%aSaléﬁE)\R/ﬂeﬁW@ﬁFd‘fﬁng NI RS ARG A I980TREr shapes used

- [0004] Various synthesis catalysts which are known in the prior art are set forth in DE
180 20 390. in DE 198 34 5689 A1 doping with hafnium is proposed which has resulted in
high productivities of up to 1100 gyam/lea™h at © bars, 170°C and 0.5% by welight Hf icading.

[0005] DE 199 14 066 discloses a catalyst in which barium or cadmium are used as doping

elements and various metal oxides are used in the carrier body. The use of cadmium is
detrimental on envircnmential grounds,

[0008] From DE 196 19981, EP 0 916 402 A1 or EP 0 987 152 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
pyrogenically p'roduced silicon dioxide body has special open structures. In EP 1 106 247 B1
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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 external dimensions of 2-15
mm are given for such moulded bodies. The loading is given as 0.2-1.5%
by weight Au, 0.3-4.0% by weight Pd and 3.5-10% by weight potassium
acetate. [0007] In EP 0 997 291 B1 carrier materials are cited which
comprisaiaiteast k0-16OMPABRAIS INNUNE3102: AI2Q3TTIQZANAZIQR...
gronR.ACSOrding A9 H‘?@é@f%mm'&%%@é% IR ev&'afrl gtlogstsr?fg%cetafe

carrier materials can be of any shape, e.g. cylinde esor rn
wHIEH bie provieRtet bBlextude dptrts|sextridates @hitablﬁiﬁpAEOaln 15:R; Otwo
728n810Bt socartaimatenal sadisstosed, @@E&%%@% %g%ﬁﬁenhoned
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formed during the Siias} %%f‘%&\ﬂ‘s I D20 B0z39wiTe Subdtamees As an
OGSV ELRGF éﬁéf‘ﬁté“’%{ﬁﬁfhtﬁﬁ peilerssabvatethylidens diacetzie cetidens is
gly@‘mmd its acetates or diacetoxyethylene are cited. In this patent

F 5ﬁttlon Wxst |§ described which beneficially influences

ectivity with regard 1o thesRigR0Bilers B adidiigtvansakime 15 feng]strs
is 8ﬁ§‘8q<ﬁlﬁ(ﬂﬁ1 tfﬁastyﬁﬁ“ﬁ‘?’@ protiibtisrFaf iRy0asstite sorsiterable effortistate
redjdiré@hobegparate the proddetdroiadhe€dueitanbRYopraduets acetates or
follawing thersynthesisatage SepasatiopsagEmallIales, plage bY. Meansyc.

ofRAst=sy ISt fate the material
streams. g@%%%%%%i%%e&sﬂﬁ%&e%g&iﬁg% tate%s)ynfhaéjgfggwafﬁad&ﬁerent

prifeeYdinyadtayeyidnaibbe quahtiroduct treatme b vihespink00Q-200R ¢ to
paprby0nweighitis givenras dha-kngyn B%%H@Jléeré%\ﬁ%y :@CQ%{FeQstt%ge

taggeheesidnahe a t m, htis cited.
[@j%lﬁﬂ%%%?é%?ﬁlgw ﬁ‘ggéz%gof wh |cd?'tP hrou E}IEW i) SiRpenpters ©
small qﬁjantltles e HY S & V|ny?i ACETATE ?Sfﬁ?ﬁeﬁo\’/\%{n%ﬁ@%ﬁﬁﬁij“ét?oﬁ‘th

in A& HisHIRERoINpIEAtIe ST BatiR RreRydratrsmeTh DEEOSIRE2820ampm by
ar‘i‘@l‘é@*dﬁ@p%lhﬁ%ﬁt?oﬁ‘ﬁwethod Veideseriged aaaxwlmcéhmiférgddﬁméocomem of
waltet, zaceticoacid ip-adgdedija: theitegturn stream, whereby a reduction in

et y% acetate content is achieved. These methods are process stages

th PHE ToWnStrean 1 3 yriediviidtiawge thactimnatiomel cuantiies of

byt dinets tHressitie aetditi dnal anebsutesi f001 b] Fherslisistibianness forater
m@tthmjat@renatﬁlé MQESFBMIu@taﬂhybg@we!]rasahdﬁh&%‘.@@t!y'%s%b@@ " which in
catalysh WWithdedasd g?;@@é%@éﬁ%omg'@tﬁnaspéamc al. r!)eed Ecr;{po% in Fhetthy[

thgge%{pggg%ﬁt %%ﬂgvfe ation o products such as &th rFacetate
are costly to s arate. (% Igﬁ e_erl ?e%rtei 2 6f ?ﬁétﬁv%m%ﬁr ORI toihe

s ?Choe ea{ﬁie gfﬁ:f@ﬁﬂ@%’a Wriwétﬁr%chﬁts threugh 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
the formation of by-products, such as ethy! acetate, that ars costly to separate,

[0012} The objective of the invention is therefore to overcome the deficiencies in the priar 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 Yvam'kGea 'R, whereby the calculated mass of
the cataiyst does not contain & binding agent. The device and method according to the

invention solve this probiem in the prior artin that a synthesis reactor is used to produce viny!
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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 gvAM/kg ~ *h, whereby the calculated mass of 35 the catalyst
does not contain a binding agent. The gevice and method according to the
invention solve this problem in the prior art in that a synthesis reactor is

usechin.Araduse Y 3-aoeiate. In which gaseaus ethylene and acetic

Eﬂ GF nt
acid as well as oxygen or gases containing. 6xyy en tnd Easyfatanine

reaction . whereby s 0031(?%58?0}‘“5?*’8%%& YEtFESHnthesis %té“étﬁi“th?ﬁ?sreacm
walFeusliarias %Fhﬁrﬁlﬂ“é?%qué%ﬁ'éh ehainbsr & ivvighi dfe tbreasitalsdition takes
redetiortadcesoplace. idtieast the waltinreach.péthesedeasion chanivens i
is noaiey vitha mmatmer@m@tusfsnmge@atm@m@gs Theimensians-af I war
fe@@'@@emﬂ&%ﬁoﬁe%%@ﬂ 5 suell. away that, the free flow

Cross:se ton }qo these reaction chambers is 6ss th '955686” o0
preferably fe ess D6 At AL TESL SRR dimension. [0013] In an

adﬂafﬁhlgwu&eﬂﬁhgdwm%ﬁ@fdmatdemﬁ@ t&tﬁ:&@&ﬁ@@@&hﬁﬂ&h%&@@%bﬁ%e a

a fkmbes @BL@Qﬁét%kééa%@?vﬂl@%%\\/\éhé%P%Po@d;‘}és where ghaeD b 5,0 9aps

WQ@E%Q%&%U%GS or %9? o ar b Sqaltlﬁned [n any way Wlth regar

each other and | cpe/allygrun P ra 8 each omer oL AP tgde\?a?tf’é’@eé

if mum@tpsuraneetdaemimdmr&mm!se@mﬁisﬁlmeﬁe;dymwae@hoaé WRension of the

tube-shaped ;@&%ﬂ&&h@é&h@@ﬁr@ﬁr%@%%%@ H@fe@%%g %Q{?ly{}b%sém in

th Regl reaction.chambers thls IS the free flow
dl;ﬂ%ﬂ%%%ﬁ"?eif%jﬁ%‘%ga% r%esa(ﬁfon chambers elt?tiam % Rafght SR wigRA’on
T

of the §ap Bi't é&ﬁ W R LUt etiss . SPRE Ol e anratssiBrionothe other
befHeFBT iR st e Sntalldhn eRsicive hdire thiemdvantate thaesead that seal-
tightriess, methainit af stressesnantiaantaciiBng PEACes HR%: CABIPE. QIS

aﬁ)}f){é troIIed 0015l The device according to the invention has a

calalyst whith SSraine aifabfuiegin hand aRaisutisr Srmtur—edsan. soid
nPBXRITE CRPHEPIRARFE aherierkisiresivenaspiplientito tHeeviall sunfatestsfwall

thew@etieﬁ@ambmstbwmeammﬁza bindingiagemni20 [0016] The

p content of the cat st according to the invention is 0.3 to 10%
oy IR I 0.6 1 ey Ao Ba B ol S foris o

re era
0.26'85'504 B&?fﬁ?é@h@ SiRd Prarferty \vhareo iBoad anriights et &drf ey amioht
essehtigfaavafitage D thevineahtidrrremaipenthatevesy snuehhigherPavention,
ancbAshcantenis anckthegplby proghchivitiescan beq atahiewegrttaaa Widhe&an pe
ca§enew@@t£nwh§95?@9th%%b{§éﬁ éﬂa? uafram t‘éhg alL C?.Qrthrt—‘ 8%:e one

the catalyst a(? erln

reactor Wall and the hISd'wec%twaﬁ Codfint Fﬁh@hhﬁ}i“égrﬁ%t%dﬁ?ﬁ@t %h?”d the
ad\?&tﬁ%ﬁd@tﬂﬁg%%%mggmaﬁaﬁtf’é ErEdiet [ 001T Ot Tthissratieh fhereated

MegRlsCan ke &t@%ﬁ?@&tﬁ%wﬁaﬁ@w@SQ%GJA@%@’ e e%{?r(é‘%atalyst 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.
There is no shell structure as is usual in mouided bodies. The iocal noble meta!
concentration in the catalyst layer is not excessive as a result of the largely homogenous

distribution so that the catalytically active meta! surface as such is optimal and, accordingty,
high activities are achieved.

{0018] Furthermore in the synthesis reactor according to the invention, a catalyst is used
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 acstate.
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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

anubr soecrdirgly, shigh-aetivities.asmarhieved « 004 SLRwthermor %uarmﬁ the
sx@m@s@ %g&a%m&a%c%n& tadhedoyen g%eraﬁtaqﬁ Is L%Sedmf*%m?f O ais

rflmgami aI| m aI Content of 0.4 to 6%, pre %% y wel

POtASeIUnT 1S Tha inieiry SRS PP bk d! %l@ﬁﬂ%ebr%ﬁ"é??é@'?ﬁ”é%s’f"fﬁmy
thtgef@%%?q?g'%@ AESLSPOTLS) I RF RikKEcadVabitagiEdls embodiment of
thewieMiee accardingiedhed %‘é%@%?‘a“&%a%%ﬁé Qﬁﬁkqag % tgé%%% Wntains

mé)r{%x%ljg%?rﬂat?nﬁ% erlali WrEn R Of eart alkal metals, lanthanoid

vanadium. iron. manganese. cobar 1 |c?<°r1]p88f)nﬁé‘?scaé}ﬂ1x§%e Eﬁ’g{mﬁﬁf oup S0
wﬁé?éb‘ifotﬁé%&pr}% ﬁar?fa(ﬁr&gﬁ?éég BReHBA BecaTvt @%@@%G@%wuﬁher
wetht. 5 [G020]TThecinvertitn Bdsordevels thenge oha icatalystimtineal mixed
symdfaesis reactor which contains an oxidic carrier material which as its

r@%& cogmonent has an oxide from the %ﬁup Si02, AlI203, TiO2 and
N AHAVERTRY R ST TS HIrAAR the 9V HiatsFRIFEBifaithE nventon

fuftrdesoRidedsasaeEsheidry BeaiporesmsBetitonitasrialvexasiple, Catribess
usésd asaiaturahiysixesh oxides: K0H{0821]An asvantrgeousLmbadineblidic or
vasigniaiihesiadee areardingio thednvantian invelves the base matefial..
ofo@a@afséscs'@akghm@%ﬁcﬂ%e'se%&})a%ﬁ@!'x %Pn% Istip ﬁ%ntgxbé"&!%s% ﬁ\t?t%lalﬂjioses

the catalyst being applied to the Stainless steel w & coated Wi
oxidic or° Grganic BiRding agent. For this, binding agents from the group of
mMZDXM:&mt&loﬁeilhl&)oﬁﬁ/e@eilﬁtﬁéasu@fnélﬁl'aﬁ@%ﬁﬁgﬁgﬁﬁ%aﬁytcﬂ @oﬁ!ch the

fOFe@&éleSm lga%% q&ﬁ@lﬁvam%mh%%%&%er% 3R W%%E%%%% canbe .

elweeh
th £n9221| J e; '{ﬂ]‘iem' n also covers a method using

aforementioned reactor in Which the ‘TeaktoP @f%ﬁ%l}‘a%eﬁ am?oéi”a” temperature
isCYHEHtham SR AP R msRRR itdnis sechutivtierpretinkout aiso
arrd glitlst df arresyitiretis reattomisd Kppaeferably 2ik.chhigssmeall used in the

tepnpesatuteninereasesrabiophsianplies ta the differencebeivesn the:inlet o
a%@ﬂﬂ%é%ﬁ&%@%@é ﬁ% Asnalen %@'@(eteaaly%r%ap%vsve'm n gh\,%aﬁ%%g OFrand

n e byl cesclors wih ol becs used s e i it i
iaf thermal gradients form i the didG AT e U%évéi”\ﬁﬂ‘ﬁ'gﬁ ‘cannot

odooasmTMeﬂetacmammnglmgtﬁ@ mentmte@tmﬁb&&&Fb@teﬁ’st@d%tﬂ%ﬂlfﬁﬁf%%%on
a W@Hw@x?ﬁtﬂﬂgtéﬂge;‘ém#@t%@m'%ﬁl @%‘%Q@g’wq'%ﬁt@ &%5159\9;*{?3{ Cressure
Ing%ﬂz%etﬁngapx%%to “’flltl C&Qbarg preferably 6 o 10 bars absoiute.

[0024] Advantageously the methed according to the invention can be used in expicsive
process conditions with no restrictions with regard to the optimum operating parameters
having to be faken into account because of explosive states being attained. Explosive
conditions are taken to mean gas mixtures with a composition which could explode in a
aefined volume in the conditions present during the process, such as temperature and
pressure. Of particular technical relevance is the lower expiosion limit for oxygen which in
US 3,855,280 is typically guantified at 8%. With the method according fo the invention

process conditions are covered in which an O, content of ovar 7% by volume is present in
the process gas.



[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 usedin explosive process conditions
with no restrictions with regard to the optimum operating parameters
havting tadeJaken 5’5@@@@%“&9%999@%@ &EQKQI(?%\{%%@%}D%@%‘{E synth8515
at&@m&%n@@mg\{%hé%aﬁ%ﬁ sl ared ke%tta? 59""%{{1&'““@5 with 2

yweil} referably
C%r%pO%A |onw ich could exp ode In a define ume int econ8 (P

present dding e proGESS ag‘ﬁ?éﬁa&%"’t‘é’nﬁ?f@?afﬂ'i’é airae prisbsttes e content of
pé?ﬁcEﬂ&%YEéCh Ml reléVarieisithe lswiereplosion Hafit for esygeniwhicker
5 inaty8 3865 280 dsstpicalyequantifiec-atiBYot Withrikeunethod assardingtent

todhe-iBxenian. process,carditiang ataLavered 49, whighyan 02 content of
over 7% by volume is present in 35 the process gas. 5 [0025] The

intE5libh A6 EHRERO S ETAG R ifsesipbatreasetdingde Vinyiscieatesc contains
sytithesisoeharaetasised itmthmb thepalldditimaicontentoftitheccatalysidisn. bon,
tori&¥mimtaveight, pierteradye0 B1o-5% dayuwelght=4n MR8 oroportion of these

10 adyaniageous,comnasition,of the.catalyst the gold content of the catalyst
is 0.25 to 5% by weight, preferably 0.4 to 2.5% by weight. In another 5

ad¥8hiky e3¢ eoirgsesiiontefithecitalystiscreringpttthaisyventiongitigeo the
potassiunm:eoatenin eikihe catalystis @5 sadk0ferbyrweight and, preferatdy dng
to 7_4% WM@M%[D%]\%%@QM%%@% %M%Qﬁﬁl %%tgﬂrsaflkyrﬂer oxides
acgording, 19 e gventan asaconaing, ane.of More Liements o (.
group of earth alkali metals, Janthanoide, Vanadium. irom, "MAanganasy,

15 coloargirickelacoppers tetiamieptatinam wheseby the datalproReRIN afpisd ©
thesewdQ @'&@%ﬁ&%@@r@é?%r@%ﬁ By weight- J%Q%Z]D‘Ha% agen whereby

a%%%gmso%r@mquﬂae&wet o te“a‘ o the, cat o fro %fan Bre%ramy

invention contains an oxid IC ma I’Ia Ith an oxi

SIOBIRE S8 55 it i € RHRE T SR no R BB b GatEh e
thallcairetrsnatariar esHtalpsispherbadesmat scebiniartonpaments.

2 BG[G&%&'E%J%.@%@QH%@&%& 9%8@%& qeég@ngw% .%é% Gy 110028], .

van aleé)gs further develo ment consists in t e cat aﬁnd ayer eln

218%F the FeRLED T TRaMToE S LY TS B S HRe! e
or@%’rc"ﬁi‘l’iﬂ?rﬁ AGSHAiameErshyY et Sropertom oF bintinepskybritinstisl catalysts
cakaWstfravéh%ﬂ(D}B@% by weight and preferably binding agents from the

tal de sols, cellulose derivatives or alkali metal silicates are
%dgg?%fzsa?n e, dgl |con!‘}‘8§(0|5%l o%ﬁs et L5 SE ¥ AT GiaEend =

2 [o@?@f%&ﬁ Hﬁﬂ%ié@d@ﬁﬁ@df%‘@ﬁt‘%ﬁ%é %%&a%t‘\éc%mirs@wé@vh@twemmnng

cobiSisteii alethentical in composition to the usual bulk catalyst carrier. The catalyst was

then applied to two stainless sieel plates with webs and activated with potassium acetate.

The pairs of plates were connected to each other so that the catalyst layers were opposite

sach other with a gap of approx. 500 uym being formed. This pair of plates was placed in a

36 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 taksn at 5
measuring points along the path of flow.

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

upstream of the reactor. The gas mixture entering the reactor was compoesad of the following,



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 catalysts known from the prior art.
[0030] To test the device according to the invention the catalyst was
prepared in an 25 analogue manner tosthe preparation in EP 1 008 385 Al
with a powder carrier containing SiC2 being used identical in composition

todheessuah betlecatalysicaniersThe catalystivas,JhemapRlied 40 24, neium
stailessataelblales W%&V@Q§ @rmgﬁ?g{?{r@g %ng B taeSnSI%LT oavcre@etaedourse of
The bairs t9£ Q)I(?gtgns Were tcoagneclglad tmoi each other so.tvﬁat the ca?alyst ‘
layers were opposite eac other with ‘B GAR 6 abBroR"E00 Prishkif!ysts was
formed: ThiS BERbF BPRES YR YIS R-dSersressure-resistant reactor

s haated by filaadaperated almesicompleely isothermallyat 150G, The.

temperature ) less than 1 K whereby measurements were
S R s
the reactor wadin e TARYEHP S0 DTS EHSINR FEthiene, dikygeres ioads
mEHEE M Praliling drsreasidrscniregarss ca S o adserabyeiher methanetalys:
servedres U3 the internalistantdardefop analysis adihe agetic: AGELWAS taken into

10 addedderdiquid-fam-ant.evappipigehtpritaam of e YeaclaL JNe ga%, « me
mixture gnteringsthe feactor was composed of the folrowing, 6 expresse
in_percent by volume: 63.2% ethylene, 5.7% oxygen, 4.2% methane, 9.6%

heliurd/AarvdnET: 2% zsetic acid. Testinguaasyinitially Started VEthavis,

xygen, but over the course of on&'hglie:the oxygen contenigearksapitlly

0
. tn= . to =
be increased to the standard 59@@t:m.cgrge% agg_%%ﬂg%"gagh
chromatography and a COZ detector- ’
0

[ which a¢é¥et3orth in Table 1, the dependence of the productigity on

the-palladium-and-gold content of the catalyst was investigated. The
measuremepts,were carried out at 5 bar and at 9 bar as well as with two
d

P

fferent gas loads in the catalyst bed. The gas load was measUted as
roduct gas volume per mass of catalyst and timié ysing the units
VAM/kgcat®i, whereby only the active t4talyst mass was takereinto 10
consideration; +e:-withott-the-binding-agent-proportion..A catalyst

prepAfed 'BEaraRid toeie mpeleontwtbwasised. Pd/Au content in

mass % Productivity Productivity [gvAM/kgca~*h] [gvAM/kg.,*h] atp =5
baymzs)datoT=R har adigasslongls 42,000 Hkidhasload 524200k 2.

15 OQ%QQGAﬂh%QggﬁQ;h values are sometimes reported in the prior art as being advantageous

in principle, it can be assumed from the lack of appropriate tesis or examples that
temperatures cannot be controlied 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 resuit of a high Pd/Au loading no longer acts as a limit for the method.



2.50/7,.10 830 1300 5.00/2.20 1 120 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

mettag witbspeh: @@@@BM@&@I@%@%A&@&%@%Qﬁeqma%Aﬂ‘mtm& @ted at

be,seen rgacﬂqmggy %@%! ne dtemperature development as a result o
high Pd/Au loading no longer acts as a limit for the method. 7 [0034] In

Test 2 the behaviout=sfidhemeagtor according teréhe-tRvMention wgs
investigated at-variousgja$Ibads in the 48s load in I/kg*h
Productivity in at 5 bar vAmik jai*h 3000 300 600§%§50 12000 400-450"
24000 450 - 480" Tabte 2 nffuenceof
catalyst 5 (0.83% Pd 10.86% Au) on productivity ":#Eer measurements see
also Table 3 0035] From Table 2 it can be seen that an advantage of the
invention consists-in-opdfiifg-the-method-at-a §4s f4d up to approx.
12,000 I/kg*h.| Due to thedeyiation and|disruption10,free flow, the
pressure loss Tatbe: reactafiaeco g &a e dnvention, isrepsigarably less
7 than in the known tubulafir&etor 1t hasa catalysttped. A further
increase in the gas load above 12,000 I/kg*i YGESTHRTRHIEaD BGE Zable 3
Ssiiepnnsgioe ookl LROLARROMIE N IOSGR [0
ch inc
mq%aseiﬁgg%salo%%%%zrg realised %é(gan %8q§e§n Ftita QP AN THELY FHR g sqston-
0 aF%“FﬁeféP&%%{vés‘é{ep8§%tiﬁ'/8“eff-‘é‘6f°6ﬁ%%ﬁ%fﬂxtﬂ? InrAUATE R SPRFEBGAY igRe than
ndf’lfﬁ‘ﬂt@ﬂ"ﬁy thelaraaeter vhitenasethodaietording tottbreiineentionine gas load
PreicuetivitpPradu ctivityoProayustivity Retivareonientd duiwaldgish]
[oyeuvbkageal Ml waMkaiKetsh] Tiumass ey %ﬁéﬂf&n@ baus, RIS RSHLE; %feasmg
b%%@lﬁé@‘g& rzlai%%ﬂg gas loads were realised, it can be seen that all these three

15 parameters have a positive effect on productivity, and their variations ara not limited by the
reactor or the method according to the invention.

he gas ioad ora PdfAu-wall

Productivity Productivity Productivity
PdiAu content [Guafkgea™] [ovanlkgea*h] [gvasnkGiar*h]
in mass % pressure 5 bars nressure S bars pressure 9 bars
gas icad = 12,000 gas load = 24 000 gas load = 24,000
ifkg™h I/kg*h Hkg*h
0.83/0.36 450 480 760
2.50/1.10 830 850 1350
500/2.20 1120 not measured 2100
20 Table 3:

different Pd contents

Influence of the operating pressure and the gas load on productivity with

[0037] In Test 4 the temperature dependence of the method was investigated whereby the

selectivity for vinyl acetate was considered in relation to ethylens and the productivity was

25 considered in relation to viny! acstate. t was found that with regard to selectivity an optimum

Is passed, which is

in the range of 16C°C to 170°C in the case of a pressure of @ bars and a




I5

20

gas load = 12,000 gas load = 24,000 ; gas load = 24,000 I/k *h I/k *h 1/k
*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

oty 2B apusidased IS B IMLSCEIEl oS UL
thatwith regard;to.selegtivity.an qpfi Is,passed, which is in the range
of %(r:it%ys%g': iir? the case %%‘pa?a?réersgsgbqrée %@%?é?sugﬁ 2B °S8Iettsg=" v
catalyst loading of 0-83% by weight P ERH 55808 by viRigHPAG o= was
exampfe Bhvitarer) s lBefRAthedoatiammost 98% are achievable. Productivity
is also increased with further increases in temperature so that a

produetivity-of-tp-te-1,40 Qt:’;hS\‘é\gm nr_‘i_hin\lpd at 185C at this low
dfAU toating—5-F = 155C =165 T=475C T L1850 VAN C

ProdustivitgdMAdyk perth 700 900 1150 1400 |VAM Selectjvity in % 97.4
9 de iRl (relaféd to C2H4pTable 4 Influesice of the operating

terggﬁrﬁi%%% 3; g?a 3 2 barg and gas load = 24,000 I/kg*h (Wall catalyst with
5 o4

0.83%, ¢°Au) 1670038] In T5('5 an atterfibt was mad& o use
{r

theamethodl.aecoring I Tmd I/RRlI RN IS 6XBIDSIE IasHOnstitionSikY,
increasing the wlyaéy sovioSriteéttien. Test.canditions 3 and 4 are within

thf\0 '%5%% r@gggt%g/itht re arddto 02/C2Ha4 ratios, An advantage of the

invention can be seen i the Tact that-n ‘BTdBF 15 Era5e ot Giejen under

exXPIIiVE prdcauiiophblitisretantiomesntonenr dionii erdendticoptimiset are

the'ietho@xi sslTe strasmditicnyd T esCeonditianc?. Festiconslition BeTesintion can

comditionidliHeifact that in order to increase productivity, explosive process conditions can bs
intentionally set in order to optimise the method.

! Test condition ¢ f Test condition 2 | Test condition 3 | Tesi condition 4
% by volume
CoH, 83.2 81.2 58.5 57.8
% by volume
Gy 8.0 8.7 11.3 13.8
% by volume
HOAc i7.2 16.7 16.2 157
inerts (He, CH.,) 13.9 135 13.1 12.7
Space-iime vield 430 6830 700 1100
VAM
Byap/ K car™h
Table 5: Effect of increasing the O, concantration on the productivity of VAM atp =6

bars anc gas load = 12,000 Ikg*h {wall catalyst with 0.83% Pd / 0.36% AU)

[0029] in Test & the influence of the fayer thickness on the productivity and arsa-time yisld 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-itke noble metal distribution, which is associated with high local noble metal

concantrations and thereby low noble metal surface areas,




% by volume C7H4 63.2 61.2 59.5 57.8 oy volume 02 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 13.1
12, Space-time yield 430 630 700 1100 VAM 9vAM/kg.t* h Table 5: Effect
of increasing the 02 concentration on the productivity of VAM atp =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 mfluence of the layer thickness on the
-investigated..The

at |ﬁ@9e%{§%d'qwé‘}fm

Sﬁ}ﬁéﬁ“spe ific af; ?ﬁiﬂ? "ftﬁ’h\é%talyst

aIlmosLt CEnatah

rale W|th|n tmeolayer A fur her advant@g@ of the |nvent|on is thqugore that
thiere eed -like noble metal distribution, which is associated
with high Ioc%@oble metalz 25 concen;,%%tlons and thereby low noble
metal surface areas. 9 Layer thickness'in m Productivity VAM AP8a-time
yieltP¥AMI valfiefR ek tre oy ozs 500860 E80-500 27805 96sc Famiet are-
Influence of the ‘Te{y thlc\\éness of the wall catalyst with 2.5% by mass Pd
on the area- time yield of VAM [0040] With higher loading of the wall
catydt Vétviamspreeringivityhefap teiBvkgANMMerithicbiyas absesved,atg.. h
prw@uptesmrfdwm&b@ésﬁ [0Qd ¢ hknsa further series of tests a Pd/Au
L waa used which was prePared according to the method

crived EB0Y53 S1FAP T Contradtis mesrottmseborimsde seriei
in 'EPEOTPPRdgiEacAtgsHrtfefes WAHRA 4 partivtersias ofiEOmolbepmnetesused in
forEthe Tests odeseriiitd betownatie basie materialis identical e thatgf the
maktdeskbogy. Tire eibyleng i EQ&E%@EE%'%HMP@ rﬁ&]ltjccét fL nﬂvﬂ ethylene

10 re@&%qt}&,gﬁ'ﬂ%?@e%é?ﬁgﬁ &40 rgdg‘geg Pﬁ??en tc\aNtlé[z & R

20

volumetric proportion of inert gas an a Smaf prop%?tlotﬁ%f’Wé?éfaﬁ%\%W}a

corresponaing volumetric proportlon of inert gas and a small proportion of water Vapour.
Changing the proportion of ethylene in the educt straam to the extent carried out had a
negiigibie 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
weight Au. As a further test condition a gas temperature of 155°C and a pressure of 8 bars
were set. The composition of the educt gas was selected as follows:

49.2% by vol. ethyiene (CoM.)

18.0% by vol. acetic acid (MOAC)

1.3 % by vol. water (H.0)

31.5% by vol. oxygen and inert gas (helium + methane}
The results of measurement are set forth in Tabls 7.

Os (%) Gasfoad | Productiviy | Selectivity VAM 1 CH,
| trelated to C.HL) | conversion
Vol% ViGea™ | Qua/ (kGeah) | % %
6.5 . 8000 | 1800 94.3 ' 150
60 . 8000 T 1800 4.7 75
11.5 : 8000 ; 2320 838 215
14.0 8000 2620 83.4 24.8
14.0 12000 3180 8.0 14.2
Table 7. influence of the O, concentration on productivity

and selectivity
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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 temperaturecof 155C and a pressure of 9 bars
were set. The composition of the educt gas was selected as follows',

490 b 4ol sy IBRe(G2HAL 1 8.0% by M@%cﬁﬁ%tiﬁrﬁ%igﬁﬁeoaé}&m% 3.0y

Vo 0) 20,31 5% by vol. oxygen and ineit gas’(helium +
e e e S e et iy pyoiume

G & B 5A (RSl SSRISEIRA YANAE D962 ¢Rs|ARET 1RG4 B%) In this case
cahéralp Ruesios 1RI0H9~ibrGdanawtieg caiiny Ao Bibo600S:A600 93510
9.6<6660: 198M:ct\94 fforr| 73 hlaHd6000:2322:93u616 Berl i ©.LOAQ Aktion
v et
Nl - ntration ro , ‘
0045 Toct 7 Shome ot i S EB L SLIST RS o Thgaa ey oo
indreASHG e oXy S LSe et atiiPrefit6. 5% by volume, which is not in
the explosive range, to 14.0% by volume in the explosion range, the
coi0éTEIBH ef ethytene ineremsesdirom 5% Eta4. 8960n/KBIS EASE pibdSctivity

realy isurprisiag that thiss mréﬂﬁ_g!dﬁl%e%@QQ&Q\HW%%?%FHW@@%@ a
ventsmallp.desreasgdn c%%_lﬁ&té\_é'wrgp”ér%%éaﬁ%%9§/°- In actual fact with

the very high 02 concentration in the explosive range?%u'ch greater CO2
formation due to the parallel reaction of ethylene with O2 is expected
he@ABUE SGPhTiEinBISFIRTS<aRY hBPR AT Eleral sHeve detairsimmredsinactor
proyéeeHviy éMI@Q@@Mﬂcg@a@]m 26 201gvAMIEgaarh<t0.J004 3] Tes 7
Witk aslincseasediatbe @@&%g@%%@%é@@%@é&&%d/ k008,nhidhe; 1o,
progustivity, can bs inareaser furthes e 3180 V’é\%g’éﬁegwés*b and %u?}i’veggglst%ad
Wltq {ggggg to eé%glene increases from 93.4 to o compared wit

of 12, kg ng selected.
operation at 6000 kgas, .

The composition of the sduct gas was selected as follows:

49 2% by vol. Ethylene (CoHy) 25 6.5% by vol.  Oxygen
18.0% by vol. Acetic acid (HOAS) 25.0% by vol. inert gas
1.3% by vol.  Water (H,0) {Helium + Methans)
Productivity Selactivity VAM (related C:H, conversion
io C2H4)
[Gvam/kgeh] [%] [%]
VWali catalyst with 2.5%
by weight Pd 2050 896.3 98
; Bulk catalyst with 5
1 0.58% by weight Pd 720 % 94.1 i 3.2
Table &: Cemparison between wall catalyst and bulk cataiyst with normai Pd ioading of

the different catalysts in each case

[0045] With increased C.H, conversion, the wall catalyst also surprisingly exhibits greater
VAM seieciivity with regard to sthylens than doss the bulk cataiyst. Overall, this results in a
wall catatyst productivity of 2050 gvamkgeh compared with 720 Guam/Kgear ' for the bulk
catalyst. For the wall catalyst, a metal loading was able to be selected which iz not
achievable for the bulk catalyst since such a high Pd and Au toading brings about toeal
overheating, known as ‘hof spots’.
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(0044] In Test 8 the method known from the prior art using a bulk catalyst
in a tubular reactor 15 was compared with the method according to the
invention using a microreactor. As in Test 7 the wall catalyst prepared
according to the above method was used and also contained 1.1% by
weight Au. The gas temperature was 155C and the pressure was 9 b_a_rs,
with a gas load of 12,000 I/kgoa, * h being selected. 20 The composition
Of[ﬂbﬂiﬁidU@EQ&&%%%I@@E%QC@M%H%%&%O%%&Q}YG tﬁ@k‘%@rﬁé?&'&'@e
2288yl Oxvgen., 18.0% by vol. Acetic acid (HOAC) 25.0% by vol.
Inert gas 1.3% by voI ater (H20) (Helium + Methane) Product|V|ty
,E!}?{S‘YBM{F@{ VAM \ICIaLcu CZH4 C"‘n"c"‘:lnn to-C2H \ ”"AM”[( oa*h TOA
Vall catalyst with 2.5% by weight£d 20 Bulk g%ym U VAM
56% by weight Pd 720 941 3.2 Talp;tfprB; Comparison betweeg

qeartt bulk catalyst with norma¥®Pd loading of! 30 the dlﬁm*e?nt
Weifylacetate 100 5} With mr‘;l’éécpd CZHA4 rnn\/prqmnwﬁﬁh wall

1 CC\L;II CAST
i it 9 Friavs \nllfl’\ %g&i%grrl fn
Xl ||U|Lb Yyl C@gf

TV 32 tiie oL
atalyet 20 SURESHROY tvity-wWitnFEHare
enedhandees the bulk catalyst. gagerall, this Tesuits ima vy catalyst
kQoat*h compared with 7

th
uclane.ﬁliawﬁamm gvAM 0_gvnm/kgaat*h for

<.

Q. 0O

(@]

AN -cala
VAIV-SEee

(0]

#I

ha M@“ﬁgmdi tatet For the wall cata%f?é? a metal loading was able to be

sﬁl@eﬂteﬂwmmss not _achievable for ffigdbulK Catalyst since sueglyza tigh i

Pdafd AU |daelig spmgs bt locabrowerheapktzknawrsas "hot Speds’ vars.

11 [0046] InSTe&¥8 the'y-Pisatict spectrum of the method according to

the invention and the known method was investigated. By-product Wall _
AR EEbaISt POGBYRIGHIT G AR RGHY: HesoBiktAiaava! sspminet, in

[pﬁ:ﬁﬂ%@@famewu@tsvmtagﬁduméqhyhme@atenxaaraw@wawnaeematease of

1981 64R83talyst. This constitutes an important economic advantage as the costs of cleaning

—+

and separating the product and by-products are cehsiderably reduced in an industrial
application using the device according o 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 differentiy for the wall catalyst and tubular reactor.

Reactor with wall cataiyst 2.5% Pd gas ioad = 12,000 I/kge'h
Tubular reactor with bulk catalyst 0.58% Pd gas load = 8,000 I/kgetn
Wall catajyst Bulk cataiyst

Service life | Productivity Productivity |

{h] [9vam’kge"h} | Reiative productivity [OvanKgea™h] | Relative produstivity

(10 b = 100%) {10 h = 100%

10 2100 100 290 100

20 2150 102 370 85

100 2000 95 270 88

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

[0049] The productivity value after 10 hours in sach case was taken as the basaline vaiue

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

measurements show the surprising resutlt that over a duration of 100 hours the wait catalyst

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



%]

1,2-Ethanediol monoacetate 907 7819 1.1-Ethanediol diacetate | 868

1691 Eth iidene diacetate 1,1-Ethene dioldiacetate ~ 2038 7731

Vinylidene diacetate | otal 1,2-diacetates 2906 9422 5 Table 9

Comparison of the by-product spectra: T=155 C, p=9 bars, gas load
=12,000 I/kgcat * h [0047] Surprisingly,.the comparison of the wall catalyst
with the bulk catalyst shows that, in the case of the wall catalyst,

by=Rreduct formation than in the se of 10 the bulk
cagglyst, 'Ug g constltﬁt%g%%%n%g%gﬁ%qﬁ%ﬁgr?”ldléag t‘g Je A WHaEhaE e
of cleanlng and separating the product and by-products are considerably

re strial .a I tlon the device accordlng to the
m%a:égt?grél e @P In a%r?hupg esf g #?Ct“%‘fvo EEAiR TIFRE SAtakRtdegsachieved
méAsUred r‘f&’}fﬁgefﬁﬂ i SPEHIGHATIVRY. THeorsesinditiensrvaithition to this i
re$iecrter *ﬁ*iéi coRiFeRktidIriof thrarbducenddineite niperEERIWRES formed. The

idérstica taFest S¢lenlyithadqiresst ﬁetéoatdipepte%dmﬁr%térbﬂ%@cﬂgrﬂﬁf%&@% a
gasierdsweraiselestad fyﬁﬁmwmf%%\e@é&@mx%é dy

re - falyst 2.5% as [oad = 12,0 8% ﬁcmrdgﬁ; e
ZO%%HEUEl??gg%{%\ﬁ%%ﬁ%ﬁfcatjﬂyst %)Cg%g/jn & §%s fo%cPL 6”56@?/@13&{*??“

WAl catal s‘f“ﬁ'u 1e&5ital st Service life Productivit Productivity [h]
[oVAM/Kkg.~,*h) Relative productivity [gvAN/kgaa,*h] Relative productivity
10h=100%) 10h=100%) 0 2100 100 390 100 20 2150 02 370 95 100
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 12



technical applications, this represents a considerable advantage of the
wall catalyst over the bulk catalyst. [0050] Surprisingly it was found that a
selectivity of up to approx. 98% could be achieved 5 with regard to
-ethylene at the same time as very high conversion rates, In addition to this
it was surprising to observe that a clea#ly reduced quantity of by-products
was formed. The high vinyl acetate selectivity and the low rate of
by-p&@idiret formation consequently result in a considerably reduced need
for purification of the product with the method according to the invention
in compasigpniwitkethe sethoseceordingda.tie PHPLALAN TAIS 19:cou
significanyid: acoBomicAIYANLAYES, 3. Claims 1. Gatalyst for use in a
synthesisieaior forpredusingviny acetate In which gasecti“eiyfcre
and acetic acid as well as oxygen or cases BRI 6RyER undergo a
catalytic réaction; the synthe ¥ Fe2tR6rpeig characterised in that - the
synthesiSTaEE 81 TE%R Hralitferrd inartHihes: Gatabjitic symthesisvtakes place
in a numbefef feactisachambers:hwherelyreathe: free-flow crassssection
in each cittheseiraactanehambers isiess,than 2000 pm in at least one
dimension and hatia ek least.ons wallof the reaction chambers is coated

with cata.iy&ta%r:d at eq% one wall of the reaction chambare iaén?ndirectly
cooled, and w

sherein i[I9|e_ Catalyat S CRAUPE & IUaSH thaetheBalladium
content Sf TREEARARRYIES 68 8605 St et sy alletiymt sovcethat thegald: is
content of I 18 RRINPSt I BRBiteNS partentbyweight 2. Gatalyss acgording
to claim %,stheesyntheisis reactor being characterised in that precisely one
dimension of the reaction chambers is less than 2000 pm and preferably
less tha 3, Catalyst accordjng to one of claims 1 or 2, the
synth%s%r%gg%?t%@%ﬁggoc%ﬁabtg ﬁgé#$§sfﬁ5§?ﬁg PELGROA RHERisErdhat
compris& & iumber B oF & 7SI AR HIRGEE  Wen tofplatesnvehereby
these caf¥eaigrRed T aPYF diifection and ideally are parallel to each
other. 4. Catalyst according to one of claims 1 to 3, the synthesis reactor
beings. cliatagterisediin thatdhecgatalyst containsnalladium, gold and alkali

meta:! cemRreunds; and.isadbesively applie gotnonp%g w r%le%l.Jech%%Egés? grtgaeps
reaction y

arranged by way of plates, whereby these can be afigned in any direction and
ideally are paraliel t¢ sach other.

4. Cataiyst according to one of claims 1 to 3, the synthesis reacior being
characterised in that the catalyst contains palladium, gold and alkai metal
tompounds and s adhesively applied to the wall surfaces of the reaction
chamber by way of a binding agent.

5. Catalyst according 1o any one of the preceding claims, wherein the cataiyst
is characterised in that the palladium contant of the catalystis 0.8 to

5 percent by weight.

o

Catalyst according to any one of the preceding claims, wherein the cataivst
ts characierised in that the goid content of the catalyst is 0.4 fo 2.5 parcent
by weight.



chamber by way of a binding agent. 5. Catalyst according to any one of
the preceding claims, wherein the catalyst is characterised in that the
palladium content of the catalyst is 0.8 to 5 percent by weight. n. Catalyst
-according to any one of the preceding claims, wherein the catalyst is

~ characterised in that the gold content atthe catalyst is 0.4 to 2.5 percent
by weight. 14 7. Catalyst according to any one of the preceding claims,
wherein I haracterls d in that the Potassium content of the
catal)?st FQ B %@a?:é{g& %r%eaﬁri b nev?fe(%?W SR BrRRb I R ANp Sribt By
weight. 8C 2HEISE acESTrHlﬁﬁci%‘SﬁHV Bﬂ@ﬁ’(ﬁ? héprecbaingdams pederein
the catal%‘@i’éa%%{ﬁ‘é%‘?éwsé@ it rbTag tHey eatatyst used contains one or
more elements from the group of earth alkali metals, lanthanoids,

vanadiurzHen ateaagarResey 6. Hickel; rg;_p&gg,g %gpémthglgg%m
ed 3% b

whereby dhe:tatal propartion of ¢ glements d oes not exce
weight. 9, Catalyst accarding to 21%13%%508 fihe preceaing c‘IQ?ﬂ?WPIQ’Em

the catalxst Is characterised in ?ha?rioé%snféﬁ@ 4f- SRIYfEESIBEnTabatal
with a mEFAFoiB O ThE §iBHD RS2 1 2E! FRIGPione Fr&Ziements
WherebquF"a?Pﬁwa?ﬁ%eM“lembod|ment the carrier material contains
further oxides as secondary components. Bentonites, for example, can be

used@s pakyakRixadaXigesA GRlGYSLAGCOLAINg fo.any, %rlgté?ys'é

preceding.glaims wher talyst.is cha}ractensed iR that it s plied
to the wals of the re ct%logl %:Qk%aﬁn err}:/soxg?/\?'gg%r FTRR SkiaiE 8%@8?‘1‘% or

binding agent, “iRereBy Bindings Hents RGPS eartsoxide sols,
ceIIuIose“H?ﬁ?')ﬁﬁQé@eo“?aHI'Réﬁ?ﬁ%@ll@@”ﬁ%mésﬁwmlm foreexaimple. silicon
oxide solmhEty- delftdoskes for swater=glass,are:-peefesred ke cusad. 1 1.
Catalyst according to any one of the preceding claims, wherein the

catalyst, |aa@t9§r§&§§§q§gqiolgn§h§; all QQB@%QHQ gctlvatlon el ment§ are

homogenggusly distTputee i fig,crire volume of the c&taSCTEy &t
rs by way of
an oxidic or organic binding agernt, whereby bindings agents from the groups
metal oxide sols, celiuiose derivatives or alikal metal silicates, such as, for
exampie, silicon oxide sols, methyl celluloses or water glass, are preferred to be
used.

4 - cenrdl i i i
11. Catalyst according to any one of the preceding claims, whersin the catalyst is
characterised in that all doping and activation giements are homogeneously
distributed in the entire volume of the catalyst layar,



