;e3e;; Rn&6T] ) [15 APR * Moul di ngs based on pyrogenic silicon
di oxi de The invention "m uIdlngs based on pyrogenlc sil gOﬂmz
di gxi de, a process for elrr paratlon and their 5 use as ch Ab t
supports or catalysts. Pyro % "c silicon dioxides are characterlsed by
extrene fineness and ondi ngly high specific surface area, very
hi gh purity, sphericag ﬂwﬂ@ﬁ ﬁﬂ”ﬁ”apes and the lack 10 of pores. Due to
t hese properties, pyr are becdm ng increasingly inportant as
supports for catal ysts (D*%wwt*h, H Eerch, Chem 1Ing. Techn. 52, 628
(1980)). Since pyrogepoaith Wﬁﬁsbééédp&{tﬂ%‘gg@nﬂé Lisngbyndiyigdede 15 there
are sone problens involved en shaping themto provide catalyst supports
or catalysts. DE-A 31 32 674 discloses a process for preparing noul di ngs
fron1pyrogenichgidesehnluhicéﬂ&ﬁééda>a@ulbﬂngseﬁaasdaoﬁOp@f@@@mlcDE-A 34
ol ass pouder 1 & e e prhaer A e e e fopreedbrElT S ey o
21 00 778 d|§cP§§e§Sg¢éh®l%§ttﬁﬂﬂﬂpnﬁﬁ Sy 6§EALESESLi con di oxi des whi ch can
be used as catal yst supports for preparing V|nyI acetate nononer. 30 DE-A
39 12 504 discloses a. roc ss fo ari_n uldipgs,in ich al um ni um
stearate, nmagne¥foATet a?%.%F%ﬂué%§%ﬁﬁ%§pﬁfgegﬁgrﬁg rh§e¢n@¥l?§ﬁﬁe@ﬁuj urea
and net hyl cel fihesesarandsadasgpondingdycBigh 8edhei & nowntawm | aliawgs
Tho Dequssa. coromby Fhey SEE 21 pIapaced Pafti OFL Oohqpe st 1l 180 ) |
2 EP-B 0 5140 4%% Eﬁyﬁ%‘f osé‘ée C‘Eﬁrpﬁ'tlafs%q rﬁ’ngSPéizlﬁéf oY BP9RRFS Q’&Cbﬁﬁ/@%e
support, cal ci beogmimhe Sm¢mmns1n§ﬂymumpdraadtmashsuppéfks(ﬁﬂﬁﬂd&ﬂhk&ﬂﬂxnt
particles vvlth C|}goytpt| nko’_f e (ig? OPS s O3 4 heG%g ﬂ@'%@

ave Phe Jldlngs

| i ber at ed. The nown processes sadvant age t ha

obt ai ned do not have the optinmum properties required, such as for exanple
hi gh purity, hsﬁﬁb@%yﬂééé/nld-(bﬂcﬁ% seke hruiéulahlphfﬂ{@wcchﬁ&édi and
hi gh stabil] %yt or use in specific cata ¥ é react|.ons, suctgHa f or exanpl e
t he product BFTSi AYT %&Qﬁeﬁ%?ﬁ%ﬁgﬁnéPﬁﬁ when Fheny 5Q/gen, the
hydration of ephyviwhe ¢it§ﬂﬂﬂ£eﬁdﬂmmmtsoprthethyﬂweﬁlon of propylene to give
i sopropanol . 15

DE-A 31 32 674 discloses a process for preparing mouldings
from pyrogenic oxides in which silica sol is used as a
20 binder.

DE-A 34 06 185 discloses a process for preparing mouldings
in which a sintered glass powder is used as binder and
glycerine is used as lubricant.

25
DE-B 21 00 778 discloses granules based on pyrogenic
silicon dioxides which can be used as catalyst supports
for preparing vinyl acetate monomer.

30 DE-A 39 12 504 discloses a process for preparing mouldings
in which aluminium stearate, magnesium stearate and/or
graphite is used as lubricant and urea and methyl

cellulose are used as pore producers.

35 The known mouldings prepared using magnesium stearate are
sold as Aerosil tablets no. 350 by the Degussa company.
They contain about 0.4 wt.% of Mg.



The earlier, but not previously published, patent application DE 196 19
961. 1- 41 descrlbes noul di ngs based on pyrogenic silicon dIOXL e WE ?@&
fol | ow ng physi cochem cal characteristics: 20 External dlanetér "BETEG¥r f ace
area Pore vol une Breaking strength 25 Conposition Other constituents
Abrasion Bul k density 0.8- 20 mmB80 -400 n2/g0.5- 1.3 m/gl0 -250 N > 99.8
w.~ Si02 <0.2w.~<5w.~ 350 - 750 g/1 30 The present invention

provi des noul di ngs based on pyrogenic siligon dioxide which are
characterised in that they have a pore vol e of 0.5 to 1.8 m/g,
preferably 1.31 to 1.8 m/g. 35 The noul dings according to the invention
may have an external dianeter of 0.8 to 20 mm a BET surface area of 30 to

900 n2/g and azgr@gl Wie Sqtarse%lg_fstmfsez &eﬂ&?@sé\&n 510, ﬁE&gOB%nQeg etgigog

fraction in the noul dings accord e inventionis greéater t

wt. 0. The propbri§ éh BWPRHar Cé&ﬁ’%f‘?f‘&eﬁb% FREPYE: | imiesh and w2 shing

Moul di ngs accoth R licdinidee suppeti parmyléﬁanﬂfmraecﬁ!; Jdregar dﬁ% ﬁ‘.ﬁﬁ"ther 4
cont ai ni ng r I e than 5 wt. o. e conpacte
density rrayn“ﬁeé%gﬁ)tso f}%ﬁn 3‘?‘ f&%%ﬂxrgv]éhﬁ%antec?so provi des a process for
preparing moul di ngs based on pyrogenic silicon dioxide with a pore vol unme
of 0.5 to 1.8 1Hd GnoW Prdcesekar aab@rtﬁeddiéhdmt Qﬂﬁﬁﬂ Q:h%' I l con

di oxi de i s honpgenj.sed wth nethé %dﬁoﬁgetq&é ceII 0S wax

pol yet hyl ene ‘3’?6’! ngs GhtRipgd PFoR@BF Wit Pt Jé‘ﬁ’ﬁ‘] é’(ﬁoc?&rtt&eé

conpoundi ng ame@tiagidig spobc ess foexeranple lopgh qnatilty ,c itilghngctthierieyt, r udat e
to the desiyged, (?qn%télelé% R4 €5, cu&lg, nE-gguLeey i i High LREBIaky e of 70

to 150C an con tioni,ng for nut es hour's

t enperat ure of 020“@@Olt“oS%@CAHW%%%JQn’é%?‘%thﬁ%(egr"écholasmflolrs Whl ch

‘ enaEI e ef ]1:I Ci eaaaau@nl rmgen:m pabidoptaod 66npaeyl rmcéﬁ‘alﬁléwefnmt @Uh@rllelﬁf%: ,ng m xed
such as, for e se D 5.ar QW M xers

are suitable %?er{:%er CQdag%ﬂ ﬁngh ghgehc%dlpg(}?o tot;%rt eylar?\?éanttf)o VR xers

Wi th whi ch addithiased] chorfﬁﬁ‘a*chiYéﬁaMOtlh@f rmmylaﬁn%éimglmwe@opm@@ggﬂbl e

such as, fars exanpl e, pI ough- bar mxers pan mlls or ball mlls are

parti cuI arly i tabl npoun | so,take pl ace,
however, di rei% d‘r‘?réx#)?lgd é?(‘tl?djtﬁﬁ%t’"ggl%{?cg 8t§8tprepar ed in
single or tw r&p@dn@ntem P95 é@rrﬁﬁbs‘er@h deaquiderss noulidingsnpasedrs.  The

nmoul di ngs aCCQJr{j'pﬂ&otg‘éntl%e sllli‘i%Bh' 8foR{ e R AIIETEAR YANSRANS pHSisRGo-
extruders. 35 In a,cg&rtlcu ar enbodi nent of the invention, ﬁe m xture may

have the foI I Shey CdnFISTerEREpPESFPSt 0 conpr essi on:

External diameter 0.8 - 20 mm
BET surface area 30 - 400 m’/g
Pore volume 0.5 - 1.3 ml/g
Breaking strength 10 - 250 N

25 Composition > 99.8 wt.% SiO,
Other constituents < 0.2 wt.%
Abrasion <5 wt.%
Bulk density 350 - 750 g/1

30 The present invention provides mouldings based on
pyrogenic silicon dioxide which are characterised in that
they have a pore volume of 0.5 to 1.8 ml/g, preferably
1.31 to 1.8 ml/g.

35 The mouldings according to the invention may have an
external diameter of 0.8 to 20 mm, a BET surface area of
30 to 400 mz/g and a fracture strength of 7 to 250 N.



i ~ ~~(~~ 2002 4 50-90 wt % of silicon dioxide, preferably 65-85 w. o;

0. 1- 20wt % of net hyl hydroxyethyl cellul ose, preferably 5-15 wt% 5 0.1-15
~ of wax, preferably 5-12 wt%-; 0.1-15 ~ of pol yethyl ene gly¢d ARK @082 abl y
5-10 wt % The noul di ngs may have a variety of shapes such as, for 10

exanpl e, cylinders, spheres or rings wwth an external dianeter of 0.8 to 20
mm The noul dings are conditioned at 400 to 1200C for 30 mnutes to 10
hours. The fracture strength, the specificzatotal surface area and the pore
vol une can be adjusted to a certain extent by varying the 15 anmounts of
starting conmpounds and the pressure applied. Muldings according to the
invention may be used either directly as a catalyst ox as a catalyst
support. In thEhpabi@r frassicne inotihai hgyldiegpl aeeerdinedimt ddte with a 20

catal ytically @ﬁtref«el&ubfé apeatakt @hahhebr opyepar at raa and Optl onal |y
activated by rreans of rgpgfg pr.i.ate osttreatrrent rr§ particul ar, the
§

moul di ngs madePFPBRT p? tl%%ﬁ OB EIEUGPERi BaY @5%sHPhs supports
for the cataby8t2dutihg Mmmraatqomnlloﬁ tonyheaésvabeiommoager from

ethyl ene, acet{fep&ks-ansk Wﬁ%@%ﬁﬁ%%é%owm&é ﬁhé)' efin

hydrati on processes for exanple ring the preparation o anol and

i sopropanol . 3BPFATHAR MY R&HehhEhEd th¥ti AiveAProAORRTEE e Rl T owi ng
advant ages: | nmagnpar3Gdnov 190 rpdl.di ngs in accordance with docunent 35
DE- A 39 12 504, noul dings according to the invention have no other

i norgani c constituents apart fromsilicon dioxide. The known noul di ngs have
the di sadvah? afeet hayention HppErpvddegey PSREGFA EHBUPTERA- ML of My

which is | eachgéubdingirbakd hﬁn pyvaeRenitosihydeat H0ox Ode ob£fn r& pdil di ngs

d h d 5.h
oot horrmi’ sTEbRRFcof % i T B0 RS, 4R FEaRP LAPL R s i,
they are very pyregemdc rﬁa‘lvlelcaprhlct}wmeel@ohgmegeAlﬁadt‘Methadvant age is

produced from fben{fciatdite thylO dANGALsePakek! bHB ¥bel&iF odierd, during

hydr ati on,
15 with the addition of water, subjected to a compounding and

shaping process, extruded, optionally cutting the

extrudate to the desired length using a cutting device,

drying at a temperature of 70 to 150°C and conditioning

for a period of 30 minutes to 10 hours at a temperature of
20 400 to 1200°C.

Any compounders, mixers or mills which enable efficient
homogenisation and compacting of the material being mixed
such as, for example, blade, fluidised bed, propeller or

25 air-flow mixers are suitable for performing the process
according to the invention. Mixers with which additional
compaction of the material being mixed is possible such
as, for example, plough-bar mixers, pan mills or ball
mills are particularly suitable. Mixing and compounding

30 may also take place, however, directly in an extruder. The
extrudates may also be prepared in single or twin-screw
extruders, compression extruders or in compactors. The
mouldings according to the invention are preferably
prepared using extruders.

35
In a particular embodiment of the invention, the mixture

may have the following composition prior to compression:



During hydration of olefins, the pore volune of the catalyst support pl ays
a verycinportant part. The relatively |arge pore vol une, surprl gpéy
enabl es the absorption of nore active phase. This results in anJd1 n%m%ase
in‘the space/time yield. The invention also provides a supported catal yst
for the production of vinyl acetate nononmer (VAM, which contains, on a
support (noul ding), as catalytically active 20 conponents, pall adi um and/ or
its conmpounds and al kali netal conpounds, and al so gold and/or its
conpounds (Pd/al kali netal/Au system) or chdni um and/or its conpounds
(Pd/al kali metal /Cd systenm) or bariumand/or its conpounds (Pd/al kal

netal /Ba system or palladium alkali 25 netal conpounds and m xtures of

gol d and/ or cadm ng/ or bay | mhi ch..i s .charact eri.s the,
support is a %gnging gn accor eﬁﬁ}lco ﬁﬂﬁ%%qnvgﬁ 8ﬁagg¥t§§ ?% bﬁbounds
such as e.g. Qeﬂaggluhm&cetequem&thﬂﬂhygnqaye&byélba11UhesaL conpounds. 30

The catalytically active co RERY 19 sPkesent in the follow ng
systens: Pd/Aﬁe kg nmet al ounds “35 Pd/CU/aIkall nmet al compounds
Pd/ Ba/ al kal P at c%npounds ;yqu%pne;gyiylg Prd2sHppdited catal ysts

according to Oh&-L&Avéntion euaftpnmyéthyndme pllgdodl i ppedérablnyl acetate
nmononer. For this, ethylene, @c 4% gci d and nol ecul ar oxygen or air axe
reacted in the gas phase, optionally With the addition 5 of inert gases, at
t enperatures between 100 and 250C and usual |y under el evated pressure in

the presence ohet ReusdpPRgst Qsly Cldwé V5 tvaritaryid smptet%esuameab;onorA
producti on Qrocesslof th%l éépe IS knomn(;ron1the l%hdoc men 16 68
088, US 4 04gSBoEPlEp. WY HTBIG 95 PIEGS O T3S ¢ thepin eES ?E%a 10, EP-A 0
634 209, EP-Ad@aggRep1df afid8 BP0 R0 864 T motdalingsanest sontlibidhed| alse a

" process for Dﬁ@@aﬁbnﬂzémof&xe%ocﬂlﬂu)e%fsstoD%eHGhBQ ophé Ner£apd ment
supported catal ysts with eneous di strj bution ofﬂgobLe netal over

t he cross secFF%ﬁngF thEhgu Tt %ﬁuf%ﬁﬁ#1§¥ G4 BFERy 2R8I FRBePPRRd shel |
profil e are obbaumedcardheei adpunttad tad SO0 grmbaiteexdeptobgssatpingrepari ng

20 support gg gg&@hggtgffQ%?%gfn$régkgéddﬁﬁ‘ghd“ﬁﬂg P?%%EEES ﬁgﬁgg@& by

soaki ng, sprayl mersing or precipitatin
Ba netal conpounds, optionally reducing the reducible netal conpounds
applied to thﬁoau@pﬁ@§ amhdmggtﬁb reeVvinvaidiomaday peeasatl @btkétori de,

i npregnati ng t | kal | at.es, or, ounds, which are
conpletely or\c,ilL yyc‘—f‘)%veriggtdafl}zeé 0 KE i %atlﬁ%llyasgg%ﬁkjggggﬁdg? ?tﬁ
reaction condﬂatbﬁs ¢@$etthﬁrﬂ@MﬂQAnQﬁ1&ﬁe\Hhﬂﬂedaé@t§99tﬁ§hoWEth &n a

suitabl e S@@“@Q‘éﬁlyﬁ\@b&blySa&@ﬁ@%&fdtsé%ﬂ:é i ileat tlha@rBBré 8P oh Sard

nmoul ding in acc (AL g %Qgentlon d?e |nvent| SQ_ provi des a
process for pPBBé??ﬂg ¥ uppot YR L RAREY 12 ﬁﬂ%§°BF68 StPSﬁ of vinyl
acet at e nonontredymenpr egnati ng the support with a basic solution 35 and a

sol ution containing gold and palladiun1sa|ts mherein the inpregnation

steps are perforned at the same ti in s ence, with or ihout
i nternedi at e aPyPﬂﬁ icular, the mou dlngs na e rom pyrogenic silicon

25 dioxide may be used as supports for the catalyst during
the preparation of vinyl acetate monomer from ethylene,
acetic acid and oxygen and as a catalyst support in olefin
hydration processes, for example during the preparation of
ethanol and isopropanol.

30
Mouldings according to the invention have the following

advantages:

In comparison with mouldings in accordance with document
35 DE-A 39 12 504, mouldings according to the invention have

no other inorganic constituents apart from silicon

dioxide. The known mouldings have the disadvantage that



~ a A~ 2002 washi ng the support to renove optionally present chloride
and reduci ng the insol uble conpounds precipitated onto the support before
or after washing, drying the catal yst precursor obtained |n|6hAEQwHMQ and
inpregnating with 5 alkali nmetal acetates or alkali netal conpounds which
are conpletely or partly converted into alkali netal acetates under the

reaction conditions for the production of vinyl acetate nmonomer, which is

characterisedtha tbahta*ﬂﬁ SHORO . 4 Swid, M(Mgmh@hagsowé@ﬁ@d%ﬁ@ the

i nvention. 10 .- E gported ca aIy %cﬁqaccor |n% ? he 1 nvention nmay be
used to pr epaflﬁrbﬂga DP aPEACREs et Qr Fh¥R i ian o€, °48E4R5and oxygen in the
gas phase. 15 Catal ysts according to the invention containing the Pd/al kali

metal /AU cal aligaiqagal SHkabfadindald Ve b taied 1By bP RQ”S&& 9 iy suppor !

w th a basic utio fon cont aining_g m salts,

wher ei n t he®i RpFegaRt %’BﬂrgY@‘ésh%@fdﬁmlnﬁan#ﬂFVah%o%}? ¥re P20

sequence, W tRy@rawibhopéattisr Terh adlidiiun) g thépears hee sPpnerd Afg Washed
to renove optjonally P lfisent chloride. Before or after washing, the

i nsol ubl e nobf8'fefalt¥ n%%fﬁ‘ld‘éog ¥&¢ipitated onto the support are reduced.
The catal yst precursor obtained in this way is dried and 25 inpregnated

with alkali ngt Ghréﬁ@fsaé&%&{aé’é ked ip f@&@eoc%reaueﬂé f‘@é@ht}?ét? gonverted

entirely or ilrtl into alk ]g:k acet ates under ,the reactjon conditions
for the profulfrs o?p"i'/'??l{/Fl'&%eY’a? roh&Raduce SPHé?gtle%’ﬁ‘?We t he
catal yst. TheDupbhe hydadatioanfmjleﬁtrfd,ys:ﬂm poresvgbues abf yelpr esent in the

form of an OUES{:afgﬁ:' P‘%Eﬁo a,ébf}, oEﬂﬁﬁt PE“ ai.ﬂ%al i netal /Ba

catal ysts, the King, sprayin noi st eni ng, 35
i mersing or ﬁﬁbéth‘?hYlh@rQ%FP@r%M% Wh@réﬁﬁﬂg fﬁ}b‘gﬂeﬁ% Haso known

“for Pd/alkali aBEbﬁﬂaéfdnC@fahdﬁé SadtirdPpithsR02 1828, ré&ﬂfs I3B%h 199, US-PS 4
668 819). ~r~ = L gendl ng,.on thee& tal yst system used, the
support ed %%t é‘l s?a?‘r%y I?h bPIEICHE ¥BeRduction of the catal yst may be
performed in the aqueous phase or in the gas phase, fornal dehyde or

hydr azi ne, fo‘i‘héxﬁﬂ%ﬁtléﬁ Ca st IRl B ey o %ﬁﬂﬁbi‘ﬁe&r‘céé’&l eQus fase.
Reduction in the has )3/3‘@ erforrred W th %ﬁ' algd/or f.orm ng
gas (95 vol . SPRECHFELSE b VHRYR)ASRiARA REBEE VANI ¢ orEti TR i ne
et hyl ene. AccondanguppoEf (On&BUdid(f),, reedwettikdgticehlhyaketogen i s perforned

at temnper aée'reémp&h&@@@ 4 af‘fﬁ’d:?lﬁx@%ncp/&f %“c%%%m{é]@&x‘i@@“ar?c@ A 1200C.
According to EP-A , reduction w_th form ng%}% é vol . % N2 and 5

vol .% HZ) is ﬁ%F?%r?@‘EP%‘E“‘E‘%hv%‘Fdaﬁ}rsé’s spddhandéer 3 preferably
bet ween 350 anHdpaDkal FregeiAy s ysve)elor t:helmd:amaaxy@lor sureduced directly

W th eyl enechpblitasr PRUPLLRD ¢ SRR/ GH LG cBR! | KPR ik Uh ol e et a

acetate. 20 | roduction pro
react ant s onI9°‘§P‘B\J\)P‘§/S (Rl abkahi dnafiad/Bay SYSkaRe, of Rakkadinmy arkalie

catal yst ipsrRaces @&dp@u@@@bélyd neaalinses of qbldﬁah@/d)EV@danLﬂhty afd RIx

several days pr_weeks ect .of .th re 454 q provide
a supported cg?ﬁ?‘?fgt ‘1’161’ h%s p@tﬁ?cﬁeo%se% \P/Ll néﬁg{éc{é ate nomelré whi ch has
a hi gher actlmbuildlmmmnm@pmmwgtléihmtﬂfﬁ fh¥enthen or PoRRF LY

selectivity. éQm 4OVEREH Ofs 18 QY GR- a3 sSWRPAEEEELEad P YiSite fid¥ Y Gt ai ns,
on the silicon xldes ort accg$rd|ngtothe i nvention, as catalytlcally

active corrponﬁh ?ﬁ‘%?l‘ﬂ? its conpounds and al kali netal
conmpounds, 3@nd al S0 goI d and/or its conpounds (Pd/alkali netal/Au systen)

or The catalytically active components may be present in the
following systens:

Pd/Au/alkali metal compounds
35 Pd/Cd/alkali metal compounds
Pd/Ba/alkali metal compounds



35 cadm um and/or its conpounds (Pd/alkali netal/Cd system) or barium
and/or its conpounds {Pd/al kali netal/Ba system or palladium alngza.k)i H?t al
coprppounds and m xtures of gold ~ 5 APR 2002 9 and/or cadmi urh 2ant¥ o2l
barium and a process for its preparation. The noul di ngs according to the

i nvention based on 5 pyrogenic silicon dioxide are suitable as support
material for the catalyst. It is inportant that the catal yst support
retains its mechanical strength under the yeaction conditions of the

catal ytic process, in particular under the effect of acetic acid. 10 _
Moul di ngs according to the invention nmay be produced as extruded noul di ngs,
tablets, ri ng‘gh%rs‘?ﬁf’%‘?ﬁe%tqﬂﬁa]ﬁﬁﬁe aSsredngoial theusrrenbioni sk bed
catal ysts. 1l5usedther ftd quicdnctitm pfepdngli ageehts UpPRSHE. cRéal ysts with
the system P al i { A £ |_din rding to the invention
i s descri bedd‘lél?\{ér(r‘oréet%eg%’. %ﬁ%e%ln%%cgﬁzagdagé%rgéﬁgaggt%&% N iAettion are

i npregnat ed 28C§ ¥eREeDb| i iWie Wasc Phesst acpsipaplivi wihthntheodddi tThien

moul di ngs o Cof dinkirtt Qddiss | NMe Mldne ratt8reBPHRIRELEJ100 tAh@ PG a5 ution
whi ch may cont ai n .one _or nore basic conpounds, ejther at the sanme tine as
the nobl e net'dl YRy Shat&sd sressughyl eﬁh%n'aﬁ‘?sel*?fée ﬁi‘ih%orrpound
25 or conpounsisproxtad erh ttad yainwerdordiagpébl aleuimeenteod into their

hydr oxi des. The conpounds in the basic solution nmay consist of alkali netal
hydr oxi des, al kali , metal bicarbonates, alkali metal 30 carbonates, alkali
metal silicatePRIURLIAN RraFesshede thisstyReess kopwR SFER R oxi de and/ or

sodi um hyotrmf«mtauw. rﬁtaolnm‘ aralgsy omedulslPal badi 096 hEp+a Ste,smouwﬂ Qp-A o
pot assi um pa de r I n _.£ , y be
used as a pal(%gbgilyu%@a}l ;Hétgx 6’?3&% ge‘?heggogrg ﬁ%égééj%’onﬁfo%iph@gr@szglﬂr?on.
Gol d(111) chland d&@-dnd t&itd &0U.oTbesei pprenEs alsg disEl@EpH2 thraeasiss are

sui tabl e as g p&aéﬁa%ifgotsalwdﬁ@eaabbeawgtghlQé%&edi@cuwmwl l'adium
chloride and/or. tetrachloroauric acid are greterahl used. 5 The deposition
of the nobl e FfR St ﬁé‘%lt&dné:aﬁaiyﬁﬁ eV ER {NIPPIIREYor egnat i on of

t he nmoul di¥g dicttoridiutg. aro afh@mobleeneitad wveh the drsss smitutdromf Hhe basi c
sol ution may i Q4 a -t e L .Pﬂrﬁe i e

i nvention ei tﬁ%ﬁaﬁpﬁled smé(r;r:glnh Enlgl\ggl?ﬁ%gngg?g (rgr%t a c?gé}g)]]qu{i%oénﬂolﬁehi n any
sequence wi t F¥hiPEINAd-on. I n the case of sequential inpregnation of the
moul di ng according to the invention with the two solutions, an internediate

drying stage Y Q& MG TEALLELiHAE b pRbclIP" £ YL SIEP-

20 supported catalysts for the production of vinyl acetate
monomer by soaking, spraying, moistening, immersing or
precipitating the Pd, Au, Cd, Ba metal compounds,
optionally reducing the reducible metal compounds applied
to the support, washing to remove optionally present

25 chloride, impregnating with alkali metal acetates or
alkali metal compounds which are completely or partly
converted into alkali metal acetates under the reaction
conditions for the production of vinyl acetate monomer, in
a suitable sequence, which is characterised in that the

30 support is a moulding in accordance with the invention.

The invention also provides a process for preparing
supported catalysts for the production of vinyl acetate
monomer by impregnating the support with a basic solution
35 and a solution containing gold and palladium salts,
wherein the impregnation steps are performed at the same
time or in sequence, with or without intermediate drying,



15 The noul ding according to the invention is preferably first irrprslgnﬁ]t fd
wi th the basic conpound. Subsequent inpregnation with the sol utli BnA' 0
copt ai ning palladiumand gold | eads to precipitation of palladiumand gold
in an 20 outer shell of the noul ding according to the invention. The
reverse sequence of inpregnation generally leads to relatively honbgeneous
distribution of the noble netals over the cross section of the noul ding
according to the invention. Catalysts wth,defined outer shells can be 25
obt ai ned, however, even when the reverse inpregnation sequence is used with
appropriate process nmanagenent (see e.g. US 4 048 096). Catalysts with
honpgeneous orWafpiiki the efuPRfstofonEeevai SPEioRal bn Rifesand wiuiox idet al
gﬁ_nerk ally hav?rhd)vmédtﬁﬁtﬂg{iﬁne aMo]ELabﬂ:%]t bMﬁ\%&tl-mé?Q Iﬁ_zécﬁl%'iSiSaa:éM tdhtohehk

t hi cknesses o prefera o) SS. L : ar.e

ar 1 cut ar . Sniagie Beher e BfeR ARaliRs | diYind b il Eiount of

basi ¢ conpounde¥etuniar atainedddsi tbdsavayntand ingpfegnadtialg 35 tkhich is
applied to tde; BUIOfe Al §ldetlatebN8rhh g1 b oY Adnpodd ihidReh LS the
shell which is r%guce]g% The rati o between the basjc conmpound and nobl e

net al conpoundMPLe Or RiFELly; cPByErEed nbo Ld metadnhacetakeskness
depends on theumdEnrtheofrdaut isnppontithors i for artte prdduetias ofceipgund and

nobl e net al COJ@%}_IQ]%S d cat | i | §,€ iently

determ ned by a few pr@oﬁetnreeir yhgggerign&éﬁ?égggé#he%dsﬁenl i{:%t%ﬂ;l g?’r?ess pr oduced
can be det er m§RPIGt dssignpronlddpgbincaceeripnes dligh the davgngdon.
particles. 1the m ni nrum anmount of basic conpound required is produced from
the stoichio ricall al cul ated anount of. hydroxi.de .10 ions which are
Foqui red o oo nmbe i 14 pT ke BRcRGho ey K OHsS ByepEdonniay 08

gui deline it m8ehdapnapade hasatheabedi estonpdinmh SHeflinsheagddd anda one
to tenfold stQi6hj<NBl ithe%e@Sphhge.a shell thickness of 0.5 nm 15 The
nmoul di ngs accordi'ng to the i'nvention are coated with the basic conpounds

and noble netal salts by the process of pore volune inpregnation. I|f
i nter medi atls datalysts reegquindddg thethel imresntafort ented ndalguthens are

sel ected in S%H‘/aﬁylé’é@%‘t ﬂ]é:cta%gﬁlﬁgcﬁ%igéi’o%n%n?tag}%"ﬁtesu%(ilérotoﬂagg%% ﬁg the

absorption capacit I Nngs accor [ invention. |
i nt er medi at e dMALGRYNSERG $hes4ProRENYiHR 3 ATIC BedvtdgnvARdaP vol unes of
the two i npreguahiti®ns @oniadninghgold Sedmbal vddiun kaltendivheesireshéoned

above, wherei .nqi.vi dyal vol une i ratl 25 1. 91to 9 .
1 wth respec{hh%%é;e{%%l&rhleé%?pﬁ %g?i %egggv%e%n%"&lt%%?(%?ggg gr. B in
particul ar 28f sequencs,s witdf erakiihosedintegdijateydaydnghl Fhesefhas

sol vent in botdhgisas i HRHKRHE @BPEORGVAl SHOT GG Prea@u@OUh165-§aBi C

sol vents may ?30 be us%% 30 Reﬁcti on_of the nu%tll e %%tlal %glg sol ution
with the basi CI8RR i%n A §5gi V8RBT ubte HETI &gt A°PLSnB5GRds t akes pl ace
slowly and i s aqpapealdsy paelojipdsateddentaftis suprers ageuredugedenthag on

the method of LeRaAt iRRculder obPgided el afni NsRlyuhlse qrgblhieanat al

conpounds are treated W th a reducing agent. Wt reduction, .for exanple
usi ng aquedu’s Waﬁf@dﬂy&r’:&t é,ﬁéﬁ#lg‘ﬁ%‘g%ﬂ%%e%cﬁroﬁ‘_lﬁ)fél#ﬁglf‘ﬁ§8iogen, ~
~ ~~~ 700z 12 ceinippuewis, wihdoh agegasnverved hanol relapour pagtieanger f or med.

Reduction may Jla{%qiphé%%la}ac%@gkggt uhESP e W it cBhBliRE8Hs! ggperature

and under atnospheric or elevated pressure;, optionally -also wth
addition of 5 GhfeRragictdongeforinghdrertale donWetet Lon °5FEnhECnobl e net al

conpounds, anyatilvetedehshiceltalgspt eBratnasld heetsilpiar Pdghaubdtbeéysesoved
by thorouQ%qu%hb@%efgffyfﬁ@%%gh@gintéﬁé form of an outer shell on the

support.

In the case of Pd/alkali metal/Ba catalysts, the metal
salts are applied by soaking, spraying, moistening,

35 immersing or precipitating (EP 0 519 436). The same
methods are also known for Pd/alkali metal/Cd catalysts
(US-PS 4 902 823, US-PS 3 393 199, US-PS 4 668 819).



10 catal yst should contain | ess than 500, better |ess than 200 ppm of
chloride. The catal yst precursor obtained after reduction is drkefdPRngphen
i npregnated with al kali metal acetates or alkali 15 netal corrpounds whi ch
are conpletely or partly converted into alkali netal acetates under the
reaction conditions for the production of vinyl acetate nononer.
Preferably, they are inpregnated with potassium acetate. Again pore vol une
i npregnation is preferably used here. That is to 20 say: the required
anount of potassium acetate is dissolved in a solvent, preferably water,

t he vol une of which corresponds approximately to the absorption capacity of
the precoated support material for the selected solvent. This volune is
appr oxi mat el wemam:ilrtg) ort tthe elatlalgstesgbtenl used pf tidesupirinadd materi al .

The fi nal cat@alty étixrtag? %rl %Egdﬁcrgadual noi sture content of |ess
than 2g. Dry or me n-arr, optionally also under nitrogen as

an inert gas 30 Supported catalysts with the Pd/alkali metal/Cd or

Pd/ al kal i rmtteéd&auwwr&twﬁd&ah 5R0RaFCHEr ﬂﬁofmtea e ithee b Y €

prepared in agcordance WI the ents Cite For the synthesis
of vinyl acet 3 stfortdy © etgi""§ Bé‘ﬁreﬁ?nt‘% %}chq iﬁd&]afs‘t“ewtl?ro 2 to

4, preferabl exanple,~ dre 2002able0fart peduaing ain pdid adjusvusO phalse .2,

preferably 0. glydct ibre 19 ‘é’t%f ’gg%' h tgoﬂl?%ob%&ezﬁfﬁfnfé&w 3(:h:L @dtr%g%n.rh%; of

pot assi um acet ate Teach Wi port use

data appli es aWi/ e ﬁ!’&}“ﬁ-lnigalglasnégél Vol $ %g/s&]é’rﬂ S| Fodhé a)se fhykeng yst
supports widt b liddogdersiilnted 28Ayléde. tM&mmrgarﬁd P @ F3aNQR 9,

corresponds tg vol cen 0.t 1 of paI | adi um
0.5 to 10 g/ fed}(wtg{sg' wﬁ(ﬁ%?&grg &5 iggﬁé%@?ﬁ%ﬁl# acgrtpet(%'ea%ufo Smake up the
i mpregnat i ng bsit’sil“tﬁetfbr‘ﬂ@ angl 268 %orp@’iﬁ:ﬁﬁhwg bekwesns 76f apdl 28687Gm and gol d
conpounds ar etdaoimln\gettd mpaavol tmrg Qiowat@dumcﬁh AN SoRanay asabout 90

to 1000 of th Sor y.of t articul ar support
material . The éaﬁ’é’ ®o édﬁgé $ Cl'*zé RFﬁg %B ‘%h%t PaRE S SN, 15
The cadnmi WH dertwern @00t laedeébﬁaf’tkalprefmlzaIUl@ be&waknsB8§0i sngeheddt.ly 0.1 to
2.5 W% pre&q@ @ﬁﬂq A 1 QuevB M tHS %Q@éfigﬁlﬂg(¥ggd3@d aﬁr%%%lﬁd@§kka'

met al / Ba cat al S178720 general | ., preferab to 1.8
w. s. The p&Y &% d&n PépdparaPRat*?am%wfc&frma%ﬂémgﬂ withal / Ba
catal ysts mauik@lQ. hetald aske¥rntpreferably 0.3 to 3 w.o of palladium 25
The potassiumcontent of the Pd/alkali nmetal/Cd or Pd/al kali netal/Ba

catalysts is generally 1 to 10 % preferably 1.5 to 9 wt%
20 In the production process, the catalyst is loaded with

reactants only slowly. During this start up phase, the
activity of the catalyst increases and probably reaches
its ultimate level only after several days or weeks.

25 An object of the present invention is to provide a
supported catalyst for the production of vinyl acetate
monomer which has a higher activity than known catalysts
with the same or improved selectivity.

30 The invention provides a supported catalyst which
contains, on the silicon dioxide support according to the
invention, as catalytically active components, palladium
and/or its compounds and alkali metal compounds, and also
gold and/or its compounds (Pd/alkali metal/Au system) or

35 cadmium and/or its compounds (Pd/alkali metal/Cd system)
or barium and/or its compounds (Pd/alkali metal/Ba system)

or palladium, alkali metal compounds and mixtures of gold



30 The invention also relates to catalytic reactions under hydrothernal
condi tions, such as e.g. the hydration of olefins to give the correspondi ng
al cohols in the presence of phosphoric acid or another active cqggoupﬂtﬂml
for exanple a heteropoly acid, wherein the noul di ngs accordi ng 3

invention are used as catal yst supports. 1 5 ASR 2002 14 A process of
this type is described, for exanple, in EP O 578 441 A2. According to this
process, water and ethyl ene axe reacted atgtenperatures between 225 and
280C and pressures between 20 and 240 bar to give et hanol. Here, a 5 nol ar

rati o of water eth l,epe in he re ion O. to 51is used The cat al yst
| oadi ng, neas&Pg éﬁgﬁgmo? QB P U ¢ éh@ ﬁFﬁFﬁr@ PettHinute and per
millilitre ofpwapatysnonay be selected within the range 0.01 to 0.1 g/(mn

x m). Diethylether is produced as a secondary 10 product during this
reaction. The grocess paranmeters for preparing ethanol nay al so be outside
the range menfPEnBAVABLNES AFCRNAIRT LQfthaqilnventings basad ¢m DE-OS 20 15
536 (exanpl ﬁ byrogbaleegpmemr@l?ciﬁdeln dikd %Lﬁ&&bl&aasab?pﬁoﬁ@%@é}ﬂ#élhg
water to et y t [0, ta ssure of 7
bar. The essen %0%%¥g£§$é ﬁgtt t R?rqﬁgﬁp ?ﬁ?u%g an%€%£¥%$ vapour
pressure nustSbépﬁntu§¢t§léelkﬁﬂemﬁchﬁninﬂi ptagagshi vndef thepreactnicin by

hydrati on of eeﬁaytfaﬁstakeeh@@&&w pYldBesd, ‘iﬁng%&gﬁ%@lzazggﬁxc}qerr o0anol
. nprop

tenperature th ver Lies in the range bet ween 1
i s produced asgﬁ §g£eﬁﬁa?# ?ﬁ%ﬁ&ﬁna?ﬁ#1ng this reaction. 25 Pellets of
synthetic 3Dlicon dioxide with a high fracture strength, high porosity and

ow retal i ¢ gaNiAThYA"A00 RIS AhveakabKohadUBE YL Gal oy the active

conponent phosphoric acid in actordance wth e 30 pores
in the suppor€xbradadaaontdingdyr Fatie taut ini@ISoRFoABNRLY THENSX eThERE por e
radi us bef or ecufitehbibyal By | @sed efdd ified Hednchbalyavge between 1 and 50
nm In the case of hydration of ol efins, phosphoric acid is 35 introduced
as an active conmponent into the catalyst support. For this purpose, the

support i slpmi¥ertbe follewinpakd winapaietiqueotssypporteth GFtaplhishoric

acid. ~ -~ Amtn 8&92s§t§t8n0@piﬂkﬂlaedétaaqmt bans_hw héuldidgs 85 Wt % of
phosphoric aci

ct to the total solutlo ar.e used
here. Coati ng ﬁﬁ:?ﬁdbn%e'f‘er@b%ljsf“éeé} % ’:fctdleﬁgg bﬁgoﬁ'erﬂ‘o?% §%%- 0ssi bl e.
5 A min area of use of the hydration of olefins is the hydration of

ethyl ene to piaduss.eliagol aaoskdlie) bd aiaendadctbe mrﬁm%ﬁtew opyl ene

to produce |sopro panol he reaction con |t|oni énomm rom-t rior art
may be used® 161F5ratﬁ%%%t+%%eYW%ﬁﬂ;CQ§qQ%ﬂ§np&ﬂ RAFBT 3P HIQ 9 owi ng
physi co- chem gpatldbagaciecosdimnms tmytHee medtasnpyregiamne@duemmidimxi de:

a basic solution which may contain one or more basic
compounds, either at the same time as the noble metal-
containing solution or in any sequence. The basic compound

25 or compounds are used to convert the palladium and gold
into their hydroxides.

The compounds in the basic solution may consist of alkali
metal hydroxides, alkali metal bicarbonates, alkali metal

30 carbonates, alkali metal silicates or mixtures of these
substances. Potassium hydroxide and/or sodium hydroxide
are preferably used.

Palladium chloride, sodium or potassium palladium chloride
35 or palladium nitrate, for example, may be used as a

palladium salt to prepare the noble metal-containing

solution. Gold(III) chloride and tetrachloroauric(III)



Aerosil OX 50Aerosii 90 130 150 200 300 380BET surface area nRl g50 f 1590 t
15130 't 25150 t 15200 t 25300 t 30380 t 30Average size of primary particles
nmd02016141277Conpact ed density ~~ gllca. 130ca. 80ca. 50ca. ?Q@qu@Q@Q%
50ca. 50Lossondrying2~ (2 hours at 105C)<1. 5<1<1. 5<0. 5~~<1. 5<1. on
Ignition 2~5~ (2 hours at 1000 )< 1< 1< 1< 1< 1< 2< 2.5PH 3~ (in 4 %
strengt h aqueous di spersion) 3.8-4.8 3.6-4.5 3.6-4.3 3.6-4.3 3.6-4.3
3.6-4.3 3.6-4.3Si 02s~ % 99. 8> 99. 8> 99. 8, 99. 8> 99. 8> 99. 8> 99. 8AI 2(B s~
%< 0.08< 0.05< 0.05< 0.05< 0.05< 0.05< 0.05Fez03 s~ % 0.01< 0.003< 0.003<
0. 003< 0. 003< 0 03< 0. OO%%;OZ S~ Og Og< 0.83< 0.03< 0.03< 0.03< 0.03<
0.03HO s~ 5285 §°d9s8abtEaskoprpE (P iy 25Resi due
after sieV|ngCWlO(idﬂjaﬁqunmIna@ﬁadﬁumnrhlﬁrﬂde &nd@bsx 0. 05< 0. 05< 0. 05<

0.05< 0.05 frg é@mugf@rg@lusggfglﬁregﬁrs aﬁ%‘% 4" fronDl N53580 5~

with respect to the substance drie 6~ with respect to
t he substance ignited for 2 hrs at 1000C $ HO is a constituent of the

| oss on i g8 tTled depodition of the noble metals in the moulding has an

effect on the impregnation of the moulding according to
the invention with the basic solution. The basic solution
may be placed in contact with the mouldings according to
the invention either at the same time as the noble metal

10 solution or in any sequence with this solution. In the
case of sequential impregnation of the moulding according
to the invention with the two solutions, an intermediate
drying stage may be performed after the first impregnation
step.

15
The moulding according to the invention is preferably
first impregnated with the basic compound. Subsequent
impregnation with the solution containing palladium and
gold leads to precipitation of palladium and gold in an

20 outer shell of the moulding according to the invention.
The reverse sequence of impregnation generally leads to
relatively homogeneous distribution of the noble metals
over the cross section of the moulding according to the
invention. Catalysts with defined outer shells can be

25 obtained, however, even when the reverse impregnation
sequence is used with appropriate process management (see
e.g. US 4 048 096). Catalysts with homogeneous or
approximately homogeneous distribution of the noble metal
generally have lower activity and selectivity.

30
Catalysts with shell thicknesses of less than 1 mm,
preferably of less than 0.5 mm are particularly suitable.
The shell thickness is affected by the amount of basic
compound relative to the desired amount of noble metal

35 which is applied to the support material. The higher this
ratio, the thinner is the shell which is produced. The

ratio between the basic compound and noble metal compounds



cn NOON ~ 5 AP~? ~ 2002 17 To prepare AEROSIL, a volatile silicon
conpound is sprayed into an oxyhydrogen gas flane consi sting of y@@gg@@z
and air. In nost cases silicon tetrachloride is produced. This Is#ib
hydr ol yses under the effect of the water 5 produced in the oxyhydrogen gas
reaction to give silicon dioxide and hydrochloric acid. The silicon

di oxi de, after leaving the flanme, is introduced into a so-called
coagul ati on zone where the AEROCSTL prlnarﬁlpartlcles and primary aggregates
are aggl onerated. The product produced 107'n this stage as a type of

aerosol is separated fromthe gaseous acconpanying substances in cyclones
and then post thesBtig@dnifor gospechéicashelsthicknags dependissopr tbess, the

rteSIt ﬁual gyd][ eeltheel oraeche gappsat HE08Bi4 D étzﬁiqm QW@QSJ@!{ BéﬁFBUﬁdAERE)Sl![—
a e en 0 oces uce Wi a nsi abou
15 g/t a vacde BoRIacHRA L roRRBURIE FepEete” MR E Ao B bt oo
densities of axpediedtdyldetezbinednby defeyr queddshin2@yTeeppalmenks. si zes
of the prodlsctmeofg,h@me@hwkmg§ W?Ta NBYd heary asd %t@fm\iﬁ@w g shsl&gi‘&“ on

condi tions, such as for nE me tenperature, proporti
hydrogen or o¥§geRY FHEtéHﬂu Pre?gglF?%cﬁﬁ§%ﬁ¥§£ﬂﬂ@ﬁql&éesthe resi dence time

inthe flane or the length of the 25 coagul ation zone The BET surface area

is determ ned n h Pl 6.1 I ne Th ROLE vol ume
i's calculatednglgﬁﬁgﬁﬁga g %oﬁ?ﬁﬁ%§§%ﬁ$%$ﬂ$L hlggﬁe%% E e hii:1e ?o 30
pore vol unes. fre@ thacstipéc %péﬁgthcahlIKQQQQﬁLﬂ§§db?m9§hﬁgoﬁhbygr@&kdﬁg

strength tQ@tanErQﬂhbﬁeaEéW@KQuQE@@aEW'édﬂ¥3¥t'EB@ $3)1ad6rt Mh /8 Og @ﬂ@ meso
pores are determ ned b 51130t ern1a d eval ua

Cahyaatades (s e 89 Bl
accordance wi tACBERYIERXBIEF - AT BaFVELS , §n838“me Al Rt%oz 18
The macro porbssaceCdmpenndnerukdrmptmﬁed{}n 1 enei o peofedd. 5 Abrasion

i s deterninedshy;RR2BRPL1 EhexabEESEOR Anchdri ablibkhyskeskes. énpdel TAR)

fromthe Erweka conpany.

15 The mouldings according to the invention are coated with
the basic compounds and noble metal salts by the process
of pore volume impregnation. If intermediate drying is
required, the volumes of the two solutions are selected in
such a way that each corresponds to about 90 to 100% of

20 the absorption capacity of the mouldings according to the
invention. If no intermediate drying step is used, then
the sum of the individual volumes of the two impregnating
solutions should comply with the condition mentioned
above, wherein the individual volumes may be in a ratio of

25 1 : 9 to 9 : 1 with respect to each other. A ratio by
volume of 3 : 7 to 7 : 3, in particular of 1 : 1, is
preferably used. Water is preferably used as solvent in
both cases. However appropriate organic or aqueous organic
solvents may also be used.

30
Reaction of the noble metal salt solution with the basic
solution to give insoluble noble metal compounds takes
place slowly and is generally only concluded after 1 to 24
hours, depending on the method of preparation. Then, the

35 water-insoluble noble metal compounds are treated with a
reducing agent. Wet reduction, for example using aqueous

hydrazine hydrate, or gas phase reduction using hydrogen,



i t,~ i~~~ 2002 19 Exanples Exanple 1 5 69 wt.% Aerosil 200 12.5 wt. %
met hyl hydr oxyet hyl cellul ose 10.2 w.% wax 8.3 wt. % pol yet hyl ene glj?f‘%/(fgb éo
are conpacted in a conpounder, while adding water. The conpoun&éﬁ V4
is shaped in a single-screw extruder to form extruded noul dings and is cut
into the desired lengths of 3 to 5 mmwth a cutting device. The noul di ngs
are dried in a conveyor belt dryer at 90C. The crude 15 noul di ngs are
calcined for 6 hours at 750C. The noulding% obt ai ned have the foll ow ng
physi co-chem cal characteristics: Dinmensi of moul di ngs: D aneter

(nmm) 3. 75Length‘_1(5‘rm1)4 1BET surface area (n2/g)!60Pore vol une

(m / g) 1. 41Fr a@tnyd eder e AQERIPE) 98ALPHSPOFNIRRL ogaporcohsathed density

(g/ 1) 348Si 02 geiiferinedM R¥HABLEEN 20a frxeape 651 zand %mf)leﬁtwte%g)é@&@ﬁirla 200
12.9 wt. % net hyl hydr Té\’r%géﬁl cel | ul gse 25
i P

hydr, g Lose m%.]_%g.‘g)max g.G.vw. %)
pol yet hyl ene §I'yE&di ReBBELALHE A r A HUKSE A5MgPRReELEr Bed
moul di ngs, whielevadeédnprassere:i opbiomehlyarlae svitthudbe additiencaf into
the desiredgl gp@ltlps g@ked.t0 5 or 2 to 4 nmusing a cutting device. The
nmoul dings are dried™at 110C in a drying cabinet. The 5 crude noul di ngs are
calcined for 6 hours at 750C. The noul di ngs obtai ned have the foll ow ng
physi co- chen ®elfochanadyeri aftes: r&dadpien dEtphebIeDnaeasi ons of

nmoul ding: D a r 3 : 4 r e

ar ea160%63( nef%g“gé’#‘é‘g\% ﬁﬁé ?ﬁﬁg%&@% r%gjtrﬁgsgﬁ:sgt ?’ﬁn%ﬁ% fﬁﬁ’@‘a’ﬁbr asi on

(wt. %0. 81. fge@ﬂfﬁaé?eaeaeﬁgiitlyszvlsqmlggm)vas@énsenﬁéﬁ@r(wa.sh%zgg.tlggg. 9
10 catalyst should contain less than 500, better less than

200 ppm of chloride.

The catalyst precursor obtained after reduction is dried
and then impregnated with alkali metal acetates or alkali

15 metal compounds which are completely or partly converted
into alkali metal acetates under the reaction conditions
for the production of vinyl acetate monomer. Preferably,
they are impregnated with potassium acetate. Again pore
volume impregnation is preferably used here. That is to

20 say: the required amount of potassium acetate is dissolved
in a solvent, preferably water, the volume of which
corresponds approximately to the absorption capacity of
the precoated support material for the selected solvent.
This volume is approximately equal to.the total pore

25 volume of the support material.

The final catalyst is then dried to a residual moisture
content of less than 2%. Drying may be performed in air,
optionally also under nitrogen as an inert gas.

30
Supported catalysts with the Pd/alkali metal/Cd or
Pd/alkali metal/Ba systems on mouldings according to the
invention are prepared in accordance with the patents
cited above.

35
For the synthesis of vinyl acetate monomer, it is
expedient to coat the catalyst with 0.2 to 4, preferably



10 Exanple 4 Hydration of ethylene using a known catalyst support. 15 The
catal yst support 350 from Degussa AG which corresponds to the prior art has
a pore volume of 0.8 m/g. This catal yst support is soaked in 4 OARR 2062
H3P04 solution and then dried. 50 ml of this catalyst is incorporated into
a fixed bed reactor and strongly heated at 240C under a 20 stream of
nitrogen. Then the nitrogen is replaced by a gaseous m xture of ethylene
and water. The water throughput is 0.20 g{gﬂ n, the water/ethylene ratio is
15 APR ZOOZ 21 0.27 nol/nol. Analysis of “the energi ng gases is perforned
usi ng on-line gas chromat ography. To assess the catalytic activity, the
rati o of the Qrdateaf3 etthahdf tppldiddilvane 0.4 évaluapedfeyithhy ad. b&etrcage
catal yst tenperatwt & off 240Q ahd 1ra$d qoofE}(aQeQ@abi{C@' 9%&“@%

catal yst based on the known support drat1on 8% et hyI ene
using” a cat al BRE2EF PO rAc A diSAFh 6’1ttlll’e rﬁﬁ?@ﬁ?l BA. t%e S¥robohtatef yst
support with sugpoet weede THisl B arlappliiesaceotdanpa/sikdl i heetanveni i on is

| oaded vvit olyti e Ie4 ndtestedln
t he same reaggf)on n§‘I'hllep£ G{Ee}’sat e?ﬁﬁ%aﬁc{% ¥5§BO¥QS %agiﬁe vvatf

et hyl ene rat i¢ensity 3f mA9 il. \W’tll’-ﬁ Weél&?-‘étygﬂ W@ﬁ@m@g@d$upport

a?:]cordlt ng to ﬁ&a;dmmwtﬂegrhtédﬂ%d@eﬂégtlahgﬁst?t@l a&dzoﬁ Cal vt

chr omat ogr am i.S er a atal ys

based on the %51]0](&1 ‘ﬁ‘b oor 1059?3’1? %0@?%@2 E?agrrgov% Iﬁgs based on

pyrogeni c si Ip@ms&ﬁmladmtaﬁﬁarwmksedpbyha pop Ee gy LiTey oa‘o]ﬁnfidrm 1.8

m /g, pref a/ng,,,u Vb0 n t Q8 2.0
M a BET-lgjft?{aéc/eéo alfﬂeeast%n]dslglgm it g; pamiggiﬁ‘?e&g? ?d’e%r?r?%ﬂ)m% 250 N,

a Si O~ fractd%h Hrsalweq HéhaQQfoé‘%F owaiep, phick ‘F%‘Fr%‘ﬂpﬁgjﬁ t®
moul di ngs basaembuj:n qnyrmamcxz oifl ithenwditexi dbsorpbhien peamaaiddywrer athe)d. 5 to

1.8 m/g in GG W &n%‘t%n%@ Eeééxﬁé }'f-]é‘ ddidte 311051 ﬁ%ge”' C
silicon di OXI e I s om)ge WI th me ydroxy ycfene ce ose
and pol yet hylfaie Ug ttllilet ﬁ’éséc@dﬁpllﬁ igh.water, is subjected to a

conpoundi ng and shapl ng process and extruded, the extrudate is optionally
cut into desifed | epgths wth t v at_.a erature
of 70 to 150CHE FAMHIY S % %58 bggag? 50%) et wdolﬁastaahys

t enper at ure dfeiBlily P200C0 2. 5 wt.%, preferably 0.4 to 2.0 wt.%.

The barium content of the Pd/alkali metal/Ba catalysts is
20 generally 0.1 to 2.0 wt.%, preferably 0.2 to 1.8 wt.%

The palladium content of Pd/alkali metal/Cd or Pd/alkali
metal/Ba catalysts may be 0.2 to 4 wt.%, preferably 0.3 to
3 wt.% of palladium.

25 _
The potassium content of the Pd/alkali metal/Cd or
Pd/alkali metal/Ba catalysts is generally 1 to 10 wt.$%,
preferably 1.5 to 9 wt.%.

30 The invention also relates to catalytic reactions under
hydrothermal conditions, such as e.g. the hydration of
olefins to give the corresponding alcohols in the presence
of phosphoric acid or another active component, for
example a heteropoly acid, wherein the mouldings according

35 to the invention are used as catalyst supports.



3. Use of nouldings according to claim1 as catal ysts or 20 catal yst
supports. 4. Supported catalysts for the. production of vinyl acetate
mononer (VAM which contain on a support (noulding). as catal)j iAFR 20802
active conmponents, 25 palladiumand/or its conpounds and al kali netal
conpounds, and also gold and/or its conpounds (Pd/al kali netal/Au systemn
or cadm um and/or its conpounds (Pd/alkali netal/Cd system or barium
and/or its conpounds (Pd/alkali netal/Ba system) or 30 palladium alkali
met al conpounds and mi xtures of gold and/drd cadni um and/ or barium
characterised in that the support is a nmoulding in accordance with claim 1.
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with alkali 5 nmetal acetat es or al conpounds C(’anl etely
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claim4 for tHatwlesicmayn bef S@ﬂﬁyteéc@%‘éhvl rdfornandsy 0. Bpr &gnat i ng t he

support wi th ao laaﬁj/qmﬁ xS /YL pRedAg) 8o Uid Proaiiedl Bisng §akdnahdy _
pal | adi uman%l S: %{%I |rrpr§?nat|on n%g take place at the sane tine or in
sequence, SORGG AN CEF frebPAEET M i ng, washing the support to
remove optionally present chloride and reducing the 20 insol ubl e conpounds

preci pi tated el BeowuBROEL HREOEES Ofo! bRt ARl NnaHoY! idy! BEsEohal V!

precur sor obt al ne hi s way and npregnat|n nmet al acet at es
or alkali met&utsdssoths r\%ﬁﬂ@h‘“ﬁ?@%’é%l%‘?‘é‘{%r A gxeppgec8fvERLEJCARt o
al kali netal e Foehdt 65 DEdOS 2bel$edBéi Caxanpld tli)yanThkoteinperptadact i on

of vinyl agefate 3 Ese, %Q%Qg&&g‘ §8&"’d Ak 3he! Q%té?p gréttgflén roul di ng

in accordance Wt ported cata accor ?o cl ai ns
4 to 6, charad®@ddiosedpon Ohdd @ﬁé/la@kal‘l’l%taaltoet@é{ @tr@sesldral REl Onkanl

conpound is pqu@ssssts@h@qatlabams héJ_S@ Dé dhe adiaaltewperaeqkdi BEdt Qatbai NB 4
to 6 to 35 prepare unsaturated esters frO”}ZPl eflns rgani ¢ acids and

oxygen in the §§§u§h§§8ssure ?}u t?e rﬁ"b‘b P o §° lﬁsc’t f catal ysts which

contain an active component mhlch is applied to a noulding in accordance

with clai mp fmr Eﬁs‘é@'a!*b't‘ioheé@t igaﬁréwt% i Ridarrah 5fC§EQBSS1!LQ 10.
Use according t gc aim9 f rati on, of, olefi

di
Lo craror 10 sikel PUACS . HRPRE, Fihd Soet B g et The ﬁsgtaeagtvﬁa Eﬁ%:ﬂe' "

component . however lies in the range between 180 and 225°C. n-
propanol is produced as a secondary product during this
reaction.

25
Pellets of synthetic silicon dioxide with a high fracture
strength, high porosity and low metallic contamination may
be used as catalyst supports for the active component
phosphoric acid in accordance with EP 0 578 441 AZ2. The

30 pores in the support are used to absorb the active
component. The average pore radius before use in hydration

reactions is in the range between 1 and 50 nm.

In the case of hydration of olefins, phosphoric acid is
35 introduced as an active component into the catalyst
support. For this purpose, the support is immersed in and

soaked with an aqueous solution of phosphoric acid.



12. Use according to claim10, characterised in that a heteropoly acid is
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210%& ()-I 219%2{\%1;3“&%@,%'{9& Iarzelmlﬂner@m@bb%s B$9§K¢tlp29@w<4) -1
210%& ()-)10 Ziﬂi/&:(é $tZJd % (9 typel P aehrosoll@¥Rsépakated from the
210% () - $b%0%b ybalt:)gclsompanylng substances in cyclones and then post-
treated with moist hot air. As a result of this process,
the residual hydrochloric acid content drops to below
0.025%. Since the AEROSIL at the end of this process is
15 produced with a bulk density of only about 15 g/1, a
vacuum compaction process follows, by means of which
compacted densities of about 50 g/l or above may be

produced.

20 The particle sizes of the products obtained in this way
may be varied by varying the reaction conditions, such as
for example the flame temperature, the proportion of
hydrogen or oxygen, the amount of silicon tetrachloride,
the residence time in the flame or the length of the

25 coagulation zone.

The BET surface area is determined in accordance with DIN
66 131 using nitrogen. The pore volume is calculated
arithmetically from the sum of the micro, meso and macro

30 pore volumes. The fracture strength is determined by using
the breaking strength tester from the Erweka company
(model TBH 28).

The micro and meso pores are determined by recording a N,-
35 isotherm and evaluating it in accordance with BET, de Boer

and Barret, Joyner, Halenda.
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The macro pores are determined using the Hg injection
process.

5 Abrasion is determined by means of the abrasion and
friability tester (model TAR) from the Erweka company.
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Examples
Example 1
5 69 wt.% Aerosil 200
12.5 wt.% methylhydroxyethyl cellulose
10.2 wt.% wax
8.3 wt.% polyethylene glycol

10 are compacted in a compounder, while adding water. The
compounded material is shaped in a single-screw extruder
to form extruded mouldings and is cut into the desired
lengths of 3 to 5 mm with a cutting device. The mouldings
are dried in a conveyor belt dryer at 90°C. The crude

15 mouldings are calcined for 6 hours at 750°C.

The mouldings obtained have the following physico-chemical

characteristics:

Dimension of mouldings:

Diameter (mm) 3.75
Length (rm) 4 £+ 1
BET surface area (nf/g) 160
Pore volume (ml/g) 1.41
Fracture strength (N) 25
Abrasion (wt.$%) 2.1
Compacted density (g/l) 348
Si0, content (wt.$%) 99.85

20
Examples 2 and 3

71.4 wt.% Aerosil 200

12.9 wt.3% methylhydroxyethyl cellulose
25 7.1 wt.% wax

8.6 wt.% polyethylene glycol
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are shaped to give extruded mouldings, while adding water,
in a twin-screw extruder and are cut into the desired
lengths of 3 to S or 2 to 4 mm using a cutting device. The
mouldings are dried at 110°C in a drying cabinet. The

5 crude mouldings are calcined for 6 hours at 750°C.

The mouldings obtained have the following physico-chemical
characteristics:

Example 2 Example 3

Dimensions of .

moulding:

Diameter (mm) 3.7 2.65

Length (mm) + 1 31

BET surface area 160 163

(n’/g)

Pore volume (ml/g) 1.46 1.54

Fracture strength (N) 20 7

Abrasion (wt.$%) 0.8 1.15

Compacted density 327 310

(g/1)

Si0, content (wt.%) 99.9 99.9
10

Example 4

Hydration of ethylene using a known catalyst support.

15 The catalyst support 350 from Degussa

to the prior art has a pore volume of

catalyst support is soaked in a 60 wt.

then dried. 50 ml of this catalyst is
fixed bed reactor and strongly heated

20 stream of nitrogen. Then the nitrogen

gaseous mixture of ethylene and water.

AG which corresponds
0.8 ml/g. This

% H3;PO,; solution and
incorporated into a
at 240°C under a

is replaced by a

The water

throughput is 0.20 g/min, the water/ethylene ratio is
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0.27 mol/mol. Analysis of the emerging gases is performed
using on-line gas chromatography. To assess the catalytic
activity, the ratio of the area of ethanol to ethylene is
evaluated. With an average catalyst temperature of 2406C,

5 a ratio of 0.078 is calculated for the catalyst based on
the known support 350.

Example 5

10 Hydration of ethylene using a catalyst support according
to the invention.

A SiO, catalyst support with a pore volume of 1.36 ml/g in
accordance with the invention is loaded with H3PO,; solution

15 in the same way as in example 4 and tested in the same
reaction. The water throughput is 0.22 g/min, the water to
ethylene ratio is 0.30 mol/mol. With this catalyst on the
catalyst support according to the invention, the ratio of
areas obtained on a gas chromatogram is 0.103, i.e. it is

20 32% higher than with the catalyst based on the known
support.
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, PPPPPPPIPX<’ &10H &teUR8ZASe(with claim 1, characterised in that
10 pyrogenic silicon dioxide is homogenised with
methylhydroxyethylene cellulose, wax and polyethylene
glycol with the addition of water, is subjected to a
compounding and shaping process and extruded, the
extrudate is optionally cut into desired lengths with
15 a cutting device, dried at a temperature of 70 to
150°C and conditioned for a period of up to 10 hours
at a temperature of 400 to 1200°C.

3. Use of mouldings according to claim 1 as catalysts or
20 catalyst supports.
4. Supported catalysts for the production of vinyl

acetate monomer (VAM) which contain on a support
(moulding), as catalytically active components,

25 palladium and/or its compounds and alkali metal
compounds, and also gold and/or its compounds
(Pd/alkali metal/Au system) or cadmium and/or its
compounds (Pd/alkali metal/Cd system) or barium
and/or its compounds (Pd/alkali metal/Ba system) or

30 palladium, alkali metal compounds and mixtures of
gold and/or cadmium and/or barium, characterised in
that the support is a moulding in accordance with

claim 1.

35 5. A process for preparing supported catalysts according
to claim 4 for the production of vinyl acetate

monomer by soaking, spraying, moistening, immersing
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[ 110% V& ()- production of v1nyl a etate monomer, 1n an
appropriate sequence, characterised in that the
10 support is a moulding in accordance with claim 1.
6. A process for preparing supported catalysts according

to claim 4 for the production of vinyl acetate
monomer by impregnating the support with a basic

15 .solution and a solution containing gold and palladium
-salts, wherein impregnation may take place at the
same time or in sequence, with or without
intermediate drying, washing the support to remove
optionally present chloride and reducing the

20 insoluble compounds precipitated on the support
before or after washing, drying the catalyst
precursor obtained in this way and impregnating with
alkali metal acetates or alkali metal compounds which
are completely or partly converted into alkali metal

25 acetates under the reaction conditions for the
production of vinyl acetate monomer, characterised in
that the support is a moulding in accordance with
claim 1.

30 7. A supported catalyst according to claims 4 to 6,
characterised in that the alkali metal acetate or
alkali metal compound is potassium acetate.

8. Use of the catalyst according to claims 4 to 6 to
35 prepare unsaturated esters from olefins, organic

acids and oxygen in the gas phase.
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which is applied to a moulding in accordance with

claim 1 for catalytic reactions under hydrothermal
5 conditions.

10. Use according to claim 9 for the hydration of
olefins.

10 11. Use according to claim 10, characterised in that
phosphoric acid is used as the active component.

12. Use according to claim 10, characterised in that a
heteropoly acid is applied as active component.
15
13. Use according to claim 11 or 12 for the hydration of
ethylene to prepare ethanol and diethylether.

14. Use according to claim 11 or 12 for the hydration of

20 propylene to prepare isopropanol.



