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PCT/ EP98/ 04861 W0 99/08786 Supported catal ysts which contain gcwpgﬁfpﬁ@m
nmetal and a process for preparing di aryl carbonates The
present invention relates to platinum netal -containing supported catal ysts
in 5 which the supports contain m xed oxides of netals, transition
netal s and sem conduct or el enents, which can act as redox catal ysts
under the reaction conditions and whilch have been prepared in a

sol -gel process and use of the supported catalysts in a process for

preparing di ar ySugparfearataystsvhich 26ktafiOa pladiiid mefdY dh @4 pro@RP fudifeparing

w t h carbon nonoxi de and oxygen. 10 t 1's known that organic

car bonat es can Haryhearbonates by oxi dati ve reaction of aromatic hydr oxy
conmpounds wi th carbon nonoxide in the presence of a noble netal catalyst
(DE-CS 28 15 512). Palladiumis preferably used as the noble netal. In
addition a co- The preséh@tiddeifibn (€lats toPIIRATISSRcAl-csitdi@by sAppdrll, callRB&SHh a
quaternary salt, a variety of quinones 15 or h drq(;?g;l nones and a drying

agent rmay afso Wechist. supperty enstadyr wixedy okides of maly,f Grmeitipn nefals opident
preferably in %ﬁ%h&ﬁ?or%ﬁ%@e{xﬁsdﬁhich can act §s %?of%agaﬁ)rfststlﬁld&ﬁ%l%?é’a%&%héo diglrof[i) ess

in an econom c nmanner, e I've recover e neta at al yst
is a critical fandtwdich Hawe bekahipréparedtin asblezehpiotass tiyd e df elsepiorted tatalgbts ilhe 20
catalyst. On the one hand the ngble nptal catal yst represents a | arge_cost
factor. Losses & processder prspgrmg iaryl coronaies Y 1eacine: aomaic Byireryeepmpougdsat

cost. On the Ot\ﬁﬁ{%a?@dhqn%gfcﬁ%%lﬁkl en of the noble netal catalyst

should remain in the pro t e economic and efficient recovery of
honogeneoudOcat al ysts for the process of oxidative carbonyl ation of

aromati ¢ hydroxy. conpo s to.give diaryl carbonates has not hitherto, been
25 descr bed ¥ IEOE i REBiF OO bR SRR FRHTLOR e

reaction m xt UrdrdkySGompounds wih EdtbdnShbitkid in SR prietdnb@bNS noSl8 b dRalyker med
at low cost if heterogeneous supported catal ysts are used. In

EP- A 572 980, HKPEAO$Q8 15$12) Rdllammisgrdfetbly usebhethapollt netghdontditiocated yst s
30 are used whjch contain 5 % pal |l adj um on carbon supports. However

these types of cHalyst g nnewie Grsomtels e sy S g vyt gt
conver si ongs or RVISArdyRRRnéd aid la, drying agent may also be used. The procedure may be

performed in a solvent, preferably in methylene chloride.

In order to perform this process in an economic manner, effective recovery of the
noble metal catalyst is a critical factor, in addition to the activity and selectivity of the
20 catalyst. On the one hand the noble metal catalyst represents a large cost factor. Losses
of noble metal catalyst have to i)e replaced at great cost. On the other hand no residues
of the noble metal catalyst should remain in the product. The economic and efficient
recovery of homogeneous catalysts for the process of oxidative carbonylation of
aromatic hydroxy compounds to give diaryl carbonates bas not hitherto been
25  described. The separation of a noble metal catalyst from a liquid reaction mixture, e.g.
by filtering or centrifuging, can be performed at low cost if heterogeneous supported

catalysts are used.

In EP-A 572 980, EP-A 503 581 and EP-A 614 876 noble metal supported catalysts
30  are used which contain 5 % palladium on carbon supports. However, these types of

supported catalysts produce only very unsatisfactory conversions or even none at all,



-2- ’ so that these are also unsuitable for an econom cally viable
process. WO994I878% 01/ 165 551 (cited in accordance with CCA/EPPYHELE1g;
(1990)) describes using pal | adi um or pal | adi um conpounds such as

pal | adi um acetyl acetonate, in conbination 5 wth alkali netal or

al kaline earth netal iodides or 'onium iodides, such as

t et rabut yl anmoni um i odi de, and at | east ong zeolite to prepare aromatic

car bonat es. JP- A 04/ 257 546 and JP-A 04/ 261 142 each describe an
exanpl e of a supported catal yst for preparing aromatic carbonates in
whi ch silicon cartitdifesd braAL BsiaBle Yo eBdnokfcallyvit®leptoRes.t material for a
supported catalyst in a distillation colum. Al g’hough drastic

conditions (high pressure, high tenperature) are used in the rel evant

Thase |ow spacerc s SRRolllR BEREEE oRR' ey TEk7eetl ERRRT e Be bitdas

carbonat es W t hpalladigmtot pellafius ¢oResnas! sihtad b¥lfdium acetyladefBR&S SinRb@binkfon
EP- A 736 324 describes the preparation of diaryl carbonates with

het er ogeneofls With allsdir mefalt er wikaline earth anefala igsiidesi eruraniime ajodides,e suchaps y
pal | adi um and p 11 G o co d I r abl al from
the group M, égtr &%’g,ﬁﬁﬁhé% l%ée’ﬁﬁ%%ﬁgﬁ one %?@%g"r Qr%arﬁirgmgg éﬁr@%ﬁggets't he
co-catalytic netals are applied to a support. 20 EP-A 736 325

descri bes the prggar‘@%tion of diaryl carhbonates w th heterogeneous

catal ysts whi ch/® X At FrdnPHeehil42 sady dessrbs, ap srampie ha spparted

support which 1 ' §ﬁ1§g %@m : ' iR 3 I | st
in several val ecriaga ngog?ge?. %éﬁ@gﬁgﬁhﬁﬁggﬁﬁsup%gﬁ%?:%g]{l%@s sd ggr(labl e
t he prepar d0i orthesuppon medtérial darasappdried chtalyst in a distillagorf ¢olwhint Although dfastid her

increase in activity ig.desirable froman econom ¢, point. of view.
conditions &ngclm pressure, ﬁlgL temperature) are use mpt?le relevant examples, these

catalysts produce only very low space-time yields. These low space-time yields make

the economic production of aromatic carbonates with this type of supported catalyst

impossible.

15
EP-A 736 324 describes the preparation of diaryl carbonates with heterogeneous
catalysts which contain a platinum metal, preferably palladium, and a co-catalytic
metal compourid, preferably a metal from the group Mn, Cu, Co, Ce and Mo. When
preparing the catalysts the co-catalytic metals are applied to a support.

20

EP-A 736 325 describes the preparation of diaryl carbonates with heterogeneous
catalysts which contain a platinum metal, preferably palladium, on a support which

consists of a metal oxide in which the metal may exist in several valency states.

25  Although these supported catalysts enable the preparation of aromatic carbonates for

the first time, a further increase in activity is desirable from an economic point of view.

It has now been found that higher catalyst activities can be obtained if platinum metal-
containing supported catalysts in which the support contains mixed oxides e.g. of V,
30  Mn, Ty, Cu, La, the rare-earth metals and mixtures thereof which act as redox catalysts

under the reaction conditions, which have been prepared in a sol-gel process and which



It has now been found that higher catalyst activities can be obtained jf
pl ati nim met al - V09908786 ont ai ni ng supported catal ysts in whi chP¢HE8MSpbr t
contains m xed oxides e.g. of V, 30 Mh, Ti, Cu, La, the rare-earth netals

and m xtures thereof which act as redox catal ysts under the reaction
condi tions, which have been prepared in a sol-gel process and which
-3 - contain platinumnetals are u§ed as catal ysts. The

i nvention provides catal ysts which contain 5 (1) an oxide of the

el ements silicon, alumnium titanium zirconiumor a mXxture

of oxides of t%ﬁ%ix?l@tﬂﬁﬁiﬁetalsareusedas&dtdl}sts. one or nore co-catalytic netal
oxides fromgroups 4, 5, 6, 7, 11, 12, 13, 14, the I ron group
(atom c nunbers 26 to 28) or the rare-earth nmetals (atom c nunbers 10

58 to 71) int L odi tem,of the elenments in accordance with the new
| UPAC nonencl a?ﬁl}eg;ﬁ\;eélﬁgngro%ydsesca Y Sh SIS, o e pl ati num netal s or one
or nore conpounds of platinumnetals (atom c nunbers 44 to 46
and 77 and 78) in an ampunt 0.01 to 15 wt.% 15 . calculated as

pl atinum nme?al @nd v#taxidecaf e elements pidicon, ahamipjamg Htaniym, @ixeqiiyns or a mixture

whi ch are obtai ned ' fromone or nore suitable
precursor(s) of the%owcigp@i(r)t%p&gﬁeﬁ%g&hentioned under (i) and (ii), ageing,
drying and optionally annealing the gel, shaping the m xed netal

oxi de obt ai ned (1 this way and then applying the 20 g)l ati num net al
conponent (iii)ilo (e OF NP FOonsatalyticamstaloxides from groups 4, 3, 6, 7, 11, 12, 13, 14, the

iron group (atomic numbers 26 to 28) or the rare-earth metals (atomic numbetrs

10 58 to 71) in the periodic system of the elements in accordance with the new

TUPAC nomenclature, and

(i)  one or more platinum metals or one or more compounds of platinum metals
(atomic numbers 44 to 46 and 77 and 78) in an amount 0.01 to 15 wt.%,
15 calculated as platinum metal and with respect to the total weight of catalyst,

which are obtained by preparing a gel from one or more suitable precursor(s) of the
components mentioned under (i) and (ii), ageing, drying and optionally annealing the
gel, shaping the mixed metal oxide obtained in this way and then applying the

20  platinum metal component (iii) to the mixed metal oxide.

Supports according to the invention probably act like a separately added co-catalyst,
but they avoid all disadvantages of separately added co-catalysts such as mixing with
the reaction product and thus contaminating it. In accordance with this hypothesis, all

25  the metals mentioned are those which can occur in several valency states. As a result
of the special method of preparation, mixed oxides according to the invention are
obtained which produce particularly active catalysts as compared with the prior art.
This is particularly surprising since the activity of known catalysts is only very slightly
affected by the method of preparation of the support.

30

Catalysts according to the invention contain, when ready to react



Suppor'ts accordj to the invention probably act |ike a separately added
co-cat al yst, %899;05&6 they avoid all disadvantages of separ aPeRFo8Btey
co-catal ysts such as mxing with the reaction product and thus
contamnating it. In accordance with this hypothesis, all 25 the netal s
mentioned are those which can occur in several valency states. As a result
of the special nethod of preparation, m xed oxides according to the

i nvention are obt ai ned whi ch producé™particularly active catal ysts as
conpared with the prior art. This is particularly surprising since
the activity of known catalysts is only very slightly affected by the
met hod of preparation of the support. 30 Cat al ysts according to the

i nvention cont dbn, vilerxidecefdhe elements sificon, aluminium, titanium, zirconium or a mixture

-4 - (1) . OX] f elements silicon, alum nium titanium
zirconiumor a m xt uortggld%bﬁﬁes%ele%tsbf oxi des of these el enents, 5

(i) one or nore co-catalytic netal oxides of the groups 4, 5, 6, 7, 11,
12, 13, 14, . t he iron.grou? (atom c nunbers 26 to 28) or the
rare-earth fretdfiy (3069 anore co-catalytic metal pxidescdisdhe gropps 415, 6 A, Hhd2pkhilddi ¢
system of the elene . - 1l | .

pl ati num netal s or (r){hi u%{rl Lé?é&e(ag‘%ﬁn%onlﬁ%%rso% Eﬂ E%.§)I %Il(J{nI%erre eéﬁ%{s][ﬁ fgétalg‘iﬁtgmm
(atom ¢ nunbers 44 tmmmbBrsei®do 77) ianite pefipdic Bysiéin afhe Blem@ntd TUPAC, mevd, atid
preferably 0.05 to 10 wt.% calculated as platinumnetal and with respect
to the total weight of catal yst. Cat al ysts accordi ng
to the inventiggpar f r i

sui table pr ecugggr ( go)neoos%t%ﬁg%%:a@ﬁn%%nlgﬁfﬁé Oirlr%ﬂ?iogﬁ{gﬁ %dr?l@eo?lﬁﬁ ?ff%‘l%@%?&k nor e
suitable 10  precuptsong simbérs dhetocdttnpan@hiasd M8Nin amechoumtd@01 ¢o i15, wizlgei ng
the gel, drying and(.PrthﬁIi_aBly?(ﬁég %ﬁé %%?%&%&L{GR%S tppa%m?rglrr’letga alilldn tﬁpegpergt 2c(oe{j

nmet al oxi de obt ai ne
the total weight of catalyst.

Catalysts according to the invention are prepared by preparing a gel from one or more
15 suitable precursor(s) of the components mentioned under (i) and one or more suitable
precursor(s) of the components mentioned under (ii), ageing the gel, drying and
optionally annealing the gel, making the mixed metal oxide obtained into the desired
form, e.g. powder, granules, extrudate, spheres, cylinders, hollow rings, using methods
known to a person skilled in the art, and then applying the platinum metal components
20 to the catalyst supports being used according to the invention using methods basically
known to a person skilled in the art, such as, for example,soaking, adsorption,

immersion, spraying, impregnation and ion exchange.

The mixed metal oxide supports are used according to the invention as powders,
25  tablets or binder-containing extrudates. Suitable binders are e.g. SiO,, ALO; or
aluminas. The concentration of binder may be varied over a wide range, for example
0.5 to 99.5 wt.%, with respect to the total weight of support. The mixed metal oxide

may also be applied as a layer on an inert material (wash coat).

30 The gel according to the invention can be prepared by almost any known method.

Methods which are known for preparing mixed oxides based on a gel are preferably



form e.qg. pomder (%ranules extrudate, spheres, cylinders, hollow rings
usi ng net hods Kown to a person skilled in the art, and ?ﬂ@ﬁwgﬁﬁ ylng
thé plati num netal conponents 20 to the catal yst supports bei ng used
according to the invention using nethods basically known to a person
skilled in the art, such as, for exanple, soaking, adsorption,

| mrer si on, spraying, inpregnation and ion chhange. The m xed net al
oxi de supports are used according to the irnvention as powders, 25 tabl ets
or binder-containing extrudates. Suitable binders are e.g. Si 02, A1203 or
alum nas. The G@BEeTHid iatludds, f& eianM@ thd TMrd1Psid/é¥ dn8 Yr RGRY metaVilkSkided aador f OF
exanpl e 0.5t0 99.5 Wt.% W th respect to the total wei ght of

support. The mbyécplmblalmetxl dempounds undey avids aehieal ayphasisdecaditions ay shitable an

[ t t I d t
be.pr epar ed by SIARSEr B HACHD AT, 1T et Bl b oL RS or
pgeparl Ng m Xedy Quk gpﬁo{%@&gm&r}n gg beﬂfs@? preferably

used. This includes, exanpl e, the hydrolysis of one or nore
met al al koxpdes and/ or hydrolysable netal conpounds under acid,
neutral or basi nditions i ui t S _at tenperatur of
Orori1C to 200 SR Prdyry o wn' il s atkspiis PF e SyshaBui franss,
of one or nDretgﬁﬁﬂﬁﬂ?§hﬁ@ya§b§gxﬁ Ssiged. 5 Sui t abl e precursors of
silicon dioxide are al koxi des of silicon such as, for exanpl e,
tetraet hoxysilane, tetramethoxysilane. Suitable precursors of

al um ni um oxi d o] I kox des_such as_. net hoxyval um ni um
tri et hoxyal uni ﬁslugtrraﬁgle \Q@Jur g miniin e ate, Ii OWer A6 Wt as
propoxyal umd ni Ltfﬁneﬁibkyﬁﬁﬁmbiﬂﬁ OXYtﬁb&lﬁiﬁl@xﬁﬁnuﬁf | - @G- oy Mahiiind] UMri-36-
tri-tert- but oxyal um ni um or al um ni um al koxi des with chel ati ng
| i gands such asPropoxyalugpinivimo it bteR EHEaN, ateteoRuioryaleminium, or tri-tert-

butoxyaluminium or aluminium alkoxides with chelating ligands such as

dibutoxyaluminium-ethylacetoacetate.

15 Suitable precursors of titanium oxide are tetramethoxytitanium, tetraethoxytitanium,
tetraisopropoxytitanjum;  suitable precursors of zirconium oxide are
tetracthoxyzirconium, tetra-tert-butoxyzirconium, tetra-n-butoxyzirconium, tetra-iso-
propoxyzirconium. Suitable hydrolysable salts are for example titanium tetrachloride,
organic salts such as aluminium acetylacetonate, zirconium acetylacetonate or the

20  corresponding mixed metal compounds and salts.

Suitable solvents are, for example, monohydric alcohols such as methanol, ethanol, n-
propanol, iso-propanol, n-butanol, 2-butanol, t-butanol, polyhydric alcohols such as
glycol, 1,2-propanediol, 1,3-propanediol, monofunctional or polyfunctional ketones
25  such as acetone, 1,3-pentanedione (acetylacetone), cyclic or linear ethers with one to
three oxygen atoms such as tetrahydrofuran, dioxan, diethyl ether, glycoldiethyl ether
or diethyleneglycoldiethyl ether, ether-alcohols such as glycolmonomethyl ether,
nitriles such as acetonitrile and benzonitrile and amides such as dimethylformamide.
Alcohols, diketones and ether-alcohols are preferred. Obviously mixtures of solvents

30  may also be used.



15 Sui t abl e precursors of titanium oxide are tetranethoxytitani um
tetraethoxytrtéW?%Wi 86 t et rai sopropoxytitani um sui t abl BCTBRO&RBPSor s
of ° zirconium oxide are t et raet hoxyzirconi um
tetra-tert-butoxyzirconium tetra-n-butoxyzirconium tetra-iso-
propoxyzirconium Suitable hydrolysable salts are for exanple titani um
tetrachl ori de, organi c salts such as al um nium acetyl acet onat e,
zirconium acetyl acetonate or the 20 corré§pond|ng m xed netal conpounds
and salts. Suitabl e solvents are, for exanple, nonohydric al cohols
such as met hanofhe @RARCre ubtsd in amouni'sARAMHAI the'lﬁ&axpfaﬁé’%P ijoxﬂae by 5AREHt s

2- but anol, t-butanol, polyhydric alcohols such glyco

1, 2- propanedrolloiﬂslﬂﬂﬁpanedrol nDnofunctronaI or polyfunctronal ket ones
25 such as acet one, 1,3-pentanedione (acetyl acetone), cyclic or |inear
ethers with one to t hree oxygen atons such as tetrahydrofuran,

di oxan, di et hy| pfidIE alky@hty® preinsér R MIOTE) may also Bé uéiz’d%'f%‘ 084S Yeetdhet hyl

et her, ether-al cohols such as gl ycol onhonet h g/ nitriles such
as acet oni t §i | eoabgimpention,iwherein M sepsesants dusofthe hlemsntel meationed fuoderdhi Gey)

Al cohol's, di ketgnes, &%Hé)tfg}g %lgm&%hm dR'%nd &7 efdeepen%ently ofveagﬁlslr er, rpeﬁ(rtes%;ltes of

sol vents 30 nay al

- 6- Theallsd) wQkiyS oara@ylugaﬁbg WitAMDY DS ks 4tbdk. TRE foTRivakg fuadlyl ke Of

al koxi de to solvent is 1:0.2 to 1:100. Partrally al kyl at ed
precursors Rl Npeytppgd %V%P%Q?a@éleu@é@ﬂmeth%s%ﬂémﬂ%mﬁ@@bﬁdFlrﬁg 5 "to the
I nvention, wherein Mrepresents one of the elenents nentioned under (i),
(x+y) is the valency of the elenment and RL and R2, independently of
each ot her 10r epCesaalytic compoundb kytich ﬁmylﬂemhemi“on&t ylle @fe%rp@ow Edmpbuhds 80
carbon atons. The vvay of  exanpl e:

f ol
methyl tri et hoxfé‘?’?%\"l‘r‘e}m@ttﬁ‘ﬁlgwﬁse‘{ Ro%ysitl alr;Fe13 14’1@3 “0&81%1& %TPW‘% runksEpAUnds
whi ch b t
T o B9 55 AT EOERUECS 1) g ST 0T

t he groups 4, 5, the I ron grou
elements (IUPAC, new) with a total molar proportion of the components mentioned

under (ii) of 0.1 % to 99.9 %, preferably 0.1 % to 40 %, in particular 0.5 % to 20 %,

15 with respect to the total number of moles of the components mentioned under (i) and
(ii), introduced into the catalyst, preferably Mn, Cu, Co, V, Nb, W, Zn, Ce, Mo, in
particular Mn, Co, Cu, Mo, Ce, quite specifically Mn and/or Ce.

Suitable precursors of the co-catalytic metals are basically known, and the following
20  may be used for example: inorganic salts such as halides, oxides, nitrates, sulphates,
carboxylates, salts of monofunctional or polyfunctional organic C, to C,5 carboxylic
acids such as acetates, cyclohexane butyrates, diketonates such as acetylacetonate,
ethyl hexanoate, alkoxides such as methoxides, ethoxides and isopropoxides and
complex compounds which contain, for example, carbon monoxide, olefins, amines,

25  nitriles, phosphines and halides, as well as mixed salts.

Heterometallic alkoxides of the formula [L,_M-(OR),-M’L,’] are also known and are

described, for example, by Mehrotra et al in Mat. Res. Soc. Symp. Proc. 121 (1988)

81; D.C. Bradley et ol in “Metal Alkoxides”, Academic Press, NY (1978); K.G.
30  Caulton et al in Chem. Rev. 90 (1990) 969.



to 28)T or the rare-earth nmetals (atom c nunbers 58 to 71) in theprg) odi c

syst em’of WO Y98Nt s (I'UPAC, new) with a total nolar prof)%l? 8 t he
corfponent s nenti oned under (ii) of 0.1 %to 99.9 % preferably 0.1 %
to 40 % in particular 0. 5 %to 20 % 15 wth respect to the total

nunber of noles of the conponents nentioned under (i) and (i),

i ntroduced into the catalyst, preferablyl\/t) Cu, Co, V, Nb, W Zn, Ce, M,
in particular Mr, Co, Cu, M, Ce, qui'fe speC|f|caIIy Mh and/ or Ce.

Sui tabl e precursors of the co-catalytic netals are basically known, and the

following 20 PRkt dfS@EhgolfidsCechiamit %okghﬁfcgl@ghhés SalchSmay 66 Aentibadd ges,

oxi des, nitrates, sul phates, carboxyl ates, salts of nonofunctional or
pol yf uncti onal GHE@ANY isgprepexides C@amib\é)yme@wxyethoxutce icersuns(idh aeptylegstonatees

exanont o, al kosPAbc RS Cooblih oo RAEP RS HBOED, pespresllih

conpl ex conpoungdsngahdse(ll)Cc onéthdxide, fOFmﬁfgatﬁBQé(ﬂ,) C%aymcml demarplagdst(lS)
am nes, 25 nitriles, phosphines and halides, as well as m xed salts.

Het er onet al ¥i ¢ asetylsgstemate, of copprs(M)or Zrathalhpxampte.oRyppRI(lh' pthakide.a| eapPRIEBN

gg(rjrpér I%r oc. 12%@§@§%m£’0&p§%;%y l%iég’g{%gynq@{ﬁnw) &hq’%\g? I\{F&XP {éom 8@0

é(é gdem' Cc Press, etlidXidel Qifiplybdentin d€racth&ddd)f aivlybiderim(Vi) %ﬁ%ls%vyla&fbné&,QQO)
Exanpl es of coﬁﬁ%ﬂﬁ%%nf”éﬂﬁﬁbﬁﬁceﬁflwmﬂéml .(\gaalﬁ%bé \aﬁﬁtﬂwemytebe Vﬁ%aw%@@d

ar e: ceri d H@fﬁ%{? Qx. [11)
acet yl acet onat e&% a&toﬁa@%ﬁ% tE(ﬂ éfgr s %ﬁﬁgﬁhom err%%o a (tF!C}?bl%ﬁom&@ 'x{&'g(
acet yl acet dhat enngstenéVE) ( Ethb)idec em;gs'an@,{)o rdtoride, tungstenéVilyapkawkide,) zinc(Il)

et hoxi de, ea%atg seé]il1 I% acetyl acet onat e, manganese(ll1) 5

acet yl acet onat ﬁf) ) 2-ethyl hexanoate, copper(11) ethoxide,

copper (11) et hyl acet oacetate, copper(l1) acetyl acetonate niobi umV)
et hoxi de, nol ybdenun(V) et hoxi de (di nol ybdenum decaet hoxi de),

ol ybdenum( VI ) Soxteble phatisumensthlavstponadsare, for exanmplen thei platioliv) metal compounds

acetyl acet onal A0 PRI <O e oTIP i el T 11304 dBAAA de

o>r<] i de, éo 15 tung ?léé %anuehéuo@aﬁmmﬁauwgssh@ﬂﬁa{)ed%hﬂaél Fl&tinutd! A1 € BhtVbther
enoxi de, zinc
P p(latmum metals are also suitable such as Pt, Ir, Ru or Rh. Pd and Rh, however, are

preferred, in particular Pd.

Catalysts according to the invention are prepared in at least two steps. A mixed metal
20 oxide which does not contain any platinum metal is initially prepared using the method

described above, optionally made into the required form and then the platinum metal is

applied to the mixed metal oxide by methods known to a person skilled in the art.

When preparing catalysts according to the invention, a solution of the precursors of (i)
25  and (ii) are conventionally prepared in a suitable solvent and hydrolysed with 1 to 20,
preferably 1.5 to 10 mole equivalents of water, with respect to the total number of
moles of compounds (i) and (ii). The water may be added in one or several portions,

pure, mixed with other solvents or together with precursors of (ii) dissolved therein.

30 During the hydrolysis procedure, acids or bases may be added in amounts of 0.1 to 200

mol.% with respect to the total number of moles of compounds (i) and (ii).



acet yl'acet onat e, Sui tabl e plati numnetal conmpounds are, for

exanpl e, the pl‘g??%%m%et al conpounds and pl ati num net aP%ﬁWS‘?W ng
conpl ex conpounds described in EP-A 736 324. In the 15 exanpl es
mentioned, palladiumwas nmentioned as the platinumnetal, but other
platinumnetals are al so suitable such as Pt, Ir, Ru or Rh. Pd and Rh,
however, are preferred, in particular, Pd. Cat al ysts accordi ng
to the invention are prepared in at |east -B\io steps. A mxed netal 20

oxi de whi ch does not contain any platinummnetal is initially prepared using

t he net hod descri bed above, optionally made into the required form
and then the platinumnetal is a(i)fgl ied to the m xed netal oxide by
met hods known tiigblseacisls mre; |fon ¢xampien hydrechderic acid, nitric acigpaiphie paid; fiaymic

tal yst [ ' | .sol ution qf. t .of (I
25 g (1) o detl a ool AloBuE U 0 3 P el RS i hnd )

hydrol ysed w t hriarbexy2id,acids with pp @b & &dihon dtofs tage d16o RikadleC Guithtat dBdes apd
water, with_respect to the total nunber of nol es of .conpounds (i) and
(ii). The wat erd¥agnige quaieradryi pmpeBiuBy hydipxides, NBs@i o which the Ryrgsounsi xed

i th oth Dy ) > - e
30 During the A aruREsicindy bl BE SR B35t B! b ML ESS LGRE T
of 0.1 to 200 atoms, reay.. Wtmaintethyt-gSteaadthilq tdepiopyll tetabaes-, otetripértd- Obr

compounds (i) and (ii),. . ) .. ] o

-8 w () tsﬁﬁ?fpﬁ%%l@n@ema@ hyidpoxideqpr rgaig HErogenhases SHElhes amines, pyridingsy j ¢

acid, sul phuri | f ) ) I ' | lic
Gty WOEABIED bases gro aftfhhia RIGErd) Snlbnaih o ldls ot

acids with 3 to 8 carbon atons. D - I ¢ acl up
to 8 car boh0at msslsané bades may i tadal a8. pufiisubsthdoes, a artsydanus solitionsamam aquEpus

guat er nary arrrmsr(l)iutéirgng.\ydrom des, NR4AOH, in which the R groups,

When adding the individual components, efficient homogenisation of the mixture
should be ensured by using appropriate mixing devices such as e.g. stirrers or mixing

15 nozzles.

If several compounds (i) and (ii) are hydrolysed, known techniques may be applied in
order to mutually adjust their reactivities. The following may be mentioned by way of
example: pre-hydrolysis of one compound, chemical modification of one compound

20 with a chelating agent, the use of different alkoxide groups in the compounds and
hydrolysis at different temperatures, such as is described, for example, by D.A.Ward
and EIKo (Ind. Eng. Chem. Res. 34 (1995) 421).

Another suitable method for preparing mixtures according to the invention from
25  precursors of (i) and (ii) is the gelling of inorganic precursors in aqueous systems, such

as the preparation of silica gels by neutralising alkali metal silicates with strong acids.

Additional steps, such as washing the gel, may be required in order to wash salts which

have been formed out of the mixture. During the procedure described here the

precursor of (ii) may be added, for example, to one of the components before mixing
30  the alkali metal silicate and acid.



i ndependently of each other, may be alkyl, aryl or aralkyl groups with 1 to
15 car bon WORNEMS, e.g. tetramethyl-, tetraethyl-, tetraﬁp%ﬁngﬁm
tefrabutyl -, tetrapentyl- or t et raphenyl anmoni um hydr oxi de, or
organi ¢ nitrogen bases such as am nes, pyridines, guani di nes.
Preferred bases are amoni a and quat ernary anmoni um hydr oxi des. The 10

aci ds and bases nay be used as pure substagces, as anhydrous sol utions or
as aqueous sol uti ons. When addi ng the individual conponents,
efficient honogeni sation of the m xture shoul d be ensured by using

appropriate m xAfi& dgbﬂjdig)?@tsissdd%hté’g%o@s fb alfdw HeCidls & agh ¥ Rhpdfatures"GZZ0 &5.
| f several conpounds (i) and (ii) are hydrol ysed, known techni ques may be
applied in 1003 creferablyn2ft t0a80°¢, fodjaystiod é atr lease 4@ tiwrites. &he upper linalt tkoowi ng

may be nmentioned by .way, of. . X | e: pre-hydrolysjs of one co und,
chgm: cal nodi f itg%ta_g?}ﬂg leneoﬁere%ﬁﬁcglgﬁ]&p%ecopnwng%¥agtogsné}damaﬁd>ea§5§qf{ Q’g‘ﬁ@ use
of different aljgesdawdEPSRShduP abdd@voCRERS YRR, Ageing nHHIS %éﬁgf\?éirl%d

different tenperatures, such as is described, for exanple, by D

and E.|.Ko §I ndp sevagal stipsrat diféssent 3emper99y od 21 3 temperature whiiply changes siowhbl e
met hod for pre rlixtnxﬂ m xtures according to the invention from 25
precursors of ?)?i)t Ahe (ii) is the gelling of inorganic precursors in
aqueous systens, such as the preparation of silica gels by
neutralising alkali nmetal silicates with strong aci ds. Addi t i onal

3\;1 eprs] , such ﬁs Tb&ﬁismg: firied %@r}hmvgbemgd.r@aiﬁgﬁhwgdemaﬁ(be\pa@m(fdlbw
i : of t i xture. Durjng the.
escri bed her o PGS Ot RSB bGBE ob te ethlto% pre g AR RSO |

onedof t he1¢onmdRervnshbiena siffack Gt 30d the bR valuedd dof thehaterigé.! | cat e and
aci d. - 9 -
After gelling, it is advantageous to allow the gels to age at tenperatures

0120 1 1y LR s RS R i SRRSO 1 AR 0, 2,
only by econoniSuithlsle igases fanttying yheleel ey gasadtresv @kesnitrogen, oxygen, carbon dioxide
or noble gases or any mixture of the gases mentioned, preferably e.g. air. Gaseous
15 hydrocarbons for example alkanes such as methane, ethane, propane, butane, alkenes
such as ethene, propene, butene, butadiene and alkynes such as ethyne, propyne, etc in
any composition may also be used. Drying is performed at 0 to 300°C, preferably 20 to
250°C, in particular at 20 to 150°C. The drying time depends e.g. on the porosity of
the gel and on the solvent used. It is generally a few hours, for example 0.5 to 50 h,

20 preferably 1 to 40 h, in particular 1 to 30 h.

Another preferred method is drying under supercritical conditions such as, for
example, is described by G.M. Pajonk (Applied Catalysis 72 (1991) 217) and Dutoit et
al (J. Catal. 161 (1996) 651), and this leads to gels with particularly high porosities.
25 Carbon dioxide (Tysea = 31°C, Peisica = 73 bar) or alcohols above their critical point
(e.g. for ethanol T, yc =243°C, Perisica; = 63 bar), for example, may be used. Drying
may be performed, batchwise, continuously or part-continuously, optionally in the

presence of another inert gas.



Ti mes between one hour and two weeks are preferred. Ageing may al so be
perforired 5 WH9%BV&ral steps at different tenperatures or /EP98/04861

t enper at ure whi ch changes sl owy with tine. The gels are
dried after they have been aged. Drying the gels nay be perfornmed by a
vari ety of nethods, depending on the nethod of preparation, wherein drying
has an 10 effect on the internal surface area and the pore volune of the
mat eri al s. Drying may take pl ace” B the one hand in air, under a
vacuumor in a stream of gas. Suitabl e gases for drying the gel in a
gas stream ar e Ridub@ALEs thp1iRtm 5 Q¥ 'oﬁiﬁlg occur_durilg g%ﬁu&?%ﬁﬁng”
any m xture of the gases ntioned, pre era .g. air. eous 15

hydr ocar bons f owitle alsolpile aed thwnmemlly: hass na@nhanﬁectmhhmeqnvﬂy@xﬁahﬁeeatdimgne

al kene ch. as._ et hene, but ene, but adi e an ch
as et hf/ne, pr opfis‘fﬁ%r, ft8 f inventih. C}Er?ﬁes&ﬂﬁ%ﬁs‘f £ Eﬁ‘iglﬁﬁ&?}l @atbg‘e E’XV g%’ S|ung
i's performed atyQ4itd [ﬁef mﬁF:E“& ry| 91'% %gnéagn t200 tozéi’)@ﬁé'iﬂlagtredn{'of

particular at 20 to 150[err on the porosity
of t he @bmhﬂioontahisexysyhyamhalug@ﬂorhjtdrogn@almhsal I y a few hours, for
exanple 0.5 to 50 h, 20 preferably 1 to 40 h, in particular 1 to 30 h.
Anot her preferred nmethod is drying under supercritical conditions such as,

217) and Dut of { et T3¢ of Mg pdftha TP HISAORESS T SO Bt gt o
gels with part |eztrhtawb}andlag¢otmp1corkym'geech @bare de@dbbxbrfoxdcmmp&ben( US-At3 881 =

(e o Tor of narbte vk ¢ P01 3ol FUBMeRRHdsh S8 i ed 456 %lR e o

may be usedp Drogig7. may be perforned, batchw se, continuously or
part-continuously, optionally in the presence of another inert gas.
- 10- Reducti on of the pl ati num nmetal may occasionally occur duri ng

superor 111 o2l diilk s bbbl SEITS oA IERL AL NS Rl
In these cases dftrmkéd diyﬁdiésmﬁbﬂdnfs&%&al isfas, eRha|bgfok S olddfter applying the platmum
metal, or several times. Calcining may take place in air, under vacuum or in a gas
15  stream. Suitable gases for calcining mixed oxides in a gas stream are e.g. nitrogen,
oxygen, carbon dioxide or noble gases and any mixtures of the gases mentioned,
preferably air. Calcining is performed at 100 to 800°C, preferably at 100 to 700°C, in
particular at 100 to 600°C. It may sometimes be of advantage if the composition of the
gas is altered either suddenly or continuously during calcination. The calcining time is
20  generally a few hours, for example 0.5 to 50 h, preferably 1 to 40 h, in particular 1 to
30h.

In a preferred variant of the method of preparing the catalyst, the platinum metal is
applied to the previously-prepared metal mixed oxide. Methods may be used for this
25  which are basically known to a person skilled in the art and are described, for example,
in EP-A 736 325. The mixture may be stirred during application of the platinum metal
to the metal mixed oxide. However, it may also be advantageous to allow the mixture

to stand or to shake it.

30  After applying platinum metal to the support, the supported catalyst is isolated, e.g. by
filtering, sedimentation or centrifuging. In a further embodiment of the invention the



OX|d|sed again after drying, for exanple by annealing at 200 to 800Lerr]C
in a stream of W&%908%s” which contains oxygen, air, hal ogens BYTERI&PH6en
hal i des. Furt her met hods of dryi ng, particularly for gels prepared
i n agueous systens, are extractive and azeotropic drying such as are
described, for exanple, in US-A 3 887 494, US-A 3 900 457, US-A 4
169 926, US-A 4 152 503, US-A 4 436 883 or US-A 4 10 081407.

After drying the dried m xed oxi des may belleal cined. This may take pl ace,

in the case of m xed oxides prepared in several steps, either before
or after applyidosehis séaridd By distillation. Netal, or several tinmes. Calcining
may take place in air, 'under 'vacuumor in a gas 15 stream Suitabl e gases
for cal cining m xed OXIdeS |n a gas streamare e.g. nitrogen, oxygen,

b di oxi d f.th ti
referably ai . baariting heebant s RmPirEs HHES S uearL e vl A b T o
100 to 700[ er r ]dpyink procedure 19%5‘6&1@15!5/%&:&6&&10& 4i RH&] Rl of In ABYs SRARL | MES

be of advant age 1f the conposition’ of gas is al tered €ither
suddenl y or cormdﬂmﬁl@s‘FCyldeW Iggfenaqb@tfm&n dping Tthe gelsl & pdleigationnstep mayobe

par 1 oul 1 1 cpooHhet uggBl o SGHERL s Gesgib LB B Ao C ot ot o

preparing the catal yst, the platinumnetal is applied to the
previ ousl y-prepared netal m xed oxide. Methods may be used for this 25
whi ch are’ basi cléllst a}sqmﬁﬂhlette agply dhe; mixed iaxides geqordibghto the dnvgpiomasea My¥e9Y bed,

for exanple, T e

appl i cation of t F’QEF ﬁ’r%%ﬁgtéﬁéble sjﬂlﬁpéﬂo)ﬁ{ “?dr?en@%e/tlﬂQ p;lh t%gﬁoédyi%&gm%{/e

it may aIs¢0beIadMaHMagandsmbenyhﬂnﬂnﬂbexmwammmﬂcﬁabstmﬁ@bﬁﬁbﬂmdomvdmnnshake
it. 30 After . appl prng gl atjhumpetal to the suq port, the supported
catal yst is isdiifes@! clemienisygarbides of elemenss op galtsof Rlemsamisain o Harigty of forms.

?egar '_ fuging. IEkampiddr dfNGFooRHRAIR buppbrtd BR dRYCHLHRR, thBon black or active

carbon. Examples of elemental oxide catalyst supports are SiO, (natural or synthetic
silicas, quartz), Al,O, in a variety of modifications (a, ¥, 8, 11, 0), aluminas, natural and
15 synthetic aluminosilicates (zeolites), TiO, (rutile, anatase), ZrO, or ZnO. Examples of
elemental carbides and salts are SiC, AIPO,, BaSO,, CaCO,, etc. They may be used
either as chemically uniform pure substances or as mixtures. Particulate or powdered
materials, or even monoliths, are suitable for use according to the invention.

Particulate materials are particularly preferred.

20
The invention also provides a process for preparing an organic carbonate by reacting
an aromatic hydroxy compound with carbon monoxide and oxygen in the presence of
the catalysts according to the invention, a quaternary ammonium or phosphonium salt
and a base.

25
The organic carbonate prepared by the process according to the invention corresponds
to the formula

R-0-CO-0-R @I
30

in which
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sol verit is separated by distillation. After separating the

sol vent, the suBpSBEEE catal ysts obtained in this way are dri Be/EPPRRAs6]
drying procedure is preferably perfornmed in air, under vacuum or in a gas
stream 5 under the conditions given above for drying the gels. A

calcination step may be performed under the conditions described
above, after the drying procedure. It is also possible to apply
the m xed oxi des according to the i nventiolas a | ayer on ot her

catal yst supports. Suitable support nmaterials for the application of a

| ayer of 10 metal m xed oxide are any industrially conventional catalyst
supports based on carbon, oxi des of elenents, carbides of elenents
or salts of el etent sepmseatsvasibstitptedf orf mmrsmbstituted Cq -ERarapylegrowd, preferably a
car bon-cont ai ni ng su rts.are coke,. qgr ite, carbon hlack or acti.
carbon. Exanpl es of 521]9 A¢ &F HBRTSklésﬁE}g‘?(gB@?‘P'FﬂPHBOH B“ﬁ?‘garsf‘@?n'(sﬁgstnﬁﬁ% or
synt hetic Si Iﬂ}@ﬁaﬁ,gra@artz), A1203 in a variety of nodifications

([err], v, %err], [err], Terr]), alum nas, natural and 15 synt hetic
alum nosilieates (zeolites), TiQ2 (rutile, anatase), Zr2 or ZnO. Exanples

f I - i d I . ' , . )
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m xtures. Partigukesioad e the @Rl d materials, or even nonoliths, are
suitable for use according to the invention. Particulate materials
are particularly preferred. 20 The invention al so provides a process

for preparing an organic car bcii@?e_ﬁy reacting an aromati C(Iﬁydroxy
conmpound with carbon nonoxi de and oXygen in the presence of t he

catal ysts &@cording to the invention, a quaternary amoni um or phosphoni um
sal t and ,ab The organi ¢ carbonate prepared by the

S€..25 (
process accordi'R d%?‘g’ Ry defingd 19¢ jaboves SromaatisJRdroxy compoymgls (wichy %nrhﬂ rgacteq
R-O CO- O R using the supported catalysts according to the invention aré for exShple phenol,d- i €h

or p-ctesol, o-, m- or p-chlorophenol, o-, m- or p-ethylphenol, o-, m- or p-
propylphenol, o-, m- or p-methoxyphenol, 2,6-dimethylphenol, 2,4-dimethylphenol,
15 3,4-dimethylphenol, 1-naphthol, 2-naphthol or bisphenol-A, preferably phenol, The
aromatic hydroxy compound may be substituted with one or two substituents such as a

C, - C4 alkyl group, a C, - C, alkoxy group, fluorine, chlorine or bromine.

Catalysts according to the invention may be used as powders, moulded items or
20  monoliths, preferably as powders or moulded items, and are separated from the

reaction mixture by e.g. filtration, sedimentation or centrifuging.

Preparation of aromatic carbonates using supported catalysts according to the
invention may be performed in a variety of ways. One possibility is a batchwise
25  process. In the event of a continuous mode of operation in either a counter-flow or
parallel flow system, or in the trickle phase on a fixed bed catalyst, loads of 0.01 to 20
g of aromatic hydroxy compound per gram of supported catalyst per hour, preferably
0.05 to 10 g of aromatic hydroxy compound per gram of supported catalyst per hour,
in particular 0.1 to 5 g of aromatic hydroxy compound per gram of supported catalyst
30 per hour are used. The supported catalyst used in batchwise trials may be used

repeatedly with the same feed materials without any purification. With a continuous



-12- represents a substituted or non-substituted C12

aryl group, pr&’%?gé%mﬁ a substituted or non- subgq/}ﬁpt?§[8‘t§6l

phenyl group, in particular a non-substituted phenyl group.
Aromati ¢ hydroxy conpounds which may be used according to the

I nvention correspond to the fornul a

R-OH (rr) 10 in which R

is defined as above. Aronmatic hydroxy corrp]O?Unds whi ch can be reacted

usi ng the supported catal ysts according to the invention are for exanple

phenol, o-, m mode of Qferdﬁoﬁ tiges Sippored, catilysey used Gldly GERHIA A Mo refctor fr aQbng

p- et hyI phenol , o-, propyl phenol, o-, m or p-nmethoxyphenol,

2, 6- di net hyl pheHes- A@mqudywéﬁmmon in § singly raacHir 9B i saseada of reactors are

;r B?rg[]lt 20|hydr o;}?%taﬁg ustl wnél%&@]&h%&[ @éfg{s\?\n&{oﬁm@%ﬁ)r}ﬂé ?/\-I;{oh%gubst I tuents

such as a - A4 aIkyI group a O - C4 al koxy group, fluorine,
chlorine or _brao sts according to the |nvent|on may be

used as powder sﬁn thesuprasied catalyst lwseé@s a ponsire) the stisted spatpiaerip by used foomians or
moul ded it ens, dtﬂ@‘iiea%ﬁ@n o6k gt?rﬁ{l@qs ttg&ﬂ'&lﬁlestu‘rers whfcﬁacgﬁ'b%rhs )f(tnu{hgsf Bﬁ?(?seg

filtration, ment at1 on centril earalon onatic
car bonat es u3| Ny henpockitg orith atippoyisd :eatalysmdwd&g dsta ﬁdspenswn in snmtbmssﬂsﬂoﬂay

be perforned i var i et of wa pos ty IS bat chwi se
process. In thg’“gglgn‘f"lw n%&s}rﬁﬂgoofmc{pel?r%ﬁaéﬁ’ P etog %QJrWtaﬁ” in
counter-fl ow Orparticular Oﬁ%ailolﬁtl%fdfgﬂﬁgﬁﬁéﬁ @z{ﬁlyﬁrpo{;vﬁ?xl Qﬁ’thtréérp tﬁy Ao Por @

fi xed bed catalyst, |oads of arona
compound pé® gr«’mmaﬁc Is'ldmwrcbmpomnitmbq;ste ysed. Iﬂnpamcmm}qireﬁeabd 9mbod1ment§) 15 to

10 g of aromati,c, hydrox S orte t.al hour
in particul ar &er%/ SBP ﬁa{ffe@i‘ BE%@&WH‘S&WSQPQ B §§1‘5‘i¢orted
catal yst 30 ﬁ&ﬂcshB&HbI@EﬁuMﬁﬁqﬂcﬂé‘ﬁha%H E%fotr@(;r ERbaY oF m&@%abﬂrsb%%ﬂ! se
trials may be used repeatedly with the same feed materials w t hout

any purificati chifferegtitypes of reaetprsumaayslso be used in combination in a cascade.

15 Inthe event that the catalyst is arranged as a fixed bed, the catalyst is preferably used
as moulded items, e.g. as spheres, cylinders, small rods, hollow cylinders, rings, etc. If
required, catalysts may be modified further by extruding, making tablets, optionally
adding further catalyst supports or binders such as SiO, or Al,0;, and calcining. The
preparation and further processing of catalysts used according to the invention are

20  generally known to a person skilled in the art and are part of the prior art.

In the process according to the invention any organic or inorganic bases or mixtures of
these may be used. Examples of inorganic bases which may be mentioned, without
restricting the process according to the invention, are alkali metal hydroxides and
25  carbonates, carboxylates or other salts of weak acids and alkali metal salts of aromatic
hydroxy compounds of the formula (II), e.g. alkali metal phenolates. Obviously the
hydrates of alkali metal phenolates may also be used in the process according to the
invention. An example of this type of hydrate which may be mentioned here, without
restricting the process according to the invention, is sodium phenolate trihydrate, The
30  amount of added water, however, is preferably such that a maximum of 5 moles of

water are used per mole of base. Higher amounts of water lead, inter alia, to poorer



-13- - made of operation the supported catal ysts used may remain in
the reactor forV%%% time. A continuous node of operﬂ%ﬁgﬁw?ﬁ6h
sifgle reactor or in a cascade of reactors are preferably used when
usi ng supported catal ysts according to the invention. 5 If the
supported catalyst is used as a powder, the stirred container to be used
for m xing the reaction conponents #ﬁ fitted wth stirrers which can
be used for this purpose. When workihg with supported catal yst
powders as a suspension in stirred vessels or bubbl e col ums,
anounts of 0. OQbni@sibs Md ScompsdkiRnattitie Sarbbhated béiflg Wrnfél. Exumples of organic
particular 0.1 to 10 wt.% of supported catal yst powder, wth respect to the

anount of 10  tapesnivhick g bexyentiongd umithous aestriciing the awocess agsarding: ¢ e vy

preferred enbodj , . et erogeneols suppqarted~cat al yst.is~used
D roul ded 1 ¢ ertiVeRb rd (ftary amines PELFRRIFASOS- SR P GaA Bloblae
trickle phase r-eagulipbgrolpses sfadReréips,i dt9Fadihe BastOsshydvdperistédpyridine bases,

di fferent tg/pes of reactors nmay also be used i.n conbination in_ a cascade.

15 In the’evelt tHamPlne tdgthiglpgune, | stripropxlegung, astribufylamige.pe driogtyamine,

catal yst is pr ﬁ%lﬁé . I t eng; es, .

cyl i nders, snaleqeﬁ%o S, ﬂﬁtg&ﬂ%‘\aﬂ Cyﬁ%@g@#&lﬁﬁﬁ#&, g?’%’.‘em’?pheﬁ&hﬁ%%m re(ltl,
cgé al ys]'E s mﬁy hﬁxnamlsilaﬁﬁmdz-bhéﬂyl]ﬁdspahggbexgyﬁtﬂhdjg, hNaiféﬂmgpipaiﬂi@é,s, np,tzj@éral |y
addi ng further catal yst .supports or binders such as Si Q2 or A1203, an

cal ci ning. The Penfameﬁ‘aipémﬁalfimei ém alkel mtal ekt ofr ac aomiate hyfiroxytcompenad {ised

according to t ' ' i ! i icH !
g '}ﬁefbﬁﬁﬁrg%sbc? Eseﬁ%?)iage? in ?%ﬁaﬁér% a)lka!ﬁlr}ﬁ&'tﬂlhégﬁ o tlﬁ%eirﬁﬁgnéﬁydéi‘ﬁg ‘o

the art and are part a process accor
the i nvent1®n aompowyhwhich o alsontoinganeactedtagiee the organit warbsnadé. This alkalinetsle nay

be used. Exanpl es of .i nofgani c hases whjch . be nmentioned, .without,

estricting t neoray e EREh ol B, TURTEPGH Cosn Ak Bt afium

hydr oxi des and a@g potaSsiirR BhéHoS%e aré BrRRIBI) aéeaﬁngartfaﬁﬂaﬁgodﬁ@& pisengfataneak aci ds
hydr oxy conpounds of the fornmula

and al kali metal salts o? aromati ¢
(I1), e.g. alkali netal phenolates. Cbviously the hydr at es of al kal i

nmet al phenol at alsp b ed in the process accordin ot

Mvent Fon. an. b tesReT B et 3 e Shelots MRS 5 R AP Eh B0 A2 e e,
without 15  ra@shdlfes mdiétial TR afiAKS SmbsdiaRhtlbfMMe ifehtith the Bedetik alldedits tig0di um
phenol ate trihydrate. The 30 anount of added water, however, is

preferably sucheacher muxieeant solyfions whishesontgins 0.1 to 8etdp, preferabbied-Sper6Snol e
of base. Hi gherwt.a/%r,uiﬂri)taﬁicﬁfar a4 8 wlte/?gf th Bh&! Sgllvérﬁs wﬁnoch%)égzr be used for this are

either alcohols or phenols such as e.g. the phenol participating in the reaction or also
inert solvents. Examples are those mentioned below for use as reaction media. These

20  solvents may be used individually or in any combination with each other. Thus there is
one embodiment of the process according to the invention, for example, in which the
base is dissolved in a molten phenol which has been diluted with a solvent. The base is
preferably dissolved in a molten aromatic hydroxy compound, in particular in the
molten aromatic hydroxy compound which is intended to be reacted to give the

25  organic carbonate. Quite specifically the base is dissolved in phenol. The base is added
in an amount which does not depend on the stoicheiometry. The ratio of platinum
metal, e.g. palladium, to base is preferably chosen so that 0.1 to 500, preferably 0.3 to
200, in particular 0.9 to 130 equivalents of base, with respect to platinum metal, e.g.
palladium, are used per mole of platinum metal, e.g. palladium.

30

The process according to the invention is preferably performed without using a



-14- conver5|ons and deconposition of the carbonates being forned.
Exanpl s of or g§hPHO878 bases whi ch may be mentioned, wit hBtEEFY8/04861
restricting the process according to the invention, are tertiary
am nes which may have C6 - Cl10 aryl, C7 - Cl2 aral kyl and/or d -
C20 al kyl groups as organi c groups, or pyridine bases or hydrogenated
pyridi ne bases, 5 for exanple triethy{ mne, tripropylam ne,
tributylamne, trioctylamne, benzytdi et hyl am ne,

di octyl benzyl ani ne, di met hyl phenet hyl ani ne, 1-

di met hyl am no- ZoRReN ObHoARIFISert solv¥ifs Ay Bso be ﬁi’eHEEMp‘PésRﬁ’rsbﬁbﬁt@ whlch may
1,2,2,6,6, - pent amet hyl pi peridine. An alkali netal salt of

aromat i ¢ hydr ox8e mentsnethare dgnethylacetapn@‘, drapthylpyreliflizones m@cabats@tanoh cumyl

P2 5l <o bei g ol ilEp9 &Rl gl RES TR gt o e R B "
salt may be a |(efghthloRob&penedrdidhivretseniend) addwiicgd, Um or caesium salt.

Li t hium sodi um and pot assi um phenol ate are preferably used, in
particul ar 3odi um phenol at e. The base may be added to the reaction

m xture as the 0 . I eri In a
further enmbodi n@#’t 3 Hr)?g nveéatllﬁgllné‘i%nlegg)gi}stgé P‘iéeé‘&‘dlg’g“@?‘ rilﬁpben%r e&aﬁgattl on
mxture as a S(ﬂmthblﬁﬁmV\bt qihoqmamamnsﬂ& $ubistufd WithYorgpiief goadyl YCaafoubs 65

Ww.% in partlcul r 1. to 50 w.%of the base. Solvents which nmay be used
for this are sutl %,fphéqseapctbﬁcprgcegsr appEdiag <o sihe hingentian gare ¢ FaMPREHOAnd

participating i ven Exagp)
t hose mentione o%;fhg\l}vfuggge{h'a?\ghlg{scc?féag‘@ta}s(%ganr%dd?ﬁﬁﬁ%hés 1?8@1 @é%?@kgay be
used i ndi vilﬂualdn;i/oor Ci n- e(h,y alkyibignatps omdM 4sh aga thabide, ﬁln'aﬂudrhlmmei 8r

one enbodi nent of ess according.to the inventiaon, r. exanple, in
whi ch the SRS APRRIORNTA A8 | VRl (FFeRE erasﬂvcweﬁdg the JHOWH ut ed
with a sol vent a‘g}g,n%gl f lve n tic
hydr oxy corrpounac(i: i ngpar te: i::ﬁﬁengronlcg%ﬁ %&%LMC%)&?Q (yﬁa?% %{ﬁcﬁﬁy r’oe>l<][?/ﬁ{9fnsl
conpound whi ch and/or £} e Qpakylgringsred cs aniono llide, it Iperti2&lar teﬂatgmyiammomum

b : | | b d I The b
aded i n S Ro e Gt A 0 01 BRSSPI SDOT LR RERPS P

ratio of phatl RHéweight of 1B ¥actich ﬁnxtﬁ@' el édﬁ@unws B?e?&aﬂl{sd@%%apﬂ% ghosen
so that 0.1 to 500, preferably O. 0, in particular 0.9 to 130

equi val ents of Hﬂﬁ@@lﬁr\}\m hwtéspect to pI ati num rret al, e.g. pal | adi um
are used per nole of platinumnetal, e.g. palladium 30

't




The process according to the invention is preferably performed w thout

usi ng a W0 99/08786 PGEEP98/04861
solvent. Obviously inert solvents may al so be used. Exanpl es of solvents
whi ch may be nentioned are dinethyl acetam de, N nethyl pyrrolidinone,
di oxan, t-butanol, cunyl al cohol , isoanyl alcohol, tetramethylurea,
di et hyl enegl ycol , hal ogenat ed hydrocar bons (e.g. chlorobenzene or

di chl orobenzene) and ethers. 5 The‘Hﬁaternary salts used in the
context of the present invention may be, for exanple, anmoni um or

phosphoni um sal Tige sro&st béddi@sk W the ifeAfdH PrefirfHiP ithG@IPINRAS is performediat abl e
for use in the process according to the invention are amoni um and

phosphoni um sal 3%stod9030, mrefatablyn30 @sl SOrogham particudarpid), to @202C @lDpmssprg of7to C12
aral kyl 10 a r d - alkyl groups. apd,_ as anion, a halide,
tetrafluorobor2&@%39p“ﬁﬂdﬁ§%é9§$¥ﬂb3567Jgﬁﬁgp%gfh%mnniun1sa|ts which are

preferably used in the process according to the invention contain, as
organi c groups, C6 - Cl10 aryl, C7 - Cl2 aral kyl and/or C - C20 al kyl
groups and, as anion, a halide, in particular tetrabutylamoni um

brom de. The anount of this type of quaternary salt is 0.1 to 50 wt.% wth
respect to 15 the weight of the reaction mxture. This anmount is
preferably 0.5 to 15 w.% in particular 1 to 5 w.%

-16- The process according to the invention, preferably w thout a solvent,
is perfornmed at 30 to 200[err]C, preferably 30 to 150 [err]C, in particular
40 to 120[err]C at a pressure of 1 to 100 bar, preferably 2 to 50 bar, in
particular 5 to 25 bar.




174 Ex

EP-A 736 324)
85°g of sodium

agrrgql es Conmparison exanple 1 (in accordance wt
WOBP/0878 epari ng a powder ed nmanganese oxi de supPBeFER98/04861
hydr oxi de (2.125 nol) dissolved in 200 m of water were

added dropwi se to a solution of 126 g of manganese(ll) chloride (1

nmol) in 500 m
filtered under

of water. The precipitate obtained in this way was

suction, washed and dri ed, Then it was anneal ed for

at 300[err]C and for 2 h at 500[err]C T Coati ng the powdered

manganese oxide wi th palladi um

sodi um t etrachl

300 M of a solution of 50 g of

3 h

Bifigles adat e(11) hydrate containing 15 15 % pal | adi umin
wat er were added to a slurry of 292.5 g of manganese di oxi de powder
in 1500 m of water at roomtenperature. The m xture was adjusted to be

al kal i ne Lng.di|lute tic spda. .Th uspepsion was filtered under
suction and driM@?ﬁ@faﬁ%‘vﬁéﬁ% Igf’n %s catal yst contai ned
2.5 % pall adium on an MhQ2 support, cal cul ated as netal. 20 Use
of the supported catal yst to prepare di phenyl carbonate: 8.31 g of

t et r abut yl afmonFiSRAHRS Aipgwdered manganeseoxidesappetdse(1 1) acetyl acet onat e

di ssolved in 450 g of phenaol

wth a gas 25

di spersion stirrer and condenser and with a cold trap

connected in se8S gsof sbiiim Aydrogile (2.125 mol) dissolved in 200 ml of water were added

10

15

20

25

30

dropwise to a solution of 126 g of manganese(Il) chloride (1 mol) in 500 ml of water.
The precipitate obtained in this way was filtered under suction, washed and dried.

Then it was annealed for 3 h at 300°C and for 2 h at 500°C.

Coating the powdered manganese oxide with palladium:

300 ml of a solution of 50 g of sodium tetrachloropalladate(Il) hydrate containing 15
% palladium in water were added to a slurry of 292.5 g of manganese dioxide powder
in 1500 ml of water at room temperature. The mixture was adjusted to be alkaline
using dilute caustic soda. The suspension was filtered under suction and dried at
100°C. The heterogeneous catalyst contained 2.5 % palladium on an MnQO, support,
calculated as metal.

Use of the supported catalyst to prepare diphenyl carbonate:

8.31 g of tetrabutylammonium bromide and 0.77 g of manganese(Il) acetylacetonate
dissolved in 450 g of phenol were introduced into an autoclave (1 litre) with a gas
dispersion stirrer and condenser and with a cold trap connected in seties. Then 4 g of
the supported catalyst described above and 2.21 g of sodium phenolate dissolved in 50
g of phenol were added. The pressure was then adjusted to 14 bars by introducing a
gaseous mixture of carbon monoxide and oxygen (95:5 vol.%). The amount of gaseous
mixture was adjusted to 350 NI/h. A sample was withdrawn from the reaction mixture
each hour and analysed gas chromatographically, The analyses showed that after 1 h
9.9 % of diphenyl carbonate, after 2 h 15.2 % of diphenyl carbonate and after 3 h 18.2

were introduced into an autoclave (1 litre)



t he supported c descri bed above and 2.21 g of sodium phenol ate

di ssol ved in 50‘%%’%%69 of phenol were added. The pressure waSCYHRgR/ 04861
adjusted to 14 bars by introducing a gaseous m xture of carbon
nonoxi de and oxygen (95:5 vol.% . The anmount of gaseous m xture was
adjusted to 350 NN/ h. A sanple was withdrawn fromthe reaction m xture 30
each hour and anal ysed gas chronmat ographicglly. The anal yses showed t hat

after 1 h 9.9 % of di phenyl carbonat€, after 2 h 15.2 % of di phenyl
carbonate and after 3 h 18.2

- 18- % %ifof diphbey) hrbAd N BR peestR i HRTeRA6 mibitureF1.8 ﬁ@ﬁﬁ pRsholwifet!r €.
11.8 g of a phenol /water . mxture had condensed in the cold trap.
Conpari son exanfPéireheq ¢ondensed ithe eoldirem EP- A 736 325) Coating a
powdered titani um di oxi de with pall adi um and manganese: 300 m of
a solution of 40.5 g (0.16 nol) of manganese(ll) nitrate tetrahydrate in
wat er weCempairisoh dxamples? (in bocorfanekBBitlDER-A0T36:3265RNni um di oxi de powder
(Norton) in_1500 ml of 10 water at roomtenperature. The m xture was then
made al kalife with dilute caustic soda sol ution. The suspension was

filtered under ébﬁfdg@%&%%ﬂt%ﬁlﬂ AR vgltﬁjgglg%ﬁma{lﬁ mn%lﬁaﬁ&g err] C and

annealed for 3 h at err e suppor anese, was
slurried in 1500 mM of water and then 300 m of solution containing 50 g of

sodi um tetrachl orppal | e hydr.at e cont ai ni ng 15 % of . pal | adi um
wer e added. Theﬁ)hirﬁltq?ra 01(%%0“ o&%ﬁg g&“&p@é q@aﬁﬁanﬁﬁ‘@ I?-‘F%tg\?ﬁtﬁahy‘%?tf’ Water
caustic soda s I i : i fid I; i

Otk lafdbd ty&esh]ﬁ'iésm.?@oi’%mum le)fl{i/éS t}&\%ﬁ? ‘éNb\ﬂ(glg in, ?g(ﬁ%/gni)ﬂf

washed and dried at 100[err The cata cont al
pal | adi um afd 3vasmatirgemdsmperatach Tha Inuxtuzt wds then tnwgle alkaline mathadilute? Gaustic

Use of the s UPRQGS & ut(ijoaxllt. %X gﬁspgn%i&rvggsaﬁlser% &%grng{llcﬁgn? rvspas X tv(\?i:th water, dried at
100°C and annealed for 3 h at 300°C. The support, doped with manganese, was
slurried in 1500 ml of water and then 300 ml of solution containing 50 g of sodium
tetrachloropalladate(II) hydrate containing 15 % of palladium were added. The mixture

15 was adjusted to be alkaline with dilute caustic soda solution. The suspension was

filtered under suction, washed and dried at 100°C.

The catalyst contained 2.5 % palladium and 3 % manganese, each calculated as the
metal.

20

Use of the supported catalyst to prepare diphenyl carbonate:

The supported catalyst was used to prepare diphenyl carbonate in the same way as
described in comparison example 1. The analyses showed that after 1 h 9.6 % of
25  diphenyl carbonate, after 2 h 16.1 % diphenyl carbonate and after 3 h 21.0 % diphenyl
carbonate were present in the reaction mixture. 12.3 g of phenol/water mixture had

condensed in the cold trap.



The supported cat%:/(%st was used to prepare di phenyl carbonate_in the sane

way as -’ de¥e &8 in conpari son exanple 1. The anal yses RHOEHOBhat
after 1 h 9.6 %of 25 di phenyl carbonate, after 2 h 16.1 % di phenyl
carbonate and after 3 h 21.0 % di phenyl carbonate were present in the
reaction mxture. 12.3 g of phenol/water m xture had condensed in the
cold trap. -19-
Exanple 1 Preparing a Si/ W co- g‘ep"and coating with palladium 5

5.2 g of Mn(acac)3 were dissolved in 200 mM of ethanol in a polypropyl ene
beaker and Exzm@gq! with 100 mM of tetraethoxysilane. 36 nl of 8N HC

were added to the mxture wth stirring over the course of 18

m nutes. The m xture was covered | oosely with paper and allowed to

stand for 6 da . e f . _Then the gel was dried
for 2 days at Z%f@%’?ﬁ'%glgy@goé%e%ﬂn? g?é“ﬁﬁk%ﬁ?‘%@?u&‘m |l ed to give a powder
and the 10 powder was annealed for 3 h at 300[err]Cin air. 0.54

g of Pd(acac)2 were dissolved in 100 g of acetylacetone, the dried and
powdered o 5-48of Mndacagh seera dissolsied In P i ohdthanok igra polypronylesg pesker andon a

Rot avapor. The 3 t 20l Sk L I ried
over ni ght at 11@?&5{! rw]l]% 1‘9@3%1r$}3§5a§%x¥%1mgé. 3&3}1!1 1n°§%1‘9 gbl Wc%%b%drqg% Fda{h@ Iﬁ/&tturedThe
cat al yst cont aiwitld stitring Wverathe adingénofing minMesiEliganixage wadebverad tovsell adthas

t he met al .

paper and allowed to stand for 6 days at room temperature to gel. Then the gel was
dried for 2 days at 40°C in a vacuurn drying cabinet, milled to give a powder and the

10 powder was annealed for 3 h at 300°C in air.

0.54 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel was added thereto and stirred for 1 h at 50°C on a Rotavapor. The solvent was then
distilled off and the catalyst dried overnight at 110°C under vacuum in a drying

15 cabinet,

The catalyst contained 0.7 % palladium and 3 % manganese, each calculated as the
metal.

20  Use of the co-gel catalyst to prepare diphenyl carbonate

The trial was performed in the same way as described in comparison example 1, but
with the difference that 14.3 g of catalyst were used. Analysis showed that after 1 h 12
% diphenyl carbonate, after 2 h 17.6 % diphenyl carbonate and after 3 h 24.1 %
25  diphenyl carbonate were present in the reaction mixture. 14.1 g of a phenol/water

mixture had condensed in the cold trap.



20 Use of the co-gel catalyst to prepare di phenyl carbonate The
trial was perfowpeasrse t he sane way as described i n conpari SORCERRIRA86! 1,

but with the difference that 14.3 g of catalyst were used. Analysis
showed that after 1 h 12 % di phenyl carbonate, after 2 h 17.6 %

di phenyl carbonate and after 3 h 24.1 %25 diphenyl carbonate were
present in the reaction mxture. 14.1 g of a phenol/water m xt ure had
condensed in the cold trap. -20-

- 20 - Exanpl e 2 Preparing a Si/Wnh co-gel and coating with
pal | adi um of Mi(acac)3 were dissolved in 200 m of ethanol in
a pol ypropyl ene—ffeg%lé!&% nd m xed wth 100 m of tetraethoxysilane. 36
m of 8N HCO were added to the m xture vvlth stlrrlng over the course
of 18 mnutes. The m xture was covered | oosely paper and al |l owed

to stand for 3 W?@Rﬁ'“&f‘St"%‘h?‘t‘éﬂﬁ@ﬂé??%ﬁ‘tg‘ﬂ’ﬁhgﬂhdlmen the gel was

dried for 2 days at 40[err]C in a vacuumdrying cabinet, mlled to give a
powder and the 10 powder was annealed for 3 h at 300[err]C in air,

0.54 g of Pd(acﬁﬁB&fM(ecadbs%é giesblved il 000 ol of ethavel inl pedyopylertetbealdr medl and

Rot avapor. The RBEEHR (05 fqaétﬁt‘?ie?ﬁoﬁ’cym peciormet Y FlCkets it dt Yot | oo

overni ght at 11\9&% %ﬂnﬁg% pa ﬁi'éH r@f'lg @nanex | hpcture G &%red locisely w1tﬁr he

catal yst containe | um an Yo manganese, each calc
t he met al paper and allowed to stand for 3 weeks at room temperature to gel. Then the gel was

dried for 2 days at 40°C in a vacuum drying cabinet, milled to give a powder and the
10 powder was annealed for 3 h at 300°C in air.

0.54 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel was added thereto and stirred for 1 h at 50°C on a Rotavapor. The solvent was then
distilled off and the catalyst dried overnight at 110°C under vacuum in a drying

15 cabinet.

The catalyst contained 0.7 % palladium and 3 % manganese, each calculated as the
metal.

20 Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 1. Analysis showed that after 1 h 14.0 % diphenyl carbonate, after 2 h 20.6 %
diphenyl carbonate and after 3 h 26.7 % diphenyl carbonate were present in the

25  reaction mixture. 16.7 g of a phenol/water mixture had condensed in the cold trap.



20 Use of the co- gel catalyst to prepare di phenyl carbonate The
supported cat al y8295/&@8 used to prepare di phenyl carbonate in PHEER#AS6hay
as-in exanple 1. Analysis showed that after 1 h 14.0 % di phenyl
carbonate, after 2 h 20.6 % di phenyl carbonate and after 3 h 26.7 %
di phenyl carbonate were present in the 25 reaction m xture. 16.7 g of a
phenol /wat er m xture had condensed in the cold trap.

-21 - Exanpl e 3 Preparing a2si/ Mh co- gel and coating wth
pal | adi um 5 10. 4 g of Mi(acac)3 were dissolved in 200 m of ethanol in
a pol ypropyl enegf. and m xed with 100 mM of tetraethoxysilane. 36
m of 8N HO we dtothe m xture wth stirring over the course
of 18 mnutes. The m xture was covered Ioosely wi th paper and al | owed
to stand for 6 days at roomte eraturet Then t he gel was
dried for 2 daykreRpringpSyMuce é‘“@&&%ﬁ!ﬂﬁ‘ﬂ\‘g? 4B net, nilled to give a
powder and 10 t he powder vvas annealed for 3 h at 300[err]C inair.

1.76 g of sodiumtetrachl oropall adate trihydrate were dissolved in 100 g of
water, the 5 104 gdfiMuo(acary, weradisselsiedyal 20 0aml aﬂdhahcﬂthea@bbrpmpdlesebml@d f or

2 h at 60[ err] a Rotav r. The ve en disgilled off
and the catal ys?n%dmfxge ‘H@b?ﬁ&&ﬂt"féf’““‘fﬂ@f‘@%? Cé\?n*l’u‘ pf%@usmﬁ?cfeﬂ 't tgﬁ' yi ng
cabi net . mixture with stirring over the course of 18 minutes. The mixture was covered loosely

with paper and allowed to stand for 6 days at room temperature to gel. Then the gel

was dried for 2 days at 40°C in a vacuum drying cabinet, milled to give a powder and

10 the powder was annealed for 3 h at 300°C in air.

1.76 g of sodium tetrachloropalladate trihydrate were dissolved in 100 g of water, the
dried and powdered gel was added thereto and stirred for 2 h at 60°C on a Rotavapor.
The solvent was then distilled off and the catalyst dried overnight at 110°C under

15  vacuum in a drying cabinet.

The catalyst contained 2.0 % palladium and 6 % manganese, each calculated as the
metal.

20 Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 2, with the difference that 5.0 g of catalyst were used. Analysis showed that
after 1 h 16.4 % dipheny] carbonate, after 2 h 22.0 % diphenyl carbonate and after 3 h
25 272 % diphenyl carbonate were present in the reaction mixture. 12.1 g of a

phenol/water mixture had condensed in the cold trap.



The cat al yst contained 2.0 % pal | adium and 6 % nmanganese,
meWe po/087862

as the-
car bonat e

carbonate in the same way as in

each cal cul at ed
Use of the co-gel catalyst to prepg?jéf @ﬁfﬁﬁéhyl
The supported catal yst was used to prepare di phenyl

di phenyl carbonate, after 2 h 22.0 % di phegil carbonate and after 3 h 25
he

27.2 % di phenyl carbonate were present ih

a phenol /water m xture had condensed in the cold trap.

-22 -
pal | adi um

a pol ypropyl ene beaker

EXpeRhbled Preparing a Si/NWnh co-gel and coating with

g of Mhi(acac)3 were dissolved in 200 m of ethanol
and m xed with 100 m of tetraethoxysilane.

[ uti f 1.8 f. gl agj 27 f di Il ed
agsu;hggdot 0 thg'ge}ﬁg?f'gra?'}\ﬁ? fo-§ ?e‘tai'ﬁucﬂﬁé‘“%h Rf‘%‘ﬁ?lg WgtsO st I(:ovgr e\évat °

| oosely with paper and allowed to stand for 10 days at roomtenperature to

gel. Then the gel was dried for 2 days at 40[err]C|n a vacuum dryin

cabi net, m Bl ed1Q.4 g19f Mn@grace; %rerpohxs edim2@hml pbeanol up g p&bﬁ’é‘&%’é‘éﬁi"’éﬁ“’?) h

at 300[err]C ' N & | ixed with 100 rgl %t?agﬁfcoxs?s%gé: %%o%lmﬁg‘?ogﬁ %aﬂﬁer g‘t%cgté%%&d 9

acetyl acet one

1 hina27 EQ}[fQﬁdh]ll@d QVated vRetaded & the'lihﬁ‘uﬁ@ kwithndtinives Thi enixture was
e catalyst dried overnight at 110Q[err] C under vacuumin

stirred for

distilled off and t

adrying 15

10

15

20

25

eqysred dposely w1th paper and allowed to stand for 10 days at room temperature to
gel. Then the gel was dried for 2 days at 40°C in a vacuum drying cabinet, milled to

give a powder and the powder was annealed for 3 h at 300°C in air.

0.77 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel was added thereto and stirred for 1 h at 50°C on a Rotavapor. The solvent was then
distilled off and the catalyst dried ovemight at 110°C under vacuum in a drying

cabinet.

The catalyst contained 1.0 % palladium and 6 % manganese, each calculated as the
metal.

Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 3, with the difference that 10.0 g of catalyst were used. Analysis showed that
after 1 h 11.9 % diphenyl carbonate, after 2 h 18.3 % diphenyl carbonate and after 3 h
243 % diphenyl carbonate were present in the reaction mixture. 12,1 g of a

phenol/water mixture had condensed in the cold trap.

exanple 2, with the difference that
5.0 g of catalyst were used. Analysis showed t hat after 1 h 16.4 %

reaction mxture. 12.1 g of



The cat al yst contained 1.0 % pal |l adium and 6 % nmanganese, each cal cul ated
as the- meVap9/0878620  Use of the co-gel catal yst to prepBFEERfRBHEhyI
carbonat e The supported catal yst was used to prepare di phenyl
carbonate in the same way as in exanple 3, with the difference that
10.0 g of catalyst were used. Analysis showed that after 1 h 11.9 %
di phenyl carbonate, after 2 h 18.3 %di phegll carbonate and after 3 h 25
24.3 % di phenyl carbonate were present in“the reaction mxture. 12.1 g of
a phenol /water m xture had condensed in the cold trap.

-23 - Exgpighples Preparing a Al/M co-gel and coating with
pal | adi um 5 g of alum nium sec-butylate were m xed with 200 m of
2- but anol and a sol ution of 6.6 g Mh(acac)3 in 100 mM of warm acetone
was added t her The mxture S . heated t.o 40[err]C and a m xture
o7 1o of "Gt Shfpplig adtubint o 8o goatipe R irladiplc added sl owl y
with stirring on a Rotavapor. After one hour the mxture was heated to

60[err]C and stirred for 20 h at this tenperature. The sol vent was
distilled off, ihgof @gmuw@nm—butﬂaﬁeé@rwmeﬁ“gﬂhﬂoamlpi@f@tampmdrﬂ salufige @fim

oy ng cabinet . agbIgI 0 5o 8 o i BRL BN Mg ghrgo, Fle BARHHERR o

the dried and pREEEd0°C and a nHilurd\6¥S1 (PRl sﬂm‘sﬁlﬁrde\meﬁﬁd Oatmlrdeﬂetflé?bl Yah at
50[err] C on a Rotavapor. The solvent was then
added slowly with stirring on a Rotavapor. After one hour the mixture was heated to

60°C and stirred for 20 h at this temperature. The solvent was distilled off, the residue
10 dried overnight at 110°C in a vacuum drying cabinet, and then dried for 3 h at 350°C

In a stream of air.

0.42 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel was added thereto and stirred for 1 h at 50°C on a Rotavapor. The solvent was then
15  distilled off and the catalyst dried overnight at 110°C under vacuum in a drying

cabinet.

The catalyst contained 0.7 % palladium and 5 % manganese, each calculated as the
metal.
20

Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 2. Analysis showed that after 1 h 11.9 % diphenyl carbonate, after 2 h 17.6 %
25  diphenyl carbonate and after 3 h 23.7 % diphenyl carbonate were present in the

reaction mixture. 13.5 g of a phenol/water mixture had condensed in the cold trap.



15 distilled off and the cat al yst dried overnight at 110[err] C under
vacuum'i n a dryWAg0878  cabi net . The catal yst cont ai RetERyeH436]
pal'l adi um and 5 % nanganese, each cal cul ated as the netal . 20

Use of the co-gel catalyst to prepare di phenyl carbonate The
supported catal yst was used to prepare di phenyl carbonate in the sane way
as in exanpl e 2. Anal ysis showed tha é after 1 h 11.9 % di phenyl
carbonate, after 2 h 17.6 % 25 di phenyl - 4tbonate and after 3 h 23.7 %
di phenyl carbonate were present in the reaction m xture. 13.5 g of a
phenol / wat er mgkﬂf,ﬂelz;ad condensed in the cold trap.

-24 - arrp e Preparing a Zr/NMh co-gel and coating wth
pal | adi um 12.1 g of l\/h(acac)S were dissolved in 600 M of ethanol in

a polypropylen beaker er 2 ni.kroge nosphere and then 143 g
of a 70 %streﬁ%’fﬁ?a’élggﬂ&rmncff’ o i capfipg & #hl.nﬁ%ﬁglbll’rbpom de were added. A

m xture of 12 m of distilled water and 13 g 8N HO (25.7 wt.% were
added sIova% to the mixture with stirring. The m xture was covered

| oosely with pabet gaidVnlerasheuere sisselsediin 60 ml ghgthane] it 8 PelyPeapylenabedker t o
. 10 Th 0
dabi net mi |l ed ¥ wtE eofifiodth' SfhoyileaRftin s L8R 10 b Buthatf SURATLY! 10

at 450[ err] C i nzifohium n-propox1d9w%f7b ﬂd&f AHGL()@@'&@)‘?Z e bedidiilslol at@thnin3 kBN g of
acetyl acetone, the dried a was . added t hereto and

stirred for 1 hH&t (Bgf @’i"r/ﬁ)CW%iﬁ aédﬂoﬁla‘b’h/p@rﬂm Wét“@eoWBrFPI% T apixture was

covered loosely with paper and allowed to stand for 7 days at room temperature to gel.

10 Then the gel was dried for 2 days at 40°C in a vacuum drying cabinet, milled to give a

powder and the powder was annealed for 7 h at 450°C in air.

0.86 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel was added thereto and stirred for 1 h at 50°C on a Rotavapor. The solvent was then
15  distilled off and the catalyst dried overnight at 110°C under vacuum in a drying

cabinet,

The catalyst contained 0.7 % palladium and 5 % manganese, each calculated as the
metal.

20
Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 5. Analysis showed that after 1 h 10.2 % diphenyl carbonate, after 2 h 16.8 %
25  diphenyl carbonate and after 3 h 21.3 % diphenyl carbonate were present in the

reaction mixture. 13.4 g of a phenol/water mixture had condensed in the cold trap.



15 d| stilled off and the catalyst dried overnight at 110[err] C under

vacuum'i n a dryVpgp/0878  cabi net . The catal yst contai ER98/94864
pal’l adium and 5 % nanganese, each cal cul ated as the netal . 20

Use of the co-gel catalyst to prepare di phenyl carbonate The
supported catal yst was used to prepare di phenyl carbonate in the sane way
as in exanple 5. Analysis showed that_after 1 h 10.2 % di phenyl
carbonate, after 2 h 16.8 % 25 di phenyl'%%‘r bonate and after 3 h 21.3 %
di phenyl carbonate were present in the reaction m xture. 13.4 g of a
phenol / wat er mpﬁﬁﬁ@elf,ad condensed in the cold trap.

-25 - anpl e Preparing a Si/Wn co-gel and coating with

pal | adi um 5 5.2 g of Mh(acac)3 were dissolved in 200 mM of ethanol in

a pol ypropyl en beaker nl_of tetraethoxysilane. 44
m of a 25 % st 'éeﬁﬁ{lﬂg3?%%0'5%‘?8&%%'"’3‘”&Bgl?*ﬁjt'?%n were added to the
m xture with stlrrlng The m xture was covered | oosely with paper and

allowed to stand for 7 days at roomtenggrature to gel. Then the gel was
dried for 35day%2 atofM](@qap]a@reirmdlaSOMd mmypﬁqhmbmrmolypm}ﬂm bte@keglmb a

powder and the r o) C1N

1.16 g of Pd(ac‘gl@l) “&@\?@% %ﬂ 4 rg% a%%? %pg%x]nague?% rclmé%l and
powder ed solifton Wasse éﬁd@@fb thEl ﬁﬁﬂtn@ vﬁﬂﬁkhﬁiﬂgr TI‘E@'mi)@lﬁre ab cadterdbesely atlon a
Rot avapor . The sol vent was distilled off and the catal yst dried

overni ght at 11%Pe&f ‘I‘I]d@llﬁ’ﬁ@é 1‘0 \?@@@ﬁ‘?ﬁ 7 days af Fgan ¢pmperature to gel. Then the gel was
dried for 3 days at 40°C in a vacuum drying cabinet, milled to give a powder and the

10 powder was annealed for 6 h at S00°C in air.

1.16 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel was added thereto and stirred for 1 h at 50°C on a Rotavapor. The solvent was then
distilled off and the catalyst dried overnight at 110°C under vacuum in a drying

15 cabinet.

The catalyst contained 1.5 % palladium and 3 % manganese, each calculated as the
metal.

20 Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 1, with the difference that 6.7 g of catalyst were used. Analysis showed that
after 1 h 12.8 % diphenyl carbonate, after 2 h 18.5 % diphenyl carbonate and after 3 h
25 25.6 % diphenyl carbonate were present in the reaction mixture. 15.6 g of a

phenol/water mixture had condensed in the cold trap.



1"5  ‘cabi net. The catal yst contained 1.5 %palladiumand 3 %

manganese, eachWe&y®i#6at ed as t he netal. 20 Use of PHREERIEOHE]
cat'al yst to prepare di phenyl carbonate The supported catal yst was
used to prepare di phenyl carbonate in the same way as in exanple 1,

with the difference that 6.7 g of catalyst were used. Analysis showed t hat
after 1 h 12.8 % di phenyl carbonate, after h 18.5 % di phenyl carbonate
and after 3 h 25 25.6 % diphenyl carbonh&te were present in the reaction

m xture. 15.6 g of a phenol /wat er m xture had condensed in the cold
trap. Example 8 -26 -
Exanpl e 8 reparing a Si/M/Ce co-gel and coating with palladium

5 10.4 g of Mni(acac)3 were di ssol ved in 200 M of ethanol in a

pol ypr opyl ene ake d W t 100tll l& t etraet hoxysil ane. A
sol ution of 0.1 eé’a’c')‘f'gé Icf’)ge Coaping with pajlgdiggy” ¢ o\ Hel was
added to the m xture with stirring over the course of 20 m nutes. The
m xture was covered | oosely W|th£aper and allowed to stand for 8 days

at room t enper alQ4 & afdMp(@rac);Twem disselvein J0smiipf etharodin 2 mbmopaiena(’wﬁéﬁef ]C
:Ng s a a\rgﬁg;r(rand ]il‘ gr dﬁ‘?{%{&}é@?&? %f@traetfxox(ifglllaﬁl% A IS(\)/lgtl(%l Wé oiaééﬁmtnﬁ‘ﬁ) B@e‘&ﬂé r
in 39 ml of 8N HCI was added to the mlxture with stirring over the course of 20
minutes. The mixture was covered loosely with paper and allowed to stand for 8 days
at room temperature to gel. Then the gel was dried for 2 days at 40°C in a vacuum
10 drying cabinet, milled to give a powder and the powder was annealed for 3 h at 300°C

1.16 g of Pd(acac), were dissolved in 100 g of acetylacetone, the dried and powdered
gel added thereto and stirred for 1 h at 50°C on a rotavapor. The solvent was then
15  distilled off and the catalyst dried overight at 110°C under vacuum in a drying -

cabinet.

The catalyst confained 1.5 % palladium, 0.2 % cerium and 6 % manganese, each
calculated as the metal.

20
Use of the co-gel catalyst to prepare diphenyl carbonate

The supported catalyst was used to prepare diphenyl carbonate in the same way as in
example 7. Analysis showed that after 1 h 9.1 % diphenyl carbonate, after 2 h 15.8 %
25  diphenyl carbonate and after 3 h 23.1 % diphenyl carbonate were present m the

reaction mixture, 14,2 g of a phenol/water mixture had condensed in the cold trap.



1716 g of “Ij‘d‘(acac were di ssolved in 100 g of acetyl acetone, the dried and

powder ed #bded thereto and stirred for 1 h at 50[ ePETEPOEAHEE!
rotavapor. The soI vent was then 15 distilled off and the catal yst dried
overnight at 110[err] C under vacuumin a drying cabi net . The
catal yst contained 1.5 % palladium 0.2 %ceriumand 6 % nmanganese, each
cal cul ated as the netal. 20 Use of the co-gel catalyst to prepare

di phenyl carbonate The supported Tt al yst was used to prepare

di phenyl carbonate in the same way as in exanple 7. Analysis showed

that after 1 h &iaimd0 di phenyl carbonate, after 2 h 15.8 %25  di phenyl
carbonate and after 3 h 23.1 % di phenyl carbonate were present in the
reaction mxture. 14.2 g of a phenol/water m xture had condensed in the

cold trap. .. -27- CLAI MS:
1. A process for prelRPPHY SRLSISIARERNEr bonat e conpri si ng (A
obtaining a supported catalyst by a process conprising (i) preparing

a gel containing at |east one menber selected froma first group

consi sting &f silicdbd oxiadenxidel erthcmlmmmsdﬂl,com,lahamnuum,cb»tarmganmumcmra um
oxi de and at | east_one n}; &a §§1 froma second group

consi sting of metal oxi déBXYYe piRIdes o eseeements

(i)  one or more co-catalytic metal oxides from groups 4, 5, 6, 7, 11, 12, 13,
14, the iron group (atomic numbers 26 to 28) or the rare-earth metals

10 (atomic numbers 58 to 71), and

(i)  one or more platinum metals or one or more compounds of platinum
metals (atomic numbers 44 to 46 and 77 and 78) in an amount 0.01 to
15 wt.%, calculated as platinum metal and with respect to the total
15 weight of catalyst,

which are obtained by preparing a gel from one or more suitable precursor(s)

of the components mentioned under (i) and (ii), ageing, drying and optionally

annealing the gel, shaping the mixed metal oxide obtained in this way and then
20 applying the platinum metal component (iii) to the mixed metal oxide.

2. Process for preparing an organic carbonate by reacting an aromatic hydroxy
compound with carbon monoxide and oxygen in the presence of supported

catalysts in accordance with Claim 1, a quaternary ammonium or phosphonium

B e R T AR
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elenents of groups 4,5,6,7, 11,12, 13,14, the iron group (atthfpes 2= ¢
nunbers 26 to 28) and the rare-earth met_qbs (atom c nunber§f3‘82Ko (A% and

(ii) aging said gel to obtain an aged gel, (it _said ag{ed
gel to obtain dry m xed netal oxides, (iv) sha |mp§¢¢g5mg|‘°ysﬁnﬁeﬂ
met al oxi ggaIMs:obtain a shaped m xed net al oxi de and I hg
at | east one prati numnetal conponent selected fromt e fgp consi st} ng
of platinumnetals (atom c nunbers 44 to 46 and 77 an d of
sai d platinumnetals to said shaped netal oxidg¢, 'n an_anmount [0.j01
to 15 wt. % cal cul ated as platinummetal withirespect to the tqtal
wei ght of said supported catalyst, to obtain a-supperted.catal ygt
and (B) reacting an aromatic hydroxy conmpound with carbon nonoxi de and
oxygen inlthd procesqogep@me@ng)m ergARiC SUPPFE cQMPHRg yst .

(A) obtaining a supported catalyst by a process comprising
(i) preparing a gel containing at least one member selected from a first group
consisting of silicon oxide, aluminum oxide, titanium oxide and zirconium oxide and
at least one member selected from a second group consisting of metal oxides of the
N elements of groups 4,5,6,7,11,12,13,14, the iron group (atomic
~ 8 numbers 26 to 28) and the rare-carth metals (atomic numbers 58 to 71), and
(ii) aging said gel to obtain an aged gel,
(iii) drying said aged gel to obtain dry mixed metal oxides,
(iv) shaping said dry mixed metal oxides to obtain a shaped mixed metal oxide and
{(v) applying at least one platinum metal component selected from the group consisting
of platinum metals (atomic numbers 44 to 46 and 77 and 78) and compound of said
platinum metals to said shaped metal oxide, in an amount 0.01 to 15 wt. %, calculated
as platinum metal with respect to the total weight of said supported catalyst, to obtain
a supported catalyst and

(B) reacting an aromatic hydroxy compound with carbon monoxide and oxygen in the

I

presence of said supported catalyst.



