; @3esap\\] 474 _a6PaTaMJY -1 PROCESS FOR PRODUCI NG DI ARYL CARBONATES 5 The
'‘presént invention is directed to a process for the preparation of 10 A
process for producing diary) carbonate is disclosed. The process 15 20
BACKGROUND OF THE | NVENTI ON 25 30 diary) carbonates (DAC) and nore
particularly to a catalyzed process. entails formng a reaction m xture
wherein reacting are an aronmatic hydroky conpound corresponding to the
formula FI ELD OF THE | NVENTI ON SUMMARY OF THE INVENTION R-OH (I | ),
wherein R denotes aPRQEESSFORPROMNYCING WARYL GARBONAWPES CO and 02 in
t he presence of a catalyst system The catalyst system contains conponents
a) a Goup VIIl B nmetal conpound, b) at |east one second netal compound, c)
a bromi de conpound, and d) a HdEED FhdHi OdEENTEDNaI | s i ntroducti on of one
or nore of compon s a) ta d) tv the reaction mxture in nore tha one
“horenent i n tpe dperEcen ittt disrE het Brobast (e SrEBHatE) Bt dat i ve
direct car bOWér?F¢é?Boﬁéte§r(DWB)'éhd1h‘)éfc925é{rtn@9lﬁﬁ?l16@3cdt§lyﬁé@p%c%%@nce of CO,
02 and of a precious netal cat'alyst is known {see, for exanple, DE-CS 27 38
437, US-A 4,349,485, US-A 5,231, 210 ~EP-A 667 336, EP-A 858 991, US-A

5, 760, 275 . The precious net , . ﬁl ladium In addition, a
co-catal yst (for exanple, nmafg weiel. salts), a base, sources
of brom de, quateW@rfo)ée§§fdr&‘prodﬁélhgldﬁarﬂbktdi@@ﬁ@te% diiefiseduiTRe pesceydd dryi ng
agents may be used. The reaction nmay be carried out in a solvent. -2
However, the elﬂﬁﬁjlﬁrfoﬁﬂ'ﬁgé%ﬂﬁléﬁ migturg stheyeip reaelinga e 3v arasalior a technical
conversion a es of secondary products.

It is therefg' d chﬁ'l(féérY&lg%ngﬂ{@% tﬁ%?@@dlé\hl ch is optimsed with
regard to yield and qual ity of product. 5 A process has now been found

whi ch rengers possi ble a surpri sigg)n'gncr ea?® in the selectivity of the
reaction, e. the decrease of setondary prtdducts with constant product
yiel d. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nvention therefore
provi des a process for producing an aromati c carbonate corresponding to the
formul a wherein R denotes a Cs.22 - aromatic hydrocarbon radical, with CO and O,

in the presence of a catalyst system. The catalyst system contains
components a) a Group VIlI B metal compound, b) at least one second
20 metal compound, c) a bromide compound, and d) a base. The process
entails introduction of one or more of components a) to d) to the reaction
mixture in more than one increment in the course of the reaction.

BACKGROUND OF THE INVENTION

25 The production of DAC by oxidative direct carbonylation of aromatic

hydroxy compounds in the presence of CO, O; and of a precious metal
catalyst is known (see, for example, DE-OS 27 38 437, US-A 4,349,485,
US-A 5,231,210, EP-A 667 336, EP-A 858 991, US-A 5,760,272). The
precious metal used is preferably palladium. In addition, a co-catalyst (for
30 example, manganese salts or cobalt salts), a base, sources of bromide,
quaternary salts, various quinones or hydroquinones and drying agents

may be used. The reaction may be carried out in a solvent.
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ROCOOR(l), 15 wherein R represents optionally substituted, aromatic

* hydr ocar bon groups, having-preferably 6 to 22 carbon atons, 20 in which an
aromati ¢ hydroxy conpound corresponding to the formula ROH (I11), 25
wherein R has the sane neaning as above, CO and 02, optionally in a solvent
in the presence of a catal yst system 30_.conprising the conponents -3a) a
Goup VII'l B netal conpound, b) at | eas? one second net al conpound, c) a
brom de conmpound,y&p&let) tia Kiwn Brate8sé£a86 het dbmasdiRiquatd\ERIE!BF hzed in
that one or nore of conponents a) to d) are added to the reaction mxture
nmor e t han oneehnicaltdoavemions andprodieer rebativelynargenguantiieatdf sebguidaryy
conmpounds R-O-H gccording to the invention 10 15 20 25 30 are). fqr exanple,
nonohydr oxy Qfﬁﬁlb‘%ﬁ'nlgés wgqo%d%ﬂ@%? fo grovigg a BFO‘f?étsé’gz'UP% '%th"h%sear

p- chl or ophe i -, m or ppropyl phenol, o-, m or
p- met hoxyphgﬂt ré@gr%f%y%gdt ﬁ?‘?gﬂgiﬁgﬁ%&%f)m hyl phenol , 3, 4-di net hyl phenol ,
1- napht hbl , 2-naphthol or di- or pol yhydroxy conpounds such as resorcinol
and hydroqui none,, as well as trjs- and bisphenols, such, as -

2, 2-bi s(4- hydr oxﬁﬂ@ﬁ?ﬁ?&agﬁ%b?m v(\srﬁleﬁ)r?nders possible a surprising

2, 2- bi s(3, 5-iAtraBEE I the SBlctivity DT emy tadtiBRAINS the decrease of secondary

1, 1- bi s(4- hydr oxyphenyl ) cycl ohexane,

1, 1- bi s( 4- hyedustp métheonstard moduetykgldy | cycl ohexane or

6, 6' -di hydroxy-3,3,3",3 -tetranmethyl -1, 1" -spiro(bis)indane,

2, 4" - hydr oxybi phenyl or 4,4'-hydroxybi phenyl. In a case where the aromatic
hydr oxy 1gonpound i s sDEJWAILBDEDESCRIPEICH ©PTRIE INVINTRONuUbst i tuent's, which
may be Cl- C~e-al Iglyl ,. C6-Cl8-aryl, Cr-Cl8-aral kyl, Cl-C18-al koxy, fluorine,
chiorine or bronilMe inpeRiQt} Ksrefopm REIVLRSHX Pracssp dmRIOdHEBg Ak,

particul arl er B netal compound, that is a
pl ati num m%éé?&%éﬁg%ﬁ#ﬁﬁi?%?ﬁ%f%ﬁnﬁd)ﬂggﬁrhglﬁe preci ous netal from G oup
VIIl B) preferably palladium In the process according to the invention,
this may be added in various for@ Pﬁaélgdi um ngpy be used in netallic form
for exanple, as palladium bl ack "6 -69-9- uppor t/such as PdI C, Pd/ A1203,

Pdl Si 024gr) preferably, in the farmof palladi um conpounds in the oxidation
states 0 and +2, such as, for exanple, palladiun(ll) acetyl acetonate,

pal | adi um hayhefe® pal | adi um car boxyl ates of C2- C18-carboxylic acids,

pal | adi um di car boxyl ates such as oxal ate, palladiumnitrate, palladium

sul fate, palladi um oxi des or -4

R represents optionally substituted, aromatic hydrocarbon groups,

having preferably 6 to 22 carbon atoms,
20
in which an aromatic hydroxy compound corresponding to the formula
R-O-H (mn,
25 wherein

R has the same meaning as above,

CO and O, optionally in a solvent in the presence of a catalyst system

30 comprising the components



pal I-adi um conpl exes, which may contain, for exanple, carbon nonoxide,

‘ol efins, amnes, nitrites, phosphorus conpounds and halides. Palladi um
brom de and pal | adi um acetyl acetonate are particularly preferred. 5 The
gquantity of platinumnetal conpound is not limted in the process according
to the invention. Preferably this corrpoung -conponent (a) - is added to the
reaction batch in a quantity such that the concentration of the netal in
the reaction lat chaiGrolptVilI3® diktalcompoureknt rati ons of 5 to 500 ppm are
particularly preferred. 10 The netal of the second netal conpound b), which
acts as a coc®al yat least ope sepPRd BRIalLAETRWNg to the i nvention, is
selectedfrom IVvB vB) I B Il B VI B VII B,
from anong thé rar%sbégh{% ﬂ[ngkuﬁ? %omc nunbers 58-71 ) or fromthe iron
group of the p¢riodikasgystem 15 of the elenents (Mendel eev), optionally

al so m xtures of these; the nmetal may be used in varlogts oxi dation states

(see, for exaff Eeaqted Jogst ﬁefzcb@r@)cteugeg g that pne1gy Mers of epropanera p) kp- A 350
607, EP- A 350 4108 oHeAIOHAHRRBAT mB FEAarPohodl i Moyt offhe V) 20

Oeand Mo are "used ereb FTmtin rocess accor |ngtothe
i nventi on, oneeaatipn20 nmention | ead(l ), manganese(l ), manganese(ll1l),
copper (1), copper(Il), cobalt(ll)) cobalt(lll)) vanadiun(lll) and

vanadi um(1V), in particular nanganese(l 1)) manganese(ll1), cobalt(ll),

cobal t (1'11). The myhalsomalichs dﬁur@é@ﬂ@-ﬁ acordingiteeBe ientss)
car boxyl ates of CZzZ-Cl18-car box I|c acids, diketonates or nitrates as well as

conpl ex cthpoareidor mmplemr@@ydmwaqqmpdw\dsmhwephmmnmrmdm de,

ol efins, aromati d._al i phat r p sphor.us conpounds,
oyt dimes. bi Akl of ErgybRANRRE: oguridt ¥ ARSI “orpt ands)
Schi ff bases wbmueram- Rﬁrdrlpcmbﬂfd)oypﬁél@ciIEQ@bcHth’bﬁ'ylpﬁb'noll\@A-Pb and Ce are
used. It is nost preferabfe t 0 use manganese conpounds in the process

accordi ng to difeethylpbeppbs,4- an?ﬁamh@npbﬂrrgaq:htmlezzmppthﬁi@ggnecye(| 1) and
11 t t
renGoneee( 1 By B i FRISRETIEEH i o gL

g:orrpﬁnent 1%b) trmlarid bmyheﬁcrm Qmehfasri'rﬁebls(n -fpidroxyphenghjprepane (bhsphe?alct i on
t i t 0. 0001
Lo 20 ut . 3 of Mt RS E gy onenEan RRpaae bh HARy It of or abl y
from 0. 001 topheWil) %Id?\%&hhé U+ qfﬁly(ﬁﬁfréif’dﬂe‘ﬁyg 993- ﬁl%éh%;{/c%héxa%r

brom de corrpounds used present 1nvention incl or exanple, the
al kali et al Erﬁﬁﬁlmow-&ﬁl ﬂk'aa%eteamaﬂwmHr—spm(@zs)lnldaneai‘.é' -py@foxyabl y t he
brom de salts atio ani c f.or, exanpl e, be
ammoni um sal tE'phS E?rd+?1 ﬁ¥ﬁ’85¥ 'Bhe'b)ﬁt)@p%fsﬂ?eh 'Cs*l}idr' umsalts

substi t ut 20l chi‘hp@Uﬁdns sulgstiuted, thete @ﬁé bﬁé&b thfeé-'s&bsl’méhw hicH miayasre.
Anmoni um sal t s uani di ni um sal ts, Ctlp osphoni um salts or sul fonj um sal ts
)]

whi ch cont ai nCag=1s@ikyboes-bnerryl.(Gr-Crgataliv & sy ikaxu fioroe, chleriogeral ky|
groups as org I’W%% f h cording to
the i nventi onﬁ%ﬁé‘% rﬁlgn@ﬁﬁrﬁhgm&glﬁmcondlg:bﬁ%}r@e&ﬁg'?%alfg?@o- aryl,
C7- to C~2-ar @réfpral:ﬂtyldhemolm- to C2o0-al kyl groups as organi c groups are
used in the process according to the invention. Tetrabutyl ammoni um brom de
and tetrabutyl phosphoni um brom de are particularly preferred. The quantity
of the bramide congagGroup \BIB hietdorp c%mdﬂmcis arblétnﬂmehaatcc% sy
reaction m xture. Thlsquantlt i's prefera y 0.5 to wt . % P |cularly
20 pref er abl yalincudesiat leastmne mrgaiaue rbataéfrozcbﬁfmme\dtll %dpreferab he process

quat or nary. saPRLG LI eREs HEnAURL ¥ I BER it b SRS 1

netal salts owafiogd RIrAR! Paladias! ndyde @éévmtmétahmdbﬁﬁyfoe@&amﬁws% _
corresponding to formula (11), wherel n R has the neani ngd&ven above. It is

particul arly peadivabblack er abé supparksudh asPe/C,f2d/AlEk iOe®sry salt of

Lot r abut yP ol oA bR SRy S ARRNER T heligr B ¢ rtatorali S50 e
converted to wResactgas)for aﬂampréocp@aé@umThpa@étylabetomet@Ipaﬂaam hajddye salts

of lithium sodium potassium rubidiumor of caesium Preferably |ithium
phenol at e, so@?u%"ﬂﬁb‘ﬁﬁfpﬁﬂéa%@f&ﬁﬁsﬁs?ﬁf RPpiERaid, @aH?@'UGEGH’arWYJ?é% um

phenol ate is r

Do am sai ¢ SO0 FEhRIoLY, IECRIh Firote, pllabiin QU] BaInA SRaBK O°0
guani di ni um salts whi ch have C6- to C 8 aryl, C~- to C18 aral kyl andl or C~-
to C20-al kyl groups as organi c groups. The



groups may all be identical or different, optionally m xtures of several 5
‘quaternary salts nmay also be used. Here it is preferable, if possible) that
the sane cation be used as is used as bronmi de for conponent c). Mboreover)

t et.r aphenyl phosphoni um tetrabutyl ammoni um tetrabutyl phosphoni um are
preferred; tetrabutylamoniumis particuljarly preferred. 10 Alternatively,
trial kyl am ne bases such as tributylam ne, diisopropyl ethylam ne, DBU, DBN

may be used. pHiladias €ompldxesi@bithi map can@in,ifoyexdmple, carbordapeagdest of the
stoichionetry. The ratio of platinumnetal, for exanple, palladium to base

is 15 preferaﬂiq?V‘Ssén'&'ﬂ@%é\ﬁt“i%ﬂ)hesﬂh@rés%Wouﬁﬂéﬁé‘ﬂdﬁ'@eﬁ Pall
t | arl d | of
It i murm et ATords 88 bttt atityiaBohie) 8 parfioui ity Préfefiehs Ee;) o d)

may be added to the reaction 20 m xture nore than once according to the

i nvention_ but su subsegu ddltlon of co nents. a nd/or b) is
preferred5 Her e, ﬁﬁ’@ @q %@WP@'}CBWPPH (b?TBGUH’Hé HH‘ihSrprPré nese
salts b) is Fb%gékghﬂg f the |H(/§ﬁt%r{ Hefetanly ¥is €D

subsequently a portions, once or-in se@ al port I'ons. i’r ef er abI Yy,
one comrencesaddedodine readtloalbaiddlrtaqnantlty salbbmlnatltﬁetnaénmtnm ofithehe t ot al

quantity of cata SYyS nd. th nin uant S one or
nor e subsequéﬂ? LMPI%F‘%’“ %tcgdsiﬁﬁg"ﬁﬁbcﬂp gra %ﬁ?‘hg? PBMdded
initially is fatarfdiiay preférfégr abl y about 30 to 70 wt. % relative to the
total quantity of the catalyst system The subsequent additions are

preferablQ in at |east one and up to about ten increnents. The tine

e val s et e kB WU Sedlh B SRR Rl bl 20y (e

preferably Prda@él)l/_étcfoﬁ@@ﬁroﬁg% aétortiihg tbah@linventich] ivsaisite® tonPGrasy age
resi dence tine he subse uentlé added quan'&/lu'éé of the conponents) of the
u

catal yst 5 syHeM By H¥tAI Y Bhd/ BubBi i By Vil B cfeemagmeng theeraraiearthl
B s S R s
addi tion16i t lofithe elenfients (Mendeleel) tdpﬁonal&calsomnm&nesdf thefseatheuneted to 80
subsequent |y TBRADEGRER I UHUPYS OHRBUPR SEIEH (3R6. sNATRIacS A B dbul ar | y
preferably ahgsia §,Q3t1$21b9 Ud-A% 284 1963 EPLA 350 697, EP-A 350 700, US-A
5,336,803). Preferably Pb, Ti, Mn, Cu, Co, V, Zn, Ce and Mo are used.
Without thereby limiting the process according to the invention, one may
20 mention lead(ll), manganese(ll), manganese(lil), copper(l), copper(ll),
cobalt(ll), cobalt(lll), vanadium(lil) and vanadium(lV), in particular
manganese(ll), manganese(lll), cobalt(ll), cobalt(lll). The metals may be
used, for example, as halides, oxides, carboxylates of C,-Cqg-carboxylic
acids, diketonates or nitrates as well as complex compounds, which may
25 contain, for example, carbon monoxide, olefins, aromatic and aliphatic
mono- or polyamines, phosphorus compounds, pyridines, bipyridines,
terpyridines, quinolines, isoquinolines, cryptands, Schiff bases and halides.
Particularly preferably Mn, Cu, Mo, Pb and Ce are used. It is most preferable
to use manganese compounds in the process according to the invention,
30 particularly preferably manganese(ll) and manganese(lll) complexes, most
preferably manganese(ll) acetylacetonate or manganese(lll)

acetylacetonate, as well as manganese(ll) bromide.



schedul es of additions , represented by a variety of profiles of tine-added
"anmpbunts may be used; for exanple, a greater anount of catalyst per unit of
time may be added at the beginning than at the end of the reaction period,
or vice versa. A linear rate of addition of the remaining quantity of

catal yst, in 15 which the added quantity Per interval of time remains

i mat el t f d. The,additi By b d and
Corninated ar any Composnt et Flacarg redpied R i Sd0RT I s dence
time. The addiddcfsn batdHond gagstitpsaEl tahlitd Rncantratich Rrih@he rangbeut 90% 20

particularly preferably prior to about 80% of the total reaction period,
or average re8i086hde 20iwie% aftbe peagionsmixtwe; Hienepncentration mgrge ison may be

conduct ed bot i tghui €., .25 | e, ibon, the
conponent s of Bﬁeﬁ%%@b{*g%sﬂﬁg@gfgSp?r;’éy&%@gglaﬁg@f&gﬁtﬁgb@)ai@o? aé“ﬁ‘any tinme
after thesgeginning of the reaction. In a continuous operation, for
exanmple, in a cascade of n reaction 30 vessels, one or nore of conponents
a) to d) may be felihe hfemige ¢asapaeunsisec)disedHe the pEgsent Bvention éngudg ®rdur i ng
t he reacti on. race ' . LEWV.ERL h mat i on of
carbonate is %%-Jr}ﬁf’lgd%éu%ﬁgﬁﬁgeqélgda@ﬁ'%ér)\s {Jgﬁiﬁ@rﬂﬁﬁ'gégﬁg{é@@@% §u£€r{§c
preferably S50greferably the brofide palts dfcariganicycations £Tiab bigdrMiéCcatioris3May, fopnd at a
reaction pressure of 1 to 200 bar to 50 bar, particularly

preferably
preferably 1 €%x@Mplephe anupgaiugh sals. \gyeR e ?ﬁitsuEBGSWﬂ'%rﬁaltér%ani c
solvent afe 5 d 3 &@@r ﬁ;}% r i | vent s
such as ?fﬂeor%@ﬁiﬁg%ngggﬁfﬂgragﬁgﬁg@hg%wggr beér?ggﬁ%, (Ialgzagér’]%ﬁ')ggrl%%ene,
ani sol e, cycl oftbras.cAmpeiniwinealbs eginemidiniten Isalte Ehosphoniude salts or
1, 2-di chl oroet hane, Bi ol ar. .aprotic.solvents such as dingethyl acetanj de,
acetonitrile,$ Uy isais Meiehy ﬂ%t?_'rb?ﬁ'etp RN gé‘tﬂ@i@a?fgﬁ‘tyzgpafﬂ@b ran,
t-butyl met hytzolélkﬂtdl?_éﬁpélﬁgo? AAE ighbiss SeviMapleiod usein ﬂf@‘)n‘déeﬂ%xwres of
di fferent solvents. “The use of chl'orobenzene is particularly preferred. The
reaction ni xtaceording to the inventior. Prefenablyo bownenium salisregrsainingnCeftol % to

99% prefgrab 24 0, 98% rL ar s | 0%.t.0. 989 5 The
conposi ti1§1 o¢¥°f%rgl'rd€é(t,? ﬁéﬁgghcai'&g%n@é&t)%h t%ﬁ@?ﬁ&&%ﬁ‘ oa%yﬂgghgﬁaﬁ({%eévari ed
W It hin w de (cmﬁdd igtthegrédéﬁstafcco?iohg it? tHéigagtgﬁiaam&ratbatwsm&mf riiogr a 08: 82
mol ar ratio (standardi zed agaj nst .of 1:0.001 to 1:1, prefera 1: 0. 01
to 1:0.5 and l?f&ﬂ!'i’%aPQrtPSFafb&a\‘P@P&BW%'WOb@E“@%a![@ pagiculgrlyipietesraco Tae

rati os, the o i h i ki

Space. i mo 20057 BT GonfiF Ebiigbung 000 ATRKI. LeBeB U MR i ¢
i mpurities actheireadtiatumixtgre. fdis quantity is prefierably G.6do ddewt. Y particutarky
interest of the purity of the end product it is desirable to use chemcals
whi ch ar (,Z%as E"Ieée&ﬁ[’LYs‘beéé"ftbge. The 25 reaction gases are not subject to
any particular standards of purity either. Thus, synthesis gas may be used
as a source of COand air as an 02 carrier, but care nust be taken to
ensure that no cat Hrgysablgibasescemprnest (d).der theaprocess gocardingoto thes
conpounds ar e, [, QL¢ o DS . Ry i |, Lt It r e ot her
gases such asmklg%ﬂriégg@%maer%g%f H@rgg'grggd?'g%' ﬂ{eel t%losea j)jtrS ry A g%@ﬁ&?érﬁﬁe
preferred enbwdakavidssuchius aikalt &st batmddal tdalkali iretali sae wiriquaterpane CO and
pure oxygen are used. In another enbodi nent, a heferogeneous catal yst
system i fvmi%a{tﬁqf@rsmlpmnyW%mwﬁﬁﬁw%p@nemﬂﬁ 06’6'é'§t(§0v9’%*ﬂer8m
conmponent (b) - i t t. r.t .in the
Form of poudd 15 the lefia oRler fhdt e ¢ RAREREAN RN o ReCar BRI
systen) such metdlsaltlors@atdrhanossit ef theraromatip diydrbxgrobnogdurehed rtes pone

cocat al yst, are z%l ?o h%rrzﬁe?eousl di ssol vg&i n the reactjon mxture. The
quantity of pHiRgite dermpiadi for example girabutyargriongim pheraiete Pbgeneous
catalyst is Op@thssiimishafoldbe, WHdHESREUIN afbodse Eohvdhed tothe GRgSMLat ed as
platinumnetal. At |east one netal conmpound of the type nenlioned above is
used as a®Bocearhbpate.on the catal yst support. 10 The proportion of the
cocatalyst in the total weight of the heterogeneous catalyst is 0.01 to 15
w.% preferably 0.05 to 10 wt.% calculated as nmetal. 15 Suitable catal yst

supports are one OTh&@B[KIINE@ESalS mAHIR Salsedfaieigah, b@iny. pdssidm, Cu, Zr,
La, fromthe rare-earth netals (atom c nunbers 5871 ), both as chemcally

uni f orm pur e Ribidivarera cassiums. Rreferablyrlshiuasphendlates spdivm pherristeaant cobal t
o e ek BT B R o TR TR s o



20 is used as powder, the agitated tanks to be used are equi pped with
‘useful stirrers for the purpose of m xing the reaction conponents, for
exanpl e, they may be made into bubble colums. In the case of an operation
usi ng supported-catal yst powders in the 25 formof a suspension in stirrer
vessel s or bubbl e col ums, quant| ti es of-@x 001 to 50 wt. % preferably of
0.01 to 20 m. % rticu arI eferagéof 0.. Owt.fyg .0f
suppor t ed- cat al yst %ﬁH@ r%@ g(ﬁnay f "HB?E'BHI? EfeiPHQSPH RUM$3%Sn to the
initial quant b*)ﬂlmﬁnﬁéé]f@fsworﬁmﬁf@fﬁé SrYURPIIISEm SAltd wmahqweregi 10 Coac
enbodi nent s, e heterogeneous supported catalyst is used in a fixed
position in agyt&reld Camﬁ@|k)i| rand/q:nﬁmbnecamamwhgroapsawgenwgeps e'%hft or or

compl etely ondtonga Ay ot b8 g EaPe Ak ooy HRGIE BB i ng 10
the i nventg onqutbarR SHRIRESNEISH BeQUselCHBFOB RNBRASTabRS, af NEdsilile hagineat ed

t anks, autocl aves and bubbl e col ums; these nay be used ‘as i ndi vi dual
reactors or isameeation pedrsed asdisdsised aSIMOml@%KUa@@)P@WQ%ClWOWBBrabI y 2

Serios. The. o5t earavindiciag. kyaploitoneni ErspiBeRbaBRRiT A "

equi pped W t hpefdrieth tetrabutyraeiraoniom isisaricliads preférredi xi ng the reaction
conponents. Such stirrers are known to the person skilled in the art.

Exanpl es which may 10 be mentioned are: disk agitators, inpellers) _
propel | ergg, bl ade Mé‘r‘ﬁﬁgel tﬁa&&%rﬁuﬁé%@bgsUbe%%%ribﬂit ‘?niﬁbxers.a”d various
types of cavity mixer ‘erred stirrers are those which permt an

ef fective m xdilsppodpydethglandne, DBYuDEN nfagrbesusethl e, hol | ow t ube gas

di spersion stirrers, propellers, etc. 15 The followi ng types of bubble
colum may be used in the process according to the invention: sinple bubble
col umms, bubbl e cofpgBasE @A Pehartiy WHikH fsIndéfSdhcin of fHo exampl e:
bubbl e col ums wit par%f ) %(jr?gergu cagécadesI f ubﬁ go uerms W th
perforated pl ﬁoie:biommetsy ﬂ’gweramoloé ptatmuesmeMbeﬂr@xemplmcmll\adtUm dadiasads or

Such as. eor REERPLSG AftsePRiE0 B ofop@toiabl ERTARD, eafitietiior o ) et

| oop reactorSpreféraslyjmtormtéafummméwbaé@af@a@é@ &r o bPpRtIBAMUMS Wi t h
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The reaction conponents are anal ysed by gas chronmat ography, in which the
wei ghts of the conponents nay be determ ned by nmeans of an internal
standard. The selectivity is cal cul ated by addi ng together the



5 quantity of the remai ning phenol contained in the reaction m xture and of
"the phenol converted to DPC and dividing the sumby the total quantity of
phenol used. The phenol not included here has been converted into secondary
products. 10 The integral quantity of the catalyst conponents is defined as
integral over the concentration-tine curve; the integral Turn Over
Frequency (T d i f i i hour s,

i vi'ded by ¢ nearisBierRreRAbly PG bod a0k of Be Bl RRAEHER, 010" 5
mol pal | adi ugtdrayebesidedes tid@. mol  t et rabut yl ammoni um bromi de, 2.8 nmol
manganese trisacetyl acetonate and 64 g phenol in 300 g chl orobenzene were
pl aced i n an autocl ave. Carbon nonoxide (<180 NI h) was then passed through

for 15 m nutes at i : E?BHE!YI j ol ate
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Exanpl e

constant, is preferred. The addition may be commenced and terminated at
any time during the reaction or during the average residence time.

The addition is concluded preferably at a time prior to about 90%,
20 particularly preferably prior to about 80%, of the total reaction period, or
average residence time.

The process according to the invention may be conducted both
continuously and batchwise.
25
In a batch operation, the components of the catalyst system may be

added to the reactor at any time after the beginning of the reaction.

In a continuous operation, for example, in a cascade of n reaction
30 vessels, one or more of components a) to d) may be fed into at least one of

the second to nth reactors during the reaction.

The process according to the invention for the formation of carbonate

is carried out at a reaction temperature of 30°C to 200°C, preferably 50°C to



10 0. 18 mmol palladiun(l1) brom de, 40 mmol tetrabutylamoni um brom de, 2.8
"mol nmanganese trisacetyl acetonate and 64 g phenol in 300 g chl orobenzene
were placed in an autoclave at 80C. Carbon nonoxide (<180 NI h) was then
passed through for 15 mnutes, after which 40 mmol tetrabutyl anmoni um
phenolate in 50 m chl orobenzene was addéd> 320 NIl h 15 of a gaseous

m xture of cay ¥ 0 ASSE ough
at 90Cl 3 bar. m%tlon %ﬂﬁe d% @dléu%ngﬁﬁg%@eg\ﬁ’gﬁraﬂo SSJemE?rQli

t et r abut yl ammion2@Obé, omfdeablyﬂ 10250rbarcpamculladymeferam; 1poridebari. n
continuously and evenly over a period of 120 m nutes. After 1, 2 and 3
hours, a sanple was w thdrawn and anal ysed by neans of GC. 20 -14

Conpar i son Exanpl eS%anﬂ@eé*WﬁlchHﬁ m%%@lué@aléémeﬂ%gﬁc sHReniate

t et rabutyl anmoni um brom de manganese trrsacetyl acetonate and 64 g
phenol in &OOhgdrobamoobdnalegmafted élyprmbbnmaMammaﬁﬂ solgents BE@G.asCar bon

nonoxide 5 (<180 N /h passe th [o h for 15 m |tél af.t r whi ch
40 mol t ot 1 JBUCTPEARBRS e NABbSNZEES, THasbe 80y beigne dabenas ey, 320
Ni/h of a gasgpysh éﬂa)ﬁbugétréléuﬁﬁéthéﬂ W@ﬁ%%ﬂ@éﬂﬂ?%léﬁar&tﬁa& vol . %

was passed throu at 90C/ 3 bar. Af't hours, a sanple was

wi t hdr awn anddigatar ppeatiasplventa sueh asdimethylastamize, soetoaitienN-addi ti on of
pal I adi um ( cogRaRRNmdtlibne, LiBrd AR 20 bickén fotrBlybrBTRahTRBURK risthyict i Vi tY

10  ether and etherified glycols and optionally mixtures of different solvents. The
use of chlorobenzene is particularly preferred. The reaction mixture may
contain the inert solvent in a proportion of 1% to 99%, preferably 20% to
98% and particularly preferably 40% to 98%.

15 The composition of the reaction gases carbon monoxide and oxygen
may be varied within wide concentration limits, but it is advisable to establish
a C0O:0, molar ratio (standardized against CO) of 1:0.001 to 1:1, preferably
1:0.01 to 1:0.5 and particularly preferably 1:0.02 to 1:0.3. At these molar
ratios, the oxygen partial pressure is great enough to enable high space-time
20 yields to be attained.

All reactants may be contaminated with impurities acquired during
their production and storage, but in the interest of the purity of the end
product it is desirable to use chemicals which are as clean as possible. The

25 reaction gases are not subject to any particular standards of purity either.
Thus, synthesis gas may be used as a source of CO and air as an O,
carrier, but care must be taken to ensure that no catalyst poisons such as,
for example, sulfur or its compounds are introduced. The gases may be
diluted with one or more other gases such as nitrogen, argon, carbon dioxide

30 or hydrogen. In the preferred embodiment of the process according to the

invention, pure CO and pure oxygen are used.

In another embodiment, a heterogeneous catalyst system in which

the platinum metal compound and/or the cocatalyst of component (b) are
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3.354.2 Exanple 3 15 In a continuously operating apparatus conprising 2
cascadi ng autocl aves, 30 ng/kg pal |l adiumg-as palladium 11} brom de), 250
ng/ kg manganese (as manganese(ll1) trisacetyl acetonate), 2 w.%

t et r abut yI anmm@RRliesh t8rohetgeogenegusupper: arggineg Ia e fehPbRewden®e, 16 w . %

phenol and 74 r i td S f eed
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t et rabut yl ammoni um br omi dg_ agl(\jlﬁg ivvt . % ch] . orohenzene was introduced into the
|

second aut ocl BR/BOGENEOUslY disg N HG wastien mixgee. Jiheguaniity hplatigum nour s

I n each react : | f - @pnd reactor
and anal y;sed @%tarlreﬁggﬁg @?a I%‘ eftt'rqgg% tgeéa?‘%adlgh%{vm%ﬂylgalsfpég? 2& %sg\gbﬁbari son
Exanpl e 3 | n preterablyl0b4d 10 aptctoacainglatauhas platisunometalsi ng 2 cascadi ng
autocl aves, simlarly to Exanple 3) 40 ngl kg pal | adium (as pal | adi un{I1)
brom de), 250 ng/ kg manganese (as manganese(ll1) trisacetyl acetonate), 2 10
Wt . % tetrabut yl anmRNeYE SRt commpoutfd: Sthet F@Wﬁbﬁl'éﬁ@@ﬁb&ﬂ%ﬁlﬁ‘ébﬁi‘ e and
16 wt. % phenol, as well as 80.2 cWt é’% chl orobeyzene vlvere | nt roduce &

conti nuousl y & nocatalyst 6n the catalyst lsaprorht 96C/ 3 bar (carbon nonoxi de/ oxygen

10
The proportion of the cocatalyst in the total weight of the
heterogeneous catalyst is 0.01 to 15 wt.%, preferably 0.05 to 10 wt.%,
calculated as metal.
15 Suitable catalyst supports are one or more oxides of metals selected

from V, Mn, Ti, Cu, Zr, La, from the rare-earth metals (atomic numbers 58-
71), both as chemically uniform pure substances and as a mixture, as well
as iron oxides and cobalt oxides, nickel oxide, aluminium oxide, silicon oxide
and magnesium oxide, zeolites and activated carbons. If the catalyst support
20 s used as powder, the agitated tanks to be used are equipped with useful
stirrers for the purpose of mixing the reaction components, for example, they

may be made into bubble columns.

In the case of an operation using supported-catalyst powders in the
25 form of a suspension in stirrer vessels or bubble columns, quantities of 0.001
to 50 wt.%, preferably of 0.01 to 20 wt.%, particularly preferably of 0.1 to 10
wt.%, of supported-catalyst powder are used , the percents being in relation

to the initial quantity of aromatic hydroxy compounds.

30 In preferred embodiments, the heterogeneous supported catalyst is
used in a fixed position in agitated tanks, in a bubble column, a trickle phase
reactor or cascades of these reactors. A separation of the supported catalyst

is then completely omitted.



= 97.5/2.5 vol .%9. During residence tinmes of approximately 2 hours in each
"reactor, sanples were withdrawn at the outlet of the second reactor and 15
anal ysed by neans of GC. The results are shown in Table 3. Table 3:
Subsequent addition of palladium (conponent a)) in a continuous procedure
20 Runni ngQuant it yPhenol TON Pdti neof Pdse¢fectivity [ /]mol DPC/ [ (

)1 h] [ mg/ kg] (ol (Pd%abi) | h] Conp. 214084. 01171EX.

3324085. 01153Ex. 333 sractare feB®oR008%s 8acrdingre tmmnélgnmma

surprisingly, that the act,i and sel t |t e cat al co nent
are’ nor oasedhamossietisadnfiiabeRiins Pafst bis Hoffehdfofs Riddhe e oe °
-16 Al though Kilblé BYRMASD thekrsmag B 1iReiCAd Paflidunl deaébls d)ﬂntthéférﬂi 6£8i ng
for the purpose of illustration, it is to be understood that such detail is

solely for tmscpdeplo@camdehatto\ﬂ@r praferably 24y 10andepriticwerlyipreferaliyose

skilled i t p e spirit and scope of the
I nventi on%ex 52%3%@ n@%yg)g (% tr\eﬁ%td 'E]Osg]{)gghe cl ai ns. -17 WHAT | S
CLAIMED I S: 1. A process for producing diaryl carbonate corresponding to

the formula 5 ROCOOR ( conpri S|qu) formng a reaction m xture of and
reacting an aronat|le ﬁg‘@téﬂﬁa%@@d{ﬁlﬁs W@ﬁ@s%pﬁgeﬂqutfenf%wgu@pfd

with suitable stirrers for the purpose of mixing the reaction components.
Such stirrers are known to the person skilled in the art. Examples which may
10 be mentioned are: disk agitators, impellers, propellers, blade mixers, MIG
and Intermig mixers, tube mixers and various types of cavity mixer.
Preferred stirrers are those which permit an effective mixing of gases and
liquids, for example, hollow tube gas dispersion stirrers, propellers, etc.

15 The following types of bubble column may be used in the process
according to the invention: simple bubble columns, bubble columns
containing built-in units such as, for example: bubble columns with parallel
chambers, cascades of bubble columns with perforated plates or single-hole
plates, bubble columns with packing, or with static mixers; pulsed sieve-plate

20 bubble columns; loop reactors such as, for example: mammoth loop
reactors, descending loop reactors, jet loop reactors, free-jet reactors, jet-
nozzle reactors, bubble columns with liquid immersed radiator, descending-
ascending bubble columns and other bubble columns known to the person
skilled in the art (Chem. Ing. Tech. 51 (1979) No. 3, p. 208-216; W.-D.

25 Deckwer, Reaktionstechnik in Blasens&ulen, Otto Salle Verlag 1985).

In a preferred embodiment, bubble columns and bubble column
cascades which permit an effective mixing of gases and liquids are used
such as, for example, cascades of bubble columns and loop reactors.

30 Devices for distribution and redispersion may be attached along the
longitudinal axis of the bubble columns in order to maintain a thorough
mixing of liquid and reaction gas. Solid redispersion devices used are single-

hole plates, perforated plates, as well as other built-in units known to the



ROH (1 I ), wherein R denotes a C22- aromatic hydrocarbon radical, 15
"wth COand 02 in the presence of a catal yst system contai ning conponents
a) a Goup VIII B netal- conmpound, b) at |east one second netal conpound, c)
a brom de conpound, and 20 d) a base characterized in that one or nore of
conponents a) to d) are added to the readti-on m xture in nore than one

increment in the c%rsg,of th'«?t ea&ti,o,n. n‘f The prOﬁess of Cdaima]1 wherein
conponent ( a) P¢§ORSHlgd R the,artobor e nitighdigpersaneofithe feactianggs ttbe

i ncrenent. 3.y i : I i :

conmponent (b) I'@&gﬂﬁgénggrﬁnggﬁ@@gg? fr"gnmg{ @Ig W’Sré‘é%%f: ?r?g Yé’?@n@mg’? b'lcggd,
cerium cobal maydeppsad, such asipomus sintsredplates grerforatesing atess snsened30

ronedum . TRGSPASHIPS ok RSB S o FOTIRR Bt Saeg o (1

accordi ng 4 0 {HeAdsdn WRiEiMtHE &ty! carbonate is diphenyl carbonate. 6. The
process according to Claim1l wherein one or nore of 5 conponents a) to d)

are added to the reaction mxture in one to ten increnents. 7. The process
of claim1l wherei bout 10 to 8 Y% aof the total quantity, of at | east
one of corrpo_nentsngge%o%ssiafc%ﬂ’é‘\ﬁ%{ﬁﬁ'%eq 108 ’P_F'Y?F U?d_ﬁ? t Brany, f4
reaction periggmb8r of Ry IOKE posSIBIE/ if iatehttld obkritivn/ Heer €OMarPokyeR0 Wt . %

of at |east one of conponents a) to'd) is continuously added to the
reaction mi xtafednsedycrd inte te reggtonMixthee eitharitherughed gas dispersion Ang,

conti nuo pr sg for t p i i I t nding to
fhe. or mita FoftBeeed protied i, Ot bR buRRIAG0E &5 SRAPEREET S
vessel and a @éviced. Afterdiie sptimabosmiersiondias beenastithed, the igadtonngixturem ng a
reaction m xture of and reacting an aromatic hydroxy conmpound correspondi ng
to the fornulig remoxeghfrgm the reactor or optionally processed in the reactor. In the

case where pulverulent supported catalysts are used, these may be

separated from the reaction mixture, for example, by filtration, sedimentation

15  or centrifugation.

Supported catalysts used in batch experiments may be used
repeatedly with identical feed material, optionally without purification. During
continuous operation, the supported catalysts used may remain in the

20 reactor for a long time and if necessary be regenerated.

A continuous operation in an individual reactor or in a cascade of
several reactors is the preferred procedure. Where fixed heterogeneous
catalysts are used, these may remain in the reactor for a long time and also,

25 if necessary, be regenerated there.



wherein R denotes a C22- aromatic hydrocarbon radical, 30 with CO and 02 in
the presence of a catal yst -.system containing conponents a) a Goup VIII B
nmet al compound, b) at |.east one second netal conpound, c) a brom de
conpound, and 19 d) a base wherein 03§ or nore of conponents a) to d)
are fed into said first reaction vessel "afnd at | east one subsequent

reaction vessel in the course of the Al . A
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15 Example 1
0.12 mmol palladium(ll) bromide, 40 mmol tetrabutylammonium

bromide, 2.8 mmol manganese trisacetylacetonate and 64 g phenol in 300 g
chlorobenzene were placed in an autoclave. Carbon monoxide (<180 Ni/h)
was then passed through for 15 minutes at 80°C, after which 40 mmol

20 tetrabutylammonium phenolate in 50 ml chlorobenzene was added. 320 Ni/h
of a gaseous mixture of carbon monoxide and oxygen (97.5:2.5 vol.%) was
passed through at 90°C/3 bar. In addition, 1.25 mmol manganese
trisacetylacetonate in 60 ml chiorobenzene was pumped in continuously and
evenly over a period of 120 minutes.

25
After 1, 2 and 3 hours, a sample was withdrawn and analysed by
means of GC.
Comparison Example 1
30 0.12 mmol palladium(ll) bromide, 40 mmol tetrabutylammonium

bromide, 4.2 mmol manganese trisacetylacetonate and 64 g phenotl in 300 g
chlorobenzene were placed in an autoclave at 80°C. Carbon monoxide
(<180 NI/h) was then passed through for 15 minutes at 80°C, after which 40

mmol tetrabutylammonium phenolate in 50 ml chlorobenzene was added.
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10% u& (9 - vl ablm Lidybserqrent addition ebmanganese trisacetylacetonate (component
b))
Time | Quantity | Phenol Integral Integral TOF
h] of Mn selectivity | DPC | quantity [mmol(DPCY
[mmol] [%)] [9] of Mn (mol(Mn)xh)/h]
[mmolxh]
0 4.20 100.0 0.0
Com 1 4.20 94.9 28.0
Ex. 1 2 4.20 92.2 46.4 12.6 21.0
3 4.20 91.6 56.7
0 2.8 100.0 0.0
1 3.21 95.8 223
Ex. 1 2 4.05 94.5 43.8 10.9 23.8
3 4.05 93.8 55.6
Example 2
10 0.18 mmol palladium(tl) bromide, 40 mmol tetrabutylammonium

bromide, 2.8 mmol manganese trisacetylacetonate and 64 g phenol in 300 g
chlorobenzene were placed in an autoclave at 80°C. Carbon monoxide
(<180 NI/h) was then passed through for 15 minutes, after which 40 mmol
tetrabutylammonium phenolate in 50 ml chlorobenzene was added. 320 NI/h

15  of a gaseous mixture of carbon monoxide and oxygen (97.5:2.5 vol.%) was
passed through at 90°C/3 bar. In addition, 0.070 mmol palladium bromide
and 0.25 mmol tetrabutylammonium bromide in 108 ml chlorobenzene was
pumped in continuously and evenly over a period of 120 minutes. After 1, 2
and 3 hours, a sample was withdrawn and analysed by means of GC.

20
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chlorobenzene were placed in an autoclave at 80°C. Carbon monoxide

5 (<180 NI/h) was then passed through for 15 minutes, after which 40 mmol
tetrabutylammonium phenolate in 50 mi chlorobenzene was added. 320 Ni’h
of a gaseous mixture of carbon monoxide and oxygen (97.5:2.5 vol.%) was
passed through at 90°C/3 bar. After 1, 2 and 3 hours, a sample was
withdrawn and analysed by means of GC.

10
Table 2: Subsequent addition of palladium (component a))

Quantity | Phenol Integral | Integral TOF
Time | of Pd | selectivity | DPC | quantity | [mmol(DPCY
[(h] | [mmol] [%] [a] of Pd (mmol(Mn)xh)/h]
[mmolxhl]
0 0.180 100.0 0.0
Com 1 0.180 93.9 243
Ex.2 | 2 0.180 92.6 419 | 054 458.2
3 0.180 91.8 53.0
0 0.120 100.0 0.0
1 0.161 93.9 22,6
Ex.2 | 2 0.191 93.7 447 0.50 506.0
3 0.190 93.3 54.2
Example 3
15 In a continuously operating apparatus comprising 2 cascading

autoclaves, 30 mg/kg palladium (as palladium(ll) bromide), 250 mg/kg
manganese (as manganese(lll) trisacetylacetonate), 2 wt.%
tetrabutylammonium bromide, 1.8 wt.% tetrabutylammonium phenolate, 16
wt.% phenol and 74 wt.% chlorobenzene were introduced continuously as
20 feed into the first autoclave at 96°C/3 bar (carbon monoxide/oxygen =
97.5/2.5 vol.%). In addition, a feed of 10 mg/kg palladium in 0.18 wt.%
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Comparison Example 3

In a continuously operating apparatus comprising 2 cascading
autoclaves, similarly to Example 3, 40 mg/kg palladium (as palladium(ll)
bromide), 250 mg/kg manganese (as manganese(lll) trisacetylacetonate), 2

10  wt.% tetrabutylammonium bromide, 1.8 wt.% tetrabutylammonium phenolate
and 16 wt.% phenol, as well as 80.2 wt.% chlorobenzene were introduced
continuously into the first autoclave at 96°C/3 bar (carbon monoxide/oxygen
= 97.5/2.5 vol.%). During residence times of approximately 2 hours in each
reactor, samples were withdrawn at the outlet of the second reactor and

15 analysed by means of GC. The results are shown in Table 3.

Table 3: Subsequent addition of palladium (component a)) in a continuous

procedure
20
Running | Quantity Phenol TON Pd
time of Pd i
selectivit
[O/O]VI Y [mmol(DPC)/
[h] [mg/kg] (mmol (Pd)xh)/h]
Comp. 21 40 84.0 1171
Ex. 3

32 40 85.0 1153
Ex. 3 22 30+10 87.3 1278
30 30+10 86.8 1217

The Examples show, surprisingly, that the activity and selectivity of
the catalyst components are increased by the subsequent addition according
to the invention.
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6. The process according to Claim 1 wherein one or more of
5 components a) to d) are added to the reaction mixture in one to ten

increments.

1. The process of claim 1 wherein about 10 to 80 wt.% of the total
quantity of at least one of components a) to d) is added during the first hour
10 of the reaction period.

8. The process according to Claim 7 wherein 20 to 90 wt.% of at
least one of components a) to d) is continuously added to the reaction
mixture of the first hour of the reaction period.

15
9. A continuous process for the production of diaryl carbonates

corresponding to the formula

R-O-CO-0O-R )
20
in a cascade containing a first reaction vessel and a plurality of subsequent
reaction vessels,
comprising forming a reaction mixture of and reacting an aromatic hydroxy
compound corresponding to the formula

25
R-O-H (n,
wherein
R denotes a Ceg.22 - aromatic hydrocarbon radical,
30 with CO and O in the presence of a catalyst system containing

components
a) a Group VIl B metal compound,
b) at least one second metal compound,

c) a bromide compound, and
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