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CARBONATE USI NG A LANTHANUM CATALYST The present invention relates to a
met hod f owotidm4216at al ytic, conversion of organi c carbonat ecambor/mehe use
of a lanthanum catalyst in such a nmethod for the catalytic conversion of
organi c carbonate. 5 JP-08-176071 relates to the catalytic conversion of a
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JP-07-330685 relates to a method for the production of dialkyl carbonate
in which an al kyl ene carbonate is reacted with an alcohol in the presence
of a specific cat@lysireddits GRfHYSIn CAMIISESE R ARt haxi flgr ofha 15
metal fromgroup Il1B of the Periodic Table. It may be a rare earth netal
oxi de, such ascatreloxiide. efnGersion S oFanig P FAtFRNT &R ofe ofse
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0,500 25T 1068 cksindit 1 s 0 okl abbitas b
transesterifi catobn Im floisn conversion reaction use is made of a

catalyst comprising mixed metal oxides consisting of Co
and a metal oxide selected from the group consisting of

10 Y, La, Ce, Pr, Nd or Sm. Preferred are Y and Sm.

JP-07-330685 relates to a method for the production

of dialkyl carbonate in which an alkylene carbonate is
reacted with an alcohol in the presence of a specific
catalyst. This catalyst comprises a metal oxide of a

15 metal from group IIIB of the Periodic Table. It may be a
rare earth metal oxide, such as an oxide of Sc, Y, Sm,
Pr, Nd and Eu. For reasons of reaction activity are
preferred the oxides of Y and Sm.

JP-2001-2624 relates to a method for the preparation

20 by transesterification of a symmetrical dialkyl carbonate
using a solid catalyst comprising as the active
ingredient oxides of elements selected from group' III of
the Periodic Table, consisting of lanthanides, actinides,
Sc and Y.

25 EP-A0, 599,287 describes a process for preparing
dialkyl carbonate which comprises subjecting an alkylene
carbonate and an alcohol to a transesterification to form

a dialkyl carbonate, the characteristic feature residing



a di al kyl carbonate, the characteristic feature residing WO 03/042152

PCT/ EPO2/ 12638 2 in that a catalyst containing at | east one rare-earth
oxi de as wbasoatiat ytically active conponent is used. Sevecalerex#eps es for
catal ysts consisting of |anthanum oxde solely or of m xed rare-earth

oxi des conprising 5 | ant hanum are described, as well as two catal ysts

conprising an oMt 04 tapihpsuntextsenoigdad Weadk basedrapa-tapthanum
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causi ng swel | i ngmofi $ hegPantisbes: Jhe1presstini HYEQLI 60 has fersibsseli ect
to provide a nethod for the catal ytic conversion of organic carbonate

havi ng a hi gh seatiniohaaahi ¥atyiaddohas-= dnowa,ateenddfar?anmeirad d#achi ng
fromthe catalyst. This is, obtained with the nmethod according to the
i nvention for tHetRaRERyeFEdRoPb el sf ot oF BRERMI e LA bBARYR, CakEr8fnon

organi c carbonaf ;s &&DEaﬁtﬁﬂoMiéﬂ wﬁ%HOBé%agQ§£§rc&@éf&tiﬂgt8? pgesence
of a catalyst 25 conprising 1anthanum conpound in an anount Oof at l|east 7

wt . % a0 | ant haeamtls uppbdeedionthatuppersurfhes duad hahubheacatyselygohpri ses

Ianthanunlconpggn imited. As a result, only a small proportion of the

lanthanum oxide particles will actually participate in
the reaction. A problem with lanthanum oxides in the
support is that their strong hygroscopic behaviour may

15 make that their stability towards feeds comprising water
is limited causing swelling of the particles.

The present invention has for its object to provide a
method for the catalytic conversion of organic carbonate
having a high reaction activity and has a low rate of

20 metal leaching from the catalyst.

This is obtained with the method according to the
invention for the catalytic conversion of organic
carbonate, wherein organic carbonate is contacted with
alcohol and/or water in the presence of a catalyst

25 comprising lanthanum compound in an amount of at least
7 wt.% of lanthanum supported on a support.
This lanthanum catalyst comprises lanthanum compound

supported on a support. This lanthanum compound is Lap03

or a precursor thereof. Under reaction conditions this
30 . lanthanum compound may be temporarily and/or reversibly
be converted due to the reaction conditions into

lanthanum hydroxide (La(OH)3), lanthanum oxyhydroxide



supported on a support. This | anthanum conpound is La203 or a precursor

t hereof. Under reaction conditions this 30 .| ant hanum conpound may be

t enpor ar iwWg canal162 reversibly be converted due to the re®CTiEP2/tma8li ti ons
into |anthanum hydroxide (La(OH)3), Bant hanum oxyhydroxi de WD 03/ 042152
PCT/ EP02/ 12638 3 (LaQ(OH))and/ or correspondi ng al cohol ate speci ous such as
(La (OR) 3 or [B@O(QR))andAsracsuppspbniidngt hecbanibhanuspeataliystuahyas
suitable supp be used which is substantially inert under 5 the
reaction condi %%ﬁgaiﬂdoFsLﬁpégﬁhéd with sufficient mechanical strength.

Potenti al supports,conprise cla nor g ports su S
A1203, Si02, MO, Sn%zsu%%ﬁjc %%méﬁ% %QFH?%gmt ﬁ%JF%QJYS d‘ﬂ%rsﬁigﬁB?Ss are
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m xtures there Supporting the catalysts a sui tabre support has
t he advant age mdneiabswngnopgannsasuppontsthechuaéaﬁégog;eslagd ¥fOt he pore
structure of the catal "Furthernore, also the overall strength and the
overal | strucTU@Ero$r%he éa@aﬁ9§tmbéFPF@EeEhﬁﬁ905e ephrri seampleR age
respect to procesg?ﬁaraneters such as the pressure_drop in reactors packed

with catalyst PpafePtiBiterhd h%%@ﬁ5ﬁ5ﬁ1c3t§F§¥FOEéﬁﬁrl§es t he | ant hanum
conmpoynd in an,SePuRL-suebnthat Lheckanihapumicatghyste, a hectorite,

a sauconite, a muscovite, a phlogopite, a biotite, a
hydrotalcite, and tadlc, etc. Particularly preferred are

the inorganic supports selected from Als0O3, Si0p, MgO,
TiOp, 6 2ZrOp, ZnO and mixtures thereof.

15 Supporting the catalysts on a suitable support has
the advantage of allowing optimisation of the surface
area and of the pore structure of the catalyst.
Furthermore, also the overall strength and the overall
structure of the catalyst particles may be optimised with

20 respect to process parameters such as the pressure drop
in reactors packed with catalyst particles.

The lanthanum catalyst comprises the lanthanum
compound in an amount such that the lanthanum catalyst
exhibits its catalytic reactivity. Generally, the

25 lanthanum catalyst comprises at least 7 wt.% of
lanthanum, preferably more that 7 wt.% of lanthanum, more
preferably at least 8 wt.% of lanthanum, more preferably
more than 8 wt.% of lanthanum, even more preferably at
least 10 wt.% of lanthanum. The lanthanum catalyst

30 further preferably comprises at most 40 wt.% of
lanthanum, more preferably at most 30 wt.%, even more
preferably less than 30 wt.%, and most preferably at most

20 wt.% of lanthanum. The amounts of lanthanum are to be



exhibits its catalytic reactivity. Cenerally, the 25 | ant hanum cat al yst
conprises at least 7 w.% of |anthanum preferably nore that 7 wt. % of

| ant hanurvormae15pr ef erably at | east 8 wt. % of | ant hanum PeorEPOpI®BRr abl y
nore than 8 wt. % of |anthanum even mére preferably at |east 10 wt. % of

| ant hanum The | ant hanum catal yst 30 further preferably conprises at nost
40 wt. % of | aphhatiuatcvas Phef enabhy at ABsh13OnWMolale¥eNalPEL,
preferably | ess than 30 wt.% and nost preferably at nost 20 wt. % of
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preferably of from50 to 320 nR/g Furthernore, the difference |n the
per f orfance ofgr§@pEBPP%rVwtﬁngl%PFErP§%fF5%€15r@§sfﬁ39 4P sbo el
lanthanum.

Suitably, the support will have a surface area

(BET-surface area) of from 10 to 500 m2/g.

Preferably, the support will have a surface area of
15 from 20 to 400 mz/g, more preferably of from 30
to 350 m?/g, and most preferably of from 50 to 320 mZ/g.

Furthermore, the difference in the performance of
supports with similar surface areas may also be
attributed to a different factor. Without wishing to be

20 bound to any particular theory, it is believed that the
predominantly basic lanthanum oxides may be more evenly
distributed on a neutral or acidic support surface rather
than on a surface comprising more basic sites. Therefore,
supports exhibiting an amphoteric or slightly acidic

25 behaviour are preferably used for the purpose of the
present invention, in particular alumina supports.

Conveniently, the catalyst may comprise several
catalytically active oxides of metals besides La and
those comprised in the support itself. However, the

30 presence of other metals may distort the lanthanum oxide
surface, which may result in a decreased stability
towards leaching and thus limited catalyst lifetime,

and/or and increase in side reactions leading to a



attributed to a different factor. Wthout w shing to be 20 bound to any
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preferably conpriseasptetyrebani banuimtoxhUeohesi descbhesgs et ahdoxhdes
whi ch can be present in the support itself. 5 The_catalytic conversion of
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reaction with water I nal st alfows a catalytic
conver si on conpatsingt balhows 4d0catesdhbiyscsnaadsaohydompyssisngThethr ganic

car bonat e which may _be used as sﬁartigg .material in the nethod according
to thelinvent i BhCONRLEPTT sBRY(B1PYSYOUYaF Ryl carbonates, wherein the al kyl
The organic carbonate which may be used as starting
material in the method according to the invention,

comprises (Cq1-Cg) dialkyl carbonates, wherein the alkyl

groups (straight, branched and/or cyclic) may be the same
15 or different, such as methyl, ethyl and propyl;

(C5—C7) diaryl carbonates, wherein the aryl groups may be

the same or different, such as phenyl;

(C1-Cs) alkyl (Cy-C7) aryl carbonates, wherein the alkyl

and the aryl group are as defined above;

20 (C1-C10) alkylene carbonates (cyclic carbonates) such as

the carbonates of ethylene, propylene, butadiene and
styrene; and mixtures thereof. Preferred as alkylene
carbonates are ethylene carbonate and propylene
carbonate.

25 The alcohol used in the method for the catalytic
conversion of dialkyl carbonate may be aromatic, such as

phenol, or non-aromatic such as an C1-Cg alkyl alcohol,

in particular methanol.
The lanthanum catalyst may be produced using any
30 suitable method.
In a preferred embodiment the lanthanum catalyst is

obtainable by the steps of:



groups (straight, branched and/or cyclic) may be the same 15 or different,
such as nethyl, ethyl and propyl; (C5-C7) diaryl carbonates, wherein the
aryl groupe iamy21s2 the same or different, such as phenyl pCT@®PoLZB638I Kyl
(C5-C7) aryl carbonates, wherein the alkyl and the aryl group are as
defined above; 20 (C1- ClO) al kyl ene carbonates (cyclic carbonates) such as
t he carbonates f elchayqi?em@ mr@byr@nby lbjatadpeel@nﬁmljonst‘yhegeuplandtm(;xthr es
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10 support is impregnated via a gas phase and/or liquid
phase with a lanthanum salt or lanthanum. After
impregnation the impregnated support is if desired dried
and subsequently calcined. Calcination is generally
carried out at a calcination temperature between from 120

15 to 700 °C. In view of the catalyst reactivity it is
preferred to calcine at a calcination temperature in the
range of from 350 to 600 °C.

The lanthanum catalyst may also be obtained in a
process in which the support itself is formed by

20 precipitation. After precipitation formation of the
support or concomitantly by coprecipitation a precipitate
is formed comprising lanthanum salt in the required
amount. After (co)precipitation of support and lanthanum
salt the precipitate is calcined preferably under the

25 above given calcination conditions. If required priof to
calcination any solvent present may be removed by an
intermediate drying step. Obviously, any prior art method
for providing a lanthanum catalyst comprising a lanthanum
compound supported on a support, may be used as long as

30 it results in a catalyst which shows the catalytic
conversion activity for use in the method according to

the present invention.
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: group, more preferably a C1-C3 alkyl group. Most
preferred is methanol. As an aromatic alcohol phenol may
be used.
| If the method according to the invention comprises a
15 catalytic conversion by hydrolysis and alcoholysis then
generally the molar ratio between water and.alcohol lies
between 1:1 and 1:100, preferably between 1:5 and 1:20.
Although the method for the catalytic conversion is
suitable for any dialkyl carbonate conversion, it is
20 preferred to use as a dialkyl carbonate an alkylene
carbonate such as ethylene carbonate and propylene
carbonate. Propylene carbonate is most preferred. In
the alcoholysis the use of methanol is preferred.
The combined hydrolysis and alcoholysis in the catalytic
25 conversion according to the method of the invention
results in a flexibility in the production of the
corresponding diols and dialkyl carbonate together
(alcoholysis) or to a production directed to the diol
predominantly or solely with the simultaneous formation
30 and release of carbon dioxide.
A further aspect of the invention relates to the use
of the lanthanum catalyst for alcoholysis, hydrolysis or

alcoholysis and hydrolysis of dialkyl carbonates, in



out in a reaction mxture conprising solely or to a high extent al cohol,

in particular nethanol. In the alcoholysis any al kyl or aromatic al cohol
may be used3nihe2 al kyl al cohol may be a prinmary, secondaPgT/EP02/@sds or

tertiary al cohol having preferably a €1-C5 al kyl group, nore preferably a

Cl-C3 al kyl group. Most preferred is nmethanol. As an aromatic al cohol
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impregnation of 1.6 mm SiOs cylinders as support

(pore volume of 1.04 ml/g, BET surface area of 56 mz/g)
with 1.37 mmol/g of support of various active elements,
mostly as nitrate salt. The cylinders were then dried at

15 120 °C, calcined for 2 hours at a temperature of 600 °C
and crushed to a fraction of 30-80 mesh.

A very similar procedure was adopted for impregnating
various supports with lanthanum nitrate. The lanthanum
salt, the lanthanum loading and calcination temperature

20 were varied.

Example 2: Catalyst testing - metal oxides

Catalytic testing is performed in a so-called
6 tubular nanoflow unit. This unit has 6 quartz reactors
with an internal diameter of 3 mm. Each reactor was
25 loaded with 0.15 gram of catalyst (0.2-0.6 mm diameter)
that were diluted in 0.45 gram of SiC (0.05 mm diameter).
0.45 g of SiC were placed on top of this bed and used as
feed pre-heater. ‘
Once loaded, the catalysts were dried in situ under
30 N2-flow at 120 °C and atmospheric pressure for 1 hour.
The reactors were then pressurised to 25 bar and a
4:1 molar mixture of methanol and propene carbonate was

fed to the reactor at a flow rate of 5 gr/(gr cat * hr),

A



particul ar of al kyl ene carbonates such as ethyl ene carbonate and propyl ene
carbonate. Hereafter nentioned and ot her aspects of the nethod and use
accor di ngwom®3bkaspresent invention and further 5 advant ag€3/EP012638
illustrated by reference to exanpl es. 9These exanpl es are given for further
illustration of the invention and are not considered as a limtation of
the invention;odzxe®tewilth Cahalystlewephrat7onL.AQgFheatatahysts were
prepared by incipient wetness inpregnation of 1.6 nm Si 02 cylinders as
support (pore VeFasECRRlly 04the/ FecBETOR M FERe HRed BELBBENALI YW £ 1. 37
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metal oxides Catalytic testing is perfornmed in a so-called_ 6 tubular
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of 3 mm Each was,. 25 | r o] t (0,2-0.6 mm
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| oaded, the catalysts were dried in situ under 30 N2-flow at 120 C and
at mospiferi c praleuretadr 122RBHRS -

In the following examples, the conversion of methanol
and yield of dimethyl carbonate (DMC) are based on the
molar amounts of these compounds divided by the molar
amount of methanol supplied times 100%. The yield of PC

15 to monopropyleneglycol (MPG) and/or methylpropanyl-
carbonate (MPC in mol%) is based on the molar amount of
recovered PC divided by the molar amount of PC supplied

in the feed times 100%.



The reactors were then pressurised to 25 bar and a 4:1 nolar m xture of
nmet hanol and propene carbonate was fed to the reactor at a flowrate of 5
gr/ (gr caweo*sjoudis2 WO 03/ 042152 PCT/ EP02/ 12638 9 toget her PairtEPoamReB® f | ow
of-1.7 nL/(gr cat * hr). Cccasionalll, the feed consisted in a

met hanol : water: PC (propyl ene carbonate) m xture of 3.8:0.2:1 nolar ratio
or of a waterTBO1@ Aturepekrdrdamokabfr ahb0s Supbberednonnistiogl, period of
20 hours at 120 C, the reactors were operated for 24 h, during which the
i quid productsmperedcdnt ionbheurs imetedndeisied sfugpcaffed iome rpductetal

anal ysis. The reactor tenperature was then raised to 160 C for 16 hours to
simul ate an enhapgéaadedctli-Adt rewlelpeind wmerald |SB@PRittd. In the foll ow ng

exanpl es, the con ron=of—netthanot ick-yiret-d—ofrdirmethyd ronate—(PVO)
are based on thgéJE%ni)?%F %ﬁ%‘ﬂhts of the%geéjlc%npounds di vi dec Dbl\{/cqt héé(r%ﬁ%ar

amount of net hametasupp] jiedyt & nesc 0% yd e |wigd do 0fpBCo13 Mk | ing d
nmonopr opyl enegl ycol (MPQ and/ or| net hyl propanyl - carbonate |(MPC iin nol % |is
based on the npLar anouni506 rie2dvered. PC di2d ded|By 1t he |Mol8&x | &ndunt  of

PC supplied ip-the-feed-t-imes-100%—WO-03/-042152-PCH-EPO2/12638—10-TFahl e

O ST I

1: Performance %%'-Uéé?éé supportijed on {Si 02, |conpared to other ngtal oxide
supported on S@Z (Metal {1l gadi|g; of |1z 3 Mo £, 7Teq @l gper |g . Suppart)
|__MeOH G.b N

Catal yst Conv.| Yield DMC. Leach- Mta a PC b|DMC a N VWPC b MPG c
ing d Ce 4.9 5.7 0.4 1.4 4.2 1.14 | -

Gr. II

Ca 15.7 23.2 14.3 19.2 4.0 0.90 80

Ba 12.9 19.5 (3.5 15.8 3.7 0.89 | 63

Gr. I

K 8.6 11.4 (1.6 5.8 5.6 1.10 | -

Cs 8.5 11.1 1.6 6.0 5.0 1.07 | 68

Nb 4.4 5.8 0.5 1.2 4.4 1.67 10.32

@ methanol and dimethylcarbonate (DMC) expressed in mole%

based on methanol supplied in feed; b propylene carbonate
(PC) expressed in mole % based on propylene carbonate
supplied in feed, monopropylene glycol (MPG) and

methylpropanylcarbonate (MPC) expressed in mole$% based on

PC supplied in feed; C expressed in mole:mole; 9 mg of

metal per kg of ligquid product

The eXamples reported in table 1 clearly show the

exceptional performance of La/Si0Os catalyst compared to
SiOp-supported catalysts based on metals that lie in the

vicinity of La in the periodic table. In view of the
5 heavy elements of group 1-5 of the periodic table La
allows high MPG yield and a low metal leaching rate under

the present enhanced leaching procedure.



La 15.6 23.5 4.9 22.4 1.1 0.88 0.5 G. IIl Y 11.9 11.1 X4.0 11.1 0.0 1.44
- C 4.9570.41.44.211.14 - G. Il Ca15.7 23.2 ~.4.3 19.2 4.0 0.90 80
Ba 12.9 1W093845545.8 3.7 0.89 63 G. | K8.6 11.4 1.6 5P8THEP62/12630 - Cs
8.511.1 1.6 6.0 5.0 1.07 68 Nb 4.48.8 0.51.2 4.4 1.67 0.32 a nethanol
and di net hyl carbonate (DMC) expressed in nole% based on nethanol supplied
in feed; b propyl esemdamlonatse 1 tsPER vex picess et tiari nwnl eh¥rbasddicon propyl ene
car bonat e suppl gln feed, nonop yl, ene gl coI (MPG). and

net hyl pr opanyl @5:“@( F2Ee EVPER @5 PEORY 160 PeramRted in

feed; c expressgddh tHal esaml Sp ecianeg_ cdﬁlacllo@r%r 349 Qlp1liQuisd, prigduct The
exarrpl es reported in table 1 cl earl y show the excepti onal per formance of

La/ Si 02 cat al ysxaowipsr of ttablsi 02- suppert ddcdta ydthy Isasedagiparetta s t hat

lie in: Vi ¢ yof La.i erlodlctale In_yiew,of ,th 5heavy
el ement of gré%’uﬁ%1 50 tuﬁjs ézrul%c?p h[e BER S18 (G Ol?aéch %ﬁeld and a

| ow net al | eaclticed,r athe umd/@a_ozt i@%t@u@@&ntcm@m@ﬁ Heachimy (egedie. WO
03/ 042152 PCT/ EP02/12638 11 Similar results have been obtai ned when usi ng
et hyl ene car bogatye olECy iitihs t38a thodfe Spryvdmillce merce ar ditatFs mdlrderrathe saie

operating Condbﬁb nSBy cJﬂ%ras %%k E@%iOZ catalyst converted EC to EG
with only 22 mole% yield and a DMC/EG molar
10 ratio of 0.809.
Example 3: Catalyst testing - lanthanum loading and

lanthanum salts

The performance of lanthanum catalysts on various
mineral supports and lanthanum catalysts obtained after

15 impregnation of the AlpO3 support with various lanthanum

salts have been tested.



exanples of table 1, except for the ethyl ene carbonate 5 which now
substitutes the propyl ene carbonate in the feed, the La/Si 02 catal yst
convert edwB@3w0@1EG (et hyl ene glycol) with 38 nol e% yi el d pamdira2/Dids¥ EG
nolar ratio of 0.91. By contrast thel2Y/Si 02 catal yst converted EC to EG
with only 22 nole% yield and a DMJ/ EG nolar 10 ratio of 0.89. Exanple 3:
Cat al yst testimngoiel2ant hapenid ooy abdla @it hamporisad ten Ther pens or mance
of | anthanum catal ysts on various mneral supports and | ant hanum catal ysts
obt ai ned aftermiﬂérahpsegpartoml@hthheum1208d$upp©ft15}5hWVa%ioﬁsomanthanum

Per f of mance of F 19038 LppaP%? B o (4} 7 0asConhes ot BADES O1( FakE RdRum
| oadi ng of 15, 5,46 4,7 0 ¢ La( N0 Bhnuindoghs kel 41205 caial ysts based on

vari ous Ianthanun1s ant hanum | oadi nqg support Conv.
Yi el d DMC: BETShppUrﬁm-Cdﬁf}ia PC b Dwela MPG b MPC b NPJDMCsaItBE$1203
18.5 28.3 6.0 |27.6 0.7 {0. 87 28( s|oz 15.6 23.5 %.) 22. 4 1.1 0.8P 56 MO e
14.0 21.0 4.4 1% sLar Meg®i 583 | BC P DMC @ |MPG P {MPC P | MPG ©
e |sal}t_ | .. |TIO2 8.9 12.0 2.7 10.8 1.2/1.00 7D Effect
of salt Nitratle 14.4 21.9 4.0 18.7 3 2 .0.861280
Al203 18.5 28. 6.0 27.6 0.7 0.87 280
Si02 15.6 23.5 5.0 22.4 1.1 0.89 56
MgO © 14.0 21.0 1 4 19.8 1.2 0.89 53
TiO» 8.9 12.0 [ 2.7 10.8 1.2 1.00 70
Effect
of salt
Nitrate | 14.4 21.9 4.0 18.7 3.2 0.86 280
Chloride| 17.5 26.4 | 5.0 23.0 3.4 0.87 280
Acetate [ 18.1 27.5 15.3 24.1 3.4 0.87 280

a8 expressed in mole% based on methanol supplied in feed;

b expressed in mole% based on PC supplied in feed;
C expressed in mole:mole; d BET surface area of the

support in m?/g; € MgO is stabilised by Aly0O3 in a Mg:Al

molar ratio of 5:1

Table 2 shows that various supports are suitable,
though supports with the highest surface area are most'
preferable. Similarly, various lanthanum salts can be

used for preparing efficient supported lanthanum
5 catalysts.

Example 4: Catalyst testing — alcoholysis/hydrolysis

The lanthanum catalyst according to the invention has

been used in the catalytic conversion of dialkyl



Chloride 17.5 26.4 5.0 23.0 3.4 10.87 280 Acetate 18.1 27.5 5.3 24.1 3.4

0.87 280 . _.-._ . _...... PR e e

...... W003/042152 o PCT[EP.OZ/12638
......... . a expressed in nol et based on nethanol supplied in feed;

b expressed in nol e% based on PC supplied in feed; c expressed in

nol e: nol e; d BE&rdonbaee bar mtdxfartdiq;smrapm thyrdrcrwsg,s - VO lisntsteabinh | sed

by A1203 in a nolar ratio 5:1 T bI ows. that various supports

are suitable, @ﬁ&&éﬁtsd’ﬁﬁorstus’%li G RS Hi rsfjé)(?e area are nost

preferable. Simlarly, various |anthanum sal ts can be used for preparing

efficient supported | anthanum 5 cat al ysts. Exarrpl e 4. Catalyst testing -

al cohol ysi s/ hydapllgsizs Theeckdodirhanee o&t allysh-aener ding -tsappletetvent i on

has been used in the catal ytic conversion or‘3 di al kyl V\D 03/ 042152

PCT/ EP02/ 12638 1ah3 heanlyo matte: 1hyys tree tunaieal WeiCs :&npd :ydricledsi Gno lEhe dantdhianum

catal yst was supported on A1203 and Si 02. Table 3: performance of Al1203-

and Si 02- suppoptfed‘ 8I éi’ntzhd-m% catal ysts under MeOH: H20: PC feed (molar ratio

VP b VPG ¢ wj C60 7 Ear ATpOE S0, 1 26,0 5 2Fq 3.7 012 (6]0RC Lar|A1203
32.3 32.2 1.5 P118a8i#g0. 16/ yeoy a | pc D | pMc @ [MPG P |MPC P | MPG ©
wt.%)
La/Aly03 20.7 |28.0 |1.1 [27.0 |2.7 0.12
(8.6%) |
La/Al,03 32.3 |32.2 |1.5 |27.8 |3.2 0.16
(15.5%)
La/Al503 25.3 |32.9 |0.9 |24.6 |2.9 0.12
(26.3%)
La/Si0g 20.9 |18.9 |o0.1 9.8 3.3 0.02
(8.6%)
La/Si0p 21.4 |15.9 |o0.1 14.2 |3.3 0.02
(15.5%) |
La/Si05 26.4 |21.0 0.1 12.8 |3.3 0.02
(26.3%)

a expressed in mole% based on methanol supplied in feed;
b expressed in mole% based on PC supplied in feed;

C expressed in mole:mole

Table 3 shows that lanthanum based catalyst can
combine the methanolysis and hydrolysis of PC and,
5 thereby, produce DMC/MPG in varying ratio, significantly
below the 1:1 ratio reported above. Clearly, a small

amount of water suffices to produce MPG in excess of DMC,



(15.5% La/A1203 25.3 32.9 0.9 24.6 2.9 0.12

9.8 3.3 0.02

26.4 21. w0.03/04258 3.3 0. 02

supplied in feed; b expressed in nol®% based on PC supplied in feed; c
expressed in nole:nole Table 3 shows that |anthanum based catal yst can

conbi ne the netdwandloysli=ar1anthyide y S vefr Rerandvdl t hey ehy tHy agliee
DMC MPG in varying ratio, significantly belowthe 1:1 ratio reported
b8 1L et

above. Cearlyfox

I
of DMC, WO 03/042152 PCT/ EP02/ 12638 .1 rticularly at | ower conversion
level, as is the ci@@t%wq @%egscaé:t?tzﬁiy% S5iaFE SYSpbrived 5l S.

Lant hanum basetyeatalwsitly e M wddalhe deddrot yed tith G Widdevat er

in absence of nethanol. en 5 operating with a feed of PC:H20 of 3:1
nmol ar ratio at OPEORtErghdidFhwasvEesid 2 Tg/Ey H2th @ fard ‘N2 M lew ofatzla aff g/ h,

15.5 wi% La/ A12Q3 cqnverted PC to MPG at, 24.9 nol e%
formed under tH&% & Pt dHtEs .0 Jidhd/dr a8 Q\@y

been 10 carrieq quf. swidsh f-heny

of 1.3 mmtrilobes. The operation conditions

10

15

20

25

yield. No DMC was formed under these circumstances.

A similar hydrolysis experiments has also been
carried out with the same lanthanum/alumina catalyst in
the form of 1.3 mm trilobes. The operation conditions
were 100 °C and a feed consisting of a PC:water mixture
of 3:1 molar ratio introduced at the higher space
velocity of WHSV=15 g/g/h and an N2 flow of 2.1 g/g/h.
Under these conditions, the 1.3 mm trilobes allowed a MPG
yield of 3.6 mole%. For comparison, the same catalyst
reached an MPG yield of 5.2 mole® when employed as
crushed powder of 0.2~0.6 mm.

Example 5: Catalyst testing - alcoholysis with phenol

In this example was carried out the alcoholysis of
dimethyl carbonate (DMC) with phenol to produce methyl-
phenyl-carbonate (MPC), a necessary intermediate in the
productionAof diphenyl-carbonate. For this purpose a
mixture of DMC and phenol with a molar ratio of 5:1 was
passed onto a catalyst bed of 0.5 g of 15.5% La/Si0O» at a
weight hourly space velocity of 2 g/g cat/h, at
atmospheric pressure and 400 °C, together with an N2 flow
of 2600 N1/1 cat./h. Consequently, M?C was produced with
32% yield and 90% selectivity, based on phenol.

1 SA&taEs WRHIE Y ess 35 Prcice MPG in excess

(26.3% La/Si02 20.9 18.9 0.1
(8.69% La/Si02 21.4 15.9 0.1 14.2 3.3 0.02 (15.5% La/Si02
(26.3% a expressed in nol eYyPloagpd2/ms3sret hanol

a

ield. No DMC was
51 )8 S ihett renk SR Al s0
dapidangiwl wi nepEaldlyslo igh1ddhe form



were 100 C and a feed consisting of a PCwater mxture of 3:1 nolar ratio
i ntroduced at the higher space velocity of' WHSV=15 g/ g/ h and an N2 fl ow of
2.1 g/ g/ hwobs/oumdaer these conditions, the 1.3 nmtril obes palriEPag 638 MPG
yield of 3.6 nole% For conparison, the samg catal yst reached an MPG yield
of 5.2 nol e% when enpl oyed as crushed powder of 0.2-0.6 mm Exanple 5:
Catal yst testing - alcoholysis with phenol 20 In this exanple was carried
out the al coholysis of dinmethyl carbenate (DMC)y with phenol to produce
met hyl - phenyl -carbonate (MPC), a necessary—tnternediate in the production
of di phenyl -carbonate. For this purpose a mxture of DMC and phenol with a

nolar ratio of _5:1 wa 5 passed onto_.a catal yst bed of 0.5 of 15.5%
La/Si02 at a veighet IffPrsF}g]@e Speedeitly &P Q’eglsdo@atolfh,orz?l%nlé:t nmospheri c

pressure and 40Q o096t Refe PMitN AYNE | OWH R 1t26QQ Ndnk Laled Rrith
Consequently, MPC was produced with™ 32%yield and 90% sel ectivity, based
on phenol . WO @3/c@4wi52nRPCHIERGY/EL2638 the PyesgniceAdf M Sakalistthod for the
catal ytic conversion _of organic _.carbonate el r I.C rponate is
cont act ed wi t h “CaFcoio ngar‘?%/ orlreav\sla Z7r WI?Cri t t?’ef \g%écer?glé&o%%g)pcoaﬁ% ysotr}1 2
conprisgng at Isegplort W . % of | anthanum supported on a 5 support. 2.

Method as clainmed in claiml, wherein the | anthanum catal yst conprises of
from7 to 40 Wl % MeftRendn Clsierst dB ¢16M domi e e 130 the JArdhemaium per

gram support, aRd ARt Refaral Ol idhem 1 4@ 42 W -1 %nthanum,

preferably of from 8 to 30 wt.% lanthanum per gram

support, and most preferably of from 10 to 20 wt.%
10 lanthanum. '
3. Method as claimed in claim 1 and/or 2, wherein the

support is selected from Alp03, SiOp, MgO, TiOp, ZrOsp,

Zn0 and mixtures thereof.
4. Method as claimed in any one of claims 1 to 3,
15 wherein the lanthanum catalyst is obtainable by the steps
of:
i. loading the support with a lanthanum salt; and
ii. drying and calcining the impregnated support.
5. Method as claimed in claim 4, wherein the lanthanum
20 salt is selected from lanthanum chloride, lanthanum
acetate and lanthanum nitrate.
6. Method as claimed in any one of claims 1 to 5,
wherein the organic carbonate is subjected to hydrolysis
with water.
25 7. Method as claimed in any one of claims 1 to 6,
wherein the organic carbonate is subjected to alcoholysis

with alcohol.



10 lanthanum 3. Method as clained in claim1l and/or 2, wherein the

support is selected fromA1203, Si02, MgO Ti 02, Zr02, ZnO and m xtures

t her eof . WO oMesiezr as clained in any one of clainms 1 to 3PCIEPMIE68S n t he

| ant hanum cat al yst is obtainable by the stéfs~ of: i. |oading the support
with a lanthanumsalt; and ii. drying and cal cining the inpregnated
support. 5. MtthodMeshodaiamed liaimddaiim 4nywrereeiat tdifazlnmqt]harwrﬂ 20 salt is
sel ected from I nt hanum chl ari de, .| anthanum_acet anum nitrate.

6. Method as cl"ASFEdT PTERRI6h &GP W Hi Gt sL T HC %h %.w I?fglﬁb?bgarﬁ

carbonate is suhjcRHAA %’51% hdrdley YirfeseMdd obRfte 2 un MRidipdh as cl ai med
in any one of clains to 6, wherein the organic carbonate is subj ected to

al cohol ysis wi%-h Heddes aS\/\GJ@SﬁWllElZ HEIEFO 2288 8 - wigregin NBtchod as
claimedsin any ( f cl | o carhopat.e

subj ect ed to hygﬁgfl %sﬂes Cgin ]al hloﬁ fs%gﬁhee eg%?)e%snear;ccee ag?&]acq aslcoc}ml

al cohol . 9. Metikotheashaticdi.ned in claim 7 and/or 8, wherein the 5 al kyl ene
carbonate is propyl ene carbonate and the al cohol is nethanol.



