-1 4 April 2006 METHOD FOR THE CATALYTI C CONVERSI ON OF ORGANI C CARBONATE

USI NG A LANTHANUM CATALYST The present invention relates to a nethod for
the catalytic, conversion of organic carbonate and to the use a

| ant hanum catal yst in such a nethod for, the catalytic doﬁV@?%@%% of
organi c carbonate. 5 JP-08-176071 relates to the catalytic conversion of a
cyclic al kylene carbonate into an acyclic carbonate and a diol. In this
caonversion reaction use is made of a catalyst conprising m xed netal

oxi des Con$EsRGN oD THEOCATARYTEC WENVERSDNY OF SRGAECEARBONATE WSINF Gt HANTHANUM
consi sting chra@s¥, La, Ce, Pr, Nd or Sm Preferred are Y and Sm
JP-07-330685 relates to a nethod for.the.production of dialkyf carbonat e
in which an al kyl ene carbonate is Treacted with an alcohol in the presence
of a specific catainstprddest chhaensionompiates &omat metdedddwt hes
metal fromgroup I11B of the Perjodic_Table.

b |
oxi de, such as @Atk HEC ofoRKer§iogPE EFgaRﬂCaﬁazéﬁn%E%r Z&i{;gcooﬁgfﬁ%] e

reaction acti V'ﬁ £ fanPh ﬁ@:ﬁrégtéﬂ?sﬁxhﬁe§u6fx ¥ aednS@ £ - 2624
relates to a od for t e preparation 20 by transesterification of a -

symetrical di atdydlygeibooabeeraipngod gﬁgﬁdl§aﬁéﬁp§ﬁaééhpr|5|ng as the

N

EP- AO, 599, 287 ¢1ibeg1 rypeneessrbenapeepatongn élcafldil.y.lc cathmTE e wind ha
conprises subjecting an al kyl ene carbonate and an al cohol & a
transesterifi cadioh. t 5nf bhiF conversion reactlon use 1is made of a

catalyst comprising mixed metal oxides consisting of Co
and akmetal 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 dlalkyl carbonate in which an alkylene carbonate is
reacted with an alcohol in the presence of a spec1f1c
‘catalyst This catalyst comprlses a metal oxide of a
15 metal from group IIIB of the Perlodlc 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 ¥ and Sm.

JP~2001-2624 relates to a method for the preparation
© 20 by transesterification of a symmetrical dialkyl carbonate
using.a sclid catalyst comprisihg 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 alcohel to a transesterification to form

a dialkyl carbonate, the characteristic feature residing\



a di al kyl carbonate, the characteristic feature residing, 2 4 April 2006 in
that a catal yst containing at |east one rare-earth oxide as the
catalytically active conponent is used. Several exanples for catalysts
consi sting of |anthanum oxide solely ok of. mxed rare#eAPEH Wi des
conprising °‘|anthanum are described, as well as two catal ysts conprising
an anount of | aiw hahain axcdeadysd. TontXindaspdtonldastt emenrzaeréadtbn

-al uni na, and an, t,of lanth i de_qf 6.4 wt. % based on_lanth
Carried on s 19EAEGeR0 AOB GBFIRLH A AGSrE CHUTAIHG o AP 10

earth oxi des isgépatal hexanplase reeaafaliiase coralystng 68 lastheflumAs a
result, only a small proportion of the |anthanum oxide particles wll

“actual |y particopbde $alelheoregét Méxed nparsyieantl tIX1EE HGPIPT 6%488s in
the support is,ithat_their_strong_hyarpos [ ehavi . ke that
yl?% ?%gmfggﬁsdgggﬁﬁﬁéd)(ggjdéfi!gglfﬁg SYa 1os B

their stabilit I'Hg Water ~ i's Iimted causing swelling

of the particl esomghesphgsent anBuart iodn laad Haeluni texiobg esf 4 03 pebvidbaaed
nmet hod for the catal ytic conversion of organic carbonate having a high
reaction activity hamthasum tewrdede oof y-20umbdnal RagcBM@Emawyh tde

catalyst. This js obtained wi,th th t ho ccordi-ng 40 the in ' r
the catal ytic %@EP%?BW8?18?985i%‘qﬁ&&b%hiﬁgeébﬁﬁkﬁﬁpé§%ﬁﬁwcggg%%§§a§g
is contacted wigiyiahcghpl Angiebleat &ithn ddte 1Asentenof seinqt afysaras

conprising | anthanum conpound in an anmount of at least _7 wt.% of |anthanum
suppor £8d on a swpporexidnpsipakbngnihe suipae AR iQestPest HaRbAlYSts

co d : t [ | ant ' 0
recursor ¢ her ot TifiHeRa BB KUY Y B BIAP Pipd fe £6R0TE She?

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

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

The present ‘invention has for its‘object to provide a
method fdr the'cétalytic conversion of organic carbonate
ﬁaving a high‘reaCtion activity and has a low rate of

20 ‘metal leachihg from the catalyst.

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

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

supported on a support. This lanthanum compound is Laj03

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

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

-



30 | ant hanum conpound nmay be tenporarily and/or reversibly be converted
due to the reaction conditions into [|anthanum hydroxide (La(CH)3),

| ant hanum oxyhydroxi de 3 4 April 2006 (LaQ(OH))and/ or correspondi ng

al cohol ate specious such as (La(OR)3 or 3LaQ(OR)). As a $upp8r006or the

| ant hanum cat al yst any suitable support may be used which is substantially
i nert under 5. the{Fa8@dOHdNandndirt iconrs espebrics gy @liceb lwittd spiédi®iensuch as

mechani cal strength, entia rts conprise clay mnerals, inorganic
supports such as iﬁ@éggséiaﬁ,iﬁégﬁgg i*O2, Zr02, ZnO and mi xtures t hereof.

O her exanples are a kaoli pj |l t a.chrysotil.e, 10 Y
mont -norillonite, a bé?dé|??§?°§@s§§6nﬁ e,ignﬁgép tﬁ§t51¥§§uﬁﬁﬁn%%%t%913
muscovite, a phl ogappbet mabi bei Leedawhiylr alsalstibis®antith 18} Cin®tH€ - under
Particularly preferred are, the inorganic supports selected from A1203,

Si 02, MyO® Ti 2 ZB2rePRBLARdCRPRELAES St RBFedE. PrOVEGaSh Wity sufkficient

catal ysts on a suj ; p t tage _of all ow optim sation
of the surface g?%iggﬁéég? ?Egeg ?Q'S?§&ggé?§lo%%P%§€;§Eﬁ%ég%lég éﬁafi
Furthernore, al sonimerayeralihosgrpigt Buapdrtise sachr alsl AlSiO4,ct3ime, 0fMdde
catal yst particles, my be optimsed with 20 respect to process paraneters
such as the pressti@2drdpO2i nZpeagper Bighuked ﬁgﬁﬁ8@£bapmheqxﬁxamﬁk§§ ditee

| ant hanum cat al yst conPrises t he | anpt hanum conpound i.n an amount such that
the | ant hanum cat®l 5Re-18kkFbi Bshptdosytsr yi hrygetivery @ General ly, the

25 | ant hagum cat ahyst-ROPPIiSRSL8! hepsladiMe% af sahapthanu ARy

nore that 7 wt. % of | anthanum nore preferable§/ at Sﬁgast I%%r’lwtr'9 %%{)(T%O%rlac%'

| ant hanum nore prefapedmite, a muscovite, a phlogopite, a biotite, a
hydrotalcite, and talec, etc. Particularly preferred are

the inorganic supports selected from A1203; S5i0p, Mgo,
TiQ2, ZrOp, Zn0 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 pressufe 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, preferabiy more that 7 wt.% of lanthanum, more
preferably at least 8 wt.% of lanthanum, more preferably
more than 8 wt.% of lanthanum, even more_preférably at

7 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




nore than 8 wt. % of |anthanum even nore preferably at |east 10 wt. % of
| ant hanum The | ant hanum catal yst 30 further preferably conprises at npst
40 wt. % of lanthanum, nore preferably at nost 30 wt. % Evggu&ﬁre
preferably I ess than 30 wt.% and nost preferably at motAPBIEWRL. 96 of

| ant hanum The anmounts of | anthanumare to be 4 4 April 2006 cal cul ated as
the amount of netahc@natetiahsCatnd BilountCalfalnetal CONPEdsd NOc-AFPIPE S, of

| ant hanum oxi de bel ow a | ant hanum content of 7 wt.% generally do not

exhibit the cat@gjelyshst compyisdga sapuds whe Janthansecaxsidm belov a

I ndustrial scale | yst i sing.anp f _lant hanum apove
40w 50w 11 not 2ERRBN R FoP Ry S Rt ST« HEhGVRTL G T | O
nore costly. Mstataletécabkyiviihy crlliysld Fuprisesinfia fgesedss cofOamt . %
| ant hanum preferably of fromB to 30 wt. % | ant hanum per 10 gram support,
and most 2pr ef er abPYuUsEripdneceleo Yoromeas qadRtiaimn CORTEHIRY AMUBEHpeft
w.ll have a surf ( 5, Sunfa r of. Hé&f 0,

Preferably, the gﬁﬁﬁgéﬁﬂ% Fﬁgﬁ%véoag@d%f ng)ellarneJéf%Q ?rag% ' %veﬂf%o

n2/ g, nore prefecabayybicf aocmi3Atlye Bstrevidigwidnd bestomps efestabyy MdsErom
50 to 320 n2/g. Fugtheéinre the difference in thetgfr ormance o o
supports with siPFFEFTeRlYackPsr Sa5alXFtacoryd S&f (35 HHWY t ot 4 ferknt
factor. Wthout yasPhAHuhY BeeZ@rARYRd o0 ralyn RArdd c3 aft Ihetishdrdurh Sper
believed that the predomnantly basic | anthanum oxi des may be nore evenly
di stribdfed on agmamt supPrortackridcmostporefematdoe afatiram thaw &0 avt . %
surface conprisifgnggggugasic sites. Therefore,

Suitably, the support will have a surface area

(BET-surface_area) of from 10 to 500 m/g.

Preferably, the support will have a surface area of
from 20 to 400 m2/g, more preferably of from 30
to 350 m2/g, and most preferably of from 50 to 320 m2/g.

Furthermore, the differehce in the performance of
supports with similar surface areas may also be
attributed to a different factor. Without wishing to be
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. Thérefore,
supports exhibiting an amphoteric or slightly acidic
behaviour are preferably used for the purpose of the
present invention, in particuiar alumina sﬁpports.

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




supports exhibiting an anphoteric or slightly acidic 25 behaviour are
preferably used for the purpose of the present invention, in particular
al um na supports. Conveniently, the catal yst may conprise several
catalytically active oxides of netals be§ides La and tHod@rid@apdised in
the support itself. However, the 30 presence of other netals may.distort

t he Ianthanun1oxim&dudadfs&lscﬁtﬁrtynnﬂheesﬂ¢rejnthedeataayeﬂssnabﬁhﬂtfor

t owar ds Ieaching d thus limted catalyst _life and/ or i ncrease
05l e 1 oact i ond I RRSRPTD HESnE | FESB0RY L (CUBP P BCEPIFLY. |

Therefore, the C@I@iﬁiﬁrﬁnﬁls@ii&efﬁés:ﬁ@@ @ﬁ@§@%e’te§‘!eaki885pﬁﬁiéhalﬁlaﬁ be
conmprise solely |anthanum oxi de besi des those netal oxides which can be

present in the shiRAeany tiyelthe ssuproxrhtdryel£. conversion of organic

carbonatezmay be a ¢atal yi.i eactlon mnth alc hoI al coholysis,.and_in
partlcula? a nethanoﬁégléyi: FRG TS 1Y éﬂ%? C%ﬁgén?ESCT?Snbe

with water (hydrae ysitglytid rwéédtld:haqlﬁlataaidﬁﬁo_al I(@I\@onomyts@!sytma in
conversi on conprising both an 10 al cohol ysis and a hydrol ysis. The organic

carbonate whi ch R BEUSE agrethanehysivht Fhel caﬁalh‘élﬁet:%aeaéé@noﬁnﬁg
to the inventionge O ) Kk S n al kyl
grows (o1 o SRR T e e e B O oo
such as -net hy a aylvens atemprikingi hothean
aryl gro s may %g é%gg_sane or diffe éﬁ ,_such as phenyl; (Cl1-C5) alkyl
(C5-C7) car Borfr: YSiferdih & HyY $2N51%nd the aryl group are as

def i ned above 20 (CinelQr @il i DANFNETH Gy 1 15e CRE0QNRS St aBHipAgas

material in the method according to the invention,

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

o 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 (C5—C7) aryl carbonates, wherein the alkyl

and the aryl group are as defined above,_

20 (C1-Cy10) alkylene carbonates (cycllc carbonates) such as

the carbonates of ethylene, prOpylene} butadiene and
styrene; and mixtures thereof. Preferred as alkylene
carbonates are ethyléne_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 alcochol,

in particular methanol.
_ The lanthanum catalyst may be produced u31ng any
30 suitable method
In a_preferred embodiment the lanthanum catalyst is

obtainable by the steps of:



t he carbonates of ethylene, propylene, butadiene and styrene; and m xtures
thereof. Preferred as al kyl ene carbonates are ethyl ene carbonate and

propyl ene carbonate. 25 The al cohol used in the nethod for Eﬁ 6gtalyt|c
conversion of dialkyl carbonate may be arfomatic, such ast 8

non- aromati c such as an Cl.GC5 al kyl al cohol, i-n particular nethanol. The

| ant hanum cat al yst*may BédbPEddﬁéGfG§ﬁhéYaﬁw igpragnatsian msthedsupport with

preferred enbodi nent they al is obtainable by the steps of:
6 4 April 2006 i. loading g?% erab gﬁ%y g%%regnatlon) the support with a
| ant hanum sal t ;. ahﬁ.iﬁryﬂnglagdaadlcah¢nglmgetmmpﬂagnaﬂﬁﬂéﬁhppﬂwwrt I'n

this enbodi nent the SUfﬁ €$ has re shaped form This form may be
gl obul ar, circular cyl thders®aftiPs lQﬁVt H@@lF@@RﬂIQMQﬁﬁr%uRFQﬂﬁhQ@ﬁﬁoform

extruded ferm. lnCTNﬂé”ﬂorﬁ“ﬁQbeE'QlBBETh§UCQ1Q% ?f any
even a powder with a average particle size suitable fo Carrylng out 't

reacti on such as I@@@h¥e@han apbitraog pnulﬁbdsdﬂ)ennnmddd|fbxmnwxmwmm@ﬂng
| ant hanum salt or | ant hanum

via a gas phase a qui d hase

After “inpregnation rtlcﬁjéyﬁ'% eﬂéﬂgpeaugﬁnpﬁgrgopgycpn@ear i KF SRR 2
subsequent | y cm(HpﬁmﬁeﬁkwftmaélQﬁeté%QGﬁS&@hble GAld @i 13 fbr gcarrying
cal cination tenperature between from 120 15 to 700 C. In view of

catal yst reactivit§% tthe repctipresueh sal dhngeat thapalabiovdt ilfD pm This
te”pefaﬁgi§ in th%uﬂﬁﬂﬁkffg iﬁﬁfééégtég 998 g gas phase and/or ligquid

phase with a lanthanum salt or lanthanum. After
impregnation the imprégnated support is if desired driéd
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. o |
The lanthanum'catalyst may also be obtained in a
| - process in which the support itself is formed by
20 prec1p1tat10n After prec1p1tat10n formation of the
support or concomitantly by c0prec1p1tatiqn 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
inte;mediate drying step. Obviously, any prior art method
for providing a lanthanum catalyst comprising a lanthanum
compound supported on a support, may be used as lohg as
30 it results in a catalyst which shows the catalytic

conversion activity for use in the method according to

the present invention.




The | ant hanum cat al yst may al so be obtained in a process in which the
support itself is fornmed by 20 precipitation. After precipitation formation
of the support or concomtantly by coprecipitation a precipitate is fornmed
conprising lanthanumsalt in the required anmount. Aftef {BBYHW&ci pitation
of support and | anthanum salt the precipitate is calcined preferably under.

the 25 above given calLingli At LOUBIFONSchd fe f?“%ffg E5ﬁ9ér%90n mgyying

cal ci nati on any sol vent "present nay be Tenove i ntermedi ate
step. Qoviously, cmmpqmsenhyﬁﬂok&ﬁismiaImmhmﬂgw1d|ug hheahwbauanadamabyst

conprising a | anthanum_.conpoun orted on a support d as
long as 30 it reSTSHTR Ut (%&Ré%QﬁQﬁF@WRﬁ%P?#E %ﬁtQP9F§EH%& 38%3|0n
activity for usempg BRI AGE Q5 el A 4191 y ther PLE§EHh L] D¥ER! fRB1uf 4
April 2006 As indicated above, the catalytic conversion may conprise

hydr ol ysi 8, al coh&loppits. sgma e taio. cehaal 3d ¢ehokysier b5 opresacapbdis carried
concom tantly- or o nsecutlveu%n_ The q¥drolgS|sri§l % %gigg&y gaErlgqhgg%%

in a medium5 conprising wa theé™ et conol TS eraoty °Carti &d

in. a reaction n1é&m@hﬁxEMHUHﬁIuJﬁﬁﬂpﬁﬁtiwularemémﬁﬁnobxtent al cohol, in
particul ar nethanol. _In the al coholysis any alkyl or aromatic al_ cohol may
be used. The al kyl af&Hi&e @ekﬁoé@laysplrﬁ Y, alsléscbrfalar@roqetaﬁdﬁépopelltmawy

al cohol havi ng pggf erahy ggl ;yuﬁOhéH(%%? Wor g f aﬁgghogeaogga§§

al kyl group. Most preferr ar omat . phenol
be used.10f the sadiod a@mmmhnxyalndﬁmi|h&¥1ﬂgqpreﬁapabkgsaacl Cg alkyl

groﬁp, more preferably a C3-C3 alkyl group. Most
preferred is methanol. As an aromatic alcohol phenol may
be used. |
. If the method according to the invention comprises a
catalytic conversion by hydrolysis and alcohdlysis 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
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 breferred.
The combined hydrolysis and alcoholysis in the catalytic
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
prédominantly or solely with the simultaneous formation
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




15 catal ytic conversion by hydrolysis and al coholysis then generally the
nol ar rati o between water and.al cohol lies between 1:1 and 1: 100,
preferably between 1:5 and 1:20. Although the nmethod for the catalytic
conversion is suitable for any dialkyl carbonate converkifgiil 2006is 20
preferred to use as a diaIkyI car bonat e- an al kyl ene carbonate such as,

et hyl ene carbonat r bonat e.. Propyl ene carbonate is nost
preferred. In ggggﬁ aﬁgugnﬁﬁ§y DI g §uﬁ?e?§r?EgY 1¢R8
~conbi ned hydrolyscarbada@bcgﬁ@kpydpyybﬂgmtéggéﬁy%éc 25 conversion
according to the nethod of'the invention results in a flexibility in the

production of the coﬂ?E§ﬁ§ﬁG¢n@©ﬁhﬂQ§%ﬁuﬁnﬁzﬂﬂ@ﬂr(ﬁ#mﬁﬁﬁweOfoghehmethod

(al cohol ysis) or a,,pLo | C e} oni nan

solely with the s%’ﬁﬁl Pg{ﬁegﬁg‘;’ S it(;%ntt?% éﬁ:aegr] Tl ea ’l“’%&%‘g P u3h d%}}éi“fg&? A
further as$pect ofaﬁhantagesta&@ mﬂhﬁsrrdﬂbdfhytmﬁfé&eﬁ@@ t@néﬁamPMEs.
catal yst for alco sis, hydrolysis or alcoholysis and hydrol ysis of

di al kyl carbonate he R §xam FPIaf@o@%&%ﬂ|ﬁ9ﬂe§u%ﬁh%¥k¥l%%%t€ beRapdsthe

such as ethyl ene 1ﬁ@éﬁ99@heaﬁadal%'é0%te%rﬁ?f s Her eafi €L+ tb%ﬂ%ﬂl on

and ot her aspects of the nethod and use according to the prese I nven
and further 5 adi@Aneagdonare illustrated by reference to exanples. These.

exanpl es are glv ;orngEthEr blu%trat|on qf the invention and are not
considered as a | nple 1. Catal yst
preparatfion 10 The catibyshsalpsespepar %e‘?ﬁéx‘é&ﬁ'ﬂy SHc MBS Swetness

impregnation of 1.6 mm SiOs cylinders as support

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

15 120 °C, calcined for 2 hours at a tempefature 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 éalcination temperature

20 : werelvaried. |

Example 2: Catalyst testing - metal oxides

Catalytic testing is performed. in a so-called
6 tubular nanoflow unit; This unit has 6 guartz 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 pressﬁre 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},




i npregnation of 1.6 nm Si Q2 cylinders as support (pore volunme of 1.04 m/g,
BET surface area of 56 n2/g) wth 1.37 mmol/g of support of various active
el ements, nostly as nitrate salt. The cylinders were then dried at 15 120
C, calcined for 2 hours at a tenperature of 600 C and trARNe®Po a
fraction of 30-80 nesh. A very simlar procedure was adopted for

| mregnat i ng  vag gugngtpRahs AW ki lFaBkhaum v bnater B lamdanum salt,
t he | ant hanum | oading and cal ci nation tenperature 20 were var.i ed. Exanple

2. Catal yst testDngasippaidlyoxitiies feest gopsistiesstim® methaOy mat ey if
so-called 6 tubul ar nanofl ow unit. This.uqit h tz { i n
i nternal di arretet‘pﬁf’p§riﬁﬁ1e E’E‘Eﬁ)oﬁ‘g&g o?nl\l%v%su ﬁ%%ogd?é%vﬁ%hl gﬁ%%?#%% ol

catal yst - (0. 2- 0. s Jhasrt: @) mikkatrewerre 1did wicddy nrdk b gram of SiC (0.05
mm di aneter). 0.45 g of SiC were placed ,on'\tﬁ&p of this bed aﬂ)d edtr?s
feed presheater. OncBfteades, inptiaadt ReFdcs W 0MdFs #%ik4l urttertiSo

N2-flow at 120 C gnd, 3L EDSRAG iheRLERR I U4t Nizing e T@RGRE s1 300 2
t hen pressurised to 5 ar and 1 nolar m xture of nethanol and propene
carbonate was fpgdotiactbeweeaccontdhuauslow aadersfed fpy (offchine mrodugt 4
April 2006 together with an N2.-flow, of-1.7 nL/(gr_ cat_* .hr ' ionally,
the feed consi st 882LH54Sne{RanFCARLCEr HEEPIRH el ctzril} %n%%g mg{}ure of

3.8:0.2:1 nolar fghi 8cOkr0h 62 NN tRC iimdlte: ain rhamded deddoivatidher
an initial period of 20 hours at 120 C, the reactors were operated for 24

h, durird whi ch &hd tegaild leaching.
- lIn the fcllowing examples, thé 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 mﬁnbpropyleneglycol(MPG) and/or methylpropanyl-
carbonate (MPC in mol%) is based on the molar amount of

recovered PC divided by the molar amount of PC suppliéd

in the feed times 100%.



products were continuously condensed for off-line product analysis. The
reactor tenperature was then raised to 160 C for 16 hours to sinulate an
enhanced deactivation 10 and netal |eaching. In the follow anples

t he conversion of methanol and yield ofydi nethyl carboﬁa@%“? ) are based
on the nolar amounts of these conpounds divided by the nolar anount of

o ooyl eyt i ot O e tr SreRoR PE kRals ERPRSREES AbSi% ol %
P en” I HogREs £6 ot fERVREERY Grdde iRt IR o foma%%’fe

of L2203 suppor t et 08 _1997PARSde! helbchdiel@lsupgidle supported on

Si02 (netal |oading of ne al_per @ support) Catalyst Conv. PC
bYiel d MPG bMPC tmwtalxﬁtﬁcommnal goME lAHG cing |d 'DMC: | Leach-
Cos 95 7041 44 AL Gy S0 Bl e B35 31 05 | o] sng 9
Bal2. 919.53.515.4 a70 e B [235 2.9 [22.4 (1.1 |0.88 [0.5

Gr. III |

Y " . 11.9 11.1 [4.0 [11.1 0.0 1.44 | -

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. 1 ‘ -

K B.6 11.4 } 1.6 5.8 5.6 1.10 | -

Cs B.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 | 0.32

8 methanol énd 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 (MPb) expressed in mole?® based on
PC supplied in feed; € expressed in mole:mole; d mg of

metal per kg of ligquid product

The examples reported in table 1 clearly show the
exceptional performance of La/Si0; catalyst compared to
Sioz-supportéd catalysts based on metals that lie in the
vicinity of La in the periodic table. In view of the
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.




K8.611. 41. 65. 85. 61. 10- Cs8.511.11.66. 05.01. 0768 Nb4. 45. 80.51. 24.41.670.32 a
nmet hanol and di net hyl carbonate (DMC) expressed i nnol e% based on net hanol
supplied in feed; b propylene carbonate (PC) expressed in nple % based on
propyl ene carbonate supplied in feed,.nomopropyl ene gl YcPriRAY and

met hyl propanyl carbonate (. MPC) expressed in nol e% based on PC supplied in
feed; ¢ expressed in ERRE]aT0l@sul tH Hifve BRI dMakeePhyldmuish g oduct
The exanples reported in table 1 clearly show the exceptional pertormance
of La/Si 02 cat al ysthydepsr eanbenagicQ 2AESpporataid afiparry e carbopite s

that lie in the ol of in t . iodig table. 1n view of.the 5
heavy el enents of ﬁg?&%pttfl% S(?Ifm%[ ﬁ(}e&%ﬁilglceﬁ ccchié:%léel l}‘as a3 Iacpvésllh?cghf(%\ﬁé@? eld
and a | ow netal | eaahpilegsr atfe tapder 1,t k& dqemasur ertwanegdyl@ae bdbonate

procedure:_11 4 April 2006 Sim | ar, results have -been obtained when using
et hyl ene cr bonat EREER) DPHs B8RS Tt UhesH Hheh P TORIDANR Carhgnadie tie hee

operating conditi @gédc'}sgﬂ%ﬁlia ﬁj; fﬁ%lﬁ@@ﬂrﬁ%ﬁe& aib}[ ecol’Efgxgé;ﬁ{al(ié)&e

the ethyl ene carbonate stitutes the propyl ene car ein
the feed, the LagdiyBdiganaknsizscaipient §d8d tthdEGQ (MidPAER 1 Wt do Wt h
38 nmole% yield and a DMJEG nolar ratio of 0.91. By contrast the Y/ Si02
catal yst convertefl-BE.t BYECoNfirelstofhe X7 Si612e waftiad wb tarmpry OME EEGot arEG0
ratio of 0.89. Exgupheds C3baluits! §36hA9 snd WHRIME lReding and
| ant hanum sal ts

i0 ratio of 0.89. ' '

Example 3: Catalyst testing - lanthanum lcading and

lanthanum salts

The performance of lanthanum catalysts on various
mineral supports and lanthanum'catalysts obtained after
15 imprégnation of the A1203 support with various lanthanum

salts have been tested.




The performance of | anthanum catal ysts on various mneral supports and
| ant hanum cat al ysts obtai ned after 15 inpregnation of the A1203 support
wi th various | anthanum salts have been tested. 12 4 April 2006 Tabl e 2:
Per f or mance of La203 supported on varioug, nineral suppdttildRhanum
| oading of 15.5 w.% from La(NO03)3), and of La/Al203 catal ysts based on

i | ant h ts_ (I di f 15 0 COnY .
Vel a Dhe - or LaliRE f abc DOV ATRRE BB s erls lpblyr Ll R Yekr AU
A120318. 528. 36. 027: . i 5022 . '
e14.021. 04. 419. 8%@%&%%%3§‘1¥§g18-§9?%%§12:ﬁ§%85 8%.9%%1%1 35& Ef% %E?t 'VH%% s 5om
Ni trateld. 421, 94. 54 @NTS) 2D, 868800EhLerAdelF. 526245026 bedeth 87 280 ious

Acet at e18. 127. 55. 324. 13. 40. 87280 a exgressed in nol e% based on net hanol-
supplied .in feed; lantkxprassadtsn (honehppuBedognting SfppiS-ed Win Fleed;

Cexpressed in WD{%dﬁgéitL,é§g;PUIfdbc<ﬂf¥%f§ tre—— DMC: | gmr

or La- |MeOH @ |Pc b {DMC 2@ |MPG b |MPC b |MpG ©
salt [
A1203 18.5 |28.3 | 6.0 27.6 0.7 0.97 |280
3102 15.6 | 23.5 | 5.0 22.4 [1.1 0.89 |56
Moo © |14.0 |21.0 4.4 [19.8 (1.2 |0.89 |53
Ti05 8.9 12.0 | 2.7 10.8 |1.2 [1.00 |70
Effect
of salt ‘
Nitrate [12.4 [21.6 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 | 5.3 24.1 |3.4 0.87 |280

- @ expressed in mole$ based oh methancl supplied in feed;
b expressed in mole% based on PC supplied in feed;
C:expressed in mole:mole; 9 BET surface area of the .
support in m2/g; © MgO is stabilised-by Al;03 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 léﬁthanum
catalysts. ‘

Example 4: Catalyst testing — alcoholysis/hydrolysis

The lanthanum catalyst according to the invention has

been used in the catalytic conversion of dialle




support in nm2/g; e MpOis stabilised by A1203 in a Mg: Al nolar ratio of

5:1 Table 2 shows that various supports are suitable, though supports with
the highest surface area are nost prefggable. Simlarly, vaL'ous | ant hanum
salts can be used for preparing efficient supported | aftt fBRUAIY cat al ysts.

Exanpl e 4: Catal yst_testing - algcoholysis/hydrolysi | apt ha %ﬁst
according to the ??ﬁ%ﬁﬂ?%%g%%smeggaﬁo%éégSi%gghéygg?%}ggﬁé gﬁﬁxggg%on 0
di al kyl 13 4 Amriéaéﬁmys@aw@@ngﬁppbytentbﬁnnugsgsaamdsuw@nolysis. The

| ant hanum cat al yst was supported on A1203 and Si 02. Table 3: perfornmance
of A1203 and Si 02-supported | anthanum catal ysts under McOH: H20: . PC feed

molar ratio of 3.8 0.2:1.0 t al-yst Conv. Yi e].dDVC. eadi ngeOH, aPC bDMC
BV bMPC bMWPG ¢ TRDHS {h/Aﬁ%ﬁ%%ﬁ@%%ﬁ%l?ﬁzgiéé370??9(%éaéQfQPPOItEJ:

(56,30 Lal 5 0220-ST0 S0 oe ke LH958 aBE WEGRERGDA B, 1285 401 55 i,
(15.5% La/ Si 0226,424. 90, 1421 8§y 30. 02 (26. 3% a

Catalyst Conv. Yield ; DMC:
(loading MeOH @ Bc b | pMC 2 |Mpe b jMpCc P {MPG ©
wt. %) | |

La/Al,03 20.7 |28.0 |1.1  [27.0 |2.7 |0.12
| (8.6%) | s |
La/Al,03 32.3  |32.2 |1.5 |27.8 |3.2 |0.16
(15.5%) |
La/Aly03 5.3 |32.9 0.9 |24.6 |2.9 |0.12
(26.3%) |

La/510, 20,9 |18.9 l0.1 [9.8 [3.3 |o0.02
(8.6%) | |
La/5105 21.4 |15.9 [0.1 |14.2 [3.3 |0.02
(15.5%) I | -

Ta/sio, . |26.2 |21.0 [0.1 |iz.8 [3.3 |0.02
(26.3%)

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

-

b expressed inlmole% based on PC supplied in feed;

C expressed in mole:mole

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

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



a expressed in nol e% based on nethanol supplied in feed; b expressed in
mol e% based on PC supplied in feed;, C expressed in nole:nole Table 3 shows
t hat | ant hanum based catal yst can conbi t he net hanol ysi s .and hydrol ysi s
of PC and, 5 thereby, produce DM MPG in.varying ratio, 4stgfl $¢®ant 1y
below the 1:1 ratio_reportedq abgve. Cearly, a smal| apount of ter
suffices to produegrkﬁ%u#ﬁrgkbégé%6?“Tﬁm§° W?9F¥&ﬂi*e§%%ﬁl5§rﬁfc£%§rF95§t

| ower conversi on- kgyekneaeiss % GRS B0 Wuddord &35c2€hi y8+ i 02- suppor t ed
catal ysts. Lant hanum based catal ysts are “even ‘suitable tor™ hydrol ysing PC

with water in absenceLahthahhandasedhemtl yeney aitdgevén he@if8Ble 0foPC: H20
of 3:1 nolar ratip at 100, C and a WHSV of 5 g/g/h and an N2 f]low of 2.1
g/g/h, a 15.5 wAYEFaivyedngoife idd patieyr NPG isencey b Bethoneld. WhgnpvC
was formed under 2 L C anc i | Ad. \ ypi eri t 5.has
al so been 10 carr%gg]?gﬁfqh% 'tdﬁrt:hhg %&élﬁn?gdﬁfﬁaﬁ% 'nfr;t I(ﬁ:%%élgyé%glgﬁ the

formof 1.3 mmtribgbes. afiRe 0REEaL igEn 5>f§yd;|/tﬂ o g 1P0o& ardzaifeed/n,
consisting of a PC.water mixture of 3:1nolar ratio introduced at thée ~
hi gher space vel acibySoWtWHEYA15O0y gomvantesh B o P@faR. 24gPghhlels
Under these conditjons, the 1.3 mmtrilobes allowed a MPG yield of 3.6
nol e% For conparYs®hd-tHe SNfevast fioyded podsiefharares 36 ENEtaRCes? nol e%

when enp oyed as  cf URNEEmPOREChyQodvaiS Sl imY hat LPLE HabateStINg

ysis with pheno In“this“exanpl e was carried out the

al cohol y3Ps of deaertrhgt cmtbenahe thEMSams tlaritenoim fal pninziceatel pyt - in
the form of 1.3 mm trilobes. The operation conditions
were 100 °C ana 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 ah N2 flow of 2.1 g/g/ﬁ.-

15 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 testihg - alcoholysis with phenol

20 ‘ In this example was carried out the alcoholysis of
dimethyl carbonafe,(DMC) with phenol to produce methyl-
phenyl-carbonate (MPC), a neceSéary ihtermediate in the
production.of diphenyl—carbonéte. For this purpose a
mixture of DMC and phenol with a molar ratio of 5:1 was

25 passed onto a catalyst bed of 0.5 g of 15.5% La/Si0Oy 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, MfC was produced with
32%,yield and 90% selectivity, based on phenol.



phenyl -carbonate (MPC), a necessary internediate in the production of

di phenyl -carbonate. For this purpose a mxture of DMC and phenol wth a
nolar ratio of 5:1 was 25 passed onto a catal yst bed of O. of 15.5%
La/Si02 at a weight hourly space velocity of 2 g/g catﬁhﬁqﬁtzogﬁnnspheric
pressure and 400 C, together with an N2 flow of 2600 NI/I cat./h.
Consequently, MPC was produced with 32%yvyield and 90% sel ectivity, based
on phenol. 4 April2006 15 CL Al M S4. Method for the catalytic

al cohol ysi s and/or hydrolysis of organic carbonate, wherein organic carbo-
nate is.contacted with al cohol and/or water in the presence of a catalyst
conprising of from7 to 40 wt.% of 5 |anthanum supported on a support. 2.
Method as claimed in-tlaim 1, whergip ghe j@agt-hanum catalyst conprises of
from8 to 30 wt.% |anthanum per gramrsuopport. 3. Method as clalned in-
claim2, wherein the catalyst 10 conprises of from10 to 20 w’

| ant hanum S cI ned | one.of . clains 1 tqg 3, mherein t he
support is selgq{qa) %#%Sygﬁ@Cflcﬁgoéﬁs*ﬁcﬁnngEQ ZnO and -
m xt ures thef}&i:ﬁolyﬁslé\/ﬁdﬂocﬁir@énﬁéad:ﬁ'ﬁﬂohﬂtéﬂ)/wﬂéﬁeﬂﬁ 6rahiE cl claGtbh-

wherein the | anthanum catal yst is obtai nable by the steps a | ant hanun
salt; and MARedratRPApRA (With ’igehel aﬂﬂé?@lHaFﬁé Lanth&num

presence of a catalyst comprising of from 7 to 40 wt.% of
5 lanthanum supported on a support.

2. Method as claimed in ®laim 1, wherein the lanthanum
catalyst comprises of from B8 to 30 wt.% lanthanum per’
gram support. | ‘ .
3. Method as claimed in claim 2, wherein the catalyst

10 . comprises of from 10 to 20 wt.$% lanthanum.
4. Method as claimed in.any one of claims 1 to 3,

wherein thexsupport is selected from Alp03, S1i02, MgO,
TiOg, 2r0O2, ‘Zn0O and mixtures thereof.

5. Method as claimed in any one of claims 1 to 4,
15 wherein the lanthanum catalyst is obtainable by the steps
of: T
i. ioading'the support with a lanthanum 'salt; and
ii. drying and calcining the impregnated sﬁpﬁort.
6. Method as claimed in claim 5, wherein the lanthanum
‘20 salt is selected from lahthanum chloride, lanthénum
| acetate and lanthanum nitrate.
7. Method as claimed in any one of claims 1 to 6,
wherein the organic carﬁonate is-subjected to hydrolysis
with water.
25 8. Method as claimed in any one of claims 1 to 7,
- wherein the organic carbonate is subjected to.alecoholysis
with alcohel. '




1

| ant hanum chl ori de, |anthanum nitrate. 7. Method as clained in any one of
clains 1 to 6, wherein the organic carbonate is subjected to hydrolysis
with water. | oading the support with drying and calcinin%‘the 6, Method as
claimed salt is selected from acetate and | ant hanum 2% BPHEPMod as
claimed in any one of clainms 1 to 7, , wherein the organic carbonate is
subjected to alcoholysis wth al cohd® 16 9. Method as claimed in any
one of clai® 1MethHhd aderkaimedgiani angavhenatfe claimsbjleaieed o hydrol ysis
and al coholysis in the presence of water and alcohol. 10, Method as
claimed in éﬁﬁqﬁ¥?aﬂﬁﬂ 1g caphpRphet A8 suRiRFtese teatysHRkY$5S pabyl ene

carbonat e aBﬁd&H%E?é%&“ﬁn te BEB8BALe of water and alcochol.

10. Method as claimed in claim 8 and/or 9, wherein the

5 alkylene carbonate is propylene carbonate and the alcohol/

is methanocl. .




