4 April 2006 - 1 Epp - DG 31,10.2003 METHOD FOR THE CATALYTI C CONVERSI ON
OF ALKYLENE CARBONATE WTH My, Al M XED (HYDR) OXI DE- CATALYST AND I TS USE
THEREFORE The present invention relates to a nethod for cat %

conversion of al kyl ene carbonate, using an My, Al mi xel P(HWM xi de

catal yst, and a catal yst therefore. EP-A-02%1 351 discloses an My, Al nixed
(hydr)oxide 5 catalyst having an My: Al nolar ratio above 3 and preferably
in the range from 3-10. The article of H Schaper et al. in Applied

Cat al ysi s, &{}%ﬁ&%) 99HEd 'ci‘iJA(i,sﬁsld 6 By SALKYIBUE EARALYGITE

has a hydrotaIC| ruc ure, consisting of 10 brucite type layers in which
part é{,@h Q yal eRITHOMg, AMGMIXED r{epilwoe ®ARPR rqmremmm IE5t UBkat ed
[

I ayers which contain water and J?g conpensat e for the
excess char of the trivalent ions. ﬁﬂﬁ%@ tion of such catalysts is
di scl asb(ﬂ- to the 15 basic propertles such catal ysts are consi dered of

special interest for base-catal yzed reactions, such as poaly- nerisation of
propyl enfodxi de, (kﬂh#epbeﬁﬁnts@ﬁﬁﬁh§&@ﬁoﬁ§1aﬁeﬁﬂﬁﬁ|%uﬂ%ﬁhﬂﬁf£9ﬁ.pentene

and al do ondensatgﬁns cEX$ng %hegfl %l %s%%ém“"ﬁgﬂﬁnaﬁwgr’

1- pentene 20 ust E; M Xed oxXi dé c avi ng an
ratio of 5 and AD. mﬂieﬁncmydﬁbagldel&ataaysa t ren enverA ket dtleexeforases.
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having g nol ar éé%éfyé% having an Mg:Al molar ratio above 3 and
preferably in the range from 3-10.
The article of H. Schaper et al. in Applied

Catalysis, 54, (198BS) 792-90, diseloses the same catalyst.
This catalyst has a‘hydrotalcite structure, consisting of

10 brucite type layers in which part of the bivalent ions
(Mg) are replaced by trivalent ions, alternated by
interlayers which contain water and anions to compensate
for*the‘excess charge of the trivalent ions. The
preparation of such catalysts is disclosed. Due to the

15 basic'properties such catalysts are considered of special
interest for base-catalyzed reactions, such.as poly-
merisation of propylene oxide, double-bond isomerisations
of olefins such as l-pentene, and aldol condensations.
Exemplified is double-bond isomerisation of l-pentene

20 using an Mg, Al mixed oxide catalyst having an Mg:Al
molar ratio of 5 and 10. At increasing molar ratio the
conversion rate decreases.

The article of Watanabe, Y. et al. in Microporous and

Mesoporous Materials 22 (1998) 399T407’ discloses the use

25 of Mg-Al hydrotalcite catalysts having a molar ratio of
1.8-2.5 for the methanolysis of ethylene carbonate for

the production of dimethyl carbonate.




1.8-2.5 for the net hanol ysis of ethylene carbonate for the production of
di net hyl carbonate. 4 April 2006 - 2 EP-A-0,478,073 descri bes a process for

preparing a dial kyl carbonate which conprises contactipng an 'bgyl ene
carbonate with an al kanol in the presence of a m xed rfgt n(@l e catal yst
or a nodified binmetallic or 5 polynetallic_catalyst under conditions
effective to produce the dial kyl carbonate. I n the exanples, a

magnesi unt al um ni um m xed netal oxi de catal yst havin Al ratio of 3:1

a
was enpl oyed. | n JPERB6/0238H6P7 a RYCELSE 2 o%%‘&??%%df%wgPEFﬁa%ﬂn?l@ _
al kyl ene car bona{igllgcgg UL AHSHANY B o5 URSRSE £8e & Ocohf 288 8aLE b, a3t j1dhd N

presence of a ca to produce a dialkyl carbonate.. A conbination of
Magnesi um oxi de camtbonanet herthretralaldsaniel ol ethe hpresegnestimwad xeskd as
catalyst in an atom.c ratjio in the range of 1000:1 to 15 20':1 of magnesium
to the other rref“ﬁ‘ltgllTF?éu&Ee§€r'ﬁa]1Yrﬁferﬁ' oh T 1%07&”?%‘"%5?%&1% 8*provide a
nethod for the pat@metiad 16@N\RItHIGE OfuRtdky | @hed Lol Bovas efebayiag can

i nproved conversion rate and inproved yield, while having |inmted |eaching
of metal from tBzoducsl e BaliydordfTRANALS hel® /et $ER™PEBFr d8s a net hod

for catalytic ' 4 - honat €, ’ﬁﬂfé el I : ‘
car bonat e iys coﬁggétgégh\%?taﬁhg?hgngﬁﬁﬁﬁﬁl C aflec% 0 a%%?%ﬂ%%t i<:1r_9€7|'1?119t ﬁe
presence of My, MALAm xadiocoxifda :datwalsy stmplarety an My: Al nolar ratio in the

range 25 of from4 to 20.%606 t _The invention is ,ba;scf:d on.ghc? igsi ht that
by increasing the M: AF-foP&Y 2P&EEG i # BRE ] Sofiescr1bed wherein an

10 alkylene carbonate and an alcohol are subjected to
tiansestefification in presence of a catalyst to produce
a dialkyl carbonate. A combination of Magnesium oxide and
ancther metal oxide other than magnesium was used as
catalyst in an atomic ratio in the range of 1000:1 to

15 20:1 of magnesium to the other metal.

) The present invention has for its object to provide a
method for thé catalytic conversion of alkylene carbonate
having an improved conversion rate and improved yield,
while having limited leaching of metal from the catalyst.

20 Accordingly, fhe invention provides almethod for
cataiytic conversion cf alkylene carbongte, wherein

alkylene carbonate is contacted with C;-Cg aliphatic

alcohol and/or water in the presence of Mg, Al mixed
_ oxide catalyst having an Mg:Al mclar ratio in the range
25 of from
The invention is based on the insight that by
increasing the Mg:Al molar ratio in this type of
{hydrotalc._i.te) catalyst conversion rate and yield both
improve. Although in the preparation of ‘the catalyst a so
20 called mixed Mg/Al hydroxide is formed it might be that
under working conditions mixed Mg/Al oxides also or only_f
are present. The'catalyst will be referred to as Mg, Al -

(hydr)oxide catalyst. At molar ratios above 4, such as of




(hydrotalcite) catal yst conversion rate and yield both inprove. Al though in
the preparation of-the catalyst a so 30 called mxed My/ Al hydroxide is
formed it mght be that wunder working conditions m xed Zg/AI i des al so
or only are present. The catalyst will be referred to 4 20
(hydr)oxi de catal yst. At nolar ratios apoge_4, such as of 4 April 2006 - 3
from4 to 20 My: Al and, preferably, above™5 such as 5 to 20 the catal yst
exhi bits the highest -activity. During the catal ytic conversion of alkyl ene
carbonate néran éxtae20i Mot iand arPMLenalyly eaB@ROVRoM BHEDS &t Al Hat

particles. T ach .S I C ~ab . : nolar ratio is
bel ow 20, sugﬁ g}geoFa%rggSﬁ%to eﬂ%‘g%%e%}?gab*£§%%?gwg¥g,lvgg h as of frTtt~ir4
‘to 10. The MM Alpufthbpdr pael deteatalirstcannrdndlien fof ahkypeanposaforidres
present invention will therefore have a My: AL ratio of ,s %glgii( eat A
. p=tere nor enehah 2xidgen ikpPEYSiciEhING at™aY ehSRCE, fﬁﬁg‘ preferably

mor e gt han 5-&?%?@&@%3&@@&“1@% Claéﬁrﬁaﬁfélisfyéabeédpwe@f allyy have. a

l\/g:Af ratio o no nore prefer y of less than ZQkeuveven nore
preferably ofgeil mslatbraadga nsmived qw efer ablgh 1&s opf| ExemMBan ol 0 nmost

preferably of at nost 10. . Al kyl ene car honat e f u i

catalytic Jon ‘?E‘?‘Bl{uyn'g?l]ﬁﬁ é@coﬁd’i 4% ?ﬁeﬂf e t‘f%n?énayi'g‘g g‘?%‘i%
al kyl ene car honat fog8 a8tilysandultaneomdenehs apbopese, of, 2hand 2, 3
but adi ene carbonate. Preferred are 20 ethylene carbonate and propyl ene

carbonate. Giresseniti phdehtiancyidl $hergficre draa e d@pht s¥dtacsCfamght
and%Br angh%&lﬁg@&gﬁéﬁ%e&%e@ﬁ?@ dRNANSInSRd peLhapaba MR
preTerred i s methanol™~ Th the presence o :
least 5, and most preferably more than 5. The Mg,Al
(hydr)oxide catalyst will further preferably have a Mg:Al
ratio of at most 20, more preferably of less than 20,
éven more preferably of at most 15, again more preferably
15 of less than 15, most preferably of at most 10.
Alkylene carbonate suitable for use in the catalytic
conversion method according to the‘invention may be a
C1-Cg alkylene carbonate such as 1,2 and 1,3 propylene
_ carbonate, 1,2 and 2,3 butadiene carbonate. Preferxrred are
20 ethylene carbonate and propylene cérbonate. C1-Csg '
aliphatic alcohol suitable for use comprises a straight
and branched Cj-Cg alkanols. Preferred are methanol and

ethanol. Most preferred'is methaneol. In the presence of

one or a mixture Cj-Cg alkanol the alcoholysis results in
25 the formation of di(C;-Cg)alkyl carbonate and alkylene

- diol. In the presence of only methanol the methanolyeis
results in the formation of dimethyl carbonate and the
alkylene diol; The catalytic conversion in the presence
of only water results by hydrolysis in the production of

30 the alkylene.dj,ol and carbon dioxide. The catalytic

conversion in the presence of C;-Cg aliphatic alcohol and:

water results in the formation of all end products in

ratio’s dependent on the methanol:water molar ratio. When




one or a mxture Cl-C5 al kanol the al coholysis results in 25 the formation

of di (Cl-C5)al kyl carbonate and al kylene diol. In the presence of only
nmet hanol the nethanolysis results in the formation of di tQ%I car bonate |
and the alkylene diol. The catal yti c conversion in the4p’¥1§él 08 of onl y

water results by hydrolysis in the production of 30 the al kyl ene diol and

carbon di oxide |yt | Qoo t C 1- i phatic
al cohol an§h vvénto-ei:éq:r esu t%l c%fri tﬁe ﬁcrﬁnhq{]al%gnr o?gaﬁ&z%g glrl%gugf sg:gﬁ% ratio's
dependent es fliie twet2tan@henatione ot larcabomat Shaehk il dnédpdidl 2Abkatrhe nol ar
rati o of nethano.l:water is higher than 6, such as 10 to 20. The di nethyk
car bonat e: 3PkyPeré ga WEER d aqfcgtq'o‘i s between 1 and 0. Another aspect of

the invention pgbehRy LRJRE W (e DddHS SRt AL YSte @St defhedsabgye for
the catal yst conversion of al kyl ene carbonate wth C1-C5 aliphatic

al cohol ant@hép watelysdnds wafdmaddmve ofehetheechbabyysi s and/ or
hydr ol ysi s | kyl ene rhonate. Th Al mxed (hydr)oxide.catal yst has
c8£¥%r%égﬁ ofnéf%y ne qa#ﬁ#%ﬁte w%;%fébf@gr% éh?gl

general ly a ol ar-ratio e rang %0. At

hi gher ol g cbabh 0'a%d RACHIAS Of e irﬂetvﬁér@fwfri@ PREticular My
I ncreases. For an optinmal catalyst activity at [ow I eaching the My: Al
nmol ar ratipetbahpliylse sr amge’ crothyfdmhys it @D, alkylame i catlaonatefrom 5 to 10

or of from 15,10 t.0 2Q. The nethod, and .use of tﬂf catal yst according to
the inventi onTanel F’gbe i Misiin e(lha:glrg Dy et e og‘?’h‘:ér?ﬁ))_’l Bwi ng
exanpl es Wagehlame1RrOadad fier thd Ui iofe. of PEFRRSESEGNED t oawhi ch the
invention is not limted. 20 Exanple 1: Catal yst preparation
higher molar ratio’s leaching of the metal oxide, in
particular Mg increases. For an optimal catalyst activity
at low Mg leaching the Mg:Al molar ratio is in the range
of from 4 to 20, in particular of from 5 to 10 or of from
15 10 to 20.
The method and use of the catalyst according to the
invention will be further elucidated by reference to the

following examples which are provided for illustrative .

purposes and to which the invention is not limited.

20 Example 1: Catalyst preparation
The Mg/Al samples were prepared by semi-batch co-
N precipitation at constant pH. Agqueous solutions of

Mg (NO3) 2.6Ho0 (1 M) and Aly(SO4)3.18H0 (0.5 M) wgie
prepared from demineralised water and mixed

25 proporﬁionally to the targeted Mg/Al molar ratio. The
resulting solution was then addéd_drop—wise to-600 ml of
an aqueous solution of 25% NH3 (pH=8) under constant
stirring at 65 °C. The precipitating soclution was kept at
pPH=9 by addition of 25% NH3 solution. The slurry was then

30 aged for 1 hour under continuous stirring and filtered.
The resulting paste was washed with demineralised-water
until the pH of the wash water became neutral and, |

finally, dried over night at 80 °C.



The My/ Al sanples were prepared by sem -batch co- precipitation at constant
pH. Aqueous solutions of M(N03)2.6H20 (1 M and Al2(SM)3.18H20 (0.5 M
were prepared fromdem neralised water and m xed 25 prgﬁgrt@@gl ly to the
targeted Mg/ Al nolar ratio. The resulting solution was P! d,
drop-wise to 600 mM of an aqueous solution of 25% NH3 (pH=9) under
constant stirring at 65 C. The precipitating solution was kept at pH=9 by
addi ti on of 25% NH3 solution. The slurry was then 30 aged for 1 hour under

continuous stilriNg ANA-fiL{ 6505 el foSUIting paste was washed with
- demi neral i sed"!-vvaé-vr—urrh—t—fﬁe—pﬁﬁé—hﬁheﬁ- wash wat er becanme neutral and,
finally, dried Mer sambleatwdle @val uhtApdilin 28 06n Bx aeqgphep@ed Gai ghy st
screening The sanples were evaluated in a unit equipped with 6 quartz
ot of s hall MVERET FRRCPESOIETLRA 3 R e Ert SRl GlamBt 015 gr am
(30-80 mesh wzplyNeréndrgés ubedo Wi 4 hyOaftS (96 280 Ofie $Hh G { Pe PS.EFRdi anet er)
and |oaded into the reactor, with a pre-bed of 0.45 gram Si C placed on
top. 5The catdllyxted werteh df i €8 gremiafl SEef0. (B-mhodhiametion) GRér 1 hour.
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started a space vel ocCli tog er
noder at e N2 flanedfoVHSMz. 2Iige /daralhfgts Therd igoliekld feediconshdéed of a
PC: MeOH mi xture of 1:4 no ratio. After astabilisin‘gﬂperiod of 20 hours

af
at 120 C, tRe-55Ylidf proluct stere tVHTenRe 58298°%5 MHEe HR# during 15 a
24 hours run for_off-1ine lLysis. The noderatg N2 .flow needed for
pressure reéjtﬁeastsi%ﬁ%sa%% %?(%Jﬁ‘@tl%/aarnsadbqt&est Er'%‘gegl %n%so?t?lﬁge‘gi ght ends
fromothe samiltéy a space velocity of WHSV= 5 gr/(gr.hr), together
with a moderate Ny flow of WHSV= 2 gr/(gr.hr}). The liquid

feed consisted of a PC:MeOH mixture of 1:4 molar ratio.
After a stabilising period of 20 hours at 120 °C, the
liquid products were condensed at 15 °C and 1 bar during

15 a 24 hours run for off-line GC analysis. The moderate Njp

flow needed for pressure regulation and product transport
stripped some of the light ends from the sample.
Therefore mass balances were only made on propylene
carbonate.

20 - In the following examplés, the converxsion 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 conversion of
PC to monopropyleneglycol (MPG) and/or methylpropanyl-

25 carbonate (MPC in mol%) and the &ield of MPG and/or MPC
are based on the molar amount of recovered PC divided by

the molar amount of PC supplied in the feed times 100%.



Ther ef ore mass bal ances were only nmade on propyl ene carbonate. 20 In the
foll ow ng exanpl es, the conversion of nethanol and yield of dinethyl
carbonate (DMC) are based on the nolar anpbunts of these conpounds divided :
by the molar anount of nethanol supplied tinmes 100% TheARdRHEPsi on of PC

t o monopr opyl enegl ycol (MPG and/ or nezgxgpropanyl 25 carbonate (MPCin
nol % and t iRalhel b of A armEre MEC MarAel bt bpxidesnbPar anmount of

recovered PC di,v] 3PUO P i ed in4t times
100% 6 4 A&%%ﬂ%&%ﬁ? e5€$%%€%? mance %?éﬁ/gmagﬁ%rgg;?éeggf&ou?%d
met hanol ysi SAH8V p¢ apageg tay bones ef (AR b€, WidVabf| Rqgi/d/hWesd 255bgkg/ h, a

N2 flow of WHSV of 2 g/g/h and 25 bar, catalyst calcined at 400 C unless
speci fi ed otdedradivs @atelysd Gonv40PC GYerldssPspotifhedvethermicd)aDVC

Nl AL O 044

- 0.5 0o P i =
Vol Al 15. 1211 ST8I85F0. 35. TE40 Wy N 17. 4268413001 20. 45. 1 20 |
(3926, 63, 6] 87.00. 01. 6 & MBGH o | EEaPei hBMEone bRg) Al [ 11ORE | mec P
ends b
1 Mg/AL © 8.9 12.4 | 1.7 6.4 |0.3 5.9
2 Mg/AL 5.0 11.5 1.5 5.5 0.4 6.0
5 Mg/AlL 15.1  |21.1 |3.8 15.4 |0.3 5.7
10 Mg/Al 17.4  |25.3 4.7 20.2 | 0.4 5.1
20 Mg/AL 26.0 _ |35.8 [8.3 32.1 |0.1 1.6
50 Mg/AL 25.0 |34.1 [8.0 32.5 [0.0 1.6
Mg (OH) 16.6 8.6 |1.8  |7.0 0.0 1.6
Effect of
calcinations
5 Mg/Al 15.1  |21.1 |3.8 15.4 [0.3  |5.7
calc. 400 °C |
5 Mg/AL | 16.6 |23.4 |4.35 |18.2 |0.4 5.1
calc. 80 °C
10 Mg/AL 17.4  |25.3 |4.7 [20.2 |0.4 5.1
calc. 400 °C
10 Mg/Al 15.7 |21.0 |4.0 |15.9 0.3 5.1
calc. 80 °C

@ dimethyl carbonate expressed in mole% based on methanol

supplied in feed; b monopropylene glycol and methyl

propanyl carbonate (MPC) expressed in mele% based on

propylene carbonate (PC) supplied in feed;

C xMG/Al implies a Mg:Rl molar ratio of x.




15.121.13.815.40.35.7 calc. 400 C5 My/ Al 16.623.44.3518.20.45.1 calc. 80 C
10 Mg/ Al 17.425.34.720.20.45.1 calc. 400 C 10 My/ Al 15.721.04.015.90.35.1
calc. 80 C a dinethyl carbonate expressed in nole@6basq§ on.qE@ganol
supplied in feed; b nonopropyl ene gliycol and nethyl pr ﬁﬂﬂyl rbonat e
(MPC) expressed in nol e% based on propyl ene carbonate (PC) supplied in
feed; ¢ xMJ Al inGddREimg Moo AathDé ar, rtie caefiwxity 4fAphel m2066 WMgéaidi ng
to table 1, the activity of the m xed My A %hxdr)oxkg S ipcreases with
i ncreasi ng MJIYTYeides BREEPRTDT Welde FRFrERIIPErHY ?Cﬁ? 1%hi ch shows

one of the c act] Vi | f hkRewa bRdi sated b
é,wz{&élﬁgzd;é{?éyfop%ﬁé %%rté%%g?@ fwhearhsREwE bRd y

the formati on of a lquid pro ing the materials at 80 or

400 C prior dme 1OENGacPivithe pesei®ry hbdchibel ofi behurnag on their
catalytic performance. This illustrated for 5 My/ Al and 10 My/Al in table
1. 18 The 20invj/gRtemdBotvy/ Rerpatioy s axhpbYt 1EABLInPERE  activity,

out -degrade 10 Qi A0 AU IR s T2ACHH OB SHED tAabrihE €8t alyst/SIC
y har 0 Trenove fromthe reactor. By contrast, the other
sanpl es campaiiin@sifteethiéoréangt@ariac| ksttTheivji ke onnpheir
catalytic performance. This illustrated for 5 Mg/Rl ang
10 Mg/Al in table 1. | |
10 _ The 20 Mg/Al and 50 Mg/Al catalysts exhibit the ,
| highest activity, but degrade to some extent during the
reaction such that the catalyst/SiC bed was very hard to
remove from the reactbr. By contrast, the other samples

came out as free flowing particles. The Mg(OH), sample

15 was also free-flowing, though the haziness of the liquid
product suggests significant leaching during the
reaction. '

Similar results have been obtained when using
ethylene carbonate (EC) instead of propylene carbeonate.

20 Under the same operating conditions as applied for the
examples of table 1,.except for the ethylene ;arbonate
which now substitutes the propylene carbonate in the
feed, the 5 Mg/Al catalyst converted EC to EG with
28 mole% yield based on EC supplied in feed and a DMC/EG

25 molar ratio of 0.88. _

Example 3: Catalyst-stability/activity

In order to assess the stability of the various
materials, samples of 0.1 g of each catalyst were
immersed in 15 ml of a representative MeOH:PC:MPG mixtu;e

30 ' (3.46:0.88:0.24 molar ratio) for 20 hours at room
temperature. Then 5 ml samples were taken from the top of
the liquid and analysed with ICP-spectrometry. The

magnesium content of these products increased with the



15 was al so free-flow ng, though the haziness of the liquid product
suggests significant |l eaching during the reaction. Simlar results have
been obt ai ned when using ethylene carbonate (EC) instead of propyl ene
carbonate. 20 Under the same operat§ng conditions as a%ﬁhﬁ@@%pér t he
exanples of table 1, except for the ethyl ene carbonate which now

substi t ut es M&éAbrapyaEntatapbstaréding akeMar/dddofi td & Nipklie okt -al ¥fst
converted EC to ] 28. 0nl e yice S E pl i i ed and a
DMC/ EG 25 glo% a$5§3% |%Q8f gBHQQ%é) grr%)dgéﬂg ggadggloygtgsjg@abc%%l#i ivity In

order to assesfet hehetbbisti tymphohlieevheteeen ratdnisdys arshnas lafty. 1 g
of each catalyst were imersed.in 15 mM of a representative MeOH PC MPG
mxture 30 (¥469. 5828530 BPILUPati o) for 20 hours at room tenperature.
Then 5 m sanples were taken fromthe top of the liquid and anal ysed with
I CP-spectronetry. The rmagnesium content of these products increased with
the 8 4 ApriT2006 2 M/ Alagmesiumacoptsntr ofngnatlefy/: BC:HPG rGxtPasl e 2). It

i's concluded,that the,5-My,A _and 10 M/ Al catalysts _off.er the hest
conprom se bg '\A@ehéa@hgr ?7 RRa=8t 58itll¥gﬂyafi%ﬁrt t%) ﬁ“é’élc]:[sl OATHEd UM °Ifabl e 2:
Magnesi um cofd elduof Mgna ekl BE: NP@rokxtier at ¢dofb t@npEr& gl ar rati o)
after 20 hoyrs—imrersion of various My/ Al m xed hydroxide at room

t enper at ur e.| C@FEAYET My ||dBcrigrRFiRI kg] 1 My/ Al9.30 2 My/ Al 3.52 5
My/ Al 10. 14 (mg/kg] _
1 Mg/Al 9.30
2 Mg/Al 3.52
5 Mg/Al 10.14
10 Mg/Aal 25.0
20 Mg/Al 34.5
50 Mg/al 72.9
Mg 164.4
5 Example 4ﬁ Performance in methanolysis/hydrolysis:

The catalytic tests were carried out in a single-tube
microflow unit which is equipped with a HPLC pump to feed

the PC-MeOH-water mixture, a gas manifold to introduce No

at 0.7 Nl/h, a traced feed line, a stainless steel

10 reactor of 15 mm ID {(with thermowell} operating in down
flow, a high-pressure condenser operating at room
temperature and an automatic sampling manifold that
distributes the liquid product sequentially over six
bottle of 300 ml.

15 The reactor was typically Charged with 2 g of
catalyst (1.6 mm cylinders) diluted in 15 g of SiC. Once
loaded, the reactor was heated up to reaction temperature

(120-140 °C) under a Ny flow of 0.7 N1/h (i.e. WHSV of

~0.4 g Npo/g cat/h) at 25-30 bar for 16 h. The reactor was



10 Mg/ Al 25.0 20 My/ Al 34.5 50 My/ Al 72.9 Myl64.4 5 Exanple 4: Performance in
nmet hanol ysi s/ hydrol ysis: The catal ytic tests were carried out in a
single-tube mcroflow unit which is equipped with a HR£§%8q$%ﬂ§o feed the
PC- MeOH water mxture, a gas manifolgd to introduce N2 11 /h, a
traced feed line, a stainless steel 10 reactor of 15 mMmID (wth

t her mowel |) eratipng,.in_down. flow a_hjgh-p sur e r rati ng at
room tenpergﬁﬁ esﬁﬂdtgnrgaf5ﬁﬁpig??ﬁﬁﬁ?#ﬁgenéﬁﬁfgﬁ%%%ﬁ%% q%is?%&ﬁdtes t he
liquid produgsnssaveat wathytbeepagtial bot ¥hpoofis3d0 Mded BT Thegeact or was

typically charged with 2 g.of catalyst (1.6 mmcylinders) diluted in 15 g
of SiC. Onceveloasen, (tWPiFaddyor Hasifiedfelalphy o ansh ORESR LESpedSTur e

(120- 140 © - | .e. \Y, - Q4 W2/ g cat/h)
at 25-30 bafy$€§£ﬁg %B“EEQY?QECES% &gé99£ha§p}pﬁ§28%%rfh%ﬁ%ggwwto reaction
tenpér at ure amdepression. (25 bar), contacted with the partially vaporised
feed at target elocity, (typically 2 g liqg./g cat/h) .and, operated der
varyi ng conditidﬁ%ef +qﬁb&eggﬂ§Hcioﬁﬁsh%%?gyﬁthBS%'élpﬁtE#r@ﬁ??&n9%$he
l'iquid produst wesngneh¥sgd18tf cbhfnbyTHBagE SOkt rSamisia’y nldte pol ar
colum. The gas stream was not anal ysed. However, occasional use qQf a cold

trap (-60 Canaiyse@. gigwevae. dpachsioprbvinge méré cedd G109 ¢%6@bé’§éd 10
ol e o) e 24l 1 9R8! aREOHUE! p-3PLED ABREALALA . 03° B! Bk Pt hanol

upon |nnedié%e
10 on total feed) of additional product, which appeared to

. be mainly methanol upon immediate GC analysis.



10 4 April 2006 Table 3: performance of 5 My/Al (hydr)oxide for

nmet hanol ysi s and/ or hydrolysis of propene carbonate (140 C, total liquid
VWHSV = 2 g/g/h, a N2 flow of WHSV q% 0.4 g/g/h and 25 bar) . Fe Conv.
Yield |ight DMC: MeOH H20: MOH aPC BDMC aMPG bends bMPE BNBGYEOpC
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0.5:0:128.1é£%%ﬁsg%t40.%%3%3?Tan2?09%2§.%%8A38?§§$F38¥f£?3.Q§
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in feed; b %ﬁgpgggqgﬁ%agn? gwggaﬁgg)on PC supplied in feed; C expressed in t

nol e: nole. Ta at the My/ Al catal yst converts PC to MPGin
the presence Fefedret handorand/ qr wat gryiigld yarying ratio. |[The catpMcysst was
stable for r% tf}\{%: 1000 h gnd gjpe\r at ec; r;atisglct_ortiéy over ba Wi dg 5
t enper at ur e P2t gienD & q BB® ¢ Diad 2a | vied &)\ isF MPC b| MPG
PC _ ends P
4:0:1 22.6 39.7 18.7 34.1 | 0.7 2.3 1.0
1:0:1  |22.8 |11.6]10.6 |10.0 [0.3 1.4 [1.1
0.5:0:1 28.1 6.3 12.6 (5.4 0.3 0.6 1.1
4:0:1 22.6 39.7 | 8.2 34.1 |0.7 2.3 1.0
3.8:0.2:117.4 36.3 {3.5 35.0 0.1 1.3 0.4
3.4:0.6:111.14 52.2 | 0.5 50.8 | 0.0 1.4 0.0
0.5:0:1 28.1 6.3 "112.6 5.4 0.3 0.6 1.1
0.3:0.2:1] 2.4 21.1 |0.5 |20.6 (0.0 0.4 |0.0
6:0.36:1 |- [35.1|-  [35.1 0.0 0.0 ]0.0

2 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 the 5 Mg/Al catalyst converts PC
to MPG in the presence of methanol and/or water in
varying ratio. The catalyst was stable for more than
1000 h and operated satisfactorily over a wide

5 temperature range, from 120 to 180 °C and a variety of
residence time, from 4 to 40 min (1/WHSV). By varying the
feed composition it produced DMC/MPG in a ratio that
varied from nearly 1:1 with a water-free feed to 0:1 with
a methanol-free feed. The hydrolysis reaction turns out

10 to proceed at higher rate than the methanolysis reaction



residence time, from4 to 40 mn (1/WHSV). By varying the feed conposition
it produced DMJMPG in a ratio that varied fromnearly 1.1 with a
water-free feed to 0:1 with a nethanol-free feed. The hydrol ysis reaction
turns out 10 to proceed at hi gher r?{)e than the met hanoftyAp@l Z098¢tion 11 4
April 2006 (conpare e.g. the feed of "0:0.36:1 with 0.5:0:1, respectively).

In contrast fo the hydrolysis reagtipon, .the pethanolysig is limted by
t her modynani c“@RATT bT i 4m gf“ﬁ“hggﬁgt‘a\g ?)h%hgﬁ'eﬂ:wiggubtgrﬁ‘!\’ DMC: MPG ol ar
ratio in 5 thesguoeiedl Eatmreaﬁtfw@ fasties hpapolosiberda&HibRO nol ar

ratio in the feed. In other words, it suffices to substitute_as snall
fraction of g grefloanqlysis oisuhtdipte Phethrouodynanier egWEliPsithat of

MPG. The sp t S j t siLgoificantl i r .1 he _fresh
cat al yst ase%}ﬁeasf%c%%ié%%h%%ﬁé%g aln'g %u%l'](égéﬁgr%%? gg]ng gélgssnThe
absence of dlgnigtednit chieat catopshangesf aétér Myhéh dat ahysMedBeHpQ t he

reaction of PC with MeOH is consistent with the low My and Al content
(<10 ppm ofmaler [fafuiel pnothet feedsIrdbyenvansdsf LCPsuSfanabysds. Wien

normal i sed toQ.the production rate of MPG _the eachi te generally
r emai ned belso%’sl lbtpema?i?rg?{glgﬁa?}bl%/ %I\/Pakarn@?ggté%i cally <50
ppm This |l gacdi e rgiedhet dsn feof DO Rém ashael bfampé0; PC and
McOH: H20: PC feeds. 20 Simlar results are obtai nable with other alkylene
carbonat es and Ehecspanpraatal wsedhisl oy i fopently differ from

10 the fresh catalyst as characterised by XRD, XPS and bulk
element analysis. The absence of significant chemical
changes of 5 Mg/Al catalyst during the reaction of PC
with MeOH is consistent with the low Mg and Al content
(<10 ppm) of the liguid product measured by means of ICP

15 analysis. When normalised to the production rate of MPG,
the Mg leaching rate generally remained below 100 ppm '
(i.e. <100 mg Mg/kg MPG) and more typically <50 ppm. This
low leaching rate holds for MeOH:PC as well as H20;PC and

MeOH:H»,0:PC feeds.

20 Similar results are obtainable with other alkylene

carbonates and Cp-Cg aliphatic alcohols.




"CLAI MS1 Mthod for catalytic conversion of al kylene carbonate,
wherei n al kyl ene carbonate is contacted with C1-C5 aliphatic al cohol

and/ or water in the presence of M), A mxed (hydr)oxide ct.ﬂ}e(ﬁ]%t havi ng a
My: Al nolar ratio in the range of fromto 2D. Method as3cfB in claimi,

wherein the qlatm&ﬂas clained in claimlor 2 wherein the al kyl ene
carbonat e i s=ethyl ene carbonate or propyR@ne carbonate. Method as clai ned

inclaiml tao ein the nolary,ratio of t hanol : water is bel ow 20 15
fl. Use of ak E\%Y@@f as defined iwimﬂa&r the catal ytic conversion
of al kyl ene c'arbi ate with C1-C5 alg phatix mlzohol and/or water. 6V. Use

of a catalyst o aim6 for theal cohol'ysts and/or hydrolysis of alkylene
car bonat e. ‘
1. Methed for catalytic conversion of alkylene

carbonate, wherein alkylene carbonate is contacted with

C1-Cg aliphatic alcohel and/or water in the presence of

Mg, Al mixed (hydr)oxide c talyst having a Mg:Al molar
5 ratic in the range of fromgﬁ to 20.

2. Method as claimed in claim 1, wherein the £—Exv

iR SN
_ ot 2 : .
10 3 X. Method as claimed in claim 1 pe--3, wherein the
alkylene carbonate is ethylene carbonate or propylene

carbonate.
llK. Method as claimed in claim 1 to K, wherein the molar

ratio of methanol:water is below 20 f—preferabliy—iedowr—i¢/.

15 §¥. Use of a catalyst as defined in claims 1 ke~ for the

catalytic convergion of alkylene carbonate with C;-Cg
aliphatic¢ alcohol and/or water.

| 6?. Use of a catalyst of claim 6 for the-alcoholysis

and/or hydrolysis of alkylene carbonate.




