WO 03/ 042141 PCT/ EPO2/ 12640 METHOD FOR THE CATALYTI C CONVERSI ON OF
ALKYLENE CARBONATE WTH A MG AL M XED (HYDR) OXI DE CATALYST The present
i nventi onwoaBatasito a nethod for catalytic conversi on ofecaliepb/erseo
carbonate, using an My,- Al m xed (hydr)oxi de catalyst, and a catal yst

therefore. EP-A-0 51 351 discloses an My, Al mxed (hydr)oxide 5 catalyst
having an My: Al nolar ratio above 3 and referably in the range from 3-10.
The ar tECHYP SPRRHES%%FI%FO%{YERSF?P RB&HKEHENFC&%‘%H &% WI5H » M o¥0)"78° 90,

di scl ose8PHe ¥Hfe ‘BT yst . This catal yst has a hydrotalcite structure,
consisting of 10 brucite type layers in which part of the bivalent ions
(My) are replaced by trivalent ions, alternated by interlayers which
contain water and anions to conpensate for the excess charge of the
trival'ent ions. The preparation of such catalysts is di scI osed Due to the
15 basic properti such cat alysts are considered of s interest for

base-cat al yzed red ﬂjccl%rhv Hot &4t i %h o™ Ifé)rFe oxi de,

doubl e- bond l&%ﬁﬁlﬁ@iﬁd Qﬂﬁwé}fsﬁrﬁfdﬂsaﬁ&-ﬁfbr%g daane, @hh@l dolvg,
condensations. _Exenplified is doubl e-bond isonerisation of 1- pentene 20

using an My, Al rﬁ%@é‘cﬁ ol Jat gy tattid sty aandvp Alatadi sty thatefaofe 5 Fmd
t ticle
10. At increasing Erg)J]gro ret 143 4t Qﬁsccl%veesr salw%ggﬁog@g{%%{i @ﬁ’qrs)%a‘:{

of Watanabe, Y. et al. 1n Mcroporous and e1998)
399-40%, di sclossslydie nS\anQSarofMg\ngAImdﬂ;ﬁdr oteetl ici tadbooed a@ yeatds havi ng a

nol ar rati o of 1. for t net hano f ethyl ene carbonate for the
production of & oﬁerf‘getﬁrﬁ}?slycaﬂfbo gange LS 9.

The article of H. Schaper et al. in Applied

Catalysis, 54, (1989) 79-90, discloses 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 1l-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) 399-407, 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.



WO 03/ 042141 PCT/ EP02/ 12640 2 EP-A-0,478,073 descri bes a process for
preparing a dialkyl carbonate which conprises contacting an al kyl ene

car bonat eweiw4mnl al kanol in the presence of a mxed nat@cTEPogecaat al yst
or a nodified binmetallic or 5 polynetallic catalyst under conditions
effective to produce the dial kyl carbonate. In the exanples, a

magnesi un al um ni R Hbd Het®l3 odd e ikasaly frasessndod PMEPAtimst ieo of 3: 1

was enpl oyed. - A- lggfg@ﬁ W elgo] i i rei 10
al kyl ene car bo#n%%ﬁélﬁcfgag!n alco o"fr?lacﬁ{e Cgougj elcﬁseesgq‘fog{eat%%gﬁl egﬁnerﬁqflﬁ%’crla Tn in
presence of a catladryste twal fir cducel kandi alrkyWhee ardesreaioe oA comdiixeat | on of

Magnesi um oxi de and angt her tal oxide other than nagnesi um was used as
catal yst in aﬁ“%tt%]m??”r‘%i%ti ¥5te Or%lr?gé“‘?fglff(%%:bfmte&a 130:°F of nmagnesi um

to thesother rgdBimetid6 ¥ asard] jdvamdan damiftlodd S aRihstyd @ provi de a
met hod for the catal ytic conversion of al kyl ene carbonate having an
i mproved conve?ERBICS dthe dhick ikipr aadpariatiad, InwHillee exaripdgd i @ t ed | eachi ng

of netal from i t. . rdi t i v i_gn vi_des met hod
for catalyti CHT1 C n%%@%%uﬁl%%ﬁﬁ@r%dggé oanlaggil%ng%aﬁysg{ %ﬁvelr?g 2
carbonate i s aontzectwedt e tdf GL-ICwaad igpipAidyed.al cohol and/or water in the

presence of My, Al_ m xed catal yst having an My: Al nplar ratio in the

range 25 of from 4% J%'O%?@%emt ioPLCaTEsdd G SR biess R Sifat Ty

i ncreagi ng they VY Alndd Ao i driy 1dH Sl 10Tar ol YRR @) catal yst

conversion rate and yield both
transesterification in presence of a catalyst to produce
a dialkyl carbonate. A combination of Magnesium oxide and
another 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 the catalytic conversion of alkylene carbonate
having an improved conversion rate and improved yield,
while having limited leaching of metal from the catalyst.

20 Accordingly, the invention provides a method for A

catalytic conversion of alkylene carbonate, wherein

alkylene carbonate is contacted with C1-Cg aliphatic

alcohol and/or water in the presence of Mg, Al mixed
oxide catalyst having an Mg:Al molar ratio in the range
25 of from 4 to 20.

The invention is based on the insight that by
increasing the Mg:Al molar ratio in this type of
(hydrotalcite) catalyst conversion rate and yield both
improve. Although in the preparation of the catalyst a so

30 called mixed Mg/Al hydroxide is formed it might be that
under working conditions mixed Mg/Al oxides also or only
are present. The catalyst will be referred to as Mg, Al

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



i nprove. Although in the preparation of the catalyst a so 30 called m xed
My/ Al hydroxide is formed it mght be that under working conditions m xed
My/ Al oxiwexsamhxel or only are present. The catal yst w || poa/mret/eroned to as
My, Al (hydr)oxide catalyst. At nolaB ratios above 4, such as of WO

03/ 042141 PCT/ EP02/12640 3 from4 to 20 My: Al and, preferably, above 5
such as 5 to £fXbnt he tatal wai: raxhin,t ridfe figRestabactd 6 tsyuchDard g dde
catal ytic conversion of al kyl ene carbonate netal oxide, in particular M,
may | each from% H&'S EHaIXAt sdviddsedherkd ahesth acsi@ ity -r educed when t he

My: Al nol ar ratiods 0] QWL +34) i%i i @M g‘% 24, gl@h@f LRy hel ow

10, such as of from4 to 10. The (hydr) oxi de catal yst suitable for
t he purpose ofmetel quiedsntin meertticod am Mg,t reryeflemehhdvrema thg: Al rati o of

at 10 Least 4, preferably nore th 4,. even re.preferabl t least 5,
and rm%t pr ef ecra(f'jttb‘—‘\elyy SrFDrpeay’ithlacr%e‘Sg.' ?‘ﬁlee W5 m r(rgﬁfdﬁ)sofietﬁiélc(‘?ﬁ%/ éﬁ’%f?& t%iell
further prefenmplal havieara MEiA ig ald1ew20gt swst 200 MErenpueker ally of

| ess than 20, even nore preferably of at nobst 15, a%ai n nore preferably 15

of less than F5eifFAblr di%dabllp oS vah msstof1drom Kytend OcarbendiGe Adui t abl e
for use in thesfahalolid, CAMOTS! o Takiad Acoord) b Loohe Rygnti on my

be a Cl1-C5 al kyl ene carbonate "such as 1, opyl ene carbonat e,
1,2 and 2,3 byptrxdicarie igardydniatre wiRrle ftérered caree h2@eeehYlge@d carthonatfe aand

propyl ene carhonate., Cl- al i.phatic al cohal suitable for uyse nprises a
strai b; t and branched FEEEE RWaie s %ﬁa& %r’r &d 8r BOMst ﬁ’&ﬁgﬁr %P Y &thanol .
Most preferreddasdred hand mdst e Rreseicaodle 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,
even 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. Preferred are

20 ethylene carbonate and propylene carbonate. C1-Cg

aliphatic alcohol suitable for use comprises a straight

and branched C1-Cg alkanols. Preferred are methanol and

ethanol. Most preferred is methanol. In the presence of

one or a mixture Cq-Cg alkanol the alcoholysis results in
25 the formation of di(C1-Cg)alkyl carbonate and alkylene

diol. In the presence of only methanol the methanolysis

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 diol and carbon dioxide. The catalytic

conversion in the presence of C1-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

met hanol wbesnmetiaanol ysis results in the formation of di metwrmpo2/cmrbonat e
and the alkylene diol. The catal ytic4conversion in the presence of only
water results by hydrolysis in the production of 30 the al kyl ene diol and

carbon di oxi dechelhe lcat atattic o armeTasiodn Wat drhe praseree tofanCe, Cauch

al i phatic al cohol, and ter results in the formation of all end products
in ratios dépenderm® @t t N SEimEtaY-lvsee oamaits: aldmlenenwsds Iwnodzm42141
PCT/ EP02/ 1264Q-5t4 4 hes Md@fedtl @f gret hanol :water is higher than 6, such
as 10 to 20. The di nethyl carbonate:al kylene diol nolar ratio is between 1
and 0. Another aspecithsir taspaatverdt ithe delvandés ono reletese tof the tlies of

catal ygt as dqﬁ%ggd qp x%ﬁ;%ﬂ;EQajgpt %¥§%ﬁ7§¥pvgﬁsi%g§%a al kyl ene

carbonate with CI-C5 ali'phatic -~ alcohol YiS particular to

the nethanol ysirsreand/cor dty dndysine e raldhdenaicar bqpatealibaMic Al mi xed
(hydr)oxi de catal yst has generally a 10 My: Al nolar ratio in the range of
of from4 to 20.colol kingher neltar,r anido'is peathiong aef tiheheet al oxi de, in

articul ar i ncreases.. Far optimal. catal yst activity at | ow My

Feaching thggﬁﬁgﬁaqé}zf %wﬁﬁi?%%;ﬁxﬁﬁP&ésﬁénéésa&%YﬁFSﬁnEaF%°§6Fern

particular of fromhe tMy,1Q10miskd r@Fdr}oxiQet @a281yERengRL Beﬁleéadwﬁ% of
y

the catal yst according to the invention will be further el ucidated
referéfce to el B19GE Agteeanp édewrpreneard pfodicead 4f 6o 2Pl udtrati ve.

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-
precipitation at constant pH. Aqueous solutions of
Mg (NO3) 2.6H20 (1 M) and Alp(SO4)3.18H20 (0.5 M) were
prepared from demineralised water and mixed
25 proportionally to the targeted Mg/Al molar ratio. The
resulting solution was then added drop-wise to 600 ml of

an aqueous solution of 25% NH3 (pH=9) under constant

stirring at 65 °C. The precipitating solution was kept at

pH=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.



pur poses and to which the invention is not limted. 20 Exanple 1: Catalyst
preparation The My/ Al sanples were prepared by sem -batch co- precipitation
at const awD opl21Agueous sol utions of  M(NO3) 2. 6H20 (1 M PamdiP02/12640
Al2(S04) 3. 18H20 (0.5 M were prepared fromdem neralised water and m xed
25 proportionally to the targeted My/ Al nolar ratio. The resulting
solution was then added drop-wise to 600 mMl of an aqueous solution of 25%
NH3 (pH=9) under constant stirring at 65 C. The precipitating solution was
kept at pH=9 Bxemguld t3 orCaxfa A N3 es0litig on. The slurry was then 30 aged
for 1 hour under ntinuous stirri ng and filtered. The resulting paste was

washed with demin iSRG TRVl vefe bR Wd tnesi lRResr WEddane

neutral and, 4i % ﬁHai@ébloé/ﬂaﬂrﬂj"tanatir&%rc-di\égewro%%lélmm.
PCT/ EPO2/ 12640 Exanpl e 2: Catal yst” screeni ng The sanples were eval uat ed

in a unit equiGHied W&t rhararfaratz &.dédcoses HARB§ areshnserzedi ameteer of 3

nm tal yst f, . 0. r - h size) were, 5 diluted with
0. 45 g?’am of @gﬁ%%géﬁ% aql 'gn%tgg%n{ g’%d%nggf&)e'(?%} rﬂ'?%dtlﬁé‘ertee& t67d with a
pre-bed of 0.4bagreamiSit® tileacethamrt,opitthe patealbyst $ wer.asdigireeh isicsitu
under N2-fl ow at e%ﬁo C for 1 hour. The reactors were then pressurised to
25-30 bar and HREFEED ARy iR S CAELYSES Wicks Ardsscdnv sige upder WHSV= 5
gr/(gr.hr), tegeteyy W thp@ wagate i f | eyeof MEASYT 2 @/l 9hclpr ) . The
liquid feed consisted of a PC.MeOH m xture of 1:4 nolar ratio. After a
stabilising pereadufi s2l RUs-B0 bAQ @ndt e feed flow is started

10 with 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 Ny

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 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 conversion of
PC to monopropyleneglycol (MPG) and/or methylpropanyl-

25 carbonate (MPC in mol%) and the yield 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%.
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and-yield of
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the nol ar anount of PC supplied in

the feed tlnesaﬂ@mxﬁﬂmbdxyMMﬂn4¢.P@T/EQOthEG&Osp@cI&bbd btheewfieenance of

My/ Al “(hydr) oy
liquid WHSV
calcined at 4
PC b DMC a MP
My/ Al 9.0 11.

My/ Al 17.4 25
My/ Al 25.0 34

a dimethyl carbonate expressed in mole% based on methanol

supplied in feed; b monopropylene glycol and methyl

propanyl carbonate

propylene carbonate

(MPC)
(PC)

supplied in feed;

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

expressed in mole% based on

e —fF-oF—ret ”U. sis—ef—pHepene—cqgrbonate—{(120-C—total-
C%ta}éFﬁ a ?PB&/ f VSV |oft %/ ¢/ h and 25 bar,| catal yst
S b | ?SLfsip‘épeﬁéé%Sf Ghor wistlc Lalaigoty fangnen pldclecH 2
b 1.5 5.50.46.0 5 /Al 18.1 21.1|3.8 15/4n@s3b5/7 10
3.4.720.2 04 51 O ML AL 26.0.35.8 8 31341 Q0 650
1 Bgoa32S5 0.08196 Nyt{-CH)2%6.7%6 8. 66148 7/6-6.0 1]6-9
2 Mg/Al 9.0 11.5 1.5 5.5 0.4 6.0
5 Mg/Al 15.1 21.1 3.8 15.4 0.3 5.7
10 Mg/Al 17.4 25.3 14.7 20.2 0.4 5.1
20 Mg/Aal 26.0 35.8 8.3 34.1 0.1 1.6
50 Mg/Al 25.0 34.1 8.0 32.5 0.0 1.6
Mg (OH)» 6.6 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 °cC
10 Mg/Al 15.7 21.0 4.0 15.9 0.3 5;1
calc. 80 °C



Effect of calcinations 5 My/Al 15.1 21.1 3.8 15.4 0.3 5.7 calc. 400 C5
My/ Al 16.6 23.4 4.35 18.2 0.4 5.1 <calc. 80 C 10 My/Al 17.4 25.3 4.7 20.2
0.4 5.1 walonwsza90 C 10 Mg/ Al 15.7 21.0 4.0 15.9 0.3 5.1 pcalrro2/8B4C a

di mret hyl carbonate expressed in nol e¥%based on nethanol supplied in feed,
b monopropyl ene gl ycol and nethyl propanyl carbonate (MPC) expressed in
mol e% based on pAEPRrsHa drdbdedtle (PCEhsumsitiied tivn ofeddre mixed Mg /AAipl i es

a My: Al nolar ratj . 04 PCT/ EPQ2/ 1264 Accar.ding to table
1, the activi tg;ﬁ‘{)dfr(3 C}(%Iel&riﬁsx\e/iﬁz‘%%aﬂezsl?%if&r )lgﬁrﬁgssﬁnﬁc&gz{é S Rﬂ%ﬁﬁ'i ncr easi ng
My/ Al ratio, esocegntiicon maite faur tHee puutfee MAOEH)2 wiicth stlvoms opre oFf  t he

| owest activity, possibly because of |eaching 5 indicated by the formation

of a hazy |iquibe groowsdt .actGatidivni mpstshid liyatoecaalse atf 8@aghi4@0 C prior to

| oadi ng i nto the.reactor h ligtl e i.nfluence aon their . catalytic

perforrgrance. TS S %Iet?gtbrya?cg“ae f%)l’rHEWPAlO%gﬁd hagy pfd/qﬁllq PHOIE 1. 10 The
20 My/ Al and 50 MyaAlciedtnd) WtHHes nthirhiall st Ae gl ghesoact yidivr ket degrade
to sonme extent during the reaction such that the catal yst/Si C bed was very

hard to renpV€AF A tiFE T &4t dica P rc drcr dditt lend ndtipenceampl éseir

catalytic performance. This illustrated for 5 Mg/Al and
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 reactor. 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 carbonate.

20 Under the same operating conditions as applied for the
examples of table l,'except for the ethylene carbonate
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 0.89.

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 mixture

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



canme out as free flowng particles. The Mg(OH) 2 sanple 15 was al so
free-flow ng, though the haziness of the |iquid product suggests
significawD oBeaxhi ng during the reaction. Simlar result®Ccrare2/insen
obt ai ned when using ethylene carbonaBde (EC) instead of propyl ene
carbonate. 20 Under the sane operating conditions as applied for the
exanpl es of tadbd AL mekaeptativos ¢tertetrdylaneicAbanat-€l0 Wiadlea@y . It

substitutes the pro ene. carbonate in t feed, the 5 M/ Al_catal yst

converted EC t© EG Jlﬁé]% ?%%ﬁiﬁeﬁ&#ﬁecﬁr&ﬁ FeMafht ittalvsteed and a
DM EG 25 nol@ffdatiie Ofe Dt BlomEXii & it el st wi@pidrdd yétaé-‘ﬁillvilédy I'n
order to assess the stability of the various materials, sanples of 0.1 g
of each catal y5t & ered@iesdeediims m of a representati ve MeOH PC. MPG
m xture 30 (3.46:0.88:0.24 nolar ratio) for 20 hours at room tenperature.

Then 5 m sanples were taken fromthe top of the liquid and anal ysed with
| CP- spect r onmetTahlelrhe:  nmaguesd simnc aningrin tob ft kes eldoHadueMPd rdixeased Wit h

the WD 03/0421 CT[ EPO 40 .8 My/Al nolar ratiq starting at, Mg/ Al of
-10 (Tabl e 2).&1 141%%@-%80&%]%‘@%%%{\@%%@)5 %@9% a%d‘%f%v@merédt% Wit s

offer the bestyoomomem baimead Bedioditde and HA@Piddriderdthihe reaction
medi um Tabl e 2:_Magnesium content of an MeOH PC. MPG m Xt ure '

(3.46: 0. 88: 0. 28amellarstr at | pMgafleech20ghours i mersion of various My/ Al
m xed hydroxi de at roomte %B%(t(%e. Cat al yst My | eachi ng
1 Mg/Al 9.30
2 Mg/Al 3.52
5 Mg/Al 10.14
10 Mg/Al 25.0
20 Mg/Al 34.5
50 Mg/Al 72.9
Mg 164.4
5 Example 4: Performance in methanolysis/hydrolysis:

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

the PC-MeOH-water mixture, a gas manifold to introduce Nj

at 0.7 N1/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 Np/g cat/h) at 25-30 bar for 16 h. The reactor was



[my/kg] 1 Mg/Al 9.30 2 My/Al 3.52 5 My/Al 10.14 10 My/Al 25.0 20 My/ Al
34.5 50 Mg/ Al 72.9 M 164.4 5 Exanple 4: Performance in

met hanol ywodBlydeol ysi s: The catalytic tests were carri ed PQOIEPO2ZI1 2640
single-tube mcroflow unit which is @quipped with a HPLC punp to feed the
PC-MeOH water mxture, a gas manifold to introduce N2 at 0.7 N/h, a
traced feed Iitﬂean st aﬁmlmctsi@elteﬂmpermm:m afd krewsdrd2 (@3 tbar) ,

t her mowel 1) oper n down  flow, a ressur ondenser operatl ng at
room tenper atCL?rré qge% oTh iR8 %%mfd’aﬁﬁ?ﬁ ‘ﬁ {efféf atyit&n9Hut es the
liquid productyesesien i @wm@a/prysz Xy Beftie ft A0 dHg delhed eardsr
typically charged with of catalyst (1. mmcylinders) diluted in 15 g
of SiC. Once Vamadaw cdd¥ebenvriemdndrsattderup @GP rheats ol themger at ur e
(120-140 C) undgr %lﬁgt pwof 0.7 N/h (i.e. WHSV of -0.4 g N2/g cat/h)
at 25-30 bar for 1 e reactor was WO 03/042141 PCT/ EP02/ 12640 9 then

set to reaction tdHzerlatairisd amrbcprcessmrse ar28 yard o f fodnimac tgd madalnfs tdre
partially vap sed. fee at tar velocity (typically 2 g liq./g cat/h)
and oper at ed L&#dé’r 1Rfr |°cc?]dJr¥§’ fgrhenrﬂaéiytsﬁarr?ai‘b s without 5

interruption. analysed. However, occasional use of a cold trap (-60 °C)
in the gas line did not provide more than 0.05 C% (based
10 on total feed) of additional product, which appeared to

be mainly methanol upon immediate GC analysis.



The liquid product was anal ysed off-line by neans of GC using the polar
colum. The gas stream was not anal ysed. However, occasional use of a cold
trap (-60w0)o3/0in4t he gas line did not provide nore than OPOF/ERYR/{isacsed 10
on total feed) of additional product,1mhich appeared to be nmainly nethanol
upon i mmedi ate GC anal ysis. WO 03/042141 PCT/ EPO2/ 12640 10 Table 3:
performance of T& My/ A (m@ﬁmﬂlam:a‘ arf Smdtdvadniol (Ysidy )and/der flopdr ol ysi s of
propene car bonat

i = fl f
of 0.4 g/g/h and%%ﬁﬁ %e%’&‘%’e&’ﬁ M%%H%//@f Zﬁ\’rgctﬁ??! e MRIFE pC bVWDE/\[/: a

MPG b | i ght NPQLDONRG; CtotPcQ em@uiuzwf()svl 22 & BPH, %m234fllovp o7f avfﬁsvl 0
1:0:1 22.8 11. 14 1.1 0.5:0:1 28.1 6. . .6
40122%f3%47@/<2/134ar1d0257bzal3>10 38021743633535001

1.1
1.3 0.4 3.4:(0: 522057508 4060 +28-1+6-3—-12,.6
54030051755 03004 b1 1 o[ L5090 0.0 04 o0 Joco aqoHCr 35 -
35.1 0.0 0.0 QMeOa:@dir:¢sges ian| pol B% pased (agpEes|hpnght sUppld es MEQ; teed;
b expressed in nol e% based on PC supplied in feed;| c exprgssed i{n _
mol e: nol e. TablB& 3 show, that the 5 My/ Al catal yst| evtwertl]s PC |[to MPG in
t he presence c‘ rethanol—anrdtorHwat et A-—varyhagatt-o—ihe—ecattal st was
L presence g el P BT I 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
3.8:0.2:11 7.4 36.3 | 3.5 35.0 10.1 1.3 0.4
3.4:0.6:1}1.4 52.2 10.5 50.8 0.0 1.4 0.0
0.5:0:1 28.1 6.3 12.6 5.4 0.3 0.6 1.1
0.3:0.2:1]12.4 21.1 10.5 20.6 0.0 0.4 0.0
0:0.36:1 | - 35.1 | - 35.1 {0.0 0.0 0.0

@ 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



1000 h and operated satisfactorily over a wide 5 tenperature range, from
120 to 180 C and a variety of residence time, from4 to 40 mn (1/WHSV).
By varyi mgotoae42iieed conposition it produced DMZ MPG i n aPCAlEPO2/i1sad

varied fromnearly 1:1 with a water-frlee feed to 0:1 with a nethanol-free
feed. The hydrolysis reaction turns out 10 to proceed at higher rate than

t he net hanol ysd@anmmieo-rg WO 8/ 0l 451 PCTY.EB#02/ 12640 0.51 ((:dgnpare e.g. the

feed of 0:0.36:1 with O t | y),. t t to th
yarof ysi s 1 oI T VHE ot R § &0 10He S By o Ararhas

equi librium tHese tihPhasioiena resudd ivy aHa¥mdiRa émlcareoﬁﬁtlll%mmﬂ the
product that drops much faster than do the MeOH H20 nolar ratio in the
feed. In ot herTRMFRIEWQ tPRFIRTEs epuldubdt ia RE é’?%mhaﬁ rre’tlctth%rlrbf wat er

for MegH t nt
cat al yst d| d not gaoggm%l cantfgt%%#grﬂrgml\&gff the rél%h t:?ﬂe Hz’s%e
characteri sed Ry 2R a RS ﬁﬂ%r@llﬁ%ecel e by s, he SQH@:%%%

significant chem cal changes of 5 My/ Al catalyst during the reactl on of PC
with MeOH i s consitsittariie s emalel Ifowq\tzgoah@fAlwaé:@n dotr MeQD tpm) of the

liquid pr Oductur{%% dcrp%/r&ecﬁ%%tq | CR %Car}%l&/nmt%altl 18N Y mal i sed to the

product i on rate of eaching rate generally renmai'ned bel ow 100
ppm (i.e. <100 rrg‘kMg/é{:gari\ﬂD@atfH‘]qrsmrcﬁdt yioitC alilgyr i€3Q appmy Thiffer dwom

| eachi ng rate holds for MeOH PC as well as H20; PC and _ McOH H20: PC f eeds.

20 Si APl ar reddi® sf%?r%‘ St et eaﬁmctq?rét‘%’f&rléle@ylbéfném%a?(l?énéﬂ“é’sbéﬁd( C2-C5

aliphatic al cQhQent 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 liquid 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 H0;PC and

MeOH:H20:PC feeds.

20 Similar results are obtainable with other alkylene

carbonates and C»-Cg aliphatic alcohols.



WO 03/042141 PCT/ EP02/12640 - 12 CL Al MS 1. Method for catalytic
conversion of al kylene carbonate, wherein al kyl ene carbonate is contacted
with Cl-wboalosphatic al cohol and/or water in the presencecafEpoMige4 m xed
(hydr)oxi de catal yst having a My: Al nolarqi25-ratio in the range of from4
to 20. 2. Method as clained in claim1, wherein the C1-C5 aliphatic

al cohol is methanol or ethanol. 3. Method as clainmed in claim1l or 2,

wherein the My: Al nolar ratio is abgi%’§X]431§i Met hod as clainmed in claim

1 to 3, wherein the alkylene carbon ene carbonate or propyl ene
carbonate. 5. Method as clainmed in claiml to 4, wherein the nolar ratio

of nethanol :water is below 20, preferably belgow 10. 15 6. Use of a
catal yst as \(Ijvg]f'i né@qr}?JcI%%altatlé’técf SPTWVRE S10% by Gil&kvd&R®er si on of

al kyl ene car bonatpiMddl GhddR 18l 1phatich 2leameIn sard/sQr d&ﬁﬂ@bteéiwg%% of a
catalyst of claim6 for the alcoholysis and/or hydrolysis of alkylene
car bonat e. C1-Cg aliphatic alcohol and/or water in the presence of

Mg, Al mixed (hydr)oxide catalyst having a Mg:Al molar
5 ratio in the range of from 4 to 20.

2. Method as claimed in claim 1, wherein the C;-Cg

aliphatic alcohol is methanol or ethanol.
3. Method as claimed in claim 1 or 2, wherein the Mg:Al
molar ratio is above 4.

10 4. Method as claimed in claim 1 to 3, wherein the
alkylene carbonate is ethylene carbonate or propylene
carbonate.

5. Method as claimed in claim 1 to 4, wherein the molar
ratio of methanol:water is below 20, preferably below 10.
15 6. Use of a catalyst as defined in claims 1 to 3 for the

catalytic conversion of alkylene carbonate with C1-Cg

aliphatic alcohol and/or water.
7. Use of a catalyst of claim 6 for the alcoholysis

and/or hydrolysis of alkylene carbonate.



