W2009/ 141361PCT/ EP2009/ 056098 PROCESS FOR THE PRODUCTI ON OF ALKYLENE
CARBONATE The present invention relates to a process for the
production of al kyl ene carbonate. Processes for the production of

al kyl ene carbonates are known. WO A 2005/003113 di scl oses a Process in
whi ch 5car bR MP6%I8E is contacted with an al kyl ene oxi BEVER*HE N Pesence

of a suitable catalyst. The catal yst disclosed is a tetraal kyl phosphoni um
conmpound. WO- A 2005/ 003113 di scl oses that the catal yst used has been
recycled. US-A 4,434,105 al so discloses a process for the 10preparation of
al kyl ene carbonates, Various catalgsts are disclosed. US-A 4,434, 105 al so

describes that the BREISFSECRF THE ERIRVESHIDBh OBF ALRELFEEFARBOYALE be reused.

In a continuous process the reaction product containing alkyl ene carbonate
and catal yst has to be 15subjected to a work-up treatnent. Such work-up
treatnent general | FRPnEFaRRRt disisntien sa1ebes dfarhtd oRESalkY| ERR

carbonat e prodyglodic@ibhner calilvsie Aseehdtag to WO A 2007/104730, it was
found in a continuous al kyl ene carbonat_e E(oduction process usin

a
phosphoni um 20cat aPyeresefst Loh i HEPPPGt 6Pt e THAISFSt CA&LPBEERE if the

catal yst is beifig nelead WblA0MGod AlUNA 30BREODEESE & LrRR% k0 1HEWRY 8
contam nants therefrom Therefore, WO-A 2007/104730 proposes that the used

catal ystS i s purdambeg Bapsiee| is | HSGFECe it A HBNCIH PHiCe dhi EReare

renoved accor difig deceabd YO @O0 1044839t ar endeconnesitt i@Rcpbgdyct s of
t he phosphoni um cat al yst, such as phosphi ne oxi des. By renDV|n8§the | atter

contami nants, s Fetupadkyl HekesRisHIANR FARPSUPA- (R % ANASO8dS 1Br ocess i s
avoi ded. In 30ExaMAl@el hat'the 200414247 38eaangat Bl S trarlditdaon

US-A 4,434,105 also discloses a process for the

10 preparation of alkylene carbonates. Various catalysts are
discloged. US-A 4,434,105 also describes that the
catalyst after completion of the reaction may be reused.

In a continuocus process the reaction product
containing alkylene carbonate and catalyst has to be

15 subjected to a work-up treatment. Such work-up treatment
generally includes distillation to separate the alkylene
carbonate product from the catalyst. According to
WO-A 2007/104730, it was found in a continuous alkylene
carbonate production process using a phosphonium

20 catalyst, that the activity of the catalyst decreases if
the catalyst is being reused without taking appropriate
steps to remove contaminants therefrom. Therefore,

WO-A 2007/104730 proposes that the used catalyst is
purified before it ig recycled.

25 The contaminants which are removed according to said
WO-A 2007/104730, are decomposition products of the
phosphonium catalyst, such as phosphine oxides. By
removing the latter contaminants, a build-up of these
contaminants in the continuous process is avoided. In

30 Example 1 of WO-A 2007/104730, a catalyst solution



WO 2009/ 141361PCT/ EP2009/ 056098 - 2 - conprising both propyl ene carbonate
and used phosphoni um catal yst (tetrabutyl phosphoni um brom de; Bu4PBr),

al so containing sonme tributyl phosphine oxide (i.e. Bu2P-0), was subjected
to distillation. Two consecutive 5distillations were needed to first renove
the propyl eN@ 2&BHLt e and then to renove nost of the FETEERYYO%98sphi ne
oxi de. The residue consisted mainly of the .tetrabutyl phosphoni um brom de.
The insertion of carbon dioxide into the oxirane 10noi ety of al kyl ene

oxi des is a reyepsiiigd ekt BRopYhate | Sudrdrsdy, aabkykeaepxdsiesdirm al so be
formed back from al kyl ene carbonate under release of carbon dioxide. It is

expect ed that SBRBLETht Hif AR Yah PRASBRROF S} REPEEGFI nG M RF Jor 8ddCti on of
al kyl ene car bopaheagthdrsdadie MabktyR phedphhie alkyleene.earbanais,

contai ning reaction m xture, catalgze such back-reacgtion

ma
Above- ment i oneH2NFWODRAITEAY 547 56544 42 R neTHG GPEREVFENBval of

contam Bants WRi gh; MBY: LAl Wz tHReabacker easdd aRerivealkkyl pRepgahonat e
into al kyl ene oxi de and 20 carbon di oxi de. Further, the present inventors

have found thatapheaphe mndxilas teo YREPVE Py AF $diéh tBalkt¥éacti on, which

i s demonstrat edypbBph hee Exaiml esrReh Wi que i iEekaiohyt Be present
invention is to provide a continuous process for the production of an

al kyl ene 25car starBuEy brekarEtgiuEnereRide: and carbon di oxi de using a

phosphoni um cat al ygfe W & 251 @3 6hedohNai fiei i 0GRS theheieranéhe
back-reaction of al kyl ene carbonate into al kyl ene oxi de and carbon di oxi de

i s prevénted ayoistl af pbssiee arderhésrecivassidtlarepcéiercafthat e can
30therefore be ;nRYEMLSd. 215y RixiseNBhY: aldo W8S FfRd bhak Ebbg object

is achieved by carrying out,” in said continuous al kyl ene carbonate
producti on procééylesengareeyaticedndarakpseasy ofpgarbon dioxide. It is

2009/ 141361 PCT/ £R20094050098, 506 crorddafBLIRDE il lENR 15REDANRE £y and/ or

catalyst with a sorption agent conprising carbon.
the production of alkylene carbonate and/or the work-up

15 of the alkylene carbonate containing reaction mixture,
may catalyze such back-reaction.

Abhove-mentioned WO-A 2007/104720 does not mention the
removal of contaminants which may catalyze the back-
reaction of alkylene carbonate into alkylene oxide and

20 carbon dioxide. Further, the present inventors have found
that phosphine oxides do not catalyze such back-reaction,
which is demonstrated in the Examples below.

The object of the present invention is to provide a
continuous process for the production of an alkylene

25 carbonate from an alkylene oxide and carbon dioxide using
a phosphonium catalyst which is recycled in the process,
wherein the back-reaction of alkylene carbonate into
alkylene oxide and carbon dioxide is prevented as much as
possible and the recovery of alkylene carbonate can

30 therefore be maximised.

Surprisingly, it was found that this object is

- achieved by carrying ocut, in said continuocus alkylene

carbonate production process using recycled catalyst, a



Accordingly, the present invention relates to a process for the production
of an al kyl ene carbonate by the reaction of an al kyl ene oxide with carbon
dioxide in the presence of a phosphonium catal yst in which process (a) the
al kyl ene oxjde, carbon di oxi de and phosphoni um catal yst _are conti nuously

i ntroduced MA8YA438hcti on zone from which a product st PEXFRFRUNOXPSRI ng

al kyl ene carbonate 10and phosphoniumcatajyst is wthdrawn; (b) al kyl ene
carbonate and a stream contai ni ng phosphoni um catal yst are separated from
the product stkeaftment of alkyi®het BRrBLE¥ ENhLRIDAARKEysEERatRtLd in step
(b), is 15recovered as product; and,6 (d) the stream containing phosphoni um
catal yst, sepafSFBE PR 2IVY (BWFPLi§1PEciRTe™ to the reaction zone, in which

process a treat nermccqa‘m@h@ﬁg@neh@%%@ i¥RAheLosatel ¥sds WMd  a sorption
agent conprising carbon is 20carried out. I n _above-nenti oned WO A

2007/ 104730, i PrP§e§ﬁgﬁ%§tt§EF tHf&duSéfLSPe"Fe%‘ilcqyﬁ’g}etnﬁecéé"ganﬁﬁ%slbﬁoni um
catal ysts, it isnBUbbhbefodYos W @QkkAEnkt ok i@ dAPHa@BonHaYBY Ede SPeCi fiC
sorption agents are not nmentioned in 25W0- A 2007/ 104730. The present
inventors, on theé BERABENFRAMRE HAFOSPESPeEM ettty 16f WSdFPt PEACARRENt s and
surprisingly fqupdehBagi@, SHDtd:QMAI8RLLER R &:8id ST POBsgA%E: tle best
results in terns of preventing the back-reaction of alkylene carbonate into
al kyl ene oxi de “36ahtsEaRBROFU AR SAifd LREXPARETh g e 3 EEBFELF0FORE Kyl ene
carbonate, whi ¢hchSwHERRNSIFAIRRY BrbamEXaAP: 851 RElOWy18nkUBEPBEnRLY ant age
of the present process resides in the fact that the process pre-enpts the
necessilty to WOREHIIRAIBEIPCHEBGIAE58b98Iaw: include a bl eed stream
via which any eyt aHipaphs SRl GndakdsPagk: F&afldMAnghave to be

wi t hdrawn from the process. In Conparative Exanples 2 and 3 of
138200302122809f@ﬁipgnnwmf erlea birsta agar BERaEaLeD G 1350 brpAgct
respectively) i&x’éﬁﬁx‘? to treat propylene carbonate that contains N and Br

species. In the present specification, sorption neans a _ process in
whi ch one subst@icéhet hdkgbene i enrlagete) sakasated in step (b), is
15 recovered as product; and

(d) the stream containing phogphonium catalyst, separated
in step (b), is recycled to the reaction zone,
in which process a treatment of alkylene carbonate and/or
catalyst with a sorption agent comprising carbon is

20 carried out.

In above-mentioned WO-A 20077104730, it is suggested
that before recycling the used phosphonium catalyst, it
is purified by subjecting it to adsorption. However,
specific sorption agents are not mentioned in

25 WO-A 2007/104730. The present inventors, on the other
hand, have tested a variety of sorption agents and
surprisingly found that a sorption agent comprising
carbon gave the best results in terms of preventing the
back-reaction of alkylene carbonate into alkylene oxide

30 and carbon dioxide and maximising the recovery of
alkylene carbonate, which ls demonstrated in the Examples
below. A further advantage of the present process resides

in the fact that the process pre-empts the necessity to



10up or hol ds anot her substance by absorption, adsorption or a conbi nation
of bot h. In the present process, the sorption agent to be used in the
sorption treatnent conprises carbon. Said sorption agent conprising carbon
may be a carrier which carries 15carbon on its internal and/or external
surfaces. PPEYEPUHIIF! said carrier conprises an i nor ganPETERFUYO5PS,

exanpl e al um num oxi de (Al 203 or alum na)g silicon oxide (5102 or silica)

or titaniumoxide (TiQ2 or titania). 20Preferably, said sorption agent
conpri sing carReR;(;§eaa SHPSEANGE- MY GRaMBhINY HANSicHHeEsn@hagaEboN, for

exanpl e a substance conprising 80 to 100 wt.% of carbon, preferably 90 to
100 wt. % of carBsalYEbRE PAREd gqaajéqvegstﬂ@)nad@w g & H&FE@H?WHDEWH
preferably 98 tt@lelggo%sg@ of 25carbon, and highly preferably 99 to 100 wt.t
of carbon. An exanple of such substance which mainly consists of carbon and
which is an especi &l Jopparal i BGRPLEON? fcht? i9F tUPe09P83éREEPr ocess, is
active garbon, \al$050ek80L80 40 ddrddne (3iboagnd@cidMpt@dgcar bon, active
30(char)coal or activated (char)coal. éai d active carbon is a substance

whi ch cont ai ns negEeopdvesy| pb? diafidfst érest Spropylenfe SGbragdtepbhet di anet er
2-50 nm and m Sy i:?giE?é' I, < 2 nnm, and which conprises of WO
2000/ T41301PCT EBIB08T o ehas BE ARRe < o o) 100 Wt..%of carbon and has a
surface area (intefmatharmresensdr aaEY1bicdiom.160TPE12000eP? g7 as det er mi ned
by nitrogen ga x%@%%p&gowhiaaegrﬁ; ahinttahbe S ACS-ARR Qhehlls Agkive
carbon whi ch y be used as Sthe sorption agent in the present process, is
of from®B00 towhbed hRlds anotifie dsyanes hyedpsexpiieorusadscrpthenpr esent
process nay havg. @ @g{%gﬁggigﬁz& qy§h, @ broad range, and can have any
shape. For exanpl €, said sorption agent may have a l1lOparticle dianeter <
0.18 mm (e.g. powdenethagiamdd process, the sorption agent to be used

in the sorption treatment comprises carbon. Said sorption

agent compriging carbon may be a carrler which carries

15 carbon on its internal and/or external surfaces.
Preferably, sald carrier comprises an inorganic oxide,
for example aluminum oxide (Al,0; or alumina), silicon
oxide (810, or silica) or titanium oxide (Ti0, or
titania).

20 Preferably, said sorption agent comprising carbon is
a subgtance which mainly consists of carbon, for example
a substance comprising 80 to 100 wt.% of carbon,
preferably 90 to 100 wt.% of carbon, more preferably 95
to 100 wt.% of carbon, most preferably 98 to 100 wt.% of

25 carbon, and highly preferably 99 to 100 wt.% of carbon.
An example of such substance which mainly consists of
carhon and which is an especially preferred sorption
agent in the present process, is active carbon, also
referred to in the art as activated carbon, active

30 {char)coal or activated (char)coal. Said active carbon is
a substance which contains macropores (pore diameter
> 50 nm), mescpores (pore diameter 2-50 nm) and

micropores (pore diameter <« 2 nm), and which comprises of



carbon) or a particle dianeter in the range of from0.2 to 0.7 mm (e.gqg.
granul ated activated carbon) or a particle dianeter in the range of from
0.8 to 5 mm (e.g. extruded activated carbon). 15The treatnent of al kyl ene
carbonate apd/.or catalyst with the sorption agent conprising carbon may be
carried out "ARWHEFEin and any time during the presentPEW@gaggﬁ“ﬁﬁr

exanpl e: (i) said treatnment nay be garried out during the
20producti on of al kyl ene carbonate in the reaction zone in step (a); and/or
(ii) said treatpBht odByo ben . isedsoubrBoh i 18 tthe sepakgbbenat8astep (b);
and/ or (iLi% t he. stream cont ai ni ng catg%yst separat'ﬂ in step 25(b)
may be subj ect ddPEHTRAF PHF SRtRERE D Pbr BY IR P & 5P et Ps ™ ety ed to the

reaction zone; gandi@inedin aldedene gaar hesetE: Sepamratedrhplst ephd b) may be
subjected to said treatnent before the al kyl ene carbonate is recovered in
step (c). 30W EHrEAGeotrehedle tS ACHEREsCH PR tE LorBYi 8F 4§8Wt2%onpri si ng

carbon, sit is pesSkhLErion HAUANiDRGK- HEAEENO LW cctiKYlignescarbrraie | nto
al kyl ene oxi de and carbpon di oxi de as much as possible. Further, the
sorption WO 28094129 38%VPECT/ EP2009/ 056098 - 6 - agent to be used in the

present process, nN@yebgoSpeRENIRRNR! thi K80used inMeleiE8enthgresg i on
agent may be suspended (or slurried) in the reaction mxture that is
present in the™¥ehetVPoh RIFE O &St 6V eF n® SPERPY 42195 -t Bedprasehgve

process. Furthem, LHep80r pbi ik AGARL, BBYabsospeRaNdRfbrth vhhenpyedact stream
which in step (b) of ?he.present process, is separated into al kyl ene
carbondi®% and ®axtisaf S6MPAFeN my PHEsPRoAR U AHIsKad agtdiaseBar ati on

10may be carri g @ut)byrdiStitd AP HikReted $hithdlifye of from 0.2
to 0.7 mm {e.g. granulated activated carbon) or a
particle diameter in the range of from 0.8 to 5 mm (e.q.
extruded activated carbon).

15 The treatment of alkylene carbonate and/or catalyst
with the sorption agent comprising carbon wmay be carried
out anywhere in and any time during the present process.
For example:

(i) said treatment may be carried out during the

20 production of alkylene carbonate in the reaction zone in
gtep (a); and/or
(ii) said treatment may be carried out during the
geparation in step (b); and/or
(iii) the stream containing catalyst separated in step

25 {b} may be subjected to said treatment before said stream
is recycled to the reaction zone; and/or
{iv) alkylene carbonate separated in step (b) may be
subjected to gaid treatment before the alkylene carbonate
is recovered in step (¢}.

30 With any of these treatments with the sorption agent
comprising carbon, it is possible to prevent back-
reaction of alkylene carbonate into alkylene oxide and

carbon dioxide as much as possible. Further, the sorption



colum, as is further discussed below In the latter case, the sorption
agent may be suspended in the distillation colum. In general, if after
treatment with a suspended sorption agent, the sorption agent needs to 15be
removed froma particular streamor mxture, this may be achi eved by
filtering. WOX8VMNHeItyriher, the sorption agent may bePgﬁgﬁgwagﬁWW1the
stream cont ai ni ng phosphoni um cat al yst separated in said step (b) before it
is recycled, in step (d) of the 20present process, to the reaction zone in

step (a). For expmpl eo bheusepamaited presant Goriaisy, NGaphpepbospetmant al yst
may be stored in a ,vessel before it is recycled to the reaction zone in
step (a). In ti& Ed¥ESr case, the sorption agent may be suspended in the

(storage) vessel. a'ﬁé\i‘é%ré,re@léwxp‘ﬁﬂlbﬁ Ldenis okt iven sagpBhded heosuspended
sorption agent may he renoved, e.g filterin Al ternati vel t he

suspended sor ptﬁl&’Fr&@@ht1%W%€%l%mﬂﬁ’éu¥%a a}toﬁszgﬁésfaﬂtsg’épu&%) The

sorptiony agent 4@y-+abe0o,88e Seis pRRALd AnaByepa(d) 3QpfeHeherkisBAS and pi pi ngs
t hat connect the reaction zone, reactor, distillation_colum and/or

(storage) vess@rosssai sEBEERRK alidife SoXPLIBRAIRNGE RAY HEr FUSPERAPT R o

piping is boundg@d BebRudovwetsaamARY uasgﬁﬁgmf@y &k M L2B8en¥O
2009/ 141361PCT/ EP2009/ 056098 - 7 - throu ich the sorption agent cannot

per neat e but tYRWI’?SV\h%hS?W%@%t%WPSa&ﬁﬂ?-%?e prIREeEcafdfoP any sol vent

can perneate. Igy,@lah @Bn%Q@niééfﬁHBdﬂ%o%@%ﬁscaﬁ£@&éﬁ”Fﬁdd&ﬂs@@ﬁ@btﬂaﬂ Sbe
fixed rather than suspended neans that the reaction_zone, reactor,

distill%®ion cdﬂweaﬁélrﬁieﬁst"éﬁ dye)dipsdddption bara difdiddRtiaRd/ or part

of a line or PiRiNGASadi $EUSSALADMGcubsehi bh By Wi $1Ch aamaunt of
sorption agent that the sor ption agent becones fixed 10(inmobile) rather

t han suspended 4&@shi [t&p. sorptBen |dgdniy flagr bej supReRGRd dagédet hat in al |l of
the foregoing GaSRS113cRBA! LATLRL, tHE gr@n&a&e £8N Al NG Jof@h@N,$cRNd/ or

products and/or catalyst In questlon i.e. not the entire mxture in
question, is treatstended ssrhelepragdansn shentorpiin SigRptcdEsds. tThis al so

resultsls be removed from & particular stream or mixture, this may

be achieved by filtering.
8till further, the sorption agent may be suspended in
the stream containing phosphonium catalyst separated in
sald step (b) before it is recycled, in step (d} of the
20 present procesg, to the reaction zone in step (a). For
example, the separated stream containing phosphonium
catalyst may be stored in a vessel before it is recycled
to the reaction zZone in step (&). In the latter case, the
sorption agent may be suspended in the (storage) vessel.
25 After treatment with the sorption agent, the suspended
soxption agent may be removed, e.g. by filtering.
Alternatively, the suspended sorption agent may be sent
to the reaction zone in step (a).
The gorption agent may alsoe be suspended in any part
30 of the lines and pipings that connect the reaction zone,
reactor, distillation column and/or (storage) vessel as
discussed above, as long as such part of a line or piping

is bounded both downstream and upstream by a membrane



in the advantages of the present invention, as by doing so the build-up of
any contam nants catal yzi ng the back-reaction of al kylene carbonate into
al kyl ene oxi de and carbon di oxide, is avoided. Suitably, such portion

20represents of from1 to 90 %v, nore preferably from2 to 50 %at, nost
preferably MOIWPEHHI25 w of the mixture in question. PCTEPRUIRMW yst is
a phosphoni um compound. Such catal ysts are known, e.g. fromUS- A 5,153, 333,

25US- A 2,994, 705, US-A 4,434,105, WD A 99/57108, EP-A 776,890, WO A

2005/ 003113 anqp\ek:4n 20074 043 Qo Riabar abbye dhensatRinehtkSwatr phosphoni um
halide of formula (R)4PX, in which X neans halide and each R can be the

same or differ &RCoHAS FARCHRD| REAEATER oA PRI BEANEGaPREATE, 28Ycl i ¢

aliphatic or aALRHRt L&nTsOHRactNe group R suitably contains from1 to 12
carbon atonms. Good results are obtained with R being a Cl1-8 al kyl group.

Most preferred areXgrabpsoR Bis fprsacesedasedm the BTPtdeRy pIelptay

2009/ 141361PCT/ZP2QQ24058008, - tidy SurcRk@BYk, BORE Q¥ns nbkt ¥he i sobutyl,
and t-butyl groups. Preferably, the halide ion is brom de or iodide. It

appeared that tIfe<BAGH Benand-¢ahite CéRpblhasleR MBI SPABPE than the
correspondi ng C({%t@fx‘a@@ﬂ@@@@é‘i‘dsor THe mastepk of ordAdk Rhosphenkum gat al yst

is tetra(n-buty phqsphoniun1bronide. In step (di of the present process,
a stream cont ai9¥ Pjrphesphodiseetahlapsve; sipeftled Yidh Kache88PPBR zone

in step (a). Sid??%o&?@iBheégé'ﬁﬁ’ Qlad tla%sgb\fge&oﬁh@g&@ el $iReaef fect
on the catalyst it is preferred to recycle the phoSphoniumcatalyst to the
reacti o zone iHmmebigedseathenfthansiupesndethigokblelent may be an al cohol .

Sui tabl e al cohol ' sglyeqt suatfeAl Kyl ane odibigel NepAl L ular ool Ragedi ol or
se of et ol g

propanedi ol . The u anedi or propanedi ol has a further advantage
when t he al kyl efveregaribgnateces &apemiricad ofo thekpisherg|gmslalpdianedi ol ),

and the al kyl eng. alvoel, Laaysed.Asssalyalls/bor chbeyeal alySheotien,

phosphoniun1cat§iyst con recycle eamto step ( suitably
contai ns sone alleyl end thebenafre Mheure in question, is treated with

15 the sorption agent comprising carbon. This also resultis
in the advantages of the present invention, as by doing
so the build-up of any contaminants catalyzing the back-
reaction of alkylene carbonate into alkylene oxide and
carbon dioxide, is avoided. Suitably, such portion

20 represents of from 1 to 90 %wt, more preferably from 2 to
50 %wt, most preferably from 5 to 25 %wt of the mixture
in question.

The catalyst is a phosphonium compound. Such
catalysts are known, e.g. from US-A 5,153,333,
25 UsS-A 2,994,705, US-A 4,434,105, WO-A 99/57108,
EP-A 776,890, WO-A 2005/003113 and WO-A 2007/104730.
Preferably, the catalyst is a phosphonium halide of
formula (R).PX, in which X means halide and each R can be
the same or different and can be sgelected from an alkyl,

30 alkenyl, cyclic aliphatic or an aromatic group. The group
R suitably contains from 1 to 12 carbon atoms. Good
results are obtained with R being a C;.p alkyl group. Most

preferred are groups R being selected from methyl, ethyl,



al kyl ene carbonate ensures that the phosphoniumcatalyst is in liquid form
which facilitates transportation. Further, in a case where an al cohol is
used as solvent for the catalyst, the conbination of said al cohol and

25al kyl ene carbonate has a stabilising effect on the catal yst. The
amount of cAYAMWYIIY the reactor or reaction zone in stR&P/ERZYOVRER)8

conveniently be expressed in nole catal ysg per nole al kyl ene oxide. Due to
a | ower amount 30of by-products, the carbonation is suitably carried out in

the presence ofp-gfrdpgast 1808084y 1PLewRfcytineicabatys! faf twheyal kyl ene
oxi de. Preferably, the amunt o)f, catal yst present is such that it ranges
from 0. 0001 to I5RPFO0EFEAE3BRPOT/ EF26B9A0560698 1 Prowmide 3y &gafst yst,

nore preferabl yrd Q08,801 £het 0190, naRd gD 8haPk 88 & k180 2023 to 0.03
nol e catal yst per nole al kgl ene oxi de. The al kyl ene oxide that is contacted

with the carbor"dxfi Gkeddei Rharepht Howespredppesentopide ss¥pq@dsuitably a

C2_41 alkyl ene fd QRatPLebercably ﬁ&éﬁ@@?ﬁu&xhgﬁaﬁf% Of s ¥ @N@ueyh fle, or
m xtures of such C2,4 al'kyl ene oxides. Were ethylene oxide is used, the

produced al kyl gthosRhiasdivat BrPeide hyl ene carbonate. \Wiere propyl ene oxide is

10used, the produceq alkyl ¢a¢ SArHANALR JesitPHOBYLERNE Lashana e. As
nmenti oned above, the reaction of carbon dioxide with the alkylene oxide is

reversi bl e. ThatoHEEAs NEhRhoERBORI WY | e lygtbéfarecTet et dIrdiPconvert back

into 15carbon dioyddeandnkhenakkyhens 0bidee tReShEPséMe s the present
process, the nolar ratio between carbon di oxi de and al kyl ene oxi de may be

as low B 0.5: 150 ShowabPy stabhd tsirst pEfRGkeoRr the neatalw st ithés
reversibility éfhﬁcxre%aﬁb' 9@c¥%1é Stk giﬁép%@nfiﬂmeﬁéyéfyéﬁ dfasfe a slight
n e, su 1 to 10

20excess of car 16 I OXI ‘ as 1.0: 1, nmore preferably from
1.01:1 to 2:1, voxttigmefsomgbhiy fhonpdesdnce ©f & pelvent sufhiblsliveats to

tablish f i 0x] ISt [
Cl evat ed car bon 3 a1 06 P RCRre Sha Rompi TG The. Rreecire Satandvarreh,

dosi ng carbon dibxigle inTipertdralapressanalicdngespryapaadfiio’ r dthes use 200
e PPt ohe DDAl oL SepRabin gl B SaRe L RLE ShAl AL IR, e
30 bar. the alkylene carbonate is converted to alkylene glycol
{(alkanediol), and the alkylene glycol is used as solvent
for the catalyst.
The phosphonium catalyst containing recycle gtream to
20 step (a) suitably contains some alkylene carbonate. The
alkylene carbonate ensures that the phosphonium catalyst
is in liquid form, which facilitates transportation.
Further, in a case where an alcohol ig uped ag solvent
for the catalyst, the combination of said alcohol and
25 alkylene carbonate has a stabilising effect on the
catalyst.
The amount of catalyst in the reactor or reaction
zone in step (a) may conveniently be expressed in mole
catalyst per wmole alkylene oxide. Due to a lower amount
30 of by-products, the carbonation isg suitably carried out
in the presence of at least 0.0001 mole of the catalyst
per mole alkylene oxide. Preferably, the amount of

catalyst present is such that it ranges from 0.0001 to



30The reaction tenperature in step (a) of the present process can be
selected froma wde range. Suitably the tenperature is selected from30 to
300 C. The advantage of relatively high tenperature is the increase in WO
2009/ 141361PCT/ EP2009/ 056098 - 10 - reaction rate. However  if the reaction
t enper at ur e M2PYYHi gh, side reactions may occur, or tRET{ERAWE0568%
deconposition of the catal yst may be acceberated. Therefore, the
tenperature is suitably selected from 100 5to 220 C The skilled person

will be able te.adapteothealyeactidif ¢aRdehbld BSoRAPION icat @.. oFhe
residence tine of the al kylene oxihgre and the carbon dioxide in the reactor
or reaction zof®d HOSteBTERFTHLY NP ds@Rf pPoltels BHF “Bh3He®SePEtt ed

Wi t hout undue hwndenixyheneeskognce time can usually be varied between 5

m n and 24 hours, E}rﬁef erably between 10 njnutes and 10 hours. Conversion of

al kyl ene oxi de is SGPtaUF¥Iene OX4Ee §8%F HHrPP&E by atPF el TPYB,

Dependery on t he d:arRenat Hegpald) psesd ereBentSpesidlance d isin camyybe
adapted. The catal yst concentration may al so vari/ebet ween wi de, ranges.

Sui t abl e concerfferatfildd eRRcPUHES f riofR TRk 15 e bl L o3 <t Uh AWK ot al

reaction m xt urgeoddaQehe’ 884EES SAMBE BRIALRCduVAL B, 2 LREAlS oxides.
concentration of to 8 ¢ based on the 20total reaction m xture. I n

step (a) of thdhiss &IYpEBEes3idpnts Wies r A8t BFoRaseh e isd® P Honever, it

is also feasiblghRdkl ¥sOBthiIené EaGiiRRALRl RhePe (SdoplditD i1 deDLS
reactors. In such cases it may be advantageous to provide for the optinal

25anmount? of excesed.citsorrariylrdediiyiane BabeBRrEe blS rRRY ¥ %r addi ng
car bon di oxi de petyweghdhe reactors. The reactors are suitably conducted
under plug flow conditions. It is even nore preferred to have a back-m x
reactor, e.g. a Corfisd meaGdrped: pbeedl THitk REgELOR PESTIRROBOHSMSed by a

plug-Tlow react@ithsﬁf%h ax59eBEN3Li 8D 1S JRRM:EEAM Snge k&S 4rdt4, 945.
The desired product a k;‘l é{%cei carbonate may be rlecovered fromthe product
m xture ori gi nathe@igenewoazbonata 1 BEIECT MEP200BVe56098ck into

15 carbon dioxide and the alkylene oxide. In step (a) of the
present process, the molar ratio between carbon dioxide
and alkylene oxide may be as low ag 0.5:;1, more suitably
from 0.75%:1. However, in view of the reversibility of the
reaction it is preferred to ensure at least a slight

20 excess of carbon dioxide, such as 1.0:1 to 10:1, wmore
preferably from 1.01:1 to 2:1, wmost preferably from
1.01:1 to 1.2:1. A suitable means to establish an excess
of carbon dioxide is to conduct the reaction at an
elevated carbon dioxide pressure and keeping the pressure

25 constant by dosing carbon dioxide. The total preassure
ranges suitably from 5 to 200 bar; the partial carbon
dioxide partial pressure ig preferably in the range from
5 to 70, more preferably from 7 to 50, and most
preferably from 10 to 30 bar.

30 The reaction temperature in step {(a) of the present
process can be selected from a wide range. Suitably the
temperature is selected from 30 to 300 °C, The advantage

of relatively high temperature is the increase in



step (a) in the following way. First of all, carbon dioxide and |ight
conponents nmay be separated fromthe crude reactor effluent fromsaid step
(a) in one or nore gas-liquid separators to forma bottons stream

cont ai ni ng 5al kyl ene carbonate and catalyst. Said |light conponents are
conpounds, &%@?gwméfﬁ carbon di oxi de, which have a boi | FSdESIMMOSRH ch i s
185 C or lower, nore specifically 180 C. ofp l-ower. Exanples of such |ight
conponents in the crude effluent fromthe carbonation reactor may be

10unr eact ed al k118 cXicl€eandoddyet | G t@eNk-aat DG St duifdRd uidr iBg t he
carbonati on reaction, such _as acetone, rr@g(_opi onal dehyde, al |yl al cohol and
|

acet al dehyde. PA9 &9y £RESr BRBY RO GCGHF e aRY ' V67 16X de and

li ght conponentgecadeplienencatbonatenand 2 hagt peamReOMdAitdang phosphoni um
catal yst are to be separated in accordance with step (b) of_ the present
process. This mEFI5dCZeni EPBICBYPREHMHETy 1hEULBRILY Nt T TURet 5o SRR stream
contai nimig al kylenacarhonate and catalyst to a distillation colum where

it is 20distilled to forma first distillation overhead streamand a first

distillation bottondesEkeahPiThRr$9% Hildi &6 PPARI bR FAR SRS r eam

contai ns al kyl eagyaaidoRah@:it188s fad dpflichiribkal | oRe badd DiEh &t aam e@nt ai ns
catal yst and possibly sone al Ké' ene_carbonate. The first 2bdistillation
4

bottoms stream ke FErilErRy OFide ofpf i yardepcrdgxide tHe thedissrtry

accordance W t ho Stk idbnOkohBei BT 88N (I @FCEBe preseht Pedtlddialiagn where
an al cohol is used as a solvent for the catal yst and such al cohol has a

| oner bb?|ing Ipdigkeatesh wikbodr kyndife RgidsonatBe Besidendfe tHae Ciflen t he

al cohol used is,fropanedi ohyapd LbewddkH eNe aaEboRaks:;S, REUBL: GRSy
carbonate or when the al cohol used is ethanediol and the al'kyl ene carbonate

is ethyl ene Wr2OOSMAL361PCTRPEP20IDIBBIE .- Copvergippopfatl kNieaef i r st
giaﬂ)i)ln;?tei on oVEENEAd STHARILEPNLRT SaSAi kel Gobel phraddiiy} ot tigakkyl ene
98%. Dependent on the temperature and pressure the
15 repidence time may be adapted. The catalyst concentration
may also vary between wide ranges. Suitable
concentrations include from 1 to 25 %wi, based on the
total reaction mixture. Good results can be obtained with
a catalyst concentration of 2 tc 8 %wt, based on the
20 total reaction mixture.

In step (a) of the present process, only one reactox
may be used. However, it is also feasible to carry out
the reaction of step (a) in two or more reactors. In such
cages it may be advantageous to provide for the optimal

25 amount of excess carbon dioxide in the reactors by
removing or adding carbon dioxide between the reactors.
The reactors are sulitably conducted under plug flow
conditions. It ig even more preferred to have a back-mix
reactor, e.g. a Continuously Stirred Tank Reactor (CSTR),
30 followed by a plug-flow reactor. Such a combination is
known from e.g. US-A 4,314,945,
The desired product alkylene carbonate may be

recovered from the product mixture originating from



As to the way the distillation may be perfornmed in order to separate

catal yst from al kyl ene carbonate and 5any al cohol used as solvent for the
catalyst, the skilled artisan can vary the tenperature and nunber of trays
wi t hout und burden. 1n accordance with step (c) of the present process,
t he alkylengﬁ%ﬂp%bﬁﬁye separated in step (b), is 10rech§“@Hmﬁ@5 #oduct .
This may be achieved as follows. The abovernentioned first distillation
overhead stream nmay be distilled to forma second distillation overhead

stream and a segaod @hstinl LALT g PGk a9t eaphe The second giost i |1 ation
bottonms stream contai ns al kyl ene 15carbonate, i.e. the pur|f|ed end

pr oduct . 1o isier @adi dRTNheTARATNtEORBY Pe BRRREMLR FEIVERE for the

catal yst and suchil Gehekobass sy havershai lkiang BQé}tﬁJt (dhain the kybege
carbonate, the distillation of the first distillation overhead stream

shoul d be carri%P 206 GERAFREPTS He JEEBNa BPEEPTY B 1D FEIREeaningr eam
cont ai nss sai d aéﬁah.@nea@grbaﬁaéé n@:‘xd 8&&%1%% C@é@@n@ d@nt QIneseat ai ns no
istil

or substantially no al cohol to the way | ation of the
first distillat3%h twwgafsw@%w w@rﬁ)@nf éiiﬁ%ﬂd‘?n Rt heye28separ at e

al kyl ene carbonal € fi0P-ARY aheohol s Used «a6 sohygat fakd N Latalyst, the
skilled artisan can vary the tenperature and nunber of trays w thout undue

burden. The al K3#%®rfE @ar Boiare Brarpies moduedd Hi-aht heoppeweiits grio&bss can
sui tabi y be used{ dsa edebl o 0alakisanesl pkadhd: thay kd car bonat o

Accordingly, in the process of the present iInvention preferably (e) the
al kyl end0 car bongtreasesy eléulase ppobi tant asepioby cenfeymingsited with an

al kanol 10 obt apffed RREUNGN ALY EL Eon D 2PIR6LEISRT PCILERZOARIARER98 - 13

propicnaldehyde, allyl alcohol and acetaldehyde.
Following the removal of gaid unreacted carbon

dioxide and light components, alkylene carbonate and a

15 stream containing phosphonium catalyst are to be
separated in accordance with step (b) of the present
process. This may be achieved by sending the above-
mentioned bottoms stream containing alkylene carbonate
and catalyst to a distillation column where it is

20 distilled to form a first distillation overhead stream
and a first distillation bottoms stream. The first
distillation overhead stream contains alkylene carbonate.
The first distillation bottomg stream contains catalyst
and possibly some alkylene carbonate. The first

25 distillation bottoms stream is partially or completely
recycled to the reactor in accordance with step (d) of
the present process.

In a situation where an alcoheol is used as a solvent

for the catalyst and such alcchol has a lower boiling

30 point than the alkylene carbonate, as is the c¢ase when
the alcohol used is propanediol and the alkylene
carbonate is preopylene carbonate or when the alcohol used

is ethanediol and the alkylene carbonate is ethylene



contai ning an al kyl ene diol and a dial kyl carbonate; and (f) al kyl ene di ol
and di al kyl carbonate are recovered. The al kanol used in above
transesterification step (v) is suitably a Cl1.4 alcohol. Preferably, the
5al kanol is_net hanol, ethanol or isopropanol. Said step 9&% ngy be

perfoi ned i WEHEYH¥dence of a heterogeneous transest er iPCTEREISHEH: al yst .
The transesterification reaction in itselfzi-s known. In this context
reference is nade to US-A 4,691,041, 10disclosing a process for the

manuf act ur e of &idndrare,gkyeokiand diiihdmuhﬁltiﬁﬁhb@éhai@c’lo)sﬂrh&m _
transesterification reaction over a heterqgeneous cat st system in
particul ar an i?ﬁ??ﬁ%?ﬁaﬁ@édr%§?$ﬁﬂﬁtﬁ?’P@Pﬁ%&?? Eﬁﬁ?&f§iﬁhﬁ(ﬁ%ﬁ%”?ggﬁnnniun1
sul phoni ¢ aci d and agatboxyki wapcik khfatnctbensh wHYuURS paalficaiedand al kal i ne
earth silicates inpregnated into siljica and anmpni um exchanged zeqlites.
US- A 5, 359, 118 HRFIUECASEP353L2 1R IECH BN 15RH IR HA aRgr
preparing di al katy Garkeoat 86:QVeE soTwahge rok @ﬂé%d@&?sdﬁ@ﬂh@isﬁglab&m i

metal compounds, in 20particul ar. al kali netal hydroxides or al cohol ates,
such as sodi um 3 e G@noVaﬁﬁtFﬁﬁuﬁ%ﬂﬂirﬁFﬁéﬁl?ﬁﬁ1%ﬁﬂﬁﬁﬁnﬂﬁatr&ys

ni t r ogen- cont aiyi i RasesusUsirdsnt ri al kyl am nes, phosphi nes, sti bi nes,
arseni nes, sul phur or sel enium conpounds and tin, titaniumor zirconium

sal ts. According 25% AEPAI2DES/ YUFL BFFhe <F eQlt Foh Wiy MRESE8r bonat e
with an al kanoltjs L3duekedao¥hatle] &IQE8RRAHS ifakBéYSlS), a4g. al um na.
The invention is further illustrated by the foll owing Exanples. 30Exanple 1
and Corffar at i verEs@ifiIegs ag- product | fThifed@veRferfiEnred 3% SR Ivest i gat ed
to what extent e Nack. kRACLHABA Of1 PEORMILAG 1681 BRNG Ertidi P SRRV ene

oxi de and carbon dioxide took place, inthe - 14 - presence of a
tetrabutyl phosphortausistdmlad eat &Pyt t1esongr a¥PblsI LR Beeheased in
the preparationgof. 4 opy %n%eeafl@%ﬁé@iﬂa&@ow gg%slag 9xd-&ign angcar bon

di oxi de and that after said use either had not been
gsecond distillation bottoms stream containg alkylene

15 carbonate, i.e. the purified end product.

In a situation where an alcohol is used as a solvent
for the catalyst and such alcohol has a lower boiling
peint than the alkylene carbonate, the distillatilon of
the first distillation overhead stream should be carried

20 out such that the second distillation overhead stream
containg said alcchol and the final alkylene carbonate
product contains no or substantially no alcohol.

As to the way the distillation of the first
distillation overhead stream may be performed in order to

25 separate alkylene carbonate from any alcohol used as
solvent for the catalyst, the skilled artisan can vary
the temperature and number of trays without undue burden,

The alkylene carbonate that is produced in the
present process can suitably be used for the production

30 of alkanediol and dialkylcarbonate. Accordingly, in the
process of the present invention prefexably (e) the
alkylene carbonate recovered as product in step (¢} is

contacted with an alkanol to obtain a reaction mixture



Spretreated with a sorption agent (Conp. Ex. 1) or had been pretreated with
a sorption agent (Conp. Ex. 2-4 and Ex. 1). In those experinents wherein

t he used tetrabutyl phosphoni um brom de catal yst had been pretreated with a
10sorption agent, such pretreatnent was perforned at roomtenperature in a
cl osed gl as&¥QUY14&3¢ontai ning a slurry consisting of aPCAERRYPLPSEH ution
and a sorption agent. The conposition of jgai.d solution, said sorption
agent, the anount of said solution, the amount of said sorption 15 agent

and the durati qn@hithagPLet AERFTBIM Bbe bAdi saiadibn ckablotatehekaw. During
the pretreatnents, the Slurries in the glass bottles were m xed on a roller
bank. WD 2009/ #4138 xpETrerdbob/sbodglkyisarbanafie arecfiescysEred-

pretreatments wit hySorpiianReeRl §50Bove Reanibisghl10f csatahyst sol ution

(g) Sorption agent Weight of sorftlon agent (gl Duration _of pretreat nent
(h) Conp. Ex. step {v) is suitably a C, ., alcohdl. Preferably, the

5 alkanol is methanol, ethanol or isopropancol. Said
step (v) way be performed in the presence of a
heterogeneous transesterification catalyst.
The transesterification reaction in itself is known.
In this context reference is made to US-A 4,691,041,

10 disclosing a process for the manufacture of ethylene
glycol and dimethyl carbonate by the transesterification
reaction over a heterogeneous catalyst system, in
particular an ion exchange resin with tertiary amine,
quaternary ammonium, sulphonic acid and carboxylic acid

15 functional groups, alkali and alkaline earth silicates
impregnated into silica and ammonium exchanged zeolites.
Us-A 5,359,118 and US-A 5,231,212 disclose a continuous
process for preparing dialkyl carbonates over a range of
catalystes, including alkali metal compounds, in

20 particular alkali metal hydroxides or alcoholates, such
as sodium hydroxide or methanolate, thallium compounds,
nitrogen-containing bases such as trialkyl amines,
phosphines, stibines, arsenines, sulphur or selenium
compounds and tin, titanium or zirconium salts. According

25 to WO-A 2005/0032113 the reaction of alkylene carbonate
with an alkanol is conducted over heterogeneous
catalysts, e.g. alumina.

The invention is further illustrated by the following
Examples.

30 Example 1 and Comparative Examples 1-4

In these experiments, it was investigated to what
extent the back-reaction of propylene carbonate into

propylene oxide and carbon dioxide took place, in the



505i licar-5 1 2 Comp. Ex. SO alumna 51 3 Conmp. Ex. 4 81

WO 2009/141361 PCT/EP2009/056098
- 14 -

presence of a tetrabutyl phosphonium bromide catalyst
that previously had been used in the preparation of
propylene carbonate from propylene oxide and carbon
dioxide and that after said use either had not been
5 pretreated with a sorption agent (Comp. Ex. 1} or had
been pretreated with a sorption agent (Comp. Ex. 2-4 and
Ex. 1).
In those experiments wherein the used tetrabutyl
phosphonium bromide catalyst had been pretreated with a
10 gorption agent, such pretreatment was performed at room
temperature in a closed glass bottle containing a slurry
consisting of a catalyst solution and a sorption agent.
The composition of said solution, said sorption agent,
the amount of said solution, the amount of sald sorption
15 agent and the duration of the pretreatment are indicated
in Table 1 below. During the pretreatments, the slurries

in the glags bottles were mixed on a roller bank.



magnesium silicate4 7.5 2 Ex.1 82 activated carbon5 10 1 'The catal yst
solution consisted of 67.6 w.% of propyl ene carbonate, 24.9 w.% of the
used tetrabutyl phosphoniun1bronide catalyst, 7.2 w.% of tributyl
phosphi ne oxi de and 0.3 wt.% of nonopropyl ene glycol. 2Silicon dioxide
nanopowder (MO2WMAPHri ch - 99.5% . 2X-227 7-al umina (eXCHEP2PNT68YS on) .
4AMSOSOL nmagnesium silicate (ex Carian).;H5SXPLO3 powdered activated carbon

(ex Norit). As can be derived from Table 1 above, during all of the
pretreat ments, 80 Mi gltah bt Gl AR r2RKRE 1/08H AGSRLL i tli@neat al yst
sol ution was abomt—0—1_Arthe end ot the pLerrearments, the saorptian agent
was separ at ed & y (Spmpt br|i Hgighe af Jr riemtispabi Teight &t kPiErEiPAPE
per foxnmed on tfhe f@&pratescggggngbtalnggeﬁgbnp BXpt2oft BNErEXredd- A
stability test {was al so perforned agn 9976 g of a catalyst sol ution hjavi ng
the conposition as descrj ssdugBene |bel ow Tabl ¢ agemut (DRhj cHadd ot peen
{g)
Comp. EX. 50 gilica’ 5 1
2
Comp. EX. 50 alumina’ 5 1
3
Comp. Ex. 81 magnesium 7.5 2
4 silicate?
Ex. 1 82 activated 10 1
carbon®

! The catalyst solution consisted of: 67.6 wt.% of
propylene carbonate, 24.9 wt.% of the used tetrabutyl
phosphonium bromide catalyst, 7.2 wt.% of tributyl
phosphine oxide and 0.3 wt.% of monopropylene glycol.

? gilicon dioxide nancpowder (10 nm - Aldrich - 99.5%).
¥ X-227 y-alumina (ex CRI Criterion).
* AMBOSOL magnesium silicate (ex Clarian).

" 8XPLO3 powdered activated carbon (ex Norit).

As can be derived from Table 1 above, during all of
the pretreatments, the weight ratio of the scorption agent
to the catalyst solution was about 0.1. At the end of the
pretreatments, the sorption agent was separated by

5 filtering the slurries. Stability tests were then
performed on the filtrates thus obtained (Comp. Ex. 2-4
and Ex. 1}. A stability test was also performed on %9.6 g
of a catalyst solution having the composition as
described above below Table 1, but which had not bheen

10 pretreated with a sorption agent (Comp. Ex. 1).



10pretreated with a sorption agent (Conp. Ex. 1). WO
20091141361PCT/ EP2009/ 056098 - 16 - In said stability tests, the
tenperature was 150 C, the pressure was approxi mately 105 nbar, and the
test duration was approximately 18 hours. Said tests were carried out in
magnet i cal | W&V HEf vessel s (about 5100 rpn). Further, PEREP2%YEBent al
set-up used was such that |ight conponentss formed during the tests,

i ncl udi ng propyl ene oxi de and derivatives thereof (such as propi onal dehyde,

acetone, al |yl al cehok,28ds bLIDINARL s WerE lmbdld@lOlhsf hep sai d
vessel s and col d-trapped at 10about -78 € in a contai ner having a doubl e

wal | filled wittheaD¥eRFUre BRS REPIUE @G LacePoabar, argottheatethe
begi nni ng and aiuﬂaf&%oanc&agf%ﬁﬁfoﬁ@méw ¥ st B8hSe . the MRights Qkykhe contents

of the vessel was determ ned.” Then the percentage of the final weight on
15t he basis of 4% ied ghhalnvweigirtiged lfestintaddvesdidh {aPautdi cated in

oot 2cbs! i B Tk B i85 2 SRR LN,

that light components formed during the tests, including
propylene oxide and derivatives thereof (such as
propicnaldehyde, acetone, allyl alcohol and bromchydrin},
were distlilled off from said vessels and cold-trapped at

10 about -78 °C in a container having a double wall filled
with a mixture of dry ice and acetone.

Both at the beginning and at the end of the stability

tests, the weight of the contents of the vessel was
determined. Then the percentage of the final weight on

15 the basis of the original weight was determined, which is

indicated in Table 2 below as "Residu".

Table 2 Stability tests

(Comp.) Ex. | Sorption agent used Residu {wt.%)
during pretreatment

(see algso Table 1)

Comp. Ex. 1 none 82.3
Comp. BEx. 2 silica 67.0
Comp. Ex. 3 alumina 67.0
Comp. Ex. 4 | magnesium silicate 35.8

Ex, 1 activated carbon 83.5

From Table 2 above it appears that 82.3% of the
original weight of the mixture which had not been
pretreated with a sorption agent (Comp. Ex. 1) was still

20 present in the vessel at the end of the stability test,
And further it appears that of the mixture which had been

pretreated with activated carbon as a sorption agent



none 82.3 Conp. Ex. 2 silica 67.0 Conp. Ex. 3 alum na 67.0 Conp. Ex. 4
magnesium silicate 35.8 Ex. 1 activated carbon 83.5

WO 2009/141361 PCT/EP2009/056098
N

{Ex. 1), a higher percentage (i.e. 83.5%) of the original
welight was still present in the vessel at the end of the
gtability test. This means that in the case where the
used catalyst had been pretreated with activated carbon

5 as a sorption agent (Ex. 1), surprisingly less back-
reaction of propylene carbonate into propylene oxide and
carbon dioxide took place than in the case where no
pretreatment with a sorption agent had been performed
{Comp. Ex. 1).

10 Further, and even more surprisingly, it appeared that
in those cases where the used catalyst had been
pretreated with sorption agents other than activated
carbon (Comp. Ex. 2-4), more back-reaction of propylene
carbonate into propylene oxide and carbon dioxide took

15 place than in the case where no pretreatment with a
sorption agent had been performed (Comp. Ex. 1), as
indicated by a relatively low value for "Residu" for
Comp. Ex. 2-4 in Table 2 above. Therefore, silica,
alumina and magnesium silicate are not suitable for use

20 as a sorption agent for treating tetrabutyl phosphonium
bromide catalyst that has been used in waking propylene
carbonate from propylene oxide and carbon dioxide, in
order to reduce the back-reaction of the propylene
carbonate.

25 Reference Example

As mentioned above, WO-A 2007/104730 disclosges
purifying a phosphonium catalyst that has been used in a
continuous alkylene carbonate production process, such
that the catalyst decomposition product which comprises
30 phosphine oxide is removed therefrom, before recycle of
the catalyst. The aim of the experiments in this example

is to investigate whether or not phosphine oxides



From Tabl e 2 above it appears that 82.3% of the original weight of the

m xture which had not been pretreated with a sorption agent (Conp. Ex. 1)
was still 20present in the vessel at the end of the stability test. And
further it appears that of the m xture which had been pretreated with

acti vat ed cgwgﬂﬂwégm% sorption agent - 17 - (Ex. 1), &“HEFRUPO¥&¥cent age
(i.e. 83.594 of the original weight was.stdll present in the vessel at the
end of the stability test. This neans that in the case where the used

catal yst had beaitakekl eatedavk ! fepbliorabedatrybene Sasors@ebtingd agent
(Ex. 1), surprisingly |less back- reaction of propylene carbonate into
propyl ene oxi de*lBd-s@&r BRG] BRG (e ER5Bk F3PEdESt han in the case where no

pretreatnent with a seupiiopyagent hadeeenrpesfon nednibeame Ex. 1).
10Further, and even nore surgr|5|ngl , It appeared that in those cases

where the used SHHISFSEONGd Béeh Pret mrsrydenet Feshrmiofidyaft-d 8§t AEr t han

activated car bofk ;G y1EphodpAdn i dRNE-drack- £aR&1{&P. OfuANHaRy| @ne carbonate
i nto propyl ene oxi de and carbon di oxi de took 15place than in the case where

no pretreat nentstvalid igvs Gepti 6as agertomed BBeh PEFFSFIEPTCHRINIERE 1), as

i ndi cated by a gel@td W Yrk@w YAk UesfitinatResbeub §0bs GodikarRty12-4 in Table
2 above. Therefore, silica, alumna and magnesiumsilicate are not suitable
for use 20as a RrgRlicoHuageRenide €3 epkyaigaret 7aBu¥ yPE pho'spHonRi um broni de
catal yst that d5aemeUsedakn making propyl ene carbonate from propyl ene
oxi de and carbon dioxide, in order to reduce the back-reaction of the
propyl eh& car bonat €in Z5ref etahébi Exaiffites, the psupeRtGrRIHbIVE WO A

2007/104730 di Sgﬂ?a‘;ﬁses@fﬁjef ¥h891 80 PROSPhaRjdIBheat by Skutdeiodamdeen used
in a continuous a ene car bonate production process, such that the
cat al yst deconpd%ihdwre prieddctesht cverdmpurses 30phdspraretoddaddyi s renoved

therefrom bef OLes L8 et ol NERGAL ALY trpnihte rALILAL, g, experi ment s in
this exanple is to investigate et her or 'not phosphi ne oxi des
experimental set-up used was such that light components
15 formed during the tests, including propylene oxide and
derivatives thereof (such as propionaldehyde, acetone,
allyl alcohol and bromohydrin), were distilled off from
said vessels and cold-trapped at about -78 °C in a
container having a double wall filled with a mixture of
20 dry ice and acetone.

At the end of said stability tests, the weight of the
contents of the vessel was determined. For both said
tests, it appeared that 95.1% of the original weight of
the mixtures was still present in the wvessel at the end

25 of the test. This indicates that tributyl phosphine cxide
does not catalyze the back-reaction of propylene

carbonate into propylene oxide and carbon dioxide.

Examples 2-3 and Comparative Example 5

In these experiments, the activity of a tetrabutyl
30 phosphonium bromide catalyst in the preparation of
propylene carbonate from propylene oxide and carbon
dioxide was investigated. Said catalyst had previously

also been used in the preparation of propylene carbonate
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al kyl ene carbonate into al kyl ene oxi de and carbon dioxide. A stability test
was performed on a m xture consisting of 74.7 g of propyl ene carbonate and
26.7 g of 5Stetrabutyl phosphonium brom de catalyst. Further, a stability
test was perWQ)?WH‘%‘H a nmixture consisting of 67.0 g of FSrGyPeHRs09s
carbonate, 25.2 g of tetrabutyl phosphoniwgn.brom de catalyst and 7.0 g of
tributyl phosphine oxide. 10In said stability tests, the tenperature was

150 C,  the pressid @x%ag14H0 sRade ARH daidohealiodida! ixtei@sadd hours. Said
tests were carried out in nmagnetically stirred vessels (about 100 rgg).
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the preparation of propylene carbonate WD 2009/ 141361PCT/ EP2009/ 066098
controlled with an automatic pressure controller that

requlated the intake of carbon dioxide (CO;). The reactor
wag equipped with a hollow shaft stirrer to enhance gas-

15 ligquid contact. A dip pipe was installed for sampling.

The reactor was loaded with 120 g of propylene oxide
(PO} and 3 g of sulfolane (internal standard). CO, was
added to raise the pressure to approximately 4 bar. The
mixture wag heated to 145 °C and CO; was added to reach

20 the desired reaction pressure of 20 bar. 2.4 g of a
catalyst solution, containing 2 g of propylene carbonate
and 250 mg of the used tetrabutyl phosphonium bromide
catalyst (the remainder being tributyl phosphine oxide),
was used in each experiment.

25 In the experiment of Ex. 2, the catalyst solution
uged had been pretreated with activated carbon as a
gorption agent. Sald pretreatment involved treatment of
10 g of the above catalyst solution with 1 g of activated
carbon (SXPLO3 powdered activated carbon; ex Norit}) for

30 16 hours on a roller bank at room temperature, followed
by filtration of the glurry. 2.4 g of the filtrate thus
obtained was used as the catalyst solution in the

experiment of Ex. 2,



- 19 - from propyl ene oxi de and carbon di oxide. After said previous use,
the catal yst either had not been pretreated with a sorption agent (Ex. 3
and Conp. Ex. 5) or had been pretreated with activated carbon as a sorption
agent 5(Ex. 2 Further, said experinents in Ex. 3 an 5 differed
from each ot'K FMWH”?ﬂat in the experinent of Ex. 3 actlJﬁgﬁam@é@ﬁBﬁ‘mas
used as a sorption agent during the experigrent. The experinents were
carried out in a 1-litre 10stainless steel autoclave reactor. The
tenperature in the meagkor ewpsr LAY Ollcedp¥panend | gBaid), (Mre)pwassure was
controlled with an automatic Eressure control |l er that %ﬁgﬁlated t he intake
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From Figure 1, it appears that the activity of the
catalyst lg lowest when the catalyst is not pretreated
with activated carbon and such activated carbon is

20 neither present when making propylene carbonate (Comp.
Ex. %). Further, it appears that in the long term, the
activity of the catalyst is higher in a case where the
catalyst is pretreated with activated carbon (Ex. 2) than
in a case where, when making propylene carbonate using

25 the catalyst, such activated carbon is present (Ex. 3).



also injected as a sorption agent into the reactor together with injecting
said catal yst solution. Tenperature and pressure were kept constant at 150
C 10and 20 bar, respectively, during the entire experinments. Sanples from
the reaction mxture were taken with increasing tine interval, in order to
measure, by neans of gas chromatogaphy, the anmount of propyl ene carbonate
formed in the reaction mxture. In Figure 1, the anpunt 15of propylene
carbonate is plotted against time for each experinent. From Figure 1

it appears that the activity of th; iaAglMsé is | owest when the catalyst is

not pretreated with activated carb h activated carbon is 20neither
present when nmaki ng propyl ene carbonate (Conp. Ex. 5). Further, it appears

that In khe M8Geta6RInd (bRl bin Alighife ERbahE byl e plliR oy case

where the catalyst is pretreated wth tivated car jlan in a
case wheiikylenberideakithgaryonpdibeide iaahbpraeacast aphdsivmivatalkalgstinsuch
activated carbon is present (Ex. 3). - 21 - CLAIMS 1.Process for the
pr od&ct iwhichfpregesal kyl ene carbonate by the reaction of an al kyl ene
oxi de with carbon dioxide in the presence of a phosphonium catalyst in 5

whi ch process ) .the al kyl epne qxi de, carbon dioxi de gnd phosphoni um
cat al yst(@hre B8 %ﬁwﬁmwei GEPo dieads A pgommmar?a K a¢ santnneysly

P Cheir aviniro SRR AR R R A G BB R A RASI hont um
cat al yStcaphhaseRad BheshhbRidh QAANS iPradieiwal ream  (c) the alkylene

carbonate, separated i'n step (b)", 1s recovered as product; and (d) the
st ream cont ai ni ng phosphoni um cat al yst, separated in step (b) , is recycled

to the ridpct igdkyleasearbonatticha pi€ae ebnihing PheepliordhncaitalyysirewWephrated
sorption agent conprising carbon is carried out. 15 2.Process according to

cl ailh 1,frewéheprodusésgempt i on agent conpri sing carbon conprises 80 to 100
wt . % of car bon.

(c)  the alkylene carbonate, separated in step (b) , is recovered as product; and

(d)  the stream containing phosphonium catalyst, separated in step (b) , is recycled
to the reaction zone, in which process a treatment of catalyst with a sorption agent

comprising carbon is carried out.

15 2. Process according to claim 1, wherein the sorption agent comprising carbon

comprises 80 to 100 wt.% of carbon.

3. Process according to claim 2, wherein the sorption agent comprising carbon is

activated carbon.
4. Process according to any one of the preceding claims, wherein

20 (i) the treatment with the sorption agent is carried out during the production of

alkylene carbonate in the reaction zone in step (a) ; and/or

(ii)  the treatment with the sorption agent is carried out during the separation in step
(b); and/or



3. Process according to claim2, wherein the sorption agent conprising
carbon is activated carbon. 4. Process_according to any one of the

precedi ng cl ai ns, wherein 20(i)the tredfment with the sorption agent is
carried out during the production of al kylene carbonate in the reaction

[ t X d/or .- 22 - (iii) the st ; taj ni t al yst
Separ ot &) n 10€ Bt FonElning Bty Seherbid et Rt SAPIR B 186 BRI lagent
bef or & SA IR Soihtibh agéﬁﬁ(ye%l%dsas@stgéﬁnw%ggﬁg U reaiBhOBRZS according to

claim 4, ereint orption agent 1s sus e stream cont ai ni ng
catal yst separated in said step (b) before said streamis recycled. 5

6. Process acqypebsiGckOrdin@tdtiaim W) R EANIHE sSQtiRIn QRnadehlspbsdaimpgeded in
a vessel wherein the stream containing catal yst separated I n said step (b)

i s st or etrchef angaisaigicatblysbsapamted ay sdiddtep/(bPbefms saatstorath tgrecgcleldai m 4,
wherein the sorption agent is suspended in the reaction mxture that is
present in the reaction zone in step (a). 10 8. Process according to any one
of the precediragesslagransingreelsim & mdieptiodhi soipiioncageal isstuspende phoni um

hal i de of fornula 4PX, wherein the gro R cont ai. from1l to ar bon
o sl man iR SR o e b pag et saifl e (icwored Pefore
phospho%w@tﬁ%%ksyl%Ey&l qtetra(n- butyl) phosphonium brom de. 15 10.Process

according to any one o? the preceding clains, wherein the al kylene oxide is
a C24 al kyl ene oxide, preferably ethylene oxide and/or propyl ene oxi de.

11. Process aqeeesisn@cbRlife Yo SR Y, WHiSeiR'tRE %glbﬁ&n%%%iggﬁ(ég?p%&ﬂnoﬂhgcess

(e)the al kyl ene carbonate recovered as produ Ins I's contacted
Wi t h an reactical théntate that thprasentan tieactacion roué in step@a).ai ni ng an al kyl ene
diol and a 20 dial kyl carbonate; and

10 8. Process according to any one of the preceding claims, wherein the
phosphonium catalyst is a phosphonium halide of formula (R),PX, wherein the group

R contains from 1 to 12 carbon atoms and X means halide.

9. Process according to claim 8, wherein the phosphonium catalyst is tetra(n-

butyl) phosphonium bromide.,

15 10.  Process according to any one of the preceding claims, wherein the alkylene

oxide 1s a C,4 alkylene oxide, preferably ethylene oxide and/or propylene oxide.
11.  Process according to any one of the preceding claims in which process

(e) the alkylene carbonate recovered as product in step (¢) is contacted with an
alkanol to obtain a reaction mixture containing an alkylene diol and a

20  dialkylcarbonate; and



- 23 - (0Oal kyl ene di ol and dial kyl carbonate are recovered. 12. Process
according to claim1ll, wherein the reacgtion is perforned in the presence of
a heterogeneous transesterification cétzaryst. 13. Process according to
claim1l or 12, wherein the al kanol is nethanol, ethanol 5or isopropanol.

(H) alkylene diol and dialkylcarbonate are recovered.

12. Process according to claim I1, wherein the reaction is performed in the

presence of a heterogeneous transesterification catalyst.

13, Process according to claim 11 or 12, wherein the alkanol is methanol, ethanol

5  or isopropanol.



