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PROCESS FOR THE PRCDUCTI ON OF ALKYLENE CARBONATE AND
USE OF ALKYLENE CARBONATE THUS PRODUCED I N THE

wORNIRAMIILURE OF AN ALKANE DI OL AND A DI ALKYL OARBERNOE052270

The present invention relates {o_a process for the
production of al kyl ene carbonate and the use of

al kyl ene carbonate thus produced in the nmanufacture of
an al kane diol and a dial kyl carbonate. Processes for

t heoricagiction 0fp atdodiene @ardonaties e kowna™MO-AND UsE
2005/ 003113 di scl oses a process in which carbon

di 8Xi deKrsENBntaBBelAMEt HEHR &RRYPehe &Xi dBEi MANHEACTURE OF
presence of [ t ty t

di scl osed iéﬂg%gg??ggﬁﬁy pP§Zp g%?ﬁﬁé@bﬁ%%ﬁ%ﬁﬂ“%%is

speci fication discloses that the catal yst used has

been rec%cled. The specification further discloses
that the per¥offahce6F the  caear et TS YePyOseanl &OFfthe

thgreataktysh b$ 5?9%@5%@ tarbbgaakbkyhanengapbenateasikylene
preparation in an alcohol, in particular in propyl ene

gl yeobopate- phopaneodiioky. 1yStAe4n4gufa0suaksof an alkane
di scl oses .a_pr.ocess.for _the preparation of alkyl ene
ca§68ga?8g.avg%?gﬁglc§?5 §§?§eare di scl osed. The

docunmentrats9s@desest beset pabdtbeicat afysikaléee carbonates
conpletion of the reaction may be reused. In a , ,
coREENtBAY pr Yeeds2PHRe/ PR4et Pofi i pFoABEE BoRFaFrRFAgin which

al kyl-6pg 8@6?98@t?saB%ﬂg%E@EMS%iEﬁsahoa99y§@9598k§ﬁftQn the

a work-up treatnent. wor k-up treatnment generally
i nckadescenefor mopiealilst chtaliyen.sTepscbhbasgpardteclosed

t he product f the catalyst. |t has been.found that .
hesar BEE e b BT PR SRb O Rbosohe OiRa iR upogPeri Pibat ion
behngcreysedtwbthedt takbngsappeeRpr hatepstBpPsetPcled. The
renove contam nants in the catalyst to be recycl ed.

Thésecédntani-ABRNESERerudésaéesaposhetonlpr BaGEPEMRCe Of
th%he catalyst 1s very stable if the catalyst is recycled

to the alkylene carbonate preparation in an alcohol, in
particular in propylene glycol (1,2-propane diol).

US-A 4,434,105 also discloses a process for the
preparation of alkylene carbonates. Various catalysts are
disclosed. The document also describes that the catalyst
after completion of the reaction may be reused.

In a continuous process the reaction product
containing alkylene carbonate and catalyst has to be
subjected to a work-up treatment. Such work-up treatment
generally includes one or more distillation steps to
separate the product from the catalyst. It has been found
that the catalyst activity decreases i1if the catalyst is
being reused without taking appropriate steps to remove
contaminants in the catalyst to be recycled. These
contaminants include decomposition products of the

phosphonium catalyst. None of the above-mentioned
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phosphoni um cat al yst. None of the
above- nenti oneddocunents provide a nethod of avoiding

wa@2daitbg3up of any such contam nants. |t has npea/BE®N7/052270

found that catalyst activity_can_be retained by
purifying at |east part of the catalyst fromthe

prqoduct . Accordingly, th resent inventio vi des
 BPORRSETFOPTPRAIPr DUUCENGN 6f AROATK)PeRe Lt BoHRL 8T anY
bysthe kgactin@RapEsan al kyl ene oxide with carbon

di oxi de in the presence of a phosphonium catal yst in

whi ch ptocless ay paenafRynénehaki detatad bonc i vkidecan be
an ; osphanium cat al ys i pyo y

R e T A
st teanpeodtiatni ng al kyl ene carbonate and used
phosphoni um catal yst i s w thdrawn, (b%,algélene

car bonatec AR RISY r eBAT cohE AP A ny Ut bRHHTEm &

cababystsargrsepar gtedubropnt be Qﬁpgyﬁ%l§ﬁéeéﬂkbéﬁ£te by
t he al kyl ene carbonate, separated in step (b) , is

r ecbeeredcasoproduen, aldylane| easteawpaht cofbphedioxide in

stream cont aini ng use hosphoni um catalyst 1s.
CubFECPEReRLRLPR, FoBH ERROR LS PEFATLRL Fhebficn process
phosphotiheim Ty adyst ox add, (€A ripomii §iedi phosphonham
catalyst is recycled to the reaction zone. The process
acEBPaPRGIL Bt RRTBFESENBEIPNGERELBHOBPL bW ERafluERe 1nto a

cai-alystocan e vsed [REcA LOPYoREELOL B8 CORLLAHOHS
process. It has been tound that the reason therefore

maylbgleetatedbboatheahdr maeflophofpdesonposatabpst is
prodggts in the catalyst during the preparation of

al KyF8HE2E4f bonate. It has been found t hat
)

(b alkylene carbonate and a stream containing used
phosphonium catalyst are separated from the product
sStream,

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

(d) at least a part of the stream containing used
phosphonium catalyst is subjected to purification, to
obtain purified phosphonium catalyst, and

(e} purified phosphonium catalyst is recycled to the
reaction zone.

The process according to the present invention
allows that the catalyst can be used for a long period in
a continuous process. It has been found that the reason
therefore may be related to the formation of
decomposition products in the catalyst during the
preparation of alkylene carbonate. It has been found that
contaminants of the phosphonium catalyst include
phosphine oxides. By purification of the catalyst used,

the phosphine oxides can effectively be removed so that
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contam nants of the phosphoni um catal yst include
phosphi ne oxides. By purification of the catalyst

wais@d;1047B@ phosphi ne oxi des can effectively bePeERP206T052270

so thatactive catal yst can be gecycled to the reaction
zone in step (a) . A further advantage of the present
process resides in the fact thgt t he gﬁgcess Le-en ts

t heChe¥8sSPEGL¥B"i fictuble A°BYEed st Pehnfviachhi €R 2 in

COBE@ﬁ1mé§edAC@h@EM§E B@ﬁah@a?@ wit bdeappebeam HhBcess
process . The cataly is a osphoni um conpound. Such

carapydes anethﬂoﬁﬁctetgat ERenPUSCASE, P58 8BBLS USLA

AV A 58057 OVAT 13- Pr oP b abl T ERE. LabalYat™i o o -

phosphamﬁuathaldeamystohaulaoRBEFﬁhthdnawhlfhohbthe
nmeans hal i de and each R can be the sane or different
and'egh®be sel ected from an al kyl, al kenyl, cyclic

a|iph?tf§e0&a@£l somti g Qgﬁhoﬁhﬁmgé o8I §@bhy
contains from1 to 12 carbon atons. Good results are

obﬁatﬁéﬁsmﬁthra bepnyg, accy. gfabmyUSngbp15&b§83

erred ou ei ec d
D Rore S oae Bt IS B Bohnd SpLectethl son Ry
t botxl 7g9608PS. aHﬁeWeFab29057b83maBldEré@GrBElb;Oﬂhée
or iodide. |t appeared that the brom de and_i odi

cofipbahdstare ﬁDP€O§PBBPéHPh5ﬁl%H@ QSrF@gﬁﬁﬁélﬁ@PHal in

Rl GE R RS Rl n e R Re e ok CRrDPRPAR SATE or

adahtfgﬂahtagnanbageb@fsém@c@é@seﬂbmpaﬁcg$§ynesh@egnym,
that there is not the need to the costly treatnment of
a REFbgenatbRbarafngrcatapyshablieedlr s¥Peafile THEOUP R

Ehﬁt&gﬁkogoﬁﬁaﬂﬂg BSEd EhQSpTthggbgﬁt§£¥ﬁE ”BXoBeresults
a

chieve n various ways. 0Ssi bl e to subject
theraseﬂteahaﬁysnthoRebémagtaoﬁl g alkyl group. Most

preferred are groups R being selected from methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, and t-butyl
groups. Preferably, the halide ion is bromide or iodide.
It appeared that the bromide and iodide compounds are
more stable than the corresponding chloride compounds.
The most preferred phosphonium catalyst is tetra (n-
butyl) phosphonium bromide. An additional advantage of
the present process resides in that there is not the need
to the costly treatment of a halogen-containing catalyst
bleed stream. The purification of the used phosphonium
catalyst may be achieved in various ways. It 1s possible
to subject the used catalyst to extraction,
crystallisation adsorption or other separation
techniques. It is preferred to subject the used catalyst
to distillation.

It has been found that the used catalyst tends to

form decomposition products when it is exposed to
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crystallisation adsorption or other separation
techniques. It is preferred to subject the used

weadoahysBoto distillation. It has been found thet/EPive7/052270

used catal yst tends to form degonposition products

when it is exposed torelatively hi gh tenperatures for

a prol onged period, is, therefore, ferr

coRhleE P RLv R Fatberdhit el Sl popbaroc pelioa. 1t
temper ahdkesordhepetect-heqdi st thhatbenths guktablytion at
conducted at sub-atnospheric pressures. By using the

subchehb¥phEr LevpressaretesatanThanesoi phehdieatalgsion is

ohOBpRoRT e aatar ol 26" arEe AT arT AL BePhiettrpg. By using
di shel kabanmbepperatupecpreter abhyadbdasnnet iexckeedcatalyst

250 0C . Mre preferabl the distillation tenperature
raﬁa@EOFFBhPBOaF% §66t6¥99dn6§€VbP%fEP%bPVrFFbﬁgloo to

189h9§bho§9hﬁ395§a@§§§SHEe§1E951§HEBOQ'§EBHBQE'O@he
tenperatures are fromO .1 to 0.0001 bar (10 to 0.01

kPé}stlP&éteoabtymphéapuéssgr@feaﬁgés flpem 0p05ekpeed

0. 0805- E Po 0901031 0a) 1! i%%'?ﬁ ELgipg Lhat, o
these p osp on| m cat a ygfs show conp ete recov% of

t heahgast Fybhys5evea aben® themohavprbeeﬁasmpjecbﬁdloo to
these distillation conditions. The phosphoni um
cataPyst -t endsabPoepBr8ssBrra ﬁﬁFeFPQF dTﬁEléé?5F9§t

”H¥eHEeE§EM9E§daEQ %PSmr@a§tt8noZ@6@1aEa§ §9b'go btohskpa
al so possible to convert the catalyst to a nel

reEyeEerahéynbheepreasatystangeshérosa@tDbntzoﬁeOOOS bar
VﬁB ﬁinge tEe presence of a solvent shows a
gi ff&tt on the catalyst it is preferred to

recycl ert hes psiii-bt edi phosphont iz sapdyshot buhh€atalysts
reaction zone in the presence of a solvent. The
soF{ent CeRRlpecareapBoryl C€ohhal ki AGtéBapYuRdSn when they

esggggabggn subjected to these distillation conditions.

The phosphonium catalyst tends to be a solid
material. The catalyst may be recycled to the reaction
zone as a solid. It is also possible to convert the
catalyst to a melt and recycle the molten catalyst to the
reaction zone. However, since the presence of a solvent
shows a stabilising effect on the catalyst it is
preferred to recycle the purified phosphonium catalyst to
the reaction zone in the presence of a solvent. The
solvent can be a carbonyl-containing compound, especially
aldehydes, as disclosed in WO-A 2005/051939. More
preferably, the solvent is an alcohol. Many alcohols may
be selected to increase the stability of the phosphonium
catalyst. The alcohol may be monovalent, bivalent, or

multivalent. The alcohol may comprise an aliphatic Ci_q1»

chain substituted by one or more hydroxyl groups.

Aromatic alcohols or alkylaromatic alcohols may also be
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al dehydes, as disclosed in WO- A 2005/ 051939. Mre
preferably, the solvent is an al cohol. Many al cohols

worg7het7sel ected to increase the stability of P&EEP2007/052270

phosphoni um cat al yst. The al cohjol may be nonoval ent,
bi val ent, or nultivalent. The al cohol may conprise an

al i phatic hai.n substituted one or r

oy Beedy Surbanly BoBiaer B EPebnorarBbn S EgTGs oPRryalkylene
al gobebssnBy ahsombgysed,1sdihabkythaveng fa0a120 be used.
carbon atons. Pol yal kyl ene gl ycols or the nonoal kyl

et Héksurpereey aayoaPsoubedused. letures may al so be

used. Peeferably, tfecal cobols. usedaare. sel eetedal EODN cne

t he group consis frono- al kano

al ganepdcohsis€3ng§ akkapegpmbyols]lkencludi ag_ glymeanb
phenol, C] 5 al kyl substituted phenols, C5 ] _
cydLoéB»pﬁatgcaékaohopslan@sn1xng&eélnhegéaﬁeIVéryphenol
sui table_are C2-6 al kane polyols, in particular 1

- ethafeddicsl, S@bétbFabaﬁepa?BPlSsoﬁbrﬂ@|caﬁéOﬁﬂkaﬁééc

t he The use.of ethan r opane di ol S
R ERhoL Ry Rt B S HER e PBearRar oRERE ShokaPle, Bre coog

co d yl ene | kape nd the
alggﬁéhg 8%9¥0h§fs§ﬁsggkgg8g%%gezf9f%?h%h gsbhonlum
catabystopSoebdt ol , i soppovodi agdexcetlheat shabebftyThe use

t he _phosphonium catal yst, |t may be advantageous to

us8f eEBﬁB?naleﬁoBPnﬁ dlgthlne 6r CPrbpanedrentang when

SOEQétQhkyh@n@rgggbgﬁafsph§nbéhv@9¥egeeen99§9@ene glycol
catalyst it is effective to add make-up phosphoni um

cattalysnet divhe, r endt iba zéhelemheghnkelupsph@sgh@ﬁuaﬁivent

ca aIy can be added at a | ace the.process
CneBy Bhe PhopBRBaTE Bh-aTKaP AR bR Ole s B 88892 aing
phesab@meuﬂ1saaahy$ty|soaddedphosphenpﬁmcessayyat It may
direct addition to the reaction zone or via addition
tobﬁh@dggpggﬁﬁapspaplpp@da combination of 1,2-ethane or

propane diol and sorbitol.

In order to replenish any decomposed catalyst it is
effective to add make-up phosphonium catalyst to the
reaction zone. The make-up phosphonium catalyst can be
added at any place in the process where catalyst is
present. Suitably any make-up phosphonium catalyst is
added to the process via direct addition to the reaction
zone or via addition to the stream of purified
phosphonium catalyst that is to be recycled.

In the present process at least part of the stream
containing used phosphonium catalyst is subjected to the
purification step. It is possible to subject the complete
stream and thus all catalyst to this purification. It is,
however, preferred to subject only part thereof. By doing
so the build up of contaminants is avoided. Moreover, it
has been shown that if the phosphonium catalyst contains

a minor amount of such contaminants such contaminants do
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phosphoni um catal yst that is to be recycled. In the
present process at |east part of the stream containing

wais@d/ipitesphoni um cat al yst is subj ected to thePCT/EP2007/052270

purification step. It is possiple to subject the
conpl ete strean1and thus all catalyst to this

urlflgat|on i S, ﬁe L, Erefer ed to TUbke
onl'§tp ?YetﬁePEBFlm%Qta ﬁg s6-t KB B Pl g2tp-& activity.
contayi nanks b6ia¥atdedatMprEOYEEL thahaﬁobegmlsbgﬂﬁlyst
that if the phosphoni um catal yst contains a m nor

anbaft tef bsuphrtbntdntaaRt BUSUBhYcBAPHEATAGNEsSdenbE icant

i T roBe ey ARRT PRat™ (RE-FaRtV(nAfhot 5P Pdar Ay dpott

haprtoebebpur ftbmd28onbi Aooksty mDQV|ﬁesfarsbgplfroan6 to
econom ¢ advantage. Suitably, from1l to 90 %,

or GPer bl §Lf FBf D54 EOT 5800 11 fiBgt URPEf BRABPYOR; o Satalyst

t 05250 cofctiheoshigam copt ahni ng used, pRESPRANEHAY a1so
catalyst is subjected to purification. It is preferred

thanoahsg naothef paet sofeehecspreaniventakdi Rgoasednium

phos m.cat al yst i.s, recycled to.the react 0 ne, .
CoSeLRr b L baryr8d RoGhRoR BRFEaraFyoE, kRpgEacE with
pretet abky, pabbpnbnthﬁ tenalnsng pare piefhrsbsp;eaml of
is recycled to the reaction zone. Although there ma

beth8 ﬁ@@@lﬁéﬁgapBFEeastPéénFtF?amsl60§§F5Fée@ot8pgh?

a PbQQEléhe§Qnétr§§HhoIBﬁ %Bé?@”ﬁ&Q”B@'anSeééegor a bleed
phosphoni um cat al yst suitably contains sone al kyl ene

cacbopate. iThésabkykehéecarbopal g ensunes bhatdt heream.
used phgosphoniumcatalyst.is in Liqguid form

fact| Lt RBo e A RORhS ot et SRt & M TRET Ve
hasubegpif{oupdtthat Ebeecambi/nahbonaeboakeehornandikylene
al kyl ene carbonate has a stabilising effect on the .
cafarystat¥herersee, thﬁtoﬁh? pare BROFRBODSBH catalyst is

ph?ﬁPT?ﬁhHH‘%éEﬁ'yﬁﬁ 1L % ki e¢tL geEOtPHEE%EF@5£98n he 4.,

r emai ni part of the use cata yst, “sui't
recycle. Further, 1t has been found that the combination

of alcohol and alkylene carbonate has a stabilising
effect on the catalyst. Therefore, if only part of the
used phosphonium catalyst is subjected to purification
the remaining part of the used catalyst, suitably in
combination with alkylene carbonate is recycled to the
reaction zone. If the purified phosphonium catalyst has
been dissolved in an alcohol, these streams can suitably
be combined such that a mixture of used phosphonium
catalyst, purified phosphonium catalyst, alcohol and
alkylene carbonate is recycled to the reaction zone. If
alkylene carbonate is present in the stream containing
used phosphonium catalyst the alkylene carbonate is
separated from any phosphorus-containing contaminants and
catalyst in the purification step. This can be achieved

in a distillation column where different fractions are
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conbi nation wth al kyl ene carbonate is recycled to the
reaction zone. If the purified phosphonium catal yst

wham7hesso di ssol ved in an al cohol, these streaP®ET/EPI007/052270

sui tably be conbi ned such thatya_m xture of used
phosphoni um cat al yst, purified phosphoni um catal yst,

al cohol and alé¥l§ne car bonat e Es rec¥cled to thﬁ
redetFORSZone. Ot aF RYFehb?¥ar bORYEESTs preleNt 2ifiCt he

st kepme¢eat ahntng vsadcphegpbeapym gatakysat ihhehe first
al kyl ene carbonate is separated from any

phesphorLsYEOREalrArAgNebAt afi AGRESaGAY caPHl ¥BE FateheEst
purj fii [ e j be hj '

G Sh Y BR=Eh Bon ke e he P TR an e Y ek PaBLy, che

ar eobhtamhednat diréf eepatatedysromonwbyecatalyraytal gsoeld the

be achieved jn two dedi cated steps, wherein in the

i PRELELED BPRSPRABIEAr BoRatESTs LBfalatearf PORPEReas the

cahglyat.gedcARY BERYMaCORE 8Pk NARE $onahdngybseaAyentl Ype
the contam nants are separated fromthe catalyst to

yi ebdlihé pari thed phpsphbhPuom catal yst. The latter

manner has tpg gdvantagg t hat oPtinaI distillation
S S alkylene o¥ S at Is converted i1 e present
condi tions nay’ be appli1ed for each Separati on. e

al kybesesoxkdeutbabliysacopyverd geyidhd hex pdeseii particular
process is suitably a C2-4 al kyl ene oxide, in
pacthgltae ekhykene pxpdglencporrpytene vxkderes thereof.

i xt th f. T t of ph ' talyst ..
e TR TR oo YRRy CHT s Tl Bot ok a8 g ton
nmokegneahal,ysbnpenigbteyabkykepecoxtdeinDue1tocathowet per

amount of bxproducts, the subject process is suitably
cafPledably PAct AE1presBRBetBf 2al OVeasEMOUDD02 I nBle of

th§ 888%?99”%ﬁ@‘§é£3&¥§t PSEeEQ'?s9£E¥£§B? OXLd@i cq out in
Pr Fera y, the anount o? p osphonlun1cataVyst present
i steachrthahcet ofangesebsonm000001mboe00f hbkephosphonium

phosehgni%n1catalist, ED e grefs&abl¥rf%o¥181001 %o noun

0. S ALKANBSE BroferhbPycPronTide. PrefSrably, the amount
of phosphonium catalyst present is such that it ranges
from 0.0001 to 0.1 mole phosphonium catalyst, more
preferably from 0.001 to 0.05, and most preferably from
0.003 to 0.03 mole phosphonium catalyst per mole
propylene oxide.

The reaction of carbon dioxide with the alkylene
oxide is reversible. That means that the alkylene
carbonate formed may convert back into carbon dioxide and
the alkylene oxide. The molar ratio between carbon
dioxide and alkylene oxide may be as low as 0.5:1, more
suitably from 0.75:1. In view of the reversibility of the
reaction it is preferred to ensure at least a slight
excess of carbon dioxide, such as 1.0:1 to 10:1, more
preferably from 1.01:1 to 2:1, most preferably from
1.01:1 to 1.2:1. A suitable means to establish an excess

of carbon dioxide i1is to conduct the reaction at an
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0.003 to 0.03 nol e phosphoni um cat al yst per nole
propyl ene oxide. The reaction of carbon dioxide with

wo b@7ab4ryd ene oxide is reversible. That neans pP¢EHEP100B052270

al kyl ene carbonate forned may gonvert back into carbon
di oxi de and the al kyl ene oxide. The nolar ratio

bet ween car bon._di oxi de and al kyl ene oxi de nmay be, as
ol SE 558 32 hgh st an P RHED. 7801 FopRLUpogher pressure

th@oﬁgvsﬁﬁiby|ab¥i§%_EBEbbﬁa@&bQﬂdét rBeptBtglr gdetBure
ensure at |east a slight excess of carbon dioxide,

sutEhngssi1spitabpvidrem ppie gPeflepabl yherpariiel: carbon

2: %, er ab 1.01; 1. [

e h TP S BE b R ke Eh o Top e e an T onr i EARGE From
cohduot 70hempeacprofcatbapelfevyat @dtcabbpnaddoxbde

pressure and kee ing theﬁBressure constant by dosi ng

caPPBheaRrBXY dEXOFhelt bPaP pPeSsure ranges suitably

from5S 0 200, b8d ont PenPariidtc COLRNOPe dioXidecPartbdl a2 wide
pressure is preferably in the range fromb5 to 70, nore

pretegabl fuirelly tbe50cmpadahpse peebetabbgdf Eoam1B0 to

to bar. The reaction t erature.can.hb el ecte .
{7 o0a oF B FaRQLanEOE o y CERAL bl i Retparetature is
setret edcteape3Ont 8300108 ratbe adwantageiof the reaction
relatively high tenperature is the increase. in

r eRBTPBAGFAFE. LRohEVel1oNf Phecr BRREF oA Benperat P8 i s

toge Egaat§5geofe§§k&98§e Ea@bQBQEedggr@gﬁgbﬁndQBxide and
al kyl'ene carbonate t0 carbon di oxi de and

propppnahdétygdgder cacetehenet hehandederéededeactonoonf of
al kyl ene_oxi de with_any al kane diql,.if.present, ma

ot hFTIEpe Rl Rt Bet SRR0S: S of Bt RESSEncHay
phespheni um eataliygtsmaydbecaespber at ed. ofhenef phBsphonium
the tenperature is suitably selected from 100 to 220
occatghEsskinpyeicpersenchrFplbeThpretpecadapt beReprature

is suitably selected from 100 to 220 °C.

The skilled person will be able to adapt other
reaction conditions as appropriate. The residence time of
the alkylene oxide and the carbon dioxide in the reaction
zone can be selected without undue burden. The residence
time can usually be varied between 5 min and 24 hours,
preferably between 10 minutes and 10 hours. Conversion of
alkylene oxide is suitably at least 95%, more preferably
at least 98%. Dependent on the temperature and pressure
the residence time may be adapted. The catalyst
concentration may also vary between wide ranges. Suitable
concentrations include from 1 to 25 %wt, based on the
total reaction mixture. Good results can be obtained with
a catalyst concentration of 2 to 8 %wt, based on the
total reaction mixture.

As to the relative amounts of alkylene carbonate and

alcohol the skilled artisan can vary the ratio in broad
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reaction conditions as appropriate. The residence tine
of the al kyl ene oxi de and the carbon dioxide in the

WO e@ctid4ys0 zone can be sel ected w t hout undue bePeTEP2007/052270

The residence tinme can usual Lygbe varied between 5 mn
and 24 hours, preferably between 10 m nutes and 10

hours. Conversion qf al kylene oxide is suitably at
et R R IR I S IR ST SR

theet gAPERAt Ubecandl Ry essHr 8atPEnhesi dengecbhp® ARYObE-10,
adapted. The catal yst concentration may al so vary

beieeArwidelpangesn Suft &bl e, concenPratesaslinéragel.> to

E£9”1%nt9 %% %@ﬁt Qaé gnSQ gB§.%ﬁ&atn&§§ﬁ£égnrggé£958-
od resultfs can alned w a catalys
coheenteat tba aﬂkgléneSO&Mﬂe basednoaltheofotal the reaction

reaction mxture., As to the._relative ampunts of

al k§Ten&h EarBBHAFeCana aPaBhol St RBLERPI Y e&SBFt PEaf can

VaE¥lBB§vé§9'QOWleGQ§dr§ﬂgﬁsasV?EMm990gor§§UL%§ hg¥8ed on
been obt ai ned enpl oying a wei ght ratio of alkylene

cathenaeeghbd aEc@hbyl©ﬁeoozl¢e, tarpant dcakadef r ekplene

to 5 no e fe ab fro 5to In V|eW(ﬁ the
LraazRoare, RA8 ELaBNE L AL Re pk Ot an  Roth e aPE e Bn1y

oxtHe amduan akcahebhbn thﬁgégaﬁtbmn5zeﬁe20hewannunt
of al cohol is suitably k at a relatively |ow | evel,

such asT?$o%%ﬁy%%n?Sc@@?on%%%eﬁh%ﬁ thePfRIgRed ot the

a'5¥E§8ﬁt0§k98esga&QQ“th@éb?? b@'5¥E8”?o9aE98n§ESdé891on
alcohol i1n the reaction zone. Preferably the anobunt of

aIo@h@ﬂkaaﬂgé$0ﬂranﬁSdu@lzymcaMbonaﬁhe atkykénegly, the
carbonatg é g ?uced in.the present g gcesg can

suPtabry bé“ %8 1PBrthe BrodhEtPon Bf “aFRana Hi 6 and
di pkkipbeatbenabe a1Reserdipgl ¥ndt HeapkesentrboMenti on
al so provides a process for the preparation of al kane

di 6PTRRdS N4l K§RCEARBoRRAL @l EBRPEi aRAgaF BHEENAgCARLONate
alggggl aEQaﬁEéXk@P?f?@é@?Bﬁtgatalyst in which the alkylene

carbonate has been prepared by the process of the present
invention, and recovering the alkane diol and the dialkyl
carbonate from the resulting reaction mixture. The

alkanol is suitably a Cq-4 alcohol. Preferably the

alkanol is methanol, ethanol or isopropanol.

The transesterification reaction in itself is known.
In this context reference is made to US-A 4,691,041,
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,
gquaternary ammonium, sulphonic acid and carboxylic acid
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
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over a transesterif ication catalyst in which the
al kyl ene carbonate has been prepared by the process of

wo b@7po043@nt i nvention, and recovering the al KBeEEPR12001/052270

and the dial kyl carbonate fromdhe resulting reaction
m xture. The al kanol is suitably a C] _-4 al cohol.
Prefer bI the al kanol t hanol , et hanol :

| SODEODARLF TRELt HaNEet MLl TEARFoRCREARERSN LR

ltﬁgkﬁlb§1590$Mkahﬂ hbtsicaptexkineterensecbioMBeest Osuch
US-A 4,691,041, disclosing a process for the

naﬁafa@ﬂau@ bydé@hyﬁ@n@rgmyébanahat@ynﬁbh&ﬂl@@r@@mﬁ@éndsf
EE§ogé§988ﬁ£§ghﬁ QCQBESE ES@EtBQnt?YSEFgl amines,
yst e

erog neous ca Sys I'n particular an
exphasgblnesinsmnbhnéerthasynanese,quphernaryselenlum
anmmoni um sul phoni ¢ aci d and carboxylic, acid

fuﬁ@PPBHBﬁSg?BGpElnaIRéF?néH@ aFkatFhig"esrt A2sFPr cafesrding

'"PBeﬁﬁaAeﬁoDBV@O%&hBC@h@“?eéHHQBhUHEeé§Q?@Qﬁg carbonate
zeolites. US-A 359,118 and US-A 5, 231,212 discl ose a

COW@thu@usabk@neéSlsoﬁoDdepaedngverahkyer@@ﬁb@ﬂaﬁes

over rapnge ofcataﬁxst Eclgglngdalkall netal

coﬁ%%ﬁ% 5771In p%rtlcuPar al kal | netaPchﬁngl es oPrOposed

alcoheéabes tsucbhaSpsodnum1hydamysdetogeﬂﬁéhan@tatehe
thal | i um conpounds, nitrogen-containing bases such as
t r fAKRDP diPhesl- EhosﬁﬁFﬁésth§tFBPﬁ@§SlQFs@ﬁ|ﬁégylene

SUEQPHBnQEeSEBeQHHHhéOHPQQHdﬁo@QQeE'nachEaHh MOl the
zirconi um salts. According to WO A 2005/003113 the

reacEBentoﬁnaékyheneltanbopaeéeM£eﬁ an aékan@telshe

con uc et erogeneous catal ysts

e HP B heRE P e FS B oRbsEar T (o enbogernatorutfy to
pheﬁéhpﬂéQ&h@ahﬁb&ﬁtlbﬁgﬁhéeélwbhblth@ pkkaneaHi 9l separated
i.e., after the conversion of alkylene carbonate to

al kKBAE 816l PrPEWEVeFtragBoranhgitenehal préeent carbonate and
'”MSQ&'BﬂoEbhbﬁlQ&eES£5§ stO $gPARA GWEQGtEECQHBhnt'Bf

present at an earlier s age Accor
alcohol to be recycled can be kept to a minimum.

Moreover, any light halide compound that may be formed
during the reaction as by-product is removed from the
alkylene carbonate product and cannot hinder any
subsequent process step. It is preferred to use the
alkane diol as the solvent in the presence of which
purified phosphonium catalyst is recycled to the reaction
zone in which carbon dioxide and alkylene oxide are
reacted to yield alkylene carbonate. In this way the
presence of extraneous alcohols is avoided.

In accordance with the above the present invention
further provides a process for the production of an
alkylene carbonate by the reaction of an alkylene oxide
with carbon dioxide in the presence of a phosphonium

catalyst in which process
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the present invention the al cohol is preferably
separated fromthe product stream containing al kyl ene

wearsooeBe and used phosphoni um catal yst. | n tbPCHEREYT/052270

t he anobunt of al cohol to be recycl ed can be kept to a
nininun1 Mor eover, any |ight halide conpound that may

rned du the re ction as roduct i s renoved
T Rt e R e bEe o P ARty e SRSt thE nder

anynsyYpaeAUent cREACEss stePecohtihsoREefeihedoticl8einto a
the al kane diol as the solvent in the presence of

mhF@hCEHPDfF@ﬂepﬁﬁéﬁhwhﬂgh1éaP§P9§€t|§tF@éV0P@§tﬂén@h§

o eV SPat P b Iy tPL T hPER, ShakAETRE B EAFRE o
wayitherpweseace of extraneous al cohols is avoided. In

accordance with the above the present inventjon

f utPher 2 pFBiFHRsCA proces s or tﬁ%r%?%d%%?F%hnb?gaﬁsed

a'5Mb§5ﬁoﬁ§ﬁQOB§E§19¥ttE%er§@?5k96e9ff§8makk¥|ﬁB@duct
oxl de with carbon dioxide in the presence of a

ph@éph@muuﬁhea@apysatﬂﬂnmhanhSpnb@bés(h§ thbiavRgl ene

oxl, e, ; ¢arbon. di axl de) and.the. phosphoni umsatal yst are
con |nuous y introduced’into a reaction  zone

mhbphlanan@guaftstrsaﬁheeﬂtannfﬁgmahkyhgneecaaboaabe
and used phosphoni um catal y is withdrawn, and %
aIR?F@H@rﬁgrBEnEPE Qﬁadéc§tr@5ﬁ1E@EFQPnPﬁ@dH§EdCOU ains the

théQBOEhHgbﬁ@ﬁ@hﬁsgaééfyégpgﬁétggmérgﬂkymgngrggyﬁgnate
stream The separation can suitably be achieved via

d|sartlaflohlsThetaDMyBeneamanbonhee prbdectefsto
ol Bahot 1oRELB0or 68’ 2e EBRTFBdUGE - ThE bOT: GRr b Gudt
coptabngahbe HseH phesphenbum sat ah¥sprapdnsomBvention. The
al kyl ene carbonate. A part of this bottomstreamis
th@HréﬁbF@CPE@SPbonlum catalyst thus obtained is suitably
dissolved in alkane diol and the solution is combined
with a remaining part of the stream containing the used
phosphonium catalyst and alkylene carbonate. The obtained
combination of alkylene carbonate, alcohol, used
phosphonium catalyst and purified phosphonium catalyst is
recycled to the reaction zone.
The invention will be further elucidated by means of
the following examples.
EXAMPLES
EXAMPLE 1
To show that the purification of used phosphonium
catalyst can be achieved the following experiment was
conducted.
Used catalyst solution (100 ml), comprising about
75 Swt of propylene carbonate and 25 %wt of used
phosphonium catalyst composition was subjected to

distillation in a glass round-bottom bottle. The used
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purification via a separate distillation section in
accordance with the process of the present invention.

wab@7po78d i ed phosphoni um cat al yst thus obt ai neci/EB2007/052270

suitably dissolved in al kane diol- and the solution is
conbined with a remaining part of the stream

cont ai in t he used, phosphoni um.c yst —and Ik | ene
coPBEnaYa? SRBPHRtat ROGCEORBLHAL oh - 6f ThF 6y 8het LiBUEYL
capb@@@h@neabﬁgagl,tHéeeeﬁa9§a89nbéﬂh§at@ky§bua9@
purified phosphoniumcatalyst is recycled to the

r eREOEPRCRHAE. brﬁ@lﬁﬂveﬁtﬁéﬁsmﬁtragélpurWhérremoved by

EXAVPLES, EXANPLE 1To  SROW' Rét fhe pir T caerbn (3P0 721 -
usediphosphohbanmoatakyst mamnbg achpevpdlthe carbonate.

fol] ow ng, experinment was conduct ed. Used cat al
soFE?uBﬁg%iéé AP} 1L 6npri 6Fngoahole 75904k S Pe¥ted again at

prapytens.canbopate apd 23LYMbreh vsediphOSPAGALHM:: 160 °C
cat al yst conposition was subjected to distillation in

a ghds$ mband{bo0t Bm bott FecoTHefusetdecararyst recovered,

conmposi tion _cont ain 1 @6 f rlbut l .pho h|ne
R gl A 0ol P folRl T b boh L R ab K g ORR! PEsidue

brenhderefafheat ifir acki botwas rempuediby dhat cbhatkead
under vacuum at 65 0C and 2 pbar (200 Pa) . This
frReinon @8n§?§?@€uﬁﬁﬂnP?OéPhBPéBVI@ﬁ@mégﬁboﬁﬁﬁéysTﬁeShowed

re%hQHetﬁQ'kQéiaﬁg abnt99hbag1 andpyas H?'E?Qbé99nnpﬁbsphlne
heating. The nelt was subjected to distillation at

OCbamdel nbar (100 Pa) . A second fraction was
Egéﬁ&gg consi sting mainly of tributyl phoshine
2t esi due that remained in the bottle
solldlfT@ds@@ﬁ €rasi shedowBi Pl yd ophdeprabutyl catalyst has
phosphoni um brom de. Anal ysis showed
regained its catalytic activity two experiments were
conducted. In both experiments 120 g propylene oxide were

introduced into a l-litre autoclave. The autoclave was

pressurised with COp and heated to 150 °C. Additional CO»p

was introduced till a pressure of 20 bar was reached. A
solution of 250 mg of phosphonium bromide catalyst in 5 g
1,2-propanediol was introduced into the autoclave. 10 g
of additional 1,2-propane diol was introduced. The

pressure was kept constant at 20 bar by dosing CO» into
the autoclave. After five hours COp introduction was

stopped and the autoclave was allowed to cool down. The
amount of propylene carbonate, the conversion rate and
the selectivity were determined for the two experiments.
The experiments were conducted in the same manner,
the only difference being that in the case of
experiment 1 the catalyst was taken from the residue of

Example 1, and that in the case of experiment 2 fresh



that the residue contained 1.7 nol % of tributyl

phosphi ne oxi de .

EXAMPLE 2 To show that the purified

w@b@spburse um cat al yst has regained its catal yt PCI/EP2007/052270

activity two experinents were jconduct ed.

In both

experinments 120 g propylene oxi de were introduced into

e autoclave

UAhEYhegtEd

i Bhitce

opbY 1504000

SRGHT PoRar

suri se

eod e

gluka) was

i nbppduegd thil raspressdre ghownOibatnwasapeachedowA

sol ution of 250 ng of phosphoni um brom de cat al yst
was i ntroduced into the
1, 2- propane di ol
uced. The pressure was kept constant at 2 0 bar

5 g 1 ,2-propanedi ol
au?ggggve. 10 g of additi onal
intro

in

was

by
i N
t g

desengmeEn?
troducti on w

0SS stopped and t
coolN%own.

Thé tf For g

nt ortbeyashecl ayeCcoAtesibhye

e autoclave W
)pylene car bon

heer sc€&Rity,
s al | owed
ate, the

C
fa

nversﬁon rat

E—and gge getect
r the two ex

beri nents. The e

Vity gWErE det
periments wer

ST 1T n899 7

a)
9

cgdnducted in the sank9bfmbner,

he orfi0y. i f f ef

ence 99.8

ha caca of

b Lna that i n
Hg—+hHat+—h

frent 1 the ¢

t al vot
S-St

axynan
uuuuuuuuu A=A SA-)

was taken fromthe residue of Exanple 1 ,

and t hat

in

the case of experinment 2 freshhigh purity tetrabutyl
phosphoni um brom de (ex Fluka) was applied. The

results are shown in the table below TableC L A I
Process for the production of an al kyl ene

1.

MS

carbonate by the reaction of an al kyl ene oxide wth
carbon dioxide in the presence of a phosphoni um

cat al yst

in which process (a) the al kyl ene oxi de,

carbon di oxi de and the phosphoni um catal yst are
conti nuously introduced into a reaction zone from

whi ch a product stream containi

ng
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al kyl ene carbonate and used phosphoni um catal yst is
wi t hdrawn, (b) al kyl ene carbonate and a stream

w@oorao4mg used phosphoni um cat al yst are separet/gp2007/052270

fromthe product stream (c)- tjhe al kyl ene car bonat e,
separated in step (b) , is recovered as product, (d)
at least a part of the stream containing used
phosphoni um catal yst is subjected to purification, to
obtain purified phosphoni gn,cat al yist;, and (e) purified
phosphoni um catal yst is recycted to the reaction zone.
2 . Process according to claiml , wherein the
catal ys p [ of - f
wnton’ ter e Sed SR RE P AR R b P e b tnace
di biyeteat raadttan beé selemkgMeﬁeonkadeaWKyh cakbenyﬁ;ox1de
cyc¢lic aliphatic or _an aromatic, group
actBr Bl RgPEBSerarnP2 @ WH%FEPHH%H@ EﬁFﬁW%F F—§ WE%FQ
(npbytyk) phosphonlun1bron1de 4 . Process according
to any one of clainms 1 to 3, wherein the part of the
st r(eam contal th@nﬂs@dl%os@&hD}m@n@li;@li'aqi?s@nd heleei s
purifie LS sub ected to distillatio
ac% 8?%8“ to"c a£n$ 59 & %r%?“k%H%OH.T FPaFPgﬁcea into a
teH‘p&bathezbﬁégESoiﬁer5B 80p208ub€ stresh porterabhy
from 100 to 180 0OC .. Process according to claim4

or a5k Ylﬁﬁ@r@Pﬁb?ﬁ@tﬁr@gguPé§deFOFH€OHF§P|FPB?ﬂBﬁtléS
frompQqlatQ, 0.0001 bar (10 to 0.01 kPa) . 7 . Process
according to any one of clains 1 to 6 , wherein the
purbii edl phbosphoni tdpotatal ysd & ssteeynl edntaining used

phosphonium catalyst are separated from the product
sStream,

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

(d) at least a part of the stream containing used
phosphonium catalyst is subjected to purification, to
obtain purified phosphonium catalyst, and

(e} purified phosphonium catalyst is recycled to the
reaction zone.

2. Process according to claim 1, wherein the catalyst

is a phosphonium halide of formula RgqPHal, in which Hal

means halide and each R can be the same or different and
can be selected from an alkyl, alkenyl, cyclic aliphatic
or an aromatic group

3. Process according to claim 2, wherein the catalyst
is tetra (n-butyl) phosphonium bromide.

4, Process according to any one of claims 1 to 3,
wherein the part of the stream containing used
phosphonium catalyst that is purified, is subjected to
distillation.
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the reaction zone in the presence of a solvent. 8 .
Process according to any one of clains 1 to 7 ,

wob@rao413d rom 1 to 90 %, nore preferably froPeREP®OEE52270

%M, nost preferably from5 1925 % of the stream
cont ai ni ng used phosphoni um catal yst is subjected to

ification . 9 . Process accordi to any one of
ol B s HTPOUE SGHRTYETO anot heriPart BFCt et ot s oam

copt atningrusedrphpsphendmgatakystomsspeeychbed to, most
the reaction zone. 10. Process according to any one of

clﬁrﬁﬁelabéYQfF?mhéQQiﬁoalﬁ?foFe of used phosphoni um
ca alysﬁro@@%éféfgopgfﬁghgg'Efé¥@t$|¥§t5,a%ﬁ&?&lnagﬁe

al Kyl ene” carbonate 15 recycl ed he reacti on zone.
llprPeecess for the pitepatabtoonof safFkameddiotoand0001 bar
di al kyl carbonate conprising reacting an al kanol and

al kyPeh® caPbonifé-over a transesterif ication

cayal ysprbBe¥hi ghob hei a4 kyb engy canbopat e1 hags beeps ¢,
prepared by the process according to any one of clains
1 vbet@inahberpeovéifdgrhherhbrRane diebhlsad therecycled to

120py b5 eEs R eeP AT ng e b AP 12 ERG: B HOThG AT kane

di el i spusedsasatbersohyend anytbee psesensemof 1 whoch,

purified phosphoniumcatalyst is recycled to the

r eHRErghnz6ReM. 1 to 90 Swt; more prelerably from 2 to
50 %wt, most preferably from 5 to 25 %Swt of the stream
containing used phosphonium catalyst is subjected to
purification.
9. Process according to any one of claims 1 to 8,
wherein another part of the stream containing used
phosphonium catalyst is recycled to the reaction zone.
10. Process according to any one of claims 1 to 9,
wherein a mixture of used phosphonium catalyst, purified
phosphonium catalyst, alcohol and alkylene carbonate is
recycled to the reaction zone.
11. Process for the preparation of alkane diol and
dialkyl carbonate comprising reacting an alkanol and
alkylene carbonate over a transesterification catalyst in
which the alkylene carbonate has been prepared by the
process according to any one of claims 1 to 10, and
recovering the alkane diocl and the dialkyl carbonate from
the resulting reaction mixture.
12. Process according to claim 11, wherein the alkane
diol is used as the solvent in the presence of which
purified phosphonium catalyst is recycled to the reaction

zone.



