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WD 2007/ 104730PCT/ EP2007/ 052270 - 1 - PROCESS FOR THE
PRODUCTI ON OF ALKYLENE CARBONATE AND USE OF ALKYLENE
CARBONATE THUS PRCODUCED | N THE MANUFACTURE OF AN

ALKANE DI OL AND A DI ALKYL CARBONATE The present
WO290T/104730r el at es to a process for the produdtiGIGEP2H7/052270
al kyl ene carbonate and the use lof al kyl ene carbonate

t hus produced in the manufacture of an al kane di ol and

a di al kyl carbonate. 5Processes for the production of

al kyl ene carbonates are known. WO A 2005/003113

di scPBOEESH PR CHEES ERODRRTEAN cBF bt thEdlE GSRBONATE AND USE

CoNtGE tatkyMeg SRRBOKNTE NBIRX @ DUREDh eN PTES QRORIFRICTRRE OF
suitable catal yst. The catal yst disclosed is a

tetraal kyl ph¥¥pHSHANEMDEORpANRDR ORAIFKEpEARPONATEON 10
di scl oses that the catal yst used has been recycl ed.

The specification further discloses that the

per f or nafbe presdRt chnedntsion gedakgsstabt eidcasse for the

cat ?Q’&Judtﬁo&e8¥cgfg¥oﬁn% *1%1%‘%' %nSnPaEQQn@gg of lalkylene

preparation I n an a particu ené
gl yc@rk(o:r\azt-eprthpangrdd@d:s)d 1]!5w$eAmnn3401.1.@59 a‘-?ﬁs,oan alkane

di scloses & rgggﬁyiogf; ][[%ﬂ £paration of alkylene

carbona es. Various- ca s are disclosed. The
docunent Pabsesdescfobeshd hratodulegioat afy:slksalfetra carbonates

conpl eti,on of the, r?ﬁ%}@&r@/ﬁ%cﬁg ?d fodess in which

contTHuouS "process fhe rCattion produ ntal ni'ng
al kyémmarlmmdbelandom@dqcsmﬂtas ahoabky bexsp eticlk tio the

" GRS TR SHED SRR ¢ Bt L N
t he s cdustt amdiyl hehespiadrysim ddebasdbeEhlécnpﬁhﬂﬂuﬂatlon
Lhe el Alale SRGEV Y, SPErRaResl e Bl Xeludia. e
I enosiee Cidfifciibantarthet hei estalesstthbe bee rp@g/bdm:ance of
These cont am nants incl ude .deca itio roducts of
ho. TROSTHATAN ¢4t KPRkt Nows '0f DRcoAbBUR et Kot e
WO 2600 0 41 XGRehEER2000M D52 e pardtion in an alcochol, 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 1f 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



10

15

20

25

30

docunents provide a nethod of avoiding a build-up of

any such contam nants. It has now been found
that catal yst activity can be retained by purifying at

| east part of the catalyst from 5the product.
WMPHﬁ’ﬁBPy, the present invention provides ZCHESLWE52270
for the production of an al kyl @e carbonate by the

reacti on of an al kyl ene oxide with carbon dioxide in

t he Jyesente pkodidbos phaliddnodatabyding na luidli-up of any
proces 10%§) t he al kyl ene oxi de, carbon di oxi de and

t he sri’ri'é‘sﬁl’? hPGATRAtSt yst are continuously introduced

into a reachh®MepNE=dd Gvundl ehad Psesilgdt sidte@alty can be
cont ai ni,ng al kyl ene_carbonate and used phaosphoni ym

cat HYSinegd Rivt RAF Al nd () e3sky PaRE %gr‘i}'ti%é’caé‘agﬁétafrom
str a8 gadiakei,ng used phosphoni um catal yst are

separated fromthe product stream (c). the alkylene

car bonat 8CCeEPARrEt Bd FHE SrEFerh) Invent DRIV 9gs 2

Prodiioes0Ed) ahe! SASdu@ RA LbrOhnt BEk§1&LAMBarbonate by
contai ni ng used phosphonium catal yst is subjected to

pur i FHec ER6t Lop oo bR AL Isthane e#igRoYbRRFARTaraoydee in
and (1) sehiedophg HoRicA abyalyie f&q%iﬁltcﬁg pr@cess

the reaction zone. 25The process according t
present itheealkpkeng |wtiglerhsgarbpe éhenidstancaibge used

for o dONGnREh 89tk Dy& cond Jb&ﬁ%‘iﬁu@ﬁ%??sﬁtﬁdm hees a

i
found that the reason therefore may be related to the
f or meRdH oof zdeeoRpoB| whigh pr PFgensSti At Term cardlaising
duri 3 i honatg.,Jit ;Ras
beenenfgk d%glet %g%gggagém%g{ssﬁogkﬁgﬁgﬁg%ph%ﬂ% ur%FSt *
cat atifdrdriamel, ude phosphi ne oxides. By purification of

t he t al d 0 i ne iLdes -
effe@i vg@g’%gﬁ?e%%%/gé%% t%l%gt . 6\%&%& cdifthining used
200 BHAT3DORCTH/ EPRODYE ©52%7 GepraZated from the product

stream,

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

(d}y 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 continuocus 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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active catal yst can be recycled to the reaction zone

in step (a). A further advantage of the present

process resides in the fact that the process pre enpt s
the necessity to include a bleed streamvia whic
RO HMH Rt ed catal yst has to be withdrawn frp&:F{FtPH‘e”’“sz””
process. The catal yst i s & phosphoni um conpound.
Such catal ysts are known, e.g., fromUS-A 5, 153, 333,

US- Anch 1984 6031 vEI5- e, B3 4n el €WA0L A 99é S5rd8; i cDERnA in
776,890 and WO- A 2005/ 003113. Prefer , the catal yst
i s & PHosGHonPuPRERFHABIETGIFULE BAPHRFESTHE WBFoGRSS

Hal regnfeshahi deeapdceagtn R RN pheckbe Sod®emiits the
different and can be selected froman al kyl, al kenyl,

cycliReeqsifatPc LBE I Ade 4 (RS S§FEaP. Vihe HiSlp R

15suidahini ne@RbakRga oM Had & olBeCak BRAr &h® MBronCao
results are obtained with R being a C1_8 al kyl group.

MbstP¥I%FSér-red are groups R being sel ected from

met hyl , @%thathPééuﬁﬂra'ﬁﬂa%%ﬁgﬁhumnc$hﬁdﬂndﬁ ekt vl |
and t- butyl groups. Preferably, the halide ion is

br ofafelotstisodirgeknownt appearfed®m Harat el B¥ohide and

' Od't?éi‘—zi?%%@ki”e}%arﬁsf@r@ #ahle t hanat be/s7108,
corresponding ‘chiori de conpounds. The npst preferred

phosiRdhi 1 @éﬁalayét WA 12405 G031Bdt y Pye peveriphibni the
b di,t gt f . th
rc”%é%%%%g; gg Ly hﬁgﬁﬁ 5%%] 1349 o8 of fofﬁ&¥§”§%$Hal, in

process es i ere 1s not the need 25to the
costwiyidH eriimpeknef hal had oge;n-eemt & Bhngbe attad sime or

bl ee ream The purjficatiaon of the used phosphoni ym
ot ST BROSERT hB S TPhRe Gabtval et FPL ket
possédieid alsphhect bheamsacbmtla ¥ebupO Ehd rGEIupOIR
crystallisation adsorgtl on, or aqther F’ggar ation

30t eBhHi RIS SOPEaERS pFEFRr T &P (1¢ SaBPERt 2EPRS yfapd results

cat ad ¥stodt idlest i kARtROPeidd Dhas _Reankiougebdhatmdste
used catal yst tends to form deconposition products
mhenpxefan;a@xpggegrp@ps R being selected from methyl, ethyl,

n-propyl, isopropyl, n-butyl, iscbutyl, 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 is possible
to subject the used catalyst to extractioen,
crystallisation adscrption 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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WD 2007/ 104730PCT/ EP2007/ 052270 - 4 - relatively high
tenperatures for a prolonged period. It is, therefore,
preferred to conduct the distillation at relatively

| ow tenperatures. Thereto the distillation is suitab
PERMTEIEH0 at  sub- at nospheric pressures. By udCAGPZIORES2270
sub- at nospheric pressure contadi rants in the catal yst
conposition are distilled |l eaving the purified

phosphoniiwen gah bl Sterse iitSirelsl abir0R pesishiad Pegiod. It
distillation tenperature preferably does not exceed
250 G, Nbe&eiPERerBRRILTHS5h T SOPRREE b tEriferldedrnen at

10r mea%i%qgl 20wt Lo dpurdast TREebesabhy dram10@ibae is
180 C. Suitable pressures for such distillation

t enpeHgRiNYs CapduE e T Uk a6TOSOReBif REISTUF S -0BY using

kPa)ehPTRieh@Rb¥oh D81 PrSssilig of 2Bdeami AOM P A5 R catalyst
0. 0005 bar (5,00% to 5'Pa). 151t is surprising that

t heskOmBRGISAORI AFe chi 3t ilskasd Jwawisnphet Fet@fkery of

t heiﬂho%;ﬁ;'ol}ﬁii}ﬁﬁ gyen; when, 4 hewhavg: PER N SshRET adhet O

t hese tillation conditions. The phosphoni um

cat alisdtillefdont bepperatuld dreaespbaly. daee ot fxpeed
MRy Jg) reCy ctipan £a o Slbatbl
s a soaggsg%gge£?%£%%%€§$tH?%%dgg%ng%?§?o a ﬁ%ﬁ? ang
r ecyngeshdrpml bentea® yst, mostherefarthln f2mme 100 to

l_b e [ f i
sl oo Siralfe L AIRRAT 6ol BALUCRL I Bn,
r ecycimpearaeupesi fredf phodpHortiouth. 6804l §atr (10 A8t We 01 kPa) .

| i f | yens -
L R e L Re

espeti AA0y tal Gehgbles, as disclosed in WO A

B oS s S L It e P S B

st aldHdwt yoofplehe phospdwgniafmtheir activity even when they
have been 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 WQO-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 C1-12

chain substituted by one or more hydroxyl groups.

Aromatic alcohols or alkylaromatic alcohols may also be
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30catal yst. The al cohol may be nonoval ent, bival ent,

or multivalent. The al cohol nmay conprise an aliphatic
Cl-12 chain substituted by one or nore hydroxyl

groups. Aromatic al cohols or al kyl aromatic al cohol s
WB208T¥4738e WD 2007/ 104730PCT/ EP2007/ 052270 PCTHP2007/052270
used, suitably having 6 to 12 ®arbon atons.

Pol yal kyl ene gl ycols or the nonoal kyl ethers thereof

may e ReidvsBldy Mxisg & v 2akaebbs asefk. Polyalkylene
Preferably, the alcohols used are selected fromthe

5gr FAAYCIFs P&t thE BPRRALKY InGibezsk EReFeot 2% &iaeahe used.

di ol xte3ef aklanespobyalssg.i ncl uding glycerol,
phenol, Cl 6 alkyl substituted phenols, C612

cycl oal | Bﬁatf%ala FoHEIS de@hRiLet UFed ¥R rasvfectpsy from the

sui tab) g %E)%s@gi:@mgl KBNE NOIRlSa1kAnBBE | '@'@ralkane
|, 2-'et hane di ol - pr opane di ol , sor bi tol

nlxtdwais th@LgOﬁlkEhe pm&yuﬂs euhamedbngpgrmmﬁnbﬂh @henol,
has a further advantage when the al kyl ene carbonate is

con\}%lr—tEedilﬂ‘dlaﬁRW‘éh%u’@?‘i/dﬁ}e“Pélskaﬁé te ofySlamidngic

| kal | tor _the phosph
o ol A B REGs TRt ekl s} IO SRR OT
to tma%oi;em?ewm mt@éyﬁcuﬂa& ARy -Benady aniggeous to

use a conbi nation of 2- et hane or propane diol and

sor bitalPropane giody d%qrhlotqle@nélnrﬂéﬁtams(j@&ﬁ% dhe use
cat al ¢/ e Hahel éregf:@ﬁiﬂlé/edfcﬁ agd @EQrHHePWg‘é’When

catal yst to the 20reacti on zone. The make-
phosgiorlkmleacarysooratr e seneeraedary ?)Ub)@é?qeh gliyeol

Pr oCEesS ML o571 AbY§le s ANEIRk: PYELAP] Y ABK as solvent
make- up phosphoni um catal yst Is adged to the process

vi a fiir ddte migsphoniwn Ctélrr@lr}@é?ct Senbibak by Rﬁqyldlng
add'%;lc,%llte tt E@aﬁiif tﬁ%{ é{?ogghgﬁ?{?ﬂs@ It may
e rec

catal yst 't Isto present

pr om@omaruteaspugat@ wie tan@ogﬂoneamgon@ﬁu hi Z%rgetxr@é@ or
phogg&&@ %“hﬁ@ﬁa£%§t3$§b1 j ected to the purification
ste It 1's possible to subject the conplete stream

and t hus Ial brdat atysteplentishs apyr fécomposad datalyst 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 tc 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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30however, preferred to subject only part thereof. By
doing so the build up of contam nants is avoi ded.

Mor eover, it has been shown that if the phosphoni um
catal yst contains a m nor anount of such contani nants
HENOEWAPAN nants do WD 2007/ 104730PCT/ EP20G ¥ EE2% 7852270
- 6 - not have a detrinmental —efff ect on the catal yst
activity. It will be evident that the fact that not

al | roat alayet ahdsti omdet gurd ficed eanthauearsd W4 adtdesty.

a significant econom c_advantage. Sujtably, froml to
90 kit Wirdr 5 BT LRER BEFAAY ok 35CELBBE oBRt Hsfatalyst
pr efiersaldoy phr ek b { 84 280 M¥nudfustiRepsbt eadd CON@jniifigant
used phosphoni.um catal yst, i s subjected to

pur i $9CRT 6N AV RRF3Tpr eferi3d Y hdAF ORI Sotantt Hatt pAiere

of the mira@al) eebhak ity disedtphasphopiére £33} slond $ to
recycled to the reaction zone, together with

10puA] fivéd OfhS8BheRF e GRTIAISENIVEPRY pRRABRM AP gRfFalyst

of the #1fARICREATLPabEr Of i ddHiSnSt TRANL | SréAEMEdLENR also
the reaction zone. Al though there may be no need for a

bl ectndtegaRprtt of stRRsHiTfa® CONEPANYNSG WG PhSPEgnium

streafmailhe %F?@E}répéﬁ aldidg yeadePBRSPHN Wlgether with
catal yst "15 suitably contains sone al kyl ene carbonate.

The rindfiese PbarbbpRi e iiplest hMpreneredepbly, all of

phosploninm; Gahg! ¥ske | St idhild QhdahOLd rdb}&leq o the
facilitates transportation, e.g., recycle.” Further, it
has is#at iopuaanehabl theudoribierst mes be ¢ cotrsl f@rda bleed
al kyligne carhonat LS Qg f .
cat a% yst .mgThEr 2?0 %?eﬁﬁeoﬁcltos%ylgrl? ?)f mtglﬁgJF ukg%tdecp%t%%m
phosphonThe stredy stontninibgessed phojrhdrtfivnicasalyhRs

r emgd. pi .1 he S j RV

00%1{%‘%% &%a\%vlgtn Egé{’gyfgﬁe:dacla t}%hét gafégééegéy)bl)&eﬂ ta(% ktyl%gae
r eactderzdre enkhrehetipr i tficedisphopphophom watcabpdtyst is
has . i veg. | I can

sur by e 358 b L ke, RS BRI O
phospmmmilem Farahgst , ipurdd ikegnpliosphohhaim et alopdtipation

al cofiol,,andl 3l 5?4'96 ?ﬁcféxpeo%%tr oh3tLeRYE! £d. 49, 'th.esintg
reacti on Zone. a {/ ene carbonate 1S presenlt in the
st r egificcanioal nhagc3fakpst pibspedoram tatahlstpadie of the

a'kXE%P %%bgnﬁﬁgmigagﬁpﬁﬂﬁﬁgpsf 9&%2@3 o ,purification

phospsnor GsEbnt ai hi ng cont anm naft's-&and. cart al ys’i i'N ot he

pur ifliec aterad ndhgppadti of cdre hsedchbeutdstn suitably in

di stid b a2 .80k YR Yherf dl TLehenb e Lr 26t LA AP 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, alcoheol 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 ceolumn where different fractions are
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WO 2007/ 104730PCT/ EP2007/ 052270 - 7 - obtained at
different trays. However, it may al so be achieved in
two dedi cated steps, wherein in the first step

al kyl ene carbonate is separated fromthe catal yst and
HR2PERPOcont ani nants, and subsequently, thd@CTEP2007/052270
5contami nants are separated frdmthe catalyst to yield

the purified phosphonium catalyst. The |atter manner
has dﬂtﬁllal@ﬂaaftaQEffé’lﬁén@ﬂiﬂd}%l tostirklkat i omopndisld ®as

may p lied for each separation. The

al kyi}cz“d‘@ &% d8 FHat g‘i"gl%trﬁ%rstt@é”sr n"RRESH? eRbrithe £12%¢
10pracgs s liky1eHet altyotat@? % alulanedokiéle, tHe catalyst
particul ar ethyl ene oxide or propyl ene oxide or

m xtaeShERPETY . Contamlr‘l?él%m&ﬁfi §EL PR o urhbe

cat adoffardifahiR8 ELACE: O AQNE FFAN eaevgataeméﬁ/ ttbeyleld the
expressed in nole catal yst per nole al kyl ene oxid

Due RW i iegweRosRBemt U CahAL YESpr saac%«g ‘%hé“aé'{ﬂﬁre@tas the

pr OC&ﬁﬁadt%g%U‘thég €ardi Qﬁs‘%‘itll'a'ﬂlhﬂec@ﬁ&%{&% fayabe
| east nol e o t he phosphoni um catal yst per nol e

al kyarsrid eskifes. epelef aeraNdtiathe anount of phosphoni um
cat al yst rpLegeRlidise %*aet habel tsr @aﬂ@éréé@mno t@igogarggent

0.1 nol e phosphoni um catal yst, nore 20preferably from
0. 00raaesE. 45, suhtalpbsta r?rzafz;eﬁhblf&elﬁ oMiglepo3dnt paptdgular

nol e phonlu cat al per propyl ene oxi.de.

e s ERen BTk oo b e i tise S Br PR s R oYk s
I's rever ghel emodhat o A thidat uinheadh kydtenian the reaction
25carbonate fornmed, ma qﬁiert back |nto carbon

di oA dRy CREVENKSE e T SPREInDP #F° eatcfac‘falYSt per

bet wegn: %an:@mendi exide. antk ajdkwl &BQeQXalﬁl@nﬁE)bfb%yGS
| ow as 5:1, pore suitabl fromO 75; 1. )Irn Vi ew

t he H"é%ijé’rcéﬁsm FREySOPI¢He B SorhSj BUi 3Ry %fﬁ?ré&dt gut in

ensufrgs qirels%a&te afsét ghd 2 s30eX 093 ﬁBléads,bOtrhéilpmscﬂmmum
such as 1.0:1 to 10: nore preferably from1.01:1 to

2:1 Cal’F(?étysﬁr BEEr ABES ﬂ%ef‘eof“"‘i-dﬁo frof ﬂraW%'wtthﬁola@ount
meanst tghophabh beNcaba Bxse Sretlentat BOBu&h Ot de 1itS rhdges

conduct the reaction at an
from 0.0001 tc 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 intoc 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 is to conduct the reaction at an
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WO 2007/ 104730PCT/ EP2007/ 052270 - 8 - el evated carbon

di oxi de pressure and keepi ng the pressure constant by
dosi ng carbon di oxide. The total pressure ranges

suitabuy from5 to 200 bar; the partial carbon dioxide

M I0UI4Pessure is preferably in the range fRCIMHEFY03270
70, nore preferably from7 to %0, and nost preferably
from10 to 30 bar. The reaction tenperature can

be selecited theboa Wideidangessttiet ahlykédging the pressure
tenperature el ected from30 tao 300 C. Th

v ST 61 BRRP RO SAHIGh Toperar APE FetToressure

I ncreasfd %uﬁ@éblyoﬂrcﬁrﬂtfﬁ tdiowev ehr; i thé hgareadl iditbon
tenperature is too high, side reaction |.a. the

degr 5i96n PEf AR kyPERRSEER H@né’tr@f?BaE'inb% Hoxggge from

and @rﬂmlmah@eaygee@érﬁw aem theoupdgsadi@dndLact i on
of al kyl ene oxide with 2¥ al kane dial, if present,
may BSHEEHP LYo TPRel dintlRsit RFTdeconposi ti on of the

phosphonitye ¢ahatyst tEedataceebahabedse I LS Fr@m a wide
the tenperature is suitably selected from 100 to 220

C. 1#%?%%«ISNéGaBéYsé%evﬁ?WPQ£§§Hﬂeelﬁosaﬁ%fﬁeQnﬁﬁﬂm 3¢ to
reacid P CoRglet haHsnBSqo RPN Qn%fl'a%tl%eﬁhﬁlcﬁﬁsté@&%tﬁir@e is
of 20t he al kyl ene oxide and the carbon dioxide in

r eacti®ANEGRASEa AN bECRRYT It &R bi-t HoWevandukt bfth%éwactlon
The {Sldigheee! geccam uaald e Kath 6fls Pt uperpe MmN
and 24 hours, preferably between 10 m nutes and 10
hourdegrasiatarsi of ol kgl eng apcboxage t9 safkemldiogide and
! easgro‘%i@na&%ﬁyaéeéff@@é%r@atth'eeaﬁ&e%{ad Drpendent of

on the tenperature and pressure the residence tinme nay

be aldptlene Thédeavatysanyondemer dibdn FhyPEéIRNvampy

bet g j t

From s SF Gup opde St e R IR DT BE e Ao um
Good:atesiyistts mganbbeaobe ke rwdekdM (The30focat atly@ttemperature

- Concleé“tsﬂﬂtda%'ig?geﬁe&‘?eé‘ i 193584 990t be total

reacti on m xt
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 alsc 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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As to the relative amounts of al kyl ene carbonate and
al cohol the skilled artisan can vary the ratio in
broad WD 2007/104730PCT/ EP2007/ 052270 - 9 - ranges
Ver ood results have been obtai ned enpl oyi ng

éﬁ%l‘i“?ﬂ'l o of al kyl ene carbonate to al cohoIP(HYEPZ““"’“s”"“
0.1-10, in particular from0.2%0 5, nore preferably
from0.5 to 2. In view of the chance for the undesired

r eactagehbetatgegobieras kit €nevexivdenaddt ainéd C@Moyiilihg a
the reaction zone thﬁ{armunt of alcohol is suita

otV FRA0! 06§ FBIPIORARReR B8 frenRal (o Py 1-10,

ot , ibasad i 1tbhe fweh gt 2 ofo &, kﬂo&@eﬁQétgﬁabPﬁrm 0.5 to
di oxi de, al kyl ene carbonate and al co in the

reacti offt 20, OPr her GRYCE Oide tRfDURESSF raf ceARAtion

I angestdedMedet Q1891808 . oxide aHRe a8l KYESASI CAE haRatRaction
that is produced in the present process can suitably

be USHRF fidre @W@uBFoaﬁcéi%ﬁPQ# s leapsaBl Bl kaml at a

di al kyl parfanat e, Aecel di Aaly .ad BeoRr esentzs ”%’v@@t if¥ed on
al so provides a process for the 15preparation of

al kafie disdighdn@fdpakkiene obicitat €agbapr f5pnide eadtkyigne
an atkanlarandqal gthslcmb&{éa&%a%%n S Preferably

transesterification catalyst in which the | ene
car bdmatandyad odenlpeephreandss tthempPotesad o%mt he

present ipye %ngi‘%né”é*afk?o@%‘{:%r ipd.t e ﬁmod'& +aRd

t he di al kyl onate fromthe resulting reaction
mi xtmeeserﬂm@rak:reaﬁocamssmatldm 9Deaus:$d4fa# co|production

Prefof ably tehﬁlgh.k%ﬁgldiﬁ Ste” %xzatgt 0oL #fn ngly, the

i SOpr opano e tran I catl on reac
i t sebfesgentkriomentiont &l so qorveaxiesr ef preoees i Somude t o

US- 5
ok of Al REROIA, B QEETR akilhare e
by t¢ﬂmnnxammesteactkuatamnalkannm andoaékyhene carbonate

het el geneqy Sén%%%?%¥skl Ec’foenmcaltgl?(%{:t ) ﬁlcl'?rkl'{eoglkylene

exchange resin w rary am ne; qua ernary

amorathynase plaenbeeacpdepmdacbmybahyl peoeessl of the present
invention, and recovering the alkane diol and the dialkyl
carbonate from the resulting reaction mixture. The

alkanol is suitably a Cj.4 alcochol. Preferably the

alkancl is methanol, ethanol or isopropanol,

The transesterification reaction in itself is known.
In this context reference is made to US-A 4,6%1,041,
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 ammeonium, 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



10

15

20

25

30

30functional groups, alkali and al kaline earth
silicates inpregnated into silica and ammoni um
exchanged zeolites. US-A 5,359, 118 and US-A 5, 231, 212

di scl ose a continuous process for preparing dialkyl

M0 HOHHME® over a range of WO PCT/EP2007/052270
2007/ 104730PCT/ EP2007/ 052270--1Q0-- cat al ysts,
i ncluding al kali metal conpounds, in particular alkal

et abadyidfad,deschd@hs oDk Al i€ e t2UCBoRAB o8RG UM n
hydr oxi de or nethanol ate,_ thallium conpounds,

ni t rRAfEN-CoAtatAkAY T pReRAL idFoxddesi aFk§iCabRtries, such

Sphosphidim sivkiRbRE8e &F SRNHED1a%HYl, PRHAL PLud USHIHRds,
conpounds and tin, titanium or Zi rconi um sal t s.

Acco?%ﬁ?ﬁ?QQJ°@E¢A12GBS/@@%¥33“FﬁEaﬁeééﬂﬁbhybfa@ﬂqéﬁfene

car o ielsh %@13k5§§0|aﬁééd%ﬂ@%ucgﬁgpﬁﬂﬁror selenium
het er ogeneous catal ysts, e.g. alum na. this

doc upRETROUNES @ngr 5hBs el Qg @r?o\zerpﬁewho%@h%u dypcording
cat a&a/%ioiao%to's%omi@ the alkane diel alkygear}]eea{?tﬂonate

t he conversion of kyl ene carbonate to
Howeweyh aab@dﬁémé !-é @Wlm@ewelrnheﬁermﬁmqou%

Prefesiad dia Separ ab fublies Al2ohtlis bboRheseNte A dRposed
earlier stage. A cor Ing to 15t e present 1 nvention

the &b @z_ﬂmva $hgr phespibdyiwe pataledtf togetier priscduche

str Iqi n | ky u

phos Eéﬁ?ﬂ%ﬁbg ?ygf' + %hﬁ§&§3§ﬂ%§5§gg%urfﬂg%kylene
alccﬂﬁﬂbqnaﬂ@etpe@ybaed dxniiuﬁdwepertoaacnrdnnuuno the

o G ATk bhORL,NEL | 8 cagual Lhal Ry, be iy med
ing the reaction as by-product 1's
t he ealdqioeine ifaplbenent, parioohmteaacﬂdecaanage hlkrdmrcb.myg to

subs Lergieugar}tels%E%C §e§%e n he a %%fler reﬁré?e aso\?l\’?# (Ij%eeparated

al kane ven € presence o
purlfmnﬂtphnswbdncunstE&amyxﬁmmanﬁegyakkﬁlématd&xbonate and

reagglo %?gg 8o aﬂ?m@agg% q{b%n gh0é|de aqg tlle;g_?ef

oxi de ar COBE T oY T il KYY SAEScEFBonat ™IS fits

way dlmsohprlesenbe oécexisdneoudealkephots asmmmmked

O SRR ' P8 B, LAheRUERC il Y e s
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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30al kyl ene carbonate by the reaction of an al kyl ene
oxide wth carbon dioxide in the presence of a

phosphoni um catal yst in which process WO
20071104730PCT/ EP2007/ 052270 - 11 - (a) the al kyl ene
QW18 BPbon di oxi de and t he phosphoni um catR{TEP2003/052270
conti nuously introduced into-atteaction zone from

whi ch a product stream contai ni ng al kyl ene car bonat e

and used tpaosphonenen Gty HarbsnSWi bRdiaVehd amé (D)
al kyl ene carbonate and a stream containi ng used .
phosPMFRNRIEE §PHRTYSE AL FOELeORP b t REE QAT tinto a

streafictiRe separ abbRnvicath sUidrablyebgr achh evstt Mird ng
di stillation. The al kyl ene carbonate product is

usuatiXylergoperbaarty and arsese pAPaPReRl v ofa 2 Iy sghtier
al cohglhar=6e0vergd as top product. The bottom product
contai ns the used phosphoni um cat al yst and sone

al ky{®ne adkrbenat earorpde apfl ahpsroen tomistindam used

t henylbineetigl EQeRUpd{ igal iQn.via g §§§fﬁrﬁee product

distillation section in 15accordance W e process
of tHegames@he PARam N CHie spditiebledbehadpiwmdimia

C?tth &lﬁg%§09?tfﬁ@eglﬂﬁiéﬁ%;ﬁ%Q%Xngkasgiaﬁﬁté'1§ah%%g§ly,
di ol and the solution 1S conbined wt remal ni ng
par torsfioniad 1§t péber cernaatiing fhremus edlipiosp ool ,

t k : ' .
20c GRS o 2ar Lo T st BALER RANIR coprains che
phospteshiphesphtal ys t catradl ysur iafide doph oz phplenemcatangse. A
isr cl t cl e The i tion
w | TR Pl ther BrvErhar el ) Sheshenor Y o ng
exanmplEsicABEXAMPLES: dopavRltE Histillafvorshowettilbat inhe

R L o Rt I
30Userd idéded| pebssiodbuturorcatbQ@sml rthusonipta sad) iabeuti tably
dissolved in alkane diocl and the solution is combined
with a remaining part of the stream containing the used
rhosphonium 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 purificaticn of used phosphonium
catalyst can be achieved the following experiment was
conducted.
Used catalyst sclution (100 ml), comprising about
75 %wt 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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75 % of propyl ene carbonate and 25 %W of used
phosphoni um cat al yst conpositi on was subjected to
distillation in a glass round-bottom bottle. The used

WO 2007/ 104730PCT1EP2007/ 052270 - 12 - catal yst ,
MMPYEIT8N contai ned 18.2 nol e% of tributyl BITHEAIMT7AE2270
oxi de, the renmai nder being tettabutyl phosphoni um

brom de. A first fraction was renoved by distillation

undega yAGHEIMNRNpE8 i €1 8Adcan i ed 2802PAb1e5THE Stributyl
fraction consisted mainly of pro ){){ﬁgne carbonate. The

r esi RRRSRYINS o886 - atth%o’éfffi‘%ﬂgj]dél% 89nEetEROWYH n at
heat pibphbE e bl oi@8e SUD] £G18d Atk shi it i Sibwlg R0

C and 1 mbar (100 Pa). A second fraction was

reco¥etled 1acdnsi ¥RARY YREWHY 0T o i Buedf phidsti n00 Fa) .
OX'QEhiQTF%dH%ibgu@oﬂgigégdrﬂﬂﬂ%l@egf'ErBBglgﬂ§téé%bonate.
solidified and consisted mainly of tetrabuty _
phosProfiamhdyeorPdedifled yai sosidwedanfavas ee ke qgain at
contyad . % pf [ ; osphj | de. °
EXANPLE 39 T e e Et TR B S ATSs B ion ax 160 vc
cat @@3&tl mpari3iegaPakd 3 tseasmdalfyectiant vas tyeqowered,
expeLd : duet.ed. b ri S 0 .

o ong e I P YE Bpledy BOSRERE GFRIS THe siaue
aut odialv eerfdeeduincthe ootdsiepsedddiifsed and hod®@ saed

heat,gd 1,q, ;b%g 6Qtr§199£éi %@C%%iﬁ%gggg £ Qy%xgaffyizs'g'@ Rowed

pressure-o bar wa ution o ny

of pHesphdw ursbdoei dentoatraldy st. 7i moS%gofl, 2 Prupdanediosbhine
was introduced into the autoclave. 10 g of additional

1, 2-propane diol was introduced. The pressure was kept
conH#XAMPI& 220 bar by dosing CO2 into the autocl ave.

After fi\f. hg rs i.nt rodu t.ign was 253.tuglppe nd

t he aut oc?a@eg%%h% Itohv\e/eémtr&%(%s Iprd%\s/\%l}o Ca%anSt has
regained its catalytic activity two experiments were
conducted. In both experiments 120 g propylene oxide were
introduced into a 1-litre autoclave. The autoclave was

pressurised with C0; and heated to 150 °C. Additional CO»

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 COs 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



anount of propyl ene carbonate, the conversion rate and
the selectivity were determned for the two

experi nments. The experinents were conducted in

t he same manner, the only difference being that in the
MR WOYI4Eexperi ment 1 the catal yst was t akerPGERIG7QE2270
resi due of Exanple 1, and thatlBn-the case of

experinent 2 fresh WD 2007/ 104730PCT/ EP2007/ 052270 -

13 -hivlghpyaurdvt Yetebbabyl ybhhosphon YebRi @81 (8 (BXka) was
Fl uka) was. applied. The results are shown in the table
bel oW P it -e TR PEFF hEfit 2 7. SOy Pe kB ChrBbh e 0%y
Conversion, Selectivity, 1 187,8 90.7

Table
Experiment Propylene Conversion, Selectivity,
No. Carbonate, g % %
1 187, 8 90.7 99.7
2 1390.5 90.6 99.8
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99.7 2 190.5 90.6 99.8 - 14- CLAIM5S 1. Process for

the production of an al kyl ene carbonate by the

reacti on of an al kyl ene oxide with carbon dioxide in

the presence of a phosphoni um catal yst in which

process 5(a) the al kyl ene oxi de, carbon di oxi de and

t he phosphoni um cat al yst are continuously introduced
into a reaction zone fromwhich a product stream
contai ni ng al kyl ene carbongte and used phosphoni um
catalyst is withdrawn, 10(b) al kyl ene carbonate and a

st ream cont ai ni ng used phosphoni um cat al yst are
separated fromthe product stceama fay ¢ he al kyl ene
carbonate, separated in step (b), 1Is recovered as
product, 15(d) at least a part 'of the stream

cont ai pi-BgeEieForNeBRNBRLENLE8SR! ¥Slan e BHPI A Qﬁmnate
purlflcatlon to obtain purified phosphonlun1cataly
whéWeithe FeagEionoPLt AB 3LKEARNE 0P ki gty earbon ‘dioxide
Phagphepl we%%%'eygtf ahphegﬁhsﬂiu&n@&aiysséum QR t O

distillation istillatton 20 tenperature rangi ng

frome®@sgo 200 C and a pressure for the distillation

fr 10 0] )
pual) t& %%33%%%%u%?3§%é|§§?b$% %%cjﬂ% Jﬁﬂg 1&?
reQMMamengmm @521 yBtoerescantndbwyly oluteedndsd into a
wherein.the cata@g&

reaction zbhe ‘w%;ch a product stream containing
alkylene carbonate and used phosphonium catalyst is
withdrawn, ‘

{b) alkylene carbonate and a stream cohtaining used
phosphonium catalyst are separated from the product
stxeam,

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

{(d) at least a part of the stream containing used _
phosphonium caéalyst is subjected to purification, to
obtain purified phosphonium catalyst, wherein the part of
the stream containing used phosphonium catalyst that is 1
purified, is subjected to distillation at a distillation
temperature ranging frem 50 to 200 °C and a pressure for
the distillation from 0.1 to 0.000%1 bar (10 to 0.01 kPa},
and. ]

{e) purified phosphonium catalyst is recycled to the
reaction zone. ' |

2. Process according to claim 1, wherein the catalyst is

- a phosphonium halidé of formula R4PHal,lin 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



a phosphoni um halide of fornula ReHal, in which Hal
means hal i de and each R can be the sanme or different
and can be selected froman al kyl, al kenyl, cyclic

al i phatic or an aromatic group - 15 - 3. Process
according to claim?2, wherein the catalyst is tetra

, (n-butyl) phosphoni um brotbde. 4. Process according
to any one of claims 1 to 3, wherein the distillation
tenperature ranges from 100 to 180 C. 5. Process

acqor diphg el «2R%ceRA1aL EbabMBid 30 wherdipd ettllibté@talyst is

purified phosphoniumcatal yst is recycl ed to the
r ed@tizen oty It E’é‘oﬁpé@é‘ﬁb‘@ bromid®t vent. 6. Process

rdi a a [ 1
o, R akctaninty ELAUER dnk B et S by o

pr eﬂmmulry mmmﬁmdlglm tomperature cemRgemt BX oM ngf0 to
%f Q%sphonl um catal yst is subjected to .

pur| I cat’ion. 7. Process according'to any one of

cl & .8 Proicess, awhem@dngamathay pa¢t06f61¢mmstlehmw4

cont.ai_ni se ni a s yegle
P SRS SRR RS 0 b febicroa oo
(ﬂﬁhanréhduidﬁ zdm&ramntaewpxbaencefoﬂswdsghwephonlun1

cat al y urified honi um cat al | co d.

o1 167 ook RS e PR 0. PEY, P3¢ (R THRERT oh SRk

9. WHass menonditeg sioo saity aaeeof)referam;t £ool,2 to
wher ein the al kyl ene c% rbonat e recov roduct

OB Bty 1o B PR ORI, GFOR b1 EnvEs: EVE robLERg ptidam

catintsli iy e RO AR akhkanpsei Db suBjécted to
di al ky| ca:}%{)nate and the al kane g?ol and the di al kyl

car®¥iidtiCatii®Y-ecovered fromthe resulting reaction

M X} Ur §rockls Far&%%%ngcw ahpgoﬁe &f 3b1a Pms VD EES &,
the al kane diol is use solvent in the presence

" of wWhengip@igthay m;srprﬁmt@m ssrappseontaining| weed o
t NG SRR Wkalyst is recycled to the reaction zone.

8. Process according to any one of claims 1 to 7,
wherein a mixture of used phosphonium catalyst, purified
phosphonium .catalyst, alcohol and.aikylene carbonate is

recycled to the reaction-.zone. _

9. Process according to rany one ﬂc;f claims 1 to 8, wherein the alkylene
carbonate recovered as product is reacted with an atkanol over a
transesterification catalyst thereby preparing an alkane diol and a dialkyl
carbonate, and the alkane diol and the dialkyl carbonate are recovered from the
resulting reaction mixture. ‘

10. Process according to claim 9, ‘whe...rein the alkane diol

ig used as the solvent in the presence of which purified

phosphonium catalyst is recycled to the reaction zone,



