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WD 2007/ 096341PCT/ EP2007/ 051583 - 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 pr nt

i WO %8434} el ates to a process for the pr oducf)&ffﬁl’@fn’"sm3
al kyl ene carbonate and the use bf~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 kyIﬁg? a }ESP%&] 00333

di scl osecszcsgSr r%;a(@){ctggé %SD e cé)}re%‘?Kgfqg%dg 'S ATE AND USE
cont act alKWLENE arARBANATENEHUR I HRODUCEINE N0 ITeige MANUBACRBURE OF

et raal kyl pnéSpRHET o+ PRPLREFeRh PR dTe,

10di scl oses that the catalyst is very stable if the

catal yst_is recycled to the al kyl ene carbonate

pr epar at16n ﬁrﬁ%ﬁtaﬁ%ﬁ%’ffc"? nreé‘e?r EciPaf PROPTEhYiBnd e

gl ycelroBilc?ipf opand kilehnk. chpbd e 2005/t021938 bf aBkylene
di scl osed that the deconpaosition of such a phosphoni um
15caCAFRRRRTS Tt EREIFeEnans ER (T TPt RAREL 8 T heane

the presease #fdamIAyocaadBBHAte0f carbonyl conpounds,
in particul ar al dehydes. Both docunents_show the

ef f ect | VEIREESSEF £RE pRORRBEGIRLRE cALEXHRRG EfiRenates

Al t hagghxhBen Presence 0ol 00321 8r @psderdlisPla @sos8k¥ et which
20r educes the deconposition of the phosphoni um

e a . R . .
cat apEPoni ¢itaide He Gics4acantatie™ It A EBRPBLAESI & the
prongrtbQeh8actf o MitdapiBecatkylene M d@talkss disclosed
beconmes the nore apparent in case of a continuous, . ‘
pr océssai rewrrahkthehearaprysni GoMRAYRG ed il FRECIEICAatLon
reacli9kcyhsL e e aldeyl-arel¢scar bonate desipact yal tie

formed. Further, in a contihuous process the reaction
pr odgéta¢pat al fi rREvdlied Epetharpbhgtane razbprgpane

di ol Q@gafﬁ%tysjtn I}%S 12881 5Ubj; e[%ﬁv\%&ﬁa@ WA K Py lene

treatmenht. Such work-up treaf ment o
2007 ¥096321PCT2 BRZOGTE051583 - - IR WO-fe 208/ 091 PR8I ikleks

one Qqf istid lLati - r h
e R R A S v s N L iy
1, 2- propapet di®lrédudegnerf thanredetiaf igr oppdented in the
carb , 22 P ' LS. ke r ;
prop Pg%}gn%%r%%n%?@%gﬁr gﬁgh?keo\f/\o#%%ﬁogi%f %tghégggg?:f i on

pr odwettidhbzefardshytdes .sBabhl ds¢urgergfs etowothehe 1, 2-

e R

det eri orfttebuich the peeyaiee aff tlhé-pabphystdiagl tdwe solvent
reduces the decomposition of the phosphonium catalyst, it
has the disadvantage that the compound is prone to
reaction with the alkylene oxide. This becomes the more
apparent in case of a continuous process in which the
catalyst is recycled to the reactor where the alkylene
carbonate is actually formed. Further, in a continuous
process the reaction product containing alkylene

carbonate, 1,2-propane diocl and catalyst has to be

subjected to a work-up treatment. Such work-up treatment
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10process is conducted in the presence of the al kyl ene
carbonate. Accordingly, the present invention provides
a process for the production of an al kyl ene carbonat e
by the reaction of an al kyl ene oxide with car
d%’B)?P‘H@g‘Pﬂlthe 15presence of a fhosphoni um Coﬁ%%zg(;'féogsss
catal yst in which process (a) the al kyl ene oxi de,
carbon di oxi de and the phosphoni um catal yst are
cont igeueuslyyi imelodiecednenpo moreatiston lagaenf poeps to

whi ch _a_produ t C i Hyl.eng;garbopat e

and ggpg?@@? ?ée\?ﬁ‘{ﬁ?écv\%?gﬁ(%g% y eneséaréonate and

a m xbuiéngfpalkyleing ,Capibopare dinl pglrodpkeni than that of
catal yst are separated from ream ang, th
and Spylefie ((%%%qhagaeél y?e%gg%%eg%gleﬁgsepar Ated in o
st ep plebpylése 250 dmmeeceduasngr tideicigriang ofdyheheeaction

m xture of alkyle car bonat e¢_angd. pho [ ySts_
is cé’ﬁPFHﬁBuSﬁeﬁe&gV&'egg{eosF%%lflealc%qs%%%zggggb BaLRL T“E’e2

pr esebpphecessl alilmpearkodgr isg e tWwrerkeapal yst t hat

is continuqusly recycled to . the reacti g one. Jt .i .
30evi dent® 8}?5'( %Pﬁegé?gc QG etg’&‘é:r §%§ F?g?rlze%%%usséablﬁty s
advarbagaeo¥eiofdeedatichhpr peegsbes desdre badalpst hen the
prior art docunents. Because the al kyl en rbonat

f or MBXPERSFs1 S ?%‘{Fg’r‘:ﬁeﬁ &0 SRG PR THC EI %r%ﬁo?TE%veene
been -gk¥bAdset 0 WO 2007/ 096341PCT/ EP2007/ 051583 - 3 -
recycl e the al kyl ene carbonate to the reaction, zo

since t MFAEYNEdYar EPS pF ST W MAFE LERPRE BH S A process

of re@uCing phedvdEldh off thealrgismsl @ldbnane by the
carbonat e product. Another adyantage of ;}P}e Br,esegt . N
i nveFeR6h1SP et s aiknlgRe Sxhde YHE LiFACht foRxide 1n the

bet weeseatal ¥6ta aib vl enecomphandtas deealpet Deeshich
to be conplete a relatively inexpensive separation
met h&&°FE§Sbe enpl oyed. It has been found that the

combi mat i oAl of 118} 10He 0% 188 bonAlsn and:aldey hagecnxi de
may have a deteriorating 10 effect on the catal yst if

the chrabhsnivm exipdsisd PoP GOPFONMEY porragursdHeto @
CO”bQQQEEQB oéoﬁﬁeéﬁmp%%H%Hngspraﬁﬁﬁﬁﬁéﬁf%am!th%aining
preferre that the mxture of al kyl ene carbonate and
phosphénilane carsbasttedgas gatatvdt alsh WohereWan 1 %

the (50 Tk S e s BT Sang 2 ryoeRd on
carbonate and phosphonium catalyst are separated from the
product stream and, and
(c) the alkylene carbonate, separated in step (b}, is
recovered as product, and
(d) the mixture of alkylene carbonate and phesphonium
catalyst is continuously recycled to the reaction zone.

The present process allows a long use of the catalyst

that is continuously recycled to the reaction zone. It is
evident that the process renders a tremendous advantage
over the batch processes described in the prior art

documents. Because the alkylene carbonate formation is a

reversible reaction it would not have been obvious to
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phosphoni um cat al yst. Mst preferably, the mxture is
substantially free of al kyl ene oxide. The catalyst is
a phosphoni um conpound. Such catal ysts are known,

e.q., fromUS-A 5,153,333, 20US-A 2,994, 705, -
4","&3’%’@%‘,‘1 WO A 99/ 57108, EP-A 776, 890 and \A&%’ﬁ’”"”"“m
2005/ 003113. Preferably, the tatatyst is a phosphoni um

hal i de of fornmula ReHal, in which Hal neans halide and

R camebgcléetisand kyledief Eereotatad cdircheesekéctetone since

froman alk al kenyl , cyclic 25 ali t F.an

ar ond chg?%t%df aﬁwel%rnoﬂ’ X%dsﬁ?‘f%b‘?xfe%g%tda%ng&??o?ﬁf1

to lz2edatbhod @Honpiel@ood tbsulésiard ddiitydenedcarbdtndie
being a ,Cl 8 al kyl graup.. Most preferred are,qr s R

ot ngrBaIgET AP TVish AEVRPF S8, 71 e Fpegspt LV 8HPRo

| Soprrepylies nibuihdt, sisebutit, separdtimut Yetgronpsatalyst and
30Preferably, the halide ion js bromde. It a ar ed

hat SREL BRGS0 aS APE PET Kt 551 SOPRARCY I

cor r espapdi &gy Citledideae ianpepatst 2ord mEmedshapl e tdrggloyed.
the correspondi ng iodid onpaunds. The nppst eferred

VO 2007/ doB3F1 BESP PR OB Ee. Cﬂm‘-f’lBﬁBJs%‘ho‘ﬁﬁ'rlﬂ%iyle“e
cat ak¥sbohstd eidd {inyhuhyl dx phosphpmaus br astdeiorating

The al kyl ene oxide that is converted in the Eresen £
proc8SEerE Qi thIGptalEstall) 1 rfadisSde 15i REPOsed for a

part bedh 8hgSet e iee toXitde 851yl N f0XheeeOfompounds .
m xt ures t%ereof. The ampunt of phosphoni um

cat alFysEehaye corverf eferyrped ekt esdisy i tHEFeoT alkylene

cat akb¥sboRgte RUE pHlepheneuaXt a1 e doRsanb@Webntain more
amount of by-products, t he subject process is suitabl yt

carr tBanobt $¥h alHelsnesenéeeof PER TSRy B60m08D10 ndl &
of thesRhosPhO YBeat %%I%EPSE 4Dl @ Ak ¥aeRen oKL dend

Preferably, the anmount of phosphonium catal yst present
i s sebhsphariu gatedestsr Yash. PoDieRaply. 1 the| Bixture 1is

phos | r Wyd rom0.001 to
0. os?ngﬁsgﬁog‘f%&ﬁs‘tﬁ ag?yg% ?g?ﬁn&g‘% 3%13%%% 0.03 ol e

phosphorfihemceSedvatyss perhaaphenguspypepeurski ddichThe
react. 0 Loxi de W t Ky gde is
FevorsPR L5t A ket £2o" | B d Y. 288 Sa e
f or nE8-Aag, EHAWEIT, BEcR Bntd4chl oM QtiZoXi%dé7ah8, t he

al kyl.en ' T |_ar [ t r.ogn n
200 S5 Be Lh X e BB 20851 Qo P S R By, e
nor ecatalyst is a phosphonium halide of formula R4PHal, in

which Hal means halide and R can be the same or different
and can be selected from an alkyl, 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 Cj-g alkyl group. Most preferred

are groups R being selected from methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbutyl, and t-butyl groups.
Preferably, the halide ion is bromide. It appeared that
the bromide compounds are more stable than the
corresponding chloride compounds and more stable than the

corresponding iodide compounds. The most preferred
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suitably fromO0.75:1. In view of the reversibility of
the reaction it is preferred to ensure an excess of
carbon di oxi de, such as 1.1:1 to 10:1, nore preferably
mil 5.1 to 51 nost preferably from1.5: :
WQ@&‘U{“{’Q& e neans to establish an excess of %%TJWWSISM
di oxide is to conduct the reattton at an el evated
carbon di oxi de pressure and keeping the pressure
conspantpbyn tos i gegadystion s dt ekrale(n-khe ytlot ghoppessivme
ranggs syylably from5 to 200 bar; the partial carbon
di oxi'de partial pressure 30is preferably in the range
from5 tThe/@lkydesepoefds abiar fllsormﬁventécﬂ) iranthempsesent
preferablggfro reaction

PenpEFatTre Tart ettt ba t AINVASHE QR iy eth particular
Sui takah%l&h@ dEIReIAL Ec% sesel SeRd Ji am30rte ¥ eor.
2007/ 096341PCT1EP2007 83 -5- 300 C. The advantage

of rel atﬁhﬁelay\OHrlghOfewp@‘rF&tqmém sathtyshoreasenvgniently

r eaCBbogxf)Pé@sed_qﬂele%ﬁ.e b&tébﬁs{ Gt Infd ot SW?I@&M&1&

too high,” side reactions, 1i. t he degradati on of
al kyPefetead bontre amQuUEAr bénbmmctl@t@ndthe subject process

Spr 0%0?@19?&%’(\?%&1%1%885899 *bge‘é%%é' bedy Eeféééton
of al kylene o e wth any al kane ‘dio prese
may 60@@1@1 ey effortde phesp}efprpasn@tqmrt@llygtsgetaml,e ‘alkylene

sel eglede{ 1o A00,419 220: Cndlie S LhedoRghson M1 s

abl e to adapt Oreaction condi
appr ppesane. isThmaheshdénce tameeofincme OalRYLebe Oxli dele

and in agl z can
sel eEFSdgﬁéé)Jhou?éa%)r%&ggtburP%eﬁ Igl%he Ijragjg dgggg ?i ?r(glecta?n 0.0
usuabkhy hestvgriederbeliweénod nd0Ane 24 0Bouprse phosphonium
pref ?gi begﬂpgpléo n1nu%es andc}o hours. Conversi on

of 155 y¥ &0xi S éﬁf 1""east 95% nore

pr ef er aldhe ateabeasm @B%ar@@meﬂdenidenwithe trenpakgiane

and pre surethe re etlmsma apt ed. The

R CER Lt it A Rt ARy N e var

rangeSrb&tﬁﬁeabﬂo&rr@dnmeytcaw@ns bavs udeof b@fﬂbdn thLcBﬁde and
ase nthe2tot ction mx%}ure

resuFF “olta ﬁed trP1° T dCEs eE‘Sﬁ%%n‘f?’%ﬁ”on

of 2d1@x18dé/~and Raxedeasn bdhbdd aifl Wecast ion mxmwera, more
Although t he f{)r esence of al kyl ene carbonate alrea

dy
ensuPB5t3ipaE SrdBitr tin ofieheicaps §§¥9F§lblllty of the

Mai Nteddtetbn 25 tisl profet £&d eth thUreViadeekOEs@Nof carbon
al cohol in the mxture of al kyl ene carbonate and

phosPhofhidfin SRR ¢8t 1-Thbret o e Mgy <aBie el e diom

to thesm xidirs 10ekese pasFOMOl Gront 05t Decs eactl an
zone. Alternatlvely, one may add the al cohol directly

i nt oStk ®maads (eneskrblish an excess of carbon dicxide

is to conduct the reaction at an elevated carbon dioxide
pressure and keeping the pressure constant by dosing
carbon dioxide. The total pressure ranges suitably from 5
to 200 bar; the partial carbon dioxide partial pressure
is preferably in the range from 5 tc 70, more preferably
from 7 to 50, and most preferably from 10 to 20 bar.

The reaction temperature can be selected from a wide

range. Suitably the temperature is selected from 3C to
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30any ot her suitable place such that the m xture of
al kyl ene carbonate and phosphoni um cat al yst al so
contai ns the al cohol. The al cohol strengthens the

ilisi.ng effect on the phosphoni um catalys
f‘ggg{“‘u’}c@“ 2007/ 096341PCT/ EP2007/ 051583 - }’C%“W%Slss-"

tenperatures. If an alcohol S %rbsent t he p033|b|I|ty

arises that the alcohol reacts with the al kyl ene oxi de
to f 8P &af koXyalasbioitagehaf relamiotdder highsoamperkieep: is

th I I

oo TSR SRS ULRER! LY E il 238, "eddson
sel etewdetaturerisageoct hégbt abide t:;eac;cftltolms phoapht)hm: um
Catahgg% %@E*ﬁhﬁpg&&HE?Xebgafgbnaé% % carkvpha%éxléé and

mul trv e al'co ise an a
Cl_l@ropammalsdﬁmtdet @Iredcbyormearm tHmonelebydedxydaction of

grou omat i alc ol.s or.alk mat.i_.c_al cohol s

Ty B SR AR PR R BlS 5 BrERR hev

at onscc®ol yﬂié«ydfmm gltyieot smperdtheramdnoaukybbey hesBected

t her eof | s e.used. M xtures may al so be used.
EPamI TPt 22t o

Pr ef er 0l s used are selected fromthe
15gr oup ensikitiag pér€En riminbeabkdaots, adzbtb calhkane

diols, C3, 6 al kane .polyols, includin cer
phendf2cePTs G Itlgﬂﬁg?Ft?W g %%%Briﬁldence time of

cycl enti phiafienealosakbel Sndndhén d@ﬁﬁ(ﬂ‘}s dtlbglia@f in V¢ reaction
sui tabl e are C2-6 _al kane g % in Eartlcul ar
cﬂqﬂue

1, 2- BPRANARIRS | Se2EES%pF b YrBet ol Tamgresidence

m xt Ui s éahenm{an}haeussrpéd darRrols REAPane 24 q{ours,
has the_advantage that the reaction mxture is no

cont BRF hat R4 Xk veeRahl e i eigtioland $8r BPuss - |%°nver510n of

pr ova di PlefX GHildant sskabi iy 410 1lh@tPBesphapieiBreferably
catalyst. It may be advantageous to use a

25cofbi HATorP & Pepondenane® ol tEPRAE2H1ER MY Pressure

sor bi ol resmen\éyéer&lﬁ\e ﬁbf%@'adaﬁpt‘é%ledTh@ theapydsent
process the skilled artisan will wusually use a nolar

exceSNeIHp@dPnt ayhal apoiaKy d?etp'ﬁé?@pl'féﬁ? ubR eIl atitable

HoWeN &k et 1ef18 dnS @nEELAR1 Frdd M teo GBNGLA! | ¥asddi®in the
al cohol has to be 30separated fromthe reaction

m xt bPesl | FPasaionc Bl aFure orfadte relsktiteneagapdoritained with
pr Odgcéatﬁ%ste%%ﬁengrg@m% C?ﬁ%oe)écgaﬁ v,

%%Fd on the
therefore suitab e optimsed to balantce
beneté¢tal e@ﬂ@l@@abﬂktt%& nprovenent with the costs

Although the presence of alkylene carbonate already
ensures that the stability of the catalyst is maintained,
it is preferred to provide for an alcohol in the mixture
of alkylene carbonate and phosphonium catalyst. Thereto
one may add the alcohol to the mixture before
introduction intoc the reaction zone. Alternatively, one
may add the alcohol directly into the reaction zone or in
any other suitable place such that the mixture of
alkylene carbonate and phosphonium catalyst also contains
the alcohol. The alcohol strengthens the stabilising

effect on the phosphonium catalyst at the reaction
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WD 2007/ 096341PCT/ EP2007/ 051583 -7 of separati on.
Suitably, the anmount of al cohol ranges from1 to 100,
preferably from2 to 60, nore preferably from3 to 15

f .al cohol per nol e phosphoni um catalys ?éﬁ?
Sﬁé%&gﬁ?ﬁ’?‘ e anounts of al kyl ene carbonate an%ma co’?) 1583
the skilled artisan can vary The rtatio in broad

ranges. Very good results have been obtai ned enpl oyi ng
a wetghperatueof I eyl eheobat bbhaireseptatbehppsoibility

fron18 gé?‘ﬁ%&% e %ﬁcoﬁ8ﬂ]9e%cﬁ§)ﬁit ?@ QﬁﬁQ?éﬁ@l&klde to

n view of the chance
undesiredalkeactd lawhodt. wEbatt he a;ld@heenere@ﬁpdetanﬁe%m the

al coh h [ t -of aleggh [
ui t ABrgt ke SRRl FORRCIPE IR <% 2 FR 0% gnoe
1 toof519®vtto bedCon t he wei ght of al kyI ene oxi de,

car bon djoxi de, al kyl ene 150 rr-bonat.e,_an ohol, .i_.n

the r eag{aina'n aggﬁgf)lf%r L5015 l:%t%ggén%ﬁn?n%ecaa%cgﬁlgl
rangesabibmp 4¢H tlﬁzo/&phosphonimmleamm afeeuslecdhohenay be
content of.the phosphoni um cat st t ' t

bo Bfherettrs RIRRe0R o Bk BhE dite st fe kb fy ey
the ybrpdiod allamlmatzacaﬁbp@aﬂmm aoibetitstbdghy one or

whereas the costs for recycle are kept to a m ni num
Ther Bp5¢ eh Y@ s Emsiyeurst éh@@@%lac}rﬁoélé’tlﬁl g5t aikytapematic

m xt a&@oﬂél@W@q%ugbcagéhy%u%@ k¥h8RE EafHONAt& rbon

ranges preferably from1l , based on the total
m xt gEems poP @l yildfvdeals! ylzsﬁ@mus the TRrORL kv aekery

has @ﬁgpe{; tﬂ% e, Skab! k¥ .ls b 6aL! ¥etudsy.
reduce en the al kyl'ene to catalyst wei ght
rati o i S]?ﬂsaé]eafwblyt hehammigrnhadfs plsedphoai sedeehiad fgom she

e LT S ol L Kt

COﬁp?ISG onium Cca yst I"ene onate

and, q@pt kP |é’,alada(h‘éhgblyols,Th&:laidﬁ.ﬂgeﬁﬁye@fbbnqﬂeenol
that i's produced in the present process can suitably

be uSedsfatkyhesyhrssduetiednpbénal karfks -dizokyahdaliphatic
di al kél car bonat e. Accordi ngl

, th W
2007F 98%211?3@*}5’5@?@‘(‘}7‘/1‘8915%%%/30% evepﬁ'ye§é‘ﬁttapﬂﬁe?ﬁ? dre-6
al SOaekgnggml%gggsga&mcw& Pr enasghi@ng9h; al kane

di ol até conprising reacting an
al kahok-andeatk\dierle carbonhat eamyerixgures thereof. The use

transesteglflcation, %%tea'cﬂég %QSV{H C@d‘xﬁaﬁtﬁbéykﬁ € the

Scar Bonat & 1?Jé)enppr epared by t process

presertction mlxture is not contamlnated with strange
alcohols. Sorbitol is providing excellent stability to
the phosphonium catalyst. It may be advantageous to use a
combination of 1,2-ethane or propane diol and sorbitol.

When an alcohol is used in the present process the

skilled artisan will usually use a molar excess compared
to the amount of phosphonium catalyst. However, there is
a certain limit. Generally, the alcohol has to be
separated from the reaction mixture, in particular from
the alkylene carbonate product. For economic reasons the

excess will therefore suitably be optimised to balance

the benefits as to stability improvement with the costs
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i nvention, and recovering the al kane diol and the

di al kyl carbonate fromthe resulting reaction m xture.
The al kanol is suitably a Cl1_4 al cohol. Preferably the

al kanol is nethanol, ethanol or isopropanol.

1‘88?‘@'[7’8?6?% al kanol s are net hanol and et hanolI.T‘J‘nl%lq&?’?{)é_:’l583
transesterification reaction in’itself is known. In

this context reference is made to US-A 4,691, 041,

di scbéstaga e processiteblyhetmmfcanttucd ef cehby/| varoes

gl ycal _and dj yl [ e t

Prandesfer 1 T urSERREBRY crfn ' % 58 ePsBERERE TRty
cat afysh 3yist elf niolepapti elitairo hrpdmmodec phngehorsim
with tﬁrii ary am ne, quaternary anmoni um sul phonic

aci d°8h8 ¥ boxylic acid functional groups, alkali and

al kal i nessearnt hhei kétat s iapregsabEdail hyberse |deodoaade and

S D3P 895 UE G0 14 RoRE T RORas BT Ore e ThF opart iy o2d
di al kghgear bonat epoaversal tangevefbeat abystaed employing a
ot aPHGAr o5 b U A ESRBF ST RS ONA (L CBhBbURtS 12O
ni t r egepa gt didY Mgobases soch, asoRbipgredkkyblantnes, 0.5 to
phosphi nes, , sti bi nes, arsenipes, sul phur ,or sel enjum
conpéund® K 135 The f’gﬁpfi?n ber At amdemtEH §eaction
AccobdtRget Or MDA k3002L002148 4Me drealidoBbli $n the reaction
conduct edﬂ?ver h&erggg&gggg}rcﬂ al jétéag)&ﬂe#ggﬁalﬁgn% na.
Thi s 28PBcH?F ] Prro@i n a he
Egphesmaemm qai»all)é%tglf,r et hes rﬁa;ﬁrth ilgmop%edyﬁt 5.based on
Cat aEPRLVE LR (R ARKTACPRCOR] RBnE R CRBRGUEY | 3Lkylene
R BT VR b Ly it L S
separate e - -
al goﬁb?, apgun exferl cohplaRaReRt | BB Pade. 1AZESr ding to
the presgnt; o RueRLE QR4 & GRROLohEeRE €S £T@RI Yohosphonium
separated fromthe product stream containing alkylene
car beahebyshdiipidspRé#tuReche apy stecadechiis wayatheely
amugy ,of & cligd Fan Perkapkytond
m ni % H'N@ége%\?@ﬁl%tan)?gﬁa?ﬁ%g conplglun t hat m%y be
f or medrdomé ey Rivsluctadsi bhghswigrgrodiet cPStheRdyetECycle
any EEBokabEnS o ATIRRAT EnBLOr, TR RROORL O found
t hat phbsphen hat iche 2B yspr od utke i 1 ¥teuyec lodd PROSPh eiium
reaction, zone_t ther w a
M A B o
ehavpot _ 31 e to (gipes preferably
CneREbhCs LEH S EeBHECED Bl WRPIRARE! tnae he
whi chtabkyl enefoxinde casaflgdt via meduasel 21ighel gl Rydrenzhe
oxi de.is,conmbi ned wi.th a m xture of phosphani
cat aFY ETLSRE 0 (R PANTE, FEpRRE R Urh bF e T amount
l'i neod anésplogeidieicatthe yseats andst aire fleasbeg £ndo 1heto
reac%b°§w%§”¥%g"tégyi mixture comprises phosphonium catalyst,
alkylene carbonate and, optionally, alcohol.
The alkylene carbonate that is produced in the
present process can suitably be used for the production

of alkane diol and dialkylcarbonate. Accordingly, the
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20m xture in line 4 also contains an al cohol, e.qg.
1, 2-propane diol, and al kyl ene carbonate, e.g.

propenyl carbonate. Via a line 3 carbon dioxide is
al so assed into the reaction zone 1. The reaciion

2BRSYORM conpri se onl'y one reactor. It is af SHEr2007/051583
feasible to carry 25 out the'r%attion in two or nore

reactors. In such cases it may be advant ageous to
provicdesktor tirecropidmell sanpuotvidés exgessesar hon the

dioxide in the re ct b re n r..addj on
dioxFﬁ§p8§?§é%n Thé r§5§t§%g n%%e(%'ggpargagg08§£g
suitabh@rﬁsmd@ctéﬁtuﬂm@eBnpbmgaﬁbbmamdnammmlens chrbmxate
30even nnregFre erred k m X e E

ave .
a Coft'FhuBubFy &t 15" l?&ﬁ&"ﬁe%%‘i Ys(tcéf‘R) lFo| Bfe ckylene
by aalrbgnbtevhieasicor prSpabea Jcpn&hmqmo@resssol&nom present

from.e. US- A 4, 314,945, Fro reactj.,on zo

L Ry EHERE Lo T oD BE0T OB AT HEA LOIg0 A gR B dialkyl
1|0 - ﬁtalegehbgé f\thdnh tﬂiéo?:léléﬁmtﬁﬂgCﬁéa&iMSdn aietttbe. The

al cohql is_djschar romthe t gm

The @&ﬁ?@ﬂ%sl%fsqﬁqégi¥ s éaés%ﬁc Qﬁiﬁ §?r§bggr5??on
ZoneanBHoYhi%rhééﬁ%dﬁlcogghahéhsé¥ﬂ¥§3§?$ %h@ll'@ﬁe m@gt

the top or 5alternativél e upper part and from
whi c@rtelﬁernedtwlearm‘lsalala:ycl patheae ot etiadol .

phOSphoﬂhﬁ?Q9%%§g¥§ riﬁﬁéﬁﬁﬁ) ¥ed.o E@l%hnfn 8i Blel8 s known.

bott om or 1 ower I"ow bor I 1 ng
by- prIcnduths acmiliem‘t n:@@t'lectaabeexssszsi&:amb@ﬁ -&i dxbae, irbl,

be r%nov§os Q&t %ﬂ%ﬁyss f I§h$Q§e Y Q¢54%t }Oggh§lene
si tuati on nay ar ifse th 0 as a lower
b0|lgmgcpm|mmdtdmmeuﬂy§ ahkybeaEechytnhﬁﬂnganasstsrtfmpatlon

case the al co used is 1. 2- r gRane d| t he
aIkyFSﬁgg%%?Hgﬁgig %fggroge ?op@fﬁﬁé carbSn ?Em'va%n a
hi ghpheth cadaal axohiain e&cuaedelresxnﬁwﬂtn|temtmath @mine,
| ow 15boi|igg al coho sor i n conmbj nat

n ,
¢ npansrhe if il SpdondRiolddly A FIRLOR £E acia
corrprfbﬁetm@ahlgfbm | angadk c@ﬂn@lalnéhameoebyta 5111cates

b0|I|n? %cohol used, ébltol lit
Tho AR ane e A S T PR rane rertiqia sXehAnaRg &0 ites
Sepauet-Aoa Z99£1 13 nedysenl y, 231 bﬂ:zZQmsedofser ar es®yhluous

of ght by Products and/or excess carbon d|0X|de
The é’FPFﬁ%ﬁt ¢ REeparangsdpaliel garhemateenayer a range of

sepacath0psZoHnei rdk 1l ahxal kyhene cyrenats, i sn
separated, discharged at the top via a line 10, and

251 eBBVEI Bl A8 Pr cf“Et?ﬁehb%W’&rﬁeﬁ GFuatcgpoipkes.

sepa&ﬁsn@ﬂuﬂ%p%lﬁ@@pr h$eSogekYd AN iGANBORALEEs such as
phosphoni um cat al yst and, optional |y, high-boiling

al cohdkal il sabigiasonbbesahEnes s %‘?Wgeér’\iﬁél’f‘?ﬁe sulphur

11. Bossbly: uiakRiiRnakCcoha! IRy b& Addedoy 818cbhNign

12 into 30litne 11 or into ang other suitable place in

the pRbtessAccording to WO-A 2005/003113 the reaction is
conducted over heterogeneous catalysts, e.g. alumina.
This specification provides in the separation of the
phosphonium catalyst from the reaction products. Hereto,
it is proposed to remove the phosphonium catalyst
together with the alkane diocl. However, according to the

present invention it is preferred to separate the



10

15

20

25

30

At | east part of the alcohol that was separated in the
separation zone 6 and wwthdrawn via line 7 is added to
the m xture of al kyl ene carbonate and phosphoni um WO
2007/ 096341PCT/ EP2007/ 051583 - 11 - catal yst.

r¥QaPYIOg* i xture is fed through Iine 11, Add?‘f'{”&‘,’%g?"/%l%?'

make-up catalyst, if any, may-b2 Tonbined with the
m xture in line 11 and recycled via lines 4 and 2 to
t he aeaohbbn ﬂ)rrerelsenﬁEXAts/PmESeansEage AccopdEimpwio

t hat resence of  .al ky arb ate rral nt.

cat ol b8 PEESRRT ryens ey EiF oo S RIREELRRLY ddlfaratea
phosghoni um b osd e @atrahmsto:ﬁﬂ'aBHB)ng raal’l(kmlleaaecarbonate and
10car bon (PQ), pt'on ]y, 1,2-propane, di

(1 SRR C R b a1 2hr AR B0 i S5 RRRR s o R ool
TRe (’s‘_ﬁt Btysécptlddeast aet kepnt &b Nethih i@GmYWotedbelt ylany
phosphi ne oxi de The a nt TBPOl the

Pt aPgbide o TrmiLCrrs BFY(RE MOS0 PhepEEpction s
was $§dﬁf6@@&ﬂeﬂs&kh@&e&th@MTShQWéﬂﬁﬁl@nHNBaerﬁate product
results are shown in Table 1. Table 1 Experinent

TBPBanﬁ p@p@ﬁﬁ_gggg%i ?Bﬁcﬁg@feqpqﬁf_process step. F£¥Eher it

has been found that if the halide by-product is recycled
to the reaction zone together with the alcohol and the
phosphonium catalyst they add to the catalytic behaviour
of the system.

The Figure gives a schematic view of the process of
the present invention.

The Figure shows a reaction zone 1 into which
alkylene oxide is fed via a line 2. The alkylene oxide is
combined with a mixture of phosphonium catalyst, e.d.
tetrabutyl phosphonium bromide, via line 4 and together
the reactants are passed into the reaction zone 1. The
mixture in line 4 alsc contains an alcchol, e.g.

1, 2-propane diol, and alkylene carbonate, e.g. propenyl
carbonate. Via a line 3 carbon dioxide is also passed
into the reaction zone 1. The reaction zone 1 may
comprise only one reactor. It is alsc feasible to carry
out the reaction in two or more reactors. In such cases
it may be advantageous to provide for the optimal amount
of excess carbon dioxide in the reactors by removing or
adding carbon dioxide between the reactors. The reactors
are suitably conducted under plug flow conditions. It is
even more preferred to have a back-mix reactor, e.g. a
Continuously Stirred Tank Reactor (CSTR), followed by a
plug-flow reactor. Such a combination is known from e.g.

US-A 4,314,945, From the reaction zone alkylene carbonate
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EXAMPLE 2 In a series of experinents the effect

of liquid on the stability of a phosphoni um cat al yst

was shown. 20A m xture of 150 g of propyl ene carbonate
a8 285083¢kt r abut yI phosphoni um broni de” was uBEHEFZ§07/051583
mmc a reflux streamfromt e lfeacti on zone in which
propyl ene oxide is reacted with carbon di oxide.

Al cohobe¢Beg)wings ctdedohduhheata ktatr engndthehelcohol is

UL 0 PO U TPy 02 £ 208 KRBl o
line 5 is passed to a first separation zone 6 in which
the alcohol is separated via line 7 at the top or
alternatively at the upper part, and from which the
mixture of alkylene carbonate and phosphonium catalyst is
removed via line 8 at the bottom or lower part. From line
7 low-boiling by-products and/or residual excess carbon
dioxide may be removed (not shcwn). It is observed that
this situation may arise when the alcohol has a lower
boiling point than the alkylene carbonate, as is the case
when the alcohol used is 1,2-propane diol and the
alkylene carbonate used is propylene carbonate. When a
high-boiling alccheol is used in combination with a low-
beiling alcohol, e.g. sorbitol in combination with 1,2-
propane diol, the effluent in line 8 will comprise the
high-beiling alcohol., When only a high-boiling alcohol is
used, e.g. only sorbitol in the manufacture of propylene
or ethylene carbonate, separation zone 6 needs only to be
used for removal of light by-products and/or excess
carbon dioxide.

The effluent in line B is passed to a further
separation zone 9 in which alkylene carbonate is
separated, discharged at the top via a line 10, and
recovered as product. The bottom product of the
separation zone 9 comprises alkylene carbonate,
phosphonium catalyst and, optionally, high-boiling
alcohol., This bottom product is discharged via line 11.
Possibly, make-up alcohol may be added via a line 12 into
line 11 or into any other suitable place in the process.
At least part of the alcchol that was separated in the
separaticon zone 6 and withdrawn via line 7 is added to

the mixture of alkylene carbonate and phosphonium
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during a period as indicated in Table 2 bel ow. The
degradati on of the phosphoni um catal yst was determ ned
Qg 31P NMR. Al so the degradation of the propy]
AP BYRA34as det erni ned by neasuring the 5pr%§
i ncrease at the end of the perildd- The pressure
i ncrease i s caused by the deconposition of propyl ene

car boaatkys 0. ditdehpgdelandgcaibonraiioxifede. tiheuglesiine 11.

ded ] h bl e. | e, : A .
i e Sp &t ek, APP Rt Retr Hadr o ™ HoPBs FPRGLTE vitn

i ncr easenidakred in 1i2e 11 and recycled via lines 4 and 2 to

7151583

the reaction zone 1.
EXAMPLES
EXAMPLE 1

To show that the presence of alkylene carbonate
maintains the catalyst stability, a mixture of tetra n-
butyl phosphonium bromide catalyst (TBPB), propylene
carbonate (PC), and optionally, 1,2-propane diol (1,2PD)
was stirred in open air at 120 °C for 18 hours. The
catalyst at the start contained 0.06 %wt tributyl
phosphine oxide (TBPO). The amount of TBPC in the

catalyst, as indicative of the degradation cof TBPB, was

determined after 18 hours via 31P-NMR. The results are

shown in Table 1.

Table 1
Experiment No. | TBPB, g | PC, g | 1,2PD, g | TBPO, %wt
1 10 - - 0.21
2 2 7.5 - 0.26
3 9 1 - 0.43
4 2 6 2 0.12
EXAMPLE 2

In a series of experiments the effect of liquid on
the stability of a phosphonium catalyst was shown.

A mixture of 150 g of propylene carbonate and 50 g
tetrabutyl phosphonium bromide was used to mimic a reflux
stream from the reaction zone in which propylene oxide is
reacted with carbon dioxide. Alcohol (8 g} was added to
the mixture and the resulting admixture was kept in a

closed vessel at atmospheric pressure and at a specific



145 0.68 9 6 Gycerol 172 145 0.36 5.5 7 Propanedi ol
172 145 0.41 4.5 8 Sorbitol 172 145 0.35 6 9 - 24

WO 2007/096341 PCT/EP2007/051583
- 1 2 -
temperature during a period as indicated in Table 2

below. The degradation of the phosphonium catalyst was

determined by 31P NMR. Also the degradation of the
propylene carbonate was determined by measuring the

5 pressure increase at the end of the period. The pressure
increase is caused by the decomposition of propylene
carbonate to aldehyde and carbon dioxide.

The results are recorded in the Table.

Table 2
Exp. Alcohol Time, Temp., Catalyst Pressure
No. hrs °C degradation, | increase,

mol% bar

5 - 172 145 0.68 9

6 Glycerol 172 145 0.36 5.5

7 Propanediol | 172 145 0.41 4.5

8 Sorbitol 172 145 0.35 6

9 - 24 175 1.4 20

10 Glycergl 24 175 0.74 9

The above results show that the presence of an
10 alcohol in additicn to propylene carbonate has a
stabilising effect on the catalyst, and also reduces the
degradation of propylene carbonate.
EXAMPLE 3
This example shows the deleterious effect of
15 propylene oxide on the combination of propylene carbonate
and the phosphonium catalyst. Therefore, 50 g of tetra
n-butyl phosphonium bromide catalyst (TBPB), 150 g
propylene carbonate (PC), 5 g propylene oxide (PO) and
optionally, 3 g 1,2-propane diol (1,2PD) were mixed in an
20 autoclave and heated for a certain period at 180 °C. The

catalyst contained 0.06 %wt of tributyl phosphine oxide



175 1.4 20 10 dycerol 24 175 0.74 9 The above

results show that the presence of an 10al cohol in

addi ti on to propyl ene carbonate has a stabilising

3‘3 re! ?ﬁn t he catal yst, and al so reduces the /051583
8 WARPE of propyl ene carbonate. EXAMPLE 3PCHEF2Q07/05

exanpl e shows the del eterious éff sct of 15propyl ene

oxi de on the conbi nation of propyl ene carbonate and

t he pABEPhomt wrhe attalrgsbf Therefmrmeimed( .gAdf thetemd of the

n- butyl phosphoni um brom de catal yst (TBPB), 150 g 031

pr op??‘@ﬁél‘&%ﬂtbotr% emepef, o5 B JiA éir‘?@eéﬁ‘ﬂaéd(pb) MR -

opti eRal t¥sub: 4 akéﬁgﬁgeaesddmlmébheZBD) were nixed in

an 20aut ocl ave and heated for a certain period at 180

C. The catalyst contained 0.06 % of tributyl

phosphine 3)X| de - 13 - (TBPO) at the start of the

expeLinepn the end of the experinent the anoynt of

TBPQ Btk d'éﬁ?‘éﬁrm npBCby 3[IFCNVR| 1TRBDr eqBuratiapa, | TBPO,

presapy ed| yn Tabl p 3. Table 3

g min Swt
11 50 150 5 - 1350 2.50
12 50 150 5 3 1300 2.37

The results show that the combination of propylene

oxide and propylene carbonate decreases the stability of

the phosphonium catalyst.



Exp. No. TBPB, g PC, g PO, g 1,2PD, g Duration, mn
TBPO, %M 11 50 150 5 - 1350 2.50 12 50 150 5 3 1300
2.37 The results show that the conbination of
propyl ene oxi de and propyl enk# carbonate decreases the
cif«fi‘ﬂs' ity of the phosphoni um catal yst.

1. A process for the production of alkylene carbonate by the reaction of an
alkylene oxide with carbon dioxide in the presence of a phosphonium compound as
catalyst comprising:

(a) continuously introducing alkylene oxide, carbon dioxide and phosphonium catalyst
into a reaction zone from which a product stream containing alkylene carbonate and
catalyst is withdrawn,

(b) separating alkylene carbonate and a mixture of alkylene carbonate and
phosphonium catalyst from the product stream,

(c) recovering the alkylene carbonate, separated in step (b), as product, and

(d) continuously recycling the mixture of alkylene carbonate and phosphonium catalyst

1o the reaction zone.

2. A process according to claim 1, wherein the catalyst is a phosphonium halide of
formula R4PHal, in which Hal means halide and R can be the same or different and can
be selected from the group consisting of an alkyl, alkenyl, cyclic aliphatic and an

aromatic group.

3. A process according to claim 1, wherein the catalyst is tetra (n-butyl)
phosphonium bromide.
4, A process according to claim 1, wherein the mixture of alkylene carbonate and

phosphonium catalyst further contains an alcohol.

5. A process according to claim 4, wherein the alcohol is selected from the group
consisting of Ci.s mono-alkanols, C.¢ alkane diols, Ci alkane polyols, phenol, C,4
alkyl substituted phenols, Cg.12 cycloaliphatic alcohols and mixtures thereof.

6. A process according to claim 5, wherein the alcohol is selected from the group

consisting of 1,2-ethane diol, 1,2-propane diol, sorbitol, glycerol and mixtures thereof.



14 CLAIMS 1. A process for the production of alkyl ene

carbonate by the reaction of an al kyl ene oxide with

carbon dioxide in the presenge of a phosphoni um

conmpound as catal yst conprising: (a) continuously

I ntroduci ng al kyl ene oxide carbon di oxi de and
hosphoni um cat gl yst a.reaction zone,from which a

Tor od (b PREER AR oraS e ML e ATUBLALRIoSBRRRIum catalyst in

thA @t of ph é)bﬁdﬁﬂﬁﬁ“ﬁﬁ'talyst( ad :ﬁfﬁ‘ﬁ@ﬁ@&dfﬁ&'la% KB from 1 to 90% wt
carbonate and a m xturé of al kyl ene carbonate and

bpsednattbefaishriturbyst fromthe product stream (c)
recovering the al kyl ene carbonate, separated in step

(b), as product, and (d) continuously recycling the

8mi xt pméssaddewdeigetocaah@ na et ththesahe o fUshosphctivmt catalyst

to the reaction zone. 2. A process accordlng to claim

and alfgilene carbppate daesof §9ntragl raorr;ﬁb@p Hérwtakkylens erddet

formul a RAPHal, in which Hal nmeans halide and R can be

the sane or different and can be selected fromthe

9gr ous pmmeéssaddcmglmg‘ toaclaink By wherelirk ehiymixtanecofl phosphonéum catalyst
tic ap aromatic gro A pr.ocess accordi ng

a{"&)ﬂgb’ Bongie Fsusppially-ifes Q}gﬂky neaxide, (n-putyl)

phosphonlun1bron1de. 4. A process according to claim1,

wherein the m xture of al kyl ene carbonate and

1§hos phprocess foathe prepartion b alkane tiail mad atialkylcaitbdnates cédmprising

%gocess ﬁ cordin tola)%lﬁaar [?ﬁlé# g%r% L0 etéggggelltfo%hga{talyst in which

tHeRineyiadk@irite Kad e Rro@@s@ae%x'ﬁﬁ%%o%@ﬁh’e%f claims

phenol, Cl-6 al kyl su |tute enol s

149, cadi lphtavarmgaﬂhecﬂum diokand xlueudeﬂc)ﬁ larteotte Bom the resulting

rocess according to claimb5, wherein the al cohol is

T SW%QRﬂﬁynFron1the group consisting of 1,2-ethane diol,
1, 2-propane diol, sorbitol, glycerol and m xtures
thereof. 15 7. A process according to claiml1,
wherei n the anount of phosphonium catalyst in the
m xture of phosphoni um cat al yst and al kyl ene car bonate
ranges from1l to 90% w, based on the total m xture.
8. A process according to claim1l, wherein the mxture
of phosphoni um cat al yst and al kyl ene carbonat e does
not contain nore than 1% w al kyl ene oxide. 9. A
process according to claim8, wherein the m xture of
phosphoni um cat al yst and al kyl ene carbonate is
substantially free of allcylene oxide. 10. A process
for the preparation of al kane di ol and dial kyl
carbonate conprising reacting an al kanol and al kyl ene
carbonate over a transesterification catalyst in which
the al kyl ene carbonate has been prepared by the
process according to any one of clains 1 to 9, and
recovering the allcane diol and the dial kyl carbonate
fromthe resulting reaction m xture.



