- 1 PROCESS FOR THE PREPARATI ON OF PROPYLENE
CARBONATE The present invention relates to a.process
for the preparation of a propyl ene carbonate by
reacting propylene oxide with carbon dioxide. . —
Propyl ene carbonates are inportant internediates in a
5 nunber of different processed f~or instance as the
repl acenent of highly toxic phosgene as carbonyl ati ng
~agents in processes such as the production of

I socyanates or pol ycarbonates. Another inportant use
of propyl ene carbonates is the 10 production of

1, 2- pr grouesEOFORY TRA! RREEARAIHON CdsfSéseban@% CARBONATE
propyl ene carbonates can al so be used f

preparation of dimethyl carbonate, which has raised
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OUtp o3 il Uil YOk BERCLALYE Ggsuch as of  Trom

to 250 C while e catal I's recycled. It was
found tBFAPYaRaIe ﬁa@b@g:gtnakegeeme:mt ubet wfmedimtes in a
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t erpie FRLYICa tionfatem.60 to 160 C 25 with the hel p of
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prGU@HﬁncﬂJQnAO£4QOBsgrdpanedbes hyptwtmsgzédnhjdkblysis.
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preparation ©f dimethyl carbnnata, which has raised
interest for use as octane enhancars in fuels as 3
replacement for methyl tert-butyl sther.

It has been found advantageous if the process can be
carried out at a relatively high temperature such as of
from 150 to 250 °C while the catalyst is racycled; It was
found that such process makes efficient use of the
starting compounds while an efficient heat-integration is
possible. Howaver, the combination of high temperature
and catalyst recycle requires the catalyst to be very
stable.

US-A-5,153, 333 describes a process for the conversion
of epoxy rasins at a temperature of from 60 to 160 °C
with the help of quaternary phosphonium compounds. The
catalyst remains in the f£final product in the exemplifiesd

process.

US-A-4400559 describes & process for the preparaticn

of ethylene glycal, wherein an sthylens oxide-carbon
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AMVENDED SHEET - |a dioxide-water m xture is contacted
with a catalyst to. formethylene carbonate. Carbon
di oxi de and catal yst are recycled. The carbonation
reaction is carried out at a tenperature in the range
of about 20-90C 5 OS- A-2003/D45739 descri bes a process
for the production of a diafkyficarbonate and adi ol
froman al kyl ene oxi de, carbon di oxi de and an

al i shbasd e~ watih it Gh alontalreedl Wiehcar B9RA1YEH to. -
catal yst_ recycl-d 1ed catalysts are

POt B4+ = ‘ ipsidenaRfopetelyst are
Ph 'euirbrm dﬁ:ﬁﬁnﬁt\i%hs ﬂa&t&sm &Qnégrhﬁle&rb@f at a

as U - A-

Fbwﬁverusiil-@z”tﬁ):!ﬁotl%%tse%'% ngkg 37%r0hes! hﬁgg
docuneA o

RO i & o L’-.L_L.JL;;:' booaks andba dhol.l Eﬁo@lﬂna
Te of

t erqyet a:tai:rmaaﬂx}{lranm::ﬂﬂm braﬁﬁ)dé: in the 10 presenceof

a recy osphpn br om de c t al of

t he foel%ﬁg%gkﬁgﬁbgébg? Efgai¥£%ﬁr?§?rﬁﬁ? ?qe prior

f olwt tshath e §JSe-|ae¢2|,19|9@ PhBsphsrALE) 434 A 95) WoWwa D /57108
recycled after having been wused at high tenperature.

A catalyst can only be 15 subjected to such-demandi ng
conditions if it is very
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stable. In the subject process, propylene oxide is
reacted wth carbon dioxide to obtain a reaction

m xture containing propylene carbonate. 20 Although

the present process may tolerate the presence of

m nor anounts of water, alcohols and diols, it is
preferably perfornmed in essential absence of water in
order to avoid side reactions between water and the
propyl ene oxi de and/or the propybene carbonate forned.
25 Preferably the conbi ned process feeds, including

the regygbed t, tain ro t 0

wei ghEiay ERCA-TT e HoWg S?abFf;{”r‘% [ kb in any of
of fraheBet AoSmertys Wi gihlatotavalgst hgatic bormsed if the

referably.of fromO to 2% wei ght. 30 .The suhj ect
P ot e EoRYAPRS AR AR, P FREE R ol i RS Gantded out a
cat al lﬁéhﬁ@f:aﬁﬂﬁef OF Ntldch RSB2RZRIBBr o€ and WiH adK¥lle of the

within the sense of the present invention neans that

t he feacadyRyl substituents, Rl to R4, are - 3

coval ent | t hor P Rl ¥

iyl “subSeEgRataty ciR BIASRAE WivBhEln BER1Re Yo o

r adi cprockasi figr f tlendrepard@icar bfnpropybenamagbonate, which

preferably from1l .t0 6 aln _nore preferahly. fr 2

o’ s aPEbRe aeomRr iy Soracr ipPopErBkiYS Wals ATh” carvon

at ons didggaedhboh Viengtraturef efr édoal kyb iswlEad taenhs the

Rl to R4 are preferabl selected_fromth rou .

consi PEPAENEE ﬁémylr?csgﬂrﬁﬂ ,tetﬁaaibﬁ}?f}@@b%}ldﬂﬁﬁmlde

n- but yl_, _i ug ¥l .aRY »2R8t Y t nost

pr ef e?vzragahgggy%l!sﬁﬁ%?fléﬁ@nlta ereang %Ob%]-:b@y'l . In the

process oSurpeipimzent itwest fonndt bhat this specific

o L?%@%ﬁgﬁgﬁi&%%‘é& MO 3 E2E8LYR ed39er having been
used at high temperature. A catalyst can only be

subjected to such. demanding conditions if it is very
stable.

In the subject process, propylene oxide is reacted
with carbon dioxide to obtain a reaction mixture
containing propylene carbonate.

Although the present process may tolerate the
presence of minor amounts of wa;er, aleohols and diols,
it is preferably performed in essential absence of water
in order to avoid side reactions between water and the
propylene oxide and/or the propylene carbonate formed.

Preferably the combined process feeds, including the
recycled catalyst, contain of from 0 to 10% by weight of
water. More preferably, the feeds contain of from 0 to 5%
by weight of water, again more preferably of from 0 to 2%
by weight.

The subject process employs a tetraalkyl phosphonium
bromide catalyst of the formula RIR2R3R4PBr (I).

Tetraalkyl within the sense of the present invention

means that the four alkyl substituents, Rl to R4, are
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good activity and selectivity for the desired products
whil e being extrenely stable. O her inportant

advant ages 15 of the catalyst are its | ow tendency to
inflict corrosion. Wthin the quaternary phosphoni um ~
halide famly, the properties of the catalyst in the
subj ect process have been found to depend on the
hal i de counter-ion, as well 20 as on the structure of
the phosphonium noiety. Halides jare ions of F, O,

Br, I and At. O these, astatine- containing compounds

ol erehbUARIFEE TR At aue pbSERERTE o FrethEanyy,

phosphaRiyUnshbsioftukast weagsnat saﬁuea/'aécm at;aﬂ:csh.aa:ucmz trhdical
| ow epvi ronnent al acceptancgﬁ fl uori ne-cont |m
PoPF

si de PRE&EEL STOPrbsho ges, BO%® 1 from 1

deconpgse, 848D fhAtd e feHabiQr fkaanzptwspr&wuun atoms, and
i odi des and bromi des in the process_of the present

i nventiPsh. Plﬁf%erkbh%nﬁﬁ$W@nat§m§nh6ﬁ%%%ﬁ¥%E%Y¢Iﬁ?e

catal yst _is cgnt ousl recycle rod
nlxtuPéeFSrFﬁg L%ii ?ﬁﬁl %% cg E%L i lf%rably
rendeg1bBeedSEréth the Wripdecasintei iy Nef m‘éﬁrﬁhy,sbthyl
undesirable for the present reaction. 4 At the

condi ArBmrePyl, t ReoRFesht NybyEyds, la9%¥%¥haﬁ%ﬂ tertiary

phosp m d Mferdt et
act|v???yghagﬁgﬁgggirresp ?ﬂgﬁ?gm saesgam addltlgﬁg
dlsadwabuagé of i odide- contalnlng catal ysts is that

Lol ISROTRETHIA AP IENSES UEn oL 191

pr oce&etraakkpgphdﬁd!mﬂdrﬁ |bzmhudeocaieabyst IGonta aurppd singly

S B2k P B S VAR BoPTLAE SATEALY s

brom g@iaeepdisyagktfemeny Masdle. Other important advantages
of the cétalyst are its low tendency to inflict
corrosion.

Within the quaternary phosphonium halide family, the
properties of the catalyst in the subject process have
been found to depend on the halide counter-ion, as well
as on the structure of the phosphonium moiety. Halides
are ions of F, Cl, Br, I and At. Of these, astatine-
containing compounds were not evaluated due to the
radioactivity of the element and its low availability.
Equally, quaternary phosphonium fluorides were not
evaluated due to the low environmental acceptance of
fluorine-centaining side products.

Phosphonium chlorides were found to decompose
significantly quicker than phosphonium iodides and
bromides in the process of the present invention. This
phencmenon is enhanced when the catalyst is continuously
recycled from the product mixture to the reaction vessel.
Such behaviour renders the use of a chloride-containing

catalyst undesirable for the present reaction.
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10 of the desired end products. Al so the eventua

rel ease of iodine is undesirable from an

envi ronmental point of view, as by far less free

i odine than bromine is present in seawater or |iving
organic cells. Therefore, the treatnent of waste
streans containing iodides would 15 necessitate use of
cunmbersonme purification treatnents. Hence, the use of
i odi de- cont ai ni ng phosphoni um cagalysts is equally
undesirable for the present reaction. Wthin the group

of tetra Y, hos ium brop des met rical

substi t ut qu) éF qoﬂﬁogﬁh Fuﬂ¥3ﬁFaﬁ(ﬁﬁqfess,lﬁgaternary
t hosepnbepiediii il fomideal habvesobshi foid Sto afire a higher
identical al kyl radicals, were fgund %ﬁ)be nor e

st abl L RERC WL AL, SORFeSRARATRE: e iR oh Agsit ional

brom Q%a@&aﬁ&i&é HE Q%iﬁbtﬁohﬁafhﬁﬂ reed vt )zbs &hat their
tetraal kyl phosphoni um broni de cat al st of the 2

forwﬂacmmmmctmbaaﬁnbml pngltem:lpm §0 those
form [ k

prefe%)gbf:ééu%e%%%e su%%eg B?%c%‘g%%% a(?éi Sénéﬁaking
advanthgre dbffideltuge o:fexmvesyﬁnntran;altq thibst ithet édiling

tetraal k ph honi.um Qkr.om de 0, cat st resides _in

he 1 BEEMERSRE SRRh it GRS EO0r R EON G SRR ISk P product s
are feEnedtidankpy phusthoasviinBEonLas | yre Sdhlilﬁartwtf&d»m those
phosphoni um catal ysts. This allows_a nore effici

nt
bur | { PEath® EesiTeMk sk PROAUEHE - phbBRCERS evaptual release of

Parti guhantyi §ohdSsEhs Webm 8R! 8hPLFoMhddtal point of
tetrabutyl phosphonium brom de. Therefore, the present

i nvenvien, prefly dfan hessafaeet dodhre stbpr RrqRigeeds, Present
wherein g8edabls . . inld® o2ddnke Loy {or mlbearéfaré the
b cal’,

represen an n-
pr ocesseathenti of tvasta r&tb'@tay\ls pboSphnmm mctﬁisiﬁSd evoud-d

used %%cgsgltate use of cumbersome purification treatments.

Hence, the use of icdide-containing phosphonium catalysts
is equally undesirable for the present reaction.

Within the group of tetraalkyl phosphonium bromides,
symmetrically substituted tetraalkyl phosphonium
bromides, i.e. those wherein the four alkyl substituents
are identical alkyl radicals, were found to be more
stable than asymmetrically substituted phosphonium
bromides at similar activity levels. Accordingly, a
tetraalkyl phosphonium bromide catalyst of the
formula RIRZ2R3R4PBr (I), wherein R, R2, R3 and R? in
formula (I) represent identical alkyl groups is
preferably used in the subject process.

An additional advantage for the use of a
symmetrically substituted tetraalkyl phosphonium bromide
catalyst resides in the fact that simpler decomposition
product mixtures are formed than by using asymmetrically
substituted phosphonium catalysts. This allows a more

efficient purification of the desired end products.
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catalyst. This catal yst has the further advantage that
it has a nelting point in the tenperature range
usual |y enpl oyed for the subject process. Therefore,

it usually 10 is a liquid during the initial process
phase. It also dissolves nore readily in the forned
products, and to sone extent already in the propyl ene
oxide in the absence of a solvent. The conversion
with the help of the phosphoniuny 15 brom de catal yst
may be conducted at varying catalyst concentrations.

The deterygination qgf rij eGt.

concentr a}{:n B ad:e yy %8 §§e%é§&%ﬁ£ t%eg%)roébgea\ég ed with

par ameéefsbubyl hpmsphoniufnsbaoneds esTiteraiode, mthef prbeent
process feeds in the reacto ,t%%pe of . fee

t enpetAYERELOD PIEFE stife? et%nﬂﬁ]ts"g‘ﬁe&é:t RrPsess,
may copvenientlw b resseds | j e K

nol e ‘b’ﬁ%ﬁ?f’r%neea%%(io e%ﬁre érg‘bl ég‘a@ jtrgafzfq%mm/\fgr 13)
anbunirepiebynps athici-butiyleradbiel; preceads: isibject process

perforped |n the presence of at,least ,0.0001 nole of

Phe CYBerelf atetsd THaoRPeRPEPBATRE RIS & Jgpd as the
nol e BLERY|SPE M™hd fatRNeker alkythé heudtumtadantage that it
t et raal kyl phosphoni um brom de conpound present is

such hpatajrelsing goigh 10 tbeitewperatygs sajge usually
tetra@hé!hg@&Sf%%”ﬂﬂ&“éﬂﬁ?@bqe 3060 OPHEk- DRIrdI0li® usually
propyl enhe Oxide, nore pr feragly of from0.001 to

0. 05, iand hbguigradfmirgbltheofinitdail OppORSesd phpIe3 dit also

ol C%§a|Xi%egeﬁo 'f%éﬁfi yhﬁn%hgxfgfmed oducts, and to
Prefer BFy, a~protogeni ¢ conpound IS present during

t he cepmer ekbenbfalrenuiy cme thei geopiléne arbiole dimstihge absence
into the propyl ene carbonate. A protogenic conpound is

a coﬁﬁoanaogéﬁﬁﬁ1e of acting as a proton donor, such

as a The conversion with the help of the phosphonium

bromide catalyst may be conducted at varying catalyst
concentrations. The determination of a particular
effective concentration largely depends on the process
parameters, such as for instance residence time of the
process feeds in the reactor, type of feed, temperature
and pressure.

The amount of catalyst may conveniently be expressed
in mole catalyst per mole propylene oxide. Preferably due
to a lower amount of by-products, the subject process is
performed in the presence of at least 0.06001 mole of the
tetraalkyl phosphonium bromide catalyst per mole
propylene oxide.

Preferably, the amount of tetraalkylphosphonium
bromide compound present is such that it is of from
0.0001 to 0.1 mole of tetraalkylphosphonium bromide
compound per mole propylene oxide, more preferably of
from 0.001 to 0.05, and most preferably of from 0.003 to

0.03 of mol catalyst per mole propylene oxide.
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5 hydrogen bond donor solvent (as defined in Pure
Applied Chem, 66, 1077-1184, 1994). The presence of
a protogenic conpound helps in dissolving the
catal yst and the feeds, and permts to introduce
fresh or recycled catalyst to the reaction in the
formof a liquid streamthat can be 10 punped back
into the reactor. Preferably, the protogenic conpound
is an alcohol. A specific preferged conpound is the
1, 2- propanedi ol derived fromthe propyl ene oxide

used. Suc o-.gl.ycal hydr IS oduct .qf .

1, 2- propa%é%?%lﬂabg'zi’)r/f %epgé? 3&%%%23 dF é}{e%cf%& %OI?]E:? %gnhdurlng
pr opytreecoxvelesin fafopropglpnepyktde widiideatbaont deoxide
correspondij n ropyl ene carbonate._ The use qf the ,
cor 1 XPEAAFAY AXBYLRE. F2APERa5S o APTHP ISR O AERPERD 15 2
of  adgihbb@R@l caHAUCIE BBtOnGghEs P4 OSESEor@Mbnor, such as a
simplifies product purification. 20 The insertion of

car bohydresercoond slanes seilvant (a®i@efdnad diroRarendpplied
ox'de?héﬁ a ?@Vefﬁﬁiﬂfngeaﬁbbgrz T?@Hprég e 0¥ rdogenic
C om propyl ene

may al’s6 be fofned back fr car bonat e
under compeased htélpsmribonidisolvieg the ocakalyssr agid the feeds,

the equilibriumtowards the desired pr | ene
car bofFeRSTEhER At e, FRpEF ool PR ARE Shealysr to
I nCr egr@drP&E€5H0H ein BeRd dosmpoova dlhguidrsitemnmdadiatedan be
surplus of carbon, dioxide, %geration at_incr

sed .
pr essBPBPaA Bk 1A% Hhe TEERENE Fﬁ%f?‘é%tif'o%%e protogenic

essentbabbiind N Ngh 141H6nG1INNASSpe dE£ 8O PFOMHIRRE cMbdlnd is
Wil | Iargelg remai n L|%g|d under the process ,
condi £h8nd: 2TRTePaREAINeriBrd BEoBcHi@ \RXPRYLene oxide

ConCUERLED L, UM ROSERSyags Pl SmUg |1

200 basP-prhpapedidlican be obtained directly from the
propylene oxide or from the propylene oxide via the
corresponding propylene carbonate. The use of the
corresponding 1,2-propanediol avoids the introduction of
additional products into the process and simplifies
product purification.

The insertion of carbon dioxide into the oxirane
moiety of propylene oxides is a reversible reaction, i.e.
propylene oxide may also be formed back from propylene
carbonate under release of carbon dioxide. In order to
shift the equilibrium towards the desired propylene
carbonates, the reaction is preferably performed under
increased pressure.

Besides providing for the desired surplus of carbon
dioxide, operation at increased pressure also permits to
conduct the reaction essentially in the liquid phase, as
propylene oxide will largely remain liquid under the
process conditions.

This may preferably be achieved by conducting the

subject process at a total pressure in the range of from
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carbon di oxi de pressure preferably being in the range
of fromto 5 to 70 x 105 NnR, nore preferably in the
range of fromto 7 to 50 x 105 N nR2, and nost B
preferably in the 5 range of fromto 10 to 20 x 105
N nm2. A large nunber of different contam nants are
allowed to be present in the manufacture of propyl ene
carbonate according to the present invention.

However, it was found that whenqthe feeds contained
traces of chloride, the 10 stability of the present

brom de catal ysts wa dec&eased. This_effect was .
especkal Pytor ﬁé&ﬂ%@m t Hd-eat al Y3120 RpWeethe partial

recycgggb{,{f&#ﬁ{%y r@dgkﬁkgfaﬂiyf&%%li{f%@e range of

Accor di ng € present proCess 1s p

condugkefl B¥ SstagI( o aed ®oALRI RbPg pesSfeddrly i00@he range
pprmw 15 of chloride, nore preferably less than 100

ppnw of frbhotdde toalSfulxailéd Srnf heandtmdstweagfierably in the
the feed. The catalyst of the present énvention is a

r ecycFaBgeeef abF /Y| hosbAen2Onkbl BFi Wémtat al yst. The
expressi o #éf%%QhﬁﬂmﬂﬁéﬁsdggﬁEréﬂﬁ contaminants are allowed
0S rom

tetraal kyl'p oni um e was 20 applied in
previ tosby presémt mam dftec manafettprepyf eprorpldnen glagbonate

from propyl.ene oxide and carbon_di oxide. al;l.y
the CAFAPYRERG FY i SHREoh L SBACP R phe HfSREyS ¥ vas found
separ ghad whem the fuafyntadaclotascesrof raimaride, the

product derived fromthe propyl ene carbonat and
agai nS58Pe LAt YRR ARG Y %@ﬁ@$8§iE%téikgaﬁuWﬁﬁwdecreased'

di OXi @ sTEHEFOEESHIE dUREAS 162prBAIhEREJNMIEC M Watalyst
process for the manufacture of 1, 2-propanedjol.

Accorbﬁﬁgb??ntﬁ%CY%#%Qmﬁﬁ?qq@%§ﬁﬂiHﬁdng%#?kﬁ¥QﬂrR§t§§q§h
proceggefor AEESrdPﬁ%%?{ iaé)l’ieo BrRkeht 2pP6OPEN M Prefba®ll y

process conprises: 3l preparation of propylene
car bosanduched by oesbg adesddicrytasdning fﬁ%%eﬁhan 1000 ppmw

| ver OB kb A L BED: Ol 200 o
chloride calculated on the total weight of the feed.

The catalyst of the present invention is a recycled
tetraalkylphosphonium bromide catalyst. The expression
recycled means that the tetraalkylphosphonium bromide was
applied in previously in the manufacture of propylene
carbonate from propylene oxide and carbon dioxide.
Generally, the catalyst will have been used in the
process, separated from the propylene carbonate or from a
product derived from the propylene carbonate, and again
contacted with propylene oxide and carbon dioxide.

The present process can be integrated with a process
for the manufacture of 1,2-propanediol. Accordingly, the
present invention also pertains to a process for the
preparation of 1,2-propanediol, which process comprises:
(i) preparation of propylene carbonate in a process
according to the present invention, (ii) contacting the
reaction mixture containing the propylene carbonate with

water and/or alcohol in the presence of a heterogeneous
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wat er and/or al cohol in the presence of a

het erogeneous - 8 catalyst to obtain 1, 2-propanedi ol
and optionally dialkylcarbonate, and (iii) separating
the 1, 2-propanediol and optionally dialkylcarbonate
fromthe reaction mxture obtained. 5 Preferably, the
reaction m xture containing the propylene carbonate
is contacted with water only. If the propylene
carbonate is solely contacted mﬁ%h_mater, the product
of the process is 1, 2-propanediol only. Al though part

f th ti 1 xt t ai din 10 st ' b
CeroveREFEERF (e Rtasdr 3 prpRenedieh Nt OpEaPRRted
to sufjgckydtdridnatidhstaat i(aihy sépamftirie theeaction

m xture _obtained to step (ii). Suitable heterogeneous
cat al ¥s€spPrepanediqly aé\dgﬁp(mpsﬂalhy Aiplhyligaghenatg Arem the

descripede { 95 ANSLARCSHtAinda, JP- A- 06/ 238165 or
EP-A—%,47§,%@3. By |ntegra?ion of the process for the

pr epar at i Bneférabilypr dipel srectiphonixturanicoptepaling the
process for the eparat i.qn - 1,0 i al

D de  PRoRPiehe AR, 130 Bhudordy MY RALRE Bnuy, j1f che
tri - ppoppyeere gtarirmten iangopely 2€omramess ed thawatier, the
| ar gel augﬁr%%s d. Such side-ie ctions c%g)e been

descrpgg u 1% RYSSC5E, 571 e R OTRALE FELY -

present i gyeRshe gaiuldss the 28advEsmltidtugeiobyrathdd in

of the desired products. The present process was

foundSEeP §iVectxdpiiediexiedy f5eBdthe RAQe Sy ithds generally
manuf ?Eéféﬁfgétﬁg éut%l'd%omﬁe%o!aubﬂ%ﬁtiasut %llg{“ﬁéft ®he

be refate sol vent properties and pH of

propyleactbgndeiftue obtickeddipf skepatiidly from for

conpe SosSHRVBIE il dibael 8BS ooy SHA SaPuf SRy (11)
are well known and are described for instance in
JP-A-06/238165 or EP-A-0,478,073. By integration of the
process for the preparation of an propylene carbonate
with the process for the preparation of a
1,2-propanediol, side reactions that lead to the
formation of di- and tri-propylene glycols in one-~pot
processes can be largely suppressed. Such side-reactions
have been described in GB A-2,035,294. The process of the
present invention results in an overall higher yield of
the desired products. The present process was found to
give exceptionally good results for the manufacture of
1,2-propanediol. This is thought to be related to the
solvent properties and pH of the propylene oxide feed,
which differ largely from for instance ethylene oxide
feeds.

The integrated process comprises conversion of
propylene carbonate with water or alcohol, preferably
methanol, to obtain 1,2-propanediol and optionally
dialkylcarbonate. In order to recycle the present

phosphonium bromide catalyst, the catalyst is separated



30 propyl ene carbonate with water or al cohol,
preferably nethanol, to obtain 1, 2-propanedi ol and
optionally dial kyl carbonate. In order to recycle the
present phosphoni um bromni de catal yst, the catal yst—is
separated 9 fromthe reaction m xture preferably when
the reaction mxture is separated anyway. It was
found that it is especially advantageous to renove
the tetraal kyl - phosphoni um braongyde catal yst toget her
with 5 1, 2-propanedi ol . The 1, 2- propanedim

sol ubi_l |ze t he taI mhlch

handlfﬁ iP?Lﬁ%?F ﬁugﬁPgﬁe $ suc g&%&%ﬁan§°ti°n
t hat Inhmtara s appAditeld aagwayenBt nvad tﬁwrme tmu:allysﬁ.s
as the 1, 2- propanedlol IS benef|C|aI on recy le.to
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in st Eg‘nhbﬁlﬂ'ﬁ ﬁieﬁnsﬁee%%ealygevmeagé%f h.a_tn

t et raal kyl phosphoni um brom de”catalyst is renoved in

conblﬁaﬂrpn0§wm¢dtpl2 Fhepdn@dbsprpangdinl sdidabldezegnghe
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The process according to the present invention is
further illustrated by the following examples.
Example 1

Carbon dioxide and propylene oxide were contacted in
a first reactor at a temperature of 180 °C and a pressure
of 20 bar at a carbon dioxide partial pressure of
20 x 105 N/m2 with a tetrabutylphosphonium bromide
catalyst in a molar ratio of catalyst to propylene oxide
of 1:60. The amount of propylene oxided added was 10 kg
of propylene oxide per kg of tetrabutylphosphonium
bromide catalyst per hour.

Subsequently, gaseous carbon dioxide was removed in a
gas-liquid separator operating a pressure of 20 bar and a
temperature of 80 °C.

The liquid reactian mixture obtained was sent to a

second reactor. The second reactor contained

heterogeneous alumina catalyst and was operated at 150 °C

and 25 x 109 N/m2. The molar ratio of water to propylene

carbonate was about 1.2 : 1.
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gas-liquid separator operating a pressure of 20 bar

and a tenperature of 80 C. The liquid reaction

m xture obtai ned was sent to a 30 second reactor. The__
second reactor contai ned heterogeneous alumina =~
catal yst and was operated at 150 C and 25 x 105 N nR.
The nolar ratio of water to propyl ene carbonate was
about 1.2 : 1. - 10 1, 2-propanedi ol was separated
fromthe reaction mxture by_dhgtillaton. One of the
fractions obtained contained 1,2- propanediol in
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- seal ed and_ carbon di oxide (C02) 20 was introduced to

a totBKaWPIRséire of 20 x 105 N'n2 (bar). Then the

reactor W@ﬁeféﬁﬁé%idéht%SQeﬁéuﬁﬂﬁfie@tddﬁﬂﬂmga A0 h@0 C
the total reactor pressure was adj usteq( j}h Q02 to
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International, Inc.) autoclave reactor equipped with a
heating jacket and a gas inlet, and stirred by means of a
gas-dispersing propeller.

Following placement of the evaluated catalyst into
the reactor, 5 g (86 mmoles) of propylene oxide (PQO) were
added.

The reactor was then sealed and carbon dioxide (CO2)

was introduced to a total pressure of 20 x 105 N/m2
(bar). Then the reactor was heated to 180 °C under
stirring. At 180 °C, the total reactor pressure was

adjusted with COp to 50 x 105 N/m? (bar). After 4 hours

at the above-described conditions, the reactor was cooled
down rapidly, allowed to decompress, and samples were
taken.

The yields in propylene carbonate (PC) and 1,2-
propanediol {monopropyleneglycol, MPG) were determined by
gas chromatography (GC) using decane as an external
standard, and expressed as mole%, based on the amount of
moles of converted propylene oxide. Catalyst
decomposition to the corresponding phosphine oxide was

determined using 31P-NMR, and is expressed as % of
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(PC) and 1,2- propanediol (nonopropyl eneglycol, MG
were determ ned by gas chromatography (GC) using
decane as an external 30 standard, and expressed as

nol e% based on the anobunt of noles of converted

propyl ene oxide. Catalyst decogposition to the
corresponding phosphi ne oxi de was determ ned using
31P-NNR, and i s _expresse % of r

at one? sﬁ%r?é:“ﬁ’hsgﬁﬁgnf’gn&é n%b?ﬁ?&“’trﬁ%%‘ ﬁaggggggoﬁ%%%e
to t@eﬁ?@é@m@ooxhdeph&phxﬁwsﬁmf t he exanpl es
are summarised in Table 1. is clear that

he
t et r abut yihecHegilgs ob the a‘FWPlle? RSt SBF‘@aﬁf'sFﬂeln
demangdi g, qpermdt iy ch@.QQg' th2Psehel e tiriiirgikehioride

phosp OﬂlUﬁ]beﬁ] es outperformthe other catalysts
used ¢catalysts icf upisskbde Q’ér@@% demandide SPREAELRY.

Tet h h

over FTOBR T atle. CREEERLRYP riteriigitg! pRoRfges

| 1) Odutdedddin the Gthpr4cataIIBtE(H$€ﬂlﬂD Ge@menof- yields
u) mvgrgusoc\:gtajlyrs%: Ia\alt.rablllltff l‘Pe 9a-4ri]—b%t91 hotsghoﬁium

bromide shows the best overall performance.




ONe
MZ
- N
mis M

~

0
4
I
I

r-1 ri
Ol0OO01d 01 !~1-
- ko Lr) %o 0) r-
-T1vH4 m-ri
ca +3 U ~04aaNp

~r

10 Na) HU MNIf) Ma MN a)
L4 U MVopcornN10 O r
0303 (1) N >1 .k,
.HN-33 ~r c <r

0

M UPOU WU U

Hri
OHOHOOOOO0H(d 4 U Ln VY

4 a) NNMNU O 0 -,
ci
r

rl
OO0 0> 1-i

0
O
W
0
U
M

S

9 Jusutx=sdxd
6°69 Z°0 £°0L VTS v agd€ygen patiRIRAWOD
¢ JusutI=dxy
z2'61 £°0 T°GL z6t ¥ 1afngen oatjezeduo)
¢ uewrtIadxy
6°T1T v°0 0°2L 88v ¥ Id¥ng satrereduc)
Z Juawriadxy
862 £°0 ¥ E6 605 ¥ Toa¥ng aAT3eTRAWOD
§°01 G0 L°26 91§ 4 agabam € jusuirsdxy
89 L0 6°26 G0S ¥ agavng z juswiIedxd
pautruIajap
Jou £°0 879 9T v 1gavng 1 Juswriadxdm
[swole
snaxoydsoyd [goTouw] [goToW]
Fo sl p1eTd p1eTd [Bur] [ul
uotaepreibap ToTpauedoag | o3eUOqIR) S¥BPIUT =11yl
ashTe3ed -Z2'T susTAdoxg | 3sATe1e] | uoTIORaY | ISATe3ED siuswuTIadxy
T e1qel

|NH|




10

15

20

25

HNMNNMU | ri rl Hri UL a) U NU 'N'i') U
"I"'y Vmm(a(aaasatf aOR04 ap0aWWWWU
Wij Uf W- 13 CL AI MS 1. Process for the
preparati on of a propyl ene carbonate, which process
conprises contacting propyl ene oxide with carbon

di oxide at a tenperature of from 150 to 250 Cin the
presence of a recycled tetraal kyl phosphoni um br oni de
.5 catalyst of the formula RIRZR3R4PBr M 2. Process
for the preparation of 1,2-propanediol, which process
conprises; (i) preparation of propylene carbonate
according to claiml1, 10 (ii) contacting the reaction
m xture containing the profyllede Ick Bonate with water
and/ or alcohol in the presence of a heterogeneous
catal yst to obtain 1, 2-propanedi ol and optionally

di al kyll.caPlsorease, fandthQipﬁ@panmminatbﬁgatpeopylene carbonate,

1, 2- pr.opanedi ol _and i ona 15 |aIk | car bonat e

i1 om (HB P REBEERS N AReF to PbiSRIEs T 138 PFoEgLERe oxide with
accord:momoddbawazatlm wmptda:ma@eas anmsw@ £61250 °C in
t he ?ﬁylene carbonate is contacted wit

obt ai 1 ,’E’rﬁﬁsﬁﬁﬁeafo? roSy Ak &et rae by GphQ R EOR B fromide
2ot ata RE PAETES R AUBSRORAERE Kb e
cat al yst E&obeaavﬁdrithexpﬂnpuﬁatdanbEhl 2-propanediol, which
1, 2- pr%p%ggglgkmpgglch catal yst and 1, 2- pr opanedi ol
are
(1) preparation of propylene carbonate according to
claim 1,
{ii) contacting the reaction mixture containing the
propylene carbonate with water and/or alcohol in the
presence of a heterogeneous catalyst to obtain
1,2-propanediol and optionally dialkylcarbonate, and
(iii) separating the 1,2-propanediol and optionally
dialkylcarbonate from the reaction mixture obtained.
3. Process according to claim 2, in which process in
step (ii) the propylene carbonate is contacted with water
to obtain 1,2-propanediol.
4. Process according to claim 2 or 3, in which process
in step (iii) additionally the tetraalkylphosphonium
bromide catalyst is removed in combination with
1, 2-propanediol, which catalyst and 1,2-propanediocl are
subsequently recycled to step (i).
5. Process according to any one of claims 1 to 4, in
which process a protogenic compound is present during the
preparation of propylene carbonate.

6. Process according to claim 5, in which process the

protogenic compound is an alcchol.
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subsequently recycled to step (i). 5. Process
according to any one of clains 1 to 4, in 25 which

_process a protogenic conpound is present during the

preparation of propylene carbonate. 6. Process
according to claim5, in which process the protogenic
conpound is an alcohol. 14 7. Process according to
any one of claims 1 to 6, wherein R, R2, R3 and R4
in formula (1) represent idenLigaI_aIkyI groups. 8. A
process according to any one of Clains 1 to 7, 5
wherei n the anmount of tetraal kyl phosphoni um brom de
conpo%pd i.s of fron10.%$01 to 0.1 nole

o7 opyl Ene FRSRAES SCR T L ARG R LAY brke o
Car borid ol 10 canut o et b o Aeraftac EE PG
pr essuidenticelealkyhgeroipdromto 5 to 70 x 105 N n2.
8. A process according to any one of claims 1 to 7,
wherein the amount of tetraalkyl phosphonium bromide
compound is of from 0.0001 to 0.1 mole per mole of
propylene oxide.
9. A process according to any one of claims 1 to B,
wherein the preparation of propylene carbonate is

conducted at a partial carbon dioxide pressure in the

range of from to 5 to 70 x 105 N/m2.



