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PROCESS FOR THE PREPARATI ON OF PROPYLENE CARBONATE The
present invention relates to a process for the

wonrepawatid on of a propyl ene carbonate by react PQG/EP2004/051270

propyl ene oxi de wi th carbon di oxi de. Propyl ene
carbonates are inportant internediates in a nunber of
different processes for instance as the repl acenent of

hi ghly toxi c phosgene as carbonyl ati ng agents in
processes such as the production of isocyanates or

pol ycar bonat es. Anot her inportant use of propyl ene
carbonates is the production of 1,2-propanediol by

catal yzed_h drolysis. The propyl ene_car bonates can

al'so be GBHEFSrEThaHy dREFARRGROBT Ofi| FRAGHENE CARBONATE
carbonate, which has raised interest for use as octane
enhancers in fuels as a replacenent for nethyl tert
-butyl etlHer pregepbsipeent ¥Quigladeantageowso¢dss Hor the

proc carrie relative ' .

enper Srir e a0mh ke ob- FEbL e LB by Yoty i ine

cat al ystpylenreeoyrdkbdedwith emsbdrogtidztibat such process

makes eff'cieﬁ;nuse of the starthg cgnggunds mhhye an
ef fici ent® 18t C1S FRERPAT TSN 3°S pOBSIAPA" Howevi i in 2
conbi mativeon off difgbrerbperadiereafdrcahatyste recytie
requires the catalyst to be very stable. US-A- 5,153;5ing

333 dERIIBIEL FLoRESRIY ofO% e ROSSIEPSi B DRTRPNNLA
resi NSgdic P EReLALUES Sfictf rAMEBR 12460t 06 Wt N dd8 anates

hel p of quaternary phosphoni um conpounds. The cat al yst
remai a8 PRLEGREONA&RSpr oduct in the exenplified

ProcCess. another important use of propylene carbonates is the
production of 1,2-propanediol by catalyzed hydrolysis.
The propylene carbonates can also be used for the
preparation of dimethyl carbonate, which has raised
interest for use as octane enhancers in fuels as a
replacement for methyl tert-butyl ether.

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 recycled. It was
found that such process makes efficient use of the
starting compounds while an efficient heat-integration is
possible. However, 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 resins at a temperature of from 60 to 160 °C
with the help of quaternary phosphonium compounds. The
catalyst remains in the final product in the exemplified
process.

Phosphoniumbromide catalysts are mentioned in prior

art such as US-A-2,994,705, US-A-4,434,105, WO-A-99/57108



Phosphoni unbrom de catal ysts are nentioned in prior
art such as US-A- 2,994, 705, US-A - 4,434, 105, WO A-

womBHLH8and EP- A- 776,890 . However, there i sSPQUEP2004/051270
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teaching in any of these docunents on what catalyst is
to be used if the propyl ene carbonate manufacture is
to be carried out a tenperature of from 150 to 250 0C
and with recycle of the catalyst. Accordingly, the
present invention pertains to.agprocess for the
preparati on of propyl ene carbonate, which process

COMpriResrNbaet 5Bg. PHARKIENE (@i de ;Wi Mg i
dioxiéggat a JZ%pg?gture ofﬁ?rg%?f%ol%LBQS%g%%ggﬁ;fﬁéany of
pr eseiwsofdogumenyel ed wimt az@tatlystos phbai loen beagdniide the

catal yst aof the f%;rrujfa R1
ona
S )

R4 PBr (1), .
Sur pr J:solprVg eﬁe N u%%fl%%gt% YR & SsBéc%?i%arrled out a

phos ptenpdpateaicabysEreanl 9 Yepol ed ahtienitiavidtgydieemt the
used at high tenperature. A catalyst can only be
subj &' %5 'such demanding conditions if it is very

stabl e. 1tdheisEbl, eCEndOCa Nt RNIBKLERS S USdS to a

reacted with carbon dioxide to obtain a reaction _
m xt precsstR ioxi K§SpPopRR el arfoRarRY L ANe herighrnate, which

pr es%&é@%s%c%ﬁpﬁéﬁ%Sﬁﬁﬂ&i&ﬁ&%o??gi@{ig 8}1‘(15@ NHth carbon

anou wat e S an is preferably
per f odirediden ags sentenpérabeence dfomvab8r ton29f d&e itrp the

o S B PR L T B AR gL S e
Pref ef,aﬁ?wysteﬂ%fceﬂ@i RE PRl £ CEIS® HREds i(@ﬁl. udi ng the

recycled catalyst, contain of fromO to 10% by wei ght
of wat er .Suvtnrd spnefEr abt ywas Hounseddagohibas nsegcifism 0

to 50’%hosphonium catalyst can be recycled after 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, alcohols 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 R1RZ2Rr3r4PBr (I).

Tetraalkyl within the sense of the present invention

means that the four alkyl substituents, Rl to R4, are



by wei ght of water, again nore preferably of fromO to
2% by wei ght. The subject process enploys a tetraal kyl

wohoespasins um br om de catal yst of the fornmul a REREER3RS1270
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PBr (I). Tetraal kyl within the sense of the present
i nvention neans that the four al kyl substituents, Rl
to R, are- 3 - covalently bonded to the phosphorus
atom Preferably, alkyl substituent neans a saturated
hydr ocar bon radi cal having framgl_to 10 carbon atons,
nore preferably from1l to 6, again nore preferably

from r ons,, ,an f Iy I

ato mc?o\},&gg oF g?nggﬁdg{‘ hg)s ptrhe gﬁl rgggg‘é?{%% ﬂs%@'st%%tf% %tag) 9’%’

to Rarelprsebstablyniseheanted saomrthed gnydnpo corsirs trieddgcal
of t hyl, ethyl - propyl . i sopropyl, n-but

isogﬁl‘?’lymgn rf’ér%ig?y{(gd%%ﬁb,ont R OF‘?%Stm%]f%f%lf%@e%faﬁlﬁlylfrom 1
substdid ugntaghehngofe bptferdul vt iecpr ocesss odatdth atoms, and
present invention, the tetraal kyl phosphonj um broni de

cat alfRRt PESTETraRtBr f sTHIAP GEOBSachFOPFiRmhY, the

lectivity for the desired prod il e bej
ot 1 R PRV O AP T ad0aRt SOES B HHEPLY

cat al gesite e ittsml ML t @PEENWPrisA sichhli 6 WOt @S] Gthyl,
Wthin the quaternary phosphoniumhalide famly, the
pr oper Py LREPEAP%E! vyt 5 Ylne 180BPEEE P leTERdVe

been fiaund t@deBgRdpeBrdhealige 6HBE efuent Wb
wel | as “on thg struc{)ure of thek(gﬁosphoni u?n?mi etlynjiljs

Hal i dedbwre -ions of F, C, Br, | and At. O these,

?ff f‘thie”e Th ©RR! BLBLOYs COFPANGTMBLE PRbeRYVASHAlGR due

tetraalkylphosphonium bromide catalyst has a surprisingly
good activity and selectivity for the desired products
while being extremely stable. 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-containing side products.

Phosphonium chlorides were found to decompose
significantly quicker than phosphonium icdides and
bromides in the process of the present invention. This
phenomenon 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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radi oactivity of the element and its |ow availability.
Equal Iy, quaternary phosphoni um fl uori des were not

wevalsiwasias due to the | ow environmental accept 2aTEP2§04/051270

fluorine - containing side products. Phosphoni um
chlorides were found to deconpose significantly

gui cker than phosphoni umi odi des and bromi des in the
process of the present invention. This phenonenon is
enhanced when the catal yst is_cqntinuously recycled
fromthe product m xture to the reaction vessel. Such

behaV|our e e use chlorld cont ai nin
cat al yst un ggl%i $ Dt %it%Feggﬁ?e gd%¥ocess"&u9%ﬁfnary

t he qondiphoatsmobrémidgy esant hpeac€s8nd qwt@rvfearay hlgher

phosphani um br on des have been found to ive a
DeCT Gy i EARR 5 (S RRCRG Bt 3050 A gagral

di sadyaniagatafel 66 d8drdLUYRIahAEgCakehYpdtss 1is hak their
t heir deconposition products have boiling points close

to t HRSOTEPSELRECHERTIF gt JRVE $0bf IngiePeimBqlose to those
P OC&sS, th@ﬁb?gréaeﬂ}cﬁd&éﬂs‘:%ﬂ thd Eﬁgn%@t SEULAY nfa%ing

this, the I ng polnts of cont ai'ni ng
deconﬁmslwudﬁlpnbdthSerOWQﬁleatkytyphosthmﬂuthe boiling
brom de are distapt, fro t he .desi r ed.

h
o oararSo pRE Rt EedaibSor e RE P products

undesif aﬁlt&afammaph@mmcmnmemr@knm@ ateofliytavwy, fASmOYhose
far less free iodine than bromne._.is Eresent in

seawdtiert6r dEPHERY BRYHM WU s AL PReFBF oF KSR TR} release of

t r eat y@RNitn0f SWAKEHEs 514 ISPITEE 6N L %hﬂgrbﬁﬂéﬁkﬁi\Mﬂﬁdi of
necessjtate use of cunmbersome purification treatnents.

Hencevigthe ags€Yofar obie e fr%ﬁ@é’ilﬁ?nﬁhﬁﬁo%wm%ms present
cat al J}’f?ts%a'w%t%gu@U yivndesirablie toiitherpieseite, the

react
treatment of waste streams containing iodides would

necessitate use of cumbersome purification treatments.
Hence, the use of lodide-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 RIRZR3R4PBr (I), wherein Rl, 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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Wthin the group of tetraal kyl phosphoni um brom des,
symmetrically substituted tetraal kyl phosphoni um

wonwsodes3 i.e. those wherein the four al kyl PCT/EP2004/051270

substituents are identical alkyl radicals, were found
to be nore stable than asymetrically substituted
phosphoni um brom des at simlar activity |evels.
Accordi ngly, a tetraal kyl phosphoni um broni de cat al yst
of the formula RIR2 R3R4 PBr (I}, -wherein RL , R2 , R3
and R4 in formula (1) represent identical alkyl groups

is prefe in .t fect C : .
addl 11 ondr L EHC AR Ao Yo e EE uPEO AR wich
substtetubbdty et phadidydnipo dpoondam Bhere terattdley piresent

resides in.the fact that sinpler de ositiqgn product
mi xt GreEArent BFﬁéﬁrﬁlﬂé’n rﬁﬁg‘%&sn}joagg%@qec% Ry ©cess,
subst |t p yumeat aly . o4 hi re
ef fi yhg%tquufglg?ﬁcg?ir%n’ of 't %e %tggi 1r{edirz:n%upr ogugtls. ok

** % Baptriesehas| yn godohiryels uladd cagl elobt aimedsuwhiftedet process

tetrabutyl, phosphoni,um brom de, Therefore, ,the present

i nver’(%ed‘)r/?lﬁr EFggﬁBﬁlyblftéfqatp OSPLOPRER BT EEC plrsoglgseéi, as the
wher eidt 856k .OfhRs , cd2alyR dad Rhel Hubohiemladfdntage that it
represents an n-buty| radical, i.e. the subject
BT OCRE VnEPAEANE Y 1 ShiHN ESMBEBRBRF G 1 ALY

used g% tHRCabal Y8t - sudy e tC Pralckst . NaBetdiodd)r tikefusually
advantage that it has a nelting point in the

t enpersataurld quadgeutisiu@l the dmiitdpddPrefes hePfs ectt also
i oesaprage Y AT b R Y e

i n t heorfeoraxeenpr edueady Imdheo pyowy lereepxidg rigadihe @bsence
t he portopa}lls%rl%e%i_de In the absence

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 0.0001 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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of a solvent. The conversion with the help of the
phosphoni um brom de catal yst may be conduct ed at

woanosiogiigsat al yst concentrati ons. The det er mi nRCTER20H/051270

a particular effective concentration |argely depends
on the process paraneters, such as for instance
residence tine of the process feeds in the reactor,
type of feed, tenperature and pressure. The anpunt of
catal yst may conveniently be expressed in nole

catal yst per nole propyl ene oxide. Preferably due to a

| oner a n t S .
por  or mod PhePRR LY B g S AR PSR B PERSRa o puring
t he ﬁﬂkxaahhyksphDS@hqnnmwﬂbnenbdedeamaﬁygtnﬂem.mnbeide
propyl ene oxi de. efera % nount of .
Dot T SRy EBROSBHBHI S tOTERE tBonoRh AT Y ELhposhgn s
t hat ddm o%n@chE@Bl& OOQLtiag0at BObEo®dn donor, such as a
t et raal kyl phosphoni um br om de conpound, per nol e

pr OpWY%@@!@% Héndn%‘?’éo%rséﬁ‘léreélﬁl | 38f d?Fb‘-’hﬁ?‘é) FoFurs Applied
0. 05,ciand magt Ff)?ﬁ-efﬂp‘i,y 1@o4h 1 0FLQ. Qpéséﬂ)ceg B OHrRbgenic

catal yst per e propylene OXIde Preferably, a
pr ot ag:emocmdoitpbpadlm digsssdaringdhengat aky sorangt $ihen feeds,

f | h b g
gropf} ésggﬁbona?e (%$oroggﬁgéoégn%%%ﬂ%#%éJg}talyst to

conpainy reapabbe of EM&|fﬁ;na&faapﬂ®ﬁomddsnnemnSMEh:aan be
a hydrogen boni donor sol vent (as _defined in Pur

Appl iR 6600 TPESAOT198AF IS TRR Yor Jdih GFospaenic

a prigRling Q@rra@uaﬂc&einps A rpdics $0kVbAgré et atoalpysind is
and the feeds, and permts to introduce fresh or

recydﬂéﬁ]cé?éFygﬁanl?héd?ﬁﬁﬂﬂﬁ S OPn tPRePF AR I Gt xide
Il qui gk 8§ reant BghoCqy B8l hydrolysis product of the

1,2-propanediol can 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



punped back into the reactor. Preferably, the
pr ot ogeni ¢ conpound is an al cohol. A specific

wonrefs@mosisl conmpound is the 1, 2-propanedi ol der PeeaPioansi270
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t he propyl ene oxi de used. Such nono - glyco

hydrol ysis product of the 1, 2-propanedi ol can be

obtai ned directly fromthe propyl ene oxide or fromthe
propyl ene oxide via the correspondi ng propyl ene
carbonate. The use of the correspandi ng

1, 2- propanedi ol avoids the introduction of additiona

products into the proce and sinplifies product .
puri ficat ten20¢nhsd f%é; tm?on(loie-cér bt &t o@%@e ithSo PeRELal

OXi I NEHH 8l ¥xhe %MAW_pQ’é‘f@%ﬁbl? Be {8 8IS It range of
reaction, i1.e. propylene oxide may al so be forned back
f r omfuoapyoeBetearbonat® wnder, mekeaseebératsibam the range
di oxide. In order to shift the equilibriumtowards the
desi rd fpoopybedeteadDondiles N/mtie redcnowh preferably in the
preferably perfornmed under increageg/gﬁessure. Besi des

proviThANes Pér FERE BRst?Y P st B &8 7 oF/Bar bon di oxi de,

operation al hRCHEASEH Pf @EFH Bk SEoRAM idntd are allowed
conduct the reéaction essentially in the liquid phase,

aﬁ priopydeemEegzntein the [margdiartigaabh PTORY BEIthd@rbonate
the proc i tq Thi.s d | .
ac%éﬁﬁén%gﬁghg#?ﬂgr?ﬁ%hidgﬁ¥nEESB?rﬁ@wé&é%% %Eﬁﬂﬁs found

achi eved 1 | ect process at a
pr essthat iwherhehrafgedsfcdntomineds trec280ok AE NG the

(i.e. 5.tq.200 har t he rtial ,carhbo I 0xi de
press%ﬁ%?%i%?ﬁéP beéb%f?ﬁéﬁﬁfqﬁﬂglﬁgnﬁ%g%?y?éénw $ Brgased:
70 x H0h Nafect WakeeppetesdEb} priomihbetrange oie feadmlyst
to 7 to 50 x 10 NNn2 , and nqéé, inth

rangeh%# qereé}nrtegi/'féeflofwlkerﬁ_ %ﬁ%&%r g‘gldl/tlon of fresh

feed. Accordingly, the present process is preferably
conducted by using a feed containing less than 1000 ppmw
of chloride, more preferably less than 100 ppmw of
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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A large nunber of different contam nants are all owed
to be present in the manufacture of propyl ene

woanismoatie according to the present invention. PEDEEY®A/N51270

it was found that when the feeds contai ned traces of
chloride, the stability of the present brom de

catal ysts was decreased. This effect was especially
prom nent when the catal yst had been recycl ed
frequently under addition of frgsh feed. Accordingly,
the present process is preferably conducted by using a

feed contai ni l.ess. t han 1000 f_chl or.i.de, re
prengggﬁysgegg lﬁﬁﬁjigagﬁﬁﬁﬁpggggﬁ$gr?n(3?E£l€ua&?§d
on t kieat@tyabavebgie ofaridhg ifieedsegheattaiqliyst of the

present invention js a recycled tetraal kyl phosphoni_um
D oG -BAPRRYSTLo iy G SER AT Sy SN ARG (e SFon the

the tebaabkyhphesphaiidsndipem de was applied in
previously in the manufacture of propyl ene carbonate

f L om pr o}Bypéﬁéal@&Ydetfmwdre@@ftB@ﬁ BivkieR. cCandipdingdingy the
tho . .
ﬁgkggﬁgbgﬁ$%ka@¥§aQ%?%o%%QGtéa &{%%FWégéﬁi%nly. If the

sepa e propyl ene carbonate or a
pr odgctopydeneedafirom tdel progeleneovha porrtwthandgter, the

202l DSSECed W L BLayLghe g apdear b

process fathbhghnpantt aet whe ekatt2epropaned abtained in

Aocord 9L, e Bresenl | Muert) op. ol s oLl A0S {0 Beran

Pr oCes% QMR £68SsulbddcPrLnalat isaBsehnPiHPW &8 of the

carbonate in a process according to the present

i nverneasiopi mjxEBRe s aRachéor 646Pi ok hi xture

Cort o B LRI OR 8 D P e e (i

obt aiarel w&l3r Gpanedant e dspargheb] §or 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
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di al kyl carbonate, and (iii) separating the
1, 2-propanedi ol and optionally dial kyl carbonate from

woOheosreziasi on m xture obtained. Preferably, theCcT/EP2004/051270

reaction m xture containing the propyl ene carbonate is
contacted with water only. If the propyl ene carbonate
is solely contacted with water, the product of the
process is 1,2 -propanediol only. Although part of the
reaction mxture obtained in stgp_(i) can be renoved
fromthe process, it is generally preferred to subject

[ ' l_.of t ' .
obt el T3P0y e BEREPELL O ML reaction
cat amisttsirtod suseparatsid@nyivia) . are wm%lfdunﬂmthamdiares

descri bed ,f instance in JP-A - 06/ 238165 -
o arsnersally A e dha oty ende AR S A TR -

pr epqﬂ@tsp%n%manr&ﬁmIc@t@l@@&beegéehw: tyy drthe process
for the preparation of a 1,2 -propanedjol, side

r eactli-@nmproranciéad- tT)het He%-@ﬁﬁﬁﬁneﬁl% grLubidd 2@ the
- pr Ogya!t%ﬂgsgl %ﬁ?!:lg L8, sg.%le@ﬁsﬁafﬁl&am %rther

| ar ge ppresse - reactions have been
descradnamuageGBfAsQQhCﬁﬁbaﬁailOﬁheSptb@%s%hQﬁlAﬂﬂPrOPanediol

present |nvent|89tre§¢gté%fkey%Q gge éllrgéggﬁﬁéﬂéafgl is

of t W& désiréad pro presen process ound
to ginemediedpli opahl yegoddt respirbsebsrstée ENnufdctrelfere,

f 1,2- diol . This is thought 1 | at ed t
Che 501 YanB AREBEEF | Bt arid (181 Ehe) pP DpYi et e

f eed,; il odi Eher téar gel w ifigremphen i mashantrietdydanst is
oxi de feeds. The integrated process conprises
converaiyiedofin combination with 1,2-propanediol, which
catalyst and 1,2-propanedicl are subsequently recycled to
step (1i).
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 102 N/m?2 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 reaction mixture obtained was sent to a
second reactor. The second reactor contained

heterogeneous alumina catalyst and was operated at 150 °C

and 25 x 102 N/m2. The molar ratio of water to propylene

carbonate was about 1.2 : 1.
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propyl ene carbonate with water or al cohol, preferably
nmet hanol, to obtain 1, 2-propanedi ol and optionally

wdizedskopsiaar bonate. In order to recycle the preBemEP2004/051270

phosphoni um brom de catal yst, the catalyst is
separatedfromthe 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 bromd dg) cat al yst toget her
with 1, 2-propanediol. The 1, 2-propanediol solubilizes

t he catalyst I er.m [ i nq. f uct her
advant aglé’ ?)f pé&%%@p%r é“%a%o%egg!f?%%?%éﬁ rllﬂgize ALkt B
- pr opdixedirel bgadi steiBlatos.t Wnehefcabal stc@sishebtained

1, 2-propanedi.ol is benefigial .upon recycle ta _pracess
step Cﬂn)pt.al*?ﬁg’r if “r%’-joﬁ?acn%‘]@ogr éflef:?’&%“f O A e(é% e of
(i1 )efrabheypprsgphon i€ MricaAdeheatalyst. This fraction was
t etraal kyl phosphoni um brom de catalyst is renoved in
conbiteaticdfIEP hthe 2L BpHFeditoF - whi ch catal yst and

1, 2- pr opanedi puerthyate ] hX-

The pr ocegg gg%%(?%?nﬁo ther&%beggnﬁyﬁ\%nr%‘%o%lﬁg %hh

furt meladtivdtyafed oxen KOG dlovewi HgteahpidditiPrays dresh

1 Carhaqn .dioxide.an n XI C [
2 et of Taf RO r2 e U6 O ATER LY
pr esHiadlef a20thase ademarchrhopdirexide pamdit@ions.
pressure Qf 20 x 10 NNi with a tetrabutyl phosphoni um

br om &€ ™¥4Lakyst in a nolar ratio of catalyst to

propyl enanexicsge 8 mdn 9. weklee careistl oht pLopy|d@nenl
oxi ded added was 10 kg. of propyl ene oxi de of

k
t et r FARYALPRYs phdRR ERE b O e ac&tréfiﬁg‘ﬁrﬁe?gﬁ%acﬁfr?es

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 (PO) were
added.

The reactor was then sealed and carbon dioxide (CO3)

was introduced to a total pressure of 20 x 103 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 109 N/m?2 (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

[o)

determined using 31P-NMR, and is expressed as % of



Subsequent |y, gaseous carbon di oxi de was renoved in a
gas - liquid separator operating a pressure of 20 bar
wanasdossper at ure of 80 OC . The |iquid react POWEP2004/051270
m xture obtained was sent to a second reactor. The
second reactor contai ned heterogeneous al um na
catal yst and was operated at 150 OC and 25 x 10 N nR .
The nolar ratio of water to propyl ene carbonate was
about 1.2 : 1 .1, 2-propanedial (yas separated fromthe
reaction mxture by distillation. One of the fractions
obt ai ned_contai ned 1, 2-propapedi ol _1in conbinati iLh
33 ¢ oﬁ?gi”é‘t‘? abUtY r?ﬁfogéﬁoﬁgaﬁ?%?%lrﬁ%ecoén Oan?st%gayh%lgd
f r aciiieeBmpBSed ecy clied ghesphénki 6gideeactor. The
process was operated at high conversi on and

sel ecti vik§ FepubvierrBdBenGHrEriRe MR SHRRTISKdofm
freshogatahyste s showpaihahet ber gl @l YistcHioride
extrenely stable at these demandi ng operating
condickiteag st ExanpretgbIrhatekper Aapatdi @ raPedaindd out
in a m | st te j r of
Haynec(sggpg}c!éf)ﬁgt i@lﬁéaloé,/e qﬁ%@%uké%@%@%ﬁct or eé%i pped
Wi t h catheatbny fleketheandakadastenteed Imdesmis odd ybglds

means of a gas_:_ dispersi.n r ller.. Foll Qwi .
pl acé’ﬁﬁﬁflsofga%ﬂ]ey%?/a 161&% at gggg?_?ﬁ}f%tsf]hg)\%oel%c 5
5 g Feminel esdpwof tips apdtereeanildepéPO)rveeree added.
The reactor was then seal ed and carbon di oxi de (CO2)
was introduced to a total pressure of 20 x 10 NNm
(bar) . Then the reactor was heated to 180 C under
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stirring. At 180 OC the total reactor pressure was
adjusted with CO2 to 50 x 105 Nm 2 (bar) . After 4

waausaost3t he above - descri bed conditions, theCTERZHd051270

was cool ed down rapidly, allowed to deconpress, and
sanpl es were taken. The yields in propyl ene carbonate
(PC) and 1, 2- propanedi ol (nonopropyl eneglycol, MG
were determ ned by gas chromat ography (GC) using
decane as an external standard, and expressed as
nol e% based on the anount of noles of converted
propyl ene oxide. Catalyst deconposition to the
correspondi ng phosphi ne oxi de was determ ned using
31PNWMR—ant—s—eaxpressedrastdoof qhwphwuﬁoﬁﬁ)f
t hel phgsphoni um gonpouhd that had deconposed o the
phogphime oxigde The3r esullts |of the exampl es fre
surﬂg ﬂse@h | Tadle E (1t |i,s |gl ear|q hat {{;he tgtrabytyl
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broﬂ?dega out erfdrm the otiher| cata ysts|used jn ternns
of Vielas vePRsus |cat &l yst |stgbilitly. Tetira -n}butyl
pho 5phoni um bromijde shows |t he best| overal |
performance. Tabl ¢ 1 Experijnments Cafal yst] Reacti on
Cat al ysE Propyl ene 1,21 Catallyst tjne intake [Carbonate
Proaan@llcy dgegradation [h] [|rg] yjeld yield % of
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Experiment 3 Et4PBr 4 516 92.7 0.5 10.5 Conparative

Bu4d PO 4 509 93.4 0.3 29.8 Experinent 2 Conparative
weudosPn3nu3488 72.0 0.4 11.9 Experinent 3 ConpaP@riEPe004/051270

MeBU3PI 4 492 75.1 0.3 15.2 Experinent 5 Conparative

MePh3PBr 4 514 70.3 0.2 69.9 Experinent 6CL Al MS 1

Process for the preparation of a propyl ene

carbonat e, which process conprises contacting

propyl ene oxide with carbon di oxide at a tenperature

of from150 to 250 0C in the 5ré§eﬁce of a recycled

t et raal kyl phosphoni um brom de catal yst of the fornul a

RIR2 R3R4 PBr (j) 2 . Process for the preparation of

1, 2- propanediol, which progeks® chithrd ses: (i)

preparati on of propyl ene carbonate according to claim

1, (ii) contacting the reaction m xture containing the

pr opyl enePrerdiondice whehpweperataimg of al pohplylénetdwrbonate,

presegggcgf a heestser%%engous cat alcys.t t o _obt ?Lii n . {th

1, 2- pf OpEReR BISEn G BBELSRAI 1t 2187 PAPESASEE, 0% Wi

(iii)caepat adidygdehatl a2+ phnppeaadiolofamdoapttsonadl ¥50 °C in

di al ky] carbonate fromthe reaction m xture obtainped. 3

. ProtRSsPERITIH *f Po TEFUFHTS, teTramikoHPpPsERSRI YR bromide
5 step gijcgl%hte b¥ I%% GaL bgf?gfgg 'z;sPBcor‘ttI cted with
V ?oo?ainl, pane .%l.r

wat er - propanedi o Pr'océss

accor di ngptacedsaifior?2 the Breparathicrh ofr aGeésgropanediol, which

process comprises:

(1) preparation of propylene carbonate according to
claim 1,
10 (1i) 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
15 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
20 in step (iii) additionally the tetraalkylphosphonium

bromide catalyst is removed in combination with

1,2-propanediol, which catalyst and 1,2-propanediol are

subsequently recycled to step (i).

5. Process according to any one of claims 1 to 4, in

25 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 alcohol.



in step (iii) additionally the tetraal kyl phosphoni um
brom de catalyst is renoved in conbination with 1, 2-

wonroepaasds ol , which catal yst and 1, 2- pr opanedi 8CTAP2004/051270

subsequently recycled to step (i). 5 . Process
according to any one of clainms 1 to 4, in which
process a protogenic conpound is present during the
preparati on of propylene carbonate. 6 . Process
according to claimb5, in which gpocess the protogenic
conpound i s an al cohol . 7. Process according to any one
of clainms 1 to 6, wherein R, , RB and Rin fornula

e Pl R A B

accordin

amunrhof i@tﬁhalf&yl Rﬁhgﬁehnmlﬁrnﬁrﬁml e (

of fronrOeOOO 0 0.1 nole per nole ofgprggg}?ggggs‘éI§it
OX|deld©nt¥G$#o@é§§ acevpdi ng to any one of claims 1

to 8, guhey gl dg RLER3AALL OfY Leng, carbonal @ 5

IS conduct t a partia on dIOXI de pressure

5 the rengecid theommoont bb E@tmaélkyWIphosphonlum.bromlde

10

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 8,
wherein the preparation of propylene carbonate is

conducted at a partial carbon dioxide pressure in the

range of from to 5 to 70 x 102 N/m2.



