WD 2004/ 089866 PCT/ EP2004/ 050480 PROCESS FOR THE
PREPARATI ON OF ALKANEDI OL The present invention

WO edoagses 0 a process for the preparation of PCT/EP2004/050480
al kanedi ol from al kyl ene oxi de. Background of the
invention It is well known to contact al kyl ene oxi de
wWth 5 carbon dioxide in the presence of a suitable
catalyst to obtain a cyclic al kyl ene carbonate. Such
process has been described for exanple in
EP- A-119840. Further, it is known that the cyclic
al kyl ene carbonate can be converted further. A
conventional further process conprises 10 hydrol ysis
of the cyclic al kylene carbonate to produce a diol as
Is described in US-A-5,847,189. US-A-6, 407,279 teaches
to integrate the kes that cyclic
car bonat e can be %ggytdﬁ%ﬁgﬁ ?%%ﬁég%g2r|?m%§?F%h
reaction zone wi thout purification of 15 the cyclic
carbonate. US-TReGRr40rt Zrgerdegcrilbess that ptohess for the
el i m nat i orpreparehncyfchikendaasibonat £ kpinkfdxeat.i on st ep
causes eIinhaa&%gﬁigftgy@m%gggyn1distiIIation col ums
and gives a %keld”QEneflt bcog %tln | osses of
cyclic carbonate ATtribut aBI8 & 507 i°Figatithn
st eps’ The P6°¥afipstist Fohs @Jaeét—’frf-‘@nofoﬁ SL‘JStaAl% cAGTY T
is carried dbtirat cyaliprdsgigne chrbohdte . rangerdde8dmad Bedn
500 psia tolcabaoutéd 106xanps &n Whid-€1480€. Further, 1t 1s

transester |an%&hﬁntﬁee%gicoglkjy§en%ac!ari><%gxte %grii- be converted
pressure of ut 19mv3§lna ) 0 psia. Sunmma % e

i nvention NOW o%n&r?ﬁﬁﬁmgﬁsFﬁPﬁﬁFﬁf
procéls carFYBEOlYFWp?foG%CF&H Hé‘fyleﬂﬁhéaﬁbﬁlﬁrtewennsnﬁuce a
el i m nat es dihé aneledddsoribpdidn @ase-5t4¥e, poessure of a gas

or a mxture afs-gass@nghs dekefék o M@e@&@é/tgggggx@ steps
PCT/ EP2004/&§&4§9<e3%hL@%§&@§'cggoowtee 9&6%8% of., Ll uids

can be done i neans T oyed’ ushal
is cent ri fﬁc a Se{;ger%fé.cat‘rlon react?on zone w:Lthout %Dlurlflcatlon oxf

the cyclic carbonate. US-A-6,407,279 describes that the

elimination of the cyclic carbonate purification step
causes elimination of two vacuum distillation columns and
gives a yield benefit by eliminating losses of cyclic
carbonate attributable to the purification steps. The

20 carbonation reaction of US-A-6,407,279 is carried out at
a pressure in the range from about 500 psia to about 1000
psia while the transesterification reaction is carried
out at a pressure of about 100 psia to 300 psia.

Summary of the invention

25 We have now found that an integrated process can be
improved further. The improvement eliminates the need to
increase the pressure of a gas or a mixture of gas and

liquid.



transfer of nmomentum In the chem cal industry,

usual ly <centrifugal punps or conpressors are used
wohioglswse based 5 on the principle of produci POI/EP2004/050480

ki netic energy by the actidn of centrifugal force and

then converting this energy into pressure by

efficiently reducing the velocity of the flow ng

fluid. If transfer of nonentumis used, one fluid is

decel erated in order to transfer its 10 nomentumto a

second fluid. Jets and eductors make use of transfer

of nmonmentum A common phenonenon in increasing the

pressure of fluids is that increasing the pressure of

a gas or a mxture of gas and liquid is nore

difficult than_15 _increasing t pressure of a qui d

only. Appar at &é‘ eg?mglt%cr erg%uﬁe °f frlubdl‘se%aé‘u]?e d?f’fe Jail PGS

or a m xt uré¥dof T‘&a‘é‘,eaﬁﬁ(fmpllc’ﬁ%fh}lﬂlaﬁﬁves tchecgfusat arreage

that they rorefeasfE mpmdngin. I pheopigmatdlomdandyaliually

expensi ve. ctheipiRseihps Y eflpk & crRKES wida PASSiPL %a;eQi

operate  2Q.ull &:hActeasiog.bhg Aressule.of a1 aul d

i nstead of aV|n t 0 | ncrease ressur 0) gas

R Ot g e il A
rel at es to S&epWoRES PrEBIre Re efhcépat atrpdirins the velocity
al kanedi ol ,ofwheCHiopirgCE8Ed.CONPranSES: o2 bor{e@)unCONti@EL | NQ
al kyl ene O&Egefl\ﬁ\ﬂlct hs Q@Je@@rﬁtéﬂ Qﬁ(iog@eri £h E%sf&rﬁéence of

cat a é(St t%og éc%r‘?’g fJ.Ul l'“Jgtsr er?dCtl Or‘gors ma)%e use of
cont al ni ng cyc |c car bonat e, (b) op fional Iy renovi ng

car bon di oﬁrarésfaﬁafd‘r’m%wtw ene  oxi de 30 (c)
i ncreasi ng the pyessghsmogdnor le inprpapdhor gactbeesnre of
m xt ure obtfabnedid Ahagt :Bxpre(aa)ngaﬂﬁ/ @fes{dl)a of(&j)gas or a
contacti ng IrIlQ@JrQchS rén%lefiqlﬁldrg m(gr%a&ltflf%lmtﬁsrpr e
obtaiped in _ste )I':‘% i; i ter in th on£Jre enc gffmy\o
D004/ 089860 BT EBS DB GEBTR6" qat‘al RECOPAIR a
second reacPForisHixtGrFtont af i AY °F 2 leture °f gas and
liquid have the disadvantage that they more easily fail
in operation and are expensive.
The present invention makes it possible to operate

20 while increasing the pressure of a liquid instead of
having to increase the pressure of a gas or a mixture of
gas and liquid.

The present invention relates to a process for the
preparation of alkanediol, which process comprises:

25 (a) contacting alkylene oxide with carbon dioxide in the
presence of catalyst to obtain a first liquid reaction
mixture containing cyclic carbonate,

(b) optionally removing carbon dioxide and/or alkylene
oxide,

30 (c) increasing the pressure of the liquid reaction
mixture obtained in step (a) and/or (b),

{d) contacting the pressurized first reaction mixture

obtained in step (¢) with water in the presence of



al kanedi ol and carbon dioxide, (e) separating the
second reaction mxture into a liquid effluent and a
w@ameoseseef f | uent contai ning carbon 5 di oxi de, PEIEPL0D}/050480
recycling at |east part of 3he gaseous effl uent
contai ni ng carbon dioxide to step (a), in which
process the pressure in step (d) is higher than the
pressure in step (a). 10 Detail ed description of the
invention In process step (a) of the present
invention, the alkylene oxide is contacted with
carbon dioxide in the presence of catalyst. Severa
catal ysts are known to be suitable for such process.
Preferably, the catalyst is a 15 honogeneous

phosphorus gcont Lng.cata known phosphor us
cont ai ni ng %g& %{uﬁ sogt Ehsgco@d srﬁa‘ité%’T BLXtEng SpRratdngr e

phosphi ne ca&ﬁiiﬁﬂﬁdsa”gn‘ifrb%%ﬁ’cﬁmr um conpounds. The
cat al yst pref eepbleyingstha feommmigeneoivs niphas phesiaunquid

catal yst, rarmespesd kigabduy arphospboniing2Q.hal i de
cat al yst. Iglomg f.ound especi al |l y advant ageous to
enploy a te aal kc\ibrphosghonl um hal i de catal yst, nore

speci fi cal Ixf atr N 13RSt HFT ShOSpIGRTUM SToticle. The
cat al yst cd&R"Hé %t figboradideticas streh(0r can be forned
in-situ. The veatbrarsNnixd greaswhi ohst® addedniger 28an
step (a), phefreahly ih &t&;ﬂb&t antially free of water.

The @gmunt Dgf:alvl\@g QLsdr 8 t%g § gbllxvel ess than 5 %,
nore prefer preferably | ess

than 0.1 %Nt I“bpé%ecfs Gk dPar® ARBUNESHF PEkttonthe
m xture addé@deThéxﬁkkvl@Wéaﬁx¢deﬂf9@mgsélwﬂd¢hethe
present i nuemdsnen of 30cPpef. esablay dataPs0PREEMEAXiLSe
The use of sprapyd epe o &%ces%t qrrgfe@gblcyormg%f;gafy&t the
pres in 0N TRKes th RLropyl éne carbonate i's
for rrgﬂ in \sﬁtglgif)gJ 2’4& \%ﬁg pﬁ T8 Caét tlo 9 ?1% HaRufatL (8" of
1, 2- pr opan&4P Bl %BHBﬁFﬂﬁVW@ﬂ@dWWT?UO%FO%Q8@%6

PCT/ Ep2004/c@5@48@ aye phosphine compounds and phosphonium

compounds. The catalyst preferably is a homogeneocus
phosphonium catalyst, more specifically a phosphonium
20 halide catalyst. It was found especially advantageous to
employ a tetraalkylphosphonium halide catalyst, more
specifically a tributyl-methyl phosphonium iodide.
The catalyst can be either added as such or can be
formed in-situ. The reaction mixture which is added to
25 step (a), preferably is substantially free of water. The
amount of water is preferably less than 5 $%$wt, more
preferably less than 1 %wt, most preferably less than
0.1 %wt, based on total amount of reaction mixture added.
The alkylene oxide for use in the present invention
30 preferably is propylene oxide. The use of propylene oxide
starting compound in the present invention, makes that
propylene carbonate is formed in step (a) which leads to

the manufacture of 1,2-propanediol or monopropylene



glycol in step (b). In such process, the al kanediol is
1, 2-propanedi ol and the al kyl ene oxide is propyl ene
w@x00d®8986re car bon di oxi de can be either pure BEr/BPI004/050480
di oxide 5 or carbon di oxi de containing further
conpounds. Carbon dioxide which is especially
suitable for use in the present invention, is carbon
di oxi de which has been separated off in subsequent
steps of the present process. Carbon di oxi de can
ei ther be separated off directly after 10 the al kyl ene
oxi de has reacted with carbon dioxide or at a l|ater
stage. Carbon dioxide is produced in the reaction of
the cyclic alkylene carbonate with water. Therefore,
it is espegially ttr tive to separate carbon
di oxi de anf Tg)rec cire Y he "cBrbFRede it e 2t iRediol is
obt ai ned t o’ %T%ﬁpa(“ﬁ‘jml e HeP 2akvistr hxige iaf pepylvayi ng
been purifiedde-The extent to which the carbon dioxide
IS puri fied dependsbaanibii@e daatydr gltﬂékdpﬁﬁecagwgio%lgef

cont agi nantgs &{rgé'pgiox!uﬁ L&@aln com u sT a
agai n depend_o exact reagl?('{ E%DCB ﬁ)a rid o%srbﬁﬂd

purification §t§ﬁ?l%¥l?ﬁ@mﬁFH&%§§“3bﬁbé?%f?%gnthe
condi t i ons FFBTe S ti@petEgn: aisecasttt dkayddm viigh Hahebear t .
Preferred operaténgifcondidse@rst Wréds gepey atds¥nt process.

conprise a da%mecﬁlakﬂi@ecagfelftlﬁé}rrﬂ)esgep;agatggoofg dlgpgt§ after

spechfi Cal l ¥ e OXide fas reac RBLES LS of }feas
25 27X i ]aq?yl%grég’sdpgim fica Fy gh ﬁﬁrébé)%udrl%"lgf Frm

2 to 100 i Tﬁﬁ NFRZ: nost specifically of from3 to
40 x 105 N nR.Coproafépsiskyis podeedsinstheprepadion fcakr i ed
out at a pregssiur@kefent rcormodsket @ t80aXerl OmeNdzRe, Thes

cat al yst C%@p&@aﬂgdﬁ:@ratc‘glxlehﬁj E&%Qitgrcérgo Qyoxgcp My 30
knOWE]S to b %ﬂlg %Qe carbonscg.ﬁu%gech d&é’taalnecf he art.

General ly, e cata as suéﬁe of*as a
sol ution ofe”fkﬁaé ‘bsaf”ef%y?t 5PRPRFABIRFST AUdiifhele extent
sol vent  suehvhash aheyeibpe ddaribonatrerpriedldkydnenen the
gl ycol . TheaWde2004¢n0 83866 s RET¢EP200A 050480+t in the
carbon dioxide. These again depend on the exact reaction
20 conditions and purification steps of the process.
Operating conditions for step (a) are well known in
the art. Preferred operating conditions will generally
comprise a temperature of from 50 to 200 °C, more
specifically 100 to 150 °C, and a pressure of at least
25 2 % 105 N/n?, more specifically a pressure of from 2 to
100 x 105 N/m2, most specifically of from 3 to
40 x 109 N/m2. Preferably, process step (a) is carried
out at a pressure of from 10 to 30 x 105 N/m2,
The catalyst can be added to the reactor in any form
30 known to be suitable to someone skilled in the art.
Generally, the catalyst will be added as such or as a
solution of the catalyst preferably in an inert solvent

such as a cyclic carbonate or alkylene glycol. The



WEPe@Hosmbhs v,

5 catal yst can be added either to the al kyl ene oxide
or to the carbon dioxide or to the m xture of both.

reactor containing the mxiure of alkylene oxide and
carbon dioxide. 5 The reaction m xture obtained in
step (a) is preferably used w thout further
purification in the manufacture of al kanedi ol .
However, sone purification of the reaction mxture
can be carried out. It can be advantageous to renove
carbon di oxi de and/or al kylene 10 oxide fromthe first
reaction m xture. The carbon di oxi de and/or
unconverted al kyl ene oxi de which are separated off
can be recycled to_ s Se aratlon of carb

di oxi de a)réta:ﬁa% Stuﬁ%no%verée%) PRy Fente akrderec %’Hde or to
subst ant i al*Py SPEGDcE e %tmhlte Bt uiveof bealdt | FAferably,
m Xt ur e tothe cstlyectadtichbist ddst @pstheCleadiitd dolaining
Addi tional leye niheré @ERM A 108 oCREDIA caQi)&Xiiggl(gnd/ or

unconé/ert ed al Kéllrgml 1 u ee ense trllles I a
cavitation i anrakH CQqu{% g ng{gj < the’ B F ?éure of the

first reaction ?gl‘a‘ﬁfta f\“n’étae’i ﬁu”shféﬁtt"é‘) iy eF or
(b) is i ncf“é%é‘éf“rq' Ré alp@efitdr daswern sprepsuficatian dfe
done in anyhsayadknownixores eepneasked bed inciheeart.

General ly, aavaﬂﬂi@ow kd r@r@we L@%nmb§1@e|§1dMOMy£e%ebe

suitable f hj C lica
cent ?(%)f ugaI%LlJe kr%m%ﬁg él]r[sétséelfrc ?j'zq’gd“ lleure ﬁ%ﬁf‘ ’é\boﬁe‘ﬁoflﬁe

step (c) vvlaP‘F/ °r2§°§8ﬁ%tfa|a|l§ﬂﬁa%/@m£emhé% BFe seferfted it
to 100 x 105" Repecvelppre sspedpf.i eakliariof of rremoe8 ¢ioxiGo
X 105 N nRandvok encepesiet izaalileye 0fidkram dniandQ1x, 105

N nm2. In ar@nﬁu%g a{hé G)@lﬁﬁb&dh{@%actloﬂ%&ﬁﬁg t%upd g\?btjggcego

oxi b 30 THeH 9 e U AR DY e TB the: Fage”
that part 6‘f°"ﬁﬂ% 23 /Iei?l”éﬁfé“’ﬁsﬁeﬂé‘lﬁ%“%ei‘l%e@ﬁu@én%rted
in step (afiskantlfceritegorhe § awte.-t hat al kyl ene oxide is
added either 1befesecor tidupicBgirst@pred)irsPrefaiabl v,
t he anount m@iture obtained in step (a) and/or (b) is increased. The
20 increase in pressure can be done in any way known to
someone skilled in the art. Generally, a pump will be
used which is known to be suitable for this specific
application such as a centrifugal pump.
The pressurized liquid obtained in step (c) will
25 generally have a pressure of from 1 to 100 x 109 N/mz,
more specifically of from 3 to 60 x 10° N/m2, more
specifically of from 5 to 50 x 105 N/m2.
In a preferred embodiment, the feed subjected to
step (d) contains a substantial amount of alkylene oxide.
30 The alkylene oxide can be due to the fact that part of
the alkylene oxide has not been converted in step (a)
and/or to the fact that alkylene oxide is added either

before or during step (d). Preferably, the amount of

the catalyst solution is added tBCT/BR2004/050480



WD 2004/ 089866 PCT/ EP2004/ 050480 6 al kyl ene oxi de and
cyclic carbonate in step (d) is such that the nol ar
wo 210408866 al kyl ene oxi de to cyclic carbonate PET/BP2004/050480
fromO0.01:1 to 1:1, nore preeferably of fromO0.02:1 to
0.6:1, nore preferably of from0.03:1 to 5 0.4:1, nore
preferably of fromO0.04:1 to 0.3:1, nore preferably
of fromO0.05:1 to 0.2:1. Mst preferably, the nolar
rati o of al kylene oxide to cyclic carbonate is of
fromO0.08:1 to 0.15:1. In the process according to the
present invention, it 10 is preferred that process
step (a) is carried out with the help of a
honogeneous catal yst and step (d) is carried out with

the help of ,a.heter. ous .cataly
preferably, Q/l e horg engodml {’)}?fe fj?é%‘é‘ht § s sgffep

(a) is not Paetrrﬁ*eﬁeHOHaﬁtraFmant éiLkYéeréapo«lds foTdckichas 15
t he advant agectdtat it he fhandpgeneous : tahaleystetafab st ep

(a) can berachioze: ica o. b, CRAYesiRM19f o Benad kyliene
oxi des i al kyl ape. g@fqﬁm (L Pee3anto L, SLER ().

Renoval of a m)un ono ene

cat al yst suc%feraﬂo i"n‘& dPE P14t i %ot ﬁ%ﬁtt PrﬁFe’ﬁ‘P‘rY'the
the reacti 8A™Fi Stif &F apkylen0xigerter el i stibbhatkemver
sufficient fhembgeneous.-tatial yst in the reaction

m xture to semnMenk tSodauk Q@@&dirﬁ; §c1 ef: Q@se&f 1m;elr?1_elon, it
pr eS?d"'t pr qg%%éferl:&l %a%ppr(aggss s e% ath ?St clp%{;ltefj out wcw; i s

pressurized ‘reaction m Xtur

hydr ol ysed.®™® 28'Papt ﬁokifﬁ‘ﬁgef‘?oﬁs Caﬁﬂé’é? BP% step pi) oé%ss
only part GRTERE Opt gEftictheofelst®pa (elerogrmpematdtylyst.
subst ant i akbse atdfegblt hehe pimegsHsiszedal isqUirdsebtai ned

will be SUQh&CQﬁdlg QotStr%védj)mtlllnaftzgeswpe(stﬁntThgg Q&gSS
mate[5|s aqg Qdkgt e%&aggie}mm?emmbscapressu I zed

reaction mxture obtai ne AT Rodgr @
al cohol suCh" 88 aﬁéﬂtVﬁalr?theca??VB@lﬁuaE&h? ALE3EeR Pi”(ﬁ‘ﬂ #fo
wat er, it ipskypeef eridedstoidddrasatierin ghéry (d)Theemoval of a

limited amount of the homogeneous catalyst such as in
distillation of part or all of the reaction mixture, will

20 generally still leave sufficient homogeneous catalyst in
the reaction mixture to serve its purpose in step (d) of
the present process.

In step (d), at least part of the pressurized
reaction mixture obtained in step (c) is hydrolysed.

25 Although it is possible to process only part of the
product of step (c), generally substantially all of the
pressurized liquid obtained will be subjected to
step (d).

In the present process, water is added in step (d) to

30 the pressurized reaction mixture obtained in step (c).
Although alcohol such as methanol can be added in
addition to water, it is preferred to add water only. The

presence of water only makes that a more limited number



presence of water only nmakes that a nore limted
nunmber WO 2004/ 089866 PCT/ EP2004/ 050480 7 of products
WO s00alosmseed whi ch is advantageous in the SubBE/ERID4/050480

separation of products. The7 catal ysts for use in the

present invention are well known in the art.

Preferably, the catalysts are 5 heterogeneous

catal ysts. Exanples of such catal ysts conprise solid

i norgani ¢ conpounds such as alum na, silica-alumna,

alum na carrying a copper conmpound, silica-alum na

carrying a copper conpound, silica- magnesi a,

alum nosilicate, galliumsilicate, zeolites, 10

net al - exchanged zeolites, ammoni um exchanged zeolites,

zinc on a sg|ﬁport,c Ianthanum on _a support, a mxture

of  al umi ni’UR" 3G Ay rBET IR Y% "d’étaﬁ?ﬂﬁ“s in the

i on- exchang§ePsefst rfsrapEpetfapioguctshe cat al yst

enpl oyed i n stepcfdlyits fotfusehoser fdeoehtt NeQionpre

(gnzl sti ngw@fl Andth Xhuie of. P@Lﬁé@lﬂbu%@Qgtﬂ?%e§feum
ydr ) oxi n num on a

suppogrt angtb'tel%!m%%e‘gl Claﬁasyg ca%aalmﬁ’/ sts’ qu\ﬁc caﬁ%lysm

descri bed F8WP&iHaftef FA™HDIe TBLEHF sudthaes fixtinre of

al um ni um abdcregrwesk umhydcyoxidea 2fbeprefenabl y has

a magnesi umitiGa-ahuiingidiRtyiR) arcopdrd eombbundaf Re1s-ange of

from3 to %aneg:gr ealgﬁﬁlfogflqpa!t)é %fallfllilrgrplﬂicgpe, Ze%l ‘%ers], the
prepgyation of the cat er.a SO- ed

i xed rna\gnestaljjrﬁx 'ilanﬁf ni um %ésdraéni“?rﬁémﬂe}éd’faB‘i‘er?e%x“lltes'
However, i i ghe %’@p‘irﬁatlaﬂ%@im o P kiUARPTE 0 RO itHE wFes o f
m xed 25 maguresivngng| npgnerium (ovdr degdaps! peressnbtngeQUr
reference tesina m xture of al um nium and magnesi um

(hydr) oxi de ceyeef@&blpottbe @gegtlygteénp9£ye§'lmt% um and
rmgn%sl um hydr oxflrom tgte m xtures al’'um nt um and

nmagnesi um oxi de ‘and Confllsct)hngo?f BALHHE Xt ur es.
These mi xt ﬁﬁ‘é‘%“%k}@raéldf’ﬁ@ﬁﬁl“sOhxdé)@‘F% tihe 9 glvestert,
activity atlazhgoinggm g stupeprofanfoiening hates3, capslgbes atlly
more than 4e Bs@iBfLRERnI:oNIE WaS detail.
The mixture of aluminium and magnesium (hydr)oxide
20 preferably has a magnesium to aluminium molar ratio in
the range of from 3 to 50, more preferably of from 4 to
20. In the preparation of the catalyst, generally a so-
called mixed magnesium/aluminium hydroxide is formed.
However, it might be that under working conditions mixed
25 magnesium/aluminium oxides are present. Our reference to
a mixture of aluminium and magnesium (hydr)oxide covers
both mixtures of aluminium and magnesium hydroxide and
mixtures of aluminium and magnesium oxide and a
combination of both mixtures. These mixtures were found
30 to give the highest activity at a molar ratio of more
that 3, preferably more than 4. A preferred range was
found to be of from 4 to 20, more specifically of from 5

to 15, most specifically of from 5 to 10. Preferred



found to be of from4 to 20, nore specifically of from
5 to 15, nost specifically of from5 to 10. Preferred
wO\E»0208986€089866 PCT/ EP2004/ 050480 8 cat al yst SPET/BP2004/050480
described in International &pplication No.
PCT/ EP02/ 12640 (our TS 1067). In another preferred
enbodi nent of the present invention, the catalyst
conprises a | anthanum conmpound on 5 a support. A
preferred catal yst conprises at least 7 %u of
| ant hanum supported on a support. The | ant hanum
conpound preferably is La203 or a precursor thereof.
Under reaction conditions this |anthanum conpound nay
be tenporarily and/or reversibly converted due to the

10 reactio ndi_tion oI t hanum roxi de
(La(C]—I) 3|) Qa aq dtﬁ are <§esc fb q br(l%td'a%-ﬁp)p)ilhﬁa}%]r

cor r espondMy PC%(IEE%E)‘?GAi{ °§‘b§%|18§7 such as (La(OR)3 or
LaQ(OR)). As ansupyer teréirrdchebbdimeiapntinhe eaéehaii ng

cat al yst amyenSitint alak @aSURPO E:ﬁmpﬁ&ﬁéstﬁlé}ﬁﬁgmm-ﬂgﬁpound on
suppod t pr %f ﬂp@@ty A Qyéféﬁreﬁ L£Q§atl§£g Iccﬁ\lpLys Isna%r %easpdi £wt

the reacti OQ coq}anu ions an rovid (T

suffici ent hechani caf""2pFe °t“ha s %tntThﬁl laé’ﬁ?fﬁﬁ‘i‘t s
conpri se clEPeRIheTeAPSPLY ﬁérlga%l %r 2 UPPUFLS tayedr -as
Al1203, Si Oznd%@ac@og%@mﬁﬁ:%s tZ'ﬂQl@Mamm &Jm%ﬁé may be

t her eof . qt%or%%lﬂ?/%r aJe@er@llh?%ol’rFel ed due %o the
hal | osyte, oni t

bei del | i tereac‘%l%eﬁ?ngﬂlto%s RO HEuRIE éydrﬁxiﬂﬁs&tﬁw}t)é
phl ogopi t e laghapimetyhy@oxaiehidr Otial eid/er antkeb@n@ing

Parti cul ar bycdabgferspesies aken thani Ry ganinco SHPROrt's
sel ected fromt he?%%gup consj st ngrgof A1203, Si 02,

MyO, Ti02, zr62° DB REPES CoHat¥er o hest

| ant hanum é%tsa%tﬁPJr?gs‘éPat’ﬁ Y5t b pesfde rtab | sprraro e fyeslvat
| easts 7 %wtis glibdtamtipanuimerironerspecidakiciah | dpndithodshehd
range of fEeMrdviked 40:1%dsr0di haRthanuem Q@:&%gt}‘pn t ot al

amount of @éigeglcya§tsupg£]:@slc@1ﬁgrh§engmyc QL,I%I nl ngo a ic

cat al yst rmg e pro uced usin sul t abl od. A
pports such as Aly03, S gO, TiO2, ZrO2, ZnO and

mixtures thereof. Other examples are a kaolinite, a

20 hallosyte, a chrysotile, a montmorillonite, a beidellite,
a hectorite, a sauconite, a muscovite, a phlogopite, a
biotite, a hydrotalcite and talc. Particularly preferred
are the inorganic supports selected from the group
consisting of Al03, S5i0Op, MgO, TiOp, ZrOp, Zn0O and

25 mixtures thereof.

The lanthanum containing catalyst preferably
comprises at least 7 %wt of lanthanum, more specifically
in the range of from 7 to 40 %wt of lanthanum based on
total amount of catalyst. The lanthanum containing

30 catalyst may be produced using any suitable method. A
preferred method comprises impregnating a support with a
lanthanum containing salt, and subsequently drying and

calcining the impregnated support. After impregnation the



preferred nmethod conprises inpregnating a support with
a |lanthanum containing salt, and subsequently drying
w@ar@4/088b€i ni ng the i npregnat ed support. AfterPCT/EP2004/050480
i mpregnation the WO 2004/ 089866 PCT/ EP2004/ 050480 9
i npregnat ed support can be dried and subsequently
calcined. Calcination is generally carried out at a
cal cination tenperature from between 120 to 700 C. The
catal yst activity can be increased even further if the
5 catalyst is calcined at a tenperature in the range
of from350 to 600 C. Preferred catalysts are
described in PCT patent application PCT/EP02/ 12638
(our TS 1144). A further catalyst which is especially

suitable f n _ste d) of .the present invention
is a zinc %8preﬁ§aece?ts§ cgt% be Jrlﬁén‘gﬁbbﬁﬁﬁe“tly

preferably ‘iaé‘”élé eE%léb“atf‘F‘oi‘ﬁ P?f@r@ﬂm@r@@ﬁsquswtng of
A1203, Si 0Z2ldp@ioFitgReratfrdZronCh@0B3en car bonoand. The

m xtures thetagkt adfieiwl 86 bsSURROLIAd Latalyst ﬁ%abe

d b ca e a ra an
o pated DLoULEIDTIA oL, Lot IR S o

with a zi nd R tPat %80l Gt i7" FrefarhsFy 2Tt Hescribadcin
supported cat a’la?é‘s”ttsapekﬂ?ﬁ\”togePcafEPPé’éé‘»@Ble%ﬁS ofsari nc
on a support hafimgeracselfsaceiar ea edfecadlll eastan2d ror

n2/ g, nor esprief eeabhy o@tthlae;ﬁ@;txenﬂ'Q.nUg{tgon E£ edf gl Eed
cat allVSt S %(JSporge%SQa{taggg lofe tsQSpoQé‘ {thefa%RE IsCs{:}el ons

claimng priorify o Eur opean P i Catieh
No. 022563Af‘7°“2 ‘(oﬂf°“ﬁ‘§°ii@§mg foflavat Sb%lfrggheryzr
further catzabystriphi clrbos apd ef efuadd ynatsed 18 dinc

cat al yst C%Qﬁ‘g&o%EédngatQ{ysglc}émgl%e;éar%f Sjyabl ¥e%gﬁlatlon of

al um na is_ gamma-al um na sent

process is CF‘EraéBITli}a Sartieges 85tal&‘fl“éu“t é??p%"i"géﬁﬁr“@ of
from30 to <3m} wridpprgtepadiny ndfratf somMt8® -t re2&RLY, the
nor e speci fzil@fa|silgpoﬂfedfd'a®myiﬂﬁcin@r%OatCleth&SD%ﬁScSﬂJEﬁw

can vary Wloqu Xup %Péjhglﬁé ec\r ?J}Lfélce drea of ate§esatst ]20 m2]7
N/rTQ nore Sspecl i cal y at ea
more preferably at least 40 mz/g Preferred catalysts are

described in the patent applications claiming priority of

20 European patent application No. 02256347.2 (our TS 1199,
not yet published).

A further catalyst which is preferably used is a
catalyst consisting of alumina. Preferably, the alumina
is gamma-alumina.

25 Step (d) of the present process is preferably carried
out at a temperature of from 50 to 300 °C, preferably of
from 80 to 250 °C, more specifically of from 100 to
200 °C. The pressure can vary widely, and preferably is
at least 1 x 105 N/m2, more specifically at least

30 2 x 105 N/m2. The pressure generally will be at most
100 x 105 N/m2, more specifically at most 70 x 105 N/m2,

most specifically at most 60 x 105 N/m2. Preferably, the



30 2 x 105 N nR2. The pressure generally will be at
nmost 100 x 105 N'nR, nore specifically at nost 70 x
waow4mBasRe nost specifically at nost 60 x 105PC¥/RP2004/050480
Preferably, the WO 2004/ 089866 PCT/ EP2004/050480 10
pressure in step (d) is of from5 to 50 x 105 N n2,
nore specifically of from15 to 35 x 105 N nR2. The
pressure at which step (d) is operated is higher than
the pressure at which step (a) is operated. 5
Generally, the pressure in step (d) will be at | east
sufficient to conpensate for any pressure drop in the
process as a whole. Preferably, the pressure in step
(d) wll be at least 0.1 x 105 N nR2 hi gher than the
pressure in ste Iga nore specifically at least 1 x
105 N n2 16°FiyFei? SHrref ®r &bIo§ f&em PekesfO 2 305 1082 Nihqre
hi gher. Thepecplfeﬁsw ef ifRors L2 Ro (W) x geheyA.ly will be at

nost 50 x 105 TM g@eﬁhgah% wLMnstEge(dPrl‘éS%Q %n% 1ssf¥1€}?er
(). e, SRERM ReaLly AL wpeloc2l o 103 T8,

speci fi cal I
speci¥i cal IGﬁneéf’llWostthe BT K 11 GBe/(R w1} inbs e g efe) |
t he second sp&&Eetdandriontonbensetd Sorsepap@bede drdp Qnathe

l'iquid efflpuents and ahcgaS@QeHﬁrﬁflfr,l H@Er&@ﬁeairms% (d)

carbon di omple g 1.se alratllg can be carried out by
sendi ng t h& 5e8dRd Faactiloh ‘W LY Tir 846" dfi* st yressure

vessel . 20iFtwep dabt ron frextfirglgeparastes 4 nonan?

carban di oxigde.r Ip';&ergﬁeaceur%apb%@ 1@51&3/1@ Ly 9”' dT}l%hase-

The gaseous efsfllr oL carbon di oxi d
obt ai ned i A Step e) gcpe? efaqu ljl’g%fﬁl"é’atdl rectly

to step (ay? Yoﬁa@ﬁ Bval Illlyh%sf then Wa\mrﬁgsurbeerste@n‘sl,nadce

with fresh sﬁ&ﬁ@%lw 9€<|m9§ 206‘xd10'5el\9¥r12 r ﬁgr)écép%cgécéﬁ.y at
considered to be a r.ecy le in which no further

conpounds &P sepat’ tNé ofFSt MERHEYEALLY PRegas which is
recytd ed ditpectéynmeén have been subjected to

treatnents C@HSétQ;g & change i temearature and/at . 4

ressure such a an e with one_or nore other
FSJt [ eans ei tP]to aSﬁquul% ff?uen a gaseous effluent containing

carbon dioxide. Such separation can be carried out by
sending the second reaction mixture to an empty vessel.
20 The reaction mixture separates into a carbon dioxide rich
gaseous phase and a liquid phase. The gaseous effluent
containing carbon dioxide obtained in step (e) preferably
is recycled directly to step (a), optionally after having
been combined with fresh carbon dioxide. A direct recycle
25 is considered to be a recycle in which no further
compounds are separated off. However, the gas which is
recycled directly can have been subjected to treatments
causing a change in temperature and/or pressure such as
heat exchange with one or more other streams either of
30 the present process or of a different process.
The liquid effluent obtained in step (e) can be

separated further. Preferably, the separation comprises



30 the present process or of a different process. The
liquid effluent obtained in step (e) can be separated
wo pootlogasee Pref er abl y, the separation conpri sesPANDEP2004/050480
2004/ 089866 PCT/ EP2004/ 050480 11 (g) separating the
liquid effluent obtained in step (e) further into a
gaseous effluent rich in carbon dioxide and a liquid

effluent, (h) contacting with water the gaseous
effluent rich in carbon dioxide obtained in 5 step
(g), and (i) sending the water used in step (h) to
step (d). The separation of step (g) preferably is
carried out at a pressure of from0.1 to 20 x 105

N n2, nore specifically of froml to 15 x 105 N n2,
nost specﬁ;cglallrg th ) x 105

Al kanedi ol ‘@an B8 tf(?gseﬁarlgﬁ?lgdefff?"b%ttcﬁéaﬂ”%df‘(ftep (e)
ef fl uent oBt&Ei"fiBd Fhasteerue g‘—‘)ffluel“h r§ghepn Cdbon atiotigdast
part of thengastousd efflherent (h) contaakmgng tsakbanthe

di oxib de is grafcbygleeehum $18P:id 8drbord iaeomg@w& néiii oxi de
can bge recyg th t in Q04 1 €4 D€
£9g1, Oart £ %F%)i L] Fy, ?dh fg ?chess

i ncrease i tg }{) ssyre. Advantageous
accordi ng t°6°% HE prEsERETINVet ST CHnPIFEe Aty |1éd out
W t hout i ncredsdngt tahe: preessures efomany of 2¢ herosSty/eans

present in m§£eeréc§}lcEﬂy(£f) €p3§15 g f5t h§%5|g nerease in

pressure attained in step . era élrikanedl ol
i s separ at €8eFEHRH Bhef se¥ohde 26 Jroéakiﬁ ohlquvsdtleﬂr @an Fhe
al kab®di ol separabel sepamnatiequiliramudhhertaaed ionced XHure

obt ai ned in stiepstbs)is) ,(8) 1and/ QL (og)thelcﬁs@m é/f@,vuekspom

in the art coﬁAtan %fgeJal;1§oq <§1 Qz%rea}sl roenc che% o step (a). The
distillation he second reacti re,

preferably cﬁrb‘ma%u’fh?\e di*8t5el ‘feéi"flSﬁ t°o?§leP o‘ﬁélwllV“’Fblt%vved
by 25 furt ﬁ‘é‘?d dp srfiepet Ponpesbsione Adrantpyeeuof . tthe
di st i | at e préqeactaconsirand/ are potstamfveacbh @as .beRer

nore of theut fuiashi QRS -88RAAL ep@eé@ul:el oh%\é? o2 1!?1' gﬁreams

content of l, Ye K l.ycol obt ai ned
by distill a?%ﬁjC a ﬁtepg Q%) fﬁlbeyld%f’%hg )eénli fay purle to

use as sucK*sI¥* % éaljlllrlleéidln step (c).

Preferably, alkanediol is separated from the second
20 reaction mixture. The alkanediol can be separated from
the reaction mixture obtained in step (d), (e) and/or (g)
in any way known in the art. A preferred separation
comprises distillation of the second reaction mixture,
preferably by vacuum distillation, optionally followed by
25 further distillation of one or more of the distillate
fractions and/oxr bottom fractions. One or more of the
fractions separated will have a high content of alkylene
glycol. Alkylene glycol obtained by distillation will
usually be sufficiently pure to use as such. If required,

30 small amounts of by-products can be removed separately.



30 smal |l anounts of by-products can be renoved
separately. WO 2004/ 089866 PCT/ EP2004/050480 12 CL A
wo 200488966 Process for the preparation of al kanedi/aP2004/050480

whi ch process conprises: (1a) contacting al kyl ene
oxide with carbon dioxide in the presence of catalyst
to obtain a first liquid reaction 5 m xture contai ning
cyclic carbonate, (b) optionally renoving carbon

di oxi de and/or al kyl ene oxide, (c) increasing the
pressure of the liquid reaction mxture obtained in
step (a) and/or (b), 10 (d) contacting the pressurized
first reaction m xture obtained in step (c) with
water in the presence of catalyst to obtain a second
reacti on m xture containing al kanediol and carbon

di oxi de, (e) separating the s coqureactlon m xture
into aliquid 15 effluent ang—a—gaseous ef fl uent
cont ai ni ng carbon dioxide, and (f) recycling at | east
part of théugése@esfefﬁh@enﬂmr@@nmafﬁﬂhgw@&ﬂb@mnm

di oxi de t o psbt@ps (c@jprisdd: Whi ch process the pressure in

step (d) isa hlcgmgtltngaarikylgge %Qﬁiepvll’l%§ gat.b% Icﬂo;?ltd%pln( g)e
2. Process accord P%at ﬁ

step id carri 6d -0 atqutt 85 tal%s%FerSBfl“F‘PSnﬁeSC‘ilﬁn 50
x 105 hvnQ“”@”rPﬁﬁﬁessﬂadﬁéFﬁlﬁﬁbW@tela|n11 and/ or 2,

i n whi ch 28bprptiessllgtepovia) chbogarptigd a@bltor adlk@ene
pressure Ofoxidepm 3 to 40 x 105 N nR2. 4. Process

aCCOYdI ng t(g) qureggli.%gocﬁ'ne %Irgssq?e %f tge iqg 1g reV\,ntl b}
process the ﬁress re uﬂé“ﬁ? g is at ‘least 0.1
S

105 N n2 hi'gher® tRan" Hr YR dblep (a). V\D
2004}‘@89866 peqytgpg@g)zr_}l@%asgs@rlzed first reaction mixture

obtained in step (c) with water in the presence of

catalyst to obtain a second reaction mixture containing

alkanediol and carbon dioxide,

(e) separating the second reaction mixture into a liquid
15 effluent and a gaseous effluent containing carbon

dioxide, and

(£) recycling at least part of the gaseous effluent

containing carbon dioxide to step (a),

in which process the pressure in step (d) is higher than
20 the pressure in step (a).

2. Process according to claim 1, in which process

step (d) is carried out at a pressure of from 5 to

50 x 10° N/m2.

3. Process according to claim 1 and/or 2, in which
25 process step (a) is carried out at a pressure of from 3

to 40 x 103 N/m2.

4. Process according to any one of claims 1 to 3, in

which process the pressure in step (d) is at least

0.1 x 109 N/m2 higher than the pressure in step (a).



13 5. Process according to any one of clains 1 to 4,
in which process step (a) is carried out with the
whedop/ogfs6@ honpgeneous catal yst and step (d) PGI/EP2004/050480
carried out with the help1df a heterogeneous
catalyst. 5 6. Process according to any one of clains
1to5 in which process the gaseous effl uent
obtained in step (e) is recycled directly to step (a)
optionally after having been conbined with fresh
carbon di oxide. 7. Process according to any one of
clains 1 to 6, which 10 process further conprises
separating al kanedi ol fromthe second reaction
m xture. 8. Process according to any one of clains 1
to 7, which process further conprises: (g) separating

the Ii qui dsef H&é@ﬁt abianpned alnE) &Ee& &ﬁlms 13 f&”Eher
into a gaseau uent rlch di oxi de

fl
l'i qui d effruentproiehf cont'dce? nca“l'a%l ﬁmt wat & “E%Ee]é’a%feéus
ef fl uent r PERIFROUS ﬁ?ﬁﬁﬁtd?€x$ﬁ% (Ebtiai Wedief rrustraph (3 ,
and (i) sehdiPngf thetsyageecussedalyststep (h) to step
(d). 520 9. 6Process aceafidlrg 4n9 dkairmiB8insMighs process

further conpriSes. §etﬂérgaggon9 e@h&@g@gﬂgt%tnefd@nmsée%e o)
l'iquid effluent obtaln%y,&pm%peg %

recycled direct ionally after having
been combined with fresh carbon dioxide.
7. Process according to any one of claims 1 to 6, which
10 process further comprises separating alkanediol from the
second reaction mixture.
8. Process according to any one of claims 1 to 7, which
process further comprises:
(g) separating the liquid effluent obtained in step ({(e)
15 further into a gaseous effluent rich in carbon dioxide
and a liquid effluent,
(h) contacting with water the gaseous effluent rich in
carbon dioxide obtained in step (g), and
(i) sending the water used in step (h) to step (d).
20 9. Process according to claim 8, which process further
comprises separating alkanediol from the liquid effluent

obtained in step (g).



