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- 1 PROCESS FOR THE PREPARATI ON OF ALKANEDI OL The

present invention relates to a process for the

preparation of al kanedi ol- from al kyl ene oxi de.
Background of the invention It is well known to
contact al kyl ene oxide with 5 eatben 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. Ac[g%&?( Oﬁ?é t ﬂﬁfﬁgﬁ |

hydrol ysi s of éﬁg%yc |6$g#k€$%%e car oﬁgggﬂ%§ﬁ§§8$§%b

a diol as is described in US-A-5, 847, 189.

US- A- 6, 407, 279 teaches to jntegrate the above steps

whi ch naRes RERRCH ST Hore LA e e 3 i PRCTROTOT the
tfa%&%@dﬂéﬁﬁdﬁﬂdfﬂhlﬁiﬁéﬁ£6uZﬂﬂ%ﬂ&l Lén@Ubkihgation

of 15 the cyclic_carbonate. US-A-6,407,279 descri bes

t haBackgraindighihm Hvemsieycl i ¢ carbonate

purifi cati | 1 10 ' i 3 :

G Sti 11 At O Qb g e Goardty Y vl JREpyaen

el i marbonglimsisss i dye|presemrdontte suitablieabhealyst to

to t purification steps. The 20 carbonation reactio

of OBEARE m R BT SLERend ribotate. poeel pESERsEBas been
r angie sfdraPeab it Sthmsia {Rbopta-3ti 38405 MipBhet) it is
about 1000 psia (about. 69 x 105 Nn2) while the

t r affde¥e GhEte e FYeRkd | kY ena ¢3grrREe afangbe converted

re w1 s
500 et gle?;'b%g%gznl LS (Betltier! Prdfosl Sohokdsts

a phydesd visdrs prbdihg ey ckihya Baelapsg corrhonatet ol preduce a
oxi rei,n i cond, n xide is
al | §-§h%§ ﬁéh&&é%éi?%é;%ﬁiﬁé%ﬁfﬁ%%%f@ﬁ%grn athird

step et np@na clrh@®E ecdasiches to integrate the above steps

which makes that cyclic carbonate can be fed to the

transesterification reaction zone without purification of
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
carbonation reaction of US~A-6,407,279 is carried out at

a pressure in the range from about 500 psia (about

34 x 105 N/m2) to about 1000 psia (about 69 x 10° N/m2)

while the transesterification reaction is carried out at
a pressure of about 100 psia (about 7 x 10° N/m?) to

300 psia (about 21 x 102 N/m2) .

EP-A-0776890 describes a process for producing
ethylene glycol from ethylene oxide wherein in a second
step ethylene oxide is allowed to react with carbon

dioxide and in a third step ethylene carbonate is
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AMENDED SHEET | a subjected to hydrolysis. The
reaction solution obtained after conpletion of the
hydrol ysis is introduced to a carbon dioxide
separator wherein the pressure is |owered. The
separated carbon dioxi de can hejgecycled to the 5
carbonation reaction, which carbonation reaction is

carried out at higher .pressurg. %HQHH!V of  t . .

i nv& P&ﬁ%ﬁgaﬁgbg% 5@%#§%ﬁjt¢hﬁ an |ﬂ%§ﬂ%ﬁ%§}kﬁﬁxgggaln3d
can zgi¥g¢er Wompled iow oiferchel heydrglymied gl rodaded to a
the need to ., 1Q jncrease theAﬁégﬁéﬁge of a gas or

i xCREOW Yo iged SePRFRLPT &hgpressure fs lowered.
| NCreRsidaghalriit f @33R i ddildcafbdadansdd ¥Bhe

ways. The neans enpl oyed usually is centrifugal force,

or clariyesfagdosf nemeddorm Whiichecathanakdon mrattion 1is

usual Ly . centrifugal. ressors are used

whi a,?r\érr:.g g4 %&%e@g?%scﬁq% ¢ of producing

Ki nefurgnaenerody dhe timeerdniidron of centrifugal force and

then converting this ener i nto pressure by

ef fici eM PAvEJROnFMRE Fiaciany g %qbc%%ess can be
f I visthpddvdd FusfdlerQl THATBIHIVBVSmatBebLindiitadd 4l tthé Sneed to
decel érated in order to transfer its 10 npnentumto a
secdmrdasied thietrr et % R ¢ JafIer (B dvpituie ankfgps and
of qggﬁﬂkynl A conmon phenomenon in increasing the

pressuré of fluids is that increasing the pressure of

a gas or a mxture of gas and liquid is nore

difficult than 15 increasing the pressure of a liquid

only. Apparatus for increasing the pressure of a gas

or a mxture of gas and
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liquid have the disadvantage that they nore easily
fail in operation and are expensive. The present

i nvention makes it possible to operate 20 while
increasing the pressure of a2 liquid instead of having
to increase the pressure of a gas or a mxture of gas
and |iquid. The present invention relates to a process
for the preparation of al kanediol, which process
conprises: 25 (a) contacting al kyl ene oxide with
carbon dioxide in the presence of catalyst to obtain
a first liquid reaction mxture containing cyclic
carbonate, (b) optionally renoving carbon di oxi de

and/ or al kyl ene oxide, 30 (c) increasing the pressure
of the liquid reaction mxture obtained in step (a)
and/ or (b), (dPCEGAtHCHenEreeFEe Rietiifs Fan bF|q°§T in many
reaction rriWEH &he gbanai eretbyed ustadPy (is) canktiifugelt Borce R
t he presencfanéted ofGithaltys! th Ah@RhahiRaf 18€GOAD usually

reaction magwﬁ%ugcaqnmwwgm@e gsdd'rglua@mh&%f Pr%nbased

di oxi ( epar at econd, reaction

into g | | qtf? B ePTiInﬁJé’ﬁ? °5n’&°‘§ PedRE KPS PP Y the.

cont ai ni ng ¥FAFBORE Terfirdiigefe forrA gl Yhep copesitking Hils

| east part akrgyhéntgaseouse affdifbrientlgorddadinl nge CALEDOARY
di oxi de to st efe hae)und Pl gl tasmslssftnlaﬁermn&&swsed,i n

step (d) 1s,0i gl s.E I’J:l%?ele%ﬁgd Fl!}.eosréés'l %oltr..l.ansstfep &) -

Det ai_| ed descrl |on I'n process step
(a) df the "ﬁF‘%‘é"é‘ﬂt“u hyeed d‘-ﬁ‘,‘“‘r H{?ts anﬂﬁdé?@rmﬁﬂfe“?% of
cont act ed virepsteardforerelitoni de in the presence of

cat al yst. Sevex abmmofitphbntgéronaineidcR@AMing @hd) @ressure of

fluids is that increasing the pressure of a gas or a
mixture of gas and liquid is more difficult than

15 increasing the pressure of a liquid only. Ahpparatus for
increasing the pressure of a gas or a mixture of 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 liguid instead of
having to increase the pressure of a gas or a mixture of
gas and liguid. |

The present inventlon relates to a process for the
preparatlion 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 cyelic carbonate,

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

30 (¢) 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 (c) with water in the presence of



sui table for such process. Preferably, the catalyst is
a 15 honbgeneous phosphorus contai ning catal yst. Wl
known phosphorus containi ng conpounds which are
suitable catalysts are pho8phi ne conpounds and
phosphoni um conpounds. The catal yst preferably is a
honogeneous phosphoni um catal yst, nore specifically a
phosphoni um 20 halide catalyst. It was found
especi al | y advantageous to enploy a

t et raal kyl phosphoni um hal i de catal yst, nore
specifically a tributyl-nmethyl phosphoniumi odide. The
catal yst can be either added as such or can be forned
in-situ. The reaction m xture which is added to 25
step (a), preferably is,substantially free of water.
The anount %%av%s? e?oy?tgcabl} BFEPY $PAFERS RiFhiFescdiRining
more pref efdBrefirledad capan Piogifle, npst preferably |ess
than 0.1 %), sdvasatdnObhd 9éc@hd aBaxtién afixthenahicOf liquid

m xture addegriuehBeardl K yh20Es Q¥d1d6ntf nthS8nd Raldf
presegt | nvgﬂg{i&rj ara0 Preferably is propylene oxide.

The use of géop%l ene oxide starting compound in the
present i nvERt FEHCHRBRESIEHaPart pRopYA aRtecRnPETMeRe i s

formed in stepaipdhy Giben dieswids tbostep We)smanuf act ure of
1, 2- propaneiti @hicarproEsRe phe Btk e 4n ey C@) isMhighePthan

(b). I'n suckePEQSESS. 1nt HQ aJaFanedi ol is
L 2- %opane]sutgileamd#gr S.Anky gne,gxlde s propyl ene
oxi de. The pure carbon
di oxi de 5 or PaPHSAUFR e ToMSaPFASAY fiepkion, the
conmpounds. Gawboa oxdioxs dentahtchwity @gpecdiakide in the
sui tabl e f Ofres&fei dr tdtQlyspl @5@thL icAVAREIORke kifowk &bhan
di oxi de whi gh¢fa3 Re&ch $eRRLAL 8fkREdr N tﬁgg§&qy&n£s a
s.tepslsof thneo resent rF)r qcess. tgliar boré dioxl de lglan
ei thef be s&parared BEFPEFFeeYIS MPT P85 hE A B bne
oxi de has rRFREPREFEHEPTTALHPHSA™RIERAS thicargsuitable
catalysts are phosphine compounds and phosphonium
compounds. The catalyst preferably is a homogeneous
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 substantlally free of water, The
amount of water 1s preferably less than 5 %wk, 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 mencpropylene




a later stage. Carbon dioxide is produced in the
reaction of the cyclic alkylene carbonate with water.
Therefore, it is especially attractive to separate
carbon di oxi de and 15 recyche the carbon dioxi de thus
obtained to step (a) either as such or after having
been purified. The extent to which the carbon dioxide
is purified depends on the nature and the anounts of
contam nants present in the carbon dioxide. These
agai n depend on the exact reaction 20 conditions and
purification steps of the process. Qperating
conditions for step (a) are well known in the art.
Preferred operating conditions will generally
conpri se a te eratyre of from50 to 200 C,_ nore

speci fi cal l%dﬂ i?o BdPIe, I AtrhaPrsreass (b Bhangdiqlebst
25 2 x 105 I’TEWP?RS‘F%}"ISWCPM Tkl ape oxipiee ¢ prepydénel 1 om
2 to 100 xoxt8& N n2, nost specifically of from3 to

40tX t_1505 N ng. TI-BF&l‘rg&abio‘l:ida%&cﬁ&Siék?%uﬁé‘)caib%n‘?ﬁﬁhd@d
out at a pr

cat al yst ca%séwbgng ofI iag%'ﬂfgi%igg%)‘rﬁu °°%°“E;$Sdr?ﬁrb§b
known to be®*SttdeaBi e ia wprrigHe ke for rFs?h‘@ ehet .
General |y, RuSBentatnPRidenWid Icathon atideide adigubds béenas a
sol uti on ofsephteaicat \6tsupfeqhaitadtlels o AR Jgrbfht process.
sol vent SL@b@dﬁx@&@Lén eﬁ%&pggasgsifggec@h&ylﬂﬁggtw after

glycql. The,5 alyst. c elt

al kyﬁgne X 3e ﬁ?{et"% °xf#eﬁ%safﬁgﬁ°ddrjot>l?l FEPBr HoFiqener at
m xture of HOt¥* PP¥erably, the catalyst solution is
added to the r@geeodiogbdet &8 pravgeed kre the xéatton0bt the

al kyl ene oxdydeicaarkyTake bapbdhia O ke wa‘:'teIh@th%Q&Ei QR is

m xture ObtéE%QIi)na&EQal‘éa):o Iéparﬁwt.ee §§b§9'd¥oﬂ§§dandf

wi t hqut fur e carbon tion, |n. manuf act ur e
al kanedl ol . , o Some plirT flk&’gt"f%ﬁm(ﬁ? to step (a)
elther as such or after having been purified. The extent
to which the carbon dioxide is purified depends on the
nature and the amounts of contaminants present in the
carbon dioxide. These again depend on the exact reaction
20 conditions and purification steps of the process.
Operating conditiéns 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 x 105 N/m2, more specifically a pressure of from 2 to

100 x 105 N/m2, most specifically of from 3 to

40 x 10° 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 reacter 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



the reaction m xture can be carried out. It can be
advant ageous to renove carbon di oxi de and/or al kyl ene
10 oxide fromthe first reaction mxture. The carbon
di oxi de and/or unconverted5sal kyl ene oxi de which are
separated off can be recycled to step (a). Separation
of carbon dioxide and/or unconverted al kyl ene oxi de
can substantially reduce the volune of the reaction
m xture to be subjected 15 to steps (c) and (d).

Addi tionally, the renoval of carbon dioxide and/or
unconverted al kyl ene oxi de reduces the risk of
cavitation in a punp. In step (c), the pressure of the
first reaction nixture obtained in step (a) and/or

(b) is increas Th i ncrease in pressure can be
done in any’ S\lﬁ Rﬁ&f}vﬁ tadidg%ﬁ?et(s'ﬁ’é L8 Khe| AHviene toprdeyp¥ to

General |y, e ﬁ’EPW#C'P‘leeOr e dde whitpine jof HotbwwRrdferiidy,
sui tabl e fometdakslyspasidiien iappbdaCed iR r64t€be @6ntdining

centri fugalthauztrntu::f& m?@éluraxa&edam Ailipdn Q&Lﬂ;@ed In

step (c) wll ave .a pres froml
to 100 x 105 l\?‘nﬂreg&q’g ixé{:u:e oFtai cf)in 3 %}mig to 60

X 105 N n2 P‘ﬁB"r‘éblysb’éél‘fiFE%‘FI?‘rUFrf%HiSa‘tie"S‘G 50e105
N n2. | n amngrefpgtyre Piemtiakidteint Hovevre . f @ee peulficutied of 0
step (d) combaieastian sibsikarhh 3k AeRisatowefl raldayl@ne

oxi de. 30 aﬁbﬁt%&ﬁé Q:g Q:eﬁ&edgarga‘p ol AU g% AR th Eyleggt

that part OfiéJl 5{ gne %x een converted
in step (a)° R TP ctmri ﬁ%ﬁtu’ésf ke FE Pk dirife
added eit hé®d/ %e?’ﬁ?%“eé?addﬂ’r“k’i‘@es"t“é‘ﬁf’ Fech Jmecfeppeatpy of £
t he anobunt ®mh B regiidedcnesteri G¢. Sachrayichi € cabborai@de
in step (d)anbforStHebnveltiat aixhfendlixdde Eal bbs0inraliqyl ene
oxi de to CyI%I:!l'.'lC% trfé&SJiQ:E@Eg tgé rggctfig H%:Qﬁpel‘tg' bg su%jec’ted
gtr)[#ee'r raglf )e/r abl éf/ep%rhc aa% (i) 8ddit10nally, the removal of carbon
dioxlde and/or unconvexrted alkylene oxide reduces the
risk of cavitation in a pump.
In step {c), the pressure of the first reaction
mixture cbtained 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 sujtable for this specific
application such as a centrifugal pump.
The pressurized liquid obtained in step {¢) will
25 generally have a pressure of from 1 to 100 x 105 N/mZ,
more specifically of from 3 to 60 x 105 N/m2, more
specifically of from 5 to 50 x 103 N/mZ2.
In a preferred embodiment, the feed subjected to
step (d) contains a substantial amcunt 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 (2)
and/or to the fact that alkylene cxide is added either
before ox during step (d). Preferably, the amount of



50.4:1, nore preferably of from0.04:1 to 0.3:1, nore
preferably of fromO0.05:1 to 0.2:1. Mst preferably,
the nolar ratio of al kylene oxide to cyclic carbonate
is of from0.08:1to 0.15:&. In the process according
to the present invention, it 10 is preferred that
process step (a) is carried out wwth the help of a
honogeneous catal yst and step (d) is carried out with
the hel p of a heterogeneous catalyst. Mre
preferably, the honbgeneous catal yst present in step
(a) is not renoved until after step (d). This has 15

t he advantage that the honpbgeneous catal yst of step
(a) can be active in the conversion of the al kyl ene
oxide if ene g I de t|II gresent in step

(d).
Renoval of a& Jﬁ“f’n°f‘ 5’?‘?05’{?(1 SRRt PodeRelisls such
cat al yst suUdRt g&e imqlargraiip |9faalkpiene foxpder to gyclat| of
the reacti onrbinstaiie ofWidoh ©201:geteral, | o8 torkierhgver

sufficient AeRRYENEOUS, GRT AkhYSt pi‘e@eraﬁ:hﬁ of QG4 '005‘5 1 to
m xt uge to DS%[‘VG z%rtespxgygrpg‘ﬁﬁof I%foml 8%4 1 l:o% 3: Jf lfoﬁ-g

present process. part

pressur i zePrSTEARY, %fﬁ‘?’"x L 5pt ?ﬂeo""r‘-‘h PERiRsaly) thg
hydr ol ysed.mol@h rfiphafugtkyiene| axigoossidytidct @rpmeteds of
only part ofrohleopnoguciisef. step (c), generally

\?\nuIbISt agt ISSI | séCl?,I Lheoﬁmt:m a&ro&ﬁﬁigb%q Arggéﬁkdinemtqweﬁt
wat ert | s aoidge%I | ﬁrr§ etgat( gf‘g e%)s S ?eiszr" gff& gth ’
reacti on mi%eduedr (?Staa PROgeRequE CREF LY and N?h%g’rﬁ

al cohol sucderraisdneitheihblthe delbef adoktgriganecag diatalgnt.t 0

water, it idrprebrragd, tthe akdfbgerdoas cefhhyst Ph&ent in

presence of upt gy ign.lox m&e& Jn@f aetemtsp Mﬂ 584 has
nurrbe?ofpd obt al ned

advan ageoutshe aderH:ége tf1ast the ]qomogeneous catalyst of step (a)
can be active in the conversion of the alkylene oxide if
alkylene oxide is still present in step (d). Removal 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 hydroclysed.

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 cbtailned 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



subsequent separation of products. The catalysts for

use in the present invention are well known in the

art. Preferably, the catalysts are 5 heterogeneous

catal ysts. Exanples of suchrcatal ysts conprise solid

I norgani ¢ conpounds such as alum na, silica-alum na,

al um na carrying a copper conpound, silica-alum na

carrying a copper conpound, silica- nagnesi a,

alum nosilicate, galliumsilicate, zeolites, 10

net al - exchanged zeolites, ammoni um exchanged zeolites,

zinc on a support, |anthanum on a support, a mxture

of al um ni um and nagnesi um (hydr) oxi de and

i on-exchange resins. Preferably, the catal yst

enpl oyed in step (d) is 15 chosen fromthe group

consi st i ng 5fPTEMACR tigr Frafned ahifh H anveatrsemtg e Shem

(hydr) oxi deubseguent orerarasiqrpof produbtant hanum on a

: upportb gm% alhencagalyddicsse el ol y&d §rwelﬁd inRBtion are
escri be [ ter r : re o

al uni pi um %ﬁi nkgﬁé'e% E:ﬁ:iﬁd%;g%gie’) bl }%F g]f}égr:%baﬁ/ has

a maghesi um TG EaRIeNF Paf*PRET%°F Ut AFaleiige of

from 3 to FOTPTieR eclidcinerapts cefpofndsnygh tag alp@inal n t he

pr epar at i oidfcatdlemizal allysha geryendlal gbppers Gompbitd, ed

m xed mMagnesiieal Alikh 2403y dr Cophee chiboh, "B ca-

rovever | Gl gl DELLRALL MY MO0 119, 600040908,

m xed 25 maghesi unfal um nj um oxl des aré presen?. Tir

ref et®nce FE213%%XA90T SO ot uATRP LT StARR e Felithes.

(hydr) oxi deieperressupperith feniitagresn ¢f swebent: nd sbrtanel of

magnesi um hy aiiaximdgndafime $hax t (@S oxilie Gndl MofH ebtBhaRBE

magnesi um @xigde. and a conbi nati on of both m xtures.

These m xture re.foynd o_gi.ve the hi ghest
activity at aSPﬁ% 25%1 iat{lg?) ngaaﬁ%ﬁ é_“gpltoﬁeéjt ”é,sbeﬁr é‘se?%bl y
nor e*? han £POSR"pTEar &Pt SICPRAfEIHARS °f SUREEES B of

from4 to 20uwmisbmrearsipergnétion| thydméxifie opils: on a support,
lanthanum on a support and alumina. These catalysts will
be described hereinafter in more detail.
The mixture of zluminium 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, gensrally 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, nmore specifically of from 5
to 15, most specifically of from 5 to 10. Preferred



to 15, nost specifically of from5 to 10. Preferred 8
catal ysts are described in International application
No. PCT/ EP02/ 12640 (our TS 1067). In another preferred
enbodi nent of the present B8nvention, the catalyst
conprises a | ant hanum conpound on 5 a support. A
preferred catal yst conprises at least 7 *wt of

| ant hanum supported on a support. The | ant hanum
conmpound preferably is La203 or a precursor thereof.
Under reaction conditions this |anthanum conpound nay
be tenporarily and/or reversibly converted due to the
10 reaction conditions into |anthanum hydroxi de
(La(OH)3), I anthanunmoxyhydroxide (LaQ(OH)) and/or
correspondi n al cohol at e, speci es such as (La(OR)3 or

LaO(OR)) . Ké‘g%%yé‘ifpﬁ‘ber fegeatoet i@ PERTRLIAT eBRiisrHPRg
catal yst &Ry EST{EFAHI2ES40ufyorRS 4Y) -be used. The
support pref erlabingthekbpriegersed efisdinent (ot inacsdesentder
the reacti Qav&Rish,tfaNGataie dofpAlidl b AR I compound on
suffi § I ent aw.Cﬁlprégegge%géaQalyEth%Qt:!iggl. §1l:'I q.ga? rtt ’7' dwt
conprise clay mnerafs, 1 norgani-c SUpports- SGeH as
A1203, Si 02F Wehanit Goorestedoon ¥ iePRash. The Aeihagm

t her eof . Orchegounk apgflecablaris br2RAOF ianpregursar Xbereof.

ha! | osyte, Uﬁdé‘rl']f:éé%g{cjn! @ondﬁimtzmrialnl:lﬁmnﬁ Comgdund may be
bei dellite, € itad scovite, a

hectoriite, _a. s onit
phl ogopi tq,te%p%r%]feigf it 'él}"rarqﬁe’ffzrig]tcyaf%nlvfféceané’ettgl ghe
Par t ??:ul ar [FAF1eR Gprfions iate fanthapsmguArexide fhoioEss -
sel ect ed f rnamhbheogfh@dib:id0 MSH0$5dH) N Gnfor Adb2Bsspomil 02 ,
MO, T102, ZEdRiatéNiPeaid zéhmthLugﬁaterﬁa%%the

| ant hanum cont ai ni ng catal yst preferabl éi conpri ses at
Fl

| east 7 9t of*®1 B tHRARUMPT (BT d*EPuamiGortaiping rafat g
range of framstitaphlelGuodnrt ahy bansthntim baved prefetaplal
anoumt of aatsbysihtidlle ihamtbaatihe @dcdidh Bghditions and

is provided with sufficient mechanical strength.
Potential supports comprise clay minerals, inorganic
supperts such as Al03, 59i0z, MgO, TiOz, ZrOz, Zn0 and
mixtures thereof., Other examples are a kaolinite, a

20 hallosyte, a chrysotile, a2 montmorillonite, a beidellite,
a hectorite, a sauconite, a muscovite, a phlogopite, a
bietite, a hydrotalcite and talc. Particularly preferred
are the inorganic supports selected from the group
consisting of AlpQ3, Si0p, Mg0O, TiOs, 2r0Os, Zn0 and

25 miztures 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

caleining the impregnated support. After impregnation the



30 catalyst may be produced using any suitabl e nethod.
A preferred nmethod conprises inpregnating a support
with a [|anthanum containing salt, and subsequently
drying and calcining the i#pregnated support. After

i npregnation the 9 inpregnated support can be dried
and subsequently calcined. Calcination is generally
carried out at a «calcination tenperature from between
120 to 700 C. The catalyst activity can be increased
even further if the 5 catalyst is calcined at a
tenperature in the range of from 350 to 600 C
Preferred catal ysts are described in PCT patent
application PCT/EPO2/ 12638 (our TS 1144). A further
catal yst whjch is especially suitable for use_in step
(d) of the JdPé% Ated ﬁ%‘?ﬁt %%‘ P dgied;and sphsepiidv L ed
cat al yst. T¥écinggp&riciprtdprialgepesadly chxrdeddut fEam t he
group consi@hehgtid Yhg@3ruBi fidm YekdenTik02%0 760 62, The
Cr203, car b&ﬁaﬁﬁg dB 1Y @fn tbbqrn@gased-rbeenzfﬁ@her if the
suppogt ed catta%%tis an nedpregz%re 5 |rmrelgnat| on_of
silica, aluf Xt AR N um and magn&si um
15 (hydr) oxf598 3Pt 8002  hcPHSEeT st SakBrehs vif. d”cribed in
Pr ef er abl y, PaTheeterti perlécatpor PEUERRY HI638 t(su G e at
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present pr o%‘éé%a'l alupines ex &Ht)")r‘i?a?? Fb’ﬂ‘i“%’ﬁt angtmagnesium
t enpasat ur elhyfiriforbdn B3ht 2B8@0niCrayer efletimpl Preferably, the
zinc supported catalysts comprise at least 15 %wt of zinc

on a support having a surface area of at least 20 m2/g,
more preferably at least 40 n2/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 zlumina
1s 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 10% N/m2. The pressure generally will be at most
100 x 103 N/m2, more specifically at most 70 x 109 N/m2,

most specifically at most 60 x 10° N/mZ, Preferably, the



from80 to 250 C, nore specifically of from100 to 200
C. The pressure can vary wdely, and preferably is at
least 1 x 105 N'n2, nore specifically at |least 30 2 x
105 N nR2. The pressure genewally will be at nost 100
x 105 N'n2, nore specifically at nost 70 x 105 N n2,
nost specifically at nost 60 x 105 N nR. Preferably,
the 10 pressure in step (d) is of from5 to 50 x 105
N n2, nore specifically of from1l5 to 35 x 105 N nR.
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)  will [REesgure disttep (f) s 19550qmn® thisghedot Nad tnﬁee
pressure idpeSi@pail@)or 1Bk A5SREES ki Bl N2 at | east X
105 N'n2 10 h'ﬁu%resﬁgsf@r@QLy ai \§28s geleétéa 2 %%&I;%r

hi gher. The ressure in gener a
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reaction mxture i s seEarate 5 oalltr’:}‘wd ef fl uent
and a gasedlé! &PrItudtitt Cohttathi WG abtFolnagi diei Rrgssure
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gaseous phds&>aiid iﬁ sfte& dbl IBAFEEY FHE FadeBUE ef f 1 uent
cont ai ni ng Wax BOA Ndrkigher chemithe drassust &p st®) (a), more

preferably g.is; &86Y¢!20dndE 1280k hys wmzstn%qe lecifmuy at
optionally after hav_J, %}1@? been conbi ned

car bon di oxXtede 15 4Pt (Magty Epgeifically at most
15 10 x 105 N/m2.

In step (e), the second reaction mixture is separated
into a liquid effluent and a gaseous effluent containing
carbon dicxide. Such separation can be carried out by
sending the second reaction mixture to an empty vessel.

20 The reactlon mixture separates into a carbon dioxide rich
gasecous 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 tc 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



25 is considered to be a recycle in which no further
conpounds are separated off. However, the gas which is
recycled directly can have been subjected to
treatments causing a changa in tenperature and/or
pressure such as heat exchange with one or nore other
streans either of 30 the present process or of a

di fferent process. The liquid effluent obtained in
step (e) can be separated further. Preferably, the
separation conprises 11 (g) separating the liquid

ef fluent 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%) s¥RYihEo He Wapkd offduent phtaineg {mhjtepole)
step (d). Thethespatata gaseols sifépent@Plchriof @rbdl yicxsde
carried outanata aidui@sstiuent)f (fir eiklotling QidtOvated ARe
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obt atfied i rprséRp cddrdiff }to 3REHREseh )invdnlicdNYarEY cKNQWA
in the art 'ou‘e hﬁngu@rirn@geéﬁﬂaﬁ@t Lgrggsure of any of the streams
present in step {(a) to (£} besides the increase in
pressure attained in 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 amcunts of by-products can be removed separately.



conprises distillation of the second reaction m xture,
preferably by vacuumdistillation, optionally foll owed
by 25 further distillation of one or nore of the
distillate fractions and/ a2 bottom fractions. One or
nore of the fractions separated will have a high
content of al kylene glycol. Al kylene glycol obtained
by distillation will wusually be sufficiently pure to
use as such. If required, 30 small anmounts of

by- products can be renoved separately. 12 CL Al MS
1. Process for the preparation of al kanedi ol, which
process conprises: (a) contacting al kyl ene oxide with
carbon dioxide in the presence of catalyst to obtain
a first liquid reaction 5 m xture containing cyclic
carbonate, (b) optionally remving carbon dioxide

and/ or al kyl ene oxide, (c) g the pressure of
the liquid reaction mxture obtained in step (a)

and/ or (b),1.1(PrpcBssciontthe triragprabionprfesSHiddiay] fHiest
reacti on mpehédse coﬁpgiaggqed in step (c) vvith wat er in
the presencg, OJonta%an | {ﬁ:&letgg (1%9 gf'oxisact F%

m xture containin 0é?
separati ng ptrﬁ%eng"e%rﬁi?t?]é’éittf’o??t?ﬁ‘k? LﬁiéStl Hq&idarﬁcﬂéﬁ“d
15 ef ?| uentmigfike scogtetobysexsiid garbonatent ai ni ng car bon
di oxi de, an@) (dp}idnenyClemeeingdtcakBmSdioRadet afdfford BEy1ene
gaseous effdxugnt containing carbon dioxide to step
a), in whigh process the pressure in, st

gl élwer t han p2§§cfﬁ% 8 BERTTESR 3§tthe {%?Yfajiéacéﬁ
accor d| ng t”B“H”&H’i’FT“‘i‘ r’r“vﬂ‘fFEHabraB ©&s(b),

{d) contacting the pressurized First reaction mixture

Bcess

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 liguid
15 effluent and a gaseous effluent containing carbon

dioxide, and

(f) recycling at least part of the gaéeous 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

S0 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 105 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 1059 N/m? higher than the pressure in step (a).



step (d) is carried out at a pressure of from5 to So
x 105 N n2. 3. Process according to claim11 and/or 2,
in which 25 process step (a) is carried out at a
pressure of from3 to 40 x3105 N nR2. 4. Process
according to any one of clains 1 to 3, in which
process the pressure in step (d) is at least 0.1 X
105 N n2 higher than the pressure in step (a). 13 --
5. Process according to any one of clainms 1 to 4, in
whi ch process step (a) is carried out wwth the hel p of
a honogeneous catal yst and step (d) is carried out
with the help of a heterogeneous catalyst. 5 6.
Process according to any one of clainms 1 to 5, in

whi ch process the gaseous effluent obtained in step

(e) 1is regycggoq | necf:%%%ﬂto ;@ﬁgme(o cPaQ naI I y after

havi ng been conb car x?d =

Process act¥FAiff§ets 4w ‘BhésdT“E’leal‘WE WI“! 5% helih o
10 processhemgperiecrs cafimpyitsest stepatdatisncpralddanediioh the
fromthe sepondarraeiohaiacid xhvangst. 8. Process

accorsdi ng 0 afaeemsccetdi%baio”&yloéao e a»m; th ?WCGSS
further conpr ui d efflruent

obtained in s epmfes} ngag °“t5he§?g’eﬂ? Sbta?i@%%é’bﬁ%ep (e)
ef fluent r Fi‘:l’fe?yﬁlidaﬁjdi?ﬁﬂdl ¥ PERR (AnePtéoralyupfier having
ef fl uent, pé¢er cobiradtvwiby fvgedhhcasbdrenidxhde:.gaseous

ef fl uent rchpidRessCaddadingit@XindorRdBENERs I NeoSEERR{ED)
and i ) Seﬂfgcg& Ett}‘%hw&&&arfﬁgdseb%aﬂn paé.@cg%ags.qh]? FPrhe

(d)y. 20 9. Con&r . ccording t process
further compri Se¥s¥A5ti%ig al kanedi ol from the
i qui d ef f PuePRoCeBDIaHPREAT It Frepe(ef) sains 1 to 7, which

procesa 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 clajm 9, which process further
comprises separating alkanediol from the liquid effluent
obtained in step (g).



