_ i PROCESS FOR PREPARI NG ALKANEDI OL AND DI ALKYL CARBONATE The present
invention relates to a process for the preparation of an al kanedi ol and a
di al kyl oaohoovaissssir om an al kyl ene carbonate and an al k2oOIEP200S063334
transesterif ication processes are known, According to these known
transesterif ication processes, the redcti 6n of the alkanol with the

al kyl ene carbonate has to be effected in the presence of a transesterif
ication catalyst. See e.g. US-A 5,359,118. This docunent discloses a
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ication of an a ene carbonate wth a G - ereto, the
al kyl ene carbonate and the al kanol are reacted in the presence of a

transesterif icatjon catalyst. The catalyst is usually honbgeneo S
al though the use GPenBE&rsHentBISTEALH JELEEFS Pod BhGGESCedom Ehbs
desirabl e, iRprapRheeash i drheIneRaiall emdofh aakanediMorand &rdimal kyl

carbonate from an al kyl ene carbonate and an al kanol, to react the al kanol
with the al kyreRdkydehenaehonatise agiss ewc @ ldBn®ltr ansesteri f i cati on
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t he al kanol may i ndeed reactéd w th ene carbonate in the
absengse of azdcansEsicenid tiheatd dnovat alrysisesmetri faraatitara giroe: seesver si on
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carbonate . has to be effected in the presence of a

transesterification catalyst. See e.g. US-A 5,359,118.

This document discloses a process in which di(C;-C,

10 alkyl) carbonates are prepared by transesterification of
an alkylene carbonate with a ¢;-C; alkanol. Thereto, the
alkylene carbonate and the alkanol are reacted in the
presence of a transesterification catalyst. The catalyst
is usually homogeneous, although the use of heterogeneous

15 catalysts is also suggested.

It is desirable, in a process for the preparation of
an alkanediol and a dialkyl carbonate from an alkylene
carbonate and an alkanol, tTo react the alkancl with the
alkylene carbonate in the absence of a

20 transesterification catalyst.

Surprisingly it was found that in a f£irst stage of
such process, the alkanol may indeed be reacted with the
alkylene carbonate in the absgence of a
transesterification catalyst, with an attractive

25 conversion and selectivity, such reaction resulting in a
mixture comprising hydroxyalkyl alkyl carbonate,
unconverted alkanol and unconverted alkylene carbonate.
In addition it was found that in a second stage, further
conversion of the mixture comprising hydroxyalkyl alkyl

30 carbonate, alkanol and alkylene carbonate in the presence



In addition it was found that in a second stage, further conversion of the
m xture conprising hydroxyal kyl al kyl carbonate, al kanol and al kyl ene

car bonat ewpreoassgsn esenceof a transesterif ication cat alPgSEPR@90F3434i n a

m xture conprising the al kanedi ol and the dial kyl carbonate, from which

m xture the al kanedi ol and the dial kyl "cdrbBonate may be recovered.
Accordingly, the present invention relates to a process for the preparation
of an al kane@ifok smangegitgriylicedioongbsadompr rsiSHgts( 4N Peddfitigean

al kyl ene car al I a r.atyr, fr 0 0 C,
2t % bressur SO0 TP AREE TR TSR AT 5 LS DAL ISR T (he™
absence of awhhiahsestkeide ithal adkat@iddlonsbnd ahebtidian ky lmcetrivoaat@npr i Si ng

hydr oxyal kyl al kyl carbonate, al kanol and al kyl ene carbonate; {b)
contacting t R8YnmPRt §PEYEHSS-si ng hydroxyal kyl al kyl carbonate, al kanol and

al kyl gne car bonahe Wirldh ng1tr ansestekisknicabiventsahakkibtals ad anperature of
from1l0 to 200 OC and at "a“pressure of from5b5XIO4 to XxI0O6 Nn2 (0.5 to 50

bar), to obt @rwcess omr ¢éheomrersingg e of] kanedkeheshidl kaddiaal kyl
car bonat e; a@d (%%y recover ia %kt he al.kanedi ol and the dial kyl carbonate from
GRgr S 2

the m xture ﬁ&r STeGToI"ANd the di al kyl carbonate. The

preparation qk)arealdamediaal Ane @@ alskoreadbenat e akaalaldy lene
carbonate and an al kanol involves a transesterif ication reactjon nechani sm

conprisi ng t WeMPeEEEune, of finagt 1% &9 4% °4l ke fe RESIHITR €5 &3S with
one f@lECU|65%EOBh€oag§§B@|NI&P {0.5 to 50 bar) and in the absgence of

a transesterification catalyst, to obtain a mixture
comprising hydroxyalkyl alkyl carbonate, alkanol and
alkylene carbonate;
{b) contacting the mixture comprising hydroxyalkyl alkyl

15 carbonate, alkanol and alkylene carbonate with a
transesterification catalyst at a temperature of from 10
to 200 °C and at a pressure of from 5x10* to 5x10° N/m’
(0.5 to 50 bar), to obtain a mixture comprising the
alkanediol and the dialkyl carbonate; and

20 (¢) recovering the alkanediol and the dialkyl carbonate
from the wmixture comprising the alkanediol and the
dialkyl'carbonate.

The preparation of an alkanediol and a dialkyl

carbonate from an alkylene carbonate and an alkanol

25 involves a transesterification reaction mechanism
comprising two steps. In a first step, the alkylene
carbonate reacts with one molecule of the alkanol to
yield an intermediate, namely the hydroxyalkyl alkyl
carbonate. In a second step, another molecule of the

30 alkanol reacts with said hydroxyalkyl alkyl carbonate to
yvield the desired dialkyl carbonate and alkanediol.

It has now been found that said intermediate

hydroxyalkyl alkyl carbonate is readily obtained in the



yield an internmedi ate, nanmely the hydroxyal kyl al kyl carbonate. In a second
step, another nolecule of the al kanol reacts wth said hydroxyal kyl al kyl
car bonat ewbaoyBbss1t he desired di al kyl carbonate and al Pamn@&®e@/053484 has now
been found that said internmedi ate hydroxyal kyl al kyl carbonate is readily
obt ai ned in theabsence of a transesterif~”iCation catalyst. Wth the absence
of a transesterif ication catalyst in step (a) of the present process, it

i s meant t hatbsansei @fspepreapesherameation craasdester Wi thcabeon catal yst

i s at nost 100 parts pe Lison by weight (ppow), 1. chased .qn alkyl gpe

S 2
car bonat e. PreFera%ly, éaEEEHBX|nun1anDunt of tran ester|F I Catlon cat al yst
is 50 ppmw, rheeppeekeataplypcb@sppiw, iandeewnen timte ipr ebedalsitypl (pprw.  Most

preferably, no detectable transesterif .ication catalyst .is present._in the
al kyl ene carﬁgﬁa?@°§ﬁ&/8 §Fﬁ§ﬁ8ﬁt?r?§FFﬁgF9on§%@35%ﬁy}amaghm?ﬁ@ %B@ence
of a éransesggﬁ:itfs beat AN 16akakystvelignst aRpin@) ,Obalske RPHesamny 1Bhecess, it

is meant that in said step (a) no transesterification catalyst is added to
t he al kyl eneceabpoasce &wdferadlivanskid maxdavi eénot@ts&ifd i nt er nedi ate

hydr oxyal kyl ,al_kyl rhqQnate,. So I i es -0 e al kanedi i al kyl
car bonat e prg s 85%%§g%é%P%Pﬁ§H iﬁgg ekaéﬁeﬁge%g%gﬁ ?F%%%ggkgkfgggg?ion
catal yst. Thewnebpms, amdadwan agecofpridferpbdsent pprecesmstt that it is
partially carried out in the absence of a catal yst. An advantage of .not

using a tran®ESEEFPRYat Fioh SCAEATPRS T 3REE Hrdsd 167 6 by §&t 5ar e
formpg. This s deronst ralediigihe RPamiesdakpworhengismsatep (a) of the

process of the present
Further, preferably, with the absence of a

transesterification catalyst in step (a) of the present

process, it is meant that in said step (a) no

transesterification catalyst is added to the alkylene
15 carbonate and/or alkanol.

In addition to said intermediate hydroxyalkyl alkyl
carbonate, some quantities of the alkanediol and dialkyl
carbonate products may be formed in the absence of a
transesterification catalyst. Therefore, an advantage of

20 the present process it that it is partially carried out
in the absence of a catalyst. An advantage of not using a
transesterification catalyst, is that less or no by-
products are formed. This is demonstrated in the Examples
below wherein step (a) of the process of the present

25 invention is further illustrated.

Examples of by-products which, in general, may be
formed when a transesterification catalyst is present,
are oligomers of the alkanediol, e.g. diethylene glycol
(DEG) and triethylene glycol (TEG) in a case where the

30 alkylene carbonate is ethylene carbonate, or dipropylene
glycol (DPG) and tripropylene glycol (TPE) in a case
where the alkylene carbonate is propylene carbonate.

Further examples of such by-products are ether by-



invention is further illustrated. Exanples of by-products which, in
general, may be fornmed when a transesterification catalyst is present, are
ol i gorer swoh2oessssh kanedi ol , e.g. diethylene glycol (DEGCTaARAMOSREBHY| ene
glycol (TEGQG in a case where the al kyl ene carbonate is ethyl ene carbonate,
or di propyl ene glycol (DPG and tripr or)”yl‘leﬁe glycol (TPG in a case where
the al kyl ene carbonate is propyl ene carbonate. Further exanples of such
by- products aredecher Byproducthoxgefhapodt Hexy-tolhandl 3 GRiSEoRerf a case

where the al kyl e r.han i hyl.e r.ban h I ol is
et hanol , or E¥gt%§¥ g?%%a%%g?gﬁagﬁagf g%gﬁﬁgx%p?%ggﬁg%F%lgﬁﬁ'a%%ase wher e
t he al kyl eneatanhonatie eshanady | ere lcathonrzteopad -Chelalkkenal- i s et hanol .

Steps (a) and (b) of the present process be_carried out in.the sane
reactor. In SGERXYPELBER O Y rdhSeSEES f“}ﬁ%é”ﬁ gr}ilecét%y & EGTPRG ¥For st ep

(b) is only addedd ?1@91% @At MU kel 1k ahidTE i@t eMMaGibia certain
conversion of the alkyl ene carbonate into the hydroxyal kyl al kyl carbonate
has been achi eve8teHowdeer angr dicer afl hes sirg@sendpPregesandaybyeare carri ed

out in two different reactors ar [ eri.es._.| he, firs eactor, the
al kyl ene car ggr]fatlg'&ar?é{&t ﬁLtél a%i?ano%%g%%arc%ggﬁt'e | r?utcrtgletaagzggr?c’etto a

transest eri f itGahisem teatidl iyt i drD cehitsdivata regutined dapratsmngydroxyal kyl

al kyl carbonate, al kanol and al kyl ene carbonate. The mxturev{(i-(g)i riﬁfi ng

hydr oxyal kyl SRRy REdsHFratdie H9eatdietafd AR &fe o drifthatte
sui taply Vvia @ RANPordiedBidp G it J1630lk (R IRFHILGeS react or.
Further, in said second reactor, a
hydroxyalkyl alkyl carbonate has been achieved.
However, preferably, sald steps (a) and (b) are
carried out in two different reactors arranged in series.
In the first reactor, the alkylene carbonate and the
i5 alkanol are reacted in the absence of a
transesterification catalyst, to obtain a mixture
comprising hydroxyalkyl alkyl carbonate, alkanol and
alkylene carbonate. The mixture comprising hydroxyalkyl
alkyl carbonate, alkanol and alkylene carbonate is sent,
20 suitably via a piping, from said first reactor to said
second reactor. Further, in said second reactor, a
transesterification catalyst is provided. By contacting,
in said second reactor, the mixture comprising
hydroxyalkyl alkyl carbonate, alkanol and alkylene
25 carbonate with the transesterification catalyst, further
conversion takes place to obtain a mixture comprising the
alkanediol and the dialkyl carbonate.
Advantageously, such process, wherein said steps {(a)
and (b) are carried out in two different reactors
30 arranged in series, may be carried out continuocusly.
Further, an advantage of gtarting the
transesterification reaction in a first reactor before

feeding to a second reactor containing



transesterification catalyst is provided. By contacting, in said second
reactor, the m xture conprising hydroxyal kyl al kyl carbonate, al kanol and
al kyl ene wanboviasssiwi th the transesterification catal ysPCTRPRa®E5434
conversion takes place to obtain a m xture conprising the al kanedi ol and
the dial kyl carbonate . Advantageously, Such process, wherein said steps
(a) and (b) are carried out in tw different reactors arranged in series,
may be carri sdapgesEsFLifAGaddop. criRLNST, §ﬁl§dV&ﬁF§&€SOP@§F§ktlng t he

transesterlfhg§5 deTQ%QEbQQe'” qsf%%%k r%a%t 1vQ%f g%thgaggpﬁgsecond

reactor containingtransesterif 'ication catalyst, sal ors
arranged in ser esgidenckat iate angﬁmad,e&t@hﬁswebaawmngaa@dgm@$1dence tinme

in said second react.or, canver si on.can bhe btaln d in the second
reactor. Fur CREVETSHOY 8§§e%%h€&$a§§ﬁ d8cHRE PESE gg runs at

equi | §bri um ¢oRVeES! 0NN an Adwaniege @hist akkiond txiéacttban%a_&te@rdyf riugt i on
reaction in the first reactor, is that the size of and/or the cat al yst

| oadi ng in séﬁdeg@ééﬁ@zﬁé@tEQMW%ﬂﬁﬂ@@rr@@u@@HaDF@ﬂﬁhéﬁ ahpaviagesheel ate to
tenperature ¢on %ms%lst r%ltﬂ%a%qgn%m}ea%%&% [ 58S t’.h% PRIl ned Lel,ow; dn cases

where it is pre erred l'e " t0 mai ntain const ant tenperature in an
entire react ahatf aheexdme @1 rami/@lxughf@l @wtlaﬂmtorloatdlmgf anmetsiigh of areas
where the tenperature |s h| or | ower than the set. or avera

e
tenperature FEFTRe TERGH ctb(?r redieRty e ﬁP@\?eﬁtdéfd?‘ntlaﬁet%gfe&ﬁg of the
two-gtep ”%@ﬁ%%tn@’e'xfat'xﬁ%t R tRACIOR Y RRHKHeana sarhonaie with an

al kanol , producing
explained below.
In cases where it 1s preferred to be able to maintain

a constant temperature in an entire reactor, for example
in a plug flow reactor, the formation of areas where the

15 temperature is higher or lower than the set or average
temperature for the entire reactor, should be prevented.
In the case of the two-step transesterification reaction
of an alkylene carbonate with an alkanol, producing
firstly the intermediate hydroxyalkyl alkyl carbonate and

20 secondly the dialkyl carbonate and alkylene glycol, said
consecutive transesterification reactions may have
different thermodynamic behaviors (exothermic,
thermodynamically neutral or endothermic). In a process
wherein said consecutive transesterification reactions

25 are performed in the same reactor, for example in a plug
flow reactor, a difference in thermodynamic behavior
between the two reactions could lead to the formation of
areas where the temperature is higher or lower than the
get or average temperature for the entire reactor.

30 However, in a case where the first transesterification
reaction is performed partly or entirely in a separate
first reactor, and the second transesterification

reaction is performed partly or entirely in a separate



firstly the internedi ate hydroxyal kyl al kyl carbonate and secondly the

di al kyl carbonate and al kyl ene gl ycol, said consecutive transesterif

i cati on reacbenssssmay have different thernodynam ¢ behavComP2goensiber mi c,
t her rodynam cal |y neutral or endothermc) . In a process wherein said
consecutive transesterif ication reactiofis are perfornmed in the sane

reactor, for exanple in a plug flow reactor, a difference in thernodynam c
behavi or bet REERNEhESBRGEOFeadli difs POSSLPEeddt oSt REOCESRattofSf ar eas

where the te BReLRLr SRt GRET (QhdeQWRl haRnhe 156h QheALIRER

tenperature r e entire reactor. However, Iin a case where the first
transest eri f rieaattioon cesadel aarirs.egecidr ied spartyl wuoh défeitr @lngaisn waegepar at e
first reactor, and the second tran§%§terif icatigp re ction i s perfornmed

t agl

partly or entiFelFPRIRTSESarst &ddlSid FedSVSH, 88 5% in the

process o f HherRLRSeRngePeAircOForl @MRekaiture eRRldtr, Rrtd@ageagnd:r
reactor can b e carried out in a way such that areas where the tenperature
i s higher or todRedvt lgdidmimatsst- or average tenperature for the entire

reactor, are partly 0 g 1ot glly. el q;’a\%lgo%da QA h iSRG Qi hRYy b e a

vessel provided wth a mXxi ng neans, erein the al kyl ene carbonate and the
al kanol are mixdchg melsns abdened ro thea atlikaisest emrdbdredatd emdata yst ,

before the mxture_.is sent, to the second react cont ai ni a t.ransesterif
i cation cat aPy$PRof@ e digstd it APSEhF ﬂQI{ &t q?@éiﬁetﬁrk%rslflt%ﬁ: r%‘r}émor der

o f 1pm nute 40390 thoWeFortha Hee sl danee tigdit SR direcubr@act or is

also in the order o f 1 mnute to 500 hours. Said second reactor may b e a

reacti ve di stiddciiromontaining a transesterification catalyst. The
residence time in said first reactor is in the order of 1
minute to 500 hours. The residence time in said second
reactor isg also in the order of 1 minute to 500 hours.

15 Said second reactor may be a reactive distillation
column, as described in US-A 5,359,118. This would entail
that the reaction is carried out counter-currently. The
distillation column may contain trays with bubble caps,
sieve trays, or Raschig rings. The skilled person will

20 realise that several types of packings of
transesterification catalyst and several tray
configurations will be possible. Suitable columns have
been described in, e.g., Ullmann's Encyclopedia of
Industrial Chemistry, 5 ed. Vol. B4, pp 321 ff, 1992.

25 Preferably, the mixture comprising hydroxyalkyl alkyl
carbonate, unconverted alkanol and unconverted alkylene
carbonate originating from step (a) of the present
process, is fed at the middle part of the reactive
distillation column.

30 Additional alkanol and/or alkylene carbonate may be
fed into the reactive distillation column. The alkylene
carbonate will generally have a higher boiling point than

the alkanol. In the case of ethylene and propylene



colum, a s described in US-A 5,359,118. This would entail that the
reaction is carried out counter- currently . The distillation colum nmay
cont ai n tweaysowissssibubbl e caps, sieve trays, or Raschi gPCirmpe009Tb&3skil | ed
person will realise that several types o f packings o f transesterification
catal yst and several tray configurations’will be possible. Suitable colums
have been described in, e.g., Ulnmnn's Encycl opedi a of Industri al

Chemi stry, 5thrbgnavel the3atmesrieriff boiddng PpafEsaBing, 3WEeT xture

comri si ng ydeoxyal byl gl carbenate,unganventediallagabgnd

unconverted yl €ne “carbonaté originating fromstep (a
process, is kagdbantteheimlddee fpar tatofthieheppeacpare difsttibe atoilomnc aldm.

Addi ti onal al kanol, and/or _al kyl ene carbgnate may be fed intg the reactive
di sti | | ati on2EGHERRTFhE LR 8 1da Mot 4 A HRog e Wﬁfﬁ%& i gher
bO"'?Q poi nt.ohhah t hgealkaRalene 103 AR8GRS§1Q 11 Ay RIS 1y, and

propyl enecar bonate the atnosSpheric boiling points are above 240 0OC .
Therefore, i thgerdkanoladdilti dialw aipkipvsi .c dhisomamcenniant ase afl&y 1gmet he

upper part of the columm_.an di.tiaonal, al ol ,_will f t .t wer
part of the E&r%ﬁﬁl.a%ﬁetgek Y @xéfgﬂﬁ{ nla% é@ Icagbgv%a%%v\ﬁ\%% %Of,sqz)% t he
al kanol wi || sfdaawivpear @iy Bie waduteitedaaidty hind: cdrdbaidamolt bad

hydr oxyal kyl al kyl carbonate and possi bly additjonal al kyl ene carhonate
react with tR&SaltkdfolCONE RS At HRv &ltddeadics amedt éq\i’r?aﬂétﬁ%qyland t he

di al kyl carbonate  PRreferably, step (b) of the present process is conducted
in a co- current manner. A suitable way to
Preferably, step (b) of the present process is

conducted in a co-current manner. A suitable way to
operate ig to carry out the reaction in a trickle-flow
manner wherein the reactants part in vapour phase and

15 part in liguid phase drip down over a heterogeneous
catalyst. A more preferred way to operate steps (a) and
{b) of the process of the present invention is in a
reactor with only liquids, one reactor without a catalyst
(for step (a)) and one reactor with a catalyst (for

20 step (b)), said reactors being arranged in series. A
suitable reaction zone of this type is a pipe-type
reaction zone wherein the reaction is conducted in a plug
flow manner. At least for said step (b), this will enable
the reaction to run to virtual completion. A further

25 possibility is to conduct steps (a) and (b) of the
process of the present invention in two separate
continuously stirred tank reactors (CSTR) arranged in
gserieg. In the latter case the effluent from the CSTR
used for performing said step (b), is preferably

30 subjected to a post-reaction in a plug flow reactor so
that the reaction runs to virtual completion. During said
step (b), additional alkanol and/or alkylene carbonate

may be fed.



operate is to carry out the reaction in a trickle-flow manner wherein the
reactants part in vapour phase and part in liquid phase drip down over a
het er ogerwousoxsssityst. A nore preferred way to oper at e PETAEP000AF54aNd (D)
of the process of the present invention is in a reactor with only |iquids,
one reactor without a catalyst (for stéps(é) ) and one reactor with a
catalyst (for step (b) ), said reactors being arranged in series. A

sui tabl e reacti onTropgebf (Ehi 8t {pe PyeaeprpBregpasy e5BEi BAX2BREIRher ei n

the reacti only RRINGLEG AN A-BA L QULMBRIBLC A AbRAS 0N SRS ep

(b) , this w enabl’é reaction to runto virtual conpletion. A further
possi bility ksmbeiednduchesdpsnes)cdndndblkhef dildkylocesdopiatehdehaitesent
invention in twy separate contigﬁouiéi stirred_ tank reactors (CSTR)
arranged in &6 @Mt Ihsteh (& -cdk 3 K& FPGET FFoM & ESTR used for

perfogni ng sai st ngPkne a8 KRARIBIAD K whiceetiad Q. 2aRYmitRAG On in a
plug flow reactor so that the reaction runs to virtual conpletion. During
sai d step (bYormeddiin enaleasitiaifoldistd/ldatdiony lcedamear seRaratief B fed. I'n
step (c) of the present pr , i Ql d. ial kyl rbonat e
are recover e&aﬁfigr%‘%ohgoﬁrg’ﬁ%%ﬁ:ssg&%%d?! E%%%%Ie%éa%%négr%a £ t ugﬁ-gi al kyl

car bonat e t hgkged ff.omedidreratiep tie) didlkvd casdonearee lidworad xther e
conprising the al kanedj ol and the dial carbonate i s forned . in a reactive

distillation*&GItve Sepdridtiodn BF & knlt\ﬁ o FHd<TE &R TE88S pl ace
in sahd col umnd 43R fay W LENAN Aleaddie waldothuntaRonale |Faves the
reactive distillation colum as part of the top stream
bottom stream. Said top stream and said bottom stream are
then subjected to further separation procedures in order
to separate the dialkyl carbonate from unconverted
alkanol, and to separate the alkanedicl from unconverted
15 alkylene carbonate, respectively.

In other cases, where no reactive distillation column
ig used in step (b) of the present process, the mixture
comprising the alkanediol and the dialkyl carbonate has
to be subijected to a separate separation procedure. Saild

20 separation may be performed in a first distillation
column, whereby the stream from the top of said
distillation column comprises the dialkyl carbonate and
unconverted alkanol and the stream from the bottom of
said distillation column comprises the alkanediol and

25 unconverted alkylene carbonate. Suitable distillation
conditions in said first distilliation column are a
pressure from 0.05 to 1.0 bar and a temperature from
40 to 200 °C.

In a second distillation column, the dialkyl

30 carbonate 1s recovered from said top stream, and, in a
third distillation column, the alkanediol is recovered

from said bottom stream.



and the al kanedi ol | eaves the colum as part of the bottomstream Said top
stream and said bottom stream are then subjected to further separation
procedur es0i2n090136851 t 0 separate the dial kyl carbonate fPomEP2@9NTRBL ed

al kanol, and to separate the al kanedi ol from unconverted al kyl ene
carbonate, respectively. In other cases, where no reactive distillation
colum is used in step {b) of the present process, the m xture conprising

t he al kanedi ol afidi€hdigtalikpkiear bongeédhascepdhaistpiléetdgnt 6248 Bpar at e

separation p edur id.s rat l.an 0 0 I st
distillati on&ggl g%?a\?ﬁg ggyg??‘égge?eg%%)rrg%spﬁégt %g%%flh%ai%gg Istillation
col umm conpr ssestinbeptiealiky breasherate avgeratowepheed calpraseiurand t he

stream from the bottomof said distillation_colu conpr.ises the al kanedi ol
and unconver tEATEPRY| &€ BIFEEHIEe MEuU Ve ér&f“sﬁﬁﬁ gﬂ &n g’@ﬁdi tions in

sai d £irst d'z%ﬁnp&atw%scwagma@?ﬁ 1% Ressdkeckr atd Qe @rbAubar and a
tenperature from40 to 200 OC . I'n a second distillation colum, the

di al kyl carberdeetied .r 8bev deapemasmreaingyt § SLodam> &d 300 °& -t Morg
distillation_colum he .al kanedi.ql. i s r.ec red..fr i

stream Sai d é’irgtfielrﬁgtl&dn t?lﬁa ?gﬁl lg_'e}“é)él?\sd lgll %;é'leil a%sgﬁmég%&%nrp%;&? t?‘let &bl y be
achi eved at presswres raargingg frocamosubaionus Bhékirc spress Wetndeorature

super at nospheric pressure. Suitably the pressure nmay vary fromO0.1 to 45
bar. Tenper at@P & ay 5P 5 Fadedt ddnce with the pressure sel ected. The

tenpgpature may ke f QMe3%:6a k300 QeborMee Riefeicallikaridie eandiad ons in
said distillation include a
azeotrope it may be beneficial to use extractive
distillation in said second distillation column, using an
extractant to facilitate the separation between the
dialkyl carbonate and the alkanol. The extractant can be

15 selected from many compounds, in particular alcohols such
as phenol or ethers such as anisole. However, it is
preferred to employ an alkylene carbonate as extractant.
It is most advantageous to obtain the separation in the
presence of the alkylene carbonate that is being used as

20 gtarting material.

The recovered dialkyl carbonate may opticnally be
further purified. Thisg further purification may comprise
a further distillation gtep or an ion-exchange step, as
described in US-A 5,455,368,

25 Said distillation in said third distilliation column
may suitably be achieved at a pressure from 0.01 to 0.4
bar and a temperature of 100 to 200 °C. The top fraction
in this distillation containing recovered alkanediol may
comprise other compounds, such as unconverted alkylene

30 carbonate depending on the sharpness of the separation
cut. Therefore, the recovered alkanediol may optionally

be further purified.



pressure ranging from0.1 to 1.5 bar and a tenperature ranging from35 to
150 0C . Wen the dial kyl carbonate and the al kanol form an azeotrope it
may be bewefneymbsstio use extractive distillation in sai @CTHEPOIIY/055434
distillation colum, using an extractant  to facilitate the separation

bet ween the di al kyl carbonate and the al*¥4rol . The extractant can be

sel ected from many conpounds, articul ar al cohols such_as phenol or

et hers such as anT%@IErOFﬁﬁév@ﬁ tﬁ? P§99?€FeFﬁEﬁnFécénﬁP6}“§ﬁsaFR9Iene

carbonale s eahEAGEANL s sk ™BH 8043 AREAUSSLAODLR! Gikhe sseparati on

in the presence o I'éne car onate that i1's elng used as starting
mat eri al . Thalkaao&er@ﬁedBabkyhngamhaeanalsapfopheonalIy be further

purified. This further .pyrification m i se rt atlon
Blep or an' | GRABREAARGA SoFay L ods 2ads EPFEET P YUSSAeE TrEs 1368 Last

dIStIé|atI0n 6% cg&%%E%g%t%EbaE cgh% HHBY ?%T%g &%fgggéggleved at

a pressure f? and npera ure o The

top fractiong tslﬂlaﬁ*tq_'gx? bl 't%&';.%riscg&fea cheC QuetRthagldkapedi ol my
conpri se other conpoun such as unconver ed al kyl ene car bonat e dependi ng

on t he shar ppespydkneheagsbpmadte @mdcwﬁthEMQﬂef@ﬁ@an@ﬁecnedeﬂ%n@@ma@ﬂanedioI
may optional%& ge furthe ur%E_ The process of the present invention
i ncl udes t he "PPEnBESEEF an al kyl ene carbonate with an al kanol .

The starting materhakgepf bbleoEr @h%e§ﬁ:@éiaﬁti pabressar ehpr girecahky sl ect ed
from C2-Cg al kyl ene carbonate and C .-C4 al kanols . Mre preferably

10 a transesterification catalyst is required. Suitable
homogeneous transesterification catalysts have been
described in US-A 5,359,118 and include hydrides, oxides,
hydroxides, alcoholates, amides, or salts of alkali
metals, i.e., lithium, sodium, potassium, rubidium and

15 cesium. Preferred catalysts are hydroxides or alcocholates
of potassium or sodium. It is advantageous to use the
alcoholate of the alkanol that is being used as
feedstock.

Other suitable catalysts are alkali metal salts,

20 such as acetates, propionates, butyrates, or carbonates.
Further suitable catalysts are described in
US-A 5,359,118 and the references mentioned therein, such
as EP-A 274 953, US-A 3,803,201, EP-A 1082, and
EP-A 180 387.

25 Ag indicated in US-A 5,359,118, it is also possible
to employ hetérogeneous catalysts. In the current
process, the use of heterogeneous transesterification
catalysts in step (b) of the transesterification reaction
is preferred. Suitable heterogenecus catalysts include

30 ion exchange resins that contain functional groups.
Suitable functional groupsg include tertiary amine groups
and guaternary ammonium groups, and also sulphonic acid

and carboxylic acid groups. Further suitable catalysts



the starting materials are ethylene carbonate or propyl ene carbonate and
nmet hanol , et hanol or isopropanol, nost preferably ethanol. In step (b) of
t he presewo 2p0068853, t he presence of a transesterif i caPCOmEPe@VALIASE | S
requi red. Suitable honbgeneous transesterif ication catalysts have been
described in US-A 5,359,118 and includézﬁyd?ides, oxi des, hydroxi des,

al cohol ates, am des, or salts of alkali netals, i.e., lithium _ sodium
pot assi um r iBFdPEm ahbadéspimh apKetérpeBERPaF)}4i§25PE -hyHi6RPd8s or

al cohol at es ggFgg§§§§;Hgberﬁégﬂ!g chbska 2dvaatageoysat @sysankhe

al cohol ate o nol tha eing used as feedstock. Qther suitable
cat al ysts ar@sSabkal poieDall .s@lrefersbdly, aShecbestrodepeopisonated ysbutigr at es,

or carbonates. . Fu tﬁgr sui t,abl e catalysts are descri.bed in US-A 5,359,118
and the ref ePBAEESSHRATPBNAE™ REFBPRICSRER LHos CEPPA IS 149083 US- A

3,803 201, ERoAy&08ZenandakP-iA 180 387:ilsyi Adiigat €dnon idBaA Brd0adsl18, it
is also possible to enpl oy heterogeneous catal ysts. In the current process,

the use of h&RerBgBERA6USSt PaRSEIVEL P-RéatPEnRebMaly §885) n COFBFIEBTI0f the
transesterif . 6a1lQRL8AG! hAR LS RECLALERMN MULiARA MekaLR0600A0S

catal ysts incl tdé”“ion exchangé resins that contain ctional” groups.
Sui tabl e funhawenhb@grammach&@Luﬁggmarpﬁaﬁyeanbﬁetga@@@st&gdfquatépnary
aron, U 91 0485 1200 o1 0 SUBNONS 20 4, 20 oo LS el giouge.
Sui tapl e cat ghysks ahavenheerrdi-Sclasefiuh Yeohps, 062884 stndsed in

J F Knifton et al., J. Mol. Catal, 67 (1991) 389ff.

The transesterification conditions in step {(a) and in
step {(b) of the present process include a temperature of
from 10 to 200 °C, and a pressure of from 0.5 to 50 bar

15 (5x10% to 5x10° N/m?). Preferably, especially in co-
current operation, saild pressure ranges from 1 to 20 bar,
more preferably 1.5 to 20 bar, most preferably 2 to 15
bar, and said temperature ranges from 30 to 200 °C, more
preferably 40 to 170 °C, most preferably 50 to 150 °C.

20 Further, preferably an excess of the alkanol over the
alkylene carbonate ig used in step {(a) of the present
process. The molar ratio of alkanol to alkylene carbonate
in said step (a) is suitably of from 1.01:1 to 25:1,
preferably of from 2:1 to 20:1, wmore preferably of from

25 4:1 to 17:1, wmost preferably from 5:1 to 15:1. The amount
of catalyst in step (b) of the present process can be of
from 0.1 to 5.0 %wt based on alkylene carbonate (i.e.
total alkylene carbonate as fed to step (a) of the
present process), preferably of from 0.2 to 2 %wt. The

30 weight hourly space velocity in steps (a) and (b) of the
present process may suitably range of from 0.1 to

100 kg/kg.hr.



US-A 4,691, 041. Preferably, the heterogeneous catalyst is selected fromion
exchange resins conprising a polystyrene matrix and tertiary am ne

functi onavogresssslt An exanple is Anberlyst A-21 (ex RoROT&PRaQ®F5434
conprising a polystyrene matrix to which N, N-di net hyl am ne groups have been
attached. Eight classes of transesterif Tation catal ysts, including ion

exchange resins with tertiary am ne and quaternary anmoni um groups, are
di sclosed in J FTRAi Prefese gf thejprepgpt ERVERL1ET CRTOOE) SBBIPYSAThe
transesterif c.cati gandi HiroRsg i (heand t R GRleaf <8 Present
process incl Eg“cer % ?grrrpg?‘ ture ofeld%rt%%%%d toezgooggcsf%, %nd aeprgssu;yg of
from0.5 to S0ibad ESxl Ohet prepa®ab iNimoZ) monPeshylabley glasedci(@l Ry in

cocurrent operation,, id pressure.ranges_fram 0 20 bar, .mare preferably
1.5 to 20 baFF%ﬁﬁgglﬁizf'eWxﬁ’pty&eﬁ @j‘ﬁ’,cogndasgi"é’rtogﬁﬁl&d %&)é ranges
from30 to 20QmRrhyl MRESREekenaH/ HbrdQilk®hl 10 B rEonatRsard/efrer ably 50 to
150 0C . Further, preferabl épan excess of the al kanol over the al kyl ene

c?rk bon?te i s dideerRPsteFararnaite-hdhsr PFOFESSr e FOSITREVRIICAISOASY of
al kanol t | i 0 .Sa ' ' f 1.01:1
55°1, ' pr o P Ro o ER ARt B Wy 1 N, O 4

to 25:1, preférably o nore pr y of om4:1to
17: 1, nost prebeydeny glgmd: hrid disthylThae doonatte droratedihydterien step (b)

of e Preseil, pocess can be St MOl 5% Mhhaied on allylene
procegs), preferabl ynef fHiRM0.02 10w stleme FoR WoieORir2Q@IFd YaceiRAGE ng
velocity in steps (a) and (b) of the present process nmay suitably range of
from0O .1 toto the present invention is shown. Although the process
will be described for ethanol as a suitable alcohol and
ethylene carbonate as the alkylene carbonate the skilled
person will understand that other alkanols and alkylemne
15 carbonates can be similarly used.
Ethanol isg passged via a line 1 into a reactor 2a.
Reactor 2a can suitably be a continucusly stirred tank
reactor. Reactor 2a does not contain any
transesterification catalyst. Via a line 3 ethylene
20 carbonate is also fed into the reactor 2a. Via a line 4a
the reaction mixture from reactor 2a, comprising
hydroxyethyl ethyl carbonate, ethanol and ethylene
carbonate, is fed into reactor 2b. Reactor 2b can also
gsuitably be a continuously stirred tank reactor. A
25 transesterification catalyst is present in reactor 2b,
which catalyst may be fed continuously to said reactor.
The catalyst may be mixed with the mixture in line 4a or
fed to the reactoxr 2b via a sgeparate line {not shown).
A product comprising a mixture of diethyl carbonate,
30 unconverted ethanol, moncoethylene glycol and unconverted
ethylene carbonate is withdrawn from the reactor 2b via a
line 4b. Via the line 4b the mixture is passed to a

distillation column 5 where the product is separated into



100 kg/ kg. hr.The process of the present invention can be enployed for a
variety of feedstocks. The process is excellently suited for the

pr epar at iwo 2069/1368850et hyl ene gl ycol (1,2- ethanediol) , mommpreappsase gl ycol
(1, 2-propanediol ) , dinmethyl carbonate and/or diethyl carbonate and/or

di i sopropyl carbonate. The process i s Trost advantageously used for the
producti on of nonoet hyl ene gl ycol -or propyl ene glycol and diethyl carbonate
from et hyl ene tepbémracsion @mmpyﬁéﬁ@gcéﬂ@@haﬂecaﬁ§0@@ﬁ§n@md;eﬁﬁaﬁﬁé figure

a flow schene.for .the. or di to t pr.e nent i s shown.
Al t hough thg%ﬁlla§CégS%V3\7lQh%% 2‘%3’3‘% iab(g’ggteo(r%’et gno %gs%ttglmgw tath‘gnal cohol
and et hyl ene coapkorahne asridee hallereerd yearbemst ethlyd esid Idsatbopertson wi | |
understand that other al kanols and al kyl ene carbonates can be sinmlarly

used. Et hanolthpd p&s ¥ddheravR Vilde 21 Mo 7a r&Sc oY e REIBY S 12Y can

sui taply be @;iceRLIINYAUSIoh-3ld B drdlhJ1eas! QlineReAGoh2addpas ROt
contain any transésterif ication catalyst. Via a line 3 ethylene carbonate
is also fed idis¢ifletieactaerl iz 8V ahede 4 pisfieincede isgpanatas e from

reactor 2a, conprisin ydr oxyet hyl. .et hyl r.bon thﬁggll | ene
carbonate, id%&d @%ﬁ’tagm e Cic;rdelfg%yli’eacc grogl%é:%da?\[th% sf%esw tabi Y i)c%}araaé3
conti nuously isf iFikethalrajla REACtOrLink to alise Heatdvie deghtd0ompmataityst i s
present in reactor 2b, which catalyst nay be fed continuously to said

reactor. The PiEMPSLYaf 95 iuddist (it SRSt -e Eohandde 3 or fed to
the ggactor 20 \2.a58PH & 8 e d Nl SAAWM)ine A HFRduClesAUrising a

m xture of diethyl carbonate,
reactor 2Z2a.

The bottom stream in line 7 is subjected to
distillation in a distillation column 11. In the
distillation column 11 a top product comprising

15 monoethylene glycol is recovered via line 12. Since the
top product may be slightly contaminated with some
ethylene carbonate further purification may be
considered. The bottom product of distillation column 11
withdrawn via line 13 comprises ethylene carbonate. Said

20 ethylene carbonate in line 13 is recycled, optionally
after further purification, to reactor 2a via line 3.

It is envisaged that not using a transesterification
catalyst, as in step (a) of the process of the present
invention, can also be advantageously applied when the

25 dialkyl carbonate is not produced from an alkanol and a
(cyclic) alkylene carbonate but from an alkancl and a
{non-cyclic) dialkyl carbonate, diaryl carbonate or alkyl
aryl carbonate. For example, in a case where diethyl
carbonate is to be produced by reacting ethanol with

30 dimethyl carbonate, the ethanol may be reacted with the
dimethyl carbonate in the absence of a
transesterification catalyst, in a first stage, resulting

in a mixture comprising ethyl methyl carbonate, and then



unconverted et hanol, nonoethyl ene glycol and unconverted ethyl ene carbonate
is withdrawn fromthe reactor 2b via a line 4b. Via the line 4b the m xture
i s passedwoao@/sssti | | ati on colum 5 where the product PSTEPp@OASIA4 i Nt oa
top fraction conprising diethyl carbonate and ethanol that is wthdrawn via
aline 6 , and a bottom fraction conpfi§ﬁng'nnnoethylene gl ycol and

et hyl ene carbonate that is withdrawn via a line 7 . The m xture conprising
di et hyl car bbrasesafandt BEAGE PAll PResBifsephydctetyva dREPPPREEI 8A% 0l um
8 , where th ' ' PAL hn I [ b e . The
i ethyl car okt oL BRyPEEREPRLRLE L BUHARE nAY L SRl er e Rt Eer
optional |l y aBtethfur thebopuatief.i cati on. Ethanol is recovered via a line 10

d vi | i 1 | t 2a. The _boit t N line 7
oh bered Lo di sostenr ek ok BRE brorearr or oht cRRERERE inPrutiPes | | Tati on

colump 11 a t,gR R\ AdHE! +caRRELSERG FARBRELRY LaRE 1gkYCalk gekgcqyered via
line 12 . Since the top product may be sllghtly contam nated with sone

et hyl ene car Bomaherf dlihetcrpiedt byathen LrdyoWéngo FEPEELEd.- The bottom
product of dgsthlb%%ion colum 11 withdrawn via line 13 conprises ethyl ene
carbonate. S | ene carbonate in line 13 is recycled, optionally after
further purificatrantheeer eapkoim2atei ackhpeelde. chtrtbbaaervi(eggedxt hat not

using a transesterif ication catalyst, as in step._( of the process of the
present i nveRUPSRMaE4n PG YhE gﬁvéﬁﬁégéﬁgsﬁﬁigﬁﬁﬁigétﬁﬁﬁneﬁh SFic Kyl

carbppat e i s not +pr adueedfr Quan Bldeanre paRdude( etdd .Gc alikthere garbonate
but from an glkanol and a
different molar ratios. These molar EtOH:eC ratios are
shown in the table below. The molar amount of eC in the
mixture was determined. The mixtures did not contain any
transesterification catalyst.
15 The EtOH:eC mixtures were prepared in capped glass
vials and stored in an oven at a temperature of 56 °C and
under atmospheric pressure (1 bar), for a period of 86
hours. After removal from the oven, the molar amounts of
eC, of the half product hydroxyethyl ethyl carbonate
20 (HEEC) and of the final product diethyl carbonate (DEC)
were determined by gas chromatography analysis. From
these data, the conversion of eC, selectivity to HEEC,
selectivity to DEC and selectivity to a certain dimer

(gsee also below) were calculated, as shown in the table

25 below.



(non- cyclic) dialkyl carbonate, diaryl carbonate or al kyl aryl carbonate .
For exanple , in a case where diethyl carbonate is to be produced by

react i ng wohaeol3sssitt h di net hyl carbonate, the ethanol mrgTHEP2000A63464d Wit h
t he di met hyl carbonate in the absence of % transesterif ication catalyst,
inafirst stage, resulting in a mixture tonprising ethyl nmethyl carbonate,

and t heni.n 2 second st a ge all nf. sai.d ... 1o} .at_e_a.n-d_a.n—y—
unconver t| GHL 8 IS : SEaf BETHIGE S @@Wﬁ'@Q%WJ@t h§elearbBhatle .
Step (a) Oéu]{éﬂe RLQGRSS OB th (REGIERL ddyfid Oy whepgkn Mp 44 apsestieri f

ication gatal yst 1s used, |s il'lTustrated by the flol"l om ng Exgnpl es.
Exanpl es /I n thesémek@br ment sf.;L)et h) I elﬁé) cétbonat é"(e@ eX Hutit)snedt, - lpurity

= 99. 99%|—and-et-hanol—{E+-OH: Mef-ek——pur-++y—99 were-—-useg-teo—produce
St OH : eC|mi xt uf es‘iat d| fer en]t‘i\ ar radi- (U)és ThesleT%I ar |Et OH='€C ratli os
are sho g The &BaBle pel ow.22|ne Mol argganpuny of eCgi n e mMxXuré was

determned. _The _mxtures did not contain any fransesterifl ication catlalyst.
The Et OH|: e€@ ni xt &r.-és were pr&pared i n Happed gI ass8.¥ialg and &stored |in an
oven at g tgmcra*“rg o560 -antruntder—atno$ p..c.' ptegsure—{i—bary , for
a period [of "86iho Atter rehovali fr ‘the oven, t?‘le mgl ar nts jof eC,
of the halT product hydroxyethyl ethyl carbonate (HESC) and of the final
product diethyl carbonate (DEC) were deternined by gas chronat ography

anal ysi s. Frdmlt heésavgasaont kd ednvdrdeéh-of (e€) tss@} b&eflioy* 180 HEEC,

sel ectivity 10Dk 304 SRIEF YUY Hped O AHEIAALY/ T8 . o- [eC] cuss) ) 100

(3) Selectivity to DEC: ({I[DEC]t-ss/ ([€Clemo- [€C]tuss) ) ¥100

(4) Selectivity to dimer (see also below): 100-

"selectivity to HEEC"-"selectivity to DEC"

From the above table it appears that even though no
transesterification catalyst was present, advantageously
a relatively large portion of eC reacted with EtOH into
HEEC, part of which further reacted with EtOH into DEC

5 and monoethylene glycol (MEG). The higher the EtOH:eC
ratio the higher the conversion of eC.

Further, advantageously, it was observed that in
addition to HEEC, DEC and MEG, only one other product was
formed in small quantities (mentioned in the above table

10 as "dimer"), namely a dimer carbonate having the formula
CH3CH,0C {O) OCH,CH,0C (O) OCH,CH;,
which dimer carbonate is formed by reaction of two HEEC
molecules.

By-products which may be formed when a

15 transesterification catalyst is present, such as
diethylene glycol (DEG), triethylene glycol (TEG) and
oxitol (2-ethoxyethancol), were however not detected at
all in the above mixtures. It is believed that in cases

where such catalyst is present, the back-reaction of eC



(see al so bel ow) were cal cul ated, as shown in the table bel ow (1)
Conversion o f eC. {( [eC] | [eC] t-0) *100 (2) Selectivity to HEEC

([ HEEC] twb009E38]51t -0~ [eC] t=86 ))*100 (3) SelectivitPCrEPDEYOSBDEC] t s
I ( [eC] t=o- [eC] t b ) )*100 (4) Selectivity to dinmer (see al so bel ow)
100- " selectivity to HEEC' -"sel ecti Vi t%ﬁ to DEC' Fromthe above table it
appears that even though no transesterif ication catalyst was present,
advant ageouslkiyta eehiitevel pxidegd Bpor enenceirbee Fégaxids wist RLECOH into

HEEC, part o ' fu r t ith E L,13t;0 ;and pappoet hyl ene
gl ycol (MEGQG E.r%hggﬁi'g%gg’gﬁﬁggégdﬁgg\gégggt %?thbhﬁggﬁgﬁ%?lhe conversi on of
eC. Furt her, ragduansageovsliypolit ands rebserived of hat idn FaddiitthoMEGo HEEC, DEC

and MEG only one other _product, s fornmed_in small quantities (. i oned
inthe above@ébﬁ@%%m R%ﬁer'“’?‘,lc\rqgﬂ?gﬁymﬁydifﬁﬁtt Ear 5@%5& WH%\L;]I ﬁ@‘g‘gﬁgbf ormul a
CH3CH2OC (O 1QeH 2eH208ned): roeld 263 aavhingB g@i BT teRr beraleeti s forned by
reaction of two HEEC nol ecul es . By-products which may be forned when a
transest eri f invantdpncdsaltyst ithrpuasethe shekngs @ifettmiadirégliycol (DEG

triethylene glycol, (TEG. and_ oxit - xyet han I 0 er not
detected at %’It%pi r{at)hecfgﬁg'vg)yn?}fto%hlg(g% ﬁgq%s%g’e%%e\%]e Ofvr?\gf ﬁﬁ%c\ggl\és wher e
such cat al ysttinalpgesanted theduwdl-. reacti on of eC nto ethyl ene oxide (EO

and carbon dioxide is al so promted. Subsequent .reactiqn of s%d EO with

EtOH results in ket 5P?—’m§ﬁ&oﬁ’_eé’§t ité’ﬁ GPoVRI FeEOIRIER FRASTe SFHRSTAN SDEG,
whi ¢y DEG magofolar tRer Jeeagtk Wit B 934 BE?P il ~HaGp BRIl o cRriicadyant age

of the present

step (b) of the process of the present invention wherein
transesterification is carried out in the presence of a
catalyst or in subsequent step (c) wherein the mixture
from said step (b) is subjected to a work-up procedure

15 which may include distillation in distillation columns,
the dimer carbonate can be converted into DEC and MEG or
into compounds which, possibly after a recycle, can be
converted into DEC and MEG. For example, reaction of the
dimer carbonate with 2 molecules of ELOH or MEG results

20 in 2 molecules of DEC or HEEC, respectively, and 1
molecule of MEG. Further, for example, reaction of the
dimer carbonate with 1 molecule of EtCH or MEG results in
1 molecule of DEC or HEEC, respectively, 1 molecule of eC
and 1 molecule of EtOH. HEEC is an intermediate to DEC

25 and MEG. Alternatively, HEEC may react back into eC and
EtOH.

Therefore, the only products formed in the
experiments of these Examples wherein step (a) of the
process of the present invention was performed in the

30 absence of a catalyst, are the desired alkanediol and
dialkyl carbonate and products which can be converted at
a later stage into said desired products, either in step

(b) of the process of the present invention wherein



invention is that through the absence of catalyst in step (a), |less

by- products have to be renoved fromthe final desired products. The

f or mat i orwof20edssssbove- ment i oned di mer car bonat e does n®CTEPIUN53484 a | 0SS
of desired product, because in step (b) q; the process of the present

i nvention wherein transesterif ication i's carried out in the presence of a
catal yst or in subsequent step (¢) wherein the mxture fromsaid step (b)

i s subj ect edt¥BNEEREFPKLGP CPLdCEddFe CREFERINRYEI AT G8E BFSERICEt Pénin
distillation , ot-he.di n o b r ' C and MEG
or into conpgggéggggigk,ggbgg?%F§%% ?e?kgpr3§§cﬁ§%9%§% Eggcgﬁ§gyggd into
DEC and MEG fEom eradpké&epr didt iien sobitktedi tror ac aolrdnate pwiotckd2renl ecul es
of EtOH or Gresults.in nol ecul es of DE HEEC. respectively, and 1
ol ecul e of RERSSRUFPRSY, FHE GRRRGIER-Eatti ORGP CHETSNer EXFbonat e w th
1 molgcul e obnbl/EHBEtMeGer@sulst sid Nobsmelfeithe tahgDiG tef iHEFGnd
respectively, 1 nolecule of eC and 1 nolecule of EtOH HEEC is an

i nt er nedi at ede61ipDEG BFGIVEG. 1N céeRat(@eltf, LHEERTREP e RECIESk i nto eC and
Et OH. Therefore, the only products fornmed in the experinents of these
Exanpl es wherein step (a) of the process of the present invention was
performed in the absence of a catalyst, are the desired al kanedi ol and

di al kyl carbonate and products which can be converted at a |later stage into
said desired products, either in step (b) of the process of the present

i nvention whereintransester ification is carried out in the presence of a
catal yst or in subsequent step (c) wherein the m xture



fromsaid step (b) is subjected to a work-up procedure. Consequently, the
experinents of these Exanpl es have shown that there is no | oss of starting
mat eri al wodo@assssed product in step (a) of the present PprEPe@9/05484 A1 M S
1 . Process for the preparation of an al kegnedi ol and a dial kyl carbonate
conprising: (a) reacting an al kyl ene carborate and an al kanol at a
tenperature of from10 to 200 OC, at a pressure of fromb5xl O34 to 5xl G6

N n2 and in the absence of a transesterif ication catalyst, to obtain a

m xture conprising hydroxyal kyl al kW rcargogate, al kanol and al kyl ene
carbonate ; (b) contacting the m xtore—tonprtsi ng hydroxyal kyl al kyl
carbonat e, al kanol and al kyl ene carbonate with a transesterif ication

talyst at gt t i 10 to 200 0C_and £ f
Sl 0n” Lo 51 66 NRRCSEP0Ta5 AP REAPRLAFE BoRpr FSi AQ"ERBCARARGA O1 and

the dial kyl gaghegat earbamdtelcm@gakamiong the al kanedi ol and the dial kyl
carbonate fromthe m xture conprising the al kanedi ol and the di al kyl

carbonate . a) PeracEdsdacordikvgens craPAPEte RFS &th 3dtepe (& and (b)
are carri ed %léhgi@@'a%mediofff L 1oeqet %ro% ars anged i3 SeH,8S o3 Frdif 0Cess
according to clarm?Z ", which'is carried out continuously. 4 . Process
accorsli ng tosshafntd@ br18° ,Nivremgidn ist éhe( @pbsiesicearyfi @ out in a reactor
which is a V%%%%g@%%%gi %%ngghi%ggggfg%,”%%P%btain a mixture
comprising hydroxyalkyl alkyl carbonate, alkanol and
alkylene carbonate;
(b) contacting the mixture comprising hydroxyalkyl alkyl
10 carbonate, alkanol and alkylene carbonate with a
transesterification catalyst at a temperature of from 10
to 200 °C and at a pressure of from 5x10* to 5x10° N/m?,
to obtain a mixture comprising the alkanediol and the
dialkyl carbonate; and
15 (¢} recovering the alkanediol and the dialkyl carbonate
from the mixture comprising the alkanediol and the
dialkyl carbonate.
2. Process according to claim 1, wherein steps (a) and
(b} are carried out in two different reactors arranged in
20 series.
3, Procesgs according to claim 2, which is carried out
continuously.
4. Process according to claim 2 or 3, wherein step (a)
is carried out in a reactor which is a vessel provided
25 with a mixing means.
5. Process according to any of the preceding claims,
wherein the temperature in step (a) is of from 30 to

200 °C.



5 . Process according to any of the preceding clains, wherein the
tenperature in step (a) is of from30 to 200 OC .6 . Process according to
any of theoprexesssng cl ai ns, wherein the nolar ratio of parkeea/osza3al kyl ene
carbonate in step (a) is of from2:1 to 20:1. 7 . Process according to any
of the preceding clainms , wherein the triahsesterif ication catal yst in step
(b) is a heterogeneous catalyst. 8 . Process according to anX of the
precedi ng cl &i s, PHAGREFnACHRTALRY| BRe2BYr BONEPR PEcEERYIEnELR2ATBoNnat e or

propyl ene Canggggﬁ @R@ k@§a§l§§@QB E% Qﬁﬂﬁﬂgh'to alkylene carbonate

in step {a) is of from 2:1 to 20:1.
7. Process according to any of the preceding claims,

5 wherein the transesterification catalyst in step (b) is a
heterogeneous catalyst.
8. Process according to any of the preceding claims,
wherein the alkylene carbonate is ethylene carbonate or

propylene carbonate and the alkanol is ethanol.



