10

15

20

25

PROCESS FOR THE PREPARATI ON OF AN ALKANEDI OL AND A
DI ALKYL CARBONATE The present invention relates to a

w@eacess4f or the preparation of an al kanedi ol PETEP2007/051585

di al kyl carbonate. More particularly, the invention
relates to a process for the preparation of such
conpounds from an al kyl ene carbonate and an al kanol .
Such a process is known frome.g. US-A 5,359,118. This

documaiiodi selages i PIroaess 1 1o e mdia G eGA @l kD a
carbonates are prepared by transesterif ication of an

al kyl ene carbonate wi t RIALEILC4ABBREABE. Thereto, the

al kyl ene carbonate and an al kanol feedstock are

reacted countercurrently in a colum. The al kyl ene

car bonariecisrémrioducednt hvo tdeatppetoparprofethefor the
colum and trickles down from above. The_al kanol

f eBHSPBER - EBRpPT sPRg2a plFe  al kARGl 2afd2 4 ¥t r gapponate.

COHBEéSbQQtEB@lék%?nokh@nﬁnééﬁglbﬁergl§E5¥|tSaﬁbﬁﬂékgss for
is fed into the colum at a |ower part. The al kano

f1 blwe Dpwapdathdnr edcescboanrerelrpeAtPy ant Alkkigene
alk¥ gne %arboaate t9 obt in dial kyl carbonate with
unréacted al kanof " a Fﬁ op effluent and the
alkaned$@&hmatpr@@gs§nigakm@ﬂnafk@noé as theabortom 118.
effluent. The top effluent is subjected to extractlve
dlgFFPIQ?FBHe?B 9FéFéoéﬁSaPkQﬁ@FeFFchnsWFééﬁ1dl C1-C4

n e al kanol and m no
G ARk copbBRases 2TArs BErlaRer PR oarraoRhEoEofaRAthen of
part efk{henal karpbnkeedst eeka dhecpracessodi scheseso, the
the formation of high-boiling by-products, such as
pobyghyeokscakouesee, ahieaknehanol feedstock are reacted

countercurrently in a column. The alkylene carbonate is
introduced into the upper part of the column and trickles
down from above. The alkanol feedstock comprising a pure
alkanol and a stream, comprising the alkanol and also the
dialkyl carbonate, is fed into the column at a lower
part. The alkanol flows upward and reacts
countercurrently with the alkylene carbonate to obtain
dialkyl carbonate with unreacted alkanol as the top
effluent and the alkanediol with any entrained alkanol as
the bottom effluent. The top effluent is subjected to
extractive distillation to yield an alkanol-rich stream
comprising the alkanol and minor amounts of the dialkyl
carbonate. This stream is fed to the column as part of
the alkanol feedstock.

The process discloses the formation of high-boiling
by-products, such as polyglycols. However, the known
process does not address the problem of the build up of
low-boiling by-products. Such by-products can for

instance be carbon dioxide that may be formed due to the
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process does not address the problemof the build up
of low boiling by-products. Such by-products can for

WO pwvanse2 be carbon di oxi de that may be for medPdEP1007/051585

t hehydrol ysis of al kyl ene carbgnate by small anounts
of wat er that may be present in the al kanol or any

er_ starting.material. Oher product s_t hat b
F OPYRECERET HSE ot bl SBfy GRLERPALF Ral HER)deoTGHAES OF
acehese. thhthasynew peeschound that at Renbui bd HRyObther
| ower boi | i ng by-products can be prevented by creating

a Breedisereahrrnat heOalRENBY “RAERBPAFAGFYatt heypPeséarmed
t
a|¥§§%g?§|958§598§hgﬁg 5g§§éggglagﬁ BEePaLa 58% ?Rea”

onate conpfi sin
cont actinghan abkybesme ﬁ@m@@nﬂh&tmth@ mM1Bdk@mo¢f lower-
feedsiock under transester i cation aogdltlons in a

redet r vRIdPETPFPAEFbR Y0he ?OPBBY%PEe BpCEEreany @ bleed

cogpeibshngndiabkyh kgarbonaterandyt he ahkapebsand @nvention
bottom stream conprising the al kanedi ol ; (b)

separutilng @hEIPQPSStf@anﬁb@nprﬁsﬁﬁgtépalRﬁla@aﬁbbﬁa@@lOl

an Ik ol int Ik I-r| stream and a
dlgpé % gar pﬁat%aFgg re§n§ %c} ?ecoverlng t he
dlahkylc@@t@@ﬂam@ imo&lkﬁﬁeﬂea&gybom@t@omat@ &mhchlkanol

stream and (d) recycling at |east part of the
aIﬁ%ﬁ%ﬁtPFEhugﬁ?éaﬁ¥?63?ﬁEeFéSéF?Qéoﬂl§?P@F5€P6ﬁ 2Bne

asypakrt ok Bb§t§h5§995nfE@gétQSkobﬂﬁgﬁeéntBEestream
al kanol -rich streamis split in at |east two portions,

andomprieast dhelppttienbpsatendedsedeanadkéneédahdom bottom
conpounds mﬁth.a.lomgﬁe ﬂLénngOHnt t han the al kano

stream comprising
(b} separating the top stream comprising dialkyl
carbonate and the alkanol into an alkanol-rich stream and
a dialkyl carbonate-rich stream;

(c) recovering the dialkyl carbonate from the dialkyl
carbonate-rich stream; and

(d) recycling at least part of the alkanol-rich stream
to the reactive distillation zone as part of the alkanol
feedstock,

wherein the alkanol-rich stream is split in at least two
portions, and at least one portion is condensed and freed
from compounds with a lower boiling point than the
alkanol.

According to the present invention the alkanol-rich
stream from the top stream of the extractive distillation
is split. At least one part is condensed. The
condensation can be achieved in a number of ways. An
advantageously used way is to pass the stream via a
liquid or air cooler in order to condense at least part

of the vapour. From the condensed liquid, vaporous lower



According to the present invention the alkanol-rich
streamfromthe top streamof the extractive

wale@viobdsat i on is split. At |east one part is CPCEP®EU051585
The condensation can be achieved-in a nunber of ways.
An advant ageously used way is to pass the streamvia a
Iigu[ ,or air cooler in order %o condense at
part™

I t
i BPhEOURFBGRS RFOnTERerabndenSedrFTqurd, trom the

Vaperedssl oner bei ki fgyconpaundsngr epsepar diedoandng
renmoved fromthe process. In this way a building up of
| oRPBBPENAG EBnNPHENESTES- prevented. The process of the

Pfese”tTBQV Pééggs' E'Hﬁgs £Q§e+ aPﬁféﬁﬁ%&é 1 £814805 Of e
an al kyl ene carbonate w Han al kanol | 'S
transestetetifcabtbonr edckhoalkgl&newnarasnaseappaheat
frome. US- A 5,359,118. The starting material s of
th%T%?H%%es?E?FftFE%F?EEeﬁ?ElE?EFQPaﬁg?CEéPEC%%dkFPHﬁ1 as

C21 65.8bkybgnerganbangt eyand €13€4, al kanohs. sMateing
preferably the starting materials are ethylene
carponateleropr bpgl eneneasbonatecandonethanprsferhbhyl

' | h f d_al k I
s

ano a ransesteri I cation

adX@QéﬁS?QUSMMréaﬁEé%QrggiyiBh% cobymmhnhocwhi ghst Bee

al kyl ene carbonate is fed at the upper part, such that
t hethlkgheneachrhahat erf pousydena carkouateragdrmenhanol,

CnE-Pedati of FRCH-UPAPRYY CA7 DBRAL coARAC BRCAI RARBATGP 20

Theedhahkyl agar benateli s recovered at the upper part
of the columm as the top stream The al kanediol is
recover €g° asr¥peepbt ¥ bhi St tean step 1s advantageously

carried out in a column into which the alkylene carbonate
is fed at the upper part, such that the alkylene
carbonate flows down in counter current contact with
upwardly moving alkanol. The product of the reaction is a
dialkyl carbonate and an alkanediol. The dialkyl
carbonate is recovered at the upper part of the column as
the top stream. The alkanediol is recovered as the bottom
stream.

The transesterification is suitably conducted in the
presence of a catalyst. Suitable 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
caesium. Preferred catalysts are hydroxides or
alcoholates of potassium or sodium. It is advantageous to
use the alcoholate of the alkanol that is being used as
feedstock. Such alcoholate can be added as such or being

formed in situ.
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The transesterif ication is suitably conducted in the
presence of a catalyst. Suitable catal ysts have been

walemenddserd i n US- A 5,359,118 and i ncl ude hydr i BE&BEP2007/051585

oxi des, hydroxi des, al cohol ates, —am des, or salts of
alkali nmetals, i.e., lithium sodium potassium

rubi di um.and caesi.u Preferred catal ysts, are

nydr ox1 GEa br S5t CONDF st 8" o1 ot 555 | THEOrL Jbaf an o711 ES-

| SsadMantageedstt s, useobhenateshobateratethecal kambnates.
that is being used as feedstock. Such al cohol ate can

beFagdedarasustehler chephystor abd FASSIEQSE her
SUU§aR'§ §§Eah¥§t§nér§h§'Eékérgﬁkéé ﬁ@h£%oné?cph§§eln, such

acetf at eS; “pr opi onat és, rates, or carbona

Fuas hep- suPV&bB@BcaUaFysBs8aBe2de$0EPbEdlDa2USaAd

5, 359 1 g gg the references nentioned therein, such
asCEPAAL 8943883 Us- A 3,803, 201, EP-A 1082, and EP-A

180 387tndherdfansest efifat cati Ongondhil 0Nse ak Lo INOWA the
in the art and suitably include a tenperature from 40

toaQDan@ suahdbaypiessude fropmBOresu400LkPa. 40 to 200 °C,
Prsfsfg ¥es%h§ep %éﬁuéﬁhké QEBSE L0 ﬁtgféPhE Lc. fbe

tenpera epends “on e al ano f eed ant
pressyserdsed. cTheet eopetabeprer $ckephesuehpthatukt dspends
cl ose to and above the boiling poi nt of the al kanol,

[

e. 87 LGPt BL52DOLl ab8UESEREXbBNT REEPBIAE. UPATt e Rase

OftQEﬁQ?QQhr@ngsak@E%DE@&thHEES§Hr?s &T@séeﬁBeéﬁéuéﬁove
is close to and above 0C, for instance between

andhéobccilnthOLnanséstbe|alk@aoionereaCUPohO|é °C above
ad¥§ §g gﬁ%y 80ngc§ed g go umm géé ed with
kBOAdi sti'l F ?l%ﬁ %o? P may
Coatﬁbﬁphéﬁyé BrEBsure, the temperature is close to and
above 65 °C, for instance between 65 and 70 °C.

The transesterification reaction is advantageously
conducted in a column furnished with internals, like a
distillation column. Hence, it may contain trays with
bubble caps, sieve trays, or Raschig rings. The skilled
person will realise that several packings and tray
configurations will be possible. The alkylene carbonate
will be fed at the upper part of such a column and will
flow down. The alkylene carbonate will generally have a
higher boiling point than the alkanol. In the case of
ethylene and propylene carbonate the atmospheric boiling
points are above 240 °C. The alkylene carbonate will flow
down over the trays or rings and brought into contact
with the alkanol that flows upward. When the
transesterification catalyst is homogeneous, such as an
alkali metal alcoholate, it is also introduced in the
upper part of the column. The alkanol feedstock is

introduced at a lower point. The feedstock may be
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bubbl e caps, sieve trays, or Raschig rings. The
skilled person will realise that several packings and

wo e@y/oeosmt | gurations will be possible. The al kptBERR2007/051585

carbonate wll be fed at the_ugper part of such a
colum and will flow down. The al kyl ene carbonate w ||
gener a b0|I|ng 0|nt than t

h
o RaRGHE LR Rt RePensl=of “EPRyT Ene andSpropyl BigeLble o

carhepatiecthenat respbeptk bAtbi ABcpebNMtSnaperahoVen240e
OC . The al kyl ene carbonate will flow down over the

traysuef PRAgS-ahd bFobghicvAfottent Ake Wi Ehidhehase
?'5998Le£hgtpﬁé8$§ Hﬁ%@égtr¥@§8nt8% %E§Q§8§t§ﬁl£Pe lower
yst 1s kal'l

icatron cata onbgeneous, such as an a
mepaktabcohbkatelunh wsthl sobentfodiueedetietheonppke

part of _the columm. The al kanol _feedstock is
|n?Y%Hﬂ&Ldtﬁ?naeFBﬁéibe?E%O“ThEtfé%d@%BERlﬁﬁ§ed over the

begogphebel yn¥apgloMs. vHoVWenerinikti snal 8RcpessiRhe to
i ntroduce the feedstock into the colum partly in the

| i gordrphase. The rstb@lb@V@@eﬂhéhetﬁ@pprqusdapﬁaébe liquid
ensur.es h nce Lon, o nol t r
eSHEESoF, Dhah el CROeeBLLALL Ony ohag! KANOL L Dot BELLORT i ce

€ colunn énéti c eerc
oveaa@bstraﬁsesapbhf/lmqﬁﬁonwei@htlsadnstﬁsbshedabwgrfrom
the wdth of the colum via the inlet and the col um

i nternaPsiVThe"FA¥Fo between the vaporous and the

l'i quid @@édp&fs$@es@ifP@@|1Ee€ﬁét9£§ TRY1 benyarigde the
bet ween w de ranges. The vapour/liquid weight ratio is

sutrabbysteowficatuon1®s1am¢é%ﬂllihelpmrseﬂCSkthed in
cQUrEFBF bRt rERorTon THEFRPBY oo ReCEnaTI SEtreabr) Che

equl unt reac e, hal'l “Suitab

en@ﬂ@anam.ex5@3ﬁo@érth@tabkaﬁohlkahgln@baalkgleﬁeo&arbonate

al kanol to al kyl ene_carbonat e
is suitably Trom 5:1 to 25:1, preferably from 6:1 to
15:1, more preferably from 7:1 to 9:1. The amount of
catalyst can evidently be much smaller. Suitable amounts
include from 0.1 to 5.0 %wt based on alkylene carbonate,
preferably from 0.2 to 2 Swt.

The reactive distillation results in a top stream
containing the dialkyl carbonate and any excess unreacted
alkanol, and a bottom stream containing the alkane diol
and the catalyst. Due to some water that may be contained
in the alkanol some hydrolysis of the alkylene carbonate
may take place, forming alkanediol and carbon dioxide.
Other low-boiling by-products or contaminants can be
aldehydes, ketones and alkylene oxides.

The bottom stream is suitably subjected to a
separation of the alkanediol. Thereto, the bottom stream
is split suitably in a fractionation column into a
catalyst-rich stream and a stream comprising the

alkanediol and, optionally, some alkanol. After
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Is suitably fromb5:1 to 25:1, preferably from6:1 to
15:1, nore preferably from7:1 to 9:1. The anount of

w@200a4098182 can evi dently be nuch small er. Suit abtBEP2007/051585

amounts include fromO0.1 to 5.9 Y™ based on al kyl ene
car bonat e, preferably fromO0.2 to 2 % . The reactive

distillation resul strea ai nin the

G Bk o eal bohar b GnabBnbubRell ARAM ERREEEE) R
anglﬁabéai@m1§ErﬁéﬂbG@Bé@langvéhﬁuahk§BSthQL @Hé_the
catalyst. Due to sone water that may be contained in

t heahpkHfbr rseheshydae®l y8i subtabPhe AFRYFEAd Ear bbaareactive
ma m I edi d b L OXi

G e A eLER OO 20fED BOo8 ERDCELRunBR L RRENRD L} dPe
al debydese ketooessandaal kyhehe eoxtdesedThe bottom

streamis suitabl subjected to a s%garatlon of the

al kanedfof . “Fhef et St he DOt EOI ST eUn? TRAEPIFE Iifo an

subt abh¥1Lpianf ragthRnahbon gOLURD1I BEGLenate- rlch stream.
catal yst-rich streamand a stream conprising the

al Kahedreh andtabpyibaafipye bmnélatkéh@tlon However, as

Aftswg%%acaa §8.2¢ 593593/15%” QEES M?t'ﬁ{ﬁ thD8y

al ka i 5''redover 8d a5 event

catakystpohahnst aeanki/s earbahhyeeeﬁyemedzéetthpes
reactive distillation zone. Also any al kanol that is
seBE?é?éar?réhmPﬁ% BoFE o &FF@RNTe RN BE P%c?EfEHCl?ﬂE to

tOQcﬁEé@@”&'§a§99§§89@99'¥e§§9§£§5§d rAbPe@Bre it is
al kanol -rich stream and” a di al kyl carbonate-rich

stpeaﬁerfhdstoapssuana@kyrbetdohetbyfdcsiLthae|bhe

AnACREr T E0r PELABHE! haCalar KF " car bBHAT e, Farmt he o fkanol .

azeptérepesaclhetetonebsi pplecdiat ekbat hanymaympetnbe, in

sufficient to
particular alcohols such as phenol, or anisocle. 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 starting material for the eventual
alkanediol.

The extractive distillation is preferably conducted
in two columns. In the first column separation is
achieved between the alkanol and a dialkyl carbonate/
alkylene carbonate mixture. In the second column the
separation between the dialkyl carbonate and the alkylene
carbonate is achieved. The alkylene carbonate is suitable
recycled to the first column for renewed use as
extractant. The ratios between alkylene carbonate and
alkanol and alkylene carbonate and dialkyl carbonate can

be varied between wide ranges. Suitable ranges include

from 0.2 to 2 moles of alkylene carbonate per mole of the
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achi eve a satisfactory separation. Therefore it is
preferred to use an extractant to facilitate the

waeepanasstnpn bet ween t he di al kyl carbonate and PEEEP2007/051585

al kanol . The extractant can beysel ected from many
conpounds in particular al cohols such as phenol, or

ani sol e ver, it LS erred to enplo

o kSRers Barponn abstEabkRtt GREDOREcFor hogFrably Erom 0.4
advant agepysetopebt@abnet he separation in the presence

of the al kyl ene carbonate that is being used as

st arti ngheret &7 ¥ &l 1 @bk on heceveht tiab Rt kahkeh ofondTheons can

{;éagéw‘?t%%h#h%' AR, SrBﬁgégraQ%yt%”QHﬁEQ g%}:%@n
col umms. rst co éparafion’is ac
bettwkenrthéiaktkahRoksandea ﬂa@lkyhtahﬁponahgé akkyl Bneo

carbonate mxture. In the second Iunn e separatlon
@5§eﬁP?heaa@aFﬁvPeeaFBBﬁat PGiq? hEOa?§5|eﬂe view of

CaEE@”@E@bL§1@$hb§V§@k ThgeakkybengtearhOnat@pbsature is
suitable recycled to t e first colum for renewed use

asa@xanéegaﬁulehbe&QW|b%Obeﬁme@heQERyléh@ tarponat e

a”%' 'e‘ Quré‘”d a!i'e‘%%@e %‘BS Aand, g, 'kéé +9E| Ebe

carb can be varie me n"w de rang
raagE$nme|Wﬁénftﬁﬁ1Glgttmlatﬂﬁhesomﬁmﬁbkykénesed it is
carbonate per nole of thesum of al kanol and di al ky
caPB%ﬁ%FéedpF%f%P%ﬁP9tfF€ﬁ1@eﬂafétio@ ﬁ%F@@eBe?lﬁﬁp%l and

Th&1§l§91'EQEbQHaEQ/aﬁPy§e§§pé5§EbHQtéOﬁnghQQS cap Qﬁgher
selected wthin w de ranges, as the skilled person

w breseakesesuPhessubstany28ukPabl gndanhge feomms to
0 kPa, , and er at Vi ew

f 40 to, 200 QC .. |
of SERBCRE ABN PEDPErR ok or kb AT DORATE tRE ¢ hlberiture
| Scadvankageauslywbel pyed80rOC suvheneas tbesbowes. This

will allow a sufficiently low temperature to retain a
satisfactory stability for the alkylene carbonate and an
efficient separation between the carbonate compounds. The
dialkyl carbonate obtained is recovered as product,
optionally after further purification. This further
purification may comprise a further distillation step or
an ion-exchange step, as described in US-A 5,455, 368.
The alkanol-rich stream that is obtained is freed
from low-boiling compounds. In one embodiment the top
stream is split in two or more portions. At least one
portion is cooled such that the alkanol condenses. Any
low-boiling compound in the vaporous phase is removed.
The condensed alkanol is then recycled to the reactive
distillation zone. Although some low-boiling compounds
may be entrained in the liquid phase the present process
provides a satisfactory removal of such compounds. In
another embodiment the liquid alkanol after condensation

is recycled to step (b). When step (b) comprises a
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tenperature is determ ned by the boiling point of the
al kanol . When two distillation colunms are used, it is

w@e@eva3erl t 0 conduct the separation between aP&ERP1007/051585

and di al kyl carbonat e/ al kyl enegcarbonate m xture at a
hi gher pressure, such as 60 to 120 kPa, and the second

ti bet i al kyl bonat d | .
caPbshatotntotonge braustreSPEOgR af BRf ALE¥RBl tanpent 2o
W Lk ralkowarguf figtent byibaw senpehabbrechooFebatn a

satisfactory stability for the al kyl ene carbonate and
anrefyrepent ssepapaPpopibétween the carbonate

CO”DOU”§§LAT@?%§§?if?'m&ﬁﬁPgﬁgtﬁh%Pt@ﬁ869?$§r§§§03fﬁgﬁol—
as product, optionally after further purification.
Thrschustheampfirofi chti dhstrhyleohpni $8 actucibérto the
distillation,step.or an ion-exchange step, as .,

deSErFbelci lEE&E@%Fﬁ%%,é%§?°TEE SgRBH%F-??Eﬁré??EaﬁPat the

thatci,s10bkaipgdli ssfrgedohnonyl owe BothkngesoPPOLNGS.
In one enbodi ment the top streamis split in two or

nmodéspottpbhsn ApnEeastaoneipbr ebonei sheodhedoduehion of

that Lhe alkanol,gondensgs,. Agy 5°£fb9££‘§8c88§99“9He
i n"the vaporogs phase i s réenoved: e ¢ondense
al kavgtlesstheamr ecycheflst othbe ceapbiunesdi shi phationlar
zone. Although sone | ow boi |l i ng conpounds may be

entfai Aedlkrlt RRTPPHBFE- phase the present process

prOVide§natﬁ@tﬁ§£§&59r¥n§§HP¥@ﬁ Ofc SUCH, SOMPRURESs + +0am i
anot her enbodi'ment the liquid al kanol after

coadénsatihoati seretytivedrbotsbep, (byo. bvhea stepllib)

co isgg a i's %I&gti nogge gi ugd_ or 'on_ofmthgssed and

o Rahor Tt Sent tadCPaPl GUCt BOF ReORi S51 FPY) BRI A

copbtpatéanaof vhpbhrr eeyobes ksrahfotpossebleactSvé

5,359,118 nentions that the vaporous al kanolrich,
distillation zone. At least one other portion is
condensed and freed from low-boiling compounds.

The weight ratio between the liquid and the vaporous
split portions can be selected by the skilled person to
arrive at the optimal effect. It is advantageous to split
the alkanol-rich stream such that the weight ratio
between the portion to be condensed and the vaporous
portion is from 0.1:1 to 1:1. This will allow an
efficient removal of contaminants.

As stated above, the alkanol-rich stream is suitably
recycled to the reactive distillation zone. Therefore,
the alkanol feedstock comprises advantageously make-up
pure alkanol and the liquid and vaporous recycle streams.
The recycle streams may be mixed with the make-up pure
alkanol, and subsequently be introduced into the reactive
distillation zone as the alkanol feedstock. It is also
possible to combine either the ligquid or the vaporous

recycle stream with the make-up pure alkanol before
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streamfromthe distillation is recycled to the
reactive distillation zone. It further describes that

wo b@7nesyrl e al kanol is introduced into the reBCt/ER®O7/051585

distillation zone at a point_-above the introduction of
pure make-up al kanol. According to the docunent the

recycl e .stream contaj hs ot her ounds articul a

et R S M SRR CU Gl T A S A SR E
al kanel preebrstnean isrsphihtel Bhat mhrastipt WOKRAKLI OASo the
two being usuallgh sufficient. At |east one portion is

t hERaebhpregdsadl ati@@yéP@@ Bslodpbbe teeyeflecsipeanf the
tolﬁaﬁl&eéﬁa'Xgegse%ban '98c§8pronﬁ% chf StFRQ§e8§hEEe

ortronis con free
coaﬁoandsge§hdemetghédrahlUSbEtﬂEéﬁ9thE8laqelﬁeand t he
va orous plit portions can be selected by the skilled
BbAE8%rrive at the optimal effect. It is

advantag@@uﬁré@e§§léf the 8l kadol - 1 ¢ sisLaMSUSH enployed
that the weight ratio between the portion to be

coﬁdénse@aan@ch@fvépéd@QQCb@rtTbﬁ psofeem Osleiceplently

I],.al {
conthhoanrE. ChE SPEpaREebbob el hb TR P oheah cprampene

|Sgsytbablylmeeygnedatbohaeerea@tbyeddeshyﬂlahrb@nate. The
zone. Therefore, the al kanol feedstock conErises ,
adEéﬂF%@%oﬁ%lVoﬁﬁk@dﬁﬁnBQG%OﬁﬁkﬁnBFeﬁnaof hPiHﬁPﬁuﬁﬁaon of

Va£9699§e5§0ﬁ§§€o§tr?aQBprgbgnéGQXSH? §B&eéﬂﬁeﬁﬁylbe

mxed Wwtht ke-up pure al kanol, and subsequently

becanboodUeeﬁrbmtpr@hgleeactavbodaSE|ahatmehhzOQé as

t he al kanol to [t Iso Po§§i@hg {gvgggyégeln

ei'ther CRE'TT qui & 61" 1 e VHRBI B
which the portion of the alkanol-rich stream that is
freed from contaminants is recycled to the separation of
alkanol and dialkylcarbonate in an extractive
distillation zone.

Figure 2 shows another embodiment of the invention
in which the portion of the alkanol-rich stream that is
freed from contaminants is recycled to the reactive
distillation zone.

In Figure 1 a reactive distillation zone 1 and two
extractive distillation zones 2 and 3 are shown. The
process will now be explained by using propylene
carbonate and methanol as examples. It is understood that
a person skilled in the art can replace these examples
with any other suitable alkylene carbonate and alkanol.

Via a line 4 propylene carbonate is fed into the
upper part of the reactive distillation zone 1. Via a
line 5 a transesterifiation catalyst is also passed into
the upper part of zone 1. Methanol, fed into a lower part

of zone 1 via lines 6 and 7a, passes upward, and,
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recycle streamw th the make-up pure al kano
beforei ntroduction into the distillation zone.

wolowewsidg2 it is nore preferred to introduce theCTBR®BOUES1585

al kanol into the reactive distjig l-ati on zone bel ow t he
i ntroduction of the liquid and the vaporous recycle

streans e adva ta s described in US-A

S BEaTa el Bk Pe T e e R e AP aE T oh L 8 ey Pstheroacts with
pr@ﬁ@nbrb§YE@héOBaEEBnQQeeHB|@Mﬁﬂ ﬁ@bp@léﬁé'@l?c@ﬁ ﬁroduct
feedst ocks. The process is excellentl uited for t

pr epar at rehpt @@ﬁ?P@ﬁéegl?h@l?rﬁpbb?ﬂénél@FyéoPS recovered
d'9?5Hy£h8359998£eo§”958rd95ﬁ59¥5t58§298§ 1 JDguctllne 8.

process IS nobst advantageously use e pro ion
of Theopyteor gkydoht(1n21pnepaneldoob¢naaﬁnd|ﬁhéhyhtalyst.

car ona%e fro Eﬁﬁene car bonat e gnd met h
Fi gUFES1°8Ro aﬂr oHi henfeBRTEhE |hGEﬂt?oﬁaFﬁlMﬁFch

theopert hoRgoErtheiahkangl arbebastreamthabni snf peed
fromcontamnants is recycled to the separation of

alRan@raéndnduaﬂkyﬂea?b@naeﬁarﬁtaﬁneM@Vabe|v@compllshed by

di gy LLLatLon gongy FLOUC e, 2. Shows apotber  embadi gEAL 1 o1

he i nvention in e por
aIkanel5r|ahdstheaﬁrbbgnens @Egedlfﬁ@nréeﬁvaﬂbaanbﬁtLSnally
rec¥cled to the reactive distillation zone, In Figure

FeRctPvE ar sPRFFat FBR12Bné" 2t aRBOTRL %k?r%o%%@% 10.

d'St"'P$'P§ ZQDespPe 2Pl 341 e §@8M@h13M§tPIQC§§§e¥é'$f
now be expl ai ned by using propyl ene carbonate and

menbahahoas Exkanpfese, | & msqudersfomdthhaolaapérsomethyl

skillgdni the art can re % ese egﬁnpleseMﬁtVla y

ot ESurabre BPkGFansFear binar &5 and bl Rake!
line 11, and passed to the first extractive distillation
zone 2. Via a line 12 propylene carbonate is passed into
the extractive distillation zone 2. The extractant, i.e.
propylene carbonate, is fed into the extractive zone at a
higher level than the mixture of methanol and dimethyl
carbonate. The extractive distillation results in the
separation of a methanol-rich product, that is passed
from the top of the zone 2 via line 7. The product is
split into two portions. One portion is recycled to the
reactive distillation zone 1 as recycle methanol via
line 7a. It is advantageous to feed the recycle methanol
at a higher level into the reactive zone 1 than the (make
up) methanol that is supplied via line 6. The other
portion is passed to a separation unit 17 via line 7b. In
the separation unit the stream is separated into a
gaseous flow, containing the compounds with a lower
boiling point than methanol, e.g. gaseous contaminants
such as carbon dioxide, and a liquid flow, mainly

methanol. The gaseous flow is discharged from the process
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Via a line 4 propylene carbonate is fed into the upper
part of the reactive distillation zone 1 . Via a line

wh2@7nvamsesterif iation catalyst is al so passedi/EP1007/051585

the upper part of zone 1 . Metjhanol, fed into a | ower
part of zone 1 via lines 6 and 7a, passes upward,

and, pronot ed_by_1 he_trangeste cation catalyst,
s SR En B reThPobyPana BarBoNat e o F6Y ol iopy! ERe
gl yeelapt oductiandl dhaebhybosar ponakel idherpropyl ene
glycol is recovered fromthe bottom of the

distiII%I@@ntQ%n@OHtQWaQE thaeegtraqheveolt o padier 2
% PE-8 8ksp.¢an aama Eﬂglcé%§#¥§ tel S&e§95§yﬁgﬁe
pro ca ng

I's separ at contain
fraatbonaaedla pbodmnédfrﬂhtbomlxﬁuaeseBapaEsed toil th8

. The separation,may be acco lished b i stillation,
Théeﬁanl§§Ff?§tig%yEF%Bt%8“ 8“%0% v3d Sénﬁuﬁé 5in this

andi the1propyhengeobysetnis reenyeLed, 19ptEORAblY¥d via line
after further purification (not shown) via a line 10.

It l1fsasurhabtert ovhsecasstbechironglene exckesgsabg is

net nol. There e Xt Y f . mef hapo n

heERreed Rbnals pefh i HIF, & ihe Top P Fhepybiae
1 vaabankteeidlspand passed torthm thastvextLasei ¥eis fed
distillation zone 2 . Via_a |line 12 propyl ene

catBbRatBei §epasséd @h?Bl@E%té?Fré€F?v% d?%@l?lﬁ??%ﬁd

zoRer2ay THsce¥inaciant, 1k- §ndDE9D¥£eP@c9éEQ8n@BethéS
fed into the extractive zone at a higher level tha

thethatU£EeoﬁlﬁELhéﬂbhoandOden%thyI carbonate The
extract#ve dIStI|%atI0n resul t feparatlon of a

t hanot 2 ri tA ¥ oduttS THAT 180 %e%p$ nr e he' 't op™of

theezoiee? ¥kaihi Pegdre TheIpr eHYCHalSasplbbcknbedt Wor the
portions. One portion is recycled to the reactive
di BEPFreadi 8ficebfend hS Fegyefelnet Ranbrreiaf dimethyl

carbonate and methanol leaves reactive distillation

zone 1 via line 11, and is subjected to extractive
distillation in extractive distillation zone 2. The
methanol-rich product, separated from this mixture, is
discharged from the top of the extractive distillation
zone 2 via line 7. This product is split in at least two
portions. One portion may be used as distillation reflux
(indicated via line 7d). Another portion is passed
straight back to the reactive distillation zone 2 via
line 7a. A third portion is fed via line 7e to a cooling
unit 19, where products with a boiling point below that
of methanol, are separated. These lighter products are
discharged via line 18. The cooled methanol is recycled
via line 7f to the reactive distillation zone 1. The
recycling may be accomplished via combining lines 7f and
7a (as shown), or by connecting line 7f separately to the

reactive distillation zone.
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line 7a. It is advantageous to feed the recycle
nmet hanol at a higher level into the reactive zone 1

wo banovdse2 (make up) nethanol that is supplied RPCEEPIONB0OS158S

6 . The other portion is passed to a separation unit
17 via line 7b. In the separation unit the streamis

sep into a gaseous flow, containing the

coﬁgéﬁkﬁg—gﬁth a |l ower boiling point than nethanol,

€. . JassOosiso® ONk ANt Al 61 SHCHE asy CaF H@RC € 0xh dg, c@hdinuous

aliquid flow, mainly nmethanol. The gaseous flowis

di BEREPGEd]£P ofY Rher pPBEessvFarbpPhateganghe. bi gdhdsodium

e Lecyched e.e ve-d 0
oD e e B e Dok oy of Tt RECBikt et P!

dlshdlmathanoa wexeéucenoinmaialy ﬁédehhytheanbpeatpart of a

and pro e carbonate is_obtained, This m xture
pagggatgget éSEéigﬁHlQQtFaéPWGe tBatffo O%%ﬁepér€|8% the

ling1ddn kROt dishhhbati;9n tbg.dirpet byl caybonate

is recovered via line 14 at the top, whereas the
pr@pytehéaéa@boﬂai@mnswaécgyér@aeétathﬁr@@@uéﬁﬁ veayang
li 5 r I r LS I

thafolr 1P e AP Tr e e he F Bxshi banhrad: Frabi 8t
zonesl°c. andoa $EQOdeSbEeaﬁéthalumha3BBn@$h16faadm12ture
is recycled to the extractive distillation zone 2 .

Fi gr BoheRel sand ﬁaﬁﬁéPglaﬁ%F?o?ét?h@aéaﬁ%nFéQFaP%éY

aswh@hgkgwﬁef%om LHetH§s%@¥1§§19§SEBRQﬁQ f@ﬁetﬁglght ratio
process according to Figure 1 a mixture of di methyl

caoﬁohheewahUdHEWhaﬂbreaeawes geacti ve distinkthenoh and

T SEPTFar Pon h SxiPBaTFE2RPSRTTaiFoR Sonets OEThE"

mephanettEi GhAspaodusbwnsepabated fromthis nixture, IS

Table

By-product Amount, ppm
Acetaldehyde 20
Propylene oxide 450
Propionaldehyde 20

Acetone <20

The mixture was fed into an extractive distillation
column to which 1400 g/h propylene carbonate was fed. A
stream of 255 g/h methanol was obtained at the top of the
extractive distillation column, which was operated at a
temperature of about 180 °C and a pressure of 102 kPa.
The methanol stream was over 99 wt% pure, but contained

the following contaminants.
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di scharged fromthe top of the extractive distillation
zone 2 via line 7 . This product is split in at |east

WO 702381 ons. One portion nmay be used as di stP¢T/BP100TI051585

reflux (indicated via line 7d);3 -Another portion is
passed straight back to the reactive distillation zone
2 ﬁig line 7a. Athird portionis fed vialine 7e to a
codfPhg unit 19, where products with a boiling point
bl Sfduf nethanol, are sepa@aied:, These i ghter
prloducts are discharged via line 18 The cool ¢d
rmtﬂﬂﬂﬂﬂlthw@&ycled via line 7f7@o the reactifve

d' H Thao ner ey b o
I l.I UII LUII . ric Ibeblio]l(?dolluy | VA

adc Iﬁﬁﬂz§ﬁed(%ﬁa€%onblnlng li ne and 7a (a$ shown)

, [Frdpyi sonneaiydrg Trne 7f sepdrafely to the feactive
dilstillation zone EXAMPIE 1 To Ishow the formati on of

byiﬁKﬁUMhis |n a contlnuous process 120 g/ h propylene

C I Url culu III DUUI uIII I ll‘l(?olul CllC III J.) g/h Of
1 e Ca Ol’l
a [mx of propy ene gl ycol and net hanol weje

contlnuously fed at the upper part of a reactive
distillation colum. In the |lower part of the colum
340 g/ Ikt e hasC eyt L Theheeactive i st i FPafivpous

58%9 e@@SmQHSEaEﬁQuﬁEsp5?3§?—§§?Mé£¥ ngrgrggg&§ée -

a at tenperatures rangin rome63 to
thEXBM@LEf the columm 365 g/h of a m xture of nethano

and di car bonat e S conti nuou Wit fr
N S e S R BV (L R
wﬂpegrawﬁrﬁtpeaFymeﬁeab@gboaQteﬁ%@neéaamﬁtoaﬁﬂeabppér part

30% W % di net h carbonate. The anount of by products
wasfas §ﬁ@@hlb@|@%§t¢é%ﬁélon zone. Sodium methanolate in

0.5 t/h propylene glycol/methanol mixture as
transesterification catalyst is also passed into the
upper part of zone in an amount of 0.05 t/h. Twenty t/h
methanol, fed into a lower part of the distillation zone,
passes upward, and reacts with the propylene carbonate to
form propylene glycol product and dimethyl carbonate. The
propylene glycol is recovered in an amount of 5 t/h.

A mixture of methanol and dimethyl carbonate is
withdrawn from the top of the reactive distillation zone
and consists of 13 t/h methanol, 5.2 t/h dimethyl
carbonate, 22 kg/h propylene oxide and about 55 kg/h of
other volatile compounds. Via extractive distillation
this mixture is separated. The separation yields a
methanol-rich stream containing 13 t/h methanol, a trace
of dimethyl carbonate, and all of the other mentioned by-
products.

Half of this stream was condensed at 59.3 °C and
92 kPa vyielding a vapour stream of 2 kg/h propylene
oxide, about 25 kg/h of the other volatile compounds and



The m xture was fed into an extractive distillation

columm to which 1400 g/ h propyl ene carbonate was fed.
weerneam of 255 g/ h net hanol was obtai ned at PEEEPDP7/051585

of the extractive distillationsalum, which was

operated at a tenperature of about 180 0OC and a

f 102 kPa. th | st 9
oressuLs R, A0 KER, The, reLianol 51158 VBV EE99 scream

copbanhnanhg. Tabl ec3hi srexnaphetehall ynahows thabihBer of
a continuous process m nor anmounts of by-products are

pr bH8cRd PEXAMPLE 25| heavpteeess hbedeseffbed fastillation
Fi 7 0 S r opyl ene carbonat e

s rBg %ﬁt%géﬁegépggg %gﬁﬁaggya}?ggétive distillation
zone. Sodi s eetdamol atet i in Otlbis /hapropylleneld up of by-
gl ycol /nmethanol m xture as . transesterif ication
ca%ﬁ??g?thlglEBepﬁgggﬁanfﬁ ?ﬁénﬁpﬁgPtﬁﬁiﬁegf zone in
an amount of 0.05 t/h. Twenty t/h nethanol, fed into a
| ower part of the distillation zone, passes upward,

and reacts with the propyl ene carbonate to form

propyl ene gl ycol product and di net hyl carbonate. The
propyl ene glycol is recovered in an anmount of 5 t/h. A
m xture of nethanol and di methyl carbonate is

W thdrawn fromthe top of the reactive distillation
zone and consists of 13 t/h methanol, 5.2 t/h dimethyl
carbonate, 22 kg/h propyl ene oxi de and about 55 kg/h
of other volatile conmpounds. Via extractive
distillation this mxture is separated. The separation
yi el ds a nmethanol -rich streamcontaining 13 t/h

nmet hanol, a trace of dinmethyl carbonate, and all of
the other nentioned by
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products . Half of this stream was condensed at 59.3
0C and 92 kPa yielding a vapour streamof 2 kg/h

w@empphame oxi de, about 25 kg/ h of the other vPCEHEP1087/051585

conpounds and175 kg/ h net hanoly.5 The vapour was bl ed.
The liquid stream containing the rest of the nethano
and the renmai nder of the by-products is recycled to
the reactive distillation zone as part of the nethano
feed. It is evident that tnithis may the build up of
by products in the process is being controlled.CL Al
MS 1 . Process for the preparation of an al kanedi ol

L PLEHL atDT COTEE2L 0 £ SONAEA h <

tramsesyErcﬁrboahtencompdﬁsﬁmgs in a reactive

distillation zone to obtajn a top stream conpris
ZPLyIC%%P%%EhQ% %%daf%%i%T%aﬁ% ) %b??o%?s%fg%%?l

cog@éa§tagktaﬁd@kk@ﬂsgsggteébklésgﬂbﬁtbagdihﬁoagpln a
stream conprising dial kyl carbonate and the al kano
|nﬁ@aghlEEkén@tl&iehl@ﬂréaﬁeahd QbaaankyltOP stream

cal 8nat§1£g ? gﬁﬂ %%gng é'Eﬁe kgh hkgl a bottom
car bonat & i onar er pur| Ication, fro
thetdeahkybmpaﬁboﬁ@tEhélthshéeaﬁl and (d) recycling

at | east part of the al kanol-rich streamto the

redeti v s FPat Fon ZomeS BECPhr EOBPT + Hren Al kahbiY!
fe@Q%EQﬁEte“@ﬁaetHetQ§k§55§”9£t6'QH s1k8apLLs: 8R! kErbBn and
at least two portions, and at |east one portion is
coadénsédlyandafberdtéronrboapoaads with a | ower

b0|I3ng ggé@ériggntﬁgedlalkyl carbonate, optionally after

further purification, from the dialkyl carbonate-rich
stream; and

(d) recycling at least part of the alkanol-rich stream
to the reactive distillation zone as part of the alkanol
feedstock,

wherein the alkanol-rich stream is split in at least two
portions, and at least one portion is condensed and freed
from compounds with a lower boiling point than the
alkanol.

2. Process according to claim 1, in which the
separation of step (b) is carried out in the presence of
the alkylene carbonate.

3. Process according to claim 1 or 2, in which the
portion that is freed from compounds with a lower boiling
point than the alkanol is recycled to the reactive
distillation zone.

4. Process according to claim 1 or 2, in which the

portion that is freed from compounds with a lower boiling



al kanol. 2 . Process according to claim1 , in which
the separation of step (b) is carried out in the
w@e@sense2 of the al kyl ene carbonate. 3 . ProceBGI/EP2007/051585
according to claim1l or 2 , ingwich the portion that
is freed fron1conpounds with a | ower boiling point
than,the ﬁlkangl if recycled to tEe react% e . £
du@?FPFa{: B ZBRe2 14300y bEebSCYCLO dIRg TG EFPRARFEIOF ©
2 gtkp wBhch the portion that is freed from conpounds
with a Iomer boi I'i ngpoi nt than the al kanol is recycled
t 0ot he Beparasi dacofdsr@pt¢Iny one ®f oebasnactordi g in
0 0 h
rawﬁgxgepﬁge&e gkgg?%lénbégwgégcﬁﬁ%eg g§and Be
vaponadasspdr thenths fraporbud: @otalén11s6froﬁrOCES$ to 1:1.
accordin one of clains 1 to 5 | n,which t

to an )
aIﬁylen%g%%?%%n%?%o¥§l%?059l%%% QaF bohat &2 HAT %h%o ro 10
al kaneh t8eMBtRaNGhe carbonate is propylene carbonate and

the alkanol is methanol.



