WD 2010/ 063694PCT/ EP2009/ 066110 - 1 - PROCESS FOR REMOVI NG AN ALKANCL

| MPURI TY FROM AN ORGANI C CARBONATE STREAM The present invention

rel ates twoaoprmse@ss for renoving an al kanol inpurity fromEe2&boean

cont ai ning an organi c carbonate and 4 he-al kanol inpurity. Exanples of
organi c carbonates are cyclic al kyl ene 5carbonates (such as ethyl ene
carbonate) and non-cyclic dial kyl carbonates (such as diethyl carbonate).
It is well knBROCE®SnERR BRYHOVEN@| Kyl 2hEAKar bOMRTRIDY FrRAWt ABNOREABRIRY| ene

oxi de (such as ethylene oxide) wth rbon dioxide in the presence of a
suitabl e catal yst. Such 10pr ocessé%Rﬁmg%eg%g%%crl bed for exanple in

U54508927 and U55508442. D al kyl carbonates can be produced by reaction
of al kyl ene carbonate with al kanol. \Were al kyl ene carbonate (such as
et hyl ene car bonatTél)e Py epeadt édviRintth oal I(@d@lteESG@u@h raecerkadolr), the

products are di %'VJ& 9 @ r%‘i’?ﬁ%)%%l(% *&r%sc anatg), %l%'gk%@le‘j' ol

(such as monoet h yl e pro ess 4% vve%l nown an n “exanpl e
t hereof is dicselaosed daﬁbldSﬁ&éQ]al& tHal s ldecuwientmpdirsalyases a process in
which di (C-C1 al kyI) car bonat es 20al kanedi ol s are prepared
transesterificat PGB SEn Cdl KPR Cc &PBERACE S £F Sa C@IC1619 é‘ll%é(ﬁﬁlne At

variogs poi mo%ﬂMotrﬁ't%ssa('s%cthOta%' QLRSS RIOMGING ) dialkylocarfanate from
al kyl ene oxi de via al kyl ene carbonate, organic car bonate streans contai ni ng

one or 25nor @l@lll&afrlolcaarrmmraltteuseﬁsm e @n@dt@@éd Campoedel.-e I¢f Isuch
al kanol i rrpurl LY i S an et her al kan &ﬁkt rlr’éplcar%n al ko% al kanol For

OWH ﬁ/cl
exarrpl e, in a reac ere e (0] an ene car onate are react ed into

di et hyl car b@rfataak@rl@nr@mtdheyl %ﬁ‘;@hgb)éC@t,hyﬂeSlled@-xﬁei@Qt iwdrt hofcaefdvanol wi t h
WO 2010/ 063694PCT/ EP2009/ 066110 - 2 - ethyl ene_oxide, fornmed by
back-r eact | of 6K kN yile @S HSGRACE Oft & SLRYERHE GXtdd Yartd csé\]roélon di oxi de,

i nto; 8- ethoxyethangls (et (Rl mBkd ake Raae1 Ut tuseipy oxitol
may be formed by a side-reaction of ethanol
and US5508442.

Dialkyl carbonates can be produced by reaction of
alkylene carbonate with alkanol. Where alkylene carbonate
(such as ethylene carbonate) is reacted with alkanol

15 (such as ethanol), the products are dialkyl carbonate
(such as diethyl carbonate) and alkanediol (such as
monoethylene glycol). Such process is well-known and an
example thereof is disclosed in US5359118. This document
discloses a process in which di(C;-Cs alkyl) carbonates

20 alkanediols are prepared by transesterification of an
alkylene carbonate with a C;-C, alkanol.

At various points within said total process producing
dialkyl carbonate from alkylene oxide via alkylene
carbonate, organic carbonate streams containing one or

25 more alkanol impurities may be produced. An example of
such alkanol impurity is an ether alkanol, for example an
alkoxy alkanol. For example, in a reactor where ethanol
and ethylene carbonate are reacted into diethyl carbonate

and monoethylene glycol, a side-reaction of ethanol with



5with ethyl ene carbonate in such a way that carbon dioxide is rel eased and

ethyl oxitol is produced. Still further, a side-reaction between ethanol
and nonoevbybhanei@uycol may take place produci ng ethyl exirtephooanesaat er .
Still even further, ethyl oxitol may be formed via 10decar boxyl ati on of
hydr oxyet hyl ethyl carbonate. Therefore, the product streamfrom a

reactor where ethanol and ethyl ene carbonate are reacted into diethyl
car bonat e andtmneetchylxene ,glfyaaled MY baaikpricse tUnco e itéd letkanol |
unconverted et %ene carbonat e, 15di et hyl carbonate, nonoet hyl ene géycol
and the abov&STERE TGN 1 AL o IO Msudicy CoFRE TpridSence of 'S4l ¢ al koxy
al kanol i mpurdny, Ry rhe et [t @y 1idd 13Nh-subsequents r oducti@n. process.
Sai d al koxy al kanol inpurity may for exanple end up in the dialkyl

carbonat e 20thatyli 9xuded awsvabst forimeg deat ér isaldef-areache ogy mtth egihs nofl

di phepyl carbonate.frqmsaid dial kyl .carbopnate and . .phenol. .For exanp] e,

a cas‘g \/\/nerewtlpfg1 E’ltgly%y Near r%)r?é]taléael slndiséjtcﬁlyla géarybgﬁla e And thé lglxl%éify
al kanol i npuriist yd1s zefhy laneXicttoly,l $adidoat Ry paxidu@ledray gigactf i2dnadh) t he
phenol starting material and/or with the diphenyl carbonate product.

Di rect react ifof*6F PIRERGIL CAnPEtAN GHAEOIC gy E9lae iy W€ Frloidisct i on of
phenyl 2-et haxyethyl. ehher. Angd hence din hhe liess of,valuall e phenol
reactant. Further, 30such reaction results in the int roaauctl on of undesired
chem cal s i netiee pgrotéss ardhtiercefigiod treyvs &parfatiren ivssues. WO

21) 10/ 063694PCT/ EP2009/ 066111)_ - 3 - Reaction of di phenyl carbonate

Wi t h%t hyl o>?ietcg1r%roé<§/ Iat(%slqnn C)gr gldflﬁiéﬁioﬁy@st?ygs eﬂfﬁéﬂylcaf- etfioxyet hyl carbonat e
i's produced. Furthererthe,|l ahlepReducts tachs S om GPeset'or Whamy
subsequent pol ynerisation of di phenyl 5carbonate into pol ycarbonate
material . ForF | @ndnedh vdiopite Hpirbearienate itsacégct édtw th Bihs-lphenol A
(BPA), polyc a p |..are far i p yl r ate can react

wi th BPA si n?g@%&%ﬁaﬁﬁe i%gldat;ln(r%e%aeti—"?1 elef%ggggcloegéviq%g gcrog(%ﬁg %% al kyl

car bonat es ( suchnas rdieet Ryhah@dar boratek riewe eeh ydameotc shdonsed ,t 0 produce

15 diethyl carbonate, monoethylene glycol and the above-

in

mentioned ethyl oxitol impurity. The presence of said
alkoxy alkanol impurity may be detrimental in any
subsegquent production process. Said alkoxy alkanol
impurity may for example end up in the dialkyl carbonate

20 that is used as a starting material for the synthesis of
diphenyl carbonate from said dialkyl carbonate and
phenol. For example, in a case where the dialkyl
carbonate is diethyl carbonate and the alkoxy alkanol
impurity is ethyl oxitol, said ethyl oxitol may react

25 with the phenol starting material and/or with the
diphenyl carbonate product.

Direct reaction of phenol and ethyl oxitol may result
in the production of phenyl 2-ethoxyethyl ether, and
hence in the loss of valuable phenol reactant. Further,

30 such reaction results in the introduction of undesired
chemicals in the process and therefore to separation

issues.



pol ycarbonate by reaction with BPA, since alkanols are not good | eaving
groups. Al koxy al kanols (such as ethyl oxitol) are neither good | eaving
groups. Therefumesss4i n case phenyl 2-ethoxyethyl carbonatreTiEP2gw@s@né i n a
15di phenyl carbonate feed to be reacted with BPA, phenol will be rel eased
easily from said phenyl 2-ethoxyethyl carbonate but not ethyl oxitol which

w Il consequently stop the polynerization process at one end of the chain.
Consequent |y, pheryplct2-oet hdxyethyn vdarchabahe tlkas itth lkeeh0r exdived from
di phenyl carbonate before the latter is contacted w th BPA. The above

exenplifies tHaLLEF dTc&LEWET ¢C87F GganicC Ydarhoials Yt edm edmlaidiieng an
al kanol i nmpurigt ¥ ol @dTeGhy dthd S desd ned ta emNe tSaid saldkanol i npurity
25bef ore any subsequent process takes place wherein the organi c carbonate

i s transfor mE®alsos "a valagablsebesdiusndd potl.yreerl sestaepl ©f idiphenydeded to
remove any ethyl i,.tol. i ri;ty fr di et hyl. _car honat ream tainin
Gard Trpr i ¢y BOr S T R o A et Wi i b & A SnGhaT ¢ akes.
pl ace. Referdingane 1t e rabove cexanplea orer e iethhanel-pavadhoat hy | @pe)gar bonat e
have been reacted into diethyl carbgnate and m)noet,hill ene glycol, the

product st r eZn YABTPP P00 6369 PPETPRPZGE/ 066 L) PPNV $E1O6REEei ng

unconverted ethanel;and ievhyene icaibopate1and et hy oxital, sider product,
may be separated by neans of distillation. The boiling points for the

vari ous conpéeentisid wrsaicd pricdkoetl sterédmmadies nentohored Biethde t abl e
bel oy, Component, Bailiyng Rt (D, ethanal 84 i elhy, garbonate 126-128
polycarbonate by reaction with BPA, since alkanols are
not good leaving groups. Alkoxy alkanols (such as ethyl
oxitol) are neither good leaving groups. Therefore, in
case phenyl 2-ethoxyethyl carbonate is present in a
15 diphenyl carbonate feed to be reacted with BPA, phenol
will be released easily from said phenyl 2-ethoxyethyl
carbonate but not ethyl oxitol which will consequently
stop the polymerization process at one end of the chain.
Consequently, phenyl 2-ethoxyethyl carbonate has to be
20 removed from diphenyl carbonate before the latter is
contacted with BPA.

The above exemplifies that in a case where an organic
carbonate stream containing an alkanol impurity is
formed, it is desired to remove said alkanol impurity

25 before any subsequent process takes place wherein the
organic carbonate is transformed into a valuable end
product. For example, it is needed to remove any ethyl
oxitol impurity from a diethyl carbonate stream
containing said impurity before reaction of the diethyl

30 carbonate with phenol takes place.

Referring to the above example where ethanol and
ethylene carbonate have been reacted into diethyl

carbonate and monoethylene glycol, the product stream



et hyl oxitol 135 nonoet hyl ene glycol 197.3 ethyl ene carbonate 260.4

The distillation as referred to above nmay result in a top stream containing
di et hyl owohomnaissssand unconverted et hanol and a bottom straeposiias ni ng
monoet hyl ene gl ycol and unconverted ethyl4ene carbonate. Mst |ikely, 10all
of the ethyl oxitol ends up in the top stream However, depending on the
specific conditions under which distillation is carri ed out, part of the

et hyl oxitol atay et tap niimot Inmdmtvteamadt regrdmn oSu lselg uerhitvilynesai d t op stream
may be further parata&dﬁ s of isti]lation 15into top stream

cont ai ni ng uNEIMPEtEd ary 1€ Pe&ytced t“l?yt% FERCT G Sher e

di ethyl carbepat ard o@'@ﬁ%tt*}m'l%&%ogﬂ yq(?ﬂe A 1Rredyeatht and 2 thet t om stream
contai ning diethyl carbonate and the ethyl oxitol inpurity. 20As discussed
above, bef or &2 corsg@PNE CEEEnate sigg & PaPsiuertmed Yoo ag ev alegablogcend

produgt in an;ahsc%l%sec%%el%t hogess, the al kanol inpurity has to be renoved
t herefrom as 't hat m ght |nterfere sai d subsequent process and/or any

further processespdnentt he above exanpl e, th |RdEansy 2hat (f© et hyl
oXxi t ol inpur ty should be rempved fromithe hnffnn1<frpan1rnnf9|n|nn dlpthyl
carbonate ang théa&Hyl WD 21)10/ 063694PCT/|EP2D09/ 06611 0 - 5 -

diethyl carbonate 126-128

ethyl oxitol 135

monoethylene glycol 197.3

ethylene carbonate 260.4

The distillation as referred to above may result in a
top stream containing diethyl carbonate and unconverted
ethanol and a bottom stream containing monoethylene
glycol and unconverted ethylene carbonate. Most likely,

10 all of the ethyl oxitol ends up in the top stream.
However, depending on the specific conditions under which
distillation is carried out, part of the ethyl oxitol may
end up in the bottom stream. Subsequently, said top
stream may be further separated by means of distillation

15 into a top stream containing unconverted ethanol which
can be recycled to the reactor where diethyl carbonate
and monoethylene glycol are produced, and a bottom stream
containing diethyl carbonate and the ethyl oxitol
impurity.

20 As discussed above, before an organic carbonate is
transformed into a wvaluable end product in any subsequent
process, the alkanol impurity has to be removed therefrom
as that might interfere said subsequent process and/or
any further processes. For the above example, this means

25 that the ethyl oxitol impurity should be removed from the

bottom stream containing diethyl carbonate and the ethyl



oxitol inmpurity. In principle, ethyl oxitol and diethyl carbonate could be
separated by neans of a further distillation step. However because of the
smal | di fWwenremas3don boiling point between diethyl carborearaprasndobathyl
oxitol (see above table), such separatio® i's very cunbersone requiring many
distillation steps and stages. Therefore, there is a need to find a sinple
nmet hod of renoving an al kanol inpurity froman organi c carbonate stream
cont ai ni ng swedi tallkamgluringur ity prieSumde, sienglw idxiwas faouhd itehaty 1by
contacting the organi c carbonate streamw th an extraction solvent and

separating thé" &t iCOM IS0 RFe FERFRASE S PomMRE Sorrdari & '¢drhdnat e phase,

such al kanol dimpyniitay iics, -emRyv.edflmrs ueh sideam bnexiiaat i on of the
al kanol inmpurity into 15the extraction sol vent phase. Accordi ngly, the

present i nvertifdenegicat 69 trid imcoess tf e trgwsy idig tary laldeaonaitep anict y
froma strea taini r i r at d_t |, kanol. i rity,
conpr 151G GONTSat LRG The o e SRt B b St PASE] S S0adT it g LY
separati ng t hemextrsacid arqgdlnient nphgselifstdmiltahe cor garics carbenatoe sphase.
The organic carbonate in the stream from which the al kanol inmpurity has to
be renoved i A &CESPEFEncENF Eh thé peesert ifivént SrIPgy e hgd of

di (G - 05) al kylepgarbenate.,123waer @L'N[jﬂzutrqecyalf&%lm UOWRS S I /gMon anched
and/or cyclic) may be the sanme or different, such as nethyl, ethyl and
propyl; or asdire@m cCn)tarylincarshotatee kaner eimputrthig varyl groups may be the
sanme, Qr differen such .as .phenyl ; or. a (G -05) . al kyl -.Q7 ryl

car b(lj at e, V\/nereitsﬁl@(ftlﬁemgll%ylltgrwgﬁp fé)ﬁlc?%t élagr )}ﬂy (5?{)61& %grlélg)aé:%&efi ned
above; or a epelant d GarBonaalkyrererntaribonate ex3uch tasnt ke 1earhonate of
et hyl ene, propyl ene, butadiene or styrene; or a mxture of such organic
carbonates. SFEGIFEItEAI yrhe W ERCLG 6 3694PCT EP2GEIA0esN Lhe crganithe

organi ¢ car bonat e j-§ <A Ji-alkyls car %‘1%%%1 MR SREC; T Gal eﬁr%e stream

car bonat e. The al kanol T'nmpurity ich has to be renove
cont ai ni ng t Beabr gaurieanc &b exatre cangrs aifd thep wrlikay B A mgeogortdanceomM t h t he
pres§gt i nvention, her al kanol, nore specifically an al koxy

| 1

b t
al ka most-$p&& n%%&ll%fa%-og‘tvﬁ&gygmﬁﬁdl , as described above.

Accordingly, the present invention relates to a
process for removing an alkanol impurity from a stream
containing an organic carbonate and the alkanol impurity,
comprising contacting the stream with an extraction

20 solvent and separating the extraction solvent phase from
the organic carbonate phase.

The organic carbonate in the stream from which the
alkanol impurity has to be removed in accordance with the
present invention, may be a di(Ci-Cs)alkyl carbonate,

25 wherein the alkyl groups (straight, branched and/or
cyclic) may be the same or different, such as methyl,
ethyl and propyl; or a di(Cs-Cy)aryl carbonate, wherein
the aryl groups may be the same or different, such as
phenyl; or a (Ci-Cs)alkyl (Cs-Cy)aryl carbonate, wherein

30 the alkyl group and the aryl group are as defined above;
or a cyclic (Ci1-Ci9) alkylene carbonate, such as the
carbonate of ethylene, propylene, butadiene or styrene;

or a mixture of such organic carbonates. Specifically,



The amount of the al kanol inpurity in the stream containing the organic
carbonate and said inpurity nmay be 10conprised in the range of fromO0.1 to
10 wt . % wpeoidisakly 0.3 to 8 w.-, nore specifically @comEP2008/0961166 and
nost specifically 0.5 to 5 w.% The cont acting of the stream

contai ning the organic carbonate and the al kanol inpurity with the
extraction 15solvent in the present process, results in the formation of an
extracti on salheentrophhdse cand cam ter ganisc ddarlbogriatoe rplvase.c,| moarder to

achieve that the extraction solvent phase contains said al kanol inpurity,
t he al cohol isﬁﬁ?ﬁﬁf ﬁré(ulddeﬁgly F@%@Inﬁ’&'lee in the extraction sol vent

20than in the orgapi ¢1GanBanatew Rref ehakhy halkhe cexlr aehicRaSelrvanthes a
pol ar extraction solvent. Mre preferably, the extraction solvent is
sel ect ed fr omttise g coums aderSids thieg cafg ardiceca rlon@lt caleinghatilicl kKerowes,y Cl- 04

al i phatic al cohaql s --C..aliphati r.b |ic.acids. 2 r referably,
t he est racti g(r?;1 %&C\?gn rl|%‘se \%/alttglr t%:é %r%l{é 4%3%66%& |%c,‘ ?grybo%%la%c%é—%le%, such
as form c aciadkaaeat,i enoael Gpapridhicenile aci ¢ ldoxutayikiatiodGi choshbst
preferably, the extraction solvent is water. The tinme for contacting the

st r eam cont aiSkig e 1307 Gr§amicE YEHERAt e San FSShe 1 RISaiSIViEnpuri ty with

the extraction saehvenh pthe phesentpLAce: usrﬁ%g/l dbepgufficignt to
conplete the extraction process. Said WD 21)10/063694PCT/ EP2009/ 06611 O - -

contacting tiomteay by ithet hegamnder cofrbbrgitiruteedt ¢a24l howrg,L thomaexdepl e 3

mnutes to 12 hour.s. The t?%‘perature t- which_the present invention is
per f of med, tﬁgtm3r§ste51 slélytt ertaélrgﬁeroéf?lfrré)mo 'tlhé: ﬁ&hgg’l'co’Sn‘i xture of

extraction sepeentriaad 16r gans ¢ Ccad hanat,emofy specifically 0.5 to 6
wt.% and most specifically 0.5 to 5 wt.%.
The contacting of the stream containing the organic
carbonate and the alkanol impurity with the extraction
15 solvent in the present process, results in the formation
of an extraction solvent phase and an organic carbonate
phase. In order to achieve that the extraction solvent
phase contains said alkanol impurity, the alcohol
impurity should be more soluble in the extraction solvent
20 than in the organic carbonate. Preferably, the extraction
solvent is a polar extraction solvent. More preferably,
the extraction solvent is selected from the group
consisting of water, C:-C; aliphatic ketones, C1-C4
aliphatic alcohols and C;-C4 aliphatic carboxylic acids.
25 More preferably, the extraction solvent is water or a Ci-
C, aliphatic carboxylic acid, such as formic acid, acetic
acid, propionic acid or butyric acid. Most preferably,
the extraction solvent is water.
The time for contacting the stream containing the
30 organic carbonate and the alkanol impurity with the
extraction solvent in the present process should be

sufficient to complete the extraction process. Said



be comprised in the range of from-50 to 100 C. Surprisingly, it has been
found that at relatively | ow tenperature the al cohol inpurity is extracted
into the wot2awsBedd sol vent to the greatest extent in tlpeTmrea®nte110
10process. This is Illustrated in the Exdnpl es bel ow. Therefore, in the
present invention, said tenperature is preferably conprised in the range of
fromO to 40 C, nore preferably 1 to 30 C, nore preferably 2 to 25 C, and
nost pr ef er allopt2 dta nt0 tGmel maac ter dancéanctrhiietrhe £181 mientticon,o tHe
tenperature iis preferably at least 0 C, nore preferably at least 1 C, nore
preferably at*dUedst T2TCE*GHE st TprefErabidy 1%1 %Péjarﬁ' 3 C. Further, in

accordance W th the iRyeRti:eRrct he tenper ahuw @ riescprefierably «at jrost 40 C
nore preferably at nost 35 C, 20nore preferably at nost 30 C, nore

preferably aPardstrr@s!, Cthadr é sprief srabltpcatt appstraZ@ir€, afortdeplaiodresslioy at
nost 15 C, and t preferably. : A _suj t ahl ight ratio of
ext ra%t ion sO 1\;%21[%% %fftaﬁ%t%’?‘r%al%tncg%?;ﬁen%?cngr}dhgrgraélg% g%%gﬁjﬁl\éﬁgt’etmgﬁ/d t he
al kanol 25i mpuy idoyhp riiseeonpr it$ed ramdche fr angen of50f rem100: Td.o 1: 10.
Preferably, said weight ratio is conprised in the range of from5:1 to 1:5,
nore pref er abWYPFIFUEG LY 3 1elied h5Fe Froamsr &by 24 g ety e lnpdrrw

preferably, saighweight rald @ 12nPunt s i rkitl. 130The pressurie @t My ch the
present process’is carried out, may be subatnospheric, atnospheric or
super at nospherite gprtessurse.l vergf eraliihyy, avaiad gprtessueati g nattines phyersien t
pressyre. WO Zlc)eIO/ 0%@%4'3%1-@%'3200@9/ Q6611 0 r, said

rocess 1220996611 0.5 8 o1 & BEF
extraction, tHEextracti'on ‘Sol'vent pﬁase Shol'§ 5838 parat e& from t he

organi c car bamatre fphrase,in rhaceoldange iwvidh ttike i reanrt itempese tiliat ig stream
contai ning the organic carbonate from which stream 5al cohol inpurity has
been renmpvedPLedRaidNsY IGPMPHE SE&s & Mwhiéice LRatder Oifs frwd@ ExtPadti ofrrsol vent ,

an aqueous phase has 4049 ,separALed s OMAN QEANGNATe . A Skil | ed

person can find a suitabl e nmethod of séparating the extraction solvent
phase from t kecongari @ redchendte 2phasd 010icn tine sproeseringer odess.the In a

case where the _stream cqntaining the organi c carbonate and the alkanol
i rrpu#v'?y, i s & VS eaM c onttai iRy TE WA kKl PE& ﬁ&ﬁ%ﬂéf taﬁageﬁlzfst t@eeﬁa’lproduced
fromreactingoar grkanralapiit kitan calkylene  caihengherdhe 116st eamsusual |y
contai ns unconverted al kanol reactant in
°C, and most preferably at least 3 °C. Further, in
accordance with the invention, the temperature is
preferably at most 40 °C, more preferably at most 35 °C,
20 more preferably at most 30 °C, more preferably at most
25 °C, more preferably at most 20 °C, more preferably at
most 15 °C, and most preferably at most 10 °C.
A suitable weight ratio of extraction solvent to the
Stream containing the organic carbonate and the alkanol
25 impurity, is comprised in the range of from 10:1 to 1:10.
Preferably, said weight ratio is comprised in the range
of from 5:1 to 1:5, more preferably 3:1 to 1:3, even more
preferably 2:1 to 1:2. Most preferably, said weight ratio
amounts to 1l:1.
30 The pressure at which the present process is carried
out, may be subatmospheric, atmospheric or
superatmospheric pressure. Preferably, said pressure is

atmospheric pressure.



addition to the al kanol inpurity. Reference is nmade to the introduction of
the present specification wherein the formation of such organic carbonate
stream i swoesmvicb®d. | n a case where the stream cont ai niP0g/Erb@s@ani C
20car bonate and the al kanol inpurity, i's8 ~stream containing dialkyl
carbonate, unconverted al kanol and an al kanol inpurity, contacting of said
streamw th an extraction solvent to extract and renove the al kanol
inmpurity in accomdapcesmﬁthe&heapme@entth@vemtkaptibp 2bpreher ahblayge
performed aft he step wherein dialk car bonat e |2)separa ed fraom

h
unconverted &l g&glbe epagaisati'Gh QI%§9ﬁn&Fk§P' ABorate S fomt

unconverted ald@nelanray herefihectied by impans Ofcrditstd Idwatdagn. Such
distillation results in a top streantcontalnlng t he 30unconverted al kanol

(such as et h&awslbeladdca thet mmagtlﬂemr@@maatremfﬁ@nt wéLidihalskyleagar bonat e
(suchgas dietRyl car %%glr%)t’y h%s o %ﬁle MeLe h%e%%@%@’e%e%%' Kanal has

been reacted i'na préceding-ste an alk

21) 10/ 063694 RECEHEP20Q39/0661 L He ex&racﬁ&khO@@ﬂ@ehQ ,praoducedche dihaldey|
carbonate and an al kanedi ol The present invention _advantage ously
results in thES &roval S6F4ER Ak dR6mM |ar?pl9r %y 1 P&eGEni EOdartor gf

streams, whi ¢h,alkangl, EEE@T't%uﬁ%%%ﬁeh%%%hb@?%&f%%%%erl%ﬁyt%%bsequent
process using said organic carbonate if it would not have been renoved.

Accor di ngly, extiegortesentsdlmeertt icdvesal Sooreltdtces rigerd proegess dter rhhee
prep ation of dlalkS arbonate and an 10al kanedi ol conprising: (a)
reac ng an apk3leng anonéte “and "an al kanol in the presence of a

transesterificatirenacabakyshetre @biaish raapr @duets imMixigu e eC orbaniicng
unconverted al kyl ene carbonate, unconverted al kanol, dial kyl carbonate,
15al kanedi ol C&deP Rt 4l @@ﬁoﬁmﬁn@hKQQPl P rdépyar 4t Mg Sti€sver t ed al kyl ene

car bonat e and.alkanediol, tramihe Brodust diothur 6,L0 bt AL Ao Stream

cont ai ni ng unconverte a ano i al kyl carbonate and the al kanol inpurity;
20(c) recoveﬁmmmtﬂaaqﬂmﬁmeml@ﬂkammi MmW1sep@ﬂamhm@aﬂmamwmmmeﬁ dalhkeanol

fro he top reantcont ni n unconverted aIk nol | k ar onate and
the B kanol | REEAT o gReanea o e g Sonk S ot S

cont ai ni ng db@bﬁkﬁd&ﬁ&ﬁﬁﬂﬁkﬁaﬂm@nbhe1&&%@&&&; Reference is made to
the introduction of the present specification wherein the
formation of such organic carbonate stream is described.
In a case where the stream containing the organic
20 carbonate and the alkanol impurity, 1s a stream
containing dialkyl carbonate, unconverted alkanol and an
alkanol impurity, contacting of said stream with an
extraction solvent to extract and remove the alkanol
impurity in accordance with the present invention, is
25 preferably performed after the step wherein dialkyl
carbonate is separated from unconverted alkanol.
Separation of the dialkyl carbonate from unconverted
alkanol may be effected by means of distillation. Such
distillation results in a top stream containing the
30 unconverted alkanol (such as ethanol) and a bottom stream
containing the dialkyl carbonate (such as diethyl
carbonate), 1in a case where the unconverted alkanol has

been reacted in a preceding step with an alkylene



25i npurity, which process further conprises (e) contacting the bottom
stream cont ai ni ng di al kyl carbonate and the al kanol inpurity obtained in
step (d) wibt2biezs3@st racti on sol vent and separating the extrEeesiooss1sel vent
phase fromthe organic carbonate phase.” 30A | of the above-described

enbodi nents and preferences in relation to the above-descri bed general
process for renoving an al kanol inmpurity froma stream containing an
organi ¢ car beratenand ttve paldkarel thrpuriiatlyyl WBrbonate and an
21)10/063694P€g%FP200 /06611 O - 10 - conprising contacting the streamw th
an extracti oR '$6NFEHCland separating the extraction sol vent phase from the
organi ¢ car bonat @pphasesealtsQ naRRlY oho sl nabexverent irered tepeéi fihe process
for the preparation of a 5dial kyl carbonate and an al kanediol, nore in
particul ar tassoepl @f, anesgéemiolellyPugfltyaild process. carborfhie

transester i fi.6alion cahalyst. b e Ysed i Ster:(a) ok the ahaye manii oned
procesSs may be one d¢f many sui able h nngeﬁéou an aheterogeneous

10t r ansest er iafiyc atulber @atnal ystos:darows ifiomadd orgamtic carbomeiteexanyle,
sui t abl e honobgeneous transesterification catal ysts have been described in
U55359118 anddUtd add MpdS F&ST &re€d hydr oxi des, al kanol ates, ami des, or

salts of alkali nRiR|S$1in1€,, thict Rildmen$0diDn ROLASSISWM L3RRI dium and

cesium Preferred honogeneous transesterification catalysts are hydroxi des

or al kanol at ex cofespotfagsitimm errepediadmonOctier suiidtlalylle drarppgerieodsnd an

tranfgsterifi%%{k%nicqﬁ%] sts are alkali netal salts, such as acetates,
“vu yrgt

pr opi Onat es, A &s, Or20¢aronat es. Suitabl e catal ysts are descri bed

i n U55359118 @nd rithe tiekerenceskyrent eaedchRekeiand such 1asntR2749%3A,
U53803201, EP1082A, and EP180387A. ~_Suitable heteroqgﬂeous,
transest eri f PE&SEHT < &tlaldy St NSe Be ideF 't ost &5 ted)Y 6t tohé@ralsdveAment i oned

process 25i n¢j ude J:on ;exchange resing, t hat- contaidy funchional groups.

Sui tabl e functional groups include tertiary am ne groups and quaternary
ammoni um gr oups-board cal socsulveharicc addiachcdnd doarltkyry ldagbaciad egr oups.

Further suitable catalysts include alkali netal and al kaline earth netal
305i?$cates.ag&@P lglcgpgl§§E§H%§@€lbégWU&P§€Tosed in
)

I

(b) separating unconverted alkylene carbonate and
alkanediol from the product mixture to obtain a top
Stream containing unconverted alkanol, dialkyl carbonate
and the alkanol impurity;

20 (c) recovering the alkanediol; and
(d) separating unconverted alkanol from the top stream
containing unconverted alkanol, dialkyl carbonate and the
alkanol impurity obtained in step (b) to obtain a bottom
stream containing dialkyl carbonate and the alkanol

25 impurity, which process further comprises
(e) contacting the bottom stream containing dialkyl
carbonate and the alkanol impurity obtained in step (d)
with an extraction solvent and separating the extraction
solvent phase from the organic carbonate phase.

30 All of the above-described embodiments and

preferences in relation to the above-described general

process for removing an alkanol impurity from a stream

containing an organic carbonate and the alkanol impurity,



U54062884 and U54691041. The het erogeneous catal yst may be selected from

i on exchange resins conprising a polystyrene matrix and tertiary am ne
functi onavogooueseo4 WO 21) 10/ 063694PCT/ EP2009/ 066111) - PtTAPAMIBEANPl € i S
Amber|yst A-21 (ex Rohm & Haas) conprisih§ a polystyrene matrix to which

N, N- di et hyl am ne groups have been attached. Eight classes of
transesterification catalysts, including ion exchange resins with tertiary
5am ne and quatrermariycammpniaumigrouhs, sarreati sdltbsed iaxtraetkairf t on et al .,
J. Mol. Catal, 67 (1991) 389ff. . Further transesterification conditions
for step (a) 56V ESHETEITIREd iFo S8 3arte K\t VSR &t k& 3a Tt Tdind!

sui tabl y i ncliyde & Jf-enReratrog aftlc0mriQ 0 2200 GpARd 2 kRN @gsMie from 50
to 5000 kPa (0.5 to 50 bar). Further, the present invention relates to
a process fomergkiongda sicaiyill cc @rvosstse fogorie sinsgageritiact iofg2 in the
presepnce of transesterificati t al , ary| _al cohol_ w.th stream
cont a?ni ng a%d’laal%léél Cc?grbt%r?gc%e aﬁ&o%%lé\%%lsa(%ﬁdgﬁléaﬁoar% gL?]k r?orltj“lcrlrlpl%rri ty has
been renpved tion saegor(@ance cuipilr tame 1gne oof dahel alievesdescri bed processes.
Still further, the present invention relates to a process for nmaking a

di aryl car bonat e TPCoFPRSERG SEIRtEEHIRG §oSerdah EonPai MiSRE & diS&ERy |
carbonate and gn 20ahkanelo TR, WA B @R Xt hAGE i 5@ vwent,aRd ,
separating the extraction solvent phase fromthe organi c carbonate phase in
accor dance wisth tanl comenoiberise uabevet deseridgedgprecesses, and then

contagcting, in theeS resence tcifona tra sesctserki fiwcatflr%n Cartiaélry%tr’t an aryl
al cohdl wi t h 250HE S éamEdntai i n@ e °di éllokﬂ ¢arb&iace. ’
Preferably, saidrdirakyangarchoratie abs edihpheRyhcoasberane cane rsdidadliyn

al cohol is phenol. In addition, the above-described ,

transest eri f iCCaEILOH ‘CatalMps 0 oaid SGttver andesPerifildat ifon conwditGcons are
30equal | y applijGablee to.said Process iRl Making A diar vl garhonate. The
invention is further 'illustrate y the follow ng Exanpl es.

salts of alkali metals, i.e., lithium, sodium, potassium,
15 rubidium and cesium. Preferred homogeneous
transesterification catalysts are hydroxides or
alkanolates of potassium or sodium. Other suitable
homogeneous transesterification catalysts are alkali
metal salts, such as acetates, propionates, butyrates, or
20 carbonates. Suitable catalysts are described in US5359118
and the references mentioned therein, such as EP274953A,
Us3803201, EP1082A, and EP180387A.
Suitable heterogeneous transesterification catalysts
to be used in step (a) of the above-mentioned process
25 include ion exchange resins that contain functional
groups. Suitable functional groups include tertiary amine
groups and quaternary ammonium groups, and also sulphonic
acid and carboxylic acid groups. Further suitable
catalysts include alkali metal and alkaline earth metal
30 silicates. Suitable catalysts have been disclosed in
US4062884 and US4691041. The heterogeneous catalyst may
be selected from ion exchange resins comprising a

polystyrene matrix and tertiary amine functional groups.



WO 21) 10/ 063694PCT/ EP2009/ 066111) - 12 - Exanpl es A certai n anmount of
a solution A containing 99.16 w. % of diethyl carbonate (DEC), 0.76 wt. % of
et hyl oxiwol20{oklsB69s 2- et hoxyet hanol ) and 0.04 wt . % of etrbampkood6d10H) was

placed in a glass vial. A certain amuntlbf-dei onised water (extraction
sol vent) was then added to said vial. The tenperature, the anmounts of
solution A and water added, and the weight ratio of anount of added water
to amount of 2addedredleutiisommie rilly sEx per2ilnefrixs Rbhin kO dee sie rtompirad iing t he
table bE|OMLaEé%liE&pre%%zgg%%igpdew%%%hE%eﬁﬁ%ﬁh@t g&é%i%eBQ%o%pé 3.8 11
2 21.2
have been attached. Eight classes of transesterification
catalysts, including ion exchange resins with tertiary
5 amine and quaternary ammonium groups, are disclosed in J
F Knifton et al., J. Mol. Catal, 67 (1991) 389ff.
Further transesterification conditions for step (a)
of the above-mentioned process are known in the art and
suitably include a temperature from 40 to 200 °C, and a
10 pressure from 50 to 5000 kPa (0.5 to 50 bar).
Further, the present invention relates to a process
for making a diaryl carbonate, comprising contacting, in
the presence of a transesterification catalyst, an aryl
alcohol with a stream containing a dialkyl carbonate from
15 which stream an alkanol impurity has been removed in
accordance with any one of the above-described processes.
Still further, the present invention relates to a
process for making a diaryl carbonate, comprising
contacting a stream containing a dialkyl carbonate and an
20 alkanol impurity with an extraction solvent and
separating the extraction solvent phase from the organic
carbonate phase in accordance with any one of the above-
described processes, and then contacting, in the presence
of a transesterification catalyst, an aryl alcohol with
25 the stream containing the dialkyl carbonate.
Preferably, said diaryl carbonate is diphenyl
carbonate and said aryl alcohol is phenol.
In addition, the above-described transesterification
catalyst and other transesterification conditions are
30 equally applicable to said process for making a diaryl
carbonate.
The invention is further illustrated by the following

Examples.



14.9 15.0 1:1 3 64.0 4.0 4.1 1:1 4 64.0 3.06 4.15 0.7:1 The vial was
then cl osed and honogeni zed by shaking for 5 mnutes before it was all owed
t 0 phase weparmisgsoat t he above-nenti oned tenperature forcomea@mesiDuri ng
sai d one-day period, the contents of thel¥ials was re- 15honopgeni zed three
times. At the end of the experinent, the aqueous phase was separated from
the organi c phase and the conposition of the sanples was anal yzed by neans
of gas chromategrdplsy, the results of which are shown in the table bel ow

- 13- DEC (MK'%.certain amount of a solution A containing 99.16
wt.% of diethyl carbonate (DEC), 0.76 wt.? of ethyl
oxitol (EtOx; 2-ethoxyethanol) and 0.04 wt.% of ethanol

5 (EtOH) was placed in a glass vial. A certain amount of
deionised water (extraction solvent) was then added to
said vial. The temperature, the amounts of solution A and
water added, and the weight ratio of amount of added
water to amount of added solution A, in Experiments 1-5

10 are mentioned in the table below.
Exp. T (°c) H,O (g) Sol. A H,O:s0l. A
(9) (wt.)
1 3.0 3.7 3.8 1:1
2 21.2 14.9 15.0 1:1
3 64.0 4.0 4.1 1:1
4 64.0 3.06 4.15 0.7:1
The vial was then closed and homogenized by shaking
for 5 minutes before it was allowed to phase separate at
the above-mentioned temperature for one day. During said
one-day period, the contents of the vials was re-
15 homogenized three times. At the end of the experiment,

the agqueous phase was separated

from the organic phase

and the composition of the samples was analyzed by means

of gas chromatography,

the table below.

the results of which are shown in



EtOx (Wt.-) EtOH (w.cc) 3-,of EtOx renoved (*) Solution A 99.16 0.76 0.04
Organi ¢ phase from Exp. 1 99.97 0.00 0.00 100 2 99.90 0.06 0.003

WO 2010/063694 _ 13 PCT/EP2009/066110
DEC EtOx EtOH
(Wt.%) (Wt.%) (Wt.%)
Solution A | 99.16 0.76 0.04 % of
Organic EtOx
phase from removed
EXp. (*)
1 99.97 0.00 0.00 100
2 99.90 0.06 0.003 92
3 99.67 0.26 0.03 66
4 99.59 0.34 0.04 55

(*) % of EtOx removed = {([wt.% EtOx in sol. Al-[wt.%

EtOx in organic phase])/[wt.% EtOx in sol. A]}*100%

From the results in the above table it appears that
the use, at a relatively low temperature, of water as an
5 extractive solvent to extract ethyl oxitol out of a
mixture containing diethyl carbonate and said ethyl
oxitol, i1s an efficient means of removing alcohol

impurity from an organic carbonate.



92 3 99.67 0.26 0.03 66 4 99.59 0.34 0.04 55 (*) %of EtOx renoved =
[fiw.%EO in sol. Al-[WM.%EtOx in organic phase])/[w.%EOk in
sol . All * 188%y10/06360F T OM the results in the above tabl e ddy/@RABAES 10
that the use, at a relatively low tenper ure, of water as an
extractive solvent to extract ethyl oxitol out of a m xture
cont ai ni ng di ethyl carbonate and said ethyl oxitol, is an efficient
means of renoving al cohol inpurity foa@amram ®rgani c carbonate. WO
2010/ 063694PCT/ EP2009/ 066110 - 14 - CLAIMS 1. Process for renoving
an al kanol inmpurity froma stream containing an organic carbonate and
the al kanol inpurpky¥ce§OMPSH SidMbWGERL AGt ENGahbE Sl @A WM AfyraR
extraction solvent and separating the extraction solvent 5phase from
the organi c c&BEARt 6OPRALRINT 21 FYEEELS 58EBPARRY o ciha Mlkanol

wherei n the organi-¢tgar BORM 1%y &MHtbe109) ahkybt sashonatie.an
preferably diethyl carbonate; or a di (C5-C7)aryl carbonate; or a (Cl-
C5) al kyl (C5- EFFraFyiogaprdbiritle;anst sereyelieg(Bhe Grotuadl I émdvent

carbonate; or R.aLxtUEg LhereQfanic carbonate phase.

2. Process according to claim 1, wherein the organic

carbonate is a di(Ci1-Cs)alkyl carbonate, preferably
diethyl carbonate:; or a di{Cs-Cy)arvl carborate; or a (Ci-
Csyalkyl (Cs-Cq)aryl carbonate; or a cyclic (C1~Cio)

10 alkylene carbonate; or a mixture therecf.

3. Process according to any one ¢f the preceding claims,
wherein the alkanol impurity is an ether alkanol, more
specifically an alkoxy alkanol, most specifically 2-
ethoxyethanol.

15 4, Process according to claim 3, wherein the organic
carbonate is diethyl carbonate and the alkanol impurity
is 2-ethoxyethanol.

5. Process according to any one of the preceding claims,
wherein the extracticon solvent is selected from the group

20 consisting of water, Ci-C: aliphatic ketones, Ci;-Cs
aliphatic alcohols and Ci-Cs aliphatic carboxylic acids.
6. Process according to any one of the preceding claims,
wherein the temperature is comprised in the range of from
0 to 40 °cC, preferably 1 tc 30 °C, more preferably 2 to

25 25 °C, and most preferably 2 to 10 °C.

7. Process according to any one of the preceding claims,
wherein the stream containing an organic carbonate and

the alkanol impurity is obtained by a process for the



3. Process according to any one of the preceding clains, wherein the
al kanol inpurity is an ether al kanol, nore specifically an al koxy

al kanol, ngpatofRRshii cally 2- ethoxyethanol. 154. Processas6M/osding
to claln13 wherei n the organic carbonatkis diethyl carbonate and

the al kanol inmpurity is 2-ethoxyethanol. 5. Process according to any
one of the preceding clains, wherein the extraction solvent is

sel ected frompirkeageeupn20consdistlinyg ehrwahece &dd Ghh adiphaldiel

ket ones, Cl-C4 alighatlc al cohols and Cl-C4 aliphatic carboxylic
acids. 6. Pr&C8SStE¢tBrding to any one of the preceding clains,

wherein the terperatyt end Sak WM} 1%2@ icArbBRatanged ofn fAnmA 1t ar49n6
preferably 1 to 30 C, nore preferably 2 to 2525 C, and nost

preferably 2 PE&SEENES OF, a pririas teeddidrigohocanyl vie ot dHein a

preceding cl a'p%du@’@eﬁ§k£‘u£@ecc%ﬂaeﬁmn%oQ\h@bﬂ'ﬁ]@gt@@ memrfe carbonat e
and the al kanol inpurity is obtained by a process f

2010/ 063694PCTREP2069¢ 06B1Id@N eerigd q&h@p@ﬁatd@ﬁibYlaC@NhﬂﬂQHe,
car bonat e andanagFégggdéﬁﬁ rgygéﬂdﬁglmpg?ltpeactlng an al kyl ene

carbonate and an al kanol i n resence transesterification
catalyst to outalﬁeaaﬁgtcmmuunqnnﬂﬂntedcaﬂkalanagc&whmna&ytaaﬁ al kyl ene
car bonat e, uncqnverted a%kanol dlaH%%| car ogate kanedl and an
al kanol |npur|ty ?b? separa |n Unconverted %IE?Ie farbo ﬁ%ie and
al kanedi ol fremreha pbmdmnmlmq>Unﬂcmv@@t@htaunaﬁolppdﬂi&ﬁgk%ﬁarbonate
cont ai ni ng unco di.al kyl carbonate and the al kano

inpurity; (cf® Ee%%%gg}ﬁlgaﬁeuﬁﬁﬁaﬁéhloI and (d) separating

unconvert ed aukan@bc5ﬁﬁwﬂﬁ¢mtgéuaEﬁdn@aﬁbgongganing unconvert ed
al kanol , dial kyl carbonate and the 15al kanol HPUFIty obt ai ned in
st ep (b) t o odfai AcBahdttyunconverted alkanol from the top stream

containing unconverted alkanol, dialkyl carbonate and the
15 alkanol impurity obtained in step (b) to obtain a bottom
stream containing dialkyl carbonaze and the alkanol
impurity,
which process further comprises
(e) contacting the bottom stream containing dialkyl
20 carbonate and the alkancl impurity obtained in step (d)
with an extraction solvent and separating the extraction
solvent phase from the organic carbonate phase.
8. Process according to claim 7, wherein the alkylene
carbonate is ethylene carbonate, the unconverted alkanol
25 is ethanol, the dialkyl carbonate is diethyl carbonate,
the alkanediol is monoethylene glycol and the alkanol
impurity is 2-ethoxyethanol.
9. Process for making a diaryl carkonate, comprising
contacting, in the presence of a transesterification
30 catalyst, an aryl alcohol with a stream containing a
dialkyl carbonate from which stream an alkanol impurity
has been removed in accordance with the process of any

one of claims 1-8.



stream contai ni ng di al kyl carbonate and the al kanol inpurity, which
process further conprises (e) contacting the bottom stream

cont ai ni ng di al kyl 20carbonate and the al kanol inpurity obtained in
step (d) with an extraction solvent and sgparating the extraction

sol vent phase fromthe organi c carbonate phase. 8. Process according
to claim7, wherein the al kyl ene carbonate is ethyl ene carbonate, the
unconver t ed ahkanplo29is £i:hapaling *&ed%ﬂrk%a%mt ecdnfpqus%ayl
carbonate, the al kanedi ol is nonoethyl ene glycol and ‘the al kanol
inpurity is 2cephagyérfiamottread GEEsdnpor Akl g FalmnAte and an
carbonate, co 9; GO0t [ o

transesterifi c%gltklldg%%bcat JF@; &gzalfn aglri? %IP Egiq %ﬁ}erﬁt satnrdeam

cont ai ni ng a deabkgtivarbonate facdmonhisohvent epaad Gltdkaridle iongarity

has been renov Ln th r S n e Ia|
1-8. % 16 - fggb ?%gés@"‘?or lr%kactrllcordag' ¢ 8‘I£g§atf‘]%£ n&félcesc%or(r%: gllyng
contacting a sfr eaalmsnlazﬂnlargja:}mraldoyﬂtacaﬁbqnaize tanel pame%lrk&notﬁ a

t th t t t d t t t
ol vent phase ‘PRORFEha® b GHH: @ B BunaEe RRadbl! e KOOH HaHee

the process ofstaBymonen©ii€ied thel-Balagd thepogont acting, ln the
presence of a transesterification catalyst, an aryl alcohol wth the
stream cont ai ni ng the dial kyl carbonate.





