WO 2011/ 018448PCT/ EP2010/ 061587 - 1 - PROCE S S FOR REMOVI NG AN ALKANOL

| MPURI TY FROM A DI ALKYL CARBONATE STREAM The present invention rel ates
to a prock920f1g8448novi ng an al kanol inpurity from a st PEAMPEYANAISAT ng a
di al kyl carbonate and the al kanol inpurity. D al kyl carbonates can be
produced by reaction of 5al kyl ene carbonate with al kanol. Where al kyl ene
carbonate (such as ethylene carbonate) is reacted with al kanol (such as

et hanol ), thePpROGHGSt §O0Rr BEHIONIIK AdapbsAdite (SFTRIAY dReMhy DdAlbBdhat e)

and al kanedi ol (such as nonoet hyl I h process is well-known
and an 1lOexanpl e thereof is disclé%ggéﬁ%fgﬁég§§¥§8. Thi s docunent discl oses
a process in which di (Cl-C4 al kyl) carbonates and al kanedi ol s are prepared

by transesterification of an al kyl ene carbonate with a C-C4 al kanol. An
exanpl e of an al RaRoPIEABUL £§VERAE CRay<BetE5coAt &i REGCPASataral kyl

carbonate str IS _an_e r..alk fQr I I C

al kano! . 32005300619 %ﬁdgggf‘él%%s‘a)%}%’?lﬁt& b %;%%g?slggﬁ%ﬁelp ei'n di met hyl
car bonat e andimongét hylreneagkyeald ahe madenbrlommetiryitene car bonat e and

met hanol and wherei n_2-net hoxyet hanol i 20fornedda% a_by-product. In the
i nventions of JP@é@éé@égf?r§ﬁ§a§§§06?§7%63?F098F8 2-%efﬁ§f$épﬁaﬁgl i's
removed by speaifiic cdicstitlonaticon it@chnikauwes.. wherel R1&kyleaet cartenee

et hanol and et hyl ene carbonate are reacted into diethyl carbonate and
nmonoet hyl ene (glugboles @thysesicdearbactiten éf achansld Wiltth etfygréne oxi de,

carbon d oxi d6 T nES 2ECRSRat FARoF [ CELRT. SRt ol T iy (A page.
, - yét hano ethyl” oxito y take place.
Further, ethylsuexi el dmyhe feeredaiy)a asidde-lkeaetdion dfsuethhamsol with
ethylene carbonate 1M esec 303 Yy 4 gt carhon dioxlds he.Le eaeed.and
ethyl oxitol mogoethy gly 2
10 example thereof is disclosed in US5359118. This document
discloses a process in which di(C;-Cs alkyl) carbonates
and alkanediols are prepared by transesterification of an
alkylene carbonate with a C;-Cs alkanol.
An example of an alkanol impurity that may be
15 contained in a dialkyl carbonate stream is an ether
alkanol, for example an alkoxy alkanol. JP2003300917 and
JP2002371037 relate to processes wherein dimethyl
carbonate and monoethylene glycol are made from ethylene
carbonate and methanol and wherein 2-methoxyethanol 1is
20 formed as a by-product. In the inventions of JP2003300917
and JP2002371037, said 2-methoxyethanol is removed by
specific distillation techniques.
In a reactor where ethanol and ethylene carbonate are
reacted into diethyl carbonate and monoethylene glycol, a
25 side-reaction of ethanol with ethylene oxide, formed by
back-reaction of ethylene carbonate into ethylene oxide
and carbon dioxide, into 2-ethoxyethanol (ethyl oxitol)
may take place. Further, ethyl oxitol may be formed by a

side-reaction of ethanol with ethylene carbonate in such

30 a way that carbon dioxide is released and ethyl oxitol 1is



WO 2011/ 018448PCT/ EP2010/ 061587 - 2 - produced. Still further, a

si de-reaction between ethanol and nonoet hyl ene gl ycol may take pl ace

pr oduci ngVeuzhil0184dBt ol and water. Still even further, ePRYIEPIO0L6IS8TAy be
formed via decarboxyl ati on of hydroxyethyl ethyl 5carbonate.

Therefore, the product streamfroma réeaetor where ethanol and ethyl ene
carbonate are reacted into diethyl carbonate and nonoet hyl ene gl ycol, may
conpri se uncemvduted .ethandl fuunbenvert eddetpbene cvarbomaea, ctbainethyl

car bonat e, nonaget hyl en | ycol .and.t he_ aboye- ntion t. hyl i tol

i mpurity. Th§n§r8§ﬁﬁééﬁége§§i8 gFQ&x?aglkﬁnglp?%ﬁﬁrpgégﬁginﬁeegégginental

i n any subsegigrb1peedughicen .precesseveai duakkexy akkgnobximpuar by ey for
exanmpl e end up in the dial kyl carbonate 15that is used as a _starting

mat eri al for foEBSSy NiRe s a6POFVRREAYD C4r BYRGCSYRLaMLs &4 Ydi al ky!
carbopat e and_phenaol.,, For exanple, in a case where the dialkyl carbonate is
di et hyl carbonate ang'the al koxy al kanol inpurity is ethyl oxitol, said

et hyl oxitol mayTheaetfo2ew thet beophenoktstamt ifmgmmat eeikalt cgndgherewi t h t he
di phenyl carbonat e _product reacti on _of phenol yl

Di 1 d_ et
o e s e e s a0 6R TGP IS oo L aER STt SCRSEY on

hence in the d,08%naf cvahahlce cRiteRalenceaatantl., ikt Remprdssuch reaction
results in the introduction of undesired chemcals in the process and

t heref ore tousepavatiten iesdaasl, REACONTR rGEAdiCHRERINSc &PBORACE Wi t h et hyl
Oxi Lo} resul LR AT 0dNel,.09S A5 RIGAKL FLOS! ivly Gakhanale-301 s
produced. Further,” the Tatter 'product acts a
mentioned ethyl oxitol impurity. The presence of said
alkoxy alkanol impurity may be detrimental in any
subsequent production process. Said alkoxy alkanol
impurity may for example end up in the dialkyl carbonate
15 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
20 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,

25 such reaction results in the introduction of undesired
chemicals in the process and therefore to separation
issues.

Reaction of diphenyl carbonate with ethyl oxitol
results in product loss as phenyl 2-ethoxyethyl carbonate

30 is produced. Further, the latter product acts as a
"poison"™ in any subsequent polymerisation of diphenyl
carbonate into polycarbonate material. For example, when

diphenyl carbonate is reacted with bis-phenol A (BPA),



"poi son" in any subsequent polynerisation of di phenyl carbonate into

pol ycarbonate material. For exanple, when di phenyl carbonate is reacted
wi t h bi s-WASADIV1M48BPA), WO 2011/ 018448PCT/ EP2010/ 06158¢T/ER2¢8/09158T bonat e
and phenol are formed. D phenyl carbonate can react w th BPA since phenol
is arelatively good | eaving group. Dial Ryl carbonates (such as diethyl
carbonat e) however cannot be used to produce 5pol ycarbonate by reaction

wi th BPA, si poévakbkbnoksecarednphegoddalreaviongegrobpsheAvkogypralrkanél s (such

as ethyl oxitol) are nei.ther _good |eavin roups. Therefore, in.case phenyl
2-ethoxyethyFagaFSBHEtgl&E é?gsgﬁPCanéenghéﬁy i ig Sﬁg%éyfgggdto be
reacted withiBRAinpherelplOwikh ke reheasedeeasishiyhf bemisaicdyphenyl

2- et hoxyet hyl carbonate but not ethyl oxitol which will consequently stop
the pol yneri fatPenaprocBS¥SIET0RSNERE BF tHEICHAI RTCEHRSequent |y, phenyl

2 ethoxyet hyl,Garhonghe as.t 0che henoyed ol som, dinheay L 1GanBorake bef or e

the latter i ontacte The above exenplifies that in a

case where anditakkyld derlyonat grstipeamiddotyi rilkgnan sal leawdl aismpahivtly i s

formed, it is desired to renpve sai%_%lkanol i mpurity ?Pfore any .subsequent
iral

process takeSXpltade wher 8Eh hE 568 al Ry L8 BEREPS i § FraisSFSrmed into a

val uabl e end prRAYen oL exaplechii icsrheeded tie pewvetany ethyl oxitol
impurity froma diethyl carbonate stream containing said inpurity before
reacti on of thehdnethylrdansdratecr tty pirerclcitaked iphaded? 25ReMEring to
the apove exanple re _ethanal I C nat & _havyy emn.feacted
into?giethylnggbg%g?gﬁgﬁgQﬁ%%ggﬁﬁgig%gxbﬁggo %%%%' pro 3C?X§%regalalso
cont ai ni ng urcavertted betthanal camd letxyilterie wharchomatle awoh setfugntdxi t ol

si de- product, nmay be separated 30Qby neans of distillatio%. he %%?Iing
poi nts for t K& WariiGu® odamsdrénts on PLECE S5t Gdué Ss P Eamtards i'dried i n

the table bad@%sequently, phenyl 2-ethoxyethyl carbonate has to be
removed from diphenyl carbonate before the latter 1s

15 contacted with BPA.

The above exemplifies that in a case where a dialkyl
carbonate stream containing an alkanol impurity is
formed, it is desired to remove said alkanol impurity
before any subsequent process takes place wherein the

20 dialkyl 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
carbonate with phenol takes place.

25 Referring to the above example where ethanol and
ethylene carbonate have been reacted into diethyl
carbonate and monoethylene glycol, the product stream
also containing unconverted ethanol and ethylene
carbonate and ethyl oxitol side-product, may be separated

30 by means of distillation. The boiling points for the
various components in said product stream are mentioned

in the table below.



WO 2011/ 018448PCT/ EP2010/ 061587 - 4 - Conponent Boiling point(C) ethanol
78. 4 diethyl carbonate 126-128 ethyl oxitol 135 nonoethyl ene glycol 197.3
et hyl ene warbhoras&8260. 4 The distillation as refer PEU/FPROIAIIGISET may
result in a top stream containing diethyl carbonate and unconverted et hanol
and a bottom stream cont ai ni ng nonoet hyl éne gl ycol and unconverted et hyl ene
carbonate. Mst likely, 5all of the ethyl oxitol ends up in the top stream
However, depermdinigpremt he specific condj Bbansngndetnwhi(€t)distillation is

carried out, n
Subsequent | y| Sdidd*dlop stream nay be furtHef separated by neans of
di stillation—3751y1 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,

5 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

10 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.

15 As discussed above, before a dialkyl carbonate is
transformed into a valuable 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

20 that the ethyl oxitol impurity should be removed from the
bottom stream containing diethyl carbonate and the ethyl
oxitol impurity. In principle, ethyl oxitol and diethyl
carbonate could be separated by means of a further
distillation step. However because of the small

25 difference in boiling point between diethyl carbonate and

ethyl oxitol (see above table), such separation is very



10into a top stream containing unconverted et hanol which can be recycled to
the reactor where diethyl carbonate and nonoet hyl ene gl ycol are produced,
and a botWOIBEYX18EM cont ai ni ng di et hyl carbonate and t h&CEERI10H5IS8DI

i mpurity. 15As discussed above, before a dial kyl carbonate is transforned
into a valuable end product in any subseguent process, the al kanol inpurity
has to be renpbved therefromas that mght interfere said subsequent process
and/ or any f gtihberspmecessed.rikor nbhe adbeve léxanphne stelpiss amdass a2@tshat t he
ethyl oxitol inpurity should be renoved framthe bottom stream caqntai ning
di et hyl car bOREEETRAG t h&S&ChyS OxIE6C itr?p??rlﬂdy.a |Sﬁ“\83~ien8‘ie;§| o é);%hw oxi t ol

and diethyl carRonale coud-be 1seppiatied by Jmeansiief k¥ 1f uatdpehadiesti| | ation
step. However because of the small 25difference in boiling point between
di et hyl car bertaterandnéehiylingxisteh EdéanabBovEPablte)., such separation is

very WD 2011/ 018448PCT/.EP2010/ 0 87 - - r r I many

di sti ?I ation ste Ergﬁéssltngéé/s.ltT%ége 8%185 ttf}%%ﬁg% s%ggﬁgggq?g ]EtIB%d a sinple
met hod of rerpvilng laraaldcanrale istpusnt wifthomna adivdl kyloupardooratie istor eam
cont ai ni ng such al kanol inpurity. 5Surprisi n%l y .it was faund that

contacting t K& @rald Sc&PHEHaEe s HHEEMAIFER Cdn ERAT \gody FOMA] %g ester

and a catal yst, suchalkanol, iJPpudalt ics remved finQMSUGhsidieaMyyth
reaction of the alkanol inpurity with the aryl group containing ester.
10Accor di ngl yhet e vpr esente iawerRtlingmar elsatces to a process for renoving an

al kangl inpurity froma streamcontaining.a_dialkyl r a nd the
al kaml i mpuri ty*S (%ﬁﬁingi A g%jﬁt &S ﬁéwsetn%el?r% vﬂ%t%ﬁl%%% Eaf‘r%yl% group
contai ni ng eg@jcaand @ catalysing arefdflecihdeadetduon wof firdven kbalthanol
inmpurity with the aryl group containing ester. In the present

i nvention, tKOTEIHRANGIY iemslra ity s KGR 5e & ol &S Pdhavd iUty

carbonate stream el C?eéo%eca@taﬂr%@/'th%ar%% Wik Used B881a SlRid | ng
material in any subsequent process, for exanple before the dialkyl
containing ester and a catalyst to effect reaction of the
15 alkanol impurity with the aryl group containing ester.

In the present invention, the alkanol impurity should
be removed from the dialkyl carbonate stream before the
dialkyl carbonate is used as a starting material in any
subsequent process, for example before the dialkyl

20 carbonate is reacted with phenol in the synthesis of
diphenyl carbonate.

The aryl group containing ester contains one oOr more
ester moieties of formula —(C=0)0—. A specific example of
such ester moiety is a carbonate moiety of formula

25 -0 (C=0)0—. Further, the aryl group containing ester
contains one or more aryl groups. The aryl group or at
least one of the aryl groups may be attached directly to
the non-carbonyl oxygen atom of an ester moiety of
formula —(C=0)0—- through one of the carbon atoms which

30 constitute the aromatic ring of the aryl group.

Where the aryl group containing ester is a carbonate
of formula R4O(CO)ORs, Rs or Rs is an aryl group, the

other group being an alkyl group, or both Rs and Rs are



20carbonate is reacted with phenol in the synthesis of diphenyl carbonate.
The aryl group containing ester contains one or nore ester noieties of
formul a -WwG20)1018448. speci fi c exanpl e of such ester noi eP¢TIER2@00ar8DNat e
noi ety of fornmula 25-0(C=0)0-. Further, the aryl group containing ester
contains one or nore aryl groups. The aryl group or at |east one of the
aryl groups may be attached directly to the non-carbonyl oxygen atom of an

ester noi ety aafylf ormoules .- (PC=@)Gaktlhr,obghtho®e efidt Re awas baony atonsuwdi ch
30constitute the aromatic ring of the aryl group.. Were the aryl group
cont ai ni ng egtué?rthiesr'apé%fl%ﬁﬁé/'oft&]@o I ag%&’@@@)so%,phﬁﬁly& REFs an aryl

group, the otfigs GrAUR REINGAN Rl ks @QURL QG RAt kukd rand R @re an\O
2011/ 018448PCT/ EP2010/061587 - 6 - aryl groups. Preferably, both R4 and R5

are aryl growpgsylFarohver, gphefterasibpm dve tardylingr eeUrs saqfhéwyla group. The
aryl group e _unsubstituted or titut b |kyl gr

het ergat om g%%/t ariofﬁyﬁg ggrroélgp Such é:g%%%%&d%or%&lp )gérus%glpéso%éha (:C%lri%gr@ll group
such as the eadhenyrdgr cup thiecameaneirhetoiestyer noi ety. Exanpl es of
suitabl e aryl group containing carhonates for reaction with th% al kanol
inpurity in the Préd@rtsSprécesd tadre ermi IFRERYICOCAToRECe CCEPE Sand

di phenyl 10carfonale. ((;RRC),1 & &R allan J1& @hi 197 QUP GRNLAING ester is
DPC Where the aryl group containing ester is an ester of fornula

R (C0)OR', Rpricsears aryle groug, oRenvdy dse bamadikyIERGDowm o immeariil  gr oup.
Pref§6ably, Q%&%J%aégukﬂgb). Preferably, the aryl group containing
ester is DPC.

Where the aryl group containing ester is an ester of
formula R' (CO)OR", R" is an aryl group, R' may be an
alkyl group or an aryl group. Preferably, both R' and R"

15 are aryl groups. The aryl group may be unsubstituted or
substituted by an alkyl group, a heteroatom containing
group such as a hydroxyl group, or a carbonyl group such
as the carbonyl group from another ester moiety.

Preferably, R" is a phenyl group. Further,

20 preferably, R' is a phenyl group substituted by a
hydroxyl group at a position ortho with respect to the
carbonyl group of the ester moiety. An example of such
preferred aryl group containing ester for reaction with
the alkanol impurity in the present process, is phenyl

25 salicylate (phenyl 2-hydroxybenzoate).

Phenyl salicylate can be formed by internal
rearrangement of DPC in a side-reaction during the
production of DPC from a dialkyl carbonate and phenol
and/or during purification of crude DPC.

30 Aryl group containing esters which are phenyl
salicylate derivatives are also suitable for reaction

with the alkanol impurity in the present process. Such



15are aryl groups. The aryl group may be unsubstituted or substituted by an
al kyl group, a heteroatom containing group such as a hydroxyl group, or a
car bonyl WYPGOP/H&HR as the carbonyl group from anot her EST&P2HY0eLSH]
Preferably, R' is a phenyl group. Further, 20preferably, R is a phenyl
group substituted by a hydroxyl group at ‘a”position ortho with respect to
the carbonyl group of the ester noiety. An exanple of such preferred aryl
group contaiphegyéssedibgﬂameadekeﬁamﬁNhStheeabhawelihnﬁheiﬁ?apﬁipﬁe
present proces %qenyl 25salicylate (phenyl 2-hydroxybenzoate).
Phenyl salicy FB?@'CQ B&“forned by internal rearrangement of DPCin a
side-reaction during the production of DPC froma dial kyl carbonate and
phenol and/or during purification of crude DPC. 30Aryl group containing
esters which are phenyl salicylate WFiVati'ves are al so suitable for
reaction with the al kanol inpurity ig the present process. sach WO

t are shown

2011/ 018448PCTi ER 2010?@6&581~-~¥*P Shej yl sgliQY*a BLHERTY ,

in the reactl sGheneE hel ow  Ff . @dﬂ 15 —1—'Fhe—|ehe sd | at e
deri vatives *o t he above reactfo eéme contain 2, 3 or ester
noi et i es of @ @

The phenyl salicylate derivatives shown in the above

reaction scheme contain 2, 3 or more ester moieties of

5 formulas —(C=0)0- and/or —0(C=0)0— and 1, 2 or more
phenyl bridges between different ester moieties. These
derivatives may have originated, directly or indirectly,
from reaction of phenyl salicylate with itself, said
phenyl salicylate being both an alcohol and an ester, or

10 from reaction of phenyl salicylate with DPC, which
reactions are shown in the above reaction scheme.

Other suitable phenyl salicylate derivatives are
those wherein the hydroxyl group of phenyl salicylate 1is
replaced by an alkoxide group -OR wherein R is an alkyl

15 group, for example a methyl or an ethyl group.

The dialkyl carbonate in the stream from which the
alkanol impurity has to be removed in accordance with the
present invention, may be a di(C,-Cs)alkyl carbonate,
wherein the alkyl groups (straight, branched and/or

20 cyclic) may be the same or different, such as methyl,
ethyl and propyl. Specifically, the dialkyl carbonate 1is
diethyl carbonate.



5formulas -(C=0)0- and/or -0(C=0)0- and 1, 2 or nore phenyl bridges between
different ester noieties. These derivatives may have originated, directly
or indir ¥OI211/F1B44H r eacti on of phenyl salicylate w th PCIEPRO10YSISE? phenyl
salicyl ate being both an al cohol and an ester, or 10fromreacti on of phenyl
salicylate with DPC, which reactions areS8shown in the above reaction
schene. O her suitable phenyl salicylate derivatives are those wherein
t he hydroxyl grolpeoflphenyl isgbiré¢ylvateics hepl &cebebycanvarkéxirtie t§Eoup
-OR wherein R is an al kyl. 15gr , for. exanple a _nmethyl. or .an.ethyl.  group.
The di al kyl é&FSBWaFQnF%lpﬁggsgggaﬁﬁ?}5¥lwﬁﬁgﬁoPﬁgeaﬁégng l?nﬁﬁ'ﬁ%it as to
be renoved i RpageendaneecWiitiRnt heeppeseahti Averhitann, My ybeeaan ether

di (Cl1-05) al kyl carbonate, wherein the al kyl _groups &;traight, branched

and/ or 20cyckil&pnray @@r@hép§§ﬁél§@léWfﬁ@réﬁ%?xguéﬁ asoret AYEE et hyl and

propyl. Specificaldy, the di rhoRat g i gdi-et hyly caphenate. WO
2011/%18448PE%FEEE&%Bf&%l38?%5%§§?%ﬂa9% Thearianal i npurity whi ch has to
be renpoved from frhe stwweam odntaeneiganbé dmabkyltycanbohat etardmsai d

impurity in accordance with the present inventian, y .be an_ et her al kanol,
nor e specifiEQPFﬁlQﬁnglﬁbfydéﬁﬁgﬁélFa S 5SpEL F@g%1ﬁm§p§ﬁﬁ3X?ggh§ﬁol, as

described abeygprised The tamounthgef otfhe rakkanal tiompur ity %i,n the stream
containing the dialkyl carbonate and said inpurity may be conprised in the
range of frompr@clficald ywl.-% tepdciti-cal Mpre. 3PEE 18 1w 1dy Fore t¥pecifical ly

0 b 0 I
e Wi e BRI LA 1, S I, T el of
of a catal yst i nTaecardandenwotth thike apkesent impuentiyow,i thesblet s rivi
transeSterifBg%h&Pgmgﬁaﬂgﬁn%r%gt%zog% % %t%&%gggmgfagré.catalyst in
accordance with the present invention, results 1in
transesterification of the aryl group containing ester.
15 Therefore, the catalyst that needs to be used in the
process of the present invention should be a
transesterification catalyst. Before the present
invention is carried out, the stream containing a dialkyl
carbonate and the alkanol impurity does not contain a
20 catalyst. More in particular, said stream does not
contain a transesterification catalyst before the present
invention is carried out.

The transesterification catalyst to be added in the
present invention may be one of many suitable homogeneous

25 and heterogeneous transesterification catalysts known
from prior art.

For example, suitable homogeneous transesterification
catalysts have been described in US5359118 and include
hydrides, oxides, hydroxides, alkanolates, amides, or

30 salts of alkali metals, i.e., lithium, sodium, potassium,
rubidium and cesium. Preferred homogeneous

transesterification catalysts are hydroxides or

alkanolates of potassium or sodium. Other suitable



15Therefore, the catalyst that needs to be used in the process of the
present invention should be a transesterification catalyst. Before the
present iWOSAtVG@HH4Bs carried out, the stream contai ni ngP&TEPANIRPPISEAr bonat e
and the al kanol inpurity does not contain a 20catal yst. More in particular,
sai d stream does not contain a transestefification catalyst before the
present invention is carried out. The transesterification catalyst to be
added i n t hehomogeneousptesesesicpverticen imy cbéadye tef amanyléailtabl e

honbgeneous 25and het erogeneous transesterification ta known from
prior art. me%agoFaEEEWpFEF%sﬁﬁtﬁﬁﬁgaﬁgﬁbggﬁg us™ F%%ée%?é&?ﬁF%gfig%

catal ysts haverbeentdescsubedpia Us%339318 and drekudechydni des3soxildes,
hydr oxi des, al kanol ates, am des, or 30salts of alkali mnetals,

| . e.
lithium sodPofy th6t sSEERNCESHIENGACARE é@§ﬁ@ﬁprpﬁéﬁér@édEﬁé%éégﬁémus

transesterifi Ihan pgat alby $ks rar ydrexipdas or al kanol ates of potassium or
sodiu§1 CIhengﬁptaglé 5%)%%fi/§?§448PCT/EP2010/061587 - 9 - honobgeneous

transesteri fi cat Renmeatabystis adpeecal kal iismeflab paktsplsuth asracst at es,

propi onates, butyrates, or carb t es.. . Sui tabl | vst bod |
USB350118  andiotfié COBME ue b AMBRETErad ERErern C° anets Egg%%g§%2fr' ed in

5US3803201, ER1Q82MecnanthsERLBA3§EAs incliAsiemanbi eretaabeyveesihs $haltso
possi ble to enpl oy 'a heterogeneous transesterification catalyst. Suitable

het er ogeneousosatany Spsdtacnade JrORPExc Rargables ifig i edoMEQUR Sf unct i onal
groups. Suitabls, f4nctiQnal, orouRs 10inglude ot el A% NGn@hauRs and
quat ernary amoni um
groups, and also sulphonic acid and carboxylic acid
groups. Further suitable catalysts include alkali metal
and alkaline earth metal silicates. Suitable catalysts
have been disclosed in US4062884 and US4691041. The
15 heterogeneous catalyst may be selected from ion exchange
resins comprising a polystyrene matrix and tertiary amine
functional groups. An example is Amberlyst A-21 (ex Rohm
& Haas) comprising a polystyrene matrix to which N,N-
dimethylamine groups have been attached. Eight classes of
20 transesterification catalysts, including ion exchange
resins with tertiary amine and quaternary ammonium
groups, are disclosed in J F Knifton et al., J. Mol.
Catal, 67 (1991) 389ff.
The heterogeneous transesterification catalyst to be
25 used in the present invention may be a catalyst
comprising an element from Group 4 (such as titanium; for
example TiO, catalyst), Group 5 (such as vanadium), Group
6 (such as chromium or molybdenum) or Group 12 (such as
zinc) of the Periodic Table of the Elements, or tin or
30 lead, or a combination of such elements, such as a
combination of zinc with chromium (for example zinc
chromite). Said elements may be present in the catalyst

as an oxide, such as zinc oxide. The transesterification



groups, and al so sul phonic acid and carboxylic acid groups. Further
suitable catalysts include alkali nmetal and alkaline earth netal silicates.
Sui t abl e Wat281yH4B8&8have been di scl osed in U54062884 andPOBA®NOAG158The
15het er ogeneous catal yst may be selected fromion exchange resins
conprising a polystyrene matrix and terti%ry amine functional groups. An
exanple is Anberlyst A-21 (ex Rohm & Haas) conprising a polystyrene matrix
to whi ch N, Ndametlygltamonbeguesegs ihavbebeeansantadhygntEoghtnayl &ssés of
20transesterification catalyst including.ion_exchange resins with
tertiary am stﬁﬁ&?&&ﬁ?&Fn5¥§ai#ﬁﬁnfﬁﬁPé% ups, “are"disclosed in J F Knifton
et al., J. Mol. Gatalkfi6A101399the389thscTherhetentgeneausalyst to be
transesterification catalyst to be 25used in the present invention nmay be a
catal yst conpfi§idngrafihel BFERENfr dRVEPSHFTATESUER &8St PlaRPdm for exanpl e

Ti @2 gatal yst),; g%qu?gm%§%§%0%§ vapadi-um- G,eup 6 (such as chrom um or

nol ybdenun) or oup as zinc) of the Periodic Table of the
El ements, or ttriansert83@ligadatdona caarbivisatsi ahadf agechnelvanmgnt satsdoicas a

conmbi nati on of zinc with chrom.u for ex |l e zinc chraom . Sai d
el enents may HE FrEZENL O Ofhét g%&ﬁ'sfaégggﬁ%gxﬁﬁgp'gu%ﬁagg Zi nc oxi de.
The transest efifjosatdcon dWBn20b1/. 018448RCHER2010/1061582 - 10 - catalyst to

be used in the present invention nmay be a.heterQ%Fneous catal yst conpri sing
zi nc. Speci f itealisg s tefé filcatsest eaithilyati ¢F Cattalbyst Uito Coe taddeddi n t he

present invention VI %%.eg%% agifl ﬁ%%é%ﬂt‘a%%ﬁ hemgenequs .and,

het er ogeneous transesterifica catalysts that are known to catal yze the
formati on of ddinphemyinocamhenatse frmemaa dixdldayliccarshenat @ fadd .phenol . More
specifically, the transesterification c%}akyst is a titani um containing
Further, said titanium may be bonded to one or more,
preferably four, alkoxide groups, such as ethoxide
groups, and/or aryloxide groups, such as phenoxide
15 groups. An example of a suitable homogeneous
transesterification catalyst is titanium(IV) 2-
ethylhexyloxide (Ti (OCgHi7)a4) .
Further, the above-mentioned titanium containing
catalyst may be a dimer or polymer contalning 2 oOr more
20 titanium atoms, whereiln titanium atoms may be bonded to

each other via a carbonate bridge of formula -0(C=0)0— or

via an oxygen bridge of formula —-O-. Still further, said
titanium containing catalyst may additionally contain one
or more silicon atoms wherein the titanium and silicon

25 atoms are bonded to each other via an oxygen bridge of
formula —O—.

Preferably, the transesterification catalyst to be
added in the present invention, such as the above-
mentioned titanium containing catalyst, is present in a

30 stream containing the aryl group containing ester that is
to be reacted with the alkanol impurity in the present
process. Advantageously, in that case, said

transesterification catalyst and said aryl group



10catal yst. Preferably, the titaniumin said titanium containing catalyst
has an oxidation state of IV. Further, said titaniummy be bonded to one
or nore, WOSPHE/HBA4§ four, al koxide groups, such as et hoRCH&EPZZOPLS7 and/ or
aryl oxi de groups, such as phenoxi de 1Sgroups An exanpl e of a suitable
honmbgeneous transesterification catalystlis titanium(1V) 2- ethyl hexyl oxi de
(Ti (OC81-117)4). Further, the above-nentioned titanium containing catalyst
may be a dinepnmaip@hgnesteonﬁainbmghzverbﬁoﬁédzdtSE@ﬁKaﬁﬁéUoﬁﬁr wher ei n

titani um at ons ach.other via a_c onat rldge of
formul a -0( C6761 \{8P Wgﬁ E%S &2&“8% &mgurfltfyorlrf%u%é% 8%%3. Il further,
sai d titani ugreerkai.ni ng catal yst may addltlonally contain one or nore
silicon atons wherein the titaniumand silicon 25atons are bonded to each

other via an oxy§eatherdgeush BéERENacoptaining bpLgf faply, the
”ansgﬂe“ fi.caty %gt%%%'l%%ttﬂo% *a%t%ﬁ%%@ '@u%e aRr @8€NholRLeRkheRopsuch as

t he above-nentione tani um contai ni Catalyst, is present in a 30stream
cont ai ni ng thetamybmgt@nmaQOQM@Imam@lgsteramwagau§.B@yﬂegm@a@ted with the

al kanol i npuri i.n.the present ocess. dvanta usl in_that case, said
transesterlfF@Q%a&H18§t§§§§F aﬁ8%§ i Ayl O§r8&89@&6 Dbc,' Hay

2011/ 0t18|448fPGF1%P%%%%/ 61584 ¢enlaiski FYresteruda ndotdibave e cadgdedate
separately for
from a dialkyl carbonate and phenol and/or purifying

10 crude DPC, and may additionally contain heavy by-
products. Even though part of such a stream can be
recycled so that catalyst can be reused and DPC can be
recovered, part of said stream has to be bled from the
production process and disposed to prevent build-up of

15 said heavy by-products.

In the present process, the stream containing the
dialkyl carbonate and the alkanol impurity may
advantageously be contacted with a stream (for example a
bleed stream) originating from a process for producing

20 diphenyl carbonate from a dialkyl carbonate and phenol
and/or purifying crude diphenyl carbonate, the latter
stream containing a catalyst, preferably a titanium
containing transesterification catalyst such as those
titanium contailning catalysts as described above, and an

25 aryl group containing ester, comprising preferably
diphenyl carbonate and optionally one or more derivatives
of diphenyl carbonate, comprising preferably phenyl
salicylate and optionally one or more derivatives of
phenyl salicylate, such as the phenyl salicylate

30 derivatives as described above.

By combining said stream from a DPC production and/or
purification process with the stream containing the

dialkyl carbonate and the alkanol impurity in the present



reaction with the alkanol inpurity in the present process. Further, such
stream contai ning both said 5transesterification catalyst, such as the
above- nerWP@AEP18448ani um cont ai ni ng cat al yst, and sai d ZEFEPZRIGHH1S87
containing ester, conprising for exanple DPC, may originate froma process
for produci ng di phenyl carbonate fromw % at kyl carbonate and phenol and/ or
purifying 10crude DPC, and may additionally contain heavy by- products.
Even though paptesf,sbohhasstideamydanrberr eopchedisg ehaercaral yetidcan be
reused and DPC _can be recovered, rt of said stream has _t bl ed from

t he producti(ffﬁ‘tﬁlraLé’égs§1r§n8\f S 6¥§§Yt8889e38nFeH8WFdFE% 8%%f S$ai d heavy

by- products. impurilt:? trhenpresent apkggessrbbhe tst, r eanceontaitnicngetche di al kyl
carbonate and the al kanol inpurity may advantageously be contacted with a
stream (for ex@Apliecs bEded sEPEARY é%@@iﬁ&ﬁiﬁ@aﬁpéﬁléU6Foé§§§gf8#ed

produgi ng ZOQEthﬁﬁho%%Bbg%qt%hﬁgoq%%dgi%bkﬁh capbenate ard -Rhepg! ~and/ or
purifying crude di phenyl carbonate, the latter stream containing a
catal yst, preherabkyadlti tatiegmatent airvicegst.r ansesterification catal yst

such as those titanigh1containing c%talﬁsts as ge cribed _ab ve. an% an
25aryl group contdFhirfg &SEEFESEGHpri-sFig Opr 6P8 é%ﬂ?nﬁiﬁﬁsnypocgrﬁonate and
optional ly 0r&%eorarHED%%dd%bii\t%ﬁoilgein@fludﬂep@ert)élmp@&rall@@&@t &.r cGOINI it3i NQ
preferably phenyl salicylate and optionally one or nore derivatives of
phenyl salicyl0dt eC,saeh as rriss spenyirogalPile Hoattd 080d&r vat-iovés® a¥ descri bed
abov$O %%Iﬁonbining said streamfroma DPC production and/ or
puriTication process with the stream containing the dial kyl carbonate and

t he al kanol i npurint y icasthehpreseht dial2yl prabtesstebdtsh ofaifdramyle gr oup

containing ester and said catalyst are effectjvely used to t move éhe
al kanol inpuﬁﬂ@9(@?85?tWR?%ﬁ%ﬂWééla@%rﬁénﬁ?@,t iﬁﬁm?sofu?tﬂéf gkpl'ai ned
bel ow, rather;than fr %ﬁflgerdulgﬁtco%%ia&%ibﬂge%sft@}d G spesedhefateThirs | eads

to an inproved éefficiency o
formula R40(CO)ORs wherein Rs or Rs is an aryl group, the

15 other group being an alkyl group, or both R; and Rs are
aryl groups, and the alkanol impurity is an alkanol of
formula R;0H wherein R; may be an alkoxyalkyl group, the
following reactions may take place when practising the
present invention:

20 (1) R{OC(O)ORy; + Rs0H — R30C(0)OR, + R:;0H

(2) R30C (0O)OR; + Rs0H — R30C(0)0OR3 + R,0H
(3) 2 R30C(0)OR2 — R30C(0)0OR; + R,0C(0)O0R»
(4) R4s0C (0O)ORs + Rs0H — R30C (0)ORs + R4OH
(5) R30C (0O)ORs + RsO0H — R30C (0)0OR3 + RsOH
25 (6) 2 R30C(0)ORs — R30C (0)0OR; + Rs0C(0O)ORs
In a case where sald R;0OC(0O)OR; is diethyl carbonate
(or EtOC (0)OEt), said R40C(0)ORs is diphenyl carbonate
(or PhOC (0)0OPh) and said RsOH is 2-ethoxyethanol (or
EtOEtOH), the following reactions may take place in the
30 presence of a transesterification catalyst:

(1) EtOC(0)OEt + EtOEtOH — EtOC (0)OEtOEt + EtOH



the overall, integrated process. Further transesterification conditions
are known in the art and suitably include a tenperature from40 to 200 C,
and a pr e¥O2PH/IBHH 50 to 5000 kPa (0.5 to 50 10bar). PCT/BPROI4/06H8E where
the dial kyl carbonate is of fornmula ROC(0)OR2 wherein R1 and R2 may t he
sane or a different alkyl, the aryl gro containing ester is a carbonate
of fornmula R40(CO)OR5 wherein R4 or R5 is an aryl group, the 15 other
group bei ng an alkyl Egooup, carobet h R40andHR5»> af €0mr§T (Qr@upsEt and t he

al kanol irrpurité is an al kanol of forrmula R3CH wherein R3 may be an

al koxyal kyl §t0dp, the follow ng reactions may take place when practising

RB0CL 0y 0F0 + RION. RaBELE) B F CRBcHs (575 tBbRL Oy Or" - RBuey By DIt +
R20C(0) OR2 (4) R 0 OR5 + R3CH
FERB0CL 0) RS+ RAO SEC o) S 00 5 BRS  RI0C O] R & PR o) 6P Imh
case ghere said REF(BhOR20)srdethy! rearbonate ¥ orEEOOQVIOELYL sai d

R40C(0) OR5 i s di phenyl carbonate (or PhOC(0)O0Ph) and said R3CH is
2- et hoxyet ha®6lOH( or Et OEtOH), the following reactions may take place in the

Er0G(0) OFF OFt & EFoL W 2UTLFBE8Meper EPpIDIObTees + 13100 TRy
Et 0C( 0) OEt OEts ;% EEQEQH ) ore dELORHRE(Y) At Qi ket @drbonate(3hazely
Et 0C(0) OEt OEt - Et OEt 0C(0) OEt OEt + Et 0C(0) OEt
ethyl 2-ethoxyethyl carbonate. Said PhOC (0)OEtOEt (OxPC)
10 is a mixed carbonate, namely phenyl 2-ethoxyethyl
carbonate. EtOEtOC (0)OEtOEt (DOxC) is di(2-ethoxyethyl)
carbonate.
Surprisingly, said alkanol impurity preferentially
reacts with diphenyl carbonate rather than with diethyl
15 carbonate. This advantageously results in a higher yield
of diethyl carbonate as diethyl carbonate is saved which
is a valuable starting material in the synthesis of
diphenyl carbonate, and at the same time this results in
the removal of the alkanol impurity which is converted
20 into a compound that can be easily separated from diethyl
carbonate by ordinary separation methods, which is
further discussed below.
In addition, it has surprisingly been found that said
alkanol impurity preferentially reacts with phenyl
25 salicylate rather than with diethyl carbonate. This
results in the same advantages as discussed above 1in
connection with the preferential reaction with diphenyl
carbonate.
In a case where said ROC(O)0OR, is diethyl carbonate,
30 the aryl group containing ester is the above-mentioned
compound of formula (I), which is one of the above-
mentioned derivatives of phenyl salicylate, and said R3;OH

is 2-ethoxyethanol, the following reactions (7) to (10)



(4) PhOC(0)O0OPh + EtOEtOH - PhOC(0)OEtOEt + PhOH 5(5) PhOC(0)OEtOEt +

Et OEt OH - Et OEt 0C(0) OEt OEt + PhOH (6) 2 PhOC(0)OEtOEt -

Et OEt OC( OWORPOFR18448PhOC( 0) OPh Sai d Et 0C(0) OEt OEt ( OxEC) PCI/ER2MH0ARELFS7
carbonate, nanely ethyl 2-ethoxyethyl carbonate. Said PhOC(0)OEt OEt (OxPC)
10i s a nmixed carbonate, nanely phenyl 2-%thoxyethyl carbonate.

Et OEt 0C(0) OEt OEt (DOxC) is di(2-ethoxyethyl) carbonate. Sur prisingly,
sai d al kanol manpuekey pprekerenthal byeseacts oi ehtdipphenylerearbonare rat her
than with dieth I ?car bonate. This advantageously results in a higher
yield of di eCRYF'¢5Fbonate as diethyl carbonate is saved which is a

val uabl e startl ng material in the synthesis of diphenyl carbonate, and at
the same tine_this results in the renoval of the al kanol inpurity which is
converted 20i MtE* % ¢dnmpound that can be easily separated from di et hyl
carbonate by ordinary separation methods, awhich is further di scﬁﬁg bel ow.

In addition, i pas surpr;dsrng’fy ‘been ). t hat +sakg: akkanol i &y
é V\II—HQ—p-he-H'y-l—*

preferentlall eact $ 25S té\rat—hef—{;;han—wth g/hyl
carbonate. Th sl Bs in tHe sane advant |1])as di scussed above im
connection with the ferential reaction vinthi di phenyl carbonate.l In a
case where said ROC( is diethyl car bonar‘e 30the aryl group containing
ester is the above- mei\ aned conpound of formula (1), which is one of t he

above-menti oned derivat ves of" phenyl salicylate, and said R3CH is § |

r\-w Sl

2- et hoxyet hanol , the Fol r actl ons ( 9 Cg@}“ =
2011/ 018448PCT/ EP2010/ 0615 7 + @

£10Y
W

§LY

Reaction of said alkanol impurity with said aryl
group containing ester of formula (I), rather than with
5 diethyl carbonate, advantageously results in a higher
yield of diethyl carbonate as diethyl carbonate is saved
which is a valuable starting material in the synthesis of
diphenyl carbonate, and at the same time this results in
the removal of the alkanol impurity which is converted
10 into a compound that can be easily separated from diethyl
carbonate by ordinary separation methods, which is
further discussed below.
In addition, the aryl group containing ester of
formula (I) is a by-product in the production of diphenyl
15 carbonate from a dialkyl carbonate and phenol, which by-
product may thus be advantageously used in the present
process to effectively remove another by-product, namely
said alkanol impurity which may be formed in the
production of a dialkyl carbonate from an alkylene
20 carbonate and an alkanol. As a result, said aryl group
containing ester of formula (I) advantageously does not

have to be disposed of.



- 14 - may take place in the presence of a transesterification catalyst:
Reaction of said al kanol inpurity with said aryl group containing ester of
formul a (WP220H4/EE t han with 5di et hyl carbonate, advanP&F&BAGPEEUlts in
a higher yield of diethyl carbonate as diethyl carbonate is saved which is
a valuable starting material in the synthesis of diphenyl carbonate, and at
the same tine this results in the renoval of the al kanol inpurity which is
congerted éOintoIa eonpeendhthat tbansbeceasicby teepanat édef domldivet hyl
carbonate by ordinary separation,nmethods, which i.s further discussed bel ow.
I'n addition, €A Oﬁﬁﬁ% &P@uﬁﬁgoﬁﬁﬁﬁﬁP%glg?Pé%th ﬁgrﬁuférgﬁy'is a by- product
in the produebineniefindi pheayh kl5carbonatecf romandisabkyh eavbonatie and
phenol , which by- product may thus be advantageously used in the present
process to effff€8t FealcY ipemeve 2ak6rRer "B pradadty Lfare Ly L1581 a tal k &REI

[ mpurity which.gay, Be.LangRdohiatihe Breducti-oec0hiasdoal kil eanhonate from

I
an al kyl ene onate an al kanol . result, saldaaryl group
cont ai ni ng ester tabnf aomtha @l)kaaddanregecusl.y Rédegence haveate e di sposed
of. WO 2011/%18448PCT EP2010/ 061587 - 15 - 1N a _case @pere th%_stream
contai ni ng t FESditARYPUELHBEnate tafd PERSE SRk REC L TFarity, "F's T8 18t ré&m
cont ai ni ng a sdiralkylbncarbenate dtihak yhasheen aproducednf Kemdeeactibag .an
al kanol with an al kyl ene carbonate, the 5stream usual |y contains
unconverted al kadel ar cactambieirs addi EitdR o CORE adPRaRoIC P enpdriltyl Ref erence

e eon ol IR BT, e IESak SR Lcal cyn herei 0 the
containing dialkyl carbonate, unconverted alkanol and an
alkanol impurity, contacting of said stream with an aryl
group containing ester and a transesterification catalyst
to effect reaction of the alkanol impurity with the aryl

15 group containing ester in accordance with the present
invention, may be performed before, during or after the
step wherein dialkyl carbonate is separated from
unconverted alkanol.

Separation of the dialkyl carbonate from unconverted

20 alkanol may be effected by means of distillation. Such
distillation results in a top stream containing the
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

25 been reacted in a preceding step with an alkylene
carbonate to produce the dialkyl carbonate and an
alkanediol.

In a case where said contacting with an aryl group
containing ester and transesterification catalyst is

30 performed during said distillation step, the aryl group
containing ester and the catalyst may be added to the
distillation column itself or to a reactor of which the

inlet and outlet are connected to said distillation



In a case where the stream containing the dial kyl 10carbonate and the

al kanol inpurity, is a stream containing dial kyl carbonate, unconverted

al kanol W@ 28H/HB48Nol i npurity, contacting of said str @KERRYIN/08IFSEr v
group containing ester and a transesterification catalyst to effect
reaction of the alkanol inpurity with th€ aryl 15group containing ester in
accordance with the present invention, may be perfornmed before, during or
after the stepluhereThedicaltkylystambonate adslesepapatad rf méimundenasited

al kanol . Separation of the dialkyl carbonate fromunconverted_20al kanol may
be effected 8§OHﬁaﬁ§n5918F§9iFF&%FO%? §8§hsgf§991Fggﬁoﬁoggggﬂfs%?ﬁha t op

st ream cont aichingathe ydRcanverhed aalkapebupsuehtas netbanelkkrandsa bottom
stream cont ai ni ng the dial kyl carbonate (such as diethyl carbonate), in a
case where tResgmédrveredal kanol has 25 been reacted in a preceding step

with an alkylenepcachonghg t g produce bhendi gl kxl Jacbonabeoapd an
al kanedi ol . n a cas ere said contacting wwth an aryl group
cont ai ni ng esberadnd ngr assest enidf itcatises teatidliyst- iios 3Qperfvsitned duri ng

said distillatiaon step, the aryl group.containing ester and.the catalyst
may be addedPEsIPRESG &fitFratfdn %&lsgﬁﬁiattsl@ﬂ SOEP; &EEIFégctttélre of which the

inlet and outdiat xane comrected ito seaiad adicst ifldoat heron@rted alkanol.
2011/ 018448PCT/ EP2010/ 061587 - 16 - columm. The catal yst nmay be added
t oget her wi t Ahehéoatgin gragprcohea nirag iesites ifFognsast ddmithadt cont ai ns

boty bhe, 5ot B8 00 L BEH) FEOYRBONLALALIG 05k §1noaS serned abov.

but no longer unconverted alkanol, may be sent to a
separate reactor or (directly) to a 2nd distillation
column. In case 1t is sent to a separate reactor, the
outlet stream of said reactor may be sent to a 2nd

15 distillation column

In said 2nd distillation column, purified dialkyl

carbonate no longer containing the alkanol impurity is
separated as a top stream. The aryl group containing
ester and transesterification catalyst are added to the

20 2nd distillation column (or to said separate reactor,
where applicable) either separately or in combination.
Preferably, the catalyst is added together with the aryl
group containing ester in one stream that contains both
the catalyst and the aryl group containing ester, as

25 described above. The bottom stream from said 2nd
distillation column contains the catalyst and compounds
having a higher boiling point than the dialkyl carbonate,
as further illustrated below, and can be disposed of or
further purified to recover any valuable component, such

30 as catalyst and/or phenol. This is further explained
below.

The present invention advantageously results in the

removal of an alkanol impurity in dialkyl carbonate



containing ester and transesterification catalyst is perforned after said
distillation step wherein the dial kyl carbonate is separated from
unconver tW0 281 1KHEHB. The bottom stream that origi nates PEEHPIHOVAOYSPT rst)
10di stillation step and which contains dial kyl carbonate but no | onger
unconverted al kanol, may be sent to a sephrate reactor or (directly) to a
2nd distillation colum. In case it is sent to a separate reactor, the
out | et streamtotasai dwheabt el kamp lbempent. tyoma g2nd haSdi snitkelraeired éal um
In said 2nd distillation columm, purified dialkyl .carbagn | onge
cont ai ni ng t A8YafK ﬁ89u9§%uPFP§eF§ Eéﬁ&gaﬁéé%aéXSl%gé gg?%§ﬁ§%$hg@a§§l
group cont ai gicRgdsester hand beanseshekrihbi.cati ap eatakystear ehaddeg to the
202nd distillation colum (or to said separate reactor, where applicable)
ei t her separ REECY 168 PN tEENBIEREENGN 1 NPEELEPRO P Nethd TRAEAICy§E 'S YadGed
together wt aryl..group containing ester in one streamthat contains
both the catngggdaﬁﬁsF%ggéryl group containing ester, as 25descri bed
above. The bott omhetreeareficom saild 2ntedi sholilratiies celvurascont &ens t he

cat al yst and conpounds having a hi gher boiling, point. than the dialkyl

car bonat e, a§eP&F@ﬁ§%'FFPH%F%&tQ&agéﬁéwFaé 8“%5% b& gﬁsﬁggéglgg'%g'further
purified to reeovels ankhwalidabhe canparentersueh 30as eatal yst and/ or
phenol . This is further expl ai ned bel ow. The present invention

advant ageousldy stéddlatts oinn  Bise degrpvdle doflarcal Kasal ficfsur ity PR Sgicalitky |

carbppate VO 20LL.0384480CTHER20IAIGLI8 Lre Lhop of! LA Jhigl al kanol
inpurity m ght have interfere |na%

subsequent “process using said dial kyl
carbonate if infpumiulie snate shidve ne e orre bvedealdtt iics ecagr sedanivdt by

practising the present invention qQther inpurities may ?e Sf%%ned i nst ead.
Wher e needed, T®aiTd (ot Mt H A iPlivVes IeY Pe &SN 10d "Sefarated T8 ie

di al kyl carbenatet @ be iy eddyinatihads kadm o the skilled person,
such as distillation, as described above. Therefore, the present
For example, in a case where a stream contalining
15 diethyl carbonate and 2-ethoxyethanol impurity has been
contacted with a transesterification catalyst and DPC in
accordance with the present invention, pure diethyl
carbonate may easily be obtained by means of distillation
in view of the boiling point differences between diethyl

20 carbonate and the other compounds. This is indicated in

the table below.



10process may further conprise the step of renoving the inpurities
resulting fromthe reaction of the al kanol inpurity with the aryl group
cont ai ni NYOG8t1&N8448r om t he stream contai ni ng t he di al kyPCT&PRORAOES7 For
exanple, in a case where a stream containing 15di ethyl carbonate and

2- et hoxyet hanol inpurity has been contact&d-with a transesterification
catal yst and DPC in accordance with the present invention, pure diethyl
carbonate nm (Bﬂ@ﬂhynhﬁ obt ai ned by neans of dlstLLabgoponntvué@oof t he
boi i ng poi n; e peen d ala 8¢ C
conpounds. Tld#QQ?M%uﬁ&ﬁQQ&$UQ1the table beIOML12@Ii28

2011/ 018448PE 16+661587 = 18 =Conponent Bof fr g por mt () _dretnyl
carbonat e 125-f§§ﬁb enol 182 ethyl 2-ethoxyet|h carbonate 190.2

ethyl 2-ethoxyethyl carbonate 190.2 (*)
di (2-ethoxyethyl) carbonate 245.5 (*)
phenyl 2-ethoxyethyl carbonate 281.2 (**)
diphenyl carbonate 301

(*) Calculated using ACD/Labs Software V9.04 from Solaris
(©1994-2008 ACD/Labs)
(**) Estimated using Emami, Valid, Elliot and Marrero,

Gani group contribution methods (mean value).

Accordingly, the present invention also relates to a
process for the preparation of a dialkyl carbonate and an
alkanediol comprising:

(a) reacting an alkylene carbonate and an alkanol in the
5 presence of a transesterification catalyst to obtain a
product mixture containing unconverted alkylene
carbonate, unconverted alkanol, dialkyl carbonate,
alkanedicl and an alkanol impurity;
(b) separating unconverted alkylene carbonate and
10 alkanediol from the product mixture to obtain a top
stream containing unconverted alkanol, dialkyl carbonate
and the alkanol impurity;
(c) recovering the alkanediol; and
(d) separating unconverted alkanol from the top stream
15 containing unconverted alkanol, dialkyl carbonate and the
alkanol impurity obtained in step (b) to obtain a bottom
stream containing dialkyl carbonate and the alkanol
impurity,

which process further comprises



(*) di(2-ethoxyethyl)carbonate 245.5 (*) phenyl 2-ethoxyethyl carbonate
281.2 (**) diphenyl carbonate 301 (*) Calcul ated using ACD/ Labs Software
V9. 04 fr oWO381141B4a8((c) 1994- 2008 ACD/ Labs) (**) Esti nat @GTFEPRHG/OAPEM |
Valid, Elliot and Marrero, Gani group contribution methods (mean val ue).
Accordingly, the present invention also ¥&lates to a process for the
preparation of a dialkyl carbonate and an al kanedi ol conprising: (a)
reacting an dekykeneacaibgnahe antdtam afkanwl conteheibpr dsepkalof a

(ransestor || eaban;aaLalyal g, 00shn RSPt LI e pomanigy
al kanedi ol apdtanaal kagal giropyr icbyialb)ngeparati agdunceavented abkyl ene
car bonate and
effect reaction of the alkanol impurity with the aryl
5 group containing ester.

Accordingly, the present invention further also
relates to a process for the preparation of a dialkyl
carbonate and an alkanediol comprising:

(a) reacting an alkylene carbonate and an alkanol in the
10 presence of a transesterification catalyst to obtain a
product mixture containing unconverted alkylene
carbonate, unconverted alkanol, dialkyl carbonate,
alkanediol and an alkanol impurity;
(b) separating unconverted alkylene carbonate and
15 alkanediol from the product mixture to obtain a top
stream contailning unconverted alkanol, dialkyl carbonate
and the alkanol impurity;
(c) recovering the alkanediol; and
(d) contacting the top stream containing unconverted
20 alkanol, dialkyl carbonate and the alkanol impurity
obtained in step (b) with an aryl group containing ester
and a catalyst to effect reaction of the alkanol impurity
with the aryl group containing ester, and separating
unconverted alkanol to obtain a bottom stream containing
25 dialkyl carbonate.

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 a dialkyl carbonate and the alkanol impurity,

30 comprising contacting the stream with an aryl group
containing ester and a catalyst to effect reaction of the
alkanol impurity with the aryl group containing ester,

also apply to the two above-mentioned specific processes



10al kanedi ol fromthe product m xture to obtain a top stream contai ning
unconverted al kanol, dial kyl carbonate and the al kanol inmpurity; (c)
recover i NYO2RH/EB48nedi ol ; and (d) separating unconvert ETAPRAAGPISBT om t he
top stream 15contai ni ng unconverted al kanol, dial kyl carbonate and the

al kanol inpurity obtained in step (b) tTc*bbtain a bottom stream contai ning
di al kyl carbonate and the al kanol inpurity, which process further conprises
WO 2011/ 018448RPCThEPR0OEDL06158T ©f1@ dialdylcentrheniehg £he BSttom stream
contai ni ng di al kyl carbonate and the.al kanol inpurity,obtai [ tep (d
with an aryIag#&éﬁd&8ﬁfaWﬁFﬁglgspgf%588§3rcﬁfagggp 5§)egpgc?%%ga39?énpo§ :
the al kanol irepRECLY veilth bhesanyl ther eupceerkai.ni ng ester.

Accordingly, the present invention further also relates to a_process for
the preparation éf addiairyl EAFbeRave dRECAAPEFKkEREAFEE LESRPATEIAGD (a)

reacting an %5%%&%@% %%BF%@@%% %@qn@@s%b%a@qgakeohh%o%gekg%%@cgrgf a

transesterification catalyst to obtain a product m xture contai ni ng
unconvert ed alkyplléne aparbonatle, tonceryer tied alfkamold, tdicapkylcessrisotatre,
al kanedi ol an%_an al kanol. i mpurit unconver.t al k

£ gm

car bonat e and"E5&REAEGTGC P atﬁgagggéﬁgg%%%%kggeapg'8Bt3#%%§eééﬁhgne
The present invention also relates to a process for

the preparation of a dialkyl carbonate and an alkanediol

10 comprising:
(i) reacting an alkylene carbonate and an alkanol in the
presence of a transesterification catalyst in a
distillation column, preferably a reactive distillation
column, to obtain a top stream containing unconverted

15 alkanol, dialkyl carbonate and an alkanol impurity and a
bottom stream containing alkanediol and any unconverted
alkylene carbonate;
(ii) recovering the alkanediol; and
(iii) separating unconverted alkanol from the top stream

20 containing unconverted alkanol, dialkyl carbonate and the
alkanol impurity obtained in step (i) to obtain a bottom
stream containing dialkyl carbonate and the alkanol
impurity,
which process further comprises

25 (iv) contacting the bottom stream containing dialkyl
carbonate and the alkanol impurity obtained in step (i1ii)
with an aryl group containing ester and a catalyst to
effect reaction of the alkanol impurity with the aryl
group containing ester.

30 The present invention further also relates to a
process for the preparation of a dialkyl carbonate and an

alkanediol comprising:



stream cont ai ni ng unconverted al kanol, dial kyl carbonate and the al kanol
inpurity; (c) recovering the al kanediol; and (d) contacting the top stream
cont ai ni NYORAEI§EBt ed 20al kanol, di al kyl carbonate andPCREPINIRANEBE7
inmpurity obtained in step (b) with an a%%: group containing ester and a
catalyst to effect reaction of the al ka Tnpurity with the aryl group
containing ester, and separating unconverted al kanol to obtain a bottom

st ream cont ai(ni) nge26diiabkyh edkbomacecarbonapk| aofl eheaabeveldescithbed

orbodi Ten a0 Brel L gnces L0 Lskatln Lo e abovc dexer bed, generd

m a s?rgan1con€aining a di al kyl

carbonate andithe1abkanel conpuihi,t pre30campki si Rgacontactingitthetsbneam with
an aryl group containing ester and a catalyst to effect reaction of the
al kanol i npuEPLy™Rit ot REtady agieBp SEGREEI FPAGEASEER, UALSEVEPPES to the

two above-menuianed specifls progeases W 20111QL8448RGT ER2010406L587 -
20 - for the preparéation of a di al yl carbonate and an al kanediol, nore in
particul ar toostepm Ge)reand cothepifdhg réspeetiivel pndofnyaiud comyeprtedesses.
I n addition, éhe above-descri bed transesterification 5Scatalyst and ot her
transest eri f Pe&Vil6RScOGATPOI6HS 'are equal Iy applicable to steps (a) of said

two processesifigr heRrepar aticon 1efand adical;kyhdcar bonat e and an al kanedi ol .
The present invention also relates to a process for the preparation of a
di al kyl carbdnatie smtastdrkandd GoPLEEEREAT SionGainding FeservRg tad al kyl ene

carbppate and. a1 ahkangl, it he preserce of ad anseshenhiiqation catalyst
in adistillation ¢cdlum, gfe erably a reactive distillatron colum, to
obtain a top csttmeamdcant aitrRiphg iunednverinedryl group containing ester
and a catalyst to effect reaction of the alkanol impurity
with the aryl group containing ester, and separating
unconverted alkanol to obtalin a bottom stream containing
15 dialkyl carbonate.

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 a dialkyl carbonate and the alkanol impurity,

20 comprising contacting the stream with an aryl group
containing ester and a catalyst to effect reaction of the
alkanol impurity with the aryl group containing ester,
also apply to the two above-mentioned specific processes
for the preparation of a dialkyl carbonate and an

25 alkanediol, more in particular to step (iv) and
step (iii), respectively, of said two processes.

In addition, the above-described transesterification
catalyst and other transesterification conditions are
equally applicable to steps (i) of said two processes for

30 the preparation of a dialkyl carbonate and an alkanediol.

Further, the present invention relates to a process

for making a diaryl carbonate, comprising contacting a

stream containing a dialkyl carbonate and an alkanol



15al kanol , dial kyl carbonate and an al kanol inpurity and a bottom stream
cont ai ni ng al kanedi ol and any unconverted al kyl ene carbonate; (i)
recoveri rgotzhe/@B4anedi ol ; and (iii) separating unconvectrag2@iolersst from
the top stream 20cont ai ni ng unconverted al kanol, dial kyl carbonate and the
al kanol inpurity obtained in step (i) tc%btain a bottom stream contai ni ng
di al kyl carbonate and the al kanol inpurity, which process further conprises
25(i v) conta@hbngltbewb@htanls&yeaqmooptabnkagndhglkytecaabdnate and the

al kanol inpurity_obtained in step (iii ?% ?r contalnkﬁg ester
and a cataly§?t?éY§Ff§€te¢§§€FlSﬁa fip Oélﬁ&ﬁo? %Bﬁ Rfﬂﬁytﬁé aryl
group Conta'@hega%§ﬁearo§BTB%n95§§§ag b@%%@thﬁnaEébkﬁéhc@|&chebayes to a
process for the preéeparation of a dial'kyl carbonate and an al kanedi ol

conpri sing: owe zmxhelamaeezﬁespza\@@ﬁogx@gzpssegl and( thepeact i ng an

al kyl ene carbonate_and an_al kanal in t Rres f I rification
catalyst in §° H%QFFﬂpgfléﬁ % I?SSPS erabgy%ggggggF?vgf%?%??%ﬁation
colum, to OQh%bny@tLOgnsbﬁgaWhQ@@h@unmnghumh@n@embem.ﬁahkanohngdkabkyl
carbonate and an al kanol inpurity and a bottom stream contai ni ng al kanedi ol
and any uncofvérked &ﬁ%@P@ﬁéecarbonate (ii) recovering the al kanedi ol ;

and (iii) contaeti, %gr%%q Ogaﬁhr%%%&%@nE%E%b%%t%nQQHWEbB%le
carbonate and said aryl alcohol is phenol.

10 In addition, the above-described transesterification
catalyst and other transesterification conditions are
equally applicable to said process for making a diaryl
carbonate.

The invention is further illustrated by the following

15 Examples.

Reference Example and Examples 1-6

Transesterification experiments were performed by
contacting diethyl carbonate (DEC) and 2-ethoxyethanol
(ethyl oxitol) with either only catalyst (Reference
20 Example) or with both catalyst and diphenyl carbonate
(DPC; Examples 1 and 2) or phenyl salicylate (Example 3).
The catalyst used was a commercially available
heterogeneous catalyst comprising zinc, namely ZN-0312 T
1/8 (HT) catalyst supplied by BASF, which is a mixture of
25 zinc oxide (about 65 wt.%) and zinc chromite (Zn.Cr,0s3;
about 35 wt.%). The reactions were performed in a 100 ml
batch autoclave reactor equipped with a magnetic stirrer.
To remove air and moisture, the filled reactor was purged
three times with a stream of dry nitrogen before starting
30 each of the experiments.
The experiments of Examples 4 and 5 were carried out
in a similar way as Examples 1 and 2, with the proviso

that the catalysts used were different. The catalysts



10al kanol , dial kyl carbonate and the al kanol inpurity obtained in step (i)
with an aryl group containing ester and a catalyst to effect reaction of

t he al karmiD 20mpus448y with the aryl group contai ni ng est @eCI/ERp@o®ersar at i ng
unconverted al kanol to obtain a bottom stream containing 15di al kyl

car bonat e. Al'l of the above-described enbodi ments and preferences in
relation to the above-descri bed general process for renoving an al kanol
impurity fromsadstite@nsepita A rEda Sdivalreyla ¢ardeonatesmemnd tthe aalikanol
impurity, 20conprising contacti pg the streamw tF an aryl group containing
ester and a C3t&ystTits ePfeefe! egetFonSof 2t He?a Rﬁﬂgﬁngﬂﬁgri ty with the

aryl group containiig Est @!’—et@‘llﬁ(?le%sﬂ'o‘:{(itdé the tomuahqyec-gentigned specific
processes for the preparation of a dialkyl carbonate and an 25al kanedi ol ,
nmore in partirsdr@cttiyedtvep (iv) and step (iii), respectively, of said two

procegses. Th% %%d%&h %hit%% %&%}%1%e§p%Ege%aE&%%%e%h%rH%i%ation
catal yst and ot her transesterification conditions areée equally applicable to
steps (i) of sSaiid arwerapr ceessesnflers 30thel r,epdrtat itdie efroaridicalddt a
carbonate and an al kanedi ol . Further, the present invention relates to

a process forSfaki GRSy 1T eatHoRaté s dGri sitng deRvac 9oty %At eam

contai ning a dialky, carbonate and an alkanal ppd0 rFurther, the heavy
2011/ 018448PCT/ EP2010/ 061587 - 22 - "inpurity with an aryl group containing

ester and a catrdlopstta & refdfteécn ceadtsiigredofo thive alrkandlr duppwontde Wity t he
aryl .group containing ester i.n ac;tcordan%? w th a% Qn
n

. .0f
abov%-gdescri Fed Proces SESTARA A Hén 5Eont &6t Fhg it Staﬁel%ﬁfrlfaag%ﬁcez_gfwg

transesteri ficatdtory 1gacl WS tohedly 1ard rdireahgl, W-HPHhe dstgeamueentai ni ng
t he di al kyl carbonate. Preferably, said diaryl carbonate is diphenyl

carbonat e” andhsaivd &yiccaladsholanics Phierolunidentified heavy

contaminants having a molecular weight greater than that
of DPC (MW = 214 g/mole) up to about 650 g/mole. Still

15 further, the heavy carbonate fraction contained 0.4 mmole
of titanium (Ti). The specific form of the titanium
species as contained in the heavy carbonate fraction is
unknown.

The titanium species as contained in said heavy

20 carbonate fraction originated from the catalyst used in
the preceding preparation of DPC from DEC and phenol.
Said preparation involved reacting phenol and DEC in a
first reactive distillation column in the presence of a
titanium containing transesterification catalyst and

25 separating by withdrawing a bottom stream containing DPC
product (and its isomers), intermediate product ethyl
phenyl carbonate, heavy impurities, a portion of
unreacted phenol, a portion of unreacted DEC and traces
of ethanol. In a second reactive distillation column,

30 salid bottom fraction was concentrated by removing phenol,
DEC, ethanol and other light contaminants over the top of
the column, and further reaction into DPC took place in

salid second column. The DPC containing bottom fraction



10l n addition, the above-described transesterification catalyst and ot her
transesterification conditions are equally applicable to said process for
maki ng a WPaP1H018EBbonat e. The i nventi onPCI/EPRIDRELS87
illustrated by the foll ow ng 15Exanpl es. Reference Exanple and Exanples 1-6
Transesterification experiments were perdorired by contacting diethyl
carbonate (DEC) and 2-et hoxyethanol (ethyl oxitol) with either only
cat al yst (Refference iZ20Exawple)yeertwivehdbeth ldatabystoandndivghenyl carbonate

(DPC; Exanples, 1 and .2) or. phenyl sali.cylate (Exanple 3),Th tal yst used
was a conneréPQﬂFﬁtﬁga%Pagpgtﬁ8¥eF&SE%@%&?lggfawgg eégn%PFs%ﬁ%%zinc, nanel y
ZN-0312 T 1/ oHTbncatrakyst ppupphisedvby hBASEA whiaChhies tapmisxtrabe @f-oRbzi nc
oxi de (about 65 w.% and zinc chromte (Zn.Cr203; about 35 w.%. The

reactions wepalifecPoriad anf &he0OOMt OFatch Calit GEr&aPeé IPBatrat2eqG pped with

Burgen thr ee ETRRE i eSS Coam oF tdry ni FrogSh befor & SUAMt | ng 30each of
t he experi nestdicylateThesexpéli menhsacly Exenpliesed dndc3udeng €aEriFe€d out
inasimlar y as _Exanples 1 .an viso_that the catal ysts

d 2, with the pr
used were di PREr EntEPFhE Sc BFRINSPST ﬁbofﬁi1F§%8%&%ﬁ€TFEP§§fGF§§1§§7 - 23 -
used in Exanmples i4nand 29 oWer.e Tachelerggenepus it aniawmioxi deatTwe anat ase)
catal yst and a honopgeneous titaniun(lV) 2-ethyl hexyl oxide (Ti (0C8H17) 4)
cat al yst, respect iiveByrarptike texiger itasrt) G OFxams! é 26 tRds Pearfiled out in a
sini#gr way as _Exanples 1 and 2, with the proviso that a heavy carbonate

STLre . . . . .
fraction was "'used. ‘Said heavy carbonate fraction was nmainly conprised of

DPC. Further, thenhkeawpleabeanat €ufrtaeti dni scenthiened agtthendaryglacgrioup

cont ai ni ng 1%%%%%&%0%% %%%t%gs% Q%Sbfs% % %ip%Q%gégt%a%Ec¥%%te’ 2- EPPC
Reference Example and Examples 1-6. Under “Results” in
said table, it is mentioned whether or not certain ethyl

15 oxitol reaction products were detected. Gas
chromatography (GC) and/or gas chromatography-mass
spectrometry (GC-MS) were/was used to detect ethyl 2-
ethoxyethyl carbonate and phenyl 2-ethoxyethyl carbonate.
GC-MS was used to detect 2-ethoxyethyl salicylate.

20 Regarding all Examples 1-6, it appears from the table
that all ethyl oxitol in a DEC stream containing said
ethyl oxitol as a contaminant, can be converted by
contacting with a catalyst and with aryl group containing
esters, such as DPC, phenyl salicylate and derivatives

25 thereof. In all of the Examples, ethyl oxitol reacted
with such aryl group containing esters, resulting in
phenyl 2-ethoxyethyl carbonate (Examples 1, 2 and 4-6)
and 2-ethoxyethyl salicylate (Example 3). The latter
carbonates can be easily separated from DEC by means of

30 distillation. In some cases (Examples 3-6), DEC also
reacted with ethyl oxitol. This is not problematic as
generally the amount of contaminants is only relatively

small so that not much DEC would be lost. In these



(2- et hyl phenyl phenyl carbonate), 4-EPPC (4-ethyl phenyl phenyl carbonate)
and ot her unidentified heavy contam nants having a nol ecul ar wei ght greater
t han t hatWORODPES{4R\V = 214 g/ ol e) up to about 650 g/ noPET/EB2QI0[06158T urt her,
t he heavy carbonate fraction contained 0.4 nmole of titanium (Ti). The
specific formof the titanium speci es as®tontained in the heavy carbonate
fraction is unknown. The titani um species as contained in said heavy

20car bonat e Exacpiles,orhgi pabedtf cdmtbke etaval pst tededonihaphaapite@édi ng
preparation of DPC from DEC.an henaol . Sai reparation i,nvol ved reacting
phenol and DEBTi fita’f VPSS é&cgihgerﬁingtei P?a?irgﬁ (%dl9utr%ﬁ) iqr'l4t ﬁ]g'ﬁr'esence of a
titani um conkaishiiag,t rapseskeriibncalri eaicatahyst oando25separ atcng by

wi t hdrawi ng a bottom stream contai ni ng DPC product (and its isoners),

i nt er nedi at e TpEvdbet 18t ByPIEREAY (dafboR&Ndl Ke&FOFNBGFYE €6TPRNE5Ft i on of
unreagted phepgl,,a RALL! oAk Ul gacted ;DECapd Ligaes o ekbaggl . In a
second reactive distillTation collum, 30said bottomfraction was

concent r at ed meynisentdvidig tpiénali onDEChuet tanel adsd oelerl tlsi ght téent am nant s
over the top of th? cal u%, agd furt.herl react iD%rE into DPC took place in

sai d second E6MGHRL Phe BFCLONtaCihg Tbdt 8m Ffaction WO

2011/ 018448PCT/ ERRQLOAQ6158¢ ivuddr, freomrsand seeapdekeacuiverdi stillation
colum was subjected to further distillation, wherein the main portion of
the DPC was evecheadddovi &hehaalds sthrdamerdircs &b 6rEGPRc&n@ it Re bott om
stre t herefraom tal th i I DPC a i .S .Qf (Gsuch as
phengﬁn sal i c;}:legtaét)g%%sl%meq;%%ggs%ﬂ\g%\?}y iogp{g)r%ict’i gso % :}ngﬁﬁ i r?g r%-lggggeé% 4- EPPC
as menti oned salkovermameh tt ictfamiErmwsize diceseals biye niclaanednaldv ®ECThe theavy
carbonate fraction that was used in Exanple 6 S ken fromthe |atter

bot t om 10st r E&MY ITRE 1481 e S5el*W ™ Gt KT rliqtsf“él\,\c%h@ dt awrr?d"’ﬁ"ei(?tri on

the only (Examples 1-2) or main (Examples 3-4) ethyl
oxitol reaction product was phenyl 2-ethoxyethyl

15 carbonate (Examples 1, 2 and 4) or 2-ethoxyethyl
salicylate (Example 3). The results for the Reference
Example show that EEC is indeed formed in the absence of
DPC and phenyl salicylate. Thus said Examples 1-4 show
that even though DEC can react with ethyl oxitol, ethyl

20 oxitol preferentially reacts with an aryl group
containing ester, such as DPC or phenyl salicylate,

rather than DEC.



conditions and results of the experinents of the Reference Exanple and
Exanpl es 1-6. Under "Results" in said table, it is nentioned whether or not
certain evbyb11liBesBt ol reacti on products were detected. PGREPIOONESDYr aphy
(GC) and/or gas chronmat ography-nmass spectronetry (GC-M5) were/was used to
detect ethyl 2- ethoxyethyl carbonate and phenyl 2-ethoxyethyl carbonate.

GC- M5 was—used to detect 2-ethoxyethyl salicylate. 20Regarding all Exanples
1-6, it appefars| frlomithe table that{al|l ethyl gxitol [in|a C| stream
contai ni ng sfai d_etlhyl| oxitol as g, cpntiamnant, |can bg converted by
contactin V\T'th@a cat|al yst anhw(yt;h ariyb |gr dup |eont aijmi ng estess, such as
DPC, phen sal icykatle and |def¥vati ves 25hear edfs, 1 n &l | cofSt ne Exanpl es,
et hyl oxi ot reacted w g sucir a{ yi | group contginingresters,—gsulting in
phenyl 2-et hloxylet hyl [canbonate (Exapplles |1, |2 gnd 4-6¢) and 2-5-29)hoxyet hyl
salicylate ([Exanmpljel 3). |The,l atter carbongl s dan be|easi-ly_separated from
DEC by meea,Ps of gscgi sLil Lat i-o1c.; n sorﬁej clases (|kxanpll es 3- ﬁ C also
reacted wih etlhyll oxi t oF [Thi<? |§ hot pr obllemdt’d ¢ a<~>gn‘ﬁe'%\l Y theTanount
of contaminantg ig only|relatively small |so [thdt not |nuch DEC swul dgbe
lost. In [these | [&5(- Exanpples,|the anmount |of |t he efhyl ,oxitpl contam nant
was set at g valuein the range p? from2. 9 |to[4 4 wi 9% ©Besi des "t fre
reaction |of |sai|@ gthyb ¢xi ol |am [h DEG-—r gsulits [i>n a product— ()5 e, et'hyl
2- et hoxyet hyl qdarbonate|5(EEC)), [ That [canf aljSo [be easity SEpa ‘Tgltepl fr om DEC
by neans |of |di gtil|{l afi opn. Thus this| aljso [requltis in {he|lrepovpl ef the
et hyl oxiltol| fr[dm|{DEC" Mor&,in pRiticular|? rlegatdi ng Exanpl-gs| d- 4, ik
appears fipm thes tiabll€ that.;despl el t hel gregende of a'lg%e at yely large
amount of —BBG—re-tertenly—arelafivel v sy | agolnt oF FEC Yia Ofcgrr%d by
reaction [of [DEC wijth|ethyl [ox|tol, [so [that no gr not |nmuch PEQ-was | ast. For
the only |( EXangkes~1{2) |or | ma| n [ Exanpl eg«3-/4) |et hyl |ox|to] rgactd om,
product was |[pheryl|~2{et hoxy&t Ayl [% < | o I A T =
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15car bonate (Exanples 1, 2 and 4) or 2-ethoxyethyl salicylate (Exanple 3).
The results for the Reference Exanple show that EEC is indeed forned in the
absence dVORPQ/HEHKH#Sphenyl salicylate. Thus sai d Exanpl e®CTER2&IHEMBhat even
t hough DEC can react with ethyl oxitol, ethyl 20oxitol preferentially
reacts with an aryl group containing estef,” such as DPC or phenyl
salicylate, rather than DEC WO 2011/ 018448PCT/ EP2010/ 061587 - 27 -
CLAIM5S 1. Process for renoving an &l kadoll Mpurity froma stream
containing a dial kyl carbonate and the al kanol inpurity, conprising
contacting the streamw th an aryl group containing ester and a catalyst to
ef fect reactiign Sebcthe abkarehokipyr bhy aWkbhotthemauyh tgr @upmcant ai ni ng
ester. 2. Process according to claim1, wherein the ar%] group contai ni ng
ester is di phéagRTcarpsRaneny a diadkypr 6égdenacCordrng o3 ¢kal M2, wherein
the dialkyl 10egr000a! 8ok -2 GheCLARkANY, caLbanaten Rieherably i ethy
car bonat e. "PBfoceds actording to any one of the preceding clains,
wherei n the alrbapolconmpuniihg iestamr enkler akkadglst mor efdpeci fricealtlipnan

al koxy al kanol_, nost i.fi.cally 2- .
g of the al %%%l i%%u&%t% w%%%t@%éyggg'n%Ebup contalining

ester.
2. Process according to claim 1, wherein the aryl group
containing ester is diphenyl carbonate.
3. Process according to claim 2, wherein the dialkyl

10 carbonate is a di(C:-Cs)alkyl carbonate, preferably
diethyl carbonate.
4. Process according to any one of the preceding claims,
wherein the alkanol impurity is an ether alkanol, more
specifically an alkoxy alkanol, most specifically 2-

15 ethoxyethanol.
5. Process according to claim 4, wherein the dialkyl
carbonate is diethyl carbonate and the alkanol impurity
is 2-ethoxyethanol.
6. Process according to any one of the preceding claims,

20 wherein the stream containing the dialkyl carbonate and
the alkanol impurity is contacted with a stream
originating from a process for producing diphenyl
carbonate from a dialkyl carbonate and phenol and/or
purifying crude diphenyl carbonate, the latter stream

25 containing a catalyst, preferably a titanium containing
catalyst, and an aryl group containing ester, comprising
preferably diphenyl carbonate and optionally one or more
derivatives of diphenyl carbonate, comprising preferably
phenyl salicylate and optionally one or more derivatives

30 of phenyl salicylate.



5. Process according to claim4, wherein the dial kyl carbonate is diethyl
carbonate and the al kanol inpurity is 2-ethoxyethanol. 6. Process

accor di ngvVogoaMI89BRe of the preceding clains, 20wher ei n PCREPIQIDEGIHST

contai ning the dial kyl carbonate and the al kanol inpurity is contacted with
a streamoriginating froma process for 9toduci ng di phenyl carbonate from a
di al kyl carbonate and phenol and/or purifying crude di phenyl carbonate, the
| atter stream. 2Broontai acngrdicat abysty pref efabhy arecedahdgmcésntar ni ng
catal yst, and_an aryl group containing.ester,, .c Lisin referahl

di phenyl carHBﬁﬁﬁé“aﬁB%053F88§|Fﬁ“&ﬁég6Pgn8r§l8§r'&a§96%898 edF%ﬁeﬁ?F
carbonate, cenmmrensiingnprefierably ophenykdsaki eybabecand fopt icoral |y one or
nore derivatives 300f phenyl salicylate. WD 2011/018448PCT/ EP2010/ 061587 -
28 - 7. ProP&spazecordi Ag todany <dhe CorORe ter 686dRg 2dkarREI Odher ei n t he
st ream cont ai_ni .a:di.al kyl carbonate and the alkanol inpurity is obtained
by aa%}ocesscggggfﬁéqgfeparation of a dial kyl carbonate and an al kanedi ol
5conpri si ng: (a(akereadhigngnanlakkygheneacarbenat endndnanlakbkadolini fhehe

presence of a transesterification catalyst .to obtain roduct .m xture
cont ai ni ng uﬁ&&ﬁ@éﬁcﬁea’%alakﬁré‘ﬁéeéa‘%%&%&%éé‘, lﬁﬁc&ﬁ&é‘h@% glokgg%la,mdiaal kyl

carbonate, 1Qalkanediglkrand annalkanely ARWhHviYted R kSeRakat i ng
unconverted al kyl ene carbonate and al kanediol fromthe Eroduct m xture to
obtai n a t op cstrbeamteontaichinyg rirscomtdeied aldkandly,l dicaloryiet€ar bonat e and

the abkanol "LARULILY.)1506) Lecayaring e alkanediol ; and (d) separating
unconverted &I'kanol fTrom thé top stream containi ng unconverted al kanol ,
di al kyl car banat ecandatheqalkanol cirmpudr stk yakthal nedbionastepn@b) to obtain a

bt tom st eam cont aini ng. dialkyl carponat and {he ajkanel 201 puri ty.

stream contailning unconverted alkanol, dialkyl carbonate
and the alkanol impurity;

15 (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

20 impurity,
which process further comprises
(e) contacting the bottom stream containing dialkyl
carbonate and the alkanol impurity obtained in step (d)
with an aryl group containing ester and a catalyst to

25 effect reaction of the alkanol impurity with the aryl
group containing ester.
8. Process according to any one of claims 1-6, wherein
the stream containing a dialkyl carbonate and the alkanol
impurity is obtained by a process for the preparation of

30 a dialkyl carbonate and an alkanediol comprising:
(a) reacting an alkylene carbonate and an alkanol in the
presence of a transesterification catalyst to obtain a

product mixture containing unconverted alkylene



(e) contacting the bottom stream contai ni ng di al kyl carbonate and the

al kanol inpurity obtained in step (d) with an aryl group containing ester
and a catVWDy8t1/4184485ef f ect reacti on of the al kanol i mpuPCTEPRRR6ISEE ar vyl
group containing ester. 8. Process according to any one of clains 1-6,
wherein the stream containing a dial kyt Tarbonate and the al kanol inpurity
is obtained by a process for the preparation of 30a dial kyl carbonate and
an al kanedi okacbopeitsi, ngncopae rtedctilignan , alkyléye carbonaté and an

al kanol in the presence of a _transesterification catalyst to obtain a
pr oduct nixtﬁﬁ§a88§98ﬁnﬁﬁa 3HC8§V§P9 dlgp%§ﬁéﬂé VO

2011/ 018448PCH) ER2Q10406158%ncod9er tear horgliencunaenvertedaakbkanol , dial kyl
car bonat e, al kanedi ol and an al kanol_inpurity; gb) separating unconverted
al kyl ene car békanedand arREnEBOPTPATMtt Ré XpréGust RPXBdFed ¢%8btain a top

5stream cont aini.ng %@%9@%%§h§dgg'cm§&te@i gggghﬁg)@r bonatkeiand g .akkanol

inpurity; (C) recovering kanedi ol ; contacCting the top
st r eam cont aienidng henedmeectled mplukangl;, di al kyl carbonate and the al kanol

inmpurity 10obtained in step (b) with an aryl group containing ester and a
catal yst to éF$eE?CP¥§59P8ntgF ?ﬁ%agﬁaéﬁﬁr ?ngrity with the aryl group

cont ai ni ng est@r coandcsepar ahkngoncenvent ednabkanely Lecobtairiea bottom
stream cont ai ni ng di al kyl carbonate. 159. Process according to claim7 or

8, wherei n t hékahkeyl, enld ad&vBorardons tet myceidec arlbanatie 1MPRe lconver t ed

a kapgl 1s ethanol.eq ne dialiylcafihanate s digtinl earbonal dher

al kanedi ol i s nonoet’hyl'ene gl ycol and the alkanol Tnpurity iIs

2- et hoxyet hareld a catalyst to effect reaction of the alkanol impurity
with the aryl group containing ester, and separating
unconverted alkanol to obtalin a bottom stream containing
dialkyl carbonate.

15 9. Process according to claim 7 or 8, wherein the
alkylene carbonate is ethylene carbonate, the unconverted
alkanol is ethanol, the dialkyl carbonate is diethyl
carbonate, the alkanediol is monoethylene glycol and the
alkanol impurity is 2-ethoxyethanol.

20 10. Process according to any one of the preceding claims,
further comprising the step of removing the impurities
resulting from the reaction of the alkanol impurity with
the aryl group containing ester, from the stream
containing the dialkyl carbonate.

25 11. Process for making a diaryl carbonate, comprising
contacting a stream containing a dialkyl carbonate and an
alkanol impurity with an aryl group containing ester and
a catalyst to effect reaction of the alkanol impurity
with the aryl group containing ester in accordance with

30 the process of any one of claims 1-10, and then
contacting, in the presence of a transesterification
catalyst, an aryl alcohol with the stream containing the

dialkyl carbonate.



2010. Process according to any one of the preceding clains, further
conprising the step of renoving the inpurities resulting fromthe reaction
of the alWaRB1/41f#8rity with the aryl group containi ng &T&P2010{06IF8T he
stream contai ning the dial kyl carbonate. 2511. Process for making a diaryl
carbonate, conprising contacting a streaff containing a dial kyl carbonate
and an al kanol inpurity with an aryl group containing ester and a catal yst
to effect reaéti 8moobsshecabkdnob itapaiitiy Wit hwhheeanylthgr ddprednt ai ni ng
ester in accordance w th 30the process of  an ne,of cl ai - 10, .and t hen
contacting, FA* ﬁ@a6Fe§§n§ép n ltFﬁﬁ%@?é&?i%F%agpgnaégﬁagégéﬁ%gnlgryI

al cohol withphbecstream containing the dialkyl carbonate. WO

2011/ 018448PCT/ EP2010/ 061587 - 30 - 12. Process according to claim11,
wherein the diaryl carbonate is di phenyl carbonate and the aryl al cohol is
phenol .



