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WD 2007/ 096342PCT/ EP2007/ 051585 - 1 - PROCESS FOR THE
PREPARATI ON OF AN ALKANEDI OL AND A DI ALKYL CARBONATE
The present invention relates to a process for the

%&9‘%@ PRl of an al kanedi ol and a di al kyl cag %@5@@53%

€ par |cularly, the invention relates to a
for the preparation of such coﬁbounds froman al kyl ene
5car bonate and an al kanol . Such a process is
known frome.g. US-A 5,359,118. This docunent

di s¢1 056808-RE0EEE St MBIERAATOEL,E48l ol enton ano

car bonat'es "are prepared by fansester | 1iCation o

al kyl ene carbonat e w t hDAALRYICACRRECHAGE. Ther et o, the
10al kyl ene carbonate and an al kanol feedstock are
reacted countercurrently in a colum. The al kyl ene

car bonat eTHes pimtseodud:adethcm tﬂmé.almysemoparpr@cﬁesdnefor the
columm_and trick The Fano

|
f eedBT IR Tt 8 A" 2 RareS i kst i A%4f  Eapgonate.

coanosermaﬁﬂmruﬂdra@oltaedlﬁwénxiderkﬁdtabkyb a process for
carbonate, is fed into the col um ower ry. The

o kahBE YRR LhRAr 87 aRHoR SO CEPEUFR AL USRS I

t he abkydeats: cardbanatekhfodbt ai n di al kyl carbonate

th unreacted al kanol as the top effluenf _apd_t
A kanedi oG ¢h PEHGSSRL & G BARE0F - de. SBThe Hott e -

ef f | vens . adhendmp dekbliuess 4 spsddiectiadwhachXxaf acfioe
distillation to yield an al kanol -rich stream

conpiikihy agrdamiakgsobranaremanad Ao resseptenefication of
di al kyl . ¢ 1%§fbﬁtc%-rfa$¥15§ S&Iﬁﬁ‘rﬁ 2c§1ched ai9ahB%. cpl &S the

part of t ano sto process di scl os€s

thle ﬁfk@ﬂ@mﬁo&hga bﬁul i:ﬁlgaMIWlO%%H§to&HC$Ir@Sreacted
poly Col s wever t he nown proces oes n
addrg%‘)é/“‘i?r’ec‘lp‘?rc?&t&% &P Enehdt d Wi %iwgﬁpﬁo?ﬁwate is

by- pi RttsdscedSUGR obyYhRr agygi: sPazlaﬂ dokhensbaige HEd trickles
carbon di oxi de _that nmpy be fornmed due to the WD

2007 OB P RRENS00 IPB52 bRnol feedstock comprising a pure

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

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

instance be carbon dioxide that may be formed due to the
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- 2 - hydrolysis of alkylene carbonate by small
anounts of water that nmay be present in the al kanol or
any other starting material. O her by-products that

Teolfub8hc. 51t has now been fount Lhat. tno TOUFARTESISS

of lower- boiling by-products dan be prevent ed by
creating a bleed streamin the al kanol Accordingly,
t he Iprdasvénrtsiisnvénalbyﬂqﬂeowad@@natpr brpessaforamdyats of

pre%r%t'%ﬂa f?% n];? nedi ol %th?k {LQAA%’J. ]% g{'?fﬁer

conprising |ng an a ene car
W t rstartalnlgametefemﬂst@mem m:dzeprbdamesﬂmt fmagatieoformed
condi ti.on ye dIStI|| n.zone

ct Q obtain a
top StTesEH coﬁ%aiggbn)é rl?)ﬂlocarg Hare ot tahceERO -
aI kanol andhas bodw dmmest rfemm:lcormtl shagouiied a:lpka:rﬁedibwér—

paratin he top stream co i.Si N l.kyl
car h élga% g%é‘é??san a ﬁgrgﬁegp %%%Yg'? % r%ér Bafi-eed
and s&trdalaai Kyl thar boradet mc:cda:rsmhgam (e peome iingention
t he di allz&i)é carbonate fromthe dial kg car%onatgk Q 1
str SRAVIERE 20PHTCTRT YT (B CaPTFRASE S HAP 0031 e kansdio
aI kel = Id&hlﬁﬁr[e@m&@qdﬁif dompeticYRgdi stillation zone
part of the al kanol dst ock, . wherei

h
aI ka??dl - FPER2SHRAMT §1§i¥ =i ﬁa’é]i’o‘l‘%%%tmt"\t/\b%ﬁoﬁ‘tl?‘ﬁﬂg,l

and fedsfashk QHBePOffddtdteragndanset astiidients 4af nom
conmpounds with a,l ower boili nrgwpoi nt . than the al kanol .

AccdrifiGid Vo di Ak bkt FMPenti BREERR Al Wkhd=8h

st r eaiddi@inyhe 14 0Ry BtéHaBrftet RBdEXhE 8T kaH1 and a bottom
distillation is split. At |east one part is condensed.

The %ﬁ?@ﬁbéﬁ@ﬁﬁ%hn‘éawebéﬂé@lﬂe@'&@a'l n a nunber of

way sip)AN sagu ARt BOLOUSd oS @Y rean E8mpRidass dikakglir eam
via a lLiquid or air cooler in order to condense at

| eat2RNRtEf apfetYapplifanddr dmtehancahbriled Yoty ditgean and
Vapof Qs 1kQwe ks rMh 20074 Q9634 2BGH1EP20071051585

{c) recovering the dialkyl carbonate from the dialkyl
carbonate~rich stream; and

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

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

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

of the vapour. From the condensed liquid, wvaporous lower
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- 3 - boiling conpounds are separated and renoved from
the process. In this way a building up of |owboiling
conmpounds is prevented. The process of the present

i.nvention includes the 5transesterification
gf%@f’%@%‘“&ar bonate with an al kanol . This Veribrommsisss

transesterification reactionTs Known, as is appar ent
frome.g. US-A 5,359, 118. The starting nmaterials of
t he toidnsescempbiinds | ore sy aneekdr abflyrendeed dd-dm die

C2-Co, al kyl e thonat e - Oalkkanol.s. .
pr ef%rroacrﬁsglé't Eg gf} 5?#% arr751‘3[?]gLrllg':lz];lLIng4 gg’eggt ﬁ@?elﬁoellwge
car bomatomnals psopyéearteds bonat e and met hanol, et hanol

or isoprqpangl . The t. preferred. al kanol s .ar
met hanol BRAPEPREHGICT THS CFAREBCE 51T T EATT on eresSi 5™
advantageaitelry fibeaion edlf cit dalrkydecsl vanbomd oe whitdh an

t he kyl ene _carbonate is fed at .the u r _part,. .such
 hars oo ghahe Rab San i B tHo aBREL R THd ) s
cur rentapp@ireatt fwbihhe LpwarsHay snosionglal kanel s tahhteing
product of the reaction is a dialkyl carbonate. and.an

e e R e TR LS s s L9

t he sypeitaRitrodf Cbhes Col kifierds dai®ohape safi¢ar -Clhe

al kanediol is recovered as the bottom stream The
t r ansBetrerlist.i dareonreferakbwvibihe copdtineomaeiinls are

pres t ' l&.C h RS ,
D eaifille RaERRRRVE o PERRIACCRAURLE, TONE fRatHnoL
oxi desharpidrexiidepronscehol Heesiosanpgeserved sl hapagfs are

al kal 1 1Bt Al Snd efhanbithium sodium potassium
rubi di Um and caesium Preferred catal ysts are

hydr oxi d&&eortrahsehbént Bisadfioposisyi L advagdiaanusly

that T o ety 280 o RS O S (B Ponace

be atsletbdastsutle oprbéeiparforswd ithagi the alkylene
carbonate flows down in counter current contact with
upwardly moving alkanol. The product of the reaction is a
dialkyl carbeonate and an alkanediol. The dialkyl
carbonate is recovered at the upper part of the column as
the top stream. The alkanediol is recovered as the bottom
Stream.

The transesterification is suitably conducted in the
presence of a catalyst. Suitable catalysts have been
described in US-2& 5,359,118 and include hydrides, oxides,
hydroxides, alcoholates, amides, or salts of alkali
metals, i.e., lithium, sodium, potassium, rubidium and
caesium. Preferred catalysts are hydroxides or
alcoholates of potassium or sodium. It is advantageous to
use the alcoholate of the alkanol that is being used as
feedstock. Such alcoholate can be added as such or being

formed in situ.
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suitable catalysts are alkali netal salts, such as
acet ates, propionates, butyrates, or carbonates.

r itabl e catal ysts are described in
%guﬂ‘m 9?5‘3 118 and the references mentioned trﬁérfxg?%’msms

such 5as EP-A 274 953, US-A 3,803,201, EP-A 1082, and
EP- A 180 387. The transesterification conditions
are knowathart el taltleamdtadivsabl yrénel kede. aetal salts,

ten%%ﬁ%k%reafr mc4£)b|pyr J-nongfﬁgndlmt rgéégr J éyﬂb%gates

refera fessure 71s
at nisphdueirc suThebl e nqeerstyste depeddscnnbédminﬂ kanol

fee C Ssur € used The te erature. i.s kept
sucﬁﬁ{%hg 359 giglose &7d eA68585t e bt f%é%fgeﬁ r such
of tdwe E@l- maﬂnh,9939.U$ﬂAt3}853C23mQVEP%he1¢HﬂJ|am@

poi L h ase of nethanol and 15at nospheric
preggiféqabhg ?enperature is close to and above 65 C

for inStahéetbﬁﬁﬂﬁﬁﬁéﬁﬁfr@adlﬁﬁ Eonditiondhere known in the

transesterjification re on i s advant ageously
onthiE: G0 A0S e T A e Sn AR EACH T cratat 20 [5p08 “C

di stdrld at be8ssatenFroniscao Iéﬁ)OnH?aCOPli@fé’]ratHlQMS tet h
20bubbl e caps, sieve tra Raschi

ski 19T 3pEFs oi ﬁ}??er%ﬁﬂ%&ﬂ?spﬁﬁflgevgg%. %ﬁﬁ%ﬁ%ﬁ&§eaﬂapends

trawrcank gukahbonseddddodre ap@spirbkgurd esad kyihene
carbonate will be fed at the upper part_of such a

col JRTPEFEEWERI 17| BRP PR FREtal kyt Bnel 3 Hoh&NE @PPre
genedrd yihay Qogéblcgbedheb@ﬂklaﬂgwoéné tdnd e °c above

al kanol . In the case of ethylene and propyl.ene

car Ho1fae 1L ABI aPRHR eI cthseolcrﬁﬁﬁgosomﬁ%%arwle aove 240

C. Higoalhekebepeas Honat &nd llbnbbowt dpani SV deN@o and
trays or rings and brought into contact with the

aIké?Rﬂvetﬁét £r ofRT upvriracenkesvepe 65 and 70 OC-

30transesher i figadd Q- GalakYsh tsabolrRyenedsantdghodsty
an al kali netal alcoholate, it is also introduced in

t he QRSEICEREr inoP EREIRD|THARISTRE Wi KANtIC st odik kpsa
I ntrpdiieeda2icf LOVEHn PUdtce, THE h§FISEOSKMBYRR with

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

introduced at a lower point. The feedstock may be
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vaporous. However, it is also possible to introduce

the feedstock into the colum partly in the liquid
is believed that the liquid phase ensures

h
ﬁ‘f‘g’f’i’gw%ﬁ'ﬁcentratl on of alkanol in the I ower §EQ%PF°°5@51585

the colum with a beneficial effect on the overal
transesterification. It is distributed over the width
of tdmndle taehy vhaoth@sirﬂaneu@nd tiheieoklsm pqﬁamhﬁﬂ $o0
The r ga% bet en th§ oro S d th mng% agk %Be
t he &l Kanol© SSF%% ar|8dCB et &r
10rahgﬁﬂxifhesvapouriélmhmxbumﬂ ghhtraheoliqufﬂughﬂﬂey
from1l:1 to 101 wt/ wt. The rs skilled.in.the
o S G AP | A e, PR Sabeiat | 1 e 1oWer
equiﬂai:h:r idfmtheaebionn Wit ef we@efhelahaéff@aﬂ t(ﬁb|t)he
excess of the, 15alkano

SRR ARG AR LT R RS PR 32 R AR TR

25: JWJ.cﬂﬂﬁfOQT abkycbrem 6iila tthel InletNBhe ﬂﬁ@fcﬁj'laﬁlny
from7:1 tqg 9:1. The ampunt of catal yst can evid

be nﬂtfr?rgﬁ&|5| e he SRt Hb | RETHASIN£ES| HEPRFRYS (81 & é)équid

5.0 94t bﬁsmeoam&mi efee ATRAN AR, b0k £f &f Al twelhomWi de
0.2 to 2 %, F reactive distillation results

in aEFFHFSst TB&nV &BAY B Wiy weighsl kgFieatotkitt@Rdng from
any exceass jgnnegeygd, al kanol, and a bottom stream
containin% t he alkane.diolland the catalyst. Due to

sone wat &Rt REFsemys bl Ieshtidi §88 25F nWihle MIRardptsbhe

hydrol e t@ithea el by | enefahanabe: fRYrdake 4l .ace,
form ng al kanedi ol and carbon di oxi de. O her

| ow-Bifusiegehy bpr Bkt sSWitadbdit SHCAGKL 8D cifreRs of the

al defydes,: kehangs: apd-A i1 8N§ 18X HHeSto ThE PO Parbonate
streamis suitably subjected to a 30separation of t he

al kakfedivditabtne£868, 5t hetdhaAX:dm sreéanmhbly stran 6 l to
sui taply i@ bracli el i £el.4Moi 81O arhe amount of

catalyst-rich streamand a strean1conpr|3|ng t he
al kegiddilolstagdn epidonaly Yoo sJowh ghRiher. Pfiteble amounts

include from 0.1 to 5.0 %wt based on alkylene carbonate,
preferably from 0.2 to 2 %wt.

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

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

alkanediol and, optionally, some alkanol. After
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e.g. by further distillation, the al kanediol is
recovered as eventual product. The catal yst-rich

sui tably recycled to the reactive
g‘;éfﬁﬂ’a i"on zone. Also any al kanol that is Specgémrrez&omgmsss

5from the bottom stream can be 6Irecycl ed. The top
streamis subsequently separated into an al kanol -rich
st r e i ad iginal Ry . cay bordtherr idgstét tetbon, THike can

o SATPL OIS Rcueted A en fRICKEb0u S, B |
1Oco¢a1%1p{ﬁtd|rnghdsark§rm tarsdhonatdy frerprag@ote dfes reactive
Therefare sinple distiifation ”%a'ﬁ}%% bg E’Ufélstep 69

achi eve a sat sfactory separ at i%on erefore
pr ef &ranedHeo bas e omnsex¢ammotaantoet aekgcilbdt at e t he

separat i tweep the dialkyl carbonate an

S hanal | HeDELBeeR Al (4 BbeofRh PRI S nro an

con‘;mlk&imlﬂrﬂcpastremhaancal&@ii@ll&yiut:hrhﬁn@tt&mlqh Gtream.
However t is preferred to

ol dR Biikee kb Joi B Bl sk FARH Y, However, as

advarrtda:gmnesﬂ tia Ubt—Bl B, 33, ISepaaati ablkanolfeapd asrrice

of the alk ne e that 20i s _bei ng used as

Ot arsorir snaranngy A APRE SaxEmetar SPRIngHs Ot ot

ext regdtam rdi &&mbllatdw@timawl@fnefnabl o€ ol ugd £FE d iRkntw o

colums,. In the first colum separatign is_achige

ved
bet viEeH $¥fe 2aFREASE2 SR scﬁ%’-’WPOBar bbrEeEyre /95

25al foyd folre-e@aiBo0ak Cafi &ttt ant £Be rSecoNEk o wh the
separati on between the dial kyl carbonate and the

al ky}SF AdCBoREFESFR Hethi BdY TﬁérQPﬁi‘/F%naen%Jrh@oﬁ&tk@nOl

i s sthd ahlteaceeyie! 88ntwe thel ddtedlt re8hURENY OdorRNRWR] i
use as extractant. The ratios between al kyl ene

car RAEIEURE SO5PRAMDI SUFt 3 BPeBRd - caF boRbidteandlovever,

di al i<ﬁ/|1§%fr*é%§!r§d0@8 O VA I8d R NeEE ¥ Ao ARIRS
Sui t abl e ran%es include from0.2 to 2 nol es of

al ky$Ene n&Felperosipladigmtageous to obtain the

separation in the presence of the alkylene carbonate that
is being used as starting material for the eventual
alkanediol.

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

from 0.2 to 2 moles of alkylene carbonate per mole of the
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and di al kyl carbonate, preferably from0.4 to 1.0
nol es per nol e. The distillation for this

%ﬁpﬂl%%?ﬂ conditions can be sel ected within pgMf&,007/051585
ranges, as the skilled person S5will realise. Pressures

may suitably range from5 to 400 kPa, and tenperatures
from40 to 200 C. In view of the stability of alkylene
car boratef Ei&aneppenat dialisl sgvdenageoustsfvaow fogom 0.4

C, whereas jfheg B?ﬁrm ggperature is determned by the

boi I 1 ng poi nt of e 10al kanol . Wien two distillation
col ums &he déetiillatien praef ¢hiedseparaptiietcargitions can

Sepqgéuéé¥é#ﬁ%\M%?Ehghr@fﬁg HY éy,aggykhe skil%sd person

car bonat e/ al kyl ene carbonate m xture at a hi gher

pr essilrle, resuldlseas PEOs surd nakPauigablivheasee ofibm 5 to
sepa [ bet n_dj nat.e.an lkyl ene .. .
Tseat B Sh SHap B i d FAH A" B 208 G Wy ew of
Thi stive |dtaddilldwyaofudikyler logardbowatenpbe atempetagure is

retain a.satisfactory stabildty r._the k
car b %%netaa?ﬁgugﬁyeg?li/ Y en sgﬁaﬁfé\jt%rrgésbgﬁ%/\e%é{? e
car bosgteer atmimeo isdde tdhwei b chlbdgy [theabbohabe obira red ths

recover ed .as _product, .20o0pti anal | fter further L

puri?f’@ﬂollo'n.wel?ﬁli PPt R 1p‘—:ﬁ:rliofni %gtaL ,‘-%‘ﬁs rr%%e c%srrepdr'i J& s

furtpesfatirdd thatbadust efhorsaaraaioaxbbangen sdl¥mnads and

descrj bed .in US-A 55  368. The al kanol -rich .

O i SBeBe e (3R e sartePaRe BhFBOFS (45 2 hisher

conpetssisard,n soad asbedi tent2d hebat, 0anA5StBé r €atdrids

split in two or nore portjons. At |east _one portion is

c00l TP Ah KE TPRE R KEHON . CGTRSRGES, 202 TkyLene

| oW Dt dritgC @RPAUREri Préfunsgpaiets aphaseo i 50 rravatis

The co deqts}T%d al ka?g\lr_‘ s then recycled to the react.ive
td £

di st¥t Yz §n&Y hovght UeBREDBBF T Rt 2 ot S

30maya bes Rrdoaivnedabnl i be fduind phageehbecPpristitie and an
process, provides a satisfactory renmoval of such

conpBthtfs: SNt SEREFAET ORBOIT SN EhE2F PHUR tF af RERRNS - The
af t eqi £o0HdERSA AR tESobEEVdEd d @e3boBréd) as e SItEP

(0) STy Aeeds 200inor P T htian. This Farther
purification may comprise a further distillation step or
an ion-exchange step, as described in US-A 5,455, 368.

The alkanol-rich stream that is obtalned is freed
from low-boiling compounds. In one embodiment the top
stream is split in two or more portions. At least one
portion is coocled such that the alkanol condenses. Any
low-boiling compound in the vaporous phase 1s removed.
The condensed alkanol is then recycled to the reactive
distillation zone. Although some low-boiling compounds
may be entrained in the ligquid phase the present process
provides a satisfactory removal of such compounds. In

another embodiment the ligquid alkanol after condensation

is recycled to step (b). When step (b) comprises a
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-- distillation the liquid portion of the al kanol is
sent as reflux to the distillation. A conbination of
both recycles is al so possible. US-A 5,359,118

mentions that the vaporous al kanol- 5rich stream from
MHO2TO634%2 | ation is recycled to the reactive PCTEP207/0S158S

distillation zone. It further &escribes that the
recycl e al kanol is introduced into the reactive
di stdidtatlilanizanehat 1 aqpiad o rabowve of hehé nd Ylodhudt ilen seht as

pure ke-up kanol .. According to the docunent the
Do e 88, Shi ont Ll TE ol E8nbOfAGESH T ok
par tteaiytcdrest he diabkydseidslzanate. In the present

i nvention the_a nol -rich . stre is split in at |east
Lo nor ¢ PERaS s asSoll s reibigres BBak  PEF arpoknd aagaRb1-
one PiafH istream Fhen tapdiessadaaidnldsecycyEkddso the
vapour recycle streamto the reactive distillation
zone?e%tﬁ‘)éaéﬂsﬁhélﬁh%‘? 20 o FETERATE %%“:EH‘?& that the
freetdyQ@ :0Wahol | i H0iCOMARRIRES into thd hesawedight
rati o between the |iquid and the_ vaporous, spl

por t4ioid 1dah 1gB gerecied® RPiMTe 2bRVP| BRe pthisfiacFion of

20argine matket-np apkin®l . efdRaldinkt thStREVAGHAGEAUTHEO
split the al kanol -rich stream such that .t he wei ght,
rat | CPEReShIERE BOREF OH 1TSS EOMBENRER oty RaFdicular

VapolHlY iRQNidh0BakBohd@n 0. 1: 1 to 1:1. This will allow
an efficient renoval of contam nants. 25As st ated

above, tHA& hhRapBEIeR R IMenEdRRi §heurt st TeSfcpégeel 1s

the £e@at isve o@i SELLE Aty @b AMN®nsI Neks BE eng iialkanol
f eedst ock conprises advantageously make-up pure
al kattifigri@nthe Al 8Pt P \POFGL6ls 1FebBRD CHRIEHFEd and

The r&OHGlR S 6apBulBYe i1l X2 el Bol P MBdRstURPUT €
30al kanol , and subsequently be introduced into the

r eactiste ldiagtion| apnen Sonkeass rine arkanoPo¥Eedsticek.

he SkERGEOSSLOLPSLY, SARIG ekttt paclbails o

al kanol PBékoreight ratic between the ligquid and the vaporous
split portions can be selected by the skilled person to
arrive at the optimal effect., It is advantageous to split
the alkanol~rich stream such that the weight ratio
between the portion to be condensed and the wvaporous
portion is from 0.1:1 to 1:1. This will allow an
efficient removal of contaminants.

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

possible to combine either the liquid or the vaporous

recycle stream with the make-up pure alkanol before
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WO 20071096342PCT/ EP20071051585 - 9 - introduction
into the distillation zone. However, it is nore
preferred to introduce the make-up al kanol into the

I,V istillation zone bel ow the introductli
5‘&’21%?’%95?42 and the vaporous recycle streans. %@‘?@@3’051585
t he 5advant ages described in US A 5,359,118 are bei ng

obt ai ned. The process of the present invention

can betratplcdyed fotoathardigthildatieadseoeksiowR@r, 1t 1s
pro i ent | ' f p N ;9 h
et h;:/nl‘? ene pésle)?)é%?%hp?%p%?%%e&%gItgl%ofn,gg?ji %Pﬁ/@dcﬂ * fto che
car bormatte vendiekidiast hyd zarbdedow. tTheiptordey-ijon of the

nost. advant age I far pr I 0
pr op%/ﬁunl?q&%%cgﬁa(%?Eg?%r%spgrnegg%ﬁgl )Sgg% édi prre}?({wryeiby the

car bohatre slgeemipsopybenel rc Arb@nat €5&ndl fred tariming

Fi gurbethal shows an enbodi nent of the invention in

15w € por ti on of the alkanol -rich streamthat is
freed framecppbastmnant stHes prespgaketntentimn sepabat eoployed
of a}[ kanol _and_di g%k%zl carbonate,ln an extractiyve

di stiT & IYGF 185K eCT FE YT Sond SaRbPHERS elb SdiGrene Ly
of tdheltdawv et ahe2PrEpatuicion ke pabiyylone ofl¢del, propylene
al kanol -r.ich,,streamthat is freed frqQqm contam nants i s
e o SR RN e T oot TRLPF ofl e OREL Cartotate. STne
Fi guseoce st g@aﬁbFFea&ﬁ&édﬁdﬂW ﬁg@e foanthd wiroduction of
extractive disti tion zones 2 an ar hown. .The

o A aNE PLYBRL bbl e A RRe B oad; AB T DR irte

car benatchaad FrBhhaRehy Bén& X RloRs el hnd Smelietait.00d

that a person skilled in the art can replace these
exanpl es MPPRCahySRYRR A% FPRGRBCAF k9T e cHYisoivarE P
and @ iaNahe Yo2tdohi 88 thdQRANRNe reahbonadan ithdteds

Intofgggé from contaminants is recycled to the separation of
alkancl and dialkylcarbonate in an extractive
distillation zone.

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

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

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

of zone 1 via lines 6 and 7a, passes upward, and,




10

15

20

25

30

30upper part of the reactive distillation zone 1. Via
aline 5 a transesterifiation catalyst is also passed

into t he upper part of zone 1. Methanol, fed into a

| ower art of zone 1 via lines 6 and 7a, pas
H’MP% %6424, WD 20071096342PCT/ EP2007/ 051588 CH/EpA07/051585
pronoted by the transesterificelion catal yst, reacts
with the propyl ene carbonate to form propyl ene gl ycol

pr odustmeeried dynehhytranﬁdxnaﬂuilcﬁhéOpropyékyﬂ;,ghymmmts with
is recovered-fromithe bottaqm of i z

1% B HoR g ST Asatic B PR i ks B8 uer
contaidslitree hgat ahylscbnaﬂ'dwermfeolpeopmepe ogllptol sis recovered
separated_into ca ont, |n|n fraction and .

L
sepa]rrai IMtﬂ&&yphedﬁ@tOﬂ’pllﬁhﬁ@ h)lsdl stmtdmts athe Baezalyst.
cat al is re cled to the zone Vi a i ne .5,
Che S8R0 Thby BEPIEE (R GERPEA Bt POt | SR HEE
fur téarcinink €abbelof noid shemdhueitaffatt nen lih a

It is suitagble to u e stoi chionetric excess

et HERALSHRE BRGF o3 - a1 YAFAS o OfeTREASF SRgRpLished by

di med iutli1ganhenat ené Sc&l?e‘ﬁ]%ﬁﬁi ficomethel t@ptOftihecaena via
1 viaa 15 line 11, and passed tQ the first 11
ext redts ve @ns: FPFaW%Y]z%}?e Hyogilaisg FepRuezed, optionally

pr opy#adie eakheraberi siPassad (In@ttOShBﬁnﬁxHaaca iM@e 10.
distillation zone 2. The extractant, | yl ene

carbonat 8t i§ FRHLFRYD GThasexer a&taw%l% lé"t eé“ﬁﬁéh@ﬁ

| evehedhaidbit.henak Xyt e, of Biharobrapdtdii®t Hd dimethyl
20car bonate. The extractive distillation results in

t he aBhaNEbeoA SoPagsadt HertbIthe tRPpPEdLRE, 2eMatl ivda 2

passethd nam the beRs&f therong rdtViedckhdeive diillation
product is spllt into two portions. One portion is

r ecy29n®l -0 iiRe ar B¢ i Y& RERYYSNgt CaAPoBAES 11 mPassed into

recyglée JRLIANLVERs 2Pl of 2okl bS @HYABtGERAUMLL 01 e,
feed the recycle nethanol at a higher level into t he

r eack ¥Ry Iemse carbpaate hel § nigce iy FBEhARBTaGH4te jZpne at a
SUpptllicfrgar\”l%vle'ln@hgn The n%)n'ﬁfreo%rft h@BhkSoPaSSe iR thyl

separation unit 17 via line 7b. In the separation uni
t he carkennties SBpapatractine dis30ddstsns Feow.ts in the

cont Qérgélf]%g:lto'%e o"fOprR&EﬁéncY‘i 10 & LwaG:poi Haé‘tﬁ Pés)'ﬂlitssed

t han . g. gaseous cont am nants SucC .
car bbrondi e d-@p aﬁdt‘ael tepg B fMiewlimei Ak yThetpramict is

The gasgousdd WWo! BBt 860N 45 Ho@MibRE1 BT PEEFSIed to the

reactive distillation zone 1 as recycle methancl via

line 7a. It is advantageous to feed the recycle methanol
at a higher level into the reactive zone 1 than the (make
up) methanol that is supplied via line 6. The other
portion is passed to a separation unit 17 via line 7b. In
the separation unit the stream i1s separated into a
gaseous flow, containing the compounds with a lower
boiling point than methancl, e.g. gaseous contaminants
such as carbon dioxide, and a liquid flow, mainly

methancl. The gaseous flow is discharged from the process
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WO 20071096342PCT/ EP2007/ 051585 - 11 - via |line 18.
The Iiquid nethanol is recycled to the extractive
distillation zone 2 via line 7c. Fromthe bottom of
the extractive distillation a m xture of nai

&i(}?é’f’m?f”‘%ar bonat e and propyl ene 5car bonat e {}g\fmpzoomswss
obtained. This mixture is passkd to the second
extractive reaction zone 3 via line 13. In this

di stwid dtiinen 18heTdé nkidnyld certhenafeissreerolat g rha
line 14 at .the to er eas the,propy rbonate is
recéV%F@&téfetﬁésg%%¥%#ﬁo %808 Fiﬁgglg§$%éﬁ%Topylene
10car bonatremi shspbottomtod ahet peapathiate Wistiilietdonsa
fed into the reactive di st.il.lati

n zone_1, and
socTHI ST Pos PRAPLYI SIS T TERRACTS 7ed iSraliee: o
t he @dibacitevesdobthlhead ] ahizom x2urknifi gagee® tdchehe
same nunbers apply to the sane 15features. as jn Eigure
1 ISP RS TRET S P T o oRe ST 0B oA DT difng LS
to Rigia 1krao xhdr@imdtidiineiahvbnaaebopaiecanded via line
met hanol | eaves reactive distillation zone 1 via.line

11, 4hdb $h8ubPBet Bt TR XS S OPELERE L PRI iF
ext ragddwearedi sti bthat bot oNe7iz aThend0nst fi @Prdgydkne
product, separated fromthis m xture

f I s di scharged
frorfatRONeGs 6f ERELBXIBLRA VE TGPt FPRELYHR Jzﬂd}?eg‘*z L5 fed
li neirko thes rRaeEUGE dSsEPllidtiich @bnkedstadda second
portions. One portion may be used as distillation
r ef | THEEThdNGAt davianes nd APE LAndensrCyoled dif itde

passeg rslifal ghkr DAtk i theg @active distillation
zone 2 via line 7a. Athird portionis fed via line 7e

to a coolPn§ignre 4otheufdme prERaEEsHRPth & UGS iSRG
Poi nke N&l,QW Lhat ,0f; gRidanolry ake %ﬁpaagt &&scIRSE for the

al
l'ighter products are discharged via l[ine 18. The
CoolE%PQﬁﬁﬁu%%§Prﬂénge%?c?%ﬁ?re 1 a mixture of dimethyl

carbonate and methanol leaves reactive distillation

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

reactive distillation zone.
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recycling may be acconplished via conbining |lines 7f
and 7a (as shown), or by connecting |line 7f separately

"to the reactive-distillation zone. WO

MY OYE#42PCT/ EP2007/ 051585 - 12 - EXAMPLE FCTEP20074FSES
show the formation of by- produ]e% s in a continuous

process 120 g/ h propyl ene carbonate and 1.5 g/ h sodi um

nmet ErMBAtFe 1in 15 g/ h of a m xture of propyl ene glycol
5and net han we cont i nuausl ed pper :

of a rea(t:}{%i \%’éo‘c‘fi é}%‘ I f%]{#a&r%ocolo)én%?r ?%‘B?‘#e]% (L)%e?% Sg?[%gnuous
of theraedsum20340hgphopetdrenclanhasatedandhk. ¥ eat ispeium
distillatiagn colu wag,_ operated at pressures, varyin
frorﬁﬁ%@ar‘tog‘af& 1?225 a? e‘?n%ear S FEESr SR WP ¥ rom é& F8t
10118 C.mefmamotlheeropcaift imewdlyufad38b ghé wipeer part of a
m xture of nmethan and di net hyl _car ponat e was

Cont 1A EERAIAEROT (SThEHE dPeERFI LPTEh RAtuAT, The
The a&iwght 48t g@hohet hendil tiady awd .sTheamaeasiabout 70

wt % th%'ol_and agout 3096m¢96diﬁpthyl carbonate. The
anoufits 'of qﬁg}-‘-"fsﬁ? BT t @ hePHS TR0 dh” BEFDW T Shanig Y g
Bybpfﬂdru Ct35AFRUNDS RPN A€ edcaipiahyde«20r Biepyd enendx3dec

45

119 °C. From the top of the column 365 g/h of a mixture
of methanol and dimethyl carbonate was continuously
withdrawn from the distillation column. The weight ratio
of the withdrawn stream was about 70 wt% methanol and
about 30% wt% dimethyl carbonate. The amount of by-

products was as shown below.

Table

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

Acetone <20

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

the following contaminants.
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Pr opi onal dehyde 20 Acet one <20 The m xture was

fed into an extractive distillation colum to which

1400 g/ h propyl ene carbonate was fed. A stream of 255

/ h. met hanol was obtained at the top of the extractive
g’l%%of’-f”fs'g:f‘?on col umm, which was operated at a FCT/EP2007051585
20t enperature of about 180 C ah¥l a pressure of 102

kPa. The net hanol stream was over 99 w % pure, but
cont®akied the foll ow ng contam nants. WO

200 H-096342PCH-ER266-H-654585—3——Fabl-e—By pr oduct
Armuﬁtyfpﬁf)ﬁﬁl%cet al dehyde 70 Prop?%‘ﬁ%t’oﬁp&b 1000
Pr opnresaa Uestyfd= 70

Propylene oxide 1000

Propionaldehyde 40

Acetone <20

Dimethyl carbonate 400

This example clearly shows that in a continuous
process minor amounts of by-products are produced.
EXAMPLE 2

In a process as described in Figure 1 7 t/h (tonnes
per hour) propylene carbonate is fed into the upper part
of a reactive distillation zone. Sodium methanclate in
0.5 t/h propylene glycol/methanol mixture as
transesterification catalyst is also passed into the
upper part of zone in an amount of 0.05 t/h. Twenty t/h
methanol, fed into a lower part of the distillation zone,
rasses upward, and reacts with the propylene carbonate to
form propylene glycol product and dimethyl carbonate. The
propylene glycol is recovered in an amount of 5 t/h.

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

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



40 Acetone <20 Di nethyl carbonate 400 This exanple

clearly shows that in a continuous process nnor

anmounts of by-products are produced. EXAMPLE 2 1In a
described in Figure 1 7 t/h (tonn i

ﬁ{)‘ﬁzﬁ’ﬁﬁ%?%%w ene carbonate is fed into the upg’gFﬁi}SZ¢0?l°5158°

of a reactive distillation zonk® Sodi um met hanol ate in

0.5 t/h propyl ene glycol/nethanol m xture as

t r ans@sthar/ibf ineahbonl cdita yeipous #hsobpadsdthd ntigiuike stream

uppe r:t . e _j u 05, t/ .

7 b o AR R st il Y BnsPopdi oad e WiRhder of

di sttilld &tyi-pmodones passeyaimdatd, thadresactwe wisititthetion

pr opgln%nescagggné%et}%g g%h@n%&o%l gne gl ycol product

and |nefhy cdar bonate. e propyFehe gl ycol is

recover edti hsaagvaodeuntthaft 5nt £his Avay xthe éewdfldmephafoby-

and di et r%l .caégonate is 15withdrawn fro tc{le top of

t he F'EACH Ve *Hi SYTIPRTEY Z6nEARE EBRSTITST0f 13 t/h

met hanol, 5.2 t/h dinmethyl carbonate, 22 kg/h

propyl ene oxi de and about 55 kg/h of other volatile

compounds. Via extractive distillation this mxture is

separated. The separation yields a 20 nethanol -rich

stream containing 13 t/h nethanol, a trace of dinethyl

carbonate, and all of the other nentioned byproducts.

Hal f of this stream was condensed at 59.3 C and 92 kPa

yi el ding a vapour stream of 2 kg/h propyl ene 25o0xi de,

about 25 kg/h of the other volatile conpounds and WO

20071096342PCT/ EP2007/ 051585
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- 14 - 175 kg/h methanol . The vapour was bled. The
liquid stream containing the rest of the nethanol and

-the remai nder of the by-products is recycled to the

reactive distillation zone as part of -the .nethano

feed. 51t is evident that in this way the buil.d up of

by- products in thé process is bging controlled. - 15

- CLAIM5 1. 'Process for the preparation of an

al kanedi ol and a dial kyl carbonate conprising: (a)
contacting an' al kyl ene. Carbonate wi th an al kano

f eedst ock under transesterificatL,op @oMdstions in a .
reactive distitlation.zone to obtain a top stream
conprising dial kyl carbonate and the al kanol and a

bot1 om'sE6eask CeBR LhbNprepardlthaprdolan alkakddiol and a
Separating the top stream conprising dial kyl carbonate .
andiiabkyl keasbonate gemprdsisig:rich strean1and 10a

34 SR LR HARAD sl rvanon

;unﬁéedsmooh uﬁdeﬁ1tbandeak@ﬁlﬁwmduwbﬁEbdnd&tfénsaﬂh a
at | east part of'the

k%ﬁﬂﬁtﬁ% hd Féihﬁf'g%‘sﬂﬁ’é‘er E2cobkRin & iR Phream
rP8ihg08ihiRy? karBonheed AL the'iNGidbi Nend a bottom

'alkano -rich streamis split in at |east tw portions, . .

znuﬁ%ﬁea@ag@manespagttb# Bék@@#démésd and freed from
qﬂ% I r (o] n
20a , giﬁﬂeeégpgr Sgggﬁpg§h§g¥%ﬁﬂg1d*a%%¥1

kxndar@pmmtatanﬂanhehalkhh&aohnnbeamemmkﬁhdl{wﬂéhestream and

proce Process accor.d b % toclaim1, in which the
a

S.
seﬁb ?{#W%f°§FBBn?E? FdCOAFEYE8™ut in the presence.
of tde ﬁé&ﬁb@ﬁ_@ngaﬁhena&alk%i%a%%%%% a%ﬂf&ﬁ&lif after

claiml or 2,.in which t
further purlflcatlon from the dlalkyl carbonate-rich
stream; and o
"{d) recycling at  least part of the alkanol-rich stream to
the reactive distillation zone as part of the alkanol
feedstock,. N |
wherein the alkanol-rich stream is split in at-leasﬁ two
portioﬁs, and at least one portion is condensed and freed
from compounds with a lower boiling point than the
alkanol, and the separated compounds with a lower boiling
point than the alkancl are removed from the process o
2. Process according to claim 1, 'in which the separation
of step (b) is carried out in the presence of the
alkylene carbonate. _"
3. Process accordlng'to claim 1 of 2, in which the
.portlon that is freed from compounds with a lower b01ling
_p01nt than the alkanol is recycled to the reactive

distillation zone.

. AMENDED SHEET
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portion that is freed from ¢conpounds with a | ower

boi ling point than the al kanol is recycled to the
reactive distillation zone. . - 16 - 4. 'Process
according to claim1 or 2, i-nt@hich the portion that
is freed from conpounds with a | ower boiling.- point"

“than the al kanol is recycled to the separation of

st & (Frocess awerrdingctor ¢lagm 3 emy 2ondmfwhich the

ol P o e DBt B R0 A SR ot 1ing

portion to be - condensed

fr @igitl tharo the .aBkaRobcessraegeldingo ehasepirtfion of
clg%ﬂy 'J)to 5; in. ’ whi ch the al kyl ene
car oﬁ%té’rs propyl ene carbonate and 10t he al kanol is

neshan@rocess according to any one of claims'1l to 4, in
whicp the weight ratio between the portion to be
condensed and the vaporous pqﬁtion is from 0.1:1 to 1:1.
. 6. Process according Eo any one of claims 1 to 5,‘in.
which the alkylene carbonate is propylene carbonate and
the alkanol is methanol. h

AMENDED SHEET



