Synt hesi s process of polyol carbonate from polyols, conducted in using a
sol vent selective for polyols carbonates The present invention relates to a
synt hesi swproners7sef pol yol carbonate, such as gl ycerol pcarspesatnesosé r om

pol yol s such as glycerol, propylene glycql or ethylene glycol and urea
conducted in using a solvent selective for polyols ( glycerol) carbonates .
The synthesis of glycerol carbonate was described for years. A reaction of
glycerol with %3@%0%80 PRI ghﬁ)@éterf%P?la;ﬂlsoqon&}lgieiﬁbww%ﬁﬁ&ert&i al kyl
carbonate are known as convent isQRaky T8t hagsis Abopyal hesi zi ng gl ycerol
carbonate fromglycerol. Another method for synthesizing glycerol carbonate
consisting in reacting glycerol with carbon nonoxi de and oxygen at a high
pressure is scribed.in USP 5 359,094. Mre recently. a new way has been

pr oposed bas di GHeveHE ThEASH ey ?% w&?h&ﬁlsvawsaPia\%év@&oc%oe?g °t §U¢hes

gl obal react Itg%eﬁﬁ dafddn@tes frodiPotyols Nidh B glylcBrddr poblRee N1 fRaghylen: | S
the result of two steps according to the follow ng nechanism 1)

CH2OH CHOH CiglyzoH and NKiga @ongrzed< 11> USHZOM-SOHGHE GRleottyeCidrNpplgols (Nigkycryol)
CHZO—I—CHO—I—CIEIa%OngOS NH 2 <=> + NH3 Both reactions are reversible. It neans
that in order®8"t€4ch the total conversion of reagents into glycerol
carbonate, t Taceguthbdibbf dicerbl thBoiRatak dBsdidsd & Yars flaetiovaggscrbhe
right. The classical solution is the extraction OFNH fromthe reaction
medi um under Widcphpsgerphind pp sachepgprencties of glyesdrvised diplkybeaRpnaiarent s:

W voo Sna S eebnRR e tal RLDA xS Al o A e L
presence of Zinotheresoipml fousysthsieiny fadycetdicashonbfeedinsistidg gl yaetigy glyegsrbbnat e
" in Studies v&iit c%%ofnan%oeno%i:.eearrll%eox?lggn a(f%tﬁé Is)liregsure is described in USP 5,359,094.

More recently a new way has been proposed based on the reaction of glycerol with

urea according to the global reaction as follows:

15

0]
0 CHOH o//<
NH,CNH,  + ?HOH —> 0 + 2 NHj Eq.1
CH,OH CHLOH

In practice this reaction is the result of two steps according to the following
20  mechanism:
1) CH,OH-CHOH-CH,0OH + NH,-CO-NH, <=> CH,OH-CHOH-CH,0-CO-NH, +
NH;
O

>$o

)

2) CH,OH-CHOH-CH,0-CO-NH, <=> OH + NH;

25  Both reactions are reversible. It means that in order to reach the total conversion of

reagents into glycerol carbonate, the equilibrium of the reaction has to be shifted



146 pages 757-760 Park et al (Editors) 2003. These docunents describe the
operating conditions of the process. According to EP 0 955 298, the process
i s conducwedorwo4ersbenper at ure conpri sed between 90 0C amdTZ2000006a8e at a
pressure conprised between 1 and 20 kPa, 5 n presence of a catal yst
conprising Lews acids sites with their anionic counterpart provided by

het er oat ons. Exanpl es .of id catalysts are netallic rganomet al i c

Sul fates, SudHVaED iisght %ﬁ%@a,ssw?&e@,twﬁé% SHraRyRR af B Pa g BREEHE zinc
sul fate for examphgnidhivgh@fe possibly associated with a support. According
to EP 1 156 042 the reaction is generally conducted in the presence of a
cat al yst sucHhaskiad wé ppaicesxis diesqribied gn oodedie)atentst It 6966 A9 ONEPQAIQchndult i n

t he presence d atin ent .such as . anhydr.gus, magnesi ul f at e,
anhyar ous sodiniliraEL i iR BERL BdrE S BN 08 e E e S s ve,
in order o0 Q@M[}Qictd&%dﬁgﬁkibh)bf%b&ﬁﬁ(%?ﬁ@éa, indfre@nt@FP LN A ML Epd OIS yisRafl
between 100 OC and 140 OC and at a reduced pressure conprised between 13.3
and 101 kPa. forbe Rertbesahoivglyedrolehronaicot i Yadice imsuntve ke aedCatadiout by

t he research m hawui Vi.0 .| to the filing of EP 0O 955 298.
The article iléggg%ﬁsg\é?ggo% v%ttrallII u%toésétazgﬁg‘st systens using Zn as active

el enent . TheS®esyddcanBnddesdnidt eicogRagdgsoaditibandRapdsss. For het er ogeneous
systens Zinc (ZnSO4) is in the formof a mneral salt or associated with an

aci di ¢ resi n/geogingatp &P Uh?PhoSPPi Batmsocesh iy pendNeise gé fels P crabmcopRrised
present as apBii@hBn st BIPRALE of IDERLAT coblifl 0 bLil ShCEI02 agaPgnal &

reach about e experinents are conducte enperature o 0- 150
0C under a ppessurceofod cdtalyRaconmpesipg deess edddeisssr whk dhdin abilbesecquategprs

present some drawbacks. The used reagents, glycerol and urea, lead to a
vi scous i xt @F%Vl&ﬂ%?kshﬁﬁ%am%ﬁxwagggﬁ§1ﬂ§i QpalvFedeimealiaer Oﬁ%ﬁnagmtﬂﬂf a
correct cont ggfrabetyeens tMESOS @GS MPYOL, NecSeRt & ¥draRNEE p&afoR¥k dgnan

efficient mass transfer for ammoni a renoval. Mreover, such slurry does not
al | ow an easyulfge éorexymple which are possibly associated with a support.

15  According to EP 1 156 042 the reaction is generally conducted in the presence of a
catalyst such as a metal oxide (zinc oxide) and preferably carried out in the presence
of a dehydrating agent such as anhydrous magnesium sulfate, anhydrous sodium
sulfate, anhydrous calcium sulfate or a molecular sieve, in order to ensure the quality
of glycerol, at a temperature comprised between 100 °C and 140 °C and at a reduced

20  pressure comprised between 13.3 and 101 kPa.

The here-above cited article concerns the works carried out by the research team
having previously leaded to the filing of EP 0 955 298. The article is dedicated to
various catalyst systems using Zn as active eclement. These systems are
heterogencous or homogeneous. For heterogeneous systems Zinc (ZnSQOy) is in the

25  form of a mineral salt or associated with an acidic resin or on an aluminosilicate. In
the homogeneous form, Zn is present as a p-toluene-sulphonate. The molar yields in
glycerol carbonate reach about 80 %. The experiments are conducted at a
temperature of 130-150 °C under a pressure of 4 kPa. The processes described in
these patents present some drawbacks. The used reagents, glycerol and urea, lead to a

30  viscous mixture which has to be vigorously stirred in order to obtain a correct contact
between the reagents and the catalyst and to provide an efficient mass transfer for
ammonia removal. Moreover, such slurry does not allow an easy recovery of

glycerol carbonate and recycling of the catalyst. This contact will be better when the



gl ycerol carbonate and recycling of the catalyst. This contact will be
better when thecatal yst is under honbgeneous form However in that case the
separ at i onvoabioidaerseat al yst from t he produced gl ycerol caclampados/ocsmas ai ned
within the reaction nediumis rather probl ematic. Such a process carried
out in batch node cannot be inplenmented economi cally on an industrial scale

considering in addition the reduced pressure conditions required to renove
anmoni a. The C?tﬁs’éhﬁ Bli]‘f{]eir shoaiorgéﬁ?oé‘ﬁdff)%“ E‘ﬁWB‘&@s’? f 6HEGe tePHHNE 8N he

dr anbacks of cﬁﬂa?stpfr&\ﬁ' tﬁé’%rd?iﬁ@&?% $6Sol &rﬁ@af@cﬁtﬁt@d\/\@ﬂﬁm'tﬂe FJA@tl&PH{eéﬁn{)f at
| east one step | e procéss allowng particularly to easily

separ at e theiglrymelr giroldembton atectf raopradess rceacdi ont medhasch Thadei nymwotilon wi | |
apply as wel | pol rbonat ar ed b reacti of . t he, urea

o P et naneaigbaica B ERLT Bnugr P bRl s 4 iod as RS
propyl enesgl bﬁe@kur@rcoﬁlﬁ&@sﬂ@mﬁfe'd]to@erﬁ@@Mﬂh@ﬂla In order to sinplify the
follow ng description the terns glycerol and glycerol carbonate will design
respectively glycerol or polyol and glycerol carbonate or polyol carbonate
as well. The hy | ¢ch £t ti £36 ,CQ nd Nein, t he
fol |l ow ng Tag}?1 e _SLVG@OBIIS f&%etqa én i oﬁ”é"é gto OVteocof&i%[1 N t%gg{éawg%&g of the

synt hesi zi ng ppstiots| pre@isire iatusinghil i cdo iPthe S8 6rst @dat icag cﬂﬁlsy@l ofht vheiea i n
the presence of a heterogeneous or honbgeneous catalyst with a conti nuous

extraction ofPrqases pHYMIIE cRpriFIEathn do jSasibtisenasHe the Y ST gearPonatte fioguthe o
the procggs %ach&‘?ﬁfedﬁn?hé hl%g%u&%’ whll ép% f&st Jvéél?tost% kgl%l éa(?f)or&?ésﬁﬂ%:pa?&{ lﬁpnat e

all owi ng to extract romthe reacti a consequ
present i nvemtdcton dé€é&lesuroa t»hthaethmradr%alsb @allayethhlem glyagl, poip;mdimbéa,@@mt e

whi ch conprises react ol with sence of a catal
extracting pFG‘i‘iﬁicQEPWi-@%aglﬂ din Oladva?ﬁa]nalﬁ??& Emaly SEsdAcieh, 19 Hamp fy of at
| east _one st %’ﬂd%m% h&es@ﬁﬁt‘{(ﬁﬁ Sthé)fteﬁ’n§ eél?é‘e%W%n& 0&1‘51@&51 fdﬁfbolﬁﬁ‘ﬂeywlllcéésl?g%ﬂat €
allowing to extrac fromthe reaction nedium “Sel ective sol vent for

pol yol car bom@pectrmbmglytetrat ot holsokaldvelyterpk cabdmte or polyml earbommdtd es swllut i on

\(,;V: |t h pol yg)l e %flsel%a? characterlsqlcs ) %helsenco\mpo%?ldg acl)lrleXg(lD\lienCn;i1 Kd?eof%ﬁgv%mlgsl“a%?el Hbl €n

Table 1

Polyol Boiling point | CAS RN Density  dg”

0 (g/em’)
1,2-Ethane diol, Ethylene glycol | 197.3 107-21-1 1.1088
1,2-Propane diol, Propylen glycol | 187.6 57-55-6 1.0361
1,3-Propane diol 214.4 504-63-2 1.0538
Glycerol 290 56-81-5 1.2613
Ethylene Carbonate 246 96-49-1 1.321
Propylene Carbonate 241 108-32-7 1.204
Glycerol Carbonate 110-115 °C at | 931-40-8 1.4

0.1 mmHg

20
The invention relates to a process for synthesizing polyol carbonate which
comprises reacting polyol with urea in the presence of a heterogencous or

homogeneous catalyst with a continuous extraction of the produced NHj3 and in



rati os without dissolving polyol and urea or at |east having a very | ow

di ssol ving capacity of such conpounds. Mire specifically selective presents
a sol ubi Iwoyofoorsoel yol carbonate as conpared with its eoirmpRédosmse f or

pol yol and urea such as the ratios polyol, solubility/ polyol carbonate
solubility and urea solubility/ polyol carbonate solubility are

respectively less than 8% and, 15% and eferably |l ess than 2% and 10 % The
sel ective solRJEHPY cpuabyning ipihe ﬁPBfé%§§t ¢ PrasEsS i dFrst 8RC afce, eiasﬂsw%ﬁongst

the conpoundg,GeRmbE AINSl c'a%boh%%ilo@n fg'%Bf‘ekier’f i ith Erc@tidh&hQigmand nmeeting
t he hereabove conditl ons. | es of selective solvents according to the

i nvention ar é\sg mﬂequand'eameep@selnhmmmetalsewnh rprocephips ispthesizing polyol
characterlstlc% S §§£I|Itles belgg gl fn at. .25 0C, tTab e 2C1fcouaértthe
sel ectivity ICEPRRAEITUER PYPPIATREFSEBR POl Wt Ris8 3ty ProRencs af s tatdes

sol vent (al sexiaild peyduced NHIGingd oh ¥&dItidn irPthereteReb infRYBNBEe bit atilSashBhic t he
only one. A selecting criteria for the selective solvent is its boiling

poi nt. This bepedf thagracessud 4 yelestiyh sekyeuiglier ipplyobcasbonpse allowmnpite cxtiect it
reaction rredlﬁ%n1 erEéﬁ de9t|ng reaction tenperature, between 130 and 145C
for instance, W out 8 | osses but, ii) not too high i.e. not near

the boiling lS@leBﬁlvd)tfoan@ﬁltqﬁ@om@h&@hatéﬁfebﬂmﬁlhﬁthlsr’lso(l)\l’dﬁﬁs dble Vot aseidas at i on
probl ems. Low boiling selective solvents i. < 1300C are very efficient as
extracting ag@Htomuithnokylcarbepste Lor WhYBHEN whlch@glcy@é cyihetnt e ubile Hy 4l t he

reactor ah * SENSIGInARSRLTE BOIG HORR COMUGH RS L0856 Al

t rappi ng conditions I nst Acet ophenone select|V|ty nd a
hi gh b0|I|ngpmmmnyofhﬁmx@hmmus¢¢o carry out the reaction at 145 0OC with a

good conversi on of P P thout solvent ? IBJ ? | ect ed sol venf has
also to be n OrPéQE‘P 9%Ye§et élP’e\Hr?Sﬁmt‘r?eSOrléb&B Bhtod RYYY HATPERE FSafAMRASES .

Consi dering AGR! RPRANGNEes Tdipol a}o@-tah@rur&l isGoH by tﬂe%ﬁé§po‘l§r 1%%@1Qy%51@ow ea.
That means that when it is used in the reaction nedi um | ong périod it

| eads to sev @aldvbnaljy sglrubdm;c tisd uteatsotubntety npélyok mbmtevmmblhﬁyl arh reppyctively
contam na}g € tless 8)6}3 and 15% and preferably less than 2% and 10 %.
The selective solvents used in the process of the invention are chosen amongst the
compounds comprising at least a function nitrile or ketone and meeting the here-

above conditions.

20  Examples of seclective solvents according to the invention are given in Table 2

including their main physical characteristics, solubilities being given at 25 °C.

Table 2
Solvent d*, Solubility | Solubility | Solubilit | Boiling
of Glycerol | of yof Urea | point at 0.1
Carbonate | Glycerol MPa
g/mL g/mL g/mL °C
Acetophenone 1.03 >0.5 0.011 <0.004 202
dl 5 s
Acetonitrile 0.78 >0.5 0.002 <0.001 82




car bonat e.

using an acidic catalyst and gl ycerol

acet al s, wbi2bm/meiseasi ng water which in turn can interf ece/mnpdaod/otives

gl ycer ol
sol vent

car bonat e synt hesi s.

ANno

t her sel

When ketones are used as selective solvents within a process
they possibly lead to gl ycerol

cting criteria for the selective
is its density which has to be very different fromthe glycerol

denS|ty (1 26123) mei-n—reacti-ve-solvent of the reacti-on Hr-order—to-hake
easi er the F)I%’§@§e’?é‘68? atipn. The 7%tio sol VhPRO den<|<t(1;904pol )léis densifly
w [l be pref %1&?&1%&0‘?1@5 Thgggy- 85 e [y gl ETabi Ny GBS 08 1n
case of dycerol”as polyol, the rlatio will |be even nore pref erably | ess
than 0.7. Thésdpho@hesel ectjon of {the convenient sel gctive sol2ignt al so
depends on tthe—mpde for onduct it the progess and -tlhe gperati ng
t enper at ur e. Mﬁ%c%]roéft’ékr ed| sel ect] 5soI vent 0}(00 be |0 de¥ar ¢ e=9t2he sol vent
conprising 4§ Aet The: pteferred—setecitve vert-s—ar e
acetonitrile M’ﬁ?%lﬁtihéfﬂﬁ f Uggd i slegl eron| 'H e, as th ar Zyc?w te
sel ective fonN-hReygar bonate, do nofg g1 ve anm.%tendeq)‘(ygﬁterdgmon wih the
ot her conponents of the repcting |mi xture and are eagily separated fromthe
car bonat e solpmrbbqulby distjllatiagn. Hept aneni trile, |for exanple, is a|well
sui ted hi gh rhott+tn gai ft "57"enL Y? ch—eat dJ tsed L‘()J:" th’-% reaction,
when the reddfSRIPTUC carri k& /But |betow i ts g ng p0|¢1p, £ o exanpl e| at
140 0C, sin¢gytirsni&@et 1 Nnuoug7evaporati on w II be Timted, andigt can be
easily recycled to the reactor. Separation |from polyol carbgnate, can|be
done by vacu&mbdt}mmtrﬂati on0. 7The rehetion |51)Q)}referctlﬂ-(% conduéfed at a
t enper at ur e ¢ an ||oc betw OC—antd—266—0C—prefrerabty—ata—tenpetature
of 100 to 1% %n %re pqg?er ably at abqut 130-145 OC. The qu’ga}égl on|is
general |y cagvhRhn@bilc)undef a pressure congrised between 2 and 200 kPa ,
preferably under a pressure conprlised betwden 4 and 150 kPaland nore
preferably bé&qmebrpnltmﬂcand 1(2@9 kPal.>0rhe pregduP@ condi®k(@¥ns edsenti al | y
depends on the—tpde—setect for—condueting—the+reagtion:

H:exanemtrlf 0‘ 81 162

Pentanenitrile,4 0.8 154

Methyl

Heptanenitrile 0.81 186-187

Dimethylmalonitril 169.5

c

Crotonitrile 120-121

Fumaronitrile 186

10

Of course the selectivity is an essential characteristic in choosing the selective

solvent (also named extracting solvent) to be used. However it is not the only one.

A selecting criteria for the selective solvent is its boiling point. This later has to be 1)

high enough if to be used within the reaction medium at the operating reaction

temperature, between 130 and 145°C for instance, without solvent losses but, ii) not

too high i.e. not near the boiling point of produced polyol carbonate in order to avoid

separation problems. Low boiling selective solvents i.e. < 130°C are very efficient as

extracting agent but lead to some problems of losses when used within the reactor at

“severe” operating conditions conducting to the use of costly trapping conditions.



The process will be conducted with any catal yst known to be efficient
within the synthesis of polyol carbonate by reacting polyol with urea and
especi al lwowbion4bmsser ogeneous cat al ysts which are in praciinpeoremsioss t o
handl e on an industrial scale than the h geneous ones. By heterogeneous
catal yst one should understand a catal yst solid at the operating

conditions, such as the catal ysts describped .in the hereabove. referenced
patents : Zndor NAvSesC A%@%@?OK@%@%%Q@% chivityncihoigh by ng@P%ﬁ&é% Yoed zr
or Ti catalysg §arY*§‘b&thth@E&c%}P£thﬁlr5 OfCe%itHraegdBH bherBbeSe Blybﬂ%ﬁﬂ&ﬁt%@lveﬁ@e

I f

het er ogeneous catal ysts can be easily separated formthe " nediumor reused

in the sane mesdésum f or anot her step of conversion of polyol with urea. The
honbgeneous catal ysts nust be insoluble into the extraction solvent i.e. a
solubility <b wt % otherwise they will be lost after each extraction.

Anot her f eat umhg sefected 8o lveMekiald th ediohaei®Rc le@hHek BE aaeReQUss athaly&dt S
particularly effective in the process of the invention. In this process

several cat alcyiglystswepesiderong dectephenermithiy lafer sbahybureaets wh 445 8C prith urced

| ayered stru r S a. and g-7r.ph hat [ r Rhou d:
g-Ti-phosphaﬁ%&tﬁﬁgmﬁggdf(?Jfgb%? é%“%éegﬁﬁﬁﬁgFI%mgﬁg%gﬁgéa%?@‘%gFg%ght to
a- Zr - phosphatsevetdlayapipdtictd hanemgmZin- hbasplrat evhichainal kohtadinaté ttise gelpydr at ed
form (Catal yst 2a) obtained by treatment of the fornmer for two hours at 140
0C. Also, the&aponiteoWheprkstanchate usd dsetclsrctive selapRie vathdn of DeRs Wehe Used

and presepte - sl ar, acti Vi : I reg. ihg to
The hetnad raai SIS e by isby el 1R B eKERS ohRE) AR AR Vet o
see al so: S. wAltdrutHich inGurnFeanriatgrfo@, wifh the gly@erod strbanatd/bynthdsisssucci and N

Tomassi ni, "Preparation and i opexchange praoperties of.a ne hase of the
crystal line ¢ aﬁFﬁW&%ﬁqﬂaePOﬁt His 5@5 %ﬁg@t igits fefisity .WqN\i%:ir‘)aScH% MY ol .

39, Pg. 1043'd'ilf@é}§nt o the g"?l%%rdilecfeﬁﬁi%n(?l% 1@5‘,%&11 H%actﬂ;@@ol@@ﬁt@f YL @a&®n, in
described are resistant to the reaction conditions and do not dissolve

nei t her dest ooder tmdeke stdiertheghasthegparaoni hhé ratiohselvsot goisitphadeolaknsitysol i d
wel | separated firom the Lol dyphases bh S80 BSebhTe £ Hal® 3°RRTALeSr
Glycerol as polyol, the ratio will be even more preferably less than 0.7. The final
selection of the convenient selective solvent also depends on the mode for
conducting the process and the operating temperature.
The preferred selective solvents to be used are the solvent comprising a nitrile
20  function.
The most preferred selective solvents are acetonitrile, propionitrile and iso-
valeronitrile, as they are quite selective for the carbonate, do not give any extended
interaction with the other components of the reacting mixture and are ecasily
separated from the carbonate solution by distillation. Heptanenitrile, for example, is a
25 well suited high boiling point solvent which can be used within the reaction, when
the reaction is carried out below its boiling point, for example at 140 °C, since its
continuous evaporation will be limited, and it can be easily recycled to the reactor.

Separation from polyol carbonate, can be done by vacuum distillation.

30 The reaction is preferably conducted at a temperature comprised between 90 °C and
200 °C, preferably at a temperature of 100 to 150 °C and more preferably at about
130-145 °C.



activated, if necessary. Accordingly, the present invention also relates to
a process for synthesizing polyol carbonate which conprises reacting polyol
wi t h ur eawonotdmeosesence of a catal yst constituted by gcZreppiospivas e or

g- Ti - phosphat e and extracting produced NH3. The process can be conducted
either according to a "conpact” node in which the catalytic reaction

pol yol -urea i s carried out in the presence of the sel ective solven a
"sequent i al " IREAEACHAN khpcsralkeea oyt gpdrica BWPS;}H%&WP%%?%?{W%H&@%@J

reagents andphe ﬂr@ﬁ%ﬂbﬁ% ﬂﬁde?]reé%rie%rér%&h eidsbettx’x'z?éht 2d ahd 130 NPAASRERRANT

zone (extracting zone) by the selective solvent tor extracting the

carbonat e. Boptrdicmblydstwean Heargbhiukla dheipréssnreamoditidnngsstutialyodepeindsupus or
di sconti nuous, way., According to the.invention the continuous conpact nobde
consists in 31“31(1?1%‘316 %fiecgggtdflpﬁg‘?l}d\‘}gm}ge%tr?a(?ﬁm?'n the course of which the
reagents, sglycerol and urea and sel ective solvent are continuously

introduced into the reactor containing the catalyst and working under
agi tation at Thheretrss anill dgesoadieigd cotdiny emalystinovwnetochs efficging vathan the ur ea

conducting t cer ol nb te and di | vi;ng this latter wt.hin the
sel ecti ve sol(gvg[lﬁ%(sq%rog pco(ffloéocm élﬁ c Qﬁgg%cﬁﬁlgnpoahﬂ% ‘évgbrlérg iOn 9 eélgﬁ carbonat e

sol ution ar e hsicragehéig @dtlysthehiph aeeispraaicehasientd hadioon anvinduktiadsdagact or
having a top part constituted as a distillation colum and in which the
reagents ( poltBadl thgnprpggsagousr encsnByobrieragencats ceakyst aneshowd yngerstand a

reagents (i PR ot t send &
col umm ard ¢ Keous S S EHERR AR LTS SFE R Rttt g 11

react or. The abotautdfanakl pachonalmO,i MnSxt s Za8604d MG, BeD,. pantl thé Hehe

reactor. The non converted gl.ycerol is recovered. and r cled with .the
fresh react amfoW ‘%ﬁ%&fﬂtﬁ‘éﬁr%d)r’igljtl S TOTRIRN §16 0P LEY FoREF §ino Pt Pty er

the carbonat gnanfid&sdn8GCaal T e cALbE ALY CsciBhi8Nbrm It ARJIRIMEF reused in

configuration of reactor, the mxture of "polyol and urea is reacted on a
catal yst in the spmesendienoffor lreothet raqt iafncaviewsem of npelpolagiithatuech. r'elact or
subdi vi delg ! Iillornogeneous catalysts must be insoluble into the extraction solvent i.e. a solubility

<5 wt %, otherwise they will be lost after each extraction.

Another feature of the invention is directed to heterogeneous catalysts particularly
effective in the process of the invention. In this process several catalysts were used of
20  the family of compounds with a pillared layered structure, such as o and y-Zr-
phosphate or amorphous and y-Ti-phosphate. The results reported below in the
examples are relevant to o-Zr-phosphate (Catalyst1) and y-Zr-phosphate (catalyst 2),
its dehydrated form (Catalyst 2a) obtained by treatment of the former for two hours
at 140 °C. Also, the y-Ti-phosphate and the relevant dehydrated forms were used
25  and presented a similar activity. The catalysts were prepared according to the method
reported below. (For structural information about the catalysts see also: S. Allulli, C.
Ferragina, A. La Ginestra, M.A. Massucci and N. Tomassini, "Preparation and ion-
exchange properties of a new phase of the crystalline titanium phosphate

Ti(HPO4)2,2H20” J. Inorg. Nucl. Chem., vol. 39, pg. 1043-1048, 1977, and

30 references therein).
The catalysts so described are resistant to the reaction conditions and do not dissolve

neither destroy under stirring. They remain in the polyol phase as a solid well



2 section separated by a wall. Reactants are fed by the bottom of the
reactor and flow through the reactive zone. The solvent fraction containing
pol yol cawvbanawogorseves to the upper |ayer and overfl ow iPoTiEPRO®BEIMRE part
of the reactor where the m xture is nolonger agitated. In this part, the
bottom | ayer rich in polyol is recycled to the reaction zone, and the upper
| ayer containing solvent and .polyol .carbonate is.w thdrawn an ent to the
distillation® -%te%%theﬁﬁqlg@wbéﬁ it ane e B QAR ECRERG L @éﬁ%@ apge-
reactor. The SR« @MRaGkaRr ocess node can be conducted according to a

di sconti nuous way. In such”a case the reaction polyol-urea in presence of

t he cat al yst Aandrdirgy,skd presdny ervsolivresiso icdatgauo suedees o for aypbedioug plyol ne (a

run) defined so that ,an optimumreaction . rate/selectivity is reached. At
the tarm of EROSHAN ISR e PRy A UrSh it kikite sEeFBE Ena e
upper phase (stiitb®By 9IzrGRbHHARE & WL Hd3piEat 8d éxtR e MRAkdediHEX I act ed
by any conveni ent way, suction for instance to be submtted to a

distillation to recover the carbonate. The renmi ning bottom phase

cont ai ni ng bgth non nvert r eagent nd;. lLyst is ready for. . W run
afrer addrt onCoPoRpERt BBl aRLE afARBAS et bukie SR bR INP B on

recover ed af ketlyticstdctibApblgol-tRY icetfitd buttie tie PasdncObf tiddeldcisrl otidny 6r
solvent for a new run, The sang operations may be repeated several tines.
Accor di ng t o2t BeducAtidntiess ipehigh él@oﬁ?@?t}ﬂﬁdé§né’e%’é?ﬂ Pl With dlee waritsead  n
carrying gut i I =, I e I n
aqt t ot 60 o R IRAE KBl PRHR: KBkt B FREBGR o f R Antonp by

t he whol e r ealat sctotinesh lumnt ifer dxtractafeethe edtbomite@ a separati on vessel
(extracting zone) cooled and stirred after addition a suited vol une of

sel ective solvent. After stopping stirring the mxture splits off into two

phases, the yRRLHBOASE RQRBANREIWihePadcBRIISRLAARLRUGR! Hdi@BntinlidGs er
phase is separated fromthe bottomone either by settling of the bottom one

or by suction of the upper one. The final steps here above described for
conpact

de mﬁll.alko Lo recover on one hand gag c rbonateigqgk%%]eftive
solvent dnd ¢t i moisBisth S b PGy PR RN :

extractive reaction in the course of which the reagents, glycerol and urea and
selective solvent are continuously introduced into the reactor containing the catalyst
and working under agitation at the chosen operating conditions. The reaction
glycerol + urea conducting to glycerol carbonate and dissolving this latter within the

20  selective solvent are concomitant. Reaction and extraction of the carbonate solution
are simultaneous.
The process can be carried out within a reactor having a top part constituted as a
distillation column and in which the reagents (polyol and urea) are introduced into
the column at in intermediate level in direct contact with the catalyst located within

25  the column and the selective solvent introduced at the upper part of the reactor. The
solution of carbonate is extracted from lower part of the reactor. The non converted
glycerol is recovered and recycled with the fresh reactants. The carbonate solution is
distilled in order to recover the carbonate and to recycle the selective solvent.
In an other configuration of reactor, the mixture of polyol and urea is reacted on a

30  catalyst in the presence of the extraction solvent in an agitated reactor subdivided in
2 section separated by a wall. Reactants are fed by the bottom of the reactor and flow
through the reactive zone. The solvent fraction containing polyol carbonate moves to

the upper layer and overflow in the second part of the reactor where the mixture is no



converted reagents and catal yst) which can be used within a newrun in the
reactor. Accordingly, in the discontinuous conpact nobde, the extraction of
t he car boweteilgabissi on is carried out at the term of eaebTmPR009DbEs56
continuous sequential npde consists in cgrying out the reaction

pol yol -urea in presence of the catalyst in an agitated reactor. After a

period of tine lower than the run as referred .in the paragraph relating to
the disconti rlmt&sgagg@&?eﬁnhé% p%ﬁ@,b%om@zfﬁ%&l BPODRG AT DR e HCHRN <

taken and trapsf ehy ek ﬁ%ﬁe? 1@@%&%@{ toRRnY BREFII (G LFRbNG wAdASdwil Bndhi ch
it is submtted to the precéding extraction procedure while the reactor is

conpl et ed wi tséntfto dehlisidiion omawheedbe ntlsertns weoared mdretyriai to thdeeactni.t i al
content in said reagents. O course reagents and sel ective sol vent
recovered fromthe extraction procedure can be used respectively as fresh

reagent apd ehbrsagdel dnsRl pRitess Me8Ocah M@l dondhdtePatédrébab £akesitmpts, the
process is conducted in a sequenced node in which the catalytic reaction is

carried out wayhdutsuethe et dha repstienpobat-uadnt presaneadf ithe caebisuand ghe

”f”‘”Sf erred is&%é)[i nsoilxpe%? Pser{lcli’ %Ei o) er"f@ b ti}ng a%&rlls)ec?etﬁin\e/(? S %lla\(glqtoipjtiﬁlu dded.
Sai d process cah be condu ed T a dr'scont i nuotis equenced node t'n I ch

t he whol e r eagdctionra®@chleutivity id reactisddent @ terd of thiverun niskeperide iy st@spree. Ther e
the selective solvent is added. Additionally, said process can be conducted
in a conti nudUstuEeHiidsscad thowrrer Rhassi(xohutinn §f carbonpte vwithin selegtivssolvsal) ism i s
transferrgd 'e%%ctédh%ré code twﬁ%\f‘ct%%ﬁnﬁtg&e%'b%%ﬁl!g%tea% ¥ QMtijihofdded,
fresh reagents being Introduced 1nfo the reactor In order to maintainits

| evel of reagendcever@he cabomee. {lhe reebianig bogtosophastitentaismg biorit wort dvavemed

different nodes are different in considerin heir boilin oints. Within
the contact ﬁw&mﬁraag %aéaiysedﬁtr?moﬁg aopevaifg%c#tﬂ Additien Otfrfgesgeﬁe%%eﬁ%n

sol vent nust (QaMe caoPRint. | 9acRo: B 1vEHBcRRBRUAM et QidiB8Rorl Mal RoRQRERGE papt T hi n
the reaction nediumat the operating conditions. In such a case

i so-val er oni ofiadded 380ATE, sobainefonitemw eur( IB@- dadCpperhiexmnmny tbei fepeatdb2C) ,
hept anenitril e %%EBOC)) and acet ophenone (2020C) are convenient for
conduct i rjié t ReYPHIUESs. The sel ection

According to the invention the discontinuous sequential mode consists in carrying
out the reaction polyol-urea in presence of the catalyst in an agitated reactor for a run
as here above defined.

20 At the term of the run the whole reaction medium is transferred into a separation
vessel (extracting zone) cooled and stirred after addition a suited volume of selective
solvent. After stopping stirring the mixture splits off into two phases, the upper phase
consisting in the carbonate solution. The upper phase is separated from the bottom
one either by settling of the bottom one or by suction of the upper one. The final

25  steps here above described for compact mode will allow to recover on one hand the
carbonate and selective solvent and on other hand the residual reaction medium (non
converted reagents and catalyst) which can be used within a new run in the reactor.
Accordingly, in the discontinuous compact mode, the extraction of the carbonate
solution is carried out at the term of each run.

30 The continuous sequential mode consists in carrying out the reaction polyol-urea in
presence of the catalyst in an agitated reactor. After a period of time lower than the
run as referred in the paragraph relating to the discontinuous sequential mode, a

fraction of the reaction medium is taken and transferred into the separation vessel



anongst these solvent wll depend on the other criteria : density in order
to make easier the decanting separation, possible reactivity wth reagents
(by- pr oduwop1o/Mé1shi n t he sequenced node process, conti ROUEP2@0/063056

di scontinuous, the boiling point selectigp criteria for the selective
solvent is not essential. However in order to nmake easier the distillation

applied on the carbonate.soluti.on (last .step of the process) it is .
advant agepus??’ﬁraﬁglég ER AR ieh i3 SRraied E&_&ﬁem@e%dw@wt{aﬁm o VRlth as
acetoni tril eyand, REORIBRpidied RithhieSlh aRRgbtdl Y&gé{n&?{{ 5&ePRNWaihRid 1R iRtiler
criteria. The extraction of the carbonate i1s Carried out quantitatively,

wi t hout a reabnteonnaaidratgeots. Oy cpuby olagents andseldiee selxenti roepviescdgfeoretiad | y

carried out under. a pressure conpr,j sed betwee and 200, kPa. .The .t
e es commadtiaia Rt s SRR RSB B e BR O SRS o
pressure gange. However in practice the sequenced one is generally

conducted within a pressure range conprised between 2 and 100 kPa and
pref erabl y bétogeingy,aindpaicutdacbodimgess, the porew iarrapdicied i easiuapcescape

fromthe reaction |Li.qui & ph ; cer.ning. the c C .1h referred
pr ossure r angieean Uikl eBiRREl LR LRReD 05 BAEBATh TPEH 5 ErBpERFY

between 60 anik 1R0tidPancdhaf i$ mShebeed iifto Cas tdependsst 2dnel wher¢aherserttivd | e

wi thin a conpact continuous node conducting the reaction at 130 0C (boiling
poi nt of i sovalverghrddqd SPdumeesss s3mbs prlurted pp @ skssPRiTUPYd sgsNcsdinadest i ng
resul ts ggn l?ﬁi‘ vfél?&lcéﬂggvc#olf'eere\éaw ﬁie&ﬁnnt ﬂ%raﬁgfe}[r@@tintglﬂllé)md ntdgntdzro g%vh%Ir the
amoni a produced 1n addition to its own action as extracting solvent for
car bonat e. | fthasdentensévent 3s udédad. oxdditagmadfy, tdié preast @en Ueheorglatteérih c£an be
recycled to the.reactor ousl y. ﬁnd amoni a% esc.aFes (}he .reac

to fyedi

medi um and c&RMHRION} é?ﬁ%‘é’glgq%trfgn By Whigh qnly & pat g dephign Hyedivy 1%86?¥é9€9 N
flux can be ysgdhd AdepenlBitlRhe SHeE MRLEREIAT sdNG iPadlcdMrEdhCRMenddyMY age
of the invention is to be able to conduct the process at a pressure near
t he at nosphenitoodprakiaty te acrdtoeveordat toampness s Evel dfgeadeytshi gher .
15
Of course the selective solvents used into the two different modes are different in
considering their boiling points.
Within the contact mode process, continuous or discontinuous, the selective solvent
must have a boiling point high enough to keep it in contact within the reaction
20  medium at the operating conditions. In such a case iso-valeronitrile (130°C),
valeronitrile (139-141°C), hexanenitrile (162°C), heptanenitrile (186°C)) and
acetophenone (202°C) are convenient for conducting the process. The selection
amongst these solvent will depend on the other criteria : density in order to make
casier the decanting separation, possible reactivity with reagents (by-products).
25
Within the sequenced mode process, continuous or discontinuous, the boiling point
selection criteria for the selective solvent is not essential. However in order to make
casier the distillation applied on the carbonate solution (last step of the process) it is
advantageous to use a sclective solvent having a low boiling point such as
30  acetonitrile and propionitrile which positively correspond to the other criteria. The
extraction of the carbonate is carried out quantitatively, without a real contamination

by polyol or urea.



The reaction is conducted with an initial excess of polyol in conparison
with the stoichionetry of the reaction, the polyol in excess being the
reacti ve wolomni4otsedi um of the reaction. The starting nMPCaEPR@LIOEHS6

pol yol -urea are conprised between 1/1 ang,6/1 and preferably between 1/1
and 2/1. The conversion of polyol strongly depends on such nolar ratio. The
m ni num startjng rati 0 polyol/urea for good conversi.on of the

resulted to éj@eg?af“%é%g e@é[c‘iﬁ‘ﬁﬂfi %d’é‘gﬁfnﬁd@reﬁ%e Ggprisedd ef‘ﬁeeﬂj‘o?sgficjoi(gJ to
use a techni qug Tﬁ@iw@h{oa&s b Q&trynﬁ‘s%@xeh@@d REIYRLOHE Q@bé hirRd ont ¥ithi9
with a polyol/urea=2/1, after flrs talytic run and then the addition
of a selectlwmspnﬁﬂmﬂUmgehe sol ution of polyol carbonate was extracted and
either only urea or equinolar amounts of urea and polyol were added to the
remai ni ng solution constituting the reaction nedium containing the catal yst
for a secendHdo#bvel E%tll:@-ttﬁeeﬁeq@léﬁ&dt(ﬁ% RVEInatally P@InM ettt d K ehirk A dpr@sslae&arre
312 (=(2+1)/ (1 +1)); rocedure was repeated and for the third run the
overal | pol ymﬂg@rC@@mmd cinepsn 2 38 10&kt’@«andrlpr¢f(:tlably+lpe)twa¢m4sa@dow kB in
several runs si-n [ ti % enefit
provi ded by {N&§ g% n%q%&nnag)ggcygcaﬁ ﬁ%P% ef]%?mBqF%wf%¥%eﬁ$oﬁ?nlﬂ%s

because the tigstdinfrlt pody e prethehpilessur@fange s dongrisedbétivetn BedhdiDOEkRLr t he
extractions has a tendency to react with urea causing the accunul ati on of

by- product s. a@ﬂnE@hW@B“@ﬂY@PW§@%QP&9¢éﬁpE?athe pol yol carbonate by
distill a, RO” P%P%sfa%%@ 'éa%g dﬁﬂls@%tf' YeB- i | 'vaﬁtrhr OH%‘B \%tt wnﬁnﬁ&% A6Xd

runs. Each run i's con uc € t1Inme rangi ng mone ree hours. A
short tine ofondadhg othel eaadson cata IBOW i eblodmmlplomtaof mﬂgvaﬂcﬁamtmleh unidoe

decreases the selectivity t r the p carbonate as the l|att

under goes a PHERPEHF Ric rg, (AR lgpzaadmﬁ{js%%g [rps Fanele WC%%E&@EOYS?E&% ore,
the best Con‘ébl%l?crh?ﬂokhﬁé BN B F ehd PEmYhR!FodREd M RIdTiGEtd NEoRY -RHAHRCT
formation are found f a reaction tinme generally conprised between two and

t hree hours. GMMMMMg@OhWHQﬁﬂOﬁE@Hﬁ“ﬂﬂﬁ@dﬁMdﬂw@U§‘pﬁddﬂssmmmﬂé$lb€ﬁmeﬁhe
results ol | oL Aot 8L DG LECYal S RN ST MR SIHE Bb DS ASRUTHSALT O

,_r;

medium and can be trapped in water (or in a cooled bath). Of course a N, flux can be
used for a better elimination of NHs.
A significant advantage of the invention is to be able to conduct the process at a

pressure near the atmospheric pressure and even at a pressure slightly higher.

20
The reaction is conducted with an initial excess of polyol in comparison with the
stoichiometry of the reaction, the polyol in excess being the reactive solvent medium
of the reaction. The starting molar ratios polyol-urea are comprised between 1/1 and
6/1 and preferably between 1/1 and 2/1.

25

The conversion of polyol strongly depends on such molar ratio. The minimum
starting ratio polyol/urea for a good conversion of the polyol resulted to be 2/1 when
a discontinuous mode was used. It is possible to use a technique that allows to
minimize the polyol/urea ratio. Starting with a polyol/urea=2/1, after a first catalytic
30 run and then the addition of a selective solvent, the solution of polyol carbonate was
extracted and either only urea or equimolar amounts of urea and polyol were added
to the remaining solution constituting the reaction medium containing the catalyst for

a second run. In the latter case the overall polyol/urea ratio became 3/2 (=



sel ective solvent used will have a high boiling point allow ng to conduct
the reaction at high tenperature but m ght create by-products by reacting
wi th one wD 20tw40macti on conmponents. Anyway, by choosi n@Cre2000863056
appropriate solvent, inpurities are practjcally limted to a few units per
cent (3-5 % wth respect to polyol if the nunber of cycles is kept around

3-4 and exces I arbonate in the reactio olution is avoided. The
ef fici ency oﬂfﬂﬁﬁ%ﬁbﬁﬁépmes P Migd P cated raaﬁqrdﬁe deup #&tovgﬁilr%&@%ffa
instance at 100, kRa 1%3?9&9&2)41@9@@3%1})5&1& Q@ﬁﬁ'fgf' USeRN rfaﬁs ﬁ’?ﬂﬂozf"d@c@é’stin%)‘;] et he

reaction nmedi um and reactor. Depending on the design of the reactor,
use of a ver yokbbwehratw.stheemal oferiNl bamcfbeprivedet byithil téahniqukas practically

extraction/strippi f ni a.that otherw se sfagnate wi thin the
Feactor and revhgedity Prsdobcinfbtel Mot fudpale! sitpaRRG IR A O rhpieh
ammoni a can hedpunPsttrbakoeardabng hdi reetRintp 8 Wattekvith' @Ebaorcalfsa?)rﬂeessed
and cool ed down to be stored as |liquid anmmonia. | n any conpact node

conduct ed at ap¢vendatisinedft bapiedugihe®Pf coype sl ssparatien pé thet padyplfdaghoinaiesby

connected to condenser  cool 20, to0, -20 that,allgws to condense the
extracting sg?y@%Kngﬁg?%ygﬁgdgﬂgﬁﬁﬁpgkgﬁﬁ%g?wwfpﬁﬂﬁnggn Q[em%sc')ld finger

t enper at ur edefaen@sn Bncdndectbdifdr Ngmeaandin@ffronhens @ eetd Heurs.oA \wasit tinksbNg

i soval eronitrile or acetophenone it can be cooled at 20 0OC usi ng water.
Wien | ow boi I'$a¢§0R d¢ade tp \Ae logt [vicdh ehilgr & langetagtion; mgedocesasesothg eslsciivity

t enper at ype i t, .- i r i ent

| 0ss. Th(LaiBf i g%wérggb%%aoﬁwgncg%? %%easttﬁgla%%agﬂ%e%%gsai Iﬁ?}%‘ft@)\ﬁg‘g{g}% ilugergglgﬁcﬁg%go
decant at i on ahdé¢sired éytpradidtangThakfoenttho besiycouditings éhas epaimizornlye fichhedd The

invention relates alsq to rocess for_.s hesi zi n ol yol carbonate which
compri ses r oBURITHEE BIygModi KorgREan prp O o erfpaciec g dmaeTSeogarys i n
the presenceyefy@nPhehed abklondd |y recoverabl e heterogeneous catal yst, and
a selective solvent for polyol carbonate that selectively extracts the

pol yol carbonate with elim nation of ammonia either in vacuum or by using
Eg?r ;/ZPO][lgr Owérﬂgﬁ%?légc?o%@%h%% iﬁlgotl}sgagg(%egg %%aie,bt!e}/t’er 1raesElltsov\&’J\{ll]c ‘tl)eog‘{)tg&le(i\l asa S
the recycle system may reduce the accumulation of said by-products. In this case, the
selective solvent used will have a high boiling point allowing to conduct the reaction
at high temperature but might create by-products by reacting with one of the reaction
components. Anyway, by choosing the most appropriate solvent, impurities are
20  practically limited to a few units per cent (3-5 %) with respect to polyol if the
number of cycles is kept around 3-4 and excess polyol carbonate in the reaction

solution is avoided.

The efficiency of the compact continuous extraction mode that operates for instance
25 at 100 kPa strongly depends on the diffusion of ammonia out of the reaction medium
and reactor. Depending on the design of the reactor, the use of a very slow flow
stream of N can be beneficial for the extraction/stripping of ammonia that otherwise
may stagnate within the reactor and retro-diffuse to the reacting medium.
Alternatively, the ammonia can be pumped before being directed to a water trap or
30 compressed and cooled down to be stored as liquid ammonia.
In any compact mode conducted at the ambient atmospheric pressure, the reaction
flask is connected to a condenser cooled at 20 to -20 °C that allows to condense the

extracting solvent and avoid that it is lost with NHs. The cold finger temperature



This nmethodology is not really suited for |ow boiling solvents such as
acetonitrile or propionitrile; it is better suited for solvents having a
boi | i ng pwonvicadsombout or hi gher than 130 OC. Thi s ver sipem/ErRomIne3ops ocess
in which the formed polyol carbonate pasging into the selective sol vent
phase and consequently | eaving the reaction nmedium allows to shift the

reaction equilibriumtowards the right and consequently to increasge the
conver si on oflepdy oM m%“’ﬁaﬁmgugwﬂfg of db Y oRplY to.disliice RBHERORIBksOr | n
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abstraction fromthe reaction nmedium poly carbonate 1s contrnuously

extracted froolvtite areasctliion batidi tonkecphths tamfifepttircodithb eoldbfigenet-28 tther when
the reaction i one in the presence_of .the sel ecti sol vent, or .when the
Feact | on ana OF9ie b PHpESrobyeEt iy Thrbl soRERETUPhG B FEste B abhG
node, W tB regieliondbPlcdah@tiB®bf heRXBLdREG sbRIBEIHLY R LRbaladosy filkmek to the
reactor for a new run. Selective solvent wll be chosen anong those in

Table 2. Preferably when the selective solvent is used in the reaction

medi um the Lvent .will . be | ecte ng. ni.trpiles. The r ion tii. nmust
be chosen i nsfglﬁc]ﬁvé{lt%lyr% esrgl ?ngg nag%f %g?s c%ﬁt Sﬁ'&:l{heg]z ﬁl&r %Oraly%i ?%Bé)%al?%/&hlgﬁe

carbonat e as cbhppsdaratt@@Cpolvblt Withrured ideksodfentimeali@n hid 68HOBOYlih che
carbon. Therefore, the extensiogn of the reaction tinme when polyol carbonate
and urea ar e PESSHicedlentPréfaraple fllyatcepatie setsragenerus sxpbdysts #d  oekeatiyon of

by- pr odugts. sel.ectivi S r e h 110N
ef fici en§§ plséi;? Ent R sl?‘hga/lk Ee%/fbé%al(?%\%% Ay n?ﬁltgal@%s e S ?afgé’?a&%‘%“*’
conver si on yicBihatioh @ftdnenc@s kahat ». Gevemnadr byeadh@ithd vagepaofither extracting

{echnol ol e2 ot be USS,10, 2601 S UE oblecties, of (e, DLesnt e
evaporator, S he@alidlod ftdot k@lily QQitddr 16§ b0 BRIHE such as acetonitrile or
htt p://ww. t ournai re- equi penment.com U C GrbH /ww. ui c- gnbh. de and
G gkar asek vwwengbrgkae.as skhett) swated fepiohventsghadingka beifiog poing Pf ahan oF Wigher
MMMLprot%Qsi%%mﬁgoq%) for which there is a high mass transfer rate,
This version of the process in which the formed polyol carbonate passing into the
selective solvent phase and consequently leaving the reaction medium, allows to shift
the reaction equilibrium towards the right and consequently to increase the
conversion of polyol without using reduced (low) pressure conditions. In addition to
20  shift continuously the equilibrium towards the right by ammonia abstraction from the
reaction medium, polyol carbonate is continuously extracted from the reaction
medium. This effect can be obtained either when the reaction is done in the presence
of the selective solvent, or when the reaction and the extraction are carried out
according to the sequenced mode, with recycling of the non converted reagents and
25  catalyst back to the reactor for a new run.
Selective solvent will be chosen among those in Table 2. Preferably when the
selective solvent is used in the reaction medium, the solvent will be selected among
nitriles. The reaction time must be chosen in such a way of reducing the contact of
urea with polyol carbonate as they can react with an attack of urea on the carbonylic
30  carbon. Therefore, the extension of the reaction time when polyol carbonate and urea
are co-present in the reaction mixture increases the formation of by-products. The
selectivity (towards the carbonate) and the extraction efficiency play, thus, a key role

in determining the overall polyol conversion yield into the carbonate.



Wi thout requiring high tenperatures. These technol ogies are appropriate
either for the reactor with heterogeneous or "honogeneous" (slurry)

cat al yst swonofoorsoishe separati on of the sol vent and pol yecTeeedmonsioss There
is also a Technol ogy of centrifugal nol e? lar distillation (see Myers-
Vaccuum | nc. www. nmyers-vaccuum con). A technology of rotating packed bed
reactor (see Protensive, ww. protensive.co.uk) can also be used with the
het er ogeneous catal yst. This reactor technol ogy allows a high mass transfer

rate. The reag{gy &Q&Bppééﬂgﬁt&fte@hnlo%?&‘etdd{? Wedfsed RAEIve th bBjcivadiolriput

baffl es, such as the Gscillatory Ba d Reactor (see for exanple N Tech
Sol uti ons wwpresenteoymbot i ons. co. uk) allows a near pl ug flow of react ants.

The anmmoni a oduced can e wi t hdrawn .fr he r.eact or i ter

e ool o BRSO el REABIO D ISR I o8 RS o B MR WS o
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renoved (vented). The hl(%h flowrate allows to keep a good di spersi on of
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done is the presence of VRSS! vent Ued ein Uced at

an inter medi atighole¥Rjuiringhkigh at@pdratueess thnﬁecmﬂc@es aerappugedtd sitHchdotipper
| evel s. The top section would be used to cool the glas st ream conmposed of
ammoni a and & veastor wHB WSPREGGOWE of othamogenqoux” dflugy) vaigtystsTae faimihi a i s

recovered,ei g atﬁ)ﬁdﬁtﬂ@égv W(ﬁ},&t}{?ﬁd& hed cold loop, or as aqueous

anmoni a en I ng trappe I's 1's possible since a high amoni a
parti al presé[llme&: canldoe ag€odmatogd. of rcehindugat amblicveadiddtillatian | Ges Medryol and

urea are goi domnvi/ard and neet with the catal yst (either honbgeneous or
het er ogeneouggac%tlﬁ’ﬂn’rB%CWW%%?%EVPC‘BP’&H%P%Q pol yol carbonate and amoni a.
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At the bottom of the colum, ~polyol carbonate accurmulates in the sol vent

and i s extractedlso be used with the heterogencous catalyst. This reactor technology allows a

15 high mass transfer rate.

The reactor technology of a long tubular reactor, with or without baffles, such as the
Oscillatory  Baffled  Reactor (see for example NiTech  Solutions
www.nitechsolutions.co.uk) allows a near plug flow of reactants. The ammonia
produced can be withdrawn from the reactor at intermediate stages.

20 Similarly a technology of Loop reactor (similar to the Buss Loop reactor) could be
used, and in which the gas produced is continuously removed (vented). The high
flow rate allows to keep a good dispersion of the reactants.

Finally, a technology of catalytic distillation can be considered in the case of the
compact continuous mode where the reaction is done is the presence of the solvent.

25  Polyol and Urea would be introduced at an intermediate level, the selective solvent
being introduced in the upper levels. The top section would be used to cool the gas

stream composed of ammonia and solvent, and working at total reflux of solvent.

The ammonia is recovered either as liquid ammonia through a cold loop, or as
30 aqueous ammonia when being trapped in water. This is possible since a high
ammonia partial pressure can be generated. In the reactive distillation, polyol and
urca are going downward and meet with the catalyst (either homogeneous or

heterogencous) and react together producing polyol carbonate and ammonia. Polyol



and | ater separated fromthe solvent, which is recycled in the colum. In
the reactor used according a conpact node there is m x of polyol -urea-

sol vent aw020stmbisst. The solvent is selected so that iPsTHPRMOEGEIPOI Nt i S
near the reaction tenperature (in the reg gtion conditions). As the
tenperature raises the sol vent start to boil and created the gas stream
that help to drrve t he anmoni a g n the condenser the sol vent |

is
recovered and@PANYRENQES N ihg o WehbRN2se; dr enbipEr i Ve Wnéf‘éarta' Qhitke NH3
Or as aqueoupoARIRIT tRY colfrRML P@lg@lj@e{rbfoﬁalfbeac%ﬁhl\ﬁ%s i ke %l%eﬁtsanrdqg'%)(ﬁgztéd' om
t he reactor and decanted. PO -urea 1s returned to the reactor and the
sol ution sol \ae¢hiqutrlsymratcduﬁban@meoivsntswbwhat amdyclahth mheolsmnvent is recycled
to the react The  boi | int of a i a, depends 0on,the sure
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t he hi ghest pressure and consequently with an ammoni a partial pressure of

nmore than 100crRiRgatues @y icdeaction eprditiens).obs thadempgratuepraisgs ﬁ)@cspl\r@gt gohtensers
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tenperature Coul‘l eéctive

sol vent s | eadhaglidnt drceasdred aﬁeﬁﬁrhatobmﬁtrqf ap@loyit is rE@oazemde(elﬂE&re@arqatd on of
the Catal ysts 1) a-Zr-Phosphate, Cataly 1 63.50 g of ZrOd -SH2O were
di ssol ved i n NEEQOIAS agRCaps @BIMORR)- tientsrueﬁslgélr%tqlrﬁﬂt TOXtHE Isfrerppvadoom s e

added toggth [ 525
mL of I—Bg%d géa"% r‘laﬁg%ééingétdr g%b@v}agi or e 8&) ﬁle% I u>]<a'5l%i %&gtléc}gaélgé}%&%tr I
t he preci pit ablyohcasbenatoispbetradd, aﬂihehesmllvarit masc;fclddttertlmjrearrtdr. washed with

distilled water until conplete renoval of C ions (negative chloride test
on washing waters). The precipitate was stored in a dryer over P2Gb at room

tenperature ufbigoiling point of ammonia depends on the pressure according to the following
scale :5.2kPa :-79°C; 11.9kPa : -69 °C; 752 kPa : - 39 °C; 125.9 kPa: -29 °C.

15 It is then interesting to operate at the highest pressure and consequently with an
ammonia partial pressure of more than 100 kPa to avoid to consume too much
energy in cooling condensers
Where it is possible to operate the reactor under pressure, the reactor temperature
could be lower and allowing to use a larger range of selective solvents leading to an

20  easier separation of polyol.

Examples

Preparation of the Catalysts
25 1) a-Zr-Phosphate, Catalyst 1
63.50 g of ZrOCl,-8H,0 were dissolved in 750 mL of water and to such solution 70
mL of HF 50 % were added together with 675 mL of a solution containing 150 mL
of H,O and 525 mL of HsPO4 85%. The solution was boiled under reflux for 5/6
days until the precipitation was completed. The solid was filtered and washed with
30  distilled water until complete removal of Cl ions (negative chloride test on washing
waters). The precipitate was stored in a dryer over P,Os at room temperature until

constant weight (three days).



constant wei ght (three days).2) g-ZrPhosphate, Catalyst 2 and Catal yst 2a
100 M. O Zrod -SH O I Mwere added dropwi se to 200 nL of boiling solution
of NaH2PQveHMa/@hiss The gel was divided in several porti eos/Eramb/osmas ed with
its nmother liquor in a Pyrex glass tube d heated in an autoclave at 180
OC for a week. The formed crystals were separated and washed with HO INto
renove the Na+ ions and then with the m ni num anount of distilled water

until it resddtiefirFhasphateohptalyst 4 and GHalysbkZpl e 1). The crystals were
d d at 25 i i b | yst
2rI 'el'heacat al 356? hﬁéh@?f%fz galtl\glz%? g@dsdrS sfé ngp?/s (Ealgt%éa ?tl&%?h)rlsat

140 0C. 3) AmaiphROws,Di 6Mhd§1pr@ﬂ e;yastalt/aileysh s8vé&3l7 Gortion Ole bishPE2ale d2 bvith vey e
added dropwi se to a solution o 4 m xed th 79. n. o
2N, After 247RRHEdIIYPRE HPYIAE e‘a%r%dm atrri i @ %IO%TF%P Migﬂeé?z (%r gveek.
distilledsvatgg f&ﬂ%%rﬂtélbw‘é‘g segﬁ)rajéeﬁ aBtf'zvgasﬁecfSwnﬁ@{thlN f%dreﬁ%% tf%@ iofty

g- Ti - Phosphate, Catal yst anor phous P prepared as in Exanple 3
were m xed wiandh tiB5 with cuermmnm dhourh of slodtilied o‘ratcwamtliseaieedtedrfr® feymdXd gl ass

tube and heated i n an a e at,. 300 OC, far .The tube ened
Lhe sala T o b Sttt 7B SN aRRel G S e i o SR RSR Wi
HO  (pH=5) argalyieR r¥pdriddlak Catdydsthd tfslywaliRlled @s &l dtdlyfiake- mﬁcsﬂay@w de

ions. Catalysts 1l to 4 were used as such or else they were |oaded wi'th

i nt er cal at ed 2rhsalsd ddrehbratdd0BCval ent- and trival ent-cations of the G oups
2-14 [as an exanple we nention zZn(I1) Pd(Il), Pt(Il), Ru(ll), Sc(lll),
Rh(I) and Rh(I'll1), others]. Preparation of |ayered phosphates intercal ated

wi th mono- bi 3) Ainv@ipadts TRPhosphatellGatgenes al procedure for loading a cation
into the Iayered pillared catal ysts Catalysts 1, 2, (S reported bel ow.

Catal yst 1, 237@omlgofiddQukspvgedc pddod dapwisato %a@ntl%t)fw%@ B&AJIClaxed
sol ution Of RxHFh 1479.25 mL of HCl 2N. After 24 h the precipitate formed was filtered and

washed with distilled water added with HCI up to pH=3-3.5, and dried over P,0s.
15

4) y-Ti-Phosphate, Catalyst 4

2.5 g of amorphous TiP prepared as in Example 3 were mixed with 35 mL of H;POy4
20 10 M. The solution was sealed in a Pyrex glass tube and heated in an autoclave at

300 °C for 48 h. The tubes were opened, the solid formed was filtered and washed

with distilled water added with HC1 (pH=5) and then with little distilled water to

eliminate the chloride ions.

25  Catalysts 1 to 4 were used as such or else they were loaded with intercalated
monovalent- or bivalent- and trivalent-cations of the Groups 2-14 [as an example we

mention Zn(II),Pd(II), Pt(II), Ru(Il), Sc(1l1), Rh(I) and Rh(III), others].

Preparation of layered phosphates intercalated with mono-bi-trivalent cations.

30 The general procedure for loading a cation into the layered-pillared catalysts
Catalysts 1, 2, 4 is reported below.
Catalyst 1, 2, or 4 was suspended in a solvent such as methanol and a solution of the

cation (provided in the form of nitrate or chloride) was slowly added at a temperature



cation (provided in the formof nitrate or chloride) was slowy added at a
t enper at ureof 25-45 0C. The concentration of the cation in the solution was
det er m neatoas1oa4b188ct i on of the expected | oadi ng char gerciiEpg@oesake at

| east the double of the ampunt of cationwith respect to the |oading charge
was contacted with the solid matrix. The contact tinme ranged from1l to 7
days at 25 0C ccog to the desi met al. | oading. The solid was then
filtered vadhdd-ti qﬁ?ﬁ%mcaﬂ@at@@nﬁ @ecﬁaﬂ@a in e SR PV ad FACiCHPEYCE A4 ed
metal was typifdbhbr] 'tHé & Egcté@ﬂﬁﬁln% “chark. I%%n@@? af RL &ML H@@ol@%f ﬂ’l'e%ﬁﬁ)'uﬁt

met hods for el emental an sis. Such catalysts, anyway did not perform
better than wheatem \gltlmedspemmthedbah@tlmrg@waﬂcomact%mthelneesdbldlmmexﬁlrmpl es

d be th f. t t tril i I tril d k
(cet ophenoné) ey tmPabisielabl Taht ! Gy ebrsl toapnnite d SiRTamiR oa o
sol vent s, 5\/\/m1(Iagng§ ycerol has a limted sol ubillty from2 to 11 ng m 1 and

ureaallmted solubility from1l to 58 . n;plellnatypmal
run, 5.24 g éﬂheqpyéé‘raélth@sﬁlt@remﬁ%hede’flﬁl Céb@ﬂe@tld/\m yudread (The@ﬂg)un'egf mol )
[rmlar ratio I ra172 for 4 und ureln
presence of @?%ﬁlégeta régt l(e‘(sfa%)?p %aﬂ ég)er léaélggltzo% /%a)% tﬁaé? (ge/}fs éiflbjg%lg?ed to
room t enper aimutioda e dlbhaciaalrddansise was extracted with acetom tr| I e (3x3
m.). The acetonjitrile phase was separated and urea (1.0

added to the SUekFefakpts qiyeey olid pelarestosmpettethar g Qr&an%mt?rﬁ%@a%fsté rmr e
hr at 145,0C4 The carbonate was extracted again follow ng the same
procedure as above (3x3 nL) and the CH3CN phases were collected. Equinol ar
anounts of urea (2.0 g, 33 mml) and glycerol (3.1 g, 33 mmol) Were added

to the residyal nother mxtu hat S fur her. reacted for 1. 145
0C. The car b Ra B RO S o 1 of FRIcEf e F et o)
conbi ned, th%né%%ﬁ@tacmﬁh@ﬁb%@%@sfefééuwsd!l@&ﬂ%’ly%m%‘l cArBOMBd RMBRIAL W &id - 27

solvents, while glycerol has a limited solubility from 2 to 11 mg ml™" and urca a

15 limited solubility from 1 to 58 mg ml™.

Example 1

In a typical run, 5.24 g of glycerol (57.0 mmol) were reacted with urea (2.0 g, 33
20  mmol) [molar ratio glycerol/urea=1.72] for 3 hr at 145 °C under 2 kPa pressure in

presence of Catalyst 2a (0.02 g). The reaction mixture was then cooled to room

temperature and the carbonate was extracted with acetonitrile (3x3 mL). The

acetonitrile phase was separated and urea (1.0 g, 16 mmol) was added to the residual

glycerol phase and the reaction continued for 3 more hr at 145 °C. The carbonate was
25  extracted again following the same procedure as above (3x3 mL) and the CH3CN

phases were collected. Equimolar amounts of urea (2.0 g, 33 mmol) and glycerol (3.1

g, 33 mmol) were added to the residual mother mixture that was further reacted for

1.5 h at 145 °C. The carbonate was extracted with CH3CN. The CH;CN fractions

were combined, the solvent was evaporated in vacuum ? at room temperature (. 27
30 °C) and the residual glycerol carbonate was distilled in vacuum.

The final average conversion yield after three runs as above results to be:

- 90-95 % for ureca

- T72-75 % for glycerol.



0C) and the residual glycerol carbonate was distilled in vacuum The final
average conversion yield after three runs as above results to be: - 90-95 %
for urea wogBr/osf or gl ycerol . The best selectivity torargeeanbtmsat e of
the converted glycerol is: 90 -96 % forngg glycerol carbonate. The total
extracted glycerol carbonate is 90-95 % of the converted glycerol. The best

yield as isolated pure.glycero] carbona (sol vent extraction foll owed by
di stillati on)T%Fg’e%§&?%l%Y&PWPWIé caPRpiF %wye‘é?rzﬂg.gw%m& $imilar way
Catal yst 1, 2, 3 3pdof opesiticHSBR el cRibBRUEE gl ycerol carbonate with the

following isolated yields: Catalyst 1, 505 % Catalyst 2, 605 % Catal yst
3, 515 % Caflakysttl ektrad9@¥ycBiohnpbend?e isn a typical run 10 g of glycero

(109 nmol) were r ed with urea (6.0 g, 100 mmol) in presence of Catalyst
2a (0.025 g) at'1§gg%cgé¥%%i%ﬂgﬁﬁﬁpﬁxmﬁgessure in a round bottomed flask
connect edst 0 The MRPOYicKONIROREI 10 URErAt carbealdPsoMbht &tMNcM@S follodddYby
bubbl ed t hrough the reactlgg m Xxture in order to elimnate NH3. The

P

reacti on was destitlptiend iv0-72 Gv ofithp startingeglyestielenser greatly reduces the | oss
of the solvent (glycerol) that |eaves the reaction flask transported by the
gas stream. The reacting m xture was cooled to 30 0C, added with CH3CN (5

mL) and kept Iwadahilativger Catslyst 1,12; Bragd 4orerd dsdd 1o. prddiecc @HACN | phdoaatdasith
separated (by decantation) and the reaction continued as reported above.

Such procedufle (RAevinghisatetsd Yighdsndradalyst e 9083 “additalystat. dehonbwahish3an

equinnlaqoangqg§9quﬁﬂﬁg apgl@l ycerol (50 mol per each reagent). The CH3CN
phases were collected and evaporated in vacuum and the residual glycerol

carbonate (45 %wth respect to the starting glycerol) was distilled in

vacuumto afford 40 % pure gl ycerol carbonate. This nethodology allows to
wor k xample 2

In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g, 100
mmol) in presence of Catalyst 2a (0.025 g) at 140 °C at atmospheric pressure in a
15  round bottomed flask connected to a vapor condenser (cooled at -10 °C) while N,
was slowly bubbled through the reacting mixture in order to eliminate NH;. The
reaction was carried out for 3 h: the condenser greatly reduces the loss of the solvent
(glycerol) that leaves the reaction flask transported by the gas stream.. The reacting
mixture was cooled to 30 °C, added with CH3;CN (5 mL) and kept under vigorous
20  stirring for 15 min. The CH3;CN phase was separated (by decantation) and the
reaction continued as reported above. Such procedure was repeated two more times
by adding at each new run an equimolar amount of urea and glycerol (50 mmol per
cach reagent). The CH3CN phases were collected and evaporated in vacuum and the
residual glycerol carbonate (45 % with respect to the starting glycerol) was distilled
25  in vacuum to afford 40 % pure glycerol carbonate. This methodology allows to work
at ambient pressure and uses the N, flow for the elimination of NHs but the overall
yield is slightly lower than when working in vacuum..
Similarly Catalyst 1, gave 30+3 %; Catalyst 2, 40+5 %; Catalyst 3, 32+5 %; Catalyst
4, 3045 conversion of glycerol into the relevant isolated carbonate.
30
Example 3
In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g, 100

mmol) in the presence of Catalyst2a (0.8 % w/w with respect to glycerol) in presence



at anbient pressure and uses the N flow for the elimnation of NH3 but the
overall yield is slightly |ower than when working in vacuum. Simlarly

Cat al yst Wwo 20ema0303 % Catal yst 2, 405 % Catal yst 3, Bed/rHpooGatabyst 4,
305 conversion of glycerol into the releygnt isolated carbonate. Exanple 3
In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g,
100 mmol ) in the presence_of Catalyst2a (0.8 %wWww.th respect to

glycerol) i n_of%@e@gﬂ@@e?e SHldgheRgnd: {5 rpiye ottt B s R B Bt omed
flask at ambigifc-RHESSWaPoCQMBELEAvAEr @oY@PR20CRNIRNRAY, w@gls\svﬁﬂe@t@ﬂ at
20 0C) while N was slowy (50-60 bubbles/mn) bubbled through the reacting
m xt ure i n obdebles/miml hubbtedt thraughtthatrcasisg trhigture nappked to elivanate NHhehat

condenser greatly reduces the |l gss of the solvent that |eayes the action
rask tr anopdrt AlPPRS S, PRSsehasher A FhesndB® lass B 8 whief 635 o
the reactkngidiv¥d the@cidn FRGL @andpdrtdd b)Ehe fitlch®. EXé FaetidbPWas edrviedbuphase
was anal ysed by GC-Ms and the reaction continued for 2 nore h. The sol vent

was anal ysed feis3 Abtheacagiggtmixtyre awsiconled dat30ne dnd she egection selyontephasmt i |
the formation of gl ycero n . Xlm z h | vent phase. was
glgne(jie ]Zéy h_CglgLSbgn(? ‘Eh% I“é‘é%?lo%lh ontg%lleﬁq‘o I (rgorm% @8 égp ean\gas[ he

. W a&
finally collecte amount "o e ven

sequence repaailestd akhdosoOhvE e piakasconthigedrsxeportadgdiohe runtin theefoapatiat ed i n
vacuum and the residual glycerol carbonate 545-55 %wth respect to the
starting gl y@égbicyrahaybenade map awximizghclhgriotnaphase avagdsby eolsied Hidycer ol

car bonat Thi A i i nes
Che N 11 g forh AGoURE 6l BEXoRehpYSpd HES o) A RaBce B pRiH IRIENERT,
t he conti nuophasextwactmiand abgcthve amdr bapated hheacsomvant thrussidoa glybérgh

boiling solvent in or oJo.avoid substantial |osses of .sajd.solvent due to
the use of acm-tbpp%}a@r\ﬁg%réavﬁﬁ% FPPRSCE 04l ?iseﬁl%%}veer%iwéé%tﬂea% VICYER ¥ 30 2
% with Catalygtd 2-5690pH FRERN ¥ebomte 30 4 % Catalyst 4, 325 % of

i sol ated gl ycerol carbonate.” Exanple 4

This methodology allows to work at ambient pressure and combines the N, flow for
15  the elimination of NH3 and the use of selective solvent for the continuous extraction
of the carbonate. The solvent must be a high boiling solvent in order to avoid
substantial losses of said solvent due to the use of a nitrogen stream.
The reaction above with Catalyst 1 gave 30 £2 %; with Catalyst 2, 40£5 %, Catalyst
3, 30 £4 %; Catalyst 4, 32+5 % of isolated glycerol carbonate.
20
Example 4
In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g, 100
mmol) in the presence of Catalyst2a (0.8% w/w with respect to glycerol) and of a
high boiling extraction solvent such as iso-valeronitrile (5 mL) at 130 °C in a round
25  Dbottomed flask at ambient pressure connected to a water-cooled vapor condenser
while N, was slowly (30 bubbles/min) bubbled through the reacting mixture in order
to strip NHsz which is then trapped in water. The condenser greatly reduces the loss of
the solvent that leaves the reaction flask transported by the gas stream. The reaction
was carried out for 1 hr, the reacting mixture was cooled to 30 °C, and the extraction
30 solvent phase was analyzed by GC-MS. The formation of 4.5 wt % of glycerol
carbonate (with respect to the starting glycerol) was determined. The reaction was
continued for 2 more h in the same reactor. The solvent was analyzed as above and

the formation of a total amount of 10.5 % of glycerolcarbonate was determined. and



In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g,
100 mmol) in the presence of Catalyst2a (0.8% ww wth respect to glycerol)
and of a woghioabissng extracti on sol vent such as i so-valper@mpimiobms¢ 5 nl)
at 130 0OCin a round bottoned flask at appi ent pressure connected to a

wat er - cool ed vapor condenser while N2 was slowy (30 bubbles/mn) bubbled

through the reacting mxture in ordr to str. V\/nlch s then t ed in
vater. The coMdEasiEn @%@PF@ o EAGEEL abhe: IHBELR]G R g\ ETo her YRR .5

the reaction yflaskitlRASPRY Ecﬁde&?lphhékewgéﬁnéﬂf é‘cﬁf@cteﬁha%dfaeﬁ&tlﬂ SRoWRDFGRL ri ed
out for 1 hr, the reacting mxtu was cool éd to 30 0C, and the extraction

sol vent phaseolwalst (énmly@ddedaynmel\@quaﬂve epeanat. |Tdnn sofveat bhwes Weod ngkscer ol

carbonate (W, th respect to the startin

enotton was ReHier Aaq piftelsd i thinn FAaFbY Sl el SRRl e
anal yzed as alRgvespottotthe sthRrlnEBlly@bolPlvad disalied vt t8fcadQo 20%50% pure

gl ycerol carbonate was determ ned andthe reaction conti nued as reported

above, until ghiserol gathandton of gl ycerol carbonate was maxim zed. The sol vent

phase was fi %easé{reﬁl%n S c%h? Q'L].%dq %a? .?'g W?fh th%as lﬁ?otme(l) { 1r0tdugedS \gflas\t/ T qéé)te& n rvg‘a)[e&added

and the sequence repeat Veén €s wefe mxe

evaporated | @omcammﬁm glat bmbalelgvll@ualhe gj the pbot despmbdniad @ap @Fat3&abo Wi t h
respect to the starting glycerol) was distilled in vacuumto |lead to 20-25
% pure glycerol carbonate. Measurenents confirmed that 55 % of the ammoni a

r oduced S d t S | gst he
Poor dosi'n SFoFRRELS I Show P RITTIN GRS (RIS dRguke R 0 Repod
conver si on yitahgbrateme tids dramdésh&lermkectwmnf ttlmmeraatlm solvtitahigherc thd dsoiltipe

selection of the extraction s ent her. t he. boil j ng poi of the
sol vent, hi g8t e TGP oﬁ gl]l‘FrelﬂéF §?r§188r B}GP‘Plilfr ggseawilﬂ i’or example
I soval erinit rlgolvgleﬁl%@m%%@p 90 O@j AIRARS tbcbvd/Me romyoan'lm at a%ﬁQh@ges@Qfa& ﬁ%bﬁﬁt

yield is 25-30 % whi |l e acet ophenone (bp lows to wofk at 14
and the yi el & ivghilenaratephenontco(bp026D °¢o oiﬂlog/lsytoewoltk etad b7t end E)camllct 15

15 increased to 40-50 % of glycerol carbonate.

Example 5
In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g, 100
mmol) in the presence of MgSO,4 (0.8 % wt/wt with respect to glycerol) in presence
20  of a high boiling extraction solvent such as iso-valeronitrile (5 mL) at 130 °C in a
round bottomed flask connected to a vapor condenser (water cooled at 20 °C) while
N, was slowly bubbled through the reacting mixture in order to eliminate NHj. The
conditions were the same as those described in Example 4. At the end of the reaction
the catalyst formed a sludge with the solvent and products that made almost
25  impossible the recovery of the catalyst. The extraction of glycerol carbonate was
carried out with the addition of further isovaleronitrile (5 mL) and shown to be equal

to 8.8 % .

Example 6
30 The reaction of examples 4 and 5 was carried out with ZnO as catalyst that dissolved
completely in the reaction mixture. The same amounts of glycerol, urea and catalyst

as in examples 4 and 5 were used. Also in this case the catalyst could not be



In a typical run 10 g of glycerol (109 mmol) were reacted with urea (6.0 g,
100 mmol ) in the presence OMSO (0.8 %w/w with respect to glycerol) in
presence wo 2810hi4g36boi | i ng extracti on sol vent such as | soTERR@vOGES6i | e (5
m.) at 130 OC in a round bottoned flaskm? nnected to a vapor condenser
(water cooled at 20 0C) while N was sl ow'y bubbl ed through the reacting

m xture in order tg el imnate NH3. The condrtron;ﬁwehg Ee as those
descri bed i nTEeXSH dTom the RGP YR $E YA oD SSeaea 4 dhe vimia a

st udge wi th e 594 ¥PRbo ARCY BEOGHCLSdMIRlw ARG B oSt | mposs| b' e the
recovery of the-catal yst. extraction of glycerol carbonate was carried
out with the addrtron of further isovaleronitrile (5 nm.) and shown to be
equal to 8.8 6 Th ction of 4 and 5 was carried out
with ZnO as %§I th@Poﬁi ?ﬂrggageﬁﬁﬁpetinﬂfh 'he reaction mixture. The
same anousts of egceroI urea and catalyst as in exanples 4 and 5 were
used. Also in this case the catal yst could not berecovered fromthe
reaction m xtBxemples 4 Swasd Goshoive that vhquwe’ﬁveﬂthﬁnnméloeowler@n cxfigeting el d
of recovered e rhon % n t al yst
2a gives a vyi g]l ggtodf'egweg hg/oo %il}r?\p,\% g%wzltﬁs beryl Cr?]& S%h@le ' Ove%f 151et%pr%aél)t%]astg1 of
the inventi orepéndb onlis @xfuFact i ng sol vent descrrbed here can be used with
several catalyst. The recovery of the catal yst depends on its nature.C ai ns
1. Process for synthesizing polyol carbonate which conprises reacting
polyol with urea in the presence of a catalyst, extracting produced NH3 and
in addition in the presence in the course of at |east one step of the
process of a selective solvent for polyol carbonate allowing to extract it
fromthe reaction medium 2. Process according to claim1 in which the
operating conditions are as follows - tenperature conprised between 90 0C
and 200 0C, preferably at a tenperature of 100 to 150 OC and nore
preferably at about 130-145 0C and



pressure conpri sed between 2 and 200 kPa, preferably conprised between 4
and 150 kPa, and nore preferably between 10 and 120 kPa. 3. Process

accor di ngvoeomliadtss| or 2 in which the sel ective sol vent PRTEPRIWAHCRS6
solubility for polyol carbonate as conmparged with its solubilities for

pol yol and urea such as the ratios polyol solubility/ polyol carbonate
solubility and urea solubility/ polyol carbonate solubility are
respectively | ess than 8% and 15% and 6ﬁ@ﬁ§rably | ess than 2% and 10 % 4.
Process according to claim3 in which the selective solvent is chosen
anongst the conpounds conprising at |east a function nitrile or ketone. 5.
Process accorldiPnepessofor|sgnthresizing pahjiot lvatbheats evledt compsss wearting podvd sath
anongst acetonitrile, propionitrile and iso-valerqgnitrile. 6. Process
Scordi ng. to ity nchERER e ek hi SR Te B APAR N andin SIUGRRIEIE and
used a cas amﬁése@él inGth@lkotkE 0P RETAL dHE ENEF theQRRScesy of BIselkBfve 16&1tdbNg to
claim6 in ich the catalyst is chosen anongst ZnO MSO, ZnSO, MySO ,

FeSO4 , aand pPgly2i cashesphalioaving togexfiaciih Fophide écacBon medisiess according to
claim7 in which the catalyst is aand g-Zr-phosphate or g- Ti-phosphate.?9.
Process according to any claim1l to 8 conducted in a conpact node in which

the catal yti Q. PRaedsiadtorpidig)td latth @dn inshichathe bpétainit cdnditione afy 8FeNees of the
sel ective solvent. 10. Process according to claim9 conducted in a
conti nuous conpactCRsIEUIS CRRPERY &5815¢8n 4Rd exttdacO0 orCofrréfR@blyarbonat e

solution  are sinu il rQge I | Al Gqgad dina
discontiﬁgous con%%@%gﬁgﬁgﬁ}#xmﬁﬂgﬁ ?%gﬂg§@%§%$g3h86§a?ﬁguggﬁ%gng%ég
solution is car+i eetsewt camptibel bawoemn? ard D0 kBa,. priferabBr owepsscddeovabng t o
any claim9 to 11 carrj out at a pressure conpri tween 30 and 200
kPa and preferablﬁn@égggg%aﬁ n&ﬁﬂpﬁgﬁmaﬁ§?wﬁ§? Pﬁgggggg%cording to any
claim1l to 8 conducted in a sequenced node in which the catalytic reaction

is carried out without the selective solvent and the reaction
3. Process according to claim lor 2 in which the selective solvent presents a

15  solubility for polyol carbonate as compared with its solubilities for polyol and urea
such as the ratios polyol solubility/ polyol carbonate solubility and urea solubility/
polyol carbonate solubility are respectively less than 8% and 15% and preferably less

than 2% and 10 %.

20 4. Process according to claim 3 in which the selective solvent is chosen amongst the

compounds comprising at least a function nitrile or ketone.

5. Process according to claim 4 in which the selective solvent is chosen amongst
acetonitrile, propionitrile and iso-valeronitrile.
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6. Process according to any claim 1 to 5 in which the catalysis is heterogeneous and

used a catalyst solid at the operating conditions.

7. Process according to claim 6 in which the catalyst is chosen amongst ZnO,

30 MnSOy4, ZnSO4, MgSOy4, FeSO4 , a and y-Zr-phosphate or y-Ti-phosphate.

8. Process according to claim 7 in which the catalyst is o and y-Zr-phosphate or y-

Ti-phosphate.



mediumis transferred into an i ndependent zone where the sel ective sol vent
I s added. 14. Process according to claim 13 conducted in a discontinuous
sequencedwordm/d4orsehi ch t he whol e reacti on nmedi umis tr aosfEPeemede3ons o t he
i ndependent zone where the selective solg§nt I s added. 15. Process
according to claim 13 conducted in a coniinuous sequenced node in which
only a part of reaction nediumis transferred into the independent zone
where the selective solvent is added, fresh reagents being introduced into

the reactor i9nPR)rc%%ra_cE&dfﬁ%it@ta@ Blaint § 14 8¥EhdREcd iF a8 Ripict ntdtic iRWAfESHe

according to any claim137to 15 carried out at a pressure conprised between
2 and 100 kPaatalyticpeaefien ablyyl-wet weenried ardn 8@ pfrfanceldf. thPsadoriys séloent.

synt hesi zi ng ol carbgnate which ¢ ri.ses reactin olyol with.urea in
the. presence !B PhetsAEio SRE (SR DeBiE i S5phiRbun AdpBR s 1 Wil pha o
and extraeti RehcREPAMESHraliBh of the carbonate solution are simultancous.

11. Process according to claim 9 conducted in a discontinuous compact mode in

which the extraction of the carbonate solution is carried out at the term of each run.

10 12. Process according to any claim 9 to 11 carried out at a pressure comprised

between 30 and 200 kPa and preferably between 60 and 150 kPa.

13. Process according to any claim 1 to 8 conducted in a sequenced mode in which
the catalytic reaction is carried out without the selective solvent and the reaction

15 medium is transferred into an independent zone where the selective solvent is added.

14. Process according to claim 13 conducted in a discontinuous sequenced mode in
which the whole reaction medium is transferred into the independent zone where the

selective solvent is added.

20
15. Process according to claim 13 conducted in a continuous sequenced mode in
which only a part of reaction medium is transferred into the independent zone where
the selective solvent is added, fresh reagents being introduced into the reactor in
order to maintain its level of reagents.

25

16. Process according to any claim 13 to 15 carried out at a pressure comprised

between 2 and 100 kPa and preferably between 4 and 20 kPa.

17. Process for synthesizing polyol carbonate which comprises reacting polyol with
30  urea in the presence of a catalyst constituted by y-Zr-phosphate or y-Ti-phosphate
and extracting produced NHs.



