A PROCESS FOR PREPARI NG POLYMERS OF PCLYHYDRI C
ALCOHOLS The present invention relates to a process
woaoo7aagsber ati ng the conversion of |inear pol paEMNY2006/000023
pol yhydri c al cohols fromtheir nmononers in the
presence of catal ysts using m crowave irradiation.
BACKGROUND ART The present invention relates to the
process of the production of polyhydric al cohols from
A PROEESS FOR PREP A RKEGIPEE YM ERB GFPOL Y HYD RIQ AL ABHOLS
subjected to this process are glycerol, ethylene
gl ycol, propylene glycol, sorbitol, sucrose, D-glucose
and fructose. This list is by no neans exhaustive.
Pol yal ycerol is defin _pal. yner Lnin !
s The pieSlptpRoR o iy B rofoell Fr P TRin SR SR gl 18 Jflee
polym&t af pbBHydiNuaTesIRls o8t fheid Sn@loendmie fpdsehdeeof catalysts using
. preparation of polyglycerols with earlier works
microwaygigadiatitound t he use of thermal dehydration of
gl ycerol. The polynerisation was earned out at
at nospheric pressure and at an el evated tenperature,
whi ch is about 2700C - 280C as nentioned in U S. Pat
7.208. The process can be acconplished w thout
10 BAC%&%%O%E@S atal yst but the yield of polyglycerol is
considerably | ow as reported by Hauschild and Petit
(1956). Therefore, various catal ysts have been
The present sy eriin relgtesitel theproesss pothgwredystion obralylyidyis ajcehols from

e RS SAAIEE S L Bl S0 b e e
glycerdlg iethylent hglg@dli propyigoe gkicdl sadimpperred, Drglu®sPaind fiditose.

15 This ligtgggé;{gséémgltegﬁéisﬁﬁ?.ﬁb&?&%}oﬁis g%%{éﬂ%? _a?p%‘i)ﬁﬁgrl cl'(l)maining two
or mof% lqgﬁéfgf %19&@%(13@.%3&% Bifhed Bih&f r Bfanbly&l, 0Xi de as in

at. No. 5,71 0,350. Polyglycerol formation was
also reported with either sol ketal, glycidol or

C t ~feae Lt 0ok
N SEIRCHERIBRIR %y ERE) S EOLINEBAEaRh e o
evolvellV &ouikhthe Dge 9f Dhekmall Ashydaithver of lghretohalThe pubyndirisagon was
. _caesium and potassi um Co
20 carried out at atmospheric pressure and at an elevated temperature, which is about 270°C
- 280°C as mentioned in U.S. Pat No. 2,487,208. The process can be accomplished
without the use of catalyst but the yield of polyglycerol is considerably low as reported by
Hauschild and Petit (1956). Therefore, various catalysts have been introduced to aid in
the formation of polyglycerol such as mixtures of sulphuric acid and triacetin as
25 described in U.S. Pat. No. 3,968,169, hypophosphorus acid with sodium hydroxide as
appeared in US Pat. NO. 4,551,561, alkaline carbonates such as potassium carbonate with
aluminium oxide as in J.P. No. 61,238,749 and sodium or potassium hydroxide as in U.S.

Pat.No.5,710,350.

30 Polyglycerol formation was also reported with either solketal, glycidol or glycerol
carbonate as the reactants when reacted with hydrotalcite at elevated temperatures as
described in W.O. Pat. N0.9,516,723. Other than that, rubidium, caesium and potassivm

fluoride salts on alumina or zeolites were used as catalyst for the polymerisation of
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fluoride salts on alumna or zeolites were used as
catal yst for the polynerisation ofglycerol. In

w@adai7vies gl ycidol, glycerol carbonate and soP&EMAI2006/000023

were pol ynmeri sed using the.above fluoride salts into
pol ygl ycerol as reported in WO Pat. No. 9,52 1,21

glycenﬁ @ E@Jltl%ﬁ]a%yglﬁ 3,18} F\opcéboﬁ)ﬁ ahg- soﬁegﬁ% ?cSEOIyB%{lsed using

i near and ygl ycero S were
the aboeatbonde ketsvieerpaygivdeddl as 1@13(ymmirml Wc@rl?laorm €9,801210.Other
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of reattiort MRIVAACESEASI0 INRRAT @dl@&{a)'élla)ﬂ&eé'oﬂietal' Ritly: Seta-Z&lites as
No. 4,960,953, Jakobson et .al. disclosed a process to

catalysps. 6duce pol ygl ycerol, which conprised reacting
gl ycerol, diglycerol or higher polyglycerol with
epi chl orohydrin at 90C to 170C to produce a crude

While Sd)'ﬂne loehey Urcratheb i‘@foﬂﬁ&l telise of kpichioy@gdhy irthdipigceddlio prepare
nt of strong b at | east substantially

Poly&)&ﬂﬁlv& Hnt Pab Nopé 9&9&&%1 {aéfpbgpﬂbeéuﬂddléﬁp% 3nlé1 Oé%ﬁﬁtt% ffoduce
polyg]ﬁel (Slh@/h?tﬁ‘l' A llé'ycﬁﬁé‘?;h/c&]o %1?0?15'1”% & ﬁ@r (tell'](ﬂ with

ture and recovering i gFycel
eplchlchpgyﬂam bl Y§Cy el 30°G rtacpmdma aAbtugie célﬂcn’ohbcdnnl/@ther mlxtme

angot her..route in rin ol.ygl ce The
fotlow By i it ool B C0ne HaRo! Bt SibSagias; GnEN 3 he
or gam@ﬁlbyclbcﬂﬁhﬁ Mutng deatchobfratd @ﬂ&ohf&ﬁn/étﬂéﬂ BneeteP¥nd desalting the
merisation of the glycidol IS was proven as
mlxtwaﬁag Eesovepeiie glyéelﬁbtdm%mcem apd éapﬁ\ebpq}bsgly@qrykfé@c@pn&s
shown in J.P. No. 2,169,535. Despite the fact that the
background art in preparing polyglycerol is crowled
Allyl ahhdi ver emthart raute emi qbeemaringapollygﬂec&’glﬂt hgwi prodfess involve

noJ.yagl ycer ol , an e has e
aepordfgigff ol e Aoougts BViigh dhveidsf Wbl e bimed 80 1 oppwea
by poljrfiefsatidh af thRlpdwidt ETHIO WA PR ven beawihedRifettiR Héthod B lﬂ’dﬁare

5 hours to 72_hours to cany out polynerisation wth
polyglygex@psyhews inot-P gNg-Zel&335di gycerol , trigl ycerol and

ot her hi gher polyglycerols. O her preparati on such as

those that involve epichlorohydrin may polynerise at a
Despit dlsd fact that the backiprquab g iy pespatisg polydiycad! fsrooowded and diverse,

i oS Y BN B SooHlBLLY Lottt b LA
drawb&dK, WHidEisithe §88HAPbH@hMER. ™ i§ a usual practice to have a reaction time
of minimum 5 hours to 72 hours to carry out polymerisation with a mixed yield of
glycerol, digycerol, triglycerol and other higher polyglycerols. Other preparation such as
those that involve epichlorohydrin may polymerise at a faster rate, but polyglycerols
produced from epichlorohydrin are not particularly favoured by the industry, as there may

still be organically bound chlorine in the polyglycerols.

SUMMARY OF THE INVENTION

Prior art for the preparation of diglycerols and higher polyglycerols suffer from low

yields and/or very long reaction times. This invention provides a process to reduce the
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SUMVARY OF THE | NVENTION Prior art for the preparation
of diglycerols and hi gher polyglycerols suffer from

wo oaw7piwbads and/ or very long reaction tines. TPCEMY2006/000023

i nvention provides a proegss to reduce thereaction

time required for the production of diglycerol and
reactiof it reqRREY BhryBE Pr&tuctlbil 8f U1 RERY EUE %idher SHRILBRIIINIhis |
. gl ,\J/cergl to the ?)lé radi at i o.n%o}f%m cr ovvzlatgﬂkeé,1 %V\ﬁ{gféﬁ a%:]tgrs]lS s
achievegsby sHligeting glivesre! foothetimadiptitry wb miiswiviaye, whmbtdctmas a heat

f Vel L.atigon.is Rroven to. have accel erated
cementlGF UEFHAEAALE | Q. BRSSP RBOR S BN o e
accelerted rteelremeton greaily)Uh eshichl theSreA@inanné aaghhereaueaupl Bslutes.

. With thg use of éfecific catalysts for the formation
This neyy appigach Was GPyRIed Biithaha vRe Ghepeciian gurlysieren tetfoanation of

linear B&1YE&S6LInd Hifhek Pgl%gfy@a{émﬁ-daﬁgg@&iogn, glycerol is

exposed to mc ve irra on for a certain period
of time in the presence of a specific catalyst.

Prol onged. heating . is to avoided,.as.it will favour,
tn the i@ BRSO RGR S isdnb st fo oMt iditton et refid berod
of timehig feygtyenes of a spidifieitatadysh ProlbANYRUHARAE1s 1B 06IREE as MBIl

dur?tlon and/ or strength of the microwave irradiation
favour gheaTorprappr of Migh degres RelNgliecrels suel #p dsptagkyacrot, whieh éndot

favourd®id Mt Srorel Ne SREFOh! eﬁad‘/:(ﬁ.t ﬁ}e%glfh;oﬁ?lg% miltohA%e RL2SESS are

are chosen’to give signitican conver sion
critical predetemiage thé cghpasaionl ofttiee étdsprpdbegsrer s whi ch ar e

preferably, only linear diglycerol and higher

pol yglycerols. In this invention, high tenperatures

The spevific Ay askdtin iy jréest AR SO HRiliAdGeH A cdfersion
di gl ycerol and polyglycerols as m| der tenpératures

percentpagial glycgiol éo o polypncss wdiadf ardingéfprabholonntinear diglycerol and
vigher BORIUOR. 8k S BRGS0 WAL bl Gt amve e
conversorpbhglgckrolsto tdiglyderad and phiyeBLabB, as @il dep ténifdratiRe G&1dab give
o ac%i te erat%r i s chgsen to produce high yi el ds
poor yiglas o &?@g%ql |aw @Y@?@?l§cmeé’ebfcog’“§j§@@ qut piep9 products
will restftti€het Iﬁﬁctﬁ)ﬁﬁ&hfaéﬁtuﬁegﬂhﬁ)%ﬁ 15886 hi D ThEfore L oAk range
product obtained fromthe process 1s subjected to

of reactiqr} temmeraswretis chesap @ produce highlyyelds ofdighivero! padrpulyElyoérols
@-.@};_al yst may be achi eved by subjecting an aqueous

J
of a go Sd;fuua i

ti‘on of the end product through an ion exchange

After the specific required reaction time, the end product obtained from the process is
subjected to filtration to remove the catalyst. Further removal of the catalyst may be
achieved by subjecting an aqueous solution of the end product through an ion excliange
column. The crude end product mixture is then dried from water by means of distillation.
The dried crude end product is sent for HPLC analysis and based on the HPLC
chromatogram; the composition of the crude end product may comprise of um'eécted

glycerol, diglycerol, tiglycerol, tetraglycerol, pentaglycerol and hexaglycerol.
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colum. The crude end product mxture is then dried
fromwater by neans of distillation. The dried crude

wepa7psosuct is sent for HPLC anal ysis and basedr/sry2006600023

HPLC chronmat ogram the ce#Aposition of the crude end
product may conprise of unreacted glycerol,
di gl ycerol, tiglycerol, tetraglycerol, pentaglycerol
and hexagl ycerol . DETAI LED DESCRI PTI ON OF THE | NVENTI ON
DETAH BB ESCRIPTION OF FHEARVRNEIGNS  gni 1 cant | y
expedi ted process when conpared with conventi onal
processes for the preparation of diglycerol and
The presdny ghweotowlpsovidesna gigndeandy edjedited acddesnwhemeomakied with

t d ' ol .and pol.ygl ycerols, .is reduced to
converlin Bl ROt 190U A SRS B P R Tom <ol
The ref@ioR hge AR o6 RBAWIyR1d1AHA PolyRlyéeoltOngductB S about 20 to

_reduction in the conversion time i's as a result of the
30 minyées witereAsche ariventionad dictidde mayi takevalhasth StivargloyBehmirs.i Bhis

. hea i Q00W.m crowave .ov in th resence of a .
recuctlgf3h e ) B SRCEB BTt Hisd REBRESEIE Ry, in
which ml’&? pltérol &t haatelr i].cn 4 FOMl]}Fﬁma\;ee@Wnt iﬁhldthb :’jﬁésencel of a specific
ol ynerisation of glycerol to form polyglycerols can
Cata]ysE%“%%PW@d”%Ehe\ﬁi‘q fiome ppavelie 8B cat al yst but t he
reaction suffered | ow yield of polyglycerols.
Therefore, in this invention, a catalyst is selected
It has hegnireparted ghattpodyngéretationdf glyeerdiei fosd pobigwesodecal is: cdrtied

1S nd out. that organic acid salts .of alkaljin
out willfl BEES0E" sl BUP B rBSatolfinkd 8y PGP, Aregerol.
Therefohieg liry Q€5 Ghventitn, PO lcxgly¥CRI @i dtddr @Mngld§E iR yieldXeMke&esired
of catal ysts enployed in the reaction are potassium
polyglyseealalels ioppd Qr T&’éé?“@ﬁ@céﬁﬁyﬁﬂ}tb 0% alkgbae metade eavargeod yields
. ¢ i , = Cl
o s RUANE i, DL g AL O LEBAE Bt o
catalysgye pmployedinul, theroeastipn efre E@lﬂs;&uﬂ. Bcetate, 1sc@liparavente afihydrous,
. catalysts. are enpl oyed sed.on t.he weight af .
sodiungisftg BinSaiBls spdibe Pita D oRa G B PRI W figatpdn the
procesd, Abbur®. 3 RNUEwOperddH end, dnotd Berablyto. Picef € kbt drRathRSts are
range of 2500C-to 2700C. By enploying tenperatures’in

employedibasgdgiile weight ef glyeepbl e t o achi eve good conversi on
Wi th mniml undesired side products while still
obt ai ni ng acceptable reaction rates. It is preferred

For thi$ freventtde ther tempsmhirs nagibd tie thedamde E2003Q ke i 6°C, but preferably

in the range of 250°C to 270°C. By employing temperatures in this range, it is possible
to achieve good conversion with minimal undesired side products while still obtaining
acceptable reaction rates. It is preferred that the process is conducted at atmospheric

pressure and therefore the use of costly high-pressure equipment is avoided.

The yield of crude end products, which will typically comprise of unreacted glycerol and
between 78% - 85% of diglycerol and polyglycerols by weight of the glycerol. The yield
of individual glycerol polymers and the selectivity of the reaction can be ascertained by
analysing the crude end product of the products using High Performance Liquid
Chromatography (HPLC). The conversion percentage of glycerol to polyglycerol
typically ranges from 75% -85%, with about 15%-20% of unreacted glycerol. The
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pressure and therefore the use of costly high-pressure
equi pnent is avoided. The yield of crude end products,
waokiock4985d | typically conprise of unreacted gl pCEMY2006/000023
and between 78% - 85% of -di-gl ycerol and pol ygl ycerol s
by wei ght of the gI ycerol. The yield of individual
r t
fo]low?Hg 15 &l é9}gg@g&ro¥gr% n)sl Jgﬂg § g{l’ ﬁl‘é g'tlyxdef'c}{ Ip&éyn‘ié?? aﬁsﬁ?&‘ég tﬂl%ug]
HPLCof the products u5| ng Hi gh Performance Liquid
T rorrato r HPLC) . .T_he conver si on percentage of
typically ranges from 75%
a 15%8@% oPihfa@boulycd5Pe 20% of unreacted gl ycerol .
Thefollowing is a typical conposition percentage of
D 25%/41@‘@I0§é@1361€r0éol ymers anal ysed through HPLC. Typi cal
gl ycerol polynmners: 15% 20% of
- 206} %ﬂlggqgﬁe%ler ol a 25% 30% of di gl ycerol a 20% 25%
a 10%—15%@Ify&1ag@be1ol 10% 15% of tetraglycerol a 15% 10%
en aglycerol a | % 5% of hexagl ycerol Fromthe HPLC
- ]50/(9 ]{ ggﬂe’t%ere is little or no evidence of cyclic
o 1olkey ‘yfqﬁ&% y&Qolpol ygl ycerols found in the crude end
pr oduct en conpared to standard pol yners of
glycerol. Therefore, the process selectively produces
From E[:hreug@ él%‘lg%o d)réglm & 1%1%%' ]\étlgll u(%l 1'3 o'e%&dﬁﬁé)enblgl %&%r (%ﬁalcglg? or
polyg,l?cfell ole |fOlﬁl}CB fdtheadrede aﬂﬂ pto@uéhthﬁhers udanpmédz to iﬁgdmlg hpodymers of
cOo rmo ationic ion exchanger suc S erlite IR
elyceraly M TaTE G @refess sl e alaqhg&ef lgne&rr@égmaleawlyglyw ols
from giyQphict i s then subjected distillation to renove the
wat er added earlier. The follow ng exanples illustrate
the process of the invention but are limtative

The crtulag B fp'roduc’[ may be diluted with an equal amount of deionised water and is
then subjected through a column of cationic ion exchanger such as Amberlite 1R-120 to
remove dissolved catalysts. The crude end product is then subjected distillation to remove

the water added earlier.
The following examples illustrate the process of the invention but are limitative thereof.

Example 1

Glycerol (50g) was charged into a 250ml round bottom flask and then into the same flask
was added 0.5g of potassium acetate. The mixture was stirred for a minute with a
magnetic stirrer in the 900W microwave oven cavity in order to homogenise the mixture.
Then, the microwave oven was programmed to raise the temperature from ambient to
270°C in 2 minutes and this temperature was maintained for another 15 minutes, after
which the cooling process was started to mark the end of reaction. The total reaction time
was just mere 17 minutes. After the end product was cooled, an equal amount of
deionised water was added to the end product in order to dilute the viscous product. The

diluted product was then subjected through an ion exchange column to remove dissolved
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Exanple 1 Gyceid (50g) was charged into a 250m
round bottom fl ask and then into the sane fl ask was

w@oded49s56g of potassium acetate. The nmi xture REBEMY2006/000023

stirred for a mnute wtf6a magnetic stirrer in the
900W m crowave oven cavity in order to honobgenise the

catalyst§li Rieurdated dne produRewhd RitedWaljected &Pdﬂé@@atf%qg k éiﬂ@%d\x ht€r. The
rai se the tengerature fromanmbi ent to 270

treated g prediich mas tthens sbierted &1 dligh \R/asfomam@ elmled (Elammatography
r f oI LN
(PLOYARE B cofBa BB 68 achoNndtPlof Uiel PR bORUBOTR Freoted
polyglyceralstyidld wdsrH Ynasd jthestonverseonler mﬂmgteeﬁ glfdet@rtotpdeygyidrol
/product was cool ed, an equal anount of “dei oni sed wat er
was 80%as added to the end product in order to dilute the
T )ical\(:b B8 B0 bPEYELol pHiMind ot 8akRh g('yﬂiltc IS i 1
jecte Frough an I on exchange ve
a 196&69&%@@&%@&%@&5 The treated end product was | ater
S odistillation to renpve water. The treated
254% gh% &gmg was then subjected to Hi gh Perfornmnce
22. OE/I,qﬂnr:g]}%fdprmt ography (HPLC) and the conpositions of
ol ynmers of glycerol were as below The treated
15.6 bP@‘i&F?%lé?f‘éP]s yield was 81% and the conversion
gl ycerol to polyglycerol was 80%
105%%?@@%?%&“ on of glycerol polynmers for reaction
6.9%pbberaglysérobExanpl e 1: P 19. 6% of unreacted gl ycerol a
25. 4% of di gl ycerol a 22.0% of triglycerol a 15.6%
of tetraglycerol a 10.5% of pentaglycerol p 6.9% of
Example@xagl ycerol Exanple 2 The sane experl ment was
repeated with 50y of glycerol and 0.5g (1% of sodium
acetate anhydrous as the catal yst. The m crowave oven
The samgpxpgriBgRtantragpeated: witls 80g nbglyeerpeanalt UF e (1%) of sodium acetate

anhydrous as the catalyst. The microwave oven was programmed to raise the temperature

0O o 0O o O

from ambient to 270°C in 2 minutes and this temperature was maintained for another 23
minutes, after which the cooling process was started to mark the end of reaction. The
total reaction time was 25 minutes. The reaction product was worked-up as described in
Example 1 and HPLC analysis revealed the compositions of each polymers of glycerol
were as below. The treated polyglycerols yield was 83% and the conversion percentage of
glycerol to polyglycerol was 74%.

Typical composition of glycerol polymers for reaction product of Example 2:

26.1 % of unreacted glycerol
28.9% of diglycerol

20.7% of triglycerol

12.7% of tetraglycerol

7.4% of pentaglycerol

g 0o g o o o

4.2% of hexaglycerol
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fromanbient to 270C in 2 mnutes and this tenperature
was nmai ntai ned for another 23 m nutes, after which the

W@E omionyspr ocess was started to mark the end OPCT/MY2006/000023

reaction. The total reaction tinme was 25 mnutes. The

reacti on product was worked-up as described in Exanpl e
Example #nd HPLC anal ysi s reveal ed the conpositions of each

poI ymers of glycerol were as below. The treated

pol ygl ycerol s yield vvas 83% and t he conversion

centage of alycer 4% .
The sal o8B A R ot oncairo o Dy Ror U RHGRT At 18801 At pogiom
formateP4sOfe Ghatabfst. %ﬁﬁl&o\ﬁave&)v%ﬁ vﬂasoxplsél aﬂﬁhﬂéﬂat@tleiie ghe epipetatare

28. 9% of ycer ol 20. 7% of triglyceral . 1%
from arghigwpl tpggpytg &ip 8|1m|gut;zs 204 Hes f;@mehaélp@eng}sdpalgtameééglb?nother 28
minuted) ecﬂ‘t‘%xgg\ég yC h c%g%&‘@a? gtgﬁ'%c? P %a'l lU?ﬂat e l§Jt mf ef%gl?(?rg ?Jg]e

total reasioh rmﬂmcwas%lOmeute?h’Eamﬁaxnmm@dxmvwns alas wprloaglrmmecttsmdaed

in Exafypl e b S DERpEY ARG doAE BT P RRGFbaolymers of

glyceroBRQE 8 rbe?&v TR b8 Sted @f)tygfyc%ﬂscfhekhﬁlﬁ 30! onghdpieC&RSersion
was started to mark the end of reaction. The total

percenta@e@ftglmrqhtwowgb@@oma\ﬁm%s. _The reaction product was
Ty]gicalaéoﬁﬁ)o\é\ﬁirokg &% g@gtc_]%ﬁpgﬁﬁl%&rs' fglega&t[gngﬁgﬂ%# 6t Bx %ﬂ%& ||3|PLC

mers of

o 18. @K;yﬁanmlawedglyaaobel ow. The treated pol yglycerols yield
g % and the conversi on percentage of glycerol to

o 25 dl%f 13YEFYI was79% Typi cal conposition of glycerol

a 22 m,@lqu@%@cefr&r reaction product of Exanple 3: a 18.5% of
unreacted gl ycer ol 25. 0% of di gl ycer ol

o 16.0% of tetraglycerol

o 11.0% of pentaglycerol

o

7.5% of hexaglycerol
Example 4

The same experiment was repeated with 50g of glycerol and 0.5g (1%) of tri-sodium
citrate as the catalyst. The microwave oven was programmed to raise the temperature
from ambient to 270°C in 2 minutes and this temperature was maintained for another 38
minutes, after which the cooling process was started to mark the end of reaction. The
total reaction time was 40 minutes. The reaction product was also worked-up as
described in Example 1 and HPLC analysis revealed the compositions of each polymers
of glycerol were as below. The treated polyglycerol yield was 85% and the conversion
percentage of glycerol to polyglycerol was 74%.

Typical composition of glycerol polymers for reaction product of Example 4:

o 26.0% of unreacted glycerol
o 29.1 % of diglycerol

o 20.6% of triglycerol

o 12.7% of tetraglycerol
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a 22.0%of triglycerol o 16.0%oftetraglycerol a 11.0%
of pentaglycerol p 7.5% of hexagl ycerol Exanple 4 The

WG a00e2/0€90per i ment was repeated with 50g of gl yceeDMY2m/000023

0.59 (1% of tri-sodiumecgtrate as the catalyst. The
m crowave oven was programmed to raise the tenperature
o 776/(;&1]33@ ye8b) to 2700C in 2 mnutes and this
r}'pera ure was mai ntai ned for another 38 m nutes,
a 39%‘Q drexgglyestolt he cool i ng process was started to mar k
the end of reaction. The total reaction tinme was 40
m nutes. The reaction product was al so worked-up as
Examplescri bed in Exanple 1 and HPLC anal ysis reveal ed the
conpositions of each polyners of glycerol were as
bel ow. The treated poI cerol yield was 85% and t he
The saggrRrepdment wey @@ﬁ@ta@m ¥ 5@ 9k eky@qnot anph B15¢g(lyGe rod | pojggsium
0
citrate rZ ff‘ie J&fﬁ&ﬁalfgg %gf&%%lagx %Q/C?fwagl1%8&%18)'11&@048%%5%?%% Sppr ature
from algbt)eﬂEfocﬂ 70&C 20 2Infuadsding |t1yl€ esnperguieOy &2meihtdindddloy esithér 23
0, 0, 0,
minategafice ¢y i IO DR ARBHEES HoT RETEq b TEX pare Fuhr sgsion. The
total réa%ﬁ@ﬁttﬁge ‘%éshZVEPQQnﬁftesg|Meféahtlﬁﬁ%r&u%9 waslal® Wbrked- -up as
potassiumcitrate as the catal yst. The m crowave ove
describgd gn ‘p‘mgplarirmdi HBLECadnglysis hevaatadpbe atwpesifiorsmizaabl paltymers
ut.es, and,t hi s tenperat wa .
of lyep 80 ab BePyr TR By e Rrt A B0 ART g ppversion
percent@@@bfglgcdiidlew@SE/gMSroﬂibvaﬁ ve@.to mark the end of

. reaction. The
Iyplca{ composition of glycerol polymers for reaction product of Example 5

o 28.0% of unreacted glycerol
D 30.0% of diglycerol

o 20.4% of triglycerol

11.9% of tetraglycerol

6.5% of pentaglycerol

0O O .

3.2% of hexaglycerol

Example 6

The same experiment was repeated with 50g of glycerol and 0.5g (1%) of sodium acetate
trihydrate as the catalyst. The microwave oven was programmed to raise the temperature
from ambient to 270°C in 2 minutes and this temperature was maintained for another 23
minutes, after which the cooling process was started to mark the end of reaction. The
total reaction time was 25 minutes. The reaction product was worked-up as described in
Example 1 and HPLC analysis revealed the compositions of each polymers of
glycerolwere as below. The treated polyglycerol yield was 78% and the conversion

percentage of glycerol to polyglycerol was 79%.
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total reaction tine was 25 mnutes. The reaction

product was al so worked-up as described in Exanple 1
w76l anal ysis reveal ed the conpositions OPCERDN2006/000023

pol ymers of glycerol were9as bel ow. The treated

pol ygl ycerol yield was 84% and t he conversion
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conp03|t|on of glycerol polyners for reaction
zoﬁﬂvéﬁ@ﬁmgﬁ B9 e 5 a 28. 0% of unreacted glycerol o
| ycerol a 20.4% of triglycerol a 11.9% of
24@%”8;d$¥cé?ol 6. 5% of pentagl ycer ol 3. 2% of
21.0ExHgliglgearol Exanpl e 6 The sanme experinment was
ted with 503 of glycerol and 0.5g (1% of sodium
152§> PPN drate as the catal yst. The mcrowave oven
lomgﬁ)@k@@g@&ggp to raise the tenperature from anbi ent
to 270C 1n 2 mnutes and this tenperature was
1.2%%i afthgkamypefdr anot her 23 minutes, after which the
cool ing process was stalled to nark the end of
reaction. The total reaction tinme was 25 mnutes. The
reacti on product was worked-up as described in Exanpl e
1 and HPLC anal ysis reveal ed the conpositions of each
pol ynmers of glycerolwere as below. The treated
pol ygl ycerol yield was 78% and t he conversi on
per cent age of glycerol to polyglycerol was 79% Typi ca
conposition of glycerol polyners for reaction product
of Exanple 6 Q 20.7% of unreacted glycerol a 24.4% of
di gl ycer ol 21. 0% of triglycerol a 15. 7%
of tetragl ycerol



p 10. 9% of pent agl ycerol a 7.27% of hexagl ycerol CLAI M5
1. A process for preparing oligonmers and pol yners of
w@oeioylywdse c al cohols fromtheir nononers conprPGI/NY2006/000023

heati ng the nononers usraf-m crowave irradiation. 2. A

process for preparing |inear polyglycerols conprising
CLAIMating glycerol using mcrowave irradiation. 3. A

process according to Claim1 where the nonomer is

glycerol. 4. A process according to Claim1l where a

; 1S Us. C w4 .
B L e S
weakmasi dmprisingAeptincis snohetefsdisitg rhierdoh ieirddindiar. e
the catalyst is an anhydrous acetate or a hydrated

acetate or a formate or a citrate of lithium sodium
0 Ve f qti 7 ¥
2 ROhREa O RrertRE Lpedfpoye o A06 BRRINER [Raift shvepig! wipe
whaepwavdvgradiaéingi ty of the catalyst used is 0.5 to 10
wt percent. 8. A process according to Caim6 where
the quantity of the catalyst used is 0.5 to 10 wt
3. REIT6E3E acBrdify Y CBEES WSSO iniéhohier §d @ldardl. where the
reaction is carried out at a tenperature from 200
10 degree C. to 300 degree C. 10. A process according to

o SRR b AR SRS AS Goprte & 11, A

process accordlng to Cla|n19 where the reaction tine
i,s from15 t.0 . Nut es. cess .ac
5. Smpie e Be tnchiRak v e Rl 158 SpBoESkfinkpedls ana
waak 4eify ocess according to Claim1l where the
irradiation is provided by a m crowave equi pnent of
15 10Wto 3,000 W

6. A process according to Claim 4 where the catalyst is an anhydrous acetate or a
hydrated acetate or a formate or a citrate of lithium, sodium, potassium or other

“hard” electrophiles or a combination thereof.

20 7. A process according to Claim 5 where the quantity of the catalyst used is 0.5 to 10
wt percent.
8. A process according to Claim 6 where the quantity of the catalyst used is 0.5 to 10
wt percent.
25
9. A process according to Claim 4 where the reaction is carried out at a temperature

from 200 degree C. to 300 degree C.

10. A process according to Claim 4 where the reaction is carried out at a temperature

30 from 250 degree C. to 270 degree C.

11. A process according to Claim 9 where the reaction time is from 15 to 40 minutes.
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25
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12.

13.

14.

15.

16.

17.

18.

19.

20.

W@emwenaosr or equi pnent.

14. A process according to Claim1l where the
irradiation is provided by a m crowave oven, nicrowave

Claim1 where the degreei1af- pol ynerisation of the
monomer varies fromn=2 to 10. 16. A process according

10p ek 'Kbé'm mg k& gali‘lﬁ PEHLE 9]6‘3%;1(91%&}3{”2{ is %@ttb 96 nRhudle

glycero vari romn=2 t
accordlng to daim1l mhere t he reactlon |s conducted

PLo@es RaHiare Il [aDaryRE TR ROV oy oReve

WAt SRV R $,00@W exchanger. 19. A process
according to Claim20 where the water is renoved from

the resul ti ng aqueous crude glycerols m xture by

1oc{a45%tcjzoq mg%cg) C V\ﬁ\np{]%:lgl%ﬁhé 9 [ad au%nesr Ep aa%d ytzhmlcxowave

pot yg ycero cero
pwegemeﬁmmhegaﬁﬁmﬂﬂmsmuqmumttenperature from 250
degree C. to 270 degree C for about 30 m nutes by
m crowave irradiation.

A process according to Claim 1 where the degree of polymerisation of the

monomer varies from n=2 to 10.

A process according to Claim 1 where the degree of polymerisation of the

glycerol varies from n=2 to 10.

A process according to Claim 1 where the reaction is conducted at a pressure of 1

atmosphere.

A process according to Claim 1 where the catalyst is removed via treatment with

an cationic ion exchanger.

A process according to Claim 20 where the water is removed from the resulting

aqueous crude glycerols mixture by distillation.

A process for the preparation of polyglycerols in which glycerol is reacted in the
presence of a catalyst at a temperature from 250 degree C. to 270 degree C for

about 30 minutes by microwave irradiation.

15. A process accor di PgI/My2006/000023



