A PROCESS FOR PREPARI NG POLYMERS OF POLYHYDRI C ALCOHOLS 5 The present
invention relates to a process for accelerating the conversion of |inear
pol ymers of poI dric alcohols fromtheir nononers inR%pe resence of
catal ysts usﬁW%‘W¥%Pdﬂave irradi ati on. 10 BACKGROUND A '¥W§”BW%@%ﬁt
invention relates to the process of the production of polyhydric al cohols
fromtheir nononers. Exanples of nononers that could be subjected to this
process are glycerol et hyl ene gl ycol, propylene glycol, sorbitol, sucrose,
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gl ycerol and |t may be either linear or branched. Nunerous nethods are
known for the preparation of polyglycerols with earlier works evol ved
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whi ch is dsbaerafoelhydgodohals femthanwanquerundhe patenege! cotalygy usipg. The
process CafiRe0EsREdshed wi t hout the use of catalyst but the yield of

pol ygl ycerol is considerably |ow as reported by Hausaild and Petit (1956).
Therefore, various catal ysts have been introduced to aid in the formation
of pol yglycerol such as m xtures of sulphuric acid and triacetin as 25
described in U S. Pat. No. 3,968,169, hypophosphorus acid with sodi um

hydr oxi'tle BACKGRONAART Us Pat. NO. 4,551, 561, al kal i ne carbonates such as
pot assi um carbonate with alunlnlun1oxide as in J.P. No. 61, 238,749 and

sodi um or _potassi um hydrgxi de a olyglycerol
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and sol ket’a Sed ing the above fluoride salts into
polyglycerol as reported in WO. Pat . hb 9,521, 210.0ther than that, in U S
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of epi ghl QLoRY dhd R atnldsiHAe PeQGRSHd hinRIKRRI RBmperature, 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 potassium

fluoride salts on alumina or zeolites were used as catalyst for the polymerisation of



pol ygl ycerol, in U S Pat. No. 4,960,953, Jakobson et .al. disclosed a
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30 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



After the specific required reaction tine, the end product obtained from
the process is subjected to filtration to renove the catal yst. Further
renoval of t t may be 25 achieved by subjecting ARAERYS
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percent thigcfxg 801¥g°1 . Gn this invention, high temperatures are employed to drive the

conversion of glycerol to diglycerol and polyglycerols as milder temperatures tend to give
poor yields of diglycerol and polyglycerols. However, colouration of the end products
will result if the reaction temperature employed is too high. Therefore, an optimal range
20 of reaction temperature is chosen to produce high yields of diglycerol and polyglycerols

of a good quality.

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
25 achieved by subjecting an aqueous solution of the end product through an ion exchange
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 unreécted

glycerol, diglycerol, tiglycerol, tetraglycerol, pentaglycerol and hexaglycerol.



20 enpl oyed based on the weight of glycerol. For this invention, the
tenperature may be in the range of 200C to 310C, but preferably in the

range of 250 By enploying tenperatures in thig{a9&sodobs S
possible to g%??%@%gg%od conversi on wyth m ni mal undesrred ﬁ% products

while still obtaining 25 acceptable reaction rates. It is preferred t hat
the process is conducted at atnospheric pressure and therefore the use of

costly high-pressure equi nent i s avoided. The yield of crude end products,
whi ch wil | D‘F&NEEF}I Ségﬁlé’ HON QF THEANYINIION ycerol and between 78% - 85%

of diglycerol and polyglycerols by weight of the glycerol. The yield 30 of
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anal ysed thro%%h HPLC. Typi cal conposition of glycerol polyners: | 5% 20%
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which the glycerol is heated in a 900W microwave oven in the presence of a specific

10 catalyst and stirred with the aid from a magnetic stirrer.

It has been reported that polymerisation of glycerol to form polyglycerols caﬁ be carried
out without the use of catalyst but the reaction suffered low yield of polyglycerols.
Therefore, in this invention, a catalyst is selected to increase the yield of the desired
15 polyglycerols, It is found out that organic acid salts of alkaline metals gave good yields
and selectivity in producing diglycerol and polyglycerols from glycerol. Examples of
catalysts employed in the reaction are potassium acetate, sodium acetate anhydrous,
sodium acetate trihydrate, sodium formate, tri-sodium citrate and potassium citrate. In the
process, about 0.5 to 10 wt percent and, more preferably 0.5 to 1.0 percent of catalysts are

20 employed based on the weight of glycerol.

For this invention, the temperature may be in the range of 200°C to 310°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
25  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
30  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



20% 25% of triglycerol 10% | 5% of tetraglycerol |5% 10% of

pent agl ycerol | % 5% of hexagl ycerol 10 Fromthe HPLC chromatogram there
is little or \982(?6’//9\%%’3% of cyclic diglycerol or polyglyg /Tvﬁlzﬁ)slp&l%d in the
crude end product en conpared to stgndard polymers of glycero

Therefore, the process selectively produces |inear diglycerol and

pol ygl ycer - fromalyceral.. The crud n roduct nmay .be.diluted with an
baual amoutd Baineds f DRt s e G B Ol et B R S urm o
cationic i&fLexchanger such as Anberlite 1R 120 to renove di ssol ved

catal ysts. TThgaﬁ&Hg%iti%QQf grcc%%?%%l ingrs,t hen subjected distillation to renove
the water . ng exanples illustrate the process of
t he i nvent ibor SHu20%oefamtdacted glydevd t her eof . Exanple 1 25 d ycerol (50g) was
char ged J§ nt,0 ,a,,2 g bottom flask and then into the sane flask was
added O.“5I5950f2§6’03t§g€§?{%%& ate. The m xture was stirred for a mnute with
a magnet i costZ0bae2H% ohiriglhieer®dOO0W ni cr owave oven cavity in order to honobgeni se
the m xture. €0, I eLowave oven was programmed to raise the

t enper aturg fl;&;%)mﬁg/n%#i}guna?y%%?oc in 2 mnutes and this tenperature was

mai nt ai ned=f 3% dABtdieentadycpiohut es, after 30 which the cooling process was
started togmgeksdhensnagdyQforeaction. The total reaction tine was just mere
17 minutes. After the end product was cool ed, an equal anmount of dei onised
wat er wis added to the end product in order to dilute the viscous product.
The di | ut edropf @dUGEL MRBromBRBrafl RicREse 14 BF QY @idade | BEyQXCMNELoICR UM to

renove di ssol ved ]
polyglycerols found in the crude end product when compared to standard polymers of

glycerol. Therefore, the process selectively produces linear diglycerol and polyglycerols -

from glycerol.

15
The crude end product 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.

20

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

Example 1

25 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 stitred 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

30 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



WO 2007/ 049950PCT/ MY2006/ 000023 - 6 - catalysts. The treated end product
was | ater subjected to distillation to renove water. The treated end
product was thenshRlgcted to H gh Performance Liquid Chgp F@gﬁ;@%y (HPLO)
and the conpositions “of each pol yner.g; of gl ycerol were as

treated polyglycerols yield was 81% and the conversi on percentage of
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experi nent was repeate ycero sodi um
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t enper at ure was mai nt ai ned for anot her 23 mnutes, after which the cooling
process wa2iss! somposition ofglyeerql pelviagrg fosereackioicnrpdigt of Fample 1t ot al  reaction time

was 25 m aut@a;%a'ﬂ@ngaaa@ty?@mproduct was vvorked up as described in Exanple
ed the conpositions of each polyners of glycerol

1 and HPLC I revea
were as bél %\ﬁ/%‘ﬁ’yr?f‘]éis%}’%&’tled pol ygl ycerols yield was 83% and t he conversi on

percent age ob.ogd yraggiederdlo pol ygl ycerol was 74% Typi cal conposition of
gl ycer ol s..for ction_product of Exanmple 2: 25 o0 26.1 % of
unr eac{)(}edggllégg/%ﬂe“aﬁg%go of diglycerol 20.7%of triglycerol 12.7% of

t et r agl ycer ab.5%/of4¥teglyqeant agl ycer ol
g 6.9% of hexaglycerol

Example 2

15
The same experiment was repeated with 50g of glycerol and 0.5g (1%) of sodium acetate

anhydrous 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

20 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

0 0 o0 g g o

30 4.2% of hexaglycerol



30 0 4.2% of hexaglycerol WD 2007/ 049950PCT/ MY2006/ 000023 - 7 - Exanple 3

The sane experinment was repeated with 50g of glycerol and 0.5g (1 % of

sodi um f or mat R&,catalyst. The m crowave oven was oTgETpNas o0 raise

t he tenperat u‘?%g@wwsg& anbient to 270C in 2 mnutes andpﬁi/l S terf‘éggature

was mai ntai ned for another 28 mnutes, after which the cooling process was

started t Qg TBI Ife3the end of reaction. The total reaction tinme was30 m nutes.

The reaction ﬁroduct was al so worked-up as described in Exanple 1 and HPLC

anal ysis reveal ed the conpositions of each polyners of glycerolwere as

bel ow. Thentr Lel o ANE 5§ RE oposvERRLPN 10

per cent aggrhgfsglg%;%gpeér?@}eX?Lﬁ%ﬁ*’%@y%&?éﬁ%@%ﬁmTﬁpi caszyllaco/?)rposi ti 3n of
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tetragl ycefr%g} ]811%{ 6‘&)%‘&ﬁgnt 81.1(31 ycgro? n7]?51% c?f hexa{]gl ce?lol _OExarrpI e 4 20
minutes, after which the cooling process was started to mark the end of reaction. The

total reaction time was30 minutes. The reaction product was also worked-up as described

in Bxample 1 and HPLC analysis revealed the compositions of each polymers of

glycerolwere as below. The treated polyglycerols yield was 81 % and the conversion
16 percentage of glycerol to polyglycerolwas79%.

Typical composition of glvcerol polvmers for reaction product of Example 3:

18.5% of unreacted glycerol
25.0% of diglycerol
22.0% of triglycerol
15 16.0% of tetraglycerol

11.0% of pentaglycerol

g 8 o 0 g o

7.5% of hexaglycerol

Example 4
20
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
25 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 8§5% and the conversion
percentage of glycerol to polyglycerol was 74%.

Typical composition of glycero] polymers for reaction product of Example 4;

30 o 26.0% of unreacted glycerol
o 29.1 % of diglycerol
o 20.6% of triglycerol
o 12.7% of tetraglycerol



The sane experinent was repeated with 50g of glycerol and 0.5g (1% of
tri-sodiumcitrate as the catalyst. The m crowave oven was progranmed to
rai se the tenpgLabifhss,fromanbient to 270C in 2 m nut eSP@‘ﬂmﬁlYﬁﬁlﬁﬁ 0023
tenperature was mal ntai ned for anot h_e§_38 m nutes, after iC t%e cool i ng
process was started to mark the end of reaction. The 25 total reaction tine
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Example 6

25 The same experiment was repeated with 50g of glycerol and 0.5g (1%) of sodium acetate
trihydrate as the catalyst. The microwave oven was programined 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

30 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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- 10 - CLAIMS 1. A process for preparing oligomers and pol yners of

pol yhydric al cohols fromtheir nononmers conprising heating the nonomers
using mcrowave irradiation in the presence of a catalyst, wherein the
catalyst is a formate of |ithium sodium potassiumor other "hard"

el ectrophiles or a conbination thereof. 2. A process according to Caiml
wherein the polymers of polyhydric alcohlbls are |inear polyglycerols. 3. A
process aC@BMé?@g to Claim1 wherein the nonomer is glycerol. 4. A process
according to aim1l wherein the catalyst is a salt of alkaline netals and
weak acids. 5. A process according to Caim1 wherein the quantity of the
catal yst uged i pfcs %%&%rmg olRRMeB Rhd po@zme& &gélgl%ﬂﬁc a&ﬁlelrs%mghenan@oﬁw 4
wherein the quantlt catal yst used percent. 7.
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Claim1l wherein thgmglgalglgher ij s carried out at a tenperature from 250
degree C. to 27524 8" A process according to Claim7 wherein the
reaction tine is from 15 to 40 mnutes. 10. A process according to Caim?7
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Claiml wherein the irradiation i1s provid a m crova
polyglycerols.

3. A process according to Claim 1 wherein the monomer is glycerol.

4. A process according to Claim 1 wherein the catalyst is a salt of alkaline metals and weak
acids.

5. A process according to Claim 1 wherein the quantity of the catalyst used is 0.5 to 10 wt
percent.

6. A process according to Claim 4 wherein the quantity of the catalyst used is 0.5 to 10 wt
percent.

7. A process according to Claim 1 wherein the reaction is carried out at a temperature from 200

degree C. to 300 degree C.

8. A process according to Claim 1 wherein the reaction is carried out at a temperature from 250

degree C. to 270 degree C.

9. A process according to Claim 7 wherein the reaction time is from 15 to 40 minutes.
10. A process according to Claim 7 wherein the reaction time is 20 to 30 minutes.
1. A process according to Claim 1 wherein the irradiation is provided by a microwave

equipment of 10W to 3,000 W.



equi prent of 10 Wto 3,000 W -11- 12. A process according to Caiml
wherein the irradiation is provided by a m crowave oven, nicrowave
generator or equipnent. 13. A process according to Claim1 wherein the
degree of polynerisation of the nononer varies fromn=2 to 10. 14. A
process according to Claim1 wherein the degree of polynerisation of the
glycerol varies fromn=2 to 10. 15. A ptbcess according to Caim1 wherein
the reaction is conducted at a pressure of 1 atnosphere. 16. A process
according to Claim1l wherein the catalyst is renoved via treatnment with an
cationic iBn extmEseercconting o Gig d ehsraipihe dFpdiaerols royided By ¢fMigeV§H§19yeter ol s
i n which gl ycergikrowgvd Basdi&@dr bduiphdag:. presence of a catalyst at a tenperature
from 250 degree C. to 270 degree C for about 30 m nutes by m crowave
irradiation. 18. A process according to Claim17 wherein the water is
renoved friBm t he proesubdeomigg aquieioliswintditte gégyeaf pblgmerisattod o€thb ynodérsdr ivhdeat 1 on.

from n=2 to 10.

14. A process according to Claim 1 wherein the degree of polymerisation of the glycerol varies

from n=2 to 10.

15. A process according to Claim 1 wherein the reaction is conducted at a pressure of 1
atmosphere.
16. A process according to Claim 1 wherein the catalyst is removed via treatment with an cationic

ion exchanger.

17. 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.

18. A process according to Claim 17 wherein the water is removed from the resulting aqueous

crude glycerols mixture by distillation.



