
EP 0 448 157 B1 Description The invention relates to a two-step reaction
process for converting ethylene oxide with high selectivity into
monoethylene glycol. 5     It is generally known, e.g. from Kirk-Othmer's
Encyclopedia of chemical Technology, 3rd Edithion vol. 11 (1980), 939, that
monoethylene glycol is prepared by reaction of ethylene oxide with water at
a temperature between 180 [err] C and 220 [err]C, wherein the amount of
water is about 10 times the amount of ethylene oxide (by weight).
Disadvantages of the process are that large amounts of water must be
flashed off and still considerable amounts of diethylene glycol are
prepared. The use of a catalyst may lead to a 10 reduction in the amount of
water (but not to stoichiometric amount), but the amount of diethylene
glycol is hardly diminished. Applicant has now found a process for the
preparation of monoethylene glycol, which process does not have these
disadvantages. It is an object of the invention to prepare monoethylene
glycol from ethylene oxide in very high yield. 15    It is another object
of the invention to use as little water as possible. According to the
invention ethylene oxide is converted with high selectivity into
monoethylene glycol in a two-step reaction process which comprises firstly
reacting ethylene oxide with acetone to 2,2-dimethyl- 1,3-dioxolane and
secondly hydrolyzing the 2,2-dimethyl-1,3-dioxolane with a substantially
stoichiometric amount of water to monoethylene glycol, both steps requiring
the presence of a solid acidic catalyst. 20    In the German
"Auslegesschrift" 1,086,241 is disclosed the preparation of 1,3-dioxolanes
by reacting epoxy compounds with carbonyl compounds in the presence of acid
activated bentonite. The reaction between acetone and ethylene oxide has
been mentioned and the yield of this step is 83 per cent. Reactions with
other compounds give similar yields. The publication does not teach how the
objects of our invention could be fulfilled. 25    In the UK Patent
Application 2,098,985 is disclosed a two-step process whereby an alkylene
oxide reacts with carbon dioxide in the presence of a phosphonium halide,
there being substantially less than an equimolar amount of water present
based on the ethylene oxide, to produce an alkylene carbonate, which latter
product is reacted with water in the presence of the same phosphonium
halide to a glycol. This two- step process has the disadvantages that
rather high temperatures (180 [err]C) and no solid catalyst is used. 30
In the Japanese Patent Application (KOKAI) 59-67233 there is disclosed a
method for separating ethylene glycol from its mixtures, by reacting it
with a ketone such as acetone or methyl ethyl ketone into the corresponding
cyclic ketal, which is separated by distillation and subsequently converted
with an excess of water and redistilled to give back the ethylene glycol as
a distillation residue. Solid acidic catalysts, to be employed in the
process according to the invention are acid activated 35 clays. They are
especially suitable for the reaction of ethylene oxide with acetone into
2,2-dimethyl-1,3- dioxolane. Especially important clays are those of the
montmorillonite series, such as montmorillonite, beidellite, nontronite,
hectorite, saponite and sauconite. Acid activated clays are the clays which
have been treated with mineral acids, such as hydrochloric acid or
sulphuric acid. The acid activated clays are prepared by mixing crushed raw
material with water to form a slurry to which the mineral acid amounting to
40 about 35% of the total dry weight of the clay is added. The mixture is
then treated with live steams for 5 to 6 hours, after which the whole
mixture is dumped into fresh water and then washed, until it is
substantially free of acids. The mol ratio of acetone to ethylene oxide may
range from 1:1 to 5:1, although higher ranges are not excluded. 45
Since the reaction of acetone with ethylene oxide is exothermic, the
temperature is regulated by refluxing the acetone. At a later stage a
somewhat higher temperature than the boiling temperature of acetone is
suitable. The reaction temperature generally range from 30 [err] C to 80 C,
preferably from 50 [err] C to 65 C. In the hydrolyzing step either the raw
mixture or purified 2,2-dimethyl-1,3-dioxolane may be used. Since 50
2,2-dimethyl-1,3-dioxolane boils at 92 *C, the compound can be purified by
distillation. Hydrolysis of the 2,2-dimethyl-1,3-dioxolane in the second
step is done in the presence of a substantially stoichiometric 



amount of water with the aid of an acid activated clay or an ion-exchange
resin. About the stoichiometric amount of water is sufficient to obtain
substantial hydrolysis of the 2,2-dimethyl-1,3-dioxolane into mon-
oethylene glycol and acetone. During this reaction the formed acetone is
distilled off and any unreacted 55 ketal may be recycled. 2    EP 0 448 157
B1 EXAMPLES A. Preparation of the cyclic ketal 2,2-dimethyl-1,3-dioxolane
For the preparation of the ketal a glass, double walled reactor with a
content of 2 litre was used provided with a glass stirrer and four glass
joints for placing a thermocouple well, two gas inlet tubes and a reflux
condenser. One of the gas inlet tubes was used for a slight nitrogen purge,
the other one (both made from glass) being connected via a ball joint
connection to the steel exit tube of a syringe pump (type LC- 5000 from
Isco Inc). containing the stock of liquid ethylene oxide under a pressure
of 15-20 bar. Water was 1o  circulated around the wall of the glass reactor
via a thermostatted bath for heating/cooling purposes. The reactor was
charged with 1695 ml (1340 g, 23.1 mol) of acetone and 34 g of K10 catalyst
(acid activated montmorillonite, supplied by Sued-Chemie) and the
suspension thus obtained was heated under stirring to 54 * C. At this stage
the introduction of liquid ethylene oxide from the syringe pump was
started, an amount of 305 ml (269 g, 6.1 mol) being introduced in the
course of 45 minutes. By means of a valve in is  the steel exit tube of the
Isco pump a pressure in the latter of 15-20 bar was maintained to keep the
ethylene oxide in the liquid form. At 54 * C the formation of the cyclic
ketal started immediately, the heat of reaction being removed via refluxing
of the excess of acetone; the boiling point of reaction mixture gradually
increased over the period of ethylene oxide addition (due to formation of
the cyclic ketal, bp. 92 [err]C) from 56 [err]C to 62 [err]C. 20     After
a post reaction of 15 minutes the reaction mixture was cooled and the K10
catalyst allowed to settle after which the supematant liquid was sucked by
slight vacuum from the catalyst layer. Then a new batch of acetone was
charged to the reactor and the reaction repeated, the amounts of acetone
and ethylene oxide being the same as described above with the original
amount of K10 catalyst, which was thus reused. 25     Twelve batch
reactions were carried out according to the procedure described above. The
combined product (18.42 kg) in which no ethylene oxide could be detected
had the following composition (GC analysis): acetone            60.7 %w 30
ketal               38.9 %w monoethyleneglycol   0.1 %w diethyleneglycol
0.2 %w 1,4-dioxane         0.1 %w 35 B. Hydrolysis of the cyclic ketal Two
options were carried out by addition of water and acid catalyst either to
the reaction mixture 40 prepared under A or to the ketal isolated prior to
the hydrolysis step. The equipment used was a 10 I distillation flask
provided with a fractionating Vigreux column of approx. 6 m length having
15-20 theoretical plates. 1. Hydrolysis of the reaction mixture 45 Into the
distillation flask were present the following components: reaction mixture
prepared according to method under A   6000 g water
452 g water/ketal mol ratio 1.09 50         Amberlyst 15
l0g 



The acid ion exchange resin catalyst Amberlyst 15 (styrene-divinylbenzene
copolymer containing sulphonic acid groups) was wrapped in glass cloth and
placed into the distillation flask in order to prevent as  crushing during
boiling of the reaction mixture. The excess of acetone as well as the
amount of acetone from the hydrolysis of the ketal was distilled at
atmospheric pressure. When the bulk of the ketal had been converted into
glycol and acetone the boiling point started to rise sharply but was
maintained at 110 [err]C to protect the catalyst. Further conversion of the
ketal was then carried out under a pressure of 250 mbar until 3    EP 0
448157 B1 distillation of the acetone stopped. The following mass balance
was obtained: In (g)                   Out (R) 5            ketal
: 2352  (23.1 mol)          31.8  (0.3 mol) monoethylene glycol:   17.4
(0.3 mol)   1414.7 (22.8  nol) total mass             : 6452
6445 10 Thus, the total mass balance was 99.9% and the mol balance of MEG +
ketal 98.7%. This result points to a catalyst consumption of less than 1%
by weight on monoethylene glycol. 2. Hydrolysis of the cyclic ketal
isolated from the reaction mixture 15 An amount of 5212 g of the reaction
mixture (prepared according to method under A) was distilled in order to
isolate the bulk of the ketal. A distilled fraction of 2036 g containing
89.6 %w ketal (17.88 mol), 10.3 %w acetone and about 0.2 %w 1,4-dioxane was
combined with 355 g H20 (mol ratio H20/ketal 1.1) and 20 -.   g of
Amberlyst 15 (wrapped in glass cloth). Because the liquid mixture consisted
of two phases, it was 20  homogenized at room temperature by a shift of
equilibrium before being introduced with the catalyst in the distillation
flask. Equilibration and distillation of the acetone (basically the same
procedure as applied in the first hydrolysis under 1) yielded ultimately a
residue containing 1091 g monoethylene glycol (17.6 mol) and traces of
acetone, unconverted ketal and 1,4-dioxane but no heavy glycols. The mol
balance on mon- 25  oethylene glycol and total unconverted ketal (0.12 mol)
was 99%, the same figure being found for the total mass balance. J Claims
30  1. A two-step reaction process for converting ethylene oxide with high
selectivity into monoethylene glycol which comprises firstly reacting
ethylene oxide with acetone to 2,2-dimethyl-1,3-dioxolane and secondly
hydrolyzing the 2,2-dimethyl-1.,3-dioxolane with a substantially
stoichiometric amount of water to monoethylene glycol, both steps requiring
the presence of a solid acid catalyst. 35  2. A process as claimed in claim
1, wherein the catalyst used in the first step is an acid activated clay.
3. A process as claimed in claim 1 or 2, wherein the mole ratio of
acetone/ethylene oxide ranges from 1:1 to 5:1. 40  4. A process as claimed
in one or more of the claims 1-3, wherein the reaction temperature ranges
from 30[err] C to 80 C. 5. A process as claimed in one or more of the
claims 1-4, wherein the 2,2-dimethyl-1,3-dioxolane is distilled off. 45 6.
A process as claimed in one or more of the claims 1-5, wherein the
2,2-dimethyl-1,3-dioxolane is hydrolyzed with water in the presence of an
ion-exchange resin or an acid activated clay. 7. A process as claimed in
claim 6 wherein the acetone is distilled off during the reaction. 50
Patentanspriche 



1. Ein Zweistufen-Reakfionsverfahren zum Umwandeln von Ethylenoxid mit
hoher SelektivitAt in Monoeth- ylenglykol, welches erstens das Umsetzen von
Ethylenoxid mit Aceton zu 2,2-Dimethyl-1,3-dioxolan 55     und zweitens das
Hydrolysieren des 2,2-Dimethyl-1 ,3-dioxolans mit einer im wesentlichen
st6chiometri- schen Menge an Wasser zu Monoethylenglykol umfa8t, wobei fur
beide Verfahrensstufen die Gegen- wart eines festen sauren Katalysators
notwendig ist. 4    EP 0 448 157 B1 distillation of the acetone stopped.
The following mass balance was obtained: In (g)                  Out (g) 5
ketal                  . 2352  (23.1 mol)         31.8  (0.3 mol)
monoethylene glycol:    17.4 (0.3 mol)    1414.7 (22.8 mol) total mass
: 6452                  6445 10 Thus, the total mass balance was 99.9% and
the mol balance of MEG + ketal 98.7%. This result points to a catalyst
consumption of less than 1% by weight on monoethylene glycol. 2. Hydrolysis
of the cyclic ketal isolated from the reaction mixture 15 An amount of 5212
g of the reaction mixture (prepared according to method under A) was
distilled in order to isolate the bulk of the ketal. A distilled fraction
of 2036 g containing 89.6 %w ketal (17.88 mol), 10.3 %w acetone and about
0.2 %w 1,4-dioxane was combined with 355 g H20 (mol ratio H20/ketal 1.1)
and 20 g of Amberlyst 15 (wrapped in glass cloth). Because the liquid
mixture consisted of two phases, it was 20  homogenized at room temperature
by a shift of equilibrium before being introduced with the catalyst in the
distillation flask. Equilibration and distillation of the acetone
(basically the same procedure as applied in the first hydrolysis under 1)
yielded ultimately a residue containing 1091 9 monoethylene glycol (17.6
mol) and traces of acetone, unconverted ketal and 1,4-dioxane but no heavy
glycols. The mol balance on mon- 25  oethylene glycol and total unconverted
ketal (0.12 mol) was 99%, the same figure being found for the total mass
balance. Claims 30  1. A two-step reaction process for converting ethylene
oxide with high selectivity into monoethylene glycol which comprises
firstly reacting ethylene oxide with acetone to 2,2-dimethyl-1,3-dioxolane
and secondly hydrolyzing the 2,2-dimethyl-1.3-dioxolane with a
substantially stoichiometric amount of water to monoethylene glycol, both
steps requiring the presence of a solid acid catalyst. 35  2. A process as
claimed in claim 1, wherein the catalyst used in the first step is an acid
activated clay. 3. A process as claimed in claim 1 or 2, wherein the mole
ratio of acetone/ethylene oxide ranges from 1:1 to 5:1. 40  4. A process as
claimed in one or more of the claims 14, wherein the reaction temperature
ranges from 30 C to 80  C. 5. A process as claimed in one or more of the
claims 1-4, wherein the 2,2-dimethyl-1,3-dioxolane is distilled off. 45 6.
A process as claimed in one or more of the claims 1-5, wherein the
2,2-dimethyl-1,3-dioxolane is hydrolyzed with water in the presence of an
ion-exchange resin or an acid activated clay. 7. A process as claimed in
claim 6 wherein the acetone is distilled off during the reaction. so
Patentansprlche 1. Ein Zweistufen-Reaktionsverfahren zum Umwandeln von
Ethylenoxid mit hoher Selektivitat in Monoeth- ylenglykol, welches erstens
das Umsetzen von Ethylenoxid mit Aceton zu 2,2-Dimethyl-1,3-dioxolan 



55     und zweitens das Hydrolysieren des 2,2-Dimethyl-1,3-dioxolans mit
elner im wesentlichen stWchiometri- schen Menge an Wasser zu
Monoethylenglykol umfaf~t, wobei fOr beide Verfahrensstufen die Gegen- wart
eines festen sauren Katalysators notwendig ist. I    C  L     1 S   *    EP
0 448 157 Bi 2. Ein Verfahren, wie in Anspruch 1 beansprucht, in welchem
der in der ersten Stufe eingesetzte Katalysator ein saurer aktivierter Ton
ist. 3. Ein Verfahren, wie in Anspruch 1 oder 2 beansprucht, in welchem das
Molverhaltnis von Ace- 5      ton/Ethylenoxid im Bereich von 1:1 bis 5:1
liegt. 4. Ein Verfahren, wie in einem odor mehreren der Ansprlche 1 bis 3
beansprucht, in welchem die Reaktionstemperatur im Bereich von 30 * C bis
80 - C liegt. 10  5. Ein Verfahren, wie in einem oder mehreren der
AnsprOche 1 bis 4 beansprucht, in welchem das 2,2- Dimethyl-1,3-dioxolan
abdestilliert wird. 6. Ein Verfahren, wie in einem oder mehreren der
Ansprflche 1 bis 5 beansprucht, in welchem das 2,2- Dimethyl-1,3-dioxolan
in Gegenwart eines lonenaustauscherharzes oder eines sauren aktivierten
Tons 15     mit Wasser hydrolysiert wird. 7. Ein Verfahren, wie in Anspruch
6 beansprucht, in welchem  das Aceton wahrend der Reaktion abdestilliert
wird. 20  Revendicatlons 1. Un proc6de de rdaction en deux etapes pour
convertir l'oxyde d'ethylene avec un rondement elev6 en mono6thylene
glycol, procede selon loquol on fait reagir d'abord de l'oxyde d'ethylene
avec de l'acetone pour obtenir du 2,2-dimethyl-1,3-dioxolane et, en second
lieu, on fait reagir le 2,2-dimethyl- 25     1,3-dioxolane avec une
quantit4 pratiquement stoechiometrique d'eau pour obtenir le monoethylIne
glycol, les deux etapes exigeant la pr6sence d'un catalyseur acide solide.
2. Un proced6 tel quo revendique dans la revendication 1, dans lequel le
catalyseur utilise dans la premiere dtape est une argile acide activee. 30
3. Un procede tel quo revendique dans la revendication 1 ou 2, dans loquel
le rapport molairo de l'acetone/oxyde d'ethylbne se situe dans la gamme de
1:1 k 5:1. 4. Un procdd6 tel quo revendique dans une ou plus d'une des
revendications 1 A 3, dans loquel la 35     temperature de reaction se
situe dans la gamme de 30 * C & 80 * C. 5. Un procede tel quo revendique
dans une ou plus d'une des revendications 1 a 4, dans lequel le 2,2-
dim6thyl-1.3-dioxolane est chass4 par distillation. 40  6. Un procedd tel
quo revendique dans une ou plus d'une des revendications 1 a 5, dans lequel
le 2,2- dim6thyl-1,3-dioxolane est hdyrolys6 avec de l'mau en prdsence
d'une resine 6changeuse d'ions ou d'une argile acide activoe. 7. Un procedd
tel quo revendique dans la revendication 6, dans lequel l'acetone est
chasseo par 45     distillation pendant la reaction. 50 55 -
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