
EP 0 167 292 B1 Description This invention relates to a method for
preparing poly(tetramethylene ether) glycol (PTMEG). It is more
particularly directed to a method for preparing PTMEG having a narrow
molecular weight distribution 5 (MWD). PTMEG is a commodity in the chemical
industry, often used in the preparation of polyurethanes and polyesters to
supply the soft segment. PTMEG is ordinarily prepared by polymerization of
tetrahydrofuran (THF), using a cationic initiator. This polymerization
proceeds according to the general scheme (1)   [err]                  [err]
(2)        [err]              [errr] 20 (3)      [err] 25 [err] 30
A In the foregoing, [err] is a cationic initiator, R is hydrogen or a group
which can be removed from the polymer chain to give a hydroxyl end group,
and A is a counterion. Illustrative counterions are [err] [err] and [err].
35    The termination and hydrolysis step is illustrated by equation 4:
(4)[err]                           [err] [err] 40 [err] In cases where R in
these schemes is H, step (1) can be considered a protonation of the
monomer, step 45 (2) an initiation and step (3) propagation of polymer
chains. These steps, although consecutive for each individual growing
chain, normally occur simultaneously in the bulk of the polymerization
mass. PTMEG made this way ordinarily has a MWD of 1.6-1.9 after isolation.
Polyurethanes and polyesters made with PTMEG having this MWD (especially
PTMEG having a MWD at the high end of this range) tend to be unsuited for
some applications. It is therefore often desirable to 5o prepare
polyurethanes and polyesters using PTMEG with a narrower MWD, i.e., one
having a MWD of 1.1-1.4. Such polymers can be prepared by heating a
THFlinitiator mixture to a temperature above the ceiling temperature for
THF polymerizations, i e. above 85C, and then cooling the polymerization
mixture before quenching. "Ceiling temperature" is that above which no
chain propagation will occur. Cf. e.g. T. G. 55 Croucher & R. E. Wetton,
Polymer 17, (1976), 205. However, heating a THF polymerization mixture to
such a high temperature generally leads to color formation and to formation
of other undesirable side products. Furthermore, cooling is a slow process,
particularly in large-scale polymerizations. As a consequence, the
molecualr weight distribution of the final product is broader and the level
of impurities higher than desirable for commercial applications. 60    We
have now found that PTMEG of such narrow MWD and low levels of
side-products can be prepared without heating the polymerization mixture to
or above the ceiling temperature. JP-A--5624421 (Mitsubishi) describes a
process for the preparation of PTMEG polymerization of THF in the presence
of fluorosulphuric acid (FSA) as catalyst. The temperature of the reaction
mixture is allowed to increase to a maximum of 55 to 650C as a result only
of the heat generated by mixing of THF and FSA. 65 After mixing the
reactants, the reaction mixture is cooled within one hour to 35 to [err]and
polymerization 2    EP 0 167 292 B1 continued for at least 2 hours.
Polymerization is stopped by hydrolysing with water and the process is
claimed to be heat efficient and to give high yields. GB-A-1253567 (Quaker
Oats), has as its main objective the preparation of THF polymers in higher
yields and shorter process time. According to the Quaker Oats process, THF
and a polymerization catalyst, 5 such as a strong acid or a Lewis acid, are
mixed at a temperature of between 20 and [err] to form a catalytically
active mixture. The reaction mixture is then cooled by at least [err] and
below [err], and maintained at the lower temperature for up to 4 hours.
Finally, catalytic activity is terminated by addition of a stoichiometric
excess of a catalytic activity terminating agent. 



According to the present invention there is provided a method for preparing
poly(tetramethylene 10 ether) glycol having a molecular weight distribution
of 1.1-1.4, the method comprising (a) bringing tetrahydrofuran (THF) and a
cationic initiator together (1) in a mol ratio such as to substantially
minimise the degree of polymerisation, said mol ratio of THF to initiator
being from 4:1 to 1:1, and (2) at a temperature which will promote
generation of tertiary oxonium ions but below the ceiling 15 temperature
for the THF polymerization; (b) keeping the resulting mixture at such
temperature until the tertiary oxonium ion concentration is at or near a
maximum, and then cooling the reaction mass in (a) to within the range
[err] through [err]; (c) then rapidly adding enough THF to the reaction
mass to allow the polymerization to proceed to the desired point; 20    (d)
holding the reaction mass within the range [err] through [err] until the
desired molecular weight and MWD have been reached; and then (e) quenching
the polymerization. It will be noted that in the process of the invention,
PTMEG of narrow MWD is prepared by separating steps (1) and (2) from step
(3) in the general scheme described above. To accomplish this, THF and the
25 initiator are mixed in such molar proportions that the degree of
polymerization will be at about a minimum. Preferably, the temperature is
held at or below [err] while the THF and initiator are brought together.
This mixture is then brought to and held at a temperature at which about a
maximum number of tertiary oxonium ions will be generated. Ordinarily, a
temperature of 20-[err] preferably 40-[err], and a THF/initiator mol ratio
of 411-1/1, preferably 2/1, will give maximum oxonium ion concentration and
30 minimum degree of polymerization. This corresponds to steps (1) and (2)
in the foregoing general scheme. Initiators which can be used are strong
protonic acids, mixtures of acids, or mixtures of acids and salts, Lewis
acids, oxonium salts, or salts which form the stable counterions mentioned
earlier. Such initiators are described in more detail in P. Dreyfus,
"Poly(tetrahydrofuran)", Gordon and Breach Science Publishers, N.Y. 1982,
Chapter 3. 35    Illustrative of such initiators are fluosulfonic acid
(FSA), FSA-oleum mixtures, FSA-sulfuric acid mixtures, mixtures of sulfuric
acid and fluorides, HSbF6, HBF4, and mixtures of HBF4 and BF3, and mixtures
of [err] and sulfuric acid. FSA is preferred. In cases where initiators are
used which can lead to side reactions, it is important to keep reaction
time for this portion of the procedure at a minimum. 40     The point at
which tertiary oxonium ion concentration is at a maximum can be determined
by magnetic resonance spectroscopy. When that point has been reached, the
reaction mass is quickly cooled to within the range of -25 through [err],
preferably -15 through [err], even more preferably 0 through [err], and is
held at that temperature while enough THF (n in step 3) is added to the
reaction mass to allow the polymerization to proceed to the desired point.
This corresponds to step (3) in the foregoing scheme. The actual amount is
of secondary importance because the polymerization will be deliberately
interrupted before equilibrium is reached. The reaction mass is then held
at a temperature within the range -25 through [err] until the desired
molecular weight and MWD have been reached. This point can be easily
predetermined by periodic 50 sampling and analysis. The polymerization is
then simply run under the conditions predetermined for each desired
molecular weight and MWD. MWD is calculated according to the equation [err]
55                                     MWD=- MN where M, is the weight
average molecular weight and MN is the number average molecular weight. MN
is determined by end group analysis by titration. 60     Mw is determined
by gel permeation chromatography or liquid chromatography. When the desired
molecular weight and MWD have been reached, polymerization is quickly
quenched by bringing the reaction mass into intimate contact with water.
Unreacted monomer is then removed from the reaction mass by distillation,
and the polymer is isolated by washing the mass free of initiator residue
with water. 65     The foregoing describes the method of the invention run
batchwise. It should be understood that it can 3    



EP 0167292 B1 also be run continuously, under the same conditions, in
apparatus designed according to convention chemical engineering principles.
Those skilled in the art will be able to practice this invention more
easily after referring to the following illustrative example. 5  In the
example, all parts are by weight. Example 108 parts of tetrahydrofuran
(THF) (1.5 mols) were cooled to [err], and to it were then slowly added 75
parts (0.75 mol) of fluosulfonic acid (FSA). During the addition, the
temperature of the mass was held at 10 below [err]. The temperature of the
mass was then allowed to rise to [err], was held at that level for five
minutes, and then lowered to [err]. 29 parts of the THF were then rapidly
added to the mass, and its temperature then held at[err] for 20 minutes. 15
Polymerization was then quenched by adding 300 parts of water to the
reaction mass. Unreacted monomer was then boiled off, the hydrolysis
products removed by washing the mass twice with water, the mass adjusted to
pH 7.0 with base and dried under vacuum for about two hours. The resulting
PTMEG had a number average molecular weight of 1525 (as determined by end
group titration) and a MWD of 1.25. 20 Claims 1. A method for preparing
poly(tetramethylene ether) glycol having a molecular weight distribution of
1.1-1.4, the method comprising: 25    (a) bringing tetrahydrofuran (THF)
and a cationic initiator together (1) in a mol ratio such as to
substantially minimise the degree of polymerization, said mol ratio of THF
to initiator being from 4:1 to 1:1, and (2) at a temperature which will
promote generation of tertiary oxonium ions but below the ceiling
temperature for the THF polymerization; 30    (b) keeping the resulting
mixture at such temperature until the tertiary oxonium ion concentration is
at or near a maximum, and then cooling the reaction mass in (a) to within
the range [err] through [err]; (c) then rapidly adding enough THF to the
reaction mass to allow the polymerization to proceed to the desired point;
(d) holding the reaction mass within the range -[err] through [err] until
the desired molecular weight 35 and MWD have been reached; and then (e)
quenching the polymerization. 2. A method according to claim 1 wherein the
cationic initiator comprises fluosulfonic acid. 3. A method according to
any one of claims 1 or 2 wherein the temperature in step (a) is from 20 to
[err]. 40    4. A method according to any one of the preceding claims
wherein the temperature in step (a) is 40-[err] and the mol ratio is 2:1.
5. A method according to any one of the preceding claims wherein the
temperature of the mass is held at or below [err] while the THF and
initiator are brought together. 45 Patentanspruche 1. Verfahren zur
Herstellung von Poly(tetramethylenether)glykol mit einer
Molekulargewichtsver- teilung von 1,1 bis 1,4, welches Verfahren [err]: (a)
Zusammenbringen von Tetrahydrofuran (THF) und eines kationischen Initiators
50    (1) in einem solchen Molverhaltnis, [err] das [err] an Polymerisation
im wesentlichen minimiert wird, welches Molverhiltnis von THF zu Initiator
4:1 bis 1:1 betragt, und (2) bei einer Temperatur, die die Erzeugung von
tertiaren Oxoniumionen fordert, jedoch unter der Hochsttemperatur der
THF-Polymerisation; (b) Halten der resultierenden Mischung bei solcher
Temperatur, bis die Konzentration an tertiarem ss Oxoniumion auf oder nahe
dem Maximum ist, und [err] AbkOhlen der Reaktionsmasse von (a) auf im
Bereich von [err] bis [err]; (c) danach schnelles Zugeben von genug THF zur
Reaktionsmasse, um die Polymerisation zum erwunschten Punkt fortschreiten
zu lassen; (d) Halten der Reaktionsmasse im Bereich von [err] bis [err],
bis das erwunschte Molekulargewicht 60 und MWD erreicht sind; und danach
(e) Quenschen der Polymerisation. 



2. Verfahren nach Anspruch 1, worin der kationische Initiator
Fluorsulfonsaure [err]. 3. Verfahren nach einem der Anspruche 1 oder 2,
worin die Temperatur in Schritt (a) 20 bis 80C ist. 4. Verfahren nach einem
der vorstehenden Anspruche, worin die Temperatur in Schritt (a) 40 bis 600C
65 und das Molverhaltnis 2:1 ist. 4    *   C  L  M  S   * EP 0167 292 B1
also be run continuously, under the same conditions, in apparatus designed
according to convention chemical engineering principles. Those skilled in
the art will be able to practice this invention more easily after referring
to the following illustrative example. 5    In the example, all parts are
by weight. Example 108 parts of tetrahydrofuran (THF) (1.5 mols) were
cooled to [err], and to it were then slowly added 75 parts (0.75 mol) of
fluosulfonic acid (FSA). During the addition, the temperature of the mass
was held at 10 below [err]. The temperature of the mass was then allowed to
rise to [err], was held at that level for five minutes, and then lowered to
[err]. 29 parts of the THF were then rapidly added to the mass, and its
temperature then held at [err] for 20 minutes. 15    Polymerization was
then quenched by adding 300 parts of water to the reaction mass. Unreacted
monomer was then boiled off, the hydrolysis products removed by washing the
mass twice with water, the mass adjusted to pH 7.0 with base and dried
under vacuum for about two hours. The resulting PTMEG had a number average
molecular weight of 1525 (as determined by end group titration) and a MWD
of 1.25. 20 Claims 1. A method for preparing poly(tetramethylene ether)
glycol having a molecular weight distribution of 1.1-1.4, the method
comprising: 25    (a) bringing tetrahydrofuran (THF) and a cationic
initiator together (1) in a mol ratio such as to substantially minimise the
degree of polymerization, said mol ratio of THF to initiator being from 4:1
to 1:1, and (2) at a temperature which will promote generation of tertiary
oxonium ions but below the ceiling temperature for the THF polymerization;
30    (b) keeping the resulting mixture at such temperature until the
tertiary oxonium ion concentration is at or near a maximum, and then
cooling the reaction mass in (a) to within the range [err] through [err];
(c) then rapidly adding enough THF to the reaction mass to allow the
polymerization to proceed to the desired point; (d) holding the reaction
mass within the range [err] through [err] until the desired molecular
weight 35 and MWD have been reached; and then (e) quenching the
polymerization. 2. A method according to claim 1 wherein the cationic
initiator comprises fluosulfonic acid. 3. A method according to any one of
claims 1 or 2 wherein the temperature in step (a) is from 20 to 80C. 40
4. A method according to any one of the preceding claims wherein the
temperature in step (a) is 40-[err] and the mol ratio is 2:1. 5. A method
according to any one of the preceding claims wherein the temperature of the
mass is held at or below 20C while the THF and initiator are brought
together. 45 Patentanspruche 1. Verfahren zur Herstellung von
Poly(tetramethylenether)glykol mit einer Molekulargewichtsver- teilung von
1,1 bis 1,4, welches Verfahren [err]: (a) Zusammenbringen von
Tetrahydrofuran (THF) und eines kationischen Initiators 50    (1) in einem
solchen Molverhaltnis, [err] das [err] an Polymerisation im wesentlichen
minimiert wird, welches Molverhaltnis von THF zu Initiator 4:1 bis 1:1
betragt, und (2) bei einer Temperatur, die die Erzeugung von tertiaren
Oxoniumionen fordert, jedoch unter der 



Hochsttemperatur der THF-Polymerisation; (b) Halten der resultierenden
Mischung bei solcher Temperatur, bis die Konzentration an tertiarem 55
Oxoniumion auf oder nahe dem Maximum ist, und [err] Abkuhlen der
Reaktionsmasse von (a) auf im Bereich von -25C bis +25C; (c) danach
schnelles Zugeben von genug THF zur Reaktionsmasse, um die Polymerisation
zum erwunschten Punkt fortschreiten zu lassen; (d) Halten der
Reaktionsmasse im Bereich von -25C bis +25C, bis das erwunschte
Molekulargewicht 60 und MWD erreicht sind; und danach (e) Quenschen der
Polymerisation. 2. Verfahren nach Anspruch 1, worin der kationische
Initiator Fluorsulfonsaure [err 3. Verfahren nach einem der Anspruche 1
oder 2, worin die Temperatur in Schritt (a) 20 bis 80C ist. 4. Verfahren
nach einem der vorstehenden Anspruche, worin die Temperatur in Schritt (a)
40 bis 60C 65 und das Molverhaltnis 2:1 ist. 4    I EP 0 167 292 B1 5.
Verfahren nach einem der vorstehenden Anspruche, worin die Temperatur der
Masse bei oder unterhalb von 20C gehalten wird, wahrend das THF und der
Initiator zusammengebracht werden. Revendications 5 1. Un procede pour
preparer du polyloxyde de tetramethylene)glycol ayant une distribution de
poids moleculaire de 1,1-1,4, le procede consistant a: (a) amener en
contact du tetrahydrofuranne (THF) et un initiateur cationique (1) en un
rapport molaire convenant pour minimiser sensiblement le degre de
polymerisation, ledit 10 rapport molaire du THF A I'initiateur etant de 4:1
A 1:1, et (2) a une temperature qui favorise la production d'ions oxonium
tertiaires, mais qui est inferieure A la temperature-plafond pour la
polymerisation du THF; (b) maintenir le melange resultant a cette
temperature jusqu'a ce que la concentration en ions oxonium tertiaires soit
egale a, ou proche de, un maximum, puis refroidir la masse reactionnelle de
(a) jusque dans 15 I'intervalle de [err]; (c) ajouter ensuite rapidement
suffisamment de THF a la masse reactionnelle pour permettre a la
polymerisation d'avancer jusqu'au point desir6; (d) maintenir la masse
reactionnelle dans l'intervalle de [err] a [err] jusqu'a ce que le poids
moleculaire et la distribution de poids moleculaires desires aient ete
atteints; puis 20    (e) desactiver la polymerisation. 2. Un procede selon
la revendication 1, dans lequel I'initiateur cationique comprend de l'acide
fluosulfonique. 3. Un procede selon l'une quelconque des revendications 1
et 2, dans lequel la temp6rature dans I'etape (b) est de 20 A 80C. 25
4. Un procede selon l'une quelconque des revendications precedentes, dans
lequel la temperature dans I'6tape (a) est de 40 A 60C et le rapport
molaire est de 2:1. 5. Un procede selon l'une quelconque des revendications
pr6c6dentes, dans lequel la temperature de la masse est maintenue a 20C ou
moins tandis que le THF et l'initiateur sont amenes en contact. 30 35 40 45
50 55 60 65 5    


