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subsequent hydrolysis or transesterification is PTHF itself formed. This preparation is
therefore referred to as the two-stage PTHF process. PTHF can also be prepared in
one stage by THF polymerization with water, 1,4-butanediol or low molecular weight
PTHF as a telogen over acidic catalysts.
35
Other telogens do not only act as chain termination reagents but are also incorporated
into the growing polymer chain of PTHF. They do not only have the function of a
telogen but are simultaneously also a comonomer and can therefore be referred to with
equal justification both as telogens and as comonomers. Examples of such
40  comonomers are telogens having two hydroxyl groups, such as the dialcohols. These
may, for example, be ethylene glycol, propylene glycol, butylene glycel, 1,3-propane-
diol, 1,4-butanediol, 2-butyne-1,4-diol, 2,2-dimethy!-1,3-propanediol, 1,6-hexanediol or
low molecular weight PTHF.
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Proceeding from this prior art, it was an object of the present invention to provide a
process which is to be operated continuously and in which polytetrahydrofuran,
tetrahydrofuran copolymers and esters thereof with different mean motar mass M, can

35 be prepared successively in an economically viable manner in one production plant
without the aforementioned disadvantages occurring.

A process has how been found for changing the mean molecular weight My in the
continuous preparation of polytetrahydrofuran or tetrahydrofuran copolymers, the

40  mono- or diesters of polytetrahydrofuran or of tetrahydrofuran copolymers by
polymerizing tetrahydrofuran in the presence of a telogen andfor of a comonomer over
an acidic catalyst (in one production plant), which comprises
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The pressure employed is generally not critical for the result of the polymerization,

which is why atmospheric pressure or the autogenous pressure of the polymerization

system is generally employed. Exceptions from this are copolymerizations of THF with

the volatile 1,2-alkylene oxides, which are advantageously performed under pressure.
30  Typically, the pressure is from 0.1 to 10 bar, preferably from 0.9 to 3 bar.

The process according to the invention enables PTHF and THF copolymers and esters
thereof to be obtained with a given but variable mean molecular weight and with a
relatively high conversion of the telogen with constant product quality in one production
35  plant. improved utilization of the telogen and/or comonomer contributes to economic
utilization of raw materials and leads to a more economically viable process.
in the preparation process according to the invention for PTHF and THF copelymers, in
a first step, a mono- and/or diester of the PTHF or of the THF copolymers is prepared
by polymerizing THF, preferably in the presence of acetic anhydride and if appropriate
40  comonomers, over acidic, preferably heterogeneous, catalysts.

Suitable catalysts are, for example, catalysts based on bleaching earths, as described,
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anions.

Additionally known as polymerization catalysts are also further, optionally activated clay
minerals, disclosed, for example, in WO 94/05719, WO 96/23833, WO 98/51729,

30 WO 89/12992 and DE-A 185 134 93. Zeolites are also suitable as catalysts and are
described, for example, in DE-A 43 16 138. Finally, sulfated zirconium oxides, sulfated
aluminum oxides, supported heteropolyacids and supported ammonium bifluoride
(NH4F*HF) or antimony pentafluoride are also known as suitable polymerization
catalysts. Preference is given to performing the process according to the invention with

35 activated bleaching earths.

A possible pretreatment of the catalyst is, for example, drying with gases heated to
from 80 to 200°C, preferably to from 100 to 180°C, for example air or nitrogen,

40  Heteropolyacids are suitable for use as homogeneous polymerization catalysts, The
polymerization or copolymerization of the THF in the presence of heteropolyacids as
the catalyst is effected in a manner known per se, as described, for example, in
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The concenfration of ihe acetic anhydride used as the felogen in the reactant mixture

35 (feed) fed to the polymerization reactor is between 0.03 to 30 mol%, preferably from
0.05 to 20 mol%, more preferably from 0.1 to 10 mol%, based on the THF used. When
acetic acid is used additionally, the molar ratio in the feed to the running polymerization
is typically from 1:20 to 1:20 000, based on acetic anhydride used.

40 It a particular mean molecular weight M, is to be established by the process according
to the invention, the mole fraction of acetic anhydride in the feed is calculated by the
following formula |
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Cac is the conversion of acetic anhydride
Metur  is the target molecular weight of PTHF [g/mol]

10
if, for example, in the case of a THF conversion of 50% and an acetic anhydride
conversion of 90%, a polymer of molar mass 2000 g/mo! is to be obtained, the mole
fraction of acetic anhydride in the polymerization feed, according to formula (I) must be
0.020.

15
For copolymerizations with acetic anhydride, THF and at [east one comonomer,

formulae corresponding to formula () can be constructed.

Alternatively to the mole fraction, it is also possible fo use the molar acetic anhydride to
20 THF ratio, which can be calculated by Xad/(1-Xac).

The mono- and diesters of the THF copolymers can be prepared by the additional use
of cyelic ethers as comonomers which can be polymerized with ring-opening,
preferably three-, four- and five-membered rings, such as 1,2-alkylene oxides, e.g.

25  ethylene oxide or propylene oxide, oxetane, substituted oxetanes such as 3,3-dimethyl-
oxetane, the THF derivatives 2-methyltetrahydrofuran or 3-methyltetrahydrofuran,
particular preference being given to 2-methyltetrahydrofuran or 3-methyltetrahydro-
furan. It is equally possible to use C»- to C12-diols as comonomers. These may, for
example, be ethylene glycol, propylene glycol, butylene giycol, neopentyl gltycol,

30  1,3-propanedicl, 2-butyne-1,4-diol, 1,6-hexanediol or low molecular weight PTHFE.

In the inventive fixed bed method, the polymerization reactor can be operated in liquid
phase mode, i.e. the reaction mixture is conducted from the botiom upward, or in trickle
mode, i.e. the reaction mixture is conducted through the reactor from the top

35 downward. The reactant mixture (feed) composed of THF and telogen and/or
comonomer is fed continuously to the polymerization reactor, the catatyst hourly space
velocity being from 0.01 to 2.0 kg of THF/(1*h), preferably from 0.02 to 1.0 kg of
THF/(1*h}) and more preferably from 0.04 to 0.5 kg of THF/(1*h).

40  In addition, the palymerization reactor can be operated in straight pass, i.e. without
product recycling, or in circulation, i.e. a portion of the polymerization mixture leaving
the reactor is circulated. In circulation mode, the ratio of circulation to feed is less than



is the target nol ecul ar weight of PTHF [g/nol] If, for exanple, in
the case of pg sigsconversion of 50% and an acetic anhydride
conversion of 90% a polyner of nolar mass 2000 g/nmol is to be
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feed, according to formula (1) must be @.020. 15 For
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circulated. "I'n citculatron no e ratio of circulation to feed is
| ess than PF 58795 7 or equal to 150:1, preferably less than 100:1
and pr ef er afhy tdrasweamemnieg@arlweight” or “mean molar mass" is understood in this

25  application to mean the number-average molecular weight M, of the polymers, which is
determined, for example, by wet-chemical OH number determination to DIN 53 240, or
according to the method described in this application. The sampling and the
determination of the mean molecular weight are effected during the running
polymerization and can be effected directly from the polymerization reactor. However, it

30 is also possible to determine the mean molecular weight after the elimination of the
ester groups (transesterification).

When the determination of the mean molecular weight of the sample shows that the
mean molecular weight to be achieved by the molar mass changeover is yet to be

35 achieved, already formed polytetrahydrofuran or the tetrahydrofuran copolymers, the
mano- or diesters of the polytetrahydrofuran or tetrahydrofuran copolymers are
depolymerized. For the depolymerization of the polymers, acidic catalysts, preferably
the catalysts mentioned above as suitable for polymerization, are used. Preference is
given to performing the depolymerization performed in a separate reactor over the

40  catalyst also used for the polymerization. In the case of fixed bed catalysts, this can be
done in a fixed bed reactor or a column with a catalyst installed in a fixed manner.
However, in the case of solid catalysts, preference is given to using them in suspended
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to remove unconverted THF and then to free the renaini ng nono- or
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process according to the invention or of the tetrahydrofuran copolymers for preparing
polyurethane polymers or polyurethaneurea polymers, as required, for example, to
prepare elastic fibers, also known as spandex or elastane, of thermoplastic
polyurethane (TPU), or polyurethane cast elastomers.
35
in this case, in a manner known per se, PTHF or a THF copolymer is first reacted with
an organic diisocyanate in excess and then with an organic diamine, as described, for
example, in JP-A 07-278 246.

40  The example which follows is intended to illustrate the invention but not to restrict it.

Examples



PF 58795 8 form for exanple in stirred reactors with an attached
col um. V\he[‘a, ppgeneously soluble catalysts are used, a m xed

react or i kew se preferred. The depol yneri zation of t he

pol yt etrahydrof uran or of the tetrahydrofuran copol yners, the nono-
or diesters of the polytetrahydrofuran 8r tetrahydrofuran copol yners
is generally perfor med 5 between 0.1 and 10 bar (absolute),
preferably and at tenperatures between 60 and
300C, pref e;Ma ﬁcu%f)w?' tJEQeiﬁlﬁ'%gét"d 250C, nore preferably between 130
and 220C. \Wen the esters of the polytetrahydrofuran or
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15
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or gani c A0socyanates in a manner known per se, for pol yurethane and
pol yur et han@gg@gegrepar ation, especially for preparing thernoplastic
ur et hanes, spandex, thernopl astic ether esters or copol yet heram des.
The present invention 30 therefore further provides for the use of
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07-278 §§6 40The exanple which follows is intended to illustrate the

i nventi but not to restrict it. Exanples PF 58795 9
The resulting PTHF diacetate was transesterified in methanol with (approx. 0.1% by

weight, based on the overall mixture, of) sodium methoxide to give methyl acetate and
THF. After removal of the sodium ions by means of an acidic ion exchanger (Lewatit
from Lanxess), PTHF was freed of methyl acetate and excess methanol by distillation

35  attemperature/pressure. The mean molecular weight of the resuliing PTHF was 2000.
The THF unconveried in the polymerization was freed of acetic anhydride and acetic
acid in a distillation unit and introduced back into the polymerization process.

Afier the reacter had been operated for 4 weeks, the molar ratic of THF to acetic

40 anhydride was changed to 1:0.065. Repeated sampling and determination of the mean
molecular weight showed that the mean molar mass of the resulting PTHF fell
continuously to 1000 within 3 days, and then remained constant in the course of further



Mol ecul ar wei ght determ nati on The nean nol ecul ar weight M,, in the
form of thegpunber -average nol ecul ar weight, 5 defined as the mass of
all PTHF nol ecul es divided by their amount in noles, is determ ned by
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resulting PTHF fell continuously to 1000 within 3 days, and then
remai ned coAgimyié 3i n the course of further

25
The polymerization of THF was performed analogously to example 1; the
depolymerization of the PTHF obtained in the molar mass changeover was performed
over acidic silicon dioxide powder at 190-210°C with the same resuit as in example 1.
With this depolymerization of undesired molar masses between 2000 and 1000, the
30 PTHF vyield based on THF was > 99%

Example 4

The polymerization of THF was performed analogously to example 1; the

35  depolymerization of the PTHF obtained in the molar mass changeover was performed
over an acidic ion exchanger Amberlyst XN 1010 from Rohm and Haas at 130°C with
the same result as in example 1, With this depolymerization of undesired molar masses
between 2000 and 1000, the PTHF vield based on THF was > 89%



PF 58795 10 operation over 4 weeks. The PTHF col |l ected during the
t hree days P@%ngverted in a tubular reactor at standard pressure
and tenperatures of 180-200C over the bentonite which had al ready
been used for the polynerization (K catalyst K 306 from Suci chem e
AG Muinich), but in powder form in thdilcourse of which PTHF was

i ntroduced pggptibguously into the bottomof the reactor and THF
formed was distilled off via an attached col um. About 1 kg of
PTHF/ 0.1 kg _of catalyst x h was converted. The yield of THF was
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PE 58795 11 Exanple 5 The polynerization of THF was perforned

anal ogously to exanple 1; the depol ynerization of the PTHF obtai ned
in the nolar mass changeover was perfornmed 5w th tungstophosphoric
acid at 150-160C at a catal yst hourly space velocity of 1000 kg of
PTHF/ 1 kg of catalyst x h with the sane result as in exanple 1. Wth
thi s depol ynerization of undesired ngl ar nmasses between 2000 and
1000, the PTHF yield based on THF was > 99% 10 Exanple 6 Anal ogously
to exanple 1, PTHF di acetate was prepared and freed of |ow boilers by
di still ati orrhaingetiontcheredndi ti ons described in exanple 1. The
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