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Thus, for example, use of carboxylic acids or carboxylic anhydrides as telogens makes
25 it possible to produce the monoesters or diesters of PTHF. PTHF itself is formed only
after subsequent hydrolysis or transesterification. This preparation is therefore referred
to as the two-stage PTHF process. PTHF can also be obtained in a single stage by
polymerization of THF over acid catalysts using water, 1,4-butanediol or low molecular
weight PTHF as telogen.
30
Other telogens act not only as chain termination reagents but are also incorporated into
the growing polymer chain of PTHF. They not only have the function of a telogen, but
at the same time act as a comonomer and can therefore equally well be designated as
telogens and as comonomers. Examples of such comonomers are telogens having two
35 hydroxy groups, e.g. dialcohols. These can be, for example, ethylene glycol, propylene
glycol, butylene glycol, 1,3-propanediol, 1,4-butanediol, 2-butyne-1,4-diol, 2,2-dimethyl-
1,3-propanediol, 1,6-hexanediol or iow molecular weight PTHF.

Further suitable comonomers are cyclic ethers, preferably three-, four- and five-
40 membered rings, for example 1,2-alkylene oxides, e.g. ethylene oxide or propylene
oxide, oxetane, substituted oxetanes such as 3,3-dimethyloxetane and also THF
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25 incontrast, US-A 4 510 333 and DE-A 42 05 984 teach that in order to avoid color
number problems and to set a narrow molecular weight distribution both over
homogeneous catalysts, i.e. catalysts which are largely soluble in the reaction mixture,
such as fluorosulfonic acid and also over heterogeneous catalysts such as bleaching
earths it is advantageous for the reaction temperature to be reduced quickly during the

30  course of the polymerization.

EP-A 0 051 499 discloses carrying out the polymerization of PTHF in a homogeneous
process over fluorosuifonic acid or fuming sulfonic acid as catalyst and dividing the
process into two steps. A first step takes place at temperatures in the range from -30°C

35 to +10°C, and the second step takes place in a second stirred vessel at temperatures
which are from 10 to 40°C above those mentioned above. In this way, an increase in
the conversion is achieved at a high product purity. A disadvantage is that industrial
implementation of the process described makes two stirred reactors, a high outlay for
implementation and, as is usual in polymerizations over homogeneous catalysts, a

40 complicated separation necessary.
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The temperature increase according to the invention is at least 0.1°C per meter of
catalyst bed, preferably 0.2°C per meter of catalyst bed and particularly preferably at

25 least 0.3°C per meter of catalyst bed, with the temperature increase being able to be
continual or in at least two steps, preferably in two, three, four or five steps. The
temperature increase preferably takes place in steps with a temperature difference of
1°C, preferably 2.5°C. The temperature increase should not exceed 5°C per meter of
catalyst bed.

30
The temperature increase in the reactor can be brought about by use of heating or
cooling devices which are known per se and are customary in industry together with an
appropriate measurement device for the local temperature of the polymerization
mixture, for example thermocouples. Heating can also be effected using process

35 heaters.

The pressure applied is generally not critical for the resuit of the polymerization, which
is why the polymerization is generally carried out at atmospheric pressure or under the
autogenous pressure of the polymerization system. Exceptions are copolymerizations

40  of THF with the volatile 1,2-alkylene oxides, which are advantageously carried out
under superatmospheric pressure. The pressure is usually from 0.1 to 20 bar,
preferably from 0.5 to 2 bar.
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US 5,208,385 discloses catalysts based on amorphous mixed silicon-aluminum oxides.
Mixed oxides based on SnO./Si0O;, Ga04/Si0;, Fe:04/8i0;, In:04/Si0;, Ta:0s/Si0;
and HfO2/SiO; are also known. The abovementioned catalysts are preferably prepared
by coprecipitation/sol-gel methods. Supported catalysts are disclosed in
30 DE-A 44 33 606, in which tungsten oxides or molybdenum oxides are applied to, for
example, ZrO;, TiOz, HfO2, Y203, Fe:03, Al205, SnO», SiO; or ZnO. Furthermore,
Zr0/Si0; catalysts in which the support has an alkali metal concentration of
< 5000 ppm are recommended.

35 Catalysts based on acid ion exchangers are described in US 4,120,903 for the
polymerization of THF, in particular polymers comprising a-~fluorosulfonic acid (for
example Nafion®), in the presence of acetic anhydride. Catalysts comprising a metal
and perfluoroalkylsulfonic acid anions are also suitable for the polymerization of THF.

40 In addition, further, if appropriate activated, clay minerals are also known as
polymerization catalysts, as disclosed, for example, in WO 94/05719, WO 96/23833,
WO 98/51729, WO 99/12992 and DE-A 195 134 93. Zeolites are also suitable as
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wei ght &P t fe-(uergRexylic gnhydrides and/or mixtures of protic acids with C2-C12-carboxylic

anhydride. The protic acids are preferably organic or inorganic acids which are soluble

in the reaction system. Examples are Cz-C1z-carboxylic acids such as acetic acid and

sulfonic acids, sulfuric acid, hydrochioric acid, phosphoric acid. Preference is given to

using acetic anhydride and/or acetic acid. in the first step, viz. the polymerization,

25 monoesters and diesters of PTHF or of the THF copolymer are therefore formed.

The concentration of the acetic anhydride used as telogen in the feed fed into the
polymerization reactor is from 0.03 to 30 mol%, preferably from 0.05 to 20 mol%,
particularly preferably from 0.1 to 10 mol%, based on the THF used. If acetic acid is

30 used in addition, the molar ratio in the feed to the ongoing polymerization is usually in
the range from 1:20 to 1:20 000, based on acetic anhydride used.

The monoesters and diesters of THF copolymers can be prepared by the additional
use of cyclic ethers which can be polymerized with ring opening as comonomers,

35 preferably three-, four- and five-membered rings, for example 1,2-alkylene oxides, e.g.
ethylene oxide or propylene oxide, oxetane, substituted oxetanes such as
3,3-dimethyloxetane, the THF derivatives 2-methyltetrahydrofuran or 3-methyltetra-
hydrofuran, with 2-methyltetrahydrofuran or 3-methyitetrahydrofuran being particulariy
preferred.

40
The use of C,-Cio-diols as comonomers is likewise possible. These can be, for
example, ethylene glycol, propylene glycol, butylene glycol, neopentyl glycol,
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reaction mxture is conveyed from the bottomupward, or in the downfl ow

node, #0e. Mopgesters @npn digstersipleP THF padfsiif eorolimars Baying Mesmme!ahr ough t he
reactor. Theightasd froan?80 i 10000HRendat bé pgpareanid/acargbtedanames g mdamsf ed

cont i nuouS Lyink B dkebO5s BRNEH bEMb tBdrPaskGH: of WeldbynzSRAFRURLOCT tY
Preference is given to preparing the respective PTHF esters having mean molecular
weights of from 500 to 5000 dalton, particularly preferably from 650 to 4000 dalton, by
25 means of the process of the invention. In the present patent application, the term
“mean molecular weight” or “mean molar mass” refers to the number average M, of the
molecular weight of the polymers, which is determined, for example, by means of wet-
chemicat OH number determination in accordance with DIN 53 240.

30 The THF-containing output from the polymerization stage is filtered to retain traces of
the polymerization catalyst and subsequently passed to remove THF by distillation.
However, it is also possible for unreacted THF to be separated off first and the
remaining monoesters or diesters of PTHF then to be freed of catalyst residues by
filtration. The second method is preferred. As filtration apparatuses, industriatly

35 customary bed filters are used.

The ester groups in the polymers obtained in this way have to be converted in a
second step. One customary method is reaction with lower alcohols initiated by alkaline
catalysts. The transesterification using alkaline catalysts is known from the prior art and

40 is described, for example, in DE-A 101 20 801 and DE-A 197 42 342. Preference is
given to using methanol as lower alcohol and sodium methoxide as effective
transesterification catalyst.



over the cBF&18P62 being from0.01 to 2.0 kg of THE/ (1*h), preferably from
0.02 to 1.0 kg of THF/ (1 *h) and particularly preferably from0.04 to 0.5
kg of THE/ (1*h). Furthernore, the pol ym;rl zation reactor can be operated in
a single pass, i.e. without 15 product recirculation, or in the recycle
node, i.e. part of the polynerization mxture |leaving the reactor is

circul alt efl"rné o&h@rgﬁﬁmé@céﬂmusédﬁ@r Felctiéh Rith bREWE!igodyandteerh d ﬁnah]fiér’s blt han
or equa eferably

| ess than R%%Y" pérﬁqﬂ/g)toeseggéghpeﬁi@ng %ﬁdégfy)greﬂ?am% l&%’—%l! $$%§JI¥HEFCOpoI ymers
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content o aring the
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dal ton, palveetander VeB?réTQe‘?oé)B%r hapeRPIEHErst Qs p@b’@(ﬁ”&?&ﬁ"&fﬁa PRYMEES ARaes of the
process of réquéred, rfmeé)tamme formthée b&)dpd&ﬂmﬂelamt é@bérsgipgldingSpandextdre term "nmean
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the nplecu ar wel ght eterm ne r exanpl e, by
means of wet - chem cal OH nunber determ nat| on in accordance with DIN 53
240. 30 ThelefeIPTetbdraa it gomalrpertis firstynrddoteddn laynannez abovempeartsegeith snfi |l t er ed

to retain pracedfgh orgtahﬁ: dRebyARAL 2R tEh ﬁ@%%%ﬁanﬁ%rﬁi\%@%‘é’a&@%% passed_to
remove THE g%ra@' st| Ebjé'%gﬁﬁé wever It 1s al so possible for unreéacted THE
th

to be sepaf egpPr remai ni ng nonoesters or diesters of PTHF
then to be freed of catal yst reS|dues by filtration. The second nethod is

pr ef er 1gd. TR ifviehtidrat ilRBtrABE BERWURESthe laltflbfexbindldsy 35 customary bed filters
are used. The ester groups in the polyners obtained in this way have to be

converted in a second step. One customary nethod is reaction with | ower

al cohols initiated by al kaline catalysts. The transesterification using

al kal i ne cgkahgiess is known fromthe prior art and 40 is described, for
exanpl e, in DE-A 101 20 801 and DE-A 197 42 342. Preference is given to
usi ng net hanol as | ower al cohol and sodi um net hoxi de as effective

t r anses? er MojacHler widbheelpyRipation: 58052 7 The pol ymers obtained can be used
for reaction with organic isocyanates in a nanner known per se to produce

pol yur et hapgs rand nﬁ’&éc}(ﬁgr%séq{?gﬂ uirnq fortn'bf Wﬁdrﬁﬁ’ér%e%ﬁ% of H{eerﬂéiéb@&

t her nopl ast 1 ¢ uret hanes | asti.c e
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use of t hedetermined by determining the hydroxyl number of polytetrahydrofuran. The hydroxyl
25 number is the amount of potassium hydroxide in mg which is equivalent to the amount
of acetic acid bound in the acetylation of 1 g of substance. The hydroxyl number is
determined by the esterification of the hydroxyl groups present by means of an excess
of acetic anhydride.

30 H-[O(CHz)4}r-OH + (CH3CO); ————» CH3zCO-[O(CH2)4}s-O-COCH3 + H0O

After the reaction, the excess acetic anhydride is hydrolyzed with water according to
the following reaction equation

35 (CH:CORO + H:O ———» 2 CH3:COOH
and backtitrated as acetic acid with sodium hydroxide.

Determination of the evaporation residue

40
The evaporation residue is the nonvolatile material in PTHF or PTHF ester/low boiler
mixtures determined under prescribed conditions and serves as a measure of the yield.



pol yt etrahydrof uran or the tetrahydrofuran copol yner prepared by the process
of the inRM®®2 for preparing pol yuret hane pol yners or pol yuret hane-urea

- polynmers as are required, for exanple, for the production of elastic

fi bers, including Spandex or El asthan, jhernoplastic pol yurethanes (TPUs)
or pol yurethane casting el astoners. 10 re, PTHF or a THE copolymer is
firstly redodademinathediihersambevs graporatedmttiidyhior 8Rerisstedfinder or gani ¢

di i socyanata%maﬁqnehb%rbs\éwemrﬁrfopzcgﬁqmueesdét%@ Sne ﬁa‘in;ﬂ#étﬁfé &efa rdddbed exanpl e,
|nJP-A0727824 ntion is il Ius with the aid of

exanpl es. | EXSNH QeSgii | U T e g B R aRO e ek ot ecul ar
wei ght M, qahiutallﬁﬁ aesprding tot he nunmber average of the nol ecul ar wei ght,
defi ned5as the mass of all PTHF nol ecul es divided by their amount in nol, is
determi ned by determ ning the hydroxyl Rfughgs of polytetrahydrofuran. The
hydr oxyl 25 nunber is the anount ofEBetﬁgsn—um hydroxide in ng which is
equi val ent to the anmount of acetic acid 'Bbund in the acetylation of | g of
substance. The hydroxyl nunber is determned by the esterification of the
hydr oxyl gr4utes present by means of an excess of acetic anhydride. 30
H [ Q(CH2) 4] OHL + f he
reacti on the excess ac?%%c%gﬁﬁ@?a%fgq S tﬂé‘?%ﬁ%%ntzﬁ%%rﬁ 1;332(')& ding to
the follCowi ng reacd @ Equation 35 (CH3CO) 20 + H20 2 CH3COOH and
backti trat ewh ass acetdss uaglodthmdvbpsnadmruﬂadkwdtmmdampieDet erm nation of the
evapor ati on,resi du tile materi al
in PTHF orr}%HF es'?rt‘aa%? I g/%b&\éaé?/%&rah&?ﬂérsﬁ/bﬂgﬁ gre %aélcg‘%n ﬂ%gleh%r escri bed
condi ti ons ¥Hd ser&@g"eﬁ‘o'& 'l?l”égéﬂ‘ ¢191% yield. PF 58052 8 To determ ne
the ER, a sanple is evaporated at 145C for 30 m nutes under atnospheric
pressung angethd 30 mi nutes at the same tenperature and a reduced pressure
of less than 1 nbar in an evaporation flask. The evaporation residue is
cal cul ated according to 5

To determine the evaporation residue, the previously weighed sample was treated on a

rotary evaporator at 145°C and atmospheric pressure for 1 hour and then at the same

temperature at 0.1-0.2 mbar for 1 hour and weighed again. The evaporation residue

20 was obtained as the percentage weight ratio 1o the initial value.
Determination of the color number
The polymers which had been freed of the solvent are measured untreated in a liquid

25 color measurement apparatus LICO 200 from Dr. Lange. Precision celis No. 100-QS
(path length: 50 mm, from Helma) are used.



ER= n2 x100 nl Here, ER = evaporation residue, mass concentration in
accordance RFHEBOER N 1310 in 10 g/100 g m = mass in g of the evaporation
-flask with the sanple n2 = nass in g of the evaporation flask with the
evaporation residue 100 conver si on fa§t or fromg to 100 g 15 Method To
determ ne the evaporation residue, the previously wei ghed sanple was treated
on a rotarlxawgedrator at 145C and at nospheric pressure for 1 hour and then
at the same tenperature at 0.1-0.2 nbar for 1 hour and wei ghed again. The
evaporation_resi due 20 was obt ai ned as e percent age ight ratio to the
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| ntroduced énn gce%cr:] gnt{y%ﬁget, C\;vreré,\'*eﬂ\lialpgrattehde under reduced pressure firstly at 70°C/30 mbar,
20 then at 170°C/0.3 mbar and the polymer residue was analyzed. The resuit is summarized

in table 1.

Comparative example

25 In a manner analogous to example 1 according to the invention, the tube reactors
connected in series were charged with catalyst. Unlike the example according to the
invention, no temperature increase in the direction of flow through the catalyst bed was
set. The reactor was flooded with a polymerization mixture of THF and 3.5% of acetic
anhydride at 35°C at the inlet of the first reaction tube. The polymerization mixture was

30  continuously circulated through the reaction apparatus by means of a pump, so that, at
a constant recycle:feed ratio of 15:1, a further 30 g/h of the polymerization mixture
were introduced inio the reactor while the same amount of product mixture was taken
from the circuit. For analysis of the product, the volatile components of the reaction
product mixture, i.e. essentially unreacted THF and acetic anhydride, were evaporated

35 under reduced pressure firstly at 70°C/30 mbar, then at 170°C/0.3 mbar and the
polymer residue was analyzed. The result is summarized in table 1.
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.e. essentially unreacted THE and acetic
reduced pressure firstly at 70C/ 30 nbar,
pol ymer residue was anal yzed. The result is
[C] at P1L T2 [C at P2 T [C
residue (ER) weight [Mh] Exanple 1 35 37.5 4.1
exanple 1 PF 58052 11 dains 1.
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A process for preparing pol ytetrahydrofuran or tetrahydrofuran copol ynmers by
pol ymeri zati on of tetrahydrofuran in the presence of a telogen and/or a 5

conononer over a fixed bed of an acid catalyst,

t he

cat al yst bed.

of the polynerization

wherein the tenperature of

pol yneri zation m xture increases in the direction of flow through the
2. The process according to claiml, wherein the tenperature



m xture at the beginning of the catalyst bed is fromO to 50C and that at
the end HF%80)52rom 30 to 80C. 3. The process according to claim1l or 2,
wherein the tenperature increase in the direction of flow through the

catal yst bed is continual or in steps,, 15 4. The process according to any of
claims 1 to 3, wherein the catalyst bt is located in one or nore reactors.
5. The prausiss according to any of clains | to 4, wherein the tenperature
increase in the direction of flow through the catalyst bed is at least 0.1
C per neter of 20 catalyst bed. 6. The process according to an f cfains 1
to 5, wherlei n A HOCEIBEPTEPETING PKREaYErofumgnoR ety eiUrR CRROMMYGR ¥ hr ough t he
cat al yst bed imhaterizatist ofdetPABydefuramirethe presenat af g tdlodemcand®® a7. The process
accor digng to fac{amvovggwgr 8l f%e&%e@or%tﬁéig'ecataﬁﬂﬁ WHRFRS IR el AGEeRER 10 the

di rection of rough the catalys I's at. | east 0.3C per ter of
Catal yst bed. PEYMETZeRT BbES LG CBED MR AT Ry 1B TuPushDe 32 Bener ei n
the catalyst is selected from anong bl eaching earths, m xed netal oxides of

groups 3, A, 13eqdcekd aBbordinBto B 9 MKerdPRh& tethperABird AN PoIgmei2RAT t €d

t ungst en oxi des._or no|ybdenum | des, I d. 1.0n exc er eqQlites and/ or
Sul Tat ed o1 r cORK g Seanans of hotratiust Beq isfiaeh [ 60 2. maekpat Srthe &AC or

t et r al@dr of ur anfrowEdito ®6TC.pr epared by a process according to any of clains
1 to 8 for preparing polyurethane-urea polyners. 10. The use according to

claim?9, erein the polytetrahydrofuran or tetrahydrofuran _40.copol yner
o opar ot Shcor teRORsS Zerane 1 RS 1 8 BowiireloThe BN ALIE Bfercs 8
t her nopl ast i ¢ dyerian dflraribougisprettalystbiee inmeqtingalios instPRs: esters or
copol yet her am des.
15 4. The process according to any of claims 1 to 3, wherein the catalyst bed is
located in one or more reactors.

5. The process according to any of claims 1 to 4, wherein the temperature increase
in the direction of flow through the catalyst bed is at least 0.1°C per meter of
20 catalyst bed.

6. The process according to any of claims 1 to 5, wherein the temperature increase
in the direction of flow through the catalyst bed is at least 0.2°C per meter of
catalyst bed.

25

7.  The process according to any of claims 1 to 6, wherein the temperature increase
in the direction of flow through the catalyst bed is at least 0.3°C per meter of
catalyst bed.

30 8. The process according to any of claims 1 to 7, wherein the catalyst is selected
from among bleaching earths, mixed metal oxides of groups 3, 4, 13 and 14 of
the Periodic Table of the Elements, supported tungsten oxides or molybdenum
oxides, acid ion exchangers, zeolites and/or sulfated zirconium oxides.

35 9 The use of the polytetrahydrofuran or tetrahydrofuran copolymer prepared by a
process according to any of claims 1 to 8 for preparing polyurethane-urea
polymers.

10. The use according to claim 9, wherein the polytetrahydrofuran or tetrahydrofuran
40 copolymer prepared according to any of claims 1 to 6 is used for preparing
thermoplastic polyurethanes, Spandex, thermoplastic ether esters or
copolyetheramides.



