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B02/ 0922PCSG' | BfHN cca 5 Pol yneri zation of cyclic ethers The present
invention relates to a process for ring-opening polynerization of cyclic
“ethers, 10 in particular of tetrahydrofuran and tetrahydr opifygddsazi4/7a
derivatives, in the presence of a het]rer ogeneous i norgani c catalyst,
preferably based on activated sheet siticates or m xed netal oxides. The
catalyst is arranged as a fluidized bed. Pol ytetrahydrofuran (referred to

her ei nbe . i | so referred to as pol yoxy- 15 butylene glycol, is
a versati S‘@ﬁ%ﬁ@ﬁm%@@a. n the plastics and synthetic fibers industry and
is wused, inter alia, as a diol conponent for preparing pol yurethane,

pol yester and polyanide elastoners. In addition, |like sone of its
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di spersant or in the deinking of waste paper. 20 MBFOIRPLRGUSYHNAlchy
prepared typically by polynerizing tetrahydrofuran (referred to hereinbel ow
as "THF") over suitable catalysts, and a distinction is drawn between the
one- stage and the two-stage process. It is synthesized in the presence of
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PTHRoi t S@| parficulobf fr@faigdrofithh | andOtebidheRafiRst dayeiatbley,SirS I presence of a
transesterification. Thlsaﬁregara iOﬂng t(ﬂerefo.re re erred%ﬁg as a i

t wo- st ag@IBHSRCHISRRERMCRAlRlYST BIgygaly BRSChER ashivyted SHER YHcAss Uhmbp

t er m natrégl oxédegeTiescatddyst idareangbd as a floidizedbad.ed into the growi ng PTHF

pol ynmer chain. They do not only have the function of a tel ogen, but

PFO000054214/Ja -2 are also at the same tinme a conononer. Exanples of such
cononondiodytetedhygedaran nedfadted to hereinbelow as “PTHF”), also referred to as polyoxy-

15  butylene glycol, is a versatile intermediate in the plastics and synthetic fibers indusiry and is

used, inter alia, as a diol component for preparing polyurethane, polyester and polyamide
clastomers. In addition, like some of its derivatives, it is a valuable assistant in many
applications, e.g. as a dispersant or in the deinking of waste paper.

20 PTHF is industrially prepared typically by polymerizing tetrahydrofuran (referred to

' hereinbelow as “THF”) over suitable catalysts, and a distinction is drawn between the one-
stage and the two-stage process. It is synthesized in the presence of reagents whose addition
permits the control of the polymer chain length and thus the control of the average
molecular weight (chain terminating reagents or “telogens”). The control is effected by

25  choosing the type and amount of the telogen. The choice of suitable telogens allows
additional functional groups to be introduced at one end or both ends of the polymer chain.

For example, the mono- of diesters of PTHF may be prepared, for example, by using
carboxylic acids or carboxylic anhydrides as telogens. PTHF itself is not formed until
30  subsequent hydrolysis or transesterification. This preparation is therefore referred to as a

two-stage PTHF process.

Other telogens do not only function as chain terminating reagents, but are also incorporated

into the growing PTHF polymer chain. They do not only have the function of a telogen, but




.conpounds having two hydroxyl groups, preferably dial cohols. These may be,
for exanple, " ethylene glycol, propylene glycol, butylene glycol,

1, 3- propanedi ol , 1, 4-butanediol, 2- butyne-1,4-diol,

2,2-di nmethyl -1, 3- propanedi ol , 1, 6-hexanedi ol or | ow nol ecul gtoossesiga 5
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four- and five-nenbered rings, such aS1,2 alkylene oxi des, e.g. ethylene
oxi de or propyl ene oxide, oxetane, substituted oxetanes such as
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correspondi ng pol ytetrahydrofuran esters and subsequently hydrol yzed to give
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PFOQ00 03 ikaplged, systems. However, a disadvantage is the relatively low THF conversmns which
are achieved in particular in the synthesis of PTHF of molecular weight from 650 to 3000.

On the industrial scale, the abovementioned two-stage processes are predominantly carried
out, in which THF, frequently in the presence of acidic catalysts, is initially polymerized to

25  give the corresponding polytetrahydrofuran esters and subsequently hydrolyzed to give
PTHF. Typically, this form of THF polymerization achieves higher THF conversions than
one-stage processes. Frequently, the conversion is effected in the presence of fluorosulfonic
acid as a catalyst. In particular, THF polymerization in the presence of acidic catalysts with
the addition of carboxylic anhydrides is advantageous. For example, acetic anhydride is

30 used to obtain PTHF diacetates and the subsequent transesterification of these diacetates
with methanol provides PTHF and methyl acetate as a by-product. The transesterification is
preferably base-catalyzed. |

The preparation of PTHF by THF polymerization in the presence of carboxylic anhydrides,
35  water, 1,4-butanediol and/or low molecular weight PTTF, and the analogous preparation of
THF copolymers using cyclic ethers as comonomers over solid acidic catalysts is known.



-3 Catal ysts based on bl eaching earths are described, for exanple, in DE-A
12 26 560. C€atalysts based on m xed netal oxides for the polynerization of
THE are al so known. For instance, JP-A 04-306228 discl oses the

‘pol yneri zation of THE in the presence of a 5 carboxylic anhygigstgsQYsl a

m xed metal oxide consisting of netal g)xi des of the fornula MXOy where x
and y are integers in the range from1l°fo 3. Exanples given are A12C3-Si O2,
Si2-Ti 2, Si 02 Zr02 and Ti Q2- Zr02. US 5, 208, 385 di scl oses catal ysts based
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pentafluoride) are known to be suitable polynerization catalysts. 30 In
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US 4,120,903 describes catalysts based on acidic ion exchangers, in particular alpha-
20  fluorosulfonic acid-containing polymers (for example Nafion®) for the polymerization of
THF in the presence of acetic anhydride. Catalysts which comprise a metal and

perfluoroalkylsulfonic acid anions are also suitable for THF polymerization.

In addition, known polymerization catalysts also include other optionally activated clay
25 minerals, disclosed, for example, in WO 94/05719, WO 96/23833, WO 98/51729,
WO 99/12992 and DE-A 195 13 493. Zeolites are also suitable as catalysts and are
described, for example, in DE-A 43 16 138. Finally, sulfated zirconium coxides, sulfated
aluminum oxides, supported heteropolyacids and supported ammonium bifluoride
(NH4F-HF or antimony pentafluoride) are known to be suitable polymerization catalysts.
30

In addition, the prior art describes different variants of using the catalyst.

DE-A-28 01 578 describes a process for preparing PTHF diacetates from THF in the
presence of carboxylic anhydrides and a bleaching earth having a water content of < 3% by

35  weight as a catalyst. DE-A-29 16 653 describes a corresponding process over shaped
catalyst bodies which are arranged in a fixed bed.




PF0000054214/ Ja -4 US 4,163,115 descri bes the preparation of PTfIF over
-perfluorinated acidic ion exchange resins as catalysts. The description

al so nentions the possibility of suspending the catalyst through the feed
stream 5 JP-A2 11292958 describes a continuous process for preparing PTHF
in the presence of acetic anhydride, in which the catal yst prgoosen4in
suspensi on and continuously filtered ogf catal ysts described in the
exanpl es are bl eaching earths and m xed netal oxides of the zirconium oxide
on silicon dioxide type. JP-A2-2001220439 discloses particularly suitable
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sieves in the reactor. 15 DE-A 100 32 266 describes a process for one-stage
preparation of PTHF in the presence of acidic heterogeneous catalysts.
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may be Lfslératlcprnamafam@eferﬁnspmm@med bed reactor. 25 In US 6,313,262 PTHF is
prepgred in one stage over mxtures of heteropol yaci ds and inorganic
oxides. In the clains, the polyperization in a fixed bed, fluidized hed or
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acidic heterogeneous catalysts Preference is given to carrying out the process in a fixed bed
method.

US 4,658,065 discloses a one-stage process for preparing polyether polyols (referred to,

20 inter alia, as PTHF copolymers) over heteropolyacids as catalysts. Preference is given to
carrying out the reaction in a system composed of a plurality of liquid phases. It is also
mentioned that supported heteropolyacids (the support being, for example, activated carbon)
may be used in a fixed or fluidized bed reactor.

25 In US 6,313,262 PTHF is prepared in one stage over mixtures of heteropolyacids and
inorganic oxides. In the claims, the polymerization in a fixed bed, fluidized bed or in a
stirred reactor is claimed. This is not supported by the description which only mentions

fixed beds and stirred reactors.

30 In the prior art processes, when carrying out prior art processes in fixed bed reactors, very
large reactor capacities and/or very long reaction times generally have to be accepted, since
the productivity of shaped catalyst bodies is relatively low. In addition, the exchange of
used catalysts is associated with considerable cost and inconvenience and entails long
shutdown times.

35




-35 PF0000054214/Ja In order to utilize the activity of the catal ysts as
efficiently as possible, small catalyst particles down to powders are al so
used, which are suspended in the reaction nedium However, the renoval of
‘the catalyst fromthe reaction nediumin this case is technipggobosazibinghl y
demandi ng. 5 However, the econom c vi agi lity of a heterogeneously catal yzed
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presence of at least one telogen and/or comonomer and of an acidic heterogeneous catalyst
20 based on activated sheet silicates or mixed metal oxides in a fluidized bed

According to the invention, the catalyst particles are preferably fluidized in a certain manner
by being flowed through with reaction medium.

25 In one embodiment of the invention, the fluidization is carried out in such a way that
formation of an expanded liquid-solid fluidized bed is achieved. This is accompanied by a
distinct expansion of the catalyst bed, a corresponding increase in the space between the
catalyst particles and distinct backmixing of the catalyst particles.

30 In another embodiment, the fluidization is carried out in such a way that the expansion of
the catalyst bed and the increase in the space between the catalyst particles remain low. This
provides the catalyst particles with a certain degree of movement. However, there should be
no macroscopic mixing of the catalyst bed. This is achieved by fluidizing the catalyst bed at
the fluidizing point. In a fluidized bed beyond the fluidizing point, for instance in an

35  expanded fluidized bed, there is macroscopic mixing.




35 expanded fluidized bed, there is macroscopi c m xi ng. PF0000054214/Ja -6
-I'n both enbodi nents, the fluidization of the catalyst is carried out in such
a way that no significant amounts of catalyst are discharged fromthe

pol yneri zation reactor. This behavior is achieved by a suitably sel ected
flow rate through the catal yst bed. The optimal flow rate, PEXISRIED, for
exanpl e, by the superficial velocity, has to be adapted to the 5 desired
embodi ment of the invention (expanded Tl uidized bed or fluidized bed at the
fluidizing point), the viscosity and density of the reaction medium and al so
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pressur € rises con |nuous OW T a corresponding to the
conditi dﬁ@tmmmdlmﬁxed bed; the bed is not yet in the flui d| zed state In
contrast, above the fluidization point 30 sought (m ninmal fluidization

rate), the rise of the pressure drop is distinctly smaller or it remains
const antHigher viscosities of the reaction medium, smaller catalyst parlicles and also smaller density

differences between catalyst particle and reaction medium result in lower superficial

20  velocities for the process according to the invention, and vice versa. The appropriate
relationships are known to those skilled in the art and are described, for example, in
P. Zehner, Chem. Eng. Process., 19 (1985), 57-65.

The optimum parameters for the process according to the invention at the fluidizing point

25 may be determined theoretically or experimentally. A useful experimental process for
finding the desired fluidizing point is the analysis of the pressure drop over the catalyst bed
as a function of the superficial velocity. When the superficial velocities are too low, the
pressure drop rises continuously with the flow rate, corresponding to the conditions in a
fixed bed; the bed is not yet in the fluidized state. In contrast, above the fluidization point

30  sought (minimal fluidization rate), the rise of the pressure drop is distinctly smaller or it
remains constant.

A measure of the presence of a fluidized bed at the fluidizing point or of an expanded
fluidized bed is the expansion factor of the catalyst bed, i.e. the ratio of the volume taken up
35 by the fluidized catalyst bed to the volume of the catalyst bed without flow-through.



.A neasure of the presence of a fluidized bed at the fluidizing point or of
an expanded :fluidized bed is the expansion factor of the catal yst bed, i.e.
the ratio of the volune taken up 35 by the fluidized catalyst bed to the
'volune of the catalyst bed wi thout flowthrough. PFO0000542#rhpdms42147al N t he
case of a fluidized bed at the fIU|d|z.}ng point, this factor is <_ 1.15;
preferably < 1.10 and nore preferably < 1.05. The vol ume of the reaction
zone filled by catal yst particles durl ng flowthrough with reaction nmedi um
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ext r emesvinéh M Ruitabde i@ PolyxmerizingdPIP abd ai3)hascbicaroadivaigd sheet hdicatey entived, t he
term” C%&élyo%cﬁs.bﬁsaeﬂ‘eﬂe?rea%iﬂb%aﬁﬁ&t gpﬁﬁtprés'ehﬂ 58 RRnCfhe Ths dilicate or metal

oxide comprises at least one oxide from the group of SiO,, TiO; and/or ZrO,. Greater

preference is given to systems based on acid-activated montmorillonites, and also based on
20  AlLOs/Si0,, Zr0y/810,, WO/Ti0, and WO/ZrO,. Particular preference is given to systems
based on acid-activated montmorillonite and also based on Al,03/510,, ZrO,/S10,.

All of the abovementioned catalyst systems may comprise one or more of the active
components specified.

25
“WO;” means a tungsten oxide which may have different stoichiometries varying between
the extremes of WO, and WQO; (x = from 2 to 3).

According to the invention, the term “catalysts based on activated sheet silicates or mixed
30 metal oxides” preferably does not encompass any zeolites or heterpolyacids, which are

preferably not used as catalysts in the present invention.

Depending on the catalyst, the polymerization reactor is operated by a liquid phase method
or trickle method. In the case of the catalysts according to the invention which have a higher
35  specific gravity compared to the reaction medium, the reaction mixture flows through the
reactor from bottom to top. Preference is given to using the catalysts in the liquid phase
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nms. Th%ogﬁgoﬂﬁﬁﬂl ty of the catalyst is 20 from 250 to 2500 g/l, preferably
from 400 to 2000 g/l. The catalyst used according to the invention may

opti 19nal | y be pretreated. An exanple of a useful pretreatnment is drying

usi ng ga%eartielegsizeadf thocatalyst mgebe vineat withihowvitle timiBHependlD6h thepeadi@nabl y to
from 10%0}1&)1ti%115s0ac1:1'd catalyst type. Typically, the individual catalyst particles have a volume of

from 500 },lm3 to 5 cm’, preferably from 0.0005 mm’ to 1000 mm®, more preferably from

0.01 to 100 mm® and in particular from 0.1 to 30 mm®>. The bed density of the catalyst is

20 from 250 to 2500 g/1, preferably from 400 to 2000 g/l.

The catalyst used according to the invention may optionally be pretreated. An example of a
useful pretreatment is drying using gases, e.g. air or nitrogen, heated to from 80 to 200°C,
preferably to from 100 to 150°C.

25
Useful telogens for the one-stage polymerization which is not preferred according to the

invention are water, 1,4-butanediol and low molecular weight PTHF.

For the preferred preparation of PTHI esters (two-stage process), useful telogens are
30  carboxylic anhydrides and/or carboxylic anhydride/carboxylic acid mixtures. Among these,

preference is given to aliphatic and aromatic poly- and/or monocarboxylic acids or their

anhydrides, each of which contain from 2 to 12 carbon atoms. Examples of preferred

telogens are acetic anhydride, propionic anhydride, succinic anhydride and maleic

anhydride, optionally in the presence of the corresponding acids. A preferred telogen is in
35  particular acetic anhydride.
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10 000 dalton. Preference is given to using the process accordmg to the invention to prepare
PTHF, the particular PTHF derivatives or THF copolymers having average molecular
20  weights of from 500 to 5 000 dalton, more preferably from 650 to 4 000 dalton.

The polymerization is generally carried out at temperatures of from 0 to 80°C, preferably
from 25°C to the boiling temperature of THF. The pressure applied is generally not critical
for the result of the polymerization, and the working pressure is therefore generally
25  atmospheric pressure or the autogenous pressure of the polymerization system. Exceptions
to this are copolymerizations of THF with the volatile 1,2-alkylene oxides, which are
advantageously performed under pressure. Typically, the pressure is from 0.1 to 20 bar,

preferably from 0.5 to 2 bar.

30 The reactant mixture (feed) of THF and telogen and/or comonomer is fed to the
polymerization reactor in an amount such that the catalyst hourly space velocity is from 0.01
to 3.0 kg of THF/kg of catalyst * h, preferably from 0.02 to 1.5 kg of THF/kg of catalyst * h
and more preferably from 0.04 to 0.75 kg THF/kg of catalyst * h.
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'to 30 nol % preferably fromO0.05 to 20 20 nol % nore preferably fromO0.1 to

10 nol % based on the THE used. Wen a carboxylic acid is used in addition,
t he nol afhereonpentiation b theacatpoxglie gphydade ysedrasielogenpin the reactant mixture (feed)

fed to the polymerization reactor is from 0.03 to 30 mol%, preferably from 0.05 to
20 20 mol%, more preferably from 0.1 to 10 mol%, based on the THF used. |

When a carboxylic acid is used in addition, the molar ratio in the feed is typically from 1:20
to 1:20 000, based on carboxylic anhydride used.

25  When comonomers are used in addition., the molar ratio in the feed is typically from 0.1 to
50 mol%, preferably from 0.5 to 40 mol%, more preferably from 1 to 30 mol%, based on
THFE used.

The polymerization reaction can be carried out in reactor types known to those skilled in the
30 art, and preference is given to shaft reactors. The ratio of height to diameter may be adapted
to the desired reaction conditions (superficial velocities) over a wide range. Enlargement of
the reactor diameter in the region of the reactor exit may lead to a reduced flow rate in this
region and therefore to reduced catalyst discharge. In order to achieve uniform fluidization
of the catalyst, a suitable distributor tray at the reactor entrance is advantageous, e.g. a
35  perforated screen or slot screen or slot nozzles on a support plate, and the reactor may also

contain internals for heat removal.
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performance of the catalyst used in the reaction to be kept constant over periods which are
20  virtually as long as desired.

The catalyst can be exchanged either continuously or else at regular intervals or batchwise,
It is advantageous in the process according to the invention to carry out the catalyst
exchange without emptying the reactor and/or interrupting the polymerization reaction. For
25  the infroduction and discharge of the catalyst, apparatus known to those skilled in the art is

suitable.

In the case of the embodiment as an expanded fluidized bed, lock systems, for example, are
suitable. Suitable positioning of the discharge apparatus advantageously allows larger or
30 smaller catalyst particles to be preferentially removed from the system. In the case of
catalyst particles having a higher specific gravity, smaller attrition or decomposition
products, for example, collect preferably in the upper region of the reaction volume taken up

by the catalyst and may be removed there.

35 In the case of the embodiment of operation at the fluidizing point, examples of useful
systems in addition to lock systems include screw systems such as rabbling machines having
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nol ecul ar dal t ons.

After use, the catalysts according to the invention may be regenerated continuously or
20  batchwise, for example by thermal treatment, as described in EP-A 0 535 515, and/or by
washing the catalyst with aqueous and/or organic solvents.

The invention is illustrated by the examples which follow.
25  Example

An acid-activated sheet silicate (bleaching earth K10, Siidchemie) was intensively kneaded

in a laboratory kneader with water for 30 min, subsequently extruded to extrudates of

diameter 4 mm, dried and calcined at 350°C. The extrudates were comminuted and a spall
30  fraction of from 1.0 to 1.5 mm was screened out.

A cylindrical 500 ml reactor (cross-sectional area 24.4 cm®) is charged with 50 ml steel
spheres of diameter approx. 2 mm and 170 ml of the catalyst predried at 140°C. The reactor
is subsequently heated to approx. 40°C and charged from below with a mixture containing
35  approx. 63% by weight of polytetrahydrofuran diacetate of average molar mass (Mn) of
approx. 1600 g/mol, 35% by weight of tetrahydrofuran and 2% by weight of acetic
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di anet ego@PPbading 4o MMupBHicid Qelcit9foft dppraxatiahmsta RAE Thezad bkt Rbvind e
reactor is subsequen hegg&d &; approx. . 40C ag? harggd frombelowwth a
mi xt ur e SEERPLS o "ﬁ%ﬁ?"o 3084 05?%%‘? b st GV of ur an di acet at e
of ayerage nolar mass (Wh) of approx. 1600 g/ nol, 35% by wei ght of

t et rahydr of ur.an and, 2% by. wei 0 ceti c PRQ000054214/ J 3 anhydri de.
The. 1t adn doqtiB g B % xR O by Gk CBVO PV M et BV ot ¢ o
of the (3.8%chyoweighi)nr mbsiquentlafedontopbmmmactat, aad raperpafabls sticaas ronovsyd

punpi ng : : i erd hcial J of
By ox. om Riinind P o GFLF BRRORALTTHE xR e el AR

appr ox. bedds maiteiaed phpprsex v holiby slesed-legpheondeg) of dhensate f joircaladipr ibyn, 17
g/ h 1gf Pu UT By %oﬂceh%aﬁﬁ)édf’?fr]}” ancéA@; Ik usehghbldctRnd naedld Gs apdeydr i de

(3.5% by _weight) are subsequently fed into_the reactor nd a conparabl e

/ L a :
st ream istilairla gl upsoserted THihpichacesie raahydride: Afls the steady il Seaftinsd.  The
erpanzi ?ﬂeloﬁplﬁrbﬁ. fv}widfdysz%ﬂ aadiag ytfﬁhe,_ tlhedci,viappxﬁﬁbﬂltraﬂenﬁda@rpﬁpﬂi@?xand2ﬁ% m bﬁ
cl osed-10 ontr e .of circulati to punping. To work up the
orre o uopa veig Mol e PE sk i Sl oo Tl S 11 at s vel y of
unconverted THE and acetic anhydride. After the steady state is attai ned
after approx. two days of running tine, the evaporation rate is approx. 60%

and the nolecular weight M of the PTHF di acetate is approx. 1800 g/ nol.
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W claim 1. A process for preparing polytetrahydrofuran,

pol yt et rahydr of uran copol yner, diester or nonoester by pol ynerizing
tetrahydrofuran in the presence of at |east one telogen 5 and/or conononer
‘and of an acidic heterogeneous catal yst based on activat ed Biveeins42si/lai cat es
or mxed nmetal oxides in a fluidized Rgd. 2. A process as clained in claim

1, wherein the expansion factor of the catalyst bed is <_1.15; preferably
< 1.10 and nore preferably < 1.05. 10 3. A process as clained in claiml,
wher ei nyhgasipansi on factor of the catalyst bed is from1.01 to 4,
preferably from1.05 to 2, nore preferably from1l.1 to 1.5. 4. A process as
claimed in any of clains 1 to 3, wherein the catalyst used conprises at 15

| east one oxiAdgrobdse fortprepaging polyddtrably @dfurdh, Pl yadtehhgdrofiiraR copolgmess diveee
preferably based O%E%ci df activat ed ngﬂt nor i.| h%tni te A]ﬁﬁ/aﬁc’%oz’t %}r xR/ Si 2,
WOx/ Ti @2 or  OWBRPYPESE DY PRI P Ryg ot 40 B RSP e Mae IS P98 e, or
on AbF203/ Si Cand/oZeci@inSinte? an®6f M acilip hetemgenams chtalysdshsedomagtivafedshedtns 1 to
4, wherein the ic density of from1.5 to 10

g/ cnB, pref e?@lﬁ?‘gg’@%ﬁn&eﬂﬂfegﬂfgg%ﬁhaﬂ?{@%gg’% cular from2 to 4 g/cnB. 6. A
process as clainmed in any of claims 1 to 5, wherein the porosity of the
catalysy is m 9 iR P B T f Q0 O th o9, nore
prefera%ly fﬁgg?]oégsg toa&%dgﬁg%lﬂlflg.’@?r% %%ggég@g%gs C a&ne%ki&?lj%gny 5? cl ai s
| to 6, wher & lnlY recferablys hl@pnd gom greterady cildd%es have a vol une of from 500

nB ty19 5 cnB, preferably fromO0.0005 nMm®B to 1000 mmB, 30 nore preferably
from0.Q1l to,100 mB, .in particular fromO.1 to, 30. mB._.8. A prqcess as

cl i med i adyPIOFSR AR T slas T PR e DRIt arer 25 e Bes yot o
from 250 to &%001.01 to 4;prefeabhbirymfir@innd) thdropié@diblg Irbm B3 t8.1.5A process as
claimed in any of clains 1 to 8, wherein the reactor is flowed through from
bottomto top. PF0000054214/Ja -15 10. A process as clained in any of
clains #.to @ pratesses clainiwe ioanpbl/slaingy 1 fwod, twhersin dfe datadyst used comprises at

15 least one oxide from the group of Si0,, TiO; and/or ZrO;, and is more preferably
based on acid-activated montmorillonite, Al,O3/Si0,, Zr0,/Si0,, WO,/TiO; or
WO,/Zr0Q,, in particular on acid-activated montmorillonite, or on Al,O3/Si0;,
Zr0,/8i0,.

20 5. A process as claimed in any of claims 1 to 4, wherein the catalyst used has a
pycnometric density of from 1.5 to 10 g/em®, preferably from 2 to 7 g/em’, in
particular from 2 to 4 glem’.

6. A process as claimed in any of claims 1 to 5, wherein the porosity of the catalyst is
25 from 0.05 to 5 cm®/g, preferably from 0.1 to 2 cm’/g, more preferably from 0.2 to
1.5 cm’/g.

7. A process as claimed in any of claims 1 to 6, wherein the individual catalyst particles
have a volume of from 500 um® to 5 cm®, preferably from 0.0005 mm?® to 1000 mm®,
30 more preferably from 0.01 to 100 mm’, in particular from 0.1 to 30 mm’.

8. A process as claimed in any of claims 1 to 7, wherein the bed density of the catalyst
is from 250 to 2500 g/1, preferably from 400 to 2000 g/1.

35 9. A process as claimed in any of claims 1 to 8, wherein the reactor is flowed through

from bottom to top.



.catal yst volune are withdrawn fromand/or fed to the pol ynerization reactor
continuously; at regular intervals or batchw se, w thout the reactor being
enptied and/or the polynerization reaction being interrupted for this
‘purpose. 5 11. A process as clained in any of clains 1 to 1@rgondi8igi/mm
tetrahydrofuran is polynerized in the1 presence of carboxylic anhydri de,
preferably acetic anhydride, to give gol yt et rahydrof uran or derivatives and
copol yners t hereof havi ng nol ecul ar weights of from250 to 10 000 dalton,
prefera fro 000

Gar ton. 05 | A RRd ek BeinlPH 10 o Bt e PRACIR T el SR O ey O
reactor is opaekserplime a@w@hﬂrawn &Qﬂhﬁ@fquféd forihp gokymesization me¢teh to feed is
| ess than or c@ﬁk&kﬁlou&lg ﬁ@@éulm inRFRlCIr M hwideOMithodk thOrehaBf Bemg Bmpagd | cul ar

from5/1 to 100/1 process as c] al med in any of clains"1 to 12,
wherein the GB¢/8r %tpowwﬂ%%%tmwl&mfwge f%m)pmoqeo 3.0 kg of THF/ kg
of catalyst * h, preferably from0.02 to 1.5 kg of THF/ kg of catalyst * It

*
o T " b BB b Bt [ T8 in B R 1 0 1
velocity is pblymared it the PABemdd/of Rathox dicedntryddidey pfafanbly.abeticoanh@Arid@ o> h.
give polytetrahydrofuran or derivatives and copolymers thereof having molecular
weights of from 250 to 10 000 dalton, preferably from 500 to 5 000 dalton, in
10 particular from 650 to 4 000 dalton.

12. A process as claimed in any of claims 1 to 11, wherein the reactor is operated in
circulation and the ratio of circulation to feed is less than or equal to 20071,
preferably from 1/1 to 150/1, in particular from 5/1 to 100/1.

15
13. A process as claimed in any of claims 1 to 12, wherein the catalyst hourly space
velocity is from 0.01 to 3.0 kg of THF/kg of catalyst * h, preferably from 0.02 to
1.5 kg of THF/kg of catalyst * h and more preferably from 0.04 to 0.75 kg THF/kg
of catalyst * h.
20

14. A process as claimed in any of claims 1 to 12, wherein the superficial velocity is
from 0.1 to 200 m*/m**h, preferably from 0.5 to 100 m*/m>*h.



