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B02/ 0922PCSG | BfHN cca 5 Pol ynerization of cyclic ethers The present
invention relates to a process for ring-opening polynerization of cyclic
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Polytetrahydrofuran (referred to hereinbelow as “PTHF”), also referred to as polyoxy-
15 butylene glycol, is a versatile intermediate in the plastics and synthetic fibers industry and is
used, inter alia, as a diol component for preparing polyurethane, polyester and polyamide
elastomers. 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
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undissolved, systems, Howcvcr a disadvantage is the relatively low THF conversions 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
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
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,
water, 1.4-butanediol and/or low molecular weight PTHF, and the analogous preparation of
THF copolymers using cyclic ethers as comonomers over solid acidic catalysts is known.
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Zr0,/Si0; catalysts in which the support has an alkali metal concentration of < 5000 ppm
are also recommended.

US 4,120,903 describes catalysts based on acidic ion exchangers, in particular alpha-
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
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 oxides, sulfated
aluminum oxides, supported heteropolyacids and supported ammonium bifluoride
(NH.F-HF or antimony pentafluoride) are known to be svitable polymerization catalysts.

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

of
PTHF
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fluidized bed or in a stirred reactor is clained. This is not supported by
the description which only nmentions fixed beds and stirred reactors. 30 In
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react or gidi¥ Bétérogeneous 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
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We have found that this object is achieved by a process for preparing polytetrahydrofuran,
polytetrahydrofuran copolymer, diester or monoester by polymerizing tetrahydrofuran in the
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 Imacroscopic mixing.
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57-65. The optinmum paraneters for the process according to the
I nvent i Highat vikdwitiek of thezeagiop ehedium, smaller catalyst particles and also smaller density

differences between catalyst particle and reaction medium result in lower superficial
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
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
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
by the fluidized catalyst bed to the volume of the catalyst bed without flow-through.
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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
Al,04/810;, Zr0,/Si0;, WO,/T10, and WO,/ZrO,. Particular preference is given to systems
based on acid-activated montmorillonite and also based on Al,03/Si0;, ZrO,/Si0;.

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

components specified.

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

According to the invention, the term “catalysts based on activated sheet silicates or mixed
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
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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20 Al 2QB/SIi 2, Zre/Si 2, Wox/ Ti2 and WOx/ ZrQ2. Particul ar preference is
given to systens based on acid-activated nontnorillonite and al so based on
Al 2038/ Si 2, Zr2/SiR. Al of the abovenentioned catal yst systens may

- conprise one or nore of the active conponents specified.
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The particle size of the catalyst may be varied within wide limits depending on the reaction
conditions and catalyst type. Typically, the individual catalyst particles have a volume of
from 500 p,m3 to 5cm’, 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
from 250 to 2500 g/, 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.

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 PTHF esters (two-stage process), useful telogens are
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
particular acetic anhydride.

S given



15 The particle size of the catalyst may be varied within wide limts
dependi ng on the reaction conditions and catalyst type. Typically, the

i ndi vi dual catalyst particles have a volume of from500 nB to 5 cnB,
‘preferably from0.0005 nmB8 to 1000 nmmB, nore preferably fro?#ooﬁoogtgzﬂ/ﬂ 100
mB and in particular fromO0.1 to 30 niB. The bed density of the catalyst is
20 from 250 to 2500 g/l, preferably fTHm 400 to 2000 gll. The catal yst used
according to the invention nay optionally be pretreated. An exanple of a
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the polymerization mixture, PTHF, the particular PTHF derivatives or THF copolymers may
be prepared in a targeted manner with average molecular weights of from 250 to
10 000 dalton. Preference is given to using the process according 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.



The tel ogen and any conononer are advantageously fed to the polynerization
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a portion of the polynerization m xture |eaving the reactor being

recircul ated. The preferred recirculation nethod allows the superficial
vel oci t The voneebiratidnoof the vartibxdici amhydiide used as telogen in 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
THF 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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efficient renoval of the heat of reaction. The ratio of recirculation to
-feed is typically less than or equal to 200/1, and is pref?@m(% ml/l
to 150/1 and nore preferably from5/1 to 100/1. For the preferre catal
particles based on acid-activated nontldori |l onite, A1208/Si O2, Zr Q2/ S|02 15
V\O,,/TiOZ and/or WO, ;/Zr2 having an individual particle volune of from 0.01

to t he, erficial vyelocjt f 1t n8/ n2* f bl
f rom 0 @B@OW&? S';‘J Wi'}:tor i 8(???5{?&‘}1’;181?%%%& 0‘19’{8 dgéqla’GQfF?cém’é ?edgr 3se)d/
as tel ofeafierencet hegivaratt siantmgmpt iheere:(dtlead)l act@darics witle DIOIO14Y D&M Lising ar eact or
from o Fixdire bP pSffPharoli:g) - §C a5y, bf oGPt SR, € ooa ¥
in addi tqtl@hydmﬁ@ammmlymam tﬁmahydrhﬁlrmeemyi@moylpmaan@/ af least dne2Garboxylit: 20
000,5b d

agqd aﬁ@o?ﬁ%ﬁ@@ﬁﬂ&ﬁw%ﬁyﬁde ? 9ﬁerrg§ sHhG ﬁFfeﬂ;HrE{)lQH\gtfei vis) &mgg@sdin' n

addltlon rat’l o I's typlca nol %
pr ef er afsTyperaten Bdsvisesidy Oﬁréhl%eaﬁmlbs ¢Jpden pegnting fiﬁmra th&nﬂe@mhmp a8dsed on

THE useghus Ehgs B AfaRmhehbf B8 fhfdsdtionntA0f e chalys RoMitls lothé BREARI. t YPes
known to those skilled in the 30 art, and preféerence is given to shaft

reactors. The ratio of height to di amet er may be adapted to the desired
r eact i oMocwoek tuports @slypmrﬁzhmralefﬂwnqcitt 1Ry) bOViRces3al €2 eRbYE. frdxn| degenent

h t.or. di t f th t lead t
o B P AR e G el S28h Rt R ap bt °
di schar frem the mrder, foo exampky by dilirbttomof Icontdiigatiomnbefofe theepalgmetizsion, a
(sw ]Eabl ?ff@neﬁttcfﬁtﬁﬂéﬁs f&{@}yfuﬁhert‘p&k{@ﬁact or entrance is advantageous, e.g. a 35
perfora

screen or ot 'screen sl ot nozzles on a support plate, and the
reactor may also contain internals for heat renoval. PF0000054214/Ja -11

The pol YHERidRly ARofdREkthe GRbriBn SBHS & aPaValiiftob andfiRe desst fed
reactant mxture Pre

erence 1S given to startin reaction_in
accét daFfaRova ehcavplystofsom she practos digng therﬁeﬁ?tmneorcﬁd%wnﬁfefmsa Bisurlds,
nMoNo-  OprodeRSicebrliny tcpqieyi:%ﬁtamﬁfayfmé@fbram@b’oobe Qﬁvan‘tégfebﬁdlydip&fawdaﬂrlth
copol ymar%lyst et rahﬁldr of ura

y._ compnoner and east ane
ol d anEHaSS RIS 0 B i R PABED TR e & BEIOgS, P B HER AP oduces
t he chadgesdvation. A suitably adjusted, continuous exchange of the catalyst therefore allows the
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 introduction 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



tenperature and viscosity of the reaction solution occurring during the
startup phase and thus eases the attainnent of the fluidization state of
the catalyst according to the invention. To work up the polymerization
-effluent, it may be necessary to renmove fromthe to pol ynerj o914, xture
t he catalyst attritus which occurs in_small anounts and is |scharge3 from
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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, Stidchemie) 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 cm2) 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



manner. I n the case of catalyst particles having a higher specific gravity,
fresh catalyst may be added to the catal yst bed, while used catal yst may be
renoved at the bottomof the 5 catalyst bed, which is also referred to as
-the noving bed nethod. The particularly preferred PTHF acetgiggoodéstdis

copol yner acetates may be worked up b?( met hods known per se. For exanple,
after distillative removal of unconvelfed THE and then acetic anhydri de,
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cont i nubuaddition, 17z dha erppeccof tesahydiofpand96v% By weight} andscsiie anhydgide

descri bexsg rhyEFéiﬁtPal‘é?sﬁb&$ﬁentEﬂ€d @ito ke reé6H) afi@a Ch@paAbRIsyehmW fdmageous
and/ or gr%@rﬂl c solvents. hltla |nvqe}n'%l| on is #,LI ustrated Bi{ g@e.e acréyigalrles whi ch
f ol | ow, ToBsthe-pumping Gipeul 4t 4be, oy, Qf g geasil he FXRPASIR qEie }ﬂ’ﬁ’-Fé ¥ k1o,
Sudchenba) isnaaintaitesingti approx. K236anlebly clasedzldopbamabboy thenemelof cicdlhtiovwmber f or
30 mn, Sequen extr xirudat.es . di er 4. i and
cal ne@'?rggl%g‘sé‘é R‘W}% Xttﬁ%?ﬁ{@g @/%éreé&g’okn]’r% ﬁg{uggldg@a%%ésg przgllufm%g{ fﬁ%g%ti on of
from 1. Qistilbatively ofinvagvertadeEHEdanduacetio\ apkyydriddr Adtar tOsteadyl stateais tattained
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react or11101@5‘}111@-&W§@Umqf§hﬁgﬁﬂgd‘1%‘a@dﬁﬁBRf.OX4%0£4@0b harged from below with a
m xture contai ning 35 approx. 63% by wei ght of polytetrahydrofuran diacetate
of average nolar mass (Wnh) of approx. 1600 g/ nol, 35% by wei ght of
tetrahydrofuran and 2% by wei ght of acetic PF0000054214/Ja 13 anhydri de.
The liquid flowng out at the top of the reactor is fed back to the bottom
of the



reactor using a circulation punp. At a rate of circulation by punping of
approx. 7 to 81/h <corresponding to a superficial velocity of approx. 3 mh,
a stable fluidized bed having a catal yst expansion of approx. 230 ni
(determ ned wi thout steel spheres) forns. 5 In addition, lzfﬂ%ﬂéﬁﬁ“ﬁ m xture
of tetrahydrofuran (96.5% by wei ght) and acetic anhydri de 3. 5% Dby wei ght)
are subsequently fed into the react or-,4and a conparabl e streamis renoved
fromthe punping circuit at the top of the reactor. The expansion of the
quidizedP&gﬁﬁhyst bed is maintained at approx. 230 nml by cl osed-I| oop
control of the rate of circulation by 10 punping. To work up the PTHF

di acetate, the resulting reaction mxture is freed distillatively of

unconvdr t edA PHEcssgr Brepating peigtiahydieofupgn; polytetrahydrefusan enpalymdrsdigsterairned

after approx, t f .running ti t he evaporatd rate.i.s approx. 60%
and tho " rofadsi BGEReriplRds i s BIRBR YraP Raitng i3ad6” o
PFO0000S42 1hdAs combflotiér £idaifTah adidichdirog@Rus @italt @BAEcBEhpassing

pol yt et rahydr of ur an, pol ytetrahydrofuran copol yner, diester or nonoester by

pol yrrer i zi nitpterepelzadnjdirandihasgd emactivated skeet pilieates orgnixied astal ovides #1 ®gen  and/ or
cononomer f.an L dihG. F r I n RGO FNg
het er opol ygtg‘ggfs%e%ﬁ%d’%%g%‘%lgﬁ@g@trﬁ?%gcﬁgﬁg}zeﬁégé %S%{fcﬁ%aé%{éngﬁ %?t]emnfgﬁégf nmet al oxi des
in a fluidizethtibato fertds hethen or équal toe@otlor is operated in circulation and
the ratio of circulation to feed is less than or equal to 200/1. 2. A
process as claimed in claim1, wherein the expansion factor of the catal yst
bed i s2. S 1AJmoceprasichiméd ip claimh. 1] @hemin thoexpapsied factip bf/the cAtalyStbe8is A process

as cl ai med |j | Al ' rﬂnﬁ@% ' factor of the catalyst bed is
from1.01 t(g)ru;%‘%?e e%yaﬁﬂlilngm . toi};&,?'%‘re preferably from1.1 to 1.5.

4. A process as claimed in any of claims 1 to 3, wherein the catalyst used
conpri ges aj procdasds cRilBedih! Uemf I, WReleAOERYARsiOR factoPdf thichlysnitdey Zr 02, and
is nore pre er_allb y_,based on_aci ?P czvat ed {TDBHIQFED‘FI lll onll"tﬁe. Al2Q3/ Si Oz,
Zt @/ Si 2, r@“dr!’m yfrom; | 5@‘3 PO R eBhly B 1 ddPil Pat ed
nmontnorillonite, or on Al12Q3/Si 02. Zr 2/ Si 2.
4. A process as claimed in any of claims 1 to 3, wherein the catalyst used comprises at

lcast one oxide from the group of Si0y, TiO2 and/or ZrO,, and is more preferably

based on acid-activated montmorillonite, Aly03/5i03, ZrOy/Si0;, WOUTIO; or

WO/ZrO,, in particular on acid-activated montmorillonite, or on Al;04/Si0;,

210,/8i0,.

3. 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 glem’, in
particular from 2 to 4 g/cm’,

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

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

8. A process as claimed in any of claims 1 t0 7, wherein the bed density of the catalyst
is from 250 to 2500 g/1, preferably from 400 to 2000 g/1.

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



5. A process as clainmed in any of clains 1 to 4, wherein the catal yst used
has a pycnonetric density of from1.5 to 10 g/cnB, preferably from2 to 7
g/cnB, in particular from2 to 4 g/cnB. 6. A process as clained in any of
claims 1 to 5, wherein the porosity of the catalyst is fromO0.05 to 5
cnB/g. preferably fromO0.1 to 2 cnB/g, nore preferably from0.2 to 1.5
cnB/g. 7. A process as clained in any of clains | to 6, wherein the

i ndi vi dual catalyst particles have a volune of from500 n8 to 5 cnB,
preferably from0.0005 mB to 1000 mB, nore preferably from0.01 to 100
mB, in particular fromO0.1 to 30 mMm 8. A process as cl ai rppghobidaBiy. Of
clainms 1 to 7, wherein the bed densLHg of the catalyst 1is from250 to 2500
g/l, preferably from400 to 2000 SA” "9 A process as clainmed in any of
claims | to 8, wherein the reactor is flowed through frombottomto top.
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wher ei nﬁ{’lhe %m&%@;@oﬁt@g%% ﬁ{%’@'%f'{;‘é‘?gég%‘n‘% pgbg)‘iﬁo{ rawn from
and/or fed tcatalysevelume arerwithdrnem fiomendior fedso the pelyrperizptionireactiogul ar i nterval s
or bat chwi sggniily { atrEiftldr Gate Fvals 0P ShtoBwiRERbitiklt the Mecfir bbing cRQti¥AEr | Zati on

reaction bei ngf‘l &Le#% !ied,for t hi }e ur, ose.g&%q.s A ms as'clainmed in any
of clains 1 agof ZAUQILTEACHOn, Fupt Shis d in the presence
of carboxylic anhydride, preferably acetic anhydride. to give
pol yt etfﬁhydéofur an O@irﬁ%{j vatig1 S. anld C@)o%rers thereof having nol ecul ar
wei ght s bt 1+ Smessias Elpimss! 5By gk g 10 0} WpergR Sl 55 000 dal t on,
in particul polyerized Gbthe presence 00 cathbxylic anligtiridé. preferablyacatic sblyidridel to n any of
5.0 kg of rrfiedtapairin GPUgivghes I cho) B Shepk sk indi ol O O | O
of catal yst weightanfifrom 250 to £9 @Q(:dalipns preferablyOfrom$00 ta§ O daltgm; iag  of cat al yst
* h. 13. A Wm@jﬁ?mi@my of clains Ito 12, wherein the

rom

superficial 'velocity Is 0.1 to 200 nB/ nR2*h, preferably from0.5 to 100
nB/ m2* h.

12. A process as claimed in any of claims | 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.

13. A process as claimed in any of claims | to 12, whercin the superficial velocity is
from 0.1 to 200 m*m**h, preferably from 0.5 to 100 m*/m’*h.



