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i nproved solid, acid catalyst for the ring-opening polymerization of cyclic
.ethers. Furthernore, the present invenfjion relates to a process for

preparing pol yt etrahydr of uran or poI ytetrahydrofuran deri vati ves over such

catal ysts an ess_for arl such _catal yst.s b cid
activati on. gﬁ% arﬁﬁﬁ’ rgP g?tle rpo}g?“é?’r%ﬂ”todl Y cié’“'rf—ﬂ’—a FrhgFEo
known as pol Wﬁﬁ/b‘ﬁtlﬂ Ertagyseol , is a versatile internediate in the
pl astics and synthetic fibers industry and is used, inter 15 alia, as diol
~conponent Borherepalentg ipeéytici heletepoty asi anpasded pailidyi deidl slfaQyees.
I'n addi t: on, £bt i1 Illhlﬁeoﬁéﬁ@né)fpdlﬁrﬁerﬂ%ﬁl\éﬁat b¥esycpivaldhabke auxiliary |n20
many applica S i .nkin aper

y app H;P&% roord;, 8Re Ogiefs%%ft ?HwB% id r%HStQS okig %581:?!‘? pap

PTHF i s usua a?ﬂ'“é %? %"ﬁ&o g'Fr@I 5&:{%{' dr of uran
i

aré
( her ei nafterPF gy ﬁelf’nv Y&&ence
of reagents ﬂh@%eﬁlﬁd’dlcﬁfﬁéhyme@ to PIFRARIASE tfechmFﬁtﬂlnlghéu@ha‘F#Fqléfﬁ@?h of
t he pol ynao bhaaeisi awwdivehisnset the nmean nol ecul ar wei ght (chain
term nation reagents or 25 "telogens"”). The control is achieved by the

choi ce of tyesl TauBEu Ly LR 5%99@& W0 8RPEORL] abuke] 0Ny, are

sel ect ed, naﬁ% scna al | Lntr end or
Dot h ends of “ERE: g1 RArOLREr T 18 FHEOLE i By SRETeE i a e RbRarahs B
di esters of PIRP 1857 aﬁ?e%‘é?‘%’&tﬁﬁ E}??f'gs é&rdﬂé‘ﬁ}l’l?flda&sdélsﬁiif cHFdxyl i ¢
anhydri dedSagltat éogdosd. camphantsdbt Predanimsdpohyyrenhanghspolpenter and
saponi fi cati palyamide anaesbestd ] qat kdditild s ipr epar atkosomne bheted ore

referred to daﬁlxaaéﬂws%tageaf’TatﬂEepaaszﬁﬁaryS&nqnaﬁy i 0GRS oAst 9. Qrly as
chain term ngtl %‘,ﬁgggg E deeilhflﬁ‘% %Q%pggélégd into the grow ng
ey no y ave t

pol ymer chain o t on ron of a telogen but at
the same tine act as a_conononer and can t herefore be referred to as
tel ogens 2§ BREF ok GSHAASHePEeRATSH éRURS ARV P¥aPP bMeTERARPPROHf such
conononer s atett@hwiymfarhavieraine thpdr vodenpedups, af of THXanpier siiidlabdkol s.
These may becaforyseadpl ehe eptudeaie gk ycedgemsopybedeaddiltieal mabes Viltene
glycol, 1, 3- gropanedid) corcfoPUlirnNedndh, 1er2;1tb1uwnené 5 il chains and
2, 2-dimethyl +}o - FLORACHLER mdy R NS (cA3:8" cLWIRL 8RN RIONE
' 25 “telogens”). The control is achieved by the choice of type and
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functional groups can additionally be introduced at one end or
both ends of the polymer chain.

30 Thus, for example, the monocesters or diesters of PTHF can be
prepared by using carboxylic acids or carboxylic anhydrides as
(j telogens. PTHF itself is formed only by subsequent saponification
- or transesterification. This preparation is therefore referred to
as a two-stage PTHF process.
35
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 be referred to as telogens
40 and as comonomers with equal justification. Examples of such
comcnomers are telogens having two hydroxy groups, for example
dialcohols. These may 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
45 or low molecular weight PTHF.
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25 polymerized, e.g. in the presence of fluorosulfonic acid, to form
polytetrahydrofuran esters and these are subsegquently hydreolyzed
to PTHF. This form of the THF polymerization usually achieves
higher THF conversions than in the case of single-stage
processes. Polymerization of THF in the presence of carboxylic
30 anhydrides, e.g acetic anhydride, in the presence of acid
catalysts to form PTHF diacetates and subsequent

(7 transesterification of the PTHF diacetates with, for example,
) methanol to give PTHF and methyl acetate is particularly
advantageous.
35

The preparation of PTHF by polymerization of THF in the presence

of carboxylic anhydrides or the preparation of THF copolymers by

polymerization of THF in the presence of carboxylic anhydrides

and cyclic ethers as comonomers over solid acid catalysts, as is
40 preferred in the present patent application, is known.

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 catalyst.

45
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bentonites are used on a large scale as bl'eaching earths for decolorizing
oils. The catalysts of the prior art display only a relatively low 40
activity, Q\h‘ﬂ%ﬁ’ynzﬂ 4an2i ngtegiasss gl ‘é’h‘fal}l’eqédéats%dv%‘i yvaidrgetivard or vol unes
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US 4,127,513 describes the preparation of PTHF copolymers over
acid-activated montmorillonites which have an acid center density
of 0.1 — 0.9 mmol/g at acid strengths (pKa) in the range from ~3
to —8. The raw clay is reacted with acids having a concentration

30 of 15 - 40%, preferably at room temperature, to obtain the
specific acidity properties.

Processes for preparing acid-activated clay minerals, in
particular sheet silicates, are likewise known; an overview is

35 given in EP-B 398 636 and the publications cited therein.
Acid-activated bentonites are used on a large scale as bleaching
earths for decolorizing oils.

The catalysts of the prior art display only a relatively low
40 activity, which in an industrial plant leads to very large
reactor volumes and/or very long reaction times. The economics of
a heterogeneously catalyzed process for the polymerization of
cyclic ethers, in particular THF, therefore depends critically on
the productivity of the catalyst. It is an object of the present
45 invention to provide a highly active catalyst for the preparation
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Furthermore, the catalyst has a pore volume (BJH N; isotherms) of
at least 0.2 cm3/g, preferably at least 0.35 cm3/g and
particularly preferably at least 0,45 cm3/g, for pore diameters in

30 the range from 2 to 200 nm. The pore volume made up by pores
having diameters in the range from 5 to 50 nm is at least 0.1

C; cm3/g, preferably at least 0.2 cm3/g, particularly preferably at

least 0.25 cm3/g. The mean BJH pore diameter (4V/A) for pore sizes
of from 2 to 200 nm is from 2.0 to 10.0 nm, preferably from 3.5

35 to 9 nm.

the

As raw material for the catalyst of the present invention,
preference is given to using clay minerals of the
montmorillonite/saponite group or Palygorskite/sepiolite group,
40 particularly preferably montmorillonites as described, for
example, in Klockmanns Lehrbuch der Mineralogie, 16th edition, F.
Euke Verlag 1978, pages 739 — 765. Montmorillonite-containing
minerals are also referred to as bentonites or occasionally as
Fuller’'s earths.
45
Suitable clay mineral sources are in principle all
montmorillonite-containing deposits as are listed in, for
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e
Dur g ¢ hES BRAEOTALPE 0 ATFIIEP SHOAD "%?é?e?%%lrcipsat P Rart
particulaflyC%%Q%P@raﬁ¥? Eﬁownea§9r7%§%mp e, &s *“subbentonites” or ”Southern
bentonites” and can be converted into sodium-containing

bentonites by alkaline activation. Such alkali-activated raw
materials are also suitable for the catalysts of the present

30 invention. Finally, it is in principle also possible to prepare
such raw materials synthetically.

Clay minerals of natural origin occasionally contain nonmineral
impurities, in particular carbon compounds. As catalyst raw

35 material, preference is given to those bentonites which have a
total carbon content of less than 3% by weight, preferably less
than 1% by weight, particularly preferably less than 0.5% by
weight.

40 According to the present invention, the catalyst is prepared by
subjecting the clay mineral, either in pelletized, lump or powder
form to acid activation. During this activation, at least 50%,
preferably at least 60% and particularly preferably at least 70%,
of the acid used is reacted. Based on the catalyst raw material,

45 from 3 to 15 milliequivalents, preferably from 4.5 to 12
milliequivalents, particularly preferably from 5 to 10
milliequivalents, of acid are reated per gram (meq/g) of raw clay
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In the case of the preferred use of sulfuric acid for the

activation, the acid conversions in the activation are from 50 to
90%, preferably from 60 to 80%; in the case of the likewise
preferred use of hydrochloric acid for the activation, the

30 conversions are from 70 to 100%, preferably from 85 to 95%.

(; The total amount of acid to be used can easily be calculated from
the proportion of raw clay in the activation suspension and the
desired percentage and absolute acid conversion. The acid used

35 for the activation can be placed in the reaction vessel at the
beginning of the activation or can be added; it is preferably
added in a plurality of steps at the beginning and during the
activation. As a result of the preferred addition of the acid in
a plurality of steps, the acid is present in a lower

40 concentration at the start of the activation than would be the
case if the total amount of acid were added at the beginning of
the activation. The concentration of acid at the beginning of the
activation is less than 4 eq/kg of suspension, preferably less
than 2.5 eq/kg of suspension and particularly preferably from 0.5

45 to 1.5 eq/kg of suspension.
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val ues hav1ng a pH of 2 - 5 for this purpose. The washing times can be

shortened by using the solvent at a higher temperature. Washing

medium having a low level of contamination obtained toward the

end of the washing process can be reused at the commencement of
30 washing of a further batch.

( After washing, the catalyst preferably contains little if any
free acid, i.e. little if any residues of the acid used for the
activation remain in the catalyst. It is preferred that less than

35 20%, particularly preferably less than 5%, of the total acid
centers are present in the form of free acid on the catalyst. The
proporticn of free acid on the catalyst can be reduced to values
according to the present invention by means of the washing
process.

40
After separating off and washing out the mother liquor, the
catalyst is dried, if desired at elevated temperature and/or
reduced pressure and/or by passing dry gases such as air or
nitrogen through it and/or by slurrying and spray drying it. The

45 catalyst is preferably dried at from 30°C to 200°C, under
atmospheric or subatmospheric pressure. The catalyst can
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di aneters of from0.1 t nm preferablpy from0.3to 5 mm are utilized,

Pel l ets used preferably have dianeters of from 1 to 5 mm and hei ghts,_ of
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mm, are ytilized. Pellets used preferably have diameters of from
1 to 5 mm and heights of from 1 to 3 mm. In the case of
extrudates, use is made of those having a diameter in the range
0.5 — 4 mm, preferably 1 — 3 mm. The ratio of length to diameter
3C of the preferred extrudates is usually from 20 : 1 to 0.5 : 1,
preferably from 5 : 1 to 1 : 1. Apart from cylindrical
(“ extrudates, it is also possible to use, for example, hollow
extrudates, ribbed extrudates, star extrudates or other extrudate
shapes known to those skilled in the art.
35
As a pretreatment of the catalyst prior to use in the
polymerization reaction, it is possible to employ, for example,
drying by means of gases heated to from 80 to 200°C, preferably
from 100 to 150°C, e.g. air or nitrogen.
40
Suitable telogens for the preparation of PTHF esters are
carboxylic anhydrides or carboxylic anhydride/ carboxylic acid
mixtures. Among these, preference is given to aliphatic and
aromatic polycarboxylic and/or monocarboxylic acids or their
45 anhydrides which contain from 2 to 12 carbon atoms. Examples of
preferred telogens are acetic anhydride, propionic anhydride,
succinic anhydride and maleic anhydride, in the presence or
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ion as
a function of the telogen content of the polymerization mixture.
The process of the present invention is preferably used to
prepare PTHF, PTHF derivatives or THF copolymers having mean
molecular weights of from 500 to 5000 dalton, particularly

30 preferably from 650 to 4000 dalton.

( The polymerization is generally carried out at from 0 to 80°C,
preferably at temperatures from 25 C to the boiling pocint of THF.
The pressure employed is generally not critical to the result of

35 the polymerization, which is why the polymerization is generally
carried out at atmospheric pressure or under the autogenous
pressure of the polymerization system. Exceptions to this are
copolymerisation of THF with volatile 1,2-alkylene oxides, which
are advantageously carried out under superatmospheric pressure.

40 The pressure is usually from 0.1 to 20 bar, preferably from 0.5
to 2 bar.

To avoid the formation of ether peroxides, the polymerization is
advantageously carried out under an inert gas atmosphere. As
45 inert gases, it is possible to use, for example, nitrogen, carbon
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_ catalyst added, the reaction time can be from 0.5 to 40 hours,
preferably from 1 to 30 hours. The catalysts are denerally added
to the polymerization in an amount of from 1 to 90% by weight,
preferably from 4 to 70% by weight and particularly preferably
30 from 8 to 60% by weight, based on the weight of the THF used.

(' In the continuous mode of operation, the reaction can be carried
- out in the suspension or fixed-bed mode in conventional reactors
or reactor assemblies suitable for continuous processes, for
35 example in loop reactors or stirred reactors in the case of a
suspension process and in tube reactors or fixed-bed reactors in
the case of a fixed-bed process, with preference being given to a
fixed-bed process.

40 In the preferred fixed-bed mode of operation, the polymerization
reactor can be operated in the upflow mode, i.e. the reaction
mixture is passed from the bottom upwards, or in the downflow
mode, i.e. the reaction mixture is passed through the reactor
from the top downward. The feed comprising THF and telogen and/or

45 comonomer is fed continuously into the polymerization reactor,
with the space velcocity over the catalyst being from 0.01 to 2.0
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directly Eg %ogk—&gtb eEhgoégifﬁ%rization product mixture is carried out by
separating off the major part of the polymerization catalyst from
the polymerization mixture, for example by filtration,

decantation or centrifugation, and passing the resulting
polymerization product mixture to further work-up In the
30 preferred fixed-bed mode, the polymerization product mixture is

subjected directly to the further work-up.

The work-up of the particularly preferred PTHF acetates or THF
copolymer acetates can be carried out by methods known per se.
35 For example, unreacted THF and, as appropriate, acetic anhydride,
acetic acid and comcnomer are firstly separated off by
distillation and the resulting PTHF acetate or THF copolymer
acetate are transesterified with methanol in the presence of a
basic catalyst to give PTHF or THF copolymer and methyl acetate.
40
If desired, low molecular weight PTHF and/or tétrahydrofuran
copolymer having a mean molecular weight of from 200 to 700
dalton can subsequently be separated off by distillation. Low
molecular weight cyclic oligomers are usually also separated off
45 by distillation at this stage. PTHF or THF copolymer having a



The wor k-up ¥ ¥+&darticularly preferred PTHF acetates or THE copol yner
‘acetates can be carried out by nethods known per se. 35 For exanpl e,? § MAR 7007
unreacted THE and, as appropriate, acetic anhydride, acetic acid and
-comononer are firstly separated off bylzaistillation and the resulting PTHF
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PTHF or THE gopdleymel tiedtmgns ¥e desgbsib2d6 iV £2007 53525 rearemiloechy ar

wei ght of frmHEsg the 16hi0Gsdali on 4R/UBSaAS/olfictigahkiat sy disi.due. The
catal ysts of the present invention can be regenerated after 5 use in a

bat ch or contl nuousl erat PTHF e for by ther mal
treat ment as l't?eslélyleﬁ rfsEli' ngty %eoc{s% %gﬁd%?m@fs%iﬂhg t he catal yst
wi th aqueb®s and/or organic solvents. The invention is illustrated by the

exanpl es belEwample® Exanples The specific surface area of the catal ysts was
nmeasured by nitrogen adsorption (BET nmultipoint nmethod) in accordance with

ggt 3 stigl?»lrhemeee?%@@ogmaeé apdathe ﬁn%sggteafyétéwaebméag%kﬁ r% hod) in
accor)d/ance mﬁh %fg'ﬁl g%%@% %h (éﬁ?gﬁ\%et% e\rllgl ua%hr’gi'%J ccoroéecfo (liil %met er

range froh? 25 %631200 nm References to maxima in the pore radius
distribution are based on a logarithmc plot of the pore radius. The
porosity of ®iwmpedopatesitst apddibs mesomberedismeitbunioneputye algbtsiSi on
i n accor danGgasMdelte Dhih &b 133 nithegeat esvrpe iy a| Bt &d isHHdien pREBod AdilS
range from otr‘anzernGlthT*ﬁN”%%Mhe”ﬁmeb'd‘é%aaﬂfPé F&}a%a‘é@& ﬁ‘?r{He Flo?ﬁt by

t he spot 2§na |t% megnoe AS, ?scrl\/l_)e donn renc S Indemtte pL | fung /
30 Prufung VOr B ndet ngn™ G et €1 ns Beu]tQ ST Fhichrent® (VDG)
(draft P 69 BOLS r?GhBS lwlb’l’ﬁéoﬁn%ﬁ/sqaéegf Of h% ]&ﬂ?&éﬁf"i"é‘flwtonaEP%l
centers in tprrecaediyst was carried out by titration in aqueous sol ution.
For this 35 purpose, from1l to 2 g of catal yst were wei ghed out, suspended

I'n The porosity of shaped catalyst bodies was determined by mercury
25 intrusion in accordance with DIN 66133. The data were evaluated
in the pore radius range from 20A to 10 um.

The methylene blue adsorption was carried out by the spot

analysis method as described in the leaflet “Bindemittelpriifung /
30 Priifung von Bindetonen” of the Vereins Deutscher

Giessereifachleute (VDG) (draft P 6% E of June 1998).

The analysis of the concentration of acid centers in the catalyst
was carried out by titration in aqueous solution. For this

35 purpose, from 1 to 2 g of catalyst were weighed out, suspended in
100 ml1 of 0.1 mol/l sodium nitrate solution and titrated with
0.1 mol/l sodium hydroxide solution while stirring continually.
Between two addition steps, it was necessary to wait for a
sufficient time for a constant pH to be established (about 5

40 min). The concentration of the acid centers and the associated pK,
values can be read off from the plot of the pH versus the amount
of sodium hydroxide added. In the examples, the acid center
density reported is that to the equivalence point which can be
observed in the titration curve at a pH of about 5 — 7.

45
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silicate content. For the analysis of the acid conversion, the proton
concentrati Gibr k@BBLRL NG ils olthehs UsieNcoateBdid, the pebivmtdRMRenBBation

det erm ned Jafnafl aagt 19M@@usﬁeﬁgﬁo%egf%ratﬁ@ta&lwgtwﬁ P Y 0hi A d

S onduct ot EArraLon R0 B SiEadIae W NG e tofle) dnlEoP BRI usea.

activati ok %ed eBGt Pai o WS drterminashdyarandper Iiikar E‘F%?‘é“iﬂ?é’l}lst abl e for
thi.s pur poselcop@uTheneterafilyat i et pEhsiexehhpeagheucativnsnly the raw
Caly was Cardniaddiayt adyivaariocexatid e twialbo amriohicumatEons tand auer pose, 30 g

of dried cl ayhaieirereelihsiadoikt PoB0hiG ehrpb&l solution (2 nol/kg) for
hours. After a further period of 16 hours, the clay was separated off and

1 of deioni ze | i quor and thgavvashl

washed wi
wer e rradei‘E q’te dFtPIIHIALIRD © a)f,\?%ne@‘cﬁlfaé@sﬁgl lI?nsl\/b ©F W& 6188 i ned
by el ement alcaréﬁ&ﬂygil% PYTHEMr §EFdaRdge t%haﬁ%‘&?‘i‘l%t ZPTi BiYsS (RITRORSY | 7@ Bart h
met al ions (dfotdalieNackaK vareMyeflCed wishui 0@l @ nmifs NH@Hi salived onwh2t her t he
clay is a satbiymghepbont tousat Aotef alFauthdr oferdddaboves wWhure,cahei dmay
ggtn; Ionisie (m@&fg %%Ebggf%% Y Lyl @ééhéd;t%gﬁ-.&)o STPQ:ﬂ;H@;dLHEHé/d %t%\%a ts Bfe
det el’?‘l/’l ne£ as E r%%%g ‘9% r%(iﬁsaﬂé I’OI:Fl UI’ an Q%‘A‘g @gceu Cc
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analysis. The ratio of the alkali metal ions to alkaline earth

metal ions (total Na + K or Mg + Ca in equivalents) indicates

whether the clay is a sodium bentonite (ratio of about 1 or

30 above) or a calcium bentonite (ratio significantly less than 1).

( The productivity of the catalyst (g of PTHF diacetate/g of
N catalyst *h) in powder form was determined as follows:

35 200 g of tetrahydrofuran and 20 g of acetic anhydride were placed
in a 250 ml flask and heated to 509C. While stirring vigorously,
2-3 g of a finely powdered catalyst which had been dried at 120°C
and had particle sizes of at least 100 pm were added and the
reaction mixture was stirred vigorously at 500C for a further

40 period. 20 ml samples of the reaction mixture were taken after
45 minutes, 2 hours, 4 hours and 6 hours and promptly separated
from the catalyst powder by filtration. The samples which had
been freed of catalyst were analyzed for PTHF diacetate, e.g. by
separating off the low boilers by distillation and weighing the

45 PTHF diacetate. The productivity of the catalyst powder was
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catal yst. Var on. o trmes additiona

enabl es the B ﬁer‘?eﬁfasgi%e b‘%“réé’élﬁl lg}f‘rold}’ftlléﬁj Pﬁoéﬁ%v\}ﬁﬁFBUS high initial
producti vitPies. 10 Exanple 1 A raw bentonite from Woni ng di spl ayed t he

foll ow ng cemamgelteerli stics: net hyl ene bl ue adsorption: 310 ng/g; ratio of

15 equi val ents of exchangeabl e aI kali nmetali cations to al kaline earth netal

cations: 1.1, BET b%ulrtt)ﬁgeea% nm&égdls%@ea'{ﬁ@%l@om found were: 9%
by wei ght of rml sttureS 2 %%\5\% %He bP %fso gniti % 2 % b e 4 ght of
Si; 9.5% Tt of }ir“'" % tht 20F °FB-H 1" 59 \%é?h’f 1. 2%
by wei ght %f e%l‘ﬁl’?t?nfso%f ‘?’EFWg\%@ E;‘ﬁt gH?aJGame§Blb ‘Eﬁtltcﬁs tPaW}E?élﬂt“Snl te
wer.e suspendearim mggalgcationsrdiodhl BET surdiagehaveay 3 adngerfamposdhiofr 0. 75
kg and taeta sitspenseoa: ViEs ket welegbit adf 10G€thoe; 2¥bthbyr seidht Urdskenn53 g
of b25 conffﬂl@@i&%d’tyds?ﬁblﬁyI‘,f*el@ﬁltdofﬁ'@% i, rsengirm@ﬁ@wueloqhm vuerﬁ by t
subsequen gﬁggg id.r.e I
100C. unrl é ? a tfll{;lgatl ornf%%?ﬁn% éf?% m(ilﬂ)lfz ?ya ‘Leligth C %glld(}%ere
consumed ﬁ@ b "t‘ﬁ | 5§: 30 After suction f||trat|on \NaShI ng with
dei oni zed wat er and dry| ng at 120C, the catal yst displays an acid center
density of C00.@8%immlikgraw IBEEoiLEacerarse@pehd@@7imB 0P andfa productivity
in the pol yrpdidailioict @sid afavidiggagéducalfirbxasn! 6f 2 Asr avwlpratan tdeof
I ndi an ori gi gyghsl a¥edathge {AldOWNP00°c for 24 hours. A further 53 g of
25 concentrated hydrochloric acid (32% strength by weight) were
subsequently added and the mixture was stirred for a further 24
hours at 100°C. During the total activation time, 7.3 mmol of
hydrochloric acid were consumed per g of raw clay.

30 After suction filtration, washing with deionized water and drying
at 120°C, the catalyst displays an acid center density of
<' 0.37 mmol/g, a BET surface area of 227 m?2/g and a productivity in
the polymerization test of 13 g/g*h.

35 Example 2

A raw bentonite of Indian origin displayed the following
characteristics: methylene blue adscrption: 404 mg/g; ratio of
equivalentts of exchangeable alkali metal cations to alkaline

40 earth metal cations: 1.1; BET surface area: 116 m?/g. Composition
data found were: 14% by weight of moisture; 20% by weight loss on
ignition; 22.4% by weight of Si; 8.9% by weight of Al, 6.8% by
weight of Fe; 1.3% by weight of Na; 1.1% by weight of Mg and
0.1-1% by weight each of Ca, Ti and Mn.
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producti vit ydéivrdilzed petgmemryanygogatesi2.éf k§Sof)/ gitulyshepsadad ymiviagnimi ned
|7:0.-28"3/0 b¥h Wei i et Sk Benskid: %fgyéwlrﬂr_tﬁlr{@f a]@éwip@a@cﬁié%pyixy&gght of EET
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0.33 cnB/g i ‘6% ritte %ap b@z'p 8% WY (19N Qe b0 @Y PRoRY 5 E 1950 m 20
Exanmpl e 3121%RpCaf ThR SEHR1BERt SRt PPl Af BExkinpied a2 tvwef 2 Birddesaéubis 700 ¢
of -hydrochl 031Qz-aBhe BER|svg faceomeentisadiognmdliyg Br@ wbé/kifi-dhdpehe volume
suspensi on was ®EiEor esdl/ @t FOYEIERI0 238 le@drs. 1A rfadet hpr bl Gor@sofin2bhe

concent r at edgfw@ehbohbe Al 5(88% 6tdengt h by wei ght) were subsequently
added and the m xture was stirred for a further 24 hours at 100C. During

the total _activation tinme, 8.2 mvl of hydrochloric acid were consuned per
g of raw EﬁaVa%eA ter suction filtration, washing with deionized water and
drying at 120C, the catal yst displays an acid center density of a 0.44
mmol / g, a BEZlGurdfatbearma Wentdrdtelfgpmitiaappe o2l uettey isuppended hiem 700 g
pol yneri zat i @0 HyeFoclodbc H@dh had3bndxamin eft 35t orofot Neoray hentani tgefrom
Exanpl e 2 weggshsnendeds 14 140Qanhe oty ¢60Chh Ofdie2Chd e hAMIAYD 135 ¢ of
ConcentraEkc%Bégen Igtggléygrégyioggg acid (32% strength by weight} were
subsequently added and the mixture was stirred for a further 24
hours at 100°C. During the total activation time, 8.2 mmol of

hydrochloric acid were consumed per g of raw clay.

30 After suction filtration, washing with deionized water and
_ drying at 120°C, the catalyst displays an acid center density of
{ 0.44 mmol/g, a BET surface area of 370 m?/g and a productivity in
the polymerization test of 15 g/g*h.

35 Example 4

35 g of the raw bentonite from Example 2 were suspended in 700 ml
of hydrochloric acid having a concentration of 0.6 mol/ 1 and the
suspension was stirred at 100°C for 72 hours. During the

40 activation, about 8 mmol of hydrochloric acid are consumed per g
of raw clay. After suction filtration, washing with deionized
water and drying at 120°C, the catalyst displays an acid center
density of 0.38 mmol/g, a BET surface area of 357 m?/g and a
productivity in the polymerization test of 16 g/g*h.

45
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The activate g}'itz%:a ioﬂ %t rea(h%g %sﬂntghw§gﬁt%éjcen%ﬁh‘ggtélr ea%d";irgﬂso“ de

and dried_at an acl
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Comparative example I

25
150 g of the raw bentonite from Example 2 were suspended in 500 g
of hydrochloriec acid having a concentration of 3 mol/kg and the
suspension was stirred for one hour. 0.4 mmol of acid were
reacted per gram of clay used. The activated clay was filtered

30 off with suction, washed free of chloride and dried at 120°C. The
catalyst displays an acid center density of 0.55 mmol/g and a BET
surface area of 137 m2/g. The productivity of the catalyst powder
in the polymerization test was 4 g/g*h.

o

35 Comparative example II

150 g of a raw bentonite corresponding to Example 2 were
suspended in 500 g of hydrochloric acid having a concentration of
4.5 mol/kg and the suspension was stirred at 100°C for 72 hours.

40 The activated clay was filtered off with suction, washed free of
chloride and dried at 120°C. The catalyst displays an acid center
density of about 0.02 mmol/g. The preoductivity of the catalyst
powder in the polymerization test was 0.5 g/g*h.

45 Example 6: Continuous pelymerization



suspended | FF5EP4PDHf hydrochloric acid having a concentration of 4.5
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consi sting odp M399% and the elenents of groups IIl Ato VII A of the
Periodic Table, has a proportion of alkali-soluble silicon dioxidezgfMiRrmm
20 to 85% by weight, where the catalyst is a catalyst which has been
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0.35 cm3/g for pore diameters in the range from 2 to 200 nm,
with at least 0.2 cm3/g of this N; pore volume being made up
by pores having diameters in the range 5-50 nm and the mean
BJH pore diameter (4V/A) of the pores in the range from 2 to

20 200 nm being from 2.0 to 10.0 nm, has a BET surface area of
at least 160 m?/g and has an acid center density of at least
0.25 mmol/g for pK, values of from 1 to 6.
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2. A catalyst as claimed in claim 1, wherein the clay material
25 has a methylene blue value of at least 250 mg/qg.

3. A catalyst as claimed in either of claims 1 and 2, wherein
the clay mineral is a sodium bentonite.

30 4. A process for preparing polytetrahydrofuran,
: polytetrahydrofuran copolymers, diesters or monoesters of
(, these polymers, which comprises polymerizing tetrahydrofuran
in the presence of at least one telogen and/or comonomer and
in the presence of a catalyst as claimed in any of claims 1
35 to 3.

5. A process as claimed in claim 4, wherein tetrahydrofuran is
polymerized in the presence of carboxylic anhydrides,
preferably acetic anhydride, to give polytetrahydrofuran or

40 derivatives and copolymers thereof having molecular weights
of from 250 to 10000 dalton.
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