PRFH84831 cat al yst, its preparation and the

pol yneri zation of cyclic ethers over this catalyst 5
The present invention relates to an inproved solid,
acid catalyst for the ring-apening polynerization of
cyclic ethers. Furthernore, the present invention
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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 comenomer and can therefore be referred to as telcgens
40 and as comonomers with equal justification. Examples of such
comonomers 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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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




4B 393853 3 DE-A-198 01 462 describes acid-activat ed
calciumnontnorillonites having a specific surface
area of at least 300 n2/g, an acidity of at |east 0.02

- mol /g for PKa val ues of <-33and pore vol unes of at
| s 1@840@"369 cfé%rcrﬁgég %érfch%tc‘rtgvgbtgd ;c.gﬂ% w.%%i&lonites

cat
poﬁ“’5 |za Clﬂ? éo“f\gd oLt &F Fﬁt Fash |3§° ﬁﬁ: an acidity of
%Jsmugzisrm JaduesirE £-defRdcPeNe volumes of at
pl@‘:pﬂ:r iong cmb(y vioer poné Sies andthé kydreyee 30X+ d260 v as
5%&1@%&@%% BRI bkt AHAt@S fBaM| Ak ]thep%E:Q Ot RS on of
Ohiro -+ géggg dxg'aﬂ‘!xerﬁi?& %%%e%%éig.o' n the range

a“Sufface area o 260 n2/g. In
DE- Al- 197 554 15, PTHF is prepared over a catal yst
héSard ,228h# @ dasewdbes oa mfthognpfoprépariingecoffolymers of THF
paRp allayll BRe Cot iRlass bve Sadil At ivht 8d i ndh trdre X pOsEkd Raving

10%?&%1&%&”&% qonegng r@z@-"d%” é%er%% %Q)ééf Eiz% %.r?%he range

te ratur e cata
(1 Lo 8 3560 SUBE e Fag i 4Ted Bf 130-0G00 BShas & BET
surface area of at least 150 n2/g. 20 US 6, 274, 527
dirs dmeds 187 caislpst PORE el @repardd actdry al edtay 9Etaafing a
bty mryrbgartigye m%gr%hsri?gr@g%%zrtal ;g:r‘]éda‘f@t efe ba/aoﬁsg_%%
15 Orﬁ?rﬁ;%lofrlﬁhgnlatc% qL %agogecg tt:or c?cl)jma ﬁ‘p rvaltrl%’ g S?nientrftlon of
RIS hoRERYRE A (EBPCFRLYER &, Jalhbs -affie catalyst
di4 altied5atBo-2007 C5a8d desleriinedsat hEs 6@PAC adndrmasf a BET

Rt aeepakyaes s 41vaeas8Cish att/igvat ed nontnorillonites
whi ch have an acid center density of 0.1 - 0.9 nmol/g

n ica)_in.th an from-3 to -8.
105 ST YRR S, BESRE i et R
H@PaPPE‘FPIEU—e@f The . spryifisy §ﬁ‘ér<a3fﬂ1fy 15t aFbbrated by means
tefperliuuie, a¢id davang & heoncemecaticn anff di.ly- 0.9 mol/l for up
PEOREIdaly@Sat FF Qe Tefbet REult @RANI DY atd =gt ¥pd et d ay

r%é%@:la‘%urén fﬁacretr'eﬁm gésﬁ&?ec&dshﬂi%?t es, are |ikew se

an overview 1'$ gi ven B 398 636 and the
publ ications cited therein. Acid-activated bentonites
e Wséd, bh3 désnrjbeschhe preorestdn nef PEEFt hepdlymers over
deriel @it iy 8ged inchtmbb el Lod asswhaioh hdie ﬁfni @tid@rdenter density

déisﬁ}l ay 06' 9( :ﬁnchef'gata'tVSéi’d '&‘&‘en&@hé‘c i{a ¥n ¥4 C.Jlm 2fom —3

t ct lu
G TP, IO AR PR a’?f?lelooeoncgntratwn
30k dogobbor

swsﬂf@aaallyz@a TR £6BPEHRLYTGe to obtain the
peemidriiczaciditofpropgcties et hers, in particul ar THF,
therefore depends critically on the productivity of

tmc%%'ﬁ@lsy§$r ﬂfeﬂa%iﬁa Q@ic?—catct‘}.tra{:gg c.plragfs‘ﬁﬁherals, 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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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.
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Suitable clay mineral sources are in principle all
montmorillonite-containing deposits as are listed in, for
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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,
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 (meqg/g) of raw clay
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a&e51red 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 eqg/kg of suspension and particularly preferably from 0.5
45 to 1.5 eq/kg of suspension.
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20%, particularly preferably less than 5%, of the total acid
centers are present in the form of free acid on the catalyst. The
proportion of free acid on the catalyst can be reduced to values
according to the present invention by means of the washing

process.

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
catalyst is preferably dried at from 30°C to 200°C, under
atmospheric or subatmospheric pressure. The catalyst can




10

20

25

& ¥22e washi ng process can be reused at the
comencenent of 30 washing of a further batch. After
washi ng, the catal yst preferably contains little if any
free acid, i.e. little if ang residues of the acid used

f o I L]

sﬂ{bfster ne % ﬁ@@gggl{lﬁmgér% /:i'g p?%@cﬁﬁgr?ytpfe%erably from
B#g\‘g §/5 ss than 5% of the total acid centers are
present in the formof free acid on the catalyst. The

ey eatadpsOfcdn de ased im theepodimdnidatdian beaditidmcad powder

tfbr‘éﬁb&!eﬁref’&%ﬁ ae El?a;SJl-P bB'&l?céSntTﬁéqgﬁ-thEE d?e"éﬁﬁped

par

Uil V230 SAMISERS o) il penel Lo le g oy
imetdodsy kpowr 1@ shasedski ABuERe A 0 OF eekriiRle tableting,
EreEdoneeatiol @r lextpassomg aghr prgadescrsibed , asneer adria, in the

NHdndp@eRrt Bf Gulericlyeabels Qfad%ﬂy%hgr ryédng 1andcﬁpr ay drying
'Joe&&?;%%ﬂ%?&f‘i{é&é%' %e?ﬁl?é]?r[ aq|9}§7 hvé%d ‘ﬁt (%he §Hap1ng

eric ri.c pressu

c%"t%ey‘gfeca‘i‘f”fililéﬁé?;% ‘8“°“§ht§§’e&{]@ﬁ?|%)“&éeéa%|’ﬁ‘?e‘ﬂa§1tf €.9.
frigyders0Clebr BGOECs pnéfer dslyehtsmcb®€ addédOGt Tiseequally
GRis¥ipst €arshupelsfd raw tdieaypahynestzaiteOntr 8aCdHaped Bodies
F%%g@%r ca§r§ ¥ Gn gg@%\g&%ﬂ oS §W a deﬁ‘é e Tﬁ‘% activated
e Eihghop 30 Hs PR hoss ot el eat P magggaal in
s%q fogm; A t HERE OI PEPCR ARG &0t B3f elthi g, catalyst in this
atironfheat aoid ;ectéxatish ovf padvereleds cavwbedterigler and, if

addsAired) blieseddamabenkpDig Het eregereats, Catal ysis, Vol .
1, VCH 10 Verl| agsgesel | schaft Wi nhei m 1997, pp.

th apin r ocedur e iliarjes own . .
(S p€atiRed o HRCERfenioh 805" Be iRl P HR AR 1 at ion
/b §or et s forapxpEpladdellets | xqusREys, prhatgse rings
tax shapeulbe. rSmtttabay siapeat bodaee and amyshapeprdibeiieg them
re AeGRELNe®Uin DR 2613y AId ORrekepONKIErS amdeﬁhap%stlhg

Zpﬁa{ll\é%tsede}ér V&%r FFéIiB}?AI{% %t shac'%%l %%d88§5| Pljl q:he é:ase of

i'vat & raw er |

SRPEEESysBLMELET S L af HA G- £Ri LY %rﬂfefﬁéa*abr ofr°m 0.3 to 5
e, waei bhibizgsyl \Peiime'emu&eal/vaafemlallys hang, didmeters of from
desior edmmSas etpight-sSbApPErn i1s tpr 8fmis ach. tRO déee of
Céiﬁ'uﬁ%ﬁ:és(ﬁuéé]%s' ﬁ!ﬁ@tbPr\:Iﬁﬁ@ HSVH?@CA fcﬁramét:]gr J.n the range

pd) 5yrrer| 43 Ié)xn%ferabt.ty“ n :{nnglr E1 x.arrp§ F.?xg téeto diameter

extT udat o8’ er es

30 Gfa ibe Bsa#%%r%&%yga%qs p‘rso&EEP?ﬁJthﬁd-"ém 28r & HexG-Bed 1/

35

40

45

iprederablgof8Mm SPrefletente ils @peen fworusiydgndrical
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.

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.

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 monccarboxylic acids or their
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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t gref@i b1l aRsten éﬁt%QeEh‘Ercﬂme)Sﬁ@ft&%HeO'BoﬂLbﬁg 'BAMt of THF.
n?hgcﬁgéyédyglgﬂélé§e& 1& 88 g%“% Qt critical to the result of
the polymerization, which is why the polymerization is generally
carried ocut 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.
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
inert gases, it is possible to use, for example, nitrogen, carbon




10

15

b&* cBA?P3I 1 ed via the anount of tel ogen used. The nore
tel ogen present in the reaction mxture, the |ower the
mean nol ecul ar wei ght of the PTHF or the PTHF
derivative concerned. PTHF, RMHF derivatives or THF
CADOk IS BRYI b I RAsEB} S5id Ay el Ol s;ﬂa‘ex@ %{%250

t:?lélQO%%% dal ton can be prepared in a target ed
uricti on of the tel ogen content of the

pol yneri zation m xture. The process of the present

| Pverpalomerdzpt Brerisbpprtseulanly pdeparagedlsty &dtiied out

demeaata \h réferd HitmoRpALYSE il einBEd IRaTt gg%sca rticularly
4

pre P’“‘é% ot?% i tf%eﬁar He HyBEbYert farcial
kepofh | Grige8ral P UatiFHaBIR SHOM Pofn tP (39 H9* -

dﬂherprtéﬁepabmelatzattenpenat carEsieldr ont 26T the phesewnde iafy
phyditogein, THbping hef phespol e il 6f ¢St eBer ahty tiinsition
Cﬁééamlort a:.&b@g IR Bl%el")’.@zm%npeil:\ gtza.fluqn {}st

t d
S, R o e %ﬁ%éﬁ%’%ﬁrzu&@%ﬁ% £ p gy 2
oﬁwwrpdmyﬁeww‘q dn &§hereqrorEpumper on"ératnéthPB Rgtals

cer_m)lqmmir a;at the edfemErEs Wi hyroolpat VIEA i115% Valrky| efieche Periodic
OFAKIRS, folt eRamPle radvani @@L GhenY umdr ii@d1QuUt roRdedobalt,

S DS r e. 40 The pressure is usually
fygfnf%l Bng%{)aﬁﬁﬁgﬁg erably from0.5 to 2 bar. To

avoid the formati on of ether peroxides, the
pBrg RKGCLASi Oh the lavenhiomenns by earries ol banelsrisen or
| centimgaasdypositterthe Asndiniduer mogases opelrat$opogeridiad 1y

t Be UKE pre@er &A@ ecBhbh 9 Sbaseakbon rr bj vbs 10

20di oxide or the noble gases preference is given to

25

35

40

45

u3|n nitr Thep merization is particularly
B obiten BASEETYSS M AL oHPEER (e r ThE PARCGGBAS THF, the
a@pmﬂreﬁee Wl@g@m@él/nentl@udaesredpatha cgmgnoyer [ang the
codalystnhee oéndhid lgorpaetead fioy gedtimhal Redsegesr loop
pﬁé&dt’i\ir aFEf €ﬁ§U£é?m thEe& i f1iCA%8aPEnd N WRE BBEYEd rom
onvye s D % H g pog rlzaﬁlon 4h§ Carr ﬁgjé%gﬁnt of
%?‘ﬁer r@sg o ofaﬁ Fo9 e?] %359 g0°
p%iFVh]éﬁtz adrsd. c'fé%ealr)?éf:tihﬂ htltmeaﬁént b% nErorp Ot B sthours,
nprefeyabily pobynericz d0i bourst dhestanalysts eatabgserally added
COSPEHES ipdd yihe ANsd oo 1BAR| Smdees ] FrA0SISitbl 904 by weight,
Péfe\i%.bﬁ EP&B hffrtd %Qogggﬂlﬁ eLttnELH é:lolll%lgy %referably

et b iC e LA R e o

rut henium rhenium nickel, iron, cobal t, 15 pall adi um
anul/ dre gloatinuons Tirelepbdcepsraafiohhethevissrdtdnoncasn b carried

Cait | A 1t sHIPEABMHE oRF £ i REHUHSAURHEL Yin WdnRehPEonal reactors
COPLLINARSE gggéhﬁgié%pgﬁékéﬁib§¥g}e58L£¥huous processes, for
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.

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
comonomer is fed continuously into the polymerization reactor,
with the space velocity over the catalyst being from 0.01 to 2.0
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35 For example, unreacted THF and, as appropriate, acetic anhydride,
acetic acid and comonomer 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 tetrahydrofuran
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 alsc separated off

45 by distillation at this stage. PTHF or THF copolymer having a
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washi ng the catal yst with agueous and/or organic
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catal ysts

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.
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s U ni ned by nitrogen desorption (BJH N2 isotherm

met hod) in accordance with DIN 66134. The data were
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200 nm References to nmaxi mM@3in the pore radius
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remai ning in the suspension after the activation was
diitee prodect 1wt vt iotfr ahe crataiysex pg est aTBAs daacatdte /igoof
tdit aaBUNEh PFiAGothdds efbrml Srakhe €86 RRINE s WBS1 Lows :
deterrri ned by conductivity neasurenents
%?% oQE%EAﬁ?%r%¥Lfa§IJH§E2%H t régéﬁagsan Yy Ilé% were placed
in a 250 ml flask and heated to 50°C. While stirring vigorously,
2-3 g of a finely powdered catalyst which had been dried at 1200C
and had particle sizes of at least 100 pm were added and the
reaction mixture was stirred vigorously at 509C 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




rgFra{’ﬁPﬁa activation acid but also acidic cations and
are therefore unsuitable for this purpose. 20 The
deternminati on of the exchangeable cations in the raw
clay was carried out by iorig¢xchange with amoni um

Fastd i ihedub Oéﬂra}%ﬁueﬁ Gf | tgl% %}% c;l@ée%degék%fdpm
%{'ch%) ?ﬁ“‘we’h 28| g? (1)2 gours the cl ay ngrs.

separ at ed off and washed with 0.5 1 of deionized water.
Thee e&mpiekeof | prpductandty hdetsasinagbomeiescirabed upard @asily

51bd ﬁ@ﬁeﬁeéﬁafé%tﬁbﬁsﬁ e (dyg}l Sakﬁou%‘g c;%?:l)elWEEﬁs and/or
aﬁéﬁiﬂgﬂé‘i@ ¥e1§¢§f$crﬁtr% kgfl 5L r_eé {eﬁz et th%oné é%]cttlve use
J&nsl\/ﬁf+ﬂ§% Gatady st val didiopnaf C‘éftté’élysﬁhé?‘l’l‘éq’ts and

th%attﬂlal}l itdmgs sadtlihtopehlprenablesathe edpeatiments oy @0 easily
amod)iedr te giveiwdniest ADgh eiditdki opsodittiveantsy | ess

mt han 1). The productivity of the catalyst (g of PTHF
Eacet ate/g of catalyst *h) in powder form was
d %%P%n d as follows: 35 200 g of tetrahydrofuran and
20 g of acetic anhydride were placed in a 250 m flask
af drdve deadon ot & 0 on/\Wiybsisg i dirsplgyed gt Ullypwilg 3 g of
achafRiteriewies ednetdyabist b M GlasbBagt Paen 3dbi fg/@¢ ratio of

51&%@1@511%‘15“89 %ﬂan%legb§é Zfﬁ(aqf ﬁ&té?fsct Sé\ggsng\egﬁiallne

eactI.o
?a%%o #8# ‘éaHﬁ’isﬁerl &E) ‘B%Tlsd’& 458 Afe¥a IE‘s %f ct°|‘1¥é’°51tl°“
réaed ifonndi eree leby vakeht #if episheren ddtedy veighir doss on
4igmitrionands63hcay wedgtt podrgit;l P .58 phy atedichhtf 66Nl he2.5% by
Cﬁéfdmstofp@wet Dy Hyl WkEght NEhelsﬁﬁFEﬁSwe heohagy and 1.0%

b d atal yst were anal yzed for PTH
20 ﬁgmglﬁ% OQ g& by separating off the |ow boilers by

distillati on and wei ghing the 45 PTHF di acetate. The

pP@duefi whig bivw theateaise ywerepougeended iPF 399953014

dey@rodhled ibyaeid mapdngt & otorfenithat bt H@NgBdROT&Pfand the

ggwperml%e&ages{%xfégte gegé%cﬁ&e flel}.‘;‘ﬂpltﬁﬁxr%f g; ?gy@ﬁé VishYg of
25 c%r%éﬂt@%?: ? pgc?xsoc lz‘a)rrn])‘ﬁn qf a(t%ezl%o gﬁ%nggw na¢ welght) were

c® ‘h‘?ﬁrﬁ'&?@% Yt %ﬁ%% &ngr &b ew@stéuﬁewaét%tqueé fae a further 24
rb@tpsa:tatvéw%@ pordgt thestarfalt het twdtalosttim¥ar? at immol of

Ohy @t 1y$t c a8PL W randons @Rad ipdR FI sesraddibizonal |y
enabl es the experinents to be easily nodified to glve

i ous hi itial .productivities 0, Example 1 A
3°b§%‘i%ﬁwﬁ“§tg?8n£%rﬂtﬁg di EHTHYE BiRgq i FB ‘%%‘r?’ﬁxﬁe vater and drying
cilar B 6ri she @twﬁﬁy%wamménaa@m pEnGeL Q&@S-ﬁgﬂ gf
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Cehe Cp&ytuar@bkaidm&es%aek hy y®jal«hcations: 1.1; BET
surface area: 34 nR/g. Conposition

35 Example 2

A raw bentonite of Indian origin displayed the following
characteristics: methylene blue adsorption: 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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dBF a533%3d were: 9% by wei ght of noisture; 15% by
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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.
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FH253%%2 BET surface area is 403 n2/g and the BIJH N2

pore volune is 0.59 cnB/g, of which 0.33 cnB/g is nade
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Exanpl e 3 210g of the raw beggonite from Exanple 2 were
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pol yneri zation test of 16 g/g*h. 45 Exanple 5 PF 53953

16 £ A rsa%@smpﬂttﬁt%n BayAlt i3 Qitglabm'leadf@itae%d drying
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BET surface area: 84 nR/g. Conposition data found

"@Jrﬁpar%{‘iw |t gf moisture; 14% by weight |oss on
ignition; 25.4% by weight of Si; 9.0% by weight of A,

5% by weight of Fe; 1.7%by weight of My ; 1.2% by
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30 (51 SEiPoPPE-LEl d VESDI SEF NG CBIRUGATY Eiea 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.

25

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 productivity of the catalyst
powder in the polymerization test was 0.5 g/g*h.

45 Example 6: Continuous polymerization




Jgréﬂﬁggﬁuently added and the m xture was stirred for a
further 24 hours at 100C. During the total activation
time, 8.2 mmol of hydrochloric acid were consuned per
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catvabyg¥mopowder in the polynerization test was 0.5
g/ g*h. 45 Exanple 6: Continuous pol ynerizati on PF 53953
2017 300 g of a catalyst which had been acid-activated
using a nmethod anal ogous to Exanple 3 were kneaded
wth 275 mM of water in a |aboratory kneader for 10
m nut es, subsequently extruded to give extrudates
having a dianmeter of 2.5 nm dried and finally 5
cal cined at 350C. The catal yst displays a nmercury
5porosity of 0.45 cnB/g. In a |laboratory apparatus, a
m xture of THE and acetic anhydride (6.9% based on the
total feed) was passed at 45C under protective 10 gas
over this catalyst which had been predried at 140C and
was arranged as a fixed bed in a 250 m reactor
(internal dianmeter: 40 nmm. The space vel ocity over
the catalyst was 0.2 kg of feed / (1 of cat.*h). The
reactor was operated with product recirculation (about
1 1/h). To work-up the PTHF di acetate, the 15 reaction
m xture obtai ned was freed of unreacted THE and acetic
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agmy%‘??%ﬂé by distillation. The degree of evaporation
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di a [ r e kEr nd at | east

15O. 1@%%5021%‘%%0 l@&%o?g gtga\?fcﬁ&gﬁéggr'fe%n%de up by pore
diameters in the range 5 - 50 nm 5. A catal yst as
clai fefataliny aF lagmed intplagm where? whilsh iel ay
mat erdcild-asedvaoed tdlayani hewdl ,0rinhasraidEiaty henemddtild onite,
val uenRfingt al BASHorAAGnMBE Ja 1130 iGsofubBe & 1MSkoRSafdRIdBSE from

201 N anyy Qfy gl_r,@!l?i ‘Je;_tg%’&%rv\herel nthe clay mneral is a

sodi um bent oni ocess for preparing a catalyst

as clained in any of 35 clains 1 to 6, which conprises

reacth sptalybhyasidi@iaedasn aanys @épehsimm haei Agwhich has an N;

sol i doreontevie 03f fatomedst 00 BO%mdY g WY porel Aighdtdre in the

aci d fhige? tP6HI PG P208 nhCASd 4 NAHES Al1 Tm3VEPE W §, pore
25of alvgfﬁ%%taggcﬁade up by pore diameters in the range 5 - 50 nm.

5. A catalyst as claimed in any of claims 1 to 4, wherein the
clay material used for the activation has a methylene blue
value of at least 250 mg/g.

30

6. A catalyst as claimed in any of claims 1 to 5, wherein the

clay mineral is a sodium bentonite.

7. A process for preparing a catalyst as claimed in any of
35 claims 1 to 6, which comprises reacting a clay mineral as a
suspension having a solids content of from 2 to 60% by weight
in dilute acid for a period of at least 4 hours at a
temperature of at least 60°C.

40 8., A process as claimed in claim 7, wherein the acid
concentration at the beginning of the activation is less than
4 eq/kg of suspension.

9. A process as claimed in claim 7 or 8, wherein hydrochloric
45 acid and/or sulfuric acid are/is used for the activation, the
acid is reacted to an extent of more than 50% during the
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o 8:."’%:‘"{” ocess as clainmed in claim7, wherein the acid
concentration at the beginning of the activation is

| ess than 4 eq/kg of suspension. 9. A process as
claimed in claim7 or 8, whagein hydrochloric 45 acid

and/ ofcSiWaltibhCa® it a8kt s3Uspdef Qbid h@:é\%'a\ée&a 49%r kg of

t he %l%$ &gﬁ&%gﬁéfo .an xt%g&'of or e t han

durin 1 a09| 1XRE* B | east 3 eq of

acid are reacted per kg of dry clay m neral during the

atti vatprpeessOas Aclwigedssnasny |l wdding Ae @ whereiwn the

to 9, reduyiennis hearrilc@@ht Ofot & @RFib&8bP Wt flehs® 24 hours at
peri og ggp@ﬁltg%étof’zﬁath%%gt apocd tenperature of at

| east 60 process pr eparing

pol yt et rahydrof uran, pol ytetrahydrofuran copol yners,

dl bstRrprasesgofioe praperang 19 hitedgappyedyran whi ch
conprpsiBefebyip@ro fiirnad® topdytsqf diagters drhaocpoesssree of

of atyl&al Peﬂ?méfé Ogﬁﬁcﬂnééﬂﬁn%%go Bﬂ%elaﬂing' @eEP&ydrofuran

presenc

S
oS oI S RS gl Yol o801 608 A ceBodt ahaybt*tRiormer and
t et r aHy dhsf @r-aﬁem%e Poly FRER LT 2§ Fﬁélfﬂﬁcbslé‘nééyo?f claims 1
carboxylé6.c anhydrides, preferably acetic anhydride, to
gi ve pol ytetrahydr ofuran or derivatives and copol yners

t feﬁfpéb%\é'sgggg%% A é}ﬂ"eéﬂeﬁtn? 1107 whE AR A2tk @ng @ iran is

olymerized in the presence of carboxylic anhydrides,
preferably acetic anhydride, to give polytetrahydrofuran or
derivatives and copolymers thereof having molecular weights
of from 250 to 10000 dalton.




