1 DEC 2005 Catal yst And Met hod For The Production O Pol ytetrahydrofuran 5
The present invention relates to a catalyst for preparing

pol yt et rahydrof uran, pol ytetrahydrofuran copol yners, diesters or nnn%gg{gwg
of these polyners by polynerization of tetrahydrofuran in the presence of
at | east one telogen and/or conmononer. 10 Pol ytetrahydrofuran (hereinafter
referred to as "PTHF"), which is also knpwn as pol yoxybutyl ene glycol, is a
versatile internediate in the plastics and synthetic fibers industries and
is enployed, inter alia, as a diol conmponent for producing polyurethane,

pol yester and pol yam de el astoners. In addition, it is, as are sone of 15
its derivatives, a valuable auxiliary in a variety of applications, e.g. as
a dispersant or in the deinking of waste paper. In industry, PTHF is
usual | y prepared f elnafter referred
to as "THF") overegtﬁi&@ a{%‘{m ?%F&Qlfhg PIrL.S{ L@égﬁ'ﬁ%tg%e yg{((ﬂpga;gents 20 whose
addi tion nakes it possible to control t he chaln | ength of the pol yner chains
and thussto set the nmean nol ecul ar wei ght (chain term nation reagents or

"tel ogens"). The chain length is controlled via selection of type and anmount
of tel ogenTheripsesenbiieventpn gglateshioe at eataly¥ntor apraparingn apiyjetralikdetyran, possi bl e

to int rOdU_?_Eolyfe&ﬁﬁidr@fﬁ?dn gopid cr’ét d‘ih@&rse'w ﬂBn&%tcPQToh tﬁ@éés pSlynieRe bpol ymer
chain. 25 a{rﬁf,{& he use carb Ll c.acids or carboxylic

anhydr i des BOYWSTiER}iRso fpra&o@si suge%eacepp BhlaStnBRfo ELQEESANG(OT 3 est er s
of PTHF. PTtbmédciedrf is only formed by subsequent saponification or
transesgerification. This preparation is therefore referred to as a
t wo- st a PTHF process. 30 Ot her telogens act not only as chain term nation
reagents buPolgteﬁahyckoﬁirmdrep&inafteedefe'rmcﬂmohtléP'@HﬂA) whigiolis/ also knbenrasof PTHF.

They not on Qg}( : O but .ar t inme a
conmononer h%ly %{ hereélg egr‘}e%}gﬁlreegﬁ%rgggfsate p1 flﬁ r"‘{gﬁcasn%]l g%rtr%norrers

wi th equal fibemsiindustrigsomnd E)Gilmibm difters aléh 83 d@ilm‘nmmn@tefpe PrQﬂu@gEns havi ng
two hydr Oxypﬁlﬁrﬁ‘ﬂéﬁﬁne,fﬁbﬁyé%?m BolfaldR elastomers. In addition, it is, as are some of

15  its derivatives, a valuable auxiliary in a variety of applications, e.g. as a dispersant
or in the deinking of waste paper.

In industry, PTHF is usually prepared by polymerization of tetrahydrofuran
(hereinafter referred to as “THF”) over suitable catalysts in the presence of reagents

20  whose addition makes it possible to control the chain length of the polymer chains
and thus to set the mean molecular weight (chain termination reagents or
“telogens™). The chain length is controlled via selection of type and amount of
telogen. The choice of suitable telogens additionally makes it possible to introduce
functional groups at one end or at both ends of the polymer chain.

25
Thus, for example, the use of carboxylic acids or carboxylic anhydrides as telogens
makes it possible to prepare monoesters or diesters of PTHF. PTHF itself is only
formed by subsequent saponification or transesterification. This preparation is
therefore referred to as a two-stage PTHF process.

30

Other telogens act not only as chain termination reagents but are also incorporated
into the growing polymer chain of PTHF. They not only have the function of a
telogen but are at the same time a comonomer and can therefore be referred to as
telogens and as comonomers with equal justification. Examples of such
35 comonomers are telogens having two hydroxy groups, for example diols



1 9 DEC 2005 -2 (dial cohols). These can be, for exanple, ethylene glycol,
propyl ene glycol, butylene glycol, 1,3-propane diol, 1,4-butanediol,
2-butyne-1,4-diol, 1,6-hexanediol or |ow nolecular melght PTHFE. Fuftn&C 2005
sui tabl e conononers are cyclic ethers such as 1, 2-al kyl ene oxi des, e.g.

et hyl ene oxi de or propyl ene oxide, 2-nethyltetra 5 hydrofuran and

3-net hyl t et rahydr of uran. The use of such conpbnoners |eads, with the
exception of water, 1,4-butanediol and |ow nol ecular wei ght PTHF, to the
formation o(dmled)hcﬁ@yiﬂh&sé wad he dopetayide, ethyiee el ywaf, tp@dipyﬂ@fe%l)rceﬂ buylas THE

cOROL Y s, g0 1 DL, TKER 1RSSR 1 PAEeTRSRLINAIRA fu PTHF. 10

I ndustriall p?ebare I'na” si merlza‘fvl on of
THE usi ng wedesular wyeiglsuR BIEd Foithasrsuftalile rmh@@cumars wewghluc @fhbh‘%‘ awhtagl ogen
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dissolved int reaction s tero I
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are, in par Eﬂecéﬂcﬁgtlorﬁﬁf““% ¥&d 11470 E R 48l HneRS mbdeclfar R;Jé-&th@mpgtoathevl ecul ar
wei ght of from 65 | arge industrial

F rgtp&r esent a di sadvant age.

scal e, proc&¥aREoRff ofplahwirelugne FORPIYERES y 1?4?813ﬂ5bo’i¢§3ﬁ’§ﬁt itonét THE- st age
processes i Bopditiérs,TdE ih $hif wa§ hdke PR IpWESI1E I €hendcdly thadify IEHPr esence of
fluorosul fonic acid, to form pol ytetrahydrofuran esters and these 20 are

subsequent |y hydr ol yzed to PTHF. This form of THE pol ynerization usually
achi eve$0 hi iidestridt; EDHAY erasi lenprepivad ida thlglsea@tl@geolpmﬁe&tkmsd ‘BHF

par i el ar | YeinB A0 900N IER 190l SnBRIMIPLIAAL WO, K khsar esence

of carboxylIc or “carboxylrc an el car C aclid m xtures,
e.g. aceti ccaihlbfytar Kaewnmataém u@lthhllmmemus @Giemsndlxsom\reelsm died in the

presence of ;aejich %%%eﬁi Xr?tf ﬁeté&a@rﬁoﬁ? [0 Ry é‘&(ﬁ@:ﬂv%% %{%Qnﬁuﬁ%%kr'&nfhe

transesterification of aceétates wit ampl e , met hanol to

form PTHF aFfdRtisbhlp™ %{Hgt%éersrpﬁé“&l%%rﬁaml Rﬁﬁtl%ﬂ‘lafp?fr—‘nlew 1p b $EERCEISE | on of

THE in the pf PYTHFGAVIAE aGas10QM wéight Ty bSEH 000/ 0fresent DaXYdvaitage.
anhydri de/ carboxylic acid m xtur es and the 30 preparation of THE copol yners

by polynerization of THE in the presence of carboxylic anhydri des and/ or
car boxylic é)mhyﬂr]iarm/ dadusoxall iscalaciplosrsses urceplayed aey Cpredomminbetly ths
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of the pres
the presence of ﬂuorosulfomc acid, to form polytetrahydrofuran esters and these

20  are subsequently hydrolyzed to PTHF. This form of THF polymerization usually
achieves higher THF conversions than do single-stage processes. A particularly
advantageous method is polymerization of THF in the presence of carboxylic
anhydrides or carboxylic anhydride/carboxylic acid mixtures, e.g. acetic anhydride
or acetic anhydride/acetic acid mixtures, and in the presence of acid catalysts to

25  form PTHF acetates and subsequent transesterification of the PTHF acetates with,
for example, methanol to form PTHF and methyl acetate.

The preparation of PTHF by polymerization of THF in the presence of carboxylic
anhydrides and/or carboxylic anhydride/carboxylic acid mixtures and the
30  preparation of THF copolymers by polymerization of THF in the presence of
carboxylic anhydrides and/or carboxylic anhydride/carboxylic acid mixtures and
cyclic ethers as comonomers over solid acid catalysts, which are preferred for the

purposes of the present patent application, are known.

35 DE-A-198 01 462 describes acid-activated calcium montmorillonites having a
specific surface area of > 300 m*/g, an acidity of > 0.02 mmol/g for pK, values of
< -3 and pore volumes of > 0.4 cm®/g for pore sizes in the range 30 to 200 A as



35 DE- A-198 01 462 describes acid-activated calciumnontnorillonites havin
a specific surface area of > 300 nR/g, an acidity of > 0.02 nnnl/g1ﬂb9ﬂbm%
values of < -3 and pore volunmes of > 0.4 cnB/g for pore sizes in the range

30 to 200 A as 1 9 DEC 2005 -3 catalysts in powder or extrudate formfor the
pol ynerization of THE to form inter aPra, PTHF diacetates. US- A-4,228, 462

descri bes a nethod of preparing copolyners of THE and al kyl ene 5 oxi des

over aci d- aghiaWatssd paaeor édthudmetfesn Barvih® goReHefizY I USEBHP o orth, 1Re0. 8

cnB/ g, aver%ge £ sizes in the range 0.1 to 0.3,umand a surface area of
220 to 260 f‘gl.pﬁrﬂ dBePlSous preparation in suspension with the catal yst
being used in powder formis described. 10 According to DE-C2-195 13 493,

cal cined ma i l, L4, 0 hydrasi l.i cates .of the att it rL.sepiolite
Cype are usdiast2atabt b EbaHon 3 ERa P pondindhid L HERo BT D c o

di esters5 Thaidgse ofert hegkaatiantall y shentmusilleadesof hatieg kpooevn vobmtasor ¢f | oni t e,
zeolite or i tal i o i I i ion rates
and nore uniiﬁ?g{ronq! %?@p ??‘l%é%eé%(rjé %k%bghéu%?%oer)%t%%&gﬁl a&?% %gﬁ%e%gﬂ’p

di stri buti oR28fto 2A8 mdE yAreostivinuaipiendratipp- in-suipepsiRe 5@ith sheceattley beingr ocess

for the contifQUs wRI-ERARAL ded8Ed PTHF diesters having an inproved
nmol ecul ar wei ght “distribution. The process is carried out over a solid

inorganic acid catalyst in suspension. Catalysts nmentioned are 20 catal ysts
of the Z0r coicuraimXicBESTL- 19D N3 dbBdalienddypermEiuigublifas Rydgsigaatdot ype,

with cataly Iglepa ticles of < 3 WO A- 94/ 05719 rrenf ons .anor phous al um num

silicates ai aﬁéﬂmi@&d-%t F‘?Pécflg%n W T HSRSd Radiayshr f‘ireoP‘l%P%ré“gas

cat al ysts f golytdteanprtieplareatthanglpdo] Riddtere siterseaff tR&sediacaysdmoiagiend ohichieds havi ng

a narrow mlkgg%haﬁm%&monghSE%&lﬁytdroﬂEﬁﬁ% c:ﬁﬁy%lgelrs' %aalﬁl t%nlc(a{i. t-gHE&'hQr a fixed
of ~car boxy ydar e abo

bed in the presence’ I'C anhydrides. ve nenti oned processes
show t hat t tpelypasirizaen raies o waralysre pageaticpand gheete wiformanelsculii ch are

used do1di splayhRidHiglichd Me/ HlyRek obtainkdl N powder form 30 i.e. in a
suspensi on process. On the other hand, 1n the case of the preferred nethod
of production in a fluidized bed or fixed bed, which offers advantages in

separati on JPromitivesstdmbyiles copREad férotHeheoBinsped Prapardiddecf PiITRIFCat al ysts
descri bed did?e%l[e(i%l having an improved molecular weight distribution. The process is carried

out over a solid inorganic acid catalyst in suspension. Catalysts mentioned are
20 catalys_ts of the zirconium oxide/silicon dioxide type or the bleaching earth type,

with catalyst particles of < 3 mm.

WO-A-94/05719 mentions amorphous aluminum silicates and also acid-activated
and calcined kaolin or zeolites as catalysts for the preparation of PTHF esters of
25  dicarboxylic acids having a narrow molecular weight distribution by

polymerization of THF in a fixed bed in the presence of carboxylic anhydrides.

The abovementioned processes show that the polymerization catalysts based on

sheet silicates which are used do display a high catalyst activity in powder form,
30 i.e. in a suspension process. On the other hand, in the case of the preferred method

of production in a fluidized bed or fixed bed, which offers advantages in separation

from the catalyst compared to the suspension mode, the catalysts described display

a greatly reduced activity when used as shaped bodies. However, the economics of

a heterogeneously catalyzed PTHF process are critically dependent on the
35  productivity of the catalyst.



a greatly reduced activity when used as shaped bodi es. However, the
econom cs of a heterogeneously catalyzed PTHF process are critical ly9 BEC 2005
dependent on the 35 productivity of the catalyst. 1 9 DEC 2005 -4 It is an
obj ect of the present invention to provide a catalyst for the preparation of
pol yt et r ahydr of ur an, poIytetrahydrofuraﬁ‘copolyners di esters or nonoesters
of these polyners which is easy to separate off and at the sane tine

di spl ays a hi gﬁhan bbﬁdﬂ@ﬂﬂhwptr%eme@p@ﬁioﬁl toyprisdige altﬁfa@yst !Por&hé Iptdipdiatiedl oped or
fixed bed. 5 ect ]IQIS ac Che ed by a cat al y§t whi ch

15*Tn the f orYeraCreBte soaneEnssropiR copaliMiRyi eI VBT BARSSI R | enot
0. 05 M8, priaterpdiiyeatwiielnasd cas@ t&sepmﬁatan& ardtitbaband ymprdaddpdanahl hight | east

1 mm8. Furth%c@&ﬁvi% ugeﬁgw}{% Jgg% (5 ted%n%vgapt{ue features a) and

b): 10 a) A pore ra ti°on spI east one maxi mumin
the pore5 0 radius range from 100 to 5000 A O b) A pore volunme of catalyst

pores havi nowtagt iBind HAMYEDIBLE: goag:ﬁ gée@fogja5oa?£e1?§%%ﬂflcﬁﬁ@ﬂ#&e9§r 4B/ 9,

preferably greater t cat yst por es
havi ng r adi |sh@pe¢bqﬂwwmatt@l®d@@1% pfolgme &f at e@fﬁ&r%l@ Teetengiyat lpasef er abl y

greater thany 9 mnTil rﬁﬂﬂérW ﬁfel?ﬁl?aﬁ’l@hé!'ﬁnﬁxﬁ FiHeAhYR! thBRaAFshRiINg a
radius of > 200 A o reaterﬁ)%@n@o 1 cnB preferably greater than 0.15

cnB/g. 20 PrIE‘FSéPE?lEéthPsfe"é?r\?% at al ysts Whl ch have both the features a)
and b). 18 volune of the individual shaped catal yst body or catal yst particle

of at least Q.05 ,m8B advan usl es, it ible for the catalyst to
be easily sebarat@d°5 P %Qﬁﬁ’gﬁ\% \Xlﬂ}gﬁéwg}ays 8913?&5’96&@55}\?% S GRS or
filtration in theadmseamge fmmm@@m@wm process or when used in a fluidized

bed or fixed bed. In a further preferred enbodi nent, 50% of the total pore

vol une is nmade up by
b) A pore volume of catalyst pores having radii of from 200 to 3000 A of

15 greater than 0.05 cm’/g, preferably greater than 0.075 cm®/g and/or a pore
volume of catalyst pores having radii of from 200 to 5000 A of greater than
0.075 cm’/g, preferably greater than 0.1 cm®/g and/or a pore volume of
catalyst pores having a radius of > 200 A of greater than 0.1 cm’/g,
preferably greater than 0.15 cm’/g.
20
Preference is given to catalysts which have both the features a) and b).

A volume of the individual shaped catalyst body or catalyst particle of at least 0.05
mm® advantageously makes it possible for the catalyst to be easily separated off
25  from the polymer, e.g. by decantation and/or filtration in the case of a suspension

process or when used 1n a fluidized bed or fixed bed.

In a further preferred embodiment, 50% of the total pore volume is made up by
pores having a diameter of < 0.1 gm.
30
The production of shaped catalyst bodies from pulverulent raw materials can be
carried out by methods known to those skilled in the art, for example tabletting,
agglomeration or extrusion, as are described, for example, in the Handbook of
Heterogeneous Catalysis, Vol. 1, VCH Verlagsgesellschaft Weinheim, 1997, pp.
35  414-417. Auxiliaries known to those skilled in the art, for example binders,
lubricants and/or solvents, can be added during the shaping step. Preference is



pores having a dianeter of < 0.1,um 30 The production of shaped catal yst
bodi es from pul verulent raw materials can be carried out by nethods known
to those skilled in the art, for exanple tabletting, agglonerationtd@0E( 2005
extrusion, as are described, for exanple, in the Handbook of Heterogeneous
Catalysis, Vol. 1, VCH Verl agsgesel |l schaft Weinheim 1997, pp. 35 414-417.
Auxi | i aries known to those skilled in the art, for exanpl e bi nders,

| ubri cants and/ or sol vents, can be added during the shaping step. Preference
is 1 9 DEC 20&5 tdb sigipign byoaghaperagondyor aggheiver aif kign passemxt olisia® i t he
presence of veger as auxiliary. As raw materials for the novel shaped

cat al yst bodi'es *Havi ng the abovenentioned 5 pore structure, it is possible
to use pulverulent catalysts which initiate the polynerization of THE in the

presence of 57%%991%)4%1-1815%ghaﬁgrdo@@sshgge&8£t£ﬁ9§‘tyt!dd?es }ﬁO*%%é gﬁév&ﬁ{epﬁéﬁ’édi ¢ acid
m xt ures_and/ or cycll Ic e _Iher s. Preference’ls given t cat al yst raw
mat eri al 8 wipPEh stibeipteayit ds spassibieade orsg pwivenudent patsdyses iwhiiely ivitiete theed i n

powder for MpybRind: ' hZeabd . ifhe of the
b7 asent | 10 o B i B O Rl AR oo FUBPIR: 1 e

cat al yst at 2RBYiridgicaIbpxyiGardHRId By ndios iyclig sthers Trelerace dhighed, tof or
exanmpl e, fremapsbakchwetigls waGtY aB51a7 alsht@acexh efitiFERbd@sivite sieh el ipn t he
exanpl es. This . n%,ti al progucti Vi té‘f‘ﬁgf t.he caEFaI éaSt raw mattt(glri al in powder
formis at PEYSFT 9T 1f asfansgidezedpo 1ZaliQ} (€55 ¢ 0T BeBIPYseo Pt LaPE6Yt powder
and houiQof ixveatbn,anitiai pejduptiatememsethe producanity of e cazvystad eveplagislvhavi ng an
initial pro tmiet I alhg*h,. rgic r e at | east
2.5 g/ g*h. %ﬁ’g gﬁgpéeé)&ggrgfoéf’ygf%%%}leeg&g{%m{] %g %rr e%gﬁﬁtph‘%’/ nf\r/(gr{r%t}lg g)%&gl%senot
restricted wpolyosriakywt expevienhandescpbediictd dypmpleapiThig initiahproduetivity

conposi ti ongs (Ne.RLacESSmalerihfh BEEaENorRds MR D3N GRPTHKENPORFDE
carried out using catalysts produced by converting a ~shaped_ baqdy having
little or néefﬁbﬂtVﬁ@PT%Q%lF%#Y%Pd%OWFt 3nd hpug of reagiien Ye; RBEHIEE BV tof he
present 15 nvesy i @btelyls f lvikieant @l nRoBuctXgof Qs 16fst SUgL*aatpattitalslyar e

bl eachi ng eartfhs @C LF\f'/’at éf@ shaped bodi es or m xed oxi de catal ysts

obt ai ned by PT4H@P g":t] P ® Boating of support materials. In this

enbodi ment, the catal ysts of

The shaped catalyst bodies of the present invention are not restricted to catalysts
which are produced by shaping of active compositions. The process of the present
20  invention can likewise be carried out using catalysts produced by converting a
shaped body having little or no polymerization activity into a catalyst according to
the present invention by further treatment. Examples of such catalysts are
bleaching earths activated as shaped bodies or mixed oxide catalysts obtained by
impregnation or coating of support materials. In this embodiment, the catalysts of
25  the present invention likewise have a powder activity of at least 0.5 g of PTHF or
PTHF derivative per g of catalyst powder and hour of reaction time, preferably 1
g/g*h and particularly preferably 2.5 g/g*h. The measurement of this initial activity
can be carried out, for example, on a sample obtained by milling the shaped body
to obtain a powder or by measurement on a chemophysically analogous material in

30 powder form.

As active catalyst composition, use is made of acidic solids known to those skilled
in the art. According to the present invention, the use of sheet silicates is preferred.
Preferred sheet silicates are those of the montmorillonite/saponite group,
35  kaolin/serpentine group or the palygorskite/sepiolite group, particularly preferably
montmorillonites, hectorites, kaolins, attapulgites or sepiolites, as are described, for



.25 the present invention |ikew se have a powder activity of at least 0.5

of PTHF or PTHF derivative per g of catalyst powder and hour of reat8ildh ZUUS
time, preferably 1 g/g*h and particularly preferably 2.5 g/g*h. The
-measurenent of this initial activity can be carried out, for exanple, on a
sanpl e obtained by mlling the shaped bédy to obtain a powder or by

nmeasur enent on a chenophysically anal ogous material in 30 powder form As

active cat aleygiproM ®3bdknfns USEbush aBdRIRralagiedis" saltiods FKkEeNVERad hose
skilled |nsltggg art. %@C[ig%dl ng to the present invention, the use of sheet

silicates i T referred sheet silicates are those of the
nmontnmoril |l onite/ saponl te group, 35 kaolin/serpentine group or the

pal ygor ski t epi ol i.t rou tlcu e\rl r ef rillonites,
hectorites, %{é i S mzﬁ%"ﬁ%ﬁﬁq &8l é?r&togsﬁ‘e Sgl étsél“gqg%gaol ¥ or 1 9
DEC 20055- 6 peefamplyeactxvateﬂllm@kmﬂ“ﬂls abevmimmaiand:ercammowtl }:Q,gnmthomﬁwfhoﬁdl tion,

F. Euke Verl : U e
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398 636. The acid activation can be carried oqut by neans vari ous acids,
preferably PEEEBRETSelsalGiebam BeiHeuR FORsIARIod @QW&BW’M"@IC&@PH%“C T#€: aci ds
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sulfuric acid,. 10 nitric aclélglg‘g (zg Cgrlc aC|hP formc acid, acetic aci d and
citric acid. réf-'fﬁliﬁf]f’%’ﬁlgé‘fe”tﬂrs iesred andoixdaehidsicatid v ¢ acid and/ or
hydrochloric acid. To carry out the acid activation, it is possi bI e, for

cxaml e, L0 SRISHENG g IRyt LR MORISE R LRl o0 Lo 1 eoct

and activate | nown con an i ve ca aI yst raw
mat eri al i nspwagen ppvidm foTo in epohaaddelract sng acclrf@t@etsurdﬁr kiedwen conditéama.
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preferably from 100 to 150°C, for from 1 to 20 hours. Drying can also be carried

20  out under reduced pressure and at lower temperatures.

However, the acid activation can also be carried out in other ways which are known

per se. For example, the acid can be brought inte contact with the sheet silicate by

spraying or kneading with simultaneous shaping, as disclosed, for example, in WO-
25 A-99/39820.

Calcination of the catalysts is preferably carried out at from 150 to 900°C,

particularly preferably from 200 to 700°C, in particular from 300 to 500°C, for

from 0.1 to 12 hours, preferably from 1 to 5 hours. Both pulverulent catalyst raw
30  materials and preferred shaped catalyst bodies can be calcined.

The catalyst porosity specified according to the present invention is achieved by
methods known to those skilled in the art. These are, for example, addition of pore
formers (carboxylic acids, nitrates, ammonium salts, guanidinium salts, urotropin,
35 proteins, carbohydrates or modified carbohydrates such as methylcellulose),
inorganic additives (metal oxides, clay minerals) as mentioned in, for example,

DE-A-196 01 861, choice of an appropriate particle size distribution of the catalyst



per se. For exanple, the acid can be brought into contact with the sheet
silicate by spraying or kneading wth sinultaneous shaping, as disclosed,
for exanple, in WO 25 A-99/39820. Calcination of the catalysts is 19 DEC 2005
preferably carried out at from 150 to 900C, ©particularly preferably from
200 to 700C, in particular from300 to 500C, for fromO0.1 to 12 hours,
preferably from1l to 5 hours. Both pul vérul ent catalyst raw 30 materlals
and preferred shaped catal yst bodies can be cal cined. The catalyst porosity
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ribbed extrudates, spheres, rings or granules

Possible pretreatments of the catalyst are, for example, drying by means of gases
20  such as air or nitrogen which have been heated to 80-200°C, preferably to 100-
150°C.

Telogens suitable for the preparation of PTHF esters are carboxylic anhydrides
and/or carboxylic anhydride/protic acid mixtures. The protic acids are preferably

25  organic and inorganic acids which are soluble in the reaction system. Examples of
organic acids are carboxylic acids and sulfonic acids. Examples of inorganic acids
are sulfuric acid, hydrochloric acid, phosphoric acid.

Preference is given to using organic carboxylic acids or their anhydrides. Among
30 these, preference is given to aliphatic and aromatic polycarboxylic and/or
monocarboxylic acids containing from 2 to 12, preferably from 1 to 8, carbon
atoms. Preferred examples of aliphatic carboxylic acids are acetic acid, lactic acid,
propionic acid, valeric acid, caproic acid, caprylic acid and pelargonic acid.
Examples of aromatic carboxylic acids are phthalic acid and naphthalenecarboxylic
35  acid. Examples of anhydrides of aliphatic polycarboxylic acids are succinic and

maleic anhydride. Particular preference is given to acetic anhydride.



20 such as air or nitrogen which have been heated to 80-200C, preferably to
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pr ef er abjgy @m[}g@emﬁ)@%fmagr five-menbered ring, for exanple 1,2-alkylene
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pol yneri zati on, e. mean nol ecul ar
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copolymers having mean molecular weights of from 250 to 10000 dalton in a
20  targeted manner. The process of the present invention is preferably used to prepare
PTHF, the relevant PTHF derivatives or THF copolymers having mean molecular
weights of from 500 to 5000 dalton, particularly preferably from 650 to 4000
dalton.

25  The polymerization is generally carried out at from 0 to 80°C, preferably from
25°C to the boiling point of THF. The pressure employed is generally not critical
for the result of the polymerization, and the polymerization is therefore generally
carried out at atmospheric pressure or under the autogenous pressure of the
polymerization system. Exceptions are copolymerizations of THF with volatile 1,2-

30  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. Inert gases which can be used are, for
35 example, nitrogen, carbon dioxide or noble gases; preference is given to using

nitrogen.
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pol ymerization js particularly advantageously carried out under ‘a hydrogen
at nosphere. PRk, BYMhAorBdINUs in a particularly | ow col or nunber of
the polymers fornmed. The hydrogen partial pressure can be chosen |n the
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Suitable transition netals are the elements of groups 7 to 10 of the
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operation i sVe§esheF qprepcter @rth%é?mnm%weﬁ indligatesbwntl the desired icepyestion Bht chwi se,
the react antBHF ks bedierea&ledv ant rdaeli®@dhe can be from 0.5 to 40 hours, preferably

from 1 to 30 hours, depending on the amount of catalyst added. The catalysts are
generally added to the polymerization mixture in an amount of from 1 to 90% by

20 weight, preferably from 4 to 70% by weight and particularly preferably from 8 to
60% by weight, based on the weight of the THF used.

In the case of a continuous process, a reaction can be carried out in the suspension
mode or the fixed-bed mode in conventional reactors or reactor assemblies suitable
25  for continuous processes, in the case of the suspension mode in, for example, loop
reactors or stirred reactors and in the case of the fixed-bed mode in tube reactors or

fixed-bed reactors. The fixed-bed mode is preferred.

In the preferred fixed-bed mode, the polymerization reactor can be operated in the
30  upflow mode, i.e. the reaction mixture is conveyed from the bottom upward, or in

the downflow mode, i.c. the reaction mixture is passed through the reactor from the

top downward. The feed comprising THF and telogen and/or comonomer is fed

continuously to the polymerization reactor, with the WHSYV over the catalyst being

from (.01 to 2.0 kg of THF/(1*h), preferably from 0.02 to 1.0 kg of THF/(1*h) and
35  particularly preferably from 0.04 to 0.5 kg of THF/(I*h).



15 and/or, if desired, the conononer and the catal yst are generally reacted
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polymerization product is carried out by separating off the major part of the

20  polymerization catalyst from the polymerization mixture, for example by filtration,
decantation or centrifugation, and passing the polymerization product obtained to
further work-up. In the preferred fixed-bed mode, the polymerization product is
directly worked up further.

25  The work-up of the particularly preferred PTHF acetates or THF copolymer
acetates can be carried out by methods known per se. For example, unreacted THF
and any acetic anhydride, acetic acid and comonomer are firstly separated off by
distillation and the resulting PTHF acetate or THF copolymer acetate is
transesterified with methanol in the presence of a basic catalyst to form PTHF or

30  THF copolymer and methyl acetate.

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 can usually also be

35  separated off by distillation in this way. The distillation residue which remains
consists of PTHF or THF copolymer having 2 mean molecular weight of from 650
to 10000 dalton.
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particularly preferably from1 to 30 nol% If the polynerization has”bee
carried out by a suspension process, work-up of the polynerization product
is carried out by separating off the majler part of the 20 pol ynerization
catal yst fromthe polynerization m xture, for exanple by filtration,

decant at i onA@r 6@ 4 B&t@ﬁl&rise B camm%ss P'TPH? ﬂ;rhé‘esp%y ré@tragé@tdf% BfeQQHCt
obtained to, further work- In the preferred fixed-Db

pol yner i zat IORMLERGE rrs&enetﬁtffde&Heyamek@dwabtr%ﬁm?wﬁ desngibegh g %ﬁ(oup of the

particul arl §3p5ef &id@hyR¥dhipaE itglystavithlidnes @PaldydrRigandc &l ain@S can be
carried out by nmethods known per se. For exanpl e, unreact ed THE and any

acetic anhydride, acetic acid and conmononer are firstly separated off by

di still & i ofhaiehtin is elustiaieddpyFidExaagdssdiedowor THE copol yner acetate is
transesterified wth nethanol in the presence of a basic catalyst to form
PTHF or 30 THE copol yner and nmethyl acetate. If desired, |ow nolecul ar

wei ght PTHFLand/ Amaty¢icabéxadmivftiomnf thepalalpds having a nean nol ecul ar wei ght
of from200 to 700 dalton can subsequently be separated off by
distillation. Low nolecul ar weight cyclic oligoners can usually also be 35
separ at ed offhe pyrasitytand| pare oielume distrbuniap. ofTihe tadysiy wats deemeaedibe whi ch

remai nsyp Coﬁr%fc%try'i iffusfohHi a‘ééor@hﬁe%ﬁpbmﬂb?\’r}{bgdaﬁa %?@exfﬂi’ﬁa@é‘dlin%ewe' ght of
from650 to 10000 dalt on 11 After use |n a batchwl se or
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and/ or by washing the catalyst with aqueous and/or organic solvents. 5 The

invention is illustrated by the exanples below. 1. Analytical exam nation of
the catal ysils ThBeromisation aiittie prikial aaivityefdhe tatalyst inopovedertfhemcat al yst s
were dejermned by 10 rrercury intrusion in accordance with DIN 66133. The

data were evaluated in the [Pore radius range from20 Ato 10 um Reported
maxi ma i n t B pof setrahipdrgburan and 20 g of acetic anhydride are placed in a 250 ml flask

and heated to 50°C. While stirring vigorously, 5 g of finely powdered catalyst
which has been dried at 120°C and has a particle size of < 100 um is added and
vigorous stirring of the reaction mixture is continued at 50°C. 20 ml samples of the
20  reaction mixture are taken after 45 minutes, 2h, 4h and 6h and are in each case
immediately separated from the catalyst powder by filtration. The samples which
have been freed of the catalyst are analyzed to determine their PTHF diacetate
content; e.g. by distillating off the low boilers and weighing the PTHF diacetate.
The initial productivity of the catalyst powder is determined by extrapolation of the

25  plot of PTHF diacetate formation versus time.
III.  Determination of the activity of shaped catalyst bodies

A 120 ml tube reactor provided with a double wall for temperature control and a
30 recirculation loop was charged with 100 ml of dried shaped catalyst bodies which
had previously been dried at 150°C for 24 hours. A mixture of 200 g of
tetrahydrofuran and 20 g of acetic anhydride was subsequently pumped at 560°C
(measured in the circulated thermostated liquid for the double wall) under
protective gas through the catalyst bed at a circulation rate of 1 1/h. Samples were
35 taken from the reaction mixture after 15, 30, 45, 60, 90 and 120 minutes and
analyzed for their polymer content (see under IL.). The initial productivity of the
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to the 0 ctive use |t| 0 the c Fur val ation of
amount s 1 SarEs PORG REky B e d“whS et ki g st i 1
adapt ed to waatérours ai bbiagdry akndader ifers 2.51 GoBsarspbeegaently extruded to give

extrudates having a diameter of 2.5 mm and a mean length of 10 mm, dried and

calcined at 350°C. The pore radius distribution (Hg porosimetry) of this catalyst
displays no discernible maximum in the pore radius range > 20 A, and the porosity

20 in the pore radius range from 200 A to 3000 A is 0.035 cm®/g. The activity of the
shaped bodies of this comparative catalyst serves as reference for the other
catalysts.

Example B:
25

Catalyst 1 according to the present invention

350 g of an acid-activated sheet silicate (bleaching earth K10, from Siidchemie)
having a powder activity of 7.8 g/g*h was intensively kneaded with 260 ml of

30  water in a laboratory kneader for 26 minutes, subsequently extruded to give
extrudates having a diameter of 2.5 mm and a mean length of 10 mm, dried and
calcined at 350°C. The pore radius distribution (Hg porosimetry) of this catalyst is
bimodal with maxima at pore radii of 60 A and 1000 A, and the porosity in the
pore radius range from 200 A to 3000 A is 0.15 cm®/g. The activity of the shaped

35 bodies of this catalyst is about 2.9 times that of the comparative catalyst from
Example A.



Conparative catal yst 350 g of an acid-activated sheet silicate (bleaching
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of this cat &ngst oifle thrini dmethlandvi stibscaaitiyacatinpdrae 3536031 Tbé p@@e fadid 1000 A,

dth f O. 0. 15
e/ g, The SR G TrBTRubl M3 BRAT s SRR e R it 2. o
times that dlic tahge fronpw@tl(}@eéx@adaldg&mctmemmﬁxamﬂwﬁkﬂm OrOEgiROEs5 - 13

Cat al ys 0 | Ve 7 Javat ed
sheot il caS f@%%ﬁféh&n%@aﬁﬁﬁ%ﬂd A0 Gl Tl Ayl B i Bt
activity of bpdigs gfdhis Q@é&é’s"flﬁ rabf)llty‘lﬁrfé@aﬂ éhah@é the CQ@@@’atl‘t/W@MaB’Sﬁ frp@n5| vel y
kneaded wi t IEx3R01dh of water in a | aboratory kneader for 25 mnutes,
subsequent|ly extruded to form extrudates having a dianmeter of 2.5 mmand a
mean length of 10 mm dried and subsequently cal cined at 350C. The pore
radi us di stiWi butdainflogs polyasdridation of THE tv sive PTE B diacktatdi nodal with a
weak rna)fgnum in

Example C:

Comparative catalyst

20 In a laboratory apparatus, a mixture of THF and acetic anhydride (6.9% based on
the total feed) was passed at 45°C under protective gas over the comparative
catalyst from example A which had been predried at 140°C and was installed as a
fixed bed in a 250 ml reactor (internal diameter: 40 mm). The WHSV over the
catalyst was 0.2 kg of feed/(l of cat.*h). The reactor was operated with product

25  recirculation (1 I/h). To work up the PTHF diacetate, the reaction mixture obtained
was freed of unreacted THF and acetic anhydride by distillation. The loss on
distillation was 36%, and the molecular weight M, of the PTHF diacetate was
760 g/mol.

30 Example D:

Catalyst 3 according to the present invention

300 g of an acid-activated sheet silicate (bleaching earth K10, from Siidchemie)
35 baving a powder activity of 5.4 g/g*h were firstly precalcined at 300°C, then
intensively kneaded with 190 ml of water in a laboratory kneader for 25 minutes,

subsequently extruded to form extrudates having a diameter of 2.5 mm and a mean



O Othe range from20 to 100 A and a distinct maxi nrumat 3000 A. The
porosity in the 10 pore radius range from200 to 3000 A is 0.32 cnBhgyr The
activity of the shaped bodies of this catalyst is about 4.9 tines that of
the conparative catalyst from Exanple A 15 IV. Continuous polynerization
of THE to give PTHF di acetate Exanple X&- Conparative catalyst 20 In a

| abor at ory appar atus, a mxture of THE and acetic anhydride (6.9% based on

t he total §~0 arative
cat al yst from exangwﬂ%lﬁmﬁrlgi ﬁég E&gﬁémweg%l?gl h ? #@0% fhe Rt/(\)gg ri%r}lﬁr?al | ed as
a fixed bedhﬂtnbtetlozs(@grmmwctrm}of(nhm@:taimt l@lbamiabmthmwmhmammnwnsv over
the cataly f I r at ed

W th produc?ﬁeziéﬁée%?rg]cﬁ?gﬁogn&?%gjd[ll chﬁltam m&tpﬁ?meﬁgﬁrﬁH&;é @@gﬁé t he
reaction ni ®Oifr@diypangsdepm dR{S tof FWE B"’fo %ﬁ@a/@t ed THE and acetic anhydride
by distiklation. The loss on distillation was 36% and the nol ecul ar wei ght
M of the PTHF d| acetate was 760 g/ nol anple D,  Catal yst 3 accor di ng
to the presdhf IRPRIBREY BRP2LHES: ¢ BEUR A GTE ae@Eﬁ%tC@alhgqifg&f %P basaced

(;ol eﬁchl ng ]gladﬁolfeillfée@)wf afﬁés&ﬂlmm?)%ﬁ)ger ;\d&ﬁve 1103 @zepqwaartalmtwmgﬁ MacDL igg .
g/ g*h were first r,ec ed at en ipten ed wit

of water in P& rfé? fioart nga%ﬂéfwﬁﬁrmsg%uerﬁ ﬁ%taeg ed E?ﬁéé‘é&uéﬂf@ E3¢'PlUded to
formextr udz@h&sudﬂaﬂamgea Adi rame)l ‘Bhie WHRYV SJVﬁmI&miuﬂysmmn 012 Rg DE@eAQD6! - 14

ai str1 b0 onet 1hy Bh B RETS HASROY R ol L EfiaBhn IDR ThORIbRGR "
maxi mum i n HIE ﬁmnqetet rtlmnezalammiﬂOrerlammeé wisstreaucof necastednild@E 36D0 A The
porosity in.the aH@cﬁ"icfeaﬁif u(ﬁstfl?arf‘igﬁ _}l{ﬁgn]c%gooﬁ th’%ﬁﬁgoﬁ §1%7 &{534%%5 In a

| abor at ory appar at xture o acetic anhydride (6.9% ed on
molecular weight M, of the PTHF diacetate was 960 g/mol.



the total feed) was passed at 45C under protective gas over this catalyst
whi ch had been predried at 140C and was installed as a fixed bed inl?ﬂg@gNS
m reactor (internal dianmeter: 40 nmjs The WHSV over the catal yst was O.

kg of feed/(l of 10 cat.*h). The reactor was operated w th product
recirculation (1 1/h). To work up the PTHF diacetate, the reaction m xture
obt ai ned was freed of unreacted THE and acetic anhydride by distillation.
The loss on distillation was 51% and the nolecular weight M, of the PTHF
di acetate _was 960 g/nol. 15 W Claim 1 9 DEC 2005 1 A catalyst for the
preparatigﬁ fhol yt et r ahydr of uran, pol yt et rahydrofuran copol ymers,

di esters or nonoesters of these polyners by pol ynerization of

tetrahydrofuran in the presence of at |east one.tel pgen and/or ¢ noner,
which 15 in Lhe f6rFEPSRaqGE NEREHIGY ol Belyegnyfiofiin, RO RERPLe having
a volunme of the i cagbymdaldiesttrape mbndehias ddieserpopaters b} eolyinefitatibeast 0. 05
mB, preferably at ast .0. 2 in rticular 1 and has both of the
features a) and b) Felri)ya%?f%%f]r@%msﬂ’sce gfia aéieflsﬁB’ElctatFl%enmPWé’"QPOTeéa‘g Ih e

maxi mum i n the porm thafbmsf shapaip@talysoodike Or ¢amlysOfiticles hayinga pelode vhiheime  of

catal yst pores having.radii of .2 t0.3000 f greater than 0.05 cnB/g
and/ or a pore voIuwggg%aﬁgﬂg§&ﬁgggﬁﬁxngaf°§¥%?8%1§6mg000 A of greater than

0. 075 cn8/ g and/ or prafepblyat leadt 0.3emof inpaertiegartamnh gnd fas both of thefe@DBs a)andf
greater than 0.1 cpB/g, and wherein the active catal yst conposition is

sel ected from anong sheet silicates. 2. A catalyst as clainmed in claim1,
wherein 50% of the total pore volune is made up by pores having a dianeter

of < 0.1 urn. 3. C . ag. Iﬂﬁg-' ' : Whi I S4-pyoduced
froma catal yst g\?)e%%%?dﬁmg%g}bmgﬂér \glrl%?tqéf@%?:ngﬁa ué’slpmaegaa%rg‘lhﬁged in any
of claims | to 3, wherpgeafranht00tat®0At precursor in powder formor the
pul verized catalyst has an initial activity of at least 0.5 g of polyner/g

of catalyst and hour of reaction time. 5. A cat altyst as clainmed in any of
claims 1 to 4, whebei nparheolame phatatysttnerey baving radii of 200 to 3000 A of greater than

0.05 cm’/g and/or a pore volume of pores having radii of 200 to 5000 A of
greater than 0.075 ¢m®/g and/or a pore volume of pores having radii of > 200
A of greater than 0.1 cm’/g,

and wherein the active catalyst composition is selected from among sheet silicates.

2. A catalyst as claimed in claim 1, wherein 50% of the total pore volume is made up

by pores having a diameter of <0.1 um.

3. A catalyst as claimed in claim 1 or 2 which is produced from a catalyst

precursor in powder form.

4. A catalyst as claimed in any of claims 1 to 3, wherein the catalyst precursor in
powder form or the pulverized catalyst has an initial activity of at least 0.5 g of

polymetr/g of catalyst and hour of reaction time.

5. A catalyst as claimed in any of claims 1 to 4, wherein the active catalyst
composition is selected from among sheet silicates of the montmorillonite/saponite
group, the kaolin/serpentine group and the palygorskite/sepiolite group,
particularly preferably from



conposition is selected fromanong sheet silicates of the
nontnoril |l onite/saponite group, the kaolin/serpentine group and thq 9 DEC 2005
pal ygorskite/sepiolite group, particykgarly preferably from 16 anon
nontnorillonite, hectorite, kaolin, attapulgite, sepiolite and nlxtures
thereof. 19 D E C 2005 6. A process for producing a catalyst as clained in
any of clains 1 to 5, wherein the shaped catal yst bodies are produced from
pul verul ent raw materials by nmethods known per se, preferably tabletting,
aggl oneration or extrusion, with auxiliaries, preferably binders,

| ubricants and/ or sol vents, being added during shaping, in particular
shapi ng by aggl oneration or extrusion in the presence of water as

pol vt et r Ay of uf an GUEOTHEPEIOR s BB Ksnr IS el R SUNHBH yrrer s
whi ch conprises pol tefesfi zi ng tetrahydrofuran in the presence of at |east
one tel ogen and/ or conononer and using a catalyst as clained in any of
claime | to 5. 8 A process as clainmed in claim7 which is carried out
continuously 6r batghwiessdpr prpdueing aaighlyst eoclsimad ol yf clas & tgpf.ef erably in the
T parti oul ar it RERCE o SR Sl apEA ol biludrifn RS TDOE
wherein tetrahydr ob}LmnethOdss}mpm ycnéc,ipi@"dablntabbheg,piggbmeorocﬁr egawsyox yith ¢ ®
Gor vt i ves and conp bar Bty Bk Runbs By Bt SEREIUAHUHEET 20 1o
10, 000 dal ton, pr efhepiagliy phrtiowtarstapiog B edplageeration or pxtrusmnm itP@u:Ir%spana odém 650 to
4000 dal t on.

water as auxiliary.

7. 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

using a catalyst as claimed in any of claims 1 to 5.

8. A process as claimed in claim 7 which is carried out continuously or batchwise,
preferably continuously, more preferably in the suspension or fixed-bed mode,

even more preferably in the fixed-bed mode, in particular in the upflow load.

9. A process as claimed in claim 7 or 8, wherein tetrahydrofuran is polymerized in
the presence of carboxylic anhydrides, preferably acetic anhydride, to give
polytetrahydrofuran or derivatives and copolymers thereof having molecular
weights of from 250 to 10,000 dalton, preferably from 50 to 5000 dalton, in
particular from 650 to 4000 dalton.



