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

Industrially, PTHF is advantageously prepared by polymerization of
25  tetrahydrofuran over suitable catalysts. Additional reagents whose addition makes
it possible to control the chain length of the polymer chains and thus to set the
mean molecular weight to the desired value are used in this process. Such chain
termination reagents are also known as “telogens”. The chain length is controlled
via selection of type and amount of telogen. Choice of suitable telogens
30 additionally makes it possible to introduce functional groups at one end or at both
ends of the polymer chain. For example, use of carboxylic acids or carboxylic
anhydrides as telogens makes it possible to prepare the monoesters or diesters of
PTHF. Other telogens act not only as chain termination reagents but are also
incorporated into the growing polymer chain of PTHF and have the function of
35 both a telogen and a comonomer. Examples of such comonomers are telogens
having two hydroxy groups, for example dialcohols. Examples of such dialcohols



be chemcally nodified. An exanple is the use of the tel ogen
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triple bonds to form doubl e bonds, by ~“Subsequent grafting of other
nononers to adjust the properties of the polynmer, 10 crosslinking to form
pol yner s haxxﬂengethylemrpgtﬁbl vergpyleng dghcolcthmtydersr glyael;  ledrbutanedigl,

nmeasur es of r tr I r bonds
presgnt S Fﬂﬁbé}nel " (136321 Ihgx%g? mnz(gr‘glnFM% %ﬁﬂé?ﬁ% ’Eﬁh\el?%? diftueh

parti cul ar | yothonpmers deads torketrahydre Mugpqlmmwln theway th arPéFHlbﬁarm SOTHF i s
predomi nant jy cﬁ@rmeaﬁg 68 AQxahBReis BE UE P e ol Zhubydbn1ahidl of ur an

s, for exanple merized in the presence of rosu{gfonlc .acjd to
form PTHE esthese a%ﬂ@h leads ta the prrseRae of ﬁ)P(H?Rﬂr?‘i%&f;‘{gcgtPP % a

f UL t ger dt Wo §lfyi=lﬂ:€ cR4iAS OF $he plaHFaPYm:?wcntmas ?e@ghﬂﬂﬂiedzmctgm Wity emrebé )
anhydri de i atal ysts, to rm ichis
20 subsequeﬁ!‘h&? t“g%‘ﬁﬁ%‘gtcg? a\?\ntﬁ rﬁi{‘ﬁtgn%lle tf)oﬁ r\%c Ifha%p érg\,{c])m t he
fact that abomds; st@aghy m}dmaaﬂlms off othb etripé boadss ctmtfona deubde dqolnds,| by

di sad t f

eyl ne o iRaldf bpnihg of ther %*09?@9“3?%3&&?%?2%%‘23@‘“& of e i 2

met hyl ace e are preparing PTHF in

whi ch tb@rangoas gtkingto iferm pv@llmsﬁzawgugmglmmﬂvgy mﬂtdeﬁtrwuqeow CEcul ar
wei ght PTHFcagomh: e&ufeéeéf yder Gﬁéxﬁkﬁt@oﬁﬁﬁt@hﬁﬁogéiﬂﬁﬂn ofhige aigflel yst or

the catal yst systém can h nbgeneous, e ian in the
reaction sy8prdf Dggsept i§ é%&%%el presibly prd g‘?@?’éﬁ&g%ﬁ%& P"f‘}(—)[g b@Y‘ﬁ}

undi ssol ved pasicalayl§low¥slog MEmbef) DE- A-44 33 606 descri bes a process for
prepari ng PTHF PTHF di esters of C2-C20-nonocarboxylic acids or PTHF
monoesters of Cl1-C o-nonocarboxylic acids by polynerization of

t et r ahytl§ of Industriallgy the prepartiore o€ FIIE it piedeminantly fverrigsr ewlehic BverStagee of

the tel 0genspales in dnniianatieln ETHF fl@%cﬁyrﬂ%feﬁ%@ﬁe BRsuebant of

from 200 to nocar boxyl 1 c_acid or

anhydri de oﬂuarmlf@zgawdrt@é@mblﬁblﬁeéteaScWBwBW%SW@&UGP@Y Byd rPE’ég‘gt‘{%‘VBgens
Wherte |-3t o] @Ffﬁﬂiﬁia%%{ dﬁo%dag? «faaicaésy%uahs:d@f@uﬁp@pb@dlee@écawmt acetiepri si ng
a catal ytica ctjve anount of.an, 0OX cont ai

mol ybdenum @B%&‘fd‘“o? eaPIEsScEr B?Idt“r?égég& &%rf'ﬁ nﬁtﬂg él Vgliugﬂsupport
mat er i a0 anduﬂssequéml@rrtranaémrrfmd\aﬁhfrreﬂmSl(]ﬁ(@NeoPTHEOOC af t er application of
precursor co ngst en
conpounds to ﬂ%ﬁ’p@% rf%gqh@éér/ggﬁp S&gg%u rcggygasDé EAT;P&%@Q%% mﬁﬂ%ﬁgﬁlﬁ%&les a
process for disadpantagegup dacjereisr @h&@b’dﬁ@#‘lﬁﬁ such as hydrofluoric acid or methy

acetate are formed.

25  Single-stage processes for preparing PTHF in which tetrahydrofuran is
polymerized using diols, water or low molecular weight PTHF as telogen over acid
catalysts are also known. The catalyst or the catalyst system can be homogeneous,
i.e. present in solution in the reaction system, or it is possible to use heterogeneous,
largely undissolved catalyst systems.

30
DE-A-44 33 606 describes a process for preparing PTHF, PTHF diesters of
C,-Cyo-monocarboxylic acids or PTHF monoesters of C;-C1g-monocarboxylic
acids by polymerization of tetrahydrofuran over a heterogeneous catalyst in the
presence of one of the telogens water, 1,4-butanediol, PTHF having a molecular

35  weight of from 200 to 700 dalton, a C;-Cjp-monocarboxylic acid or a carboxylic
anhydride of a C,-Cyp-monocarboxylic acid or a mixture of these telogens, where



copolynmers of tetrahydrofuran in 2-butyne-1,4-diol, diesters of these
polymers wth C2- C20- nonocar boxylic acids or nonoesters of these polyners
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the presence of one of the tel ogens water, 1, 4-butanediol,
~2-butyne-1,4-diol, polytetrahydrofuran _having a nol ecuhar ogso/gig37ak from
200 to 700 dalton, a Cl-ClO-nnnocarbox?Pic acid or a carboxylic anhydride
of a C2-C20-nonocarboxylic acid or a m xture of these tel ogens over a

het er ogeneoyge ¢RafsPRY §up‘f)@f=t@d ¥ahlystT@angrikdmos caglyarhly ylsm'vecmnmntsﬁsana
catalytically active apount of n-cont al ni ng Xﬁ apador
tungst en corf¥¥eFicHHainne, {ngsten %TUBFWWJ‘?‘EP"“&‘M ﬂ%s een cal crned at
from 500C t Qoﬂrﬁﬁﬁﬁ‘deﬁéﬁ & oRjdlid suppbitonatendl gnddwsbsen caloimpd ahomp$0G°Reto
oxygen- cont S rt

o oRbe, IR RSN Blechag" S FATRAIUE dhggflCorkiiRRil

mat eri al 20 redu0| ng agent
before bél ngndsbdbrmm pul/grtengsten ¢Qmpmﬂatw@9 support malgHaMPAEEOTof t he
present invention to provide a catalyst which has a higher activity than

the known catal ysts so as to, achieve higher, pol yner, yiel di or
space-time yPBIAId96 4546k KUsFlOsEBUA Rrﬂ%f%stlf?‘g BispPate |§°&i"lﬁ %’8% g3

catal yst ml&bow Iot&str@ydeaminym Cbutpheal;#idil, divstens offthese pammersone
oxygen-cont ai bdenum and/ or tungst di,gmsupport
material an s bg’D ‘hx’é’g H]%’H'hﬁt apids .0 gg?sgqupg%nﬂ?%eﬁ @xﬂ%&%cg\tﬁth on of
precursdQ cadpCpndsnahrtioxelic acids by pob'hnquzatimagf fetrahysdsawsamin ? BrasprRCes uppor t

mat eri al or ﬁ% su)%Qor% math%rl %logér?scurﬁétér V"*iQtrﬁdthedEé’le cg.tb %}@tl Aapla
porosity conpri sing trans ort res havi ng ter and a
Dol ine of ¢ htsctatguspfarm: povist mmaleculasBeiesd Thaps 200 t 701 aliop 5

embodi ment, &g, GabAbkox flcth%cﬁf esgnt lanveélirb@@hbas @hmﬁx&d)debﬂm a35
and/ or tungsten content ﬁ‘?ed on the fini

t aI
(tungsten arferGro-men P8 ond, EFémfboﬁ SS‘% o é’ ve';I'fii T %&L
setting 18 tdugpedicatalyst The Zuptedschidyit zcampﬁsasruecatalyg@dtyracam/amounm@ bdenum

content to the BET surface are e e f r Nty se in
the catal ystaO&y&sP ?}ébd%g%h %‘?’ll & ttgtllli Ek?legghggﬁc}n& Iarsl g’?ﬁﬁgved by

mat chi ng t hesuppbrt |mai¢natranddnaslbc¢m¢vécmcﬂ athiom, s€éﬁ IQH%F‘ftﬂrﬁﬂp}‘B‘&%m
content of ! fiep@aidby dmpdlidd d tRE Gh5perkeo deiiuif ﬁt@lo@'ﬂdﬁ%;t&lf t he

pr esent mvent?on as a surface, rea of 2 0 gg g aé)refera y 40- 150
n2/ g and par¢dmpgauads Jo theFEnPes) atesigl pragugspy gn fﬁt“l*’rt O¥it to

whi ch thgy cateahdihg Gadnt bepé bdifig asaaitpobimérvationcytalyenum and/ or tungsten
conpound i s applied has a BET surface area of 135-220 n2/g.

It is an object of the present invention to provide a catalyst which has a higher
activity than the known catalysts so as to achieve higher polymer yields and/or
space-time yields.
25
We have found that this object is achieved by a catalyst which comprises a
catalytically active amount of at least one oxygen-containing molybdenum and/or
tungsten compound on an oxidic support material and has been calcined at from
400°C to 900°C after application of precursor compounds of the catalytically
30 active compounds to the support material or a support material precursor, wherein
the catalyst has a porosity comprising transport pores having a diameter of >25nm

and a volume of these transport pores of at least 50 mm®/g.

In a further embodiment, the catalyst of the present invention has a molybdenum
35 and/or tungsten content, based on the finished catalyst, of x umol of (tungsten
and/or molybdenum)/mz, where 10.1 < x < 20.9. This targeted setting of the ratio



It has been found that catal ysts whose oxidic support material has a BET
surface area in the abovenentioned range are particularly acidic and
“active. Laboratory 15 tests have reveal ed that both the acidity and the
activity of the catal ysts decreases when the BET surface area is bel ow the
_abovenentioned range. Astonishingly, the acidity and tbg.a050/81537/1f the
catal ysts al so decrease agai n when the “BET surface area of the oxidic
support material used is above the range clained here. 20 In a preferred
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whose aci di t'i;/w@?g% a godt%tiogt%{%t%ggt 70 nol /g, preferably at |east 90
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air, or mxt30-¢30 af/gt hese compounds. Exanples of such conpounds are all
types of tungstic and nolybdic acids, e.g. W3, W3H20, WB2H20

met atungstic and paratungstic acids and the 35 isopolyacids and also the
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The catalyst of the present invention can have an acidity at pK, of <-3 of at least

25 10 pmol/g. When such an oxidic support material whose BET surface area is in the
abovementioned ranges is used, catalysts whose acidity at pK, <-3 is at least
70 umol/g, preferably at least 90 umol/g, in the dry state are obtained. Here, the
pK, is determined by the Hammett titration method.

30 Suitable catalytically active compounds are molybdenum or tungsten compounds
which, without addition of a support, are mainly present as MoOs; or WO; after
prolonged heating at 600°C in moist air, or mixtures of these compounds.
Examples of such compounds are all types of tungstic and molybdic acids, e.g.
WO0;, WO3;H,0, WO32H,0, metatungstic and paratungstic acids and the

35 isopolyacids and also the corresponding analogous molybdenum compounds. In
this context, mention may also be made of heteropolyacids such as H3;PW 2040,
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25  sulfate.

For the purposes of the present invention, the figures given for the proportion of
catalytically active compounds in the catalyst is based on the trioxides of tungsten
and/or molybdenum. The catalysts generally contain from 0.1 to 70% by weight,

30 preferably from 5 to 40% by weight and particularly preferably from 10 to 35% by
weight, of the catalytically active compounds, in each case calculated as MoO;
and/or WO; and based on the total weight of the finished, calcined and dry
catalyst.



compound. Since it is assuned that the sulfur in the catalysts of the
present invention is present as sulfate and the phosphorus is present as

" phosphate, the 30 proportion of these conpounds in the catalyst is
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_finished, calcined and dry catalyst. In this way, the @@ 005%555374R
contain up to 15% by wei ght, preferanyGUp to 10% by wei ght and
particularly preferably up to 8% by wei ght, of sulfate and/or phosphate. 35
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mol ybdenum dAeieoX 1g5ers 0gtieerridisntipRRt Reteral aud &? 30 Shp S5 ?ex}ég?ng? art, in
whi ch the f chblgbilditins tadffr atuaigstemrcompdundst each pr ecilpi this iceleulafionhd ©xi di c

t materjal,,- t i di t t t
2"BET surt adksiped ineh BOUCR QLRI ARy gl cdiBnle SlofyQURRR haF ifgsitn 0, PE
active dOnpmeonthoshd which lsastbieen nsqdraseupys e S@W&h@l%@l%%‘ﬁ’% rt

material and - calcination of the resulting catalyst at from 400C to 900C

to give the finished catal %iéa 20 It has been found that .cat al%crsts havi ng
the specifi dat @ition, it cpossibls I 4f pere ﬁaﬂn@ﬁﬁr% By G, peide 08l agithe

present i nveifricomcilennimesiny mtreR] phinaionilira X ifdintate,s Lympaohiumat exdlate, e. g.
preferably Ti02*aq, is pot used.directly as,oxidic pp - At gf.1 for

t he catal yst%’afllﬁﬁl‘ggmprs@{%%r SOreniR, ip§°tF}r¥sts}1§}’ stoj gee(l:at%teﬁd %‘&Y‘ﬁ‘gf n%F&ﬁJl’

treat mens. Fsotgdthylene oxidpj palymdthylendioxide, pprbohydratee siell ahghiceseh syiosgpeci fi ¢
surface 25 area, | 39131 ngﬁ f L8R SPefdrédce isWitacs area
causes a dl’OaﬁP%I %01?%%@%3_@2 i ylE’an ﬁ%:a%?sv?ltﬁpysg{&?ﬁe_ PIS nj shéd caltalyst. If the
surface ar eataghri¢ aadmtirigiasidsansinuelic agigs espreiplly exalistacih a t ar get ed manner to
BET val ues of 135-220 nR/g, preferably 170-220 n2/g and particularly

preferably 190-220 n2/g, by thermgl treatnent, e.g., by.calginatj t from
about 300C thﬁ‘bfGE%rdGS%@, pqopoqtlgnﬁggrtb Wbpﬁﬁﬂﬁé‘?@%@(@ﬁaﬁ%{’% e&_ﬂ?@h have
a particy ari&e Hoftherais} fori thy panRsbses ofichedptegerntinpitaion3 goknan YodasweighQ
p.mol /g, preferably, at.l.east 90 I i nAll b
advant age is as?ﬁé’? the Jﬂ?%aﬁéﬁlﬂg%é%g é:rHtlﬂél Ea e\a/tslﬁri\lté%g?h eﬁf neﬁ%%‘l; Ysurf ace
area. Supporteight of the compounds present in the catalyst therefore exceeds 100%.
According to the present invention, the catalysts contain up to 200% by weight,
preferably up to 100% by weight and particularly preferably up to 60% by weight,
25  of pore formers.

In addition, the catalyst may further comprise a sulfur and/or phosphorus
compound. Since it is assumed that the sulfur in the catalysts of the present
invention is present as sulfate and the phosphorus is present as phosphate, the
30  proportion of these compounds in the catalyst is calculated as sulfate or phosphate,
based on the total weight of the finished, calcined and dry catalyst. In this way, the
catalysts can contain up to 15% by weight, preferably up to 10% by weight and
particularly preferably up to 8% by weight, of sulfate and/or phosphate.

35  Sources of the corresponding phosphorus and/or sulfur compounds are, for
example, sulfuric acid, soluble sulfates such as ammonium sulfate or ammonium



materials used are zirconi um di oxi de or titaniumdi oxide, preferably
titanium dioxide. Since the process of the present invention is preferably
“enpl oyed for 35 preparing the abovenentioned catal yst of the present

i nvention, what has been said above applies to the properties of the

catal yst prepared in this way, e.g. in respect -8 O Z MR500H183370a of the
proportion of catalytically active conpotnds, any pore forners added, added
sul fate and/ or phosphate. In a preferred embodi ment of the preparative
process of h?&o@émaﬁhte omt&enéormspondmg SulfBesposhydxloeulﬁmsprphmheneeacal,yst S
whi ch have a ti cuI nec t C

stability c:i?il% %‘&%P 'g@‘ STV 0%1%83%110 %ﬁa@% of tMe %éﬁﬁeﬁ@}o “the
freshly prephpsmateedrfhe(}:@haspmdmgtpmspmteget ed settl ng of a desired BET
surface area under a water-containing or steamcontaining at m)sphere In
this case the water-containing or steamco ta| ni ng (Lwiggfre shoul d
conpri seS mos further additivepa Bindgbucheas SHF@fSS]réE Y5> l?ﬁﬂ‘eacf 9 f’ume and
parti cul arllgepfégﬁrlﬁtgwcdmygs t han 30% by vol une, of water or steam The
process can also be carried out at a pressure other than atnospheric
pressure. Wien carrying out the process of the present invention,
preference rl‘shegiresent inhventibh asopprevidgs alpeoocss:mtprepaangycamiysvgommqéwnd(s) in

a nolar rati o [ t of
5.0-75,  pr SRepLisHY Blbe ABbGP aL L8 i @%&%%92% ﬁ%t el ot
is pref &0 abttqngswnrqomouud asarepmdgesumpttﬁnat@rh@ inawhic lowing,steRs 47§

cal ci ned at c%@ﬁ: @@C and then being subjected to fi naI calcination at up
to 900C, pre erably up to 700C, .to give the fjinished catalyst. In 20 the
case of cal cinat |P(15‘?lefat“ﬁ“é’ f gheet @é“PRRiT’é‘éEeé‘al 'n the tenperature, it is
possible, for exmmiamreﬁtﬁxeﬁabf theasrtidic auipporairiatstial ko sétlayBET smrfacevaieni t i al

t enperat ure, ﬁsgcz‘? tzhen to increase the tenperature to, for exanple,
500C and subsequ&ﬁ gmy out a final calcination with a further

i ncreasesi n-t he tappbmtmhmfethezatémmqﬂwemfvb Gomypound(sh oal itsEheir FeQIsser o

process for pr epacr &% ttoetflé %ME&Q’andt et rahydr of uran copol yners,
di esters or nDnoes of” t hese ymer s polﬁnerlza

t et r ahydr of ur an |Qﬂ1°!ﬂﬂélopr<tfs@ﬁdés‘6‘imga€at?b’§%Ft fam #QY ggé%bg&g; & eiveotSnoner

usi ng the abovengyiiiRARdagat.al yst in one of its inventive embodinments,
with the catal yst having been obtai ned, for exanple, by the 30 preparative
process likewise clainmed in one of its inventive enbodi nents. Particul ar

ment i ﬁn dZUH]y D Gagrbden (fémtdﬁ&lap rceqabysa;t hmmg)fthqosﬂaqcﬁfmd BEjIdswfage saveaman be
tet d
el anydrof u ot OROLTELS N L ROLYC SLLAINALI A0 SRRA b Ryica"

also, in drofuran tron Trom
t et r ahydr of isupporhmant&ial,l¢.g- prefera Bll026=|1q, H @)%Slsquﬂ@@fé i oygpcngupport

short-chai n FhEfa) 1ot @ezcatQ@ﬁQ/ 188 7pfré1§?ared, but is firstly subjected to thermal
treatment. Freshly precipitated oxidic support material has a high specific surface

25  area. It has been found that such a high specific surface area causes a drop in the
acidity and activity of the finished catalyst. If the surface area of the oxidic support
material is set in a targeted manner to BET values of 135-220 m?/g, preferably
170-220 m%/g and particularly preferably 190-220 m?/g, by thermal treatment, e.g.

by calcination at from about 300°C to about 550°C, it is possible to prepare

30 catalysts which have a particularly high activity and an acidity at pK,<-3 of at least
70 umol/g, preferably at least 90 umol/g, in the dry state. A further advantage is

that a uniform support material attains a defined BET surface area. Support
materials used are zirconium dioxide or titanium dioxide, preferably titanium
dioxide. Since the process of the present invention is preferably employed for

35  preparing the abovementioned catalyst of the present invention, what has been said
above applies to the properties of the catalyst prepared in this way, e.g. in respect




Pol yt et r ahydr of ur andi car boxyl ate is prepared from THE and carboxylic
anhydri de, preferably acetic anhydride. The invention is illustrated by
"the exanples below. 5 1. Measurenment and determ nation nethods used I.1.
Measurenent of the BET surface area 10 The BET surface areas were

_determ ned by adsorption of N2 in accordance with DI N®&&18d50/419%7/]Ja

Measur enent of the tungsten content 15-800 ng of the honpgeni zed sanple are
m xed with about 25 g of borax/lithium fluoride as flux and fused in a

plati num cr it Sopbriibh @O CatalliiBallysftive BB PO, W#)Mée‘dmlmts ¥ddedyadded
fluorescence., Eval yation s carried out by neans of external calibration
usi ng mat ri XUEEARLAT PRYSBPERce standards. 20 1.3. Measurenent of the |oss
on ignition of the Ti Q2 support The | oss on ignition was cal cul ated as

follows fromthe initial i t ' WelcIR QT at
900C i n ai r%&i’bﬁe{}r&& ﬁ%‘@?%‘%@ég%@%&e %ﬁﬁ%ﬁ?ﬁgﬁéﬁ?&‘ﬁ%éiﬁ

P00/ Nn2051. hosdiblestomeepane cathlystsew. Ve apartiufarlyTeeo weehanicsl s@blly.cent er s
havi ng a pK ida] 8Gh it ¥an bdashi 'aﬁ%@n ' ' i dfh
pyrazi ne asaﬂggs‘éﬂéfﬁﬁ’é‘%égﬁhﬁé} %S%r? Bene gﬁhg{ﬁ nt étjg‘ftriggtﬁcﬁ%?pﬁédﬁﬂle cet one
(CAS 622- 21-thg frgshly pagcipitated TifPedaq iforcthe t?ﬁgpﬁegcfeﬁlélsaﬂ ystesired wﬂg“‘%%r ni ght
About 5. i e ST WBcR e ing, o S VoI A‘Er‘-‘tﬁ’“@rﬁ‘gf ot oper Lol a2oi ved
Abou of absol.ute toluene and. 0 L.ci pna ehoRenL i g0l Ve
in1m of a%@%rr?ﬂ“éa‘%gﬁéﬁ&?‘“a?%‘?‘ilﬂl@ﬁ ﬂglﬁazﬁ’d’eﬁnﬂ%’#‘{]@%" r?sf)én. ﬂ%he mxture is
subsequént | byt vdlume gutefordblye metre thani2%nby volunte arid partiewlaslh praferablyi mere

sol ution of ' ' S I € T ) | l,onwed to
220"0 2" oL IR, SRR Waftr P s4BRE T ooy EuT i) HeaB R S o0 Y o
of pyrazi ne.pr@sareaniberghamatmespheiiic pressuieat i on can be recogni zed by a col or

change fromblue to red, which becomes nore distinct if another 1 ng of
di ci nnanmal acet one i s, added, shortly ?efore t he, en of the.titration.

d. poi
In general tWhes caryiagout the insecess of dhe preéanto&velgéorf PEFERTEY 1S 1gbvren5to
egagpl e,15i 3 dpplyBen gl cam%idﬁlly\%ﬁw tompoutd$)rin @smblar Eﬂi(ﬁbﬁ/saimprt\materééﬁ,
1978, Academ c Pres [LSBN 0-12- 007827+ 9, reherences cite
therein. 1.0 CR}@B@\SF@’E@?{{"%’P‘”PR&“@8{?’5?179?’}%?@%32)2&907? qrhe measur enment of the
cutting har dSubsequeatly,dhe caleinatorn ofithe catalystis profetsblyeartied oy stepwise, Withess of
0.3 mmis pr L bty SRR sA1PBel OF $60-80DXC 8AG e beis® sijedladty fisflosen,
visual l'y cratggﬁggg{ g%tlym%s E%S{ingx a nmean | ength of -.35j tinmes t@re
di amet er untdalcinationras apde PPGL, dreletabht W 1 005Ce Ip iye thentipyshad camglests By ce
20 the case of calcination with a stepwise increase in the temperature, it is possible,
for example, to carry out calcination firstly at a low initial temperature, e.g. 200°C,
then to increase the temperature to, for example, 500°C and subsequently to carry

out a final calcination with a further increase in the temperature.

25  The present invention also provides a process for preparing polytetrahydrofuran,
tetrahydrofuran copolymers, diesters or monoesters of these polymers by
polymerization of tetrahydrofuran in the presence of at least one telogen and/or
comonomer using the abovementioned catalyst in one of its inventive
embodiments, with the catalyst having been obtained, for example, by the

30 preparative process likewise claimed in one of its inventive embodiments.

Particular mention may be made of the preparation of polytetrahydrofuran and
tetrahydrofuran copolymers and of polytetrahydrofurandicarboxylate, and also, in
the preparation of polytetrahydrofuran, the preparation from tetrahydrofuran and
35 1,4-butanediol or H)O as telogen or using short-chain PTHF.



required for this is the cutting hardness in N 15 1.6. Measurenent of the
porosity The porosity of the catalyst was determ ned by the Hg intrusion
"method in accordance with DIN 66133. 20 1.7. Setting of the BET surface
area of the Ti 02 support Precipitated Ti 02*ag having a BET surface area of
275 n2/g is calcined in air in a continuously operate@yodesoystsargaat from
350 to 500C and a residence time of 25-8bout 1 hour. Thi's gives a uniform
mat eri al having a defined BET surface area in the range from 135 to 220

2/ g. |1. SipalkéththyaRRaHdidsbdRylkkelis prdpasedi fdi O asd eanboxylitr amhiydede,

Possi bl e ti taqj U%’OXi des aﬁddhydr oxi des which are suitable as support
material s fSFCCBPHACEHGEMYIEES o ysts of the present invention and were
used as desired are ones 35 which are commercially avail abl e under the nane

S 150, S 14 240 l heldye Nane P 25 from Degussa, as

VKR 611, Horo%?%gwﬁﬂgfl%Olﬁ)ﬁl%ga&e%.a??&gg%é’%l%?/Ja Honbi fine N from

Sacht | eb&én, XT 25376 from Norton, DT 51 from Thann et Ml house and

Bayoxi de T f: hbhsdrenfihf Al ¢Reckuiiniiion hictHo@awen. 11.2. Zirconium oxides and
Ir

hydr oxi des coni um oxi des and hydroxi des which may be nentioned as
suitable for preparing the catalysts of the present invention are S97/718

from MVEL, D3:18Medsafst&AIT theBETGG aderaren Nort on and HC 15 from SEPR. 10
11. 3. Tungsten and nol ybdenum conpounds 15 As tungsten or nol ybdenum

conpounds, use is made OF W3, MO03, H2WD4 and ammoni um net at ungstate and
par at unget atFhefBBstifae Seas wiere détermiech by dsorption of Y. iprasgendanes with

catal yst 111 l.apregnati on of the support with the catalytically active
conpound 20 To preépare the catalyst, the support is inpregnated with the
appropriate nolybdenum and/or tungsten conpound in water. If desired, a

sol ubl e por q 5 MéMBiareméit JfHé Giigdtbrodoarentby way of exanple, can al so be
added to this inpregnation solution. In addition, a binder in the form of

a powder or in the formof a suspension may be added if desired. 25
15 200 mg of the homogenized sample are mixed with about 25 g of borax/lithium

fluoride as flux and fused in a platinum crucible at 1000°C. The fused mass is
analyzed by X-ray fluorescence. Evaluation is carried out by means of external

calibration using matrix-batched reference standards.
20 L3. Measurement of the loss on ignition of the TiO; support

The loss on ignition was calculated as follows from the initial weight (m;o) and the
weight after ignition at 900°C in air for five hours (mggo):

25  Loss on ignition [TiO3] = 1 — mgge/myg
1.4. Measurement of the Hammett acidity

The number of acid centers having a pK, of < -3 ("acidity") was determined by
30 titration with pyrazine as base in absolute toluene as solvent using

dicinnamalacetone (CAS 622-21-9) as indicator.

The finely milled catalyst is dried overnight at 200°C under reduced pressure

(<1 mbar) and in the absence of light. About 50 ml of absolute toluene and 1 mg of

dicinnamalacetone (dissolved in 1 ml of absolute toluene) are then added under
35  argon. The mixture is subsequently titrated while stirring with a 0.1% strength by

weight solution of pyrazine in absolute toluene, with the mixture being allowed to



[11.1b. Mxing the support with the catalytically active conpound As an
alternative to this inpregnation nethod, the support can also be mxed with
"t he nol ybdenum and/ or tungsten conpound and water. This can be carried out,
for 30 exanple, in a pan nmll or a kneader. In addition, a pore fornmer
.which is soluble or insoluble in water,and a bi nder i Q.Zh@050851H3GfJaa
powder or a suspension may be added. ‘I']n(fs nmethod is preferred over

i npregnation as described under | a. -12 IIl.2. Sprayi ng the ni x obtai ned
Q. Z. 0050/ 5kQiilibdae for altﬂﬁaetrirhoilraaﬁ:ersd:aeb adfiitioh of ayrasimec &he prdipeint of thedesi r ed

S sprayin he m VAN e he
Isprasedylrra?é'fhi ﬁfma?)énfbrg ﬁ?a@gﬁ{d‘ lg’btagg ?or"‘%g%g pre (131%2 I{/élaf ?%Jl&i E,éda)'?%%SOOC
in an oxi di morg distinet if anetheetimg offliciansmmalperiene istadder shoyt hn%’a"c eefde be

ei ther statigflrteddidn. B &%fa@&éiﬂﬂ%e@ih’iﬁﬁﬂb@’s@arﬂeﬁ dup apRAKdpIro use
air or the F’ke: as inert atrm %Q%V 0SSi, rgiea?ﬁ @u% 1%8

as reducPng eamk;prrérHa Benesj §“‘§ H}qéusﬁ’o ¥nCg; gy y%%ﬁ% 57N nert
gas, CO or HeadlmiclPress, 1SN 0012-00782799, akd eimcicfigerides cited theiel. As t he next
step in the preparation, the catalyst is pan mlled or kneaded, with in
each case a pore former which is soluble or insoluble in water and a bi nder
bei ng 15 add#. Medsueerthentof thel dettingfhatdaessed. 111. 4. Shapi ng t he catal yst
The catal yst is subsequently shaped by, for exanple, extrusion or tableting

to give 20 shaped bodies such as cylinders, spheres, rings, spirals, rods
or grandDes Themessurement of the suttinghardnesowas egricdonas foloWhat i on at from

about 80 to d@ BRAGe nRViRk arimiekiest 690‘3]{9191 ik Presséd m&crmdgr fofoe oo elchiofg,
u

inert or cl ng at nbs here se S c or
fl ow ng can 23okpn b’a?*}qs% \GﬁHal y| crrrcr@eﬁfﬁsr‘faé% TR Pdﬂeagorﬁéth (%tai F

cal ci nat i on tinfesStho defhiaet Litilahe Ire@dctmmt exatudhtedrmas4@6n tcot §OOGh. @effercabl y
from 550 to 85QC gnd,parti cul ly from600 to 800C, again under
an oxidizi ﬁﬁqu‘fer‘i‘gfnfthgsr Ffé%f}hffi Mq@.{ﬁ;'nig;sssglllilg?e which may in each case be
either d4tatic or flowi ng and using a gas as described by way of exanple

under 2. Cal ify©0 800C produces a catal yst which gives a
particul arl 'C‘Ih%%‘isgp%'ga'fttwr%gmpgg l‘rtyer d. - 13 O Z. 0050/51537/Ja Exhaust ed

catal ysts Whl ch have been regenerated by customary nethods, e.g. by
treat ment withy pelodRpist thet eatlysy waal detdiatined bat ther Hm B&0&Goh om6MOC ihor f r om

0.1 accordance with DIN 66133.

20
L.7. Setting of the BET surface area of the TiO; support

Precipitated TiO,*aq having a BET surface area of 275 m?/g is calcined in air in a
continuously operated rotary tube at from 350 to 500°C and a residence time of
25  about 1 hour. This gives a uniform material having a defined BET surface area in

the range from 135 to 220 m?/g.

IL. Starting compounds

30
IL1. Titanium oxides and hydroxides

Possible titanium oxides and hydroxides which are suitable as support materials for
preparing the catalysts of the present invention and were used as desired are ones
35  which are commercially available under the name S 150, S 140 and S 240 from
Kemira, under the name P 25 from Degussa, as VKR 611, Hombikat UV100 and



to 10 hours in air, CO2 or a reducing atnosphere such as H2 or CO, can al so
be wused. Furthernore, it is possible to reuse catalyst powders, shaped
"bodies and/or 5 granulated catal yst by addition to the above-descri bed
preparation steps. If desired, this final calcination can be followed by
_targeted reduction, as has been described in DE-A-196 @%4605b/51537/he
preparation of the catalyst is essentia“ly carried out by nethods anal ogous
to those described in DE-A-44 33 606 or DE-A-196 49 803, which are hereby

expressly iﬂ?&ﬁtﬂﬂfﬁél\?@oﬁy sra@itﬁdlbeﬂ,cm mmgfmﬁr Bjpatonf DANS bffrddT HFhaBhnete t he
activities ach o e cataly cor to the nt invention were
tested in t%@“JSP%%M#@HX’&FLPP?QE{}EEEﬁ%yoﬁ?%ggﬁégfklﬁ'oﬂp%@%gs will not be

di scussed at this point but the basic process variants used will be

present ed. 2‘8?'9%5%?‘#?“12% I.ﬁs L:}_%kgdl-&i&[si nci pl e possible to use any THE as

nmononer for ver, preference is given to using
comerci &l THE whi ch has been 25 prepurified by acid treatnment as

descri bed, fZ}f]co xdes InFHiydrdides! Whi@! iy i flehlibidd @8- sufidblealdre
e sin

telogens int e-stage process are safurat upsat t

unbr anched d¥ensFiagc %&aﬁ‘iﬁ%a? Fhsgar-e@new@fmom%f?e%%&?f . TBB m’e@%&?ar of ur an
30 havi ng a froph BASRIXAVE6E52 fréth Norom aadHC 05 Tden SEPRon, cyclic ethers or

m xtures thereof. Preference is given to water, ethylene glycol,

1, 3-propanedi ol , 1,4-butane- diol, 1,5-pentanediol, 1,6-hexanediol,
pol yt et nahy digf Tuagstanund maybddmon campoundght of from 200 to 700 dal ton,
1, 6- hexanedi ol, 1,8-octanediol, 1,10-decanediol, 2-butyne-1,4-diol and

neopentyl glycol or m xtures thereof, with partjcular 35 e ce .bei ng
given to watdy tungstan prmehddeaim £omperndso Mss rpadefr Wiy Mﬁﬁ?a[kw apd
mol ecul ar  wejnghbnith hé@iindQotetand parhrstistaifrom4.COSGrcl050/ 51537/ Ja Tel ogens

used for preparing PTHF and THF Copol yners by the two-stage process are
car boxylic anhydrides and/or carboxylic anhydride/protic acid m xtures.
Preferense is given to carboxylic anhydrides which are derived from

al i phatic or romatic | ycar boxyl i,c a I nonocar boxylic acids and
cont ai n frorﬁlg(?%‘e{ ,metaﬁgfoé“rpé‘ﬁp?}'l#hl}ﬁ?qg{g&& carbon atonms. Particul ar
preference is given to acetic anhydride. The protic acids are preferably

organi ¢ and HE%%&EQ.&&‘% oi"‘tﬂecslﬂipgf)ﬂ with thOtRalyfichil atBACIonPFoUENS L €M

Preferred carboxX s are alfphatic or arormatic polycarboxylic and/or
nonocar boxylic acids which contain from2 to 12, 10 preferably from1l to 8,

car bon aigonsTo Eypaketheoicatlysphatid Guppomboisy linprogaatdd eith thec etppropsiated,
lactic acid, bfoRLOM S5t Sing¥idh oot iR watdPiUcSirdE 2 donbitPpott fmits! d and
as indicated above by way of example, can also be added to this impregnation
solution. In addition, a binder in the form of a powder or in the form of a
suspension may be added if desired.
25

IIL.1b. Mixing the support with the catalytically active compound

As an alternative to this impregnation method, the support can also be mixed with
the molybdenum and/or tungsten compound and water. This can be carried out, for

30  example, in a pan mill or a kneader. In addition, a pore former which is soluble or
insoluble in water and a binder in the form of a powder or a suspension may be
added. This method is preferred over impregnation as described under 1a.



pel argoni c acid. Exanples of aromatic carboxylic acids are phthalic acid
_and napht hal enecar boxylic acid. Anong these carboxylic acids, preference
is given to wusing acetic acid. 15 Suitable conononmers are cyclic ethers
whi ch can be polynerized in a ring-opening polynerization, preferably
three-, four- and five-nmenbered rings ﬁ ch as the THF Od&r(0sa45152%Ja

2-met hyl t et rahydrof uran or 3-nethyltetrahydrofuran, cyclic ethers such as
1, 3-di oxol ane, trioxane, oxetane, substituted oxetanes such as 20

3, 3- di net hylld2eSpruying thit-mixkgbtainedoxi des, for exanpl e et hyl ene oxide or
propyl ene oxide, with particular preference being given to

2-net hyl tetrahydrofuran or 3 -nethyltetrahydrofuran, The tel ogen is

advant ageoudhyiniemmediatec stép i which tqaa Brolcgurisdi Quit if glesied ds sprayingofhei i 25 THF;
preference jsa@kd GlihiOway, d?)ing ahd prichRMin®thelsppayed nilderiad af Fronmdbut @sed on
tetrahydrof uran. Cormgﬂo%rs are %kev\%(ﬁ)gcadvant %%e(f)usl y.rifﬁr‘l{rodtéﬁecqni nto the
pol yrer i3z at 100 ROQC, apretarahly ofiomy 1990 ¢ SRoffb BT EEE: ST QAP ™ to 30
nol % pr ef estatdsphe?d wiitRombase dacin chet belejitienftatianor flowingerAs oxidizing| so
possi bl e to introduce. THE . the_ tel a : ately
it o 30"t heBRFDREE HCinTOaT DR AR uGr T SEtRdikef Ao ror G R BTBOTRERE % = X
of the pol yseeiN,zain on, COke asregducing cdmosphorgi his ppssible toTMEE rgamg

copol yrer C@&nnfoqmdgﬁ‘ﬂﬁlréﬁga.g(tdio?ﬁ he anount of tel ogen used. The nore

t el ogen prese I'n € reéaction r%ixture, the | ower the mean nol ecul ar

wei ght ¥ the PTHF or the THF copol yners concerned. Depending on the

tel ogen conjignt peh niillfng’s) KiGHdid@ilicaRatdrigiure, it is 35 possible to prepare
PTHF and THF copol ynmers havi ng nean nol ecul ar wei ghts of -15 O Z.

0050/ 51537/ Ja from 650 to 5000 dalton, preferably from 650 to 3000 dalton
and parti cuhamhe/nefirsedpeinahé prépacationD0@ datal 309 paiaktibed ofkeeaded,widh iz at i on

is generall arrie . 0, : r: f 0, 75C and
particul arl gf"cgrc@?ee? §81Oe;f OFr% %%%8;'121% SE}@ER hlgp(grﬁfélgslﬁ%éfeern%ﬁq %E@dflgb%ggner ally
not crili cahgaimabla¢o besdded ibdesitgd. pol yneri zati on, which is why the

pol ymeri zation is generally carried out at atnospheric pressure or under
the autogenous pressure of the polynerization system 10 To avoid

formati on olllgk ﬁgﬂpmr‘hk%@&s‘t he pol ymeri zation is advantageously brought
about under an inert gas atnosphere. Inert gases which can be used are, for

exanpl e, nitrogen, carbon diqxi t bl : i i
Co i ng s SR suateiis, hepRd oy 5n SRl BB iRl TR, i3 O Ve
pr esenca) of stmpdd badies suchtagaybindars, spheres wings, spiralsy mds Or granples0 bar. The

process of the present invention is preferably operated continuously.

However ,
II1.5. Precalcination

If desired, a precalcination at from about 80 to 600°C, preferably from 100 to
25  500°C, under an oxidizing, inert or reducing atmosphere which may in each case

be either static or flowing can now be carried out.
IT1.6. Final calcination

30  The final calcination is subsequently carried out at from 400 to 900°C, preferably
from 550 to 850°C and particularly preferably from 600 to 800°C, again under an
oxidizing, inert or reducing atmosphere which may in each case be either static or
flowing and using a gas as described by way of example under 2. Calcination at
from 600 to 800°C produces a catalyst which gives a particularly high space-time

35 yield.



the pol ynerization step and/or one or nore or all of the work-up steps of
the 20 process of the present invention can al so be operated batchw se, but
‘inthis case it 1is preferred for at |east the polynerization to be carried
out continuously. The reaction is preferably carried out in conventional
_reactors or reactor assenblies suitable for continuoug progsesis37/Ja a
suspension or fixed-bed node, in the cak¥y of 25 a suspensi on node, for
exanple, in loop reactors or stirred reactors or in the case of a

fixed-bed mpa@ahgted é&iﬂ?rétg aftieH hawd bédnxrgehesicd dcdustomary meethodsed:-gbbsl node

is preferred. In th i xed- bed node, .t he pol.ymexi | O [ C be
operated i ntﬁeﬁ@%wg\ﬁoll‘?@tsr’rﬁtﬁ@‘f‘ qr_cg!cqa'tllgnragg)é{q %é]ﬁ é?t@rogei@; %8Ir?v(2'$ed from
t he bottom ypwomhdursdin dif) COLorlawedicing atnusphére such he Hhaad@Ooeamalge bee i s
passed through, the reactor .from. : henstefodie dRiger 1 al

M xt ure (feé'gej‘d‘ol{‘] (gﬁdlttlcsalpggaéltr’llgg?\d}'gsrg (’q’co i %)qrrgre;%’ g %%g continuously to
t he pol yfrer igranulased casalystdry asiditiontte theHsheveslesqribsehprergmtios steps: kg of THE/ (1
h), preferably from0.1 to 0.6 kg of THE/ (1 h) and 35 particularly

preferably fromO0.15 to 0.5 kg of TH h). -16 O 050/ 51537/ Ja

Furt her nor e If f“?ﬁéreéo‘lh%ﬁfﬁ? £alcImgHon £ap S&gllfﬁ%f}dbtéy @fﬁf‘?é’t @8“‘?"}?“1’ AR ﬁfﬁpe- pass
node, i.e. dekdrivedtin DECALIGIS 416481, cul ation, or in the recycle node, i.e. the
pol ymeri zation mxture leaving the reactor is circulated. In the recycle
node, the ratio of recycle to fresh feed is :5 100:1, preferably < 40:1
and par t10cul Bl preparatiosr afbthy catabt s esentially. cagiest outunumethads poalogeusiteat i on:
Variant A1l l.ys r ey | l.eghd A bgd; e it hout
recircul ati nosgngésc%g%cg léupgé\%u%n%?éé%rére Ea}t& g)(ﬁ)%¢ﬁk’a®§%c?e§% glfrerN for 24
hours. The resprsssly inggrporated b mefersdr@d t o 60C and started up at a throughput
of 45 g/h of a mxture conprising 4000 ppmof 1,4-butanediol in THE
(tetrahydrofuran). The output was collected daily and freed of THE and

but anedi ol by heating under reduced pressure (0.3 nbar, 120C). The nunber
aver age 180! gayipgéparatightof ®THIe PTHF obtained in this way was then
measured. 15 The but anedi ol content of the feed was subsequently varied
until the nean nolecul ar weight of the PTHF Mh was 2000 200 on three
successi ve diipe th¥hetivifiedofameh of theoratalpsss awordine to thedirescRbEWeReReay s,

I'V. 3. Continyg inTt.'ng gyaﬁr%h'oﬁiﬂﬁﬂ thi¥daRdtive pROcesd Wil nof b disalsyed atver e

installed in a ftixe reactor wt hout ecl rculation and were

subsequent | ythisrmioént bat the(hesiciprocgssyarents used kpll Ppprosantidyrs. The reactor was
t hen coolged to 60C and started up at a throughput of 50 g/h of a mxture
conpri sing 4&9? 8 nngrgf 1, 4-butanediol in THE The out put was collected daily

It is in principle possible to use any THF as monomer for preparing PTHF.
However, preference is given to using commercial THF which has been
25  prepurified by acid treatment as described, for example, in EP-A 003 112 or by

distillation.

Suitable telogens in the single-stage process are saturated or unsaturated,
unbranched or branched alpha,omega-C,-Cj,-diols, water, polytetrahydrofuran

30  having a molecular weight of from 200 to 700 dalton, cyclic ethers or mixtures
thereof, Preference is given to water, ethylene glycol, 1,3-propanediol, 1,4-butane-
diol, 1,5-pentanediol, 1,6-hexanediol, polytetrahydrofuran having a molecular
weight of from 200 to 700 dalton, 1,6-hexanediol, 1,8-octanediol, 1,10-decanediol,
2-butyne-1,4-diol and neopentyl glycol or mixtures thereof, with particular

35  preference being given to water, 1,4-butanediol and/or polytetrahydrofuran having
a molecular weight of from 200 to 700 dalton.



25 and freed of THE and but anedi ol by heating under reduced pressure (0.3
nmbar, 120C). The nunber average nol ecul ar wei ght of the PTHF obtained in
“this way was then neasured. The butanedi ol content of the feed was
subsequently varied wuntil the mean nol ecul ar wei ght of the PTHF was 2000
200 on three successive days. The THE conver5| on was @VErGien1692Jat hese
three days. 30 IV.4. Batchw se THE poly1 ri zati on The bat chwi se

pol ymeri zati on experinments were carried out under an argon atnosphere in
40 m GC sanple bottles. 5 g of catal yst extrudates which had been 35 dried

Sdsor bed wad@PERE BEd olhrtbite ﬁ*‘ﬁFr"’S‘ha@%S@a‘?{‘f“% g?ﬁ‘hw?ss‘é@ PSR
but anedi ol - aentcaibokylic -anhydyides 6@@’91 ReEKylie @dlaéld SHXBES 1 at i on:
2000 ppm) UPP&Ereﬁé {80% HrBo aﬁkésn@mchﬂir@ déﬁ%a 6 Mgﬂﬁﬂb oRas

subsequent |y coo e cat st wa ter, d of.f and wasB ree
times wilh wngat’@d&%)’ctaﬂmé‘)’@f; an r nT?R-?cf“i of‘y ig a¢l MPQ copieHt o or at ed
at 70C/ 20 npasferablyafro@t arty @ve@bdsxatawmmemﬂmlwpﬁhfersndevlﬁgwmasmenent of

t he nol ecul ar h of the PTHE The ecul ar | ed . by
measur ement 28}y %g PEHp h‘lfnggrpr%ffera oPURAEL 4 %P%ﬁahfc QC% c? e

pur poses of sélhblepnemardacmon/mtanmi’refehed legucboa e a(.ms an@rﬂblehatncson aren@tmunt of
pot assi um h &SaficV t t 2BGHH  of ic acid
bound in thég{i’g O}M]&j goéaﬁb subglt:lgﬁc‘g%&lhhggﬂt dr oxyl an@cgt S

det er m h&d pycf@gb rﬁ(fmclatq Sncasbon; plemsy Bxamples of @HBBatﬁr‘é%Wyh\ﬁn"\C S#H€ excess

of acetic ag GHa 28 i ; i
CH3CO[O(CHz ién g}]eoo%é a&d’ g‘%ﬂhéhmd%é“& (ap#dic acid, caprylic acid an

ter the r jon,..the e S ac
anhydr i de i 8cliaonE 95idd %‘? ATORAUG, ‘Eﬂ’ﬁ%"y eoaqidl o F@Wﬁlﬁgac?‘ggﬁgl on
equation 20ng RBrboxyiiaeid. Among ChISk cartmbxiylic keitlst prafeezhcads gbenite aci d
usi ng sodi um. XI de, Catalysts - Exanples 25 1. Exanples of the setting
of a transpHFlfl g?fc&e of > 25 nmand a pore volune of at |east 50 m®B/g
in the 1%5ni shed cat al ysts Conparative Exanple 1 30 130 kg of Ti02*aq (= 100

9 22 bl Rl gy

a
resul ting paelyanerizatien o @?@Wa?hﬂeesh@b‘é'c?lldoﬁ‘f"omﬁm@ﬁ‘ie JH%S@E m‘?nld%
derivatives 2-methyltetrahydrofuran or 3-methyltetrahydrofuran, cyclic ethers such

as 13-dioxolane, trioxane, oxetane, substituted oxetanes such as

20  3,3-dimethyloxetane, 1,2-alkylene oxides, for example ethylene oxide or propylene
oxide, with particular preference being given to 2-methyltetrahydrofuran or
3-methyltetrahydrofuran.

The telogen is advantageously introduced into the polymerization as a solution in
25  THF; preference is given to a telogen content of from 0.04 to 17 mol%, based on
tetrahydrofuran. Comonomers are likewise advantageously introduced into the
polymerization as a solution in THF; the comonomer content can be up to
30 mol%, preferably 20 mol%, based on tetrahydrofuran. However, it is also
possible to introduce THF and the telogen and/or the comonomer separately into
30 the polymerization reactor. Since the telogen effects termination of the
polymerization, the mean molecular weight of the PTHF or THF copolymer can be
controlled via the amount of telogen used. The more telogen present in the reaction
mixture, the lower the mean molecular weight of the PTHF or the THF copolymers
concerned. Depending on the telogen content of the polymerization mixture, it is
35  possible to prepare PTHF and THF copolymers having mean molecular weights of



dianeter of 4 nm These were dried at 170C and subsequently cal ci ned at
~690C 35 for 2 hours. - 18 Exanple 1 O Z. 0050/51537/Ja 119 kg of Ti 02*aq
(= 95.6 kg of Ti02) and 25.6 kg of tungstic acid (= 23.9 kg of W3) were
compounded in a pan mll with 1.46 kg of H3PO4 (85% and 48 kg of 5 H20
~and the resulting paste was extruded ang. shaped to for@&x0030d51585/Jaavi ng a
di aneter of 4 nm These were dried at 170C and subsequently cal ci ned at
690C for 2 hours. Exanple 2 10 150.2 g of TiO2*aq (= 115.7 g of Ti02) and
40.46 g of trongBS0CtoasO@d dattody pifernbhyf fromd H50vier 300(hdadwadand partigulaglyof

stearic acid ?t?f.a%hg%of rltoag%(gg{)@gﬂogi 2.2 g of HBPO4 (85% and 92 g of H20

in a Iaboratps e resulting paste was shaped to form
extrudates having a dianeter of 4 nm These were dried at 400Cin a 15

stream of N i S%th 100 SPCOpRErhBlydtom ST 3
hour s. Exam?}%q?lé‘g%hg?gg%%@%e?ﬁi%gﬁfﬁo of&%j> 2%; andg%:%g gf t ungstic
acid (= 40 god5°Opmy mstieularhp preterabyatrom; 7 <3 ke pressyre Enplpyed 5 5 g
of talrtgrl Ctg@ﬁélgldy ?&éGcmidai C}aq%aeowsmsidﬂ dR polyniciization, Swhizh snevhgOthg of H20
in a laborato neader., an e resultin st e 0

ext r udat es ﬁ“&gﬂ? dﬁegeé"?mﬁ)ly ﬁarﬁﬁ‘? Hie egg%ofﬁheﬂgﬁggeé%gn I&/‘ﬂ%éri ed at
350C i n air autwgedousquesueeaf thapalymedzation7ys€mi.n air for 3 hours. 25
Exanple 4 128.7 g of Ti02*aq (= 99 g of Ti2), 35.4 g of tungstic acid (=
33 g of WBB), 65.9 g of oxalic acid, 6.9 g of methylcellulose and 70 g of
H20 wer d0kndzd edoidnfaamation atfoethen pgroxidesddie pahyaneriation ds| advARagRouslY was

shaped to f (Urgﬁq?ff 556{.8 An8S PAUER GaPatnfdsphERt Sher@ basts Whichl &S wied ere, for
subsequent |y cal ci ned at 650C | n r for thhours. Eﬁa |l e 4a 35 100 g of
Ti 02*aq (= Syaypls nifrqgsy, casllf?fsdlgxgllﬁ Oéﬁﬁ%ﬁ? fessal s ‘3&%&‘8 g(‘éengg WE of
W3), 91.9 giwbeepxal ic acid, 4 g of polyvinyl alcohol, 4 g of polyethylene
oxide -19 O Z %050/51537/Ja and 80 g of H20O were kneaded in a | aboratory

kneader, and the resulting paste was shaped to form extrudates having a
di anet eri50f Thenpolymkezaioneran e barcigd et iy the presencepizhydsegrn atphygdrogenor 1. 5

hours. 5 ExgiRlsfires of from 0.1 to 10 bar.

The process of the present invention is preferably operated continuously. However,
the polymerization step and/or one or more or all of the work-up steps of the
20  process of the present invention can also be operated batchwise, but in this case it

is preferred for at least the polymerization to be carried out continuously.

The reaction is preferably carried out in conventional reactors or reactor assemblies
suitable for continuous processes in a suspension or fixed-bed mode, in the case of
25  a suspension mode, for example, in loop reactors or stirred reactors or in the case
of a fixed-bed mode in tube reactors or fixed-bed reactors. The fixed-bed mode is

preferred.

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

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

top downward. The starting material mixture (feed) of THF and telogen and/or

comonomer is fed continuously to the polymerization reactor and the WHSV is

from 0.05 to 0.8 kg of THF/(l h), preferably from 0.1 to 0.6 kg of THF/(1h) and
35  particularly preferably from 0.15 to 0.5 kg of THF/(1 h).



143.2 g of Ti02* aq (= 110 g of Ti2), 29.6 g of tungstic acid (= 27.5 g O
W3), 68.7 g of stearic acid, 6.9 g of tartaric acid, 60.8 g of

guani di ni um carbonate, 1.6 g of H3PO4 (85% and 80 g of H20 were kneaded
in a |l aboratory kneader, and the 10 resulting paste was shaped to form
_extrudates having a dianeter of 4 m These were driegatogétP§i93n/@ stream
of N2 for 4 hours and subsequently caltlhed at 650Cin air for 3 hours.
Exanple 6 15 217.5 g of Ti02*aq (= 167.6 g of TiQ2), 44.9 g of tungstic

acig (Z 41. &u?thgm%g,&%he &olﬁﬂexgzaﬁoﬁfremf' W8 Gperdted én thbﬂsh igle-pas made,ar i c
acid, 2.5 g.of H3P an 41.5 25% st r engt. H3 . wer e
kneaded in &¢ %F@’Pﬁtt “@ﬁ&ﬁ@#?t‘%d’rgﬂghe Feézgﬁlisetrpﬂ ’6'53&1 g %(gg&g{%&g’& to

f or m ext r udahixsurb feaviig the ebaatve iscironiatéd. dmtheTeerde made whe mtivaifateysts tat 650C
inair for hour s... le 7 1 f  TiQ2% = £ 146i102), 29.6 g of
tungstic aci SBECWS?&%%?)"%@%%Qégxb%éngcﬂlaéﬁap%%%f%}}ﬁm%ar bonate, 35 g
of formé acid, 6.9 g of tartaric acid, 1.6 g of H3PO4 (85% and 15 g of
H20 wer e knqadedrdidti bﬁE@ &q@qﬂ% VagiddtiAhe resulting paste was
shaped to for r'n'g):((%ru adt“gs at?igﬁbg‘na lameter of 4 nm These were cal cined
at 650C in air for 3 hours. 30 Exanple 8 150 g of Ti02*aq (= 115.7 g of
Ti2) and 401-56% 6f ehtalyingeid msadled if a BXedBed) raaktor Wiiloutere@rduintiadehdwi t h 94

f gelatin, 9 4 P actar] id, 2.2 g of 5 f
P00 i nean | antergetheparsnely el d 20056 i psufefl v RER hoblEhe Bk vasd O
ext rudatl@s Hhheti rgoled dioa 6@ randf stdrtednup Thate 8 ethwergbpstu o6 dpgiht ofy a miNteiened at
700Cin air f . I ]

Thoo-aq (= ERawsNipRHIR nasf Ot EARadpaity b TrEHoMmdrtitans heluipdd s |
W3) were kroHdeed dailhagufreedsf TAF and butapediel by heating ugder rgdugedpresste; ¢
acid, 2.2 g @fs 820265 hefenBACvaragt niéi uld weibiudthé PTHFlobedfel in and

the resulting paste was shaped to form extrudates having a dianeter of 4
mm These wehis WayupsheRAeAsired| cined at 700C in air for 3 hours. 10
Exanpl e 130 152 ButnédiollicORtean of thd 1feed Waw fsubse@@Intlynslari@dl 46tily thé meangsti c

acid (= 37.63 f W r e ! C. sk | af fin,
9.4 g( of tarrflglgf@aragf&%% E}.‘@egpﬁg?%%&b ?@%%@éogn(gl %e %cgﬁsg}ﬁ%ga ?Sn'plg{e
| abor at ory KHdBdenversion wakeveraged oventhegathree da&yswas shaped to form

extrudates having a dianeter of 4 nm These were subsequently dried at

400C in a streamof N2 for 4 hours and calcined at 700C in
IV.3. Continuous THF polymerization: Variant

20
200 g of catalyst were installed in a fixed-bed reactor without recirculation and
were subsequently dried at 200°C in a stream of N; for 24 hours. The reactor was
then cooled to 60°C and started up at a throughput of 50 g/lh of a mixture
comprising 4000 ppm of 1,4-butanediol in THF. The output was collected daily

25 and freed of THF and butanediol by heating under reduced pressure (0.3 mbar,
120°C). The number average molecular weight of the PTHF obtained in this way
was then measured. The butanediol content of the feed was subsequently varied
until the mean molecular weight of the PTHF was 2000 + 200 on three successive
days. The THF conversion was averaged over these three days.

30
IV.4. Batchwise THF polymerization

The batchwise polymerization experiments were carried out under an argon
atmosphere in 40 ml GC sample bottles. 5 g of catalyst extrudates which had been
35 dried at 400°C in a stream of O./N; (“synthetic air”) for 18 hours to remove
adsorbed water before use were heated at 60°C in 20.75 g of butanediol-containing



air for 3 hours. Exanple 11. 20 160 g of Ti02*aq (= 128 g of TiQ2) and 34.4
g of tungstic acid (= 32 g of W3) were kneaded with 77.8 g of carbon
"black (Printex 75, from Degussa), 9.8 g of tartaric acid, 2.3 g of H3PO4
(85%, 20.4 g of alkali-free Lutensol and 120 g of H20 in a |aboratory
_kneader, and the resulting paste was shaped to form ext®.2dedoxESPB7Havi ng a
dianeter of 4 mm These were subsequentty dried at 400C in a streamof N2
for 4 hours and calcined at 600C in air for 8 hours. Exanple 12 30 200 g of
Ti 02*aq (= I6{F gbuihneliclPonaentirations 2600 ppriis RS040 fory 6 heug3while shakingsp3)

wer & St T ool bl BAQ o dRBhAdhnY B5vledd K e DMy R \RRANIRIAS oflarOC

under reduce Rressure_. ) was su sequentI}/ heated to 500C in a
stream of Novashetl dhaeeitiness witht ) & eaehhigreapfi&IE. nTh fillyalgs wergogprabingghe

product was evhbdigled af7hIe90 hibafbn 276tk dvapbratirlahd weigrded with 120.8 g of
H20 in a Iabegr%t orya35 kneader, and the rggulti ng paste was shaped to form

extrudat s havi ng a diameter of 4 mm These were subsequently cal cined at

700C in air Vo5, Medvurément dfithemslptielait #eight of SPTHIS37/ Ja 375 g of Ti 02*aq
(= 300 g of Ti2) and 103.4 g of H3PW2O40*aq (= 82.9 g of 5 W3) were
stirred with 1040 g of H20 in a gl ass beaker and evaporated at 60C under
reduced preskermoletier meight iisdetermningd hyoyeasntdament oftthe hydrogplommberpf st r eam

of N2 and ¢ ' fufdinS r [ i 2; tHaen ct was
T led in a i Biohdny Fof ET Bbts! & M 32%%?‘cg§@‘?ﬂ§%in i 7o
of 0.8 AP kwerhseds et amauy. o pptassiump bydipxide Bywew Elﬁﬁ&%g]ﬁ{“ i he
l’rﬁsul ting p%%&n%@ﬁa%?cﬁbmxll .HQléfth{ﬁﬁg Oitidiﬂ@ﬁ. Eg o?a\shml . edTHﬂE’rhydTb?}df 121 TSn
ese were subseque . calcined, n ai r our.
8.38 kg of TugPends ?‘Et%'."ﬂ’fgk*& S i & ) R dj‘hf. %@r%’b‘ﬁo&m%{?ﬁ% *’?‘: 1. 61
kg of WW3) eneéss of hestici antlydviiddn 138 kg of H20 and sprayed in a spray dryer
at 120C to give a powder having a nean particle size of 2.7 pm and this
powder was subsequently cal cined at 500C for 2 hours. 200 of this
spray- diifed FoAISH,)larQ@H H(§FEED: Qi CHE Q[ Cpelmd-68C¢ Y $560and 120 g of
H20 in a | aboratory kneader, 20 and the resulting paste was shaped to form
extrudates having a diianeter of 4 nm  These, were subseguently cal,ci ned at
700C in air Aker the peactian, the sxeass a‘i@lc?im’-?".h@‘ie B YHFOIT’F%‘ZWQE Waier@_e@qfdw& of
Ti @2) and 2.{a@h&plielvikiRRdEdtdvatdod = 2. 01 kg of W3) were slurried with
138 kg of H20 and sprayed in a spray dryer at 120C to

20 (CHsCQ),0 + H,0 — 2 CH;COOH
and back-titrated as acetic acid using sodium hydroxide.

Catalysts — Examples
25
1. Examples of the setting of a transport pore size of > 25 nm and a pore

volume of at least 50 mm®/g in the finished catalysts

Comparative Example 1
30
130 kg of TiOs*aq (= 100 kg of TiO;) and 26.7 kg of tungstic acid (=25 kg of
WO5) were compounded in a pan mill with 1.52 kg of H3PO4 (85%) and 46.7 kg of
H,0, and the resulting paste was extruded and shaped to form extrudates having a
diameter of 4 mm. These were dried at 170°C and subsequently calcined at 690°C
35 for 2 hours.



gi ve a powder having a nean particle size of 2.6 m and this powder was
subsequently cal cined at 500C for 2 hours. 200 g of this spray-dried powder
"were kneaded with 10 g of nmethylcellulose and 120 g of H2O in a | aboratory
kneader, 30 and the resulting paste was shaped to form extrudates having a
~dianeter of 4 mm These were subsequen{éy cal ci ned at &206b30158937/Ja0r 3
hours. Exanple 16 35 7.86 kg of TiO02*ay'{= 6.04 kg of Ti®2) and 2.50 kg of
H3PWL2040*aq (= 2.01 kg of W3) were slurried with 138 kg of H20 and
sprayed in Esaipl¥ 1dryer at 120C to -22 O Z. 0050/51537/Ja give a powder
having a nean particle size of 2.6 pm and this powder was subsequently
cal cined at 500C for 2 hours. 200 g of this spray-dried powder were
kneaded wi t H16 kg off Tifatae(=h93.6ke afxTife) amdti23.6&kegpfoinggio dcid & PRB&eaafor y

kneaded _ _
i anet el of HOAereCddPEk Gal U ABPFS U LIPS %%f;ﬁ"%v‘?ﬂ‘?o? 2

hours. COnpdliQs@nd dhe reselting pasty syas ermyd@@p%%haaw %?@a"r?‘ﬁf”éa AUNERanml es

1to 16 Whefamerof MninheTIRGE WeRE iA&d A01709€ ahdfsubseqabencdl¢inddid 6902C | n
this conparison THE was pol yneri zed batchw se, as descri bed above under

IV.4. 10 Thé%?(b@‘l‘rrsfrents show that the use of catal ysts having a high
proportion of transport pores of >25 nmin the process of the present

i nvention irhga” sgses | eads to an increase in activity. Wen using the
process of t1HE&"ELent invention, the capacity of existing plants for the
pr epar attbon of PTHF can therefore be increased 15 significantly w thout

plant modif i Gty feyl UL 1BL7ANLETHEY) ah@ 4088, of RhEaRPRIM (297 3 5m6H | er
and t her ef orlgﬁbjeé)gfjﬂ?z gélda,qco'r%sfpog%_’?ngjdy re?uf%ed (g;agi.t ai( cQ %d\l 07S
r 00 M OD1 BOp)-were kneaded with 94 g of stearic acid, 9.4 g of tartaric cid, 2.2 g of H3PO4

(85%) and 92 g of H,0 in a laboratory kneader, and the resulting paste was shaped

to form extrudates having a diameter of 4 mm. These were dried at 400°C in a

15  stream of N for 4 hours and subsequently calcined at 650°C in air for 3 hours.
Example 3

200 g of TiO,*aq (= 160 g of TiO,) and 43 g of tungstic acid (= 40 g of WO3) were
20 kneaded with 48.6 g of stearic acid, 12.2 g of tartaric acid, 38.6 g of aqueous silica
sol (15.8% SiO,) and 40 g of H,O in a laboratory kneader, and the resulting paste
was shaped to form extrudates having a diameter of 4 mm. These were
subsequently dried at 350°C in air for 2 hours and calcined at 700°C in air for
3 hours.
25
Example 4

128.7 g of TiOx*aq (= 99 g of Ti0y), 35.4 g of tungstic acid (=33 g of WO3),

65.9 g of oxalic acid, 6.9 g of methylcellulose and 70 g of H,O were kneaded in a
30 laboratory kneader, and the resulting paste was shaped to form extrudates having a

diameter of 4 mm. These were subsequently calcined at 650°C in air for 2 hours.

Example 4a

35 100 g of TiO,*aq (= 80 g of TiO,), 31.3 g of ammonium paratungstate (= 28.2 g of
WO;), 91.9 g of oxalic acid, 4 g of polyvinyl alcohol, 4 g of polyethylene oxide
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and 80 g of H,O were kneaded in a laboratory kneader, and the resulting paste was
shaped to form extrudates having a diameter of 4 mm. These were subsequently
calcined at 650°C in air for 1.5 hours.

5 Example$S

143.2 g of TiOy*aq (= 110 g of Ti0,), 29.6 g of tungstic acid (=27.5 g of WO»),
68.7 g of stearic acid, 6.9 g of tartaric acid, 60.8 g of guanidinium carbonate, 1.6 g
of H3PO, (85%) and 80 g of HO were kneaded in a laboratory kneader, and the

10  resulting paste was shaped to form extrudates having a diameter of 4 mm. These
were dried at 400°C in a stream of N, for 4 hours and subsequently calcined at
650°C in air for 3 hours.

Example 6
15 _
217.5 g of TiOy*aq (= 167.6 g of Ti0,), 44.9 g of tungstic acid (= 41.8 g of WO3),
104.4 g of ammonium citrate, 10.4 g of tartaric acid, 2.5 g of H3POq4 (85%) and
41.5 g of 25% strength NH; solution were kneaded in a laboratory kneader, and the
resulting paste was shaped to form extrudates having a diameter of 4 mm. These
20  were calcined at 650°C in air for 3 hours.

Example 7

143 g of TiOy*aq (= 110 g of TiO,), 29.6 g of tungstic acid (=27.5g of WO,),
25  68.7 g of guanidinium carbonate, 35 g of formic acid, 6.9 g of tartaric acid, 1.6 g of
HsPO, (85%) and 15 g of H,O were kneaded in a laboratory kneader, and the
resulting paste was shaped to form extrudates having a diameter of 4 mm. These

were calcined at 650°C in air for 3 hours.

30 Example8

150 g of TiO,*aq (= 115.7 g of TiO,) and 40.46 g of tungstic acid (=37.63 g of
WO;) were kneaded with 94 g of gelatin, 9.4 g of tartaric acid, 2.2 g of H3PO4
(85%) and 117 g of H;O in a laboratory kneader, and the resulting paste was

35  shaped to form extrudates having a diameter of 4 mm. These were subsequently
calcined at 700°C in air for 3 hours.
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Example 9

150.2 g of TiO,*aq (= 115.7 g of TiO,) and 40.46 g of tungstic acid (= 37.63 g of
WO;) were kneaded with 94 g of pure, soluble starch, 9.4 g of tartaric acid, 2.2 g
of H3PO4 (85%) and 140 g of H,0 in a laboratory kneader, and the resulting paste
was shaped to form extrudates having a diameter of 4 mm. These were

subsequently calcined at 700°C in air for 3 hours.
Example 10

150.2 g of TiOz*aq (= 115.7 g of TiO,) and 40.46 g of tungstic acid (= 37.63 g of
WO;) were kneaded with 93.9 g of cold-milled paraffin, 9.4 g of tartaric acid, 2.2 g
of H3PO4 (85%) and 100 g of H,O in a laboratory kneader, and the resulting paste
was shaped to form extrudates having a diameter of 4 mm. These were
subsequently dried at 400°C in a stream of N; for 4 hours and calcined at 700°C in

air for 3 hours.
Example 11

160 g of TiOy*aq (= 128 g of TiO,) and 34.4 g of tungstic acid (=32 g of WO3)
were kneaded with 77.8 g of carbon black (Printex 75, from Degussa), 9.8 g of
tartaric acid, 2.3 g of H3POy4 (85%), 20.4 g of alkali-free Lutensol and 120 g of
H,0 in a laboratory kneader, and the resulting paste was shaped to form extrudates
having a diameter of 4 mm. These were subsequently dried at 400°C in a stream of
N, for 4 hours and calcined at 600°C in air for 8 hours.

Example 12

200 g of TiOy*aq (= 160 g of TiO,) and 41.4 g of HsPW2040*aq (=33.2 g of
WO;) were stirred with 520 g of H,0 in a glass beaker and evaporated at 60°C
under reduced pressure. The material was subsequently heated to 500°C in a
stream of N, and calcined at this temperature in air for 2 hours. The product was
finely milled in an analytical mill, kneaded with 120.8 g of HO in a laboratory
kneader, and the resulting paste was shaped to form extrudates having a diameter

of 4 mm. These were subsequently calcined at 700°C in air for 3 hours.
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cd 10. On..aiCO 00 o do "2 a -24 O Z 0050/51537/Ja 11. Exanples of the
_setting of a tungsten content of from> 10.1 to < 20.9 tLMJ/M
Conparative Exanple 11.1 5 100 g of Ti02*aq (= 78 g of Ti02), 15.5 g of
anmoni um paratungstate (= 13.8 g of W3) and 80.9 g of anhydrous oxalic
.acid were conmpounded in a laboratory kpneader with 75 ¢.2f 0658051587dat he
resul ting mass was extruded and shaped ?ﬁ form extrudates having a

di ameter of 4 mm These were calcined at 200" C for 2 hours, 10 at 500'C
for 3 hours and at 600'C for 3 hours. Conparative Exanple 11.2 184.7 g of
Ti 02*aq (= :Fe‘ of. ,Ti 02), 29 g of tungstic acid (= 27 g O W3) and 15 67
g of H20 we "E'g‘#ﬁ(}anded in a laboratory kneader, and the resulting mass
was extruded and shaped to form extrudates having a dianeter of 4 mm These

V\Cﬁ;rgar g{: \e/g s agilmf zi‘gg( ujzﬁ%umtld)y) & £07189 M HIFW O 'l @819 gref

of tungsfi c Wekliwere stiradgwith 18y Ofg[ﬁés 6;{ é&%@sg%;&k&fraﬁqdaqvagorgkq dgtvgé)2 § K
Eggg?ugﬁgdﬁﬂ’ﬁer E’éﬁi‘lﬁ% |ﬂrg§é&u7eh "121e951a{éiﬁ?bfwasaﬂlbemmnﬂ}$3 PE4ted ol SABC ky aCf

in
form extr udaf’FngtPof\Nh%“dacﬂrl?’ﬁﬁ‘he]?te&“ eﬁ%yrefﬁes\gﬁ)\%/grlg&églq’ %dprag&at ggdct °
and subsequeﬁgleu in al spirabjtt atill 6@ @r o give pasticles hasing amaganvszenbOgiven,11. 4
180 g of Ti g(%ga%g( with 1308 rgtgolof-l 6'19% Jabotfhofy et laﬁaiﬁé Fesﬁl@lhg paste3fasl g OF

W3) 30 an re ‘conpound I n a | aborat or
kneader 1@ t rshapezlltngoum exjvdaigs hralsme)@ éhar@tes ofh mm. ﬁBEPS‘*} Wee syesegyently |po

and the resyljdifi 4B886°MiSair for 1 hour.

Example 14

15  8.38 kg of TiO,*aq (= 6.44 kg of TiO2) and 2.00 kg of H3PW1,040*aq (= 1.61 kg
of WO;) were slurried with 138 kg of H,O and sprayed in a spray dryer at 120°C to
give a powder having a mean particle size of 2.7 pm, and this powder was
subsequently calcined at 500°C for 2 hours. 200 g of this spray-dried powder were
kneaded with 10 g of methylcellulose and 120 g of H>O in a laboratory kneader,

20 and the resulting paste was shaped to form extrudates having a diameter of 4 mm.
These were subsequently calcined at 700°C in air for 3 hours.

Example 15

25  7.86 kg of TiOx*aq (= 6.04 kg of TiO,) and 2.50 kg of HsPW1,040*aq (=2.01 kg
of WOs) were slurried with 138 kg of H,O and sprayed in a spray dryer at 120°C to
give a powder having a mean particle size of 2.6 um, and this powder was
subsequently calcined at 500°C for 2 hours. 200 g of this spray-dried powder were
kneaded with 10 g of methylcellulose and 120 g of H>O in a laboratory kneader,

30 and the resulting paste was shaped to form extrudates having a diameter of 4 mm.

These were subsequently calcined at 650°C in air for 3 hours.

Example 16

35  7.86 kg of TiO,*aq (= 6.04 kg of TiO2) and 2.50 kg of H3PW;,040*aq (=2.01 kg
of WOs) were slurried with 138 kg of HO and sprayed in a spray dryer at 120°C to



extruded and shaped to form extrudates having a dianeter of 4 nm These
were dried at 105' C and subsequently calcined at 690" C for 48 hours. 35
"-25 Conparative Exanple 11.5 O Z. 0050/51537/Ja 180 g of Ti02*aq (= 140 ¢
of Ti®2), 69.9 g of ammoni um paratungstate (= 62.2 g of W3) and 37.5 g of
.anhydrous oxalic acid were conpounded in a | aboratory % knessdesisaryuh 53 g9
of H2O, and the resulting mass was extT4fded and shaped to form extrudates
having a diameter of 4 mm These were dried at 35C and subsequentl|y

cal cined at gaR0O& érdiﬂ‘rdeZ @it aaidadtp a&ﬁﬂ@sizar of3 2teums .an@othix pawiere waxanpl e

11.6 10 125 f

par at ungst atsgb ¢ %’é‘yf%%‘%‘f at%@?c g?fgi hopr Oocﬁ 1 é’ﬁsgsé)?%'us ox§+‘|9c Tatd were

conmpounded |kneaiiet1am&r égmfypolyeﬂe,édwromdd mdSBI(gg of HIzQGII adabpratesy keeadex.i ng

MaSS was ex%‘w (ﬁﬁcdre?ﬂ%%%ﬁg Gyals %h t‘ﬁﬁﬁ reiéf?@c'ia? Gg‘Q dnh@ o ehnf 4 mMm
rNe cl ne

These were d subs at 200C for 2 hours,
at 500C $or Thespwere sah@qacntmm&at o@:irsalr@zf@p%mﬁh ve Exanple 11.7 66.6
kg of TiO2*aq (= 51.5 kg of Ti®), 31.1 kg of ammoni um paratungstate (_ 20

27.7 g of W)3) were cqQmpoun edlna an m) | th, 2 of acid
di hydrat e af@mparisen 8? Xﬂﬁ gglﬁﬁt’i"ﬁ &:ﬁé‘d%&?d 5 6shaped
to form extyHefaised nhmelmymer@lzaamtoérnm is‘showm il kable Ivendhisrdospasisorf0C and

or 3" nour S RRvmRlER b e i ibeq Bhovt el .47 CTEC P00 e

addi tionélly cal cined at 690C for 12 hours. 30 Exarrpl e 1. 1 184.7 g of

Ti02*aq (= 44 g ﬁkg@g@zghovg%h afe ﬁééngﬁtda Oﬁ@d Hating 24 fordiBtiord 67 g
of H2O were conp I n oratory er and the reshll tin SS was
ext r uded anaragﬁme@pr%ofb%p@xmrth@amgssr&\ﬁﬁ ¢ greseniiinyrofign ippll gaseieafioge

were 35 dr It@%aihcrws%qnamw bwﬁaﬁeﬁmﬁ% tieabicagdofathe 6ptesent (i)nivehﬁoxlnouhes -26

Ex le 11.2 O Z. Q050/515 84

25agp kS of tcaP&féWl eélﬁlag(pﬁ%{aoé]f a‘%%%f}g%ﬂa%gﬁﬁrﬁ?%? ar |-£c agzl d
wer e corrpourscgeﬁﬁctamlg wathonui | blamthloilhfttﬁtlklg of Sutacueuants H:eaozlbog ngdg72 kg
of P20b) an%of}rgsp% lyl_gl(i.)alle? 0a tRFerb RSt iR Gt HRSrtesPBridingly reduced capital

cost.



extruded and shaped to form extrudates having a dianeter of 4 nm These

wer e

(= 2359 kg of
ml |

and tfhe resulting mass

) dried at 105C and subsequently cal ci ned at 690C for
11.3 10 119.1 kg of Ti02* ag (= 95.6 kg of Ti Q2),

2 hours.
25.6 kg of tungstic acid
W)3) and 5.97 kg of tartaric acid were conpounded in a pan
Qith 1.46 kg of

Exanpl e

aqueous H3PO4 (= 0.872 kg of P2Cb) and 48 kg of H20Q

was extruded and shaped to form extrudates having a

di angter of 4 nm_These 15 were dried at 120C-and subsegquentty cal ci ned at
400C&dor 2 hours|and at| 760C for 3 hours. Exanple 11.4 20 18D g of Ti 02*aq
(=1 g of TiR), &. ammoni um par atungstate (= 63.8 g| of W3) and
37.8 of anhydrous @&xal i aci d were conpounded in a | aboratory kneader
with48 g of H2O| a esul ting mass was extruded and shaped to form
ext rudat es havi ncg i ae of 4 mMm These were dried at 90C|for 2 hours
and subsequent!yfgtabci ngf a5 200CF o 2 Boyr s, ~ale PQC Lak 5 hours and at
650C for 25 3 hqift s= g 1% 180 'g Of *TI02* &y ‘T =° A0V g°%f TiR), 71.7
g of amoni um parags ungstaie|(= 63.8 g 30 of W3) and 37.8 g pf anhydr ous
oxalic acid were rrpounded in a | aboratory kneader with 48 g|of H2O, and
the resulting nac&mas xtruded and shaped to form extrudates having a
di aneter of 4 mm hg were dried at 35C and subsequently cal ci ned at
200C for 2 hours,| &t ko & oW dgag gzgc»fqg B Hhogrx| -27 Exanple
11.6 O Z. 0050/ 5157} JB b= 5<$°" Jdif92%ag £-5T F kY BISTEP) and 31.1 kg
of anmoni um par atlmgﬁf“ﬁ 3 Tk ed in a pan
mll wth 20.4 kg«f oxpal|c|acid d| hydrate and 15 kg of H2O, and the
resul ting mass wass extruded|and shaped to formextrudates haying a
di ameter of 4 mm|hesel were¢ dried at 90C and subsequently cal ci ned at
200C for 2 hours,| 5at 50pCifor 3 hours and at 610C for 3 hours. 10 The
catal ysts preparecﬁ,@ this way were used in the continuous THE
pol yrmeri zation dgsErgbed as|variant B under |V.3. above. The fesults
achieved are |igtedinl $a@l @ 2; m\ms}ﬁ Fagt eal umﬁ @@rﬁ:sﬁtﬁe THE
conversion in perfeept—28—Fab —Cofpartson—of—the—catatysts fromthe
exarrpl|es O Z. 0050/5153f/ Ja )
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Cat al yst W[ g/ 100BETW [ ol /n2Conversi on Conparative Exanple 11.

111.5758. 33. 2% Exanpl e 11.111. 25411. 34. 4% Conpar ati ve Exanpl e

" 11.211.429.521. 02. 2% Conpar ati ve Exanple 11.315. 286. 49. 63. 0% Exanpl e

11. 215. 875.511. 24. 7% Exanpl e 11. 315. 647. 218. 04. 1% Conpar ati ve Exanpl e
I'1.415.939.621. 83. 4% Conparati ve Exarrplg 11.524.01727. G3.Z6003{(5153178a
11.424.79514. 15. 4% Exanpl e 11.524.384.5 45? 65. 7% Conpar ati ve Exanpl e

11. 623. 959. 721. 84. 6% Conpar ati ve Exanple 11.727.815110. 04. 1% Exanpl e

11. 627. 210918, Exafiplasnphitht iseetingaoDhetuligsded. G6820t 2F Dem 2910. ¥ to

0050/ 51537/ J%%hﬂolfi(adml es of the setting of a defined BET surface area of
the oxidic s Mt eri al Exanple II11.!: Preparation of the catalyst 5
Variant 1 720 g of precal cined Ti 02*aq having, in each case, the BET
surface areg,ndi i e 1, amoni um paratungstate in an anount
correspondi %d:?gh%ﬁgﬁéb&g?gi of Ti to Wof 6.77 and 156.4 g of anhydrous
oxal ic aéid were conpounded in a 10 | aboratory kneader w th an appropriate

am)un'éI of HAQ@p gacsfdrida’eaq(&smgb?g‘i@a;s%.ﬂ\/%&‘ofaﬁnﬁdsnjqu)aeatdngstawedls.a gfafélm .
extrudat es in j aneter .of, 4 mm ,.The.anpunt L. regul epends
on the type%b%%@i@réﬁs‘gﬁmﬁgmﬁ PFICTS ‘gvﬁ%r ecro?rté?o;u“?‘%fr%sa P&r‘%g;a?n I ugnce
on activity kmeaenavithi 7g of H,Osartd/the cesultingf mass vaseextrudedandyshapedtadesaded
composi L1 on MESaEd B8Ry &AL 8 o ARE AR SHAS EAVRE Y 20\ FeTnalrgPw Se

at 15 200C for ours anot her hours in a streamof air.
It was tlRen at H0OA foy 3dwiues andcnt 600° (o fa 3kawrs.at the tenperature indicated in
Table 3 to give the finished catalyst. Table 3 reports the | oss on
ignition of the Ti02*aq deterpined in each case, the tenperatures used for
final cal ci rfé?mﬁﬁrﬁtb’edfrwlflﬁéﬂ%i ni shed catal yst, the nmaxi num BET surface
area and the BET surface area of the catal ysts obtained 20 in this way

together with the .cul ated BET ; j g t. (Fkii]< e
conver si on i1t$4t he Oﬁgjll@?ré’ﬂi(zad'l o%og?wglot?%hglag{gr y b%?gevzd?lgfér[@m t he
val ues 15epdiTtgdf HiO Vaind eorBpaunded ime laberaiorydknsadaraang the sesubiingHasstWasr mal | y
pretreated Ti0desfgnd %Hﬁ& ' ihd atdifhett BF @rhi0 TABSE Werds to
W03/ Ti O2- baseggga?:cg'?%# §}§Atp§a\?\,ﬁi c %ggrg@%g&s%‘%ﬁi{i can&jg i ncreased nunber of
centers havidiigdat pf&’Coand subsequently calcined at'775°C for o

urs.

Comparative Example I1.3
20
123.1 kg of TiO,*aq (= 96 g of TiOy), 25.7 kg of tungstic acid (= 24 kg of WO3)
and 6.09 kg of tartaric acid were compounded in a pan mill with 2.95kg of
aqueous H3POy (= 1.764 kg of P,05) and 45 kg of H0, and the resulting mass was
extruded and shaped to form extrudates having a diameter of 4 mm. These were
25  dried at 105°C and subsequently calcined at 690°C for 2 hours.

Comparative Example I1.4

180 g of TiO2*aq (= 144.4 g of TiO,), 38.7 g of tungstic acid (= 36.1 g of WO3)

30 and 9.02 g of tartaric acid were compounded in a laboratory kneader with 2.21 g of
aqueous H3PO4 (= 1.32 g of P;05) and 73 ml of H;O, and the resulting mass was
extruded and shaped to form extrudates having a diameter of 4 mm. These were
dried at 105°C and subsequently calcined at 690°C for 48 hours.

35




25 <-3. Maximumacidities and activities for acid catalysis are obtained,
in particular, at a BET surface area of the treated Ti02*aq support in the
region of 200 n2/g. The PTHF polynerization was carried out by the

conti nuous process described as Variant A under |V.2. above. I M. MOMD O
bV) ONOV7 V) OOr- r- 00 (( 00 to QL 0,00 Q G 0.Z.0050/51537/)a
uo*, G101r. O~-000, 0, 000000c' 00 Wry O141l" ~W~k Oo0 0O0O0O

Comparative Example I1.5

180 g of TiOy*aq (= 140 g of TiO;), 69.9 g of ammonium paratungstate (= 62.2 g
of WO;) and 37.5 g of anhydrous oxalic acid were compounded in a laboratory

5  kneader with 53 g of H;0, and the resulting mass was extruded and shaped to form
extrudates having a diameter of 4 mm. These were dried at 35°C and subsequently
calcined at 200°C for 2 hours and at 500°C for 3 hours.

Comparative Example I1.6
10
125 g of TiO2*aq (= 97.5 g of Ti0,), 48.5 g of ammonium paratungstate (= 432¢
of WO;) and 43.4 g of anhydrous oxalic acid were compounded in a laboratory
kneader with 56 g of H,0, and the resulting mass was extruded and shaped to form
extrudates having a diameter of 4 mm. These were dried at 40°C and subsequently
15  calcined at 200°C for 2 hours, at 500°C for 7 hours and at 670°C for 3 hours.

Comparative Example I1.7

66.6 kg of TiOy*aq (= 51.5 kg of TiOy), 31.1 kg of ammonium paratungstate (=
20 27.7g of WO;) were compounded in a pan mill with 20.4 kg of oxalic acid
dihydrate and 15 kg of H,0, and the resulting mass was extruded and shaped to
form extrudates having a diameter of 4 mm. These were dried at 90°C and
subsequently calcined at 200°C for 2 hours, at 500°C for 3 hours and at 510°C for
3 hours.
25
Comparative Example I1.8

The catalyst from Example 7 was additionally calcined at 690°C for 12 hours.
30 Example IL1

184.7 g of TiOy*aq (= 144 g of TiOy), 29 g of tungstic acid (= 27 g of WO3) and

67 g of H,0 were compounded in a laboratory kneader, and the resulting mass was

extruded and shaped to form extrudates having a diameter of 4 mm. These were
35  dried at 105°C and subsequently calcined at 675°C for 16 hours.
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Example I1.2

119.1 kg of TiO*aq (= 95.6 kg of TiO,), 25.6 kg of tungstic acid (= 23.9 kg of
WO3) and 5.97 kg of tartaric acid were compounded in a pan mill with 1.46 kg of
aqueous H3PO4 (= 0.872 kg of P,0s) and 48 kg of H,0, and the resulting mass was
extruded and shaped to form extrudates having a diameter of 4 mm. These were
dried at 105°C and subsequently calcined at 690°C for 2 hours.

Example I1.3

119.1 kg of TiOy*aq (= 95.6 kg of TiO,), 25.6 kg of tungstic acid (= 23.9 kg of
WO;) and 5.97 kg of tartaric acid were compounded in a pan mill with 1.46 kg of
aqueous H;PO4 (= 0.872 kg of P,0s) and 48 kg of H,O, and the resulting mass
was extruded and shaped to form extrudates having a diameter of 4 mm. These
were dried at 120°C and subsequently calcined at 400°C for 2 hours and at 750°C
for 3 hours.

Example I1.4

180 g of TiOy*aq (= 140 g of Ti0O,), 71.7 g of ammonium paratungstate (= 63.8 g
of WO3) and 37.8 g of anhydrous oxalic acid were compounded in a laboratory
kneader with 48 g of H,0, and the resulting mass was extruded and shaped to form
extrudates having a diameter of 4 mm. These were dried at 90°C for 2 hours and
subsequently calcined at 200°C for 2 hours, at 500°C for 5 hours and at 650°C for
3 hours.

Example IL3

180 g of TiOy*aq (= 140 g of TiO;), 71.7 g of ammonium paratungstate (= 63.8 g
of WO;) and 37.8 g of anhydrous oxalic acid were compounded in a laboratory
kneader with 48 g of H,0, and the resulting mass was extruded and shaped to form
extrudates having a diameter of 4 mm. These were dried at 35°C and subsequently
calcined at 200°C for 2 hours, at 500°C for 5 hours and at 620°C for 3 hours.

W Cd
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Example IL.6

66.6 kg of TiO*aq (= 51.5 kg of TiO;) and 31.1 kg of ammonium paratungstate (=
27.7 kg of WO3) were compounded in a pan mill with 20.4 kg of oxalic acid
dihydrate and 15 kg of H,0, and the resulting mass was extruded and shaped to
form extrudates having a diameter of 4 mm. These were dried at 90°C and
subsequently calcined at 200°C for 2 hours, at 500°C for 3 hours and at 610°C for

3 hours.

The catalysts prepared in this way were used in the continuous THF
polymerization described as variant B under IV.3. above. The results achieved are
listed in Table 2, whose last column reports the THF conversion in percent.

r -
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Table 2: Comparison of the catalysts from the examples
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Catalyst W(g/100 g] | BET W[umol/m’] | Conversion
Comparative Example II.1 | 11.5 75 83 3.2%
Example II.1 11.2 54 11.3 4.4%
Comparative Example I1.2 | 11.4 29.5 21.0 2.2%
Comparative Example 11.3 | 15.2 86.4 9.6 3.0%
Example I1.2 15.8 75.5 11.2 4.7%
Example I1.3 15.6 47.2 18.0 4.1%
Comparative Example I1.4 | 15.9 39.6 21.8 3.4%
Comparative Example I1.5 | 24.0 172 7.6 3.6%
Example 11.4 24.7 95 14.1 5.4%
Example I1.5 243 84.5 15.6 5.7%
Comparative Example 1.6 | 23.9 59.7 21.8 4.6%
Comparative Example IL7 | 27.8 151 10.0 4.1%
Example I1.6 27.2 109 13.6 5.7%
Comparative Example I1.8 | 27.8 68 22.2 4.2%
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III. Examples of the setting of a defined BET surface area of the oxidic
support material

Example I1L.1: Preparation of the catalyst
5 Variant 1

720 g of precalcined TiO,*aq having, in each case, the BET surface area indicated
in Table 1, ammonium paratungstate in an amount corresponding to a molar ratio
of Ti to W of 6.77 and 156.4 g of anhydrous oxalic acid were compounded in a
10 laboratory kneader with an appropriate amount of H,O, and the resulting mass was
extruded and shaped to form extrudates having a diameter of 4 mm. The amount of
water required depends on the type of kneader used and on the TiO, material; it has
no influence on activity and acidity. It is typically from 240 to 340 g. The kneaded
composition was dried overnight at 35°C and subsequently calcined stepwise at
15  200°C for 2 hours and at 500°C for another 3 hours in a stream of air. It was then
finally calcined for one hour at the temperature indicated in Table 3 to give the
finished catalyst. Table 3 reports the loss on ignition of the TiO,*aq determined in
each case, the temperatures used for final calcination to give the finished catalyst,
the maximum BET surface area and the BET surface area of the catalysts obtained
20  in this way together with the calculated BET drop, the acidity at pK, <-3 and the
conversion in the polymerization of PTHF. It can clearly be seen from the values
reported in Table 3 that the reduced surface area of the thermally pretreated
TiO,*aq is less susceptible to further sintering and leads to WO53/TiO,-based
catalysts which have a significantly increased number of centers having a pKa of
25  <-3. Maximum acidities and activities for acid catalysis are obtained, in particular,
at a BET surface area of the treated TiO,*aq support in the region of 200 m*g. The
PTHF polymerization was carried out by the continuous process described as
Variant A under IV.2. above.
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conprising water vapor Variant 2a 5 2 kg of freshly precipitated Ti02*aq
.V\:hl ch had been dried at 100C (78% Ti O2) were calcined at 400C in a rotary
tube through which air was not passed, i.e. under the water vapor
atmosphere given off fromthe Ti02*aq, for 3 hours in a batch node. This
.resulted in a material having a BET sw¥ace area of 148.A200p041537dal oss on
igniti OP of 9% 720 g of this material were subsequently kneaded with 10
322 g of a ni u at ung % o] | | i 290 ¢
of H0 angﬁgﬁgﬂ? eolﬂ‘?'(r%’for m%%%ﬁé‘g’?'eso\fﬁéb? néégl’%ltaf#gtaéf %ﬁ %%mq{j &se were
subsequent |y cal cined st epwoBPrsin@Waerivepor hours and 500C for 3 hours and
finally calcined at 575C fafg i 2aour to give the finished catalyst. The
catal yst extrudates had a mean cutting hardness of 34 N and gave a
conversion 15 of 5.2%in the continuous THE pol ynerization test. Exanple
111. 2: VF*.K epar@tz %p%shﬂy bf&i;ﬁﬁ}eﬂ:c m)z;fmmcmmabmsmﬁmm 10006Q(78B% TiPMat er
vapor Vari ant . oQf. fre y. preci pitat,ed Ti 02*a J d been
dried at 108€Y ‘7%1%“??} dé)“iégv@rla 31 |‘85ﬁ§@‘°§?‘t‘ 16‘6%‘ g*nfdwss ﬁg@’%%%%el- ‘i me of
20 minutes unda themwadteruvapst ptmosphewmt given offafrgmt iselibatdqadond Howreimal

di amet er of bétcﬁgl({%\é?i'}u@ r@s%?}t%&’ﬂl QHa@erﬂﬂ’Eﬁﬁng 20T sthdndardh f 18rm¥/Qlandi I per
hour were passe hrough the rotary tube. Tn addition, 25 60 nml per hour of
liquid H2O adess erigaiteen PhPY- (7R8 estf Wimingterial wererpibsequestly deogaded with
materiajg ha\.mg F aRiedomitf ll?di@tuﬁgéiﬁe @88 N OYR/ 156aN6F éxdliesRidind 290 fiogn of

8% 216 g of rhi terjal. were subsequent kneaded \Q‘ith .6 g of

anmmoni um  p&k& E?fg§g92&e tog Sy \sxtrudales aY}f‘gc%éilHn&et%chﬁ JHE- g@’eéeo ®po and
shgped to rﬁlﬁﬁﬁbcll@hﬂfyéui&iim steprivisg a 200%0réere? hofirsdamdn$00PLefoe Inbowrs and
subsequent cal ci.ned, st j 30 .at 20 f . d 500C for 3 hours
and finall y}L‘BSﬁ%Fﬂ‘élBe%?t gg\ggsfgﬁ?nel& g%g&efﬁ%ﬁéggﬁéag%l%m rudates had a
mean cut t i nghhaatdlystextofda®s hail amagautsing haodness of N asd svewconvarsien

cont i nupys T 9ol Ve LbAihioBd THESSolyraSkiHin k! Owi ng conpar at i ve

experiments denonstrate the in ence of the addition of water during the
precal ci nati on of the support material on the cutting hardness -33- O Z

0050/ 51537/ jsxampleHIQ): SO dﬁl*f@?_ﬁi:{tﬂine étheathienfchtatyst e wdidet hanpratmebplicrat i on-as
such on the activity of the tinished catalyst. Conparative Exanple I1l.1
to exanine the cutting har FQOYISING WALCT MAROY o1 v preci pi tated Ti 02*aq
whi ch had been dried at 100ariaid32bli O2) was precal ci ned as above, but no
H20 vva526ret ered into the rotary tube. This

1.2 kg of freshly precipitated TiO*aq which had been dried at 100°C (78% TiO,)

were precalcined at 400°C and a residence time of 20 minutes in a continuously

operated rotary tube having an internal diameter of 4 cm over a period of 5 hours.

400 standard liters of air per hour were passed through the rotary tube. In addition,

25 60 ml per hour of liquid H,O were metered into the stream of air. This resulted in a
material having a BET surface area of 195 m?/g and a loss on ignition of 8%. 216 g
of this material were subsequently kneaded with 96.6g of ammonium

paratungstate (88% WOs3), 46.8 of oxalic acid and 80 g of H,O and shaped to form

extrudates having a diameter of 4 mm. These were subsequently calcined stepwise
30 at 200°C for 2 hours and 500°C for 3 hours and finally calcined at 575°C for 1

hour.
The catalyst extrudates had a mean cutting hardness of 20 N and gave a conversion

of 6.0% in the continuous THF polymerization test.

35  The following comparative experiments demonstrate the influence of the addition
of water during the precalcination of the support material on the cutting hardness



resulted in a material having a BET surface area of 211 n2/g and a | oss on
ignition of 9% 720 g of this material were subsequently kneaded with 322
“g of anmoni um 10 paratungstate (88% W3), 156 g of oxalic acid and 350 g of
H20O and shaped to form extrudates having a dianeter of 4 nm These were
. subsequently calcined stepw se at 200C3jor 2 hours andOg. 088®€153WJa3 hours
and finally calcined at 575C for one hour. The cat al yst extrudates had a

Conti nuous PRI 1551 geraeerats B HereY Br Bl ipERalG B e 9B bng et B

support mat etheﬁkns]iéc{)é’a‘talqswvas prepared according to the present invention,
but was precal cined according to Variant 1 without addition of water. The
catal ysts prepared using this support were found to be 20 nechanically

unst abl e confempdrativeFxampledil;L taexpming the caltinghardgesso the Variants 2a
and 2b. Gonparative Exanple 111. 2 to exam ne the catalyst activity 25 750 g

f f hl tated Ti Q2* h been, d
Rer o knoatiedl-AIKEIP A RSFOIRIHEH Lo 38 Rk Ge bee TR Bl C (168 Ti0s
gxa| ic aC:c dw@ﬁre’b&l@nﬁdes Hib@e,abdt 86 AP vias ineterede kito uﬂatremryhmbeng’hm f

i aneter o re.su t or
hours, at Sdﬁﬂﬂp rm§m%8'ﬂ¥@ e agﬁﬁg g%%‘fey?rgﬁ ﬁ%glre%z \r,%{eﬁgsa a %‘9909
extrudat es hafih%. TaSemofinis matgrinawenressbsaghierly headed withd23 ecefrapamenigm  of
3 2% 0 jghe e&g%})m%%ygmww IS8 & oR bkl héidland FB0lgllof A6 eﬁlﬁrﬂl’ljgintove

exanpl e, teral aq was not _precalcined at . a %orrpar ed
to the cat al f?ﬁfpse?ﬁiﬂléﬁ‘éﬁ é@vﬁ’@c%ndéﬂmf‘gjeltﬁf ﬁﬁ’é‘npﬂ@%@nt"’q% qusntly Galgine

Variants 1 agghwige a?R00T mtalhysaﬁs ARVANS0RC oy Rabirgidnd fivedlyokildnekdt - 34-
O Z 0050/5:5 7/ Jfa W claim 1. A catalyst which conprises a catalytically

active anou 9F onehayr. one oxygen- cont ai ni ng nmol ybdenum and/ or tungsten
conpound on Bie wtalglstcex&uauephad a e rcuttingchatdrieas obH 8 dhambgaviereecbnyersianom 400C

to 900C after i,cat i ds of the catalytically
active cgrrpo‘lfnditp (tjhet‘ho ggﬁ%lbso“{ﬁ ﬁa{ eri a?i&%?%gpsupport mat eri al precursor,
wherein the catalyst has a porosity conprising - transport pores having a

di anet er of I I dQﬁ; oid | east
S, B et
I

R nas @ o &ur’q and/ or
t ungst en colt @ﬁ"tPreE%{ge‘&V%‘H‘OPhe’“h"?’ﬂssH@a primyg 195 %{‘ab‘
(tungst en angddtiorrof yWafa It/ caltalyéte rpeepkided] using this2upport were found to be

20  mechanically unstable compared to the catalysts prepared according to the Variants
2a and 2b.

Comparative Example II1.2 to examine the catalyst activity

25 750 g of freshly precipitated TiO;*aq which had been dried at 100°C (78% TiO,)
were kneaded with 230 g of ammonium paratungstate (88% WO3), 156 g of oxalic
acid and 190 g of H,O and shaped to form extrudates having a diameter of 4 mm.
These were subsequently calcined stepwise at 200°C for 2 hours, at 500°C for 3
hours and at 575°C for 1 hour.

30 The catalyst extrudates had a mean cutting hardness of 26 N and gave a conversion

of 3.2% in the continuous THF polymerization test.

In this comparative example, the support material TiO>*aq was not precalcined at
all. Compared to the catalysts prepared according to the present invention using

35  Variants 1 and 2a, 2b, a catalyst having a low activity was obtained.



3. Acatalyst as clainmed in claiml or 2 which has a BET surface area of
from 20 25 to 200 nR/g, preferably from40 to 150 n2/g and particularly
preferably from50 to 120 n2/g. 4. A catalyst as clainmed in any of clains
1 to 3, wherein the oxidic support matgrial has a BET $@rj@ees3s9aa0f from
135 to 220 n2/g. 25 5. A catal yst as clgrred in claimgzi/\ﬁereln thg oxidic
support material has a BET surface area of from 170 to 220 nR/g,
preferably fWerlai®0 to 220 nR/g. 30 6. A catalyst as clained in any of
clainms 1 to 5 which has an acidity at pKa < -3 of at least 10 prnol/g. 7. A
catalyst as clained in any of clai.ns 1 to, 6 which.has an acidi at at pKa
< -3 of at lleast AFG”B‘W‘/”HW%F%‘F‘BF‘%I%/%@W@QQX gtV ALY, Oﬁ?% ]i%‘g Wy
state. 35 -35- O gkygfobtaihfip/ mblybd8nud adial tyagsters compoured on ranaewidisf
claims | .;to 7 which conprises a, catal vt ] y Y togecakadeast
one oxygen- cont ai WPR {}ﬁﬁtﬁg?eleﬁd h@%?%%%n"&& dgaéﬁ%@a?gpggga%ai?alaned in
any of claims 1 tappHcatiumeofepracurser ecomptiunds op fher cataljagadlyi agtive SOPPPURS um

di oxi de or ti taniym dioxi il 1 iRttt BrecflisBXivilRereih Ghe éatalgttal Yt
as clained in anfgoﬁgc%%ﬁsqnit%g(gaﬁ%% cont aalg‘lgléecfrorﬁ 0.1 to 10 70% by
wei ght, pr ef er ablhasrmonesitytcomposengy wei ght, particularly preferably from 10

to 35% by wei ght,_ @fhsp6re p6idk Bhvihjs @@idnyet@Cofives aamelind(s), calcul ated as
MO8 and/or WD3 an ased on the total Weif%g[ of . thes catalyst. 15 11. A

cat al ystl0as cl ai mekiVlpms of these iranspegt PpresPTablegpt SAMAL/8, content of pore
formers of up to 200% by wei ght, preferably up to 100% by wei ght,

particul arly, prefera up to 60% hy. wei I ; ARe tdphe
catal ytical I'y act’ &88%%51%?%%‘%& v‘ﬁpﬁh Piél;]eagg) %(Qr%i&&[ﬁa#ieri al .7 20 12. A
catal yst as cl ai natent, btassd @if thelfnished catelyst ofwhi ch contains up to 15% by
wei ght, preferably up to 10% by wei ght, particularly preferably up to 8%

by wei ght, of sulfate and/or phosphate. . A process, f,or preparing a
cat al ystlSconprising a cathW@F@%ﬁW}gsﬁt@@r%ﬁﬁfén Ihf at | east one
oxygen- cont ai ni ng nol ybdenum and/ or tungsten conpound as an oxidi c support

material, which conprises the |l owm ng steps: - precipitation of the
oxi di ¢ support na‘t"glr}faéﬁﬁfxﬁ%i?ml treatnent of the oxidic support nateri al
to set a BET surface area of 135-220 nR/g,

3. A catalyst as claimed in claim 1 or 2 which has a BET surface area of from
20 25 to 200 m%/g, preferably from 40 to 150 m?/g and particularly preferably
from 50 to 120 m?/g.

4. A catalyst as claimed in any of claims 1 to 3, wherein the oxidic support
material has a BET surface area of from 135 to 220 m”/g.

25
5. A catalyst as claimed in claim 4, wherein the oxidic support material has a
BET surface area of from 170 to 220 m*g, preferably from 190 to
220 m¥g.
30 6. A catalyst as claimed in any of claims 1 to 5 which has an acidity at pK,

< -3 of at least 10 umol/g.

7. A catalyst as claimed in any of claims 1 to 6 which has an acidity at at pK,
< -3 of at least 70 umol/g, preferably at least 90 pmol/g, in the dry state.
35



30 - application of the catalytically active conpound(s) or its/their
precursor conpound(s) to the support nmaterial and - calcination of the
resulting catalyst at from400C to 900C to give the finished catalyst. 35
a 14. 5 15. 1016. 17. 15 18. 20 19. 25 20. 3021. 22. 35 -36- O Z

0050/ 51537/ Ja A process as clainmed in chgim 13, wher ei nOtA®05v31 53/Ja
treatnent of the oxidic support material is carried out in a

wat er - cont ai ni ng at nosphere .conpri.sin re .than 30% by .\ei . preferably
tore than 50% by &e?f&ﬁ‘t st @8 Clpmed; é‘bl"’é‘g'l §P p‘ﬁ@f”@r ib?@ fm"?*&gﬁh%ﬁ%%% Y

wei ght, of wat er.cafalpticatigsactae amaimredf ianh ledsaionel8xy@enicontaiing ghingsié¢re
catalytically active caonpound(s) is/are applied in a nmolar ratio of

support materi al ?oénpoé’élﬁal ytically active conmpound of 5.0 - 7.5, preferably
6.0 - 7.0. A process as clainmed in any of clains 13 to 15, wherein the

catal yst 4 s g_cal CA’I%@’al dt a8 (i@l i QRy SPRfiRed RUPSHEMERL th oRiditBuppbrO00C,
preferably wup to 700C .to_give the ¥

. I ni shed catalyst. A prqcess as _cl ai ned
in any of clains materigl i% Zisgprivg qieude ©F) WanLm gﬂf}/’ﬁlée’ Brgfqrz?t@& TaUY th a
st epwi se i ncreasedipridehe tenperature. A process for preparing
pol yt et rahydr of uran, tetrahydrofuran copolyners, diesters or nonoesters of
t hese pol yners by pol ynerization of tetrahydrofuran in the presence of at
| east one tel@genAacattlyst asmhaimeddn anysif redpiss datoa watickn somshims feoin iOnl tmy of
cl ai s o 12. l (o] fel
tetr ahyélroz)f uran ?é@é’?“@ ?éeri%ﬁ L f’ rgi%ergl?grﬂs&%? Q‘?r&%’?é{‘g%ﬂ%? B#%gls?,"ely;?g)?fgrab}ys
pol yneri zati on offrom 10 to 35% by weight, of the catalytically active compound(s),

calculated as MoQO; and/or WO3 and based on the total weight of the
catalyst.

by

15 11. A catalyst as claimed in any of claims 1 to 10 which ha a content of pore
formers of up to 200% by weight, preferably up to 100% by weight,
particularly preferably up to 60% by weight, in each case based on the
catalytically active compound together with the support material.

20 12. A catalyst as claimed in any of claims 1 to 11 which contains up to 15% by
weight, preferably up to 10% by weight, particularly preferably up to 8%
by weight, of sulfate and/or phosphate.

13. A process for preparing a catalyst comprising a catalytically active amount
25 of at least one oxygen-containing molybdenum and/or tungsten compound
as an oxidic support material, which comprises the following steps:
- precipitation of the oxidic support material,
- thermal treatment of the oxidic support material to set a BET surface
area of 135-220 m%/g,
30 - application of the catalytically active compound(s) or its/their
precursor compound(s) to the support material and
- calcination of the resulting catalyst at from 400°C to 900°C to give the
finished catalyst.

35



tetrahydrofuran i'n the presence of at |east one tel ogen and/ or cononomner
using a catalyst which has been obtained by a process as clained in any of
*clains 13 to 17. A process as clainmed in claim 18 or 19 for preparing
" pol ytetrahydrofuran. A process as clainmed in any of clains 18 to 20 for

-« preparing polytetrahydrofuran fromtetgghydrof uran andOXZ.490B0/5a58 Il or
H20 as telogen. A process as clainmed in claim18 or 19 for preparing

pol ytetrahydrpfur an, LI GhibRAVH" Qi 33, WdrFR RO BBMNIA BF the
oxidic support material is carried out in a water-containing atmosphere

. comprising more than 30% by weight, preferably more than 50% by weight
and particularly preferably more than 70% by weight, of water.

15. A process as claimed in claim 13 or 14, wherein the catalytically active
compound(s) is/are applied in a molar ratio of support material to
catalytically active compound of 5.0 - 7.5, preferably 6.0 - 7.0.

10 16. A process as claimed in any of claims 13 to 15, wherein the catalyst is
calcined firstly at 100-600°C and subsequently at up to 900°C, preferably
up to 700°C, to give the finished catalyst.

17. A process as claimed in any of claims 13 to 16, wherein the calcination is

15 carried out with a stepwise increase in the temperature.

18. A process for preparing polytetrahydrofuran, tetrahydrofuran copolymers,
diesters or monoesters of these polymers by polymerization of
tetrahydrofuran in the presence of at least one telogen and/or comonomer

20 using a catalyst as claimed in any of claims 1 to 12.

19. A process for preparing polytetrahydrofuran, tetrahydrofuran copolymers,
diesters or monoesters of these polymers by polymerization of
tetrahydrofuran in the presence of at least one telogen and/or comonomer

25 using a catalyst which has been obtained by a process as claimed in any of

claims 13 to 17.

20. A process as claimed in claim 18 or 19 for preparing polytetrahydrofuran.

30 21. A process as claimed in any of claims 18 to 20 for preparing
polytetrahydrofuran from tetrahydrofuran and 1,4-butanediol or H,O as
telogen.

22. A process as claimed in claim 18 or 19 for preparing polytetrahydrofuran
35 from tetrahydrofuran and carboxylic anhydride.



