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Polytetrahydrofuran, hereinafter referred to as PTHF for short, which is also
known as polyoxybutylene glycol, is used as a versatile intermediate in the plastics
and synthetic fibers industries and is employed, inter alia, for producing
20  polyurethane, polyester and polyamide elastomers. In addition, it is, possibly in the

form of its derivatives, a valuable auxiliary in a variety of applications, e.g. as

dispersant or in the deinking of waste paper.

Industdally, 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
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in solution in the reaction system or it is possible to use heterogeneous,
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processes in which tetrahydrofuran is, for example, polymerized in the presence of

fluorosulfonic acid to form PTHF esters which are subsequently hydrolyzed to give

PTHF. In a further two-stage process, tetrahydrofuran is polymerized with acetic

anhydride in the presence of acid catalysts to form PTHF diacetate which is
20  subsequently transesterified with methanol to give PTHF.

Apart from the fact that a two-stage process has to be carried out, a particularly

disadvantageous factor is that by-products such as hydrofluoric acid or methyl

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,-Cyg-monocarboxyvlic acids or PTHF monoesters of C;-Cjp-monocarboxylic
acids by polymerization of tetrahydrofuran over a heterogencous 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,-Cp-monocarboxylic acid or a carboxylic

anhydride of a C,-Cyp-monocarboxylic acid or a mixture of these telogens, where
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an oxygen-containing molybdenum and/or tungsten compound on an oxidic
support material and has been calcined at from 500°C to 1000°C after application
of precursor compounds of the oxygen-containing molybdenum and/or tungsten
compounds to the support material precursor and activated by treatment with a

20  reducing agent before being used as polymerization catalyst.

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 > 25 nm

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 pumol of (tungsten
and/or molybdenum)/m?, where 10.1 < x < 20.9. This targeted setting of the ratio
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when the BET surface area is below the abovementioned range. Astonishingly, the
acidity and the activity of the catalysts also decrease again when the BET surface

area of the oxidic support material used is above the range claimed here.

20  In a preferred embodiment of the catalyst of the present invention, the BET surface
area of the acidic support material is 170-220 m?/g, particularly preferably
190-220 m¥g.

The catalyst of the present invention can have an acidity at pK, of <-3 of at least

25 10 wmol/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 pmol/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 MoO; 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.
W0Q;, WO3H,0, WO0;32H;0, metatungstic and paratungstic acids and the

35 isopolyacids and also the corresponding analogous molybdenum compounds. [n

this context, mention may also be made of heteropolyacids such as H;PW 04,
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15
Suitable support materials are oxidic supports such as zirconium dioxide, titanium
dioxide, hafnium oxide, yttrium oxide, iron(IIl) oxide, aluminum oxide, tin(IV)
oxide or mixtures of these oxides. Preference is given to using zirconium dioxide
or titanium dioxide, with titanium dioxide being particularly preferred and titanium
20 dioxide having a proportion of >65% in the anatase modification being
particularly suitable. The support material can be used in freshly precipitated, dried
or calcined form. The respective support material can be obtained by hydrolysis of
appropriate halides, nitrates, sulfates or alkoxides, e.g. starting from titanium
tetraisopropoxide, titany! chloride, titany! nitrate, titanium tetrachloride or titanyl
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.
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and soluble starch, PTHF, surfactants and sulfonic acids. Preference is given to

tartaric acid, citric acid and oxalic acid, especially oxalic acid.

With regard to the proportion of pore former present in the catalyst, the content of
20 pore former is, for the purposes of the present invention, given in % by weight
based on the finished, calcined and dry catalyst. The sum of the percentages by
weight 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
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anmoni u Jgen-phosphat es or t correspondi ng phosphates. 5 As further
addi tive, acdsrigdlent:such as silica sol, clays, boric acid or AlPO4 may al so

be present in th re%?iﬁ{ixﬁbme%di@fsﬁﬁﬁdﬁmhi’eviﬁn_tiOn al so provides a process

for preparing a cat I'ﬁa/st conprising. a catalyticall act'ié ampunt of at
4 i gt RET

| east one oxygenthegnakireatmgninef asdendin sHpRI AW (gt fi8%s an
oxi dic support ngfesd.abg ni*fy,Which the following steps are carried out: -
prectpl i[Sat 'on of aépﬁlecagélll dolfcthg uc%?a?{ftgcarlrl?ft aGCrtilvgl dompound(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.

20 It has been found that catalysts having the specified BET surface area can be
prepared by the process of the present invention when freshly precipitated oxidic
support material, e.g. preferably TiO;*aq, is not used directly as oxidic support
material for the catalysts to be prepared, 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 wmol/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



- thermal treatnent of the oxidic support nmaterial to set a BET sugf ar,
of 135-220 nR/g, 15 - application of the catalytically active conpéuﬁhEE)Zﬁﬁ
its/their precursor conpound(s) to the support nmaterial and - cal cination
of the resulting catalyst at from400C to 900C to give the finished
catalyst. 20 It has been found that catal ysts having the specified BET
surface area can be prepared by the pré%ess of the present invention when
freshly precipitated oxidic support material, e.g. preferably Ti2*aq, is

not used di Bﬁﬂfelspfoﬁoiﬁeff bfbAaBHPROY bctivBRbRidoahdd Ghy bhie foahéek Malsd, hadde

prepared, but 1s firstly subjectéd to thermal treatnent. Freshly

preci pi t at equléate and/ospshatenat eri al 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
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way, e.g. in.res - the proportion of catalyti cal
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active conpgﬁﬁ y pore ed, added sulfate and/or phosphate.
In a preferred enbodi nent of the preparative process of the present

| nventi on, imdrd carryiR0 Sk Rhe pheoBl BPARE pRALA MSERiM)ifiTohiAYe i@ g il arly

good mechani ca ity, This _ nmechanical stabiljt an_be ach
carrying> Ouppplﬁélgﬂh@rcﬁ@.ﬂ%iqagﬁtaﬁ@m cefppound(s) in a molar )L(atfo of support rlngt\érelgl by

to catalytically active compound of 5.0-7.5, preferably 6.0-7.0.

Subsequently, the calcination of the catalyst is preferably carried out stepwise, with

the catalyst firstly being calcined at 100-600°C and then being subjected to final

calcination at up to 900°C, preferably up to 700°C, to give the finished catalyst. In
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.




the freshly precipitated Ti Q2*aq for the targeted setting of a desirg%ﬁEE}
surface area under a water-containing or steam containing atnospher 004
this case, the water-containing or steamcontaining atnmosphere should
conprise nore than 10% 10 by volume, preferably nore than 20% by vol une and
particularly preferably nore than 30% Ry vol unme, of water or steam The
process can also be carried out at a pressure other, than atnospheric
pressure. When carrying out the process of the present invention, preference
is given toPolgz&nahpdxy)ﬁngndibﬂbomylaﬂeys ipeaplated faomi MEF endrparboxl(is) aribydeden| ar
ratio of su rt materlal catal ytically active conpound of 5.0-7.5,
preferably E‘pge gfblé gb%%@&&@ﬁ? the calcination of the catalyst is
preferably carried out stepw se, with t he catal yst firstly being calcined
at 100- 600 nd t hen be u ted calcination-at up to 900C,

pr ef er abl ycﬁiﬁ yeRy 5113&5‘%@ a“%‘ﬂ % catalyst. In 20 the case of
calcination with a stepwi se i ncrease in the tenperature, it is possible,

for exanple o _carr I t alowinitial tenperature,
e.g. 200C I'tlﬂgﬁs"trguﬁ\éﬁg#}é%(sdg et%h{ag%flgm'e'f}eg ‘E(irse'ysteg for exanple, 500C and
subsequently to carry out a final cal cination with a further increase in

t he terrperair I@Ie ?y??ﬁeeﬁk'l'gﬁ 3,@ al so provides a process for
prepari ng po yte?rahy rofuran ra rof uran copol yners, diesters or
nonoest ers of these pol yners by polyrrerl zation of tetrahydrofuran in the
presencey of Tt ﬁﬁela%f&t%earéé‘s' RERNIABNIAE] b5 UMRABHBA 0N, dcbsrdahey gamnt i oned
catalyst in _one of Its inventive enbodinents, with the catalyst having been
obt ai ned, fBIN&RAAbl e, by the 30 preparative process |ikewise clained in
one of its i nventive enbodi nents. Particular nention nay be nade of the
preparation EMOI yt etrahg rofuran and tetrahydrofuran copolyners and of

pol yt et r ahyk PEHEment o e tngsten fAME, i " the preparation of

pol yt etrahydrofuran t he preparation fromtetrahydrofuran and 35

1, 4- but ) telo n_or ,usin C 2004 -9
ol yt ot Fany S0 7TE ahiie oAt s SO 8 H A £E T bbb
anhydri de ﬂpmedlaaaalﬁ]lu;c anclefused amaypleiioien 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 I.3. Measurement of the loss on ignition of the TiO; support

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

25  Loss on ignition [Ti0;] = 1 — mggp/mag
I.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 | 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



The invention is illustrated by the exanples below. 5 1. Measur egqt End
determ nation nethods used |.1. Measurenent of the BET surface ar 1BEG 2004
BET surface areas were determ ned by adsorption of N2 in accordance with
DIN 66131. 1.2. Measurenent of the tungsten content 15 200 ng of the
honogeni zed sanple are m xed w th about 02_5 g of borax/lithium fluoride as
flux and fused in a platinumcrucible at” 1000C. The fused nmass is analyzed
by X-ray fluorescence. Evaluation is carried out by neans of external
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absolute toluene and 1 ng of dicinnamal acetone (dissolved in 1 m of
absolute to d Y ar argon. The m xture is subsequently
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in absolute toluene, with the m xture being allowed to 3 1 DEC 2004 - 10
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titration was carri.ed out i ndi cated, for
tumes the diameter until the respective ex{mdate has been cut through. The force

required} for this is the cutting hardness in N.

15
1.6. Measurement of the porosity

The porosity of the catalyst was determined by the Hg intrusion method in
accordance with DIN 66133,

20
1.7. 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 bour. This gives a uniform material having a defined BET surface area in
the range from 135 to 220 m*/g.

IL. Starting compounds

30
IL.1. 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



5 exanple, in H Benesi and B. Wnquist, Advances in Catalysis, Vol. 27,
1978, Academic Press, |SBN 0-12-007827-9, and the references cited tRaCi2004
1.5. Measurenent of the cutting hardness 10 The neasurenent of the cutting
hardness was carried out as follows: A blade having a thickness of 0.3 mMmis
pressed with increasing force onto each of 25 randomly chosen, visually
crack-free extrudates having a nean Ienb’(h of 2-3 tinmes the dianeter until
the respective extrudate has been cut through. The force required for this

is the CUt;mﬁlmﬁﬁmleﬁ%Iﬂ @a&iat(ljeb%n,lxﬁr 2§\md bsﬂ'bﬁmfrtoﬁf ohel FfﬁirﬁSTl?]mgTﬁle
porosity of the catalyst was _determn t i.nt rysi on method in
accor dance M%‘W%Fﬂn@éfﬁg’.“dﬂy érDW’éeﬁ%XQ%d%fﬁrﬁgl Hep lEsf’EPfeIr'ace area of the
Ti Q2 support Precipitated Ti ®2*aq having a BET surface area of 275 n2/g is

calcined in_air_in a continuousl op@;sat ed rotary tube at- from 350 to 500C
and a resi d&h&Lireorivey oxidenpRd fYdrerddss. This gives a uniform material
havi ng asdefined BET surface area in the range from 135 to 220 n2/g. I1I.

Starting conpounds 30.11.1. Titani.ym oxi.des and hydroxi des_ Possi.pl i tani um
oxi des and 8?’6‘%%1‘%% apyl Y@I%’U‘Hffsaﬂ’f c @%yug’ﬁohenﬁg eé‘fiaﬁl @ﬁt?i(l%r ?%¢ epari ng
the cat al ysheepafing ke RERSBSH of theepicsen ianehtivar are USEMT Es fdes MId BPS%nes 35
whi ch are camerci_al i,l abl e. under .t ne 0, S 140 and S 240 from
Kem ra, und P“lﬁésﬁa#é @/@g f??%???%‘ﬁ’&?é‘&ﬁé@%%% " Honbi kat UV100 and 3 1

DEC 2004 -11 Honmbifine N from Sachtl eben, XT 25376 from Norton, DT 51 from
Thann e se and_ Bavoxi T A-DW 1 ayoxide T A-K-1 from Bayer.
11. 2. zﬁ%gﬁ@ﬂf‘b&gs aaﬁﬁy@?%%%ggmw'“ﬂd?

As tungsten or molybdenum compounds, use 1s made of WO3;, MoOs;, H;WO, and
ammonium metatungstate and paratungstate from H.C. Starck.

15
L. General method of preparing the catalyst

[il.1a. Impregnation of the support with the catalytically active compound

20 To prepare the catalyst, the support is impregnated with the approprate
molybdenum and/or tungsten compound in water. If desired, a soluble pore former,
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
[I1.1b. 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.




5 Zirconi um oxi des and hydroxi des which may be nentioned as suitable for
preparing the catal ysts of the present invention are S97/718 from IJEf, [)p_;@d&gl,
from BASF, XZ 16052 from Norton and HC 15 from SEPR 10 11.3. Tungsten an
nol ybdenum conpounds As tungsten or nol ybdenum conpounds, use is nmade O
W3, M03, H2WH and ammoni um net at un state and paratungstate fromH. C
Starck. 15 111. General nethod of preparing the catalyst II1. 1la.

| mpregnation of the support with the catalytically active conmpound 20 To
prepar e t hellt.a: Spsaying theambwighpaied s | npregnated with the appropriate

nol ybdenum and/ or tungsten conpound in water. If desired, a soluble pore
former, as indicated above by way of exanple, can also be added to this

i mpr egnatl oAn iastzrmtdiate. step \ahlldhtam}nbe aabieddeut ifndesired fisrspraying theomdi&r or in

the form Of%b%%lﬁg&lﬁptﬁgs"’@f aflidif ﬂf‘ég%d maehidllat Hom Mot 80 t he

support wit Ve conpoun an_alternative to this
i mpr egnét i oto ﬁﬁtﬂc’lﬁbq;refdnﬁlsufypmr tlo&dn 006, a ar xeadigingn ingrh O nESAPEHEEnUM

and/ or { ungsen COMANDE AR NALEE callihe GAR: BRuEASH NBHIANIAs ipidiRgexaml e,

in a pan m{ a kneader tion, pore former which is soluble or
i nsol ubl e i atmeaphere,anis pestiblederuse airton éhef ]d?emaé#ne&t BENERheTH At I p:?ﬁ%‘gléﬁgl on may

be added. h pr.ef g OMEL: HRECUNA iRBsiBIe BEISE | rgdnignder |
a. 3 1 DEC JZ%O?’-I %g ?2’ & Igglﬁﬁg theorsr%)x obt ai nerjg An |nterne((kjtfgate step

whi ch can beorepaundein iegrt gas, é@sﬁf Fed is spraying the mix obtained in this
way, dryj ng and precal cining the sprayed naterial at fromabout 80 5 to
600C, preferabl from 100 to SQOC in anﬁgm di zing, inert or reducing

at nospher e Wh3eRanilling eikmeading themaier static or flow ng. As oxidizing
atmosphere, it is possible to use air or the like; as inert atnosphere, it
I's possibl eAs the next step in the preparation, the catalyst is pan milled or kneaded, with in
each case a pore former which is soluble or insoluble in water and a binder being

15  again able to be added if desired.

1I1.4. Shaping the catalyst

The catalyst is subsequently shaped by, for example, extrusion or tableting to give
20  shaped bodies such as cylinders, spheres, rings, spirals, rods or granules.

I11.5. 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.
I11.6. 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

V5]
A

yield.



use N2, Ar or Q02; as reducing atnosphere, it is possible to use i
- conpounds in inert gas, COor H2. 10 111.3. Pan mlling or kneadig% aﬂEc 2004
material As the next step in the preparation, the catalyst is pan mlled or
kneaded, with in each case a pore fornmer which is soluble or insoluble in
wat er and a binder being 15 again able.to be added if desired. 111.4.
Shapi ng the catal yst The catal yst is sdﬁsequently shaped by, for exanple,
extrusion or tableting to give 20 shaped bodi es such as cylinders, spheres,
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tr eat nent eam of calcination at from 300C to 600C for from
0.1 to 10 hours in air, CO2 or a reducing atnosphere such as H2 or CO can

al so beyg Usphe p@daéahsmﬁﬁe chihl [)"sflspé%§%1tig 1§ Taﬁnéd%tﬁ%ycxﬁ&ﬁbﬁhnaﬂ@ &rp, shaped

bodi es and/ o

rtion to b d
prepar at i onthsnsftarﬁbﬁcrﬁff:ddels|ll?"Et:tAi 4l4m356(¥ﬁ rﬁ’al DEafdio%f4d |%¥'f c‘é&lb ealieol deby
t ar get ed re%@gs%cﬁom PeRFerefl@scribed in DE-A-196 414 8 1.

15 IV.Preparation of PTHF

Since the activities of each of the catalysts according to the present invention were
tested in the preparation of PTHF, this preparative process will not be discussed at
this point but the basic process variants used will be presented.

20
IV.1. General

It is in principle possible to use any THF as monomer for preparing PTHE.
However, preference is given to using comumercial 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,-Cjp-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-hexaned:ol, 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.



10 The preparation of the catalyst is essentially carried out by methods

anal ogous to those described in DE-A-44 33 606 or DE-A-196 49 8033 MPEEH 2004
are hereby expressly incorporated by reference. 15 W Preparation of PTHF
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using acetic acid.
15
Suitable comonomers are cyclic ethers which can be polymerized in a ring-opening
polymerization, preferably three-, four- and five-membered rings such as the THF
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 PTHE 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



soluble in the reaction system Preferred carboxylic acids are aliphatic or
aromati ¢ pol ycarboxylic and/ or nonocarboxylic acids which contain blﬁ}EE 2004
12, 10 preferably from1 to 8, carbon atons. Exanpl es of aliphatic

carboxylic acids are acetic acid, lactic acid, propionic acid, valeric

acid, caproic acid, caprylic acid and _pglargonic acid. Exanples of aromatic
carboxylic acids are phthalic acid and napht hal enecar boxylic acid. Anong

t hese carboxylic acids, preference is given to wusing acetic acjd, 15
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3-net hyl t et rahydrofuran, cyclic ethers such as 1, 3-di oxol ane, trioxane,
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| i kewi se ad\é%g ésgufergﬁtpgt@%eh@gtgﬁ terr0l yeri zati on as a solution in
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the |l ower the nean nol ecul ar weight of the PTHF or the THF copol yners

concer ned. Bi ng on the tel ogen content of the polymerization m xture,
it is 35 possible to prepare PTHF and THF copol ynmers havi ng nean nol ecul ar
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pressm'es 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, ie. 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 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/(1 h), preferably from 0.1 to 0.6 kg of THEF/(1 h) and
35  particularly preferably from 0.15 to 0.5 kg of THF/(L h).



preferably from 1000 to 3000 dalton. The pol ynerization is general I3y1c{;€g 1 200%
out at fromO to 80C, preferably from25 5 to 75C and particularly
preferably from40 to 70C. The pressure enployed is generally not critical
to the result of the polymerization, which is why the polynerization is
general ly carried out at atnospheric prgssure or under the autogenous
pressure of the polynerization system™ 10" To avoid formati on of ether
peroxi des, the polymerization is advantageously brought about under an
inert gas aFpRRRRRFE thé BSIytméﬁkﬁﬁén ‘WhicEdt @arbebeperaead inte, sﬂﬁgié passcalt.e,
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15 The butanedlol content of ‘the feed was subsequently varied until the mean

molecular weight of the PTHF M, was 2000 * 200 on three successive days. The

THF conversion was averaged over these three days.

IV.3. Continuous THF polymerization: Variant B

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/h of a mixture
compuising 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 /N, (“synthetic air”) for 18 hours to remove

adsorbed water before use were heated at 60°C in 20.75 g of butanediol-containing




Furthernore, the polynerization reactor can be operated in the single-pass
~mode, i.e. without product recirculation, or in the recycle node, 3il §F(t 2804
pol ymeri zation mxture leaving the reactor is circulated. In the recycle
node, the ratio of recycle to fresh feed is <_ 100:1, preferably < 40:1 and
particularly preferably < 30:1. 5 IV.2.y£Continuous THE pol yneri zati on:
Variant A 150 g of catal yst were instal%ed in a fixed-bed reactor wthout
recircul ation and were subsequently dried at 200C in a streamof N2 for 24

hours. The THEcfhwianadiol Tonednsmtionol &) prmboadeingr domp hanrs while shalingoughput
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measured. 15 ut anedi ol content t he feed was subsequently varied
until th® mean ol ecul ar wei ght of the PTHF Mh was 2000 200 on three

successi ve s viehigrendiie mﬁyﬁmémam&aﬁvefﬁ&e@rmr these three days.
| V.3. Continuous THE polynerization: Variant B 20 200 g of catal yst were
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15  H-[O(CH3)4]s-OH + (CH;C0),0 — CH;CO-{O{CHz)4)1-0-COCH; + H.0

After the reaction, the excess acetic anhydride is hydrolyzed with water according

to the following reaction equation
20 (CH3CO),0 + H,0 — 2 CH;COOH
and back-titrated as acetic acid using sodium hydroxide.

Catalysts - Examples

25
I. Examples of the sefting 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 TiO;*aq (= 100 kg of TiO,) and 26.7 kg of tungstic acid (= 25 kg of
WO;) 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.




atnosphere in 40 ml GC sanple bottles. 5 g of catal yst extrudates ghL(cdtél?ﬂ
been 35 dried at 400C in a streamof Q2/N2 ("synthetic air") for 1 %
renove adsorbed water before use were heated at 60C in 20.75 g of

but anedi ol -containing 3 1 DEC 2004 -17 THE (but anedi ol concentration: 2000
ppm under Ar for 6 hours while shaking g The reaction vessel was
subsequent|ly cool ed and the catal yst vvag Tiltered off and washed three
times with 10 g each tine of THF. The filtrates were conbi ned, evaporated
at 70C¢ 20 nBabhmple B rotary evaporator and weighed. 5 |V.5. Measurenent of

t he nol ecul ar wei ght of the PTHF The nol ecul ar wei ght is determ ned by
measur enment of the hydroxyl nunber of polytetrahydrofuran. For the purposes
of the presem ki wddiDien, (=t95e6 ky df Biph) dl dhitkgrofi tangsiie aeib(m23.8kgpaft assi um

hyd ide i which | i val ent _to t. t i ikd baound i
the acetyl atYGR Bie Fograpidl L P sl WIS SRR PO T8 Sl ke e by
esL e(rj i fiji:at HSQG, afid ﬂieerehﬁtin@pyﬂte gwaempsuq)lﬂcbmshamd to fomm emdates baviagat i ¢ o
ride. - + 3 - 9—@ W +
21[]tgr t he ré?ﬂ%%%%'@ggéveﬁege e alﬁgrﬁngga%e}qh% 0 yézueléc}iz\%vlE h wat er

accordi ng far 2tweuws.ol | owi ng reaction equation 20 (CH3CO 20 + H20 ---> 2
CH3COOH and back-titrated as acetic acid using sodi um hydroxide. Catal ysts -
Exanples 25 1. Exanples of the setting of a transport pore size of > 25 nm
and a pore Exemple2of at |east 50 mB/g in the finished catal ysts

Conpar ajhve Exanple | 30 130 kg of Ti@*aq (= 100 kg of Ti ) and 26.7 kg of

Rl ?g%gg.géﬂ?ﬁéﬁﬁi@: 105 SRS RO 409EE o el adl (£ 3¥65 G oF 22 KO
WO,) were kneaded with 94 g of stearic acid, 9.4 g of tartaric acid, 2.2 g of H3PO,
(85%) and 92 g of H;0 in a laboratory kneader, and the resulting péste 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 1n air for 3 hours.

Example 3

200 g of TiOy*aq (= 160 g of TiO,) and 43 g of tungstic acid (= 40 g of WO;) 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% Si0,) 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 TiOy*ag (= 99 g of Ti0,), 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 TiOy*aq (= 80 g of Ti0,), 31.3 g of ammonium paratungstate (= 28.2 g of
WO5), 91.9 g of oxalic acid, 4 g of polyvinyl alcohol, 4 g of polyethylene oxide




H20O, and the resulting paste was extruded and shaped to form extruda eﬁE
having a dianmeter of 4 nm These were dried at 170C and subsequentli C 2004
calcined at 690C 35 for 2 hours. 3 1 DEC 2004 -18 Exanple 1 119 kg of
Ti02*aq (- 95.6 kg of Ti2) and 25.6 kg of tungstic acid (= 23.9 kg of W?3)
were conpounded in a pan mll with 1.46 kg of H3PO4 (85% and 48 kg of 5

H20O, and the resulting paste was ext ruded and shaped to form extrudates
having a dianeter of 4 nm These were dried at 170C and subsequently

cal ci ned at af@8Cg JfdH R whritiseaddk anplaboitdr khefle?, apdahe TésGRtirmpaste wdb. 7 g of

Ti ) and 40, 46 tungstic acid (=,37.63 f 3). . were knead ith 94
g of steari éh%ﬁg?c}fgpﬁe %Hfiatf’%ﬁ?ypgca ﬂ]@frﬁ?erf&zg%f ?,&ere(sggsb%ugnﬂl 92 g of
H2O i n a | abalchiedny 6kit€aders foand hdwes.r esul ting paste was shaped to form
extrudates having a dianeter of 4 nm These were dried at 400Cin a 15
streamof N2 for 4 hours and subsequently calcined at 650C in air for 3
hours. ExanBlxampl®60 g of Ti R*aq (= 160 g of Ti A2) and 43 g of tungstic
acid (= 40 g of W3) 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%5102) and 40 of H2O in
a | abor at or J4k3endeTiO#naq (tHd OrgesliTIONRDast & tungsticsicith 661276 gf off %f(éa){ rudat es

havi di T, Ay i Crign, ai r f
> hour's. and oo S et A, O A IR OF ot 6l catbonaliT 6 O1 C 11
Ti 02*aq (= 96 HyPOk (§5%Rpnd 39 zofHP werndeendedaip a1 labarasgygkrepdespand thess, 9 g
of oxal i g?é}-/sqwnngé;%g& Qhs gﬁégﬁwts%hﬂleg&adﬁ@sdhmng afiaiEr Weuaninaaded in a

30 | abor at r, an e resultl n% past e was srLaped to form extrudates
havi ng a were dried at 400°C in a stream of N; To d subsequently calcined at

650°C in air for 3 hours.

r 4 hours an

Exampie 6

15 ,
217.5 g of TiOs*aq (= 167.6 g of Ti0,), 44.9 g of tungstic acid (= 41.8 g of WOy3),
104.4 g of ammonium citrate, 10.4 g of tartaric acid, 2.5 g of H;PO4 (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 1n air for 3 hours.
Example 7

143 g of TiOz*aq (= 110 g of TiOy), 29.6 g of tungstic acid (=27.5 g of WO;),
25  68.7 g of guanidinium carbonate, 35 g of formic acid, 6.9 g of tartaric acid, 1.6 g of
H;PO, (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 TiOy*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 H3PO,4
(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 1n air for 3 hours.



di aneter of 4 nm These were subsequently calcined at 650C in air fm 4
hours. Exanple 4a 35 100 g of Ti®*aq (= 80 g of TiA2), 31.3 g of Jm]
paratungstate (= 28.2 g of W3), 91.9 g of oxalic acid, 4 g of polyvinyl

al cohol, 4 g of polyethylene oxide 3 1 DEC 2004 -19 and 80 g of H20 were
kneaded in a | aboratory kneader, and t resulting paste was shaped to form
extrudates having a dianeter of 4 nm “Thiese were subsequently cal cined at
650C in air for 1.5 hours. 5 Exanple 5 143.2 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 ga?B g of guani di nium carbonate, 1.6 g of H3PO4 (85% and 80
g of HZO %’hﬂﬂ ded in a |l aboratory kneader, and the 10 resulting paste
was shaped to formextrudat es having a dianmeter of 4 mm These were dried

at 400C in r eam. Qf and nt cal 650C in
air for 3 hlgs&fig ogj)é@b‘ia 1%5 g&??;lléz @éﬁg’ﬁ’“ g(l T é)?)f 44.9 g
of tungsti cWak) avefe-krddad8d gvitht SV QIf, purél,(hﬂal@lgstafchaﬁﬂ@nﬁmrtanbraatdeQZI.@ 4 g of
tartaric aci 41. 5 sol ution
wer e kneadec'c{q{?ﬁ)ef ﬁggéﬁra&fh@ glgkﬁ&rl g%bc?r%tﬂg %}egzsi?ﬁ??l{ ng{eprgggm%\gm Shaped to
f or m ext r udsaseshhyged ng fordi &rmmdatesf havingn a Thiemeter 26f eman. c Zhesenaerat 650C
inair for 0, ag (= 110 g of Ti®2), 29.6 g of
tungstic acsl%l Q":(qlll’l gt}y Eﬁ&%g%@&%ﬂ% %’QL/:BQ of guani di ni um carbonate, 35 g
of formec aC|d 6.9 g of tartaric acid, 1.6 g of H3PO4 (85% and 15 g of H2O
were k %ad pﬁ fgaboratory kneader, and the resulting paste was shaped to
es

formextru aving a dianeter of 4 mm These were calcined at 650C in
air for 3 hours. 30 Exanple 8

150.2 g of TiOy*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 H;PO; (85%) and 100 g of H,O in a laboratory kneader, and the resulting paste
15 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
20
160 g of TiOy*aq (= 128 g of Ti0,) and 34.4 g of tungstic acid (=32 g of WOy)
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
H,O in a laboratory kneader, and the resulting paste was shaped to form extrudates
25  having a diameter of 4 mm. These were subsequently dried at 400°C in a stream of
N5 for 4 hours and calcined at 600°C in air for 8 hours.

Example 12

30 200 g of TiOy*aq (= 160 g of TiO;) and 41.4 g of H;PW20s0*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 H,O in a laboratory

35  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.




150 g of TiO2*aq (= 115.7 g of Ti2) and 40.46 g of tungstic acid (3 63&9&
of W3) were kneaded with 94 g of gelatin, 9.4 g of tartaric acid, b BE Q; 4
- H3PO4 (85% and 117 g of H20in a |l aboratory kneader, and the resul ti ng
paste was 35 shaped to form extrudates having a dianeter of 4 nm These were
subsequently calcined at 700C in air fgr 3 hours. 3 1 DEC 2001 -20 Exanple
9 150.2 g of Ti02*aq (= 115.7 g of Ti02) and 40.46 g of tungstic acid
(=37.63 g of 5 W) were kneaded with 94 g of pure, soluble starch, 9.4 g
of tartaric acid, 2.2 g of H3BPO4 (85% and 140 g of HROin a Iaboratory
kneader, ﬂ t he r ulting paste was shaped to form extrudates having a

di anet er 5| ese were subsequently calcined at 700C in air for 3
hours. 10 Exarrpl e 10 150.2 g of T102*aq (= 115.7 g of Ti02) and 40.46 g of

t t [l ed
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400C in a stV 4 hours cal ci.ne fa hn air for 3 hours.
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(o2 9 of ik mvrfgftﬁaarrpaarﬁﬁﬂaw;ar %@ﬁ@aﬁia&a& L Bl sﬁd%mm OurrS, from

De , d H3PO4
al Eglslsa]Z r eekis Q@g@(‘hﬁ\@ﬂh M;IZ% l'gzcd)fn a lghord ﬂryaklreéﬁ‘c’)rr &’E‘%E’é I‘I?ﬁ‘égﬂ%rpgﬂgn“éast he

resul tipg pélﬁa%;‘é‘d‘é@%r%@%ﬂﬁddét@s ﬁsxr Qdintmeat @F Ahnhdiliesy ward sabveqesntlyf 4 mm
These were subsequent |y dri fd ﬂ%‘ﬂ OCin a streamof N2 for 4 hours and

cal ci ned at 0@9‘95,‘1%6%9 NG I8 hQKS . Exanple 12 30 200 g of Ti02*aq (= 160 g
of Ti02) and 41.4 g of H3PW2040*aq (= 33.2 g of

Example 14

15 838 kg of TiOy*aq (= 6.44 kg of TiO;) and 2.00 kg of H;PW 2040*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 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,

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 TiOy*aq (= 6.04 kg of TiO;) and 2.50 kg of H;PW,040*aq (= 2.01 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 2.6 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 TiO2*aq (= 6.04 kg of TiO,) and 2.50 kg of HiPW 2040*aq (= 2.01 kg
of WO5) were slurried with 138 kg of HO and sprayed in a spray dryer at 120°C to




W3) were stirred wwth 520 g of H20 in a gl ass beaker and evaporat gd Tl% 69&,'
under reduced pressure. The material was subsequently heated to 50 di Ca
streamof N2 and calcined at this tenperature in air for 2 hours. The
product was finely mlled in an analytical mll, kneaded with 120.8 g of
H20 in a | aboratory 35 kneader, and thg%\%gsul ting paste was shaped to form
extrudates having a dianeter of 4 nm ese were subsequently cal cined at
700C in air for 3 hours. 3 1 DEC 2004 -21 Exanple 13 375 g of Ti02*aq (=
300 g of TiQR)e ansbvidi3. Havinpfa HRBWE2OUEE dtjzd of 26y afd thEs WBBYdenewes stirred

with 1040 g _of H20O in a.qglass.He [,and e I { ced
pressure. Tﬁgbsr?a‘tl%rﬂyaﬁa?ﬂg%aa%u%@eéﬁgﬁg I%ggﬁégﬁgg 0? %‘ﬁgé@@ i(ag@g%g?r%{a%m;f N2
and cal ci nedneddetihiish 6 engfgradyaindenmoxide afidr 1€ ghf A inThiabprageivdmesdss, nil | ed
in a spiral j md). t ' tl I ; FZe,Rf 0.8

p. m kneadgggvtt\?c[ Wsﬂlﬁlg.%é)%%@%?asﬁ%ég‘%&/n%aﬁ ab%‘?ll_élta _%tre gﬁﬁﬁgggglrlﬁgﬁﬁ{ he resulting
paste was 1(Thsbmpert subsdquentlesilcinghaesSBevinay far dhawst er of 4 nm These were
subsequently <calcined at 650C in air for 1 hour. Exanple 14 15 8.38 kg of
Ti2*aq (= 6.44 kg of Ti02) and 2.00 kg of H3PWL2040*aq é= 1.61 kg , of WD3)
were sl urri ébmparisorn 3§ theycasalyps drom Cappasgiive Fxamplepr ad Hramplead ©26C t o
give a powdep, hay| SR ot & PHE §s Hov T PaBle ANHh M SorRPAMiBR, Was
subsequentl&hggﬁ}é%:ﬁg%ﬁlat_ 5 Ogﬂ%i_r&lzﬁhourss. 2000 gggé %ighs spray-dried powder
vere kneadddifwanpelymgriged hatchyise ety deseraledaveva 309¢5 185* 2O in a | aboratory
kneader ;320 and the resulting paste was shaped to form extrudates having a
di aneter of mm These were subsequentl alcined at 70pC in air for 3
hours. Exanpifé @epesisnentsyshoy hpt ﬁ%%s%d)f(&at Yy heyng aﬁéﬁ)”ﬁﬂ?ﬁf%ﬁpkg of
H3PWL2040* agranspot Pdrek of >05 nHDD) thepirecesd of theguesent inva@Bnkig ablf casdOeadrd

sprayed in a spray dryer at .12 to .give. a po i pagdicle

size of 2. Gt?) gﬁr&a %frba%méem uﬁggb@% ﬁ%ﬁﬁ??féﬁﬁﬁeﬁ%dqgﬁggtﬁ or 2
hours. 200 gapdcityhifssxipingyplaits éot thowieparatiemenf PTHF can therefore be increased
15 significantly without plant modification or future plants can be made
correspondingly smaller and therefore be built at a correspondingly reduced capital

cost.



kneaded with 10 g of nethylcellul ose and 120 g of H2O in a | aborat % 004
kneader, 30 and the resulting paste was shaped to form extrudates fa iDIE& g
dianeter of 4 nm These were subsequently calcined at 650C in air for 3
hours. Exanple 16 35 7.86 kg of TiO02*aq (= 6.04 kg of Ti02) and 2.50 kg of
H3PW 12040*aq (= 2.01 kg of W3) were3slurried with 138 kg of H2O and
sprayed in a spray dryer at 120C to 3 1 DEC 2004 -22 give a powder having a

mean particle sigze-of=2 m—and—thi-s—pewder—was—subseguentty cal ci ned at
500C for 2 hours} 200 q af this spray-dried powder were kneaded with 6 g of
pol yet hyl ene oxife @d|116 g of H20in a | aboratory kneader, | and the
resul ting paste was Bhaped to formextrudates having a diameter of 4 min. 5
These were subsefjue® |y dalcined at 650C in air for 2 hours. [Conparison of
the catal ysts frpm @rrparat ve Exanple 1 and Exarrpl es | to 16/ when used in
the polynerizatiph THE | swshownd n Table 1. thi s, conpaLlson, THE was
pol yneri zed bat c i a8 de3chi Fed- abwe\!uqqderc\l § 3 “?LO:f'meoexperl ment s
show t hat the usg,of ccttalysts having a high proportion of tfansport pores
of >25 nmin the grocess of | the present invention in all cases |leads to an
increase in actiyiEty. Wen using the process of the present ipvention, the
capacity of exi stlonipl ants| for the preparation of PTHF can therefore be
i ncreased 15 si gm&‘f td VoMt howt Pplant podi &i eatd an or—. fytufe plants can
be nade correspbﬁdt(}n@ B SHBL! By Saukl T Heref@rE HeSh&@ I HtSaRcorrespondingly
reduced capital |20t UFP|ISPECRBUS RF X & S © S S S 3 SO
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1. Examples of the setting of a tungsten content of from > 10.1 to
<20.9 pmol/m’

Comparative Example I1.1

100 g of TiO,*aq (= 78 g of Ti0,), 15.5 g of ammonium paratungstate (= 13.8 g of
WO;) and 80.9 g of anhydrous oxalic acid were compounded in a laboratory
kneader with 75 g of H,0, and the resulting mass was extruded and shaped to form
extrudates having a diameter of 4 mm. These were calcined at 200°C for 2 hours,
at 500°C for 3 hours and at 600°C for 3 hours.

Comparative Example I1.2

184.7 g’of TiO;*aq (= 144 g of TiO,), 29 g of tungstic acid (= 27 g of WO3) and
67 g of H,O 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
dried at 105°C and subsequently calcined at 775°C for 24 hours.

Comparative Example I1.3

123.1 kg of TiOy*aq (= 96 g of Ti0y), 25.7 kg of tungstic acid (= 24 kg of WOs3)
and 6.09 kg of tartaric acid were compounded in a pan mill with 2.95kg of
aqueous H3POy (= 1.764 kg of P,0s) and 45 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.

Comparative Example 11.4

180 g of TiO;*aq (= 144.4 g of TiO,), 38.7 g of tungstic acid (= 36.1 g of WOy)
and 9.02 g of tartaric acid were compounded in a laboratory kneader with 2.21 g of
aqueous HyPO, (= 1.32 g of P,0s5) and 73 m! 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 48 hours.

GEC 2004
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Comparative Example 11.5

180 g of TiOz*aq (= 140 g of TiOa), 69.9 g of ammonium paratungstate (=622¢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
caleined at 200°C for 2 hours and at 500°C for 3 hours.

Comparative Example IL.6
10
123 g of TiOz*aq (= 97.5 g of Ti0y), 48.5 g of ammonium paratungstate (= 43.2 g
of WO;) and 43.4 g of anhydrous oxalic acid were compounded in a laboratory
kneader with 56 g of H,O, 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 caleined at 200°C for 2 hours, at 500°C for 7 hours and at 670°C for 3 hours.

Comparative Example IL.7

66.6 kg of TiOy*aq (= 51.5 kg of TiOy), 31.1 kg of ammonium paratungstate (=
20 27.7 g of WO3;) were compounded in a pan mill with 20.4 kg of oxalic acid
dihydrate and 15 kg of H0, 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 IL.8

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

30 Example IL1

184.7 g of TiOs*aq (= 144 g of TiO2), 29 g of tungstic acid (= 27 g of WO3) and

67 g of H,O 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 L2

119.1 kg of TiOs*aq (= 95.6 kg of Ti0,), 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

5 aqueous H3PO; (= 0.872 kg of P,05) 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 IL3
10
119.1 kg of TiOy*aq (= 95.6 kg of Ti0,), 25.6 kg of tungstic acid (= 23.9 kg of
WQ3) and 5.97 kg of tartaric acid were compounded in a pan mill with 1.46 kg of
aqueous H;PO,; (= 0.872 kg of P,05) and 48 kg of Hy0, and the resulting mass
was extruded and shaped to form extrudates having a diameter of 4 mm. These
15  were dried at 120°C and subsequently calcined at 400°C for 2 hours and at 750°C
for 3 hours.

Exampie IL.4

20 180 g of TiOy*aq (= 140 g of TiO,), 71.7 g of ammonium paratungstate (= 63.8 g
of WO5) 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

25 3 hours.

Example IL5

180 g of TiO,*aq (= 140 g of Ti0,), 71.7 g of ammonium paratungstate (= 63.8 g
30 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.




3 1 DEC 2004 -24 |11. Exanples of the setting of a tungsten content o1f_ Eto l]>
10.1 to < 20.9 nol/nR2 Conparative Exanple 11.1 5 100 g of Ti 02*aq3(—D gﬁli
of Ti02), 15.5 g of ammoni um paratungstate (= 13.8 g of W3) and 80.9 g of
anhydrous oxalic acid were conpounded in a | aboratory kneader with 75 g of
H20, and the resulting nmass was extruded and shaped to form extrudates
having a dianeter of 4 mm These were cval tined at 200C for 2 hours, 10 at
500C for 3 hours and at 600C for 3 hours. Conparative Exanple 11.2 184.7 ¢
of TiO2*aq (= 144 g of Ti2), 29 g of tungstic acid (= 27 g of W3) and 15
67 g of H20O were conpounded in a | aboratory kneader, and the resulting mass
was extrudeEXaml%ngd to formextrudates having a dianeter of 4 mm These
were dried at 105C and subsequently cal cined at 775C for 24 hours.

Conparative Exanple 11.3 20 123.1 kg of Ti0Q2*aq (= 96 g of-Tj02 5. 7 kg of
tungstic acP@oke ofalifdg asr(<\pi3) g&ﬁa‘?%l.)@@d -loﬁgpﬁwgwpﬁr%e?rahwg%fgt% npounded
in a pansm by 7wt bf YOP KeredtompéisreESnHIPRA il With620.hdkgbf BRARY aaild 45 kg
of H2O and the Tesulting r&%ﬁs was, .extruded and sha%g%dtﬁ f(g[fg] eX {udat es
having a di diedeate gnd 45k oftHedeanthb e resuwligg maps Jyasy! ShES TR uENL |y
<1:Z|40i4ned ?t _{_{ﬁgg@xﬁgﬁsatgs m@Ui][ng- a@ﬂfﬁ_@ﬂeﬁtdﬂlg nEnar‘[iéiese lﬂﬂﬂfré dkglfﬁ gt @ﬂ“’C[’izﬁﬁi*gg (= f
.4 g of Ti : : of t tic,aci = go
tartaric acﬁ@ﬁé?e@t@cﬁéﬁg‘ﬂﬁﬁiu"é&wﬁé@‘i %\gf}?ra?t éﬁp'bkﬁjefg{fjgrhovxﬁt%?df?%ﬁg@g d agueous
H3PO4 (= 1. 3%ogrsof P705) and 73 ml of H2O, and the resulting nmass was
extrudeflO and shaped to formextrudates having a dianmeter of 4 mm These were

dried at“105C and subsequently cal cined at 690C for 48 hours. 35
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.




3 1 DEC 2004 -25 Conparative Exanple 11.5 180 g of Ti02*aq (= 140
69.9 g of ammoni um paratungstate (= 62.2 ¢

Ti 02),

anhydrous oxalic acid were conmpounded iii
of H20, and the resulting mass was extruded and shaped to form extrudates

having a dianeter of 4 nm These were |
cal cined at 200C for
11.6 10 125 g of TiOz*aq (= 97.5

par at ungst afleble=2: LanPagsorodf e yta

2 hours and at 500C for

G

of Ti02),

of W)3) and 37.

3°1%5c 2008

a |laboratory 5 kneader with 53 g

3 ho

urs.

ged at 3 5 C and subsequently
Conpar ati ve Exanpl e
48.5 g of ammoni um
& faanshgyexamplehy dr ous oxal i ¢ aci d were

conpounded in a | aborat ory kneader with 56 g of H2O, and the resulting nass
was ext r uded—and—shaped—to-form—extrudates _havi gwa di anme!l of 4 nmm| These
were dried! &atd@€ and subsequenth/IQB%a Btded at Wawmel/mal | COEEsion ot 500C
for 7 hours and at. ho nmparative Exanple 11./3 £§. 6 kg pf
Ti 02*aq (= g% EX%’BE‘%II tlllrﬁg of amDni um par atungstgte 20 27.7|g of
W3) were ¢ hac[éd in a pan nn 112with 2054 kg oftlokal i ¢ adi®*’°di hydr ate
and 15 kg ()f H%% l{t{ng mass wag sextrugieg and srapm to fprm
ext rudat es ..uv. 2t tgré%xtg%&liﬁsy 141nmu These were dried at BLLjS
subsequentlﬁwqjamtmdi)ammﬁd fiok5.2 hours! 8a# 500for 3 hou /énd at p10C
for 3 houi at%% ggaparati ve Exaf@:) e 11. 8! Fheg catjajyst from Ep('aygpl e 7 Was
addi ti onal | ? cinéd at 690C for 12 hours. 30 Ex&ngl e 11. ]\fégq? of
Ti 02*aq (= | EAdmgleoll.3Ti 02), 29 ¢f bi-6t ungst{878cid (597 g of and 67 g
of H20 were R & abprayory kneader, nzzl1_g he resyl34%g nmass| was
extruded and auap%{m}%?%(% M extrudates navi gf a 3'? ter of érég)q These were
35 dried at Coog@raiive Bamndglent | 34-8al ci nedlat 675 Por 16 hg

Example [1.4 24.7 95 14.1 5.4%

Example II.5 243 84.5 15.6 5.7%

Comparative Example IL6 | 239 59.7 21.8 4_.6%

Comparative Example IL.7 | 27.8 151 10,0 4.1%

Example I1.6 272 109 13.6 5.7%

Comparative Example IL.8 | 27.8 68 22.2 4.2%




3 1 DEC 2004 -26 Exanple 11.2 119.1 kg of Ti02*aq (= 95.6 kg of Tlgzt)‘BéSﬁS
kg of tungstic acid (= 23.9 kg of W3) and 5.97 kg of tartaric ac 2004
- conpounded in a pan mll with 1.46 kg of 5 aqueous H3PO4 (= 0.872 kg of

P205) and 48 kg of H2O, and the resulting mass was extruded and shaped to
form extrudat es having a di aneter of 4}‘81_1 These were dried at 105C and
subsequently cal cined at 690C for 2 hours. Exanple 11.3 10 119.1 kg of

Ti 02*aq (- 95.6 kg of Ti02), 25.6 kg of tungstic acid (= 23.9 kg of W3)
and 5.97 kgief Etxahipae‘si of ahé detine of andefindd BET sunface aidal ofvithé oxidie kg of
aqueous H3P p&%} 72 \kg of P2G3) and 48 kg of H20, and the resulting nass
was extrudet! thlr“il "H to formextrudates having a dianmeter of 4 mm These
15 were dried at 1200 and subsequently cal cined at 400C for '2 hours and at

750C for 3_hour 1.4 02*aq (= 140 g of Ti02), 71.7
g of ammoni @ﬁ?’ﬂgfa{lﬁgstat é’lt’ﬂa%’iq’é‘]"gq”gfg{ﬂb% and 37.8 g of anhydrous
oxalic atid were conpoundearmmt 1l aboratory kneader with 48 g of H2O, and
the resulting mass was extruded and shaped to form extrudates having a
diameter of 4 mm These were dried at 90C for 2 hours and subsequently

cal ci ned at 7209 of pracalired Fi),* ag haheE it eactocaseuths Bidswtace 302 ipdicategs 3

hours. %ﬁ{& f qam)nl um
par at ungst gpl ?&ééB gqu pa@%ﬁﬂe b a%ﬂﬁognpéorpég%dé?%ﬂosznwg? acid were
conmpounded phTatd %@féﬁgﬁr gud hekad er Oﬁ\ﬁ@hi’d&‘?}lsgo’@{hcﬁf wswqwmgs%m fng mass

was ext Iﬁ'deﬁabéfé%@b&@&férWtH & zEﬂpr@ﬁfﬁdfté‘Qﬁ%ﬁﬁt Ml@gmd thé BRBltiel rﬁ)efss4va§m These
were dried at 3bC a subse?_uent y . calcined 200C for 2 our s, 500C

for 5 hourseﬁﬁﬁeﬂﬂééb@eﬂdﬁ‘ aygxffudates bavigea ter of 4 Fhm THS dunt D

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
compos{tion 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 WO4/TiO,-based
catalysts which have a significantly increased number of centers having a pK, of

25 <3 Maximum acidities and activities for acid catalysis are obtained, in particular,
at a BET surface area of the treated TiQ;*aq support in the region of 200 m*/g. The
PTHF polymerization was carried out by the continuous process described as
Variant A under I'V.2. above.



-27 Exanple 11.6 66.6 kg of Ti2*aq (= 51.5 kg of T102) and 31.1 k§ biDEC 2?}04
anmoni um paratungstate 5 27.7 kg of W3) were conpounded in a pan mll w
20.4 kg of oxalic acid dihydrate and 15 kg of H2O and the resultl ng rrass

was extruded and shaped to—formexts tes—having ardigmgter of nm These
were dried at| 90C and _subsequently caI cined |at | 200C|for 2 hourfs, |at 500C
for 3 hours apd at 610€ for |3 hours. 10 The |cat al ystis prgpared in this way
were used in the cor@w Jjuous THE| ppl ymeri zjatijon descii bed [asivariant B under
1V. 3. above. [i& Eesﬁ‘ul achileved are listed ip Table P, iwhose | ast col um
reports the TH% cenver gl onjin pergent.\c3 1| EC 2004 28| I4bl e @ Qonparison
of the catal yst3 £rob the pxanpledi Catl yst &g/ 169g] BETWToI | @] Canver si on
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of the oxidic

support materi al
S Variant 1 720 g of precal cined Ti 02*aq havi ng,
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Exanpl e 111.1: Preparation of the éafiiﬁﬂm
in each case, the BET
in Table 1, adhoni um paratungstate in an anount

correspondi
oxalic acid

anount of H2, 0,

ext rudat es

on the type
on activity
conposi tion

ng

to
re

ing
kn

)

a nol
comp¢

e

ACI

ri

and t

di
dq;
dit
ed

ar ratio of Ti to Wof 6.77 and 156.4 g of anhydrous
unded in a 10 | aboratory kneader with an appropriate
e resulting nass was extruded and shaped to form
aneter of 4 nm The anount of water required depends
used and on the Ti02 material; it has no influence
y. It is typically from 240 to 340 g. The kneaded
overni ght at 35C and subsequently cal ci ned stepw se at

15 200C for
was then f
Table 3 to
of the Ti02
cal ci nati on

d
S
o
[

61

¢

'S
c
he

e

‘Gi| Ve

dl
al @
f
&
£

d at 500C for another 3 hours in a streamof air. It
ined for one hour at the tenperature indicated in

i nished catalyst. Table 3 reports the loss on ignition
ned in each case, the tenperatures used for final

e finished catal yst, the maxi rum BET surface area and

t he BET sur
t he cal cul at
pol yreri zat
Table 3 tha
is | ess sus
catal ysts w

e a

of
(2)
E@b

h¥hav

re

BET
PTHE.

re
h@
a\l

a
dr d

b“éc

f the catalysts obtained 20 in this way together with
p, the acidity at pKa <-3 and the conversion in the
It can clearly be seen fromthe values reported in
ed surface area of the thermally pretreated Ti02*aq
further sintering and | eads to W3/ Ti 02- based
significantly increased nunber of centers having a

pKa of 25 <t
obtained, in
support int
by the cont

tn ¢c~ 3 1 DE

ar

ou's
20

HE

3_"13

r ¢gi pn

r &

Maxi joum aci dities and activities for acid catalysis are
i cul ar,

at a BET surface area of the treated Ti 02*aq
of 200 n2/g. The PTHF polynerization was carried out
ess described as Variant A under 1V.2. above. c) CD

214
214
214

214

550
575

600

630

10%
10%
10%
10%

275
275
275

275

200
200

200
200




3 1DEC 2004 NQ NN-31 3 1 DEC 2004 -32 Exanple 111.2: Preparation of

the catal yst under an atnosphere conprising water vapor Variant 2 t(

of freshly precipitated Ti02*aq which had been dried at 100C (78%?3 EE 2004
were calcined at 400C in a rotary tube through which air was not passed,

I .e. under the water vapor at rmspherea@u—ven off fromthe Ti02*aq, for 3
hours in a batch node. This resulted in a material having a BET surface

area of 14%{72 i 1§80 7 of (g%lh al were
subsequent | H@%gﬁ%wth(ﬁ%p@gﬁﬁ&p ?f a{r}}mnl uﬁptarzigltl%rfgsatntathtﬁ? %V“}DB) 156
g of oxalic acid and 290 gcmlﬁanE@thchWed to formextrudates having a

di aneter of 4 mm These Wey S y? sequent |y cal cined stepwi se at 200C for 2

hours and 500C for 3 hours' an I nally calcined at 575C for one hour to
give the finished catal yst. The catal yst extrudates had a -nean cutting

har dnes of, g%ofl g}ﬂy%zgﬁ%ﬂ?atgqﬂééﬁh%cﬁ%agfbeén 2%l rhttlbﬂc’@m%nﬁmﬁ THE

pol yrrer zat’i reparation of the catalyst d
at nospher e waronplcirsidng 4@4°€ rlwaﬂgmﬁhegﬂﬁo%? yich air R’baso‘FOtfﬁ%§ jeo

preci pi tat 3,5{ g,l %ﬁg{ﬂghg&r e d%}geg@ gwelne@rfa&or&QH&m@?%qTf&zj howssrm a

precal ci ne e tinme_of tes In I
oper at ed r datohymedihd hiraigh#lipddn 4 matsriakhavins rs a%at%%%g Ig]lf‘J 33 gf 5

[‘agres - a% dﬁgéefée}éﬁubhto@r@/o Of 208 Lf BIEE th@bfialeeR msapdntﬂjl‘lkﬂc@i&dtmm rotary
10 322 g of ammonium paratungstate (88% WOs), 156 g of oxalic acid and 290 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 and 500°C for 3 hours and
finally calcined at 575°C for one hour to give the finished catalyst. -
The catalyst extrudates had a mean cutting hardness of 34 N and gave a conversion

15  of 5.2% in the continuous THF polymerization test.

Example II1.2: Preparation of the catalyst under an atmosphere .
comprising water vapor
Variant 2b
20
1.2 kg of freshly precipitated TiO2*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% WO;), 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



25 60 m per hour of liquid H2O were netered into the streamof air. This

" resulted in a material having a BET surface area of 195 nR/g and a | o0oss._on ~
ignition of 8% 216 g of this naterial were subsequently kneaded with 96. 6
g of amonium paratungstate (88% W3), 46.8 of oxalic acid and 80 g of H20
and shaped to form extrudates having aszdi-aneter of 4 nm These were
subsequently cal ci ned stepwi se 30 at 200C for 2 hours and 500C for 3 hours

o el LTS B L e DEME oD AR Lo VBB "

THE pol yner itk@fihished &ailyst35 The fol | owi ng conparative experl rrent s
denonstrate the influence of the addition of water during the

precal ci nati on of the support material on the cutting hardness -33 and al so
denonst r at e Chapardfthiedhcanple ITHE ipeenninei thautinglsardlueds on-the activity of
the fini ghed catal yst. Conparative Exanple 111.1 to exam ne the cutting
hardness-5 1.2 kg of freshly precipitated Ti 02*aqg which had been dried at
100C (78% TilRkg o;ﬁlefteslpilyqn'estipitatedi Téd,*alovtéch had bem #2¢d avaH)Oﬁét(é’B‘édTiiOﬂ o the

rotary tube. This _re te il hayi f 211
n2/g and a I%%ssprgﬁalm %%iltl O%)OVST %5{:% Was mteﬂege@gugggp‘?gp&%re sSu equent |y
kneaded wi t hre@@2dgn efmaimairhaumgleoBﬁirsarfa@&BaDéZ(B VDR g logsen ggmhom)xal ic
acid and 35 f ARler of 4
nm These m&géu7bzsﬁ£0%%§%ﬂﬁpwgl%§ug m%ﬁgagg%%as}az hours and at
500C forl03 irawatengstate (8804l Wsbal 6 med oa@hc 8518 @nflorSOhef H@Qranmwp@%ﬁfm yst

extrudat es %Hnaex%aﬁteg%wn@@la RRAAES §F AfmB, Nh@gw“&?éfgu&egwm@r&laﬁed 15 of
7.5%in the continuous THE pol ynerization tets% %Ln this Egéllgvff exanpl e,
r

the support StpMEsg af 2&@°§z£‘§q2 \Rﬁ%fsp?'@p%tr HP 6 Agrs 36“6‘

i nvention, bye @@&(ﬂ{eqﬁﬁirm ned accor d| ng to Var| ant 1 wit hout addi tion of
wat er . The S|n IS or und to be 20
nechani cal | ;ﬁl?rf?%/ajﬁté g Eg}g}f@& Bf@r}gfi%ﬁgﬁ&%??ﬂvﬁ@sl?rb t he

Variantg5  of 7.5% in the contmuous THF poiymeuzatlon test.

In this comparative example, the support material TiO;*aq was prepared according
to the present invention, but was precalcined according to Variant 1 without
addition of water. The catalysts prepared using this support were found to be

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

Comparative Example IT1.2 to examine the catalyst activity

25 750 g of freshly precipitated TiO;*aq which had been dried at 100°C (78% TiO2)
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 | and 2a, 2b, a catalyst having a low activity was obtained.




2a and 2b. Conparative Exanple 111.2 to exam ne the catalyst activity 25 750
g of freshly precipitated Ti 02*aq whi ch had been dried at 100C (783/o]TiD@) ?qm
wer e kneaded with 230 g of ammoni um paratungstate (88% W3), 156 g of altc
acid and 190 g of H20 and shaped to form extrudates having a dianmeter of 4

mm These were subsequently cal ci ned stepwi se at 200C for 2 hours, at 500C

for 3 hours and at 575C for 1 hour. “The catal yst extrudates had a nean
cutting hardness of 26 N and gave a conversion of 3.2%in the continuous
THE pol ynerization test. In this conparative exanple, the support materi al

Ti 02*aq wa¥eH$f™ precal cined at all. Conpared to the catal ysts prepared
according to the present invention using 35 Variants 1 and 2a, 2b, a

catal yst having a low activity was obtained. 3 1 DEC 2004 -34 W claim 1. A
cat al yst vihi ch A 6#plystordccQugrises 2 caalyligplly detikpeamavtpl 2tolFashong 8%¥8 1 one
oxygen- cont ai RiRginiR nURHRRKM AR Aingdt 8ihd AR QKA sBfpoRmAeratiifa support
mat eri al and has been cal ci ned at fron130 C to 900C after application of

precur sor conpdanbesn calpinehat fram 4PQ7Eite 290°G aften applicatigprieeissor somppsndsuppor t
material or a 0 L&y §5Rthe ARBOM thattridPoY P AR AR
tungsten cont e%?%b%gaéﬂﬁgﬁrécﬁee ?%@Eed ceéttt@ yst ,a gf xr rmg'ﬁ)ﬂof (tungsten
and/ or nol ybderpmeprso havieg @ molybdeaum and20 t@gstamgorterpobased g tho dpishes ng
transport porescatgﬁyti a dianeter of > 25 nm and a vol une of these
transport pores of at 'least 50 mB/g. 2. A catalyst as clained in claiml,
wherein pore fornmers have been enployed for the formng of the pores,
preferably tartaric acid, citrjc i r | i ] in particular oxalic
acid. 3. A catalyst as clai ne&(%ﬁﬁg?nﬁgtquﬁgﬁr?%&ﬁ&%ﬂnﬂfgg a content of pore
formers of up to 200% by wei ght, preferably up to 100% by wei ght,

particularly preferably u o0 60% by weight, in each case sed on.the
catal ytically é@lefe\@'lc%ﬁﬁgghd“@c?d’@f%@ c%’pg'ﬁmg Haempmgporeschavmgg%’a%ete%f

> 25 nm, and a volume of these transport pores of at least 50 mm’/g.

2. A catalyst as claimed in claim 1, wherein pore formers have been employed for the
forming of the pores, preferably tartaric acid, citric acid, or oxalic acid, in particular

oxalic acid.

3 A catalyst as claimed in claims 1 or 2 which has 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 matetial.

4. A catalyst as claimed in any of claims 1 to 3, wherein the oxidic support material is
thermally treated at temperatures of from 300 to 550°C to a BET surface area of from
135 to 220 m?/g before the application of the catalytically active compound.

5. A catalyst as claimed in any of claims 1 to 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.

6. A catalyst as claimed in any of claims 1 to 5 which has a BET surface area of from 25
to 200 m%/g, preferably from 40 to 150 m?/g and particularly preferably from 50 to
120 m%/g.




support material. 4. A catalyst as clainmed in any of clains | to 3, wherein
the oxidic support material is thermally treated at tenperatures ?fITEEVQME
300 to 550C to a BET surface area of from 135 to 220 n2/g before
application of the catalytically active conmpound. 5. A catalyst as clained
in any of clainms | to 4, wherein the I dic support material has a BET
surface area of from 170 to 220 nR/ g, preferably from 190 to 220 n2/g. 6. A
catalyst as clained in any of clains 1 to 5 which has a BET surface area of
from25 to 200 nR/g, preferably from4 g and partic

pref er abl y- f r orft SHAIYS 5 gloinerpn @ny o anbtgtfzgo%l ?lehgs il a%d'B’aal‘QFyst'gﬁg"‘cl ai med
in any of clai n&sdyotyndigWhi ch has an acidity at pKa < -3 of at [least 10
nol/g. 8. A catal yst as clalned in any of claims | to 7 which has an acidity
at pKa < -3 of at least 70 nol/g, preferably at least 90 nol/g, in the dry

state. 9. gA catglysa}s s clainil rﬂ?gny 5r s 9o ¢ lhicimhad af RifinWipRD <CORPLI Ses a
catalytically active anount of | east one oxygen-contai ni ng tungsten

conpound. 10. Aeastt0aimadie, mfe@blmahbast%waﬂig sfthedryistyte. 1 to 9, wherein the

oxi dic support material is zirconiumdioxide or titanium dioxide,

preferably titaniumdioxide. 11. A catalyst as clained in any of clains | to
10 whi ch dont aissatilyssas Clainedan 706fnjaimevdite B twhiqhreefmprises laycatahoipal iy actve40% by

o O DA | C dihr B ELEA AR Yech LBt e bihedat fonfiut! O - 1 Lhe

catalytically actrve co and/ or W3 and based
on the total weight of the catalyst. 12. A catalyst as clainmed in any of

| 1 tq 11 which 15% b 10% b
veiont, paPti odh Sy Y arBrdat SR BREL ALy eRgh e oBR FpRR Aty 107 Y

phosphate. 13. zAc@ﬁﬁ:ﬁHmsi‘de asstitariarn ﬁmdlde,rpra’eryblphtahium dibbaders 1 to 12, wherein
the thermal treatnent of the oxidic support material, in particular of
freshly precipitated Ti02 -aqg, is carried out under an atnosphere

conpri si ngwat ex cafpaus chimetirany oflaiel IcNaliich @onilzﬁ}%fﬂyn 0Mab 70%, by

> 0, 0,
preferably Zow{?lg pregcralr){e frorensg) teocf10§) L}/ welgf%top/amé{llarly prgfe rably from fO t0'35%
by weight, of the catalytically active compound(s), calculated as MoO; and/or WO,
and based on the total weight of the catalyst.

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 catalyst as claimed in any of the claims | to 12, wherein the thermal treatment of
the oxidic support material, in particular of freshly precipitated TiO; -aq, is carried
out under an atmosphere comprising water vapour or steam, which contains > 10% by

volume, preferably > 20% by volume, especially > 30% by volume, of water.

14. A process for preparing a catalyst comprising a catalytically active amount 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 at from 300 to 550°C

- application of the catalytically active compound(s) or its/their precursor

compound(s} to the support material and




14. A process for preparing a catalyst conprising a catalytically active
anount of at | east one oxygen-containing nol ybdenum and/ or tungst\?vlni EC 2004
conmpound as an oxidic support material, which conprises the follo 'ng
steps: precipitation of the oxidic support material, - thermal treatnent of
the oxidic support material to set a %ET surface area of 135-220 nR/g at
from300 to 550C - application of the-Catalytically active conpound(s) or
its/their precursor conpound(s) to the support nmaterial and 3 1 DEC 2004
-36 calcinations of the resultjng catalyst at fro 0C t OOCto gi ve the
fini shed catal yst. 5"‘“}'6(“15'?(5’5(%%%'65%'“’&& SRS & drop) géong 19 90} P"eg'ﬁe the t her mal
treatment of the oxXifgisheSdappRit material is carried out in a

wat er - cont ai ni ng at nosphere conprising nore than 10% by volune, preferably
nore than 20% by volunme and particularly preferably nore than 30% by

vol une, ofjswat ef proddis aﬁl%@&ﬁ%ﬁuﬁ% GliRtdiR e iHarfd] ekt He okidic MpRKEi N 2
pore former is used preferably fromthe group tartaric acid, citric acid

and oxal i ¢ aci dnat@@becqameﬂyuromaﬂ Vajersentgining Atmaxpire cBRIising reoraihead0%n cl ai m
16, wherein th 9 t
I &8%8“8%% g&?@ﬂbly‘ ﬁ‘nol‘éstﬂgn héY %qujﬂltr& and ptaﬂlcul?n(fyo [{?e@fabw Rt

preferably up welght, especia up to 60% by wei ght’, based on
t he cat al yti calthap w%bwllmmpﬁ)mﬂﬁ- together with the support material. 18. A
process as clainmed in any of clains 14 to 17, wherein the catalytically
active conpound(s) is/are applied in a nolar ratio of support material to
catal yti cdkl y aﬁcpiotms as:olaiuwd nul clrafm551400r-157w5¢reipraafoe¢ folohgr i6 uged, prefemiblylo. A

| ai f cl t ' - | yst
Cal cind 111 st 197 bt B0 e ih R i ahf ol s R SRS R, St or 2y up

to 700C, to give the finished catal yst. 20. A process as clainmed in any of
claims 14 to 19 V\A‘IEI’EI{;& on. I8 carkl

W se
i ncrease M t he* PORPEALLIA S'IﬂaimAP%PV&Eregl § B pf)or”elf)rar tsed skl 8 &
pol yt et r ahydr of200%rby Weight,airyfeablly wpas | @8pbY weighs ;:Spelmwcuprts 60% by weight,

based on the catalytically active compound together with the support material.

18. A process as claimed in any of claims 14 to 17, 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.

19. A process as claimed in any of claims 14 to 18, 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.

20. A process as claimed in any of claims 14 to 19, wherein the calcination is carried out

with a stepwise increase in the temperature.

21. 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 a catalyst as claimed in any of claims |

to 13.

22 A process for preparing polytetrahydrofuran, tetrahydrofuran copolymer, diesters or
monoesters of these polymers by polymerization of tetrahydrofuran in the presence of
at least one telogen and/or comonomer using a catalyst which has been obtained by a

process as claimed in any of claims 14 to 20.




nonoesters of these polyners by polynerization of tetrahydrofuran in the
presence of at |east one telogen and/or cormonomer using a catalysy BPEC 2004
claimed in any of claims | to 13. 22. A process for preparing

pol yt et rahydr of uran, tetrahydrofuran copolyner, diesters or nonoesters of

t hese pol yners by pol ynerization of t%ﬁrahydrofuran in the presence of at

| east one tel ogen and/ or conononer usi'ng a catal yst which has been obtai ned
by a process as clainmed in any of clainms 14 to 20. 3 1 DEC 2004 -37- 23. A
process as _clainmed in claim21 or 22 for preparing polytetrahydrofuran. 24.
A process 2ds clAapiResss #rlamsd igelaim 3] a2 2f9r grepaping pelytetsahyirgfur

pol ytetrahydrofuran fromtetrahydrofuran and 1, 4-butanedi ol or H20 as

tel ogen. 25. A process as claimed in claim21 or 22 for preparin

pol yt et r aR¥dr ofAupeeess e flainast in a0y Of chimsadl tndd & PFPRTNE nol.‘amhmirpg'@n

from tetrahydrofuran and 1,4-butanediol or H,0 as telogen.

25. A process as claimed in claim 21 or 22 for preparing polytetrahydrofuran from

tetrahydrofuran and carboxylic anhydride.




