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rigid structure, or other measures commonly used in polymer chemistry. Total hydrogenation
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The catalysts generally contain from 0. 1 to 50 wt%, preferably from 5 to 40 wt% and more
4  preferably from 5 to 25 wt%, of active composition, calculated as Mo0O3 or W03, based on
the total weight of the catalyst.
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The preparation of the catalysts generally starts with a support material or a precursor of a
support material which is converted to the support material during the preparation of the cata-
lyst, especially during calcination, as far as possible or completely. We preferably start from
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40 The precursor compounds of the active composition and the components of the promotor are
applied to the supports or support precursors by known methods.
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40  impregnation steps.

If several impregnation steps are used, drying and/or calcination can take place between the
separate steps, and advantageously at least one drying step is carried out.
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the active composition and/or the promotor precursor and/or the added sulfur and/or phos-
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The reducing agents used can be for example organic compounds which have a reducing ac-

35  tion on the catalysts in their calcined form, such as alcohols, aldehydes, carboxylic acids or

hydrocarbons, while it is also possible to use bifunctional or polyfunctional compounds such

as hydroxy acids, hydroxy aldehydes, polyalcohols, dialdehydes or polyaldehydes or diacids

or polyacids or salts of organic reducing agents, of which the ammonium salts are preferred.

40 Examples of useful organic reducing agents are straight—chain or branched-chain aldehydes
containing from one to ten carbon atoms such as formaldehyde or acetaldehyde, propionalde-
hyde, butyraldehyde, isobutyraldehyde or glyoxal, straight-chain, branched-chain or cyclic
monocarboxylic or dicarboxylic acids or their salts such as formic acid, ammonium formate,
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40  gases the preferred temperature range is from 100°C to 400°C. But if the reduction is carried
out using solid, liquid or dissolved reducing agents the preferred reduction temperatures
range from 20° to 200°C.
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conditions of reduction tenperature, reduction tinme and anmount of reducing
agent which are optimal for a given conposition of the cal cined
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process of e inven the polynerization of THF in the form of
powder, for exanple when the process is carried out in suspension, or
advant ageou¥hycaxlitgiza pbrtdpctioniterhparatuesg radnctidngirheand anfount of redugclirigagentsyhich

bal I's, ringgre oplidaf ket aOfivébdigposRRMSTitRd éa)lm‘ﬂ&?@at&l?ﬁ ovet ﬁb%%ﬁerhﬁraﬁét%ss@ﬁéd' n

11 o o SLEL DA Al ol Al AL B
11 THacliHERsSINGE they@rg gayeMer &y the-gontsat ofactiveeprapanentin shasatakest, the

simlar to typepf actbesempdaar usdk the type of snpplert aseld and tHeltype 2hdbdToudd6f dupingD
96/ 09335, éhlf' usdd® GEﬁéﬂdgf qeéﬂﬁ:‘hﬁh ns Pc)i'nﬁl@{e%l’?éﬁctﬁe Jah%sualwt dhefardd atttﬂf om-

conononer 2- on can W t he

inve
es T Eenstae e tisades Pibsanil aubsed Pﬁe&‘ﬁﬂdt%?‘}‘?ﬁ?ﬂ giiEiction per-
appl i catk onodief fremsDmanges to S(hegr, sdvanmgp¢usaafromrimmm1@%2m0mzqa,n fallowh is
I ncl uded herein by reference. Exanpl es Preparation of the
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35
The catalysts which can be used in the present invention may be employed in the process of
the invention for the polymerization of THF in the form of powder, for example when the
process is carried out in suspension, or advantageously as shaped particles, eg in the form of
cylinders, balls, rings, spirals or chips, especially when the catalyst is present in a fixed bed,

4  asispreferred when use is made of, say, loop reactors or the process is carried out continuous-

ly.



portions of"“é%‘&?”lo m. of nore of ammonia solution were added until a

kneadabl e conposi - tion forned. Thi ggconposition was kneaded for 120
mnutes in a | aboratory kneader (excep- tions being the catalysts of
Exanple 1: 150 min; Exanple 3: 90 min and Exanple V2: 180 mn), then

dried over Thegmwiadobthe iidehton cande caZRHeuf h@ niwndef dimahd ¥ thﬂpfdc@ﬁe@cﬁés@ﬁbed
drying. Themsdeftzflﬁﬂ A RovE %b? Wb 25)09529‘9 wiei é}&gglgn éd B rgﬂl@? %e% g Th THEE

pell ets were cal.cine
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f | uor escent ofsthe methnsdescrit®d ipyetad inlgtecGermaa patent app watienNoo1 930739 tigPCT

(cal cul at edagsichtisiOBCEEPO5/0070TEwhiIR 33 indiided h%ﬁiWreference( cal cul ated as

netal). The weights of the starting materidls used and al so the
analysis results are listed in Table 1, together with the results of
t he pol yrrerE’ZaéPﬁ’S% experiments. 30 THF batch pol ynmeri zati on The

batch pol yneri zati on experinents were carried out in 100 nL gl ass fl asks

equi pped W pRparation befhk ¥tafRdensers under a bl anket of nitrogen. 20 g of
catal yst pell e%rg lor\l/vhl ch hgggbeen dried for 18 hours at 180C/ 0. 3 nbar

prior td use in order to renove adsorbed water, were heated in 40 g of
THF cont ai niThg ca@lystsewere Syithenizederyi th fojlondrg tachuique: aloBadabieryornpasiticn wav i od
of 24 treparsd by thB@fidition &F titdliem hr/m%xedmmamupmnmt esmpduntior e rd@ﬁﬁse?ﬁded
to the reacikef W ¥sblufion of turdRfc héiA ( mey ﬁ%&%ﬁh@@s ¥ Ih!e'éoE [P The

catal yst wag,uas %‘f‘iluﬁrgé%ﬁetrl H&E%VW tQ &t@ g th a]thfnyg amcgm? ﬁolg ?Q‘itﬁ\
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evapor ator IlI RefMfpRias ‘H‘PPH‘@? Y:"'E‘Js sﬂ"ic a%tfo qg@re/tbat the typgsticiagidcoyid wsthen
The PTHF f oﬁhﬁﬁoh‘g?d withougleaying ¢ siidugds thespaipesitiomwasmet kyeaddbloyn this fopaysmesdlt i | on
chr onmat ogr apiriofs@Papout Tlileofmore of arhinetia solnton wete adésilnitiba kidadable corposi-he

cat al ysts Iltiéofodded l'mluidbﬂl[fo@ﬁl@h W8s RheadW®fds QDD AfimitbMA aGatRidtory kneacﬂ:lr Bk~ and

|on

V2. orﬁ%ﬂgdtﬁéga?talgsts of E e1 éSO in; E am 1e3 90m nandE eV% ]SS

The di spersit a5 &y 992 g qﬁu uIa tt

t he pol yyrer 3 Hytgen cre OV&B%B‘H‘ &Pﬂrﬁaf @HQ efé’éY‘B& SHf qdrom
the rat | 0 d?o"'t’dr?é“ﬂépﬂiﬁte dorayd x grmmypgllets. Thermlletémesﬁcal\@ngiw a{rid) 2 bewts gthe
nunber aver@@¥ECof 2%€. nol ecul ar weight (Merr]) according to the
equati on D=Mwn Mh Merr] and Merre] were determ ned
by GPC, a standardi zed pol ystyrene being used for calibration. From

t he chr omat Digy firtisheidleatalysnpaietsavert agity 24 biaseagabilantiR v taesicNGpb&rdshe:
equation  habdktermine HRRCboh At dRbiHilenUAEANEd M GhSterdR6REE WE;)afd bgﬁlotor

equati off (calculated as metal).

The weights of the starting materials used and also the analysis results are listed in Table 1,
together with the results of the polymerization experiments.
30

THF batch polymerization

The batch polymerization experiments were carried out in 100 mL glass flasks equipped with
reflux condensers under a blanket of nitrogen. 20 g of catalyst pellets, which had been dried
for 18 hours at 180°C/0. 3 mbar prior to use in order to remove adsorbed water, were heated
in 40 g of THF containing butanediol (butanediol concentration 2000 ppm) over a period of
24 hours at 50°C. Then THF containing water (1 % H20) was added to the reaction mixture
and the catalyst separated by filtration. The catalyst was washed three times with 40 g of THF
each time and the filtrates were combined and concentrated at 70°C/20 mbar in a rotation
evaporator and then for a further 30 min at 150°C/0. 3 mbar in a bulb tube. The PTHF forming
as bottoms was weighed and analyzed by gel permeation chromatography (GPC). Table 1
lists the test results obtained on the catalysts 1 to 10 and the results of two comparative exam-
ples V1 and V2.
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I\/[err]:([er?{]sol(“@zzlv[err])/ [err] (err] in which CJerr] stands for

the concentration of the individual polyggr species i in the polyner
m xture and in which Merr] denotes the nol ecul ar wei ght of the individual
pol ynmer species i. As shown by the experinents, the use of pronoted

catal ysts iThd HigpdsiBCP Qs a @feaddre of e @ltrifiition of mdle@ats wetzhddof tﬂ@fagtﬁlerjpao-
yield in al u&@%@éor%ing% hh@l%arﬁgﬁk Was balRaRH Heth (G4 ERAS he Gveigh? x?jeré% FQund
in Exanpl e 2. Even hePe however, this In- crease in.yretd 1s s much
as 5 % bet t Bolechgnweight (Yle) 2ndibe apmber 3varags of hsmelsadaraysight{Nm ascgrding to
tive exanpl thegudtoat al yst havi ng a conparabl e content of active

conposi td on). The exanpl es thus show that the use of the process of
t he invention dist I,ﬁlw/%-l ncreases the capacity of exist- ing plants
for the preparatiomn HF wi t hout the need for plant conversion or,

conversely, .25 future ants .ca ve snualler dimensions and will. .
Chor of or e | Mroigdth BEEARIcA e RGP <e 8 SaDdRten:8 piyT5rese BGRg B84 tfgglbration.
0050/ 47522 From the chromatograms the number average M, was calculated according to the equatigne 1

Starting materials, analysis results and experinental findings

Ex.  Ti' hydr oxi de M{ef Fi@G/#¥] Pronotor or precursor Analysis [w%
PTHF Synt hesi s Type Amount W3

Pr onot gr vi &fidjthe vxfgf@rtp]lerage Mw acc:([)r%lmg to the[ g(}uation yP

[g] (netal) 9 1 200 53 BaS( erer]
2 18.4  0.73 Mw=(§ﬂ£i %&%Ci 2.4

;s inwhich C stands for the concentration of the individual polymer species i in the polymer
mixture and in which M; denotes the molecular weight of the individual polymer species i.

As shown by the experiments, the use of promoted catalysts in the process of the invention
leads to an increase in yield in all cases.

20 The smallest measured increase in yield is found in Example 2. Even here however, this in-
crease in yield is as much as 5 % better than the yield obtained in the corresponding compara-
tive example V2 (catalyst having a comparable content of active composition). The examples
thus show that the use of the process of the invention distinctly increases the capacity of exist-
ing plants for the preparation of PTHF without the need for plant conversion or, conversely,

35 future plants can have smaller dimensions and will therefore involve lower investment costs.
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10 2 0050/475225( 32 snsq err] 29 17.2  9.20 21

8740 3.7 3 150 40 ly(NO[err])[err] x 6H err] O 2
22. 7 0. 25 28 6800 3.2 148 40
Ce(SOerr])[err] 2 23.3 0. 68 25 6850 2.8 5
150 30Table il\@tartﬁig matédials, andNsis resbits dnd explribéntal findidgs 7000 5.0

6 140 (NH[err]) err]Cr[err](Jerr] 10 23.2 2. 60
27 8230 3.4 15 7 148 40 l\/h(NCIerr])[err] 2
23.5 0. 33 23 7160 2.9 8 140 FeSO4
10 24 1.30 31 6660 4.0 9 160 29

FeSd er I’J o] 17.7 1.-20 30 86 o I | 1-8 , 450
29 RuCIBXer r|JTi hydroxide [0, |1 7Prgmotor ar, precursor 25nalwbé\wl q. gPTHF Synthesis /1
150 40 gl la) Type 23mBunt | WO, Promdidr| YieI 870My, 2. 2D 20

(280np5)790 2,5 i igﬁ?) 2% *) * acd® ol um ni o{PHR xMi—ebi—um
oxal ate contai hi njg a2ffoni urﬁiioxal #aS0( obt ain-2 | 184apl 878rdm #4 C. 81Gr 182 |25
éoa 1 35 2 | 0is0 | 32 005964/522 20 | 172 920 | 21 8740 34
| A-pPr-eces T T at 1 Ul L ally il Ul I,
tetrahydrofuraﬁ copol®¥fers .4%%&'6“ C)S T"u d pct??lp )6 ﬁnr}qu rcs:é Glr Ble
pol yners by the ppl ymsizptdlon] of C&80)ahydr oRura@3Bn 50-68 25 t heébBpP eLdnjce
of at |east ONg TETOGEN anogor ca,qgm&nen ovqb a qut;er og%aeoussﬁupma@egg

;?E ?Lgsgnﬁﬂ'nt Y e T “(’Ni-i;‘)}” r0; 10 M G T AP T e VAR R
17 148 | 40 |  Mn(NOg), 2 | 235 083 | 23 7160 29
T8 140 | 40 FeSO, 10 | 24 130 | 81 6660 40
9 150 | 29 FeSO, o | 177 120 | 30 8620 3.4
10 150 | 29 RuCl; 55| 178 120 | 25 8640 38
Vi 150 | 40 . 236 - 22 7870 22
20 (comp.) )

v2 | 1000 | 200 - 184 - 20 5790 25

(comp.)

*) “ammonium-niobium oxalate”: niobium oxalate containing ammonium oxalate (obtain-

able from H.C. Stark)
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of at Ieastoﬁ%“%ﬁ%gen- cont ai ni ng tuné@ten and/ or nol ybdenum conpound on

an oxi d- I ¢ support material and which application of
t he precursor compounds of the active cozﬁﬂfﬂ ”tj Elm' port
material precursor, has been calcined at tenpera- ﬂ rom
500[err] C to1al890[err] C, wherein a catalyst is used whi ch conf ai s *a

pr onot or conpri si ng at Ieast one el emrent of Goup 2, 3

(i ncluding the | anthanides), 5, 14 of the Periodic
Tabl e, or alconﬁmss(fpr%19ewmaéﬁ%ﬂipolytetrahydzofuranﬁtemm@e@graa@n@lf/mn@dandn
claim 1, wher ei diestts of afonbysiérs of thdse ﬁolﬁmeﬂsmyttﬁdpdlymétliaiitbhlﬁiﬂelﬁhydrofuran in

di oxi de., the preséhdloPEABS B BRLAEY/drdoftl ﬁarp&ﬂovgfaﬁét@ﬂogé&ouygﬁﬁg&t{het he

catal yst used has tD consI' s ast
one oxygen-cont S ‘ﬂly St ‘Eh'n‘ij’é’faé?f PR BUrRAImPOnSH Coﬂlpﬂsmﬂarﬁaﬁ%k‘% &éCtﬂ’éiam%‘Bt in
any of clai ns 1ofiapleast onprexygen- cintaipiagaungsten asd/dr roolybdenus dompound on an oxid-

?hl Eot 5? Wt % ofc sﬁpﬁdr‘t/ﬁlamﬁpﬁh?d Whieh, folidWwinyl AjpBdatash YRS pREuBeom}H ﬁgs §m g
e tota | efine
in any of clai rrtvoh © fct%veV@nﬂ&E}g@et? %ﬂ% Hég%g{néfélg preglgaorglb%tbg?rﬁgﬁg (f%tratr?)m

tor condtising Besioffrom SRS Cap dRRNTC, wherein 2 P@&léfﬁt ip heedadtighoenndaing a ﬁmptor

el ement, sel ectesprising at least orferedemén of Graup2, S¢insluslingthe RihthBaideSS, 6Y7, 8-6¢

Ce, No, Cr, M, 146f B Peffbidic Table, or% compduRl €& einéifef 1 n€d in claim 5,
wherein the catal yst used contalns a pronotor conpris- i ng at

| east one eI ement, or at |east one conpound of such el enent, selected from
t he 30 2. gr Aupsoeesnas defineg intlaim 1, Mhierein theccaiyst used is svppmatepmctaemuas
definedisn any dibxideains 1 to 6, wherein the catal yst used contains a

pr ono- tor in an amount of fromO0.1 to 15 wt% calculated as the
el enent or glenents and total weight of the

cat al yst . g anr%cess aSﬂeﬁgqugglglrgg OH%IFV?mzd’VIP%e‘aW cgfalg@paqeqf@aslaqa@nyecom-
wher ei n t he catpdsitiin consistidgpef 4 demst @mtdixygen-containing tuhgsieratdmgpabmded wi t h

sul fur and/ or phosphor. 9. A process as defined in any of clains 1

to 8, rejn t een vat ed,after

cal ci n\zglfta‘l?onhbutlIsl g :&%trsg% etﬁggg nnar{yhz g%ﬁ“y ,173? %’2‘5??8%c‘it?lggtt%ﬁ%fowlf’ﬁfrﬁm
reduc- 9 5 %&e@ftactwe compopiigm Galcplated as Mesjor WOgdased on the total

10. A process welgdecﬁﬁthedatallystany of clainmse 1 to 9, wherein the tel ogen

and/ or cormnorrer used is water, 1, 4-butanediol,

2-butyne-1, i Ql ol yt.et r ahydr of.ur an

vei gmy of f 3@604% %86% Resi gy ot gl %fffq‘f &ﬁ%fmngﬁ%tﬂmﬁd&oa@m aproo-

car boxyPs ¢ an- tor comprising athgﬂatqr@@lmnt,\ﬂedtleaSbmialoale(deOﬂmnbdambmugdlccnechc| d
or a mxture offromitHe Rup ¢oikistRRdf Ba, Sn, Y, La, CO/ NS5, UONATEE &ad Ru.

6.  Aprocessasdefinedin claim 5, wherein the catalyst used contains a promotor compris-
- ing at least one element, or at least one compound of such element, selected from the
30 group consisting of Nb, Fe, Y and Cr.

7. Aprocessasdefinedin any of claims 1 to 6, wherein the catalyst used contains a promo-
tor in an amount of from 0.1 to 15 wt%, calculated as the element or elements and based
on the total weight of the catalyst.

35

8.  Aprocess as defined in any of claims 1 to 7, wherein the catalyst used has been addi-

tionally doped with sulfur and/or phosphor.

9. Aprocess as defined in any of claims 1 to 8, wherein the catalyst used has been acti-
40 vated after calcination but prior to use in the polymerization by treatment with a reduc-
ing agent.
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11. A proc¥¥9/4382ef i ned in claim 10, wherein 2-buty ed
cononomner . 12. A process as defiged in cI al m Hmwnﬂﬂ H”HEH&H[’
anhydride is used as tel ogen. 10 1

35 40

10. A process as defined in any of claims 1 to 9, wherein the telogen and/or comonomer
used is water, 1,4-butanediol, 2-butyne-1,4~diol, polytetrahydrofuran having a mo-
lecular weight of from 200 to 700 dalton, a C;~Cyq carboxylic acid or a carboxylic an-
hydride derived from a C;~Cpp monocarboxylic acid or a mixture of said telogens and/

5 Or COMOnomers.

11. A process as defined in claim 10, wherein 2-butyne-1,4-diol is used as comonomer.

12. A process as defined in claim 10, wherein acetic anhydride is used as telogen.
10
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