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35 The control is effected here by selection of type and amount of
the telogen. Selection of suitable telogens makes it possible to
introduce additional functional groups at one end or both ends of
the polymer chain. Thus, for example, the monoesters or diesters
of PTHF can be prepared by using carboxylic acids or carboxylic
40 anhydrides as telogens. Other telogens, for example those having
two hydroxy groups such as 1,4-butanediol, 2-butyne-1,4-diol or
low molecular weight PTHF not only act as chain-termination
reagents, but are also incorporated into the growing polymer
chain of the PTHF. In this way, the PTHF can also be chemically
45 modified. An example of this is the use of the telogen
2-butyne-1,4-dicl whose addition leads to the presence of a
proportion of C=C triple bonds in the polymer chains of the PTHF.




0050/ 47392 ©0050/47392 - 2 PTHE nodified in this

way can be further altered chemcally at these points by means of the
reactivity of these triple bonds, for exanpl e by hydrogenation of the
triple bonds to doubl e bonds, 'by sulsequent grafting-on of other

nmenoner s f orPERE owdifiged hie thipropercknese ofurtther polteres, coemisslligkag t o

f orm pol ymer shdmv ipdnds by @eBRarSd ithel Yeddtdivdt§t 6£1cinese, tPIpIal I&aﬁds, _
conventional egf a8AEIESy nyBoplatTeh 65 e kip1d Honag ”szaeécﬁabli?;‘. baggnat i on
of the trlplg sub%% émp ?—',%‘?91 o FV\{ e POssl C)nggen?Fral eads to
PTHF havi |c 19 ?%w 08 P ng "0

describes 2 %e?o?f e P FRPIPTAFOS PNk ing P dormr gobymers haVlng a
Cerr]-Cer r$°mﬁﬂ¢@@avwwweda%’¢mt@re PTHF atbavesersrentdpnal procedures

C err] - erroéf magear beherliseracithe bymphéyaedzedéranioh detamhydipfar an
over a het erggane Béséx@&i aﬂsy§5kéﬁ§é1§oaés?§ﬁﬂ%d0§ez§gﬁ1@§ idgasl 2ot h@gens

water, 1, 4- b an a @B‘d’ia@f#"i& 21Dk aqitaL  Wei ght  of from200 to 700
Dalton é:[err - ﬁ nonocar boxyl1c acid or an anhydride of a
C2- C20- rmﬂi carboxyllc acid or a mxture of these tel ogens, with the

cat al yst beibEr2a 44upposifedesat hessta vhocdes foroppepasdagarThr,alpylrcal |y
active anbundiditezs @ﬂmem&@i&hab@tﬁlﬂ:ya(icté@ﬂﬁ QR PFHFRHoNBESHNY @npound or

a mxture tRELROLAoRE-LIE aci %EDFB}%:;A a@.kom% WL e Al e e

precur sor go%&ur?dg ?rq é’ewso‘?&)ﬁ‘ E RESH Hén‘ﬁﬁﬁ SdFB? tungsten

conpounds 13 nierqasas watghypdr f-Prftadeddrl o rRIEEY §6Vln92@ moleqy3 ags e HYIEE of

t eaches a préeasms200otro piidpani tep PEHE1 O 0P Focarbopnbias tagrid of an

C err] - er rinhmirdadar &by kCheC Achosodyrbpal Y i®rdczdt bore afixturs abf ajmgdeof ur an

over a heterﬂgﬁs@@a% @ﬁirﬁ'ﬂiétcét{hlﬁfl&% BEERERCSupPhordr0BEL Ll ydihGnl & 0gens

water, 1,4- bc':’r.rx g EEE leAlri Qct mm%ﬁ acgf Vﬁ' gg%%&f—copgg%gﬂggto 700
h% i Péo

nocar box C aC|
Dal t on, aze\“_{ gste

tel ogens, S &M ° BT{“é’él ‘brﬁ APGETOLUANC AR OIS es a
catal yti cal | SURROFEVBakgITdt 20 W%x?@%rhﬁ%‘n?éil%qﬁji Bn§see P 06FC 3B

nmol ybdenum cBH@Sdnafar applktairiont hérdof porcars@xicodmposndspeift the nateri al
and whi ch hasxjearcentLinied ablybdemunOdierdr] Cuhgstd0bapsiddsabhes the

application ,g_{ RLESUEIOpr&QMRRHNds of the oxygen-containi ng

nol ybdenuzsan or tungsten corrpounds onto the support materi al

precursor. It is an object of the present invention to increase the
catal ytic acWQ \ﬂ6t/993)$5 theackeF panpeess zEod erepar kg PTEF des @THEed in DE

44 33 606 ormoNOe86£H93II5 ChACHFHlenodarbaafl by eadiidghsy mdlyyeRization elfds
and/ or spacecdtir@ydiSffian bbes d MREE¥HHhdS @&@.{W@tcinotﬁhé@r‘égén@é QeSS

whi ch dependofedsStye! te10geht Grdted V! A Widohn8hibTC prarCRLANG b

0050/ 473920 molecular weight of from 200 to 700 Dalton, a

C1-Cjo-monocarboxylic acid or a mixture of these telogens, with
the catalyst being a supported catalyst which comprises a
catalytically active amount of an oxygen—containing tungsten or
molybdenum compound or a mixture thereof on an oxidic support
material and which has been calcined at from 500°C to 1000°C after
application of the precursor compounds of the oxygen—containing
molybdenum and/or tungsten compounds onto the support material
precursor.

35

40
It is an object of the present invention to increase the

catalytic activity of the THF polymerization catalysts described
in DE 44 33 606 or WO 96/09335 in order to achieve higher polymer
yields and/or space-time yields, thus improving the economics of

45 the process which depend decisively on the productivity of the
catalyst.
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converted into the catalyst.

The catalysts, their preparation and their use in the processes
for preparing polytetrahydrofuran, polytetrahydrofuran diesters
of Cy-Cyp-monocarboxylic acids or polytetrahydrofuran monoesters
of C;—-Cip-monocarboxylic acids are described in detail in DE 44 33
606 or WO 96/09335, which are hereby expressly incorporated by
reference. The use of the telogen 2-butyne-1,4-dicl is described
in detail in the German Patent Application No. 19507399.1 (= PCT
Application PCT/EP96/00702) and No. 19527532.2 (= PCT Application
PCT/EP96/03297).
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According to the present invention, the activity of the catalysts
is increased by treatment with a reducing agent after calcination
45 and before use as polymerization catalysts. The reducing agent is
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30 compounds which have a reducing action on the catalysts in their
calcined form, for instance alcohols, aldehydes, carboxylic acids
or carbohydrates, with bifunctional or polyfunctional compounds
such as hydroxyacids, hydroxyaldehydes, polyalcohols, dialdehydes
or polyaldehydes or diacids or polyacids or salts of organic

35 reducing agents, preferably the ammonium salts, likewise being
able to be used.

Examples of organic reducing agents which can be used according
to the present invention are straight—chain or branched aldehydes

40 having from one to ten carbon atoms, for example formaldehyde or
acetaldehyde, propionaldehyde, butyraldehyde, isobutyraldehyde or
glyoxal, straight-chain, branched or cyclic monocarboxylic or
dicarboxylic acids or their salts, for example formic acid,
ammonium formate, acetic acid, propionic acid, butyric acid,

45 isobutyric acid, oxalic acid, lactic acid, benzoic acid, citric
acid or ascorbic acid, straight-chain, branched or cyclic
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continued to the desired extent by further hydrogenation using
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35 Preferred reducing agents are hydrogen—containing gases such as
pure hydrogen or hydrogen in admixture with other gases.
Particular preference is given to using hydrogen either in pure
form or diluted with an inert gas such as nitrogen or argon. For
example, mixtures of nitrogen and hydrogen are very suitable.

40 Such mixtures can comprise up to about 60 % by volume of hydrogen
in nitrogen; hydrogen contents of up to 40 % by volume or 20 % by
volume are likewise suitable. However, a hydrogen content of up
to 10 % by volume is generally sufficient. The hydrogen content
can also be increased gradually over the course of the reduction

45 reaction in order to avoid an excessively strong exothermic
reaction at the beginning. Thus, for example, an inert
gas/hydrogen volume ratio of about 99 : 1 (or even higher, for
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| i ber at ed cafUAeCIUiTgery P Hawstin: By mpset fitnalyobteppesy $rensbfiame
reduction rebetesen Hbat mixwninesi bavigy diféésentehydssgere cohoenexediphe, when
the catal yst right ahreaghttdfa conthrudiRatigé frLaaki proddhResat &6 hyaeaghes
tenperat ur escuhi LI ALE emp Ui, qjatgoa{:tv%il%ogﬁét r%z:olr@i&?ebf
pol ymer i zat gg rc} or insfance cgr]C tehg.cgiee%%/lst ts, glé] ers or changes
t her mal | y o A0 TEAs o ot EHRE e =hen T4 HEr Oty 25t BYIRSESTl e by
t her nal dEEBHs PP oRCHIRLRIBBRF A SeEnagfa drganien dndbetiRalt s such as
extrusi on or libgratedngunints the redwidonr eat tharit estesdioec aveluteidbncafal yst
with the redbeangisagenided. Zvogandsmldfy heat risc@xovssie,f Fom &me,C to
500[err] C. | {méheHeeBEat | ON reSctiof Alibe@8t &Y lcahS hB U1 dhd08E e &Yl By NI
gases, tNAsPERL Udilng s SERPLR! IS JeBubPiSlSB0EP, AT JOOLEII L0,
400[ err] C. However, 1T.t € cor LE uﬁgon 'S c%(rjrle out  usirng sol1d; liquid
or di ssol ved® ° (EFGEFRYGE ad&ft EXPRRE pBER T CREBLETS 0 ASt RnfEtdttuPE is in
t he rangeth® &ﬁafo"f-or%fg?@iﬂr}@eramdr | Feaqiies, beRaNadHTRS WibiChcarei ed out
by treating €@erimeniRysto viitsh propepisiesusn ntee podiser tdatipnesiur dnasegce s
general | y unwh@orttentat3bydtoweres, dintehstdd chenges tdiRringdueid) ad0eskst S
fﬁnveré edtz_o s6RET:R AL Y10 sl biRdd YWaly)t BoflASERHSTe RBY %Egﬂ@ prfducts dgr' ng
e reductio - r.eaclL o Nressure use ou no
hi nder the fg?%rﬁ%gtgéﬁt g%%p&@atlgﬁo%d‘ga}iﬁgﬁgp?%n utcltscélgngs SUCSy 88sur e

se’ gaseo
whi ch i s not *BVEHY hPHRtE eFﬁgg aral | y advantageous. 40 It can be, for
exanple, from0.1 to 5 bar (absolute). The reduction is preferably

carried O;L YRE Bdr AL ABSP NS e PELESNER: catalstt BeLK e&iéf&lataﬁ'%itr% %@%g%_e:gs out
usi ng gasesu n | ca a j
presgu?e or %%%ﬁggdg%%ggj%g ¢ ftlg(rﬁl gg%err_pt?’egéé%% %ltlt Bﬁ%dbe‘%ggg?%blssol ute)
and pref erabF??r?Jregim"ﬁftdfas‘t‘_’c? %@dﬁ%‘-?e“(“gﬁ%ﬁﬁlé)g. gases, th§oppeierygs

7 The redbRERFR Al sngbhereande from 16 puitd9°Co BDB®VESUr £ the
preferably fredndaCom hsit@srtiedsOuthasisgasoliphr Ltiquidrdry diss@ivafder ably from
1 hour to 24rdéduditg agebtsiheheegtsidideadstudtsodef@imirayubsers iih a8pe amount
of from 0301riye from 20 to 200°C.

If the reduction is not carried out by treating the catalyst with
gaseous materials, the pressure used is generally unimportant.

35 However, if in this case the reducing agent is converted
completely or partially into gaseous oxidation products during
the reduction of the catalyst, the reaction pressure used should
not hinder the formation of these gaseous oxidation products: a
pressure which is not overly high is thus generally advantageous.

40 It can be, for example} from 0.1 to 5 bar (absolute). The
reduction is preferably carried out under atmospheric pressure.
If the reduction is carried out using gaseous reducing agents, it
can be carried out at atmospheric pressure or increased pressure,
for example from 1 to 300 bar (absolute) and preferably from 1

45 to 50 bar (absolute).



100 nol, in 83?9(3&?2\?’ fromO0.1 to 50 nol, per gramof the cal ci ned
catal yst and preferably in an anount of fromO0.1 to 10 nol per gram of
the cal cined catalyst. 10 The reduction tenperature, the reduction tine
and the anount of reduci ng agent whikh are optimumfor a given

conposi ti on Bhe tiegluction| wineeds cgarerpd iy hEmam 116 binwetsettoi hed hempiri cal |y
for the | pheferdibdly €Aae 30 hbhitdsheogsheiairs angasartidhtatyd by routine

15 reduct i onpgparinIgntsomnd hb8ACEd 1 hests., Since they depend on t he
anount of ac?i ve conmponent in the catalyst, the type of active

conponent, _the type of support and the type and anmount of dopants. In
general , t Ir?e'l‘h@dtﬁﬂuicmgi@gmmbegealaméhytmda\iol am iagmount of fweat OWHl div
usual I'y occunso aioll,hénbpgitirudgr ofrdme. [ eghi G0 881 2Gdiagransentuhal |y abat ed,
and this canchecild ewesh bt anbUsid¥eirably FGAUGT bRGhAd B8 Sfod TR ‘E%m hut es

to 5 hours, vant o] for nut.es.to 2 hours. T

reduction caggb@c%g?i g%%l?tf ggétcraéégﬁ%n%tcaoﬁaipﬁg' catalyst 25 with a liquid
cont ai ni ng of he reduci ng agent. For exanple, the catal yst can be treated
wWith a sol'Ut The mydusyspensnparetutdle the fatliddiing RN anintive SitioLabl &

sol vent or SusPENSIORgERdIWNTen e opt3RhfCid:0R givérh'c%mﬁgéi’@irgn bt Sibi ect
to the genergl,cond bPE st BB{J%ttot 'ﬂ% seialyshanas frocg?%\“{c;[ru%!n y

i nsol ubl e thérejn an 3 e reducCl ng, agent lp%sl,to Y RS |8|,ently

sol ubl e ther éﬁ“ﬁ‘.“ﬁ’f& CagRMIEPIBA-IST IPRRE SuSFEASE ol HEatath B% TOUbjRRt to
the gener gk reduddion: pEpRrimeatstand cepatien teasst csiweythevialapgnine®d| ubl e
therei n and thatarouetsos periivencongeinent hixs the betalystyakhy typer bf t owar d
the reduci ngaegemd cohpéliend,s ;lﬂﬁ ?}w I@fdélygbé?ﬂrﬁgah&i n@u@%y@étm%méﬂhﬂtéfm and
suspensi on shfGeddl, fansd r : : .

di ssol ved angf %J:tir ;ﬁﬁgrhpasr taﬁgtgi;cr:aagé}éﬁgnl eggﬁ%%dﬁgég%}%%%‘%n&#ﬁe
sol vent or s{Us ensmn_?red’} Y CE T Be Se Scred Pod ﬁgl ;é%f Shs°Bf a
sol ubi | i t pot BBF eessentigllyabated, A ERLS A BESHRWOWSA Redft £uatehater or
al cohol s 40 heduatgonr bimeed foomch rdapbes ot Gnboursy. adeenbagsousdyhéren |
propanol , isboprmpaneks amd® hovasol , aliphatic, branched or unbranched or
cyclic ethers such as diethyl ether, di-n-butyl ether, nethyl tert-butyl
ether, ethyl tert-butyl ether, nonget hyl ene, di et hyl ene and tri et hyl ene

gl ycol di net Rjf T&WEFLONFLF PEFFEHYTr OF Urtdh toPAEPEBh &L Ehe 1Fa4ALKEY or
unbr anche@soVidy @ ildquigreconteiping Wpdreduaisenagerty Ferf evamdlevett® ten
carbon atonsgatalyst c803% 4788fed with a solution or suspension of the 8 eg.

pent ane, hexas®cimgnieass imohuUSELablyl S8Brerteblabidbedsion MRGAMM. NThe The
reduction cage]ddtgWnSss NhiGALLL FEhiOUs B IdR2tbNGhd NRnePat AldHMEloNs LD @
liquid rEduckﬁﬁi.%%Snga¥%f§g%uha9d§gtﬂeO@igguéily iﬁggiﬁﬂlg'therein and that
30 the reducing agent has to be sufficiently soluble therein. The
selection of the suspension medium is subject to the general
conditions that the catalyst has to be virtually insoluble
therein and that the suspension medium has to be virtually inert
toward the reducing agent. There is no sharp dividing line
35 between solution and suspension since it is possible for part of
the reducing agent to be dissolved and a further part to be
suspended in undissolved form. The solvent or suspension medium
can be selected routinely by means of a solubility table.
Examples of solvents or suspension media are water or alcohols
40 having from one to ten carbon atoms, eg. methanol, ethanol,
propanol, isopropanol and butanol, aliphatic, branched or
unbranched or cyclic ethers such as diethyl ether, di-n-butyl
ether, methyl tert-butyl ether, ethyl tert-butyl ether,
monoethylene, diethylene and triethylene glycol dimethyl ethers
45 ©or tetrahydrofuran or aliphatic, branched or unbranched or cyclic
or aromatic hydrocarbons having from five to ten carbon atoms,
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For this reductl\//e ?reat ment of the catalyst with a reducing 10 agent

present in a liquid phase, the catal yst can be arranged as a fixed bed
in a reactor and have the liquid passedsthrough it or can be present as
a suspension. The |atter nethod can be advant ageous, for exanple, if the
catal yst is PA- tRRRtEHPM kAxane, pborraneangoluensn| v itetsakimsed bodi es
after the redecaiion step. Suitable reactors are, for exanple, stirred
vessel s or |oop reactors having internal or external reflux. The
reduction is advant ageous carried out directly in the polynerization
react or. 528hﬂ'hr§‘1,“§86‘8 Rk &ihe"é\’r% DEeCREF 1% QUbUPY Hyreptddd itt§ t he sol i d
catal yst wit Aabaksiti witkdudilayidgeatucingragsmnplithowtaladidabion ofcat al yst
powder can beohvessd wWith a solid reduci ng agent and shaped and t hen
reduced by heating to the reduction tenperature. 25 After the reduction
of the cat al;ﬁg viglgJis a.reduci ng ent present ina/liquid or solid
phase, a washPhgt eﬁe‘é‘é‘fleﬁ’g EhpRtRERtoRf the catglwy wishr @ ERANCABEI dues of
t he reduci;pg2a8RhtPresent sito®i daupish phaspr dtheccotalysh che batairpsged Ry this
pur pose, t heacﬁixadcybecicam deeactst land bavevthe aiguid paekbwénthrshighhit soxabl e
to dissolve the 5 presesties af shépersaduCtTie Thkeat ithowhish vy e to be
remved frOMhavaddigesal Al 45! ox gié,arlft fnd NERAQEEHY 9 Pnd Ntudegucti on, or
vent “?

can be vvagg‘g this.so nts can be
a

iC
used are the oevrer“?‘é1 tl%noec} YsBf %rﬁ“gof 8@?%’2@863@ Fedquetion o
wi t hout sayi AECR hat* t8P}R MAPELEXE Axfed FPEAITRY eagf’e’h‘trrS yessad§e ST wi%h are
i nsol ubl e i nreaetors peninqdegernal tdy externadduef ek adidet redurdtiber isol vent
has to be usedvdmragebeslyshireged ot dépredile; el ené igwlydbriddSionol vent is

subj ect to tpheagayrer al conditions that the catalyst has to be virtually
I nsol ubl e therein and that the residues to be renoved have to be 40
sufficiently soluble therein, and the solvent can be sel ected routinely

with the ziodTht zedustits |danyaiaplke carriedqinmtr byuetdadringstipr efodidbl y
carried out bytdlysatwigh thesotadl atedteing addrit .aFgaseaim®lepdilicigeagent and
lﬁa(r]I ticularl éc@f@jﬁ&apbzydéw Al bé aRildeRowifie ap%bﬁkaffedwcah gdadintt Whe Of

rogen an e
ydr og 5Bk eﬁdgrcpqga therd Yeahfls &legéﬁm% £hi@ xaéémklw ggkgag@react or

powder or shap odi es i s advantageous ar range
and the 0050/ 47392
hydr ogen- @8nafiax mgegaeﬁudt&burefiﬁheradﬁalysﬂ:mmuht$wnadgb1h§magentcpiééaﬁﬁ

bed. The reaghof Nesid deEReiatl pHasd, C8UaHiIQG SYSH Qan be 045 ed0But Neh One
hand, is abl grddy LEMPYRodd1$eBE A'otzercﬁé%dmﬂ ré&& Be 16ACHA0. A0, O
t he other h Laueqn grggl&aete f_ gacélon t n%)erakgr requl re%l fte
the hydrogenafior, Farg He HgqBY BEsCH#Y k"ienl s
has not alre® ledb@?eﬂ’ cfoﬁ’érﬁe')f/‘b]r nf"hﬁh r‘ﬁgéﬁ |t(53ndlssc’1"'e the
30 residues of the reductive treatment which are to be removed from
the catalyst, similar to the procedure in the reduction, or can
be washed with this solvent. Examples of solvents which can be
used are the abovementioned solvents for the reducing agents. It
goes without saying that to remove oxidized reducing agent
35 residues which are insoluble in the solvent used for this
reducing agent, another solvent has to be used for the washing
step. The selection of this solvent is subject to the general
conditions that the catalyst has to be virtually insoluble
therein and that the residues to be removed have to be
40 sufficiently soluble therein, and the solvent can be selected
routinely with the aid of a solubility table.

The reduction is preferably carried out by treating the catalyst
with a gaseous reducing agent and particularly preferably by
treating the catalyst with a mixture of hydrogen and nitrogen.
For this purpose, the catalyst in the form of powder or shaped
bodies is advantageously arranged in a fixed-bed reactor and the

45
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Exanpl es 10 reparation of the catal ysts Catalyst A[20 %

WJerr]/Tierr] 15 Catal yst A was prepared by adding 4400 g of titanium
dioxide to a solution of 850 g of typgstic acid in 4860 g of 25%
strength aqueous NH3 solution. This “m xture was kneaded for 60 m nutes
and t hen Bydragensronbainingsoas mixspee jcraffete fdE: thRugmedearter 20

si eving was €&t lastdbedd Thee reacton ihag petempegsatire regrlatinng systemre
subsequent | ywitadli padthoron hands iai abde| &5 nfemovd hehec Akat ysibdiaded a
tungsten CO”&&%En% €L CHL At8Gnagnd URASLRE d¢HeXhifd, YanZ@%edipate ¥RE ONT,
based on tger%égéion é*%g i£k;&r%% E EYS £ erz%hé?ﬁ ﬁ%@%ng¥ﬁo p E@talySt B
was prepared Trom cata StOAC3 Stocatal st A ywere tAled 5t

300[ err] C i nS& {5t 28 e "Rl ot Hek FREPFL | guth 1hisaDap 195 84ReRFY pure
hydr ogen (35Pb&¢h)dongr befprothe ByrdrogepabiRment |y cool ed to room

t enperature under nitrogen. Catalyst C 35 Catalyst C was prepared
from cat al ys&xﬁ"\ 3 g of catalyst A were heated at 300[err]Cin a quartz
tube at atjgosp eric pressure in a stream of pure hydrogen (35 1/h) for 6
hours and subsequently cooled to roomtenperature under nitrogen. 40
Cat al yst D (ECospataatibneof alhel yatalysts Catalyst D was prepared from
catalyst A: 50 g of catalyst A were heated at 300[err]Cin a quartz tube
at atnospheric pressure in a 45 streamof pure nitrogen (35 1/h) for 30
hours and suB8&tp¥stt Pyi20 L HEREH Q23 r oom t enperature under nitrogen.

0050/ 473935 10 Catal yst E

Catal yst E a | f 4 it aNi Qi Qx| 1Q.
sol ut iyon of mﬁgzgﬁ%o?e‘?ﬁ)éﬁé ggf%glbgﬁggdg%% 4?!0022 ?}‘;‘r’%qta R%rgﬁ%tog%a%q?egus
N er ] sol uEPHREOPNPE FHGE,PE tRRSIIS0EHE Ao TR60 H it A8° cifFenat
agqueous NH3; solution. This mixture was kneaded for 60 minutes and
then dried for 12 hours at 120°C. The powder obtained after
20 sieving was tableted and the resulting pellets (7 x 7 x 3 mm)
were subsequently calcined for 2 hours at 650°C. The catalyst had
a tungsten content, calculated as tungsten trioxide, of 20% by

weight, based on the total weight of the catalyst.
25 Catalyst B

Catalyst B was prepared from catalyst A: 30 g of catalyst A were
heated at 300°C in a guartz tube at atmospheric pressure in a
stream of pure hydrogen (35 1/h) for 30 hours and subsequently
cooled to room temperature under nitrogen.

30

Catalyst C

35 catalyst C was prepared from catalyst A: 50 g of catalyst A were
heated at 300°C in a guartz tube at atmospheric pressure in a
stream of pure hydrogen (35 1/h) for 6 hours and subsequently
cooled to room temperature under nitrogen.

40 Catalyst D (Comparative catalyst)

Catalyst D was prepared from catalyst A: 50 g of catalyst A were
heated at 300°C in a quartz tube at atmospheric pressure in a
stream of pure nitrogen {35 1/h) for 30 hours and subsequently
cooled to room temperature under nitrogen.

45



t'hen dried f°o°r5°1/247r?09u2rs at 120[err]C. The powder obtained after si evi ng

was tableted and the resulting pellets (3 x 3 nm) were subsequently
calcined for 2 hours at 690[err]C. The, catal yst had a tungsten content,
calcul ated as tungsten trioxide, of 201’)§by 10 wei ght, based on the total

wei ght of tHet@dvar it Catalyst F 15 Catalyst F was prepared from
catalyst E: 50 g of catalyst E were heated at 300[err]Cin a quartz tube

at at nospher/ r rea g0 (35 I./h) . f

hours and sudnq:eag tSEF"?aS Br c?s%g é%rﬁgt @#Bgr%tffhgg AR 87§ 6#‘3 q""26

Cat al yst éﬁ?a‘? ﬁﬁ?%‘ﬂ i dadlli PR e00§ o1t FFF&W% di oxi de
to a sol (RdueRus f NE3 SglbtlQm-nQ‘@ES crixtivge vap hegded 228966t nbmijtds and
aqueous NH3 Wenutirbed fHri 42nhouxns atwazodcneahe hbdwder 168t dinedt estéand 25 t hen
dried for 12ihwuhg wis kaBhetéd GndlhBe POVRALi AL R NRds fﬁ%{ 3 mm§lv?é&lé19 was

g);lt(rztjggg ?gfs&ﬂéégﬁgﬁﬂ%ﬁei F?%LJ ;E;;icat alg %f%ﬁ:zi%i%@%ﬁgﬁ content
t % 'S

cal cul at egoas 93 t ot al

wei ght of tH’éeJt%‘Fal baged g9p the tokea v%xgh# of thefa4pY¥$t H was prepared from
catalyst G 100 g of catalyst G were 35 heated at 300[err]Cin a quartz
tube at at m@a‘l@?k‘sﬁ pressure in a stream of pure nitrogen (40 I/h) for
30 m nutes hydrogen were subsequently m xed into the stream of
ni trogen and t he catal yst was reduced for 12 hours at 300[err]C using
this gas 35 Gabteflyse.F Maswpsepameduentdatadget egl: (5@ HOoOM daAANEEBIRIM@@NdeEr
40 nitrogen.heatedCat Aotst in a qubdt?|di¥e bt\RSnddpBRAIS G R%s384I 110 218 kg of

217 cont um Iyl Rl o fyapbathd 98501l & %érkgz oG5 A} ?3. 1 kg

of 25%strentt1 Herm%1 Lo # ure was m nut es
and t hen Bﬁxf“% At-"120F 154 8599%e powder obtained after
si evi ng was 0050/ 47392 11

t abl et ed 2ot dheveesgll ting pellets (3 x 3 M) were subsequently cal ci ned
for 4 hours at 6¥5[err]C. The catal yst had a tungsten

Catalyst G was prepared by adding 200 g of titanium dioxide to a
solution of 53 g of tungstic acid in 200 g of 25% strength
aqueous NH; solution. This mixture was kneaded for 150 minutes and
then dried for 12 hours at 120°C. The powder obtained after
sieving was extruded and the resulting extrudates (2.5 mm) were
subsequently calcined for 2 hours at 675°C. The catalyst had a
tungsten content, calculated as tungsten trioxide, of 20% by

30 weight, based on the total weight of the catalyst.

25

Catalyst H

Catalyst H was prepared from catalyst G: 100 g of catalyst G were
35 heated at 300°C in a quartz tube at atmospheric pressure in a
stream of pure nitrogen (40 1/h) for 30 minutes, 4 1/h of
hydrogen were subsequently mixed into the stream of nitrogen and
the catalyst was reduced for 12 hours at 300°C using this gas
mixture. It was subsequently cooled to room temperature under
40 nitrogen.

Catalyst I

Catalyst I was prepared by adding 18 kg of zirconium hydroxide to
a solution of 4.25 kg of tungstic acid in 23.1 kg of 25% strength
NH3; solution. This mixture was kneaded for 30 minutes and then

dried for 11 hours at 120°C. The powder obtained after sieving was

45



' 0050/47392 . :
content, calculated as tungsten trioxide, of 20% by wei ght, based on the

tofal weight of the catalyst. 5 Cat al yst K Catal yst K was prepared
fromcatalyst I: 50 g of catalyst | We“,i 10 heated at 300[err]Cin a quartz
stdeam of pure hydrogen (35 1/h) for

tube at atnospheric pressure in_a,
29" hour s andtg’%%‘?dhéﬁfil the resydtrp (RE1A6HM (o Mpér BRLeren aebsegugonly

Bat chwi se THFapolnatefiozat imrssat 67596 . bThe matsdypiolhaderi tatgshenexper i ment s
were carri edcontemt, calatlmsyghesi CulfsReauteioiide; &f Moy BgeRe BfHMSBASEE i N

100 m gl asson thd akaifvdifd Wetthd &fcxysondensers. 10 g of shaped
catalyst g bodi es which had been dried for 18 hours at 180[err] C/ 0.3 nbar

before 20 use to renove adsorbed water were heated at 50[err]Cin 20 g of
but anedi ol - céatalystn& THF (but anedi ol concentration: 2000 ppm for 24
hours. Water-containing THF (1 % of Herr]0) was subsequently added to

the reaction_ni xture_and the catal yst was separated off by filtration.
After washin g]fﬁi:ysc?alxa?’ §tpﬁ%ta§83tg’f?§hcﬁfﬂi’ Iy 2% HPITRpt i Were t he

filtrates yeP8ab¥hitnéBVYnd et aitarirzetube at arppephgrdcopredmureoinaar ot ary
evapor at or astdrsybsdqpene |hwdrogen (30 Ithhufaes 28t hdmdy emd] BiBsauehalyi n a
bul b tube. PEbblabtidi Be6n aemperdtdid lundbt 0drdodsi due was wei ghed and
anal yzed by neans of gel permeati on chromat ography (GPC). Table 1 shows
the test results 30 obtained fromthe catalysts Ato K The
pol ydi sper si B§tEhvESes THE RUYEesi2aHeMp| ecul ar wei ght di stribution of
t he pol ymass prepared in the exanpl es was calculated fromthe ratio of
the weight a%ﬁ% kSi%d’ir \Q’E%Qﬂion e{(%l%(én)csae@?zet BrBY0P Put?hE" 29E
nol ecul ar wel ght err accordi to e equation D =
Merr] | M oFFTOSPhEEic PARSRRFEe Updeh mopifrogsns alBoaAL e dn b}0 britingla%s GPC
with a standat@fkedittedoriidy yeEhex wondgneried £8r9 of isbrped stptegyei the
chr omat ogr anbodieshwhiinkdhad eenudrbierd foer B covfrerad 16ASCLAI T ubat ebefore
accor di ng 200uséieto repguatddsdrdbd water were hddtearie Joetrin cier be/
[err](clerr] phedMe&tibl)containin Qﬁﬂ!ﬁ%ﬁggnediol concentration: 2000 Fﬁm)
ééuat i ggd t h?o%@*ﬁgugg?r@%r— gzﬁt@lﬂ%% 'fﬁfl' C("il %t SP I%B?nga(xjs' ns%btsgquer&ly

added to the reaction mixture and the catalyst was separated off

by filtration. After washing the catalyst three times with 20 g

25 of THF each time, the filtrates were combined and evaporated at

70°C/20 mbar on a rotary evaporator and subsequently for

30 minutes at 150°C/0.3 mbar in a bulb tube. PTHF obtained as

distillation residue was weighed and analyzed by means of gel

permeation chromatography (GPC). Table 1 shows the test results

30 obtained from the catalysts A to K.

The polydispersity D as a measure of the molecular weight
distribution of the polymers prepared in the examples was
calculated from the ratio of the weight average molecular weight
(My) and the number average molecular weight (M,) according to the
equation

35

D =M, / M,
40
M, and M, were determined by means of GPC, with a standardized
polystyrene being used for calibration. From the chromatogram
obtained, the number average M, was calculated according to the
equation
45
Mn=zci/2(ci/Mi)
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Merr] :([errf ‘f8§9ﬂ)) /[ [err] ci, 5 where c[err] is the

concentration of the individual polymer species i in the polynmer m xture

and Merr] is the nol ecul ar wei ght of &E i ndi vi dual pol yner species i.

10 Table 1 Exanpl e Cataly CataI%/ pre- Yield Merr]

D and the weight avefgg%@hew§s calcP@@ d accord{%gxgo the eqqymgp

1 (Conpari - A 6680 2.7 15 son)

2 B = 2 . 4 9710 2.8 3

C H m%§2£ﬁm%&2&, 26 4 (Conpari- D

H2 530 7680 2.6 son) 20 5 (Compari - E
&Ebre c; is ¥B0concentratoP® of theNindivi@ual polymer species i

H2 2in the polymX hixture an@ fi; 152%12 LAEERA - weal'_?htGof the

36 6§%§§v1dual pé?f%er spé%%}é Herr]

39 (&nnparu- | - 30
9090 3.6 30 son) 10 K H err] 33
9300 10 Bable 1 In all cases, the catalysts activated by reduction
di splay a 85 significant yield increase conpared with the unreduced

catal ysts and conpared with the catal yst from Conparative Experinent 4
in whi ch |hy @kagen Was Capit ac eCatilyst pred r ogeryietldhi s Conpgrative D
Experinment 4 shows thgt the effewdatmdntt he act[%hti on i gGR@hi eved(GPCynot
only by a fUni@ahpiDer|mal preat nent Of the cangl ySt, DlgegPy 20 [T gatmerit
wth a reggdissty agent. The nunber average nol ecul ar wei ght of the(PTHF
obt ai ned rensi ns egsentgal |y unaffected. Fly ctuatlogg(pf this yal ue
wi thin the observed ranges can be eaS|Iy caonpensat ed, where de5|red by
45 adapti ng the t el oggn cohtent. Théhpolydlspé§3|ty, |e? 64 he wi dt B° of
t he ol ecul gi (Genmghit i st rPbuti on olfzai ned, wW3Dch i s arv680 i nport aat
measure of tf§@quality of the polymerization process 0050/ 47392
13 20

5 (Compari- E - 18 5580 25
son)

6 F H, 21 3970 24

25 {7 (Compari- G - 36 6850 30
son)

8 H H; 39 6870 3.7

9 (Compari- I - 30 8090 3.6
30 |son)

10 X H; 33 9300 37

In all cases, the catalysts activated by reduction display a
35 significant yield increase compared with the unreduced catalysts
and compared with the catalyst from Comparative Experiment 4 in
which hydrogen was replaced by nitrogen. This Comparative
Experiment 4 shows that the effect of the activation is achieved
not only by a further thermal treatment of the catalyst, but by
40 treatment with a reducing agent.

The number average molecular weight of the PTHF obtained remains
essentially unaffected. Fluctuations of this value within the
observed ranges can be easily compensated, where desired, by

45 adapting the telogen content. The polydispersity, ie. the width
of the molecular weight distribution obtained, which is an
important measure of the quality of the polymerization process



‘ 0050/47392 _ . S
and the propert?és of the polynmer obtained, is not significantly altered

by. the activation of the catalyst. The exanpl es show that, by virtue

of .their significantly 5 increased acg'vity, the catal ysts of the present

i-nvention | ead to consi derably inproved econom cs of the process. 10

15 20 and the properyjes of %hp polymgn obtaingd, is not gimEg/fizagbly
altered by the activation of the catalyst.

The examples show that, by virtue of their significantly
increased activity, the catalysts of the present invention lead
to considerably improved economics of the process.
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Ve claim 0%50/1'%73% process .-for.preparing. pol ytetrahydrofuran, copolyners
of - tetrahydrofuran and 2-butyne-1,4-diol, diesters of these

pohl yners with Clerr]-(er r” ﬂﬂﬁ"‘ﬁﬂﬂ[&uﬁ aci ds or nonoesters of

these polynmers with Cferr] ) oxylic acids by

pot ymeri zation of tetrahydrofuran in the presence of one of 10 t he
t el ogens watwgd 1hifz but anedi ol , 2-butyne-1, 4-diol,
pol yt et rahydr of uran having a nol ecul ar weight of from 200 to 700

Dalton, a (Jerr]-(err]-nonocarboxylic acid or an anhydride of a
C2- C20- rmngch.r baxpriocess | fbroprapardigupelptetidabydroimgensopyBmers of a
het er ogenedus supRIahedré&Airahy 8hd DU yREID/4-9861 2 diesters Céd alnekkcal |y
actlve anpunt Ofpﬁg'mgfi’gv?ﬁhceglﬁ'gnﬁ\%carboxg}ﬂpl%gaﬁ.nér%;n QégEeééJ%QSt.e“
conpound on an o%; 1.CoSppport ... _omaterial and,which a?) een cal ci ned
at from500[err]CXo Rﬁ@g{)_é:rsr]"tt 1=CLoAPPRFALIYL LGt FDIH % PYt he precur sor
conpounds of théelymerizapinneRf ckARTANERSIHENY BAcHIANPARARRFE tAfn§5E R
conpounds,gnt o @@ telogdns wapeor tl,debutimdiplecirimtiynenhetelimlt, he cat al yst
i's acti vadcaytbyrilieniofenin Haviing & eftileicaafgRiilghReddr &rom 206 to
used as a pol ynergoz dhiosh Cal @!l-y?tg—monocar%oxyﬁ&)ra%an&aa% Ghal§ehd BeChai m
1, wherein the fc%dr.'c'— 8osH xSv ic_aciP ol L\Sm;%ht%%r g@et’ke%%”tcéi%‘éer}% 8%8x
3. A process as ereg T Cl I'm 2, erern e [educl ng, agen used
is a mxture of an)%‘& BHRPCTHI SRR £ ER A LYSEoWAICh ROPPBLSSS 835 claimed in
claim 3, yherei FaReYFHerlygastige@mount of jap grygrn-wonARiRBYeNn or a
m xt ure ther eof .molybdefum akdjepcesgsaenctaipmedi on driogidic vdumpert t he
proportion of 3materibydimpenith Hdebgas daIdined &6 abangesbcover 1dweccour se
of the  rofdueli 8Fblicatiof: of AnRr EE@&&&% EbRbdBMsi Be amy, of clainms 1
to 5, \Nherelrltf5§ en—con%é?ﬁgﬁgléglfgke Qﬁ éﬁg?%kyéénéé%e%aégﬁéauﬂ%%tontofr(Mﬂ
20 to 500[err] C.-4d , : :

20 the support material precursor, wherein the catalyst is

activated by treatment with a reducing agent before it is

used as a pelymerization catalyst.

2. A process as claimed in claim 1, wherein the reducing agent
25 used is a hydrogen-containing gas.

3. A process as claimed in claim 2, wherein the reducing agent
used is a mixture of hydrogen and an inert gas.

30 4, a process as claimed in claim 3, wherein the inert gas used

is argon or nitrogen or a mixture thereof.

5. A process as claimed in claim 4, wherein the proportion of
hydrogen in the gas mixture is changed over the course of the
reduction.

35

6. A process as claimed in any of claims 1 to 5, wherein the
reduction of the catalyst is carried out at from 20 to 500°C.

40

45



