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Preparation of pol yoxytetranethyl ene glycol The present invention rel ates
to a prqgcess for the preparation of copolynmers of tetrahydrofuran (THF) and
but-2-yne-1, 4-diol by catalytic polynerization of THF. The present

i nveption relates in particular to a 10 process for the preparation of
pol yoxyt et ranet hyl ene gl ycol . Pol yoxytetranet hyl ene glycol, also referred
to as pol ytetrahydrofuran (PTHF), is produced worl dw de and serves as an
internedi ate for the preparation of pol yurethane, polyester and pol yam de
el astonmers, for the preparation of which it is used as a diol conponent.
The incorporation of 15 PTHF into these polyners renders them soft and
flexible, and PTHF is therefore also referred to as the soft segnent
conponent for these polynmers. The cationic polynerization of
tetrahydrofuran (THF) with the aid of catal ysts was descri bed by Meerwein
et al. (Angew. Chem 72 (1960), 20 927). Either prenolded catalysts are

used here as catal ysts, orhebaratktrabt]q:otymytetmnethykdelglymltu in the
reaction mxture. This is done by producing oxoniumions in the reaction

medi umwith %he aid of strong Lewis acids, such as boron trifluoride,
al um num chloride, tin tetrachl oride, anti nmony pentachloride, iron(lll)
chl oride or phosphorus 25 pent afl uoride, or by means of strong Bronsted

acids, such as Tiey présenti mventich rélates ab | a1 provesy ifor dw ﬁrephiationml f oni ¢ aci d
chl or osul foni c aci d, hexachl or ost anni {‘ i odi c

hexachl or oant i rR@BPYmers 8F| tetrahydrefuran: H&f@ﬂr‘?‘ﬁ@'ﬂ?’léﬁlﬂl by fatalytin t he
ot L OO OF 15 B ERARIST el by e
15571 5 et ket syl o
Polyoxytetramethylene glycol, also referred to as polytetrahydrofuran
(PTHF), is produced worldwide and serves as an intermediate for the
- preparation of polyurethane, polyester and polyamide elastomers, for the
preparation of which it is used as a diol component. The incorporation of

15 PTHF into these polymers renders them soft and flexible, and PTHF is
therefore also referred to as the soft segment component for these
polymers
The cationic polymerization of tetrahydrofuran (THF) with the aid of
catalysts was described by Meerwein et al. (Angew. Chem. 72 (1960),

20 927). Either premolded catalysts are used here as catalysts, or the
catalysts are produced in situ in the reaction mixture. This is ‘done by
producing oxonium ions in the reaction medium with the aid of strong
Lewis acids, such as boron trifluoride, aluminum chloride, tin
tetrachloride, antimony pentachloride, iron(IlI) chloride or phosphorus

2s  pentafluoride, or by means of strong Bronsted acids, such as perchloric
acid, tetrafluoroboric acid, fluorosulfonic acid, chlorosulfonic acid,
hexachlorostannic(IV) acid, iodic acid, hexachloroantimonic(V) acid or
tetrachloroferric(Ill) acid, and with the aid of reactive compounds referred
to as promoters, such as alkylene oxides, eg. ethylene oxide, propylene

30 oxide, epichlorohydrin, ortho-acid esters, acetals, c-haloethers, acetyl



said oxoniumions initiating the polynerization of the THF. Fromthe | arge
nunber ok these catal yst systens, however, only a few have becone

i ndustrially inportant, since sonme of themare highly corrosive and/or 5

| ead2 0 di scol ored PTHF products in the p‘r7e'paration of PTHF, which only
have limted use. Furthernore, many of these catal yst systens do not have
the catalytic action in the true sense but have to be used in

stoi chionetric anounts, base@#“on the macronol ecul e to be prepared, and are

consunmed durin h poI ner '.zat'o 10 US- A- 58 042 de cribe
preparation of s‘*‘ﬁ’@ (?Ph¥(i}qu5nlﬂB°%¥,ll é’-‘ G F?E: Qhé’ﬁ ‘ﬁﬁ“ Srticul ar
di sadvant age Ofsafdhﬁxbiﬁﬁmofong‘aihﬁﬂﬁﬁ tﬁ@ﬁ.fo nggr%gpro | ifg drulrl ngyﬁh&d s that

they lead to the formation of halo- gena e PTHF
preparation, wiarge mypberdef thesaraatalyst systems,dhowever) tonlp asfgvahave becamet he

re PTHF and haye. an, adverse effect on e t . In the aration
211‘] PTHF in t he I ‘¥ g'éqrhyeuﬁ?o sincg éﬁmﬁrétfraleg}ép I é‘@l%fp !
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THF pol ynerization is not PTHF rivative. For exanple, alkylene
oxi des are i ncmqborhaVedmﬁedcusmnﬁnﬂresmorﬂ,anamyeoﬁahmecatalwsu Systeinas desul t

ber fof mance. ohdihdRuF| B G ACIPHIAT €37 the et 556 taYe sh ke W For red. 25
formati on of P "‘%‘. et %’Pé‘ﬁ"?ﬂ%?nb AL T habrboolE, O bERipated. Tl ", |
reaction, for erenqonsurhed ﬂ!lﬂnglmelpolymeﬁzaamest erification (cf. US-A-2 499
725 and DE_ﬁ) 27 60 272). 30

US-A-3 358 042 describes the preparation of PTHF using fluorosulfonic

acid as the catalyst. A particular disadvantage of the use of halogen-

containing catalyst compounds is that they lead to the formation of halo-

genated byproducts during the PTHF preparation, which byproducts are

15 very difficult to separate from the pure PTHF and have an adverse effect
on its properties.

In the preparation of PTHF in .the presence of the stated promoters, these
promoters are incorporated into the PTHF molecule so that the primary

20 product. of the THF polymerization is not PTHF but a PTHF derivative.
For example, alkylene oxides are incorporated as comonomers into the
polymer, with the result that THF/alkylene oxide copolymers having
properties, in particular performance characteristics, which differ from
those of PTHF are formed.

The use of carboxylic anhydrides as promoters results primarily in the
formation of PTHF diesters, from which PTHF must be liberated in a
further reaction, for example by hydrolysis or transesterification (cf.
US-A-2 499 725 and DE-A 27 60 272).



-3 - According to US-A-5 149 862, sul fate-doped zirconium di oxide is used
as an agi di ¢ heterogeneous pol ynerization catalyst which is insoluble in
the reaction medium In order to accelerate the polynerization, a mxture
of agetic acid and acetic anhydride is added to the reaction nmedium since
5 the polynerization takes place only very slowy in the absence of these
pronoters and, for exanple, a conversion of only 6%is achieved during a
period of 19 hours. This process results in the formation of PTHF

di acetates, which then have to be converted into PTHF by hydrolysis or
transesterifi cccondingl to JFS-A-§31492862,09dfate-depedbziscaninm ptivxide ris sed As of

THF in the presence,.of. an acyl halide or.carbo I ¢.anhydr i a

het er opol yaci daﬁeqcmjc d’é’g‘ii°%@é?ﬁse Pe rygtllqn ﬁq‘ﬂﬁ%{jl“g’é&et% ‘%?Pg“%kl I%\H’%e
formed and havgedcfloR SnédiemO! IZ6fdet Qo&'Ebﬁera@tﬂ%T?El ePiZhifdns £ meixehé ©ff or med
in the polynerization of chemcally pretreated THF with bl eaching earth

catal ysts in tlacetisr acidrand a¢eticaanhydride ds addedito dhe reastionameding, 518aedr i de,
according to ER-A-0 003, 112. ri,nci ple di sadvant age, of . t hi

pol yneri zat isonﬂffrgelé@?mg&%%aﬁl@? §5€' Wryh&f’w Hgg‘% @?Fg’ﬁéroggﬁf%er t he
use of acetic %?6‘&( ' Nyl h Ml eRioh! ThE aemievade diMe
(met hyl ester) orgn%igdgg&tg?%rl u?’;rh[)%‘gﬁ'?‘t& l@%’“o n6-t%hgg:gt her hand,gt
THF pol yrrer i zatai periods of a9 heurso (Fhisi procgssaaesolts du thetformation of PTHF

(chai n-term natj ng substance THF i g forned di.rec 5. Accor.ding to

US- A4 120 903 diasHiagese el then, baye, 4o eofoTEre, IS ETHF 6F yorighis dt®

super aci di ¢ Nafy ijon exchange resins. The disadvantage of this
iRttt

process is the r weight of the resulting PTHF, which is about
10, 000 Dal tmn. Such high nol ecul ar weight PTHF is to date of no industrial

' MPOTTAnNCe.  yp A 83 028/1983 describes the polymerization of THF in the presence of
an acyl halide or carboxylic anhydride, a heteropolyacid being used as the
catalyst. PTHF diesters are likewise formed and have to be hydrolyzed to
PTHF.

he

15
PTHF diesters are also formed in the polymerization of chemically
pretréated THF with bleaching earth catalysts in the presence of
carboxylic anhydrides, eg. acetic anhydride, according to EP-A-0 003 112.
A principle disadvantage of this THF polymerization process is associated
20 with the costs incurred for the use of acetic anhydride and its elimination
from the PTHF derivative (methyl ester) formed as the primary product.

If, on the other hand, the THF polymerization is carried out using water
as a telogen (chain-terminating substance), PTHF is formed directly.
25 According to US-A-4 120 903, PTHF can be prepared from THF and
- water with the éid of superacidic Nafion® ion exchange resins. The
disadvantage of this process is the high molecular weight of the resulting
PTHF, which is about 10,000 Dalton. Such high molecular weight PTHF
is to date of no industrial importance. |

30



30 -4 - US-A-4 568 775 and US- A-4 658 065 describe, respectively, a
process for the preparation of PTHF and the copol ynerization of THF with a
pol yol , heteropol yaci ds bei ng used as catal ysts. The heteropol yacids are
soluble to-a certain degree in the polynmerd-zation mxture and in the 5

pol ymer and, since they cause discoloration of the PTHF product, nust be

r enoved therefrom by expensive technical neasures-addition of a hydrocarbon
for precipitating the heteropolyacid, renoval of the pre- cipitated

het er opol yacid and renoval of the added hydrocarbon. 10 In US-A-4 303 782,
zeolites are u§§dAf4)r558h'é7§)|a8¢aU§'tA-6n65ﬂ‘ 0155' Hiescrigveoreepectively, RHPTOSesSy ner s

Verr] = 250 obt" B BOReCROnCE PORY. SAT sbe Sulhvisraih, B AT, Wi i O S

abovenent i oned gb%?”ﬂ&érdbé@%cldé\ glusedl ¥s chﬁlg%tsprﬂfceﬁéteidp@ly*aéldﬁfareo

i ndustrial inporfance. A'further serious disa vantage 15 "of this process
i s the | ow spaselublento @i Mfdﬁgreexmrrﬂleepqlmmmmlmma%dﬂsﬂle which is

hi d th th dth
P ocesses 1 or PO e Hpeio fex: Fore tcofimuidh of the B HPbAO Blst, -
the nol ecul ar %'ﬂ?ﬂov@&%@reﬁfoﬁ by e xgiRAsive té’éﬁmcﬁﬁ%aﬁﬁhé-ﬁdmtlwldfhal s of

I ndustrial interest, the disadvantage of | ow space-tine yields in
het er ogeneous d)admcyﬂ:on for pncexpmtatmgjmtlexgmpolyaendpemmvai of ks re-of t he
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space-tinme yields, ie. with high selectivity in conjunction with high THF
conversion, and with si npl e renpval of the catalyst. W have found that
thi s obj ect 10 s IncCUBeA-dd303 U8R izeolites \are mged dory ther preparation of PTHE.

However, the THF polymers obtainable by this process have extremely
high average molecular weights- M, = 250,000 to 500,000 Dalton - and
could not be used for the abovementioned intended uses. Accordingly, this
process too is of no industrial importance. A further serious disadvantage
15 of this process is the low space-time yield (for example 4% of PTHF in

24 hours), which is achieved with the zeolites used therein.

All of the abovementioned processes for the direct preparation of PTHF

have, especially for PTHF in the molecular weight range of from 500 to
20 3500 Dalton, which is of industrial interest, the disadvantage of low

space-time yields in heterogeneous catalysis or the disadvantage of

expensive removal of the catalyst in homogeneous catalysis.

It is an object of the present invention to provide a process which makes
25 it possible to obtain PTHF in high space-time yields, ie. with high
selectivity in conjunction with high THF conversion, and with simple

removal of the catalyst.

We have found that this object is achieved, surprisingly, by polymerizing
3 - tetrahydrofuran over a strongly acidic heterogeneous catalyst in the



30 tetrahydrofuran over a strongly acidic heterogeneous catalyst in the
-5- presence of but-2-yne-1,4-diol and then catalytically hydrogenating the
pol yoxyt et ranet hyl ene gl ycols containing CGC triple bonds to give

pol yoxyt et ramet hyl ene gl ycol. The course of-the reaction can be descri bed
by the follow ng equation, only one of the possible copolyners being 5

I ndi cated as a reaction product of the reaction of THF with but-2-yne- 1
,4-diol. [err] 10 The present invention therefore relates to a process for

the preparation of polyoxytetranethylene gl ycols or copolynmers of THF and
but - 2-yne- 1, 4-Riessnce\ofcbutd-yre-t,4pdibl and ithen nalnlyuf:allm-lhydmenmﬂgymerl zation

being 15 carried out over het eneouys, ac C.C t whjch has acid
centgrs of aC| cﬁ‘ﬂ iﬂ yen&gﬁ'ﬁ&g g(& %Péfgqiaglté’ag’c"eo 005 mmmol / g
of catalyst, g@é @u&r 2’[‘%“%6111861 ot @k - rel_&ﬁmpf:ﬁ?%@tdésgﬁ ion
relates in partlcul to a proc s for the preparation of YyOXY-

t et r anet hyl ene lg{yhmlfollqmgommuaneonﬂyomneTblF tlamqtotmhle xopokyxﬂersl&mgl or 20
pol yoxyt et ranmeth Je col s repar ed cordi,n e inv on and
containing tti pi %ﬁd& Xb’&ﬁﬁ&? £t 0f the dpactio y‘%fr gg:n&{“ihoﬁ WAfYst in

t he presence oflhyd:jépgen at from 20 to 300[err]C and from1 to 300 bar

Preferred enbodi’nents of the invention are defined in the subclai ns.
According to_the invention, supported catalysts which conprise an oxi de

carrier, q@ n ox ont a| ni ng rml denum]or st Qg,&corrpou s ar
mxtures of Xich #npoun e
furthernore, if desired, maya |t|onaly be -tapgd vmth §'Hlfate

phosphat e groups are preferabl y used as polynerization catal ysts. For
10

The present invention therefore relates to a process for the preparation of
polyoxytetramethylene glycols or copolymers of THF and but-2-yne-
1,4-diol by catalytic polymerization of THF, the polymerization being

- 15 carried out over a heterogeneous acidic catalyst which has acid centers of
acidity pK, < +2 in a concentration of at least 0.005 mmol/g of
catalyst, in the presence of but-2-yne-1,4-diol. The present invention
relates in particular to a process for the preparation of polyoxy-
tetramethylene glycol, the copolymers of THF and but-2-yne-1,4-diol or

20 polyoxytetramethylene glycols, prepared according to the invention and

containing triple bonds, being converted over a hydrogenation catalyst in
the presence of hydrogen at from 20 to 300°C and from 1 to 300 bar.
Preferred  embodiments of the invention are defined in the subclaims.

25 According to the invention, supported catalysts which comprise an oxide
carrier, contain oxygen-containing molybdenum or tungsten compounds or
mixtures of such compounds as catalytically active compounds and
furthermore, if desired, may additionally be doped with sulfate or
phosphate groups are preferably used as polymerization catalysts. For

30 conversion into their catalytically active form, the supported catalysts are



30 conversion into their catalytically active form the supported

catal ysts are -6- subjected to calcination at from500 to 1000[err]C
after the precursor conmpounds of the catalytically active,
oxygen- cont ai ni ng nol ybdenum and/ or tungst&n conpounds have been applied to
the carrier, the carrier and the precursor conpound being converted into
the catal ysts which can 5 be used according to the invention. Suitable
oxide carriers are, for exanple, zirconiumdioxide, titanium dioxide,

haf ni um oxi de, triymoxide, .iron(JI1) i de m na, tin(lV) oxide,
silica, zinc oxﬁ{*ﬁi@%ﬁd%@?ﬁ?@%ﬂéﬁ %@%)c()i‘? dQQ&J(%af@é;{hﬁrﬂrmrde 10
and/or titaniu 'I%b‘ﬁ'hﬂ r ' rly:.pr e whi ch ma
be used accordin&ndggil 0 tﬁgitﬁsgr?ﬁ%%gn#gﬁvﬁ’ ?%%dgﬁég?g}mﬁgﬁ{)@b{ 0 50, g
preferably fronantl/erotidigstepacompouhds hyve beéeapplied to alie Tatrier2Ghe Yatrierwei ght

of the catalytically active, oxygen-containing 15 conpounds of_ nplybdenum
or of tungsten Eﬁ‘/’ PWS“WP&@HF‘%%“@ e eonvsfted jintg the eatalysts which can
oxygen- cont a§ Ni g yedd"A eqfvelifd?! S: based in each case on the
total weight of tHg ca?éé’?@g?&a%, ﬁl?Fnce'the chem cal structure of the
catalytically active, oxygen-containing conmpounds of nol ybdenum and/or of

tungsten is not_known exactly to date but can only 20  be postul ated, for
exanpl e from t haRitaRle; ogide  Gaariens afge f0F £xamplen irgoniumy dioxidgs tHANEN he used

according to thg tnvent 1J: 91 S u d.. i . £aS S r] or
WJerr]. In pri @8%‘@%@%@93&?}%‘ g%’o%%c%ﬁ@%i H%’%ﬂf‘li)gl@at ?’Ptl\:/gﬁy )act I ve,
oxygen- 25 condside)i silicaDkinb deiidenand dhixtures oFSthése 6LidEs URitSonilhedionide!
catal ysts may al so be doped with from0.05 to 10,e£referably from0.1 to 5,

in particul & fasden titaniumg dioxide rare \partiglarly, peeferredy each case on the total
wei ght of the catal yst, of oxygen-containing sul fur- and/or phosphorus-

The catalysts which may be used according to the invention contain in
general from 0.1 to 50, preferably from 1 to 30, particularly preferably
~ from 5 to 20, % by weight of the catalytically active, oxygen-containing
15 compounds of molybdenum or of tungsten or of the mixtures of the
catalytically active, oxygen-containing compounds of these metals, based in
each case on the total weight of the catalyst, and, since the chemical
structure of the catalytically active, oxygen-containing compounds of |
molybdenum and/or of tungsten is not known exactly to date but can only
20 be postulated, for example from the data of the IR spectra of the
catalysts which can be used according to the invention, it is calculated in
each case as MoO; or WOs;.

In principle, in addition to containing the catalytically active, oxygen-

25 containing molybdenum and/or tungsten compounds, the novel catalysts
may also be doped with from 0.05 to 10, preferably from 0.1 to 5, in
particular from 0.25 to 3, % by weight, based in each case on the total
weight of the catalyst, of oxygen-containing sulfur- and/or phosphorus-
containing 'compounds. Since the chemical form in which these sulfur- or

30 phosphorus-containing compounds are present in the prepared catalyst is



~cont ai ni ng conpounds. Since the chemcal formin which these sulfur- or 30
phosphor:us-cont ai ni ng conpounds are present in the prepared catalyst is

-7 -» i kewi se unknown, the contents of thgse groups in the catalyst are
cal cul ated together as SQerr] or PQerr[. For the preparation of the novel
catal ysts, hydroxides of the relevant 5 carrier conponents are-as a rule
used as starting materials. \Were these hydroxi des are commercially

avai | abl e, hydroxi des obtai nable on the nmarket nay be used as starting

materials for jiayiE GEhGNHOthe bolits U s BidupS i, tRUarlly@l AeaD! y L he
oxide carriers are prepared using freshly pré&cipitated hydfoxides, which,
after their prealcylatedttogetherane Sf3ner Oy dried 10 at from 20 to 350[err]C,
preferably from50 to 150[err]C, in particular from 100 to 120[err]C, at

at nospheric or reduced pressure. |In general, the water-soluble or

hydrol yzabl e s %ﬂ%?a e Sid LN eIl Bk, exanpl e
their halides, %%Ir 3?%&’5 y t?’helmra'Hrlﬁtnrsg%leédt?g%’ogy@g?ggsﬁfa@ésr,eie??intpart I cul ar
their acet akescardiee confpdnersts Hrardsi aguleonyeduasi stafting niaterjale pWhate thesef t hese

hydr oxi des. Suitable starting conpounds for the pre-cipitation of these
hydr oxi des ar e hydrgxidex A% | commerciallyavatishle, hydroxides ORthe titanyl

chloride, tita [ te, t L WRad : ' y )
nitrate, alum %a%rlféeilc'té‘% tb:e, u%/etrdo%% #Wé@%ﬂ%lg‘%{e t #n?i b; Bﬁa?fﬁgieég?ﬂpﬁ]
particul ar ti ncarfers; bt pré€erablynthe noider icarriers zire) prepaeédi using Tireshly
correspondi ng hydroxi des are pre-cipitated fromthe sol utions ﬂllot' ese

sal ts péeferabwciait;mahxdr@xi HuBbich, Afep their REPGiPitasion, Are ECREH d't he
atia, o waber 25T B ARG HRiBReb BT oD, 10"330°COb urphlBl fpu® T

the rel evant hydpos ¢209C & f@ddsphericcdr reduced pressargossi bl e to obtain the
hydr oxi des by hydrol ysis of organonetallic

In general, the water-soluble or hydrolyzable salts of the elements
cohstituting the carrier, for example their halides, preferably their nitrates

15 or carboxylates, in particular their acetates, are used as starting
compounds for the preparation of these hydroxides. Suitable starting
compounds for the pre-cipitation of these hydroxides are, for example,
zirconyl chloride, zirconyl nitrate, titanyl chloride, titanyl nitrate, yttrium
nitrate, yttrium acetate, aluminum nitrate, | aluminum acetate, iron(III). ‘

20 nitrate, tin(ITV) halides, in particular tin(IV) chloride, zinc nitrate or zinc
acetate. The corresponding hydroxides are pre-cipitated from the solutions
of these salts preferably by means of aqueous ammonia solution.
Alternatively, the hydroxides can be obtained by adding dilute or weak
acids, such as acetic acid, to water-soluble hydroxo complexes of the

25 relevant metals until the relevant hydroxide is precipitated. It is also
possible to obtain the hydroxides by hydrolysis of organometallic
compounds, for example the alcoholates of the relevant metals, such as
zirconium tetracthylate, zirconium tetraisopropylate, titanium tetramethylate,
titanium tetraisopropylate, etc.



conpounds, for exanple the alcoholates-of the relevant netals, such as
zirconiuntetraethylate, zirconiumtetrai sopropylate, titanium
tetramethylate, titaniumtetraisopropyl at_g, etc. 30 -8 - In general, a
gel atinous precipitate is fornmed during tRé precipitation of these

hydr oxi des, which precipitate gives an X-ray anorphous powder after drying.
It is possible that these X-ray anorphous precipitates are conposed not
only of the hydroxides of the relevant netals but 5 additionally of a
arge number Ofy g, 'Y Yeftiibad SRcRidled FOHRAAMme Y pretfHRlion bfd” at ed
oxi des, polyneri &, water-1nsol ubfe hydroxo conpl exeg, etg. wever, since
the exact chenilesd hgaroxides] iwhiclpfprécipitace givesian Xatagsamerphots lpewdet er m ned,
for the purposes of this_application it will be assuned for .t he sake of
simplicity thaftemdrying.cIt; §cPossible, dhay dhessr X1mgy JMAIPROUS; BEECHUAS AT ¢ he

pur poses of thj l.catigQn, Bydr 8xi L Satt agover al |
desi gnation foF&Pﬁ%&hy@oé(@/?c%fhplgi Ir‘fdr{g*‘%ai(?m‘ gtélgg&éb?g@ﬁegm?n t he
abovenent i ogpedadditionatiyt of iaoIm%&tnhmHer of\futhershydroxylicontaiming aempoendsi de
carrier, the starting material used for 15 the preparation of the
catal ysts whi clorcexanple hydsted oxides,golymerse watercinsoly eil%.vdg?’& erably

freshly precipi I l.J.C Lehe: e ' f 3 -3
acidifying a va@b%gﬁs;sé%oﬁﬂ%hﬁ %n%n\t/#l gﬁﬁli ?hg‘g‘g"é‘%t"g{g“8§%}§% ogrﬁhgé(? bef ore
further procesgpidtipitated ctamot bbedbterhmined, ffor thé puipubes of cthispagplicatiomties. 20
The precursor conpounds of the catalytically active, oxygen-cgntainin

mol ybdenum and™dl beiaspumed fosntheusabie of timplipity dbat; ey e ﬁr@ﬂ%@eso? t he
car Tier Corgongyl Suply RIS kb the lgbles°bf s SRBESicn) i mi™ e

hydroxides is thus an overall designation for the hydroxylcqntaining

precipitates obtained in the abovementioned precipitation methods.

When silica is used as the oxide carrier, the starting material used for

15 the preparation of the catalysts which can be used according to the
invention is preferably freshly precipitated silica, which can be obtained,
for example, by acidifying a waterglass solution, and which is
advantageously dried before further processing, as described above for the
hydroxide precipitates.

The precursor compounds of the catalytically active, oxygen-containing
molybdenum and/or tungsten compounds are applied to the hydroxides of
the carrier components or the silica, which are prepared in this manner
and are also referred to as carrier precursors in this application, the

25 application preferably being effected by impregnation with an aqueous
solution of these pre-cursor compounds. For example, the water-soluble
salts of tungstic acid (H,WO,), as formed, for example, on dis-solution
of tungsten trioxide in aqueous ammonia, ie. the monotungstates, and the
isopolytungstates formed therefrom on acidification, for example the

30 paratungstates or metatungstates, and the water-soluble salts of molybdic



and are also referred to as carrier precursors in this application, the 25
application preferably being effected by inpregnation with an aqueous

sol ution of these pre-cursor compounds. For exanple, the water-sol uble
salts of tungstic acid (Herr]WJerr]), afformed, for exanple, on

di s-solution of tungsten trioxide in aqueous ammonia, ie. the

nonot ungst ates, and the isopol ytungstates forned therefrom on
acidification, for exanple the 30 paratungstates or netatungstates and the

- sol ubl | ybdj c 9- H2 f
exanpl o, on i 208 (Ha¥e0dk “Roldmadn i eftugley o oo of FAAId ¢ he
i sopol ynol ybdagsxide® ieiubshit’ Shhfofiad hnaCtid! fsb 91'119 dhtls Ff@frﬁ%tf hezbfrbf®

met anol ybdat es and par anol ybdat es, can be us ter SO e precursor
conpounds of t o8 acidification; anl partieulan/ehe metmnglgbdatcsoammlpmang)lydet ananor
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edition, Vol. 3, pages 738-741 and 766-768, Perganon Press, New York,

15 1973. Instead of the abovementioned molybdenum and tungsten precursor

compo_imds of the éatalytically active molybdenum and - tungsten
compounds, respectively, it is also possible to use heteropolyacids of
molybdenum and of tungsten, such as 12-tungstatosilicic acid
(H,4[Si{W;5040}1:26H,0) or 12-molybdatosilicic acid, or their water-soluble

20 salts, preferably their ammonium salts, for applying the molybdenum or
tungsten to the hydroxide, ie. hydroxyl-containing, carrier precursor. The
hydroxides -of the particular carrier components used, which hydroxides |
have been impregnated in this manner, and the impregnated silica are
'generally dried at from 80 to 350°C, preferably from 90 to 150°C, at

25 atmospheric or reduced pressure.

It is also possible to introduce the stated precursor compounds of the

catalytically active, oxygen-containing molybdenum or tungsten compounds

into the subsequently obtained catalyst by thorough mixing with one or
30 more of the stated hydroxides. The calcination of the carrier precursors,



20 salts, preferably their ammonium salts, for applying the nol ybdenum or
tungstenzto the hydroxide, ie. hydroxyl-containing, carrier precursor. The .
hydr oxi des of the particular carrier conponents used, which hydroxides have
been~i npregnated in this manner, and the -ildpregnated silica are generally
dried at from80 to 350[err]C, preferably from90 to 150[err]C, at 25

at nospheric or reduced pressure. It is also possible to introduce the
stated precursor conpounds of the catalytically active, oxygen-containing

nmol ybdenum or tungsten conpounds, Lnto the subsequently obtained catal yst by
t hor ough mi xi ng¥ Hlatﬂ?éegﬁ) teggtedn i thjs mannes; to @iventher eatalysts which can
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I npregnated with these precursor, conpounds. However, the inpregnation
method is pref SIOWEXETL ey ppregnationsmethodais; preferably rused for fhe | Rrepasatign ch can
be used accaqrdi o) | aTANTN N r i mpregnat ed and
dri ed in ¢ hite. 1oieedatfert WAGEH cah be” i Bbcatind (BE Shpdlithny P10
calcination in the air at from500 to 1000C, preferably from550 to
900[err]C, particularly preferably from 10 600 to 800[err]C. In the course
of the cal ci natih$ncatalyst BreqursersdiBprsgnated: apd rdriedr inc thip JNANNEE a8@id t he silica

atal v oal 1y Sopferle”isls e el SeraRUE s BaIBATOH, Pl O 86 0B 3001
whi ch have beenoaQUorEy préfefadlyl feou '550" td YOO TE, 9%@&1&1?, ]gx%fdialil Nfeemt €d into.

the catal yti ca% active 15 conponents. Calcination a hese high
t enper at ur e¥ | rtor 8GQTCr tn the ispesse f thenhcajeinationy she ihydrexidesheh¢ke a hi gh

ts gﬁgg; ;It Lr? egi, eic%@i%a%&}ﬁg@éﬁtsg&% i is %&iﬁg'coﬁgrerlte%mﬂtoc clact;xri‘ et icgrr}ier, and
- the precursor compounds of the catalytically active, oxygen-containing
molybdenum or tungsten compounds, which have been applied to said
carrier by impregnation, are converted into the catalytically active
15 components. Calcination at these high temperatures is critical for achieving
a high conversion and hence a high space-time yield in the THF
polymerization. At lower calcination temperatures, the catalysts also
produce THF polymerization, but only with uneconomically low
. conversions. On the basis of IR investigations of catalysts prepared in this
20 mannel_', Yinyan et al.,, Rare Metals 11 (1992), 185, presume that, in the
case of tungsten-doped zirconium oxide supported catalysts, the precursor
compound of the catélytically active, oxygen-containing tungsten |
compound, which precursor compound has been applied to the zirconium
hydroxide by impregnatioﬂ, forms a chemical bond with the hydroxyl
25 groups of the carrier precursor at the high calcination temperatures used,
resulting in the formation of the catalytically active, oxygen-containing
tungsten compound, which differs substantially with regard to its chemical
structure and chemical activity, in particular its catalytic properties, from
oxygen-containing tungsten compounds merely adsorbed onto the zirconium
30 dioxide carrier. This situation is also assumed for the molybdenum-



produce THF pol ynerization, but only with uneconom cally | ow conversions.
On the hasis of IR investigations of catalysts prepared in this 20 manner,
Yinyan et al., Rare Metals 11 (1992), 185, presune that, in the case of

t ungst en-doped zirconi um oxi de supported “diral ysts, the precursor conpound
of the catalytically active, oxygen-containing tungsten conpound, which
precursor conpound has been applied to the zirconi um hydroxi de by

i npregnation, forns a chem cal bond with the hydroxyl 25 groups of the
carrier precursor, at. the hi ' 0N 1 eratures sulting in
the formation &PRE :“%5%‘&?‘{’%9(:%@@3‘%#\%,“ﬁ%&ﬁ‘?‘#&ﬁ%{’t‘ﬁgg‘& {hﬁngsten
conpound, whi chp¢bnkibgr s substantially with regard to its chem cal structure
and chemical activity, in particular its catalytic properties, from
oxygen-cont ai ni ng tungsten conpounds nerely adsorbed onto the zirconium 30

di oxide carrier, Thi | tuation i S H”Ed fo g@ﬁl‘lm
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nol ybdenum 5 and/or ttngsten, are additionally doped with sulfur- and/or

phosphor us- cortoataiing compoundsi mayeglse |adyantagesnslyges used, i ghe poveli n t he
novel process. These talysts are prepared in _a manner..sim to that
descri bed abovT™PEfSS¢ e‘?aéﬂaé@ sarsowfﬁ?rﬁ&rfﬁ %W%Is%%nf?mk@&d/or
tungsten COWO%&&beﬁ“Fﬁdﬁ{g‘ G¥"iheOdatAIPAS Rbffaking dly? nulsieaampandies 10

I e

f
additionally being app by I npreghation to the "hydroxides of the carrier
conponents, pr ejuagsteh icompoutdsi |sulfurreandéor, pbosphorusicontaining somprundsy| f ur -

oot oo by e Sany ek seta g b L e e
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thereafter. The ari’?ﬂﬁi' : E@ﬁlﬁf ngpt iBEv ly 15
prepared by inpre Jéltgtlrltrs]b e %djgk??gl es o aﬁgg’ ggr@igéesélz%pglr;%eﬁ?gﬁgf t he

and/or phosphorus compounds can be applied to the carrier simultaneously

with the application of the molybdenum and/or tungsten component, or
thereafter. The sulfur and/or phosphorus components are advantageously

15 prepared by impregnating the hydroxides of the carrier components or the
silica with an aqueous solution of a compound containing sulfate or
phosphate groups, for eXample sulfuric acid or phosphoric acid. Solutions
of water-soluble sulfates or phosphates may also advantageously be used
for the impregnation, ammonijum sulfates or ammonium phosphates being

20 particularly preferred. A further method for applying the phosphorus-
containing precursor compounds together with the molybdenum- or
tungsten-containing precursor compounds to the hydroxide carrier precursor
is to treat the hydroxide carrier precursors with phosphorus-containing
heteropolyacids by the methods described above. Examples of such

25 heteropolyacids are 12-tungstatophosphoric acid (H;PW;,049'xH,0) and
12-molybdatophosphoric acid (H;PMo;,0,4o-xH,0). Heteropolyacids of
molybdenum or of tungsten with organic acids of phosphorus, for example
phosphonic acids, may also be used for this purpose. The stated
heteropolyacids may also be used for this purpose in the form of their

30 salts, preferably as ammonium salts.



silica with an aqueous solution of a conpound containing sulfate or
phosphat € groups, for exanple sulfuric acid or phosphoric acid. Solutions
of wat er-sol uble sul fates or phosphates nay al so advant ageously be used for
t he knpregnation, amoni um sul fates or ammnhi um phosphat es bei ng 20
particularly preferred. A further nethod for applying the phosphorus-
cont ai ni ng precursor conpounds together with the nol ybdenum or

t ungst en-cont ai ni ng precursor conpounds to the hydroxide carrier precursor

is to treat thegyhydrgxi L0 er L pr gcur,sors Wt h phosphor ug- cont ai ni ng
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tungsten with organic acids of phosphorus, for exanple phosphonic acids,
may al so be used for this purpose. The stated heteropol yacids may al so be
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In addition to the abovementioned tungsten- and molybdenum-containing
zirconium dioxides, sulfate-doped zirconium dioxides may also be used as

15 polymerization catalysts. The properties and the preparation of sulfate-
doped zirconium dioxides are described, for example, in M. Hino and K.
Arata, J. Chem. Soc., Chem. Comm. (1980), 851.

Bleaching earths, too, may be used as polymerization catalysts in the

20 novel process. In mineralogical terms, bleaching earths or Fuller’s earths
belong to the montmorillonite class. These are hydrated aluminum
“hydrosilicates which occur. naturally and in which some of the aluminum
ions may have been replaced by iron, magnesium or other alkali metals
or alkaline earth metals. The ratio of silica to oxides of divalent or

25 trivalent metals in these minerals is in general 4:1. The commercial
products, which are genmerally activated by acid treatment and have a
water content of from 4 to 8% by weight, based on the total weight, are
used in large amounts for refining edible oils, fats and mineral oils and
as adsorbents and fillers. '

30



zi r coni um di oxi des, sul fate-doped zirconi um di oxi des may al so be used as 15
pol yneri zation catal ysts. The properties and the preparation of sulfate-
doped zirconi um di oxi des are described, for exanple, in M Hino and K
Arata, J. Chem Soc., Chem Conm (1980)31351. Bl eachi ng earths, too, may
be used as polynerization catalysts in the 20 novel process. In

m ner al ogi cal terns, bleaching earths or Fuller's earths belong to the
nontnorillonite class. These are hydrated al um num hydrosilicates which

occur naturall | L C al,um num.i on v, b
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in these mnerals is in general 4:1. The commercial products, whi'ch are

general |y act i \iefstably used dnithe sayehprogass. have a water content of from4 to
8% by wei ght, based on the total weight, are used in |arge anounts for
refining edible oils, fats and mneral oils and as adsorbents and fillers.

30 - 13- B edRdplifg, 266, hﬁ;gabe @éd a8 ol yimeriation L datalysi i TR oveler 1] of the
types K 10, KSF-O KO and KS from Sud-Chemie AG Minich, are particularly
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et e e Bl et Vot 3t B b 8 B ke RS0 ©
but also by the method of preparation of the zeolites, a distinction is
made between various zeolite types, some of whose names are attributable
to naturally occurring zeolite minerals of similar composition and
structure, for example the faujasites, mordenites or clinoptilolites, or
15 which are assigned acronyms where there are no specific analogs in
nature for the synthesized zeolites or where these zeolites form a
structural subclass of the maturally occurring zeolites, for example the Y
and X zeolites belonging to the fahjasite type or the zeolites having a
pentasil structure, such as ZSM-5, ZSM-11 or ZBM-10. Summaries of the
20 chemical composition of the zeolites, their three-dimensional and chémical
- structure and their method of preparation 'appear in, for example,
D.W.Breck, Zeolite Molecular Sieves, Wiley, New York, 1974.

The zeolites which are suitable for the novel process have an Si021A1203

25 molar ratio of from 4:1 to 100:1, preferably from 6:1 to 90:1,
particularly pre-ferably from 10:1 to 80:1. The primary crystallites of
these zeolites have a particle size of up to 0.5 um, preferably up to 0.1
pm, particularly preferably up to 0.05 pm.

30 The zeolites which may be used as polymerization catalysts in the novel



made between various zeolite types, sone of whose names are attributable to
natural ly occurring zeolite mnerals of simlar conposition and structure,
for exanple the faujasites, nordenites or clinoptilolites, or 15 which are
assi gned acronyns where there are no speciltrc analogs in nature for the
synt hesi zed zeolites or where these zeolites forma structural subclass of
the naturally occurring zeolites, for exanple the Y and X zeolites

bel onging to the faujasite type or the zeolites having a pentasi

structure, such_as ZSM5 SM,11 qgr 10._Su ries of, t 20 chem cal
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preparation, t éfefl;aii}' Beolssgek! v converted into the catalytically active H
form for exanple by treatnment with, for exanple, mneral 5 acids, such as

hydrochl oric acid, sulfuric acid or phosphoric acid, or by thernal
treat ment of suili)abl e precursor zeolites whjch contain, for exa

amoni um i offs, Albzeelitasyhich ymect the rﬂ?oY@%m%GF@mn%Mebﬁﬂnlgéde’as
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zeolites of the mordenite group and those of the faujasite group, in
particular the synthesized X and Y zeolites. Aluminophosphates or
silicoaluminophosphates having a zeolite structure may also be used.
15
Zeolites having pentasil structure, for example ZSM-5, ZSM-11 and
ZBM-10 zeolites, are particularly preferably used. Among these zeolites of
the pentasil group, those which in turn have particularly advantageous
properties are the zeolites which were prepared in such a way that they
20 are substantially free of alkali metal compounds, ie. their alkali metal
content is in general less than 50 ppm by weight. The preparation of
alkali-free ZBM-10 zeolites is described in EP-A-0 007 081, and a
method for the preparation of substantially alkali-free ZSM-S zeolites is
described by Miller et al. in Occelli, Robson (Eds.), Zeolite Synthesis,
2s  A.C.S. Symp. Series 398 (1989), 346. The zeolites prepared by these
methods are present in the H form after a heat treatment at, for
example, .from 500 to 600°C.

In addition to zeolites, polymers containing o-fluorosulfonic acid groups
3 may also be used as poly-merization catalysts. Perfluorinated polymers



pol yneri zation catalysts in the novel process. Exanples of these are the
zeolites of the nordenite group and those of the faujasite group, in

partd cul ar the synthesized X and Y zeolites. Al um nophosphates or

si | i coal um nophosphates having a zeolite-B+ucture may al so be used. 15
Zeolites having pentasil structure, for exanple ZSM5, ZSM 11 and ZBM 10
zeolites, are particularly preferably used. Anong these zeolites of the
pentasi| group, those which in turn have particul arly advant ageous
properties are the zeolites which were prepared in such a way that they 20
are subst ant i awhichf gentainf a—ilu@mallfﬁ@paacugmnw, arep availble, for . E¥AMPiKat 3

Kl i~ roe ZeRiS O6 AR Nafdie RofiPEry o Phde Nelfth 308" bbby |
for the prepar g preféttedubstantially al kali-free ZSM5 zeolites is

described by Muller et al. in Occelli, Robson (Eds.), Zeolite Synthesis, 25
A.C.S. Synp. Series 398 (1989), 346. The zeolites prepared by these nethods
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S
e, or advantageously as noldings, for exanple in the
form of cyl jondarrangementris spreferredswhemi fox| example, loop reactors are used or the

process is carried out by continuous methods.

In principle, any desired THF may be used as a monomer. Commercial
THF or THF prepurified by acid treatment (cf. EP-A-0 003 112) or by
15 distillation is preferably used.

According to the.invention, but-2-yne-1,4-diol is used as a telogen, ie. as

a substance which effects chain termination in the polymerization reaction.

20 The telogen is fed to the polymerization advantageously as a solution in
THF. Since the telogen stops the polymerization, the average molecular
weight of the unsaturated PTHF copolymer can be controlled by means of
the amount of teloge:i used. The larger the amount of telogen contained
in the reaction mixture, the lower is the average molecular weight of the

2s  unsaturated PTHF copolymer. Depending on the telogen content of the
polymerization mixture, the relevant PTHF copolymers having average
molecular weights of from 250 to 10,000 can be prepared in a controlled
manner. The novel process is preferably used for preparing the relevant

. PTHF copolymers having average molecular weights of from 500 to 5000,
3 particularly preferably from 650 to 3500, Dalton. For this purpose, the



or chips, particularly in a fixed-bed arrangenent of the catal yst, which 10
arrangenent is preferred when, for exanple, |oop reactors are used or the
process is carried out by continuous nmethods. In principle, any desired THF
may be used as a nonomer. Conmercial THF-df-THF prepurified by acid °
treatment (cf. EP-A-0 003 112) or by 15 distillation is preferably used.
According to the invention, but-2-yne-1,4-diol is used as a telogen, ie. as
a substance which effects chain termnation in the polynerization reaction.

20 The telogen,s fed t he pol rizatigon adv ageousl s a solution
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100[err] C, prefundebithe butogentivseprejstird of tthe polyrhériatipnisysteni. t he THF. The
pressure used is as a rule not critical for the result of the
pol ymeri zat ¥on, and the procedure is therefore generally carried out at

atmospheri ¢ pr&gSyiaer 9% avoid the formation of ether per-oxides, the polymerization is

advantageously carried out under an inert gas atmosphere. The inert gases

used may be, for example, nitrogen, hydrogen, carbon dioxide or the
noble gases, nitrogen being preferably employed.

15
The polymerization stage of the novel process can be carried out
batchwise or continuously, the continuous procedure generally being

preferred for economic reasons.

20 In the batchwise procedure, the reactants THF and but-2-yne-1,4-diol and
the catalyst are generally reacted in a stirred kettle or loop reactor at the
stated tem-peratures until the desired conversion of the THF is reached.
The reaction time may be from 0.5 to 40, pre-ferably from 1 to 30,
hours, depending on the amount of catalyst added. For the

25  polymerization, the catalysts are added in general in an -amount of from 1
to 90, preferably from 4 to 70, particularly preferably from 8 to 60, %
by weight, based on the weight of the THF used.

For working up in the case of the batchwise procedure, the discharged
30 reaction mixture is separated from the catalyst suspended therein,



under the autogenous pressure of the polynerization system 10 In order to
avoid the formati on of ether per-oxides, the polynerization is

advant ageously carried out under an inert 2as at nrosphere. The inert gases
used -may be, for exanple, nitrogen, hydré carbon di oxi de or the noble
gases, nitrogen being preferably enployed. 15 The pol ynerization stage of

t he novel process can be carried out batchwi se or continuously, the
continuous procedure generally being preferred for econonic reasons. 20 1In
t he bat chw se procedur an HF and but.- ne-1, 4-di ol and the
catal yst are g%ﬂg;fnz%%?&?% bglegﬁﬁﬁ %ﬁ&}ngdoww gin ‘I oop reactor at the
stated tenperatures until the deS|red conversion of the THF is reached. The
reaction tine may be fromO0.5 to 40, pre-ferably from1l to 30, hours,

dependi ng on t idieadischargedt pelymerizatiom mixtwre freed t fremothe malyste:sugeneradly t he
catal ysts are en U from 1t 0 ef bl
from Z to 70, %g(f’?%tﬁlpa ;}Fﬁﬁiﬂlg?’aﬁmpng? éﬁifé) antagegys éé‘?é) dis d gn

the wei ght of tdfeid HFﬁWieﬂaa%qun a»%lsmgpuﬂﬁeﬂxohhﬁag“@smpin&émab%e@m se

procedure, the discharged reaction mxture is separated fromthe
cat al yst sus periH&ﬁFtdaar éf desired, -thew be sepmtcda@onu:they polyner | by distiblation

decanting or centr fugin The (i sch rizatj.on xtur.e freed from
the catalyst | &d | PySSES a0 §F |f/og¥1}q)ﬁeach o%@ é Br
advant ageousl y vogitilé THES tdligo’i!ﬂirs5 caﬁ’ftfe dérbogrrﬁériz%& %@f%aml!alerl?d%?%hess

purification stage, |ow nolfecul ar wei can desi en be
separ at ed fromofhBEpb|30rd2 860,cant mcwaledcm the reackiomdn phissmeanerand can be
recycl ed tomt he reaction. Alternatively,

In a preferred embodiment of the invention, the conversion of the
copolymers containing C-C triple bonds and comprising THF and but-
2-yne-1,4-diol into PTHF is carried out by catalytic hydrogenation.

15 When carrying out the hydrogenation, the copolymers, containing C-C
triple bonds, and hydrogen are reacted over a hydrogenation catalyst at in
general from 1 to 300, preferably from 20 to 250, in particular from 40
to 200, bar and at from 20 to 300°C, preferably from 60 to 200°C,
particularly preferably from 100 to 160°C, to give polyoxytetramethylene

20 glycol.

The hydrogenation can be carried out without a solvent or,
advantageously, in the presence of a solvent which is inert under the
reaction conditions. Such solvents may be, for example, ethers, such as
25 tetrahydrofuran, methyl tert-butyl ether or di-n-butyl ether, alcohols, such
as methanol, ethanol, propanol, isopropanol, butanol, isobutanol or tert-
butanol, hydrocarbons, such as n-hexane, n-heptane or n-octane, and
N-alkyllactams, such as N-methylpyrrolidone or N-octylpyrrolidone. A
preferred solvent is'tetrahydrofuran. The reacted polymerization mixtures
3 obtained after the polymerization catalyst has been separated off are



vol atile THF oligonmers can be depol yneri zed, for exanple by the process of
DE-A 30 42 960, and recycled to the reaction in this manner. 10 In a
preferred enbodi nent of the invention, thqsgonversion of the copol ynmers
containing CGC triple bonds and conprising THF and but- 2-yne-1,4-diol into
PTHF is carried out by catal ytic hydrogenation. 15 Wen carrying out the
hydr ogenati on, the copolyners, containing CC triple bonds, and hydrogen
are reacted over a hydrogenation catalyst at in general from1 to 300,

preferably fro LRlvP ' from40 to 200, bar and at from 20
%@ﬁﬁf&ffeﬂa&y ﬁﬁdrbﬁ%ﬂgék?

to 300[err]C, ra rome60” to err]C, particularly preferably from
100 to 160[err]C, to give pol yoxytetramethylene 20 glycol. The

hydr ogenati on gan be caryied out w.thout a sol ven r, adyvan eously, in
the presence 01&“£e§6¥ Al GRS i"g‘?]héﬁ SH’(\%]@? f?h&'&@&&%“é‘ﬁ tg(goff'ﬁ’feons.
Such sol vents I : a r of ur an,

met hyl tert-butyl et gtgér&g?%-@:ﬂr%&g{lﬁ%rc?%goﬁloﬁg néﬁéé as&?r'et hanol ,

ﬁt ganol : bpr oparHyd,;ogﬁmﬁmtadysts m:é:n?issolw;dbuharr{edcthn_ meclljmﬁi@ahlutgnlf?h t
ydrocarbons, guch as n-hexanpe, n-heptane or n-ocfane,_a yl I act ans,
such as N- et hyROBIAEFRAqus Sodution, @s &l‘;!?;# rﬁ%ﬁm.en&“pﬁﬁ\?‘ﬁ? &Ssol vent is

t et rahydrofura ' i 1L Xt ' er the
pol yreri zat i on%%@%%?%@%@%#@%@t&b?%@éa%fa E&Cigﬁi ?%2;5?'1@%}{ arly
preferably hydrbegasedt ed. In general, all catal ysts which are suitable for

hydrogenating C-C triple bonds nmay. be used as hydrogenation catal ysts in
t he novel process. 5 Hydrogenation catalysts which dissolve in the

{ﬁa%hggn[m ;:‘Tﬁéﬁe\ﬂz},\’ﬁe@r@m "RRiSecnatioh 'AfdlysRS i€ st HydrodeBatidn<aP! €.
catalysts which are essentially insoluble in the reaction medijum, are
preferably used in the novel process. In principle, virtually all hetero- -
geneous hydrogenation catalysts may be used for hydro-genating the C-C
triple bonds 6f the copolymers to C-C single bonds. Among these

15 hydrogenation catalysts, those which contain one or more elements of

group Ib, VIIb and VIIIb of the Periodic Table of Elements, in particular
nickel, copper and/or palladium, are preferred.

In addition to these components and, if required, a carrier, these catalysts

20 may contain one or more other elements, such as chromium, tungsten,
molybdenum, manganese and/or rhenium. Depending on the preparation,
oxidized phosphorus compounds, for example phosphates, may also be
contained in the catalysts.

25 'Heterogeneous hydrogenation catalysts which consist of metals in activatéd,
finely divided form having a large surface area, for example Raney
nickel, Raney copper or palladium sponge, may be used in the novel
process. |

% For example, precipitated catalysts may also be used in the novel process.



Met hoden der Organi schen Chem e, Volune |V/1c, pages 16 to 26, may be used.
10 However, heterogeneous hydrogenation catal ysts, ie. those hydrogenation
catalysts which are essentially insoluble in the reaction nedium are
preferably used in the novel process. In ‘p‘|9i'nci ple, virtually all hetero-
geneous hydrogenation catal ysts may be used for hydro-genating the CC
triple bonds of the copolyners to C C single bonds. Anbng these 15

hydr ogenati on catal ysts, those which contain one or nore el ements of group
b, VIIb and VI FoftePerlodcheo eman‘txl g cular ni ckel ,
copper and/ or pééllc a S S br RrEDATed | bY | pfecipitgting e{roca(tﬂ A Sent s

and, if requireqg r thbiteaft Sclhddnsst nor e
ot her el ement S, ;nl??ﬁagg f(k:‘?ﬁlom um tun g‘l’gﬂgn lﬁr%?n%gﬁnuﬁgﬁ]ﬁpttngénggﬁgglé@ggd/ or

r heni um Depencthclg muates\eanﬂtmm&esorfpr cnxnntpbeby pkddinghatkali moetabandfs, for .
exanpl e phospha al s ai he, cat,a

Het er ogeneous I‘?@lf?i@ﬁe B}?%égféﬁ %% aﬂﬁfq{ fes soly *‘%tﬁr §5f FXamPley 4t ed,
finely divided si)&" l aybhitsle gh?&:ﬁ&sswﬁﬁﬁé‘d %éiﬂ@s padic S¥IRITBE Cakbiatesi Ckel ,

Raney copper or palTadi um sp be used 1 n the novel process. 30 For
exanpl e, preci ﬁhcmtdeyingalhalgtsclpltateg/ ohtamedbendJMeaftcrtdmvmgl themobyss. -

act i ve. conponerfRETAGR ¥ G Beuint Fom doBcite /005 par kichiar tm ddthts
solutions of t ”'ﬁf@@r&%ﬁbﬁﬁigﬁt% & an@ s%ﬁfﬂ?'ﬁn@iﬁi’&* g al kal |

metal and/or alkaline earth neta r oxi or carbonat tlons
for exanple, 5 oxigesy |wlgc1y amlrudﬂoedﬂ;)drmtmm widydlydtagdncm'l ddth, abasi c sal ts

bonat d th t at bt h f
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from 150 to 400°C, to the relevant metals and/or oxide compounds of
lower oxidation state and are converted into the actual, catalytically active

form. As a rule, reduction is continued until no more water is formed.

15 In the preparation of precipitated catalysts which contain a carrier, the
precipitation of the catalytically active components may be effected in the
presence of the relevant carrier. However, the catalytically active
components can advantageously also be precipitated simultaneously with

the carrier from the relevant salt solutions.

Furthermore, supported catalysts prepared in a conventional manner and
containing one or more of the abovementioned catalytically active elements
may also be used. as heterogeneous hydrogenation catalysts in the novel
process. Such supported catélysts are advantageously prepared by
2s  impregnating the carrier with a metal salt solution of the relevant
elements, followed by drying and calcination at in general from 300 to
700°C, preferably from 400 to 600°C, and reduction in a hydrogen-
| containing gas stream. The impregnated carrier is generally dried at from

20 to 200°C, preferably from 50 to 150°C, at atmospheric or reduced

30 pressure, Higher drying temperatures are also possible. The reduction of



calcination at in general from300 to 7000C, in particular from400 to
600[err] G, into the relevant oxi des, m xed oxi des and/ or m xed-val ency

oxi des, which are reduced by treatnent w thh hydrogen or with a 10

hydr ogen-contai ning gas at, as a rule, frdth’100 to 700[err]C, in particular
from 150 to 400[err]C, to the relevant netals and/or oxi de conpounds of

| ower oxidation state and are. converted into the actual, catalytically
active form As a rule, reduction is continued untit " no nore water is

carrior, the protpRRANY Ve R SofaoBit ¥ TafrelC bl W skaenal Shily oo
effected in thehpreoadities sfatédabow @rate prtipitiled cdoupyer. the

catal ytically active conponents can advantageously also ‘be precipitated
sinmultaneously with the carrier fromthe relevant salt solutions. 20

cont ai ni g one Ty SepsFll. S Bk ordlngCAliine Facth, SSRRIEy bb ARGl B8 o0
may al so be sUSetﬁiaﬁﬁnbeiiﬁfoﬁm%bﬁdéWQﬁ%emwl@mrP@ilﬁhygél,s aluiibflg novel

process. Such supported catal ysts are vant ageously grgpared by 25
| npr egnat i ng t hallicatesy isueh \aist magnesiwm jor saluminyn silicates.obarivm sulfate, ant
el ements, followed by dryin nd cal cinationat. in,general from 300 to
700[err]C, prefalé:\ﬁgﬁl‘é'qq%magoge tuﬁe‘gﬁf)[‘@ﬁl‘fr&_, PS#BHP% ?farP‘FrF‘EPH&Pm ogen-
cont ai ni ng gas gbkiAd Maluhiifias, '@ AR Ative chrbBh, T6 i0OF LodtdeYalss ipdSsile f rom
20 to 200C, preferably from50 to 150[err]C, at atnospheric or reduced 30
pressure. Hi gheto usey mixpuresnop differertscarriersaass thep oarriep| for catalystseoihich oan of
- 20 - the catalytically active catalyst conponents is carried out in

et veeshp

general undét &Mevel BIOSESSahove for the precipitated catal ysts.
In general, the oxides of the alkaline earth netals, of alum num and of

Hydrogenation catalysts which are preferably used in the novel process
are Raney nickel, Raney copper, palladium sponge, impregnated supported
catalysts, such as palladium on active carbon, palladium on alumina,

15 palladium on silica, palladium on calcium oxide, palladium on barium
sulfate, mickel on alumina, nickel on silica, nickel on zirconium dioxide,
nickel on titanium dioxide, nickel on active carbon, copper on alumina,
copper on silica, copper on z_irconium dioxide, copper on titanium
dioxide, copper on active carbon or nickel and copper on silica, and

20  carrier-containing precipitated catalysts, such as Ni/Cu on zirconium
dioxide, Ni/Cu on alumina or Ni/Cu on titanium dioxide.

Raney nickel, the abovementioned palladium supported catalysts, in
. particular palladium on alumina or palladium on a carrier comprising

25 alumina and calcium oxide, and nickel and copper on precipitated
catalysts containing a carrier, in particular nickel and copper on zirconium
dioxide catalysts, are particularly preferably used in the novel
hydrogenation process for the preparation of polytetrahydrofuran.

30 The palladium supported catalysts contain in general from 0.2 to 10,



5 titanium zirconiumdioxide, silica, kieselguhr, silica gel, alum nas,
silicates, such as magnesiumor alum numsilicates, bariumsulfate or
active carbon nay be used as carriers. Preferred carriers are zirconium

di oxi-de, aluminas, silica and active carb@h- It is of course al so possible
to use mxtures of different carriers as the carrier for catal ysts which
can 10 be used: in the novel process. Hydrogenation catal ysts which are
preferably used in the novel process are Raney nickel, Raney copper,

pal | adi um sponge, . i gpregnat suppqgy t.ed catal ysts, such_as pall adi um on
active carbon, %ﬁéfﬂag& S.’rgﬂ%r{fgltl? Pnae bYs weight) selrulated nass Pd; and based) emii um on
cal ci um oxi de, I b3 H%g},@ | f i cke b A i&&ﬁl on
silica, nickel t@% tétlﬁgcoﬁﬁl}nmoﬁlﬁ%lm e, kthi&(ﬁ( zr]lag%x I?‘gﬁ:ﬁ&%ﬁ@?)ggﬁgg? ni ckel on
active carbon, camigreforotheapalludivin soppured cealgst imagy comaincin @eneral apnioum

di oxi de, copper_on tjtani um di ogi di, c;&ggr n active carbon gr ni ckel and
copper on sili 9, pIsterably up,fQ 30y % byt htg op; the rweightapbtiest s, such
as Ni/Cu on ircgﬂ{qu di.@xi de L/ Cu on alumna or NN/Cu on titanium

di oxi de. Ranséy nic réIrB,f ‘Jfageeih%b%ig%’ent i oned pal | adi um supported catal ysts, in
particul ar pall adiumon alum na or palladiumon a carrier conprising 25

al um na and cal ci um oxi de, .and nickel and copper on precipitated catal ysts

cont ai ni ng a cdiuther preferssd supported catalysts) argnmickelpard copper i o siticam di oxi de

catal ysts, are ' Yo RE r | vel, hydr [,on
process for the&%?@;k)s;?%%gna g’?ﬁéﬁglcy € tr Qﬁ%r%eﬁﬁiagﬁ%}gof t‘}h&gp@?ﬁg@%m
supported cat alfyothsi® et30,n% by oweighty | caldubited a8 NiD,19,copper céhitent f @i er ably
fromO0.5 to 5 %by weight, calculated as Pd and based on the total wei ght

of the catalystgeneml feomabitandS, Tprefesablyi fiomcaitei Un Bxibieweight. i ealculaged t he
pal I adi um suppoft 8oC A’ ¥ 'S0 BhnfeBl o il tdheliT ER 10'R0 9D, preferably

from 30 to 80, % by weight, based in each case on the total weight of

the unreduced oxide catalyst. These catalysts may additionally contain
from 0.1 to 5% by weight, calculated as Mn3O,, of manganese and from

15 0.1to 5% by weight, calculated as HzPO,, of phosphorus, based in each
case on the total weight of the unreduced oxide catalyst. Of course, the
abovementioned contents of catalyst components sum to a total content of
100% by weight of these components in the- catalyst. These catalysts are
advantageously prepared by impregnating ‘silica moldings with salt

20 solutions of the catalytically active components, for example with solutions
of their nitrates, acetates or sulfates, then drying the impregnated carriers
at from 20 to 200°C, preferably from 100 to 150°C, under atmospheric
or reduced pressure, calcining at from 400 to 600°C, preferably from 500
to 600°C, and reducing with hydrogen-containing gases. Such catalysts are

25 disclosed, for example, in EP-A-295 435.

The precipitated catalysts comprising nickel and copper on zirconium

dioxide may contain in general from 20 to 70, preferably from 40 to 60,

% by weight, calculated as NiO, of nickel, in general from 5 to 40, pre-
% ferably from 10 to 35, % by weight, calculated as CuO, of copper and



50, preferably up to 30, % by wei ght, based on the weight of the 5
carrier,sof calciumoxide. Further preferred supported catal ysts are nickel
and copper on silica catalysts having a r_l'bﬁlfel content of in general fromb5
to 40, preferably from 10 to 30, % by wei ght, calculated as NN O, a copper
content of in 10 general from1l to 15, preferably from5 to 10, % by

wei ght, calculated as CuO and an SiQ2 content of in general from1l0 to 90,
preferably from30 to 80, % by weight, based in each case on the total

wei ght of the ggr Graht| 28 16 A5 B! wei t ?g htional |y
contain fromO.1 %%g&ga&) Bd;?ﬁv\ei g‘ﬁt , c?cmegﬂg§?as %‘?r‘?a err[, g‘g)flhmamganese
and from 15 O0eich case¥ob\thectotahtweight! of kit adredaced oxide R@tatyst] In afddition,
phosphorus, based in each case on, the tqtal i ght of .the unreduced oxi de
catal yst. O c&fseccatalysts may, somiain; E’H@d8 %&Yoﬁ”%aﬂ@aaﬁ nents sum

to a total CO“MS@)%Q%%%% Hﬁ:: gﬁh %igpgg?%éﬂﬂﬂéﬁh%% xide I:Jlﬂy&at@ﬂ yst.

These catal ysts ar vant ageous prep by inpregnating silrca noldings
with salt 26 smdlybdennm. Suchheataigstsilandi their| preparatiore arordisslosed 5n f or exanpl e

wi th solutions their pitrates,, acetates or sulfates, then drying the

i npr egnat ed Callfé'él"g d§t7 ?ﬁm?"%&?‘tﬁ b@e‘rsé@qoa)orsseéf@ Jﬁfepenf:?-om 100 to

150[ err] C, under atnospheric or reduced pressure, calcining at from400 to
600[err]C, preferably from500 to 600[err]C, and reducing with

hydr ogen- cont aiThenpregipitated ¢atalists ak avelbtas the esupPortell sathlyssdeanf also ebeanpl e,

I n EP-A-295 435. . The pregipjtated catal ysts con‘&rl si ng nickel and copper on
zi r coni um di oxiagdvated, 18 i, In, the, regetion Alixture, by, the; hydrogen, pessentathere.t ihm 40
to 60, % by, wei,g h O, : |.C | I 5 to 40,
pre- 30 ferf'gb! 3? %eger#%(éwggé@%n&%&%\%elpgﬁd%bgﬁ%&vﬁl"%@e@ga@%g of = copper
gnd g =22 - i me@uredrwith fliyddogen atofrém’20\tov8OQNT, prefetabily drorin8litexi de,

ased in
250°C, before being used. '

The hydrogenation stage of the novel process may be carried out either

15 continuously or batchwise. In the continuous procedure, it is possible to
use, for example, tube reactors in which the catalyst is advantageously
arranged in the form of a fixed bed over which the reaction mixture can
be passed by the liquid phase or trickle-bed method. In the batchwise
procedure, either simple stirred reactors or, advantageously, loop reactors

20 may be used. When loop reactors are used, the catalyst is advantageously
arranged in the form of a fixed bed. The hydrogenation in the novel
process is preferably carried out in the liquid phase.

The hydrogenation product polytetrahydrofuran (PTHF) is generally

25 isolated from the discharged hydrogenation mixture in a conventional
manner, for example by distilling off the solvent contained in said
hydrogenation mixture and any other low molecular weight compounds
present.

3% The novel process gives polytetrahydrofuran having a very low color



each case on the total weight of the unreduced oxide catalyst. In addition,
t hese catal ysts may contain fromO0.1 to 5% by weight, cal cula-ted as

Mod err] and based on the total weight of the unreduced oxi de catal yst, of
5 nol ybdenum Such catalysts and their p?%paration are disclosed in US-A-5
037 793, which.is hereby incorporated by reference. The precipitated

catal ysts as well as the supported catalysts can al so be activated in situ
in the reaction m xture by the hydrogen present there. In 10 a preferred
enbodi nent of the,invention. however . .the cajal ysts are reduced with
ydrogen at f r BDEF 1 Righo Seachrene Yielas, At i’ sgmpis ofempvaC of e vt or o
bei ng used. Th r N&deO t HRRuraR Y, ' arried out
ei ther 15 conﬁt%guésalﬁf; girﬂebg?iﬁvﬁggeeﬂhyn th@ﬁcﬁﬁ?%gﬁg&gﬁ%éﬂﬁi, it is
possi bl e t o usénveition dws rap nwleanidseweight 06 rfrom nSG0hta: 35002 acrange ywhich Ss
advant ageousl y r.r@%g%g fn? the formof a fixed bed over which the reaction
m xture can be®pd® y qrest qui d phase or trickle-bed nethod. In the

bat chwi se pgocedure, either sinple stirred reactors or, advantageously,

| oop reactors 20 may be used. \Wen | oop reactors are used, the catalyst is
advant ageous| y Imra furthed émbadimeitoofrthe invehtiomdthecG-C Tniplehpandsgefdbe on i n

t he novel process.is pre |y .carrjed out .in the |iquid ph .
hydr ogenat i on GPRAIVEE pB% fﬂ}@fb éﬁy@#ﬁ'&%‘lﬁ- foay rigt9 @E éSdo‘H’i‘Bl ated
fromthe disch \/ eﬁfdrb' et ' | qhﬂg‘g or
exanpl e by di sfﬁlB |Rg %Hf'rﬁﬂt e sg?h\?fe{%%’ (kz%ﬁltﬁggngdsioé\m@al&d ydlr gggﬁﬁ’tbf%gn
m xture and anyo at TEF/butv2-yné-3ctadinl copolypiner dmrifsocivelsicydr stewture. Suchhe novel
process gives et rahydr of uran having a ver ow col or 23 - nunber
in high spae-t @w@wéﬂaﬁﬁmcmo are; sfﬁsl{at{orﬁ(amnfe,caét diofst |
components for the preparation of radiation-curable polyurethane and
polyester finishes.

The catalysts stated above for the hydrogenation of the C-C triple bonds

15 to C-C single bonds may be used for hydrogenating the C-C triple bonds
to C-C double bonds, but in general it should be ensured that the amount
of hydrogen used for the partial hydrogeﬂation does not exceed the
stoichiometric amount of hydrogen required for the partial hydrogenation
of the C-C triple bonds to C-C double bonds.

The partial hydrogenation of the C-C triple bonds to C-C double bonds is
preferably carried out using partially poisoned hydrogenation catalysts,' for
example Lindlar palladium, which can be prepared by impregnation of a
carrier,. eg. calcium carbonate, with a water-soluble palladium coxhpound,
25 eg. Pd(NO;),, reduction of the applied palladium compound with, for
example, hydrogen to give palladium metal and subsequent partial
poisoning of the resulting palladium silpported catalyst with a lead
~ compound, eg. lead(Il) acetate. Such Lindlar catalysts are commercially
available.



At the sane tinme, the pol ytetrahydrofuran prepared according to the

I nventi on has a nol ecul ar weight of from500 to 3500, a range which is of
industrial interest. In a further enbodi nent of the invention, the CC
triple bonds of the copolymers of THF and #ut-2-yne-1,4-diol are converted
into G C doubl e bonds by partial hydrogenation, resulting in a polyner

whi ch corresponds to a THF/ but-2-yne-1, 4-di ol copolynmer in its chem cal
structure. Such 10 THF/ but-2-yne-1, 4-diol copolyners are used, for

exanpl e, as diol  conponents for the preparation of radiatiqgn-curable

pol yur et hane anémﬁblr%@gfr@é' P?‘maélﬁe@?‘g"ma palladings catalystg; arg &G GAlalyHds ¢ he
hydr ogenat i on - sl 1 Qge%llan 04 G- | 0 e used
for hydrogenat ?‘El’g{cpﬁaergé;&%#a?pﬁle on sl%?‘%—@%&@#@%‘%ngsy?aﬁ?%ggeneraI
it should be ermudr ediichhedn bbeprepared tbyosudeystivey gas-piesel depositioe of ofidst al

hydr ogenati on do?s not exceed the stoichiopetric amount of hydrogen .
required for tHRalladium and then dead,and/gr cadmiumy ont-a; Wopen: metal)wineofabric
doubl e bonds _ etk al hydrogenation of the CGCtriple bonds to CC
doubl e bondss [ g&pgﬁg'rggg{’%' carried out using partially poisoned

hydr ogenati on catal ysts, for exanple Lindlar palladium which can be
prepared by inpregnatjon of a carrier %?Cpcal cium carbonate, with a

wat er - sol ubl e phR§ Rartish hydregsnation of th tripleybonds Yofthe] | reduction of
t he applied pal E'Qf(j R fP B v il 4 - aibPk € PYE S8R |
pal | adi um net al éean *su osequen y#a?&%’% 58‘1?65; ni r%gtoo?: eh@ resf?ﬁ?‘?#n‘ésepal | adi um
supported cat al gatiedvidub in genarhl canfromnd, toet00°C; asteferablp clebrat €. toSSEIC,Li ndl ar
catal ysts are comercially avail able, 30 :
10 particularly preferably from 10 to 30°C, and at from 1 to 50, preferably

from 1 to 5, in particular' from 2 to 3, bar. The hydrogen is preferably

used in the stoichiometric amount required for the partial hydrogenation of

the C-C triple bonds. If it is not intended to hydrogenate all C-C triple

bonds to double bonds, the hydrogen may also be introduced in an

15 amount which is smaller than the stoichiometric amount. The
hydrogenation can be carried out either batchwise, for example in stirred
kettles using suspension catalysts, or continuously, for example in tube
reactors with a fixed-bed catalyst.

20 The examples which follow illustrate the invention and constitute preferred
embodiments of the invention.

Preparation of the catalysts
25 Catalyst A:
Pulverulent bleaching earth K 10 (acid-treated montmorillonite from

Siid-Chemie) which was additionally calcined for 2 hours at 350°C was
used as catalyst A.



- 24 - Oher preferred, partially poisoned palladiumcatal ysts are the
catal ysts which are described in German Patent Application No. P 43 33
293.5 and which can be prepared by successive gas-phase deposition of first
pal | adi um and then | ead and/ or cadm um ont2s-a woven netal wire fabric s or
a netal foil. The partial hydrogenation of the C-Ctriple bonds of the

t et rahydr of uran/ but - 2-yne- 1, 4-di ol copolyners to C C double bonds is
carried out in general at fromO to 100[err]C, preferably fromO to
50[err]C, 10 particularly preferably from 10 to 30[err]C, and at from 1
to 50, preferatﬁli}tamser:l to 5, in particular from2 to 3, bar. The hydrogen
Is preferably used in the stoichionetric anount required for -the parti al
hydr ogenati on of the CGC triple bonds. If it is not intended to hydrogenate

all G Ctriple Beqfing eatlo U1 ik Godder tfhan Nréth OSIRRCHEMic Was Rwids! agduced

in an 15 anount which is shaller than the stoichionetric anount. The
hydr ogenat i on @&nstagingamatesial Jox catalyseB bad ovasi meldefloto giveniSemmm stirred

kettl es usi S sion,catal ysts., or i nuously, for exanple in tube
reactors wt é&iggéﬁg 8 @E?é%%@F@ gb3$ﬁ3£exanples'mhich followillustrate
the invention and constitute preferred enbodi ments of the invention.
Preparation of the catalysts 25 Catal yst A Pul verul ent bl eaching earth K

10 (aci d-treat cCatalyst i || onite from Sud- Chenie) which was additionally
calcined for 2 hours at 350[err]C was used as catal yst A 30 -25 -

Catalyst C was prepared by adding 2600 g of zirconium hydroxide to

10 2260 g of a 26.5% strength by weight MoO; solution in 12% strength
ammonia. This mixture was kneaded for 30 minutes and then dried for
16 hours at 120°C. The dried material was kneaded with 40 g of 75%
strength phosphoric acid and 1.4 1 of water for 30 minutes. Thereafter,
drying was carried out for 2 hours at 120°C. The powder formed after

15 sieving was pelletized and the resulting pellets were then calcined at
600°C for 2 hours. The catalyst had a molybdenum content of 20% by
weight, calculated as molybdenum trioxide, and a phos-phorus content of
1% by weight, calculated as PO,, based on the total weight of the
catalyst. '

20
Catalyst D:

Catalyst D was prepared by adding 2600 g of zirconium hydroxide to a
25 solution of 640 g of tungstic acid (H,WO,) in 3470 g of 25% strength

ammonia solution. This mixture was kneaded for 30 minutes and then

dried for 2 hours at 120°C. The powder formed after sieving was

pelletized and the resulting pellets (3 x 3 mm) were then calcined at

625°C. The catalyst had a tungsten content of 20% by weight, calculated
3 as tungsten trioxide and based on the total weight of the catalyst.



Catal yst B: Bl eaching earth K10:-in powder form from Sud-Chem e was |ikew se
used as starting material for catalyst B and was nolded to give 2.5 mm s
extrudates and then cal cined at 350[err]C. _Catalyst C Catalyst C was
prepared by addi ng 2600 g of zirconium hy‘oﬁﬁoxi de to 10 2260 g of a 26.5%
strength by weight Mo err] solution in 12% strength ammonia. This m xture
was kneaded for 30 nminutes and then dried for 16 hours at 120[err]C. The
dried material was kneaded with 40 g of 75% strength phosphoric acid and
1.4 1 of water ¢ g y%‘(;@ nutes. Thereafter, drying was carried out for 2
hours at 120[ er ? * powder fornmed after 15 sieving was pelletized and
the resulting pellets were then calcined at 600[err]C for 2 hours. The
catal yst had a nol ybdenum content of 20% by wei ght, cal cul ated as

mol ybdenum tri o(iatdést Enwas prepared thyr adding) 1600tg of Ziconinmvdiydraxidec &0 aul at ed

P , b t t al i ght t tal yst. 2Q Cat t D
Ctalvet' b was S bb %5 bt WoedRonty 4200 eont Frmgungaidiels i 5 o
sol ution of 564034300% SfUDS%! sweripth Arinidis 'sbMELR" ”ligﬂs infixtfe Was. Riead&?for

strength anmoni a sofution. This mxture was kneaded for 30 minutes and then
dried for 2 houd® minute® Gindr thet. drigdefarodvcheours at 126°Gf (Fhe powader nfprmed

pelletized and the r.esulting lJets (3,x 3 wer.e then cal ci ned at 625C.
The catal yst haff*S YoHB& 4T E@ﬁﬁ"@#l a&é %%eﬁa{'%%ipﬁﬁ?t? ‘B%FFC@F%t“@EC‘WaaEs
tcgtngIS;EP tE“ OXi gkp°eN forP 2SKSur®.N The Gcalalyst hatt®h Hiigstn ESiReftobP1E% by - 26 -
' weight, calculated as tungsten trioxide, and a sulfur content of 7% by
10 weight, calculated as SO,, based on the total weight of the catalyst.

Caialyst F:

15 Catalyst F was prepared by a preparation method due to M. Hino and K.
Arata, J. Chem. Soc., Chem. Comm. (1980), 851, zirconium hydroxide
being precipitated from an aqueous zirconyl nitrate solution by adding
ammonia. The precipitated zirconium hydroxide was dried at 100°C,
kneaded with 1IN sulfuric acid and then molded to give 3 x 3 mm

2 pellets. The pellets were dried at 100°C and calcined at 550°C for 2
hours. The catalyst had a sulfur content of 6% by weight, calculated as
SO, and based on the total weight of the catalyst.

Determination of the acidity of the catalysts

The acidity of the catalysts A to F was determined as described by K.
Tanabe in Catalysis: Science and Technology (eds. J.R. Anderson and M.
Bondart), Springer-Verlag, Berlin, 1981, Vol. 2, Chapter 5, pages 235 et
seq., by n-butylamine titration against the Hammet indicator 2-amino-

% S-azotoluene (pK, = +2.0). The catalysts were dried beforehand at



Cat al yst E was prepared by adding 1600 g of zirconium hydroxide to a
solution of 425 g of tungstic acid and 200 g of ‘ammonium sulfate in s 3470
g ofs 25% strength ammoni a solution. This m xture was kneaded for 30
mnutes and then dried for 2 hours at 120err]C. The powder fornmed after
sieving was pelletized and the resulting pellets were then cal ci ned at
850[err]C for 2 hours. The catal yst had a tungsten content of 18% by

wei ght, cal cul ated as tungsten trioxide, and a sul fur content of 7% by 10

wei ght, cal cul gtgd, as gﬁ@ed on the total weight of the catalyst.
Catal yst F: 15%%& ‘}S}%E‘W&g W#%eBE&PY on net hod due to M
H no and K Arata, J. Chem Soc., Chem Comn (1980), 851, zirconium

hydr oxi de bei ng precipitated from an aqueous zirconyl nitrate solution by
addi ng anmoni aForTe determimation ef its audny“ﬂmmpahtismﬂarecatdystdm&uspended .

100[ err] C, kneaded th ILN,sul furj.c and then nol ded t €,.3 . X

20 [ pel % ets. gm\gp‘ét@dvﬁ‘i‘é lrJ‘Y‘IQH gl]edﬂﬁesﬁ%ﬁ ﬁéﬂé \zi?dlggﬁr[ err]C
f 2 h t | cul at ed
or 2 hours, eét&sfl%g@ﬁo@ gaﬂe%?ﬁt%n& i VitsBblePito redl cul ate

as SO err] and ased on t tota WEI yst. Determ nation of
the acidity of (dcidic datm) ustseoR asTiteis carisoibed anfto tthe: suefacd yaftthe Aatalysk. was

determ ned as descri bed b Tanahe . in Catal ysis: Scie Technal ogy
(eds. J.R And&hedierQf ‘Ngutg@mﬂ? chsis F?F@’é"@g\f@r Festpre ?IX ﬁowlgé °%’o| 2,
Chapter 5, paggg ﬁxﬁg‘gf&r 84'm P F@H&e?&aﬁd&zb tth@%ﬁ%bﬁtéis she Hammet

I ndi cat or 2-am no- 5- azot uene ??)%2 err| = +2. 8). The catal ysts were

dried beforehaasdity pK, < 2¥2- in2ti@Ceatalyist) cxpresiedr in Timoléglof ccaalysteor was

benzene. For the determ nation of its acidi tl\{ t he Part i -cuI ar catal yst was
suspended 10 milliequivalent (mval)/g of catalyst, and hence of its acidity

Determination of the molecular weights

15 The average molecular weight (M) of the THF/butynediol copolymers
and of the PTHF was determined by terminal group analysis by IH.NMR
spectroscopy. M, is defined by the equation in which c; is the
concentration of the individual polymer species in the polymer blend
obtained and in which M is the molecular weight of the individual

20 polymer species.

M, = Eo/E(c/M)

The THF/butynediol copolymers obtained by polymerization of THF in the
25 presence of but-2-yne-1,4-diol show the following signals in the IH-NMR

spectrum (the chemical shift data relate to the signal maximum; solvent:

CDCl): signal a: 4.3 ppm; b: 4.2 ppm; c: 3.6 ppm; d: 3.5 ppm, e:

3.4 ppm;. f: 1.6 ppm. |

30 As shown in the formula I, these signals can be assigned to the protons



In benzene and titrated with n-butylamne in the presence of the indicator.
5 The indicator is yellowin its basic formand changes its color to red
(acidic form as soon as it is adsorbed onto the surface of the catalyst.
The titer of 'n-butylam ne which is requir@ﬁ'to restore the yell ow col or of
the indicator is a neasure of the concentration of the acid centers of
acidity PK[err] < +2 in the catalyst, expressed in mol/g of catalyst or
10 mlliequivalent (nmval)/g of catalyst, and hence of its acidity.

Det er m nati on .t he, ecuyl ar ights .15 The,average l.ecul ar wei ght
(Merr]) of th@%%éﬁﬁ%% oHSTAl &,  and e Wéeglg??@f%ge%@lﬁ?ﬁgned by -
term nal group g sotéhufar PWeighi I ] H NVR spectroscopy. Merr] is defined by

the equation in which c[err] is the concentration of the individual polyner
species in the polyner blend obtained and in which Merr] is the nol ecul ar

wei ght of the ipdiwi £ r s ILES e utyngedi ol
copol yners obt M‘mﬁf@@#@%‘ﬁa n-@;&#ﬁﬂﬁ%—éﬁi 'éﬁ%‘éf&gﬁ% §T

but - 2-yne- 154- ¢igA,-ofow the following signals in the [err] H NVR specgsum
(the chem cal shift data relate to the signal nmaxi mum solvent: CDO[err]):
signal a: 4.3 ppm b: 4.2 ppm c: 3.6 ppm d: 3.5 ppm e: 3.4 ppm f: 1.6

ppm 30 As shw formula I, these signals can be assigned to the
pr ot ons - 287 | ed. The areas of the signals a, ¢ and e were used

for determ ning the nol ecul ar wei ght.

HO-CH err]-CH err]-CH err]-CHerr]-O...-OCHerr]-CHerr]-CHerr]-CHerr]-
O CH err] - ( er Bathvise GFH[Er pdlymlerization in the presence of but-2-yne-1,4-diol

(1) EXAI\/PLE%

Example 1

Catalyst A which had an acidity (pK, < +2) of 0.17 mmol of acid

centers/g of catalyst was used in this example.

15 | |
10 g of catalyst A in powder form, which had been dried beforehand for
20 hours at 180°C/0.3 mbar to remove adsorbed water, were added to 20
g of peroxide-free THF which contained 1.6% by weight of but-2-yne-
1,4-diol and 30 ppm by weight of water under an argon gas atmosphere

20 in a 100 m! glass flask having a reflux condenser. The suspension was
stirred for 20 hours at 50°C. After this time, the cooled reaction mixture
was filtered and the catalyst powder was washed with three times 20 g
of THF. The filtrates were combined and were evaporated down at
70°C/20 mbar in a rotary evaporator and then treated for 1 hour in a

25 bulb tube at 150°C/0.3 mbar. 3.8 g of colorless THF/butynediol
copolymer were obtained as distillation residue (yield: 19%, based on
THF used). The copolymer had an average molecular weight M, of 1850.



Bat chwi se THF pol ynerization in the presence of but-2-yne-1,4-diol 10
Exanpl e 1 Catal yst A which had an acidity (pKlerr] < +2) of 0.17 mmol of
acid centers/g of catalyst was used in this exanple. 15 10 g of catalyst A
in powder form which had been dried befo¥ehand for 20 hours at
180[err]C/ 0.3 nbar to renove adsorbed water, were added to 20 g of

peroxi de-free THF which contained 1.6% by wei ght of but-2-yne- 1,4-diol and
30 ppm by wei ght of water under an argon gas atnosphere 20 in a 100 m

gl ass flask haying.a r.efl condenser. The suspension was stirred for 20
hour s at 50[erag"=’f4@.qllﬁ§-@e-}2-§is time, the cooled reaction m xture was
filtered and the catal yst powder was washed with three tinmes 20 g of THF.

The filtrates were conbi ned and were evaporated down at 70C/ 20 nbar in a
rotary evapor aExamplesi 2 ke6 sweemicartiedooutl ahdescribed cin2Example 1,uthe warious

150[err] C/ 0.3 nbar. 8 f .col or THF/ but ynedi ol copol yner

obt ai ned as di%at‘ﬂwtﬁfﬁ &ﬂgﬁgﬁ%é‘s@?ﬁ%n ne ﬁ‘grgggp Wiﬁ%&uﬁw&le&ﬁe

copol yner had mgu 5Qh ievedond 3k aciditiel of
Exanpl es 2 5?0 gpﬁrrp es %‘gstéb%orl%ﬁglg’r ?‘llég[ﬁ%% agﬁsle%%sg?i bed a?ln Exa?rpl e 1,
the various cathel gatalyst® used,wixichn seres determined r s Hammet titrationy eaneolisted| ar

wei ghts Merr], STPﬁé _ihe THF/ but ynedi ol copol yners, the yields achi eved and

the acidities B¥ at al ysts used, which were determ ned by Hammet
titration, are listed in Table 1.



- 30 - Table 1 Exam Cata- Catal yst type Acidity (pKlerr] Copol -

Merr] § pl e | yst < +2) ymer -

([err]H-NVR) [mrol /g of yi el d catal yst [94 2 B Bl eachi ng
0. 07. 15.9 2500 earth 3 Moderr]-ZrJerr]-

0.10 - 14.2 720 Pgerr] 4 D WJerr]-Zr(err]

0.12 13.2 1700 5 E WJerr]-ZrJerr]- 0.12
18.0 11200 Sgerr]- 10 6 F Zrgerr]-Serr] 0.13
16.8 950 Batchwi se THF pol yneri zation in the presence of

but ane- 1, 4-di ol 15 Conparative Exanple 1 (conparison with Exanple 4) As
described in Exanple 1, 20 g of THF whiTdbleant ai ned 0. 15% by wei ght of

but ane- 1, 4-diol and 30 ppm of water were heated at 50[err]C for 20 hours
with 10 g of catalyst Din the formof 3 x 3 nmpellets 20 WhICh had been

dri ed bef or ehape=fes—230—hours—ai—_180Larcl O 2 ohar _Aftor tho-caot gl yug t had
been renoved g f SABROtde] ARty (PRT Qg“ﬁ, s
described in Dl yneri ct%é/aporat | gu

obtai ned insa i 4.1% based |on T<I—IF+G)sed e(Hl-EMR)ai ght

of the PTHF [mmol/g of

catalyst]

10

Batchwise THF polymerization in the presence of butane-1,4-diol

15 Comparative Example 1 (comparison with Example 4)

As described in Example 1, 20 g of THF which contained 0.15% by
weight of butane-1,4-diol and 30 ppm of water were heated at 50°C for
20 hours with 10 g of catalyst D in the form of 3 x 3 mm pellets

20 which had been dried beforghand for 20 hours at 180°C/0.3 mbar. After
the catalyst had been removed and the filtrate evaporated down under
reduced pressure as described in Example 1, a polymeric evaporation



5 Continuous THF pol ynerization in the presence of but-2-yne-1, 4-diol
Example 7 A 250 ml fixed-bed reactor was filled, under argon, with 352 ¢
(250-m) 10 of the ZrJerr]/SOerr] catahyst F dried for 24 hours at
180[err] C/ 0.3 nbar. The polynerization apparatus was filled with

but - 2-yne-1, 4-di ol'-contai ning THF (1.5% by wei ght of but-2-yne-1,4-diol).
This reaction mxture was first punped over the catalyst for 24 hours at a
reactor tenperature of 50[err]C. Thereafter, further

but - 2-yne- 1, 4- géspduec Wb 2dbtainied Tiha yield Urtonlyef. 9%! wised on THF used. The .
but-2-yne-1,4-diaol) was fed in continuously at a catal yst space velocity of
0.04 kg of THF mudecularoweight fythe BBHFhwasrAd0Q.i r cul ati on/feed rati o was
about 40 and the reactor tenperature was 50[err]C. The discharged

pol yneri zation m xture (730 g) obtained during a run tine of 72 hours was
wor ked up. After unconverted THF had been distilled off and the 20 residue
obt ai ned had then been subjected to nolecular distillation at 150‘Lerr] C/0.3
nmbar, the resulQantinudisiTHFapolymerization dnctheppresencesof dput2-ymerhH-diol ynedi ol
copol ymer which, according to the [err]H NVR spectrum had an average

nol ecul ar weight Merr] of 970 Dalton. The average yield over the reaction

time of 72 hourﬁg@ ¥1% A space-tinme yield of 4.4 25 g of THF/ butynedi ol
copol ymer 970 per ol catalyst per h was obtained. 30 - 32 - Continuous
THF pol ynerization in the presence of butane-1, 4-diol Conparative Exanple 2

(compar | son b 0 SEE0H! &xned resbf r BATIGHEBROE 38% 1040 B .
pekner, 30 U6 P00k iy RO 41 g RS IR 88 (1
reaction m xt urpelysmeriZation tapparatus was filled with but-2-yne-1,4-diol-containing THF
(1.5%. by weight of but-2-yne-1,4-diol). This reaction mixture was first
pumped over the catalyst for 24 hours at a reactor temperature of 50°C.
Thereafter, further but-2-yne-1,4-diol-containing THF (1.5% by weight of
15 but-2-yne-1,4-diol) was fed in continuously at a catalyst space velocity of
0.04 kg of THF per 1 of catalyst per h. The circulation/feed ratio was
~ about 40 and the reactor temperature was 50°C. The discharged
polymerization mixture (730 g) obtained during a run time of 72 hours
was worked up. After unconverted THF had been distilled off and the
20 residue obtained bad then been subjected to molecular distillation at
150°C/0.3 mbar, the resulting distillation residue comprised 80 g of a
THF/butynediol copolymer which, according to the IH-NMR spectrum,
had an average molecular weight M, of 970 Dalton. The average yield
over the reaction time of 72 hours was 11%. A space-time yield of 4.4
2s g of THF/butynediol copolymer 970 per 1 of catalyst per h was obtained.



punped over the catalyst for 24 hours at a reactor tenperature of 50[err]C
10 Thergeafter, further butane-1,4-diol-containing THF (0.4% by wei ght of
but ane-1,4-diol) was fed in continuously at a catal yst space velocity of
0.04: kg of THF per 1 of catal yst per h. THe- r eact ed pol ymeri zati on m xture
(725 g) obtained during a run tine of 72 hours was worked up as descr.i bed
in Exanple 7, by distilling off the unconverted THF and 15 carrying out
nol ecul ar distillation. 49 g of PTHF which, according to 1H NVMR spectrum

had an average I i err]l Qf 980 Dalton r i . The

yi el d was 6. B%CL&@E‘%%-WW@J% H’Pﬁ'ﬁ. Bregense ?ﬁ?ﬁﬂ?%gi%éﬁgﬁ of

catal yst per h was obtained. 20 Continuous THF pol ynerization in the
presence of but-2-yne-1,4-diol Exanple 8 A 250 ml fixed-bed reactor was
filled, under &Omparatijer BXERPIEqs ((COMPANSONOWItH HsXANTilé: 7} -ZrdJerr] catalyst D
dried for 24 hours at 180[err]C/ 0.3 nbar. The 25 polynerization apparatus
was filled with but-2-yne-1,4-diol-containing THF (0.9% by wei ght of

but - 2- yne- 1,s4- }{ @5P. mI HixedtRACteatBr RWast Filled,Vasdek | drgén, PWIRESTZ \ge (2200 )
catal yst for 24 hours at a reactor tenperature of O[err%C. Thereafter,

further but-2- phidghe Mo@sdrOgoeatalysti G gdried- for0 24 chauys akil§ATCHKY.3 mbar. The
but - 2-yne- 1, 4- dj ol fed | £ | yv. at L yst Io ity of
30 0.3 kg of PeiieriZafion Gpouing Yt HiRH it Tpelher Lol opRRRAE AIFECT ) Ve
- 33 - about 1Qoa%l By*‘@:eilﬁgccf(fg‘?uthﬁb@,ﬂlﬁbﬂfW?ea%%x?ﬁﬁikﬁre% girgichar ged

pol yneri zation m xture (1. obtai ned during a run tinme of 24 hours was
wor ked up as d@umpedecaver thecatalyse for 24y hourstat| a ireaptarf tempecaturec 0B Ced THF

copol yrrer  wih o beRaghqPtipef utanexfeciflsoniaimie ITF 41 4% 0L SR EE L o

vei ght Merr] qutana004.d501) HasVRACnCBémtiniBHsly 41 Xhidlyst space velocity of
0.04 kg of THF per 1 of catalyst per h. The reacted polymerization
mixture (725 g) obtained during a run time of 72 hours was worked up
as described in Example 7, by distilling off the unconverted THF and

15 carrying out molecular distillation. 49 g of PTHF which, according to

IH-NMR spectrum, had an average molecular weight M, of 980 Dalton
were obtained. The yield was 6.8%. A spé.ce-time yield of dnly 25 g of
PTHF 980 per 1 of catalyst per h was obtained.

20 Continuous THF polymerization in the presence of but-2-yne-1,4-diol |
Example 8 ' ' '

A 250 ml fixed-bed reactor was filled, under argon, with 333 g (250 ml)

of the WO;-ZrO, catalyst D dried for 24 hours at 180°C/0.3 mbar. The
25 polymerization apparatus was filled with but-2-yne-1,4-diol-containing THF

(0.9% by weight of but-2-yne-1,4-diol). This reaction mixture was first

pumped over the catalyst for 24 hours at a reactor temperature of 50°C.

Thereafter, further but-2-yne-1,4-diol-containing THF (0.9% by weight of

but-2-yne-1,4-diol) was fed in continuously at a catalyst space velocity of
30 0.32 kg of THF per 1 of catalyst per h. The circulation/feed ratio was



was 10% A space-time yield of 32 g of THF/ butynedi ol copolynmer 2500 per 1
of catalyst per h was obtained. 10 Exanple 9 The continuous THF

pol yreri zati on described in Exanple 8 and_gffected over the catalyst D was
cont i nued under ot herw se identi cal react'isgﬁ conditions with a feed which
cont ai ned 2. 0% by wei ght of but-2-yne- 15 1,4-diol in THF, at a catal yst
space velocity of 0.16 kg of THF per 1 of catalyst per h. After the THF
conversion had stabilized, the discharged reaction m xture (2.9 kg)

obt ai ned durin r ' of:; hour | L e . rking up and
nol ecul ar di sti att ?J@on"g‘ggﬁ‘ﬁe‘g"%‘ryﬁgbe‘:ﬁ ’%@%n‘%ﬁgegﬁfé‘zﬁe g‘%ﬁhﬁgﬁ/ but ynedi ol
copol yner wer e pobymetization saixcire (1. plobmedhauﬁ'g% agdfunAvififeagf 24ohags| ar

wei ght Merr] of 1180 according to the [err] HNVR spectrum_ The yield was
7% based on THWasswarked up 48 cdeseribad jn e 77 by distiting; offttheedi ol

copol ynmer 1180 h ' 10 The
conti nuous THF‘%gﬁ;%/vg?g?‘l&z@?%é@@f@%eﬁoﬁx@%pg%aéﬁ% %ﬁgpég over the
catal yst D was THRbutyaediol cgpslymieh avhitls cadcofling ¢6! 'H-NMRI speceanditiadogs with
a feed which contained 1.5% by weight of but-2-yne- 30 1,4-diol in THF, at
ﬁ c% ?I yst hsp$@<¥emsc goeleqular weight Mg‘lllﬁ‘ 25%@%?&ﬂnlwmh0btamg¢4medaﬂdl yst t per
: er e -~ cohyersi on Si. S r 0 xture
AT ke e Tl ST AR bt 25 i SRR e 2500
wor ki ng up and pepliesf!icatalydt pet [N Sak Osbtaifiedlescri bed in Exanple 7, 280 g of
THF/ but ynedi ol "copol ynmer were isolated, said 5 copol yner having an

average nol ecul ar weight Merr] of 1620 according to the [err] H NVR
i 0,
spectrum Tn)e )ﬁxealtﬁjléiv%s 10% based on THF gsed. A

The continuous THF polymerization described in Example 8 and effected
over the catalyst D was continued under otherwise identical reaction
conditions with a feed which contained 2.0% by weight of but-2-yne-

15 1,4-diol in THF, at a catalyst space velocity of 0.16 kg of THF per 1 of
catalyst per h. After the THF conversion had stabilized, the discharged
reaction mixture (2.9 kg) obt_ained during a run time of 72 hours was
collected. ‘After working up and molecular distillation as described in
Example 7, 210 g of THF/butynediol copolymer were isolated, said

20  copolymer having an average molecular weight M; of 1180 according to
the !H-NMR spectrum. The yield was 7% based on THF used. A space-
time yield of 11 g of THF/butynediol copolymer 1180 per 1 of catalyst
per h was obtained.

25 Example 10

The continuous THF polymerization described in Example 9 and effected
over the catalyst D was continued under otherwise identical reaction
conditions with a feed which contained 1.5% by weight of but-2-yne-

% 1,4-diol in THF, at a catalyst space velocity of 0.16 kg of THF per 1 of



space-tine yield of 16 g of THF/ butynedi ol copol yner 1620 per 1 of catal yst
per h wgs obtained. 10 As shown by the above exanpl es, the novel process

| eads to a substantially higher space-tine yield, in conjunction with

hi gher THF conversi ons, than a conventi oRdh#-process in which the tel ogen
used i s butane-1,4-diol instead of but-2-yne-1,4-diol. 15 HYDROGENATI ON
EXAMPLES Bat chwi se hydrogenati on of THF/ butynedi ol copolyners to PTHF 20
Exanple 11 In a 50 m netal autoclave, 5 g of a THF/ butynedi ol copol yner
prepared simlarly to Exanple 1, in 10 g of tetrahydrofuran, were

hydr ogenat ed wicatalyst pendenAfier the THF sbnveasion hadcitebilized, 1] dischatgednd 40

bar for 6 25 hour.s. After cat gl yst. had been separa ff and the
sol vent disti | Ir%ii‘fEl 'Ffm’&‘%"“ e{iﬁé@?p&g‘gﬁﬂ WIRE & ﬁ“%fﬁ??eeé’&%e eWdbt ai ned.
Thi s resi due Vasiédwd. NSfEP kR G lad fablethias 'dh&mhﬁgh" asude 40y ube at

150[err]C/ 0.3 nbar. The distillati'on residue obtalne s a colorless

pol yt et r ahydr ofExamplen 280 gocafo Tt bntynedidlecdpelynjer- wibfe isotated, usaid cont ai ned
no CGCtriple bonds. The 30 PTHF thus obtained._h a age nol ecul ar
hei ght M ers] Gpbolime Baving af averaye fpBCUE RO i Dt HA, BEPRUAE O

copol ymer pr epake dgsNM Mrn?. ib§§éa " g Lof

t et rahydr of uran were h%?ggenat e?ﬂ}ﬁah@éﬂgé’ﬂ uélﬁggﬁg é&gf ‘g ni ckel -
and copper - contspaceitime Yigld coft 46 g of STHEbutynedioh roppolymenr 1620gpérol 0B- A- 5 037
793; nickel content. 50%, cal c%@g‘g as NiQ copper content 17% cal cul ated

as cuQ, ol ybd&RBHSt Bt dnvase ulated as MbCB; carrier: ZrQ2 31% by
wei ght; catalyst form 6 x 3

10 As shown by the above examples, the novel process leads to a
substantially higher space-time yield, in conjunction with higher THF
conversions, than a conventional process in which the telogen used is
butane-1,4-diol instead of but-2_-yne-1,4-diol.

15
HYDROGENATION EXAMPLES

Batchwise hydrogenation of THF/butynediol copolymers to PTHF

20 Example 11

In a 50 ml metal autoclave, 5 g of a THF/butynediol copolymer prepared
similarly to Example 1, in 10 g of tetrahydrofuran, were hydrogenated
with hydrogen using 2 g of Raney nickel at 100°C and 40 bar for 6

25 hours. After the catalyst had been separated off and the solvent distilled
off at reduced pressuré, 4.8 g of residue were obtained. This residue was
furthermore subjected to distillation in a bulb tube at 150°C/0.3 mbar.
The distillation residue obtained was a colorless polytetrahydrofuran which,
according to the 'H-NMR spectrum, contained no C-C triple bonds. The

30 PTHF thus obtained had an average molecular weight M, of 1900.



mm pel l ets) at 120[err] C and 40 bar for 6 hours. The catal yst had been 10
activated beforehand in a stream of hydrogen at 200[err]C for 2 hours.
Worki ng up and nol ecul ar distillation of the discharged hydrogenation

m xture were carried out as described in anple 11. 9.2 g of colorless
pol yt et rahydr of uran were obtai ned, which, according to the [err] H NWR
spectrum contained no CC triple bonds and whose residual double bond 15
content was < 0.5% The PTHF thus obtai ned had an average nol ecul ar wei ght

Merr] of 1020.E l19 13 20 As described in Exanple 11, 10 g of a .
THF/ but ynedi ol copolyner prepared simlarly to Exanple 2 and dissolved in

20 g of tetrahydrofuran were hydrogenated with hydrogen over 4 g of a

cal cium containj | I adium on al.um na supported catal yst (prepared by

i npregnating amogg[&fl?] %‘]W%lc‘éﬂm yaqer mﬂpﬂeﬂmgﬂlkﬁ@aé*mlmﬁ $ndA1203
and CaQ, dryingigbivéa ih2 I %eﬁﬂﬂ, @ﬁlﬁ.nn\.n@?e +h W aqueous
palladiumnitrate sol ul'?li g?fg 5J§| adi ljfm conten 3‘%@%@%% %{’:@F%I ated as
Pd; cal ci umscorusingt 42¢9%fby niekeyhand cappertcontthing sGporteddcatatyity (prepatd - of

A1203) in the form,of 4 XL ruda at 120[err] C and 40 bar for 8 hours.
Worki ng up and 3§Fging Eﬂir{g%jﬁér qciff-. pigke] eontent 30% icalcnlated a3 Nihe 11. 30

9.1 g of colorl [ I . . Qlat err] of

519 0 00! O | SppPUSEeA V11, Ao UF O, SRR AR 1]

product cont ai reattutatedCas MoOg} eatriend ZrO3r81 % hisy vesiglsty ehtalysnfermi: 6Tx G C

doubl e bonds was < 31%)@5 E@‘%Epl ﬁ %(?nAs described in Exanple 11, 5 g of a

THF/ but ynedi ol EBoBeletD); aty 1 Ads#Qyibag, for, 6 howsse fheccatalyst shadybeenyf

tetrahydrof W ametiitkd beforehand in a stream of hydrogen at 200°C for 2 hours.
Working up and molecular distillation of the discharged hydrogenation
mixture were carried out as described in Example 11. 9.2 g of colorless
polytetrahydrofuran were obtained, which, according to the 1H-NMR
spectrum, contained no C-C triple bonds and whose residual double bond

15 content was < 0.5%. The PTHF thus obtained had an average molecular

weight M, of 1020.

Example 13

20 As described in Example 11, 10 g of a THF/butynediol copolymer
prepared similarly to Example 2 and dissolved in 20 g of tetrahydrofuran
were hydrogenated with hydrogen over 4 g of a calcium-containing
palladium on alumina supported catalyst -(prepared by impregnating an
ALO,/CaO carrier, obtained by kneading moist AL,O; and CaO, drying at

25  120°C and calcining at 550°C, with an aqueous palladium nitrate
solution; palladium content 0.6% by weight, calculated as Pd; calcium
content 20% by weight, calculated as CaO; 79.4% by weight of ALO3)
in the form of 4 mm extrudates at 120°C and 40 bar for 8 hours.
Working up and distillation were carried out as described in Example 11.

% 9.1 g of colorless PTHF which had an average molecular weight M, of



hydr ogenated with hydrogen using 2 g of a palladiumon alumna catal yst 10
(prepared by inpregnating Al[err](Jerr] extrudates with an aqueous

pall adiumnitrate solution, drying at 120[err]c and calcining at 440[err]C
pal | adi um content 0.5% by wei ght, cal cul at 8d as Pd; 99.5% by wei ght of
Alferr]Jerr]) in the formof 4 mmextrudates at 140[err]C and 40 bar for 6
hours. The catal yst had been activated beforehand in a stream of hydrogen
for 2 15 hours at 150[err]C. Wrking up and bul b-tube distillation of the

di scharged hydr. 1.0 3 XEur rLie as _descrij,bed i,n Exanpl e
11. 4.5 g of color Ingélls? %ﬁg‘cﬁf‘% ﬁo:éﬁé \Aﬂf@ﬁf,kaﬂ? tn ethfiH%t

[err] H NMR speaontaifedCd (GO @dpl8 cbdads; hiid Rhé rbsiist dRtnh M ©-C pubied!

doubl e bond content of |ess than 2% The nol ecul ar weight Merr] was 1750.
-37 - W cl ai mbonds wag it &kss for the preparation of copol yners of
tetrahydrofuran and but-2-yne-1,4-diol by catalytic polynerization of
tetrahydrofuran, 5 whi ch conprises carrying out the polynerization
over a hetersogeb@gijie 4¢i di ¢ pol ymeri zation catal yst which has acid centers
of acidity pKlerr] < +2 in a concentration of at |east 0.005 mml/g of
catalyst, in the presence of but-2-yne-1,4-diol, in particular in an anount

Clai med i n ol ai BeSeRiokd ARESOE 8% 5014 THEI st ernol€ one or more
of the foll ow nfiepuréd Isifilsly 20 E@nﬁﬂ@ngri‘?e[b %bﬁ!ﬂﬁéhyﬂfﬁf&ﬁn,c%@i ns a
catalytically active ampunt of an oOxygen-containing fungsten or nolybdenum
conpound or a rhydrogepated with hydfogencusing: @ngoofna spatiadiam om i ateminar catalyst b)
sul fate- dOp?od Z@%e%%r“éd”ﬂ& dlh%)éég%eating ALO; extrudates with an aqueous palladium

nitrate solution, drying at 120°c and calcining at 440°C; palladium

content 0.5% by weight, calculated as Pd; 99.5% by weight of ALO,) in

the form of 4 mm extrudates at 140°C and 40 bar for 6 hours. The

catalyst had been activated beforehand in a stream of hydrogen for 2

15 hours at 150°C. Working up and bulb-tube distillation of the discharged

hydrogenation mixture were carried out as described in Example 11.

4.5 g of colorless PTHF were obtained, which, according to the IH-NMR

spectrum, contained no C-C triple bonds and had a residual double bond

content of less than 2%. The molecular weight M,, was 1750.




c) bleaching earth, d) zeolites in the Hform having an
Sigerrl/Al[err]Jerr] nmolar ratio of from4:1 to 100:1, and 20 e)
perfluorinated polynmers containing [err]-fluorosulfonic acid groups. 3. A
process as claimed in claim2, wherein, i17the case of the catalysts (a),
cal cination has been effected at from 500 to 1000[err].C after application
of the precursor conpounds of the oxygen-containing 25 nol ybdenum or
tungsten conpounds to the carrier precursor. 4. A process as clained in
claim2 or 3, in the oxide carrier used is zirconiumdioxide, titanium
di oxi de, hafniu ed&?ﬂ% yttrium oxide, iron oxide, alumna, tin oxide,
silica, zinc oxide or a mxture 30 of these oxides, in particular

zi rconi um di oxi de. or titanium di oxide. - 38 - 5. Aprocess as clained in

g(r)l%// gf cl ai er 21.t |0A4|protmbs;r &irnﬂiehprggaqapon Ed‘dcupa}j}mhgts totfctetthiigidifafui'dn)t Iing 1 tg

o by wei ght, cal gul ated_as enum trioxi de or tungsten trioxide an
based on the total gv@fgm-ldrdgﬁég' %tpomer#an%dﬁrfa&am WRKsten. 6. A
process as ¢ ai medgpipd I‘%ﬁgﬂ S
addi tionall y doped vvlﬂ:thheéin 1se§ co taqzr?lhﬁéﬁqs ure?or %% or us C JFr'ipial(i)&hllélds S

used. 10 7. A proacidic palymbhmmnemﬂyw wmdhfha;somamehmm ne glycol,
whi ch conprises re ng a gopol yner prepared by a&frocess as clalned I n
clains 1 to 6 and g&srp i s dn tconpeptration, - of, ahJeash @005 pmolig of gagalysti n t he

ELS?ﬁSZﬁa?TOEVS;?Eﬁ*QS“?%P%Pezﬁf 2 e Y, el DB patlal 0w St o 17
hydr ogenati on cat afrpsi 0.04 to 17 mol% based on tetrahydrofuran.
10
2. A process as claimed in claim 1, wherein the polymerization catalyst
used is one or more of the following catalysts:
a) a supported catalyst which contains a catalytically active amount of
an oxygen-containing tungsten or molybdenum . compound or a mixture
15 of these compounds on an oxide carrier,
b) sulfate-doped zirconium dioxide,
c) bleaching earth,
d) zeolites in the H form, having an SiO,/Al,O; molar ratio of from
4:1 to 100:1, and '
20 ¢€) perfluorinated polymers containing c-fluorosulfonic acid groups.

3. A process as claimed in claim 2, wherein, in the case of the
catalysts (a), calcination has been effected at from 500 to 1000°C
after application of -the precursor compounds of the oxygen-containing

25 molybdenum or tungsten compounds to the carrier precursor.

4, A 'process as claimed in claim 2 or 3, wherein the oxide carrier
used is zirconium dioxide, titanium dioxide, hafnium oxide, yttrium
oxide, iron oxide, alumina, tin oxide, silica, zinc oxide or a mixture

30 | of these oxides, in particular zirconium dioxide or titanium dioxide.
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whi ch contains at |east one elenent fromgroup Ib, VIIb or VIIIb of the
Peri odi ¢, Table of Elenents, in particular nickel, copper and/or palladi um
is used. 20 9. A process as clainmed in claég]7 or 8, wherein a

het erogeneous hydrogenation catal yst is us&t. 10. A process for the
preparation of copolyners of tetrahydrofuran and 25

but-- 2-yne- 1, 4-di ol , which copol yners contai n doubl e bonds, which conpri ses
subj ecting the copol yner prepared by a process as clained in any of clains

1 to 6 and conpki si \/ r but.- 2-yne.1 4-di.ol.{o partial
hydr ogenat i on O\Sl'er A;%rgﬁ E£ %E éi e ﬁln@g’gt&am 271074, w‘hereu? thé U po&eda

ydrogenation ca
catalyst contains from 0.1 to 50% by weight, calculated as
molybdenum' trioxide or tungsten trioxide and based on the total

weight of the catalyst, of molybdenum or tungsten.

6. A process as claimed in any of claims 2 to 5, wherein a catalyst
which is additionally doped with oxygen-containing sulfur or |
phosphorus compounds is used.

10 7. A process for the preparation of polyoxytetramethylene glycol, which
comprises reacting a copolymer prepared by a process as claimed in
claims 1 to 6 and comprising tetrahydrofuran and but-2-yne-1,4-diol,
in the presence of hydrogen at from 20 to 300°C and from 1 to
300 bar over a hydrogenation catalyst.

15

8. A process as claimed in claim 7, wherein a hydrogenation catalyst
which contains at least one element from group Ib, VIIb or VIIb of
the Periodic Table of Elements, in particular nickel, copper. and/or
palladium, is used.

20
9. A process as claimed in claim 7 or 8, wherein a heterogeneous
hydrogenation catalyst is used.
10. A process for the preparation of copolymers of tetrahydrofuran and
25 but-2-yne-1,4-diol, which copolymers contain double bonds, which

comprises subjecting the copolymer prepared by a process as claimed
in any of claims 1 to 6 and comprising tetrahydrofuran and but-
2-yne-1,4-diol to partial hydrogenation over a hydrogenation catalyst.

L



