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Pol yt et rahydrof uran, hereinafter referred to as PTHF for short, 10 which

is also kno as pal yoxybutyl ene glycol, is. used as .a versatile
ot o1 odh At EPs Rt ol B e gy s PRBERS ® (T CPIgT MNIDRE
enpl oyed, inter alia, for producing pol yurethane elastoners, polyester

el ast oners anel polepadpderelassoner 8. ptaresaddbti prepartings, |ike sone of its
ger i vati v?spopyﬁeadﬂgpbgoﬁq&aﬁux itk 85 Nyd#b FH83Y: @?jﬁ@r‘s?nﬁhe:ﬁfzfrmo@é@@éf% as

i spersan ape S repare
ndsiral 1 éf%ﬁ&teﬁer?% i ofbetfle RUBEstoTR of BolPtinahv -8Ry (o
as THE for SHEMY %veF 2%-ui F&-catal ysts. Addition of appropriate
reagents enables the chain length of the polynmer chains to be controlled
and thus erPabftexrtahgdrefuraml denkinafwirghefeorde txetast prahesgdesheed, val ue.
Such reag@ny®icH & skRQYH RoriNANpb EY St RlyABnE ERORMIS 95 ysdfla@Ians” .
Control is | ev. ectign.of, type and upt_ 25,0 .t%¥a t el ogen.
Sel ection o £?§%%?% ?é%%gk% Sign%géﬁﬁ%ﬁ§§5téagﬁ5Fgﬁ P§Pﬁ%%ﬁi(ﬁ? rs%roups to

;
be i ntroductt tré'ﬁé“@nﬁscﬁm Rd: etikeTorlife BN BROCUERAY PO FNGEERRR
exanpl e, uselaftamerisexpPlyestesi ddasronsusbendl pelyarivgr etestemensel dgens
makes it posédidient,0itpiepdriket BemaonDasedar dvatdivest, easvofuddidF. O her
tel ogens18chud0 iRy 9A! Map #pPpAkiBat BAH NFLIrOBxAMALALSdi P r 1R BkSHn
|ncorporateghe|dgfﬁkEF8 S¥CQM€¥% B§E¥ppr chain of the PTHF." They not only
have the function of “a telogen are sinmultaneously a conononer and can
therefore equally well be referred to as tel ogens or conononers. Exanples
of such con® ugpalie|EPasealdtiptinig 13y by drdyregisapion ofg.
di al cohol s. tétmesydrafiuban, fleredxafipde refetrigene a wael fopramitenevet ycol
but yl ene2gl y¢tlablel c4t Diysiedinaliit 2o Wey R@plofr @ redgbnhexanedeg! tpg | ow
mol ecul ar WehSHH 12hbEn ST hoS Ykl AR 1GMPOONP ,rRY B11da 2l fEALEN®
oxi des, for_e ethg ene OxI ge or propyl ene ox1 de, .
2-nethy|tet?2§§EH%OEBFaﬂ H molgch ?*t%ﬂﬁ%ﬂ%ngo??wéﬁi tehihe dgsigedsyatue-
conononer s $ediFepgenke Preefacuni an Prain serahyatishyrapdedfolormers and in
this way makeslagenstssCimterdlo isnachigvedlby sbbediciainl pf 4Pppdcird ambahtyst s
are suit abl ef aheCaabyén s delecthbn POt YaPprbpal hed teQbgdhE émuibisF on a
producti on 62 onBIWEN L 1RSSO (1Be Ehe LG8 Shaled 8 PRLUIIET S
obt ai ned can hav % ée fMltO . 8 2 _brownis I SCO q{atlgn. %uc
di scol oratl%?fsdé’%e 45 BRI¥IRE cg?bﬂué’f B 59F a - B5G. O% (R8NPt at ur e,
and in partfetdsacrofarbemy HifapphydpidesasTHeEledens TRkeRnitk posgibde TF
cont ai ns vaprepsre ithpumengesseirs oondimsteasi ofSPTHF.f DohelOtdlgk@80appm A
hi gher 530nfek idilycast edid eadnihgc idie relquat® NtbhrNededa 560! 0icdirpbePatel t he
pol ymer i zat { o, Uhe HEowilf gh15RdY A 4G R4S ¢ Hi SERHEC! %le?”néf onagcggvém ed by
reduced reaghi Vi fuk et P1NBLEN R Ure BORYESHERT) ROLSEHIENES from
PTHF.

can therefore equally well be referred to as telogens or

comonomers. Examples of such comonomers are telogens having two

35 hydroxy groups, e.g. dialcohols. These can be, for example,

ethylene glycol, propylene glyceol, butylene glycol,

1,4-butanediol, 2-butyne-1,4-dicl, 1,6-hexanediol or low

molecular weight PTHF. Further suitable comonomers are

1,2-alkylene oxides, for example ethylene oxide or propylene

40 oxide, 2-methyltetrahydrofuran or 3-methyltetrahydrofuran. The

use of such comonomers leads to the preparation of

tetrahydrofuran copolymers and in this way makes it possible to

modify PTHF chemically.

45 Acid catalysts are suitable as catalysts for the polymerization
of THF to PTHF on a production scale. However, these have the
disadvantage that the polymers obtained can have a yellow to
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hydr ogenat | BREteeataitPPetiecRRiEdrAGaRR wSeRefor RpdpBASEBAYiqs in such

a way that the concentration of impurities is reduced. Thus,

35 DE-A-2 801 792 discloses treatment of THF with strong mineral
acids, organic sulfonic acids, silica gel and/or bleaching earth
prior to polymerization, as a result of which polymers having an
improved color number are obtained. However, it has been found
that this treatment method cannot be applied reproducibly to any

40 available technical grade of THF in every case.

JP-A-61-200979 describes a process for preparing pure THF from
technical-grade THF which contains at least n-butyraldehyde and
dihydrofuran as impurities. Water, for example, can be present as
45 additional impurity. It is stated in the publication that the
impurities are present in concentrations of about 500 ppm.
Conversion of this technical-grade THF, which will hereinafter be



catal yst. THF BfrPHenati on products formed are renoved in a subsequent
distillation. As the experinental results presented show, this reduces the
concentration of the interfering 20 substances. Conplete elinmnation is not
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None of the above-described processes succeeds in completely
35 removing ( <1 ppm per substance) the interfering impurities such
as aldehydes, dihydrofuran, oxygen, methacrolein and THF
hydroperoxides and thus supplying the PTHF production process
with a THF which is virtually free of these impurities. However,
even small amounts of these impurities have an influence on the
40 color number of the PTHF.

It is an object of the present invention to provide a simple and
inexpensive process for preparing high-purity THF which is
essentially free fo these impurities. The process should be

45 suitable for preparing PTHF having a very low color number and
for preparing THF copolymers, their monoesters and dvesters and
the monoesters and dvesters of PTHF. For the purposes of the



This pure t EF a2 ®furan is subjected to a hydrogenation in 30 which the
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The term “essentially complete hydrogenation” here refers to
removal of the abovementioned interfering compounds down to <
35 1 ppm per substance.

However, direct use of the hydrogenated THF for polymerization
according to this process is only possible when the secondary
components formed in the hydrogenation by conversion of the

40 interfering compounds are formed in sufficiently small amounts
for them to have no adverse effect on the polymerization reaction
and on the gquality of the PTHF. Such secondary components formed
in the hydrogenation can be, for example:

45 - n-butanol (hydrogenation of n-butyraldehyde)
- isobutanol (hydrogenation of isobutyraldehyde)



Here, it is FPH P33Miple possible to use all supports known for catalyst
production, e.g. supports conprising alum num oxide, silicon oxide,
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When catalysts comprising base metals such as iron, cobalt,

35 nickel or copper are used, it is advantageous to reduce them,
i.e. convert them into the active form, before use. This can be
carried out by methods known to those skilled in the art,
preferably by means of hydrogen. Activation of the catalyst prior
to the hydrogenation is generally the preferred variant.

40
The catalysts can also have been applied to a suitable support.
Here, it is in principle possible to use all supports known for
catalyst production, e.g. supports comprising aluminum oxide,
silicon oxide, pumice, bentonite, magnesium silicate, titanium

45 oxide, zirconium oxide, zinc oxide, magnesium oxide, silicon
carbide, activated carbon, mullite, cordierite or mixtures
thereof. The hydrogenation-active components can be prepared, for
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Such macroporous catalysts for the hydrogenation of C-C multiple
bonds in oligomers and polymers has been described in a number of
patents such as EP 813 906, EP 0653243 or EP 842699. These

35 documents alsc give information on the production of such
systems.

Prefered catalysts also include ones in which the
hydrogenation-active components have been applied as an outer

40 shell to a support. This has the advantage that generally less
active composition has to be present for the same activity. The
general term for these catalysts is “coated catalysts”. A special
case is when the active composition has been applied to a solid
woven material. This woven material can, for example, be a metal

45 mesh which has been treated with oxygen to provide it with a
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gases which comprise free hydrogen and contain no harmful amounts
of catalyst poisons, for example carbon monoxide. Preference is
given to using pure hydrogen as hydrogenation gas.
35
These mild reaction conditions and, in particular, the very short
residence times offer considerable advantages in an industrial
hydrogenation, since only a small reactor designed for low
temperatures and a low pressure is required.
40
In a particularly preferred embodiment, the hydrogenation is
carried out continucusly over fixed-bed catalysts in the downflow
or upflow mode without backmixing. This is an excellent way of
achieving the conversion of interferring impurities necessary to
45 achieve the effect according to the present invention using very
simple and therefore inexpensive hydrogenation apparatus.
Furthermore, no appreciable secondary reactions which would lead
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(production of catalyst G Catalyst Gis produced by precipitation of a
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car bonat e so |on or ng er ed of

dried at 125 e Vit FBd ?)%\Rﬁp?r“ Pspe&‘a%@é aft %@émopoémz?tlaﬁda?%en
pressed to F%‘F#ﬁq}&altéﬂslﬁdﬂlwgi yighafmasdy poresSternalipideosur el Inassedr to
heat ed aR058B& Hywirogehatiion ocfhehki predess oft ahy preédeneoipréesteions53tdof CuO

and 47% of AlEPsd fBgep@Iﬁdrqaaeio,pure t et rahydrof uran Pure
t et rahydr of uran was prepared in a manner known per se froma 30

t et rahydr of yr an ter tur neans of the process described in the
el o of - B PSSR0t s e vt SERLars ot B L oAt IRRORbuIT (951 o 99, 956
andcont ai neEr‘FSFfénqeololfoﬁF nbeﬁlsr‘FpGPPt tekegeds andfer eenasioder 25T mhoice of

- n- but yr @5dehidedle peivges cnd/prabdednyaied ppmie ReBriciedy dy of e goxrbauppm 40
- 2, 5-di hydr gés{anb ipPBhe particular case and is a matter familier to a
person skilled in the art. In a particular embodiment of the
process of the present invention, pure tetrahydrofuran is
hydrogenated together with a telogen and/or comonomer. In this
30 case, care has to be taken to ensure that the telogen is not
altered in the hydrogenation. In a further embodiment of the
process of the present invention, the polymerization is carried
out by means of acetic anhydride as telogen, with both the pure
tetrahydrofuran and the acetic anhydride being hydrogenated
35 together or separately prior to the polymerization. As a result,
the impurities which lead to poor color numbers are brought down
to a concentration of < 1 ppm in both starting materials, viz.
the acetic anhydride and the tetrahydrofuran.

40 The invention is illustrated below by means of examples.
EXAMPLES
A: Production of the catalysts used for the examples

45
Catalyst example 1 (production of catalyst A)
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using catalyst Ain a continuously operated 1 1 hydrogenation reactor. 40

In all expechoelyst HxagpleaSt@rodastibRrgedavhlps8@) M of catalyst. 1200
m/h of pure tetrahydrofuran (residence 45 mn) and 10 1/h of hydrogen
were then f n, dro enatl n.was i ach e _Ca out, at 60C, a
pressure of ??0 bhr° ar?(rj\ &gﬁgéurflrﬁg: €180 atr‘?‘O"Tﬁfiﬂﬁ?ﬂJr“ietlgSE t he
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aQ~Q. aQ Q730" CIofvEil megeOpPerous aluminum support in the form of spheres
25 (2-4 mm spheres, gamma-Al;03, BET surface area = 230 m?/g). Drying
and heat treatment were carried out as described for catalyst A.
The catalyst C contained 0.21% by weight of palladium.

Catalyst Example 4 (production of catalyst D)

30
19.8 g of an aqueous palladium nitrate solutin (11% by weight of
palladium) were diluted with 1000 ml of water and sprayed onto
1042 g of a macroporous aluminum support in extrudate form
{1.5 mm extrudates, gamma/theta-Al,0:, BET surface area =

35 85 m?/g). Drying and heat treatment were carried out as described
for catalyst A. The catalyst D contained 0.22% by weight of
palladium.

Catalyst Example 5 (production of catalyst E)
40
3255 g of an aqueous palladium nitrate solution (11% by weight of
palladium} were diluted with 79 ml of water and sprayed onto
140 kg of an aluminum support in the form of spheres (1.5 mm
extrudates, gamma-21,03, BET surface area = 230 m?/g). Drying was
45 carried out at 120°C and subsequent heat treatment was carried out
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' C EGlL EEEE£LPLOREQUAE) Foodd.Unflcatalyst ¢ contained 0.72% by weight of
palladium,

Catalyst Example 6 (production of catalyst F)

72.7 g of a palladium nitrate solution (11% by weight of
palladium) were admixed with 4000 ml of water and 100 g of a high
molecular weight sodium polyacrylate (Aqualic, from BASF). After
60 minutes, the gel-like mass obtained was kneaded with 5527 g of
10 pseudoboehmite in a Mix-Muller for 70 minutes. During this time,
200 g of a 25% strength aqueous ammonia solution and 900 ml of
water were added. The mass was shaped in an extruder to give
4 mmm extrudates which were subsequently dried at 120°C and then
heated at 500°C for one hour. The catalyst A contained 0.21% by
15 weight of palladium. The BET surface area was 235 m?/g.

Catalyst Example 7 (production of catalyst G)

Catalyst G is produced by precipitation of a solution of copper
20 nitrate and aluminum nitrate by means of sodium carbonate
solution. The precipitate formed is filtered off, washed and
dried at 120°C. The dried powder is calcined at 250°C for 2 hours
and then pressed to form pellets having a diameter of 5 mm. These
pellets are heated at 580°C for 2 hours. The finished catalyst
25 comprises 53% of CuO and 47% of Al;0;.

B: Preparation of pure tetrahydrofuran
Pure tetrahydrofuran was prepared in a manner known per se from a
30 tetrahydrofuran/water mixture by means of the process described

in the example of DE 37 26 BO05.

This pure tetrahydrofuran had a purity of > 99.9% and contained
the following impurities:

35
- methacrolein 25 ppm
-~ n-butyraldehyde 11 ppm
- isobutyraldehyde B ppm
- 2,3-dihydrofuran 12 ppm

40 - 2,5-dihydrofuran 6 ppm
- THF hydroperoxide 3 ppm
- others 21 ppm

For the purposes of the present patent applicatiocon, “others”
45 encompasses impurities such as n-butanol, y-butyrolactone or
methyltetrahydrofuran which have been shown to have no influence
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on the color number of the PTHF formed and which are not altered

in the hydrogenation of THF.
B. Hydrogenation of pure tetrahydrofuran using catalyst A

The hydrogenation of the pure tetrahydrofuran obtained as
described under B) was carried out in a continuocus operated 1 1
hydrogenation reactor using various catalysts.

In all experiments, the reactor was charged with 300 ml of
catalyst A. 3600 ml/h (5 min residence time), 1200 ml/h (15 min
residence time) or 400 ml/h (45 min residence time) of pure
tetrahydrofuran and 10 1/h of hydrogen were then fed in. The
hydrogenation conditions and also the residence times and the
concentration of impurities in the high-purity tetrahydrofuran
are shown in Table 1.

C. Hydrogenation of pure tetrahydrofuran using various catalysts

The hydrogenation was carried out using the pure tetrahydrofuran
described under B) and various catalysts in a continuously
operated 1 1 hydrogenation reactor.

In all experiments, the reactor was charged with 300 ml of
catalyst. 1200 ml/h of pure tetrahydrofuran (residence time

45 min) and 10 1/h of hydrogen were then fed in. The
hydrogenation was in each case carried out at 60°C, a pressure of
10 bar and a residence time of 15 min. The impurities in the

~ high-purity tetrahydrofuran are shown in Table 2.

30

35

40

45

D. Hydrogenation of various pure tetrahydrofuran grades using
catalyst A

The hydrogenation was carried out using various pure
tetrahydrofuran grades which had been prepared by a method
analogous to the process described in DE-A 37 26 805. The
hydrogenation of these pure tetrahydrofuran grades was carried
out using catalyst A in a continuously operated 1 1 hydrogenation
reactor.

In all experiments, the reactor was charged with 300 ml of
catalyst. 1200 ml/h of pure tetrahydrofuran (residence 45 min)
and 10 1/h of hydrogen were then fed in. The hydrogenation was in
each case carried out at 60°C, a pressure of 10 bar and a
residence time of 15 min. The impurities in the high-purity
tetrahydrofuran are shown in Table 3.
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5 accordingPFosﬁﬁéspresent invention, without internediate storage, for
the preparation of PTHF by the general nethod described below The

pol ymeri zation results achi eved according to the present invention using
this high-purity THE (Exanples 1, 2 antis3) were conpared with the

achi evabl e results when using, in 10 contrast to the process of the

present inventign, THE .grades ving purities . of > 99.9% which had not
been hydrogghat gﬁé arlrla(%l%tnooghléq‘%glv&g‘?i E%\?I?'Eﬁ'ﬂn%l? rization of THE 15 The
experinments on the polynerization of THE were carried out in a

cont i nuous| ¥ighepurtisd THF cwdsitised dppectlwsiften ehé hyelrpgenaeindirs, the

react or Wasaeberdath Wot Bh@SPrddenef§ intemt 18¥,1 LWiopbi€ GAlahy¥8iadK s388akeom

Sudchem e) . | -5t f 0 f
THE of Lhe éﬁ%&%‘?@%@%‘*?‘éﬁ&’ o RERE r%g%%g%éi R e e, The
h

in. T acetlc _an
nmxture wa 11;{‘&?5?8 m%lrzﬁtﬁ'gncﬁ?%\‘f% 3 eactc(?ﬁdaﬁﬂﬁértd’e(domf | ow
nmode) . Aft ePT8seRls| dWRBELPR S 1910 £B1R T -RUrAty, THH d Exagelednl Wagnd
st opped. Af 8érvere earpeded HE tradhbeanh sopdnlat edswitfs bheBSuslisg,i linati on, the
conversi Q@ cBnthest @acthenpistbdshercohdrprasener ingdndila, PHHF ghiaest ate

formed were red.; tergy gat | fi, 260 BUHHP j 1?5?@ L in
t he st andar g@ gf[ﬁllﬁ&?}tzgg fﬁdﬁzg‘l’ﬁ/?-*él?%zlg&a%é%rhe reglgﬁfgé% tQ{apoggr

pol yreri zat i 8nE Ay grilﬁp TYies in the THE grades used are shown in
Table 4. 35 40 45 PF 53558 16 ¢) mCL Tr T .- r T O Evvwvvv Xx w cf) tea)
Q ECnrcol n?blymeiE zationUnE NTHA

15
The experiments on the polymerization of THF were carried out in
a continuously operated circulation apparatus. In all
experiments, the reactor was charged with 250 ml of
montmorillonite catalyst (K 306 from Siidchemie). The apparatus

20 was then charged with a mixture of 600 g of THF of the grade
indicated in Table 4 and 42 g of acetic anhydride. The mixture
was then passed over the catalyst from the top downward (downflow
mede). After a residence time of 10 hours at 45°C, the reaction
was stopped. After unreacted THF had been separated off by

25 distillation, the conversion in the reaction and the color number
of the PTHF diacetate formed were measured.

The determination of color numbers is described in the standards

DIN 53 409 and ASTM -5-1209.
30

The results of the polymerizations and the impurities in the THF
grades used are shown in Table 4.

35
40

45
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we claim 1?FA5?)?B§ess for preparing polytetrahydrofuran, tetrahydrofuran
5 copol yners, their nonoesters or diesters and the nonoesters or diesters
of pol ytetrahydrofuran having a | ow color nunber in the presence of a
catal yst, which conprises converting gtrude tetrahydrofuran which has been
prepared in a manner known per se into pure tetrahydrofuran by
distillatiog, HQ;gubsequently subjecting the latter to essentially conplete
hydr ogenat i on and usi ng the high-purity tetrahydrofuran obtained in this
way for the polynerization directly after its preparation. 15 2. A process
as clai med 1n ck@nacesswher epiepaenaype agenaahpdrofnrapar teechhydroguranom 20
t o 3000C, spr ef ecedlymerem Atk iro mdabestenardyi aibsténs @nal eh@bhondesesrs0 to
100C, and a pressWi@sRbrsféOBol yiot 3 BT rurBheh&r AR ¥ 169N d1d:0 nhfiBebar
particularly %ﬁftq{eag%ﬁséﬁoem 0 taocg Rl %g.Bh Cpéd‘Pr Qcess asvecltal med in
claim1l1 or 2, erein e H rogena !c?'ns i's “CAFTi € Pgufseﬁ,s??fb 4 catal yst
sel ected from tehEARYIRGUrRBnWREE IhasoPegR RERPaFefoin (F JRNRE
Periodic Tabl ekngwn [per Epenintics pand téterahydrpfesan 2 fisaiplaciess as
claimed 20 cl ai snidequbat by reuldjectahsl y1sd liakteBPpd i exben®ial Sypmiplesel ect ed
from among al unpuiBse¥EEEon aid hQQHg%@%gﬂuaﬁfﬂy ReRLARY & o rdRGNEST UM
siiicate and  mMpdaii@d LROUEY wailor AP:3T0R: Aalldl IRLIN AY,OF cl alms
1 to 4, wherein the -polymerizatron is cafri out tby meane o §¢&Ff ¢
anhydride and Yot Wrﬁﬁér%fﬁ?—}"t etrahydrofuran and the acetic anhydride are
hydr ogenat ed toget her or separately prior to the 35 polynerization. 6. A
process as zl ai xggtdcesanys of ladi@dnin lcX«inb,1, WRBeR ih tthe hp@toysaitiahi DH i S
carried out in ¢eiRbes8RCE Kfrodl 2beastagRe, HALQAARIFNELSH ROFBNYFRS, 40
7. A Process as,flaldied.ip @edhotl A Lol 0C10dHier BLR o LglLalydr of Ur an
whi ch has been %re ar.at ed (; after 1 he polyreri zati‘’on and “recirculated is
mxed with fres Cgrhrletot?é RMFdr BFEFerrRAYd f%a’gs%otq d Ry BBy RPRbIGH L AR EY
reused for 45 krrieggbyrefromtl &, 20 bar. :

20

3. A process as claimed in claim 1 or 2, wherein the
hydrogenation is carried out using a catalyst selected from
among the transition metals of groups 7 to 10 of the Perijodic
Table cf the Elements and their oxides.

25

4. A process as claimed in claim 3, wherein the catalyst is
applied to a support selected from among aluminum oxide,
silicon oxide, pumice, bentonite, magnesium silicate and
mixtures thereof.

30

5. A process as claimed in any of claims 1 to 4, wherein the
polymerization is carried out by means of acetic anhydride
and both the pure tetrahydrofuran and the acetic anhydride
are hydrogenated together or separately prior to the

35 polymerization.

6. A process as claimed in any of claims 1 to 5, wherein the
polymerization is carried out in the presence of at least one
telogen and/or comonomer.

40

7. A process as claimed in any of claims 1 to 6, wherein
tetrahydrofuran which has been separated off after the
polymerization and recirculated is mixed with fresh pure
tetrahydrofuran and passed to hydrogenation and reused for

45 the polymerization.



