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di esters and the nonoesters or diesters of polytetrahydrofuran having a | ow

col or nunber. Pol ytetrahydrofuran, herelnafter referred to as PTHF for
short, 10 which is also known as pol yoxybutyl ene glycol, is used as a
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reagents enables the chain length of the polyner chains to be controlled and

t hus enabl t he . mean. nol ecul wej to be set., to the desired val.ue.
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It possible to.. prepare the noesters or_dLesters of PTHF. er tel ogens
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of a tel ogerthsutdeanking mfi wasteupdnera cononomer and can therefore equally
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are tel ogensphavijRgubue) 130 pregh P&y HRURE a1 P bylipdh ¢REL] st ibRE8E can be,
for exampl e, oSl AN heRe. Y CRbro BLOAK.ENE ALYEE! g BUKLENROINEOL, over
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acids or carboxylic anhydrides as telogens makes it possible to
prepare the monoesters or diesters of PTHF. Other telogens act
30 not only as chain termination reagents, but are also incorporated
into the growing polymer chain of the PTHF. They not only have
the function of a telogen but aré‘simultaneously a comonomer and
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 glycol, butylene glycol,
1,4-butanediol, 2-butyne—l,4—diol,'l,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.

t

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



the quality of the THF used. Technical -grade THE contains vari oui .
inmpurities in concentrations of from10 to 1000 ppm A hi gher 5 ¥ let 200
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30 peroxides.

Various efforts have therefore been made in the prior art to
pretreat the technical-grade THF used for polymerization in such
a way that the concentration of impurities 1is réduced. 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 canndt»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



5 process also freed of any water pr esent. The THE obtained after -the
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PTHF having a reduced color number is described, for example, in
30 JP 84-264636. This describes the polymerization of THF under an
' inert gas atmosphere, with the oxygen concentration in the
starting materials being below 30 ppm.

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. i ‘

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



per se is converted by distillation into pure tetrahydrofuran, 10 the latter
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particularly preferably not more than 100 ppm.

This pure tetrahydrofuran is subjected to a hydrogenation in
30 which the abovementioned interfering, color-imparting impurities
are essentially completely eliminated by chemical reaction.

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 quality 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)



This requires the use of selective and appropri ate heterogeneous catalysts
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“elements can also be present. In this case, elements from
30 transition groups 6 and 10 of the Periodic Table of the Elements,
e.g. chromium, molybdenum or zinc, may be present in addition to
the abovementioned elements.

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 productlon, 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



from 100C to 150C) and calcined if appropriate (preferably at from 200C to
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as an outer Téé&éﬂg¥ thgo$FEﬁ%ﬂ%g05£ern£¥ aFer n*?Fo &39&@9 tes,a%ag%ﬁeral

| ess active conposit Jame - ac

gener al téPnF‘FE‘?Ontaﬁ@% E%{%qul%eﬁs aqedAlagetaRal gt SP10R0 GRWilgKeS case i s

when t he act hverc eoppseredrrhagipecorpleixeedof othe sorirdsponsligny matals al .

Thi s woven nahetlicilcasanct fartalyanpl €omprd sanges apluialiesghofMneralBast been

treated wit h XYGER ohOgPERYE G- 111t o £k Be24odEY #AAR of &K fﬂ%%eﬁ@ét | i of

for example. 2l b Auip.0x] vx*ty SO DenablSats %tapggm&lt eoubol gXample,
usa € ] % £of

pal I adi um cata r| nc,i

powders, f8r l%x%‘iﬁﬂeés\?vﬂ%n T PBBE 3 "fhslcg‘aPFY%cPecﬁPt chated %s’ﬁ‘@ﬁgg% e
process, or Hétvameigdosaly Salsluéﬁhapédaltﬁ)d:lhe@ usuglly Wriefe(prafierebly at
extrudat es, €Eybmrdd°s, tsplEr°es, and ngs.cinedr &fi s oprhat@adrecerably Gt a
fixed bed arkapgermrt o ddecgatal yst, in the process of the present
invention. 10 The hydrogenation according to the present invention can in

principle arried out  bat or. conti nuou wi th continuo -
operation geﬂﬁ? &F93FSFePAY %’@%ergdo?to]ro &ﬁoﬁ‘?i y@@aé&ﬁ%ﬁ%&%&ﬁ%ﬁ&ﬁam on
can be carri éltbmtqdnbﬁomme@ﬁallnlﬁ FEenSitAaeN SCYPIRFde4 89 r Bzre dwdregeR eact or

assenbl i es afibe cgas Is¢regarpreerablyi comprsisepeh8+ 0 0byf vabadnd et mpdeogdror

exanple in hAGPOITACHYI GoDimeSlofr hedrdact ors in the case of the suspension
node or in tube reactors or fixed-bed reactors in the case of the fixed-bed

node. g% %tdho enat i on lg)f t he pureéz_%o Jran i car rllled gt at
rom 20 t 433BBE PR e LTS RS0 PeP g0 Ca (Rt AT % gy pged well” Suf
to the process O0f the present invention. The terimn macroporous
catalysts generally refers to systems containing a proportion of
> 10% of pores having a diameter of > 100 nm. In principle, all
support materials known for the production of macroporous‘
30 catalysts can be used for this purpose.

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 also 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



preferably from50 to 100C, and a pressure of from1l to 300 bar, preferably
from1 to 100 bar, particularly preferably from1 to 25 20 bar.izlun ,
conti nuous operation, the space velocity over the catalyst is u ﬁIN&/ 2008
0.02 to 1.0 kg of THE/ (1 of catalyst * h), preferably from0.02 to 0.5 kg
of THE/ (1 of catalyst * h), 30 particul'brly preferably fromO0.05 to 0.25 kg
of THE/ (1 ofsunfacgl geating i, Afohyekampdrat aunigasesxifde visichossibim t o use
any gases wdteh asoapppae ffoee BydreagaplandpLiddum.no harnful anpunts of
catal yst poisons, for exanple carbon nonoxide. Preference is ‘given to using
pure hydrog a L0 I 35,.These m | ctli condi tions and,
in particul :Ilrjl,l t nggér&e%ﬁyrsgg ‘rgrgérd'g%égtfgisbrr%self‘@ﬁPgrggc%rhgﬁ%&eggﬁ?eof;dvant ages
in an i nduitl?cf“ﬁllershyg‘?%geé‘r?ﬁ‘ﬁ" Bnvhelt fhe BRPGESE dPaCRTFLet it @8sfgned for | ow
t enper at ur eSSUERENE1IPBVPINCESSUr T | advaadaoeeds 1 @s| shapgdrhadigsar €yd prief err ed
enbodi nent, thee foydr ofjenairudates, odArindeds pudpheaieti, nubngd Yoroyeandileesd-ilhed
catal ysts i npdacdowpf fWa @i x88f b AR ARguhdMOs Rackeded @, Thh ScHes an
excel | ent . essaSPl'@ﬁlé %geggﬁggwe%ﬁbgp of interferring inpurities

necessary_t achreve t according to the present invention using
very si n'b?e and t herefore inexpensive hydrogenation appar at us.

Fur t her nor e, Theo hagppeenaiiion gecording toehke i pesenti éhvewiiod Fandi® 4 NOV 200
8 to an i ncreaiseipletbe erdrdasyt datjchrésd sor ronkéntiywspgerathon product
occur under ¢diidkeuEendd2ned GihdkING BEEHRr¥Eer 0A0dY @@Snomid N @
further partioid atl yrRL &f SgnQEP&P!éE%“FeOé?EHe% ?Egcﬁ%}onﬁ%@ﬂ%'s used

for the polLyneri,zation t AE 1 nmedi at e ter rogenat1ron wthout
forther | PRGN OaHE RAGHRSa TP A KPR T o SRSt AFEeb H 9 ek oo
particul ar ePRAETIEEr PRE 1hrre BHEPPOHLN ©rgiixedrhiad aghar | §PHeFgBRLE rige i nert
gas, are 1l0lomressatyrs eravsidredmearitnasi on thiet kassygertheSisnepensiml et e
conver si ons mgde et iNstiddd yeabtarfesdt ifixétEbed depdblrE ain heushBg dheahe
customary po}y-ibeat héwk catal ysts, excess THE is usually separated off by
distill at'Bn -after the 15 polynerization and recircul ated to the process.
In a furt ergﬁearticul arly preferred enbodi nent of this, process, the THE

whi ch has beBif d¥JaPaeRatoms off tRe RYE SEFyMYIofrran tndfarrdef out dted s

m xed wth ffeeh 20ute 3t Cahpretsuatdiy, fpem s oo 200°¢ heoarrdFvdankit i on of the
process of tpreferabent fromnw &t tonl@ft, théna ysedsuee DI frver ilzadbi 300 Har,

addi tion, the-&JQIreeRyi Z8dn AN t6aNoPedxdl bhedi @utard1ly bherePiSereemof 8 | east
one tel oggn anq{Qr conmononer. The choice of 25 suitable telogen and/or
conmononer s determ ned by the product desired in the particular case and is

a matter famlier to a i - ' )
In continuous operation, the space velocity over the catalyst 1is

usually from 0.02 to 1.0 kg of THF/(1l of catalyst * h),
preferably from 0.02 to 0.5 kg of.THF/(l of catalyst * h),

30 particularly preferably from 0.05 to 0.25 kg of THF/(1l of
catalyst * h). As hydrogenation gases, it is possible to use any
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 continuously 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

¥



person skilled in the art. In a particular enbodi nent of the process of b[%e
present invention, pure tetrahydrofuran is hydrogenated together 2vk NOVa 2
t el ogen and/ or conononer. In this 30 case, care has to be taken to ensure
t-hat the telogen is not altered in the,hydrogenation. In a further
enbodi ment of the process of the prese?n i nvention, the polynerization is
carried outtpyamiassesse ddetthe aﬁw&qraeca@pqrar@@enn the Hhysoobenseiqur e
t et rahydr of upesduarntd other aveterc taahybvalenihéoned midkdogedasdgthatiohoget her or
separatel y pgédditienthe pol ynerization. As a result, the inpurities which
|l ead to poor color numbers are brought down to a concentration of <1 ppm
in both st ials t he gceti dri de and .the
t et rahydro? i rf‘g g‘ﬁ’é E’WéﬁPﬁﬁﬁlY PHEHELSE a?’&?yd&é‘ﬁﬂﬁ 1'ﬁ’éﬁnB"’B‘FeﬁeanpI es.
EXAMPLES A: ﬁ?%cﬁ&’é‘t EenueAd g the pgmerdsatiomrto ﬁ@HExamdé@tehz e yst
exanpl e 1 ( ptiodugtdrogendt oot aliyhoutd) fudtheNOvr &3O@ntIafd | witdioudi oxi de in
extrudat;a foiméﬁeﬁﬁhtggt&lﬁrglfeacgnaﬂﬁi% t48e A )patRs cal eRAginvkeend N an
excess of a i c at ngapese
n| trate \(j\lgﬁ ﬁ% tdhorelng a(-{(‘:llgc %%Bag’%}%ﬁa?ly ﬁ%’% %rteg gg%}a‘g% G Qﬁ? of Cu,

0. 8% by aIW EO P 85}*‘%‘91 lﬁﬂtwb'f HI$SRori ¢ aci d) for 15

m nut es each time. After each inpregnation, the extrudates were dried at
120C and hesinde camplletd BBFErsidms (aatealnpstusAladdtyppbseme’d%nbyHmei ght of

Ni O 7.3% by Wﬁlzatl&lcasﬁl% Ble V&l Hdknaoy PEBREraRdt loR %dtn1y¥es ght. 10
Cat al yst Exa fgf quda@iyoo?ﬁfxtaacleﬁséfg) 47dl%t€igl?€ &9%%%8% @géo' adi um

trat t m f
\r/]\/:'it re? :ng %u Iﬁ@lf &ﬁf’l %% ai'fg§e§l]6(fulg § élp %levgrr %Fﬁﬁf num support in 0

extrudat e form (4 mm extrudes, al pha-Al1203, BET surface area = 8
2/ 4) Dr Yi n4 amck Hagtcher rpsmthenil anky consferred entodimedesef i s pppcw.al yst
‘A, The catatystTH? ehhthied bRed28hyr aveidgbt £ aifyeal lthdi polym2igat fby sind

Exanple 3 (pradhictiaReal i oatinsibl ddandproledth AgHeOHS BRIl badbuand trat e
Q% t/ﬁigéqy\ﬁ? gg}laé)lon R k:ﬁgsﬁjtg% el &5 f: Fpgrefqefl% Jfrhvze tion L?X"a

sprayed on r opor,ou um num sup orm of  spheres
25 (2-4 mm spH OZWQG§12B'E‘1°%'urface area = 230 n2/g). Drying and
heat treatnment Were carrl ed out as described for catalyst A The catalyst C
cont ai ned 0. 24 %duitienghthefpoightatizammonCatal lystcarrdppl eud impraducti on of

catal yst D) pBéseh?eB8o8 &f ms%qaﬁéuﬁelpﬂjehadhﬂm%édh@heméﬁl UtHeN chdide bye
wei ght  of 5p§1!11@afﬂllé”%e!\8% udc{nd%ﬁdcé%é%mLQOQS Mhe &Y m%gg b%%eSBEééis& ont o

1042 of
9 gié)d E%ughe pégtg% SL”%%se a% Eé rlfnatter gamlller 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)



(1.5 mm extrudates, gamma/theta-Al1203, BET surface area = 35 85 n2/g).

Drying and heat treatnment were carried out as described for cat@l&ﬂ@%Zﬂﬁﬁ‘ne
catal yst D contained 0.22% by wei ght of palladium Catalyst Exanple 5
(-production of catalyst E) 40 3255 g of an aqueous palladiumnitrate
solution (11% by wei ght of palladium re diluted wwth 79 m of water and
sprayed ont ocS14Gorgdsexigde dnuarkhtidatgppern (4 mmhe BEBr sunfacspheeas= (1.5 nm
extrudat es, eméd/AlL203 sBEEpsdirfwiice dnean =xX3@snBf£Q) . sd?]!ruy‘_ubg dBickbl’
carried out xaitrﬂa%ec bbb SU RS egBed taie dank b RAL TR rRRS &&I nedpAYtic £ iNOV
2006 10 for  A0ugsyalqri0Ye he3 gzat BV abs &@%@ hne 7:@ Y H\@'%]tMnOf
pal | adi um Ogoy%g Eﬁ%%% on o

pal | adi um Ri % 8 fic ‘?Cl alte dilﬁu ingtes ﬁﬂl Xedeni t h
4000 m of witer 3ﬁah19@rgeg@ﬁta°mu gtrhe eBLeeddttas werghdr sestiatmlpoiq @andy| at e
(Aqualic, friomatBASERted\fdte63060. Mhsutasalydie gelombl keedraas bt wé gt \waS
kneaded Wi t hy&527 .85 0by %@%UQPWmZbeb%nw@ﬂ.dHtxo%hﬁQﬂ brs YO yijut es.
During this vﬁ%\@rt 200 g of a 25% strength aqueous anmoni a sol ution and 900
m of ig € ‘added. The nmass was shaped in an extruder to give 4 nmm
extrudat es"whi ch were subsequently dried at 120C and then heated at 500C
for one hourCatpigstabsnmlie & ¢predUatd@n0o2198RLyst5Bhei ght of pal | adium The
BET surface area was 235 nR/g. Catalyst Exanple 7 (production of catalyst Q

CaéI al ?/st G igy IQj %Quﬁﬁda@)édﬁrseﬁhpléﬁdnpﬂlea@e Q18R P 1L RPREigRO JH tT ftte
an aumnu u (0) (0] I‘ECI itate
forned is dghﬁ Weg?%ﬁigg §Pldcc§1r gaﬁP Qgé%tei ‘J“lilcgzlrs(%ﬂayzgvxd@C P
SPESORRS P £ A 8? 3 TRTEBOTaRA BT MRS SR LPoF R HAa%E: oM

di aneter of ‘Ex’qrﬁﬂde‘FheébPhap@Illz@irs B@ﬂ‘eshéﬁa’ﬂl% axeassot Wde) 2 Primy. amﬁeheat

fini shed catateatimedd wvarmrdazesed3datofasCdesanibetl %oof cAM&DEt AB: TRe epar ati on

of pure tetradwdreiusadortiiiaetied [ Zdy Gyolli gt Vs pRnepal@s. i n a manner known
per se froma 30 tetrahydrofuran/vvater m xture by neans of the process

descri bed 6 805 Th| tetrahydrofuran had a
purity of 22 g@tag‘}/' gng % ngE %‘hgtjf’éll PEWFhG 'ﬁ%u&i’ti es: )?:5 net hacrol ei n
25 ppm - n-butyral dehyde 11 ppm - |sobutyral dehyde 8 ppm -
2, 3- di hydr of 13 &h gl2fppm aheoug, patladjidmohdtaats spdmtion THE #hper wpigioxiode 3
ppm palladium) were diluted with 420 ml of water and sprayed onto

730 g of a macroporous 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,;03, BET surface area =

- 35 85 m2/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
exfrudates, gamma-Al;03, BET surface area = 230 m?2/g). Drying was
45 carried out at 120°C and subsequent heat treatment was carried out



- others 21 ppm For the purposes of the present  patent appllcatloQ ﬁtvh% "
45 enconpasses inpurities such as n-butanol, y-butyrol actone or N 06
met hyl t et rahydr of uran whi ch have been shown to have no influence 2.4 NOV
2006 11 on the color nunber of the PTHE fornmed and which are not altered
in the hydr %’enatl on of THF. B. Hydrogéﬂatl on of pure tetrahydrofuran using
catal yst A BITleehayE? cfeRR076n Bfe catapyste ¢ eonahjoedfLTaf bitesiuhdt as
descri bed unskraBiumas carried out in a continuous operated 1 1

hydr ogenati on reactor using various catalysts. 10 In all experinments, the

reactor was 0 al ys : 0Q.mM/h (5 mn residence
tinme), 120 %9%?5 n%rﬁ)l%r gs%léén)%:uec i2h {D}l éat%é'%g ??1 (45 mn residence
time) of pure tetrahydrofuran and 10 1/ h of hydrogen were then fed in. The
hydr ogenat i of? -JoldPfi arzpldadiunseltteder eglaeinre (flilkeby arpighteofs

~concent r at i ogaldfaditpyrwddecadmbxéderitihghopornt it aaeahyshidflonag ofire mskydwn in

Table 1. C HM@&@SB&%%@EOH%IE ARy HL 6 UdRati$t NOF AT 'B@.Eﬁ) cat@leyst s

20 The hydro%? %%JQQSV‘% '.‘L' £ {‘ﬁfas‘é%ﬂga{&d Q}Ar ekﬁeeéé anyqLef B‘%z’*ﬁ o
descri bed er var.i o ous d 9 f
hydr ogenat # bPS’leﬁen iy p %k’b&qlr}i?ﬁt for ¢ty “Pé‘&&?%r I?IbH}s/m@h*épb%dtWeﬂh 300

m of 25 cat® wsef a0 wtrRngth pgueoust prrgMirotgluhi¢n andd@Atent jafe 45
m n) and 10 Waterofvehy dicaizein Whe enddrewabedhaped e anhygtngeratbogives i n each

case carried; Gin 8ktSMated RhESHUidrDisubdfqbait13nd el esd denee dddmneh 15
mn. The i étte'deﬁt'é‘od? £op! &E‘e Rt yTﬁgté ;ﬂ f):fr&ﬂlt%r edNPWY J R Tabl e
2. 30 D. atLo vari o pur e uran s usi ng

cat al yst qﬁ’%%g% 3™ el ecaEfFrTl EBr ?J‘fe lfsﬁeﬁgweér? ﬁre 35

t et rahydr of uran grades whi ch had been prepared by a net hod anal ogous to the
process descCatadgstnEDEPAe37 20r&ictibheof hyatradysnat)on of these pure
tetrahydrofuran grades was carried out using catalyst Ain a continuously

operated 1 lcméig,egeeafé Produeaat sy ir%&%l PratforBRCL! BNl BE Lofor vias

h d |
-((:rgglggence 4%1 aﬁ)e %‘iaali%la}lﬁs B} rgﬁeﬂe%sr edg#%gﬂt‘?}%ra% ro%ur

hydr ogenat i ofPIEdoRn TR Precapitath rﬁoé'a‘eeu%saﬁ lgeredobt e 3@§n8d03nd0 bar and
a 45 residendwiad b 020°T5 #ha. diiesl ipepdertiesaleinhé &t @H050r fory 2 hours
t et r ahydr of usid thie@ phesded RoTabhe pbl124sNEMW ZPG dlZmeter 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 26 805.

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

35
- methacrolein 25 ppm
- n-butyraldehyde 11 ppm
- isobutyraldehyde 8 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 application, “others”
~ 45 encompasses 1mpur1t1es such as n-butanol, y-butyrolactone or
. methyltetrahydrofuran which have been shown to have no influence
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B. Hydrogenatidn of pure tetrahydrofuran using catalyst A

The hydrogenation of the pure tetrahydrofuran obtained as
described under B) was carried out in a continuous 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 (residenée time

45 min) and 10 1/h of hydrogen were then fed in. The
hydrogénation 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. v
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Hi gh-purity THE was used directly after the hydrogenation 5 according to the
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present invention using this high-purity THE (Exanples 1, 2 and 3 n@j\f 2006
conpared with the achievable results when using, in 10 contrast t v
process of the present invention, THE grades having purities of > 99.9%

whi ch had not been hydrogenated prior the polynerization. Polymerization
of THE 15 The experinents on the pol ymérization of THE were carried out in
a continuously operated circulation apparatus. In all experinents, the

react or was Ehargeapasattho®50f HTHSf us imytnighi-phohty erdFat al yst (K 306 from
Sudchem e). The apparatus 20 was then charged with a m xture of 600 g of THE

of the gr adeHléH‘%u‘i@tEdﬂlf‘ wE%blugeé é‘ﬂ%c‘@. ga?it,en?g:%te' eg{atq.ﬁpo-rhe m xture

was t hen pgssed ov.er cat al m)de)

ord h T é é ve og %er %/

After a redi FErEe TPne’ o " & REGF ]arf 4%& th‘%trré’é%tllf} QTP ICAf t er
unr eact ed TI—E’%a’Fd‘ebBéﬁP%’éHdrOé’t eff BFHF Ry hedpenrsqalafeshod tqrﬂ‘,ﬁcééﬁ%r sion in
t he reacti onbalwiv.t Fbecpdlymenizbeion ofesuldsPI¢iH aliegic etadbediroy edther e

neasur ed. Therédrgr Theht oh ekifgl OiiwIRALus Srylaser (Beshdiest he standards

DI N 53 409 f d th
Tpuriti e ?gsitvﬁéwco J:?&?wﬁﬂ 1Re éc‘?ﬁ%lvBﬁlQ ré tﬁ%ﬂé‘i‘?rgﬁ’l&goﬁiSag 4 NeO\/

}HF a es use g@ shown |n % P

2006 16 © [PLOCEES\PY, {R& DLERLIY IAMRRTIORy grefisS 1 11 o.
E CA N CA Lohawutg Mumltal%s E X 29-3¢ vhick Baf npt megnf bydrogenatgd BT ' C a
ow to the polymerization.

Polymerization of THF

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
mode). 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 -S-1209. |

30 ' :
The results of the polymerizations and the impurities in the THF
grades used are shown in Table 4.
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2 4 NOV 2006 17 We claim 1. A process for preparing polytetrahydrofuran,
tetrahydrofuran 5 copolyners, their nonoesters or diesters and pheNGV 2006
nmonoesters or diesters of polytetrahydrofuran having a | ow col or nunber in
t he presence of a catal yst, which conprises converting crude :
t-et rahydr of uran which has been prepar®d in a manner known per se into pure
tetrahydrofuran by distillation, 10 subsequently subjecting the latter to
essenti al Iw% conpl ete hydrogenati on over a catal yst conprising transition
metals of " groups 7 to 10 of the Periodic Table of the Elenents of oxides
t hereof on a support selected fromanong al um nium oxide, silicon oxide,
puni ce, bént oA PEOCeRfyFesi presdtinmpelytetrahydrefuras, ttebrabfdeeihngi ng t he
hi gh-pursity tepobhyelrsgf tthatir obdriiededrinot Miksweysf aid tiRe pohysstd@ation
directly aftepri iSedlaRALR pOTytehr MyBFOEESH Favihg! Aefh RobR MinbeVher ei n
t he hydrogena.lnog ésrezs(%n% rcr)erd Ayt at frchnﬂ%g to 3059% cornefejéarlgly from20
to 200C, par |cuparqy pre erab‘_ily r_&?ﬁ Eo P5C GEPER a p?r SsEtred of from 1
to 300 bar, pfFEPEfabtiyFabydrPiuren rddchakas Rean PEPRATSS it & BRBRFY from 1 to
20 bar. 25 3. knopnoesss seadntd apumsl terahydmryfugfancbyi déstiildedion, wherein t he
pol ymeriezat i oBubSeg@értilgd sabtedyineane Datesxetdcs eapByeIdxle congldgd h the
D bl o P SO IGL OB g Elpote Lidhosonal g Lsgeder
of clains | tgr,}lbie’/\h-;e&eol ﬁ%t ége{lb%la&fﬁﬂi%%?{lpa&ﬁlel é)fc;ég??é]cslenbeﬁlttsi,ﬂft he presence
of at |east oREMNER|fERCEnAPOR TLHRIASHERLeckpds framypReRG FIARIBLUR red i n any
of clains 1 toxddewhsildicon pyidehywhndtar apeniitndliehapagessiwegalacate of f
after ti1® polaydenizaitesn thedes£cind usdhgdthes hiighegduwityh fresh pure

;ghydr of ur 3B+ 2RFyPAHFRAnt BoPYHLOSRALHDD A Fo2USRE pymelrBSation
rizati O'&irégtlf‘safter its preparation. ' :

2. A process as claimed in claim 1, wherein the hydrogenation is
20 carried out at from 20 to 300°C, preferably from 20 to 200°C,
particularly preferably from 50 to 100°C, and a pressure of
from 1 to 300 bar, preferably from 1 to 100 bar, particularly
preferably from 1 to 20 bar.

25 3. A process as claimed in either of claims 1 and 2, 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
polymerization.

4. A process as claimed in any of claims 1 to 3, wherein the
polymerization is carried out in the presence of at least one
telogen and/or comonomer.

35 5. A process as claimed in any of claims 1 to 4, 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
the polymerization. ‘
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