2 5 JAN 2006 I nproved preparation of polytetrahydrofuran The present
invention relates to a process for preparing 5 polytetrahydrofuran fg

t et rahydrof uran copol ynmers by pol yneri zati on of tetrahydrofuran over HA%éW@
catal yst, preferably a heterogeneous acid catalyst, in the presence of at

| east one tel ogen and/or conononer, wherein the tel ogen and/or conononer is
added at at least two addition points in different 10 segnents of the

pol ymeri zati on apparatus. Pol ytetrahydrofuran, hereinafter referred to as
PTHF "and &hzreveknpuppasatpony oxybet ytenrahgiyediran s used as a versatile
internediate in the plastics and synthetic fibers industries and 15 is

enpl oyed, rhd 1t saht aindddft iBROEHEL L RY ﬁub%@@w f09.0|p¥€§£3?:[n and pol yani de
el ast ongr °l,#t%t?‘qgg&f$ nt oE:Ste#i-éﬁﬁr g;l éépso& erlLVa t| ves, a val uable

auxi | i ar \é g |cfa I ONs exanB spersa t or in the
dei nki ng RYLERSEEPLRR OF 36°PFHEITRERATPE™ b R S SRRALEY T al |y by

pol yner i zeaeferadly @am@aeaegﬁamcmp@mnéﬂw imeftaer pdesences oTHEL f or
short, ovbfastsuntabébogat ahygbs. cdivmaacdi, t Wherein et abl egereaganbs enabl es

t he hIt engééhcﬁfomtegelgoac}a@ar aehat n&é&d Qﬁrofgaéfﬁdnrf?)gllﬁgg izxgedggfgage%golbecul ar
i | | ev
wel g G]?ﬁ? %%s Sle h;%lgﬁsfg?%{ci% gﬁa&!g Co y

choice 0 pe an am)u reagents are referred to as

chain term natl on reagents or "telogens". Selection of appropriate telogens
al so enabfelytetgabyYdoifair agn obpseivp e refortr® tarsoREBratsbeAsends of t he

pol yner chradwm aS8Opdhpssybudylerangliesolt,hésusgedfascar lbexyhtileaci ds or

car boxyl i .?nte&lﬂl'é}ﬂﬁ!étél% aget i OGENSs IRy B thék fOrFBLr8N: Qdudtig egDAMESt €r'S OF

di este |cat %;HEVM' tht%lfbaﬁeg en&ély é}%\ﬁ%c&ﬁz 1@&%%%%5'&;13,95?1& by

saponi éan es therefore

1 %? ces

referred ¥ é’? i ?aé‘@ fBIEr Fo sasdél§‘ 1t hett 8 ogéﬁg ) er?d:t 1581y as

chai n t erdfrideitdres edydityaple %L‘Pélhé’iré’olpn@%ﬁlbé\iﬁ’tléﬁth‘?Qf t H®Tgr owi ng

pol ymer cérsmplef as hdispEEantTheyimave detinbhhy afheraBtacpamsr-of a tel ogen but
si mul t aneously 40 act as a conononer and can therefore be referred to as

e'ther20tﬁﬂ‘fﬁ@%@ﬁu@ﬁaﬁﬂﬁ%@ﬁ&fédﬂﬁdb%@hlyuﬁ ;Idl%tewaatfasarazl es of such

%ﬁg‘;go”eréeb&fa% E%P&JPA]? RAYLDg, % lél‘}g?gé d9£c9 Tlﬂgne dg glﬁsc éd‘%g: gﬁgol s).
glycol , 158" gﬁaﬁ%‘fﬁ 45%& 4""‘%&2’@&% subt adﬁ‘teyﬁéaie .emab es the

1, 6- hexankaiigsh of ‘F‘éﬁNP%F“ééuF}a?l%l%PeWPFtrmetdheﬁn@u’?ll%tmeéncormnorrers
are cycl imlegther swaeiglit ganltRusl ey |serne toxte sjedigedexabpd £,Conthyl eie oxi de

0050/ 529 4dlcrd eRedAbY 28fice of type and amount of the telogen. Such
reagents are referred to as chain termination reagents or

"telogens”. Selection of appropriate telogens also enables
functional groups to be introduced at one or both ends of the
polymer chain.
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Thus, for example, the use of carboxylic acids or carboxylic
anhydrides as telogens results in formation ¢of the monoesters or
diesters of PTHF which subsequently have to be converted into
PTHF by saponification or transesterification. These processes
35 are therefore referred to as two-stage PTHF processes.

Other telogens act not only as chain termination reagents but are
also incorporated into the growing polymer chain of the PTHF.
They have not only the function of a telogen but simultaneously

40 act as a comonomer and can therefore be referred to as either
telogens or comonomers with equal justification. Examples of such
comonomers are telogens having two hydroxy groups, e.g. diols
(dialcohols). These can be, for example, ethylene glycol,
propylene glycol, butylene glycol, 1,3-propanediol,

45 1,4-butanediol, 2-butyne-1,4—diol, 1,6é-hexanedicl or low
molecular weight PTHF. Further suitable comonomers are cyclic
ethers such as 1,2-alkylene oxides, for example, ethylene oxide



2 or propylene oxide, 2-nethyltetrahydrofuran or 3-nethyltetrahydrofuran.
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It is an object of the present invention to provide an ecconomical
process by means of which polytetrahydrofuran and/or
tetrahydrofuran copolymers having a particular mean molecular

30 weight can be prepared in higher polymer yields and/or space-time
yields.

We have found that this object is achieved by a process for
preparing polytetrahydrofuran (PTHF) and/or tetrahydrofuran

35 copolymers (THF copolymers) by polymerization of tetrahydrofuran
over a heterogeneous acid catalyst in the presence of at least
one telogen and/cr comonomer, wherein the telogen and/orxr
comonomer is added at at least two addition points in different
segments of the polymerization apparatus.

40
The process of the present invention makes it possible to obtain
PTHF and THF copolymers having a particular mean molecular weight
in high space-time yield and at a high conversion, with the
process of the present invention being able to be carried out in

45 one stage or in two stages. However, preference is given to the
single-stage synthesis of PTHF.
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Dependi Nngs@ir#d¥® columns having more than one stage and flow tubes, each
having at least two addition points. Particular preference is
given to cascades of stirred tanks comprising at least two

30 stirred tanks, preferably from 2 to 5 tanks.

The telogen can be introduced into the polymerization either
separately on its own or as a solution in the THF, with
preference being given to a telogen content of from 1 to 50 mol%,

35 based on tetrahydrofuran. Comonomers can likewise be introduced
into the polymerization as solutions in THF, in which case the
comonomer content can be up to 30 mol%, preferably 20 mol%, based
on tetrahydrofuran. However, the THF and the telogen and/or
comonomer are preferably introduced separately into the

40 polymerization reactor.

Since the telogen effects termination of the polymerization, the
mean molecular weight of the PTHF or the THF copolymers can be
controlled via the amount of telogen used. The more telogen

45 present in the reaction mixture, the lower the mean molecular
weight of the resulting PTHF or THF copolymers. Depending on the
telogen content of the polymerization mixture, it is possible to
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Apart from control via the mean molecular weight, the amount of
30 telogen and/or comcnomer can also be controlled so that each
segment displays the same incremental productivity based on the
amount of catalyst. The productivity (“prod”) is calculated, as
described below in the present patent application, from
throughput, catalyst content and difference between evaporation
35 residue (“ER”) at the inlet and outlet of a segment. The
evaporation residue can be determined with sufficient accuracy
from intrinsic properties of the feed stream and the exit stream,
preferably from the index of refraction, with the aid of a
calibration curve. In the present context, the feed stream is the
40 stream of reaction mixture introduced into the segment and the
exit stream is the stream of reaction mixture leaving the
segment. Control of the telogen and/or comonomer addition both
via the mean molecular weight and via the incremental
productivity requires repeated sampling, determinations and, as a
45 function of their results, changes to the addition.
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30 )
Telogens used for preparing PTHF and THF copolymers by the
two-stage method are carboxylic anhydrides and/or carboxylic
anhydride/protic acid mixtures. Preferred carboxylic anhydrides,
which are derived from aliphatic or aromatic polycarboxylic or

35 monocarboxylic acids, contain from 2 to 12, preferably from 1 to
8, carbon atoms. Particular preference is given to acetic
anhydride. The protic acids are preferably organic and inorganic
acids which are soluble in the reaction system. Preferred
carboxylic acids are aliphatic or aromatic polycarboxylic and/or

40 monocarboxylic acids containing from 2 to 12, preferably from 1
to 8, carbon atoms. Examples of aliphatic carboxylic acids are
acetic acid, lactic acid, propionic acid, valeric acid, caproic
acid, caprylic acid and pelargonic acid. Examples of aromatic
carboxylic acids are phthalic acid and naphthalenecarboxylic

45 acid. Among these carboxylic acids, preference is given to using
acetic acid.
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aci d (HdAMDIE0AR: zatiaf) catdigeagpl ybdnchiesis(e| 19 v dOﬁIbWé%OZ4H6 *n
H2031 (ﬂgﬁ hy@ﬂmlygk.gl aﬁélﬂe)te%lgénéwé\hmd %ﬁt‘ﬁl ys&s Halhbng (mol gbdoggggc
aci o Q oric aC| *
1 teo) gt }Qazb?ileecahr?o é%%a%%‘?%%%m IEeF lfﬁ%%gz'%%&@z B or

nonanol yb 8 FEFRAYECETS - aci d (H6MIMOgCB2 * n H20)
undecanol ybdovanadophosphoric acid (H4APM)11V040 * n H20),
decanvl b aedinyemddphesphope yaaddd ¢HEMXENVDE40s&d lmdH2@xa188ts in the

dodecavan@@la@@%pﬁor&a@ peesb(tHARVARA036n "are HRR) fol tedaratuRgsimsd:l i cic acid
(HASIi WL2040 * 7 H20) dodecatungstobori c acid (HSB\/\12040 * n H20),

oct adecat %ngstodl Hg %g 6&% %@* 14
t adecat GRGST B ) ﬁ @}qu 6 Ye) 35
e PSR o 5 e

i s al s@hdsdepimoivbdgser k¢ kEVir @sigf (Hd@@@nz@nl yati &) .Due to their ready
avai | abi | idbjlecameiybdencgense (Wi wendt OHirsMog @odecat iyogst ophosphoric acid, 40

dodecanol hbﬂ@@@%@i&hk@mﬁ@(ﬂLI)nﬁﬂiﬂDlH’}@i%QQﬁFﬂlaO* i€ mehd,
dodecanol %QQ&%?&&&%E’; )dggggJ %%gé Jd.CkCsagld in the process of

t he prese?}t LNV, rg&omdlccgg{ |(%%Jﬁ06 %nt i nveriti on, preference is

iven to ?
g 25 octadecamolybdodiphosphoric acid (HgP;Mo1gO¢2 * 11 Hy0),

octadecamolybdodiarsenic(V) acid (HgAs;Mo1g0g2 * 25 H;0),
nonamolybdomanganic(IV) acid (HgMnMogOs3; * n Hy0),
undecamolybdovanadophosphoric acid (HyPMo11VO4p * n Hz0),
decamolybdodivanadophosphoric acid (HsPMoi1gV2040 * n H0),

30 dodecavanadophosphoric acid (H7PV303¢ * n Hy0),
dodecatungstosilicic acid (HySiWi049 * 7 H0),
dodecatungstoboric acid (HsBW;304¢ * n H0),
octadecatungstodiphosphoric acid (HgPaWigOsz * 14 Hy0),
octadecatungstodiarsenic(V) acid (HgAs,W;g0sy * 14 H;0),

35 hexamolybdohexatungstophosphoric acid (HiPMogWeOs¢ * n Hy0).

Of course, it is also possible to use mixtures of
heteropolyacids. Due to their ready availability, preference is
given to using dodecatungstophosphoric acid,

40 dodecamolybdophosphoric acid, nonamolybdophosphoric acid,
dodecamolybdosilicic acid and dodecatungstosilicic acid in the
process of the present invention.

According to the present invention, preference is given to using
45 the free heteropolyacids as catalysts, but it is also possible to

utilize their salts, in particular their alkali metal and

alkaline earth metal salts, as catalysts. The heteropolyacids and
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descri bed 1i p19vekr.onol . Chem 190, 929 (1989). Preferred pol ynerization
catal ysts are heterogeneous acid 15 catalysts which contain acid centers

havi ng an id st < +2 1N caoncentration of at ast 0.005
nmol / g of ngt gjgeéoigggg?wscg{raeﬂ;geérgeﬁ aeoﬁey mggf]%%? $§t rggﬁafﬁi B < +1.5
in a conBEATFERY SRTBF TRCY S4$t PHS6TTAb! /fFe6f ehtHy SOOrdanka® riGg8Reous
pol ynmer i zaresente fhergsn sbednieh thas fee usad iin the pyrasssesefothe he present
i nvent i1@npaesestipeorhetomet®Briapdeligdr sision eaal daveeddgeonklheberapelivaci ds,
sul fate- gntPHQSRRALe; dopedxamphal bPxi Kie metholdr Q8RS 104, ¥ kdan@iVl I I A of

the Periodig,T hes &l ements, if desired acid-activated sheet
silicates ogm‘z?@zozof?ée , pdél'yrrers conpri sing al pha-fluorosul fonic acids,

m xed acid netal oxides of groups IIIB, 1VB, ILIAto VIIIA of the Periodic

Tabl e of FPREIFIEFeRPIYTRIAF O8I CRERAY &t STE€oRPEFLIIRTIeANS B%idi ¢ support

mat er i &5 aptalysos ahych cedibpiacervd eemherts bivang tamgstidnsorenmihy Bdeofim

conpound er+ i W esneénistdichoBEodndEeas30 OWOhE Rl R efceabgiy,gi ven to

SUFpFrE?dpﬁfﬁfédi%f[riycﬁﬂ@féx%tn% an ?@m Cjalt@:e%'é@ﬁoﬁi Jrteghal and ad

catal ytic [ a 0 um conpound or
Bphdeild sl Y adk gt AT a0 o bs Fat A o 6

m xtures O conpounds. “Sui [e” suppo
exanpl e, 35 heteropol yacids of the fornul ae H3PML2040 ]
( dodec ZRoF§ERIRIFESHRSEr PRl YRAL IF2tdoH eI Ao phEsh oA &e[ ¥ped ithp and
H3Si ML2 4 fro¢erd @darbé ybkrsint dinventich adedecapot vt dsitkropelfaiicls, aci d) ,
where M i gesDiny kdersmantwircdpsngat eds , \WulEhtat eos UReebhate Sdbpeaist omary
support nRLEL] &l asYChs agrdifdsl tahedy e hofy verkACon AR SLeXbdS RB1e
TeSOPOr oUgesild GANBALACS; STAlheda il SUQOLEs AEILS 6i38caLE Gt alned by
t reat nent “of & MESOpof ous SiTicon — 0Xi de supports. with i
mer capt?aFRYTr9al P8£§’§?1Tsar?é’§‘95ﬁal§%b SHUOBRF RIS, 2FbTS oS e usi ng
hydr ogen B@%@»@Qﬁ?lopxh@?ﬁiQf &xoygps IIIB, IVB, IIIA to VIIIA of the

Periodic Table of the Elements, supported catalysts comprising an

oxidic support material and a catalytically active amount of a
tungsten or molybdenum compound or mixtures of such compounds,
30 with preference being given to supported catalysts comprising an
oxidic support material and a catalytically active amount of a
tungsten or molybdenum compound or mixtures of such compounds.

ol yacids are, for

Suitable supported heteropolyacids are, for example,

35 heteropclyacids of the formulae H3PM;;0,47 (dodecamolybdophosphoric
acid, dodecamoclybdophosphoric [sic] acid) and H3SiM;304¢p
{dodecamolybdosilicic acid, dodecamolybdosilicic [sic] acid),
where M is molybdenum and/or tungsten, which are supported on
customary support materials such as activated carbon, silicon

40 dioxide, on mesoporous silicon oxides grafted with sulfonic
acids, as are obtained by treatment of the mesoporous silicon
oxide supports with mercaptoalkyltrialkoxysilanes and subsequent
oxidation, for example using hydrogen peroxide or nitric acid,
clays, polymers or zeolites such as MCM-41. Such supported

45 heteropolyacids are described, for example, in T. Okuhara,

N. Miszuno and M. Misono, Catalytic Chemistry of Heteropoly
Compound, Adv. Catal. 41, 1996, Acad. Press, page 113 ff. The
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Fur t her nor@T |Pe|Er pEethd Qféeeg%txéﬂv%‘ild’“né’ﬁﬁl %XP’()%FSE‘I@F 5% gr oups
I11B, |VBexampAet ob}\/lﬂhleApépc@ﬁ% desaraded mise-fob AR Enents, in
particul@mr W3-Ti 2, W3-Zr02, W3-Sn02, MO03-Ti 21 MO03-2Zr02, MO03-Sn02,
V205 - WO3-aPaeR, £HbR sudifcRe -d6Hea AePR 1 oﬂé’&? SitQ2 g é§s@r®§!ﬁ§>§é|@@%dé’l K.

Tanabe, M , n d, . . Stud.
Saree pdlaee oo anaNdoth AL s Sob Q%Q?m;@gg Bagse, St
r

210, El seVi ef-3 ig89§ref%arfeﬁeep%%cgelsvseno °tRe" éﬁgg?ﬁv%% Sui t abl e
suppor t ed CIPELFERE ARPEELBARTE RACoRFHE ¢HiFhpaFe MadkedEdal foRd
oxygen-2bmxampiag wolepbdbrubrade tnangs Nefiicw ®dg - 38ucPomti xdeuNesowfs such
conpounds a&ﬁl @aﬁ@&w i@ hyidaet¢e tGRABOHARSs 2ibdr1pyt8l 89,add desired, be

addi ti onal t r hosphate groups are described in DE-A
44 33 606An¥) ﬁg V\%e?) b)%hhgx%?cgsﬂalg% i ncorporated by reference. These

catal ysts can be pretreated with a reducing agent, preferably with

hydrogen, Fagthermeser ilsedsi ROPEL DG A P4BS e ViR e |a§lﬁe¥1%'%’1 O¥iLesspf

[ ncorp(ﬁ‘sdtg;@ups IIIB, IVB, IIIA to VIIIA of the Periodic Table of the
Elements, in particular WO3-TiO;, WO3-2rQ;, WO3-SnO;, Mo03-TiQ;,
MoQ3-Z2r0;, Mo03-85n0;, V305 -W03-Ti0;, Ti0;-S5i0,, 2r0,-5i0,,
Al-03-5i0,, as are described in K. Tanabe, M. Misono, Y. Ono and
H. Hattori, Wew Sclid acids and Bases, Stud. Surf. Sciences and

30 catal. 51, in particular pages 108 — 128 and 199 — 210, Elsevier

1989, in the process of the present invention.

—!r1l

Suitable supported catalysts which comprise an oxidic support
material and oxygen-containing molybdenum or tungsten compounds

35 or mixtures of such compounds as catalytically active compounds
and may also, if desired, be additionally doped with sulfate or
phosphate groups are described in DE-A 44 33 606, which is hereby
expressly incorporated by reference. These catalysts can be
pretreated with a reducing agent, preferably with hydrogen, as

40 described in DE 19641481 which is hereby expressly incorporated
by reference.

Further suitable catalysts are the supported catalysts described
in the German patent application DE 19649803, which is hereby

45 likewise expressly incorporated by reference, which comprise a
catalytically active amount of at least one oxygen-containing
molybdenum and/or tungsten compound as active composition and
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descri bed 00594523 4der man patent appl i cati on DE 19649803, which is hep §bpN4Bs
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cat al yst s AR BAT Bt YekdvinPT ¢ ER BRYALIZM 3B. K 0® 3 & PE Yoigitg 0803 and can be
enpl oyed accoonoteng dadcuhated eserithel aubnef oits genetatbtgnioormaicheffam 0.1 to
50% by Meicghtheir tdiemeatal yid added dh Kd | MRLa10%BE6Rt CONteNcAga D@yaounds of
nol ybdenum or tungsten or of mxtures of the catalytically active,

: h
Cotal wei QI COPERCRIAR ot iyOER"c R el i FEP0CB00 08 D00, c”

cat al yti c&a%Py23et5are, eoﬁ?@i‘?}‘leégr‘?tc&?ﬁ ARRY cinFdEn 85 e8¢ FotIS3EAEM 20 and/ or
t ungst en |9§nﬁ§@lld1mmt|§#écf-§éhp 1i foedlh hmsweightcof athal cagealybdIR1Ad/ or
W3. ThHé Getdaa, patyesen-appta Laing robbod dS 296 hod ybéatah weattangstwh over f ahr en

zur Her st )¢l Wgryk Bel yhet cawiditabll 8P adlesa, i Be§geR-sfralinshg Whi ch can be

enpl oyed %% g&ﬁ’hd@ d0 chiSe PRESEY, 1h”¥§£‘ﬁ'c§£{é a%@s@&”&ﬁit%{% dbeh €aRL: fHre

catal yti ca acti.\v £0xygen cont and/ ungst en conpound
on an oxidi ¢ su elEY 8%’ S\'/%nceh%b ea)&t %Fucmc %% g]u%l”l Yand/ or

t ungst en, Cﬁéééntb‘?ﬁltlﬁeaE’éi-‘é‘Fyﬁ"Y&PPéao%%Pé}lW £regemndt AoselyPLem® x nol of
(t ungst¥h aaddportunsisgde At nyPhkreWnspE¢aEe lar.edn @Ach ccase) caleulated). 9. The
cat al yst aet Mud{ \andasralde to be increased significantly by targeted
setting of the ratio of the tungsten and/or nolybdenum content to the BET

surface angg o3 aflrptatesmvasphtéa%l@ﬁraﬁnlmmtv app{ca«sﬁgs%oPEu&@OBZZGB 9

"Ver besser n, zur

Pol yt et raﬁ’[ ard fﬁ’rhné{] %Fgag%n e V'S4 Jd‘é*i/etcfgz‘é’?f—"ﬁe rgt zﬁ%)?gfébe%/ml ch can be

used ac’t?bt‘:&l AgY S t‘ﬂ’éc r 62B MR |STPERY PO NASHRF HaFptPshe RT9=838t one

cat al yt i cainvgnaten \aad gswgléxﬁ%@‘n deabhgomm|odiddiihirally active,
oxygen-containing molybdenum and/or tungsten compound on an

oxidic support and in which the content of molybdenum and/or
tungsten, based on the catalyst dried under nitrogen at 400°C, is

30 x umol of (tungsten and/or molybdenum)/m? of surface area, where
10.1 < x < 20.9. The catalyst activity was able to be increased
significantly by targeted setting of the ratio of the tungsten
and/or molybdenum content to the BET surface area.

35 Furthermore, the German patent application DE 10032268.9
"Verbesserter Katalysator und Verfahren zur Herstellung von
Polytetrahydrofuran” filed on the same day describes catalysts
which can be used according to the present invention and comprise
at least one catalytically active, oxygen-containing molybdenum

40 and/or tungsten compound on an oxidic support and have been
calcined at from 400°C to 900°C after application of the precursor
compounds of the catalytically active compounds to the support
material or a support material precursor. These catalysts are
porous and contain transport pores having a diameter of < 25 nm

45 and have a volume of these transport pores of at least 50 mmi/g.



40 and/or tungsten conpound on an oxidi c support and have been cal cined at
from 400C005096Q@T4after application of the precursor conpounds of t?%JANZ%B
catal ytically active conpounds to the support naterial or a support?®
materi al precursor. These catal ysts are porous and contain transport pores
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of at lea 50 /g, 741 2 JAN 2006 10 The catalysts.described in
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the cat gl ¥Shpouttd (535! 8a 0Xi itedS UBPAGGS @l ok "o £ atndl ¥8ESa COHMMESEHGa1
oxygen-co%%ﬂr& q?leyp{iifmtq_r tungsten conpounds or m xtures of 10 such
conpounds as” catal ytically -“active conpounds are, for exanple, zirconium

di oxi de, titanium di oxide, hafnium oxide, yttriumoxide, iron(lll) oxide,
al umi num 8wirble oRAAYy IBREEES §pT| tloh aditeivdes gdmnrisinde or ni xtures of
t hese oxi deggendeamntadtnisy nerlyberanteot LujigeeBnt Compaun@isl b w1 eurde, ofi t ani um
15 di oxipdeudm okl O Hiiylecal Iy RaftiveUkahpdiddniawl, dioxi de. Apart
fromthe @%ﬁ@”%&?&&ﬁiﬁ'%@%&hﬁ?téﬂhn f?ﬁnag%&fde' tl'ﬁ.'fiiuﬁo&ﬂc@ e to use
sheet silicates or . zeolltes ﬁlc n@; I .desired, havé been activated by
aci d treaﬁ'@f’rﬁu“é?:’_‘ﬁéfeﬁoﬁoé}{é[ d 9B e AYLHEIROEHle prdleLY) ¥*ie present

i nvent i onS1pcah@drxide| | Pdie SX18f P rEidares of vidirseo ofsfiay- t hose of the
mont nor i | Pantiwrlsappneferenceolisnyseepeartt izigconiupal jogddski t Eeaeminol i t e
group, 1padidscitdeanhy/pr e £riadany dioRideprid paptliculeddidanien kiasdida,.
attapulgite, beiddellite or 25 sepiolite, as are described, for exanple, in

Kl ockmanng, Lehr %ﬁht?%eébé\@e%%%%gé?’ G SILEL O frar GUKE VAT lag 1978,
pages 739 - 785. In eh%{ocess 0 He resen? mver?tlox, It 1S possible to
use, 30 P3FS Pe¥S¢ M S CADFFRTOhi Te 2oV AFFRADTE SnlBY - the trade names

Tonsi | (r)desadandgry RRRP GCAAT3EEH rhY Bicids tEarBrSAh @sohetfroIgnseys

Tonsi | @R) c#¢dly,stSEn G he&K@mmceKS ff onhSinres€hemieveiG ioklinAshsheaAt t apul gi t es

sui t abl e §01idisesi, Nptéfefameecss givéiheaepresant thodw st kaa are, for exanpl e,
mar ket ed QyndRgehhah e L PIALEONkadbi ] SelbBnt HRh oinder the trade nanes

At t asor b( n sor.h(r VM Er zeol | fers to a class of
al um num égh‘f%)gsﬁﬁgg?éeés&%ﬁ%hhgéiﬂg;%§f g??l a‘%’,{%ff:eﬁcﬁgﬁ hem cal

st ruct ur e"ONAE 1A 1281t R AEFHOTERET iMat G5FRPW $H Sde PRAREE DlortEs ©&nd

channeRk8 s$¢pitdte, as are described, for example, in Klockmanns Lehrbuch
der Mineralogie, 16th edition, F. Euke Verlag 1978, pages 739 —
765.

In the process of the present invention, it is possible to use,

30 for example, the montmorillonites available under the trade names
Tonsil®, Terrana® and Granosil® or as catalysts of the types
Tonsil® K 10, KSF-O, KO or KS from Siid-Chemie AG, Munich.
Attapulgites suitable for use in the process of the present
invention are, for example, marketed by Engelhard Corporation,

35 Iselin, USA, under the trade names Attasorb® RVM and Attasorb®
LVM.

The term zeolites refers to a class of aluminum hydrosilicates
which, owing to their particular chemical structure, have a

40 three-dimensional network with defined pores and channels in the
crystal. Both natural and synthetic zeolites are suitable for the
process of the present invention, with preference being given to
zeolites having an $i0,;-Al,03; molar ratio of from 4:1 to 100:1,
particularly preferably an $i0;-Al;0; molar ratio of from 6:1 to

45 90:1 and very particularly preferably an 5i0,-21,03 molar ratio of
from 10:1 to 80:1. The primary crystallites of the zeolites



crystal. Both natural and synthetic zeolites are suitable for the process
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Si 02- Al 203 nol ar ratio of from4:1 to 100:1, particularly preferably an

Si 02- Al 203 nolar ratio of from6:1 to 45 90:1 and very particularly

preferably an Si 02-A1203 nolar ratio;@ from10:1 to 80:1. The primary
crystallltes of ..the zeolltes 0Q /524 refe havea e of up to
0.5 nm pref erakflyy 205125 O%Ou Z gﬂ‘raPFy p’? & &8 §O @fd‘“‘b 05 nm
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cont ai n afABnéaFAlYORE, coaYerbGhpnsohbyhd etiadytioatlvmdsyet 8§ G000y
pr ef er abl welid otre&0theno 650, Bcanmpkespbd, zdokirbesasddchsuctaasbe enpl oyed

accor diygg hy8r bl dHieS 8Bt d ) NMENtir@l A& £ Z80Ighbe héél@factlhﬁoevb enlidréatly pe,

bet a- zeol ‘t‘i-8§tm¥r?é)|o'ft gal% (Hre%ﬁ %’fez ofﬂ t%gee% fé” asite. The
het er ogenggUs_cata ic Saccordin resent
vent C oncRhEe i TELHER THE %‘?ﬁa 8% ﬁ% o hefE 1S Fodran the
process i §08r iIRFGLEHRO DY ﬁ”r?é‘ $A8pkPst h CrekeR LesHofagea %%@ﬁad’iﬁ%F? as

shaped bodruashe eemployrdt aecdmiimgoto the ipmeest spherEsn mragseokigiesal s or
gr anul as, opathé adralehy tdheype a beicsededbitaf, cabdiysd J45 Usedekdmglre process

of the pr @ﬁgnﬁCMjﬁVQQ%éO& FauyAsigenoner, it is possible in principle to use
any THF, preferably THF containing |ess than 100 ppm of unsaturated
nol ecul ar Prefer t o, usi n comercially

conpounds e nce is give
angI abl e %ﬁ%ﬁﬁr&%’eﬂﬁguﬁ %‘% Yé‘ﬁﬁr?"ﬂ%ﬂ gﬁ ™ Xerdeé‘f:ﬁ@ﬂ?m? di° exanpl e
as descri bBfl PFREERtAipySnElon c@n By “W%tlﬂ taei ar™ THe BOYESRer i %%t i on i s
gener al20y egampledvhent the Pragass e 88Qiedhoetebnbtle faumpedsSion mEGodnd
parti cul abkya@s&fteicablylframstapea B5AIG. elhe phessdredrampkoyed is
general | ycpoingddd, %@heh@g thiggsf, eggifapa‘ INGrRRL VAR iZdteli 001aMY Glhehs Why
Lhe processeleq 4enehs! {;%tgfgge qd QLqal, %%@?PQS&%%&%%%UF& gnder the
0

aut ogenou$§ }er essure Mer 1 zat i on ormat i on of
et her %erEJSZl B.&°%he pol ynerization is
5

As monomer, it is possible in principle to use any THF,
preferably THF containing less than 100 ppm of unsaturated
compounds and molecular oxygen. Preference is given to using
commercially available THF which has been prepurified by acid

30 treatment, for example as described in EP-A 003 112, or by
distillation.

The polymerization is generally carried out at from 0 to 80°C,
preferably from 25 to 75°C and particularly preferably from 40 to

35 70°C. The pressure employed is generally not critical for the
result of the polymerization, which is why the process is
generally carried out at atmospheric pressure or under the
autogenous pressure of the polymerization system.

40 To avoid formation of ether peroxides, the pclymerization is
advantageously carried out under an inert gas atmosphere. Inert
gases which can be used are, for example, nitrogen, carbon
dioxide or noble gases; preference is given to using nitrogen.

45 The polymerization can alsc be carried out in the presence of
hydrogen at hydrogen pressures of from 0.1 to 10 bar.



advantagegﬁily Eqrried out under an inert gas atnosphere. Inert gases which
can be us 8/5 r exanple, nitrogen, carbon dioxide or noble gasngAszﬁ
preference is given to using nitrogen. 45 The polynerization can also b
carried out in the presence of hydrogen at hydrogen pressures of fronrO.l
to 10 bar. 0050/ 52741 12 The procesd2of the present invention is preferably
carried ouhe piddsauoBStye Midsent LavehSibrAsSbbeeefaly cakoibe qarried out

bat chwi secoétlTxkrﬁnrsqg«ctbee LANDRIGAI pbeLh W bR ¢ONUETHd QRal;Lgagiors or
react or aﬁgegyw sUitabl e for continuous processes in a suspensi on or

fixed- bed or exanple in loop reactors or stirred reactors in the-
case of a suspension process or in tube reactors or fixed-bed reactors in
t he cas® Bhear¢4otd@nbedn 1pr prag¢dgd. ogt 5in) ANYEeO6iykeh meactaAr § ous

pol yner i zathotorasaeablises ssuwiseathlet her cadrdiysbus Cprpcddsedeshred, be

pretreat edudpé®yidnt oRagiReehddmbad|ICesk idéatp1then r B ebtorsoWH t abl e
pret reat rept o Lo Lhgorat Al wile @ 8o 57 KoLA0BLe o AINO DY Teang of

ases, for exa ave eat
greferabl§eiﬁﬁggBG€ beeérﬁ%é ﬁBﬁf %ﬁtq?e CPEBU% ﬁ is descrrbed

in DE 196PZ3ceI: for the supported catal ysts which are preferred accordi ng
to the present invention and conprise, as active 20 conposition, a

catal yti cahby @cidntenas®siNtolimeat zheas @@eraewge@ lperyai aikRé Ngat@lygRdenum
&”?LSLSS“???;%%%‘W" el e AV e H‘E?E’a?.@%fﬁ'ﬁ%?fafﬁid
%E nri'3 (sr)_I t?.' ltab;il% Sgr atmen fﬂ ?lgacc%lai ﬁ? %gg

can be
conveyé’fa £ ]tehe dEéfllP%rﬁ%pRﬁ%n& OSrQ?Wﬁ'héoaoﬁﬁFIPW r19dé\"e°r netroqeﬁe reaction

m xt ur e i ¥heehv@aped bean digptachéor 88c2O° Ty r preféreablap 108eWhOHT.doxThe f eed

m Xt ure copmpticEtmgniHEianck paducahgt agertelaggen desdl iyredcanononer i s

i ntroduceggcodd inuagsl fo:.attﬂé'l%ufp 5§£e@ctchttallgat§0wmrntaref pt8fe@dymeri zation
apparatus, urt% agnpﬂgtﬁké% eniteh ggg id@D ﬂ&rc88ﬁp i L pfded at the

d 0.05 to 0.8
AR G L M fﬁsyal' Bi5 A1 part 1 cul ary

pr ef er abl yxrra%fmcr?nfelebn@ %&dSPu‘FI-E}MoIh)tURSBt%rQWHB e, Heygyer,
pol ynmer i zahe orattadactorae Rt [seugsser aleel ben UéedsWh’gﬂlceltpaggtrﬂaenerw -t hout
product recirculation, or in the circulation node, i.e. the polynerization

mxture | eavi nrgl:selaebeaee@é&rse S takl 61 Pledd zak Doh NEpgd fatkathi®harode, the
ratio gk 4feraadd qul @L&%ﬁ‘ﬂf&#&n%déo [réshyeedalsidfsmkhap oL equal to
conveyed from the bottom upward, or in the downflow mode, i.e.
the reaction mixture is conveyed through the reactor from the top
downward. The feed mixture comprising THF and part of the telcgen
and/or comonomer is introduced continucusly at the first addition
30 point of the polymerization apparatus. Further amounts of telogen
and/or comonomer are added at the second or further addition
points. The space velocity is from 0.05 to 0.8 kg of THF/(1leh),
- preferably from 0.1 to 0.6 kg of THF/({1leh) and particularly
preferably from (.15 to 0.5 kg of THF/(l*h).
35
Furthermore, the polymerization reactor can be operated in a
single pass, i.e. without product recirculation, or in the
circulation mode, i.e. the polymerization mixture leaving the
reactor is circulated. In the circulation mode, the ratio of
40 recirculated mixture to fresh feed is less than or equal to
100 : 1, preferably less than 50 : 1 and particularly preferably
less than 40 : 1.

Examples
45
The invention is illustrated by the examples below.



100 : 1, pr fe/ablﬁsl ess than 50 : 1 and particularly preferably |ess than
40 : 1. g’ The invention is illustrated by the exanpl es belzcg/vJAN 2006
0050/ 52741 13 Mol ecul ar weight determination 2 5 JAN 2006 The nean

nol ecul ar wei ght My, nanely the nunber average' nolecular weight defined as
the mass of all PTHF nol ecules dividd@ by their 5 anount in nol, is

det er m nediolgciieas UFs@rt detethnddi@noxyl nunmber of the pol ytetrahydrofuran.
The hydroxyl nunber is the anount of potassium hydroxide in ng which is
equi val ent.to the anpunt_of acetic acid boynd by 1 g of substance on
acetyl ati 1é)Trt\le "The Iﬁ%/(frcggw ‘I’T\?ch%r Ml(f;‘é H%Teelfym%ﬁlgdnﬁ@b% BRIl P o7 BTt he_ 10
hydroxyl ¢eéapE st 2By thedireorianlbx e nolegudes divisiefdpy deheir

H- [ O( CHB 4moulH #n (MeHGCOp20eteHICO- p@( Gpi2d Wjeme®@000HBhe HRIDok$1Aft er the
reaction, rufibeeXsfheapelytetrdtpdiriod@ras. hpd elyvzedyl Wildbatatier tha

accor danceqmghh 5@3&&@%@%%&&9@&0%%%% (EBLRD hitH2O £re 2 CH3COOH
20 and ba%l1<nt0| 5{:%? a%%i%cgésr& cdn% Wsi ng soidl um @édré)m e. Eﬁa]['rg e 1.
Production 0 he" catalrys T tani um di ox7 de (S\?IEIQ_ i(j. f?%rﬁ"@&é’ ) %Ié‘n) was
cal ci ned dtesBBEroRE THIRSE oht | IRFSTIIPEE PY aalsEiécakian afi $8ea materi al
havi ng ¥ BFRrewy aeupsearotenl3dmmegnandt an excesn dfraadatas of 8. 1% by

wei ght. A3h8drkdp.of this titaniumdi oxide were mxed in a pan mll wth

29. 64 kg of ammoni um paratungstate, 21.73 kg of oxalic acid dihydrate and

17.7 kg of; f Qr_Js hour, rud K 0, extyL s_having a

di anet er cf)lf R%ﬁ)éﬁﬂ %Hri+e3Cng%W£%%%EP@§W3“eé%J§t ésgﬁd\ere
subsequently cal ci ned at 400C for 5 hours and at 630C for 40 m nutes.

Cont i nUGUSEFBF yHRE iTPRACLAAN of EHEXCES s Cappletataniedex@eple ivdrelysed A 3 300
m at nosphethcwipras s ecgbadange attdr thi Ol wevd ngr oeaaeicbn wiquhtdomeat i ng
mantl e and an external stirrer and in which the 40 region of the stirrer was

separ at ed (tuOr LB+ gi@miRderc@fcobae reactor by neans of a wire mesh was
charged with 2 4210 g of catalyst as described in Exanple 1. Catal yst and

react or_ wer subsequently dried at 2Q0C jn a streamof N2. After the

catal y&° 2R dbi)‘gléﬁf')ﬁ%ﬁ%egd%ﬁe%c,etﬁﬁea?é EB UL EBI REIYF66C and started up
45 using a mxture of 1,4-butanediol in THE (tetrahydrofuran). Sanples were
t aken dai Eyample hie duodettiommf bder catalystand were

Titanium dioxide (VKR 611 from Sachtleben) was calcined at 500°C
25 in a continuous rotary tube so as to give a material having a BET
surface area of 135 m?/g and a loss on ignition of 8.1% by weight.
73.81 kg of this titanium dioxide were mixed in a pan mill with
29.64 kg of ammonium paratungstate, 21.73 kg of oxalic acid
dihydrate and 17.7 kg of water for 1 hour, extruded to form
30 extrudates having a diameter of 3 mm and dried at 90°C for-
3 hours. The extrudates were subsequently calcined at 400°C for
5 hours and at 630°C for 40 minutes.

Continuous polymerization of THF
35
Comparative examples C 1 to 4

A 3 300 ml atmospheric-pressure glass reactor which was provided
with a heating mantle and an external stirrer and in which the

40 region of the stirrer was separated from the remainder of the
reactor by means of a wire mesh was charged with 2 410 g of
catalyst as described in Example 1. Catalyst and reactor were
subsequently dried at 200°C in a stream of N;. After the catalyst
had been introduced, the reactor was cooled to 60°C and started up

45 using a mixture of 1,4-butanediol in THF (tetrahydrofuran).
Samples were taken daily at the outlet from the reactor and were



0050/ 527% %6/ hzggd of unreacted THE and 1, 4-but anediol by heating at 120C
at 0.3 8 . ‘T’ vaporation residue obtained in this way correspongs; 14n 2006
approximately to the THE conversion and is defined as ER = n(distillation
residue) / m(sanple). The productivity is in turn defined as 10 Prod = ER *
mfeed) / t / n(catalyst) 2 5 JAN 20b% where mis the mass in g, t is the
resi denceftés® dimuhoaastahdrarf eed o efansdnedibe beasddtamgmaxt ured ad i nto

t he react grz disThe nunber average nol ecul ar wei ght was then neasured on the
PTHF obtained in this way. The amount of butanediol fed in _was

subsequen;r{1 varied until th nug‘oer a e.rag%.rml ecul ar wei gﬁt of the PTHF
was 2 000 éoe‘@?otrﬁ?:égns‘ifc%éjglﬁ VBEALEYRS FhéheaBor st P P esi due and the
mol ecul &r 2RRTYHEMaGR 1Y hko Pe- THEr EcRTers ideafninedefimes gésults are shown in

table 1. Conparative exanple C5 25 602.5 g of catalyst as described in

Exanpl e lpwes en@iideedliti achsiagast porm@ampiregscade of four of the
at nospheric-pressure glass reactors described for conparative exanples 1 to

4 and the_, catal yst .and reactors_were subsequently dried at 200C in a stream
of N2. Thgh?e%qdéﬁ%lﬁﬁ% Jospé'tnattgﬁnaée%“ceé’ségde of stirred tanks. 30 After

the catl& yst had been introduced, the reactors were cooled to 60C and
started uprogingRa*ninkfesd of t1/4mbestmleditol in THE (tetrahydrofuran). 100%
of the tel ogen 1, 4-butanedi ol was added upstream of the first reactor.
and e e R e e B e T Tt T S 1200 at
0. 3 nbar.. fferﬁg rnelcj%fe grtgv%feg%%%ﬁggu %’%‘%’1 5%? oF % htglePfélﬁcg%Jf ai ged was t hen
measur éd and t he evaporation residue after the fourth reactor was
det er mi ne@he ThuthedBERL 3G/ MeGECHORECR Hhtwweghthet ndesupTRFomfthe PTHP t he
| ast reacbbtaivesi In98Big/weyl.. Theeamast tof andatddidotfald tithreaghputs are
shown in tabdeyubntdd POENMDAA41116he TAMMRlavEpapamdilecalaxam@lps 651 to C 5
5 10 2 5 JAN Z0QR6.,50"Pa§# 1V80 on three successive days. The evaporation

20 residue and the molecular weight of the PTHF were then

determined. The results are shown in table 1.
Comparative example C 5

25 602.5 g of catalyst as described in Example 1 were placed in each
reactor of a cascade of four of the atmospheric-pressure glass
reactors described for comparative examples 1 to 4 and the
catalyst and reactors were subsequently dried at 200°C in a stream
of N;. The reactors were operated as a cascade of stirred tanks.

30 After the catalyst had been introduced, the reactors were cooled
to 60°C and started up using a mixture of 1,4-butanediol in THF
{tetrahydrofuran). 100% of the telogen 1,4-butanediol was added
upstream of the first reactor. Samples were taken daily at the
outlet from the last reacter of the cascade and were freed of

35 unreacted THF and 1,4-butanediol by heating at 120°C at 0.3 mbar.

The number average molecular weight of the PTHF obtained was then
measured and the evaporation residue after the fourth reactor was
determined. The number average molecular weight of the PTHF after

40 the last reactor was 1 989 g/mol. The results and the total
throughputs are shown in table 1.

45



THE 1, 4-BDOL Mh2 ER3 Prod4 exanpl est hroughput throughput (g/nol) (% (g/kg/h)
(g/h)(g/h OEO;% 8%93 41 9814.619.2 C 24982. 312 0346.814.2 C 33321.822

0218. 311. ﬁ 531 9939.610.0 C 54992.091 9896.714.0 1 = 1, 4- Butg@%wwymﬁ
2 = Nunber average nol ecul ar weight 3 = Evaporation resi due 15 4 =
Productivity Exanples 2 to 7 602.5 g of catal yst as described in Exanple 1
were placed in each reactor of a cab®ade of four of the

at nospher febpe els:s Goepgt aisksve? @xagpdesré descici bed for conparative exanples 1
to 4 and the catalyst and reactors were subsequently dried at 200C in a
stream ofCaupar®héve ¢BBF ors wer d lopeBBeed d#nd cascdd®’of st j|Pred?t anKs.
After thelewmplgst hathBeehHYR sdueedhpithg (9éaetor s| (ier e codl{@dkgtb) §OC_and
started up using a mix9{kke of 1[49hblanedidl in THE |25 (tetrdhydrofuran).
Upstream pf each rea(uomomnlt of 3t,me casca e__ 9911 sfl rar.gd tankSg.phe
I ndi cat ed “"apchiu..~ t+He—tot arotHt tancd: ol KA feei n by
means of | r?eterl n ﬁ% The egvaﬁt was |;? Qgéh casse det er it g by means
of an anal§ti cal 30 bpaBance. Sanpl&2g were tlakemaidai l|\8.at the aut.lset frlomt he

| ast rea —of the cade an € fTeeq o Mreqeted—THE [gnd
1, 4-but anrd.ic}al_h.y_b%%?ig_al_m.&lwzé 0.3 ofa bg?f :?nﬁnr mm(rigng mnl gcul ar
vei ght 18 |G e PTHE obt®?ned in tlRir8% way wdd PR&n ng&sired. THE-8nountls of

but anedi ol petej e ﬂa@xe}%@&f 35 subsequently varied unti|l the nunber average
mol ecul ar _wei ght THE after the |last reactor was 2000 t 50 on three
successi v& dg erTﬁé'eE@%%o"r‘ 29 3F¥PHE and the ol ecul ar wei ght of the
PTHF afteP TaBVeRuRtieR HRFE4%hen deternmined. The results for the

i ndi vi gaﬂ FeBroanrs-igrneyr eported after each exanpl e bel ow. The 40 results
for thé“fourth reactor and the total throughputs are shown in table 3. 45

0050/5274ﬁxéﬁbles 2 to 7

602.5 g of catalyst as described in Example 1 were placed in each
reactor of a cascade of four of the atmospheric-pressure glass

20 reactors described for comparative examples 1 to 4 and the
catalyst and reactors were subsequently dried at 200°C in a stream
of N;. The reactors were operated as a cascade of stirred tanks.
After the catalyst had been introduced, the reactors were cooled
to 60°C and started up using a mixture of 1,4-~butanediol in THF

25 (tetrahydrofuran). Upstream of each reactor unit of the cascade
of stirred tanks, the indicated proportions of the total amount
of 1,4-butanedicl were fed in by means of a metering pump. The
amount was in each case determined by means of an analytical
balance. Samples were taken daily at the outlet from the last

30 reactor of the cascade and were freed of unreacted THF and

1,4-butanediol by heating at 120°C at 0.3 mbar.

The number average molecular weight of the PTHF obtained in this
way was then measured. The amounts of butanediocl metered in were

35 subsequently varied until the number average molecular weight of
the PTHF after the last reactor was 2000 + 50 on three successive
days. The evaporation residue and the molecular weight of the
PTHF after each reactor were then determined. The results for the
individual reactors are reported after each example below. The

40 results for the fourth reactor and the total throughputs are

shown in table 3.

45



Exampl e 2 é%ﬁg\éﬁ)% In Example 2, 25% by weight of the total anmount of
1,,4-but ar? qi e added upstream of the first reactor. Table 2 szhpm hﬁe

total 5 throughputs and the number average nol ecul ar weight, the
evaporation residue ER after the last reactor and the productivity. 10
Reactor No.ER1 (%9 M2 (g/nol) 15.23 384 26.62 631 37.12 259 47.62 026 15 1 =
Evapor at i eratpsé dle 2 = Nunber average nol ecul ar wei ght Exanple 3 20 In the
cascade of stirred vessel s operated in exanple 3, 1,4-butanediol was added

infour t y Y% t re f I 0% by
ght be (rglr gx % e2 023{ B%agt & 56%?%& oatrglhtaménf éftSJHé ?ﬁ%ggé?leoglct or
and 10% by'hEi § BPEGF 8P T IR ERATFPEALRTEC TaBF‘B Vi %Iﬂﬂﬁé"st heet bt

t hr oughpguttSro8akpRES W@dn‘&h’ﬁe@!@hﬁgr ayerane ceullesiulagi ghightthdhevapor ati on
resi due ERapbtatridreekidtergucifaerantet hestpredecdbrvaty.tid0 React or ERL

(%9 Mh2 (g/p&ghmcﬂf,‘,ﬁ%, 521 25.52 187 36.72 053 47.92 012 1 = Evaporation
resi due 2 Nunber average nol ecul ar weight 35 Exanples 4, 5, 6 and 7 In
the cascafles ORedbtor atb.vessel s Oper&med(%ﬁ Exanplles 4, uz? (@/mapfl 7, ult

S,

1, 4- but anetiot—was ceed—mn—fou pe LD tifferert—totat \{384||| uugup
nanely ¥0% by weight upstreamlof the flf t reactor 25% 5@

the secondl reactor,215% by weilght befofeéthe thir|d react ot &¥id 10% by
wei ght before the Tgurth reacqyor. 45 Ugoy/5Z274T 14 5 10 15 Z3g

or e

4 7.6 2 026
15 ' = Evaporation residue )
2 = Number average molecular weight
Example 3

In the cascade of stirred vessels operated in example 3,
1,4-butanediol was added in four parts, namely 40% by weight
upstream of the first reactor, 30% by weight before the second
reactor, 20% by weight before the third reactor and 10% by weight
before the fourth reactor. Table 2 shows the total throughputs
and the number average molecular weight, the evaporation residue

20

25
ER after the last reactor and the productivity.
Reactor ERl (%) M2 (g/mol)
1 i.s 2 521
. 2 187
30 2 5.5
3 6.7 2 053
4 7.9 2 012
! = Evaporation residue
2 = Number average molecular weight
35

Examples 4, 5, 6 and 7

In the cascades of stirred vessels operated in Examples 4, 5, 6
and 7, 1,4-butanediocl was added in four parts at different total

40 throughputs, namely 50% by weight upstream of the first reactor,
25% by weight before the second reactor, 15% by weight before the
third reactor and 10% by weight before the fourth reactor.

45



2 5 JAN 2006 Exanpl eReactor No.ER (-)M* (g/nol) 412.61 805 24.41 811 36.11
892 47.920090/53714L1 729 22.71 758 33.91 869 45.22 011 613.51 874 25.%1A§§%m
3 -7.81 907 49.92 005 714.21 873 26.91 871 39.31 941 4112 006 Tabl e Z s%oms
the total throughputs, the nunber average nol ecul ar weight, the evaporation
residue ER after the last reactor angfthe productivity. 25 Table 2:

Exanpl es a—HH—Fot-al afpesthrough - 2 ER3
Prod4 (gl Eith%ﬁ%t 23’; TOEPESRE ¥ %u/ h) (o/ B} o063, 9:@2 642679%%1.)8 (
34982. 782 0127.946. 4 44982.532 0077.916! 4 51 QQG3. 642 (0115. 2?1B0B 6 _3322. 032
0059. 913.77 72481722 0UGQIL. 512, 9 I = l,+-BUquqqiui 2072 ~’ﬁpqﬁﬁr avelage
nol ecul arweight 3 = Evaporation residie
5 3 6.1 1 892
4 7.9 2 007
5 1 1.5 1 729
2 2.7 1 758
3 3.9 1 869
10
4 5.2 2 011
6 1 3.5 1 874
2 5.8 1 859
3 7.8 1 907
15 4 9.9 2 005
7 1 4.2 1 873
2 6.9 1 871
3 9.3 1 941
20 4 11 2 006

Table 2 shows the total throughputs, the number average molecular
weight, the evaporation residue ER after the last reactor and the
productivity.

25

Table 2: Examples 2 to 7

Examples |Total THF Total M, 2 ER3 Prod!
throughput }1,4-BDO! (g/mol) (%) (g/kg/h)
(g/h) throughput
30) (g/h)
2 496 3.92 2 026 7.6 15.8
3 498 2.78 2 012 7.9 16.4
4 498 2.53 2 007 7.9 16.4
35 |5 1 000 3.64 2 011 5.2 21.7
6 ) 332 2.03 2 005 9.5 13.7
7 248 1.72 2 006 11.5 12.0
1 = 1,4-Butanediocl
40 2 = Number average molecular weight
3 = Evaporation residue
4 = Productivity

Comparison of the examples according to the present invention
with the comparative examples in which the THF throughputs were
comparable shows that higher productivities can be achieved by
means of the process of the present invention.
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4 = Productivity Conparison of the exanples according to the present
invention 45 with the conparative exanples in which the THE throughfuts
wer e conpar abl e shows that higher productivities can be achieved by  pral&N 2606
of the process of the present invention. 2 5 JAN 2006 18 Clains 1. A process
for the single-stage preparation of polytetrahydrofuran and/ or

t et rahydrof uran copol yners having #nean nol ecul ar wei ght of from650 to
5000 dalton by polynerization of tetrahydrofuran over an acid catalyst in
the presence of at |east one tel ogen and/ or conononer, wherein the telogen
and/ or conmpononer is added at at |least two addition points in different
segnent s %&E%W%ingle pol yneri zation reactor which is divided into segnents
by means of suitable internals or a cascade of at |east two polynerization
reactors 1n whimtocessegoenthe ssindlanktagacimpararibibesreactor, with at

| east 5% by wﬁe@ah&aeofﬁ&g%d/@&dw{r @snb@bﬁalﬁﬁ&%dham@g the
second addi “ hdXH %toleZPlé[{J%eD{qgi&e§§ g?&@ 13 Bp6b a0 ”1t%n erein a

heterogeneous aci d CESS accor to,claim1 or

2, wherein te??k%ﬁ?ﬁ%ﬁ&FéP %%ﬁﬁﬁﬁﬁ&ﬁngfﬁﬂﬂbﬁwﬁF PRofAF2d t?F?? §&i tfon points
in differenttkegnasescef of het psiagterngate ipaneagddprororenamede of at | east
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‘2. The process according to claim 1, wherein a heterogeneous
acid catalyst is used.

3. The process according to claim 1 or 2, wherein telogen and/or
 comonomer is added at from 2 to 5 addition points in
different segments of the polymerization reactor or cascade
of at least two polymerization reactors.

4. The process according to any of claims 1 to 3, wherein the
control parameter employed for the addition of the telogen
and/or comonomer in the individual segments is the mean
molecular weight of the PTHF or THF copolymer or the
productivity in these segments.
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.- The process according to any of claims 1 to 4, wherein
polytetrahydrofuran is prepared from tetrahydrofuran and
-1, 4-butanediol, water and/or polytetrahydrofuran having a
molecular weight of from 200 to 700 dalton as telogen.





