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Met hod for the production of polytetrahydrofuran or

t etrahydr of uran copol yners Description 5 The present
invention relates to a process for preparing

pol yt etrahydrof uran or tetrahydrofuran copol yners by
pol yneri zation of tetrahydrofuran In the presence of a
t el ogen and/ or a conononer over a fixed bed of an acid
catal yst, wherein the tenperature of the

I : .
R e S M i P
(herel nafter also referred to as "PTHF"), al so known as

pBesasipliasut yl ene glycol, Is a versatile intermediate in
the plastics and synthetic fibers industry and is

pofigpretdf Alerlbh ety dpfbos WFW"&? oA GG er
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o Een'lﬁéram?@ ofdRé PMyrRHzBlon AR iMARRES inftie Eirektfonlé G thYough the

relgI i ndustrially by polynerization of
t & § ofuran (hereinafter referred to as "THF")

over suitable catalysts In the presence of reagents
wholgtralsldrdfuran (heh@ihiter hltso peterfadib @s tRTHAN blso knéwreas hai n
ng&g&ﬂo@@eﬁ.{@y&?'@’ g% in[b?m?&l&e‘irhﬂ’m? pFa@tl&eéndtsRﬁh&% fibers

erm na
P%}@’éﬁ‘é 5 usegpinter gl?fh ge ?%npoaerm%'maayg Eﬂ fe‘éa'?ﬁ polyester
t apdpalyainiderelastomerfs. intaddition, diglike. somadif its demlatufeansauvaluable
Jb@REy A fl‘r'ihny Q?ea!s”é ﬁ%ltﬁ’e%@rsﬂht GNethe Hemha ofRakie P4

pol ynmer chai n oi ce of suitable tel ogens. hus
for exanpl e, use of carboxylic acids or carboxylic

aRMkiE i @@gllyammeé%@evﬂn%kéwlzmenmtlgbgféetmwdmrm (Gatginatter
t referradito @s t THR) over guitableaiatalysfs Iﬁ’ﬁdl-bredéiﬁHFoﬁ reagents witose addition

f AfaRES siﬁe t@fcbﬁll‘ol %ﬁﬁiﬂﬁ'@ih S r%hé’l s and thus to set the

© Ban e %L%W%@htéﬂ@"z (RAnBeten oavpee oqsbﬁ ). Bpgoniiohs
apehieved by bheitarefdyrerand amaug! Qf thet ta@gemwddwgmql frsctionat gronps can

Obe jhilbdea at afd 6 Lot atidy of the poly@r SrEDy chbicd opsiiiiabedélegens.
or low nol ecul ar weight PTHF as tel ogen. 30 O her

t el ogens act not onl éoas chain term nation reagents but
ar BUs; fos §Xampieyse ohearboxylig Fridstas cappwilic AphysHAe s telogansmakes

oft pbgdifife toTpreguce dite muio,eshamr didsters of RTHFO RTHF itaelf ie foomed pnly
biyfer ﬁséqﬂ@nﬁgf%wbb 'EP tgﬁﬁc@tl&f’ RIS %FQ’p%ra%Bﬁ' isGRdtefore rgferred

t er e S 0]
ERatalas it oliRerd s S rge i
havlyrngnzam o HWeoagad gatelugts using wated | 1z4-pidansdiol orTie snolecular

C deigherTHPSs RIcgeR! e, et hyl ene glycol, propyl ene
gI ycol butyl ene gl ycol, 1, 3-propanediol,

butanedlol 2- butyne 1,4-djol, 2, 2- dlnethyl-
bther telogens act not only as chain termination reagents but are also incorporated into

the growing polymer chaln of PTHF. They not only have the function of a telogen, but
at the same time act as a comonomer and can therefore equally well be designated as
telogens and as comonomers. Examples of such comoriomers are telogens having two
hydroxy groups, e.g. dialcohols. These can be, for example, ethytene glycol, propylene
glycol, butylene glycol, 1,3-propanediol, 1,4-butanediol, 2-butyne-1,4-diol, 2,2-dimethyi-
1,3-propanediol, 1,6-hexanediol or low molecular weight PTHF.

Further suitable.comonomers are cyclic ethers, preferably three-, four- and five-
membered rings, for example 1,2-alkylene oxides, e.g. ethylene oxide or propylene
oxide, oxetane, substituted oxetanes such as 3,3-dimethyloxetane and also THF
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1, 3-propanedl ol , 1, 6-hexanediol or |ow nolecul ar wei ght
PTHF. Further suitable. conononers are cyclic ethers,
preferably three-, four- and five 40 nenbered rings,
for exanple 1, 2-al kyl ene oxides, e.g. ethylene oxide or
propyl ene oxide, oxetane, substituted oxetanes such as
3, 3-di net hyl oxet ane and al so IHF 2 derivatives such as

3: an or

SN S RS G
VILPYrB J&‘?{E@ ol and | ow nol ecul ar wei ght PTHF,

the use of 5 such conpbnoners or telogens |eads to the
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usuaérlgylynnmmtadmmﬁts {6 Hbrm; Orsthe pellytatrah)tdhﬁﬂrad @sters which are
Z?@e Goshug & ﬁr&?ﬁé‘ﬁé?’?ﬁF s foRAF the* e E»h%bﬂlg treats
eter o us catal yst's, bot
r '&b ﬁ'ﬂ'c Prét‘?ﬁ'fg'\ag a9 Sip §r§‘t9etﬂ'i%%‘iﬁ S&Snt eraction with
the catal yst selected exerts a critical influence on
t ppart fomlthe @italjtitfitAnky e thg RétbreGendols BataIyEtE, ol othél reaction

Cgar\sﬁtearggnq Y #tactBh Qi o &WF&%&% S F%@%&P' or

péfiyencecaribritesyit ofibe mvm?r@atcgt InpRtigHIaF op awveem yi¢id Aad

2 profioctpeepesties suchoas mﬂrenumbarandehgtnoledllmtwengmﬂlstnbu’n:fn df hhee

p BhydFoférah armetaﬁngaﬁmern .cobblyrhérs, Critical,

agg‘gt?gl nwg to JP B 10-025340 b ¥<ee|ts) the reactl on
tenmperature constant durjn the entire merization
r da&el prarenanoipeiawsight Qlatflg@tpn omelmlywhtnr %fqete@snaxmn itis
5 ¢fiticaB acavndinglio-JR Bl 20-025330 4o keeethe rdtion temperiture tonstan® daring

Ce ntlrW oAb O?Q&thkﬁro%% dad1ar row mol ecul ar

wel ght ution ver nogeneous cat al ysts,
i.e. catalysts which are largely soluble In the
r daeantrast, WS4 415 H) 333andiDE4 42106 @B@taabiﬂ that lp osder ¢o aveltl edlaro

OYigfnb Qﬂ@&%%e?@hmhﬁle&ﬁrhv%t Bis@lﬁﬁt'lﬁtrﬂﬂ)th &aft hs
i
hahggegn%é@éa%ﬂ?s%% &ga sﬁsewﬁ @g& a?ﬁali?&{j‘o‘?% ﬁ tHS FeabforORixture,
p@u flugrosiifanic aojd endmisepvenhaterggenepuseatalyys syshag biagching
t learthsdt ig revantagebusfoothePdddion tempelature pebeeradeced quickly during the
course of the polymerization.

EP-A 0 051 499 discloses carrying out the polymerization of PTHF in & homogeneous
process over fluorosulfonic acid or fuming sulfonic acid as catalyst and dividing the
process into two steps. A first step takes place at temperatures in the range from -30°C
to +10°C, and the second step takes place in a second stirred vessel at temperatures
which are from 10 to 40°C above those mentioned above. In this way, an increase in
the conversion is achieved at a high product purity. A disadvantage is that industriai
Implementation of the process described makes two stirred reactors, a high outlay for
implementation and, as Is usual in polymerizations over homogeneous catalysts, a
complicated separation necessary.
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flow through the catalyst bed. 10 The fi xed catal yst
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pobiererably férh @8 to 55t ure. The tenperature of the
po ymerization mxture (reaction terrperature) at t he

ing of the catalyst bed is fromQ, t
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30

The temperature increase in the reactor can be brought about by use of heating or
cooling devicas which are known per se and are customary In industry together with an
appropriate measurement device for the local temperature of the polymerization
mixture, for example thermocouples. Heating can also be effected using procass

35 heaters.

The pressure applied is generally not critical for the result of the polymerization, which
is why the polymerization is generally camied out at atmospheric pressure or under the
autogenous pressure of the polymerization system. Exceptions are copolymerizations

40 of THF with the volatile 1,2-alkylene oxides, which are advantageously carried out
under superatmospheric pressure. The pressure is usually from 0.1 to 20 bar,
preferably from 0.5 t0 2 bar.
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continual or in at |least two steps, preferably In two,
three, four or five steps. The tenperature increase
preferably takes place in steps with a tenperature
difference of 1 C, preferably 2.5C. The tenperature

i ncrease should not exceed 5C per neter of catalyst
bed. 30 The tenperature increlase in the reactor can be
brought about by use of heating or cooling devi ces
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generally not critic or the resu
pflPG#R8r i zation, which is why the polynerization is
generally carried out at atnospheric pressure or under
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fromO.5 to 2 bar. 4 The process of the invention
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t *f'ﬁusT!IF A@D?Ugm fdekéhb@é ﬁﬁ%%ehihtﬁn bf TF’tF msthg greﬁanolaQ:f a

D RboRie s ver A iecheiy B stmprhing iRl RS P farpue
abk@y, with integral valieseftxeand ydn theuangsat-a) Examples mgriiamgadare
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BEWEC) %88 %Hﬂﬁg@ rtbe &%ﬁ %% h&ﬁgsts oR'a s‘ﬁfﬁﬁ’tﬁf’ lbﬁt’ préf@rably in

I ng ear I'n part
abfsupRRried forls hpnt rmrl | lonites, can be used as shaped
bodies in a fixed bed or in suspension Furt her nor e,

Cab3, 208L385 h&%ﬁ%@&z&w@&ﬁ&ba bm@whd@ssmwea smafrialwinam Rldes.

iR s ased i STEVSE ?ﬁé&%ﬁ?  FRich0s, [ROySiIch p0Tsio,

TAUBHIQSIO: a7 also knowrs T@egbwenw ienied cp@lyymm prefarahly prepared
Thircopredipiatisrysst-galasethiddsaSupported catalysts are disclosed in
DE-A 44 33 8086, in which tungsten oxides or molybdernum oxides are applied to, for
example, ZrOz, TiO2, HfO2, Y203, Fe:01, Al203, SnO2, SiO2 or Zn0. Furthermore,
Zr02/Si0; catalysts in which the support has an alkali metai concentration of
< 5000 ppm are recommended.

Catalysts based on acld ion exchangers are described in US 4,120,903 for the
polymerization of THF, in particular polymers comprising a-fluorosutfonic acid (for
example Nafion®), in the presence of acatlc anhydride. Catalysts comprising a metal
and perfluoroalkylsutfonic acid anions are also suitable for the polymerization of THF.

in addition, further, if appropriate activated, clay minerals are also known as
polymerization catalysts, as disclosed, for example, in WO 94/05719, WO 96/23833,
WO 98/51729, WO 99/12992 and DE-A 195 134 93. Zeolites are also suitable as



20 carboxylic anhydride over a m xed netal oxide
conprising netal oxides of the fornula M&y wth
integral values of x and y in the range 1-3. Exanples
mentioned are A1203-SI02, SIiOTi®@, SIR-ZrA2 and

Ti Q2-Zr 2. Heteropol yacids, in particular H3PWM2MQ40
and H3PMb12O40, can be used assgcatal ysts on a support,

but eferably in. unsupported r 5,.MS_5, 208, 385
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o nstieton B8 o Jd=af BN LPENER el comedi ot vsg

cogfvatesitieachigg £adhs: el net hods. Supported catal ysts

are disclosed in 30 DE-A 44 33 606, in which tungsten

giiﬁ%ﬁeﬂreﬂmﬁ%ﬁtwtﬂ ®5s 3 sQibRORE bRANGIE) to HAit by means of
QR g2 Bl el o o 8 Cre bl o 1 gt

t hd88%pport has an alkali nmetal concentration of < 5000
10ppm are reconmended. 35 Catal ysts based on acid |on

oy SABBASBi Ak bt B ooy o
Do Rerar el gae TSRSy BINEN ep | oSS L ey, fo exampie,
Nafnittogém, carbon diokide opnehiegases ofitherefefencabéipgigivereto using nitrogen.
Catal ysts conprising a netal and

I . 4 ani _ | . .
1P ETHORE) LR AR B g e Fgpecne
i f PERSpyRbIp PPefEled £ePlinkaY®Y, clay ninerals are al so known
as polynerization catal ysts, as disclosed, for

8’9( }@{ﬁ%ggezlodéhs‘{@d%ﬂ%ﬂ fePmin¥¥dndPla R Inote Mar %fgﬁtlgf:%ﬁe pofffrher to

d DE-A 105 134 93’ 7
<t rgparediog B candaie v g ol S1jaloseh e Syghe eogens are
20e x &mthecarboxylivrankydrides and/or mixiuies ofyprotisiacida wéth C-£ih-easbrxylia
(rD]Xiadﬁ?ﬁ!,ridS,Ulﬂ'k_Eﬂr@tﬁ: alde arepreterablydst ganicormsrgarisiacids which are soluble
et \ | .
(NEDBIBIE A laTHER T S5 BN B it o i
' C'daoﬂfPHE? P‘i%%ﬁvgﬁc'?!%%ﬂ% pPRosphofic 36, gé%%f epge I glven to

[34]

suisHEgA
i nwsing iaceticianhydride @andibt gcetia acid.dul thedirst stepgz. Sheapalymertzetibn,

250! @RmBb&ers 2A8 dldSters ST FATHR d? bof ﬁ@ﬁ'ﬂ?%p&?ﬁ%ﬁi@ trfé?éf&b?&ﬁféd.

It is possible, for exanple, to dry i y neans o
gases, e.g. air or nitrogen, heated to from80 to 200C

pr dhe cansieptrationiof the acetic anbydrideased agteingea i'dhe feed fedintodhe
of pelyimerization eetcite & fron@.0B & J0WGIP peférably from 0,05 to 20 mol%,
ad\b@ﬁﬁ:@lgﬁfﬁgk}’abﬁc{n"a 89 1846 mol%, based on the THF used. If acetic acid is
30 used in addition, the molar ratio in the feed to the ongoing polymerization is usualiy in
the range from 1:20 to 1:20 000, based on acetic anhydride used.

The monoesters and diesters of THF copolymers can be prepared by the additional
use of cyclic ethers which can be polymerized with ring opening as comonomers,

35 preferably three-, four- and five-membared rings, for example 1,2-alkylene oxides, e.g.
ethylene oxide or propylene oxide, oxetane, substituted oxetanes such as
3,3-dimethyloxetane, the THF denvatives 2-methyltetrahydrofuran or 3-methyltetra-
hydrofuran, with 2-methyitetrahydrofuran or 3-methyltetrahydrofuran being particularly
preferred.

40
The use of Cz-Ciz-diols as comonomers is likewise possible, These can be, for
example, ethylene glycol, propylene glycol, butylene glycol, neopentyl giycol,
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under an inert gas atnosphere. As inert gases, It is
possi ble to enploy, for exanple, nitrogen, carbon

di oxi de or nobl e gases, with preference being given to
using nitrogen. 15 The process can be carried out

bat chwi se or continuously, but for econom c reasons is
preferably operated continuou;ly Si nce telogens | ead

to.chain termn nean ul ar e
oo aEnetS! BLUhe vl DaTroMRedel i Petseypcneind PTHE
afrerther stablegiopgeomersade cysii¢ ethers @uwreaa)‘g%ﬁ&quneomm for
Céxdmple athiene/ biide Grprysilend @sideEimethyltetrshytréfaradfor Bimadthy-
agd d%wgnCZ C, 2-carboxylic anhydride. The protic

acl are preferably organi ¢ or inorganic acids which
are sol uble in the reaction system Exanples are
CirGhe fixest- tiebayddecf apérdtiorsacchrding tathetinvention, tl'leamwmenzation

S P bdn U?bcéﬁia‘iate@ il thd ipflowdHhdd®, 1.4)YHY raaétoR miRurGs Qonveyed from

P RHRRO PR, B in Kied tfoweﬁél@ g8, i hidedlion it js Beghasfirom
t e tep downward trough theprsaetan, dbe feed somprising Bkt ém%telwerpemfor
OEorbndniet is FetEcorminodustiaito ﬂi@pd]ﬁﬁri&ﬁtﬁfn&eéc%rmm the Epsice velocity
C Gt e éﬁél)&??elgé F&M% cﬂCtSE Hﬁi(ﬁg;p#‘éféﬂb?%hed 886M.0kg

¢ Pt ang padciiBpretprad »Efrqs% 41§ ER kG BEELBL o o6

particularly preferably fromO. 1 to 10 nol % based on
t RartrerioréS®d polymen£etioh Feadr Barl Se ciidraté®m d SingélPads! K without
pgﬁdﬂalre&m gﬁdn ml in tlliehr%p{ ?e,ﬂ%é %gﬁrt%?gﬁ p'f&?,rmeniatga nilxture

nerrZ2at on’ s usua ange
1Ieg@|n@g'@ reagtardsiciesylatade iy mg}g mode thestatjo ofitggycle to feed is less
nthao @s bauat toad 50 1d preddrabiys lee$ thahiE0@:0 and panticdartyepreforably less than
pggRared by the additional use of cyclic ethers which
can be polynerized with ring opening as conononers, 35
preferably three-, four- and five-nmenbered rings, for
e Menpeséers and/en dtsqtm of Btilfdesof TeFgopolemers heviag oepd golgcular
pm@msem fofgi50 € 10000 dien canlbpropatb@ th dtarjetfarfeE by Means

>orf pEbalta h@%ﬁ?ﬁ iahﬁ?%*&ﬂ? i e t?iﬂbﬁ“ pamerizaionmixure.
\/\Pfqﬁefzﬂ‘??éf HVP’P m'ﬂg %R?GBYB % HFE?%VPPEY‘F%\H‘?GW golecylar
b edeightsméhfromES0D 2o $000 daiterd, partiedlary'fieférabiy frotn 630 164000 daltansby

a?ne‘éﬁ dsf &He‘ﬁﬁx)@nﬁ&'l RPthe 'pfﬂs@nt EF&% Q;fﬁﬂéglohetpe teéthn
SEBI Poig ﬁﬁ@‘%ﬁ G ol PRees fafers G S et averags My ofthe
2m91ﬂcylnewglgm ofi thel polymess, mbichrisediitermingd, fop axampie dyimaans of wet-

Wehdifital B%mbd?ﬂbfehﬁhatﬁnllﬁ 8&loRiaREsWItPDRN 53 242 cyclic
ethers such as 1, 2-al kyl ene oxi des, for exanple

etl_ L ene oxjde or rop | ene oxj de,
e THG carialafp AL rarh the Pobriaseaion stageis Bieyet Betala yaces of

the polymerization catalyst and subsequently passed to remove THF by distillation.
However, it is also possible for unreacted THF to be separated off first and the
remaining monoesters or diesters of PTHF then to be freed of catalyst residues by
fitration. The second method is preferred. As filtration apparatuses, industrially
customary bed filters are used.

The ester groups in the polymers obtained in this way have to be converted in a
second step. One customary method s reaction with lower alcohols initiated by alkaline
catalysts. The transesterification using alkaline catalysts is known from the prior art and
is described, for example, in DE-A 101 20 801 and DE-A 197 42 342, Preferencs is
given to using methano! as iower alcohol and sodium methoxide as effective
transesterification catalyst.



10

15

20

25

30

35

40

5 1n the fixed-bed node of operation according to the

i nvention, the polynerization reactor can be operated
in the upflow node, |.e. the reaction mxture is
conveyed from the bottom upward, or in the downfl ow
node, |.e. the reaction mxture is passed from the top
downwar d t hrough the reactor.7The feed conprising THE
and tel ogen and/or 10 conmonomer is fed continuously

into th t th th

v S0 eonier Shtaetcan b, Beh 85 hion b ofans TepiVatates i aygganner
knomwe(r g6 tprodypesplyteetianes amcwmhqrw ureds, kypartigular for

TpiepéArdy thévrdplastid urethbags, $pahidek ahermlopladticasthdl e8terd & 0. 5

KBo? a(eméar&&ép h FeEg\‘ﬁrl 4}gr'-wﬁ‘twn thetsroR MM A \ﬂ}&@&eb‘?& tﬁ%@&té?rthe

ca
o ORI RPERAES GBS PIocess of the

pmetf@hﬁ@éwﬁ% o ta? tegiahy
pmvom@h fartpeepadhy palyurethaneopolyriecs or polyuretbanergrea pelymesasare

foqbiréd; Yordkatiple, 1Br thB %rddﬁ&)bﬁ'o?eﬁﬁmbeltshﬁclﬁé‘ih Sp@rfdex or

ﬁ%@?it}ﬁéﬂoﬁfégﬂ Roraneb (LY e Sl Blandy el siayomers

| ess than 60:1. 20 Monoesters and/or diesters of PTHF
OHef, PTHE ot @ TeIF\capsigmérdy firally reactad imad mannen knowrepe sk withfan

f bRd0se EgarF &gér@c &ngiﬂht*e%ﬂd A With aR'd g&@hecﬁaﬁuﬂe %stcﬁﬁﬁ-ﬁa%ﬁ,dror

rmnner e process as unction of t
t278:24Pne pol ynmeri zation m xture.
Pr eference is given to preparing the respective PTHF

eshé nverdH idusFBRE bBRWAGH tAE aid WREdiplesOf from 500 to
5000 dalton, particularly preferably from 650 to 4000

dal ton, by 25 neans of the process of the invention. In
the present patent application, the term 'nean
mekaoplesir wei ght' or "mean nol ar nmass" refers to the
nunber average Mh of the nol ecul ar wei ght of the

p nmers. Wwhi is determ ned, for exanple, by means of
m&oyecﬂlﬁ%?f?'\é\@ld%?ﬂqﬂﬁ'lﬂﬁ%br deterni nation In accordance

with DIN 53 240. 30 The THF-contai ning out put fromthe
PThe b AidldcOlar weigtaV, i the fohh bfihe inOmbert dvieragielohth@IndMcular

t U.% mg\FjP ld%ﬁ'a% ‘i‘ﬁdd B?Sﬁccﬁtaﬂ bil‘ﬁ% n?c‘%u@g *aRrEQH %Q‘tAeYr eﬁﬁoa..rﬁteﬂ md, is
p9§t§mf‘%d bydeterminag e AYrPIY pambRI %Bﬂﬁ%ﬁ'@’&f@f"ﬁ"f i $ydroxyl
anumbéras theammuni of gotassiare diydroxidein g whick isssquivaleite thehamount

t of £b°eué E&@Qomﬂfd iR ﬁreadcxeiiang@éh &‘Ssug%{?%cfél *(I)'ﬁé RO nuﬁkb%r is
" ARGEO ROy e sabrfialh &10F hufiyl qrirsPregat GLBRATS 43R excess

eof agetigaphygddda.n t he pol yners obtained in this way have
to be converted in a second step. One customary nethod

|5 EPRSELNGA Dicptes, alcoiol s o do bR Y LR, Y540

catal ysts is known fromthe prior art and 40 is
déger the esictidro thecsxaess| asetid anhipitida i BydralyredOdthavatierEEcodibg o
4 the¥4iibwirly reh&iof RG6atioh

(CH:CO)0 + H:0T ~——» 2 CH,COOH
and backtitrated as acetic acid with sodium hydroxide.
Determination of the evaporation residue

The evaporation residue is the nonvolatiie material in PTHF or PTHF ester/low boiler
mixtures determined under presecribed conditions and serves as a measure of the yield.



gi ven to using nethanol as |ower al cohol and sodi um

nmet hoxi de as effective transesterificatlon catalyst. 7

The pol yners obtai ned can be used for reaction with

organi c isocyanates in a manner known per se to

produce pol yuret hanes and pol yuret hane-ureas, in

particular for preparing thegnoplastic urethanes,

Spandex, thernppl astic ether esters or 5

c dpdlejrsmine thgFBea sample isvararaied philASne T S0rpRytes wader

f atrmbsphenio pressiliess aridofor 8hminutes abthetshme temperature and a reduced

PQradsBier ot (bS8 HHah U ABar®y aih BfapbRtisAlsH! THeld\aPora B eYilEd is

pre {agﬁ %%_8'85 rocess of the i1nvention for preparing

po°| fg it @mars or pol yurethane-urea pol yners as
Sare required, for exanple, for the production of

el astic fibers, including gganpl!ekmbr El ast han,

t her nopl asti c pol yuret hang (T ) or pol yurethane

casting elastonmers. 10 Here, PTHF or a THE copol ynmer is

firstly reacted in a manner known per se with an

ex®®%®s of an organic dilsocyanate and then with an

orgfanic devapiration tesidde soasslzedcentration inaesoplance with DIN A310 in
10 07- 278 24?0@5 The invention is illustrated bel ow wth

t aid o . I I ar wei ght
die}ﬁ‘errﬁ na |ag€$%%?ﬁr%%ﬁ%@cfﬂ§5%%\gggﬁ%&$ ., in the
f dfan G  t Reshin@sd thesgMapargtionfask wih the evapgrakion ragitiémt |
def0Oned asorivemsiomdsctordfonag to 0~ nol ecul es di vi ded by
their amount in nol, Is determned by determ ning the
15 h%@x{yl nunber of pol ytetrahydrofuran. The hydroxyl 25
n ?%is the amount of potassium hydroxide in ng which
is equivalent to the anbunt of acetic acid bound in

t hiy deterinifledhe eVapofatidn Ebsiile IH Pledibsly wdigRed WHMipkxMas treated on a
n Li'g‘f&s{e\) ﬁorag%teﬁ@’@ggd %&Bﬁeﬁ%iﬁ’e@g ' rfe'f&ralt AcdP al‘?cj th%F &t the same
hydr xyF groups presen y' means 8 oan exceas '8 .

£ RTPREt 3 B 102 Mbas Tgr heticans) waighegiagain, ThiRveparation residue

20 Chigis@bliedH43)thg perCariageriGeight Iniio to fhetimitial vlleer eacti on, the
excess acetic anhydride is hydrolyzed with water

a rding to...the follow ng reaction equation 35

(%‘tﬁa"‘f@%“ﬁﬁ%ﬁ”ﬂ@%bom and backtitrated as acetic

acid with sodi um hydroxi de. Determination of the

e Vi Poliriety wiicts hatiseendfded of the solvent are measured untreated in a liquid
25 color measurement apparatus LICO 200 from Dr. Lange. Precision cells No. 100-QS

(path length: 50 mm, from Helma) are used.



The evaporation residue is the nonvolatile material in
PTHF or PTHF ester/low boiler m xtures determ ned
under prescribed conditions and serves as a neasure of
the yield. 8 To determne the ER, a sanple is
evaporated at 145C for 30 m nutes under atnospheric
pressure and for 30 m nutes atgthe sane tenperature and
a reduced pressure of less than 1 nmbar In an

eVBRRIPR fon flask. The evaporation residue is

cal cul ated according to 5 ER= n2 x100 ml Here, ER =

eVE)EbQIHé’tbs RAvi é%al | #VEiRAge BRMBteF SMCEMN vdre Qﬁdb@d%ﬁmﬁaﬁﬁg earth
1a

8%%%% eﬁ’ 08 - ?mc[@r?éduégg g%e%t'ettl S200m
5 evﬁ %Bb‘fﬂwnﬁﬁ S%tﬂ MW‘%‘ \r@wp@gdg%nto,e@gh efhwo 9‘!%930“0"
c oty (nnertotabdiametert. 8 em gsefubleh@th: 3P chi) wilithiwess domnected in series

de Werd BadhfovidkaRRh Altheth &ﬁéleH&lmé Eke'?rs%‘fl‘\é?‘al%ﬂé

G oA R o s o, S S aR Ay v

t higstreantion tuberperaittherbegumn@ pfith@ catalyst aed f(B‘r) ahd btthe outletiof the
10 Wesdtbadreadinh ihbeTféeaﬁH@&WdﬁHe%tdﬁﬁbdéuePz Qe reREgURitéPyY Réhns of

2 serp o ERAT o RO ke 1 Wi o o | %’eé %%6’\9 Fiijgh the
haeptdyst hed wasset 19r2.48¢ petfil@nef catalystheds cerwasJpedediwith a
a bcblmérdaﬂoﬂﬁnmufemf THE asdi3.5%eh acatip pahydtidesat 136 WatAinibt afthe first

ghatioR |>&ur5|9rasm lgﬁs[ Cheidt tﬁﬁ!ﬂbl‘i‘theso

e RiTbdy
15”“1???#5’"% Uy e g T oo Ayt .
bl BuetheridAg/heof meipolymmnatipmmbr@.ﬂe fvp@ﬁmtadu@ad@te thegpacigravhile the

dr sk SrhoubbEFGrodibirtiktaiecvas thieh Gom the Sircuid For afalysis (ol B8 peduct,
of thh le?ﬂé b&‘i’pq‘ﬁ@ﬁé bR e?é&&n‘b?’%hgﬁn Feef 4. Qg%eﬂﬁéh?%qrebawTHF

calc angy e, WAIR SYADOTAARTHSr TSGHCH PregPiTe it 0°C/30 mbar,
20c oth!ﬁlaa att ‘E’ﬂ“GI&3$r¢|ar argl thapalyroerresidrotasanalyzede thevesutt issummarized
t hpiageost at abl e cooling jacket, so that a catal yst bed

Comparative example

25 In a manner analogous to example 1 according to the invention, the tube reactors
connected in series were charged with catalyst. Unlike the example according to the
invention, no temperature increase in the direction of flow through the catalyst bed was
set. The reactor was flooded with a polymerization mixture of THF and 3.5% of acetic
anhydride at 35°C at the inlet of the first reaction tube. The polymerization mixture was

30 continuously circulated through the reaction apparatus by means of a pump, so that, at
a constant recycle:feed ratio of 15:1, a further 30 g/h of the polymerization mixture
were introduced into the reactor while the same amount of product mixture was taken
from the circuit. For analysis of the product, the volatile components of the reaction
product mixture, i.e. essentially unreacted THF and acetic anhydride, were evaporated

35 under reduced pressure firstly at 70°C/30 mbar, then at 170°C/0.3 mbar and the
polymer residue was analyzed. The result is summarized In table 1.
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Exanple 1 35 37.5 4.1 60.1% 2115
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Conparative 35 35 0 59.0% 2093 exanmple 1 11 dains 1.
A process for preparing pol ytetrahydrofuran or
t et rahydr of uran copol yners by polynerization of
tetrahydrofuran in the presence of a telogen and/or a 5
conononer over a fixed bed ¥df an acid catal yst, wherein
the tenperature of the polynerization m xture

eases in the direction of flow through the catal yst
bed. 2. The process according to claim1l, wherein the
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ac c cordomamercover aifined bed of2an adidcatalyst; wbeteimiberternperature of the
i nc b&gﬁﬁniaﬂloh?ﬁi FH hefeat&inthe §i qg oh @Lﬂl‘% thrblifh tha calalat bed.
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claims 1 to 7, wherein the catalyst is selected from

5 e Biei85e g 'y oF it T3 A wiefie Brrghife ndrease
suppothe ditestion flew trrugle thematalyst bad isratleasb Ri10e per mstear of

| oncapsyseBer s, zeolites and/or sulfated zirconium
oxi des.

6. The process according to any of claims 1 to 5, wherein the temperature increase
in the direction of flow through the catalyst bed is at least 0.2°C per meter of
catalyst bed.

7.  The process according to any of claims 1 to 6, wherein the temperature increase
in the direction of flow through the catalyst bed is at least 0.3°C per meter of
catalyst bed.

8.  The process according to any of claims 1 to 7, wherein the catalyst is selected
from among bleaching earths, mixed metal oxides of groups 3, 4, 13 and 14 of
the Periodic Table of the Elements, supported tungsten oxides or molybdenum
oxides, acid ion exchangers, zeolites and/or sulfated zirconium oxides.



