|nvent| on relates to a process for preparing 5 polytetrahyd
tet rahydrof uran copol ynmers by pol yneri zati on of tetrahydrof
acid catalyst, preferably a heterogeneous acid catalyst, in the'{f#®%5en

, e3e$X& 6pgyo/d2yoved preparation of polytetrahydrofuran Mﬂlﬂ@m ﬂm
nce
at |east one tel ogen and/ or conobnomer, wherein the tel ogen ammw“@m m

i's added at at |east two addition poi nts in different 10 seg
pol-ymer i zatinprosp@aprdpsasatPohyoetpcllyretoabydmivrenei nafter rererre
PTHF and al so known as pol yoxybutyl ene glycol, is used as a ver sal’ qe

|t el aliho Brbliend! AhEsoATiL NAENEL £ RS KORLSIIBsand 15 1o,
el ast oners P qlﬁ'tﬁg W%O%I’ulrtanl er ﬁnc%gl?’ %%E%ar} tcfbagﬁn R?'es a val uabl e
auxi | i ary iBPL¥ERYIEMHIqN: & GﬁEralﬂfﬂro@ééﬁﬁl el ady §5é?s%ﬁaldlstvn t he

dei nki ng ofpreferebprperhetgoparpouss agddatatalsdpadiadtiadusisenat| 91 Bt

pol ymer i zatleastobné eteladyedr ahds an,cdiehemnanf tvferfedhethedcdlmgas it/ d:0r
short, overccudnbabl €is Alddle¥ShE - at NRa3¥dilb Oudife isHi babh€s rigaaertsr&Rabl es

the | engi@ %?S;eggspg% YRS pgl%gﬁgém re%ﬁ\/gﬁg&rg&ed and the nean nol ecul ar

wei ght can S be set to't ntrol is 25 achieved by
choi ce of type and anpunt of the tel oge Such reagents are referred to as
chain term%&tﬁéﬁr?%ﬁfb‘@%a& hexgingd §r refarrad 5 8% B 6pAi at%° t el ogens
al so enabl ésonesi proxybotpiene dacodt rpsluceafl as aneexgatddeh ends of the
pol ymer chaidterd@dihtes,inf aheepbagtits bha sgetafticarbbayd i:mda@;itdse@rand

carboxylig fsn 'be @@ 3s§1tre§'| QueRs fcﬁsgskaauéfhgf YoTohteth e t Qe@ét ers or
di esters of B £4 &‘Pé ¥n %\éﬁhkfolpe ﬁo%erielg% s% %
saponl fi Cat | OI’] O r anses er e OI‘ e

referred todeéswtaﬁbv%?'agae VI‘3 H? o?f’é%‘g §‘rydrhé$a"tyela8§ h%ataat?tnsmoifménl y as
chai n tern$iP3R PeaFiRET SBOE %ﬂ?e‘-ralté‘é AatRking ffcWasHr ¢aPeE - gr owi ng

pol ymer chain of the PTHF. They have not only the function of a tel ogen but
si mul t anpousiHF 46 astary prepabedniaidushdisdly tdiepeloner haatiehesfed to as

ei ther tel ogahang arsmmpm5§emaﬂéq%kety§aléd Gat rAR. £dXaMBkes SfeSUCh
comobnoners 4 ecfa‘iﬁlﬂ@& ¥ JAR¥l, nﬁh%\@dél foBX 95&%1%%1e rga?eq{t%l 2n éu@% ene0| s)-
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eXCEpt' on O{ r%&%lr’)ﬁld? Lﬁ) ge éOJ[nt%%ucg g@'o% u'o rb@@l‘l %hntdsp-g héo
r re

formation o an copolyners erei nafter erre o as THF
copol yner s, PEYFSF nCEAtR: way nakes it possible to achi eve cheni cal

nodi fi ca??on of PTHF. In industry, use is predom nantly made of two-stage
processes iThushi ¢hrtexanghedr sharase icf, choboxxbimlagidpody nmarbosglia t he 10
presence ofadHyseriassl 4ol ogend t&sd1smipokytmitihy dE of e adbnoskeess asd
these are sylsequenbyedipdrgliygeshlaqehyl tmbv%otaer@&ve%eanmto

alternativ a FAran .i r o ri
anhydri de |e% }{Eﬁté’g'ggxg&?lﬂcgfm% dlté%aﬁa%l)égg? £ fl ci)-')rf%E ﬁ Tt ,P;"E %ro uran

di acet at 8° v cFeEe1ers irf&gaent 1S a% §’e§F%?‘? fHIeq, PEC @g S3RF ‘means of

met hanol , to give pol ytetrahydrofuran. D sadvantages of such processes are
t hat they hatteert aebegess rackd notit only taso chhagesemmicgiathat tBagemedubts auech as
hydr of | uor i g1 sciiGicapfor@idty lind6etivd &yrawenOpdBeher2@hdbe &f NG PPhRgE
synthesi s théDTHEvleS &@réril‘izdtﬂlét f@zthQLQJny EF?rAZ@éldblféf%OEuﬂ_ "lﬁxﬁ@tﬁﬂe&@é

1, 4- but a%déé)ti a%r X\{a‘gg%o ci_uaggi ¥\§Agc BPR"E as, &l gggdover A Isso’[at aI ysts.

Known cafal £5 fic Romo usl ved in
the reactio Jé%@[“én?ﬁn%o‘?%’to&% eﬂbﬂhseq“laleju?%’rfg]é’la% 98- UFEATPIGFyRH, such
systenms. |tcompnpmespj @€ tsfloggas phasiam thaveYdIQRY 950RPDY i - .afietsnoni cal
process by (isobblehi cthesel yhet bahyftrobuamplandivhylese r@lpelef ur an

copol yners Hestiyi@nd §8ydd1cUlbatylesd Jmiceay! amzﬁd{«ﬁhebiol:ﬁn be prepared in
hi gher pgky{er_ i ghgélé‘ﬂd/?ﬁou% é,; 4Ry, e} dg. hé’)é%n@éYS g/cg}”l At hat this

object is ac r epar. of ura PTHF)
and/ or tet rlg%%}a(ﬁ éﬁl% %@S‘% e(nrﬁﬂllégg%?ycr%\pgg Eié\tl on of
t et r ahydr of%‘u‘}hef’Fso\?EFhaa‘he]t @F@ééﬂé‘ﬁ% odidgs e af A ySRMPRey h%tfwlé’é‘éneél‘i‘ﬁ at

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

pol ymeri zati on apparatus. 40 The process of the present invention nmakes it
possible to obtain PTHF and THF copol ynmers having a particul ar nean

rml ecul ar wei ght |n h| gh space- t| me y| eI d and at a h| gh conver5| on, W|th
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20 |l ocated ggsdss2e1i ngl e unit such as a stirred tank. Rather, a reactor
can be configured so that it fulfills the function of a plurality of
reactor el enents connected in series. It is therefore also possible to use
a single reactor, in particular a fixegd-bed reactor, which is divided into
at | east two, preferably 25 from2 to 5, ment s by means of suitable
internal s, FOPTEREMI® Briideir c&- ’b‘F"a‘tYéstQGFaéY&féfutrlaaygr Furthernore, it is
possi bt e t@ﬂ@ehsttetmhmmﬁmsnhamengsmpé $4rdn conengmerse lgadst | ikl ubes,
each havi n:ad ekeaptidmmfaddiéer pnl pieibntane®bsl iacud abwphelerineewesgigh ven to

cascades Ofpﬁiﬂ rtedféamoeoaﬁrtétfmaye&okeaéﬁ dopd13Resd | Madiharksy
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pol ymerlzatlon |gher se or_as a tion i

with pref ertéhcaé: BEY R r@é’fﬁt@% f’éta&dé’ﬂ %grf{’%}ﬂ of from1 to 50 nold, 35
based on tetrahydrofuran. Conononers can |ikew se be introduced into the
pol yneri zatimnndsssoy utuseng si prddiéninantihi ndde adfe twvhescag paoweessentiant can
be up to 30HhSteptahpir@Fuyar0igpl fbr baaspled) gaymabyssodfin ane However,
the THF f@dpztétente' eﬂeﬂt@}ft/sgtfs@f@wter 8" follf Yoty RBL Yarlpricedugsd
separate tQ th eps% yoerL Z@éécﬁ%ntﬁgch%rq _nge ghe tel ogen effects

termnatlono the Her ioZat T on t of the PTHF or
the THF copRtiy rh??’@ag ‘#/‘Tfé‘r&?nt?%l?’e(f]\}"f"an?h’e"%'nﬁl‘fﬁfaai’ ’E%ﬁq’& nifisetPT The
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tel ogen gondiiveqabnthe fQInseBELZDEicd) @ %1 UbE mddnsi 6fPASSHANA ,t 8o give
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3
particul ar IV‘ aB? rcc?r?trg %0‘6“% tUBOS%%qetS r?nd t}ﬁtt ba’nﬁrf%?“g? t el ogen
and/ or com%?e@saau‘éﬁotﬁuq;&emw tartrléi Pe5PEE s édaF?lfﬂF"l%‘t nts can be
identical or different. At |east 50 by weight of the total anount of
t el ogen 200’y sdiagbaesedge pyatbesid ywiaPTHEass dlrriled vetdht, particularly
prefer abl y_ $d1yrRasadbon iF wakFghS in@hatadded, afdankhgof idStioaddi ti on

point, 10 [nfre tlath$e§a9@rtetn§d9gttarbg@w Bbef dac‘ié%%'t@?ﬁé’s O¥&Eyhhe second

to n-th ad Qi n uent t1.on gl nni f the
pol yneri zat o1 qLY ? lt‘c}eu otgﬁ é"t ggél i on hmﬁf’eneOUSlé’t rrﬁ?eftg'?tée)m 95~
by wei ght, ¢ édheér aﬁF‘?th‘Eﬂ %Femtﬁ% ‘Wgrﬁﬁe%‘?‘bﬁﬂ lafd pEF9§dul arly
preferabB? wstissoivedhagyg®mshy 15 wei ght. The addition of the tel ogen
and/ or conmononer can be controlled by setting the nean nol ecul ar wei ght of

the PTHF orrdHis Gapebys® di t@acChreiienhvehtidie eobyseidgald @BoABREAL US,

in the case,ql 2By Cﬂé&?sd%fo§3§ttrga%ee%ﬁydf&ueeﬁha Pz via the amount
of tel ogen %

ol ecul ot VT BHRPYEEPFBERb RIS OLENE T NSS! B A 188! BRE™ T IBEVLEh eved
for the 8AHIBHUEAD B RranaEed ihjkighex) Bae}ﬁm%trnd’llﬁll & oAy R SPpEe-time

i ntroduced ehpldsi.cal |y, the nmean nol ecul ar weight of 25 a sanple is
determ ned in a known manner, and the tel ogen and/or conpnonmer addition is
al tered as ﬁefﬂbﬂ;%t ireln@f tidie tlhﬁﬁuiﬂt) &t tiRi scHedwIdTbRahi procdalrbrf rom
control tpt}ﬁF?”QﬂrH‘/toro e@?aﬁ R&%‘%aﬁ”d/ or

cononomne 0 b8 trc?]%ﬁl o tlhat ac rrent | S same

i ncremenlt’g a]tﬁ‘f'c?trisv% faseaYo ?L szagc Egtﬁt% drr8 Ueth vi ty
("prod") i s°Y:%H cul &Feaog%f?%’éséﬂ%e‘éﬁ‘t?éti’éﬁ/ Hﬁ e Pﬁﬁégéﬁ? ?J%\taémleas

appl i cat i ononég r*tﬂholghno@qh/pm copanemsist wherednt ththdedperrarb@Ibet ween
evapor at i onc@borteaeirdie §dddd Jatabtt headtnlteb additoidn ebiots airsetjiféatentThe
evapor ati onsé@@,mgeo@aah@ep ?tngg-m@@_{_bdmabhagy{gig cient accuracy from
intrinsiggaproperties of the d stream and the eX| t stream preferably
fromthe 1'ndex of refractji.on, wt ratlot?nloc rve. . In the
br sent - cont 5% (BrORasy BEcH PEERPTS 1TVETH0°0 PRIR ot PSEETIn o9 SPEE"

i ntroduced PRED anse THEQReRRLYASE St heving © eprebeviar meansrelegnlser Fedght on
m xt ure | eavnngighepsegneine ydeadr ahd ¢ft ehdigk| ayerersidnorviddmshener

addi tion bophosdss toffe theapreseingClihaéntivingbeingdabie tohbei tarei@nbat in
product i st ¥né elideedrl ERCAILE+288P| | MGevde! eprd AAdnRBS i 3NEhvedS t8 #Re

function of ;{hejd_ St%gglg ntk@%?@gﬁ? 14 he addi ti on. 0050/ 52741 5 If
neans

conti nuous control e mean nol ecul ar wei ght or the increnental
productivity is considered too conplicated, it is also possible to
determne a value T for the ampbunt of tel ogen and/or conononer/segnent of
the pol ynerization apparatus for the 5 respective desired end product once
for each segnent by neans of the nmean nol ecul ar wei ght or the increnenta
productivity and then to add from25 to 400 of T, preferably from33 to
300k partlcularly preferably fron150 to 20096 at each addltlon poi nt . In
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40 nmonocar bpgydys2pL£1ds containing from2 to 12, preferably from1l to 8,
carbon atons. Exanples of aliphatic carboxylic acids are acetic acid,
l'actic acid, propionic acid, valeric acid, caproic acid, caprylic acid and
pel argoni ¢ acid. Exanples of aromatic gar boxyl ic acids are phthalic aci d
and napht hal enecar boxylic 45 acid Armn t hese car boxyl i c_ acids, pr ef erence
i's given toludiafy saeeﬂ%l%deeenoﬁemds%’mr Bhe Fasasred caddidhaer 9 aFke

cycli c- et hetglagenc hndier eoneaiopatraz et wieeht openidif ferenheadditgonpr ef er abl y
t hr ee- menbepetht s dur direfdxssmad sapdlefity eofireibepelymdarigation hagmrhtidsal kyl ene

oxi des, foregaang engt Eyé@erlel%l deend aﬁfdolaiéheé‘@sﬁﬂ 48, bexah ed5

substi tut gdg Pﬁﬁﬁ'&gﬁ ¥ Chr % L 9% B ntdNg Bhﬁe ‘f d%!c¥ tives
75 van CoES eyt ot /B0 *5 B PaRE ”""“ bt r%?r%g it Srartbiag o o°
is givento t tetr yi r

pol yneri zat #epfl cdfaPpsticular |1§Sp61§13¢ b"l"@ papaeetmo@egeﬁéeesowreceae al ysts
and het er ogenginesrdogdandtedopomic Pewnipryheosditidrise Howegeneausfezentyst s,

particul ar pprgdreraray $evernde abihgt®rapael yacs dsidit3ohxpapis of
het er opolgaci ds whi ch can be used as catalysts in the process of the

present inven ar h | J d d orLc acrd
(H3PI\/b12040E "g“ °% Iﬁ fta[bq % o811 %ﬁ?gag?ﬁ%}%%%%g grib%%egzgr
dodecanol ybﬂ‘bcqe?r"‘is(',‘( It 5?:‘?%8 FHEBBROISRTAS TR / n T 2B (X2 WG G CARTAIASTI GAr seni c(\/)
acid (H3As\BuRed tap Hzosasq@eﬁanefyﬁad@ms&nﬁe‘e iedzbed {mqmao@zu-@* n
H20) , hexampay bujdriionkely cife |dpezreted (Wit -Mi60RA&Eicn 5 akid0asdedesnolfy boop odi c
aci d (H51bb6824:Srsn ROthesd poayadecadmionbdpphphessRor bie agédhent6 PRMD 18062
’;] Oﬁ;ngf%aowﬁinagﬁaqggehy@m l%enr:sf \Qh@@eqogbﬁ%?d\mwéaono&'} Kg0) .
undecanol ybgg %n dd(;pl"rosf')la1 acr d %ﬁ%g Howel—lfﬁ it is not

decanpl ybdoBF VR ﬁBEp‘Fﬂﬁfi éeae‘reat(% %n*z"“r’flﬂﬁoﬁ‘?p%ﬁtus in
dodecavanadﬁb%!;rﬁiblaﬁélmwlﬁ RaPPvEQDskhe: telpgey  an@ac seuRRERsilsi cic aci d
(HASI WL2Q@0016catdd @p, beodesiatglegsndbosuah aci d $HHBWD Gaok? Ratiizg), a

oct adecat ungei@eipkaspber ¢én FigudteQHOP2NACGRE TulfiH20khe function of a
oct adecatungﬂf’é’iﬂr VS8R ﬁéé@ ﬁc'eQefr\%%g@%e Méé%% 3§t is

hexanol ybdo Exat gg s(%_rr C gcr dsé re t 1 qlcu(i

is also pos§lBiE? WA 57 W ac °I5.re ?op?rh G rea%i
avai | abi | i t fixefiest éﬁé'ét?%' d‘{h\?'é’ﬁ 8 dkyids 6%&%6&% nGEE5 P pRFETETaRIY, 40
dodecarml%bdb@lho’émmﬁr'csa@m@tsn@rﬁam#%mfpﬁesphbﬁ cirdergals, for example
dodecanvol ybdesiidecipd ates donndiededecaysingstrabekincre, adi dsi posdibler aoesse of
the present sk pvedH I umAE CIOL Wi Hy0 mbe t fiea RSBt add VM i£0Bw PURISr @AER i S

given to usipng; 4> até“iefc\é@etv?k?ta%‘}@%b{aﬁdﬂ&saspsﬂfé&i%trs rQb'éréAcel %sa| SO
possible to _utilize t a‘%rtrcu ar_their al?

it

tal and
al kal i ne ealgf'ﬁe?reii alcaggﬁjes °as s”ctéfa? anksTﬁomﬁr%sln(?pgltyg%?%getand
0050/ 52749 $LLFESTG t8BkEs BFYLELAM EEPDUMTs Sah@d™Sm be prepared by known
nmet hods, for exanple by the nethods descrr bed in Brauer (Editor): Handbuch
der Prapar afrhe ete loyengaansibdeimtCodnted Miouthel polynekieat Sobnuteigadretlr, 1981 or
t he met hods sdgse4dgd ohnlﬂ_QFbwrQé&r as (hedB1uflondSid €HD 8F, Wwhen
het er opol yagkgfe%&%%qu gh P e oEL S oflEORl A4 ¥rbf byea aedoier m

Th d t bef
they ar o JoBASTH Thasirareston oot aenieas, ir LuRzR bay egr%é%ara?fﬁn

can advant agBbRstie RO LYBEF 1 erL i0R afhephtians 28 TREmn® &hpgh Rod
descri bed i AonpkergIOIconthREN cCaD®e 9pOte 1@8%1%PrElf%ﬁerre"@lplo?%mq]r%z'abﬁéﬂd
catal ysts ape hetmrhygeonéousn acicvelrBreatiad YIBIFS anhi tle d@ibgen amwd/tbrcent ers
having an aebflosdhien@lre poe Bdrab1y2 ihbrSavsdic eabhodteNy Ahtat theast 0.005

ol / g of4oc %'ﬁ{éﬁlzaqﬂBB' culaed,y preferably an acid strength Ho of < +1.5
in a concen I on of | east 0.01 nmol /g of catal yst. 20 Heterogeneous

pol ymeri zati on catal ysts which can be used in the process of the present

i nventi on aPfanS8ipihs ttedOABR P HRAtFatPERINAEON RE sEIG PUHTREL &R iR ry &BRds,

sul f at e- or mphosphkeatldspweignt Hf tkedRBHRforgitbapBHE \GRPOVYIMAr &IrrRVbE| A of
the Periodi eohebbElef vilaethk eamiint, off telRsjeredsadi driactriorat edlsywet

silicat e&s%r2§eaeold b8, rO:YIBH %.lszemaél SH.H?Q 1@&99%&4 wehasHbianiGaci ds,
m xed acid (g §L %CL%% 9&9{?41895 é’rV' Iple eR ihd'%n %leod' ¢
gbet St S CO I’ I

Tabl e of the ofeR i5eRHl PO R ot oF RUTSBUEnEh

material and®
conpound or m xtures of such conpounds 30 mnth preference bei ng given to
supported catal ysts conprising an oxidic support material and a
catalytically active anmount of a tungsten or nol ybdenum conpound or

m xtures of such conmpounds. Suitable supported heteropol yacids are, for
exanpl e, 35 heteropol yacids of the fornulae H3PMLz040



8 acid cesigosepsipanf the heteropol yacids described in this reference, for
exanpl e Cs2, 5HO 5PWL2040. are also suitable for use as polynerization
catalyst in the process of the present invention. 5 As sul fate-doped netal
oxi des of groups IVA, VIIA and VIIIA preference is given to sulfate-doped
zi rconi um di oxi de and_titani um di oxi de,; sul fate-doped_m xed oxides of iron
(rrr) and ZP¥eRATeu RTHF o304 &BEn §OBP LhesA f3véng greash SepRaL BRI Sfsda ke xel 10
oxi-des -of nBrgarédetantd H o ceditam dbxpdied@blThergr éifdr &oi dn0UT delgeon and

sul f at e- doppsrtirivdbr0)i phesfdrabtgr fran OWDobyonktdomdsiakpown per se. Thus,
sul f at e-doped zi rconi um di oxi de which is suitable for the process of the.

pr esent V, rERar e S bed in
3 8 S R g ol L S
possi bl e t 0°TISWT5oPIHEF O ARFFEEi HYP epﬁélePFb‘B?]oscE E‘Er%ﬁ'd A east

pol yneri zat Pbry ateaphst of prhet &pbateamaingi pEntelPIRr RNAOPT NARANOPEFy er s
conpri si ng ptefwerabllyoabvslgdsanilO%aby dvedlghth paetimrleetlgdpréfera2Qyernanpl e,
under the tiage nawepiade ht)y akel addbt RFrer dehd\NenHgis aaadd: Lapanyt and
under thget § ade LAKRE é@@&{d mhl@o@%mbe&' aegtﬁ%ufewe@g@ a&% Easna

Furthernore, 1t se, [ xed tal Qxides 5 groups
1B IVB PRI gt BT FOh %ggper?%s§%e$%%¥é”%f aadiies & e

particul ar ]‘m%mﬂl@ﬁ ofpsh ?rﬁ?}y’“ﬁﬁéz%‘?f(?z‘ uI%BS %2 2tveB8- %’r’fff algﬁé)f%l%rhOZ
V205 - W3- TPOINt Tii§2net OPorezitpansP B byniedght; Oeterably wesdorfetban K.
Tanabe, M MM%dno we‘tghermlchrnarrulc&iharnr iprefflevalshy imbtambes thvech B&seby St ud.
Surf. Scihengesgnd 30 Catal. 51, in particular pages 108 - 128 and 199 -
210, Elsevier 1989, in the process of the present invention. Suitable

supported c onprise an oxidic rt material an

oxyben: cont A BRSO LIEATE o 198%55%%50%%%%9 2,698, Bt e ef Rtich
conpounds a§e’é‘é‘t%ﬂ )H‘Fca??’? I‘Eﬁ:ltelc P&2E offpisifd 9T ahlee RRFaPEoTHY fCRRedYPER, 1he
addi ti onal | gachmEegmant hof utifeatre lyme phaatsioat appaapss adie therdsecdfi a DE- A
44 33 60@p whscddd fhet bitwed anéss| yn igedr panki edidtheebmoemc ef thitsgen
catal ysts caﬂdk& Ricibhemé £ thatidaN ia £ GaigeADesd ,tHAEERE 8bhaanv t h

hydr ogen, g&lﬁ% Ezle?&ﬁt'ébx@ésﬂagﬁéé@ t‘N&' ﬁ@aﬁ%n&l%rc‘ﬁm{re%%‘fe FShY ve

|ncorporate Fuy th er s it cat al ysts ar ort ed
catal ysts d&S$ ¥? ed |n E}ﬁ c{ f ?%%t%on i 835‘§%wh| chis

hereby 45 | FREMIETeRFr é%*'s‘f%ﬁ‘ﬁcﬁéoF’ﬁBFé’t"e’c}lBy Fhe é‘i‘eearﬁ’céml?\ﬁﬁ”c"?if SrERE SRF a
cat al yti @8l hysamplievdsadetenmigfedatin| @ sknovwinmanrReyeransotrhai bélrgarolpgdenum
and/ or tungsbrenawIpadadtben act aleecedasiat ifanceith of0@h8/ b@sidk of9thiye
been cal ci Nnggt&mifa@iba00C to 1 000C after application of the precursor
conpounds of the active conposition to the support material precursor, and
further conpri se onot er. whi ch con rlse | east, one el emen

Lurher COTRELSE Al QUBLSL WYclhSORBLY Ses oty Leosly e ETERl0lcp,
8 or 14 3P tRkoTR} iagdy er TP Fert fan I:_ﬁl‘le""r?el}?ﬁs°°‘1“f'ﬁé%3ele@aﬁal HRats egsher al | v
contai n frofegneit 1ddspdaypytheeisgme, ipcrdnangplypfodmtd vdsyt bage- opy thei ght
and parti cubmaohyt prfekekabyyt § e @rddm@t::lsﬁtyby("pmcght isotapewlatied,, as

cal cul ated aéséf\ﬁaewlise%wlixs tqen Eééé@@tﬁﬂeﬂtt'& fyapidQ, ofrddei r el enents

and based o C t e
known fr(}? ﬁé%g %gn gg %{cg %tfgrg anq%tt@'leééﬁ év%ﬂyr%gégédl ng
to the p séﬁf‘l‘?‘h‘?/e(n %n o’iﬁ?ddl‘)rli’ le n? alstgmg Swei ght of the
catal yti cal FVaR%r%Fdﬂnvéest%é-‘r?“c ﬁtﬁ??ﬁ%néénﬁb%c@féﬂcﬁﬂ‘ymﬁ?@r

t ungst en or fobmnindnimedcopropartdgsabytihmalfepdastiean amdy jhe-eviit stneag,
conpounds obréhessblyettabm, the itdielk 6aSeetrasedoan with ttheabidvwsflt of the
catal yst aneaﬁbmotnheughemﬁalthet y@ééﬂtec%tuae CeealrpbhCad FaanP Gkl ¥he

Oxygen- CoRt g pl g &0@8%9 i X da?f?éé)vﬁ%u %%ﬁﬁ\g{&te' shd2heknown

preci sel y, |n gach case c nan pat ent
appl i cati on®BE" 1956 ?(asttaﬁeﬁg'af’g r%af? 1\%\lr F‘éﬁ"ﬁ? fﬁfwﬁg? s‘i}bq | ung von
Pol yt et r ahy 8PEFEREN' C°él‘§§€?~| Pl sthes teapgesy AN/ REi EPPRRATEEe 28fHE R P °§gcor di ng
to the preswent i areanomoieculzagnpeight aand edet theeincategleptatal |y acti ve,
oxygen- cont girBangt Ivltyb dequit e Hepeat &d gsin®l i 66 Pdettt niRadonKidhd; aspport

and in whisChyhBe: GPYEeRhe®F MEYwiRdeNUMARY @6 LHEOSISRioRased on the

catal yst dried under nitrogen at 400C, is 30 x ~nol of (tungsten and/ or

nol ybdenum) / n2 of surface area, where 10.1 < x < 20.9. The catal yst
activity was able to be increased significantly by targeted setting of the
ratio of the tungsten and/or nol ybdenum content to the BET surface area. 35
Furthernmore, the German patent application DE 10032268.9 "Verbesserter

Kat al ysat or and Verfahren zur Herstellung von Pol ytetrahydrofuran” filed on
t he sane day descri bes catal ysts which can be used according to the present
i nvention and conpri se at Ieast one catalytlcally actlve oxygen-containing

. o



Apart from ¢bsosbpyerenti oned pol yneri zation catalysts, it is possible to
use sheet silicates or zeolites which may, if desired, have been activated
by acid treatnment as heterogeneous 20 catalysts in the process of the
present invention. As sheet silicates,.preference is given to using those
of the nmontnorillonite-saponite, kaolih-serpentine or )
pal ygor ski t Bf SOFtRRPES FUFSOLpBY tTeaNS Oy tR? A BoYeRp AT LIIRS NPT e,
hectori-te, elincrementdpllnyodactbeititials coaspders dopi obmplicagedar &t is
descri bed, 4o exasmbibe to détechimens vashebuchoxlatheManeusat affi eeldgeh
edition, F. akuks ¥BhbAS:IERgmBagesSt AR HB2yméii 4418 obl BSSSats Be Present
| nvent | 0Ny Lo dchNQ8ShELErdd fiCprofidOopBU AL GadkN S HRELITYy blegRLise
avai | abl e” under G%e tra nanes Rons] errana an osil .aqr as 4
catal ysts of % MEaR, BRLSGEIAL Mekotib ORgheningEPiaited PraM St FEY AG
Muni ch. At t BiRR gt 8ddsEFemiSe tPof00% 0 [/t RECEPERRIYS f5Pmt B 9 898
i nventi on apaxtifcwlaskpnptefermbiiefran (HY Engalbr tCerpbraddidrnion3poisel i n,
USA, under thecHisadasspnite Amoaser&f Rélloged Adas0ddmbidhed hride@r bugasd i t es
refers t Qoaiﬁér?csi%acif of! 41 AupOnRY JE OSidH &3t Bfie WU LbusOWhAG: {h tHRGhES .
particul ar chem cal structure, have a 40 three-di nensional network with
defined pores and channels in the crystal. Both natural and synthetic
zeol ites arENSRNYALFRLIOMEIRE B oERS SLUPIPRe AP E¥e FOTPRIBHT | AL SHPP hin
pref erence bee rtprgiovensegnerdsd cfesheRALYFeahZzSE I APPOBaRMS afS CAEF8eSf from
4:1 to 100: dut piar tai eaheet ykiowal peabse an mBrb2- ¢ 208 iviaHaal rraunps ,of from 6: 1
to 45 901§ aaTivessr iopalés CWrdrfliveppedtdsgblsy 188, IddbrAhds;3 fMiltdr bahtds of
from10:1 tQ, 8 L113bg Pid@ry crystallites of the zeolites  0050/52741 11
preferably have a size of up to 0.5 nm preferably up to 0.1 nmm and
particularlg freferablé %¥ to 0.05 nm The zeolites which %an b? used in
the processSBFtalle PESATHS SO PENEPTINTIEE SusB Al RIRESFFFOr T I A -Ehrge
form aci di praesy efpsharrreaeaseAnventidre azeosaturated pheunsafiyressdar e not
obt ai ned 20i uslsitdnchied dhebithraied ahphae qregeess—d.e+~dpslxjusiangrti hem they can
easi |y be cppypidiadniyatoritm tavahyta aallerudatiweidnt! O MEbym axmod tbr eat nent
using, Tor ¢¥aTRliton]l BGEPl: Athdes SUE Ak ulls WRLARIH ObkEratdibe gyl furic
acid or phosg é)r{ It% %%!tgrorezt}&lteger o cc.;[lr e%t ggn;[:o OE]:neS Iot.l.a !I.e4—px:lruec%uregocr>l
zeol i tes whithS" fOr “exahpl € 2contar i amfoni’ Gnt T ons.. For’ exanpl e by heéating
to from 4501t o-BFEPeRLRt er I PeFRABRIND0 POLEEBEE ARRAIREPERD GtavAdg| Pt es
whi ch ca@Sbrokepil®yeweaglorefl fgomo20hetpriddedalionveritbohesarediedsi t es 15 of
t he nordeni testygmnededd; zeall-desanadidl,t @sbotynd-ar, dexddnpl end trleepkhf 22
type or Faujasid®e orThexbetes agrresds waliphstscifu € hrezarbecemiayed

according tgibde  Gaeat, | IVRAMARG20 Mad/sedob Ty ddizahourb Al BOWAGERg T OT
20 exanpl e e

t rocess, | arri ut suspensi on met hod, oOr
advant ageouglg}gjaesc“g‘ﬁ%pgal%% i°§fs%r8%“gféj‘? ﬁcot ﬂ@gf ?‘ﬁtrocﬂ' cylinders, spheres,
rings, spPrals or granules, particularly when a fixed bed of catalyst is
used in t heTpteassss uskdt fier rrepaning R iapd. TRE gepokynererby ithe s possi bl e
in principl ewbostsse aryhddFarepcairbpapl ic Hibydondes ramiy oressritdxyl it00 ppm of
unsat ur at edaﬁgy@ﬂm?raedc NEY L whli REu XY I Bire fBE LE@T RIYGR xS 181 MBYdr@dEs] Ng
commer ci al | y, ayi 4,0 d@rgbtlE% WF@Q agilgh;l@f& I spyﬁaéicegmay,cafﬁ&@%gt bgat ment,

for exanpl e _as descrihe . EP- .11 or, still.ation,

25 to 75C afd @ t . ssure

enpl oyed i sagbﬁﬁaﬂq -y Thet gmﬁitq @alidf-g@rq Irrefesably ofrgandcpangd norganion,
whi ch i s whyclide yhieteagei sopdrler dhl yhe argacedoousysiterat Bospéueradc pressure
or under theaabéRaeR0We Qs eHsdIlA iphat e dA0layBREL ZRt Ay caYBbRM icA@ndPoavoi d

format | 0 OhofbOflbdlfha¥! 088as diGeRPAIREIAAA! hOBo | £3 APLRRLAGSAYrhnCar [ | o
out under an Ipert l_gﬁs a%:lnnspb%ere. [ ner %asgs mﬁlc an.be used are, for
exanpl e, ni tPoYerF2 EPHBROTT 0 FEPEPS ndhi & 1EREELS FHACAYEME 2T E%iEN to
usi ng ni trogeptigmcike PparyHeracisyi BRORIINIG 8618e YHELI€daBLA, iGRPERAC
presence of ahydr ozaprydtichgdidgnd peéssgenis ot ifls ofranplesoofOakrpatic

0050/ 52741 t3rBbeyPic0eesdsOdrd phthaesendcidaadt haphtisalepheteriadrtylicar ri ed
out contigzu@ushy. adtly ithebé 1R8I Bk A3, 0prbketndie iGagLv&fl Qlusing

bat chwi se. gﬁ%'ch reaction can be carried out in conventional reactors or
react or asse I'es sultable for continuous processes in a suspension or

fi xed-bed node, for exanple in loop reactors or stirred reactors in the
case of a suspension process or in tube reactors or fixed-bed reactors in
the case of a fixed-bed 10 process. Wien a conti nuous pol yneri zation
apparatus is used, the catalyst can, if desired, be pretreated after it has
been introduced into the reactor(s). Suitable pretreatnents for the

catal yst are, for 15 exanple, drying by means of gases, for exanple air or
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In a fixed-gqpsopsPLeps, the polynerization apparatus can be 25 operated in
the upflow node, i.e. the reaction mxture is conveyed fromthe bottom
upward, or in the downflow node, i.e. the reaction mxture is conveyed
t hrough the reactor fromthe top downward. The feed m xture conprising THF
and part of the tel ogen and/or conmononer is introduced continuously at the

first addi tSwitabdepeerenasershareF¥Hec 25hesh Hpsdr §60sbe mAlyReria®dunt s of
t el-ogen andéith operonogerf ahe added puefierebdy cuneeomempetddr additi on

poi nts. ThersiRAsRm¥erOEidnd ifSvé LadnKbr}d Fonds Ssudh @b THEL{IKYLenpr ef erably
fromO0.1 to.fh{iKgeQf J,tﬁ{p(l%hétﬁffgr@wiaw 8f | Y JYya ket abk Yad | @Padsd, t0 0.5
kg of THFL(I)ee 133:E4" SIS b0S DO TRERZAN 00 o SRS T OUnd AeDRppPEr at ed
in a singPe pass, . e. W Thout - product” ‘reci e ron, "of 1N the circul ation
mode, i 0. AGRAVESLYAE: 2 R LR RAIIEFABEOP AT s TEEE LT ANYEEPE T SR e d. |
t he circul aRamhicwdde, prekeneaceoldf gy &6 2cithvddesrrhydeofuganr @5h feed is
| ess than o¥-megihyllteordfy@irofbrapreferably less than 50 . 1 and particularly
preferably |l ess than 40 . 1. Exanples 45 The invention is illustrated by

the examphess hehioer: - A0RM 2aLdtydd; Maleall oo yeiahtolalenbgkhag,dhe mean

| ecul t s f | 5t def: ned
the mase of SGiE) SBTARYRET G DECRFOITREP S, SERG: 1 By ROR At ATIhare (s | o
det er mi ned BHAtAPASUPERRIANGUS ARt A¥Ft Gy PARERBEI AT flepféon may be made of

pol yt et r ahybetnopedyadbds hydr oxyl nunber is the anobunt of potassium
hydroxide in ng which is equivalent to the ambunt of acetic acid bound by 1

g ?f sgbisﬁm&%@sﬁegé@ﬂ -1yﬁped£wi@whaﬂguﬁfaj§§§8ase@@ﬁ£mmd DY the f
esterification of the QXY kG gs %g gxcess o
acetic anhy%’?l de, [ %—@; n- + %@@Q% 0 -- F%( CH%?4| n- O- COCH3 +
H20 15 After the reaction, the excess acetic anh)/dri de is hydrolyzed with
wat er in acteferAned YRAPPLASRhOEAF| 85 hof HaBYe1208m edudePbn (CH3CD) 20 + HZO -
2 CH3COOH 2@ocdewhrpdykdosikbicid asidcEH4SdiMaci@Uousimd200di um hydr oxi de.

Exanpl e 20 Bsdstimicdlgbdotertivg 1wat at yét (HCRHO{ 07y df oxiHge) ( VKR 611 from
Sacht | eben) qy@sc 15bASSr #dnRNVG 26id N(BACABLJoRsIOUS BYbRy Y tube so as to
give a mat epLaln N3RONPoftl 134) ! 862 YRR rRbookIR, MhIANA, a | 0SS on
ignition of 8.1~ Wel, . ‘}3}51 gﬁo kﬁhs i t%m*i Lémi{aéo'xi de were m xed in
a pan mll QFFHATOERRkGR Ot HrhdnfaRT pdtattRefeets e, “2F29% kg of oxalic acid
dehydr at e ahexaelybdgigfigeaced (BpIMesReur® "eXePlded to form 30 extrudates
havi ng a28i aceddacagblgbdod fnigspheiic aaciSDCHEBMO1804200r $1 HAPY ,ext r udat es
wer e subseqyeridacaadll ¢basdh iseh@ACv cicial hayas,migoat *639Giogr, 40 m nut es.
Cont i nuous Ro) ¥iEIzRhAGaRic (T 38i&0Manabioss exambss C 1 to 4 A 3 300
m at rosphef ) go PLEASHAS, BhARBHoSARLELC WUSEN (HaMQLOYLIGdn id) 2 heating
mantl e and an exaferbigfl.s Irrer a g In I.C E{ﬁEeMAfé r%ogi on (ﬁ t)'he stirrer
was separ at 88°§7F 81?’%%‘1{9?&}&59 PR TP B9V HANS B8R i re mesh was
char ged &0t Aogecarmngdgphesphanist agad deb@Vitfed P Befdpl e 1. Catal yst and
react or wer dodedseqgenvbyliticedcad PBGAWrOa &t7cPlof N2. After the

cat al yst hadobeestunystobocsd,adilde (REBW;LO0L, waa Bgml,ed to 60C and started up

45 using a ghxhdd&tRhgdtdaiicuppdirot ddvd Hugbiwioahydnef wan) . Sanples were
o unr eact za%éé‘czaﬁ%ﬁﬁ%%%%%?@&@iwg% B R EOS 0 TR oo The
evapor at i°Gn PPEINAYREP S ,éf‘ﬁ‘é’bgsltl?ph’ﬁfsg é’é&f c,a&igeé ghtrs ?%pﬁr%ﬁ%@gfel y to the

THF conversion and is defined as
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



ER = n(di stg 65?}5?1‘4139 due) / m(sanple). The productivity is i.n turn
deflned as rod = ER * m(feed) / t / m(catalyst) where mis the mass in
g, t is the residence tinme in hours and feed refers to the reaction m xture
fed into the reactor. 15 The nunber av_aaage nol ecul ar wei ght was then
measured on the PTHF obtained in this y. The anount of butanediol fed in
was subsequieifilty SRAES edlrqnownt RMPRIHSS aadet 2y dembrepared Rieikgrvnof the
PTHF was 2 m¥xhods50fon d¢xtampdesbhycelssimethddysdeddrmibedaporBtawmy 2@diest due
and t he nol gdblchwaeghbr ffarhievE] Hinovyan i E6REN dieari &, Neshiunha Iresphis, are

shown i n ta@ll_ éargo@%?tdrv%hgxm&iscdésg;?l@&? 151 g‘oBf @L?:.tlal Y)?xtamas76

descri bed were placed I n each reactor of a cascade of four of
t he at m)thg éssure glass reactors described for conparative exanpl es
1 to 4 and the catal yst and reactors were subsequently dried at 200C in a
stream of Nehe Hederopelyaaidse pseppredithyd these metdwddease aeneneddyt amks. 30
After the cCrydilateld Baetmbertey areoptefstabliefreat o heeceondiolaeedt watiC and
s]gan1 edtUp mtitﬁbfém Ebe%ré éhéwtéz%e@s@{i i tHd prbebsahydrgburan) . 100
o] e S f@llf[i;iuqq Hef

Sanmpl es \%er%?%a%‘ﬁ g Wgod tlrigin Eﬁﬁqganttgge%gé} g%%]p%%dscade
and were fr2y r?% crt&ﬁ‘a Pﬁeaﬁ?’d the, g ]?%fh SGiF ? hJeth §°8PLl120C at
0.3 nbar. TReeurS&r %%%r@ggé%bl ecul ar wei ght of the PTHF obtained was then
measured and the evaporation residue after the fourth reactor was

det er m ned. pdéteriedb po 1 piverixge i60| €£td Bfstweh gt hetferidgen&did- afilder 40 t he

| ast reagbogav@Ssks98RiEH rHHnttheaéﬁlﬂetr&eﬂgdhiwhﬁlgt @hahcmréaﬁheuhsﬂ@roq

shown in tapl 5 15450 CltoC
5 5 10 Oorrparf?tlv 2 confndatd Ztﬁh(r)% g on 2?}%%8 h@ o4 g’ut (g/ h) Mh2
(g/ nol ) ER3 P2y &%&?E’b‘?% 17 89 ’zt%_f ;giﬂg dlop 559 fg 346. 814. 2C
33321. 822 0PQEEEEFakEon 2 Fit53£agh39. B Anee/ 9490 £a3eiyeBe6. 714. 0 1 =

1, 4-But anedi ol 2 = Nunber average nol ecul ar wei ght 3 = Evaporation residue
4 = Prodrot h¥tdnbgknebuanpdBaneZizat 7o®Gatalgses windal yah BS wesrLinbeRei n
Exanpl e 1 wet&-ddAc2dthd SanteantOhtIn areas el Leeénsgoltylaelds,

at mospher i -l 85e W88 8 Al oB88 8! Sudloagh Ebe q_f %& gxaiml es 1

Lo aam of | 1Betat, ¥ gens o SADs BT, A 40050 %’ﬁﬂ%a%fe BF E‘ﬁ’r Tahle®

After the cafatissElgEgnbeenit defdaed fidRetisatedsdeps eitiAte®® #5 60C and
started @p wmeohites,nprivmerfcoinpsibpimaredghel-filwofddulZonicetcdsydmakadan) .
Upst r eam of agd€ ndt@acbridesidf grotpe roE,adeBpf IBIA roedItankst thlee

i ndi cated ppEPRSdiLRaHE épecﬁeokﬁlem@ﬁ@é’ntsuggo}téd Ruiean g{-_Qchﬁﬁﬁsflﬁg ah by
means of a meterd gsgnpggg‘:’ mate%ég'i"g”& g\'acsai:latq.g%ilggld];?sa%t %e%rl?&fhec o3y ameans

of an anal yt1ca t from

the | ast re5eR&FT °Fh@°1:%1%‘?f‘dﬂ’€‘ SREPARAIE oy E‘éﬁtﬂﬁe%ﬁ%eéﬂf’ dccﬁlﬂf.’ué‘ g’
1, 4- but ad@dwéth mreafezenag kainpgdven o Fuppgrted catalysts comprising an

oxidic support material and a catalytically active amount of a
tungsten or molybdenum compound or mixtures of such compounds.

Suitable supported heteropolyacids are, for example,

35 heteropolyacids of the formulae H3PM;;040 (dodecamolybdophosphoric
acid, dodecamolybdophosphoric [sic] acid) and H3SiM;;04p
(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



The nunber gyso2g9e74¥P! ecul ar wei ght of the PTHF obtained in this way was
t.hen neasured. The anobunts of butanediol netered in were 35 Subsequently
varied until the nunber average nol ecul ar weight of the PTHF after the |ast
reactor was 2000 50 on three successi ye days. The evaporation residue and
t'he nol ecul ar wei ght of the PTHF after “each reactor were then determ ned.
The resul t sa¢it asgdunosaHern WldEhe heruapedyardds dsmcrdiedstetidgch exanpl e
bel-ow. - The regatdarsef, ofot hexdmplet Ass e8cisEW1#hd, tdre tadtsal suhtakighgorsuse e
shown in tabs dymeeizadln0/arédl sl 6ibtepbeodedd dixanpl présertb~ by wei ght
of the total, amunt, of 1,4-butanediol were added upstream of the first
reactor. Jable 2 shows the total 5 throughputs and the nunber average

nol ecul ar vvelght the eva oratlon (e S|d°#le) ER after t | ast or andthe

product i vi t S LAt IRBEERE L) RELI%Sy/ |9)1'53511g DA é&% %’QdG

25947. 62 02praferencerigpdivan 68 FBsfafkf-dQpss eﬁlmléeg\edh%ml%d wel ght
Exanpl e 3 20itanitme diasidele sofl faterdepkd edxetisoxjpdasatoddiron e(daif)| end,

1, 4- but anedi oFcoinmAddedide dnaua1parslfratareby grlfspgnateedgbéd ufikedeam of

the firsy, VSE&S% o£3%an é(né’%.' all Qﬂgaﬁlﬁmlaﬁ@@d Trh%ag}egsar@&onbxfmel ght

before the betore urth .reac Tabl e
2 shows the %?edlsutq‘%la%ﬁ gATR! ?ds "‘fgagnﬁxﬂle A %lfr%i?/eroélteg %%hu dg,sr B(\%(é‘l’"glght

t he evapor aPEbrS§edifdfe Eﬁ%ﬁ"teeﬁmt’ﬁ‘é ?’arﬁonﬂéﬁc@b?x%wpﬁ‘éhp+%(ﬁ}’dtti39?'?y
React or ER1 fe¥ Mi® (gbrets 1Gf §he5p1geomst Snvegtden carpbe4prepaedy KEeipor ati on
resi due Nunmbgampler dyethel pndess desclibesb ibxusph e 149 8626 and 7 In the
cascadesjgf stirred vessels operated in Exanples 4, 5, 6 and 7,

ﬁafm Ib;t gggd' ggr o"i’ndgﬁgfé%af P é{éll f&sm%gf e{grﬁs ReI] pégsmreowheﬁz
5%1{\01% r%.)sn\llﬁ3 g%uoro Rxﬁ.fgiﬁé a(d:ld2% 231%‘%&%&9?‘

t he second P

wei ght bef ofétahest o@FFIﬁe %%Fcﬁd-rs ggtgen %@GF§ ‘?ﬁ’i“la?:e@ ?8 B
Exanpl eReactompNsiFR elphe-{lpfarespafonsy aggsowhigh gre3garkeedd £0g2
007511. 52073R2Rp 7, 1m333. Ode AGMe. A2md NFEINT1bP7826. &1 86A8 4 .NEhoBRF4g. 92

005 - T14. 21 3250 B L1300 o M1 L2a 006,130 RnBeshies Beahetal

t hr oughputs, the aver | ecul ar wei ght, the evaporat I on residue

ER after thg‘mP%EJchrteaétGoPYa% RO HB8%ct i vity. 25 Table 2: Exanples 2 to 7

Furthermore, it is possible to use mixed acid metal oxides of

25 groups IIIB, IVB, IIIA to VIIIA of the Periodic Table of the
Elements, in particular WO3-TiO;, WO3-ZrO;, WO3-SnO;, MoO3-TiO;,
Mo03-Zr0,, MoO3-SnO;, V05 -WO3-TiO;, TiO;-Si0;, Zr0,-Si0,,
Al,03-8i0;, as are described in K. Tanabe, M. Misono, Y. Ono and
H. Hattori, New Solid 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.

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 gescribed 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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Verfahren zur Herstellung von Polytetrahydrofuran” describes

25 catalysts which can be employed according to the present
invention and comprise at least one catalytically 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?2 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 mm3/g.
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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 Si0,-Al,03 molar ratio of from 4:1 to 100:1,
particularly preferably an SiO;-Al;03 molar ratio of from 6:1 to

45 90:1 and very particularly preferably an SiO;-Al;0; molar ratio of
from 10:1 to 80:1. The primary crystallites of the zeolites
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or advantageously as shaped bodies, e.g. in the form of
cylinders, spheres, rings, spirals or granules, particularly when
a fixed bed of catalyst is used in the process of the present
invention.
25
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 polymerization 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 also be carried out in the presence of
hydrogen at hydrogen pressures of from 0.1 to 10 bar.
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15 example, drylng by means of gases, for example air or nitrogen,
which have been heated to 80-200°C, preferably 100-150°C, or
pretreatment with a reducing agent as is described in
DE 196 41 481 for the supported catalysts which are preferred
according to the present invention and comprise, as active
20 composition, a catalytically active amount of at least one
oxygen-containing molybdenum and/or tungsten compound. However,
the catalyst can of course also be used without pretreatment.

In a fixed-bed process, the polymerization apparatus can be

25 operated in the upflow mode, i.e. the reaction mixture is
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 telogen
and/or comonomer is introduced continuously 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/(leh) and particularly
preferably from 0.15 to 0.5 kg of THF/(1leh).

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.
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The mean molecular weight M,, namely the number average molecular
weight defined as the mass of all PTHF molecules divided by their
amount in mol, is determined by measurement of the hydroxyl
number of the polytetrahydrofuran. The hydroxyl number is the
amount of potassium hydroxide in mg which is equivalent to the
amount of acetic acid bound by 1 g of substance on acetylation.
The hydroxyl number is determined by esterification of the
hydroxyl groups present by means of an excess of acetic
anhydride.

H-[O(CHz)4]n-OH + (CH3CO),0 — CH3CO-[{O(CHj)4]n~O-COCH; + H,0

After the reaction, the excess acetic anhydride is hydrolyzed
with water in accordance with the following reaction equation

(CH3C0),0 + H,0 — 2 CH3COOH
and backtitrated as acetic acid using sodium hydroxide.
Example 1: Production of the catalyst

Titanium dioxide (VKR 611 from Sachtleben) was calcined at 500°C
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
extrudates having a diameter of 3 mm and dried at 90°C for-

3 hours. The extrudates were subseqguently calcined at 400°C for

5 hours and at 630°C for 40 minutes.

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



"100& ()- TOORMBTMIPE:  10["109%& ()- "109&' ()- /Kx""109%& ()- "109%& ()-
"109&' ()- lgw{T: PE: 10["109%&' ()- /Kx""10%& ()- "10%&' ()- "10%& ()-
"109&' ()- e5PE: 1/ Kx""109&' ()- "10%& ()- "109%& ()- "10%&' ()- "10%& ()-
bAPE: 1/ Kx " y#10%#& ()- LSI0%E#& ()14 LO° @0% & ()- 0° @OYE#E ()

@o%g& * 0 2 ' '
(BI8E L) S a0

LflO%#&'() P& ()- LlO%#&'() 1OE#1OE#1OE# Lsf810%E#&'()-<C?VU4 1
O#3* } #s ~#109&&f() s ~#10%& ()-s ~#10%& ()-s ~#10%& ()-

X0"10% & ()The pvaporatigms repidos gohaimed) 45 thilQoey CProespAdiss ()-s
~#1098 &' (5 -spprbkivatéely -fo ThEATHR domversion and is defined as

ER = m(distillation residue) / m(sample).

The productivity is in turn defined as
10
Prod = ER * m(feed) / t / m(catalyst)

where m is the mass in g, t is the residence time in hours and
feed refers to the reaction mixture fed into the reactor.
15
The number average molecular weight was then measured on the PTHF
obtained in this way. The amount of butanediol fed in was
subsequently varied until the number average molecular weight of
the PTHF was 2 000 + 50 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 reactor 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
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Examples 2 to 7

< () -

"TOUVGHE () -

1

VSR () -

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.
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).

Upstream of each reactor unit of the cascade

of stirred tanks, the indicated proportions of the total amount
of 1,4-butanediol 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

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 butanediol metered in were
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
results for the fourth reactor and the total throughputs are
shown in table 3.
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were added upstream of the first reactor. Table 2 shows the total
5 throughputs and the number average molecular weight, the
evaporation residue ER after the last reactor and the

productivity.
Reactor No. ER! (%) Mp2 (g/mol)
10 1 5.2 3 384
2 6.6 2 631
3 7.1 2 259
4 7.6 2 026
15 1 = Evaporation residue ‘
2 = Number average molecular weight
Example 3

20 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

25
ER after the last reactor and the productivity.
Reactor ER! (%) Mp? (g/mol)
1 3.8 2 521
2 5.5
30 2 187
3 6.7 2 053
4 7.9 2 012
1 = 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-butanediol was added in four parts at different total
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.

40

45
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"109BH& ()-#3" "109BH& ()- <NA4 110 #3"

"1098H& ()- "10%BH& ()- "109SH&' ()-#3" DNA4 110 #3
S#3" "10UBHE ()- "109BH& ()- "109USH& ()- "109BH& ()-{ _?NA4 110 #
"109B#E () -#3" "109B#& () 17 1098#& () - "10%B#& ()-_?NA4 110 #
OUSHE Hou nq S ANV —ONIA 110 #
" 105/@@3( "10%§E&°*E§¥ I“°1-00/GS#&' )E é%)" 10veke M- a/molaa f10
#8& ()- 4"MLOW #& ()- ~3s!10% #& ()- 28510% #8&] () - &1 805
#3107
- | 0, ! _ | a ! _ | é ! _ d$l:]()ﬁ£é‘1‘)_|) B
()-9@_?NMA 11d # 3 6.1 1 892
Y- DAST 1098 #& () DA$T 1048 #& () - DdS! 109, && () - DAS! 10% 885 () - Ddp! 10
Bt A 1 1.5 1 729
2 2.7 1 758
3 3.9 1 869
4 5.2 2 011
6 1 3.5 1 874
2 5.8 1 859
3 7.8 1 907
4 9.9 2 005
7 1 4.2 1 873
2 6.9 1 871
3 9.3 1 941
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.

Table 2: Examples 2 to 7

Examples |Total THF Total Mp2 ER3 Prod4
throughput |1,4-BDO! (g/mol) (%) (g/kg/h)
(g/h) throughput
(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
5 1 000 3.64 2 011 5.2 21.7
6 332 2.03 2 005 9.9 13.7
7 248 1.72 2 006 11.5 12.0
1 = 1,4-Butanediol
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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20 4. A process as claimed in any of claims 1 to 3, wherein a
segment of the polymerization apparatus is a tank reactor or
tube reactor.

5. A process as claimed in either of claims 1 to 2 [sic],
25 wherein the polymerization apparatus is a single reactor
which is divided into segments by means of suitable
internals.

6. A process as claimed in any of claims 1 to 5, wherein at
30 ~ least 5% by weight of the telogen and/or comonomer are added
after the first addition point.

7. A process as claimed in any of claims 1 to 6, wherein the
control parameter employed for the addition of the telogen
35 and/or comonomer in the individual segments is the mean
molecular weight of the PTHF or THF copolymer or the
productivity in these segments.

8. A process as claimed in any of claims 1 to 7, wherein
40 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.
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