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pol yt et rrahydr of uran *cooooz* The present |nvent|o Im MM WMWMan i nproved
process for preparing pol ytetrahydrofuran, polytetrah y of uran

copolynmers, diesters or nonoesters of these polyners by p%lynerlzatlon of
tetrahydrof uransopi4sbeipresence of at l-east- one tel ogen and/or conmononer

overlmﬂﬂ lm \ vated nmontnorillonite. 10 Pol ytetrahydrofuran (PTHF), also
caII m@g Mﬂyle I S i L&14-PLELTR @ukldnt he plastics
nd syn ber ?% g?egogn%§e§§£§ﬁ% é é& %ntergg?E * ?o prepari ng
onuret e, polyester and pol yam de elastoners bei ng used as a diol

conponent for.hhe ghasqdepanatiean ieh tf@ﬁ@cef“'ﬁ:’bheéﬁm&% I'otvéds pkblsssgome of
its derivatives, val uapl e auxi li ar applic tlons 8 ? npl e as
a di spersant 6P @%WW&%PH&%F%&%’@%&H&FHI20%%?6??%& AnteHbusl y
prepared ifdusbpoaltgrey dalepteriszati omiedteiralyfrdiesanpolenessi babl e
catalysts |n PBS,ReISaee R’ e30ene, MOSR AL AL dmies Ll posE BLe Lo

control the |&n chairns us ' to s e neah nolecul ar
wei ght to thelzasdesp:n@d \talhsp@e(nchaand toar mmqrmmerzeagems odn"tatbdens").

This control hgtg@g@ghegogxmgghquhggeof the type and anount of the
tel ogen. In addition, selection of suitable tel ogens enabl es functional

groups to be introduced at one end or both ends of the 30 pol ymer chai n.

Thus, fory @Xa@bﬂ(?teld&ﬁhgrfir@@hli@W' (P, 0 1¥o Cod oy | p@lﬁaﬁysﬁtgi@én@s
telogens enablg e nonoesters ar, diesters f PTHF t@h fregared g}her
tel ogens act Hot S8y *&s TAHTP AR natiress Fsagdht 1€ bRt 2ar LC3) 8B

i ncor por at ed Bgnthetgcoﬁ1@gquﬂqdustnﬂﬁﬂranﬁ iheeriiHbyed heyntdusahase not
Therefore bo. Shual P PaEtre abro Fereriag  oParyasFarooare!, AofvgRta.
conononer. Ex& ﬁé@m@FSsucheéﬁﬁnﬂéﬁﬁisas 222 dlﬂl"lcompoqﬁﬂﬁ 16or5 Bhe25 30
35 15 preparation of these. Furthermore, it is, like some of
its derivatives, a valuable auxiliary in many
applications, for example as a dispersant or in the

deinking of waste paper.

20  PTHF is advantageously  prepared industrially Dby
polymerization of tegrahydrofuran over suitable
catalysts 1in the presence of reagents whose addition
makes it possible to control the length of the polymer
chains and thus to set the mean molecular weight to the

25 desired value (chain termination reagents or
“telogens”). This control is effected by selection of
the type and amount of the telogen. In addition,
selection of suitable telogens enables functional
groups to be introduced at one end or both ends of the

30 polymer chain. Thus, for example, use of carboxylic
acids or carboxylic anhydrides as telogens enables the

monoesters or diesters of PTHF to be prepared.

Other telogens act not only as chain termination
35 reagents, but are also incorporated in the growing
polymer chain of the PTHF; they thus have not only the
function of a telogen but also that of a comonomer and
can therefore be equally justifiably referred to as a

telogen or as a comonomer. Examples of such comonomers

"I‘
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0050/ 48621 - 2 are water or telogens having two hydroxyl groups, e.zgz.""l 7

di al cohol s. Exanpl es of such dial cohols are ethyl ene glycol, butylene

. glycol, 1,4-butanediol, 1,6-hexanediol, or |ow nolecular weight PTHF.

Further suitable conmononers are 1, 2-al kyl ene oxi des such as et hyl ene oxi de

or propyl ene ogbdg4as@2met hyl t et r ahydr of-ukar or 3-nethyltetrahydrofuran. The

use of such conononers |eads, wth the exception of water, 1,4-butanedi ol

and | ow nol ecgk@r w‘é@'eghtorp-@ﬂoéé}xé hﬁa@m@ae%l e aetosd At rgaéwgsof Ug ¢

copol yners. PTHF can be chemcally nodjfied |n thi's way. An exanpl e of

this is the u@éaéFobﬁésteIE?@%'FPlzeEbuP;nes‘&CQ Aialopde ad8i tsohyienss to

t he presence gﬁ yaop!, oppit iy vanef @yc&ltrlpJ £-bepgsed ol he ppd;yrma@@al n of
the PTHF. PTH dified,in this can be g %ﬂ_@_{ n?,dlf ed chen%c?ajo

these points 8&9&:r&Qul ¢O¥f “E%]eecr i YPEGH se Srbo%‘d% a

exanpl e bys hydomgaoatiren atet He Z{aM}dd:mdsm@aﬁoulshehboads etlyy sems equent
grafting of o ju e pLo r,
crosslinking %’Q?LESw (?P”ﬁfxso &Féyné‘?{éa%éw ?1 HSEB ﬁgre%?kggrég#glﬁd or
structure, or 30tﬂﬁéh¥é9§t‘-§ﬁhbf§1rpﬁ§€é§ur eShef p@?yn@ cHledil St ¢YMOTTPRREED NI et e

hydrogenat i onighgkhe wtlrtlhpltqaém@;@éeﬁf@&néfl waklekew se nassi @ ANdand
general ly | eads toagl avi n articularly | ow col or nunber, DE- A— 1 226

560 descri besi8%pr 6 pg@&& tng BBVt ettahydtof (REFPHE Akt €3 These
are obtaired bytpahyﬁebfnabhomo@folwtamwnﬁ UPEHF ( REHF)be nchévei pakbgnce of
bl eaching ear | 35,33 Gatal ¥ty 1L Part cll g, sgel symade of gl yp pu

hydr03|llcates or “alFum num rmagnesi um-si a?es OF ”1;1 not moti | 1oni T
whi ch can be &bei vetlewgdsy Erehnsyoé hekddisy wek;oaﬁ esdipien dreadts dto
mont mor i |1 oni ¢ &ehvkagrihe Je ade, PLARRCIEANGS ol disgthe ACGIAE AIMYRE! de 1S

used as tel ogen, he nont onites as desc In DE-A-1 26 560

gi ves PTHF di &@éb@?és C'Eﬂl‘ﬁlé'h Ahvéhe rBTRY | vEBIHEhipdidbed cdnothidbery If a
groduczI %l naant Be2 fnrtthee: giodl'fale@@{)eﬁﬁ.@%fﬂ.lDE?aAt\: i&ﬁe% Pzﬁté]U%T@eé i's
esire e mxtyre o ed_as _descri be - A S

subj ected to &&dFtiton %b]‘ﬁ fFearFohtkYe % Eh9\5e94t/ ?’ngilses ?8
process for pespapileg molhychiwgaaIEiHMmrmf ether tglipdel l:(;hrehi (103 dleuhgea
catal yst of LRE-AUM BYM ShdbEAent YREa s LAl Of SERQYN ABLYRAL

mont nori | | oni f€s, Use s ma OUS & UM nuM I Ti CATES oF zeoli t es

and al so aci dag0ugét itk RFPRICERTI P dthﬁomodé’meﬁocd?l‘cﬁ?rﬁglltWDB AfeD5 13

493, aci dy@ct b\lﬁtl@l(ingaglﬂl?ﬁf tﬁalwsnummq@s'a i cad ﬁiti@@l%t tﬁpgial te
er

type are used as cat al ar i n CS‘P tetrane yl ene | ycol

t ype1

di esters. Thesl‘i§élc§f~lrtehe58rca‘? t &4 e &F OCREUERS W ChonPRBYTEF oni t e,
zeolite or ka@thlenu@atrgzl ystheli 5c<5xapblett@ lleattdgeddghet  jpd ylﬂ.’B[eI zai-ip]ner ates

and nore unif r w_nuol Iar n of
t he pol yners %b %%e%&%ﬁblm@\{/%?{é%hgg%ﬁg% can\éfy%%ﬁmgjét PE%&?

not have suffite é’ﬁ"ﬁFa@tawmy af partiguderilyl Liowplcerem auimderof the pr ocess
in particadar when using technical-grade THF. It is an object of the

present invention to _provide a catalyst for a PTHF process which makes it
possi bl e to alfi&vé KeGheP pol?ﬁ'r%‘f'r @F ds 3at RFPOFRT cdiVr nBRBBATONSt he
PTHF obt ai nedpoaweeﬁahgdemmmnsdbicatéaﬂe@et Weamsl Yohtatialew eBy PTHF

process are CI’I g%% aQQ%%ndentf Ontévé }E}éggg TN ty Hj I_H}e cat; al y and on
pro

the purity of PPh uct's obt ained oun t hat i's Obj ec
achi eved by apyeseese 350for phepahiing pokprshsahydsof urahalyst. In

pol yt et r afiydr of3-aR GARO! VIEL S ;07 nHiRStEF Sa@hm%ﬁ%e%ﬁﬁoéiﬁé‘é)éeé’yor
pol yneri zation_of tetrahydrofuran in_the presence of at |east one t el ogen

and/ or conpnoREMTGRIM 2 FRGnEStifat é&lnﬁﬁf:ﬁﬁrl PEonFP8 cBPRFPSFI1LRR&ERI n the
nmont nori | | oni tt@rpe,~ witich ' ¢anCbe~4BA3R/t486 Wy - mdansabdl wadidf tBy aaisd
activation ha%fa [ 81 f rmntm)rlllonlte st,rLuct.

scovite
and kaolin struct ur es, gr i Aeto f FOMTH Orl'lltoélr%met [ égvﬂﬁlgt h ;Fgé ions '
at 28 - 5.5 f@eameontFensilchi tis, @ged. Acetic anhydride is used as

35 telogen.

Use of the montmorillonites as described in
DE-A-1 226 560 gives PTHF diacetates which have a
relatively high APHA color number. If a product having
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5 9.0 for nuscovite and 29 - 12.5 for kaolin neasured in the X-ray powder

pattern, of at least 5:1. In the acid-activated nontnorillonites of the

. prior art, there are no nontnorillonites or only a very small 10 proportion

of montnorillonites present in the nontnorillonite structure after acid

activation. Thes@fopEdti on of the cataly3dt-which can be detected by X-ray

diffraction consists predomnantly or conpletely of the nuscovite or kaolin

structure. In,agd)t LeNor1aukbere j&f &1k aniPhauRL GeasbbtHeRks ard
natural inpurities such as &uartz. Accor di ng to theetg)rese t.invention, it
- 8 foSRRL

has been fourfPSHatPeHntiFor DF-Gmilt & 26254810 st8ScahC hePtis &t 1&Ay 20

advant ageous|yddicidea prpai ficoni e Podys et rahydrof uran or pol yners
derived therefromif the ratio of nontnorillonite structure to other

structures after acid activation is large. Such catal ysts have a high
activity and wel 2€(0571y, seliltats potgt et ahpdpokesansf@s wpmdpaEns a | ow

col or nunber I e t& echny -gr . Pr. i fication
of the' THF a@é&%ﬁ%@%&&or éexa%?‘e@fli ng?&%i 28d%%%';§?%or ﬁ%gfff%gehaati on
to reduce thecabrbysturfer the daduripel, $£o+iexbApleyPen EMALD6PH68 is

not necessar yy39wACC 3G 1t 0 hBALRHELSENbni B¥ENt | Qe ThesCat@hyast s dsed
according to the present_inyvention_are sel ected gnd activated vmthdz;gl din

such a way t hAPOEPRRYS 21 YMIRYRVEE 1 ORRERE PAt B6OOF CRSnERS iASehias
structureact o sdbeisatedlamdiscalitiredndadhihén structures, determned from
the intensities of the reflections at 2B - 5.5 for nontnorillonite, 28 - 9
for muscovite and 2A = 12.5 for kaolin neasured in the X-ray powder
pattern, is abctendind: to MReflerdf ylht493 R acig-activaped magnesgunp
0050/ 48621 - 21uheRsh hRirosiPaidd(dd adsy phref eae@éyu?‘?itga%y;?@: kre

Conmpared to the known catal ysts which contain Little any nontmorillonite
structure, subBe@arfll GetalKale iPRe PXSEREHBA POIYY SIFPASTIYESISS eher

measur emarg bgl%:dsgydp@wefsgi 'Irhéalofséoafi thé?ér iceﬁaoytsftisn iU Yofays,
usi ng copper radi ati on. . The . e iven r the reflections.can vary
oT ot Ly depehar nirsin: st Al e ff Bbnea e i orhe

procedur e forisasaydngooleathéodétigheirngpolymers zhtdwn tratesossndkidded in

the art. The : il I zatal wsig prefe ha r n %y
wei ght of i tsg}g?%g}f}él | Fggbggﬁgg%t it eNts t{%%)%‘”f ohoTBERIRT dER te,
nmuscovi t e anddkabribusiencefireBe PatYveufapPyaprederably, the catal yst
consists gssentially or conpletely of nontnorillonite, muscovite and kaolin

structures. The pro ort%:%n of ot her sireet structures ar o% gquartz shoul d be
as |ow as 20 PO¥SYBFe. “Phe P hce2bFe8Sbr SYRE SRSt oY | 99 L c A st i s
preferably atshéstidhd ngiviart iford athduptetietablyphémérasti@N0 a2/ g. It

is determ ned nmet ho mopt opor j LLaai t _q.ﬁgé[ ing to
t he' present Fﬁ%e ti o%%e’l 0%113 ggr?'ﬁgﬂg%gup O%H)c}l%g,a nti!;ersceﬁfglgée%lﬁf cac%y to
the class of $HEctites For the process of the present invention, the

nmont nori lJopnites can be 30 either of natural origin or of synthetic origin.

Preference is_given to using na ur%I nontnoril | onites which have a very
hi gh proporti6 df #Sht ???oﬂ t &he present 1invention to provide a

catalyst for a PTHF process which makes it possible to
achieve higher polymer vields at a lower color number
of the PTHF obtained, since the economics of a

30 heterogeneously catalyzed PTHF process are critically
dependent on the productivity of the catalyst and on
the purity of the products obtained.

We have found that this object is achieved by a process
35 for preparing polytetrahydrofuran, polytetrahydrofuran
copolymers or diesters or monoesters thereof by
polymerization of tetrahydrofuran in the presence of at
least one telogen and/or comonomer over acid-activated
montmorillonite catalysts, wherein the montmorillonite



WO
structure. 35 Before use in the process of the present invention, t "
montnorillonite catal ysts are activated in acid. The activation can be

- carried out ‘by methods as are described, for exanple, in DE-A-10 69 583 or
EP- A-0 398 636. The acid activation can be carried out 22 ~,";~r~~2
0050/ 48621 - ®Goswmsiggpvari ous aci ds; pretkerence is given to the customary

m neral acids or organic carboxylic acids. The acids are preferably

sel ect ed fron&é@ﬁlgé UP 2381 STA083 Of XALACNIR! | Crgll 0. SUbbliLe ag d,
nitric 5 acid osphoric acid, tormc acid or citric_acid. Particular
preference i sm@ﬁ“i/fé@nr%bl%%ﬁ%r 56 THEFYTENdFDr tRG dSdEh| ®F | BUSEPYitEoratte aci d

aCE Ih V?L ion, ltlgsopﬂhvgltt&h@?_hfﬁg , ITOAE ¥ rhd A E]gomsbmp@ﬁeeafualb%et@@l? gcy ]
Wi e solids content o e _suspension prefera [ rom o] o by
Wei gnt | part i COF aPF5 IPFERERSDREY o 20 1o 0% BoRRiPgRt Lopiced 3F the
total weight @fo0théosuspuarivdite Tared agbd=carec. e r Bibr oRad@pends=aguitd® aci d
15 used and opn_t type. of n reatly and is
preferably i n thtgﬁer a%ng]gai? %8w§¥¥oﬂ€%g%$§g1 nJ)% hegc]?aéé(%g%fgsgr furic acid and
hydrochloric acid, preference is given to using a concentration of from 20
to 50% The spspensd 0RdiS-RAGHRE dehi h%n%FnbE&!L'i‘gnéEe@ 2Q¢t epRer gtk & of
preferably from30 to 120C, particul arl i preferably from50 to 110C,_ for
preferably fr®ht0. SheEe 2aTROBPs MOPEFPFE UL SPEFSBr e PREMY ¥ Y TR 45
hours. The acpgopstityenred gpnt Wﬁhbhth@ﬂhleohitében pepaeaited ojrf fiete
exanpl e by 25 fiItra%\jrfn Tor adherin tracea of aci d [
subsequent | y WRRHER® ?\n%l?%tlﬁ e HrYePShicFed et er Cé’ﬁﬂv?’ﬁé‘ﬁndrl

cal ci ned. Thepnoptnoioh!| arfi teheatcaﬁltyaslt}&’-‘tar ghadhantagednes| gledeceddatby

at nospheri c : 0

from100 to 1 0%%) 81???8?%%%8 ac'Izdé’[ %ut;gs E)%Q&%@P% Rtggoggl g!%m&%o car y out
dryi ng under PBdudel FRESSIHEan@Tat KROWER t SWPRFBUTE es. ITheadfH teipn,

catal yst s sarecpegber gbky gakainagosbnbuem Ea@ista té@@es Padd CUHALYal
preferably from 200 to 500 in 35 {gartlcul ar from300 to 500C, for from
0.5 to 12 houi’"@puﬁ?"é?'%?a%‘ilii f#8n¥42¥b%5 hours. However, the acid activation
can al so be carried out in other mays whi ch are known per se For exanpl e,
the acid can t ~7 1486 t with
t he catal yst fﬁ%’%@% ngtooerki e%resen %‘V%ggg f‘ﬂémgl(j)tushZ %I{f‘%m d
treat nent pr ethaabm9HMQheéloheteaFaFy?léVSf:Seéa@f bgl keed rmalenlq!l@lrﬁsrl?l'he
fini shed gat alaa%neagésﬁgpw §n CQ’i‘ltea' ﬁ%b%&&éﬁn 420 B ]y\_;ﬁd&"v}ah

preferably | ess than"3% b )_{ on the total ght of

catal yst, of &PK&D Sfet BP sheate Q%F@t | RBgatren i 5tateeocsf. n
order to ensuménambigblast t¥i tytra@t@r@cewvat@trh@ﬂn stud©hOgen, after
copol yneri ze vmt THE, dryln and/or cal cj i on,of the ntnorillonite
catal ysts under ?h 18’\%: COn?]dI%I oS cijerl o$ ) ﬁsaé:afléls’t&vﬁga%?ea\/\k}ré nh

t el ogens/ conpachievityt kad tdrleatiertvr esasédtat] It eatahydresf whamdh can
be enpl oyed agroLdi HQVEOat he&,WPr &St ﬁﬁws@i«' QPeCan sbe el {¥1d Nerom

pol yneri zation of THF_by the process_of present invention in the form
of powders, fbFCBRARPLEIHAER cEFFyi nﬁr%’tlr%f‘léc?ﬁb‘é’ésso the " THF as
described, for example, in DE-A-28 01 792 or

hydrogenation to reduce the color number as described,
for example, in EP-A-0 061 668 is not necessary

30 according to the present invention.

The catalysts used according to the present invention
are selected and activated with acid in such a way that
after acid activation the ratio of montmorillonite
35 structure to the sum of muscovite and kaolin
structures, determined from the intensities of the
reflections at 206 = 5.5° for montmorillonite, 20 = 9°
for muscovite and 26 = 12.5° for kaolin measured in the
X-ray powder pattern, is at least 5:1, preferably at
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20 in suspension, or advantageously as shaped bodies, e.g. in the f orm of
cylinders, spheres, rings or granules, in particular when the catalyst is
-arranged in‘a fixed bed, which is preferred when using, for exanple, |oop
reactors when the process is being operated 25 continuously. In the
preparation oboPTHEsSdRESters, suitable-tél ogens, i.e. substances which
effect chain termnation of the polynerization reaction, are carboxylic

anhydrides 30,dgci veq, §r9m %Q%M rpeFldraaGi dac foLagxampp e acetic
anhydri de, propioni c_anhydride and butyrlc anhydri de. The PTHF dj esters

f ormed when u§Pﬁ§aFﬁ€s§°téPSg&ﬁ?WBaﬁaﬁé YErfe b o tsadE byt ke i blis

met hods (e. gan@smdggmoiried onitleS ok 466:1896) . s9oh Asateallggess Hare ptiepari ng
PTHF nonoesterg of nogocarQoxgllc acids, use is generally made of

Cl- Czomonocar BBRYFICREEPHEY BHVEPEEPSPry preferably formc A", ., ,: ~~
. Z 0050/ 486521 g _ acid, acetic acid, propionic acid, 2-ethylhexanoic

ot yaor L TR el ER ”%’Feﬂ%da"ﬁﬁ%hé 3Beal gh00en Oy €087 N9
copol yner can0§9b§éqmww¢9m®ﬁycUﬁVénté@%qﬁcﬁ@HPFIbykh}@ﬂmjﬁﬂﬁﬁ(Nﬂb# t he

triple bonds, agﬁieg' splays ifderasld n&e&u@@%&b&l@s exan a§r§uc§11§,@t her
copol yners of THF éan be ob |ned b use of -al k Iene OXIde geg erably

et hyl ene oxi d8eBF™ FBEyPBné x@@?a Hﬂﬁlﬁﬂqeﬂ ST od

3- et hyl ted r abyidr oprs@dwre difalrs sarlnyasgetdnytt endeg| yeokroaindtGohexasedi ol .
15 When using hggntggogﬁg% wgkgﬁlgad/ I chedzyt anediol, the process of the
pr esent invenklon grves BFeione 3 ep IF ésired, a | ow nol ecul ar

wei ght, open-chain PTHF haV|ng a nDIecuIar wei ght of from 200 to 700 20

dal ton can al tiﬁeb%narﬁénwﬂqdl&ﬁéeel egeglyettfberetf@ﬁérmry Zﬁééo%Jx%aCEhQH wher e
it is converted into highe | ecul ar wei ght PTHF. Si'nce 1, 4-but anedi ol and

| ow nol ecul ar 8@ gt P?Fﬁhﬁaﬁg th%sh%ﬁﬂ@%@ﬂldFﬁup%onﬁﬁEQUQFES|ﬁébrb%?ated
not only gs tebegen ak theenaerdilehilths PTHusdwiitdut ago insel1ihe PTHF

chain as nononer. The telo agequ dt e pol i zation
as a sol uti onStAYFEETe8i nce ?ﬁ%l?€£%g£% e§§é§aFﬁé”3o %EFH]H%%F% Y2F the
pol ymeri zat i orpnishe tisears swyiteicul lar 0@|gbmpéétehg REHFmomt iRFHEL Hoester can
be controlled.yia.Lh %eangﬂpg Bholghoogp-ysedreIhe FRLE g%%ggfeh hessat 1n

the reaction M xture, the e mean nol ecul ar” wei PT
respective PTHEhSE gaeiefasitracter@sd OTDaTe iHadE 2o havd d dogeh oWt aat of
the pol ynegi zabis@apText ure, PTHFs or PTHF derivatives having mean nol ecul ar
wei ghts of from 250 to 10,000 dalton can be prepared in a targeted way. The
process of the present invention is preferably used to prepare 2 2 "a;~
L~~2 0050/ 4862he- Surface area of the montmorillonite catalyst 1is

preferably at least 150 m?/g, particularly preferably
at least 200 m®/g. It is determined by the BET method.
25
The montmorillonites used according to the - present
invention belong to the group of clays, more
specifically to the class of smectites. For the process
of the present invention, the montmorillonites can be
30 either of mnatural origin or of synthetic origin.
Preference is given to using natural montmorillonites
which have a very high proportion of montmorillonite
structure.

35 Before use in the process of the present invention, the
montmorillonite catalysts are activated in acid. The
activation can be carried out by methods as are
described, for example, in DE-A-10 69 583 or
EP-A-0 398 636. The acid activation can be carried out
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PTHFs or PTHF derivatives having nean nol ecul ar wei ghts of from500 to
10,000 dalton, particularly preferably from 650 to 5000 dalton. The
. polynerization is generally carried out at fromO 5 to 80C, preferably from
25C to the boiling point of THF. The pressure enployed is generally not
critical to thespgkgeeni zation result, wdch is why the reaction is
generally carried out at at nospheric pressure or under the autogenic

pressure of the r o] ar ol r tions
of THF with tﬁgl 8I atlalllzo%}é %{yc?ene % E%&qv\% reqqe}%\%gnt%ggohégy
carried out ucdstosaper ammephbrraﬁlrﬁ%sgmr eorgarrelcpr essipctlsiausaghiig . f rom
0.1 to 20 bar ppl5 E%l@.\ém & fhe Sramtdion, of setdiareper exbfesghtheg rouﬁere

pol ymeri zation I's advanta eously perforred under an inert gas atiops

As inert gase§°nrst15t§n§os%ﬁ DPEF Rk RT 1€ oRCALamive FUR S o@%ﬁi CEFBBF\C

di oxi de orsthecri@bl epRBsgasesc Paeiel entermsc glatfhrﬁt@xUSIclingctrageﬂ The
pol yneri zati o articul arég%/ advant ageousl y.carri out und d2¥drogen
at nosphere. &&rnetfﬁe S Jp%r?fcu?artf)yﬁo o1 a?‘fu “the 25
pol yners for nw.drmllwdm@@ldpartr al pressure can be fromO0.1 to 50 bar.
When the polynerization is' carried out in the presence of hydrogen, the
col or nunber can be further inproved by doping the nontnorillonite wth
transition mef&lts of td¥oups F1D 10 IWLIFREFRR i odi ctEBO® TabPRLVEsHlERENDI e
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t enper at ur es isvdipsasdédruntThe t aeidesPReanEsAVEPS d@nﬂhdsneOITHFhﬁagcbden
reached. Dependidig 9Aat he arpunt. Bie catal ¥sdy added oyl reacti g thye can
be fromO0.5 to 40 hours, preferably from1 to 30 hours, The_ cat al ésts 5 are
general |y addareta&%earﬁ%rmpreétréhlynlantaﬁomngﬁ §5Itn A £8 989Fby

wei ght, prefer@apl yhbr amde t @f70§fﬁfpﬁ/ume¢ glatclandamr thyeaﬂcm}{bbﬁcef acall,y from
8 to 60% by wei based on the vgﬁ q_é or, the20

wor k-up, the MEECSTSTS odud Y 11 ”fétlsrégo‘-i1 ‘f%%‘-‘%%t%ﬁwgla %d£r8f"
operation i s sepas@at edTheomuspenshtal y.ss peasead whdéilei rgtiadviard ageoasly by
filtratio deg&gﬂg Q01 tri Th ymeghzatign preduet freed
of the catagl yst eaL‘E;aleneral ly Ct?f] lﬁ ylS g?gﬁll I a%?on tgdvant%g gousl Y,
unr eact ed THF H%rtdllcétlramléfd otPP-’eéﬁG“aPHé’n ifrouesr$%d fow A& ar IR& ght
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pressure. 20 Thger#qd%}lysts whi ch are pg rticularly i;ltrve ss of

the present i Have ot i 1 | énl &Y¢Snt e evmiafflﬁ ?c |8ﬁ‘§re han
usual . Alt hougﬂmrtﬂmmalt]ajrws:tes ps exhens| sepamaied opffhe fud yeramgdei oy of

THF, a . ?Om tessclb aridh 107 KravdPy % e hﬁ%f rra¥es 231 Pl edllf;rq_nsjr

nont nori | aci d activati on, structure can be severely

attacked, int eE‘rUk%ﬁqC&lertfyl}t heaﬁhééeé‘slté'f Atst v hiedn opBréenoniceed. wekey. 45
(1994) 45-50, al?cttpdeehaﬂd Brrawy JerCh%@lcsi%d Farpeay mbnitori88 Jnite?)

2269- 2274, Kumar_et a | nd Res, 34 (1995) 1440- 44) so
that virtuall ycarttc?%ﬁﬁsrﬁsrmr?f?onlagg(a?ﬁaﬁ’gf’ﬁrs Yearf e Yet BEt eFHHPSR
diffraction. Apsdsdreom &hé f aremperanuwfesX- rafyanbrpmoussartocl edoctthere is
al so partigl VELSIION, - f£8TW660§' dafs@ resyl & Btn the técgbv%du% The

35 nontnori| |l onite custonarily used for the ac Fvation aI SO
i nsufficient rdht #®r plEENIRAS CidNteNEC FarrYheYsurgasers ofindhs preshmad

i nvention, th%m@ zetdtéte n@néﬂveetnbeﬂatereent eRk agilhe QAhilydie of
t he povvder diffractio ern about 28 = b. ? I n or der
are calc1ned rom to 600°C,
partlcularly preferably from 200 to 500¢°C, in
35 particular from 300 to 500°C, for from 0.5 to 12 hours,
preferably from 1 to 5 hours. However, the acid

ref

activation can also be carried out in other ways which

are known per se. For example, the acid can be brought
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2 ~ ~a'~~ 0050/4S621 - 11 to elimnate errors caused by different

measur ement conditions, the nontnorillonite content is expressed as a ratio

- to muscovite and to the kaolin constituents which frequently occur in

natural clays. 5 EXAMPLES XRD net hod 10 The X-ray determ nation of the

mont nori |l | oni pesopatept was carried out- fremthe powder diffraction

patterns using the 001 line of nontnorillonite at about 28 5.5, the

muscovite lin 8 .x ank t I Ny i .aho 28 = . The
measur enent 1gngén§?8?%ﬁ§ were: - [%ﬁkﬁ%&%#SBgog 5% éﬂ%ﬁ&%r%&%%ﬁé&%r - Cu
FCa 1 ine - Meashreirmuniltanpagsashapriagle aperture 20 - Steps of 0.02 - 3.6

s measurement ThMa RN SRR BidfacdbOp RakhesNEheerd vialdiat e dy
determ ning the area after subtractlnﬁ t?e bage l'i ne. Dgfendlng o%ng t he
preparation, PhefekRititl MEaS i RS deViat oA SRR I8 HaivaS VR 28T R Y s0
that the net hegntainsgbjlests tithdén cest &iyn wsight, Therwatefe feanitdit ldss
particular is_relevagnt_in the.low.angle region and _has to. be kept constant
for sanpl es whieéh ar%e Pg B"@lcggﬁpar%%gegooﬁr e’%él? attp(gr‘ﬁofw% ?p%’fy Cg?%l yst
Cl (conparati cetelgspl e)o85 &akalystm&iahasorident nideteoninedwhathehad
been activated_with hydroghhoer)c;achdsapd.pad,a kat Lopehmapiagsill onite to
nmuscovite to ggﬁ%%gogfgé:%pg.g? ﬁaebg?he SrigpngFénnntn%riIIoniﬁe&Ltructure
could no | onger be detected by X-ray diffraction after acid activation. 2

2 ~ 5, lro~ Bik@elSwzer can, as telogen, copolymerize with THF,
drying and/or calcination of the montmorillonite
catalysts under the above conditions prior to use is
advisable when teiogens/comonomers other than water are
used.

15
The catalysts which can be employed according to the
present invention can be used for the polymerization of
THF by the process of the present invention in the form
of powders, for example when carrying out the process

20 in suspension, or advantqgeously as shaped bodies, e.g.
in the form of cylinders, spheres, rings or granules,
in particular when the catalyst is arranged in a fixed
bed, which is preferred when using, for example, loop
reactors when the process is being operated

25 continuously.

In the preparation of PTHF diesters, suitable telogens,
i.e. substances which effect chain termination of the
polymerization reaction, are carboxylic anhydrides
30 derived from C,-Czp-monocarboxylic acids, for example
acetic anhydride, propionic anhydride and butyric
anhydride. The PTHF diesters formed when using these
telogens can be converted into PTHF by various methods
(e.g. as described in US 4,460,796).
35
As telogens for preparing PTHF monoesters of
monocarboxylic acids, use is generally made of C;-Cyo-

monocarboxylic acids, particularly preferably formic
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25 30 35 00S0/ 48621 - 12 The Na20 content was 0.3% by wei ght, the IéZ% e

content was 1.75% by weight, in each case neasured after ignition at 900C

- Catal yst C2 (conparative exanple) Catalyst C2 was an aci d-activated

montnorillonite (Tonsil Optinum 210 FF from Sudchem e) which had a ratio of

mont nori | | oni besbgapvscovite to kaolin-ofs 0.4:1:0.2. The Na20 content was

0. 36% by wei ght, the K20 content was 2.0% by wei ght, in each case neasured

after ignitio 90 cat al A AVAS @ mont ook L opL L whi ch
had been acti \%g?zeid wgtgﬁt%dr g)éﬁiltddri ?}té%%ﬁ%r?;ha a ratio of '

nont nori | | oni eeifle AGEEdEFt actd Radl mgtbpcryliciagid. j . e. the ratio of
nmontnmorillonite to the sum of nuscovite and kaolin was 7.5:1. The Na20
content was 0.26% by weight, the 0 content was 0.91% by wej in each
case measur ed®Pafetad s %e&r?geﬁn 9%%@ PEGPary8¥ §°€83W§>é |§)<Ng£ﬁ% 18,

nmont nori | loni ferwhégdmpad, beem dnitywaddibWi t ITHeydreshlodinhg acodoihymlehad a
ratio of nontmorillqnjte to ovi to i f 2 o R j.e..the
ratio of mont "OFi || osrllllbtseequéantrgﬁiysun%%f nﬁéggé%ggaandqﬁlggl in I:/\Br/a}g'L 11. §.'I . The
Na20 content hadrogessrbpnweiaht , the K20 dent ehendas 0.008% bgispigns, in

each case measured.attier b9BLERR At 9ACasCalRySt C Catalyst Cwas a

nmontnoril |l onite which had been activated wth hydrochloric acid and had a
ratio of nontnorillonite to nmuscovite to kaolin of 92.9:1:3.3, i.e, the

rati o of p@nt gehich! 0BbhE1{Retbe SAMOF c3n2 be; obtdined 000/ 48621cf 13

muscovi te and _kaol i s 21.8:1, The Na20 content s .,0.05% by. wei ght, the
K20 content wds 20.‘3@5%% 69 Swei YHdes n e%Eﬁgﬁ’é%Qi}'}eagg?‘X&e&ﬁ er°)¥)gc¥1v?eti85 at
900C. 5 Pol ymprriopgiliene 182xidef t et-meltygrldetnramyardfiGagn, of aesetbyl-

anhydride are i 0n idredflask,an t t : il st
stirring (180@%%)%?‘9%8%5?%%%%?% %ﬁglasfeslgﬁadﬁgd%@e%gea &ngtg:%el \r/ngkture
is stirred fof #5heXapessdoat: 50C. The catal yst is subsequently filtered off
by means o a pressure filter. The color nunber of the filtrate is

determined and the filtrate is ttlfdejn evaporated on a rotary evagorat ?r (30
mn at 150Q 1618™M 5URbAY 36SAPHSRE 1%¥¢9D. 2N6/ 9 nbar § - P¥haN PR
obtained in thihe wabdessvedfhele t prdeeat mineenhe onorpMerss BTHR henr easl ts
obtained are %Q%&ﬂ ifkt'gééfygdﬁ- gollgplgoiecular' weight, open-chain
PTHF having a wmolecular weight of from 200 to 700
20 dalton can also be returned as telogen to the
polymerization reaction where it is converted into
higher molecular weight PTHF. Since 1,4-butanediol and
low molecular weight PTHF have two hydroxyl groups,
they are incorporated not only as telogen at the ends
25 of the PTHF chain but also into the PTHF chain as

monomerxr.

The telogen is advantageously fed to the polymerization
as a solution in THF. Since the telogen effects the
30 termination of the polymerization, the mean molecular
weight of the PTHF or PTHF diester can be controlled
via the amount of telogen used. The more telogen
present in the reaction mixture, the lower the mean
molecular weight of the PTHF or respective PTHF
35 derivative formed. Depending on the telogen content of
the polymerization mixture, PTHFs or PTHF derivatives
having mean molecular weights of from 250 to 10,000
dalton can be prepared in a targeted way. The process
of the present invention is preferably used to prepare
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Cat al yst Conversi on [~] Col or nunber of filtrate 22k

| APHAI C128. 915C28. 325A28. 910B40. 511C44. 28 The experinents show t hat
. conversions ‘and col or nunber 25 are significantly inproved as the

nmontnorillonite content increases. Z Z ~~;, ~'~~~~2-14 W claim 1. A

process for poepasamgepol ytetrahydrof urag, -pol yt et rahydr of uran copol yners

or diesters or nonoesters thereof by polynerization of tetrahydrofuran in

t he presenceoﬁ}zg% é?aﬁ&ggf\g?ggggg% nﬁ/ag&nﬁggagagwolwu%&e%aéi?gmgNater,

1, 4- but anedi but yne polytetra of uran havi ng | ecul ar
wei ght of froed 26@omo S0, ta &P~ CPOnHkaboxpRFELIGRLAT1E crafesally

anhydri de of ga-&R-£20-#@NOcEH be@xytdg. acid, 2- or 3nethyltetrahydrofuran, a
diol or a mxture o; t hese tel ogens and/ or conononeré over acig-activated
e

mont nor i | | oni T8 cRPAVYEES 2a5hePeiF (BTt Wor FRFOARHe Bkt afysEt™8Ft & aci d
acti vati ors hascasiati, o pafe ferbinr i f1ami 2B8°St tuctuliee boilbrgspaiat miScovite

and kaolin st tur.es, _deternoin [ the i htie f refl ections
o ap o B o s PR EPS o e o008, 08, LRRERR Y Rt S F PO
kaol i n measur edei polymexirayipnwdesupht t whiachofi sawhyegde FreRrcti orA i ocess

as ol ai med i noghaign iy gherell W dihafeROIRYYE! BBLoglrthe Crisial | i ne

conponents of "the nontnorillonite catalyst are in the formo
nmont nori | | oni EBe AKQIRTIE aRgeREBFEN <% r fECUrRS1YREr AZE $8Bs SHEL €T ai ned
iz(r)loclngi/ mlhd V\daﬁe@bﬁibigg Sﬁ.li"eac%dj:rcaﬁm((fritmi@fﬁ mos f | | wnFlt eSviitgl attﬂfast

g, determ pe e.BET nmethod.. 4. A process as ainmed inclaim1i,
wherein the nﬁﬂ?%g??Fl%ﬁ?f?lggggﬁﬁnoﬁﬁg%ﬁﬂcVﬁéghaFrFro Yﬁﬂfﬁ%??ﬁﬁk?prior
to use in thecpotryasdrozht undersSsupepabwesshesicl praedura.claim 1, wherein
the acid activation is carried out using an acid selected fromthe group
consisting of hydrochloric acid, sulfuric acid, nitric acid, phosphoric
acid, form c ZBPdPEESERERi éSaepyally fygmplpl-to-2p-barg. A process as
clainmed ijyclaiml|, wherein the catal yst contains |ess than 3% by wei ght,
based on the total weight of the catalxst, of alkali netal ,ions. 7. A

t

process as cl aPme@YH Il 5% 1, IRRBRELRT héTt el DYRFE usBETPEigESy| ¢ the
anhydri de. 8. pAlpmeeesatasncl asneddvancigesud]ly whesefsrmdd pohdeerizati on

s carried out gl f O 20nh8oR2F-aNs? 1B SR e PGSO G 1O 3
use, for example, nitrogen, carbon dioxide or the noble

20 gases. Preference is given to using nitrogen.

The polymerization is particularly advantageously
carried out under a hydrogen atmosphere. This
embodiment gives a particularly low color number of the
25 polymers formed. The hydrogen partial pressure can be
from 0.1 to 50 bar. When the polymerization is carried
out in the presence of hydrogen, the color number can
be further improved by doping the montmorillonite with
transition metals of groups 7 to 10 of the Periodic
30 Table, for example with zruthenium, rhenium, nickel,

iron, cobalt, palladium and/or platinum.

The process of the present invention can be operated
batchwise or continucusly. For economic reasons, the

35 continuous mode of operation is generally preferred.

In the batchwise mode of operation, the reactants THF,
the respective telogen and the catalyst are generally
reacted in a stirred vessel or loop reactor at the

“n

4%

7
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9. A process as clained in claim1, wherein the polynerization is carried

out in the presence of hydrogen. .A30l.A+. A AH . AN. A& An. A A Al . Al. A ASn
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temperatures indicated until the desired conversion of
the THF has been reached. Depending on the amount of
catalyst added, the reaction time can be from 0.5 to
40 hours, preferably from 1 to 30 hours. The catalysts
are generally added to the polymerization in an amount
of from 1 to 90% by weight, preferably from 4 to 70% by
weight and particularly preferably from 8 to 60% by
weight, based on the weight of the THF used.

For the work-up, the reaction product in the case of
the batchwise mode of operation 1is separated from the
catalyst present therein, advantageously by filtration,
decantation or -centrifugation. The polymerization
product freed of the catalyst is generally worked up by
distillation; advantageously, unreacted THF is
distilled off and then, if desired, 1low molecular
welght PTHF oligomers are removed from the polymer by

distillation under reduced pressure.

The catalysts which are particularly active in the
process of the present invention have a montmorillonite
content which is higher than wusual. Although the
catalysts previously known for the polymerization of
THF, e.g. Tonsilg, K 10“, KSFQ, KP 10®, etc. are
prepared from montmorillonites by acid activation, the
sheet structure can be severely attacked, inter alia,
by the process of activation (Brown, Geol. Carp. 45
(1994) 45-50, Rhodes and Brown, J. Chem. Soc., Faraday
Trans. 88 (1992) 2269-2274, Kumar et al., Ind. Eng.
Chem. Res. 34 (1995) 1440-1448), so that virtually no
montmorillonite structure can be detected by X-ray
diffraction. Apart from the formation of X-ray-
amorphous particles, there is also partial conversion
to muscovite as a vresult of the activation. The
montmorillonite customarily used for the activation
also has an insufficient montmorillonite content. For
the purposes of the present invention, the measure of
the montmorillonite content is the 001 1line of the
powder diffraction pattern at about 286 = 5.5°. In order

L
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the area after subtracting the base line. Depending on

25 the preparation, there will be slight deviations in the
relative ratios, so that the method is subject to a
certain error. The water content in particular is
relevant in the low angle region and has to be kept
constant for samples which are to be compared.

30

Preparation of catalyst

Catalyst Cl (comparative example)

35 Catalyst Cl1 was a montmorillonite which had been
activated with hydrochloric acid and had a ratio of
montmorillonite to muscovite to kaolin of 0:1:0.2, i.e.
the original montmorillonite structure could no longer

be detected by X-ray diffraction after acid activation.
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Catalyst C2 was an acid-activated montmorillonite
(Tonsil Optimum 210 FF from Sudchemie) which had a
ratio of montmorillonite to muscovite to kaolin of
0.4:1:0.2. The Na,0 content was 0.36% by weight, the K0
content was 2.0% by weight, in each case measured after
ignition at 900°C.

Catalyst A

Catalyst A was a montmorillonite which had been
activated with hydrochloric acid and had a ratio of
montmorillonite to muscovite to kaolin of 23.7:1:2.1,
i.e. the ratio of montmorillonite to the sum of
muscovite and kaolin was 7.5:1. The Na,0O content was
0.26% by weight, the KO0 content was 0.91% by weight,

in each case measured after ignition at 900°C.

Catalyst B

Catalyst B was a montmorillonite which had been
activated with hydrochloric acid and had a ratio of
montmorillonite to muscovite to kaolin of 28.0:1:1.5,
i.e. the ratio of montmorillonite to the sum of
muscovite and kaolin was 11.1:1. The Na,0O content was
0.06% by weight, the K;O content was 0.16% by weight,
in each case measured after ignition at 900°C.

Catalyst C

Catalyst C was a montmorillonite which had been
activated with hydrochloric acid and had a ratio of
montmorillonite to muscovite to kaolin of 92.9:1:3.3,

i.e. the ratio of montmorillonite to the sum of



22 MY N
10 10'6! 109%&' ()-M ((c)r*e+d, g-wJ3uS1!! ™ "10%u& ()-@!'}" "10%uu& ()-@!"
"10%u& ()-@!'" "10%uu& ()-@!'" "10%u& ()-Q!~
. "10% u-U& ()-@g-@A. B.C.S.d.. _/uS1! 39! 10%T& ()- !39!10988&" () -
&@O%& ()-L'10%& ()-1 10uu 10uu 10uu!"
"10%u& () - @odéOPdx3z[ 9uSl! | ~+&10%& { )3 "4 1090& ()-Y !'t!1109%& ()-Y
T110%b& ()-!1}!110%& ()-!" 39! 10%PP& () -

x3u4x4555585/ ~§_I I%%l%@‘}égo%%%/& {?‘ oh~5.10T 40T Na,0 content was

10T9S8NL0%T &
/555556A7a7}[e<~®&%l byOwgi&nY - | ying 0%EP ( FonFentomasy §) 1VF: bYOHGEBHY - & F10%

@ ()-Ty, 10°@T(%a Y 48 §§¥V9t%ea¥@§eél-éf &'iﬁr@ti%n Le SobdB%& ()-
| &1 0% () 1 109& ()-T~ 11109 ()-T1T10%&:

o <<<=>yS1!'t 1! 109 () €] p K 10%gg& () -G ki'! 10%&' ()-G 10%& ()-'10%& ()-3
10 10 10>=>??S@A <uSl!'t !}  $! 10%p4)ymerization

182 g of tetrahydrofuran and 18 g of acetic anhydride
are placed in a 500 ml stirred flask and heated to
50°C. Whilst stirring (180 rpm), 10 g of catalyst are
10 added thereto and the mixture is stirred for 45 minutes
at 50°C. The catalyst is subsequently filtered off by
means of a pressure filter. The color number of the
filtrate 1is detérmined and the filtrate is then
evaporated on a rotary evaporator (30 min at 150°C/1013
15 mbar and 30 min at 150°C/0.2-0.3 mbar). The PTHF
obtained in this way is weighed to determine the

conversion.

The results obtained are shown in the table.

20
Table 1 )
Catalyst Conversion [%] Color number of
filtrate
[APHA]
Cc1 28.9 15
C2 8.3 25
A 28.9 10
B 40.5 11
C 44 .2 8

The experiments show that conversions and color number
25 are significantly improved as the montmorillonite

content increases.
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telogen and/or comonomer selected from water, 1,4-butanediol, 2-butyne-1,4-diol,
polytetrahydrofuran having a molecular weight of from 200 to 700, a C;-Cj-
monocarboxylic acid, a carboxylic anhydride of a C,-Cjo-monocarboxylic acid, 2- or 3-
methyltetrahydrofuran, a diol or a mixture of these telogens and/or comonomers over
acid-activated montmorillonite catalysts, wherein the montmorillonite catalyst after acid
activation has a ratio of montmorillonite structure to the sum of muscovite and kaolin
structures, determined from the intensities of the reflections at 20 = 5.5° for
montmorillonite, 26 = 9.0° for muscovite and 20 = 12.5° for kaolin measured in the X-ray

powder pattern, of at least 5:1.

2. A process as claimed in claim 1, wherein more than 90% by weight of the crystalline
components of the montmorillonite catalyst are in the form of montmorillonite,

muscovite and kaolin structures.

3. A process as claimed in claim 1, wherein the surface area of the montmorillonites is at
least 200 m?/g, determined by the BET method.

4. A process as claimed in claim 1, wherein the montmorillonite catalyst is calcined at from

200 to 500°C prior to use in the polymerization.

5. A process as claimed in claim 1, wherein the acid activation is carried out using an acid
selected from the group consisting of hydrochloric acid, sulfuric acid, nitric acid,

phosphoric acid, formic acid or citric acid.
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9. A process as claimed in claim 1, wherein the polymerization is carried out in the presence

of hydrogen.
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