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POLYMERI ZATI ON, AND DEPCLYMERI ZATI ON, - ¢ # & v OF CYCLI C ETHERS USI NG
HETEROGENEQUS CATALYSTS . ' ' - FI'ELD OF THE | NVENTI ON 5
Pol yneri zation of cyctic ethers to polyethers is catal yzed by
“het erogeneous cat al ysts which contain 1 selected nmetal cations. The netal
cation nmay be the charge bal ancing counterion of a zeolite structure,
or a met al ‘perfl uoroal kyl sul f onat e8X3Eef erably a triflate, 10 attached

to a support nay be usedyyRRRORXFEGL 7 NP DESbLYMERPEANIH, " ahydr of urans to
tetrahydrofurans is_cata ' erfl uoroal ﬁl sul f onat e,

| yzed b a _net al
preferably a trifléFéFYCL¥CafT%g§ﬁu?§ﬂ§GaH§E ENEOUS CATALYSTS
TECHNI CAL BACKGROUND 15 - EIBID HEr INVENTION yneri zed by vari ous
means to g give : WM ULdhd g « FQL4 1 : , _
et hyl ene oxide is %c%l(igﬁg%%%d}#ﬂo%ggﬁgg?%l%%%égo%itgegglbgév%%eﬁss useful for
(in | over rol &&HRIYZREI BYithefrerpgspecus eatahists whdShe€PRER1N ubricants,
pol yur et hanes,se(l@etednmé@fahi @itdionsn| eThé anetdll Bk iohagef)be RAekagi ng film

denture acgﬁgjg\éegaléggiéqg%igg?gg?fJ)Pcculeé%h.gggi ﬁg%ld t et rahydr o-

furan (THF) is polfyneri po anet?nﬁ 3¢t“re'g ycSI whi ch
is useful in twetadr ppafiveren iy foogate, prefigmedblypsl yxafldtene resins

usef ul iniel asit@aRhed P84 SsuRortaidyt BeT HeY ASDepot hAst HIR orisel Ul for
nmol di ng vari ous erefore, |npggved nmet hods of maki ng

nmechani cal parts, There
t hese pol yrrer_?%yé:e%ﬁgﬁa’.mg“ra’% to B?%.ra%%’é‘?ﬁ‘-’ri’f‘go 78 &G B¥s the use
~of zeolites a medadaperfrecrtdedkydlspydfonate @refferablyahydriffiaten. 30 These

pol ymeri zat i onyeiReel £8 £ragisstevery sliowy. U. S. Patent
- 3,842,019 describes the polynerizgiion
15 Cyclic ethers are polymerized by various means 56

give'products oflwideépread utility. For instance,
ethylepe oxide is polymerized to polyethylene oxide
which is useful for (in lower molecular weight grades)
ceramics, cosmetics, lubricants, polyurethanes, (and ‘in
20 higher molecular ‘weight grades), packaging film, dehture
adhesives, lubricants, and flocculation, and tetrahydro-
furan (THF) is polymerized to poly(tetrémethylene ether)
- glycol which is useful in the preparation of Spéndex
fibers, polyurethane resins useful in elastomeric parts,
.25~ and thermoplastic elastomers useful for molding various ..
- mechanical parts. Therefore, improved methods of making
these.bolymers are sought. -

U.S. Patent 4,303,782 describes the use of zeolites

to catalyze the polymerization of tetrahydrofuran.
_ 30 These polymerization appear to proceed very slowly.

U.S. Patent 3,842,019 describes the polymerization
pf oxiranes and other small ring bompounds by a presumed
cationic mechanism, using as the catalyst the

_ deéomposition products of metal perfluorocalkyl-
35 sulfonates. These catalysts are described as "latent",



. of oxiranes and other snmall ring conpounds by a presuned cationic
‘zmechani sm using as the catalyst the deconposition products of netal
~perfluoroal kyl - 35 sul fonates. These catal ysts are ‘described as "latent",
2 that i$ no reaction occurs until the netal salt is deconposed.
The reactions reported are relatively sl ow even at elevated '
tenperat ures. _ U. S. Patents 5,084,586 and 5,124,417 describe the 5
- cationic polynertizat iien nof react Dors souwizenatil ncheidsewpl saltytsi c et hers,

using oni um cat i @NS,mMQFE CQE%;?%E%E&J%% repo?@%?rgké”f%latively slow, .

fl uoroal kyl sul f at onet’al I at es. Iumion catalyzed cationic
pol ymeri zati ons 2YeR il [eleNBhAd EfPeratumgsre is no mention in these

patents of the use ofuyet dattdtsss] 684,886 @nat 3i, D2NQ4 INideBCrabs, tieich as

met al trifla as catalysts_for t ol rjizatiqn of C
et hers. : E%‘gjb%nnlecs & oégpéﬁf'z%ﬁr? coraﬁ3 i i ié&- 8’5\;3'8:7 K Fe cit P%éga{"fﬁ%
pol ymeri zati on ofYeki¢ #bheérst unahng semipr casibhaat vepsefcorsesppudingul f oni ¢

aci d-and a car boxibss ared £a50¢85 Bky S fat omeb@1 IBEES ON OnduiBggnOf netal
salts, such a netal friflates as, cat HrKgch, et

al ysts. . S.
ahSimeromol ecuPatalynd ‘318058 FO1vERE RS 18ne 185 ek KnORR: | H
pol yneri zati on oth€fe ti mehywentionain ushesp prieptiydSithd uisei OFumettakt hane-

sul fonate (heei Battd A Qontaihifg| Shidili¥hns, Nuch adielidedn i s nmade of any
other triflates as,catal ysts for this polynerizatjon.

Bor kowsky, et al PFiEiEBfmdeacatalpsts jkpr félepmim%womgﬁfywp%hL
that certain zirethensn ' ' .
Japanese Patent Application 51-82397 describes the
polymerization of tetrahydrofuran using a combination of
15 fluorosulfonic acid and a carboxylic acid as catalysts.
No mention is mhde of metal salts, such a metal
triflates as catalysts. _ |
J. S. Hrkach, et al., Macromoleéﬁles, vol. 23,
p. 4042-4046 (1990) describe the polymerization of
20 tetrahydrofuran using tfimethylsilyl trifluoromethane-
sulfonate (herein triflate) as the initiator. No
mention is madé of any other triflates as catalysts for
this polymerization. | a
S. L. Borkowsky, et al., Organémetal., vol. 10,
- 25. p. 1268-1274 (1991) report that certain zirconium
" complexes can initiate the polyﬁerization of tetrahydro-
furan. No mention is made of zirconium pérfluoroalkyl-
sulfonates, or of copolymers.
T. Misaki, et al., Nippon Kagaku Kaishi, p. 168-174
30 (1973) report on the polymerization of THF using a
combination of metal aceylacetonates and acetyl
chloride. None of the metal compounds herein disclosed
as catalysts are mentioned. : -
Japanese Patent Application 51-82397 describes the
35 polymerization of tetrahydrofuran using a combination of
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conpl exes can initiate the pol yrrerl zation of tetrahydro- furan. No
frention is made of zirconium perfl uor oal kyl - sul fonat es, or of

copol yners. T. Msaki, et al., N ppon Kagaku Kaishi, p. 168-174
30 (1973) report on the polyrrerl zation of THF using a conbi nati on of
met al aceyl acet onates and acetyl chBoride. None of the metal conpounds
her ei n.di scl osed as catalysts are nentioned. Japanese Pat ent
Appli cation 51fB&38%ulsonichasid ndB% palrpbrylzataciy @fs cats gy of uran

usi ng a comnbi [ 3

fl uo?osul foni (r‘jﬁgcrlﬂgd}ltgnd éscg? 2 ° ’%etaaé'l 15503 a‘fatatlg'sts No rrentlon S
made of netal salts as catal y@@ﬁwwn&u SUWARY OF THE

| Nl\/ENTI ON t Tﬂila &mﬂ&;ﬁelﬂbhmﬂom raSp&oEét.@geﬁc_sr ftle the 5

ol ynmeri zatd on S in cont a n or nore
8XI )r/anes ogxetggie%rgé%gt %Edrggf ‘%ir)\gp etherss, Sﬁﬂ?llécs{"f%c&f’ﬁiﬁi’?ﬁas or

1, 3, 5-tri oxaneSne \@x poge oxirzwu taxetigingls, cbat pahydrofiveaak, cat i on sel ect ed
fromthe Gk%@nal Stupgxeiarfdd, O'i')tr‘ 4B, Qa’ErMan%%anqli 1210 yttrium

the rare earth # anlun%l zirc rin haf ni um_ chroni um
mol ybdenum t afit® ’?ﬁﬁ %42 me'ta r GERLPR Lﬁﬁlmﬁf°¥‘hﬁtﬁ um
i ridium pall agfesg consispliagl qﬁmtmdt\iam,, garﬂumzlmndiadl;n um mercury,

al umi num . gl Iwmm@dltlﬁ@ rhpy! émh GRAEEY, U&t£+{hm,1§; rse“' c,
antimony and b%sgul and an accel erat or rom e group

consi sting of | jcaromiumg MpRthdenum, o Eaptakipngahesdygme at By | i ¢ aci ds
whose pKa - rutmmitm, iosmiess itediwiouri@ium, palladiukhi S invention al SO

concerns a progessidal, Eqﬁver, gold, zinc, cadmium, mercury,
aluminum, gallium, ‘indium, thulium, germanium, tin,

15 lead, arsenic, antimony and bismuth; and an accelerator
selected from the group consisting of carboxylic ' )
anhydrides, acyl halides and carboxylic acids whose pKa
in water is less than about 6.

This invention also concerns a process for the

20 polymerization of cyclic ethers, comprising, contacting
one or more oxiranes, oxetanes, tetrahydrofurans,
oxepanes, 1l,3-dioxolanes, or 1,3,5-trioxanes; with a
heterogeneous catalyst containing a metal perfluoro-
alkylsulfonate attached to the surface of said catalyst,

25 said metal selected from the group oonsisting of
strontium, barium, scandium, yttrium, the rare earth
metals, titanium, zirconium,_hafnium, chromium,
molybdenum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, gold,

30 zinc, cadmium, mercury, aluminum, gallium, indium, -
thulium, germanium, tin, lead, arsenic, antimony and
bismuth; and an accelerator selected from the group
consisting of carboxylic annydrides, acyl halides, and

carboxylic acids whose pKa in water is less than about
35 6. ) '
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20 polynerizatidn of cyclic ethers, conpri.sing, contacting one or nore

oxi ranes, oxetanes, tetrahydrofurans, oxepanes, 1, 3-di oxol anes, or

1, 3, 5-tri oxanes; with a het er ogeneous catal yst containing a netal -
perfl uoro- al kyl sul fonate attached to the surface of said catal yst, 25
said netal selected fromthe group con5|stﬁng of _strontium barium
scandium yttrium the rare earth netal s, ‘titanium zirconium

haf ni um chrom um Thisnﬂqﬂamaﬁonlalamtednnqrnﬁhenpun¢653(ﬁwr tbheheni um

osmi um rhoééblérlyd\éhdz'a‘é%npéklédéé&c})etm e teumtéeéa\f@rdmﬁemn 30 zinc,
cadm um nercury, Mt”nnun1 allium | manLum tin,

i um
| ead, arsenic, afPFRBH3AREd °°nta°BiL§?nR‘h 2 é‘r‘r’tﬁ“p&ﬁaéb’ﬁ%l ef af?ltiﬁ’g‘tsépgcq ed from
the group consaboutn @ SO°Ce as bpadsmier a:mh;sdstdﬂg essptitibalydes, owand

carboxylic ach s pngsee Rihedd URALEL bF LifSTdridRadbout 35 6.
4 IS |nven

A"s6 concerng a process for the -
depolynerizatlon of a polyether to a tetrahydrofuran, conpri si ng,
contacting at a tenperature of about[CHi3cePrICRZR3CRR4DJFDOUL 250[err]C, a
pol ymer consisting essentially of one 5 or nore repeat units of the
formul a

- [ CHR er r] CR] er r FReceid GRIGH RPR] B? ¢ |[R3HRner Rf 3s independpat by rhystrogeR] err]
Rlerr], Rertp ape¢ R{r@fé&aib?l' l&éaesmﬁlsﬂg |y ¢ty @00g8PpdR awmsbyd&eﬁaé byl

ntaining 1 rbon r
ggntg|n|ng a ;gt g, ca ;é%&§u cata%&st gbntaigy%%e ogegg ‘§%é3 %%r St

alkylsulfonate attached to the surface of said catalyst,
"said metal selected from the group consisting of
strontium, barium, scandium, yttrium, the rare earth

15 metals, titanium, zirconium, hafnium, chromium,
molybdenum, tantalum; rhenium, iron, ruthenium, osmium,
rhodium,-iridium, palladium, platinum, silver, gold,
zinc, cadmium, mercury, aluminum, gallium, indium,
thulium, germanium, tin, lead, arsehic, antimony and

20 bismuth. '

' DETAILS OF THE INVENTION

All of the descriptions of the processes that
follow, except for those of the catalysts themselves,
and where otherwise noted, are applicable to both types

25 of heterogeneous catalysts, the zeolites and those to |
which metal perfluorocalkylsulfonates are attached.

In the pqumerization processes described herein
one or more cyclic ethers, oxiranes, oxetanes, tetra-
hydrofurans, oxepanes, 1l,3-dioxolanes, or 1,3,5-tri-

30 oxanes are polymerized to form a polyether. Oxirane
(more commonly called epoxide) is herein given its usual
structure, a saturated three membered ring containing
two carbon atoms and one oxygen atom. Oxetane is also
given its common meaning, a saturated four membered ring

35 containing 3 carbon atoms and one oxygen atom. The term



al kyl sul fonate attached to the surface.of said catalyst, sai d net al

sel ected fromthe group consisting of strontium barium scandi um
yttrium the rare earth 15 netals, titanium zirconium hafnium chromnium.
nol ybdenum tantalum rhenium iron, ruthenium osm um rhodi um
iridium palladium platinum silver, gold, zinc, cadm.um nercury,

al um num gallium indium thulium germanium tin, |ead, arsenic,
“antinony and 20 3siis¢glane means a saturated 5 medBEARHSrOkg TWIE dENVENTI ON

Al of the dessyntRlingnewef okfferPaReR3S8ephlaled by hOLhPHbn BXGEPL for those
of the catal ys,s thens Iéeg and where otherw se noted, are applicable
r

to both types ESF &t At BGeTRASRD e BPARY st S 1% MemPESet BEM%ind t hose t o
whi ch netal perdntaémdabky| sxydamattemsaie shickctt® oxygen atomd raridhe

pol ymeri zalsi Oncd¥m@s aesme €Shd iiﬁ%ﬁﬂ?‘&@&f‘ one or nore cyclic ethers,
oxi ranes, oxetanes, tetra- 1ydr of ur ans, oxepanes, 1, 3-di oxol anes, or
1,3,5-tri- 30 oxane$ &PEMBoPYHEANSre PXE5 PG NPRERFIy elndrdioxnianse |

(nore cogm)ﬂl ylmls-e¢iegau¢ﬁeand T dtebhyardfvedh iiint1uadakompoundsd ruct ure, a
saturated threg e inin .two carbop, ato nd one
oxygen atom %e?et aneqﬁ;‘g gf‘é%g £y gﬁy\%ﬁﬂftgh%%hm%ﬁ ﬁggﬁ?h@‘}t“??}% at ed
four menber ed BY4RPCITLYE 0BT ByArRFaTbydenengreunts contasnéngxy gen 2& om  The
term dlg carbonaatpms. The hydrocarbylene groups férm-&affl ane neagsba
saturate meqher.ed rin | .__.cqntains {mwo oxygen_ atons separated by
1 carbon atom%ﬁl- ﬁénggfmn{ir'}l,f%f §-nt°|liu§§aﬁ£°¥‘r%’a’rfs‘ é")élgxcﬁgﬁbe"rtéﬂ' ring

cont ai ni ng 3 O¥AFEMsat oB¥ & rhydradarbydeosygeoumthereiands hearst kons at ons
are alternatediivalent radical containing carbon and hydrogen which is

- part of a.carbocyclic ring.

15 'Preferred-cyélic ethers have the formula
: PO
R! ' )
| R! . R! , H R

CH . . .
/N H Ho OXO
Q\- LCR R or
CH O o - RO R}
| < H H

|
4
R H R

wherein n is 2 or 4, and each R!, R2, R3 and R¢ is

20 independently hydrogen or hydrocarbyl containing 1 to 20
carbon atoms. Some cyclic ethers polymerize to give
repeat units of the formula -[CHR! (CR?R3),CHR40)-. 1In a
more preferred cyclic ether all of R!, R2, R3 and RY are
hydrogen. 1In another more preferred cyclic ether where

25 n=2,_R1, one of R?, both of R3 and R are hydrogen, and
the remaining R2 is alkyl containing 1-4 carbon afoms,
especially preferably the remaining R2 is methyl. By
hydrocarbyl herein is meant a univalent radical
containing carbon and hydrogen. '



rtetrahydrofura nds cont ai ni ng 1% whi ch
are substitute rocar byl or hydrocarb WEH%SQE up8S cBkNai ni ng 1
to 20 10 carbo ydr ocar byl ene groups {orm cREMACED cyclic
rings, which |nclude b|cycI|c tricyclic, €tc. SYSteEns™—By—a— .
hydrocar byl ene group herein is neant a di val ent. radi cal containing

carbon and hydrogen whbcbowmenza&arotn Qfs BafAidWw @Rl 16 the@0presence
Preferred cycllcfet ers ve

Lerr] o RREF RETR A SGes ifles A Lan. P8R B CRTAALYSR 6] and
Rlerr] is 20 i ndayjsabdnat agcéleraipas erehgarbexyiid a@bmﬂai¢¢sugahyﬂo 20
car bon atoms Smlaﬁsl asdeémoscyaqlcv%aagewﬁ&eglp\t@ is 1&@9%&#“' ts of the

formula -[ err]Rlerr])[err]CHR err] Q -. nore preferred
cyclic et her al I"’“J(S’?’Cllgfef"f‘]Ré re’rr] Rlerr] and R[err] are hydrogen. In

anot her nore preferr®y aychrbo:eghm anhydeidé hspeddteiar }:ompanmcbf Rlerr],
bot h of - h | k
o P R[err] tlg[i%%é e J%qu'g’gn c(’ilf”jmre y %greg%e remai nI ng Rl &

contai ni ng 1-4 carbon at éra ing Rlerr]

is nethyl. By vaW’GPSEa?E?It‘hé?@eﬁ Férhﬁﬁn?t%!“%m @aPEﬂfeF’éﬁﬂ cal
cont ai ni ng car baramyskyhydr agydride is an anhydride of an alkyl

9607260-8 10 carboxylic acid or a halogen substitutedlalkyl
-éarbéxylic acid, and particularly preferred anhydrides
are acetic anhydride and trifluoroacetic anhydri&e.

By an acyl halide is meant a compound containing
the grouping -C(0)X, where X is chlorine or bromine and
15 the free valence it to another carbon atom. 1In
preferred acyi ﬁalidés X is chlorine. Preferred acyl
halides are alkyl acyl'halides,'and'gspecially preferred
are acetyl halides, more preferably acetyl chloride.

The terns OXi FrAeet B &nﬁ%ﬁﬁo epane, 1, 3-di oxol ane, 1,3,5-trioxane, and

By a carboxylic acid is meant a compound containing
20 the grouping -C(O)OH, wherein the free valence is to
another carbon. atom. Preferred carboxylic acids have a
PKa of less than 5 in water. Useful carboxylic acids
.' include, but are not limited to formic, acetic,
' trifluoroacetic, chloroacetic, benzoic, trichloroacetic,
.25' p-nitrobenzoic, butyric, and naphthoic'acids. Preferred
carboleic acids are trifluoroacetic, formic, acetic, '
cyanoacetic, nitropropionic, nitrobenzoic, acrylic and
methacrylic. These and other acids that themselves
don't cause polymerization of the cyclic ethers are also
30 believed to be accelerators, especially if their pKa in
water is about 6 or less.

When carboxylic anhydride is present one half or
more of the end groups are carboxylic esters. As is
known to the artisan, these may be hydrolyzed to

. 35 hydroxyl groups by reaction with water, preferably in



6 : The polynerization is carried out in the presence of an
:accel erator (sonetinmes also called a co-catalyst). The =~ accelerators
are carboxylic anhydrides, acyl hal i des and carboxylic acids whose pKa
is less than 5 about 6 in water. By a carboxylic anhydride is
meant a conpound containing the grodping -C(O (O C-, wherein the free
val encies are to other carbon atons. A preferred carboxylic anhydri de

i s an anhydri daeoprasemtkydf B0 cacalpsxy|sucha@isd aostaohgl agien substi tut ed

al kyl car by %%SX%E;@CA%[d Byl H?;Eiia%éﬁr%é/ aDrs‘%fr%BE;eﬂaéé‘hngIc’hd are

acetic anhydri. nd tritluoroacetic an acyl halide

i s nmeant a.cot@Hhd cHit HrARGFtion Pﬁeafﬁﬁﬂﬁﬁ ﬁ@dsceeyﬁsa%ﬁﬁuﬁ?ex is chlorine

or ]Enrom ge anfioaaerthﬁefﬁmmﬁleaeeohtlﬁQaflajwelmed ltoclgfbe@eda.t Fm In kvl
preferred acy i.s .chlorin referre | re al ky
acyl hali dgs .Alt g |aI‘T°ly|6“re§1;§r ?éﬂf 18 °a€t§nag§ Feﬁl eda r%%sr%?e
preferably acdﬂylcénlb¢|wﬁﬁd to make oBhen RANYRSOP i éuablﬁﬁls meant a

conpound cont qaoriweeEQanééwazw %riyegtegép) @he \Maqrfebatébeoé BRstakence is

to anot her, carbon_at erred car a ave a pKa of
[ 0ss than s rinanan ugeiily s B relnt Duery dow ndleanine Wadhnt, o oy

' I|n1ted_to fcnpuhymeasewhtch can hej kisedr ascediventshl or oaceti ¢, benzoic,
trichloroggetic, Z%epl g scarQUt,xéacas L RRYRY BRhCoAC IR

Preferred car box cids are trifluoroacetic, forn1c acet] c,
cyanoacetic, % GﬁPBBFo?ﬁ% usHallygh &S5 8F cOn L0567 aARd the haligery| | c.
These and ot het, ani dhet balief herMrlsvehe complbertd fawmdapbbynsugival i on of the

cyclic ethers qignghsgodfa el RERMILERDE)QEARNET 26 Ry, GRARET gl Ly if their’

pKa in wat'er i s about car boxyl1c anhydride is
present one hdiye group tﬁDV’éiQﬁ ttﬂ?e%:b!él gF@\!RJSO%rtélec&FHéx plidesdsrs. As is

known to tise asdunsan, shbaspor@eﬁe aliediskydrcas Antermendasuy| gy oups by

reactlon_mnth t%&bp égﬁb pglymers containing different
functiogal groups. For example, the ester may be
hydrolyzed to a hydroxyl group, and the halide may be
reacted to- form another functional group such as

20 nitrile. If a bis(atyl halide), X(O)CYC(0O)X, is used as
the accelerator, the product of the polfmerization will
be a poiyether With halide (X) end groups which contains
two internal ester groups, and may have the formula
X~ [CHR! (CR2R3) ,CHR40] ~C (0) YC (0) ~ [OCHRY (CR2R3) nCHR?] =X.

25 Useful bis(acyl halides) include adipoyl chloride,
terephthaloyl chloride, and diglycolyl chloride
[C1(0) CCH20CH2C (0) C1] . -

When a carboxylic acid is used as'the accelerator,

the end gioups are usually mostly ester. Thus the

30 -complete formula for such a polymer could be
¥~C(0) -0~ [CHR1 {CR?R3) n,CHR40]-C(0) ¥, where Y is the group
to which the acyl group of the carboxylic acid was
bound. . The ester group may be hydrolyzed as described
above in the paragraph describing the products when a

35 carboxylic ahhydride is used as the accelerator.



7 the presence -of a catal yst, such as a strong acid (sul furic acid
:for instance) or a strong base (such as NaOH). The proportion of
acetate ends increases the | onger the polynerization is allowed to
proceed. 5 Although the polyneric diol is, often the desired product

(it can be used to make ot her polyners, such as ~ pol yuret hanes and

pol yesters), the half ester or diester Is also useful, as in relatively
| ow nol ecul ar wei ght The Pﬁb&@@ﬁ#%?ﬁMﬂW:ﬁaﬁaﬁeU@"h§§daa§e§5?%%§ﬁ¥$ ofo

When acyl hal i deboate-80%sl 15 dvvataqgebeEr atxy thilsetempe paitth@y dyps are

usually ester O ?:Qr% gﬂg bgnﬂ.gghgaolx%l ' g? th? ché:ll%netcngr%&omer,-rgus the

conplete formul a
X—[CHR[err](CR[éﬂﬁFRPéPrY?f%##]mamﬂhgrPF€P C(foprefgraed Wemzﬁraturﬁhésgroup
to which thesacxembg@auptaftweo@ﬂs&nw ide w@sulé mdiied- orsllPdiPCP()' ymers

are useful as |n rmedi ates for epar n_of. poly contai ni ng
di fferent cihSHSF JF ot PEer Fof‘ gﬁgrﬁ %e§1u§P ﬁ:ﬁ ~palyl
hydrol yzed to aéh}ztrroxsiﬁ-eghxollpetlmmotrheOhaendenamyJebesed, butadlitedst o form

anot her functio C t b I
X(0 YO X, Isriﬁéseg&ua $H &F] Brerd ate abtepregéma b%éﬁ? c&@duﬂag

e acceleratort pr. ct o
pol ymeri zati on vitygh as wpkexr, Jegthanedy anft f ?Eﬂ?%k?h??ﬁdeﬂﬂefﬁ Y whi ch
cont ai ns 10t wonatntber paésesteraxgi dapds eddvemierntawe elkeléde mbem by

|5 e (T e b G 0T A o )
t er epht hal oyl cHPlﬂeIrdén &ﬁﬂr%ll‘éﬂy&ﬂsyls'@ | 8f pktrogen or dry air.
[ O (O CCH| er r] OGH aioskCetkfital processes, WRe indrudienysi shesidl es used as
the accel erator 'mixed. t ESnE“,qugéOU&a% nuig%rgfenors J ¥,oe§§§ure Thus the
15 contact of the'prbcess liquids with the heterogeneous
| _ catalyst, and-'t8 avoid overheating. The polymerization
is mildly exothermic. 1If the polymerization temperatdre
goes up appreciably, refluxing of the monomer may be
used to help cool the process.
20 With both types of catalysts the polymerization may
. be run in a variety of methods, such as batch, semi-
continous, or continuous. While the heterogeneous
catalyst may be recovered each.time, as by filtration,
and reused, in another embodiment the cétalyst is fixed
25 in place and the polyherization mass circulated or
agitated so that uniform contact with the catalyst
surface is obtained. 1In this way, the catalyst may be
used for long periods in a continuous process, or for |
many batches in a batch polymerization, without the need
30 to recover the catalyst. Contact time of the liquid
reaction mass with the catalyst will depend on many
factors; such as the catalytic metal used, its
concentration on the catalyst, the temperature, cyclic
ether being polymerized, etc., but will usually be in
35 the range of a few minutes to a few hours.



30 conpl ete ar Qéen pol yrrer coul d be -,

: Y-C(O) - O[CH rr])[err] CHR err] O - Q(THIS, SHEEET RAS' BEBN
group group of the carboxylfic acm@ma ound '
The ester grou yzed as descrlbed abeove—A—-he—pad agr aph -

descri bing the products mhen a 35 car oxyllc anhydride is used as the
accel erator. 8 The

pol ynerizati on nagobe typestofacacappsts WmsedfhereinabontaiB0[err] C to about
130[err] C. If e&Qbée& RAS121Ak G ohs . Préé&‘é;"edt R‘étQQ' éé@ﬂox&o' of the cyclic
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_present. Protic conpbu as wa ét hanol shoul d
preferably 1Guthepipe, pakagivmangoppeys ‘I,Qirﬁ/emléﬁt £t @89 ude t hem by

dryi ng the staishubl. MBiEFd @ﬁf@&éeheﬂ@tmt&& meeeﬁﬁ, the Wader an inert
-dry gas such asﬁgltr cal processes, the

dr in

i ngredi ents S8 dmﬁggfs' 3k um(ﬁﬂ? ?\’u’éci?‘gd’i“\ at ?83‘3?%&' Yoferred to assure
15 contact @refesrpdovetsly iagei gstwivh, tytsdrbismegdnsprasium, catal yst, and
to avoi dleverémhhngneoam\ﬂpl WEAREh&Ahh ONscandiiuh Hhhdlzl/r@d&ﬁtdﬂ?r mc. If the
polynerlzatlon t%ngerat % g upH%P reci ahly, reflq{ f the
mononer nmy Bwothe ugﬁﬁf?ffqﬂﬂﬂﬁ ofts %%QNﬁﬁgg 2(§somet SBot h types
of cat al ysts dafidedoMgi@ymirai)on whdygh is dHenixutrurenof vare e&qrtmf met hods,

such as Dat Clyecsddl ae one U] 10 +AE GRD! | YRz Bhkend e agluer ogeneous
eac

catal yst may be recovere tine, as tration
: is meant lanthanum, cerium, praeseodymium, neodymium,

15 promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and
lutetium. By a perfluoroalkylsulfonate herein is meant,
a metal salt of a perfluorocalkylsulfonate in which the
metal is bonded to one or more perfluoroalkylsulfonate

20 groups. |

One of the catalysts used herein is 'a zeolite in
which some of the metal cations present are the cations
listed above. The anions of such cations are not
critical, and may be those normally-found in zeolites.

25 - The zeolites containing the apbropriate metal cations
can be made by the ion exchange of cations in known
zeolites. Such ion exchange processes are know to the
artisan, see for instance D. W. Breck in Zeolite
‘Molecular Sieves, R.E. Krieger Publishing Co., Malabar,

30 Florida, 1984 and Examples 7, 9, 12, 14, 16, 18, and 20.
It is preferred if at least 0.5 atom percent of the
metals and metalloids in the zeolite are one of the
useful "catalytic" metals, more preferably at least S
atom percent. It has been found that the zeolite



and reused, in another enbodinent the catalyst is fixed 25 in place and

: the polynerization mass circul ated or agitated so that uniform contact
with the catal yst surface is obtained. In this way, the catalyst nay be
used for long peribds in a continuous pr 0geSS, or for many batches in a .
bat ch pol ynerization, w thout the need 30%t o' recover the catal yst.

Contact tine of the quuid reaction nass wth the catalyst wll depend
on many f acFBralystigvsaaliveyteddinalivethers| vitk dinodal

concentration omow@up@,_t aleight abgt,{-m@;sure cyclic. et her being
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nmet al s, tltanlu ZII’CO um hafnlg nloi)lum talum

chromi um nnlyb& RBRTE t{hﬁxﬁhgnmeFﬂ n??ﬁéaq o lkylsulfenahe- unF Bal | adi um
copper, gold, zmlecaltisl riotd attachedntd rthévmﬂfpbef ehreughthel s are yttrium
the rare %EQfﬁE&%é%kﬁ%%ﬂgbﬂglé”%& rt%@%hgﬂ‘ afSORG! %5 or Preferred

-metals are yttrium ytterbr'um rbrum neodym um
| ant hanum scandit@Angnd ¥RQ(Q§§PGNF c NEVEanRQHISer8¢r%&jhﬁaﬁél°P§

'm schnet al b (@eﬁmuuman&ﬁ@ulfonaaélm rfl iy @cheli) to Wy, ChmIds a mixture of
are earth it hantetbfaBfy OUARILLOMRL N R L o PUCRERG A LllRaROEE !

I s meant | ant hanum cerif seodi hram
samari um. europﬁéﬁlSgaﬂﬁtﬁrﬁuﬂﬁacperb Unef the ay§BP§s$h@H1¢uﬁﬁﬂ um erbium
thulium ytterbigétfiaddoalkylstigbhbe . By a perfluoroal kyl sul fonate herein

I's meant . The metal may be attached to the surface by a

15 covalent bond, or coordination, or any'other method. It
is preferred if‘%ignificant amounts (>25%, preferably
<10%) of the catalytic metal cannot be leached from the
heterogeneous catalyst by the polymerization process
ligquids. 1In one method of attachment, a ligand which

20 can coordinate with the metal cation is attached via one
or more covalent bonds to the surface of the support,
and then ﬁhe metal cation is coordinated to the ligand,
thereby fixing the metal'cation on the support surface.
'Particularly useful for such are silicon compounds to

25 which the ligand is attached by a stable (to hydrolysis

- and the polymerization process conditions) bond, and in
which the silicon is directly attached to groups which
are readily hydrolyied. When these hydrolytically
unstable groups are hydrolyzed from the silicon.atdm,

30 the resulting "compound“ can.readily bond to surfaces
which havé hydroxyl groups‘present._ Many common
supports, such as alumina, silica (gel), many metal
oxides, and others have such surfaces. After the ligahd
is attached to the surface, an appropriate metal

35 compound is contacted with the surface containing the



a netal salt of a perfluoroal kyl sul fonate in which the metal is bonded
sto one or nore perfluoroal kyl.sul fonate 20 groups. One of the
catal ysts used herein is a zeolite in whi ch sone of the nmetal cations
present are the cations | i sted above. The anioris of such cations are
not " critical, and may be those normdlly found in zeolites. 25 The
zeolites contai ni ng the appropriate netal cations can be nade by the

i on exchange dfigaatispnsnd nthenosgral cazeahibmmeSuathOnt@Mbange processes

are know to t £ e WoBre iJx Z ite
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,0h5 atom pe][clent of'rhltehneteroqatels&xﬁs JNPpbRt 8l fort cbbfudhnchbeww%iéaex are one of
t he. usefu atalyt net al s refe st atom
percent. It‘?3 has beé’ﬁef ohfcﬁﬁhteh At ci°ﬁ'"e“°?é3l$ eé fr° SY’pp"r &

10 cat al yeatalystal | yIYiid dnedleyeetiets tmyn haivepdarelativediyecul ar

we| ght distri bﬁzlg%n%urface area,! &taaahberzb%argageasal& ced liwet, a :
"catal ytic" net al gf | uor oal k Is yl fonate i's attached,to the surfface 5
e

of a material R‘??afterrﬁd cthe URP ar§ éshé’t‘%’f??db’r?e d@organignnort for the
met al perfl uornailkaﬂesulvﬁoﬂame forlws of caeban, isuahosaktathated o t he surface

through t hg aﬁ%‘d{l CBQE?R%. Sél{ d‘i“at ﬁsePﬁ'% éJSHMQ 3peifgL bond or

| i gand. The cat have ™ at
per f | uor oal kyI%JtH“fid‘ﬁat & &ﬁ?@n -’ait]tjéi?ﬁé‘éuf"én?‘fesfarﬁi’rb°n'pr"-é?@‘?‘h*rﬁ'y, except
for the group witirehi agghbsiaptedriiag alummﬁnstupmzrﬂdesuﬁaameri\ﬁdl of the

groups shoul d gﬁifate Preferred supports are alumina, silica,
silica-aluminates, carbon and zirconia. It is preferred
15 if the supports themselves are acidic. Although not
critical, a convenlent amount of the catalytic metal on
the catalyst is about 0.1 to about 20 weight percent,
measured as catalytic metal.
The'depolymerization process is carried out at
20 about 100°C to about 250°C, preferably about 130°C to
' about 200°C. Although air can be used to blanket the
process, it is preferred to use an inert atmosphere euch
as nitrogen to avoid possible side reactions. A solvent
may be used, but it is .preferred to carry out the
25 process without solvent.

. The amount of catalyst compared to polyether
present is not eritical, 0.1-15% by weight (percent of
the catalyst to polyether) being useful, preferably
about 1 to 3% by weight of catalyst.

30 . The depolymerizetipn process may be carried out by
' just heating the polyether in the presence of the
heterogeneous catalyst. In order to avoid boiling off
the often volatile tetrahydrofurans, a pressure vessel '
may;be needed. However, it is preferred to carry out
35 the depolymerization while constantly distilling off the



pe‘rfl uor oal kyl sul fonat e. - The netal nmay be attached to the surface

-, by a 15 coval ent bond, or coordination, or any other nethod. It S
preferred if significant amounts (>25% preferably <10% of the
catal ytic netal cannot be |eached fromthe, = heterogeneous catal yst by .
t he polynerization process |'i quids. 13 one et hod of attachnent, a

l'i gand which 20 can coordinate with the netal cation is attached via one
or nore coval enttSposkistuted hsesuphydeoirarhassgppbexrms. = Itadd t hen the

metal cation leéPDé&’éd‘Q:trﬁQ tRikNensh B8N Grivingt hﬁi@tyrd’deslsnaot he net al
cation on the sup &ﬁ sqﬁbace Parti uIarI§ useful for such are silicon
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and the polynerizati on potdcehe podgmerbzayidomnd degolymerizatiiboh the
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When these hydrol yt]ca unst a group are omthe -
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surfaces. After t I S the urfa e, an appropriate
metal 35 conpo@fdd Psl%c#ﬂ%MW%ﬁa%WsQﬁﬂﬁ@elmﬁ%hﬁﬁw t he
| i gands, angiot hgrgeéssesati on beconmes fixed to the ' support surface. See

I e T
commonly used f &atshppeenihitch or continuous processes. For all of
the processes, continuous type processes are preferred.
In the Examples, the following abbreviations .are
15 used:
ACA - acetic anhydride
DETM - diethyl 2-[3-(triethoxysilyl)propyl)]-
" malonate
GPC - gellpermeation chromatography
20 Mn - number average molecular weight
' Mw - weight average molecular weight
PD - polydispersity, Mw/Mn
PS -~ polystyrene
SS - stainless steel
25 STD -~ standard
THF - tetrahydrofuran . .
. EXAMPLE 1
on alumipa catalyst preparation
30 . 25 g commercial alumina pellets AL-3945 (3.2 mm dia
x 3.2 mm)was placed in 250 mlL water and the pH adjusted
to 3 with acetic acid. After stirring 15 mins the
pellets were collected by filtration and suction dried.
A solution of 190 mL ethanol and 10 mL water had its
35 apparent pH adjusted to 5 with acetic acid and 5 g of



catalysts. It is preferred if they have a relatively | arge surface
‘area, at least 25 n2/gm and it is also preferred i.f the support is

i norgani ¢ (inorganic i ncl udes various forns of carbon, such as
activated 10 carbon, graphite, etc.). Useful supports include

alumina, silica, silica-alumnates, calfon, zirconia, yttria, magnesia,
ceria, alumnumfluoride and barium ~sulfate. Preferred supports are

al um na, silioEgM was aiddega- aiwéma;tta&nﬁgrb@ﬂ samanxicéeOﬂix@ It is

preveried 1o Aluldie BURRREL S LICTRANC A" o AL £l SRORANARL ot 1
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original yttrium triflate had been retained on the

15 pellets. The pellets were suction dried and then dried
in flowing nztrogen at 110°C for 1 hour before returning
to the glove box for collection and sto;age prior to
testing. o

- 20 Polymerization of THF over 10% Yttrium Triflate

on Alumina Pellets with Acetic Anhydride
THF was charged into a 500 mL capacity ISCO pump,
which was connected to a 3 way 0.3 cm SS connector (“T“
| mixer). via 8 cm of 0.3 cm SS tubing containing a check

25 wvalve. A second ISCO pump.was charged with .acetic
anhydride and this was connected to the "T" mixer by
75 cm of 0.3 cm SS tubing also containing a check valve.
In a dry box, all of the catalyst made in Example 1
-{(23.9 g) was charged into the reactor.l! This was in

30 turn connected to the "T" mixer by 12 cm of SS tubing.
This reactor was then connected to a holdup tank
(approximately 60 mL volume) via Cajon flex tubing with
ultra torr fitting (0.6 cm, 13 cm. Polymerization was
started by first filling the reactor with THF

35 (approximately 83 mL). Then THF was fed at a rate of -



(substituted) tetrahydrofuran as it forms. It is believed that this

. ensures driving this process to produce the nononeric tetrahydr.of uran.
In both the polynerization and depol yneri zation 5 processes discl osed

herei n the heterogeneous catal yst may _he recovered and reused in either
process. It may be ‘recovered from bot f processes by filtration, and if
desired, drying. The recovered catalyst may be used again in the

pol yneri zation & 'depdlpiprandtdentit)anpydridseaat a rate of Al| of the above

processes may. bey @ m@simmt afhe exll%%@hpoﬁﬁﬁapﬁe@hseuugp&wwq%d
processes. For all g roces‘,:'ilhz ti nuqQus tﬁg grocesses are
pref erred. F2kRE- Eﬁ%resea rFST' P g CabBFRYi Wi %ns are 15

~ used: @A 1lledcend ctlze foairliedted polymer soHBMionddéiuted with
2-(3-(triethexysddethhar @QME}]and washed with watefmls‘?e?ﬁtrﬁted, GPC -
gel perneati on chromatg‘_g ﬁ z nber aver.a e nol ecul ar
wei ght ent t %\/@%Wséava ‘Wﬂdﬂ%“ dried undesp .
pol ydi spersity, M/ddum 'rhe folldiing ey shyresmditions undeSSshicH ai nl ess
. steel 25 T d
Het er ogeneous 10 vﬁD&'@%ralgu% ctjf‘?nst yere IUEleCE&; QQ’){SQERL}:II um na cat al yst

preparation 30 W%eightynfgpebymer d?l?iilaldﬁ@rrﬁﬁé BRE |anad yAES3945 (3.2 nmdi a
X 3.2 rm)vvas pl aced in 250 nL wager and aee pH adj usted to 3 with

filtrati on an82ctier ‘ 2
water had its 35 apmms pH 861J7'58ted 6%75 V\Hlbls fscet hsso%C' dz%@ﬂo5 ﬂﬁ)f

2 899 mins. 0.50 0.05 139.2 = 15800 36800 2.32
3 491 mins. 0.50. 0.05 17.73 27400 92300 3.37
4 975 mins. 0.50 0.05  74.19 28400 60200 2.12
5 464 mins. "+ 0.50 0.05 20.6 '
6 935 mins  0.50 0.05  38.25
10 ' . .
lreactor design to be supplied upon preparation of
patent application.
EXAMPLE 23
Heterogeneous 10 wt% Yttrium triflate
15 on silica-alumina catalyst preparation

25 g commercial silica~alumina bellets (Alfa cat
# 31269; 91% Al203, 6% Si02) was placed in 250 mlL water
and the pPH adjusted to 3 with acetic acid. The pellets
were then treated in a manner identlcal to that
20 described in Example 1 above.

EXAMPLE 4
Polymerization of THF over 10% Yttrium on
Silica-Alumina Pellets with Acetic Anhydride
All of the catalyst of Example 3, 10% yttrium

25 triflate on silica-alumina pellets (20.8 g) was charged
in the reactor. The apparatus was as described in
Example 1. .The following are the conditions under which



13 DETM was added. After stirring for 5 mnutes the al um na

<pel l ets were added and agitated for 30 m nutes. The supernatant |iquid
was then decanted and the pellets ‘washed with 2 x 25 nlL ethanol and
. suction dried. The 5 solid was dried in _flow ng nitrogen by heating to
110[err]C for 1 hour and then seal é& and taken into a ni trogen

gl ove box. 5 g yttriumtriflate was dissolved in 50 nL acetonitrile and

added to the prlymeruwanacpbléatesi, Toigsther with neighs af| pokyindn sit
undi st urbed oygr iRt ahH Ebe 1y¥siQue box and then evaporated to dryness

In vacuo. The sol1d was then extracted with 2 x 25 nL acetonitrile, .

filtered and washed lV\A t h acgt'ﬁﬁ‘atrl lrel tQora‘gl on of all washi ngs and
extracts igdigate ‘f) a,g gi n@i, yttpd triflhate hgd been
retai ned ] ried

in flowing nilt rogéﬂSanmﬂO[erOr BC for 10.85ur BdPote ret4d?hi ng 8790 t@-Glhe
gE;X\K/gLEog 1‘28rz col I&gtxma and oss@raglg% pd;g@r thoso/ s{esi'lolﬂl L 3000 1. 94

ol ynmeri zgtion o over o Ytt m Tri
on Al um na P8l | et 599\RAT%3Acet% nhydr|€1 5 17]’ 17 THFLng ché’igﬁgd Fri'o
500 L capacisty | 339 mmsp, 0.50hi ch wadPSconnaei086d  t 01008 Wayetdo3 enGGSS
connector ("T" - mxer) via 8 cm ekafdpBrcsn SS tubi ng contai ning a check

25 valve. A second | SCO pu was .charged, wi th aceti anhydri de and
this was connected to SS tubing al so
cont ai ni ngg a check val ve.on a 2. cat al yst made in

Exanple 1" (23,8 %%egnﬁégeglﬁ@r&gamegcnﬁ 45; $.%8§nin 30 turn

connected to the react or was then
connected to Ql%ol’éld’pzt g vas (%ﬁﬁ%(l%?épymbowﬂeMﬂ%PevP’é Caj on flex

tubing with adjusted to 3 with acetic acid. The pellets were then
treated in a manney identical to that described in

10 Example 1 above €xcept substitutlng zirconium triflate
for yttrium triflate.

. o - . . ‘
Trifiat Alumi Pellet ith Acetic Anhvdrid
15 All of the catalyst of Examplels, 10% zirconium
triflate on alumina pellets (22.74 g), was charged in
the reactor. The apparatus was as described in
‘Example 1. The following are the conditions under which
polymer was collected, together with weight of polymer
20 obtained.
THF ACA

Polymer. Flow Rate Flow Rate Wt. Mn
Fraction Time _(mL/min} (mL/min) (g _ (PS STD.) Mw  PD
1l 928 mins. 0.50 0.05 247.97 . 9010. 22500 2.51
2 49? mins. 0.50 0.05 75.00 10800 32500 2.99
3 948 qins. 0.50 _ 0.05 164.13 29000 55800 1.92
4 482 mins. 0.50 0.05 58.91 45000 80700 1.79
5

896 mins. 0.50 0.05 201.15 41100 - 80600 1.96



ul'tra torr fitting (0.6 cm 13 cm Polynerization was.
_filling the reactor with THF 35 (approximtely 83 nlL).

started by first
Then THF was fed

at a rate of _ 14 0.75 nL/mn
and acetic anhydride at a rate of 0.0 m./mn. The exiting polynerized
solution was fed .to a beaker. After each fraction, the punps were

refilled and the collected pol yner solutlon di_l ut ed mnth 5 diethyl ether

and washed with water, separated RXAELEAat ed at
then dried under irhe ). pdedt he
the various fractions were coIIe

obt ai ned and GPC anaIyS|s

reduced pressure and
) ons under which
wel ght of pol ymer

Pol yner. Flow Rate Rilo@ REtzeolte LZY-RR (NB¢Y ilon f‘FF'ﬁeDf ze(°r¥l-’.‘-Fﬁ1 ¥)

(1315/31 ni()gg(()gb (Zvlz%goﬁigr):leﬁ/"\into RDijitel dlsﬂﬁléﬂ Riater Qn35the }ﬁigggg

15800 36800 2 Ste 3to 4 ‘!ﬁ“}n"&g“c Gcg‘é 5%0 651"“““13““2‘% 27400

92300 3.37  Mmitra@@Shekabydrat® S@alculst€s to givel@ f£8AD(Pprod®e200 2. 12

S 464 mns. pdyiHY ~sut® £9) wasl@dled aﬁd theqssﬁ.u@rg}sstir&cpgnd 0.05
38.25 10 [err]reactor design to _be supplied uponfg;agaratlon

patent applicati med for 4 hodrs. The sfirg s

9314 th¢mtriflate

10 onnfxﬁuneaiafunt@asinuaﬂe¢ahgptep@feﬁmgmete the exchatigeg
commercial sili Gﬂ:@'s‘!:'flﬂawggl J:c?ffec,(t%ldf #yC2iitration and washed with 1

liter distilled water then suction dried.

The wet solid

was loaded into a horizontal tube furnace and fired as-
follows in flowing dry air (flow rate 200 mL/min):
15 Room temperature to 500°C at 12°C/min.

Hold at -500°C for 2hours
Cool to room temperature over lhour
white powder.

and collect

The cool powder was quickly transferred to a

20 tightly capped sample vial in order to minimize exposure
to atmospheric moisture. 2 small portion of the
material was sent for x-ray diffraction analysis and
showed that the zeolite crystallinity had been |
maintained during the ion-exchange and calcination

25 procedure and that there was no presence of a bulk Laz03

phase. _
EXAMPLE 8

Polymerization of THF with Lanthanum

_ Zeolite and Acetic Anhydride

30 In a dry box, the lanthanum zeolite of ExXmaple 7
(2.00 g) was added to an oven dried 100 mL round bottom
flask eqﬁipped with a stirring bar. The flask was
sealed with a rubber septum and removed from the dry
box. A nitrogen bleed was attached and THF (20.00 mL)

35 and acetic anhydride (1.00 mlL) were added. After



4 31269 91%

Alferr]Jerr], 6%SiJerr]) was placed in 250 nL wat

.and the pH adjusted to 3 with acetic acid. The pellets were t

treated in a

Pellets wth
10% yttrium 2

er
hen

manner identical to that 20 described in Exanple 1 above.
Pol yrmeri zat.ion of THF over 10% Yttrium on Silica-A um

Acetic Anhydride . 17A |l of the catal yst of Ex
5 triflate on silica-alumna pellets (20.8 g) was ch

na :
anpl e 3,
arged

in the reactOEuIPf:n@m:a\tl%tw@ﬁeaﬁesi?&qrdgbﬁ\dtéalal wzﬁ%@iﬂilu%eé The
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following are
col |l ect ed, to
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Het er ogeneous
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218 é?892|#g§n|un1fr| Iatsg%? PD = 6.17 (®S SACAI uni na
bimodal digteriputd@mdecial al umina pellets (A -3945, 3.

dia. x 3.2 mm) was placed in 250 mgxmMpgir and the pH adj ust ed

. W th acetiﬁ acid. The p
to that described in
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HY for THF polymerization
10 g of zeolite LZY-82 (NH4* ion form of zeolite Y)
was slurried into 1 liter distilled water and the pH was

adjusted to 4 with nitric acid. 2.20 g yttrium nitrate

pentahydrate (ca;cylated to give a final product having
~5 wt% Y) was added and-the slurry stirred and warmed

- for 4 hours. The stirring was stopped and the mixture

20

left to sit overnight'to complete the exchange. The
$olid was collected by filtration and washed with 1
liter distilled water then suction dried. The wet solid

- was loaded into a horizontal tube furnace and fired as

25

30

follows in flowing dry'air (flow rate 200 mL/min):

Room temperature .to 500°C at 12°C/min.

Hold at 500°C for 2 hours.

Cool to room temperature over 1 hour and collect

white powder.

The cool powder was quickly transferred to a
tightly capped sample vial in order to minimize exposure
to atmospheric moisture. 2 small portion of the
material was sent for x-ray diffraction analysis and
showed that the zeolite crystallinity had been '
maintained during the ion-exchange and calcination
prdcedure and that there was no presence of a bulk Y203
phase. '

0 m ns.
0.50
EXAMPLE 5
cat al yst
2 mm
to 3

eﬁlegs ﬂﬁrﬁ t?egg Y ]E[Eﬁfgd qug manner identi cal



10 Exanple 1 above except substituting zirconiumtriflate for yttrium

~triflate. - - EXAMPLE 6 _

Pol yreri zati on of '_I'HF over 10% Zi rconi um Triflate on Al um na
Pellets with Acetic Anhydride 15 Aﬁé of the catal yst of Exanple 5,
10% zi r coni um triflate on alum na pelléts (22.74 g), was charged in

the reactor. The apparatus was as described in Exanple 1. The foll ow ng
are the conditions under which polEKAMPLELLO col | ect ed, together with

wei ght of polynmer 20 Obtmizammuﬂr_lmﬁﬂﬁnm - ACA

Pol ymer. Flow Rate Fl ow Rateﬁ. ]W. ng IFrgéhiop“Tlrre (rmk/ m n)
(m/ mn) (9) (PS STD.) 0.50 0. 05
- 247.97 - 9010 22500n 2. 8ty box22 the #88riimmszeolit® F Example (b 75. 00

10800 3250@ 290 9, 3as a&f&i '{‘or‘%n oveR- med 1000m95rou14<§4:>01:3.om 29000
55800 1.92 dé- 0.5 45000 80700
1.79 5 8 arﬁkn§quipp'ed gpith a 561651"9 m 15'rhe Eiiﬁb waszng00 1.96

16 sealed with a rubdetAlkpEur and removed fromFthﬁmﬂnyn on of La

| oaded zeolite f z . 10
g of zeolite LZ%@‘Z ﬁHEetr:’r: ?%r? c?flmwg Q&%éfe&)%)nﬁg%\%\lgs%% urri e |nto 1
liter distilled 3Rt &cekig ahYdHidmd1.00 BY) (dexs) adged. i Afte¥ tric acid.
1.56 g | ant h@numtlrrmlgt b&éﬁnf@taretdxre&t & 50 cal v staidledotgi ¥ve a fi nal

Do or oo e bEl B AN SO ALLIS) Wher
sit overnight . to(ﬁﬂ)mﬂ)eﬁédt “@t@;((;%g@) were added and the organic ,

phase separated, concentrated at reduced pressure and
then dried under vacuum. Polymer yield: 2.21 é. éPC

15 analysis: Mn = 840, Mw = 4600, PD = 5.48 (PS STD.,.
bimodal distribution).

- EXAMPLE 11
Polymerization of THF with 5% Yttrium
Zeolite HY and Acetic Anhydride

20 . In a dry box, the 5% yttrium zeolite HY of
Example 9 (10.00 é) was added to an oven dried 100 mL
round bottom flask equipped with a stirring bar. The
flask was sealed with a rubber septum and removed from
the dry box. A nitrogen bleed was attached and THF

25 - (20.00 mL) and acetic anhydride (1.00 mL) were added.
After stirring overnight ether (50 mL) was added to the
resulting polyﬁerized solution. After filtering, ether
(50 mL) and water (25 mL) were added and.the organic
.phase sépérated, concentrated at reduced pressure and

30 then dried under vacuum. Polymer yieldi 7.29 g. GPC
analysis: Mn = 1350, Mw = 14800, PD = 10.94 (PS STD.,
bimodal distribution). |



The solid-was collected by filtration and washed with 1 liter distilled "
-wat er then suction dried. The wet solid was | oaded into a horizontal
tube furnace and fired as follows in flowing dry air (flow rate 200
m./mn): 15 Room tenperature to SQQ[err]C at 12[err] C mn.

Hol d at 500[err] C for 2hours Cool to roomtenperature over 1lhour
and col | ect , ~whi te powder.. The cool powder was quickly
transferred to a 20 tightly capped5§éﬂ%kﬁr¥4al in order to mnimze
exposure t 0 at nospheeparatoicel wife it % 19 gkt zealife t he mat eri al
was sent for x-ray dlffraCtlBE.?&EEM%Q?&%%&H%%FfEEHEd that the zeolite
crystallinity had been mal nt al ne uring the-1on- exchange and

caIC|nat|on 25 proledurt %8Rl itRalZ¥nk? e(ils ABPpFeERRfe 28P1AtBUTK La2(B

ppaiaF f] Lwas slurried into 1 liteEXd¥diih12d watea and the Kﬁﬁbﬁﬁ?gizggion
0 with La eo and_Acetic ,Anhydride
In a dry bex, atraﬂ Pﬁﬁl%%n%rﬁ%@o???élﬁfa%énplzg'? g yté(’?’. s added to

an oven dr|edP@O@ahtdrimﬂuﬂdaﬁnu@ated tof¢iﬂ§kae¢dhp@eyradudt aaythgring bar.
The flask was.1g wtgeq et?aé""atd&eﬁ bﬁﬁ gg@&?&mé’rﬁf’ iyt he dry
and THF (2

box. A nitrogen bleed was attach acetlc

anhydride (1. 36xnf) hRF R+ addisd ﬁf%@? was stopped ands?#?rﬂ%ﬁ&“S?ernight t he
resul ti nglfmat deifal twasitlldvﬂrmight toi tdmplidte i&enb):camlgé.l | tryeed. The
resulting fil r ed| The vi cous

l'i quid Ekgﬁgsg ve I N %%e§8 %{?@ cﬁ%ﬂ gegéggn r&us ,

liter distilled water then suction dr1ed The wet solid
was loaded into a horizontal tube furnace and fired as .
follows in flowing dry air (flow rate 200 mL/min):
15 Room temperature to 500°C at 12°C/min.
Hold at 500°%C for 2 hours.
Cool to room temperature ovei 1 hour and collecﬁ
white powder. =
_ The cooi powder was quickly transferred to a
20 tightly capped sample vial in order to minimize exposure
to atmospheric moisture. A small portion of the
material was sent for x-ray diffraction analysis and
shoyed that the zeolite crystallinity had been
maintained during the ion-exchange and calcination
25 procedure and that there was no presence of a bulk Y203
,phase. _
EXAMPLE 13
Polymerizatjon of THF with 10 wt% Yttrium
Zeolite HY and Acetic Anhydride
30 In a dry box, the 10% yttrium zeolite HY of
- Example 12 (10.00 g) was added to an oven dried 100 mL
round bottom flask equipped with a stirring bar. The
flask was sealed with a rubber septum and removed from
the dry box. A nitrogen bleed was attached and THF
35 (20.00 mL) and acetic'anhydride (1.00 mL) were added.



5 NaHCO err], filtered concentrated at reduced pressure and then-dried
. under vacuum Polyner yield: 3.86 g. GPC anal ysis: M1 = 969, Mwv = 5970,
PD = 6.17 (PS STD., bi modal distribution). ' '

EXAMPLE 9 10 - Preparation of Z0 Y | oaded zeolite _
HY for THF polyrrerization 10 g of zeolite LZY-82 (NHerr] ion form

of Zeolite V) MpdEs Shurr beflel iy Tl 1Al uathl {SCiRkesudiing Ne pH ves

adjusted to 4 with nitric aci ttriumnitrate 15 peptahydrate
(calculated to @Plﬂé“‘"a“f%erﬁ’almﬁ%él%t rﬁfxﬁeﬁg filteringy oibp) ofgeniided and the
slurry stirred phésevawaeediashedf ity $OW=0H [he ﬁL),rrse’;gamedstopped and the
m xture | ef | Qi e solid
was. col | ected b%oéékﬁéé?ﬁ%ﬁagn &ué¢d§ﬂ§ﬂ#ﬁ&% Eggn gSSFI||ed wat er

t hen sucti or® dr VaguumThPodamesoyield: . Gld Igoadﬁaclﬂ%llfe?lﬁérl zontal tube
furnace and firgf ase90, MwkH Qwe0j nprjlgvnmgmr(ysas-m(j lgiwodate 200 nl/mn):

Roomterrperaturgitg ?é)‘tt[oierr]Cat 12[err] I mn. - Hold at 500[err]C
for 2 hours. to room tenperature over 1 hour and col | ect
whi t e powder.. L The cool pomdggbw ckly transferred to a

tightly capped sanpl e \pirahaiB ol 26 denitet 0 at nospheric
noi st ure. mal | portion of th 30 terial sent for X-ray
dlffractloﬁl nal ysi s .and smgﬁﬁ?mmwe crystallinity had
been mai nt ai ned10ugi o) Zdvd itenHemobdewiteanckscakornited dmto 1  procedure

i‘gd that there 4WageRosPLerRNGe wate? BHdkend P WAChllusted tBhi‘Sﬁith

nitric acid. 2.20 g yttrium nitrate pentahydrate
(calculated to give a final product having ~5 wt% Y) was
15 added and the slurry stirred and warmed for 4 hours.
The stirring was’ stopped and the mixture left to sit
overnight to'complete the exchange. The solid was
‘collected by filtration and washed with 1 liter
" distilled water then suction dried. The wet solid was
20 loaded into a horizontal tube furnace and fired as
follows in flowing dry air (flow rate 200 mL/min):

Room temperature to 500°C at 12°C/min.

Hold at 500°C for 2 hours..

'Cool to room temperature over 1 hour and collect
25 white powder.

The cool powder was quickly transferred to a
tightly capped sample vial in order to minimize exposure
to atmospheric moisture. A small portion of the
material was sent for x-ray diffraction analysis and

"30 showed that the zeolite crystallinity had been .
maintained during the ion-exchange and calcination
procedure and that there was no presence of a bulk Y203
phase.



EXAMPLE 10 Pol ymeri zation of THF with 5% Yttrium

.Zeolite and Acetic ~Anhydri de In a dry box, the yttriumzeolite of
Exanple 9 5 (5.00 g) was added to an oven dried 100 nmL round bottom
flask equi pped with a stirring bar. Theifl ask was sealed with a rubber
septum and renoved fromthe dry box. A nitrogen bl eed was attached and
THF (20.00 nl) and acetic anhyqﬁggggégégo m.) were added. After 10
stirring overnight ether (50 nL was t he resulting polynerized

solution. After filteri R@lYBE Eleium 25 nl) were added

and the organic phase y»eBah &t & NS efapiqd educed pressure and
then dried under vacuun1 PoI ne el d: GPC 15 anal SIS
840, Mv = 4600, POF:a&dy P Ytt““ﬂ'u ﬁ‘BH ?n’o‘i%t"rﬁ &}FF‘B%

Pol yrer i zet i 0k5 o#0 i waist hd&é/d\ttd rdrumven dried 100 mL roded| boetddy and

Aceti c Anhydr I PR % [ e te HY of
Exarr;:)l e 9 {1ofg§(ss}g%%va$pe8 aé@hgggsrﬁgééﬁg Eaf’ y'f ¢ f*i@si %é und bottom

flask equi. ppeﬁe%\ﬂ-? witdy gy FPW@e’E)asrePtH‘ﬂea“d r?‘P%t‘é%l vﬁ'é’“‘sé&?eﬂrw th a rubber
septum and revoxed X mirogent Bbe¢d Wwadt0XattAched rage mHH q@d.oasmp) t ached and

THE 25 (20,004 Mo AN SREhe AUTYOIIRa 1,00, Tdadte! S p0Hpd.  ATter

stirring overni resu g polynerized
sol ution.1Qft étl#ﬂrtgarqmnighhecther (590 mh ) was daddade to Zbem_) wer e added

and. the or ganresuti@my&eegﬁaéesbhﬁq%entnaééa@l ﬁw&%g%e&%sure and
30 then dri eqsbl u%@e i éy@ eI ddde 29 g% G anal ysi s:
M 1350, B fo! Shitiviie &8P+ but i on).
phase separated, concentrated at reduced pressure and-
then dried under vacuum. Polymer yield: 1.43 g. GPC .
15 analysis: Mn = 6020, Mw = 15500, PD = 2,58 (PS STD.).
' EXAMPLE 16 |
Preparation of ~10 wt% Didymium loaded
50 g of zeolite LZY-82 (NH4* ion form of zeolite Y¥)
20 was slurried into 1 liter distilled water and the pH was
adjusted to 4 with nitric acid. 10 g didymium chloride
‘was added and. the slurry stirred and warmed for 1 hour.
The zeolite was recovered by filtration washed with 1
liter distilled water and then re-slurried into 1 liter
25 fresh distilled water. Anothér 10 g didymium chloride
- was added and the pH adjusted to 4 with nitric acid and
this slurry was stirred for 1 hour. The stirring was
stopped and the mixture left to sit overnight to
complete ﬁhe eichange. . The solid was collected by
30 filtration and washed with 1 liter distilled water then
suction dried. The wet solid was loaded into a
horizontal tube furnace and fired as follows in flowing
dry air (flow rate 200 mL/min): -
' Room temperature to 500°C at 12°C/min.
35 . 'Hold at 500°C for 2 hours.




19 ' EXAMPLE 12 Preparation of 10
. WM %Y | oaded zeolite HY for THF pol yneri zation

50 g of zeolite LZY-82 (NH[err] ion formof zeolite Y) 5 was slurried into
1l liter distilled water and the pH was 22 adjusted to 4 with nitric acid.

22.0 g yttriumnitrate pent ahydrate (cal culated to give a final product .
" havi ng -10 W%y a ég@ lLURGY ST THd, agd for 4
hours. The stirring mé%agfogggﬂ an %4§§u%|x%u¥§ 10 lﬁp t t8$§$t over ni ght

to conpl ete the exchanyite Brwder. solid was collected by filtration and

washed with 1 it dbot pbkveér\/\aé@rqdlr&nysueanmﬂfededo ahe wet solid
was | oaded i nt o r&oi'l zont %I t ube furn ce aggdfelrre J_mzefo § og\‘/’se'
flowng dry air f#? AEE Qoﬁaﬂf}?nYﬁ 13 I &r §FRIE

500[err] C at5 12f@r¢1]!@$nh¢rlc moistureio| Fhet pged{eewq(:tmﬂ prassed to

Cool to room tefpefsisidhdOtie teb@iEardICakel k€6ved through 10-2Pikésroownder.
The cool powder was, qg ckl tragsferred to a 20 'tightly capped sanple vial

in order to m nFfig& ated catalyshsonheric noisture. A small portion
. of the mat eri al was sent for x-raBXBEBER QP i on anal ysis and showed
that the zeolite crystalpbhphbyi i REHT THF FRERLAIN: g the

i on- exchange. and cal ci nati on 2 rocedure and that there was no presence
of a bulk Y23 phase. M@FMMﬁﬁf THF with 10 wt % -
Yttrium ‘ In a d&Oplbdxe tMéand%AmnﬁhdnﬁnhydlitkaHﬂ)of In a dry
box, the 10% yt gdded to an
oven dried 100 E&émgroun bottgﬁny? {a@égljl éé‘w‘h a stl rr| ng bar The

flask was sealeH°RP@rP%ﬁQQHﬂiéﬁs§eﬁﬁHhPB§ﬁiW ﬁeatiF€ﬁﬁg bar. The
flask was sealed with a rubber septum and removed from

15 the dry box. A nitrogen bleed was attached and THF
(20.00 mL) and.atetic anhydride (1.00 mL) were added.
After stirring overnight the polymerized solution was

~ fitered, then ether (25 mL), THF (25 mL) and water
(25 mL) were added the organic phase separated

20 concentrated at reduced pressure then dried under

vacuum., Polymer yield: 7.56 g. GPC analysis:
Mn = 1010, Mw = 7150, PD = 7.08 (PS STD., bimodal
distribution). N ' '
EXAMPLE 18
25 : Preparation of 5 wt% Sc loaded zeolite
HY for THF polymerization
5 g of zeolite LZY-82 (NH;* ion form of zeolite Y)
was slurried'into 1 liter distilled water and the pH was
adjusted to 4 with nitric acid. 1.44 g scandium
30 chloride (calculated to give.a final product having
~5 wt% Sc) was added and the slurry stirred and warmed
for 4 hours. The stirring was stopped.and the mixture
left to sit overnight to complete the exchange. The
solid was collected by filtration and washed with 1
35 1liter distilled water then suction dried. The wet solid



the dry box. A ni-trogen.bl eed was attached and THF 35 (20.00 nL) and
‘aceti ¢ anhydride (1.00 nlL) were added.

20 . After 4 hrs. ether (50 m.) was added to the resulting
pol ynmeri zed solution. After filtering, 2he organic phase was vvashed
‘W th 5% NaCH (10 nlL), separated concentrated at reduced pressure then

gg Io ed Ml/JVndeL 1gwaya%¢aueldo 1P%y€enoyi£<£rcta1 Quiaé Gurnéi’gtar?d@'f%i%a) as M =
= = I puti on
Pr epar at i on o?bﬁ P il tjé’é’ﬁf‘?e ﬁ%r?i’e‘hl‘[%WOrate £5 })‘“m’ for THF

pol yneri zati on Room tehfpeyatiarzeobi 5€0%¢ raw defiCreimas slurried into 1
liter distilled weggfq aid ddvecPkbyes agdidsted to 4 with nitric acid.

2.20 g yttriumnitrate pent ahydrate calcul ated to give a final product
having -5 W% Y) wWeRPUFHQFeen hemPeratwieoversti hewy aRdAgel for 4
hour s. The stirr whgtwapowdeaapped and the m xture left to sit

overni ght to conpl f‘g é%%mgggasui\?l qtfﬁ\éﬁgfefreg | ect ed by

filtrati on and vvas er?suctlon dri ed.
The wet soli dt&ﬁétkn CFad?RPé’d saRpée avik |i2bmral|ert tipemingmizee expdsere ed as

follows in fl e aﬂméiﬁp’he?dlrc Gntallewufate 2 Qnarth/ fsbehon of the Room
tenperatu 50Q[err]C for 2

t C {
hour s. L %5 Srg';&ﬁﬁ kﬂﬁe%aﬁﬁ éii(f\félacflﬁﬂu?nwaiéolaf‘ ct 25
whi t e powder . showed that The ceolipeveieystedd igdtygkhgdtbemsferred to a

tightly cappedasat®lfed idiring eheeiod Qe FBHENYeZ 8n8XPLE  fation

procedure and that there was no presence of a bulk Sc203
phase. |

15 S EXAMPLE 19

Zeolite HY and Acetic Anhydride
In a dfy box, the 5% scandium zeolite HY of

Example 18 (3.94 g) was added to an oven dried 100 mL

20 round bottom flask equipped with a stirring bar. The
flask was sealed with a rubber septum and removed from
the dry box. A nitrogen bleed was attached and THF
(20.00 mL) and acetic anhydride (1.00 mL) were added.
After stirring overnight the polymerized soluﬁion was

25 filtered, then ether (25 mL), THF (25 mlL) and water

' (25 mL) were added the organic phase separated

concentrated at reduced pressure then dried under
vacuum. Polymer yield: 4.48 g. GPC analysis:
Mn = 736, Mw = 7890, PD = 10.72 (PS STD., bimodal

30 distribution).

EXAMPLE 20
12.5 g yttrium nitrate pentahydrate was dissolved

in 1liter distilled water and the pH adjusted to 4 with

35  nitric acid. 25 g zeolite LZY-52 (NaY) pellets (3 mm



to atnobspheric moisture. A small portion of the material was sent for
. X-ray diffraction analysis and 30 showed that the zeolite crystallinity had

been - mai nt ai ned during the ion-exchange and cal ci nation procedur e
and that there was no presence of a bulk 2ferr]Jerr] phase.
21 . EXAMPLE 15 Pol yreri zati on of

THFE with Yttriufla x 3 mm) was addedDAfiERiNee m@REuAC L] 1owRRNYET s
In a dry box, the%ttitrlum rdenjte of s, added to

Exanple 14 5 (5,00 g
an oven dried 18%eM*$und TBGt Poitets HaTgsik éﬂu%bb‘éeoé% tal’i‘daz"g\ff\g?‘?i ng bar.
The flask was witlsehligrnidibtalledbetesepndrsaotiorednied.f rohet he dry

box. A nitrogen,pi gads V@scéggggﬁhc?%}@ﬂ%d-roﬂ% (fQBwQH%fg‘&%;(/ air QEgowaﬁféé ¢

anhydride (1.00_nL) were a ter 10 stirri erni ght ether (50 nL)
was added t o t h&00 mL/mddy))it | ng polynerized solution. After filtering, ether
(50 mL) and water (2Rodh )tempecattddedtansodite a@r gap¢Ltmin. phase separated,
concentrated at red efjdpare%%%g@ & d 2 then dried under vacuum Pol yner
yield: 1.43 g. GPC 1 anal ysI' s: = ., Mv = 15500, PD = 2.58 (PS

STD.) . _ Cool to roomgkewpeyatpge over 1 hour smdeggldefbn of - 10
wt % Di dym um | oaded white powder. zeolite HY for THF pol ynerization
50 g of zeolite LZY- (NH.errl]. . ion formof, zeolite 20 s_slurried
into 1 Iite!}bdi stil |§§ev6é?‘£e’r Pfl&&e?ﬁe"ﬁﬁvﬂ?é‘ely 56?&%%%’8’%"0\%% Rithnitric
acid. 10 g di dytiightincapnes samphasvialich arderhboshinimizet expesusnd
warnmed for 1 houp. atmosphirizEnblikeup@s recovered by filtration washed with

1 liter distilled water and then Wdintolliter

15

In a dry-bdx, the 10% yttrium triflate on zeolite
NaY pellets of Example 20 (10.00 g) was added to an oven
dried 100 mL round bottom flask equipped with a stirring
- bar. The flask was sealed with a rubber septum and
20 removed from the dry box. A nitrogen bleed was attached
and THF (20.00 mL) and acetic anhydride (1.00 mL) were
added. After stirring for 1 hour THF (50 mL) the
polymerized solution then filtered. The fitrate was
"washed with water (25 mL), then ether (50 mlL) was added.
25 The organic phase was separated concentrated at reduced
pressure then dried under vacuum. Polymer yield:
0.700 g. GPC analysis: Mn = 18800, Mw = 27100,
PD = 1.44 (PS STD.).
' EXAMPLE 22
30 Preparatjon of Yttrium triflate supported
on alumina derivatized with diethylmalonate
. .95 mL ethanol and 5 mL water were mixed and the pH
'adjusted to 5 with acetic acid. 2 g DETM was added and
the mix stirred for 5 minutes. 10 g y—alumina was added

35 and the slurry stirred a further 3 min. The solid was



25 fresh distilled water. -Another 10 g di dym um chlori de was added

. and the pH adjusted to 4 with nitric acid and this slurry was stirred
for 1 hour. The stirring was stopped and the m xture left to sit
overnight to conpl ete the exchange.asThe solid was col | ected by 30.
filtration and washed with 1 liter distilled water then suction dried.

foIIovvsmrovm oW Room
t enper at ur e tﬁhgot}{@‘we]redawliz@ ewa§ Gheinnwaghed with HovIOdpartm afk]C for 2

hours. 25 mL ethanol and suction dried. T¥e SOlld was 52%%1i§3 room
terrperature The

cool powder {%f%u’(fklg}"f'r‘&ﬁ %”F%Qf“c d280 m’?‘%%t% b(?&ﬁb@ﬁ Ynple vial in
order to rh ni k% exngobuléing tat aftatspespécatwiestfore.l hberpovtier was t hen

pressed to fo&i)e Pt b beshiotidctly €2kRsBLAES (NBOIEIGERD oSt

to give granul ated
Pol yneri zati off Q)Ye'ﬂ‘F‘vmth 10% Di dymi um 10 Zeolite HY and
-Acetic Anhydrlde Under a driy aitiygéwratnidsphdes Dhelide wngaeeki bexHY of

Exanpl e 16 (1 S 0L OV, round bottom
flask equi g)tt"l@h rglgggl% ﬁgsgi#’? ﬁlpvvas Sealed with a rubber
septum an reﬁﬁ?%@lnﬁfliﬁrihelﬁndt egd‘P‘;/ thex aluminpt peodder prepgreds attached and

The vet ol | d,yae,dPIYLLOI0 Brg end'ULEORLEL, Wl BREE A0S 1700 a5

T{*F (20. Qﬁoﬂ%)wﬁq%@%@tmi‘ﬁ@f&yﬂih@fw@% Qeif@édvq:egaﬁda.d ??]d - tAL ter
stirring over neri z | I ter en et her
(25 m.), THF ?bg %I}aﬁ{%‘{mféf‘s g wfr((}?ésn{?. ﬁ/ﬁ?’éméjatog&et I?é‘gorganl c phase
separ at ed suction dried. The powder was then_pumped to dryness in

vacuum and stored under nitrogen.

15 ' : EXAMPLE 23
’ /) .

L

In a dry box, the yttrium triflate suppbrted on

diethylmalonate derivatized alumina of Example 22

20 (5.00 g) was weighed in an oven dried 100 mL RB flask.
The flask was sealed with a rubber septum and removed
"from the dfy box. A nitrogen purge was'attached and THF
(15.00 mL) and acetic anhydri@e (2.00 mL) added via
sjringé. After 360 minutes the polymerization was

25 terminated'by decanting; followed by'concenttation at
reduced preésure and then drying under vacuum. Polymer
yield: 2.53 g. GPC analysis: Mn = 8300, Mw = 20900,
PD = 2.52 (PS STD.).

30 Breparation of bis(n-cyclopentadienylitetra~
95 mL ethanol and 5 mL water were mixed and the pH

adjusted to 5 with acetic acid. 2 g DETM was added and
35 the mix stirred for 5 minutes. _10 g silica was added



20 concentrated at reduced pressure then dried under ~ vacuum Pol yner

.yield: 7.56 g. GPC anal ysi s: Mh = 1010, Mwv = 7150, PD = 7: 08 (PS STD.
bi nodal- di stribution).- EXAMPLE 18 25
Preparation of 5 wt% Sc | oaded zeolite 26 HY for THE
pol yneri zati on 5 g of zeolite LZY-82 (NHerr] ion formof zeolite

Y) was sl urgp@dydtsQurli seiriStd Ifuednbet §rnafd t RaePELYBS was
adjusted to 4 mn%ﬂ%nu%rlc a0|g. 1.44 g scandium 30 chlqride (calculated to
give a final prdttRYeh&d fgttie and theysgpprajptantyfe@ddqderdntsdn ry

stirred and warTieel recovered dohibdirwas Hhenswashedgwitds tooppetiems] dfhe

m xture l e i eLnj c te 1 solid
- was. col | ected b%/gfrf‘?t%e{l'ttﬁn%\% éﬁgg%.\ﬁla%%%d‘ \%ﬁlkgi 3@’%%%?3?& Tfﬁ@e‘ld1 Yuat er
then suctiorP drfieted imlpuingopigrogen. (200 mL/min) by heating to

23 . was | oateo’d mnd Roboing iy alhdtulhempetstsse afut fli hedras The fol | ows
in flowing dry gj | .o t 0 1D, e eto
500[err] C at 12 &e’éﬁ‘iypﬁ\%ﬁ{& Ras 9‘““‘%‘4}1‘{)%6(})1&& tgﬁﬁffe?ﬁ%)%?r EZHE(G;%%{;HE,

Cool to room te&pevatRe*% over 1 hour and col | ect ' whi t e powder.

The cgol |toowd_er_ Vas gndeklay &r&aa%féé&g é&n&hph_ereti_ﬂ&%dé’ acagaed iﬁ?ﬁp' etyi al
I n order to n ze exposure 0 erigc | sture, , .portion
of the 10 it ePr i SRS GEfyciopent palEtpRetrphedrofiaapePiSFH- " shoved
Fhat,the Zeolitélnoy@meﬂﬁéndsmyfhadt@bz&rconiumaWEsadiﬁnblnﬂd Ag 2henl _
i on- exchange andcgpbgitidlic®Rng 5 §'OFAHY &139dat Bahad NalE Wage§O Presence
of a bulk Sc[er&LCIeiri phaie. T
_ e slurry was stirred for 1 hour and then filtered,
rinsed with 25 mL acetonitrile and suction dried. The
15 powder was then pumped to dryness in vacuum and stored

under nitrogen, °

20 sulfonato)Zirconium Supported on Silica

In a dry box, the bisln-cy&lopentadienyl)tetra-
hydrofuran-bis(trifluoromethane-sulfonéto)zirconium
supported on silica of Example 24 (5260 g) was weighed

25 in an oven dried 100 mL RB flask. The flask was sealed
' with a rubber'éeptum and removed from the dry box. A
nitrogen purge was attached and THF (15.00 mL) and
acetic anhydride (2.00 mL) were added via syringe.
After 360 minutes the polymerization was terminated by
30 decanting, followed by concentration at reduced pressure
and then drying under vacuum. Polymer yield: 12.06 qg.
GPC analysis: Mn = 7620; Mw = 19000, PD = 2.29
(PS STD.) .



15 EXAMPLE 19 Pol ymeri zati on
of THF with 5% Scandi um Zeolite HY and Acetic Anhydride
I'n a dry box, the 5% scandi um zeolite HY of Exanpl e 18 (3.94 g) was
added to an oven dried 100 nL 20 round2bottom flask equipped with a
stirring bar. The flask- was sealed with a rubber septum and renoved
from the dry box. A nitrogen bl ggghviwas 2af t ached and THF (20.00 n.)
and acetic anhydridg_ (1. . stirring overnight the
[ At=LSHHF (25 L) and
mconcentr at ed

wat er (25
at reduced pressure
GPC anal ys| s: Vh = 736, Mv = , = 10. P ., binodal 30
di stributidn). 95mL ethanol and 5 mL waterEXAppLgiggﬁ and ‘the pHPreparation
of 10 wt % Y oadjested ad\dYwiehl &t6tic acid. 214.BETM Wds iaddedi dfdt €
pentahydrate was fisSHiMeda forl § MAdeds 4 5bi &' £ 1RkS! H
adjusted to 4 with 35 1nitri cogc?d’?‘ 2 sg zzgl Ptgdf?@h&f ?’Elg\/%g%ee(?l ets (3
mm and the slurry stirred a furthez43 mins i &he 3oiiy was added and
the mixture ablbDyeed it Fettle afdCERd HiperhBeane! 1 £4SidieRahbeg filtered
and washeg, gﬁ}éhjééééﬁ'sghitlIleqayater sng s¥ct|on dried. The
pellets were TREnTCETVE5TE0 SR W7 st yrashrd (¥ Sy T4 #O5t1989 i/ nin)
Room t enper at dPemk cetgB0jcdr BpG abctdfrerdqi@dni nThe solid waldolfdnallp00C for 2
aﬁu{S. i drié@0in ARG heEPEEEt WRPKE min 1Y AL 160Gl LECT

1€ POWAET. 330° .and holding at that temperature for 1 hour. The .

cooled powder was immediately transferred to a nitrogen
15 glove box. ' -

Under a d?ylnitrogen atmosphere inside a glove box,
0.5 g-bis(n-cyclopentadienyl)tetrahydrofuran-bis(tri;'
fluoromethanesulfonato)zirconium was dissolved in 25 mL
acetonitrile and 5 g of the alumina powder prepared
20 above was added. The slurry was stirred for 1 hour and
then filtered, rinséd with 25 mL acetoniirile and
suction dried. _The powder was then pumped to dryness in
vacuum and stored under nitrogen.
EXAMPLE 27
25 Rolymerization of ‘THF with Bis(n-cyclopent-

In a dry box, the bis(n-cyclopentdienyl)tetrahydro-
30 furan-bis(trifluoromethanesulfonato)zirconium supported
on alumina of Example 26 (5;00 g) was weigﬁed in an 6ven
dried 100 mL RB flask. The flask was sealed with a
rubber septum and removed from the dry box. A nitrogen
purge was attached and THF (15.00 mL) and acetic
35 anhydride (2.00 mL) ‘added via syringe. After 360



10 The cool pel |l ets were quickly transferred to a tightly capped

. sanple vial in order to mnimze exposure to at nospheric noisture.
EXAMPLE 21 Pol yreri zation of. THF with 10% Yttrium 15
Triflate on Zeolite NaY Pellets and Aceti c28nhydri de In a dry box,
the 10% yttriumtriflate on zeolite NaY pellets of Exanple 20 (10.00 g)

was added to gn fYfltes thd ip@dyﬁxegllﬂ”a'-tai&lﬂiﬁsbﬁbtgﬂhiiéd;lbye@%icﬂﬁeﬂnwth_ a g
stirring ar was sealed with a ru tum_a renove
From the dry boxtoLiourd iy sieerabiethat Ay sebiea br Rt Rty () "and
acetic anhydri dedfying mc;em\masuum - aRffeyine rAfyigddst i 1r921@ £ ofPT hour THF
(50 m) the BRhYP®Id Zeqirsal ¥sben Mpen 2‘58'0"0”?6 Tﬁ‘eﬁil 5a5@p VRS
washed with vat er (25 m), then et her ded. The organic

phase was separ at ed concentrat ed at re pressure then dri ed under
vacuum Pol yner yield: E iy fy/ 8 o e My = 27100,

PD = 1.44 (PS STD.). | '522 30
Preparation of Yttrlun1tr|flate supporte on_al um na derivatized

wi th diethyl mal onate 0.9 silica-gdupingipeltitsadd -5 AP A eX Bele™H xed and

the pH. adj uswedet pléced tin 266t mt atstilled gabefM Whise auriedsand t he
nix stirred §6r Sa0L0KLES o K i cheble AL WP RS (AYISHLAR WARd the slurry

stirred a further
25 al I'owed e&zgeeﬂleoeridi fHassupEhe pekketis yere getlgated by  The
recovered solid wastkhelonashed hent a8 PO'd isNwtebn of o mL et hanol and.

suction dried Thens8bid 16wl WIREE sn wnfld Yhd Ba' L8Y' A5 MNddRENS (200

with acetic acid and then 5 g DETM was added. Stirred

15 ‘for 30 min and then the supernatant liquid was decanted.
The pellets were washed with two portions of 25 mL
ethanol and then suction dried prior to drying in
flowing'nitrogen (200 mL/min) at 110°C for 1 hour. The
pellets were then transferred to a nitrogen glove box.

20 Inside the glove box 10 ¢ ytterbium triflate was
dissolved in 100 mL dry acetonitrile and this solution
was added to the dry pellets. The slurry then sat
overnight under nitrogen before being evaporated to
drynesé.. The recovered solid was washed with three

25 25 mL portions of dry acetonitrile, suction dried and
then dried in flowing nitrogen to 110°C for 1 hour. The
dry pellets were stored under nitrogen in a glove box.

EXAMPLE 29
Depolymerization of Polytetrahydrofuran
30 . (Terathane® 1000) with 10% Ytterbium
Iriflate Supported on Siljca-Alumina
Pdlytetrahydrofuran with hydroxyl ends

(Terathane® 1000, 300 g, Aldrich) and the 10% ytterbium
triflate supported on silica-alumina of Example 28

. 35 (10 g) were placed in a 500 mL three neck flask equipped




5 xllo[err]C and hol di ng at that tenperafure for 1 hour. The cool ed

. powder was i mredi ately transferred to a nitrogen gl ove box.

Under a dry nitrogen atnosphere inside a-glove box, 0.5 g yttrium
triflate was dissolved in 25 nL 10 acxgonitrile and 5 g of the alumna
powder prepared above was added. The slurry was stirred for 1 hour and
then filtere lt;lé‘l i g§ nLv{aé:xeéqﬂg bhhfnaffer) arSgtion dried. The
powder was t 1t (f@l G r, Y & ¢ a

%GSS Vacuum an stored under nit rogen.
15 - = frac 1°“al dlstl A nitrogey RHRSE ¥a8fi on of THF with
Yttrium Trifbét&ched anduppar beﬂeﬂrbrl&nimg&aw@eél ybis g et opipeedl et hyI

Mal onate . t (A flat :

di et hyl mal ona ﬁ%ér\iﬁtajl %%&Qgﬁﬁ?n ﬂ%‘ X}eaé?ldnh#h é{? %“S?%Qg‘oggg was wei ghed
in an oved dﬁhedrqwmnmsa\tleasklear drﬁtélﬂaaskfmt%@w @el\kﬂ@‘ﬁe% r ubber
septum and r ggp¥gthows: fromthe dry box. A nltrogen purge was attached and

THF (15.00 nL) and ti.c . .anhy adde syringe.
After 360 mi nut es the p%@hﬁ%@atl %ﬁm\/\gg 125 t ﬁ‘ﬁfngd b %‘é’é‘&ntl ng,

fol | owed by : Jeng : K : ng under
vacuum Pol ynmer y| el d: 53 g. L anal y5| 4 = 8309 Mv 20900,
PD = 2.52 (PS STI:%) 188 gb éEXAI\/PLE 2 30 _
Preparation of bi% (n-cycl éﬁ@nt adi eny}ﬁ etra- 66 2.0 _

hydr of ur an- bi s(tr3 f | uor onettBgnesul f onz2®) - 66 2| rconi wH.90pported on

silica derivatized with gwg 5m_eth and &q‘kﬂov\ater were.
m xed and the pH adj us to V\AH'n acetic acl d was added and
35 the mix stTPrcaédwwhts af mﬁéélle_me gc%lilleicé'—&dwasz&ﬁd'é% g

26 % Yield (Recovery): 98.9%

GC analyses of the various fractions conflrm the
product to be THE

COMPARATIVE EXAMPLE 1
| In a dry box, zeolite HY (1.00 g) was added to an
10 oven dry 100 mL RB flask'equipped‘with_a stirring bar.
The flask was sealed with a rubber septum and removed
from the dry box. After the attachment of a nitrogen
bleed THF (20.00 mL) was added by syrihge. After 45
" minutes acetic anhydride (1.00 mL) was added. After
15 filtering off the zeolite catalyst and concentration of
' the filtrate, no polymer was obtained.



and the slurry. stirred a further 3 mns. The solid was allowed to

. settle and the supernatant |iquid decanted. The_recovered solid was

* then washed with two portions of 25 nlL et hanol and suction dried. The
solid was finally 5 dried in flowi ng nitragen (2 n ting to
110[err] C and holding at that tenperature for mllmmmm“|M| )l ed powder
- was in’mediatelytransferredtoanitrog@['hImsl glove : ‘Under a
dry nitrogen atnosphere inside.a glove 0 0.5 g

bi s(n-cycl opent WBRENS )ALAIMERY dBof ur an- bi s(tri -

f | uor onet hanesul fonatp) zmqqradggsmgrdtﬁécgdg%elrazaéwﬁ of cydagkonitrile
and 5 g of the wasg stirred for 1

hour and then f?H‘% 2, comprirsf"ﬂgedCWY?Ff’Z%‘gnfngcgfo'ﬁ?‘%lﬁ‘ 9% T8R8Ssuct i on
dried. The 1% pbe\wemas:ettrrehypmﬁedansy dxepasesi nl x3rcliprodpdest or ed

under nitrogen.q,3, s-trigxane?! %%ﬁ'&aéé&rlt%f whEEn Wit Hins( 8- myehppent a-
dienyl)tet rahydrof uran his

(tt@rdll f | uor onet hane- 20
sul f onat 0) Zi r coRPEHPS &rom; the group consisting ofpgtrentiymy yith
Di et hyl Mal onat barium, scaddium,dyytbbmn, ttte hraxenesych opetniladi enyl )tetra-

hydr of ur an- bi s(gggé},% orﬁtlj&gquﬁlul égg@{@g zicrhggmgﬁ m%ly}%\%fﬂ%t ed on silica

of ‘Exanpl e 24 ghed an oven RB fl ask.
The flask wal s&ap‘éa um, wem%uawasaer %*étﬁt%uahdosem'ecrmdenm he dry box.

A ni trogen Autgeumpspalllaashed pmdtirxhiﬁn(ﬂlﬁ)@rnwom,d zmc,acet ic
anhydri de (2 00 gh)“ wer e added vi gaaxrl nge alliumf Pﬁév@ @uggﬁs t he
0

pol yneri zati on was f‘% 'm“ﬁe’icucfybya &t ncéntration
at reduced presggrmaniumgrtgin,hdeads yangeraﬁcmeranxé@eam a%lwtw ednd 2. 06

g. GPC anal gai Scce Mratob1ebbed £8NWGh Groug. éSnsist ingSogTD. ) .
15 carboxylic.anhydrides, acyl halides and carboxylic acids

whose pKa in water is less than about 6.
2. The process as recited in Claim 1 wherein said

cyclic ether is one or more tetrahydrofurans, oxepanes,
| 1,3-dioxolanes, or 1,3,5-trioxanes.
20 3. The process as recited in Claim 2 wherein said
' cyclic ether comprises the formula:

R R R ~ H_M

|
/ ) ) H Il
0\ \LCPJR?')n , I I _ or /’\ /‘\ .
- cH o 0_ _©° RI107 1R

25 wherein n is 2 or 4, and each Rl, R2, R3 and RY is
independently hydrogen  or hydrocarbyl containing 1 to 20
carbon atoms. '

-

4, The process as recited in Claim 3 wherein all
of Rl, R2, R3 and RY are hydrogen.



27 EXAVPLE 26—  -Preparation of

| Elyzg gf ﬁ?/;InoE?QE ?(rj: ?Pm E)(rar;[e'[ Eﬁanesul f onat 0) zi r coni u‘llﬂul!““‘rﬂ‘l“ |“llpported on

al um na derivatized wwth DETM 5 395 et ha wat er were
m xed and.the pH adjusted to 5 with acetic acid. 2 g DETM was added and

the mx stirred f05.5 FhoUpfScedd 4 beEiled! tMidva RS AidRdin o sand the
slurry stirred a further dto settle and

| 0
the super nat dit apfiqﬂpﬁr%l’e'b%t'eéfnelﬁf Pﬁge hr°é909§r§ aﬂﬂ Pé\eﬁé% t hen washed
with two porthymsgeh and 2% rMematihdngl RAnG :W&ylosodtaatingThedsol id was

finally éi{dn 'Qtfmln wing nitrogen (200 ni/mn) by heating to
110ferr]C an ol gl that tenperature for 1 hour. The cool ed powder

~was i mredPately tr énsf é‘PPeEW%e%S #% F6§aRedsin FIRm Boxherein said Under a
dry nitrogen mdvalspheioni 16igterontduay esbxdium, y@t®igm, the rare

bi s(n-cycl ope t tetr rof ur an- bi |

f1 uor omet haneésL ?’ §¥8§§1 r%%rﬁyrﬁﬁ"\i\/aglﬁfgggéw/eélalfﬁiﬁ‘g' r’r{anadiué'tfet onitrile .
and 5 g of teichiwm, nhapvabun, whaeaduvd, 200l idepumigsupdseen, The slurry was
stirred for erﬁmman@mn, F@He ik, ep8H1 adiwis e Eopplll, 2901d, aQRlcgnitrile

and ctijon dri T e powder was then punped to dryness I n vacuum
and storéd undat i ?’PB BRht | EXAMPLE 27 25.
Pol yneri zation of THF \WhlehpBosésls cg,fclthmmed in Claim 6 wherein said

di enyl) t-et r ahygraaf léra%@oi?' §£t§t’.€£i‘{{?{ Oﬁlgéﬂfum, dysprosium, erbium,
sul fonat 0) Zi- rconlymTum gorte on Al um na Der i vat’ | zed with

Di et hyl Mal orP2t%¢ anthanpmy, Migchmetakl, scandium or
bi s(n- cycl opezitrticauiyin). t et rahydro- 30

f bi il ' f
E)‘j;ﬁgl e' %St 2'5 0(“305;8”“ '&%@e?&‘h Qé‘ QQ Q‘erc‘i%hug}xsé'f’é’ﬁﬂ tlegiélenfl a;nknaTge

flask was se?¥EIfEROF is ar xYééﬁt éﬁi‘én‘@“?sérﬂ@dlf‘rﬁﬁ'-fmésdry box. A
ni trogen ghoe evax aekached and THF (15.00 nL) and acetic

9. The process as recited in Claim 8 wherein said
_carboxylic acid is selected from the group consisting of
20 formlc, acetic, trifluoroacetic, acrylic, methacrylic,
cyanoacetic, nitropropionic, and nitrobenzoic
10. A process for the polymerization of cyclic
ethers, comprising, contacting one or more oxiranes,
' oxetanes, tetrahydrofurans, oxepanes, 1,3-dioxolanes, or

25 1,3,5-trioxanes; with a heterogeneous catalyst
containing a metal perfluorcalkylsulfonate attached to
the surface of said catalyst, said metal selected from
the group consisting of strontium, barium, scandium, |
yttrium, the rare earth metals, titanium, zirconium,

30 hafnium, chromium, molybdenum, tantalum, rhenium, iron,
ruthenium, osmium, rhodium,'iridium, palladium, ' '
platinum, silver, gold, zinc, cadmium, mercury,
aluminum, gallium, indium, thulium, germanium, tin,
lead, arsenic, antimony and bismuth; and an accelerator

35 selected from the group consisting of carboxylic



. 35 anhydride (2.00 nL) added via syringe. -After 360

. 28 m nutes the polynerization was term nated I,m
foll owed by concentration at reduced pressure and ﬂ lym under

vacuum- Pol ymer- yield: 1.99 g. GPC argd ysi s: = 9600 5800, PD
'=2.69 (PS STD.). 5 - : EXANPLE 28
Preparation of aﬂﬂ&d@;ﬁb¥tt§E9luﬂli{dééEﬂ&%d carboxyllc acids whSsPRLL €d on

silica-al uimna ica-al um na pellets (3.2 mmdia. x 3.2 nmm)
were placed in 2%0"?ﬁ?ﬁh¥§tFFgédtV@ﬂeﬁb°“Fhé -pH was 10 adjusted to 3 with
acetic acid and the Bl urrghergxocessSas rfesiitied ihS5Chaivs. 16Thaeﬁehhets wer e
col l ected by I t:i O e e S

et hanol, 10 L ﬁ%%é éé&iﬁﬁhgtﬁg?h Q é&éﬂ§§ gg& s?f é%é@%yy&r8gu4€
“and then 5 ¢ DETXPRARESadded- dS@#ﬂW% orf én33§—ﬁ¢#9m5t hen the
super nat an]E I2|5qw d ves, denfmh irée gsshaih@eﬂaiddeug wﬁﬁnvwmr\é%hh t wo
portions o anol and the 0 ri prior to drying in

fl owi ng nitrogen ’(‘io‘bvﬁ_ %‘eglt c‘ﬂ%’f erﬁ %&‘F ?oim‘ﬁ The pellets were
then transferred to a nitrogen gl ove box. 20 Inside the gl ove box 10 g
ytterbiumtriflate’ di ssol ved {1 loﬁlnL dry acetonhtrqve and this
sol ution was add to the dry pelyets.JThe slurry then

overni ght under nit ed to

recovered solid

'acetic acid

acetonitrile, suct |e hnd then ddied in°F I owin n|t en to
110[err] C for 1 hour'CHThe dry pel® Qere storedRd d rOn r8Yen in a
gl ove box. | MPLE 29

Depol yneri zati on of Bolytetrahydrofuraﬂ, R!

10
wherein n is 2 ot 4, and each R!, R2, R3 and R¢ is
independently hydrogen or hydrocarbyl containing 1 to 20
carbon atoms. :

13. The process as recited in Claim 12 wherein all

15 of R!, R2, R3 and R% are hydrogen. .

14. The process as recited in Claim 12 wherein n
is 2; and wherein R, one of R%, both of R3 and RY are
hydrogen and the remaining R2 is alkyl containing 1-4
carbon atoms. ' ' '

20 15. The process as recited in Claim 10 wherein
said metal cation is strontium, scandium, yttrium, the
rare earﬁh metals, titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium, molybdenum,
tuﬂgsten, rhenium, iron, ruthenium, palladium, copper,

25 gold, zinc, tin or bismuth.

16. The process as recited in Claim 15 wherein
said metal cation is yttrium, ytterbium, dysprosium,
erbium, neodymium, lanthanum, mischmetall, scandium or
zirconium. |



30 | (Terat hane[err] 1000) with 10% VYtt

e S AR o e il
ytterbium trifl ate '5upvpor*ted on sﬁﬁ ca-alumna o0 5 (10

g) were placed in a 500 nL three neck flask equipped

29 W th a stil?indgrizaprodegseasxreniteth ipl2laimni0 avhereihr acti onal
distillation bead. . JNJEEQQE“19U£9§h£ﬁE&y11c atia éa %aakh %QEE openi ngs
wer e gl ass stoppere resulting™m xture was ed with an oil bath
and 5 the reifl 3P MaOFr 18F8ar distillate fractions coI | ect ed as

fol | ows: 18. ThéprddelB asRxécifs® in Headim TEOprhered@i ght

Fraction Tegp. L[ ( (

1 %80gglé_§g{%é§?eneous Lgééi§gt suppo;&lgg gié%ipa, sillég, 198
163 66ilica-aluminage, carbon @ zircomda. 124 - 66
59. 00 4 19. A §¥E%e for 4HE de olymer@@ation of a5. 00 Tot al
wei ght of di stlllL }f—g % %"}j‘-}#ﬁ i f (cg%% gix% . 9%
GC anal yses oP° ELERPRAES 'rﬁPFﬁE s 0 be THP
COVPARATI VE Eaml\@Lﬁemperature of| abautir §00%X tozebbirt e25°C( 1200 g) was added
to an 10 10Vepoiiymed AbrHi SRBnk! é§§eﬁ€&ﬁ]ﬁ§ﬁ‘$f%hg @r%éfef IfageRr - The:
flask was sealed"with a rubber _septum a renoved fromthe dry box..
After the att3BRhBN?E Jihe ToEMPdGen bl eed THF (20.00 nl) was added by

syringe. ‘After 45
' - [CHRYCR2R3CR2R3CHR40]) -

15 wherein each R}, RZ, R3 and R% is independently hydrogen
or hydrocarbyl eontaining 1 to 20 carbon atoms, with a '
heterogeneous catalyst containing a metal perfluoro-
alkylsulfonate attached to the surface of said catalyst,
said metal selected from the group consisting of

20 strontium, barium, scandium, yttrium, the rare earth
metals, titanium, zirconium, hafnium, chromium,
molybdenum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platinﬁm, silver, gdld,
zinc, cadmium, meréury, aluminum, gallium, indium,

25 thulium, germanium, tin, lead, arsenic, antimony and
bismuth. .

20. The process as recited in Claim 19 whereiﬁ
Rl, one of R2, both of R3 and R% are hydrogen, and the
_remaining RZ is alkyl containing 1-4 carbon atoms.

30 21. The process as recited in-Claim 19 wherein
said metal cation is strontium, scandium.yttrium, the
rare earth metals, tiﬁanium, zirconium, ‘hafnium,
vanadium, niobium, tantaluﬁ; chromium, molybdenum,
tungsten, rhenium, iron, futhenium, palladium, copper, .-

35 gold, zinc, tin or bismuth. B

_ This Sheet Has Been RTlaced




m nutes acetic anhydride (1.00 nL) was added. Aft ff the

. zeolite catalyst and concentration of the fil ﬂH{SeSHEE)T Mﬁy t:wi
obt ai ned. Al VS REPLAQERAT | S ICLAI MED
| S: 1. A process for the pol yrré“r“l zati onmOf~TYTITT others,

conprising, contacting one or nore oxiranes, 5 oxetanes, tetrahydrofurans,
oxepanes, -1, 3- di oxol @fes Gthe prote8s Sag rne@i&nds;nvﬂ:letﬁra lﬁeehkreim/rﬁl:]h

contains a netal of r1,CRRI ORs SElequedrd :tc{?% group consisting of
strontium arlurq sCandi um yttrlu,??{H e rare earth metal s,

titani um zirconium niTh® PERFBRP A8 TRALFEderBnClaim (1 WBEERIn r heni um

i ron, rutheni um sasdihagerobededds catalysitdsuppopal isadiluming) asinia, silver,
gold, zinc, fﬁi’%ﬂé@luﬁi‘%ﬁ%)’ Al %‘émc:iigé‘éx’xl&'m i ndium  thul i um
germani um ti n , arsenic \a nony an rsmuth; and an accel erator
sel ected fromthe group consisting of 15 carboxylic anhydrides, acyl

hal i des and car boxylic acids whose pKa in water is |ess than about 6.

2. The process as recited in Claiim1l wherein said cyclic ether is one
or nore tetrahydrofurans, oxepanes, 1, 3-di oxol anes, or 1,3,5-trioxanes.:

20 3. The proces rﬁc a| m 2 wherein said cyclic
et her conprises the forwﬁ‘f‘ll .

||||||| |||| ||| || [e” )R D O
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25 V\,hefein nis 2 or 4, and each R[err], Rlerr], Rerr] and R err] is.

i'ndependent |y hydrogen or hydrocarbyl containing 1 to 20 carbon atons.
4. The process as recited in Claim3 wherein all of Rerr], Rerr],
Rlerr] and Rerr] -are hydrogen -135 - ' 5. The process as
recited in aim3 wherein nis 2; and wherein R err] one of Rerr],
both of Rlerr] and R err] are hydr ogen and the remaining R2 is al kyl
containing 1-4 carbon atons. 5 6. The process as fecited in-
Claim1 wherein said. metal cation is strontium scandium yttrium the

rare ear POLEMERIZATION| mDEmnYMEleAMQN ORCYCLIC ETHERSPDi um
tantal um chrom um nol ybdenum nium iron, ruthenium |

n
pal | adi um copper, gold, ¥SHNG Ii@ tE(kQGENEQHSt(EATALYSTS 7. The process

as recited in O aim6 wherein said metal cation is yttrium ytterbium
dysprosi um _ er bi um "~ neodym um | ant hanum m schnetall, scandi um or
.zirconium 15 8. The process as recited in Caim1 wherein said
accelerator- is a carboxylic acid whose pKa.in water is about 6 or |ess.
9. The process as recited in Claim38 aid

. Polymerization of cyclic ethers is carried out using zeolites containing metal cations, or
selected metal perfluoroalkylsulfonates which are attached to solid supports, as éatalysts, in
the presence of selected accelerators. The polyethers produced are useful as monomers, |
flocculants, lﬁbdcan, etc.: l?plyteﬁahydrofumns are depolymerized at elevated temperatures
to tetrahydrofurans using selécted metal perfluoroalkysulfonates which are attached to solid
supports as catalysts.



4407240-8 :
carboxylic acid is selected fromthe group consisting of 20 fo c, acetic,

trifluoroacetic, -acrylic, nethacrylic, cyanoacetic, nitroprdpionic, and
ni t.r obenzoi c. 10. A process for the polynerization of cyclic
ethers, conprising, contacting one or nore oxiranes, '~ oxet anes,

t et rahydrof urans,” oxepanes, 1, 3-di oxol'anesg or 25 1,3,5-trioxanes; with a
het er ogeneous cat al yst containing a metal perfluoroal kyl sul fonate
attached to t he rface of sai catal id metal selected from

the group consisting igﬂ?ftﬁﬁt%ﬁﬂlﬁf a§§éﬁ%‘ﬂﬁiln the PFEEfRCE he rare

“earth netals, t|Qﬁmmmunpcziecn#nmuNSGE&thméalah$ocﬂammudJa;cnabgtn&ynﬁn
tantal um rheni vaBhe' ron, acceld At e ea%amw%ln%iaégdlwl

pal I adi um t,inum silver oI i.n cadm_um, “ner cur
al um num gal | i ﬁ?ﬁahdﬁal & ‘F?r’if??’i)& Q& ﬁl fhese igka is lFéédgh%ﬁ‘ seni c,
anti nony and5bi sahetit; 6athd eatesxccel erator 35 selected fromthe group

consi sting of CarbOXX%J%.carboxYllc anéyHQKQFeggSm afYla I Oubbggﬁd and

car boxylic acids whos fan & 11.
The process as reafit@dgi Pﬁ the F5oMPimerEi(R) 0(0) Gz heyefinctbe heres s one or
nmore of tetrahydrfenicies, abe € RS cakbdndatxtd ANGS prefetrdd 5-tri oxanes.

12. The process asdhiedaliy B Ald skl MNSERIA-10e ¥ EXRLLC Cther

- 10 carboxylic acid or a halogen substituted alkyl _

carboxylic acid, and particularly preferred anhydrides
are acetic anhydride and trifluorocacetic anhydride.
By an acyl halide is meant a compound containing
the grouping -C(0)X, where X is chlorine or bromine and
15 the free valence it to another carbon atom. 1In
preferred acyl halides X is chlorine. Preferred acyl
halides are alkyl acyl halides, and especially preferred
are acetyl halides, more preferably acetyl chloride.
By a carboxylic acid is meant a compound containing
20 the grouping —-C(O)OH, wherein the free valence is to
another carbon atom. Preferred carboxylic acids have a
pKa of less than 5 in water. Useful cgrboxylic acids
include, but are not limited to formic, acetic,
trifluorocacetic, chloroacetic, benzoic, trichloroacetic,
25 p-nitrobenzoic, butyric, and naphthoic acids. Preferred
carboxylic acids are trifluoroacetic, formic, acetic,
cyanoacetic, nitropropionic, nitrobenzoic, acrylic and
methacrylic. These and other acids that themselves
don't cause polymerization of the cyclic ethers are also
30 Dbelieved to be accelerators, especially if their pKa in
water is about 6 or less.

When carboxylic anhydride is present one half or
more of the end groups are carboxylic esters. 2As is
known to the artisan, these may be hydrolyzed to

35 hydroxyl groups by reaction with water, preferably in
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10 wherein nis 2 or 4, and each:R[érf] Rlerr], Rerr] and Rerr] is

|ndependently hydr ogen or hydrocarbyl containing 1 to 20 carbon at ons.

13.: The process as recited in O aim12 wheréin all 15 of Rl, R2, R3 and

R4 are hydrogen. 14. The process as recited in Claim12 wherein n
Is 2; and mherein'R[err] one of R err]9 both of R3 and R4 are hydr ogen -
and the remaining Rlerr] is alkyl containing 1-4 carbon atons. 20

15. The process aéotrrfeceyb‘ég b a@amé& WiekehBrein <§ﬁ{t%1'?{9t al cation is
strontium scandlun1 yttriu rare earth netals, titanium

zi rconi um “ha¥$hefhed metﬁénﬁﬂ?ﬂ%ﬁsnloblJHFatan?%ﬁ?ﬂnCQH4P8ﬁlﬁﬁ? mol ybdenum
tungst en, rhethaosg dff errontiitveni sepandiain, agctmiueopder raze egotn, zinc, tin

or bi'smut h. metals, tjl(éanIqu péchc_gorﬁﬁal ik g?h&@ﬂ | P {d A, 156%?{3 &N

sai d netal cationii's un ytt ySprosi um rum heodym um
| ant hanum?> m%%’l*ﬁfﬁb‘t‘mrl Ch§@§hﬂ‘i‘urﬁ‘%¥ybdem‘£\rréBﬂgﬁﬂFﬁn: rhenium, iron, 17.

ThebprOFess aputileen v palthaigm lcodpringi gold, Sondl aGeelaggator is a
carpoxylic a

The process ;}g%%\/q% "ed %eé]ﬁ%ﬁ?’i’be%\ﬂbert&iﬁagggt%%’f’g{%t 3‘?’89'63@8% cat aI yst

i s supported earth sergilisa, scahdiem and zirconium. Especially
preferred metals are yttrium, ytterbium, dysprosium,

10 erbium, neodymium, lanthanum, scandium and zirconium.
Another preferred metal is "mischmetall" (sometimes also
called "didymium"), which is a mixture of rare earth
metals as obtained from the ore. By rare earths herein
is meant lanthanum, cerium, praeseodymium, neodymium,

15 promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and
Jutetium. By a perfluorocalkylsulfonate herein is meant
a metal salt of a perfluoroalkylsulfonate in which the
metal is bonded to one or more perfluoroalkylsulfonate

20 groups.

One of the catalysts used herein is a zeolite in
which some of the metél cations present are the cations
listed above. The anions of such cations are not
critical, and may be those normally found in zeolites.

25 The zeolites containing the apbropriate metal cations
can be made by the ion exchange of cations in known
zeolites. Such ion exchange processes are know to the
artisan, see for instance D. W. Breck in Zeolite
Molecular Sieves, R.E. Krieger Publishing Co., Malabar,

.30 Florida, 1984 and Examples 7, 9, 12, 14, 16, 18, and 20.
It is preferred if at least 0.5 atom percent of the
metals and metalloids in the zeolite are one of the
useful "catalytic" metals, more preferably at least 5
atom percent. It has been found that the zeolite

,,’";-
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silica-alum nate,_carbon _or zirconia. 19. A process for the

depol yrrerlzatlon of a pol yet her to_a_tetrahydrofuran conpri si ng,
contacting Jﬂ ~100[err]C to 250[err]C, a
10 polyrrer consi W]ﬂ"mmu ,of one or nore repeat units of the
formul a

[CHR[err]CR[err]R[err]CR[err]R[err]CI—|R[err]O] - 15 wherein each Rerr],

Rlerr], Rerr] andiR. ern']xelprwmbaoemdelethyehym (Iglasrim 10 ehebggocar byl
containing 1 0 0
containing a tr?t%fla a%é%?‘?&o%r?% a" FEb?s{lH%ng{ ghgga to %&esrurface of -

sai d catal yst is aboyhj fl e®tifssse| ect ed fromthe group consi sting of 20
strontium barium igcanghdnprodddd WH rebetear en eidin 10 whBkaks, titanium

zi rconi um haf ni, hrom u bdenu t ant aI u r hen i ron,
rut heni um osﬁladﬁj”heger?%%rbef@tﬂﬁ CF"?ﬁ%L S%%a @ und IB&'P u‘#fwsgai'ver gol d,
zi nc, cadni umsidécenrjuminans nearbgal bruriréondiaum 25 thuI ium germani um

tin, lead, arsenic,gant hnBpYy-Sad ¢ tly SaEbb ti .gThe process as
reC|ted in Claimi19 wherrTB ° oli[r 61 o%e yme;R;!’:arr]on botﬁ of Rerr] and

Rlerr] are hyW&Q&ﬁheﬁnWt%é:etrah FHF &R n LIRPTiSingky FORAREIM ng 1-4
carbon atons. a80a temper@fure T proced903c tecited 2508 aian 19 wherein -

sai d metakocatcqyrl.s SLLONAY ASRRMLUINYI4E IGHD oore reke earth

netals, titaniu Il um niob nt al um

chroni um nol yd&RuRE the f‘t’[ﬂi{:}@t en, rhenium iron, ruthenium palladium
copper, 35 gold, zinc, tin or bisnuth.

- [CHR1CR2Z2R3CR2R3CHRY0] -

15 wherein each R!, R2, R3 and RY is independently hydrogen
- or hydrocarbyl containing 1 to 20 carbon atoms, with a-
heterogeneous catalyst containing a metal perfluoro-
alkylsulfonate attached to the surface of said catalyst,
said metal selected from the group consisting of

20 strontium, barium, scandium, yttrium, the rare earth
metals, titanium, zirconium, hafnium, chromium,
molybdenum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, éold,

'zinc, cadmium, mercury, alumingm, gallium, indium,

25 thulium, germanium, tin, lead, arsenic, antimony and

bismuth. i

20. The process as recited in Claim 19 wherein
‘Rl, one of R2, both of R3 and R4 are hydrogen, and the
remaining R? is alkyl containing 1-4 carbon atoms.

30 21. The process as recited in Claim 19 wherein
said metal cation is strontium, scandium yttrzum, the
rare earth metals, titanium, zirconium, hafnium,
vanadium, niobium, tantaluﬁ, chromium, molybdenum,
tungsten, rhenium, iron, ruthenium, palladium, copper,

35 gold, zinc, tin or bismuth.
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34 22. The process as recited in Caim19 wherein all of

Rlerr], Rerr], re hydrogen. 23. The process
reci ted in CI al m ]ﬁl Hm IWHH"F het er ogeneous. catal yst is supported

al um na, si +sid | ¢a- al usi nat e, carbon or zirconi a.

22. The process as recited in Claim 19 wherein all
of R, R?, R3 and RY are hydrogen.
23. The process as recited in Claim 18 wherein

said heterogeneous catalyst is suported an” . alumina, silica,
5 silica-aluminate, carbon or zirconia.
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