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gl ass transition temperatures but their crystalline melt temperatures are
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above room temperature. Thus, they are waxy solids at ambient
temperatures and need to be kept at elevated temperatures to prevent
20 solidification.

Copolymerization with a cyclic ether has been used to reduce the
crystallinity of the polytetramethylene ether chains. This lowers the
polymer melt temperature of the polyglycol and at the same time may
improve certain dynamic properties of a polyurethane which contains such

25 acopolymer as a soft segment. Among the comonomers used for this
purpose is ethylene oxide, which can lower the copolymer melt
temperature to below ambient, depending on the comonomer content.
Use of copolymers of THF and ethylene oxide may also increase certain
dynamic properties of polyurethanes, for example elongation at break,

30  which for some end uses is desirable.

Copolymers of THF with ethylene oxide are well known in the art.
Their preparation is described e.g. by Pruckmayr in US Patent 4,139,567
and US Patent 4,153,786. Such copolymers can be prepared by any of
the known methods of cyclic ether polymerization, described for instance

35 in "Polytetrahydrofuran” by P. Dreyfuss (Gordon & Breach, N.Y. 1982).
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of the polyurethanes prepared from THF copolymers surpass the
20 properties of those polyurethanes prepared from THF homopolymers.
However, there are certain disadvantages connected with the use
of ethylene oxide (EO) in these copolymers. EO is quite hydrophilic and
can increase the water sensitivity of the corresponding polyurethanes
when used in the required concentrations.

25
SUMMARY OF THE INVENTION

The invention is a copolymer glycol prepared by polymerizing

tetrahydrofuran, ethylene oxide and at least one additional cyclic ether.
The invention is also directed to a polyurethane polymer comprising the

30 reaction product of at least one organic polyisocyanate compound and a
copolymer glycol prepared by copolymerizing tetrahydrofuran, ethylene
oxide and at least one additional cyclic ether. The invention is also
directed to spandex filaments comprising the aforementioned

polyurethane.
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20 fashion along the polymer backbone chain. It should be noted that alkyl-
substituted oxolanes, such as 3-methyloxolane, are referred to as the
corresponding alkyl substituted THF, i.e., as 3-methyl-THF in this case.
Herein, the term “cyclic ethers” will be understood to include both
unsubstituted and substituted forms.

25 The copolymers of the present invention can be made by the
method of Pruckmayr in US Patent 4,139,567 using a solid
perfluorosulfonic acid resin catalyst. Alternatively, any other acidic cyclic
ether polymerization catalyst may be used to produce these copolymers,
e.d., heteropoly acids. The heteropoly acids and their salts useful in the

30 practice of this invention are the catalysts described e.g., by Aoshima, et
al. in US Patent 4,658,065 for the polymerization and copolymerization of
cyclic ethers.

A wide range of strong acid and superacid catalysts that are well
known to those skilled in the art can be used for the copolymerization of

3



known to those skilled in the art can be used for the copol ynerization of 3
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15 The cyclic ethers can be represented by Formula 1:
| S Y

(R)m‘[CnH(Zn-m)] O
—

where
20
R is a C1 to C5 alkyl or substituted alkyl group,
n is an integer of value 3to 4 or 6 to 9,
25 m is zero or 1 except thatwhenn=4, mis 1.
Examples of cyclic ethers are as follows:
Ring C Chemical Name
C3 oxetane, methyl-oxetane, and dimethyl-oxetanes,
30 C4 alkyl-tetrahydrofuran such as 3-methyl-THF and 3-ethyl-THF,
and 2-methyl-THF,
C6 oxepane,
C7 oxocane,
C8 oxonane, and
35 C9 oxecane

Although not represented by the formula above, 3,4-dimethyloxolane (3,4-
dimethyl-THF) and perfluoroalkyl oxiranes, e.g., (1H,1H-perfluoropentyl)-
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"Spandex" means a manufactured fiber in which the fiber-forming

substance is a long chain synthetic polymer comprised of at least 85% by
weight of a segmented polyurethane. The segmented polyurethane can

20 be made from a polymeric glycol, a diisocyanate, and a difunctional chain
extender. In the preparation of the spandex polymers, the polymer is
extended by sequential reaction of the hydroxy end groups with
diisocyanates and diamines. In each case, the copolymer must undergo
chain extension to provide a sbinnable polymer with the necessary

25  properties, including viscosity.

Polymeric glycols that can be used in making the polyurethane of
the present invention can have a number average molecular weight of
approximately 1500-4000. Diisocyanates that can be used include 1-
isocyanato-4-[(4-isocyanatophenyl)methyl]benzene, ("4,4'-MDI") 1-

30 isocyanato-2-[(4-cyanatophenyl)methyllbenzene ("2,4'-MDI"), mixtures of
4,4'-MDI and 2,4'-MDI, bis(4-isocyanatocyclohexyl)methane, 5-isocyanato-
1-(isocyanatomethyl)-1,3,3-trimethylcyclohexane, 1,3-diisocyanato-4-
methyl-benzene, and mixtures thereof. When a polyurethane is desired,
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and a trifunctional 'chain brancher' such as diethylenetriamine can be used
to control solution viscosity. Polyurethaneureas are typically dry-spun or
20 wet-spun when spandex is desired.
The practice of the present invention is demonstrated by Examples

below which are not intended to limit the scope of the invention.

MATERIALS
25 THF, 2-methyl-THF, fluorosulfonic acid, and phosphotungstic acid

hydrate are available from Aldrich Chemical, Milwaukee WI. The
phosphotungstic acid hydrate was dehydrated by heating at 300°C for at
least three hours prior to use.
3-Methyl-THF, 3-ethyl-THF, and oxepane were prepared according
30 to methods described in the literature.
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controlling agent, together with 10% of Idrg NAFI ON(r) 10 NR-50, cryoground
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resin in bead forThisssimgievead pravidadReshow BepolpakhpRidzet TIAR, g1 Xt ure was
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Exanple 2 This exanple was provided to show copol yneri zation of THF, 3-
Et hyl - THF, afiftviansxdde wasiasdedslowty.via the gas inlet tubawmddbeadsitiont i on
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3-ethyl - THF \g\ll:h;l}) d%’/ nﬂfolggénm-llégtingavr\}gs ggXtinl\dlAélﬂ f%]Fl a%g’%h%lr%%tmﬁ\%\ft\gse, rand the
polymerization vessel then cooled to 30°C before filtration. The solid
catalyst was recovered and could be reused. The polymer solution was
vacuum dried at 100°C at 0.2 mm Hg (0.027 kPa) pressure. A final
20  product filtration gave 50 g (24%) of a clear, viscous polymer, which was
characterized by Fourier Transform Infra-Red Spectroscopy (FTIR),
Nuclear Magnetic Resonance Spectroscopy (NMR), and Gel Permeation
Chromatography (GPC). It had the following properties and composition

25 Number Average Molecular Weight: 3100
THF content: 72 mol%
EO content: 25 mol%

3-ethyl-THF content: 3 mol%

30 Example 2
This example was provided to show copolymerization of THF, 3-

Ethyl-THF, and ethylene oxide.
A 250-ml round-bottomed polymerization reactor was set up,
equipped with a mechanical stirrer, dry ice reflux condenser with Drierite
35  moisture protection tube, thermometer, and gas inlet tube. THF (26 g,
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(grade NR-50, 3g) were added. The m xture was heated to 60C with stirring,
under a sl ow stream of nitrogen. Wien the system had reached 60C, ethylene
oxi de gasW()EG))JSS\m added slowy through the gas inlet 5 t®o#/sb3/e3samt e of
about 6 g/ h.0826 mak), t&-@thylnﬁldFddatg fEEMoh),i ancadiyMAFIQN catalpstpdwddrad been

added. The f nd _t he I, nl ystem fl ushed
wth nit roggﬁrggéﬁﬁ%g 3@5‘”‘8%?@%‘%& T|p§|m| trli'{)? M%Ssr@t d ﬁ? ﬁ§ (lsééf"thand then the
pol yneri zat i stirringsaedenasionl steysed of aitkRen. VWYheadhe sYSBREAAY ¥ésohel0 The

pol ynmer sol Uél on was separated fromthe solid catalyst by filtration, and

any pol ymer 89ta@tbyens QXW@%ﬁ@@sWawd?@rﬂﬁﬂw ﬂﬂf)QUghdbﬁlgﬁg ileth dry
met hanol 5 UnfipRedefdi 3P BBbuts S/ BB PibL Bntin il bhih Pg st | 1 at Lon,

and the pol yner residue was va uum oura 1 nmmof Hg
(0. 13 kPa) p66@g;EQhad\b’eenaiddédl tTl’rmtEOrfegdwasJiﬁeB&hm off chnchtid ga¢  pol yner

th nmb ht , det d d titrat
Lo be- 1075, IR SRS AP WP NLEARAL HeBiG eaacoB PO oRNAE thial ysi or
49 wt % THF, ﬁﬁhd%Qs AT ?rre‘ﬁ&ﬁé'po%ernz@?i@n @%séﬁvféf%ll&%d %BHBIHS rdor! S

exanpl e was provided to show copol ymerization oxepane, and
et hyl ene oxil@mpexalte- m round- bottomed pol yneri zation reactor was set up,

equi ppe vmth nmec t'r r, Lce.reflux, con th Drierite
noi sturg pr ot ectljgﬁglpg@é? ér%"ﬁ%’?@?%#"%@?@ﬁ T e, s tcl?‘z%ys"%lﬁ:( 10 g, 0. 14
mol . ), oxepaﬁﬂtraﬂdaema:wpelgmem@ehed@o the Eatalysths remadd By NAFI ON

catal yst powder (grade NR- wer e added. 30 1, 4-butanedi ol was added

as a nol ecul Waskiggd yyith @Wrﬁ‘?%‘!aﬂphg Btpasted meaomarwas Emexectemdhet o 70C
th st had
Feached 70C i8I Bl dRitaith, SRl dthyifer foRRRIE wad VW BUrBITOETL T o

tube at a rd’ncmrcﬂt 10SCaaruet rﬂmmegE(D t(dklPa) pressuss Adingl filtlatlonigave a t ot al

of 9 ¢ dded The EO.feed WO 03/ 059989 PCT/ US03/ 01330
t hen shﬁg 0??6 ngﬁ’oo Felegh polyesvidy 3 U rayﬁ@g%nplﬁ%w!%rrvw@h Heati ng was

determined by end group titration to be 1075, and the following
composition as determined by NMR analysis:

49 wt% THF,
20 20 wt% 3-ethyl-THF, and
31 wt% of EO.

Example 3
This example was provided to show copolymerization of THF,

25 oxepane, and ethylene oxide. A 100-ml round-bottomed polymerization
reactor was set up, equipped with mechanical stirrer, dry ice reflux
condenser with Drierite moisture protection tube, thermometer, and gas
inlet tube. THF(10 g, 0.14 mol.), oxepane (hexamethylene oxide, 10 g, 0.1
mol.), and dry NAFION catalyst bowder (grade NR-50, 2 g) were added.

30  1,4-butanediol was added as a molecular weight controlling agent. The
mixture was heated to 70°C with stirring, under a slow stream of nitrogen.
When the system had reached 70°C, ethylene oxide gas was added
slowly through the gas inlet tube at a rate of 4.5 g per hour. EO addition
was continued until a total of © g EO had been added. The EO feed was



continued for another 15 mi nutes, and then the polynerization vessel was
allowed to cool to roomtenperature. The polymer solution was separated
fromthe wolodasoas al yst by 5 filtration, and any pol yner pamtisosied3t o t he
catal yst wasthesmsfudsfbpndiae brsinled systemylusbed avith nitrdgen.p tleating wies

[ d f 1 h t 100C and 1 nm of
g (0. 13 kpago HEeEior Bhhef t o i AEH RO 1 PoBET AR AER 4ol y o
with a nunbeallowed &geoolrtolresmltempeeatiihd, det ermi ned by end group titration

to be 2420, and the 10 follow ng conposition as determ ned by NWR
anal ysi s: 45 wt%:HJFPOM"%%ldii@b‘é{ﬂéseﬁﬂ@tGQﬁomWCEOIIECOatalSSm)arrpI e 4 This

- THF, d
oty ene oxi Taapiznd 8a7 BONEABRALAEN S i ERaRr JRboiondBoW. 115 ol o)
were 20 addwdshiogawith tivt methinokckKhe pgl}mérggai)lfr?mgﬁcsr 2}©m flﬁie ?ﬂﬁ?‘%‘f??t o; »
equi pped W|th a nmechani.c LHS“ rtEf{f(bC @ché

gas inlet tYARHUM dpyiRgfor b hpy 2 A9 (13 kR aressuse.nol ecul ar
wei ght ContA(ﬂn|aI ﬂﬁa%ﬁ@aveal@%t%bf Wé%oﬁ}é%éﬁ%ﬁh%%@ﬂﬁe}\@ég 30 9) added

as a polynerization catalyst. 25 The I zation m Xxture S stirred
and heat ed t@okmulanmeight deteymined hwemiagm titoati telhm/\ztsQ(b,cml‘eﬁth\y a the gas

nad beer Caade SHUE CoraBiefin 3% delerblnd® By RBRARRAS'S: hy1 oneoxi de e vas

then shut off and the gas inlet systemflushed with nitrogen. Heating was
continued for 30 amQiheTHEDS m nutes, and then the polynerization vessel was
cooled to 35C before filtration. The solid catal yst resi due was washed and
coul d be recycl ed0 witeoxapapgeandol uti on was vacuumdried for 1 hour at
100C at 2 nmm Hg Wé}u‘s“e‘:{(&o 27 kPa). A final product filtration gave a

cl ear viscous yrrer the follow ng typical properties: 9 WO

03/ 059989 PCT/ USO3/ 01330

Example 4
This example was provided to show copolymerization of THF, 3-
Methyl-THF, and ethylene oxide.
THF (800 g, 11.1 mole) and 3-methyl-THF (100 g, 1.15 mole) were

20 added to a 2-liter 4-neck round-bottom polymerization reactor, equipped
with a mechanical stirrer, dry ice condenser, thermometer, and gas inlet
tube. 1,4-butanediol (4 g, 0.033 mole) was added as a molecular weight
controlling agent, and dry NAFION pellets (grade NR-50, 30 g) added as a
polymerization catalyst.

25 The polymerization mixture was stirred and heated to 50°C, when
ethylene oxide was added slowly added via the gas inlet tube. Ethylene
oxide addition was continued until 55 g (1.25 mole) had been added over
a period of about 4 hours. The ethylene oxide feed was then shut off and
the gas inlet system flushed with nitrogen. Heating was continued for

30  another 15 minutes, and then the polymerization vessel was cooled to
35°C before filtration. The solid catalyst residue was washed and could be
recycled. The polymer solution was vacuum dried for 1 hour at 100°C at 2
mm Hg pressure (0.27 kPa). A final product filtration gave a clear viscous
polymer with the following typical properties:



5 M: 2700 Viscosity:10.5 poise (1.05 Pa.s) at 40C Melt tenp.:-3.9C EO
Content: 28 nol % 3- net hyl - THF Cont ent: 8 nol % Exanpl es 5-15 These exanpl es
denonst r awed3osq98d yneri zati on of THF, 3-Methyl- 10 THF, amdTdiSayhspe oxi de
using fluorosul fonic acid (FSA) catal yst. The procedure for each of these
exanpl es (Tabl i) is as follows: A 2r§0baffled and jacketed gl ass reactor
was equi pped wi\t.h_ a.. thernocouple, a itted s ipnlet for nitrogen
and et hyl ene OX'ﬁ%‘?S'tX- solid carbon dﬁé}?i%s%ngsias%§ %‘{141 utlet, and a
mechani cal stimelktempe 15 3- MTHF wasg gf@rged to the flask as a 55%
solution of 3-MeTHF in THF wth additional THF to give the nononer | oading
as shownd n Tatt@ Cordert: cool ed to 10288®I%The flask was swept with
nitrogen and fly | ' jd was dropwi se over 3 - 5 min through
a dry addition 319%?@” ﬂ-ﬂ?r@nlﬁégg'ction %&gcg%/jvas then heated to the reaction
tenperature and 20 et hyl ene oxi de was added over about 3 h. Agitation to
mai ntain a uniform tenperature thEgugBRII5-HBe reaction mass was provided.
The tenperature of the increasingly viscous contents was allowed to rise
to, but not to ekbewRiexamplesdamponrstraied cppolymeyizetien ok THE, Bedethyht e was
used to t ; 51y utralize the

eact i ot ner e pd RSP Gliak tstho AerdSylaiy o E AT 1 &

di stillation headThagrémduwe fareach(s thede pxavapleasddable Thie ddl fafiswsont ent s
A nitrogen flow was

heat ed 100C t THF/ water distillate.,
V\rrlgur ﬁt aie(rjlleg t%%gﬁggglqd(@{fg%@e@agﬁsr%ﬁa éﬂ‘?ﬁl %@‘IJ'WPFdNﬁ@ &tripped of fl’h t he
[ [ te.
stirring wasthahnBesGhIang f@%(?t ggﬁg 88k %E?fo‘ﬁﬁgt;@éqr?-:lﬁ mgg@tg%ﬁ@ﬁé% e

wat er |ayer was renoved, e-organi c Wi ce with
two 600 nli bealidwarbon dimxide oondanseaittbroutlet, sretamicckanical $6rrgr.oTheal ci um

A S S RSLAIRE RE

with additional THF to give the monomer loading as shown in Table 1 and

cooled to 10-15°C. The flask was swept with nitrogen and fluorosulfonic
acid was added dropwise over 3 — 5 min through a dry addition funnel.
The reaction mass was then heated to the reaction temperature and

20 ethylene oxide was added over about 3 h. Agitation to maintain a uniform
temperature throughout the reaction mass was provided. The temperature
of the increasingly viscous contents was allowed to rise to, but not to
exceed, 45°C. Control of the ethylene oxide feed rate was used to
moderate the temperature.

25 To terminate and neutralize the reaction, the carbon dioxide
condenser was replaced by a simple distillation head and hot water (600
mL) was added. The flask contents were heated to 100°C to remove a
THF /water distillate. A nitrogen flow was maintained to speed the
distillation. When the THF was stripped off, the stirring was stopped and

30 the contents were allowed to separate. The water layer was removed, and
the organic layer was then washed twice with two 600 mL batches of hot
water. After the second wash, 15 g of calcium hydroxide was stirred in
thoroughly, precipitating additional water, which was removed. Additional
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10 Table 1.
Ex. |THF (g)| EO (g) 3- FSA Rxn | Rxn Temp
MeTHF | (g) time (°C)
(9) (hr)
5 663 37.1 176 37.1 4.4 40
6 663.6 | 37.1 176.4 37 2.3 30.1-34.6
7 663.6 37 1764 | 37.2 2.3 30.7-39.2
8 663.6 37 1764 | 37.7 4 34.4-41.2
9 1448 81 385 80.8 4 35-40
10 1448 53.2 385 80.8 4 35
11 2949 204 647 141.4 4 35-41
12 2949 204 647 1414 | 4.25 32-42
13 2768 204 792 75.1 4 25-32
14 2768 204 792 74.6 3.7 15-22
15 2768 204 792 75.9 4.5 10.5-31

Rxn in the table above means reaction.
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MeTHF(C) 5564. 89.5180414. 8 652. 95. 010. 021667. 79 7NA4. 49. 322449. 89
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Examples 16 - 20

i cal

THF, water,
Tabl e 3).
THF in THF
Table 3 and
stirrer set
od of about
t enperature
ued until
riod, 1 L of
t 30 mn. at
rified by

at 45C, and

| weak- base

These examples are provided to show copolymerization of

THF, 3-Methyl-THF, and ethylene oxide using anhydrous phosphotungstic
acid (PTA) catalyst.
A 5-L baffled jacketed reactor was equipped with a thermocouple,

ethylene oxide and nitrogen inlet, a dry ice condenser with N2 exit, and a

mechanical stirrer. The equipment was dried at 100°C with a N, sweep.

The THF, water, and the anhydrous PTA were added to the flask and

cooled (see Table 3). The 3-MeTHF was charged to the flask as a 55%

solution of 3-MeTHF in THF with additional THF to give the monomer
loading as shown in Table 3 and cooled to 10-15°C. The reactor was

swept with nitrogen and the stirrer set for 250 rpm. The ethylene oxide

was added steadily over a period of about 2 to 4 hours, with cooling to

maintain the specified reaction temperature. After all of the ethylene oxide

was added, stirring was continued until the total reaction time was

completed. After the reaction period, 1 L of de-ionized water was added

and the mixture stirred for at least 30 min. at 45°C.
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adsorb the acid catal yst. The unreacted THF, nethanol, and water were 5

then renoved in vacuo. Solids were renoved by filtration through a

di at onacewo0305998h mat on a VWhatman #1 filter E@per on a Predarselressed

Buchner funnel. ThBeaee cPRRIVIPET YasPuiiisdpy djiwéing the eartionduixtiare wei ght

determ ned b, C d by 1H
Wit SR ol B hharil 4t hBc SQTRBILL AG e fleRig TR

NVR. These da a are'summmari zed |n n EO
Ex. THF (g) EGs¢lglidk TieuBhA é@mmnmmemlmda@)t(dne)lbﬁ;)eibh&gélre)sm to

1628081787921304 1 1728081787927 4-1 52

18294370. 8653¢ %Ofbjfbe %'%C@?Lﬁs%%%99@?&?‘%‘%’5@‘7@%3&0' and gaterwere
20298816261 215Hakds | E Mel t
si onPoi n?36 (C 165914@23’4%90%§$d31%§%61'4%4512y94438 @hgélﬁa”yh

1826. 715. 210di2gaBaded® ¢adit Nt dncd Witimaasyl fiterdeper db2a sieadtheat=e. 02
Exanpl e 21

Buchner funnel. The haze-free polymer was weighed, the molecular
weight determined by end group titration, and the composition determined

by '"H NMR. These data are summarized in Table 4.

10
Table 3.
Ex. | THF (g) | EO (9) 3-. |PTA (g)| Rxn Rxn EO
MeTHF time temp | ADDN
(9) (hr) (C) TIME
(hr)
16 2808 178 792 130 4.1 -4 -4 3.1
17 2808 178 792 75.6 4 -44-15| 2.9
18 2943 70.8 657.3 75.6 6 -48-04| 2.33
19 2943 123 657 75.6 5 -1-3.6 3.83
20 2988 162 612 75.6 5 14-22 4.8
Table 4.
15
Ex. |Conver| %EO (% 3-MeTHF Mn Melt
sion Point ("C)
16 59 14.6 12 3420 -0.37
17 53.6 14.45 - 12.9 4438 -3.21
18 26.7 15.2 10.2 2233 4.46
19 46.6 13.9 10.35 2194 7.37
20 66.3 12.1 8.6 4180 10.02
Example 21

This example is provided to show copolymerization of THF, 2-
methyl-THF, and ethylene oxide. A 250-ml round bottom polymerization
20 reactor was set up, equipped with mechanical stirrer, dry ice reflux

13



This exanple is provided to show copol ynerization of THF, 2- nethyl-THF,
and et hyl ene oxide. A 250-m round bottom poI ynmerization 20 reactor was
set up, e\qomp/psmsw th mechanical stirrer ice reflux PETWS0DBI3GHI9989
PCT/ US03/ 01380ndensed ¥ttePrigiiteneisiuse |pﬂ”‘éteﬁﬁ¢f$¥uhee thersrapetesrandigas

o et hyt - T auges TekBhir AR (TR 2B MDA Ry CER o or ace
NR-50, 6.5 g0.78amel.), aehdedty NAEION shtalyst pewdee tjradeNRBVC6VS ghweks 1 ri ng,

under a slo ﬁ‘ié 5 of nltro en. en _t he system had reac ed 60C,
et hyl ene oxi "gcg %E@?'X ‘ﬂﬁé"’ eq (R RPYC mith GHNG. H@dﬁds"r‘ slavetreame at a

rate of ou r t of 17
§"EO had s MyBgEA" fieNihs S tidd RRCHEE SEPC PVRIIN: oBs (BL ..

syst em f | ushedswdded simwlydbmughl-ﬂhatgasgnlmawb@mtta rate df bboubtd gtpger 15

m nut es, and,_t he he, 10 oI zat to cool, to room
t enperat ure. hWer%@ %ﬂ?&ﬁ’or‘g h l\'/%dsu'gt«g &’i‘géﬁvﬁs%ﬁd ﬁéggﬁﬁpé‘d@%al yst by
filtration, 7Rd E&D'Yeéwwﬁﬂlﬁeﬁhh%f?@nﬁ%éf@%s‘iﬁl(e%ys?cémﬂﬁ’@srfe%rw*t’ﬁd by

washi ng W|th dry met hanol . The polyner was isolated fromthe sol ution by

vacuum dryi ngitrogen1 Heatingawas oontinued for aneiber A§ ninutes, lapd)then asure. 15 A

det or mi ridh' BooEs¥RABon Veltelils Acfisti SR FlontedoBrdlfiyi g ' O
conposi tion: 25 wrhe PolymeOscliltion #asd sbbalatéd ﬁUﬁltr@KbndE’&atm%%@f EOQ as
determ ned by NVR anal ysis. K 14 WD 03/ 059989 VWHAT IS CLAI MVE 5 10

PCT/ US03/ 013 Uaﬁon,@%am’ pRivmes atisehed g theosatalystiwias ramoveddyr i ved by
pol ymer i zi ngybehihghwith fyhethariel. hYhe PBIyAddFad RAIAL KRS thePSSudi by onal

vacuum drying for 1 hour at 100°C and 1 mm of Hg (0.13 kPa) pressure.

15 Afinal filtration gave 30 wi% of a clear polymer with a molecular weight
determined by end group titration to be 2000, and the following
composition:

25 wt% THF,
20 40 wt% 2-Methyl-THF, and
35 wt% of EO,

as determined by NMR analysis.
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cyclic ether. 2. The copolynmer of Claim1l, wherein the additional cyclic
ether is represented by the structure (Rm[ChH(2n-n)] O where Ris a d
to C5 al kyboonsmabstituted al kyl group, 15 n is an integePrCafUsozbiseo 3 to 4
or 6 to 9, MVHATASCIAIMERISept that when n = 4, mis 1. 3. The copol yner
of Claim1l, wherein the additional cyclic ether 20 is selected fromthe
group consisting & 3, A-cAPeBIMEN corpising ganstitueahuniisaderived by

per f | uor oal kyblyﬁf@rﬁm@etetréh¥aﬂwur@ﬁpé{w@fe Sid&lantiat leastdpeaddyifidifaladdi ti onal
cyclic ether_is ﬁ' ected fromthe group consisting of, oxetane,

net hyl - oxet aﬁéﬁ"cfg @i met hyl - oxet ane, 3-nethyl-tetrahyd rofu ran ,

3-ethyl -teetrahyd rofu ran, 2- nethyl-tetrahydrofuran, oxepane, oxocane,

oxonane, and oxecane. I . ' e r
concentration of gtonsip?-égﬁ?&ﬁ%?t%qéelp? Eé@"gtéyﬂn}he% %@&éﬁ@&o&i&ﬁ%%e 1
percent to 48 rgeresemted By tee sttugfutpol ymer of Claim 5, wherein the nol ar
concentration of constitue i derived fromethylene oxide is 3
percent to 35 percent. _E;E copolgrer of Claim 1, wherein the nolar
concentrgfion 35 of cg—\z}é"t[i ﬂﬁgﬁﬂgua?sts derived fromthe additional cyclic
ether is 3 percent EP 40 percent. 8. The copolymer of Caim?7, wherein the
nmol ar concent rati‘gn %f constituent units derived fromthe additional
cyclic ether is 5 _percent t 40 30 percent. 15 WO 03/059989 PCT/ US03/ 01330
9. A pol yuret haneRﬁél%/&r@&oQ%rﬁikﬁéqrﬁé'gﬁwé'@iﬁ@ﬂgfﬁuﬁroduct of at |east one
organi ¢ pol yi socyanate conpound and a copol ymer glycol conprising
constitdént uni t shieanjriggeroic@bde pried i titp 8t hyl ene oxide, 5

tetrahydrofuran and at | east one additional cyclic ether. 10 15
m is zero or 1 except thatwhenn=4, mis 1.

3. The copolymer of Claim 1, wherein the additional cyclic ether
20 is selected from the group consisting of 3,4-dimethyl- tetrahydrofuran and
perfluoroalkyl-oxirane.

4, The copolymer of Claim 2, wherein the additional cyclic ether
is selected from the group consisting of, oxetane, methyl-oxetane,
25 dimethyl-oxetane, 3-methyl-tetrahydrofuran , 3-ethyl-tetrahydrofuran, 2-
methyl-tetrahydrofuran, oxepane, oxocane, oxonane, and oxecane.

5. The copolymer of Claim 1, wherein the molar concentration
of constituent units derived from ethylene oxide is 1 percent to 40 percent.
30
6. The copolymer of Claim 5, wherein the molar concentration

of constituent units derived from ethylene oxide is 3 percent to 35 percent.

7. The copolymer of Claim 1, wherein the molar concentration

35  of constituent units derived from the additional cyclic ether is 3 percent to
40 percent.

8. The copolymer of Claim 7, wherein the molar concentration

of constituent units derived from the additional cyclic ether is 5 percent to
40 30 percent.

15



20 25 10. The pol yurethane polynmer of Claim9, wherein the additional

cyclic ether is represented by the structure (Rm[CnhH(2n-n)] O where R s
a Cl to GyoaBkyd9sor substituted al kyl group, n is an int@®gerusos/onsad ue 3 to
4 or 6to 9, and mis zero or 1, except that when n = 4, mis 1, and does
not include 2-netpyl-tetrahydrofuran. 11. The pol yuret hane pol yner of Caim
9, wherein the ad itioﬁaﬂ ?y"ﬁ?&]qn@ F@[]W@?r Fempgp Sttéﬁ reagiian medyehefiat

consi sti ng oleaskehavegariepblyisocyaratercompbures avyd awopbbmeer @yesit hyl -t et r ahyd
rofu ran , 3 (] T .0 X e...oxonane, and
oxecane. 12. C%E}(‘%'gpycﬁbéﬁ@%ﬂé%@% gﬁ%‘fe‘ﬁ?}pgﬁ@?'ﬁ&@%&@ﬁﬁtﬁ}’%n?ﬁé‘%di tional
cyclic ethertatrahydrafgrascanid ahleapong additionalsiystic ethesf 3, 4- di net hyl -

t et rahydrof uran and perfluoroal kyl -oxirane. 30 13. A filanent of spandex,

conprising the polguret hane pol }{lrrer of claim9, 10, 11, or 12. 16
10. The polyurethane polymer of Claim 9, wherein the additional

cyclic ether is represented by the structure

S
10 (R)m-ICnHen-m] ©O
—_—
where

Ris a C1 to C5 alkyl or substituted alky! group,

15
nis an integer of value 3to4 or6 to 9, and
m is zero or 1, except that whenn=4, mis 1, and
does not include 2-methyl-tetrahydrofuran.

20

11.  The polyurethane polymer of Claim 9, wherein the additional
cyclic ether is selected from the group consisting of oxetane, methyl-
oxetane, dimethyl-oxetane, 3-methyl-tetrahydrofuran , 3-ethyl-
tetrahydrofuran, oxepane, oxocane, oxonane, and oxecane.

25
12.  The polyurethane polymer of Claim 9, wherein the additional
cyclic ether is selected from the group consisting of 3,4-dimethyl-
tetrahydrofuran and perfluoroalkyl-oxirane.
30 13.  Afilament of spandex, comprising the polyurethane polymer

of claim 9, 10, 11, or 12.
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