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| MPROVED SPANDEX ELASTOVERS Technical Field
The present invention pertains to diam ne- ext ended pol yur et hane/ ur ea

el astonmers. More particular- 5 |y, the present invention pertains t.o

di am ne- ext epd oshesss spandex-type pol yuret hane/ urea el asgemgososiigrar ed
from prepol yners derived from pol yol conponents conprising

ultra-1ow unsaturation pol yoxyal kyl ene pol yol .

Background Art 10 IMPROVED SRANDEX ELASTOMERS i n the form of

fibers and filnms have found w de acceptance in the textile industry.
The term "spandex", often used to descri be these el astoners, refers

to I ong chain synthet- i c pol y@w of at |east 85% by
wei ght of 15 segnent ed pol yurethane. The term "el astane” is used in

Europe. Spandex fibers are used for many different pur poses in the
textile industry, especial |c|3be| Mottt J.nventi/&ﬁrpef@éfﬁé)e{:éuaﬁla&ﬂne—

garnents, bathing el a or t ockin
el astoneric fiber §%de‘ﬂﬁﬁlgﬂr§'ﬁlb ggﬁggmgﬁ el 3EF cﬁﬂ#’fé‘lﬁ spun
round wist h f 1y aneie somsesttapmerenitben yarhglnartqﬁbamee-emtmded
adm xture to non-eﬁa&&é:s-ﬁ‘yphebalyefeéméwﬂasalagtomexsI;]mr \ﬁeagfkbﬁ
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ultra-low unsaturation polyoxyalkylene polyol,

a und

10 Polyurethane/urea elastomers in the form of
fibers and f£ilms have found wide acceptance in the
textile industry. The term "spandex", often used to
describe these elastomers, refers to long chain synthet-
ic polymers comprised of at least 85% by weight of

15 segmented polyurethane. The term "elastane" is used in
Europe. Spandex fibers are used for many different
purposes in the textile industry, especially in under-
wear, form-persuasive garments, bathing wear, and
elastic garments or stockings. The elastomeric fibers

20 may be supplied as core spun elastomer yarns spun round
with filaments or staple fiber yarns, or as staple fiber
admixture to non-elastic fibers for the purpose of
improving the wearing qualities of fabrics which are not
in themselves highly elastic.

25 In the past, natural rubber thread was the
only material available to provide elasticity to fab-
rics. Spandex, originally developed in the 1950s, has
numerous advantages over rubber filaments. The most
important of these is its higher modulus. Typically,

30 for a given denier, spandex has at least twice the
recovery, or retractive power, of rubber. This enables
stretch garments to be manufactured containing less
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However, two areas where spandex fibers are
inferior to rubber filaments are elongation and mechani-
cal dynamic properties.  Spandex fibers typically break

15 at elongations of 500% while rubber filaments have
elongations at break of 600 to 700%. In addition, .
rubber exhibits much Jlower hysteresis than spandex .
fibers. Hystei'esis is a measure of the energy loss
during stretching and retraction of an elastic material.

20 A large energy loss implies heat generation and thus
discomfort in wear. So there is a need in the industry
for an elastic fiber with both the positive features of
spandex such as high retractive power and the positive
features of rubber such as high elongation and low

25 hysteresis.

Another important physical property of elastic
fibers is the "percent set" or "percent residual elonga-
tion," a measure of the fiber’s ability to be stretched
and then return to its original length. Any excess

30 length is measured as percent set or residual elonga-
tion, and low values are desirable. Typical percent
sets of spandex fibers are less than 30 percent, prefer-
ably less than 25 percent. It is particularly desirable
to develop an elastic fiber with the positive features
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organic solvents is already known. The formation of
10 fibers, filaments, threads, and £ilms from these sol-
vent-borne polyurethane elastomers is also known.
Reference may be made to U.S. patents 3,483,167 and
3,384,623, which illustrate the preparation of spandex

fibers from isocyanate;terminated polymeric diols.

15 In commercial practice, the preferred polymer-
ic diol is polytetramethylene ether glycol (PTMEG).

It has been known for some time that in principle,
polyoxypropyiene glycol (polypropylene glycol; "PPG")
could alsoc be used to prepare spandex fibers. U.S.

20 Patent No. 3,180,854, for example, discloses a polyure-
thane/urea fiber based on a 2000 Da molecular weight
polyoxypropylene glycol. However, spandex based on
polyoxypropylene glycols of 2000 Da molecular weight or
lower have inferior percent sets. Higher molecular

25 weight polyoxypropylene glycols made by conventional
processes contain high percentages of terminal unsatura-
tion or monofunctional hydroxyl-containing species
("monol"). The monol is believed by many to act as a
chain terminator, limiting the formation of the required

30 high molecular weight polymer during the chain extension
reaction and therefore yielding products generally
inferior in comparison to PTMEG derived elastomers.
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10 Thus, the properties of polyoxypropylene-—
derived spandex are generally inferior to those based on
PTMEG, and polyoxypropylene glycols have not been
utilized commercially in spandex production. See, e.gq.,
the POLYURETHANE HANDBOOK (Gunther Oertel, Ed., Carl Hanser
15 Verlag Pub., Munich 1985, p. 578: "Polypropylene glycols
have so far been used as soft segments only in experi-
mental products since they produce inferior elastanes”.

The majority of polyoxyalkylene polyether
polyols are polymerized through base catalysis. For
20 example, polyoxypropylene diols are prepared by the base
catalyzed oxypropylation of a difunctional initiator
such as propylene glycol. During base catalyzed oxy-~
propylation, a competing rearrangement of propylene
oxide to allyl alcohol continually introduces an unsatu-
25 rated, monofunctional, oxyalkylatable species into the
reactor. The oxyalkylation of this monofunctional
species yields allyl-terminated polyoxypropylene monols.
The rearrangement is discussed in Brock AND GRAFT
POLYMERIZATION, Vol. 2, Ceresa, Ed., John Wiley & Sons, pp.
30 17-21. Unsaturation is measured in accordance with ASTM
D-2849-69 "Testing Urethane Foam Polyol Raw Materials,"”
and expressed as milliequivalents of unsaturation per

gram of polyocl (meg/g).
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tively, unless specified otherwise.

Lowering unsaturation and the attendant high

monol fraction in polyoxypropylene polyols has been

20 touted as a means of providing polyurethane elastomers
with improved properties. For example, use of polyols
having low content of monofunctional species has been
suggested as a method of increasing polymer molecular
weight; and increased polymer molecular weight has, in

25 turn, sometimes been cited as desirable in producing
higher performance polymers. However, high molecular
weight is not necessarily a desirable feature in many
polymer systems. As indicated by .G. Odian, PRINCIPLES OF
POLYMERIZATION, John Wiley & Sons, ® 1981, pp. 20-21, for

30 example, often, the molecular weight to be desired is a
moderate rather than a high molecular weight. In
engineering thermoplastics, for example, higher molecu-

lar weights in general increase tensile strength, melt
temperature, modulus, and the like, but if the molecular
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-5- Due to the continual creation of allyl alcohol
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" Reducing unsaturation in polyoxyalkylene

15 polyols by lowering catalyst concentration and decreas-
ing the reaction temperature is not feasible, as the
reaction rate is so slow that oxypropylation takes days .

or even weeks, although low unsaturation polyols may be
prepared in this manner. Thus, efforts have been

20 expended to discover catalysts which can produce poly-
' oxypropylated products in a reasonable amount of time
with little introduction of monofunctionality due to
allylic species. In the early 1960’s, for example,
double metal cyanide catalysts such as zinc hexacyano-

25 cobaltate complexes were developed as illustrated by
U.S. Patent Nos. 3,427,256; 3,427,334; 3,427,335;
3,829,505; and 3,941,849. Despite lowering unsaturation

to the range of c.a. 0.018 meq/g, the cost of these
catalysts coupled with the necessity of lengthy and

30 expensive catalyst removal steps prevented commercial-

ization.

Use of alternative basic catalysts such as
cesium hydroxide and rubidium hydroxide as disclosed in
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in the range of 0.02 to 0.04 meq/g.

In the 1980’s, double metal cyanide complex

(DMC) catalysts were once more revisited, and improve-

- 15 ° ments in catalytic activity and catalyst removal methods

encouraged one manufacturer to offer DMC catalyzed.

polyols having low unsaturations, i.e., in the range of

0.015 to 0.018 meg/g commercially for a brief time.

However, base catalysis continued to be the major method

20 of preparing polyoxypropylene polyols, and continues its
' dominance to the present day.

Recently, however, further major advances in

DMC catalysts and polyoxyalkylation processes by the

ARCO Chemical Co. have enabled practical preparation of

25 ultra-low unsaturation polyoxypropylene polyols. High
' molecular weight polyols, for example those in the 4000
Da to 8000 Da molecular weight range, typically exhibit
unsaturation in the range of 0.004 to 0.007 meq/g when

_ catalyzed by the novel DMC catalysts. At these levels
30 of unsaturation, the amount of monofunctional species is
only 2 mol percent or less. Moreover, GPC analysis
shows the polyols to be virtually monodisperse, often
exhibiting polydispersities less than 1.10. Several
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diols is stated therein to allow preparation of fibers
10 with properties superior to PIMEG~derived spandex
fibers. However, all the examples appear to be prophet-
ic, and no physical properties are given. Moreover, as
illustrated herein in Comparative Example C-1, 4000 Da
‘polyoxypropylene glycols having an unsaturation of 0.015
15 meq/g as suggested for use by Smith in his "examples,"

' lead to inferior spandex elastomers, and 2000 Da molecu-
lar weight ultra-low unsaturation polyoxypropylene
glycols having an unsaturation of 0.0047, a much lower
monol content than Smith‘s low unsaturation glycols,

20 also failed to produce acceptable spandex elastomers.
Reference may be had to Comparative Example C-3 in this
regard. In the substantially contemporaneous publica-
tion co-authored by Smith: A.T. Chen et al., "Compari-
son of the Dynamic Properties of Polyurethane Elastomers

25 Based on Low Unsaturation Polyoxypropylene Glycols and
Poly(tetramethylene oxide) Glycols," POLYURETHANES WORLD.
CONGRESS 1993, October 10-13, 1993, pp. 388-399, conven-
tional, base-catalyzed polyoxypropylene diols having
normal (high) levels of unsaturation produced polyure-

30 thane/urea cast elastomers with physical properties
virtually indistinguishable from those prepared from low
unsaturation diols, as demonstrated by an actual compar-
ison of physical properties of PTMEG-derived elastomers
with those from conventional polyoxypropylene diols and
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ul tra-1 ow unsat ur athighegol yBde polyurdrbanefussaf oasi elastomgrant &tdizneat v
different than bot komparisefNWas! ndtaboB8inee éBdthQV‘bﬁ'I%aﬁTﬁﬁé | &fample
polyol's. ° used a 1'(:‘)%r0 D%X%%%’ wh?.Tet otlelt lovavlI ﬁnsatusratfc% epnglyé
10 oxypropylene diol examples employed c.a. 2000 Da molecu-
lar weight diols. The PTMEG example had considerably
'higher physical properties with the exception of elonga-
tion, which was lower as expected due to the lower soft
segment molecular weight. These results must be viewed
15 with caution, however, as it is known that the physical
properties of spandex—tyfae elastomers cannot be compared
to cast or one shot elastomers.

PTMEG is a solid at room temperature and
yields MDI prepolymers of extremely high viscosity.
20 Additionally, the spandex produced with PTMEG has
relatively low elongation, about 500%, and exhibits high
hysteresis in comparison to rubber. Yet, despite the
inherent difficulties of handling PTMEG and unsatis-
factory elongation and hysteresis, PTMEG continues to be
25 the mainstay of spandex production.

It would be desirable to provide spandex
elastomers with improved physical properties,
particularly one or more of elongation, tensile
strength, hysteresis, percent set prepolymer viscosity

30 and viscosity of chain-extended polymer solutions, while
maintaining other physical properties.

We have now found in accordance with the



5,340, 902 di scl oses spandex fibers prepared from poly- oxypr opyl ene

di ol s having | ow unsaturation, |ess than 0.03 neqg/g. Use of | ow

unsat uration pol yoxypropyl ene diols is stated therein to all ow
preparation of fibers 10 wth properties superior to PTMEG derived
spandex wodsligses. However, all the exanples appear to b

I c, and no physical properties are given. Mreover, as Il Tustrated
herein in Conparative Exanple C1, 4000 Da - pol yoxypr opyl ene gl ycol s
havi ng an unsaturation of 0.015 15 meq/ g as suggested for use by Smith in
his "exanples," lead to inferior spand¥k el astomers, and 2000 Da

nol ecu- |l ar weight ultra-low unsaturation pol yoxypropyl ene

gl ycol s having an preaentainvention boat sigpifirangnckmprovemantsoline ofeent
than Snith's | ow uggaidial ioZn sdich: Propettiesilare fRidaahaA e bydWediving
accept abl e spandex glastone S. Referﬁgpe n%¥ be hag t .Cgrparaﬁlge
Exampl 6 C 3 |n thi §he BYSPRLZpar £Roby s EoiePin SomRReas, MRS Reades
publ i ca- ti onone- axt hword MmitIa t how Aunsadmational polyyprepylene
st ur at i on ol yosor byl The G oo Y ShLAEI s dte 3 R n e e P
G'yeols ' POLYURETHARESIIRA 910 heddsyahpassmasion Kn dg8s - 1 e, Sreagsicon
388-399, conven- incréaseadn physdcedtpirgpexkims thirpnghpyserct dileira-hawi ng
normal (high) |eve raks o] 3 cast
LﬁsQéVPQt?féﬂ’ ?{;ﬂégaxfﬁf’%%ibﬁ | {;Wc}&%is Qs }H}?&?g}?éﬁ'ﬁ’ o

el astoners w th physical propertl, ndi st1 ndur s o]
those prepared frofRFFising imasey of Sheqfart, that Amnanduned edpstn-

actual conpari0 mets Basdd @1y Joweunsatpeation pdlydld@idiliosed dhagsheners

with those from copyenli gual ARky YYRLERVIF"Ge! Hlirfithens in pnyPical
-0- _ properties as compared to elastomers prepared from

conventional, "high" unsaturation polyols.

In accordance with a first aspect of the
15 invention, it has been surprisingly discovered that
spandex elastomers based on isocyanate-~terminated
prepolymers derived from a polyol component prepared by
the addition of low molecular weight glycols or polyoxy-
propylene oligomers having molecular weights below 750
20 Da to ultra-low unsaturation polyoxypropylene glycols
having molecular weights in excess of 1500 Da, results
in astounding increases in elongation and recovery
pover, while maintaining or improving other properties

such as percent set and hysteresis.

25 According to this first aspect of the present
invention there is provided a process for the
preparation of an aliphatic diamine and/or

cycloaliphatic diamine-extended, segmented
polyurethane/urea spandex elastomer, comprising
30 contacting one or more diamine chain extenders

substantially comprising one or more aliphatic diamines
and/or cycloaliphatic diamines with a solution of an
isocyanate-terminated prepolymer in an aprotic solvent,



| ow unsat uration pol yoxypropyl ene diols. In Shore A 90 cast

el astoners, PTMEG MDI prepol yner-derived, butane- di ol - ext ended

pol yur et hane el astonmers had slightly | ower nodul us and el ongati on

than | ow unsaturation polyoxy- 5 propyl ene diol-derived elastoners,
however tensvbesnesss sStrength of the PTMVEG el astoners was peqfipbfidssad! v

hi gher. For pol yurethane/urea cast el astoners, a direct conpari son
was not possible, as the only PTMEG exanpl e - used a 1000 Da PTMEG
while both | ow unsaturation poly- 10 oxypr opyl ene di ol exanples enpl oyed
c.a. 2000 Da nol ecu- Iar wei ght di oI s -Tthe PTMEG exanpl e had

consi derably hi gher, si cal opert wth the exceé)t I on of el onga-
tion, which was | owg?ids é@f‘é&etﬁg ? | BREPoLymer comprisifg,: th

mol ecul ar wei ght. Ti‘mt:i:c&slﬁﬂcmuwt:fbe viewed 15 with caution, however,

as it is known that the |calst°icp%o@ég?%tlg§cgg spahdex- txgggyanate

el ast oners cannot be conpar ec? one ot el ast oifer
PTMEG is a solid at room t emfompoReaty RPmprising angs gD more pdijreecyant
extrenmel y highsviscosity. 20ategfgditionally, the spandex produced with

PTMEG has rel ati y |l.ow.el o gat e} out % _and exhibits high
hysteresis in conpari so\rlPe)[ l?ﬂ'g 81 °’88§€ ’ﬁgs 9s  jnherent

difficulties of handling PTNEBlana hmghtmglecular vesdighdr glycodgaonponamicl

hysteresis, PTMEG continues to begg kbg mihnqﬁaa%bzof g@nd% Prgdugdion.
It woul d be desirable to prowdecaprl g e

roved
physi cal properties, part i F’a’f“]‘?oﬁngr‘ﬁf“tﬁﬁ?'@ %'F EPEJK@ﬁWBﬂP;;T%I | e
strength, hysi@resis, percent set giyepdsyravingcasingléamlamndeightooty

of chai n- ext ended poI ymer sol ut | ORa ey ridbh ! ?bout 1566 bR %ggz@t t%:yacﬁ&al

properties. have now found 1 n _accordance Wt
an unsaturation less than about 0.010

meq/g, and
b)ii) a low molecular weight diol having a
15 molecular weight less than 750 Da, such

that the average molecular weight of said
glycol component is from about 1000 Da to
10,000 Da,

to form a diamine chain extended polyurethane/urea
20 spandex elastomer polymer.

Also provided is the amine-extended, segmented
polyurethane/urea spandex polymer thereby obtained. Yet
further provided is a reaction spinning process which
comprises introducing the abova-defined isocyanate-

25 terminated prepolymer into a chain extender solution
containing one or more aliphatic diamines and/or
cycloaliphétic diamines dissolved in a volatile solvent;

c) withdrawing from said chain extender
solution an amine-extended, segmented polyurethane/urea

30 elastomer; and

d) volatilizing any residual volatile sol-
vent container in said amine-extended, segmented poly-
urethane elastomer.
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- 10- present invention that significant inprovenents in one or
nore of such properties are attai nable by deriving t he prepol yner
froma pol yol conmponent which includes one or nore ultra | ow

unsat ur at i onwossuessgpr opyl ene 5 diols. By ultra | ow unspétkpérosdssi S
nmeant that the diol contains 0.010 neq/g unsaturation or |ess. The
dramatic increase in physical properties through use of ultra-Iow
unsaturation pol yoxypropylene glycols is pariicularly surprising in

vi ew of the fact that am ne-cured el asto-

ners based on | ow

unsat uration polyols dlsclosed in t lor art s om/V|rtuaI 0
in physi cal pﬁ?ﬁ@r‘ﬁa@ e i ar E§°CH elaa%?%rg rtz‘ﬁar ed
convent inwehtidhn} ghit uhaat wesn osupptisisgly discovered thatln

i mpr ovenent
from

accordance with a
surprisingly disco

% geQSpgﬁtasQEnbgg 1%as nve&{ | Ofgq %% :ilﬂ?e ReShinated

ex elastoners

i socyanat e-t er mi naPEGPOlYmer%r%Wgrgr%r?vE‘Elll"?JorﬁQi“RﬂﬂW copFéRdng
ihemagdi inh$6r oﬁai:'eyv an| séni xtureiahiond Yionbre’ PANEESXY -

prepared by 5§

unsat ur at i on. pol yoé?%?‘\é"b?/n?%%g “irtfgeilgw ﬁggiaﬂr:ﬁia’a ‘%&H%Y W&%P% ehg

excess of 1500 Da, glecols chaving mleguéamre@ghtrﬂ:g@agé;sru bhan ahpati 508nd

propyl ene ol i goner

recovery

powepa %ls'uitga'zﬂi alhﬁu-:egeéﬁed NDfSvd Peineith €{n pbé?ééﬁt e%et,

such as percent set_and ster.esi s

t he

15

30

first aspect I%f t hB f)?%% r v:.scqsrw.gm?%ﬂ Tqsd 86"‘5%@%&&3’%}?5‘33&5 rf

while substantially retaining retractive power and
tensile strength. The increase in physical properties

_through use of ultra-low unsaturation polyoxypropylene

glycols together with PTMEG is particularly surprising
in view of the fact that amine-cured cast elastomers
based on low unsaturation polyols disclosed in the prior.
art show virtually no improvement in physical properties
as compared to elastomers prepared from conventional,
*high" unsaturation polyols or to PTMEG-derived elasto-.
mers. Moreover, the novel prepolymers display lower
prepolymer and polymer solution viscosities than PTMEG~
derived prepolymers of the same solids content. This
lower viscosity allows the solids content to be raised
while retaining processability, thereby increasing fiber
throughput.

According to this second aspect of the
invention, there is provided a process £for the
preparation of a segmented polyurethane/urea spandex
elastomer, comprising reacting in solution in a solvent:.

a) an isocyanate-terminated prepolymer
prepared by reacting a stoichiometric excess of one or
more di- or polyisocyanates, so as to provide a free NCO
group content of said prepolymer of from about 0.5% by
weight to about 10% by weight based on prepolymer
weight, with a polyol component comprising in most major

| ow

or



preparation of an al i phatic di am ne and/ or cycl oal i phatic

di am ne- ext ended, segnent ed pol yur et hane/ ur ea spandex

el ast oner, conprising 30 contacting one or nore diamne chain
ext enders substantially conprising one or nore aliphatic diamnes
and/ or cycl oayvopsifgsésc di amines with a solution of an PCT,

| socyanate-term nated prepolyner in an aprotic solvent, ?/\%
98/ 16568 PCT/ EP97/ 05558

-11- said i socyanate-ter rri nat ed prepolynmer conprising the
reaction product of: a stoi Chll%mi‘tl’l c excess of an

| socyanat e onent cqonpri si g o) nore diisoc
ates; b)PArE, %IW m}féﬁ’t ‘?FS component comp}./fsj(ﬁq) a
hi gh nol ecul ar wei diromylapont Soeguivailent percent to about 5@ ocequivAXEnt n

o B e 0 g o one ox s e\t LSRR oo
bet ween about 150095&PXFr&n20d6965D5a¥1£H Eecufgr we:l.ght i ,pxcesgs

unsaturation l%®ss tabaatall800 Dalafid an average unsaturativen/af ]Eezk than

b)ii) a |ow nol ecugbﬁ\g@bgbi%%&/&a"é:{w £Fol about 95 equivalen

wei ght less than 7 e aver %er
mol ecul ar wei ght ofCsabgut 50 equivalent percentQf sine: GKpPBAER PYLYYStHA-

about 1000 Da to methylene ether glyctlsO(Mhving a molechmafoﬁﬁh.ghdl @ ne
chain extended pol Yot BRBGLUEGE pa to about 6000 Da; with
10 b) a diamine chain extender comprising one
or more aliphatic diamines, cycloaliphatic diamines, or
" mixtures thereof to form an aliphatic diamine and/or
cycloaliphatic diamine chain extended spandex elastomer
. reaction product; and
15 : _ c) removing said solvent from said reaction

product.

Also provided is the segmented
polyurethane/urea spandex elastomer thereby obtained.

- Yet further provided is a process for the
20 reduction of PTMEG contained in the soft segments of
segmented, polyurethane/urea spandex polymers without
substantial loss of unload power or percent set, or for
the reduction of viscosity of isocyanate-terminated
PTMEG prepolymers prepared by reacting a stoichiometric
25 excess of one or more di- or polyisocyanates with PTMEG,
comprising substituting for from 5 equivalent percent to
50 equivalent percent of PTMEG one or more ultra-low
unsaturation polyoxypropylene polyols having molecular
weights from about 1500 Da to 20,000 Da and an average

30 unsaturation less than 0.010 meg/g.

In accordance with a third aspect of the
invention, it has been surprisingly discovered that the



20 spandex el astomer pol yner. Al so provided is the

am ne- ext ended, segnent ed pol yur et hane/ urea spandex pol yner thereby

obt ai ned. Yet further provided is a reaction spinning process which
conprises introducing the above-defined isocyanate- 25 term nat ed

prepol yner i wiomsaessai n ext ender sol ution cont ai ni Ng ORET/RPoTIESSS

al i phatic di am nes and/ or cycl oal i phatic diam nes dissolved in a

vol atil e sol vent; c) wthdrawing from said chain extender -

sol utiron an am ne- ext ended, segnented polyurﬁﬁhane/urea 30 el astoner; and
d) wvolatilizing any residual volatile sol vent container in said

o e ges ended: SCHIEN et PO Y or  spaiatk" 0Eabt 3Ll P rron  1socyaliBte-
-12- : termimated qriepoukymensh derisedndrasp ac podfroltheomponent

invention, it has Qg’ﬁé%cya i§ﬁn%¥tdiﬁ§§¥‘erﬂ¥€ h&dne or méi?@”gﬂ.’fzra- ow

el ast oners based on te-termna prepol yners derived troma
pol yol conponent cBR$APGFakLON, POIYPRYRIORYIEPE S¥COoLlsn baving: pdesnlare or
more PTMEGs § ﬁeﬂbm gregtéer Whana-2000 UDagt WeBulds pbh yfany:btmaxhgne

gl ycol s having nol i ght ater bo
i n unexpect ed |rrpr§vemené(§ He?:ggln?' %etsg%i L%g{&%ers?ﬁécos FSE&’

most particul arly, PeWex eransi bys;eresm:v @1@%pyhp9am§e8¢ s ﬁF-Eglfl-
retractive power cagmel improventint ie elbfgdtion Tae ddw&@aetbnoahﬁiwﬁaé

properties ty 0”194‘ UgBaRhel Bakdd ol "IHS oA BRTYR%YBLOBYI ERE
10 glycols.

The spandex elastomers according to this third
aspect of the invention also provide dramatic
improvements in elongation and hysteresis as compared
with PTMEG-derived spandex materials. In addition, and

15 as illustrated in Figure 5, the stretch resistance {(load
power) of the subject invention spandex is lower than
PTMEG-derived spandex, which  translates +to greater
comfort and easier to don garments which are also easier
to move in. Yet, at the same time, the subject

20 invention spandex exhibits low hysteresis and high
retractive (unload) power. . Moreover, the novel
prepolymers display lower prepolymer viscosities as well
as lower polymer solution viscosities than PTMEG-derived .
polymer solutions of the same solids content. This

25 lower solution viscosity allows the solids content to be
raised while remaining 'processable ; thereby increasing

fiber throughput.

According to the third aspect of the

invention, there is provided a process for the

30 preparation of a segmented polyurethane/urea spandex-
type elastomer, comprising:

a) selecting an isocyanate~terminated

prepolymer prepared by reacting a stoichiometric excess



gl ycols together with PTMEG is particularly surprising in view of the
fact that am ne-cured cast el astoners 15 based on | ow unsaturation

pol yol s disclosed in the prior. art show virtually no inprovenment in
physi cal properties as conpared to el astoners prepared from

convent i onal woesneses " hi gh" unsaturation polyols or to PTME '

el ast o-. nmers. Mbreover, the novel prepolyners display | ower 20
prepol yner and pol yner sol ution viscosities than PTVEG deri ved
prepolyners of the sanme solids content. This | ower viscosity allows
the solids content to be raised whi |l e F%?hining processability,

t her eby i ncreasing f.i ber t hr ugh Accar.din

i ot et B e e T e
or e pr epacxypyapple

el astomer, conprisiRgesgagid Ao xf&'aﬁaoan' %n@a%ﬂ!r&'éﬂ n of about 0.010 2)

an I socyanat e-term ?at e prepo

Q/jﬁ{) are %% reactln%
stoichi onetric excB@9/8f VnelBps, saigd, po Y° c§aRdt compopeRt ¢
provi de a fred& NCOcomprigingpinomiomt méjc&alpb:pu:ﬁpohgrrar woxrer arb tatseidion0. 5%

by wei ght to é}@j m@ﬁiﬁq gmy W th
a pol yol conponent ﬁgon%#g{%m H&ﬂ% e B%Rgv%%{a‘?‘-ie‘% aQ:likE'a
PCT/ EP97/ 05558 tion of 1ess than about 0.010 meg/g, and apmalegudag)
conponent, said di gkighapeficaboGRRE00i D8 to abouto203000t Da ecsumab.eot-

Cnsaturaton_pol yosyanebdt&tiinared pRbETohed niffd o LA Bbop,
excess of 510 abogentegt Df Sixemarahepdtr &b weighk apexeentt tessbonbnlo
about 0.010 neq/ g, wvafght'rperadiit 95 equi vaI ent percent
b) preparing a solution of said isocyanate-
terminated prepolymer in an aprotic solvent;
c) chain extending said isocyanate-termnat—
- 15 ed prepolymer with a substantially aliphatic and/or
cycloaliphatic diamine component to form a segmented
polyurethane/urea elastomer.

Also provided is the spandex elastomer thereby
obtained. |

20 In an alternative embodiment of this aspect of
the invention, the isocyanate-terminated prepolymer is
spun into a chain-extender solution prepared by
dissolving one or more aliphatic diamine and/or
cycloaliphatic diamine chain extender(s) in a volatile

25 solvent, to form a chain-extended spandex elastomer
which is withdrawn from the solutions.

The invention will now be described in greater
detail by reference, in turn, to each of the above-
mentioned first, second and third aspects and with the

30 aid of the accompanying drawings in which

FIGURE 1 illustrates hysteresis curves for



to about 50 equival ent percent of one or nore polytetra- met hyl ene

et her glycols having a nol ecul ar wei ght of from about 600 Da to about
6000 Da; with 10 b) a di am ne chai n extender conprising one
or nore aliphatic diam nes, cycloaliphatic diamnes, or m Xt ures
thereof to feowsaeseel i phatic di am ne and/ or cycl oal i pp@tieporbsssg ne
chai n extended spandex el astoner reacti on product; and 15

c) renovi ng said solvent fromsaid reaction pr oduct .

Al so - provided S t he segnent ed pol yur et hane/ urea spandex
el astonmer thereby obtai ned. M5t further provided is a
process for the 20 redgctlon of PTNEGJcontalned in the soft segments of

segnment ed, pol yur eBRERERDr BRI HEPS, & &P hout substantial |oss

of unl oad power or percent set, or for the reducti on of vi scosity of

i socyanate-termnated - Fiiféiﬁﬁareaoolﬂmeraeeeareﬁebyréf&%mlg

stoi chiometric 25 _excess of. one orf nore di- |soc anates W t
PTMVEG, conpr i ELABEARPE (#ARIFHGA £ F"BPrPSpgﬁGFG ercent to

50 equival ent percent of PTMEG one or nore ultra-Iow unsat uration

pol yoxypropyl ene pol yol s haw} e g Da
to 20,000 Da and an average SfL] u%sgﬁjraﬁﬁ%tneﬁ \gg‘sb %%l%eé%&g]f%ggggf igp'gd
In accor dance3wi t hvalees r PhsRercest  Bet, unloadn(RWer, t ames Géﬁlle
surprisingly di scoygrésgthaielative to unsalr@Hibhbb8sed on the relation-~

PCT/ EP97/ 05558 ship of elongation to unsaturation;

FPIGURE 4 illustrates the actual relationship
of percent set, unload power, and tensile strength to
10 monol content, showing the unexpected change in the
relationship at an unsaturation of about 0.010 meq/g;
and '

FIGURE 5 compares the hysteresis curves of a
PTMEG derived spandex with a spandex of the subject
15 invention. -

The spandex-type elastomers of the subject
invention must be prepared by a prepolymer process. In
such processes, a polyol component, generally composed
essentially of diols, is reacted with an excess of

20 diisocyanate, to yield an isocyanate-terminated prepoly-
mer containing a relatively low isocyanate content. The
prepolymers are then chain extended in solution with an
aliphatic or cycloaliphatic diamine to form the £inal
elastomer. Extrusion of the prepolymer into a water

25 bath containing a diamine chain extender is sometimes
used, as the diamine is far more reactive than water.
Solvents other than water may be used as well, e.g.
toluene.

Spandex elastomers prepared by chain extension



-14- preparation of spandex el astoners from i socyanate-

term nated prepol yners derived froma pol yol conponent conprising in
nost major part, one or nore ultra-|low unsat urati on pol yoxypropyl ene
gl ycol s having nolecular 5 weights greater than 2000 Da, results in
astoundi ng WwWO98i6568r eases in tensile strength, percent set porEpoyessss

power, and hysteresis, while show ng nodest but signifi- cant

i nprovenent in elongation as conpared to ot herw se simlar spandex
based ‘on | ow nonol pol yoxypropyl ene 10 gl y(i9| S. The
spandex el astoners according to this third aspect of the invention
al so provide dran;at iC rovements ation_and hysteresis as
conpar ed ‘P"ﬁ%t&é’tni G HFPEY af‘?ﬁ‘f‘@r %‘ﬁ n%e%da?%? o

as illustrated i n Bygthe Beaehﬁvsts;ﬁtmhngeprst:esseca(ﬂmm be compamed)wxﬁh t he

subj ect {nventi on a3 | BHELaid by onETHECE I VaasPattision "

translates to greater and edsier to don ar e
al so easi er t@rﬁﬁ\%sleﬁl as\laqth oft theelakber t’1’¥¥€°d“Fﬁeas%&ﬁ@eﬁl%‘t
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rai sed while remain [rQcessabl e, thereb incr
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i nvention, thtre i beﬂn.evadedua o0 ddees !mirfqume AEtriputjanavifoark seg-
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segments are believed to interact with one another

~through hydrogen bonding and, in some cases, crystalli-

15 nity, and behave like cross-links or reinforcing fill-

ers. Those skilled in the art of spandex polymers are

aware of the processes used to prepare such. Reference

may be made, for example, to U.S. patents 3,384,623;

3,483,167; and 5,340,902, which are herein incorporated

20 by reference.

THE FIRST ECT OF THE INVENTION

THE ISOCYANATE COMPONENT

Both aliphatic and aromatic di- and polyiso-

cyanates may be used to prepare the spandex prepolymers..

25 Iin general, diisocyanates are preferred, however it is
within the scope of the invention to include a minor
amount, i.e., not more than approximately 20 mol per-
cent, of a ¢tri- or higher-functionality isocyanate.
Preferred isocyanates are identified in the references

30 previously cited, and by way of example, but not by way.
of limitation, include linear aliphatic isocyanates such

as 1,2-ethylene diisocyanate, 1', 3-propylene diisocyan-



WD 98/ 16568 PCT/ EP97/ 05558

- 15- of one or nore di- and/or polyisocyanates with a poly-
oxypropyl ene di ol conmponent having a nol ecul ar weight in excess of
2000 Da and an unsaturation of about 0.010 meqg/ g or |ess, said

pol yoxypr opy wanesnédsesl conponent 5 conprising in nost nej eoraPpYisssgne or

nore ultra-1ow unsat urati on pol yoxypropyl ene diols having an

unsat ur a- tion of |ess than about 0.010 neq/g, and a nol ecul ar

wei ght- of about 2500 Da to about 20,000 Da, said iso-

cyanat e-term nated prepol yner having an isoc ate group 10 content of
fromabout 0.5 weight percent to abouyt ht percent;

b) preparing a soldi8sortr 6rb§§YaeP§dé§%ﬁEE¥Pnater 1 cheryiene GLiSREYART in

an aprotic sol vent ;ate, 1,8-octylenecdiisdiyanatd ciljsrgdisabdyanato-2,2,4-

| socyanate-term nag,_1 ﬂ'%tth?c gggggggyrgaroig 3h 5aP§HP,§ké”tdﬁéd$ﬁln'a§Qat I fnd .

and/ or cycl oa mn conE orma se
pol yur et hane/ ur ea dihgstddes cycloaliphatic dlﬁfgﬁyﬂﬂéﬁﬁ%kﬁp¢% el a9phRex

el-ast oner thersby rone otam anate, the cyclélﬁb:@dh@| t 8i febdyanates,

o epol yrer (s a%%%%ﬁﬁﬁ 1 trch LB ncklagtac ARk g o
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turn, to eachlbf tiddisboyesnates; and aromatic diisocyanates such as the
toluene diisocyanates, particularly the 2,4-isomer, the

methylene diphenylene diisocyanates, particularly 2,4'-

and 4,4’-methylene diphenylene diisocyanate (2,4’- and

4,4’'-MDI, respectively), tetramethylxylylene diisocyan-

15 ate, and the like. Less preferred aromatic diisocyan-

ates include the polymethylene polyphenylene polyiso-

cyanates having functionalities greater than two. Also

preferred are modified diisocyanates prepared by react-
ing one or more diisocyanates with themselves, or with .
20 a low molecular weight isocyanate reactive compound to .

form urea-modified, urethane-modified, carbodiimide-
modified, allophanate-modified, uretonimine-modified,
biuret-modified, and other modified isocyanates, many of
which are commercially available. More than one iso-

25 cyanate may be used. Particularly preferred is 4,4'-
MDI.

THE POLYOIL, COMPONENT

A critical component of the spandex elastomer
of this aspect of the subject invention is the polyol
30 component used to prepare the isocyanate-terminated

prepolymer. This polyol component must comprise one or

more high molecular weight, ultra-low unsaturation
polyoxypropylene polyols, in conjunction with one or



mentioned first, second and third aspects and with the 30 aid of the

acconpanyi ng drawi ngs in which FIGURE 1 illustrates
hysteresis curves for WO 98/ 16568

PCT/ EP97/ 05558 - 16- sever al
spandex- t ype wab gssi6s68er S. FI GURE 2 il ustr acempiinssss

rel ati onshi p of el astoner el ongation to nol e percent nonol;

FIGURE 3 illustrates the expected extrapolated 5 val ues of percent
set, -unload power, and tensile strength relative to unsaturation
based on the rel ation- ship of elongarﬂ h to unsaturation;

FIGURE 4 illustrates the actual el ati onshi erce et, un) Qad
power, and tensil e ™@Q%%n}PH P fﬁ’“ anp st t@ﬁ?lssh gbf uﬂgx;}é'&cibd
change in the mnﬂdcﬂhmmuﬂangmu amd uhewt modieicwlaef weight Ocdrfonexntsy;
and h S %

PTMEG deri ved spané%x MA a5§%§2§2éf% ¢ ﬁ°ﬂ¥é%f££ h%%SHE 3% QEéiP°1y°l

component is from about 1000 Da to about 10,000 Dba,
5 preferably 1250 Da to 5,000 Da, and most preferably
about 1500 Da to 2500 Da.

SA IO 4) THE HIGH _ MOLECULAR WEIGHT
POLYOXYPROPYLENE POLYOL COMPONENT

The unsaturation of the high molecular weight

10 polyol component is also critical. This polyol
component must comprise, in major part, i.e., at least

70 weight percent based on the weight of the high
molecular weight polyol component, of an ultra-low
unsaturation polyoxypropylene polyol. Most preferably,

15 the entire high molecular weight polyol component has an
unsaturation of less than 0.010 meq/g, more preferably

less than 0.007 meg/g, and most preferably about 0.005
meq/g or lower. However, it would not depart from the
spirit of the invention to include a minor portion of

20 high molecular weight polyoxypropylene polyol which as
a somewhat higher unsaturation, for example, but not by

way of limitation, up to about 30 weight percent of a
polyoxypropylene polyol having an unsaturation of about
0.015 to 0.020 meq/g. In such cases, the actual

25 unsaturation of the high molecular weight polyol
component may be slightly higher than 0.010 meqg/g.
However, as long as the most substantial part, i.e., 70
weight percent or more, of the high molecular weight
polyol component comprises an ultra-low unsaturation

30 polyoxypropylene diocl, the beneficial results of the

invention may be obtained.



The spandex-type el astonmers of the subject I nvention nmust be prepared

by a prepol ynmer process. In such processes, a pol yol conponent,
general |y conposed essentially of diols, is reacted with an excess of
20 di i socyanate, to yield an isocyanate-term nated prepoly- mer
cont ai ni ng aweedsaesegel y | ow i socyanate content. The Pr PRlEpiTiisEsgdl €
then chain extended in solution with an aliphatic or cycloaliphatic
diamine to formthe final el astonmer. 'Extrusion of the prepolynmer into
a water 25 bat h containing a diam ne chain _extender is sonetimnes

used, as the dianine is far nore reactive t a8 water. Sol vents ot her

Spandex

than water may be used as mell
el ast omer s prepar e84 YaEARin LG FHs 1023
PCT/ EP97/ 05558 -17- in solutlon

brocass cannot. be §L?§Q?2§d oAPERY B T torm  Rs té% 2, b BN
quasi - prepol yner  polyoxyprepydeneaginnal ff isemeanterai polymare glycol
significant 5 aigréparet WdQWﬁE@p*I’aﬁﬂfg P&l ¥iBkdsh EUGInikdatb Wikl

i i nos as' 1 e 1 oRECETREDoPRiHBcER the Fhadahie O 8 paraiuet kel °

unusual strength arde totakﬂungﬁnunﬁtqﬂnnnﬁtthe pblypinperdugpe isl dsaser s
are 10 believed %gntg 0k MQ&;P rmﬂéééfémty,oranaf cBeafyseUis a dou}ﬁ.%ms
mnthln the polyner &Iéyggzde caQ§1¥§£ S&EA as those disclosed in U.S. |
patents 5,470,813 and 5,482,908. Through the use of the
10 catalyst disclosed in these references, unsaturations in
the range of 0.004 to 0.008 are routinely achieved. The
polyoxypropylene glycol may contain oxyethylene moieties
distributed randomly or in block £fashion. If the
oxyethylene moieties are contained in a block, the block
15 is preferably a terminal block. However, randomly
distributed oxyethylene moieties are preferred when such
moieties are present. In general, the polyoxypropylene
glycol should contain about 30 weight percent or less of
oxyethylene moieties, preferably 20 percent or less, and
20 more preferably about 10 percent or less. The polyoxy-
propylene glycol may also contain higher alkylene oxide
moieties such as those derived from 1,2~ and 2,3-butyl-
ene oxide and other higher alkylene oxides, or oxetane.
The amount of such higher alkylene oxides may be as much
25 as 10-30% by weight of the polyoxypropylene polyol.
However, preferably, the polyoxypropylene polyol is
substantially derived from propylene oxide or propylene
oxide in admixture with minor amounts of ethylene oxide.
All such glycols, provided they comprise oxypropylene
30 moieties in major part, are polyoxypropylene glycols
that term is employed herein. '

toluene
ION PO

The high molecular weight, ultra~low unsatura-
tion polyoxypropylene glycol has a molecular weight of



al i phatic urea hard segnents they contain. These hard segnents are

believed to interact with one anot her t hrough hydrogen bondi ng and,
in some cases, crystalli- 15 nity, and behave |like cross-links or
reinforcing fill- ers. Those skilled in the art of spandex polyners
are awavasmisseshe processes used to prepare such. Ref epgRi®o7ossss Ny
be made, for exanple, to U S patents 3, 384, 623; 3,483, 167; and
5,340,902, which are herein incorporated 20 by reference.

THE FI'RST ASPECT OF THE | NVENTI ON THE_] SOCYANATE COVPONENT

Both aliphatic and aromatic di- and polyi so- -21- cyanates may be used to
prepare the spandex al.y eneral , diisocyanates e
preferred, however arttp e% mgo\‘Ibf:t i?ﬂot‘lﬁ% FaY, range ug, &gy #gnoﬁé D3@%ide
a mnor armuntlu.ghee:. nBreﬁereblhantbppdeamﬂ@l:y wiightt jperdin the
cent, of a tri- f%d%@'ﬁ& Y10 SO0 34 and morgreééfé 1y
|socyanates are |dent|f|e in_the references 30 preyi ousl élby

way of exanple, butthfoFapge,g§ 3000 Dz rtq 8460, Day, MPFIEFBHG‘IV?&%IP“S 2nd
al i phati c i socyanategmivadllent weightd, Reeeiy| ane dumberyametagelmdﬁquuuaﬁ«9ne

gICI'I'/S EI%??E)SSS g weifnid/ 16308 equivalent weights  unless specified

otherwise. It is possible to use a blend of more than

one high molecular weight polyoxypropylene polyol.

However, when such blends are used, the average

10 molecular weight of the blend of high molecular weight

components should be within the ranges previously

stated. The polyoxypropylene glycol component further

may include minor amounts of higher functionality

polyols, particularly polyoxypropylene +triols and

15  polyoxypropylene. tetrols which may be advantageously

added to adjust the viscosity or the spinnability of the

prepolymer or prepolymer solution. Preferably, the

fibers are prepared from substantially all difunctional

polyols, i.e., polyoxypropylene glycol-derived. The

20 polyol component may also contain a minor amount of

higher functional polyols such as, but not limited to,
ultra-low unsaturation triols and tetrols.

THE LOW MOLECULAR WEIGHT DIOL

The low molecular weight diol component must

25  have a molecular weight less than 750 Da. Preferably,
the molecular weight is less than 500 Da, and more
preferably, less than 200 Da. The low molecular weight
component may be monomeric, i.e., an alkylene glycol, or

may be oligomeric, i.e., a polyoxyethylene glycol or

30 polyoxypropylene glycol. Preferably, low molecular
weight glycol ethers such as diethylene glycol or
tripropylene glycol are utilized. Non-limiting examples

of suitable low molecular weight components include



ate, 1,4-butylene diisocyanate, 1, 6-hexylene diisocyan- - ate,

1, 8-octyl ene diisocyanate, 1,5-diisocyanato-2,2,4- tri met hyl pent ane,
3-0x0-1, 5- pentane diisocyanate, and the like; cycloaliphatic

di i socyanates such as isopho- 5 rone diisocyanate, the cyclohexane

di i socyanat ewo9sri6s6s preferably 1, 4-cycl ohexane dii socyanat q.cﬁ!gJ,J,m
hydr oge- nated aronmati c diisocyanates such as hydrogenate

t etramet hyl xyl yl ene dii socyanate, hydrogenated tol uene di i socyanat es,
and hydr ogenat ed net hyl ene di phenyl ene 10 di i socyanates; and aromatic

di i socyanates such as the tol uene dii sé’@yanat es, particularly the
2,4-isoner, the net hyl ene di phenyl ene dii socyanates, particul ar Ig

2, 4" - and 4, 4aliphatiegdysopseayckms mﬁhyé@ysnalzc@.; 4, 2-pnd 1,3-

4,4' -MDl, respecti Vﬂaﬁanéﬁdﬁrrp}m‘aeaﬂé&m,ohmmmek 1paheanansi she
ol et hionSrSLF;r ) oa 6s5eprosaidl) 1,8 porded ?'nga% 3 kiR T oo
greater than two. Aalstphatz.c qr.ﬂ'eﬁ:er sudhaae dmhylanajlglarco}anarestpyb@m ed
by react - 51N W bR £S5 +¥ibbop faﬁslgmfoolor antit fheO

a | ow nol ecul ar wei |soc reacli've co ound f
urea- nodi fi ed, urethdffs m?&Fifl% Lol PRLdeRyalkyleng; qua}s "such as

al | ophanat e- modi f i qsblyﬁ:gteﬁhymehe dbolé | eblyoxyprbbylehe tibls cdndabliock her

nodi fied i socyanat f 138! e
than one i so- e%@da%gﬁﬁoﬁa@owov%%%%?f’ 2P Aby Yoy 31l favlfty

MDI . THE Pomdecudroneights less than 750 Day, cnnqﬁe@ablyohﬁﬁﬁe#ﬂarbf
the spandex el@storsy equal @b 500SDasPEed mdrd Hrefdably kBUYAHl200 D& dhe

pol yol 30 compon used § th t t

prepol yner. This p Q}w r%?&r?oﬁ?l%%_lgf‘e 23%'r ?@éggﬁ%gﬁ ‘%ﬂﬂé f ma be

mol ecul ar wei ght, msfada I e tesahantai2loeight pergenty wiogykrie %IW@rl n

conjunction with ormitionality species such as trimethylolpropane,
glycerine, or low molecular weight polyoxypropylene

15 triols may also be included.

~§

B N OF THE PREPOL

The high molecular weight, ultra-low unsatura-
tion polyoxypropylene glycol and the low molecular
weight diol are blended in proportion such that the .

20 number average molecular weight of the blend is between
1000 Da and 10,000 Da, preferably between 1250 Da and
5000 ba and more preferably between 1500 Da and 2500 Da.
Following preparation of the polyol blend, the blend is
reacted with an excess of the desired diisocyanate,
25 preferably imder a nitrogen atmosphere at slightly
' elevated temperature, i.e., between 50°C and 100°C, more
preferably between 60°C and 90°C. The reaction of the
isocyanate with the polyol may be catalyzed, but is
generally preferred that the reaction take place without
30 catalysis. In general, the reaction proceeds until the
point where the isocyanate content becomes constant.
The isocyanate-terminated prepolymer, which in this
aspect of the present invention, preferably has an
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-19- nore | ow nol ecul ar weight diols, the blend of high

nol ecul ar wei ght and | ow nol ecul ar wei ght conponents such that the
aver age nol ecul ar wei ght of the polyol conponent is from about 1000

Da to about Wwodsfiese®a, 5 preferably 1250 Da to 5,000 Da,
preferably about 1500 Da to 2500 Da. THE UNSATURATI ON OF

THE H GH MOLECULAR WEI GHT POLYOXYPROPYLENE POLYOL COVPONENT
The unsaturation of the high nol ecul ar weight 10 pol yol conponent is
also critical. This polyol conpot#dat nust conprise, in major
part, i.e., at |east 70 wei ght percent based on the weight of the
hi gh nol ecul #soayrngte wontentc ofpSromt 0.5ftarBY prefeyably from 2

unsaturation pol yoea(n{@pxbeeaeﬂoe%yﬁéramreﬁ%&ﬁaaaabhue dDath bsneaihiﬂghl gh
gl uel Ot P bl ahtaaler) Soof atsao st U oLa Ohellar] eB5-b0EE
preferably about Osdldtent suchkegbgdimetbydracéiamids, dmehhgrﬂ.dfommm;t
fromthe 5SPi ra;ﬁnéﬁhg;lhesdlm G t-theleight mﬁrﬁ%ﬂ&%epo&' Phe O \AHZQ

hi gh nDIecuIar wei sone

ropy ene, pol
hi gher unsaturatl(ﬁﬁ1 fidre H%’pﬂ % a dlﬂ&}nﬁf ag; giegussed B to
about 30 wei ght petigentepérences cbﬂédopravbwébpe p@yydhéwamm golar

unsaturat lon of abgy aI{ t:Lc 81\9%‘%t'toa% O@Qecimﬂ/eg in i% SH%?n‘Ea eS ?l\;&?t

act ual unsat u nol ecu

corrponent may be shaﬂgmq ythe gﬁéPabﬁ&-ﬁtE 8e0 d%@@pé,ve the I-@Mrex%%n¢%g as

t he nost subggant |1§Hllmféthahee at 71§he desﬂ@écﬂ%o@@éﬁﬂ‘&tﬁn i Ele Beidy

hi gh nol ecul ar wei one rlse an ultra-|ow
unsaturation 30 % % ngf“,’e %ﬁ% ﬁ FENRPrs of the

I nvention may be obt ai ned
The reaction spinning process accounts for a

minor amount of spandex production, however, the pre- .
polymers of this aspect of the invention are well suited .
15 for use therein also. In reaction spinning, the
isocyanate terminated prepolymer itself is spun into .
strands, which are then passed into a bath containing'
diamine chain extender. While water solutions of
aliphatic diamines have been used, it is generally more
20 expedient to dissolve the diamine chain extender in a
more volatile solvent such as toluene. Since the
prepolymer itself is being spun in the reaction spinning
process, prepolymer viscosity must be kept high to
prevent dissipation of prepolymer into the solvent and
25 to prevent strand breakage. To achieve the necessary
high viscosity, up to about 10 weight percent of the
entire polyol component of the prepolymer, preferably
about 2-7 weight percent of the polyol component, may be
replaced with a low molecular weight triol such as
30 glycerine or trimethylolpropane or their lower
oxyalkylated oligomers. The addition of these amounts
causes a large increase in prepolymer viscosity,
rendering the prepolymer spinnable. .
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- 20- THE ULTRA LOW UNSATURATI ON POLYOXYPROPYLENE GLYCOL

Thus, by the term"ultra-| ow unsaturation pol yoxypropyl ene gl ycol,"
is meant a pol yner gl ycol prepared by oxypropylating a dihydric
initiator w woeshesespr opyl ene oxide in the presence of a capgfxpdrnesssgh t hat
the total unsaturation of the polyol product is |ess than 0.010
meq/ g. Preferably, the catalyst is a double ~ nmetal cyani de catal yst
such as those disclosed in U.S. paten;g 5,470,813 and 5, 482, 908.
Through the use of the 10 catal yst di scl o2 in these ref erences,

unsaturations in

The polyoxypropylene
di stributed randonhyeorawareh| oFk thehiprocessds t mged to puepand esgch.

moi eties are cont agdegréiicd Bb§Cibe LAb! 02kr1Sxaripiel’ ST BLLY patehELna

bl ock. However ,

rapdoni but ed ox ieties are
preferred when sucfr38%s6 e?f%%$ éjprﬁg n X?h éé£ErH ichngre herein

polyoxypropyléne

incorpoxated iy lmbfexenaen about 30 melght percent or

the range o 004 to 008 ,are. rout i chleved
RS et B Fhe A A P anes: el e

| ess

oxyet hyl ene noieties, preferably 20 percent or |ess, and 20 nor e

preferably about
may al so contain

from1,2- and 2, 3- ey segmentene orh@e tEhOt Mesrbi Gegimenkhy|fie oXagas,

or oxetane.

25 as 10- 30% by

10

15

10 percent or less. The pol yoxy- pr opyl ene gl yco
hi gher al kyfRehePQlymar thus Rhtained has la%ﬁ Egdemi

T un uch_ hi | ky, | de b nu
%ﬁﬁ”ﬁc { BREE oo o PRFR SO e RO oF 'The "Splialy

polymer chalns. The soft segments are the polyether-
based portions of the segmented polyurethane/urea

I
ved

ch

polymer, derived from the polyoxypropylene glycol. The.

hard segments refer to the portions of the polymer
chains that are derived from the diisocyanate and chain
extender. The term "NCO content" refers to the isocyan-
ate group content of the prepolymer, before chain

extension. The term "molecular weight* means number

average nblecular weight unless indicated otherwise.
The number average molecular weights for the polyether
glycols are each determined from the hydroxyl number of
the polyether glycol as measured by the imidazole-
pyridine catalyst method described by S.L. Wellon et
al., "Determination of Hydroxyl Content of Polyurethane

Polyols and Other Alcohols”, ANaLyTICAL CHEMISTRY, Vol. 52, .

No. 8, pp. 1374~1376 (July 1980).

I TENDER

Suitable chain extenders include, but are not
limited to, ethylene diamine, 1,3-propylene diamine,
hydrazine, piperazine, tetramethylene diamine,
cyclohexylene-1,3-diamine (hydrogenated m-phenylene
diamine), isophorone diamine, or mixtures of these

diamines. Preferred are mixtures containing ethylene

diamine as the major component. Ethylene diamine as the



However, preferably, the pol yoxypropyl ene polyol is substantial ly

derived from propyl ene oxide or propyl ene oxide in adm xture with

m nor anounts of ethyl ene oxi de. Al'l such glycols, provided they
conpri se oxypropyl ene 30 noieties in major part, are pol yoxypropyl ene

gl ycol s wolsstiésser m i s enpl oyed herein. )

nol ecul ar wei ght, ultra-|ow unsatura- tion pol yoxypropyl ene gl ycol has
a nol ecul ar wei ght of WO 98/ 16568 :
PCT/ EP97/ 05558 -21- at | east about

1500 Da and may range up to 20,000 Da or -25- hi gher. Preferably, the

nol ecul ar wei ght i e ;Qf an e
preferably in §°?%eEE§%8eegFeég%g i3 #égggﬁgﬁﬂgingFécu g?dWE|g% $*and
5 equival ent wei Qhﬁ&h@r@hﬂl@r@ﬂm apefudeinothe present invgntjens
and equival ent wehahhle Udi&SyltdXfdrd €diamine, Ot H£4 Mirsdhyleriebidqs bl €

to use a bl end of l,ecul a

pol yoxypr opy! ene p& §8F°an111ne¥6mg§§9h5mﬂeﬂngﬁéﬂlﬁﬂzgﬁﬁéghx}Rﬁﬁﬁfazéﬁg
average 10 1ol ecdl, d~dieimjmo-¥, G+itinechylpipkirgkimel,ecul anduei ghethyl
conponents shoul d Beg BﬁyﬂaﬁiﬁbraQGS§t£Eﬁ%%&“§£dmat1c df&ﬁiﬁ&h d036h as

. pol yoxypr opyl ene gl I t ts
of  higher f unct ?sﬁéf’w93@°”33m€%+éh:bmﬁem@ﬁ P TITIRORgOnea
triols and 15 popyodyet opfl €WOP,t eInml 5 NhNehistY-lnadrahkypriopyddaniy ine

A0 oy St | hBolhSEOR] ¥y Hvd sl WP Hlchiot, 400,"% product! BROBSET

or prepol yner, sol ution
10 Chenmical Corporatlon, and combinations thereof.

Aromatic diamines should be used in most minor amounts.

Most preferably, the diamine chain extender comprises

substantially aliphatic and/or cycloaliphatic diamines.

By "substantially" in this respect is meant in excess of

15 70 weight percent based on total chain extender weight.

' Minor portions of diol chain extenders such as those

traditionally used in other elastomers may be added

under appropriate circumstances, however, use of diol

chain extenders is not preferred. Such diol chain

20 extenders include ethylene glycol, propylene glycol,

l,4-butanediol, 1,6-hexanediol, diethylene dglycol,

dipropylene glycol, and the 1like. It is highly

preferred that the greatest part of the chain extender,

i.e. greater than 90 weight percent and more preferably

25 greater than 95 weight percent, be aliphatic and/or
cycloaliphatic diamine(s).

HAIN TERMINATORS

Chain terminators may be included in the

reaction mixture to adjust the final molecular weight,

30 and thus the intrinsic viscosity, of the polyure-
thane/urea polymer to the desired value. Usually, the
chain terminators are monofunctional compounds such as
secondary amines, for example diethylamine or dibutyl-



fibers are prepared fromsubstantially all difunctional pol yol s,

i.e., polyoxypropylene glycol-derived. The 20 pol yol conponent may al so
contain a m nor anmount of hi gher functional polyols such as, but not
limted to, ultra-low unsaturation triols and tetrols. THE LOW
MOLECULAR \\Ew@98/16868)L The | ow nol ecul ar wej f084s8
conponent nust 25 have a nol ecul ar weight |ess than 750 Da. Preferably,
t he nol ecul ar weight is |less than 500 Da, and nore preferably, |ess
than 200 Da. The | ow nol ecul ar wei ght cogponent  nmay be nononeri c,
i.e., an al kylene glycol, or may be oligoneric, i.e.

ol yoxyet hyl ene gl ug or 0 y

pol'yoxyet ny 9 ¥mPhe oz?’(ix dz%?!ry\i.’l. 636@:398131%% e ch BFﬁ&é ok as

mol ecul ar % fyco Tene

suc
tripropylene glyco QPgaﬂ??'l‘PEé%Pqu Mﬁﬂlng EQSWB?@”‘ tor gonLent, e
| ow nol ecul ar wei gaijostpénesich | itHatde the resulEaft/ lésdtdex polymer,
PCT/ EP97/ 05558
gl ycol s such as et gyﬁgﬂ%va y%:nl a ‘I°’zara %pzio%lc soﬁ?&xt,o nas. & o s@%@tﬂt&

4-but anedi ol , %2, 2, iB- ke rEange Rt to 30,000 poasselat f% %mebly
1,8-octanediol, angspheol Isloen poise Y S 0% aididids,S Prefdablet 2528

glycol, triet hyI ene col I o ol | ene _al |,
and t he i ke® &gﬁsm f% c‘"‘Beéi %’S?s‘g?k%éﬁ 2R %‘F‘slp%’tfn e ydscosity
pol yoxyet hyl ene di @hsthgotwqmﬁ)wl'?@@Odﬁeﬁdeégd brefterably 1.4ndgor 3n8om
pol yoxyet hyl ene/ poly,pey PrKaly Iniaudicd &th28°0Jin N,N-dimethylacetamide at

10 a concentration of 0.5 grams per 100 milliliters of
solution.

E SECOND ASPECT OF INVE

In the commercial production of spandex fibers
by spinning from aprotic solvent, solvent removal is the
15 rate limiting step. Due to the high viscosity of PTMEG-
derived polymer solutions, solution solids are generally
limited to a maximum of 25 to 30 weight percent or
thereabouts, and thus considerable solvent must be
removed from the spun fibers. Polar aprotic solvents
20 tend to have relatively low volatility, and thus removal
of some 80% of solvent from the spun fiber strands is a
real impediment to increased fiber production rate. It
has surprisingly and unexpectedly been found that
prepolymer viscosities of the prepolymers of this second
25 aspect of the invention are considerably lower than
those of otherwise similar prepolymers based on PTMEG.
As polymer solution viscosities often parallel
prepolymer viscosities, the subject invention
prepolymers offer the possibility of increased through-

30 put.

For a discussion of the isocyanate components
that may be employed in this second aspect of the



nol ecul ar weights |l ess than 750 Da, preferably less than 10 or equal to
500 Da, and nore preferably about 200 Da or | oner. Mbre than one | ow
nol ecul ar wei ght diol nay be used. Up to about 20 wei ght percent of a
tri- or higher functionality species such as trinethyl ol propane,

gl ycerine, orwbesuesss ecul ar wei ght pol yoxypropyl ene 15 tr i g PepdRidsssd SO be
i ncl uded. PREPARATI ON OF THE PREPOLYMER The hi gh
nol ecul ar wei ght, ultra-|ow unsatura- tion pol yoxypropyl ene gl ycol

and the | ow nol ecul ar wei ght diol are [k nded in proportion such that
the 20 nunber average nol ecul ar wei ght of t e bl end i s between 1000

Da and 10, 000 Da, 2
pre?grabl y bet Weenp%@%%ﬂ@ﬁ/ %%%ﬁsé éﬂo"@dq%d 8\%% re[‘):g?g{%l %n o?‘ﬁ?h
pol yol blend, the bfitsgussion underchhefirss H“s&?’c&xéﬁégr d‘?hQ headdegr ATHE

diisocyanate, 25 pseteANdI® COMPONENTM.Lrogen atnosphere at slightly
el evated tenperature, i.e., between 50[err]C and 100[err]C, -nore

preferably between 60[err] C and 90[err]C. The reaction of the

i socyanate with the polyol ndycsdtiged gemmonent of the spgadexaplgstomer
preferred thatsthe 6£a€h19ns&%ﬁdph§§écw UfOlﬂhéoinvé‘z&tﬁJnV Sis- thé npSEﬁGI al
the reaction proceeds unt| t he, |so anat cont ent
beconmes constant. - SRR sBE?gnaﬁ% PEPﬁaﬁﬁte %r wﬁFEﬂl{‘ﬂ *%i s
aspect of the pr esepmenoﬁmn.on?hgsepglnblycmmt must compoise/ 9BS 68T
PCT/ EP97/ 05558 more high molecular weight, A%¥ra-low unsaturation

polyoxypropylene polyols, in admixture with one or more
10 PTMEGs. The unsaturation of the high molecular weight:

polyoxypropylene polyol component is critical and.

reference is made in this respect to the section

entitled "THE UNSATURATION OF THE HIGH MOLECULAR WEIGHT

POLYOXYPROPYLENE POLYOL COMPONENT" in the discussion
15 above of the first aspect of the invention.

The term "ultra-low unsaturation
polyoxypropylene glycol"” has the same meaning as in the
first aspect of this invention and for a discussion of
this component of the prepolymer reference is made to

20 the section found hereinbefore and headed “THE ULTRA LOW
UNSATURATION POLYOXYPROPYLENE GLYCOL".

For this second aspect of the invention,
however, the high molecular weight, ultra-low unsatura-
tion polyoxypropylene glycol has a molecular weight

25 about 1500 Da or greater, preferably at least about 2000
Da, and may range up to 20,000 Da or higher. Prefera-
bly, the molecular weight is in the range of 3000 Da to
8,000 Da, and more preferably in the range of 4000 Da to

8000 Da.

30 It is possible to use a blend of more than one
high molecular weight polyoxypropylene polyol, or to add



| socyanate content of fromO0.5 to 8% preferably from 2 to 4% 1is

then generally extruded into a bath contai ning di am ne extender, or
di ssolved in a polar aprotic sol vent such as di net hyl acetam de,

di rethyl formamde, 5 di et hyl sul foxi de, N-nethyl pyrollidone, or the
li ke, wologrisees chai n-extended with a di am ne as di sCupggEpoiossss

the references cited previously. By the term "pol ar aprotic solvent”
as used herein is neant a sol vent having the capability to dissolve

t he chai n extended 10 pol yur et hane at the sired concentration while

bei ng essentially non-reactive to isodgghate groups

The reaction spinnijn rqcess_accoun 0 nor

production, hovveverl,oq‘{ ﬁgﬁ.ﬁpgiar We'_"ﬁ%ﬁ %15 Jss o’fn m“? agﬁ'@@ ﬁ%o‘f% | on
are well suited 15whefno|suabebﬂhadsmreakw, the gvesage mlegplmnuwglght he
i socyanat e ter”‘“akﬁﬂtm%eBQbﬁHEbf'Efgﬁfmdfhéﬁméi Welight comﬁéﬁéﬂ9§ sHAIID

are then passed in a bath_contai ne “chai,n. ex

Wil e water sol uti é’f‘f"s at; least 3303&% aﬂ?aﬁ#‘ﬁ@?”ﬁﬁ?e“ﬁ@@ﬁ”ué@’& rgnges
general ly nores 20 previedsdyt stetédssolfhe phdydrppropylére nglytaincdmmpas a
more volatile 50'V?ﬁ&ts%%gtﬁﬁrtﬂhgﬁ?ﬁclud§'ﬁiﬁofhgmountsFEﬁﬂﬁiéﬂgﬁ gl f

I s bei ng spun I n the reacgtion spi nmer_ vi sc05|ty

[ QCess
nust be kept high ftdonal 1t§reveﬂ? b 4patﬁﬁﬁ§&FuﬂP€ glyne¥°?TR¥FQ9ﬂ?rlc

solvent and 25 t @olyexgpropylend Mmialkiageand Tcpcagiawopmenecaﬁmqls
high viscosity, upyQ; ﬁ O%léQu%‘%QD%sr &E‘dllea% Etﬂgax} sooeﬁ%

conponent of the prepo percent f
t he pol yol coHbone®®e, ?nEGQEOUS1Yeﬁ¢ %@dtﬂn¥¢DQF¢(ﬁ#?ﬂﬂ%ﬁﬁﬂ%ﬂ'XMQIQWP

tri 0: ks:Jch as I3_0 spiyeablilety0bf theNpiEipblymer e Cpreériol Y rsthﬁmm
PRt rep S BRereshbtgE 10" UedlheRThey, . prdAE
substantially all difunctional polyols, i.e., are poly-
oxypropylene glycol~derived. The term “polyoxypropylene
15 glycol® as used herein includes a minor amount, i.e., dp_
to about 20 weight percent or more of a high molecular
weight, ultra-low unsaturation triol or tetrol.

THE POLYTETRAMETHYLE ETHER GLYCO

The polytetramethylene ether glycol (PTMEG)

20 utilized herein has a molecular weight of greater than

600 Da and preferably greater than 1000 Da. Most

preferably, PTMEGs in the range of 1300 Da to 3000 Da

are used. It should be noted that molecular weights and

eqﬁivalent weights expressed herein in Daltons (Da) are

25 number average molecular weights and equivalent weights
unless otherwise specified.

The PTMEGs are prepared by traditional meth-
ods, i.e. by the Lewis acid catalyzed polymerization oif
tetrahydrofoam. Suitable pdlymerization catalysts are,

30 for example, anhydrous aluminum chloride, and particu-
larly boron trifluoride-etherate. Such catalysts are
well known and are the subject of numerous patents and
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- 24- Those skilled in the art of spandex pol yners

-are aware of the processes used to prepare such. Ref erence may be
made, for exanple, to U S. patents 3,384, 623; 3,483,167; and
5,340,902, wwiodsnesee herein 5 incorporated by reference. por/epyrossss

The pol yner thus obtained has both hard and soft segnents. The
terms "soft segnent” and "hard segnent” refer to specific portions of -
t he spandex pol ymer chains. The soft S?ﬂ' ments are the polyether- 10
based portions of the segnented polyurethane/urea pol ymer,

derived from the PUXILEEIBLLEN MU Yolyoll are conBEd: SRS TRIY 1O

the portions of th are derive
di i socyanate and cﬁéﬁ A var;etg)gfemgpculqﬁewg%gbﬁs @O BHReReus reguaes,o

t he IS_OCyan-Tﬁ5 Mgéﬁﬂlﬁplr@ntafﬁlt Tefrathengeensdlyols £ROMOrPubbit) as
ext ensi on ete " e ar g u

nmol ecul ar wei ght u%f’é‘gggk 3?8& ggggt Eéfﬁ%@fm? n;)&%'has ‘?ﬁ;@ﬁd %‘?rg&qo
nol ecul ar wei ghts CheminelpoIpe: hdfost prefignpbdlys he BEMEC deas rarinvadely om
the hydroxyl numbepygiadl mdivcwty etiedght! Yeetween Mspdlr adabyedd® pa,

T f’af%'e?'ermnat.o%%%'fgieﬁ?g%ﬁ?tt G0, P FOhChre o Sk e

Ot her Al cohol s", ARBLYTbekweeRriENEIRNd \AN00 Da. No. 8, pp. 1374-1376
(July 1980). 25 THE AM NE CHAI N EXTENDER Suitable chain
extenders include, but are not limted to, eth Iene di am ne,

1, 3- propyl ene di ani ne, Ther 2ALYeL compRRept n&sed hereipydontains

di am ne, 10cycl phedyhinatdlB- ¢i adio cﬁcbmpbrxgﬁnat ttle ndjdlnyompensfit

di am ne), isophor agg.di 205 PCpreflrdBry Yo YodlleSH equivaient percent
to about 50 equivalent percent PTMEG, and more prefera-
bly from about 95 equivalent percent to about 65 equiva-
lent percent PTMEG, the remainder of the diol component

15 preferably being a polyoxypropylene diol component
having an average unsaturation of less than about 0.;0_10
meq/g, preferably less than about 0.007 meg/g, and most
preferably about 0.005 meg/g or lower. By the term "in
most major part” and like terms is meant about 85% by

20 weight or more relative to the 'weight of the polyol
component.

It would not depart from the spirit of the
invention to further include polyoxypropylene diols
outside this molecular weight range, as long as the

25 overall average unsaturation is about 0.010 meg/g or
lower. For example, it would be acceptable to provide
a mixture containing c.a. 50 mol percent of ultra-low
unsaturation polyoxypropylene diol having an unsatura-
tion of about 0.007 meqg/g or less with about c.a. 50 mol

30 percent of a low unsaturation polyoxypropylene diol
having an unsaturation of about 0.015 meqg/g. Normally
catalyzed, i.e. base catalyzed diols of higher unsatura-~
tion could, of course, be used in lesser quantities.



diam nes. Preferred are m xtures containing ethylene di am ne as the

maj or conponent. Ethyl ene diam ne as the WO 98/ 16568

PCT/ EP97/ 05558 - 25- sol e chain
extender is particularly preferred. O her di am ne chain extenders
useful in theygysagsst i nvention i ncl ude di et hyl t ol ueppyESAEEsEE.

4, 4" - met hyl enebi s (2- chloroaniline) ("MOCA"), 1,

4-di am no- 2- net hyl pi perazine, 5 1, 4-di am no- 2, 5- di net hyl pi per azi ne,
and - met hyl bi spropyl am ne, substituted aromatic di am nes such as
the product commercially avail able as UNI - LI-¥& 4200, a product of
UOP, Inc., N, N bis(2-hydroxy rop I)anl l'ine commercially avail able as
| SONOL 100, a product of Do @ sampanentcihyg, gpmprises pRe or more

conbi nations  thepesiEGc diols AﬁarraheCoﬂl moeteepopoxyal bl erme diolsmaaich

m nor anounts. %}?S;%\E&’é@% P;Qﬁugégmcfpeogh@h% %ﬁ%j’g{, Mf{ ses

substantially ali pﬁgP‘ Nf I am nes
"substantial ly" indibilspostgent ofs theastioln corpenenst iss lesp thangabout

percent based son t gt ahoChéwgext @h@er c&htcomponentl\/lc@apraeébl ehe @igli ol
chai n extenders such as |t|o al ed i n gﬁher el a toners

|
may be added cBﬁ‘H@Peﬁgpﬁﬁﬁl a{‘g Xﬂﬁ h&ﬁev@ eﬁserecﬁc
chai n extenders i sfnnctpoaakrsmbles Slld}clﬂl togekhen wbth the aHdw §Q‘H¥P@I-ude

et hyl ene glycol, ph@ﬁ¥' 9%19. YE&l-m the 1&0&&&!&@1%%natéd6ﬂl@m%e@ :
di et hyl ene glyco og col and the .|ike,.
hi ghl y pr ef elff’aztlj%’ﬁﬁ? tﬁ% é‘l’%‘?ﬁ es "'%hr tERR  tHRPGHARAT S x (ST &nent.
i .e. greater Ihan Pfeferghly peshee compodentscod ridfec pabyyl Xsompamestt othehran
95 wei ght percent, yfgnalhBNBiire 284 Opolyoxyidp P 1S HaAddtpise
one or more low molecular weight glycols or their
oxyalkylated oligomers, or one or more triols, tetrols,
or the like, or their oxyalkylated oligomers. Triols -
15 and higher functional monomeric polyols and their -
. polyoxyalkylated oligomers, i.e. those up to a molecular
weight of c.a. 500 Da., may be used to provide improved
processing. This is particularly true when the reactive
spinning process is utilized, as described hereafter,
20 where up to 10-15 weight percent, preferably from up to
about 10 weight percent, and more preferably up to about
7 weight percent of the polyol component may comprise a
low molecular weight polyol, particularly a monomeric
polyol such as glycerol or trimethylolpropane.

25 To prepare the prepolymer, <the polyol
component is reacted with an excess of the desired
diisocyanate. For a discussion of the reaction

conditions, refer to the passage headed "PREPARATION OF
THE PREPOLYMER"” in the discussion of the first aspect of
30 the invention. However, in this second aspect, the
amount of excess isocyanate is selected so as to provide
a % NCO group content in the prepolymer of between about
0.5 weight percent and 10 weight percent, preferably
between 1 weight percent and 4 weight percent, and most



CHAI N TERM NATORS Chain termnators may be included in the
reaction mxture to adjust the final nolecular weight, 30 and thus the
intrinsic viscosity, of the polyure- t hane/ urea pol yner to the
desired value. Usually, the chain term nators are nonofuncti onal
conmpounds SUW® 9846568 secondary am nes, for exanple di et hyp&lyeranssss

di but yl - WD 98/ 16568

PCT/ EP97/ 05558 - 26- am ne, or
hydroxyl or thiol functional conpounds such as n- but anol or dodecane
thiol. The term nator content is adj usted such that the resultant

spandex pol yner, I LD.a ot|
viscosity 5 in ﬁengééig ¥3g862?0a§8h808 %@FSe aéi§§% EEFEQ preferghly
150 to 5000 poise Zeacbisnu,ehl the iseewsnats ithsoshe polyelli dmay The

pol yner shoul d haveaeal Bbal REith Vétatrd/ catal stk t Bechaage dibdbylTilnd

2 5, g, preferanl L 0alg T, ey, 0id oSS [ERRE cRLalvgs!) o
mlliliters ofS genepilt i the reaction proceedsifur8EJ0NDeASPETT WierEHEhe
| NVENTI ON 1socyanaté“cbﬁéeﬁ@"ﬁé&éﬁéb RoAgEahtON @hes PR anter s
by spinning from a@é?:ﬁ&ﬁa%é’d"gé‘épo O ven{s '8\”21'\1/ ageﬂesrélqy dissolved in a
polar aprotic solvent such as dimethyl acetamide,
dimethyl formamide, dimethyl sulfoxide, N-
10 methylpyrrolldone, or the like, and then chain-extended
with a diamine as discussed, and as further discussed in
the references cited previously.

The prepolymers of this second aspect of the
invention are also well suited for use in the reaction
15 spinning process described above.

As in the first aspect of the invention, the
polymer thus obtained has both hard and soft segments
but in this case the soft segments are the polyether-
based portions derived: from the PTMEG and the

20 polyoxypropylene glycol. For a discussion of the amine
chain extenders suitable in this second aspect of the
invention, refer to the discussion above under <the
heading "THE AMINE CHAIN EXTENDER"; however in this
second aspect of the invention, the term "substantially

25 aliphatic or cycloaliphatic" means that at least about
70. mol percent of total diamine chain extender is an
aliphatic diamine and/or a cycloaliphatic diamine.

Chain terminators as described in connection
with the first aspect of the invention are generally
30 included in the reaction mixture to adjust the final
molecular weight, and thus the intrinsic viscosity, of
the polyurethane/urea polymer to the desired value.



15 rate limting step. Due to the high viscosity of PTMEG derived
pol ymer sol utions, solution solids are generally limted to a nmaxi num
of 25 to 30 wei ght percent or t hereabouts, and thus consi derable

sol vent nust be removed fromthe spun fibers. Polar aprotic solvents
20 tend t owwoesaeses! ati vely low volatility, and thus renovabrmpernsssg Sone
80% of solvent fromthe spun fiber strands is a real inpedinent to

i ncreased fiber production rate. It has surprisingly and unexpectedly
been found that prepol ymer viscosities 8 t he prepolymers of this
second 25 aspect of the invention are consPfierably | ower than t hose
of otherwi se simlar prepolyners based on_ PTMEG As colyner sol ution
viscosities often parallel ZHE THIRD,ASERCY OF LEE INVENIION ;.o  supject
I nvention prepolyners offer the possibility of |ncreased t hr ough- 30

t F
!toﬁat may be enpl oyed |n0'[ h?s secﬁ%pg&:&agﬁbéﬁeﬂfan% %&gp @%%‘al

PCT/ EP97/ 05558 production of spandex fibers by -spinning quﬁuﬁaqqﬁic

][ef erence shoulg b%d#wé%tt,gsbmeeﬁermmwlm the rate 3E¢mSEing skeles the
irst aspect er .t he headi " CIﬁP E

A critical cot#::one&a ﬁBrggﬁﬂ@;‘E Ry stc%lr?e % EEP’ g\lsgg ‘H@flasttﬁaatt of

the invention is t mlmayol solutiemnporianoaiddest o pfepatet heultra-low

i socyanat e- t er ni na@@aturatidhCpRLyHR rEB?ieﬂ@LdelﬁéﬁTpsﬂﬁﬂéeQU&E GHIR | se .

one or fror e t?:lhg.hdmaltseggétar o‘@el J.nven J.lo%W 5'1? S Al %t ! Qower than
solution VLScosities of PTMEG-derived polymers.
10 Moreover, in at least one case, spandex polymer of this

third aspect exhibited lower solution viscosity even
though having a molecular weight approximately 30%
higher than the PTMEG-derived polymer.

For a discussion of the isocyanate components

15 that may be employed in this third aspect of <the

" invention, reference should be made to the corresponding

discussion under the 1irst aspect under the heading "THE.
"ISOCYANATE COMPONENT™".

A critical component of the spandex elastomer

20 of this third aspect of the invention is the polyol

component used to prepare the isocyanate-terminated

prepolymer. This polyol component must comprise one or

more high molecular weight, ultra-low unsaturation

polyoxypropylene polyols. The unsaturation of the high .

25 molecular weight polyol component is critical and.

reference is made in this respect to the section

entitled "THE UNSATURATION OF THE HIGH MOLECULAR WEIGHT

POLYOXYPROPYLENE POLYOL COMPONENT" in the discussion
above of the first aspect of the invention.

30 The term "ultra-low unsaturation
polyoxypropylene glycol,"” has the same meaning as in the



pol yoxypr opyl ene polyols, in adm xture with one or nore 10 PTMEGs. The

unsaturation of the high nol ecul ar wei ght pol yoxypr opyl ene pol yol
conponent is critical and reference is nade in this respect to the
section entitled "THE UNSATURATI ON OF THE HI GH MOLECULAR W\EI GHT
POLYOXYPROPTwDIGB/16368. YOL COVPONENT" in the discussion 15 APCHEPOSSsE €
first aspect of the invention. The term "ultra-| ow
unsat uration pol yoxypropyl ene glycol" has the same neaning as in the
first aspect of this invention and for a disgussion of t hi s conponent
of the prepolyner reference is made to 20 ™ie section found herei nbefore

and headed " THE ULE _k gl\%\. URA\T| PO_YO YP YLlai GLYCOL"

For this second aspaFftoRSPREE; +%n1nv oL ﬂﬁ?sﬁﬁpgcﬁFar
wei ght, ultra-| ow thiat component ofohhpobyepy@ympyleeéegeycelzhamade to
nol ecul ar wei ght 2ppe Mo&%@n@ahgfeﬂﬁﬁé’fc%e &{&B@E&QEV"@&E hAARA i‘bﬁUt

2000 Da, and range to 20,000 Prefera-
t he nol ecul ar wei gT‘Wg ﬁtﬁ" (Pfg WW@ %NBaGPgCOL" 8, 000 Da, and m)re
preferably in the range of 4000 Da to 8000 Da. S

possi ble to uge a blend of o] r
polyoxypropylgne pol yol , rgg % O%hird V@?§g$in3%§ @H% WﬁbggElon,
PCT/ EP97/ 05558 however, the high molecular we:.ghge ultra-low BRSASEERN| ar

wei ght diols in niddénqpalyokyprboypiene, glycol Viied auahold@ilisr aweiyhed,
the average nDlecu&?éa¥§4£¥Han 2000 pa, preferably at least about 2500 Da,
' and may range up to 20,000 Da or higher. Preferably,
10 @ the molecular weight is in the range of 3000 ba to
10,000 Da, and more preferably in the range of 3000 Da
to 8000 Da. It is possible to use a blend of more than
one high molecular weight polyoxyrropylene polyol, or to
add low molecular weight diols in minor guantity.
15 However, when such blends are used, the average
molecular weight of the blend of high molecular weight
components should be at least 2000 Da and otherwise
within the ranges previously stated. The polyoxy-
propylene glycol component further may include minor
20 amounts of higher functionality polyols, particularly
polyoxypropylene triols and polyoxypropylene tetrols
which may be advantageously added to adjust the
viscosity or the spinnability of the prepolymer or
prepolymer solution. Preferably, the fibers are pre-
25 pared from substantially all difunctional polyols, i.e.,
polyoxypropylene glycol-derived. The term "polyoxypro-
pylene glycol" as used herein includes a minor amount,
i.e., up to about 20 weight percent or more of a high
molecular weight, ultra-low unsaturation triol or
30 tetrol, particularly in the case of reaction spinning as
discussed hereafter.

To prepare the prepolymer, the high molecular
weight, ultra-low unsaturation polyoxypropylene glycol



of the blend of high nol ecul ar wei ght conponents shoul d be at | east
1500 Da and otherwi se within the ranges 5 previously stated. The

pol yoxypr opyl ene gl ycol conpo- . nent further may include mnor anounts
of higher func- tionality pol yol s, particularly

non- ol i goer impo 98716568 POl yoxypropyl ene triols and pol yoxypr opg¢raiporéseds’ ol s
havi ng nol ecul ar wei ghts greater than 500 Da, which may 10 be

advant ageously added to adjust ‘the viscosity or the spi nnabi lity of

t he prepol ymer or prepolymer solution. Preferably, the pr epol yners
are pr epar ed from substantial ly al t34di f unct i onal polyols, i.e.,
are poly- oxypropyl ene_gl ycol -derived. The term "pol yoxypropyl ene 15

gl ycol " as used herd¥nredetedidsith Am@xeaisu Rt the desjred diispgygpste- 20
wei ght percent or npoge af disbugbio®l 6fukhe reactivai gbhditidng; | pefer to

unsaturation triol t Tk \

The pol ytetranet hyl g’?\% ﬁ%é}ge)égegl Ifl%%?e? Pﬁf&%ﬁ&ﬁﬁ%ﬁ%hﬁﬁ% ggf

mol ecul ar wei ght ofthkg edisgussion of theQosegandnaspeet cpfibtheginventionan
1000 Da.  Mbs§  mHowd¥eé¥ of 8R! ¥hiBTNE{Ird Nagbéct pANEBeOfambid® [&¢ t 8x8868 Da

are used. It shoul d, be noted that | ecu) ar_ wei ght s_and, e val ent
wei ght's expressed h’e?%‘f‘ﬁ‘“}aﬁ"q}eﬁst (ﬁﬁrfi‘%ﬂd &P afsg‘t’]o m&d%\%r%gﬂgﬁoﬁﬁ%?ar
vei ghts and equi valeentesdi gint sthe prepolysentdfrbeteespeabdutedd.5 weight
The PTMEGs are prepidisbdty hhd@dirio qpé‘i%ﬁe'?t Barcent, Ogﬁ'efb_rﬁblfg HetlrdetN 5

acid catal yzed pol yneri zati on of drofoam Suitab

L
pol yneri zati on cat AL percegy and g Eﬁé&% PeEFRRA ous al umi num

chl oride, and particu- larly boron trifluoride etherate. Such

catalysts areqg  well knowgnang ar@:the-sulieeinidf LT Ukperd! Q¥ Serdd
invention are also well suited for use in the reaction
spinning process described above.

As in the first aspect of the invention, the
polymer thus obtained has both hard and soft segments
15 but in this case the soft segments are the polyether-
based portions - of +the segmented polyurethane/urea
polymer, derived from the polyoxypropylene glycol.

For a discussion of the amine chain extenders
suitable in this third aspect of the invention, refer to
20 the discussion above under the heading "THE AMINE CHAIN
EXTENDER"; however in this third aspect of the
invention, the +term “substantially aliphatic or
cycloaliphatic” means that at least about 70 mol percent
of total diamine chain extender is an aliphatic diamine

25 and/or a cycloaliphatic diamine.

Chain terminators as described in connection
with the first aspect of the invention are generally
included in the reaction mixture to adjust the final
molecular weight, and thus the intrinsic viscosity, of

30  the polyurethane/urea polymer to the desired value.
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- 29- publications. PTMEG pol yols are commercially avail abl e I n
a variety of nolecular weights from numerous sources, for exanple as

Terat hane[err] polyols from DuPont; as Pol yTHF from BASF Cor porati on;

and as POLYMGbsHesés from QO 5 Chem cal, Inc. Mst prefaicalpsypdshe PTVEG
has a nunber aver age nol ecul ar wei ght between 600 and 6000 Da,

preferably between 1000 Da and 4000 Da, and nost prefer- ably between

1300 and 3000 Da. The poly % conmponent used herein
contains 10 predom nately a di ol conponents” the diol conponent

conprising preferably from gQout ui,val en ercent , t o ,about, 50
equi val ent percent PTMEG a %ﬂ'ﬁg’f"épg ﬁgm 83 f iouskr@teys tnd

equi val ent per cent ithvenbbaon. 65 equi va- | ent percent PTMEG the

remai nder of the diol conponent 15 preferably being a pol yoxypropyl ene
di ol conponent havi ng an average unsaturation of |ess than about

0. 010 nmeq/ g, E2M@Ae& by | ess than about 0.007 neq/g, and nost
preferably about 0.005 neq/g or lower. By the term"in nost maj or
part” and like terns is nmeant. ahgut Y. 20 { r to
" the weight of the polyol e %olr?gﬁléé) pr?ocedlﬂ% q‘pas s?n%) ﬁ%ugagé#g

depart fromtfe sptketelastin P°1qurnverﬂh%rpqlﬂ°ﬂ-uPﬁ'h@lﬂ-xﬂ'-m,’ﬁueé polyols
pol yoxypropyl ene démpFoyed i®Uflsé dfoihaSidi! &€ ULRE g@e 1yme£gﬁasamkeag as

the 25 overall aver,ag ratj.on | / 0
For exanple, it wotrt E‘f? i g ‘%ﬁ#’f&y tzlrag\l% ?té.:_%ocyaggﬁg ?ﬂf% c%{:%u ‘Fi?\,\%g
c.a. 50 nol percerheatfed| tfar | @pout Sundougsat ebn BOF Foxper opiedde 'dh@l

havi ng an unsat ur aappropridtd HoctaRdteltaPhiRELS 961*3&5:-.&“' bPepbithe

50 nol rcen of a Jow uns turatlon pojr Oﬁypropii(ﬂene |o haV| ng
an unsaturat n of TUH ’?fl: e
catal yzed diols oftltergrmixemswithadlmethylacetamde (DMAc) for about 2

minutes to form a solution containing about 21.3%
solids. Then;, while the prepolymer solution was still .
being mixed, a mixture of ethylene diamine (EDA) chain
15 extender and diethylamine (DEA) chain terminator
dissolved in additional DMAc was added to the
isocyanate-terininated polyether prepolymer solution and
the resulting reaction formed the desired segmented
polyurethane/urea. The additional amount of DMAc
20 decreased the solids concentration of the resultant
solution to 20% by weight of the total solution.

Films were cast onto glass plates from the

polymer solution. The films were dried and cut with a

die into 0.25" wide strips. Elastic properties of

25 spandex films were measured in general accord with the
procedures described in ASTM D 2731-72. This method was
designed mainly for the testing of elastic threads and
yarns rather than films. However, the parameters tested

by this method are those commonly used to evaluate the

30 elastic properties of spandex. Tests were run on a
constant-rate-of-extension type tensile testing machine

with a load capacity of 50 N (11.2 1lb). The samples



tion could, of course, be used in | esser quantities. WO 98/ 16568

PCT/ EP97/ 05558 - 30- The
di ol conponent thus conprises one or nore PTMEG di ol s and one or nore

pol yoxyal kyl ene di ol s such t hat the average unsaturation of the

pol yoxyal kyl wo®snesss di ol portion of the dial conponent i spdgE®7bisss about
5 0. 010 neq/g. The pol yol conponent conprises the diol conponent
and any ot her hydroxyl or other reactive functi onal species which,
together with the diol conpo- nent, will formthe

| socyanat e-t er mi nat ed prepol yrrer foll oWWng reaction with the

| socyanat e conponent. . ferab , the nponent s e pol
conmponent ot her weret ﬁﬁﬁ Pﬁ 1&8@8@%‘?%‘3}?@@%6&?&- ﬁ%prder
corrplr iksle o lonetor avied Imr&ﬂ¢catathaeigg-lipsgl Viidims meztdqaandw:.che_dk
oxyal kyl ated ol i go r I I 3 ke
or their oxyal kyl a'?g%%eﬁgg%%%sﬂcﬁgjggl éé%g Em%inlgé ‘%"aﬁe N?ﬁn% i%grgﬁée

nonomeri ¢ pol yol s ingn&aPeuei r pol yoxyal kyl ated ol i goners, i.e. those
up to a nol ecul ar wei ght of c.a. 500 Da., nmay be used to provide

i mpr oved rocessing. Th t he

spi nning procéss is utili zedbgﬁs %8 é’%%’géidg%fere&ﬁﬁée Vm"fg’ ere%:? %Ch
10- 15 wei ght per cewidtpr shdr abﬁylncbngapg@olengthm cxehesl gﬁiﬁfepéﬁrlmiit,
and nore preferabl petiebn %la@utlmts lofepIhb m&eréld}{ 4ﬂ%nQO| yéh the

CompOnent MY COMD 36 ereLa, ik SPBR PR vAT AL R Vo aBElid S stk °
To prepare the foepdlysecondshbefouéyoéturning the crosshead. On the
10 return cycle after holding at 300% elongation for 30
seconds, the crosshead was returned and the forces at
300, 200 and 100% elongation were recorded. By dividing
the force at each of these points by the initial film
_ cross-sectional area, the unload power or retractive
5 power was calculated for each of these points. In order
to calculate % set, 30 seconds after completion of the
fifth cycle, the crosshead was slowly lowered until
visible slack was just removed from the film. The
extension was recorded to the nearest 0.01"., Set, as
20 calculated from the following formula, is defined as the
difference between the original and £final length,
expressed as a percentage of the original length.

Set, in percent = [(Final Length - Initial Length)/Initial Length] x 100

Fiber or film made 'from spandex polymer according to the
25 invention generally has a set of no greater than 30%

The hysteresis of some films was also deter-
mined. Hysteresis is a measure of the energy loss
during stretching and retraction of an elastic material.
When a film or fiber is extended on the testing machine

30 and the direction of crosshead travel is reversed to
record the retraction, the unload curve falls below the
load curve as shown in Figure 1. The difference in



conponent is reacted with an excess of the desired di i socyanat e. For

a discussion of the reaction conditions, refer to the passage
headed " PREPARATI ON OF THE PREPOLYMER' in the discussion of the first
aspect of 30 the invention. However, in this second aspect, the

amount of exwodenésePcyanate is selected so as to provide permesyoddss 9r oup
content in the prepolyner of between about 0.5 wei ght percent and 10
wei ght percent, preferably bet ween 1 wei ght percent and 4 wei ght
percent, and nost WO 98/ 16568

PCT/ EP/ 05558 -37-_31- pref erabl y

bet ween about 2 and 4 wei ght percent. reaction of the jsocyanate
with the polyol nafteess-stragng :B’?P@&t\?oieﬁh Letween ( the ophkete 28d
dibutyltin: dire@yast ton b ordwnisakes plac givehhatdstc acyclel stormd na 5

general , the reacthgggg#ggﬁﬁdiog til &Fglgyég g%ﬁ;gééhﬁgdthe $g3y§ggte

content becones co e 1socyanat & prepo
then general |y di suaload icuryes can phg ausedr 40 CuANbidN tﬂ%hdagrﬁﬁnefhy

acetam de, 5 dh??’c@i‘észsfﬂi N&@NE fim, f:.lSiéﬂEtMn or ¥dpraxi.dea 1arb}er10
met hyl pyrrol i done, he lui§ﬁand t hen ch

ex
di am ne” as dlscussgﬁ tﬁﬁﬂsﬁi R H¥r %ﬁ%%%% rimﬁilesthﬁ?tr@ﬁgﬁéﬁgégn
cited previously. and thus dlsccmfofﬂuinpmepmiyners of this second aspect of

t he invention are also well suited for use in the reaction 15
spi nni ng process described above. n.the first asgect of

the invention, the pol yﬁ?ﬁmﬁlrﬁ?s ot n@dolfastllﬁ)t ﬁ°¥1%1?‘ﬂ’-%9’ldE§6F‘P

segnent s relate to the first aspect of the invention.

10 Spandex With Improved Properties Obtained From 4000
Molecular Weight Ultra-Low Unsaturation Polyol | TPG Blends:

Example 1 and Comparative Examples C1-C3

The table and Figure 1 compare spandex based

on a 2000 Da blend of a 4000 Da molecular weight, ultra-

15 low unsaturation polyoxypropylene polyol blended with

tripropylene glycol (TPG), prepared according to the

invention (Example 1), to a spandex based on a 2000

molecular weight polytetramethylene ether glycol {PTMEG-

2000) which is considered the "standard of the industry™

20 {Comparative Example Cl) and spandex based on ultra-low

unsaturation polyoxypropylene glycols without TPG
(Comparative Examples C2 and C3).



but in this case the soft segnments are the polyether- based portions
derived from the PTMEG and the 20 pol yoxypropyl ene glycol. For a

di scussi on of the am ne chain extenders suitable in this second aspect
of the i nvention, refer to the discussion above under the headi ng
"THE AM NE 6hes TENDER"; however in this second as per/EPYH0SSSSe

I nvention, the term "substantially 25 al i phatic or cycloaliphatic" neans
that at | east about 70 nol percent of tgggal di ami ne chain extender is
an - aliphatic diamn BT L Sl

Chain termnators as des§ribed ip cpnnesti pr oWilht first aspect of
the invention are generaljly 30 I ngl uged r&'theﬁfe Qo nmixture to adj ust
t he final nol ecul ar fwei ght /< an tas [ e i herinkfe scosity, of

t he pol yuret hane/ urea polflyner to.t SHoS-—pearten WO 98/ 16568
PCT/ EP97/ 05558 - - 32 THE
THI RD ASPECT OF THE | NVEQTI ON & O ® Bs st & ed| hereinbefore, in
t he conmerci al prodgucti on ®f pan‘\éex fibefs byl spinhing fromaprotic
sol vent, solvent renoval |lis the rati@ limtlng step t has
surprisingly and unexpegtedly bee foung th | ymer sol ution

6

ou hht
viscosities = of the B8-S S@:8 @ he & B
pol yoxypr opyl ene- der i ved ||sfe® @ x&of ||t his & L), F as
i nvention are nuch | ower |t han
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UP @ 100%: 5th cycle unload (retractive) power at 100% elongation.
UP @ 200%: 5th cycle unload (retractive) power at 200% elongation.

%NCO: NCO content (wt.%) of the prepolymer,

TPG - Tripropylene Glycol.



solution viscosities of PTMEG derived polyners. 10 Mor eover, in at

| east one case, spandex polyner of this third aspect exhibited | ower
sol ution viscosity even t hough havi ng a nol ecul ar wei ght

approxi mately 30% hi gher than the PTMEG derived pol yner.

For a di scuswowsnesest he i socyanate conponents 15 that nmaypegxpéisssged in
this third aspect of the I nvention, reference should be made to the
correspondi ng di scussi on‘under the first aspect under the headi ng

" THE | SOCYANATE COVPONENT" . A critical conponent of

t he spandex el astoner 20 of this thlrd aspé%% of the invention is the
pol yol conponent used t r.ep he is te t er m, nat

prepol ymer. This pol yol conp %ﬂy %@% prag}vengggmqhﬁﬂp3
nol ecul ar wei ght, spdndex Wsedrmamlwa-dnw unsawquppoﬂybnpprppyyms
The unsaturation ofgjiesi ghviRg aMhd¥edliarhdilne POEY U000° BB PeBhout S

critical and ence |s nade thi's respect
entitled "THE UNSARIGIERIOE OF FPK W@FWEaﬁmeéﬂgave dramatlcally

POLYOKYPROPYLEAE PQlaflovad RhEdEe 61 dral 63wl Qrercent @sw eraliuddicto
nesturarron " SHRAERE Bynandgromered yeind s O, (oomhtied
WO 98/ 16568 Example Cl). In addition, 03pgxh5bgt¢@5gggngatzons at
- 33- break of greater than 1300%. Thus, in spandex-type
elastomers, the behavior of ultra-low unsaturation
10 polyoxypropylene glycols is dramatically different from
the behavior of 1low unsaturation polyoxypropylene
glycols as disclosed by Smith and Chen, who disclosed
virtually no difference between spandex prepared from
PTMEG and spandex prepared from low unsaturation poly-
15 oxypropylene glycols (unsaturation =~ 0.015 meqg/g).
However, the retractive properties of C3 could benefit
from improvement. Switching to a 2000 Da molecular
weight ultra-low unsaturation polyoxypropylene glycol
without TPG at the same NCO/OH ratio (Comparative
20 Example C2) resulted in slightly improved retractive
properties, however at the expense of percent set value.

Spandex of Example 1, made using a 4000 Da
molecular weight ultra-low unsaturation polyoxypropylene
glycol blended with TPG to obtain a polyol number

25 average weight of 2000 Da, gave dramatically improved
retractive properties over Comparative Examples C2 and
€3- and yielded percent set values comparable to
Comparative Example Cl1 which was based on PTMEG, the
industry standard. In addition, the spandex of Example

30 1 also exhibits approximately three times less hyster-
esis than Comparative Example Cl, based on PTMEG. A
higher hysteresis or energy loss value implies heat
generation and thus discomfort in wear. Example 1
spandex also exhibited an elongation at break of 1040%,



first aspect of this invention and for a discussion of t hi s conponent
of the prepolyner reference is nade to the section found herei nbefore
and headed "THE ULTRA LOW UNSATURATI ON POLYOXYPROPYLENE GLYCOL". 5
For this third aspect of the invention, however, the high

nol ecul ar wewQlosrnieses t r a- | ow unsat ur a- tion pol yoxypr aryineegessss col
has a nol ecul ar wei ght greater than 2000 Da, preferably at |east
about 2500 Da, and may range up to 20,000 Da or higher. Preferably,
10 the nol ecular weight is in the range of, 3000 Da to 10, 000 Da

and nore preferably in the range of 3000 Da 40~ to 8000 Da. It is

ble t bl.end of hi |
bol yoxypr opyl ene. pBRIL ARG, o 4806008 afiy maddvareRGE b 4he, PMER-

m nor quantity. 15basédwepamdexshen such Dblends are wused, the average

nol ecul ar wei ght of the blend of high nolecul ar meight conponent s
shoul d be at | east 2000 Da and qt herw se In the ranges, previously
st at ed. The pol yoxy- The Rusher e@%&aycg?pmlﬁﬁ%h LthayeffErude

m nor 20 annuntSeﬁéehtgheﬁgﬁnecuyommhchy:nQM$mtatepathecwtaebﬁ-strazn

pol yoxypr opyl gne t Y _
advant ageousl § addéic‘ip{’ :%fiteﬂf %ﬂ% FLAY Vi SCC')thCI%ln(y %yc%e \f?%%gblgﬁxfgg

the prepol ymer or mers 9?e#8§9ﬂ%¢ BOPB§|GﬁmPPFéFéVﬁb$§amPh%Sf¢be#§daé§ pre-
25I par ed flrom sufeﬁéalabwdilngélrﬁpf?gsﬁwnal pbet¥6hSofi the, h steresis |
pol yoxypr opyl ene gl yco X col "
as used herein mc#‘% fg%h)en%a%%% %fgs'}] (%J gg ég’ﬁ%af%tja‘ﬁo%a%@iﬁe#é
percent or nore oftbemrgiustry SM@MQTWWIV@I& saan@qxung'émudashe@

triol or 30 jqtetr@hrydaiustrates tﬂetﬁxﬂs%m oﬁfeﬁ-ﬁéﬂlﬂh s Riing @ﬁe
di scussed hereafte ner t he hi gh

ol ocu ar el GAhS 894, delbarh RTYaL [ EARY Ok, RRG prERER ) SBFe-

sents the hysteresis of COmparatlve Example. C3, contain-
ing no low molecular weight diol. Although the hystere-
- sis of Comparative Example C3 is low, the elastomer has

15 - low retractive power.
Spandex With Improved Properties: Effect of Unsaturation Content:

Example 1 and Comparative Example C4

A spandex film was prepared and tested as
previously disclosed from a conventional polyoxy-
20 propylene glycol of 4000 Da molecular weight, having a
typical (high) unsaturation of 0.062 meq/g (Comparative
Example C4) blended with TPG to obtain a polyol number
average molecular weight of 2000 Da. The ultra-low
unsaturation of the spandex of Example 1 is low enough
25 that the resulting spandex has excellent properties,
whereas, the high level of unsaturation in Comparative
Example C4 resulted in spandex with inferior properties,
in particular, an unacceptably low unload power, as well

as a higher than desired percent set.



WO 98/ 16568

PCT/ EP97/ 05558

- 34- is reacted with an excess of the desired diisocyanate.
For a di scussion of the reaction conditions,
headed " PREPARATI ON OF THE PREPOLYMER' i
second aspecwa$s/aeses | nventi on

amount of excess .
content in the prepolynmer of bet
preferably bet

group
percent and 10 wei ght percent
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Chain termnators as described in connection with the first aspect of

the invention are generally included in the reaction mxture to adjust
t he final nol ecul ar weight, and thus the intrinsic viscosity, of 30

t he pol yuret hane/ urea polyner to the desired val ue. WO 98/ 16568
PCT/ EP97/ 055%i® 98/16568 - 35- PCT/EP97/05558 The
fol |l ow ng Exanpl es illustrate the i nventi on. Exanpl es
The foll owi ng procedure was used to prepare 5 the elastic polymer. The
pol yol or m xture of polyols . enpl oyed ia the formation of the

prepol yner was m xed with 4,4 -di pheny‘l4 et hane dii socyanate
(4,4-"MDl) and ouf s 8C§VO yjeld the
appropriate isocyarf P a2 %3&6?&—&3 ith "‘?"(‘i“.’e.,

~Low Unsgtupation, cd wi t h

¥ nutes to forma sol ution

contai ni ng about 21.3% - solids. Then, while the prepol ynmer sol ution
was still beiis nd Gomparative tExample €3¢ di ani ne (EDA) chain 15
extender and diethylam ne (DEA) chain termnator di ssolved in
additional DMAc was added to the i socyanat e-term nated pol yet her
prepol ymer soldition and Exgpplegsl) t 2 rRpd ch@neparesr agaoraing diQ rtde
segnent ed pol inveritiancavechased Bita 2000 Do lecuTow weight dAAG-

low unsaturation polyoxypropylene glycol to which enough
TPG has been added to lower the polyol molecular weight
to 2000 Da, 1750 ba and 1500 Da, respectively. These

10 samples show increasingly improved retractive proﬁerties
over those of a spandex based sclely on 4000 Da molecu-
lar weight ultra-low unsaturation polyol, such as
Comparative Example 3, while also possessing a low
percent set. '



20 decreased the solids concentration of the resultant solution to

20% by wei ght of the total solution. Films were cast onto
gl ass plates fromthe pol ymer solution. The filns were dried and cut
with a die into 0.25" wi de strips. El astic properties of 25
spandex fi | mewoesigesggzasured in general accord with the ﬂﬁﬂﬁﬁﬁﬁ&f§
described in ASTM D 2731-72. This nethod was designed mainly tor the
testing of elastic threads and yarns rather than filns. However, the
paraneters tested by this nethod are th&se commonly used to eval uate
t he 30 el astic properties of spandex. Tests were run on a
const ant - r at e- of - ext ensi op type ten et " with a |l oad
capacity of 50 N (11.2 Iby. Thegsanples 98/J16568
PCT/ EP97/ 05558 e ™~ were gri pped
by pneumatically operatedclanps. | orde tearing at the
grips, filns were sandw cjped TWee WO €s oIl sel f-fusing
Okoni te No. 35 Jacket - @®sladke & & & & [ v & fFor the exanpl es,
sanple strips of 0.25 in & 2 Shadt [ A2y Gl Gallde 1ength were
cycled five tines tweef The ff i mjs of [0 to 300%jlel ongat i on. On
t he fifth cycle, t ' tomtitgextginded state
for 30 seconds before retjur n@h he llcengdheag] @t he return cycle
after holding at 300% el gaggréf“ DS IS SEICS
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seconds, the crosshead was returned and the forces at 300, 200 and
100% el ongati on were recorded. By dividing the force at each of these
points by the initial film cross-sectional area, the unload power or
retractive 15 power was cal cul ated for each of these points. |n order

to cal cul at ewld o3akses30 seconds after conpletion of the PCtEPIAsEREC| €,
the crosshead was slowy | owered until vi si bl e slack was just renoved
fromthe film The ext ensi on was recorded to the nearest 0.01".

Set, as 20 calculated fromthe following formula, is defined as the

di fference between the original and final |er$th, expressed as a
percentage of the original |ength. Set, in percent [ (Fi nal
Length - Initial Leﬁgﬂmﬂ-ﬂ"m# YOk 'Sm’l% Wifh Tmpraveder or film made

f rom spandex pol ynelrogertias @btainedolion ; generally has a set of
no greater than 30% The hystere5| s of some filns was al so
det er - m ned. Exmgplesc3andds a neasure of the energy |oss during
stretching and retraction of an elastic material. When a filmor fiber
is extended on the testing nmachine 30 and the direction of crosshead
travel is reversed to r Spandexh&xampleac? j dmsedonual 4800cDaveoletis

bel ow t he | oa Iy, h ur i f
below the 5! 0304l Weefign SN AL fouU thsbeurBiGofl | £81§8ETD APy ene

-37- st r ess-Ft¥CRh 197 Jfch &nangh,JFEG PRS ?F?Bt gadad tpglower the

retracti on portionmsifeculpweneigist e€pcliysSoorms, aand Spandex Example 4,
based on a 80/20 wt% blend of 4000 Da and 8000 Da
molecular weight ultra-low unsaturation polyoxypropylene

10 glycols to which enough TPG has been added to lower the
molecular weight to 1800, both exhibit excellent unload,
or retractive power, and low percent set. |




hysteresis | oop. The area bounded by the | oad and unl oad curves can

be used to quantify the degree of 5 hysteresis in a film fiber, yarn
or fabric. A larger hysteresis | oop or energy |l oss inplies heat
generation and thus disconfort in wear. ‘Exanples 1
to 6 of the wWoObRMESe8g Exanpl es relate to the first asgggm,p,fmg%%e

I nventi on. 10 Spandex Wth Inproved Properties Qotained From4

Mol ecul ar Weight U tra-Low Unsaturation-Pasyol / TPG Bl ends: Exanpl e
1 and Conparative Exanples Cl-C3 The table and Figure 1
conpar e spandex based ra=e-=2080=Dp—hlend=eta 4000 Da ol ecul ar

wei ght, ultra- 15 | ow unsaurat i ORg po YOXY| ene polyol blended with

iihe I nvention

ecul ar wei ght

) which is considered the
pl e Cl) and spandex based
glycols wthout TPG
6568

redi ng

epar ed¥acc

tripropyl ene glycol (TPG, pi
ed on & 20

(Exanple 1), to a spandex baj

"standard of the industry" 2
on ultra-Iow unsat ur at
(Conparati ve Exanples C2 and
PCT/ EP97/ 05558

NCO/-

Unsaturation
Content of
Polyol Blend
(meq/gm)
0.005
0.005

Effective
Polyol MW

Low MW

Species

Polyol(s)

AB
= wmm%%m




[err] WD 98/ 16568

PCT/ EP97/ 05558 - 39- Tabl e
1 shows that Conparative Exanple C3 spandex based on ultra-Iow

unsat urati on pol yoxypropyl ene gl ycol having a nol ecul ar wei ght of
4000 Da wit lwobsieses addition of | ow nol ecul ar wei ght TPGpcgare7/05558
dramatically 5 | nproved hysteresis and simlar percent set values to

t hose of spandex prepared using PTMEG 2000 ( Conparative Exanmple d).
In addition, C3 exhibited elongations at break of greater than 1300%
Thus, in spandex-type el astoners, the-#ehavior of ultra-|ow
unsaturation 10 pol yoxypropyl ene gl ycol s is dramatically different from

t he behavi or of IoﬁPQﬂGﬁ%uﬂ-ﬁthoﬁlﬂm Propeyitiss Obta:.n ycol s as
di scl osed by Smit hEEe® f-Butanediol Blepds: 5y no difference

bet ween spandex pr aeg fro F G and.sp Edex prepared from | ow
unsat uration pol y-S am é ’Eom arati gxam 18P8

Spandex of Example 5, based on a 4000 Da

5 molecular weight ultra-low unsaturation polyoxypropylene

glycol to which enough BDO has been added to lower the

molecular weight to 3000, shows improved elastic proper-

ties (retractive power and set) over spandex from

Comparative Example C5, which is based solely on a 3000

10 Da molecular weight ultra-low unsaturation polyoxy-

propylene glycol containing 10% random internal
oxyethylene.




15 oxypropyl ene glycols (unsaturation ~ 0.015 neq/qQ). However,

the retractive properties of C3 could benefit fromi nprovenent.
Switching to a 2000 Da nol ecul ar wei ght ultra-low unsaturation
pol yoxypr opyl ene gl ycol wi thout TPG at the same NCO OH ratio

(Conpar at i ve WQ98/16868anpl e C2) resulted in slightly inproved pegEpogisiage
properties, however at the expense of percent set val ue.

Spandex of Exanple 1, nade using a 4000-D3& - nol ecul ar wei ght ultra-1ow
unsaturation pol yoxypropyl ene gl ycoI bl ended with TPG to obtain a
pol yol number 25  aver ageueight o ave dramatically inproved

anpl C2 and C3 and vyi el ded
pay at§ ve Exanpl e Cl1 which was
based on PTMEG the ! d I rf addition, the spandex of
Exanpl e 30 1 al so exhi .’ ; hrfee tines | ess hyster-

esis than Conparative Exdnpl : n PT G A hi gher hysteresis

ngy &t on gnd thus disconfort in
Ne%, n eﬁongatl on at break of

percent set val ues conparjg

wear . Exanple 1 sH i
1040% WO 98/ 165
PCT/ EP97/ 05558 Eo- whi | e val ues
of 450-600% are usual ly 1 Ig’g‘ Based spandex.
The hysteresis may be vi g es-T. Zence to Figure 1, which
illustrates the stress-s 3
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5 curves after the fifth stretching cycle of the el asto- mers of

Exanpl e 1 and Conparative Exanples Cl and C3. the solid line
represents a portion of the hysteresis | oop of the spandex el astoner
of Conparative Exanple C1, the industry standard PTMEG deri ved
spandex. ThewdssBnesés10 curve illustrates the hysteresis opchgpiisasl.
whi |l e the dashed and dotted curve (|l owest of the curves) repre-
sents the hysteresis of Conparative Exanple C3, contain- ing no | ow
nol ecul ar wei ght diol. Although the hystere- sis of Conparative
Exanple C3 is low, the elastonmer has 15 |owdetractive power.

Spandex W h | nproved Propertles Ef fect of Unsaturatlon Cbntent

Exanpl e 1 and Conpafeanrdex Nith) Improved P Obtained Brom fi| m was
prepared and test ed2=3 T I OAYI) o8 ~ Fe$-2~QRER ent i onal

pol yoxy- 20 propylene gl ) _nolec r weight, having a

typi cal (high) unsattfet - OO0 e gt conpar ve Exanpl e C4)
bl ended with TPG to obtaln a ponoI nunber average nol ecul ar wei ght

of |2000 Da. ] The ULth ra- {ﬁw Sp anldtesm:%ru& é&fhﬁ.a.fvé f‘s%calﬁtlﬁﬂ'é?@(z,o“wﬁ%@{fpﬁ’ 1
is | ow enoug a e ulting X ha en rtie

wher eas, the hi gh |RRRgd oBo tﬁ?aﬁléﬁﬁﬁﬂ i% @@r é& ﬁ%

resul ted in spandexunsatunatiion cpo]pmmmpgé.ene glyaelparshiows aa , percent
unaccept ably | ow UrbQaduROURT 1gdSuliiddeptanleds aph Wift:blR) R of

ercent set 98
gCT/EP97/05558 Example 6, Laseg on a 4000 Da molecular weight ultra-low

unsaturation polyoxypropylene glycol containing 10%

10 random internal oxyethylene to which enough polyoxypro-
pylene glycol-425 has been added to lower the molecular
weight to 2000 Da, shows a set of only 20%. In addi-
tion, the spandex of Example 6 also shows improved
retractive power at 100% elongation.



-41- [err] WO 98/ 16568

PCT/ EP97/ 05558 -42- Conpari son
at Equal NCO CH Ratios: Spandex Wth | nproved Properi es (btai ned
From 4000 MW U tra-Low Unsaturation _ Pol yoxypr opyl ene G ycol / TPG

Bl ends: WO 98365868p| es 1-3 and Conparative Exanple C3

Exanples 1, 2 and 3 prepared according to the I nvention are based on
a 4000 Da nol ecul ar wei ght ultra- - 4w unsaturation pol yoxypropyl ene
gl ycol to which enough TPG has been added to | ower the polyol

nmol ecul ar wei ght d 1500 Da, respectively.
These 10 sanpl es show )roveq retractive properties
over those of a spandex l§ased s gn ALQ£O nol ecu-

2.15
(312)
2.17
(314)

200%
MPa

UP@ | UP@
100%

% NCO | MPa

1.05
(153)
0.85
(124)

2,14
2.32

1.69
1.7

NCO/-
OH

TAB
Unsaturation
Content of
Polyol Blend
(meg/gm)

yethylene moieties

Effective
Polyol MW
ARCOL® PPG-425, a 425 molccular weight polyoxypropylene glycol

Low MW
Species

Polyol(s)

! Polyol contains 10% random internal ox

2



| ar weight wultra-low unsaturation polyol, such as Conmparative

Exanple 3, while al so possessing a | ow percent set. WO

98/ 16568 : PCT/ EP97/ 05558

- 43- [err] WD 98/ 16568

PCT/ EP97/ 0550 98/16568 , - 44- PCT/EPY7/0858Par i son
at Equal % NCO Spandex Wth | nproved Properties Cbtained From

Pol yol / TPG Bl ends: Exanpl es 2 and 4 Spandex

Exanpl e 2, based on a 4000 Da nol ecu- 50

Lower Prepolymer and Polymer Solution Viscosities Using

Ultra-low Unsaturation Polyol/Low Molecular Weight Diol

Blends

In addition to advantages in the polymer
5 properties highlighted above, there are also surprising
processing advantages with both the isocyanate prepoly-
mer and the polymer solutions of the subject invention.
Table 7 highlights the advantage in prepolymer viscosi-
ties of two examples prepared according to the invention
10 versus a comparative prepared with PTMEG at equivalent
NCO/OH ratio. Surprisingly, the prepolymers prepared
according to the invention are about eight times lower
in viscosity than those based on PTMEG-2000. Lower
viscosity greatly enhances the ease of prepolymer .
15 production and in processing the prepolymer into the .
polymer solution prior to fiber manufacture.



5 lar weight wultra-low unsaturation polyoxypropylene gl ycol

to whi ch enough TPG has been added to | ower the nol ecul ar weight to
1750 Da, and Spandex Exanple 4, based on a 80/20 w % bl end of 4000
Da and 8000 Da nol ecul ar wei ght ultra-1ow unsaturation
pol yoxypr opy|lweesnese gl ycols to which enough TPG has been pedigdésssg oner
t he nol ecul ar wei ght to 1800, both exhibit excellent unl oad, or
retractive power, and | ow percent set. - 51 -WD 98/ 16568
PCT/ EP97/ 05558 el S r] WD 98/ 16568
PCT/ EP97/ 05558 - 46- Spandex Wth
| mproved Properties Cbtalned m Pol y / 1, 4-But anedi ol Bl ends
Exanpl e 5, Conparative E =] §
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Spandex of Exanple 5, based on a 4000 Da 5 nol ecul ar wei ght ul tra-1ow

unsat ur at'i on pol yoxypropyl ene gl ycol to which enough BDO has been
added to | ower the nol ecul ar wei ght to 3000, shows inproved el astic
pr oper - ties (retractive power and set) over spandex from
Conpar ati ve knowansssCS, which is based solely on a 3000 10 pcipRpéinsssgul ar
wei ght ultra-1low unsaturation pol yoxy- propyl ene glycol containing
10% random i nternal oxyet hyl ene. WO 98/ 16568

PCT/ EP97/ 05558 -47 - [err] WO

98/ 16568 -SRCT/ EP97/ 05558

Another advantage is the wviscosity of the
polymer solutions. Table 8 compares the viscosity of
polymer solutions (20% solids in DMAC) prepared accord-
ing to the invention versus a comparative example based

] "on PTMEG. The polymer solutions prepared according to
the invention have dramatically lower wviscosities than
those based on PTMEG-2000. Polymer solution viscosity
is normally a direct function of the weight average
molecular weight, however, the weight average molecular

10 weights of polymer solution Examples 3 and 4 are even
higher than Comparative C-1 based on PTMEG-2000. This
unexpected development will allow one to produce polymer
solutions at a higher solids content which translates to
higher throughput during the fiber spinning step. The

15 removal of solvent (DMAC) is the rate limiting step.din
terms of the speed of fiber production. Higher polymer
solids content means a lower solvent content which in
turn means less solvent to remove during fiber spinning
and a faster rate of production. Polymer solution

20 viscosity, as measured at 20 weight percent solids in
DMAC at 25°C, is preferably less than about 20,000 cps,
more preferably less than about 15,000 cps.



- 48- Spandex Wth Inproved Properties Obtained From Pol yol /

Pol yoxypr opyl ene d ycol - 425 Bl ends Exanpl e 6 and Conparative Exanpl e
C2 Spandex of Conparative Exanple C2, which is 5 based
solely on a 2000 Da nol ecul ar weight ultra-Iow unsat uration
pol yoxypropylvgne | ycol, shows a percent set which is unacceptabl e.
By contrast, ‘b%ﬁ’gﬁé of Exanpl e 6, based on a 4000 DaPCTYEPS7/05558
wei ght ultra-1ow unsaturation pol yoxypropyl ene gl ycol containing 10%
10 .randominternal oxyethylene to which.ggough pol yoxypro- pyl ene
gl ycol -425 has been added to | ower the nol ecul ar wei ght to 2000 Da,
shows a set of only 20% In addi- tion, th@@pandex of Exanple 6 also
shows i nproved I eftepell e Do fa % el®H@at i on. WO
98/ 16568 ] PYT/ ERPE 05558
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0
0.005
0.005

Polyol Blend
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Unsaturation

Effective
Polyol MW

The polymer weight average molecular weights were determined b
a Waters Model 510 HPLC Pump and a Waters 410 Differential Refractomer. The s

standards on a Styrogel® column using N,N-dimethylformamide at 50°C.




WD 98/ 16568 PCT/ EP97/ 05558

- 50- Lower Prepol ymer and Pol ynmer Sol ution Viscosities Using

U tra-Low Unsaturation Polyol/Low Ml ecul ar Wi ght Diol Bl ends

In addition to advantages in the polyner 5 properties highlighted above,
there are al woenesssi si ng processi ng advant ages w t h pet/ipd7assss

| socyanat e prepoly- mer and the pol yner solutions of the subject

i nventi on. Tabl e 7 highlights the advantage in prepol yner viscosi-
ties of two exanples prepared according to the invention 10 versus a
conparative prepared with PTMEG at equi val em4- NCO OH rati o.

Surprisingly, the prepolyners prepared according to the invention are
about eight tinmes |ower The n spandex t POLFRATt healubiers sefMIEGERT00.

Lower Vi scosek¥radeny! ¥scahsneee Lhetoeaseilh BreBS! ¥T¥Fibé® from a

product (01, and | BLEGERSLIS 10 PLARY YHBLEI Gl Mromms PP NI HRT1LL O
fibers, tubes, strips, etc.) generally have a limiting
5 maximum viscosity beyond which the extrusion or spinning
process is ineffective. This maximum effective process-
ing viscosity may vary somewhat with the particular
equipment utilized, ' however, its wvalue is readily
determined by one skilled in the art by the simple
10 expedient of increasing spandex polymer solution solids
content, and hence soclution viscosity, to the point
where the extrusion or spinning operation cannot be
performed or maintained. Such tests are routinely done
by those skilled in the art of wet solution spinning and

15 dry solution spinning, for example.

An unexpected benefit provided by the spandex
polymers of the first aspect of the invention is their
very low solution viscosities as compared to otherwise
similar polymers prepared from 2000 Da PTMEG alone or

20 2000 Da PTMEG mixed with a low molecular weight diol
substituted for the ultra-low unsaturated high molecular
weight polyoxypropylene glycol/low molecular weight diol
blend of the subject invention. The subject invention
polymer solution viscosities, as measured at 20% solids

25 in DMAC at 25°C, should be less than that of the PTMEG-
derived elastomer by a factor of at least 2, preferably
a factor of 3, and more preferably a factor of 4 or

more.

As a result of the lower solution viscosity at

30 given solids concentration, the solids content of the
subject invention spandex polymer solutions can be
increased substantially, raising the throughput of the

£film or fiber (inclusive of other forms as well) extru-



WD 98/ 16568 PCT/ EP97/ 05558

-52- Anot her advantage is the viscosity of the

pol yner solutions. Table 8 conpares the viscosity of pol yrer
solutions (20% solids in DVAC) prepared accord- ing to the invention
versus a conmaoestisses exanpl e based 5 on PTMEG  The pol ypet/Epewossssons
prepared according to the invention have dramatically | ower

vi scosities than t hose based on PTMEG 2000. Pol yner sol ution

Vi scosity is normally a direct function_of the weight average

nol ecul ar wei ght, however, the weight averag@s'rml ecular 10 weights of

pol ymer sol ution Exanples 3 and 4 _are_ even . higher than Conparatij ve
C-1 based on PTMEGS2@80PTPRESs. At EH@XﬁE@FeH%VeYQB%MWﬁIF |mteGHE e

t o produce pol yner weightssmbayt bensashtaihedhat aohigls valuenthigherh than

translates to l,gh ut. s ' | N} he
15 renoval of solt\lllgﬁg gwﬁ%%télg‘gﬁégﬁ%%?geﬁ%ﬁ H']gmsi(fdebrrlr)-é of
the speed of fiber molegudaronweighyhATHEG ydr the sapei gisecyanake miens a
| oner sol vent sont gplrdhythgtBup ratid Ul "THE AMELéASEaS Uit st haeHaY s

ol Lt Ton 20— vi sobappy as,40fcnd b e (L Rl FEREh “Hnp o8 AT

DVAC at -25[err]C, is preferably | ess than about 20,000 cps, nor e

preferably less than abgyh 1%10%%in8S Examples 7 to 10 and Comparative
Examples C6 to Cl0 illustrate the second aspect of the
invention.

10 Examples 7 and 8 and Comparative Example C-6

Spandex With Improved Properties Obtained From PTMEG-
2000/4000 Mw

Ultra-Low Unsaturation Polyol Blends (Comparison at
Equal NCO/OH Ratio) ﬁ

15 The table and figure below compare spandex
based on 2000 Da molecular weight polytetramethylene
-ether glycol (PTMEG-2000) blended with a 4000 Da molecu-
lar weight ultra-low unsaturation polyoxypropylene
polyol prepared according to the invention to a spandex

20 based on a 2000 Da molecular weight polytetramethylene
ether glycol (PTMEG-2000) which is considered the
*standard of the industry.”
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-54- ' The spandex pol ynmer sol utions useful for

extruding as a sheet into a filmor as a fiber froma spi nerette or
other equivalent fornms (i.e. hollow fi bers, tubes, strips, etc.)
generally have a limting 5 maxi mum vi scosity beyond which the extrusion
or spinning woesnesssocess is ineffective. This maxi mum ef f epéiEpy7RESEESS-

I ng viscosity may vary sonmewhat with the particul ar equi pnent
utilized, however, its value is readily determ ned by one skilled in
the art by the sinple 10 expedi ent of increasing spandex pol yner sol ution
sol i ds content, and hence solution viﬁgbsity, to the point

where the extrusion or spinning operatlon canno erformed or

b
mai nt ai ned. Such tests are ot FREXYEE MR Table gbirﬁ‘lﬁ%g’éaﬁlqheeﬂuf'ﬁr%ﬁé art
of wet solution spingi agdantdekpected yimproveémenispofifiered bprtheappesent

An unexpect ed benel oty Ae iy L8 ERBICSY ony 19ORUBELS: Oby PELLRES!

aspect of the invention n vi SCOS tres”as

conpared to ot her w2 equlvalgﬁnfﬁ mrcmt;)rrefs 94 &3 modecnded WRiPTNVEG
al one or 20 52000,0erd70G> Ghiaturbtion |My@3dy%‘i@:b§ﬂ.eﬂ€' Hioxi Qb the

substituted for the ultra-|ow unsa d ul ar t

pol yoxypr opyl ene gt ?ﬁ?ﬂ%vﬁ%ﬁ"gﬁﬁ ?%ﬁ W regpitef f‘nt% b ect
i nvention. The subqlemteasa/e.m hnateresiﬁ)(arx}ireppsokm’oaly@é@sl redyction
measured at 20% sojg s %Qit§5[ei§ ]p%miw s@lh%:.bﬁs‘hwa@;wat

of the PTMEG der| ved ast oper a factor eas r ef erably
a factor of 3, andiﬁm?gtﬁ?efiéf"ﬁﬁ?}yarﬁiﬂ’ﬁg &o pxspol YmernnYJe‘WOSp ty in

As a result @0 thespam-lax selagtomens scthet Jower3riscpisiey seflects the

concentration, %@Hﬁ)ﬂﬁzﬂ:‘i}“ﬁﬂt :&icf%fse thesugbﬁ.:&s Reitlen@" ﬁ?anﬁ?é(

pol ymer solutlons I ncreased substanti ral si ng
t hr oughput of the SPinnimng ﬁP&PtFPBerS?J-‘ﬁ%‘P’&sFW‘fﬁ RBY tFSrﬁEu%sf%k‘ﬂﬁ

extru- is a limiting step in fiber production. The ability to
prepare higher solids content spinning solutions may be
15 used to increase fiber throughput. Note that despite
the improvements in hysteresis and prepolymer viscosity,
'the unload power was virtually unchanged, showing only
a very slight reduction at 200% elongation. The pexrcent
set was improved slightly.

l_l&

20 Table 9 also shows that addition of 40 weight
percent of the same ultra-low unsaturation diol results
in a 56% improvement in hysteresis, a yet further
decrease in prepolymer viscosity, with little change in
unload power, the retractive power at 100% elongation

25 being socmewhat less while that at 200% elongation is

slightly more.

Example 8 and Comparative Example C-7

Spandex Based on PTMEG-2000/PPG-4000 Blends:
Effect o nol Content (Comparison at Equal NCO/OH



WD 98/ 16568 PCT/ EP97/ 05558
- 55- sion process. At the sane tinme, the polynmer nol ecul ar
wei ghts may be nmintained at a high val ue, higher than t hose of
otherwi se simlar polyners derived from 2000 Da nol ecul ar wei ght
PTVEG at t he Ve29p6568ocyanate to 5 hydr oxyl group ratio. P&uﬁﬁ%&ul ar
wei ghts may be as hi gh as 400,000 Da, and can easily reach 300, 000
The fol |l owi ng Exanpl es.7sg @ 10 and Conparative

Exarrpl es C6 to Cl0 illustrate the second aspect of the i nvention.
10 Exanpl es 7 and 8 and Conparative Exanple C 6 Spandex Wth
| nproved Properties otai ned From PTVEG 2000/ 4000 MW Utra-Low
Unsaturation Polyol Blends parison at Equal NCO CH Rati o) 15

dqr e g based on 2000 Da nol ecul ar
wei ght pol ytetranet hyl e dt her glxol (PTMEG 2000) blended with a
4000 Da nol ecu- | a
pol yol prepared accordi
2000 Da nol ecul ar wei ght
which is considered the

dine et her glycol (PTMEG 2000)
il the industry.”

NCO/OH | % NCO

Unsaturation
(meg/g)

_ TABLE 10 .

Wit%
PPG-4000

Example




WO 98/ 16568 - PCT/ EP97/ 05558

- 56- [err] WD 98/ 16568
PCT/ EP97/ 05558 -57- The
results of Table 9 illustrate the surpris- I ng and unexpected
| mprovenent ovdexssssby t he present i nvention. The addipcirmpofdsssgn! y 10
percent by wei ght (-5 equivalent percent) of a 4000 Da nol ecul ar
wei ght , ’

-59-

In Table 10, the effect of unsaturation of the
polyoxypropylene glycol (PPG) is shown. In Example 2,
the admixture of ultra-low unsaturation polyoxypropylene
diol with PTMEG produced a spandex elastomer having

5 unload power similar to that of the industry standard
PTMEG as shown in Table 9 However, Comparative Example
6 spandex, prepared from an admixture of PTMEG and a
conventionally catalyzed polyoxypropylene diol having an
unsaturation of 0.078 meq/g produced a spandex with
10 markedly inferior unload power and tensile strength.

Example 9 and Comparative Examples C-6 and C-8

Spandex Based On PTMEG-2000/{PPG-2000 Blends:
Effect of Blend Ratio




5 ultra-1ow unsaturation pol yoxypropyl ene diol to the i ndustry

standard 2000 mw. PTMEG resulted in a 22% decrease in hysteresis and
approxi mately a 50% reduction in prepolymer viscosity. As polyner
solution viscosity is often directly related to prepol yner viscosity
in 10 spand¥Q1656% oners, the |ower viscosity reflects thecwgromssss
opportunity to increase the solids content of the spi nni ng sol ution.
Sol vent renoval fromthe spun fibers -60is a limting step in fiber
production. The abilit == p=spes=e—=hi=gher solids content spinning
sol utions may be 15 s d to |ncrease fiberf throughput. Note that despite
the inprovements in hyg t Deepdlyyngl vi scosity, t he unl oad
power was virtually unh g DIEd v a very slight reduction
at 200% el ongati on. s¢t wds i nproved slightly. 20
Tabl e 9 al so shows tha add|t| n of{ 40 yei g percent of the sane
ultra-1ow unsaturationfdiol rej} fUT s Infa 56% i nprovenent in
hysteresis, a yet furtHer g ldecrleaselin ¥ epol yner viscosity, with
little change in nI 0 §)vvpr ghe] et flact i ve power at 100% el ongati on
25  being sonmewhat | eds Whigl'® that at 76°0%e| ongation is slightly
nor e. Exanpl e 8ffand Cohpar atji ve Exa fle C7 Spandex Based on
PTVEG- 2000/ PPG- 4000 Bl Hres: { Fif-eetf-of—Nbnol Cont ent (Compari son at
Equal NCO OH Rati 0) ) §8/ 1§5638
PCT/ EP97/ 05558 } < g5 B
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[err] WD 98/ 16568

PCT/ EP97/ 05558 - 59- In
Tabl e 10, the effect of unsaturation of the pol yoxypr opyl ene gl ycol
(PPG is shown. In Exanple 2, the adm xture of ultra-Iow unsaturation
pol yoxypr opy mwa0nes/16568 diol with PTMEG produced a spandex elpggiepomosssgavi ng
5 unl oad power simlar to that of the industry standard PTMEG as
shown in Table 9 However, Conparative Exanple 6 spandex, prepared
froman adm xture of PTMEG and a conventionally catal yzed

pol yoxypr opyl ene di ol having an unsat tﬁr‘atlon of 0.078 neq/g produced

a spandex with 10 mar kedl y_i nfer.i or unl oad g and tenS| le stren th.
Exanpl e 9 and Conparative ¥ anthe- fects PR3d pRakHe

PTMEG 2000/ PPG 200frdsenttesi. The add:.t::.on of 40 we:.ght percent ultra—low
~unsaturation 2000 Da molecular weight polyoxypropylene
glycol to PTMEG prior to prepolymer formation produces

5 a spandex with noticeably lower hysteresis and consider-
ably lower prepolymer viscosity while substantially
retaining unload power and percent set. Substitution of
the same ultra-low unsaturation polyol for all the PTMEG
produces a spandex with yet lower hysteresis and pre-

10 polymer viscosity. However, the unload power is consid-
erably reduced, and the percent set unacceptable. This
spandex would not be a useful commercial product.

Example 10 and Comparatz:ve Examples C-6, C-9, and C-10
Spandex Based PTMEG-2900/PPG Blends:

‘15 Effect of PPG Molecular Weight (Comparison at Equal % NCOs)



Ef feet of Blend Ratio WD 98/ 16568

PCT/ EP97/ 05558 - 60 -
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Table 11, thwoedsfiessgs of blend ratio are presented. ThepRpsjosdsgn Of
40 wei ght percent ultra-Iow unsat urati on 2000 Da nol ecul ar wei ght
pol yoxypr opyl ene gl ycol to PTMEG r|or-5?-o pr epol yner formation
produces 5 a spand@X_W T fiotT dean brly T ofer. Aysteresis and consi der-
o e Rl gl g VgL, o o
power and percent se i __or ] s -
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10 pol ymer viscosity. However, the unload power is consid- erably

reduced, and the percent set unacceptable. This spandex woul d not be
a useful commercial product. Exanpl e 10 and Conparative Exanpl es
C6, CG9, and C 10 ' Spandex Based PTMEG 2900/ PPG Bl ends: 15 Ef f ect
of PPG Mol ecwawsriébégght ( Conpari son at Equal % NCOs) PCTHIPo k5580568
PCT/ EP97/ 05558 -62-

[err] WD 98/ 16568

PCT/ EP97/ 05558 - 63-

Tabl e 12 indicates the effect of the nol ecul 3 wei ght of the

ol coul ar wei ght of 2000 Da TAB1E oo dngicarss RS ATertcah the ARt ary
hysteresi s, 5 peeight o€t thandilumpdlowmunsatanediion pulyoxypropyleneof
glycol. As can be seen, a molecular weight of 2000 Da
provides for a significant reduction in hysteresis,
5 percent set, and prepolymer viscosity, with some loss of
tensile strength, while substantially maintaining unload
power as compared to an all PTMEG-derived spandex. Use
of a 425 Da molecular weight diol resulted in substan-
tial maintenance of tensile strength and showed approxi-
10 mately the same percent set, however unload power is
considerably lower, and prepolymer viscosity and hyster-
esis changed but little.. Use of tripropylene glycol
(TPG; molecular weight 192 Da) together with PTMEG
exhibited considerable loss of unload power and virtual-
15 ly the same hysteresis and prepolymer viscosity. .
Tensile strength, however, is completely unacceptable.
These examples were done at the same % NCO so as to be .

comparable.

The following Examples 11 to 19 and Comparative
20 Examples Cll to Cl4 illustrate the third aspect of the
invention.

Example 11
Spandex Based on Polyoxypropylene Polyols:

Effect of Terminal Unsaturation Content

25 ’ Spandex polymers of Example 11 and Comparative
Examples C-11 and C-12 were prepared using 4000 MW poly-
oxypropylene diols (PPG) with terminal unsaturation
contents of 0.0047, 0.015 and 0.058 meq/gm, respective-
ly. These polyols were reacted with 4,4°'-MDI at an

30 NCO/OH of 2.35 to form an isocyanate-terminated prepoly-
nmer. The isocyanate prepolymer was extended with
ethylene diamine (EDA) in dimethylacetamide (DMAC)



tensile strength, while substantially maintaining unload power as
conpared to an all PTMEG derived spandex. Use of a 425 Da nol ecul ar
wei ght diol resulted in substan- tial mai ntenance of tensile strength
and showed approxi- 10 mately the sane percent set, however unload power
IS conwalesnigssgy | ower, and prepol ymer viscosity and hpergere7/ossss

esis changed but little. Use of tripropyl ene glycol (TPG nol ecul ar
wei ght 192 Da) together with PTMEG exhi bited consi derabl e | oss of

unl oad power and virtual- 15 ly the sane, hysteresis and prepol yner
Vi scosity. Tensil e strength, however, 65"corrpl etely unacceptabl e.
These exanpl es were at the S s t.0 be conpar abl

The fol | owi ng Exar‘rﬁ‘g,']s“ aﬁgtecf)?#%)%t?% onf- B e‘?mﬂ% A%
illustrate the thi rgﬂ.m)eplatxés tamd analyredenini gyeneral acderanwicthllthe
Cpandex Based O DR | AU fn asmu O 5351 P4, TOU" BBlaited

Unsaturation Conte yners o and
Conpar ati ve mesaHigtion) 10fn&he 1%!’%&4%“ pP€SEF‘§E"—H@‘F n@@OO@nWﬂfﬁ y-
oxypropyl ene d§ol s ;(ﬂ?ﬂ@)dum'et Aist gigefiainubhet sectio above. contents of
0.0047, 0.015 and 0.058 nmeqg/ gm respective- ly. These polyols were
reacted with 4,4'-MDl at an 30 NCO OH of 2.35 to form an

i socyanate-term nated prepol y- mer. . The isocyanate prepolynmer was
extended with et hyl ene di am ne (EDA) in dinethyl acetam de (DVAC)

WO 98/ 16568 PCT/ EP97/ 05558



pr ocedur es
description of the spandex

Filns were cast on

accord with the

A detail ed
procedure is given in the section above.

solution at a 20% solids content.

gl ass plates and anal yzed in general

described in ASTM D 2731-72.
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- 66- The results set forth in Table 13 are plotted

in Figures 2, 3 and 4, and denonstrate conclusively the very

di fferent behavior of ultra-low unsaturation cont ent pol yoxypr opyl ene
di ol -deri vedwapssnésss as com 5 pared to spandex prepar edpbrarv7ossss
conventional diols and | ow wunsaturation diols. In the Figures,
tensile strength (TENSILE) and unl oad power (UP) are both

reported in MPa and psi. Figure 2 illustrates the relationship

bet ween el ongati on and nonol content. The 10766-0. 058 meq/ g conventi onal
di ol contains about 23 nol

ent n whjl e W unsat urat i on
di ol (0.015 meq/ g unsat%trﬁéﬁﬁtﬁﬁeﬁn??r T@&Eqﬁmjr | argnplek
strates consi der ablin griepives @,08ganhdod, dhd démnnsﬁnEMe conclusiaémyath@n

diol results in onl,%/e% S'dﬂ?exfe%:t h h%@:.of n'%rfovisﬁq\._g.g,_lg‘lﬂn ghgg??%%qglﬂ?

1350% at the Iim € seen

2, the rel auczmgurﬁng; &QMW rflmid-%@mraﬁnweapﬁargom-.
to be inverse snd %qaﬂ.%’ﬂ .to s andex preparedi fi6R SofvénEidialp! Ml fand

tensile strength, unlo erce agal.nst._pono nt.
Wiile high tensile ggmﬁfloagfg% aret dgéﬁ §1guresab|léeﬁ$ﬁ

commerci al st andpmﬂﬁrefwtllbw(ﬁgﬂﬁm) seand sunload apewexr i ((URJal arEFhéNPﬂa‘W

unsaturation diol rldy V&' MPa and NBEESt |F§é&¥@”’§”tz§lld%t@3)te@f these
hysi cal t h t |
DR Tanel aft noct o eTatichani BB FoRh oL AR A BBpof, Shitent o

shown b0 t he Qi(ﬂ&Sednéqf@s coomeptionakuidiodprenndadms sabowt 23 mol
expected fromultr %éx@@n‘é”?ﬁddﬂat %ﬁ.'eO'@le low t:lns-:aturai::.ori"co}l’.’i‘ft‘ﬁ’.'l.er 0.36315

i ndi cated by Figure 4, the sub% I nvent i ndex e astorre
prepared from ul t r 283§ unsaty §1é%‘a?bt1?‘%?1 SRt ] ae’é}°ﬂ? h1 4, ted,
totally strates considerably greater elongation. The ultra-low
unsaturation diol results in only a slight further
15 improvement, in elongation, 1350%, at the limit of .

crosshead travel. As can be seen from Figure 2, the
relationship between elongation and unsaturation appears
to be inverse and linear.

Figure 3 contains plots of tensile strength,
20 unload power, and percent set against monol content.
While high tensile strength and unload power are desir-
able, from a commercial standpoint, a low percent set is
also critical. The low unsaturation diol gave only very
modest improvements in any of these physical properties
25 as compared to the conventional diol. Extrapolating in
linear fashion to lower levels of unsaturation, as shown
by the dotted lines, only minimal improvement should be . .
expected from ultra-low unsaturated diols.

However, as indicated by Figure 4, the subject

30 invention spandex elastomers prepared from ultra-low
unsaturation diols provided highly unexpected, totally
non-linear behavior as compared to even low unsaturation
diols, For example, while unload power increased by



non-|inear behavior as conpared to even | ow unsaturation di ol s. For

exanpl e, while unl oad power increased by WO 98/ 16568

PCT/ EP97/ 05558 -67- 50% tensile
strength nore than doubl ed, increasing from 13. 6MPa (1970 psi) to
34.1 MPa (49%®epaese8 Especially noteworthy is the redperrpstossss
percent set from 40 (very unacceptable) to 24, a commercially
acceptabl e value. 5 These effects could not be predicted based on the
behavi or of | ow unsaturation diols. Eé,zrrpl es 12 to 14 Spandex
Based on Pol yoxypropyl ene Pol yol s: Ef fect of PPG Mol ecul ar V‘él ght 10

Tabl e 14 shows the t of,the ultr oW n ration

nol ecul ar wei ght or?%f% %g %%)g%rengt mﬁﬁr?l?%%.d%%am IncEe ¥

been found that a 13 GMPpoI(yBVOnpsE):utarM\el gmaomgﬁmepsat).thamp’&ﬁ&m
(CGonpar - atl | :3.?:11*5:.5 3 E:%ﬁuhﬂléﬁhiﬁé@ex%é?ﬁr ggit fﬁ&ﬁ; & (%ﬂw

or |ess. This is partlcu Surprising consi deri_n

t he spandex i ndust PPaGG?PEﬂP?-?) us@s 2ATMVEG comme:qqq.a&.lymaé&gpé:,a | g‘ﬂ'Ft Ueange
of 1500 to 2030 Darhese effects could not be predicted based on the

behavior of low unsaturation diols.

Examples 12 to 14

Spandex Based on Polyoxypropylene Polyols:
Effect of PPG Moleculay Weight

10 Table 14 shows the effect of the ultra-low
unsaturation polyol molecular weight on the spandex
properties. Surprisingly, it has been found that a
polyoi molecular weight of greater than 2000 Da (Compar-
ative C-13) is required to achieve a percent set of 30.

15 or less. This is | particularly surprising considering
the fact that the spandex industry currently uses PTMEG
in a molecular weight range of 1500 to 2000 Da.
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Spandex Based On Pol yoxypropyl ene Pol yol s:

( PTVEG)
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- 68-

Exanpl e 15

Conparison to Pol ytetranet hyl ene Ether d ycol

Tabl e 15 andWo 168685 conpare spandex based on

pol yoxypr opyl ene pol yol s accord-

WD 98/ 16568
98/ 16568
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ing to the invention to a spandex based on a 2000 Da nol ecul ar wei ght
pol yt etranet hyl ene ether glycol (PTMEG 2000) which is considered the
"standard of the indus- try." 10 Spandex made accordi ng
to the invention using a 4000 Da nol ecul ar wei ght ultra-1ow

unsat ur at i onwo98/165680! yoxypr opyl ene di ol has dramatical |y hipgipgpogsssggat i on
than the conparative spandex based on PTMEG 2000 (C 14). Exanpl e 15
has an el ongation at break of 1350% while 15 val ues of 450-600% are
usual ly reported for PTMEG based spandex. A higher elongation at
break dramatically I ncreases the energxﬁ Tequired to break the fiber.
Breakage of the spandex during either the fiber and textile

manuf act uri ng pr oc dERATRARS maj or problenms in 20 ternms of fiber
productivity and textil rodutlon S0 a_fiher, wi.th a higher energy
to break woul d be o-'“' t YO ERPEARYTE T& Jﬁ i
manuf act urers and ‘ ' . . Fex
based on ultra-low unsaturation 25 pol yoxypropyl ene gl ycol also gave

dramatical ly | ower hyst @ap3ias1§Veid tr‘l@hz%aseéoxﬁghfwléﬁna%%ased on

Hysteresis is ure of e_ener 0ss_duri stretch
retracti on of &n el'éstﬁac BPEa “r%é‘hn%h‘?ﬁl’arw F‘e polyo se?ﬁ‘%ﬂﬁ%d on
t he testing machi neimagncta heheali inventiowft80a sprodekebhdsedaoel ai 200 dased

to record the retr%le%nar vel ﬁﬁ y%@rﬁ%‘éﬁ &ahéseaféxoylg%ﬂ QoL Ve
as shown in Flz%ure erenc I'n stress-s |neprol{:)de
VO 98/ 16568 wh1ch is cons:. ered the P@ﬁ’
' try."
10 Spandex made according to the invention using

a 4000 Da molecular weight ultra-low umnsaturation
polyoxypropylene diol has dramatically higher elongation
than the comparative spandex based on PTMEG-2000 (C-14).
Example 15 has an eloné'aition at break of 13503%, while

15 values of 450-600% are usually reported for PT_MEG-baséd
spandex. A higher elongation at break dramatically
increases the energy ‘required to break the fiber.
Breakage of the spandex during either the fiber and
textile manufacturing process causes major problems in

20 terms of fiber productivity and textile production. So
a fiber with a higher energy to break would be consid-
ered advantageous by the spandex manufacturers and the
textile industry.

Spandex based on ultra-low unsaturation

25 polyoxypropylene glycol also gave dramatically lower
hysteresis over that based on PTMEG-2000. Hysteresis is

a measure of the energy loss during stretching and
retraction of an elastic material. When a film or fiber

is extended on the testing machine and the direction of

30 crosshead travel is reversed to record the retraction,
the unload curve falls below the load curve as shown in
Figure 5 at 1. The difference in stress-strain proper-



- 70- ti es between the stretching and retraction portions of a

given test cycle forns a hysteresis |oop. The area 2 bounded by the
| oad 3 and unl oad curves 1 can be used to guantify the degree of
hysteresis in a film fiber, yarn 5 or fabric. A larger hysteresis

| oop or enervweo 9IB/Eses I npl i es heat generation and thus posEIOWDssss | n
wear . Exanpl e 15 prepared according to the invention
exhi bited approximtely three tines | ess hysteresis than Conparative
C-14. The % set val ues of Exanple 15 are 10 conparable to C14. The
hysteresis is plotted in Figure 5 at #0- Spandex

based on ultra-low unsaturation al yaxypr opyl ene gl ycol has,the
advant ages of the 1:|+5§]abetwe%} o%ﬁ'iﬁ%tﬁ'd"{qg\ﬁé‘rdy Wgﬂ&ipg BPTE&BBE 96 t h
the 15 advant agea givemectestseyeflepformssabhysteresid iloopdenThe area 2
fibers of PTMEG baﬁ&?féér WPEhe load 3 M3 W1b3a0Burves 1 can be used to

PCT/ EP97/ 05558 .
gquantify the degree of hysteresis in a f£ilm, fiber, yarn
5 or fabric. A larger hysteresis loop or energy loss.

implies heat generation and thus discomfort in wear.

Example 15 prepared according to the invention
exhibited approximately three times less hysteresis than .
Comparative C-14. The & set values of Example 15 are .
10 comparable to C-14. The hysteresis is plotted in Figure .
5 at 4.

Spandex based on ultra-low unsaturation
polyoxypropylene glycol has the advantages of the high .
elongation and lower hysteresis of rubber with the .

15 advantages of the ease of processability to fine denier .
fibers of PTMEG-based spandex.



WD 98/ 16568 PCT/ EP97/ 05558

-72- Exanpl e 16 and 17 Spandex Based on Pol yoxypropyl ene

Pol yol Using |Isocyanate M xtures Tabl e 16 bel ow shows two
spandex formul ations prepared according to the invention utilizing a
mxture 5 wo&dnesdsi socyanates instead of only 4,4'-diiso®gRERITNSSSS

di phenyl net hane (4,4'-NMDl). Exanpl e 16 contains 20 equi val ent
percent of isophorone diisocyanate (I|BDy) -and Exanpl e 17 contains 20
equi val ent percent of 2,4'-diiso- cyanat o- di phenyl net hane

(2,4 -MDI). Exanmpl e 16 was 10 prepared at a 30% solids content instead
of a 20% sol i ds 3 Mmjlpr operti es are excellent as
i ndi cat ed by the |l ow nd hi gh el ongation at break
val ues. WO 48/ 16%68
PCT/ EP97/ 05558

- 73 -

24

UP@
200%
MPa
(ps)

2.32
(36)
2.16

MPa
(psh)

1.62
(235)
1.00

UP@
100%

. % NCO
2.28

LE 15
NCO/OH
235 -

Unsaturation
Content of
0.005

Polyol (meq/gm)

4000

2000
4000

15

Area = Area between the load and unload curves (psi*%) - indicates the amount of hysteresis.
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PCT/ EP97/ 05558 -74- Exanpl e 18
Spandex Based on Pol yoxypropyl ene Pol yol Using Am ne Extender M xtures
Tabl e 17 prewerssaesedysi cal properties of a spandex f opOkeTi08sss
prepared according to the invention 5 utilizing a mxture of diam nes

i nstead of only ethyl ene di am ne (EDA). Exanple 18 contains 20
percent equiva- | ents of 1, 2-propane diam ne (PDA). The film
properties are excellent as indicated ™0y the | ow percent and high

el ongation at br eaﬁ&ample 16 and 17

Spandex Based on Polyoxypropylene Polyol Using Isocyanate Mixtures

Table 16 below shows two spandex formulations

prepared according to the invention utilizing a mixture

5 of diisocyanates instead of only 4,4’'-diisocyanato-

diphenylmethane (4,4'-MDI). Example 16 contains 20

equivalent percent of isophorone diisocyanate (IPDI) and

Example 17 contains 20 equivalent percent of 2,4’-diiso-

cyanato~diphenylmethane (2,4’-MDI). Example 16 was

10 prepared at a 30% solids content instead of a 20% solids

content. The film properties are excellent as indicated

by the low percent set and high elongation at break
values. '
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PCT/ EP97/ 05558 - 76- Exanpl e 19
Lower Prepol yner and Pol yrmer Sol ution Viscosities Using Utra-Low
Unsat urati on Pol yoxypropyl ene Pol yol s In addition to
advant ages | wosaess8l yner 5 properties highlighted abovepctipsmsesge al so
surprising processi ng advantages with both the isocyanate prepoly-

mer and the polymer solutions. Table 18 bel ow hi ghlights the
advantage in prepolyner viscosities of sanpl es prepared according to
the invention versus a 10 conparative exanﬂl"e prepared with PTMEG at

equi val ent NCO' OH_ rati os. Surprisingly, Exanple 12 had a

pr epol yner vi scosi t@‘%l‘?y eight tines |ower than the Conparative
C- 14 based on PTMEG 2000. Lower viscosity greatly enhances the ease
of prepol ynmer prodSpandex Besed on Polvaxypronylene Polyok Using Aming FxtendenMixtunes

pol ymer sol ution prior to fiber manufacture. .

Anot her advantage is the viscosity of the ol yner solutions. The

tabl e i ncludes a conparison &gble 17 ;presentssphysisabopyapersiest PSna
(20% solids i n DVA@paHdiex Foemalatiofn Coptsbdifed Gddvrdingeabi ehe ViXiveit idn

comparative 5 utilizing a mixture of diamines instead of only ethylene
diamine (EDA). Example 18 contains 20 percent equiva-
lents of 1,2-propane diamine (PDA). The film properties
are excellent as indicated by the low percent and high
elongation at break.



exanpl e based on PTMEG The pol yner sol utions prepared according to
the invention have dramatically | ower vi scosities than those based on
PTMVEG 2000. Pol yer solution viscosity is nornmally a direct
function of the 25 weight average nol ecul ar weight. However, the weight
aver age nol ewolosnéseei ght s of the polynmer solution of the pcrEfavesspg e 12
prepolyner is even higher than that of the Conparative C 14

prepol yner based on PTMEG 2000. This - 75 —unexpected devel opment w ||

al I ow production of polynmer 30 solutions at a higher solids content which

translates to hi gher throughput during the fiber spinning step. The
renmoval of sol vent ( DVA Fate |imting step in ternms of the
speed of fi ber product|un pgl ymer WD 98/ 16568
-77- sol i ds conte| er sol vent content, which in turn
nmeans | ess solvent to r i ber spinning and a faster rate
of production. In addi {|i o Benk i costs may be reduced as well.
WD 98/ 16568

-78-

PCT/ EP97/ 05558

17

TABL

Did not break at limit of crosshead travel

PDA = 1,2-propanediamine
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PCT/ EP97/ 05558 -79- Cl ai ns:

1. A segnented pol yurethane/ urea el astoner of the kind obtained by
reacting in solution (a) an | socyanate prepol yner obt ai ned by -
reacting aW098/16568 oi chi onmetric excess of one or nor eecdpe7/683s8 Or

pol yi socyanates with a pol yol conponent with (b) a di am ne chain
extender conprising at | east one diam ne selected fromaliphatic

di am nes and cycl oal i phatic di ami nes characterised in that the polyol

conponent 10 conprises 100 to 5 equivaleﬁﬂypercent of a glycol
conponent and O to_95 equival ent percent of one or nore

pol yt et r anet hyl eneEx@uplerd? gl ycols and the glycol conmponent
conprises at |east one ultra-low unsaturation pol yoxypr opyl ene di ol

havi ng a nDIecuIarLownmfhmwbnufhndlhkmmsSbmmaﬁdﬁuﬁdﬂamd an aver age
unsaturation of | e¥sing Ultra- 7 fa D Palypls N adm xture with a
m nor anount of a Iom/nDIecuIar melght d|oI haV|ng a nol ecul ar

wei ght | ess than 750Da, the aver age nol ecul ar wei ght of
In addition to advantages in the polymer

5 properties highlighted above, there are also surprising
processing advantages with both the isocyanate prepoly-
mer and the polymer solutions. Table 18 below
highlights the advantage in prepolymer viscosities of
samples prepared according to the invention versus a

10 . comparative example prepared with PTMEG at equivalent
NCO/OE ratios. Surprisingly, Example 12 had a
prepolymer viscosity roughly eight times lower than the
Comparative C-14 based on PTMEG-2000. Lower viscosity
greatly enhances the ease of prepolymer production and

15 in processing the prepolymer into the polymer solution
prior to fiber manufacture.

Another advantage is the viscosity of the
polymer solutions. The table includes a comparison of
the viscosity of polymer solutions (20% solids in DMAC)

20 prepared according to the invention versus a comparative
example based on PTMEG. The polymer solutions prepared
according to the invention have dramatically lower
viscosities than those based on PTMEG-2000. Polymer
solution viscosity is normally a direct function of the

25 weight average molecular weight. However, the weight
average molecular weights of the polymer solution of the
Example 12 prepolymer is even higher than that of the
Comparative C-14 prepolymer based on PTMEG-2000. This
unexpected development will allow production of polymer

30 solutions at a higher solids content which translates to
higher throughput during the fiber spinning step. The
removal of solvent (DMAc) is the rate limiting step in
terms of the speed of fiber production. Higher polymer



said glycol conponent being from 1000 Da to 10,000 Da, 20 wth the

provi so that where the glycol conponent does not include any of said
| ow nol ecul ar wei ght diol, said gl ycol component, said glycol
conponent has a nol ecul ar wei ght in excess of 2,000 Da and an

unsat ur at i onwa 9816553 than 0.010 neqg/g and conpri ses i BCIRBI7/08358 0"
part one or 25 nore ultra |ow unsaturation polyoxypropylene diols
havi ng an unsaturation of [ess than 0.010 neq/g and a nmol ecul ar wei ght
in the range 2,500 Da to 20, 000 Da. 2. A process for the
preparation of an aliphatic di ani ne and’ & cycloaliphatic

di am ne-extend- 30 135 nented gﬁ rethane ur ea andex h stoner
conpri sing cont act 89 e°8P ﬁBFemﬂFﬁ VST nSRRYEMN coi tenqﬂwy'lc
substantial |l y conptusnnmpeans bessrmml\ténmlw remove ddringnfibeandpimning

cycl oal i phati c di agne i s n VO .
bCT/ BPOY) 0B55S Thiaes Wddted Sed I4¥ production\” 8%6{ %10&, energy

i socyanat e-t er ni naCogtpr BpY| heeredvced aphmalle sol vent, said

i socyanate-term nated prepol yner conpri s- ing the reaction product

of : a) a stoichionetric excess of an isocyanate 5
conponent conprising one or nore diisocyan- at es;

b) a glycol component conprising, b)i) a high nolecul ar
wei ght gl ycol conponent conprising in nmajor part, one

or nore 10 ultra-1ow unsaturation pol yoxypropyl ene



gl ycol s having a nol ecul ar wei ght of
1500 Da and 20, 000 Da and

about 0.010

nol ecul ar wei ght di ol
than 750 Da,we Ysiitses
said

10, 000 Da, 20

havi ng a

gl ycol

spandex el astoner polymner.

wherein said step

al i phat - I c diam
sol ution of said isocy
4. The process of cla

cycl oal i phatic di am nef

in a further 30 anou
with said aprotic solv
PCT/ EP97/ 05558

The process of any one

TABLE 18

conponent
to forma diam ne dﬁ&iﬁ%e@tended pol yur et hane/ ur ea

:n%t d pr&phl yner in

bet ween about
an unsaturation | ess than
b)ii) a | ow
nol ecul ar wei ght | ess
t hat the average nol eCIVERI708858ght of
is fromabout 1000 Da to

meq/ g, and 15

a2 3. The process of claim2
coanL%es addition of one or nore
cydl oal iphatic diamnes to said 25
aprotic sol vent.
o3 aliphatic diam nes and/or

saiagtep of contacting are dissol ved

tic agvent or a solvent mscible
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further conprising extruding said spandex el astoner pol ymer through a

fiber formng spinnerette. 6. The process of any one of
clainme 2to 5 5 wherein at |east one of said ultra-Iow unsaturated

pol yoxypropyl ene diols has a nol ecul ar wei ght of between about 2000
Da and 10, 00&vO3B/16568 7. The process of any otemeérossssi ns 2
to 6 wherein said aliphatic diam ne(s) and/or cycloaliphatic 10

di am ne(s) conprises in major part ethylene di am ne. 8.
The process of any one of clains 2 to 7 wherein said

pol yoxypropyl ene glycol conprises a -7%ol yoxypr opyl ene gl ycol havi ng
an unsaturation of about 0.007 neq/g or less. 15 9. The
process of any one Claimssins 2 to 7 wherein said polyoxypropyl ene
gl ycol conprises a pol yoxypropyl ene gl ycol having an unsaturation
of about 0. 005 neq/g. 10. The process of any one of

clains 2 to 9 20 wherein &ai d Agbggmented opphyeneéthdres/urea elashomer
unsaturation |ess o : 0: s : Thepriycess
Uf"gtlf%l %ln&’ 852295849 b _Zpacting in oldtion h{(ﬁ&.

of any one of clains erern . \ ecular werght di ol has
a nol ecul ar wdisgeyapase t hpEeResYer00 ¢htaingd;, by reactipng e

el astomer of Yy orkodbhébed®id texcess l8fWhehei Nozai goreW @il eGidor

wei ght diol has a oy, IBEGERAELS "RHEN L°%01v1" 88RMn&H° Ren (b) a

diamine chain extender comprising at least one diamine

selected from aliphatic diamines and cycloaliphatic

diamines characterised in that the polyol component

10 - comprises 100 to 5 equivalent percent of a glycol

component and 0 to 95 equivalent percent of one or more

polytetramethylene ether glycols and. the glycol

component comprises at least one ultra-low unsaturation

- polyoxypropylene diol having a molecular weight in

15 excess of 1500 Da and an average unsaturation of less

than 0.010 meqg/g, optionally in admixture with a minor

amount of a low molecular weight diol having a molecular

weight less than 750Da, the average molecular weight of

said glycol component being from 1000 Da to 10,000 Da,

20 with the proviso that where the glycol component does

not include any of said low molecular weight diol, said

glycol component, said glycol component has a molecular

weight in excess of 2,000 Da and an unsaturation of less

_ than 0.010 meq/g and comprises in most major part one or

25 more ultra low unsaturation polyoxypropylene diols

having an unsaturation of less than 0.010 meq/g and a
molecular weight in the range 2,500 Da to 20,000 Da.

2. A process for the preparation of an

aliphatic diamine and/or cycloaliphatic diamine-extend-

30 ed, segmented polyurethane/urea spandex elastomer,
comprising contacting one or more diamine chain extend-

ers substantially comprising one or more aliphatic
diamines and/or cycloaliphatic diamines with a solution

* ¢ L M 0§



WD 98/ 16568 PCT/ EP97/ 05558

- 82- 13. A process as clained in claim2 in which

the i socyanate-term nated prepolynmer is the reaction product of a
stoichionetric excess of an isocyanate conponent conprising one or
nore diisocywodsassesi th a 5 pol yol bl end conprising one sergpémstssdh
nol ecul ar wei ght ultra-1low unsaturation pol yoxypropyl ene gl ycols

and one or nore | ow nol ecul ar wei ght diols having a nol ecul ar wei ght
below 750 Da, said ultra-Ilow unsaturation pol yoxypropyl ene

gl ycol (s) having a nol ecu- 10 | ar wei ght o80~fr om about 2000 Da to 10, 000
Da and an unsaturation of about 0.007 neqg/g or |ess, said blend
havi ng an average R&l &yl bsoseanphedrerminatadoRrepiomes in ant apuedde

3000 Da. solvent ;L4sald\wma&® @kmhatbanhWﬁﬁda@ﬁsLS

obt ai ned by the pro f_an e of 2 to 13. 15.
An el astoner as cléﬁ §h€ r%?g#*é%xPro é%&%%wm n the isocyanate- term nat ed
prepol ymer has a free. a) &CGtpishiometrdst ekcapsutod. Rpedsocyangtabout

8 percents. 20 compokfent "comES it of®i 8P BB @eEdcyhal
t he production of an anine-extended, segmented pol yurethane
el ast oner, conpri sing: ates; a) selecting an

|socyanate term nated b) & eyigtcoiercdmponeptacbmpeisiiygr oup cont ent of
fromabout 25 = 0.5 percent gy QO%@? %&&EHiawaé‘fét%‘tglyi%ldc%ﬁBHlaXt

mer conprising the reaction pr
stoi chionetric excess of an |SOC§§H§F§51ng in majew)BAEHY - éﬁﬁbr?ﬁlﬂﬁrﬁne
or nore diisd@yanates; ultra-low unsaturation polyoxypropylene

glycols having a molecular weight of
between about 1500 Da and 20,000 Da and
an unsaturation less than -about 0.010

. meq/g, and

15 b)ii) a low molecular weight diol having a
moleculariweight less than 750 Da, such
that the average molecular weight of said
glycol component is from about 1000 Da to
10,000 Da,

20 to form a diamine chain extended polyurethane/urea
spandex elastomer polymer.

3. The process of c¢laim 2 wherein said step
of contacting comprises addition of one or more aliphat-
ic diamines and/or cycloaliphatic diamines to said

25 solution of said isocyanate-terminated prepolymer in
aprotic solvent.

4. The process of claim 2 wherein said
aliphatic diamines and/or cycloaliphatic diamines prior
to said step of contacting are dissolved in a further

30 amount of said aprotic solvent or a solvent miscible
with said aprotic solvent.

(e



wi th 30 a glycol conponent conprising a high

nol ecul ar wei ght gl ycol conponent conprising in maj or part, one
or nore ultra-low unsaturation WO 98/ 16568

PCT/ EP97/ 05558 - 83-

pol yoxypr opy memesrgsascol s i ndi vi dual ly having a MplceAmpb7igssseei ght
of between about 1500 Da and 20,000 Da and an unsaturation |ess
t han about 0.010 meq/ g, and 5 a | ow nol ecul ar
wei ght di ol having a nmol ecul ar weight | ess than 750 Da, such
that the aver age nDIecuIar meighrs'f sai d glycol conponent

I's fromabout 1000 Da to 10, Q00 ; (Rﬁﬁ ntrodUC|n sai d
prepolyner (a) into a 10 chain "é&?ewa%?e%%miuw £ %r Gk e
al : phalt ic | di aaﬁnmmanch&mprmmi)g)abpraamgdlﬁﬁfmeSpdnaegl ve:ﬂhstrbmr
vol atil e sol vent; . chain

ext ender soI&1| §ntgﬁ?% e§t%&%§£r¥gﬁﬁm 5535%gkﬁgﬁéfhane/urea 15
el astoner; and d) voIat|I|2|ng any residual volatile so
vent container in said am nesext m@@%rmr&i?(hraﬂ'dhe of cldimRf PaRe 5

el ast oner rogess for_in the t hr qughput, 20
in the preparai [ onw(S‘FrFF‘Prrsa r1FP3 LH 85 1’% T ea

spandex el ast oner s polyoxypuepyphens dLOlS hass%gnmcadqmw;mgbtm&amn

spandex pol yner di gg8w¥edpbd pa and 2 PJG paRrotic solvent, said solution
having a naxi num effective proce55|ng Vi scosity, sald process

conpri si ng
7. The process of any one of claims 2 to 6

wherein said aliphatic diamine(s) and/or cycloaliphatic
10 diamine(s) comprises in major part ethylene diamine.

- 8. The process of any one of claims 2 to 7
wherein said . polyoxypropylene glycol comprises a
polyoxypropylene glycol having an unsaturation of about
0.007 meq/g or less. :

15 9. The process of any one of c¢laims 2 to 7
wherein said polyoxypropylene glycol comprises a
polyoxypropylene glycol having an unsaturation of about
0.005 meq/g.

10. The process of any one of claims 2 to 9
20 wherein said glycol component has an  average
unsaturation less than about 0.010 meqg/g.

11. The process of any one of claims 2 tol0
wherein said low molecular weight diol has a molecular
weight less than about 500 Da.

25 12. The elastomer of any one of claims 2 to
10 wherein said 1low molecular weight diol has a.
molecular weight less than about 200 Da.

R
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25 sel ecting as said segnmented pol yuret hane/ urea spandex pol ymer a
spandex polyner of claim2, wherein said spandex pol yner sol ution has
a solution viscosity substantially | ess than an otherwi se sim|lar
PTVEG derived segnent ed pol yuret hane/ urea pol ynmer sol ution of 30

t he sane sol womsaessgent, such that the solids content of PCT/EBY7Rss59andex
pol ymer solution is increased to a solids content higher than the
maxi num sol i ds content of said PTVEG deri ved segnent ed

pol yur et hane/ urea whi ch provi des a sol uéi'_on viscosity |less than or
equal to said maxi mum WO 98/16568 -

PCT/ EP97/ 05558 . - 84; ef fecti,v
processing viscosity. 13. & procesPB.asTﬁ&aﬁpsgegg taim 4 rﬁnlfs\?vﬁ rein
sai d spandexthpel yimncyamate-termisated! prégiodymercdsat tB reactioam ght
percent pol yner sol| ' | h ) S5[efr P an
about 20, 000 cps. b&:gﬁubﬂ BT %Eb@?%&iglpﬁgrgéoggzggsét %alk% f%d\ﬁérigft%
sai d spandexCPBPYRERt SEPEPFHRLNG SR8 P¥ BeKer Aldsqcyanabes withygj ght

percent pol yngr sopbligoln blietid hybrpeisingle one or mo&?[ eRiicC inﬁ)lbeﬁlia_i:han

7t 10 0 Poneretant rhtrariee Shaaedr el g F G Ans iR ng, Gpytels™

wei ght of about 3080d00nEs aff Me¥e. low molecular weight diols having a
molecular weight below 750 Da, said ultra-low
unsaturation polyoxypropylene glycol(s) having a molecu-

10 lar weight of from about 2000 Da to 10,000 Da and an
unsaturation of about 0.007 meg/g or less, said blend
having an average molecular wéight of from about 1500 Da
to about 3000 Da.

14. A segmented polyurethane/urea elastomer
15 obtained by the process of any one of claims 2 to 13.

15. An elastomer as claimed in claim 14
wherein the isocyanate—termiriated prepolymer has a free .
NCO group content of "about 0.5 percent to about 8
percent.

20 16. A reaction spinning process for the
production of an amine-extended, segmented polyurethane
elastomer, comprising:

a) selecting an isocyanate-terminated
prepolymer having a free NCO group content of from about

25 0.5 percent to about 8 percent by weight, said prepoly-
mer comprising the reaction product of:

a stoichiometric excess of an isocyanate
component comprising one or more diisocyanates;
with

30 a glycol component comprising a high

molecular weight glycol component comprising in
major part, one or more ultra-low unsaturation

* [+ L N S *



21. A process for the preparation of a segnent ed

pol yur et hane/ urea spandex el astoner, conpris- 15 I ng reacting in solution
in a solvent: a) an | socyanat e-t er mi nat ed pr epol yner
prepared by reacting a stoichionetric excess of one or nore di- or

pol yi socyanawesnesssas to provide a free NCO group copteErPyressssai d
prepol ynmer of from about 0.5% by 20 wei ght to about 10% by wei ght based
on prepol yner wei ght, with a polyol conponent conprising in nost mjor
part a diol conponent, said diol conmponent conprising from about 5
equi val ent percent to about 50 equival ent - percent of one or nore
ultra-1ow unsaturation polyoxy- 25 propyl ene dials haV|n3&a nol ecul ar

wei ght in excess of PO&USESYPIBBEl%earﬁIIHP]eﬁ/e viduatd¥at RBRLRE |&ss
t han about 0.010 mmgplecudatl fwelgldOOE &Eemarvahbaﬁtparmt Da andoO

about 50 equival ent perggn r ot her
gl ycol s having a nol ecu?gr'bwg. % cfaggaf@? %Xég %?%tﬂgﬁeggé%gﬁf ‘5000
Da; with ms¥/ga Gmdn1ne chai n extender conprising one

WO 98/ 16568 5 . a_ low moleculazp%ﬁaﬁz/ @8 having a

mixtures thereof to for PPLRCHMFTIAPLERt: LHFRC CAAR, GR0 DR, RAPH SR, iHAS o
di am ne chai n ext ended apandea mmhscu&nx weight reficsaixh giyzbictgompuhent
c) renoving said sol vegt ehspnassut 1606 DL ko 10,000 BEAYCT -
b) introducing said prepolymer (a) into a
10 chain extender solution containing one or more aliphatic
diamines and/or cycloaliphatic diamines dissolved in a

volatile solvent;
c) withdrawing from 'said <chain extender

- solution an amine-extended, segmented polyurethane/urea
15 elastomer; and N -
d) wvolatilizing any residual volatile sol-
vent container in said amine-extended, segmented poly~
urethane elastomer.

17. A process for increasing the throughput

20 in the preparation of films or fibers of segmented
polyhrethane/urea spandex elastomers by extrusion of a
segmented polyurethane/urea spandex polymer dissolved in

a polar aprotic solvent, said solution having a maximum
effective processing viscosity, said process comprising

25 selecting as said segmented polyurethane/urea spandex
polymer a spandex polymer of claim 2, wherein said
spandex polymer solution has a solution viscosity
substantially less than an otherwise similar PIMEG-
derived segmented polyurethane/urea polymer solution of

30 the same solids content, such that the solids content of
said spandex polymer solution is increased to a solids
content higher than the maximum solids content of said
PTMEG-derived segmented polyurethane/urea which provides'

a solution viscosity less than or equal to said maximum

A



22. The process of claim 21 wherein said | socyanate term nated
prepolynmer (a) is reacted with said chain extender (b) in a polar
aprotic solvent 10 foll owed by volatilization of said aprotic solvent.

23. The process of claim21 or claim 22 wherein said ultra-|ow

unsat ur at i onwp®B/yessy pr opyl ene di ol conprises from abq.&yﬁsgtmsgbout 35
equi val ent percent of said diol conponent. 15 The
process of any one of clainms 21 to 23 wherein said ultra- Iow
unsaturation diol has an average nol ecul ar wei ght of from about 2000
Da to about 8000 Da. 25. Tfﬁé’process of any one of clains
21 to 24 wherein said pol yol conponent further conprises one or 20
nor e nononeric pol?ﬁ ?%*}”F%\Hlfﬂfe&mﬂﬁléﬁaﬁi’-ﬂf of 3 or nmore, an

oxyal kyl ated ol i gomer thereof, or a m xture of nmononeric polyol (s) and

oxyal kyl at ed ol i gomer (s), afﬁcqianrggoox | kyl at %djgi | gomees | awejg‘ avergge

nol ecul ar wei ght s | ess
process of any onespandexi pelymero sggution VM@WQ%II detieonimed p aton2@nt

is fromabout 1.5 yeigh 1::ercer?l‘_er T¥md® S6Pids 41H’eaﬂﬂétﬁfiﬁé’é‘éam1de at
27. The procegs of énoé/ al s 21 8 2800 wherein said
i socyanat e-t ePni nat pi(r) S’(ﬁ%\%\h put 20 “R% 98/ 16568
PCT/ EP97/ 05558
19. The process of claim 17 wherein said
spandex polymer solution viscosity determined at 20
weight percent polymer solids in dimethylacetamide at

25°C is less than about 15,000 cps.

10 20. The process of any one of claims 17 to 19
wherein said polymer has a weight average molecular .
weight of about 300,000 Da or more.

21. A process for the preparation of a

segmented polyurethane/urea spandex elastomer, compris-
15 ing reacting in solution in a solvent:

a) an isocyanate-terminated prepolymer
prepared by reacting a stoichiometric excess of one or
more di- or polyisocyanates, so as to provide a free NCO
group content of said prepolymer of from about 0.5% by

20 weight to about 10% by weight based on prepolymer
weight, with a polyol component comprising in most major
part a diol component, said diol component comprising
from about 5 equivalent percent to about 50 equivalent
percent of one or more ultra-low unsaturation polyoxy-

25 propylene diols having a molecular weight in excess of
about 1500 Da and an average unsaturation of less than
about 0.010 meq/g, and from about 95 equivalent percent
to about 50 equivalent percent of one or more polytetra-
methylene ether glycols having a molecular weight of

30  from about 600 Da to about 6000 Da; with '

b) a diamine chain extender comprising one

I



- 86- reacted with said chain extender (b) by introducing said
prepolynmer into a solution of chain extender. 28. The
process of claim 27 wherein said sol ution of chain extender contains
a volatile solvent. 5 29. The process of claim 28 wherein

sai d vwDaB/ése8 SOl vent is selected fromthe group conspel/ERg0ssss of
wat er and tol uene. 30. A segnented pol yuret hane/ pol yur ea

spandex pol ymer obtained by the process of any one of clainms 21 10
to 29. 31. A process for the reduction of PTVMEG

contained in the soft segnents of segmented 8ol yure- t hane/ ur ea
spandex polyners w thout substantial |oss of unl oad power or percent

set, or for the resHchose atipmtic idiemdnes oryrieoslirkatic diamiaesd PFVEG
prepol ymer s migeares Rneteast H:%g fornt oaﬁhhpzmshatfc eysamsnel a@a9oer

nmore di - or polyisoc S pr oc nprLi sin
substituting for f%#@ai %,/m'aﬂ"ériiD ﬁ?‘af'ﬁ extené% %Rﬁﬂqcﬁiﬁ sﬁQg‘EEnt
of PTMEG one or m)reaotiom -proodiitet ; amisat uration pol yoxypropyl ene pol yol s

L™ 550 A, D b e e

aver age unsat uration Iess than O
process for the prBﬁ%ﬁ%ﬁ?on of a segnented pol yur et hane/ ur ea
spandex-type el astoner, com 25 pri sing: preparing a

solution in an aprotic solv proé%% a%fl S gmaﬁ tvﬁ{é&{ﬁ{[ egan.d

prepol yner prepared by reagi |ch|o rTC excess of one Of
more di - andimcm%%otgm%e% PREROLPIED X (Bl o e¥Racked| with

conponent havi ng agaDd ee¢hladhn VéittHtddh €B§esn 04 HAArDaprotidngodent
unsaturatlonlaf abg oweJiLy éyf%tlllgg ion°® okdsaid aprotic solvent.

23. The process of claim 21 or claim 22
wherein said ultra-low unsaturation polyoxypropylene
diol comprises from about 5 to about 35 equivalent
percent of said diol component.

15 . 24. The process of any one of claims 21 to 23
wherein said ultra-~low unsaturation diol has an average
molecular weight of from about 2000 Da to about 8000 Da.

25. The process of any one of claims 21 to 24
wherein said polyol component further comprises one or
20 more monomeric polyol(s) having a functionality of 3 or
more, an oxyalkylated oligomer thereof, or a mixture of
monomeric polyol(s) and oxyalkylated oligomer(s), said
oxyalkylated oligomers having average molecular weights

less than about 500 Da.

25 26. The process of any one of claims 21 to 25
wherein said NCO group content is from about 1.5 weight
percent to about 4 weight percent.

27. The process of any one of claims 21 to 26
wherein said isocyanate-terminated prepolymer (a) is

I
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-87- pol yoxypropyl ene di ol conponent conprising in nost major

part, one or nor e ultra-1ow unsat uration pol yoxypr opyl ene
di ol s having an unsaturation of |ess t han about 0.010 neq/g, and a
nol ecul ar wewgusnesss about 5 2500 Da to about 20,000 Da, per/gpre7/05558

| socyanat e-t erm nat ed prepol yner having an i socyanate group content
of from about 0.5 wei ght percent to about 10 wei ght percent; and

b) chain extending said i socyanate-term nat - ed prepolynmer with a

substantially aliphatic and/or 10 cycl oal i%at I ¢ di am ne conponent to

forma segnent ed r et hane/ rea el ast r. . . 33.
The process of cl alrtﬁaﬁe%h@f@ Pasd EF ain ex’a?ﬁ%mm basdptradueing said
pol yoxypr opyl ene dipxepbdgmer into a uscshiticr ioth chfaincestehderabout 0. 007

meq/g. 15 34. The process of claim32 or claim 33
wherein said one or nore ultra-1low unsaturation pol yoxy ﬁropyl ene
di ol (s) has/have a nunber avé8ageThe PrRgPesulf ﬁéﬁgﬁt eresnowaignoo

Da to about 8000 Dgolution of chain exté¥ndeleoRta8asSaOfola i 18 Idbi¥ent.ai M
.33 20 wherein said one or nore ultra-low unsaturation

pol yoxypropyl ene diol (s) has/have a nunber average nol ecul ar wei ght of
from about 4080 Da to about 3900 The process of claim3®@8 Whereimcaaidof

any one of clainms 3di1hPide solveﬂ@eiﬁéblé@&éh FhdPhald GrdliPBdisisting

conpri ses ethyl ene_25
pr | y of water aﬂ% toluene.

30. A segmented polyurethane/polyurea spandex
polymer obtained by the process of any one of claims 21

10 to 29, :

- _ 31. A process for the reduction of PTMEG
contained in the soft segments of segmented, polyure- -
thane/urea spandex polymers without substantial loss of
unload power or percent set, or for the reduction of -

15 viscosity of . isocyanate-terminated PTMEG prepolymers:
prepared by reacting a stoichiometric excess of one or .
more di- or polyisocyanates with PIMEG, said process.
comprising substituting for from 5 equivalent percent to
50 equivalent percent of PTMEG one or more ultra-low

20 unsaturation polyoxypropylene polyols having molecular
weights from about 1500 Da to 20,000 Da and an average
unsaturation less than 0.010 meqg/qg.

32. A process for +the preparation of a
segmented polyurethane/urea spandex-type elastomer, com-

25 prising: '
preparing a solution in an aprotic solvent of
(a) an isocyanate-terminated prepolymer prepared by
reacting a stoichiometric excess of one or more di-
and/or polyisocyanates with a polyoxypropylene diol
30 component having a molecular weight in excess of 2000 Da
and an unsaturation of about 0.010 meq/g or less, said

TN O A4



37. The process of any one of clainms 32 to 35 wherein said aliphatic

and/ or cycl oaliphatic diam ne conprises a m xture-of ethyl ene di am ne
and at |east a further aliphatic diam ne and/ or cycl oaliphatic

di am ne. WD 98/ 16568

PCT/ EP97/ 055& 98716568 - 88- PCT/EP97/05558 38.
The process of any one of clains 31 to 36 wherein said one or nore
di - or polyisocyanates conprise nmet hyl ene di phenyl ene dii socyanate
and i sophorone dii so- cyanat e. 5 39. The process of
any one of clains 32 to 38 wher ein saﬁﬁLpolyoxypropylene di ol

component has AN oahye AV 15} ARt cBabifel5) i gogt mador
i socyanat e-t er m napaxit pr epainerer loxs anmébe | swltymEdiow gr oupsaturationf
Al 11 cati on of ¢ 1o P ORECRYIERED Y Hbing, an, unegeuration £F, 1658
whi ch conprises spthgR Rpak §.010 megdgeyand: 2- R aaHATHepgbEoPE naborh)
into a chain 845 250G O®Rrts AbSULORE Y0 DY Aigaid) ieveyahateleethiNiéd C
prepolymer having an isocyanate group content of from

about 0.5 weight percent to about 10 weight percent; and

b) chain extending said isocyanate-terminat-

ed prepolymer with a substantially aliphatic and/or

10 cycloaliphatic diamine component to form a segmented

polyurethane/urea elastomer.

33. The process of claim 32 wherein said

ultra-low unsaturation polyoxypropylene diol has an
unsaturation of less than about 0.007 meqg/g.

15 34. The process of claim 32 or claim 33
wherein said one or more ultra-low unsaturation
polyoxypropylene diol(s) has/have a number average
molecular weight of f£rom about 3000 Da to about 8000 Da.

35. The process of claim 32 or claim 33

20 wherein said one or more ultra-low unsaturation
polyoxypropylene diol(s) has/have a number average
molecular weight of from about 4000 Da to about 8000 Da.

36. The process of any one of claims 32 to 35
wherein said aliphatic diamine comprises ethylene
25 diamine.

37. The process of any one of claims 32 to 35
wherein said aliphatic and/or cycloaliphatic diamine
comprises a mixture of ethylene diamine and at least a
further aliphatic diamine and/or cycloaliphatic diamine.’

* C L M S *



di am ne and/or cycloaliphatic diam ne chain extender(s) di ssol ved

a volatile solvent;
c) wthdraw ng said chain extended el astomer 20 fromsaid solution b)

42. The process of any one of clainms 32 to 41 further conpri sing

ext rudi ng

spandex fi ber
sol ution 25
A spandex el astomer obtained by a process

wowylieses segnment ed
by

to forma chain ext ended spandex el astoner; an

pol yur et hane/ ur ea el ast pgg/Epbfasksgr M
a process selected fromthe group consisting of

dry spinning, and sol ution wet spinning.

clainms 32 to 42.
percent set of
PCT/ EP97/ 05558
The el astoner of clwidpelih eaid3ohe\othore di- of gslijisctyatages compiise

sdor 45 0 havi TSRS AHERPRSHe giactyapRER Gif3R0itor8he‘alish-

44 or 45

10

‘15

20

as claimed in any one of
44. The el ®8tomer of claim 42 havi ng a

| ess than about 30 percent. VWO 98/ 16568

havi

38. The process of anyggne of claims 31 to 3§

cyanate.

39. The process of any one of claims 32 to 38
wherein said polyoxypropylene diol component has an
unsaturation of less than 0.010 meq/g.

40. The process of any one of claims 32 to 39

wherein said isocyanate-terminated prepolymer has an
isocyanate group content of from about 2 to about 4

weight percent.

41. A modification of the process claimed in
any one of claims 32 to 39 which comprises spinning said

in
d

a

43.

5.

43,

isocyanate~terminated prepolymer (a) into a chain

extender solution (b) containing one or more aliphatic
diamine and/or cycloaliphatic diamine chain extender(s)
dissolved in a wvolatile solvent; to form a chain
extended spandex elastomer; and -

c) withdrawing said chain extended elastomer

from said solution b).

42, The process of any one of claims 32 to 41
further comprising extruding said segmented
polyurethane/urea elastomer to form a spandex fiber by
a process selected from the group consisting of solution
dry spinning, and solution wet spinning.

43. A spandex elastomer cbtained by a process
as claimed in any one of claims 32 to 42.

44. The elastomer of claim 42 having a
percent set of less than about 30 percent.
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45. The elastomer of claim 42 or 43 having a

tensile strength greater than 20.7 MPa (3000 psi).

46. The elastomer of claims 43, 44 or 45
having an elongation of greater than 900%.
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