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i ncorporated by reference 5 hereininits entirety. Field of the Invention
The invention is directed to spandex. Mre particularly, the invention
provi des spandex that is nimiprévediipandenfomnogitiognsyol s t hat have an
aromatic functionality. The spandex of the invention has inproved
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di ssolved in a sol vent beforg @%‘r?@m{] dh @ diam ne chain extender
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reaction Spl nn| ng, Spl nnin i nni ng wet Spl NNl ng are known
i n the armade of apolymeric glycol which allows the iber to stretch and to recover its

original shape. The hard segment B is generally made of a polyurethane which
provides the fiber with rigidity and tensile strength. The polyurethane can be a
polyurethaneurea, which is a sub-class of polyurethane. '

20 The polyurethane is generally made by reacting a polymeric glycol with a
diisocyanate to form a capped polymeric glycol. If a polyurethane without urea is
desired, the capped polymeric glycol can be reacted with a diol chain extender and,
optionally, a monofunctional chain terminator either in the melt or after being
dissolved in a solvent. If a polyurethaneurea is desired, the capped polymeric glycol

25  can be dissolved in a solvent before being reacted with a diamine chain extender and,
optionally, a monofunctional chain terminator. ‘

Spandex is typically prepared by reaction spinning, melt-spinning, dry-
spinning, or wet-spinning a polyurethane solution either into a column filled with a
hot inert gas such as air, nitrogen or steam or into an aqueous bath to remove the

30  solvent followed by winding up the fiber. Methods for reaction spinning, melt
spinning, dry spinning and wet spinning are known in the art.

Dry-spinning is the process of forcing a polymer solution through spinneret



Dry-spinning is the process of forcing a polyner solution through spinneret
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Summary of the Invention
In one embodiment, the invention provides a spandex comprising a polyol
20  having at least one aromatic functionality, such as a phenol.

In another embodiment, the invention provides a spandex that is the reaction
product of a polymeric glycol, a polyol having at least one aromatic functionality, an
organic diisocyanate, and at least one chain extender.

In another embodiment, the invention provides a method for making spandex

25 by mixing a polymeric glycol and a polyol having an aromatic functionality to form a
resin mixture; mixing the resin mixture with an organic diisocyanate to form a
capped-glycol, polymerizing the capped-glycol to form a polyurethane, and then
forming the spandex from the polyurethane.

These and other aspects of the invention are described in more detail herein.

30 Brief Description of the Figures

Fig. 1 is an exemplary chemical structure for prior art spandex.

Fig. 2 is a graphical representation of return modulus at 200% elongation after

pressure dyeing inventive and comparative spandexes.



Fig. 1 is an exenplary chem cal structure for prior art spandex. Fig. 2 is
a graphical representation of return nodulus at 200% el ongation after
pressur e wWoaBg2iicivent i ve and conparati ve spandexes. 2 WOPQI/GD23u64

PCT/ US02/ 23484 Fig. 3 is a graphical representation of return nodul us at
250% el ongati on after pressure dyeing inventive and conparative spandexes.
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have an aegmett of the/payinetahe tymprises about 95% to about 60% by weight of one or
more polymeric glycols and about 5% to about 40% by weight of one or more polyols
that have an aromatic functionality. In another embodiment, the soft segment of the
20  polyurethane comprises about 90% to about 70% by weight of one or more polymeric
glycols and about 10% to about 30% by weight of one or more polyols that have an
aromatic functionality. In another embodiment, the soft segment of the polyurethane
comprises about 90% to about 75% by weight of one or more polymeric glycols and
about 10% to about 25% by weight of one or more polyols that have an aromatic
25  functionality. In another embodiment, the soft segment of the polyurethane comprises
about 85% to about 80% by weight of one or more polymeric glycols and about 15%
to about 20% by weight of one or more polyols that have an aromatic functionality.
“Fiber” includes, for example, staple fibers and continuous filaments. Preferred
polymeric glycols are polyether diols and polyester diols, more preferably polyether
30  diols.
Any polycarbonate glycol known in the art can be used in the soft segment of
the polyurethane. Exemplary polycarbonate glycols include poly(pentane-1,5-

carbonate) diol and poly(hexane-1,6-carbonate) diol.



"Fi ber" includes, for exanple, staple fibers and continuous filanments.
Preferred polyneric glycols are polyether diols and polyester diols, nore
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al koxyl at bi s(4- hydr oxyphen met hane, al koxyl ated 1, 1-bi s(4-
hydr axsy ptx260. )latdnameybodinkatythapelgether glycol is polytetrahydrofuran.

2. 2. bi o( 4- hydrBUyRa e B SREERe TR SRR A actads, By (PR, TBosyipied
hydr oxy- 3sHRSIBY lapkenYA OpRPOREnclald Gxyexaimpit, hikeg fateddigheppland! ) sul fi de and
al koxyl at'ed bi s(4-hydroxyphenyl)sul fone. Al koxy| at ed .
bi s( 4- hy cllexyiriedhgihydEe R%QT@IS. Exemplary alkoxylated d\{h}%tnc phenols include
alkoxylated 2,2-bis(4-hydroxyphenyl)propane (i.e., alkoxylated bisphenol A),

20  alkoxylated bis(4-hydroxyphenyl)methane, alkoxylated 1,1-bis(4-
hydroxyphenyl)ethane, alkoxylated 2,2-bis(4-hydroxy-3,5-dimethylphenyl)propane,
alkoxylated 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane, alkoxylated 2,2-bis(4-
hydroxy-3-methylphenyl)propane, alkoxylated bis(4-hydroxyphenyl)sulfide and
alkoxylated bis(4-hydroxyphenyl)sulfone. Alkoxylated bis(4-hydroxyphenyl)-alkane

25  type dihydric phenols are more desirable, with alkoyxlated bisphenol A being the
most desirable. Exemplary alkoxylated diphenols include alkoxylated
diphenylphenol, alkoxylated bisphenol A, alkoxylated 2,4-bis(4-hydroxyphenyl)-2-
methylbutane, alkoxylated 1,1-bis(4-hydroxyphenyl)cyclohexane, alkoxylated 1,1-
bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, alkoxylated 4.4°-

30  dihydroxydiphenyl sulphide, alkoxylated 4 4>-dihydroxydiphenyl sulphone as well as
their di- and tetrabrominated or chlorinated derivatives such as, for example,
alkoxylated 2,2-bis(3-chloro-4-hydroxyphenyl)propane, alkoxylated 2,2-bis(3,5-
dichloro-4-hydroxyphenyl)propane or alkoxylated 2,2-bis(3,5-dibromo-4-



25 type di hydric phenols are nore desirable, wth al koyxl ated bi sphenol A
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Generally, the polymeric glycol is mixed with the polyol having an aromatic
functionality to produce a glycol resin mixture. Thereafter, the resin mixture is

20  reacted with the organic diisocyanate to produce a polyurethane.

The hard segment of the polyurethane comprises polyurethanes which are
derived from organic diisocyanates. In one embodiment, the polyurethane isa
polyurethaneurea. Any organic diisocyanate known in the art can be used.
Exemplary organic diisocyanates include 4,4’-methylene-bis(phenylisocyanate)

25  (MDI); 1,1’-methylenebis(4-isocyanatocyclohexane); 4-methyl-1 ,3-phenylene
diisocyanate; 5-isocyanato—1—(isocyanatomethyl)-1,3,3—trimethy1cyclohexane; 1,6-
hexamethylene diisocyanate; toluene-2,4-diisocyanate (TDI); and mixtures of two or
more thereof. In one embodiment, the organic diisocyanate is 4,4’ -methylene-
bis(phenylisocyanate).

30 The spandex of the invention can be made using processes that are known in
the art. For example, the glycol resin mixture, as described herein, can be mixed and

reacted (i.e., “capped”) with one or more organic diisocyanates to form capped

glycols. The capping ratio (isocyanate end group (NCO)/OH) is generally in the



derived fromorganic diisocyanates. In one enbodi nent, the polyurethane is
a pol yurethaneurea. Any organic diisocyanate known in the art can be used.
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the i nvention can be made using processes that are known in the art. For
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include diols, diamines, amino alcohols and mixtures of two or more thereof.
Generally, the chain extenders have a molecular weight of about 60 to about 500.

20 Any diol known in the art can be used can be used as a chain extender. Diols
are generally used to make polyurethanes. Exemplary diols include trimethylene
glycol, ethanediol, 1,6-hexanediol, neopentylglycol, diethylene glycol, dipropylene
glycol, 1,4-butanediol, 1,2-propylene glycol, 1,4-cyclohexanediamethylol, 1,4~
cyclohexanediol, 1,4-bis(2-hydroxyethoxy) benzene, bis(2-

25  hydroxyethyl)terephthalante, paraxylylenediol, and mixtures of two or more thereof.
In one embodiment, the chain extender is an aliphatic diol having 2 to about 14
carbon atoms. In another embodiment, the chain extender is 1,4-butanediol.

Any diamine known in the art can be used as a chain extender. Diamines are
generally used to make polyurethaneureas. Exemplary diamines include ethylene

30  diamine (EDA), 1,3-cyclohexane diamine, 1,4-cyclohexane diamine, 1,3-
diaminopropane, 1,2-diaminopropane (PDA), 1,3-diaminopentane, 2-methyl-1,5-
pentanediamine, isophorone diamine (IPDA), 1-amino-3-aminoethyl-3,5,5-trimethyl

cyclohexane, and mixtures of two or more thereof. The amount of diamine used is
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term nators”are genera used Iin the chalin extending reaction_in order to
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Y methylpyrrolidone, dimethylsull"f)oxl{}le, and Ergxt]ﬁ?eé)ol%)(wg\%lr glf(l)}é thereof. In one

embodiment, the solvent is dimethylacetamide.

20 After the polymerization reaction is complete, the concentration of the
polyurethane (or polyurethaneurea) in the solution typically is about 30% to about
40% by weight; or about 31% to about 38% by weight; or about 32% to about 36% by
weight; or about 33% to about 35% by weight; based on the total weight of the
solution.

25 After the polymerization reaction is complete the spandex can be made by
reaction spinning, melt spinning, dry spinning or wet spinning — all of which are
known in the art. In one embodiment, the spandex is formed by dry spinning from the
same solvent as was used for the polymerization reactions. For example, the resultant
polyurethane can be used to produce spandex which can be wound at a speed of at

30  least 550 meters per minute, preferably at least 700 meters per minute, most
preferably at least 900 meters per minute. The result is a high-speed spun spandex.

The spandex can be spun as single filaments or can be coalesced by

conventional techniques into multi-filament yarns. Bach filament is of textile decitex,



The chai n-extendi ng reacti on can be conducted in one or nore conventi onal
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can be usggstalizhiiéh andMie Mdddfied to have a Cyo to Cao fatty acid (e.g., capric acid, lauric
acid, myristic acid, palmitic acid, stearic acid) attached thereto. The chlorine resistant
additive is generally used in an amount of about 0.1 to 10% by weight based on the
20  polyurethane. In yet another embodiment, the polyurethane can comprise from 0.5%
to 10% by weight of composite oxide particles containing aluminum and at least one
of zinc and magnesium.

In another embodiment, the chlorine resistant additive is a hydrotalcite and/or

.a.nother basic metal aluminum hydroxy compound coated with a polyorganosiloxane
25  and/or with a mixture of polyorganosiloxane and polyorganohydrogensiloxane.

The spandex can have excellent resistance to yellowing and high mechanical
resistance to chlorine when hydromagnesite, huntite (CaMgs(COs)a4), zinc oxide and
poly(N,N-diethyl-2-aminoethyl methacrylate) are used together.

Anti-tackiness additives known in the art can be used in the invention.

30  Exemplary anti-tackiness additives include metal stearates (e.g., calcium stearate,
magnesium stearate, zinc stearate) and barium sulfate.

Heat setting additives known in the art can be used in the invention.

Exemplary heat setting additives include quaternary amine additives. Inone



Exempl ary chlorine resistant additives include magnesi um al um num hydr oxi de
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cycl ohexy} sNi-tdhsyl-prr@ignyl, emed amting;4-hydroxy-5-tert-butylphenyl)butane,

N, N - di napht hyl - p- phenyl enedi am ne .. )
5),4 6—t>érta1$ﬁn%phen%l, and the like. Preferred antioxidants include IRGANOX® 245

(triethyleneglycol bis[3-(3-tert-butyl-4-hydroxy-5-methylphenyl)proprionate) (Ciba
20  Specialty Chemicals, Tarrytown, NY) and bis-(2,4-dichlorobenzyl)hydroxylamine.
Lubricating agents known in the art can also be used, such as LUROL® 6534
(DSF-36) and LUROL® SF 8973A (Goulston Technologies, Inc.), or Witco lube (an
organomodified polydimethylsiloxane) (Crompton Corporation). Other lubricants
include mineral oils, and fatty acid esters containing 8 to 22 carbon atoms in the fatty
25  acid component and 1 to 22 carbon atoms in the alcohol component. Specific
examples include palmitic acid methyl ester, isobutyl stearate and tallow fatty acid-2-
ethylhexyl ester, polyol carboxylic acid ester, cocofatty acid esters or glycerol and
alkoxylated glycerol, silicones, dimethylpolysiloxane, polyalkylene glycols and
ethylene/propylene oxide copolymers, and other combinations that include
30  magnesium stearate as well as higher fatty acids of palmitic acid/stearic acid.
Spandex should preferably exhibit excellent lubricity, static resistance and
Jong-term storage stability. For example, spandex can be treated with fiber treatment

composition containing polydimethylsiloxane, polyoxyalkylene-functional
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20 160°F. The reaction was allowed to continue at 160°-165°F for one hour under
vacuum, before checking the excess NCO. 244 grams of dimethylacetamide was
added to make a 50% solution and cooled to 80°F for chain extension. A chain
extension solution was prepared using 75% ethylene diamine, 15% 1,2-
diaminepropane, 10% diethylamine, 0.4% CDSA hydroxylamine, 0.5% IRGANOX®
25 245 (a phenolic antioxidant from Ciba Specialty Chemicals, Tarrytown, NY), 0.25%
TRGANOX® MD 1024 (a phenolic antioxidant from Ciba Specialty Chemicals,
Tarrytown, NY), and an antiblocking agent. After mixing for one hour under
vacuum, the spandex fiber solution was transferred into quart jars. Films were cast on
glass and dried in a nitrogen oven for 1 hour at 150°F. Tensile strength was measured
30  on the films before and after 300°F for 30 minutes and modules before and after

265°F for 30 minutes. The retention properties of Example 1 are shown in Table 1.

10



The invention al so provides spandex supply packages conprising a core
(e.g., «cylindrical core) and the spandex of the invention wound up on the
core. | n woamshenienbodi ment, the invention provides arti clP€3/ush2/zd48t hi ng
and 10 di sposabl e personal care products made from spandex. Exanples The
foll ow ng exanples are for purposes of illustration only and are not

i nt ended Bxaniplé2t the scope of the appended clains. Exanple 1 15 160 grans
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hydr oxyl am ne,, 0. 5% |.RGANOX( r J L& ifBtd Xt dantef rom G ba
Speci al tfx@f‘réﬁ‘?agﬁlr%a,&l PR &\}\t}%re%%\})%éw%ﬁg%?/i\g%%&ﬁl&?r)% 1024 (a phenolic
ant i oxi dapfenf&Pproblilss SPELiraplE ¥ dheivaahTableTar ryt own, NY), and an

anti bl ocki ng agent. After mxing for one hour under vacuum the spandex

fi berlosolExanapledas transferred into quart jars. Filnms were cast on glass

and dried in anni{Eo0RR QKR EOlmbicRAs @ shAOR: nleRsEkanpleriongidy was

measured 30 on re a ter 300F for 30 m nutes and nodul es
bef or e angatadt@Eiblo2bing abart va8 nut nsede The Tetenticst prapérties o Brarnle ¢8f Exanpl e
1 are shown in Table 1. 10 WO 03/010216 PCT/ US02/ 23484 Exanple 2 The
proceduréheg’@dnirrﬁb]E%arrpl e 2 was the sane as that used for Exanple 1,

except t %%5.: le ROl Yt etrahydrofuran polyol (PTHF) and 31 grans of
et hoxyl a[%%‘“%?gaﬁ eeno nzg?EBA) with 6 noles of ethylene oxi%glevkrgoblsed. The

5 retention pripethoxgstedfbishanglde (BBA) wasshwsdin Gompagitive £xa
grams of a polytetrahydrofuran polyol (PTHF) with a molecular weight 2000 and 45
grams of 4,4’-methylene-bis(phenylisocyanate) (MDI) were reacted in a 1-liter flask
at 200 to 205°F for one hour. When the correct excess NCO was attained, the mixture
was diluted to 50% solids with dimethylacetamide, cooled to 80°F and the required

20  amines added, together with stabilizers and anti-blocking agent (as described in

Example 1). Tensile strength before and after 300°F for 30 minutes and modulus
before and after 265°F for 30 minutes were measured on dried films. The retention
properties of Comparative Example A are shown in Table 1. The composition and

reaction properties of Comparative Example A are shown in Table 2.

25
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Exanmpl e 3 The procedure used in Exanple 3 was the sanme as that used for

Exanpl e 2,

except that a reaction tenperature of 180 to 185F was used in
Exanpl e 3womheio2net enti on properties of Exanple 3 are shomaTiusoFadaBe 1. 10

Exanpl e 4 The procedure used in Exanple 4 was the sanme as that for Exanple
1, except that an anti bl ocki ng agent was not used. The retention
properties of Exarrpl e 4 are shown |'Iiabllalil e 1. Corrparatl ve Exarrpl e A 15 No
et hoxyI at ETIUI A—(E = BA—mwas—used |||m||pon attve He—A—269 grans
of a pol yt et ?’é Bof urk ?ﬁa‘BBiayB Example) 2 Exampled | Example 4\/9‘5 paradye | and 45
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and anti - plteeking—agent—{as—described iy i gt h
bef ore angd Qut MdUBBOF| f of 1BH n) nulEdSand ndALVus| biFide and $FZer 265F for
30 m nut es2(@%e measuted on drjed films| The retention pfoperties of
Conpar at i v Bx@apbe Al are shown in TabI é 1. The g¢onpositipn and reaction
propertiep ara pie sh T Tapl e, 272
03/ 010216 23‘h84ﬁ%bl e 11 per y?‘@grrp e %OE%(arr g%xa e 3
Exanpl e 4 Jarative| Exanplel A % Tensile 92 181 120.3 187 3 124. 9
Strength REtBREPHM out Modul us. 110.5 112.5 107/7 133.3 B7.2 200% %
Ret enti on| Rsturbbdul us| 1B 105. 11507. 9 1300.4 84. 8144.8 93.3
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Min OO0 MN DC~r+ 00 Mkn 0000 MN E, I 13 WO 03/010216 PCT/ US02/ 23484
Exanples 5, 6 and 7 Exanples 5, 6 and 7 were prepared using the procedure
descri bedwbas/obrasrpl e 1. In Exanples 5-7 of the inventi orCTiuse2/el4goxyl at ed
bi sphenol A (EBA) had 6 noles of ethylene 5 oxide. Misture/potassium

|l evels in parts per mllion (ppnm) for Exanples 5, 6 and 7 were 530/12,

250/ 6.2, and 250/ 15, respectively. The formul ations used in Exanples 5, 6
and 7 ble 2. The properties of Exanples 5, 6 and 7 are
shown |ﬁ§?m§F§%n6aﬂg§ﬁparatlve Exanpl e B Conparative Exanple B was produced

as descri bedEkanfsafpd endl7 Wefdmeparédl@sl ﬂle('pfrocea@reﬁieb@méd&bﬁﬂxabnﬁéherlﬁﬂ A
(EBA) . Theforrrulatlon used npar a t|ve Bis showmn 1n Table 2.

The pr oB&Eples ﬂfOf@ané[?%tqnv@GBEWP@@W@%WBA) ilacbﬁén@es of gfpyderny

S30ra2 o 65" Se)rp Ry AR Bt AP B DA ey §oRETVEras s

Theor et 53412, Z50IG2, and 25F 13 2reshetvaly.7 Fhe ¥irsmbsiohy usd, id BB afmBle8 606 6d At

20,000 % Ten Strength 172.2 167..3 135.5 123.7 Retention after 30 m ns
@ 300F %Oﬁi’tm%fﬂ %hezﬁf@%@i%Ong amples 3, prang 7are showiriy Eﬁ%{l‘? gn after 30 nins
Comparative Example B

Comparative Example B was produced as described in Example 1 without the use of
10  ethoxylated bisphenol A (EBA). The formulation used in Comparative Example B is shown
in Table 2. The properties of Comparative Example B is shown in Table 3.

Table 3
Comparative
Example 5 Example 6 Example 7 Example B
H>0 in ppn/K in ppm 530/12 250/6.2 250/15
% EBA 16.6 16.6 16.6 0
NCO/OH 1.645 1.645 1.645 1.8
Theoretical % NCO 3.12 3.12 3.12 2.74
Viscosity 38,400 68,800 60,800 20,000
% Tensile Strength 172.2 167.3 1355 123.7
Retention after 30 mins
@ 300°F
% Out Modulus, 200% 113.8 107.7 111.1 112.5
Retention after 30 mins
@ 265°F
% Out Modulus, 250%, 110 102.8 108.1 112.9
Retention after 30 mins
@ 265°F
% Return Modulus, 125 110 109.1 122.2
100%, Retention after
30 mins at 265°F
% Return Modulus, 115 105.6 111.1 106.7
200%, Retention after,
30 mins at 265°F
% Out Modulus, 200%, 100 92.3 88.9 87.5
Retention after 1 min at
390°F
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@ 265F % Qut Modul us, 250% 110 102.8 108.1 112.9 Retention after 30 mns
@ 265F % Return Mbdul us, 125 110 109.1 122.2 100% Retention after 30 m ns
at 265F %wBeswridbdul us, 115 105.6 111.1 106.7 200% Retremtisorm2yBbser, 30
m ns at 265F % Qut Modul us, 200% 100 92.3 88.9 87.5 Retention after 1 mn
at 390F 14 WO 03/010216 PCT/ US02/ 23484 Exanples 8, 9 and 10 Simlar to the
above ekuapples S, Faaddles 8, 9 and 10 were produced using a mxture having

ai 1 er ent oy S0P &5 BRGBRks Gl PRUBPCS s TRy 1O WO Rey Mo ) 101"

r espect in¥setlng)having DG Ehorylbeti |b£svaenm$ ad(EBA)ExahrﬁlrmﬂeBethfaleﬂmwuﬂla tate shown in
Tabl e 2. The properties of 9 and 0 are

Conpar avith &iffsianhsneisterernd H%%Sﬁ%h‘ﬁhltef’%iﬁ Qﬁé’@aﬁ 2A0 é&xﬁaﬁi 5801 3&%@%&%‘?@% is
shown i gy 1%?1.1{1ﬁ1a?10113-|_ﬁ's%d 19!15‘291%%% 8So 0 f@ﬁ%%h@&vh‘{ﬂ%l@@'ﬁe?frbq%ré&w in

Table 4. e | nprovenent % of retention properties he invention
is cl eaEanplde&mmdmadshmmmﬁmmned with the results shown for

Corrpara{_;l ve Exa Egese results show the effect of the high potassium
| evel ihOBPIRMLYE X*HHP]F' urn nmodulus retention and the better retention of

properties ofpd ﬁﬁ@léﬂi@ﬁ%@&ﬁ%&hﬁa@&%@uﬁﬂ@@% shdWdinf TRk 2xRP! es conpar ed

to the Conparative Exanple. Figs. 1-2 provide a graphic 15 representation
of the pnopentieedt CempantiznBxaupleidshosn ieTane hons of Exanpl es 8-10. 15 WD
03/ 90102 16 PqﬂéJ?nszr{)ggnAig L% in % of retention properties of the invention is clearly
demonstrated when compared with the results shown for Comparative Example C. These
results show the effect of the high potassium level in Example 8 on return modulus
retention and the better retention of properties of the ethoxylated bisphenol A (EBA)
modified examples compared to the Comparative Example. Figs. 1-2 provide a graphic

15  representation of the improved return and out modulus retentions of Examples 8-10.
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Table 4 Prem xture Exanple 8 Exanple 9 Exanple 10 Conparative Ingredients
Exanple C Weight. ppm H20/ ppnK 250/ 15 250/ 6.2 530/ 12 Control %&EBA 20 20
20 0 NCOVOH3D1@16 1.61 1.61 1.8 Theoretical 9%NCO 3.12 3. PETAISU22R874
Viscosity 18,400 28,800 35,200 11,200 % El ongation, 650 667 650 700
Tensile Strength Retention After 60'9 250F 122. 97.1 117.9 125.5 After
60' @265F 137.9 114.5 123.8 121.5 Tahledt Modul us, 200% Retention After

60’ Ca‘_2’5 F—133 124 12770 At 60 405|— 46 8 J.J.tj 0

102. 9 oJfr%'a‘EH"Gs 2k &%a s ntud@?‘aﬂl‘lﬁsﬁ’ 60 E IQ%F ?E‘ o 123.3
90. 3 After nggedientSsE 115.0 126.4 120.6 107. 3 %Return P'E?Qe ooyo,
Ret entilon Af Wesighf)' Ca)|250F 151./6 200.0 205.0Q 133.0 After 60' Ca) [P65F

POl SO TR e i G
20 0

03/ 01021%EB@AT/ US02/ 23484 20

NCO/OH 1.61 1.61 1.61 1.8
Theoretical %NCO 3.12 3.12 3.12 2.74
Viscosity 18,400 28,800 35,200 11,200
% Elongation, 650 667 650 700
Tensile Strength

Retention

After 60’ @ 250F 122. 97.1 117.9 125.5
After 60° @ 265F 137.9 114.5 123.8 121.5
% Out Modulus,

200%, Retention

After 60’ @ 250F 133.3 124.3 127.0 88.2
After 60’ @ 265F 112.6 128.8 118.0 102.9

% Out Modulus,
250%, Retention

After 60’ @ 250F 133.0 121.0 123.3 90.3
After 60’ @ 265F 115.0 126.8 120.6 107.3
% Return Modulus,

200°/0, Retention

After 60’ @ 250F 151.6 200.0 205.0 133.0
After 60’ @ 265F 100.0 188.2 145.0 140.0
% Return Modulus,

250%, Retention

After 60’ @ 250F 144.6 148.8 153.1 105.6

After 60’ @ 265F 110.7 148.8 128.6 119.0
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Test Procedures Viscosity Viscosity was neasured with a Brookfield

Vi sconeter, Mddel LV-DVII+, having LV Spindles 1-4. Hi gh viscosity resins
and prepowgrmss2zner e neasured at 25.6 C using 5 an SC4- 25 pepiusdl/es4sReadi ngs
on high viscosity resins and prepol yners were taken only after the test
materi al s had been on the vi SCO\E%S?E for twenty mnutes, at five mnute
intervals. A final neasurement L9cgditShed after two consecutive

r eadi ngyi@ggigﬁd. El ongati on Test Approximately 18 inches of the materi al
to be tested was stanped with a one inch 10 bench mark, marking the sanple
in tw pl aceYisosity waemeasabed witlea\Babokf’@mwsonmaas Neaded h.V-DY Iendeviagt he

I b tretched 00% Af t I ' f.irst Kk
at The b OPRUERT ToRIED PUEVE e Bro s e BL O e e a1 1

broke. NSRS dpirfne. Heddfifys %ﬁ(}ﬂg}fiv@@fsﬁy eddirdsnAd P RIyNas Wteﬂ:et@kéﬁ&ﬁy ded at
the break point. The ercent age of elongation was cal cul ated

subt r acefterghe test wategplg apd b@ﬁﬁmmthfb viseompier fashyenty nllsu@s, alt) fize Iml@litet he second

mark, a | ti,p s Test | e _of terial to
bo. st DieAls Db BRateROR R IRLR e A i BN AhsS afeed
gauge shi@igatiofdestmedi atel y tested with a Sintech |nstrurrent equi pped
with a 1- 500 g full scale range |oad cell. Caution was taken to_ensure

that the testPPEXHaEl; 1S gckgsod thionatetipldp bR sestaswasrstarapadakith pgne inFlnsi | e
h | d d h
Tesiy T Seﬁc%%ggagﬁ%% Q%rg% Hlbﬁw@ﬁagés ' on@ &‘E ﬁt%%f Cx\@tfbnhr(?fst SUEgd with a

G obe Force anet revolving s and a
verti catd gnsnmithe sainsp hhchgotg&ag etreto]nedingnetthdn 30§)%eA@augecm@ ilehfinsemarkds f orce

i n ounces, or pounds, a pulle t be _positioned
appr oxi MePEF Ofoiqﬁ@iqééw? P’%FHOLH%Q%H ?faneﬁle %Stﬁ%%@ Egifo@é[ﬁ’& A sanpl e
of the BBGd of t ecBfia sk 68l 1vASIc QR BbnWSIradd S (RULEY pife I scal e, or
the equivalent of the pulley. Then, the shaft of the rce Gauge was

r evol vepercetfipgeeoftefengstion was stulafedbb'\subiga,ctmg&lel wsml dangth Témtthelesgthpl e wer e

1 SRR BT ARt S SRS FAFRRTE | oPPeT, e Lhe el
Pr epar aMddulus Test

An sample of material to be tested was cut to approximately twelve inches with
scissors or 12” gauge shears and immediately tested with a Sintech instrument equipped
with a 1- 500 g full scale range load cell. Caution was taken to ensure that the test

20  materials were not stretched prior to testing.
Tensile Test

The tensile strength of the material to be tested was measured with a Globe Force
Gauge Stand having a ¥2” diameter revolving shaft and a vertically mounted spring gauge
or digital force gauge which records force in ounces or pounds. The scale has a pulley

25  which must be positioned approximately 4 inches from the shaft of the Force Gauge
Stand.

A sample of the material to be tested was looped over the pulley of the scale, or the
equivalent of the pulley. Then, the shaft of the Force Gauge was revolved. While the shaft
was revolving, the loose ends of the sample were wrapped around the shaft until the ends

30  became trapped, and the sample began rotating on its own. The peak load was then
recorded in pounds.
Film Preparation
A film was prepared by pouring a suitable amount of the polymer solution onto a

glass plate, and using a 0.060 Gardner’s knife to pull the sample to the desired length. The

A7



A filmwas prepared by pouring a suitable anount of the polynmer solution
onto a glass plate, and using a 0.060 Gardner's knife to pull the sanple
to the deworoagidzecngth. The .17 WO 03/010216 PCT/ US02/ 234@4T/Usemed4gant fil m
was dried in a nitrogen oven at 150 F for one hour. Pressurized Dyeing
Procedure Thi gﬂprocedure was perfornmed on cut strips of filnms using a

Pol yrat "aSpEans flmpyas eirisd in ¥RErqess ovehddise KdonedP-aced in different
stainle e 5 machi ne containing 200 cc dei oni zed wat er
adj uste??sgﬁlg%%bgaéggﬁgg%h%ﬁen the lids were closed. The test was run at
t hr ee t enper &hsrpeodedve] was R3dENe@60 catrsthiBaiEilfsusinge Hobymat Dgdfidger whi ch

time, t eci.ens were conpletely drjed and .aj |l owed. tq recondition.
Tensi | ek&ﬁgﬁghggteéf ﬁ%’?ﬁ’é’_ﬂqnénﬁ"petr%ﬂ&?_ déﬁﬁreﬁbﬁﬂp g8 %Eﬁﬂé’_egﬁ‘éﬁo Qsured on the
t r eag edpfabhigs coﬂtﬁngl%tﬁfO@c%id’n%ﬁ%dt%dﬁ{ste@?@X)ﬁ P5o0ehdd @8n thEQidbRerPat ent s,

pat ent applications, and publications CTite erein are incorporated by

r ef er encleséierEiertestrwas e at threeitempgratunéaleivels,s2 3001 2508 atd 36 Fdbr oteshduyent i on,
in addition t.o t.hose described herei will b ent tq.one skilled in
the art HTOHIER TP EgBrHGoReRer prriely iehamoaft o s diihe Tt ended to
fall w trehgileshenghpéntioh RebRpP anteddeihaivere thdBméEded Hd hétRated films

PCT/ US02/ 23484 T ains What is claimed is: 1. A spandex produced froma
pol yur etthdriaminpgesteaiian ofabgpysipropesti¢tane i s made by nixing at | east one

pol ric gl I . havi n t oAt i ionality;
and){(?rgact i ngaffi %Eat?%g’tﬁ 6fmrtl gﬁiﬁ%‘? g glgr?ség%& %(lf?[lhéfta fEll?ﬂesas eagll ﬁ%mogr%éfﬁcﬁ)gp (%lgt{ggsitg yanat e.
2. The sqiamalexheddinéh demehtiratiier ei n t he pol ynmeric glycol is

pol yret hyl t et r ahydr of uran, pal ybutyl ene gl ycol, polytetrahydrof uran,
pol y( t et r amet/RyPEBOGHIGALINS|of dks Invergiopy Itiondo ghape descrifed hersingBithy| - 1, 5-

pent amephy G, éépiﬁ' i ion. dificati

et her - co- 315 met t?}% !t?lgét'%l%ﬂrlret ;P%%gk%g%@ér%@g%g%}ﬁ&gpu%n mS1>1<€EhuIP(é 'of “two or nore
t her eof arevuhtendddrtotthle within/the sbapei af gheaappandedatiaims. f unctional ity is

al koxyl at ed bi sphenol A, al koxyl ated bi s(4-hydroxyphenyl ) net hane,

al koxyl ated 1, 1- bi s(4- hydroxyphenyl ) et hane, al koxyl at ed
2, 2-bi s(4-hydroxy- 3, 5-
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di et hyl phenyl ) pr opane, al koxyl at ed

2, 2- bi s(4- hydroxy- 3, 5-di bronophenyl ) propane, al koxyl at ed

2, 2- bi s(4wbydnoeye 3- met hyl phenyl ) propane, al koxyl at ed bi s{@P¢1/US02/23484

hydr oxyphenyl ) sul fi de, al koxyl ated bi s(4-hydroxyphenyl ) sul fone, al koxyl at ed
di phenyl phenol , al koxyl ated 2, 4-bi s(4- hydroxyphenyl ) -2-met hyl but ane,

al koxyl ated 1, 1- bi s(4- hydr oxypheny¢}ag| ohexane, al koxyl at ed

1,1-bisﬁ/4}1 YQﬁ henyl) 3,3,5- trinethyl cycl ohexane, al koxyl at ed

4, 4" - di Gr 5x enyl sul phi de, al koxyl ated 4, 4' - di hydr oxydi phenyl

sul phone or1. a m Atspﬁﬂddifprbmwlfrom')ﬁ po@hﬂlﬁ@é,,wl&mdin\m@p(ﬂymretﬂaﬁe 1sor gani c
diisocyanate is 4,4 -nethyl ene- bis(phenylisocyanate) (MDl)

1,
rret hyl efast BY HM@%@E/EH&&%?@YW%&M Hdear Pnelp‘ﬁy‘?}ﬁ@ﬁwgéﬁ‘@rﬂpﬁ%cyanat e;

- isoc % te.
1 6- hexgﬁgﬁiﬁ} éfi(ahﬁ ﬁga?égg E/l%%%ﬁ)ﬂ% m#xutglne lg{étq%s?és{%&cy !rallg? e %ﬁ%eand
m xt ures of P.vvo oThespamdthef eaifin 1 3vherbie thppoigmerioglycblism 1, conpri sing
m xing the at | east one i unt of 70%to 90% by

| i |
wei ght B Wnﬁmltatﬁahytsla%f?fa@g%&g@;t'y@rle %Mggﬁaol&%tr%gy% & functionality in an
amount ?ﬂgét&{arﬁahﬁgr{e Qc}ﬂer")%‘x 9$1t polglpmém%ﬂégr;e& FlycEpEmyl16m a sol ution of

pol yur e heurea in an organic ent, “wherei n the pol yurethaneurea is
made bypasritamf:tgylgﬂ%ﬂher)gly?/@lbyo]wectgamethyicnq/@thwcah&@n@hﬂtﬁéﬁmﬂdﬂ@@% to 30% by
wei ght e ted Di s g Ato fﬁ{?mg rl?si.n; qd r.eactin gtlr esin
w o, SeEvneh B RBR g or e BREReE B s AR P RONR 5 s
1.5 1o ﬁmcéonaﬁtﬁﬁadmdﬁ@léﬂéd/blwof AOﬂk@c;&ﬁb&Jbismﬂhﬁ{roﬂnglﬁh&m@r ea in an

organic sol vent, wherein the polyurethaneurea is by mi xing 90%to 70%

by V\ﬁl ghlkoxqj@ﬂe?tlétbla(ﬂyhﬁ‘@t)mﬁnjd)mham%lk@cqu B- dedr% ylated
Che’ cotmdiindpShPlbabfanrytiedChpRERIER, BT e e oro Bl | C5C1 1 1O

gl ycol , alkehgsted 2, Zble(mﬁjaﬂbm?ﬁrﬂéthﬂphalybp&pta@e 2lkoxythtqdddiy(er i zi ng the capped
glycol with a mxture conprising 83%to 92% 6y wei gagfwwéhyl enedi am ne, 8%
i

to 179% Aydoryrhepropiiteaatoxgliated by hydroxyphanyl P nog A% formthe
pol yur e 2?1?:5515&%91 9,1]1?% BRI fH@?ﬂoﬁ}#}&n@)%m'ym@éﬂenﬂk@i&lﬁé@ matic

function e spandex wherein the pol yol having an
ar omat i bis(4- hlydxbj;yphahylbqycidleaameaalkoxxlhtad éd- Iplb@ﬁtqtdroﬁphwbé) §pemdex of claim

7, wher &{nl;.]eth)bl ycﬂolil(ecz)c)%cl‘, 6}eflkoxy ate ec{' ZP 4 Alﬁy(?rlo)iéfci( ghenyfsulphlde alkoxylated 4,4
dihydroxydiphenyl sulphone, or a mixture of two or more thereof; and wherein the
organic diisocyanate is 4,4’-methylene- bis(phenylisocyanate) (MDI); 1,1°-
methylenebis(4-isocyanatocyclohexane); 4-methyl-1,3-phenylene diisocyanate; 5-
isocyanato-1-(isocyanatomethyl)-1,3,3-trimethylcyclohexane; 1,6-hexamethylene
diisocyanate; toluene-2,4-diisocyanate (TDI); and mixtures of two or more thereof.

3. The spandex of claim 1, comprising mixing the at least one polymeric
glycol in an amount of 70% to 90% by weight and the at least one polyol having an
aromatic functionality in an amount of 10% to 30% by weight.

4, A spandex dry-spun from a solution of polyurethaneurea in an organic
solvent, wherein the polyurethaneurea is made by mixing 90% to 70% by weight
polytetrahydrofuran and 10% to 30% by weight ethoxylated bisphenol A to form a resin;
and reacting the resin with 4,4’-methylene-bis(phenylisocyanate), wherein the capping
ratio is 1.5 to 2.

5. A spandex dry-spun from a solution of polyurethaneurea in an organic
solvent, wherein the polyurethaneurea is made by mixing 90% to 70% by weight
polytetrahydrofuran and 10% to 30% by weight ethoxylated bisphenol A to form a resin;
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bi sphenol A, al koxyl ated bi s(4-hydroxyphenyl ) net hane, al koxyl at ed

1, 1- bi s(4- hydroxyphenyl)et hane, al koxyl at ed

2, 2- bi s(4wbydioooeye 3, 5- di et hyl phenyl ) propane, al koxyl at e@CT/US02/23484
2, 2- bi s(4- hydr oxy- 3, 5- dibronnphenyl)propane al koxyl ated 2, 2-bi s(4-

BB o0 e B Bl Y e D e

al koxyl gtheflieé cQﬂ)]%flé' tatfOyid i @%@h Qﬁﬁ'f)él}ﬂ%&%ﬁﬁ&% ?lge?éhwgly@élmﬁy ) aligdre

1, 1- bi s(4- hydr oxyphenyl) cyci ohexane
1, 1- bi s@@:@y&ingﬁ&%h@@?% bBwaight ¢thylerddigrhing c8 % he X a%el,,2-didnoryprapadt; dodt' -

dihydro di hi de,, al ko Ia ed 4, 4 - di hydroxydi phenyl sul phone, or
a m xt ué% gg%néxlgy% tﬂg ﬁ‘% frébdtsWitdex of claim 8, wherein the

al koxyl at ed ghenola gpanddk @niRiu omfaﬂa &0 horfaticlincidiligPandex of claim
9, wherein the al koﬁ?lnat ed Dbi spr%g(q Ais gn et ho§<y g%ed blﬁgphenol A

having from 2. to Tbe m@gx efﬁylr@ﬁewmmdéhe ndlyoltaeingrarrtemaidsd cl ai m 9,
wherein Qﬁo&lﬁ Iat 1 enol A has a water content |ess than 550 ppm
and a pﬂf assi urﬁ’éoant (Ey p $8n 25 ppm 12. A nmethod for nmaking spandex

conpri sing: 8 xi thatspdrﬁaﬁbfaaﬁn pOokNeFeinithe Slkyehtedphel id #RGLylA8E pol yol
having an aromatic functionality to forma resin mxture; mxing the resin

m xt ur ePitphenoh A, plkaxylaigd diski-hadiosyehensdwythane. alkos yatsdm, kbis(4ocyanat e- capped

07 F or i BEHOXERIch 1) el 1, RAGLATEN 65 GARRRG ) S el bR inarGBk, 20° Ol ARt
or wet slﬂmmylaﬂeg mmmsebhyd:ogt-hfsrdabﬁomWh&rynp&mns MM@Xate(ﬂBZ bT:t(e- nmet hod of
oy but G ERE gy BH P B Grns LS B UPDG DR, BErUEes) /23484
g R E K

et her - chCBOHmh@W]t)@tmatﬂmlednerﬂkomah@i) @;Hys(éJrhydmxyphanyk)'cmlehmnd WO or nore
t her eof ;

al Koxy| SEERTREHERS PR el o s i alR istiache,

dihydroxydiphenyl sulphide, alkoxylated 4,4'-dihydroxydiphenyl sulphone, or a mixture
of two or more thereof

9. The spandex of claim 8, wherein the alkoxylated phenol is an alkoxylated
bisphenol A.

10.  The spandex of claim 9, wherein the alkoyxlated bisphenol A is an
ethoxylated bisphenol A having from 2 to 10 moles ethylene oxide.

11.  The spandex of claim 9, wherein the alkoxylated bisphenol A has a water
content less than 550 ppm and a potassium content less than 25 ppm.

12. A method for making spandex comprising:

mixing at least one polymeric glycol and at least one polyol having an aromatic
functionality to form a resin mixture;

mixing the resin mixture with at least one organic diisocyanate to form a
isocyanate-capped glycol:

polymerizing the isocyanate-capped glycol with at least one diamine to form a
polyurethane; and

reaction spinning, melt spinning, dry spinning or wet spinning the polyurethane to
form the spandex.

13. The method of claim 12, wherein the polymeric glycol is
polymethyltetrahydrofuran, polybutylene glycol, polytetrahydrofuran,
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al koxyl ated 1, 1- bi s(4-hydroxyphenyl ) et hane, al koxyl at ed

2, 2-bi s(4- hydroxy-3, 5- di net hyl phenyl ) propane, al koxyl at ed

2, 2- bi s(4wbydioooeye 3, 5- di br onophenyl ) propane, al koxyl at ed PCT/US02/23484

2, 2- bi s(4- hydr oxy- 3- net hyl phenyl ) propane, al koxyl ated bi s(4-

hydr oxyphenyl ) sul fi de, al koxyl ated bi s(4-hydroxyphenyl)sul fone, al koxyl at ed
di phenyP@hcetsmethylRessthen gycd, EPJYiPr§PBd¢iPﬁ/%iB’69<1yI?ﬂ4¥&ylln)3 yl-ket hyl but ane,

| koxyl Ls( A
D 1b ST R e kBl SURARRCAKS ANERAREmAietielofae
4, 4' - di beingiyyel] phemitueufohb demon iborpFatiedeid i polgolpsinpandirphatity|
i1 Sooy Bty b Koty Peeroh A BHer AT e R pUre TR petkine, o 0% ©
thyl enebiS6daiSos; alfo I  di | te;
o OB SOOI DAY A s O sooyenate

5- isocyanat o- 1- -1,3, 3- yl cy hexane;

1, 6- hexdimett it pleme] ) prbipess) eilansiaed 2,5biséhby&oxy-3i5-dibooyserery | piDbane, and

m xtures, of 't r.mpre thereof. 14. The nmet hod of. clai.m 12, conpri sing
i o SOraseR 2SR & Sitplaiens DA, iR o B0l 1 o 605¢ by ver ght
and at heasky hREYIRANER, alkd¥{1a@d B (@h iRk §ffdpenakétyfated an anount of
10% to ﬁb}g/p?lwe}l,%ﬁlt toaforjr,nthe r(es?n m&%eg?lg' 1;‘-'r>l. The y?,ratlat hod of claim 12,

wher ei ndiphenydehspih glkoayiateddk4-bised-hsdroyymhaneh-2capthgbutpng cdkodydatad 81t o 2. 16.
e T R Bl A B Sk B A S 3 1
al k|03<yl &Irﬁéih&lb?ﬂbl%k@he, a&qx@ﬁ%&@—@ﬁﬁﬁ@iﬁ#&?@lﬁﬁ&, @lkosylated 4,4 o
4, 4' - met hyl ene- bi s(phenyl i socyanat e) ) e nmethod of claim 12, conprising
pol yner diydgxydighensd é@la?;@ttee opappEdTe ¢fityesr mare Hegrof) Besvhergis B ani nes to
orm 2 BB SRR o TR AR A Sy Ao SgDE) Bhna polyTer 2o the
di et hy| awthytenebi(4-Rosyanteycldloxam); Hyneind- INBphadlafe disa¢yamdi2; 5-20. An
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5, 6 or dﬂ%cygﬁjate; toluene-2,4-diisocyanate (TDI); and mixtures of two or more thereof.
14. The method of claim 12, comprising mixing at least one polymeric glycol
in an amount of 70% to 90% by weight and at least one polyol having an aromatic
functionality in an amount of 10% to 30% by weight to form the resin mixture.
15.  The method of claim 12, wherein the capping ratio of the isocyanate-
capped glycol is 1.5 to 2.
16.  The method of claim 12, wherein the polymeric glycol is
polytetrahydrofuran; the polyol having an aromatic functionality is alkoxylated bisphenol
A, and the organic diisocyanate is 4,4’-methylene-bis(phenylisocyanate)
17.  The method of claim 12, comprising polymerizing the isocyanate-capped
glycol with at least two diamines to form a polyurethane
18.  The method of claim 12, comprising polymerizing the isocyanate-capped
glycol with ethylenediamine, 1,2-diaminopropane and diethylamine.
19. A spandex formed by the method of claim 12.
20. An article of clothing comprising the spandex of claim 1, 4, 5, 6 or 12.
21. A disposable personal care product comprising the spandex of claim 1, 4,

5,6o0r12.
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