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WD 2006/ 122027PCT/ US2006/ 017723 SPANDEX COMPCSI TI ONS
FOR H GH SPEED SPI NNI NG BACKGROUND OF THE | NVENTI ON

neMIspandex conposi tions conprising
poly(tetranethylene co- et hyl eneet her) glycols
conpr|3| constit '
copol y?f?EAf 24 &Q%t’ﬁ%ﬁ;}@ﬁg M@ésgﬁlﬁ§PQW| de
wherein the portion of the units derived from

et hyl ene OXIde IS present in the
10po|y(tetra %ﬁ%ﬂ%% E%pi gl ycol from
about 16 to about 70 nol e percent and wherein the

spandex fil anents arieldsgiie IatenBb:gh speed, typically
greater than 750 neters per mnute. Description of

t he Retha igebnfei rdﬁftésyté hew gm&éﬂmh@nﬁn@tshempnghgcol S,
?o known as pol tetr h%éiofuran or, 15hoqg%ﬁ ner s

Y(strmaheer - ahy 5P FRPUSNg GROFY for

t&?ﬂvéd W@ pbmeAtihg &%ﬁﬂﬁﬁ&ﬁrah And&hyleeahRNFHECRAShe
Pol (tetranethylene ether) glycols inpart superior
d%ﬁém of theumge ?P@gﬁPﬁ“ﬁHﬂ?ﬁF@@ﬁ&H@ﬁP@Hn@Fhstoners and

d?ﬁfe&amé_ﬂlﬁﬁn@&ﬁ&ﬁ%ﬁnééﬁfeb) ghyRWl B asout [@RSHbHILOM mole
t'enperat ures, ave cr stalline nelt tenggratures
y

AsERrat ad Grhcreunibe sernd e amﬁtt%aretswggﬁt high speedy ivBiSElGs  at

q#@&&nﬁmégbgﬁmgg Uhigsieand need to be kept at
vated tenperatures to prevent solidification.

Copol yneri zat i onpekdftien 6864 RelaBy RARr has been used to
reduce the crystallinity of the pol ytetranethyl ene
et her P%Weﬁﬁnetﬂ_ﬁbﬁ:é 1§cdlsh stsmtm pBBtdirahydrofuran or

t enperat'ure of the copol yet her ycol and at the sane
tlnwppwmee\p&en@bydratumﬂ@n%ﬂae fbwelt kpoven for thejyaise in

bxug;ﬁ&t?ﬁﬂ?eryﬁ&tﬁahahe&o PHE{(BPanfiG bnd ehe) AMORmpat 2
egmen Anmong t he cononomers used for this
pﬂ!ﬂpm dynamie pleperinstomelyaecthanpiredelastomeryans fiberfe They
&@%m@ﬁ%tﬁﬁaﬁ&ﬁe Hipadufls 2k BV AR melt
e conononer content

ptatnp Qrate.tets abmekhgore teemtet hYhusntbey dre Wpxy salids kisanphignt
I
8%@ i r%%éﬁp 5ggﬂ%gﬁnggaggﬁFgﬁgg%&ﬁgPat]%reak and

I@Mﬂﬂbﬂnmrature performance, which is desirable for.
sone end uses. WD 2006/ 122027PCT/ US2006/ 017723
Pol y ( tGapokymetiratioe mathaocyelithsther heshemenied ¢o edudesther e

R

clempéryines of titaropblyetbergiprobehdny tlarsgme)ﬁme Erepronesaertan

N

%omégﬁm&Aﬁmgdie cotdoNomdr® Bi)i forfthis pwrpeyeis ethylé‘nmdmdc
%‘F]gEFF‘rﬂlc}g‘%tﬁl gOngyngeg g%:nléq%d ? iﬁ én%btb%tdgepenéltgg on

pme tdgioakt t:cfﬂmit.cU@@dﬂqﬁﬂﬁfetraﬁadyw@suo%hwﬁesm@ glycols
i nstances it may. e advant ageo 0 Use a

pBRY, et t%?"e&ﬁ“"ti? WRATEE ProBeraes Hdo PB?B%W; el g
anbdlibiHIR breaR AR RAYF teRBEkatufe PérformdAnad, whikd: is eshi@Ble ¥drBome
In these cases, the primary polynmer 10products are
d@@@ﬁ@#s, mhich then need to be hydrolyzed in a
subsequent step to obtain the desired polyneric

gl ycol s. Pol y(tetranethyl ene-co-ethyl eneet her)

gl ycol s of fer advantages over pol y(tetranethyl ene
ether) glycols in terns of certain specific physica
properties. At ethyl eneether contents above 20 nole
percent, the poly(tetranethylene-co- 1

5et hyl eneet her) glycols are noderately viscous
liquids at roomtenperature and have a | ower
viscosity than poly(tetramethyl ene ether) glycols of
the sane nol ecul ar wei ght at tenperatures above the
mel ti ng point of poly(tetranethylene ether) glycols.
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U S. Pat No. 4,658,065 to Aoshinaa et al. discloses
the preparation of several THF copolyethers via the
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that copol yneri zable cyclic ethers, such as ethyl ene
oxi de, may be included with the THF in the MD
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present | nv
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& percen 1 e exanp es |n thls patent were
spun at 650 neters/nin,
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i ncreasing the spinning speed of a spandex
5conposition will reduce i4s elongation and raise its
| oad power conpared to the sane spandex spun at a

| oner speed. Thus, the faster a spandex fiber is spun
the nore the elongation is reduced and the | oad power
is increased, resulting in reduced draftability of
the fiber. Reduced draftability results in requiring
nore spandex to be used in garnment construction and
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t hose necessary to produce a suitably dry fiber

(e.g., 0to 0.5 percent dinethylacetam de sol vent

r i.nipng in the fiber). In addition, no addi
‘Voﬁﬁg%ﬁgggssary. The applicants have obsg?@é§QNMKnTn3

t hat spandex with

pol y(tetranet hyl ene-coet hyl eneet her) glycols havi ng

from about 16 to about 70 nole percq r exan&le

pobeerigH R PEIcessh Ayps g isclpsesiit tis sapo }F'Gh% Yeols g it

u"s’édﬂo Pep Qx%@?éddw ot c&ﬂﬁﬁo@ﬁﬁﬁﬂ@ﬁoﬁsﬁzﬁﬂbﬁﬁ%' ene oxide

e soft segnment base material and which is al so
I;@blﬁﬂqtfmethﬂgw epprildenecthend glycels.eat er than 750
meters/mn., provides inproved physical properties
over ro§ lpaf N§ PG99 S0 ARMMboA Lt A1 diclcaéd the plefitatipagds.

S andex based on ot her copol yet her
Doeeh e Remanpiesonat oo enbra shes )
ﬁln:f?ﬂrxﬁ eaﬂag&dmgwwﬁﬂ@rﬁﬁebé}emmml yaster of
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ﬁ rat|0ﬂ§ In addltlon t he spandex of the present
BRSIORISHRRRE a desirabl e reduction in shrinkage in

hot wet processing when it is spun at w ndup speeds

gr eaflk8. Raha¥o. £669,04tod¥ishikivre. et SUNNAGRys (bery hEving good

aibes slippeaine iat RS bR PR i byols

doﬁﬁﬁﬁﬂg)dﬁ:poﬂy@tﬂete of THY, t(t@lcm oxide, and/or propylene oxide,
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AP LA HRINY] Siderethet dauieﬁm Gieh:epoly@he;ttgwcol anlbadom

about 16 to about 70 nole perc forbeégggle fro

RPFESE Bidp W EleREAtIoNS B Unageepgbly iRyt fopgitopret ik desipes. gl

@t rideS ’c}ﬁ&@%ﬁﬂ@ﬁ@py qﬁ@&ﬁmpamn Hishikens t;ho@mgm dliemole

ext ender sel écted from the ﬁﬁg consi stin

rireent ofethylgng etiepmeiety:in dhe goae t%eaéeﬁﬁﬂﬁ%% fe314pdA
x?Ble %eﬁ%eﬂe bl%n@&ﬁﬁ %fbr@{k 20 Bt vhel il¥RIaSihS tPRT mAlenut €.

di ment the present dlsclosure gﬁ t he

e;m thetchensatiorat bmay« thea drrfrelir@nttsst o oanicp b thg Presgt
(3R QG ﬁ)ﬁf felalihg El@ﬁéa?ﬁo& SFRdalc 38 hoR}Rréht JTOT €

po ymeric gly he” present di scl osure al so
etylatoagher mowtjp mdbe s@omﬂlepmerp@ﬁﬁi fiom2Réo 4bmole rsEsaRtdex

%ﬁn’%‘?&m Stlﬁ)ﬂiugﬁ%&g%}eé gtn6e5 Oél% s/ Sm“g Io%as wherein

the portion of units derlved fron1ethy|ene oxide is
present in the poly(tetranethyl ene-co-ethyl eneet her)
glycol is fromabout 16 to about 70 nole percent, for
exanpl e from greater than about 37 to about 70 nole
percent, with at | east one diisocyanate to forma
capped glycol, (b) dissolying the capped glycol in a
solvent, (c) contacting the solution of the capped
glycol of (b) with at | east one diamne or diol chain
extender, and (d) spinning the solution of (c) so
that the filanents are spun at a speed in excess of
750 neters per mnute to formthe spandex. In
one aspect, there is provided spandex conprising a
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15perfluorosul fonic acid resin catal yst.
Alternatlvely any other acidic cyclic ether

nerization catal yst nay be used to produ
WO 8%6?//1 BSF@EE&)&’OI??ZS

e?%franethylene coet hyl eneet her) gl ycol s,
exanpl e, heteropoly acids. The heteropoly acids and
their salts useful in the practice of this invention
can be, for exanple, those catalysts used in the

pol yﬁeimimﬁna@#x AT do FBIcy Fhars 3bst ingrere agpept of e qed s
iR s gq%géz?,ﬁﬁdf '&oééls%bvlf’@fs to M9 fits 515886 Butthe Adsting na

ese po ynerlzatlon nmet hods may |nclyde t he
Smaé intimiaddivtthorrahtiyeresiepiasrseme of g Fher pagwspticg: 11 wel

lﬂqg‘f)%go&bgs% siafibd W MEHQ&B%% tﬁéﬁmﬁﬁng%éédbfta%p&ﬂdeﬁt or

O regu ate nol ecular wei g

cpapyshticntwitl mehhyitseﬂ@ag@bommlwa@ﬁéfebﬁbmw egqumpAred H?élé%l in
sgrgeg Igpgﬁilctxhsee:g A& g%e SThAD the AU WS ﬁ&ﬁ% EHdredSHuffind he

ntion can conprise 2bcohstituent uUnits
netee iheetbnpation dpotyoed pid e @aﬂepwalhy thershied agsudting in

i d ved
g ST s e Kol SRR Ay it B liSng ble
spixﬂsgmtbemed xh%mmdny«gmemmmwlmcrc@eeﬁlhwé nﬁmem)

0 out. 16 to 7

rSelfohes TGt e SRR e Ay Pafinf SR8 bR
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iDFEFAse H &aﬁihﬂ%zs [ fifcplar %’@ Py %P%‘%f%"%‘ By %r%lgco
@%QM&gneether) gl ycol s used in naking the
pol yur et hanes or pol yur et haneureas of WO

2006/.122027P 82006/01 3.1 ' g

oo B aprasn i ReerrneRp oL PSR ind SERKLOR

cﬁm%euﬁéd/ﬁﬂ{ ﬁ Zian ngt; 61 a@?@fo(ﬁe:lﬁrggt an Selgn$1§t¢sali®ts usinge,
ereln e ortl.on o unl erliv rom e

ROy S B O B RS o b e P L

SBRI¥E LRAERb Mat @n@hﬁ@omﬂw}h@emem Johgioy ey tiespdr. om

about 40 to about perc or .about 40 Hp 55

o sush bigbeopnae ABFE0T A 80k teb gty S e Fentreriny

%l‘ft%@& @excjfard'if}bﬁlﬁ:e&jﬁf 4 piQsh ﬁrﬁ@mnﬁiéhyédembe oxi de

ent in the glycol is equiv Ient to rcent of
ol tbaseuesed echreoRdeveBfian i have t&héolafl egpubily

it o\(xéfnsze faﬁh&%@m@mhmgs ﬂm&mghesmems@d in

maki ng t e po urethanes and pol yur et haneureas of the
present |nvent|on can have an, aver ular
wei ghfet arothes apRTOFsh 0 ST ArusEd: &Eék#ﬂéﬂ
thgﬂasﬁﬁ e SM6§eat1ﬁ FRhAY SN ACDrRShihiap eadchsr) ngoam

ar weig can be advant agequs for selected

B¢zl éisclgﬁe@p&eﬂwé@f inereasmgPrefuaiytyiip gry spInIng Th e

%}é&&&%ﬁ il H,xéh%mfs YaSeddd WihR en@ﬁmnﬁgym@nmd in
I yur et hanes and po urethaneuregﬂﬁ¥ﬁ t he
apnoel;tbmtlpwaﬁd @nw.oéﬁw@ma.s it ihg geinaing eall apd aypiding me

1%{?31‘&1 %ns G ﬁ}t;y eﬂleft% @Eﬂﬁﬁé%ﬁ]ﬁﬁ@ﬁ%@@l!&%ﬂ crﬁﬂbﬁc ul es,

I"zi ng diols. clizing dIO|S
mlﬁte!imﬁn@gﬂeasethﬂ) Blyowthobs! spbalex V\JPIZPOQn 54 bA doihpot

I o f
E¥iene e s Pt i\t i AGH, TREHERIEEIEE,

ﬁb&eylt memgh wpehrs td beindepmpiéng néspgrgrtgoslell canditions pexpplene
co u nedl opanedi ol ,

‘%ﬁge ?Sé*iry t%ﬂ%‘%/ﬁ(af%’t ab}aynéry %lb? Ig )é&g% i‘ﬁ’gﬁcgﬁr{c eet her)

gl ycol s which optionally conprise at Ieast one

addi tional conponent, such as

3-net hyl tetrahydrofuran, 4 he ether derived from

1, 3-propanedi ol, or other diolLs incorporated in snal

amounts as nol ecul ar wei ght control agents, can al so

be used in nmaking the pol yurethanes and

pol yur et haneureas of the present invention and are

i ncluded in the neaning of 25the term

"pol y(tetramnet hyl ene-co- et hyl eneet her) or



one additional conponent nmay be present as long as it

does not detract fromthe beneficial aspects of the

i nvention. When the polyneric glycol is a polyester

gl ycol, the polyester glycol is selected fromthe

group consisting of reaction products of (i) ethylene

gl ycol, propyl ene glycol, butylene gl L, "
dimeyRcslhfiRichydlvent Stp@ingre partbeli B1eD- ard ¥y o additives are

t%ereof, and (ii) terephthalic acid, succinic acid,
neceg@Ypi ¢ aci d, azelaic acid, sebacic acid, and

dofgc %?gﬁéaﬂisc 1a6d dobsaved ket uspasdeixh erithofpoly(tetrametiyglepe-co-
the poly(tetramet hyl ene-co- et hyl eneet | iSe 1§
.eﬂqyléxheeﬁxgéoglwdsﬁaalrgoﬁrwp@lg 1§|t§;g %/ut in?:(HQ ?él)ctﬁgt bk jSaffllﬁj ffom
| A gOBdstimdnt units derived from
greatgrgﬁé.ﬁ%{)étt % ?%@.ﬁ 7 SbCRreent et O tdistient units

rane ene- co- et hyl eneet her |l ycol  and .
ethylbiEoR0¢ YsTaici sofigegroeit basg metevial K whigh 55? z,llgop%qn eq@gglespeeds,

of units derived frome e i I Brdpsrtle€ S&er other
ie., grealer dh%&@%lm%‘%f?;‘%-r Péi"g%ié@sl @?prgﬁégu?“yﬁgﬂangf éﬁ %géﬁe?ﬁ °
span gﬁg 23GmRILE hRGr geeds, SpandbobesedEnrihe goepk

e pol y(tetramethyl| ene-co-.et hyl | such

suchi @ mlﬁmﬁw&hﬁwew%@s&h&bﬂm@% lﬁnéef’t}(w‘g {b;? g‘%{ﬂ’%ﬁﬁlyﬁf@ s;m '
conbi ne r . 0ol Robihlyddpie ati ave 10w

as %I?B%Hyesgﬁgpqlt 8;’ %tgl (e?’hhygffr g{rj}? et Ee%? )ﬁgl%col ma%é %?tgeor low
loadaPowter aldwever, cérteageandéxednlte g9BeTPE ¥ s dfY e AT ene

oxi de from about .35,1 Lo 76 IRIreadSice@Ntin ckemss of 1000
elOﬂé?@&‘FpP‘ébP‘ihoﬁ‘Fb gie @9&%9%0& 70 nol egifber cent, or
metérg about 40 to about 65 nol e percent. Wether the

S . ol et by ihe

ggd%gee;(;l)%m%rg%gﬁ%y@h%cg-gg%r?e%eﬁx?rﬁ ;&?%CI%L-E%E% hsgéuiﬁ%Q of Q: (I:res I::
v ALy CLELLAIRL! %:n'ﬁﬂ‘?a -of30@tibad preat high)elagigyicwl, aakmgdequa
mve?‘ﬁgyé%?sﬁ%’erl Cg ycl:olﬁggroéfaeagﬁadpr esgg]t PZ] ?}]It 18RS brokcing 4
tenzﬂiiﬁ%r ehapallcenit tofbetspan slipesels fhexdss P! gp metersmin;

pol y(tetranet hyl ene- co- g ngl ¥e addidarg tichgpandex
ibeh b arI3n b T il knfiAce 5@&%_ , .
of O PRdR INEARGT EASA00 BéxaIE28duction iDphrgdagaRat Ve REICSSNE

can be used include, but are Jot \t.é I 1ed to, 1-
whénsiotsysavaelovindyn spep o‘%%ﬁéﬁ%bheny’ﬂ% ret hyl i bellzene,

1-isocyanato- 2-[ (4- cyanatophenyl)net hyl ] benzene,

bi s(4-i socyanat ocycl ohexyl ) ne =
i socyanat o- 1- (i W%éﬁﬁﬁ?@@oﬁn met hyl cycl oh
exane, 1, 3-diisocyanato-4- 5nethyl -benzene,
2,2' -toluenediisocyanate, 2,440l uenedi i socyanatgy, ah[éwde or
M X{he GsredeherdaiosRer trélateh atd ypIder e POBRI MG SodPal
ol tyanaEOIABI EALLh T Do pEN e stiene co-citylgnecihen) ghvec
co AR QPOERIERY IRkITUbIRaNGE aopol anerisiigcamabydrofyesredtd ethylene
( t preferred di |_socyangtpﬁ IS oxide. is present in the
oxille | wheryiantie opattipr 4| Wty deTAte 8‘”1119153’]1%? hyﬁ bengeng
10When ol yur.et ' ik 6dm dHbet thai aboexTemdirpercent,
Po']iyge‘éafﬂ?thl.gneEgoéeﬁ%V]Iegg&g}&)z%lgﬁac}ig ol s that may be ysed | o oo
forl BEhHAe frobyilgraatce that abouti Yedd pboutetthiiobng fﬁF%g‘T e
iy 3 5 e i) SAPG BEo te wou comsig o
| diatiﬁih&e#?%y&igﬁ,emﬁf @heref tBe 4pdridicait hyib-at aSppeshinagreessif about 750
-net hyl - 2-ethyl -1, 3- propanedi ol disclasure
meterd pli mjriuged o eye erbodjnse P dhrPTesiIb 3 9t anedi ol and
~m xtures 15t hereof. Wwen a pol yurethaneurea is
desired, the chain extender is a diam ne. Exanples of
such diam nes that nmay be used include, but are not
limted to hydrazi ne, ethyl ene diam ne,
1, 2- propanedi am ne, 1, 3-propanedi arnine, 1, 2-
but anedi am ne (1, 2-di am nobutane), 1, 3-butanedi am ne
(1, 3-di am nobut ane), 1,4- butanedi am ne
(1, 4-di arni nobut ane), 1, 3-di am no- 2, 2-di net hyl but ane,
4,4 - et hyl ene- bi s-cycl ohexyl am ne,
1-am no-3, 3,5-trimethyl-5- am nonet hyl cycl ohexane,

gt glycols



15stretch fabrics, and garnments or textile articles
conprising such fabrics. Stretch fabric exanples
include circular, flat, and wasp knits, and plain,
twill, and satin wovens The term "garnent," as used
herein, refers to an article of clothing such as a
shirt, pants, skirt, jacket, coat, work shirt Wé”s(andex
tiRA Yo Baradiing oormpobutathaneeiea EpeHaNs REAUCL i T u? OVep Y, :
socks, and underwear SO Qd udes accessori es

adehiE Ry LEMBRPP O1C G Wée}f%qﬁﬁ%r?e g hats, hosiery, or
footwear. The term"textil,e artic T3 riReri@E Mmbove
r ef ele tREesSEA AISEIORYR a@%?nﬁﬁlﬁg?ﬁ% % E‘%F e, éﬁﬁﬁasga

s Q‘[ e b mpAdlHo:f @5 thehctingcd pdl?ﬁeﬁmndihjlemﬂ@"@bylmgf‘@f) glycol
gl dl owc ag

es, bedspreads, quilts, Dblankets, - - .
watendior ther sorticorifoppidy deHvet sfj,m“él %E’HF'HSg 0%5163 58 Fower ™ ﬂ;e
curtains A | Hakd eehphbsut Mapkiahsyt 70 mole
Rﬁi%ﬁ eﬁamg?léﬂ]t%ﬁ%,&@g{@ﬁn?%ﬂ\;\?ﬁf?y and pr ot ect Lye goverings.. .
REdet, forpbalmplefrymogredten than ybeut 37 to abpHb 7¢ g 8 CE Vit @

the present invention can , helcBpped glycol i
BRI TV T SO Se 0 bar e o eanped Shee i e
LR, 48] Bhidcking tBdolatioe vk ahd cagried sglyosdob (Rniity, atalfgst one

personal hygi ene apparel ;sych as. di apers..
diamirbeorbéioh St EBact and L ARGTER T ROl e g (e

| ber. _such l.og: S meREGIeR ifnutSiciotr dirg, spandex.
éﬂqﬁm’l“ﬁ BRI %%"6‘0@%%% e 00410177 23

Fabr i lsone aisjerct, sharg it heovislsdndwandsK QERBPIISING SelfEc
i nvention may_ al so co i t idhdD@onstituent units
901 SO HPOMDIFESSh SR EELdy pRa s HRF P Ronstituent un
§&1el b9 2h folyrAdKisy Riraieidrefupnl anethylang eKisle véercin the portion of
conbi nati'on” of such menpers. As used rej ; leRe-co-
frnitse derivadarfeomn qthyige 35 PO By i ,%"’ngr%%?eﬁe o
such bnatural Ly -accuwyk g anabdk 10 beis pasemp@h), at least one
§G%Vg?ee@%eﬁagg{0$lcggﬁn%§%r al paca, -angor f? V] cuna sisting of
angRyanatn de)odt Heast load ichain exfandert selsied o T BEPOR OB e

ion product of:

"cellulogic fibery ne ' Wg B i 0 M00%efongation
éranb‘lleéﬁ‘flg ﬂﬁ‘ese?ﬁlcgwg?refnﬁgi?f%ﬂ% graﬁgggrere cot t on,
LAY QBast 08¢ henied. yocel |, Iinen, ranmie, and other

vegetable firbers. As used herein, sy | B 'prod
{1 ber in prshes 6P AOFa 61 BIOHER bsg?“dr??&%‘ggg‘hg she 4 pjo “‘j’
ol r ' ety bhad @irenmpriging constituent units
s n%ag‘é n%;é?(?éﬁlah{eﬁg&nte pmishai-al) @

i ncluding for exanpl e pol yest.er . .
Rietiyaibydmpolyoreyiving teteabaskedian pegl ?gﬂ & gridepypersin e ortion of
An effective amynt of [ Af pddd t polgEet@diethylene-co-
anEy FEVES O © Lengpgﬁgéifso k‘%é?}e ] nventil)osri(?e
RERNdrdasler N8ycoll Fronotabdet 1ade bouinV® Heolpersetenti G o least one

aspects of the inventiop. Exanples. i d in the chai
dbisoeyanaie;sfcd @Gepr FO§ i(ﬁ%{ﬂ]inﬁrﬁ %noé}lcfglgc%é# daﬁld wherein the chain

15st ahi | B @srehdishhiealafid tadercin thiexspeandex dfas a retractive
heacn%nlﬂ%eéogﬁjgfsﬁsy%nagngsi te, bar Légn sul éfgﬁt e, agf ng‘%regt 100%
plogie 0dts]00&m elanizateonoef @k leagl, 8014 ridees Widnd Ak} &
antim.crobi al s j agents, silicone oil,
h‘?l?ﬂféfl%féﬁsrﬁ%?féo'lllaggt&@tgébi l'izers, WV screeners, . and .
the |ifkeyet Hagthepasuey ibéretiheprpyidednt SPRRIRENERRTISHHE £ HFEACHOD

fabric conprising it be 20 i : constituent
oA BRI A PR e o eia ) BEd bl
from an aqueous dye |iquor by the exhaust nethod at :
tenperatures between 20 C and, 130 C, by padding the

mat eri al conprising the spand%x with dye liquors, or

by spraying the material conprising the spandex with

dye liquor. Conventional nethods may be foll owed when
using an acid dye. For 25exanple, in an exhaust

dyei ng nethod, the fabric can be introduced into an
aqueous dye bath having a pH of between 3 and 9 which

is then heated steadily froma tenperature of
approximately 20C to a tenperature in the range of

40- 130 C over the course of about 10 to 80 m nutes.



20Spandex fi ber can be formed fromthe pol yurethane

or pol yuret haneurea pol ynmer solution of the present

i nvention through fiber spinning processes such as

dry spinning or nelt spinning. Polyurethaneureas are
typically dry-spun or wet-spun when spandex is

desired. In dry spinning, a palyner | ution. .
usiTHedisidnty aopmiymnlemnaﬁ@tr%ﬂw@ﬁﬂ“ jaad r?gllyi"r“édo’il‘tile Whe??m the
peftioR AL it ferive 1S t%lg“’r"a%’fc@éa AT RS A
| plgkeyle&ﬁérm il eﬁammlbymeté its aboyt £p mmplq: metsent; |(Bhahtegst one.

om t he sane sol vent s, use the chain
Poryms: 261 DR YT PR RS Sblent Y, wherein, fhe
e eagqecro O SV EROE A Eret ismBied e vheeinstk ispardyx hhea retractlve
1M e 5 Il anents are dr un at du@wépﬁeﬂm%
forfce ait JOG%sbloﬁ@mnleeﬂslebsé r0.03% L&/ Bemsg:s 1]512%\3” o

the ter refers to w ndup speed

afpigano @Fss?’%b{)]ibr%% ngy and is the same as the driv

rol | |§Re@danofee chspei,nthbiel ist grovifled pampdedexs FAENEs? |r%a°t1°n

characterized by infr ent fi B sndrRink@nstituent

pdlwhp éa)&\/@mwy é‘i’%@?‘g%ﬁ’?gs cequ mtgn e

L%rmlg &’@n@gd o B%nﬁﬁﬁ%e?ét@@mé&fgrmpm etbylsid glxele wherein the
be coal esced by con e

mﬁnnomms dlemezgi firam efhylang gidiads JEFRAL inelle, Olﬁfﬁf’%ar?‘eer%‘%ylene °0

textile de | I dbRep&tent; azaeast one
%}{‘ﬁﬁneﬁ&f’ﬂffé ﬁ% i{‘k&h?;%mté’ QO({?E o 0o Phose i"ﬁ’. 1ed
hifsotiRat! (o)t bﬂé or naveadiamgnet Keais SIS 8 %‘153 Sdgregy ¢ chain

spandex conposition wll redu lygn QMnandretractive
peensier PeEPTISH ANH OREIOTE SIRBUPE oa%l% ‘Mﬁe%eelgstar%ﬁg%an dex .
YN ﬁﬁo@a'&éﬁ%ﬁu%%@% IERe 0BT g/denter iagd colprdpower at 300%

~practice to sl"ow spinning speeds in order to increase
élbﬁga&ionm@athaorﬁ) Rrd/4sifice the | oad power of a spandex
in or to in d ik Srdlidat alyahdek)eolprising @utamtion product
knitt ”h f“éﬁla asg)ﬁ(g[?ﬁlgﬁgn gxlpr ogéeysm nﬂ operations.. ...
Howay ar olﬂr(wﬁammglfmpwnmtwgensgb@fd gheql) cevgprising consttuchy

10rranuf acturin ihi ¢
AT 2 4 B S o PRI aotin
3{4}3{ odéﬁved'l‘_hﬁ(l)rﬁ ethene f bles ﬁr ppeeerttu os the mﬁlx(?ﬁra@e@w&?ne -co-
ecline hese properties that de

e s P s Tl ek 0 e

%Ht end E) HE" o kxfb"i‘g dRANRE dl’lﬁmnEﬂblﬂlddaﬁs) angewhcrailnl ghe chain

n tO t ncrease in Spl nni n
%Qtehdarc@ﬁ@m;esamermdnme dignanesaangevlsrein e %ﬁg%&ﬁ;g S g denacity of

fabric m cust o EofhAROREd @i @nel o/denier.
iahlepe i o gQfé‘lfrBﬂagﬁoag@tmvt%%g&eégﬁceo%ﬁe draftability
of the fiber and thus increase the anount of spandex

required to EKeraD PESERIPTION garihiNVENEIGNcr eased
| oad power can also result in decreased consuner

confort due to increased resi . Sstance i
Ther efBreanventipn Feldies ST SEBIGE Ws%g§{)[\5\g&8&1 bﬂg[gflsmnn:]g
i ncr easi.ng oSHi i agirspeado dmarse@g/spagd@c gr while
tﬁ?@% Jlucewgm% oot rapeqgos

PO nanu cturlng cost .and |nBrov n uming
f inhemizireohe negagise cifbetiof highi SRees HHLELN YL REFPY i"eSd ?
value to the cu tdse FB&RE isakduced
t HbotBerHarto AL b 3‘51 “¢ ?Lﬁger %Ogteéi?ﬁggl%krdﬁg%dr aftability
of a spandex yarn can be linmted by a nunber of
factors. 25 The draft is |i®eted to the el ongation
of the yarn unless it is first limted by sone other
factor. One exanple of an additional factor is the
| oad power (or nodulus). For exanple, if the knitting
needle in a circular knitting machine is limted to
five grans of tension in operation, then the spandex
fiber draft is limted to the draft produced by five
grans of extension force. One favorabl e aspect of the
present 30invention is that the

pol y(tetramet hyl ene-co- et hyl eneet her) glycol -based



i nposed by the high nodulus and reduced el ongati on.
Further increases in spinning speed reduce the
draftability and thus the custoner value so much that
it is of no practical value. However, when
pOIy(tetranetherne co- et hyl eneet her) gl ycol - based
spandex is spun at speeds up to 1300 tn/m n or nore,
hpotiead iy eovehe Afirsaseninr eEBEUE aspded Idee &b othg ainFrsasefl sspinning
val u

d d, but th
rﬁqu;gttev&yragﬁégwgr%érﬁg%ga c‘ﬂgr ?L% ng@s 1e%a g? 1n]i gg&)c(l zgre retractive

%rcéfg%h hiSHAR (i SRE BéSer) Tibm@u?, SandIHotislet areesl (1ler1 raﬁatab@ shrﬂlkage
bel ow. For exanp

of the.s aqg es o .
upare tredtoant e thWé‘ief)l The PRt coppY dﬁ%/gregqla invention
300%6.8ven Mba$f2€ 86 Spdl {@Arakidehylenc-co-
L S i i e
26 Racder) glyusls. aitolﬁ(w:rardemweme cprﬁﬂad@ne@ﬁ i, glyagets are of Vall}e as

el ongati on, of andexe t he |nv Lon even
WHETSCEBERS o etﬁ‘? ﬁ Pg eg%anrelérﬁ% lg‘qﬁ gher than

that of the Cbnparlson poly(tetranethylene et her)

gl ycolthbasesbntddgotiaxethimes oﬂpolgaéthmlemrms of s spanigeare made

of the present inventio at a

dsome a5 PF (tetBenethy/ignerro-et faf-‘)t‘/’thﬁf s%&‘éﬂg iggﬁg’of pdyme“"

%%%g 'Télm ga; Atis &; sReed ahd @Wﬁﬁlﬁtl(ﬁfal 131@1@1 3xtend®.  The
b 1924 TDCTl US2006/ 017723 Anot her factor Limitin 8

phieexmythptenk- m—eihm@nc@hqrhglyp@ma@mcyl gxiygds et ppactg with at

the stress at t e to
B?aé‘ta%er@ OQYANAy Ofoﬁmt%ﬂe spaér}ajtgﬂa? |r91501 n?ﬂt i ﬁ%ﬁ)l@?mt

productivity and increases the garnment manufacturing
cost. Therefore higher tenacity is valued by the
spandex custonmer up to a point. 5However, higher
tenacity beyond the m ni num needed to avoid
processing breaks is not valued if another factor is
l'imting draftability. The inventors have found that
hi gher speed spinning of the spandexes of the

i nvention desirably increases the tenacity. This is
also illustrated in Table 3 below. |ncreasing the
refractive force of a spandex fiber (unload power) is
usual |y 10desirabl e because it is this refractive
force that pulls together the fabric construction in
el astified garnents and gives themtheir desired
properties. Increasing the unl oad power of a spandex
can either allow the fabric manufacturer to use |ess
- spandex to achieve the desired anobunt of conpression
in the fabric, or could allow the spandex

- manuf acturer to spin the spandex in finer deniers
with the 15same retractive force as a larger fil anent
of spandex with |ower unload power. The finer denier
allows its use in nore end uses, especially those
with fine denier hard yarns. Spandex fi ber
shrinks to sonme extent when it is exposed to hot
water as is usually found in dyeing and finishing
processes in garnent manufacture. It is 20desirable
to have a | ow | evel of shrinkage of the spandex fiber
in a garment when it is dyed and finished so that the
final fabric shape and size may be nmintai ned as
desired. This may be sinula d in the | aboratory by
determining the "hot wet cr p," a test designed to
simul ate the shrinkage of the spandex yarn upon
dyeing. As shown in Table 4 bel ow, the spandexes of

t he present invention have reduced 25"hot wet creep,"
as spinning speed is increased. The follow ng
Exanpl es denonstrate the present invention and its
capability for use. The invention is capable of other
and different enbodinents, and its several details
are capabl e of nodifications in various apparent
respects, w thout departing fromthe scope and spirit
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10preferred nolar ratio of diisocyanate to
pol y(tetranet hyl ene-co-ethyl ene ether) glycol is

about 1.2 to about 2.3. For the pol yurethane
WO B0S4EHE7 i nvention, the preferred nol ar ratlo%8$ﬁm3agmlTn3

di i socyanate to poI y(tetramnet hyl ene-co- et hyl ene

ether) glycol is about 2.3 to about 17, preferably

about 2.9 to about 5.6. Materials 15THF an TNEG

SlYFERNTHHIGE fhpn mmedam esratﬁhlelsalap@ el it pectanidg,

d1met#13{1fon¥\ rbgtl\p% %h ay@ﬁlen %Eﬂemﬂh)a difunctional
nat’e oni e aC| d’

resin is avail able from
cEalh exiBudep ntolyleethimes ane fomed vasaBiephain wrteRdergre Alols.

ng gymgﬁég@emﬁL¥¢P‘ﬁﬂh§Nﬁk qggﬁﬁﬂ%ﬁ%ﬂﬂﬁkﬁé@ﬂﬁi t he

e Si stretcmg cyce or in
emeh@ars a0 diksiine.hin memegarameof@fpotmthan@ma nody B &g g

at. ul ti te eIona 0 t
et B SrBGalranecs Rl p ] schibilfpebfotns
h@8roki eﬂi g%empswﬁﬁndﬁlsodyhmtcmd shaoroeore fianfines fIn jgagh qage,
bei n

i g i o PR et RSy

p&@eﬂﬁ:ﬁhh@ﬁmﬁyﬁhc@sﬁ}o rf démnaﬂ,hﬂﬁutjﬂm d:k\urazés staenque petgatei ve

force of the fiher at a ne (o VI Rg
HBE 1 DGO ek BN BSaT o TH b Pz the
tREFIGE R SR TiSNatLalystfeh®enked 8 ass;sainaheeca@ﬁm@@epof t he
capped gl ycol bl ends was determ ned according to the

%EE&%&M@%%%%W S48 MeoisBed in mating the

WedihaBodnd @mthanaﬂehsEdMelpmaentWﬂeagm&aﬁbﬂg:;adwey\xhe

%‘%{«Fdac{l&iq%ec?m??? B ddaonl P SRS SR o7 o

R RIRaO&id €O ceflysi. mltehﬁtwely, any other acldlc cyclic ether

pol y(tetrameth Iene co-eth et her | ycols of the
Hﬂ%ﬁ?uan?@@h’? %‘EPeR“é‘ili ?R@%{Fﬁ%ﬁi‘% ~co-

§ols,-f&ecxﬁﬁ | Ret@bpddphaidst Ghe Aeweropoll acids et
et hyI enee er) gl or bl end vvage gl ssolved. in a

thei sakip neefirihe @W%ﬁf«ﬁ ofdlijg fpvgRtiqarses FXEPRS; thesennr

I, onggge htidd 6 coelliiterhs OCH2
é&%&s E iﬁ%e&ﬂ Ezmﬁl i“ﬁtfgﬂn%gﬁd ?o tﬁg i nt egr.al of
deh@bc@ miﬂﬁeﬁat—l’@ 5 tcAoshimx e of r Hiese pogym rsfg

I-Er%gas g@?ﬁ‘uw’n %éu&%dé‘ﬁ%mﬁzm%w% méh@m’eﬁé(hﬂﬁﬂﬂde or

ges and from THF- based
thiynielgdsthe u@of@ammm@ml efiioi rEgUlatp BOleculan eighs. ¢
| i nkages conme from THF only. To find the nol ar

fract dmudeﬂﬁl aking th
T gt%r g}%t i en%%ﬂ‘?zﬁ léﬂe&hé@%@c m e

pol y(t e- coet hy] eneet her ycol, the

pafyusehaties arfd nobaretneys t@ pra*@aklg"%ggn %%ﬂnaefﬁ‘e d

{oﬁ %;ﬁﬁ?,ks &fd% &Qboly] ofdahignd ARAkSe cxidd,
result "wa I VI de 15by the integral of {
wmm ihepmam of Muitdarived Beastiyiase exide hylsep @'ﬁ‘?‘ mOI?H%‘?

%?{t h@? ﬁﬁf{tf%] gﬁ}é%@re : h eneeeﬂt?{] %l;?&)l ﬁ‘)?réloabout 16 to

ailmhm’mmme detogntf foeeapglefiyh gmateb@m aEmhdito astmté’ﬁgmie
and El asti c ro er

ArtspEet Peatt et fEVLHED AhaltsS i ESREhl PR Bt
ICRALGRFOncl pdacdnheomﬂﬁlthdmﬂﬂmﬁaméthﬂmoD 273 1-

7 An_Instro Si ter r i
biisrroep it ppeln mofpedt Faiiel SpbAriEhSra,
gauge |l ength and 0O-to-300% el ongati on cycles wer e
used for each of the neasurenents "as-is" fromthe

wi ndup, that is, wthout scouring or other treatnent,
after 24 hours of aging at approximtely 70 F and
2565% relative humdity (+/- 2% in a controlled
environnent. The sanples were cycled five tines at a
constant elongation rate of 50 cm per minute and then
hel d at 300% extension for 30 seconds after the fifth
extensi on. Load power, the stress on spandex during
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Unl oad power, the stress at an extension of 100% or
200% on the fifth unload cycle, is al so reported in

rans per denier; it is designated as "UP 1"

WO 2QeE0¢T vel y. Per cent el ongation at break (" E$HU§KQWEW1B
tenacity were neasured on the sixth extension cycle
using nodified Instron grips to which a rubber tape
was bSattached for reduced slippa Percent Set

the prdaére wemmmamcgmpmmo@amt ungg g?}’é’ﬁfl by gepojReriing

te gﬁgé&bﬁ? an a n 18 rfgllleeoskuf h@ﬂergﬁﬁ%c%ﬁfbn%f Rhgcdgded Rohi ve

1'6h/ Tel axat 1 on cycles. Percent set ("%
etBitHe onides(ethgleneibthtraubietiss) PGEEAL i the)pgly feteamsihylege-co-

L d Lf
'&l%@’?‘? ﬁ’&ﬁc?l%"‘?’} g%é’ﬁ”t abv?ng{@ot Fﬁ T fé?u“%. on, B&%f o?fea)bglrll?mgg ? 5er
mlofepefdeNt oAbRBHHY o G0 odd exaeni. GFie @ymbletsge of agibedarived

Circul ar [ pandex
srging e oS Perett jn (o Blybots et blfihertifosP a0
etﬁ eﬂlepﬁfél%ﬁ re@nt ineheggtydol.er plate and in turn to

knlt stlt due to the difference between the

d h d
= b oo Bt g e

61’9‘&%&&&9 Mnd ))olgfﬁ)reﬁiamemqaa nﬂibx psgup inyentiansan kave 6B FEACSP

4 K
mﬂs@u%‘amahreo?%ﬁ%w‘t@%ﬁ)%?n 0 QR Blon B dex
81 &Et&ﬁ‘ﬁdtl@]cﬂé%o—eﬂﬁ@@ﬁeétﬂer}%@@%l nmolecnler weigtscanbed her ei n,

e term"hard efers to relatiy I nel astic
a?wﬁge% &or 54/ Gtﬁ%%@??'&impegbeﬁ BED & y?ngﬁ&&%/ ayon,
acetate, or wool. 20The total draft of the spandex

yam The pblp(ﬁ@ﬁm&thymfne—t:dneﬂlybndﬂhw) gl{ycafStuSQd\@)mm he
k d P wh
Bl el S B PR e
aﬁ@ﬁﬂﬁ@eﬁumﬁ%n}aedqrmchaﬁemmnawqowmdem)gqucivélystp@mgex
content I n a ] C S . O o the
oy Seing Qislat Nonerrbichg i o1 R pt AR tlap Rl pdeo 1
a8y SPRARE BXfofRAlcpElic ctRRuider the BEaatr @ddifiomp@hésy naa | ed
Per cent 25Package Rel axat iS de{ﬁllgedmasle&e
cyclidingHeln ot msla%e%ﬂelter%éy%ﬁ%d@%w e hisPh Lot PRBY Sxed
%gc%m 4 Hﬁﬂ Qsloalm\éﬂ\?pl Q@rélﬁﬁemcdﬁa@@}ef PR typically

asutes for the spandex used in circul ar

roas ape'@é‘%%é’t@g e R e s lgp SRAAALL By

at leastond Q&dlu&ﬁﬁéd%ﬁpbh&t, dubteast Dinethyktahydro R, daypthal so

be I | at ed PR/ 100 4

ot 1 S onpeiplcpstis fisl mecboraed il il 5o,

rﬁ)(ﬁe(ﬁﬁﬁil gk %'ffllg&tt%l 5%&1 8l caflafb e Bdeddn Ribking V!»ielplomtbaaem
machi ne draft of

4x and 15% PR ﬁ% gg% ;
amdulalyuteﬂaﬂ@ur@ﬁs of tirg pyesent inventggn-and aeig A %egnmg o
tﬁé {e Etglgg&faﬂeﬁf yRen@ichleit§ichdthely of pbl?;(ﬂéﬁﬁnédi}ﬂeﬂﬂddl- mm

ntent “consi stént w th adequate f r|c

thsdpectmé glyeold” The ftdeast qnp addidomd m%ﬂﬁ%tdma’
| ”%58%%4 e C@%ﬁﬂﬂ%ﬁ @fcﬁ f it ﬁaﬁbmtﬂepmmﬂmﬁat @.ﬂﬂ&:ﬁl@ﬂ

nmarn fa mts is the percent

ﬁiﬂothg @bly@ntrametluylew@o—@hyl@ec;tg@rh gb(,pqlh The gileastoneadditional
& ongaq& '5%3’ &tﬁﬁre%é ?{Eth% %xtmﬂ eﬁrﬁsdtoeé r eaEﬁmL el tRheficial

enacity a friction,
3%pédls bfabkinkesdn. denier uniformty, and defects in
yarn can reduce the practical achievable draft.
Knitters will provide a safety margin for 10t hese
limting factors by reducing draft fromthe ultinmate
draft (measured percent e ongation at break). They
typically determine this "sustainable draft" by
increasing draft until knitting breaks reach an
unaccept abl e | evel, such as 5 breaks per 1,000

revol utions of the knitting machi ne, then backing off
until acceptable performance is regai ned. 15Tensi on
in knitting needles can also be a limting factor for
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Diisocyanates that can be used include, but are not limited to, 1-
isocyanato-4-[(4-isocyanatophenyl)methyljbenzene, 1-isocyanato-2-](4-
cyanatophenyl)methyljbenzene, bis(4-isocyanatocyclohexyl)methane, 5-
isocyanato-1-(isocyanatomethyl)-1,3,3-trimethylcyclohexane, 1,3-diisocyanato-4-
methyl-benzene, 2,2’-toluenediisocyanate, 2,4’-toluenediisocyanate, and mixtures
thereof. Particularly preferred diisocyanates are 1-isocyanato-4-[(4-.
isocyanatophenyl)methyl]benzene, 1-isocyanato-2-[(4-
cyanatopheny)methyl]benzene, and mixtures thereof. The most preferred

diisocyanate is 1-isocyanato-4-[(4-isocyanatophenylmethyljoenzene.

When a polyurethane is desired, the chain extender is a diol. Examples of
such diols that may be used include, but are not limited to, ethylene glycol, 1,3-
propanediol, 1,2-propylene glycol, 3-methyl-1,5-pentanediol, 2,2-dimethyl-1,3-
trimethylene diol, 2,2,4-trimethyl-1,5 -pentanediol, 2-methyl-2-ethyl-1,3-
propanediol, 1,4-bis(hydroxyethoxy)benzene, and 1,4-butanediol and mixtures
thereof.

When a polyurethaneurea is desired, the chain extender is a diamine.
Examples of such diamines that may be used include, but are not limited to
hydrazine, ethylene -diamine, 1,2-propanediamine, 1,3-propanediamine, 1,2-
butanediamine (1,2-diaminobutane), 1,3-butanediamine (1,3-diaminobutane), 1,4~
butanediamine (1,4-diaminobutane), 1,3-diamino-2,2-dimethylbutane, 4.4'-
methylene-bis-cyclohexylamine, 1-amino-3,3,5-trimethyl-5-
aminomethquyclohexane, 1,6-hexanediamine, 2,2-dimethyl-1,3-diaminopropane,
2,4-diamino-1-methylcyclohexane, N-methylaminobis(3-propylamine), 2-methyl-
1,5-pentanediamine, 1,5-diaminopentane, 1,4-cyclohexanediamine, 1,3-diamino-
4-methylcyclobexane, 1,3-cyclohexane-diamine, 1,1-methylene-bis(4,4'-
diaminohexane), 3-aminomethyl-3,5,5-trimethylcyclohexane, 1,3-pentanediamine

(1,3-diaminopentane), m-xylylene diamine, and mixtures thereof.

Optionally, a chain terminator, for example diethylamine,
cyclohexylamine, n-hexylamine, or a monofunctional alcohol chain terminator
such as butanol, can be used to control the molecular weight of the polymer.
Additionally, a higher fanctional alcobol "chain brancher” such as pentacrythritol,
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or a trifumctional "chain brancher,"” such as diethylenetriamine, may be used to

control solution viscosity.

The polyurethanes and polyurethaneureas of the present invention may be
used in any application where polyurethanes or polyurethaneureas of this general
type are employed, but are of special benefit in fabricating articles which require
high elongation, low modulus, or good low temperature properties when in use.
They are of particular benefit in fabricating spandex, elastomers, flexible and rigid
foams, coatings (both solvent and water-based), dispersions, films, adhesives, and

shaped articles.

As used herein and unless otherwise indicated, the term "spandex" means a
riapufactured fiber in which the fiber-forming substance is a long chain synthetic
polymer comprised of at least 85 percent by weight of a segmented polyurcthane

or polyurethaneurea. Spandex is also referred to as elastane.

The spandex of the present invention can be used to make knit and woven
stretch fabrics, and garments or textile articles comprising such fabrics. Stretch
fabric examples include circular, flat, and warp knits, and plain, twill, and satin
wovens. The term “garment,” as used herein, refers to an article of clothing such
as a shirt, pants, skirt, jacket, coat, work shirt, work pants, uniform, outerwear,
sportswear, swimsuit, bra, socks, and underwear, and also inchudes accessories
such as belts, gloves, mittens, hats, hosiery, or footwear. The term “textile
article,” as used herein, refers to an article comprising fabric, such as a garment,
and further includes such items as sheets, pillowcases, bedspreads, quilts,
blankets, comforters, comforter covers, sleeping bags, shower curtains, curtains,
drapes, tablecloths, napkins, wiping cloths, dish towels, and protective coverings

for upholstery or furniture.

The spandex of the present invention can be used alone or in combination
with various other fibers in wovens, weft (including flat and circular) knits, warp
knits, and personal hygiene apparel such as diapers. The spandex can be bare,
covered, or entangled with a companion fiber such as nylon, polyester, acetate,

cotton, and the like.
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Fabrics comprising the spandex of the present invention may also
comptise at least one fiber selected from the group consisting of protein,
cellulosic, and synthetic polymer fibers, or a combination of such members. As
used herein, “protein fiber” means a fiber composed of protein, including such
naturally occurring animal fibers as wool, silk, mohair, cashmere, alpaca, angora,
vicuna, camel, and other hair and fur fibers. As used herein, “cellulosic fiber”
means a fiber produced from tree or plant materials, including for example cotton,
rayon, acetate, yocell, linen, ramie, and other vegetable fibers. As used herein,
“synthetic polymer fiber” means a manufactured fiber produced from a polymer
built up from chemical elements or compounds, including for example polyester,

polyamide, acrylic, spandex, polyolefin, and aramid.

An effective amount of a variety of additives can also be used in the
spandex of the invention, provided they do not detract from the beneficial aspects
of the invention. Examples include delustrants such as titanium dioxide and
stabilizers such as hydrotalcite, a mixture of huntite and hydromagnesite, barium
sulfate, hindered phenols, and zinc oxide, dyes and dye enhancers, antimicrobials,
antitack agents, silicone oil, hindered amine light stabilizers, UV screeners, and

the like.

The spandex of the present invention or the fabric comprising it may be
dyed and printed by customary dyeing and printing procedures, such as from an
aqueous dye liquor by the exhaust method at temperatures between 20 OC and 130
9C, by padding the material comprising the spandex with dye liquors, or by

spraying the material comprising the spandex with dye liquor.

Conventional methods may be followed when using an acid dye. For
example, in an exhaust dyeing method, the fabric can be introduced into an -
aqueous dye bath having a pH of between 3 and 9 which is then heated steadily
from a temperature of approximately 20 %C to a temperature in the range of 40~
130 °C over the course of about 10 to 80 minutes. The dye bath and fabric are
then held at temperature in the range of 40 to 130 °C for from 10 to 60 minutes
before cooling. Unfixed dye is then rinsed from the fabric. Stretch and recovery

properties of the spandex are best maintained by minimal exposure time at

12
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temperatures above 110 °C. Conventional methods may also be followed when

using a disperse dye.

As used herein, the term “washfastness” means the resistance of a dyed
fabric to loss of color during home or commercial laundering. Lack of
washfastness can result in color loss, sometimes referred to as color bleed, by an
article that is not washfast. This can result in a color change in an article which is
laundered together with the article that is not washfast. Consumers generally
desire fabrics and yarns to exhibit washfastness. Washfastness relates to fiber
composition, fabric dyeing and finishing processes, and laundering conditions.

Spandex having improved washfastness is desired for today’s apparel.

The washfastness properties of the spandex of the present invention may
be supported and further enhanced by use of customary auxiliary chemical
additives. Anionic syntans may be used to improve the wetfasiness
characteristics, and can also be used as retarding and blocking agents when a
minimal partition of dye is required between the spandex and partner yarn.
Anionic sulfonated oil is an auxiliary additive used to retard anionic dyes from
spandex or partner fibers that have a stronger affinity for the dye where uniform
level dyeing is required. Cationic fixing agents can be used alone or in

conjunction with anionic fixing agents to support improved washfastness.

Spandex fiber can be formed from the polyurethane or polyurethaneureca
polymer solution of the present invention through fiber spinning processes such as
dry spinning or melt spinning. Polyurethaneureas are typically dry-spun or wet-
spun when spandex is desired. In dry spinning, 2 polymer solution comprising a
polymer and solvent is metered through spinneret orifices into a spin chamber to
form a filament or filaments. Typically, the polyurethaneurea polymer is dry spun
into filaments from the same solvent as was used for the polymerization reactions.
Gas is passed through the chamber to evaporate the solvent to solidify the
filament(s). Filaments are dry spua at a windup speed of at least 550 meters per
minute. As used herein, the term “spinning speed” refers to windup speed, which
is determined by and is the same as the drive roll speed. Good spinability of
spandex filaments is characterized by infrequent filament breaks in the spinning

13
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speed of a spandex composition will reduce its elongation and raise its load power
compared to the same spandex spun at a lower speed. Therefore, it is common
practice to slow spinning speeds in order to increase the elongation and reduce the
joad power of a spandex in order to increase its draftability in circular knitting and
other spandex processing operations. However, lowering spinning speed reduces

manufacturing productivity.

As spandex fiber is spun faster, some desirable physical properties
improve, while other fiber properties simultaneously decline. These properties
that decline include reduced elongation, and increased force required to extend the
fiber (load power or modulus), generally in proportion to the increase in spinning
speed. Both properties reduce the value of the spandex to fabric mill customers.
The reduced elongation and increased load power act to reduce the draftability of
the fiber and thus increase the amount of spandex required to make an elastified
garment. The increased load power can also result in decreased consumer comfort
due to increased resistance to stretching, Therefore, a balance must be struck
between increasing the fiber spinning speed thereby reducing the producer’s
manufacturing cost and improving some fiber properties, with minimizing the loss
of product value fo the customer due to the decline of some of the other desired

fiber properties.

The drafiability of a spandex yarn can be limited by a number of factors.
The draft is limited to the elongation of the yarn unless it is first limited by some
other factor. One example of an additional factor is the load power (or modulus).
For example, if the knitting needle in a circular knitting machine is limited to five
grams of tension in operation, then the spandex fiber draft is limited to the draft
produced by five grams of extension force. One favorable aspect of the present
invention is that the poly(tetramethylene-co-ethyleneether) glycol-based
spandexes retain very high draftability in circular knitiing, remaining higher than
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high quality poly(tetramethylene ether) glycol-based spandex even when the
spandex of the invention is wound up at speeds 50 percent higher than the

Comparison spandex. This is illustrated in Table 1 below.

Lower load power is desired in most spandex end uses not only because of
its positive effect on increased draftability, but also because lower load power in
the elastified garment often translates into improved consumer comfort. Higher
elongation is similarly desirable not only because of its positive effect on
increased drafiability, but also because higher elongation in the elastified garment

can be translated into higher available stretch in certain garment constructions.

One favorable aspect of the present invention is that spandex based on
poly(tetramethylene-co-ethyleneether) glycols (where ethyleneether content is 16
1o 70 mole percent) has much higher elongation and lower load power, than
poly(tetramethylene ether) glycols-based spandex, when spun at similar speeds
and conditions. Poly(tetramethylene ether) glycol-based spandex is not currently
spun at much more than about 870 meters per minute (m/min.) due to limitations
imposed by the high modulus and reduced elongation. Further increases in
spinning speed reduce the draftability and thus the customer value so much that it
is of no practical value. However, when poly(tetramethylene-co-ethyleneether)
glycol-based spandex is spun at speeds up to 1300 m/min or more, the load power
is increased and the elongation is reduced, but they remain at values better than
poly(tetramethylene ether) glycol-based spandex spun at much lower speeds. This
is illustrated in Tables 2 and 3 below. For example, all of the spandexes of the
invention have lower load power at 100%, 200%, and 300% even when spun at
much higher speeds than the Comparison poly(tetramethylene ether) glycol-based
spandex spun at 844 m/min. In addition, the elongation of the spandexes of the
invention even when spun at much higher speeds remains higher than that of the
Comparison poly(tetramethylene ether) glycol-based spandex spun at 844 m/min.
The spandex of the present invention may be spun at a speed in excess of 750
m/min., or at a speed in excess of 1000 my/min., or at a speed in excess of 1100
m/min.
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Another factor limiting spandex yarn drafting is the tenacity of the yarn, or
the stress at the elongation break or resistance to breaking. Breaks in the spandex
while knitting limit productivity and increases the garment manufacturing cost.
Therefore higher tenacity is valued by the spandex customer up to a point.
However, higher tenacity beyond the minimum needed to aveid processing breaks
is not valued if another factor is limiting draftability. The inventors have found
that higher speed spinning of the spandexes of the invention desirably mcreases

the tenacity. This is also illustrated in Table 3 below.

Increasing the retractive force of a spandex fiber (unload power) is usually
desirable because it is this retractive force that pulls together the fabric
construction in elastified garments and gives them their desired properties.
Increasing the unload power of a spandex can either allow the fabric manufacturer
to use less spandex to achieve the desired amount of compression in the fabric, or
could allow the spandex manufacturer to spin the spandex in finer deniers with the
same Tetractive force as a larger filament of spandex with Jower unload power.
The finer denier allows its use in more end uses, especially those with fine denier

hard yarns.

Spandex fiber shrinks to some extent when it is exposed to hot water as is
usually found in dyeing and finishing processes in garment manufacture. It is
desirable to have a low level of shrinkage of the spandex fiber in a garment when
it is dyed and finished so that the final fabric shape and size may be maintained as
desired. This may be simulated in the laboratory by determining the “hot wet
creep,” a test designed to simulate the shrinkage of the spandex yarn upon dyeing.
As shown in Table 4 below, the spandexes of the present invention have reduced

“hot wet creep,” as spinning speed is increased.

The following Examples demonstrate the present invention and its
capability for use. The invention is capable of other and different embodiments,
and its several details are capable of modifications in various apparent respects,
without departing from the scope and spirit of the present invention. Accordingly,

the Examples are to be regarded as illusirative in nature and not as restrictive.
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As used herein and unless otherwise indicated, the term “DMACc” means
dimethylacetamide solvent, the term “%NCO” means weight percent of the
isocyanate end groups in a capped glycol, the term “MPMD” means 2-methyl-1,5-
pentanediamine, the term “EDA” means 1,2-¢thylenediamine, and the term

“PTMEG” means poly(tetramethylene ether) glycol.

As used herein, the term “capping ratio™ is defined as the molar ratio of
diisocyanate to glycol, with the basis defined as 1.0 mole of glycol. Therefore, the
capping ratio is typically reported as a single number, the moles of diisocyanate
per one mole of glycol. For the polyurethaneureas of the present invention, the
preferred molar ratio of diisocyanate to poly(tetramethylene-co-ethylene ether)
glycol is about 1.2 to about 2.3. For the polyurethanes of the present invention,
the preferred molar ratio of diisocyanate to poly(tetramethylene-co-ethylene ether)
glycol is about 2.3 to about 17, preferably about 2.9 to about 5.6.

Materials

THF and PTMEG (TERATHANE® 1800) are available from Invista S. a
r. 1., Wilmington, Delaware, USA. NAFION® perfluorinated suifonic acid resin
is available from E.I DuPont de Nemours and Company, Wilmington, Delaware,
USA.

Analytical Methods

Tenacily is the stress at break in the sixth stretching cycle, or in other
words, the resistance of the fiber fo breaking at ultimate elongation. Load power
is the stress at specified elongations in the first stretching cycle, or in other words,
the resistance of the fiber to being stretched to higher elongation. Unload power
is the stress at specified elongations in the fifth retraction cycle, or in other words,
the retractive force of the fiber at a given elongation after having been cycled to

300 percent elongation five times.

Percent Isocyanate - Percent isocyanate (%NCO) of the capped glycol
blends was determined according to the method of S. Siggia, "Quantitative
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Organic Analysis via Functional Group", 3rd Edition, Wiley & Sons, New York,
pages 559-561 (1963) using a potentiometric titration.

Ethyleneether Content - The level of ethylencether content in the
poly(tetramethylene-co-ethyleneether) glycols of the present invention was
determined from "H NMR measurements. The sample of poly(tetramethylene-co-
ethyleneether) glycol or blend was dissolved in a suitable NMR solvent such as
CDCls and the 'H NMR spectrum obtained. The integral of the combined -OCH;
peaks at 3.7-3.2 ppm was compared to the integral of the combined -C-CH;CHa-
C- peaks from 1.8-1.35 ppm. The -OCH,- peaks cotne from both ethylene oxide- -
based linkages (-O-CH,CH,-O-) and from THF-based linkages (-O-
CH,CH,CH,CH,-0-) while the -C-CH,CH,-C- linkages come from THF only.

To find the molar fraction of ethyleneether linkages in the poly(tetramethylene-co-
ethyleneether) glycol, the integral of the -C-CHzCH-C- peaks was subtracted
from the integral of the combined -OCH;- peaks and then that result was d1v1ded
by the integral of the -OCH,- peaks.

Number Average Molecular Weight - The number average molecular
weight of the poly(tetramethylene-co-ethyleneether) glycol was determined by the
hydroxyl number method.

Strength and Elastic Properties - The strength and elastic properties of the
spandex were measured in accordance with the general method of ASTM D 2731-
72. An Instron tensile tester was used to determine tensile properties. Three
filaments, a 2-inch (5-cm) gauge length and 0-to-300% elongation cycles were
used for each of the measurements "as-is" from the windup, that is, without
scouring or other treatment, after 24 hours of aging at approximately 70 °F and
65% relative humidity (/- 2%) in a controlled environment. The samples were
cycled five times at a constant elongation rate of 50 cm per minute and then held

at 300% extension for 30 seconds after the fifth extension.

Load power, the stress on spandex during initial extension, was measured
on the first cycle at 100%, 200%, or 300% extension and is reported in the Tables
in grams per denier and is designated "LP1”, “LP2”, or “LP3", respectively.
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Unload power, the stress at an extension of 100% or 200% en the fifth unload
cycle, is also reported in grams per denier; it is designated as "UP1" or "UP2,"
respectively. Percent clongation at break ("Elo") and tenacity were measured on
the sixth extension cycle using modified Instron grips to which a rubber tape was

attached for reduced slippage.

Percent Set - Unless otherwise indicated, percent set was also measured on
samples that had been subjected to five 0-300% elongation/relaxation cycles.

Percent set ("% SET") was calculated as:
% SET = 100(Lf - Lo)/Lo

wherein Lo and Lf ate the filament (yam) length, when held straight without

tension, before and after the five elongation/relaxation cycles, respectively.

Circular Knit (CK) Draft — In knitting, the spandex stretches (drafts) when
it is delivered from the supply package to the carrier plate and in turn to the knit
stitch due to the difference between the stitch use rate and the feed rate from the
spandex supply package. The ratio of the hard yamn supply rate (meters/min) to
the spandex supply rate is normally 2.5 to 4 times (2.5x to 4x) greater, and is
known as the machine draft, “MD.” This corresponds to spandex elongation of
150% to 300%, or more. As used herein, the term “hard yarn” refers to relatively

inelastic yarn, such as polyester, cotton, nylon, rayon, acetate, or wool.

The total draft of the spandex yarn is a product of the machine draft (MD)
and the package draft (PD), which is the amount that the spandex yarn is afready
stretched on the supply package. For a given denier (or decitex), the spandex
content in a fabric is inversely proportional to the total draft; the higher the total
draft, the lower the spandex content. PR is a measured property called “Percent
Package Relaxation” and is defined as 100 * (length of yarn on the paclkage ~
length of relaxed yarn) / (length of yam on the package). PR typically measures 5
to 15 for the spandex used in circular knit, elastic, single jersey fabrics, Using the
measured PR, package draft (PD) is definedas 1 /(1— PR/100). Therefore, the
total draft (TD) may also be calculated as MD /(1 ~PR/100). A yarn with 4x
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tenacity at break, friction, yarn tackiness, denier uniformity, and defects in yam
can reduce the practical achievable draft. Knitters will provide a safety margin for
these limiting factors by reducing draft from the ultimate draft (measured percent
elongation at break). They typically determine this “sustainable dr " by
increasing draft until knitting breaks reach an unacceptable level, such as 5 breaks
per 1,000 revolutions of the kniiting machine, then backing off until acceptable

performance is regained.

Tension in knitting needles can also be a limiting factor for draft. The feed
tension in the spandex yarn is directly related to the total draft of the spandex
yarn. Ii is also a function of the inherent modulus (load power) of the spandex
yamn. Tn order to maintain acceptably low tension in knitting at high draft, it is

advantageous for the spandex to have a low modulus (load power).

The ideal yarn for high draftability would therefore have high percent
elongation to break, low modulus (load power), adequately high tenacity, low

friction and tack, uniform denier, and a low level of defects.

Because of its stress-strain properties, spandex yarn drafis (draws) more as
the tension applied to the spandex increases; conversely, the more that the
spandex is drafted, the higher the tension in the yarn. A typical spandex. yarn path
in a circular knitting machibe is as follows. The spandex yam is metered from the
supply package, over ot through a broken end detector, over one or more change-
of-direction rolls, and then to the carrier plate, which guides the spandex to the
knitting needles and into the stitch. There is a build-up of tension in the spandex

yarn as it passes from the supply package and over each device or roller, due to
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frictional forces imparted by each device or roller that touches the spandex. The
total draft of the spandex at the stitch is therefore related to the sum of the tensions

throughout the spandex path.

Residual DMAc in Spandex - The percent DMAc remaining in the
spandex samples was determined by using a Duratech DMAc analyzer. A known
amount of perclene was used to extract the DMAc out of a known weight of
spandex. The amount of DMAc in the perclene was then quantified by measuring
the UV absorption of the DMAc and comparing that value to a standardization

curve.

Hot-Wet Creep - Hot-wet creep (HHWC) is determined by measuring an
original length, Ly, of a yarn, stretching it to one-and-a-half times its original
length (1.5Ly), immersing it in its stretched condition for 30 minutes in a water
bath maintained at temperature in the range of 97 to 100 °C, removing it from the
bath, releasing the tension and allowing the sample to relax at room temperature
for a minimum of 60 minutes before measuring the final length, Ls. The percent

hot-wet creep is calculated from the following formula:
% HWC = 100 x [(Le-Lo) / Lo]

Fibers with low % HWC provide superior performance in hot-wet finishing

operations, such as dyeing.

EXAMPLES
Examples 1 — 31 (Ethyleneether-Containing Spandex)

Random poly(tetramethylene-co-ethyleneether) glycols with the mole
percentage of ethyleneether units and number average molecular weights shown in
Tables 1, 2, and 4 were capped with 1-isocyanato-4-{(4-isocyanato-
phenylmethylJbenzene at 90°C for 120 minutes using 100 ppm of a mineral acid
as catalyst io give a prepolymer with the molar ratio of diisocyanate to glycol
(cappiﬁg ratio) shown in the table. This capped glycol was then diluted with
DMAc solvent, chain extended with EDA, and chain terminated with
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diethylamine to give a spandex pelymer solution. The amount of DMAGC us ed was
such that the final spinning solution had 36 - 38 wi% polyurethaneurea in it, based
on total solution weight. The spinning solution was dry-spun into a column
provided with dry nitrogen, coalesced, passed around a godet roll and wound up at
the speeds listed. Spinning cell temperatures and aspiration gas flow rates were
adjusted fo result in a residual solvent level of 0.1 to 0.7 percent. The filaments
demonstrated good spinability. Fiber properties are presented in Tables 1 through
4.

Comparison Examples “1-5” (PTMEG-Based Spandex)

Poly(tetramethyleneether) glycol with an 1800 Dalton average molecular
weight was capped with 1-isocyanato-4-[(4-isocyanato-phenyDmethyljbenzene at
90°C for 90 minutes to give a prepolymer with a molar ratio of diiéocyanate to
glycol of 1.69. This capped glycol was then diluted with DMAc solvent, chain
extended with a mixture of EDA and MPMD in a 90/10 ratio, and chain
terminated with diethylamine to give a spandex product similar in composition to
a high quality commercial spandex. The amount of DMAc used was such that the
final spinning solution contained 35 wt% polyurethaneurea, based on fotal
solution weight. The spinning solution was dry-spun into a column provided with
dry nitrogen, coalesced, passed around a godet roll and wound at the speeds listed.
The filaments demonstrated good spinability. Fiber properties are presented in
Tables 1 through 4.

Table 1
Filaments  Windup CK

%  Capping Glycol per Speed PRM  Machine  Total

Example EO Ratio Extender MW threadline  (m/min) (%) Draft Draft
i 27 1.63 100% EDA 2010 3 844 14.7 4.1 4.80

2 27 1.63 100% EDA 2010 4 870 19.2 4.1 5.08

3 27 1.63 100% EDA 2010 4 1100 19.5 338 472

4 27 1.63 - 100% EDA 2010 4 1280 20.4 3.6 4.52

5 38 1.7 100% EDA 2500 4 870 19.5 43 534
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6 38 1.7 100% EDA 2500 4 1100 21.0 41 5.19
7 38 1.7 100% EDA 2500 4 1280 18.7 a7 4.55
8 38 1.7 100% EDA 2500 3 844 14,0 4.1 477
9 49 1.64 100% EDA 2045 4 870 15.8 45 5.34
Comparison 90/10
Example | 0 1.69 EDA/MPMD 1800 3 844 11.6 3.8 4.30
Comparison 90/10
Example 2 0 1.69 EDA/MPMD 1800 4 1100 16.8 34 4,09

Fxamination of the data in Table 1 shows several different spandexes with
differing ethyleneether contents, capping ratios, glycol molecular weights,
filamenis per threadline, and windup (spinning) speed with total circular knit draft
fevels exceeding that of spandex based on poly(tetramethyleneether) glycol.
Examples 4 and 7 both have total draft levels exceeding that of Comparison

Example 1 spandex even though they were wound up at over 50% higher speed.

Table 2

Chlorins Windup  Filamenis  Residual

%  Glycol Capping resistance Speed per Solvent
Example EQO MW Ratio Extender addifive%  (m/min)  threadline (%)
10 38 2500 1.70 EDA 100% 4 844 3 0.17
11 38 2500 1.70 EDA 100% 4 1100 4 0.19
12 38 2500 1.70 EDA 100% 4 1280 4 0.25
13 27 2010 1.63 EDA 100% 4 870 4 0.18
14 27 2010 1.63 EDA 100% 4 1100 4 036
15 27 2010 1.63 EDA 100% 4 1280 4 0.36
16 49 2049 1.64 EDA 100% 4 870 4 0.23
17 4% 2049 1.64 EDA 100% 4 1100 4 0.21
18 37 1885 1.60 EDA 100% 0 344 3 0.72
s 37 1885 1.60 EDA 100% o 870 4 074
20 37 1885 1.60 EDA 100% 0 1100 4 0.73
21 37 1885 1.60 EDA 100% 0 1280 4 0.82
90/10
22 37 1885 1.72 EDAMPMD 0 844 3 0.79
9010
23 37 1885 1.72 EDAMPMD 0 1100 4 0.79
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30.5 0.5577 0.0162 0.0341 0.0813 0.1230 0.1602 23 528
32.2 0.5755 0.0171 0.0365 0.1082 0.1696 0.2443 WO
woég@ﬁ/%%&;OZ?PCTl US2006/ 017723 Conpari son

373 443 27.4 0.8912 0.0170 0.0281 0. 108 51772
0. 4049 Conpari son

Comparison 90110
Example 3 0 1800 1.69 EDA/MPMD 0 870 4 0.42
Comparison 90/10
Example 4 0 1800 1.69 EDA/MPMD 0 1100 4 0.63
Comparison 90/10
Example 5 0 1800 1.69 EDA/MPMD 0 1280 4 .48

Table 2 shows the compositional details of several different spandexes
varying by ethyleneether contents, glycol molecular weights, capping ratios,
extender type, additive amount, windup (spinning) speed filaments per threadline,
and residual spinning solvent. All are 44 dtex spun fibers. The filament count
affects the drying rate of the fiber; therefore, the amount of residual solvent in the
fiber after spinning is given. Drying the fiber to a lower residual solvent level also
affects the resulting fiber properties. In general, drying the fiber more will
increase the retractive force or unload power. Therefore, examples of a given

composition with similar residual solvent were selected for comparison by windup

speed.
Table 3
ELO SET TEN UPri UP2 LPl LP2 LP3

Example (%) (%) (g/den) (g/den) (g/den) (g/den) (g/den) (g/den)
i0 640 225 0.5384 0.0170 0.0314 0.0530 0.0848 0.1200
11 632 22.5 0.6721 0.0177 0.0336 0.0653 0.1068 0.1567
12 630 220 0.7547 0,0132 0.0349 0.0698 0.1151 0.1705
13 634 265 0.6557 0.0158 0.0313 0.0706 0.1149 0.1639
14 587 259 0.7001 0.0172 0.0341 0.0846 0.1369 0.1983
i5 539 242 0.8868 0.0175 0.0357 0.0798 0.1431 0.2268
16 630 26.6 0.5483 0.0169 0.0341 0.0653 0.1028 0.1426
17 546 23.3 0.6097 0.0185 0.0377 0.0657 0.1142 0.1701
18 622 315 0.4987 0.0156 0.0328 0.0762 0.1134 0.1521
19 721 333 0.5000 0.0160 0.0338 0.0941 0.1306 0.1662
20 611 325 0.5443 0.0162 0.0343 0.1010 0.1445 0.1809
21 537 29.9 0.5585 0.0178 0.0374 0.1054 0.1596 02240
22 584 305 0.5577 0.0162 0.0341 0.0813 0.1230 0.1602
23 528 322 0.5755 0.0171 0.0365 0.1082 0.1696 0.2443
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Exanpl e 4 411 25.2 0.8701 0.0174 0.0289 0.1179 0. 2429

862%}?130 Conpari son Exanple 5 397 23.9 1.0288
. 0317 0.1134 0.2595 0.5548 Ta '
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from Table 2. Exam nation of the data in table 3
shows that for each of the Exanples and Conpari son

Exanpl e conpositions a higher w ndup speed increases
refractive

Comparison
Exampls 3 443 274 0.8912 0.0170 0.0281 0.1081 0.2170 0.4049

Comparison
Example 4 411 25.2 0.8701 0.0174 0.0289 01179 0.2429 0.29590

Comparison
Example 5 397 239 1.0288 0.0183 0.0317 0.1134 0.2595 0.5548

Table 3 shows the physical properties of the Example fibers from Table 2.
Examination of the data in table 3 shows that for each of the Examples and
Comparison Example compositions a higher windup speed increases retractive
force at both 100% and 200% elongation on the fifth recovery cycle (UP1 and
UP2), as well as the load power at 100%, 200%, and 300% elongation on the first
elongation cycle (except for Comparison Exainple 4 that has a higher residual
solvent level). Even when spun at 1280 m/min. windup speed, the Examples of
the invention have much lower load power and higher elongation than the
Comparison Example 3 spandex spun at 870 m/min. Thus it may be seen that the
Examples of the invention, when spun at all of these windup speeds, even those
greater than 1000 m/min., may be drafted much further in a circular knitting
operation before the tension at the knitting needle or the elongation limits the
spandex draft.

Table 4
Windup
Glycol Capping Speed Hot Wet
Example %EQ MW Ratio Extender (m/min) Creep
24 37 1500 1.60 100% EDA 870 16.5
25 37 1900 1.60 100% EDA. 1100 15.1
26 37 1900 1.60 100% EDA 1280 13.2
27 49 2049 1.64 100% EDA 870 16.5
28 49 2049 1.64 1009 EDA 1100 13.2
29 27 2045 1.63 100% EDA 870 13.2
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Ex’émrr%@le %EOgGI ychOMNTaBI e 4 Capping Rati o Extender
W ndup Speed (m min) Hot Wet Creep 24 37 1900 1.60
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26 3bxapgpgion of ghe data in Table 4 shows that increasing the windup spee

of the Fxamples of the invention reduces the hot wet creep, and may be used to

reduce the creep to a level below that of the Comparison spandex.
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100% RDA 1280 132 27 49 2049 1.64 100% EDA 870 16.5
28 49 2049 1.64 100% EDA 1100 13.2 29 27 2045 1.63
100% EDA 870 13.2 25 30 27 2045 1.63

CLAIMS

Spandex comprising a reaction product of:

(a) a poly(tetramethylene-co-ethyleneether) glycol comprising constituent
units derived by copolymerizing tetrahydrofuran and ethylene oxide
wherein the portion of units derived from ethylene oxide 1s present in the
poly(tetramethylene-co-ethyleneether) glycol from about 16 to about 70
mole percent;

(b) at least one diisocyanate;

(c) at least one chain extender selected from the group consisting of diamines
and diols; and

wherein the spandex has an unload power at 100% elongation of at least 0.018

g/denier.

Spandex comprising a reaction product of:
(a) a poly(tetramethylene-co-ethylenecther) glycol comprising constituent
units derived by copolymerizing tetrahydrofuran and ethylene oxide
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Exanpl es of the invention reduces the hot wet creep,
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sel ected fromthe %roup consi sting of diam nes and

di enandexahing atpeactiva Toree ak HiIYe slongaitons af iagidb0 owdeniet
100% .0 o ker.. 2. Spand

o R FARE0Y0 50 Ao 35h 3R LAY > Spandex
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units derived by copolymerizing tetrahydrofuran and ethylene oxide
wherein the portion of units derived from ethylene oxide is present in the
poly(tetramethylene-co-ethyleneether) glycol from about 16 to about 70
mole percent;
(b) at least one diisocyanate;
(c) one or more diamine chain extenders; and
wherein the chain extender comprises one or more diamines and wherein the

spandex has a retractive force at 200% elongation of at least 0.0341 g/denier

and a load power at 200% elongation less than 0.16 g/denier.

Spandex comprising a reaction product of:

(a) a poly(ietramethylene-co-cthyleneether) glycol comprising constituent
units derived by copolymerizing tetrahydrofuran and ethylene oxide
wherein the portion of units derived from ethylene oxide is present in the
poly(tetramethylene-co-ethyleneether) glycol from about 16 to about 70
mole percent;

(b) at least one diisocyanate;

(c) one or more diamine chain extenders; and

wherein the chain extender comprises one or more diamines and wherein the

spandex has a retractive force at 200% elongation of at least 0.0341 g/denier

and a load power at 300% elongation less than 0.227 g/denier.
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one or nore diam nes and wherein the spandex has a
tenacity of at |east 0.495 g/denier and a | oad power
at 200% el ongation |l ess than 0.16 g/ denier.

29



