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Background ofyd dapasgiventi on 5 Field of the Invention. PCT/US972148
present invention relates to a nulticonponent fiber. The multi conponent
fiber conprises two different poly(lactic acid) polyners which provide
bi odegr adabl e properties MULTHOMBONENINDBRBNt fi ber yet which allow
the nul ti conponent fiber to be easily processed. The mul ti conponent

fiber is useful in making nonwoven structures that may 10 be used in a

di sposabl e @askdgrbemd ofthe thyettidmt ended for the absorption of fluids such as

body fl uids. Description of the Related Art D sposabl e

absor bent- products currently find wi despread use in many applications. 15

For examsl eFidldiof the Invehtion and child care areas, diapers and training pants

have gener | o hGti€smpdAehefip

typi cal di sposaﬁ%s% S%R %9&?.&1%@@? tgaﬁilﬁéa"ﬁgﬁ%gﬁgtnﬁnﬁr}e lcar% produeéts

such as san |cbmpyseaawb|drf§remt HOWPQW@C!QMQIYNGFS which peyigeibirdegeadsbleRieratiesngd

heal th care AR éht fiber tolefEashipgs. A
6&3{5 %HSI{I a%ni%%hrlgen ! er y&g&rﬁéﬂ al Sﬁdﬁfco%!dﬂ iber to 'A

typical dis general 'y conprises a conposite 20
structure i podcessedy Ehet mwgmmoneatﬁﬁmmm&! in AAKING AORWRMENIFIMHEIUERS Rt TRk

bet ween 1t0he]beTJJse rpgﬁgﬁgéab@ﬁbsgﬁfe}ﬁ? v%@hct intBR&S RBF PaUbkSrpHsH 8t fluidd Siichlde
sone ty astening system or fitting the product onto the wearer.
Di sposabl e dbdyfiidnt products are typically subjected to one or nore liquid
i nsults, such as of water, urine, nenses, or blood, during use. As

such, the outer cover 25 backsheet nmaterials of the disposabl e absorbent

product s ar @esgrnntionlof thenfRelatedAr i qui d- i nsol uble and |iquid
| permeabl e MRt 9ddlSoie SUEdInaR PRAUULR! Qi ind WdBBprebdidde RrY dpchcations.

sufficient strengt capability so that the_ disposable
absor berft§ prioatexample, in the infantandcsil ?ﬂ'@@fqatsyd'éa?rﬁﬁ@dﬁ?@’w t5e3¥er and

S\%eg 8?(2)21 9?1' BHbrafftepized redsBble! ddit hBsorbent aftitfd! (Othér typical AIspasabie absorbent

PCT/ USQ7/ 21 #1@lucts include femining\rars SRS S4CR 36 SaNitas, aamiing BAaYPRs favlt and
ot her di spojlhingHea proifiis, Bh@AeMhscare products such as surgical drapes or wound

dressings. A typical disposable absorbent product generally comprises a composite
20 structure inciuding a topsheet, a backsheet, and an absorbent structure between the
topsheet and backsheet. These products usually include some type of fastening system

for fitting the product onto the wearer.
Disposable absorbent products are typically subjected to one or more liquid insults,
such as of water, urine, menses, or blood, during use. As such, the outer cover
25 backsheet materials of the disposable absorbent products are typically made of liquid-
insoluble and liquid impermeable materials, such as polypropylene films, that exhibit a
sufficient strength and handling capability so that the disposable absorbent product
retains its integrity during use by a wearer and does not allow leakage of the fiquid

insuiting the product.



have been generally accepted by the public, these products still have need
of | mpr ovenent in specific areas. For exanple, many di sposable

absor bent pr. be difficult to dispose of. For
attenpts to %&@h ny di sposabl e absorbent 5 products down a %ﬁ’lne 13| nto

a sewage systemtypically lead to bl ockage of the toilet or pi pes

connecting the tA%b f&é&etsﬁﬁ%&%aﬁgﬁa@@h ariy cnﬁértduspdsatble abb&rbent o ey er
materi al s typl ca used in th

Eosable ort? nt progﬂﬁt

general |y dda¥ebesn 9?%@'@#%&5@”89 by the puflic, hese-Pn q'ﬁ?ﬁ%& 8 a toil et
so that the dhgRemanlis spoefs feas. Pér@iaﬁawecaﬁnpausb@sable absdismoprducts can t hi s
way. If the outer cover materials are made ver "b{']‘ (g ordelr a&) ?{éedtuce 10
the overal | beudifficyds toidispoge §p oERNIRxamalss 8lterenie ttbff JRanYqisrpsablg apaTRRRt | he

l'i kel i hoagd CHr?ducts chrPS ko%gﬁnfbf a §e\ﬁé§e| s%teﬁf tyﬁcﬁﬁ\waﬂoﬂildu'tagé bithe tdilet out er
cover materi lcally w exhi bit suffic

prevent tearRiRR§ Q?F‘n‘?‘itﬁﬂﬁltrr'@md%t tPI*ﬂ? FRASE SYSeRYy “Prﬁ?'@f:‘l"ﬁr ﬁ]esouier °°VgUBft§8?léd to

Ejhe str lesses%&éa"g QU8R In tHE QispYsable\EHoRent products generalﬁudd imrd'ﬂimtegrasa)dm d vvast e
i sposa

ecoim ng an ever increasin hr
As | andfill sd'scR?fﬁeiW‘tPé‘ flushed dpwyy g toilef 8o Elaﬁ&g db-‘é’é’ﬁa ﬁaf’ﬁ%g%'g é%‘}”" ca””é?
for materi a'd:s‘iféﬁé@&:hQﬁLHWayOIfthé\o@tesm&ahbfénm@wﬁfaae vedyehmmcondpotoa‘edm of

nor e recycl abl e and/ or de le c ts in dis cts,
and the %sﬂ@?@‘(ﬁ"a" bulk °bmcﬂ.ﬁﬂ°gat§} B?P?lg’g"‘ﬁfzgsﬁo s '8‘?“‘:%3ﬁ?7@§ﬁ'§8‘;‘i)%er t han
by i ncorpor &hddkagé Bi@tdﬂ@! orch y@fatge pipe, thedlts@astat cdvac inateriakbtypisaitytwith sot

| andfill ' f b
oS et i i kot 5 o P S
i nt egrl ty arﬁ]?fﬁh{egqgﬁg gﬂagsgélgoﬂmnalmsﬁ b@fatveéarer such use, the rrall:)leri al s
may be nore efficien Qr, exa abl e

abgor bent produddnt HEV‘%% ?Zgwaﬁteéﬁifoé?lf'f B?c(?mn;?%/a'?ie\é%ﬁ%cé%a JE)i’lgcorrpostl ng.
A:c ]E er nat 1t E|>/e|tg(ou§l|itﬁ.lt giéi\ombAﬁlaﬁbmmcbﬁm‘gJepo ﬁtﬂup,ttheraywals(beelasn increasad

efficien i sposed o uid.se

di sposabl eyapﬁglﬁ‘ gdeim tFBéL?BP"i%e%‘%Fﬂan" d'W%%@gﬁgé’d%Enlhg%&%d& aﬂg}’ of more

Al t hough degé&@ﬁblﬂﬂmrmbbmtﬁpobemts iredispdsablerproguctsh hedrtherdesignifen
encount er ed erVIO uctst ‘BB#]‘E"#& %{fﬁﬂseg o P%ﬁ}élai% othkf thgnggﬂ%ﬂieEP%ﬁﬁ%tofsbmaété used

in a thernal n-order e nonoconponent
fiber adhesid@ohalkecxitieseudeastaudﬁ!& bind with other fibers, the

monoconpgnent fiber wogPret generﬁf&)ﬁe@eﬁge;las P‘%t ﬁﬁgfb%i{;lgﬁlmtéisposablea

t enper attte t hat™5 Wef) tin era onent of the
fi ber, ther edbgorbent providtsithat bene‘rallye'etairdb@r imtegnityodnd Qf@ngm%ﬂgweohj#? o

bondi ng. such yse .t rtmé‘lmape?légr}ﬁ@%é h%Pé@ﬁ&@ﬁl% J:égégé& of'J‘rFeor léQ&WBIe fpeobl ens have

been encount I T preparati use. eneral, the
conmponent s afispasablé abswbentrpeeduct inpe be gasity and effienyy d@ﬁéﬁ quf°6m9§*éﬂq bl e,
5(2) that the Aﬁt%m%%{) éﬁ? 9 j&ﬁ%ﬂlé’ S0 26 BroRubtn A5 e ANl 8Rd eflibintly disposed of
PCT/ US9 7252144 3 liquid sewagé aystersiwtierein thetrisrosghle absarbritcaduct iscppadle obbiRg,
the nul ti corgég%gg fiber exhibits m ni nrum strength and ot her

mechani cal processi ng properties. At the sane tine e different

conponent s geneﬁéﬁpwm%aﬁﬂ:b'%mﬂmqm%“?ﬂ@béfﬁ a’ﬁl’f?@‘f”%aﬂ““@ﬁ@? QEY%P?"S'I i cs,
such ?&lt&r’ea QiR h&F udL TR ParicUE % a MEnddoaipoh&itt fibe} isiused o thekmali ber
may be usef ublondlng applncatlon in order to make the monocomponent fiber adhesive-like in order to
30 bind with other fibers, the monocomponent fiber would generally need to be subjected to
a temperature that is near the melting temperature of the component of the fiber, thereby
making the fiber lose much of its integrity during bonding.
Although multicomponent fibers are known, problems have been encountered with
their preparation and use. In general, the components of a multicomponent fiber need to

35 be chemically compatible, so that the components effectively adhere to each other, and
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5 processing into nonwoven structures. It has therefore proven to be a

chal l enge to those skilled in the art to conbi ne conponents that neet
t hese basi c @iypsedng needs as wel | as neeting the destcﬁﬂu&ﬁ?z‘iutshe
entire multi conponent fiber be degradabl e. st efore an

obj ect of the present invention to provide a rrulticorrponent fiber

which is readié yimlagihadbicel dhardcteaistiesy 5o mutrﬁrtetmulﬁébmponent fiderieghibitso an
obj ect of the n on t l‘OVI a_dear adab tlco onent
PPber whi ch MaRE et Lotk et bdhaRle PSR it far A S PR TR, o,
use in prepaid different compitmmmeﬂlly ueédufoe&hlblt different fBysiosiicharekteristics, such
| nvention 15 Th ese | nv l,on_concerns nul t i t fiber
that i s degRadiing ent pperaliies, g Sfa v mGRRGRE e udR e R GRS B et
processalsl e pratessifg iitd ﬂdwflowealstred:tnmt itrhas theyefore preven to bena olnalleage to those
structures. spect o i.nvention _concern

mul t1 conponaked e atiSpsmBng Spdnents Gabigs(iBese SRaE Hrafebsi peses 8 Gl
conmponent. 26 meeting tr@mes&aiumiuhmﬁtnrmhuﬁmmpmemrbemnngmmble‘ i ber

conpri ses:

: , . N h
and conprising §§ ThP§?f°reaa” dhiect oPthe pPE e"E@%’(‘Pﬁc% B 518 |aoﬂ’u¢58%" ﬁ'?t a
L: D]c ratio, Wrn&:ht ds rﬁa‘dgyedégr?isable:m;tpteﬁgwmr?ntcm one an expos ed
ace on a as
;ur a sedfnd con&ﬁ@'ﬁ? aﬁé’heﬁg&a{ FFF%"‘{%’M% gé Fﬁlgsreﬂdab %t'g‘l"gcoﬂp 0881t

10[ err] C 25fiber which is easily argt e‘acblemtlytmaparedhandmhk:h gsuitabipdoratserie pesparibgt ed by

the first conm onent conprising a second poly(lactic
aci d) pol ymg? W‘feﬁ'sér%gg"ffratlo that is greater t han t he
L:Dratio exhibited by the first poly(lactic acid) polyner. In

anot her aspgc{z thgf{p‘r eﬁgwmﬁ nvention concerns a process for preparing the
mul ti conpon d herein. 30 One enbodi nent of such
a proced$ conpr iTbegpresent invention concems a;mu}tlggmpm@pmf ibénthat is degradabie and yet
first tenpe | first
ommonen FabeiE e sl ind B8l 8l v gosd ol gribRRSE ek 86
viscosity vabmwowen stuctufes: st tenperature and the f| rst shear rate, and
?gm)(r)'_ S€s One aspect of tH grkdeit ind8hiidnl ks Q%ﬂﬁcoﬂfﬂoy\gﬁlf fibdk fata L: D
98/ 24%})51 comprises a first component and a second component.
PCT/ US9 9621413 one embodiment of sitn SMBkiEshbdiknPrs eaRgrisdponent to a second
tenperature and a second shea ate, wherein the second
conponent has a rae|@fwsgcqréw@.nhh@wras@r’r@!ﬂngéeranerature and comprising a fifstast  about
10[err] C greater thﬁcgyuaﬁc aaa)t;sorwnér%mear@b%@o WHakM tRtireohfpRnbAt 18ims

on

conponent, the sec conponent ‘exhi bits an apparent viscosity value at the
5 sec oReXROsHe Fefareconat dpasha pge'eaﬁ&tfeﬁeldvcmoee dparnfnd

di fference betwegn 5 second component having a melting temperature that is at least about 10°C

)

25 greater than the melting temperature exhibited by the first component and
' comprising a second poly(lactic acid) polymer with a L:D ratio that is greater
than the L:D ratio exhibited by the first poly(lactic acid) polymer.
in another aspect, the present invention concerns a process for preparing the
multicomponent fiber disclosed herein.
30 One embodiment of such a process comprises:

a. subjecting a first component to a first temperature and a first shear rate,
wherein the first component has a melting temperature, exhibits an apparent
viscosity value at the first temperature and the first shear rate, and comprises
a first poly(lactic acid) polymer with a L:D ratio;



t he apparent V|5005|ty val ue of the first conponent and the apparent
Vi scosity val ue of the second conponent is |ess than about

250 Pascal [ conds and t he second conp i ses
a second polydgiéf‘?sé aci d) polyrrer with a W%ﬁ@{%
Is greater than the L:D ratio exhibited by the first poly(lactic acid) 10

pol ymer; and . sub;ectmg% sekthé Ebrﬂﬁoﬁﬁl?\?tdc 4 5&ond %ﬁ?}%’i@tme At & Q@co?:@“sﬂ@ﬁ'r

conponent to for t I conponent
anot her aspect, therqiees@ewmutmﬂ/&ﬂonéﬁomaw Rgs QWWWEWE‘&{'PJ@M&%

conprising the mlt i LQMMERed ?r@ﬁ(er ﬁ'la?l%é’ﬁ@ﬁina?érﬁbé?atuﬂéexmbuted by Se first

enbodi nent of such a nonwoven structure Is a frontsheet useful in a
di sposabl e absor bentoppenantithe second compeaentexhibitsan aprarent viscosiyvapedtdhe ed

Enbodi merg s seconitEmpPERRFE bnd méeéycbﬁmsﬂe%r ¢Hté 8R& B diferénce between
mul ti conponent fiber which includes a first 20 conponent and a second

conponent . For pur p#ifeaprarent visgasity yaius of 8ie fifst compopert seA the apparen\yisaesityn

will generally be dgggeiobed sleeoﬁdaésmpd?i‘enﬁshussmpsmtzso bescaﬁeéaafnuslm only
t wo conmponents. However, it shoul d be understood that o? scop of t he

present invention i §1e secongEamponest F‘PfﬁP’iﬁ?é arsepRndsPolyfastic %d)cﬁ ¥Rgramit

conponents. | n geney g ratibeatl drb8ief tHan the L.DCaI® eI by'tRe At Eblﬁ@é&tni:é@iﬂ)
separate extruders but spun together to formone fiber. 25 The conponents

are genet@l |y arrangedmefi addbst antial |y constantly positioned distinct

zones across the £ragfert@the fifdt &dmpdHeniiel thé S&BRAREMpoAe &S formc ext end
conti nuously along the length of the nmulticonponent fiber. The

configuration of sufwit&omponenifibei conponent fiber may be, for exanple, a

sheat h/ cor e arr anaRsRE aspler Bielbrésent mvenhoﬁ%ﬁ&ﬂﬁﬂhn henwouestsatiued | y
surrounded by a second conponent side 30 arrangenent, a "pie"

ar r angement ,COBPrSiRg thegnuli ?Weﬁh@%’gé?c’°§?¥5?f§5‘nent Ml ti conponent

fibers s genergHd embauiraéit of BudiSa Romediensirbtbre328 flontdiasiksefdtnal ., US
Patent 5,336,552 to Strack et . al., and US Patent 5,382,400 to Pi ke et al.
her eby dispeshie AT UPEProdiChr ence in their entirety. The nul ti component

fibers may al so have shapes such as those described in US Patent

_5’4_277’ 976 t%el'zggld;%%tg@ %J@'g%’ gb%%rg errpe%tr:eﬁtgo%iments

PCT/ US97/ 21413 The presenbinGéntiod GSdiesutedbtoGhAuISdindanebefibgnwhicbtincides afisteby

I ncor po by reference in,their ent | A | escri be

f| ber s vﬁ ﬁ%&w&ﬁ{‘ﬁ AS8co g%zé%%onent For purposE{éM{ljusse hﬁgr e? R ?I;IJSXPP
"fiber" or ‘idvehtierusil geaenaﬂ)aue described @vtetros of phicornparieat fber compnsm@ pnlwtwo

o cater & nafomBoRh HABEE Find B b ulerad BRIk CLpSbAnTPiEevérion s

great er thaﬁ versely nont i | rous mat eri al
i s meant t o mesheto include fibers withitwd oumateccompopental Ingeneel.the dferemigt h to

diameter r atcbﬂp&f\erﬁy Slb-z &%Eé& %ﬁts%pgﬂée&t@de:issout spun together to form one fiber.

25 The components are generally arranged in substantially constantly positioned distinct
zones across the cross section of the multicomponent fiber and extend continuously
along the length of the multicomponent fiber. The configuration of such a
multicomponent fiber may be, for example, a sheath/core arrangement wherein one
component is substantially surrounded by a second component, a side-by-side

30 arrangement, a "pie” arrangement, or an "islands-in-the-sea” arrangement.
Multicomponent fibers are generally taught in US Patent 5,108,820 to Kaneko et al., US
Patent 5,336,552 to Strack et al., and US Patent 5,382,400 to Pike et al., hereby
incorporated by reference in their entirety. The multicomponent fibers may also have
shapes such as those described in US Patent 5,277,976 to Hogle et al., and US Patents



about 10 or |ess. The first -conponent in a multiconponent fiber
general ly provides an exposed surface on at |east a portion of the

mul ti conponemto §g/4aes51 which will permt thermal- 10 bondi ng of PClIaIS97/21413

mul ti conponent fiber to other fibers which may be the sanme or different
fromthe nmulticonponent fiber of the present invention. As a result, the
mul t i compone$i057,368 and I5AI69ETN to hatgsn el gbdhereby ipeerperaadhy neferersedadheii br ous
nonwoven str be fEUNVRME Dnd¥Rentldnal sh ggleral |y desired
that the fi ré&ﬁfr&%ﬁ%@ﬁl‘éﬁ@n?ﬁllfdes% eexposgd sﬁnfag% 2 a‘&

mul ti conponent fA$esed herein; thedemeifioer” #r [fiprays rse'agantéwj@rtga R?éﬁ‘%%? nor e
15 benefi ci ﬁIE{eYlaﬂpﬁ’éﬂem‘me %Bmatda et i3l ¥ ﬁkﬁlﬂanﬁzgla&eﬁa‘ﬁ!ﬁhl is '”g”PéaQerStHéﬁ abl y

about 80 perc to_about 100 percent of the total surface
area of the mm |1@oﬁapomrﬁely¢a tnepfiber” or "npgffarels” msterial isHeeant ta fefedrFonent
will compri Sga i AgRL b dtP TPAERBler FtiBYF such parlitlibdte infat&red neen
greater than toéi ess ﬂg’r?hﬁ%nom\%/el q?]t percentr 'beng??c??ill |y Between
about 5 to a#wmut198rigsbght percent, nore beneficially between about 25 to
about 75 20 m'%fll@?&&%ﬂéﬂﬁﬂ% rﬁHtx&@ﬁBdﬁehﬁﬁBﬁ‘?@En&EMmﬂ@eiQnébgs&kbdGO

wei ght percent, wherein percent is based on the total
wei ght  of t heurface n &Eéﬁ?ﬁbhéﬁ'ﬁtmaﬁﬂmﬁﬁ@'g@&mﬂe"tf'berB’B'ﬁBM "ﬁr@%’@'}?ﬂ in the

mul ti Conﬁ@neﬁndgdé)&rthe multlcomponentTB@r té%Wﬁb&Q Wﬁl‘ﬂ‘ﬂ'ﬂéy bé‘th% sl%é mcdm)@me nt
fi ber genera provi des stren y to

nt
fiber and, ﬁﬁ@%thﬁ @“B@ﬁ?mﬁﬁfi‘ﬁ%f)g?f of fhe RipeRnt gﬁ?ﬂﬂ Hd re(ng ths micomponeht

mul i CO”Poneﬂ‘Herfchhﬁ{en baliGdkdb 'f&ﬁﬁh@m%l% bb&del fitrolsndrivever biriaepeuenas i ber
is generally achi eved by havin e second conponent have a theﬁ%e

mel ting t enpRATNQYEB Webe dtis generally Q%Hﬁd that therfisst RoMPRBERY S FhpHRCSEd

the first Com%%ltic%ﬁeﬁmrﬁhatY.\ﬂ%?neﬁélﬁly at leastrabduit 26 FRARAL Imdré ber l S
subjected to an _appropriate tenperature, ‘BI callgg‘%{eate t han

nel ti ng f#@npkenefigh %‘?0”&‘ A8 Pefcest SE‘&?(WO?W RercpRts Bore shitaply About 3¢ H‘(f:fce"t

tenperature gqg Lﬁﬁto dudet ?r@@pé\demcvrmefal surfdte dréd 6f thé afutizompbnatifiberrel t
whil e the second conponent w || eneral | y nai nt n I ts id form The
chitp SRR e

second conpofitiermpre; thedirhqomponent i GHPPE animount of I'?Lf'tf:cg RERY 1Rl her

Lhat f is bﬂ Vﬁgﬂs%éﬁﬁeﬁ[)gréé@ﬂhﬁn 'OQob léSSShgénfS YEOD M@wt\mmﬂm beaeftailly, bbetwefen .
eneficially between about t o about we er cent neficially

betveen - anagh Bt saout Sammett podeh mane R Caly BERREN shotito AR 1L ,

abO;Jt 40%@ 0 \R&Ight pePEbrtedr@isuitably between about Ao BB eight percent, wherein the

PCT/ US97/ 21413

t
the total -woPgREt Rsrcantis tHsed pen s nianyeioht 5 S itfeoEERfind the BBt [PO"
present in td‘iﬂnpﬁmbhl presgm irethie rf:u:linmmmnent fiber. In the present invention,

It I d that 'both th

component _be. bi CHEAS RaTPHE et Rl ERFEIE e AR eldly provices SRERGHSr |
represent t higidiy toﬂteemumbordmmmserfandnmuheo aoy nomwaenrsirtictued omprisinarthe ng
100 935 Bl R o A e B 5
f orm of a noavhisved bgthaviag thieeseoand komporntng hadkad thermalenelting temperatuesareatst t o
the environngnd , CBe thermal melthgr]tgr%np%%ﬁxrpgf"ﬁeqﬂaﬁgﬁ?ﬁﬁﬁﬁé’wtt Agt refiit, %bﬂ%é Vo

pol y(lactic aci ent properties,
mul ti corrponenultuﬁadmnenhf}bems subigriedle ammzpeqnmamemperature WF@'IY&SﬁﬁSh@'ﬁt‘

fiber is suRgs 1itl lt%%{)@&ﬂ%f? P’]eehréi%g‘lﬁfﬂhém bm‘iﬁgé ﬁﬁmﬁé‘ﬁ\@ftmﬁ 'té’rﬁﬁerhﬁjr@ gsily
processabl e an I've fi1brous nmechani cal properties.

30 the second component, the first component will melt while the second component will
generally maintain its rigid form. The second component will comprise an amount of the
muilticomponent fiber that is between greater than 0 to less than 100 weight percent,
beneficially between about 5 to about 95 weight percent, more beneficially between

about 25 to about 75 weight percent, and suitably between about 40 to about 60 weight



Poly(lactic acid) polyner is generally prepared by the pol ynerization of'

| actic acid. However, it wll be-recognized by one skilled in the art
that a chem g;ad&g}(ug ur valent 15 nmaterial nay al so be prepar ¢ ed b%%
pol yneri zat i actide. As such, as used herein, t het¢ 1413

"poly(lactic acid) polyner"” is intended to represent the polyner that is

Eéﬁt’?éeim a Reieeheraing RERELBR!S BldeRioth bl wefGht 81 B refEidomy,
opandthe sesm@mnoeaetmfe%bntmtheew@gmpowy fier.t he | evorotatory

(herernafter refer, t y

(hereinafter ref'grﬂﬁ&g reEQntgﬁvenEqr% .@93|58'agﬂ§9 %%Sboﬂ{‘ﬁ’\e s cgﬁ,?&ﬁ}{t%béttﬁé

pol yner i zi-ngsegopd cempenent be hindegradable ohs de@rmg “hiodegradahie’ds mehettowo

gﬂgm Lgma.?/ Ssr ﬁsbﬁt tﬂ&sashgte‘ﬁalt%gpécﬁ@ﬁrg&eﬂ tfzﬁ'({erftgftnntaﬂﬂja Emt'lg%r?r@&%amsms

particul ar, $uch na@asfeea, fuaginegnd #lgze. biys ﬁﬁ%ﬁuﬂwm@ pr@ultrcompogergrf@gc lgdgrdm r y

of a pol y(| a:ﬁslf&na&r'adabe%twrﬁé fon'nt flaShoR@evdrPsthuchife SARbE etgratxssue%anpl e, the

25 nmelting tenperature, nelt r eoI ogy, and crystallinity of the polyner.

By bei ng abldspased of to the gAYiFapMestic h properties, and combined with the high

chem cal conpat i phad eenQiscddvérad tatby lfSlrl) %ﬁ(rgaretacrd)%ry%rmhrﬁw It is

possible to prepare a nulticonponent er ex desired melt

st r engt h10 nediffRiantRiPPgIties ampilicomposentfibesman he whereinisugh pr operti es so

as to be ab'rﬁurtrébrﬁmtﬁ%netae%m%nt.ag%ﬁﬁaesbre@aﬂwﬁrer maneohbeﬁérgﬂb easi

the present invention, It Is desire poly(lactic aci

the second Processahipand sxhibits effastiva fitroeompehasicel popetienave an L D rat i o

that is higher tﬁlﬁ}]la&h?adrd)@o‘ﬁﬁér% generall9fpréﬂé?edw Mé'p%@tﬂeﬁzﬁfb’n@f IRAL¥ERr 1N

the first conponent. This is becau determ nes the

lints of a HRYEYRBIt vl Py fecoRgiPEd BY 9es sillech tfg? JiHihaha Fheigaily eguivaleat | y

determ nes tmermlrﬁayrwsd Eérprefaareurw thé pét rﬁ@rtzétrsﬁ of 15bfled @& KR 0ds used herein,
crystallinity of a Igﬁég actic acl di I s based on the ree%ul arrty

of "the pol yri8¢ qgrgCng)(,lﬁ,g ] plyragy} fSi ipte dgd to reprcasent the polymer that is p

-6 - by either th e?rﬂétﬁﬁ of lactic acid or lactide.
PCT/ US97/ 21413 g\gog&{

ine up with simlarly shape ctijons of itself
or other chains.affe %%ﬁ"%'%qeatrﬁ PYn &g.0g an asym%etr‘%ﬂﬂﬁ? » BRGNS oner
(of either lopatdl psonrfirslretérrdpte! reéﬁécnvéryeb tresrea&erator@(rte@eraérwteféned to as ‘L")

rrzedvm nanti oner er | actic acid

ht t
o' Dot L Snbividrer ana the fRiichSiloly bR Bt e o ) Raeames AS |
E hark)gd enougésmthﬁi palyme@z‘irﬁg)é phntrbﬂartmwantr&nerad‘rd:yarsirgrﬁ mixtue bf theitivd ot her
acC one se tS of ure ena nt | 0]
oy E ey e aRaant, 108 bBsqn(E R B R lirdEne e PEE SsdBmically simibF Vet
D- enant i onmemhichi Hdve differentipeodesties. dm partialiar itbas been fonrd fhat by inediffyiog el d)

I
Fiber of -t heuragemEty i ARRPTHCte a0 polypittisporibls 4 Fhubol P RN
aci d) pd@synmerelting temperfature,t melbrneolegytandanystaliity whthe polynidne Bpbeimgrableotoer t han

égr yE chffoanﬂgEh& a%bé‘rlreg%té%lfnbtr{éﬁ% tﬁ@ﬁﬁﬂ%n&@ﬁgn %ﬁ?lﬁ% of thﬂ u}té‘e
rati o that pgly(lecsrs ar:mmolvmersut i3 passible to preparea mutfrcpwoognttf iher exbibjtingact i c
the ol y(] aceyied hOESEERThoEAIREN pinents, schrbal ol phiassanity BRRLABESOT,
is beastd bﬁr‘-ablﬁyo h‘@kg attenuated, beat sed@ng, cnmmeéfrbemef icially less than

? Egﬁt ag%utS 8 65 4lnstﬂbgﬁ%le)ﬂt rt't5entrlo SlFIStJEQi'PedE'thQHEe PBiyGactR Ui BoFmEH AL s¥cdnlS S

component of the multlcomponent f ber have an L:D ratio that is higher than the L:D ratio

red

of the poly(lactic acid) polymer in the first component. This is because the L:D ratio
determines the limits of a polymer’s intrinsic crystallinity which in turn generally
determines the meiting temperature of a polymer. The degree of crystallinity of a

35 poly(lactic acid) polymer is based on the regularity of the polymer backbone and its ability
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wherein the L:Dratio is based on the noles of the L and D nononers used to

pr epare the poly(lactic acid) polyner in the first conponent.
It is desiregddsplaodihe first poly(lactic acid) polyner, havingcpukeakizvel y
| ower L:D ratio, is present in the first conmponent in an anount t hat

Is effective for the first 20 conponent to exhibit desirable nelt
strength, fitb@re upMithRinmikdy Shapeuoicatiorsnal itsélberother chainspilfraven@ rplatiely mais .

comonent 1 rravrEnLARPAGEen & SEkEReRr s S pplel 0T AR sbBncllB kUL, o

per cent, noreight perceing ietopoiyedrzed with Lemanhtimmergbbeither cticcacid or laetided rthe

han- about. GOUE SRR aeheren: AECis meqnay oS8 b BBufeqh Rt el

per cent, S\heindidtiedt itsefeiityttherdacibtine sagmehtaof dureicandritiemeopalymeari THerefofe, t he

LSt OO st s oSt B orborl, B bR rbhE- o st ©
D- enant i onerbetlesancriystallipsothaitiee poly(lantic ddid)mdiymerin the sdvond corsponent.

conponent. As sugh, the polv(lacti ' | L0 . onent
wi |l have an 30 ﬂl‘_qu'q'tﬁf’ i’%u"%lc%g% obg&éf?ég&)etpgﬁ T‘n%ﬁ {' \éé}\?;%qtr%t% ﬁ{gég&h%? I'ted by
t he pol y( | agiolyglaetid atid)polymesin the firdteomponertt compriseomprerad the Dienantigmer than

t her ef or sired t.hat. , ' I |

corrponenfO hg€%pgﬁgﬁ_c&'5%%'g§ P@yrﬁ%&ﬁ%é’;@%&gﬁg? %ﬂéﬁ%}? ég‘; Pcea??"‘t %ﬁ%‘ﬁ{éﬁgg‘gﬂ) nor e
benefi ci al | yolymer in thelfiestsompboerit wiiBhave anui:Dastiothat isllessdharathbe D e8ios: 0. 5,
and nore sui t : ' . : W on the
nol es of thee&ﬁfgh%%g%&lr%ﬁ?ﬁ%?{gc auéé@g;ofs)(rﬂa 6 #netggrs%@ﬁdéc@%ﬂoﬂggﬁ?ﬁ '? éc ?@peaci d)

pol ynmer i n tdesirebthahtiheqoipdactirecid) polymer in the first component have an L:D ratio that is
bCr Usa7/ 21 peaeficidlf 1684 tRaR oyt 1000, more beneficially egs than about Py Fuitaply,

aci d) polsyndess tharvabaut 8812 Bnd meed suitablyHess tharDabout 96:4; gnd down o ahast 8A110i n

t he second i : ' C iV

component -t STBLA B4 L hdeflf=AERTbn oS oF B Tadd!S nicRbr PG propare ||
and fiber the polgfctiainnig) pelpperioitesfirsiiepmpopnnt. t he second pol y(lactic acid)
pol ymer is presgil gbdrddfat tBéﬁrs?@&?MﬁEQ&Wed Ravirl & F&ativelyibér 1D
beneficially greater than about 50" Wei ght percent, noré beneficially
great er t hamatighispresantigethgtirst sempengnt insan ampynt thatdnefdgctive fas the first  gpout 90

wei ght - pgy C%Bhfog%}&% BLHibifBesiraBleGRdICstrend) B AHd chaRicHRI@AGthPaR S fskdr, and
nost sul tabl'y about 100 wei ght percent, wherein all weight percents
are based upseiningPrerartigs. As suchyjbp dirit Pely(agie agid) BRlymenisparient N the first

Wil e each @bmbBRerdtiin 84 a%QnﬁﬁﬁﬂQQeﬁéfﬁ%g?nga&rQ{aﬁ%uﬂw Welghtip&taent! mbidder

of the present invention will s anti al _I% conprise the respective
pol y(1 act i c bagefigjally greatethan about 75 xeight pefFEa BWitadlvgreataothan ahretl? Weighht o

and can i nClouRBnORE sGi Bief thaRtabout 95 waigMGIes&dny, aMtifnfdst siitablysbalesi r ed
properties of the first and the second conponents

€ [ ] qa}nd o% t '_I;le
mul ti cordSond AP weight percente whereinalhweight pareenty arebased Hermybe ftalveight-i i i onal
15 conponefitst chmpbsertncl ude, wi thout lim tation, pignents, antioxidants,
stabilizers, .surfactants, xes, flow.promoters, solid solvents,
particul ates, aRiMiAY gl iS4 caéa&ég’aet ‘Ef’ﬁy('a‘:l'c a%ﬁr?é’%’éerﬂ} Besssu ‘fqr?@PnSPPt he
first and taempasoass 60t TrertrtiomeF that eie palylisctioacit) polymer imtiedirstal s ar e
i ncluded in cgrngor(u:é)nrtrp Q%B}:ﬁ ’thé })ol)lf(?acgg QSEf‘éAIQ’mé’reu? khreegecgﬁg Eoéggnhen?\(?vﬂll r:[a'vg %%l
30 L:D ratio that is greater than the LD ratio exhibited by the poly(lactic acid) polymer in the
first component. It is, therefore, desired that the poly(lactic acid) polymer in the second
component have an L:D ratio that is beneficially at least about 96:4, more beneficially at
least about 98:2, suitably at least about 99.5:0.5, and more suitably about 100:0, wherein
the L:D ratio is based on the moles of the L. and D monomers used to prepare the

35 poly(lactic acid) polymer in the second component.
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conponents be used in an anmount that is beneficially | ess than about 5

wei ght percent, 20 nore beneficially | ess than about 3 weight percent, and
suitably |esg, bout .1 wei ght percent, wherein al

percents are bégé on the total weight anount of the first ofMEthﬁnFH%
second conponents. It is generally desirable that the second

conponent have g EQ:‘éslr@@tH&f thektsiy &Qy(lactlc ac:&)WéitHHvﬁ'tgté"@iativél hi herLD
beneficially at |east about 10[err|C, nore beneficially eas%’

20[err]C, 25Matigyig PESPPHBYe $aCONE SITPRNSHt N BnAmoYNt aérseao{te@twqmwatweomﬁblt. ng

or sof t eni NgednfsBMRRAloWxRibR dekildie meit sfréﬁg?ﬁ fibermediinical sthengf) @hd fibePOl yET' S
or polyner blends which are substanti al crystalline in nature wl|

ei t her have $PifREPIOPErias| AF BYCH mﬁpzqcaﬂ%P@ywt'aaqagp'm%wesem inthe ting or

sof t eni ngst egERBRd EsBoreHt #an Ao Midt &theneh8hN TESMePihal abYH0 Wdigitds whi ch
are less crystalline or, alternatively, nore anorphous, in nature wll

general |y haRRicantaporehangfigially.areatan Q‘P‘h goost 75 yyaight Pﬂfjet“e Fybht reater ¥RBe. | t

shoul d be nos&@t b Meight pévcu&tl M6t :-ﬁntabl%; gre%@érdb.arpgdowm w&@ﬁ?bé&émarﬁ/ﬁﬂs@
relatively smal| anount the D enanti omer exhi bit an

intrinsic net4tply *8%@06%‘(%9'3 PeF‘i?WeV@P’e'%a'h‘ﬁ?'ﬂ%r&?"ieéﬁﬁ%’laﬁ?‘éuE%fhthBéma'

I nduced waghmmgé@nah&np@igﬁ(l actic acid) polynmer to certain
processi condi if a fiber co;norl s g t he

n | n For e
ol y (1 actc aci AV AT BN RKAT taeand FRmER AR e MOREOTPORAM BB of didores
oriented in gresgmirventich wileubstartiaty eam;srtsedh@fesbéctivspab(lsu*nbaatdabbwmeﬁsan

I nduce - 8-
98/ 24951 such components are not limited thereto and can include other components not

ECT / US95/ 2 ]-:Uhlﬁersely effectmglﬁh)é%!]??Hd mepérlﬂés“ratth@nrst and the sktbred cdditﬁineﬁ&rhnb%rf] g
etecte (0] | ntia ann| n ori et hods.
For pol ymer st ‘%HBV‘RBPe%Ifng E’@ﬁ"’]ﬂ "\#F"Fﬁé”rb?s'b?é‘ff{ PO & ?ﬁ(ﬁﬁ% t he

mel ting 1sarmmmpbuéﬁsmldaacld@é e\rntﬁbmﬁmuﬁd:rn@;gménisalaamxnc&lmsseﬁibmzétg.
he Test  Met ho ection

I t : h bed
eroin b SURaCBRR vl 58 RBRID) HU SRUPRP L PO PR R oo
of the fi rstenaadcsmoml;abmty of tmrrmndrthssmoad@emﬁmédtsy I st.cheadditigpal t ant  as

the relativ e en the t t S neral ly
osi r ed t hat ™ RIRG B PHuBEH AT edriorshe. it rrenelU BEUR i Spch plifoli "L 1
second conpaompbaerite beiusad in an amows tnam benefitiglly less than ebaud dSrweightgercentyost
usef ul I 0 { e h
morting % CofPRahSRAIE e 10 eGP pistork PeETHR sdhelTbdsifan AR e
each benef i peaeny V\tberém'akhmelghtammntgsfeebas]ed:oh theatotaliweight amo@BQif ehefjrﬁ, ornor e
benefici al | t 55[err]C to about 300[err]C, and suitably be
bet ween aboﬁtéjg%%ﬁé\rgrgﬁgoﬁ%mgbout 200[err] C It is also desired
that the pol y(| #d¢ genersiiyijesiratie that e second Foroporenthaversmelting os eaftaming
conponent s | O o i for
Che i st agaaturd il Rl ot PRCREIoNes TR, BerGanratio St Byt 28,

st rengt 25 f japd suitahbhatieast abayti25/Q oreater than thamﬁltfﬂgb?;@%?ﬂ"ﬁmﬁﬁ@%ﬁ?téwaftth%s

I'n general, i cBMFoH@itQMgéh\éF‘an GHRyrERS BFH0I ﬁ-ﬁer"lﬁérﬂﬁtwﬁ?éh a’?e substantify Y (1 actic
acid) polyner is hi hi's represents that the polymer chains are

heavi | y cwsaﬂmawgne@rw#' eitherdave aspesific Wettlnatermﬂmweqﬁa YREY RETOWF f i cul t

t O process. pfghm ngr%Shé(nmé femperaturetraﬁgé/"elh%ﬁtré’éf HoRGerSBF S8lYHar bi¥kdsiticdt a
poly(lactic aci ﬁmer IS | o represents that the pol yner
i

chains are A 'eéﬁf‘%(ﬁ'@ B8 ok ﬁBﬁ‘@ﬁ“‘(ﬁl’M Bl?"hﬁ?mfpé‘%* tin Ptugenwill generally Baydhnent
exhi bi ti300 fhorébRiald \Weeiting @6 EMA teripePRttic rang@ kit Sbuld B8 n&ta8 Akt R suhRIRsEdd

very

acid) polymer comprising even a relatively small amount of the D enantiomer may not
exhibit an intrinsic melting temperature. However, a melting temperature can be induced
by exposing the poly(lactic acid) polymer to certain processing conditions. For example,
if a fiber comprising the poly(lactic acid) polymer is extruded and drawndown, the fiber
35 becomes oriented in response to the forces exerted on it. Such orientation can induce
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difficult. Thus, both the poly(lactic acid) polyners in each of the first
and second conponent exhibit wei ght average nol ecul ar wei ghts that
are benefi ci a/dys/p@siveen about 10, 000 to about 500, 000, pEa¥ 9721413
beneficially between about 50,000 to about 400, 000, and 25 suitably between
about 100, 000 to about 300, 000. For polymers or pol yner blends usef ul

in the presemsmmnemmn to'the Vibérghit caineyeaitedied, wﬁxampwebghtffee@fﬁabe
det er m ned a. nmet hod aﬁ: descri bed Met.hods secti on

ororm "% scanning Sy sl eiise FoR BOVRAE & GONTIS Blehas Heriuin Si8 PessRt, o)
po: yger sin uaaghuoaf thbhﬂelfngﬁhﬁé%re can b?e:@mﬂm]grmmwgffgmdns&uﬁgmgo g
(0] | S erS| es that ar ectJv or _t r st an Secon
P oonent & el mAPEHE SELas aBtendi fesebedingbn TerMathodassilion bare
str Iengt h, s aNd'\ofugbme atpsolute PRItipG @P e6fterirsy teﬁ@etmtﬁds betheifist and second
" pol ydi spersij

dex t tai ned b
o vi gt he AR e SR S a8 gpora BRI ve Somi Gt ﬁ%&%’gﬂﬁwg
nunber aver atgmpﬁtﬂt@eul itis genelly dedireti tieat tied mamhg ot sofEingyteiperature$ 6f the first

ol ydi spersit nde f.a onent ent _ma e
T ours t cingssetant eiBesterts pEwiiiaTanes bt s oy Shen el BRPR Lot cry
by co ;rponentammmntsAs such, it is generally desired that the melting or softening temperatures- 9-
WD 98/ 24
PCT] Uso 71314 4ne first and secog compenants gaehAnelciFll o3, R9REN ARPYATIS 19 AU have
I |t s3508Qghb écibl Ik twve bout §5°C boat eCTand suitabiy b
pg}stl ggt I C iggghgghmé:édy&:% {:ﬂfggat%ue fi rgn anda%pecond sultably be
conponents eX g poqmgl spé’ray ﬁy I'ndex val ues that are beneficially
bgt wtee?1 about 1 [tie also desirecbiatithelfdly(lacticcadid) pefyimarainl gach ef thedinstandusecdnd o
abou an . . ' 1
pol ynmer bl egc Wﬁégg ?éxR%}t‘O@eJi'\ : rgg%éﬁ? %Ior#giﬁ{ é'g'ﬁ,ﬁgﬁ ﬁ%t aﬁ% ﬁggéruvg%r%%é@sérgg%e
nmol ecul atd weiegbid mp@en&baanh extibit desigble malt stcahgts fileryoedhiaaital strength, Test
Methods seCtd iPLhiing praperties. In gereral! 8!l S9L/a8 rldiBld Weighpby 4! acti ©

Q) pol hiing praggties; In genieral. 4 kit sVbra iRt
?gISI Zjuglo ?/mrremrs l:agtgng:lauﬁmoymdnmtoamretl"ﬁsatelprasentrsdhattth@pélymsntcm asred:leamlly 10
gf?gggteﬂt ;ged‘?frfd[}o‘%%ﬁtb@htay‘?‘?s?dn ﬁ‘ma‘?c&ﬁééne%iB&HS&{Eﬁcun?S{?cQEsCWHrgéselj i
nmononer per dhgweightavarage mplsculepwelsbmfa poly(lactihacidjraplymer iff tobdew.itbisaci d or
lactid it hi
| act e AP TBlepbi ina el St WO RS whih ) AP ¢ 1 0
the resi dualcommoﬂ@rexb@rtmmre@nvw Wesly (relf strergta,onakingbily seeed progessingy@nent
i's too high g, s COSTR HERSly(HRYc Q&aﬂ&%&ymea{cﬂ &&Mﬁﬁa%cwd

(
I nconsi st ent pI’OCGSSIggé prop er¥|es caused a | arge anount of

mononer vap&PMBeneRy ex a‘@éﬂ‘t averRe]) n\@fetse@sypqsgt&th%&are beneticially fetwegpiakpions

in extrusi Oﬁomoesté%&ﬁ so'dcwév%re BeriEntialy Semeed at?éut%@%bdk@hbéﬂ%'l@ﬁ%bo and
in a polil(lactlc aci d) ymer in a conponent may be beneficial due to such

resi dual2d suitagipbeiwepn ?Gﬂ'étt1|°8r9°ﬁé° agma 39PL80; €& PQB‘P'Wﬁﬁﬁsm gomepbignds g

process. Thuygeful x’ﬂQhé’Q}e‘ééhﬁﬁ\PérﬁoRQhe %igm amédémbrécmar WaGht ch Be@etériniisdd and
second conmponent exhi bit a resi percent that are

benefi ci al | yswsésm?tﬁaﬂ ag d8saribed "b'é"tec?'éﬁ MeWBF%SQ@HBF’PFﬁ"&I ly less than about

10 percent, and igslhlcaldbsirddxhst BAURBS tﬁ@%ly(lthi&%’cfa?Bnymers in each of thelfirdtanal so
ners in each of the, fi cond

conponent R AEEIRTUEEN TRNCEIRT TER AR NI
ef fecti \8@ swetond components to each exhibit desirable melt strength, fiber mechanical strength,
and fiber spinning properties. As used herein, "polydispersity index” is meant to
represent the value obtained by dividing the weight average molecular weight of a
polymer by the number average molecular weight of the polymer. in general, if the
polydispersity index value of a component is too high, the component may be difficult to

35 process due to inconsistent processing properties caused by component segments
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25 that the first and second conponents, when conbi ned, exhibit desirable
nmelt strengt.h, fi ber nmechanical strength, and fi ber spi nni ng .
properties. rheol ogy of a pol y(I actic acid) poly&gg e
quantified uﬂ}ﬁ%@ Et'el apparent viscosity of the poly(lactic SJ@“Q

pol ymer and, as used herein, is neant to represent the apparent viscosity
of a C 2h b 3 e
component .?‘*{*@”ﬁﬂé@mbﬁéﬁ'ﬁéﬁ@?@mﬁﬂfﬂ Phale O g et Gl
conponent i $PpNBgedHES the pelydastia acid) polxrperﬁ irepagh oftoe 9rr$eaed sesend have

subst anti al legmbhdis ﬁmnblﬁﬂtﬂ?&%xt‘ﬁ'|ﬁ§éi$ﬁaMe§%\éT%Y§b§1’eﬁEially bethéWQE’ot.gq §ot be

readily processabl e. It I's desired that first and second

conponent s ERAUKIG, %H?MF‘WY Betyepn aéeutﬂﬁatabavté §OB§P'§WM hatwgenyabgut o j ¢
i s not crg tiaeadit 3. 'edr polymers$ SCEbIRI DI EHYs UsbRICAh b:%%erbt‘?n\}e‘iﬂﬁ@ﬁ 'tﬁ@humber

Furthernore, it is generally not inmportant as to 35 e first or
second corrpéM%’ﬁBS ujar py farybe FWEF’"%%?%HWQ’“%%%?Q%F"W ’Oéhe Test
- 10- Methods se¥édroéréind5 1

PCT/ US97/ 21413 Instead, it is desired that the difference between
the apparent vi &d®3ise glesirad hatihe pejy(lactic acid) pRlyRyersar eaeh ofdheifirshandsreond n t he

first conpogsmpendHtagiibiefbsilual rhSn&ﬁéﬂferée%t@thMe fetti for the first bREBEIORHUT ©
at which the first conponent is to be thermnal !’Fépprocesse and the apparent

vi scosi %Y v&pmRoRsnt f%%acﬁ’&’@(q'tééﬁ'@‘%meﬂ)s"ﬁ?ﬂt@v r mgchaqisal steanath, @9 beent |

neasured at g |hﬁ‘mg p%peﬁkeearAsr@be hefh, 3lesidls rﬁ@maerrgbweﬁf & me&ites réﬂﬁ@seﬁ?cond
conponent is to be thermaﬁaé processed, is beneficially | ess than

about 250 PHEampunt of @etinadd or laghde 'B%‘?Pé'?‘?’éhaél'ﬁ ynreacted yet which fem@ingnout 150

Pascal [ er r] eaeappéa withid thalticthess tﬁé"@fﬁtaﬁd!éulbol .Ea&a;a;bc[mﬁérksacgéwb‘aa| ignd
uit bI | ess t han abothPiO Pascal Seco

Typ| cal congletrﬁﬁ'ﬁg regnomes PREGEM O % ?&ﬁ'%@f‘@ﬁ’@ %’ﬁa&?fﬂp%ﬁ&"ealﬁlﬁonents

10 i ncligdetHésdontpbonent 1Ay bé aifoult fRprocessiadd hr&bﬂixkfﬁnhﬁb&ﬁ@ﬂgmﬁmekoo
seconds[err seconds er.r benefi cially between

oot b0, & bt dy o amayst B PaRRTES SRR fEldRsed dRTIG MRERRA Bt woon

about 1000 sawsenasibtionslin taﬁtnmnreﬁam Seeneves [aatindrs aramdwtnsmﬁsmw fmeidryerat
about 1000 seco (che ]: Typi cal condltl ns for essing the
IC a 18 al?h

t her, |
PR o 8 SRRRhe ATy ¥ bR A et B ER R '
benefi ci al | mob&ﬁmmﬁ:na@ﬂtgtasl@ﬂf[aﬂfdz]eﬁdh@wg 4 Spinrsig procbEX) [ Frius ] e paiy(lactic

benefi ci,al | en _abou Q 300 I. ui t
bet V\eenbgboé‘flg)lpﬁy erﬂrteefp g{g &rs% seecf’?% éjmpmen h'g't 4 Wéi‘ﬁ'a mo'f"%‘%'?/mkl ng
mul t i conponpertceritithatrase bereficially lelss than sbodt Tfepercendt mbee beneficiallydess thbe dbdrdr e

in detail. T@g&%gm gndgyu{ab&g%qgg %34@‘3{,[0&?””6" ly, at |least two

pol yners are extrud a polyner distribution system
where the 20 plbisyaissy desined that threophiy(tadtic acid) polymysireast of therfirstrand secand. The

pol yners f Oé&ﬁ%n%ﬂ&aé)@l!bﬁh%?"e m\?\ﬂ,B@EQ thalt 3rel Kt Eu&? nti'r?;ﬁ’g;l Qﬂﬁér%r}da%?%acg\{ee?u\%

conbined in a’'spinnere conprises el

concent Bfc bat thelfiest andIsecondnemponentsdwinen comilired, lexivbit éesi'ypb melbstrength, a
circul ar a [ | past tvvo
parts to priner quenaRElsheihard ttef Shnfihy BoBs ™ T et bdod) oY o
filanment i quwacftl@eedmplymm may ke euantifiediusingithe apesreng\emsay p@/thspoy(lactlc

mechani cal ;G4 |p%ly$f¥e°rta‘ﬁﬂ1 ast &e%”hei-é?ﬁ 6§ Hﬁghﬁb%ﬁr&aﬁm aﬁHa?éFﬁV%Eos%?%f 3 ature

col | ect ed. Subsequent Y, | ament may drawn
bel ow i ts componggtatdhe ﬁ@ea(r éﬁfﬁéf‘ﬁ?&?‘@ temgerpwée atewh%aﬂefqomp@neer 1$ F‘b’éﬁ?

di amet egg anflefmdiyPRstelsed £ fdHexE@Ble, when the component is processed through a
spinneret. Polymers that have substantially different apparent viscosities have been
found to not be readily processable. Although it is desired that both the first and second
components exhibit apparent viscosities that are substantially similar, it is not critical that
such apparent viscosities be identical. Furthermore, it is generally not important as to

35 which of the first or second components has a higher or lower apparent viscosity value.
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and cut into a desirable fiber Iength. Milticonponent fibers can be cut

into relatively short lengths, such as staple fibers whi ch general ly
have | engt hswbRgkhys;range of about 25 30 to about 50 millingf qu}ag 3
short-cut fibers which are even shorter and generally have eng 2

| ess than about 18 mllineters. See, for exanple, US Patent 4,789,592 to
Tani guchi etlns?éad ﬂ@dé&ﬁeﬁ’@ﬁé&me &ff@t%ﬁcéﬁ&w‘e@n 8id agpar&it v%Eosnty%m dikherhi ch

ar e |ncorporat rein X reference in their entiret
4

Pol y(l actic paa«lasﬂcp?&rd}ﬁekmeg infhe fifst coPORSN dRqaspresatdhe maéfata@nmm of t en

35 under gogsmptaturs B wiikingR fﬁstrcbn?odmtormnhmy BRdceBEe; BRE tHapphiént
heat - shri nkage

PCT/ US97/ 2 121@505"3/ value of thepoly(Actc BeifkPmeerin therReceRb ForapInent. ierAsHEed At dhen
rel axati gn ghedritateRPldydt e ﬁeﬂ%ﬁi&r& dt Which the sedohe cBHiPBRé}R {StolHeARBmadHY

I nconpl ete crystal]ine phase. ercone th it is
general ly dé CFé’tﬂde'sttI?"ﬁﬁ??’M '2§ Q’ﬂ% aENﬁ@lsglﬁaFE%lﬁeﬁ‘PPQﬁ morRebengfigiallvlespef or e

t he bondi ngthan about $8BSs@PsdddAts téﬁﬂaﬁlh%rsman%ﬁgyowpﬁﬁaﬁéé&%é YaridGnore
melting rather l:)ihan &?ngh' oW f r chain rel axati on and reordering of

the i nconpl 8vitabYIgss 8”'s§°r 'r%ew@i’l% solution to this probl em
is to subject tmyapumtcenmdmstfermehﬂatyp%@detssxﬁgtﬁerfﬁattamrsecopﬂ@c&ﬁwhenwen

won' ¢ sdBst B RERFSaTheptrats hat R Rynelidab Reboheyahil 08sestnny loporti |y or

hi ghly ori emowb seconds™, more benefitiallp betw&eﬁ@Bo@cfﬂm%Bﬁms Qb abb\& 5000 SBEINds”
I nventi on, LS dﬁSl red {hat Joul ti c%prrﬁone fibers of the present

i nventi on un(fé'ftﬂﬂy gleea appyit, @OB SFC‘?%dsdé%F?% @ peconds”, agd oyt syitabbest: | ng

occur, whenabdig 1b00€éébna!§'é w&:weamitudr@ fer tBenivedlla procebsing theGlrstaindl seasdid 5
percent at ate

I s benef | | reater than about err]C,
nore benefi E78P? A dlsc'ing m&W&%@PQFHﬁWPﬁ’EBﬁ? ﬁ%i;et?eﬂegf'al Reteesn amy 1 68 er
t han abdat S04 50PT, nidre mngcauayabmeen about 159e0 taTabsla G00°T, Wae stifebihi ghest
possi bl e het sett ur ile not sacrificing 15 a fiber's
processabil %%@éﬁg@g’o éﬁg%r’ha heat-setting tenperature as, for
exanpl e, Methedpémaﬁahing rulteempanehhiibenehre wil knewpaindtneed nof bé he first
conmponent o nent fiber reduce t e flb r strength

and coul d ré%sﬁf’?eq herp H’édﬁaﬁo?ggéfnnagm”lhmmp?{gﬁ%ér?% SRy, 383 8""? acki ness.
| n one enbopbiyreers ané exthalegdrsepanately avbfeditoa polytnershsdﬁmtnoreslys&dsmwﬁel'ethe

I ti ' Qi t f sh t
of about® 7oprpaears [Bbu s o sl Bl Sinrtre e " Fh ool Y Bereia -
nor e benef i pdths tothe dber snmerextaodtarscqunbmemm a spinriegiet hold whish comprisesheitheabout
2 t lo t
2 PerCont 1 BBt oaMehAR chelridd e BOtngls BRE5FHe ABSHE B B "
| engt hs di vsnnmmy\ole leldetd a@nc & Cttaradeter iotecatheastiiwa parisdd plx;mm)@sndﬂw-m hod
by whi ch t @ﬁwn o%fde@? %{gneﬁoé%erf Ldupda € Imlﬂdt SndBawRe

det er m ned s |nclu Inth S sectlor'l The
mul ti codo r&aﬂerar"vmrasnmhanhrel rpﬂ%wtﬁm|tmaemtemmateﬁ@menédamtermd in

di sposabl e copiected. pSQE’ééﬁhénﬂﬁméﬁérﬂgnt%a}f%s %Bﬂdearﬁbﬁost*agaﬁwpafaaﬁe%@m&ch as

di apers, adult incontinent I'n cataneni al
devi ces suciPftaging MmperAtura 4 mer@es'raﬁ finishadfihes diameter : angredmped or texsiged e nt

products sufHy R%ind B8asirddidfber NGB MlBSSHithent fitds EAH B4 E&linto 2P8kveRP

drapes. Accordingly, in another aspect, the 'present i nvention reﬁvat es to a
Y

di sposabl e short 'erw@s@ suehas ﬁ?@éé@?fsdﬂﬁﬁr generaflyhaxe iangthsdn Hegaaee of absaut 85 of
the presentio aBY@HO Millimeters and short-cut fibeP\GhigTBRAVERShoRér dridgydrkhsi¢ Rhve
I nvention, the nulticonponent fibers are forned
lengths less than about 18 millimeters. See, for example, US Patent 4,789,592 to
Taniguchi et al, and US Patent 5,336,552 to Strack et al., both of which are incorporated
herein by reference in their entirety,
Poly(lactic acid) polymer is a typical polyester-based material which often

35 undergoes heat shrinkage during downstream thermal processing. The heat-shrinkage
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into a fibrous matrix for incorporation into a disposabl e absorbent |
product. A fibrous matrix may take the formof, for exanple, a- fi brous

nonwoven webwdéghigesis nonwoven 35 webs nay be made corrpl et el Ypd+887h053
mul ti conponent fibers of the present invention

-12 - WD 98/ 24951
PCT/ US97/ 214kinly occurs duedb tﬁel”tﬁé/nﬂmy irdGcéd &l’#ﬂ’ﬁﬂaléﬁ(ahéh &ithe bol?in@?ﬁégmém@m
| ength of the fibers used nm articular end use

cont enpl at edD eﬂﬂ\é’F@"Wﬁ@r’P§%€¥%‘”ﬁ$@P'F’8 %t‘ﬂ’gﬁrp&@éﬁ T oygrepe dhis problem, itig of

exanmple, in g'enbﬁunyebswame 1o&nésmﬁeattr&gé:9stsuaa‘noh Betﬂeeméﬁa bafofe fRl ftindinged at
or bel ow about e enbodi nent of the

present i nvetRgeop that @Pé%@‘éb?’?’ %%Qﬁstﬂérﬁ’t’ﬂyp%'éﬁlmg ’?Q"e" than to gliey, fagehain\whi ch
g i s EO?\ ablte ?’?&Q?]tlbg\rﬁnd)’éaﬂdﬁrﬁg 6QRP idc&ﬁx%le@e J:ry?ﬁlhﬁ’eh ﬂﬂ{dﬁﬁ’éb (tj)ﬁetsﬁﬂlgbﬁﬁib thls?
ackKksneet a e apl e [ opsShee and an absor pen
structure prgﬁe’ﬁd%h? f?é;&lhﬁg?%%ﬁ gge?tl rSeHing-reatmerity AS sueh e fibarsy t he
backsheet, wubjeeted tb heat-settingdeach a bondmg" R ahe ﬁbér@mﬁmehba@rﬁwuy sk

mul ti conponent fi ber f the r |nv ntion, Exenpl ary
di sposabl e 3’8% ﬁﬁBS@L?&?é é’ yyor}jiggqq., bed in

US]: A-4,710, 187; Yhuéyid Dﬁszgﬁaﬂhme’d&ﬁmé pret@nGhdEntion dt iS/'3edired tAAZHE03; V\/{]i ch
ref erenc i ncor ted herein by reference. , _Absor pen
pr oduct s%;n "g'f BB‘S&’ e ﬂrgfs?%t en '%5%‘&'@ Beatshtting, e%‘éﬁgs'ﬁﬁ{}gﬁ't i on

are gener al Is)acts ubmee’tﬂ?@ ocdur[ wng1 ueeﬁbetscarmsbbjéabe to ﬂ&bkhitéht@frana datieadtigui d.

Accordingly, absor duct s .and tr r e des a
capabl e of £8§°5“Pb| t?ﬁ]??’? gﬂef’gftc(ﬁ"y grester ?ﬂjéi’ %Ié"qrﬁ ﬂ%lﬁi‘%"’li es
to which th@rmeruthaboLnﬂom;czmﬂ samblysgneumtrmaagbau{ $0°0e Iteixgersaduy during

,l[J ;sﬁe The | n%’éo%:ﬁg? rcfglsigg élg%?rglr}l % ﬁéﬁas b?%léefarf%%igg r{iaé]egztatures wq}(!e nopsaﬁqgcmg

mel ting tSenpérbat’sup-ceﬁsabmtthabr \tmshldlebEa heatesittingitagpelafure as fot édample,

scanni ng tr renti sean calorineter, available
Froma 1 AcerhRiaRle Tk o tf o Teefafive AU Ml afiRp0En FERE, ¢ fo
desi gnati on nﬂte:ombnm;ﬂby.s tmayJFédudei thé Eberrstrength and coulScesultiimthe fiber being

Cal ori neter tted with a liquid nitrogen cooling
accessory 2%'9%% ha%fegﬂen gaé:ﬂ“g%gatlon wi th Therrmal Anal yst 2200 anal ysis

sof t war e pr ogr aln oneagmbodiments dhef preserténvetian, itiisidesired that theemtitiogmponent

tenmper atzpr ¥iber exhibit an amou-ﬁk' ﬁf {%ﬁﬁ“w At ast@[m&%ﬁjré ??5!%11 \?ﬁ"vce tﬁtﬁ{ (ﬁhgﬁa@)hhg

formof Tibers or erre

mat eri al sal@sk énanoaboeltﬂtl)yercam MOEg Mmef clellxjses ithaeebetutsi pancent, suitably less t ool s,
SO as not t%dn%ﬂﬂé‘ﬁ@m@ﬁ%#& Hﬁré Qﬁ%bw%gs% ﬁ’ %Fcreﬂ{‘%\é?euﬁ %‘Hrﬁoﬁmt The
30 materi al [ es were cut e case ['aced,

case of res Pﬁs"ﬁ'@ ingtissbased upon ﬁhebdlﬁﬁf epce petyann ﬂ‘@rlmtlﬁ@ndé hgﬁe@th%d'aﬁed@tur acy
of 0.01ny Oﬂwe%tné\rié’r'ng)fﬁ hﬁ:ﬂipﬁ?@ﬁ@%@ THe method bY %%gh? ?ml:bﬁi Ah3fired indW&ta over

the materi al renttal scanning

cal ori m@Per f"?ﬁ ZB'QW MP@&WH’@%&'“F‘HG‘P%M%F ast Mathedsagegtion hereiind a
basel i ne corr ecth@mulRbmpoAEH fib@s of hGiredlinventionrdBiitedl fof Ke ihldfsposable

differenti al

products including disposable absorbent products such as diapers, adult incontinent
products, and bed pads; in catamenial devices such as sanitary napkins, and tampons;
and other absorbent products such as wipes, bibs, wound dressings, and surgical capes

30 ordrapes. Accordingly, in another aspect, the present invention relates to a disposable
absorbent product comprising the multicomponent fibers of the present invention.

in one embodiment of the present invention, the multicomponent fibers are formed

into a fibrous matrix for incorporation into a disposable absorbent product. A fibrous
matrix may take the form of, for example, a fibrous nonwoven web. Fibrous nonwoven

35 webs may be made completely from the muiticomponent fibers of the present invention
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35 scanning calorineter. A material sanple was placed into the test

chanber of the -13 -

WO 98/ 24951 WO 98/24951 PCT/US97/21413
PCT/ US97/ 21413 differential scanni ng calorineter for testing and
an enpty pan is used as a reference. All testing was run with a 55

cubi ¢ cent i methay/ manie blended wifeather fikrrst Fhalengthad8)e frergeseshmandepend on

t est chanber, g egi ns
test the glsl.ﬁflggrgéﬂoggseg@ﬂ@gﬁéthg nbv@{e?éﬂfh%'ﬁpgfs ﬁefocsagggrﬁhs& %aa; ad)
heat i ng cyclf@r exanm{ én a ladletitisiadvantageogs if fiegpegths are mahtammtlwybedowwbuhg
cycle at 20[@fhilifdetafute to -75[err]C, and then another heating cycle
of 20[err C/mnu e to 220[err]C. The results were eval uated

usi ng t hé anal ydm aneembegdimenpefdhe arasantaneantion, ledigpaseble absorbent pradudtiison

tenperature (’%ﬁaeoofﬂhl fd:s?%&%@ abf‘d}g ?J%dﬂcf:c is§§ chgﬁﬁ eﬁn@%ﬁ:pﬁﬁ%ﬁ 3. o4

i dentified uantl ransition te ure was |

as the area béﬁkShEQt attaghed rm@edmwwean@abi@ toﬁélﬂeeél"ﬁm’g@ ahsothespstruaterar s and
then the melLifgndFrawaas %Q|qbﬁ-permeablg?&p\‘§/ﬁégt@ﬁg thES bAk s RELt AWASBRhE liqui ig-

I nflection cal cul ation. arent Vi scosi 2/ capl‘f ary
rheonet er, KeET¢AUR @Pﬁ'ﬂ%ﬂhcwpﬂi’feérmUIMOf'mRnHlblersoSb%Pf?Smfrib‘Hﬂﬂan under 15
the des'@nat'ons‘;eﬁ]brawa.sﬂlssgra%eb faﬂpéo&?&g érlea%ey\ana E?éri%d ]ng“' ch was used

conbi nat1 on VEersion SIS software, was

used to evalifed# 1196187, US-A-47§35211t USiAsE.4 4P, ﬁ?s-rarﬁ\gdi%ér%éﬁ’a BO% ydigh es of

mat eri al sap@Fh@hces B ,ﬁ&%&g@amemﬁggﬁéf% ce setup included a 2000 bar
pressure transducer and a 30/ 1:0/180 roung hol e capillary die. 20

| f the material AbagrppRt nseqiwgs @r&ﬁt@@w@ﬁm@r&@@"cﬁspe@sr@ HerPresenh ipyentiont er
sensitivityard é\ﬁwe‘?ﬂ&%ﬁbﬁlﬂe@%nﬁ us8, Qrm@@bné msatéf@f%aa Qi46a. a\teeaﬁ.dgiys i ass

transitiaon nperature, 1.e. above or 60[err[Cfor poly(lactic

aci d) méPer ?5%@%@6%#%& mﬁwm%ers e desnrably tapaele ofebﬁqféwssmdvplweﬁmf With
a nitrogen gady Wden Qﬁaﬁﬂtlek Qﬁﬁhmﬁ%eﬁtﬁb@ﬂﬁzﬁﬂpﬁﬁ&@ ah@Sfructures wilPI§d expdided

(SCFH) for at .| east hours. 25 Once the instrunment is warmed up and
t he pressur Qu'ﬂ%ﬁ'%edué'@r'”ﬁ%tséé? Qﬁﬁe&?'h’éepﬁ‘ﬁ?d from Of® 2RPthal b3 ppTed ofdimesaded
increnmentally into the colum, packing resin into the colum with a

ranr od eachTti to, ensure a consistent nmelt during testing. After materi al
sanpl e —-ﬁgﬁ?ﬁ‘@—% 2 minute nelt time precedes each test to allow the

mat er i akosanelt@gTemperatureonpl etely nelt at the test terrperature The
capillary rheongter Fakes dat a ﬁnts 30, autaomat.ic gdxrf}d determ nes the

appar ent  vi scosi t§Mefting Beropelpiue pf 3 REtsHg) wag deternined ws erentiglsgAnning o
(second'): Cdlorimédy. A Qifferdnlifl scRfiAg caleﬂtﬁeteﬂmdamfmrﬁ\rm msmméhtsnmcl dife

[eaULtant oHoN e B! U s Bl B AN et B BB 1
t o anot her , ScarmirigoCaiodiuetet(DSA) rwhith wWhe outfitted with afiquid hiteger sbolingracedwsohyd be
repeat eQSt Oar%) Déel irr\n cgpxginragosnu\lmttr? Thermal Analyst 2200 analysis software program, was
used for the determination of melting temperatures.
The material samples tested were either in the form of fibers or resin pellets. Itis
preferred to not handle the material samples directly, but rather to use tweezers and
other tools, so as not to introduce anything that would produce erroneous results. The
30 material samples were cut, in the case of fibers, or placed, in the case of resin pellets,
into an aluminum pan and weighed to an accuracy of 0.01mg on an analytical balance. If
needed, a lid was crimped over the material sample onto the pan.
The differential scanning calorimeter was calibrated using an indium metal standard
and a baseline correction performed, as described in the manual for the differential

35 scanning calorimeter. A material sample was placed into the test chamber of the
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-14- WD 98/ 24951 .

PCT/ US97/ 21413 The resultant rheol ogy curve of apparent’ shear
rate versus {Rpg! Vi scosity gives an indication of W

mat eri al sanple v’ﬁq run at that tenperature in an extrusion Iﬁébglﬁf“d%ess.
The apparent viscosity values at a shear rate of at |east 1000 second[err]

are of diff?EiRtial g@anhm@%raﬁ)ﬁinemff&%ﬁmb hiaa %naernept,t P&n isMiRké %Ls acreﬁ%{cbo
found in comercial fibe spi nni ng extruders. | ecul ar V\él ght

A gas per nedestiva “aﬁrrwtbgr%mw'c(@weww nlgowctustﬂaberém AvEae erethe

nol ecul ar weédlthaslbét f‘Fh‘éLHe‘aﬁrﬁb Qrf.d écs’iﬁﬁ? BfogPdm R ié}cﬁ’&@s&hﬁ?b né’Wz‘i}?e wei ght
average 10 nplecul ar wei (Merr]) is between 800 to

The GPC i s %Pwas«m af thmhwnw to M SCEdfolowedhya hsatmgcﬁyslﬁ of 2033/mlmto

tm elrr;):e?gt S‘{eg 2are O[ er r%ygaéo'?ﬁ@é ) at rm%ﬁ'ﬂé&% oa?g'e(l; ?ﬂﬂgﬁ%‘ Qﬁ&a&ﬁ{e‘gﬁﬁéﬂ

t et r ahydr of gyele pT2H°C/mifte to22p°C.ate is 0.8 m I liliter per mnute with

an injection vo | ' es.. It is
15 ' Tport ant ¢ dnadeit Ard beliRiod i wathBst sikarrede Wl dl it
nmont hs, a n&\ansmon tengxaeaturemxpﬁmfmmry enmmérm:caamtl exatfmmiapdakawefa | t er

i}’g”’cﬂogg}ﬁenﬂ?ed&nd quawtnﬁ(%oanﬂ% éﬁssq}c'angﬁ*l:x %Hﬂet rseo\?i@' H?ﬁtﬁ’;ed%lgttﬁlé Qn%g from

clil c?lm(zr diet thelineddidre Ildstxl(xgt@heﬂge mtsdnﬂe dﬂﬂu@agda!mal, thg medtmegm'pera::;e ;]seolobtn ain
ngy conc andards can be conbi [

one 20 staﬁgﬁﬁﬁ{%gpg’ %ﬁa%#o%@g@rﬁ‘e\éﬁ&f&?ﬁ%ﬁ?ﬁpeaks do not overl ap when

chromat ogr aphed. A range of standards of about 687 to 400, 000

nol ecul ar ' be prepared. Exanpl es of standard m xtures

with Aldri nRVisetst s of varying wei ght average nol ecul ar wei ghts
i ncl ude: St andaf¢apiiarohegaster, 3vailgb®; from Gittert obRenki HilldSouth Largiee; under

4,075), 48t a 50; 687).
ok 1§Nemac{e§ g%aﬁ&?Ggﬁ%n R"’r%oér@gh 8 cail gm%te(r]\%cr?&%% ugedq ih

repare st oc stan ssol ve a 200, 000
mol ecul ar °°mb'mthg‘rw'"p‘6'f"ﬁ"ﬂ%@1(‘4%5'%2@1) mmaeﬁotﬂwa@mls@'g#d@@@lm tiened

from Pol yschene&s visdbsity rIﬂQoI?gxceF1 g&%@ﬂ‘es% rﬂé‘ﬂn@l Qgrﬁﬂ@sgDﬁM ééﬁllﬁgﬁyh@?ﬁieieﬁr Wi th

alined lid using an orb

the mi xt ur eS&WR Biciided 84000 daypregsuss apﬂﬂcéf ansr 30/1:9(189 round hele capillary gigt vent
to evaporate, then place in a 35 err]C preheated vacuum oven and dry for
about 3Q_  14hours under, a vacuum of 25mm of nercury. Next, renove the

pol y(1 aéPi c aci fiihermatgrial samplebeing tested demonstratagori 'F KRowmicchavesyaterst r i ps.

| mredi at el ysegisitiogy, themaaaal sam is Qﬁeam a vacuqrnl Mh%om itd gia¥d frdnsitioh0 nNMesh
screen) taki rr;%scare not to ad causi ng the %I’I nder

to freeze ufMPEFALYE: ke FBW?;?%H%SQ)P fPh@"dP@LﬁﬁF'@dﬂﬁF@a'f ringdegp yawuas%f a
jar in a denasstqst.ﬁéhesm h{eecdrmnﬁ armrdgelﬁ lgad burigB ®f SAIERB0CHhdAR SitiERdt i N t he

freezer in a 35
-15- per hour (SCFH) for at)(&st 116 hours.
25 ~ Once the instrument is warmed up and the pressure transducer is calibrated, the

material sample is loaded incrementally into the column, packing resin into the column
with a ramrod each time to ensure a consistent melt during testing. After material sample
loading, a 2 minute melt time precedes each test to allow the material sample to
completely melt at the test temperature. The capillary rheometer takes data points

30 automatically and determines the apparent viscosity (in Pascal-second) at 7 apparent
shear rates (second™): 50, 100, 200, 500, 1000, 2000, and 5000. When examining the
resultant curve it is important that the curve be relatively smooth. If there are significant
deviations from a general curve from one point to another, possibly due to air in the
column, the test run should be repeated to confirm the results.
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WD 98/ 24951

PCT/ US97/ 21413 . It is inportant to prepare a new check -
standard priW08&4Me begi nni ng of each new sequence anBCT/HBYRA4E t he
nol ecul ar weight is greatly affected by sanple concentration, great

care shoul d be ken in its weighing and preparation. To prepare . the
check standard WEPgFrulamt ’é?ﬂ%%g"tf 86%@%? s%’r%dewﬁdﬁgar BEY%‘E?@'W gives
mol ecu: i’:lr an indida I bh oﬁbbwtﬂéam‘aieﬁalaﬁmb' Je wiﬂ}‘rm atrthat teinpochturd idgﬁgxtmsﬁﬂngan dry
scintillatign vial., Then usi.n vol .unmet ri c, pi.pe edi cat e

Fepl pet , - adsHRS gheSRRAERT YRGSy utuanal Seie i & B 1800 SE6onGR sk ot

Al'l ow t he sapendific ihterebt becduse tioesepdre thed typicalwonditidrisefogmadrinl conomeraial fibdpi t al
shaker, . . such as . a Thernolyne Roto Mx (type 51300) or similar mxer,
i f neceséar??'mf'gg&fg‘l'ﬁﬁ‘e whether is it dissolved hold the vial up to
the light at a 45[err] angle. Turn it slowy and 10 watch the liquid as it
fl ows down m 22N f the bottomof the vial does not appear

snoot h, the ot conpletely dissolved. It may take the sanple
several hours t A gas permeatonlcheomdfographly &ER0)\reethodiddis28 e detbrniibg thesi ng a

vol unetric pipet.or dedi.cated repipe [ th lal tightly and m x.

Sanpl e prep ge["l“'&ﬁE’eﬁz‘gi’%@wf’@%ﬁ]"@& qg'palggﬁfgiggpggyéaseoyelpﬂ avs% einto a

15 ﬁl edn, g'mjecslai'weightmvj)@baﬂvaén 800 ®400c200e shoul d al so be ft?ken inits

wei ghi ng an rati . J .t he -\, ]

vol grret ?i c pi pe?h%pwgggi%gaﬁ)gﬁwhgﬁﬁgf F’%‘ﬁgk I'ng és'g'}c % t7hée’?é%e;‘)mmgﬁm$tfe§ht ly.

S\I | ow L hg _sam]jgt&:at ?Imil:ssinlseg‘eszgmﬂ edlarhy tapd Hetggtohtenamm_rh ures ;re 33%&: hﬂ#eq_llj_alz
escribed in e chec nda r rati e. en, a .0

Ui ng a vol ekl PRt HPLE R PR PRRb e thd g oA R AP petin

m x. 20 minuBeyitim at irgection volatriect 25yminmlitersy Total egr time jso?0 mowitexf [bisst andar d
r epar atjon. the te ui | i ti Q guilibration is

Cont v mid 1 AREeR R taas SOUEE) b ALE D Rtp R SR o™ e

i nj ec% Eﬂe gtt]mdlgcomgmﬁérangnpmhpmdaa%bewjn-;ﬁémter bﬁergm;qntre L pr epg_r ati onsd
e e Ceck b8 oA g b BB b "

at the end of t . i n 5% 8 any rg @B 1 % 'ﬁ

from any onmixeddnte s@entaidichivoereethane(DEVRTHFANS:90)) SothitdP G geade) inturderdo5

hours of ea t . Ther: [ ' LQl r to

assess the %gﬁﬂ?@/mhcro gf?ntﬁaﬁ%nséo'\?@{é‘ﬁ%? P@?ﬁr&%%é@tgé #i%(%bg%tcog?’ "-Feh%g;1 ﬁ é%rt h

order r@@r estandard saluticn prorided that heirpeaks do actoveriap mieh ghroptategraghed. A t han

0. 950 and ' Lation of

il tho  YenggBf Aahdils dr dbel 5 EPINH.0dd ol EUE Wi ShEOE Be rmied

pr epar at i onExashries of stendase mpdureawith Aldtigh pelystyenes ehvaryimaweight everageer age of

the weight ﬁMEE@gF\ggiBbmﬁﬁﬁuﬁfe: rd8fS1 @io11928; 32 660; LB ﬁéﬁdaﬁé‘Q%@,?ﬁ%{fi;gt ion

t
i nj ections shou 10 percent of the 'wei'ght &dverage ul ar

wei ght on t4@7%)i Blandaidet (05508 i Pa0)Anditandard A (194,2Q0; 241501881 y, record
the 25l acti df@e)&,e;ﬁ'gﬁ’é}ﬁ%hé Stocit E&(ﬁggn@bﬁf QIEHVePRIg dFial ﬂdﬁl.ddo%oléétﬁérr ] |9/ )

standard injection on a gj chart. Using the chart's contro
lines, the Weighthebdlarirsacifstandard. Gataieo#] 8245 ektaiget from Polyiciansesr ing., to
- 16- 100mi of HPLC grade DCM to a glass jar with a lined lid using an orbital shaker (at least

30 minutes). Pour out the mixture onto a clean, dry, glass plate and first allow the

solvent to evaporate, then piace in a 35°C preheated vacuum oven and dry for about
30 14hours under a vacuum of 25mm of mercury. Next, remove the poly(lactic acid) from

the oven and cut the film into small strips. Immediately grind the samples using a

grinding miit (with a 10 mesh screen) taking care not to add too much sample and

causing the grinder to freeze up. Store a few grams of the ground sample in a dry glass

jar in a dessicator, while the remainder of the sample can be stored in the freezer in a
35 similar type jar.
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WD 98/ 24951

PET/ US|97{)21413 Cal cul ate the Ml ecul ar statistics based on
the cali brat {;Qyyspi§4e generated fromthe pol ystyrene sg@fHg
preparations anc?&gonstants for poly(lactic acid) and pol ystyrene I§9E]7f§1413

THF at 30[err] C. Those are: Polystyrene (K= 14.1*10[err], al pha=0.700) and

IF;0| y(l ?Ct | CRaC! gb is limlpiortatn.t (d‘pr;SﬂadrS"\%}bJr%nﬁéﬁe]ck shpiraphiobdIhe beginfing of each new
ercent age Residual Lactic | ngner . . t hi

(G0 et hod SEQURSE AT besaise Tiringlerdiareishis raatyafsids 8 arivle 0" 001 2EM €

Fol y g Ihact ic mbﬁtTﬁafmrea.m&mﬂ_ ; LREbatakén indtsafeighirid ared prepanatibre cTid prepars ght
or e oly(lactic aci reclnit f. t hyl

Lo or e = SR Ao g o0 b Body S50cleh 2 B o R i R

?gggioguglg a\ﬁé]](;tgr'ﬁtyﬂgétmﬁ réfbrehba BRnd&raiia ki cgan dry scintildiéredalormbeh Dsinga HP

., and a HP3393A integrator. T anal yti cal I
used is a RlugetTG Ripet orsigdicated renipe), g%ﬁiﬂ‘m@? o1 @ﬁﬁ%?vg SRR FREOR § | m
thi ckness. Tigftig ONRWEHSRAmpRY thidisolta e6mpretnt | Swilehd-edmplaon 4norigitahsiesker,
Hydr ogen, zero Lumis set_ at ?ua?eSi g,

de. Air, .. The Hel
with a set I§4BEF avTé!eHgﬁr’l?QeeBPm["r@?‘ r(t}?’gég“%}r?%%m{ﬁg?'xg%g NEEeSEaRT % 1@
Euir Isf i efl V\At t»gwoénge@w gié&?lzétfmlﬂd &@dzliéﬂwpio et 45§|$'ngtet Mapsit slowjyearidor
set a err] C e ass ' '

deact | vala WatHhihe hid 35 sty ounche gless; f rboReRter sl Vol 33 B apeess
mt_/ g10 gFt e i’alg%ddﬂtﬂ ﬁﬁ@kéﬁh%lé lisovet icferl'npletelyf dizwndmjmlma;etaké)meamme Beyeralbouistos et
a err . a rogen ] 00 . i f.ier
o air 1 owdinsolyo Fhor isated gt 8l pt EF Hpng adolietithipet or daBithlicEiodt °0:
tmra]keup gas (daprhd iriﬁdigffhﬂly)lﬁh@ﬁiiiil er _squI y) 25nL/minute. The test nethod for

e oven i s a ol | ows: A t, | 0 time=
mnutes. The {1 ‘SRR RTPAGIP beaies by weiSh RGP BeHAT <0 Botoeueriht pePbatpiE
': : g: g 18 nuﬁg@i df_?hm;mwatqbrrviyn@r%@ csﬂﬂmagzmagls;) mg)taaélﬁ)[rﬂtsrv}fgmmg and final

= m nut es. ] r i €S, Wi . 1.
bqui 1 br ot 1 dseparations; g B bBch e, i i 2 eliedo el drieicdted Bpet Ry
c {ﬂ g})nugr ﬁ, Egﬁ&mﬁbﬁapﬁg@nﬂﬁww 4t'hs sgfbplertdn didSolve conipietefRusing thetsame | s set
a . e resho ] IS, - t VD ) T
aut osanpl er '€gFiRyre qdﬁ%ﬁ\begggrmee‘?heﬁ'é%@PSTrgiepé&\e?géé';onIartl’})?%gp%é}‘ea:dﬂ 18#?“3“?1%' e
w?s heis:S; # Busing a)vmqnﬁ?’ac leesagfa:dtcygﬂ; reMpéu:nap:m;e vill Gghtlyaindanik. A washes=2; #
of solve washes =2: . Priori.t . e=0: ' - =
New ot arihr o solEHETYTE eylaion unping al el MIEERh of 4 Ranedibrirddiniiiestine.
8 pg(igOBO f v:s&kterr{jm‘unibwbal Erhca bqdifitaatigrds cBefigmed linjeat thecstandayd wespgratiags.0. 200g
: go ti.de ref. i ghi

Suantt Sati vTET e arepun TSR TRE Grsnk RRE HobatEic Theh BRRSIple o
acetoni tri | grepaiatiuing. Irffedt thef ¢resk standardairéparation afler avery 69?0\9&15]“’6%55%""
have greatery, ‘rﬂ:échda{?‘?%%ﬂ o ¥Rlefe A% E‘?(egﬁéﬂ{oré’&{%ﬁrmg'irﬁ%ﬁ@hg frbh 9y 3B Niahnd

al l ow t he cone to roomtenperature a or the inside
sur f acese%f ankddhddedwk injectigny must be made within 4.5 hours of each other.

;:> C'}'/7 U-897 /21 4i 3 There ard® cﬁﬂi@%%ﬁﬂ'ol parameters to assess the resuits. First, the correlation
coefficient of the fourth order regression calculated for each standard should be not less
than 0.950 and not more than 1.050. Second, the relative standard deviation of all the
weight average molecular weights of the check standard preparations should not be

30 more than 5.0 percent. Third, the average of the weight average molecular weights of the
check standard preparation injections should be within 10 percent of the weight average
molecular weight on the first check standard preparation injection. Lastly, record the
lactide response for the 200 microgram per milliliter (xg/mL) standard injection on a SQC
data chart. Using the chart’s control lines, the response must be within the defined SQC

35 parameters.
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Then dilute to volune with isopropanol and m x. Use the table below to

pr epare wor ki ng st andar ds. Concentration ([err]g/nt).
Aliquot (nL) wWodBa#stric flask (nlL) - 20 pCTUS97/21413
1 100 40 2

100 100 - 5 100
200 Calculate the Molecular statistics basgg on the calibration curve generatedifyom the

5 polystyren%&tandard preparatlons and constani’sOpr oly(lactic acr and pol
10 5 Accurat erC Tﬁet the specified a Qtpo)r{(ﬁ e st%%&s&?%%@a d

from above i At 3R OSBsafecﬁ’qlYSéﬂev%Kw a .1@ f alphae0. moo ane poly(iaatic i) wi t h

i sopropanol  arek4810°, Eidhla_gggg) cap type GC vials only [err] full and
cap with a silicone rubber septum Sanpl e preparation begi ns by

wei ghi ng Sut 1. 000g 0. 00509 of poly(lactic acid) sanple into a tared

scintillati ope).e'ea{ eEiégﬂuanct.etchm e chloride into the vial and 10
repl ace the cap (lactic acid) dissolve

conpl etely. Pi pef‘ Qaﬁ CTEP"@SHQ"E‘P“‘C <GCbmeth96pﬁrwdrfen the @nalysin of lactide ynarhenihy
addi ng down géiRy lﬂl%cﬁtf adncﬁ)%a\-ﬁp?és %l@&rﬁuﬁ% d?@gff cient m I@Elﬂﬁ} 'éﬁttfgr {hEO

poly(lactic aC| shaking the vial vig orousg eV|a t and
mnutes to aPP¥ %BHHFEPGP'B‘BP'W? et ofdhermetylepe & ﬁoﬂﬂ(‘:‘/&PP@nawdowoml | ow t he

precipitape to The eqs éllueset Héludetsa H@s@gc‘w 4 (Bt
AcroDi sc syri ntge fi I(t] bin dg;? au ew 15 nL é Moﬁ%g gt‘éﬁtf I nt lg”‘zgiq:‘ean

scintillati ofleGetar(Fio ?JEP 7@@6@&'@5@@% gndig 'é?%%?% mtegra;t@rp&ﬁandmcal nto a
clean, dry 1eomn viebdi¥el Réstelt ms_%< 30'?hété'|tseo tg?mﬁﬂh é{i‘gétg é'ﬁgﬂic?&?ﬂ

and m x. Las S|ngasr|n 0.4 m Ccron SC Syringe
filter), fil éﬁ&"ess The gorppfess Cﬁfﬂeftg?éeiiﬁmqmcé@p Healisn.ra® gradel Hydrogen; lzeem
shap-cap typgra&é: Aif, Qbro%?a&é‘eTNé ﬁéhdn$ is set atB P&, X%{heé £dt hi\é’élJve?qu GAP YN @

silicone rubber seE)t um Begin testing I nj ec [ sopropanol
bl ank. N&Xt ,Ps§riseeat 19056, ewafwgawtm m°|eCUIarrﬁ1Q¥peandtQMﬂs‘]anasmelgreshretrafs[ dnjettyf

standard firgis qhd %@bn&e"&éé% Ilf\glels%or%g[ gftfe]r%/egb&fsc}et%ﬁgv q‘ﬁmbupl | I nject the

sanpl e preparations (1 nject ercen cate). Be
sure tdjmpmymwwan@opeseqtgmmr@a ia dcal/ohirfute amdithiersptitflow sl  as a check

chanderd o1 RSN R, DeegeBRHOTRL S aPTRLE, REFBRIRLANIHIHES) HEANe &
the | acti de Rusi§en tragf, an airdlo af 460 knldminutawith moleculan;uem $ trap sdradthd heturi t hi n
of the I Thear el el Touel ot cférsthh il SiniE ThR i siheres e pns 1 or
t he as follows: Initial temperature is 100°C at time= 0 mmutes -Thik8irst heating rate is VO
gSC{I_/Zﬁgg% /21 Z?1glmmute to 135°C to final time= 3 minutes. The next ramp is 50°C/minute to 300°C to
final time= 5 minutes. The total run time is 22.97 minutes with a 0.5 minute equilibration
time. The integrator is set at a chart speed of 1.0 cm/minute, the attenuation(ATTN) is 2
25 3._ The AR rejection is set at 50. The threshold(THRSH) is -4 and the peak WD is 0.04.
The autosampler setup: INET sampler control is Yes; Inj/Bottle=1; # sample washes=5:#
pumps=5; Viscosity=1; Volume=1; # of solvent A washes=2; # of solvent B washes =2:
Priority sample=0; capillary on-column=0.
New standard solutions should be prepared weekly and stored in a low head space
30 vial, refrigerated at 4°C. Begin by carefully weighing 0.200g +0.0100g of |actide
reference standard on weighing paper. Quantitatively transfer into a 100mL volumetric
flask, add about 10mL acetonitrile and mix. Fill flask one-half full with isopropanol (must
have greater than 150 ppm water and be GC or other high puriiy grade) and ailow the

solution to come to room temperature and for the inside surfaces of the flask to dry.
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standard preparation injections nust not be |ess that 0.990; 3) the |actide
result from duplicate injections of at |least 10 percent of all '
sanpl e preparnadiog®si est ed shoul d be . . within 10 percent ppfnReHiia
other; 4) record the |actide response for the 200[err] g/ nL stanc?ard
injection on a SQC data chart. Using the charts control lines, the response
5 nust be whhemdilutete vakumerwith isupropanchard mixs Use the table below Reprgparerworking

cal cul ati onsg Qﬁ%ﬂir?& by constructing a calibration curve for the | actide
standards and pertformng a |inear regression of the concentration versus
area response data. Calculate the [err]g of analyte per nL using the

area plugged in e uAat | f@r i ped fromthe slope
and intercept fé’gﬁ‘f%e?tféﬁ‘?} rﬂé%‘rﬁrﬂr e%lr’lgéd’sgg%%. ﬁ%‘#@-ﬁ%@ft he 10 lactide in
t he sanpl e preparati on2@isi ng the resalt fromthe 400near regression in the
foll ow ng equati on: [eﬁig resi dual gacti de per Yim poly(lactic acid)
sanple= [err]g |l actide in prép divided by ight(g) of sanple

mul tiplied by 21nlL nultoDplied by 10n& and di vi dedioo by2mL. 15 L:D
St er eoi soner Ratio A high_pressure liguid chromat ograph (HPLC)
procedure is used for ZPRe deterim nati on of tﬁé: concentrations of
D-enanti oner and L-en#00i oner | acticbSacid in soli®s poly(lactic acid),
to an accuracy of 0.1 cent Denangi oner |acti cmaci d. The HPLC is

setup with a Chiral penicillamne analytical colunnh and di ode array or
vari able 20 wavel ength detector set at 238 nanoneters(nm). In sanple

pr epar ation ' . S ] [tability
standard 5|Os A&r%g%é%@ggvhgf %%ﬁ/ﬁnah@_tgg%g%e ftBC'iﬁtaﬁ%jrd 6@ma¥t%5/§mt§ the | actic
aci d syrup (sgscified alurnetsig flasi diltde kavdleme pihisepropagolapdmax.i Filtseby-cap)tyak
anmount s : : i i 00 a quality control
standard is Gnggjgggogﬂd@@gﬁﬁ%aqﬂé‘ 95‘1'?8%3‘8&(9(%?‘?‘5‘@ 1000g) of L-lactic acid
crystal s, avai |l Sampld prepa@liorkbedimcby weighiag et t.0@0g SM0050g of pelydactic acid)
crystalline, . 6, . oL, i Cl u Dercent
oo " e ol A A A
are prepdr ede ercap tightly2th20 det tite pdiygjactié acid) dissoivesiompisdeip! Bipet inh!4.00m|
1.40g (0.02¢}; : . i . O] ggfqé) 50~ er in
a 30 refl u%} ﬁg%ﬁgﬁ "g{)l r e'?ﬁ%gfl ngl)l’I %%{uf?f&égﬁ &po yrr‘g?ﬁ%j‘gg'gogneg’r't;gr?g?a‘?\h\g?éh
usual | y t ak@eecititatetthe poly(lactic@gid} by shaking the eiatbvacrensiprletithervialfstamd 10ef | ux is
conpl ete, det i fla o : at ure.
Test the soﬁ?ﬁ%ﬁiangﬁr%@ léé%%'g@ntg Etel éf%regﬂtaé?ﬂf?\ te gé’ 9ﬁc&v {hﬁ%é'ﬁmsi%{of uric
aci d (H2SO4pettler Maxt using BsyangerNd10.46 Imierpd SHROAeroDBOsyrings fites fliterca femask,

being 45 ?ﬂ!.réftﬁ@s@é?ﬁﬁaﬁ%ﬂ'aecléénas%iﬁtmémhwfﬂiﬂet‘ﬂ.ddhﬂ’\@fttﬁé fitgtd dilute to
100mM with water and m x

-'19- supernatant\}moggﬂm gy 10 mL volumetric flask. Dilute to volume with isopropanol

PCT/ US97/ 21438 mix. Lastly, using & sﬁﬁf’@é‘ (@it DABIhREINAEHP AcFDRE Yringd likte?), filerPOr ti ON
through a syri nqe fil'ter such as a Cel man Acrodi sk. CR (0. 45mi cron
PTFE) or eqfPMi1antof the diluted supemaiant indQ gciqansHaRICaRHIPRRC Mabshibeial is

i nj ecting tbAly3yallaRd eHp Withial dilic¥ns hbbePEhtin.
20 Begin testing by injecting an isopropanol blank. Next, inject the standard

preparations, using the 20ug/mL standard first and ending with the 2000ug/mL. standard.
Inject the sample preparations (inject at least 10 percent of these in duplicate). Be sure
to inject the 400pg/mL. standard from a fresh vial as a check standard after every
duplicate sample preparation injection and at the end of the sequence.
25 Quality control parameters include: 1) the lactide result for each check standard
injection should be within the range of the true value +10 percent; 2) the correlation

coefficient of the linear regression calculated for the concentrations versus area for the
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i nsure system equilibration. The quality contraol standard should be

I njected at the 5 beginning and end of every sequence and after every
five sanpl e pweysa4881 on i nj ections. Once ready, . i nj ect pthhaiseBimiE
preparations. Then inject the systemsuitability standard at the end
of the sequence. After all sanples have been anal yzed, wash the col um at
0.2 to O. manriam rreparafien injectionsanyss notls/lessithah B8PS J)ithelagtide easult fremnobi | e
phase. e
peaks pr oduce te 'Plr-%gﬁ?—i% d&%'t le%%] %@E%@%?S'Efﬁ“a@?r tagérllltorggesﬁorerﬂ"s?% :ifrtseé1 20- 24
m nutes for vmthempercnmm each @ther38) recondites lactide respensetfaethe 208pg/il.  The

I seVh w
o T gt g SRCHHA chart) UBhd g chall Hhfitd nds, Wefebpqqsel’c®! 1,
retenti or‘.i t imast baywithin the defined&SQC parameterber of theoretical plates(N) is 16
times (Rt / WZReIh! Eﬁ%ﬁon@ egﬁtliycﬁo}qstmcﬂ (a"cg étl&?&g\?@ ﬁ:&?@: @Euc}ehe area

of the D lactic aC| € COo |ne ar ea L lactic
acid and D lsmuar@samd@eﬁemmnmﬂlhearhegneegon of thh@nnmlranqﬂ vesguspgreq pgsponse

sShri nking of ag Qf%; te the li"%ﬁf analy-wg?rr rﬁﬂ%ufw&%ee%é @mﬁgéd n% thte@qélatx?nl_ﬁr he

det erm nati on of shr e’n ecti on ov
model 160 DI\/IIMelbbtam'ed lfly:m)the rs)o,peGanB dntéreept foand 61) lineandegresgion gthen cakiilate tl‘[eer r]

i nch binder naskl a nch
squares, (a Er‘ﬁk'dé)'" the 58@? 3 ﬁ?%io(’qf @hgi&%ﬁé hes?'egbeéerqu 8 .Sﬁ [rl tg E bstrate
to attac h t Pogingdyuptigre r pgaredidual lactideqep bam pdrmactmamd)csanmhemyg ractitheg/onl.d be

Cpun at ¢ el PEBERa byEem i iR mateyRL oy 213b iR R O Bl

preferred, ap@miechanically dravvn to obtain fibers with a jetstretch of 224
or 25 higher. Only fibers of the sane jetstretch can be conpared to one
another in regards to their heat shrinkage. The jetstretch of a fiber
i s the ri&ti Q:DpSterdois drtiof t he drawdown roll divided by the linear

extrusion rate .St ancel ti. e e

spi nneret. The éﬂl@?‘ ?rie%%‘f’& ?'@%gﬁ%matogc%ﬁi %ﬁog%ar‘ftggarﬁ%hﬁm n ﬁ%l ng a

wi nder. Thedeterminatiari dfdbe euhdehtnetroﬂslm@l—mangorsetmtﬂt-edaﬂtmmr Roti¢ acidircsnlig, i f
a 30 filame I | 9 inch
Tengt hs. - Powédtd aEigy35 ol Bheditdey & 0 £ BEibaiNIEnitRlep e 808, e iR | ! 000
edge of t heseupmithEa@hiral pemcullarBtneranelMti@l oplumn ahd dindg@may of warighlsst er boar d.
One end ,@f r h .
Cne end g WAnbh sl o 2 30RcmoBuom). 0 TR 8wl AP b

gr aph paperwatﬁrnﬁawsﬁded up such that the edge of the clip rests over one of

the 35 hori ZO”I\%&# Wsﬁﬁa&ﬁy%&%d%ﬂ%ré&%b%ééo%uﬁb% ghétsy {88 cbbeds a%trlld| e

in place (the ta
WO 98/ 24951 lactic acid syrup (85 percent aqueous solution containing apprommately equal amounts

TS5 s (e S ol e e

clip). The other en taug ned "up
par al | el25t 0212060g &40t 1008p) ofi Lalesticoacid cmstgtsaqwallp!apénom Raka lncagremer than 98 | nches

cimkor " PercB AR, Spk {0600 Pl oBl B 1R HoAE okl iR plrckfacledfl

each repli csdsletlorl)JmJahDle wlumdtric flagidl | cat es can be attached at one tine.

Mar ks can be e.on the graph er t
positions of th eﬁISEWEEg_agﬁ.H%pg%%&yecso "ﬁ) 'Ensb? 58@&* ‘?@% %fn‘af%%t’ tes?'r% v%'%?e
1.40g (+0.02g) reagent grade sodium hydroxide (NaOH) and 50-70mi of water in a
30 refluxing flask and refluxing until all polymer is consumed which usuaily takes about 3

hours. Rinse the condenser down after reflux is complete, detach it, and allow the flask
to cool to room temperature. Test the solution’s pH and adjust it to a pH of 4 to 7 with
sulfuric acid (H.SO,). Transfer the adjusted solution to a 100ml volumetric flask, being

sure to rinse sample flask thoroughly with water, and dilute to 100mi with water and mix.
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such that they hang vertically and do not touch the posterboard. At tine

I nterval s of 5, 10 and 15 mnutes quickly mark the new | ocati on of

t he sinkers oo $dm9syr aph paper and return sanples to thpcpyvSiai4:30
After the testing is conplete renove the posterboard and neasure the

di st ances between the origin (where the clip held the fibers) and the
mar ks at 5, 'fisgmpigipreganstion iscoudy, filter aipprion thraugl a gyringediitetisuch ab/alGeimanh .

Three repl i QatRfskER gggm}cponllﬁrp'ez%rplgﬁﬁage Cal cul ate aver ages,

standard devi ati1ons er cent The percent shrinkage IS
cal cul ated as (1 hetexmnmwmthodwmtwniemmy systemguitiability standanditoi al

I ength and %‘éuré@i}s&énpla Gfbriton! G%e c{uaht? control Wﬂd%ﬁould be u]gje%ted at fHar | ous

mat eri al s "were used as corrponent S orm nul t1 conponent ers In the 20
fol | owi ng ERaSIPNiEg andiead gEeyasyisequencaAnd alernavay f;yecspmptel preparatiemisjsstions.

nmaterial s ar@nde @h&f inject the éé?nﬁé‘me%aﬂahoﬁppﬁﬁé?ﬂfuew tRE S5dtdM sgﬁétﬁhtégtran?ﬁ'ﬁer

of these materials ‘are summari zed

are pol y(| a8tihe epgiofithesnayaeses After all sempies bﬁY@ﬁWeﬁ rwash t@lcqlémn at
Col orado. 2p21t00.5 mm.nms Péﬂ ,ﬁmhtecfoagé\fé}au RBLM Whh 2/G&arRi a«ggféi ﬁa[s%m Cargill

Inc. of \Wayzal a nneso under the designation 6902
Pol yl act i de. The final calcwapmaqrﬁééwd:orame@;eq)@ﬂt mealmo@medmyéme HP6G

Al drich 15he1rhéabpr@ﬂmé?é‘bétéﬁiﬁn tiffes are: 20M4I Mﬁ%@%r t @qurr!and mirdes
desi gnati on PoI%/I actid catal og #43, 23 oly yl ene

succi nate, 2F& 'al?PB‘efrB'Pﬁ Gﬁemﬂm}ﬁﬁbﬁﬁdﬂﬁﬁﬁ(m@o thiﬂél[(wnﬂ-')dWm] ybe"eJ\é(p%ln

under the dwe@ﬂa&tbarpeskm bﬂhé@aé)eunwmmtél dMRt is the retentlon tirfle in
pol ybut yl ene succi_nat e- co- adi pate, avail from Showa, hpol ymer Co.,

Ltd. RS TJ‘&M“%HB@@PHEE'@&%?%NHF|1§r§'"Bisdﬁb4Wé é"@EOPer\‘f‘oa@fQﬂ?F%ﬁ ned.

A pol yhy dr o318 ist dalcidRed 8s Wl féabethe @/nabttcaé&oepéarkmdﬁ%%e BbAbReadred s | nc.

| m ngt on, awar e, er the designation Bi opol 60 was obt al ned.
YV _ gt 8 thDi lag\@%ub@cg ic acid pealgthh the resuit tFr)\en muitiplied by 100.

PCT/ US97/ 21413 Table 1

Mat eri al L:D. .ting Wi ght Nunber Pol ydi sp- Resi dual
Designatio Sh : Aver age Aver age ersity Lactic
([err] ©) Mol ecuttas rebybiretedquigmerit istare determiAgtich of heat shrinkage include: a

Vi ght V\élog\vectlon oven (Thelco modelng&srﬁl laboratory oven), 0.5g (+/- 0.06g) sinker weights,
20 % inch binder clips, masking tape, graph paper with at least % inch squares, foam
posterboard (11 by 14 inches) or equivalent substrate to attach the graph paper and
samples. The convection oven should be capable of a temperature of 100°C.

Fiber samples are melt spun at their respective spinning conditions, a 30 filament
bundle is preferred, and mechanically drawn to obtain fibers with a jetstretch of 224 or

25 higher. Only fibers of the same jetstretch can be. compared to one another in regards to
their heat shrinkage. The jetstretch of a fiber is the ratio of the speed of the drawdown
roll divided by the linear extrusion rate (distance/time) of the meited polymer exiting the
spinneret. The spun fiber is usually collected onto a bobbin using a winder. The
collected fiber bundle is separated into 30 filaments, if a 30 filament bundle has not

30 already been obtained, and cut into 9 inch lengths.

The graph paper is taped onto the posterboard where one edge of the graph paper
is matched with the edge of the posterboard. One end of the fiber bundle is taped, no
more than the end 1 inch . The taped end is clipped to the posterboard at the edge
where the graph paper is matched up such that the edge of the clip rests over one of the

35 horizontal lines on the graph paper while holding the fiber bundie in place (the taped end
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Sanple 1 -100:0 175 211,000 127,000 1. 66 5. 5%
Sanpl e 2 - 140 188,000 108, 000 1.74 - 4.8%
Sanpl e 3 1%@‘?88’“9?75 - 184,000 95, 000 1. 94 PCTHIRP7/21413
Sample 4  95:5 -140 140,000 73,000 1.92 g g%)
Sanmple 5 0
Sampi o 6 39U be befdh visibig e ysdursd iggi e cip). The oiér end of hg bijggle s

Cargi | | 6902pulleg faught andiiined upiBral@O® the vertical lines on the graph paper. Next, at 7

Al drich PLA iﬁ%’s@oﬁnifﬁn the pbitt whBR: the R isHiding the fiberpinch the o.é‘gﬁfizl?ezr' 6

Bi onol | e

1020 .. ppwnsothe diber byngle. Repe@bthe attachment process for each replicate. Usually, 3
N A SN/ i@&f}ates canBeR@h&PAGne tirdd, %irg%é%jbe made on the graph paper to
=29, \mlice theoipitial positions of the sinkers. The samples are placed into the 100°C oven

(Pg;i g)sgz‘i Z%%Fh th tgwey hang vertically and do not touch the postergggrld A% time intervals cﬁ‘%OSI ty
10 and 15 minutes quickly mark the new location of the sinkers on the graph paper and
retum samples to the oven.

10 After the testing is complete remove the posterboard and measure the distances
between the origin (where the clip held the fibers) and the marks at 5, 10 and 15 minutes
with a ruler graduated to 1/16 inch . Three replicates per sample is recommended.
Calculate averages, standard deviations and percent shrinkage. The percent shrinkage
is calculated as (initial length - measured length) divided by the initial length and

156  multiplied by 100.

EXAMPLES
Various materials were used as components to form muilticomponent fibers in the
20 following Examples. The designation and various properties of these materials are listed
in Table 1. Apparent viscosity data for several of these materials are summarized in
Table 2.
Samples 1-6 are poly(lactic acid) polymers obtained from Chronopol Inc., Golden,
Colorado.
25 A poly(lactic acid) polymer was obtained from Cargill Inc. of Wayzala, Minnesota,
under the designation Cargill-6902 Polylactide.
A poly(lactic acid) polymer was obtained from Aldrich Chemical Company Inc. of
Milwaukee, Wisconsin, under the designation Polylactide, catalog #43,232-6.
A polybutylene succinate, available from Showa Highpolymer Co., Ltd., Tokyo,
30 Japan, under the designation Bionolle 1020, was obtained.
A polybutylene succinate-co-adipate, available from. Showa Highpolymer Co., Ltd.,
Tokyo, Japan, under the designation Bionolle 3020, was obtained.
A polyhydroxybutyrate-co-valerate, available from Zeneca Bio-Products Inc.,
Wilmington, Delaware, under the designation Biopol 600G, was obtained.
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shear rate (1/s) Sanple 6 Sanple 2 50 342 114
100 252. 4 . 81.4 200 - 232.1 81.4 500
153.1 70v0 9824951 1000 -119.7 65. 1 2000 PCBTSH/21413
52.5 5000 51.5 34.2 Viscosity (Pa*s) at
190[err] C shear rate (1/s) Sanmple 5 Sanple 6 Sanple 2 50
863.1 293.1 130. 3 100 594. 4 195.4  146.6
200 415. 3 166. 9 126. 2 Tabli®®0 333.9 127 81.4
1000 223.1 105 67.6 2000 141. 1 79.8 52.9
5000 71.2 47.1 34.5 Viscosity (Pa*s) at 195[err]C shear rate
(1/s) A drich Tidterra P eL?Dsarmélﬁng Ibawgigﬁt 2] ‘Nidber Polz'disp- Residual
6902 50 1.4 374.16 07.1 48. 9 76.9 )
100 57 | Designatipn | Ralipo | 4Temp4 |g Averaggs| sAverage ersipp0 | Lastig
256.5  276.[9 52.9 16249 o ) A0 1 Indext 98l 7 Acig296
51.3  123.]8 1000° ] 68 6 | Motecy@hPWolechar?  nde “36. 1
2000 37.8 107. 9 116. 4 39. WNeight’ 0] 8Weight 5000 | MeBo@er
59.9 61. 2 285 43— ‘A stHy—Pai-sr—et—2p0Fefr | C
shear rate (J1/ §?mp'§§rrp é-oQ'OLSanﬁse ] &14PP 127,000 166 5.5%
6902 Séarfiple 2 2P895:5 +390. 1 1886009| 108,000 1004 2034.8% 912
122.1 . 59. 519 0 8
doo.6 864 Safe3 |aRBe’| 1721 Jeg0f>l o500 184 2op01§§° %g75
153.9 56.4 Sample4 5p085:5 5140 140,906 73800 1.92 3.4%
- 23 - Sample5 | 100:0 | 175 | 181,000 | 115,000 1.57 2.3%
Sample 6 95:5 ~140 166,000 102,000 1.63 2.3%
Cargill 6902 946 ~140 151,000 - - -
Aldrich PLA 94.6 ~140 144,000 60,000 24 -
43,2326 '
Bionolie N/A 114 - - - N/A
1020
Bionolie N/A 95 - - - N/A
3020
Biopol 600G N/A 149, - - - N/A
161
5
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WD 98/ 24951

PCT/ US97/ 21413 Table 2
(conti nued) WO 98/24951 Vi scosi-ty (Pa*s) sherCTwSe7e21413/ S)
Bi onol Il e 1020 Cargill 6902 (218[ err] Q)
(221 err] O 50 65.1 16. 3
100 89. 6 24. 4 200 97.7 24. 4
500 101 27.7 Table3pop  97.7 25. 2
2000 74. 2.2 3. 5000 51.1 18. 2
5 Eix ('?6'5)3”80 CIhe exitruders used each have [err] inch
di aneter, 24t dramme |§amples2land have 3 heating zones.
There is a b eft14 uder to the spin pack which
consti tut eg t he 4t h 108at i rkp2zbne.| T4 tihe 51h zone is the spin pack which
uses a 16 hol e 400 6mﬂSdl1arreger8Ml gs) spinneret to produce fibers. The
tenperaturgs of thes90b zotEdst &0e i|ndi cated sequentially on Table 3
under the Headi ng ofgoBxtrude7 Tenpses.No {fi ni shing 15 agents were used to
prepare thgse nul tizopoeponed?.5f i ber s52.9hg resulting fibers were
col l ected tjhrough asposir powered|fidee drawing unit in order to try to form
nonwoven materralg. The naterrals used for each exanple, the process
condi ti ons [USET, andiddsity (Pa*8Pa 1909C 0T [ he nonwoven mat eri al col |l ected,
' any, aresRIIPELd (7e)| | Samite 5 JSample 6] Sample 2
50 863.1 293.1 130.3
100 594.4 195.4 146.6
200 4153 166.9 126.2
500 3339 127 81.4
1000 2231 106 67.6
2000 141.1 79.8 52.9
5000) 71.2 47.1 34.5
| Viscosity (Pa*s) at 195°C |
shear rate (1/s)| Aldrich PLA {Sample 5|Sample 6}Sample 2| Cargill
6902
50| 81.4 3746 407.1 48.9 276.9
100 57 293.1 309.4 44.8 195.4
200 48.9 256.5 | 276.9 52.9 162.9
500 40.7 198.7 229.86 561.3 123.8
1000 36.6 153.9 165.3 46 96.1
2000 37.8 107.9 116.4 39.3 70.8
5000 23.8 59.9 61.2 28.8 43.2
Viscosity (Pa*s) at 200°C
shear rate (1/s)| Sample § |Sample 1| Cargill
6902
50 228 1091.1 162.9
100 203.6 912 122.1
200 158.8 659.5 105.9
500 136.8 400.6 86.3
1000 111.5 268.7 72.5
2000 87.5 153.9 56.6
5000 51 79.6 35.7
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WD 98/ 24951

PCT/ US97/ 21413

%. of

Table 3

Sanpl e wo 9sPabster s Ext ruder Tenps (C)PCT/US97/21413
Coment s Fi ber X-

section *Case 1 Core Cargil 6902 50

177/ 216/ 221/ 211/ 207 Forns fibers, but nelt strength

too low to be drawn into the

fiber drawing unit Tnab'eéu onol I e #3020 50

149/ 204/ 216/ 211/ 210 *Case 2 F‘é"*’ ed) Cargill 6902 50

149/ 204/ 216/ 221/ 207 Fibers can't be attenuated

because of poor-nelti strength. Sheat h Bi onol | e #1020 50
177/ 216/ 2211211/ 209 ViscositydRa"s) ore Cargill | 6902/ Bi onol | 50

182/ 204216/ heapuate (UpyBianolle 1024 m GaygHE90%e | ¢

e1020( 50. 50 (218°C) (221°C) _ g/|i ppi ng out of die.

Sheath  Bipnolle #1080 660 149/ 28&¥ 216/ 216/ 214 *Case 4 Core
Cargil 6902 50 100| 1889204/ 416/ 2284221 Pdor nelt strength and fibers
stick together 200 97.7 Shgath  28idonol | g #1020 50

149/ 210/ 216] 216/ 218 500 t0Case [5 Cor2Z.7 Bijopol 600G 70

182/ 199/ 207{ 212/ 200100®por WEI7t st|r engt 252evel opged

hi gh extrudpr pressgo 74.9 23/8eat h Bionolle #1 020 30

149/ 21 0/ 22}/ 217/ 218000 51FGase |6 Corte.2 Cardill 6902/ Bi opol 50

181/ 208/ 31372197204 Poor nelt strength. Devel oped

600G 50: 50) hi gh extruder pressures
Sheat h Bi onol I e #1020 50 149/ 210/ 221/ 217/ 215 Case 7 Core

60 154/ 199/ 199/ 199/ 199 PLA-based fibers with nmatched
r heol ogy Examgles1 -10 Sheat h Sanple 2 40

149/ 185/ 188/ 188 S . L P
171/ 199/ Bbar 201/758 £Xrysters Ba%%%%giﬁﬁg%’?fg‘pq'aem%&?ﬁﬁ (ength:ciameted) Scres and

mat ched r hecwaoga heatmg zones. ThereSegtransfer pip&érnmmitbe Bxtruder to the 3pin pack which
149/ 188/ 188/c%§s ita es the 4™ heating zone. Then the 5" zone is the spin pack which uses a 16 hole
(0.6mm diameter holes) spinneret to produce fibers. The temperatures of these 5 zones
are indicated sequentially on Table 3 under the heading of Extruder Temps. No finishing
agents were used to prepare these multicomponent fibers. The resulting fibers were
collected through an air powered fiber drawing unit in order to try to form nonwoven

materials. The materials used for each example, the process conditions used, and the

Sample 1

15

quality of the nonwoven material collected, if any, are summarized in Table 3.
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2 Case 9 Core Sample 1 50 170/ 193/ 193/ 193/ 199
PLA-based fibers with natched :

r heol ogy WO 98/24951  Sheat h Cargill 6902 50 PCT/US97/21413
182/ 195/ 182/ 182/ 193 Case 10 Core Sanple 1 50

171/193/ 193/ 193/ 199 PLA-based fibers wi_th natched

r heol ogy Sheat h Al dri chiaplesd

182/ 195/ 182/ 182/ 193 (43, 232 6) Exarrpl e 11
The extrude sme U0 1S Polyerse T O JU 1k U ﬁéiGuJeF'TJﬁ@'ﬁ&f*b = f‘éomﬁ\eﬁ}él” _
spi nneret arjd 0.6 percent aqyequesxgol ution of lsso P type finishiing
agent vvere\_Lsed iin this trial. sectilingonponent fi befs of about 4 deni ¢r

per fil ament]*@snfoSed of SuSilFP® 3 |asSt he GHRE/221/7211/207 ([frmBehgrs. dutmelt strénbth
sheath were|spun,| heat|{set on 60[drr]C ffol|ls and at foﬁ"b' 3& A Riiptp he,

crinped and |t hen jegts TtesshiaEbs andes o tssssidsn P i ber s |had
a fiber #@Wmuﬁdmﬁi nt .

. *C Cer rgili6 149, 1 )
The materi alfs aﬁ%%d ?5r 187 'I I@“&cp xHhpl| 4921 Rs ;n;c gi°‘:‘rpb°f’§tﬁﬁt}f§”99‘ and
tgg qual i ty fof t"ShédtrtJ:" Bioro HEI8t GO 50 ¥ 7T Tea e
PCT/ US97/ 2141535e 3| Core " [Cargigabgigionai{ 5 50 1Lf’*’2’2"“"”5’%?’6’8 lﬁﬂ‘; ¥T st ¢ h

core/ sheat h struc‘tgﬂz;a{"’m&a'\;' e ~d"ya"r 1%5%}5%&6@&“1 core and
sanpl e 4 as Hdxe ﬁﬁ%‘rﬁ TRk mmm&a HoSr et T aﬁ‘d nin
Exanple 5 1-% except ?1gre 'S ro?ralkﬁF pi p sg&me,;, uder
feeds directly i TSBeaTtH”lu CBRHORE #1020 | PRICK 12912183167@5&13(9 350 dl arreter ho es)
spi nner et { sy oy 6 H-

Lurol PS-60 }afeé( F 'FFB |7600 og)) Binid ?’%&'zg’ge’” dbwg?‘rmi‘l:e ,ﬁ:emfﬁd
dr awdown r ol | ra saiatﬂJ/mommmiom Cﬁoé“”mufmobMﬁIpﬁéd of the k| ss rol.l |for
percent and f%e a tenadé ':quogc)pcf. 5 grarn%el% Jlesr?lqermf @.rgf,ra,f d?“,%kﬁa@er ﬂfnu per .
The fi ber s col Ts&ethep mbn#aozo 5obo pbnsmamiuzmm cut into short fibgrs

e
o

of 1.5 and 6~25—mctes~t T OT1g- Frese—frbetrs—mere—tirer—
Case 7| Core Sample 1 60 154/199/189/199/199 [PLA-based fibers with matched
rheology
Sheath Sample 2 40 149/185/188/188/188
Case 8|Segment Sample 1 70 171/199/202/201/201 {PLA-based segmented pie with
1 matched rheology
Segment Sample 2 30 149/188/188/188/188
2
Case 9] Core Sample 1 50 170/183/193/193/199 jPLA-based fibers with matched
rheology
Sheath Cargill 6902 §0 182/195/182/182/193
Case 10| Core Sample 1 50 171/193/193/193/199 |PLA-based fibers with matched
rheology
Sheath Aldrich PLA  * 50 182/195/182/182/193
{43,232-6)
Example 11

The extruder set up is similar to that used in Examples 1-10. A 621H spinneret and
5 0.6 percent aqueous solution of Chisso P type finishing agent were used in this trial.
Bicomponent fibers of about 4 denier per filament composed of Sample 3 as the core
and Sample 4 as the sheath were spun, heat set on 60°C rolis and at 90°C in dryer,
crimped and then cut into staple and short-cut fibers. The drawn fibers had a fiber
tenacity of 1.98 gram/denier and an elongation of 80 percent. The materials used for
10 each example, the process conditions used, and the quality of the fibers collected, are

summarized in Table 4.
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converted into bonded carded web nonwoven. The materials used, the process.
conditions used, and the quality of the fibers collected, are summarized in

Tabl e 4. WO 98/24951 Tabl e Fcrruserpiasase
11 Core Sanpl e 3 50 185/ 215/ 215/ 200/ 200 PLA-based nat ched

r heol ogy fibers wth heat-setting

Sheath  Sanple 4 50 160/ 200/ 200/ 200/ 200 Case 12 Core
Sanpl e 3 Exarfiple 12 155/ 200/ 200/ 200 PLA- based mat ched rheol ogy

wi t hout heat-seffl Sheat h Sampl e 4 50

115/ 176/ 185/ 1908'53mp°nent fibers witin|cgeaisherth staigture\werecpraparedivith Sampieydias thet hat
the presentcdr8\4ABSafipld § as BRASNeBIOThEBRYuder setuﬁg@ ﬁ\il&% h‘%? Bsédfh %é[dg?ﬁt I ons

wi t hout depart ing fromthe scog; t hereof . Acco
descri pt Pon-dA&XEsRthare & narans {Pipea HRAkerathe Wﬁf @Qﬁstﬁb’epﬂm intex thaspine onI y

and ar gadkOtA 268 19a1é ﬁﬂsﬁrﬁmwrdﬁxéter Hd?es")‘@b’mﬂ?r@f‘\%s uddi S99BErcEht be

I nvention as set forth in the aF%)
-26 - weigitl) gguenussplution of Lurol 6004 (Goulston Technology) finishing agent was

PCT/ US97/ 2146k3. Thé"ba%bvdbﬁn%lﬁdaﬁ%@mfo metekmnrﬁnt@whﬁé G\Q’?Q&?&tthg'kﬁg roll for
conpri si ng: a first conponent having ting tenperature and
conpri si ng finighing.was 130 meter/mmute The resulting fiber has an elongation of 84 percent and

10  atenacity of 1.5 gram per denier for a 2.7 denier fiber. The fiber was collected onto a
bobbin and then cut into short fibers of 1.5 and 0.25 inches long. These fibers were then
converted into bonded carded web nonwoven. The materials used, the process
conditions used, and the quality of the fibers coilected, are summarized in Table 4.

Table 4
Case 11| Core Sample 3 50 185/215/215/200/200 |PLA-based matched rheology
fibers with heat-sstting
Sheath Sample 4 50 160/200/200/200/200
Case 12| Core Sample 3 50 155/200/200/200 PLA-based matched rheology
without heat-setting
Sheath Sampie 4 50 115/176/185/190

15
Those skilled in the art will recognize that the present invention is capabie of many
modifications and variations without departing from the scope thereof. Accordingly, the
detailed description and examples set forth above are meant to be illustrative only and
are not intended to limit, in any manner, the scope of the invention as set forth in the
20 appended claims.
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pol y(l acti c.acid) polymner wherein the first conponent

For ™S omponemofiban ezﬁssﬂlllﬂr ll\mill mlﬂill'nsaizn;oﬁzat o Ot e i pimg

tenperature that is at | east about 10[ err]C greater than the
melting tenperature exhibited by the first conponent and

conpri si ng ahatisretripedys:| actic acid) polynmer with a L:Dratio that is
greater than the L:D ratio exhibited by the first poly(lactic
aci d) polynmer. 2. The nulticonponent fiber of Caiml wherein the first
pol y(lactic &ciAdpuljetmpenent fisergomprising ratio that is | ess than about 96: 4.

3. The nulticonpoge b | ( I ¢ acid)
pol ymer has Q n%)ﬂ ?t?ﬁop %gﬁﬁﬁaﬁlmﬂg;ﬁé? %%%@r%ﬁ%%‘#héeﬁg
mul ti conponent f i berpQM('aGJiQaaQid)POIMn@fMith 2L ratis; wihareiothe(first compoaeritdyrms

ol ymer has
gul %II conponent f| ber r{%&%ﬁ %ﬁ?c\ﬁ]’gﬁ%Jéﬁgﬁgoégﬁgﬁlga%tﬁhcf@ nznﬁ'bercﬁnd
pol yner has a b: @ segond cpma@nqns haying aareitingiiempeure that & atfeast about 10°C
nul ti conponent_f i bergraltelinah MelmbhlRy firfberdiire ddhtited By Yid @St domiiefl a0l ¥ Ter

i s present in the First componen an anount I's greate
about 90 wei ght FOMPEising a secorgheolyfifctic aeidrmuner withrek: Dopticthat mgreatﬁér ein

the second pol y(| actyhsn fel 19D ritf) sidRited By th ﬁ?Etep%ﬁinacM‘a& Sofffepnd conponent
in an anount that is greater rtﬁ an ab (f-i‘utyQOe I pe‘?cent 8. The

mul ti conponent fiber of Claim1l1 wherein the second conponent has a nelting

tenperature jhghg 'nﬁ:ltﬂ:ron{p%géﬁt ﬂ%QPb'ftC@ﬂ{ ?%LEW%\%%& polyliadticdef) pBlykePHas a

t enper ature exhi bited first conponent
-27 - wol-diratigdnat is Iess than about 96:4.
PCT/ US97/ 21413 9. The nulticonponent fiber of Caim1l wherein the second

conponent hag Fhawditiddehponent!BEPET @bt € whBrtin the sator desui(1a8idakid)3id\whdérlHas
greater than the nelting tenperature exhibited by the first conponent.

a L:D ratio that is at least about 96:4.
4. The muiticomponent fiber of Claim 1 wherein the second poly(lactic acid) polymer has
a L:D ratio that is at least about 98:2.

5. The muiticomponent fiber of Claim 2 wherein the second poly(lactic acid) polymer has
a L:D ratio that is at least about 98:2.

6. The muiticomponent fiber of Claim 1 wherein the first poly(lactic acid) polymer is
present in the first component in an amount that is greater than about 90 weight
percent.

7. The multicomponent fiber of Claim 1 wherein the second poly(lactic acid) polymer is
present in the second component in an amount that is greater than about 90 weight
percent.

8. The muiticomponent fiber of Claim 1 wherein the second component has a meilting
temperature that is at least about 20°C greater than the melting temperature exhibited

by the first component.
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10. The nul ti conponent fim erein the first poly(lactiec. acjd)
pol ymer has a wei ght”* “wslmﬂﬂm”ﬂmh wei ght that is between about
10, 000 to alwobs/2961 000. he"nmuf ti'conponent fiber of O gcfukedigfzei n

t he second poly(lactic acid) polyner has a wei ght average nol ecul ar

wei ght that is between about 10,000 to about 500,000. 12. The

mul t i conpon@ntTheeirhgticonipoBent fibet ofBleine it wvhierain fhiersetombéonipcment nassa maltingol yner
13 The mil'ti SnBERkRG et s Rs! Bt 2b 1 e Eh ERERAE ndorhfrd Btied
aci d) pol yner byabe first cempasieptii spersity i ndex value that is between about 1
to about 10. 14 The mul ti conponent fiber of daim1l wherein the first

pol y(lacticq@ m@ﬁédfﬁ%ne?% f‘of rr%lramlﬂ RneAdi ﬁietfpﬁtpolyaa&tﬁsailcélﬂﬁgrggﬁ a?96: 4,

the first poy actic acid aver a
wei ght t hat |§vem!ttm@rﬁgamu@owetgbt that -atbstweescaboeom 0Qhte abiont$00,000.

poly(lactic acid) polymer has a polydispersity index value that is between

about 1 to 11, THakAuticoktbonkhEribel 66CIa® WhleAsid ihe saebrl p%la\&fi‘@ﬁmﬂ ogfrﬁéi%& in

the first conmponent in an amount that is greater an about 90 _wei ght
percent, the SQisht qygragempiequiar seight that is t}?&’f’%ﬂ?e?b%'é%o 90Q tophout FGO.LRt i s
at | east about 98:2, the second poly(lactic acid) pol ymer has a wei ght

?\éerage mgl ez:llllhélrmul?ddg’iﬁonémibeisfmemmemb fi@p@@@adt?ac:d) gatbmut?é?é)@ 000,
e second po ac as a y index val ue
that is bet m@ﬁ&ﬁ‘BBEﬁSﬁ&'"gﬁx gﬂ {hgg% be?’ﬁeﬁ”saé’g’ULﬁ?"p ct ic acid) polyner

IS present in t he second conponent in an anount that IS greater than
about 90 wei3)Thepmulticontponent fibanof Clhin $ ehereih the spoorelpoly{iasticacial dolynger has

tenmperature th i | t.ab reat than the melting
tenperature e)?%ogﬁd{ssgg}sg F’?‘Eé ?’ ?![att%?\%h?bom 1%" 5\“3 cess for preparing
a nul ticonponent fiber, the process conprising . Subjecting a
first conpotedhemuiticopiposentifibapefClaiory &whergirathe firss polyﬁmp acig) polymer has a

wherein the f L@Fatxﬁ‘?ﬁgiﬁ%‘l‘égé th3ASpButER 4, 'tﬁ@ﬂﬂsﬁjﬂ?ﬁfa@?é’é&d) p%?y?ﬂé?lhta.s: a%ig;}ﬂpar ent

viscosity value at the first tenperatdre an I rSt 'sflear rate
conpri ses average mojeciiay wgbbﬂhy( is Setwesenabodt 10:000 tembouf 509, QPO e firstt i o:

b. 'subj ecti ngpgya£510REIT FIPRBARYSs 4 Solfdisir Sl ndex TafiedhatiSh@WaeR aBSGONE Shear
rate, wherein t%e sleco'n?B nmpon entB%gds a er@ t(?e% rrperlat ur eet ﬁat I's at
- 28 - abtwmggyhgztggpoly(lacttc acid) polymer is present m the first component in an

PCT/ US97/ 2141 3mount that is greaterthdr%%bt §@%fght]19€£r€éﬁt] tﬁegé&ﬁqu:folf(lﬁaﬁb adi@ mel ting
tenperature exhibite irs nt, the second

conponent exhPelymer 'A?F %E&@@ﬂ!”‘a&ﬁ%&q# ok P, E‘F Sleﬁ%"d P°'Y('a°t'c acid) second

tenperature aﬂ@#yh@ﬁhﬁé?ﬂ@léhﬁﬂ%?éger RbBc@awdifia tehthid BEtRBER abRIt W00 to

the apparent Viscosit % ue of the first conponent and the a}PRar ent

vi scosity about 500,000, the second poly(lactlc acid) polymer has a polydispersity index value
that is between about 1 to about 10, the second poly(lactic acid) polymer is present in
the second component in an amount that is greater than about S0 weight percent,
and the second component has a melting temperature that is at least about 25°C

greater than the melting temperature exhibited by the first component.

15. A process for preparing a muiticomponent fiber, the process comprising:

a. subjecting a first component to a first temperature and a first shear rate,
wherein the first component has a meilting temperature, exhibits an apparent
viscosity value at the first temperature and the first shear rate, and comprises
a first poly(lactic acid) polymer with a L:D ratio;

b. subjecting a second component to a second temperature and a second shear
rate, wherein the second component has a melting temperature that is at

-28-



val ue of the second corrpil“\“!ﬂ“ﬁ!"ﬁﬂ“ﬁl“lg about 150 Pascal [err]seconds,
and the secom s rises a second poly(lactic acid)
pol ymer wi t hWQ 98/24951 L:Dratio that is greater than thecCTu7raiaso
exhibited by the first poly(lactic acid) pol ynmer; and

ul t1 component 11 st BReERiars Rt n i moking FEs aiia rVPIEH By dhe trs

pol y(l actic acid) pedryperentaise eecbn&)cmﬁbbmedt bﬂ’gbits aln é;lﬁpdr@r_&&istzbgg v&hlélUét tRo: 4.
17. Th f ' 15 wherein e _secon 0 ti ¢ aci ol yner
nas a L:D ratio | SRR repttrEat hisefiiRieal mud ind ecldrancdafiged o m
15 wherein the secothe appareht visddsity ealuelbf the fiysresmporsert ahd the dipafent viscdsigt | S
at | east about 98: 2v rocess t he second

, The of .Cd ai m 16 wher ej

pol y(l actic acid) poﬁ"f/%rgfrmﬁ3§°°§'dﬁ°5'p|°3?’i’tdgess H{aﬂeﬂml“%{% ngi%:ggfecgg%tangg: 2.
20. The process of Beaecoribcompmnentcanipeisés 4 sécamal pofy(aetid a‘ci(ﬁ(‘poﬁ/)né??ith@[) 'tS
present in the f lr onent .iln an a nt t is greater than abou
90 wei ght percent. L'Qfsﬁol'ﬁ'grg%%%grsthﬁ?%%ﬁe’é\)ﬂ’g‘?gibﬁ t’?% SE%QM_W&“" acid)
poly(lactic acid) pmdiymetand present in t he second conponent in an f
anount that is gre [ 0] Lght percent. 2 The process of
d aim 15 wherein't ﬁ%o‘?wsegé%ﬂ% f@%ﬁ%}é’ﬁgﬁ?'\’,ﬁ%g‘ease%@'? F?{Bp?'be}'?gtﬂ'fgf'ﬁrae ~ that is
at | east about 20[ envlli®@mparentiiberhan the nelting tenperature exhibited by
the first component. 23. The process of Claim 15 wherein the second

conmponent hg§ 1hePBrbdds8Gf ERIMAEINHAISN the fhlglngotlﬂélgctgc; aétucﬁgﬁyn‘?ep AUt 222 ?ét{o]ntg%tt '

greater than the nelting tenperature ex I'rst conpo
-29 - Vaessihangbout 96:4. _ _ _
PCT/ US97/ 21413 24. The process of Claim 15 wherein the first poly(lactic

aci d) pol yner. Thapréces8ofBlaim 15 wheRiiRtR SERLREBIFTactE L8l pditatr Had LEDIEES
about 10, 000 to about 500, 000.
that is at least about 96:4.
18. The process of Claim 15 wherein the second poly(lactic acid) polymer has a L:D ratio

that is at least about 98:2.

19. The process of Claim 16 wherein the second poly(lactic acid) polymer has a L:D ratio
that is at least about 98:2.

20. The process of Claim 15 wherein the first poly(lactic acid) polymer is present in the
first component in an amount that is greater than about 90 weight percent.

21. The process of Claim 15 wherein the second poly(lactic acid) polymer is present in
. the second component in an amount that is greater than about S0 weight percent.

22. The process of Claim 15 wherein the second component has a melting temperature
that is at least about 20°C greater than the melting temperature exhibited by the first
component.

23. The process of Claim 15 wherein the second component has a melting temperature
that is at least about 25°C greater than the melting temperature exhibited by the first
component.
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25. The process of d ai ' econd poly(lactic acid) polyner, .
has a wei ght averagg“mmm:]m”lmm that is between about 10,000 to
about 500, OO/ 98/24651 The ptocess off Caim 15 wherein the firsecpusoyrfifaatic
acid) polynmer has a pol ydi spersity index value that is between about 1
to about 10. 27. The process of Claim 15 wherein the second poly(lactic
aci d) pol yrea Thaprozess of ClainytB wheret thy first galy(lactit aeid) palymerchdsad weight about 1
to about 10.

aci a) pol ymer AYess pLBERREn hals BotHeta SpEIon 1S abbirbogRRR 7S 7 <

poly(lactic acid) polynmer has a wei ght average nmol ecul ar weight that is
bet ween ab@§t The pasess of GisioutS ¥0eredbe sedomdipolydlactisaoid) palymec has a waightl)

pol ymer has ' AV i 1 to about
10, The roPRrnpRENS! nighdictls KEiden Wbl fonoB3h ¥BGH S8R, T
conponent in an anount that is _greater than about 90 wei ght percent,

t he second 28olFhe beasesof{Jaim) 1puhsreiorthe figst poly(iaptic acid) palyreentiagta i s at | east

about 98: 2, t&ﬂ¥&ﬁ%ﬁwihg@b%h%%étqﬁwl%gg%%ma agg‘g{ /. Wei ght aver age

nol ecul ar weig et ween about to about 500, 000, the second

pol y(l actic_acid) polymer has a pol ydi spersi t?/ I ndex_val ue that is between
about 1 to27 Thepregess ef Claimetwuberpiy the seqond pelviadticiagid) pelvigehas @ present in

the second copgNYisdlsifyindex vaftid tR4MG4!BétwaBR Bbbit 136 @Bb&10L han about 90 wei ght
percent, and the second conponent has a nelting tenperature that is at

o oo b A SALET s LRl byl sl SO A B bt
between the appassandn aticit 8614} thefiest pely(lacticfacidh poifinestagwightalerageaci d)
Dol YT 2, L EARAY ok acEBobatn HBpiSotes e 88 Ro0, mBNAbbGRALE =1
-30 - acid) polymer has a polydispersity index value that is between about 1 to about 10,

the first poly(lactic acid) polymer is present in the first component in an amount that is

greater than about 80 weight percent, the second poly(lactic acid) polymer has a L:D

ratio that is at ieast about 98:2, the second poly(lactic acid) polymer has a weight

average molecular weight that is between about 10,000 to about 500,000, the second

poly(lactic acid) polymer has a polydispersity index value that is between about 1 to

about 10, the second poly(lactic acid) polymer is present in the second component in

an amount that is greater than about 90 weight percent, and the second component

has a melting temperature that is at least about 25°C greater than the melting

temperature exhibited by the first component.

29. The process of Claim 15 wherein the difference between the apparent viscosity value
of the first poly(lactic acid) polymer and the apparent viscosity value of the second
poly(lactic acid) polymer is less than about 100 Pascalsseconds.



