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1 DESCRI PTI ON POLYLACTI C ACI D FI BER AND
MANUFACTURI NG METHOD THEREOF 5 TECHNI CAL FI ELD The
present invention relates to a fiber nmade of
polylactic acid and having practical strength, heat
resi stance and | ow heat shrinkability and a

manuf acturing nethod t hBEEGRIPTAGNpr esent invention
also relates to a 10 fiber product conprising the
above fiber. BACKGROUND ART Bi odegr adabl e pol yners

WRDTHLACEIdeA0TPOSEBERN ANDE MANBFACAURENG MEATRRt TREREOT
attracting attention and being 15 studied worl dw de

for the purpose of global environnental protection.

AspbhRTPRhpdegRagabl e pol yners, there are known
pol yhydr oxybut yrate, pol ycaprol actone, aliphatic

pol yestEng pndspotyinventiacni deldhey tanabfihertmade of

d_ are _.expected.to be used as
BRI e ir e o ERonaRYihg REatBE alcsrrenarh, ohoat
| Bet i deanbechniis1bheheaw gBt enkabi 0f tPohyh agthsnu@td @iring
out of these can be manufactured from natura
phetietsthetselof Thi RotARktiRVaRI PRt lee Fekttes to a
b odegr aall e PALYARE < i Ryt £ AS gbg%e%%éw pose
pol ynmer™ prepared by taking global “environnment into
consideration is now under study. Although 25 the

i.c.aclid has high transparency and toughness,
P@Aé$§ﬁ%g§Pl§k ydrol yzed in the presence of water and

deconmpasistiedit ddiabile COBL At Pat WwROch Ner&NYe SREBHMG in the
after it is scrapped. Therefore, it is expected to
DR B a2 Rl HeRBRAl - pUP pdsEraBbLpgent haRt Agh a2RFEPEing

e PATBR A gl 288 £ 3P DG i ' %}ng é;nr?e
polylactic acid is in theqﬁé ge %ﬁ&ﬁéggﬁ%gﬁ ,I- enntal
iRroeecisken as A48 appapebdégbedable o lyerpes atbeeef@re known

i ' iber is limted to.a Jow te rature.
Wl itat e bl e i T et St ot | SIBRRALE
s e eefoandSpoaglact ibbesidnt aHedl cah BE Tk toast @83 and

2 dishcloth which is exposed to_a high tenperature
G QTR CLEsh ECake 197D dFc TPBRTRenPUFRPEEEPOLymers.  Since

lactic acid or lactide which is the rawmaterial of polylactic
acid out of these can be manufactured from natural products,
use of the polylactic acid not as just a biodegradable polymer
but as a general-purpose polymer prepared by taking global
environment into consideration is now under study. Although
the polylactic acid has high transparency and toughness, it
is easily hydrolyzed in the presence of water and decomposed
without contaminating the environment after it is scrapped.
Therefore, it is expected to be used as a general-purpose
polymer having a small environmental load.

Since the melting point of the polylactic acid is in
the range of 150 to 170°C, when it is used as a apparel fiber,
the temperature for ironing the fiber is limited to a low
temperature. When it is used as an industrial fiber, it is

not suitable for use as a rubber material or resin coated
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Meanwhile, it is known that when poly(L-lactic acid)

whi ch is conposed of only an L-lactic acid unit (may

be 5 referred to as "PLLA" hereinafter) and

pol y(D-lactic acid) which is cpnposed of only a

D-lactic acid unit (mybe referred to as "PDLA"
herigihrafatdr wharod risx ecdpbeget her ai highsaknpeeatuee of about
nﬂlte state, stereqconpl ex polylactic acid is forned

on- patént &3 P FPSETNEs known that this

10 ster gecamplies,Potyl doticwaaiththamed Boaher,-MBLtiBIacid)
point than those of PLLA and PDLA and Shows hi gh

cMPSCAl Hisnicoprogad s ondtudned dadtilsens idadeisl (may be
&%rf%%@a]phésxagowﬂﬁﬁ 'l—felaeci'rgalf%r% @n%oggggig-ﬁxtic acid)

s
For exanp pat ent docunent scl ose
swériebciompbapopelydfachly adet tadt bercdid witedmby betéferred

P08 RS L8, SO T YT T S,

Hevewen tehhetasker geceaplempleky baati16 28icd atiBel sl $ormed
unsati sfactory in terns of heat resSistance and

cARABrPBESPLt dpgupratt feal TEels2alspnkpaventhat this
d ' . St . | act.i
QEUIBBL oI b SRR ya%ﬁtﬁssgg%&:@ge%lfg&;{g%ofn% than

acl I ber~is 1 ne I nn

doborerif Peashesd PhAL diit shbesdooghprexthilbeénicty. Various
obtai,ned by heating unstretched yarn ohtained by . )
nSHRUEER ot T DR O b G e TR ek PP LY DaFajc acid
agdepal ¥6Duhaeti ¢agci d). 25 However, as nol ecul ar
orientation in the inside of the fiber 1is alleviated

at the TPrectrmplat i PateRhedacreagthlofisnéosestai ned
fg@@£ebéomph¥x2 éjﬁgMQE%-agﬂdt BeEaNUENLE A0Al 1y ne1t
ex f%r ng net hod, eYcﬂe%

st ereoconp h anor phous unstr
ysip hnobhai aedobyospt hnhngortbliendgokquifiopakyamounts of

L- ic_acid)_an oly(D.lactic acid) i,s.stretched
Ut Riks £aleiRla 0 P R i hpadeg RbPREST, che
| stearébadmpléxi okl ibet eat at@dheabest €EQE88PE 8Kadtody in

tenperature equal  to or higher than the nelting
poPHES GTT §ep6l ye LS TAREF AR ICHNNSr PRI DA Brareical use.

20 ISR, M LU B s pomics
@rlyhichiceapedaf ilbber hi ghebtéhnadt by melti egipoing. This
Q§oé£§Ent teaches that the stereocomplex fiber is obtained
by heating unstretched yarn obtained by melt spinning a
molten blend of poly(L-lactic acid) and poly(D-lactic acid) .
However, as molecular orientation in the inside of the fiber
is alleviated at the time of heating, the strength of the
obtained fiber is only 2.3 c¢N/dTex.

In the conventional stereocomplex forming method,
amorphous unstretched yarn obtained by spinning a blend of
poly{L-lactic acid} and poly(D-lactic acid) is stretched and
heated. That is, in the prior art, based on the idea that
it is efficient to heat stereocomplex at a temperature equal
to or higher than the melting point of a poly (L-lactic acid)

or poly(D-lactic acid} homocrystal in order to fully grow
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honocrystal . It has been certain that this

hi gh-tenperature heat treatnent has been effective

for the formati on of the 5 stereoconpl ex. However,

when the heat treatnent is car¥ied out at a high
tenperature, the partial nelting of the yarn occurs,
whEEehye rercymap hebeddre sicpdugheantenar s mainlyscarried out
st.reng TQ . ' S bl e pat en
aotunmrrmapEE SrecRiS86E thih, SHeoraS g kR AL BE tne
shemeoegBphex fIomarnbéen cealtyiacthat acii¢ hoghtihemperature
I jne_of spun yarn. For ex le,, it is proposed that
th@aﬁa‘f??gFmﬁ%Ft%@ Rfen tehdaw the trpmatéanpyt the
CQEéi‘éBQomﬁS!ExSP' BEGeAl whel Bhe'RE Lt Arch AR My rrieg
and stretching crystallized unstretched yarn having
acytereca I5Lgh yrenaiatatieon thet Peréfialomed t389%fihehe yarn

d i de: - i ff ' t .
TBGSHESS) Bertbl AR oK, bRYGHEE! EORh R B! oy s
asspengthgloatesof 3,000 mmn is not satisfactory

and a speci al spinning apparatus for spinning at a
P 9

rate of TASCR%YS Hhih ' mikp Dt deegt 3proposes

ThelchIeo £ trRhA rRf S8t PFObLSNE1EL MemSRbYEL, %%rlylactic acid
carrying out this nethod industrially. As for the
eval the ildmofothesun yashst dfiee dxpmmhies grtopgspropaged that

[ t; i lie tu kni t .
00RO, 2105 d en 2Bk AR AL KLY ccevins
asu spphniegost raughehi ngtandt 26, hao defmny oid tdteretching
knitted iabric, but the shrinkage of apparel nade of
appar et L 1 BT sUREChEECREGdYREN a2 NI FhisST RRat

resy st ance-461 80t ratudi 6 eonpbetsl ¥. wAehenbRoLegY by
for. manufacturing a fiber having a high stereo

cride Rngrat¥onayrdiforapiiencéKRBht tot tefigth and times.
: . | i
hedbe sl | %%Jxﬁ ??%ZP{QES £ 50 LH‘%E)E%%%%%S rlé{gé E%JE 3,000

havi ng a’ stereo ization ratio
actooinplis hed wett- i sPatcentrydacdmansp8c pad posiasn ind id@Faratus

havi ng .t ks derived f |yl acti c, aci d .
o EPJ BPAP Tt 2o S K¢ S D BPE P St PO/ Hgp s grequired.
hitgves £ e, &gt od-e peBHIEABRCES He %Qﬁ@ed’\’ﬁb%hcéﬁr%ing out

obt ai ned by stretching unstretched yarn obtained
nels spPdgladuatsprhhy ng As for the evaluation of heat

resistance in this proposal, an iron heated at 170°C is
applied to a tubular knit fabric of the fiber to see a
significant change such as a rupture or roughening and
hardening of the knitted fabric, but the shrinkage of apparel
made of apparel fibers is not studied at all. Thus, heat
resistance is not studied completely. A technoleogy for
manufacturing a fiber having a high stereo crystallization
ratio and excellent strength and heat shrinkage resistance
from unstretched yarn having a stereo crystallization ratio
of 0 % is not accomplished yet.

Patent document 3 proposes a fiber having two peaks
derived from a polylactic acid homocrystal and a

stereocomplex crystal at 190°C or higher and a heat
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draft of not less than 50 and a take-up rate of not
less than 300 mimn to 2.8 tines after the
unstretched yarn is wound 5 up or without winding it
up and by heating it at 120 to 180 C. Meanwhil e,
pat ent docunent 4 proposes that a phosphate net al

S -i tai i.n, pol vyl act.i c id.c ble formn
Sterdsiaie ey B S et et aemt e eceHity

| mpstvetiched heatn oeselhalc @yareé i Rashniedy $HaRCehning
a nol ded article. 10 (patent docunent 1) JP-A

68r2410%h NPadest BRRUMMANY) a ke 2gpake30p ot less than

m t imes B ! POt
SO acyent s A SRS GHBIE APk ASHTE ouns

MVHEr efdlidhgidswinding 65l uplaed by h6athog-jatent20 to 180°C.

docunen eni. Gakkai, Rreprints, (1989) DI SCLOSURE

OF THE @ﬁéﬁ\(ﬁi e B8 |esntaﬂ°8§1‘“88% %i’rPﬁ’é’Sﬁﬁe“s%%‘f a phosphate
| meenilli salt ol pravhtdei ned fiirb @lo 19hia@lt iics a@BEec8bable forming
polylactic acid and excellent in 20 strength, heat
 EEFEPRAEEPARY REat GRF i gBIG st iSmsn e@ead ta inprove the

MRadt apt 1 L Pgn AELNQH fnﬁﬂcﬁ:Ofreéitdsetiazlc%P lehgr mSg%}gﬁtaﬁéicle .

the present invention to provi ber “pro
coppEEBEngocheent| ber. THE-Envemerooaf the present

in [ on fou t hat 2 e osphat e net al
séygg%%gnggﬁéﬁ?ng)gfs exiJgt_&w?th%_g‘r?gzgtrﬁ me of nelt
spbPaheny potyfentagii c agirdn Coowpenegnt> A) and

pol 1gDI actic acid) (component B), unstretched yarn
rrgE% Oft SOBYREREi Al 1y aNdrphd0d 3stléR88donpl ex i s

obhah n;tsaszlt edbeYoctip¥st a §Malound, 1te'?:|%t1»e £ven waen 12 hh$o1)

unstretched yarn is 30 stretched, T ow t'enpératdar

mEReR rigd prak sddennertd 2} oRenpotykkalaBrepracis) {ango)
poly(D-lactic acid) are not seen. They have further
found that, even when the stretched yarn is heated
ATICHOIIRE eDP eTrE UTeVENheopartial nelting of

pol yl agl#i c, acid is. not seen. The present invention

has” beett 5-° &t SITEh&f HdePIHF I HesEvaHdigyso provide
atinss dhecpreseiad Werdomds & fAb e QeBent in
conposition which conprises (i) poly(L-lTactic aci d-l)
I-ga‘:\;qq{ggth, heat resistance and heat shrinkage resistance and
a manufacturing method thereof. It is another object of the
present invention to provide a fiber product comprising the
fiber.

The inventors of the present invention have found that,
when a phosphate metal salt (component C) is existent at the
time of melt spinning poly(L—lactié acid) (component A) and
poly(D-lactic acid) (component B), unstretched yarn made of
substantially amorphous stereocomplex is obtained. They
have also found that, even when this unstretched varn is
stretched, low-temperature melting peaks derived from
poly(L-lactic acid) and poly(D-lactic acid) are not seen.
They have further found that, even when the stretched yarn

is heated at a high temperature, the partial melting of

polylactic acid is not seen. The present invention has been
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a wei ght average nol ecul ar wei ght of 50,000 to

300, 000 5 (conponent A), (ii) poly(D-lactic acid)

havi ng a wei ght average nol ecul ar wei ght of 50, 000
to 300, 000 (conponent B) and (iii) 0.01 to 5 parts
by wei ght of a phosphate netal~“salt (conponent C)

b%%%én@il%@l%do%rgs%deDél hh%!ye Hirf 1%, (?InOt al of the

componéents A B an aving a strength of 2.5 to 10
10 cN dTért The phespmesemzemnwentusnalnehhﬁﬁjbefc made of a
man fact ber teps of: (1)

ARt cnduls by Sl FOIRY |8 B SR Phcs ] paving

(la- Wadight a6ied): gRawole o 1Wel gﬁétlgq\ﬁeeb&g@ oMloec ¥k g, 000
ght 15 of 50, OOO to_ 300, 000 (conponent A, (i)
de?(“BOF’&&tl &aci(dl) neeilagDa J«ﬁ@tgm g6 a@@vmge@uwvaaght

V\@'vgli}ta fmé@ec@?&rtt@e o%.og t' o?”tgg rﬁgﬂ)t 5 Oa?go mponent B)

(rit) 0. to 5 parts by weig

sahtl (El)hbdhém t0)5 lpmseck by ﬂ@fylplamﬁsamhos@tagﬁ meftal salt
e total of e one nd B to .obtain

utEebBbBRel shrReSeBTSLiTA] i e vidhterenshoyBRal of

t ehebt:amponshe et Ahgﬂdyarandaﬁaviﬁ Elegﬁf@ﬂ theof 2.5 to 10

str?tched yarn at 150 to 220C. BRI EF SCRI PTI ON

HESBRAW NGS Fig. 1 shows a dlffractlon intensity
profil eph uat ALy ti an brai ni
stereo crysrépﬁllggtl on tgrjla(%rl?gé( cmf?ggmg) B?nlg@gfn%?%%png a
301 BEST NQEEIEEEM@ARRHIBEEﬁBWOTHE I NVENTI ON The

pr esent ven ion will be described. herei nunder.

<net hod" o Ef%%}rblﬁlﬁ% A FPPRYSLEHE iR ofonpises (1)

ppese .- L ayent |ac¢r1d;anab@ng@wéa§hura%ra®/e hbeeehi®RS weight
melt spinnin a conposition which 6 conprises
p%?i‘é(({ Qo tPc i Y (compomemt A), PollypplydBtiactic acid)

aghMing %Oﬂgf?%ﬁﬁtav@ra@@m@lQQQ§QP§L&&3‘@M&|‘E ss@'t;oo to 300,000

(conmponent to obtain unstret
sf¢@m¢ﬁ1¢|@tt1h)e amdt (etthed. 0yata Sop@btalhysmeghhedf a

Y BepRICe (e DPALNO 1OSnSERELENER b2sX 3 B 0d%0atPs by
weight of the total of the components A and B to obtain
unstretched vyarn;

(2} stretching the unstretched yarn to obtain
stretched varn; and

(3) heating the stretched yarn at 150 to 220°C.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a diffraction intensity profile in the
equator direction for obtaining a stereo crystallization

ratio (Sc ratio} in Examples.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described hereinunder.
<method of manufacturing a fibers

The fiber of the present invention can be manufactured

by the steps of (1) melt spinning a composition which
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(poly(L-lactic acid): component A) The poly(L-lactic
acid) is mainly conposed of an L-lactic acid unit.
The L-lactic acid unit is a recurring 10 unit
derived fromL-lactic acid. Thg pol y(L-1actic acid)
conprises preferably 90 to 100 nol % nore preferably

95k ?r1LQQ ABL %0 ar f tQ 1 % _ ..
R P R e S G R i e ST
apgid)D{kaupoceaci &) anit aapdoaphatt axtapt shact  component

acid. The total content. of 15 e D-lactic acid unit

250 ko288 R Ba i e Pecc: i ebrpPehiraliyy whpbretcnea
19aml Yo oBYL PEeierabeR Pat®, Bl e) HALHndRIR stretched
preferabl)i 0 to 2 mpl % The unit except lactic acid

| FAANYALt L38r tPed20r&m at | east one nononer sel ect ed
from hydr oxycar boxylic acids such 20 as glycolic

aci d, caprol actone, butyrol actone and propi ol act one,
allpphat(e ldicolis hadidng 2ompoBéntaBhon atons such as

et hyl e lycol ., 1,3-propanedjol, 1,2-propanediol,
o oy olnf s ly 1 Sehi SPaRE) o s fatalikPansosea’ of an
ocatasedcohciddgsanedimle and sdadecarad ahitak kPhatd urring

di carboxylic acids 25 having 2 to 30 carbon atons _
stBht adesy¥eprnfechciid laptiei acidei diamdoadby phclact s acid)
aLORBLL Sedi S he, ackd.

i sop tha?lgcﬁgé:fgl?gﬁ)l/gr%g%cgﬁ%qq?&&ci’dﬂ%%% preferably 95 to
hy@# apli 'nomech mode groferiabldi eartmXyloi soagicdls théhe-lactic

poly(L-1actic acid referably has crystallinity. 30 |
"Retein PRy ool YT cPeitnty s BethE 18pc otact C acia
pueferahiiya 160ct 8xd80€ 1a¥ben hbege cpndiddls @rent of
satisfied, a stereoconplex crystal having a high o
nelfei Pyl per e 2ahdpenitorpddthandnil yexeept nlagttameid is

berdpergnesde dhie P Wi | 8ok a1,
aver age no e%uif ar g%dv%ei ght of %6%252%5’2%056%%0 % ¢+ much
300 9P e herabpy ef etabkymol®0, 000 to 250, 000.

(5ol YCRARGH, Bl SRIPRRCTL D) 2 U8 aepiys from oo
ald & t Binfe- mJNemEx | it o AT F o Mytd dchieye 8 f i ¥acids such
uni o fleriyved from D:lactic psld: The pojy(D lactig
propiolactone, aliphatic diols having 2 to 30 carbon atoms
such as ethylene glycol, 1,3-propanediol, 1,2-propanediol,
1,4-propanediol, 1,5-propanediol, hexanediol, ocatanediol,
decanediol and dodecanediol, aliphatic dicarboxylic acids
having 2 to 30 carbon atoms such as succinic acid, maleic
acid and adipic acid, aromatic diols such as terephthalic
acid, isophthalic acid, hydroxybenzoic acid and hydrogquinone,
and aromatic dicarboxylic acids.

The poly (L-lactic acid) preferably has crystallinity.
Its melting point is preferably 150 to 190°C, more preferably
160 to 190°C . When these conditions are satisfied, a
stereocomplex crystal having a high melting point can be

formed, and crystallinity can be increased.

The poly(L-lactic acid) has a weight average molecular
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conprises preferably 90 to 100 nol % nore preferably

95 to 100 nol % nuch nore preferably 98 to 100 nol %

of the D-lactic 10 acid unit. The other recurring

units are an L-lactic acid wunit and a unit except

lactic acid. The total content’of the L-lactic acid

unj_t. d_t:h it cept. lacti.c id | referably 0
oS, BRbTe araror s % "o Loy RieR BsrETarLy
prefenabl yo0260 ,20ml e. 15 The unit except lactic

acid is a unit derived fromat |east one nononer

sel ected from hydroxycarboxylic acids such as
gl(yeaki(®-agid cCcaprighactengonitly 9!l act one and
propi ol actone, aliphatic diols having 2 to 30 carbon

atoms EhehpasyéPhykhenécghyid), ig, Bapnodpanedpoked of a
1.24Rr nedi 9l , .20 4- panedi al ;. e ,
1?5}%?:%%%%%%1% un é)‘(ar];‘léhﬁ y_&aocga QREG D e dSnBdf oFurTing
andidodecawedi @romabi-phatie dicgdrboryéigoBgi®Slactic acid)
havi ng.2 to 30 _carbon atons such as succinic acid,
nEPBPELS§E BT GRBTABLEi 20 de? di O hmsHt i BodeopgedgeRbay 95 to
tebeR Al mechafibfle hRORINAAY 68a€h 4.0 0WAT XVPERLZNCract ic
aci d and hydroqui none, 25 and aromatic di carboxylic
agfdg. urmhle- poMe( Dthact tecact tirg prret &g abley apak-lactic acid

C allijnit - meltin oi nt .i.S ef er abl 150
FLYLsbin) g LRGIEL! 420,98 B S BREL APl 50 e o
cohdi L.i bast Aceasatli shiedand tBéeneDEoSPEEY: CTYSEBE acid is

havi high nmelting point can be 30 formed, and
CPYSTSFAPAY LY ar b Hor BIEUPTHIETBHNY OD-Pasimelt, much

afib e }Bﬁéféra\i\ﬁighb ayepage) aol ecul ar - wei ght of
preferably 50,000 to 300,000, nore preferably
100, 000The WEEF, @XGerthéapoliy(icidcis @ aciid) derivke from at

p | | can 8 nuf act ured by . .
PP RS e a0 DS TSR 1 e s
s aglycohid daof dpycayebbdebyde at bagyrbibhaebhe asdd

tic acid to obtain |actide and ringéopening

STt e St B BT SR P Eoude R atoms

thesie Sekhags enechugeodi val ?%ré%&‘né@i@?}l nds, SUChHARdiol,
tin octylate, tin chloride and tin al koxi de,
tet4 REPRANCdIQl , dofpdrepsnagiiplashekanedidé, ocatanediol,

%é’iﬁédh&f'ﬂﬁi %@éiﬁgdi&, aliphatic dicarboxylic acids

having 2 to 30 carbon atoms such as succinic acid, maleic
acid and adipic acid, aromatic diols such as terephthalic
acid, isophthalic acid, hydroxybenzoic acid and hydroquinone
and aromatic dicarboxylic acids.

The poly(D-lactic acid) preferably has crystallinity.
Its melting point is preferably 150 to 190°C, more preferably
160 to 190°C . When these conditions are satisfied, a
stereocomplex crystal having a high melting point can be
formed, and crystallinity can be increased.

The poly (D~lactic acid) has a weight average molecular
welght of preferably 50,000 to 300,000, more preferably
100,000 to 250,000.

The poly{L-lactic acid) or the poly(D-lactic acid) can

I
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oxi de, netal tin, zinc conpounds, alum num conpounds,
cal ci um conpounds and | ant hani de conpounds. 10 It is
preferred that the polynerization catal yst used at
the time of polynerization shqﬁld be cl eaned by
solvents to be renoved fromthe poly(L-lactic acid)

apg hﬁ%uf@%kﬁ&@dl%9tﬁﬁr%@tq&'@%h&@%ﬁthﬁ% %%Bﬁbb&b%n51ng
activity should bé inactivated. "A catalyst

déadeicaro acnréy oye Didegtiig E—Sflldn@éﬁ't byacyctiipdehydrating
Cﬁ%%%%%”@%l%ﬁ“%%& %%%Wmﬁ 3" andg
| dastohe Ser€cted 116 hé roup ConsiSt

ordani-opkngagdso Tanst 511104 ief. Chﬁhlﬁ}bl}esbfgﬂﬁd&axﬂaqust used
have an i m nqo group and can coordi nate to the_ netal

poPy FBP5S 41 G AR AIGN0e FRYSIRBEUSIBPHRHIdDFUCh as tin

pResphgEUs exg %%ﬂ@r%%be%%da%QnQ%g§6kﬁdEhO%BEQ%%%l%ﬁ% tin
aci d”- conpounds represented by the formul'a (3).

cavappundsdeachi ast 6in oxidled PRtaA tamogeridef and ethyltln

pref. rabl 0.3.to 20._eq | ent referab
DR i05" TBELAN et Sy RaR o praPRy BBy CoRE opgas.
16aeqmumabempauhasedndn1hnequmiabeﬁbmpbuaasthe met al

el ement _contained in the catal yst at the end of
pol yner F2atT & e ERIISC=ERAE CHR RO ient efion fatpdyst used

abevend il af Abi$mBr9atioR L8od18me cl@&%e@b?ngolvents
X2 are each independently a hydrocarbon group wh

nmhay haveeBovadsfiyom thenpohaviingattic 20idar bod the
2bRID (pFIaHpLRs, 0l o e, DYGLOTELD00. IO DE198:y shoula

gr otps “ha¥tag’ 1 carb

nmethyhagt dtpredt hyA @aoapysprapytt Jratpr andy betysed to
group. ,The content of the netal .ion in the
pOPSFEIVAEEi ENgcFafadYtaRdaCheVhsy(D- 1 actic acid) is

prefer abhy s IRRIE GLBaR 148 £ RPM BOME 58 MHELWRARERA from
of the heat resi'stance and hydrolysis resistance of

t Reefdusai, carsi sk ipaefcongent ¢ dfl dehdlsneersist opg afthehelate
Co7%88ha STl 36 TS, B0 PR D TR o e
thetdlppolpﬂerlahumﬂnuUatgéysamiphpsphnraadoabtanmﬂy
iﬁhgé 8£3g|<¥xgoat1c1 restetpsa%n o%@nic phosphorus oxo acid
compounds represented by the formula (3). The catalyst
deactivator is used in an amount of preferably 0.3 to 20
equivalents, more preferably 0.4 to 15 equivalents, much more
preferably 0.5 to 10 equivalents based on 1 equivalent of
the metal element contained in the catalyst at the end of
polymerization.

X1-P(=0)pn n(0Xz) 2-n (3)
In the above formula, m is 0 or 1, n is 1 or 2, and X; and
X, are each independently a hydrocaxrbon group which may have
a substituent having 1 to 20 carbon atoms. Examples of the
hydrocarbon group include alkyl groups having 1 to 20 carbon
atoms such as methyl group, ethyl group, propyl group and
butyl group.

The content of the metal ion in the poly (L-lactic acid)
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(phosphate netal salt: conponent C) 10 Conpounds
represented by the following fornmula (1) or (2) are
preferred as the phosphate netal salt (conmponent C)
These phosphate netal salts may be used al one or in
conbination [err] 15 In the formla (1) , RLis a

HSEROSE AATLET T YL JHEYP 3 SR B TR e 20

C@@b@f\rc&ﬁ (11 ﬁ%@ﬁﬁt@%ﬁﬁh@hda&cfégﬁsﬂﬁﬁéé! land0hPdPo1veis
et hyl %roup, n- propyl group, iso-propyl group,

r@ﬁtl§’ agEsupt sde Babgr .grdapfandtheocontgnt gpbuphe metal
2 e

27, B B e R R A Y ROE D e,
ofratrheczaftlymetgieu ptﬂna\tlraglsltu@njxﬁ’emlﬁ)mf ’a]h@mlrd perlod

050 R 5 R B e vore

| shahubyl pghoup, tert-butyl group, amyl 25 group,
tert-anyl group, hexyl group, heptyl group, octyl
group, iso-octyl group, tert-octyl group, 2

'?@H?ﬁéﬁﬁé% QLeYR. sa'i‘eny!co ggﬁ%y so-nonyl group,

group, 1so-decyl grou tert-decyl group,
undecylC@nmmdsmésgrmmb@muhetmn@m@womup 1) o

s .an al i tal,_.atoms h as Na,
397 BB E e hr S it LR BAS N G L 621t (FeipOgent ©)
2Thés@uph@§phaee phesphakgl BBt AhySBbt §s£8PLESAR 8¢ QM
the formula (1) , phosphate netal salts in which

i QOBPHYYFHYen atomand R2 and R3 are both tert- butyl
groups are preferred. [eRr,] In the fornula (2) ,
()

R4, R5 and are each i ndépendently 0 a hydrogen
atom or al kyl group having 2 carbpn atons.
Exanpl es off the al kyl 2t 0\12 car bon

SUP
metthyl ~“gr oup, p grou

atons incl yide , h-propyl
group, iso propyl| oup, group,| sec- butyl
group, Mserutyt—d@ oup, He group, anyl
group, tert-anyl gr yl group, 15
octyl group, iso-octyl S t-q%tyl group

2

2- et hyl hex
Y (1)

In the formula (1), R; is a hydrogen atom or alkyl group
having 1 to 4 carbon atoms. Examples of the alkyl group
having 1 to 4 carbon atoms represented by R; include methyl
group, ethyl group, n-propyl group, iso-propyl group,
n-butyl group, sec-butyl group and iso-butyl group.

R; and R; are each independently a hydrogen atom or aikyl
group having 1 to 12 carbon atoms. Examples of the alkyl
group having 1 to 12 carbon atoms include methyl group, ethyl
group, n-propyl group, iso-propyl group, n-butyl group,
sec-butyl group, iso-butyl group, tert-butyl group, amyl
group, tert-amyl group, hexyl group, heptyl group, octyl
group, iso-octyl group, tert-octyl group, 2-ethylhexyl group,

nonyl group, iso-nonyl group, decyl group, iso-decyl group,
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group, nonyl group, iso-nonyl group, decyl group,

i so-decyl group, tert-decyl group, undecyl group,

dodecyl group and tert-dodeocyl group. M2 is an

al kali metal atom such as Na, Kor Li, or alkali 20
earth metal atom such as My oR0Ca. p is 1 or 2. Cut

of the phosphate netal salts represented_by the

f 5PRGESCY), IPpRYEphHRE SRdtla ORIy s SPReRMiLc ATREPa RESRG
akertrgbhiklyar gepgpand RS is a tert-butyl group are
preferred. “"Exanples of the phosphate netal salt

i ncl udeMt heé avralkadf mexs JABERA TORPORAE (Klarithki, or alkali
p a t al an _be synt hesi zed, by. a_known
mertsd medE. 2oRd e drpls 1505570585k L Bbnpound
repr eseatiedobythdephosphbae (hetal £2)t&Sr&fip¥BedBed@ by the
crysta 1% nucl eati ng agent for polylactic acid.

5REVEL2 Fher RIS AREA BR1FS EhabdclieRi A6yai Bydrogen
t BabmMin@ i - a §P§

an al kali n%e%%(li Iggt %%EO%QEWaﬁt ekgﬁllfﬁl %%gt él)s %tkg ferred.
When ML and in the formulas (1) d (2) are 5

ot her netal s/such as al ug num the, hdat resistance of
the conpound itsépf s ubki med product
may be produced I I hni\ng, thereby
R e netal salt

preferably §.05 to 7 ym T6 is diffjcylt to reduce

the particle dianeter to a value smalger than 0.01 gm

industrially\ and it is not necessary #o reduce (the

particle dianmeter so nmuch. Wen the particle

di anet efn ithel Bogenlah@) , RQ, g ande, farequesnyiiep@ident 1y

break. i ncreases at tEe &ine of 15 s inniﬂg and
4 £

s? TBfEIRIR 2FRE O5ne ekt oF PWR HHbEHhat £Onbe aFa5kPR atoms.

(© TeNbf@he hskPrefRhabhivin8h t8 12 LaF i
ke Y 9-§fylg?05v ?g 5 pérts g§§a5¥8ﬁffnCIUde

meyag , hore prefera by

FIRHLYrb B& OpPef @FaH} FTOUWFS PoPZOPHE tarOURy WePghropyl group,
L B S BV i 8, IR R e oo
(drdazt boylapia)p ( cemponent ¢yoandhehelpatoud nhepeli group,
%%é@l %858?%%%—octylgroup,tert~octylgroup,2—ethylhexyl
group, nonyl group, iso-nonyl group, decyl group, iso-decyl
group, tert-decyl group, undecyl group, dodecyl group and
tert-dodeocyl group.

M, is an alkali metal atom such as Na, Kor Li, or alkali
earth metal atom such as Mg or Ca. p is 1 or 2.

Out of the phosphate metal salts represented by the
formula (2), phosphate metal salts in which R, and Rg are
methyl groups and Rs is a tert-butyl group are preferred.
Examples of the phosphate metal salt include the NA-11 of
ADEKA CORPORATION. The phosprhate metal salt can be
synthesized by a known method.

As described in JP-A 2003-192884, a compound

represented by the formula (1) or (2) is known as a crystal



10

15

20

25

30

B). When the content is |ower than 0.01 part by

weight, a desired effect is rarely observed. Wen

the content is higher than 5 parts by weight,

thermal deconposition or yarn,25 break may occur at

the time of formng a fiber alsadvantageously. The

(we ratl ; LL£qaci A0
R TTE 1o PE Rty Cobrmsnon 5 T q e Phesent
piefrenabby #49/BGnag B 4Ed dor ehat efepall ¥ 45/ EBetpormulas

ATTE 2R €2 ey Boo MG L BhR hbr TRy hsngh O TEel! Search

caeYent hosal | wierown sRang, irorhex&@ephelakh€1) and (2) are
conponents A, B and C may,. be m xed together by neans
oPtReFuRBFRLS SEGRN2EyRIRAERUR: xBhe Reperiafierance of the

%Hﬁ?&uﬂh)&q{seﬁ_ﬁgga{ﬁw 124q g@iﬁﬁiﬁ@%ﬁﬁ%aaﬁg Ydy pRproduced

si' ngf e-screw or e-screw extruder. T o
cahpds thiow olft s eding, désuréledadiogespénnihy difficult.

m xed d he transferred-.to,a spinnin chi ne

e e P RS a0 SRR B RGN B8 average

tﬁﬁ@ﬁé@%rﬁrép&wﬂﬂaﬁaa@ﬂ%ft @cEEPRBSVLH OB it 10 pm, more
y

prefera hi gher than the ne ;lggl oint. of the
obrafaedbsyep eBBohipl éxPol yItacts ficukprieco reduce the

PRELEEAPLY4LADEL ! PBNa 200G ASREL L EE ChahlB 01 pim
conpositiron nmay be Supplied into e splnning
mapfiaerift dferabl yit 1hedinpeklsetriyato addargt hhefparticle

tQ.7 a long, di ter .of 3.t0 .5 nd_a .shor
AR o s Tt o papkarad S RREe? i dpkoer than
shoulid, ReNF eRficdidyOB i Pathepsdape irddi ekl ehe time of
The pellet of the Conposition may be transferred to

t feipingi A9 ARERFABIBY-using an ordinary nelt

ext r udefy S Uchh1as @ o 8RS UsiSodohIBL tilt O sahRak €o§§6ﬁ%t c)
or doubl e-screw extruder.” For the formation of the

siememfemsiey 6r ¢3tted 5 parts byhpeighht mara prefierably 0.05
conmponent.s. A and .B.shoul d.be mi x r ~fukl
pF%f%r%ablfrys l})% Welﬁﬁhzta’r lf'nutch ?nore.l_ﬁ%eifgggkﬁsr D. Hls'n%?/ 4 parts

er Stress. € conpos tron
Cloptvad iylee C p=hadiduliadd y pipdendbly20. Wism 3t barts by weight

conmposition contains a carbodiinmde c und, the ,
URRFRRIOTAB RS PBIe GEHS PArCE ARGy GRS RALY (L-lactic
r 818} aSnponent A) and the poly(D-lactic acid) {component
B). When the content is lower than 0.01 part by weight, a
desired effect is rarely observed. When the content is
higher than 5 parts by weight, thermal decomposition or yarn
break may occur at the time of forming a fiber
disadvantageously.

The (weight) ratio of the poly{L-lactic acid)
(component A) to@ the poly(D-lactic acid} (component B} is
preferably 40/60 to 60/40, more preferably 45/55 to 55/45,
much more preferably 50/50.

The components A, B and C may be mixed together by using
conventionally known means. For example, the components A,
B and C may be mixed together by means of a tumbler,

twin-cylinder mixer, super-mixer, Nauter mixer, Banbury
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of the obtained conposition are inproved. Exanples of
the carbodii m de conpound i nclude nonocarbodiim de
compounds and pol ycar bodi i m de conpounds 25 such as
di cycl ohexyl carbodiim de, diisopropyl carbodiim de,
di i sobutyl carbodiimde, di ocllf car bodi i m de,

Qrtlxgeqec)ﬂnea r qJO.l éd%&‘ quH.n %.Irt S%lflftex\} Car bu%lllems%?:’ew

enzyl “car iim Farvod
Nemttramhryl -N - phenyl car bod| i mde,
N- benzyl phenyl, car bogl i mde, 30 _N-benzyl-N-to
carbod||HFd80m8P36t98Fu9 t@épﬁgdﬁ?ngﬁécrlﬁﬁd aP@VGyFS melt

Caihedi laﬂli@ﬁa%mes tRadBreopRenyb) arbefiiny f8chine directly

bi s(p-chl or ophenyl ) car bodi i m de,
biog( bhéthu@h@m@ﬁw)taarm@nﬁu mi@e temperature for melt mixing

b%%. cg%ﬁg%fﬁfgﬂlg ﬂa&h%i?i%%er than the melting point

enyl robodiim

bloef( dI-hJeSObltaﬁyileﬂhelaﬁh?)amafoh‘@mebmmﬂylactic acid, more
bi s% ro )ll/l ﬁhen1\{l %car bodi i m _de,
bP§ eF? 8 gRERyFIREr 5% F i fepeglet of the composition

bésgthjylém%ﬂ& Eﬁl’eb 1 hAl 88 machi Preferably, th
b| s(2, 5-di chlloro phenyl ) Q%Odl |1?n§"éac THE. Frererably ©

bip§ 2e6- haﬁeﬁhgce;aaéhypﬁcér bodi7i midea long diameter of 3 to

oot LRSS S 08y oy, v 3 preferred that

I Sopr opyphenyl ) car bo ||n1de
bt&(e?eb&ltq&ldibleSﬁ@hQﬂ;ﬂlaphﬁﬁylth‘a]ﬁ@@ha[pm de,the pellet. The

bi s di i sopr | phenyl ) carbodii m de, L
bP§§§ %I# t?’@r Eé?%%ﬁ@ﬁﬂa}%%%w??ﬁ?%rw to the spinning
b’m§.@ﬂﬂ.ﬂe%}} LsTREwh RhenHe2RB eI d:MdRier such as a pressure
bi saz 4,6-triisopropyl phenyl)carbodiimde, 15

brstpex, @rtfsitbgitwgﬁéﬁyl pradpodilensgeew extruder. For the

dfo?@ﬁ?@ﬁ#h%%% rbggé %%glex:%ﬁystal it is important that

cycC ohexy car rrm
hkhelybmpbnphEByAcanﬂoBIshbdéd be mixed together fully,

p- phenyl enebi s(o-to | carbodiimde), 20

EBRERYFEREOPSTey cPORaky PEARBBAI | m de,

p- phenytiea elingidds odH & aRhe nEiRodi &81168d1 imide compound.
When the composition contains a carbodiimide compound, the
thermal decomposition resistance and hydrolysis resistance
of the obtained composition are improved.

Examples of the carbodiimide compound include
monocarbodiimide compounds and polycarbodiimide compounds
such as dicyclohexyl carbodiimide, diisopropyl carbodiimide
diiscbutyl carbodiimide, dioctyl carbodiimide, octyldecyl
carbodiimide, di-tert-butyl carbodiimide, dibenzyl
carbodiimide, diphenyl carbodiimide, N-octadecyl-N’ -phenyl
carbodiimide, N-benzyl-N’-phenyl carbodiimide,
N-benzyl-N’-tolyl carbodiimide, di-o-toluyl carbodiimide,
di-p-toluyl carbodiimide, bis (p-aminophenyl)carbodiimide,
bis(p-chlorophenyl) carbodiimide,
bis(o-chlorophenyl) carbodiimide,

bis (o-ethylphenyl) carbodiimide,

r
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2,6,2',6' -tetetrai sopropyl di phenyl carbodii m de,
hexanet hyl enebi s(cycl ohexyl car bodi i m de),

et hyl enebi s(phenyl carbodi i m de) and 25

et hyl enebi s(cycl ohexyl carbodi jm de). Commercially
avai | abl e pol ycar bodi i m de co%ggunds i ncl ude

i Li s ted from Ni sshinbo
(D8P pLhFEphLAPE P PR RS P T DA Y and
Catbodt i sdveropilpBEAY 1 BOavhediihiddepnposition is

molten at 260C,_its { ght erage nol ecul ar wei ght
| 815 (Br b7 UBT PPV ERCRAL biaRBPIhOPSISt han 20 % Vihen a

Nl e¢yl asopet ghpnepdurthePodlimibbgh tenperature is
| arge, spinning becones difficult and the physica

pPopéPtieabetyinkenyl afatEcainidet eri orate 14
' ot | f er abl
dh 229y a0L A0S0USL Yondlig1 FOUPBSAL ighabas preferably a

er con nore t ppm When the
wat el 2 condenthplbhehyl) berbbgitlimigsi s of the

oly(L-lactic id c onent ,and_t he 5 pol
L L ¢ 8 o Pl L RErP a5 BBt e ot e
Bl eepl @ hy1es 9ot obPEneapPPsLtbeaiiaigbgni ficantly

reduced, making spinning difficult and also
dei®f? oPeEY hof t heophoRY ERlenyt bperbedsimide he

' ' The. t of th
L - Lo SR R AP PUS Hoa LS P Dt erabl y
not s (@ &-dhareB3; OOt phnhenpl ecarkedds abige not  nore
than 1, 00 i cul b t th
5 bond - STt e RvLe Sl {eBPFATIRESS ol act ¢ achd
obiained, dye t hesdgebbepRehporch soexapiaé ed at the

time of nelt spinning, thereby causing yarn

rRFRING £br it DUy iplee Y bt @arbedismpdeferred to
SR SLIS AR, Laghide Lo ot Tore than 400
Sttt PN They cooipesy 1 canbogi miden by nmeans of an
o B S RedREN e S gear pump. Tl tered
i B phdackepdsh £ ect eTuFIomrpedziwsdéprmed in the
D ety L ertb 8 (el ey ToSipont fmide ATENt S to be
p-phenylenebis (p-chlorophenylcarbodiimide} ,
2,6,2',6" -tetetraisopropyldiphenyl carbodiimide,
hexamethylenebis (cyclohexylcarbodiimide},
ethylenebis (phenylcarbodiimide) and

ethylenebis (cyclohexylcarbodiimide) .

Commercially available polycarbodiimide compounds
include Carbodilites {(trade name) marketed from Nisshinbo
Industries, Inc. such as Carbodilite LA-1 and Carbodilite
HMV-8CA.

When the composition is molten at 260°C, its weight
average molecular weight is preferably reduced by not more
than 20 %. When a molecular weight reduction at a high

temperature is large, spinning becomes difficult and the

physical properties of the obtained yarn deteriorate
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spun into yarn. The shape and nunber of spinnerets
are not particularly limted and a circular,
atypical, solid or 25 hollow spinneret may be used.
The ejected yarn is cooled to be solidified right
away, bundl ed, applied by a | 4Bricant and wound up.
T not particularly limted but
p?g g?gghgg§8§ﬁ?% 5,000 Mmn. Fromthe viewoint of

stret Ch'ahelctcbmpoémlm NN gredeeabs ypa efef@bloprent of not
val ue which_30 ensures that the stereo ) _
cPPEEaFPRat PEnPPR: i WBFRt HeS YRke¥ et@hedyalm high, the

bagaresy i dhgrweuadpun tf‘ﬁﬁ%E@QcyQEEﬂd)' Soln Sﬂent and the
supplied to the stretching step. The spinnfng step

ar@lyKe- éaﬁémrﬁuwgdlstceqmmmm 1 meeconot did amebahatre@lecular
f C and A di r.ect .spi.nni_n tret
&?Egg@ Qfﬁﬁg S At g e E&F?ﬁg Yobt ﬁ??gr making

Sppmnnﬁ]ggV\ﬂibﬁmbumltndhﬂgampo tieeeyabhatiBjighehe physical

| oyed, The_fiber of the present invention is
oB SPREHLBS AF FBEt OQEF‘hﬁ?ﬁgYﬁfﬁPh%sa@’?néﬁgﬁevs1Y

sol uti ofhes RINRIAY ﬁ%h&%sf’dﬂ?@%ﬂl\ﬁé ¥ nf é osition
i ndustrial point of view, and stable yarn |s

obt abrreterrklY olcvthénctmmtshtaabal,uow ppma motetpmlferably rot
C p C acj ol

068 0 PO el ket 6 eadel pREFiPoToinG move than
s4 @0 egeonNpIThe drastiade ftaﬁnﬁlﬂe&iasitn te Resllylactic acid
absorpti eaks 10 derived froma | owtenperature
c??%?g? %@%Ftﬁﬁ pR&SdAeaTehRodal § Shisaion péwehe time of
thatc 1§%ﬁ1ﬁik‘ij%at 2_PhlebprPRnal HG Oy&EN Shohun O LY

phase 5 C or higher according to constituent
'E»hmém%f Jct'orsqﬁ)gqnaf@mrreait ite anduc@n‘dheumeumbrof lactide
C ) t he resen ventio
ﬁ%mﬁglgntl%]?}é g%%o%??ip n lljéed‘J (ﬂ'frolrg s?g% Fithg quai By yarn.
substantial 'y anmorphous in the w de-angle X-ray
diffraction neasurenent. Wen it is neasured by a
tr?ef T FRIE I Ranni ng cal orineter (DSC), it does not

show athd eambobwe iBeat s ARSI b mPLRkS, [dghi ¥ed-fdoM: ype

the 20 lowtenperature crystal nelting phase (a) an
tCﬁ'é PGS Mg taruteDer PSELEl enbruiay., phaseh¢d)bputeans of

é&?gﬂ lfll@e§ H%%E&% 'é}gdgﬁggtgarfflo%ngzzpes%rmed

reo I"ex crys
in the spinneret as monofilaments or multifilaments to be

spun into yarn. The shape and number of spinnerets are not
particularly limited and a circular, atypical, solid or
hollow spinneret may be used. The ejected yarn is cooled
to be solidified right away, bundled, applied by a lubricant
and wound up. The winding rate is not particularly limited
but preferably 300 to 5,000 m/min. From the viewpoint of
stretchability, the winding rate is preferably a value which
ensures that the stereo crystallization ratio of the
unstretched yarn becomes 0 %. The wound unstretched yarn
is then supplied to the stretching step. The spinning step

and the stretching step do not need to be separated from each

other, and a direct spinning/stretching method in which
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The nelting peak tenperature is 195C or higher. As a
result, the spun unstretched yarn is substantially

25 anorphous in the wide-angle X-ray diffraction
measurenent and shows substantially a single nelting
peak derived from the stereoéénplex crystal in the

DS asurenent. That.is e _unstretched yarn has _,
SRbSPEATAEI P Sosigieh ol £ her FRAHI 8 P hout winding up
dihteyaphi ahyspansnpyogakbori meter (DSC) measurenent,

30 and the nelting peak tenperature is 195C or _

hi gher . TRACEDPF @t t Bhe Her pBeiE atR Ve hirhet oebbiingd by a
p t o i e t or, -

B L AT o Yh B e S oS g has 20w
upnzodetthedtyaf nondogse nigtduwotisd In peingoby(zikact 484 stable

acid) .phase.and/.ar .a I | actic acid) .phase 16 ,
b BRendy ritp iniedp Bhn (rEstap R i asesorut fon
Theseaiheayupesy & e18ueitoathg) f agll pbay (bheakibersciq) .
contains the phosphate netal salt (conponent C) and

are usefll 1§ deeesthahapolistachbt apidcipantagat al |

[ r :
ontins T oy E T2 st BN el ¥ heag aBporption peaks
stlabivedifmpmiantdowgtpmppeatiies @mdsisat etedhalbid physeaka) at

be rovi ded formn I s unstretched yarn havin

o Rt o h et 1o "G onn 4 fBakeBerryaRe Crystal
fion 1 e phamec (ypbal 1a86c hOnshRELEUAN S L EYAH s Of tuent
poly(L-lactic acid) and poly(D-lactic_aci are seen

| FOBP Pl UFRTIPet Eheen yER RO cond af PRt Honphbephbeeming
net &) s@bdo{Lpnmponent C) in the differentia

scanni ng J%Iorineter (DSC) neasurenent. 15

(stret chi ngp Steetvhi hgvemyide, dare nedtentcompoanetion used
stage or. multiple _.stages d the draw ratiq is .

ot 8P ot (e e e TR s oty 0F o oy angle
tX NSy | dii OF elert foh Msadeedteer 8 WHegh-ist neneldy fulel by a
However, when the draw ratio is too 20 high, the
fibereTentdedd (STFMBN AP VT ekl (itlebyi it loes not show

sdt engtdy ofyd hedd bc%séﬁpff&y%%akgrﬂ?ﬂ;é@gffﬂg the

stretching may be carri‘ed out” by increasing t
tleovperemnaratofren gxyrdtabrmekt ing olp st eftd )i kndrthe

H{irb'ﬂ—iﬁ(e%npce%&%e Q:?‘%g%[al r{]eolq{fr%]tpﬁgyse {(b) but substantially

a single melting peak derived from the stereocomplex crystal.

The melting peak temperature is 195°C or higher.

As a result, the spun unstretched yarn is substantially
amorphous in the wide-angle X-ray diffraction measurement
and shows substantially a single melting peak derived from
the stereocomplex crystal in the DSC measurement. That is,
the unstretched yarn has substantially a single melting peak
in the differential scanning calorimeter (DSC) measurement,
and the melting peak temperature is 195°C or higher.
According to the manufacturing method of the preset invention,
the unstretched yarn forms amorphous stereocomplex but it
is assumed that the unstretched yarn does not contain a

poly(L-lactic acid) phase and/or a poly(D-lactic acid) phase
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hot plate or heat nedium bath. The stretching

tenperature 25 is preferably 70 to 140C, nore

preferably 80 to 130C. The |owtenperature crysta
nmelting phase (a) is substantgally not seen at al

and only a single nelting peak derived fromthe
htgbabeapef aff witnel iy s Nahw -eintdene tph@s exrfiskali phgeen These
in the stretched yarn, Thg nelt'ng ﬁ%ar%, enperat ure
36°BFUFRE AFGhItEnper 5hGr aEFyEbﬁ Ft'héeﬁhﬁgﬁt65¥s the
obhbBBhasLr et ehe s e N dmgirirey @l ¥n&9QEeOtisbi@hefeatures
nmore preferably 200C or higher. In addition, the
sthaborasreyBohlaAntAatinnted atiad I S8 tha psYos®LEi nedhe number
f j . | € [ h hf ct.j.an k
oPErkelE AOAGHLRLrLTEE0S bioBhel (Emaf, hATERE PER e
wsdebahfikénX- wanddnff paopeoniet shd stretchediyatp tan be
not less.than 90 % These features are due to the .
{REPVEASE DYREOTRLRT Coht atPs-THE-PROSKREE INEHaY o single
saéitiﬁgnpgggnt C) and are useful features which

were not anticipated at all 5 in the prior art.

(heat tTeatmehtdnghHeedeatder baedehtont epei BonecHegfal and

B s R AT A Y
ppele(BblyciBO £0i2D0&re Theechelt dr@mtaentunstretched yarn
preferabl% carried out under tension. The hea

et roR Dm0 bEDCEPERER BREi AL IGOTPEIFAF, ) in the

CQnEactehY P81 BEAhAENG cAOBreMAtast (Hot) PhakSurdhént .
heat treatnent nmay be  carried out continuously from

the stretching step or 15 separately fromthe

i?é?%%?%ﬁgn§fep' A fiber having a high stereo

Irzation ratio, excellent heat shrinkage
resi st afcestariting ey bsi sdanted awt anstnergaEyeobrmoutltiple

| than 2. 5 cN dT be obtained by. the heat
{7 EATRRnC S HERe THEY 761 Ghbn DAr HCT S REat dit IS 7 more,

t REPEI gHEF 8raBRr 41 BAN1850ifes20nacsabi-stacu@hiifacture a
stereo crystallization ratio is not obtained,

théﬁ@b?tE%@gF]ﬁgfﬁP%BPerfﬁ?%‘f?ifhé’gle%fﬁ’h%léﬁiﬁé” ratio is too
R4 065 Aoy, LNGLPHSONEE ol SCORERE Moy che
| steergpere the Tilyst dls medtded. pfRrsiaiting for stretching
may be carried out by increasing the temperature of a roll
or using a plate-like orpin-like contact heater, non-contact
hot plate or heat medium bath. The stretching temperature
is preferably 70 to 140°C, more preferably 80 to 130°C.
The low-temperature c¢rystal melting phase (a) is
substantially not seen at all and only a single melting peak
derived from the high-temperature crystal melting phase (b)
is seen in the stretched yvarn. Themelting start temperature
of the high-temperature crystal melting phase (b} of the
stretched yarn is preferably 150°C or higher, more preferably
200°C or higher. In addition, the stereo crystallization

ratio {8c ratio) obtained from the integral intensity of the

diffraction peaks of the stereocomplex crystal measured by
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25 poly(L-lactic acid) or poly(D-lactic acid), even
when it is heated at a tenperature equal to or

hi gher than the crystal nelting point of
poly(L-lactic acid) or poly(D, |actic acid), therma
fusi on or breakage caused by e partial nelting of

t h r | f c id
5 ?(%Eﬁ§5¥%%§§ogéggg)&éoes ﬁ% ogcgﬁr%hgnﬁt¥%EChed yarn is
shpet thed tiam s0aRr . beThest eftbatairds/ @CeogudighaheMibel that

is. higher than the neJting pojnt of the honocrystal,
fBPeegéﬁﬁFeco’%BEﬂsAEhﬁ Pgeap%iata Pehat Shhbi hgomponent C)

hbgh sterggeenystahtizaki Qnikat werenﬁoexgﬁéiéﬁg ated at all
strength and heat resistance can be obtal ned

t Ansthe prilperabéis hi gh heat resistance, it rarely
experiences a trouble such as thermal fusion at the
time of manufacture and has excell ent heat shrinkage
reheataﬂreaﬁmsﬁtber> The fiber of the present

i nvention i.s mad nposj tion conprising the
conponeht$ q@atBtgﬁat@eélﬁdsﬁ%E if terheplgtheoptyeschgd yarn.

19he Wckkex roTPRc 6O MORERALS oA Bt altd: & t@?ﬁeF HWrerably

been described above. 10 The strength of
t hd0ptesanp” Cnv@ﬂreonregerpbéveﬂéblyonaﬁoféss Thmrheat

2P RAIE . BREPPLBS ORI MR ] SR LIRS, e neac

nor e

cttddexenThew Daed‘:akrﬂeiﬂ st Wl&flﬁﬁahiw rivilgber, 8dhtact type
ctual |y about 10 cN dTex. Wen it _is used for

appaAr et AUndoPs SRFESt e BlRpBsesthe hepgeErRatmagtanay be

S&éﬁﬁﬂé@ &ht n@én’fafﬁﬁouéi‘?nf fofd ERL dg@i‘etéhﬁ'iﬁ §Eé§dﬁr

because its practical application range iIs
fpRrrafethd e sdst stnesahiiog abspa H?eétlbsm hakagg a high

f r 0. 20

PR AN N

tmﬁiét%cepaa:mcﬂ citra | yept ef enied| ynd). B dtoréhgth dﬂz’ﬂﬂc}t less
% g % f t he heat shrlnk e factor is lar

'B?%&i‘a ?Sokg?ﬂfggeé%j the hg r’:t&htreatmgnt When

tm@ew:@wegea%@islﬁmmatlé télﬂbeageu@@qafe@p{?ﬁén 150°C,
smal | er and cannot be put to practical use.

st 6RES SERFEPAY| § FRl¢Q K rvattiad lézathenf Fakio Gfs mch*e obtalned

thereby causing problems with heat shrinkage resistance and
iron resistance.

In the present invention, as the stretched yarn does
not have the low-temperature crystal melting phase of
poly(L-lactic acid) or poly(D-lactic acid), even when it is
heated at a temperature equal to or higher than the crystal
melting point of poly(L-lactic acid) or poly(D-lactic acid),
thermal fusion or breakage caused by the partial melting of
the homocrystal of poly(L-lactic acid) or poly(D-lactic
acid) does not occur, and the stretched yvarn can be heated
at 170°C or higher which is higher than the melting point
of the homocrystal, for example, 190°C. As a result, e fiber
having a high stereo crystallization ratio and excellent

strength and heat resistance can be obtained. Since this
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present invention is preferably 90 to 100 % nore
preferably 95 to 100 % nuch nore preferably 98 to

100 % The fiber of the present invention has
substantially a single nelti peak in the

di fferential scanning 30 cal orrneter (DSC)

Mg HEGHEBthlﬁﬁehQEU k@ng‘Ethfee”ﬁ_)‘éré&&‘é? L%pd8P6nlEs a
hi g and tfhie stereo crystallization ratio

obrauhee bychhasmtﬂermagléusaoayaU|tmeatim©no£X$ﬁnufacture
neaé henent % hesg E 0 % The fiber of the
pPESefit® ?ﬁ@% G8% PORPEEPSt ARESS ?ni?oc 19

fi ber product> The fi ber of the present invention my

be used as original yarn for yarn processing such as
fafseerwi sting, 5 mechanical-crinping or stuffer-box
t.extu“ﬂge Fuplhele {he BYeDEnl OLARGEIE As! P8 of a
fiber ort er or sp nyarn conprising s

f chepesiSioaoeceier i s ey tﬁet¢mmmmm§nﬂﬁ A @venﬁlcnahdshas a

a_high ereo_crystal lization ratjo and excellent
ST b Rh R e SE b oL b BBV AR e T g S 2 e, B andt C
1Ratrt §aRePEPVHEENVAELEEUSHEHDEPOPEOdUCt S such as a
woven fabric, knitted fabric and non-woven fabric.

That i sThe K gsmssdhot theehiPeh vhdhsdpsegentpervention is
Pé?gf§£a59 6§'fgs§h€h£ﬁb§r OéN/?ﬁ&xPrﬁgfgngﬁsferably not

vention.” Stated nore specifical It can
atiwast ageous! § cNAATsed muchlm@hengrstmiabﬁysmettbess than

LR el g R 3B LR 01 Rtk q e b

CaEtab DBy Dedpetin ciBiTeand fHenl {uiries usleﬁldﬁaﬁfra@barel and
materials such as belts, nets, ropes, heavywei ght

fh%@ﬂ%trb%bspu¥ﬁﬁ$%sah% ﬁ%hq¥nh§v15ﬁuavehrenethneérmeﬁ less
t@fbaﬁﬁ/d e {gbs£egérkea Béeéﬁaé iegeﬁiaeelegfs

not ave t onocrystal phase of poly(L-lactic
agpp) icat pohyfdagactiscwidei d) . Therefore even when a

fiber oduyc r|3|n the fiber .of [esent

| nvent R L0EF oRbtna Mo EoRE 11 Sk nbef o b Elfnase
ppattof dthe §d erof @recffdzemaqg omal teniang, wdiraitkeeferably
Slnce the quallty, texture and S|ze of the fiber ,

.1 %, much'more preferably 0.2 to 6.5 %, particularly
preferably 0.3 to 6 %, ideally 0.5 to 6 %. If the heat
shrinkage factor is large, when a fiber product is exposed
to a high temperature such as ironing, it shrinks and becomes
smaller and cannot be put to practical use.

The stereo crystallization ratio of the fiber of the
present invention is preferably 90 to 100 %, more preferably

0,

95 to 100 %, much more preferably 28 to 100 %.

N

The fiber of the present invention has substantially
a single melting peak in the differential scanning
calorimeter (DSC) measurement, the melting peak temperature
is 195°C or higher, and the stereo crystallization ratio
obtained by the wide-angle X-ray diffraction (XRD)

measurement is not less than 90 $. The fiber of the present

invention has iron resistance at 170°C.
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product of the present invention are not inpaired by
ironing, it can be expected to be used for

i ndustrial application in which it is used at a high
tenperature. 30 Exanples Theiboll owi ng exanples are
provided for the purpose of further illustrating the
present invention but are in no way to be taken as
lim.ting. The values in the exanples were 20
oﬁ?é%ﬁéd%?a{‘ﬁ\é%ouom ng methods. (1) Reduction

vi scosithe PiB@rgoef thBeppekyner iMasndis80hy9dbeMudld as
m_ of . tetrachl oroet hane/ phenol (volune ratio of 1/1)

t BYAEABEF eYABN| QT ¥ALRI PEACOFSLRS| $Ychni? gfabse 3b¢ sting,
(%écﬁﬁh%&la&?iﬁﬁ?n@%f%ﬂf%ﬁ' M Te Wel,8Pher, i
aver age nol ecul ar wei ght of the pol yner was obt ar red
wingli GPCEormeédnmhntenpetangr Eibér A0hoxhl Dildéorod spyn yarn

c ! WiLih ol ystyrene standard..sanple. 10 (3
PIRBE P Parhhrr PP BE L o T GBof 1o didaene
di iteacibonhdsagr aiynasceesor degs0a1 a0zh TRGhNYatPbakBd

b usin%gthe ROTA FLEX RU200B X-ray diffraction )
a%’ﬁa?—%& t SErgngEdy PRk ocd stapcg and, shgdskagRdeesistance,

W £ RedBrotE 48SPE SELOD rTRhogd - sader o tsgl%g]; QL1 0Wb08n fabric,
conditions. In the 15 obtainrned X-ray diffraction

dingrapgd Bokif i rand irom -iwwnersifiapr ipr.of Theti st hehe present
e . di rection was tained .and then the stere
PR R T DR BEPeP k08B Pree Higntiver of
ttiee tot@defer thvestioh.t he integral intensities of
diffraction _peaks derived fromthe stereoconpl ex

cryst alShich e atRF DBl cR bind i 2N P Amdvamrgecusly

ansb @49 @k kNeyi stedral shPEersi 1yck&M of L B3erwears and
di ffracti on peak derived from a honocrystal WAT Ch
apprtlas edc tdui araer talls. $u¢h ax commmos! \wads t hewterior

(b S0t it Lo Splode 'L 1S FSLATRLRE
biaodkgs tottiedl mete25 adwospdt asfsalm 4 haedst frcitdd ,OReavy weight
i ntensit rofile in the _equator direction as, shown
Ilﬂakﬁjgc, ?it?ans, elts and filters, and vehicle interior
materials.

The fiber of the present invention does not have the
homocrystal phase of poly{L-lactic acid) or poly(D-lactic
acid) . Therefore, even when a fiber product comprising the
fiber of the present invention is ironed, there is no
possibility that part of the fiber is softened, molten and
shrunk. Since the quality, texture and size of the fiber
product of the present invention are not impaired by ironing,
it can be expected to be used for industrial application in

which it is used at a high temperature.

Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no

way to be taken as limiting. The values in the examples were
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X-ray source: Cu-Ku line (confocal mrror) CQutput:
45 kV x 70 mA Slit: 1 mmto 0.8 mmin dianeter 30
Canera length: 120 mmIntegral time: 10 m nutes
Sanple: length of 3 cm 35 ng,gc ratio (a) =
[err]lsci/ ([err]lsci + Im) x 100 ([err]lsci = Isci

+obgedned B§3rhandoisewinly metnoagd) is the integral
|ntenS|tg of a diffraction peak around at 29 =
i

21
1219, 2Beguc opAVHSFopaLyrel ti ng point, crystal
nEItlngopfgk SfyﬁﬁﬁaP8E§ﬁéggwa§taﬁ%sgfgg$ratuiszgﬁoof

crystal nelting ent py~ neasur enen
dtﬁtEaehﬂpabeSbanangenaﬂorWﬁéh&e ¢Sy of TAL) to measure
Lry of the sanple

hggﬁ %?PBnYF88ﬁ?%£a épi?gpe%%on365c at a

t epper akdlf §ht eéﬁ&ﬂ&g@%é@é@u9£r1@@i§hﬁ k@, Ni trogen
at nosphere. The honocrystal nelting peak,

honocr ySRave€itt Ayeragartglaoutanpedghyr ef the polymer was
h |
QﬂPgiﬁéﬁa& @ﬁtﬁﬁ@ Hﬁ?LQ%HL%%%a%Q%pE? g %Sgéﬁisroform)

mel ting pe stereoco
tbﬁp@@ﬁp@resandwsthreopohpryrenysbahndakﬁiBgmple

al py. were obtai i rst_scanning. (
Sﬁ’ J(;ngt te%?%n%ﬂ?%%fﬁjézaf%e PR EC nb3s u?%‘al%z a
sanpl e Aergthyodi 25r £k B dl&g&%ﬂﬁh&@ redbedel 39 gn imaging
cmimin by using the "Tensilon™ tensile tester of

@12 oY dpsing t ghe (R9TA [ BHEX eBVEP R CcE- ray0dthf XadBion
B SACL Ok e IRIDIHAMANE LA 110,20 B, LES B, ¢he

roned Mﬁ an |1 ron aVlng a sur ace enper
of raA¥OC $ o3 thesdrwhdadee eval st leowiey bea_tiltlons . In the

i st.an fiber based on changes in the )
A & Yoy Bl B RS L B PR 1S incensity
frotd OV e 0 1e iiHee BloRiatehe disedt 106 RRLaBhea i fed Nend then the
shape, size andTexture of the dishcloth 25 before

TR AT ar e alel o1 e i Qi e wWiiuwashettasinesl from
Qﬁu§nﬂgkﬁ_$ﬁg&_of the integral intensities of diffraction
peaks derived from the stereocomplex crystal which appeared
around at 26 = 12.0°, 20.7° and 24.0° and the integral
intensity Iy of a diffraction peak derived from a homocrystal
which appeared around at 20 = 16.5° in accordance with the
following formula. XIg; and Iy were estimated by
eliminating diffuse scattering caused by the background or
amorphia from the diffraction intensity profile in the
equator direction as shown in Fig. 1.

X-ray source: Cu-Ka line (confocal mirror)
Output: 45 kV x 70 mA

Slit: 1 mm to 0.8 mm in diameter

Camera length: 120 mm

Integral time: 10 minutes

Sample: length of 3 cm, 35 mg

Sc ratio (%) = ZIgei/ (EIge: + Igy) x 100

(EISCi = Tge1 + Taocs + Isc3, and Teci (i =1 to 3) is the integ’ral
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Unacceptabl e: X the fusion of single yarn or the
thermal deformation and rough texture of the

di shcloth before the treatnent are seen 30 (7)
Measur ement of heat shrinkagesfactor at 150 C This
was mneasured in accordance with JI'S L-1013 8. 18. 2.

a) ntPhedugt e @a@wa%tlioxp@@g%cgkeﬂnefaPOieftreﬁzAb 2230 . 7°
100 Earts by wei ght of L-lactide having an opti cal

pQEi €4 -8f -99. 8 % (manuf actured by Misashi no Chenica

%Q?ratﬁ Yei %%q%g}ynerl JFQEQtE?%y?EEkZe%rygggl melting

inside o was su
nstacgehempaﬂaﬁu?epacrystby meﬂghngoénShaapylmahsah@hent

cat al ystrharh- Sl Pt eSint i Sh Shy s St Sineter (oso)

18.@CTi0Iné?-tﬂ@fhlér$t§0c@S tio- I Gfle @1 POl YBBhg JBi She sample
pol yne was_washed in a 7 % acetone sol ution of SN

h‘y@l? olwi%@qi cEERT oA tesmsva e & 36PsEC a6 astemperature
= %@bgt98£yf§EeA%f Ibecégﬁgb%§'$e91995 gﬁraékoggﬂe%e The

uction viscosit
ahemageyabhbcméhtlmglgh&kofh¢ﬁ6¢®9@tantmhadlng (start)
of 168C. ts cr i zation point

t (T I
b0l Pae heBbefuater tal it Bt aa  BY aqREerBaCaolex
petyses1 %ﬂtﬂelgogéb& byté@é@&%m?ie@d@@ﬂﬂemgﬁﬁhﬂg edtart)

optical purity of 99.8 % (nmanufactured by Misashino
CheRPeER tUT ISR E6RY SOEPHP eﬁﬂ%rE%@%B‘W&iﬁing'enthalpy’were

p n the pol yneri zer was
%%?é%%:%ybﬁbﬁ?%r%%%ﬁngﬁ%d 0.2 part 20 by wei ght of

st@hrylswmtdt antorgDSiqrart by weight of tin

octyl at a_catal yst me e added t

ol yrerTEa QFF SN T At Ko AT hdiem and
da PAnNAErs rEhtleSoﬁoi’:Nr@ﬁ/mi/i@%yV\@%ﬁﬁ@ tRed Tes AL& L ONnsile
sol ution of 5N hydrochloric acid to renove the

cfa%%tF%to%oO%%e@%e%b@%rn Betymer A2. The 25 obtai ned

dyneqr%%ﬁyggfbgéﬁg@tlon viscosity of 2.65 (m/g)
and a weil ght average nol ecul ar wei ght of 200, 000. It

had aAngld iorg Xpdiontm( Aipholotii6@as|mgde from the fiber to

Cbré/%tegk:leldza% on 8|c1nv$1tlg TC):Lron hav?ucl:g a surface temperature

of 170°C for 30 seconds to evaluate the heat resistance of
the fiber based on changes in the shape, size andTexture of
the dishcloth. The following criteria were used.
Acceptable: O the shape, size andTexture of the dishcloth
before the treatment are well maintained without the fusion
of single vyarn
Unacceptable: X the fusion of single yarn or the thermal
deformation and rough texture of the dishcloth before the
fireatment are seen
{7) Measurement of heat shrinkage factor at 150 °C

This was measured in accordance with JIS 1L-1013 8. 18.

2. a).

Production Example 1: production of polymer Al
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30 Exanple 1 (nolten spun yarn) Chips of the pol yners

Al and A2 were prepared and m xed together in a

Al /A2 weight ratio of 50/50 by a twin-cylinder nixer

to prepare a chip blend which,yas then dried at 110C

23 under reduced pressure for 5 hours. 0.5 part by

vei ght pho SQFE 8¢, de 1BHOYSENED 5681 ge havinilAan optical
6-di -tert-butyl phenol) phosphate (Adecastab -11)
(BveibgecpabPi 8l & dnanvfartvred hy MuasashddedChemiocel

p [ 0 [ (Mo t I |ti 5. .
iEabEratall Hie ch et B9 pp L befdidute | e ins1de of
mahéi pelhayt hger awdsublies streve@xXvy udetremehn £) &od edl. 2 part
froma, spi nneret havin Egi e}Flgction holes with a ,
dPEEE 00T Speamvat a4cphed 3Rd BatP gawtm PYTHETORE of tin
o@&a%;msﬂes@;r 8 AS G RErBYaiEPEBHAG-E YU NEISTyme dlzat 1on
bundl ed, applied by a lubricant and wound up at a

rate f C 10250haiisrs @ 8S0be ATPANESt & erdhedyar Ahistpelymer
upstretahed s yvarg hadoaope £aiho:0h & Uengabadnioric acia
singl'ecrystal nelting pea erirve rom
stereononpl ke ataR2¢svhea apasdredtéyn polymer Al. The
di fferential_ scanni n}g Cgal ori_neter (D,S(%. 15

(SPFRERAT Rp Lamsat Aty 2 r?eﬁ?}iu?ﬁf@nu%i%%tﬁéé’fy%rW (m1/g)
V\Qﬁdsérﬁéfqﬁ@' a@eﬁaéetma_@écayarp&@bﬁﬁt!89 2bo /006, anfk had
heated at 180 C to obtain a_fiber having a fineness
of BFYtgTexpoontf(Tm) The bbBarned s ety HoWeldzapoien point
sk@g{e el 1ing.peak derived froma stereoconpl ex

crysta conposed of poly(L-lactic acid) and
poly(D-lactic acid) in the differential scanning

cal ori neter (DSC)_neasurenent and bhad mel ting

TR E O S e A R N

wi de- angd @ paFdy 1K fihd gt off NBapdd el th&F idP0R SHtical
strength ofﬁ%. 3 cﬁ' dTei;i},?'lIl an el ongation of 3514{80 anglgigt
@@tltxh@f nkage %aém@lﬁuﬁacqu@iobygwmﬁh;m Gheni ped

f. D654 Fariged %%oaad@il L 0det NAehnetQ 63 I ¥R8UL e of
itoning test —at 170C, "a rupfure, pérforatidn,

f wise ooy 1ymoegpivess ngedh agdestt higned ol meinstaysat, chahge.2 part
Vﬁ;eweqogthts%%nstearyl alcohol and 0.05 part by weight of tin
octylate as a catalyst were added to carry out polymerization
at 190°C for 2 hours so as to produce a polymer. This polymer
was washed in a 7 % acetone solution of 5N hydrochloric acid
to remove the catalyst so as to obtain polymer A2. The
obtained polymer A2 had a reduction viscosity of 2.65 (ml/g)
and a weight average molecular weight of 200,000. It had
a melting point (Tm) of 176°C. Its crystallization point

(Tc) was 139°C.

Example 1
(molten spun yarn)

Chips of the polymers Al and A2 were prepared and mixed
together in a A1/A2 weight ratio of 50/50 by a twin-cylinder

mixer to prepare a chip blend which was then dried at 110°C
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30 and the fiber was evaluated as 0. These results

are shown in Tables 1 and 2. Exanples 2 to 4 The
operation of Exanple 1 was repeated except that 24

the anmount and heat treatnment,genperature of the
phosphate netal salt were changed. At this point,
sEhABabibityedNsire S&LE Chabid iHouer e0sat bt ackprveight of
and yarn break, fluff and fusjon were rarely seen-

THeAE 88 14 135 NS RReP i fi ( abt &5~ 51t ik Ylphgeel) phosphate
: £ . N deri
??Lgégngabbﬁﬁ“fE?:igvgrgég?bgﬁgiéééE@iﬁﬁ er Sf'gﬁﬂn) was

om a st éreoconp Crys measur enent’,
anddefiecorsloni pgrpealy tvenpEraodr ehivasi2pCamd hhghersulting

Conpar ati ve Exapples 1 _an 10 _The operation_of . :
SRARBI EC 1R 0] BRBat bl BLehy T RALE T BRGREne having
Met@buised tsVasy REI HERG- and &fecheattidreat gﬁnhneret having
tenperature was changed to 155C and 180C. The results

akel shewniom Mabtesvithml diams gxoiplle25 wWieatonlyate of
tgsoayg&ggg particle dianmeter of the phosphate netal
sal't anple 1 was changed to 15 m the nunber of
fl uf f s Bhe gitdained neasedraat coled edi by af sppimimggeylinder,

d retchi ng, However, this_increase was not_so_ bi
a3l 6Ec GARP AR ntotr FUPT BBl eMC Aot 2t 2 e of
sirgtehgdnyar focevtdinbanebtatorda Phi-her ences udstretched
physi cal properties between the stretched yarn of

Examp|ead aafg Ré 16t PEt BhePihhTdof EXBAPECT Bt gnelting
nﬁége&@fie—%d@fmréééi@o% Le 3 Wepe & Ne, OPerald @Ped by
of Exanple was repeated except that 0.5 part by

wei ghf fefent i@l naganning calorimeter (DSC).

2, 2- et hyl enebi s(4, 6-di -tert-butyl phenyl phosphat e)

hydr oxi de (Adecastab NA-21) was used as the phosphate

met el e B86n Akt , heasubleaedlepepduct was violently

produced at the tine of spinning, naking. spinni

n
di ffi cufkis unstretehed yarn was stretched to 3.5g

times by
preheating at 70°C and heated at 180°C to obtain a fiber having
a fineness of 579 dTex/201 £il. The obtained fiber showed
a single melting peak derived from a stereocomplex crystal
composed of poly(L-lactic acid) and poly(D-lactic acild) in
the differential scanning calorimeter (DSC) measurement and
had a melting point of 224°C. The fiber had a Sc ratio imn
the wide-angle X-ray diffraction measurement of 100 %, a
strength of 3.3 cN/dTex, an elongation of 35 % and a heat
shrinkage factor at 150°C of 5 %. When the obtained fiber
was formed into a cylinder net to carry out an ironing test
at 170°C, a rupture, perforation, fusion,

roughening/hardening and dimensional change were not seen
and the fiber was evaluated ags O. These results are shown

in Tables 1 and 2.

Examples 2 to 4

The operation of Example 1 was repeated except that
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I ENON PLdr=x OW U,5N 41 NIdHOOIn
O ~4co rdEI I NMH 04 (d E x OyvUNt x 0
JJ Nspa P, MOLnL>2IdENLNMTIrl "~ R Id|OW

041 Uc f Ma) M ri mO dyri HNri NHQrIl ri
Wo ON r-AHQ P4 HH, r-i S21ra OOIn Oa -~y

14 heDambtultk Qapbit hedt H f@dcdent temperature of the phosphate
metal salt were changed. At this point, spinnability and
stretchability were satisfactory, and yarn break, fluff and
fﬁsion were rarely seen. The results are shown in Tables
1 and 2. The obtained fiber showed a single melting peak
derived from a stereocomplex crystal in the DSC measurement,

and the melting peak temperature was 210°C or higher.

Comparative Examples 1 and 2

The operation of Example 1 was repeated except that
the phosphate metal salt was not used and the heat treatment
temperature was changed to 155°C and 180°C. The results are

shown in Tables 1 and 2.

Example 5
When only the average particle diameter of the

phoéphate metal salt in Example 1 was changed to 15 pm, the
number of fluffs slightly increased at the time of spinning
and stretching. However, this increase was not so big to
become an industrial problem, and good stretched yarn could
be obtained. Differences inphysical properties between the
stretched yarn of Example 1 and the stretched yarn of Example

5 were not seen.

Comparative Example 3

When the operation of Example 1 was repeated except
that 0.5 part by weight of aluminum
2,2umethylenebis(4,6—di—tert—butylphenylphosphate)
hydroxide (Adecastab NA-21) was used as the phosphate metal
salt, a sublimed product was violently produced at the time

of spinning, making spinning difficult.
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U r-1 tn b) NNa) SCONO01 G NMMO3ri N UU
cd 4 N-HNONS4to ry QID 0OONON OF, F,

P4 P rd SC,H(d NHNNNri E-, Wtoto >1to fd

a) a) r-4f HOO trl d+ Mr@vsdi ~CO-HNH-rHN
MOE-H U U k UWJ-7 43 (1) r01 SO1 -ri rd M
4Effe@t>©ﬁ meri-ihvd-dhticbh(d u -1 S UI rd WP,

4-J P, ~4 ddddNJJE Pa

H Pa Paie Jfl}be%ﬁ o iF PGS (Jd“{ﬁnﬁ\%%l is %qﬁt&%lallﬁf

QOnp@s&d 1df nly a stereocomplex phase and has excellent
strength and heat resistance and a low heat shrinkage factor.

In the manufacturing method of the present invention,
a composition comprising poly(L-lactic acid) (component A),
poly (D-lactic acid} {component B) and a phosphate metal salt
{component C) 1s melt spun into yarn. Since this molten
composition is substantially amorphous in wide-angle X-ray
diffraction measurement and shows substantially a single
melting peak derived from a stereocomplex crystal in the DSC
measurement, it has such high spinnability that it can be
gpun and stretched stably.

The obtained unstretched yarn and stretched yarn are
substantially amorphous in the wide-angle X-ray diffraction
measurement and shows substantially a single melting peak
derived from a stereocomplex crystal in the DSC measurement.
As a result, even when the yvarn is heated at a temperature
equal to or higher than the crystal melting pointse of
poly(L-lactic acid) and poly{(D-lactic acid), a fiber having
a-high.stereo crystallization ratio and excellent strength
and heat resistance can be obtained without the partial

melting of poly(L-lactic acid) and poly(D-lactic acid).

Industrial Feasibility

Since the fiber of the present invention has a high
stereo crystallization ratio and excellent strength, heat
resistance and shrinkage resistance, it can provide various
fiber products such as a woven fabric, knitted fabric and

non-woven fabric.



-4 N-9-HN-H-H4 NHJJ hk 41 O }4Uri U H
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o (1) ZJ-3 27 Effect of the Invention The fiber of

the present invention is substamtially conposed of

ogly a stgtgpconplex phase and has excel | ent

strengt it aiGke BRdfe Sits BafOBPRSE ta oMo whiedt compimileage (1)

F @el197 (1.3 aldt ildNgc TN HAGHY LR MBiN9de 9{;9% Er_?ci lge(rﬁ%lslsanrt weight

invention, a conposition conpri’sing po
abitd} 0 (eApPeneAl , APO (ewhydihtaddi,c (At) Bolic@miereatitc acid)
B a netal salt conponent_C) is nelt

S L e e e e ap o £PoROP 0 200, 000
s Ubstpotiealt] B)asmEpHaus )i v . wideoanglarts &y Hight of a
d%ﬁfraﬁﬁion nmeasur enent and shows substantiallya
s

grERafe) Fiehg Lpsak tddrriegnensmta dpsecoopnpiogx parts by
ciwyshak bR the 056G F@S&H@r@cﬂﬁﬁaoﬂén 5\ %Lgﬁ;ﬁglagg having a

spinnability that it can be spun and str

sEaBERItIheLoBt &i fed1ldnsi/dfelred yarn and stretched
10 Yarn are 15 substantially anmorphous in the

wi de-angle X-ray diffraction nmeasurenment and shows

shbst anThal f yber sickglreline tbnglpeak , deidread EhaMBosphate
stege?conglex Cé%stal in the DSC neasurenent. As a
rBEhRL, SBVEn (GABRORRRE ya} nlfsaheamreund sepeepented sy the

efual olOngr rBL-@NeL Yhanci-heserystal melting points of
20 poly(L-lactic acid) and poly(D-lactic acid), a

fi ber having R
O R,
O/
I

AN

0 R,
(1)

Rj P
15 wherein R, is a hydrogen atom or alkyl group having 1 to 4
carbon atoms, R, and R; are each independently a hydrogen atom
or alkyl group having 1 to 12 carbon atoms, M; is an alkali

metal atom or alkali earth metal atom, and p is 1 or 2,
0 // Ry
M5 O P \O©R5
R
6 2

20 wherein Ri, R; and R are each independently a hydrogen atom

P (2)

or alkyl group having 1 to 12 carbon atoms, M, is an alkali
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a high stereo crystallization ratio and excell ent

strength and heat resistance can be obtai ned w thout

the partial nelting of poly(L-lactic acid) and

poly(D-lactic acid). 25 Industyrial Feasibility Since

the fiber of the present invention has a high stereo

cgshal bitzat benalakilo asdtexeeltkanttshl,eaabhy hgat or 2.

resi stance and shrinkage resistance, it can prOV|de

various fiber products such as a woven fabric,

k@' ttedTE@bfiEeﬁn&iccg’Pdm% ﬂ@vﬂbbﬁbf feiy 22§rh19}1A11%(§ a heat
A fiber nade of a conposi tion ich conprises (I)

p@hylpkagacﬁactagldﬁ A&vi’'Agod Weilght agekage

nol ecul ar wei ght of 50,000 to 300, 000 (conponent A),

(ii) poly(D-lactic acid) 5 having a weight average

mal. ecul 'aheV\EilgdjE WcdBilPed ang0Bne 090 {comonerb B)which

and (iij) 0.01 to 5 parts_by weight of a phosphate

nEF§| S%P‘Fa(l&éﬁ%éﬁeﬁt Seyg%as@elaﬁngoseglsr {5 g§fferential
wetghhing EQ@OLQE‘[@‘:E@C ébgé Cﬁ@ﬂ@ﬂ%@%ﬂé a%omgleﬁllﬂg peak

having a~ strength o 10
f T—b@PeaéturdICﬁ@ 106° éfl @ m113hameaadra sherphosplstal 1ization

rELel o3l L Lomanert O (5.9 comound CepresenLed B

Fﬁotslashyﬂh@geaoa%on1or al kyl group having 1 to 4
carbon atons, R2 and R3 are each independently a
hydrogen atom or al kyl group having 1 to 12 carbon

at oS, Ml i 15) 1} %Jé&@fdlﬂﬁe%' aﬂ?er r? of cﬁ%‘f Eﬁ 4 which

nmetal atom. and p is or 2, erein

REaandr @5 Hﬁ%l%@@hcenQprﬁGenCLy a hydrogen atom or

al kyl group having 1 to 12 carbon atons, M2 is an

alkali 29 netal atomor alkali earth netal atom and
psis 1 mmeRhoddf mhaufabeturasga dibert CoptiBihPEnd steps

ECh has a heat shrinkage factor at 150C of 0.1 to

(1) melt spinning a composition which comprises (i)
poly (L-lactic acid) having a weight average molecular weight
of 50,000 to 300,000 (component A), {(ii) poly(D-lactic acid)
having a weight average molecular weight of 50,000 to 300,000
{component B) and (iii) 0.01 to 5 parts by weight of a
phosphate metal salt (component C) based on 100 parts by
weight of the total of the components A and B to obtain
unstretched varn;

{2) stretching the unstretched yarn to obtain
stretched yarn; and

(3} heating the stretched yarn at 150 to 220°C.

7. The manufacturing method according to claim 6, wherein
the phosphate metal salt (component C) is a compound

represented by the following formula (1} or (2):
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5 4. The fiber according to any one of clains 1 to 3
whi ch has substantially a single nelting peak in
differential scanning calorineter (DSC) neasurenent,
a nelting peak tenperature oB0195C or higher, and a
stereo ¢rystallizatigon 10 ratio jn w de-angle X-ray
i on ( XRD) not |ess than 90 O.
fi ber according
has iron resg
ufactudj' afib onpri si
|t spi g a co osition mhich conprises (i)
pﬂéy t average
molledqular wei 20 o 50 000 to 00, 000 (conponent
A, (i) poly?Ebngtlc havi ng a wei ght average
. 000 (conponent
ight of a (1)
based on 100 parts
mponents A and B to

(ii1) 0.01 to 5 Yyarys by
phosphgte netal salt (¢bnponent
by weight of the totaRjof the

obéain. unstr?{gped arn; %) hg &chin tﬂe .

HSTFELBhet Yarh FE T REO Fat eréd Ly dFRIPafviny 1 to 4
heatbsg dttensst Retelied, ¥2enadh 158ependddCy3Dnidrdhen atom
nanufacturlng nmet hod according to claim®6, wherein

tPE PHEShIEES 10wl tocbAPBAERPD GLeRS a Mokpowmd Lkall
rﬁ@{f% mﬁ{@ﬂ 9¥ Ngaf ol %933‘%%&95’1“5@0&.1) a0 gZJS 1 or 2,

err erein IS a rogen atom or alkyl*gro
having A to 4 carbon at ons, and R3 are each
i ndependently a hyg{ogen ato r al kyl group having
1 to }2 carlidpn At ons I\/Il i's | kali 5 metal atom or

eart H| nét al i's 1 or 2, [err]

eldgh i dependently a
hydr qgen atom {or al ‘ group haying 1 to 12 carbon
[ i metal/atjpomor alkali earth

atom and\p i861 or 2./

P (2)

wherein Ry, Rs and Rg are each independently a hydrogen atom
or alkyl group having 1 to 12 carbon atoms, M; is an alkali

metal atom or alkalli earth metal atom, and p is 1 or 2.

8. The manufacturing method according to claim 6 or 7,
wherein the unstretched yarn has substantially a single

melting peak in the differential scanning calorimeter (DSC)
measurement, and the melting peak temperature is 195°C or

higher.

9. The manufacturing method according to any one of claims
6 to 8, wherein the phosphate metal salt is particulate with

an average particle diameter of 0.01 to 10 pm.

10. A fiber product comprising the fiber of any one of



10 8. The manufacturing nethod according to claim®6
or 7, wherein the unstretched yarn has substantially
a single nelting peak in the differential scanning
calorineter (DSC) neasurenent, and the melting peak
tenperature is 195C or 15 hlg%e 9. The
n@mggﬁgtyrtgg5nethod according to any one of clains

to 8, wherein the phosphate netal salt is
partlculate with an average particle dianmeter of
0.01 to 10 m 20 10. A fiber product conprising the
fiber of any one of 31 clains 1 to 5.



