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1 DESCRIPTION POLYLACTIC ACID COMPOSITION TECHNICAL
FIELD 5 The present invention relates to a composition containing
polylactic acid. More specifically, it relates to a composition which
contains polylactic acid, has excellent heat stability, mechanical strength
and color, and can be stored for a long tlme. 10 BACKGROUND ART
Since most plastics are light in wgightHeuwglt apd durable and can be
molded easily and arbitrarily, they are mass-produced to support our lives

in many ways. However15Hvher pldstied arEHFowh B into the

environment, they are not easily decomposed and are accumulated.
When they are burnt, they emit a large amount of carbon dioxide, thereby
aé@?&%ﬁﬁ&ﬁloﬁbﬁ rming. In view of this situation, researches into
resins matlee 2@ frogenen-nikrawdnaieriads arnkisdegragdablerplastias: on

which. are degrade be microorganisms_are now actively under way. The
G dBG DS pRLtES RS SrribRatic KT BoRate: G Andihre dasiiy L2t es
degraged dyrmisioorganismisz Howeeves i theychavellowdieat staliljtyrane

a serio roblem such as.25 a reduction in their molecular weights qr the
S RS B S TR R e g, ana
tepaperature tsuctdad meltss pliamigg finjeetion molding or melt film

formation. Although polylactic acid, out of the degradable 30 plastics, is a
plastic which has excellent heat resistance and good balance between
cHdFBRE PRBBhaMTERI strength, when it is compared with petroleum-based

resins typifigd y polyethylene terephthalat i ere is still
world of difference in he%‘i stabilitygbegtv%e%%t%@% %qéyg&%%%% e'un?-égé%tlgd%nd

ré&ﬁ@hﬁﬁbﬁﬁgoﬁﬁ@ﬂﬁ?smﬁﬂﬁﬁﬁ easily and arbitrarily, they are

mass-produced to support our lives in many ways. However,
when plastics are thrown away into the environment, they are
not easily decomposed and are accumulated. When they are
burnt, they emit a large amount of carbon dioxide, thereby
accelerating global warming.

In view of this situation, researches into resins made
from non-cil raw materials or biodegradable plastics which
are degraded by microorganisms are now actively under way.
The biodegradable plastics have an aliphatic carboxylate
unit and are easily degraded by microorganisms. However,
they have low heat stability and a serious problem such as
a reduction in their molecular weights or the deterioration
of their colors in the step where they are exposed to a high
temperature, suchasmelt spinning, injectionmolding or melt
film formation.

Although polylactic acid, out of the degradable
plastics, is a plastic which has excellent heat resistance
and good balance between cclor and mechanical strength, when
it is compared with petroleum-based resins typified by
polyethylene terephthalate and polyamide, there is still a

world of difference in heat stability between it and the
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various studies have been made on the improvement of the heat stability
of polylactic acid. For example, Patent Document 1 proposes that a
phosphoric acid-based compound or 5 phosphorous acid-based
compound is added to polylactic acid as a catalyst deactivator when the
molecular weight reaches 50, 000 or mofe. Patent Documents 2 and 3

tegeh thatamagidic ehqsphigte or ohelatipg Agsnkisaddedas & catalyst
deactivator to improve the heat stability of polylactic acid. 10 However,
th¥ HftRib 6?&@%&%‘{%&%@ e 15F-ATERQITSNASHIRE the heat

palylagtic aei¢ asimBateni Bocymenta 1 impedesa sghsedeeMent Document
polymerization reaction, thereby making it impossible to obtain a

highXiGIBESEF weitht FolyMBFRMEAhRS te RefRrprredppated or
digtiosethby dbPatendi Dossserismoanichd caysesdba eresiod Dictic acid

production_equipment or the deterioration qf the hydrolytic resistance of
B 10 15 A" THe CHeILig agBAt EhNTRHATd dBoge s Teaches

thetesin due
gereraliyohas tovrheat Fesistanceandraurns befare B teetahcatadyshis acidic
supplied, thereby causi erious 20 colaration,and bad smell. A

dé%gri%gg% %vé}fra %%E/QF%: icatid ggr%%oéiﬁo%%v%ﬁ i%h asﬁp%re%as\égsjb‘éﬁ%
op‘eaﬂnﬁg:?pmth?e{immmmagsedt@ﬁthearesad@dpbiwg@iﬁaitmhydaaalys;t acid.
angaedyctionin @8&%&%%%@“%%@&3&%’%5 gagﬂgga@@w to the

chain and 25 has excellent heat stability is not p ed yet. (Patent
DeéemeRt. B-IHpanese iRdenP NoY 2862071 FPatermtDocumehel; Document

Japanese Ratent @a&%@é@d@ﬁﬁwfi%e%@ FoAr 1938658130, ey
DISCLOSURE OF THE INVENTION 1t is an object of the present

inVektisiPtol provitlRC 8 Thio s rrRRR At ohtaiH g BoRyRkse wkiF aig habt
excsliontheat stabiifynand colendt iscanothernbiectihgthepreseiisca py
invention to provide a composition which has 3 a high content of a

stBregtompIBK WISt BxleflePHERS rédiStarice PR M etiors 8FiRet ton
pregetbinyantion have tundithatration of the hydrolytic resistance

of the resin due to its acidity. The chelating agent
enumerated above generally has low heat resistance and burns
before a metal catalyst is supplied, thereby causing serious
cecloration and bad smell.

As described above, a polylactic acid composition
which suppresses both opening polymerization caused by the
residual polymerization catalyst and a reduction in
molecular weight by the disconnection of the main chain and
has excellent heat stability is not proposed vyet.

(Patent Document 1) Japanese Patent No. 2862071
(Patent Document 2) Japanese Patent No. 3487388
(Patent Document 3} JP~A 10-36651

DISCLOSURE OF TEHE INVENTION

Tt is an object of the present invention to provide
a composition which contains polylactic acid and has
excellent heat stability and color. It is another object

of the present invention to provide a composition which has
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when a phosphono-fatty acid ester is contained in polylactic 5 acid, the
residual catalyst contained in the polylactic acid can be deactivated

effectively, thereby making it possible to improve the heat stability and

color of the polylactic acid. The present igvention has been accomplished
based on this finding. 10 That is, according to the present invention, there

is aproviged ereamposition whicheeiiaips 001 Ozl paddy weightohaneat
metal catalyst and 0.001 to 0.5 part by weight of a phosphono-fatty acid
esterBAsed 6iF 100 parts by weight of polylactic acid. According to the

present inveetionyth there isiprovidedesmotded peacuictofithee found that,
composifan, Suiher, aseqrding to the presentinvention, there s .,
provided a process of manutacturing & composition Whith eont&ifg g v tactic
stersodomplexcerysaihby mixirg. togethen polyakedadtic @e potdylactic acid
paly- tic_acid,. rej 20 one of poly-L-lactic acid an .
o e B e N P S oo

intRe praserice bhe. 0Gkto 65pan byyveight ofcd phiospgharioefattylaciget ic
ester; haseghon 100 parts by, wejght of the total gapg%@ggags dog on

poly-D-lactic acid. 25 BEST MODE FOR CARRYING OU
INVENTIONEE8mposition> (polylactic acid) Polylactic acid is a polymer

essentiallyrﬁgm%,edaofcé@@ilﬁgtie@%g@f@@rﬁeni%%&%@!'f&\ﬂ_@% is

formula, The polylactic acid is preferably poly-L-lactic acid, poly-D-lactic
adid O 3Rk tdr e PRRSST L FAOPORRE FACcROBERIE R Polffbrishien 1 part by

cantaigharolslactieeacid unitas $ha: maia compenentand she pely-Bylaglic gn .
ag?l% is a olg/mer 4 which contains a D-lactic acid unit as the main _
c p%r%%? :@T&EE}%—&BW?Cld ester based on 100 parts by weight

of polylactic acid. According to the present invention,
there is provided a molded product of the composition.
Further, according to the present invention, there is
provided a process of manufacturing a composition which
contains a stereocomplex crystal by mixing together
poly-L-lactic acid and poly-D-lactic acid, wherein at least
one of poly-L-lactic acid and poly-D-lactic acid contains
ametal catalyst and the mixing is carried out in the presence
of 0.001 to 0.5 part by weight of a phosphono-fatty acid ester
based on 100 parts by weight of the total of poly-L-lactic

acid and poly-D-lactic acid.

BEST MODE FOR CARRYING OUT THE INVENTION
<compositions>
(polylactic acid)

Polylactic acid is a polymer essentially composed of
a lactic acidunit represented by the following formula. The
polylactic acid is preferably poly-L-lactic acid,
poly-D-lactic acid or a mixture thereof. The poly-L-lactic
acid is a polymer which contains an IL.-lactic acid unit as

the main component and the poly-D-lactic acid is a polymer
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The poly-L-lactic acid contains preferably 90 to 100 mol%, more

preferably 95 to 100 moll, much more preferably 5 98 to 100 moll of an

L-lactic acid unit. Other units include a D-lactic acid unit and units other

than lactic acid. The total amount of the D-lactic acid unit and units other

than lactic acid is preferably 0 to 10 mol%, more preferably 0 to 5 moll,

m r y.0to % : -D-Jactic acid_contains

prg?gg;})?y%ég{g%{gg rﬁaoo%}o,%r%%orée%rﬁgﬁa I)‘/B gg Tt:o al%ot‘:gnl%Itfgran:ltj%hcr(r%rori eonent'

preferably 98 to 100 mol % of a D-lactic acid unit. Other units include an

L-lactic #cid unit andginits Qther than lactic acid. The total amount of the

L-lacticfacid unit and linits dther than 15 lactic acid is preferably 0 to 10
&éepré&feratly UT6]5 mol%, much more preferably 0 to 2 mol%.

its other than lactic gcid include units derived from dicarboxylic

acids, polyhydric alcohols,” hydroxycarboxylic acids and lactones having a

functional 20 group capable of forming at least two ester bonds and units

derived framepglyastens, palyethers and pelvearhanaies. eemprsHgdhess 100

as cqnstituent components. The dicarboxylic acids include succinic acid,

adigit *aciliCAseRicCAGE: cicabia, 8 phthafic dErfFangess preferably

isephthalicodcido Thesgolyhyiricateoholsdiclude aliphatie potyhydrics include

alcohols such as ethylene.glycol, propylene glycol, putanediol, ,

e HeA ROl S S e h b B mes b1 85, The

disthlyleheaglyoolt: tigthyleneoglyealt polyethylena ptycohB@ands other than

pol le 0l, romati yhydric.alcohqls 5 _such as a

a lﬂ%cr?g%ébi%g%%%w%hr}dgt ?/Z%?é ggi(ge.t%]él %y%?gx%a%oo%df%%%%rably 0

in€ladé ghyebtic atitanddwelraxyblariztagd.OrHeolagtonesinclude

glycollide +§- lacton ide,s- lac - I .

Sy Toone 5 ofy b atactan hvbldlaciond g L 2A38% 2o 100

8-Natefolafore. Thefifdight avétagemblkeunsr Weight@wer theoreferably

98 to 100 mol% of a D-~lactic acid unit. Other units include

an L-lactic acid unit and units other than lactic acid. The
total amount of the L-lactic acid unit and units other than
lactic acid is preferably 0 to 10 mol%, more preferably 0
to 5 mol%, much more preferably 0 to 2 mol%.

The units other than lactic acid include units derived
from dicarboxylic acids, polvhydric alcohols,
hydroxycarboxylic acids and lactones having a functional
group capable of forming at least two ester bonds and units
derived from polyesters, polyethers and polycarbonates
comprising these as constituent components.

The dicarboxylic acids include succinic acid, adipic
acid, azelaic acid, sebacic acid, terephthalic acid and
isophthalic acid. The polyhydric alcohols include
aliphatic polyhydric alcohols such as ethylene glycol,
propylene glycol, butanediol, pentanediol, hexanediol,
octanediol, glycerin, sorbitan, neopentyl glycol,
diethylene glycol, triethylene glycol, polyethylene glycol,
and polypropylene glycol, and arocmatic polyhydric alcohols
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poly-L-lactic acid or poly-D-lactic acid is preferably 50,000 to 500,000,
more preferably 150,000 to 350,000. The 10 weight average molecular
weight is a value in terms of standard polystyrene measured by gel
permeation chromatography (GPC) using chloroform as an eluent. The
poly-L-lactic acid and the poly-D-lactic actd can be manufactured by

knowmymgthods. Egrexample. they.san b %ﬁ%ng%rgﬁévo@aa&igg The

L-lactide and D-lactide in the presence of a metal cat or ring opening

polfAsRZatonR: Fegyedti el e riatvedehey cmirBd marriactand by

heajingdewmneloeylar weight petyacticacidyhich gentains @1’?@@ilide,
or

catalyst under a reduced pressure or in an inert gas 20 stream

solitpiiselSeIPR A AAsH Aftkt Aoy areapyetdiveanturtherrtipychnctone,
bes maniaciurediyndired pelymerization i whichdactic,adidi$,1 scrone and

dehydrated and condensed in the presence or absence of an organic

sdVeiR - P& bR HEtZation reaction can be carried outin a 25

conventiormally kreivhreagter fofexasipeesticalsaagtors (equippedc he

with a high yiscosity stirring blade such_as helical ribbon bJade, which

may % »%é%aaq%%g o?%l(%orﬁgin%ﬁoxw,&)ﬁslaaf&fo? iy e hSedh§ FErably
pdiymeérizatian friitiatod. 0T hewcateobalgireferally daas, natimpedestheooc.  The

p |zat] 30 polylactic acid and. is, nonvolatile exemplified b
d%?\%ﬁédé eeg%é), tgltérg?géqc%%%f h%?(égsg%anloi Sictgt?aéfélaenojnri ?/Fer%e ot
glmnﬁ@ﬂ@lmlm%Mwagmmb% Q@Sqi_ieirpimsgion_
Patuperizalian meifiod agelatively, lpvrioleaulal welght lagie AGid, .
polyester obtained by the 6 above ring-opening polymerization or the

direct polyReratiznbf ltic Heid sigsad astdprasolymer. lads preferred can

frena theviswpaint afpiayentingfusioprthat the prepalymer should be, .1 1,0
crystallized at a temperature of 5 its glass transition temperature (Tg) or

hiGRECERFToWe? dhah iSRERRE PoittATh)ds aBvané: Trtdgstalizeghe
prepelyaeidssharged int-a fixed yertieal reactph ka1 Flar, 18RRI SUGh: on
a%ggggS%gaggbgnd£§€g¥ggg§$el%ssthey‘can be manufactured by
heating low-molecular weight polylactic acid which contains
a metal catalyst under a reduced pressure or in an inert gas
stream for solid-phase polymerization after they are
crystallized. Further, they can be manufactured by direct
polymerization in which lactic acid is dehydrated and
condensed in the presence or absence of an organic solvent.
The polymerization reaction can be carried out in a
conventicnally known reactor, for example, vertical reactors
equipped with a high viscosity stirring blade such as helical
ribbon blade, which may be used alone or in combinaticn. An
alcohol may be used as a polymerization initiator. The
alcohol preferably does not impede the polymerization of
poiylacticacidand is nonvolatile, as exemplified by decanol,
dodecanol, tetradecanol, hexadecanol, octadecanol,
ethylene glycol, triethylene glycol and benzyl alcchol.
In the solid-phase polymerization method, a relatively

low-molecular weight lactic acid polyester obtained by the
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transition temperature (Tg) or higher and lower than the 10 melting point
(Tm) . There will be no problem if the polymerization temperature is
raised stepwise along with the proceeding of polymerization. It is also
preferred that the inside of the reactor should be reduced or the heated
inert gas stream should be circulated in érder to remove water 15

generated during solid-phase polymerization effectively. The polylactic
ac?%g}feﬁerraqb?ﬁcgrﬁgﬁlﬁlsnaq slfér)%eﬁclgrﬁl)@}cjr?&aﬁrrh?&oé‘l]a)é%gécid
ccpmdimmglalmfeocombléﬁcnyfstal@led&"sﬂg&dcam@eppe@d@cﬁher. It
add - Jhisleteosomplax PRYIRAICASKLIES 8 19N IS 20 POINL A0 o
excellent heat resistance. The stereocomplex cr far is formed by mixing
togéme@p@mlmrc Foipand pely D-lectie btz dnlthis caseetheareightre of
ratie of the, poly-LJactic-acid te the poly:Drjacticagid &prﬁ%‘gﬁg a Dower
to 10/90, more preferably 75/25 to 25/75, much more 25 preferably 60/4

to 0760, e Weihht Ade@ETholeEUar Weigit viaee stefdteoniiterallized

PRlylagkciagidis preferably 400,000 40 :500,000; mare preferably;100,00Q,, 5

to 300,000. The weight average molecular weight is a value in terms of

StARdAraY3s poR/sBiretit i éas dlbyFdePpefmeatnt Rvt@d graphye glass
(GRGhysigshleraigiaras @pLlueny) The cantent of thesterspecomplex, the
crystal is preferably 80 to 100 0, more preferably 95 to 100 O . In the

sté COHPISC Pty IACTY acid iR EHE prestht P eRfom %RE br8pdrfiok Bt 7

melibgrpeaks 2t 195G enpighet to-melingpeaks nHbewienpLIBHEwith the
elevation process egﬁured by a differential s.cannin%calorimeter DSC)

isireferably 88 % of foracmiore praferably 004 drm&tE ShtchThordat the
preferaly ef % oe merec Sokhe heiting peintdsipreferalty 195 02663 inert

OSPSISRY P00 E Te SVl Pl e D e

thaetrrgropdrtidmofigelting péakb at 2950 1 pmisighertolmeltinf fosaks e Ly .

the temperglure. gleyalign s ¢ acig preferably contains a
stereocompiex crystal. This polylactic acid containing a
stereocomplex crystal is called “stereocomplex polylactic
acid”. This stereocomplex polylacticacidhasahighmelting
point and excellent heat resistance. The stereocomplex
crystal is formed by mixing together poly-L-lactic acid and
poly-D-lactic acid. In this case, the weight ratio of the
poly-L-lactic acid to the poly-D-lactic acid ig preferably
50/10 to 10/3%0, more preferably 75/25 to 25/75, much more
preferably 60/40 to 40/60.

The weight average molecular weight of the
stereocomplex polylactic acid is preferably 100,000 to
500,000, more preferably 100,000 to 300,000. The weight
average molecular weight is a value in terms of standard
polystyrene measured by gel permeation chromatography (GPC)
using chloroform as an eluent.

The content of the stereocomplex crystal is preferably
80 to 100 %, more preferably 95 to 100 %. In the stereocomplex

polylactic acid in the present invention, the proportion of
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10 process measured by the differential scanning calorimeter (DSC) be
90 % or more, the melting point be 195 to 250C, and the enthalpy of
melting be 20 J/g or more. The stereocomplex polylactic acid can be
manufactured by mixing together poly-L-lactic acid and poly-D-lactic acid
15 in a predetermined weight ratio. The rﬁixing can be carried out in the

Presence.gf a,saivent Ihessolyent is H@fgﬂégi%!?rh{étr@&%fgh;g&ﬁgs in the
dissolve poly-L-lactic acid and poly-D-lactic acid. Preferredexamples o
thE FBRRF? GHEIGdE LRIGRGFoPR, RIEM\RESe BRIbADE sdichivreetladdsaent ial

teyaghlaragthane Jahenol detrabyenofuan, NApethyinyrsgfidong, wore, more

N,N-dimethylformamide, butyrolactone, trioxane and
heXafhi6 0fANnG| RAICIPAR UBSKFRICHE G BT BERBHRHONSF tv@sr more.

mores The Mixiggmaybe saried aulin the absenes gba §%&@-§f@f§jably
p(t)%)é-L-lactic acid 25 and poly-D-lactic acid are melt kneaded together.
S

WY Rofe Spdeificallye £Smetfodih RhickedredBRniinBd ahsoits %R0 I/9
paly-Imtaelc acid-anskealy-R:-taclicacid/aremixed-dogether anghthentmel 11y,
kneaded together, or. a method in which any one of them is molten and .
Ok (8 BTET 15 £ aib 18 bl SO CaRE B uith RS By G 195°C
employédhémetad catalysthhe ssttal datalystis tprefesatly @reorepenind: i on
Whi%gc%oné[airgs as'Elllexaesé ne rpﬁteal g}lﬁgéedefrr;%ry E'Elﬂe Egl’OlIJ]p 8 consiitinlg,of -
aIEall ear%h me?gls, raré ea?r]th metals, third Tow fFansition Irjhlertlglsfja crimeter
aluP#ium pgerdfarfiumy tinemne  artineomye Ithenglkab eatthimmetadSincludes 0 ° C,
m esium, calcj d_stronti rare earth tals include
B o e S ok S
metals inéli8esiteiy, cobanpriekePand zime tTheanétl camlysttanbéactured

23{}1%1%%@3&6&9&0}55@?%c-%g%ﬂ@%@i@é@& pratyloxide ot one. ;4

these metals, or enolate of (3-diketone. When polymerization activity
ard'10 E0I6FareTaRER fiftotohiierafiér Qin oehfatditihipfiman be carried

teraisopropoxideaac ajuraindm tiisppropoxide af@e solvent is not

particularly limited if it can dissolve pely-L-lactic acid
and pely-D-lactic acid. Preferred examples of the solvent
include chloroform, methylene chloride, dichlorcethane,
tetrachlorcethane, phenol, tetrahydrofuran,
N-methylpyrrolidone, N,N-dimethylformamide, butyrolactone,
trioxane and hexaflucroisopropanol which are used alone or
in combination of two or more. The mixing may be carried
out in the absence of a solvent. That is, poly-L-lactic acid
and poly-D-lactic acid are melt kneaded together. Stated
more specifically, a method in which predetermined amounts
of poly-L-lactic acid and poly-D-lactic acid are mixed
together and then melt kneaded together, or a method in which
any cne of them is molten and then the other is added to and

kneaded with the molten one may be employed.

{metal catalyst)
The metal catalyst is preferably a compound which

contains at least one metal selected from the group
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particularly preferred. The content of the metal catalyst is 0.001 to 0.1 part
by weight, preferably 0.005 to 0.05 part by weight based on 15 1.00 parts
by weight of the polylactic acid. When the content of the metal catalyst is
too low, the polymerization rate greatly drops disadvantageously. When
the content is too high, coloring occurs by reaction heat, or opening

po izati r.ester.interchange reaction is accelerated, 20 whereby .
th&%%o%%%ggt%sggm%y%f the oehtglr?;tdi Eilzsér‘nproasft?or? %EEéZ‘m“ée&v%é%c third
Theovohkan ot theomatareataly st iy initd ge@0snpart bycweightl antimony.
preferably dax 10210 hathy wiiohl hased ANLLOQ parts by eight ol

the polylactic acid as a metal 25 element. The amount of the meta
eléfmepfieamBe detBmMITEE BRICR B@issich Bnal/site (phesphomo-faty rium,

acid getesh e phasrhonosfatty agid esteruseddn the-presept 39 nerais

invention is a compound in which a diester phosphonate moiety and a
carBoxyaR mMoTety aeBbnided togetiel byish Aidhatic hydrocarbon

group. Sincedhiephaspheno{alty asid gateidgashromatic dge@ylac_t_ ic acid
transparent and has excellent heat resistance, the obtained composition

&S PgOBH IO 1§ Sarfiduiary: SephbpRoheRatly &fcedd hairgametals,

chemicab strustare ptthedeliowing fosmeta fHRFALIdes A-gead Lesult, Qv ang
the of)'ect of the present invention. Rglo--/P-,-f H ()R35R2(r)2 (1) Inthe
abiove Torfitia, RT T2 HRIRS APE 48 Ghdspenderity St 4hgF§rodpt tanium

heangng 4 te @0meabori dtorandr arvirgrup havingttorkd carhin atems.
Examples. of the alkyl up include ethyl group, propyl group, butyl

g %E?ﬁgr?%{/ﬁfggrc%]rgﬁ%xzpﬁegééup, decyl group and octadecyl! group.
Examplesifahecarylegroupfinchelephedykgroapasnd haphtlialenesylo . 1 part

argun, Tyl QIouRnaY be isyited by, 8 Q9N AN A2 ceq on
group having 1 to'8 carbon atoms.
100 parts by weight of the polylactic acid. When the content
of the metal catalyst is too low, the polymerization rate
greatly drops disadvantageously. When the content is too
high, coloring occurs by reaction heat, or opening
polymerization or ester interchange reaction is accelerated,
whereby the color and heat stability of the obtained
composition become worse.
The content of the metal catalyst is 2 x 107% to 0.05
part by weight, preferably 1 x 10 to 0.03 part by weight
based on 100 parts by weight of the polylactic acid as a metal

element. The amount of the metal element can be determined

by ICP emission analysis.

(phosphono-fatty acid ester)

The phosphono-fatty acid ester used in the present
invention is a compound in which a diester phosphonate moiety
and a carboxylate molety are bonded together by an aliphatic
hydrocarbon group. Since this phosphono-fatty acid ester
is achromatic and transparent and has excellent heat

resistance, the obtained composition has a good color.
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Examples of the substituent halogen atom include fluorine 15 atom,

chlorine atom and bromine atom. Examples of the substituent alkyl group
include ethyl group, propyl group, butyl group, pentyl group and hexyl

group. R1 to R3 may be the same or different. n is an integer of 1 to 3.
Examples of the compound represented By the formula 20 (1) include

ethyl di 0 te, ethyl. di-n-propylphosphonoacetate, ethyl .
B oA e R M can
digt-oegphosphbridue diatel @iyie s dirmesyighosplonvaeetatgcettiytesult
di-nsdedecyiphnsphopgacsiate, ethyl di-n-acfagecylphosphonoacetate,
ethyl diphenylphosphonoacetate, decyl diethylphosphonoacetate,

dodecyl diethylphosphonoacetate, octadecyl 30 diethylphosphonoacetate,
ethyl diethylphosphonppropionate, ethyl di-n-propylphosphonopropionate,
ethyl 10 g‘%n-butylph sphonopropionate, ethyl

di-n-hexyl lgnate, ethyl di-n-octylphosphonopropionate,
etﬁylodi-r)’-de hasphonOpropionate, ethyl 5
di-n-daglecylphos’phonopropionate, etw

di-n-octadecylphosphonopropionate, ethyl diphenylphosphonopropionate,
decyl diethylptiesphdaopropionates, fodecyl miethylphesphvaopeapionate,

octadecyl 10 diethylphosphonopropionate, ethyl
RS TREAAREROBUGIt. St A Br Bk R FRE G FEome o=
dia-pltgpbospherndhgytate, thyla dbnhestydpirosphobpiysate, fethyd 15 kyi

di-n-octylpho hé)nob fyrate ethyl di-n-de(iyl hosphonobutyrate, ethyl

. T Y ‘ ;

dl%g}blgelc’{;l% gsp ce)nucl)%/ut at%l,l fhﬁrc}py grou% gul%y% group, pentyl
group, hexyl group, decyl group and octadecyl group.

Examples of the aryl group include phenyl group and
naphthalene-yl group. The aryl group may be substituted by
a halogen atom or alkyl group having 1 to 8 carbon atoms.
Examples of the substituent halogen atom include fluorine
atom, chlorine atom and bromine atom. Examples of the
gubstituent alkyl group include ethyl group, propyl group,
butyl group, pentyl group and hexyl group. R; toc R; may be
the same or different. n is an integer of 1 to 3.

Examples of the compound represented by the formula
(1) include ethyl diethylphosphonoacetate, ethyl
di-n-propylphosphonoacetate, ethyl
di-n-butylphosphonoacetate, ethyl
di-n-hexylphosphonoacetate, ethyl
di-n-octylphosphonoacetate, ethyl
di-n-decylphosphonoacetate, ethyl
di-n~dodecylphosphonoacetate, ethyl
di-n-octadecylphosphonocacetate, ethyl
diphenylphosphonoacetate, decyl diethylphosphonoacetate,
dodecyl diethylphosphonoacetate, octadecyl
diethylphosphoncacetate, ethyl diethylphosphoncpropionate,
ethyl di-n-propylphosphonopropicnate, ethyl
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di-n-octadecylphosphonobutyrate, ethyl diphenylphosphonobutyrate,
decyl diethylphosphonobutyrate, 20 dodecyl diethylphosphonobutyrate
and octadecyl diethylphosphonobutyrate. Ethyl diethylphosphonoacetate,
ethyl di-n-propylphosphonoacetate, ethyl di-n-butylphosphonoacetate,
ethyl 25 di-n-hexylphosphonoacetate, dé&l diethylphosphonoacetate and

octadecyl diethylphosphonoacetate are preferred from the viewpoint of
ef Ea(%/)g)nck égﬁglﬁfgg%la%%g?ﬁ the- orrlr%eﬁ%’ (1?,{:’W é(n the number of carbon
at8insn ohRAMo B ocessthenasking oimy df the 30

phesphopadfatt ﬂggﬁ%qotﬁqggq%%@%e’r than,the production

temperature of the palylactic acid or the composition, whereby it can be
fufly nibtéaanohpeR TP ERRDicteinetad tdardlyst efficiently. The

phpsphongAatty acid Ssigihas, A5 Aliphatic pygr%%bon group between

the diester 11 phosphonate moiety and the carboxylate moiety. To
captare e CRIIGPEAREPTH BiPpdlylagtidiacid efficiently, in

thgifgm%@ﬂéhogﬂﬁl&%%r@@m@ﬁgg@gerdggg,{o 3. 5 The content of the
phosphono-fatty acid ester is 0. 001 to 0.5 part by weight, preferably 0.02

1o 8 AR R ERRETRIREARPIGE Part BySHght of the polylactic acid.
Whest Higl eondentrefibe pbesehena-fatty-acidester is too low, the
deactivatign efficiency of the residual metal catalyst 10 becomes
e@eerﬁgﬁg\ﬁ?l’?@ ARARRY AP ASussTHiIE Yo obtain a satisfactory effect.
Wineatthe ontent issteohighytheecortammation of a mold or a nozzle
u%e.d at the tim okrgol ircl)%o rs inni g bec%ti%ei marked. To mix the

ph&s—p%z)%léﬁg?fy BedEsterwith e T pblyﬁzac acid in the present

ingdentioryuhey miay dehadddd: ywithowe beghdiilited or after they are

di&gggﬁ_ﬁl%r fg}%%pwéﬁgﬁ%g%%g tpeh’os_%t%(?lrl%ol-fatty acid ester or a solid

phosphono-tatty acid ester having a melting point of lower
di-n-octylphosphoncbutyrate, ethyl
di-n-decylphosphonobutyrate, ethyl
di-n-dedecylphosphonobutyrate, ethyl
di~n-octadecylphosphonobutyrate, ethyl
diphenylphosphonobutyrate, decyl diethylphosphonobutyrate
dodecyl diethylphosphonobutyrate and octadecyl
diethyliphosphoncbutyrate.

Ethyl diethylphosphonoacetate, ethyl
di-n-propylphosphonoacetate, ethyl
di-n-butylphosphonoacetate, ethyl
di-n-hexylphosphonoacetate, decyl diethylphospheonoacetate
and octadecyl diethylphosphonoacetate are preferred from the
viewpoint of efficacy and handling ease.

In the formula (1), when the number of carbon ztoms
of Ry to R; is 20 or less, the melting point of the
phosphono-fatty acid ester becomes lower than the production
temperature of the polylactic acid or the composition,
whereby it can be fully molten and mixed and capture the metal
catalyst efficiently. The phosphono-fatty acid ester has

an aliphatic hydrocarbcon group between the diester

I
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than 150C is used, it may be added to a reactor directly 20 to be kneaded
in the latter stage of polymerization in the ring-opening polymerization
method. It may be kneaded in an extruder or kneader as a master batch
which is a molded chip. The use of an extruder or kneader is preferred
from the viewpoint of a uniform distributioh in the polylactic 25 acid. It is

al a n tt i ould. dded fr
T e ugRture

ditdegy PMEanARfe iy iHe sehaLFHaRechdiymahsation indtho: i iecid
passiole e kpead sojidpalylagtic,aeid qhtaingd atthe end 300+ an integer

polymerization with the phosphono-fatty acid ester in an extrudér or
krigader,%8 khead the solid polylactic acid with a master batch containing

the phosphrao-iaity aecid esteny pak extiuder grdneadert9 santast theo o031
chip directly to steam of the phosphono-fatty acid ester, or to immerse or

spray 12 tHa ChibWitita FBfutidrsTiRc PrbEpRoRs-aly bofd Ry, by weight
<prasess ohmanwuiaeiutag Bompesiion>ckhe peesent veptior iIRGUEES awhen
progess of 5 manufacturing a composition which contajns a ,
StErB0COMPIER Crystal RGEOGERer BoIfY -REHE abiiSHg 18 Foo low.
palrd-daciic acich mikeredf dtileastane of polyd dactiitdaaill attal catalyst
paly-D-lactic acid contains a metal catalyst and the mijxing is carried out .
b prosbe ot b OO0 6578 & 0By TG preforably D162 fo oroPEaim
part by wigidlatadfer phe§fleario-fattihacid Bsterdyasedon 1G0 paxts bygh, the
WeIgAL Oh [0 118t Pabid iack A0 ARPROERAH A A% A% BE S 1 ding
poly-L-lactic acid, the poly-D-lactic acid, the metal catalyst and the

ProteSP HRMERGIf ALt dditEth B pisesphono-fatty acid ester, please refer

to the seotign fgr, the,eompesiiaR-the:ixing maype.carried aubin the,
presence of a solvent. The solvent is not particularly limited if it can
diBSdive poRLL-1actCadid B¢ polEDIREtd A¥RIN PO Prefdifay sratnples added

oftheselvenidnelyde gefobR after they are diluted. For example,
when a liguid phosphono-fatty acid ester or a solid
prhosphono-fatty acid ester having a melting point of lower
than 150°C is used, it may be added to a reactor directly
to be kneaded in the latter stage of peclymerization in the
ring-opening polymerization method. It may be kneaded in
an extruder or kneader as a master batch which is a molded
chip. The use of an extruder or kneader is preferred from
the viewpoint of a uniform distribution in the polylactic
acid. It is alsc preferred that the phosphono-fatty acid
ester should be added from a side feeder by connecting the
discharge part of a reactor to an extruder directly.
Meanwhile, in the solid-phase polymerization method, it is
possible to knead solid polylactic acid obtained at the end
of polymerization with the phosphono-fatty acid ester in an
extruder or kneader, to knead the solid polylactic acid with
a master batch containing the phosphono-fatty acid ester by
an extruder or kneader, to contact the chip directly to steam

of the phosphono-fatty acid ester, or to immerse or spray
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methylene chloride, dichloroethane, tetrachloroethane, phenol,
tetrahydrofuran, N-methylpyrrolidone, N,N-dimethylformamide,
butyrolactone, trioxane and hexafluoroisopropanol which are used alone
or in combination 25 of two or more. The mixing may be carried out in the
absence of a solvent. That is, poly-L-lact@acid and poly-D-lactic acid

et Sbeted QaT et A

ecifically, @ method in@ ‘
which predetermined amounts of p a t?goac? and pc?ly-%fléaccffé adid o r

are mixed together and then melt 30 kneaded together, or a method in

whigh 5ay Qnef them is smplien Agd thep te;ethepis added to and

kneaded with the molten one may be employed. In the above method, the
following pal§-LPREFEREd BHE PhiD-lARLake aré nidsrgatinf. The

syibkalg d3-denels hedehpungsubstancesn (DRl LAacicaclt e ccomplex
containing_substantially no metal catalyst (Lc) poly-L-lactic acid

comtifing a Metd cat st asp) pbhReactit ok Edftarfiigiathetal
catalyst-and acphespione;acataled D) poty-Ddastic asid ORtBNG-1.-1actic
substantially no metal catalyst (Dc) poly-D-lactic acid containing a metal
oyt TO(DES) Bo-DLREG AoRFCGhiETTigd irbtal @RARL ARFaLyst and
phdsphahesacetate (P phospheno=faity agic eptee Matdesl (k) anddPcpy 0.5
are_mi together. Mode 2: (L), (Dc) and_(P) are mixed together. 15
Mgagéﬁfc)%?ﬁ?egﬁd (Bfgree%%%gytoogé@lzergﬁl0%924:%15)?:( ) ¥RdgBy of @
arelmixeddogethet.tiodeis @s)andi{Bspilarenmixetl togetheoyMededhr of
ixed together.. Made. Z: (Lcp) and (Dc) are mixed .
ggg@%ﬁrgég %\Aaé(ger%%%?cp a%n%E lccp)aac(re:édm%g(la t%gg#]gf natﬁelrﬁeﬁ'ucoﬁ?' As
théompedioiyofthegsrédent ink@ntiore poly-D-lactic acid, the metal

catalyst and the process of manufacturing the
phosphono-fatty acid ester, please refer to the section for
the composition.

The mixing may be carried out in the presence of a
solvent. The solvent is not particularly limited if it can
dissolive poly-L-iactic acid and poly-D-lactic acid.
Preferred examples of the solvent include chioroform,
methylene chloride, dichloroethane, tetrachloroethane,
phenol, tetrahydrofuran, N-methylpyrrolidone,
N,N-dimethylformamide, butvrolactone, trioxane and
hexafluorciscpreopancl which are used alone or in combination
of two or mere. The mixing may be carried out in the absence
of a solvent. That is, poly-L-lactic acid and poly-D-lactic
acid may be melt kneaded together. Statedmore specifically,
amethod in which predetermined amounts of poly-L-lactic acid
and poly-D-lactic acid are mixed together and then melt
kneaded together, or a method in which any one of them is
molten and then the other is added to and kneaded with the
molten cne may bhe employed.

In the above method, the following poly-L-lactic acid
and poly-D-lactic acid are mixed together. The gymbols
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is preferably manufactured by mixing together (i) a composition obtained

by adding a phosphono-fatty acid ester to poly-L-lactic acid manufactured

in the presence of a metal 25 catalyst and (ii) a composition obtained by
adding a phosphono-fatty acid ester to poly-D-lactic acid manufactured in
the presence of a metal catalyst. The mixihg can be carried out in the
prgg%%cceeotc%éolyggt_,c Thle mgxlbbsetrarl\glééneaded together in the

absence of a solvent. 30 The composition 5t the present invention has
exCelleio &plok ahd dtieat sebilily, corsrcidmin welmbkecolsr Weigoofetal
thgacgglré’pﬂtion at the time of heating is dramatically suppressed, and the
composifion can be advantageously used for melt spinning, melt film
folthatiorP aAY Mjectiot-ieldied: A 4 Theaddrgubitiormetthe prasentyst
inverton may-pe molded:intg, & e, film o offerfopm - Ihe Meldedsr ang a
product may contain additives which are generally used for ordinary resin
mBRfREPBrIRICES 8hRh %is deterioration inhibitors including 5 antioxidant,
weathefroofes,-light resisting agemang; AYARIVsisEasisiNg-A080tne metal
molding aids including flame retardant, nucleating agent, lubricant, talc,
g158< feS Shatural fiber, chemical fiber, cut fiber and whisker, pigment
angbeye. g Examplest The feliowing exampiassare previgeddartiey st
pu&gosez\1 of f#rtb%rﬁiilustratin the present invention but are in no way to

be takeh & itiRg: PRydiCarproferiddwefe IS niedired bythgYst and a
fobawingimetheoslse fildeeat stability test 10 g of the composition was put

int&, stop Ser%(}j?rlil) rex test tube, the inside of the tube was substituted by
nitroZe , and the tube Wwasg keptla J60C for 10 minutes and 60 minutes
20itmiearty: ouf.a heatistabitit) test: I heiweight ageragermolecular weights
(Mt the composiian beipee a8 alier, th heat siablliylest were

measured by GPC to be compare

Mode 3: (Lc), (D) and (P) are mixed together.
Mode 4: (Lc), (Do) and (P) are mixed together.
Mode 5: (Lc) and (Dcp) are mixed together.
Mode 6: (Lcp) and (D) are mixed together.

Mode 7: {Lcp) and {(Dc) are mixed together.
Mode 8: {Lcp) and {Dcp) are mixed together.

In the method, the composition of the present invention
is preferably manufactured by mixing together (i) a
composition obtained by adding a phosphono-fatty acid ester
to poly-L-lactic acid manufactured in the presence of a metal
catalyst and (ii) a composition obtained by adding a
phosphono-fatty acid ester to poly-D-lactic acid
manufactured in the presence of a metal catalyst. The mixing
can be carried out in the presence of a solvent. They may
e melt kneaded together in the absence of a sclvent.

The composition of the present invention has excellent
color and heat stability, a reduction in the molecular weight
of the composition at the time of heating is dramatically
suppressed, and the composition can be advantageously used

formelt spinning, melt £ilm formation and injectionmelding.
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with each other so as to evaluate its heat stability. 25 [2] weight average
molecular weight (Mw) The weight average molecular weight (Mw) was
measured with the GPC-11 of Showdex Co., Ltd. by dissolving 50 mg of
the composition in 5 ml of chloroform at 40C. The weight average
molecular weight (Mc) was calculated as'4 value in 30 terms of

Polyalveehg. G- conientf gl in.compostion Ihe conien! SLIGEIEAR s nco
the compo ition was measured in eavy Ch oro orm%y USIXg tﬁe
INMEER270 rliclenomayietic IS rusondheespadeal wretshwfJEGY lidntain

angdigaleylated g the, grea ratio of 3 quadiupiedine B?é‘iz@%%% 0 QT;{ molded

ppm) derived from lactide to a quadruple line peak (5.10 to 5.20 ppm)
deRREIFINT pofifstticaRidl BT tonrhi o sterdodohie cAral g 1ing
cofppasitian Jiie, capienrt Qi e stereocomplex crysial as calculaled ang

from the melting enthalpy BHA of a crystal melting point which appeared

at" BB RigRer &7d FwdtIhaq 10bC TtPand e mifmglatthapyrHE Lame
of:a-erystak Aeting poins which appeared ab1906,0r higharandiiower fiper,
than 250C in a_differential scanning calorimeter (DSC) based on the
followitigelydatiSt (25 €& itof StetdoctplEx dRysRd TAHBK G AP+ gment
AHB}} &390 15 (2) [5] color (AYI value) The YI value of a specimen

which had undergone the heat stability test described in the above

paragraph [1] for 60 minutes and the YI value of a 1 wt -*6

digblergmethane solution 20 of the sample before the test were measured

with the U\-24 Pﬁ ultraviolet-visible spectrometer.of Shimadz
CorporatLiJo%r/lI}eT g C\D/gﬁj%gwgéc %a %Eﬁe&l frontiristimu ués1 \%fﬁes#g B%?Ypélnréa ose
Z bastdonae folldwimgeduationt(3% . TheskYikvaleastd @plouindexe in no

was calcylajed from.the fallqwing.equationdd), 25 Xhvalle S 100 Xo ere
(1.28X-1.062)/Y (3)
measured by the following methods.
[1] heat stability tesgt
10 g of the composition was put into a stoppered Pyrex
test tube, the inside of the tube was substituted by nitrogen,
and the tube was kept at 260°C for 10 minutes and 50 minutes
to carry out a heat stability test. The weight average
molecular weights (Mw) of the composition before and after

the heat stability test were measured by GPC tc be compared

with each other so as to evaluate its heat stability.

[2] weight average molecular weight (Mw)

The weight average molecular weight (Mw) was measured
with the GPC-11 of Showdex Co., Ltd. by dissolving 50 mg of
the composition in 5 ml of chloroform at 40°C. The weight
average molecular weight {Mc) was calculated as a value in

terms of polystyrene.

[2] content of lactide in composgition
The content of lactide in the composition was measured

in heavy chloroform by using the JNM-EX270 nuclear magnetic
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AYl value = YI (after heat stability test) - Y1 (before heat stability test) (4)
Reference Example 1 30 synthesis of ethyl diethylphosphonoacetate 100
parts by weight of triethyl phosphite and 100 parts by weight of ethyl
bromoacetate were put into a reactor equipped with a distillation tube,
and the inside of the reactor was substithfed by nitrogen. Subsequently,

th Ct action. Sinc
DT e B AT besertio ot Sl ey g ted ae the
redttieh wesinaitainseednilpie distiatiorasut 6f. DEonethahesoiveerived
d istillation-out r a came moderate, the
rgﬁrt%rry\\//v%%%f%gr r%gtg)d qgé%%?og&i%%%e%fﬁg%ez{gibmo%% i%hﬁrg). ppm)
THiEREEEEEN fRtureWas aigtiiéd aci80C under a normal pressure to

obtain an achromatic transparent liquid (yield of 95 %, boiling point of
177C/760 mmHg). 10 Reference Example 2 Synthesis of ethyl

dibdtyIpHoBpRSH o EtAE AR B Weldht SF fibui fHEBRRd BABB6
parts by weightefirthylbremoacetaie sease Pukiie 2 reactor 515 yas
equipped with a distillation tube, and. the inside of the reactor was

s

N b7 Pt GEN - Ba Bt bR E, ST Feabioh Was héaforsorgs t ing
stpe BrreactionhSkigee bremmobutane as abyrprgdust began dedistllawt 190°c

immediately, the reaction was maintained until the distillation-out of 20 )
OB BTG ST AR T B (HARTORSGR b Bt BB which
begapee modesdte Lthe reactor wagferthenedtedeat X700 te sontinuathe
reaction for 3 hours. The reaction_mixture was disti 180C under a
re%%%%% E(ree%t—éﬁ?g to obtain an acc%% Matic \g%ﬁs p@lgrge%? I%lﬁ i ?yle%qofté}?

25 boiliny point f249CHB0(MIMHg). Reference Example 3 Synthesis of

ety -oNeVIPReIPNONOAGEAIS crystal = {4HB/ (AHA + 0HB)} x 100 %
(2)
(5] color (AYI wvalue)

The YI value of a specimen which had undergone the heat
stability test described in the above paragraph [1] for 60
minutes and the YI value of a 1 wt% dichloromethane solution
of the sample before the test were measured with the UV-2400PC
ultraviolet-visible spectrometer of Shimadzu Corporation.
The YI value was calculated from tristimulus values ¥, Y and
Z based on the following equation (32). The AYI value as a
color index was calculated from the following equation (4).
¥YI value = 100 X (1.28X-1.06Z)/Y (3)

AYTI value = YI {after heat stability test) - YI (before heat
stability test) {4)

Reference Example 1
synthesis of ethyl diethylphosphonoacetate

100 parts by weight of triethyl phosphite and 100 parts
by weight of ethyl bromcacetate were put into a reactor
equipped with a distillation tube, and the inside of the

reactor was substituted by nitrogen. Subsequently, the
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100 parts by weight of trihexyl phosphite and 100 parts 30 by weight of
ethyl bromoacetate were put into a reactor, and the inside of the reactor
was substituted by nitrogen. Subsequently, the reactor was heated at
170C to carry out a reaction for 3 hours while these substances were
heated and refluxed. After excess of etHfP'I bromoacetate was 17 distilled

off a1 80G.under ajeduged pressyre. the teagtion, mixtiire wag distilled.at
190C under a reduced pressure to obtain an achromatic transparent
lidtiertyie lheie 3%, aboHingysoknddf baeero EnthEg). 15 refeteipeediately,

Exgiopie.4 syathesis:of qetadacyl diethylpnosphopoagetate 10Q pas by, ¢
weight of triethyl phosphite and 235 parts by weight of octadecyl

blRBR AR Ferd IR fitodrBacto N e duish<t-with AldistirRtioRdlibe
and hensideof thedsastormas substituted by nitrogen, SubsequentiVnea - ed

the reactor was heated at 100C to start a reaction. Since bromoethane

a&'h By-Prodi& BN R st ot SifietiRtelP five ReaktHn whge reaction
mainteined untikthe; distiliation-aut of dédehromeethane slowesidowssure to
Wréen the distillation-out of bromoethane became moderate, the reactor

w

feirter e dted AMBot to CatTRRTHE reactidh ior 3 Yotrs! e 25 *

réastiohnmixtarerwas €ooled 10 foem tenmpeyature to obtain a precipitate.
The precipitate was collected by filtration 20 and recrystallized with
acetone to obtain a white plate-like crystal (yield of 98 %, melting point of
284dg 8t€pcReferampa &xample 5 synthesis of ethyl

d@ggx!%@%sggoggp%qgiﬁ@t Zg&h OB%rSati%n I?f geé rence Example 1

was repeated except that 1 J8 parts gyw g (t)o?eﬁ]y %romopropionate

was used fopkcetsf T00wasily akightisfistyl lopsgdcetateatol 66 parts

sythgsize ethyl diethylphosphanopronignate, 30 Reference Example 8. .

synthesis of ethyl di-n-Hexylphosphonopropionate

equipped with a distillation tube, and the inside of the
reactor was substituted by nitrogen. Subseguently, the
reactor was heated at 120°C to start a reaction. Since
bromobutane as a by-product began to distill out immediately,
the reaction was maintained until the distillation-out of
bromoethane slowed down. When the distilliation-out of
bromoethane became moderate, The reactor was further heated
at 170°C to continue the reaction for 3 hours. The reacticn
mixture was distilled at 180°C under a reduced pressure to
obtain an achromatic transparent ligquid (yield of 88 %,

boiling point of 249°C/760 mmHg) .

Reference Example 3
Synthesis of ethyl d-n-hexylphogphonoacetate

100 parts by weight of trihexyl phosphite and 100 parts
by weight of ethyl bromoacetate were put into a reactor, and
the inside of the reactor was substituted by nitrogen.
Subsequently, the reactor was heated at 170°C to carry out
a reaction for 3 hours while these substances were heated

and refluxed. After excess of ethyl bromoacetate was
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The operation of Reference Example 3 was repeated except that 108

parts by weight of ethyl bromopropionate was used in place of 100 parts

by weight of ethyl bromoacetate 18 to synthesize ethyl
di-n-hexylphosphonopropionate. Example 1 100 parts by weight of

L-lactide and 0.15 part by weight 5 of stearyl alcohol were fed to a
Pametisann Laaciok fAUIBREHIn 2 £ORING.ASIAUON RS O 8. 5t o
stock feed port in a nitrogen stream. Subsequently, the inside o?t e

reBéfst Wess sasstitited bl ifitogéen BoHHes vaniel- lactivelwasnplteasitre to

190G AWhen L-lactide was completelymplin, lioia&%“ﬁg}fé%o%%p% %,
by weight of tin 2-ethylhexanoate dissolved in 5001 of toluene was

adeeH Ao tRe sickdéed 45orEtPedmrBtEpolymerization at 190C for 1
hour. After the end of polymerization, 0.055 part by weight of ethyl
diethylphosphonoacetate was added from the stock feed port 15 and
knlé%g%a%?% FrATeS SFihally, excess of L-lactide was removed by
vaigtilizatien sanska cempasitipn was whischargrd:ikom the seacior The

Mw and lactide content of the obtained composition are shown in Table 1.

The obtaindd RAPoitEnTas Globid ihtsdiains REGRE 26 4 Biihetet BRtS
2 o/Swatighy usihgha gaiader; ang- b gafdhe igrainsrwag put it a reactor

stoppered Pyrex test tube. The inside of the Pyrex test tube was,
substitutea %y%ﬁ?glge% t%%”csa*‘_f%y g%%%%a RBin st 55608 fo OF the

mireses and Bs minuies. 1Afterdfelmndnafitihe ¢est,. theScarmpasition Was the
taken 2ocuiia [NeAse (s M. ggiqe eontentand LYLvale The o nce

measurement results are shown in e (i Example 2 omp05|t'|on W
prepanskinthe s@an e mamisredint 3EEranpledl exdépt that 0.060pzat-cly,

Dy weighl ol ety drdtbupvighospharpaceiate wasusadinpige OL0.0R% o
part by weight of ethyl diethylphosphonoacetate. The Mw and lactide
cahiensTthe btddey eompeyiion afeashowieindTablelll # heat-stabiligf

tept-was CefigtbolLINANE $AA8rate, the reactor was further heated
at 150°C to continue the reaction for 3 hours. The reaction
mixture was cooled to room temperature to obtain a
precipitate. The precipitate was collected by filtration
and recrystallized with acetone to obtain a white plate-like

crystal (yield of 928 %, melting point of 28 tc 31°C).

Reference Example 5
synthesis of ethyl diethylphosphonopropicnate

The operation of Reference Example 1 was repeated
except that 108 parts by weight of ethyl bromopropicnate was
used in place of 100 parts by weight of ethyl bromoacetate
to synthesize ethyl diethylphosphonopropionate.

Referance Example 6
synthesis of ethyl di-n-hexylphosphonopropionate

The operaticn of Reference Example 3 was repeated
except that 108 parts by weight of ethyl bromopropionate was
used in place of 100 parts by weight of ethyl bromoacetate
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19 manner as in Example 1. The results are shown in Table 1. Example
3 A composition was prepared in the same manner as in 5 Example 1
except that 0.082 part by weight of ethyl di-n-hexylphosphonoacetate was
used in place of 0.055 part by weight of ethyl diethylphosphonoacetate.
The Mw and lactide content of the obtaih@d composition are shown in

Tahle 1. - ili t was cari ' manner as in
E@mé%ﬁ&%ﬁ%ﬁ%ﬁu%@%@sﬁgw% irl1[l ‘%}g%%gf{b II%%‘mp 214 %pcloor%g?):éeition

was prepared in the same manner as in 1.5 Example 1. except that 0.111
p@'&QMﬁ\@;\qqt of octadecyl diethylphosphonoacetate was used in place of
0.055 part by weight of ethyl diethylphosphonoacetate. The Mw and

lactide cobténPBFihe Bistypeditombdsiticitarecshana ih-Tdbrart Ariamight

stabiliytest-yas Lapiadqutia the samernannesAs, <040 Example deJheor
results are shown in Table 1, Example 5 A composition was prepared in

thBBEHRE R AT Bxhhiflet 8kceht Mt tro59part Bpheghterck feed
etbyh25 tiethyiphosphenopiapicnate wasyseghimplage af 10055 palebyr the

weié:]ht of eth\ﬁyl diethylphqsphonoacetate. The Mw and, lactide content of
theshtaREd &%S&ég&ﬁﬁp}%ﬁ ?ﬁ?«{ iR A5 A h&d G abiliR R st weRCt1de

carsiedmanlt e the sanse® Toannehas: i Exaowpleid. whe resuls are-sRowBbiten,

in_Table 1. .30 Ex I co sition w repared in the s
e S B B e O'DS D 8 Wl OF SRy nex=moate
dien-hexylphdsphonoprepionate whsdise dvinsplacea ©f OF@em20h pagidyrk feed

WSQ%E“&S‘(E!X@ t%@%ﬁ%&%??{% IEh% M\%aﬁwc '%%“d.ﬁt ONIENt Ofy £ ex
the obtaine com%osmo are snown in 'IQa Ie%. eat sta%ny est was
cafied vt irrthecsarieanaandrianin Bxarhpleri Theresults gie-sledve thyl
inghialle i phosphonoacetate was added from the stock feed port
and kneaded for 15 minutes. Finally, excess of L-lactide
was removed by volatilization, and a composition was
discharged from the reactor. The Mw and lactide content of
the obtained compositicn are shown in Table 1.
The obtained composition was ground into grains having
a diameter of 2 to 5 mm by using a grinder, and 10 g of the
grains was put into a stoppered Pyrex test tube. The inside
of the Pyrex test tube was substituted by nitrogen to carry
out a heat stability test at 260°C for 10 minutes and 60
minutes. After the end of the test, the composition was taken
cut to measure its Mw, lactide content and AYI value. The

measurement results are gshown in Table 1.

Example 2

A composition was prepared in the same manner as in
Example 1 except that 0.069 part by weight of ethyl
di-n-butylphosphoncacetate was used in place of 0.055 part
by weight of ethyl diethylphosphonoacetate. The Mw and
lactide content of the obtained composition are shown in

Table 1. A heat stability test was carried out in the same
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5 Comparative Example 1 A composition was prepared in the same

manner as in Example 1 except that 0.041 part by weight of triethyl

phosphite was used in place of 0.055 part by weight of ethyl 10
diethylphosphonoacetate. The Mw and lactide content of the obtained
composition are shown in Table 1. A hedt%tability test was carried out in

the same manner as.in Example 1._The results are shown in Table 1. 15
Cénr%ﬁg?artivaésE%anmag eaiﬂﬁi::%rp%po& i%% Was B:‘E%%ré% in qéos‘“g?né Pharete 1-
as in Example 1 except that 0.077 part by weight of triphenyl phosphite

was ysed in place of 0. 055 part by weight of ethyl

diethylphosphonoacetate. The Mw and lactide content of the 20 obtained
compositién 8RFBREW HPTabidsL X RRatsidbility e wiansarnesdoetims in

the same manneyas it ExampleploJ: ﬁleﬁg%ltso@re“%%ﬁi%%%%ﬂyz

Comparative Example 3 25 A composition was prepared in the same

madnsr &SI ERERTIE ISREFIREE SHRE distRipHBsBhSRcacdafe #B8 part
nojyaedadnkhesvweand ctde epptast ot fie-phianedcompositian pifeana
sI‘ian in Table 1. A heat stability test was carried out in the same

m

fAferaSinEXanple £ THe st ArdSRof PR Fdte 1352 shewy in

NWiist &rir.m A0nyatWOtamt I O Waw 1 W@ 08:8-04kr st ONdH: & ame

WmmNOmMN 410441zv11,k.0100N (1) J41lto
manner as in kExample 1. The results are shown in Table 1.

Example 4

A composition was prepared in the same manner as in
Example 1 except that 0.111 part by weight of octadecyl
diethylphosphonoacetate was used in place of 0.055 part by
welght of ethyl diethylphosphoncacetate. The Mw and lactide
content of the obtained composition are shown in Table 1.
A heat stability test was carried out in the same manner as

in Example 1. The results are shown in Table 1.

Example 5

A composition was prepared in the same manner as in
Example 1 except that 0.059 part by weight of ethyl
diethylphosphonopropionate was used in place of ¢.055 part
by weight of ethyl diethylphosphonoacetate. The Mw and
lactide content of the obtained composition are shown in

Table 1. A heat stability test was carried out in the same

manner as in Example 1. The results are shown in Table 1.

Example 6
A compesition was prepared in the same manner as in
Example 1 except that 0.085 part by weight of ethyl

di-n-hexylphosphonopropionate was used in place of 0.055
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iactide content of the obtained composition are shown in
Table 1. A heat stability test was carried ocut in the same

manner as in Example 1. The results are shown in Table 1.

Comparative Example 1

A composition was prepared in the same manner as in
Example 1 except that 0.041 part by weight of triethyl
phosphite was used in place of 0.055 part by weight of ethyl
diethylphosphonoacetate. The Mw and lactide content of the
obtained composition are shown in Table 1. A heat stability
test was carried out in the same manner as in Example 1.

The results are shown in Table 1.

Comparative Example 2

A composition was prepared in the same manner as in
Example 1 except that 0.077 part by weight of triphenyl
phosphite was used in place of €.055 part by weight of ethyl
diethylphosphoncacetate. The Mw and lactide content of the
obtained composition are shown in Table 1. A heat stability

test was carried out in the same manner as in Example 1.

The results are shown in Table 1.

Comparative Example 3

A composition was prepared in the same manner as in
Example 1 except that ethyl diethylphosphonoacetate was not
added. The Mw and lactide content of the ocbtained composition
are shown in Table 1. A heat stability test was carried out
in the same manner as in Example 1. The regults are shown

in Table 1.
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was molten at 190C. When L-lactide was completely molten, 0.05 part by
weight of tin 2-ethylhexanoate and 500 | of 10 toluene were added from

the stock feed port to carry out polymerization at 190C for 1 hour. After

the end of polymerization, 0.055 part by weight of ethyl
diethylphosphonoacetate was added frok®a catalyst injection port and
kneaded for 15 minutes. Finally, excess of 15 L-lactide was removed by
v3i&Af%diSn,and apoly-L-lactic acid composition in the form of a strand
wassischargad-fsomt thexdigshargeqortoftbe deaciapard eubiato a pellet
while it was cooled. 20 (manufacture of poly-D-lactic acid composition) A |
pon-D-Iac%%O;g%rc%ost% s"ft‘?olr?t\f/lv%sog 5£%gﬁ&$r$eagz§79e' akiferagy weight
destribedaabpVeaThatio 1106 parts &y weight pbDyiaetiderand Oxl Sparttor

b ight of, stearyl alcohol were fed.to.a reactor, the inside of the reactor
e T et e e e DRt vk o A reec
190C tWihe Drlactide vasstompletelySmblen G205 prit biysveight dktinf the

2 elhdhexanpate 200300 Ltdglyspayeis, added famdhe siogk feeda or s qe
port to carry out polymerization at 190C for I hour. After the end o
pHFMEzaEGH, 8105580 Part Blrerighticiathylelivthy|plrosphoneasetetd ten,
WRS o t@l}gﬁglc part or.15 minutes.
Fi%éﬁfdgx%e%s%fD%%m e vr\gja%s gnho%d%eyﬁéqgt%%%%éﬁé%n%& Svo pl of

P& ISR CHERIE cHMAPBSitiOR M tHE PR THSHARE rdistfargegry out
freenthacdischarge podof the reacterand 23, 6ut intora pelletyhile ik was

cooled. (formation of stereocomplex) After 50 parts by weight of the pellet

oPREYABOYe 28 bR I8t aci® Lo paLitisR S5 @ paks By veight of

the: pelstigiibe pabribdacticacidlgsin aampasition wergwel - mixgdiection

to§ether, they were kn%aeged to%ether by using the 50C150 Kneader

LEBSDasE il St TBYB S eikiTcd > LI 5 RitrogehtGas Sire i 3 9308 For

10 niavtesd® heatOrstexeoedrbplercdrystal cantentef, thewabdained, - 1.- lact ic

ngfgsgg%bosition.in the form of a strand was digcharged from
the discharge port of the reactor and cut into a pellet while

it was cooled.

(manufacture of poly-D-lactic acid composition)

A poly-D-lactic acid composition was prepared in the
same manner as described above. That is, 100 parts by weight
of D-lactide and 0.15 part by weight of stearyl alcohol were
fed to a reactor,‘the inside of the reactor was then
substituted by nitrogen 5 times, and D-lactide was molten
at 190°C. When D-lactide was completely molten, 0.05 part
by weight of tin 2-ethylhexancate and 500 pl of toluene were
added from the stock feed port to carry cut polymerization
at 190°C for 1 hour. After the end of polymerization, 0.055
part by weight of ethyl diethylphosphonoacetate was added
from a catalyst injection port and kneaded for 15 minutes.
Finally, excess of D-lactide was removed by volatilization,
and a poly-D-lactic aclid composition in the form of a strand

was discharged from the discharge port of the reactor and
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was 99.7 The Mw and lactide content of the obtained composition are
shown in Table 2. The obtained composition was ground into grains
having a diameter of 2 to 5 mm by using a grinder, and 10 g of the 15
grains was put into a stoppered Pyrex test tube. The inside of the Pyrex
test tube was substituted by nitrogen to éarry out a heat stability test at
ZGCOuC(‘: foirnjtoomgngt%%ﬁ%er hfl%nd. %f t‘pg Stest g cdo_mposition was taken
out 10 measure its w, lactide content and ,&\?I Value. The measurement

20 results are shown in Table 2. Example 8 A composition was prepared

in the same.manner %ﬁ:' Exampls £ except that 0.069 part by weight of
etkgyl 25 di-ﬁ-buty%phosp%noagé%te v}\?)as used in place of 0.055 part by

weight of ahiykPdielty|slosphohbarstath ThefMbhsstprebtemplek ¢iystatbove
C%tgaﬁrg&nﬂl@eﬂ%cgeiedﬁtc@r&gssq@ﬁmdaﬁmsg%%grww{gﬂ of the

£
Table 2. The heat stability test of the composition was carried out in the
sdtfie Bohahridta®MExAnpREL IThe FasUkS BisiSRBWRGA Tabfsowere well

Example & A£0MRAstiamwas pEeRarRd da ESAMEMANENES sing the
Example 7 except that 0.082 part by weight of ethyl 24 .
P RORADRBES o AcR A Wt sk ih Flacd @Y. i br Ty welgit of in 2

ethykdiethwiphpspheroacatater The dMw, stereeeomplex:iceystal gaatent
and lactide content of the obtained composition are shown in Table 1,

THE RESES SRR 1SS0 6P i cSAPEEToN Wast &gl bRt iefhecies ition
maaseras in Exanie 7vTheresultsare showsrin dables2. Exampe 49044
cocrg%osition was preparselq in the saqgebgan erasin 10 Example 7

a

excep? fhat Effﬁ Bé:r% by V\C/)é“fgr;lhtg”gf octadet

ecyl diethylphosphonoacetate
was usedimplate efl0.085panh by iweghtwafethybund into grains having

s D IR e ] or e

hegtains was put into a stoppered Pyrex test tube. The inside
of the Pyrex test tube was substituted by nitrogen to carry
out a heat stability test at 260°C for 10 minutes. After
the end of the test, the compeosition was taken out to measure
its Mw, lactide content and AYI value. The measurement

results are shown in Table 2.

Example 8

A composition was prepared in the same manner as in
Example 7 except that 0.069% part by weight of ethyl
di-n-butylphosphoncacetate was used in place of 0.055 part
by weight of ethyl diethylphosphonoacetate. The Mw,
stereocomplex crystal content and lactide content of the
obtained composition are shown in Table 2. The heat
stability test of the composition was carried ouf in the same

manner as in Example 7. The results are shown in Table 2.

Example S
A composition was prepared in the same manner as in

Example 7 except that 0.082 part by weight of ethyl
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15 stability test of the composition was carried out in the same manner as
in Example 7. The results are shown in Table 2. Example 11 A
composition was prepared in the same manner as in 20 Example 7
except that 0.059 part by weight of ethyl diethylphosphonopropionate was
used in place of 0.055 part by weight of*éthyl diethylphosphonoacetate.

The Whé@%@%ﬁ@'ﬁéﬁ%&%‘t@@?%@n%?&deﬁgﬁ%@%wﬁeo 055 part

obtained compdOsition are shown in Table 2. The heat 25 stability tes

theveorggaEifforPfas ebttle o attiR YA® Bafteh aremmer b8 re Exafiyse M,
The resultsarp sbowa.in dable 2,5xamplg 14 A SPPESIionWNaS - o5 the

prepared in the same manner as in 30 Example 7 except that 0.085 part
by et o eBRMRRS LS RosphoReFopidhaté wes Used Mslabeat
0.96anpad by weightof ethyl digibylphesphoneaceiale- e MW, in the same

stereocomplex crystal content and lactide content of the obtained
cOiAPB&TofA Gre ShBUATH Table 2. The A&t 2bt SRy BQHRiHE Table 2.
composition was carried out in the same manner as in Example 7. The
results are shown in Table 2. Comparative Example 4 5 A composition

W%:é{%nr]éjpaereéqn the same manner as in Example 7 except that 0.041 part

by weightzofdrethyls phosphiteswas tispd ie flate of Q05mpart Byweights in
of ethyl diethylphosphonoacetate. The Mw, stereocomplex crystal

cc%r%t%ﬁp gﬁd lIaac ide ec%%te%ﬁ%%th%c}b%ir%%fgom B’os"i’t‘?olrgg‘r% ﬂ% SRSGWATTCY *
Tahlethyhehneatlstaluility st tof the songsabition plas-eawitdoautis thert by
sqiuednanagy asip ample,( Thg. Lesulis ate shown in Table g,
Comparative Example 5 15 A €ornposition was prepared in thé same
mMAPALEas anEbern sle sk pt thet 9207 2part by ssiglet ofaripleentylof the

phesphitemas. used in;place of 0,035 part by, weight of ethyl -, heat

diethylphosphonoacetate. The Mw, stereocomplex crystal content an

la&fiae tontentstiheUblaifed eBROSRigAares carried out in the same

manner as in Example 7. The results are shown in Table 2.

Example 11

A composition was prepared in the same manner as in
Example 7 except that 0.059 part by weight of ethyl
diethylphosphonopropionate was used in place of 0.055 part
by weight of ethyl diethylphosphonocacetate. The Mw,
stereocomplex crystal content and lactide content of the
obtained composition are shown in Table 2. The heat
stability test of the composition was carried out in the same

manner as in Example 7. The results are shown in Table 2.

Example 12

A composition was prepared in the same manner as in
Example 7 except that 0.085 part by weight of ethyl
di-n-hexylphosphonopropionate was used in place of 0.055
part by weight of ethyl diethylphosphonoacetate. The Mw,
stereocomplex crystal content and lactide content of the

obtained composition are shown in Table 2. The heat
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20 shown in Table 2. The heat stability test of the composition was
carried out in the same manner as in Example 7. The results are shown
in Table 2. Comparative Example 6 25 A composition was prepared in the
same manner as in Example 7 without adding a phosphono-fatty acid
ester. The Mw, stereocomplex crystal céatent and lactide content of the

ojeined coruposion 3G RIOWNDIARIS 2, The heal Japity (esLol e, <ane
composition was carrled out In ?hé)same 861 manner as In xamp e ?1
resahsare sfown iBFabiel2. 76 O Fnenty st ¥ ¢Xdt shomViN Talle 2.
mML)WO O000O0OrHN NuUONO4ImNIL\OrMHWWN 41 -~
lyJW~rMMd+d LmNW 0OEU0a03>1 vJ ilO~44IJmNmH
HEPIYR G OiMed Egatpdewtu a) MM d' ItMLnd' MM J, toto N W Lfd

N LEJ-) d N Qe a TEN D A0 NN EE sY the same manner as in

Example 7 except that 0.041 part by weight of triethyl
phosphite was used in place of 0.055 part by weight of ethyl
diethylphosphonoacetate. The Mw, stereocomplex crystal
content and lactide content of the obtained composition are
shown in Table 2. The heat stability test of the compositicn
was carried out in the same manner as in Example 7. The

results are shown in Table 2.

Comparative Example 5

A composition was prepared in the same manner as in
Example 7 except that 0.077 part by welght of triphenyl
rhosphite was used in place of 0.055 part by weight of ethyl
diethylphosphonoacetate. The Mw, stereocomplex crystal
content and lactide content of the obtained composition are
shown in Table 2. The heat stability test of the composition
was carried out in the same manner as in Example 7. The

results are shown in Table 2.

Comparative Examplie 6

A composition was prepared in the same manner as in
Example 7 without adding a phosphono-fatty acid ester. The
Mw, stereocomplex crystal content and lactide content of the
obtained composgiticn are shown in Table 2. The heat
stability test of the composition was carried out in the same

manner as in Example 7. The results are shown in Table 2.
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W W W U U U SC 27 Effect of the Invention The composition of the
present invention has excellent heat stability and hardly experiences a
reduction in its molecular weight at the time of heating. That is, the 5
composition of the present invention harélgl/ forms lactide, cyclic oligomer

or ghakdewynoleeylerigkthg siepuin which heating at 180C or higher is
required such as melt spinning, melt film formation or injection molding

and hardly' &5 ERBRAS S tilitor iRk TREREH ArVSHht Thdap excellent
compasitiorefithe present iteriion hasreaeedeeler.aFudhelcien in its
compositian of the ﬁrﬁsent invz?tion which cantains a steregcomplex
cryStafial excelishPhsal fedidtinde. herbioPE Ahid B8mpddifidn dfthethe
presentomvention i praferredascn taw mmaietaldar yatni fims ©rmtb 1asifide,
m%IdggtPéog %.ts' E‘Qgsgg?l %)gli%aq[ilci)% %infg th comﬁgsﬁion of the . ,
prédent invention has excellent heat atability it ¢an be mettm8lied infd “Pich
yanea 20rfitns.or bBeTdorm MG IGLAIMS- dauA cerpasifion svhieh ceptains: ng,
0.0Q1 to @.1;par ight of etal catalyst and-0.001 to Q.5 part
weight of a pho%%%g\ré% ragftt%/ %rg le%f'ee?%%ajéé onrllofl?ol Bgrtg Bﬁ? v?éal“éﬁxovf 5
poiieticiasiges. Fheedmpbsition docordingnolciami drwheraiinthe The
Pobyagis-aeid dnpely-Leinetip ACktk ROV RIBEIC AGIY HU R IVUISHINELS Y
Further, the composition of the present invention which
contains a stereocomplex crystal has excellent heat
resistance. Therefore, the composition of the present
invention is preferred as a raw material for yarn, films or

resin molided products.

Industrial Applicability
Since the composition of the present invention has
excellent heat stability, it can be melt molded into yarn,

film or other form.
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3. The composition according to claim 1, wherein the polylactic acid

contains a stereocomplex crystal. 4. The composition according to claim

1, wherein the metal 15 catalyst is a compound containing at least one

metal selected from the group consistin%of alkali earth metals, rare earth
metals, third row transition metals, alumif@m, germanium, tin and

antimony. 20 5. The composition accgrding,to claim 1, wherein the
phosphono-fatty acid ester is represented by the following formula (1): O

O 11: R10-AFCRS R2P2: () IWhePeNRLIR2aftPR I aré ehgiart by weight

independgatiy an alled Zedhaying 1 S0 gasbon atoms.orayly . o 4

group having 6 to 12 carbon _atoms, and n is an integer of 1 t0 3. 6. The
ORISR Chiding t8 CldntE WikicRaefthiRg 6.09 tBars parsbyreight of
weightyaf acphespheng-fatty acid ester 30 based on 100 parts by weight

of polylactic acid. 29 7. A molded product of the composition of claim 1.

8. A process of manufacturing a composition which contains a

stereoconTpiex crysiabby misingdegether hpohyLdacticacid apderein the

poly-D-lactic acid, wherein at least one of poly-L-lactic acid and , ‘
poﬁ%égylg%ﬁ% Aeid (C:féﬁsta‘iLnSs ?ﬁéféﬁ‘éa%lflgtlg Fietmiking 6 Gimiagd bl acid
in the presencant 0i}0dtedX5 part by weight of a phosphono-fatty acid

ester based on 100 parts by weight of 10 the total of poly-L-lactic acid and
poly-D-lactic acid. 9. The process according to claim 8, wherein the metal
calalyst is B corapomed cbritaining abledsngne metdlsiatected Wemdhey the

STpUR oSG ohalialsncl el AL IR PR, DU o
4. The composition according to ¢laim 1, wherein the metal
catalyst is a compound containing at least one metal selected
from the group consisting of alkali earth metals, rare earth
metals, third row transition metals, aluminum, germanium,

tin and antimony.

5. The composition according tc claim 1, wherein the
phosphono-fatty acid ester is represented by the following

formula (1) :

O

i
R107 \fﬁzn OR3

wherein R,, R; and R; are each independently an alkyl group
having 1 to 20 carbon atoms or aryl group having 6 to 12 carbon

atoms, and n is an integer of 1 to 3.

6. The composition according to claim 1, which contains
0.02 to 0.2 part by weight of a phosphono-fatty acid ester
based on 100 parts by weight of polylactic acid.
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10. The process according to claim 8, wherein the phosphono-fatty acid
ester is represented by the following 20 formula (1): 00 11 RIOif C) OR3
R20 2 (1) wherein R1, R2 and R3 are each independently an alkyl group
having 1 to 20 carbon atoms or aryl grougaghaving 6 to 12 carbon atoms,
and n is an integer of 1 to 3.

7. A molded product of the composition of claim 1.

8. A process of manufacturing a composition which
contains a stereccomplex crystal by mixing together
poly-L-lactic acid and poly-D-lactic acid, wherein

at least one of poly-L-lactic acid and poly-D-lactic
acid contains a metal catalyst and the mixing is carried out
in the presence of 0.001 to 0.5 part by weight of a
phosphono-fatty acid ester based on 100 parts by weight of
the total of poly-L-lactic acid and poly-D-lactic acid.

9. The process according to claim 8, wherein the metal
catalyst is a compound containing at least one metal selected
from the group consisting of alkali earth metals, rare earth
metals, third row transition metals, aluminum, germanium,

tin and antimony.

10. The process according te claim 8, wherein the
rhosphono-fatty acid ester is represented by the following

formula (1) :

P
B
R40 /\fgzn_ OR;

R20 (1)

wherein R;, R, and R; are each independently an alkyl group
having 1 to 20 carbon atoms or aryl group having 6 to 12 carbon

atoms, and n is an integer of 1 to 3.



