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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 haat stability, mechanical strength
and color, and can be stored for a long time. 10 BACKGROUND ART
Since most plastics are light in w@%ﬁ%%gﬁ’%[gﬁd durable and can be

molded easily and arbitrartity, they are. dhass=piesuced togupport our lives
in many ways. However, 15 when plastics are thrown away into the

environment, they are not easily decomposed and are accumulated.
Wheasdtheyare bourni they emit a large amount of carbon dioxide, thereby
acceleratin Eg‘ obal warmln%\ In view of thrsisrtuatlon researches into,

resins madB =28 HoRTRoN-bN TR materiaf @r%‘t&dé‘&aﬂrané"ﬁtS&k‘élon
which tarerdegradethysmictaorgatntsms iase aorpactively-ander way. iréteat:es

blct)de%radabl Cpla%trcs ha\ﬁe an acphattlc carbogiaﬁ unit and ar eaﬁay

egra eézgy?nlcroorganlsms ﬁowever e owtheat SFan fty ana

a serigUs! problerrsushaisiZ5ia yeduetibramitheil motsougrwerightsardiie and

deterloratron of thglrﬁg)rorg the st Where they are exposed to a high

temperature sucﬁ as melt splnnlrci?g |nJect|on molding or melt film

formation. Although polylactic acid, out of the degradable 30 plastics, is a

plasticyuhisihhasexeellent heat resistance and good balance between

color and mechanical strength, when it is compared with petroleum-based

resins typfitB®y PeRetBieTE tereplithalate Ghd polyarsideherd Rusity &and

werld-gbdifference-incheal stabiliysbeiweenjt andithe @i crarily, they are
mass-~-produced te 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-oil raw materials or biodegradable plastices which
are degraded by microorganisms are now actively under way.
The biodegradable plastics have an aliphatic carboxylate
unit and are easily degraded by micrcorganisms. 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, such asmelt spinning, injecticonmolding or melt
film formation.

Although polylactic acid, out of the degradable
plastics, is a plastic which has excellent heat resistance
and good balance between color and mechanical strength, when
it is compared with petrcleum-based resing typified by

polyethylene terephthalate and polyamide, there is still a

world of difference in heat stability between it and the
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petroleum-based resins. To overcome this situation, 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-basedzompound is added to polylactic
acid as a catalyst deactivator when the molecular weight reaches 50,

RS RORIPREFEToEGRERs 2 aht PHAER S dasid’t pHasidte

orghelating ageintis addaekasaeatalysat denethatonie tnRipvatheheat neat
stability of polylactic acid. 10 However, the addition of the catalyst

y
deRctbaror s RREMbRsuar feight pofytAchicalin sy if Phfnt Document
Dacummestiod dupetas asubisequaaipoly merzationseactompibarehyor

making it impossible to, optain a high-molecular weight, polymer. , _
R BCRTe BB SPhAc THOSE o, & SAiEhE BT e 5L 2cid
anak3xarses Iye cofmsoniobproduetien eduipmenton tlhe detarigrationaches
of fhe bydrolyi rosistance ot tesin due 1o s acity. The cheleting, g,
agent ‘enumera ed above generaﬁy HAS Tow Heat Tasistance and buris
betfbresphwetal catalysicis supptieddherebycaasmgdbaimus 26 taloyation

an . As, descri , lylactic.acid co i hich _ .
T et acia.
pahariergdtiontdialydcand atre@dctidraincmbieyitsy Weighthy eHeor to the

discapngsi-gh the pain chainanc 25.has excelienineal sigbilifn iSOt nen
proposed yet. (Patent Documeént 1) Japanese Patent No. 2862071

(PateiPssiefneht P} DapaHESE PAfHI NG 8287388 (PadéHt Bdtuniészby
JRnAd0:36651 3QEUSCLHOSURE Qb Ak INVENTIONIt isan gbiegkebht

the present invention to provide a composition which contains polylactic

aditPaiiifias eXCARAEheS: stabfitPand e6loP 1PRRAIbtRe Ot ELCBEthePY

presegnirnveiionderrevide acompasiien whiehdhasrd & bigheoptestiabtion

A e RgSmplex ey Rl A0 IS ¢ the nydrolytic 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 sericus
coloration 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 propoged vet.

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

DISCLOSURE OF THE INVENTION

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

of the present invention to provide a composgition which has
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resistance. The inventors of the present invention have found that, 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 invention has been accomplished based on

this RA@iRgC 20 tRHaE 9 faR cBF@InG ¥ B pEseht Wventionnthereig 1 lent heat
proxigded asgpimposition which contains 0.001 to 0.1 part by weight of a

metal catalyst and 0.001 to 0.5 part by weight of a phosphono-fatty acid
ester baségﬂénlmtﬁﬁéﬁ%f&/éﬁ&ﬁt%fepﬁ%cﬁ@‘é%mﬁ ARy fPH that,

present iyantiopndbdhereds pravideda realded peagiuet EME n polylactic
composition. Further, according to the present invention, there is

probitidd & ProcEss-GHmartithéiifig £ EBMPOSHENWhidH Sshiihd e acid

steteocomplex erysial dnambd g tagetaer, polhktadtic acidangd it possible
paoly-D-lactic acid, wherein at least 20.0ne of poly-L-lactic acid and )

oy DLBRHG it SR a R Coal ST TR 4 ER RRgrRact Lo
indlel presetioe wf @60t torBrenparbhyhweight ehazphosphbheHatyegickd on

es% I, ba%eq_l an 100 parts by weight of the total of poly-L-lactic acid and
poly

‘Dllactic acias 25 BEST MODE FOR CARRYING OUT THE
INVENTIOR atcdrapositionsdpolylactic-eid) Posdactic avidris aqpolyiresre is
essential Pase .30. a lactic.agid uni resent y the follpwin
fo m§|a. '%/ﬁ?%o@/?ac%i(ggé%gl%Apre%%%lyg[?ﬁéﬁaggﬂg a%hilz ggjly-gD- aaﬁ:gt by
ackg bEhitmirfure theteot. ThE POKEL-Iactit Acitilis spolynfernwichby weight

coptaingan Lacicagid.unit a3 1taeé*ge@rcg@98&ae@£af§oth%ﬁ%!¥-B-yl%gaght

acid is a polymer 4 which contains a D-lactic acid unit as the main
uﬁﬁbéﬁéﬁflactic acid. According to the present inventieon,

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 weicht 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 MCDE FOR CARRYING OUT THE INVENTION
<compositions
(polylactic acid)

Polylactic acid is a polymer essentially composed of
a lactic acid unit represented by the following formula. The
pol?lactic acid is preferably poly-L-lactic acid,
poly-D-lactic acid or a mixture thereof. The poly-L-lactic
acid 1s a polymer which contains an L-lactic acid unit as

the main component and the poly-D-lactic acid is a polymer
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I u O-c04 CH 3 The poly-L-lactic acid contains preferably 90 to 100

mot-06, more preferably 95 to 100 mol%, much more preferably 5 98 to

100 mol% of an L-lactic acid unit. Other units include a D-lactic acid unit

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

and units other than lactic acid is preferably 0 to 10 mol%, more
praferably s £1mel%, Rubhdhdre praferabiio t6 2 mbPonadmiwomponent .
poly-D-lactic acid contains preferably 90 to 100 mot-*., more preferably

95 to 100 mot%, much moye preferably 98 to 100 mol% of a D-lactic acid

unit. Otfer unitiincl e an\L-lactic acid unit and units other than lactic

acid. ototal mm@ L-lactic acid unit and units other than 15

lactic agid is pre{ferably 0 to/10 mol%, more preferably O to 5 mol%, much
more preferabl{B 0 2 mol. The units other than lactic acid include units
derived from dicarboxylic acids, polyhydric alcohols, hydroxycarboxylic

acids and lactones having a fupctional 20 group capable of forming at

least two Ut BES Hnd SRS ABvsH FOMDHTE @RS ToleHars s 100
palycerhonates permpesingthese ascanstituest ompoftenisreereferably
di(‘%r oxyllic acidil/ncll,zjde succinic acid, adigic acid, azelaic acid,,sebaci(:l 4
acid, terephthdiit'acidafd 25185 hthans adid e polyh§afic Hiddtokctude
inelude ladiphatic polydydrit aleohbisrsiich ascétbylertesglytak tiropyteng. The
glycal, butanediol, pentanediol . hexanediol, octanediol, glycerin sorjltglitan,
e T e SR P b e ool B A nd e £
30Land polypropyldrie glyedk: aat ayomatic pbl/hydiié alcohols Srsuttradly ©
an.addudt of bisphepg! with-thylene.oxide, The Jydzoxycaeboxylic acids
include glycolic acid and hydréxybutyric acid. The lactones include
glycollide,The poly-D-lactic acid contains preferably 90 to 100

mol%, more preferably 95 to 100 mol%, much more preferably
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
tc 5 mol%, much more preferably 0 to 2 mol%.

The units other than lactic acid include units derived
from dicarboxylic acids, polyhydric 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
igophthalic acid. The polyhydric alcchols 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 aromatic polyhydric alcohols
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s-caprolactone glycol lide,c-caprolactone,J3-prop iolactone, 5
S-butyrolactone, (3- or y-butyrolactone, pivalolactone and

S-valerolactone. The weight average molecular weight (Mw) of the
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
wégRtisavalte MBI 6ff stahdaRepel styidie mebyd@ignygéde. The

Perreaen chremagagraphy {§E C):usingsehlgrofers as ancsluent, gdhe
pol;?}f-lact%: acid and the poly-D-lactic acid ca%rpggmanufactured b

KNSV B SHsY FoF eRahle, thEF cARBePRS %&ﬂﬁé&@%&%yﬁ%gﬁﬁ@e:
L-lactige-andhia-actids 19, the prasence ok a metalsatalyst forking, 9BeRIBgone |

polymerization, respectively. Alternatively, they can be manufactured by

helthigHBwAhBIREARE wdightPoly et RERARRERRDNtRAY A Metgtone and
cagakystiundera-kesieed pressure or in an inert gas 20 stream for

solid-phase, polymerization after they are crystallized. Further, they ca

be manufa%tp re eﬁyggli}:ecet‘v&ﬁj‘}%%réo@?égﬂﬁ ﬁcﬁ?&&ﬁtac@@ 8t the
detwilrated aadtcandenseéddn the presence or absendeiof an prgafiicably
solvent. Th erization reaction can be carried out | 2
co%@érét?g)nglﬁoéﬁrngézodc{g?,rf%r%ﬂg%r%pﬁg ;%v‘cLelr/tiéa rélggt%r% Oe%ﬁ’ i%p88° - The
withea hiigh wisegsityestindrig blabersuchiagtielical aibbamitade; vidsicihns of

m ' bipatian. a

O e B LRI 32y Goes bt Iaacdthe
polymenzdtiofref8typol FREtic nsitrahd i ionvélatie, a8 exensdlifiedtby

decanol, dedecanal, tetradecanol, bexadaeanel.ostadecanel, ethylene: 3 can

glycol, triethylene glycol and benzyl alcohol. In the solid-phase

poRfmBARAIG T HeHRsH Ry réBavEly RARSTeculAPWeRIBAR agiley can be

pohasierehiained ythe & abeyeringsonening palymerization gethe, the
direct polymerization of lactic acid is used as a prepolymer. It _is preferred

frott B VieR it BEprRvérting fision ffal 1ng opening polymerization,

respectively. Alternatively, they 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 sclid-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 cof an organic solvent.
The polymerization reaction can be carried out in a
conventionally 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 combination. An
alcohol may be used as a polymerization initiator. The
alcohol preferably does not impede the polymerization of
polylactic acid and is nonvolatile, as exemplified by decancl,
dodecanol, tetradecanol, hexadecancl, octadecancl,
ethylene glycol, triethylene glycol and benzyl alcchol.
Tn the solid-phase polymerization method, a relatively

low-molecular weight lactic acid polyester obtained by the
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the prepolymer should be crystallized at a temperature of 5 its glass
transition temperature (Tg) or higher and lower than its melting point (Tm)
in advance. The crystallized prepolymer is charged into a fixed vertical
reactor or a rotary reactor such as tumbler or kiln-and heated at the glass
transition temperature (Tg) or higher and lower than the 10 melting point
(THWOVEhererilt Gleeol P biksrh Yiths 1 gely irerizatiort leen Serag e is

ralzed Hepwise lopg with the, proceeding of palymerizatiog Wigalsge - 1t

preferred that the inside of the reactor should be reduced or the heated
inéft §AS SREAMSHOURT bERerclifstatP i didepfo REPRE VO WARSF MBlsion that

g%aﬁﬁ%ﬂ%&i%amﬁﬁpggwﬁ%m@ﬁ%@&/%ﬁ Eh%&ﬁb’%i@uz‘e of
acid preferably contains a stereocomplex crystal. This polylactic acid
contEinthi & Ssteretedhiptek eI $& BT sterddcoplebditiiaghe lower

acigha ] his sterRocompiex petvtactienacid has a-high-melting 20 popand: i zed
excellent heat resistance. The stereocomplex crystal is formed by mixing

tof &Y POREL-lacticitad ARt polyD-Factit el 17 fiid Cade MREWEGhEY @
ratie ©f tRerpalydolactic-acitsta thespely-briactit:acid dsHuetesabit 90d Y lass
to,10/90, more preferably 75/25 to 25§75, muych more 25 pr@ferabI@OMO h
totﬁgﬁ‘.l‘ﬁ%éj%ngW%‘% ?a%%rr%olfa%% ar Wei %ﬁﬁe aﬁgre %‘Egﬁﬁjl an the
pobdacticgeidag prefémaiply. 100H00=tow 500,008, more peéfeeably 1001000
10,300,000, The weioht, average molecular welalitis a valle 0 ems,of; ; ¢y
StAN Xr[ae’ﬁ)lpo ystyrene measured %y ge]f permeation I:t%ﬁroma;flogra%hy
(GRCOresihychlofoforiyas an sidemnTheldontert b the stdreocemplért the

crysfal izpreferably 80,10 190 2, more preferaply. 23 tS%Q%Q'-hQAH‘eed inert

stereocomplex  polylactic acid in the present invention, the proportion of 7
mekiAg Peakaat 105TLeF FigheritoTrekingbeaks Arther tdipparnges water

elgyationprogess, meagutedh by adifferentiah seaANIng calorimete(RSGL 1y
is preferably 80 % or more, more

The polylactic acid preferably contains a
stereocomplex crystal. This polylactic acid containing a
stereocomplex crystal is called “stereccomplex polylactic
acid”. This stereoccomplex polylactic acidhas ahighmelting
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
proly-L-lactic acid to the poly-D-lactic acid is preferably
90/10 tc 10/9C, 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 wvalue in terms of standard
polystyrene measured by gel permeation chromatography (GPC)
using chloroform as an eluent.

The content of the stereocomplex crystal is preferably
B0 to 100 %, more preferably 95to 100 %. In the stereccomplex

polylactic acid in the present inventicn, the proportion of
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preferably 90 % or more, much more preferably 95 % or more. S The

melting point is preferably 195 to 250C, more preferably 200 to 220C.

The enthalpy of melting is preferably 20 J/g or more, more preferably 30

J/g or more. More specifically, it is preferred that the proportion of melting
peaks at 195C or higher to melting peaks in the temperature elevation 10
proesssimeasaretshyatheldifféential $oarimng talonmetemDSERbe AVt he
or i j 9 ,@Qghetpo. [ :
ZOngg o?‘%%r%s %’f?gls%grge%%%r% p?e%?)pgcﬁggctlc aciqag‘c%‘:r{]] kl'%g; mgan{ijgﬁt%rr}e% Bial
byseisdiviy- g ethd opcipa tRitid %Y ahd polpDelaetid acid 5 Gy anore, more

prﬁ@%@é@ gtoht ratio, The mixing.can be ﬁf’f@%@?'&!h%@?;p@wq{?ore )

of a solvent. The solvent is not particularly limitéd if it can dissolve
PORRE-TBRHE B PR POl DD FECtR erdid YPreTerfedl Ranfpled@rthereferably

sopentipciude-ghlorafoeme methy! %ﬁ"&@%ﬂﬁ@"@@%@@@%&%@)ly 20 J/g
tetrachloroethane, phenol, tetrahydrofuran, N-methylpyrrolidone,

N REdTREy IfPRAkRERE BiRoEcithd/ #idxaesRd More specifically,
hexaflugrgisopeapandlimbich-are deed alonecl oF cambinatop{twaerjssec
more. The mixing may be carried out in the absence of a solvent. That is,
poRFLIa&EZcid 25 4 poiy-BRetheE ddid aftPmERTIRBhALH Toydihration
States aarerspeciiicatly 1 metkod infwhichrpredatesningdiamgouatsc ot met er
poly-L-lactic acid gnd poly-D-lactic acid are mixed together and then melt
kng%ggg t%)geetcﬁgr, brosfm%e%ro%’intw ich®any 8% %?E%é?n Fmoftan gAd > ©
themthecbtheerscadded/tocenan30Q kegded with thg amnaltenanemay be
employed, .{metal catalyst) The metal catalyst is preferably a compaound
e cor e e e o e Gt B SR e
alkati ®arthmmetalg srare earthi nelals athirdcrew tdasitiopahgtdls; Lactic acid

alumpinu, ggumaniym, iy aad gptimpny; The alkali earthy mefals ipglude, ;5

magnesium, calcium and strontium. The rare earth metalsinclude

scardiubi yiianpresence of a sclvent. The solvent is not
particularly limited if it can dissclve poly-L-lactic acid
and poly-D-lactic acid. Preferred examples of the solvent
include chloroform, methylene chloride, dichlorocethane,
tetrachloroethane, phenol, tetrahydrofuran,
N-methylpyrrcoclidone, N,N-dimethylformamide, butyrolactone,
trioxane and hexafluoroisopropanol which are used alcone or
in combination of two or more. The mixing may be carried
out in the absence of a soclvent. That is, poly-L-lactic acid
and poily-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, oxr a method in which
any one 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

containg at least one metal selected from the group
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5 lanthanum and cerium. The third row transition metals include iron,

cobalt, nickel and zinc. The metal catalyst can be added to the polylactic

acid as a carboxylate, alkoxide or aryloxide of one of these metals, or

enolate of (3-diketone. When polymerization activity and 10 color are

taken into consideration, tin octylate, titanium tetraisopropoxide and

alGiviting Bliseprdpexide hie cparibunelyaprefertad: Tisa csmeit or iifp third

me qajalystie Q00hde O L paft Ay weiantJureferablyy0-00h{e 9 93 Raftmony .
by weight based on 15 100 parts by weight of the polylactic acid. When

theeenteHrat ihe el capaIpsiss 168 NRehaPERARIFAtioR Fa@! Beatlyd

draps-disadvantageniisly - A/aen-the wentent is £00 ighs 6QlesINAMCEH S i um,
by reaction heat, or opening polymerization or ester interchange reaction

is 5RBEBAET, S5 rereby the cdibFahd et HaBility 6P Rt oBtainegtals
cormpasiin heesme warse Thecemnient atibe maelal catalyst is 2 x 10-4

to 0.05 part by weight, preferably 1 x 10-3 to 0.03 part by weight_based ,
on 100 partShyetght6r e o |886b%%i8‘§§%%¥e?aF SEMENE The® ac+d
ameuatf the metal-eleragRisardeecdetaryriired dy tER-emissiahese metals,
analysis. (ghosphon%faﬂtr:% acid ester) The phosphono-fatty acid ester

uset fRe préseht P3G HvEREET is o Eomb& I ASKAER B GRst& Vi ty and
phosphanatesmoidtynand ccarboxyildtermbietynare bonded yagether by aanium

alighgtic .hé/drocarbon SLoup, dSintie this pho hono-fattg acid 8ster is
eTYalso QX1ge 1 Tumiri 11500 Y OX1 axre
achromatic aﬁa?%nsparent and has exce entlﬁeat ss?ance,t e

o@@néd@nmﬁi@mﬁ$ag©@d color. 9 Particularly, a phosphono-fatty
acid ester paving.g.chemical steictute of thefolowing formula %);cilo .1 part

provides a good result to the object of the present invention. O
by weight, preferably 0.005 to 0.05 part by weight based on

100 parte by weight of the polvlactic acid. When the content
of the metal catalyst is too low, the polymerization rate
greatly drops disadvantageously. When the content 1s too
high, coloring occurs by reaction heat, or opening
poelymerization or ester interchange reaction is accelerated,
whereby the color and heat stability of the obtained
compogition 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 moiety 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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RIO--T-1 2 n OR3 5 R20 2 (1) In the above formula, R1, R2 and R3 are

each independently an alkyl group having 1 to 20 carbon atoms or aryl

group having 6 to 12 carbon atoms. Examples of the alkyl group include

ethyl group, propyl group, butyl group, pentyl 10 group, hexyl group, decyl
group and octadecyl group. Examples of the aryl group include phenyl

grBap ahauapHiialénebi IPORR CrHE&TY GREUPIRAT BE Sabstitgtéd Pyerical
halegen-ator of alkyLorerR Baving kin-fierrben Aloms, : Bxamplesf thesuic

substituent halogen atom include fluorine 15 atom, chlorine atom and
brémirtéL&toP IB6Em Pk s gt eh @ bR Tt e AR ARG ®Up 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
compoundepresentéll by the formula 20 (1) include ethyl
diethylphoﬁphonoace ate, ethyl di-n-propylphosphonoacetate, ethyl
di-Ry@ityho oacet@®qethyl di-n-hexylphosphonoacetate, ethyl
di-n-ogtyjphos hafdacetate, ethyl 25 di-n-decylphosphonoacetate, ethyl
di-n-dodécylphosphonoacetate, ethyl {diln-octadecylphosphonoacetate,
gnoacetate,

ethyl diphfnyl ospl %Qfo@acgt%[ehg%cyl ieth Ipho}g&h acetate,

dodecy! diethylphosphornoacetale; ottadetyl 36 didthyiphSsphonoacetate,

ethyldigthylphosihoaopropiyiater @ty [dini propy| pleosgharapropianates or

L RO S, G o eoeBipho amBSpORge 22k

etigyt ogipn-decyiphospHunb@opiepate rethyl5group, butyl group, pentyl

g::%g%?g%@%ﬁ;@ o%n%{zgr%gc:i?r%gtgt%?/ﬁp and octadecyl group.
ixamples of the aryl group include phenyl group and
naphthalene-vyl 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. Examplegs of the
substituent alkyl group include ethyl group, propyl group,
butyl group, pentyl group and hexyl group. R; to 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 diethylphosphoncacetate, ethyl
di-n-~propylphosphoncacetate, ethyl
di-n-butylphosphonoacetate, ethyl
di-n-hexylphospheonoacetate, ethyl
di-n-octylphosphonoacetate, ethyl
di-n-decylphesphoncacetate, ethyl
di-n-dodecylphosphenoacetate, ethyl
di-n-octadecylphosphoncacetate, ethyl
diphenylphosphoenoacetate, decyl diethylphosphonoacetate,
dodecyl diethylphosphoncacetate, octadecyl
diethylphosphonoacetate, ethyl diethylphosphonopropionate,

ethyl di-n-propylphosphonopropionate, ethyl
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diphenylphosphonopropionate, decyl diethylphosphonopropionate,

. dodecyl diethylphosphonopropionate, octadecyl 10

diethylphosphonopropionate, ethyl diethylphosphonobutyrate, ethyl
di-n-propylphosphonobutyrate, ethyl di-ndgoutylphosphonobutyrate, ethyl
di-n-hexylphosphonobutyrate, ethyl 15 di-n-octylphosphonobutyrate, ethyl
dich-decyiphosionebhigiater ehyPrdtedodeayiphosphonobutyrate, ethyl

digy-ogtadecylphosphonobutyrale; sthwl dip lghosphonobutyrate,
decyl diethyléjh?sphonobu%e%o dodecyl diethylphosphonobutyrate

artth oBtage Yl L HBARRIHISPPEABBGE RS, Bt lethylphosphonoacetate,
et@yl@mg@ﬁy@t@@%ﬂwgﬁgmé Jdi-e=bytylphosphonoacetate,

ethyl 25 di-n-hexylphosphonoacetate, decyl diethylphosphonoacetate and

0 QZ A AR S RSSHRINORACRERR 48 Bieferr&F i the viewpoint of

effigagy-and hardipgeasehdthe-fesmibmel) ayher the number of carbon
atoms of R1 to R3 is 20 or less, the melting point of the 30
oD ER RSB  Ra RS el 3 the production

temipetatiebbiaspolyipets acidordhe domposition, whereby it can be

fully malten and mjxed and capture the metal catalyst efficiently. The
pﬁ%’[Ls% clél oR%?ysgéane%?é:r%a%sO%%qﬁeﬁibhgﬁé ﬁ)cl%r%%érbon group between

thé thesierl bhphusphopatepmorety and ¢wdgdrboxylate moiety. To

cacptureht@ etalltlzatal St con‘ge%ined indj; polylactic acid efficiently, in
the ce)rtm Iagf%?%es%rrlgé%ﬁ@ an%hte%eryo 1 to 3. 5 The content of the
phibsphonodatyi adidsstemisouogr a6 9.5 pattby weight, preferably 0.02

toéﬁzﬂaﬁ&QQﬂgﬂggphonobutyrate, ethyl
di-n-hexylphosphonobutyrate, ethyl
di-n-octylphosphonobutyrate, ethyl
di-n-decylphosphoncbutyrate, ethyl
di-n-dodecylphosphonobutyrate, ethyl
di-n-octadecylphosphonobutyrate, ethyl
diphenylphosphonobutyrate, decyl diethylphosphonobutyrate,
dodecyl diethylphosphonobutyrate and octadecyl
diethylphosphonobutyrate.

Ethyl diethylphosphonoacetate, ethyl
di-n-propylphosphonoacetate, ethyl
di-n-butylphosphoncacetate, ethyl
di-n-hexylphosphoncacetate, decyl diethylphosphonoacetate
and cctadecyl diethylphosphonoacetate are preferred from the
viewpcint of efficacy and handling ease.

In the formula (1), when the number of carbon atoms
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 meolten and mixed and capture the metal
catalyst efficiently. The phosphono-fatty acid ester has

an aliphatic hydrocarbon grcup between the diester
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based on 100 parts by weight of the polylactic acid. When the content of
the phosphono-fatty acid ester is too low, the deactivation efficiency of
the residual metal catalyst 10 becomes extremely low, thereby making it
impossible to obtain a satisfactory effect1When the content is too high,
the contamination of a mold or a nozzle used at the time of molding or

spiRpiRgFeeeEfednRbakad. Fsiniikthe pRESPHOFDLRART Bsterifits iR ure
15 pelylactic Acid inthe presentinvention; theyypay beadded; withaut

being diluted or after they are diluted. For example, when a liquid |
plfdsbhehBIaty acidesied drar 881 phbsphdnbsiREAGd %?%eif Ravingacger
mgking paintzof lower 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-opengEpEHeTRaRdR FRENBECRPRGTF: kAcided i bR ekehde? & 001

kneaderagarasierhateth whigh-isra molded ochip. Theouse phan by weight
extruder or kneader is preferred from the viewpoint of a uniform |
GIEF DG 0N Ha0 pBRcTic5 HET Te S0 TEIaIrad daT s acid- When

€
phosphesnatiy acitl esterishousishbsadded fronea sitle=feeder by too low,
connecting the discharge part of a reactar tq an extruder directly.
VEERATE S HE S Bt TG Do i 8a S PRl fEaLyat
krieacksalid palylantic heitl @btained-attherehrd 36 ot pohpnerzdiion withbtain
the phosphano-fatty acid gster in extruder or kneader,.t t
soefidspacﬁggt?ccggg j‘?vn%g JLger%efis'ter atch ggr%a%n?rl% ﬁwlgeigpﬁo%p oﬁgl?fgﬁ? ; the
acidesEn byasan extafderm? kheademrzeoracs i ahipliréctiyete Etwamd ing

of the QQ?EBH‘HE;O@&%%%% esters Qo immerse or spray 12 the chip with

a solution of the"phosphono-fatty acid ester. <process of manufacturing
compositidie> ThE présenimiantiondndadéy adréce 65 nahtfactiifng

a gpesition which goptpinsa stergeeamplex-arystal bymixingd90etheladed

poly-L-lactic acid and Eoly-D-Iactic acid, wherein at least one of

pw_EQQ&%belng diluted or after they are diluted. For example,
when a liquid phosphono-fatty acid ester or a solid
phosphono-fatty acid ester having a melting point of lower
than 150°C is used, 1t may be aéded to a reactor directly
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 distribution in the polylactic
acid. It is also 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 kneadexr, to contact the chip directly to steam

of the phogphono-fatty acid ester, or to immerse or spray



10

i5

20

25

30

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 10 part by weight, preferably

0.02 to 0.2 part by weight of a phosphono-fatty acid ester based on 100

parts by weight of the total of poly-L-lactig acid and poly-D-lactic acid. As

for the poly-L-lactic acid, the poly-D-lactic acid, the metal catalyst and the
protesslvi matidthcurivliielrs phbsphensliatpheidesias pleastlefepter.
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
disEE106 pOR - ClaciR HefiR 854 POREDAGERC 8¢l 128 Preferred examples

of the solvent include-chlorafoun - methylene chlokide, dichlaraethape,

tetrachloroethane, phenol, tetrahydrofuran, N-methylpyrrolidone,

N‘WGM&%H&%@&WH&&%%b&i&h&‘aﬂaalm a stereocomplex
hexaflyergisepropanalviel qee Heed glane-or-in gembination) 25ref two

or more. The m|X|rlag ma%/ be carried out in the absence of a_ solvent. That

isBFoy1RatRE hé Foly"BSA&IE" adld rh&§ BE MBRE kﬁéa&@&?t’o&étﬁ@r‘:tlc
Stateidimoriel spec:rpeadMaa:mﬁthad:ﬂwmmmedete&mmam@mmyst and

L- lactic acid and D lactic aci are mixed togeth n en
R e 15 Er s Pt rt R RS Ao U E ko 0.5
mphkert abg then ¢ie: other 4f added o andkneaded avithethe yolkenighe of a
0 I the ab ve meth d th fallo po lactic acid
c}é pglég- ac%%%%? are m(%(ed:'?oget er. e%e symrg@%ls l%llﬁden%¥e the ¢ ght of
fomlrtgomtaﬁcpgl(t) pobpalcidctieadid eomaiping/stibstantially pgid. As
pmoﬁy aiabyshe) polyd-tactic.aqid eRataing ALl CALSL 3 (LGB neta)

ctic acid containing a met | catal yst and a phosphono- -acetate
(DypoR DbcEedcid konrining tbstantRilii e fetaling the

phosphiono-fatty acid ester, please refer to the section for
the compogition.

The mixing may be carried out in the presence of a
solvent. The solvent is not particularly limited if it can
dissolve poly-L-lactic acid and poly-D-lactic acid.
Preferred examplegs c©f the solvent include chloroform,
methylene chloride, dichloroethane, tetrachloroethane,
phencl, tetrahydrofuran, N-methylpyrrolidone,
N,N-dimethylformamide, butyrolactone, trioxane and
hexafluoroisopropanol 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
acidmay be melt kneaded together. Statedmore specifically,
a method in which predetermined amounts of pely-L-lacticacid
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 one may be employed.

In the abecve method, the following poly-L-lactic acid
and poly-D-lactic acid are mixed together. The symbols



10

15

20

25

30

catalyst (Dc) poly-D-lactic acid containing a metal catalyst 10 (Dcp)
poly-D-lactic acid containing a metal catalyst and a phosphono-acetate

(P) phosphono-fatty acid ester Mode 1: (L) and (Dcp) are mixed together.
Mode 2: (L), (Dc) and (P) are mixed toggther. 15 Mode 3: (Lc), (D) and

(P) are mixed together. Mode 4: (Lc), (Dc) and (P) are mixed together.

Mdde &t ¢l yrendi@ichyeremixed wgetivers Mode 6: (Lcp) and (D) are

mi her. Mode.7; ( a .are._mix . o} ;
(00 A TRk A e Tgaines e oot L R Shmea e el
pres&atiigéntion is preferably manufactured by mixing together (i) a

pysition gbtained by addipg 2 phospane:atty agidester 4@ 41 ot

co
po@-L-lactlc acid manufactured in the presence of a metal 25 catalyst and
(i) & e Esiior-obafiedh adding e GHdspRena- ey acidasei et and a

Paly-Llacts aoid- grapufactured in the presence of a metal catalyst. The
mixing can be carried out in the presence of a solvent. They may be melt

kndateBoyethet frthealehte SPASHNER 3G TRE cftposition srtneetal
presentiipyention has excellent color and heat stability, a reduction in the
molecular weight of the compasition at the time of heatingﬁis dramatically

supresSA-Bnl thé Comipoftibh EiE atvatHagedifly hs&d o it
spimripg, selkfilm-fornation and dnjestion Moldiggald=The coamosition ahd a
the present invention may be molded into a fiber, film or other form. The
}g%ﬁpg}fﬁﬁéﬁﬁg)?%ﬁtain additives which are generally used for
ordmaryresipmoided greguetsisuchsas deterioration inhibitors including

e ltRo hent ety 16 nciding TAm. PRGN ucleating agent,
lubiicBnt 2talc({glass fibey, and (P) are mixed together.

Mode 3: (Lc), (D) and (P) are mixed together.

Mode (Lc), (Dc) and (P) are mixed together.
Mode (Le) and (Dcp) are mixed together.

Mode

4
5

Mode 6: {Lcp) and (D) are mixed together.
7: (Lcp) and (Dc) are mixed together.
8

Mode (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 pregence of a metal catalyst. The mixing
can be carried out in the presence of a solvent. They may
be melt kneaded together in the absence of a solvent.

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, meit £ilm formation and injectionmolding.
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natural fiber, chemical fiber, cut fiber and whisker, pigment and dye. 10
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.
Physical properties were 15 measured by the following methods. [1] heat
stability test 10 g of the composition was put into a stoppered Pyrex test
tubbetheoinsitieidfibe tolfe as pulestitnted iy aitrogen, mend tee tubadwdsinto

keptat;260C far 10 @”HE%%”?@PW”F’F#?% ?o@&%%?ghﬂ%%éﬁagwtam
test. The weight average molecular weights (Mw) of the compositio
befodiarid aftevthethearsadiigr test Wwereadeboured 8§ GRE toaise n molded

campaied. with gach other§o.astoevaluate its heat stability 1 2512) 55 ng
weight average molecular weight (Mw) The weight average molecular
weEghE WAV RAS messire§ WietHeG PC-1 E bt SHafdek 0w, peehy and

disspiving $0:ma-af Sthe composition:in J.a gf ehiorpferm %é@@dﬂ‘ig flame
weight average molecular weight (Mc) was calculated as a value in 30

tefihs dF PBRStyrBHE BPESMENE BFRELdEHPESRHBSItiohATe cBARFE of 1oer .

lactiga indhereprapositiiniaas measwred 40 heawechionofeim By &ising : gment
the INM-EX270 nuclear magnetic 15 resonance spectral meter of JEOL

Ltd"Ghd¥Slculated as the area ratio of a quadruple line peak (4.98 to
5.05 ppm) derived from lactide to a quadruple line peak (5.10 to 5.20
ppm)_derived from polylactic acid. 5 [4] content of stereocomplex crystal
in & %mp%sﬁ%n The content of the stereocomplex crystal was calculated

from the naleng ehthatpynAHARReoCRystal neeliing\podstdvificlr appearadrpose
al%EQEG%%RQPQ{foQQgg%gE%]%%%ppresent invention but are in no
way to be taken as limiting. Physical properties were
measured by the following methods.
[1] heat stability test
10 g of the composition was put intoc 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 60 minutes
to carry cut 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 dissclving 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.

[3] content of lactide in composition
The content of lactide in the composition was measured

in heavy chloroform by using the JNM~-EX270 nuclear magnetic
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10 and the melting enthalpy 4HB of a crystal melting point which

appeared at 190C or higher and lower than 250C in a differential

scanning calorimeter (DSC) based on the following equation (2). Content

of stereocomplex crystal = {AHB/ (AHA 4 AHB) } x 100 15 (2) [5] color

(AYI value) The YI value of a specimen which had undergone the heat
stalsifigresicde seribettia theetbeveqfardigPaph-Fd fors0 ssdgesatmeidthes the

Yl value : x-..di a jan. 20, of. e .
e R e s B deF1vea

of Stifadag Coigoration. THeIMuRlGe WaseaRefdted Froh? tristinflgd ppm)
valiiesi ey apdog Rasedon-thefollowing equation (3) . The AYI value as

a color index was calculated from the following equation (4) 25 YI value =
100 X (1.28X-1.062)/Y (3) AYI value = YI (after heat stability test) - Yl

(before beat stabilly test: (HoRefgiense Example 1 30 yihesis ef ethyl
diethylphosphonoacetate 100 parts by weight of triethyl phosphite and 100
parts by v?(,ﬁﬁhfjé’f“&tﬁ?itbr%]ﬁo‘é%@ta? e PTG X E4BF qiFsed

withha distiatienitube. end thelinside ehtheamagtonwas sulkstiwed byne 1t ing
nitrogen. Subsequently, the 16 _reactor was heated at 100C to start a .
reB&%dh"? SincE hdhEEthaRe s AR -préduct beyah & st Bat than 120°C
imaetliatelyndbe Teacton wabppaintaingduntithe distilationoytefint which
bromoethane sl we 99(‘5"”(-3\’\/ en the distillation-out of 5 broggog; ne

be%%%eearjﬁ% era"a e, the react%r w:'a% ﬁﬁhgp ea 88 “at f‘gbadl tg°gontinue the
reddtiofefoe 3 Ticulrs sHrenraantonamdareawas disiifed abiaB3@G under he

no ssure in an.achromatic transparent liquid (yield of 95 %,
R St

Content of stereccomplex crystal = {AHB/(AHA + AHB)} x 100 %
(2)
5] cclor (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 YT value was calculated from tristimulus values X, Y and
Z based on the following equation {3). The AYI value as a
color index was calculated from the following equation (4).
YI value = 100 X (1.28X-1.062)/Y (3)

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

Reference Example 1
gynthesis 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 substituted by nitrogen. Subsequently, the
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Reference Example 2 Synthesis of ethyl dibutylphosphonoacetate 100
parts by weight of tributyl phosphite and 66 parts by weight of ethyl
bromoacetate were put into a reactor 15 equipped with a distillation tube,
and the inside of the reactor was substityted by nitrogen. Subsequently,

the reactor was heated at 120C to start a reaction. Since bromobutane

as adytproduetsbégateddistil adtifttnédiateha rthereaetarrwas . Since

m@&%ins%%ﬁyg% %ﬁ%y@fg '88&%@%%%9'@%%1@%%%‘9‘%%‘%%%ﬂédiatezy,
en the distillation-out'o romoethane became mo erate, the reactor
wabfurtser debbed watsl 700 t-comimdietthe tdadtion @k Sthouks tils-out of

regefign Jpbdure wasgdistllegd gt 180G Hnder ateduced pressuIRia, + of

obtain an achromatic transparent liquid (yield of 88 %, 25 boiling point of

24901766 thahR) P ReER ittt e 3Synisesis of ety further heated
d-nehexyphosphepgaceiate 40Q Ratts-Ry Waightohtrihexykphosphite-aad: 1 on

100 parts 30 by weight of ethyl bromoacetate were put into a reactor, and

thBiFSHE D f 19 rebictoriias duBdtitd e By MiggEn S SiPEBGteRRETFaITe Lo
regstos Wassheated st DELocashyid ra heaction k3 Peues white theses |

substances were heated and refluxed. After excess of ethyl bromoacetate

WRS 17 U8R Bff aPBoE nder 28edlIEES pressure, the reaction

mixture was distilled at 190C under a reduced pressure to obtain an

achrgmatic trans aren;tlliquid (yield of 84 boiling point of 146C/0.5
mﬁ’ﬁ—fgeﬁ?%nrgﬁr@g%é”ﬁ Smple 4 synthesis of octadecy/

diethyiphpesphafoacdatate 1paris byrweightobfriethyltiEhosphite and

D et o At YR IO 8 9610 e

substitteediby nitfogerhBubsequenths thece were put into a reactor
equipped with a distillation tube, and the inside of the
reactor was substituted by nitrogen. Subsequently, the
reactor was heated at 120°C to start a reaction. Since
bremebutane as a by-product began to distill out immediately,
the reaction was maintained until the distillation-out cof
bromoethane slowed down. When the distillation-out of
bromoethane became moderate, the reactor was further heated
at 170°C to continue the reaction for 3 hours. The reaction
mixture was distilled at 180°C under a reduced pressure to

obtain an achromatic fransparent iigquid (vield of 88 %,

boiling point of 249°C/760 mmHg) .

Reference Example 3
Synthesis of ethyl d-n-hexylphosphonoacetate

100 parts by weight of trihexyl phosphite and 100 parts
by weight of ethyl bromocacetate were put into a reactor, and
the inside of the reactor was substituted by nitrogemn.
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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reactor was heated at 100C to start a reaction. Since bromoethane as a
by-product began to distill out immediately, the reaction was maintained

until the distillation-out of 15 bromoethane slowed down. When the
distillation-out of bromoethane became moderate, the reactor was further
heated at 150C to continue the reaction for 3 hours. The reaction mixture
wasi eacléd ed rod sempera&turede htaired precipitates Theeretipitateact ion
w llecte filtratjo r stalli ith acet i

e B A0 0e g Soator 20 e Fey . Atz &0
Exzringlers synthesis ofiethiyt dictiaylghesitiohopropicitatd PETie of 84 %,
opg&t'ﬁrh%fh%gfﬁrﬁnggfE@@p@/% \_/\gasﬂﬁgﬁaa}tgd except that 108 parts by

weight of ethyl bromopropionate was usedn place of 100 parts by weight
of ethyl bromoacetate to synthesize ethyl diethylphosphonopropionate. 30

Refgrencefxanpple synthesis of ethyl di-n-hexylphosphonopropionate
The operation of Reference Example 3 was repeated except that 108

pafts iy REkMt Bf eP§F BREROProp iRy Wa B RRSREATAEE bR E60 parts

by weight of ethyd bramgeagetade 18 to-synthesize ¥ pnite and 235 parts
di-n-hexylphosphonopropionate. Example 1 100 parts by weight of
L-RéiiE dli0 a5 pat By SFignt BBSEa YR ARoNOF Werd fed 16 @ & TEACTOT

podyuerizationweastos eruippaed withancealipg distilatiopdubigBomeaof the
stock feed portin a %}tro argé’Subse uently, the inside of th

t
RGO 6/A5 SUBRHEHRE by MGTorr hes” S5 L 1act e SoAS ARG athe
190&: When kdactideawad campleteRimotiery tlra salutieaof D005 paitnce

B S L g

Afteretheserofopolyme rivation, 0,055 part thy weibht dfiethyl lation-out of

di %9%'{9'018%@1%% ace @8 g %?o%jld.ed ‘;{Qg}lth@}féo%{&@@glﬂ%ﬁ: icn-out of
bromoethane became moderate, the reactor was further heated
at 150°C to continue the reaction for 3 hours. The reaction
mixture was cooled to room temperature tco obtain a
precipitate. The precipitate was collected by filtration

and recrystallized with acetone to obtain a white plate-like

crystal {yield of 98 %, melting point of 28 to 31°C).

Reference Example b
synthesis of ethyl diethyliphosphonopropionate

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

Reference Example 6
gsynthesis of ethyl di-n-hexylphosphoncpropionate

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
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15 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 composition are shown in Table 1.
The obtained composition was ground intg grains having 20 a diameter of
2 to 5 mm by using a grinder, and 10 g of the grains was put into a
stoppergdtyges restatba 1Tiv insideeof i PyeResstinbp wamte .
substituted by nitrogen to carry out a heat stability test at 260C for 10
minutes and 60 minutes. After the end of the test, the composition was
tak&APBsut to measure its Mw, lactide content and AY| value. The

measuremeyy [sspits are whowindn Fable 1 Jexamnled A & HigR, MRS ght

prepared in the same manner as in 30 Example 1 except that 0.069 part
byPWweRiREBF EthyR HFADSUty WRB8phGtb dce tate MRS TSR ACE oF 6 B550T
partbypweighi; of athyldiethyiphesphenoacaiaten Theddw ang ladlidsck feed

content of the obtained composition are shown in Table 1. A heat stabi#i)s%/

stabilit
teBWAs CarfeB out P fHe §57Re*Y mARRESA PSR mpld e, ThEtesufs the

arecshevnsinybable b sExample3 Wy compositien was prepayedimthe 1actide
same manner as in 5 Example 1 except that 0,082 %asrt by weight of ethyl

PR eSSTbhGEp o b detite WIRSTGH RS CCE 61mE AR 6 lgREG= =R

ethykdigthyfphosphonoacetate rEheWwahdhlactide contenteaflif@ hexancate
obtained compasition are.shown in Table 1. A heat stability test was

t
oG BT 1O Manher HENPEIAmAB IS FHer b MG -0k Feed
showrtin: Pabler Ty Exampiel 4riecdmposibon avad pieparedrnltiecsame After

e AL 22 GS0A i Hiacs o1 B USE o B g ar 2
ethyladistyiphosphomsaetdtet Fheaweatbdclidercodens bpthe feed port
0QﬁﬂﬁeﬁﬁQgﬁééﬂﬁ@E“ﬁ§hﬁﬂﬁh%@&@meﬁ&aa11y, excess of L-lactide
was removed by volatilization, and a composition was
discharged from the reactor. The Mw and lactide content of
the obtained composition are shown in Table 1.
The obtained compogition was ground into grains having
a diameter of 2 to 5 mm by using a grinder, and 10 g of the
graing was put into a stoppered Pyrex tegt tube. The ingide
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
out to measure its Mw, lactide content and AYI value. The

measurement results are shown 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-butylphosphonoacetate 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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A heat stability test was carried out in the same manner as 20 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 25 diethylphosphonopropignate was used in place of 0.055
part by weight of ethyl diethylphosphonoacetate. The Mw and lactide
comentof the abtaiRedcpipositioNaee shewh s Falde dhdwhedtrstabitifye 1.
test was carried out in the same manner as in Example 1. The results are
shown in Table 1. 30 Example 6 A composition was prepared in the same
marAsPasin? Example 1 except that 0.085 part by weight of ethyl

di-n-hexylghesphonoprapigngiesvas-used insplage oh0.053:20 RAHRY as in
weight of ethyl diethylphosphonoacetate. The Mw and lactide content of

thé%Htalned tofifposkibndid Showifin Pable A WEAtEtabiRly B5hWas

cagried, ok hg1sam et asa Bxampleel The fesulis ae shewn part
in Table 1. 5 Comparative Example 1 A composition was prepared in the

sdiile WRAer aSfn SSBMpRIEERER RS IORP AR 1R Weight oF thihgind

phosphita wasdiseshn phace-ak0 fhhpakt &y yeightofetbyl re shown in
diethylphosphonoacetate. The Mw and lactide content of the obtained
CORAOSich arb SHOWn FEPRbIG TR REAE By A5&RES Caricd bl Same

the same-magnen as:iafxample 1.riheresults-aresshovehinshable Taidie 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 0. 055 part by weight of ethyl
di%gggl%]%pgonoacetate. The Mw and lactide content of the 20 obtained

composition are shown in Table 1. A heat stability
A composgition wag 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
weight of ethyl diethylphosphoncacetate. The Mw and lactide
content of the obtained compogsition are shown in Table 1.
A heat stability tesgst was carried cut 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 0.05% part by weight of ethyl
diethylphosphonopropionate was used in place of 0.055 part
by weight of ethyl diethyliphosphonoacetate. 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 composition 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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test was carried out in the same manner as in Example 1. The results are
shown in Table 1. Comparative Example 3 25 A composition was

prepared in the same manner as in Example 1 except that ethyl
diethylphosphonoacetate was not addeglhy The Mw and lactide content of

the obtained composition are shown in Table 1. A heat stability test was
carrisd bt Wﬁirgélgacﬁfeeﬁémﬂedégtmzkﬁmmcn@ﬁé%mg are sHowHw and

3Q i-fable 1 dyt @l Nrcq delpihemMeaD W0, ;-0 thvgl in
OOHIIri NLl ULObmm (NOmNA-)0 (N U44CNLoLoOr—

UFaPLlR N-N & 4FETaRAR LblkYt RIBE 4B A Fﬁ?éf@e&ﬂeqma > Nheysame

O AR LU HhERl b 1d @) 4drpd UOJd THAON ST M ded | mWekbae 1
aN4,it4) CHd' NLITIOHNITW+1 toto k a)

Comparative Example 1

A composition wag 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 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 3

A composition was prepared in the same manner as in
Example 1 except that ethyl diethylphosphonocacetate was not
added. The Mw and lactide 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.
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HIINMNW-m+Lltoxxx JCSSSCKY. kK WWW WWWWWW
xUUUW 22 Example 7 (manufacture of poly-L-lactic acid composition)

100 parts by weight of L-lactide and 0.15 part by weight of stearyl alcohol
were fed to a polymerization reactor 5 eguipped with a cooling distillation

tube from a stock feed port in a nitrogen stream. Subsequently, the inside

of#kemebetdt was substituted by nitrogen 5 times, and L-lactide was

m?ﬁ%’ﬁ&# &%Qﬁr%%egxg%gg% pe iy PIEISl ”&‘2!@5‘\3 202 ok ?ﬁ(’)m

weight of tin 2-et 500 I of 10 toluene were a
the stock fe&d partte barweoahpolfrerization 4e190€ Jorlf i tAflewe ight

thgf@t%fapglynﬂgéﬂgﬂ’ Q032 PREPY weig QEmkization reactor

diethylphosphonoacetate was added from a catalyst injection port and
krRASEEIEFA 1B rhifteS CPihally Séctlss bfabiemdtidesvas pempveidsyc feed

volRiilizatian, and:-a-pglyrl-dacticaacid gompasiiienin the form oha siands the

was discharged from the dischar%e port of the reactor and cut into a pellet
whiRR HERES $B8I BN HiaHuTAC e Bt pERISTactic aBi8Tompusifiodpat1de

Paly-P-rcticacid compositionyyasprepaied bde; SaMeMANIEeE: 85 molten,
described above. That is, 100 parts by weight of D-lactide and 0.15 part
byPwB Ry BF Sty et vithe tfedl t6 ErdakidiciRiRgite otine pddbtet ©f

was thesnb subslituteddly mitregen dinnes.andrldactsierwas saltep-at cut

190C. When D-lactide was %orgeleé%%g molien, 0.05$§rt %y er‘ezi?ght 0 tinf

2-8 Sahbate ShHd 3501 dF totudrid werd Altled fréimthe Se5cicfadd®

pasbioyesry eutpalyimetizatian @4 A908yforéd hgur. Affershiayend of

pQ?ﬂQ%H?T%HE&E%%%oaCetate was added from a catalyst injection
port and kneaded for 15 minutes. Finally, excess of
L-lactide wasg removed by volatilization, and a poly-L-lactic
acid compesition in the form of a strand was discharged from
the discharge port of the reactor and cut into a peillet while

it wasg 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 ul of toluene were
added from the stock feed port to carry out 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 acid composition in the form of a strand

was discharged from the discharge port of the reactor and
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30 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 acid
composition in the form of a strand was-discharged from the discharge
port of the reactor and 23 cut into a pellet while it was cooled. (formation
ofstsreocomplex)sAflert50mparissby tveight of tivel péllet of the above 5
poly-L-lactic acid composition and 50 parts by weight of the pellet of the
poly-D-lactic acid resin composition were well mixed together, they were
knezeletabdgethe? by st theoBpC280 Kneader Laboplast Mill of Toyo

Seiki Co. A4d o & a9 05 stieamat 230C{at I0AIUES, Tharld oo

stereocomplex crystal content of the obtained composition was 99.7 %.
TR Miv anddsdtivie e6ARMOTERS dbthied edrhposfiohsary/sewals of the

Tahle 2= Therobtaingdicarnpasition wag-groynckintp s HaVING, Jere well

diameter of 2 to 5 mm by using a grinder, and 10 g of the 15 grains was

pRiFEh SOPPERET Pyfdiisstitibe. FReFTSde bPFRPREXWstHahEwasne

substituied pyditiegen i sy Qute heatstabilipstest ak 2606 for 183, in a
minutes. After the end of the test, the composition was taken out to

mBaSHRIRE MR S1athid€ 2Bn@ht 4Ad nY1 ¥afiel PhE K Femenit20
resulis-ate-shyein dapler.1 Exanmpien8 Agompesitipn aas-prepargbis t 1on

the same manper as%in Exagé%%;&except that 0.069 part by B\%/eigcg%) of . 4
eth§25 dizH-butylphBEphh R tatd Wa Gset i piade 8F0.088 part dye
weightokdthybdiethydplxisplmnoaceatatel S he Mw, stereocomplex crystal
content and,lagide. contant gf he. obtained composiignare shownin .. s,
Table 2. The heat stabif y {eSt of the composﬂ%n Was carriedout i the g
samé Bammaamnerisin Exampis T hesfesults ayeshden, indfeblé 2.9 of the
E)éaﬁrgelﬁsgwas 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 composition was taken out to measure

ite Mw, lactide content and AYI value. The measursement

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-butylphosphonoacetate was used in place of 0.055 part
by weight of ethyl diethylphosphonocacetate. The Mw,
stereocomplex crystal content and lactide content of the
cbtained compeosition are shown in Table 2. The heat
stability test of the composition was carried out in the game

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

Example 9
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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A composition was prepared in the same manner as in Example 7 except

that 0.082 part by weight of ethyl 24 di-n-hexylphosphonoacetate 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 1. The heat S stability test of the
cotipusitisirwis kagidtbogeinahe sane@ mamest dstpErampid 70 The5 part
regylsaie shoust in-Lable &: Examplentll dcomaostion-wes prepaigg i
the'same manner as in "10 Example 7 excépt that 0.111 part by weight of

OCRAFETSP REWY R 0SBHEGHcetaR WRas uSahinRiate 8p0 OBB R bt the
wejshkakRiAydiptyiphosphoReaceialey ] he MwesieLeocomplex gostal

content and lactide content of the obtained composition are shown in

Tahhe21FhEne&ss tabitfy FEELRF fe-composfis asSarriet ot ifheame

samaeuiBanaey asikiampie 7. Thenesultssare-showr inskhable 2n 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
digtaytpbosphonopropionate was used in place of 0.055 part by weight of
ethyl diethylphosphonoacetate. The Mw, ste eocorglglex crl)r/fstal content

and lactidé' con ?%fﬁ]leo%b‘f’o’ffﬁeg’%%%%?l ohar&RRoRATR THPRISE a8 n
Thexheat 125 Stabitityetest ohthie compasiten-wabgarrkecbnt in thesameecyl

manner.as, in. Example 7. The results are shgwn in_Table 2. a 12
e R e N R s 0 Baft oy
excepythat 01085 part by wsightigfletisyihdirrshexyiphesphdhepridpionate
‘N%?%?%%%Hﬁﬁ%%Qf9é§§%£§“é&ﬂ%§@@tgkﬁhxgctide content of the
diethylphosphonoacetate. The Mw, stereocomplex crystal content ando
lactiefeadartentceimhe sahitaie decoim Fositioh are ShdweirkTablehe Tirat

heﬂgéility test of the composition was carried out in the same

manner as in Example 7. The results are shown in Takle 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 diethylphosphoncacetate. 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-hexylphosphoncpropionate wasg 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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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 4 5

A composition was prepared in the same manner as in Example 7 except

that 0.041 part by weight of triethyl phosghite was used in place of 0. 055

part by weight of ethyl diethylphosphonoacetate. The Mw, stereocomplex
cristab tohtenttan-ladtiddeontained iffe obtainedecormpesitiontaralphe same

shpwin, Tahle &, The heatstabilityriest pf the,campositian Jyas carred, 1o o
out in the same manner as in Example 7. The results are shown in Table
2. Comparative Example 5 15 A composition was prepared in the same

MapRe-as i FXxample £ gxcegpt that 0.077 part by weight of triphenyl
phosphite was used in place of 0. 055 part by weight of ethyl

diethylphdSpRERBREE AP T HENIWR S fr8SEsmpiEX ERRIERBENIBRRRRY a5 in
lagtidangantent ef:thebtaingd compositionare2p shovwyhin Table2; Jhey1
heat stahility test of the composition was carried out in the same manner
aspi‘ﬂcl‘:%%f?ﬁ%l@ YoammaSduls HEEHWTif TABR BAEbmardive Exahpid 1YL
6 35 Aceomposikomwiasgarepareas.in thesame Manwesasdhdampleystal
without addin hosphono-fatty acid ester, The Mw, stereocomplex .

Y SR R AR O BF I COR IR e PGS ONETE ShodR 27
in dlabten2i T It héat 2stabitity test-of tresdoniposition stas taried-auipm the: 1 on
same 30 manne aguig EXx

le 7. The resul hown in Table 2.
P A Lo N AT U T06%0 60 6 & GFPRE Ud Ag e

N A9 ImN d |0/ oo NalAleri 2 .

Comparative Example 5

A composition was prepared in the same manner as in
Example 7 except that 0.077 part by weight of triphenyl
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 tegt of the composition
was carried out in the same manner as in Example 7. The

results are shown in Table 2.

Comparative Example 6

A composition was prepared in the same manner ag in
Example 7 without adding a phosphono-fatty acid ester. 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.
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SCSCW. WWWUUU 27 Effect of the Invention The composition of

th8§résettaRiehtibl RRBR_NENY heXPSEbRT ST RartRrBgserdncts 1ts
a resiustion #r-itsremeleculas weightiatie dmerefneating. Thakis, the Sthe
composition of the present invention hardly forms lactide, cyclic oligomer

or CHBRPWF ridte Qe TR th & ERPSH wHH Rdatrly 2PT80 of Pigherigct ide,

regyired sueh agsmelispiiniighin low molecule in the step in which
heating at 180°C or higher is reguired such as melt spinning,
melt film formation or injection molding and hardly
experiences a reducticn in its molecular weight. The
compogition of the present invention has a good color.
Further, the composition of the present invention which
containe a stereocomplex crystal has excellent heat
resistance. Therefore, the composition of the present
invention is preferred ag a raw material for yvarn, £ilms or

resin molded 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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melt film formation or injection molding and hardly experiences a reduction
in its molecular weight. The 10 composition of the present invention has a
good color. Further, the composition of the present invention which
contains a stereocomplex crystal has exgellent heat resistance.
Therefore, the composition of the present invention is preferred as a raw
material for yarn, films or 15 resin melded¥roducts. Industrial

Applicabilily3inge Hie-compasitian abihe presentjoventian hasaexcelent s ght
heat Stabl|lt¥ it can be melt molded into zarn 20 film or other form. 2

CLAINS "EE Ale RS icHTwWRARS dbritdins BT fo B3 Parfhy Weightoraf 2

metabeplabyst apd :90% ¢ 6. 2pad Pyoaeight eha1phosphen-fatwaddht of
ester b sed an 100 parts by weight of 5 polylactic acid. 2. The

co]ﬁ? é’ fon é@coﬁ‘&ﬁ%‘to claim 1, wherein the polylactic acid is

poly-L-lactic acid, poly-D-lactic acid or a mixture thereof. 10 3. The

co posm accordln to.claim 1 Whe |n the_polylactic acid contains
stereocon%g TN crysFa(? 4 TRE cSMpoSitoR %ccc%d'f}r/lg toclaim T% F]S%ez?n the
th@mietéadﬁlcatalqsﬂsmcmp‘awmdtenﬁawn@auéaspomgmetahctlc acid
seé%pt%d g{ the 9rQu epfcorpstlng of alkali earth metals, rare earth

ure
metals, thlr row transition metals aluminum, germanium, tin and

antimony. 20 5. The composition according to claim 1, wherein the

PhsphongHatyanidssierisqeRiessetethly 15 fodawino: o EohOrne
polylactic acid contains a stereocomplex crystal.

4. The composition according toclaim i1, wherein the metal
catalyst ig 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 to claim 1, wherein the
phosphono-fatty acid ester is represented by the following

formula (1) :

O

R10/P\{C5JL0R3
RZO

wherein R;, R, and R: are each independently an alkyl group

(1)

having 1 to 20 carbon atoms or aryl group having 6 to 12 carbon

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

& . The compositicn according to claim 1, which contains
0.02 to 0.2 part by weight of a phosphonc-fatty acid ester
based on 100 parts by weight of polylactic acid.
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R20 2 (1) wherein R1, R2 and R3 are each independently an alkyl group
25 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 wetght of a phosphono-fatty acid
ester 30 based on 100 parts by weight of polylactic acid. 29 7. A molded
prdduct of thBTbsbstion Brcaiftf 1.- 8¢ AGTBRSS SriBn R chhta L -
composition which contains a stereocomplex crystal by mixing together 5
poly-L-lactic acid and poly-D-lacti¢ acid, wherein at least one of ,
Poiy-L-tact BEAEF POl BFAAE S5t CEFairs & TP kRR: Hid B
mixingtis tagried stk iretheopresence 01,8091 thP. mpardihy weightoka
phosphono-fatty acid ester based on 100 parts by weight of 1Q the total of
pony-L¥ac i—c{a&f((:‘?% la%daﬁoﬁéD%%{gtig(%H%g. %tgr%cggé decdraffigon
claim 8, wherdindisé noetal chtalystisla-dempdund cantamidgat least ohectic

metal seegied fiam.ie.groun Caneiging ghalkal earth.melals, e ety o
15 metals, third row transition metals; aluminum, germamu%, ﬁn and-
antimonie 10T Fheprecess decobdingto elaimBrwhergintheght of a

PosaupRe: (i asd peler s reptaseniad Dy los, Moo ing 23 i 8kic o
O RJ?O ~|~C OR3}?R20 2 (1) wherein R1, R2 and R§ are eacFEn 1% °
ind&sericeitly anfalRy Grobp Ieeing 136 2@ carforratamPor ant growpeid.
having 6 to 12 carbon atoms, and n is an integer of 1 to 3.
g, The process according to claim 8, wherein the metal
catalyst ig 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
phosphono-fatty acid ester is represented by the following

formula (1):

0 0
R10™ \(ﬁzn OR;

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 ig an integer of 1 to 3.



