1 DESCRIPTION 13 April 2006 BI AXI ALLY ORI ENTED FI LM OF A POLYLACTI C ACI D
RESI N Technical Field The present invention relates to a biodegradable
biaxially oriented filmconsisting mainly of a polylactic acid resin. Mre
specifically, the 5 present invention relates to a biodegradable fjlmfor
bags, packagi ng and for various windows with superior coatindg3tRpesh ity
and hi gh-speed cutting property. Background Art Synthetic pol yner conpounds
have been widely 10 used as pl aspr&sSpélperé@ their superior

characteristics. Wth the increase in the consunption of the synthetic

pol ymer conpogfasraRewewRTEnt® amwniorofa washe Atas ¢ beerd s\soIin ncr easi ng.
It has thus becone a social problemhow the waste plastics should be dealt

with. 15 Incineration causes problens, such as the damage to furnaces due
to high heat generation and the risk of em ssion of toxic substances.
Landfill also cause a problemthat the plastics stay in the environnent
for good since they do not decay. Furthernore, considering 20 the costs of
cl assificatiDachuothkcFiehdand regeneration, it is difficult to conpletely
solve the problemonly by recycling. In the mdst of such increasing
environmental 2 conceFhe ReedsntoiNHrBEEGRad&hPESH| &8t Bcs which 13 Apri
2006 deconpose in the natural environment after _being wasted have been

i ncreasi ng tbieeagradahier BafEaRALY| 684CRRET £d1MeSPP P SEASYs JE i Habl e
society. 5 Known biodegradable, | asti,cs incl ude starch-lgase agnes,

al i phat i c- poPyedt BPLYEeFhiCprEdtcEaShY - meFGofgahtEmsa idNeni-Ca Iy
theti | i phatic .pol t ' d_t ' iall

T0d1 1 60 Fn HOCT Chb GHF L6t BELOFaT Ba“bl oGRgrAaante 10 Al phatic

aromati ¢ po'%gaé?rp58§53§ng and for various windows with superior

coating adaptability and high-speed cutting property.

Background Art
Synthetic polymer compounds have been widely

10 used as plastics due to their superior characteristics.
With the increase in the consumption of the synthetic
polymer compounds, however, the amount of waste has
been also increasing. It has thus become a social
problem how the waste plastics should be dealt with.

15 Incineration causes problems, such as the damage to
furnaces due toc high heat generation and the risk of
emission of toxic substances. Landfill alsc cause a
problem that the plastics stay in the environment for
good since they do not decay. Furthermore, considering

20 the costs of classification, collection and
regeneration, it is difficult to completely solve the
problem only by recycling.

In the midst of such increasing environmental



Anong these bi odegradabl e plastics, polylactic acid resins have superior
transparency, rigidity and processability, as conpared wth other

bi odegradabl e plastics. In particular, oriented filns 15 of polylactic acid
resins are suitable as various filnms for packagi ng such as bags, w ndow
films for containers wth w ndow, plaztering films for outloo APFHGQW
envel opes, substitute filnms for cell opfiane, and the |ike, due to their

high stiffnesspapgnhi gh.4d FEaNERaKEREKdab et Beadthel handn in the field of

plastic filmapplications, processiing speed has been increasing wth the

progress of presgps:RIifBERENBEY urbQr en@X@Bpent! B ke efing Rdfed i | N5
for envel ope w ndows, 25 recent processing speed is 800 to 1,000

sheet s/ ni nut Bave Obe8MENRER8As0hgMBEE releets eiivitbemeue a0 1tdael pmehress  of
wi ndow af fi xi ng machi ne, while the conventional processing speed was 400
to 600 sheetsbniradl ezeFehe3sh3tAphbl20@6ctikity .r eason, running speed of the
filmalso has been increasing and thus there are needs for a filmwth
superior i gh-speed cukhbwg prhopegtrpdabieagdesitons itrlsdrelearsdaaspl- cat i ons
in which filmsurface is to be 5 coated with an antistatic agent, a

| ubri cant, abhasadtpPbesckRhdrhgear PolYERESK KESING PrOFEES film wth
machi ne adaptability and processability to suit the high-speed processing.
For exanpl e, Mi RECQKEFBISHEscFNBEA CEdAYT FYTIEEetAd §ge € in bags,
packaging 10 filns and filns for vgrious w ndows, particul.arly those for
wi ndow of ouPPoBRSHERAGRSLERTePBeS Pn?&mﬁhFEﬁlnFeFﬁFiﬁﬁ 19ght wei ght

[hi n  paper STORN FRTSY fBof bPLEe SEaBLEATc 8 b Fhint 2 Kok OB O el 0.t he
hi gh- spegd COLEPRA" Br BRETED L CPRAUsERRROre P, I n par i cular
polylactic acid film wHLASURGLLOL; LLRSRALEAEY paRd itRCchani cal
properties, satisfying t%ege reqU|reneng§%
polylactic acid resins have superior transparency,
rigidity and processability, as compared with other
biodegradable plastics. In particular, oriented films
15 of polylactic acid resins are suitable as various films
for packaging such as bags, window films for containers
with window, plastering films for outlook window
envelopes, substitute films for cellophane, and the
like, due to their high stiffness and high
20 transparency.

On the other hand, in the field of plastic
film applications, processing speed has been increasing
with the progress of processing machinery. For
example, in the affixing of films for envelope windows,

25 recent processing speed is 800 to 1,000 sheets/minute,
or even 1000 or more sheets/minute due to the progress

of window affixing machine, while the conventional

processing speed was 400 to 600 sheets/minute. For



20 have not been obtained. JP-A-2001-122989 discloses that a biaxially
oriented polylactic acid polyner filmconsisting of crystalline polylactic
acid and having the storage nodulus E at 120C within the range from 100
MPa to 230 25 MPa, as determ ned by the test nethod for tenperature
dependency of dynanic V|scoelast|0|ty, is suitable for fol d- peckdlicRB0 due
to superior tacking property. This Fnl however, cannot satisfy the

ti d Ll [ h t t
3PCA 2000- 198085 FHrEeT 6068EA o P?yd?égr Chpneapredic o ey,

a polylacti Ciﬁekgaégﬁ%{ aﬁan%hﬁts.' RH2t BOkYhaekiC roaciad raneh Grivst al i ne
al i phatic polyester hi I'm 5 however, only has |imted applications

due to S|gngubggmbrhg;§h éBeédZQQ£t§ﬁ§1§r6péﬁhgsesI@ﬂa@@ﬁﬂﬂpn.tearable
biaxially oriented filmof a polylactic acid resin consisting of

pol yl acti c achdrandrpokpplhybenenst erephtibhl &tie masdidaqeoliygettiyy lbene

i sophthalate. This 10 film however, only has |imted applications due to
i nconpl et® btodegdagabhl ahyaandskasutf ageent eoatiomgcaadapteability and

hi gh-speed cutting property, although it is superior in straight tearing
and hand tearnhgblprcbpest hgsnt]PoA- 20811354789 cabsevdidscitdsed

bi odegradabl e polylactic acid resin filnms with a good  bal ance anong
antistatic properogchiogr pdppyakiditaners FERCR§ SRy talSHg with
superior adhesion to paper. This film however, goes not have the high-
speed cutting frBpERr§Pe20 PRECEESAEE - ofFPHeeﬁﬁ fr EAFeAF s to

d bi od b | t ed I I t d
ool sult abRESFEIORRI FRaFoRobags | I apSORaEPRY Cand FrERE. REF a%rﬂ«'n‘?&?c'w ndous
ith i , t tability.f ti t , 25
Q%tibfggﬁﬁkg%ééégsghggffﬁ@gl?Qg Iaﬁlﬁér %qndﬁpghlégggg% ng proerty

Di sclosure O%okhﬁihag%ngfoguélook window envelopes into which

relatively light weight materials easily affected by
static electricity, such as powder, granule, thin
papers, film, fiber-like substance, are contained.

15 Therefore, the films are required to have cecating
adaptability, in addition to the high-speed cutting
property. Biodegradable films, in particular
polylactic acid film, with superior transparency and
mechanical properties, satisfying these requirements

20 have not been obtained.

JP-A-2001-122989 discloses that a biaxially
oriented polylactic acid polymer film consisting of
crystalline pelylactic acid and having the storage
modulus E' at 120°C within the range from 100 MPa to 230

25 MPa, as determined by the test method for temperature
dependency of dynamic viscoelasticity, is suitable for
fold-packaging due to superior tacking property. This

film, however, cannot satisfy the coating adaptability



The present inventors have found, after extensive studies to solve the
above-described 13 April 2006 problens, that a bi odegradable, biaxially
oriented film of a polylactic acid resin, which is suitable for filnms S
for bags, packaging and filns for various w ndows with superior coating
adaptability as well as high-speed cutting property, can be otApPie80y
maki ng the storage nodulus El at 800C* as det erm ned by the test nethod
for tenperature dependency of . dynamni Lscoel ast i,Cistyn i ccordance
with JIS K?l@@d(ﬁégﬁoapif% Fﬁét égtpr§ﬁ%?§&ége%§tAB&béPa%%B%ﬁéétear
strength in ghe wdrl i EQ%F%?”EEE%%%‘?%&%&Eaqflﬁ/gofﬂi'eth\Mé Hiinof he

specific ranges, respective espite the tact that the physical

properties ofetheshilmare coppli ¢aked %o%léiis@fih@e@tfe%ommiak&im end
conposition of crystalline polylactic acid and anorphous polylactic acid,

drawi ng tenper gt Hfl@sc@?@tgﬂﬁ%égaﬂigh@%iicnpb}l%eﬁﬁ@e&ﬂd TBidifiget,i ons, and
heat treatnment conditions and the |ike. Based on these findings, the
present ipveRbwenehasochegnhazOlaadespl aphedcalanelsy dushedpresent invention
conprises the follow ng aspects: (1) A biaxially oriented filmof a

polyl actic atgdifésantchapei.si 0§-AeRolass4undn BeWllopamisghteasfily 25
polylactic acid resin, which has a storage nodulus El at 800C, in at |east
one of a |ongeeudbhal Biradeldy EMbeditedctiidm ofamd Polwildtdt idl rretitd on (TD
direction) of the film of 6 13 April 2006 from 10 MPa to 3,000 MPa, as

det erm ned byeehe tescisgpbHoeff BPlydapeist aré ddepehdeHHRe ey mc

vi scoelasticity in accordance with JIS K7198 (nmethod A). ; 5 a heat

shri nkage oftﬁéﬁphFBﬁéPt?héﬁdiQ%;P@BﬁﬁthﬁéﬁpﬁndS&Ph§@élﬁ5ﬁ'10]gﬁébnds; and

a tear strengt? in the wdth directi
10 ilm, however, only has

RngIBd applications due to
incomplete biodegradability and insufficient coating
adaptability and high-speed cutting property, although
it is superior in straight tearing and hand tearing
properties. JP-A-2001-354789 also discloses

15 biodegradable polylactic acid resin films with a good
balance among antistatic property, lubricity and
antiblocking property, along with superior adhesion to
paper. This film, however, does not have the high-
speed cutting property.

20 The object of the present invention is to
provide a biodegradable, biaxially oriented film of a
polylactic acid resin suitable for films for bags,
packaging and films for various windows with superior
coating adaptability for antistatic agents, lubricants,

25 antiblocking agents or the like, as well as high-speed

cutting property.

Disclosure of the Invention



direction) of 10 to 200 nN , as determned in accordance wth JI'S K7128
(method B). 10 (2) The biaxially oriented filmof a polylactic acid resin
in accordance with (1), wherein the storage nodulus E at 80C, in at |east
one of the longitudinal direction (MD direction) and the width direction
(TD direction) of the film is within_the range from 50 MPa 1B Agil20860
MPa, as determ ned by the test nethod for tenperature dependency of

dynam ¢ vi scoel asti ci t;fhenggﬁs%%% g%@{é%‘)%lolr)é ankented f4 | mfe@ polylactic

acid resin in accordance _ wherein the 'storage nodulus E
at 80C, in at,|east,angcofibhe 20 Londi tudi Bpbvdi-REHdahddVD direction) and

the wwdth direction (TD direction) of the film is within the range from

10 MPa to 30QrMBaemas deter | peddbyrbheniest binmtiRad f eirileimeet atilne
dependency of dynamic viscoelasticity;, and a heat of fusion, AHm at the

25 crystal nBFt bngopeakctpreseny aksdnt empercat use sndttadlenvdron Hanink00C, is
in the range from15 to 30 J/g, as determned by a differential scanning
cal ori met Br B8Cpagwi, t baakhetiper atwdr € 1Reisng dmoeredses fWigd@E twit200C in 7
accordance with JIS K7122. 13 April 2006 (4) The biaxially oriented film of
a pol yl act i csupeirdoresipatingaedepdairde iwivt rs( ¥eldr a@higkheinsiad t he
polylactic acid resin is a mxture conpri si r;%aof 95 to 5 60 parts by weight
of crystallifatpdhgl REPPETAT d @it Be Sktadtiedalyp MEkiy Dt HfotSIGEIE t han
85% and 5 to 40 parts b vveioght of armrphousvﬁol {Rgcti c acid vvitE an
optical puriP9dBtUgoE ' hR§hER E had® 888k T8I A WPHdbRET bESEn™EGFPE0k OFi ndow
envel ope, 10 conprisin tdhe bi axi al | riented film of Sg::.choiI yl ac.trilc aci d
resin in acchPBRAEEEWFENSERPEREETEY) OF( nﬁﬁﬁcbivéﬁcﬁeﬁf Fi%nted 11 mof a
pol yl act i acid resin in, accaord with, (1 n (2, ein said filmis
drawn at hg rﬁfFSrgla_nﬁSt WP%%gS?ﬁa?iﬁisiSn (tn}%eétilf?g[ \%’n)dt ﬁ:)hﬁ \ngec Son (TD
direction) ofythe,tilm, andelsangubhect gt cpellgeh LheRHERRLARE o
t emperature no
direction (TD direction) of a film within the specific
ranges, respectively, despite the fact that the
physical properties of the film are complicatedly
15 influenced by its blend composition of crystalline
polylactic acid and amorphous polylactic acid, drawing
temperatures and drawing ratios in the MD and TD
directions, and heat treatment conditions and the like.
Based on these findings, the present invention has been
20 accomplished.
Namely, the present invention comprises the
following aspects:
(1) A biaxially oriented film of a polylactic
acid resin comprising not less than 50% by weight of a
25 polylactic acid resin,
which has a storage modulus E' at 80°C, in at

least one cof a longitudinal direction (MD direction)

and a width direction (TD direction) of the £ilm, of



| ower than the glass transition tenperature (Tg) thereof and not higher
than the nelting point (Tm thereof. 20 (7) A nethod for producing a
biaxially oriented filmof a polylactic acid resin, conprising: drawing a
filmconprising a resin containing not |ess than 50% by wei ght of a

m xture conprising 95 to 60 parts by weight of crystalline pol 3AH 2086 aci d
25 with an optical purity of not |ower than 85% and 5 to 40 parts by

wei ght of anprghous PeLYEaCk] 6oaCBaN L Ba:coRkiedl tuiey castnot hi gher

than 80% at aratio o not less than 4 in the wdth direction (TD

direction) 8;d3hAQr Ebr2086petatlieel bbPenardsubFeayenidiy: subj ecting the
filmto a heat treatnent at a tenperature not |ower than the gl ass

transition temperalyseitTg), theneebrandcaowikihghes Krawss ekl ting point
(Tm thereof. Preferred Enbodi nents of the Invention The present invention
will be explaijned in nore detail hereinbelow A filmof the present

i nvention conprises not 10 |ess than 50% by wei ght, preferably not |ess
than 70% 5by wei ght, nereeprefbrabkporobfl ess tHamed5%han Wdifghtuporand
further nore preferably 100% by weight of, a polylactic acid resin. If the
content of ahpabyhacerbc803Ci Hored? nse¢sondss &andn 50% by wei ght, the elastic
15 nodul us and transparency of PLA tend to be |lowered. Said polylactic
acid resin means: a copolg¢mEr StEengshy Lac e &Eﬂ&ho@1F§6FP6”th%yand ot her

hydr oxycar boxyl i c aci d(s), _aliphatic cyclic ester(s),, .dicarboxylic acid(s)
and/ or dioI(@}FEEEHPH?nPﬁglﬁoF°260Pe§§7tﬁ&nd§§¢§3§1%ﬁﬁgﬁﬂ %ﬁCQE§§39? aci d

Uhan 5% by WFBNY 6 K366 dmaeraomBhomsr uni te.  Lactic aci d-has L1 actic
acid and,[1aglic aci g,3s,00Ll;68h J S0MRLE. AR 1ROIA aCH ALt bt al ned
y poltynerfzation of “Tactic acid includes crystallin
acid resin in accordance with (1), wherein the storage
modulus E' at 80°C, in at least one of the longitudinal
direction (MD direction) and the width direction (TD
direction) of the film, is within the range from 50 MPa
15 to 1,000 MPa, as determined by the test method for
temperature dependency of dynamic viscoelasticity.
(3) The biaxially oriented film of a polylactic
acid resin in accordance with (1) or (2), wherein the
storage modulus E' at 80°C, in at least one of the
20 londitudinal direction (MD direction} and the width
direction (TD direction) of the film, is within the
range from 10 MPa to 300 MPa, as determined by the test
method for temperature dependency of dynamic
viscoelasticity; and a heat of fusion, AHm, at the
25 crystal melting peak, present at a temperature not
lower than 100°C, is in the range from 15 to 30 J/g, as

determined by a differential scanning calorimeter (DSC)

with a temperature being increased from 0°C to 200°C in



pol ylactic acid and anorphous polylactic acid. The former conprises about
10% or less of D lactic acid 9 13 April 2006 units and about 90% or nore of
L-lactic acid units, or about 10%or nore of L-lactic acid units and about
90% or nore of D-lactic acid unit, and has an optical purity of not |ower
than about 80% while the latter 5 conprises 10%to 90% of D-1&:APE 288P d

units and 90%to 10% of L-lactic acid units, and has an optical purity of

not higher.tQQQo?BQH%F89%EhAFE%|XHE%ELC acid resin used in the present
yl'a

invention is preferably a po ctic acid resin that is 10 a m xture
conprising 109,to 60 pahkSyRuwahaht oof eaitkst #lillie el YAastlia-we d havi ng
an optical purity of not |lower than 85% and O to 40 parts by wei ght of
anor phous pokykactigiacied Ravbhgaaleoptiictal(1pukirt Y(20f, wiairehirghgre t han 80%
Particularly preferably, a 15 polylactic acid resinis a mxture of 95 to
60 parts by pweightcot eryst akliine igoky mdedtiuereacicthphasimg af ¢t itcal

purity of not |lower than 85% and 5 to 40 parts by weight of anorphous

pol yl acti 6 aébdphavknpyawedpticcalf cpusitey lafeneo lyilgedri a ke BO%tThe
resins having the 20 conpositions in these ranges are advantageous as an
oriented fil emwophisapepusrtheatf se&l ileyepr Gpert Pothiamel ShaéA iy t he heat
shrinkage suppressed to a_ |low |level after heat treatnenf, can be easily
obt ai ned t heParEsnkby Weighé €EnPEREPEPUS PG DASHRIHET &1 d havi ng
an 25 opti cal Eurity of not | ower %Ha 85%is | ess than 60 parts by

wei ght, heat °BRiFARa§E &N L HNEE éh?ﬁe dr oxycar boxylic acid(s), a
nononer (s) t e used as a copolynerizatiqn conponent with lactic 10 13
April 2006 agﬁg, incIu&ew§3%ﬁ%é§°§]ﬁgoﬂu5q55%ﬂg3§l%ﬁﬂ%%&é%;%%ﬁc aci d,

- hyd ' i.d._ 3<hydr.oxyval.eric..ag] _ . acid,
a roxy@g;?ééin%rg%:l&g % gyarli%)}:() \aéteiilgfr Iocfcﬁ%chlt%'d %11?%%?%?&5&&?1%@3{% an

6- hydr ox _ Cyclic ester S gl ycol i de,
lactide, (3-RLoRi QLAGLONG K RHMVAGHUE (1F or (2).
(&) The biaxially oriented film of a polylactic

acid resin in accordance with (1) or (2), wherein said
film is drawn at a ratio of not less than 4 in the

15 width direction (TD direction) of the film, and is
subjected to a heat treatment at a temperature not
lower than the glass transition temperature (Tg)
thereof and not higher than the melting point (Tm)
thereof.

20 (7} A method for producing a biaxially oriented
film of a polylactic acid resin, comprising:

drawing a film comprising a resin containing

not less than 50% by weight of a mixture comprisging 55
to 60 parts by weight of crystalline polylactic acid

25 with an optical purity of not lower than 85% and 5 to
40 parts by weight of amorphous polylactic acid with an
optical purity of not higher than 80%, at a ratio of

not less than 4 in the width direction (TD direction)



val erol act one, s-caprolactone and substituted |lactones wth various groups
such as a nethyl group, and the |I|ike. The dicarboxylic acid(s) includes
succinic acid, glutanic acid, adipic acid, azelaic acid, sebacic acid, 10
terephthalic acid and isophthalic acid, and the Iike. The polyval ent

al cohol (s) includes aromatic polyval enf al cohols, such as 3 April 2006

bi sphenol / et hyl ene oxi de adducts; aliphatic polyval ent al cohols, such as
et hyl ene 9'y§g|thepE99%LeQEdQ|yCO|’ but anedi ol , hexanedi ol , octanediol, 15
gl ycerin, solbitan, trifrethyl ol propane, neopentyl glycol; and ether

glycols, such as diethyl,gaeqaknedl, subfjkethnkeracglryaal el yeidtyl ene
gl ycol, polypropylene glycol. Biodegradable plastics, such as aliphatic

20 pol yestersregBehe addgdtbapkhatakeveacdeseiickedhpel thacihlasaci d. The
anount to be added, however, should be not higher than 50% by wei ght so as
not to inpattatbetpoapeempegaeiirehéTpol yhaetiod acidd ncesiighersellfan 25 As a
nmet hod of pol ynerizing the polylactic acid resin, a known nethod, such as
a pol yconflenshti maltieghpdina rflTmy opemerd.pol ynerization nethod and the

| i ke can be enployed. A nethod for increasing 11 nol ecul ar weight by using
a binder, such as 13 April 2006 polyi socyanate, polyepoxy conpound, acid
anhydri de and ol yfunctional acid chloride, can al so be enpl oyed. The

wei ght averaBéegﬁrééélEWb@éF@ﬁPtéfOﬁhéhﬁoPFVE@FP€n5 acid resinis
preferably in the range from 20, 000 to 1,000h390 nore _preferably in the

range from 30,000 to 5B, BEESSRF LRISHELEEUMAL tnbgReBle Wighitl t hese

ranges, the nelt ﬁiscoiihg milg ﬁe in a suitable range and, thus, a stable
filmcan be OBFSi HeG2&veR®hy*5FnGY 10 usual processi ng machi ne. The

o ol o ent o 11U 85 L beceggfel imthocll e e

| east 10 less than 50% by weight, preferably not less than 70%

by weight, more preferably not less than 85% by weight,

and further more preferably 100% by weight of, a

polylactic acid resin. If the content of a polylactic

acid resin is less than 50% by weight, the elastic

15 modulus and transparency of PLA tend to be lowered.
Said polylactic acid resin means: a copolymer of
polylactic acid or lactic acid and other
hydroxycarboxylic acid(s), aliphatic cyclic ester(s),
dicarboxylic acid(s) and/or dicl(s), containing not

20 less than 85% by weight of lactic acid monomer units;
or a composition of these polymers containing not less
than 85% by weight of lactic acid monomer units.

Lactic acid has L-lactic acid and D-lactic

acid as optical iscmers, and polylactic acid obtained

25 by polymerization of lactic acid includes crystalline

polylactic acid and amorphous polylactic acid. The

former comprises about 10% or less of D-lactic acid



in one of the MD and TD directions, as determ ned by 15 the test nethod for
t enper at ure dependency of dynam c viscoelasticity, in accordance with JIS
K7198 (nmethod A). It is preferable that the storage nodulus is in the
above range at least in the MD direction, nore preferably in both of the
MD and TD directions. Since 20 filns a%e heated up to around SGCBY 2R6% air
for drying in a drying step after coafing with an antistatic agent, a

Lubri cant, aj,anti blackpg.ageat cor nbhe Lieke, 1ok ikh@csiorage diodul us E at

80C of a f|In1|s | ess MPa, the filmwl have defornatlons such

as film25 ekgpgat g By kehrei of exentedcOBcfdl mdllﬂsdbk‘l!d’l%bdﬁto@iﬁﬁ whi ch
makes it difficult to obtain a good state of roll of film On the other

hand, a fil mefmopel yFactiacagicdaresi nntict, haadshesage mpdulazs E' t hereof 12
at 80C of higher than 3,000 MPa is practically 13 April 2006 difficult to
obt ai n. Prefenabte ov@ngetoflokerothanf abouta’ 08QCwhs 1fer daunebQ avRert o 1, 000
MPa, and particularly preferable range is from70 MPa to 500 MPa. Afilmb5
with E ab 80Qmptrimet highépr ©KB&no300-VRatils préferaiite aasl i%0%*ds t he
superior heat sealing property. The biaxially oriented filmof a polylactic
acid resin olO#hefpkesesticnaead onikss ﬁ@étﬁﬁﬁr@@k&@§lcqh1ﬂﬁﬁ%FHhe MD and
TD directions, of not higher than 10 10% upon heating at 80C for 10
seconds. TheoflPﬁFwPﬂHheﬁeéba§hﬁPﬁM§g§Oéver 10% upon heating at 80C for 10
seconds, exhibits heat _shrinka %e by hot, air for dr |ng |n dr process
after coating with an &nPP¥afi Elcaﬁgﬁg L& S[iip HSE %% 5%k|ng agent

the lik 15 to.h the fil f
g{ffigull 5018H?8§ﬁ°§V§FP%F%|Fﬁaﬁggd a%ﬁ%é#%%%g% %%%d % hrlﬁkage upon

heating af 80C for 1 %|%%%§Fq |§%él%reE%r%%)¥f%%E né$H?Qﬁﬁgb and

partlcularly prefeera It han e biaxially

f;'eﬂted f'lEkggtgllgﬁgyégﬁgﬂ%c%QEda%%%!%ﬁﬁ&n@h%npﬁﬁ%¥gaﬂ'ﬁﬁ¥¥ﬂ§”bﬂs
quired to tear strength in the wath™direction
not lower than 85% and 0 to 40 parts by weight of
amorphous polylactic acid having an optical purity of
not higher than 80%. Particularly preferably, a
15 polylactic acid resin is a mixture of 95 to 60 parts by
weight of crystalline polylactic acid having an optical
purity of not lower than 85% and 5 to 40 parts by
weight of amorphous polylactic acid having an optical
purity of not higher than 80%. The resins having the
20 compesitiong in these ranges are advantageous as an
oriented film with superior heat sealing property while
having the heat shrinkage suppressed to a low level
after heat treatment, can be easily cbtained therefrom.
If the content cof crystalline polylactic acid having an
25 optical purity of not lower than 85% is less than 60
parts by weight, heat shrinkage tends to increase.
The hydroxycarboxylic acid(s), a monomer (s)

to be used as a copolymerization component with lactic



of the film (TD direction) of 10 to 200 nN, as determ ned in accordance
wth JIS K7128 (nmethod B). A 25 filmwith the tear strength in the TD
direction over 200 mN has inferior high-speed cutting property and, thus,
is not adaptable to high-speed bag manufacturing equipnent and hiqh-s eed
fabrication machine, in 13 April 2006 particular to high-§5b@ﬂ'899$xing
machi ne for envel ope w ndows. On the ‘'other hand, a filmwth said tear

strength | ovge;hhan,d0.q8 aspundesi cedibl Bebueaks ghr Byluchraguency

during the rtting wor Preferablle’5 range of said'tear "stréngth is from

20 to 150 mN;-and 4paphi-culaukyrpEeherabl 8 -naagexhaheen2Qdier, 100 m\.
Furthernore, the biaxially oriénted filmof a polylactic acid resin of the

present inveplipBxyPeeEeiabhyiBasnd bealdebxidsipenicAdnicat the crystal 10
melting peak present at a tenperature not |ower than 100C, of 15 to 30 J/g,

in particular, 22 to 28héd/ gliphatdet eynilnedebyea (di)f fiercdnidesd scanni ng
calorineter(DSC) wth the tenperature being increased fromOC to 200C in
accordance wylhcdlSdK7123ctAdkl | frpicbbhibhecaboee yiBuvarabaapensi gher than
30 J/g is superior in heat sealing property, while a filmwth the val ue
not snal | ervehanolgcippeexhi prpsolactbrehend shbphkhgbedndacteRgs, hardly
shrinks during hot air drying after coating. 20 The bi odegradable fil m of
the present ¥iRbeWerdAURaSTaUREZzEUSH PPefef&bINY NS MNPghér S FalF 5% nore
preferably not higher than 3% and particularly ref erably .not q%gher t han
29% as neasuteéli€by ARChdFEREPEIYELASTRID16031G5)10FF FHEHILE i% Mot | over
25 than 5% tﬂe transgatgncg wi l.| be.reduced _to mak i% gg?gtggﬁdto see
contents in PhBEBREC PALEhe28aBd CofSidendral 2i&cRag g SRS A5
difficult_ to_see tents_ _clearly.thr hithe filim _apd thus sipnpairs the
14 13 Ap#?l EBB%nggég%Snéglgn nga 58p§§%§1égn%§%gVaﬁ'proéhct}' n the
The polyvalent alcohol (s) includes aromatic polyvalent
alcohols, such as bisphenol/ethylene coxide adducts;
aliphatic polyvalent alcohols, such as ethylene glycol,
propylene glycol, butanediol, hexanediol, octanediol,
15 glycerin, solbitan, trimethylolpropane, neopentyl
glycol; and ether glycols, such as diethylene glycol,
triethylene glycol, polyethylene glycecl, polypropylene
glycol.
Biodegradable plastics, such as aliphatic
20 polyesters, may be added to the above-described
polylactic acid. The amount to be added, however,
should be not higher than 50% by weight so as not to
impair the properties of the polylactic acid resin
itself.
25 As a method of polymerizing the polylactic
acid resin, a known method, such as a polycondensation

method, a ring opening polymerization method and the

like can be employed. A method for increasing



application of the outl ook w ndow envel opes, in particular, if the haze is
not |lower than 5% the transparency will be reduced to frequently cause 5
reading error of the information recorded in a bar code. The polylactic
acid resin filmof the present invention nmay be conpounded with, in

addi tion to the above-described resins, known additives such AR REP6 10
bi odegr adabl e resins, heat stabilizers;” antioxidants and UV absorbers, in

an anount no%oigchﬂg§i@eﬁﬁﬁfh5§qﬁg5 gfgtgihae§quhgg_%Qaracteristics of ,

t he present rnvention. e’‘case m xing a resin which increases the

haze, the rragswy%eepaﬂg%tﬁcé) ?%;%ges&n@%p%@nlahotalchb%:ﬁ%d&&%%daﬁﬂithe

pol yl actic acid resin. hi CknesS of a filmof the present invention

i s preferabl golpri:heckange Leem enterife, Mcannenedpnef emllaydd the range
from7 to 50 m In particular, the thickness of filmfor envel ope w ndows

20 is preferahkywkeighheaf-anggel mole21be 4@ imhto ofr aedg@olstliddniess
suitable for affixing machine for the outl ook w ndow envel opes.

Her ei nbel Bw, aaidetrbednf as predeciabdya inbitdée alangeorfiremt &d .fAdntconpri si ng
not | ower than 50% 25 by weight of a polylactic acid resin of the present
invention wilLl,0bé,dédcrimbee. pRefstrabdyr aw lceriagige fesim (). 4% & into a
single screw or twn screw extruder and nelt mxed. The nelt is then
extruded 15 SPArB0Eh aIf dhe, mglegulageiredg@tod sa it hdine TIRFSL3 April 2006
guenched to be in an anorphous-Ilike state. _The nmelt extrysion tenperature
range at thi ¥20PRE i §hej RelieNdrgrsifyetdrabPf oM ﬁM&H%ﬁiﬁxﬁ%mﬁﬁe
quenching 5 tenperature is ferably fromO 60C., The resin i.s _then

bi axi al | y draﬁﬁPb§ Hscoﬁvéﬁgﬁgﬁaﬁﬁgﬁiﬁ@ﬂn%%rﬁ%ﬁﬁﬁjmﬁkfﬂggliﬁﬁﬂﬁsfﬁb a rol
met hod, astenter nmet hod, a t%g% a&enethod or the like. Anong these draw ng
met hods, TPhe P BRLePTREERSA"Fs "5FEr&8Fabl e due to 10 easiness to obtain a

oriented filmof the p&ﬁgegﬁaxially oriented film of a polylactic

acid resin of the present invention has a storage
modulus E' at 80°C of from 10 MPa to 3,000 MPa at least
in one of the MD and TD directions, as determined by

15 the test methoed for temperature dependency of dynamic
viscoelasticity, in accordance with JIS K71928 (method
A). It is preferable that the storage modulus is in
the above range at least in the MD direction, more
preferably in both of the MD and TD directions. Since

20 films are heated up to around 80°C by hot air for drying
in a drying step after coating with an antistatic
agent, a lubricant, an antiblocking agent or the like,
if the storage modulus E' at 80°C of a film is less than
10 MPa, the film will have deformations, such as film

25 elongation by tension exerted on film in drying
process, which makes it difficult to obtain a good
state of roll of film. On the other hand, a f£ilm of

polylactic acid resin with a storage modulus E' thereof



i nvention because drawing ratios in the MD and TD directions can be

i ndependently controlled. Drawing ratio in the drawi ng procedure may be
selected fromthe range of 1.5 to 10 each for the 15 | ongitudinal direction
(MD direction) and the width direction (TD direction) of the film The
drawing ratio is preferably at least 4 in the TD direction, i'® AR/l éaPDs

t he enhancenent of filmstrength and film cutting property in the TD

direction by,inpasting R4 ephahi 9NgoHONBa PY 6f gFabLYcat1keast 2 in the MD
direction and at least 4 in the TD direction, particularly preferably from

2.0 to 4.5 ipifrheclPr direethen.andrbrerabi’ t@nge Bt e B & rdimi on. The
ratios are further particularly preferably from2.5 to 25 3.5 in the MD

direction andtcfpom 5@ teord 50 Mbe IO 1dooectipan. adepaatioudbrlgr awi ng
ratio in the TD direction) / (drawing ratio in the MD direction) is
preferably | argéerthan 2aflgeBy sdfawinngot M@af itlomSiod Mire .16 ALFApri|l 2006 TD
direction at a ratio of 4 or nore, the tear strength in the TD direction
falls wthi nwatbpB¢i kke80P@nge and hinkehi ghagpaed MPRmisupPtrAg§IpPégerty is
i nproved. Preferable drawing tenperature is _from65C to 90C. 5 To obtain

t he bi axi al | §SoiFehasdthel AUBETACTpSEtaCEre 186 PRSI Yof the present
invention, the filmis heat treated at a tenperature range .not |ower than
the glass transition té&RSePaB¥iéland Ko eghdd 1M dn & REIAIASTS poi nt of
the polylactic, acid resi@négﬁused as a.raw material, .after ,the biaxial

drawing. Wiehid FGBaPaPinEfRoBTFS SEiplayEdtiehEae (&t Mt it od
wherein a fan]%?&Fg% edMﬁéﬁe t%hn%hr%% ;air an rkﬂ?}h%#%”bWﬁkh$ bei ng

kept in tensdl ai ni ng the AT Er val press y ‘seal i ng

| niernal 135 8pt, oHSHALLXpemLovsde 1O-the bebRRSTR! BA (3 hedcn

treat nen érein a | m’i s passed t a heat treatnment zone

with the filmbei g hokdow therChioRS. Bef ekahlig the docbmebe heat treated
at a tenperature OF not "I ower than 't he drawi ng tenperature

seconds, exhibits heat shrinkage by hot air for drying

in drying process after coating with an antistatic

agent, a lubricant, an antiblocking agent or the like,

15 to have wrinkles on the film surface. It is therefore
difficult to obtain a film with good appearance. The
heat shrinkage upon heating at 80°C for 10 seconds is
preferably not higher than 5%, and particularly
preferably ncot higher than 3%.

20 Furthermore, the biaxially oriented film of a
polylactic acid resin of the present invention is
required to have a tear strength in the width direction
of the f£ilm (TD directiocon) of 10 to 200 mN, as
determined in accordance with JIS K7128 (method B). A

25 film with the tear strength in the TD direction over
200 mN has inferior high-speed cutting property and,
thus, is not adaptable to high-speed bag manufacturing

equipment and high-speed fabrication machine, in



20 but not higher than the nelting point of a filmfor a period not
shorter than 1 second depending on the treatnent tenperature, and
particularly preferably heat-treated at a tenperature range not |ower than
100C and not higher than the nelting point for a period not 25 shorter
than 2 seconds. If the tenperature is .too low or if the heat 2Rl B0k
time is too short, the heat shrinkageof the drawn film my exceed 10%

upon ' heat i ng.at; 80C, L0 010, 8RcaRdsa Heak »t nEALRA uh cohe cklelBoAr i1 2006

state where e tension Int Irection an r the MD direction is

rel axed is effggti¥e tonreddcechbBe Rgah, shrinkagernHeati & reakdrent under
excessive relaxation, however, tends to increase tear strength in the TD 5

direction resttéhgghi DolvewethhhghospReBagULhERE i rREOFa Ny brialks &t 1S
preferable to carry out the heat treatnent in the state where the tension
to the fil mhsghr €kagednte suehnanthxt edtitthaly whekt.eafrstfredtlle in the TD
direction becones not higher than 200 nl, in order 10 to obtain a filmwth
superi or Bi ghaspeedfcattidngeapr speetgrhThe firom 80 &opdlS@l adli araki d resin
is more hydrophilic than filns based on a polyolefin resin or a

pol ystyrene pasthcuHewéyepreferpblpr shaggbie tacimpdr o153 %urther
hydrophilicity to the filmby a nmethod such as_ corona treatnent of the
filmsurface to be coaFBHtheEMOTEn; £hENPeaHLPRg YoPTEREUSIIE ™ Wio[ ent ed
filmof a polylactic acid resin of the present inventiaqon with an
antistatic a@%iY}aﬁtFﬁb?F&QnF?S&H SﬁtFEFOE%?&&“&Q&HPEEF1§61the like. This

hyropL 11 LYhIRALLLORLL Salaent ool Trgvee Wi VLT 94l gl e coall g
nydrophl Ly f Ly LRaT LR HEBLIBTLT o BLLetatle Gabr e outan, hat the
nventi on |5 By 6dect adabl & ARd” Ler il BETT T RETT br 2BabS, “Bactag g and
vari ous determined by a differential scanning calorimeter (DSC)
with the temperature being increased from 0°C to 200°C
in accordance with JIS K7122. A film with the above
15 wvalue not higher than 30 J/g isg superior in heat
sealing property, while a film with the wvalue not
smaller than 15 J/g exhibits little heat shrinkage and,
thus, hardly shrinks during hot air drying after
coating.
20 The biodegradable film of the present
invention has a haze of preferably not higher than 5%,
more preferably not higher than 3%, and particularly
preferably not higher than 2%, as measured by a
hazemeter (ASTM D 1003-95). If the haze is not lower
25 than 5%, the transparency will be reduced to make it
difficult to see contents in the bag. In the case of
general packaging film, it is difficult to see contents

clearly through the film, and thus impairs the



18 13 April 2006 containers with windows, to which an antistatic agent, a
| ubricant, an anti bl ocking agent or the like is applied, since it has
superior coating adaptability and high-speed cutting property. It is
especially suitable 5 for filnms for the outl ook wi ndow envel opes. The film
when used for bags or packaging, pref rably has a tensile st r'eéhfypH 2088
mechani cal strength, of not | ower hart 20 MPa and a tensile el ongati on of

Loor 20t | onsArEdatandieanav aayts grse =sBefhbleddepeading .on thgnclo

appl i cations Fesent i nvent i on w now be explained by way

of Exanpl es éﬁgl%%%ﬁt b‘fetﬁéagﬂltﬁ%oklzwﬁﬁﬁowe\é?&lv'é@bb% mathods used in the
15 Exanples a Conpar ative Exanpl es are descri bed bel ow. (1) Conposition

of D and L-}agtieudgidsiicntpel yhaet i nael dopekywanand optHecal purity The
optical purity of polylactic acid polymer is calculated by the follow ng

equati on basedafBpardfcgORR0si beometatied @b KErkagine 1gcichuse ts and/ or D-
| actic acid units conposing the polylactic acid, as described above.
optical p8ritgafohg=etrpk] of EB Andbemeitiofl eecibled=i10@ taxd ~ [L] - [D]
N 25 represents an absolute value of [L]-[D]. Conposition ratio of
L-lactic acidecdei.ts and/or D-lactic acid units conposing polylactic acid 19
13 April 2006 polymer is determned by: preparing a hydrolyzed sanple
(1iquid) by alkaline @eorpdyilecsacorcidsapgiia kidm o NAGHPTSHowed by
neutralizing with IN-HCl1 and adjusting the 5 concentration with distilled
water; passi hgvze%lﬁ;ﬂdménfy?@d@awsp@d@ﬁr aﬁ}g«ﬁlr 1 g‘*ﬁdlﬁéroffbrtr?a i quid
chronatograph (HPLC:. LC: 10A- VP), n1Sh|n%%;% Cor p. ?1Obta%§uﬁp area
ratio of det@ pga—descrlbed reSLns, nown itives such as ©
10 Dbiodegradable resins, heat stabilizers, antioxidants
and UV absorbers, in an amount not to impair the
requirements in and the characteristics of, the present
invention. 1In the case of mixing a resin which
increases the haze, the maximum amount to be cocmpounded
15 should be 5% based on the polylactic acid resin.
The thicknesg of a film of the present
invention is preferably in the range from 5 to 100 um,
more preferably in the range from 7 to 50 pm. In
particular, the thickness of film for envelope windows
20 1is preferably in the range from 20 to 40 pm to provide
stiffness suitable for affixing machine for the outlock
window envelopes.
Hereinbelow, a method for producing a
biaxially oriented film comprising not lower than 50%
25 by weight of a polylactic acid resin of the present
invention will be described. First, a raw material

resin{s) is fed into a gingle screw or twin screw

extruder and melt mixed. The melt is then extruded




peaks (area is neasured by a vertical |line nmethod) 10 corresponding to
L-lactic acid and D-lactic acid at 254 nm UV; obtaining a weight ratio of
L-lactic acid [L] (unit: 9% conposing the polylactic acid pol yrrer and a
wei ght ratio of D-lactic acid [D] (unit: 9% conposing 15 the p Klactic
acid polyner fromthe area ratio; and _ taking the nean (rounde‘cB) ! 2066 ee
nmeasur enent val ues per polyner as the asurenent value of the conposition

ratio. (2) Vejoht,avera0g. gl goulan ueiont My.0L el Wiackin 20 acid

pol ymer The wel g average r‘m ar weig t Mv was term ned using a gel

permeation chf,cRBhagr ABNKe eauaang%rgﬁegs daka RLAESSi MhePHdLr GPC- 8020,
detection part; RI-8020) from Toso Co., Ltd., under the 25 foll ow ng

measuring coadtt:898n 8smper¥stiyeerangeduicvahenrt tvakua shased on the
standard pol ystyrene. Three measurenent val ues per pol yner were

arithmeti cal fynaveanagpdegngaboyndedmandot ke aserage was d0enehphgyed as the
measur enent value. 13 April 2006 Colum: connected colum of Shodex K-805
and K-80% ftrempShawarBenkopCeferbbdy (708 Wmtdi &PECer ¥hé0reenm| émgth) 5
El uat e: chl orof orm Concentrati on of sanple solution: 0.2 wt/vol % Vol une of
sanpl e sol ut tbanchargedl1200rpn Byow rarweot iosixldm knpw /[dxawing

Col umm/ det ect or tenperature: 40C 10 (3) dass transition tenperature (Tg),
mel ting poi nnethdd) ingdudipst al rRddt methrdsi on tERAHT AAH e dnas heat ed
fromOC to 200C in differential scanning_calorineter (rDSC) i n accordance
with JI S K712¥PHAGTIMSEROAI 9F tHendddbre PFONEMIAFEFSLSRH D! fusi on AHm

That |, abolEtBgteg bE PEEEcEaRpt B ths SO Qi T A Sl o Ti1m

10 easiness to obtain a oriented film of the present
invention because drawing ratios in the MD and TD
directions can be independently controlled.

Drawing ratio in the drawing procedure may be

selected from the range of 1.5 to 10 each for the

15 longitudinal direction (MD direction) and the width
direction (TD direction) of the film. The drawing
ratio is preferably at least 4 in the TD direction, in
view of the enhancement of film strength and film
cutting property in the TD direction by imparting

20 orientation, more preferably at least 2 in the MD
direction and at least 4 in the TD direction,
particularly preferably from 2.0 to 4.5 in the MD
direction and from 4.5 to 7 in the TD direction. The
ratios are further particularly preferably from 2.5 to

25 3.5 in the MD direction and from 5.2 to 7 in the TD
direction. The ratio of (drawing ratio in the TD
direction) / {(drawing ratio in the MD direction) is

preferably larger than 2.0. By drawing the film in the




conditioned (by leaving to stand for 1 week) in the standard state (23C
65%H) and the DSC curve of the 20 sanple was drawn with a differenti al
scanning calorineter nodel DSC-7 (heat flux type DSC) from Perkin-El nmer
Inc., with nitrogen gas being flowed at a rate of 25 m/mn and
tenperature being increased from 0C tq 200C at a rate of 10C/H APrIMEPEi ng
point Tm25 (C) was determined froma top of nelting (endothermc) peak in

the te”perat’f'f)edﬂ?é&@?éhngtp%3(&%3%?0)8%]}’%'[ 8 mBgal @hef ¥ ALY from

an endotherm c peak area, a roma crossing point (mdpoint glass

21 13 April 2Q06nhtrapshti-aBct sAPERAL Wr &) t8finSheRpMcs € ieianging@e Raid of a
curve in the tenperature increasing process and a line wth equal distance

in vertical exéshdghespkea, rhinamuextiegdpdobeney 0k haidrdvasel i nes. Four
measurenent 5 val ues per polyner were arithmetically averaged and rounded
and the averpgefwasbeaployednasttheectpasueedenttrovalcdéC t4) SDF@wi ng rati os
inthe MD direction and TD direction 10 Drawing ratios in the MD direction
and TD dbrection wer eTdebetainethbybtihaiftdlyowrignégdatfiidms of Br awi ng
ratio in the MDdirection = (film flowrate after drawing in the M
direction) /pebrigrhnat sheédt rEEow Pat shbebgeecaitawiVglitd the TS 15
direction) Drawing ratio in the TD direction = (film wdth after draw ng
in the TD di £&&mi 8f) hepatoErg§rhgH 2§h8eteMPETRtHEFoFE PraliYy 1 Rthe TD
direction) In a tenter_nethod, filmor sheet w dth ans %10 wi dt h

bet ween cl i psl'Bef bre dhacsr LEAPELEWCHY “FAPEREEUFS GPeCO A IS St or age

nodulus E (MPa) Stora nodul us_E measured in accaordance wth JIS
K7198 (met hod i%‘.tkﬁn@g(;,tlpg Rﬁéﬂ%&?ﬁ?&& B?liyggcglf:er?scﬁ e vibration method
under theocondLbl 285.0Lal f9UERGTA10T ok el 3R LAURALA! WiRyihEy casi ng from
When a tubular method is employed, a heat treatment
method wherein a film is heated by external hot air and
the like, while being kept in tensed state by
maintaining the internal pressure by sealing internal
15 air, is usually employed. 1In the tenter method, a heat
treatment method wherein a film is passed through a
heat treatment zone with the film being hold with
clips. Preferably, the film is heat treated at a
temperature of not lower than the drawing temperature
20 but not higher than the melting point of a film for a
period not shorter than 1 second depending on the
treatment temperature, and particularly preferably
heat-treated at a temperature range not lower than 100°C
and not higher than the melting point for a period not
25 shorter than 2 seconds. If the temperature is too low
or if the heat treatment time is too short, the heat
shrinkage of the drawn film may exceed 10%, upon

heating at 80°C for 10 seconds. Heat treatment in the



to 160C at a rate of 20 mn, with a test piece having a width of 7 mMm
being held so that the distance between 22 13 April 2006 the chucks was 22
nm using RSA-11 from Rheonetric Scientific F.E. Inc. (6) Heat shrinkage
(%9 A test piece with 150 mmx 150 nmwas cut out 5 froma filmsanple in
such a manner that one filmside was parallel to the MD di r ect3 opril 2846+t he
test piece a square of 100 mm x 100 M was drawn in such a manner that

one side thereol agepar ahiel ohasbhe; MDegkr 6! aleccibl Mab@atae tho sets

of nine straig |1 nes were 1 rawn at 10 mmintervals wth the sets being

in parallel vhogtbecMPogli kecttonxand jkhe FERB-diikecCtioReduRs et intelty, to
prepare the test piece on which the squares of 10 mm x 10 mm were drawn.

The test piegBriwRsgpl acgdakntaehdinedir vaBrirngxeckamior sefl aatat8Q@ ,for 15 10
seconds and allowed to shrink freely. Heat shrinkage was determ ned by
t aki ng t he neraweoért heendal ues iheernkke thakl etvregoedudtn ahearid t he
di mensions of 11 lines drawn in the MD direction and TD direction. Heat
shri nkages( %Wireftlionerdemdningnibeflower 20chespeshr iowkdgels - (Iine
dimension after heat shrinkage)] / (line dinension before heat shrinkage)
x 100 (7) Hazerée%yvA tBbuspi ételsf prghgrebiliel fowicerry $ivte téle $at25 mm x
50 mm and a thickness of 25 mwas cut out froma film sanple conditioned
(by | eavi ng £6S3tBABL 6P theeskatst whSCE GRGel ¥d O%t &R0dM¢ ddrdt ti%ns
(23C, 659RH) Haze (% was neasured at the standard condition . n 23 13
April 2006 atBordaAcEOWPHRRASEVEBEEES- §52tusPRg P8 afehsrdt ddudine
NDH- 1001DP from.Ni ppon Denshoku I nd. go. Lt% Si nmeasur.enment. val ues per
filmtype werg g?F?EﬁéPchﬁF§me§v§959 d98Rd gﬁﬁdégot3$§bf51ﬁn¥ﬁ3:haze. 5
(8) Tearlatrggg%gtggy)a film with superior high-speed cutting
property.
The film of a polylactic acid resin is more
hydrophilic than films based on a peolyolefin resin or a
polystyrene resin. However, it is preferable to impart
15 further hydrophilicity to the film by a method such as
corona treatment of the film surface to be coated, for
uniform coating of the biaxially oriented film of a
polylactic acid regsin of the present invention with an
antistatic agent, a lubricant, an antiblocking agent or
20 the like. This hydrophilicity imparting treatment
improves the uniformity of the coating and effectively
provides antistatic property or lubrication effect.
Said hydrophilicity imparting treatment is preferably
carried out so that the surface tension becomes in the
25 range from 400 pN/cm to 600 pN/cm.
The biaxially oriented film of a polylactic

acid resin of the present invention is biodegradable

and useful as films for bags, packaging and varicus



Tear strengths (mN) in the MD direction and TD direction of a filmwas
nmeasured in accordance with JI'S K7128 (nethod B). (9) Coating adaptability
10 Coating adaptability was evaluated by using a coating conposition

i mproving antistatic property and lubricity (consisting of 50@6by,meight
of "TSF-4441" from Toshiba Silicone , Ltd. as a pol yet her - FooP!i288
silicone and 50% by wei ght of "Nyneen F-215", 15

pol yoxyet hy! egge gl kyl6cqgeRuly: AblaM 88 (HOBLNGE CakRacads A syerfact ant) as

a surface treatnent agent. First, the filmsurface to be coated was

subj ected t0,CPAPRsht CaLABRL$8188 K Ayl 8’9@&1&: arsyhbaqa Keenisi on of 500
pN cm usi ng nodel “AG -060VD from Kasuga Electric 20 Machine Co., Ltd. The

film surfacea%@iéb,ens@ﬁareedt Wakh sapeaqueousasohdt iadapefakddiid yc@atd ng
conposition aving a concentration of the surface treatnment agent of 0.3%
by wei ght, usigB-spspfdayuceaher prébertiyl.m @as ispasped isAtoughnidddte air
dryer set at 90C to renove 25 noisture. The coating anount was controll ed
to be 2.55 nfbrRfbhymadfost thg thelookditindey ehvielepssr-ay Tewatfdrlm.(air
pressure and |ine speed). Coating adaptability was evaluated according to
the fol | owi ngheni needafbrobrgs ©3 ppckioioge PEeferahldoddshd state and the
heat shrink state after the coating and hot air drying._  ~: a. filmhaving a
good coati ngtesRdkEngtusREshm 280BECRGDWCERo§ETEEFE at i9dn TG Wi e, film

extension, 5 saggin or the |ike caused by heat rink. Q: a film having
a coating prééﬁpcgplabéséﬁﬁeawF?ﬁ@&Fepﬁgﬁpgﬁfl?ﬁoﬁ%2§E6W}f%%&?%oating and a
little generation of i nkl es, film extensian, ing. or_ t l'i ke
caused by heétOQRFrnkiﬁ%ﬁeavﬁﬁpﬁﬁngFes3PF§BFéeFo%%%%§b ﬂ@@o%igéeshomjng

generat i of ch_wrinkles, filmextension, sagging, or the |like caused
by heat gﬁriﬁEgylca TOnS.

Examples
The present invention will now be explained
by way of Examples and Comparative Examples.
First, evaluation methods used in the
15 Examples and Comparative Examples are described below.
(1) Composition of D- and L-lactic acids in polylactic
acid polymer and optical purity
The optical purity of polylactic acid polymer
is calculated by the following equation based on a
20 composition ratio of L-lactic acid units and/or D-
lactic acid units composing the polylactic acid, as

described above.

optical purity (%) OL]l-Iplo
wherein [L] + [D] = 100, and O[L]-[D]0
25 represents an absolute value of [L]-[D].

Composition ratic of L-lactic acid units

and/or D-lactic acid units composing polylactic acid



(10) Hi gh-speed cutting property and envel ope wi ndow affixing adaptability
15 To eval uate high-speed filmcutting property and envel ope w ndow

af fi xi ng adaptability, the upper |imt of practically possible cutting
speed at which w ndow can be affixed w thout displacenent was neasured by
affixing test for envel ope wi ndow on a wi ndow frame 20 of 50 x138pihA0BA an
envel ope of 135 x 235 mm (nade of pa ), under various cutting speeds,

usi ng envel o i.nd Lxin i.ne (nodel HELIOS 202 from
MVNKLER+DUNNE§EYQE?,9%5?%%%351%§g3% ual inspection of displacement with
respect to the a envel gpe W-AdaW,25 k308 -cH gRnpReed 1GUhLild)9 HyF operty and
envel ope wi ndow affixing adapfability were eval uated according to the

foll owing critrel@nbasedonpobhesent est ar esuiche. witha 1i-vaddhat can be cut
at a cutting speed of 25 13 April 2006 600 sheets or nore/mn and affixed

W t hout causfpglo@ledpbgcasriiradizitig wath hLm-tirdt acan ade usitirat thecutting
speed of 500 to 600 sheets/mn and affixed w thout causing 5 displacenent
0: a filnbthatncantbetdcoh atith dittidjespeadeaf; 400 to 500 sheets/mn and
affixed without causing displacenent a filmthat cannot be cut at a
cutting speed 10 of nopakewesg thenhiy0godyeedsspimpler thricuah EhdiiFhuses

di spl acenent due to delay, even if cutting at such a speed i s possible
(11) TensiIepgtf@ﬁgﬁﬁcéwﬁéﬁuién§Pﬁ@m§¢P§ﬁ@Pﬁ§ (‘FPAC oG HEHNMEh in the WD
15 direction _and TD direction were neasured in accordance j th ASTM D882.
(12) TensiIefEPGnﬁaﬂméﬁzP%Fo?EnsFPeOQFéﬁﬁaﬁpoﬁ§e€%Fﬁﬂiqlﬂ§}quﬁqq? he MD
di rection and TE direction were negs%red in %QCOEQ nce 2 thhh ASTM D882.
(13) Heat seBER a 6@66@rﬁ§ measure y & vertilca ine metho

10 corresponding to L-lactic acid and D-lactic acid at 254
nm UV;
obtaining a weight ratio of L-lactic acid [L]
(unit: %) composing the polylactic acid polymer and a
weight ratio of D-lactic acid [D] {unit: %) composing
15 the polylactic acid polymer from the area ratio; and
taking the mean (rounded) of three
measurement values per polymer as the measurement value
of the composition ratio.
(2) Weight average molecular weight Mw of polylactic
20 acid polymer
The weight average molecular weight Mw was
determined using a gel permeation chromatography
equipment (GPC: data processing part; GPC-8020,
detection part; RI-8020) from Toso Co., Ltd., under the
25 following measuring conditions, as polystyrene
equivalent value based on the standard polystyrene.
Three measurement values per polymer were

arithmetically averaged and rounded and the average was




Three test pieces of rectangular filmwith a length of 250 mmin the

| ongitudinal direction (the MD direction) x a wdth of 25.4 mm (1 inch)
were cut out 25 froma filmsanple conditioned (by leaving to stand for 1
week at 23C) under the standard condition (23C, 65%H). Hot tack strength
(HT strength; unit: Ni inch width) was measured in accordanct 4PHlFOAETIM
F1921-98, 26 5 10 13 April 2006 as a peak strength observed within 1,000 ntS

(= 1 sec) aflhfiodbg QREPhBUm-H8PEmanPROLallack Measurenent instrument from
Theller Ltd. under the following sealing conditions. Shape of the upper

die: metal die, V typecgiumf0 degheetéli potluRsSogechbarxok-halst acid cl e
shape with R =1 mm 5.25 inch length) Shape of the lower die: die with
rubber |inirnggopl aitomt ypewsODEnikBCowW, dLbdx 57285 macHikewegilr) x Biomensi on
of seal surface: 1 inch x 1 mm seal tenperature: (upper die) 110C, (I ower
di e) 25C seatmtieegth) 000 nS seal pressure: 13 1 MPa 15 Heat seal property
of a filmwas evaluated by hot tack strength (HT strength: peak strength,
unit: N12 inch wi dt h)Elesteespbhdiragoro hi gh-speed heat seal strength in
packagi ng machi ne or bag naking machine, in_ view of continuous heat seal
stability not to causeCPDCHREARFAGROGE SRMPRE EBALEALTYr Om?t W& /& part or
partial peeling off (or breakage) of _seal _part, g&gn it. is continuously
subj ected to heat sealVﬁéuBPo€gs§aFPéﬁlS@PP@FH&I aBGFi Pttt e to form

packeging or bags by packaglng mechpe ot b0 mkpg machine, according to
oser M TVE Lnch it g UELLELRSACNELN 9 10 breaking ot o
10 (3) Glass transition temperature (Tg), melting point
(Tm) and crystal heat of fusion (AHm)
A sample was heated from 0°C to 200°C in
differential scanning calorimeter (DSC) in accordance
with JIS-K7121 and JIS-K-7122 to measure Tg, Tm and
15 heat of fusion AHm of crystal melting peak, present at
a temperature not lower than 100°C. That is, about 10
mg of test sample was cut out from a sample film
conditioned (by leaving to stand for 1 week) in the
standard state (23°C, 65%RH} and the DSC curve of the
20 sample was drawn with a differential scanning
calorimeter model DSC-7 (heat flux type DSC) from
Perkin-Elmer Inc., with nitrogen gas being flowed at a
rate of 25 ml/min and temperature being increased from
0°C to 200°C at a rate of 10°C/min. Melting point Tm
25 (°C) was determined from a top of melting (endothermic)
peak in the temperature increasing process, crystal
heat of fusion AHm(J/g) from an endothermic peak area,

and Tg (°C) from a crossing point (midpeint glass



27 showing a very good state o: 13 April 2006 a film having a hot tack
strength of not [ower than 5NV1 inch width which is at the | evel where the
filmcan be practically used wi thout problem and no 5 breaking out of its
content or seal line failure a filmhaving a hot tack strength of |ower
than 5N/1 inch width wherein seal line _may be peeled off (brdRehwyil &8P t he
content may be broken out Polylactic dacid resins used in the followng 10

Bxam! s, 11 0:18s300oROMRALALLLE B ANR! &% o] 42 o WBleRaiChy Hald e

pol yl actic aci (b) anor phous polylactic acid™(C) having the

vei ght averagg-pal egukae cWrbehheuaRd ihke Rk ngak Pidddd enshowiden Table
1, obtained by the polynerization with the catalyst 15 anount,

pol yneri zati gntgoBdihions stABRENEH €Akl arisald ridie ildike faeinhg
controlled in accordance with Exanples 1B to 7B in JP-A-4-504731. However,
t he conposi tkoeadell Lhaepoby¥l detihc bacied ihesi.ns Fourt heasprresesttt | nvent i on
should not be limted thereto. Table 1 Wi ght Content of OQpti cal

aver ageD- bacvatpeari ppTgTmlMagei deCeystralthime¢ically averaged and

pol yl acti c250, 0004. 59%91%7C153C acid (a) Crystalline

pol yl act i c27090008d5¢070E8€1 2AUEracied Wels) emmoopiesusgs the measurement

pol yl acti c280, 00013. 0%’4963CNone acid(c) 28 13 April 2006 <Exanples 1 to 11
and Conpar at VééuExanples 1 to 6> In Exanples 1 to 11 and Conparative

Exanpl es , , , . ,
(4) Drawing ratios in the MD direction and TD

direction
10 Drawing ratios in the MD direction and TD
direction were determined by the following equations.

Drawing ratio in the MD direction = (film
flow rate after drawing in the MD direction) /
(original sheet flow rate before drawing in the MD

15 direction)

Drawing ratio in the TD direction = {(film
width after drawing in the TD direction) / (original
sheet width before drawing in the TD direction)

In a tenter methed, film or sheet width means

20 a width between clips before and after drawing in the
TD direction.
(5) Storage modulus E' (MPa)

Storage modulus E' was measured in accordance

with JIS K7198 {(method A). Namely, it was measured by
25 a tensile vibration method under the conditions of

frequency of 1 Hz and temperature increasing from 20°C

to 160°C at a rate of 2°C/win, with a test piece having

a width of 7 mm being held so that the distance between




1to 6, pellets of crystalline polylactic acid (a) or (b) and anorphous
polylactic acid (c) shown in Table 1 5 were dry bl ended to the conpositions
shown in Table 2, followed by nmelt blending using a co-rotating tw n
screw extruder, extruding nolten resins at a resin tenperature of 200C
through a T-die, quenching by a casti rol | kept at a tenperl@AR&20§6 35C
to obtain 10 substantially anorphous stieets. Then the sheets obtained were

heated at 75G, .r = i Bt dir Ler @t hhendbawRg 4 ati os shown
in Table 2, g% Q%E%ﬁésﬁﬁ?e??d?@ﬂxg%ﬁﬁ?hgg%D?diregtion at 85C at the

drawi ng ratigsishewaikngTabl e 2. Thereafter, all the 15 filns, except for
the filmin Conparative Exanple 2, were introduced into a heat treatnent
zone adj ustedst o phaveshhenkaaperngtures shown in Table 2 to subject the
films to the heat-treatnments tfor the periods shown in Table 2, with the
filns being kept in the deawnpabde2@ibil dsst atnex Ther eaf wers, dulte dutl s wer e
cooled to a roomtenperature to obtain biaxially oriented filns of a

pol yl acti 6 atrdmresimnlw shmplehivksessd ef m@2bngyr EhatComsarfatlinveiBeanpl e 2,
a filmwas cooled to a room tenperature wthout under%oing t he heat
treatnent, tweagspabedlalathi skeaMPydéreented-fi Pm éheatgsity PA&Gee 2aci d
resin wwth a thickness of 25 m Evaluation results of _the physical
properties ofqupEef PEnt0BbIE Hed08r Bs WaRn AXATt 4B USh 29 MPEN&S i | 2006 v

aNoO no0O0O0 noU, 0 rla' | QNI OM NMMJImMNOM 0 N- _ k W N H . .
that one side thereof was parallel to the MD direction.

In the square, two sets of nine straight lines were
10 drawn at 10 mm intervalg with the sets being in
parallel to the MD direction and the TD direction,
respectively, to prepare the test piece on which the
squares of 10 mm x 10 mm were drawn. The test piece
was placed in a hot air drying chamber set at 80°C for
15 10 seconds and allowed to shrink freely. Heat
shrinkage was determined by taking the mean of the
values from the following equation and the dimensions
of 11 lines drawn in the MD direction and TD direction.
Heat shrinkage (%) = [(line dimension before
20 heat shrinkage) - (line dimensicn after heat
shrinkage)] / (line dimension before heat shrinkage) x
106
(7) Haze (%)
A test piece of square film with a size of 50
25 mm x 50 mm and a thickness of 25 pm was cut out from a
film sample conditioned (by leaving to stand for 1 week
at 23°C) under the standard conditions (23°C, 65%RH).

Haze (%) was measured at the standard condition in
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accordance with ASTM D1003-95, using a hazemeter, model
NDH-1001DP from Nippon Denshoku Ind. Co., Ltd. 8ix
measurement values per film type were arithmetically
averaged and rounded to obtain the haze.
(8) Tear strength (mN}

Tear strengths (mN) in the MD direction and
TD direction of a film was measured in accordance with
JIS K7128 (method B).
(2) Coating adaptability

Coating adaptability was evaluated by using a
ccating composition improving antistatic property and
lubricity (consisting of 50% by weight of "TSF-4441"
from Toshiba Silicone Co., Ltd. as a polyether-modified
silicone and 50% by weight of "Nymeen F-215",
polyoxyethylene-alkyl (coconut ©il)amine from NOF Corp.
as a surfactant) as a surface treatment agent. First,
the film surface to be cocated was subjected to corona
treatment so as to impart a surface tension of 500
UN/cm, using model AGI-060MD from Kasuga Electric
Machine Co., Ltd. The film surface was then coated
with an agqueous solution of said coating composition
having a concentraticn of the surface treatment agent
of 0.3% by weight, using a spray coater. The film was
pasged through a hot air dryer set at 90°C to remove
moisture. The coating amount was controlled to be 2.5
mg/m* by adjusting the conditions of the spray coater
{air pressure and line speed). Coating adaptability

was evaluated according to the following criteria from
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the film coating state and the heat shrink state after
the coating and hot air drying.

0: a film having a good coating, showing uniform
coating without generation of wrinkle, film extension,

5 sagging, or the like caused by heat shrink.

o: a film having a coating practically usable
without problem, showing uniform coating and a little
generation of wrinkles, film extensicn, sagging, or the
like caused by heat shrink.

10 X: a film not suitable for practical use, showing
generation of much wrinkles, film extension, sagging,
or the like caused by heat shrink.

(10) High-speed cutting property and envelope window
affixing adaptability

15 To evaluate high-speed film cutting property
and envelope window affixing adaptability, the upper
limit of practically possible cutting speed at which
window can be affixed without displacement was measured
by affixing test for envelope window on a window frame

20 of 50 x 90 mm on an envelope of 135 x 235 mm (made of
paper), under various cutting speeds, using envelope
window affixing machine (model HELIOS 202 from
WINKLER+DUNNERBIER), followed by visual inspection of
displacement with respect to the a envelope window

25 frame. High-speed cutting property and envelope window
affixing adaptability were evaluated according to the
following criteria based on these test results.

O: a film that can be cut at a cutting speed of
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600 sheets or more/min and affixed without causing
displacement
© - 0 : a film that can be cut at a cutting speed
of 500 to 600 sheets/min and affixed without causing
5 displacement
o: a film that can be cut at a cutting speed of
400 to 500 sheets/min and affixed without causing
displacement
X a film that cannot be cut at a cutting speed
10 of not lower than 400 sheets/min or a film that causes
displacement due to delay, even if cutting at such a
speed is possible
(11) Tensile strength (MPa)
Tensile strengths (MPa) of the film in the MD
15 direction and TD direction were measured in accordance
with ASTM D88Z.
{(12) Tengile elongation (%)
Tensile elongations (%) of the film in the MD
direction and TD direction were measured in accordance
20 with ASTM D882.
(13) Heat sealing property
Three test pieces of rectangular film with a
length of 250 mm in the longitudinal direction (the MD
direction) x a width of 25.4 mm (1 inch) were cut out
25 from a film sample conditioned (by leaving to stand for
1 week at 23°C) under the standard condition (23°C,
65%RH) . Hot tack strength (HT strength; unit: N/1 inch

width) was measured in accordance with ASTM- F1921-98,
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as a peak strength observed within 1,000 mS (= 1 sec)
after die opening, using a hot tack measurement
ingstrument from Theller Ltd. under the following
sealing conditions.
5 Shape of the upper die: metal die, V type of
60 degree (tip cross-section of half-circle shape with
R = 1 mm, 5.25 inch length)
Shape of the lower die: die with rubber
lining, plain type (0.5 inch width x 5.25 inch length)
10 Dimension of seal surface: 1 inch x 1 mm
seal temperature: {upper die) 110°C, (lower
die) 25°C
gseal time: 1,000 mS
gseal pressure: 13 + 1 MPa
15 Heat seal property of a film was evaluated by
hot tack strength (HT strength: peak strength, unit:
N/1 inch width), corregponding to high-speed heat seal
strength in packaging machine or bag making machine, in
view of continuous heat seal stability not to cause
20 Dbreaking ocut of the content frcom the seal part or
partial peeling off (or breakage) of seal part, when it
is continucusly subjected to heat sealing process from
original wound film state to form packaging or bags by
packaging machine or bag making machine, according to
25 the following criteria.
O: a film having a hot tack strength of not lower
than 7N/1 inch width and sufficient strength and nc

breaking out of its content or seal line failure,
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showing a very good state
©: a film having a hot tack strength of not lower
than 5N/1 inch width which is at the level where the
film can be practically used without problem, and no
5 breaking out of its content or seal line failure
x: a f£ilm having a hot tack strength of lower
than SN/1 inch width wherein seal line may be peeled
off (broken) and the content may be broken out
Polylactic acid resins used in the following
10 Examples 1 to 16 and Comparative Examples 1 to 6 were
crystalline polylactic acids (a), (b) and amorphous
polylactic acid (¢) having the weight average molecular
weights and the optical purities shown in Table 1,
obtained by the polymerization with the catalyst
15 amount, polymerization conditions, monomer composition
and the like being controlled in accordance with
Examples 1B to 7B in JP-A-4-504731. However, the
compositions of the polylactic acid resins in the

present invention should not be limited thereto.

Table 1
Weight | Content of .
average | D-lactic Optlpal Tg Tm
Mw acid purity

Crystalline
polylactic 250,000 4.5% 91% 57°C | 153°C
acid (a)
Cryatalline
polyvlactic 270,000 1.5% 97% 58°C | 170°C
acid (b)
Amorphous
polylactic 280,000 13.0% 74% 53°C None
acid(c)
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<Examples 1 to 11 and Comparative Examples 1 to 6>
In Examples 1 to 11 and Comparative Examples
1 to 6, pellets of crystalline polylactic acid (a) or
(b) and amorphous polylactic acid (c¢) shown in Table 1
5 were dry blended to the compositions shown in Table 2,
followed by melt blending using a co-rotating twin
screw extruder, extruding molten resins at a resin
temperature of 200°C through a T-die, guenching by a
casting roll kept at a temperature of 35°C to obtain
10 substantially amorphous sheets. Then the sheets
obtained were heated at 75°C, roll-drawn in the MD
direction at the drawing ratios shown in Table 2, and
then tenter-drawn in the TD direction at 85°C at the
drawing ratios shown in Table 2. Thereafter, all the
15 films, except for the film in Comparative Example 2,
were introduced intc a heat treatment zone adjusted to
have the temperatures shown in Table 2 to subject the
films to the heat-treatments for the periods shown in
Table 2, with the films being kept in the drawn and
20 held state. Thereafter, the films were cooled to a
room temperature to obtain biaxially oriented films of
a polvlactic acid resin with a thickness of 25 pum. In
Comparative Example 2, a film was cooled to a room
temperature without undergoing the heat treatment, to
25 obtain a biaxially oriented film of a polylactic acid
regsin with a thickness of 25 pm. Evaluation results of
the physical properties cof the films obtained are shown

in table 2.
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biaxially oriented films of a polylactic acid resin obtained in Exanples 1
to 11 are found to be superior in the €bating adaptability, hi%hrd0e8
cutting property and envel ope 5 wi ndow af fi xi ng adaptability. Exanples 12

to 16 I n Exanptes—t2—to t6, 7pettetsyofrcrystatine otytacticacid (a) or
(b) and anor ph‘rpﬂus pol ,/Ioa,tol C . fCJ :iO’C) sho vvdegn ;[abloeu,:L wef e dry Bl ended to
the 10 conposidjons shown < n«Takl £23,° fol|l owed |by nelts | Bl phdi ng Using a
co-rotating tM n screw extrudef, |extrudiing |noljten resins patja resin
tenperature of Z200C {hrough a| T-dire, [quenching by a [castihg|roll |kept at a
tenperature ofEOBSC t o| @bt aj N S st antilaLlly_gnmeriphous |15 sheets. Then the
sheets obt ai ned wefe heéat &d| &t | B5C" | “r|ofI[- drjawn #n thes MD Hirectian at the
drawi ng ratios’ jshown}in| Tabl e|3, | and |t hen tlentler-|drawn| in| the TD
direction at 85C at the drawing ratios| showl in Table B. [Théen, these filns
were introducéd i nto acheat | 20| tr egtnent zene<adpusted: | o haye t he
tenperatures shown| | N “Tabl @€ 3| to|subjlect| tHe“fli Pns"t/d> | he| heat trleat nent
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for the periods shown in Table 3, with the filns being kept in the drawn
and held state. Thereafter, the filns were cooled to a roomtenperature to
obtain 25 biaxially oriented filns of the polylactic acid resins wth a

t hi ckness of 20 m Evaluation results of physical properties of the filns
obtai ned are shown in 32 Table 3. Tablgy3 13 April 2006 Exanpl® AREXAA®I e
13Exanpl e 14Exanpl e 15Exanple 16 Blend ratio (w parts) Crystalline 1009080
polylactic acid (a) Crystalline 10070 polylactic acid (b) Anorphous
00102030 polylactic acid (c) Drawing ratio in the2 2 2 365 MD direction
(times)2.52.5... Drawing ratio in the 5.55.15.25.54.8 TD direction (tines)

Heat Tenp. (C)140140130130130 treatnment conditionsTine (sec)33333
. . ) r
St or ageMD360460200150150; di recti on nodul us E MPa) TP15026010080B0
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di rection Heat MD 0.50.50.71.01. 2 shrinkagedirection at 80C for 10
secTD1.00.51.31.71.8 direction (8) Heat of crystal fusion 3141282532 CHm
(J/g) Haze (9% 0.60.70.50.40.5 Tear strengthTD40905560110 direction (M)
coating adaptability-1CJrl~ Hi gh-speed cutting property (envel ope

0- 00- 70- Li 0- Co wi ndow af fi xi ng adaptap{lity) As shown in Tabléﬂgﬁp$ﬁ@06
C

biaxially oriented filnms of a polyla ]ic acid resin obtained in Exanpl es

12 to 16 are found to Bhe SUBGHI Qh rAphRe 2C02LinGiaxadantalkididntedi gh- speed
cutting property and envelope w ndow affixing adaptability. The polylactic

acid resins dsedsi Brt Bepd3yi3cABki k2008 ekahl owrRd nevapl exalpller 27 and
Conparative Exanples 7 to 10 were crystalline polylactic acid (a) and

anor phous potyl act heeatbdn@bxohawi Bapkhe cweiight haveagd ngrol ecul ar wei ght s
and optical purities shown in Table 5 4, and obtai ned by pol ynerization
under the coafaptaboef itgat aliyhat-speednicntpdhgmeriopatiton acohdirtveditgie nonomner
conposition or the like in accordance with Exanples 1B to 79 in
JP- A- 4-50473%indowewnérf ixtihg edaptebtilony.of polylactic acid resins in the
present invention should
Examples 12 to 16
In Examples 12 to 16, pellets of crystalline
polylactic acid (a) or (b) and amorphous polylactic
acid (¢) shown in Table 1 were dry blended to the
10 compositions shown in Table 3, followed by melt
blending using a co-rotating twin screw extruder,
extruding molten resins at a resin temperature of 200°C
through a T-die, quenching by a casting roll kept at a
temperature of 35°C to obtain substantially amorphous
15 sheets. Then the sheets obtained were heated at 75°C,
roll-drawn in the MD direction at the drawing ratios
shown in Table 3, and then tenter-drawn in the TD
direction at 85°C at the drawing ratios shown in Table
3. Then, these films were introduced into a heat
20 treatment zone adjusted to have the temperatures shown
in Table 3 to subject the films to the heat treatment
for the periods shown in Table 3, with the films being
kept in the drawn and held state. Thereafter, the
films were cooled tec a room temperature to obtain
25 biaxially oriented films of the polylactic acid resins

with a thickness of 20 um. Evaluation results of

physgical properties of the films obtained are shown in



10 not be limted thereto. Table 4 Wight Content of Optical average
MAD- 1 actic purityTgTm acid Crystal line polylactic290,0004.5%91%9C153C acid
(a) Anorphous pol yl acti c300, 00012. 5%5%%3CNone aci d(b) <Exanples 17 to 25,
27 and Conparative Exanples 7 to 9> In Exanples 17 to 25, 27 and
Conparative Exanples 7 to 9, pellets of,crystalline pol yl act i c1%0pd 200@)
and anor phous polylactic acid (b) showi in Table 4 15 were dry blended to
the conpositigg;shgwn in Table 5, followed by melt blending using
co-rotating twn screw extruder, extruding the nolten resins at a resin
tenperature of 200C through a T-di epzggenghing by a casting roll kept at a
tenperature of 35C to obtain 20 substantially anorphous sheets. Then the

sheets 34 13 Aprit—2006—obtaimedwere heatedat 7 dTott=-drawn at |a
drawing ratfio of 2.5 in the| WP ra¢Eron: dnd*takn ‘at ™80 't efiPE' e df awn at
a draw ng ratd;0.40f.. 6 ugiggg)TD diregtion. In Exanples 17 to 25, 27 and
Conpar ative SExanpfes 7, theftitns re—therr Ttroduced Tntoja heat
ryatalline .
t reat ment zoneIgﬁhggiggﬁgqapavelphe tfenper at Ures°*shown e Table 3 to
subj ect the fiiggwgﬂngne heat treatmgnt  for {the peripds shown in Tablle 5,
with the filnsihghggicgggqb;n the drawn ®&hd held statle. Thereaftet’, the 10
films were coofgh fo a roomtenperatyre to ogtain biaxialTy oriented|filns
of the polyljactj.¢.actd.figsin| w fh a|thi éknegs of°25 m 1% Cofnpardtive
Exanpl e 8 , -
n1) Drawing ratioc in the 2.5 2.5 5 3 36 2.5
MD direction {times)
Drawing ratio in the - 51 5.2 5 5 4.8
TD direction (times)
Heat Temp. (°C) 140 140 130 130 130
treatment
conditions Time (sec) 3 3 3 3 ?
MD
Storage ) ! 360 460 200 150 150
direction
modulus E°
(MPa) T],D . 150 260 100 80 80
direction
Feat Mo 0.5 0.5 0.7 1.0 1.2
shrinkage direction
at 80°C
for 10 sec w 1.0 0.5 1.3 1.7 1.8
direction
(%)
Heat of crystal fusion 31 a1 28 -5 32
CHm (J/g)
Haze (%) 0.6 0.7 0.5 0.4 0.5
Tear ™
strength , , 40 990 55 60 110
direction
{mi )
Coating adaptability a C B r 0
High-speed cutting
property {(envelope o-0 0-7 o-1) o T -
window affixing
adaptability)

As shown in Table 3, the biaxially oriented
filmg of a polylactic acid resin obtained in Examples
12 to 16 are found to be superior in the coating
5 adaptability, high-speed cutting property and envelope
window affixing adaptability.

The polylactic acid resins used in the



and 9, the films were cooled to a roomtenperature w thout undergoing the
heat-treatnment to obtain 15 biaxially oriented filnms of the polylactic acid
resins wth a thickness of 25 m Evaluation results of physical
properties of the filnms obtained are shown in table 5. <Exanple 26> 20 In
Exanple 26, a filmwas oriented in the,,same manner as in Exanh?88il£P0o 25
and 27, except that polylactic acid (@) and (b) shown in Table 4 were used
and that therdiawging EabiRsene 3d Bt hegVe BGldiR Bhfhds in the TD
direction as shown i Table 5. The 25 filmwas then subjected to the heat
treatment under 1bh@ereoghlsians inROWd 1k athle a2 iand gocied to a room
tenperature to obtain a biaxially oriented filmof a 35 13 April 2006
pol yl acti c agimdrpasus wolklackiiralactihki cknesavih?Tha weyicAd) ustdregd he
degree of die-lip opening. Evaluation results of the physical properties
of the fil nemodbtalaedwanighslsownd optdllad Duri tdEmmzdratr ver Beant e 10> | n
Conparative Exanple 10, a filmhaving the sanme conposition as in Exanple
27 was dr awn4i nanbe obgme nega biye poaymien iBedipine uiferexdeptcartidtctsheef i | m was
drawn 10 at ratios of 2.5 in the MD direction and 3 in the TD direction as
shown in TabFatsly$he afiplmbtwa®OdyBEEdzed 1 oo CORE iNd QNS r SRNAMRT under t he
conditions shown in Table 5 and cooled to a roomtenperatur

] , to qQbtain a
bi axi al |y or FEAPEFIHEiPrmH 8F &NSoryiEc e 25GCF dBEGs Wi Ef?“&’e]ﬁ%%

t hi ckness of 25 b j yst i degr ee of iLe-1ip openi.ng. Eval uation
results of tﬁ@ gﬁ;é%cingﬁﬁdggﬂbggs 0 Oﬁﬁgthlgi fﬁﬁﬁ%ﬁ”ﬁ?égg%éﬂi in table
S. 36 13 Aprbgl%gggt{cHagE%LQ%%QEgoq%O%he present invention should

10 not be limited thereto.

Table 4
. Content of .
. ical
avziigthW b-lactic (gﬁifiy I9 m
acid

Crystalline
polylactic 220,000 4.5% 91% 59°C | 153°C
acid (a)
Amorphous
polvlactic 300,000 12.5% 75% 53°C None
acid(b)

<Examples 17 to 25, 27 and Comparative Examples 7 to 9>
In Examples 17 to 25, 27 and Comparative
Examples 7 to 9, pellets of crystalline polylactic acid
(a) and amorphous polylactic acid (b) shown in Table 4
15 were dry blended to the composition sheown in Table 5,
followed by melt blending using co-rotating twin screw
extruder, extruding the molten resins at a resin
temperature of 200°C through a T-die, quenching by a
casting roll kept at a temperature of 35°C to obtain

20 substantially amcrphous sheets. Then the sheets
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34 13 April 2006
cbtained were heated at 75°C and roll-drawn at a drawing
ratio of 2.5 in the MD direction, and then at 80°C
tenter-drawn at a drawing ratio of 6 in the TD
direction. In Exampleg 17 teo 25, 27 and Comparative

5 Examples 7, the films were then introduced into a heat
treatment zone adjusted to have the temperatures shown
in Table 3 to subject the films to the heat treatment
for the periods ghown in Table 5, with the films being
kept in the drawn and held state. Thereafter, the

10 films were cooled to a room temperature to obtain
biaxially oriented films of the polylactic acid resin
with a thickness of 25 pm. In Comparative Example 8
and 9, the films were cooled to a room temperature
without undergoing the heat-treatment to obtain

15 biaxially oriented films of the polylactic acid resins
with a thickness of 25 pm. Evaluation results of
physical properties of the films obtained are shown in

table 5.

<Example 26>

20 In Example 26, a film was oriented in the
same manner as in Examples 17 to 25 and 27, except that
polylactic acid (a) and (b) shown in Table 4 were used
and that the drawning ratios were 3 in the MD direction
and 5.5 in the TD direction as shown in Table 5. The

25 film was then subjected to the heat treatment under the
conditions shown in Table 5 and cooled to a room

temperature to obtain a biaxially oriented film of a
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polylactic acid resin with a final thickness of 25 pum
by adjusting the degree of die-lip opening. Evaluation
results of the physical properties of the films

obtained are shown in table 5.

<Comparative Example 10>
In Comparative Example 10, a f£ilm having the
same composition as in Example 27 was drawn in the same
manner as in Example 27, except that the film was drawn
10 at ratios of 2.5 in the MD direction and 3 in the TD
direction as shown in Table 5. The film was subjected
to the heat treatment under the conditions shown in
Table 5 and cooled to a room temperature to obtain a
biaxially oriented film of a pelylactic acid resin with
15 a final thickness of 25 um by adjusting the degree of
die-lip opening. Evaluation results of the physical

properties of the film obtained are shown in table 5.
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18 13 April 2006
As shown in Table 5, the biaxially oriented
films of the polylactic acid resins obtained in
Examples 17 to 27 are found to have tensile strengths
of not lower than 60 MPa, that is, the mechanical
5 strength sufficient for films to be used as bags. At
the same time, these biaxially oriented f£ilms of a

polylactic acid resin are found to be superior in the

coating adaptability and high-speed cutting property.

10 Industrial Applicability
The biaxially oriented film of a polylactic

acid resin of the present invention is biodegradable as
it mainly compriges a polylactic acid resin and has the
gsuperior coating adaptability for an antistatic agent,

15 a lubricant, an antiblocking agent or the like, and the
superior high-gspeed cutting property. Therefore, the
present invention can provide a biaxially oriented film
of a polylactic acid resin suitable for bags, packaging
film and plastering film for various windows,

20 particularly those for outlook window envelopes.
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CLATMS
1. A window for an outlook window
comprising a biaxially oriented film

polylactic acid resin,

0O U H
4 00U a
13 April 2006
envelope,
comprising

which has a storage modulus E' at 80°C, in at

least one of a longitudinal direction (MD direction)

and a width direction (TD directien) of the film, of

from 10 MPa to 3,000 MPa, as determined by a test

method for temperature dependency of

dynamic

viscoelasticity in accordance with JIS8 K7198 (method

A);

a heat shrinkage of not higher than 10%, upon

heating at 80°C for 1C seconds;

a tear strength in the width direction (TD

direction) of 10 tc 200 mN, as determined in accordance

with JIS K7128 (method B); and

gaid film is drawn at a ratio of 5.2-7 in the

width direction (TD direction).

2. The window for an outlook window

envelope

in accordance with claim 1, wherein the storage modulus

E' at 80°, in at least one of the 1longitudinal

direction (MD direction) and the width direction (TD

directicn) of the film, ig within the range from 50 MPa

to 1,000 MPa, as determined by the test method for

temperature dependency of dynamic viscoelasticity.

I ?
H
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3. The window for an outlook window envelope 1in
accordance with ¢laim 1 or 2, wherein the storage
modulus E' at 80°C, in at least one of the longitudinal

direction (MD direction) and the width
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2006 As shown in Table 5, the biaxially oriented filnms of the polylactic
acid resins obtained in Exanples 17 to 27 are found to have tensile
strengths of not lower than 60 MPa, that is, the nechanical 5 strength
sufficient for filnms to be used as bags, At the same tine, t heSapwiZ2Rbal | y
oriented filnms of a polylactic acid resin are found to be superior in the
coating adaptability and hi gh-speed cutting property. 10 Industri al
Applicability The biaxially oriented filmof a polylactic acid resin of
the present nyeptign i srBi efedadahle as the MBINLY, COBPriSeRia RAUY actic
acid resin and has the superior coating adaptability for an antistatic
agent, 15 a kdhgkCEbm am Mud Hockd navegents oset Bemh hke, pgndHeheessuperi or
hi gh-speed cutting property. Therefore, the present invention can provide
a biaxially seciaatied fidim otemppebyligeti c dgiahdeasiyn subtabl elyfrmmiiags,
packaging filmand plastering filmfor various w ndows, 20 particularly

t hose for ouvlieckehbsdawienvel apds.a3heaCLACNS f8sApni| 2B06 lat Atdiendow
for an outl ook wi ndow envel ope, conprising a biaxially oriented film
conprising polgkadti medtidgr epeak, wnbthstat aakt or agemasiAtusrE it 80C,
in at |east _one of a longitudinal direction (MD direction) and a width
direction (ThoWEIre&tiaen)l BFCy hd sf itrmthst Tanem BCWPRS t 5033600 /9Pa,28s
determ ned by a test nmethod for tenperature dependency of dynan?c
viscoelasticﬁ??eFWlQEéoﬁahﬁtéj%é??F%W?%%#l@@a?ﬂgPﬂoﬁa Primetidac BT nkage
of not hlghe%iggag_lowb upaon hggtln at 80C fgrf%%n§%98n%%’2oo°c in

temperature beling increase

accordance with JIS K7122.

4. The window for an outlook window envelope in
accordance with claim 1 or 2, wherein the polylactic
acid regin is a mixture comprising 95 to 60 parts by
weight of crystalline polylactic acid with an optical
purity of not lower than 85% and 5 to 4C parts by
weight of amorphous polylactic acid with an optical

purity of not higher than 80%.

5. The window for an outlook window envelcpe in
accordance with claim 1 or 2, wherein said film is

drawn at a ratio of not less than 4 in the width



a tear strength in the width direction (TD direction) of 10 to 200 mN, as
determ ned in accordance wth JIS K7128 (nethod B); and said filmis drawn
at aratio of 5.2-7 in the wdth direction (TD direction). 2. The w ndow
for an outl ook w ndow envel ope in accordance with claim1, wherein the
storage nodulus E at 80C, in at Ieaab one of the | ongitudinal3Aehil2888i on
(MD direction) and the width directio (aTD direction) of the film is
within the range from50 MPa to 1,000 MPa, as determ ned by the test

met hod for tenperature dependency of dynam c viscoelasticity. 39a 13 April
2006 3. The wipdew;far (@p autbeekowndewrervelape iaha aGCdAnca M th claim
1 or 2, wherein the storage nodulus E at 80C, in at |east one of the

| ongi t udi nal tcdir gehtonrENPr@nteati ank cane raterd didh 4Qwkd Aprad 2206
direction (TD direction) of the film is within the range from10 MPa to
300 MPa, as getesntnedshyithetkeperatettod Thor themperfataumde rdependency of
dynam c viscoelasticity; and a heat of fusion, AHm at the crystal

nmel ti ng peakhighesenhaat tast esperatupeinst (Tmowehertearf .100C, is in the
range from 15 to 30 J/g, as determned by a differential scanning
calorinmeter (DSC) wth a tenperature being increased fromOC to 200C in
accordance with JI'S K7122. 4. The w ndow for an outl ook wi ndow envel ope in
accordance with claim1 or 2, wherein the polylactic acid resinis a

m xture conprising 95 to 60 parts by weight of crystalline polylactic acid
with an optical purity of not lower than 85%and 5 to 40 parts by weight
of anorphous polylactic acid with an optical purity of not higher than
80% 5. The wi ndow for an outl ook wi ndow envel ope in accordance with claim
1 or 2, wherein said filmis drawn at a ratio of not less than 4 in the

wi dt h



40a 13 April 2006 direction (TD direction) of the film and is subjected
to a heat treatnent at a tenperature not |ower than the glass transition
tenperature (T(3) thereof and not higher than the nelting point (Tm
thereof. 41 13 April 2006 6. The wi ndow for an outl ook w ndow envel o%e in
accordance with claim1 or 2, wherein said filmis drawn at al3%4pH g08¢
2.3-3.5in the length direction (M ]rection). 7. The wi ndow for an
out | ook wi ndow envel ope in accordance with claim1 or 2, wherein a ratio
inthe TD direction/ drawing ratio in the MD direction is larger than

2.0. 8. An ogtlook wi ndgw envRiRPerSPMRAI $itd Rk LIVE&PPenhavLpe ah
out | ook wi ndow opening and the w ndow of claim1 or 2 arranged in said

outl ook W ndgw-cep8REARY. wdeh The ainndaw §pr an qukheak wsadaw £nmel dpe in

accordance with claim11, wherein the biaxially oriented filmadditionally

conpri ses atdlreast agne addiild wef Bel exi®difir onet hengrhupicensiisin ngioof

bi odegradabl e resin, heat stabilizers, antioxidants and UV absorbers.
directicn).

7. The window for an outlook window envelope in
accordance with claim 1 or 2, wherein a ratic in the TD
direction/ drawing ratio in the MD direction is larger

than 2.0.

8. An outlook window envelope comprising an
envelope having an outlock window opening and the
window of claim 1 or 2 arranged in said ocutlook window

opening.

S. The window for an outlook window envelope in
accordance with claim 1, wherein the bilaxially oriented
film additicnally comprises at least one additive
selected from the group consisting of biodegradable

resin, heat stabilizers, antioxidants and UV absorbers.



