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FILM OF A POLYLACTIC ACI D RESIN Technical Field The present invention W0700
relates to a bi odegradable biaxially oriented filmconsisting mainly ofga/7

polylactic acid resin. Mre specifically, the 5 presentj i | at es
to a biodegradable filmfor bags, packaging and for varmmwmmwmmmﬂm@ W th
superior coating adaptability and hi gh-speed cutting proper} Backgr ound

Art Synthetic polynmer conpounds ha¥§SE§§B ﬁ@ﬂely 10 used aslppgétics due to
t heir superior characteristics. W fhefease in the consunption of the

synthetic poly s GamBIuMSOP ey (d1e AT, AL Naste hag, been al so

increasing. It has thus becone a social proble stics
shoul d be dealt with. 15 Incineration causes problens, such as the danage
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
envi ronnent for good since they do not decay. Furthernore, considering 20
the costs of Téassitatariendg collection and regeneration, it is difficult
to conpletely solve the problemonly by recycling. In the mdst of such

i ncreasi ng environnent alhaup hesesdninvengieaneenfreBeedsaf or bi odegr adabl e
pl astics whicr deconpose in the natural environnent after being wasted have
been i ncreasimgodegradalkcke envaxdahknt akitpaddandlocbaal szenthgasHstai nabl e
soci ety. 5 Known bi odegradabl e pl astics include starch based ones,

al i phat i c- pol 9est epoteba@asipradiudededyn i clooeganesiEicehépi cahky synthetic
al i phatic polyester resins and the sanme resins but partially nodified in

t heir chen§cd?r%§?%%th?%$n%h@“b¥%h%@?%dé%l@ bpodepphdebéeatommt Eerpol yest er
resins. AnDn%%these bi odegr adabl e géastigs, pol yl actic acid resins have
superior tranSpat erRYCKFI Ui 35 afielf pYotEeeahy i Negys a¥iEbnpaPedaiaFt h ot her

b'OdegradablQ:&g@§ﬁéngaégbgfiiéfuéﬁé’hféﬂggéggdféhgging 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 1Incineration causes problems, such as the damage to
furnaces due to high heat generation and the risk of
emission of toxic substances. Landfill also 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
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15 of polylactic acid resins are suitable as various filns for packaging
~such as bags, window filns for containers with wi ndow, plastering filnms for
out | ook wi ndow envel opes, substitute filmnms for cellophane, and the |ike,
due to their high stiffness and high 20 transparency. On the other hand, in
the field of plastic filmapplications, processing speed has been
increasing with the progress of procesSing nachinery. For exanple, in the

af fixing of £bhpae -hornenvel epe Wi e cessing speed is 800
to |,000 sheets/ninutg, or eeenw%gggégﬁd%g%% EE%EFE%&iﬁﬁﬁgﬂdue to the

progress of Mé@gﬁggééfﬁﬁiﬂﬁe”ﬁghhﬁgi @ﬂbh?okﬂﬁn908¥€ekiBeﬁuﬁp&gg%éai“9

speed was 400 to 0 sheets/ mnute. For 3 this reason, running speed of

the film al spahaspbbesnihpeeeashggrandetihys Lo eophenRgedshar saqfilmwith
superior high-speed cutting property. In addition, there are applications
in which filmwsnefidteei shécsbetdinapledsyelibtan antistatic agent, a

| ubricant, an anti bl ocking agent, or the like, to provide the filmwth
machi ne adlapt ability aKdopnobésdahrhdsypléopsabtitheihtyhdspeedrphnocessi ng.
For exanpl e, the abovedescribed coating is indispensable in bags, packaging
10 films andcds¢dsofios, vatipost wcndohgespart resias| yrodosedf by wi ndow of
out | ook wi ndow envel opes into which relatively Iight weight materials

easi |y af fecteerdpyretatsisel eeericatyy svehhasipomtiéphagianul e, thin
papers, film fiber-like substance, are contained. 15 Therefore, the filns
are requi redRoYREVRT cHREIRY AApERADI PrES, renlngdPet oraEbiehéyhi gh- speed
cutting property.. Biodegradable fi|lnms, in particular polylactic acid film
with superiowoé¥gh§%a}%n5§ehﬁdcm%%h%%}C%FIB?B%E?ti%%? RaprepyRrAG Pt Rese
require ts. 20 have n been obt ai ned. JP- A: 2001- 122989 di scl oses that a
biaxialr@yor?%gﬁéékh%l§%%% F%ca%?gy%%T%ﬂe¥e?+Tﬁ1consisting of crystalline

polylactic acid and hayj t ' 120C within the range
from 100 MPa to 230 ZEngg? gge%%9%?%?%g§gg§gf%gb%%%¥l%%thod for

tenper at ur e glependency ofidyras £s i seoel @sd i it ytré§s§y+éﬁ9%? for

f ol d- packagi ng due to superior tacking property. This Ti1Ilm however, cannot
satisfy the coptdngy agdept@bbdéiyabi Biapd é ohospeesy cwl th NG REPPeErty.

JP- A- 2000- 19891 3 di scl oses an easily tearable, biaxially oriented filmof a
pol yl acti c avicde@sidelcbhnspbistnigecof pob ypacticubsr d antectyst al 1mae

al i phatic polyester. This film 5 however, only has limted applications
due to skynidh camty haglelc Jreid 20091624443 dsstt dsks an easidyst eatabl e,
biaxially oriented filmof a polylactic acid resin consisting of polylactic
aci d and pol % HA STty epitihad atlea amd/ wingor vt hys efer i cophr haéas e. Thi s
10 film however, on has Iimted applications due to inconplete

bi odegr adabi'l} e@ "YYS[HH%W%H“%O&H% Hfaptabt 29 yw BMPHi gh- speed

cutting prop ' t hough it i,s superior in straight tearing and hand

tearing pr opegrgx%eiyleospéés\]’P-sA- 01 S5 789 A 5 O]ai%%]r%%%?gafi%' bt Sdegtadabl e

polylactic agcjd I’Q%]iké‘l & 1 {vs. W t}hicfh %%%@C%§@P antistatic property,
i bl oc y

lubricity and anti I ng proper al'ong w th supetior adhesion to paper.
This filzo howavgiar&ees not have the highspeed cutting property. 20 The
obj ect of the present invention is to provide a biodegradable, biaxially

oriented filmof a polod agtd cowaedd Hasd N suidbl e dy 44 | pBadofc bags,
packaging and filnms for various windows with superior coating adaptability
for anti st atfiiclragemilsi,cd ubsn c,anisocXs ianyg i dPaekings agent sifrddeidd ke, as
wel | as high-speed cutting property.

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



Di scl osure of the Invention 5 The present inventors have found, after
rextensive studies to solve the above-described problens, that a

bi odegradabl e, biaxially oriented filmof a polylactic acid resin, which is
suitable for filnms 5 for bags, packaging and filns for various wi ndows wth
superior coating adaptability as well as hi gh- speed cutting property, can
be obtai ned by maki ng the storage nodutFus E at 80C, as determ ned by the

test met hod AN ratur n of nam.c viscoelasticity, in 10
accordance wﬁgﬁsJ?%B§9_98r?ﬁg§ﬁ§dg§%%%tﬁg %ﬁﬁi%éh“}ﬁﬁéﬁ%*%ﬁss&ﬁfﬁénq t he
tear strengthtncbie wi di dhrectian (TR.direct ga). of @ Ly thin the
specific ranges, respéctively, despite the ic that 't he physical

Composi  on of Ceryetal T Ehe byl St e Serd Red diior prode adyTHeti ¢ aci d
drawi ng tenpenatudr esecafgdpdr awi-Agnikat noghiiknt e 1IMD ndaEdislsectd eps, and
heat treatnment conditions and the |ike. Based on these findings, the

present ipBveabkeadhasthean 20taseampki shedt, Namalyritdaetpr @gent invention
conprises the follow ng aspects: (1) A biaxially oriented filmof a
pol yl acti c aehdibéschiagnpgieaitngomothkess kieham o5@a iy deeitglat fafima 25
polylactic acid resin, which has a storage nodulus E' at 80C, in at |east
one of a | ongitbhdinpehider edeporbiMDtdi redt pao)easdbd 1vitdt hodisueet i on (TD
direction) of the film of 6 from10 MPa to 3,000 MPa, as determ ned by
the test net hbd Néghteppedapiuprecdepandendyproexdypan, c thiesebelvasticity in
accordance with JI'S K7198 (nethod A) ; 5 a heat shrinkage of not higher
than 100, up8RSREAPFAgCaRtaDE f6r 1n0ispenRadlcand Hagear PeCkesdtl in t he
wi dt h diésctiog %TD ire tiog) of with JI$S K712 10 (2) The acid resin in
nmodul us af L iFredt oﬁlgﬂﬁ PFelfT R} Sol’ 1P5°FS - 1 PEFG LRBA2 110 £8°260 nN, as

determined i 8 (method B).. biaxiall iented fi f
ol 1 act ¢ abRbr RREE meEnOt ) CORUP LR A ELBPEge ‘B0C. “TCH | cast one of
the | ongi t udi LLect | . Ldth. di i TD,the fi is with

the range rom B0 KER ol ‘AbFor AiRAS Ho ERETeo " Sothod SFEF ComB ature |

dependency ofrdynantgec¥ts¢0¢kast kakhYas( bi,axi.ahLy eriented filmof a
pol yl actic ach resinein accg?daﬁgghmffhg%Y§ggf ?g%b%&%érg?ﬁ%the st orage

nodul us E' apaBlCs, i Biah, | easkronekef sthhietdAckondictudibnak idienection (MD
direction) and the width direction (TD direction) of the film is within
t he rangesfronet8fdPa, t oh800iMra, aas detetmrededobyatbecbastinget hod for
t enper at ure dependency of dynami c viscoelasticity; and a heat of fusion,
OHm at the adaptability, in addition to the high-speed cutting
property. Bicdegradable 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 polylactic 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



25 crystal nelting peak, present at a tenperature not |ower than 100C is
inthe'range from15 to 30 J/ g, as deternmined by a differential scanning
calorimeter (DSC) with a tenperature being increased fromOC to 200C in
accordance with JIS K7122. (4) The biaxially oriented filmof a polylactic
acid resin in accordance with (1) or (2), wherein the polylactic acid resin
is a mxture conprising of 95 to 5 60 parts by weight of crystalline

pol yl actic i i Lh_ ti . pUr| ot lLgwer n %.and .5 to 40
parts by me?%%? %%5gn§§%§§uéﬁg%i§FaE%¥88%E'd mf?ﬁga%bggtﬁggéigurity of not

hi gher than 800-1(2sA M B9oW §/0F 3 a@y&lpgga§ﬁ§992/ggyghggg,f}gmconprising
I y res

the biaxially oriented filmof~ a po actic aci I'n I'n accordance with

(1) or (2). &B)aThsrpiaxtak!l y-oxi gated &bhg&ghagpgkyb@@?ugc%%d resin in
accordance with (1) or (2), wherein said filmis drawn at a ratio of not
less than 4 i@idhendScydthldinechiopnbdib-dpsegtien). of thhe fFihm and is
subjected to a heat treatnent at a tenperature not |ower than the gl ass
transitioh tleswpevat urenlFghas heirdteandopdicht gbes Hhantbhe nel ting point
(Tm thereof. 20 (7) A nethod for producing a biaxially oriented filmof a
pol yl acti c agighifscant coapei si Ap-Ad2adiAg44alBi dirscbapessangeastgi n

contai ning not |ess than 50% by weight of a m xture conprising 95 to 60
parts by weiygmrablerysiakiahbypotyéacedctatndo25awpbhyancopti ealidpurity of
not |lower than 85%and 5 to 40 parts_ by wei ght of anorphous polylactic acid
with an optit@FiPpuFPRyidEingtohi pheyladhhc8@0idagnd patvetbylaoe | ess than
4 in the width directjon (TD direction% 8 of the film and subsequently
subj ecting tHFFRIMRE e nead/ oF et nenthutenet bppehbbatetfot TBWEr than the

glass trgnsition tenperature (Tg) therepof and not hjgher than 5 the nelting
point (T f%%ﬁ%bfho¥$%$ﬁrr%ﬂ£ﬁ %ﬁiﬁb%f%e f2FR l?ﬂggﬁ?Foﬂu?hEOpresent

i nvention w i i e all ;herei nppbel ow.. A fi|lmof the
present i nvelnr#?%ﬁpg%lpn%)%gige%%?g{%lJrjgésaé %%%nlgﬁ%P§§c%\%?8h??ajﬁ%%‘?erabI y not

less than 700; by yei ghty é‘i'?c‘i%P&ﬁi%ﬁ%}éY?M%ixlﬁ)glsé{(EE@Pt?,Soa Yn¥eLght . and

further nore preferably 1000 by weig o} actic acid res If the

cont ent of &Ltpoi'éﬂﬁ%éﬁi@ﬁiijnr@@i'é\i%ﬂ%|€r§§rirﬁl§ma15@0h§b{dv‘@é99§.m the elas~ic
15 nmodul us and transparency of PLA tend to be | cwered. Said po?ylactlc acid

resin means:promopol yaer oP-poryd BediL7 i dlos dastissagi d and ot her
hydr oxycar boxylic acid(s), aliphatic cyclic ester(s), dicarboxylic acids)
and/ or diol (s)qdeoprHdamliaigonbyl 20t 1 esscidane8bo bylmei ghthod facdic acid
nmonomer units; or a conposition of these polynmers containing not |ess than
85% by wei gtalgind¢canendacint whonee pmeperty, 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



Labfic acid has L-lactic acid and D-lactic acid as optical isonmers, and
“polylactic acid obtained 25 by pol ynerization of lactic acid includes
crystalline polylactic acid and anorphous polylactic acid. The fornmer
conprises about 100 or less of D-lactic acid 9 units and about 900 or
more of L-lactic acid units, or about EOO or nore of L-lactic acid units
and about 900 or nore of D lactic acid unit, and has an optical purity of
not |ower than about 80Re phiékenthenlahtgrs5ne0BPELEES, 19% Lo 900 of
D-lactic acid units and 900 to 100 of L-lactic acid units, and has an
optical puri¢ytefishet btgbesstbansabost t880abAvpohykaetbedaci d resin used
in the present invention is preferably a polylactic acid resin that is 10 a
m xt ure conprishhems OOthat 68 pactisgbydueight bohixtaystabkibarpal yhagtic acid
having an optical purity of not |ower than 850 and 0 to 40 parts by wei ght
of anor phouschot ypatylecatedahawi ngsan, ophichl ipusityablendbrhighes t han
80% Particularly preferably, a 15 polylactic acid resinis a mxture of 95
to 60 parts B9rvieaght pickayseal fhdef pbhy| feti vaatpdshavndgwanwophi cal
purity of not |ower than 850 and 5 to 40 parts by wei ght of anorphous

pol yl actic a%?EF%%%?n@o%%l%%t@%%Et®@¥l%yyO¢Sn@@l%igﬁehighaﬁp8©@6 The resins
having the 20 conpositions in these ranges are advantageous as an oriented
filmwth SLﬁﬁﬁF{gbrﬁﬁﬁp%%%Yin@a%r%%e??Qa%hﬁﬁebﬁamﬁhbnghEhﬁe§¥O§ﬁ9?nkage
suppressed to treatnme be easily obtained

| h :
t her ef rom |Woﬁﬁéf%% fé%f %§;§§$%h99ﬁ?ﬁﬁﬂ f%%ﬁﬁ%aﬁﬁ%f R drP25
tical [ 50-i s | t han_ 60 ts. i ght, heat
ot ool PUrLdoAL. oL, | QUK AR D%0c L5y 5z et D, 80, pRL 1, by vl ant heat
be used s aaGEHEHé%@%'%P%HOﬁﬁ§“@?@@§ﬂgn¥gﬁﬁ%g$Ft' h?y%Qa@C'd1 i ncl ude such

as glycolic acid, 3-hydroxybutyric aci _ okybutyric acid, _
3- hydr oxyval g tniacdd, a dhyshoxyvaleld ¢ a6 dand, fhydr oxyeaprpie acid. The

al i phatic cyclic esters) includes 5 glycolide, lactide, ~-propiolactone,
y- but yr ol actdinsscByvat e agt 00€; i S Capf 0d agt prew angi subss i syt edsl act ones
wi th various groups such as a nethyl group, and the |ike. e di carboxylic

aci ds) inclutesssucciaseacivel gl espctactitde aatpi chaeci theazel ai ¢ aci d,
sebacic acid, 10 terephthalic acid and isophthalic acid, and the like. The
pol yval ent d&lehiotdls)pors tidiess arfontdtd cf poh yaad enompl tohoédly such as

bi sphenol / et hyl ene oxi de adducts; aliphatic polyval ent al cohols, such as
et hyl ene Yl yidtiLUsHas 1 ohel tgt yeldnd eyt ol on hek aperis ot 11 bee anedi ol , 15

gl ycerin, solhitan, trinethylolpropane, neopentyl glycol; and ether
gl ycol's, su bjayslacﬁte]t%ﬁce]rfg ad?‘%/c%q‘ TR R bret g Yo RS 1ol St i ene

gl ycol, pol ypr ne gl ycol . . Bi odegradabl e plastic such as aliphatic 20
pol yesters, nangp%geaecaudrd%d afnocgt e HHoV e-Uese i%é?%%l@?a%?#?ici d. The anount
to be added,q;hquavy nssﬁgﬂtqmgﬁi S gher %§Eﬁ5 0o by i@@t as not to
i mpair the_propertles'of the po Qﬁg%fic_aci regghlf 5@@? 5 ggh%'nethod
of pol yneri zNgd he pAladactiiadd resd & &powy rthod, ﬁ%%eaén a
pol ycondensati on nethod, a ring opening polynerization nethod and the |ike
can be el eyetbmAA imidwdd for increasing
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 of a longitudinal direction (MD direction)

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



1;‘dnlecular wei ght by using a binder, such as polyisocyanate, polyepoxy
~conpound, acid anhydride and pol yfunctional acid chloride, can al so be

enpl oyed. The wei ght average nol ecul ar wei ght of the polylactic 5 acid
resin is preferably in the range from 20,000 to |, 000,000, nore preferably
in the range from 30,000 to 500,000. If the nolecular weight is within
these ranges, the nelt viscosity wll Be in a suitable range and, thus, a
stable film b i hed,e using usual .processi ng machi ne. The
bi axially orfgﬁ?egoﬂg %1%? %’%gpyﬁggfi%gag%gefgépﬁdo%yt%genggént i nvention

has a storagﬁe@pgg!ygrE%%ﬂ%eggghg%té%gghégnggaigogﬁggggcha at least in one

of the MD and TD directi est nethod for

t enper at ur e gdependensy- of  dynpgam [ astigit ' co with JI'S
K7198 (nethod A). It is prgfergﬁggggﬁgﬁg%hzaggogggekgéggld@gﬁggﬁn t he above
range at least;in the MD direction, nore preferably in both of the MD and
TD directions. Since 20 filnms are heated up to around 80C by hot air for
drying insa drying step résersegeahkagewbthnad anghstathenagent, ugon

| ubricant, an antibl ocking agent or the like, if the storage nodulus E at
80C of a filmeasinesst thAT HpbMPa) ddmworidd mamd | have deformations, such as
film25 elongation by tension exerted on filmin drying process, which
makes it difficult to ®btedn atyeondtkt ahetbé wolthoflikebtmiofn (The ot her
hand, a filmof polylactic acid resin with a storage nodulus E thereof

12 at 80C ofdhigfferon hant 31 Q0o MPA0i BNpr ast deabrypidedf isubtcbodahtai n.
Preferable range of EE of afilmat 80Cis from50 MPa to 1, 000 MPa, and
particul a- pl%- ot ef &% bl 2§ affgetfedfBbm 70 MPa to 500 MPa. A filmb5 with E

at 80C of,. not, hi gher than 300 MPa_is preferable_as it has_the superior heat
seal i ng %%op@%%y. The'ﬂh%x?b?¥§a€}Yeﬂ€%ﬂn??gnfb%maoﬁo?yP%%YiécééFd resin of

(ne present Javeruden, hes Nesl sleipkage, (0, POLh Lhe VB and TP dir e ons

of not hi gher an upon heati ng at

with heat shrifkage pver. c,uRgp ahce_aité'%g:yagnemoq f.ol. 112845 2 qlnadisr{alexhi bits

heat shrinkage by hot air for 'drying in i Nng process r-coati’ng with

an anti statigi aganton a(l\k[b'hﬂiﬁ@@ﬁioﬁ?téﬁ‘&i*P}HQCM&‘Bha%IE?%cE’{ fheppi ke, 15 to

have wrinkles on the filmsurface. is therefore fcult to obtain a
filmuwith gatikappestanse. tHher heaf sHri0kRoe @}@@nréﬂﬁ?éi Agomt sGG@pfor 10
seconds is preferably not higher than 50, and particularly preferably not

hi gher tlfan t30.1,200 FiMRheramrésts hei heaxbal tlye otésenteecfiodni®f a pol yl actic
acid resin of the present invention is required to have a tear strength in
t he widt h ditresmd ot wfe tdrodndend¢ T di dercanbn) voscdOliot 2O0t i, as
determned in accordance with JIS K7128 (nmethod B). A 25 filmwith the tear
strength in the TD di r'et? ivwlatlvooripired fhirrebra eghvspeltccut ting

property and,j%rus, 1S not ada(%$ble to hiﬁh-s eed_bag manufacturing
equi prent  arftf it gi=SPeed! BT CHRTON Fhthi he) 9h (2hs wastetul et o

hi gh- speed affixing machine for_e pe wi ndows. On the other hand, a film
with said t}atl;o sa}gregr%%%umluosv\eé téhtanné/qJ&qnﬁrhzfsnc %ﬁsti e ﬂqorﬁh(?‘r eaks at high

f requencyy durdng it : ef e e 5 range said tear
strength i1s fdrr{(g:gLnttZJC%}eltI?)A]l g%l%e%% fo@étﬁ%%%%%%ﬁor%?%r%@ err%érjlrée is from 20

to 100 mN. Runidharmy o e bl voprigatedid] |1 ofs & polylact ic acid
resin of the present invention preferably has a heat o usion, OHm at the
crystal 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



10 nelting peak present at a tenperature not |lower than 100C, of 15 to 30
~J/g, in particular, 22 to 28 J/g, as deternined by a differential scanning
calorinmeter(DSC) with the tenperature being increased fromOC to 200C in
accordance with JIS K7122. Afilmw th the above 15 val ue not higher than
30 J/g is superior in heat sealing property, while a filmw th the val ue
not smaller than 15 J/g exhibits little heat shrinkage and, thus, hardly

shrinks duri g9-Hp4za+E nghnglgfkgp2ggating. 20 The bi odegradabl e fil m of
the present invention has a haze of preferably not higher than 50, nore

preferably nej) hi gher than,3%iand,partibeukbarky prekesablby Agtthi.gher than
2% as neasured by a hazeneter (AS¥M D 1003-95). If the haze is not | ower

25 than 50, ibedtresspaigngycwirbhnbe neddced)tgrmpke i{ndirtihcuht to see
contents in the bag. In the case of general packaging film it is difficult
to see contembdyTheattyathaoughihhesf bl mixandet ByspkaRahESohes 44
appearance and value as a commercial product. In tﬁe application of the
out | ook wb ndélv eawes dpesyeighpasti culyatalifinthpobgzectscnatiboweent han 50,
the transparency will be reduced to frequently cause 5 reading error of the
i nformati on aecopdedal nparbay codectThewpol yhaot BEaend Besbn4Dil m of the
present invention may be conpounded with, in addition to the

above- descr i BREL § €3Y néeiowhl agprPhesssnehyhscbinercio wibHegnadabl e
resins, heat stabilizers, antioxidants and W ab§orbers, in an anbunt not
to inpair thPrEeRt rRwehty Ph aAbl RheheRathebefPStics of, the present

i nvention. Iﬂ?the case_ of , m xin resin which increases the haze, the

a

maxi mum armouht’ to be d%d%b%ﬂﬁ%dgﬁﬁ 2hotP bl Bek 594 BASBdSBREL ABSpol vl acti ¢
acid resjn. The thickness of.a fi of _the _present invention is preferabl
" the rhge PiBH B0 T80 N4 B AbT L BFLFEF BBl 3iih Phes BRGELFEORFT Lo B0
Vim In partl e: t hi f i f % pe wi ndows 20 is
preferably f%9##2£?%%gel¢r%%§§§§§%8%0wi#$q5?Lr§gig%Pétiffness suitable for

af fixing machine for thes oy Pk W, ngove gpyg| prﬁ-oﬁegeﬁgggggﬁié met hod

for producing a biaxially oriented film conprising not an 500 25 by
vei ght of a polylesiie Beigecesdameé vhenpresest inyenghebeihl babe

described. First, a raw material resins) is fed into a single screw or twin
screw extruderlranids nitdwmi xeda dheioebf hstthepsextswdedin dhet hrough a T
die, a cylinder die or an | die and quenched to be in an anorphous-Iike
state. The reldtlexdyisdohon efperdt veet tampecfitthdi §itmpeang, isn gener al
preferably from!|00 to 250C. The quenching 5 tenperature is preferably from
0 to 60C. Tha'hkeGhkedsto 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 comprising 95
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)



th‘en‘ bi axially drawn by a conventionally known drawi ng nmethod including a
*roll nethod, a tenter nethod, a tubular nethod or the like. Anong these
drawi ng net hods, the tenter nmethod is preferable due to 10 easiness to
obtain a oriented filmof the present invention because drawing ratios in
the MD and TD directions can be i ndepegdent ly controlled. Drawing ratio in
the drawi ng procedure may be selected fromthe range of 1.5 to 10 each for
the 15 longitpdipal rdifectjjgn (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 ofpsbguenhapcenBntceinki LALSEE@RILE andehil m cutting
property in the TD direction by inparting 20 orientation, nore preferably
at |east 2 itrédendft ditegtionpangdratel gast14ubh thenTPndi pegtion,
particularly preferably from2.0 to 4.5 in the MD direction and from4.5 to
7 in the TD draestiom Jhepspstesearegf uthbesopashiicHbar hygpeef enahly from
2.5t0 25 3.5in the MD direction and from5.2 to 7 in the TD direction.
The rati od oftiferread ngng atdont n(Tihe dTedéoéction) / (drawing ratio in the MD
direction) is preferably larger than 2.0. By drawing the filmin the 16
TD direction at a ratio of 4 or nore, the tear strength in the TD direction
falls wthin a specified range and the high-speed filmcutting property is

i nproved. Prigfefabred dithpdigiechperat the (BvEénbheB5C to 90C. 5 To obtain
the biaxially oriented filmof a polylactic acid resin of the present

i nvention, the filmis HedRtreF&at eth B bl eonpel bt oe ec¥RhgEnedt 1hower t han
the glass transition tenperature and not higher than the nelting point of
the pol yl actTe At +esi eﬁ%lrﬂ%ee](]o%s araw material, after the biaxi al

drawi ng. Wien a tubul thod-is_ enployed, a heat.treatnent nethod wherein
afilmis heated by ex eflﬁlaw %%ta?ﬁ rr?%erl%ert}%elw%t,l%i?%m%ﬁﬁ%s Kept in

tensed stat ' {dul the; it er r y | internal 15
air, is 1u(§uglle%/s regrardpzl{%?eqj% rl%l ﬁeé%'ntﬁ;@%%%%gy rgo e%{%g rteg maﬂ(% met hod
wherein a fidmiesi passeththrouofe & th Nes 3t h i | m being
hold with cl i}{)ns. Pq?g‘erably, t he fiklt%ai s%%%ﬁe%%gd@%t %yt%%%%kﬁg’ture of
not | ower thamd therthemintg-d enpefatas ey 200 Guthnoke Nhighess f han the nmelting
point of a filmfor a period not shorter than 1 second dependi ng on the
treat nent tenperiEairie; smnidl padircul arf ytips ef@iadtty head -pspateck 8¢ a
tenperature range not |ower than 100C and not higher than the nelting point
for a peri oAt B ighdrt eregsharhan sECorus. wd folithe tlempsiatuie is too | ow
or if the heat treatment tine is too short, the heat shrinkage of the drawn
film mayex &S 15020 o HeRa 1R @t B0 Hhrtamd seedrislowezadt reat nent i n
t he 17 st%tec%/\/nere the tensiop in the TD direction and/ or_the NMD
direction i £ BT I LT iV DT SRAE 1 He FHRALEMY ikage. Heat
treatnment u r ssive relaxati.on, however, tends to increase tear
strength inq)t elé”% Cdiarcelco[ioornxlr‘—"ecstullC%iancgl nari%v%tﬁlﬁﬁ gh- speed cutting
property. THigirddy dsrRENIEAR & d & CAT Y Al Lhe: ealc (Lealment in the

state where the tension to the film'i's relfaxe u an ex that the

tear strengididarddig 1R didiectd)omnRecomes: fiots hi %téiﬁ?iﬂq%%ﬂ“\" in order
10 to obtain a filmw th superior high-speed cutting property. The fil m of

a polyl @t i deati dHLsigtyd oy Jdraphiddic & han § iddmohaseadh o 2
polyolefin resin or a polystyrene resin. However, it is preferable to
i npart 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 isomers, 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



15 further hydrophilicity to the filmby a method such as corona treatnent
~of the'filmsurface to be coated, for uniformcoating of the biaxially
oriented filmof a polylactic acid resin of the present invention with an
antistatic agent, a lubricant, an antibl ocking agent or 20 the like. This
hydrophilicity inparting treatnent inpgoves the uniformty of the coating
and effectively provides antistatic property or lubrication effect. Said

hydrophi li ciby; tOPaRLT B0oLECREEAL S, Br SEerably GarLLed gyl 80 Lhat Lhe

r
surface tension cones Int range rrom cmto tNPEm  The

bi axial |y oriwniec i o1 ofopoPakylaskie;achd;nesha . af Jbhe spLasenhsi nvent i on

i s bi odegradab-a and useful as ns for bags, packaging and various 18

containers whihntadonsp-1ocwhbchcal antkst ahbcnagenh, ogckiehni cant, an
anti bl ocking agent or the like is applied, since it has superior coating

adapt abi | i t yp@ntt )i gh-speetosdtt tRgnpaBPEEt Y03l t whs1eSpaei abkyesuitable 5
for filnms for the outl ook w ndow envel opes. The film when used for bags or
packagi ngy preferabéy has aot edsi be strenghh, aasdneahasi eal sveengt h, of

not | ower than 20 MPa and a tensile elongation of from20 to |I,000% These
val ues are spetidf eld- bependi agidnubhesl0angphacsathonptiExanpliestyhe present
invention wll now be expl ained by way of Exanples and Conparative
Exanpl es. Fi¢stnoevial glzer obhaet dAbdgtu8ed.in the 15 Exanpl es and Conparative
Exanpl es are described below. (1) Conposition of D- and L-lactic acids in
pol yl actic acid pol ynet RAHY bpETeal apudi ¥gsTheuspdi tal tharbprgsentpol yl actic
acid polynmer,is calculated by the foll owing equati on based on a 20
conposi ti on TAFHE LN LLF EF e%%?ﬁyuﬁiP%légﬁ$BFCEP5égiEeéépdtDﬁFtéS

conposi the polylactic acid, as scri bed above, opti cal rity(o) -
~[L]-[E?g%hé?éﬁhx Tﬁe+pTTﬁr%sﬁ%%,lgﬁdt9 ?ﬁ]pgrffﬂb¥5 ?éBPEsgﬁts an absol ute

rod 5ot L b CEEnL 1 oL ool Bk b AL S0 et

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 compositions 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 obtained therefrom.
If the content of 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



19 pblyner is determ ned by: preparing a hydrolyzed sanple (liquid) by

‘al kal i ne deconposition of a sanple with 1N-NaCH, followed by neutralizing
with IN-HCl1 and adjusting the 5 concentration with distilled water; passing
the hydrolyzed sanple through a high performance |iquid chronatography
(HPLC: LG 10A-VP) from Shimadzu Corp. to obtain an area ratio of detected
peaks (area is neasured by a vertical 4% ne nmet hod) 10 corresponding to

-1 i i d i jd_at 254 nm_ UV, .qbt ai ni iight ratio of
Clacti e acioeth %’%ﬁ‘f@éé’ﬁgﬁ%n%%ﬁ%g%??ciawﬁac?% 'y§§9%ty§§1t?/ﬁ§rcl and’a
i gh i D i j o .po i
aci 0 pol yerF1 S § Ao Reb ey Bl U TR RRBRS A s A Hr iy ce

measur enent ek ues, PLle POLYSRE gasnkihe-AeasyLeRENL LAl ue; gf the conposition
ratio. (2) Vé?%ht %ver%ge nnleculgr me?ght Nﬁ/o? Boﬁy actic 20 acid pol yrner

The wei ght average nolegal a1 ipehght yas dsternined,us(ngsa gel
permeati on chromat ography equ?%nent %%%C: data processing part; GPC 8020,

det ecti ors paglycdl 1 &920) a &t 0t TOBOp £0pi o Ld 8t on&NOpIL e 25 £0bAOW g1g
measuring conditions, as polystyrene equival ent val ue based on the standard
pol yst yr ene.vdlte el acastk £nentapmed Lest qred 40l YSssWef €ced lactones
with various groups such as a methyl group, and the
like. The dicarboxylic acid(s) includes succinic acid,
glutanic acid, adipic acid, azelaic acid, sebacic acid,
10 terephthalic acid and isophthalic acid, and the like.
The polyvalent alcohol(s) includes aromatic polyvalent
alcohols, such as bisphenol/ethylene oxide 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 glycol, 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 ncot 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



arithnmetically averaged and rounded and the average was 20 enpl oyed as

“the measurenment val ue. Columm: connected col um of Shodex K-805 and K- 80l
from Showa Denko Co., Ltd. (7.8 nmdianmeter x 60 cmlength) 5 Eluate:

chl orof orm Concentrati on of sanple solution: 0.2 wt/vol % Vol une of sanple
solution charged: 200 ~,L Flow rate oﬁ_solvent: 1 mM/mn. Columm/detector
tenperature: 40C 10 (3) d ass transitid% tenperature (Tg), nelting point

(Tm and crysbatcbeat obibuei g@@%(@sggme% vagcheated from 0C 1o 200C

in differential scanning calorineter I'n-accordance with JIS-K7121 and

JI'S-K-7122 tgo §§HE?aggteT”b@@?e%éfpeegmggukﬂﬁB%gigﬁﬁg®§ﬁgﬁéét%%d”5|ting

peak, present at a tenperafure no ower than about” 10 ng of

test sanpl e wesyeuhcOubnhl ogragsanphes ikl meanditioped (hy leaving to stand
for 1 week) In the standard state (23&, 650RH) and theeD CO&§§0e of the 20

sanpl e was drasnwad hc aadetbgeenbiabuseanpengheaber ikpet eb190del 1PSC- 7 (heat
flux type DSC) from Perkin-Elnmer Inc., with nitrogen gas béeing flowed at a
rate of 25 nmk¢niinresint esperatarebbei ng ther easgd frem 0C,000206C at a rate
of 10C/ mn. Melting point Tm25 (C) was determned froma top of nelting
(endot her i c}, pe@k0d®, tther¢ eppefatabpéyi hor ehsi ngnpeocess, 30 Yysvakoheat of
fusion L~, HM(J/g) froman endothermc peak area, and Tg (C) froma crossing
poi nt (mi dpo %@ré@%ss Ifonhermpsecubart eapehat useyivhist epemese changi ng
part of a curve in the tenperature increasing process and a line with equal
di stance in ¥79¢Tal kiR HF r eEEFORi LY r v éxbendedal nésabfebothgbasel i nes.
Four neasurenent 5 values per_ polyner were arithmetically averaged and
rounded and ThY avErage® wak? %%I%&%% a@nthe AehadrereAvedabPyeusiny Drawi ng
ratios ipythe #%}di{ggtégpnand TD. direction 10 Drawing ratios in the MD

di rection and TD di et T on SefeCdt¥er mi ned by the fol | owi ng equati ons.

Drawing ratio in the “@%9i6f§§i£flf §FliMeq fim 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 method for temperature dependency of dynamic
viscoelasticity, in accordance with JIS K7198 (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 film of

polylactic acid resin with a storage modulus E' thereof



flowrate after drawing in the MD direction) / (original sheet flowrate
‘before’drawing in the MD 15 direction) Drawing ratio in the TD direction =
(filmw dth after drawing in the TD direction) / (original sheet wi dth
before drawing in the TD direction) In a tenter nmethod, filmor sheet w dth
means 20 a wi dth between clips before %pd after drawing in the TD
direction. (5) Storage nodulus E (NP&) Storage nodulus E' was neasured in

accor dance wé%h8ég§ ﬁ%ﬁﬂﬁggﬁgﬁéklg.o qﬁ%%éi%¥p¥$€agggiyred by 25 a

tensile vibrafion e e condi t Yof 1 Hz and

t enperat ure &pgffgﬁ%gg¥g;8ﬁ%$852topkgggigélghggggﬁoggzgxnk@,amﬁt a test

pi ece having a w ei ng e “di stance bgf en 22

the chucks vas 2.0 usiqg RSAL g om GeaRel 11 &, S ept fig. B Inc. (6)

Heat shrinkage (% Atest piece wth I'50 nmx 150 nm 5 froma

film sanpl e&?}f‘eﬁé@z@bﬁe MBaRgE thakrgReshi kpystdeswasypar al !a@kiga the MD
di rection. the test piece a square of 100 mm x 100 mm was drawn in such

a manner $hayiemersi ge ther eof vms gt elnd0 3de M i egtipmdet he
square, two sets of nine straight lines were 10 drawn at 10 mminterval s

with the setssbet ngas ntiparahpetide hbet M=diiggt peppandythe TD direction,
respectively, to prepare the test piece on which the squares of 10 mm x 10
mm wer e drawn. The testTheilktexiaslpl ackdntadafhdh afradpyilplachbagber set at
80C for 15 10 seconds and allowed to shrink freely. Heat shrinkage was
det er mi ned BCIAkIagin hef nklag pfesdet vahvestfoonhakehéat| s gkegaati on and
the dinmensions of 11 lines drawn in the MD direction and TD direction. Heat
shrinkage (A" -PP%RiHee diedad ohP bdi beet Donheadf shet nkageyr- thknne
di nensi aon, af heat shrinkage)] /[ _(line di mension before heat shrinkage) x
100 (7) ﬂ%zéffgb)upon heatlng gl 80 for 10 seconds. The film with 9¢)
heat shrinkage over 10%, upon heating at 80°C for 10
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 not 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 film (TD direction) 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



A test piece of square filmwth a size of 50 25 mm x 50 mm and a thickness
‘of 25 ~mwas cut out froma filmsanple conditioned (by |eaving to stand
for 1 week at 23C) under the standard conditions (23C, 65%H). Haze (0) was
measured at the standard condition in 23 accordance with ASTM D1003- 95,
using a hazenmeter, nodel NDH 1001DP fraom N ppon Denshoku Ind. Co., Ltd. Six
nmeasur enent val ues per filmtype were ithmetically averaged and rounded

bt ai h . ) T h i he MD
i r oot on anTDr SR FEEL Lbn ofMasPFF Ras MARSUF BE F Heactdr SAVESORS h J1 S
K7128 (methog; Bo,(9) Epatiog,edaptability 10,0oatino adaptability was

eval uated by using a coating conpositioh Inproving an |@rproperty and

eval uat Ing 05 Coht . of "TSE- 4441" f i.ba,Sil
Lubri 11y (consistingoleS00 DN Y61 G0k LISEIALE cLign ToshP S| cone

F-215", 15 pelyexyethyteng-ahkyhgcesanyl jeihyam,pe .l rom NEE Ganp. as a
surfactant) as a surface treatnent agent. First, the filmsurface to be

coated was stbhestefl §9igotona &t@éﬁ?@ﬁtiéofééthoiHBaﬁBOamﬁurE%@e tension
of 500 ~Ncm using nodel AdQ -060MD from Kasuga El ectric 20 Machi ne Co. ,

Ltd. The filpasutfater Wasptdtarsionsedangéhianfagneoustsolybi gr . of said
coating conposition having a concentration of the surface treatnent agent
of 0.30 by weight, usihgroghspnayecogherbidheafilnowasnpassedimhbaugh a hot
air dryer set at 90C to renove 25 noisture. The coating anmount was
control | ed trRehel 2cEl gy edd bye il usf i Piget heesendi tnvastobnt he spray coater
(air pressure and |line speed). Coating adaptability was eval uated according
to the fo||owﬁ?éﬁ%§b¥%rm%5f@om¢at2qftg@stpnn1éb@tiﬁg shat ergadathe heat

shri nk s{ te qiter the coating and hot air drying. 0: a film having a good
coating,(gh&ﬁ’if?ﬁﬂﬁ?ﬁ¥nQ%ﬁﬁ e %Ft%oﬁ?m@%ﬁ%XQFFOHOBflﬁW?ﬁkFé?nfiIm

cxt enst on. o 9481 0% o (Lhe] Lkey caysed b el shyink, @ g b mhaving @
by heat “shri Bl <T8 Se T o A CLbf oo r P pidet B ket el R o™
generat i on qfs tRIOMAW i Q&S i &K ENSHOReo 58GTE DG 04c (1e Jddce caused by
eat shrink. (10) Hi gh-speed cutting property and envel ope w ndow af fi xi ng
adapt abi | i t yirlSdepevad et th ghespeetz £ | m cit 14 nGi PR OPBE ¥hove
15 wvalue not higher than 30 J/g is superior in heat
sealing property, while a film with the value 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



and envel ope wi ndow affixing adaptability, the upper limt of practically
~possible cutting speed at which wi ndow can be affixed wi thout displacement
was neasured by affixing test for envel ope wi ndow on a wi ndow frame 20 of
50 x 90 mm on an envel ope of 135 x 235 mm (nade of paper), under various
cutting speeds, using envel ope wi ndowgffixing machi ne (nodel HELIOS 202
from W NKLER+DUNNERBI ER), fol |l owed by visual inspection of displacenent

W th respectapged Rendec eangl ppeuW BEOW 28mheanea1HLghusReed Gut tihag property
and envel ope w ndow affi xing adaptability were eval uated according to the

fol  owing crapeliaabasedoonthbesetlesk wesdbliSendehbbasthah can be cut at a
cutting speed of 25 600 sheets or nore/mn and affixed w thout causing
di spl acenentp&rticulag, fifmhbahaganibenout 1atve €Hbhi BY,speed of 500 to
600 sheets/mn and affixed wi thout causing 5 displacenent O a filmthat
can be cut atranspitémgyspeed bé 460uted500 shegushnin andsaffixed wi t hout
causi ng displacenent X: a filmthat cannot be cut at a cutting speed 10 of
not | ower5t hegrdOog séreees/af ntbe anfokmethat ceosededi spl acesent due to
delay, even if cutting at such a speed is possible (11) Tensile strength
(MPa) Tensil@@&rengths (MPa) of the filmin the MD 15 direction and TD
direction were neasured in accordance with ASTM D382. &12% Tensil e
el ongation (0) Tensil el onghridrticofcaf tReini Finlmnofh&hRDPERFEREI ONn and
TD direction, were_ neasured in accordgn&e 20 with AﬁTM D882, (13) Heat
seal i ng prope? {57 Thred"?8s?e pFRBRSUBFeH et BRgut-Ar 2P A At hPatPBngt h of 250
mmin the Ioa é&ggénal lir c}ionﬁ%th Nthirgc%lon X a w dth ﬁf 25.4 mm (1
inch) were cut-out 25 fronra Frt Saﬁ%?% caﬂ_? t8figd 6y FeabfA§Tto stand
for 1 vegk abiSdld dsle Lhes SandaLd. copdhtien (e3C, 690Rth, et tack
strength strength; unit: inch w was neasured”in accordance
wi th ASTM FélfgglU\Qsabsorbers, 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 compounded
15 should be 5% based on the polylactic acid resin.
The thickness 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 um. 1In
particular, the thickness of film for envelope windows
20 1is preferably in the range from 20 to 40 um to provide
stiffness suitable for affixing machine for the outlook
window envelopes.
Hereinbelow, a method for producing a
biaxially oriented film comprising not lower than 50%
25 Dby weight of a polylactic acid resin of the present
invention will be described. First, a raw material

resin(s) is fed into a single screw or twin screw

extruder and melt mixed. The melt is then extruded



26 as a peak strength observed within 1,000 nS (= 1 sec) after die opening,
~using a hot tack neasurenent instrument from Theller Ltd. under the
foll owi ng sealing conditions. 5 Shape of the upper die: netal die, V type
of 60 degree (tip cross-section of half-circle shape with R=1 mm 5.25
inch | ength) Shape of the lower die: die with rubber lining, plain type
(0.5 inch width x 5.25 inch | ength) 10-°Di nensi on of seal surface: 1 inch x

1 |t : die).110C (I die) 25C seal time: 1,000
"Ceal procoit 8ol ot 1 PR 18 WEhi "ORK] OhFoRr €] of CacT FITA vias vl uat od

nS seal pressure:

o (SRE DO (HTnS " £ AN NanBEBKOALLERALN L el S it BT ALY,

correspondi ng to high-speed Seal “streng i h packagin i ne or bag

maki ng machi LD i e L.au e .ahi Li.ty.not to cause 20
br eaki ng out@%%r?%tggoﬁ%ﬁé?f$?%%?tﬁgﬁggaﬁ£pg§?go?&%§r%%éllgeeling of f (or

breakage) ofgs@ataparpre¥OeML1Y ESoRONbHNEQUSEYesUb) Rct ed Lo heat sealing
process fromoriginal wound filmstate to form packagi ng or %ags by

papkag!ngEnﬁﬁémﬁéiﬁ%ub@giﬁﬂﬁf@geﬂﬁﬁhknﬁroﬁCQofgi@g°é9 2nd hee § ol | pwi ng
criteria. 0: a filmhaving a hot tack strength of not |lower than 7N 1 inch

wi dth and sufiécilehdx 541 Bpgdha@ndoPoa beeakengi okl 0y khsweoataptngr seal
line failure, 27 showi ng a very good state O a filmhaving a hot tack
strength of methddwenclhdindNA lroht hmatlddd, whi cbntsramhethedl evel where the
filmcan be practically used w thout problem and no 5 breaking out of its
content or sedulinenddiddrer Xtha fiken hadmoggatheset dchwshgengt h of | ower
than SN 1 inch width wherein seal |ine may be peeled off (broken) and the
content may WHEEHPORentrit L ERT ST deetleodct @ pesfesabseddiia the fol | ow ng

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 1longitudinal 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



10 Exanples 1 to 16 and Conparative Exanples 1 to 6 were crystalline
‘polylactic acids (a), (b) and anorphous polylactic acid (c) having the

wei ght average nol ecul ar weights and the optical purities shown in Table I,
obtained by the polynerization with the catal yst 15 anmount, polynerization
condi ti ons, nonomer conposition and the |like being controlled in accordance
with Exanples 1B to 7B in JP- A- 4-50473F. However, the conpositions of the
pol yl actic id ins in_the present _invention should not be limted

t her et 0. Tagf% qi€é¢§h?%b%%e%tLa€lo se'h Oor more, gHe tear s rengt%

of ppti cal ave | act i i g Ci talLin L yl,actic250, 0004. 5091%
57C153Caci d J('Ig) ys@glglif%%%{(%ag@ %@%?ﬁ%ﬁ%@@ﬁ@&%gcﬁ@ge and

(b) Aor phouspol v agit L 04 0001 3. 9 id (g). <kxanmples 1 to 11
and Conparative Eggnﬁﬁgg lto 6>9?%€E§§§%?§§8§£90£§112 ggggﬁgarative

Exanpl es 1 tor-S5epobl&terohicyyelmbline POl ykaetig astd (@) (b) and

anor phous polyléztic aci% (%)éshoﬁg In %able 15 merg df§§b?§ﬁﬁed to the

conposi timns shown in Fabber2infohéowedsby1 el b-bhepdhng; wsi By a
co-rotating twin screw extruder, extruding nolten resins at a resin

t enper at ur e Wl YOG idiravph sedidi€f €nenshesenbyiaveastbag eakl kept at a
tenperature of 35C to obtain 10 substantially anorphous sheets. Then the
sheet s obt aifieldn wes endreat eceated50; # otémpemanuia thegdbndir eeteon at the
drawing rati os shown in Table 2, and then tenter-drawn in the TD direction
at 85C at tH& &l alichgy ¥z s osraholhi ¢m Temper2tufdeaedf tet, haghethe 15
films, except for the filmin Conparative Exanple 2, were introduced into a
heat treat mertaonEe def kist e R@lfh%veft*ﬁéetlé@r?pgfwbi@sa@h@meshnTabl e 2to
subject the filps to the heat-treatnments for the periods shown in Table 2,
with thetd i 1HREDATP Kt Tt THe? tr ot Shdt 20 et ¥l at adBawIRgreafter, the

films were oled to.a roomt rature to obtain biaxially oriented fil s
of a polylac %PeaiEP9%%ﬁ?1Wﬁfm? i SECBf %gh%?ﬁ1t¥%a%%ﬁ%5rative

neat 1 cal maRt T b B Gotaih 5Bl okt a1y O L ERSHET I of OB BOFyFACI Lo ac

heat treat ain abiraxialTy ori tic acid

resin wth afhickness,oh 25,04 Byl uati o Lesul Lz of g he physi cal

properties of the filnms obtalned are shown 1 n tab Table 2-1

Exanpl eExanplaExan] ek amt efxanml eExarel aExanp) eRxanmh g ExanplgExanpl eExanp
| €1234567891011Bl end ratio (W parts)Crystallinel0010090808070pol yl actic
acid (a)l& ystiad,l iine JdXh 80y 6ndlbyed. In 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



40pol yl actic acid (b)Amor phous pol yl acti c0001020202030405060aci d (c) Drawi ng
cratio in the MD2,53.03.02.53.03.52.52.5332.5direction (times)Drawing ratio
in the TD65. 14. 56. 26. 25. 19. 56. 35. 56. 06 Odirection (tines). Tenp.

(C) 190190190140140140130130140190130t r eat ment condi ti onTi ne

(sec) 33333333335sSt orageMD di recti on3603704902101602201501109060301 dno u
ust' (MPa) TD directi on16015025095B01007060704030Heat  shri nkage t 80C MD

i i . . . . . . .5 8, 0af 0TD
G rection 0,500 M0 00, [efa0oh 025278 d, B 0ntor 1010
EE?Bogg13iSQ§§Zégééggg%§égggg;%%%éégg?aé%fective to reduce the heat
st rengt hTD5580.19Q,/9 Qigoﬂggggg%gggﬁgggﬁ%ghégpgkggggﬁEgngflaxation

adaptabi |l i tyU 00000000 speed cuttingproperfy (envel ope0GpO00C

~C*0~CMjndo“h@&é%éfﬁgﬁgﬁﬁgagéliﬁ%%eggE9teaIagkgegg%hCQHptpgxﬁﬁplECbnp'
Exanpl eConp. Exanpl eConp. Exanpl eConp. Exanpl eConp. Exanpl e123456Bl end

ratio (wspadisg&kys atéwgtm@yi@cnbﬁéQDAQ@ﬁO@gééd(éh@&){ﬁbal l'ine _
pol yl acti c905030aci d (b) Anor phous pol yl acti c0010205070acid (c)Drawing rati o

in the MD3. Q3r&2= 58y 02. BRuSAI feci 50prétePEBE) BY awi BgrEat bati Bhkhgeat

TD3. 06. 03. 52. 53. 86. 0di rection (tinmes) Heat Tenp.

(O 1401401901330t r et tiwat Ncandi thensTine (see)33356Stheagelm dsE MD
di recti on37070290150404u no us(MPa) TD directi on16014013070257Heat VD

di rection0. 520l . 05. 9IS han nkageat BOLLf bhe tear strength in the

TD direction becomes not higher than 200 mN, in order
10 to obtain a film with superior high-speed cutting
property.
The film of a polylactic acid resin is more
hydrophilic than films based on a polyolefin resin or a
polystyrene resin. However, it 1s 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 resin 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 puN/cm to 600 uN/cm.
The biaxially oriented film of a polylactic
acid resin of the present invention is biodegradable

and useful as films for bags, packaging and various



~) 10 TD direction 0.5 >20 0.5 1.2 6.0 15sec (Heat of crystal

> fusi on3130382525164Hm (J/ g) Haze (~) 0. 80. 70. 90. 50. 60. 5Tear strengt hTD

di recti on28050250300220170( mN) Coat i ng adapt ability~X~0~XHi gh speed cutting
property(envel ope wi ndow af fi xi ngX~oXXXadaptability) WO 31 As shown in
Table 2, the biaxially oriented filnms of a polylactic acid resin obtained
in Exanples 1 to 11 are found to be superior in the coating adaptability,

hi gh- d i [ | W nd ffixi d bili
Beani oo 12 1o ieor o ERahb 20980 BB B bt €00 Rer fsphnr, AESobyl act c
acid (a) or %giﬂgpgcgﬂpr phQus, P9 ygéﬁ&hnggiegt(s}f gﬁgom;gg Table 1 were dry

bl ended to t conposi tions shown in e 3, b&snelt bl endi ng

using a co-r i t Wi c t . ex I .esi.ns aresin
omer ature SFEshok Hrics Ve R EHeE s o L E g TR bERRE T Rt ft

tenperat ure ©f g35648q 08L&t In uggéé@@%?:.lyzér@éPeggré]g}%%)igegb%taﬂ;ﬁsn the

sheets obtai ned were heated a -drawn in irection at the

drawi ng ratiosr Showis i fodabhe Sut 288kt REALRNERTUpBWE i nThBe sTPdi rection
at 85C at the drawing ratios shown in Table 3. Then, these filns were

i ntroduced iwhen audedt £@D bagat oenpaZagingj ustedetabhaveathg tenperatures
shown in Table 3 to subject the filns to the heat treatnent for the periods
shown in Tabtenglevsthremeth | as bechgnkepl snréhetdravh and beldrst at e.
Thereafter, the filns were cooled to a roomtenperature to obtain 25

bi axi al | y ortiean etd t¥Pasad 2 heepol V¢ aet dbugationresi Asomi A aot hi ckness of
20 Vim Evaluation results of physical properties of the filns obtained are
shown in 3 Ot e Thezg|eaBues are specified depending on the

10 applications.

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.

i

optical purity (%) |[L]—[D]|
wherein [L] + [D] = 100, and | [L]-[D] |
25 represents an absolute value of [L]-[D].

Composition ratio of L-lactic acid units

and/or D-lactic acid units composing polylactic acid



Exanpl e 12Exanpl e 13Exanpl e 14Exanpl e 15Exanple 16Blend ratio (w

‘parts) Crystal | i ne1009080pol yl actic acid (a)Crystallinel0070pol yl actic acid
(b) Amor phous00102030pol yl actic acid (c)Drawing ratio in

t he2.52.52.32.62.5MD direction (tinmes)Drawing ratio in theb.55.15.25.54. 8TD
direction (times)Heat Tenp. (C)1401401% 13013Dt r eat nent condi ti onsTi ne

(sec) 33333MDSt or age360460200150150 ' directi onnodul us

ETD( MPa) 150 [ ' t .50. 50. 71. 01. 2shri nk di ti t
808%Df23 10%25%%8%6§g%{@%E%ﬁ@ggggec i onHeat of crysfa{l?ugggnggiizggggZOHm
J/ g) Haze (~)0.60. 70. 40. 5Tear 9 10di recti o Coatin
gdag%abfligyZOHigh-spggﬁec%?%? g%E%%%$$g§?ggvgggggécgggﬁggé% Q&EEDC>CD °

CMﬁndow/affi%iwgﬁpﬁgt@@&$%§agi€§o§h&ﬁmaiQaaapéew§tptbﬁ-ﬁgéﬁialIy ori ent ed
films of a polylactic acid resin obtained in Exanples 12 to 16 are found to

be superior foiheegosyi mSudradapiadi Lity, 10i961speada8YLEEREgPEQRErtY and
envel ope wi ndow affixing adaptability. The polylactic acid reSins used in

the 33 3 oldowdag: Exaigph esidy d0s271 8@ epparative Exanples 7 to 10 were
crystalline polylactic acid (a) and anorphous polylactic acid (b) having
the wei ght average nolegas atg wehghtt gd antly opdii sahpper thresgihewnign Table 5
4, and obtai ned by pol ynerization under the controls of catal yst anount,
pol yneri zat i wew Torrdhit ¢@nki qurbmh onter ocanposaphon (BPLEheLC+ k@A+WPaccor dance
with Exanples 1B to 7B in JP-A-4-504731. However, the conpositions of
pol yl actic alciem rasimadih Ghep prieseptavent i @neghvat o 10f ndetpetedni t ed

thereto. Table 4 Wight average MaContent of
peaks (area 1s measured by a vertical line method)

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



D-l1actic acidpptical purity Tg TnCrystallinepol yl acti c290, 0004 . 5
"9919%59C153Caci d (a) Anor phouspol yl acti ¢300, 00012. 5% 5% 3CNoneaci 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 polylactic
acid (a) and anorphous pol ylactic aci (b) shomn in Table 4 15 were dry
bl ended to the conposition shown in T&B) fol l owed by nelt bl ending

usi ng co-rot S ruder ext dlng the nolten resins at a
. é&éf@&é %ﬁoﬁﬁ%whgégﬁrem%ha g a

resin tenpera hrou ﬁenchlng by a casting roll kept

at a tenperature of 35 bt b ntial Ly r phgu heet.,s. Then
the sheets 34 obtalnéhiggge ﬁea % tg# gé?ﬁ%ﬁd % Fﬁngrgmg §P%a Bgamﬁng
ratio of 2.5¢1 t at n at.,a draw ng
Fatio of 6 i the TO s satTon e Eatprea 19 15 F8, LS5 e Gt CA s A at i ve 5

Exanpl es 7, dderdidms) were then |ntroduced |nto a heat treatnment zone

adj usted to have the tenperatures shown in Table 3 to subject the filnms to
the heat dreatnment forrihecperiwisrshown in Table 5, with the filns being
kept in the drawn and held state. Thereafter, the 10 filns were cooled to a
roomtenperature to obt@idcebtextsbhyodréemped £blosi6h:t he2petylactic acid
resin wwth a thickness of 25 Vim In Conparative Exanple 8 and 9, the filns
were cool ed to a roomYehpes ab Ur samw 1 dosid 1 winden gohaggéde heatplreat ment to
obtain 15 biaxially oriented filns of the polylactic acid resins with a

thi ckness of 25 Vim Evkdwatdton eessdivent: physl fainproperties of the filns
obt ai ned are shown in table 5. <Exanple 26> 20 In Exanple 26, a filmwas
oriented in the sane rfeHERn e e Exanperase 4t e e 254 @d 27, except that

pol yl act.i c ac and é;g shown in Table 4 were used and that the

dr awni nglor at B TR MR o R T B ERd (B9 B i Ret heRg DP@iReCt i on as

shown in Tan% ané]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 (midpoint glass




25 filmwas then subjected to the heat treatnent under the conditions shown
'in Table 5 and cooled to a roomtenperature to obtain a biaxially oriented
filmof a 35 polylactic acid resin with a final thickness of 25 ~m by
adjusting the degree of die-lip opening. Evaluation results of the physical
properties of the filnms obtained are shown in table 5. 5 <Conparative
Exanpl e 10> I n Conparative Exanple 10?1a filmhaving the sanme conposition

in Ex I ' h , in_Ex le 27, t that
The i | m was 67 4anc 101 ol STBETBE 0PI 208 PREHE:RD APPOSLBncand 571 [he T
di ti -' b il j ect to._t heat t t t
under 1he canar{Tont Showr TReTARLE 5 IRAC 50! GUETBCAPoRRCL Enper&t ure (o

obtain a bia%i@ﬁl¥qg§iggiggaﬁkénlﬂgvgrQQEXHaé&ggeaﬁggc£§§kp wi th 15 a final

t hi ckness of 25 ~ justing t egree o i p openi'ng. Eval uation

results of 1og:physhcalnPEOpErboen Bhsthenbl! M PBLAI Agdsatenshpwn In table

Exanpl eExanpt eExaaphbeExgaplebxanpleExamphaExdaph ebxaypl-eExamhgExanpl eExanp
| €1718192021222324252627Blend ratio (w parts)Crystalliné

pol yl act i c807&GTHBOG 04095008580 agfd (A} LORANBYPHOHS the measurement

pol yl acti c20253090506051015200acid (b)Drawing ratio in the

MD2. 52. 52. 52v&Ru&2. 52. 52 52 53 D2 5direction (tines)....Drawing ratio in
the TD66666666 direction (tines)65.56Heat treatnent Tenp.

(C) 1301301304801 20120149 1991 404 901 40cendPt d onsdt ren ( sed) 3833355333335t or age

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

Drawing ratio in the MD directicn = (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 method, 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/min, with a test piece having

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



nodul us E' MD direction150130110709020250210180170350( MPa) TD
~direction706560502520110958065150Heat VD

di rectionl. 01. 82.53.84.5B. 00. 50. 70. 81 00 5shrinkage..at BOC forTD

di rection2.52.53.04.54.5B.51.01.21.51. 21 010 sec (% .Heat of crystal

fusi on252423211816302826253 OHm ( J/ ) 2Haze

(9% 0. 50. 90. 90. 30. 30. 40. 80. 70. 60. 50. 9Te&

strengt hTDg0807981751307579799079( nN).di recti on Tensi |l eND _

di rect i on95959986758 ioUiéo%goTTmlféépﬁeﬁ&ﬁﬁII from Rheometric
(NPa)TD17517Q%6Q%€9%§?1§0%BO 80180180190di recti onMD190190190200210220190190
190180190TensiTedrrecti onelo Bgfion

% TDgp909010Q100 0 di,gecti onCoati ng
gé%pfggiIity?g%bcééggnggEégggggaﬁ° roperty~~U~-QpQpOOpDooX( hot tack strength
/ 1nch9101113151757 wi gt ' o [ opert
(envel ope~~0000OM ndomlgfgggggggggéggggpi?%? @9p&T§§Pe%§-faéoﬁﬁF ugrrple

7Conp. Exanpfeo@CRnpi 1EXa8Rb e 94 B @56 -
parts)CrystaII?ne pofylacti% gc%ﬁn?gfgé%ggégﬁégAkggghggg g&ﬁﬁqgégﬁc acid

(b) 700200Dr amh Higp& ki Dei NtbhendDdi Beebbenoht i MBs) 2he2¢583+5812Pkawi ng ratio
inthe TD direction (tinmes)6663Heat treatnmentTenp. (C) 120140 conditions
Time (sec) 5SdguiareabdfrendNomir eal 0@ Nim3SLer agewnoddl H8cE MDmanner

di recti on25540310( MPa) TD di recti on5250160160Heat shri nkage at 80CNVD

di recti on>20029> @06. 5fde fbesecf (wpFDpdratteiondl>Re>R0048Heat-ioh.cryst al
fusion OHm (J/g) 12312531Haze (0)0. 40.70.50. 8Tear strength (nN) TD

di recti on1406065280squatret tho (PMD dfretnheontB5a40000100ensweeng e s a) TD

direction 100 250 200 120
10 drawn at 10 mm intervals 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 dimension after heat
shrinkage)] / (line dimension before heat shrinkage) x
100
(7) Haze (%)
A test piece of square film with a size of 50
25 mm x 50 mm and a thickness of 25 pum 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



T il | ti 9D direction250200210150ens e e onga on ( ) TD direction 130 BO
80 160Coat i ng adaptabilityXXXHeat seal property (hot tack strength / inch
wi dth~ 19X 2~ 9X 2Hi gh speed cutting property (envel ope w ndow affixing
adaptability) O~ Q@ X WJ 38 As shown in Table 5, the biaxially oriented

10

15

20

25

23

accordance with ASTM D1003-95, using a hazemeter, model
NDH-1001DP from Nippon Denshoku Ind. Co., Ltd. Six
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).
(9) Coating adaptability

Coating adaptability was evaluated by using a
coating 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 oil)amine from NOF Corp.
as a surfactant) as a surface treatment agent. First,
the film surface to be coated 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 aqueous solution of said coating composition
having a concentration of the surface treatment agent
of 0.3% by weight, using a spray coater. The film was
passed 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



films of the polylactic acid resins obtained in Exanples 17 to 27 are found
to have tensile strengths of not |ower than 60 MPa, that is, the nechani cal
5 strength sufficient for filnms to be used as bags. At the sane tine, these
biaxially oriented filnms of a polylactic acid resin are found to be
superior in the coating adaptability d hi gh-speed cutting property. 10

I ndustrial Applicability The biaxiall?ﬂ%riented filmof a polylactic acid
resin of the e i nfjop.Ls_biode dahle as _i.t .mainly caonprises a
pol yl actic a%?% ?ggﬁnkgﬁggﬁgsgghgeshggr?ég §§8§i33r58§pf§8F%iF3tF6r an

antistatic aggot.o1pid Iggaiﬁggtaigndgggkglocking agent or the like, and
t he superior high-spee% cutting property. “Therefore, the present invention

can provide a biagal ly orieadfdlmofod pohylagti enaGifyr 881 Posyi table
for bags, packaging filmand plastering filmfor various w ndows, 20

particul arl ycéhosegf o1 tpott ogknutadovnepyelopasie, 3916LAKMENL: oA, bi axially
oriented filmof a polylactic acid resin conprising not |ess than 50% by

wei ght ofSa padylagticrachd Legencawbeahvhageatsthrage.modulus E at 80C,
in at |least one of a longitudinal direction (MD direction) and a wi dth
direction (TD dir€cti an)fidfm theriffrid m ofatfiom dfaMPecd D1 3, 08 MPa, as
determ ned by a test nethod for tenperature dependency of dynam c

vi scoel asti ciiyhout agroptancesipvhngl Snk7088 Coethod Ahd; aalheafleshri nkage
of not higher than 10% upon heating at 80C for 10 seconds; and a tear
strength in 9PREVREI PN dPF bt iBRIETD BitBceRbARSHPN10S8E6IL00, MNr &be
determ ned in, accordance with JIS K7128 (nethod B). 2. The biaxially
oriented filih%ﬁ PPy Rt eaacFyr+BSin in accordance with claim 1,

ther 11 9% o1 o128, Moy B, 800, Iy oL, Least, ane, of he,) ongl fudel na
[LLM LS L0 IELSRT0e 100 50, MERCLo, 00 PRy sspdelentlizd by Che
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.

©: a film that can be cut at a cutting speed of



3, The biaxially oriented filmof a polylactic acid resin in accordance
wWth claiml1l or 2, wherein the storage nodulus E at 80C, in at |east one
of the longitudeinal direction (MD direction) and the width 40 direction
(TD direction) of the film is wthin the range from 10 MPa to 300 MPa, as
determ ned by the test nethod for tenperature dependency of dynamc

vi scoel asticity; and a heat of fusion,“*~Hm at the crystal nelting peak,
present at a re_not | ower than QC,_ js.in the range from 15 to 30
J/g, as det e??nﬁggﬁé%gagai ?%?Z%Paﬁngc3%%ilﬁ§dcé’ll5rhioﬁr]§t éﬁaué%ﬁé) with a
tenperature QF% 9aLpgLgased from O0C to 20GC in accordance with JI'S K7122.

4. The bi axi a e ortented filmof a polylactic acid resin in accordance
with claim1 or 20 wh i.n _t Lyl act | ' si.n is m Xt ure
conprising 95 to %)0 p?ﬁé gyr}\ei\L/elP{gﬁ%)a%f dcaﬁlygatcéa%qtﬁeé%o yﬁugccttjincg ascﬁeae%th an
optical purigy ohonegs y [ of
anor phous pol yl actic aE?gB\%mhtéﬁegéﬁggt igggl ggtﬁ_?f‘ég g’?%ﬁ§#lehic\éﬁgggtghan 800. 5.
A w ndow % ordagp datéeekt W ndow envel ope, conprising the biaxially oriented
filmof a polylactic acid resin in accordance with claiml or 2. 6. The
biaxially oriented filanmflma qrolty| et ie achel €Sk Nch it 86§ 08 e th claim
1 or 2, wherein said filmis drawmn at a ratio of not less than 4 in the

Wi dth direct40® ¥aD@0 receeonymdh dhe &fFtkedndithosubipackedgt o a heat
treatnent at a tenperature not |ower than the glass transition tenperature
(Tg) thereofdbsRilaetmeigher than the melting point (Tm) thereof. 7. A

met hod for producing a biaxially oriented . 41 filmof a polylactic acid
resin, conprising®drad gl filiah HABIAGIvRY @UT ezt b contmimd neperd | ess

t han SO(V(gy ight of a mixture conprising 95 to GO_Earts by wei ght of
cryst al Ii e %I Getfeehct P 40 apnept s LBLN paFi eyféimnshatoGerSERan 850
and 5 to 40 arts (pmwei gélt o{ armgghous golxl actic,acid with an opti cal
purity of not™ Higher than  §905° afSh*Y at $8=Bf LhofUFEL89t ARNSYUC N3t he wi dt h
direction (TR difecti he film and subsequenty subjecting the film
to a heat tr aétjérréi\aﬁlté aé)&%sfgelrr%erature not | ower than the glass transition

tenperature ({fg) Hdesend @@peﬁ?gh h'h\gpgj' than the nelting point (Tm

t her eof .
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e - e D e i
! 64x10%#5#58€d1ing 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
seal time: 1,000 mS
seal 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), corresponding 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 out of the content from the seal part or
partial peeling off (or breakage) of seal part, when it
is continuously 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.
©: a film having a hot tack strength of not lower
than 7N/1 inch width and sufficient strength and no

breaking out of its content or seal line failure,
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10% " & ()-M5 10% & (
film can be practically used without problem, and no

5 breaking out of its content or seal line failure
X: a film having a hot tack strength of lower
than 5N/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 (c) 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 .
aveégge D-lactic Optlpal Tg Tm
Mw acid purity

Crystalline
polylactic 250,000 4.5% 91% 57°C | 153°C
acid (a)
Crystalline
polylactic | 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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10! D& : 1 10984 (Yo! @ pé10%4 s&€) cPEKELFFWesGhET Phctic 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, quenching 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 into 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 polylactic acid resin with a thickness of 25 um. 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
resin with a thickness of 25 um. Evaluation results of
the physical properties of the films obtained are shown

in table 2.
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Examples 12 to 16
In Examples 12 to 16, pellets of crystalline

polylactic acid (a) or (b) and amorphous polylactic
acid (c) 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 to a room temperature to obtain

25 biaxially oriented films of the polylactic acid resins
with a thickness of 20 pm. Evaluation results of

physical properties of the films obtained are shown in
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Example 12 | Example 13 | Example 14 | Example 15 | Example 16
Blend ratio (wt parts)
Crystalline
) . 100 920 80
pelylactic acid (a)
Crystalline
] . 100 70
polylactic acid (b)
Amorphous
. : 8} 0 10 20 30
polylactic acid (c)
Drawing ratio in the
] . 2.5 2.5 2.3 2.6 2.5
MD direction (times)
Drawing ratio in the
, ) ) 5.5 5.1 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 3
MD
Storage . . 360 460 200 150 150
direction
modulus E' D
(MPa) ] . 150 260 100 80 80
direction
Heat MD
. . . 0.5 0.5 0.7 1.0 1.2
shrinkage direction
at 80°C
D
for 10 sec 1.0 0.5 1.3 1.7 1.8
direction
(%)
Heat of crystal fusion
31 41 28 25 32
AHm (J/q)
Haze (%) 0.6 0.7 0.5 0.4 0.5
Tear
TD
strength . . 40 90 55 60 110
direction
(mN)
Coating adaptability © @) © © ©
High-speed cutting
roperty (envelope
property ‘envelop 0-© 0-© 0-0 0-© 0
window affixing
adaptability)

As shown in Table 3, the biaxially oriented
films 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
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290,000 4.5

oo

91% 59°C 153°C

300,000 12.5% 75% 53°C None

<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 shown 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 amorphous sheets. Then the sheets



m J$(+/ | 3CV310% & () - CV310% & ()-CV310% & ()-CV310% & () -

11 L0eCV310% & ()-CVv310% & ()-CVv310% & ()-CVv310% & ()-CVv310% & () - CVv310% & (
)-CV310% & ()-!$' (+./0cGreCV310% & ()-(CV310% & ()-CVv310% & ()-CVv310% & () -
CV310% & ()-(CV310% & ()-CVv310% & ()-0123G+bB&cG+CV310% & () - (CV310% & () -
Cv310% & ()-eTA m
J$(+/ | 3CV310% & () - Hl JKLMNGE X<CV31098 &3EV310% & () - CV310% & () - CV310% & () -

CV310% & () - C\Y31098 &, () - CV310% & () - 0% & () - STt t X<CV31098 & CV310% &

() - 0/310(% &'%t-%%%%‘? )Shﬁ%%tyg’%%/iéa%?) 0%4 Z}Lg%%d/mslo /6026 & (éﬁTmA D% & ()

- TUVbcd~"B&t X<QV3109% & () - CV310% & () CV310% & () - W& ():e m

I$(+ fsdef gklrr%‘n%/ﬁ%d%f%gzg /31095 )%t‘{%‘ibi‘li/@c;&z (%‘%%\3/?%%%&%(%%%%%&&'( §)(g

3109 & ()-CV310% & ().-.CV310% & () - nar st 3CV3109% & ().- CV310% & () -

310% &' 8 0/351‘%3@%1(%]5%1%‘52% ‘8‘5-”( 1%%3&0(‘%/( %&052‘%' %? {| “B"kOCV310% &

' ()- CV310% & {)rek .

JS(B% + | 30/310(%%%13-&1&@100 % IR B100h % Tn10h ) CEBIBH RS - CV310% &

() - CV310% & HanfMEDN & e GBLIN e £ - QY3098 '&&a&éﬂic»}/&%?%%glo% & ()

-CV310% & () - CV310% & () - CV31098 & () - Cv310% & () - CV310% & () - 8 & ()-~"

BE&X<CV310% & {de M@0 Aord -4BINNBE {9 -KaAL 0B & {dmsdAat Mes shown

J$(+/ | 3_?<CV310% & () CV310% & () - CV310% & () - CV310% & () - CV3109%4 & () - CV310%

1 & () - CV310%i& (Dabl2<Q/AD %W 85 {9 V3N & 1ns VU3 1098 8h At CQV3d Hm&n () - CV310%

& ()-CV310% & ()- CV310% & () -~ B&?<CV310% & ()- CV310% & () - CV310% & () - CV31

0% & ()-eTA fmr the periods shown in Table 5, with the films being

J$(+ | 3t X<CV310% & CV310% & () - CV310% & ()- CV310% & ()- CV310% & () - CV310% &

‘()-CVv310% &'lqe)ptc,\igg_()v}@@'qgawn weTheld state. Thereafter, the

J$(+/ | 3CV310% & ()-CV310% & ()- CV310% & ()- CV310% & () - ,

kK+eCVv310%% & {Hmsvarom £q9Lsv3non &qon CNHWA%NI); §?’?§?ﬁ’%ﬁ E& ) ( § C\éi%/%(ioo/é/é&'&

-(CV310% & () -!%.-/ ?2+eCV310%CV310% & () - CV3109% & () - CV310% & () - 0

'(%) ( CV3109% &'k%lga- /doéel(%ﬂt/%mlvﬂ:‘i ?tf\/stlftfb/dwl(bjl-@fsé\ig?%zi )Jze%q&?)lgm/é O

J$(+/ | 3CV310%.& . ().- CV3109% & () -1 IKLMNOPt X<310% & () - %W & ()- % &

- CS/gll)% & ()-&d%(iz?% J(C)q‘- %WJa ég(L Hevardvs r’tﬁa-’g}*?ﬂi‘f@g/ 31%152- P ()ng i(;?;dlg%

1 & () - CV310%8.& 4 )g CV3L09%.& () - 098 & ()-.CV310% & () - % & ()- % &

() - 8/310% & (55%-Q(vz/%pqr zAé&@%é@%é&s%ﬁl&@% 9% % 1) CV310% & () -
TA wi ut undergoin -tre n ai

I8(+ | 3rix| oGS B e B TR S SR E T - cvatom & () - v

310% & ()1-5CVEERWI&1(N)y A<EVALAPARE 1) LCVFL Q% {08 & d ) Q3109 & () - Cv3

109 & () - CV310% & ()-CV310% & () - ~bF*2<CV310% & () - CV310% & () - CV310% & () -

CVv310% & () - ®fAh m thickness of 25 pum. Evaluation results of

J$(+ | 3t X<CV3109% CV310% & ()- CV310% & () - CV310% & () - CV310% & () - CV310% & (

) - CV310% & ( )Phew3red &opaitti<sTAL mhe films obtained are shown in

J$(+/ | 3CV310% & ()-CV310% & () - CV310% & ()- CV310% & ()-1L, CV310% & () - CV310

% & ()-CV310983&1© SGv310% & () - CV310% & () - CV310% & ()- CV310% & () - _?, CV310

UCV3109% & () - CV310% & ()- CV310% & () - CV310% & ()- CV310% & ()- CV310% & () - Y=

| 2CV310% & () - %CV310% & ()-' eTA m J$(+/ | 3CV310% & () - CV310% & () -

t X<310% & () - %31%% & Q- CV310% & () - CV310% & () - CV310% & () - CV310% & ()-CV

310% & () - CV3

t X<31098 & () - CV310% & (1) - 08 & A) - QV310% & (1) - QV31Q9% & () -.QV310% & () - CV
313% & (S% -08/310% & () - §I1“z%%\f§10453’&%/%%%€0% é’q(é)‘?%%folv?g Q%é.) - CV310% & (

) - eTA 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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die-lip opening. Evaluation results of the physical

properties of the film obtained are shown in table 5.
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treatment at a temperature not lower than the glass
transition temperature (Tg) thereof and not higher than

the melting point (Tm) thereof.




