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(57) ABSTRACT

A method of producing a polylactic acid based film or sheet
with improved heat resistance and comprised of a resin com-
position containing a polylactic acid according to a melt film
forming method, wherein the resin composition comprises
polylactic acid (A), an acidic functional group-denatured ole-
fin based polymer (B) containing an acidic functional group,
and having an acid number of 10-70 mg KOH/g and a weight
average molecular weight of 10,000-80,000, and a tetrafluo-
roethylene based polymer (C), which method comprises per-
forming melt film formation at a temperature of the resin
composition between the crystallization temperature (Tc)ina
decreasing temperature process of the resin composition +15°
C. and the melting temperature (Tm) in a raising temperature
process —=5° C., or solidifying the resin composition melt-
formed in a film state by cooling after a temperature control-
lable step at crystallization temperature (Tc) in the decreasing
temperature process +10° C.
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POLYLACTIC ACID-BASED FILLM OR SHEET

TECHNICAL FIELD

[0001] The present invention relates to a polylactic acid
based film or sheet with improved heat resistance, which can
maintain the shape of a formed film even at a high tempera-
ture.

BACKGROUND ART

[0002] Polylactic acid is a plant-derived biomass polymer,
and is drawing attention as a resin replacing the petroleum-
derived polymers.

[0003] However, although polylactic acid (in the present
invention, to be said poly-L-lactic acid having L-form of
optical isomer as main component) is a crystalline polymer,
its crystallization speed is extremely slow, and polylactic acid
is hardly crystallized by a method comprising nipping with
cooling rolls after melt film formation which is a general film
formation condition.

[0004] Therefore, improvement of heat resistance of poly-
lactic acid based films has been conventionally tried by some
methods as mentioned below.

[0005] For example, after sheeting according to a melt
extrusion method and the like, stretch-oriented crystallization
is performed by biaxial stretching to express heat resistance
during film formation of polylactic acid (patent document 1).
[0006] However, due to a residual internal stress from
stretching in this method, heat shrink defectively becomes
extremely high when high temperature is used. Therefore, the
temperature that can be actually used is about 100° C. at most.
[0007] In addition, an attempt has been made to express
heat resistance by blending other high melting point materials
with polylactic acid (patent document 2).

[0008] In this method, however, problems of decreased
ratio of plant-derived components (biomass ratio), decreased
transparency and the like occur.

[0009] In the field of molding materials, an attempt has
been actively made to form in a short time at alow metal mold
temperature by increasing the crystal growth rate by the addi-
tion of a crystal nucleating agent and the like. In the case of
film formation, however, the film is generally cooled to not
more than the glass transition temperature immediately after
melt film formation, so as to maintain the shape of the film.
Since a film is thin as compared to molded parts and the
cooling rate becomes high by this cooling method. Thus,
addition of a useful nucleating agent is hardly eftective.
[0010] As for this problems, promotion of crystallization
by providing a heating step at 60 to 100° C. in a step after film
formation has been suggested (patent document 3). This tem-
perature range is also described to aim at suppression of
deformation of a formed film due to detachment failure from
a metal roll of polylactic acid.

[0011] However, this method is inefficient since heating is
applied again after cooling once for solidification.

DOCUMENT LIST

Patent Documents

[0012] patent document 1: JP-B-330712
[0013] patent document 2: JP-A-11-116788
[0014] patent document 3: JP-A-2007-130894
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SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0015] Conventional polylactic acid based films are ther-
mally deformed under an environment of not less than the
glass transition temperature of polylactic acid (about 60° C.),
and fail to maintain the original shapes; when they are trans-
parent, they may be problematically whitened due to recrys-
tallization. In addition, an adhesive tape having a polylactic
acid based film as a substrate and an adhesive applied thereon
may be deformed or melted during a drying process since,
after application of, for example, a solvent or aqueous adhe-
sive, the film is passed through an oven at about 100-150° C.
to render the adhesive into a solid content alone to afford an
adhesive tape. Therefore, an adhesive tape can be prepared
only by a method including separately preparing an adhesive
and transferring the adhesive onto a film, thus producing
many problems such as reduced freedom of product consti-
tution and the like.

Means of Solving the Problems

[0016] The present inventors have conducted intensive
studies in an attempt to solve the aforementioned problems
and found that addition of an acidic functional group-dena-
tured olefin based polymer to polylactic acid facilitates
detachment from a roll even at a temperature not less than the
glass transition temperature (further, in a molten state at not
less than the melting point), addition of a tetrafluoroethylene
based polymer to polylactic acid enables improvement of
melt tension and sufficient retention of the shape of the
formed film even at not less than 100° C. (further, temperature
near melting point), a tetrafluoroethylene based polymer con-
tributes to promoted crystallization of polylactic acid, and
further, setting the temperature of a step immediately after the
film formation to the crystallization temperature of a resin
mixture more effectively promotes crystallization of polylac-
tic acid, which resulted in the completion of the present
invention.

[0017] Accordingly, the present invention provides the fol-
lowing.

[1] A method of producing a film or sheet of a resin compo-
sition containing a polylactic acid according to a melt film
forming method, wherein the resin composition comprises
polylactic acid (A), an acidic functional group-denatured ole-
fin based polymer (B) containing an acidic functional group,
and having an acid number of 10-70 mg KOH/g and a weight
average molecular weight of 10,000-80,000, and a tetrafluo-
roethylene based polymer (C), which method comprises per-
forming a melt film formation step at a temperature of the
resin composition between the crystallization temperature
(Tc) in a decreasing temperature process of the resin compo-
sition +15° C. and the melting temperature (Tm) in a raising
temperature process —5° C., or solidifying the resin compo-
sition melt-formed in a film state by cooling after a crystalli-
zation promoting step at crystallization temperature (Tc) in a
decreasing temperature process =10° C.

[2] The production method of the above-mentioned [1],
wherein the melt film formation step is performed at a tem-
perature of the resin composition between the crystallization
temperature (Tc) in a decreasing temperature process of the
resin composition +15° C. and the melting temperature (Tm)
in a raising temperature process —5° C., and the resin com-
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position melt-formed in a film state is solidified by cooling
after a crystallization promoting step at crystallization tem-
perature (Tc¢) in the decreasing temperature process £10° C.
[3] The production method of the above-mentioned [1] or [2],
wherein the acidic functional group-denatured olefin based
polymer (B) is contained in a proportion of 0.1-5.0 parts by
weight per 100 parts by weight of the polylactic acid (A).
[4] The production method of any of the above-mentioned [1]
to [3], wherein the tetrafluoroethylene based polymer (C) is
contained in a proportion of 0.1-10.0 parts by weight per 100
parts by weight of the polylactic acid (A).

[5] The production method of any of the above-mentioned [1]
to [4], wherein the melt film forming method is a technique
comprising finally passing the resin composition in a molten
state through a gap between two metal rolls to achieve a
desired film thickness.

[6] The production method of the above-mentioned [5],
wherein the melt film forming method is a calender film
forming method.

[7] A method of producing a film or sheet of a resin compo-
sition containing a polylactic acid according to a calender
film forming method, wherein the resin composition com-
prises 100 parts by weight of polylactic acid (A), 0.1-5.0 parts
by weight of an acidic functional group-denatured olefin
based polymer (B) containing an acidic functional group, and
having an acid number of 10-70 mg KOH/g and a weight
average molecular weight of 10,000-80,000, and 0.1-10.0
parts by weight of a tetrafluoroethylene based polymer (C),
which method comprises performing calendar-rolling in the
calender film forming method at a temperature of the resin
composition between the crystallization temperature (Tc) ina
decreasing temperature process of the resin composition +15°
C. and the melting temperature (Tm) in a raising temperature
process =5° C., or solidifying the resin composition melt-
formed in a film state by cooling after a crystallization pro-
moting step at crystallization temperature (Tc) in a decreas-
ing temperature process =10° C.

[8] The production method of the above-mentioned [7],
wherein the calendar-rolling in the calender film forming
method is performed at a temperature of the resin composi-
tion between the crystallization temperature (Tc) in a
decreasing temperature process of the resin composition +15°
C. and the melting temperature (Tm) in a raising temperature
process —5° C., and the resin composition melt-formed in a
film state is solidified by cooling after a crystallization pro-
moting step at crystallization temperature (Tc) in the decreas-
ing temperature process =10° C.

[9] The production method of any of the above-mentioned [1]
to [8], wherein the acidic functional group in the acidic func-
tional group-denatured olefin based polymer is an acid anhy-
dride.

[10] The production method of any of the above-mentioned
[1] to [9], further comprising 0.1-5.0 parts by weight of crys-
tallizing agent (D) per 100 parts by weight of the polylactic
acid (A).

[11] The production method of any of the above-mentioned
[1] to [10], wherein the aforementioned crystallization pro-
moting step of the resin composition is achieved by a metal
roll.

[12] A film or sheet comprising a polylactic acid, which is
comprised of a resin composition comprising polylactic acid
(A), an acidic functional group-denatured olefin based poly-
mer (B) containing an acidic functional group, and having an
acid number of 10-70 mg KOH/g and a weight average
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molecular weight 0f 10,000-80,000, and a tetrafluoroethylene
based polymer (C), and shows a change ratio of not more than
40% when applied with a load of 10N for 30 min under an
atmosphere of 150° C. according to the Heat deformation test
method of JIS C 3005, and a relative crystallization ratio as
determined by the following formula (1)

relative crystallization ratio (%)=(AHm—-AHc)/AHmx

100 (1
wherein AHc is an amount of heat at an exothermic peak due
to crystallization in a raising temperature process of a film
sample after film formation, and AHm is an amount of heat
due to melting, of not less than 50%.
[13] The film or sheet of the above-mentioned [12], further
showing a heat shrinkage ratio as determined by the following
formula (2)

heat shrinkage ratio (%)=(L1-L2)/L1x100 2)

wherein [L1 is a gauge length before the test, and 1.2 is a gauge
length after the test, of not more than 5% in both the machine
direction (MD direction) and the width direction (TD direc-
tion) after preservation under a temperature atmosphere of
150° C. for 10 min.
[14] The film or sheet of the above-mentioned [12] or [13],
wherein the acidic functional group-denatured olefin based
polymer (B) is contained in a proportion of 0.1-5.0 parts by
weight per 100 parts by weight of the polylactic acid (A).
[15] The film or sheet of any of the above-mentioned [12] to
[14], wherein the tetrafluoroethylene based polymer (C) is
contained in a proportion of 0.1-10.0 parts by weight per 100
parts by weight of the polylactic acid (A).
[16] The film or sheet of any of the above-mentioned [12] to
[15], wherein the acidic functional group in the acidic func-
tional group-denatured olefin based polymer is an acid anhy-
dride.
[17] The film or sheet of any of the above-mentioned [12] to
[16], further comprising 0.1-5.0 parts by weight of crystalliz-
ing agent (D) per 100 parts by weight of the polylactic acid
A).

Effect of the Invention

[0018] Provision of a polylactic acid based film or sheet
with improved heat resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic showing of a calender film
forming machine.
[0020] FIG. 2 is a schematic showing of a polishing film
forming machine.

DESCRIPTION OF EMBODIMENTS

[0021] The present invention is explained in detail in the
following.
[0022] Thepolylactic acid based film or sheet of the present

invention is produced by film forming a mixture of (A) poly-
lactic acid, (B) an acidic functional group-denatured olefin
based polymer and (C) a tetratfluoroethylene based polymer.
The film or sheet means a plastic film, which has a thickness
of generally 10-500 pum, preferably 20-400 um, more prefer-
ably 30-300 um.

[0023] Since lactic acid, which is a material monomer of
polylactic acid, has an asymmetric carbon atom, L.-form and
D-form of optical isomers are present. (A) Polylactic acid to
be used in the present invention is a polymer substance com-
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prising lactic acid in an L. form as a main component. When
the content of the lactic acid in a D form, which is mixed as an
impurity during the production, is low, the polymer substance
has high crystallinity and high melting point. Therefore, one
having the highest possible L-form purity is preferably used,
and one having an L.-form purity of not less than 95% is more
preferably used. The polylactic acid to be used can be a
commercially available product. Specific examples include
LACEA H-400 (manufactured by Mitsui Chemicals, Inc.)
and the like.

[0024] (B) Acidic functional group-denatured olefin based
polymer to be used in the present invention is mainly added to
afford roll-lubricating property of (A) polylactic acid.
Examples of the acidic functional group of the acidic func-
tional group-denatured olefin based polymer include car-
boxyl group, carboxyl derivative group and the like. The
carboxyl derivative group is chemically derived from a car-
boxyl group and, for example, an ester group, an amide group,
an imide group, a cyano group and the like can be mentioned.
[0025] (B) Acidic functional group-denatured olefin based
polymer is obtained by, for example, grafting an acidic func-
tional group-containing unsaturated compound onto an unde-
natured polyolefin based polymer.

[0026] Examples of the undenatured polyolefin based poly-
mer include polyolefins or oligomers thereof such as high
density polyethylene, intermediate density polyethylene, low
density polyethylene, propylene polymer, polybutene, poly-
4-methylpentene-1, copolymer of ethylene and a-olefin,
copolymer of propylene and a-olefin and the like, polyolefin
based elastomers such as ethylene-propylene rubber, ethyl-
ene-propylene-diene copolymer rubber, butyl rubber, butadi-
ene rubber, low crystallinity ethylene-propylene copolymer,
propylene-butene copolymer, ethylene-vinylester copoly-
mer, ethylene-methyl(meth)acrylate copolymer, ethylene-
ethyl(meth)acrylate copolymer, ethylene-maleic anhydride
copolymer, blend of polypropylene and ethylene-propylene
rubber and the like, and a mixture of two or more kinds of
these. Preferred are propylene copolymer, copolymer of pro-
pylene and a-olefin, low density polyethylene and oligomers
thereof, and particularly preferred are propylene polymer,
copolymer of propylene and a-olefin and oligomers thereof.
Examples of the oligomers include those obtained by a
molecular weight degradation method by thermal decompo-
sition, or a polymerization method.

[0027] Examples of the acidic functional group-containing
unsaturated compound include a carboxyl group-containing
unsaturated compound, a carboxyl derivative group-contain-
ing unsaturated compound and the like. Examples of the
carboxyl group-containing unsaturated compound include
maleic acid (anhydride), itaconic acid (anhydride), chloroita-
conic acid (anhydride), chloromaleic acid (anhydride), citra-
conic acid (anhydride), (meth)acrylic acid and the like. In
addition, examples of the carboxyl derivative group-contain-
ing unsaturated compound include (meth)acrylic acid ester
such as methyl (meth)acrylate, glycidyl (meth)acrylate, 2-hy-
droxyethyl(meth)acrylate and the like, and vinyl cyanide
such as (meth)acrylamide, maleimide and (meth)acrylonitrile
and the like. Preferred is a carboxyl group-containing unsat-
urated compound, more preferred is an acid anhydride group-
containing unsaturated compound, most preferred is maleic
anhydride.

[0028] Itis essential that (B) acidic functional group-dena-
tured olefin based polymer has a weight average molecular
weight as measured by gel permeation chromatography
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(GPC) of 10,000-80,000, preferably 15,000-70,000, more
preferably 20,000-60,000. A weight average molecular
weight of less than 10,000 causes bleeding after forming, and
a weight average molecular weight exceeding 80,000 causes
separation from polylactic acid during roll kneading. The
bleeding refers to a phenomenon of time-course surfacing of
a low molecular weight component on the film after the film
formation.

[0029] (B) Acidic functional group-denatured olefin based
polymer preferably has an acid number of 10-70 mg KOH/g,
more preferably 20-60 mg KOH/g. When it is less than 10 mg
KOH/g, a roll-detaching effect cannot be obtained, and when
it exceeds 70 mg KOH/g, plate out on a roll occurs. The plate
out in the present invention means attachment or deposit of a
component contained in the resin composition or a product
and the like resulting from oxidation, decomposition, chemi-
cal combination or degradation of such component on the
surface of a metal roll during the melt film formation of the
resin composition using the metal roll. In the present inven-
tion, the acid number was measured according to the neutral-
ization titration method of JIS K0070-1992.

[0030] (B) Acidic functional group-denatured olefin based
polymer is obtained by reacting an acidic functional group-
containing unsaturated compound with an undenatured poly-
olefin based polymer in the presence of organic peroxide. As
the organic peroxide, those generally used as an initiator of
radical polymerization can be used. Any of the solution
method and the melting method can be used for the reaction.
In the solution method, the polymer can be obtained by dis-
solving a mixture of an undenatured polyolefin based poly-
mer and an acidic functional group-containing unsaturated
compound in an organic solvent together with organic perox-
ide and heating the mixture. The reaction temperature is pref-
erably about 110-170° C. In the melting method, the polymer
can be obtained by blending a mixture of an undenatured
polyolefin based polymer and an acidic functional group-
containing unsaturated compound with organic peroxide, and
melt-mixing the mixture to allow reaction. The melt-mixing
can be performed in various blending machines such as
extruder, prabender, kneader, Banbury mixer and the like, and
the kneading temperature is generally within the temperature
range from the melting point of the undenatured polyolefin
based polymer to 300° C.

[0031] (B) Acidic functional group-denatured olefin based
polymer may be a commercially available product and, for
example, “YOUMEX 1010” (maleic anhydride group-con-
taining denatured polypropylene, acid number: 52 mg KOH/
g, weight average molecular weight: 32,000, denaturation
proportion: 10 wt %), “YOUMEX 1001” (maleic anhydride
group-containing denatured polypropylene, acid number: 26
mg KOH/g, weight average molecular weight: 49,000, dena-
turation proportion: 5 wt %), “YOUMEX 2000” (maleic
anhydride group-containing denatured polyethylene, acid
number: 30 mg KOH/g, weight average molecular weight:
20,000, denaturation proportion: 5 wt %), which are manu-
factured by Sanyo Chemical Industries, [.td., and the like can
be mentioned.

[0032] (B) Acidic functional group-denatured olefin based
polymer is generally used in 0.1-5.0 parts by weight, prefer-
ably 0.3-3.0 parts by weight from the aspects of sustainability
of roll-lubricating property effect and maintenance of biom-
ass ratio, per 100 parts by weight of (A) polylactic acid. When
it is less than 0.1 part by weight, a roll-lubricating property
effect is hardly obtained, and when it exceeds 5.0 parts by
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weight, an effect according to the amount of addition cannot
be obtained, and a decrease in the biomass ratio poses prob-
lems. Here, the biomass ratio is a proportion of the dry weight
of biomass used relative to the dry weight of a film or sheet.

[0033] (C)Tetrafluoroethylene based polymer to be used in
the present invention may be a homopolymer of tetratluoro-
ethylene or a copolymer of tetrafluoroethylene and other
monomer.

[0034] Examples of usable tetrafluoroethylene based poly-
mer include polytetrafluoroethylene, perfluoroalkoxyalkane,
p-fluoroethylenepropene copolymer, ethylene-tetrafiuoroet-
hylene copolymer, tetrafluoroethylene-perfluoro diioxole
copolymer and the like.

[0035] The crystallization promoting effect of a tetrafluo-
roethylene based polymer for polylactic acid is considered to
depend on the crystal structure of the tetrafluoroethylene
based polymer. As a result of wide-angle X-ray diffraction,
the spacing of lattice planes of crystal lattice of polylactic acid
was 4.8 angstrom, and that of tetrafluoroethylene based poly-
mer was 4.9 angstrom. Therefrom the effect of tetrafluoroet-
hylene based polymer as a crystal nucleating agent for poly-
lactic acid is considered to be achieved by an epitaxial action
of the tetrafluoroethylene based polymer. Here, the epitaxial
action refers to a manner of growth where polylactic acid
crystal grows on the surface of a tetrafluoroethylene based
polymer and polylactic acid aligns along the crystal face of
the crystal surface of the tetrafluoroethylene based polymer.

[0036] Since the spacing of planes of a tetrafluoroethylene
based polymer depends on the crystal form of the tetrafluo-
roethylene part even in the case of copolymers, the spacing of
planes is the same. Therefore, as long as the crystal form of
polytetrafluoroethylene can be maintained and the property
does not change markedly, the amount of a copolymerizable
component is not particularly limited. Generally, the propor-
tion of a copolymerizable component in a tetrafluoroethylene
based polymer is desirably not more than 5 wt %.

[0037] Furthermore, the polymerization method of the tet-
rafluoroethylene based polymer is particularly preferably
emulsion polymerization. Since a tetrafluoroethylene based
polymer obtained by emulsion polymerization is easily
fibrillized and easily takes a network structure in polylactic
acid, itis considered effective for promotion of crystallization
of polylactic acid in flow field in a melt film formation pro-
cess.

[0038] In addition, for uniform dispersion in polylactic
acid, tetrafluoroethylene based polymer particles are prefer-
ably denatured with, for example, a polymer having good
affinity for polylactic acid such as (meth)acrylic acid ester
based polymer.

[0039] Ascommercially available products of acrylic dena-
tured tetrafluoroethylene based polymers, METABLEN
A-3000, METABLEN A-3800 and the like are commercially
available as METABLEN (registered trade mark) A series
from MITSUBISHI RAYON CO., LTD.

[0040] (C) Tetrafluoroethylene based polymer is generally
used in a proportion of 0.1-10 parts by weight, preferably
1.0-5.0 parts by weight from the aspects of melt tension-
improving effect and maintenance of biomass ratio, per 100
parts by weight of polylactic acid (A). When it is less than 0.1
part by weight, a melt tension-improving effect is not suffi-
cient, and when it exceeds 10 parts by weight, an effect
according to the amount of addition cannot be obtained, and
a decrease in the biomass ratio poses problems.
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[0041] To provide more effective crystal formation-pro-
moting effect of (C) tetrafluoroethylene based polymer, the
present invention contains a crystallization promoting step
with controlled temperature conditions during film forma-
tion. The crystallization promoting step is a step for promot-
ing crystallization by once retaining a resin composition
melt-formed in a film state in the melt film formation step at
the crystallization temperature (Tc) in a decreasing tempera-
ture process of the resin composition +10° C. The resin com-
position melt-formed in a film state is solidified by cooling
after a crystallization promoting step. That is, in the crystal-
lization promoting step and the like, a resin composition
melt-formed in a film state is exposed to a state controlled to
crystallization temperature (Tc)x10° C., whereby crystalliza-
tion is promoted while maintaining the surface shape after the
melt film formation. While the method is not particularly
limited, for example, a method wherein a resin composition
melt-formed in a film state is directly contacted with a roll, a
belt and the like permitting heating to a given temperature to
process continuously from film formation is desirable in view
of the productivity, since this method requires a short time.
[0042] A step in which the temperature can be controlled to
the crystallization temperature (Tc) in a decreasing tempera-
ture process of the resin composition £10° C., that is, the
crystallization promoting step, is preferably performed for
the longest possible time. Although it finally depends on the
level of crystallization of the resin composition, the condi-
tions setting the heat deformation ratio to not more than 40%
are preferable since use of the film or sheet at such tempera-
ture is assumed to be sufficiently possible.

[0043] The resin composition of the present invention may
contain (D) crystallizing agent. While the crystallizing agent
is not particularly limited as long as an effect of promoting
crystallization is provided, a substance having a crystal struc-
ture with a spacing of planes close to the spacing of planes of
the crystal lattice of polylactic acid is desirably selected. This
is because a substance with a closer spacing of planes pro-
vides a higher effect as a nucleating agent. For example,
melamine polyphosphate, melamine cyanurate, zinc phe-
nylphosphonate, calcium phenylphosphonate and magne-
sium phenylphosphonate of organic substances, talc and clay
of inorganic substances and the like can be mentioned. Of
these, zinc phenylphosphonate is preferable, which shows the
most similar spacing of planes to the spacing of planes of
polylactic acid and provides a good crystal formation promot-
ing effect. The crystallizing agent to be used may be a com-
mercially available product. Specifically, for example, zinc
phenylphosphonate; ECOPROMOTE (manufactured by Nis-
san Chemical Industries, [.td.) and the like can be mentioned.
[0044] (D) Crystallizing agent is generally used in a pro-
portion of 0.1-5 parts by weight, preferably 0.3-3 parts by
weight from the aspects of better crystal-promoting effect and
maintenance of biomass ratio, per 100 parts by weight of the
polylactic acid (A). When it is less than 0.1 part by weight, the
crystal-promoting effect is not sufficient, and when it exceeds
5 parts by weight, an effect according to the amount of addi-
tion cannot be obtained, and a decrease in the biomass ratio
poses problems.

[0045] To always control the temperature to crystallization
temperature, the roll is desirably a metal roll. The resin com-
position desirably has a composition permitting easy detach-
ment from the metal roll. Also from this aspect, addition of the
aforementioned (B) acidic functional group-denatured olefin
based polymer is required.
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[0046] In the present invention, moreover, a calender film
forming method may be used as the melt film forming
method. In this case, when the temperature of the resin com-
position during calender-rolling is between the crystallization
temperature (Tc) in a decreasing temperature process of the
resin composition +15° C. and the melting temperature (Tm)
in araising temperature process —5° C., the crystallization can
be further promoted. This aims to achieve an oriented crys-
tallization eftect by calendering at a temperature of not more
than the melting point. Since (C) tetrafluoroethylene based
polymer fibrillates in the resin composition and forms a net-
work, the oriented crystallization effect is strikingly
improved. This is considered a synergistic effect with the
effect of crystal nucleating agent of (C) tetrafluoroethylene
based polymer. By calendering within the above-mentioned
temperature range, a smooth face state and a good oriented
crystallization effect can be obtained.

[0047] Thepolylactic acid based film or sheet of the present
invention can be obtained by preparing a resin composition
containing each component uniformly dispersed in a continu-
ous melt kneader having a twin-screw extruder and the like, or
a batch type melt kneader such as pressurization kneader,
Banbury mixer, roll kneader and the like, passing the compo-
sition in a molten state through a gap between two metal rolls
to a desired thickness, and further through rolls set to a tem-
perature-decreasing crystallization temperature of the resin
composition and finally cooling the composition.

[0048] Specific examples of the film forming method
include a method including continuously supplying a resin
composition prepared in a molten state in an extruder to a
metal roll part by an apparatus equipped with about 2-4 metal
rolls which is set after the extruder and the like (polishing film
forming method, roller head film forming method), and film
forming to a desired thickness in the metal roll part, a calender
film forming method including sequentially passing a resin
composition prepared in a molten state by roll kneading, an
extruder and the like through a gap between about 3 to 6 metal
rolls to finally achieve a desired thickness, and the like. In
both methods, since a resin in a molten state is passed through
a gap between heated metal rolls, the composition thereof
desirably permits easy detachment from the metal roll sur-
face. Furthermore, to always control the crystallization tem-
perature, a roll to be set to a temperature-decreasing crystal-
lization temperature is also desirably a metal roll. The
composition desirably permits easy detachment from the
metal roll also in this step. From the aspects mentioned above,
addition of the aforementioned (B) acidic functional group-
denatured olefin based polymer is required.

[0049] While the thickness of the film or sheet is appropri-
ately adjusted depending on the use thereof, it is generally
10-500 um, preferably 20-400 pm, particularly preferably
30-300 um. The film or sheet of the present invention can be
applied to use similar to that of a generally-used film or sheet,
and is particularly preferably used as a substrate of an adhe-
sive film or sheet.

[0050] When the temperature of a resin composition in an
extruder or roll film formation is between the crystallization
temperature (Tc) in a decreasing temperature process of the
resin composition +15° C. and the melting temperature (Tm)
in a raising temperature process —5° C., crystallization can be
promoted. This aims to achieve an oriented crystallization
effect by film forming at a temperature not more than the
melting point. Since (C) tetrafluoroethylene based polymer
fibrillates in the resin composition and forms a network, the

Aug. 18,2011

oriented crystallization effect is strikingly improved. This is
considered a synergistic effect with the effect of crystal nucle-
ating agent of (C) tetrafluoroethylene based polymer. By film
forming within the above-mentioned temperature range, a
smooth face state and a good oriented crystallization effect
can be obtained.

[0051] Inthe presentinvention, optimal crystallization con-
ditions can be always obtained even when the crystallization
temperature of a resin mixture changes due to the addition of
other crystal nucleating agent and the like, by measuring with
a differential scanning calorimeter (hereinafter to be abbre-
viated as DSC) in advance, and grasping the maximum tem-
perature of the exothermic peak associated with crystalliza-
tion in a decreasing temperature process. In this case, change
of the shape of the formed film due to the change of the
heating temperature does not need to be considered.

[0052] In addition, since the film or sheet is solidified by
cooling after crystallization thereof'in the crystallization pro-
moting step, the internal stress hardly remains, and an
extreme heat shrinkage does not occur during use. Therefore,
a high crystallization film or sheet formed by the technique of
the present invention can maintain the shape up to around the
melting point of polylactic acid, and can also be sufficiently
applied to use requiring heat resistance, which has been
unavailable heretofore.

[0053] Furthermore, the method is highly useful also from
the aspects of economic efficiency and productivity, since a
step for heating again is not necessary.

[0054] FIG. 1 is a schematic showing of a calender film
forming machine in one embodiment of the present invention.
For a detailed explanation of FIG. 1, a molten resin is calen-
dered between four calendar-rolls (first roll 1, second roll 2,
third roll 3 and fourth roll 4) to gradually reducing the thick-
ness, and prepared to achieve a desired thickness when finally
passing between roll 3 and roll 4. In the case of calender film
formation, the film formation of a resin composition using
calender-rolls 1 to 4 corresponds to the “melt film formation
step”. In addition, a take-off roll 5 set to the crystallization
temperature shows a roll group with which a prepared film or
sheet 8 contacts first, which consists of one or more (3 rolls in
FIG. 1) roll groups, and plays a role of detaching sheet 8 in a
molten state from a calender-roll 4. When the number of
take-off rolls 5 is large, the isothermal crystallization time
becomes long, which is advantageous for promoting crystal-
lization. In the case of calender film formation, since crystal-
lization of sheet 8 melt-formed in a film state is promoted by
take-offroll 5, a step of passage of sheet 8 through the take-off
roll 5 corresponds to the “crystallization promoting step”.
Two cooling rolls 6 and 7 play a role of cooling to solidify
sheet 8 by passing sheet 8 between them and forming the
surface of the sheet 8 to a desired shape. Generally, therefore,
one of the rolls (e.g., roll 6) is a metal roll with a designed roll
surface to form the surface shape of the sheet 8, and the other
rollis arubberroll (e.g., roll 7). The arrows in the Figure show
the direction of rotation of the rolls.

[0055] FIG. 2 is a schematic showing of a polishing film
forming machine in another embodiment of the present
invention. As shown in FIG. 2, an extruder tip 10 of an
extruder (not shown) is configured between heated rolls 2 and
3, and a molten resin is continuously extruded between rolls
2 and 3 at a predetermined extrusion speed. The extruded
molten resin becomes thin by being calendered between rolls
2 and 3, and is prepared such that a desired thickness is
achieved by finally passing through between roll 3 and roll 4.
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Thereafter, the resin passes through three take-offrolls 5 setto
the crystallization temperature, and finally passes through
cooling rolls 6 and 7 to give a solidified sheet 8.

EXAMPLES

[0056] The present invention is explained in more detail in
the following by referring to Examples and Comparative
Examples, which are not to be construed as limitative. The
evaluations in Examples and the like were performed as fol-
lows.

[0057] Abbreviations of the material names used in Table 1
mentioned below are shown in the following.

[0058] polylactic acid

[0059] Al: LACEA H-400 (manufactured by Mitsui
Chemicals, Inc.) acidic functional group-denatured ole-
fin based polymer

[0060] B1: maleic anhydride group containing dena-
tured polypropylene (weight average molecular
weight=49,000, acid number=26 mg KOH/g):
YOUMEX 1001 (manufactured by Sanyo Chemical
Industries, Ltd.)

[0061] B2: maleic anhydride group-containing dena-
tured polypropylene (weight average molecular
weight=32,000, acid number=52 mg KOH/g):
YOUMEX 1010 (manufactured by Sanyo Chemical
Industries, Ltd.)

[0062] B" undenatured low molecular weight polypro-
pylene (weight average molecular weight=23,000, acid
number=0 mg KOH/g): VISCOL 440P (manufactured
by Sanyo Chemical Industries, Ltd.) polytetrafluoroet-
hylene based polymer

[0063] C1: polytetrafluoroethylene: Fluon CD-014
(manufactured by ASAHI GLASS CO., LTD.)

[0064] C2: acrylic denatured polytetrafluoroethylene:
METABLEN A-3000 (manufactured by MITSUBISHI
RAYON CO.,LTD.)

[0065] C" high molecular weight acrylic polymer:
METABLEN P-531A (manufactured by MITSUBISHI
RAYON CO., LTD.) crystallizing agent

[0066] D1: zinc phenylphosphonate: ECOPROMOTE
(manufactured by Nissan Chemical Industries, [.td.)

Example 1

[0067] A resin composition comprising the above-men-
tioned starting materials mixed at the mixing ratios shown in
the following Table 1 was prepared, melt kneaded in a Ban-
bury mixer, and subjected to film formation by an inverted
L-type 4-roll calender to a thickness of 0.1 mm. Then, imme-
diately after calender-rolling film formation (corresponding
to melt film formation step) as shown in FIG. 1, three rolls
permitting heating to any temperature (take-off roll in the
case of calender film formation) were provided such that a
calendered film can alternately pass up and down to form a
crystallization promoting step. Thereafter, the film is solidi-
fied by passing through cooling rolls. The resin temperature
in the calender process (that is, resin temperature in the melt
film formation step) is substituted by the surface temperature
of calender-roll 4 in the case of the calender film formation.
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The film formation rate is 5 m/min, and the substantial crys-
tallization time (take-off roll passage time) is about 5 sec-
onds.

Examples 2-10

[0068] The resin compositions mixed at mixing ratios
shown in the following Table 1 were prepared, and the films of
Examples 2-10 were film-formed in the same manner as in
Example 1.

Comparative Examples 1-4

[0069] The resin compositions mixed at mixing ratios
shown in the following Table 1 were prepared, and the films of
Comparative Examples 1-4 were film-formed in the same
manner as in Example 1.

<Melting Temperature>

[0070] The temperature at the top endothermic peak as
measured by DSC, which is associated with melting in the
re-raising temperature process of the film sample after film
formation, was taken as a melting temperature (to be also
referred to as Tm, crystal melting peak temperature).

<Crystallization Temperature>

[0071] The temperature at the peak top of the endothermic
peak, as measured by DSC, which is associated with crystal-
lization in a decreasing temperature process of the film
sample from 200° C. after film formation was taken as a
crystallization temperature (to be also referred to as Tc, crys-
tallization peak temperature).

<Resin Temperature in Melt Film Formation Step>

[0072] Resin temperature is a set temperature (° C.) of a
resin in amelt film formation step. In the case of calender film
formation, for example, it corresponds to the temperature of a
resin composition in the calendar step of the resin composi-
tion with calender-rolls. In Examples 1-10 and Comparative
Examples 1-4, the surface temperature of the fourth roll was
measured and taken as a resin temperature in the melt film
formation step.

<Crystallization Promoting Temperature>

[0073] Inthis embodiment, a crystallization promoting step
was performed by contacting a film sample with a take-off
roll. In this case, the surface temperature of three take-off rolls
5 in FIG. 1 was substantially the same, and the temperature
was taken as the crystallization promoting temperature (° C.).
In the present invention, the crystallization promoting tem-
perature is preferably crystallization temperature (Tc) +10°
C. In addition, as long as the temperature is within said
temperature range, three take-off rolls may have different
temperatures.

<Film Formation Property Results>

[0074] (1) plating out on roll: Staining of the roll surface
was visually evaluated, and no soil on the roll surface was
evaluated as “none” and soil on the roll surface was evaluated
as “present”. Measurement was not performed in Compara-
tive Examples 1 and 2 since film formation by calender was
not possible.
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[0075] (2) Release property of film: The release property of
a molten film from the fourth roll 4 was evaluated and a film
that can be taken by a take-off roll was evaluated as “good”
and a film that cannot be taken by a take-off roll was evaluated
as “failure”.

[0076] (3) Film surface state: The film surface was visually
evaluated and a smooth surface free of roughness was evalu-
ated as “good”, and a surface with bank mark (concaves and
convexes due to irregularity of resin flow), sharkskin and
pinhole was evaluated as “failure”. Measurement was not
performed in Comparative Examples 1 and 2 since film for-
mation by calendar could not be performed.

<Calculation Method of Relative Crystallization Ratio>

[0077] The ratio was calculated by the following formula
(3) from the amount of heat AHc at the exothermic peak
associated with crystallization in a raising temperature pro-
cess of a film sample after film formation, and the amount of
heat AHm associated with melting thereafter, which were
measured by DSC. Measurement was not performed in Com-
parative Examples 1 and 2 since film formation by calendar
could not be performed.

relative crystallization ratio (%)=(AHm—-AHc)/AHmx

100 3)
(Pass-fail judgment) A relative crystallization ratio of not less
than 50% passes.
[0078] DSC used for the measurement of crystallization
temperature and relative crystallization ratio and the mea-
surement conditions were as follows.
(test apparatus) DSC6220 manufactured by SII NanoTech-
nology Inc.

(Test Conditions)

[0079] a) measurement temperature range 20° C.—200°
C.—0° C.—=200° C.

[0080] (Performed were measurement in a raising tempera-
ture process from 20° C. to 200° C., followed by the mea-
surement in a decreasing temperature process from 200° C. to
0° C., and the last measurement in a re-raising temperature
process from 0° C. to 200° C.)

[0081] b) temperature-raising/decreasing speed: 2° C./min
[0082] c¢)measurement atmosphere: under anitrogen atmo-
sphere (200 ml/min)

[0083] Since a peak associated with crystallization was not
found in the re-raising temperature process, the crystallizable
region was judged to crystallize 100% at a temperature rising
rate of 2° C./min, and the validity of the calculation formula
of the relative crystallization ratio was confirmed.

<Heat Deformation Ratio>

[0084] The ratio was measured according to the Heat defor-
mation test method of JIS C 3005. The measuring apparatus
used and the measurement conditions were as follows.
(measurement apparatus) heat deformation testing machine
manufactured by TESTER SANGYO CO., LTD.

(sample size) thickness 1 mmxwidth 25 mmxlength 40 mm
(films were laid in a total thickness of 1 mm)

(measurement conditions)

[0085] a) measurement temperature (150° C.)
[0086] D) load (10N)
[0087] c) measurement time: 30 min (in consideration of

recrystallization, the test was started without ageing) (heat
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deformation ratio calculation method) Thickness T1 before
the test and thickness T2 after the test were measured, and the
ratio was calculated according to the following formula (4).
Measurement was not performed in Comparative Examples 1
and 2 since film formation by calendar could not be per-
formed.

heat deformation ratio (%)=(71-172)/T1x100 4

[0088]
passes.

ass-fail judgment) Ratio of not more than 40%
(p judgment)

<Heat Shrinkage Ratio>

[0089] The film was cut into 150 mmx 150 mm, and a gauge
of 100 mm was written in the machine direction (hereinafter
to be referred to as MD direction) and the width direction
(hereinafter to be referred to as TD direction) in the film
formation. The film was placed for 10 min in an oven heated
to 150° C., and dimensional changes after taking out there-
from were confirmed.

[0090] Heat shrinkage ratio calculation method; Gauge
length L1 before the test and gauge length L2 after the test
were measured, and the ratio was calculated according to the
following formula (5). Measurement was not performed in
Comparative Examples 1 and 2 since film formation by cal-
endar could not be performed.

heat shrinkage ratio (%)=(L1-L2)/L1x100 (5)

[0091] (pass-fail judgment) Ratio of not more than 5% in
either the MD direction or TD direction passes.

[0092] (total judgment) The total judgment was that, as the
total evaluation results, a film meeting the pass criteria in all
evaluation results is O, a film meeting the pass criteria of the
items relating to crystallization ratio is A, and a film that fails
to meet the pass criteria of the items relating to relative
crystallization ratio is x.

[0093] The evaluation results of Examples 1-10 and Com-
parative Examples 1-4 are shown in Table 2 and Table 3,
respectively.

TABLE 1

material name Al B1 B2 B' C1 c2 C D1
Ex. 1 100 3 — — 02 — — —
Ex. 2 100 — 2 — — 3 -
Ex. 3 100 1 — — 1 — — 1

Ex. 4 100 — 05 — 3 —_ = —
Ex. 5 100 4 — — — g — —
Ex. 6 100 — 1 — — 4 — 4
Ex. 7 100 — 05 — 3 —_ - —
Ex. 8 100 — 6 — 2 - —
Ex. 9 100 0.5 — — — 12 - —
Ex. 10 100 — 2 — — 4 —
Comp. Ex. 1 100 — — — 1 - —
Comp. Ex. 2 100 — — 2 — 2 -
Comp. Ex. 3 100 — 1 — — 3 -
Comp. Ex. 4 100 2 — — — — 5

unit: parts by weight
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TABLE 2
evaluation Example 1 Example 2 Example 3 Example4 Example 5 Example 6 Example 7

resin melting 167 167 167 167 167 167 167
composition temperature
DSC data crystallization 124 125 131 125 125 135 125
(°C) temperature
set resin temperature 157 157 157 168 168 168 158
temperature in melt film
(°C) forming step

crystallization 124 124 131 125 125 135 100

promoting

temperature
film formation  plate out on roll none none none none none none none
property release property good good good good good good good
results film surface state good good good good good good good
relative crystallization ratio (%) 76 82 83 52 65 78 63
heat deformation ratio (%) 5 2 1 35 23 2 21
heat shrinkage ratio (MD) (%) 3 1 1 3 4 2 2
heat shrinkage ratio (TD) (%) 2 0 1 2 2 1 1
total judgment o o o o o o o

TABLE 3
Comparative Comparative Comparative Comparative
evaluation Example 8 Example9 Example 10  Example 1 Example 2 Example 3 Example 4

resin melting 167 167 167 167 167 167 167
composition temperature
DSC data crystallization 125 128 125 124 124 125 118
(°C) temperature
set resin temperature 157 168 135 157 157 168 157
temperature in melt film
(°C) forming step

crystallization 125 128 125 124 124 155 118

promoting

temperature
film formation  plate out on roll yes none none — — none none
property release property good good good failure failure good good
results film surface state good failure failure — — good good
relative crystallization ratio (%) 77 81 70 — — 42 37
heat deformation ratio (%) 3 1 8 — 48 58
heat shrinkage ratio (MD) (%) 1 8 4 — — 1 3
heat shrinkage ratio (TD)(%) 0 7 3 — — 1 2
total judgment A A A X X X X
[0094] From the evaluation results shown in Table 2 and above-mentioned (ii), Example 2 via both the treatments of

Table 3, since all of Examples 1-10 relating to the present
invention showed high relative crystallization ratios and, as a
result, suppressed heat deformation ratios. Therefore, the
total judgment was (O or A). In addition, as for the film
formation property, the release property and film surface state
were all good and the plate out onto a roll did not occur.

[0095] Among Examples 1-10, the films of Examples 1-3
and 8% wherein (i) the melt film formation step was per-
formed at a temperature of the resin composition between the
crystallization temperature (Tc) in a decreasing temperature
process of the resin composition +15° C. and the melting
temperature (Tm)in a raising temperature process —5° C., and
(i) the resin composition melt-formed in a film state was
solidified by cooling after a crystallization promoting step at
crystallization temperature (Tc) in the decreasing tempera-
ture process +10° C. showed further promoted crystallization
since the crystallization step was performed at 2 steps. For
example, when compared to the relative crystallization ratio
(63%) of the film of Example 7 via only the treatment of the
above-mentioned (i), and the relative crystallization ratio
(52%) of the film of Example 4 via only the treatment of the

the above-mentioned (i) and (ii) shows a higher crystalliza-
tion ratio of 82%.

[0096] In contrast, Comparative Examples 1-4 which do
not satisfy the mixing ratio or do not follow the production
steps of the present invention showed relative crystallization
ratios of less than 50%, thus failing to provide a film satisfy-
ing the desired property value ofheat deformation ratio. Thus,
the total judgment thereof was always x.

[0097] This application is based on a patent application No.
2008-257383 filed in Japan, the contents of which are incor-
porated in full herein.

EXPLANATION OF SYMBOLS

[0098] 1 first roll

[0099] 2 second roll

[0100] 3 third roll

[0101] 4 fourth roll

[0102] 5 take-off roll

[0103] 6 cooling roll

[0104] 7 cooling roll

[0105] 8 cooled calendered sheet
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[0106] 9 bank (resin pool)
[0107] 10 extruder tip

1. A method of producing a film or sheet of a resin com-
position containing a polylactic acid according to a melt film
forming method, wherein the resin composition comprises
polylactic acid (A), an acidic functional group-denatured ole-
fin based polymer (B) containing an acidic functional group,
and having an acid number of 10-70 mg KOH/g and a weight
average molecular weight of 10,000-80,000, and a tetrafluo-
roethylene based polymer (C), which method comprises per-
forming a melt film formation step at a temperature of the
resin composition between the crystallization temperature
(Tc) in a decreasing temperature process of the resin compo-
sition +15° C. and the melting temperature (Tm) in a raising
temperature process —5° C., or solidifying the resin compo-
sition melt-formed in a film state by cooling after a crystalli-
zation promoting step at crystallization temperature (Tc)in a
decreasing temperature process +10° C.

2. The production method according to claim 1, wherein
the melt film formation step is performed at a temperature of
the resin composition between the crystallization temperature
(Tc) in a decreasing temperature process of the resin compo-
sition +15° C. and the melting temperature (Tm) in a raising
temperature process —5° C., and the resin composition melt-
formed in a film state is solidified by cooling after a crystal-
lization promoting step at crystallization temperature (Tc¢) in
the decreasing temperature process =10° C.

3-4. (canceled)

5. The production method according to claim 1, wherein
the melt film forming method is a technique comprising
finally passing the resin composition in a molten state through
a gap between two metal rolls to achieve a desired film thick-
ness.

6-9. (canceled)

10. The production method according to claim 1, further
comprising 0.1-5.0 parts by weight of crystallizing agent (D)
per 100 parts by weight of the polylactic acid (A).

11. The production method according to claim 1, wherein
the aforementioned crystallization promoting step of the resin
composition is achieved by a metal roll.

12. A film or sheet comprising a polylactic acid, which is
comprised of a resin composition comprising polylactic acid
(A), an acidic functional group-denatured olefin based poly-
mer (B) containing an acidic functional group, and having an
acid number of 10-70 mg KOH/g and a weight average
molecular weight 0f 10,000-80,000, and a tetrafluoroethylene
based polymer (C), and shows a change ratio of not more than
40% when applied with a load of 10N for 30 min under an
atmosphere of 150° C. according to the Heat deformation test
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method of JIS C 3005, and a relative crystallization ratio as
determined by the following formula (1)

relative crystallization ratio (%)=(AHm—-AHc)/AHmx

100 (1
wherein AHc is an amount of heat at an exothermic peak
due to crystallization in a raising temperature process of
a film sample after film formation, and AHm is an

amount of heat due to melting, of not less than 50%.
13. The film or sheet according to claim 12, further show-
ing a heat shrinkage ratio as determined by the following

formula (2)

heat shrinkage ratio (%)=(L1-L2)/L1x100 2)

wherein L1 is a gauge length before the test, and 1.2 is a
gauge length after the test, of not more than 5% in both
the machine direction (MD direction) and the width
direction (TD direction) after preservation under a tem-
perature atmosphere of 150° C. for 10 min.

14. The film or sheet according to claim 12, wherein the
acidic functional group-denatured olefin based polymer (B) is
contained in a proportion of 0.1-5.0 parts by weight per 100
parts by weight of the polylactic acid (A).

15. The film or sheet according to claim 12, wherein the
tetrafluoroethylene based polymer (C) is contained in a pro-
portion 0 0.1-10.0 parts by weight per 100 parts by weight of
the polylactic acid (A).

16. The film or sheet according to claim 12, wherein the
acidic functional group in the acidic functional group-dena-
tured olefin based polymer is an acid anhydride.

17. The film or sheet according to claim 12, further com-
prising 0.1-5.0 parts by weight of crystallizing agent (D) per
100 parts by weight of the polylactic acid (A).

18. The film or sheet according to claim 13, wherein the
acidic functional group-denatured olefin based polymer (B) is
contained in a proportion of 0.1-5.0 parts by weight per 100
parts by weight of the polylactic acid (A).

19. The film or sheet according to claim 13, wherein the
tetrafluoroethylene based polymer (C) is contained in a pro-
portion 0 0.1-10.0 parts by weight per 100 parts by weight of
the polylactic acid (A).

20. The film or sheet according to claim 13, wherein the
acidic functional group in the acidic functional group-dena-
tured olefin based polymer is an acid anhydride.

21. The film or sheet according to claim 13, further com-
prising 0.1-5.0 parts by weight of crystallizing agent (D) per
100 parts by weight of the polylactic acid (A).
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