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Description

Title of Invention: FOAM SHEET, METHOD FOR PRODUCING
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FOAM SHEET, AND MOLDED PRODUCT
Technical Field

The disclosures herein generally relate to a foam sheet, a method for producing a
foam sheet, and a molded product.
Background Art

Plastics are widely available and processed into various shapes of products, such
as bags and containers. However, disposal of plastic products after use has been an
issue because the plastic products are not easily decomposed in nature. As awareness
towards the environmental issues has arisen in recent years, development of materials
for plastic products have been actively conducted to replace non-biodegradable plastics
that are not easily decomposed in nature with biodegradable biomass plastics that are
easily decomposed in nature.

Among biodegradable biomass plastics, polylactic acid resins have been expected
to be an alternative for a non-biodegradable plastic because the polylactic acid resins
have similar characteristics to polystyrene that is readily available as plastics. One of
usage embodiments of polystyrene is foam polystyrene. Foam polystyrene is obtained
by foaming polystyrene to impart characteristics, such as a light weight, buffering
properties, and thermal insulation properties. Such foam polystyrene is widely used. As
an environmentally aware alternative for the foam polystyrene, foam polylactic acid
using a polylactic acid resin, which is a biodegradable plastic, has been proposed (see,
for example, PTLs 1 to 4).

For use of a polylactic acid resin as a food container, it is generally concerned that
the container including the polylactic acid resin has low thermal resistance due to a low
glass transition temperature (approximately 60 degrees Celsius) of the polylactic acid
resin. It has been confirmed that thermal resistance is improved by increasing crys-

tallinity of the polylactic acid resin during a molding process (see PTLs 5 and 6).
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Summary of Invention

Technical Problem
The present disclosure aims to provide a foam sheet having excellent moldability,

thermal resistance, thermal insulation properties, and biodegradability.

Solution to Problem

In one embodiment, a foam sheet includes a polylactic acid resin composition that
includes a polylactic acid resin. The polylactic acid resin includes 98 mol% or greater
of D-lactic acid or L-lactic acid that is a constituent monomer unit of the polylactic
acid resin. An amount of the polylactic acid resin is 98% by mass or greater relative to
a total amount of organic matter of the foam sheet. The foam sheet has a bulk density
of 0.063 g/cm’ or greater and 0.250 g/cm? or less. The foam sheet has a ratio Ra/RSm
of 0.050 or less, where Ra is an arithmetic average roughness calculated according to
JIS B 0601:2013, and RSm is an average length of a roughness profile element
calculated according to JIS B 0601:2013. The Ra and the RSm are measured on a
profile of at least one surface of the foam sheet on a cross section of the foam sheet cut
along a thickness direction of the foam sheet and a direction perpendicular to an
extrusion direction of the foam sheet, and the profile is taken along the direction per-

pendicular to the extrusion direction of the foam sheet.

Advantageous Effects of Invention
The present disclosure can provide a foam sheet having excellent moldability,

thermal resistance, thermal insulation properties, and biodegradability.

Brief Description of Drawings

[Fig.1]FIG. 1 is a schematic view illustrating a profile of an outermost surface of the
foam sheet of the present invention on a cross section of the foam sheet cut along a
transverse direction (TD) of the foam sheet.

[Fig.2]FIG. 2 is a schematic diagram illustrating an example of a continuous kneader
used in the method for producing the foam sheet of the present disclosure.
[Fig.3]FIG. 3 is a schematic view illustrating an example of a tandem type continuous
foam sheet production apparatus used in the method for producing the foam sheet of

the present disclosure.

Description of Embodiments

In the following, embodiments of the present invention will be described with
reference to the accompanying drawings.

Further, the present invention is not limited to these embodiments, but various
variations and modifications may be made without departing from the scope of the
present invention.

The foam sheet, the method for producing a foam sheet, and the molded product of
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the present disclosure will be concretely described hereinafter. The present disclosure
is not limited to embodiments described hereinafter. The embodiments may be
modified, for example, by substitution with another embodiment, addition, variation,
and omission, without departing from the scope and the spirit of the present invention.
These modified embodiments are also included within the scope of the present
disclosure as long as the embodiments display the functions and effects of the present
disclosure.

(Foam sheet)

The foam sheet of the present disclosure is a foam sheet of a polylactic acid resin
composition that is a composition including a polylactic acid resin. The polylactic acid
resin includes 98 mol% or greater of D-lactic acid or L-lactic acid that is a constituent
monomer unit of the polylactic acid resin. An amount of the polylactic acid resin is
98% by mass or greater relative to total amount of organic matter in the foam sheet.
The foam sheet has a bulk density of 0.063 g/cm?® or greater and 0.250 g/cm? or less.
The foam sheet has a ratio [Ra/RSm] of 0.050 or less, where Ra is an arithmetic
average roughness Ra calculated according to JIS B 0601:2013 and RSm is an average
length of a roughness profile element calculated according to JIS B 0601:2013. The Ra
and the RSm are measured on a profile of at least one surface of the foam sheet that is
observed on a cross section of the foam sheet cut along a thickness direction of the
foam sheet and a direction perpendicular to an extrusion direction of the foam sheet,
and the profile is taken along the direction perpendicular to the extrusion direction of
the foam sheet.

In the present specification, the "extrusion direction of the foam sheet" may be
referred to as a "machine direction (MD)," and the "direction perpendicular to the
extrusion direction of the foam sheet" may be referred to as a "transverse direction
(TD)." The TD of the foam sheet also encompasses a width direction of the foam sheet.

The present inventors have found the following problem. When an expansion ratio
of a foam sheet is increased to enhance functions, such as thermal insulation properties
and weight reduction, in other words, when a foam sheet having a low bulk density is
produced, a surface of the foam sheet may be creased to cause corrugation during
production of the foam sheet. If the surface of the foam sheet is creased to cause cor-
rugation, a molding failure, such as breakage at the creased part in the corrugated
surface, may occur when the foam sheet is molded into a shape of a container.

The present inventors have diligently conducted research to solve the above-
described problem and have had the following insights. When a foam sheet has the
above-described structure, a foam sheet having excellent heat resistance, thermal in-
sulation properties, and biodegradability, and having excellent moldability without

causing a molding failure, such as breakage when molded into a shape of a container,
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such as a food container, can be provided.

Since the foam sheet of the present disclosure is formed using a polylactic acid
resin composition, the foam sheet of the present disclosure may be also referred to as a
"polylactic acid foam sheet," or a "foamed polylactic acid composition sheet".
Although it is more specifically described later, the foam sheet of the present
disclosure has excellent heat resistance, and can be used, for example, as a heat
resistant food container.

The foam sheet of the present disclosure encompasses a polylactic acid resin com-
position that is foamed and formed into a sheet.

(Physical properties of foam sheet)

The foam sheet is obtained by foaming the polylactic acid resin composition.
Therefore, the physical properties of the foam sheet are identical to the physical
properties of the polylactic acid resin composition, except the physical properties as-
sociated with the heat history or shapes of the foam sheet. Although the details are
described later, the physical properties associated with the heat history of the foam
sheet include cold crystallization enthalpy, and the physical properties associated with
the shape of the foam sheet include a bulk density, a pore diameter, a basis weight, Ra,
and RSm.

-Bulk density-

A bulk density of the foam sheet is 0.063 g/cm? or greater and 0.250 g/cm? or less,
more preferably 0.063 g/cm?® or greater and 0.125 g/cm? or less, and yet more
preferably 0.063 g/cm? or greater and 0.098 g/cm?® or less. When the bulk density of the
foam sheet is less than 0.063 g/cm?, moldability may be impaired. When the bulk
density of the foam sheet is greater than 0.250 g/cm?, suitable thermal insulation
properties may not be achieved. When the bulk density of the foam sheet is 0.063 g/cm
3 or greater and 0.250 g/cm’ or less, a resulting foam sheet includes a large volume of
air bubbles having a high thermal insulation effect, leading to excellent thermal in-
sulation properties.

The bulk density of the foam sheet can be adjusted with an expansion ratio by
varying a foaming temperature, an amount of a blowing agent, and a type of a die used
during production of the foam sheet. Specifically, the expansion ratio can be increased
by lowering the foaming temperature, increasing an amount of the blowing agent, or
using a circular die as the die during the production of the foam sheet to thereby reduce
the bulk density of the foam sheet.

The bulk density of the foam sheet of the present disclosure is a value measured in
the following manner.

The foam sheet is left to stand for 24 hours or longer in the environment con-

ditioned at a temperature of 23 degrees Celsius and relative humidity of 50%, followed
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by cutting out a test piece of 50 mm x 50 mm (a square having a side of 50 mm) from
the foam sheet. A bulk density of the cut-out test piece is determined by a fully
automated densimeter (for example, DSG-1 available from Toyo Seiki Seisaku-sho,
Ltd.) according to a buoyancy method.

According to the buoyancy method, a mass (g) of the test piece of the foam sheet is
accurately weighed in the atmosphere, then a mass (g) of the test piece of the foam
sheet is accurately weighed in water. The bulk density can be calculated from the
measured values according to the following equation (1).

[Math.1]

Bulk density [g/cm3] = density of water [g/cm®] X mass of test piece in
atmosphere [g]/(mass of test piece in atmosphere [g] — mass of test
piece in liquid [g])

Equation (1)

-Pore diameter (median diameter)-

A pore diameter of the foam sheet is not particularly limited, and may be appro-
priately selected according to the intended purpose. As the pore diameter, the median
diameter of the pores of the foam sheet is preferably 1,220 um (micrometers) or less,
more preferably 800 um (micrometers) or less, and yet more preferably 500 um
(micrometers) or less. When the pore diameter (median diameter) of the foam sheet is
1,220 wm (micrometers) or less, convection within each air bubble is minimized to
lower heat conduction so that thermal insulation properties are improved. When the
pore diameter (median diameter) of the foam sheet is 800 um (micrometers) or less,
thermal insulation properties are further improved.

A method for measuring the pore diameter (median diameter) of the foam sheet is
not particularly limited, and may be appropriately selected according to the intended
purpose.

For example, the foam sheet is cut by a sharp razor blade (e.g., 76 Razor, available
from Nisshin EM Co., Ltd.) to expose a cross section of the foam sheet. The obtained
cross section of the foam sheet is observed under a scanning electron microscope
(SEM) (e.g., 3D real surface view microscope, VE-9800, available from KEYENCE
CORPORATION). The magnification is adjusted to capture several tens to several
hundreds of air bubbles within an observation range (for example, x50 (50 times) in
the case where the pore diameter is approximately 100 wm (micrometers)) so that an
image suitable for the below-described image analysis is obtained. Optionally, two or

more views are captured, and the captured images may be connected to provide the
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connected image for image analysis. The segmentation of the obtained image is carried
out, for example, by image analysis software (for example, MorphoLibJ plugins for
Image J) according to the watershed segmentation (Morphological segmentation). At
the time of the segmentation, the tolerance is adjusted per image (for example, 60) so
that the segmentation is appropriately carried out. The dividing line of the segment is
output as a binary image to determine a distribution of areas of air bubbles by a particle
diameter analysis function of the image analysis software. During the determination of
the distribution, air bubbles in contact with the edges of the image are excluded from
the analysis. The cumulative distribution of the areas of the air bubbles is prepared by a
spreadsheet to determine an area at 50% of the cumulative distribution. A circle
equivalent diameter of the area at 50% of the cumulative distribution is calculated and
determined as a pore diameter (median diameter).

-Basis weight-

A basis weight of the foam sheet is not particularly limited, and may be appro-
priately selected according to the intended purpose. In the case where the foam sheet is
used as a food packaging container, the basis weight of the foam sheet is preferably
100 g/m? or greater and 300 g/m? or less, more preferably 140 g/m? or greater and 280
g/m? or less, and yet more preferably 250 g/m? or greater and 280 g/m? or less. When
the basis weight of the foam sheet is 100 g/m? or greater and 300 g/m? or less, a foam
sheet achieving both light weight and strength may be obtained.

A method for measuring the basis weight of the foam sheet of the present
disclosure is not particularly limited. For example, the basis weight of the foam sheet
can be measured in the following manner.

The foam sheet is left to stand for 24 hours or longer in the environment con-
ditioned at a temperature of 23 degrees Celsius and relative humidity of 50%, followed
by cutting out a test piece of 50 mm x 50 mm (a square having a side of 50 mm) from
the foam sheet. A mass of the test piece is measured by a balance. The basis weight of
the foam sheet is calculated from the measured mass according to the following
equation (2). The basis weight of the foam sheet is the arithmetic mean of values
measured at three or more points along the extrusion direction of the foam sheet (MD)
and three or more points along the direction orthogonal to the MD (TD).

[Math.2]

Basis weight [g/m?] = measured mass [g]/(0.05 m X 0.05 m)
Equation (2)

-Outermost surface profile of foam sheet-
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The profile of at least one surface of the foam sheet on a cross section along the
thickness direction (THD) and the transverse direction (TD) of the foam sheet largely
affects occurrences of defective molding, such as breakages during molding of the
foam sheet, as described above. Especially when creases are formed at the surface of
the foam sheet to cause corrugation, defective molding is likely to occur during
molding of the foam sheet. However, corrugation that may be caused in a surface of
the foam sheet of the present disclosure has a very small amplitude of the waveform
form creating the creases.

--Ratio [Ra/RSm]--

The creases in the corrugated surface of the foam sheet can be represented by a
ratio [Ra/RSm]. The Ra is an arithmetic average roughness calculated according to JIS
B 0601:2013 (Geometrical Product Specifications (GPS)-surface texture: Profile
method-terminologies, definitions, and surface texture parameters) and the RSm is an
average length of a roughness profile element calculated according to JIS B
0601:2013. The Ra and the RSm are measured on a profile of at least one surface of
the foam sheet on a cross section cut along a thickness direction (THD) of the foam
sheet and a direction (TD) perpendicular to an extrusion direction of the foam sheet,
and the profile is taken along the direction (TD) perpendicular to the extrusion
direction of the foam sheet.

The profile of at least one surface of the foam sheet on the cross section along the
thickness direction (THD) and the transverse direction (TD) of the foam sheet is
specifically described with reference to a drawing.

Fig. 1 is a schematic view (perspective view) illustrating a profile of at least one
surface of the foam sheet of the present disclosure on a cross section along the
thickness direction (THD) and the transverse direction (TD) of the foam sheet. In Fig.
1, the up-down direction is the thickness direction (THD) of the foam sheet 200, the
left-right direction is the transverse direction (TD) of the foam sheet 200, and the depth
direction is the machine direction (MD) of the foam sheet 200. As indicated with a
thick line, the profile of at least one surface (outermost surface) of the foam sheet 200
on the cross section 201 along the thickness direction (THD) and the transverse
direction (TD) of the foam sheet 200 has creases (a waveform) of corrugation (peaks
and valleys of the waveform, periodical amplitudes of the waveform). In the present
specification, one surface (outermost surface) 202 of the foam sheet 200 has been
described, but the other surface (outermost surface) of the foam sheet 200 also has the
same profile.

In the present specification, the profile of at least one surface of the foam sheet on
the cross section along the THD and TD of the foam sheet may be referred to as an

"outermost surface profile of the cross section of the foam sheet along TD" hereinafter.
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The ratio [Ra/RSm] of the arithmetic average roughness R calculated according to
JIS B 0601:2013 and the average length RSm of the roughness profile element
calculated according to JIS B 0601:2013, both of which are measured on the outermost
surface profile of the cross section of the foam sheet along the TD, is 0.050 or less,
preferably 0.030 or less, and more preferably 0.021 or less. The ratio [Ra/RSm] of
0.050 or less indicates that the amplitude of the waveform of the corrugation of the
outermost surface of the foam sheet on the cross section of the foam sheet along the
TD is very small. As the amplitude is very small, there are not many points at which
breakages may occur during molding of the foam sheet so that occurrences of defective
molding can be minimized. Conversely, the ratio [Ra/RSm] of greater than 0.050
indicates that the amplitude of the waveform of the corrugation of the outermost
surface of the foam sheet on the cross section of the foam sheet along the TD is very
large. As the amplitude is very large, there are many points at which breakages occur
during molding of the foam sheet to cause defective molding.

--Arithmetic average roughness Ra--

The arithmetic average roughness Ra calculated according to JIS B 0601:2013 on
the outermost surface profile of the cross section of the foam sheet along the TD (may
be simply referred to as the "arithmetic average roughness Ra" hereinafter) correlates
with the degree of the amplitude of the waveform of the corrugation of the foam sheet.
As a value of the arithmetic average roughness Ra increases, the foam sheet has more
noticeable creases (waveform) of the corrugation, and such creases may act as points at
which breakages occur during molding of the foam sheet, leading to defective molding.

The arithmetic average roughness Ra is not particularly limited, and may be appro-
priately selected according to the intended purpose. The arithmetic average roughness
Ra is preferably 0.15 mm or less, more preferably 0.08 mm or less. When the
arithmetic average roughness Ra is 0.15 mm or less, occurrences of defective molding
can be minimized during molding of the foam sheet.

--Average length RSm of roughness profile--

The average length RSm of the roughness profile element calculated according to
JIS B 0601:2013 on the outermost surface profile of the cross section of the foam sheet
along the TD (may be simply referred to as the "average length RSm of the roughness
profile element" hereinafter) indicates a cycle of the waveform (creases) of the cor-
rugation of the foam sheet. When the average length RSm of the roughness profile
element is small, the cycle of the waveform of the corrugation of the foam sheet is
short. The shorter cycle indicates the sharper change in height of the waveform
(creases), and such creases may act as points at which breakages occur during molding
of the foam sheet, leading to defective molding.

The average length RSm of the roughness profile element is not particularly
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limited, and may be appropriately selected according to the intended purpose. The
average length RSm is preferably 4.0 mm or greater, more preferably 5.0 mm or
greater. When the average length RSm of the roughness profile element is 4.0 mm or
greater, molding failures during molding of the foam sheet can be minimized.

In the present disclosure, the outermost surface profile of the cross section of the
foam sheet along the TD can be measured by a laser microscope or a 3D measurement
system. The arithmetic average roughness Ra and the average length RSm of the
roughness profile element can be calculated by software installed in the laser mi-
croscope or 3D measurement system to measure the outermost surface profile of the
cross section of the foam sheet along the TD. A measuring device and measuring
conditions are not particularly limited. For example, the measurement may be carried
out in the following measuring method.

As a preparation method for a sample used for a measurement, first, a central part
of the foam sheet relative to the TD is cut into a piece in the shape of a square of 5 cm
x 5 cm (a square having a side of 5 cm), and the cut piece of the foam sheet is fixed on
a stage of a laser microscope or 3D measurement system using a double-sided tape so
that the cut piece of the foam sheet does not lift up.

The factor for causing defective molding during molding of the foam sheet is, par-
ticularly, a wave component having a short cycle and a large difference in height
within the outermost surface profile of the cross section of the foam sheet along the
TD. Conversely, a wave component having a long cycle within the outermost surface
profile of the cross section of the foam sheet along the TD does not largely affect oc-
currences of defective molding during molding of the foam sheet. Accordingly, the
measurement of the arithmetic average roughness Ra and the average length RSm of
the roughness profile element is preferably carried out by excluding the influence of
wave components having long cycles. When the average length RSm of the roughness
profile element is evaluated, if values of 10 mm or greater are measured, the mea-
surement is performed by setting the cutoff (Ac) (lambda c) of the wave component at
10 mm.

In the present specification, the arithmetic average roughness Ra and the average
length RSm of the roughness profile element of the foam sheet are values calculated
according to JIS B 0601:2013. Specifically, the arithmetic average roughness Ra and
the average length RSm of the roughness profile element can be calculated by
observing the outermost surface profile of the cross section of the foam sheet along the
TD by the following measuring device under the following measuring conditions, and
calculating using a software installed in the device. In the present specification, the
arithmetic average roughness Ra and the average length RSm of the roughness profile

element are each an average value of three or more values measured from three or
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more samples prepared by varying a position of the foam sheet from which each
sample is cut out during the preparation of the samples.
((Measuring device and measuring conditions))
Device: 3D Measurement System VR-3200 (available from KEYENCE COR-
PORATION)
Magnification: x12 (12 times)
Measuring mode: standard
Measuring direction: both sides
Adjustment of brightness for measurement: automatic (set value: 80)
Setting of standard plane: performing by selecting the x direction and the y direction of
the image
-Cold crystallization enthalpy-

Cold crystallization enthalpy of the foam sheet is not particularly limited, and may
be appropriately selected according to the intended purpose. The cold crystallization
enthalpy of the foam sheet is preferably 20 J/g or greater, more preferably 30 J/g or
greater. The foam sheet having the cold crystallization enthalpy of 20 J/g or greater
and the recrystallization enthalpy of 20 J/g or greater means that the foam sheet has
high crystallization speed, but the foam sheet still has a sufficient capacity to be
crystalized.

In the thermoforming, the foam sheet is stretched at a temperature equal to or
higher than a glass transition temperature of the polylactic acid resin composition. As
the degree of crystallinity of the foam sheet increases, elongation at break of the foam
sheet is likely to decrease. When the cold crystallization enthalpy of the foam sheet is
20 J/g or greater, the foam sheet is adequately stretched during thermoforming so that a
breakage of a molded product can be minimized, and the foam sheet suitably follows a
shape of a mold so that a desired shape is formed. The upper limit of the cold crystal-
lization enthalpy of the foam sheet is not particularly limited, and may be appropriately
selected according to the intended purpose. The upper limit of the cold crystallization
enthalpy of the foam sheet is approximately 50 J/g or less.

The cold crystallization enthalpy of the foam sheet can be adjusted to the above-
mentioned preferred range by appropriately setting a temperature of the entire
production apparatus of the foam sheet or cooling the extruded foam sheet. Although it
may depend on a concentration of the blowing agent in the foam sheet or kinds or
amounts of components constituting the polylactic acid resin composition, the cold
crystallization enthalpy of the foam sheet may be adjusted to the above-mentioned
preferred range by setting the minimum temperature of the foam sheet production
apparatus at a temperature that is lower than a melting point (Tm) of the polylactic acid

resin by 20 degrees Celsius, i.e., [Tm minus 20 degrees Celsius], or higher, and rapidly
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cooling the extruded foam sheet.

A method for cooling the foam sheet is not particularly limited, and any methods
available in the related art may be used. Examples of the method include: a method
where a cylindrical foam body ejected from a die is placed around a cooled mandrel to
cool the foam body in the below-described method for producing the foam sheet; and a
method where cooling air is blown onto an outer circumference of a cylindrical foam
body in the below-described method for producing the foam sheet.

In the present specification, the cold crystallization enthalpy of the foam sheet can
be determined by differential scanning calorimetry (DSC) according to JIS K
7122:2012 (Testing Methods for Heat of Transitions of Plastics).

Specifically, approximately 5 mg to approximately 10 mg of the foam sheet is
collected, and the collected foam sheet is pressed on a hot plate heated at 65 degrees
Celsius with a round copper bar (diameter of approximately 20 mm, similarly heated at
65 degrees Celsius) (with a load of approximately 500 gf) for 1 second to 3 seconds to
flatten the foam sheet to prepare a sample. The flattening of the foam sheet is carried
out to improve thermal contact between the sample and a sample pan to accurately
measure cold crystallization enthalpy. The sample is measured by the following
measuring device under the following measuring conditions, and is analyzed by the
following analysis method. In the present disclosure, the cold crystallization enthalpy
is the arithmetic mean of the results obtained by performing the series of processes
from the preparation of the sample to the analysis 5 times.

((Measuring device and measuring conditions))

Device: Q-2000 (available from TA Instruments Japan Inc.)

Temperature program: Scanning from 10 degrees Celsius to 200 degrees Celsius at a
heating rate of 10 degrees Celsius per minute (1st heating).

Analysis of cold crystallization enthalpy: The area of the exothermic peak derived
from crystallization observed in the range of 60 degrees Celsius to 100 degrees Celsius
within the 1st heating is determined by integration, and the area is determined as cold
crystallization enthalpy. The baseline of the integration is a straight line connecting the
points on the curve before and after the exothermic peak.

-Cold crystallization temperature-

A cold crystallization temperature of the foam sheet is not particularly limited, and
may be appropriately selected according to the intended purpose. The cold crystal-
lization temperature is preferably from 70 degrees Celsius to 100 degrees Celsius,
more preferably 75 degrees Celsius to 85 degrees Celsius. The foam sheet having the
cold crystallization temperature of 70 degrees Celsius or higher is preferred in view of
moldability. The foam sheet having the cold crystallization temperature of 100 degrees

Celsius or lower is preferred in view of thermal resistance.
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The cold crystallization temperature of the foam sheet can be adjusted by a molar
ratio of D-lactic acid or L-lactic acid that is a constituent monomer unit of the
polylactic acid resin included in the foam sheet.

The cold crystallization temperature of the foam sheet can be determined by dif-
ferential scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method
for transition temperatures of plastics).

Specifically, from 5 mg to 10 mg of a sample that is cut out from the foam sheet is
placed in a container of a differential scanning calorimeter (e.g., Q-2000, available
from TA Instruments Japan Inc.), and the sample is heated from 10 degrees Celsius to
200 degrees Celsius at a heating rate of 10 degrees Celsius per minute. A peak top tem-
perature of an exothermic peak observed at a temperature range equal to or higher than
a glass transition temperature of the foam sheet is measured as a cold crystallization
temperature of the foam sheet.

-Recrystallization enthalpy-

In the present specification, the foam sheet having high crystallinity means that re-
crystallization enthalpy of the foam sheet as measured by DSC is 20 J/g or greater.
When the recrystallization enthalpy of the foam sheet is 20 J/g or greater, a shape of
the foam sheet on a mold can be fixed during thermoforming owing crystallization, and
thermal resistance can be imparted to a molded product within a realistic molding time
period so that excellent thermoforming of the foam sheet is achieved.

The upper limit of the recrystallization enthalpy of the foam sheet is not par-
ticularly limited. The upper limit of the recrystallization enthalpy of the foam sheet of
the present disclosure is from approximately 40 J/g to approximately 50 J/g. The re-
crystallization enthalpy of the foam sheet can be adjusted by increasing optical purity
of the polylactic acid resin, or adding a component serving as a crystal nucleating
agent (facilitating formation of crystal nuclei), or adding a component serving as a
crystallization accelerator (accelerating growth of crystal nuclei), or using an epoxy
group-containing (meth)acryl monomer and a styrene monomer as a chain extender
(crosslinking agent) (an epoxy functional (meth)acryl-styrene-based chain extender).
Among the above-listed examples, the recrystallization enthalpy of the foam sheet is
preferably adjusted by both increasing the optical purity of the polylactic acid resin and
using the epoxy functional (meth)acryl-styrene-based chain extender in view of
suitable foamability of the polylactic acid resin composition, recyclability of the foam
sheet, environmental adaptability, and the cost.

In extrusion molding of the polylactic acid resin composition having excellent
crystallinity as described above, it is important to maintain the temperature from
kneading to extrusion, excluding a material feeding area at a temperature equal to or

higher than a melting point of the polylactic acid resin composition, or equal to or
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higher than a recrystallization temperature of the polylactic acid resin composition.

The recrystallization temperature of the polylactic acid resin composition may vary
depending on a heat history, kinds or amounts of components constituting the
polylactic acid resin composition, or the degree of shear, thus the recrystallization tem-
perature of the polylactic acid resin composition cannot be set unconditionally. In the
present disclosure, the temperature from the kneading to the extrusion is preferably
equal to or higher than a temperature [Tm minus 20 degrees Celsius] that is lower than
the melting point (Tm) of the polylactic acid resin composition by 20 degrees Celsius.

When the temperature from the kneading to the extrusion is lower than the tem-
perature [Tm minus 20 degrees Celsius] that is lower than the melting point (Tm) of
the polylactic acid resin composition by 20 degrees Celsius, the polylactic acid resin
composition is cooled to easily adjust the viscosity of the polylactic acid resin com-
position to suit foaming, but a supercooling degree (a deviation between the melting
point and the resin temperature) increases. Therefore, there may be a risk such that an
operation is terminated due to drastic crystallization inside an apparatus, or crystal-
lization is progressed in an obtained foam sheet, which may impair thermoforming
properties. When the temperature from the kneading and the extrusion is equal to or
higher than a temperature [Tm minus 20 degrees Celsius] that is lower than the melting
point (Tm) of the polylactic acid resin composition by 20 degrees Celsius, a risk of un-
intentional termination of operation due to crystallization can be minimized, an
obtained foam sheet suitably has a low crystallinity, and a foam sheet having excellent
thermoforming properties can be obtained. The crystallinity of the foam sheet can be
evaluated with cold crystallization enthalpy as measured by DSC.

In the present specification, the recrystallization enthalpy of the foam sheet can be
determined by differential scanning calorimetry according to JIS K 7122:2012 (Testing
Methods for Heat of Transitions of Plastics).

Specifically, approximately 5 mg to approximately 10 mg of the foam sheet is
collected, and the collected foam sheet is pressed on a hot plate heated at 65 degrees
Celsius with a round copper bar (diameter of approximately 20 mm, similarly heated at
65 degrees Celsius) (with a load of approximately 500 gf) for 1 second to 3 seconds to
flatten the foam sheet to prepare a sample. The flattening of the foam sheet is carried
out to improve thermal contact between the sample and a sample pan to accurately
measure recrystallization enthalpy. The sample is measured by the following
measuring device under the following measuring conditions, and is analyzed by the
following analysis method. In the present disclosure, the recrystallization enthalpy is
the arithmetic mean of the results obtained by performing the series of processes from
the preparation of the sample to the analysis 5 times.

((Measuring device and measuring conditions))
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Device: Q-2000 (available from TA Instruments Japan Inc.)
Temperature program: Scanning from 10 degrees Celsius to 200 degrees Celsius at a
heating rate of 10 degrees Celsius per minute (1st heating), and retaining the tem-
perature at 200 degrees Celsius for 1 minute, followed by cooling from 200 degrees
Celsius to 25 degrees Celsius at a cooling rate of 10 degrees Celsius per minute (1st
cooling).
Analysis of recrystallization enthalpy: The area of the exothermic peak derived from
crystallization observed during the 1st cooling is determined by integration, and the
area is determined as recrystallization enthalpy. In the present disclosure, the position
of the exothermic peak derived from crystallization is within the range of ap-
proximately 100 degrees Celsius to approximately 130 degrees Celsius. The baseline
of the integration is a straight line connecting the points on the curve before and after
the exothermic peak.

-Recrystallization temperature-

A recrystallization temperature of the foam sheet is not particularly limited, and
may be appropriately selected according to the intended purpose. The recrystallization
temperature of the foam sheet is preferably from 120 degrees Celsius to 150 degrees
Celsius, more preferably from 130 degrees Celsius to 145 degrees Celsius. The foam
sheet having the recrystallization temperature of 120 degrees Celsius or higher
indicates that the polylactic acid resin has high crystallization speed, which is ad-
vantageous in thermal resistance as crystallization progresses during a molding
process. When the recrystallization temperature of the foam sheet is 150 degrees
Celsius or lower, crystallization does not progress excessively during production of the
foam sheet, and breakage of the foam sheet is unlikely to occur during molding.
Therefore, the recrystallization temperature of 150 degrees Celsius or lower is ad-
vantageous in view of moldability.

The recrystallization temperature of the foam sheet can be adjusted with a molar
ratio of D-lactic acid or L-lactic acid that is a constituent monomer unit of the
polylactic acid resin included in the foam sheet.

The recrystallization temperature of the foam sheet can be determined by dif-
ferential scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method
for transition temperatures of plastics).

Specifically, from 5 mg to 10 mg of a sample that is cut out from the foam sheet is
placed in a container of a differential scanning calorimeter (e.g., Q-2000, available
from TA Instruments Japan Inc.). Then, the sample is heated from 10 degrees Celsius
to 200 degrees Celsius at a heating rate of 10 degrees Celsius per minute, and the tem-
perature is retained at 200 degrees Celsius for 10 minutes, followed by cooling from

200 degrees Celsius to 10 degrees Celsius at a cooling rate of 10 degrees Celsius per
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minute. A peak top temperature of an exothermic peak is measured as a recrystal-
lization temperature of the foam sheet.
-Melting point-

A melting point of the foam sheet can be determined by differential scanning
calorimetry (DSC) according to JIS K 7121:2012 (Testing method for transition tem-
peratures of plastics).

Specifically, a DSC measurement for the melting point of the foam sheet is
performed, for example, by a differential scanning calorimeter (for example, Q-2000,
available from TA Instruments Japan Inc.). A sample of the foam sheet (from 5 mg to
10 mg) is placed in a container of the differential scanning calorimeter, and the sample
is heated to 200 degrees Celsius at a heating rate of 10 degrees Celsius per minute to
measure the melting point.

A peak top temperature (peak melting temperature [Tpm]) of an endothermic peak,
which is observed at the higher temperature side relative to the glass transition tem-
perature and is derived from melting of crystals, is determined as a melting point. In a
case where two or more endothermic peaks are observed at the higher temperature side
relative to the glass transition temperature, a peak top temperature of the peak having
the largest area is determined as a melting point of the foam sheet. The melting point
of the foam sheet is in the range of approximately 160 degrees Celsius to ap-
proximately 190 degrees Celsius.

-Glass transition temperature-

A glass transition temperature of the foam sheet can be determined by differential
scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method for
transition temperatures of plastics).

Specifically, a DSC measurement for the glass transition temperature of the foam
sheet is performed, for example, by a differential scanning calorimeter (for example,
Q-2000, available from TA Instruments Japan Inc.). A sample (from 5 mg to 10 mg)
that is cut out from the foam sheet is placed in a container of the differential scanning
calorimeter, and the sample is heated to from 10 degrees Celsius to 200 degrees
Celsius at a heating rate of 10 degrees Celsius per minute to measure the glass
transition temperature.

In the present specification, the term "glass transition temperature" encompasses
an extrapolated onset temperature (an initiation glass transition temperature (Tig))
described in JIS K 7121:2012. The glass transition temperature of the foam sheet is in
the range of from approximately 55 degrees Celsius to approximately 70 degrees
Celsius.

-Weight average molecular weight (Mw)-

A weight average molecular weight (Mw) of the foam sheet is not particularly
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limited, and may be appropriately selected according to the intended purpose. The
weight average molecular weight (Mw) of the foam sheet is preferably 230,000 or
greater and 600,000 or less, more preferably 250,000 or greater and 400,000 or less.
When the weight average molecular weight (Mw) of the foam sheet is 230,000 or
greater and 600,000 or less, the melt viscosity of the foam sheet is suitable for foaming
to improve an expansion ratio so that suitable thermal insulation properties of the foam
sheet are achieved.

The weight average molecular weight (Mw) of the foam sheet can be measured by
gel permeation chromatography (GPC). The weight average molecular weight (Mw) of
the foam sheet is calculated using calibration curves prepared by polystyrene samples
whose weight average molecular weights are known (for example, A-500 (weight
average molecular weight: 589), A-1000 (weight average molecular weight: 1,010), A-
2500 (weight average molecular weight: 312), A-5000 (weight average molecular
weight: 5,430), F-1 (weight average molecular weight: 9,490), F-2 (weight average
molecular weight: 15,700), F-4 (weight average molecular weight: 37,200), F-10
(weight average molecular weight: 98,900), F-20 (weight average molecular weight:
189,000), F-40 (weight average molecular weight: 397,000), F-80 (weight average
molecular weight: 707,000), and F-128 (weight average molecular weight: 1,110,000),
all available from Tosoh Corporation) as the standards.

A sample provided for the GPC is prepared in the following manner. The foam
sheet and chloroform are mixed so that a concentration of the foam sheet is ap-
proximately 2 mg/mL. The resulting mixture is shaken by a table top shaker (for
example, MSI-60 available from AS ONE Corporation) for about half a day. After
confirming that the foam sheet is dissolved, the resulting solution is filtered with a 0.45
um (micrometers)-membrane filter to collect a filtrate. The collected filtrate is used as
a sample. In the case the foam sheet is not easily dissolved, the mixture of the foam
sheet and chloroform is heated at a temperature equal to or lower than the boiling point
of chloroform to dissolve the foam sheet. A measuring device and measuring
conditions of the GPC are not particularly limited. For example, the sample prepared in
the above-described manner is subjected to a GPC measurement under the following
conditions to measure a weight average molecular weight (Mw) of the foam sheet.

((Measuring device and measuring conditions))

Device: HLC-8320GPC (available from Tosoh Techno-System, Inc.)

Columns: TSKgel (registered trademark) guard column SuperHZ-L and 4 columns of
TSKgel SuperHZM-M

Detector: RI

Measuring temperature: 40 degrees Celsius

Mobile phase: chloroform
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Flow rate: 0.45 mL/min
Injection amount: 20 pLL (microliters)
-Melt viscosity-

A melt viscosity of the foam sheet is not particularly limited, and may be appro-
priately selected according to the intended purpose. The melt viscosity of the foam
sheet is preferably 10,000 Pascal-seconds or greater and 40,000 Pascal-seconds or less.
When the melt viscosity of the polylactic acid resin composition is 10,000 Pascal-
seconds or greater, a sheet having a low bulk density and excellent thermal insulation
properties, strength, and surface properties may be obtained with a low crystallinity.
When the melt viscosity of the polylactic acid resin composition is 40,000 Pascal-
seconds or less, suitable productivity is achieved because the load applied to a foaming
device is low.

The melt viscosity of the foam sheet can be measured, for example, by weighing
1.5 g of the foam sheet, drying the collected foam sheet in a dryer of 80 degrees
Celsius for two hours to prepare a sample, and measuring the sample by a flow tester
under the following measuring conditions.

((Measuring device and measuring conditions))
Device: CFT-100EX (available from Shimadzu Corporation)
Test conditions:

Constant temperature method

Test temperature: 190 degrees Celsius

Test force: 40 kgf

Heat remaining time: 180 seconds

Diameter of die orifice: 1 mm

Length of die: 1 mm

Analysis: the installed software, CFT-EX, is used, and a melt viscosity is calculated
with the following calculation parameters.
Calculation parameters:

Limiting method

Calculation start point: 3.0 mm

Calculation end point: 7.0 mm

Sample density: 1 g/cm?

Examples of a method for adjusting the melt viscosity of the foam sheet to the
above-mentioned preferred range include a method where a polylactic acid resin
having properties disclosed in the present disclosure and a chain extender (crosslinking
agent) are subjected to melt kneading (reactive extrusion) to obtain a polylactic acid
resin composition. The melt viscosity of the foam sheet may significantly vary

depending on the temperature from kneading to extrusion. A kneading section
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preferably includes a section where a temperature is set at from 200 degrees Celsius to
240 degrees Celsius, more preferably from 220 degrees Celsius to 240 degrees Celsius.
<Polylactic acid resin composition>

In the present specification, the term "polylactic acid resin composition" en-
compasses a composition before being foamed.

The polylactic acid resin composition includes at least a polylactic acid resin,
preferably includes a crystalline polylactic acid resin, and more preferably further
includes a chain extender (may be also referred to as a "crosslinking agent") and a
foam nucleating agent. The polylactic acid resin composition may further include other
components.

<<Polylactic acid resin>>

Since the polylactic acid resin is biodegradable and is decomposed by the actions
of microorganisms, the polylactic acid resin has attracted attention as an environ-
mentally friendly polymer material that has a low impact on the environment (see
"Structure, properties, and biodegradability of aliphatic polyesters" Yoshio Inoue,
POLYMERS, 2001, Vol. 50, No. 6, pp. 374-377). Examples of the polylactic acid
resin include copolymers (DL-lactic acid) of D-lactic acid and L-lactic acid; ho-
mopolymers of D-lactic acid or L-lactic acid; and polymers obtained through ring-
opening polymerization of at least one lactide selected from the group consisting of D-
lactide, L-lactide, and DL-lactide. The above-listed examples may be used alone or in
combination. The polylactic acid resin may be suitably synthesized for use, or appro-
priately selected from commercial products.

Synthesis of the polylactic acid resin may be carried out according to any methods
available in the related art. Examples of the synthesis method include: a method where
a lactic acid is used as a starting material to generate a lactide, and the lactide is
polymerized through ring-opening polymerization using an initiator, such as alcohol;
and a method where a lactic acid is directly polymerized through dehydration synthesis
or a condensation reaction.

For the synthesis of the polylactic acid resin, in addition to the above-mentioned
monomers, an initiator, a catalyst, an antioxidant, or an end capping agent may be
used.

Examples of the initiator include water and alcohol including one or more active
hydrogen groups.

The alcohol including one or more active hydrogen groups is not particularly
limited, and may be appropriately selected according to the intended purpose.
Examples of the alcohol including one or more active hydrogen groups include
aliphatic alcohols, polyalkylene glycols, and multivalent alcohols. The above-listed

examples may be used alone or in combination.
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The multivalent alcohols are not particularly limited, and may be appropriately
selected according to the intended purpose. Examples of the multivalent alcohols
include glycerin, trimethylolpropane, 1,4-cyclohexanedimethanol, neopentyl glycol,
and erythritol. The above-listed examples may be used alone or in combination.

(Physical properties of polylactic acid resin)
-Optical isomer-

When a copolymer of D-lactic acid and L-lactic acid (DL-lactic acid), or a ring-
opening polymer of at least one lactide selected from the group consisting of D-lactide,
L-lactide, and DL-lactide is used as the polylactic acid resin, as an amount of the
optical isomer, the D-isomer or the L-isomer, whichever is smaller, decreases, crys-
tallinity of the polylactic acid resin may increase to elevate a melting point or crystal-
lization speed. As an amount of the optical isomer, the D-isomer or the L-isomer,
whichever is smaller, increases, crystallinity of the polylactic acid resin is likely to
decrease to eventually become amorphous.

In the present disclosure, it is important that a sufficient thermal resistance is
imparted to a foam sheet by crystallization occurred due to foam growth during
foaming. To this end, a molar ratio of the D-lactic acid or L-lactic acid that is a con-
stituent monomer unit of the polylactic acid resin included in the polylactic acid resin
composition is preferably 98 mol% or greater, and preferably 99 mol% or greater in
the polylactic acid resin. Therefore, a polylactic acid resin including only one of the
optical isomers, the D-lactic acid or the L-lactic acid, may be used as the polylactic
acid resin. When the amount of the D-lactic acid or L-lactic acid that is a constituent
monomer unit of the polylactic acid resin is less than 98 mol% in the polylactic acid
resin, a molded product obtained by molding the foam sheet of the polylactic acid resin
composition does not have suitable thermal resistance. When an amount of the D-lactic
acid or L-lactic acid that is a constituent monomer unit of the polylactic acid resin is 98
mol% or greater in the polylactic acid resin, the crystallization speed is increased so
that crystallization progresses during a molding process to improve thermal resistance
of a molded product.

A ratio of the D-lactic acid or L-lactic acid that is a constituent monomer unit of
the polylactic acid resin can be confirmed by liquid chromatography using a chiral
column.

Specifically, the foam sheet is frozen and ground to prepare a powder of the foam
sheet. Two hundred milligrams of the obtained powder of the foam sheet is weighed in
an Erlenmeyer flask, followed by adding 30 mL of 1 N sodium hydroxide aqueous
solution. The resulting mixture is heated at 65 degrees Celsius, while shaking the
mixture, to completely dissolve the polylactic acid resin contained in the foam sheet.

Subsequently, the pH of the resulting solution is adjusted to the range of 4 to 7 with 1
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N hydrochloric acid, and the resulting solution is diluted to the predetermined volume
using a volumetric flask to obtain a polylactic acid resin solution. The polylactic acid
resin solution is filtered with a membrane filter of 0.45 wm (micrometers), followed by
analyzing with a liquid chromatograph. An area ratio is calculated from peaks derived
from the D-lactic acid and the L-lactic acid based on the obtained chart, and the area
ratio is determined as an abundance ratio to calculate an amount of the D-lactic acid
and an amount of the L-lactic acid. The above-described series of processes is
performed three times. An arithmetic mean of the measured values is determined as
each of an amount of the D-lactic acid and an amount of the L-lactic acid constituting
the polylactic acid resin in the foam sheet.

The measuring device and measuring conditions of the liquid chromatography are
not particularly limited. For example, the liquid chromatography can be performed by
the following measuring device under the following measuring conditions.

((Measuring device and measuring conditions))

High performance liquid chromatography (HPLC) device (liquid chromatograph):
PU-2085P1us system (available from JASCO Corporation)

Column: Chromolith (registered trademark) coated with SUMICHIRAL OA-5000
(inner diameter: 4.6 mm, length: 250 mm)(available from Sumika Chemical Analysis
Service, Ltd.)

Column temperature: 25 degrees Celsius

Mobile phase: a mixed liquid of a 2 mM CuSO, aqueous solution and 2-propanol
(CuSO, aqueous solution:2-propanol (volume ratio) = 95:5)

Mobile phase flow rate: 1.0 mL/min

Detector: UV 254 nm

Injecting amount: 20 uLL (microliters)

In the case where the above-described liquid chromatography is performed on the
foam sheet, and the larger area between an area of a peak derived from the D-lactic
acid and an area of a peak derived from the L-lactic acid is 98% or greater, an amount
of the D-lactic acid or the L-lactic acid that is a constituent monomer unit of the
polylactic acid resin included in the foam sheet is determined to be 98 mol% or greater
in the polylactic acid resin.

-Weight average molecular weight-

A weight average molecular weight (Mw) of the polylactic acid resin is not par-
ticularly limited, and may be appropriately selected according to the intended purpose.
The weight average molecular weight (Mw) is preferably 180,000 or greater and
320,000 or less, more preferably 210,000 or greater and 310,000 or less. When the
weight average molecular weight (Mw) of the polylactic acid resin is 180,000 or

greater and 320,000 or less, a viscosity of the polylactic acid resin composition can be
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adjusted to the suitable range for foaming to minimize fusion of air bubbles and
breakage of air bubbles during production of the foam sheet, so that a foam sheet
having a desired expansion ratio and surface properties can be stably obtained. When
the weight average molecular weight (Mw) of the polylactic acid resin is 180,000 or
less, an amount of a chain extender used to achieve a suitable range of a viscosity of
the polylactic acid resin composition for foaming increases, or it may be difficult to
adjust the viscosity of the polylactic acid resin composition to suit foaming. Since the
chain extender is typically a petroleum-derived compound and is non-biodegradable,
an amount of the chain extender used is preferably as small as possible in view of
reduction in possible impacts on the environment. When the weight average molecular
weight (Mw) of the polylactic acid resin is 320,000 or greater, a viscosity of the
polylactic acid resin composition is likely to change according to an amount of the
chain extender used. Therefore, controllability of the viscosity of the polylactic acid
resin composition is reduced so that it may be difficult to stably produce the foam
sheet.

The weight average molecular weight (Mw) of the polylactic acid resin can be
measured by gel permeation chromatography (GPC). The weight average molecular
weight (Mw) of the polylactic acid resin is calculated using calibration curves prepared
by polystyrene samples whose weight average molecular weights are known (for
example, A-500 (weight average molecular weight: 589), A-1000 (weight average
molecular weight: 1,010), A-2500 (weight average molecular weight: 312), A-5000
(weight average molecular weight: 5,430), F-1 (weight average molecular weight:
9,490), F-2 (weight average molecular weight: 15,700), F-4 (weight average molecular
weight: 37,200), F-10 (weight average molecular weight: 98,900), F-20 (weight
average molecular weight: 189,000), F-40 (weight average molecular weight:
397,000), F-80 (weight average molecular weight: 707,000), and F-128 (weight
average molecular weight: 1,110,000), all available from Tosoh Corporation) as the
standards.

A sample provided for the GPC is prepared in the following manner. The
polylactic acid resin and chloroform are mixed so that a concentration of the polylactic
acid resin is approximately 2 mg/mL. The resulting mixture is shaken by a table top
shaker (for example, MSI-60 available from AS ONE Corporation) for about half a
day. After confirming that the polylactic acid resin is dissolved, the resulting solution
is filtered with a 0.45 um (micrometers)-membrane filter to collect a filtrate. The
collected filtrate is used as a sample. In the case the polylactic acid resin is not easily
dissolved, the mixture of the polylactic acid resin and chloroform is heated at a tem-
perature equal to or lower than the boiling point of chloroform to dissolve the

polylactic acid resin. The sample prepared in the above-described manner is measured
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by the same measuring device under the same measuring conditions as in the mea-
surement of the weight average molecular weight (Mw) of the foam sheet.
-Acid value-

An acid value of the polylactic acid resin in the polylactic acid resin composition
is not particularly limited, and may be appropriately selected according to the intended
purpose. The acid value of the polylactic acid resin is preferably 5 mgKOH/g or less.
When the acid value of the polylactic acid resin is 5 mgKOH/g or less, a viscosity of
the polylactic acid resin composition is easily adjusted to suit foaming, and decom-
position of the polylactic acid resin may be minimized during storage.

A method for measuring the acid value of the polylactic acid resin is not par-
ticularly limited. For example, the acid value of the polylactic acid resin can be de-
termined by titration.

Specifically, approximately 1 g to approximately 3 g of the polylactic acid resin is
collected in an Erlenmeyer flask, followed by adding 40 mL of dichloromethane. The
resulting mixture is shaken at room temperature for about half a day to prepare a
dichloromethane solution of the polylactic acid resin. The obtained solution is provided
for measurement. When a viscosity of the dichloromethane solution is high, the
viscosity of the dichloromethane solution is adjusted by reducing an amount of the
polylactic acid resin or increasing an amount of the dichloromethane. To the
dichloromethane solution serving as a sample, phenolphthalein is added as an
indicator. The sample and a blank are each titrated using a 0.01 N potassium hydroxide
ethanol solution, and an acid value of the sample is calculated according to the
following equation (3).

[Math.3]

Acid value [mgKOH/g] = (titration amount [mL] — blank [mL]) X
factor X 0.01 [N] X 56.1 [g/mol]/(mass of sample [g])
Equation (3)

-Moisture content-

A moisture content of the polylactic acid resin is preferably reduced to 500 ppm or
less prior to production of the polylactic acid resin composition or the foam sheet.
When the moisture of the polylactic acid resin is 500 ppm or less, the polylactic acid
resin composition is likely to be adjusted to have the viscosity suitable for foaming.

A method for measuring the moisture content of the polylactic acid resin is not
particularly limited, and any methods available in the related art may be used.

Examples of the method include Karl Fischer titration.



23

WO 2024/181186 PCT/JP2024/005625

[0078]

[0079]

[0080]

[0081]

[0082]

A method for drying the polylactic acid resin is not particularly limited, and any
methods available in the related art may be used. Examples of the method include a
method using a hot air dryer or a vacuum dryer.

A temperature for the drying is not particularly limited, and is preferably from 60
degrees Celsius to 80 degrees Celsius.

-Amount-

An amount of the polylactic acid resin in the polylactic acid resin composition is
not particularly limited, and may be appropriately selected according to the intended
purpose. In view of biodegradability and recyclability (easiness in recycling), the
amount of the polylactic acid resin is 98% by mass or greater, and more preferably
99% by mass or greater, relative to a total amount of organic matter of the polylactic
acid resin composition. The amount of the polylactic acid resin relative to a total
amount of organic matter of the polylactic acid resin composition is identical to an
amount of the polylactic acid resin relative to a total amount of organic matter of the
foam sheet because the foam sheet is formed by foaming the polylactic acid resin com-
position.

The organic matter in the polylactic acid resin composition is mainly the polylactic
acid resin. Examples of the organic matter other than the polylactic acid resin include
organic nucleating agents serving as the below-described foam nucleating agent, and
chain extenders. When an inorganic nucleating agent is used as the foam nucleating
agent of the foam sheet, the inorganic nucleating agent is not regarded as the organic
matter.

The amount of the polylactic acid resin relative to a total amount of the organic
matter of the polylactic acid resin composition can be determined by calculating the
total amount of the organic matter from a blending ratio (composition ratio) of con-
stituent components used when the polylactic acid resin composition is prepared.
When the blending ratio is not known, the total amount of the organic matter of the
polylactic acid resin composition may be determined by nuclear magnetic resonance
spectroscopy (NMR) in the following manner.

As a solvent used for the nuclear magnetic resonance spectroscopy, a solvent used
is prepared by weighing approximately 100 mg of a 1,3,5-trimethoxybenzene standard
(for quantitative NMR, available from FUJIFILM Wako Pure Chemical Corporation)
as an internal standard substance, and dissolving the collected standard substance in
deuterated chloroform (including 0.3% by volume of tetramethylsilane (TMS)) in a 10
mL volumetric flask.

A sample provided for the nuclear magnetic resonance spectroscopy is prepared in
the following manner. The above-prepared solvent is added to the polylactic acid resin

composition or the foam sheet so that a concentration of the polylactic acid resin com-
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position or the foam sheet is 10 mg/mL. The resulting mixture is shaken by a table top
shaker (MSI-60, available from AS ONE Corporation) for about half a day to dissolve
the polylactic acid resin composition or the foam sheet. In order to minimize a change
in the concentration of the sample due to evaporation of the solvent as much as
possible, the smallest container available is selected for use in the shaking. The sample
prepared in the above-described manner is placed in a sample tube having a diameter
of 5 mm, which is provide for NMR.

Quantitative 'H nuclear magnetic resonance spectroscopy ('H-NMR) is performed
on the above-prepared sample by the following measuring device under the following
measuring conditions according to JIS K 0138:2018 (General rules for quantitative
nuclear magnetic resonance spectroscopy (QNMR)).

((Measuring device and measuring conditions))

Nuclear magnetic resonance (NMR) spectrometer: INM-ECX-500 FT-NMR
(available from JEOL Ltd.)

Observed nuclei: 1H

Measuring temperature: 30 degrees Celsius

Spin: off

Digital resolution: 0.25 Hz

Observation range: -0.5 ppm to 15 ppm

Pulse angle: 90 degrees

Relaxation time: 60 seconds

Number of scans: 16 times (dummy scanning is performed twice before the actual
measurement)

13C decoupling: performed

Based on the obtained data, integration of the following chemical shift peaks is

carried out to calculate an integration ratio according to the following equation (4).
Integration 1 (derived from polylactic acid resin): 5.2 ppm
Integration 2 (derived from internal standard): 6.1 ppm

[Math.4]

Integration ratio = Integration 1/(Integration 2 X sample mass)
Equation (4)

NMR is performed on a polylactic acid resin whose purity is known using the
same solvent used for the above-mentioned sample in the same manner as in the
above-described NMR. A ratio of the integration ratio of the polylactic acid resin

whose purity had been known according to the equation (4) and the integration ratio of
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the sample is determined to calculate an amount of the polylactic acid resin relative to
a total amount of organic matter in the polylactic acid resin composition or the foam
sheet according to the following equation (5). The series of processes from the
preparation of the sample to the analysis is performed three times, and the arithmetic
mean of the obtained amounts of the polylactic acid resin is determined as an amount
of the polylactic acid resin relative to a total amount of organic matter in the polylactic
acid resin composition or the foam sheet.

[Math.5]

Amount of polylactic acid resin [% by mass] = 100 X purity [% by mass]

of polylactic acid resin whose purity is known X (integration ratio of

sample)/(integration ratio of polylactic acid resin whose purity is known)
Equation (5)

-Melting point-

A melting point of the polylactic acid resin can be determined by differential
scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method for
transition temperatures of plastics).

Specifically, a DSC measurement for the melting point of the polylactic acid resin
is performed, for example, by a differential scanning calorimeter (for example, Q-
2000, available from TA Instruments Japan Inc.). A sample of the polylactic acid resin
(from 5 mg to 10 mg) is placed in a container of the differential scanning calorimeter,
and the sample is heated to 200 degrees Celsius at a heating rate of 10 degrees Celsius
per minute to measure the melting point.

A peak top temperature (peak melting temperature [Tpm]) of an endothermic peak,
which is observed at the higher temperature side relative to the glass transition tem-
perature and is derived from melting of crystals, is determined as a melting point. In a
case where two or more endothermic peaks are observed at the higher temperature side
relative to the glass transition temperature, a peak top temperature of the peak having
the largest area is determined as a melting point of the polylactic acid resin. The
melting point of the polylactic acid resin is in the range of approximately 150 degrees
Celsius to approximately 190 degrees Celsius.

-Glass transition temperature-

A glass transition temperature of the polylactic acid resin can be determined by
differential scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing
method for transition temperatures of plastics).

Specifically, a DSC measurement for the glass transition temperature of the
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polylactic acid resin is performed, for example, by a differential scanning calorimeter
(for example, Q-2000, available from TA Instruments Japan Inc.). A sample (from 5
mg to 10 mg) of the polylactic acid resin is placed in a container of the differential
scanning calorimeter, and the sample is heated from 10 degrees Celsius to 200 degrees
Celsius at a heating rate of 10 degrees Celsius per minute to measure the glass
transition temperature.

In the present specification, the term "glass transition temperature” encompasses an
extrapolated onset temperature (an initiation glass transition temperature (Tig))
described in JIS K 7121:2012. The glass transition temperature of the polylactic acid
resin is in the range of approximately 55 degrees Celsius to approximately 70 degrees
Celsius.

-Melt viscosity-

A melt viscosity of the polylactic acid resin is not particularly limited, and may be
appropriately selected according to the intended purpose. The melt viscosity of the
polylactic acid resin is preferably 500 Pascal-seconds or greater and 1,500 Pascal-
seconds or less. When the melt viscosity of the polylactic acid resin is 500 Pascal-
seconds or greater and 1,500 Pascal-seconds or less, the viscosity of the polylactic acid
resin composition is easily adjusted to the viscosity suitable for foaming so a load
applied to a foaming device is reduced to increase productivity, and a foam sheet
having a low bulk density and having excellent surface properties can be obtained.

The melt viscosity of the polylactic acid resin can be measured, for example, by
weighing 1.5 g of the polylactic acid resin, drying the collected polylactic acid resin in
a dryer of 80 degrees Celsius for two hours to prepare a sample, and measuring the
sample by a flow tester under the following measuring conditions.

((Measuring device and measuring conditions))
Device: CFT-100EX (available from Shimadzu Corporation)
Test conditions:

Constant temperature method

Test temperature: 190 degrees Celsius

Test force: 40 kgf

Heat remaining time: 180 seconds

Diameter of die orifice: 1 mm

Length of die: 1 mm

Analysis: the installed software, CFT-EX, is used, and a melt viscosity is calculated
with the following calculation parameters.
Calculation parameters:
Limiting method

Calculation start point: 3.0 mm
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Calculation end point: 7.0 mm

Sample density: 1 g/cm?

-Ratio between melt viscosity of foam sheet and melt viscosity of polylactic acid
resin-

A ratio of the melt viscosity of the foam sheet to the melt viscosity of the
polylactic acid resin is not particularly limited, and may be appropriately selected
according to the intended purpose. The ratio of the melt viscosity of the foam sheet to
the melt viscosity of the polylactic acid resin is preferably 7 or greater and 80 or less.
When the ratio of the melt viscosity of the foam sheet to the melt viscosity of the
polylactic acid resin is 7 or greater and 80 or less, a load applied to a foaming device is
reduced to improve productivity, and a foam sheet having a low bulk density, and
excellent thermal insulation properties, strength, and surface properties is obtained
with low crystallinity.

The ratio of the melt viscosity of the foam sheet to the melt viscosity of the
polylactic acid resin can be determined by the following equation (6).

[Math.6]

Ratio of melt viscosity of foam sheet to melt viscosity of polylactic acid
resin = melt viscosity of foam sheet/melt viscosity of polylactic acid
resin

Equation (6)

<<Chain extender (crosslinking agent)>>

The chain extender (crosslinking agent) is preferably added to the polylactic acid
resin composition for adjusting the viscosity of the polylactic acid resin to be suitable
for foaming. The chain extender (crosslinking agent) also has a function of improving
thermal resistance or hydrolysis resistance of the polylactic acid resin composition and
foam sheet.

The chain extender (crosslinking agent) is not particularly limited, and may be ap-
propriately selected according to the intended purpose. For example, peroxides or
compounds reactive with a hydroxyl group and/or carboxylic acid group may be used
as the chain extender (crosslinking agent). The chain extender (crosslinking agent) is
preferably a compound reactive with a hydroxyl group and/or carboxylic acid group of
the polylactic acid resin because the above-described compound does not adversely
affect crystallinity of the polylactic acid resin, or improves crystallinity after the
reaction with the polylactic acid resin.

The compound reactive with a hydroxyl group and/or carboxylic acid group of the
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polylactic acid resin is not particularly limited, and may be appropriately selected
according to the intended purpose. The compound reactive with a hydroxyl group and/
or carboxylic acid group of the polylactic acid resin is preferably an epoxy group-
containing compound, an isocyanate group-containing compound, or a carbodiimide
group-containing compound. The above-listed examples may be used alone or in com-
bination.

The compound reactive with a hydroxyl group and/or carboxylic acid group of the
polylactic acid resin is preferably a compound that includes two or more reactive
groups per molecule, more preferably an epoxy group-containing compound that
includes two or more epoxy groups per molecule or an isocyanate group-containing
compound that includes two isocyanate groups per molecule, because a branched chain
structure can be imparted to the polylactic acid resin to efficiently improve the
viscosity of the polylactic acid resin composition and an amount of free and unreacted
molecules of the chain extender (crosslinking agent) can be reduced. In view of pro-
cessability or safety, an epoxy group-containing compound that includes two or more
epoxy groups per molecule is yet more preferred. In view of reactivity, processability,
and safety, an epoxy functional (meth)acryl-styrene-based chain extender that includes
two or more epoxy groups per molecule is particularly preferred.

-Epoxy group-containing compound-

The epoxy group-containing compound that includes 2 or more epoxy groups per
molecule serving as the chain extender (crosslinking agent) is a compound obtained by
copolymerizing at least an epoxy group-containing (meth)acryl monomer.

The epoxy group-containing (meth)acryl monomer is not particularly limited, and
may be appropriately selected according to the intended purpose. Examples of the
epoxy group-containing (meth)acryl monomer include 1,2-epoxy group-containing
monomers, such as glycidyl acrylate, and glycidyl methacrylate. The above-listed
examples may be used alone or in combination.

The epoxy group-containing compound that includes two or more epoxy groups
per molecule may include, as a constituent component of the copolymer, (meth)acryl
monomers that do not include an epoxy group, as well as the above-listed monomer.
The (meth)acrylic monomer that does not include an epoxy group is not particularly
limited, and may be appropriately selected according to the intended purpose.
Examples of the (meth)acrylic monomer that does not include an epoxy group include
methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, cyclohexyl acrylate,
methyl methacrylate, ethyl methacrylate, propyl methacrylate, butyl methacrylate, and
cyclohexyl methacrylate. The above-listed examples may be used alone or in com-
bination.

The epoxy group-containing compound that includes two or more epoxy groups
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per molecule may further include, as well as the (meth)acryl monomer that does not
include an epoxy group, a double bond group-containing monomer. The double bond
group-containing monomer is not particularly limited, and may be appropriately
selected according to the intended purpose. Examples of the double bond group-
containing monomer include styrene monomers, o-methyl styrene monomers, and
vinyl acetate monomers. The above-listed examples may be used alone or in com-
bination. Examples of the styrene monomers include styrene and a-methyl styrene.

The epoxy functional (meth)acryl-styrene-based chain extender that includes two
or more epoxy groups per molecule is a compound obtained by copolymerizing at least
the epoxy group-containing (meth)acryl monomer and a styrene monomer.

The epoxy group-containing compound may be suitably synthesized for use or ap-
propriately selected from commercial products. Examples of product names of the
commercial products of the epoxy group-containing compound include MARPROOF
™ (G-01100 (available from NOF CORPORATION), MARPROOF™ G-0105SA
(available from NOF CORPORATION), MARPROOF™ G-2050M (available from
NOF CORPORATION), MARPROOF™ G-0130SP (available from NOF COR-
PORATION), MARPROOF™ G-0130SF (available from NOF CORPORATION),
MARPROOF™ G-0250SP (available from NOF CORPORATION), MARPROOF™
G-0250SF (available from NOF CORPORATION), METABLEN™ P1901 (available
from Mitsui Chemicals, Inc.), Joncryl (registered trademark) ADR4368 (available from
BASF SE), Joncryl (registered trademark) ADR4370 (available from BASF SE),
Joncryl (registered trademark) ADR4468 (available from BASF SE), IGETABOND™
BF-2C (available from SUMITOMO CHEMICAL COMPANY, LIMITED),
IGETABOND™ BF-E (available from SUMITOMO CHEMICAL COMPANY,
LIMITED), IGETABOND™ BF-2B (available from SUMITOMO CHEMICAL
COMPANY, LIMITED), IGETABOND™ BF-7B (available from SUMITOMO
CHEMICAL COMPANY, LIMITED), IGETABOND™ BF-7M (available from
SUMITOMO CHEMICAL COMPANY, LIMITED), CESA-Extend OMAN698493
(available from Clariant), and ARUFON UG-4040 (available from TOAGOSEI CO.,
LTD.). Among the above-listed examples, in view of thermal insulation properties,
biodegradability, and minimization of molding failures, MARPROOF™ G-0250SP
(available from NOF CORPORATION), MARPROOF™ G-0250SF (available from
NOF CORPORATION), and Joncryl (registered trademark) ADR4468 (available from
BASF SE) are preferably used as the commercial products of the epoxy group-
containing compound because a high expansion ratio can be achieved with a low con-
centration of the epoxy group-containing compound under the production conditions of
a foam sheet that are unlikely to cause corrugation.

An amount of the epoxy group-containing compound is not particularly limited,
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and may be appropriately selected according to the intended purpose. The amount of
the epoxy group-containing compound is preferably 0.2% by mass or greater and 1.3%
by mass or less, more preferably 0.7% by mass or greater and 0.9% by mass or less,
relative to a total amount of organic matter of the polylactic acid resin composition.
The epoxy group-containing compound is a non-biodegradable material. Therefore, the
amount of the polylactic acid resin in the polylactic acid resin composition is increased
by reducing the amount of the epoxy group-containing compound as much as possible
to improve biodegradability of the polylactic acid resin composition. When the amount
of the epoxy group-containing compound is small, however, melt viscosity of the
polylactic acid resin composition may be low at the time of melt foaming and an
expansion ratio of the polylactic acid resin composition may be insufficient so that
thermal insulation properties of a resulting foam sheet may be impaired. As the amount
of the epoxy group-containing compound is adjusted to the range of 0.2% by mass or
greater and 1.3% by mass or less relative to a total amount of organic matter in the
polylactic acid resin composition, both biodegradability and thermal insulation
properties are achieved. Use of the epoxy group-containing compound having an ap-
propriate range of the weight average molecular weight (Mw) and an appropriate range
of the epoxy equivalent as a chain extender (crosslinking agent) can achieve high
thermal insulation properties even with a small amount of the epoxy group-containing
compound, thus biodegradability of a resulting foam sheet is improved.

The epoxy equivalent of the epoxy group-containing compound is not particularly
limited, and may be appropriately selected according to the intended purpose. The
epoxy equivalent of the epoxy group-containing compound is preferably 250 or greater
and 350 or less, more preferably 270 or greater and 330 or less. The epoxy equivalent
of the epoxy group-containing compound affects a distance between crosslinks in a
reaction product obtained by reacting the polylactic acid resin with the epoxy group-
containing compound. In a case where an amount (mass) of the epoxy group-
containing compound used and an amount (mass) of the polylactic acid resin used are
the same, as the epoxy equivalent of the epoxy group-containing compound is smaller,
the number of epoxy groups per molecule of the epoxy group-containing compound
increases to reduce the distance between crosslinks in the reaction product of polylactic
acid resin and the epoxy group-containing compound; as the epoxy equivalent of the
epoxy group-containing compound is larger, the number of epoxy groups per molecule
of the epoxy group-containing compound decreases to increase the distance between
crosslinks in the reaction product of the polylactic acid resin and the epoxy group-
containing compound. When the distance between the crosslinks in the reaction
product of the polylactic acid resin and the epoxy group-containing compound is very

short, many crosslink structures may be formed in parts of the reaction product of the
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polylactic acid resin and the epoxy group-containing compound so that melt viscosity
of the polylactic acid resin composition may become uneven and an expansion ratio is
not increased. When the distance between the crosslinks in the reaction product of the
polylactic acid resin and the epoxy group-containing compound is very long, an effect
of improving melt viscosity of the polylactic acid resin composition is minimized so
that an expansion ratio is similarly not increased. By setting the epoxy equivalent of
the epoxy group-containing compound to the range of 250 or greater and 350 or less, a
melt viscosity of the polylactic acid resin composition can be increased without un-
evenness of the melt viscosity. Therefore, an expansion ratio is increased so that
thermal insulation properties of a resulting foam sheet are improved.

A method for measuring the epoxy equivalent of the epoxy group-containing
compound is not particularly limited. The epoxy equivalent of the epoxy group-
containing compound can be determined by titration performed according to JIS K
7236:2001 (Determination of epoxy equivalent in epoxy resins).

Specifically, 10 mL of chloroform is added to the epoxy group-containing
compound (from 0.1 g to 0.3 g), and the resulting mixture is stirred with a magnetic
stirrer etc., to completely dissolve the epoxy group-containing compound. To the
resulting solution, 20 mL of acetic acid and 10 mL of a chloroform solution of
tetracthylammonium bromide (concentration: 0.25 g/mL) are added to prepare a
sample. The sample prepared in the above-described manner is used to measure an
epoxy equivalent by the following measuring device under the following measuring
conditions.

((Measuring device and measuring conditions))

Device: automatic titrator COM-A-19 (available from HIRANUMA Co., Ltd.)

Reference liquid: 0.1 mol/L perchloric acid-acetic acid reference liquid

Electrode: glass electrode GTRS10B

reference electrode GTPHI1B (inner liquid: saturated sodium perchlorate/acetic acid
solution)

Measuring mode: inflection point detection

Derivative value: 100 mV/mL

Calculation formula: 1,000 x S/((A1-BL) x M x f)

In the formula above, S is a mass (g) of the epoxy group-containing compound, Al
is the titration amount (mL) at the inflection point, BL is a result (mL) of a blank test,
M is a concentration (mol/L.) of the reference liquid, { is a factor of the reference
liquid. The blank test is performed twice, and an average value from the two mea-
surements is used as the result of the blank test.

A weight average molecular weight (Mw) of the epoxy group-containing

compound is not particularly limited, and may be appropriately selected according to
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the intended purpose. The weight average molecular weight (Mw) of the epoxy group-
containing compound is preferably 10,000 or greater and 20,000 or less, more
preferably 12,500 or greater and 17,500 or less. The weight average molecular weight
(Mw) of the epoxy group-containing compound affects the number of crosslink points
in the reaction product of the polylactic acid resin and the epoxy group-containing
compound. Although it also depends on the number of epoxy groups per molecule of
the epoxy group-containing compound, in the case where the number of epoxy groups
per molecule of the epoxy group-containing compound is the same and an amount
(mass) of the epoxy group-containing compound added and an amount (mass) of the
polylactic acid resin added are the same, the number of crosslink points in the reaction
product of the polylactic acid resin and the epoxy group-containing compound is
smaller, as the weight average molecular weight (Mw) of the epoxy group-containing
compound is smaller, and the number of crosslink points in the reaction product of the
polylactic acid resin and the epoxy group-containing compound is larger, as the weight
average molecular weight (Mw) of the epoxy group-containing compound is larger. As
the number of crosslink points in the reaction product of the polylactic acid resin and
the epoxy group-containing compound is larger, molecular chains of the reaction
product of the polylactic acid resin and the epoxy group-containing compound are
more likely to tangle with one another to increase a melt viscosity of the polylactic
acid resin composition at the time of melt foaming so that an expansion ratio is
increased, leading to improvement in thermal insulation properties. When the weight
average molecular weight (Mw) of the epoxy group-containing compound is very
large, however, flowability of the polylactic acid resin composition is lost at a tem-
perature below a reaction temperature of the epoxy group-containing compound to
reduce reactivity between the polylactic acid resin and the epoxy group-containing
compound. As a result, a melt viscosity of the polylactic acid resin composition is not
increased and an expansion ratio is also not increased. For the above-described
reasons, the weight average molecular weight of the epoxy group-containing
compound is set to the range of 10,000 or greater and 20,000 or less so that a melt
viscosity of the polylactic acid resin composition is increased, and an expansion ratio is
increased to improve thermal insulation properties of a resulting foam sheet.

The weight average molecular weight (Mw) of the epoxy group-containing
compound can be measured by GPC. The weight average molecular weight (Mw) of
the epoxy group-containing compound is calculated using calibration curves prepared
by polystyrene samples whose weight average molecular weights are known (for
example, A-500 (weight average molecular weight: 589), A-1000 (weight average
molecular weight: 1,010), A-2500 (weight average molecular weight: 312), A-5000

(weight average molecular weight: 5,430), F-1 (weight average molecular weight:
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9,490), F-2 (weight average molecular weight: 15,700), F-4 (weight average molecular
weight: 37,200), F-10 (weight average molecular weight: 98,900), F-20 (weight
average molecular weight: 189,000), F-40 (weight average molecular weight:
397,000), F-80 (weight average molecular weight: 707,000), and F-128 (weight
average molecular weight: 1,110,000), available from Tosoh Corporation) as the
standards.

A sample provided for the GPC is prepared in the following manner. The epoxy
group-containing compound and chloroform are mixed so that a concentration of the
epoxy group-containing compound is approximately 2 mg/mL. The resulting mixture
is shaken by a table top shaker (for example, MSI-60 available from AS ONE Cor-
poration) for about half a day. After confirming that the epoxy group-containing
compound is dissolved, the resulting solution is filtered with a 0.45 pm
(micrometers)-membrane filter to collect a filtrate, and the collected filtrate is used as a
sample. In the case where the epoxy group-containing compound is not easily
dissolved, the mixture of the epoxy group-containing compound and chloroform is
heated at a temperature equal to or lower than the boiling point of chloroform to
dissolve the epoxy group-containing compound. A measuring device and measuring
conditions of the above-described GPC are not particularly limited. For example, the
sample prepared in the above-described manner is measured by the same measuring
device under the same measuring conditions as in the measurement of the weight
average molecular weight (Mw) of the foam sheet.

-Isocyanate group-containing compound-

The isocyanate group-containing compound that includes two or more isocyanate
groups per molecule and serves as the chain extender (crosslinking agent) is not par-
ticularly limited, and may be appropriately selected according to the intended purpose.
Examples of the isocyanate group-containing compound serving as the chain extender
(crosslinking agent) include aliphatic diisocyanate compounds, alicyclic poly-
isocyanate compounds, aromatic diisocyanate compounds, triisocyanate compounds,
and modified polyisocyanate compounds. The above-listed examples may be used
alone or in combination.

Examples of the aliphatic diisocyanate compounds include
1,6-hexamethylenediisocyanate,
3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate (isophorone diisocyanate),
1,4-tetramethylenediisocyanate, 2,4,4-trimethylhexamethylene diisocyanate,

2,2 4-trimethylhexamethylene diisocyanate, dicyclohexylmethane-4,4'-diisocyanate,
methylcyclohexyl-2,4-diisocyanate, methylcyclohexyl-2,6-diisocyanate, xylylene di-
isocyanate, 1,3-bis(isocyanate)methylcyclohexane, tetramethylxylylene diisocyanate,

trans-1,4-cyclohexane diisocyanate, and lysine diisocyanate.
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Examples of the alicyclic polyisocyanate compounds include isophorone di-
isocyanate, hydrogenated diphenylmethane diisocyanate, hydrogenated tolylene di-
isocyanate, hydrogenated xylylene diisocyanate, hydrogenated tetramethylxylylene di-
isocyanate, and cyclohexane diisocyanate.

Examples of the aromatic diisocyanate compounds include 2,4-tolylene di-
isocyanate, 2,6-tolylene diisocyanate, diphenylmethane-4,4'-isocyanate, 1,5'-naphthene
diisocyanate, tolidine diisocyanate, diphenylmethylmethane diisocyanate,
tetraalkyldiphenylmethane diisocyanate, 4,4'-dibenzyldiisocyanate, and
1,3-phenylenediisocyanate.

Examples of the triisocyanate compounds include lysine ester triisocyanate, triph-
enylmethane triisocyanate, 1,6,11-undecanetriisocyanate,
1,8-isocyanate-4,4-isocyanatemethyloctane, 1,3,6-hexamethylenetriisocyanate, bicy-
cloheptane triisocyanate, adducts between trimethylolpropane and 2,4-toluene di-
isocyanate, and adducts between trimethylolpropane and diisocyanate (e.g.,
1,6-hexamethylene diisocyanate).

Examples of the modified polyisocyanate includes compounds each obtained by
reacting a multivalent alcohol (e.g., glycerin and pentaerythritol) with the aliphatic di-
isocyanate compound, the aromatic diisocyanate compound, and/or the triisocyanate
compound.

An amount of the chain extender (crosslinking agent) in the polylactic acid resin
composition varies according to a molecular weight or molecular weight distribution of
the polylactic acid resin used. In the case where a weight average molecular weight of
the polylactic acid resin is small or the polylactic acid resin includes a large amount of
a low molecular weight component, for example, a large amount of the chain extender
(crosslinking agent) tends to be used to adjust a viscosity of the polylactic acid resin
composition to suit foaming. As the amount of the chain extender (crosslinking agent)
increases, however, biodegradability is likely to be lowered, and use of the chain
extender (crosslinking agent) in a large amount is not preferred in view of contribution
to the sustainable society because the chain extender (crosslinking agent) is generally a
petroleum-derived compound.

An amount of the chain extender other than the epoxy group-containing compound
in the polylactic acid resin composition is not particularly limited, and may be appro-
priately selected according to the intended purpose. A sum of the amount of the epoxy
group-containing compound and the amount of the chain extender other than the epoxy
group-containing compound is preferably less than 2% by mass relative to a total
amount of organic matter of the polylactic acid resin composition.

Examples of a method for adjusting the viscosity, other than the adjustment made

by adding the chain extender (crosslinking agent), include: a method where electron
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beams etc., are applied to the polylactic acid resin composition to crosslink the
polylactic acid resin composition; and a method where the polylactic acid resin com-
position is blended with another resin composition having a high melt strength or a
small amount of a high molecular weight component.

[0116]  <<Foam nucleating agent>>

The foam nucleating agent (may be also referred to as "fillers") is preferably added
to the polylactic acid resin composition to adjust a state of foam (e.g., a size, amount,
and locations of air bubbles) of the foam sheet.

The foam nucleating agent is not particularly limited, and may be appropriately
selected according to the intended purpose. Examples of the foam nucleating agent
include organic nucleating agents and inorganic nucleating agents. The above-listed
examples may be used alone or in combination. Among the above-listed examples, an
inorganic nucleating agent is preferred because a size of pores of a resulting foam sheet
is reduced to improve thermal insulation properties.

[0117] Examples of the organic nucleating agent include natural polymers (e.g., starch,
cellulose nanofibers, cellulose particles, wood meal, soy pulps, rice husks, and bran),
modified products of the natural polymers, glycerin compounds, sorbitol compounds,
benzoic acids and metal salts of benzoic acids, phosphoric acid ester metal salts, and
rosin compounds. The above-listed examples may be used alone or in combination.

[0118] Examples of the inorganic nucleating agent include inorganic particles, such as
talc, kaolin, calcium carbonate, sheet silicate, zinc carbonate, wollastonite, silica,
alumina, magnesium oxide, calcium silicate, sodium aluminate, calcium aluminate,
sodium aluminosilicate, magnesium silicate, glass balloons, carbon black, zinc oxide,
antimony trioxide, zeolite, hydrotalcite, metal fibers, metal whiskers, ceramic
whiskers, potassium titanate, boron nitride, graphite, glass fibers, and carbon fibers.
The above-listed examples may be used alone or in combination. Among the above-
listed examples, inorganic particles are preferred, and sheet silicate and silica are par-
ticularly preferred as the inorganic nucleating agent, because the above-mentioned
inorganic nucleating agent easily achieves an average hydrophobicity and carbon
content suitable for the foam sheet through a surface treatment.

[0119] The average hydrophobicity and carbon content of the inorganic nucleating agent
are not particularly limited, and may be appropriately selected according to the
intended purpose. The average hydrophobicity is preferably 65% by volume or greater.
The carbon content is preferably 4% by mass or greater. When the average hy-
drophobicity and carbon content of the inorganic nucleating agent are within the
above-mentioned preferred ranges, in the case where a non-polar blowing agent, such
as carbon dioxide and nitrogen, is used, hydrophobic surfaces of the inorganic particles

suitably function as an area for forming foaming nuclei to efficiently form foaming
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nuclei. The upper limit of the average hydrophobicity of the inorganic nucleating agent
and the upper limit of the carbon content of the inorganic nucleating agent are not par-
ticularly limited. The upper limit of the average hydrophobicity is preferably 68% by
volume or less. The upper limit of the carbon content is preferably 8.9% by mass or
less. When the average hydrophobicity of the inorganic nucleating agent is within the
above-mentioned preferred range, aggregation of the inorganic particles may be
minimized. However, the degree of the aggregation largely depends on kneading
conditions and a kneader used. Therefore, the effect of the present disclosure may be
limited by the above-mentioned preferred range. When the carbon content of the
inorganic nucleating agent is within the above-mentioned preferred range, an amount
of free molecular components derived from a surface treatment agent detached from
the inorganic particles can be reduced.

According to the classical nucleation theory, as a contact angle between an air
bubble nucleus and a surface of an inorganic particle decreases, activation energy for
formation of foaming nuclei decreases to smoothly carry out nucleation. Therefore, it
seems that only hydrophobicity is important as chemical characteristics of the surface
of the inorganic particle. As a result of the research conducted by the present inventors,
however, the inorganic nucleating agent that is inorganic particles having only high hy-
drophobicity may not be adequately effective as a foam nucleating agent. Specific
reasons are not clear, but it has been found that a significant effect as a foam nu-
cleating agent is obtained when inorganic particles serving as the inorganic nucleating
agent have average hydrophobicity of 65% by volume or greater, and a carbon content
of 4% by mass or greater. It is assumed that, when the carbon content of the inorganic
particles is 4% by mass or greater, a surface layer of each of the inorganic particles has
a certain volume of the portion having high affinity to a blowing agent. In the case
where a concentration of the blowing agent is low, as in the present disclosure,
diffusion of the blowing agent seems to be a factor for limiting nucleation. It is
assumed that a concentration of the blowing agent is substantially higher in the certain
volume of the portion having high affinity to the blowing agent than other positions
within the surface layer of each of the inorganic particles, and the certain volume of the
portion of the surface layer having high affinity to the blowing agent effectively acts to
secure the blowing agent at the time of nucleation for foaming.

The hydrophobicity of the inorganic particles may be determined by the methanol
wettability (MW) test. The larger the value of the hydrophobicity is, the higher the hy-
drophobicity is. The smaller the value of the hydrophobicity is, the higher the hy-
drophilicity is.

The hydrophobicity of the inorganic particles can be determined according to the

following equation (7). V1 [mL] is an amount of pure water to which the inorganic



37

WO 2024/181186 PCT/JP2024/005625

[0122]

[0123]

[0124]

particles are added. Methanol is added to the mixture of the pure water and the
inorganic particles by dripping while stirring the mixture. V2 [mL] is an amount of the
methanol used to wet the inorganic particles to disperse the inorganic particles in the
mixed liquid.

[Math.7]

Hydrophobicity [% by volume] = {V2/(V1 + V2)} X 100
Equation (7)

In the present specification, the hydrophobicity is a value obtained by the
following measuring method.

The inorganic particles are weighed by 50 mg in a 50 mL screw tube (LABORUN
screw tube bottle 9-852-09, No. 7, available from LABORUN TECH), and 5 mL (V1
[mL]) of pure water is added to prepare a sample. A stir bar (diameter: 6 mm, length:
20 mm, oval shape) is gently added into the sample, and the sample is gently stirred by
a magnetic stirrer (MX-1, available from SHIBATA SCIENTIFIC TECHNOLOGY
LTD.) in a manner that a vortex is not generated in the water surface. The opening of
the tube is covered with PARAFILM in which a hole is made, and methanol
(guaranteed reagent, >99.8%, available from KANTO CHEMICAL CO., INC.) is
added at the feeding rate of 0.3 mL/min by a 25 mL burette (tolerance: £0.03 mL,
available from AS ONE Corporation) in a manner that the methanol travels along the
wall surface of the tube. An amount (V2 [mL]) of the methanol fed until the inorganic
particles are dispersed within the sample mixture liquid is measured. The measurement
is performed three times and hydrophobicity is calculated according to the equation
(7). The arithmetic mean of the calculated values of the hydrophobicity is calculated
and determined as average hydrophobicity.

Moreover, the carbon content of the inorganic particles can be measured by the
following measuring method according to ISO 3262-20:2021.

After completely burning the inorganic particles at 800 degrees Celsius, carbon
dioxide in the combustion gas component is detected and quantified by thermal con-
ductivity detector (TCD) gas chromatography to calculate the carbon content of the
inorganic particles.

-Silica-

The silica includes silicon dioxide represented by SiO, as a main component. The
silica is roughly classified into silica produced by a wet process and silica produced by
a dry process, according to a production method of silica particles. In the present

disclosure, silica produced by either method may be used. A surface treatment is
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preferably performed on the silica using a reactive compound, such as a silane

coupling agent and a titanate coupling agent, more preferably using a reactive

compound, such as organo polysiloxane (silicone oil) and C16 or higher alkyl silane.
-Sheet silicate-

A mean volume diameter (Mv) of the sheet silicate is not particularly limited, and
may be appropriately selected according to the intended purpose. The mean volume
diameter (Mv) of the sheet silicate is preferably 10 pm (micrometers) or greater and
200 pum (micrometers) or less. When the mean volume diameter (Mv) of the sheet
silicate is 10 um (micrometers) or greater, a path the gas travels through has an
adequate length to sufficiently retain a gas component within the polylactic acid resin
composition so that an expansion ratio is improved. When the mean volume diameter
(Mv) of the sheet silicate is 200 um (micrometers) or less, a cell wall of an air bubble
has adequate strength to minimize breakage of the air bubble so that an effect of
improving an expansion ratio is obtained.

The mean volume diameter (Mv) of the sheet silicate may be measured on sheet
silicate before adding to prepare the polylactic acid resin composition, or may be
measured on the sheet silicate collected from the foam sheet, for example, by the
following method.

A sample is cut out from the foam sheet. The sample is placed in a crucible, and
combustion of the sample is carried out by a muffle furnace (e.g., FP-310, available
from Yamato Scientific Co., Litd.) for four hours at 600 degrees Celsius to burn an
organic component in the sample. Then, the crucible is cooled for 1 hour in a
desiccator to obtain inorganic particles as a sample for measurement. In the case where
two or more kinds of inorganic particles are included in the sample, the sheet silicate
can be separated by further performing gravity separation.

The method for measuring the mean volume diameter (Mv) of the sheet silicate is
not particularly limited. For example, the mean volume diameter (Mv) of the sheet
silicate can be measured by the following measuring device under the following
measuring conditions. In the present disclosure, the mean volume diameter (Mv) of the
sheet silicate is determined as an average particle diameter of the sheet silicate.

((Measuring device and measuring conditions))
Device: Microtrac MT3300EX (available from MicrotracBELL Corp.)
Measuring conditions:

Transparency: transparent

Refractive index: 1.53

Shape: non-spherical

Solvent: AIR

Refractive index of solvent: 1
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Measuring time: 10 seconds
Extension filter: not activated
Distribution: volume distribution
An aspect ratio of the sheet silicate is not particularly limited, and may be appro-
priately selected according to the intended purpose. The aspect ratio of the sheet
silicate is preferably 10 or greater and 100 or less, more preferably 25 or greater and 75
or less. When the aspect ratio of the sheet silicate is 10 or greater, the particles of the
sheet silicate are suitably aligned to create adequate obstructions for a path through
which a gas travels so that an effect of improving an expansion ratio of the foam sheet
is obtained. When the aspect ratio of the sheet silicate is 100 or less, the sheet silicate
is not ground at the time of kneading of the polylactic acid resin composition and the
sheet silicate in the kneading step, thus a sufficient effect can be obtained while
maintaining the suitable aspect ratio of the sheet silicate.
The aspect of the sheet silicate is determined by the following equation (8).
[Math.8]

Aspect ratio = average particle diameter (Mv) of sheet silicate/
average thickness of sheet silicate
Equation (8)

Methods for measuring the mean volume diameter (mv) of the sheet silicate and
the thickness of the sheet silicate in the equation (8) are not particularly limited. For
example, the mean volume diameter (Mv) may be determined by the above-described
method, and the thickness may be determined in the following method.

As the measuring method of the thickness of the sheet silicate, for example, the
sheet silicate is observed under a scanning electron microscope (SEM) (e.g., 3D real
surface view microscope, VE-9800, available from KEYENCE CORPORATION).
The magnification is adjusted to capture several tens to several hundreds of the
particles of the sheet silicate within an observation range. Optionally, two or more
views are captured, and the captured images may be connected and provided for image
analysis. On the downloaded image, the particle of the sheet silicate whose plane
exposing a thickness is aligned along horizontally in the observation view is selected,
and the thickness of the selected particle is measured. The measurement is carried out
on 50 particles, and the arithmetic mean of the measured values from the 50 particles is
calculated, and is determined as an average thickness of the sheet silicate.

An amount of the foam nucleating agent in the polylactic acid resin composition is

not particularly limited, as long as physical properties of the foam sheet are not
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adversely affected. The amount of the foam nucleating agent may be appropriately
selected according to the intended purpose. The amount of the foam nucleating agent is
preferably 0.1% by mass or greater and 10% by mass or less, more preferably 0.25%
by mass or greater and 2.5% by mass or less, relative to a total mass of the polylactic
acid resin composition. When the amount of the foam nucleating agent is 0.1% by
mass or greater and 10% by mass or less, aggregation between particles of the foam
nucleating agent is minimized, and suitable specific gravity of the polylactic acid resin
composition is achieved to obtain the foam sheet having a light weight. When the
amount of the foam nucleating agent is 0.25% by mass or greater and 2.5% by mass or
less, a possible impact applied to the environment by a resulting foam sheet is reduced
because a small amount of the foam nucleating agent is used, and the foam sheet has a
sufficient strength without embrittlement.

<<Other components>>

The above-mentioned other components in the polylactic acid resin composition
are not particularly limited, except that the effects obtainable by the present disclosure
are not adversely affected. The above-mentioned other components may be appro-
priately selected according to the intended purpose. Examples of the above-mentioned
other components include a resin component other than the polylactic acid resin and
various additives. The above-listed examples may be used alone or in combination.

-Resin component other than polylactic acid resin-

The resin component other than the polylactic acid resin is not particularly limited,
and may be appropriately selected according to the intended purpose. Examples of the
resin component include urethane resins, polyester resins, acrylic resins, vinyl acetate-
based resins, styrene-based resins, butadiene-based resins, styrene-butadiene-based
resins, vinyl chloride-based resins, acrylic styrene-based resins, acrylic silicone-based
resins. The above-listed examples may be used alone or in combination.

-Additives-

The additives are not particularly limited, and may be appropriately selected
according to the intended purpose. Examples of the additives include thermal sta-
bilizers, antioxidants, plasticizers, lubricants, crystallization accelerators, and
tackifiers. The above-listed examples may be used alone or in combination.

Examples of the tackifiers include high-molecular weight tackifiers each having a
weight average molecular weight of 1,000,000 or greater.

An amount of the above-mentioned other components is not particularly limited,
and may be appropriately selected according to the intended purpose. The amount of
the above-mentioned other components is preferably less than 2% by mass relative to a
total amount of organic matter of the polylactic acid resin composition. When the

amount of the above-mentioned other components is within the above-mentioned
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range, suitable biodegradability and recyclability are achieved.

Note that, an amount of each component in the polylactic acid resin composition
also encompasses an amount of each component in the foam sheet produced by
foaming the polylactic acid resin composition.

As described above, the foam sheet of the present disclosure has characteristics
such that the polylactic acid resin composition having high crystallinity is formed into
a foam sheet with a low degree of crystallization to obtain a foam sheet having
excellent thermoformability. In order to achieve the above-described characteristics,
the temperature of the polylactic acid composition from kneading to extruding of the
polylactic acid resin composition is maintained at a relatively high temperature, which
is equal to or higher than a temperature [Tm minus 20 degrees Celsius] that is lower
than the melting point (Tm) of the polylactic acid resin composition by 20 degrees
Celsius. In the above-mentioned temperature range, it is generally difficult to adjust a
viscosity of a polylactic acid resin composition to a viscosity range suitable for
foaming through cooling of the polylactic acid resin, as disclosed in the related art.
Therefore, the polylactic acid resin composition of the present disclosure has a high
melt viscosity so that the blowing agent can be retained at a relatively high tem-
perature, which is equal to or higher than the temperature [Tm minus 20 degrees
Celsius] that is lower than the melting point (Tm) of the polylactic acid resin com-
position by 20 degrees Celsius.

The foam sheet of the present disclosure may be used as it is, or may be molded
and used as a molded product (an article). Since the foam sheet of the present
disclosure has excellent moldability, thermal resistance, thermal insulation properties,
and biodegradability, the foam sheet is suitably used as a container for food, or dishes.
Moreover, the foam sheet is suitable for a heat resistant food container, but use of the
foam sheet is not particularly limited to the heat resistant food container. Moreover,
printing may be carried out directly on the foam sheet of the present disclosure to use
the foam sheet as a printed sheet.

(Method for producing foam sheet)

The foam sheet of the present disclosure can be obtained by extruding and
foaming the polylactic acid resin composition.

According to one embodiment of the present disclosure, the method for producing
the foam sheet of the present disclosure includes kneading the polylactic acid resin
composition in the presence of 2 parts by mass or greater and 5 parts by mass or less of
a blowing agent relative to 100 parts by mass of the polylactic acid resin composition,
and vaporizing the blowing agent in the polylactic acid resin composition to foam the
polylactic acid resin composition to produce the foam sheet.

The method for producing the foam sheet of the present disclosure will be more
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specifically described hereinafter.

The method for producing the foam sheet of the present disclosure preferably
includes at least a kneading step, an impregnation step, and a foaming step. The
method may further include other steps, as necessary.

As the extruder used for the extrusion foaming, for example, a single-screw
extruder, a twin-screw extruder, or a tandem extruder combining any of the foregoing
extruders may be used. Among the above-listed examples, a tandem extruder is
preferably used because constituent materials of a foam sheet, such as the polylactic
acid resin, and optionally the chain extender, the foam nucleating agent, the above-
mentioned other components, and a blowing agent, are effectively melt kneaded, and
the melt-kneaded product can be cooled to the predetermined temperature and
extruded. In view of efficiency of melt kneading and cooling, a tandem extruder
including a combination of a twin-screw extruder and a single-screw extruder is most
preferred.

A T-die or a cyclic die called a circular die (may be also referred to as a "round
die") is connected at the edge of the extruder, and the melted mixture is extruded to
obtain a foam sheet.

In the case where a foam sheet having a low bulk density is formed, a foam sheet
is preferably produced using a circular die because corrugation may be minimized. In
this case, a cylindrical foam body extruded from the circular die is preferably placed
around a cooled mandrel to cool the foam body, and air is blown onto the outer cir-
cumference of the foam body to rapidly cool the foam body. Since the cooling is
performed in the above-described manner, crystallization after the extrusion of the
foam body can be minimized so that a foam sheet having excellent thermoforming
properties can be obtained.

Moreover, a flow-rate regulator, such as a gear pump, may be disposed between
the twin-screw extruder and the single-screw extruder, or between the extruder and the
die, as necessary.

<<Blowing agent>>

The foam sheet can be obtained by, preferably after melt-kneading the polylactic
acid resin composition and a blowing agent, extruding and forming the resulting
mixture. As the blowing agent, any physical blowing agent available in the related art
may be used.

Examples of the physical blowing agent include: hydrocarbons, such as ethane,
butane, pentane, hexane, heptane, ethylene, propylene, and petroleum ethers; halogen-
based blowing agents, such as methyl chloride, monochlorotrifluoromethane,
dichlorodifluoromethane, and dichlorotetrafluoroethane; air; carbon dioxide; and

nitrogen.
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In view of a low impact to the environment, excellent safety during processing,
and easiness of handling, the blowing agent is preferably carbon dioxide or nitrogen.
Carbon dioxide is more preferred compared to nitrogen in view of solubility in the
polylactic acid resin composition.

However, it is also known that carbon dioxide has the higher vapor pressure than a
hydrocarbon-based blowing agent, and the diffusion speed of the carbon dioxide in the
polylactic acid resin composition is fast. In the case where carbon dioxide is used as a
blowing agent to produce a foam sheet, therefore, foaming occurs rapidly at a high
concentration of the blowing agent, at which finely foamed state is achieved. As a
result, streaky lines, so called corrugation, may appear to impair an appearance of a
resulting foam sheet, a surface of the foam sheet may become rough due to breakage of
air bubbles, or an expansion ratio may be reduced.

As a method for foaming without impairing a surface texture of a foam sheet, a
method of reducing a concentration of the blowing agent has been known. However,
the degree of supersaturation is reduced at the low concentration of the blowing agent
so that diameters of air bubbles become large. The coarse air bubbles are passed
through the melted polylactic acid resin composition to be released outside and break
the bubbles. Therefore, an expansion ratio is not improved, and suitable thermal in-
sulation properties are not obtained. Therefore, the typical method available in the
related art has a problem such that the surface texture of the foam sheet and charac-
teristics of the foam sheet associated with thermal insulation properties have a trade-off
relationship.

According to the method for producing the foam sheet of the present disclosure, a
chain extender (crosslinking agent) having a suitable range of an epoxy equivalent and
a suitable range of a weight average molecular weight (Mw) is preferably used as the
chain extender (crosslinking agent) together with polylactic acid resin, thus a viscosity
of the polylactic acid resin composition in the melted state is increased to minimize
breakage of air bubbles even at a low concentration of the blowing agent. Therefore, a
foam sheet achieving both a suitable surface texture and thermal insulation properties
is obtained. Since the chain extender (crosslinking agent) having the suitable range of
the epoxy equivalent and the suitable range of the weight average molecular weight
(Mw) can exhibit a sufficient effect at a low concentration of the chain extender
(crosslinking agent), an amount of the polylactic acid resin in the polylactic acid resin
composition can be increased so that a resulting foam sheet has desirable
biodegradability.

In the case where a tandem extruder is used, the blowing agent is preferably fed to
the extruder of the first stage. As the blowing agent is fed to the extruder of the first

stage, the blowing agent is allowed to be in contact with the polylactic acid resin com-
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position for a long period. Therefore, problems associated with swelling of the blowing
agent residue remaining without being dissolved, such as partial enlargement of air
bubbles or formation of pinholes, may be minimized.

An amount of the blowing agent added relative to 100 parts by mass of the
polylactic acid resin composition is 2 parts by mass or greater and 5 parts by mass or
less, preferably 2 parts by mass or greater and 4 parts by mass or less. When the
amount of the blowing agent is less than 2 parts by mass relative to 100 parts by mass
of the polylactic acid resin composition, plasticization of the polylactic acid resin com-
position may not be sufficient, and an expansion ratio cannot be desirably increased.
When the amount of the blowing agent is greater than 5 parts by mass relative to 100
parts by mass of the polylactic acid resin composition, the polylactic acid resin com-
position foams drastically, which may cause a problem in a surface texture of a
resulting foam sheet.

<Kneading step>

The kneading step includes melting and kneading of the mixture including the
polylactic acid resin and optionally the chain extender, the foam nucleating agent, and
the above-mentioned other component to obtain a polylactic acid resin composition
having a viscosity suitable for foaming. The kneading step preferably includes the
melting and the kneading of the mixture using a compressible fluid. The compressible
fluid is added for the purpose of plasticizing the polylactic acid resin composition to
reduce the load applied to a device. In view of omission of the following impregnation
step, the compressible fluid is preferably identical to the blowing agent.

In the case where the chain extender is added to the polylactic acid resin, the
polylactic acid resin and the chain extender are reacted to adjust the viscosity of the
polylactic acid resin composition in the kneading step.

As the chain extender, the compound including two or more epoxy groups per
molecule is suitably used. Therefore, a temperature of the kneading step is preferably
equal to a melting point of the polylactic acid resin composition or higher and 240
degrees Celsius or lower, more preferably 220 degrees Celsius or higher and 240
degrees Celsius or lower. When the temperature of the kneading step is equal to a
melting point of the polylactic acid resin composition or higher and 240 degrees
Celsius or lower, the viscosity of the polylactic acid resin composition is effectively
improved, and elution of the unreacted epoxy group-containing compound including
two or more epoxy groups per molecule can be reduced.

<Impregnation step>

The impregnation step includes melting and kneading the polylactic acid resin

composition and the blowing agent to prepare a foamable polylactic acid resin com-

position. The solubility (solubility rate) of the blowing agent in the polylactic acid
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resin composition may vary depending on a temperature and pressure of the im-
pregnation step. The temperature and pressure of the impregnation step may be appro-
priately set while closely monitoring the state of the foam sheet. The solubility of the
blowing agent in the polylactic acid resin composition is generally increased by in-
creasing the pressure, or lowering the temperature of the polylactic acid resin com-
position.

In the present disclosure, the term "foamable polylactic acid resin composition”
encompasses a composition in which the blowing agent is dissolved and/or dispersed
in the polylactic acid resin composition, and is a composition that will be foamed as
the pressure is released from the pressure inside the extruder to the atmospheric
pressure in the below-described foaming step.

The impregnation step is preferably carried out, while gently cooling the foamable
polylactic acid resin composition. A tandem extruder combining a twin-screw extruder
and a single-screw extruder enables to dissolve the blowing agent, while gently cooling
the polylactic acid resin composition by the single-screw extruder. Therefore, the
tandem extruder is suitable for the production of the foam sheet of the present
disclosure.

<Foaming step>

The foaming step includes extruding the foamable polylactic acid resin com-
position obtained in the impregnation step by an extruder to obtain a foamed body. The
foaming step preferably includes vaporizing and removing the compressible fluid
serving as the blowing agent, which has been dissolved in the foamable polylactic acid
resin composition obtained in the impregnation step, to generate air bubbles in the
polylactic acid resin composition to foam the polylactic acid resin composition, and
extruding the polylactic acid resin composition by the extruder to mold the polylactic
acid resin composition. In the foaming step, the pressure difference between the
pressure inside the extruder and the atmospheric pressure acts as a driving force for
foaming.

The temperature of the foamable polylactic acid resin composition in the foaming
step is preferably adjusted to the range of approximately 150 degrees Celsius to ap-
proximately 170 degrees Celsius. The temperature of the foaming step is a temperature
of the die. As the temperature of the foaming step is adjusted to the above-mentioned
range, the viscosity of the foamable polylactic acid resin composition can be adjusted
to the range suitable for foaming, while suppressing crystallization.

When the die is cooled to approximately 130 degrees Celsius, crystallization
progresses, which may impair thermoforming of the foam sheet, or the die may be
blocked with crystals. Since the temperature of the foaming step is adjusted to the

above-mentioned range, the viscosity of the foamable polylactic acid resin composition
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can be adjusted to suit foaming, while suppressing crystallization.

The kneading step and the impregnation step may be performed at the same time.
Alternatively, only the kneading step is performed to obtain a polylactic acid resin
composition, followed by performing the impregnation step and the foaming step to
obtain a foam body.

The non-foamable polylactic acid resin composition obtained by performing only
the kneading step may be referred to as a master batch or simply a polylactic acid resin
composition.

Next, one example of a device for carrying out the kneading step will be described
with reference to a drawing, but the kneading step according to the present disclosure
is not limited to the below-described example.

Fig. 2 is a schematic view illustrating a twin-screw extruder (continuous kneader)
100 as a kneader of the foam sheet production apparatus of the present disclosure. For
example, the twin-screw extruder 100 has a screw diameter of 42 mm, and a ratio
[L/D] of 48 where L is a length of the extruder, and D is the screw diameter. In the
present embodiment, for example, constituent materials, such as a polylactic acid resin,
a foam nucleating agent, and a chain extender, are supplied from a first feeder 1 and a
second feeder 2 to a constituent-material mixing and melting section a, and the
supplied constituent materials are mixed and melted. In the case where the polylactic
acid resin composition includes a component other than the above-listed constituent
materials (e.g., inorganic particles), the component other than the above-listed con-
stituent materials is also supplied, and mixed and melted with the constituent materials.
In the case where the polylactic acid resin composition includes three or more
components, the number of feeders may be appropriately increased, or some of
components may be mixed with the polylactic acid resin in advance, followed by
supplying the resulting mixture from the feeder to the constituent-material mixing and
melting section a.

Carbon dioxide, preferably a compressible fluid of carbon dioxide, is supplied to
the mixed and melted constituent materials from a compressible fluid reservoir 3 into a
compressible-fluid feeding section b. Subsequently, the mixture including the com-
pressible fluid is kneaded in a kneading section c. The compressible fluid F is removed
from the mixture in a compressible-fluid removing section d, and the mixture is, for
example, formed into resin pellets P in a mold processing section e. In the manner as
described above, a polylactic acid resin composition (master batch) is obtained.

As the compressible fluid, for example, a gas that is cooled and liquidized is
supplied by a metering pump. Moreover, solid constituent materials, such as the resin
pellets and the foam nucleating agent, are supplied, for example, by a constant feeder.

In the case where the kneading step and the impregnation step, and the foaming
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step are sequentially carried out, the blowing agent is preferably used as the com-
pressible fluid. In this case, the removal of the compressible fluid F is not carried out in
the compressible-fluid removing section d.

Next, each process carried out in each section of the kneader illustrated in Fig. 2
will be described.

-Constituent-material mixing and melting section a-

In the constituent-material mixing and melting section a, resin pellets and optional
components other than the polylactic acid resin are mixed and heated. The heating tem-
perature is set at a temperature equal to or higher than a melting point of the resin so
that the mixture of the constituent materials is turned into a state where the mixture can
be homogeneously mixed with a compressible fluid F in the following compressible-
fluid feeding section b.

-Compressible-fluid feeding section b-

In the compressible-fluid feeding section b, a compressible fluid F is supplied to
the resin pellets that have been heated and turned into the melted state, to plasticize the
melted resin.

-Kneading section c-

In the kneading section c, the components other than the polylactic acid resin are
homogeneously dispersed in the polylactic acid resin. The set temperature may be
changed according to specifications of a reactor or a load. The set temperature is
preferably a melting point of the polylactic acid resin composition or higher and 240
degrees Celsius or lower.

An example of the foam sheet production apparatus (continuous foam sheet
production apparatus 110), in which the kneading and the foaming are consecutively
performed is illustrated in Fig. 3.

As the continuous foam sheet production apparatus 110, a tandem extruder in
which a kneader 10 and a single-screw extruder 20 are linked may be used. In the
continuous foam sheet production apparatus 110, for example, constituent materials,
such as a polylactic acid resin, a foam nucleating agent, and a chain extender, are
supplied from a first feeder 1 and a second feeder 2 to a constituent-material mixing
and melting section a, and the supplied materials are mixed and melted.

In a compressible-fluid feeding section b, a compressible fluid serving as a
blowing agent is supplied to the mixed and melted constituent materials from a com-
pressible fluid reservoir 3. Subsequently, the resulting mixture including the com-
pressible fluid as the blowing agent is kneaded in a kneading section c to prepare a
foamable polylactic acid resin composition.

The foamable polylactic acid resin composition is supplied to a temperature

adjusting section f. In the temperature adjusting section f, the temperature of the
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foamable polylactic acid resin composition is adjusted to a temperature suitable for
foaming, and the blowing agent is further dissolved. Subsequently, the foamable
polylactic acid resin composition is extruded from a die into the atmosphere to obtain a
cylindrical foam body 4. The obtained cylindrical foam body 4 is placed around a
cooling mandrel 5 and air is blown onto the outer circumference of the cylindrical
foam body 4 to cool the cylindrical foam body 4. Part of the foam body 4 is cut open
by a rotary blade to flatten the foam body, and the cut-open foam body is rolled up as a
roll to thereby obtain a foam sheet of the present disclosure.

In the present disclosure, the temperature of the kneading section c is preferably
equal to or higher than the melting point of the polylactic acid resin composition and
240 degrees Celsius or lower, more preferably 220 degrees Celsius or higher and 240
degrees Celsius or lower. Moreover, the temperature of the temperature adjusting
section f is preferably equal to or higher than a temperature [Tm minus 20 degrees
Celsius] that is lower than the melting point (Tm) of the polylactic acid resin com-
position by 20 degrees Celsius.

In the above-described example, the kneading step is performed by the kneader 10,
and the foaming step is performed by the single-screw extruder 20. However, the
present disclosure is not limited to the above-described structure. For example, a
section where the kneading step is carried out and a section where the foaming step is
carried out may be appropriately changed.

(Molded product)

One embodiment of the molded product of the present disclosure includes the
foam sheet of the present disclosure. The molded product may be a molded product of
the foam sheet of the present disclosure. The molded product may further include other
components, as necessary.

Another embodiment of the molded product of the present disclosure is a molded
product obtained by thermoforming the foam sheet of the present disclosure.
Specifically, the molded product is the foam sheet of the present disclosure having a
shape achieved by thermoforming. The molded product may further include other
components, as necessary.

The above-mentioned other components are not particularly limited, except that
components are used for typical resin products. The above-mentioned other
components may be appropriately selected according to the intended purpose.

The thermoforming of the foam sheet is not particularly limited. For example, the
foam sheet may be provided for a process where thermoforming is performed using a
mold to obtain a product. A method of the thermoforming using a mold is not par-
ticularly limited, and any thermoforming methods for thermoplastic resins available in

the related art may be used. Examples of the method include vacuum forming, pressure
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forming, vacuum and pressure foaming, and press forming.

Examples of the molded product (may be referred to as an article or a consumer
product) include, as household goods, containers, bags, packaging containers, trays,
dishes, cutleries, stationaries, and buffer materials. The term "molded product” also
includes, as an intermediate product to be processed into the molded product, a roll of
the foam sheet. Moreover, the term "molded product” includes, as well as the molded
product itself as a single product, parts each composed of the molded product, such as
handles of a tray, or a product equipped with one or more molded products, such as a
tray with handles.

An embodiment of the container is not particularly limited and may be appro-
priately selected. For example, the container may be a container without a lid, such as a
tray, or a container whose opened area is sealed with a shrink film, top sealing, or
fitted lid. Moreover, the container of the present disclosure also includes a lid of a
container, and the container of the present disclosure may be used as a lid of a
container.

Examples of the bags include carrier bags, shopping bags, and bin bags.

Examples of the stationaries include clear files, and badges.

Moreover, the molded product may be applied for use other than the household
goods. For example, the molded product may be widely applied for variety of uses,
such as sheets or packaging materials for industrial materials, daily necessities, agri-
cultural products, food products, medical products, or cosmetic products.

Moreover, the foam sheet may be subjected to processing, such as laminating and
coating, as necessary. The processing may be performed before winding the foam sheet
up during the production of the foam sheet, or the processing may be performed on the
foam sheet that has been wound up into a roll after the production. A laminate film or
coating agent used, and a processing method are not particularly limited and may be
appropriately selected.

The molded product may no longer have characteristics of the foam sheet, but such
molded product is still within the scope of the present disclosure, as long as the molded
product uses the foam sheet as a constituent material.

<Method for producing molded product and molded product production apparatus>

The method for producing the molded product is not particularly limited, and may
be appropriately selected according to a desired shape of a molded product. In the case
where a molded product is produced by thermoforming, the method preferably
includes a heating step and a thermoforming step, and may further include other steps,
as necessary.

The molded product production apparatus is not particularly limited, and may be

appropriately selected according to a desired shape of a molded product. The molded
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product production apparatus preferably includes a heater and a thermoforming
member, and may further include other devices or members, as necessary.

The method for producing the molded product is suitably performed by the molded
product production apparatus.

<<Heating step and heater>>

The heating step includes, before molding the foam sheet of the present disclosure,
heating the foam sheet to soften the foam sheet.

The heater is a member configured to heat the foam sheet to soften the foam sheet
before molding the foam sheet of the present disclosure.

The heating step is suitably performed by the heater.

A method for heating the foam sheet in the heating step is not particularly limited,
and may be appropriately selected according to the intended purpose. Examples of the
method include: a method where the heater is placed at both the upper side and the
bottom side of the foam sheet, or either the upper side or the bottom side of the foam
sheet to heat the foam sheet.

The heater is not particularly limited, and may be appropriately selected from
heaters available in the related art. Examples of the heater include electrothermal
heaters, heating plates, and infrared (IR) heaters.

The crystallization of the polylactic acid resin is preferably not carried out in the
heating step before molding of the foam sheet, but the crystallization of the polylactic
acid resin is preferably carried out in the following thermoforming step, because
thermal resistance can be improved. Therefore, the heating step preferably includes
heating the foam sheet within a short period, more preferably placing infrared (IR)
heaters at the upper side and the bottom side of the foam sheet, respectively, to heat the
foam sheet.

A heating temperature of the foam sheet in the heating step is not particularly
limited, and may be appropriately selected according to the intended purpose. The
heating is preferably performed at a temperature equal to or higher than the glass
transition temperature of the polylactic acid resin, more preferably at a temperature of
60 degrees Celsius or higher, and yet more preferably 80 degrees Celsius or higher. If
the foam sheet is heated at a temperature close to the cold crystallization temperature
of the polylactic acid resin, crystallization of the polylactic acid resin progresses.
Therefore, the highest heating temperature of the foam sheet in the heating step is
preferably 110 degrees Celsius or lower. The lower limit and upper limit of the heating
temperature may be appropriately selected. The heating temperature of the foam sheet
in the heating step is more preferably 60 degrees Celsius or higher and 100 degrees
Celsius or lower, particularly preferably 80 degrees Celsius or higher and 100 degrees

Celsius or lower.
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The heating temperature represents the temperature of the foam sheet itself. The
heating time of the foam sheet in the heating step is not particularly limited, and may
be appropriately selected according to the intended purpose. In view of suitable pro-
gression of crystallization, the heating time is preferably 15 seconds or shorter, more
preferably 10 seconds or shorter, and yet more preferably 5 seconds or shorter.

<<Thermoforming step>>

The thermoforming step includes molding the softened foam sheet in the heating
step using a mold, preferably a die. The thermoforming step preferably includes
molding the foam sheet into a shape of a container.

A molding method using the mold is not particularly limited, and any ther-
moforming methods for thermoplastic resins available in the related art may be used.
Examples of the molding method include vacuum forming, pressure forming, vacuum
and pressure forming, and matched mold forming. Among the above-listed examples,
matched mold forming is particularly preferred because crystallization of the polylactic
acid resin of the foaming sheet is facilitated during molding to improve thermal re-
sistance.

A temperature of the mold in the thermoforming step is not particularly limited,
and may be appropriately selected according to the intended purpose. The ther-
moforming is preferably performed at a temperature close to the cold crystallization
temperature of the polylactic acid resin to facilitate crystallization of the polylactic acid
resin in the foam sheet.

In the present specification, the "temperature close to the cold crystallization tem-
perature of the polylactic acid resin" encompasses a temperature that is equal to or
higher than the cold crystallization temperature of the polylactic acid resin by 20
degrees Celsius or less. Specifically, the temperature of the mold in the thermoforming
step is preferably 100 degrees Celsius or higher and 120 degrees Celsius or lower,
more preferably 100 degrees Celsius or higher and 110 degrees Celsius or lower. As
the thermoforming step is carried out with the temperature of the mold close to the
cold crystallization temperature of the polylactic acid resin, a molded product having
excellent thermal resistance can be obtained.

A thermoforming time in the thermoforming step is not particularly limited, and
may be appropriately selected according to the intended purpose. The thermoforming
time is preferably a sufficient time to crystalize the foam sheet, more preferably 5
seconds or longer, and yet more preferably 7 seconds or longer. The upper limit of the
thermoforming time is not particularly limited. In view of thermal resistance, the upper
limit of the thermoforming time is preferably 10 seconds or shorter. The lower limit
and upper limit of the thermoforming time may be appropriately selected. The ther-

moforming time is preferably 5 seconds or longer and 10 seconds or shorter, more
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preferably 7 seconds or longer and 10 seconds or shorter.
<<Other steps and other devices or members>>

The above-mentioned other steps are not particularly limited, and may be appro-
priately selected according to the intended purpose. Examples of the above-mentioned
other steps include releasing the molded product from the mold, punching the molded
product from the foam sheet, and cutting off excess parts from the foam sheet
excluding the part of the molded product.

Examples

The present disclosure will be described hereinafter by way of Examples and
Comparative Examples. Examples should not be construed as to limit the scope of the
present disclosure. In Examples and Comparative Examples, "part(s)" represents
"part(s) by mass" and "%" excluding "%" described in the evaluation criteria represents
"% by mass," unless otherwise stated.

(Example 1)
<Production of foam sheet>
-Mixing and melting of constituent materials-

Using a tandem continuous-type foam sheet production apparatus 110 illustrated in
Fig. 3, the constituent-material mixing and melting section a of the kneader 10 was
charged with 98.1 parts of polylactic acid resin (REVODE 190, available from
HISUN), 1 part of silylated silica (AEROSIL (registered trademark) RY300, average
hydrophobicity: 67.2% by volume, carbon content: 6.0% by mass to 8.5% by mass,
available from NIPPON AEROSIL CO., LTD.) serving as inorganic particles, and 0.9
parts of a chain extender (MARPROOF™ G-0250SP, available from NOF COR-
PORATION) so that a feeding rate of the resulting polylactic acid resin composition
including the polylactic acid resin, the inorganic particles serving as a foam nucleating
agent, and the chain extender was 20 kg/hour.

-Supply of compressible fluid, kneading and impregnation-

Subsequently, carbon dioxide in the state of a compressible fluid serving as a
blowing agent was supplied to the compressible-fluid feeding section b of the kneader
10 at a feeding rate of 0.76 kg/hour (equivalent to 3.8 parts of the carbon dioxide
relative to 100 parts by mass of the polylactic acid resin composition), and the
resulting mixture was mixed, melted, and kneaded in the kneading section c, followed
by supplying the resulting mixture to the single-screw extruder 20.

-Foaming-

Subsequently, the polylactic acid resin composition was cooled down to 160

degrees Celsius in the temperature adjusting section f of the single-screw extruder 20,

and the polylactic acid resin composition was ejected from a circular die attached to an
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edge of the single-screw extruder 20 into the atmosphere to vaporize the carbon
dioxide to perform extrusion foaming. The circular die had a slit diameter of 70 mm
and a gap of 0.5 mm.

-Molding-

The obtained cylindrical foam sheet was placed along the cooling mandrel 5 to
follow the shape of the cooling mandrel 5, and air was blown onto the outer surface of
the foam sheet to carry out forced cooling. The foam sheet was then cut by a rotary
blade cutter to obtain a foam body in the shape of a flat sheet (may be referred to as a
"foam sheet" of Example 1 hereinafter).

The temperature of each section was adjusted as follows in Example 1.
Constituent-material mixing and melting section a of kneader: 200 degrees Celsius
Compressible-fluid feeding section b of kneader: 240 degrees Celsius
Kneading section c of kneader: 240 degrees Celsius
Temperature adjusting section f of single-screw extruder: cooling from 180 degrees

Celsius to 160 degrees Celsius
Circular die: 155 degrees Celsius

The pressure of each section was adjusted as follows in Example 1.
Compressible-fluid feeding section b of kneader: from 7 MPa to 10 MPa
Kneading section c of kneader: from 8 MPa to 20 MPa
Temperature adjusting section f of single-screw extruder: from 8 MPa to 38§ MPa
(Examples 2to 4, 7t0 9, and 13)

Foam sheets of Example 2 to 4, 7 to 9, and 13 were obtained in the same manner
as in Example 1, except that the composition of the polylactic acid resin composition
was changed as presented in Tables 1-1, 2-1, and 3-1 below.

(Examples 5, 6, 10, and 12)

Foam sheets of Examples 5, 6, 10, and 12 were obtained in the same manner as in
Example 1, except that the conditions for the production of the foam sheet were
changed as presented in Tables 2-1 and 3-1 below.

(Example 11)

A foam sheet of Example 11 was obtained in the same manner as in Example 1,
except that the composition of the polylactic acid resin composition and the conditions
for the production of the foam sheet were changed as presented in Table 3-1 below.

(Comparative Examples 1 to 5)

Foam sheets of Comparative Examples 1 to 5 were each obtained in the same
manner as in Example 1, except that the composition of the polylactic acid resin com-
position and the conditions for the production of the foam sheet were changed as
presented in Table 4-1 below.

<Measurement of physical properties>
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Each of the foam sheets of Examples 1 to 13 and Comparative Examples 1 to 5 was
subjected to the measurement of "an amount of the polylactic acid resin relative to a

"o

total amount of organic matter in the foam sheet,” "a molar ratio of D-lactic acid and

"o

L-lactic acid constituting the polylactic acid resin in the foam sheet,”" "a melting point

"o

of the polylactic acid resin in the foam sheet," "a recrystallization temperature of the

"o

polylactic acid resin in the foam sheet," "a glass transition temperature of the polylactic

"o

acid resin in the foam sheet," "a cold crystallization temperature of the polylactic acid

"o

resin in the foam sheet," "an epoxy equivalent of the chain extender (crosslinking

"o

agent)," "a weight average molecular weight (Mw) of the chain extender (crosslinking

"o

agent),"” "the outermost surface profile of the cross section of the foam sheet along
TD," "a bulk density of the foam sheet,” "a pore diameter (median diameter) of the
foam sheet," and "cold crystallization enthalpy of the foam sheet" in the following
manner. The results are presented in Tables 1-2, 2-2, 3-2, and 4-2 below.

Moreover, the polylactic acid resin composition obtained in the supply of the
blowing agent and the kneading in each of Examples 1 to 13 and Comparative
Examples 1 to 5 was subjected to the measurement of "a weight average molecular
weight of the polylactic acid resin composition" and "recrystallization enthalpy of the
polylactic acid resin composition” in the following manner. The results are presented
in Tables 1-2, 2-2, 3-2, and 4-2.

<<Measurement of amount of polylactic acid resin relative to total amount of organic
matter in foam sheet>>

An amount of the polylactic acid relative to a total amount of the organic matter in
each of the foam sheets of Examples 1 to 13 and Comparative Examples 1 to 5 was
measured in the following manner.

-Preparation of solvent-

As a solvent used for the measurement, approximately 100 mg of a
1,3,5-trimethoxybenzene standard (for quantitative NMR, available from FUJIFILM
Wako Pure Chemical Corporation) was weighed as an internal standard substance, and
the collected standard substance was dissolved in deuterated chloroform (including
0.3% by volume of tetramethylsilane (TMS)) in a 10 mL volumetric flask to prepare
the solvent.

-Preparation of sample-

The solvent was added to each of the foam sheets of Examples 1 to 13 and Com-
parative Examples 1 to 5 so that a concentration of the foam sheet was 10 mg/mL. The
resulting mixture was shaken by a table top shaker (MSI-60, available from AS ONE
Corporation) for about half a day to dissolve the foam sheet. In order to minimize a
change in the sample concentration due to evaporation of the solvent as much as

possible, the smallest container available was selected for use in the shaking. The
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sample prepared in the above-described manner was placed in a sample tube having a
diameter of 5 mm, which was provided for NMR.
-Measurement-

Quantitative 'H nuclear magnetic resonance spectroscopy (\H-NMR) was
performed by the following measuring device under the following measuring
conditions according to JIS K 0138:2018 (General rules for quantitative nuclear
magnetic resonance spectroscopy (QNMR)).

((Measuring device and measuring conditions))

Nuclear magnetic resonance (NMR) spectrometer: INM-ECX-500 FT-NMR
(available from JEOL Ltd.)

Observed nuclei: 1H

Measuring temperature: 30 degrees Celsius

Spin: off

Digital resolution: 0.25 Hz

Observation range: -0.5 ppm to 15 ppm

Pulse angle: 90 degrees

Relaxation time: 60 seconds

Number of scans: 16 times (dummy scanning was performed twice before the actual
measurement)

13C decoupling: performed

-Analysis-

Based on the obtained data, integration of the following chemical shift peaks was

carried out to calculate an integration ratio according to the following equation (4).
Integration 1 (derived from polylactic acid resin): 5.2 ppm
Integration 2 (derived from internal standard): 6.1 ppm

[Math.9]

Integration ratio = Integration 1/(Integration 2 X sample mass)
Equation (4)

NMR was performed on a polylactic acid resin whose purity was known using the
same solvent used for the above-mentioned sample in the same manner as in the
above-described NMR. A ratio of the integration ratio of the polylactic acid resin
whose purity had been known according to the equation (4) and the integration ratio of
the sample was determined to calculate an amount of the polylactic acid resin relative
to a total amount of organic matter in the foam sheet according to the following

equation (5).
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[Math.10]

0/

Amount of polylactic acid resin [% by mass] = 100 X purity [% by mass]

of polylactic acid resin whose purity is known X (integration ratio of

sample)/(integration ratio of polylactic acid resin whose purity is known)
Equation (5)

The series of processes from the preparation of the sample to the analysis was
performed three times, and the arithmetic means of the obtained amounts of the
polylactic acid resin was determined as an amount of the polylactic acid resin relative
to total amount of organic matter of each of the foam sheets of Examples 1 to 13 and
Comparative Examples 1 to 5.

<<Measurement of molar ratio between D-lactic acid and L-lactic acid constituting
polylactic acid resin in foam sheet>>

Each of the foam sheets of Examples 1 to 13 and Comparative Examples 1 to 5
was frozen and ground to prepare a powder of the foam sheet. Two hundred milligrams
(200 mg) of the obtained powder of the foam sheet by the cryogenic grinding was
weighed and collected in an Erlenmeyer flask using a precision balance, followed by
adding 30 mL of a 1 N sodium hydroxide aqueous solution. Next, the resulting mixture
was heated at 65 degrees Celsius, while shaking the Erlenmeyer flask, to completely
dissolve the polylactic acid resin. Subsequently, pH of the resulting solution was
adjusted to 7 with 1 N hydrochloric acid, and the resulting solution was diluted to the
predetermined volume using a volumetric flask to obtain a polylactic acid resin
solution. The polylactic acid resin solution was filtered with a membrane filter of 0.45
um (micrometers), followed by analyzing the filtrate by liquid chromatography under
the following measuring conditions.

((Measuring device and measuring conditions))

High performance liquid chromatography (HPLC) device (liquid chromatograph):
PU-2085P1us system (available from JASCO Corporation)

Column: Chromolith (registered trademark) coated with SUMICHIRAL OA-5000
(inner diameter: 4.6 mm, length: 250 mm)(available from Sumika Chemical Analysis
Service, Ltd.)

Column temperature: 25 degrees Celsius

Mobile phase: a mixed liquid of a 2 mM CuSO, aqueous solution and 2-propanol
(CuSO, aqueous solution:2-propanol (volume ratio) = 95:5)

Mobile phase flow rate: 1.0 mL/min

Detector: UV 254 nm
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Injecting amount: 20 pLL (microliters)

Based on the obtained chart, the area of the peak derived from the D-lactic acid
and the area of the peak derived from the L-lactic acid, and a total area were de-
termined. Based on the determined peak areas and the total area, a peak area ratio
derived from the D-lactic acid and a peak area ratio derived from the L-lactic acid were
calculated and determined as abundance ratios to calculate a quantity ratio of the D-
lactic acid and a quantity ratio of the L-lactic acid. An arithmetic mean of the measured
values obtained by performing the above-described measurement three times was de-
termined as an amount of the D-lactic acid or an amount of the L-lactic acid con-
stituting the polylactic acid resin in the foam sheet. The results are presented as "molar
ratio (L-lactic acid:D-lactic acid)" in Tables 1-2, 2-2, 3-2, and 4-2 below.

<<Measurement of melting point of polylactic acid resin in foam sheet>>

A melting point of the polylactic acid resin in each of the foam sheets of Examples
I to 13 and Comparative Examples 1 to 5 was determined by differential scanning
calorimetry (DSC) according to JIS K 7121:2012 (Testing method for transition tem-
peratures of plastics).

Specifically, a sample (from 5 mg to 10 mg) cut out from the foam sheet was
placed in a container of a differential scanning calorimeter (Q-2000, available from TA
Instruments Japan Inc.), and the sample was heated from 10 degrees Celsius to 200
degrees Celsius at a heating rate of 10 degrees Celsius per minute to measure a melting
point of the polylactic acid resin.

A peak top temperature (peak melting temperature [Tpm]) of an endothermic peak,
which was observed at the higher temperature side relative to the glass transition tem-
perature and was derived from melting of crystals, was determined as a melting point
of the polylactic acid resin in the foam sheet. In the case where two or more en-
dothermic peaks were observed at the higher temperature side relative to the glass
transition temperature, a peak top temperature of the peak having the largest area was
determined as a melting point of the polylactic acid resin in the foam sheet.

<<Measurement of recrystallization temperature of polylactic acid resin in foam
sheet>>

A recrystallization temperature of the polylactic acid resin in each of the foam
sheets of Examples 1 to 13 and Comparative Examples 1 to 5 was determined by dif-
ferential scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method
for transition temperatures of plastics).

Specifically, a sample (5 mg to 10 mg) cut out from the foam sheet was placed in a
container of a differential scanning calorimeter (Q-2000, available from TA In-
struments Japan Inc.). Then, the sample was heated from 10 degrees Celsius to 200

degrees Celsius at a heating rate of 10 degrees Celsius per minute, and the temperature
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was retained at 200 degrees Celsius for 10 minutes, followed by cooling from 200
degrees Celsius to 10 degrees Celsius at a cooling rate of 10 degrees Celsius per
minute. A peak top temperature of an exothermic peak was measured as a recrystal-
lization temperature of the polylactic acid resin in the foam sheet. In the case where a
crystallization peak was not clearly observed, the result is presented as "unclear” in
Tables 1-2, 2-2, 3-2, and 4-2 below.

[0220]  <<Measurement of glass transition temperature of polylactic acid resin in foam
sheet>>

A glass transition temperature of the polylactic acid resin in each of the foam
sheets of Examples 1 to 13 and Comparative Examples 1 to 5 was determined by dif-
ferential scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method
for transition temperatures of plastics).

Specifically, a sample (from 5 mg to 10 mg) cut out from the foam sheet was
placed in a container of a differential scanning calorimeter (Q-2000, available from TA
Instruments Japan Inc.), and the sample was heated from 10 degrees Celsius to 200
degrees Celsius at a heating rate of 10 degrees Celsius per minute to measure a glass
transition temperature of the polylactic acid resin in the foam sheet.

[0221]  <<Measurement of cold crystallization temperature of polylactic acid resin in foam
sheet>>

A cold crystallization temperature of the polylactic acid resin in each of the foam
sheets of Examples 1 to 13 and Comparative Examples 1 to 5 was determined by dif-
ferential scanning calorimetry (DSC) according to JIS K 7121:2012 (Testing method
for transition temperatures of plastics).

Specifically, a sample (5 mg to 10 mg) cut out from the foam sheet was placed in a
container of a differential scanning calorimeter (Q-2000, available from TA In-
struments Japan Inc.). Then, the sample was heated from 10 degrees Celsius to 200
degrees Celsius at a heating rate of 10 degrees Celsius per minute. A peak top tem-
perature of an exothermic peak observed at a temperature range equal to or higher than
a glass transition temperature was measured as a cold crystallization temperature of the
polylactic acid resin in the foam sheet.

[0222]  <<Measurement of epoxy equivalent of chain extender (crosslinking agent)>>

An epoxy equivalent of the chain extender (crosslinking agent) was measured in
the following manner according to JIS K 7236:2001 (Determination of epoxy
equivalent in epoxy resins).

[0223]  -Preparation of sample-

Chloroform (10 mL) was added to the epoxy group-containing compound (from

0.1 g to 0.3 g) serving as the chain extender (crosslinking agent), and the resulting

mixture was stirred with a magnetic stirrer to completely dissolve the epoxy group-
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[0225]

[0226]

[0227]

containing compound. To the resulting solution, 20 mL of acetic acid and 10 mL of a
chloroform solution of tetracthylammonium bromide (concentration: 0.25 g/mL) were
added to prepare a sample.

-Measurement-

An epoxy equivalent of the prepared sample was measured by the following

measuring device under the measuring conditions.

((Measuring device and measuring conditions))

Device: automatic titrator COM-A-19 (available from HIRANUMA Co., Ltd.)

Reference liquid: 0.1 mol/L perchloric acid-acetic acid reference liquid

Electrode: glass electrode GTRS10B

reference electrode GTPHI1B (inner liquid: saturated sodium perchlorate/acetic acid
solution)

Measuring mode: inflection point detection

Derivative value: 100 mV/mL

Calculation formula: 1,000 x S/((A1-BL) x M x f)

In the formula above, S is a mass (g) of the epoxy group-containing compound, Al
is the titration amount (mL) at the inflection point, BL is a result (mL) of a blank test,
M is a concentration (mol/L.) of the reference liquid, { is a factor of the reference
liquid. The blank test was performed twice, and an average value from the two mea-
surements was used as the result of the blank test.

<<Weight average molecular weight (Mw) of chain extender (crosslinking agent)>>

A weight average molecular weight (Mw) of the chain extender (crosslinking

agent) was measured in the following manner.
-Preparation of sample-

The epoxy group-containing compound serving as the chain extender (crosslinking
agent) and chloroform were mixed so that a concentration of the epoxy group-
containing compound was approximately 2 mg/mL. The resulting mixture was shaken
by a table top shaker (MSI-60, available from AS ONE Corporation) for about half a
day. After confirming that the epoxy group-containing compound was dissolved, the
resulting solution was filtered with a 0.45 pm (micrometers)-membrane filter to collect
a filtrate. The collected filtrate was used as a sample.

-Measurement-
A weight average molecular weight (Mw) of the prepared sample was measured
by the following measuring device under the following measuring conditions.
((Measuring device and measuring conditions))
Device: HLC-8320GPC (available from Tosoh Techno-System, Inc.)
Columns: TSKgel (registered trademark) guard column SuperHZ-L and 4 columns of
TSKgel SuperHZM-M
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[0229]

[0230]

[0231]

Detector: RI
Measuring temperature: 40 degrees Celsius
Mobile phase: chloroform
Flow rate: 0.45 mL/min
Injection amount: 20 pLL (microliters)
<<Measurement of weight average molecular weight of polylactic acid resin com-
position>>

A weight average molecular weight (Mw) of the polylactic acid resin composition
obtained in the supply of the blowing agent and the kneading in each of Examples 1 to
13 and Comparative Examples 1 to 5 was measured in the following manner.

-Preparation of sample-

The polylactic acid resin composition and chloroform were mixed so that a con-
centration of the polylactic acid resin composition was approximately 2 mg/mL. The
resulting mixture was shaken by a table top shaker (for example, MSI-60 available
from AS ONE Corporation) for about half a day. After confirming that the polylactic
acid resin composition was dissolved, the resulting solution was filtered with a 0.45
um (micrometers)-membrane filter to collect a filtrate. The collected filtrate was used
as a sample.

-Measurement-

A weight average molecular weight (Mw) of the prepared sample was measured
by the same measuring device under the same measuring conditions as in ((Measuring
device and measuring conditions)) of the measurement of the weight average
molecular weight (Mw) of the chain extender (crosslinking agent).

<<Measurement of recrystallization enthalpy of polylactic acid resin composition>>

Recrystallization enthalpy of the polylactic acid resin composition obtained in the
supply of the blowing agent and the kneading in each of Examples 1 to 13 and Com-
parative Examples 1 to 5 was determined by differential scanning calorimetry (DSC)
according to JIS K 7122:2012 (Testing Methods for Heat of Transitions of Plastics).

Specifically, the polylactic acid resin composition was collected by 5 mg to 10 mg,
and the collected polylactic acid resin composition was pressed on a hot plate heated at
65 degrees Celsius with a round copper bar (diameter of approximately 20 mm,
similarly heated at 65 degrees Celsius) (with a load of approximately 500 gf) for 1
second to 3 seconds to flatten the polylactic acid resin composition to prepare a
sample. The sample was measured by the following measuring device under the
following measuring conditions, and was analyzed by the following analysis method.
The recrystallization enthalpy is the arithmetic mean of the results obtained by
performing the series of processes from the preparation of the sample to the analysis 5

times.
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[0233]

[0234]

[0235]

((Measuring device and measuring conditions))
Device: Q-2000 (available from TA Instruments Japan Inc.)
Temperature program: Scanning from 10 degrees Celsius to 200 degrees Celsius at a
heating rate of 10 degrees Celsius per minute (1st heating), and retaining the tem-
perature at 200 degrees Celsius for 1 minute, followed by cooling from 200 degrees
Celsius to 25 degrees Celsius at a cooling rate of 10 degrees Celsius per minute (1st
cooling).
Analysis of recrystallization enthalpy: The area of the exothermic peak derived from
crystallization observed during the 1st cooling was determined by integration, and the
area was determined as recrystallization enthalpy. The position of the exothermic peak
derived from crystallization was within the range of approximately 100 degrees
Celsius to approximately 130 degrees Celsius. The baseline of the integration was a
straight line connecting the points on the curve before and after the exothermic peak.
<<Outermost surface profile of cross section of foam sheet along TD>>

The outermost surface profile of the cross section of each of the foam sheets of
Examples 1 to 13 and Comparative Examples 1 to 5 along the transverse direction
(TD) was evaluated in the following manner.

-Sample-

A central part of the foam sheet relative to the TD of the foam sheet was cut into a
piece in the shape of a square of 5 cm x 5 cm (a square having a side of 5 cm), and the
cut piece of the foam sheet was fixed on a stage of the following 3D measurement
system using a double-sided tape so that the cut piece of the foam sheet would not lift
up. The fixed cut piece was used as a sample.

Three samples were prepared in total according to the same method by varying the
position of the foam sheet at which the sample was cut out.

-Processing for long-cycle wave component-

If values of 10 mm or greater were measured when the average length RSm of the
roughness profile element was evaluated, the measurement was performed by setting
the cutoff (Ac) (lambda c) of a wave component at 10 mm.

-Measurement-

The outermost surface profile of at least one surface of each of the three samples
on the cross section along the thickness direction (THD) and the transverse direction
(TD) was observed, where the profile was taken along the TD. The arithmetic average
roughness Ra and the average length RSm of the roughness profile element were each
determined using software installed in the measuring device according to JIS B
0601:2013, and the arithmetic mean of the measured values was calculated for each of
Ra and RSm. Moreover, a ratio [Ra/RSm] of the arithmetic average roughness Ra

(average value) to the average length RSm (average value) of the roughness profile
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element was calculated.
((Measuring device and measuring conditions))
Device: 3D Measurement System VR-3200 (available from KEYENCE COR-
PORATION)
Magnification: x12 (12 times)
Measuring mode: standard
Measuring direction: both sides
Adjustment of brightness for measurement: automatic (set value: 80)
Setting of standard plane: performing by selecting the x direction and the y direction of
the image

<<Measurement of bulk density of foam sheet>>

Each of the foam sheets of Examples 1 to 13 and Comparative Examples 1 to 5

was left to stand for 24 hours or longer in the environment controlled at a temperature
of 23 degrees Celsius and relative humidity of 50%, followed by cutting out a test
piece of 50 mm x 50 mm (a square having a side of 50 mm) from the foam sheet. A
bulk density of the test piece was determined by a fully automated densimeter (DSG-1
available from Toyo Seiki Seisaku-sho, Ltd.) according to a buoyancy method.
According to the buoyancy method, a mass (g) of the test piece of the foam sheet was
accurately weighed in the atmosphere, then a mass (g) of the test piece of the foam
sheet was accurately weighed in water. The bulk density was calculated from the
measured values according to the following equation (1).
[Math.11]

Bulk density [g/cm?®] = density of water [g/cm®] X mass of test piece in
atmosphere [g]/(mass of test piece in atmosphere [g] — mass of test
piece in liquid [g])

Equation (1)

<<Measurement of pore diameter (median diameter) of foam sheet>>

Each of the foam sheet of Examples 1 to 13 and Comparative Examples 1 to 5 was
cut to expose a cross section of the foam sheet using a sharp razor blade (76 Razor,
available from Nisshin EM Co., Ltd.). The obtained cross section of the foam sheet
was observed under a scanning electron microscope (SEM) (3D real surface view mi-
croscope, VE-9800, available from KEYENCE CORPORATION) at the magnification
of 20 times to 50 times. The segmentation of the obtained image was carried out, for
example, by image analysis software (for example, MorphoLibJ plugins for Image J)

according to the watershed segmentation (Morphological segmentation). At the time of
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the segmentation, the tolerance was adjusted per image so that the segmentation was
appropriately carried out. The dividing line of the segment was output as a binary
image to determine a distribution of areas of air bubbles by a particle diameter analysis
function of the image analysis software. During the determination of the distribution,
air bubbles in contact with the edges of the image were excluded from the analysis.
The cumulative distribution of the areas of the air bubbles was prepared by a
spreadsheet (Excel, available from Microsoft) to determine an area at 50% of the cu-
mulative distribution. A circle equivalent diameter of the area at 50% of the cumulative
distribution was calculated and determined as a pore diameter (median diameter).
<<Measurement of cold crystallization enthalpy of foam sheet>>

Cold crystallization enthalpy of each of the foam sheets of Examples 1 to 13 and
Comparative Examples 1 to 5 was determined by differential scanning calorimetry
(DSC) according to JIS K 7122:2012 (Testing Methods for Heat of Transitions of
Plastics).

Specifically, a sample (from 5 mg to 10 mg) was cut out from the foam sheet, and
the sample was pressed on a hot plate heated at 65 degrees Celsius with a round copper
bar (diameter of approximately 20 mm, similarly heated at 65 degrees Celsius) at the
load of 500 gf for 1 second to 3 seconds to flatten the foam sheet to prepare the
sample. The prepared sample was placed in a container of a differential scanning
calorimeter (Q-2000, available from TA Instruments Japan Inc.), and the sample was
measured by the following measuring device under the following measuring
conditions, followed by analyzing according to the following analysis method. The
cold crystallization enthalpy of the polylactic acid resin in the foam sheet is the
arithmetic mean of the results obtained by performing the series of processes from the
preparation of the sample to the analysis five times.

((Measuring device and measuring conditions))

Device: Q-2000 (available from TA Instruments Japan Inc.)

Temperature program: Scanning from 10 degrees Celsius to 200 degrees Celsius at a
heating rate of 10 degrees Celsius per minute (1st heating).

Analysis of cold crystallization enthalpy: The area of the exothermic peak derived
from crystallization observed in the range of 60 degrees Celsius to 100 degrees Celsius
within the 1st heating was determined by integration, and the area was determined as
cold crystallization enthalpy. The baseline of the integration was a straight line
connecting the points on the curve before and after the exothermic peak.

<Evaluations>

The foam sheets of Examples 1 to 13 and Comparative Examples 1 to 5 were each

"o "o

evaluated on "moldability,"” "thermal resistance,” "thermal insulation properties,” and

"biodegradability"” in the following manner. The evaluation results are presented in
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Tables 1-2, 2-2, 3-2, and 4-2 below.
<<Moldability>>

After pre-heating each of the foam sheets of Examples 1 to 13 and Comparative
Examples 1 to 5, the foam sheet was molded for 10 seconds by matched metal dies
heated at 110 degrees Celsius into a shape of a container of an instant noodle product
(diameter of opening: 180 mm, diameter of bottom: 110 mm, depth: 60 mm). The
molded product, which was the obtained noodle container, was observed by a
specialist, and the moldability was evaluated based on the following evaluation
criteria. As the evaluation result, A is the most preferred, and A and B are acceptable
levels.

-Evaluation criteria for moldability-

A: A container having a uniform thickness was formed without any breakage or a
thinner area.

B: There was no breakage, but a thin area that was almost torn was observed.

C: A significant breakage occurred.

<<Thermal resistance>>

After pre-heating each of the foam sheets of Examples 1 to 13 and Comparative
Examples 1 to 5, the foam sheet was molded for 10 seconds by matched metal dies
heated at 110 degrees Celsius into a shape of a container of an instant noodle product
(diameter of opening: 180 mm, diameter of bottom: 110 mm, depth: 60 mm). Water of
25 degrees Celsius was poured into each of the molded products of the foam sheets of
Examples 1 to 13 and Comparative Examples 1 to 5 (the containers of the instant
noodle product) up to the top edge of the opening of the container. A mass of the water
inside the molded product was measured, and the measured value was converted into a
volume using the density of water at 25 degrees Celsius. The converted value was de-
termined as an "initial volume" of the molded product.

Next, each of the molded products of the foam sheets of Examples 1 to 13 and
Comparative Examples 1 to 5 was heated at 120 degrees Celsius for 10 minutes. After
heating the molded product, water of 25 degrees Celsius was poured into the molded
container up to the top edge of the opening. A mass of the water inside the molded
product was measured, and the measured value was converted into a volume using the
density of water at 25 degrees Celsius. The converted value was determined as a "post-
heating volume" of molded product.

A volume change rate before and after heating of the molded product was
calculated according to the following equation (9). The volume change rate was
evaluated as an index for thermal resistance of the molded product based on the
following evaluation criteria. As the evaluation result, A is the most preferred, and A

and B are acceptable levels.
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[Math.12]

Volume change rate (%) = (initial volume — post-heating volume)/
initial volume X 100
Equation (9)

-Evaluation criteria for thermal resistance-
A: The volume change rate was less than 3%.
B: The volume change rate was 3% or greater and less than 10%.
C: The volume change rate was 10% or greater, or the container was deformed to the
extent that the original shape was not recognized.

<<Thermal insulation properties>>

A test piece of 50 mm x 50 mm was cut out from each of the foam sheets of

Examples 1 to 13 and Comparative Examples 1 to 5. The cut-out test piece was placed
on a hot plate heated at 100 degrees Celsius and was left to stand for three minutes.
After standing, a thermocouple was attached to a surface of the test piece that was at
the opposite side to the heated surface to measure a surface temperature of the foam
sheet. The surface temperature of the foam sheet was evaluated as an index for thermal
insulation properties based on the following evaluation criteria. As the evaluation
result, A is the most preferred, and A, B, and C are acceptable levels.

-Evaluation criteria for thermal insulation properties-

A: The surface temperature of the foam sheet was lower than 45 degrees Celsius.

B: The surface temperature of the foam sheet was 45 degrees Celsius or higher and
lower than 55 degrees Celsius.

C: The surface temperature of the foam sheet was 55 degrees Celsius or higher and
lower than 65 degrees Celsius.

D: The surface temperature of the foam sheet was 65 degrees Celsius or higher.

<<Biodegradability>>

The biodegradability of each of the foam sheets of Examples 1 to 13 and Com-

parative Examples 1 to 5 was measured according to JIS K 6953-2:2010
(Determination of the ultimate aerobic biodegradability of plastic materials under
controlled composting conditions-Method by analysis of evolved carbon dioxide-Part
2: Gravimetric measurement of carbon dioxide evaporated in a laboratory-scale test),
and the result was evaluated based on the following evaluation criteria. As the
evaluation result, A is the most preferred, and A and B are acceptable levels.

-Evaluation criteria for biodegradability-

A: The biodegradability was 60% or greater within 45 days.
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B: The biodegradability was 60% or greater within 6 months.
C: The biodegradability was less than 60% within 6 months.
[Table 1-1]
Ex. 1 Ex. 2 Ex. 3 Ex. 4
Polylactic |REVODE 190 98.1 98.5 97.7 99.1
acid resin  |REVODE 110 - - - -
Resin
SomPoT | Metablen P-501 . . . .
Polylactic | ©othert & (acrylic resin)
acid resin polylactic
composition acid
[parts by Chain MARPROOF™ _
mass) extender |[G-0250SP 0.9 0.5 0.9
{crosslinking _
Joncryl® ADR4468 - - 1.3 -
agent)
Foam
nucleating |AEROSIL® RY300 1.0 1.0 1.0 -
agent
Polylactic acid
resin composition/
carbon dioxide 100/3.8 | 100/3.8 | 100/3.8 | 100/3.8
(compressible fluid)
[mass ratio]
Kneader |a|Temperature ['C] 200 200 200 200
Temperature [ C] 240 240 240 240
Pressure [MPa] Tt0o10 } 7to10 | 7to 10 | 7to 10
Production rcl| 240 240 240 240
of foam . Temperature
sheet Pressure [MPa] 8t020 | 8t020 | 8t020 | 8+t0 20
from from from from
. 180 180 180 180
Single-screw | .| Temperature ['C]
f down down down down
extruder to 160 | to 160 | to 160 | to 160
Pressure [MPa] 8t038 | 8t0 38 | 8t0 38 | 8to 38
Tvoe Circular | Gircular | Circular | Circular
Die P die die die die
Temperature [ C] 155 155 155 155

[0245]

[0246]

In Table 1-1, "a" represents a constituent-material mixing and melting section a;

"b" represents a compressible-fluid feeding section b; "c" represents a kneading section

c; and "f" represents a temperature adjusting section f.
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[Table 1-2]
Ex. 1 Ex. 2 Ex. 3 Ex. 4
Amount of polylactic acid
resin relative to jcotal 991 995 98.7 99 1
amount of organic matter
[mass%]
Molar ratio
(L~lactic acid:D-lactic acid) | 98.7:1.3 | 98.7:1.3 | 98.7:1.3 | 98.7:1.3
~ {{mol%]
Polylactic - —
acid resin Melting point [ C] 168 168 168 168
Recrystallization
temperature [C] 145 145 145 145
Glass transition
temperature [ C] 61 61 61 61
Cold crystallization
temperature ['C] 85 85 85 85
Physical | Grosslinking | Epoxy equivalent 310 | 310 | 310 | 310
properties | gsent (chain
extender) |Mw 15,654 | 15654 | 5674 | 15654
Polylactic {Mw 332,894 | 259,780 | 341,351 | 306,221
acid resin L
Recrystallization enthalpy
it 36 H 36 39
composition /gl
Ra [mm] 0.03 0.08 0.04 0.11
RSm {mm] 6.1 58 55 52
Ratio [Ra/RSm] [-] 0.005 | 0014 | 0.007 | 0.021
Foam sheet | Bulk density [g/cm?] 0098 | 0174 | 0103 | 0.108
Pore diameter
(median diameter) [yt m] 328 318 302 1211
Cold crystallization
enthalpy [J/e] 34 35 31 34
Moldability A A A A
Evaluation | Thermal resistance A A A A
result | Thermal insulation properties A C A B
Biodegradability A A B A

[0247]
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[Table 2-1]
Ex. 5 Ex. 6 Ex. 7 Ex. 8
Polylactic |REVODE 190 98.1 98.1 98.1 97.3
acid resin  |REVODE 110 - - - -
Resin
| SOmPOREM | Metablen P-501 ) ) ) )
Polylactic ; (acrylic resin)
acid resin polylactic
composition acid
[parts by Chain MARPROOF™
mass] extender |[G-0250SP 0.9 0.9 0.9 1.7
(crosslinking * ADRA _ _ _ _
agent) Joncryf® ADR4468
Foam
nucleating |AEROSIL® RY300 1.0 1.0 0.5 1.0
agent
Polylactic acid
resin composition/
carbon dioxide 100/3.8 | 100/4.8 | 100/3.8 | 100/3.8
(compressible fluid)
{mass ratio]
Kneader |a|Temperature ['C] 200 200 200 200
X Temperature ['C] 240 240 240 240
Pressure [MPa] 71010 | 7to 10 | 7t0o 10 | 710 10
Production T : 240 240 240 240
of foam . emperature [ C]
sheet Pressure [MPa] 8t020 | 8t020 | 81020 | 8t0 20
from from from from
. 180 180 180 180
Single~screw | . | Temperature ['C]
f down down down down
extruder t0 160 | to 160 | to 160 | to 160
Pressure [MPa] 8t038 | 8t038 | 8t0 38 | 8+to 38
Tvpe Circular | Circular | Circular | Circular
Die e die die die die
Temperature [ C] 150 155 155 155
[0248] In Table 2-1, "a" represents a constituent-material mixing and melting section a;

[0249]

"b" represents a compressible-fluid feeding section b; "c" represents a kneading section

c; and "f" represents a temperature adjusting section f.
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[Table 2-2]
Ex. 5 Ex. 6 Ex. 7 Ex. 8
Amount of polylactic acid
resin relative to total
. 99.1 99.1 99.1 98.3
amount of organic matter
[mass%]
Molar ratio
(L~lactic acid:D-lactic acid) | 98.7:1.3 | 98.7:1.3 | 98.7:1.3 | 98.7:1.3
~ {{mol%]
Polylactic - —
acid resin Melting point [ C] 168 168 168 168
Recrystallization
temperature [C] 145 145 145 145
Glass transition
temperature [ C] 61 61 61 61
Cold crystallization
temperature ['C] 85 85 85 85
Physical | Grosslinking | Epoxy equivalent 310 | 310 | 310 | 310
properties | aoent (chain
extender) |Mw 15,654 | 15654 | 15,654 | 15,654
Polylactic |{Mw 348,991 (| 320,764 | 336,771 | 448,006
acid resin L
Recrystallization enthalpy
i 36 40 41 41
composition /gl
Ra [mm] 0.12 0.20 0.10 0.04
RSm {mm] 6.2 48 58 6.3
Ratio [Ra/RSm] [-] 0.019 | 0.042 | 0017 | 0.006
Foam sheet | Bulk density [g/cm?] 0095 | 0.112 | 0.095 | 0.091
Pore diameter
(median diameter) [yt m] 506 328 888 299
Cold crystallization
enthalpy [J/e] 19 32 30 33
Moldability B B A A
Evaluation | Thermal resistance A A A A
result | Thermal insulation properties A A B A
Biodegradability A A A B

[0250]
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[Table 3-1]
Ex.9 | Ex. 10 | Ex. 11 | Ex. 12 | Ex. 13
Polylactic |REVODE 190 97.7 98.1 98.1 98.1 97.7
acid resin  |REVODE 110 - - - - -
Resin
co:lponhent Metablen P-501 N 3 N 5 3
Polylactic | O er t an (acrylic resin)
acid resin | Polylactic
composition acid
[parts by Chain MARPROOF™ _ ~
mass) extender |G-0250SP 13 0.9 0.9
(crosslinking ® ADRA4 ~ _ 1 _
agent) Joncryl® ADR4468 3 0.9
Foam
nucleating |AEROSIL® RY300 1.0 1.0 1.0 1.0 1.0
agent
Polylactic acid
resin composition/
carbon dioxide |4 13 81 100/51|100/4.1 |100/38 | 100/3.8
(compressible
fluid)
[mass ratio]
Temperature
Kneader |2 o] 200 200 200 200 200
Temperature 240 | 240 | 200 | 240 | 240
b|[C]
Production Pressure [MPa] | 7to 10| 710 10 [ 7t0 10| 7to 10| 7 to 10
of foam Temperature
sheet rcl 240 240 240 240 240
c
Pressure [MPa] | 8t0o20|81t020|{8t020|8to20|8to 20
from from from from from
o Temperature 180 180 180 180 180
Single-screw HINY down | down | down | down | down
extruder to 160 | to 160 | to 160 | to 160 | to 160
Pressure [MPa] {8t0 38 |8t0o 38|8t0o38|8to38|8to38
Tvoe Circular | Gircular | Circular | Circular | Circular
Die e die die die die die
Temperature [ C] 155 155 165 160 155
[0251] In Table 3-1, "a" represents a constituent-material mixing and melting section a;

"b" represents a compressible-fluid feeding section b; "c" represents a kneading section
c; and "f" represents a temperature adjusting section f.
[0252]
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[Table 3-2]

Ex. 9 | Ex. 10 | Ex. 11 | Ex. 12 | Ex. 13

Amount of polylactic
acid resin relative to
total amount of
organic matter [mass%]

98.7 9%.1 98.7 99.1 98.7

Molar ratio
(L—-tactic acid: 98.7:1.3198.7:1.3198.7:1.3|98.7:1.3|98.7:1.3
Polviacti D-lactic acid) [mol%]
OVICHC | prelting point [C] 168 | 168 | 168 | 168 | 168
acid resin
Recrystallization
temperature ['C] 145 145 145 145 145
Glass transition
temperature [ C] 61 61 61 61 61
Cold crystallization
temperature [ C] 85 85 85 85 85
Physical | Crosslinking |Epoxy equivalent 310 310 310 310 310
prope(‘ties agent (chain
extender) Mw 15,654 15,654 5,674 15,654 5,674
Polylactic |Mw 342,1521330,145|328,806|321,311{287,701
acid resin

Recrystallization

enthalpy [J/g] 40 38 35 38 35

composition

Ra [mm] 0.12 0.22 0.02 0.03 0.04

RSm [mm] 59 46 7.8 5.1 75

Ratio [Ra/RSm] [-] 0.020 { 0.048 | 0.003 | 0.006 | 0.005

Bulk density [g/cm?] 0.155 { 0.118 | 0245 | 0.124 | 0.155

Foam sheet -
Pore diameter

(median diameter) 388 288 278 345 291
[um]

Cold crystallization
enthalpy [J/g]

Moldability

Evaluation | Thermal resistance

result | Thermal insulation properties

DO > | >
>i>i>» | @
TIO|I>|>
> > | >
>i{wi> >

Biodegradability

[0253]
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[Table 4-1]
Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Polylactic REVODE 190 98.1 98.5 - 96.7 -
acid resin  |REVODE 110 ~ - 98.1 - 98.1
Resin
component | \etablen P-501
) other than , . - - - 1 ~
Polylactic . (acrylic resin)
. . polylactic
acid resin ,
g acid
composition
[parts by Chain MARPRQOQF™ B B B _ _
mass] extender |G-0250SP
(crosslinking % ADR ’ 1 ’ 1
agent) Jonecryl® ADR4468 3 05 3 3 3
Foam
nucleating |AEROSIL® RY300 10 1.0 1.0 1.0 1.0
agent
Polylactic acid
resin composition/
carbon dioxide 0 5 51 100,/3.8| 100/6.5 |100/3.8 | 100/6.5
(compressible
fluid)
[mass ratio]
Temperature
Kneader |2 el 200 200 200 200 200
Temperature 200 | 240 | 200 | 240 | 180
b|[C]
Production Pressure [MPa] | 7to 10| 7t0 10| 7 to 10| 7 to 10| 7 to 10
of foam Temperature
sheet o 240 240 240 240 240
¢|[C]
Pressure [MPal] | 8t0 20 |810 20| 8 to 20| 8 to 20 | 8 to 20
from from from from from
ol Temperature 180 180 180 180 180
Single=screw f1l°C] down | down | down | down | down
extruder to 160 | to 160 | to 160 | to 160 | to 160
Pressure [MPa] | 8t038|81t038|{81t0o38|8to38|8to38
Tvoe Circular | Circular | Circular | Circular | Gircular
Die e die die die die die
Temperature [ C] 155 155 150 155 140
[0254] In Table 4-1, "a" represents a constituent-material mixing and melting section a;

[0255]

"b" represents a compressible-fluid feeding section b; "c" represents a kneading section

c; and "f" represents a temperature adjusting section f.
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[Table 4-2]

Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 1 Ex. 2 Ex. 3 Ex.4 | Ex. 5

Amount of polylactic
acid resin relative to
total amount of
organic matter [mass%]

98.7 99.5 98.7 97.7 98.7

Molar ratio
(L~factic acid: 98.7:1.3{98.7:1.3|97.7:2.3198.7:1.3|97.7:2.3
_ {D-lactic acid) [mol%]
Polylastic [y 1ing point [ C] 168 | 168 | 160 | 168 | 160
acid resin —
Recrystalhzattnon 145 145 |Unclear| 145 [Unclear
temperature [ C]
Glass transition
temperature [ C] 61 61 62 61 62
Cold crystallization
temperature [ C] 85 85 81 85 81
Physical | Crosslinking | Epoxy equivalent 310 310 310 310 310
properties | agent (chain
extender) |Mw 5674 | 5674 | 5674 | 5674 | 5674
Polylactic |Mw 345,533 24,321 {232,727| 32,781 | 24,003
acid resin

> Recrystallization
composition enthalpy [J/g]

Ra [mm] 0.32 0.04 0.51 0.06 0.77
RSm [mm] 5.7 6.8 4.5 5.9 43

Ratio [Ra/RSm] [-] 0.056 | 0.006 | 0.113 | 0.010 | 0.179
Bulk density {g/cm?] 0.123 | 0.260 | 0.078 | 0.179 | 0.057

Pore diameter
{median diameter) 233 344 131 320 112

[ ¢ m]

Cold crystallization
enthalpy [J/g]

42 38 |Unclear| 41 Unclear

Foam sheet

Moldability C A C A C
Evaluation | Thermal resistance A A C A C
result | Thermal insulation properties A D A C A
Biodegradability B A B C B
[0256] For example, embodiments of the present disclosure are as follows.

<1> A foam sheet including:
a polylactic acid resin composition that includes a polylactic acid resin, the
polylactic acid resin including 98 mol% or greater of D-lactic acid or L-lactic acid that

is a constituent monomer unit of the polylactic acid resin,
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wherein an amount of the polylactic acid resin is 98% by mass or greater relative to
a total amount of organic matter of the foam sheet,

the foam sheet has a bulk density of 0.063 g/cm? or greater and 0.250 g/cm? or less,
and

the foam sheet has a ratio Ra/RSm of 0.050 or less, where Ra is an arithmetic
average roughness calculated according to JIS B 0601:2013, and RSm is an average
length of a roughness profile element calculated according to JIS B 0601:2013, the Ra
and the RSm are measured on a profile of at least one surface of the foam sheet on a
cross section of the foam sheet cut along a thickness direction of the foam sheet and a
direction perpendicular to an extrusion direction of the foam sheet, and the profile is
taken along the direction perpendicular to the extrusion direction of the foam sheet.

<2> The foam sheet according to <1>,
wherein the ratio Ra/RSm is 0.030 or less.

<3> The foam sheet according to <1> or <2>,
wherein the foam sheet has the bulk density of 0.063 g/cm? or greater and 0.125 g/cm?
or less.

<4> The foam sheet according to any one of <1>to <3>,
wherein the polylactic acid resin composition further includes an epoxy group-
containing compound,
the epoxy group-containing compound has an epoxy equivalent of 250 or greater and
350 or less and a weight average molecular weight (Mw) of 10,000 or greater and
20,000 or less.

<5> The foam sheet according to <4>,
wherein the epoxy group-containing compound includes two or more epoxy groups per
molecule of the epoxy group-containing compound.

<6> The foam sheet according to any one of <1> to <4>,
wherein the polylactic acid resin composition further includes inorganic particles,
the inorganic particles have an average hydrophobicity of 65% by volume or greater
and a carbon content of 4% by mass or greater.

<7> The foam sheet according to <6>,
wherein the inorganic particles are silica particles.

<8> The foam sheet according to any one of <1> to <7>,
wherein the foam sheet has pores having a median diameter of 800 pm or less.

<9> The foam sheet according to any one of <1> to <8>,
wherein the foam sheet has cold crystallization enthalpy of 20 J/g or greater.

<10> A molded product including:
the foam sheet of any one of <1> to <9> having a shape achieved by thermoforming.

<11> A method for producing a molded product including:
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[0257]

[0258]

[0259]

thermoforming the foam sheet of any one of <1> to <9> to obtain a molded product.
<12> A method for producing the foam sheet of any one of <1> to <9>, including:
kneading the polylactic acid resin composition in the presence of 2 parts by mass or
greater and 5 parts by mass or less of a blowing agent relative to 100 parts by mass of
the polylactic acid resin composition; and
vaporizing the blowing agent in the polylactic acid resin composition to foam the
polylactic acid resin composition to produce the foam sheet.
<13> The method according to <12>,
wherein the carbon dioxide is a compressible fluid of the carbon dioxide.

The foam sheet according to any one of <I1> to <9>, the molded product according
to <10>, the method for producing a molded product according to <11>, and the
method for producing the foam sheet according to <12> or <13> can solve the above-
described various problems existing in the related art, and can achieve the object of the
present disclosure.

The present application is based on and claims priority to Japanese patent ap-
plication No. 2023-30405 filed on February 28, 2023, with the Japanese Patent Office,
the entire contents of which are hereby incorporated by reference.

Description of Symbols
I first feeder
2 second feeder
3 compressible fluid reservoir
4 cylindrical foam body
5 cooling mandrel
10 kneader
20 single-screw extruder
100 twin-screw extruder (continuous kneader)
110 continuous foam sheet production apparatus
a constituent-material mixing and melting section
b compressible-fluid feeding section
¢ kneading section
d compressible-fluid removing section
e mold processing section
f temperature adjusting section
F compressible fluid
P resin pellets
200 foam sheet
201 a cross section of the foam sheet 200 along a thickness direction (THD) and a

transverse direction (TD)
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202 one surface of the foam sheet 200 (outermost surface)



WO 2024/181186

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]
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Claims

A foam sheet comprising:

a polylactic acid resin composition that includes a polylactic acid
resin, the polylactic acid resin including 98 mol% or greater of D-lactic
acid or L-lactic acid that is a constituent monomer unit of the polylactic
acid resin,

wherein an amount of the polylactic acid resin is 98% by mass or
greater relative to a total amount of organic matter of the foam sheet,

the foam sheet has a bulk density of 0.063 g/cm? or greater and 0.250
g/cm? or less, and

the foam sheet has a ratio Ra/RSm of 0.050 or less, where Ra is an
arithmetic average roughness calculated according to JIS B 0601:2013,
and RSm is an average length of a roughness profile element calculated
according to JIS B 0601:2013, the Ra and the RSm are measured on a
profile of at least one surface of the foam sheet on a cross section of the
foam sheet cut along a thickness direction of the foam sheet and a
direction perpendicular to an extrusion direction of the foam sheet, and
the profile is taken along the direction perpendicular to the extrusion
direction of the foam sheet.

The foam sheet according to claim 1,
wherein the ratio Ra/RSm is 0.030 or less.

The foam sheet according to claim 1 or 2,
wherein the foam sheet has the bulk density of 0.063 g/cm? or greater
and 0.125 g/cm? or less.

The foam sheet according to claim 1,
wherein the polylactic acid resin composition further includes an epoxy
group-containing compound,
the epoxy group-containing compound has an epoxy equivalent of 250
or greater and 350 or less and a weight average molecular weight (Mw)
of 10,000 or greater and 20,000 or less.

The foam sheet according to claim 1,
wherein the foam sheet has pores having a median diameter of 800 pm
or less.

The foam sheet according to claim 1,
wherein the foam sheet has cold crystallization enthalpy of 20 J/g or
greater.

A molded product comprising:
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[Claim 8]
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the foam sheet of claim 1 having a shape achieved by ther-
moforming.

A method for producing the foam sheet of claim 1, the method
comprising:

kneading the polylactic acid resin composition in the presence of 2
parts by mass or greater and 5 parts by mass or less of a blowing agent
relative to 100 parts by mass of the polylactic acid resin composition;
and

vaporizing the blowing agent in the polylactic acid resin composition
to foam the polylactic acid resin composition to produce the foam

sheet.
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