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BIODEGRADABLE RESIN COMPOSITION,
AND BIODEGRADABLE FILM AND
BIODEGRADABLE MULCHING FILM EACH
USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a biodegradable
resin composition and to a biodegradable film and a biode-
gradable mulching film using the same.

BACKGROUND ART

[0002] A mulching film refers to a film that covers the
surface of crop fields such as furrows when crops are grown.
By virtue of various functions such as suppression of
moisture evaporation, suppression of weed growth, and
suppression of loss of fertilizer components in the soil, its
usage is continuously increasing, and it is significantly
contributing to the increase of agricultural productivity.
[0003] However, mulching films have been recognized as
a factor that significantly pollutes the rural environment
since they are abandoned in the soil due to the difficulties in
collection or recycling after use.

[0004] Currently, aliphatic polyesters such as polybuty-
lene adipate terephthalate (PBAT) are widely used as mate-
rials for biodegradable mulching films. In recent years,
studies to improve the limitations of physical properties of
biodegradable polyesters, such as mechanical strength and
hydrolysis characteristics of films, have been actively con-
ducted using various biodegradable polyesters.

[0005] However, although PBAT has excellent mechanical
properties and moldability, its use is limited since its raw
materials are expensive like other biodegradable polymer
resins. In addition, although PBAT is readily and quickly
decomposed by chemical hydrolysis, terephthalate is a regu-
lated hazardous substance and may cause the contamination
of soil and the formation of environmental hormones.
[0006] In addition, biodegradable mulching films using
biodegradable materials such as PBAT and polylactic acid
(PLA) have been developed.

[0007] However, it is not easy to adjust the biodegradation
rate in view of the growing period of crops, and the quality
is poor as it is easily torn due to low strength and flexibility,
and it is expensive; thus, it is difficult to be widely used.
[0008] Accordingly, there is an urgent need to develop a
biodegradable mulching film with excellent mechanical
properties such as strength and flexibility, as well as biode-
gradability, while minimizing the problems of soil contami-
nation and environmental hormone formation.

PRIOR ART DOCUMENT

Patent Document

[0009] (Patent Document 1) Korean Patent No. 1294346
DISCLOSURE OF INVENTION
Technical Problem
[0010] An object of the present invention is to provide a

biodegradable resin composition that is capable of enhanc-
ing mechanical properties such as tensile strength, elonga-
tion, flexibility, and impact resistance and, at the same time,
is biodegradable in both soil and ocean.
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[0011] Another object of the present invention is to pro-
vide a biodegradable film formed from the biodegradable
resin composition and a process for preparing the same.
[0012] Another object of the present invention is to pro-
vide a biodegradable mulching film that is formed from the
biodegradable resin composition, is biodegradable in both
soil and ocean, has excellent mechanical properties as
described above, and has various functions such as soil
improvement, suppression of moisture evaporation, and
suppression of weed growth.

Solution to Problem

[0013] The present invention provides a biodegradable
resin composition, which comprises biomass and a polyhy-
droxyalkanoate (PHA) resin.

[0014] In addition, the present invention provides a bio-
degradable film, which comprises biomass and a polyhy-
droxyalkanoate (PHA) resin.

[0015] In addition, the present invention provides a pro-
cess for preparing a biodegradable film, which comprises (1)
melt-extruding biomass and a polyhydroxyalkanoate (PHA)
resin to prepare biodegradable pellets; and (2) molding the
biodegradable pellets.

[0016] Further, the present invention provides a biode-
gradable mulching film formed from a biodegradable resin
composition.

Advantageous Effects of Invention

[0017] As the biodegradable resin composition according
to an embodiment comprises biomass and a polyhydroxy-
alkanoate (PHA) resin, a film formed therefrom is capable of
enhancing mechanical properties such as tensile strength,
elongation, flexibility, and impact resistance, and a film
using the same is biodegradable in both soil and ocean.
Thus, it can be applied to more diverse fields to show
excellent characteristics.

[0018] In particular, when the biomass comprises epoxi-
dized biomass, the compatibility can be further improved,
the biodegradation rate can be further enhanced, and the cost
of a biodegradable film and a mulching film can be
improved.

[0019] Accordingly, according to an embodiment of the
present invention, it is possible to provide a biodegradable
film and a mulching film, which can be biodegraded in both
soil and ocean and have excellent quality with enhanced
thermal and mechanical properties at the same time, using
the biodegradable resin composition.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 shows a flow chart of a process of preparing
a biodegradable film according to an embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE

INVENTION
[0021] Hereinafter, the present invention will be described
in more detail.
[0022] The embodiments are not limited to those

described below. Rather, they can be modified into various
forms as long as the gist of the invention is not altered.

[0023] Throughout the present specification, when a part
is referred to as “comprising” an element, it is understood
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that other elements may be comprised, rather than other
elements are excluded, unless specifically stated otherwise.
[0024] In addition, all numbers expressing the physical
properties, dimensions, and the like of elements used herein
are to be understood as being modified by the term “about”
unless otherwise indicated.

[0025] Throughout the present specification, the terms
first, second, and the like are used to describe various
components. But the components should not be limited by
the terms. The terms are used only for the purpose of
distinguishing one component from another.

[Biodegradable Resin Composition|

[0026] The biodegradable resin composition according to
an embodiment of the present invention comprises biomass
and a polyhydroxyalkanoate (hereinafter, referred to as
PHA) resin.

[0027] As the biodegradable resin composition comprises
biomass and a PHA resin, it is possible to enhance mechani-
cal properties such as tensile strength, elongation, flexibility,
and impact resistance, and a biodegradable film and a
mulching film formed therefrom are biodegradable in both
soil and ocean and are not easily torn by virtue of excellent
strength and flexibility. Thus, it can exhibit excellent quality
and lifespan characteristics.

[0028] In particular, the present invention has a technical
significance in that, according to an embodiment, the use of
biomass produces a soil improvement effect such as improv-
ing fertilizer and increasing soil fertility, and the compat-
ibility between the biomass and the PHA is excellent, which
improves cross-linking ability, so that the effect desired in
the present invention can be efficiently achieved.

[0029] Hereinafter, each component of the biodegradable
resin composition will be described in detail.

Biomass

[0030] The biodegradable resin composition according to
an embodiment of the present invention comprises biomass.
[0031] As the biodegradable resin composition comprises
biomass, it is possible to enhance biodegradability, as well
as to improve the soil. That is, the biomass has excellent
biodegradability, is readily crushed when undecomposed,
improves fertilizer, and increases soil strength, thereby pro-
ducing a soil improvement effect.

[0032] The biomass that can be used according to an
embodiment of the present invention is a plant source and
may comprise various categories of plant-derived natural
products.

[0033] The biomass may comprise at least one selected
from the group consisting of herbal-derived natural materi-
als and woody-derived natural materials, and lignin, cellu-
lose, and bio by-products as constituents thereof.

[0034] Specifically, the biomass may comprise herbal-
derived natural materials comprising at least one selected
from the group consisting of rice straw, barley straw, wheat
straw, chaff, corn stalks and leaves, soybean stems, bean
pods, onion stems, sweet potato stems, pine needles, and
coffee grounds.

[0035] The biomass may comprise woody-derived natural
materials of needleleaf trees and broadleaf trees comprising
at least one selected from the group consisting of poplar,
willow, silver maple, cottonwood, green ash, black walnut,
cedar, and sycamore.
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[0036] In addition, the biomass may comprise various
sources comprising industrial crops such as kernels and
straws and castor beans for extraction of ricinolic acid; crops
such as corn starch, corn oil, soybean oil, soybean flour,
wheat bran, and other vegetable oils; aquatic resources such
as algae, macroalgae, oceanweed, and marine microorgan-
isms; agricultural crop residues such as corncobs, wheat
straw, and rice straw; and waste and energy from other farms
or meat processing operations.

[0037] Inaddition, the biomass may comprise constituents
of the plant source, for example, lignin, cellulose, or a
combination thereof.

[0038] In addition, the biomass may comprise bio by-
products derived from the plant source, for example, at least
one selected from the group consisting of coffee grounds,
soybean hulls, corn hulls, and corncobs.

[0039] The biomass may comprise a hydroxyl group (OH
group) as a functional group on its surface.

[0040] According to an embodiment of the present inven-
tion, the biomass may comprise epoxidized surface-modi-
fied biomass.

[0041] As the binding property of the biomass is increased
by epoxidation treatment, the molecular weight or content of
the biomass may be increased.

[0042] The biomass may comprise biomass containing an
epoxidized hydroxyl group (OH group). This biomass has
excellent compatibility with the PHA resin containing a
hydroxyl group (OH group) and can have excellent binding
strength through cross-linking while being easily mixed with
each other.

[0043] In general, although biomass that is not epoxidized,
such as cellulose and lignin, contains hydroxyl groups (OH
groups), it hardly melts when heat is applied, which dete-
riorates dispersibility, and it is present in a solid state, which
makes it difficult to mix with the PHA resin. Due to this
problem, the physical properties of a film deteriorate as the
biomass content increases.

[0044] It is of great significance in the present invention
that biomass containing an epoxidized hydroxyl group (OH
group) is used, which further enhances compatibility with
the PHA resin having the same functional group (OH group)
to facilitate mixing with the PHA resin; further, the physical
properties of a biodegradable film can be further enhanced
as it is cross-linked with the PHA resin.

[0045] In addition, the epoxidized biomass can further
enhance elongation and tensile strength during film produc-
tion as compared with non-epoxidized biomass (e.g., non-
epoxidized lignin, hydrochloric acid saccharified lignin,
non-epoxidized herbal-based enzyme saccharified lignin).
[0046] The epoxidized biomass may comprise 1 to 20
moles or 5 to 10 moles of an epoxy functional group based
on 1 equivalent of a hydroxyl group (OH group) of the
epoxidized biomass.

[0047] The epoxidation treatment will be described later.
[0048] The biomass may be employed in an amount of 10
to 50% by weight based on the total weight of the biode-
gradable resin composition. Specifically, the content of the
biomass may be, for example, 15 to 50% by weight, for
example, 15 to 45% by weight, for example, 15 to 40% by
weight, for example, 15 to 35% by weight, for example, 17
to 50% by weight, for example, 17 to 45% by weight, for
example, 17 to 40% by weight, for example, 17 to 35% by
weight, for example, 17 to 30% by weight, for example, 20
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to 50% by weight, for example, 20 to 45% by weight, or, for
example, 20 to 40% by weight.

[0049] If the content of the biomass satisfies the above
range, the biodegradability is further enhanced, a soil
improvement effect is produced, and the crosslinking
strength with the PHA resin is improved, whereby it is
possible to effectively achieve the desired effects of the
present invention.

Polyhydroxyalkanoate (PHA) Resin

[0050] The biodegradable resin composition according to
an embodiment of the present invention comprises a PHA
resin.

[0051] The PHA resin has physical properties similar to
those of conventional petroleum-derived synthetic polymers
such as polybutylene adipate terephthalate (PBAT), poly-
butylene succinate (PBS), polybutylene succinate terephtha-
late (PBST), and polybutylene succinate adipate (PBSA),
exhibit complete biodegradability, and are excellent in bio-
compatibility.

[0052] Specifically, the PHA resin is a natural thermoplas-
tic polyester polymer that accumulates in microbial cells.
Since it is a biodegradable material, it can be composted and
finally decomposed into carbon dioxide, water, and organic
waste without generating toxic waste. In particular, the PHA
resin is biodegradable in soil and ocean. Thus, when the
biodegradable resin composition comprises the PHA resin, it
is biodegradable under any environmental conditions, such
as soil and ocean, and has environmentally friendly charac-
teristics. Thus, a biodegradable film formed using the bio-
degradable resin composition containing the PHA resin can
be used in various fields.

[0053] A PHA resin may be formed by enzyme-catalyzed
polymerization of one or more monomer repeat units in
living cells.

[0054] The PHA resin may be a copolymerized polyhy-
droxyalkanoate resin (hereinafter, referred to as a PHA
copolymer). Specifically, it may be a copolymer containing
two or more different repeat units in which the different
repeat units are randomly distributed in the polymer chain.
[0055] Examples of repeat units that may be contained in
the PHA include 2-hydroxybutyrate, lactic acid, glycolic
acid, 3-hydroxybutyrate (hereinafter, referred to as 3-HB),
3-hydroxypropionate (hereinafter, referred to as 3-HP),
3-hydroxyvalerate (hereinafter, referred to as 3-HV), 3-hy-
droxyhexanoate (hereinafter, referred to as 3-HH), 3-hy-
droxyheptanoate (hereinafter, referred to as 3-HHep), 3-hy-
droxyoctanoate (hereinafter, referred to as 3-HO),
3-hydroxynonanoate (hereinafter, referred to as 3-HN),
3-hydroxydecanoate (hereinafter, referred to as 3-HD),
3-hydroxydodecanoate (hereinafter, referred to as 3-HDd),
4-hydroxybutyrate (hereinafter, referred to as 4-HB), 4-hy-
droxyvalerate (hereinafter, referred to as 4-HV), 5-hydroxy-
valerate (hereinafter, referred to as 5-HV), and 6-hydroxy-
hexanoate (hereinafter, referred to as 6-HH). The PHA resin
may contain one or more repeat units selected from the
above.

[0056] Specifically, the PHA resin may comprise one or
more repeat units selected from the group consisting of
3-HB, 4-HB, 3-HP, 3-HH, 3-HV, 4-HV, 5-HV, and 6-HH.
[0057] More specifically, the PHA resin may comprise a
4-HB repeat unit. That is, the PHA resin may be a PHA
copolymer containing a 4-HB repeat unit.
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[0058] In addition, the PHA resin may comprise isomers.
For example, the PHA resin may comprise structural iso-
mers, enantiomers, or geometric isomers. Specifically, the
PHA resin may comprise structural isomers.

[0059] In addition, the PHA resin may be a PHA copoly-
mer that comprises a 4-HB repeat unit and further comprises
one repeat unit different from the 4-HB repeat unit, or two,
three, four, five, six, or more repeat units different from each
other.

[0060] According to an embodiment of the present inven-
tion, the PHA resin may comprise a copolymerized polyhy-
droxyalkanoate resin comprising at least one repeat unit
selected from the group consisting of 3-HB, 3-HP, 3-HH,
3-HV, 4-HV, 5-HV, and 6-HH, and a 4-HB repeat unit.
[0061] Specifically, the PHA copolymer may comprise a
4-HB repeat unit and further comprises one or more repeat
units selected from the group consisting of a 3-HB repeat
unit, a 3-HP repeat unit, a 3-HH repeat unit, a 3-HV repeat
unit, a 4-HV repeat unit, a 5-HV repeat unit, and a 6-HH
repeat unit. More specifically, the PHA resin may be a
copolymerized polyhydroxyalkanoate resin comprising a
3-HB repeat unit and a 4-HB repeat unit.

[0062] For example, the PHA resin may be poly-3-hy-
droxybutyrate-co-4-hydroxybutyrate (hereinafter, referred
to as 3HB-co-4HB).

[0063] According to an embodiment of the present inven-
tion, it is important to adjust the content of the 4-HB repeat
unit in the PHA copolymer.

[0064] That is, in order to achieve the physical properties
desired in the present invention, in particular, to increase the
biodegradability in soil and ocean and to achieve excellent
physical properties such as thermal and mechanical proper-
ties, the content of the 4-HB repeat unit in the PHA
copolymer may be important.

[0065] More specifically, the PHA copolymer may com-
prise a 4-HB repeat unit in an amount of 0.1% by weight to
60% by weight based on the total weight of the PHA
copolymer. For example, the content of the 4-HB repeat unit
may be 0.1% by weight to 55% by weight, 0.5% by weight
to 60% by weight, 0.5% by weight to 55% by weight, 1% by
weight to 60% by weight, 1% by weight to 55% by weight,
1% by weight to 50% by weight, 2% by weight to 55% by
weight, 3% by weight to 55% by weight, 3% by weight to
50% by weight, 5% by weight to 55% by weight, 5% by
weight to 50% by weight, 10% by weight to 55% by weight,
10% by weight to 50% by weight, 1% by weight to 40% by
weight, 1% by weight to 30% by weight, 1% by weight to
29% by weight, 1% by weight to 25% by weight, 1% by
weight to 24% by weight, 2% by weight to 20% by weight,
2% by weight to 23% by weight, 3% by weight to 20% by
weight, 3% by weight to 15% by weight, 4% by weight to
18% by weight, 5% by weight to 15% by weight, 8% by
weight to 12% by weight, 9% by weight to 12% by weight,
15% by weight to 55% by weight, 15% by weight to 50% by
weight, 20% by weight to 55% by weight, 20% by weight to
50% by weight, 25% by weight to 55% by weight, 25% by
weight to 50% by weight, 35% by weight to 60% by weight,
40% by weight to 55% by weight, or 45% by weight to 55%
by weight, based on the total weight of the PHA copolymer.
[0066] If the content of the 4-HB repeat unit satisfies the
above range, the biodegradability in soil and ocean may be
increased, the thermal properties of a material may be
improved, and mechanical properties such as flexibility and
strength may be further enhanced.
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[0067] Inaddition, the PHA resin comprises at least one or
more of a 4-HB repeat unit, and the content of the 4-HB
repeat unit may be controlled to adjust the crystallinity of the
PHA resin. That is, the PHA resin may be a PHA copolymer
with controlled crystallinity.

[0068] The PHA resin whose crystallinity is adjusted may
be one in which its crystallinity and amorphousness are
adjusted as the irregularities are increased in its molecular
structure. Specifically, the types and ratios of the monomers
or the types and/or contents of the isomers may be adjusted.

[0069] The PHA resin may comprise a combination of two
or more PHA resins having different crystallinity. That is, the
PHA resin may be adjusted to have the content of a 4-HB
repeat unit in the specific range by mixing two or more types
of PHA resins having different crystallinities.

[0070] For example, the PHA resin comprises a mixed
resin of a first PHA resin and a second PHA resin having
different contents of a 4-HB repeat unit, and the PHA resin
may be adjusted such that the content of a 4-HB repeat unit
is 0.1 to 60% by weight based on the total weight of the PHA
resin. Specific characteristics of the first PHA resin and the
second PHA resin are described later.

[0071] Meanwhile, the PHA copolymer may comprise the
3-HB repeat unit in an amount of 20% by weight or more,
35% by weight or more, 40% by weight or more, 50% by
weight or more, 60% by weight or more, 70% by weight or
more, or 75% by weight or more, and 99% by weight or less,
98% by weight or less, 97% by weight or less, 96% by
weight or less, 95% by weight or less, 93% by weight or less,
91% by weight or less, 90% by weight or less, 80% by
weight or less, 70% by weight or less, 60% by weight or less,
or 55% by weight or less, based on the total weight of the
PHA copolymer.

[0072] Meanwhile, the PHA resin may have a glass tran-
sition temperature (Tg) of, for example, -45° C. to 80° C.,
-35°C. 10 80° C., -30° ° C.t0 80° ° C., -25° C. to 75° C.,
-20° C.to 70° C., =35° C. t0 5° C., =25° C. to 5° C., -35°
C.t00°°C., -25°C.t0 0° C., -30° ° C. to -10° C., -35°
C.to-15°C, -35°°C.t0 -20°C., -20° C. 0 0° C,, -15°
C.t00° C., or -15° C. to -5° C.

[0073] The crystallization temperature (Tc) of the PHA
resin, for example, may not be measured or may be, for
example, 70° C. to 120° C., 75° ° C. to 120° C., 75° C. to
115° C., 75° C. to 110° C., or 90° C. to 110° ° C.

[0074] The melting temperature (Tm) of the PHA resin,
for example, may not be measured or may be, for example,
100° ° C. to 170° C., for example, 110° C. to 150° C., or, for
example, 120° ° C. to 140° C.

[0075] The PHA resin may have a weight average molecu-
lar weight (Mw) of, for example, 10,000 g/mole to 1,200,
000 g/mole. For example, the weight average molecular
weight of the PHA resin may be 50,000 g/mole to 1,200,000
g/mole, 100,000 g/mole to 1,200,000 g/mole, 50,000 g/mole
to 1,000,000 g/mole, 100,000 g/mole to 1,000,000 g/mole,
200,000 g/mole to 1,200,000 g/mole, 250,000 g/mole to
1,150,000 g/mole, 300,000 g/mole to 1,100,000 g/mole,
350,000 g/mole to 1,000,000 g/mole, 350,000 g/mole to
950,000 g/mole, 100,000 g/mole to 900,000 g/mole, 200,
000 g/mole to 800,000 g/mole, 200,000 g/mole to 700,000
g/mole, 250,000 g/mole to 650,000 g/mole, 200,000 g/mole
to 400,000 g/mole, 300,000 g/mole to 800,000 g/mole,
300,000 g/mole to 600,000 g/mole, 500,000 g/mole to
1,200,000 g/mole, 500,000 g/mole to 1,000,000 g/mole
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550,000 g/mole to 1,050,000 g/mole, 550,000 g/mole to
900,000 g/mole, or 600,000 g/mole to 900,000 g/mole.

[0076] The PHA resin may comprise a first PHA resin, a
second PHA resin, or a mixed resin of the first PHA resin and
the second PHA resin.

[0077] The first PHA resin and the second PHA resin may
be distinguished in terms of the content of a 4-HB repeat
unit, glass transition temperature (Tg), crystallization tem-
perature (Tg), and melting temperature (Tm).

[0078] Specifically, the first PHA resin may comprise a
4-HB repeat unit in an amount of, for example, 15% by
weight to 60% by weight, 15% by weight to 55% by weight,
20% by weight to 55% by weight, 25% by weight to 55% by
weight, 30% by weight to 55% by weight, 35% by weight to
55% by weight, 20% by weight to 50% by weight, 25% by
weight to 50% by weight, 30% by weight to 50% by weight,
35% by weight to 50% by weight, or 20% by weight to 40%
by weight, based on the total weight of the first PHA resin.

[0079] The glass transition temperature (Tg) of the first
PHA resin may be, for example, -45° ° C. to -10° C., -35°
C. to -10° C., =35° C. to -15° C., =35° C. to -20° C., or
-30° C. to =20° C.

[0080] The crystallization temperature (Tc) of the first
PHA resin, for example, may not be measured or may be, for
example, 60° C. to 120° C., 60° ° C. to 110° ° C., 70° C. to
120° C., or 75° C. to 115° C.

[0081] The melting temperature (Tm) of the first PHA
resin, for example, may not be measured or may be, for
example, 100° ° C. to 170° C., 100° C. to 160° C., 110° C.
to 160° C., or 120° ° C. to 150° C.

[0082] The first PHA resin may have a weight average
molecular weight (Mw) of, for example, 10,000 g/mole to
1,200,000 g/mole, 10,000 g/mole to 1,000,000 g/mole,
50,000 g/mole to 1,000,000 g/mole, 50,000 g/mole to 1,200,
000 g/mole, 200,000 g/mole to 1,200,000 g/mole, 300,000
g/mole to 1,000,000 g/mole, 100,000 g/mole to 900,000
g/mole, 500,000 g/mole to 900,000 g/mole, 200,000 g/mole
to 800,000 g/mole, or 200,000 g/mole to 400,000 g/mole.

[0083] Meanwhile, the second PHA resin may comprise a
4-HB repeat unit in an amount of 0.1% to 30% by weight
based on the total weight of the second PHA resin. For
example, the second PHA resin may comprise a 4-HB repeat
unit in an amount of, for example, 0.1% by weight to 30%
by weight, 0.5% by weight to 30% by weight, 1% by weight
to 30% by weight, 3% by weight to 30% by weight, 1% by
weight to 28% by weight, 1% by weight to 25% by weight,
1% by weight to 24% by weight, 1% by weight to 20% by
weight, 1% by weight to 15% by weight, 2% by weight to
25% by weight, 3% by weight to 25% by weight, 3% by
weight to 24% by weight, 5% by weight to 24% by weight,
5% by weight to 20% by weight, greater than 5% by weight
to less than 20% by weight, 7% by weight to 20% by weight,
10% by weight to 20% by weight, 15% by weight to 25% by
weight, or 15% by weight to 24% by weight.

[0084] The first PHA resin and the second PHA resin may
be different from each other in terms of the content of a
4-HB repeat unit.

[0085] The glass transition temperature (Tg) of the second
PHA resin may be, for example, -30° C. to 80° C., for
example, -30° C. to 10° C., for example, -25° C. to 5° C.,
for example, —25° C. to 0° C., for example, -20° C.10 0° C.,
or, for example, —15° C. to 0° C.
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[0086] The glass transition temperature (Tg) of the first
PHA resin and the glass transition temperature (Tg) of the
second PHA resin may be different from each other.
[0087] The second PHA resin may have a crystallization
temperature (Tc) of, for example, 70° ° C. to 120° C., for
example, 75° C. to 115° C., or 80° C. to 110° C., or, for
example, may not be measured.

[0088] The second PHA resin may have a melting tem-
perature (Tm) of, for example, 100° C. to 170° C., for
example, 105° C. to 165° C., for example, 110° ° C. to 160°
C., for example, 100° C. to 150° C., for example, 115° ° C.
to 155° C., for example, 120° C. to 160° C., or, for example,
120° ° C. to 150° C.

[0089] The second PHA resin may have a weight average
molecular weight (Mw) of 10,000 g/mole to 1,200,000
g/mole, 50,000 g/mole to 1,100,000 g/mole, 100,000 g/mole
to 1,000,000 g/mole, 300,000 g/mole to 1,000,000 g/mole,
100,000 g/mole to 900,000 g/mole, 200,000 g/mole to
800,000 g/mole, 200,000 g/mole to 600,000 g/mole, 200,
000 g/mole to 400,000 g/mole, or 400,000 g/mole to 700,
000 g/mole.

[0090] Specifically, the first PHA resin has a glass transi-
tion temperature (Tg) of -35° C. to -=15° C., the second PHA
resin satisfies at least one characteristic selected from a glass
transition temperature (Tg) of =15° © C. to 0° C., a crystal-
lization temperature (Tc) of 80° C. to 110° C., and a melting
temperature (Tm) of 120° © C. to 160° C., and the glass
transition temperature (Tg) of the first PHA resin and the
glass transition temperature (Tg) of the second PHA resin
may be different from each other. In addition, the crystalli-
zation temperature (Tc) and melting temperature (Tm) of the
first PHA resin may not be measured.

[0091] If the first PHA resin and the second PHA resin
each satisfy at least one of the 4-HB repeat unit, glass
transition temperature (Tg), crystallization temperature (Tc),
and melting temperature (Tm) in the above ranges, it may be
more advantageous for achieving the desired effect in the
present invention.

[0092] Inaddition, the first PHA resin and the second PHA
resin may each be a PHA resin whose crystallinity is
controlled.

[0093] For example, the first PHA resin may comprise an
amorphous PHA resin (hereinafter, referred to as an aPHA
resin), and the second PHA resin may comprise a semi-
crystalline PHA resin (hereinafter, referred to as an scPHA
resin).

[0094] Specifically, the first PHA resin may be an aPHA
resin or a mixed resin of an aPHA resin and an scPHA resin.
[0095] Specifically, the second PHA resin may be an
scPHA resin or a mixed resin of an aPHA resin and an
scPHA resin.

[0096] The aPHA resin and the scPHA resin may be
distinguished in terms of the content of a 4-HB repeat unit,
glass transition temperature (Tg), crystallization tempera-
ture (Tg), melting temperature (Tm), or the like.

[0097] The aPHA resin may comprise a 4-HB repeat unit
in an amount of; for example, 25 to 50% by weight based on
the total weight of the PHA resin.

[0098] The aPHA resin may have a glass transition tem-
perature (Tg) of, for example, -35° C. to -20° C.

[0099] The crystallization temperature (Tc) of the aPHA
resin may not be measured.

[0100] The melting temperature (I'm) of the aPHA resin
may not be measured.
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[0101] The scPHA resin may comprise a 4-HB repeat unit
in an amount of, for example, 1 to less than 25% by weight
based on the total weight of the PHA resin.

[0102] The scPHA resin may have a glass transition tem-
perature (Tg) of —20° C. to 0° C.

[0103] The scPHA resin may have a crystallization tem-
perature (Tc) of 75° C. to 115° C.

[0104] The scPHA resin may have a melting temperature
(Tm) of 110° C. to 160° C.

[0105] According to an embodiment of the present inven-
tion, the PHA resin may be employed in an amount of 5%
by weight or more, 8% by weight or more, 10% by weight
or more, 12% by weight or more, 14% by weight or more,
15% by weight or more, 16% by weight or more, or 17% by
weight or more, and 80% by weight or less, 70% by weight
or less, 60% by weight or less, 50% by weight or less, or
40% by weight or less, based on the total weight of the
biodegradable resin composition.

[0106] Specifically, the biodegradable resin composition
may comprise the PHA resin in an amount of, for example,
10 to 80% by weight, for example, 10 to 70% by weight, for
example, 10 to 60% by weight, for example, 10 to 50% by
weight, for example, 10 to 40% by weight, for example, 10
to 30% by weight, for example, 14 to 80% by weight, for
example, 14 to 70% by weight, for example, 14 to 60% by
weight, for example, 14 to 50% by weight, for example, 15
to 80% by weight, for example, 15 to 70% by weight, for
example, 15 to 60% by weight, for example, 15 to 50% by
weight, for example, 17 to 80% by weight, for example, 17
to 50% by weight, for example, 17 to 30% by weight, for
example, 20 to 80% by weight, for example, 20 to 75% by
weight, for example, 20 to 70% by weight, for example, 20
to 60% by weight, for example, 20 to 40% by weight, or, for
example, 40 to 80% by weight, based on the total weight of
the biodegradable resin composition.

[0107] According to another embodiment of the present
invention, the first PHA resin may be employed in an
amount of, for example, 5 to 80% by weight, for example,
10 to 80% by weight, for example, 20 to 80% by weight, for
example, 20 to 75% by weight, for example, 20 to 70% by
weight, for example, 20 to 60% by weight, for example, 20
to 40% by weight, for example, 10 to 40% by weight, for
example, 5 to 20% by weight, or, for example, 40 to 80% by
weight, based on the total weight of the biodegradable resin
composition.

[0108] According to another embodiment of the present
invention, the second PHA resin may be employed in an
amount of, for example, 5 to 80% by weight, for example,
10 to 80% by weight, for example, 10 to 60% by weight, for
example, 20 to 80% by weight, for example, 20 to 75% by
weight, for example, 20 to 70% by weight, for example, 20
to 60% by weight, for example, 20 to 40% by weight, for
example, 5 to 20% by weight, or, for example, 40 to 80% by
weight, based on the total weight of the biodegradable resin
composition.

[0109] Meanwhile, when the PHA resin comprises the first
PHA resin, it may comprise, for example, 1% to 95% by
weight. If the first PHA resin is used alone, the first PHA
resin may be employed in an amount of, for example, 5 to
80% by weight based on the total weight of the biodegrad-
able resin composition. Specifically, the first PHA resin may
be employed in an amount of 10% by weight or more and
70% by weight or less or 40% by weight or less.
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[0110] In addition, according to another embodiment of
the present invention, if the PHA resin comprises a mixed
resin of the first PHA resin and the second PHA resin, the
first PHA resin may be employed in an amount of, for
example, 1 to 50% by weight, for example, 5 to 40% by
weight, 5 to 20% by weight, 10% by weight to 40% by
weight, or, for example, 20 to 40% by weight, based on the
total weight of the biodegradable resin composition.

[0111] When the PHA resin comprises the second PHA
resin, the second PHA resin may be employed in an amount
of, for example, 1% by weight to 95% by weight based on
the total weight of the biodegradable resin composition. If
the second PHA resin is used alone, the second PHA resin
may be employed in an amount of 50% by weight or more,
55% by weight or more, 60% by weight or more, 65% by
weight or more, or 70% by weight or more, and 95% by
weight or less, 90% by weight or less, 85% by weight or less,
or 80% by weight or less, based on the total weight of the
biodegradable resin composition. If the second PHA resin is
used alone, the second PHA resin may be employed in an
amount of, for example, 50 to 95% by weight based on the
total weight of the biodegradable resin composition.
[0112] As another example, if the second PHA resin is
mixed with the first PHA resin to be used, the second PHA
resin is employed in an amount of, for example, 5 to 99% by
weight, for example, 20 to 80% by weight, for example, 30
to 70% by weight, or, for example, 30 to 50% by weight,
based on the total weight of the biodegradable resin com-
position. In addition, the second PHA resin may be
employed in an amount of 5% by weight to 60% by weight,
5% by weight to 40% by weight, 40% by weight to 60% by
weight, 5% by weight to 20% by weight, or 10% by weight
to 40% by weight.

[0113] According to another embodiment of the present
invention, when the PHA resin comprises a mixed resin of
the first PHA resin and the second PHA resin, the weight
ratio of the first PHA resin to the second PHA resin may be,
for example, 1:0.5 to 3, for example, 1:0.5 to 2.5, or, for
example, 1:0.5 to 2.

[0114] According to another embodiment of the present
invention, the weight ratio of the first PHA resin to the
second PHA resin to the biomass may be 1:0.5 to 9:1 to 2.
[0115] If the content of the PHA resin and the biomass,
and their content ratio each satisfy the above ranges, thermal
properties and mechanical properties can be further
enhanced, and moldability, processability, and productivity
can also be enhanced when a biodegradable film or a
mulching film is produced.

Biodegradable Resin

[0116] The biodegradable resin composition according to
an embodiment of the present invention may further com-
prise at least one selected from the group consisting of
aliphatic polyester-based biodegradable resins and aliphatic/
aromatic copolyester-based biodegradable resins as a com-
ponent that provides biodegradability while securing
mechanical properties suitable for the use of a biodegradable
film or mulching film prepared using the same.

[0117] Specifically, the type of the biodegradable resin is
not particularly limited as long as it is commonly used. The
representative biodegradable resin may comprise at least one
selected from the group consisting of polybutylene adipate
terephthalate (PBAT), polylactic acid (PLA), polybutylene
succinate (PBS), polybutylene adipate (PBA), polybutylene
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succinate-adipate (PBSA), polybutylene succinate-tereph-
thalate (PBST), polyhydroxybutyrate-valerate (PHBV),
polycaprolactone (PCL), polybutylene succinate adipate
terephthalate (PBSAT), and thermoplastic starch (TPS).
Specifically, the biodegradable resin may comprise at least
one selected from the group consisting of polybutylene
adipate terephthalate (PBAT), polylactic acid (PLA), poly-
butylene succinate (PBS), and thermoplastic starch (TPS).
More specifically, the biodegradable resin may comprise at
least one selected from the group consisting of polybutylene
adipate terephthalate (PBAT) and polylactic acid (PLA). In
addition, the biodegradable resin may comprise polybuty-
lene adipate terephthalate (PBAT).

[0118] The biodegradable resin may be employed in an
amount of, for example, 0.001% by weight or more, 1% by
weight or more, 5% by weight or more, 10% by weight or
more, 20% by weight or more, 30% by weight or more, 40%
by weight or more, 50% by weight or more, 55% by weight
or more, 60% by weight or more, 65% by weight or more,
or 70% by weight or more, and, for example, 80% by weight
or less, 75% by weight or less, 70% by weight or less, 65%
by weight or less, 60% by weight or less, 50% by weight or
less, 40% by weight or less, 30% by weight or less, 20% by
weight or less, or 10% by weight or less, based on the total
weight of the biodegradable resin composition.

[0119] Specifically, if the biodegradable resin composition
further comprises the biodegradable resin, the weight ratio
of the PHA resin to the biodegradable resin may be 1:0.1 to
9,1:051t08,1:0.5t06,1:051t05,1:1t0 8, 1:1to 6, 1:1 to
5, or 1:1 to 4. For example, the biodegradable composition
may further comprise a PBAT resin as a biodegradable resin
and may comprise the PHA resin and the PBAT resin at a
weight ratio of 1:0.1 to 9, 1:0.5 t0 9, 1:0.7 t0 8, 1:0.8 t0 8§,
1:1to 8, 1:1 to 6, 1:1 to 5, or 1:1 to 4.

[0120] If the biodegradable resin composition comprises
the biodegradable resin in the above range, mechanical
properties suitable for use as a biodegradable film or a
mulching film can be easily achieved; thus, there is an
advantage in that it can be used in various ways. For
example, as the biodegradable resin is further employed, it
is possible to further enhance the tensile strength and
elongation.

Physical Property Improver

[0121] The biodegradable resin composition according to
an embodiment of the present invention may further com-
prise a physical property improver to further enhance the
physical properties of a biodegradable film or mulching film
prepared using the same.

[0122] The physical property improver may comprise at
least one selected from the group consisting of diamines,
diacids, and isocyanates.

[0123] The physical property improver may further
enhance physical properties by combining with an epoxy
functional group contained in the epoxidized biomass and/or
a hydroxyl group (OH group) contained in the biomass
and/or the PHA resin.

[0124] The physical property improver may be employed
in an amount of 0.001 to 30% by weight based on the total
weight of the biodegradable resin composition. The physical
property improver may be employed in an amount of 0.1%
by weight or more, 0.5% by weight or more, 1% by weight
or more, 1.5% by weight or more, or 2% by weight or more.
The additive may be employed in an amount of 30% by
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weight or less, 28% by weight or less, 25% by weight or less,
20% by weight or less, 15% by weight or less, 10% by
weight or less, 8% by weight or less, or 5% by weight or
less.

[0125] The physical property improver may be variously
selected according to the use of the biodegradable resin
composition. If the above range is satisfied, the desired
physical properties in the present invention can be effec-
tively achieved.

Additive

[0126] The biodegradable resin composition may further
comprise at least one additive selected from the group
consisting of pigments, colorant absorbers, light absorbers,
antioxidants, compatibilizers, weight agents, nucleating
agents, melt strength enhancers, and slip agents.

[0127] The additive may be employed in an amount of 0.1
to 30% by weight based on the total weight of the biode-
gradable resin composition.

[0128] The additive may be employed in an amount of
0.1% by weight or more, 0.5% by weight or more, 1% by
weight or more, 1.5% by weight or more, or 2% by weight
or more. The additive may be employed in an amount of
30% by weight or less, 28% by weight or less, 25% by
weight or less, 20% by weight or less, 15% by weight or less,
10% by weight or less, 8% by weight or less, or 5% by
weight or less.

[0129] The pigment may comprise at least one selected
from the group consisting of carbon black and cobalt green.
The pigment may be employed in an amount of 0.01 to 20%
by weight, 0.01 to 15% by weight, 0.01 to 12% by weight,
0.01 to 10% by weight, 0.01 to 8% by weight, 0.01 to 5%
by weight, for example, 0.2 to 4.5% by weight, for example,
0.2 to 4% by weight, or, for example, 0.5 to 3% by weight,
based on the total weight of the biodegradable resin com-
position.

[0130] The antioxidant is an additive for preventing
decomposition by ozone or oxygen, preventing oxidation
during storage, and preventing deterioration of the physical
properties of a film.

[0131] Any commonly used antioxidant may be used as
the antioxidant as long as the effect of the present invention
is not impaired.

[0132] Specifically, the antioxidant may comprise at least
one selected from the group consisting of hindered phenol-
based antioxidants and phosphite-based (phosphorus-based)
antioxidants.

[0133] The hindered phenol-based antioxidant may com-
prise, for example, at least one selected from the group
consisting of 4,4'-methylene-bis(2,6-di-t-butylphenol), octa-
decyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, pen-
taerythritol tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl)pro-
pionate), and  3,9-bis[2-[3-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propionyloxy]-1,1-dimethylethyl]-2,4,8,10-
tetraoxaspiro| 5.5]undecane.

[0134] The phosphite-based (phosphorus-based) antioxi-
dant may comprise, for example, at least one selected from
the group consisting of tris-(2,4-di-t-butylphenyl)phosphite,
bis-(2,4-di-t-butylphenyl)pentaerythritol-diphosphite, bis-
(2,6-di-t-butyl-4-methylphenyl)pentaerythritol-diphosphite,
distearyl-pentaerythritol-diphosphite, [bis(2,4-di-t-butyl-5-
methylphenoxy)phosphino]biphenyl, and N,N-bis[2-[[2,4,8,
10-tetrakis(1,1-dimethylethyl)dibenzo|[d,f][ 1,3,2]dioxypho-
sphepin-6-yl|oxy]-ethyl|ethanamine.
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[0135] The antioxidant may be employed in an amount of
0.01 to 20% by weight, 0.01 to 15% by weight, 0.01 to 12%
by weight, 0.01 to 10% by weight, 0.01 to 8% by weight,
0.01 to 5% by weight, for example, 0.2 to 4.5% by weight,
for example, 0.2 to 4% by weight, or, for example, 0.5 to 3%
by weight, based on the total weight of the biodegradable
resin composition.

[0136] If the content of the antioxidant satisfies the above
range, the physical properties of a film may be enhanced,
and it may be more advantageous for achieving the desired
effects of the present invention.

[0137] The compatibilizer is an additive for imparting
compatibility by removing heterophase of the biomass, the
PHA resin, and/or the biodegradable polymer resin.

[0138] Any commonly used compatibilizer may be used as
the compatibilizer as long as the effect of the present
invention is not impaired.

[0139] Specifically, the compatibilizer may comprise at
least one selected from the group consisting of polyvinyl
acetates (PVAc), isocyanates, polypropylene carbonates,
glycidyl methacrylates, ethylene vinyl alcohols, polyvinyl
alcohols (PVA), ethylene vinyl acetates, and maleic anhy-
drides.

[0140] The compatibilizer may be employed in an amount
of 0.01 to 20% by weight, 0.01 to 15% by weight, 0.01 to
12% by weight, 0.01 to 10% by weight, 0.01 to 8% by
weight, 0.01 to 5% by weight, for example, 0.2 to 4.5% by
weight, for example, 0.2 to 4% by weight, or, for example,
0.5 to 3% by weight, based on the total weight of the
biodegradable resin composition.

[0141] If the content of the compatibilizer satisfies the
above range, the physical properties of a film may be
enhanced by increasing the compatibility between the resins
used, and it may be more advantageous for achieving the
desired effects of the present invention.

[0142] The weight agent is an inorganic material and an
additive for increasing moldability by increasing the crys-
tallization rate during the molding process and for reducing
the problem of cost increase due to the use of the biode-
gradable resin.

[0143] Any commonly used inorganic materials may be
used as the weight agent as long as the effect of the present
invention is not impaired.

[0144] Specifically, the weight agent may comprise at
least one selected from the group consisting of calcium
carbonate, such as light or heavy calcium carbonate, silica,
talc, kaolin, barium sulfate, clay, calcium oxide, magnesium
hydroxide, titanium oxide, carbon black, and glass fibers.
[0145] The weight agent may have an average particle size
of 0.5 um to 5 um. If the average particle size of the weight
agent is less than 0.5 um, it is difficult for the particles to be
dispersed. If it exceeds 5 um, the size of the particles
becomes excessively large, which may impair the effects of
the present invention.

[0146] The weight agent may be employed in an amount
of 0.01 to 20% by weight, 0.01 to 15% by weight, 0.01 to
12% by weight, 0.01 to 10% by weight, 0.01 to 8% by
weight, 0.01 to 5% by weight, for example, 0.2 to 4.5% by
weight, for example, 0.2 to 4% by weight, or, for example,
0.5 to 3% by weight, based on the total weight of the
biodegradable resin composition.

[0147] If the content of the weight agent satisfies the
above range, it may be more advantageous for achieving the
desired effects of the present invention.



US 2024/0254295 Al

[0148] The nucleating agent is an additive for supplement-
ing or changing the crystallization morphology of a polymer
and for enhancing the crystallization (solidification) rate
when a melt of the polymer is cooled. In particular, since the
PHA resin used in the present invention has a low crystal-
lization rate, the process may not be readily carried out since
it becomes too soft. If the nucleating agent is used to solve
this problem, the crystallization rate can be increased to
further enhance the processability, moldability, and produc-
tivity, and it is possible to effectively achieve the desired
physical properties.

[0149] Common nucleating agents may be used as long as
the effects of the present invention are not impaired.
[0150] Specifically, the nucleating agent may be an
elemental substance (pure substance), a metal compound
comprising a complex oxide, such as carbon black, calcium
carbonate, synthetic silicic acid and salts, silica, zinc white,
clay, kaolin, basic magnesium carbonate, mica, talc, quartz
powder, diatomite, dolomite powder, titanium oxide, zinc
oxide, antimony oxide, barium sulfate, calcium sulfate,
alumina, calcium silicate, metal salts of organic phosphorus,
and boron nitride; a low molecular weight organic com-
pound having a metal carboxylate group, such as a metal salt
of octylic acid, toluic acid, heptanoic acid, pelargonic acid,
lauric acid, myristic acid, palmitic acid, stearic acid, behenic
acid, cerotic acid, montanic acid, melissic acid, benzene
acid, p-tert-butylbenzene acid, terephthalic acid, tereph-
thalic acid monomethyl ester, isophthalic acid, and isoph-
thalic acid monomethyl ester; a polymeric organic com-
pound having a metal carboxylate group, such as a salt of a
carboxyl group-containing polyethylene obtained by oxida-
tion of polyethylene, a carboxyl group-containing polypro-
pylene obtained by oxidation of polypropylene, a copolymer
of an acrylic acid or methacrylic acid and an olefin (e.g.,
ethylene, propylene, and butene-1), a copolymer of an
acrylic or methacrylic acid and styrene, a copolymer of an
olefin and maleic anhydride, and a copolymer of styrene and
maleic anhydride; a polymeric organic compound, such as
an alpha-olefin having 5 or more carbon atoms branched to
a carbon atom in position 3 (e.g., 3,3-dimethylbutene-1,3-
methylbutene-1,3-methylpentene-1,3-methylhexene-1 and
3,5,5-trimethylhexene-1), a polymer of vinylcycloalkanes
(e.g., vinylcyclopentane, vinylcyclohexane, and vinylnor-
bornane), polyalkylene glycols (e.g., polyethylene glycol
and polypropylene glycol), poly(glycolic acid), cellulose, a
cellulose ester, and a cellulose ether; phosphoric acid or
phosphorous acid and a metal salt thereof, such as diphenyl
phosphate, diphenyl phosphite, a metal salt of bis(4-tert-
butylphenyl)phosphate, and methylene bis-(2,4-tert-
butylphenyl) phosphate; a sorbitol derivative, such as bis(p-
methylbenzylidene) sorbitol and bis(p-ethylbenzylidene)
sorbitol; and thioglycolic anhydride, p-toluenesulfonic acid,
and a metal salt thereof. The nucleating agents may be used
alone or in combination thereof.

[0151] The nucleating agent may be employed in an
amount of 0.01 to 20% by weight, 0.01 to 15% by weight,
0.01 to 12% by weight, 0.01 to 10% by weight, 0.01 to 8%
by weight, 0.01 to 5% by weight, for example, 0.2 to 4.5%
by weight, for example, 0.2 to 4% by weight, or, for
example, 0.5 to 3% by weight, based on the total weight of
the biodegradable resin composition.

[0152] If the content of the nucleating agent satisfies the
above range, the crystallization rate can be increased to
enhance the moldability, and it is possible to further enhance
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the productivity and processability by enhancing the crys-
tallization rate during, for example, the cutting step for
producing pellets or in the preparation process.

[0153] The melt strength enhancer is an additive for
improving the melt strength of reactants.

[0154] Any commonly used melt strength enhancer may
be used as the melt strength enhancer as long as the effect of
the present invention is not impaired.

[0155] Specifically, the melt strength agent may comprise
at least one selected from the group consisting of polyesters,
styrene-based polymers (such as acrylonitrile butadiene sty-
rene and polystyrene), polysiloxanes, organomodified
siloxane polymers, and maleic anhydride-grafted ethylene
propylene diene monomer (MAH-g-EPDM).

[0156] The melt strength enhancer may be employed in an
amount of 0.01 to 20% by weight, 0.01 to 15% by weight,
0.01 to 12% by weight, 0.01 to 10% by weight, 0.01 to 8%
by weight, 0.01 to 5% by weight, for example, 0.2 to 4.5%
by weight, for example, 0.2 to 4% by weight, or, for
example, 0.5 to 3% by weight, based on the total weight of
the biodegradable resin composition.

[0157] Ifthe content of the melt strength agent satisfies the
above range, it may be more advantageous for achieving the
desired effects of the present invention.

[0158] The slip agent is an additive for enhancing the slip
properties (slippery properties) during extrusion and for
preventing film surfaces from sticking to each other.
[0159] Any commonly used slip agent may be used as the
slip agent as long as the effect of the present invention is not
impaired. For example, the slip agent may be at least one
selected from the group consisting of erucamide, oleamide,
and stearamide.

[0160] The slip agent may be employed in an amount of
0.01 to 20% by weight, 0.01 to 15% by weight, 0.01 to 12%
by weight, 0.01 to 10% by weight, 0.01 to 8% by weight,
0.01 to 5% by weight, for example, 0.2 to 4.5% by weight,
for example, 0.2 to 4% by weight, or, for example, 0.5 to 3%
by weight, based on the total weight of the biodegradable
resin composition.

[0161] If the content of the slip agent satisfies the above
range, the processability, productivity, and moldability may
be further enhanced, and it may be more advantageous for
achieving the desired effects of the present invention.
[0162] The biodegradable resin composition may com-
prise a crosslinking agent and/or a stabilizer as additional
additives.

[0163] The crosslinking agent is an additive for modifying
the properties of the PHA and increasing the molecular
weight of the resin. Common crosslinking agents may be
used as long as the effects of the present invention are not
impaired.

[0164] For example, the crosslinking agent may be at least
one selected from the group consisting of fatty acid esters,
natural oil containing an epoxy group (epoxylated), diallyl
phthalate, pentaerythritol tetraacrylate, trimethylolpropane
triacrylate, pentaerythritol triacrylate, dipentaerythritol pen-
taacrylate, diethylene glycol dimethacrylate, and bis(2-
methacryloxyethyl)phosphate.

[0165] The crosslinking agent may be employed in an
amount of 0.01 to 20% by weight, 0.01 to 15% by weight,
0.01 to 12% by weight, 0.01 to 10% by weight, 0.01 to 8%
by weight, 0.01 to 5% by weight, for example, 0.2 to 4.5%
by weight, for example, 0.2 to 4% by weight, or, for
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example, 0.5 to 3% by weight, based on the total weight of
the biodegradable resin composition.

[0166] The stabilizer is an additive for protecting against
oxidation and heat and preventing color change. Any com-
monly used stabilizer may be used as the stabilizer as long
as the effect of the present invention is not impaired.
[0167] Specifically, the stabilizer may be one selected
from the group consisting of trimethyl phosphate, triphenyl
phosphate, trimethyl phosphine, phosphoric acid, and phos-
phorous acid.

[0168] The stabilizer may be employed in an amount of
0.01 to 20% by weight, 0.01 to 15% by weight, 0.01 to 12%
by weight, 0.01 to 10% by weight, 0.01 to 8% by weight,
0.01 to 5% by weight, for example, 0.2 to 4.5% by weight,
for example, 0.2 to 4% by weight, or, for example, 0.5 to 3%
by weight, based on the total weight of the biodegradable
resin composition.

[Biodegradable Film and Process for Preparing the Same]

[0169] According to an embodiment of the present inven-
tion, there is provided a biodegradable film, which com-
prises biomass and a polyhydroxyalkanoate (PHA) resin.
[0170] The biomass and PHA resin are as described above.
[0171] According to an embodiment of the present inven-
tion, there is provided a biodegradable film formed from the
biodegradable resin composition.

[0172] The biomass and the PHA resin are as described
above.
[0173] Meanwhile, according to an embodiment of the

present invention, there is provided a process for preparing
a biodegradable film, which comprises (1) melt-extruding
biomass and a polyhydroxyalkanoate (PHA) resin to prepare
biodegradable pellets; and (2) molding the biodegradable
pellets.

[0174] Referring to FIG. 1, the process for preparing a
biodegradable film (S100) comprises melt-extruding bio-
mass and a polyhydroxyalkanoate (PHA) resin to prepare
biodegradable pellets (S110).

[0175] The biomass and the PHA resin are as described
above.
[0176] Meanwhile, according to an embodiment of the

present invention, the biomass may comprise epoxidized
biomass.

[0177] The epoxidation treatment may comprise polym-
erizing the biomass with epihalohydrin in an alkali solution
to obtain an epoxy-polymerized biomass (step A); and
filtering and drying the epoxy-polymerized biomass (step
B).

[0178] The alkali solution may comprise at least one
selected from the group consisting of sodium hydroxide,
ammonia, lithium hydroxide, and calcium hydroxide.
[0179] The amount of the alkali solution used may be 1 to
10% by weight based on the total weight of the reaction
composition. Here, the reaction composition may comprise
an alkaline solution, biomass, and epihalohydrin.

[0180] The epihalohydrin may comprise epichlorohydrin.
[0181] In addition, the amount of the epihalohydrin used
may be, for example, 1 to 200 moles, for example, 10 to 200
moles, or, for example, 50 to 200 moles, relative to 1
equivalent of the hydroxyl group (OH group) of the biomass.
[0182] The polymerization may be carried out at, for
example, 25° C. to 150° C. or 25° C. to 100° C.

[0183] The drying may be carried out at 25° C. to 80° C.
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[0184] Meanwhile, the biomass and the PHA resin may
each be in the form of powder, granules, or pellets. Specifi-
cally, the biomass and the PHA resin may each be in the
form of pellets, and the biodegradable resin composition
comprising them may also be in the form of pellets.

[0185] That is, since the biodegradable resin composition
according to the present invention is used as a masterbatch
when a biodegradable film or a biodegradable mulching film
is prepared, it is preferable to be in the form of pellets. The
biodegradable resin composition in the form of pellets may
be prepared by mixing and melting the components consti-
tuting the same and then extruding it through a twin-screw
extruder or the like while pelletizing the extrudate.

[0186] The cutting step may be carried out using a pellet
cutter without limitations as long as it is commonly used in
the art, and the pellets may have various shapes.

[0187] In addition, a step of drying the pellets may be
further carried out. The drying may be carried out at 60° °©
C.to 100° C. for 2 hours to 12 hours. Specifically, the drying
may be carried out at 65° C. to 95° C., 70° C. to 90° C., or
75° C. to 85° ° C., for 3 hours to 12 hours or 4 hours to 10
hours. As the drying step conditions of the pellets satisty the
above range, quality may be further enhanced.

[0188] Meanwhile, according to an embodiment of the
present invention, the PHA resin may comprise the first PHA
resin, the second PHA resin, or a mixed resin of the first
PHA resin and the second PHA resin.

[0189] The types and specific characteristics of the first
PHA resin and the second PHA resin are as described above.

[0190] In addition, depending on the intended use and
physical property design, the biodegradable resin composi-
tion comprising the biomass and the PHA resin may further
comprise a physical property improver, an additive, and/or
a biodegradable resin.

[0191] The physical property improver, the additive, and
the biodegradable resin are as described above.

[0192] Meanwhile, the biomass and the PHA resin may be
melt-extruded to obtain biodegradable pellets.

[0193] According to an embodiment of the present inven-
tion, if the PHA resin comprises a mixed resin of the first
PHA resin and the second PHA resin, the first PHA resin, the
second PHA resin, and the biomass may be melt-extruded to
form pellets.

[0194] According to another embodiment of the present
invention, if the physical property improver, the additive,
and the biodegradable resin are further employed, the PHA
resin (the first PHA resin and the second PHA resin), the
biomass, the physical property improver, the additive, and/or
the biodegradable resin may be melt-extruded to form
pellets.

[0195] The melt-extrusion temperatures of the PHA resin
and the biomass may be individually controlled. The melt
extrusion may be carried out at a temperature of 120° C. to
200° C.

[0196] Specifically, the extrusion temperature of the PHA
resin and the extrusion temperature of the biomass may be
the same or different.

[0197] The extrusion temperature of the PHA resin may
be, for example, 120° C. to 200° C., for example, 120° C. to
190° C., for example, 130° ° C. to 180° C., for example,
140° C. to 170° C.



US 2024/0254295 Al

[0198] The extrusion temperature of the biomass may be,
for example, 120° C. to 200° C., for example, 120° ° C. to
190° C., for example, 130° C. to 180°C, for example, 140°
° C. to 170° C.

[0199] In addition, after the melt extrusion, thermal treat-
ment (heat setting) and/or drying may be further carried out.
Process conditions used in the present field can be used as
the process conditions of these steps as long as the desired
effects in the present invention are not impaired.

[0200] Referring back to FIG. 1, the process for preparing
a biodegradable film (S100) comprises molding the biode-
gradable pellets (S120).

[0201] The molding may be carried out by processing the
biodegradable pellets into a desired shape and then cooling,
so that the shape is hardened and crystallization is induced.
The shape comprises fibers, filaments, films, sheets, rods, or
other shapes, but it is not limited thereto. The molding may
be carried out by any method known in the art, such as
extrusion molding, injection molding, compression mold-
ing, pressure molding, blowing or blow molding (e.g.,
blown film, blowing of foam), calendering, rotomolding,
casting (e.g., cast sheet, cast film), or thermoforming.
[0202] For example, the extrusion molding conditions
may vary depending on the use of the biodegradable film,
and the extrusion may be carried out by a commonly used
process. For example, the extrusion molding may be carried
out at 100° C. to 180° C. using a twin-screw extruder.

[0203] For example, the molding may comprise blow
molding.
[0204] The blow molding conditions may vary depending

on the use of the biodegradable film, and the blow molding
may be carried out by a commonly used process. For
example, the biodegradable resin pellets may be blow-
molded at 100° ° C. to 180° C. using a blown film extruder.
[0205] The biodegradable film is characterized by excel-
lent mechanical properties, particularly excellent strength
and flexibility, and biodegradability of 90% or more in soil
and ocean.

[0206] The biodegradability indicates the rate of decom-
position as compared with the standard material (e.g., cel-
Iulose) in the same period. The Ministry of Environment of
Korea defines a biodegradable material whose biodegrad-
ability is 90% or higher as compared with the standard
material.

[Physical Properties of the Biodegradable Film]

[0207] The biodegradable film according to an embodi-
ment of the present invention can be biodegraded by any one
of microorganisms, moisture, oxygen, light, and heat, and
has excellent mechanical properties.

[0208] Specifically, the biodegradable film may have a
tensile strength of, for example, 5 to 50 MPa, 10 to 45 MPa,
for example, 10 to 40 MPa, for example, 15 to 40 MPa, or
15 to 35 MPa.

[0209] In addition, the tensile strength of the biodegrad-
able film may be the same or different in the longitudinal
direction (MD) and the transverse direction (TD) of the
biodegradable film.

[0210] For example, the biodegradable film may have a
tensile strength in the longitudinal direction (MD) of, for
example, 5 to 50 MPa, 10 to 45 MPa, for example, 10 to 40
MPa, for example, 15 to 40 MPa, or 15 to 35 MPa.
[0211] The biodegradable film may have a tensile strength
in the transverse direction (TD) of, for example, 5 to 50
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MPa, 10 to 45 MPa, for example, 10 to 40 MPa, for example,
15 to 35 MPa, or 15 to 30 MPa.

[0212] The biodegradable film is cut to 100 mm in length
and 15 mm in width and mounted to a universal tester of
INSTRON (4206-001, manufacturer: UTM) at a spacing
between chucks of 50 mm in accordance with ASTM-D882.
Testing is performed at a tensile speed of 200 mm/minute at
room temperature of 25° C.; and the tensile strength is
measured with a program installed in the device. If the
tensile strength satisfies the above range, it is possible to
enhance the productivity, processability, and moldability of
the biodegradable film at the same time.

[0213] In addition, the biodegradable film may have an
elongation of, for example, 50% to 900%, for example,
100% to 900%, for example, 100% to 800%, for example,
100% to 700%, for example, 100% to 600%, for example,
100% to 500%, for example, 120% to 450%, or, for
example, 150% to 450%.

[0214] In addition, the elongation of the biodegradable
film may be the same or different in the longitudinal direc-
tion (MD) and the transverse direction (TD) of the biode-
gradable film.

[0215] For example, the biodegradable film may have an
elongation in the longitudinal direction (MD) of, for
example, 50% to 900%, for example, 100% to 900%, for
example, 100% to 800%, for example, 100% to 700%, for
example, 100% to 600%, for example, 100% to 400%, for
example, 100% to 350%, for example, 120% to 320%, for
example, 120% to 300%, or, for example, 120% to 250%.
[0216] The biodegradable film may have an elongation in
the transverse direction (TD) of, for example, 50% to 900%,
for example, 100% to 900%, for example, 100% to 800%,
for example, 100% to 700%, for example, 100% to 600%,
for example, 100% to 500%, for example, 150% to 450%,
for example, 200% to 450%, or, for example, 250% to
450%. If the elongation satisfies the above range, it may be
advantageous from the viewpoint of the flexibility of a film.
[0217] The biodegradable film is cut to a size of 4 cm in
length and 1 c¢m in width and measured for the maximum
deformation just before fracture with a universal tester of
INSTRON (4206-001, manufacturer: UTM) at a tensile
speed of 50 mm/minute. The ratio of the maximum defor-
mation to the initial length is calculated as the elongation.
[0218] Meanwhile, the biodegradable film may have a
tensile modulus of, for example, 50 to 400 MPa, for
example, 80 to 350 MPa, for example, 100 to 350 MPa, or
100 to 300 MPa, on a strain-stress curve. If the tensile
modulus satisfies the above range, it may be advantageous
from the viewpoint of the flexibility of a film.

[0219] In addition, the tensile modulus of the biodegrad-
able film may be the same or different in the longitudinal
direction (MD) and the transverse direction (TD) of the
biodegradable film.

[0220] For example, the biodegradable film may have a
tensile modulus in the longitudinal direction (MD) of, for
example, 100 to 400 MPa, 150 to 350 MPa, for example, 180
to 320 MPa, or, for example, 200 to 300 MPa.

[0221] The biodegradable film may have a tensile modulus
in the transverse direction (TD) of, for example, 50 to 300
MPa, 80 to 300 MPa, for example, 100 to 300 MPa, for
example, 100 to 250 MPa or 100 to 200 MPa.

[0222] The biodegradable film is cut to 100 mm in length
and 15 mm in width and mounted to a universal tester of
INSTRON (4206-001, manufacturer: UTM) at a spacing
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between chucks of 50 mm in accordance with ASTM-D882.
Testing is performed at a tensile speed of 200 mm/minute at
room temperature of 25° C.,; and the tensile modulus is
measured with a program installed in the device. If the
tensile modulus satisfies the above range, it is possible to
enhance the productivity, processability, and moldability of
the biodegradable film at the same time.

[0223] Further, the biodegradable film is characterized by
a biodegradability of 90% or more in soil and ocean. The
biodegradability indicates the rate of decomposition as com-
pared with the standard material (e.g., cellulose) in the same
period. The Ministry of Environment of Korea defines a
biodegradable material whose biodegradability is 90% or
higher as compared with the standard material.

[Biodegradable Mulching Film and Process for Preparing
the Same]

[0224] According to an embodiment of the present inven-
tion, there is provided a biodegradable mulching film
formed from the biodegradable resin composition.

[0225] Specifically, the mulching film may be formed
from a biodegradable resin composition, which comprises
biomass and a polyhydroxyalkanoate (PHA) resin.

[0226] Specifically, the mulching film may be prepared by
a process, which comprises melt-extruding biomass and a
polyhydroxyalkanoate (PHA) resin to prepare biodegradable
pellets; and molding the biodegradable pellets.

[0227] The molding may be carried out by any method
known in the art, such as extrusion molding, injection
molding, compression molding, pressure molding, blowing
or blow molding (e.g., blown film, blowing of foam),
calendering, rotomolding, casting (e.g., cast sheet, cast film),
or thermoforming. Specifically, the molding may comprise,
for example, extrusion molding or blow molding at 100° C.
to 180° C.

[0228] According to an embodiment of the present inven-
tion, it is possible to provide a biodegradable film and a
mulching film, which can be biodegraded in both soil and
ocean and have excellent quality with enhanced flexibility
and a proper level of strength at the same time, using the
biodegradable resin composition.

[0229] The physical properties of the mulching film may
be similar to, or the same as, those of the biodegradable film.

[0230] In particular, as the biodegradable resin composi-
tion is used, the mulching film is effective in blocking
ultraviolet rays, thereby preventing itself from aging by
ultraviolet rays, resulting in improved lifespan characteris-
tics.

[0231] In addition, the mulching film may produce excel-
lent effects such as suppression of moisture evaporation,
suppression of weed growth, suppression of loss of fertilizer
components in the soil, function of constant temperature and
humidity, and keeping warm.

MODE FOR THE INVENTION

[0232] Hereinafter, the present invention will be described
in detail with reference to Examples. But the following
examples are intended to illustrate the present invention, and
the scope of the present invention is not limited thereto only.
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EXAMPLE

Example 1

[0233] As shown in Table 1 below, a polybutylene adipate
terephthalate (PBAT) resin (manufacturer: Ankor Bioplas-
tics), a PHA resin (3-HB-co-4-HB, aPHA) (manufacturer:
CJ), coffee grounds (coffee waste) (manufacturer: CJ), and
a diacid-based additive were melt-extruded to obtain biode-
gradable pellets.

[0234] The melt extrusion was carried out at about 160°C,
and the extrudate was cooled to about 30° C. and cut with
a pellet cutter to prepare pellets.

[0235] The pellets were dried at about 80° ° C. for 4 hours
and blow-molded at about 150° C. to prepare a biodegrad-
able film.

Example 2

[0236] A biodegradable film was prepared in the same
manner as in Example 1, except that epoxidized coffee
grounds were used instead of the coffee grounds of Example
1 as shown in Table 1 below.

[0237] The epoxidized coffee grounds were obtained by
polymerizing the coffee grounds (coffee waste) as biomass
with epichlorohydrin at about 80° C. for about 5 hours in an
alkaline solution of 2% NaOH.

[0238] The epoxy-polymerized coffee grounds were fil-
tered using a filter and dried at about 50° C. for 5 hours.

Examples 3 and 4

[0239] A biodegradable film was prepared in the same
manner as in Example 2, except that the composition of the
biodegradable film was changed as shown in Table 1 below.

Examples 5 and 6

[0240] A biodegradable film was prepared in the same
manner as in Example 2, except that epoxidized soybean
hulls were used instead of the epoxidized coffee grounds and
that the composition of the biodegradable film was changed
as shown in Table 1 below.

Examples 7 and 8

[0241] A biodegradable film was prepared in the same
manner as in Example 2, except that epoxidized corncobs
were used instead of the epoxidized coffee grounds and that
the composition of the biodegradable film was changed as
shown in Table 1 below.

Examples 9 and 10

[0242] A biodegradable film was prepared in the same
manner as in Example 2, except that epoxidized cellulose
was used instead of the epoxidized coffee grounds and that
the composition of the biodegradable film was changed as
shown in Table 1 below.

Example 11

[0243] A biodegradable film was prepared in the same
manner as in Example 1, except that lignin was used instead
of the coffee grounds and that the composition of the
biodegradable film was changed as shown in Table 1 below.
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Example 12

[0244] A biodegradable film was prepared in the same
manner as in Example 11, except that epoxidized lignin was
used instead of the lignin as shown in Table 1 below.
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speed of 50 mm/minute. The ratio of the maximum defor-
mation to the initial length was calculated as the elongation.
[0250] The tensile strength and elongation of the biode-
gradable films obtained in the Examples and Comparative
Examples are summarized in Table 1 below.

TABLE 1
tensile

composition strength(MPa)  elongation(%)
Ex. 1 PBAT:PHA:coffee grounds 67:17:17 13.16 56.92
Ex. 2 PBAT:PHA:coffee grounds (epoxidized) 67:17:17 15.61 277.60
Ex. 3 PBAT:PHA:coffee grounds (epoxidized) 57:14:29 16.84 103.39
Ex. 4 PBAT:PHA:coffee grounds (epoxidized) 75:8:17 24.57 438.86
Ex. 5 PBAT:PHA:soybean hulls (epoxidized) 67:17:17 7.80 141.27
Ex. 6 PBAT:PHA:soybean hulls (epoxidized) 57:14:29 7.57 54.69
Ex. 7 PBAT:PHA:corncobs (epoxidized) 67:17:17 8.48 169.40
Ex. 8 PBAT:PHA:corncobs (epoxidized) 57:14:29 8.41 50.48
Ex. 9 PBAT:PHA cellulose (epoxidized) 67:17:17 23.79 530.94
Ex. 10 PBAT:PHA:cellulose (epoxidized) 57:14:29 18.50 4606-64 400.05
Ex. 11 PBAT:PHA:lignin 57:14:29 13.84 610.86
Ex. 12 PBAT:PHA:lignin (epoxidized) 57:14:29 17.33 778.00
C. Ex. 1 PBAT:TPS 75~80:20~25 20.00 380.00
C. Ex. 2 PBAT:PHA:coffee grounds 83:0:17 40.40 82.51
C. Ex. 3 PBAT:PHA:coffee grounds (epoxidized) 83:0:17 8.68 100.82

Comparative Example 1

[0245] A biodegradable film was prepared in the same
manner as in Example 1, except that the biodegradable film
did not comprise PHA and biomass while comprising a
PBAT resin and thermoplastic starch (TPS) alone as shown
in Table 1 below.

Comparative Example 2

[0246] A biodegradable film was prepared in the same
manner as in Example 1, except that the biodegradable film
did not comprise a PHA resin while comprising a PBAT
resin and coffee grounds alone as shown in Table 1 below.

Comparative Example 3

[0247] A biodegradable film was prepared in the same
manner as in Comparative Example 2, except that epoxi-
dized coffee grounds were used instead of the coffee grounds
as shown in Table 1 below.

TEST EXAMPLE

Test Example 1: Tensile strength

[0248] The biodegradable films prepared in the Examples
and Comparative Examples were each cut to 100 mm in
length and 15 mm in width and mounted to a universal tester
of INSTRON (4206-001, manufacturer: UTM) at a spacing
between chucks of 50 mm in accordance with ASTM-D882.
Testing was performed at a tensile speed of 200 mm/minute
at room temperature of 25° C., and the tensile strength was
measured with a program installed in the device.

Test Example 2: Elongation

[0249] The biodegradable films prepared in the Examples
and Comparative Examples were each cut to a size of 4 cm
in length and 1 cm in width and measured for the maximum
deformation just before fracture with a universal tester of
INSTRON (4206-001, manufacturer: UTM) at a tensile

[0251] As can be seen from Table 1 above, the biodegrad-
able films of Examples 1 to 12 were significantly excellent
in tensile strength and elongation as compared with the
biodegradable films of Comparative Examples 1 to 3. Fur-
ther, the biodegradable films of Examples 1 to 12 were
biodegradable in both soil and ocean.

[0252] Specifically, as the biodegradable films of
Examples 1 to 12 comprised a PHA resin and biomass of
coffee grounds, soybean hulls, corncobs, cellulose, or lignin,
the tensile strength was about 7.57 to about 24.57 MPa, and
the elongation was about 50.48% to about 778.00%, indi-
cating excellent flexibility while maintaining appropriate
strength. In addition, most of the biodegradable films in the
Examples were very excellent in elongation in the range of
100% to 900%.

[0253] In contrast, in the film of Comparative Example 1,
which did not comprise biomass and a PHA resin while
comprising a PBAT resin and TPS alone, tensile strength and
elongation were excellent whereas it is expected that bio-
degradability in soil and ocean is significantly poorer than
those of the biodegradable films of Examples 1 to 12, or
biodegradation would take a long period of time.

[0254] In addition, in the films of Comparative Examples
2 and 3, which did not comprise a PHA resin while com-
prising a PBAT resin and coffee grounds alone, tensile
strength and elongation were significantly reduced as com-
pared with the biodegradable films of Examples 3 and 4
comprising a PHA resin and coffee grounds. In addition, in
the films of Comparative Examples 2 and 3, which did not
comprise a PHA resin, it is expected that biodegradability in
soil and ocean is significantly poorer than those of the
biodegradable films of Examples 1 to 12, or biodegradation
would take a long period of time.

[0255] Meanwhile, it was confirmed that the tensile
strength and elongation varied depending on whether bio-
mass was epoxidized or not.

[0256] Specifically, although the biodegradable film of
Example 2 had the same composition as that of the biode-
gradable film of Example 1, the tensile strength was about
15.61 MPa, and the elongation was about 277.60% as
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epoxidized biomass was used, indicating that the tensile
strength and elongation were significantly increased as com-
pared with the biodegradable film of Example 1 having a
tensile strength of about 13.16 MPa and an elongation of
about 56.92%.

[0257] Therefore, when the biodegradable film comprises
a PHA resin and epoxidized biomass, the elongation can be
enhanced while maintaining appropriate tensile strength,
and an excellent film can be achieved since it is biodegrad-
able in both soil and ocean.

1. A biodegradable resin composition, which comprises
biomass and a polyhydroxyalkanoate (PHA) resin.

2. The biodegradable resin composition of claim 1,
wherein the polyhydroxyalkanoate (PHA) resin is a copo-
lymerized polyhydroxyalkanoate resin comprising at least
one repeat unit selected from the group consisting of 3-hy-
droxybutyrate (3-HB), 3-hydroxypropionate (3-HP), 3-hy-
droxyvalerate (3-HV), 3-hydroxyhexanoate (3-HH), 4-hy-
droxyvalerate (4-HV), S5-hydroxyvalerate (5-HV), and
6-hydroxyhexanoate (6-HH), and a 4-hydroxybutyrate
(4-HB) repeat unit.

3. The biodegradable resin composition of claim 1,
wherein the polyhydroxyalkanoate (PHA) resin comprises a
first PHA resin and a second PHA resin,

the first PHA resin comprises a 4-HB repeat unit in an

amount of 15% by weight to 60% by weight based on
the total weight of the first PHA resin,

the second PHA resin comprises a 4-HB repeat unit in an

amount of 0.1% by weight to 30% by weight based on
the total weight of the second PHA resin, and

the content of the 4-HB repeat unit of the first PHA resin

and the content of the 4-HB repeat unit of the second
PHA resin are different from each other.

4. The biodegradable resin composition of claim 1,
wherein the biomass comprises an epoxidized hydroxyl
group (OH group).

5. The biodegradable resin composition of claim 4,
wherein the biomass comprises at least one selected from the
group consisting of herbal-derived natural materials, woody-
derived natural materials, lignin, cellulose, and bio by-
products.

6. The biodegradable resin composition of claim 1, which
comprises the biomass in an amount of 10 to 50% by weight
and the polyhydroxyalkanoate (PHA) resin in an amount of
10 to 80% by weight, based on the total weight of the
biodegradable resin composition.

7. The biodegradable resin composition of claim 3, which
comprises the first PHA resin in an amount of 5% by weight
to 80% by weight and the second PHA resin in an amount
of 5% by weight to 80% by weight, based on the total weight
of the biodegradable resin composition.

8. The biodegradable resin composition of claim 3,
wherein the weight ratio of the first PHA resin to the second
PHA resin to the biomass is 1:0.5 to 9:1 to 2.

9. The biodegradable resin composition of claim 3,
wherein the first PHA resin has a glass transition tempera-
ture (Tg) of -45° C. to -10° C.,

the second PHA resin satisfies at least one characteristic

selected from a glass transition temperature (Tg) of
-30° ° C. to 80° C., a crystallization temperature (Tc)
of 70° © C. to 120° C., and a melting temperature (Tm)
of 100° ° C. to 170° C., and
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the glass transition temperature (Tg) of the first PHA resin
and the glass transition temperature (Tg) of the second
PHA resin are different from each other.

10. The biodegradable resin composition of claim 1,
wherein the biodegradable resin composition further com-
prises at least one biodegradable resin selected from the
group consisting of polybutylene adipate terephthalate
(PBAT), polylactic acid (PLA), polybutylene succinate
(PBS), polybutylene adipate (PBA), polybutylene succinate-
adipate (PBSA), polybutylene succinate-terephthalate
(PBST), polyhydroxybutyrate-valerate (PHBV), polycapro-
lactone (PCL), polybutylene succinate adipate terephthalate
(PBSAT), and thermoplastic starch (TPS).

11. The biodegradable resin composition of claim 1,
wherein the biodegradable resin composition further com-
prises a physical property improver, and the physical prop-
erty improver comprises at least one selected from the group
consisting of diamines, diacids, and isocyanates.

12. The biodegradable resin composition of claim 1,
wherein the biodegradable resin composition further com-
prises at least one additive selected from the group consist-
ing of pigments, colorant absorbers, light absorbers, anti-
oxidants, compatibilizers, weight agents, nucleating agents,
melt strength enhancers, and slip agents.

13. A biodegradable film, which comprises biomass and a
polyhydroxyalkanoate (PHA) resin.

14. The biodegradable film of claim 13, which has a
tensile strength of 5 to 50 MPa and an elongation of 50% to
900% when measured using a universal testing machine
(UTM) in accordance with ASTM D 882.

15. A process for preparing a biodegradable film, which
comprises (1) melt-extruding biomass and a polyhydroxy-
alkanoate (PHA) resin to prepare biodegradable pellets; and
(2) molding the biodegradable pellets.

16. The process for preparing a biodegradable film of
claim 15, wherein the biomass comprises epoxidized bio-
mass, and

the epoxidation treatment comprises polymerizing the

biomass with epihalohydrin in an alkali solution to
obtain an epoxy-polymerized biomass; and filtering
and drying the epoxy-polymerized biomass.

17. The process for preparing a biodegradable film of
claim 15, wherein the polyhydroxyalkanoate (PHA) resin
comprises a first PHA resin and a second PHA resin, the first
PHA resin comprises a 4-HB repeat unit in an amount of
15% by weight to 60% by weight based on the total weight
of the first PHA resin,

the second PHA resin comprises a 4-HB repeat unit in an

amount of 0.1% by weight to 30% by weight based on
the total weight of the second PHA resin, and

the content of the 4-HB repeat units of the first PHA resin

and the content of the 4-HB repeat units of the second
PHA resin are different from each other.

18. The process for preparing a biodegradable film of
claim 15, wherein the melt extrusion is carried out at a
temperature of 120° ° C. to 200° C., and the molding is
carried out by extrusion molding or blow molding at 100° C.
to 180° C.

19. A biodegradable mulching film, which is formed from
the biodegradable resin composition of claim 1.
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