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Description

TECHNICAL FIELD

[0001] The present invention relates to a resin composition and injection molding method thereof. In particular, the
present invention relates to a resin composition for molding having biodegradability and molding method thereof.

BACKGROUND ART

[0002] Chemically synthesized plastics, suchasPP, PE,PET,PC,PMMA,PS,COP, andCOC, havebeen usedas resin
materials for molding. Although these chemically synthesized plastics produce carbon dioxide and pose environmental
pollution problems, they are currently being used with such problems are nearly neglected when synthesized plastics are
used.
[0003] Under such circumstances, resin compositions have been developed so that they do not produce carbon dioxide
during preparation thereof and are made of a component of a natural material, such as a plant. Also, biodegradable resin
compositions have been developed so that they are biodegraded into low-molecular compounds not to have adverse
effects on the environment by microorganisms. Examples of such a plant-derived, biodegradable resin composition
include polylactic acid (PLA). A molded product made of polylactic acid is disclosed in Japanese Unexamined Patent
Application Publication No. 2016‑179694.

SUMMARY OF INVENTION

[0004] PLA is made from corn or sugarcane and therefore produces less CO2. However, it requires many preparation
processes and high preparation cost. Also, PLA is a material that biodegrades only at high temperatures of 50 degrees
Celsius or more. For this reason, PLA cannot exhibit biodegradability when disposed of in the natural environment. Also,
PLA is less heat resistant and therefore a molded product made of PLA, for example, a drink container such as a cup, is
deformed when hot water is poured thereinto. Also, a molded product made of PLA has less strength and therefore is
cracked, damaged, or broken when it falls or is bent or pressed.When producing amolded product from PLA by injection
molding,a longermoldingcycle time is required, or amolding failure ismore likely tooccurdue topoorfluidityofPLA.These
problems may lead to unsuccessful mass production of molded products. In this way, conventional resin compositions
including PLA is problematic in terms of heat resistance, hardness, cost-effectiveness, and biodegradability.
[0005] The present inventors conducted intensive research and, as a result, here provide a resin composition for
molding having excellent heat resistance, hardness, cost-effectiveness, and biodegradability by using an amorphous
resinmaterial component extracted fromplant-derivedwood. The present inventors also provide amoldingmethod of this
resin composition.
[0006] A resin composition for molding disclosed herein includes a first resin that is derived from a plant and has the
following structural formula (Chemical Formula 1).

[0007] The resin composition for molding preferably includes a second resin having the following structural formula
(Chemical Formula 2).
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[0008] The resin composition for molding may include a second resin including one of polycarbonate (PC), cyclo olefin
polymer (COP), cyclo olefin copolymer (COC), polypropylene (PP), polyethylene (PE), polyethylene terephthalate (PET),
polystyrene (PS), polylactic acid (PLA), ABS resin (ABS), vinyl chloride (PVC), vinylidene chloride (PVDC), vinyl acetate
(PVAC), polymethylpentene (PMP), polybutene (PB), hydroxybenzoic acid (HBP), polyetherimide (PEI), polyacetal
(POM), polyphenylene ether (PPE), polyphenylene oxide (PPO), polyphenylene sulfide (PPS), polyurethane (PUR),
ionomer resin (IO), fluorocarbon resin (FR), tetrafluoroethylene (PTFE), polycyclohexylenedimethylene terephthalate
(PCT), polyethylene naphthalate (PEN), polyarylate (PAR), polyacrylonitrile (PAN), polyallylsulfone (PASF), polyamide
(PA), polyvinyl alcohol (PVA), polymethacrylstyrene (MS), butadiene resin (BDR), polybutylene terephthalate (PBT),
polyester carbonate (PPC), polybutylene succinate (PBS), norbornene resin (NB), polyamide (nylon) (PA), Teflon®, FRP,
PHA, PHB, PHBH, CA, polyimide (PI), polyamideimide (PAI), polysulfone (PSF), polyethersulfone (PES), polyether-
etherketone (PEEK), liquid crystal polymer (LCP), polychlorotrifluoroethylene (PCTFE), silicone resin (SI), epoxy resin
(EP), and polylactic acid (PLA), or two ormore of these substances. In this case, the resin composition preferably includes
30 to 60 percent by weight of the first resin and 40 to 70 percent by weight of the second resin.
[0009] Wood powder or wood pellets, bamboo powder or bamboo pellets, or grass powder or grass pellets obtained by
freezing and crushingwood, bamboo, or grass; or paper powder or paper pellets obtained by freezing and crushing paper
may be kneaded with the first resin, or may be kneaded with the first and second resins. As these materials are very
inexpensive, the cost of resin pellets and the price ofmolded products are expected to be reduced.Whenwood powder or
woodpellets, bamboopowderorbamboopellets, grasspowderorgrasspellets, orpaperpowderorpaperpellets isdirectly
mixedwith the second resin, the resin composition decreases in heat resistance, strength, and fluidity. On the other hand,
bykneading thosematerialswith thefirst resin, the resincomposition improves inheat resistance, strength, andfluidityand
obtains biodegradability. In this case, it is preferred to knead thosematerials with the 30 to 60 percent by weight of the first
resin.
[0010] A resin compositionmoldingmethod disclosed herein includes a step of charging a resin composition into a resin
injector with the resin composition solidified, a step of liquidizing the resin composition in the resin injector by heating and
compressing the resin composition, a stepof injecting the liquidized resin composition from the resin injector into amoldby
pressing the resin composition, and a step of cooling and solidifying the resin composition in the mold and extracting a
molded product from the mold.
[0011] The resin composition molding method preferably further includes a step of introducing a gas into the liquidized
resin composition and dispersing the gas in the resin composition.
[0012] The resin composition disclosed herein has excellent heat resistance, hardness, cost-effectiveness, and
biodegradability.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIGS. 1A to 1C are concept drawings that show production of an injection-molded product using an injectionmolding
machine and a mold (without a gas); and
FIGS. 2A to 2C are concept drawings that show production of an injection-molded product using an injectionmolding
machine and a mold (with a gas).

DESCRIPTION

Hemicellulose and Hemicellulose Derivatives

[0014] A resin composition disclosed herein includes a plant-derived resin component. This resin component is one of
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themain components of a tree. That is, a tree includes threemain components: cellulose, hemicellulose, and lignin. A first
resin disclosed herein includes a hemicellulose as a component. A hemicellulose is amorphous and has very high
uniformity. A melted liquid hemicellulose has high fluidity and is suitable as a material for injection molding. Cellulose is a
fibrousmaterial having high crystallinity and is not suitable as amain component of amaterial for injectionmolding. Lignin
is a material having high crystallinity and less fluidity and therefore is not suitable as a main component of a material for
injection molding. A hemicellulose alone is an amorphous material, and a liquidized hemicellulose can uniformly flow
through a cylinder during injection molding.
[0015] Hemicelluloses include complex polysaccharides, such as mannan, glucan, xylan, and xyloglucan. The hemi-
cellulose of the present embodiment may be any of these substances and may contain a small amount of cellulose or a
small amount of lignin. Among hemicelluloses, xylan is preferably used. A typical hemicellulose has amolecular weight of
(weightaveragemolecularweightMw)1,000 to100,000. If ahemicellulosehavingamolecularweightof 30,000 to100,000
is injection-molded, a molded product having good strength is obtained.
[0016] Ahemicellulosehasgoodbiodegradability. Ahemicellulosebiodegradesat ahigher rate thancelluloseand lignin
and favorably biodegrades at low to high temperatures, for example, at a low temperature of 5 degrees Celsius. A
hemicellulose is biodegraded by microorganisms even at ordinary temperature and becomes water and carbon dioxide
after three months. For example, when buried in soil, a hemicellulose is biodegraded by microorganisms in soil. A
hemicellulose is also biodegraded by microorganisms in seawater. A hemicellulose is a material in harmony with the
environment.
[0017] A hemicellulose is a component of wood and therefore chemical synthesis is not required to obtain a hemi-
cellulose. That is, a hemicellulose does not produce carbon dioxide, which occurs when chemically synthesizing a raw
material, and plant-derived wood consumes carbon dioxide by photosynthesis. Use of a hemicellulose as the first resin of
the composition for injection molding reduces occurrence of carbon dioxide.
[0018] Thebasic structure of a hemicelluloseas the first resin has the following structural formula (Chemical Formula 1).
Any hemicellulose having the following structure in its molecular structure can be used.

[0019] R1 andR2 each represent a substituent group.R1 andR2 are each hydrogen, nitrogen, an alkyl group, an acetyl
group, a hydroxy group, an acyl group, an aldehyde group, an amino group, an imino group, an aryl group, a phosphonyl
group, a propenyl group, a propanyl group, an acetonyl group, a carbonyl group, a carboxyl group, a cyano group, an azo
group, an azi group, a thiol group, a sulfo group, a nitro group, a vinyl group, an allyl group, a cycloalkyl group, a phenyl
group, a naphthyl group, an aralkyl group, a benzyl group, a Schiff group, an alkylene group, an amyl group, an
acetamidomethyl group, an adamantyl group, an adamantyloxycarbonyl group, an allyloxycarbonyl group, a tert-
butoxycarbonyl group, a benzyloxymethyl group, a biphenylisopropyloxycarbonyl group, a benzoyl group, a benzylox-
ycarbonyl group, a cyanoethyl group, a cyclohexyl group, a carboxymethyl group, a cyclopentadienyl group, a penta-
methylcyclopentadienyl group, a cyclohexyl group, glucose, ahexyl group, an isobutyl group, an isopropyl group, amesityl
group, a trimethylphenyl group, a methoxymethyl group, a mesitylenesulfonyl group, a mesyl group, a nosyl group, an
octadecylsilyl group, a pivaloyl group, a methoxybenzyl group, a methoxyphenyl group, a propyl group, an ethoxymethyl
group, a trimethylsilyl group, a trimethylsilylethoxymethyl group, a siamyl group, a tert-butyl group, a tert-butyldimethylsilyl
group, a tert-butyldiphenylsilyl group, a tert-butyldimethylsilyl group, a triethylsilyl group, a tetrahydropyranyl group, a
triisopropylsilyl group, a trimethylsilyl group, a tolyl group, a tosyl group, a triisopropylbenzenesulfonyl group, a trityl group,
a trichloroethoxycarbonyl group, a benzyloxycarbonyl group, a methylene group, a valeryl group, a methoxy group, an
acetamide group, a trimethylammoniumgroup, a diazo group, a hydrocarbon group, or the like, but are not limited thereto.
R1 and R2 may be each a substituent group having any of these substances in the structure. R1 and R2 may be each
fluorine, bromine, chlorine, iodine, or the like, or may be each a substituent group having any of these substances in the
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structure. R1 and R2 may each be an ionized substituent group, such as a cation or anion, that forms an ionic liquid
structure, or may each be a substituent group having such a substance in the structure. R1 and R2 may be different
substituent groups.
[0020] A hemicellulose having such a basic structure provides the resin composition with biodegradability, as well as
heat resistance, strength, fluidity, and transparency. Such a resin composition can be injection-molded, and an injection-
molded product has biodegradability, as well as good heat resistance, strength, fluidity, and transparency. n is an integer
greater than or equal to 2. As will be described later, a hemicellulose component extracted from a wood chip includes
hydrogen as R1 and R2 and is called a "hemicellulose." A hemicellulose has high hydrophilicity and therefore easily
captures moisture. A molded product including a hemicellulose, which has high water absorbency, may be unpreferable,
since the size, volume, orweight thereof ismore likely to varywith time, depending on the application. Also, such amolded
product decreases in strength, transparency, or heat resistance, depending on the application. To solve these problems
associatedwithwater absorbency, it is preferred to changeR in themolecule of the hemicellulose to a substituent groupas
description above, that is, a substituent group, suchasanacetyl group, anacetonyl group, or an ionized substituent group.
Hemicelluloses including various substituent groups other than hydrogen are called "hemicellulose derivatives." A typical
hemicellulose derivative includes acetyl groups as R1 and R2.

Preparation of Hemicellulose and Hemicellulose Derivatives

[0021] Fragmentsobtainedbycrushingwood into small sizesarecalledwoodchips.When thesewoodchipsareput into
an aqueous solution containing butanol and heated, this solution is separated into the butanol/lignin phase and the
water/hemicellulose phase. Cellulose precipitates as a solid. By removing water from the water/hemicellulose phase,
hemicellulose powder can be obtained. This hemicellulose powder has a basic structure represented by a structural
formula inwhichR1andR2arehydrogen. This hemicellulosepowder hashighhydrophilicity and therefore easily captures
moisture. Amolded product including this hemicellulose powder having highwater absorbency is more likely to change in
size, volume, or weight with time, as well as may decrease in strength, transparency, or heat resistance.
[0022] For this reason, a hemicellulose derivative is prepared by changing R1 and R2 in the structural formula of the
hemicellulosepowder fromhydrogen toacetyl groupsso that anacetylation reactionoccurs in thehemicellulosepowder.A
hemicellulose derivative may be prepared by changing R1 and R2 in the structural formula of the hemicellulose powder
from hydrogen to substituent groups, such as acetonyl groups, propenyl groups, or carboxyl groups, rather than acetyl
groups so that a corresponding chemical reaction occurs in the hemicellulose powder. The preparation of such a
hemicellulose derivative was performed using a conventional sugar derivative preparation technology. This sugar
derivative preparation technology is a technology proposed by Yamagata University, Nippon Kayaku Co., Ltd., HORIBA
STEC, Co., Ltd., Kobe Natural Products Chemical Co., Ltd., or Hayashibara Co., Ltd.

Resin Composition for Molding

[0023] The hemicellulose or hemicellulose derivative, which is the first resin, serves as a resin composition or resin
pellets for injection molding on its own. On the other hand, the hemicellulose or hemicellulose derivative, which is the first
resin, may be mixed with a second resin. In this case, a resin composition for injection molding is obtained by mixing the
powdery hemicellulose or hemicellulose derivative with powder, pellets, or the like of the second resin and charging the
mixture into an extruder/kneader.
[0024] The first resin and second resin are melted and kneaded in the extruder/kneader, and the kneaded resin
composition is extruded in the form of a tube from the nozzle of the extruder/kneader. The tubular resin is cut into resin
pellets made of the resin composition using a pelletizer. The resin pellets are resin strips having a diameter of 0.2 to 3mm
and a length of 0.2 to 5 mm.
[0025] The second resin is polycarbonate (PC), cyclo olefin polymer (COP), cyclo olefin copolymer (COC), polypro-
pylene (PP), polyethylene (PE), polyethylene terephthalate (PET), polystyrene (PS), polylactic acid (PLA), ABS resin
(ABS), vinyl chloride (PVC), vinylidene chloride (PVDC), vinyl acetate (PVAC), polymethylpentene (PMP), polybutene
(PB), hydroxybenzoic acid (HBP), polyetherimide (PEI), polyacetal (POM), polyphenylene ether (PPE), polyphenylene
oxide (PPO), polyphenylene sulfide (PPS), polyurethane (PUR), ionomer resin (IO), fluorocarbon resin (FR), tetrafluor-
oethylene (PTFE), polycyclohexylenedimethylene terephthalate (PCT), polyethylene naphthalate (PEN), polyarylate
(PAR), polyacrylonitrile (PAN), polyallylsulfone (PASF), polyamide (PA), polyvinyl alcohol (PVA), polymethacrylstyrene
(MS), butadiene resin (BDR), polybutylene terephthalate (PBT), polyester carbonate (PPC), polybutylene succinate
(PBS), norbornene resin (NB), polyamide (nylon) (PA), Teflon®, FRP, PHA, PHB, PHBH, CA, polyimide (PI), polyami-
deimide (PAI), polysulfone (PSF), polyethersulfone (PES), polyetheretherketone (PEEK), liquid crystal polymer (LCP),
polychlorotrifluoroethylene (PCTFE), silicone resin (SI), epoxy resin (EP), or the like, but is not limited to these resins. Or,
the second resinmaybe twoormore of these resins.Woodpowder orwoodpellets, bamboopowder or bamboopellets, or
grasspowder or grasspellets obtainedby freezingandcrushingwood, bamboo, or grass, or paper powder or paper pellets
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obtained by freezing and crushing papermay be kneaded with the first resin, or may be kneaded with the first and second
resins. These materials are very inexpensive and therefore the kneaded resin pellets can be produced at lower cost and
are expected to be sold at lower price. If the wood powder or wood pellets, bamboo powder or bamboo pellets, grass
powder or grass pellets, or paper powder or paper pellets is directly mixed with the second resin, the heat resistance,
strength, and fluidity decreases. On the other hand, by kneading thosematerials with the first resin, the resin composition
improves in heat resistance, strength, and fluidity and obtains biodegradability.
[0026] A resin having the following structural formula (Chemical Formula 2) may be mixed as the second resin.
Examples of such a resin include polymethylmethacrylate (PMMA, acrylic).

[0027] In this formula, R3 represents a substituent group and is hydrogen, nitrogen, an alkyl group, an acetyl group, a
hydroxy group, an acyl group, an aldehyde group, an amino group, an imino group, an aryl group, a phosphonyl group, a
propenyl group, a propanyl group, an acetonyl group, a carbonyl group, a carboxyl group, a cyano group, an azo group, an
azi group, a thiol group, a sulfo group, a nitro group, a vinyl group, an allyl group, a cycloalkyl group, a phenyl group, a
naphthyl group, an aralkyl group, a benzyl group, a Schiff group, an alkylene group, an amyl group, an acetamidomethyl
group, an adamantyl group, an adamantyloxycarbonyl group, an allyloxycarbonyl group, a tert-butoxycarbonyl group, a
benzyloxymethyl group, a biphenylisopropyloxycarbonyl group, a benzoyl group, a benzyloxycarbonyl group, a cya-
noethyl group, a cyclohexyl group, a carboxymethyl group, a cyclopentadienyl group, a pentamethylcyclopentadienyl
group, acyclohexyl group, glucose,ahexyl group, an isobutyl group, an isopropyl group, amesityl group, a trimethylphenyl
group, a methoxymethyl group, a mesitylenesulfonyl group, a mesyl group, a nosyl group, an octadecylsilyl group, a
pivaloyl group, a methoxybenzyl group, a methoxyphenyl group, a propyl group, an ethoxymethyl group, a trimethylsilyl
group, a trimethylsilylethoxymethyl group, a siamyl group, a tert-butyl group, a tert-butyldimethylsilyl group, a tert-
butyldiphenylsilyl group, a tert-butyldimethylsilyl group, a triethylsilyl group, a tetrahydropyranyl group, a triisopropylsilyl
group, a trimethylsilyl group, a tolyl group, a tosyl group, a triisopropylbenzenesulfonyl group, a trityl group, a trichlor-
oethoxycarbonyl group, a benzyloxycarbonyl group, a methylene group, a valeryl group, a methoxy group, an acetamide
group, a trimethylammonium group, a diazo group, a hydrocarbon group, or the like, but is not limited thereto. R3 may be
fluorine, bromine, chlorine, iodine, or the like, or may be a substituent group having any of these substances in the
structure. R3 may also be an ionized substituent group, such as a cation or anion, that forms an ionic liquid structure. R3
may also be a substituent group having any of the above substances in the structure.
[0028] A and Q each independently represent a single bond or a linking group. Examples of Q which is a linking group
include groups, such as an alkylene group, ‑O‑, ‑NH2‑, and an carbonyl group. Examples of A which is a linking group
include groups, such as an alkylene group, ‑O-, and -C(=O)O-. n is an integer equal to or greater than 2, multiple R3 in the
abovestructural formulamaybe thesameordifferent,multipleQmayalsobe thesameordifferent, andAandQmaybe the
sameor different. The second resin hasamolecularweight of (weight averagemolecularweightMw) 1,000 to10,000,000.
If the second resin has a molecular weight of 30,000 to 1,000,000, an injection-molded product having good strength is
obtained.
[0029] The resin pelletsmadeof the resin composition including the first and second resins are charged into an injection
molding machine, and a molded product having a shape corresponding to a mold is obtained. When the molded product
made of the resin composition of the present embodiment enters soil or seawater, the first resin, which is mixed with the
second resin in the resin composition at amolecular level, is biodegraded bymicroorganisms and thus the second resin is
also biodegraded at a molecular level. In this way, biodegradation proceeds. In other words, the first resin performs a
functionof providing the second resinwithbiodegradability,whichhadnever beenpredicteduntil this inventionevenby the
present inventors. This is a finding that those skilled in the art involved in plastics, bioplastics, or biodegradable plastics
cannot easily conceive of. And this is a finding that the experiments in Examples of the present invention demonstrated.
The present inventors believe that when themolecules of the first resin are inserted between themolecules of the second
resin, biodegradation of the first resin facilitates biodegradation of the molecules of the second resin.
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[0030] The present inventors also found that the resin composition including the first and second resins mixed at a
molecular level has higher heat resistance, strength, fluidity, transcription properties, and optical properties than the resin
composition including the first resin alone and had never predicted this finding. This is a finding that those skilled in the art
involved in plastics, bioplastics, or biodegradable plastics cannot easily conceive of. And this is a finding that the
experiments inExamples of the present invention demonstrated. The present inventors believe that the resin composition
became a material that is stable even at high temperatures, stronger, and optically uniform, due to the complicated
intertwining between themolecules of the first resin and themolecules of the second resin and thus improved in total light
transmittanceandbirefringence.Thepresent inventorsalsobelieve that thesecond resin functionedasasolventwhen the
first resin melted and thus the resin composition decreased in viscosity and improved in fluidity and transcription
properties.

Molded Product by Light Molding

First Embodiment

[0031] In a first embodiment, resin pellets were made of a resin composition including 100 percent by weight of a
hemicellulose derivative. The hemicellulose derivative included acetyl groups as R1 and R2 in the above structural
formula. Thehemicellulosederivative hadamolecularweight (weight averagemolecularweightMw)of 100,000.Samples
of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the resin pellets by light
molding. As a comparative example, samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate
were produced from resin pellets including 100 percent by weight of PLA (polylactic acid) (having a molecular weight
(weight averagemolecularweightMw)of 100,000). These sampleswereevaluated for heat-resistant temperature, tensile
strength, bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference,
impurity concentration, and biodegradation rate. The evaluation results are shown in Table 1.

[Table 1]

EVALUATION ITEM TARGET
VALUE

FIRST
EMBODIMENT

COMPARATIVE
EMBODIMENT

MEASUR
EMENT
METHODHEMICELLULOSE PLA

HEAT-RESISTANT
TEMPERATURE(°C)

120°COR
MORE 180 58 ISO75

JIS K 7210

TENSILE
STRENGTH(MPa)

8 0 OR
MORE 90 63 ISO527

BENDING
STRENGTH(MPa)

150 OR
MORE 158 106 ISO178

FLUIDITY(g/10min) 15 OR
MORE 19 3.0 ISO1133

TRANSCRIPTION
PROPERTIES(nm)

100nm
OR LESS 65 500,000nm SEM

TOTAL LIGHT TRANS-
MITTANCE(%)

9 2 % OR
MORE 93 90 ISO13468

BIREFRINGENCE
PHASE DIFFEREN-

CE(nm)

30nm OR
LESS 25 100 Dr.Shenck

METAL IMPURITY
CONCENTRATION

200ppb
OR LESS 20ppb 100ppm ELEMENTAL

ANALYSIS

BIODEGRADATION
RATE(%)

90% OR
MORE 100 0% ISO19679

27°C SEA-
WATER
120DAYS

EVALUATION ITEM

[0032] The samples including 100 percent byweight of the hemicellulose derivative exceeded the target values of heat-
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resistant temperature, tensile strength, bending strength, fluidity, transcription properties, total light transmittance,
birefringence phase difference, impurity concentration, and biodegradation rate. Also, the samples including 100 percent
by weight of the hemicellulose derivative were better in all the evaluation items than the samples including 100 percent by
weight of PLA (polylactic acid). Note that in relation with seventh and eighth embodiments, resin pellets were made of a
resin composition including 100 percent by weight of the hemicellulose derivative. Also, a hemicellulose derivative
including acetyl groups as R1 and R2 is referred to as Example 10.

Second Embodiment

[0033] Next, each of resin compositions including a hemicellulose derivative and PMMA at different ratios was melted
and kneaded in the extruder/kneader, and 3 kg of resin pellets was made of the kneaded resin composition. The
hemicellulose derivative included acetyl groups as R1 and R2 in the above structural formula. PMMA had a molecular
weight (weight average molecular weight Mw) of 120,000.
[0034] In Example 1, resin pellets weremade of a resin composition including 10 percent byweight of the hemicellulose
derivative and 90 percent by weight of PMMA.
[0035] In Example 2, resin pellets weremade of a resin composition including 20 percent byweight of the hemicellulose
derivative and 80 percent by weight of PMMA.
[0036] In Example 3, resin pellets weremade of a resin composition including 30 percent byweight of the hemicellulose
derivative and 70 percent by weight of PMMA.
[0037] In Example 4, resin pellets weremade of a resin composition including 40 percent byweight of the hemicellulose
derivative and 60 percent by weight of PMMA.
[0038] In Example 5, resin pellets weremade of a resin composition including 50 percent byweight of the hemicellulose
derivative and 50 percent by weight of PMMA.
[0039] In Example 6, resin pellets weremade of a resin composition including 60 percent byweight of the hemicellulose
derivative and 40 percent by weight of PMMA.
[0040] In Example 7, resin pellets weremade of a resin composition including 70 percent byweight of the hemicellulose
derivative and 30 percent by weight of PMMA.
[0041] In Example 8, resin pellets weremade of a resin composition including 80 percent byweight of the hemicellulose
derivative and 20 percent by weight of PMMA.
[0042] In Example 9, resin pellets weremade of a resin composition including 90 percent byweight of the hemicellulose
derivative and 10 percent by weight of PMMA.
[0043] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the nine
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 2. Although themeasurementmethods
arenot described inTable2, thoseare the sameas themeasurementmethods inTable1.Thesameapplies toTables3 to7
below.
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[0044] The samples including PMMA as the second resin exceeded the target values of heat-resistant temperature,
tensile strength, bending strength, fluidity, transcription properties, total light transmittance, birefringence phase differ-
ence, impurity concentration, and biodegradation rate, regardless the ratio of PMMA. In particular, the samples including
40% to70percent byweight ofPMMA(60% to30percent byweight of thehemicellulose derivative)wereexcellent in heat-
resistance temperature, tensile strength, bending strength, and biodegradation rate and showed better results in many
evaluation items than even the samples including 100 percent by weight of the hemicellulose derivative.

Third Embodiment

[0045] Next, each of resin compositions including a hemicellulose derivative and PC at different ratios was melted and
kneaded in the extruder/kneader, and 3 kg of resin pelletswasmade of the kneaded resin composition. The hemicellulose
derivative includedacetyl groupsasR1andR2 in theabovestructural formula.PChadamolecularweight (weightaverage
molecular weight Mw) of PC of 140,000.
[0046] InExample11, resinpelletsweremadeof a resin composition including10percent byweight of thehemicellulose
derivative and 90 percent by weight of PC.
[0047] InExample12, resinpelletsweremadeof a resin composition including20percentbyweight of thehemicellulose
derivative and 80 percent by weight of PC.
[0048] InExample13, resinpelletsweremadeof a resin composition including30percentbyweight of thehemicellulose
derivative and 70 percent by weight of PC.
[0049] InExample14, resinpelletsweremadeof a resin composition including40percentbyweight of thehemicellulose
derivative and 60 percent by weight of PC.
[0050] InExample15, resinpelletsweremadeof a resin composition including50percentbyweight of thehemicellulose
derivative and 50 percent by weight of PC.
[0051] InExample16, resinpelletsweremadeof a resin composition including60percentbyweight of thehemicellulose
derivative and 40 percent by weight of PC.
[0052] InExample17, resinpelletsweremadeof a resin composition including70percentbyweight of thehemicellulose
derivative and 30 percent by weight of PC.
[0053] InExample18, resinpelletsweremadeof a resin composition including80percentbyweight of thehemicellulose
derivative and 20 percent by weight of PC.
[0054] InExample19, resinpelletsweremadeof a resin composition including90percentbyweight of thehemicellulose
derivative and 10 percent by weight of PC. Note that Example 20 is an unassigned number.
[0055] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the nine
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 3.
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[0056] The samples including PCas the second resin exceeded the target values of heat-resistant temperature, tensile
strength, bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference,
impurity concentration, and biodegradation rate, regardless the ratio of PC. In particular, the samples including 40% to 70
percent byweight ofPC (60%to30percent byweight of thehemicellulosederivative)wereexcellent in theheat-resistance
temperature, tensile strength, bending strength, and biodegradation rate and showed better results in many evaluation
items than even the samples including 100 percent by weight of the hemicellulose derivative.

Fourth Embodiment

[0057] Next, each of resin compositions including a hemicellulose derivative and PE at different ratios was melted and
kneaded in the extruder/kneader, and 3 kg of resin pelletswasmade of the kneaded resin composition. The hemicellulose
derivative includedacetyl groupsasR1andR2 in theabovestructural formula.PEhadamolecularweight (weight average
molecular weight Mw) of PE of 160,000.
[0058] InExample21, resinpelletsweremadeof a resin composition including10percentbyweight of thehemicellulose
derivative and 90 percent by weight of PE.
[0059] InExample22, resinpelletsweremadeof a resin composition including20percentbyweight of thehemicellulose
derivative and 80 percent by weight of PE.
[0060] InExample23, resinpelletsweremadeof a resin composition including30percentbyweight of thehemicellulose
derivative and 70 percent by weight of PE.
[0061] InExample24, resinpelletsweremadeof a resin composition including40percentbyweight of thehemicellulose
derivative and 60 percent by weight of PE.
[0062] InExample25, resinpelletsweremadeof a resin composition including50percentbyweight of thehemicellulose
derivative and 50 percent by weight of PE.
[0063] InExample26, resinpelletsweremadeof a resin composition including60percentbyweight of thehemicellulose
derivative and 40 percent by weight of PE.
[0064] InExample27, resinpelletsweremadeof a resin composition including70percentbyweight of thehemicellulose
derivative and 30 percent by weight of PE.
[0065] InExample28, resinpelletsweremadeof a resin composition including80percentbyweight of thehemicellulose
derivative and 20 percent by weight of PE.
[0066] InExample29, resinpelletsweremadeof a resin composition including90percentbyweight of thehemicellulose
derivative and 10 percent by weight of PE. Note that Example 30 is an unassigned number.
[0067] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the nine
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 4.
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[0068] The samples including PE as the second resin were poor in total light transmittance and birefringence phase
difference and therefore cannot be applied to optical components, ormolded products that are required to be transparent.
On the other hand, the samples including 70% or less by weight of PE exceeded the target values of heat-resistant
temperature, tensile strength, bending strength, fluidity, transcription properties, impurity concentration, and biodegrada-
tion rate. In particular, the samples including 40% to 70 percent by weight of PE (60% to 30 percent by weight of the
hemicellulose derivative) were excellent in heat-resistance temperature, tensile strength, bending strength, and biode-
gradation rate and showed better results in fluidity than even the samples including 100 percent by weight of the
hemicellulose derivative.

Fifth Embodiment

[0069] Next, each of resin compositions including a hemicellulose derivative and PP at different ratios was melted and
kneaded in the extruder/kneader, and 3 kg of resin pelletswasmade of the kneaded resin composition. The hemicellulose
derivative includedacetyl groupsasR1andR2 in theabovestructural formula.PPhadamolecularweight (weight average
molecular weight Mw) of PP of 200,000.
[0070] InExample31, resinpelletsweremadeof a resin composition including10percentbyweight of thehemicellulose
derivative and 90 percent by weight of PP.
[0071] InExample32, resinpelletsweremadeof a resin composition including20percentbyweight of thehemicellulose
derivative and 80 percent by weight of PP.
[0072] InExample33, resinpelletsweremadeof a resin composition including30percentbyweight of thehemicellulose
derivative and 70 percent by weight of PP.
[0073] InExample34, resinpelletsweremadeof a resin composition including40percentbyweight of thehemicellulose
derivative and 60 percent by weight of PP.
[0074] InExample35, resinpelletsweremadeof a resin composition including50percentbyweight of thehemicellulose
derivative and 50 percent by weight of PP.
[0075] InExample36, resinpelletsweremadeof a resin composition including60percentbyweight of thehemicellulose
derivative and 40 percent by weight of PP.
[0076] InExample37, resinpelletsweremadeof a resin composition including70percentbyweight of thehemicellulose
derivative and 30 percent by weight of PP.
[0077] InExample38, resinpelletsweremadeof a resin composition including80percentbyweight of thehemicellulose
derivative and 20 percent by weight of PP.
[0078] InExample39, resinpelletsweremadeof a resin composition including90percentbyweight of thehemicellulose
derivative and 10 percent by weight of PP. Note that Example 40 is an unassigned number.
[0079] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the nine
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 5.
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[0080] The samples including PP as the second resin were poor in total light transmittance and birefringence phase
difference and therefore cannot be applied to optical components, ormolded products that are required to be transparent.
On the other hand, the samples including 70% or less by weight of PP exceeded the target values of heat-resistant
temperature, tensile strength, bending strength, fluidity, transcription properties, impurity concentration, and biodegrada-
tion rate. In particular, the samples including 40% to 70 percent by weight of PP were excellent in heat-resistant
temperature, tensile strength, bending strength, and biodegradation rate and showed better results in many evaluation
items than even the samples including 100 percent by weight of the hemicellulose derivative.

Sixth Embodiment

[0081] Next, each of resin compositions including a hemicellulose derivative and PETat different ratios wasmelted and
kneaded in the extruder/kneader, and 3 kg of resin pelletswasmade of the kneaded resin composition. The hemicellulose
derivative included acetyl groups as R1 and R2 in the above structural formula. PET had a molecular weight (weight
average molecular weight Mw) of 300,000.
[0082] InExample41, resinpelletsweremadeof a resin composition including10percentbyweight of thehemicellulose
derivative and 90 percent by weight of PET.
[0083] InExample42, resinpelletsweremadeof a resin composition including20percentbyweight of thehemicellulose
derivative and 80 percent by weight of PET.
[0084] InExample43, resinpelletsweremadeof a resin composition including30percentbyweight of thehemicellulose
derivative and 70 percent by weight of PET.
[0085] InExample44, resinpelletsweremadeof a resin composition including40percentbyweight of thehemicellulose
derivative and 60 percent by weight of PET.
[0086] InExample45, resinpelletsweremadeof a resin composition including50percentbyweight of thehemicellulose
derivative and 50 percent by weight of PET.
[0087] InExample46, resinpelletsweremadeof a resin composition including60percentbyweight of thehemicellulose
derivative and 40 percent by weight of PET.
[0088] InExample47, resinpelletsweremadeof a resin composition including70percentbyweight of thehemicellulose
derivative and 30 percent by weight of PET.
[0089] InExample48, resinpelletsweremadeof a resin composition including80percentbyweight of thehemicellulose
derivative and 20 percent by weight of PET.
[0090] InExample49, resinpelletsweremadeof a resin composition including90percentbyweight of thehemicellulose
derivative and 10 percent by weight of PET. Note that Example 50 is an unassigned number.
[0091] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the nine
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 6.
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[0092] The samples including 80% or more by weight of PET as the second resin were poor in birefringence phase
differenceand therefore cannot beapplied tooptical components.On theother hand, the samples including70%or lessby
weight of PET exceeded the target values of heat-resistant temperature, tensile strength, bending strength, fluidity,
transcription properties, impurity concentration, and biodegradation rate. In particular, the samples including 40% to 70
percent by weight of PET were excellent in heat-resistant temperature, tensile strength, bending strength, and biode-
gradation rate and showed better results inmany evaluation items than even the samples including 100 percent byweight
of the hemicellulose derivative.

Seventh Embodiment

[0093] Next, each of resin compositions including a hemicellulose derivative and PMMA at different ratios was melted
and kneaded in the extruder/kneader, and 3 kg of resin pellets was made of the kneaded resin composition. The
hemicellulose derivative included acetonyl groups as R1 and R2. The acetonyl groups are described below. The
hemicellulose derivative had a molecular weight (weight average molecular weight Mw) of 100,000. PMMA had a
molecular weight (weight average molecular weight Mw) of 120,000.

[0094] InExample51, resinpelletsweremadeof a resin composition including10percentbyweight of thehemicellulose
derivative and 90 percent by weight of PMMA.
[0095] InExample52, resinpelletsweremadeof a resin composition including20percentbyweight of thehemicellulose
derivative and 80 percent by weight of PMMA.
[0096] InExample53, resinpelletsweremadeof a resin composition including30percentbyweight of thehemicellulose
derivative and 70 percent by weight of PMMA.
[0097] InExample54, resinpelletsweremadeof a resin composition including40percentbyweight of thehemicellulose
derivative and 60 percent by weight of PMMA.
[0098] InExample55, resinpelletsweremadeof a resin composition including50percentbyweight of thehemicellulose
derivative and 50 percent by weight of PMMA.
[0099] InExample56, resinpelletsweremadeof a resin composition including60percentbyweight of thehemicellulose
derivative and 40 percent by weight of PMMA.
[0100] InExample57, resinpelletsweremadeof a resin composition including70percentbyweight of thehemicellulose
derivative and 30 percent by weight of PMMA.
[0101] InExample58, resinpelletsweremadeof a resin composition including80percentbyweight of thehemicellulose
derivative and 20 percent by weight of PMMA.
[0102] InExample59, resinpelletsweremadeof a resin composition including90percentbyweight of thehemicellulose
derivative and 10 percent by weight of PMMA.
[0103] In Example 60, resin pellets were made of a resin composition including 100 percent by weight of the
hemicellulose derivative including acetonyl groups as R1 and R2.
[0104] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the 10
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 7.
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[0105] While there are not large differences between the samples including 100 percent by weight of the hemicellulose
derivative including acetyl groups as R1 and R2 and the sample including 100 percent by weight of the hemicellulose
derivative including acetonyl groups as R1 and R2, the sample including 100 percent by weight of the hemicellulose
derivative including acetonyl groups as R1 and R2 showed slightly better results. Also, the samples in Table 7 showed
slightly better results in the respective evaluation items than those inTable 2 even if the ratio ofPMMA is the same.Also, as
in Table 2, the samples including 40% to 70 percent by weight of PMMA were excellent in heat-resistant temperature,
tensile strength, bending strength, and biodegradation rate.

Eighth Embodiment

[0106] Next, each of resin compositions including a hemicellulose derivative and PMMA at different ratios was melted
and kneaded in the extruder/kneader, and 3 kg of resin pellets was made of the kneaded resin composition. The
hemicellulose derivative included carboxyl groups (-COOH) as R1 and R2. The hemicellulose derivative had amolecular
weight (weight average molecular weight Mw) of 100,000. PMMA had a molecular weight (weight average molecular
weight Mw) of 120,000.
[0107] InExample61, resinpelletsweremadeof a resin composition including10percentbyweight of thehemicellulose
derivative and 90 percent by weight of PMMA.
[0108] InExample62, resinpelletsweremadeof a resin composition including20percentbyweight of thehemicellulose
derivative and 80 percent by weight of PMMA.
[0109] InExample63, resinpelletsweremadeof a resin composition including30percentbyweight of thehemicellulose
derivative and 70 percent by weight of PMMA.
[0110] InExample64, resinpelletsweremadeof a resin composition including40percent byweight of thehemicellulose
derivative and 60 percent by weight of PMMA.
[0111] InExample65, resinpelletsweremadeof a resin composition including50percent byweight of thehemicellulose
derivative and 50 percent by weight of PMMA.
[0112] InExample66, resinpelletsweremadeof a resin composition including60percent byweight of thehemicellulose
derivative and 40 percent by weight of PMMA.
[0113] InExample67, resinpelletsweremadeof a resin composition including70percent byweight of thehemicellulose
derivative and 30 percent by weight of PMMA.
[0114] InExample68, resinpelletsweremadeof a resin composition including80percent byweight of thehemicellulose
derivative and 20 percent by weight of PMMA.
[0115] InExample69, resinpelletsweremadeof a resin composition including90percent byweight of thehemicellulose
derivative and 10 percent by weight of PMMA.
[0116] In Example 70, resin pellets were made of a resin composition including 100 percent by weight of the
hemicellulose derivative including carboxyl groups as R1 and R2.
[0117] Samples of a dumbbell piece, a strip piece, a disk substrate, a cup, and a flat plate were produced from the 10
types of resin pellets by light molding. These samples were evaluated for heat-resistant temperature, tensile strength,
bending strength, fluidity, transcription properties, total light transmittance, birefringence phase difference, impurity
concentration, and biodegradation rate. The evaluation results are shown in Table 8.
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[0118] While there are not large differences between the samples including 100 percent by weight of the hemicellulose
derivative including acetyl groups as R1 and R2 and the samples including 100 percent by weight of the hemicellulose
derivative including carboxyl groups as R1 and R2, the samples including 100 percent by weight of the hemicellulose
derivative including carboxyl groups as R1 and R2 showed slightly better results. Also, the samples in Table 8 showed
slightly better results in the respective evaluation items than those inTable 2 even if the ratio ofPMMA is the same.Also, as
in Table 2, the samples including 40% to 70 percent by weight of PMMA were excellent in heat-resistant temperature,
tensile strength, bending strength, and biodegradation rate.
[0119] In summary, the samples including 100percent byweight of the hemicellulosederivative including acetyl groups,
the samples including 100 percent by weight of the hemicellulose derivative including acetonyl groups, and the samples
including 100 percent by weight of the hemicellulose derivative including carboxyl groups showed better results in all the
evaluation items than the conventional samples including 100 percent by weight of PLA. Also, the resin compositions
including 30 to 60 percent byweight of the first resin, which is a hemicellulose derivative, and 40 to 70 percent byweight of
the second resin are understood to have showngood results. Further, the resin compositions including 40 to 50percent by
weight of the first resin and 50 to 60 percent by weight of the second resin are understood to have shown better results.

Molded Products by Injection Molding (without Gas)

Ninth Embodiment

[0120] Injection-molded products were produced from resin pellets made of the resin compositions including the first
resin and second resin described in the first to eighth embodiments (Examples 1 to 70).
[0121] FIGS. 1A to 1C are concept drawings that show production of an injection-molded product using an injection
molding machine 10 and a mold 50, in which FIG. 1 A is a drawing that shows a state in which resin pellets RPmade of a
resin composition are being heated and liquidized in a resin injector; FIG. 1B is a drawing that shows a state in which the
liquidized resin composition is being injected from the resin injector into amold; andFIG. 1C is adrawing that showsastate
in which the mold is being opened and a resin molded product is being extracted.

Configuration of Injection Molding Machine

[0122] The injection molding machine 10 includes a hopper 11 into which the resin pellets RP made of the resin
compositionarecharged, a cylinder 12 intowhich the resinpelletsRParecharged from thehopper11, a rotatable screw13
disposed in the cylinder 12, and heaters 14 disposed outside the cylinder 12. The screw 13 can bemoved by a driver 15 in
the direction toward the mold and the opposite direction thereof. The liquidized resin composition is injected from an end
nozzle 16 of the cylinder 12.
[0123] Themold 50 includes a fixedmold 52 and amovingmold 54.When the fixedmold 52 andmovingmold 54 closely
contact each other, a cavity 56 is formed. The cavity 56 has a spool bush 55, which is a hole into which the liquidized resin
composition is put. Molding Method Using Injection Molding Machine
[0124] The resinpelletsRP fall from thehopper11due to rotationof thescrew13whilebeingmeasured.The resinpellets
RPare thenmelted (liquidized) by frictional heat causedby rotationandkneadingof andby thescrew13and theheat of the
heaters14.When thescrew13 ismovedby thedriver 15 in thedirection toward themold, themeasuredand liquidized resin
composition is injected from the end nozzle 16 of the cylinder 12 to the cavity 56 through the spool bush 55 of themold 50.
The resin composition injected into the cavity 56 is cooled and solidified in themold 50. Then, when themovingmold 54 is
moved and the nozzle 16 of the injection moldingmachine 10 is released from the spool bush 55, amolded product MD is
extracted. At this time, themolded productMD is extracted from themold 50 due to self-fall or by an extractor (not shown).
[0125] As in the first to eighth embodiments, samples of a dumbbell piece, a strip piece, a disk substrate, a cup, andaflat
plate were made of the molded product MD. The evaluation results of the samples are shown in Tables 9A (ninth
embodiment part 1) to 9G (ninth embodiment part 7). Since these samples are molded products, the molding cycle time,
molded product defect density, andmolded product weight were newly added as evaluation items. On the other hand, the
fluidity, birefringencephasedifference, and impurity concentrationwere removed from theevaluation items.Note thatwith
respect to the resin compositions, Examples of the first and second embodiments correspond to Examples of the ninth
embodiment part 1, Examples of the third embodiment correspond toExamples of the ninth embodiment part 2, Examples
of the followingembodiments correspond toExamplesof the followingpartsof theninthembodiment, andfinallyExamples
of the eighth embodiment correspond to Examples of the ninth embodiment part 7.
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[0126] As is understood fromacomparison between the first embodiment andExample 10 of the ninth embodiment, the
samples including 100percent byweight of the hemicellulose derivative including acetyl groups producedby lightmolding
and the samples including 100 percent by weight of the hemicellulose derivative including acetyl groups produced by
injection molding were the same in heat-resistant temperature, tensile strength, and the like.
[0127] As shown in the ninth embodiment part 1, the resin compositions including the first and second resins showed
good results in themolding cycle time,molded product defect density, andmoldedproductweight, which relate to injection
molding, compared to the conventional resin composition including 100 percent by weight of PLA. Also, the resin
compositions including 30 to 60 t by weight of the first resin and 40 to 70 percent by weight of the second resin are
understood to have shown good results. Further, the resin compositions including 40 to 50 percent by weight of the first
resin and 50 to 60 percent by weight of the second resin are understood to have shown better results. These resin
compositions including the first resin and second resin has high biodegradability, which solves environmental problems
andoceancontaminationproblems,and injection-moldedproducts canbeeasilyproduced from these resincompositions.

Molded Products by Injection Molding (with Gas)

Tenth Embodiment

[0128] Injection-molded products were produced from resin pellets made of the resin compositions including the first
and second resins described in the first to eighth embodiments (Examples 1 to 70). Unlike in the ninth embodiment, in a
tenth embodiment, an inert gas is supplied to at least one of the injection molding machine 10 and mold 50.
[0129] FIGS. 2A to 2C are concept drawings that show production of an injection-molded product using an injection
moldingmachine 10andamold 50, inwhichFIG. 2A is a drawing that showsa state inwhich resin pelletsmadeof the resin
composition are being heated and liquidized in a resin injector; FIG. 2B is a drawing that shows a state in which the
liquidized resin composition is being injected from the resin injector tomold portions; andFIG. 2C is adrawing that showsa
state in which the mold portions are being opened and a resin molded product is being extracted.

Configuration of Injection Molding Machine

[0130] The same members as those of the injection molding machine 10 and mold 50 shown in FIGS. 1A to 1C are
assigned thesame referencesigns. ThedifferencesbetweenFIGS. 2A to2CandFIGS. 1A to1Cwill bedescribed, and the
same reference signs will not be described. A cylinder 12 is provided with a gas supply tube 18 connected to a pump PP.
Themold 50 is providedagas supply tube58 towhich thepumpPP is connected. ThepumpPPsupplies an inert gasor the
like to the liquidized resin composition. Thus, a formed molded product is obtained. Note that the gas supply tube for
supplying an inert gas or the like to the liquidized resin composition only has to be provided on at least one of the injection
molding machine 10 and mold 50.
[0131] Examples of the foaming gas include inert gases typified by noble gases, such as nitrogen, helium, and argon,
carbon dioxide, which is easily dissolved in thermoplastic resins and shows good plasticizer effects, chlorofluorocarbons
obtained by substituting fluorine for C1 to C5 saturated hydrocarbon or part thereof, and vapor of liquid, such as water or
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alcohol. In the present embodiment, carbon dioxide was used as the foaming gas.

Molding Method Using Injection Molding Machine

[0132] The followingmoldingmethod isamethod inwhichagas is supplied toboth the liquidized resin composition in the
injection molding machine 10 and that in the mold 50.
[0133] ResinpelletsRP fall fromahopper11due to rotationofascrew13whilebeingmeasured.The resinpelletsRPare
thenmelted (liquidized) by frictional heat caused by rotation and kneading of and by the screw 13 and the heat of heaters
14. The gas is introduced from the pump PP into the liquidized resin composition and dispersed in the liquid. When the
screw 13 is moved by a driver 15 in the direction toward themold, the gas-dispersed resin composition is injected from an
end nozzle 16 of the cylinder 12 into a cavity 56 through a spool bush 55 of the mold 50.
[0134] Subsequently, the gas is introduced from the pump PP into the liquidized resin composition in the cavity 56 and
dispersed in the liquid. The gas-containing resin composition is then cooled and solidified in the mold 50. Then, when the
moving mold 54 is moved and the nozzle 16 of the injection molding machine 10 is released from the spool bush 55, a
molded productMD is extracted. At this time, themolded productMD is extracted from themold 50 due to self-fall or by an
extractor (not shown).
[0135] As in the first to eighth embodiments, samples of a dumbbell piece, a strip piece, a disk substrate, a cup, andaflat
plate were produced from the molded product MD. The evaluation results of the samples are shown in Tables 10A (tenth
embodiment part 1) to 10G (tenth embodiment part 7).

28

EP 3 699 221 B1

5

10

15

20

25

30

35

40

45

50

55



29

EP 3 699 221 B1

5

10

15

20

25

30

35

40

45

50

55



30

EP 3 699 221 B1

5

10

15

20

25

30

35

40

45

50

55



[0136] As is understood from a comparison between Example 10 of the ninth embodiment and Example 10 of the tenth
embodiment, the samples including 100 percent by weight of the hemicellulose derivative including acetyl groups
produced by foam injection molding were better not only in the injection molding-related evaluation items, such as the
molding cycle time, but also in the items, such as heat-resistant temperature and tensile strength, than the samples
including 100 percent by weight of the hemicellulose derivative including acetyl groups produced by injection molding.
Also, the samples including 30 to 60 t by weight of the first resin and 40 to 70 percent by weight of the second resin are
understood tohave showngood results. Further, samples including40 to 50percent byweight of the first resin and50 to 60
percent by weight of the second resin are understood to have shown better results.
[0137] Also, as is understood fromacomparisonbetweenTablesof theninth embodiment (parts 1 to7) andTablesof the
tenth embodiment (parts 1 to 7), all the samples including PMMA, PC, PE, PP, or PETas the second resin showed higher
performance in themoldingcycle time,moldedproductdefect density,moldedproductweight, heat-resistant temperature,
tensile strength, bending strength, transcription properties, total light transmittance, and biodegradation rate. From the
results, it is particularly preferred to mold the resin composition according to the present embodiment using the foam
injection molding method using a gas.
[0138] While it has not been described as an embodiment, there is a technology that performs foam injection molding
while supplying a foaming agent from the hopper alongwith resin pellets. It can be predicted that even if a foaming agent is
supplied from the hopper, the resin composition of the present embodiment will show higher performance. Also, resin
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pellets including a foaming agent may be supplied. Also, the foaming gas to be supplied into the resin pellets may be an
inert gas typified by noble gases, such as nitrogen, helium, and argon, carbon dioxide, which is easily dissolved in
thermoplastic resins and shows good plasticizer effects, a gas obtained by substituting fluorine for C1 to C5 saturated
hydrocarbon or part thereof, or the like.

Claims

1. Resin pellets for molding comprising a first resin that is derived from a plant and a second resin;

wherein the first resin has the following structural formula:

wherein:

when R1 and R2 are the same and represent an acetyl group
n represents an integer equal to or greater than 2,

and the second resin is selected from polymethyl methacryrate (PMMA), polycarbonate (PC), polypropylene
(PP), polyethylene (PE), or polyethylene terephthalate (PET), or

when R1 andR2 are the same and represent an acetonyl group or a carboxyl group, n represents an integer
equal to or greater than 2; the second resin is polymethyl methacryrate (PMMA),
wherein the first resin is at least 10 percent and at most 90 percent by weight of the resin pellets, and the
second resin is at most 90 percent and at least 10 percent by weight of the resin pellets.

2. The resin pellets formolding ofClaim1,wherein the resin pellets comprises 30 to 60percent byweight of the first resin
and 40 to 70 percent by weight of the second resin.

3. The resinpelletsofClaim2,wherein the resinpellets comprises40 to50percent byweight of thefirst resinand50 to60
percent by weight of the second resin.

4. Resin pellets molding method comprising:

a step of charging the resin pellets of any one of Claims 1 to 3 into a resin injector with the resin pellets solidified;
a step of liquidizing the resin pellets in the resin injector by heating and compressing the resin pellets;
a step of injecting the liquidized resin pellets from the resin injector into a mold by pressing the resin pellets; and
a step of cooling and solidifying the resin pellets in the mold and extracting a molded product from the mold.

5. The resin pellets molding method of Claim 4, further comprising a step of introducing a gas into the liquidized resin
pellets and dispersing the gas in the resin pellets.

Patentansprüche

1. Harzpellets zum Formen, die ein erstes Harz, das aus einer Pflanze gewonnen wird, und ein zweites Harz enthalten;
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wobei das erste Harz die folgende Strukturformel aufweist:

worin:

wenn R1 und R2 gleich sind und eine Acetylgruppe darstellen
n eine ganze Zahl gleich oder größer als 2 darstellt,
und das zweite Harz ausgewählt ist ausPolymethylmethacrylat (PMMA), Polycarbonat (PC), Polypropylen (PP),
Polyethylen (PE) oder Polyethylenterephthalat (PET), oder
wenn R1 und R2 gleich sind und eine Acetonylgruppe oder eine Carboxylgruppe darstellen, n eine ganze Zahl
gleich oder größer als 2 darstellt; das zweite Harz Polymethylmethacrylat (PMMA) ist,
wobei das ersteHarzmindestens 10Prozent und höchstens 90Prozent desGewichts der Harzpellets ausmacht
und das zweite Harz höchstens 90Prozent undmindestens 10Prozent desGewichts der Harzpellets ausmacht.

2. Harzpellets zum Formen nach Anspruch 1, wobei die Harzpellets 30 bis 60 Gewichtsprozent des ersten Harzes und
40 bis 70 Gewichtsprozent des zweiten Harzes umfassen.

3. Harzpellets nach Anspruch 2, wobei die Harzpellets 40 bis 50 Gewichtsprozent des ersten Harzes und 50 bis 60
Gewichtsprozent des zweiten Harzes enthalten.

4. Verfahren zum Formen von Harzpellets, umfassend:

- einen Schritt des Einfüllens der Harzpellets nach einem der Ansprüche 1 bis 3 in einen Harzinjektor, wobei die
Harzpellets verfestigt werden;
- einenSchritt desVerflüssigensderHarzpellets indemHarzinjektor durchErhitzenundPressenderHarzpellets;
- einen Schritt des Injizierens der verflüssigtenHarzpellets aus demHarzinjektor in eine Form durch Pressen der
Harzpellets; und
-einenSchritt desAbkühlensundVerfestigensderHarzpellets inderFormunddesEntnehmenseinesgeformten
Produkts aus der Form.

5. Verfahren zum Formen von Harzpellets nach Anspruch 4, das ferner einen Schritt des Einführens eines Gases in die
verflüssigten Harzpellets und des Dispergierens des Gases in den Harzpellets umfasst.

Revendications

1. Pastilles de résine pour le moulage comprenant une première résine dérivée d’une plante et une seconde résine ;
dans laquelle la première résine a la formule structurelle suivante :

dans laquelle :
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lorsque R1 et R2 sont identiques et représentent un groupe acétyle
n représente un nombre entier égal ou supérieur à 2,
et la seconde résine est choisie parmi le polyméthacryrate de méthyle (PMMA), le poly-carbonate (PC), le
polypropylène (PP), le polyéthylène (PE) ou le polyéthylène téréphta-late (PET), ou
lorsque R1 et R2 sont identiques et représentent un groupe acétonyle ou un groupe carboxyle, n représente un
nombre entier égal ou supérieur à 2 ; la seconde résine est le polyméthacryrate de méthyle (PMMA),
la première résine représente au moins 10 % et au plus 90 % en poids des granulés de résine, et la deuxième
résine représente au plus 90 % et au moins 10 % en poids des granulés de résine.

2. Les granulés de résine pour le moulage de la revendication 1, dans lesquels les granulés de résine comprennent de
30 à 60 % en poids de la première résine et de 40 à 70 % en poids de la seconde résine.

3. Lesgranulésde résinede la revendication2, dans lesquels lesgranulés de résinecomprennent 40à50%enpoidsde
la première résine et 50 à 60 % en poids de la seconde résine.

4. Méthode de moulage des granulés de résine comprenant :

- une étape consistant à charger les granulés de résine de l’une des revendications 1 à 3 dans un injecteur de
résine avec les granulés de résine solidifiés ;
- une étape de liquéfaction des granulés de résine dans l’injecteur de résine en chauffant et en comprimant les
granulés de résine ;
- uneétaped’injection despastilles de résine liquéfiéesàpartir de l’injecteur de résinedans unmoule enpressant
les pastilles de résine ; et
- une étape de refroidissement et de solidification des granulés de résine dans le moule et d’extraction d’un
produit moulé du moule.

5. La méthode de moulage des pastilles de résine de la revendication 4, comprenant en outre une étape d’introduction
d’un gaz dans les pastilles de résine liquidées et de dispersion du gaz dans les pastilles de résine.
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