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Description

Technical Field

[0001] The present disclosure pertains to a method for preparing from lignocellulosic biomass a bio-filler for plastics
and to a bio-filler for plastics prepared thereby.

Background Art

[0002] With the emergence of global warming and environmental pollution, much attention is paid to biomaterials that
can substitute for petroleum-based materials. Among others, plastics, which are for the most part derived from petroleum,
are extensively applied to automobile interiors, construction materials, packaging materials, etc. These materials generate
a large amount of carbon dioxide and pollutants when incinerated after disposal. In order to fundamentally solve such
a problem, technologies associated with bio-plastic materials have attracted much attention.
[0003] Generally, there are three types of materials that are available for manufacturing plastic products. First men-
tioned are base resin materials for use in plastic products, such as polyethylene (PE), polypropylene (PP), polyvinylchlo-
ride (PVC), polystyrene, and so on, followed by additives for providing additional functions such as colors, oxidation
resistance, UV stability, etc. Finally, fillers are used to improve plastic properties, such as strength, etc. The three
materials are properly compounded to afford a resin compound which is injected or extruded into desired plastic products.
[0004] Thus far, there have been many reports on bio-plastic material production as well as research on the substitution
of bio-materials for plastic product materials. Among other things, extensive studies have been carried out on technologies
utilizing nonedible lignocellulosic biomass as raw materials. On the whole, such lignocellulosic biomass-utilizing tech-
niques are divided into three groups as follows. First, lignocellulosic biomass is finely pulverized and mixed with con-
ventional petroleum resins before preparation into plastics. In this case, poor compatibility between lignocellulosic bio-
mass and resins results in deteriorated physical properties in the final products. Proposed in order to solve the problem
is a technique in which lignocellulosic biomass is simply subjected to thermal treatment in an anaerobic condition (tor-
refaction), finely pulverized, and mixed with conventional petroleum plastics to produce bio-fillers. However, the technique
has not yet been commercialized so far because of limited physical properties of the plastics thus obtained.
[0005] In the second group of techniques, lignin is highly purified from lignocellulosic biomass and thermochemically
treated. The resulting lignin is used as a filler in plastics. However, the lignin incurs phase separation or undergoes
pyrolysis upon compounding with base resins such as polyethylene (PE), polypropylene (PP), or polyvinylchloride (PVC)
due to the intrinsic brittleness and hydrophilicity thereof. In addition, lignin can be obtained only at very low yield because
its content is not only as low as 10-30 % of biomass, but also is reduced during the purification process.
[0006] The third group utilizing lignocellulosic biomass as raw material is a technique in which cellulose purified from
lignocellulosic biomass is alkylated and used in producing bioplastic materials. Eastman Chemical Company produced
products from such bio-plastic materials. However, the technique is used for specialized products because the high cost
of the material and processes prevents the wide acceptance of the products.
[0007] Lignocellulosic biomass has the advantages of being able to remarkably reduce the emission of greenhouse
gas such as carbon dioxide as well as being widely available and very cheap. Despite these advantages, lignocellulosic
biomass has not yet been developed into bioplastic materials which can be incorporated into conventional petroleum-
based plastics and are price competitive while exhibiting excellent physical properties for the various reasons mentioned
above. Therefore, there is an urgent need for the development of a general purpose bioplastic material based on nonedible
lignocellulosic biomass.
[0008] Manufacturing techniques for such bio-fillers have been developed. For example, Korean Patent No.
10-2012-0094393 A (August 24, 2012) discloses a method for manufacturing lignocellulosic fillers for use in papermaking,
in which wood flour is bleached with sodium hydroxide, sodium hypochlorite, chlorine dioxide, or hydrogen peroxide,
and then surface modified by mixing an inorganic filler therewith and adding a polymer electrolyte as a binder thereto.
Korean Patent No. 10-1764692 (July 28, 2017) pertains to bioplastic comprising a cellulose-containing biomass filler.
In detail, a manufacturing technique is described for a biomass filler modified with a covalent bond between the alcohol
group contained in the biomass and the carbonyl carbon contained in vegetable oil in order to increase interfacial bonding
force between the biomass filler and the plastic matrix.
[0009] Conventional petroleum plastics employ a fine powder of minerals such as talc as a filler in order to improve
mechanical and chemical properties. However, when used in a large amount, mineral-derived fillers increase the weight
of the plastic because of the high specific gravity thereof. Particularly, much attention is paid to developing light-weight
materials for automotiles so as to improve fuel efficiency and decrease emissions by substituting plastic fillers with other
types of light filler materials and reduce the amount of mineral-based fillers. In addition, in response to the expansion of
the market of electric cars, which will have a key part in future automobiles, a rapid progress has been made of research
into lightweighting materials for offsetting vehicle battery weights. In this regard, there is an increasing demand for bio-
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fillers that can be manufactured in a simple process and show low specific gravity and light weight as well as have
desirable properties suitable for eco-friendly bioplastic materials.

Disclosure

Technical Problem

[0010] A purpose of the present invention is to provide a method for preparing a bio-filler for use in plastics directly
from non-edible lignocellulosic biomass at high yield without complicate processes.
[0011] Another purpose of the present invention is to provide a light-weight, eco-friendly plastic material comprising
the bio-filler prepared according to the preparation method.

Technical Solution

[0012] In order to achieve the purposes, the present invention provides a method for preparing a bio-filler for a plastic,
the method comprising the steps of: (a) pulverizing and drying lignocellulosic biomass; (b) adding a strong acid to the
pulverized and dried lignocellulosic biomass; (c) adding a base to the reaction mixture obtained in step (b) to neutralize
the residual acid; and (d) removing water-soluble substance from the reaction mixture neutralized in step (c) to obtain
a solid particle.
[0013] In an embodiment, the strong acid in step (b) may be sulfuric acid, chloric acid, or a mixture thereof.
[0014] In an embodiment, the strong acid in step (b) may be sulfuric acid having a concentration of 50 to 90 % (v/v).
[0015] In an embodiment, the lignocellulosic biomass in step (a) may comprise lignin and at least one of cellulose and
hemicellulose.
[0016] In an embodiment, the pulverizing in step (a) may be carried out to pulverize the lignocellulosic biomass to a
size of 20 mm or less and the drying in step (a) is carried out to dry the lignocellulosic biomass to a moisture content of
30 % by weight or less.
[0017] In an embodiment, the base in step (c) may be selected from sodium hydroxide (NaOH), potassium hydroxide
(KOH), calcium hydroxide (Ca(OH)2) ammonia (NH3), lithium hydroxide (LiOH), calcium carbonate (CaCO3), potassium
carbonate (K2CO3), sodium carbonate (Na2CO3), potassium hydrogen carbonate (KHCO3), sodium hydrogen carbonate
(NaHCO3), and a combination thereof.
[0018] In an embodiment, the removal of water-soluble substance in step (d) may be carried out by a washing process
using an aqueous solution.
[0019] In an embodiment, the method may further comprise step (e) of pulverizing the solid particle, after step (d).
[0020] In an embodiment, the method may further comprise, subsequent to step (d), step (f) of alkylating the solid
particles in step (d) or the pulverized solid particle in step (e) at unreacted hydroxyl and carboxyl groups thereof in order
to increase hydrophobicity of the particle or substance.
[0021] In an embodiment, the pulverization in step (e) may be carried out to finely pulverize the solid particle to an
average size of 0.1-100 mm.
[0022] In an embodiment, the bio-filler prepared from lignocellulosic biomass may be obtained from lignocellulosic
biomass at a yield of 55% or more.
[0023] In addition, the present disclosure provides a bio-filler for a plastic, prepared by the method, and a plastic
material containing the bio-filler for a plastic.
[0024] In an embodiment, the bio-filler may be contained in an amount of 0.1 to 60 % by weight, based on the total
weight of the plastic.

Advantageous Effects

[0025] According to the present disclosure, chemical treatment of cheap nonedible lignocellulosic biomass under a
specific condition advantageously allows the direct production of a bio-filler for plastics from lignocellulosic biomass at
high yield, without complex processes of isolating lignin or cellulose.
[0026] In addition, composite plastic products employing the bio-filler prepared from lignocellulosic biomass according
to the present disclosure are remarkably light, compared to those employing mineral-based fillers such as talc. Moreover,
composite plastic materials employing the bio-filler prepared from lignocellulosic biomass according to the present
disclosure are as good in mechanical and chemical properties as conventional plastics employing mineral-based fillers.
In addition to employing cheap biomaterials, the plastic materials according to the present disclosure are advantageously
applicable to products requiring light weights, such as automobile interior materials, construction materials, packaging
materials, etc.
[0027] Furthermore, prepared from lignocellulose biomass of plants according to the present disclosure, the bio-filler
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for plastics can be completely combusted upon incineration, in contrast to mineral-based substances. Thus, the bio-filler
of the present disclosure is convenient and easy to treat and is very advantageous in terms of eco-friendliness.

Best Mode

[0028] A method for preparation of a bio-filler for use in plastics according to the present disclosure may comprise the
steps of: (a) pulverizing and drying lignocellulosic biomass; (b) adding a strong acid to the pulverized and dried ligno-
cellulosic biomass; (c) adding a base to the reaction mixture obtained in step (b) to neutralize residual acid; and (d)
removing at least part of a water-soluble material from the reaction mixture neutralized in step (c) to afford solid particles.
[0029] The lignocellulosic biomass in step (a) contains lignin and at least one of cellulose and hemicellulose. Herba-
ceous biomass, woody biomass (typical woods) such as conifer and deciduous trees, and rice straw, corn stover, palm
bark, sugar cane fall within the scope of the lignocellulosic biomass.
[0030] The lignocellulosic biomass is preferably pulverized into particles having a size of 20 mm or less and more
preferably a size of 0.001 to 10 mm. This size range is advantageous in that the bio-filler increases in hydrophobicity
and thus improves physical properties of the plastics prepared from basic resins in mixture therewith. In detail, when
lignocellulosic biomass exists in smaller particle sizes, hydroxyl (-OH) and carboxyl (-COOH) groups present in the
biomass more easily undergo dehydration and decarboxylation reactions with acid, resulting in the increased hydropho-
bicity. Hence, interfacial adhesion between the basic resin and the filler increases, resulting in an improvement in physical
properties of the plastics.
[0031] After pulverization of the lignocellulosic biomass into a size of 20 mm or less, a drying process may be conducted
to reduce a moisture content in the biomass. Through the drying process, the moisture content in the lignocellulosic
biomass is reduced to 30 % by weight or less, preferably to 20 % by weight or less, and more preferably to 10 % by
weight or less. So long as it reduces a moisture content of lignocellulosic biomass, any drying process such as oven
drying, natural drying in an airy place, hot-air drying, etc. may be employed without limitations.
[0032] In the present disclosure, the pulverizing and drying step may be carried out irrespective of the sequence
thereof. That is, a drying process may be subsequent to a pulverizing process and vice versa. The sequenceof processes
may be determined according to environmental conditions or the kind or dryness of the lignocellulosic biomass. For
example, when the lignocellulosic biomass is in a well dried state, the drying process may be omitted. It is advantageous
in terms of efficiency to dry the lignocellulosic biomass that becomes large in surface area after pulverization.
[0033] Meanwhile, step (b) of adding a strong acid to the pulverized and dried lignocellulosic biomass accounts for a
technical feature of the present disclosure. In some embodiments, sulfuric acid, chloric acid, or a mixture thereof may
be used. In a more specific embodiment, sulfuric acid having a concentration of 50 to 90 % (v/v) may be used.
[0034] Here, for example, 75%(v/v) sulfuric acid may be added at a weight ratio of 1:9 to 9:1, based on the weight of
the pulverized biomass, preferably at a weight ratio of 1:5 to 5:1, and more preferably at a weight ratio of 1:1 to 1:2. The
ratio may vary depending on optimal conditions taking into accounts kinds of the biomass. A similar mole number within
the range may be calculated for chloric acid when it is used. For a mixture of sulfuric acid and hydrochloric acid, their
relative amount may be determined on the basis of the above range.
[0035] By adding a strong acid, the molecular structure of the cellulose/hemicellulose/lignin composite in lignocellulosic
biomass is altered. In this regard, many hydroxyl groups (-OH) and carboxyl groups (-COOH) present in the composite
undergo dehydration and decarboxylation reactions with the strong acid, respectively, which results in hydrophobization
of the biomass. In addition, the treatment with an acid may induce a polycondensation reaction. In greater detail, a strong
acid such as chloric acid, sulfuric acid, etc. is added to the pulverized lignocellulosic biomass while physically stirring,
to destroy the molecular structure of the biomass. Of the constituents of lignocellulosic biomass, hydrophilic cellulose
and hemicellulose are partially liquefied and liquefied mass is removed. Alternatively, the strong acid induces hydropho-
bization of cellulose/hemicellulose/lignin molecules through a dehydration reaction with hydroxyl groups (-OH) and a
decarboxylation reaction with carboxyl groups (-COOH) in the cellulose/hemicellulose/lignin molecule. Simultaneously,
various functional groups of many molecules in the lignocellulosic biomass undergo condensation/polymerization reac-
tions such solid particles of polymers having very complex structures can be formed.
[0036] When acid is added, temperature may be set in the range of 30-120°C and preferably in the range of 70-100°C.
The reaction may be carried out for 10 minutes to 12 hours.
[0037] In the present disclosure, step (c) of adding a base to the reaction mixture obtained in step (b) to neutralize
residual acid is established to solve the problem caused when the strong acid remains unremoved.
[0038] The base to be used for the neutralization is selected from sodium hydroxide (NaOH), potassium hydroxide
(KOH), calcium hydroxide (Ca(OH)2) ammonia (NH3), lithium hydroxide (LiOH), calcium carbonate (CaCO3), potassium
carbonate (K2CO3), sodium carbonate (Na2CO3), potassium hydrogen carbonate (KHCO3), sodium hydrogen carbonate
(NaHCO3), and a combination thereof and neutralizes the residual acid in the reaction mixture.
[0039] In this regard, the method may further comprise a step of adding water the reaction mixture resulting from the
reaction of the strong acid with the lignocellulosic biomass to wash out the residual acid from the reaction mixture,
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between steps (b) and (c). The strong acid washed out may be recovered and reused.
[0040] In the method for preparing a bio-filler for use in plastics according to the present disclosure, step (d) is provided
for removing at least part of a water-soluble material from the reaction mixture neutralized in step (c) to afford solid
particles. Here, the water-soluble material, which refers to a component dissoluble in aqueous solutions, corresponds
to one of the water-soluble components from lignocellulosic biomass after the acid treatment, an unremoved acid com-
ponent from the strong acid added, and a base component from the base added.
[0041] Removal of such water-soluble materials may be achieved by, for example, a washing process using an aqueous
solution. In detail, the solid substance obtained after the step (c) of neutralization is washed with an aqueous solution
to remove water-soluble salts from the acid and base ingredients added and parts of hydrolyzed saccharides from
lignocellulosic biomass. In step (d), as a result, the solid particles may be obtained as a solid substance of modified
lignocellulosic biomass in an amount of 30 % by weight or more relative to the dry weight of the biomass fed, except for
a predetermined amount of the polysaccharides hydrolyzed by the strong acid.
[0042] The method according to the present disclosure may further comprises step (e) of pulverizing the solid particles
subsequent to step (d). Here, step (e) is to prepare a filler for plastics into a powder form that exhibits better dispersibility
and improved compatibility with additives and is easy to handle. In step (e), the solid particles are finely pulverized into
powders having an average particle diameter of 0.1-100 mm. In step (e), for example, the solid substance deprived of
water-soluble matter by washing, etc. is dried to the degree of 5 weight % or less of moisture and finely pulverized into
powder having an average size of 0.1-100 mm to prepare a bio-filler according to the present disclosure.
[0043] In the present disclosure, an additional step may be conducted to increase the hydrophobicity of the solid
substance obtained in step (d) or step (e), subsequent to step (d) or step (e). In greater detail, the method may further
comprise step (f) of alkylating solid particles or solid substance at unreacted hydroxyl and carboxyl groups thereof,
subsequent to step (e).
[0044] In the step, the solid particle of step (d) or the pulverized solid substance of step (e) is treated with an alkylating
agent to alkylate unreacted hydroxyl and carboxyl groups, thereby increasing the hydrophobicity of the bio-filler thus
obtained. The bio-filler obtained after step (f) is provided with improved hydrophobicity and thus becomes more compatible
with plastics, thereby bringing about an improvement in physical properties of the composite plastics added therewith.
[0045] Examples of the alkylating agent used in the step include methylating agents such as methyl chloride, dimethyl
sulfate, methyl iodide, dimethyl carbonate, and the like, and ethylating agents such as ethyl chloride, diethyl sulfate,
ethyl iodide, and the like, but are not limited thereto.
[0046] Meanwhile, a reaction temperature for alkylation with an alkylating agent such as dimethyl carbonate, etc. may
be maintained particularly in the range of 100 to 180°C and more particularly in the range of 120 to 150°C in view of
reaction control. The duration of alkylation reaction range from 1 to 24 hours and particularly from 7 to 15 hours.
[0047] The bio-filler prepared according to the method of the present disclosure is a result of various reactions with
strong acid, such as dehydration/decarboxylation/condensation/polymerization, etc. and amounts to a composite mixture
of oligomers and polymers, but not to a single compound. When used as a filler for plastics, the bio-filler of the present
disclosure guarantees the manufacture of plastic materials that have improved physical properties and are light, at low
cost.
[0048] In addition, having higher hydrophobicity than bio-fillers prepared by simply finely pulverizing general lignocel-
lulosic biomass, the bio-filler of the present disclosure exhibits improved biocompatibility with plastics such as polyolefins
(polyethylene (PE), polypropylene (PP), polyvinylchloride (PVC), polystyrene (PS), etc.) and can provide improved
mechanical properties for the plastics.
[0049] In general, lignocellulosic biomass is known to contain cellulose/hemicellulose and lignin at a mass ratio of
about 70% and 30%, respectively, which may vary depending on the kind of the lignocellulosic biomass. Thus, conven-
tional methods for producing fillers for plastics by highly purifying cellulose or lignin from lignocellulosic biomass has
theoretical yields of up to 70% and 30%, respectively. In consideration of additional processes, the yields are remarkably
reduced below the theoretical values. Furthermore, an increase in purification cost makes the process economically
unfavorable.
[0050] However, the bio-filler obtained from lignocellulosic biomass by treatment with a strong acid according to the
present disclosure can be produced at 30 % or higher. The bio-filler prepared according to the present disclosure is
characterized by undergoing no changes in physical properties at a production yield of 55 % or less. In an aspect of
economic benefit, bio-fillers are preferably prepared from woods at a yield of 55 % or less.
[0051] In addition, the present disclosure provides a bio-filler for plastics, prepared by the method, and a plastic material
containing the same. The plastic composite material containing the bio-filler of the present disclosure retains physical
properties of the petroleum plastic employed and thus commercially very valuable.
[0052] Typically, isolated cellulose or lignin is of poor general purpose because its hydrophilicity causes many problems
upon compounding with plastics. However, the bio-filler for plastics according to the present disclosure becomes hydro-
phobic through strong acid treatment and neutralization and thus is compatible with general-purpose plastics and easy
to handle, together. In addition, lignocellulosic biomass is directly used as a material per se upon treatment with acid,
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without separately isolating and purifying cellulose or lignin, thereby preparing a bio-filler more simply and economically
compared to conventional methods.
[0053] Typically, the plastic materials or products may vary in physical properties, depending on contents of bio-fillers
therein.
[0054] The bio-filler for plastics according to the present disclosure may be added in an amount of 0.1 to 60 % by
weight, based on the total weight of the plastic, particularly in an amount of 1 to 30 % by weight, and more particularly
in an amount of 2 to 10 % by weight.
[0055] For example, 0.1 to 30 % by weight of a powder of the bio-filler prepared according to the present disclosure
and other additives may mixed with a petroleum base resin such as PP, PE, PVC, and the like to afford a composite
resin which may be then injected/extruded into plastics and products. In addition, the plastic composite may further
contains various additives such as an antioxidant agent, a colorant, a releasing agent, a lubricant, a photostabilizer, a
rubber, etc. Contents of these additives may be properly adjusted depending on various factors including final uses and
characteristics of the plastic substances.
[0056] A better understanding of the present invention may be obtained through the following examples which are set
forth to illustrate, but are not to be construed as limiting the present invention.

<EXAMPLE 1>

1. Hydrophobization of Lignocellulosic Biomass

[0057] Domestic deciduous and conifer trees such as pine, fir, oak, and acacia trees, etc. and Indonesian palm fruit
byproducts (empty fruit bunches) were used as sources of lignocellulosic biomass to be hydrophobized. These sources
were dried to a moisture content of about 10 % by weight and mixed with each other at the same weight ratios before
pulverization to particles having an average size of 10 mm.
[0058] The pulverized biomass and 75 % (v/v) sulfuric acid were mixed at a weight ratio of 1:1.0-1.3 at 70-80°C for
20 min during which a predetermined volume was sampled every 5-10 min from the reaction mixture. The samples were
washed twice with water, filtered, neutralized into a pH of 7.0 with a 10 N potassium hydroxide solution, and washed
again with a washing fluid to give a solid substance. The washed solid substance was dried at 120°C for 16 hours in a
drier. Production yields of the solid substances were measured in the following Table 1. The solid substance was
pulverized into particles having a size of 1.0-50 mm and used as a bio-filler.

2. Methylation of Bio-Filler

[0059] The bio-filler prepared above was finely pulverized into a size of 10 mm or less and then added in an amount
of 50 g, together with 150 g of dimethyl carbonate (DMC) and 10 g of sodium hydroxide (NaOH), to 1 L of dimethyl
sulfoxide (DMOS), followed by reaction at 150°C for 15 hours. Thereafter, the reaction mixture was filtered while slowly
adding 35% hydrochloric acid thereto. The filtrate was sufficiently washed with diluted 0.1 N potassium hydroxide and
then with water before being enough dried at 95°C for 24 hours in a drier. As for methyl transfer, the solid substance
thus recovered were found to be methylated at as much as about 90 % of the hydroxyl groups thereon as measured by
31P NMR. Therefore, it was discovered that the filler prepared through the hydrophobization of lignocellulosic biomass
can be further improved in terms of hydrophobicity by methylation.

3. Manufacture of Plastic Resin

[0060] In addition, the fillers (not methylated) were tested for effect on physical properties of plastics. To this end,
plastic resins containing the fillers (PP composite resins) were manufactured.
[0061] PP composite resins were manufactured by compounding 88.5 % by weight of PP (HT340, Hyundai,EP), 5 %
by weight of each of the fillers, 5 % by weight of a UV stabilizer, 1 % by weight of a heat stabilizer, and 0.5 % by weight
of an antioxidant agent and were each prepared into test specimens. The PP plastics containing the fillers prepared
according to times of acid treatment were measured for tensile strength (ASTM D638), flexural modulus (ASTM D790),
IZOD impact strength (ASTM D356 at 23°C), and specific gravity (ASTM D792) and the measurements are given in
Table 1, below.
[0062] For comparison of properties, a PP composite resin manufactured by mixing 93.5 % by weight of PP (HT340,
Hyundai EP), 5 % by weight of a UV stabilizer, 1.5 % by weight of a heat stabilizer was used as control.
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<Production Yield According to Time of Acid Treatment and Physical Properties of PP Plastics Containing Individual 
Fillers>

[0063] In Table 1, it was shown that production yield of the solid particles decreased with the increase of time of the
acid treatment. It is considered that a larger amount of cellulose and hemicellulose was hydrolyzed for a longer reaction
time to form more mono- or oligosaccharides which were washed out in the washing process, resulting in a less production
yield.
[0064] However, as can be seen in Table 1, a longer reaction time for dehydration, decarboxylation, condensation,
and polymerization made the filler more hydrophobic, bringing about a greater improvement in the physical properties
of the plastic. As the reaction time increased, the production yield of the solid substance was remarkably reduced, but
the physical properties remained unchanged at the yield of 55% or less. From the data, it was identified that a hydro-
phobization condition for a yield of about 55 % was optimal.

<EXAMPLE 2> Thermochemical Analysis of Filler-Containing PP Plastic

[0065] The filler prepared through reaction with a strong acid for 20 min in Example 1 and a PP plastic containing 5
% by weight of the filler were analyzed for thermochemical properties. To this end, thermogravimetric analysis and
differential scanning calorimeter (DSC) analysis were conducted. First, the filler according to the present disclosure was
found to undergo pyrolysis at 300-1000 °C (10 °C/min, N2) as measured by thermogravimetry.

<Thermochemical Analysis of Filler-Containing PP Plastic>

[0066] Materials with high transition temperatures (Tg) are of high heat resistance. As shown in Table 2, the plastic
containing the filler exhibited a slightly higher Tg than the control PP. And the following engineering plastics containing
the filler exhibited a slightly higher Tg than the control plastics in Table 6. Thus, composite plastics containing the filler
are expected to improve heat resistance of conventional general-use and engineering plastics. Indeed, when containing
the filler, PP exhibited improved thermal properties, that is, Tg and melting temperatures (Tm), as shown in Table 2.
[0067] The bio-filler according to the present disclosure comprises a modified ingredient of lignin, which is a main
component of biomass. In general, a polyphenol such as lignin is known as an antioxidant material. Thus, a PP plastic
containing the filler was evaluated for oxidation stability (time of oxidative induction) by DSC. In fact, as shown in Table
2, the time of oxidative induction was prolonged, indicating that the PP composite resin containing the filler had increased
anti-oxidation.

< EXAMPLE 3> Influence of Particle Size of Filler on Physical Property of PP Plastic

[0068] The bio-fillers prepared through reaction with a strong acid for 20 min in Example 1 were fractionated by particle
size and used in the amounts as set forth in Example 1 to prepare PP composite resins which were then measured for
physical properties. The physical properties of plastics according to particle sizes of the filler are summarized in Table

[Table 1]

Rxn. 
time

Yield 
(%)

Tensile Strength 
(MPa)

Flexural Modulus 
(MPa)

IZOD Impact Strength 
(J/m)

Specific Gravity 
(g/cm3)

5 min 76 26 2100 30 0.99

10 min 55 30 2170 43 0.98

20 min 32 31 2180 43 0.98

Control - 31 2410 44 1.05

[Table 2]

Material
Glass Transition Temp. (Tg), 

°C
Melting Temp. (Tm), 

°C
Time of Oxidative Induction (TOI), 

min

PP (Control) -18 175 2.59

PP containing 5 wt% 
filler -12 179 3.22
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3, below.

<Physical Properties of PP Plastic by Particle Size of Filler>

[0069] As shown in Table 3, smaller particle sizes of the filler guaranteed better tensile strength and impact strength
and larger elastic modulus.

< EXAMPLE 4> Change of Physical Properties of PP Plastic with Content of Filler

[0070] PP composite resin plastic specimens were manufactured in the same manner as in Example 1 with the
exception that the filler prepared through reaction with the strong acid for 20 min in Example 1 were used at the contents
indicated in Table 4. The plastic specimens were measured for physical properties. In the plastic specimens, contents
of PP (HT340, Hyundai EP) were reduced by the weight % of the increased contents of the filler.

<Physical Properties of Plastic by Content of Filler>

[0071] As shown in Table 4, the plastic did not change in physical properties at a filler content of up to 5 %, but
decreased in tensile strength by about 3% and in impact strength by about 7 % at a filler content of 10 % or greater.
When the content of the filler increased, the plastic was observed to slightly decrease in physical properties. However,
a higher content of the filler gave a lower specific gravity of the composite resin, thus resulting in a light weight. Hence,
the filler can be effectively used in manufacturing plastics for light weights, such as plastics floating on water or interior
plastic materials of vehicles.

< EXAMPLE 5> Change in Physical Properties of Filler-Containing PE and PVC Plastics

[0072] The fillers prepared through reaction with the strong acid for 20 min in Example 1 were fractionated by size. A
PE or PVC composite resin was manufactured by compounding 88.5 % by weight of HDPE (LUTENE-H ME8000, LG
Chem) or PVC (LG Chem, LS080S), 5 % by weight of the filler particles a size of 50 mm or less, % by weight of a UV
stabilizer, 1 % by weight of a heat stabilizer, and 0.5 % by weight of an anti-oxidant agent and prepared into test
specimens. They were measured for tensile strength, flexural modulus, IZOD impact strength (a 23°C), and specific
gravity in the same manner as in Example 1. The measurements are summarized in Table 5, below.

[Table 3]

Test Item Unit
Average Particle Size of Filler (pm)

Control <10 10-50 50-100 >100

Tensile Strength Mpa 31 31 30 29 28

Flexural Modulus Mpa 2410 2225 2180 2170 2170

IZOD Impact Strength J/m 44 44 43 43 41

Specific Gravity g/cm3 1.05 0.99 0.98 0.98 0.98

[Table 4]

Test Item Unit
Filler Content (wt %)

0 5 10 30

Tensile Strength Mpa 31 31 30 29

Flexural Modulus Mpa 2410 2180 2150 2100

IZOD Impact Strength J/m 44 43 41 37

Specific Gravity g/cm3 1.05 0.98 0.93 0.80
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<Physical Properties of Filler-Containing HDPE and PVC Plastics>

[0073] As seen in Table 5, the filler-containing plastics were lightened by about 5 % while retaining mechanical prop-
erties.

< EXAMPLE 6> Change in Physical Properties of Engineering Plastics Containing Filler (5 % by weight)

[0074] The fillers prepared through reaction with the strong acid for 20 min in Experimental Example 1 were fractionated
by size. Composite resins were manufactured by compounding 5 % by weight of the filler particles with a size of 50 mm
or less and 95 % by weight of engineering plastic base resin (PEEK; polyether ether ketone (Solvey KetaSpire®), PEI;
polyetherimide (Sabic ULTEM), ABS; Acrylonitrile-Butadiene-strene (LG Chem), PA6;polyamide6 (Kolon Plastic), PET;
polyethyleneterephthalate (Honam Petroleum and Chemistry)) and prepared into test specimens. They were measured
for tensile strength, tensile elongation, specific gravity, and DSC thermochemical changes (Tg and Tm). The measure-
ments are summarized in Table 6, below.

< Change in Physical Properties of Filler-Containing Engineering Plastics>

[0075] *As seen in Table 6, the experimental groups containing the filler decreased in specific gravity by about 7-10
%, compared to the corresponding control specimens, which were made of 100 % by weight of base resins. The composite
resins were discovered to have improved heat resistance as measured for Tg and Tm values.

Industrial Applicability

[0076] The bio-filler for plastics according to the present disclosure can be produced directly from lignocellulosic
biomass at high efficiency and is applicable to products needing light weights and as such, has industrial applicability.

[Table 5]

Test Item Unit
HDPE Plastic PVC Plastic

Control Test Control 10-50

Tensile Strength Mpa 28 27 50 49

Flexural Modulus Mpa 1030 1010 2750 2590

IZOD Impact Strength J/m 48 47 35 34

Specific Gravity g/cm3 0.957 0.91 1.40 1.35

[Table 6]

Plastic Unit
Tensile Strength (ISO 

527)
Tensile Elongation (ISO 

527)
Specific Gravity (ISO 

1183) Tg Tm

MPa MPa g/cm3 °C °C

PEEK
Control* 100 45 1.31 145 335

Test group 99 46 1.23 152 345

PEI
Control* 105 10 1.27 218 -

Test group 104 10 1.19 226 -

ABS
Control* 32 30 1.07 110 -

Test group 32 33 0.99 114 -

PA6
Control* 81 25 1.15 50 216

Test group 79 27 1.06 52 219

PET
Control* 80 20 1.40 69 265

Test group 78 21 1.29 72 269
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Claims

1. A method for preparing a bio-filler for a plastic, the method comprising the steps of:

(a) pulverizing and drying lignocellulosic biomass;
(b) adding a strong acid to the pulverized and dried lignocellulosic biomass;
(c) adding a base to the reaction mixture obtained in step (b) to neutralize the residual acid; and
(d) removing water-soluble substance from the reaction mixture neutralized in step (c) to obtain a solid particle.

2. The method of claim 1, wherein the strong acid in step (b) is sulfuric acid, chloric acid, or a mixture thereof.

3. The method of claim 1, wherein the strong acid in step (b) is sulfuric acid having a concentration of 50 to 90 % (v/v).

4. The method of claim 1, wherein the lignocellulosic biomass in step (a) comprises lignin and at least one of cellulose
and hemicellulose.

5. The method of claim 1, wherein the pulverizing in step (a) is carried out to pulverize the lignocellulosic biomass to
a size of 20 mm or less and the drying in step (a) is carried out to dry the lignocellulosic biomass to a moisture
content of 30 % by weight or less.

6. The method of claim 1, wherein the base in step (c) is selected from sodium hydroxide (NaOH), potassium hydroxide
(KOH), calcium hydroxide (Ca(OH)2), ammonia (NH3), lithium hydroxide (LiOH), calcium carbonate (CaCO3), po-
tassium carbonate (K2CO3), sodium carbonate (Na2CO3), potassium hydrogen carbonate (KHCO3), sodium hydro-
gen carbonate (NaHCO3), and a combination thereof.

7. The method of claim 1, wherein the removal of water-soluble substance in step (d) is carried out by a washing
process using an aqueous solution.

8. The method of claim 1, further comprising step (e) of pulverizing the solid particle, after step (d).

9. The method of claim 1 or 8, further comprising, subsequent to step (d), step (f) of alkylating the solid particles in
step (d) or the pulverized solid particle in step (e) at unreacted hydroxyl and carboxyl groups thereof in order to
increase hydrophobicity of the particle or substance.

10. The method of claim 8, wherein the pulverization in step (e) is carried out to finely pulverize the solid particle to an
average size of 0.1-100 mm.

11. A bio-filler for a plastic, prepared by the method of any one of claims 1 to 10.

12. A plastic material, comprising the bio-filler for a plastic according to claim 11.

13. The plastic material of claim 12, wherein the bio-filler is contained in an amount of 0.1 to 60 % by weight, based on
the total weight of the plastic.
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