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ABSTRACT

The present invention has for i1ts object to obtain a
composition and a molded product thereof excellent in
processabilility, strength, 1impact resistance, heat
resistance and water resistance and, when discarded, are

biodegradable under the action of microorganisms and the

like 1n an aerobic or anaerobic environment and, further, a
plant origin composition and a molded product thereof,
which can positively fix carbon dioxide on the earth. Such
characteristics can hardly be attained with the above-
mentioned chemically synthesized aliphatic polyesters or
natural polymers such as starch.

The present invention relates to a composition

which comprises kenaf fibers and a poly(3-

hydroxyalkanoate) produced by microorganisms and comprising

a repeating unit represented by the formula (1):
[-O-CHR-CH,;-CO-]

in the formula, R represents an alkyl group represented by

ChHon+1 with n representing an integer of 1 to 15, and a

molded product thereof.
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DESCRIPTION

POLY (3-HYDROXYALKANQOATE) COMPOSITION AND MOLDED PRODUCT
THEREOF

L

TECHNICAL FIELD

The present invention relates to a plant origin

composition and a molded product thereof excellent 1n

processability, strength, impact resistance, heat

resistance and water resistance. Further, the invention

g

relates to a composition and a molded product thereof which,

when discarded, are decomposed under the action of
microorganisms and the like in an aeroblc or anaerobic
environment and are returned to the carbon cycle system on

the earth. Furthermore, the invention relates to a plant

origin composition and a molded product thereof, which can
positively absorb carbon dioxide and convert the same 1nto
carbohydrates by photosynthesis, and can be expected to

contribute to the prevention of global warming.

BACKGROUND ART

Plastics have so far been thrown away after use 1in

view of the ease of molding and using, the difficulty 1in

F

reusing, the sanitary aspect thereof, and the like.

However, as a result of the use and discard of large
amounts of plastics, problems associated with the disposal
thereof by landfill or incineration are getting a great
deal of attention. The problems are shortage of landfill
sites, influences of nondegradable plastics remaining 1n
the environment on the ecosystem, hazardous gas generation
upon incineration, global warming due to lmmense quantities
of heat of combustion and other heavy loads on the global
environment. Therefore, 1n recent years, a number of
studies have been made to develop biodegradable plastics

which may possibly dissolve the problems associated with
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waste plastics.

Generally, biodegradable plastics are roughly
classified into three categories, namely, (1) aliphatic
polyesters produced by microorganisms such as
polyvhydroxyalkanoates, (2) chemically synthesized aliphatic
polyesters such as polylactic acid and polycaprolactone,
and (3) natural polymers such as starch and cellulose
acetate.

The chemically synthesized aliphatic polyesters are
mostly insusceptible to anaerobic decomposition, hence, 1in
discarding them, the degradation conditions are restricted;
for polylactic acid and polycaprolactone, there 1s the

P

problem of heat resistance. Starch also has problems; 1t

is non-thermoplastic, brittle, and poor 1n water resistance.

On the other hand, among the polyhydroxyalkanoates,
poly(3-hydroxyalkanocates) (abbreviation: P3HAs), in

| -

~ollows:

particular, have such excellent characteristics as

they have good degradability under aeroblc as well as

anaerobic environment conditions, cause no hazardous gas

generation upon combustion, are plastics derived from
microorganisms utilizing plant materials, can acquilire high
molecular weights, and have outstanding features, namely

they will never increase the carbon dioxide level on the

earth and they are carbon neutral. Although the P3HAs are
classified as aliphatic polyesters, they differ markedly,
in polymer properties, from those chemically synthesized

aliphatic polyesters or natural polymers mentioned above.

Their degradability under anaerobic conditions, their good

water resistance and the possibility of acquiring high

molecular weights are their performance characteristics
worthy of special mention. In cases where the P3HA 1s a

copolymer, its physical properties, such as melting point,

heat resistance and flexibility, can be modified by

controlling the composition ratio of the constituent

monomers. Among the P3HAs, polyhydroxybutyrate
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(abbreviation: PHB) has highest heat resistance since 1t
has high melting point and crystallinity.
As mentioned above, polyhydroxyalkanoates are

composed of plant origin materials, can solve the waste

problems and are highly ecofriendly. Therefore, 1t 1s

desired that they be used in the form of moldings
applicable as packaging materials, tableware materials,
building, civil engineering, agricultural and horticultural

materials, car upholstery materials, adsorption,

carrier/support and filter materials, etc.
On the other hand, the P3HAs have two serious

problems about their processability. One problem 1s poor

processability due to the slow rates of crystallization,

and the other is molecular weight decrease resulting from

thermal degradation upon heating at high temperatures.

Among the P3HAs, PHB has a melting point as high as about

175°C and thus requires a high processing temperature, sO

that it is very susceptible to thermal degradation during

F

processing with heating and moldings thereof undergo

molecular weight decreases; thus, while 1t appears to have
high heat resistance, it tends to give brittle moldings.
As regards poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)

-

(abbreviation: PHBH), an increase in the proportion of

hexanoate among the copolymerization components results 1in
a reduction in melting point, hence in a decrease 1n the
temperature for processing with heating; thus, 1t can be
processed while its thermal degradation being suppressed,
and the processing can be effected while 1ts molecular
weight being maintained. However, an 1ncreased hexanoate
proportion results in a decrease in the melting point,
hence relative reductions 1n heat reslistance tend to result.
On the other hand, as for the P3HAs, a number of

N

investigations have been made concerning the addition of

I

nucleating agents for 1mproving the slow rates of

crystallization, and inorganic substances such as boron
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nitride, ammonium chloride and talc are well known as such
agents. However, no attempts have been made to use
vegetable fiber-derived additives as nucleating agents. NO
detailed studies have been made to i1mprove the heat
resistance of P3HAs using vegetable fiber-derived addiltives
without making variations in copolymer composition.
Meanwhile, it is an old knowledge to admix plant

fibers, for example waste paper pulp, with plastics. Since

b

the first oil crisis, various forms of plant fibers have
been used mainly for the purpose of extending plastics and,

in recent vears, they have been studied as extenders,

process aids or heat resistance improvers for rendering
chemically synthesized aliphatic polyesters inexpensive
(Japanese Kokai Publications 2001-335710, 2002-35656Z2,
2002-69303, Hei-10-273582, Hei-11-315197, Hei-09-169897,
Hei-06-345944, and Hei-05-39412). For example, it 1s
described that products obtained from polyethylene
succinate resins, which are chemically synthesized

aliphatic polyesters, through a number of steps comprising

admixing a large amount of hemp fibers or the like

therewith in water, molding the mixture into sheets,

dewatering, compressing and drying the sheets and further
pressing the same at a high temperature show improved heat
resistance (Japanese Kokai Publication He1-09-169897).

F

Further, it is described that admixing of plant fibers with

chemically synthesized aliphatic polyesters makes the

moldings produced from the mixtures susceptible to cracking

upon contacting with water due to swelling of the fibers,

hence susceptible to biodegradation. However, there 1s a

g
o

fear of fracture of moldings as resulting from water

absorption in actual use thereof, thus 1t 1s unfavorable

(Japanese Kokai Publication Hei-10-273582). According to a

paper (Preprints for the 14th Annual Meeting of the Japan

Society of Polymer Processing (published on June 2, 2003))

recently presented at the conference of a scientific
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society, admixing of bamboo fibers, carbonlzed bamboo
fibers or surface-treated bamboo fibers with polybutylene
succinate, which is a chemically synthesized polyester,
results in improvements in tensile modulus, flexural
modulus and maximum bending strength but rather produces
such problems as decreases in tensile strength and impact
resistance. Other problems are also disclosed, namely when
kenaf fibers are admixed with polylactic acid, which 1s a
chemically synthesized aliphatic polyester, the maximum
bending strength and impact resistance become reduced,

although the heat resistance is improved, crystallization

P
p—

promoting effects are produced and the flexural modulus 1s

improved. In this manner, the addition of plant fibers to

most of chemically synthesized aliphatic polyesters
improves the strength and heat resistance but tends to
reduce the impact resistance. This 1s considered to be due

to insufficient interfacial adhesion between polyesters and

plant fibers.

Further, glass fibers, which are used as

reinforcements for plastics in general, remaln as such on

the occasion of waste disposal by 1ncineration. Therefore,

attempts have been made to use plant fibers as substilitutes

therefor. Since, however, they are poor in 1nterfacial

adhesion to plastics, they are subjected to surface
treatment prior to use. Plant fibers are surface-treated
with silane coupling agents, glyoxal, and the like.
Desirable, however, they are to be used without surface

treatment, 1f possible.

Furthermore, the Kyoto Protocol setting target

figures for reduced carbon dioxide emission will probably

pr—
—

become effective, and substances absorbing carbon dioxide

and converting the same into carbohydrates (fixation of

carbon dioxide) and showing global warming preventing

effects have attracted very great attention. It 1s

desirable that such substance be used positively.
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SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
composition and a molded product thereof excellent in

5 processability, strength, 1mpact resistance, heat

resistance and water resistance and, when discarded, are

F

biodegradable under the action of microorganisms and the

like in an aerobic or anaerobic environment and, further, a
plant origin composition and a molded product thereof,

10 which can positively fix carbon dioxide on the earth. Such
characteristics can hardly be attained with the above-
mentioned chemically synthesized aliphatic polyesters or
natural polymers such as starch.

The present inventors have made intensive
15 1investigations to accomplish the above object, and as a

result, they found that when a composition 1s prepared by

admixing kenaf fibers with a specific P3HA produced by

P
—

microorganisms, the composition 1s 1mproved 1n rate of

crystallization, heat resistance, elastic modulus, strength

20 and impact resistance. Further, they found that when the

percentage of the area occupled by kenaf fibers on the

molded product surface is within a specific range, the

product shows excellent water resistance. Such and other

F

findings have led to completion of the present i1nvention.

25
DETATILED DECRIPTION OF THE INVENTION
Thus, in a first aspect, the present 1nvention
relates to
a composition
30 which comprises kenaf fibers and a poly(3-

hydroxyalkanoate) (abbreviation: P3HA) produced by
microorganisms and comprising a repeating unit represented
by the formula (1):

| —-O-CHR-CH,-CO~]

35 1in the formula, R represents an alkyl group represented by
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C,H-n:1 with n representing an integer of 1 to 15.
In a preferred embodiment, the invention relates to
the above composition

wherein the P3HA is poly(3-hydroxybutyrate-co-3-

hydroxyhexanoate) comprising a repeating unit of the above
formula (1) with, in R, n = 1 and 3.

More preferably, the i1nvention relates to

the above composition

wherein the copolymer component composition ratio 1in
the poly (3-hydroxybutyrate-co-3-hydroxyhexanoate) 1s 3-
hydroxybutyrate/3-hydroxyhexanoate = 99/1 to 80/20
(mol/mol) ;

still more preferably to

the above composition

wherein the kenaf fibers account for 1 to 70% by
weight and the P3HA accounts for 99 to 30% by weight based
on the whole composition;

further preferably to

the above composition

bl

wherein the maximum fiber length of the kenaf fibers
is not longer than 20 mm;

most pretferably to

the above composition

wherein the DSC curve drawn by differential scanning

colorimetry shows an exothermlc peak due to crystallization

in the case where the temperature i1s lowered from a level

higher by 30°C than the melting point of the P3HA alone at

a rate of 10°C/minute, and the heat deformation temperature

(Tw,) of the P3HA alone and the heat deformation temperature

(Th«) of the composition comprising the kenaf fibers and
the P3HA as determined for the respective samples prepared

under the same conditions show the relation Ty > Ty.

In a second aspect, the i1nvention relates to

the above composition

wherein the flexural modulus value, maximum bendling
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strength value and IZOD impact value thereof are not lower

than the corresponding values for a P3HA alone having a

weight average molecular weight (Mw) falling within the

range of * 10% of the weight average molecular weight (Mw)

5 of the composition comprising the kenaf fibers and the P3HA.

In a third aspect, the i1nvention relates to

an injection-molded product

which comprises the above composition. In a

preferred embodiment, the invention relates to

10 the above injection-molded product

wherein the flexural modulus value, maximum bending

strength value and IZOD impact value thereof are not lower

than the corresponding values for a P3HA alone having a

welght average molecular weight (Mw) falling within the

15 range of * 10% of the weight average molecular weight (Mw)

of the composition comprising the kenaf fibers and the P3HA.

P

In a fourth aspect, the i1nvention relates to

a film- or sheet-shaped molded product

which comprises the above composition, or a press-

20 molded product using the same.
In a fifth aspect, the 1nvention relates to

a molded product
which comprises the above composition, the percentage

of the area occupied by the kenaf fibers on the molded

25 product surface being not more than 50%.
First, the composition of the invention 1s described.

The composition of the invention 1s a composition
which comprises kenaf fibers and a poly(3-hydroxyalkanocate)

produced by microorganisms and comprising a repeating unit

30 represented by the formula (1):
[-O-CHR-CH,-CO-]
in the formula, R represents an alkyl group represented by

CnaHops1 with n representing an integer of 1 to 15.
The poly(3-hydroxyalkanoate) to be used 1in the

35 practice of the invention 1s an aliphatic polyester which
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comprises a repeating structure comprilsing a 3-
hydroxyalkanoate represented by the above formula (1) and
is produced by microorganlsms.

The microorganisms are not particularly restricted

but may be any of those capable of producing the poly(3-
hydroxyalkanoate) .

F

The P3HA to be used in the practice of the invention

specifically includes homopolymers of the above-mentioned

3-hydroxyalkanocate; copolymers of a combination of two or
more of the above-mentioned 3-hydroxyalkanoates, namely di-
copolymers, tri-copolymers, tetra-copolymers, etc.; blends

F

of two or more species selected from among such

homopolymers and copolymers; and the like.

B

Preferably employable among them are homopolymers of

1 in the alkyl group R, 3-

|

3-hydroxybutyrate in which n
hydroxyvalerate in which n = 2, 3-hydroxyhexanoate in which
n = 3, 3-hydroxyoctanoate in which n = 5, 3-

hyvdroxyoctadecanoate in which n = 15, and the like;

F

copolymers of a combination of two or more such 3-

hydroxyalkanoate units, namely di-copolymers, tri-
copolymers; and blends of these.

More preferred are copolymers of 3-hydroxybutyrate

(also called 3HB) in which n = 1 and 3-hydroxyhexanoate

(also called 3HH) in which n
hydroxybutyrate-co-3-hydroxyhexanoate) (also called P (3HB-

3, namely poly(3-

co-3HH) or PHBH). Still more preferred are such species
with a 3-hydroxybutyrate/3-hydroxyhexanoate composition
ratio of 99/1 to 80/20 {(mol/mol).

In the present specification, the names composed of

monomer names connected by —-co- indicate the copolymers of
the corresponding monomers.

The kenaf fiber to be used 1in accordance with the

B

invention 1s a fiber of kenaf which 1s an annual herb of

pr—

the genus Hibiscus of the family Malvaceae and 1s also

called white hibiscus.
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10

Species of kenaf are roughly classified into two,

namely Hibiscus sabdariffa and Hibiscus cannabinus, which

P

are also called Tai kenaf and Cuba kenaf, respectively. In

Japan, they are known by the names Seihi Nos. 1 to o,

Jindai No. 1, Cuban, Tainung 1 to 2, Everglades 41, Whiten,
Non Soon 1 to 2, Keaw Yai, Khon Kaen 50 to 60, Roslle, Okra,

Tororoaoi, Etsuo No. 1, etc.
The kenaf to be used in the practice of the 1nvention
is not particularly restricted with respect to specles or

strain or place of production. From the availability

viewpoint, however, Hibiscus cannabinus 1s preferred.

Kenaf grows very rapidly; the circumference of the
stem arrives at 2 to 10 cm and the height at 3 to 5 m 1n
half a year. Thus, high yields can be produced in a short

P
p—

time and the fiber vield per unit area 1s high. Kenaf can

grow in acid soil and highly salty soil as well and,

therefore, is cultivated widely in Africa, Southeast Asia,

China, India, Russia, Caribbean Nations, South America and

elsewhere. In recent years, it has been successfully
cultivated in Japan as well.

Furthermore, kenaf 1s expected to have the effect otf

carbon dioxide fixation.
The stem of kenaf i1s constituted of a bark fiber-

containing bast portion and a central core portion, which

differ in properties from each other. The bast portion

accounts for 30% of the stem of kenaf and the fibers

obtained from the bast portion are long and excellent 1n

strength. The kenaf bast-derived fibers have a tensile

F

strength of about 480 MPa and a tensile modulus of about 18

GPa. The core portion accounts for 70% of the kenaf stem

and, when ground, for instance, it gives short fibers

and/or a powder. From the moldability and/or physical

property improvement viewpoint, the kenaf bast-derived

P

fibers are preferably used in the practice of the i1invention,

although the core portion-derived short fibers or powder
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can also be used as extenders.

Since kenaf fibers are basically hygroscopilic, they

are preferably dried prior to admixture with P3HAs. The

drying may be carried out in an adequate manner to a level

5 which will not allow the formation of bubbles due to

vaporization of moisture in the step of molding the
composition with heating. When they are 1n an
appropriately dry condition, they can be opened with ease
in the step of kneading with the resin. When, however, the

10 drying is carried out under conditions possibly causing

degeneration and reduction in number of free hydroxyl
groups in the kenaf fiber-forming cellulose molecules (e.qg.

several hours in an environment at 200°C or above), the

i1

affinity for and adhesion to P3HAs tend to decrease easily.

15 The kenaf fiber length before kneading 1s not
particularly restricted. Generally, however, 1t 1s
preferably not longer than 10 cm, although the length may
be appropriately adjusted according to the capacity of the

kneader. When the fiber length is longer than 10 cm, 1t

20 may possibly become difficult to charge the kneader with

the fibers because of their bulkiness or may become

difficult to disentangle fiber bundles 1n some cases. The

kenaf fibers in the resulting composition are cut into an

adequate length of not longer than 10 cm and dispersed by

25 shearing in the kneader.

o~

The composition of the invention which comprises

kenaf fibers and a P3HA preferably has a kenaf fiber

' ol

content of not lower than 1% by weight, more preferably 1%

by weight to 70% by weight, based on the whole composition.

30 When the kenaf fiber content is lower than 1% by weight,

various effects (e.g. effects as a crystallization

promoting agent, heat resistance improving agent or impact

P

resistance improving agent) producible by the addition of

kenaf fibers tend to be weakened. When the kneading 1s

35 carried out 1in an open system using a roll molding machine,
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12

for instance, it 1s possible to add kenaf fibers in large

amounts. When the kneading is performed using an extrusion

molding machine, however, a kenaf fiber content exceedilng
70% by weight causes an increase 1n viscosity of the
kneaded composition. Thus, the composition may not

function as a thermoplastic resin any longer or 1t becomes

difficult in some cases to stably obtain the desired
extrusion composition. When, however, a P3HA having a
lower molecular weight and showing a low viscosity 1s used

or a plasticizer and/or a lubricant and/or another low-

"or instance, 1is admixed, 1t 1s also

Ll

viscoslty resin,
possible to lighten the load on the extrusion molding

machine and thereby obtain the desired composition.

Particularly, preferred are those compositions 1in

which kenaf fibers account for 1 to 70% by weight and a
P3HA accounts for 99 to 30% by weight, based on the whole

composition.

In the composition of the invention which 1s obtained

g

from kenaf fibers and a P3HA, the maximum fiber length of

the kenaf fibers is preferably not longer than 20 mm.

When the maximum fiber length i1s longer than 20 mm,

.
=

some kenaf fibers may be partly peeled off on the occasion

of film processing, etc. making the surface fluffy, or the

area of exposure on the surface may increase, or the effect

as a crystallization promoting agent may become

insignificant, according to cilrcumstances.

“The maximum fiber length” as used herein refers to

r—

the length of the longest portion of one kenaf fiber bundle

as observed in the composition or a molded product obtained

from the composition, and the maximum length found upon

2

observation of a total area of at least 400 mm“ 1s taken

as the maximum fiber length of the kenaf fibers. The
specific measurement method 1s as described 1n the examples
section described later herein.

i

Tn cases where the probability of occurrence of kena:

)
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fibers (bundles) longer than 20 mm is one such fiber bundle
per 10 fiber bundles in the observation range, the maximum

fiber length in question is judged to be longer than 20 mm.

The composition of the invention which i1s obtained

from kenaf fibers and a P3HA preferably gives a DSC curve,

when drawn by differential scanning colorimetry for

crystallization/solidification (nucleating agent) behavior

evaluation by lowering the temperature from a level higher

P

by 30°C than the melting point of the P3HA alone at a rate

of 10°C/minute, showing an exothermic peak due to

crystallization. In that case, the kenaf fibers preferably

serve as a nucleating agent. In case of a P3HA copolymer

with an increased proportion of a melting point-lowering

F
—

copolymer component, in particular, the rate of

crystallization may become slow and the processability may

pr—

become deteriorated in the step of processing with heating

at high temperatures in certaln cases.

P

More specifically, in case of PHBH, for instance, the

melting point of PHBH whose 3-hydroxyhexanoate unit content
is 8 mole% based on the whole PHBH is 140°C * 15°C (the
melting point of PHB homopolymer being about 175°C). When

the copolymer is heated to 200°C for melting the same and
then cooled at a rate of 10°C/minute for

crystallization/solidification (nucleating agent) behavior

evaluation by differential scanning colorimetry, as

mentioned above, there appears no exothermic peak due to

recrystallization. When kenaf fibers are added, however,

there appears an exothermic peak due to crystallization

during cooling, indicating that kenaf fibers have a

P
p—

crystallization-promoting effect, namely a nucleating agent

effect.

When the 3-hydroxyhexancate unit content 1s 3 mole%
based on the whole PHBH, the melting point is 150°C £ 15°C
and, when the PHBH is melted at 200°C and then cooled for

the above crystallization/solidification behavior
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14

evaluation, an exothermic peak (indicating

recrystallization) may appear in some cases, indicating

that some copolymerization ratios facilitate

crystallization without addition of kenaf fibers. Even

when the 3-hydroxyhexanocate unit content 1s 3 mole% based

P

on the whole PHBH, the crystallization of the copolymer 1s

)

promoted by the addition of kenaf fibers, whereby the
temperature corresponding to the exothermic peak due to

recrystallization during cooling becomes closer to the

melting point of the copolymer whose 3-hydroxyhexanoate
unit content is 3 mole% based on the whole PHBH. However,
in cases where there 1s no exothermic peak due to

recrystallization in the above

crystallization/solidification behavior evaluation, the

F

crystallization-promoting effect of the addition of kenat

fibers 1s not clear 1n some cases.
The composition of the invention which 1s obtained

from kenaf fibers and a P3HA preferably satisfies the

relation Ty« > Th between the thermal deformation
temperature (Th) of the P3HA alone and the thermal
deformation temperature (Th+) of the composition comprising

the kenaf fibers and the P3HA as determined for the

respective samples prepared under the same conditions.

When Ty« < T4, the state of dispersion of kenaf fibers 1in
the composition obtained from the kenaf fibers and the P3HA
may be inadequate in some cases, for example the

composition contains a large number of bubbles or the

fibers are forming aggregates, hence are not dispersed

uniformly, or, in other cases, kenaf fibers may be showing

only the extender or filler effect, like 1n the

conventional art, or showing the nucleating agent effect

only to a slight extent and making it difficult to attain
an improvement in heat resistance.
The specific method of measuring the thermal

deformation temperature is as described later herein in the
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examples section.

The composition of the invention which 1s obtained

from kenaf fibers and a P3HA preferably gives a flexural

modulus value, a maximum bending strength value and an 120D

impact value which are not lower than the corresponding

values for a P3HA alone which has a weight average

molecular weight (Mw) falling within the range of * 10% of

the weight average molecular weight (Mw) of the composition

comprising the kenaf fibers and the P3HA, when the values

are determined using the respective test specimens prepared

using the same formulation and the same molding conditions.
When the physical property values of the composition
are lower than the corresponding physical property values

g

of the P3HA alone, the state of dispersion of kenat

-

fibers

o

in the composition obtained from the kenaf fibers and the

P3HA may be inadequate and, in some cases, the composition
may be poor in strength and/or physical property balance,

like 1in the prior art.

The same molding conditions so referred to herein are

the molding conditions for preparing final test specimens

for flexural modulus, maximum bending strength and IZOD
impact value determinations, and the conditions under which
the composition 1is palletized are excluded.

The specific methods of determining the flexural

modulus, maximum bending strength, IZOD impact value and
weight-average molecular weight are as described later
herein in the examples section.

The composition of the invention which comprises
kenaf fibers and a P3HA can be prepared by a method well
known 1n the art.

As the method of melting a P3HA by heating and
blending the same with kenaf fibers, there may be mentioned,
for example, the mixing by mechanical stirring by means of
a single screw extruder, twin screw extruder, kneader, gear

pump, kneader roll, a tank equipped with a stirrer, etc.
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and the application of a static mixer in which distribution

and confluence are repeated by means of flow guides, etc.

F

In case of melting by heating, care should be taken 1in

mixing to inhibit the molecular weight from decreasing due

to thermal degradation.

It is also possible to dissolve a P3HA 1in a solvent

in which it is soluble, followed by blending with kenaf

fibers. In that case, the resin composition of the

invention may be obtained by removing the solvent by

allowing the mixture to stand at room temperature, for

instance. The dissolving solvent to be used 1n that case

is, for example, chloroform, ethyl acetate or the like.

When such method is employed, the state of dispersion of
kenaf fibers in the composition after evaporation of the

solvent can be improved, for example, by opening the fibers

in advance, for example, by grinding the fibers with a
grinder or by subjecting the fibers to opening treatment
using a carding machine, etc.

It is also possible to add kenaf fibers to a slurry

obtained in the step of purifying a P3HA extracted from
microbial cells by removing microbial debris and so forth.

Thus, for example, there may be mentioned the case where

kenaf fibers are added in the step of washing with methanol
in the course of P3HA purification.

The composition of the invention which 1s obtalned

from kenaf fibers and a P3HA may be molded into pellets,
blocks, films or sheets using such an extruder as mentioned

above, or may be subjected to injection molding as well.

For improving the dispersibility of kenaf fibers 1in the
P3HA and/or the adhesion thereof to the P3HA, the

composition may be once palletized and then the pellets may

be molded again into films or sheets on an extruder or

subjected to injection molding. Even when the kenaf fiber

addition level is high, it is possible to form films or

sheets by heating and kneading using a roll molding machine,
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as described hereilnabove.

The films or sheets obtained from the composition of
the invention are superior in drawdown characteristics upon
melting and/or mold release characterilistics as compared
with the corresponding P3HA alone, so that mold wvacuum

o

forming thereof with heating can be easily conducted; 1t 1s

also possible to subject the films or sheets to press
molding.

The molded product derived from the composition of
the invention which is obtained from kenaf fibers and a

g

P3HA preferably has a percentage of the surface area

occupied by kenaf fibers of not higher than 50% relative to

the externally tangible surface area.

In case where the surface area ratio occupied by

P
p—

kenaf fibers is larger than 50%, when the products

manufactured for use over a long period of time or the

products manufactured for use in a water-rich environment

may undergo cracking as a result of absorption of water by

r—

the kenaf fibers exposed on the surface and swelling of the

F

same, although the situation depends on the shape of the

molded products and the maximum fiber length and

dispersibility of kenaf fibers.

The specific method of measuring the percentage of

P
p—

the area occupied by kenaf fibers relative to the molded

product surface is as described later herein 1n the
examples section.

In the composition of the invention as obtained from

kenaf fibers and a P3HA, one or more of the additives known

in the art may be incorporated at levels at which the

effects of the invention will not be counteracted.

As the known additives, there may be mentioned those

which are effective as thickening agents or crystal

nucleating agents in general-purpose plastics, for example
polyvolefin resins such as polyethylene and polypropylene,

aromatic polyesters such as polyethylene terephthalate and
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polybutylene terephthalate, etc., and in polylactic acid-
based resins and other biodegradable resins such as
aliphatic polyester resins, and the like. For example,
there may be mentioned carbon black, calcium carbonate,

silicon oxide and silicate salts, zinc white, high-site

clay, kaolin, basic magnesium carbonate, mica, talc,
pulverized quartz, diatomaceous earth, pulverized dolomite,

titanium oxide, zinc oxide, antimony oxide, barium sulfate,

calcium sulfate, alumina, calcium silicate, boron nitride,
crosslinked high-molecular-weight polystyrene, rosin-based

metal salts, glass fibers, whiskers, carbon fibers and

other inorganic fibers, human halr, wool, bamboo fibers,

pulp fibers and other organic fibers, and the like. Other

F
p—

substitute species derived from plants similar to kenaf,

for example fibers of other annual herbs of the genus

Hibiscus mutabilis of the family Malvaceae, and of annual

fr—

herbs of the family Tiliaceae, may also be used. There may

be incorporated, according to need, one or more of such
secondary additives as colorants, such as pigments and dyes,

inorganic or organic particles, stabilizers such as

antioxidants and ultraviolet absorbers, lubricants,
releasing agents, water repellants, antimicrobial agents
and so forth. The above additives may be used singly or
two or more of them may be used in combination.

It is possible to combinedly use a plasticizer 1n

combination in the composition of the invention which 1s

obtained from kenaf fibers and a P3HA at levels not leading

to deterioration of the effects of the invention. The use
of a plasticizer makes it possible to lower the melting

viscosity during processing with heating, 1n particular in

the step of extrusion, and suppress the decrease 1n
molecular weight due to shearing heat generation, and the

like. In certain cases, 1t 1s possible to expect

improvement of the crystallization rate and, furthermore,

to provide films or sheets, which are obtalned as molded
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products, with stretching properties, etc.
Preferred as the plasticizer are ether plasticizers,

ester plasticizers, phthalate plasticizers, phosphate

plasticizers, and the like. More preferred from the

T

viewpoint of good compatibility with polyesters are ether
plasticizers and ester plasticilzers.

As the ether plasticizers, there may be mentioned,
for example, polyethylene glycol, polypropylene glycol,
polytetramethylene glycol and like polyoxyalkylene glycols.

As the ester plasticizers, there may be mentioned
esters of aliphatic dicarboxylic acids and aliphatic
alcohols, etc. As the aliphatic dicarboxylic acids, there
may be mentioned, for example, oxalic acid, succinic acid,

sebacic acid, adipic acid and the like. As the aliphatic

alcohols, there may be mentioned, for example, monohydric
alcohols such as methanol, ethanol, n-propanol, 1sopropanol,
n-hexanol, n-octanol, 2-ethylhexanol, n-dodecanol and
stearyl alcohol, dihydric alcohols such as ethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, 1,3-butanediol,
1,5-pentanediol, 1,6-hexanediocl, diethylene glycol,
neopentyl glycol and polyethylene glycol, and polyhydric
alcohols such as glycerol, trimethylolpropane and
pentaerythritol. There may further be mentioned those
copolymers, di-copolymers, tri-copolymers, tetra-copolymers
and so forth which comprise a combination of two or more of
the above-mentioned polyethers and polyesters, as well as
blends composed of two or more of such homopolymers and
copolymers. Mention may further be made of esterified
hydroxycarboxylic acids and the like.

As the phthalate plasticizers, there may be mentioned,
for example, dimethyl phthalate, diethyl phthalate, dibutyl
phthalate, di-2-ethylhexyl phthalate, diisononyl phthalate,
and the like.

As the phosphate plasticizers, there may be mentioned,

for example, tricresyl phosphate, tributyl phosphate, and
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the like.
The plasticizer mentioned above 1is not limited to
those and may comprise either one or two Or more specles.
The composition of the invention obtained from kenat

fibers and a P3HA can be molded into such molded products

as papers, films, sheets, tubes, plates or boards, bars or

rods, containers, bags and parts and, when comblned with

various fibers, varns or threads, ropes, woven fabrics,

knitted goods, nonwoven fabrics, papers, films, sheets,
tubes, plates or boards, bars or rods, containers, bags,
parts, foamed materials and the like, each comprising a
single substance other than the above-mentioned composition,
to give composite materials, the physical properties of
each single substance cane be improved. The thus-obtained

P

molded products can be used suitably in various fields, for

example in agriculture, fishery, forestry, horticulture,
medicine, sanitary supplies, clothes, non-clothes,
packaging materials, automobile industry, building
materials, and the like.

The present invention can provide a plant origin
composition and a molded product thereof excellent 1in

processability, strength, impact resistance, heat

resistance and water resistance that can hardly be attained
with the above-mentioned chemically synthesized aliphatic
polyesters or natural polymers such as starch. The
invention can also provide a composition and a molded
product thereof which, when discarded, are degradable under

P

the action of microorganisms and the like in an aerobic or

anaerobic environment and are returned to the carbon cycle

system on the earth. Furthermore, the invention provides a

F

plant origin composition and a molded product thereof,

which can positively fix carbon dioxide on the earth and

_

can be expected to contribute to the prevention of global

warming.

The present invention can provide a plant origin
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composition and a molded product thereof excellent 1n

processability, strength, impact resistance, heat

resistance and water resistance that can hardly be attained
with the above-mentioned chemically synthesized aliphatic
polyesters or natural polymers such as starch. The

invention can also provide a composition and a molded

product thereof which, when discarded, are degradable under
the action of microorganisms and the like 1n an aerobic or

anaerobic environment and are returned to the carbon cycle

system on the earth. Furthermore, the invention provides a
plant origin composition and a molded product thereoft,

which can positively fix carbon dioxide on the earth and

can be expected to contribute to the prevention of global

warming.

-

BEST MODE FOR CARRYING OUT THE INVENTION

The following examples illustrate the composition of

the invention obtained from kenaf fibers and a P3HA and the

molded product thereof in further detail. Such examples
are, however, by no means limitative of the scope of the
invention.

The resin and others described herein are abbreviated
as follows:
PHBH: Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate);
HH percentage: Mole fraction (mol %) of 3-hydroxyhexanoate
in PHBH;

F

Composition AX: Composition obtained from kenaf fibers and

PHBH and molded product derived therefrom.

<Molecular weight measurement method>

The weight average molecular weight Mw value of each
P3HA composition or molded product was determined on the
polystyrene equivalent basis by GPC. The GPC apparatus
used was the system CCP & 8020 (product of Tosoh
Corporation), and the column used was GPC K-805L (product
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of Showa Denko K.K.). The column temperature was set at

'}

40°C, 200 pl of a solution prepared by dissolving 20 mg of

the composition or molded product in 10 ml of chloroform

was injected into the column, and the Mw was determined.

<Kenaf fiber maximum fiber length measurement method>
A surface or an arbitrary partial section of the

composition or molded product was observed under an optical

microscope, and the maximum fiber length length was

'

10 measured 1n an observation field range (at least a total of
400 mm?).

<Method of determining the percentage of the kenaf fiber-

occupled area on the molded product surface>

pri—

15 An arbitrary portion of the molded product surface
2

P

was photographed over a visual field of about 4 mm

under a

scanning electron microscope and, after printing, the

*

portions where kenaf fibers were exposed were cut out of

the paper and weighed (Wl), and the proportion thereotf
20 relative to the total weight (W), namely (W1l/W) x 100, was

reported as the percentage of the kenaf fiber-occupled area

on the surface of the molded product.

<Melting temperature (Tm) and crystallization temperature

25 (Tc) measurement method>

Using a Seiko Denshi Kogyo’s DSC 200 differential

scanning calorimeter, the PHBH or composition AX sample,
each weighing about 1 to 10 mg, was heated at a rate of
10°C/min from 0°C to 200°C for sufficient melting (1lst run),

30 then cooled to 0°C at a rate of 10°C/min (cooling), and

P

again heated to 200°C at a rate of 10°C/min. (2nd run).

The maximum peak on the endothermic curve as resulting from
melting of the resin in the 1lst run was taken as melting

temperature Tml, the maximum peak on the exothermic curve

35 as resulting from recrystallization in the step of cooling
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as Tcl, that in the 2nd run as resulting from

recrystallization as Tc2, and the maximum peak on the

endothermic curve as resulting from melting of the resin as

Tm?. In cases where there is a Tcl, the resin can be said

to easily crystallize. Since the PHBH and compositions AX

used in the practice of the invention are copolymers, thelr

e

endothermic curves show one or a plurality of peaks. When

there is a plurality of peaks, the peak top temperature on
the higher temperature side is taken as the melting

temperature Tm.

<Flexural modulus and maximum bending strength measurement
method>

Tests were carried out according to JIS K 7203 using
a Shimadzu Corporation’s AUTOGRAPH 10TB.

<I7Z0D impact value measurement method>

Tests were carried out according to JIS K 7110.

<Heat deformation temperature (HDT) measurement method

under high load conditions>

H

The heat deformation temperature under a load of 1.8

MPa was measured according to JIS K 7207 (Method A) using a
Toyo Seiki Seisaku-sho, LTD.’s HDT & VSPT tester.

<Water resistance evaluation method>

The molded product sample was lmmersed 1n water and

allowed to stand in that state for about 1 month and, then,
the surface condition was visually observed. The

evaluation criteria employed on that occasion are as

follows: Excellent: Little changes in surface condition as
compared with the condition before immersion; Falr: Some

portions on the surface seem swollen; Poor: The molded

product before immersion can hardly be reminded of.
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(Example 1)

5 parts by weight of kenaf fibers with a fiber length

of 30 mm after drying in a heating drier under the

P
—

conditions of 60°C x 3 hours were added to 100 parts Dby
weight of PHBH (HH percentage 8.4 mol %; Mw = 1,030,000)

produced from suitably selected raw materilials under

appropriately adjusted cultivation conditilons using, as

microorganisms, Alcaligenes eutrophus AC32 (J. Bacteriol.,
179, 4821 (1997)) produced by introduction of the Aeromonas

caviae-derived PHA synthetase gene into Alcalligenes

eutrophus. After hand blending, the mixture was pelletized

on a single screw extruder equipped with a kneader
(Kasamatsu Kako Kenkyusyo’s universal extruder for
laboratory use, @ 35 mm, pelletizing temperature 150°C) to
give a pelletized composition Al (Mw = 810,000).

This pelletized composition Al was subjected to
injection molding (Toshiba Corporation’s 80-t 1njection
molding machine, injection temperature 140°C) and 1/4 inch
dumbbell specimens were prepared (good 1njection-molded

products were obtained). The composition Al-derived

dumbbells were measured for Mw, maximum kenaf fiber length

N

in the moldings, kenaf fiber percentage on the surface o:

the moldings, Tml, Tm2, Tcl, Tc2, flexural modulus, maximum

bending strength, IZOD impact value, HDT, and water

resistance. The results obtained are shown 1in Table 1.

The composition Al was improved 1in rate of

crystallization by the addition of kenaf fibers as compared

with the kenaf fiber-free counterpart, and the flexural
modulus, maximum bending strength, IZOD 1mpact value as
well as the heat resistance were also improved. The water

resistance was also good.

In Table 1, “numerical value <” and “numerical value
> represent “a measurement value exceeding the numerical

value” and “that below the numerical value”, respectively.
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Exampk | Exampk | Exampk | Exampk | Exampk

PHBH resn part)
Kenaf fber {part)

Molcubrweiht determ ned
from m oded product Mw)

M axin um kenaf fber ength 10>
h molded product fhm)

Kenaf fber-occuped area percentage
on m oded product surface %)

Tm1l C)

1 2 3 4 | 5
100 | 100 | 100 | 100 [ 100
5 10 | 20 [ 50 I 5
700000650000 [550000(420000| 350000

10> 15

141

Exampk | Exampk
0 7

100
20
3200001300000

15>

100

15>

141

62

None

1380<

1610<)1700<

ZODinpact valie [/m) 22< 24 < 24 <
HDT (8MPa) ) 82< | 82<
Waterresistance ______|Excelent|Excelent|Excelent| Fair |Excelent|Excelbnt|Excelent

i 5 s O
Ex. 1 Ex. 2 Ex. 3

PHBH resh (art)

Kenaf fber (part)

Molkcubrweight determ ned
from m olded product Mw)

M axmum kenaf fber kngth
n molded product hm)

100 | 100 } 100 | |

0 0 0
240000{440000(680000

Kenaf fber-occuped area percentage
on m o ded product surface %)

Tml C)
Tm 2 )

Tcl C)
Tc2 C)
Flexuralmodulis MPa)

M axinum bending strength (Mfi)_

1300 | 1160 [ 1080

ZODin pact vabie [/m)
HDT (8MPa) )

W ater resistance

(Example 2)

e
16 22 217

o7 66 00
e —

Composition A2-derived 1njection-molded dumbbells

were obtalined 1in the same manner as 1n

Example 1 e

xcept
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that the addition amount of kenaf fibers was changed to 10
parts by weight. The measurement results are shown 1in
Table 1. The composition A2 was 1mproved 1n rate of

F

crystallization by the addition of kenaf fibers as compared

b

flexural

with the kenaf fiber-free counterpart, and the

modulus, maximum bending strength, IZ0D impact value as
well as the heat resistance were also improved. The water

resistance was also good.

(Example 3)

Composition A3-derived injection-molded dumbbells

were obtained in the same manner as 1n Example 1 except

that the addition amount of kenaf fibers was changed to 20
parts by weight. The measurement results are shown 1n

Table 1. The composition A3 was improved in rate of

crystallization by the addition of kenaf fibers as compared

with the kenaf fiber-free counterpart, and the flexural

modulus, maximum bending strength, IZOD impact value as
well as the heat resistance were also improved. The water

resistance was also good.

(Example 4)

Composition Ad4-derived injection-molded dumbbells

were obtained in the same manner as 1n Example 1 except
that the addition amount of kenaf fibers was changed to 50
parts by weight. The measurement results are shown 1n
Table 1. The composition A4 was i1mproved 1n rate of

—

crystallization by the addition of kenaf fibers as compared

with the kenaf fiber-free counterpart, and the flexural
modulus, maximum bending strength, IZ0D impact value as
well as the heat resistance were also 1mproved. As for the
water resistance, portions showing slightly swollen kenaf

fibers were observed on the molded product surface, but

that 1s of no particular matter on practilical use.
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(Example 5)

Composition A5-derived injection-molded dumbbells

pa— |

were obtained in the same manner as in Example 1 except
that PHBH (HH percentage 8.4 mol %; Mw = 510,000) produced

from suitably selected raw materials under appropriately

adjusted cultivation conditions using, as microorganisms,
Alcaligenes eutrophus AC32 (J. Bacteriol., 179, 4821

(1997)) produced by introduction of the Aeromonas caviae-

derived PHA synthetase gene into Alcaligenes eutrophus was

used for producing the molded products. The measurement

results are shown in Table 1. The composition AS was

|

improved in rate of crystallization by the addition of

kenaf fibers as compared with the kenaf fiber-free

counterpart, and the flexural modulus, maximum bending
strength, IZOD impact value as well as the heat resistance

were also improved. The water resistance was also good.

(Example 0)
Composition Ab-derived injection-molded dumbbells

p—
o

having a different Mw were obtained 1n the same manner as

in Example 5 except that the addition amount of kenat
fibers was changed to 10 parts by weight. The measurement

results are shown in Table 1. The composition A6 was

improved in rate of crystallization by the addition of

F
p—

kenaf fibers as compared with the kenaf fiber-free

counterpart, and the flexural modulus, maximum bendlng

strength, IZOD impact value as well as the heat resistance

were also improved. The water resistance was also good.

(Example 7)
Composition A7-derived 1njection-molded dumbbells

having a different Mw were obtained 1n the same manner as

P

in Example 5 except that the addition amount of kena:

pr——
—

fibers was changed to 20 parts by weight. The measurement

results are shown in Table 1. The composition A7 was
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improved in rate of crystallization by the addition of

kenaf fibers as compared with the kenaf fiber-free

counterpart, and the flexural modulus, maximum bending

strength, IZOD impact value as well as the heat resistance

were also improved. The water resistance was also good.

(Comparative Example 1)

Pellets with Mw = 280,000 were obtained, at a
pelletizing temperature of 140°C, from PHBH (HH percentage
8.4 mol %; Mw = 300,000) produced from sulitably selected

raw materials under appropriately adjusted cultivation
conditions using, as microorganisms, Alcalligenes eutrophus

AC32 (J. Bacteriol., 179, 4821 (1997)) produced by

introduction of the Aeromonas caviae-derived PHA synthetase

gene into Alcaligenes eutrophus, without adding kenaf

fibers.

This pelletized PHBH was subjected to 1njection
molding in the same manner as in Example 1, and 1/4 inch

dumbbell specimens were prepared. These dumbbells were

measured for Mw, Tml, Tm2, Tcl, Tc2, flexural modulus,

maximum bending strength, IZ0D impact wvalue, HDT, and water

resistance. The results obtained are shown 1n Table 1.

Because of the absence of kenaf fibers, the crystallization

had not been promoted, hence they were inferior in flexural

modulus, maximum bending strength, IZ0D impact value and
heat resistance as compared with the composition A7 having

a similar Mw. The water resistance was good.

(Comparative Example 2)

PHBH-based, injection-molded dumbbells were prepared

in the same manner as 1n Comparative Example 1 except that

pellets with Mw = 500,000 were obtained, at a pelletizing

g

temperature of 140°C, from PHBH (HH percentage 8.4 mol %;

Mw = 550,000) produced from suitably selected raw materials

under appropriately adjusted cultivation, without adding
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kenaf fibers. The results obtained are shown 1n Table 1.

P

Because of the absence of kenaf fibers, the crystallization

had not been promoted, hence they were inferior 1in flexural
modulus, maximum bending strength, IZOD impact value and
heat resistance as compared with the composition A4 or AS

having a similar Mw. The water resistance was good.

(Comparative Example 3)

PHBRH-based, injection-molded dumbbells were prepared

in the same manner as in Comparative Example 1 except that

pellets with Mw = 770,000 were obtained, at a pelletizing

temperature of 140°C, from PHBH (HH percentage 8.4 mol %;
Mw = 850,000) produced from suitably selected raw materials
under appropriately adjusted cultivation, without adding

kenaf fibers. The results obtained are shown in Table 1.

Because of the absence of kenaf fibers, the crystallization

had not been promoted, hence they were inferior 1n flexural
modulus, maximum bending strength, IZ0D impact value and
heat resistance as compared with the composition Al or AZ

having a similar Mw. The water resistance was good.

(Example 8)

The composition Al prepared 1n Example 1 was

subjected to heating and molding on a roll molding machine

to give a 600-pm-thick sheet. The kenaf fibers 1in the

sheet had a maximum fiber length of not longer than 10 mm.

This sheet was molded on a vacuum heating/molding machine

equipped with a mold for forming daily dish containers.

Drawdown was slight in the step of heating, the mold

release characteristics were good, and uniform daily dish

contaliners were obtalined.

(Comparative Example 4)

The PHBH pellets prepared in Comparative Example 1

were subjected to heating and molding on a roll molding
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machine to give a 600-pm-thick sheet. Thils sheet was
molded on a vacuum heating/molding machine equipped with a
mold for forming daily dish containers. Molded products
were indeed obtained but, in some cases, drawdown was

observed in the step of heating or the sheet stuck to the

mold; the sheet broke 1n extreme cases.

INDUSTRIAL APPLICABILITY

The present invention can provide a plant origin

composition and a molded product thereof excellent 1n

processability, strength, impact resistance, heat
resistance and water resistance that can hardly be attained
with the above-mentioned chemically synthesized aliphatic
polyesters or natural polymers such as starch. The
invention can also provide a composition and a molded
product thereof which, when discarded, are degradable under
the action of microorganisms and the like 1n an aerobic or
anaerobic environment and are returned to the carbon cycle

system on the earth. Furthermore, the invention provides a

plant origin composition and a molded product thereof,

which can positively fix carbon dioxide on the earth and

can be expected to contribute to the prevention of global

warming.
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CLAIMS

1. A composition

which comprises kenaf fibers and a poly(3-
hydroxyalkanoate) (abbreviation: P3HA) produced by
microorganisms and comprising a repeating unlt represented
by the formula (1):
[-O~-CHR-CH»-CO-]

in the formula, R represents an alkyl group represented by

P

C,H>n+1 with n representing an integer of 1 to 15.

2. The composition according to Claim 1,
wherein the P3HA is poly(3-hydroxybutyrate-co-3-

hydroxyvhexanoate) comprising a repeating unit of the above

de

formula (1) with, in R, n = 1 and 3.

3. The composition according to Claim 2,

wherein the copolymer component composition ratio in
the poly (3-hydroxybutyrate-co-3-hydroxyhexanoate) 1s 3-
hydroxybutyrate/3-hydroxyhexanoate = 99/1 to 80/20
(mol/mol) .

4. The composition according to any one of Claims 1
to 3,

wherein the kenaf fibers account for 1 to 70% by
weight and the P3HA accounts for 99 to 30% by weight based

on the whole composition.

5. The composition according to any one of Claims 1
to 4,

wherein the maximum fiber length of the kenaf fibers

is not longer than 20 mm.

6. The composition according to any one of Claims 1
to o,
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wherein the DSC curve drawn by differential scanning

colorimetry shows an exothermic peak due to crystallization
in the case that the temperature i1is lowered from a level
higher by 30°C than the melting point of the P3HA alone at

a rate of 10°C/minute, and the heat deformation temperature

(Th) of the P3HA alone and the heat deformation temperature

(Tyx) of the composition comprilising the kenaf fibers and
the P3HA as determined for the respective samples prepared

under the same conditions show the relation Tpxr > Ty.

7. The composition according to any one of Claims 1
to 6,

wherein the flexural modulus value, maximum bending

-

strength value and IZ0D 1impact value thereof are not lower

than the corresponding values for a P3HA alone having a

welght average molecular weight (Mw) falling within the

range of = 10% of the weight average molecular weight (Mw)

of the composition comprising the kenaf fibers and the P3HA,

|

1f the values are determined using the respective test

specimens prepared using the same formulation and the same

molding conditions.
8. An 1njection-molded product
which comprises the composition according to any one

of Claims 1 to 7.

9. A film- or sheet-shaped molded product comprising

the composition according to any one of Claims 1 to 7, or a

press—-molded product using the same.

10. A molded product
which comprises the composition according to any one
of Claims 1 to 7,

the percentage of the area occupied by the kenaf

fibers on the molded product surface being not more than
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