DESCRIPTION
TRIM BOARD FOR VEHICLE DOOR, AND DOOR TRIM

TECHNICAL FIELD
[0001]

The present invention relates to a vehicle door trim board and a door trim.  More
specifically, the present invention relates to a door panel provided on the interior side of a vehicle
door panel and a vehicle door trim board constituting the door panel.

BACKGROUND ART
[0002]

A door trim is provided on the interior side of a vehicle door, and a design surface thereof
imparts a design to a vehicle interior.  On the other hand, the door trim plays an important role to
absorb side impact together with a door panel and protect occupants.  Therefore, the door trim is
required to highly perform multiple functions different in character in parallel.

The following Patent Literature 1 discloses a technique in which a high-impact resistant
core member is used as a vehicle door trim board.  Further, the following Patent Literatures 2 and 3
disclose an impact resistant resin containing a polyolefin resin and a polyamide resin.

CITATIONS LIST

PATENT LITERATURES

[0003]
Patent Literature 1: JP H11-147233 A
Patent Literature 2: JP 2013-147645 A
Patent Literature 3: JP-2013-147647 A

SUMMARY OF INVENTION
TECHNICAL PROBLEMS
[0004]

The above-mentioned Patent Literature 1 discloses a technique in which a high-impact
resistant core member is used as a vehicle door trim board, and discloses, as a material of the high-
impact resistant core member, a polypropylene resin containing a rubber-based component.
However, vehicles are recently required to be highly fuel-efficient, and therefore it is difficult to use
such an integrally-formed high-impact resistant member as disclosed in Patent Literature 1.  On the
other hand, lightweight fiber-reinforced boards or foamed resin boards are heavily used these days,
and vehicle door trim boards are required to deliver high occupant protection performance while
using these boards.

Patent Literature 2 discloses that a modified elastomer can be used as a compatibilizer in a
resin composition containing a polyamide resin and a polyolefin resin.  Patent Literature 3 discloses
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that a resin composition containing a polyamide resin and a polyolefin resin can have a phase
structure having a continuous phase, a dispersed phase, and a fine dispersed phase.

However, the above-mentioned Patent Literatures 2 and 3 disclose that these resin
compositions can be used for door trims, but there is no description about what form the resin
compositions should take when they are used for vehicle door trim boards to enjoy the benefits
thereof.

[0005]

In light of the above circumstances, it is an object of the present invention to provide a
vehicle door trim board that uses a predetermined impact resistant resin as part thereof and is
therefore less likely to break. It is also an object of the present invention to provide a door trim
using such a vehicle door trim board.

SOLUTIONS TO PROBLEMS
[0006]

In order to achieve the above objects, the present invention provides the following.

A vehicle door trim board according to claim 1 including a reinforcing part made of an
impact resistant resin containing a polyolefin resin, a polyamide resin, and a compatibilizer, wherein

the compatibilizer is a modified elastomer having a reactive group that reacts with the
polyamide resin.

A vehicle door trim board according to claim 2 is the vehicle door trim board according to
claim 1, further comprising an upper board part and a lower board part which are separated in a
vertical direction,

wherein the reinforcing part is interposed between the upper board part and the lower board
part.

A vehicle door trim board according to claim 3 is the vehicle door trim board according to
claim 2, wherein each of the upper board part and the lower board part is formed of a foamed resin
board using another thermoplastic resin different from the impact resistant resin, and

the upper board part, the lower board part, and the reinforcing part are integrally provided
as a multi-material molded product using the other thermoplastic resin and the impact resistant resin.

A vehicle door trim board according to claim 4 is the vehicle door trim board according to
claim 2, wherein each of the upper board part and the lower board part is formed of a fiber-reinforced
board containing plant fibers and a binder resin that binds the plant fibers together, and

the upper board part, the lower board part, and the reinforcing part are integrally provided
as an insert-molded product using the fiber-reinforced boards as insert bodies.

A vehicle door trim board according to claim 5 is the vehicle door trim board according to
claim 1, further including an upper board part and a lower board part which are adjacent to each
other in a vertical direction, wherein

the reinforcing part is provided so as to cover at least a surface of a boundary zone between
the upper board part and the lower board part.



A vehicle door trim board according to claim 6 is the vehicle door trim board according to
claim 5, wherein the upper board part and the lower board part are integrally formed of a foamed
resin board using another thermoplastic resin different from the impact resistant resin, and

the upper board part, the lower board part, and the reinforcing part are integrally provided
as a multi-material molded product using the other thermoplastic resin and the impact resistant resin.

A vehicle door trim board according to claim 7 is the vehicle door trim board according to
claim 5, wherein the upper board part and the lower board part are integrally formed of a fiber-
reinforced board containing plant fibers and a binder resin that binds the plant fibers together, and

the upper board part, the lower board part, and the reinforcing part are integrally provided
as an insert-molded product using the fiber-reinforced board as an insert body.

A vehicle door trim board according to claim 8 is the vehicle door trim board according to
any one of claims 1 to 7, wherein the reinforcing part is provided in a band form so as to penetrate
the vehicle door trim board in a front-back direction of a vehicle,

the lower board part has at least one other band-shaped reinforcing part different from the
reinforcing part, and

the other reinforcing part is made of the impact resistant resin and provided almost in
parallel to the reinforcing part.

A vehicle door trim board according to claim 9 is the vehicle door trim board according to
any one of claims 1 to 8, wherein the impact resistant resin has a continuous phase (A) containing the
polyolefin resin, and

a dispersed phase (B) that is dispersed in the continuous phase (A) and contains the
polyamide resin and the modified elastomer.

A vehicle door trim board according to claim 10 is the vehicle door trim board according to
claim 9, wherein the dispersed phase (B) has a continuous phase (B;) containing the polyamide resin,
and

a fine dispersed phase (B,) that is dispersed in the continuous phase (B;) and contains the
modified elastomer.

A vehicle door trim board according to claim 11 is the vehicle door trim board according to
claim 9 or 10, wherein the modified elastomer is an olefin-based thermoplastic elastomer having, as
a skeleton, a copolymer of ethylene or propylene and an a-olefin having 3 to 8 carbon atoms.

Atrim board according to claim 12 including: the vehicle door trim board according to any
one of claims 1 to 11; and a surface skin layer provided on a design surface side of the vehicle door
trim board.

ADVANTAGEOUS EFFECTS OF INVENTION
[0007]

According to the present invention, it is possible to provide a vehicle door trim board that is
less likely to break and a door trim.

When the present vehicle door trim board includes an upper board part and a lower board
part which are separated in a vertical direction and a reinforcing part interposed between them, it is
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possible to prevent the breakage of the vehicle door trim board caused by the difference in rigidity
between the upper board part and the lower board part. The upper board part and the lower board
part of the vehicle door trim board are different in rigidity, and therefore it is conceivable that the
vehicle door trim board will break due to the difference in rigidity when subjected to an impact load.
However, since the vehicle door trim board includes the reinforcing part that is made of an impact
resistant resin and interposed between the upper board part and the lower board part, the difference in
rigidity between the upper board part and the lower board part is reduced so that the above-described
breakage can be prevented.

[0008]

Further, when each of the upper board part and the lower board part is formed of a foamed
resin board, the upper board part, the lower board part, and the reinforcing part can integrally be
provided as a multi-material molded product by forming the foamed resin boards using another
thermoplastic resin and forming the reinforcing part using an impact resistance resin.  This makes it
possible to provide a vehicle door trim board that has excellent impact resistance and is therefore less
likely to break.

Further, when each of the upper board part and the lower board part is formed of a fiber-
reinforced board, the upper board part, the lower board part, and the reinforcing part can integrally be
provided as an insert-molded product by forming the reinforcing part by injection molding using the
fiber-reinforced boards as insert bodies.  This makes it possible to provide a vehicle door trim board
that has excellent impact resistance and is therefore less likely to break.

[0009]

When the present vehicle door trim board includes an upper board part and a lower board
part which are adjacent to each other in a vertical direction and a reinforcing part that covers a
surface of a boundary zone between the upper board part and the lower board part, it is possible to
prevent breakage caused by the difference in rigidity between the upper board part and the lower
board part. The upper board part and the lower board part of the vehicle door trim board are
different in rigidity, and therefore it is conceivable that the vehicle door trim board will break due to
the difference in rigidity when subjected to an impact load. However, since the vehicle door trim
board includes the reinforcing part that is made of an impact resistant resin and interposed between
the upper board part and the lower board part, the difference in rigidity between the upper board part
and the lower board part is reduced so that the above-described breakage can be prevented.

[0010]

Further, when the upper board part and the lower board part are integrally formed of a
foamed resin board, the upper board part, the lower board part, and the reinforcing part can integrally
be provided as a multi-material molded product by forming the foamed resin board using another
thermoplastic resin and forming the reinforcing part using an impact resistance resin.  This makes it
possible to provide a vehicle door trim board that has excellent impact resistance and is therefore less
likely to break.

Further, when the upper board part and the lower board part are integrally formed of a fiber-
reinforced board, the upper board part, the lower board part, and the reinforcing part can integrally be
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provided as an insert-molded product by forming the reinforcing part by injection molding using the
fiber-reinforced board as an insert body.  This makes it possible to provide a vehicle door trim
board that has excellent impact resistance and is therefore less likely to break.
[0011]

When in the present vehicle door trim board, the reinforcing part is provided in the form of
a band so as to penetrate the vehicle door trim board in the front-back direction of a vehicle, the
lower board part has at least one other band-shaped reinforcing part made of the impact resistant
resin, and the other reinforcing part is provided almost in parallel to the reinforcing part, crumple
zones necessary for occupant protection (e.g., a chest protection zone, an abdomen protection zone, a
lumbar protection zone) can be formed using the reinforcing part and the other reinforcing part.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

The present invention is further described in the following detailed description with
reference to non-limiting examples of exemplary embodiments of the present invention and the
noted drawings, in which the same reference numerals represent the same parts throughout several
views of the drawings. It is to be noted that sectional views in FIGs. 2 and 4 to 7 each are taken
along A-A’ lines in perspective views.

FIG. 1 is a perspective view that illustrates a vehicle door and a door trim.

FIG. 2 shows a perspective view and a sectional view which illustrate an example of a
vehicle door trim board.

FIG. 3 is a drawing that illustrates connection configurations of a reinforcing part.

FIG. 4 shows a perspective view and a sectional view which illustrate another example of
the vehicle door trim board.

FIG. 5 shows a perspective view and a sectional view which illustrate another example of
the vehicle door trim board.

FIG. 6 shows a perspective view and a sectional view which illustrate another example of
the vehicle door trim board.

FIG. 7 shows a perspective view and a sectional view which illustrate another example of
the vehicle door trim board.

FIG. 8 shows a perspective view and a sectional view which illustrate another example of
the vehicle door trim board.

FIG. 9 shows a perspective view and a sectional view which illustrate another example of
the vehicle door trim board.

FIG. 10 is a drawing that illustrates a phase structure (1) of an impact resistant resin
constituting the reinforcing part.

FIG. 11 is a drawing that illustrates a phase structure (3) of the impact resistant resin
constituting the reinforcing part.

FIG. 12 is a perspective view that illustrates a conventional vehicle door trim board.



DESCRIPTION OF EMBODIMENTS
[0013]

The particulars shown herein are by way of example and for the purposes of illustrative
discussion of the embodiments of the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily understood description of the principles
and conceptual aspects of the present invention. In this regard, no attempt is made to show
structural details of the present invention in more detail than is necessary for a fundamental
understanding of the present invention, and the description taken with the drawings makes apparent
to those skilled in the art how the several forms of the present invention may be embodied in practice.
[0014]

[1] \Vehicle door trim board

A vehicle door trim board (20) according to the present invention includes a reinforcing
part (23) made of an impact resistant resin containing a polyolefin resin, a polyamide resin, and a
compatibilizer, wherein the compatibilizer is a modified elastomer having a reactive group that reacts
with the polyamide resin.

[0015]

As shown in FIG. 12, a conventional vehicle door trim board 29 includes parts separated
from each other.  More specifically, the conventional vehicle door trim board 29 is constituted from,
for example, three parts: an upper board 291, an armrest board 292, and a lower board 293. The
upper board 291 and the lower board 293 are different in rigidity because of, for example, their
difference in shape and size, and therefore there is a fear of breakage at the boundary between the
upper board 291 and the lower board 293.  Therefore, the armrest board 292 is generally subjected
to weakening at a position where the armrest board 292 is engaged with the upper board 291 and the
lower board 293.  For these reasons, the number of component parts tends to increase, and a
mechanism for weakening is required.

On the other hand, the vehicle door trim board 20 according to the present invention
includes the reinforcing part 23, and therefore can integrally be formed as illustrated in FIGs. 2 to 7.
By integrally forming the vehicle door trim board 20 according to the present invention, the
properties of the impact resistant resin constituting the reinforcing part 23 can effectively be enjoyed.
This makes it possible to provide a vehicle door trim board that is less likely to break.

[0016]

More specifically, it is possible to provide the following vehicle door trim boards 20
according to first to sixth embodiments.
[First Embodiment]

When an upper board part 21 and a lower board part 25 are separated in a vertical direction,
that is, when an upper board part 21 and a lower board part 25 are provided as separate boards, the
reinforcing part 23 is interposed between the upper board part 21 and the lower board part 25 so that
the vehicle door trim board 20 can be provided in which the upper board part 21, the reinforcing part
23, and the lower board part 25 are integrated together (see FIG. 2). In this case, the reinforcing
part 23 can be provided so as to cross the vehicle door trim board 20 in the front-back direction of a
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vehicle. That is, the reinforcing part 23 can be provided in the form of a band in the center of the
vehicle door trim board 20 (the reinforcing part 23 penetrates the vehicle door trim board 20 in the
front-back direction).

Such a structure makes it possible for the reinforcing part 23 interposed between the upper
board part 21 and the lower board part 25 to flexibly absorb impact so as to absorb a difference in
rigidity between the upper board part 21 and the lower board part 25.  Therefore, the vehicle door
trim board 20 can absorb impact without breakage even when the upper board part 21, the
reinforcing part 23, and the lower board part 25 are integrated together.

[0017]

In such a vehicle door trim board 20 integrally formed by interposing the reinforcing part
23 between the upper board part 21 and the lower board part 25, the joining configuration of a joint
between the reinforcing part 23 and the upper board part 21 or a joint between the reinforcing part 23
and the lower board part 25 is not particularly limited, and examples thereof include those shown in
FIGs. 3(a) to 3(c). More specifically, in the case of the joining configuration shown in FIG. 3(a),
the reinforcing part 23 and the other part to be joined therewith are formed in such a manner that
their respective joining portions are beveled when viewed in a cross section.  In this case, the area
of the joint can be increased to increase joint strength.  Further, as shown in FIG. 3(b), the
thicknesses of joining portions of the reinforcing part 23 and the other part to be joined therewith
may be reduced and the reinforcing part 23 and the other part may be engaged together in such a
manner that the total thickness of joining portions of the reinforcing part 23 and the other part equals
to the thickness of the one vehicle door trim board 20.  Also in this case, the area of the joint can be
increased to increase joint strength.  Further, as shown in FIG. 3(c), the joining portions of the
reinforcing part 23 and the other part to be joined therewith may be shaped in such a manner that one
of the joining portions can be fitted in the other joining portion so that the reinforcing part 23 and the
other part can be engaged together.  Also in this case, the area of the joint can be increased to
increase joint strength.

[0018]

Particularly, when such a joining structure as shown in FIG. 3(b) or 3(c) is obtained using
multi-material molding that will be described later, it is generally necessary to chamfer corners to
prevent stress concentration at the corners.  However, since the impact resistant resin is used in the
present invention, it is possible to eliminate the need for chamfering of the tip corners of a convex
portion (which correspond to the tip corners of a tenon in mortise joint) and the bottom corners of a
convex portion (which correspond to the bottom corners of a mortise in mortise joint).

[0019]

As shown in FIG. 7, the vehicle door trim board 20 may include an extension part 231 that
extends from the reinforcing part 23 so as to cover the entire surface of the upper board part 21 and
the lower board part 25. In this case, higher joint strength can be achieved.

In the present invention, another reinforcing part 24 may be used in combination with the
reinforcing part 23.  Particularly, as described above, when the reinforcing part 23 is provided in the
form of a band so as to penetrate the vehicle door trim board 20 in the front-back direction of a
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vehicle (i.e., so as to cross the vehicle door trim board 20), another reinforcing part 24 that is also in
the form of a band may be used in combination with the reinforcing part 23.  The number of the
other reinforcing parts 24 to be provided may be only one or two or more.

More specifically, as shown in FIGs. 8 and 9, the other reinforcing part 24 may be provided
in the lower board part 25.  The other reinforcing part 24 may include, for example, two parts:
another reinforcing part 241 and another reinforcing part 242.  Similarly to the reinforcing part 23,
the other reinforcing part 24 can also be formed using the above-described impact resistant resin.
[0020]

The reinforcing part 23 and the other reinforcing part 24 may be provided so as to be
almost parallel to each other. When one band-shaped reinforcing part 23 and two band-shaped
other reinforcing parts 24 (other reinforcing parts 241 and 242) are provided so as to be almost
parallel to one another, it is preferred that the reinforcing part 23 be disposed so as to correspond to
the chests of occupants, the other reinforcing part 241 be disposed so as to correspond to the
abdomens of occupants, and the other reinforcing part 242 be disposed so as to correspond to the
lumbars of occupants.  This makes it possible to allow the reinforcing part and the other reinforcing
parts to appropriately function as crumple zones necessary for occupant protection. More
specifically, it is possible to allow the reinforcing part 23, the other reinforcing part 241, and the other
reinforcing part 242 to function as a chest protection zone, an abdomen protection zone, and a
lumbar protection zone, respectively.

The other reinforcing part 24 may be provided so as to be replaced with part of the lower
board part 25 as shown in FIG. 8, or may be provided so as to be attached to one (or both) of the
front and back surfaces of the lower board part 25 as shown in FIG. 9.

[0021]

It is to be noted that in FIGs. 2, 3, and 7 to 9, an armrest board part 27 is also integrally
formed with the reinforcing part 23, but in some cases, the armrest board part 27 may be made of
another material (e.g., a material common to the upper board part 21 and the lower board part 25)
and integrated with the reinforcing part 23 during molding.

[0022]
[Second Embodiment]

Each of the upper board part 21 and the lower board part 25 may be made of any material.
For example, each of the upper board part 21 and the lower board part 25 may be formed as a fiber-
reinforced board containing reinforcing fibers and a binder resin that binds the reinforcing fibers
together.

In this case, the vehicle door trim board 20 can integrally be formed as an insert-molded
product using the fiber-reinforced boards (the upper board part 21 and the lower board part 25) as
insert bodies. That is, by injecting the impact resistant resin between fiber-reinforced boards that
are the upper board part 21 and the lower board part 25 formed as insert bodies, the vehicle door trim
board 20 can be obtained in which the upper board part 21, the lower board part 25, and the
reinforcing part 23 are integrated together.

[0023]



The type of the reinforcing fibers constituting the fiber-reinforced board is not limited, and
inorganic fibers (e.g., glass fibers) or organic fibers (natural fibers such as plant fibers or animal
fibers) can be used. These reinforcing fibers may be used singly or in combination of two or more
of them.

Among them, organic fibers are preferred, natural fibers are more preferred, and plant fibers
are particularly preferred. Plant fibers are derived from plants, and include fibers extracted from
plants and fibers obtained by processing them. Examples of the plant fibers include vein plant
fibers (e.g., abaca, sisal, agave), bast plant fibers (e.g., flax, jute, hemp, kenaf, ramie), wood-based
plant fibers (plant fibers extracted from broad-leaf trees, needle-leaf trees, etc.), and other plant fibers
(e.g., coconut shell fibers, oil palm empty fruit bunch fibers, rice straw fibers, wheat straw fibers,
bamboo fibers, cotton).

[0024]

The type of the binder resin is not limited, either.  The binder resin can be selected
depending on the type of reinforcing fibers to be used, but is particularly preferably a thermoplastic
resin.  Specific examples of the binder resin include a polyolefin resin, a polyester resin, a
polystyrene resin, an acrylic resin, a polyamide resin, a polycarbonate resin, a polyacetal resin, and
an ABS resin.  These resins may be used singly or in combination of two or more of them.

Among them, a polyolefin resin is preferred. Examples of the polyolefin resin include
polyethylene resins (the content of an ethylene-derived structural unit is 50% or more of the total
structural units) such as an ethylene homopolymer, an ethylene-1-butene copolymer, an ethylene-1-
hexene copolymer, and an ethylene-4-methyl-1-pentene copolymer.  Other examples of the
polyolefin resin include polypropylene resins (the content of a propylene-derived structural unit is
50% or more of the total structural units) such as a propylene homopolymer, a propylene-ethylene
copolymer (e.g., a propylene-ethylene random copolymer), and a propylene-1-butene copolymer.
[0025]

The binder resin may be only an unmodified thermoplastic resin, but may contain a
thermoplastic resin modified by introducing a polar group. Examples of the polar group include an
anhydrous carboxylic acid group (-CO-0O-OC-), a carboxylic acid group (-COOH), a carbonyl group
(-CO-), a hydroxyl group (-OH), an amino group (-NH>), a nitro group (-NO,), and a nitrile group (-
CN). These polar groups may be used singly or in combination of two or more of them.

[0026]

The ratio between the reinforcing fibers and the binder resin is not limited. However,
when the total amount of them is taken as 100% by mass, the amount of the reinforcing fibers may
be 10% by mass or more but 90% by mass or less (or may be 15% by mass or more but 85% by
mass or less, 25% by mass or more but 75% by mass or less, or 35% by mass or more but 65% by
mass or less).

[0027]

The reinforcing part 23 of the vehicle door trim board 20 contains a polyolefin resin, and a
modified elastomer as a compatibilizer.  As the modified elastomer, an olefin-based thermoplastic
elastomer can be used which will be described later. Therefore, when a polyolefin resin is used as



the above-described binder resin, and a modified polyolefin resin obtained by introducing a polar
group is used as part of the polyolefin resin constituting the binder resin, the reinforcing part 23
preferably uses a polyolefin resin and an olefin-based thermoplastic elastomer. By using them in
combination, it is possible to provide a vehicle door trim board that is extremely less likely to break.
[0028]

[Third Embodiment]

As described above, each of the upper board part 21 and the lower board part 25 may be
made of any material. For example, each of the upper board part 21 and the lower board part 25
can be formed as a foamed resin board.

In this case, by performing, in one mold, formation of foamed resin boards (the upper board
part 21 and the lower board part 25) using a predetermined resin material and formation of the
reinforcing part 23 using the impact resistant resin, the vehicle door trim board 20 can be obtained as
a multi-material molded product in which the upper board part 21, the lower board part 25, and the
reinforcing part 23 are integrated together.

[0029]

The resin material constituting the foamed resin boards is not limited, but another
thermoplastic resin can be used which is different from the impact resistant resin constituting the
reinforcing part 23 (i.e., a multi-material molded product can be obtained). More specifically, the
same olefin-based resin as that used as a binder resin in the above-described second embodiment can
be used together with a foaming agent.  That is, the other thermoplastic resin to be used to form the
foamed resin boards may be, for example, a polyolefin resin.  In this case, by using the polyolefin
resin in combination with a polyolefin resin and an olefin-based thermoplastic elastomer
(compatibilizer) which can be used to form the reinforcing part 23, it is possible to provide a vehicle
door trim board that is extremely less likely to break.

[0030]
[Fourth Embodiment]

When the upper board part 21 and the lower board part 25 are adjacent to each other in a
vertical direction, the vehicle door trim board 20 that is less likely to break can be obtained by
covering the surfaces of the upper board part 21 and the lower board part 25 with the reinforcing part
23. Inthis case, the reinforcing part 23 is preferably provided so as to cover at least the surface of a
boundary zone between the upper board part 21 and the lower board part 25 (see FIG. 4). Asa
matter of course, as shown in FIG. 5, the reinforcing part 23 may be provided so as to cover the
entire surface of the upper board part 21 and the lower board part 25 including the surface of the
boundary zone (see FIG. 5).

Further, the reinforcing part 23 covering the surface may be provided on the design surface
20a side (vehicle interior side) of the vehicle door trim board 20 as shown in FIG. 5, or may be
provided on the non-design surface 20b side (vehicle exterior side) of the vehicle door trim board 20
asshown in FIG. 6. However, the reinforcing part 23 is preferably provided on the design surface
20a side (vehicle interior side) of the vehicle door trim board 20.
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As a matter of course, the other reinforcing part 24 described above in the first embodiment
with reference to FIGs. 8 and 9 can be provided also when the reinforcing part 23 is provided in such
a manner as described above with reference to FIG. 4.

[0031]
[Fifth Embodiment]

Each of the upper board part 21 and the lower board part 25 may be made of any material.
Similarly to the second embodiment, each of the upper board part 21 and the lower board part 25
may be formed as a fiber-reinforced board containing reinforcing fibers and a binder resin that binds
the reinforcing fibers together.

In this case, the vehicle door trim board 20 can integrally be formed as an insert-molded
product using the fiber-reinforced boards (the upper board part 21 and the lower board part 25) as
insert bodies. That is, by injecting the impact resistant resin onto the surfaces of fiber-reinforced
boards that are the upper board part 21 and the lower board part 25 formed as insert bodies (onto at
least the surface of a boundary zone between the upper board part 21 and the lower board part 25),
the vehicle door trim board 20 can be obtained in which the upper board part 21, the lower board part
25, and the reinforcing part 23 are integrated together.  Also in this case, plant fibers can be used as
the reinforcing fibers as in the case of the second embodiment, and a preferred binder resin is also the
same as that described with reference to the second embodiment.

[0032]
[Sixth Embodiment]

As described above, each of the upper board part 21 and the lower board part 25 may be
made of any material. ~ Similarly to the third embodiment, each of the upper board part 21 and the
lower board part 25 may be formed as a foamed resin board.

In this case, by performing, in one mold, formation of foamed resin boards (the upper board
part 21 and the lower board part 25) using a predetermined resin material and formation of the
reinforcing part 23 using the impact resistant resin, the vehicle door trim board 20 can be obtained as
a multi-material molded product in which the upper board part 21, the lower board part 25, and the
reinforcing part 23 are integrated together. In this case, similarly to the third embodiment, a
polyolefin resin and a modified polyolefin resin obtained by introducing a polar group can be used as
another thermoplastic resin constituting the foamed resin boards.

[0033]

Hereinbelow, the above-described impact resistant resin constituting the reinforcing part 23
will be described by focusing on common points (including common points among the first to sixth
embodiments).

The impact resistant resin constituting the reinforcing part 23 contains a polyolefin resin, a
polyamide resin, and a compatibilizer.  Further, the compatibilizer is a modified elastomer having a
reactive group that reacts with the polyamide resin.

[0034]
<1> Polyolefin resin
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The polyolefin resin constituting the impact resistant resin may be an olefin homopolymer
and/or an olefin copolymer.

The olefin is not particularly limited, and examples thereof include ethylene, propylene, and
an a-olefin having 4 to 8 carbon atoms.  Examples of the a-olefin having 4 to 8 carbon atoms
include 1-butene, 3-methyl-1-butene, 1-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene,
and 1-octene. These olefins may be used singly or in combination of two or more of them.

Specific examples of the polyolefin resin include a polyethylene resin, a polypropylene
resin, poly-1-butene, poly-1-hexene, and poly-4-methyl-1-pentene.  These polymers may be used
singly or in combination of two or more of them. That is, the polyolefin resin may be a mixture of
two or more of the above polymers.

[0035]

Examples of the polyethylene resin include an ethylene homopolymer and a copolymer of
ethylene and another olefin (another olefin does not include ethylene). Examples of the latter
include an ethylene-1-butene copolymer, an ethylene-1-hexene copolymer, an ethylene-1-octene
copolymer, and an ethylene-4-methyl-1-pentene copolymer (the content of an ethylene-derived
structural unit is 50% or more of the total structural units).

[0036]

Examples of the polypropylene resin include a propylene homopolymer and a copolymer
of propylene and another olefin (another olefin does not include propylene). Examples of the latter
include a propylene-ethylene copolymer and a propylene-1-butene copolymer (the content of a
propylene-derived structural unit is 50% or more of the total structural units).

The copolymer of propylene and another olefin may be a random copolymer or a block
copolymer, but is preferably a block copolymer.  Particularly, a propylene-ethylene block
copolymer having ethylene as another olefin is preferred.  Such a propylene-ethylene block
copolymer is also called, for example, an impact copolymer, a polypropylene impact copolymer, a
heterophasic polypropylene, or a heterophasic block polypropylene.

[0037]

The weight-average molecular weight (based on polystyrene standards) of the polyolefin
resin measured by gel permeation chromatography (GPC) is not particularly limited, and may be, for
example, 10,000 or more but 500,000 or less, but is preferably 100,000 or more but 450,000 or less,
more preferably 200,000 or more but 400,000 or less.

[0038]

It is to be noted that the polyolefin resin is a polyolefin that has no affinity for the
polyamide resin that will be described later, and that has no reactive group capable of reacting with
the polyamide resin, either. In this point, the polyolefin resin is different from an olefin-based
component as the modified elastomer that will be describe later.

[0039]
<2> Polyamide resin

The polyamide resin constituting the impact resistant resin is a polymer obtained by

polymerizing a plurality of monomers via amide bonds (-NH-CO-).
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Examples of a monomer constituting the polyamide resin include amino acids such as 6-
aminocaproic acid, 11-aminoundecanoic acid, 12-aminododecanoic acid, and para-aminomethyl
benzoic acid, and lactams such as e-caprolactam, undecane lactam, and w-lauryl lactam. These
monomers may be used singly or in combination of two or more of them.

[0040]

The polyamide resin can be obtained also by copolymerization of a diamine and a
dicarboxylic acid. In this case, examples of the diamine as a monomer include: aliphatic diamines
such as ethylene diamine, 1,3-diaminopropane, 1,4-diaminobutane, 1,6-diaminohexane, 1,7-
diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane, 1,10-diaminodecane, 1,11-
diaminoundecane, 1,12-diaminododecane, 1,13-diaminotridecane, 1,14-diaminotetradecane, 1,15-
diaminopentadecane, 1,16-diaminohexadecane, 1,17-diaminoheptadecane, 1,18-diaminooctadecane,
1,19-diaminononadecane, 1,20-diaminoeicosane, 2-methyl-1,5-diaminopentane, and 2-methyl-1,8-
diaminooctane; alicyclic diamines such as cyclohexane diamine and bis-(4-
aminocyclohexyl)methane; and aromatic diamines such as xylylene diamines (e.g., p-
phenylenediamine and m-phenylenediamine).  These diamines may be used singly or in
combination of two or more of them.

[0041]

Examples of the dicarboxylic acid as a monomer include: aliphatic dicarboxylic acids such
as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, undecanedioic acid, dodecanedioic acid, brasylic acid, tetradecanedioic
acid, pentadecanedioic acid, and octadecanedioic acid; alicyclic dicarboxylic acids such as
cyclohexanedicarboxylic acid; and aromatic dicarboxylic acids such as phthalic acid, terephthalic
acid, isophthalic acid, and naphthalenedicarboxylic acid. These dicarboxylic acids may be used
singly or in combination of two or more of them.

[0042]

Specific examples of the polyamide resin include polyamide 6, polyamide 66, polyamide
11, polyamide 610, polyamide 612, polyamide 614, polyamide 12, polyamide 6T, polyamide 6,
polyamide 9T, polyamide M5T, polyamide 1010, polyamide 1012, polyamide 10T, polyamide
MXD6, polyamide 6T/66, polyamide 6T/61, polyamide 6T/61/66, polyamide 6 T/2M-5T, and
polyamide 9T/2M-8T. These polyamides may be used singly or in combination of two or more of
them.

[0043]

In the impact resistant resin used in the present invention, among the above-mentioned
various polyamide resins, one may be used which has a structure in which a hydrocarbon group
between adjacent amide bonds in a main chain has a linear chain of 6 or more carbon atoms (usually
16 or less carbon atoms) (in the present invention, simply referred to as a “long chain structure”).
When a polyamide resin having a long chain structure is used, the content of the long chain structure
is preferably 50% or more and may be 100% of all the structural units of the polyamide resin.
Specific examples of the polyamide resin having a long chain structure include polyamide 11,
polyamide 610, polyamide 612, polyamide 614, polyamide 12, polyamide 6T, polyamide 6l,
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polyamide 9T, polyamide 1010, polyamide 1012, polyamide 10T, and polyamide 9T/2M-8T.
These polyamides may be used singly or in combination of two or more of them.
[0044]

In the present invention, among the above-mentioned various polyamide resins, one
derived from a plant may be used. A plant-derived polyamide resin is desirable from the viewpoint
of environmental protection (particularly from the viewpoint of carbon neutral) because it uses a
monomer derived from a plant-derived component such as a vegetable oil.

Examples of the plant-derived polyamide resin include polyamide 11 (hereinafter, also
simply referred to as “PA11”), polyamide 610 (hereinafter, also simply referred to as “PA610”),
polyamide 612 (hereinafter, also simply referred to as “PA612”), polyamide 614 (hereinafter, also
simply referred to as “PA614”), polyamide 1010 (hereinafter, also simply referred to as “PA1010”),
polyamide 1012 (hereinafter, also simply referred to as “PA1012”), and polyamide 10T (hereinafter,
also simply referred to as “PA10T”). These plant-derived polyamide resins may be used singly or
in combination of two or more of them.

[0045]

The weight-average molecular weight (based on polystyrene standards) of the polyamide
resin measured by gel permeation chromatography (GPC) is not particularly limited, and may be, for
example, 5,000 or more but 100,000 or less, but is preferably 7,500 or more but 50,000 or less, more
preferably 10,000 or more but 50,000 or less.

[0046]
<3> Modified elastomer

The modified elastomer constituting the impact resistant resin is an elastomer having a
reactive group that reacts with the polyamide resin.  This modified elastomer is preferably a
component having an affinity for the polyolefin resin.  That is, the modified elastomer is preferably
a component having compatibilizing action on the polyamide resin and the polyolefin resin.  In
other words, the modified elastomer is preferably a compatibilizer for the polyamide resin and the
polyolefin resin.

[0047]

Examples of the reactive group include an acid anhydride group (-CO-O-OC-), a carboxyl
group (-COOH), an epoxy group {-C,O (a three-membered ring structure composed of two carbon
atoms and one oxygen atom)}, an oxazoline group (-C3H4NO), and an isocyanate group (-NCO).
These reactive groups may be used singly or in combination of two or more of them.

The amount of modification of the modified elastomer is not limited as long as the
modified elastomer has one or more reactive groups per molecule.  Further, the modified elastomer
preferably has 1 or more but 50 or less reactive groups, more preferably 3 or more but 30 or less
reactive groups, particularly preferably 5 or more but 20 or less reactive groups per molecule.

[0048]

Examples of the modified elastomer include: a polymer using any monomer capable of
introducing a reactive group (a modified elastomer obtained by polymerization using monomers
capable of introducing a reactive group); an oxidative degradation product of any polymer (a

14



modified elastomer having a reactive group formed by oxidative degradation); and a graft polymer
obtained by graft polymerization of an organic acid on any polymer (a modified elastomer having a
reactive group introduced by graft polymerization of an organic acid). These modified elastomers
may be used singly or in combination of two or more of them.  These modified elastomers may be
used singly or in combination of two or more of them.

[0049]

Examples of the monomer capable of introducing a reactive group include a monomer
having a polymerizable unsaturated bond and an acid anhydride group, a monomer having a
polymerizable unsaturated bond and a carboxyl group, and a monomer having a polymerizable
unsaturated bond and an epoxy group.

Specific examples of the monomer capable of introducing a reactive group include: acid
anhydrides such as maleic anhydride, itaconic anhydride, succinic anhydride, glutaric anhydride,
adipic anhydride, citraconic anhydride, tetranydrophthalic anhydride, and butenyl succinic
anhydride; and carboxylic acids such as maleic acid, itaconic acid, fumaric acid, acrylic acid, and
methacrylic acid. These compounds may be used singly or in combination of two or more of them.
Among these compounds, acid anhydrides are preferred, maleic anhydride and itaconic anhydride
are more preferred, and maleic anhydride is particularly preferred.

[0050]

The type of a resin constituting the skeleton of the modified elastomer (hereinafter, referred
to as “skeletal resin”) is not particularly limited, and various thermoplastic resins may be used. As
the skeletal resin, one or two or more of the various reins mentioned above as examples of the
polyolefin resin may be used.  Other examples of the skeletal resin include an olefin-based
thermoplastic elastomer and a styrene-based thermoplastic elastomer.  These skeletal resins may be
used singly or in combination of two or more of them.

[0051]

The olefin-based thermoplastic elastomer may be a copolymer of two or more olefins.

The olefins may be one or two or more of the various olefins mentioned above as examples
of an olefin constituting the polyolefin resin.  The olefin-based thermoplastic elastomer is
particularly preferably a copolymer of ethylene and an a-olefin having 3 to 8 carbon atoms or a
copolymer of propylene and an a-olefin having 4 to 8 carbon atoms.

[0052]

Specific examples of the copolymer of ethylene and an a-olefin having 3 to 8 carbon atoms
include an ethylene-propylene copolymer (EPR), an ethylene-1-butene copolymer (EBR), an
ethylene-1-pentene copolymer, and an ethylene-1-octene copolymer (EOR).

Examples of the copolymer of propylene and an a-olefin having 4 to 8 carbon atoms
include a propylene-1-butene copolymer (PBR), a propylene-1-pentene copolymer, and a propylene-
1-octene copolymer (POR). These olefin-based thermoplastic elastomers may be used singly or in
combination of two or more of them.

[0053]
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On the other hand, examples of the styrene-based thermoplastic elastomer include a block
copolymer of a styrene-based compound and a conjugated diene compound and a hydrogenated
product thereof.

Examples of the styrene-based compound include styrene, alkyl styrenes such as a-methyl
styrene, p-methyl styrene, and p-t-butyl styrene, p-methoxy styrene, and vinyl naphthalene. These
styrene-based compounds may be used singly or in combination of two or more of them.

Examples of the conjugated diene compound include butadiene, isoprene, piperylene,
methyl pentadiene, phenyl butadiene, 3,4-dimethyl-1,3-hexadiene, and 4,5-diethyl-1,3-octadiene.
These conjugated diene compounds may be used singly or in combination of two or more of them.
[0054]

Specific examples of the styrene-based thermoplastic elastomer include a styrene-
butadiene-styrene copolymer (SBS), a styrene-isoprene-styrene copolymer (SIS), a styrene-
ethylene/butylene-styrene copolymer (SEBS), and a styrene-ethylene/propylene-styrene copolymer
(SEPS). These styrene-based thermoplastic elastomers may be used singly or in combination of
two or more of them.  Among them, SEBS is preferred.

[0055]

The weight-average molecular weight (based on polystyrene standards) of the modified
elastomer measured by gel permeation chromatography (GPC) is not particularly limited, and may
be, for example, 10,000 or more but 500,000 or less, but is preferably 35,000 or more but 500,000 or
less, more preferably 35,000 or more but 300,000 or less.

[0056]
<4> Other components

The impact resistant resin may contain other components in addition to the polyolefin resin,
the polyamide resin, and the modified elastomer. Examples of the other components include a filler
(reinforcing filler), a nucleating agent, an antioxidant, a thermal stabilizer, a weatherproofer, a light
stabilizer, a plasticizer, an ultraviolet absorber, an antistatic agent, a flame retardant, a flame retardant
aid, a slip agent, an antiblocking agent, an antifog agent, a lubricant, an antimicrobial agent, a
colorant (pigment, dye), a disperser, a copper inhibitor, a neutralizer, an anti-foam agent, a weld
strength improver, a natural oil, a synthetic oil, and awax. These other components may be used
singly or in combination of two or more of them.

[0057]

Examples of another thermoplastic resin include polyester-based resins (polybutylene
terephthalate, polyethylene terephthalate, polycarbonate, polybutylene succinate, polyethylene
succinate, and polylactic acid). These other thermoplastic resins may be used singly or in
combination of two or more of them.

Examples of the filler include: glass components (e.qg., glass fibers, glass beads, and glass
flakes); silica; inorganic fibers (glass fibers, alumina fibers, and carbon fibers), graphite, silicate
compounds (e.g., calcium silicate, aluminum silicate, montmorillonite, kaolin, talc, and clay), metal
oxides (e.g., iron oxide, titanium oxide, zinc oxide, antimony oxide, and alumina), carbonates and
sulfates of metals such as lithium, calcium, magnesium, and zinc, metals (e.g., aluminum, iron, silver,
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and copper), hydroxides (e.g., aluminum hydroxide and magnesium hydroxide), sulfides (e.g.,
barium sulfate), carbides (e.g., wood charcoal and bamboo charcoal), titanides (e.g., potassium
titanate and barium titanate), organic fibers (e.g., aromatic polyester fibers, aromatic polyamide
fibers, fluororesin fibers, polyimide fibers, and vegetable fibers), and celluloses (e.g., cellulose
microfibrils and cellulose acetate). These fillers may be used singly or in combination of two or
more of them. They can be used also as nucleating agents.

[0058]

<5> Phase structure

The phase structure of the impact resistant resin is not limited, but the impact resistant resin
can have the following phase structure (1), (2), or (3).

Phase structure (1): A phase structure having a continuous phase (A) containing a
polyolefin resin and a dispersed phase (B) dispersed in the continuous phase (A) and containing a
polyamide resin and a modified elastomer (see FIG. 10) It is to be noted that the phase structure (1)
does not coexist with another phase structure having a continuous phase containing a polyamide
resin and a dispersed phase dispersed in the continuous phase.

Phase structure (2): A phase structure having a continuous phase containing a polyamide
resin and a dispersed phase dispersed in the continuous phase and containing a polyolefin resin  Itis
to be noted that the phase structure (2) does not coexist with another phase structure having a
continuous phase containing a polyolefin resin and a dispersed phase dispersed in the continuous
phase.

Phase Structure (3): A phase structure having a continuous phase (A;) containing a
polyolefin resin, a dispersed phase (Bai1) dispersed in the continuous phase (A;) and containing a
polyamide resin and a modified elastomer, a continuous phase (A.) containing a polyamide resin,
and a dispersed phase (Baz) dispersed in the continuous phase (A2) and containing a modified
elastomer (see FIG. 11)

Among these phase structures, the phase structure (1) or the phase structure (3) is preferred,
and the phase structure (1) is more preferred.

[0059]

In the phase structure (1), the dispersed phase (B) in the phase structure (1) may further
have a continuous phase (B;) that is present in the dispersed phase (B) and contains the polyamide
resin and a fine dispersed phase (B,) that is dispersed in the continuous phase (B,) and contains the
modified elastomer (see FIG. 10). In this case, the phase structure (1) has a multiple phase structure
having a fine dispersed phase (B,) further dispersed in the dispersed phase (B).

It is to be noted that the modified elastomer present in the phase structure (1) may be an
unreacted modified elastomer, a product obtained by reaction with the polyamide resin, or a mixture
of them.

[0060]

The phase structure (3) can be a co-continuous phase structure in which two continuous
phases, the continuous phase (A;) and the continuous phase (A), coexist.  The dispersed phase
(Ba1) present in the continuous phase (A;) may have a continuous phase (Bai) that is present in the
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dispersed phase (Ba1) and contains the polyamide resin and a fine dispersed phase (Bai2) that is
dispersed in the continuous phase (Bai1) and contains the modified elastomer.  In this case, the
phase structure (3) has a multiple phase structure having a fine dispersed phase (Bai2) further
dispersed in the dispersed phase (Bai).

It is to be noted that the modified elastomer present in the phase structure (3) may be an
unreacted modified elastomer, a product obtained by reaction with the polyamide resin, or a mixture
of them.

[0061]

In the case of the phase structure (1), the continuous phase (A) contains a polyolefin resin.
The polyolefin resin is a main component of the continuous phase (A) (the ratio of the polyolefin
resin is usually 70% by mass or more and may be 100% by mass with respect to the total mass of the
continuous phase A). The dispersed phase (B) contains a polyamide resin and a modified elastomer.
The polyamide resin (when the dispersed phase (B) contains a modified elastomer, the polyamide
resin and the modified elastomer) is (are) a main component of the dispersed phase (B) (the ratio of
the polyamide resin (the polyamide resin and the modified elastomer) is usually 70% by mass or
more and may be 100% by mass with respect to the total mass of the dispersed phase B).

When the phase structure (1) has the above-described multiple phase structure, the
continuous phase (B;) contains the polyamide resin.  The polyamide resin is a main component of
the continuous phase (B,) (the ratio of the polyamide resin is usually 70% by mass or more and may
be 100% by mass with respect to the total mass of the continuous phase B;). The fine dispersed
phase (B,) contains the modified elastomer. The modified elastomer is a main component of the
fine dispersed phase (B,) (the ratio of the modified elastomer is usually 70% by mass or more and
may be 100% by mass with respect to the total mass of the fine dispersed phase B,).

[0062]

In the case of the phase structure (3), the continuous phase (A;) contains a polyolefin resin.
The polyolefin resin is a main component of the continuous phase (A;) (the ratio of the polyolefin
resin is usually 70% by mass or more and may be 100% by mass with respect to the total mass of the
continuous phase A;).  Further, the dispersed phase (Ba1) contains a polyamide resin and a modified
elastomer. The polyamide resin and the modified elastomer are a main component of the dispersed
phase (Bas) (the ratio of the polyamide resin and the modified elastomer is usually 70% by mass or
more and may be 100% by mass with respect to the total mass of the dispersed phase Bas).

When the phase structure (3) is the above-described multiple phase structure, the
continuous phase (Ba11) contains the polyamide resin.  The polyamide resin is a main component of
the continuous phase (Bai1) (the ratio of the polyamide resin is usually 70% by mass or more and
may be 100% by mass with respect to the total mass of the continuous phase Ba1). The fine
dispersed phase (Bai2) contains the modified elastomer.  The modified elastomer is a main
component of the fine dispersed phase (Bai2) (the ratio of the modified elastomer is usually 70% by
mass or more and may be 100% by mass with respect to the total mass of the fine dispersed phase
Bai12).
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The continuous phase (A;) contains the polyamide resin.  The polyamide resin is a main
component of the continuous phase (A,) (the ratio of the polyamide resin is usually 70% by mass or
more and may be 100% by mass with respect to the total mass of the continuous phase A;). The
dispersed phase (Bay) dispersed in the continuous phase (A;) contains the modified elastomer. The
modified elastomer is a main component of the dispersed phase (Bao) (the ratio of the modified
elastomer is usually 70% by mass or more and may be 100% by mass with respect to the total mass
of the dispersed phase Bay).

[0063]

These phase structures can more reliably be obtained by melt-kneading a polyolefin resin
and a melt-kneaded product of a polyamide resin and a modified elastomer.

It is to be noted that the impact resistant resin may contain a reaction product obtained by
the reaction of the reactive group of the modified elastomer with the polyamide resin. In this case,
in the phase structure (1), the reaction product can be present at, for example, the interface between
the continuous phase (A) and the dispersed phase (B) and/or the interface between the continuous
phase (B1) and the fine dispersed phase (B;). Similarly, in the phase structure (3), the reaction
product can be present at, for example, the interface between the continuous phase (A;) and the
continuous phase (A), the interface between the continuous phase (A;) and the dispersed phase
(Ba1), and the interface between the continuous phase (Bai) and the fine dispersed phase (Bazo).
[0064]

The various phase structures can be observed by observing the treated surface of a test
specimen subjected to oxygen plasma etching and then to osmium coating with a field-emission
scanning electron microscope (FE-SEM).  Particularly, the dispersed phase and the fine dispersed
phase can be observed in an image enlarged 1000 times or more (usually 10,000 times or less) by
this method.  The component constituting each of the phases can be identified by performing
energy dispersive X ray spectrometry (EDS) during the observation using the field-emission
scanning electron microscope (FE-SEM).

[0065]

The size of the dispersed phase (the dispersed phase B shown in FIG. 10, the dispersed
phase Baz shown in FIG. 11) of the impact resistant resin is not particularly limited, but the
dispersion diameter (average dispersion diameter) of the dispersed phase is preferably 10000 nm or
less, more preferably 50 nm or more but 8000 nm or less, even more preferably 100 nm or more but
4000 nm or less.

The dispersion diameter of the dispersed phase can be measured in an electron microscope
image enlarged 1000 times or more. More specifically, 20 particles of the dispersed phase are
randomly selected in a predetermined area in the image, the largest diameter of each of the particles
Is measured, and an average of the largest diameters is determined as a first average. Then, first
averages measured in 5 different areas in the image are further averaged to determine an average
dispersion diameter (major-axis average dispersion diameter) of the dispersed phase.

[0066]
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The size of the fine dispersed phase (the fine dispersed phase B, shown in FIG. 10, the fine
dispersed phase Bai, shown in FIG. 11) contained in the dispersed phase (the dispersed phase B
shown in FIG. 10, the dispersed phase Ba; shown in FIG. 11) of the impact resistant resin is not
particularly limited, but the dispersion diameter (average dispersion diameter) of the fine dispersed
phase is preferably 5 nm or more but 2000 nm or less, more preferably 5 nm or more but 600 nm or
less, even more preferably 10 nm or more but 400 nm or less, particularly preferably 15 nm or more
but 350 nm or less.

The dispersion diameter of the fine dispersed phase can be measured in an electron
microscope image enlarged 1000 times or more.  More specifically, 20 particles of the fine
dispersed phase are randomly selected in a predetermined area in the image, the largest diameter of
each of the particles is measured, and an average of the largest diameters is determined as a first
average. Then, first averages measured in 5 different areas in the image are further averaged to
determine an average dispersion diameter (major-axis average dispersion diameter) of the fine
dispersed phase.

[0067]
<6> Blending

When the total of the polyolefin resin, the polyamide resin, and the modified elastomer
contained in the impact resistant resin is taken as 100% by mass, the ratio of the polyolefin resin may
be 2% by mass or more but 90% by mass or less.  The ratio of the polyolefin resin is preferably 5%
by mass or more but 85% by mass or less, more preferably 10% by mass or more but 83% by mass
or less, even more preferably 15% by mass or more but 80% by mass or less, even more preferably
20% by mass or more but 78% by mass or less, even more preferably 25% by mass or more but 75%
by mass or less, even more preferably 30% by mass or more but 73% by mass or less, even more
preferably 35% by mass or more but 70% by mass or less.

[0068]

When the total of the polyolefin resin, the polyamide resin, and the modified elastomer
contained in the impact resistant resin is taken as 100% by mass, the ratio of the polyamide resin and
the modified elastomer (part or all of them may be reacted with each other) may be 10% by mass or
more but 98% by mass or less.  The ratio of the polyamide resin and the modified elastomer is
preferably 15% by mass or more but 95% by mass or less, more preferably 17% by mass or more
but 90% by mass or less, even more preferably 20% by mass or more but 85% by mass or less, even
more preferably 22% by mass or more but 80% by mass or less, even more preferably 25% by mass
or more but 75% by mass or less, even more preferably 27% by mass or more but 70% by mass or
less, even more preferably 30% by mass or more but 65% by mass or less.

[0069]

When the total of the polyolefin resin, the polyamide resin, and the modified elastomer
contained in the impact resistant resin is taken as 100% by mass, the ratio of the polyamide resin
may be 1% by mass or more but 75% by mass or less.  The ratio of the polyamide resin is
preferably 2% by mass or more but 70% by mass or less, more preferably 4% by mass or more but
65% by mass or less, even more preferably 6% by mass or more but 60% by mass or less, even more
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preferably 8% by mass or more but 55% by mass or less, even more preferably 10% by mass or
more but 50% by mass or less, even more preferably 12% by mass or more but 45% by mass or less,
even more preferably 15% by mass or more but 40% by mass or less.

[0070]

When the total of the polyolefin resin, the polyamide resin, and the modified elastomer
contained in the impact resistant resin is taken as 100% by mass, the ratio of the modified elastomer
may be 1% by mass or more but 60% by mass or less.  The ratio of the modified elastomer is
preferably 2% by mass or more but 55% by mass or less, more preferably 4% by mass or more but
45% by mass or less, even more preferably 6% by mass or more but 40% by mass or less, even more
preferably 8% by mass or more but 38% by mass or less, even more preferably 10% by mass or
more but 37% by mass or less, even more preferably 12% by mass or more but 36% by mass or less,
even more preferably 15% by mass or more but 35% by mass or less.

[0071]

When the total of the polyolefin resin and the polyamide resin contained in the impact
resistant resin is taken as 100% by mass, the ratio of the polyamide resin may be 1.5% by mass or
more but 88% by mass or less.  The ratio of the polyamide resin is preferably 3% by mass or more
but 75% by mass or less, more preferably 5% by mass or more but 70% by mass or less, even more
preferably 10% by mass or more but 65% by mass or less, even more preferably 15% by mass or
more but 60% by mass or less, even more preferably 18% by mass or more but 55% by mass or less,
even more preferably 20% by mass or more but 50% by mass or less, even more preferably 25% by
mass or more but 45% by mass or less.

[0072]

When the total of the polyamide resin and the modified elastomer contained in the impact
resistant resin is taken as 100% by mass, the ratio of the modified elastomer may be 20% by mass or
more but 90% by mass or less.  The ratio of the modified elastomer is preferably 22% by mass or
more but 88% by mass or less, more preferably 25% by mass or more but 86% by mass or less, even
more preferably 27% by mass or more but 75% by mass or less, even more preferably 29% by mass
or more but 70% by mass or less, even more preferably 32% by mass or more but 66% by mass or
less, even more preferably 36% by mass or more but 60% by mass or less.

[0073]

It is to be noted that in the case of the phase structure (1) (see FIG. 10), the ratio of the
polyolefin resin when the total of the polyolefin resin, the polyamide resin, and the modified
elastomer is taken as 100% by mass is usually equal to the ratio of the continuous phase (A) when
the total mass of the phases of the phase structure (1) is taken as 100% by mass.  On the other hand,
in the case of the phase structure (3) (see FIG. 11), the ratio of the polyolefin resin when the total of
the polyolefin resin, the polyamide resin, and the modified elastomer is taken as 100% by mass is
usually equal to the ratio of the continuous phase (A;) when the total mass of the phases of the phase
structure (3) is taken as 100% by mass.  The ratio mentioned herein refers to a volume ratio, and is
usually also equal to an area ratio reflecting the volume ratio (the same applies hereinafter).

[0074]
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In the case of the phase structure (1) (see FIG. 10), the ratio of the polyamide resin and the
modified elastomer when the total of the polyolefin resin, the polyamide resin, and the modified
elastomer is taken as 100% by mass is usually equal to the ratio of the dispersed phase (B) when the
total mass of the phases of the phase structure (1) is taken as 100% by mass. On the other hand, in
the case of the phase structure (3) (see FIG. 11), the ratio of the polyamide resin and the modified
elastomer when the total of the polyolefin resin, the polyamide resin, and the modified elastomer is
taken as 100% by mass is usually equal to the total ratio of the dispersed phase (Ba1), the continuous
phase (A.), and the dispersed phase (Baz) when the total mass of the phases of the phase structure (3)
is taken as 100% by mass.

[0075]

In the case of the phase structure (1) (see FIG. 10), the ratio of the polyamide resin when
the total of the polyolefin resin, the polyamide resin, and the modified elastomer is taken as 100% by
mass is usually equal to the ratio of the continuous phase (B;) when the total mass of the phases of
the phase structure (1) is taken as 100% by mass.  On the other hand, in the case of the phase
structure (3) (see FIG. 11), the ratio of the polyamide resin when the total of the polyolefin resin, the
polyamide resin, and the modified elastomer is taken as 100% by mass is usually equal to the total
ratio of the continuous phase (A;) and the continuous phase (Bai1) present in the dispersed phase
when the total mass of the phases of the phase structure (3) is taken as 100% by mass.

[0076]

In the case of the phase structure (1) (see FIG. 10), the ratio of the modified elastomer when
the total of the polyolefin resin, the polyamide resin, and the modified elastomer is taken as 100% by
mass is usually equal to the ratio of the fine dispersed phase (B,) when the total mass of the phases of
the phase structure (1) is taken as 100% by mass.  On the other hand, in the case of the phase
structure (3) (see FIG. 11), the ratio of the modified elastomer when the total of the polyolefin resin,
the polyamide resin, and the modified elastomer is taken as 100% by mass is usually equal to the
total ratio of the fine dispersed phase (Ba12) and the dispersed phase (Baz) when the total mass of the
phases of the phase structure (3) is taken as 100% by mass.

[0077]
<7> Physical Properties

This impact resistant resin can achieve high impact resistance, high flexural modulus, or
both of these properties. For example, the impact resistant resin can achieve a Charpy impact
strength of 5 kJ/m? or more but 150 kJ/m? or less.  The impact resistant resin can achieve a flexural
modulus of 430 MPa or more but 1500 MPa or less.  Further, the impact resistant resin can achieve
a Charpy impact strength of 50 kJ/m? or more but 140 kJ/m? or less.  The impact resistant resin can
achieve a flexural modulus of 440 MPa or more but 1300 MPa or less.  Further, the impact resistant
resin can achieve a Charpy impact strength of 60 kJ/m? or more but 135 kJ/m? or less.  The impact
resistant resin can achieve a flexural modulus of 450 MPa or more but 1250 MPa or less.  Further,
the impact resistant resin can achieve a Charpy impact strength of 70 kd/m? or more but 130 kJ/m? or
less. The impact resistant resin can achieve a flexural modulus of 460 MPa or more but 1200 MPa
or less.  Further, the impact resistant resin can achieve a Charpy impact strength of 80 kJ/m? or
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more but 125 kJ/m? or less.  The impact resistant resin can achieve a flexural modulus of 470 MPa
or more but 1100 MPa or less.

It is to be noted that the values of the Charpy impact strength are measured in accordance
with JIS K 7111-1 (type A notch, temperature: 23°C, edgewise test method).  The values of the
flexural modulus are measured in accordance with JIS K7171 (distance between supporting points:
64 mm, support at two supporting points with a curvature radius of 5 mm, a point of action with a
curvature radius of 5 mm is used, load application rate: 2 mm/min).

[0078]

A method for preparing the impact resistant resin is not limited, but the impact resistant
resin can be obtained by, for example, melt-kneading a polyolefin resin and a melt-kneaded product
of a polyamide resin and a modified elastomer.  The preparation of the melt-kneaded product and
the melt-kneading of the melt-kneaded product and a polyolefin resin may be performed using any
melt-kneading device. Examples of the melt-kneading device include an extruder (e.g., a single-
screw extruder or a twin-screw melt-kneading extruder), a kneader, and a mixer (e.g., a high-speed
flow mixer, a paddle mixer, or a ribbon mixer).

The melt-kneading temperature of a polyamide resin and a modified elastomer is not
limited, and may be, for example, 190°C or higher but 350°C or lower, but is preferably 200°C or
higher but 330°C or lower, more preferably 205°C or higher but 310°C or lower. The melt-
kneading temperature of the obtained melt-kneaded product and a polyolefin resin is not limited, and
may be, for example, 190°C or higher but 350°C or lower, but is preferably 200°C or higher but
300°C or lower, more preferably 205°C or higher but 260°C or lower.

[0079]

The reinforcing part and/or the other reinforcing part may be a solid part, but if necessary,
part or entirety thereof may be foamed. That is, the reinforcing part may be formed by foam
molding. Further, the other reinforcing part may be formed by foam molding (hereinafter, the
reinforcing part and the other reinforcing part formed by foam molding are simply referred to also as
“foamed parts”). When the reinforcing part and the other reinforcing part are formed by foam
molding, the vehicle door trim board can have a light weight and excellent heat insulating properties
while having excellent impact resistance.

The foamed part can be obtained by foaming the impact resistant resin.  When the impact
resistant resin has such a phase structure including a continuous phase (A) and a dispersed phase (B)
as described above, it is preferred that air bubbles be contained in the continuous phase (A) but not
contained in the dispersed phase (B).

[0080]
[2] Door trim

Atrim board (10) according to the present invention (see FIG. 1) includes the above-
described vehicle door trim board (20) and a surface skin layer (15) provided on a design surface
side of the vehicle door trim board (20). That is, the surface skin layer (15) can be provided to
constitute a design surface (10a) of the door trim (10).
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This door trim (10) is fitted to a door panel (30), and the door trim (10) and the door panel
(30) function as a vehicle door (1) as a whole.

[0081]

The surface skin layer 15 is a layer forming a design surface of the door trim 10. More
specifically, the surface skin layer 15 may be any of various cloths (including woven cloths, knitted
cloths, nonwoven cloths, etc.) or a resin skin (e.g., a resin skin material patterned by embossing).
The structure of the surface skin layer 15 is not limited, and the surface skin layer 15 may have one
layer or two or more layers. When having two or more layers, the surface skin layer 15 may be a
laminated body including, for example, a surface layer (e.g., artificial leather or woven fabric) having
a design surface and a cushion layer (provided on the non-design surface side of the surface skin
layer 15).

[0082]

As described above, the door trim 10 according to the present invention includes the
surface skin layer 28. However, the door trim 10 can of course be used even without the surface
skin layer 28.  That is, the vehicle door trim board 20 can directly be used as the door trim 10 when
the design surface of the vehicle door trim board 20 is patterned by, for example, being directly
subjected to embossing.

[0083]

The above-described examples are for illustrative purposes only, and shall not be construed
as limiting the present invention.  Although the present invention has been described with reference
to exemplary embodiments, it is understood that the words used in the description and drawings of
the present invention are explanatory and illustrative rather than restrictive.  As described in detail
herein, modifications may be made to the embodiments within the scope of the appended claims
without departing from the scope and spirit of the present invention.  Although the present
invention has been described in detail with reference to particular structures, materials, and examples,
the present invention is not intended to be limited to the particulars disclosed herein; rather, the
present invention extends to all the functionally-equivalent structures, methods, and uses within the
scope of the appended claims.

INDUSTRIAL APPLICABILITY
[0084]

The vehicle door trim board and the door trim according to the present invention are used
as interior materials for automobiles and railway vehicles. They can be used also as other interior
materials for automobiles.  Specific examples thereof include instrument panels, door trims, quarter
trims, roof linings, pillar garnishes, deck trims, tonneau boards, package trays, dashboards, console
boxes, and seat backboards.

REFERENCE SIGNS LIST
[0085]
1 Vehicle door
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CLAIMS

1. A vehicle door trim board comprising: a reinforcing part made of an impact resistant resin
containing a polyolefin resin, a polyamide resin, and a compatibilizer, wherein

the compatibilizer is a modified elastomer having a reactive group that reacts with the
polyamide resin.
2. The vehicle door trim board according to claim 1, further comprising an upper board part
and a lower board part which are separated in a vertical direction, wherein

the reinforcing part is interposed between the upper board part and the lower board part.
3. The vehicle door trim board according to claim 2, wherein each of the upper board part and
the lower board part is formed of a foamed resin board using another thermoplastic resin different
from the impact resistant resin, wherein

the upper board part, the lower board part, and the reinforcing part are integrally provided
as a multi-material molded body using the another thermoplastic resin and the impact resistant resin.
4. The vehicle door trim board according to claim 2, wherein each of the upper board part and
the lower board part is formed of a fiber-reinforced board containing plant fibers and a binder resin
that binds the plant fibers together, wherein

the upper board part, the lower board part, and the reinforcing part are integrally provided
as an insert-molded product using the fiber-reinforced boards as insert bodies.
5. The vehicle door trim board according to claim 1, further comprising an upper board part
and a lower board part which are adjacent to each other in a vertical direction, wherein

the reinforcing part covers at least a surface of a boundary zone between the upper board
part and the lower board part.
6. The vehicle door trim board according to claim 5, wherein the upper board part and the
lower board part are integrally formed of a foamed resin board using another thermoplastic resin
different from the impact resistant resin, wherein

the upper board part, the lower board part, and the reinforcing part are integrally provided
as a multi-material molded body using the another thermoplastic resin and the impact resistant resin.
7. The vehicle door trim board according to claim 5, wherein the upper board part and the
lower board part are integrally formed of a fiber-reinforced board containing plant fibers and a binder
resin that binds the plant fibers together, wherein

the upper board part, the lower board part, and the reinforcing part are integrally provided
as an insert-molded product using the fiber-reinforced board as an insert body.
8. The vehicle door trim board according to any one of claims 1 to 7, wherein the reinforcing
part is provided in a band form so as to penetrate the vehicle door trim board in a front-back direction
of a vehicle,

the lower board part has at least one other band-shaped reinforcing part different from the
reinforcing part, and
the other reinforcing part is made of the impact resistant resin and provided almost in parallel to the
reinforcing part.
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9. The vehicle door trim board according to any one of claims 1 to 8, wherein the impact
resistant resin has a continuous phase (A) containing the polyolefin resin, and

a dispersed phase (B) dispersed in the continuous phase (A) and containing the polyamide
resin and the modified elastomer.
10. The vehicle door trim board according to claim 9, wherein the dispersed phase (B) has a
continuous phase (B;) containing the polyamide resin, and

a fine dispersed phase (B,) dispersed in the continuous phase (B1) and containing the
modified elastomer.
11. The vehicle door trim board according to claim 9 or 10, wherein the modified elastomer is
an olefin-based thermoplastic elastomer having, as a skeleton, a copolymer of ethylene or propylene
and an a-olefin having 3 to 8 carbon atoms.
12. A door trim comprising: the vehicle door trim board according to any one of claims 1 to 11;
and a surface skin layer provided on a design surface side of the vehicle door trim board.
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